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I. INTRODUCTION, CREDITS, CONSULTANTS 

· This review is an updating through January 1973 of 
our previous review (Particle Data Group, 1972). In 
this version of the text we concentrate on topics that 
are either new or e,ssential. For complementary informa
tion on our standard procedures the reader is referred 
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FIG. 1. Statistics an the rate of production of data on particle 
properties. From the top to the bottom, the number of results per 
year are presented for stable particles, meson resonances, Y*+ 
Z*'s, and the total of the three above. The full lines correspond to 
bubble-'Chamber techniques (BC) and interrupted lines cor
respond to counters, spark chambers and spectrometers (C). Note 
that the figure omits N* and Z*, the field where counters have 
overwhelmed bubble chambers, because we punch mainly results 
from partial wave analyses instead of primary data. 

to our January 1970 article (Particle Data Group, 
1970). 

Again we wish to emphasize that we compile the 
experimental results of others. It is inappropriate to 
give us the credit for their countless hours of effort. 
We urge that references be given directly to the original 
data, and we provide complete references in the 
Data Card Listings for that purpose. Only then is it 
appropriate to state "average value obtained from 
Rev. Mod. Phys. 45, No. 2, S1 (1973) ." If the list of 
experiments is so long that this is impractical, we 
suggest the form: Jones et al. 70, Smith et al. 69, · · · 
average value and complete references in Review of • • •. 

The responsibilities of the authors of this compila
tion can rough! y be broken down as follows: 

(1) Stable particles: A. Barbaro-Galtieri, N. Barash
Schmidt, and T. G. Trippe. 

(2) Meson resonances: V. Chaloupka, M. Roos, A. 
H. Rosenfeld, and P. Soding. 

(3) Baryon resonances: ·A. Barbaro-Galtieri, C. 
Bricman, R. L. Kelly, and T. A. Lasinski. 

General: All Berkeley authors. 
Consultants: The three teams just mentioned must 

come to a consensus on how to treat the data and must 
write a number of mini-reviews. It is impractical to 

spread this responsibility over more than a few people 
in each team and still expect to meet publication dead- ·"' 
lines. Hence we limit our number of authors (to eleven 
in this edition), but thereby leave gaps in our coverage, 
both intellectual and geographical. To help us over
come this deficiency, we have solicited the help of 
consultants: 

• Stanley J. Brodsky (Stanford Linear Accelerator 
Center) 

• Chih-Yung Chien (Johns Hopkins University) 
· Anatoli Kuznetsov (JINR, Dubna), starting 1973 
·· R. Gordon Moorhouse (University of Glasgow) 
'. Horst Oberlack (Lawrence Berkeley Laboratory) 
• Oliver E. Overseth (University of Michigan) 
· LeRoy R. Price (University of California at Irvine) 
· Mark Sakitt (Brookhaven National Laboratory). 

The usefulness of this compilation depends in large 
part on the interaction between the users and authors 
and consultants. We appreciate comments, criticisms, 
and suggestions for improvements of all stages of data 
retrieval, processing, and presentation. 

II. COLLECTION AND TREATMENT OF DATA 

A. Annual Growth of Data 

.Figure 1 shows the rate at which we have been 
recording results, as a function of year published. 
Through 1969 we subdivided our annual count into J 
two parts: 

(1) Highest quality' data. These are the results 
that we accept for averaging and fitting. 

(2) Lesser quality data; results which, for one of 
the reasons mentioned in Section B, below, we encoded 
but did not accept for averaging. 

We have found that this subdivision stays at a 
fairly constant 60:40 ratio, and is not otherwise 
very informative, so we now merely count the total. 

We see that the number of results per year from 
bubble chambers, though still dominant, is now drop
ping; that from counters is roughly constant. 

It is of interest to compare the declining rate at 
which bubble chambers produce results on particle 
properties with the fact that the number of bubble 
chamber events measured each year is roughly constant. 
Apparently experiments have become larger and 
more specialized, and we now find ourselves encoding 
more density matrix elements for our compilations of 
cross sectifons, and fewer masses and wdidths o.f bumps

1
. _ -._ 

It is o interest to compare the ecreasmg tota 
rate at Which We encode data On particle propertieS I 

with the fact that the rate of publication of experi- \..1 

mental papers is about constant. Some differences are 
that many new experiments are above the resonance 
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region, there are many photon and electron experi
ments, and many studies of inclusive reactions. Again, 
compilers are flooded with new data, but the great 
majority go into collections of cross sections. 

B. Selection of Data 

All particles are considered to fall into one of the 
three groups: 

(1) Stable particles, immune to decay via the strong 
interaction 

(2) Meson resonances 
(3) Baryon resonances 

These groups are maintained within the two .main 
parts of the compilation: 

( 1) Tables of Particle Properties 
(2) Data Card Listings. 

The Data Card Listings contain the original in
formation (data, references, etc.), weighted averages, 
comments and "mini-reviews." Immediately preceding 
the Data Card Listings is an Illustrative Key thereto. 
We attempt to give complete Data Card Listings 
up to our closing date (February 1, 1973) for all 
journals listed in the Illustrative Key. We also include 
preprints and unpublished conference reports which 
have come to our attention, but make no attempt at 
completeness. 

Roughly 40% · of our encoded results have not 
been accepted for averaging. They are set off in 
parentheses; our reasoning is then often given in a 
footnote below the data. If the reason is not given, it 
is one of the following: 

·The quantity was presented with no error stated. 
·The result comes from a preprint or conference 

report. It is our experience that such results (and 
particularly the errors) often change before final 
publication. Accordingly we keep these new results in 
parentheses until we have corresponded with the 
authors. 

·It involves some assumptions that we do not wish 
to incorporate. 

·It is of poor quality, e.g., bad signal-to-noise ratio. 
·Two or more experiments give contradictory re

sults, so that it is senseless to average the data. 

When the data for a particle have received special 
treatment or when they present special problems, 
this is noted in a mini-review in the Data Card Listings. 

The Tables of Particle Properties represent the 
output of weighted averages and some critical judg
ment. The extent .to which "blind" averaging has 
bee~ tempered with judgment is explained in footnotes 
to the Tables. In general, however, the footnotes are 
less complete than is the collection of notes and minic 

. PARTICLE DATA GROUP Review of Particle Properties S3 

reviews in the Data Card Listings. The reader is 
therefore encouraged to familiarize himself with the 
Data Card Listings and, ultimately, with the original 
experime~ts. 

ill. CRITERIA FOR RESONANCES 

An experimentalist who finds some evidence for a peak 
in a mass spectrum will of course want to know what 
has been seen in that region in the past; hence, we 
strive to have the Data Card Listings serve as an 
archive for any substantial claim or evidence for a new 
state. 

For the Tables of Particle Properties, on the other 
hand, we wish to be more conservative, and to include 
only tho.se peaks or resonances which we feel have a 
;:(; 90% chance of survival. One's betting odds for 
survival are of course completely subjective; they are 
influenced mainly by the amount of information avail
able (such as partial-wave analyses) and somewhat by 
the degree of controversy over interpretation and how· 
long it will be before more information is available. 
An arrow (-+) at the left of the Tables of Particle 
Properties indicates that a questionable candidate has 
been omitted from the Table, but that it can be found 
in the corresponding part of the Data Card Listings. 

More details on our acceptance criteria are as 
follows. · 

1. Partial Wave Analyses 

(a) In those cases where energy-independent partial
wave analyses are available (mostly for N*'s), ap
proximate Breit-Wigner behavior of the amplitude 
appears to us to be the most satisfactory test for a 
resonance. We can check that the Argand plot follows 
roughly a left-h~nd circle, and that the '-'speed" of. 
the amplitude also shows a maximum near the reso
nance energy; further, there should be data we,ll above 
the resonance, showing that the speed again decreases. 
Indeed proper behavior of the paitial-wave amplitude 
could accredit a resonance even if its elasticity is too 
small to make a noticeable peak in the cross section. 

Of course, even if Argand plots are available, it may 
still be a matter of opinion as to what behavior con
stitutes. a resonance~ Such an example is the K+p 
peak (near Kt:. threshold) called Z1(1900), which is 
discussed in a mini-review in the Baryon Data Card 
Listings. K*-p Pv, Argand plots are displayed there, 

. and most suggest a resonance; however, there is 
disagreement between the various analyses as to the 
speed of the amplitude, i.e., as to whether it has a 
Breit-Wigner type of behavior. In addition the errors 
on the amplitudes are still large, and we prefer to wait 
a bit longer before we put zl in the Baryon Table. 

(b) Often where there are insufficient data to 
perform energy-independent analyses, one resorts to 
energy-dependent partial-wave analyses (mostly for 
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Y*'s). In this case Breit-Wigner behavior is an input. 
We therefore require that resonance solutions be found 
by several different analyses, preferably in different 
channels (KN-+KN, 1r:Z, etc.), before putting the 
claim in the table. 

(c) Partial-wave analyses of three-body final states 
(7rN-+1r1rN) are becoming available. While these 
analyses are based on the isobar model (-rrN-+pN, 1r~, 
etc.) and are subject to theoretical objections of varying· 
importance (triangle graphs, double counting, 
unitarity), they provide increasingly reliable informa
tion on inelastic decay modes of otherwise established 
resonances. 

2. "Bumps" 

This category includes most mesons, Z* peaks, and 
the higher· mass (~2300 MeV) N*, Y* peaks. Unless 
the peak is e~perimentally shaky, we put it in the 
table. Thus we accept peaks of high statistical signif
icance or states that are observed via several different 
production processes. 

3. "Di.ffractive Mesons" 

(a) This category includes statistically significant 
peaks like At, ·A3, or Q, which are not far .above the 
p7r, frr, or K*7r thresholds. _Although the threshold 
behavior in these channels may be described by the 
"Deck effect" or by its modern version "double 
Regge-pole exchange", the question of resonance 
interpretation has for some time been open. Several 
years ago we put these peaks into the Meson Table, but 
warned the reader not to conclude that we daim they 
are necessarily genuine resonances. However, if such 
effects can be convincingly associated with poles of 
the S-matrix on some unphysical sh~et, we shall call 
them resonances (see, e.g., Chew, 1968). 

(b) Recently Ascoli and collaborators (Ascoli, 
1972) have attempted partial-wave analyses of the 
11"11"11" system in reactions like 7rN-+(7r117r)N. There are 
·sev~ral important aspects to such analyses: 

(i) for a given t, the 71"71"71' vertex is assumed to be 
independent of the NN vertex; 

(ii) the· 71"71"7!' reaction is assumed to proceed 
through quasi-two-body states (p7r, err, etc.) in the 
spirit of the isobar model; 

(iii) in order to keep the number of parameters 
manageable, certain plausible assumptions are made 
on the vanishing of some of the spin density matrix 
elements of the (7r7r7r) system. 

In view of the novelty and difficulty of this analysis, 
we are reluctant to place these partial-wave analyses 
in the same category as 1(c) above. However, through 
such an analysis, the already significant A 2 peak has 
been confirmed to be a Breit-Wigner type resonance 
through an observed phase change of 90° relative to 
other slowly varying partial waves. In contrast, peaks 

like At and Aa show an enhancement in a now "pure" 
"\ JP mass plot but reveal no relative 90° phase change. 

While this observation suggests that the At and A3 

are not resonances, a mechanism has been suggested 
by Wright (1972) that reproduces the At "partial 
wave" and still associates the At with a pole on an 
unphysical sheet. In the sense of Chew 68, the At may 
still be called a resonance. 

We now ask "How likely is it that peaks of class 2 
and 3(a) above (not checked by partial-wave analysis) 
will eventually be confirmed as resonances?" We 
know of no experimentally convincing peak that has 
been shown to have nothing to do with a resonance. 
But be warned that broad peaks may be misleading: 
they may contain several resonances, or they may 
include a resonance narrower than the peak, plus some 
other complications; fo~ example: 

·Before 1966 we might have tabulated the 1rp 
bumps at,1520 and 1688 MeV as single resonances, 
whereas partial-wave analysis shows that each contains 
several resonances. 

·Before the N'(1470, Pn) was confirmed in partial
wave analyses, it was seen as a missing mass or p1r1r 
peak produced peripherally in high-energy pp col
lisions, and (like At, Q, and Aa) was partly explained 
by the Deck effect and later by double-Regge-pole 
exchange. 

In summary, we enter into the Tables of Particle 
Properties experimentally convincing peaks unless 

·there is contradictory information; and we expect 
that most of these peaks will eventually be confirmed 
as one or more resonances. 

IV. PARAMETERS AND CONVENTIONS 

A. Quantum Numbers 

·The symbols JG(JP)C represent: 

l=isospin 
G=G-parity 
]=spin 
P= space parity 
C= charge conjugation parity._ 

Mesons 

The charge conjugation operator C turns particle 
into antiparticle and has eigenvalues ± 1 only for 
neutral states; so it·is useful to define an extension G 
which has eigenvalues for charged states too. It is 
usuallyt definedby 

G=C exp (i1rly). (1) 

1 Most texts define it as in Eq. (1); see, e.g., Gasiorowicz 
(1966); however, sometimes the rotation is taken about lz. The 
difference between the two conventions is mentioned in a footnote 
in Kallen (1964). 
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A neutral nonstrange state is an eigenstate of 
exp (i1rly) with eigenvalue (-1)1. Then we can write 
the eigenvalue equation for the whole multiplet as 

G=C'!(-1)1, (2) 

where C., (n for neutral) is the eigenvalue C would 
have if applied to the neutral member of the multiplet. 
Thus, for a 'Tr'l, C has the eigenvalue +1, and since 
I= 1, G= -1. For the charged pion there are no eigen
values corresponding to C and to the isospin rotation, 
but Eqs. (1) and (2) still give G= -1. 

Consider a meson as a bound state of fermion
antifermion, e.g., qq, with orbital angular momentum 
l, and with the two fermion spins coupling to give a 
spin S. Then one can show that the charge-conjuga
tion eigenvalue [defined in Eq. (2)] is 

C,=(-1) 1+8. 

Equations (2) and (3) combine to give 
J 

G=: ( -1) l+S+I, 

The parity is 
P=-(-1) 1• 

Equations (3) and (5) combine to give 

C,P= -(-1) 8 

(3) 

(4) 

(Sa) 

(Sb) 

so all singlet (1S0, 1P1, • • ·) have C,P= -1, and all 
triplets (3S1, • • ·) have C,P= + 1. For proofs of the 
above, see our 1969 text (Particle Data Group, 1969) 
and Appendix by C. Zemach. 

If, instead of qq, we consider the meson as a state of 
boson-antiboson (e.g., A2--'>KK), it turns out that 
some signs cancel, and Eqs. (3) and (4) [not (5) !] 
apply unchanged. Of course the mesons are usually 
spinless and S is zero, but the equations are more 
general. Equations (3) and (4) can be considered as 
selection rules forbidding many decays. 

We now use Eqs. (3) and ( 4) to introduce the concept 
of "Abnormal-C" mesons, i.e. mesons that cannot be 
composed of qq. 

The unitary triplets of quarks is of course defined 
to have isospin and hypercharge properties such that 
qq can combine (according to the SU(3) relations 
{3}®{3}= {8} EB{1}) so as to form only unitary octets 
and singlets. The non-observation of "exotic" mesons 
(i.e. mesons·in more complicated supermultiplets) is of 
course one of the bases of the quark model. But it is 
slightly less obvious that even some octets are forbidden 
by the model, for example those with (JP)C,= (1-:-)-, 
(2+)-, · · ·. Such states are also not observed, and this 
is an additional piece of evidence for the quark model. 

In what follows, do not confuse "Abnormal-C" with 
Normal or Abnormal JP, both of which are allowed by 
the quark model. The series, JP=o+, 12., 2+, · · · is 
called Normal because P= (-1)J as for normal 

u ~-l 
.. z , .... . I ;;) 
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' ·. 
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spherical harmonics, and JP= o-, 1+, .. · is called 
Abnormal. · 

The ·top part of Table I shows all the low angular 
momentum states that can be formed from qq. Note 
that' half of the JP states can be formed by both a 
triplet and a singlet qq state, e.g. 3P 1, 1P 1 or 3D2, 1D2• 

Equation (3) shows that 3P 1 and 1P 1 have opposite 
C.,, so the qq model allows both. But the states 3P 0 

and 3P2 have no 1P counterparts. According to Eq. 
(5.1) they have C .. P= +1, and with the qq model 
there is no way to form-a state with a JP of 8P 0 ,2 (i.e. 
JP= Normal) and with C .. P= -1. As mentioned, such 
octets have not shown up. With the help of Table I 

. one can also see that the special state 1S0, C,P= + 1, 
ca~not be formed, so has Abnormal C. 

Baryons and Mesons 

Well-established quantum numbers are under
lined (except for stable particles, where most of the 
quantum numbers are established)~ We have used 
flimsy evidence to guess many of the remaining ones, 
and we have indicated with "?" the ones for which 
there is almost no evidence. 
. As is customary, we define antiparticles as the result 

of operating with CPT on particles, so both share the 
same spins, masses, and mean lives. Whenever there is 

·a particularly interesting test of CPT invariance we 
include it in the Stable Particles Table. 

B. Particle Names 

If a meson has a well-accepted colloquial name, we 
use it. If not, we name it by a single symbol which 
specifies its baryon number B ( = 0 for mesons), its 
isospin I, its hypercharge Y, and, for a nonstrange 
meson, its G parity. For convenience, we also list the 
strangeness S, which is related to Y and B by 

S=Y-B. 
I 

The name conventions for mesons are given in the first 
part of Table II. 

To crowd even more information onto the symbol, 
we sometimes add a subscript giving JP. If JP is not 
known, but must be "Normal" (o+, 1-, 2+, ···),e.g., 
because K1r decays are seen, we use the subscript N. 
Thus KN(1420). If such modes are not seen (and are 
not otherwise forbidden), we guess that it is because J 
is "Abnormal", and we write; for example, KA ( 1240). 

For baryons (B= 1) no attempt has been made 
to attach a subscript about J and P. The name con
ventions for baryons are given in the second part of 
table 2. For stable baryons of each I and Y we use the 
symbol standing alone; for resonances, the mass is in , 
parentheses [i.e., N(1688), A(1405), 1;(1765), etc.]. 
The JP assignments are reported if). the Baryon Table 
as!+, !-, !+, etc., and also by the symbols Pn, D18, F15, 
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Table:J· IG (Jp) of mesons f~om qq model. For the distinction between abnormal . 
J and abnormal C, see text below Eq. (5). K mesons share the same values of 
JP as the I = 0 and 1 states shown, but are not eigenstates of G. The middle 
column, which gathers together (Jp)(fo: or i CP, is a redundant.intermediate 
step intended to make the table easie to r . d. . 

l gg State (Jp) If CP 

CP CP IG(JP)C Examples and comments -- -- Nor!Tlal or n 
- + abnormal 

I 

-~ t + -is (0 -)A-

·_- --- ~--~;~;;- ------- ;~:~ ------------------
... 0 
"' p.. ------------- ----------

! 3s . (i-)N+ {0-(i-)- w,<!> 
i i+(i-)-

' 
p 

i '\ 

~~+) -
tO-(i+)- . 

pi {---- i+(1+)- B ---- -·------ -- ----- ------------------------------------
3p (0 )N+ 

. {0+(0+)+ \ £,5* 
+ 0 1-(0+)+ 
-~ (1+)~\ 

TTN( 10i6) 

... 3p {0+( i+)+ 
"' p.. i i-(1+)+ Ai 

I 3p (l+)N+ NO+(,+}+ f, f1 

2' i-(2+)+ A2 

I 
'\ 

{ o\(l+ l Relfge re_currence ·i 

~~~~---D2 i-(.2 -~+ of so· 0 
-------------

(t-~ 
-----------~-----------------------------

I 3 
Di 

. 3 
>-

(2 -): + 

same as s
1 :::: ... 

3D { 0-(2-) -} Regge recurrence of 
"' p.. 2 ~ i+(2-)-

top abnormal-C state 

I 
below: (JP)C = (0-)-

k>2 

n 
3 . (3 -)N+ D3 

f 
iF ( 3 +) - {J~ . 3 A ------------- ---------- ----------~ ------------------------------

+ 3F (2+)N+ 
. '3 

>- 2 
same as P

2 ... 
-3 

{ J >2 
..... 

(3\6.+ ... 
F3 I 

"' p.. 
3F (4+)N+ .{etc. l ·4 

. ( 

are 

model . Jp = normal, 

CP = -i 

'\ 
~-

v 



TABLE II. Particle name conventions. 

Name I y s G 

Mesons , 0 0 0 + 
"'or </>a 0 0 0 
p 1 0 0 + 
1r 1 0 0 
K+,K0 t +1 +1 
K-,xo ! -1 -1 

Baryons 
N ! +1 0 
A 3 +1 0 2 

Zo, Z1 ·o, 1 +2 +1 
A 0 I 0 -1 
I: 1 0 -1 
z t -1 -2 
(! 0 -2 -3 

a Starting in 1973, we use the symbol"' for those JG=O- mesons 
that decay mainly into 3?r[w(784), w(1675)]; we reserve the 
symbol <1> for </>(1019) and possible future higher-mass JG=O
mesons that decay mainly into KK. 

which refer to the 1rp or Kp partial-wave amplitude 
in which the resonant state occurs (the first subscript 
refers to the isospin state; 2XI for N and .:1 and just 
I forZ, A, and~). 

When two baryons have identical quantum numbers 
. we warn the reader by adding a prime to the symbol for 
the heavier one, e.g., p, N' (1470, !+). In the case of 
baryon resonances described by Argand diagrams which 
exhibit more than one resonance, we use one prime for 
the first, two for the second, · · ·; thus the· series of 
which the proton is the stable member becomes: 
p, N'(1470, !+), N"(1780, !+).· 
· If there is only one resonance on an Argand plot, 
and thus no need for distinctions, we use no primes. 

For some pairs of mesons with supposedly identical 
quantum numbers, we also use primes; e.g., 71, 71'; 
j,j'. 

C. Mass.es and Widths 

An unstable particle of mass M, decaying with a 
mean life T, has a wave function 

1/!(t)~ exp {-iwt-t/2T}= exp {-(i/li)(M-i!r)t}, 

where f= li/T. Its Fourier transform is 

1/!(m) ~1/(M'-m-tir) 

which we call a nonrelativistic Breit-Wigner resonance. 
For the metastable particles in the Stable Particle 

Table, we tabulate T, but for resonances which decay 
by the strong interaction, we tabulate r' which is 
the full width at half-maximum of ll/l(m)l2. 
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In practice, values of M, and r are extracted from 
data via models, and we cannot average these values 
if the models are dissimilar. In the next few paragraphs 
we discuss this point in slightly more detail, using the 
example of an s-channel resonance. 

An elastic nonrelativistic Breit-Wigner T-matrix 
element is usually written 

Tu=tr/(M-m-tir). (6) 

Here r(m) is the width for decay into the channel 1, 
with angular momentum l. It contains barrier-penetra
tion factors which .can vary rapidly with energy; 
near threshold, r ( m) should start up as q21+t, and 
then level off. Various m dependences are used, mostly 
variants of the general form 

(7) 

For a choice of forms, see J~ckson (1964), Pisut and 
Roos (1968), and Barbaro-Galtieri (1968). Of course 
the detailed shape of the amplitude and also the value 
of r will depend slightly on the form chosen. 

The width is also related to the behavior of T at 
resonance. It is easy to show (Herndon et al., 197.0) 
that, ignoring terms in dr / dm, 

"Speed"(res) =I dT/dmltn=.M= x./ (tr(M)), (8) 

where the elasticity, x.= r ./r, is introduced next. More 
detailed properties of "Speed" are discussed in the 
baryon mini-review at the front of the Baryon Data 
Card Listings of our April 1971 edition (Particle Data 
Group, 1971). 

For an inelastic resonance feeding into channel {3, 

Tlfl=HrlrtJ) 112/(M -m-tir) = (xlxfl)112 

X[!r/(M-m-tir)], (9) 
where 

(10) 

and x1 (called the elasticity) is often written x •. (Note 
that in the Data Card Listings we use the symbol Pfi 
rather than Xfi.) . 

The channel cross section Ulfi for the reaction 1---+.B is 

(11) 

where J = l±!. 
Resonances seen in production are even more com

plicated. Here f 1
112 disappears from T, and must be 

replaced with some model-dependent parametrization 
of the production process. 

In conclusion, we have seen that because of the 
energy dependence of r even the amplitude T for a 
resonance does not have a full-width at half-maximum 
equal to r (but it does peak at or near M). Then 
kinematic factors enter into the cross section for 
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SU.(3) RELATIVE SIGN OF RESONANT AMPLITUDES 

ltoJ { e}. lei · lei l~ Ito\ 1,1 
FIG. 2. Plot adapted from Levi 

Setti (1969) showing the sign con
vention adopted here for the ~ ... 
and A,. amplitudes. Once the 
signs of one I =0 and one I= 1 
amplitude are fixed, the others can 
be measured relative to these two. 
Arrows here indicate signs pre
dicted by SU(3); X marks indi
cate the observed phases; e indi
cates phase chosen according to 
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formation [Eq. (11)] or production, and displace the 
observed peak away from M. For quantitative ex
amples, see Barbaro-Galtieri (1968). 

Most of the useful information on theN, .6, A, and}; 
baryon resonances with M < 2000 MeV has come from 
partial-wave <:~-nalysis. Masses and widths of most of 
these states are dependent on the model, as well as on 
the data used by the different groups that performed 
these analyses; therefore, the masses in the Baryon 
Table are not averages, but plausible guesses, and the 
errors are "external errors" based on the consistency 
~mong different analyses. For the procedures adopted, 
different from resonance to resonance, see the appro
priate mini-review in the Data Card Listings. Res
onances with mass M> 2000 MeV have been detected 
primarily in total-cross-section experiments. 

We can use Eq. (11) to relate the height of the peak 
at resonance O"res to the elasticity x •. At resonance the 
channel cross section is . 

O"res( 1-+,8)= 411':\2(1 +t)x.xp (12) 

and the total cross section is 

(13) 

If 1 is known, we can solve for x •. If 1 is not known, the 
product (1 +t) x. is given in the Baryon Table. 

Starting this year we give information in the Baryon 
Table relating to the photon couplings of N and .6 
resonances. One of the mini-reviews on N's and a's in 
the Baryon Data Card Listings contains a discussion of 
these couplings. 

D. SU(3) Sign Conventions for A and}; Resonances 

Consider the partial width fp of a resonance decaying 
into the channel ,8. We can always define a coupling 

X X 
F15 

I(l915) 

Is] 

'... / '--"" 
X 

X 

. sign convention described in text. 
The ~(1915) predictions have 
been changed from Levi Setti's 
original figure. 

constant such that 

In this case the inelastic [Eq. (9)] amplitude for such 
a resonance will go as 

TIP ex: cn,Gp/ (M -m-tir), 

where G1 is the coupling constant for the elastic channel. 
In the context of exact SU(3) symmetry the relative 
~igns of the product G1G11 for different resonances are 
often useful as a consistency check on SU(3) assign
ments of A and }; resonances. See Appendix II for 
further details. 

In the Data Card Listings for A and }; resonances, 
we tabulate measured values for (x1x11) 

1'2 ex: G1G11• When
ever there is an explicit sign, it will be according to the 
convention advocated by Levi Setti (1969) and used 
in the table of SU(3) Isoscalar Factors presented in 
this review. This convention is shown in Fig. 2 from 
Levi Setti (1969). 

E. Muon-Decay Parameters 

The 1-1-decay parameters describe the momentum 
spectrum (p and 71), the, asymmetry (~and 5), and the 
helicity (h) of the electron in the process 1-1± -+e±+v+ii. 
Assuming a local and lepton-conserving interaction, 
the matrix element may be written as 

I: (e I ri 11-')(ii I r,(C,+C/-y6) I v), (14) 
i 

where the summation is taken over i= S, V, T, A, P. 
Using the definitions and sign conventions of Kinoshita 
and Sirlin (1957), we have for the momentum param-

\) 
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~~ eters: 

I" 
p= [3gA2+3g~+6gT2]/D, 

7]= [g;-gp2+ 2gA2_ 2g~J/ D, 

(15) 

(16) 

for the asymmetry parameters: 

~= [ +6gsgp cos lf>sp-8gAgv cos 1/>Av 

+14gr cos 1/>TT]/D, (17) 

o= [ -6gAgv cos I/>Av+6gr cos 1/>TT ]/D~, (18) 

and for the parameter describing the helicity of the . 
electron: 

h= ±[2g8gp cos lf>sp-8gAgv cos I/>Av-6gr cos 1/>TT ]/D. 

(19) 
Here 

D= g;+gp2+4gv2+6gT2+4gA2, (20) 

g;2= I C; 12+1 C/ 12, (21) 
and 

cos 1/>;i= Re ( C;*C/ +C/C/). (22) 

The quantities g; are defined to be real non-negative 
numbers and the lf>;i are phase angles between the 
i-type a~dj-type interactions. Under the assumption of 
two-component neutrinos, C/= -C; and C/= -Ch the 
S, P, and T terms vanish, and 1/>Av is the phase angle 
between CA and Cv in the complex plane. 

By using the above equations and the experimental 
determinations of p, 1], ~' o, and h, limits can be placed 
on g8/gv, gA/gv, gT/gv, gp/gv, and 1/>Av· The results, 
given in the Data Card Listings assume neither two
component neutrinos nor time-reversal invariance. If, 
however two-component neutrinos are assumed, then 

' sin 1/>Av 'is the amplitude of time-reversal violation. 
Note that most experiments study only the upper end 
of the spectrum where p and 1J are highly correlated, 
so they can only report p for 7]=0 and 1] for p=:f. The 
values for p and 1J we use here were obtained by com
bining measurements of both upper and lower ends of 
the spectrum and turn out to be nearly uncorrelated. 

Note also that the radiative corrections are unam
biguous only when g8 = gT= gp= 0. The same limits on 
gA/ gv and lf>Av are obtained, however, as when gs, gT, 
and gp are left free. . . 

Current values for the asymmetry parameters as.well 
as I gA/ gv I and 1/>Av are given in the Addendum to 
the Stable Particle Table. In addition, upper limits 
on I gs/ gv I, I gr/ gv I and I gp/ gv I are given in the JJ. 
section of the Stable Particle Data Card Listings. 

F. K-Decay.Parameters 

F.l. Dalitz Plot for K ~311" Decays 

The small deviation from uniformity of the Dalitz 
plot for the 371" decay of the K meson is usually de-

I 7 6 
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scribed by a "slope parameter" (Dalitz, 1956). For 
the T and T 1 decays of the· charged K's, and the T 0 decay 
mode of the KL0, we parametrize the Dalitz plot 
distribution by the expression 

I M l2 o: 1+g[(sa-so)/m.-+2]+h[(sa-so)/m,+2] 

+j[(s2-sl)/m..+2]+· · ·, (23) 

where m..+2 has been introduced so as to make . the 
coefficients g, h, and j dimensionless, and 

i= 1, 2, 3 

' . 

so= l I: s;= HmK2+ml2+~2+ma2). 
i 

(24) 

(25) 

Here the P; are 4-vectors, m; and T; are mass and 
kinetic energy of the ith pion, and the index .3 is used 
for the odd pion. , 

The coefficient g is a measure of the slope in the 
variable Sa (or Ta) of the Dalitz plot, while h measures 
the quadratic dependence on sa. The coefficient j is 
related to the asymmetry of the plot and must be zero 
if CP invariance holds. Note also that if CP is good, g 
must be the same for T.j. and T-, and similarly for h_. 

At present there is no compelling experimental · 
evidence for either the h or thej term (for upper limits 
on the j ·term, see. section F.3(b) below). Thus ~e 
stop the above expansion at the first term and hst 
only g. Since different experiments use different forms 
for I M 12, in order to compare the experiments we 
have converted to g whatever coefficients have been 
measured. See the mini-review in the K± section of 
the Stable Particle Data Card. Listings for details on 
this point. The results are given in the Addendum to 
the Stable Particle Table and in the K± and KL0 

sections of the Stable Particle Data Card Listings. 
Relations among T±, _T'±, and T 0 are predicted by 

the !:JJ = t rule. See Appendix I for these relations 
and a discussion of this rule. 

F.2. ·Form Factors inK 13 Leptonic Decays 

Assuming that only the vector current contributes 
to these decays, we write the matrix element as 

M o: f+(q2)[(PK+P,)11Uz'Y11 (1+'Y6)u.] 

+J-(q2) [mzttt( 1 +'Y6)u.], (26) 

where p~ ~nd P., are the four momenta of K and 1r 

mesons; m1 is the lepton mass;f+ andf_ are dimension
less form factors which can depend only on if= 
(PK-'-P~) 2 , the square of the momentum transfer to 
the leptons. The parameters we list are X±, the_ energy 
dependence of the f± ( q2) form factor', assummg the 
form 

f±(f) = f±(O) [1+X±(q/m,) 2
]; (27) 
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and ~' the ratio of the two form factors, 

~=!-if+· 

Listings. See the note on form factors in the K± Data •. 
(
2
S) Card· Listings for discussions of these results. 

The quantity~ can be determined in different ways: 

(1) By measuring the Kp~,/K.3 branching ratio and 
comparing it with the theoretical ratio as given in 
terins of HO) = f-(0) lf+(O). 

r(Kp~,±)jr(Kea±)=0.6457+0.1264Re~-to.0192I ~ 12 . 

+1.4115A++0.4754L Re ~+0.00804 Re ~' 

r(Kp~,0)/r(Kea0) = 0.6452+0.1246 Re ~+0.0186.1 ~ 12 

+1.31624+0.4370>.._ Re ~+0.0064A+ Re ~. (29) 

See Cabibbo (1966) and Fearing et al. (1970) (for 
the charge-dependent formulas). Note that the first 
constant has been changed to 0.6457; the earlier value 
was a misprint,2 which we copied from Cabibbo ( 1966). 

(2) By studying the Dalitz plot of the Kp~, decay. 
The Kea Dalitz plot distribution is only dependent 
upon the A+ parameter, whereas the KP8 distribution 
is dependent upon A-, A+,~. Often experimenters have 
measured only the momentum spectrum of either the 
1r or the lepton and compared it with the predicted 
spectrum. See the note on form factors in the K± 

- Data Card Listings for a discussion of this method. 
For a formula relating the Dalitz plot variables to 
t see, for example, Brene et al. (1961). 

(3) By measuring the muon polarization in K;.z 
decay. In the rest frame of the K the p. is expected to 
be polarized in the direction A with P=A/1 A I, where 
A is given (Cabibbo and Maksymowicz, 1964) by 

A=at(~)pp--:-a2(~) { (ppjm,.)[mK-E .. 

+ (p .. ·pp/1 PP 12) (E~-mp) J+p,.) 

+mK Im Htf) (p .. Xpp). (30) 

If time-reversal invariance holds, ~ is real, and thus 
there is no polarization perpendicular to the K-decay 
plane. · 

If we remove the assumption of a pure vector current, 
then ·the matrix element for the decay, in addition to 
the terms in Eq. (26), would contain 

+2mKfsUt(1+'Y6)U.+ (2JT/mK) (PK)>.(P,)P 

X ii,zCT>.p ( 1 +'Y6) u,., 

where fs is the scalar form factor and fT is the tensor 
form factor. In the case of the Kea decays where the f
term can be neglected, experiments ·have yielded 
limits on I fslf+ I and I frlf+ 1 . 

F.J. CP Violation in K 0 Decays 

We list parameters for four different reactions in 
which CP can be tested [For details see Okun and 
Rubbia (1967), Steinberger (1969), arid.Wolfenstein 
(1969)]. 

(a) Ks-+rr+'f!--rrO. The quantity measured here is the 
ratio of amplitudes 

As(K,s--+11'+11'--rf!) / AL(Kr--+rr+7r--rrO) =i; x+iy. (31) 

If CPT in variance holds and there is no I= 3 state 
present, then x can be neglected and CP violation 
would be observed as a nonzero y. We give the result 
for (31) in the KL0 section of the Stable Partide Table 
and under Branching Ratio R4 in the Ks0 section of 
the Stable Particle Data Card Listings. Our procedure 
is to assume that x= 0; and to list (As/ AL) 2 in the 
form of a branching ratio. 

(b) Charge asymmetry in KL-+371' decays. As men
tioned above, the presence of a term in (s2-s1) in 
expression (23) describing the Dalitz plot distribution 
for r±, rO decays of K mesons would be an indication 
of CP violation. Rather than listing values of the 
(s2-St) coefficient j in Eq. (23)' we choose to list IT± 

from the equivalent expression 

I M.l2 ex: 1+CT±(2/v'J) (T +-T)jT ±max 

+ (CP nonviolating terms), (32) 

where T ± are the kinetic energies of the charged pions. 
We have momentarily abandoned the form involving 
the Mandelstam variables s; in favor of (32) .because 
the latter has been consistently used by experimenters 
searching for CP violation. We list CT± among the CP
violating parameters at the back of the KL0 section 
of the Stable Particle Data Card Listings. Note that 
only upper limits have been reported for this quantity. 

(c)· A,symmetry in the KL-+7rTl±v decays. The quantity 
measured and compiled here is 

r(KL-+71'-Z+v) :._ r(KL-+7r+Z-v) 
~= . (33) 

r(KL-+7r-Z+v)+r(KL~+z~v) 

This asymmetry violates CP invariance. If CPT is 
good, for a pure KL0 beam, ~ can be written as 

~=2[(1-lxl2)/(l1-xi2)JReE, (34) 

where x is the AS= AQ-violating parameter defined in 
Section F ~4, and E is the parameter of the expansion 

. The experimental results for ~' A±, and the upper . I KL)= [(1+E) I K)- (1-E) I .K)]/[2(1+1 E 12) Jl'2, 

limits on I fslf+ I and I frlf+ I are given in the K± 
and KL0 sections of the .Stable Particle Data Card 

2 We thank Drs. H. W. Fearing and J. Smith for calling this 
mistake to our attention. 

(35a) 

I Ks)= [(l+E) I K)+ (1-E) I K)]/[2(1+1 E 12) ]
1
' 2• · 

(35b) 
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We give ~ in the Addendum to the Stable Particle 
Table. In addition, in the KL0 eP-violation section of 
the Stable Particle Data Card Listings, we list ~ 
separately for KL0--+7rp.v and KL0----+:rev. 

(d) KL~21r decay. The relevant parameters are 

71+ -=A(KL~+1r-)/A(K~7r-)= 171+ -I exp (iq,+_), 

(36) 

71oo= A (KL~-rrO) /A (K.g---+ttJ-rrO) = l'l7oo I exp (~), 

(37) 
E, defined in Eqs. (35) above, and 

E'=tiV2[exp i(~2-~o)] Im (A2/Ao). (38) 

Here A; and k are the amplitude and phase of 1r1r 

scattering at the K mass, defined by 

· (I=OI TIK)=exp (wo)Ao, (39a) 

(1=21 T I K)=exp (~)A2. (39b) 

Wu and Yang (1964) have derived the relationships 

71+ -= E+E', ( 40a) 

71oo=E-2E'. (40b) 

At present many models have been proposed to explain 
the experimental results on ep violation, but more 
data are needed before the cause of eP violation can be 
aScertained. 

We give 71+ -i 71oo, cp+ _, and c/Joo in the Addendum to 
the Stable Particle Table. The phases are measured 
directly, whereas the magnitudes 71+- and 71oo are 
derived parameters. We use, as far as ·we can, the 
directly measured quantities as input and calculate 
71+ _ and 71oo from the values given by our constrained 
fits. Therefore, if one looks at the Data Card Listings, 
most of the I 71 I measurements appear in the form of 
branching ratios, with appropriate comments. We 
then give the values of 71+ - and I 71oo 12 in a separate 
list at the end of the eP-violating parame~ers section 
of the KL0 section of the Stable Particle Data Card 
Listings. 

' 
FA. !J.S= !J.Q Rule in K0 Decays 

The relative amount of !J.S~!J.Q component present 
is measured by the parameter x, defined as 

x=A(K0~-z+v)/A(K0~-z+v). (41) 

We list Re {x} and Im {x} for both Kea and K,.a at the 
end of the Stable Particle Data Card Listings and 
give values in the Addendum to the Stable Particle 

·Table. 

G. 17-Decay· Parameters 

As a test of possible e violation in electromagnetic 
interactions, a number of experiments have looked for 

PARTICLE DATA GROUP Review of Particle Properties Sll 

possible charge asymmetries in the decays ~+1r-'TI"l 
and 71~+1r-oy. For both modes we use the convention 

Asymmetry= J( +)-/(-), 

where /(±) means the fraction of the events with 
the 1r<±l energy greater than the 1r<'f> energy in the 71 
rest frame. We list the asymmetry parameters in the 
71 section of the Stable Particle Data Card Listings and 
give average values in the Addendum to the ~table 
Particle Table. 

H. Baryon-Decay Parameters 

H.l. A/V Rati;o for Baryon Leptonic Decays 

Consider the decay 

B;~B,+l+v. 

Assuming V, A theory, neglecting "induced" scalar, 
"induced" pseudoscalar, and axial weak-magnetism 
terms, and neglecting the tf dependence of the form 
factors, the baryon part of the matrix element for 
these decays may be written (Goldberger and Treiman, 
1958) as 

- ' (B1 1 -y,.(gv- gA'Y6) + (gw/mn.)u""q, I B;), ( 42) 

where B; and B1 represent initial and final baryons, 
gA and gv the axial and vector coupling constants, gw 
the weak magnetism coupling constant, and q. the 
sum of the lepton momenta. Here the Pauli representa
"tion is used for the 'Y matrices. The definition of 
gA/gv is 

(43) 

where~ is O+n1r if time-reversal invariance holds (see 
Jackson et al., 1957). 

In neutron beta decay the measurements are con
sistent with time reversal, so gA/ gv is· nearly real and 
has been considered to be such in all the baryon leptonic 
decays. Notice that by using the above definition of 
the niatiG element with the Pauli representations, the 
value of gA/ gv in neutron beta decay is negative. 

Due to statistical limitation the weak magnetism 
form factor gw is usually assumed from eve "and 
SU(3), so only· gA and gv are determined experi
mentally. This determination. is accomplished in a 
variety of ways: 

(a) The lepton-neutrino angular correlation provides 
a measure of the absolute value o~ gA/ gv (for relevant 
formulas see, e.g., Albright, 1959). 

(b) The up-down asymmetry of the lepton from 
polarized baryon decays provides a measure of gA/ gv 
with its sign (for relevant formulas, see, e.g., Albright, 
1959). 

(c) The lepton spectrum, given enough statistics, 
provides a measure of gA/ gv with its sign (for relevant 
formulas see, e.g., Bender, 1968). 
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(d) The polarization of the decay baryon, from and the angle rjJ defined by · 
polarized or unpolarized initial baryon, also provides 
gA/ gv with its sign (for formulas, see, e.g., Willis and {3= ( 1 ,.-a2) 112 sin r/J, {49a) 

(49b) Thompson, 1968). 'Y= (1-a2)I/2 cosrjJ, 

We compile the ratio gA/ gv with its sign, for those 
decays for which it has been measured. For the neutron 
beta decay we compile also the phase~. 

All the coupling constants · and decay rates for 
baryon leptonic decays are related by Cabibbo's theory 
(Cabibbo, 1964). The latest fit to this theory can be. 
found in Ebenhoh (1971). 

H.2. Asymmetry Parameters in Nonleptonic Hyperon 
Decays. 

The transition matrix for the hyperon decay may 
be written as 

· · M=s+p(cr·q), (44) 

where s and p are the parity-changing and the parity 
conserving amplitudes, respectively, cr is the Pauli 
spin operator, and q is a unit vector along the direction 
of the decay baryon in the hyperon rest frame. 

The asymmetry parameters are defined by the 
relations 

~=2 Re (s*p)/(1 s 12+1 p 12), 

{3=2 Im (s*p)/(1 s 12+1 p 12), 

'Y= <Is 12-l P 12)/<1 s 1
2+1 P 12). 

(45a) 

. (45b) 

(45c) 

With the transition matrix ( 44), the angular distribu
tion of the decay baryon, in the hyperon rest system, 
is of the form 

1= 1+aPy•q, (46) 

where Py= (Y I cr I Y) is the hyperon polarization. 
In the notation of Lee and Yang (1957) the polariza

tion PB of the decay baryon is3 

PB= (a+Py•q)q+f3(PyXq)+'YqX(PyXq) (
47

) 
1+aPy•q ' 

where PB is defined in that rest system of the baryon 
obtained by a Lorentz transformation along q from the 
hyperon rest system in which q and Py are defined. 
Note that a is the helicity of the decay baryon for un-

- polarized hyperons. 
The three parameters a, {3, and 'Y satisfy the relation 

(48) 

It is then convenient to describe hyperon nonleptonic 
decays in terms of the two independent parameters a 

3 Note that Lee and Yang (1957) contains a misprint. The 
minus sign in the definition of {J should be replaced by a 2. In 
addition, our unit vector q is the direction of the baryon, whereas 
their unit vector pis the_ direction of the pion. 

which has a more nearly Gaussian distribution than {3 
or 'Y· Evidently 

-~:::;rp:::;~ for 'Y>O, (SOa) 

(SOb) 

In discussing time-reversal invariance, the quantity 
of interest is d, defined by 

a=21 s II PI c08'.1/(ls 12+1 P 12), (51a) 

!3= -21 s II pI sin d/(1 s 12+1 p 12); (S1b) 

that is dis the phaSe angle of s relative top. Evidently 

-t'll":::;d:::;t'll" for a>O, (52a) 

+t7T:::;d:::;!7T for a<O. (52b) 

Under the assumption of time-reversal invariance, the 
angle d must satisfy the relation 

(53) 

modulo -rr, where~. and ~Pare the pion-baryon scattering 
phase shifts at the appropriate energy and for the 
appropriate isospin state. For A decay, assllining the 
validity of the I M I= t rule, · 

d= ~.-~P=· ( 6.8±2.0) deg.4 

In the Stable Particle Data Card Listings we give a 
and rjJ for each decay since they are the most closely 
related to the experiments and are essentially un
correlated. Whenever necessary we have changed the 
signs of the reported values, so as to agree with our 
conventions. In the Stable Particle Table we give a, r/J, 
and d with errors; and for convenience we also give 
the central value of .Y, without an error. 

V. STATISTICAL PROCEDURES 

This section is a much abbreviated version of Section 
IX in the text of our January 1970 edition (Particle 
Data Group, 1970) to which the reader is referred for 
details. See also the mini-review on K* masses and 
mass differences in the K*(892) section of the Meson 
Data Card Listings. 

A. Confidence Levels and Errors 

Quo ted errors represent one standard deviation ( u) . 
Upper and lower limits represent 68.3% confidence 

• This value for 6,-6p is derived from the phase-shift analyses 
by Roper et al. (1965). The error is our estimation of the un
certainty. 

i.' 



,.> bounds ( 1u), unless otherwise stated. The errors in. 
the Tables of Particle Properties and the errors of 
the averages in the Data Card Listings often include a 

~ scale factor S; see section V .B. below. 
Quantities that have changed more than 1u since our 

April 1972 edition (Particle Data Group, 1972) are 
italicized in the Tables of Particle Properties. For a 
discussion see Section V.B in the text of the 1970 edition 
(Particle Data Group, 1970). 

B. Unconstrained Averaging Scale Factors 

In the absence of constraints, we calculate a weighted 
average 

x±ox= :L w;x;/ L w;± (L w;)-112; 

w;= 1/(ox;) 2, (54) 

where the sums run over N experiments. We also cal
culate x2 and compare it with its expectation value of 
N -1. If x2> N -1, we increase the error ox in Eq. (54) 
by a factor 

(55) 

It is easy to design statistical tests for determining 
whether one experiment (or a group of experiments) is 
consistent with the other experiments. However, 
statistics does not tell us who is wrong in case of con
tradictions. When S»l, one can conclude either 
that: 

(1) some (or all) experiments are wrong, or 
(2) some (or all) experiments have underestimated 

their errors, or 
(3) the experiments do not' measure the same 

quantity (systematic errors). 

We do our best to resolve these cases. If we cannot, 
we assume that all experimentalists underestimated 
their errors by the same scale factor. If we scale up 
all input errors by this factor, x2 returns to N -1, 
and of course the output error scales up by the same 
factor. 

If all the experiments have errors oJ about the 
same size, the above procedure is straightforward. If, 
however, there are both precise and imprecise (large 
errors) measurements of a particular quantity, one 
must be very careful not to permit the imprecise ones 
to "dilute" the scale factor. ·see our January 1970 
edition (Particle Data Group, 1970) for the prescription 
we use to handle this effect. 

We often plot an ideogram to guide the reader in 
deciding which data he might reject before making his 
own selected average. 

For further discussion of ideograms and scale factors, 
we refer the reader to Section IX of our January 1970 
edition (Particle Data Group, 1970). 

'· 
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C. Constrained Fits 

The information on partial-decay fractions P; 5 and 
partial widths L= P ;r ~tat is frequently given by 
branching ratios R;, say, R1 = P1/ (P1+ Pz), R2= Pz/ Pa, 
Ra=PI/P2, R4=Pa!(P1+P2+Pa), etc.6 

The number of experimental inputs R; is often 
greater than the number of decay modes. In these cases 
we fit all available information on the P;, L, and R; 
subject to the constraint L P;= 1. When, in addition, 
the input R; are contradictory so that scale factors 
may have to be introduced, one has to resort to iter-
ative procedures. · · 

The Data Card Listings give the values of the 
fitted R;, P;, and r;, together with the error matrices 
of the P; ~nd of the r ;. For details about this procedure, 
the reader is referred to the text of the January 1970 
edition (Particle Data Group, 1970), Sec. IV.B. 

VI. PARTICLE DATA GROUP PUBLICATIONS 

To obtain a reprint of this r:eport, or any of the items 
listed below, write either Scientific Information Service, 
CERN, or .Technical Information Division; Lawrence 
Berkeley Laboratory, whichever is closer. 

A. Pocket-Sized Particle Data Booklet 

In addition to the present complete, full-size version 
of the Review of· Particle Properties available from 

·CERN and LBL, a pocket-size data booklet is available. 
It contains the first part of this report, up to the 
Data Card Listings. The complete set of pocket-size 
items available comprises the 'data booklet, a 16-
month diary, a mini-atlas contributed by Digital 
Equipment Corporation, and a plastic cover. Any of 
these items that you have requested in the past will 
automatically be sent to you, but please note that our 
mailing lists are self-cancelJing; unless you return the 
request card that is sent ~nee a year, your name will 
be removed from our mailing list. If you wish to order 
any items in bulk we must charge 25 cents (US) for 
each of the pocket-sized items. 

B. Other Compilations 

We compile data not only on particle properties, but 
also on other aspects of strong interactions (1rN, KN, 
pN, · · · cross sections; partial-wave amplitudes, etc.) 
Until 1971, our reports were called UCRL 20 000; 
they are now numbered LBL SO, · · ·, 99. In the front 
of each of these reports is a list of all relevant compila
tions. A· complementary series of compilations is 

? We use the symbol P; for partial-decay fractions throughout 
the Data Card Listings for stable particles, mesons, and baryons, 
although for baryons x; is the commonly accepted symboL See 
Eq. (10). 

6 We are also able to fit products of rates from formation experi
ments as given in Eq. (12). 
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produced by the CERN HERA Group. Both series 
are available from both LBL and CERN. 

C. Magnetic Tapes 

The Particle Data Group at LBL also has available 
for distribution magnetic tapes containing cross section 
data compilations produced by E. Flaminio et al: (7tN, 
KN, KN, NN, NN); G. Giacomelli et al. (1rN); C. 
Lovelace et al. ( 7C N; some KN, KN) ; L. D. Roper et al. 
(J(N); P. Spillantini and V. Valente, or H. Oberlack 
(-yN); and F. Wagner et al. (KN, KN; some 1rN). The 
original versions of these tapes are available im
mediately, while updated and corrected versions will 
be available in the near future. In addition, tapes 
containing partial-wave amplitudes for 1rN, KN, and 
-yN exist and may also be requested.lf you are interested 
in more details on the contents of any of these tapes, 
please write us. 

D. Next Edition 

We currently produce a new Review of Particle 
Properties every April. It is published alternately by 
Physics Letters and by Reviews of Modern Physi~s .. 

ACKNOWLEDGMENTS 

Jane Kingston Zoba and Betty Armstrong have 
helped with all the data processing. We thank J. D. 
Jackson for useful comments, Fumiyo Ychiyama for 
help on the K 0 section, and Jochen Bartels and Denyse 
M. Chew for assistance with the mesons. 

REFERENCES 

Albright, C. H., Phys. Rev. ll5;750 (1959). 
Ascoli, Giulio, papers submitted to the "Third Philadelphia 

Conference", American Institute of Physics, New York, 1972; 
and to the XVI International Conference on High Energy 
Physics, NAL, 1972. 

Barbaro-Galtieri, A., Baryon resonances, in: Advances in Particle 
Physics, edited by R. L. Cool and R.· E. Marshak (Wiley, 

· New York, 1968), VoL 2. See specifically, Table IV and Figs. 
10 and 12. · 

Bender, I., V. Linke, and H. J. Rothe, Z. Physik 212, 190 (1968). 

I 

Brene, N., L. Egardt, and B. Qvist, NucL Phys. 22, 553 (1961). 
Cabibbo, N., Phys. Rev. Lett. 10, 531 (1963). 
--,and A. Maksymowicz, Phys. Letters 9, 352 (1964). 
--, Proc. 13thintern. Conf. on High-Energy Physics, Berkeley, 

1966 (University of California Press;Berkeley, 1967), p. 34. 
Chew, G. F., in Estratto da Old and Ne-dJ Problems in Elementary 

Particles, edited by G .. Puppi (Academic, New York, 1968). 
Dalitz, R. H., Proc. Phys. Soc. (London) 69A, 527 (1956). 
EbenhOh, H., F. Eisele, H. Filthuth, W. Fohlisch, V. Hepp, E. 

Leitner, W. Presser, H. Schneider, T. Thouw, and G. Zech, 
Z. Physik 241, 473 (1971). 

Fearing, H. W., E. Fischbach and J. Smith, Phys. Rev. D2, 542 
(1970). 

Gasiorowicz, S., Elementary Particle Physics (Wiley, New York, 
1966). . 

Goldberger, M. L., and S. B. Treiman, Phys. Rev. ll1, 354 
(1958). 

Herndon, D. J., A. Barbaro-Galtieri, and A. H. Rosenfeld, ".rN 
partial-wave amplitudes-A Compilation," Lawrence Radiation 
Laboratory Report UCRL-20030 .rN, Feb. 1972, p. 4, Eq. (9). 

Jackson, J. D., S. B. Treiman and H. W. Wyld Jr., Phys. Rev. 
106, 517 (1957). 

JackSon, J.D., Nuovo Cimento 34, 1644 (1964). 
Kallen, G., Elementary Particle Physics (Addison-Wesley Pub!. 

Co., Reading, Mass., 1964). 
Kinoshita, T., and A. Sirlin, Phys. Rev. 108, 844 (1957). 
Lee, T. D., and.C. N. Yang, Phys. Rev. 108, 1645 (1957), 
Levi Setti, R., Rapporteur talk at the Lund Intern. Conf. on 

Particle Physics (Lund, June 1969). 
Okun, L. B., and C. Rubbia, Proc. Heidelberg Conf. on Elemen

tary Particles ( 1967), p. 301. 
Particle Data Group (1969): N. Barash-Schmidt, A. Barbaro

Galtieri, L. R. Price, A. H. Rosenfeld, P. Soding, C. G. Wohl, 
M. Roos and G. Conforto, Rev. Mod. Phys. 41, 109 (1969). 

Particle Data Group (1970): A. Barbaro-Galtieri, S. E. Derenzo, 
L. R. Price, A. Rittenberg, A. H. Rosenfeld, N. Barash-Schmidt, 
C. Bricman, M. Roos, P. Soding and C. G. Wohl, Rev. Mod. 
Phys. 42, 87 (1970). 

Particle Data Group (1972): P. Soding, J. Bartels, A. Barbaro
Galtieri, J. E. Enstrom, T. A. Lasinski, A. Rittenberg, A. H. 
Rosenfeld, T. G. Trippe, N. Barash-Schmidt, C. Bricman, V. 
Chaloupka and M. Roos, Phys. Letters 39B, No.1 (1972). 

PiSut, J., and M. Roos, NucL Phys. B6, 325 (1968). 
Roper, L. D., R. M. Wright, and B. T. Feld, Phys. Rev. 138, B190 

(1965). 
Steinberger, J., CERN Topical Conference on Weak Interactions, 

CERN 69-7 (1969), p. 291. 
Willis, W., and J. Thompson, Leptonic Decays of Elementary 

Particles, in Advances in Particle Physics, edited by R. L. Cool 
and R. E. Marshak (Wiley, New York, 1968), VoL 1, p. 295. 

Wolfenstein, L. in: Theory and Phenomenology in Particle Physics, 
edited by A. Zichichi (Academic, New York, 1969), p. 218. 

Wright, Jon, Illinois preprint, submitted to XVI International 
Conference on High Energy Physics, NAL, 1972. 

Wu, T. T., and C. N. Yang, Phys. Rev. Letters 12, 380 (1964). 

./ 
" 



'• 

t ...... 

PARTICLE DATA GROUP Review of Particle Properties SlS 

TABLES OF PARTICLE PROPERTIES 

Particle 

y 

Jl 

e 

f1-

± ., 

April 1973 

N. Barash-Schmidt, A. Barbaro-Galtieri, C. Bricman, V. Chaloupka 
R. L. Kelly, T. ·A. Lasinski, A. Rittenberg, M. Roos, A. H. Rosenfeld, 

P. Soding, and T. G .. Trippe 

(Closing date for data: Feb. 1, 197 3) 

Stable Particle Table 
For additional parameters, see .Addendum to this table. 

Quantities jn italics bave cbanged by more tban one (old) standard deviation since April 1972. 

IG(JPJcn Mass Mean life Partial decay mode 
(MeV) (sec) 
Mass2 CT Mode Fractiona 
(GeV)2. (em) 

0, 1 (1 0(< 2)10- 21 stable stable 

ve J = t O(< &o cv) stable stable 
v O(< 1.2) 

J = t 0. 5110041 
±.0000016 

J = t 105.6595 
±.0003 

m2= 0. 0112 
m 

fJ. 
-m ± = -33.909 

lT 

1 -(o -1 

±.006 

139.5688 
±.0064 

m2= 0.0195 

134.9645 
±,0074 
0.0182 
4.6043' 
±.003 7 

stable 
(> 2x1o2 1 vJ 
2 .1994X10- 6 
±.000 6 5=1. 1* 
cT=6.593X104 

. 2.6024X1o-8 
±.0024 

. CT =780,2 
(T+ -T -)/7= 
(0.05±0.07j% 
(test of CPT) 

o.84X1 o- 16 
± .. 1 0 5=2.1 '~ 
CT =2, 5X1 0-6 

stable 

evv 100 
e'('( ( < 1.6 )10- 5 
3e (<6 )10-9 
e'( ( < 2.2 )10-8 

fJ.V 100 % 
ev · ( 1.24±0.03)10-4 
fJ.V'( c(. 1.24±0.25)10-4 
n°ev ( 1.02±0.07)10-8 
evy C( 3.0 ±0.5 11o-8 
eve+e- ( < 3. 4 ) 1o-8 

yy ( 98.8 3±0.051o/o 
yc+e- ( 1.1 7±0. 051% 

y+y ( <5 )10-6 
e e-e+c- d( 3.47 110-5 

p or 

Pmaxb 
(MeV/c) 

53 
53 
53' 
53 

30 
70 
30 

5 
70 
70 

67 
67 
67 
67· 

(. 
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·Stable Particle Table (cant' d) 
Particle 

p 

n 

IG(JP)Cn Mass 

t<o- l 

(MeV) 
Mass2 

(GeV)2 

493.715 
±0.037 

m
2

=0.244 

Mean life 
(sec) 

CT 

(em) 

1.2371X1o- 8 ... 
±.0026 5=1.9··· 

C'T=370. 8 
('T+ -'T-l/r= 
(.11±.09)o/o 
(test of CPT} 

5=1. i'" 

Mode 

fLV 
lTlTO 
'ITTT-1Tt ' 

lTlTo no 

fllTOV 
en°v 
eTT 0 n°v 
nn~e± v 
""±e'F v 
lTlT'Ffl± v 
lTlT±fl'F v 
ev 

~''{ lTlT+lT-'{ 
1revy 
ne+e
n'Fe±e± 
lTfl+fl
Tl'{'{ 
"YY.Y . 
TTVV 

fJ. vvv 

t<o- l 

t<o -l 

497.71 
±0.1~ 

5=1.1 
m2=0.248 

SOo/o K5hort' 50 '7o KLong 

t<o -l 

e0.882X 10-10 * 
±.008 5=2.5 
cr=2. 65 

5.181X1o-8 
±0.041 

cr=1553 

10 . -1 
mK -mK = 0. 5402X10 fl sec 

L 5 ± 0.0035 

o+·(o-}+ 548.8 
±0.6,. 

5 =1.4. 
m2=0.301 

938.2592 
±0. 0052 

m2=o. 8803 

er =(2. 63±0. 58}keV 
Neutral decays 

71.1o/o 

Charged decays 
28.9o/o 

stable 
(> 2 X 1o28y) 

TTOTTOTTO 

TT+1T-iTO 

lTflV 
1rev 
1revy 
Tl+lT
iTOTTO 

Tl+lT-'{ 
noyy 
'{'{ 
efl 
fl+fl
e+e-

{ ~tty 
3TT 
n+n-n° 
Tl+lT-'{ 
1r0e+e-
n+n-e+e
lT+n-n0y 
lT+lT-'{'{ 
f1+f1-
f1+f1-TTO 

t<t+l 939.5527 
±0. 0052 

m 2 =0.8828 
m -m = -1.29344 

(0.918±0.014)103 pe v 
C'r =2.75X1013 

P n ±0.00007 

Partial decay mode 

Fractiona 

p or 

Pmaxb 
(MeV/c) 

( 63.52±0.19}% 
( 21.06±0.18)% 5=1.1::. 
( 5.59Jo0.03}o/o 5=1.1'" 
( 1.73±0.05 )o/o 5=1.{~ 
( 3.24±0.10}% 5=1.9: 
( 4.85=?_0406}o/o 5=1.1'' 
< 1.8'!:o:6 } 1o- 5 
( 3.7±0.2 )10- 5 

(<5 }io-7 
<. o.9 ±0.4 l 1o-5 
(<3 }1o-6 
< 1.38±o.2o l 10-5 

c< <7 l 1o-5 
h, c( 2.66±0.18} 1o-4 

c( 10 ±4 } 1o- 5 

C( 3. 7 ±1.4 } 10=~ 
(<0.4 }10_5 
(<1.5 }10_6 
( < 2.4 } 10 

c( < 3.5 } 10- 5 

.c(<3 }10-: 
(<1.4 }10=6 
(<4 )10_8 
( < 3 } 10-8 
(<1.4 )10_6 
( < 7 } 10 

( 68 · 81~0 29lo/o 5=1 1':' 
( 31.19 . )o/o . 
( < 0. 7 } 10-5 
(<35 } 10- 5 

c ( 2. 3 ±0. 8 } 10-3 
(<0.7 }1o-3 

( ? 1'. 5 ±0. 8 } o/o 5= 1.4 * 
( 12.6 ±0.3 } '7o 
( 26.9 ±0.6 } '7o S=1.1~' 
( 38.8 ±0.6 } '7o 5=1.1'~ 

c ( 1. 3 ±0. 8 } '7o 
( ·0.157±0.005}o/o '* 
( o. 094 ±0. 019}o/o 5=1. 5 

c(<0.4 · )1o-3 
(<2.4 }10-4 

( 4.9 ±0.4 } 10-4 

.(<1.6 }10-9 
1 (<1.9 )10- 9 

(<1.6 }1o-9 

( 38.0 ±1.0 }o/o 5=1.2'' 
e ( 3.1 ±1.1 ,}o/o 5=1.2* 

( 30.0 ±1.1 }o/o 5=1.1* 
( 23.9 ±0.6 }o/o 5=1.1'~ 
( 5 .. 0 ±0.1 }o/o 
( < 0.04 }o/o 
( 0.1 ±0.1 }o/o 
( < 0.2 }o/o 

·( < 0.2 ')o/o 
( 2.2 ±0.8 ) 10-~ 
(<5 )10-

100 '7o 

236 
205. 
125 
133 
215 
228 
207 
203 
203 
151 
151 
247 
247 
205 
125 
227 
227 . 
227 
172 
227 
227 
227 
227 
214 
214 
236 

206 
209 
'225 
249 
206 
24CJ 

139 
133 
216 
229 
229 
206 
209 
206 
231 
249 
238 
225 
249 

274 
258 
180 
175 
236 
258 
236 
175 
236 
253 
211 

1 

(. .. , 
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Stable Particle Table (cant' d) 
Particle IG(JP)cn Mass Menn life Partial decay mode 

(MeV) (sec) 
Mass2 cr 
(GeV)2 (em) 

A O(t+l 1115.59' 2.521X1o-10 

±0.05 ± .021 S=1.2'~ 
S=1.1 * 

rn2= 1. 245 
CT = 7.56 

Mode 

P" 
mr 0 

pev 
Pf.LV 
P"-Y 

Fractiona 
p or 

Pmaxb 
(MeV/c) 

( 64.2±0 5 ·l"/o 100 
( 35.8 . l% 4 104 
( 8.13±0.29)10- 163 
( 1.57±0.35)10-4 131 

c( 0.85±0.14)10-3 100 

2:~ 
1(i+) 1189.41 0.800X10-10 P"o 

±0.07 ±.006 n,+ 
( 51.6±0 7 )"/o 189 
( 48.4 · · l"/o 185 
( 1.24±0.18)10- 3 5=1.4':' 225 S= 1. 6':' CT = 2.40 PY 

m 2 = 1.4115 n1r+y 

m~+-m~-= -7.94 II. e+v 
±.09 r(~t-+ £ t nv)<. 03S-fnf.L!V 

s,; 1.2 r(~--£-nv) ne v 
pe+e-

c( 1.31±0.24)10-4 185 
( .2.02±0.47)10-5 72 
(<2.4 l1o-5 202 
< < 1. o J1o-5 224 
( <7 )10-6 225 

Lo 1({+) 
1192.48 

· < 1.0X10- 14 
±0.1g ll.y 

S= 1.1 cr<3X1o- 4 II. e+e-
100 "/o 74 

d( 5.45 \10-3 74 

m 2 =1 .422 

2: 1 (t +) 1197.34 1.484X1 o- 1 0 
TilT 

±.019 S=1.6* -
±0.07 ne v 

S= 1.2 * cT = 4.45 nf.L - v 

m2 = 1.434 
1\.e-v 

. m:!:o-m:!:_=-4.86 
n1T-y 

±.06 

100 % 193 
( 1.10± 0.05)10- 3 230 
( 0.45±0.04)10-3 210 
( o.60±0.06)1o- 4 79 

C( 1.0 ±0.2 l1o-4 193 

...... o 
~ 

t(t+/ 1314.9 2.98X1o- 10 1\Jro 
p1T 
pe-v 

100 "!o 135 ...... 

...... ...... ...... 

±0.6 
m2 1. 729 

m:=:o-m:=;- = -6.4 
±.6 

t(t+,t 

3+ f 
0(-) 

2 

1321.29 
±0.14 

m2= 1.746 

16 72. 5±. 5 
m2= 2. 797 

±.12 
CT = 8. 93 

1. 67ZX1o- 10 

±. 032 S= 1.1~:' 
CT = 5. 01 

1.3~~:1x1o- 10 

CT = 3. 9 

:!: +e~ v 
:!: -e+v 
:!: +f.L -v 
:!:-f'tV 
pf'-V 

II.,-
11. e-v 
L: 0 e-v 
'1\.f.L -v 
L;Of.L-V 

nlT 

ne -v 

( < 0.9 )1o-3 
( < 1. 3 ) 10"3 
( < 1.5 )10-1 
( < 1.5 )10-3 
( < 1.5 )10- 3 
( < 1.5 ) 10-3 
( < 1.3 )10- 3 

100 "/o 
g( 0.70±0.21 )10-3 

( <0.5 l 1 o-3 
( < 1. 3 l 1o-3 
( < 0.5 )"/o 
( < 1.1 l iO.- 3 
( < 1.0 ) " 
Total of 
28 events 

seen 

*s = Scale"factor = Jx 2/(N.-1). where N"' number of experiments. S should· 
be"' 1. If S > 1, we have enlarged the error of the mean, lix, i.e.,. lix-Siix. 
This convention is still inadequate, sine<' if S >> 1, the experiments are 
probably incons'istent, and therefore the real uncertainty is probably even 
greater than Sox. See text and ideogram in Stable Particle Data· Card' Listings. 

a. Quoted upper limits correspond to a 90"/o confidence level. 
b. In decays ·with more than two )>odies, Pmax is the maximum momentum that 

299 
323 
119 
112 

64 
' 49 
309 

139 
190 
123 
163 

70 
303 
327 

294 
29'0 
211 

any particle can have. . · . . . , 
c. See Stable Particle Data Card Listings for energy hm1ts used 1n th1s measurement. 
d. Theoretical value·; see also Stable Particle Data Card Listings. 
e. See note in Stable Particle Data Card Listings. 
I. P for:=: and Jp forn- not yet measured. Values reported are SU(3) predictions. 
g. Assumes rate for :=:--:!:0 e-v small compared with:0::-::"5\ e-v. 
h. The direct emission branching ratio is (1.56±.35)X 10 . 
i. A contradictory unpublished result of- 9X1o-9 (with 6 events seen) has been reported 

by Carithers et al. See note in Stable Particle Data Card Listings. 
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ADDENDUM TO 

Stable Particle Table 

· Magnetic moment 

e 1.001 159 6577 eft I p. Decay parameters a 
±.000 000 0035 2mec 

r-----~~~~~--~~~ 
1..001 166 16 . eft p =b. 752:!:0.003 '1 = - 0.12 ±0.21 
±.000 000 31 2m c ~ = 0.972±0.013 o = 0.755±0.009 h = 1.00±0.13 

..,. I +0.33 

Mode 

f.I.V ,,o 
1T1T+TT-

11"TfO n° 
..,.,o v 
en°v 

lgA gvl =0.86_ 0•11 cp = 18o• ±ts• 

Partial rate (sec- 1) l:d=l rule for K±-317' 

(51 .. 35±0.19)106 S=1.2'~ 2 

6 ,+,+,- cg = -.214±.005 
(17.02±0.15)10 S=1.1':' - + - c . + 
( 4.52±0.02)106 S=1.1'~ "t"o"o cg= -.214-.007 

( 1.40±0.04)106 S=1.4= S;e "al:o S~a=bl~ 5~!~t?:i! 
( 2.62±0.08)106 S=1.9:: Data Card Listings and 
( 3.92±0.05)106 · S=1.'1.'•' Appendix I 

S=1. 7* 
S=2. 7'' 
S=1.4':' 

Form factors for ·leptonic 
decays 

>..~ = 0. 028±0. 005 

See Stable Particle 
Data Card Listings for 
~ and>..~. 

K 0 + - ( o. 780±.008) 1010 S=1.9* t;.l= f rule for KE ~ 3n 
S ·:o:o ( 0)53 ±_005 11010 S=1 .4* CPviolationpara;eters ,+,-,ocg=.6 0±.0Z S= 2 • 7 ,~ 

1---------------------1 !t\_1=(1.98±g.o4)10- ,cj>+_= (42±3)" See Data Cards & App. I 
S=1.1 . . 

Ko 
L 

"1 

p 

n 

A 

I+ 

I-

ao 
a -

,o ,o "o ( 4.15 ±0 .16) 106 S= 1. 3'~ 
,;1T-1To ( 2.43 ±0 .0 5) 106 
1Tf.I.V ( 5.19 ±0.12)106· S=1.1: 
1rev ( 7.48 ±0.13)106 S=1.1~ 
1T+1T- ( 3.02 ±O.iOlio4 
no no ( 1.82 ±0.3 8l1o4 S= 1. s'~ 

Mode Asrrnrnetrr 2ararneter 

1T + 1T-"o e(0.24±.40f'/o 5=2.0*' 
+ - (0. 61± • .54) "/o 1T 1T y 

Magnetic 
moment 

frl 1=(2.09±0.10)10-3cj> 00=(43±19)• Ll.S=-LI.Q ,~ 
oo ,~ , Re x=-.003±.027 S=1 .. 6 

S=1.2 · Im x=-.005±.038 S=i.i' 

d 0 = (. 33±. 04}10- 2 
S=L 5,~ Form Factors for leptonic decaye 

>..~ =: 0. 025±0. 005 S=1. 3* 

f Y
2 

< O. 27 ' See Stable :Particle D.ata •Card 
Listings for >..!/; and ~ 

Decay parameten b 
b b 

Measured Derived gA/gv gv/gA 

(efl/2mpc) a ~~d~gree) ...:L- .6. (degree) 

2. 792782 
±.000017 

-1.913148 - -1.248±.010 pe v 
6'=(181.1±1.3/ ±.000066 

-0.67 p1T- 0.647±0. 013 (-6.5±3.5) 0 0.76 (7.6~!:~)" 
±.06 n1To o. 651±0. 045 

* ,pev -0 .66±0 .06 S=1.2 

p1To -0.984±0.017 ( 22± 90} 0 0.17 ( 184±15r 

2.59 + +0.066±0.016 (167±20) 0 -0.97 (-73+136r 
±.46 n1T 

-1.03+· 52 S=1.1'' 
-10 

~ -.42 

n1T - -0.069±0.008 (10±15)
0 

0.98 (249+1 2 r 
ne-v . -115 See Data Cds. 
Ae-v 0. 3]±0. 20 

- A1To -0.39±0.0'9 (25±21[ 0.84 (226+1 6 J 
S= 1.2* S=1.3 -35 

- -0.40±0.03 (no+18 r -1. 93 /1.1T ( -4±8) 0 0.91 
±. 75 S=1.1'~ -17 

'· 

~· 

t\ 

v 
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ADD_ENDUM T6 

Stable Particle Table ( cont'd) 

~'S = scale factor. Quoted· error includes scale factor; see footnote to main 
Stable Particle Table for definition. 

a. I gA/ gv I defined by · 

g/=1Cvi
2
+1C'vl

2
, 

gAZ·= ICAIZ+IC'Aiz, 

!: ( el r i If.') (vlri(Ci+C' i'Ysl lv); 

tj> defined by cos tj> =- Re<C'AC'v+C'AC·*v)/gAgV (for more details, see text Section IV E] 

b. The definition of these quantities is as follows [ for.more details on sign convention, 
see text Sectiqn IV H]: 

a = z Is I I p I cos t::. ; 
ls1 2+lpl 2 

l3 _ -Z Is I I pI sin!:>. 

- Is 12+ lpl 2 

13 = ;-;-:; s intj>; 

c. The definition of the slope parameter of the DaHtz plot is as follows: 

jMJZ = 1 +g(s3-s0)· 

. mn+ 

d. The definition for the charge asymmetry is as follows: 

r<Kt ... £+> - r<Kt ... n 
6 = 

r(Kt ... £+) + r(Kt -£-) 

e. See note in Stable Particle Data Card Listings. 

f. The quantity, y 2 is define_f as follows: 
2 r(K~- Tl TI-Tio) 

y = 
r (Kt- TI+TT-TTO) 

where CPT is assumed valid. 
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Meson Table 
April 1973 

In addition to the entries in the Meson Table·, the Meson Data Card Listings contain(a)ll 
substantial claims for meson resonances. See Contents of Meson Data Card Listings 1 

• 

Quantities in italics have changed by more than one (old) standard devi·ation since April 1972. 

Name 

~ GP) 
Full 

I (J Cn Mass Width 
,M r 

1----l estab. 
. (MeV) (MeV) 

11±(140) l-en+ 139.57 o.o 
11° (135) 134.96 7.8 eV 

±.9 eV 

n(549) 
+ -
~ 548.8 2.63 keV 

±0.6 ±.58 keV 

£ 0+(0+)+ ;S 700 (c) ;(; 600 (c) 

Existence of pole not established. See note 

+ -
146§ p(770) .L..U:._l:_ 770 § 

±5 ±10 

w(784) o-cn- 783.8 (f) 9.8 
±0.3 ±.5 

S=l. 3* S=l.l * 

-+-
-+-

n'(958) i:_co:=J..::, 958.1 < 2 
or X0 ±0.4 

S=l.4* 

- + 
6(970) LCD )~ "' 970 

0.019483 
0.018217 

Partial decay mode 

Mode Fraction (%) 
[Upper limits are la (%)] 

See Stable Particle Table 

P or (b) 
Pmax 
(MeV/c} 

0.301 
±.000 

All neutral 
11+11-11° + 11+11-y 

71 
29 

See Stable 
Particle Table 

1111 

on 1111 S wa~e11 • 

0.593 1111 
±.112 e+e-

+ -

"=ll00 
0 .'0043±.0005 
0.0067±.0012 )J )J 

For upper liini ts, see footnote (e) 

0.614 
±.008 

0.918 
<.002 

;r+n-TTo 

n++r-
noy 
e+e-
'For upper 

\ 
n1111 

limits, 

11+n-y (mainly p0y) 
yy 

89.6±0.6 
1.3±0.3 
9.1±0.5 

0.0076±.0017 
see footnote (g) 
' ' 

For upper limits, see 

71.8±3.9 
26~2±3.5 
1.9±0. 3 

footnote (h) 

0.941 n11 
±.049 

(d) 
(d) 

S=l.l * 
S=l. 5* 

S=i.9 * 

8=2.o* 
8=2.2* 

359 
385 
370 

328 
366 
380 
392 

234 
458 
479 

311 
formerly called nN(975). 

Possibly a virtual bound state of the I = 1 KR system11
• 

s * o+'co+)+ "' 997(c) · 50-150(c) 0.993 1111 479 
KR near threshold 

. - II 
See notes on 1111 and KK S wave . 

<1>(1019) 0-(1-)- 1019.6 4.2 1.040 K+K- 46.8±2.7 8=1.6 127 
±0. 3 ±.2 ±.004 KLKs .35.0±2.8 8=1.6* 110 

S=1.9 n+n-n° (incl. P11) 15.2±3.6 S=1.8* 462 
ny 3. 0±1.1 S=1.6* 362 
e+e- . 032± .003 S=1:9*· . 510 
)J+)J- .025±.003 499 

-+-
For upper limits, see footnote (i) 

-+-
+ - + 

At (1100) ~ "' 1100 200-400 1. 21 p11 "' 100 253 

Broad enhancement in the Jp=l+ p11 partial wave; not a Breit-Wigner resonance11
• 

+ 
+ 

B(l235) 
+ + 

LCl ),::, 1237§ 120§ 1. 53 W11 -only mode seen 351 
±10 ±20 ±.12 

For upper limits, see footnote (j) 

(, 
•r 

... ,. 

1,/ 
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Meson Table (cant' d) 

f(1270) 0+(2+)+ 

D(l285) i_.CA ),:!:. 

A2 (1310) 1-(2+)+ 

E(l420) i_.cA 2.:!:. 

... ... 
f' (1514) 0+(2+)+ 

"F, (1540) ,!, (A ) 

Mass 
M 

(MeV) 

1270§ 
±5 

1286§ 
±10 

1310§ 
±10 

1416§ 
±10 

1516 
±3 

1540 
±5 

Full 
Width 

r 
(MeV) 

163§ 
±15 

100§ 
±10 

60 
±20§ 

40 
±10 

40 
±15 

Evidence based on.on1y one experiment 

p1 (1600) 1+(1-)- "' 1600 "' SOD 
Resonance interpretation uncertain. 

A3 (1640) 1-(2-)+ "' 1645 100-400 

M2 
±rM(a) 

(Gev)2 

1.61 
±.21 

1.65 
±.03 

1.72 
±.13 

Partial decay mode 

Mode Fraction (%) 
[Upper limits are la 

1!1! 
2n+21!-
KR 

KKn 
flllll 

t[ 6 (970) 1! 
2n + 2n- (prob. 

pn 
flll 
Wllll 

RK 
n' (958)n 

p0n+n-) 

"' 80 
5±2§ 
.S±3§ 

seen 
seen 
seen] 
seen 

72.4±2.1 
15.3±1.3 

7.6±2.2 
4.7±0.6 

d 

(%)] 

2.01 KKn · 
±.08 t[K~K + R*K 

"' 40 
"' 20] 
"' 60 flllll 

. t[6(970)1l possibly seen] 

2.29 KR only mode ~een 
±.06 

2.37 
±.06 

For upper limits, see footnote (k) 

only mode seen 

4n only mode seen 
2 . 56 t [ pllll "-80 l 

1!1! < 1 (p)~ 
For upper limits, see footnote (p) 

2. 71 "' 100 

Broad enhancement in the JP·= 2 fn partial wave; not a Breit-Wigner resonance.~ 

w(l675) £CN ),:. 1664 141 
formerly called ±13· ±17 

.p(1675) S=l. z* 

g(l680) 1+cn- 1680§ •160 
±20 ±30§ 

JP, ~1 ~d r from the 2n mode(~). 

See note (1~ for possible heavier states. 

K+(494) 1/2(0-) 493. 71 
K0 

( 498) 497. 71 

* 
112cn K (892) 891.7 so .1 

±0.5 p.l 

2. 77 
±.23 

2.82 
±.27 

0.244 
0.248 

dominant pn 
3n 
5n 

possibly observed · 
10±10 

2n 
4n (incl. nnp,pp,A2n,wn) 
KK 
KRn (incl. K*R) 

See Stable Particle' Table 

"' 40 l "'so· 
"' 3 
"' 3 

(~) 

0. 795 Kn ~ 100 
±.045 Knn 

(Charged mode; m0 - m± = 6.1±1.5 MeV) 

< 0.2 
< 0.16 

por 
Pmax(b) 

lMeV/c) 

619 
556 
394 

305 
484 
250 
565 

413 
529 
353 
428 
279 

421 
. 131 

564 
356 

572 

575 
788 
629 

310 

645 
804 
777 

828 
781 
677 
617 

288 
216 
309 
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. Meson Table ( cont'd) 
Name 

Mass 
M 

(Mevr 

Full 
Width 

r 
(MeV) 

Partial decay mode 

Fraction (%) 
[Upper limits are lo (%)] 

por 
Pmax[b) · 
(MeV /c) 

K 1/2(0+) · o~ is near 90°, with slow variation, in mass region lZ00-1400 MeV. 

See note on Kn S wave~ . 
. !------------------~------------~-------------------------------------------

!
KA(l240) 1/2(1+) 1242 127 1. 541 
or C ±10 ±25 ±.16 

· . seen in pp at rest 
Q ---------------------------------------------

KA(l280 1/2(1+) ·1280 to 
to 1400) 1400 . 

. · See note (m). ' 

Kt~(l420) 

.... .... 
L(l770) 

,.!Ll(2+) 1421§ 
±5 

See note 

,.!Ll(A) 1765§ 
±10 

100§ ' 
±10 

(n). 

140§ 
±50 

2.02 
±.14 

3.11 
±.25 

p - . + + . 
J =2 favoured, 1 and 3 not excluded. 

. ' 

See note (1) for ·possi~le heavier states.· 

(1) Contents of Meson Data Card Listings 

Non-strange (Y = 0) 

entry IG(Jp)C 
n entry IG(Jp)C . 

ll 

TI (140) 1 (0 )+ + nN (1080) 0+ (N )+ 

11 (549) 0+(0-)+ A, (1100) 1-(1+)+ 

£ (600) 0+(0+)+ ->-M (1150). 

(7.70) + - + A1 , 5 (1170) p 1 (1 )- 1 

w (784) a-en- B (1235) 1+(1+)-

+M (940) F (1270) 0+(2+)+ 

+M (953) + 
D (1285) O+(A )+ 

n' (958) 0+(0-)+ A2 (1310) 1-(2+)+ 

0 (970) 
- + .. 

1 co )+ E (1420) O+(A )+ 

->-H (990) 0-(A )- + X (1430) 0 

s* (IOOO) 0+(0+)+ ->-X (1440') 1 

<P (1019) 0-(1-)- f' (1514) 0+(2+)"'. 

+ M (10'33) F, (1540) 1 (A ) 

_,_ B1 lJ040) 1+ p' (1600) 1+(1-)-

\ Knn 

t[K*n 

t[Kp 

t[K(nn) R.=o 
'· 

only mode ·seen 

large] 

seen] 

. possibly seen] 

55.0±3.3 
29.5±2.7 
. 9.2±2.9 

4.4±1. 7 
2.0±1.8 

S=L 2* 

S=L2* 

616 
415 
319 
304 
482 

Knn dominant 788 
757 Knnn , seen ~ 

t[~(l420)n and other subreactions J 

entry 

·~j ~3 
1-< g 
J: _,.X 

(1640) 

(1675) 

(1680) 

(1690) 

1-(2-)+ 

0-(N )-

1+(3-)-

_,. X (1795) 1 

_,. n/p(l830) 
-+ w/n(l830) 

.:,. s (1930) 

'+ 

-+ p 

+T 

(2100) 1 + 

(2200) 1 

Strange 

entry 

K ( 494) 
K* (892) 

K 

_,_ KA(ll.75) 

_,_ KA (1265) 

Q 
KN(1420) 

+ ~(1660) 
+ ~(1760) 

L (1770) 

..;. ~0850) 
_,_ K*(2200) 

CIYI c 1) 

I (Jp) 

1/2(0 ) 

112cn 
1/2(0+) 

3/2 

3/2 
1/2(1+) 

1/2(2+) 

1/2 
1/2 

l/2(A ) 
+ p (2275) 1+ 

_,. u (2360) 1 

_,. NN (2375) o 
+ X(2500-3600) 

+ K* (2800) . 

•, 

t/ 
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Meson· Table (cont'd) 
indicates an entry_ in Meson Data Card Listings not entered in the Meson Table. We do not regard 
these as established resonances. 

See ~eson Data Card Listings. 

Quoted error includes scale factor S /x2/(N-l). See footnote to Stable. Particle Table. 
t Square brackets indicate a subreaction of the previous (unbracketed) decay mode(s). 

This is only an educated guess; the error given is larger than the error of the average of-the 
published values. (See ~1eson Data Card Listings for the latter.) 

(a) .rM.is .approximately. the half-width of the·resonance when ·plotted against M2 • · 

(b) For decay modes into ~ 3 particles, Pmax is the maximum momentum that any of the particles in 
the final state can have. The momenta have been calculated by using the averaged central mass 
values, without taking into account the widths of the resonances. 

(c) From pole position (M - if/Z); For both E and S* the pole is on Riemann Sheet 2. 
(d) The e+e- branching ratio is from e+e- ~ TI+TI- experiments only. The wp interference is then due 

to wp mixing only, and is expected to be small. See note .in Meson Data Card Listings. The 
1/ )J- branching ratio is compiled from 3 experiments; each possibly with substantial wp inter
ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If e)J 
universality holds, r(p 0 ~ p+JJ-) = r(p 0 ~ e+e-) x phase space correction. 

(e) Empirical iimits on fractions for other decay modes of·p(765) are n±y < 0.5%, n±n < 0.8%, 
TI+TI+TI-TI- < 0.15%, TI±TI+TI-TI 0 < 0.2%. . 

(f) Note that experiments with final state KsKsw (pp at rest). give 1tJ = 780.6 ± O.S'if. 
(g) Empirical limits on fractions for other decay modes of w(784) are TI+TI-Y < 5%, n~n°y < 1%, 

n + neutral(s) < 1.5%, )J+)J- < 0.02%, n°)J+)J- < 0.2%, ny < 0.5%. 
(h) 

(i) 

(j) 

(k) 

(~) 

(m) 

(n) 

(o) 

(p) 

Empirical limits on fractions for other decay modes of n'(958l: n+n- < 2%, n+n-n° < 5%, 
TI+TI+TI-TI- < 1%, TI+TI+TI-TI-TI 0 < l%,·6TI < 1%, TI+TI-e+e- < 0.6%, n°e e- < 1.3%, ne+e- < 1.1%, n°p0 

n°w < 8%. 
Empirical limits on fractions for+ other decay modes of ~(1019) are n+n- < 0.03%, TI+TI-Y < 4%, 
wy < 5%, PY < 2%, TI 0y < 0.35%, 2n 2n-n° < 9%. 
Empirical limits on fr~ctions for .other d_;cay modes of ~(1235) : nn < 15%, KK < "2%, 4n < 50%, 
~11 < 1.5%, nn < 25%, (KK)-n° < 8%, J<sKs n- < 2%, J<sKL n- < 6%. 
Empirical l~its o~_fractions for_other decay modes of f'(l514) are n+n- < 20%, nn < SO%, 
nnn < 30%, KKn + K K < 35%, 2n 2n .< 32%. 

4%, 

We assume as a working hypothesis that peaks with rG = 1+ observed around l. 7 GeV all come from 
g(l680). For indications to .the contrary see Meson Data Card Listings. 
See Q-region note in Meson Data Card Listings. Some investigators see a broad enhancement in 
mass· (Knn) from 1250-1400 MeV (the Q region), and others see structure. The Kn, Kw, and Kn .are 
less than a few percent.· 
The tabulated mass of 1421 MeV·comes only from charged KN(l420) ~ Kn measurements; the average 
of the neutral KN(l420) mass is 1423_MeV. Knn mo e can be contaminated with diffractively pro-
duced ~ · 
&npirical limits on fractions· for other decay modes of f (1270) are nnn < 15%; K°K- n + + c .c. < 6%. 

. ~ 

The tiny partial width for p' + nn· (.r < 2 MeV) is based on an OPE model. 
&npirical limits are ·nn < 20%, KK < 8%. 

Established Nonets, and octet-singlet mixing angles from Appendix liB, Eq. (2'). Of the 
two 1sosmglets, the ''mainly octet" one is written first, followed by a semi-colon. 

(JP)Cn Nonet members 81in. e 11uadr. 

(0-)+ TI, K, n; n' 24 ± 10 _10 ± 10 

(1-)- * 10 10 p, K , ~; w 36 ± 39 ± 

(2+)+ A2, ~(1420), f'. 
' 

f 29 ± 20 31 ± 20 



~ 

S24 . REVIEws oF MoDERN PHYSICS : APRIL 1973 ··PART II 

Baryon Table 
April 1973 

Baryon States for which information can be found in the Data Card Listings. The name, the mass, the quantmn 
numbe'rs, and the status are shown. Those states with four. or three stars can be found in the following 
Table, the others have been omitted b<;cause the evidence for the existence of the effect and/or for its interpreta
tion as a resonance is. open to considerable question. 

N(940) P11 )',c~:O:** .6(i236) P33 **** A(Hi5) POi**** k(1190) Pii **** 2( i320) PH **** 
N(i470) P11 **** .6( i650) S3i **** A(1330) Dead k(i385) P13 **'~* 2(i530) P13 **** 
N(i520) D13 **** .6(i670) D33 )',c*"r: A(i405) so i ~'**~' k( 1440) PE Dead· 2( 1630) *'' 
N(i535) S11 **** .6( i690) P33 * A(i520) D03 **** k(1480) PE * 2(1820) *** 
N(i670) D15 **** .6( 1890) F35 ~'<~'1:* A(1670) SOi **** k(i620) SH *~' 2(i940) *~:C* 

N(i688) Fi5 **** .6(i9i0) P31 *** A(1690) D03 '~'~** k(i620) P11 ** 2(2030) ** 
N(1700) S11 **** .6(i950) F37 ***'~ A(1750) POi** k(i620) PE ** 2(2250) * 
N(1700) D13 *"r: .6(1960) D35 * A(i8i5) F05 **** k(i670) D13 **** 2(2500) ** 
N(i780) PH *** .6(2i60) P33 * A(1830) DOS*** k(i670) PE ** 
N(i860) Pi3 *** Ll(2420) H311 "'** A( 1860) P03 ** k(1690) PE ** 
N(i990) Fi7 ** 6-(2850) *** A(1870) SOi ** k(1750) S11 *** 
N(2040) D13 ** .6(3230) *** A(20i0) D03 ** k(1765) DiS **** !12(1670) P03 **** 
N(2100) S11 * A(2020) F07 ** k(i840) P13 * 
N(2i00) D15 * A(2iOO) GO?'~*** k(i880) P11 ** 
N(2175) F15 * A(2110) ~' k(i9i5) F15 ·**** 
N(2190) G17 **'~ Z0(1780) POi ,., A(2350) **** k(i940) D13 *** 
N(2220) H19 *~'* ZO( 1865) * A(2585) *** k(2000) S11 * 
N(2650) *** Z1(i900) Pi3 * k(2030) F17 **** 
N(3030) *** Zi(2i50) * k(2070) Fi5 * 
N(3245) * z 1(2500) * k(2080) P13 ** 
N(3690) * k(2100) 017 *'' 
N(3755) * k(2250) **** 

k(2455) *** 
k(2620) *** 
k(3000) ** 

-----------------------------------------------------------------------------
**** Good, clear, and unmistakable. *** Good, but in need of clarification or not absolutely certain. 

** Needs confirmation. *Weak. 

[See notes on N' s and 6' s, on possible z''• s, ·and on y'-'' s at the beginning· of those sectioris in the 
Baryon Data Card Listings; also ·see notes on individual resonances in the Baryon Data Card Listings.) 

Particlea (Jp) TT or K Beam Mass Full M2 . Partial decay mode· 
1--1 estab. T(GeV) Mb Width ±fMc p or 

d 
p(GeV/c) (MeV) rb (Gev2) Mode Fraction Pmax 

' % u = 4 TT;!r2 (mb) (MeV) (MeV/c) 

p 1/2(1/2.,.) 938.3 0.880 See Stable Particle Table 
n 939.6 o. 883 

N' (1470) 1/2.(1/2+) P'11 T=0.531ip -i470 165 to 2.16 N" 60 420 
p =0.66 - 300 ±0.4i N"" 40 368 
(] =27.8 

[N• 5-30)e 
LI.1T 20-30)e 173 

[Np -7)e 
P'l'g o. 05 435 
nvg 0.0 435 

N'(15ZO) 1/2(3/2-) Dj_ 3 T=0.61 1510 to 105 to 2.31 N" 50 456 
p =0. 74 1540 150 ±0.18 N"" -so 4i0 
CJ=23.5 [ N< 0-2)e 

[Np 7-25le 
LI.1T i5-40 e 224 
NT) o. 2-1. 4 
P'l'g 0.55 47i 
ll'{g 0.30 471 

N' (1535) 1/2(1/2-) S'11 T=0.64 1500 to 50 to 2.36 N" 35 467 
p =0. 76 1600 160 ±0.18 NT) 55 182 
(] =22. 5 N"" -10 422 

[Np i-2)e 
P'l'g o. 2-0. 4 481 
n g 0. 12 481 

~. 

~ 

~·-

'.} 
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P, Baryon Table· ( cont'd) 
Particlea (Jp) rr or K Beam Mass Full M2 Partial decay mode 

1---4 estab. T(GeV) Mb Width ±fMc p or 

·v p(GeV/c) (MeV) rb (Gev2) Mode Fraction Pmax 
d 

<Y = 4 rr:l(-2 (mb) (MeV) % 
(MeV/c) 

I 

1/2(s/n o~ 5 N ( 1670)i T=0.8r 16 70 to 115 to 2. 79 N" 40 560 
p = 1.00 1685 175 ±0.24 N"" 60 525 
a=15.6 [Cl.1T 50-60]e 357 

1\.K <1 200 
N'l ' <iJ 368 
pyg o. 01 572 
nyg 0.02 572 

N
1

( 1688')i 1/2(5/2+) F'
15 

T=0.90 1680 to 105 to 2.85 N" 60 572 
p = 1. 03 1690 180 ±0.21 N"" 40 538 
a =14.9 (N• 12]e 340 

(Np 15r 
[Cl.1T 13-40 e 372 
1\.K <0. 1. 231 
N'l '<0. 3J 388 
pyg o. 20 583 
nyg o. 01 583 

. N" (1700)i 1/2(1/z-) s•;_1 T=O. 92 1665 to 100 to 2.89 N" 60 580 
p=i.OS 1765 300 ±0.42 N"" 547 
a =14. 3 [ N• 25-30le 355 

[Np 10-20 e 
1\.K 5. 250 
N'l -3J 340 
pyg 0.05-0.1 591 
nyg 0.05 591 

N" (1780)i 1/2(1/2+) P"11 T=i.-07 1650 to 50 to 3.17 N" -20 633 
p =1.20 1860 350 ±0.51 N"" 

30-40]e,h 
603 

a=12.2 ( N< 440 
[Cl.1T 25-35] e, h 445 
1\.K <7. 353 

1,1 N'l 10-20J 476 
pyg o. 01 643 
nyg o. 01 643 

N(1860) 1/2(3/2+) p13. T=i.22 1770 to 180 to 3.46 N" 25 685 
p =1. 36 1860 330 ±0.57 N"" 657 
a=10.4 (Np 55-65] e, h 366 

1\.K -s 437 
Nn -4j 545 

N(2190) 1/2(7/2-) c 17 T=i. 94 2000 to. 270 to 4.80 N" 25 888 
p =2.07 2260 3Z5 ±0.67 N"" 868 
(] =6.21 

N(2220) • ~(9/2+) H
19 

T=2. 00 2200 to 260 to 4.93 N" 15 905 
p=2. 14 2245 330 ±0. 65 N"" 887 
<T=S. 97 

N (2650) 1/2( ? - ) T=3.12 -2650 -360 7.02 N, (J+i/2)x 1154 
p =3. 26 ±0.95 N"" =0. 45£ 1140 
a=3.67 

N(3030) 1/2( ? T=4.27 -3030 -400 9.18 N" (J+i/2)x 1366 
p =4.41 ±1.21 N"" =O. 05£ 1354 

~ a =2.62 

A
1 

(1236)m 3/2(3(2+) P3 3 T=0.195 (++) 1230 to 110 to 1.53 N" 99.4 231 
p =0.304 1236 122 ±0.14 N + - 0 90 
a =91. 8 N";" -0.6 262 

.,/ Pole position m : M-IT/2 = (1211. 6±0. 7) -i(49. 5±1. 8) 

b. (1650) 3/2(1/2-) 531 T=0.83 1615 to · 130 to 2.72 N, 28 547 
p ,:,0.96 1695 200 ±0.28 N"" 72 511 

!-,; (] =16.4 (Np 8-16]e 558 
[Cl.1T 26-32]e 340 

Nyg o. 30 558 
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Baryon Table (cont'd) 
Particlea (Jp} 7T or K Beam Mass Full M2 Partial decay mode 

1---1 estab. T(GeV} ·Mb Width ±fMc p or 
rb (Gev2) Mode ·Fraction Pmax 

d 
p(GeV/c} "(MeV} 

"' cr = 4 7Tx2 (mb) (MeV} % 
(MeV/c} 

6 (1670) 3/2(3/2-).D
33 

T=0.87 1650 to 175 to 2. 79 Nn 15 560 
p =1. 00 1720 300 ±0.40 Nnn 525 
(] =15.6 [6n 22-30]e 357 

Nyg 0. 05 572 

6 (1890) ;3/2(5/2+) F 
35 

T=1.28 1840 to 200 to 3. 57 Nn · 17 704 
p =1.42 1920 350 ±0.49 Nnn 677 
(] =9. 88 (Np S5-70]e 403 

Nyg 0.03 712 

6(1910) 3/2(1/2+) p31 T=1. 33 1780 to 200 to 3.65 Nn 25 716 
p =1.46 1935 340 ±0.52 Nn-lr 691 
(] =9. 54 (Np 3-16]e, 429 

[6n 4-16] e . 543 
Nyg 0.03 725 

6(1950) 3/2(7/2+} F37 T=1.41 1930 to 170 to 3.80 Nn 45 741 
p =1. 54 1980 270 ±0.44 Nnn 716 
(] =8. 90 tNp 8-12le 471 

6n 14-19 e 571 
Nyg 0. 15 749 
.EK -2 460 

~ 
~ .E(1385)K 1.4 232 

6 (2420) 3/2(11/2+) T-2.50 2320 to 270 to 5. 86 Nrr 11 1023 
1----l p =2. 64 2450 350 . ±0. 75 Nrrrr. >20 1006 

(] =4. 68 

6 (2850) 3/2( ?+ T=3. 71 -2850 -400 8.12 Nrr (J+1/2)x 1266 
p =3.85 ±1.14. Nnrr =0.25f 1254 
a=3.05 

6 (3230) 3/2( ? T=4.94 -3230 -440 10.4 Nrr (J+1/2)x 1475 
p =5.08 ±1.4 Nrrrr =0. 05 f 1464 
(1=2.25 , .. . ,, 

z* Evidence for states with hypercharge 2 is controversial. See the ·Baryon Data Card .... Listings for discussion and display of data . .... .... .... ..... 
1\ 0(1/2+) 1115.6 . 1.24 See Stable Particle Table 

~ A' (1405) Oti/2-) S'
01 

p<O K- p 1405 40 1. 97 .Err 100 142 
±5n ±iOn ±0.06 

1\'(1520) 0(3/2-) D' p=0.3.89 1518 16 2.30 NK 45:1-1 ·234 
--- 03 (] =84. 5 ±2n ±2n ±0.02 .Err .41±1 258 

1\ rrrr 10±.5 250 

.E "" 1 .'0±.1 140 

A"(1670) 0(1/2-) S" p =0. 74 -1670 15 to 2. 79 NK 15-35 410 
--- 01 (] =28. 5 38 ±0.04 1\T) 15-25 64 

.Err 30~50 393 

1\"(1690) 0(3/2-) n
03 p =0. 78 -1690 27 to 2.86 NK 20-30 429 

(] =26.1 85 0.09 .Err 40-70 409 
A"" <25 415 

.E "" <25 352 

A' (1815) 0(5/2+) F 1 p = 1.05 1820 64 to 3.30 NK 61 542 
--- 05 (].=16.7 ±5n 104 ±0.15 E" 11 508 

.:!:: (1385)1T 15-20 362 

A'(1830) 0(5/2- l n•
05 p =1.09 1810 60 to 3.33 NK -10 554 

::: (] =15.8 to 1840 150 ±0.19 Elf 20-60 519 
AlT'!T 536 , •.. 

1\ (2100) 0(7/2-) c
07 p =1.68 -2100. 60 to 4.41 NK 25 748 

(] =8. 68 140 ±0.22 L1T - 5 699 
1\TJ < 3 617 

LJ =;K - 2 483 
1\w - 1 443 



Particle" 

A (2350) 
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L:''(1750) 

~ (1765) 

0 

_Q( ? 

. l 

:j 6 0 / 
PARTICLE DATA GROUP Review of Particle Properties . S27 

Baryon Table (cant' d) 
TT or K Beam Mass 

T(GeV) Mb 
p(GeV/c) (MeV) 

a-= 4 TT;lr2 (mb) 

p =2.29 - 2350 
o-=5.85 

p=2. 91 - 258? 
0" =4. 37 

(+)1189.4 
(0)1192.5 
(-)1197.3 

(+) 1383±1 
s=L3'' 

(-)1386±2 
S=2.2~' 

Full 

Width 
rb 

(MeV) 

Partial decay mode 

Mode 

·, 

.140 to 5.52 NK 
324 ±0. 55 

-300 6. 66 NK 
±0. 77 

p or 
Fraction . Pmax d 

% 
(MeV/c) 

{J+1/2)x 913 
=0. 7f 

(J+1/2lx 1058 
=1. of 

1.41 
1.42 
1.43 

·see Stable Particle Table 

(+) 34±2 
S=Z. o* 

(- )36±6 
S=3. 5~'! 

1. 92 
±_D.05 

. 89±2 
11±2 

208 
117 

p=0.74 -1670 35-65 2.79 NK -8 410 
(1:28.5 ±0.08 ~TT -40 387 

Parameters here are obtained from partial wave analyses A .TT -12 44 7 
for a D 13 resonance. Production experiments suggest · ~ "" 5-15 3.26 
two such states; see footnote k and the Baryon Data Card (A (1405)rr Je 207 
Listings. A:rrcrr 397 

1(1i2~~--,-S,-,-------p--=-0.-9~1 ______ 1_7_0_0 ____ ~5~0~to------3-.-0-5---N~K~-------s-e-e-.n----4~83~--

11 o-=20.7 to1790 100 ±0.13 Arr seen 507 

1(5/2 l FJ. 5 

p =0.94· 
o-=19.6 

1765 
±5n 

3.12 
±0.21 

p =1.25 1900-1930 50-100 3. 67 

~ TJ seen 54 

NK - 41 496 
ATT -13 518 
A (1520),; - 15 187 
~(1385)TT -10 315 
:Err -1 461 

-14 612 
- 6 619 0" =13.0 ±0. 14 

Formation and production .experiments. do not agree on :ET>/A n ratio. 

NK 
Arr 
:Err ..; 6 . 568 

:E"(1940) 

:E (2030) 

p=1. 3? 
o-=12.0 

p =1. 52 
0" =9. 93 

-1940 

-2030 

-220 

100 to. 
170 

3. 77 NK 
±0. 43 A1r 

~1T 

seen 
seen 

678 
680 
589 

4.12 
±0.27 

NK - 20 700 
A" -:- 20 700 
:E 1T - 4 652 

~ ;:::K <2· 412 
_:E_(_2_2_5_0_) _____ 1_( ___ ? __ ) _________ p_=_2_.~0-4 ______ 2_2_5_0 ______ 1~u~O~to----~5-.0~6~--N~K~-----(~J~+~1~/~2~)x--'8~4~9~-

------------------------~-o--~_6_._7_6 ____________ ~ __ 2_3o _____ ±_o_._37_. __ ~R~"=71~----~~=~0•.3~f~~~.~ 
:E (2455) 

:E (2620) 

:::: (1530)£ 

:::: (1820)f 

:=: (1940)£ 

1 ( ? ) -2455 -120 6.03 NK (J+i/Z)x 979. 
±0.29 =o.zf 

1 ( ? - 2620 -175 6:86 NK (J+1/2)x·1064 
=0.3f 

1/2(3/2+) p13 ,___........... 

(0) 1314:9 
(-) 1321:3 

(0) 1531. 6±0. 4 (0) 9. 1±0. 5 
S=1. 3'~ 

(-) 1535. 0±0. 6 (-) 12. 9±4. 1 

± 

1. 73 
1. 75 

-2.34 
±0.01 

1/2( ? 1795 to 12 to 3.31 

·All four deca modes have .1870 99· ±0.10 
been seen. lrranching ratios not quoted because 
there may be more than one state here. 

1/2( ? ) 1894 to 42 to 3.72 
1961 140 ±0.18 

Seen in both final states; not· 
clear if one, or more, states present. 

1672.5 2.80 

See Stable Particle Table 

AK 

;::: 11530)1T 
:EK 

;=:n 
:=:( 1530}n 

.100 

396 
413 
234 
306 

499 
336 

See Stable Particle Table 
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a. 

b. 

c. 

d. 

e. 

f. 
g. 

h. 

i. 

j. 

k. 

rn. 

n. 

Baryon Table ( cont'd} 
Quote·d e~ror includes an S(scale) !actor. See footnote to Stable' Particle Table. 
An arrow· at the left of the Table indicates a candidate that has been omitted because the 
evidence for the existence of the effect and (or) for its interpretation as a resonance is 
open to considerable question. For convenience all Baryon States for which information 
exists in the Baryon Data Card Listings are listed at the beginning of the Baryon Table. 
In that list, states with only a one or two star ('') rating have 'been omitted from the 
Baryon Table; for additional information on such states, see. the Baryon Data Card 
Listings. 
For the baryon states, the name [such as N' (1470)] contains the mass, which may be 
different for each new analysis. The convention for 'using primes in the names is as 
follows: when there is more than one resonance ·on a given Argand diagram, the first 
has been designated with a prime, the second with a double prime, etc. The name (col. 
1) is the same as can be found in large print in the Baryon Data Card Listings-.--.-
For M and r of most baryons we report here an interval instead of an average. Averages 
are appropriate if each result is based on independent measurements, but inappropriate 
here where the spread in parameters arises because different models or procedures have 
been applied to a common set of data. Where only one value is given it is either because 
only one experiment reports that state or because the various experiments agree. An 
error is quoted only when the various experiments averaged have taken into account the 
systematic errors. 
For this column M is the rounded average which also appears in the name column. r is 
taken as the center of the interval given in the column labeled "r "· 
For decay modes into ?. 3 particles Prnax is the maximum momentum that any of the particles 
in the final state can have. The momenta have been calculated using the averaged· central 
mass values, 'without taking into account the widths of the resonances. For isobars, p is 
computed using the nominal isobar masses. If the isobar plus stable mass is less than the 
resonance mass, no value for pis given. 
Square brackets indicate a sub-reaction of the previous unbracketed decay mode. Our 
estimate is from data in the Baryon Data Card Listings (where available) and from the 
isobar model Argand plots of HERNDON 72. See the Mini-Review preceding-theN* Data 
Card Listings. 
This state has been seen only in total cross sections. J is not known; xis r e/r. 
The tabulated radiative fractions involve a sum over two helicities (1/2, 3/2). In the case 
of I=1/2 resonances, there are two distinct isospin couplings, whence yp and yn. For 
further information and conventions, see the Mini-Review preceding the Baryon Data 

. Card Listings. 
These values are _particularly crude. Any naive estimate from the' Argand .plots of 
HERNDON 72 (see the Mini-Review preceding the N'" Data Card Listings) yields branching 
fractions the .sum of which is greater than one. The values given have been scaled down
ward to be consistent with the branching fractions from other (non-isobar) channels. 
Only information corning from partial-wave analyses has been used here. For the produc
tion experiments results see the Baryon Data Card Listings. 
Value obtained in an energy-dependent partial-wave analysis which uses a t-channel
poles -plus -resonance parametrization. The values of the couplings obtained for the 
resonances may be affected by double counting. · 
In this energy region the situation is still confused. In addition to the D1,3(1670), formation 
experiments have found evidence for fairly narrow (r- 50. MeV) s 11 and( or P11 states near 

1620 MeV. It is not clear how rna~ such states really exist. No one has reported a strong 
coupling of any of these states to KN, but there is much dis.agreernent about branching ratios 
-rrA and -rr:E. 
Only :='{1530) is firmly established; information on the other states comes fro~ experiments 
that have poor statistics due to the }act that the cross sections for S=-2 states are very' low. 
For :=: states, because of the meager statistics, we lower our standards and tabulate res
onant effects if they have at least a four -standard-deviation statistical si$nificance and.if they 
are seen by more than one group. So :='(2030), with main decay mode :EK, reported as a 3. 5-
standard-deviation effect, is not tab~ated. See the Baryon Data Card Listings for the other 
states. · 
See note on Ll.(1236) in the Baryon Data Card Listings. Values of mass and width are depen
dent upon resonance shape used to fit the data. The pole position appears to be much less de
pendent upon the parametrization used. 
This is only an educate·q guess; the error given is larger than the error of the average of the 
published values (see. the Baryon Data Card Listings for the latter). 

,I 
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.PHYSICAL AND NUMERICAL CONSTANTS* 

PHYSiCAL CONSTANTS 

6.022169(40)X1023 mole- 1 (based on Ac12 = 12) 
10 -1 

2,9979250( 10)X10 em sec 

N 

c 

e 4.803250(21)X10- 10 esu = 1.602'1917(70)X10- 19 coulomb 

1 MeV 
. . . -6 . 

1.6021917(70)X10 erg 

1i 
-22 S X -27 6.582183(22)X10 . MeV sec = 1.0545919( 0) 10 erg sec 

ftc 66 
-11 

1.9732891( )X10 MeV em= 197.32891(66) MeV fermi 

0.6240088(21} GeV mbiiZ . 

a 

,kBoltzmann 

m 
e 

m p 

e
2 I-nc = 11137.03602(21) 

6 X -16 -1 1.380 22(59) 10 erg K 

- 8.61708(37)X10-i1 MeVK- 1 = 1 eVI11604.85(49)K 

0. 5110041 (16) MeV= 9.109558(54)X1o- 31 kg 

938.2592(52) MeV= 1836.109(11) m = 6. 72211(63)m ± 
· e 1 w 

1.00727661(8)m1 (where m 1 =1 amu=rzmc 1z=931.4812(52lMeV) · 

r 
e 

)1. . 
e 

aoo Bohr 

1875.587(10) MeV 

. e 2 lm cz. = 2.817939(13) fermi (1 fermi= 10- 13cm) 
e -1 . -11 

fllm c = r· a = 3.861592(12)X10 em 
2 e 2 e -2 . -8 

fl lm e = r a = 0.52917715(81)A (1A = 10 em) 
8 2 e e · -24 2 

(J Thomson 3wre = 0.6652453(61)X10 em = 0.6652453(61) barns 

· 1'- efliZm ·c = 0.5788381(18)X1o- 14 MeV gauss- 1 
Bohr e , I -18 -1 1'- efl 2m c = 3.152526(21)X10 MeV gauss 
nucleon . p · 6 _1 -1 

.!. we eiZm c = 8. 794014(27)X10 rad sec gauss 2 cyclotron . , e 3 -1 -1 
iwP 1 t eiZm c = 4. 789484(27)X10 rad sec gauss eye o ron p . · 
Hydrogen-like atom (nonrelativistic, f.L = reduced mass): . 

2 2 2. 4 2-nZ 
· v) =~;E =!::v =~;a =-n __ . c rms nflc n 2 Z(nfl)Z n ·f.Lzez 

4 2 2 2 . 
R = m e IZfl = 'm c a IZ = 13.605826(45) eV (Rydberg) 

oo e e . 
pc = 0.3.Hp(MeV, kilogauss, em); 0.3 (which is 1Q- 11c) enters because there 

are z 300 11 volts 11 I esu volt. 

1 year (sidereal) 365.256 days = 3.1558'X1~ 7 sec (z 1fX10 
7 sec) 

. -3 6 density of dry air 1.205 mg em (at 20 °C, 7 0 mm) 

acceleration by gravity 
. -2 

980.62 em sec (sea level, 45°) 

gravitational constant 6 6 -8 3 -1 -2 
• 732(31)X10 em g sec 

1 calorie (thermochemical) 4.184 joules 

1 atmosphere 

1 ·ev per. particle 

1T 3.1415927 

e 2.7182818 

ln 2 0.6931472 

log
10

z 0.3010300 

-2 
1033.2275 g em 

11604.85(49) oK (from E = kTl 

NUMERICAL CONSTANTS 

1 rad 57,2957795 deg ..r; 
1le 0.3678794 ..rz 
ln 10 2.3025851 .J3 

·log
10

e ' - 0.4342945 ffl = 

1. 7724539 

1.4142136 

1. 7320508 

3.1622777 

''Compiled by Sta~ey J. Brodsky, based· mainly on the adjustment of the 
fundamental physical constants by B. N. Taylor, W. H. Parker, and D. ·N. 
Langenberg, Rev. Mod. Phys. 41, 375 (19-69). The figures in parentheses 
correspond to the 1 standard deviation uncertainty in the last digits of the 
main number. ' 

• I 
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS 
J J ... 

Note: A -F is to be understood over every coefficient; e. g., 'for -8/15 read -.J8/15. Notation: 
M M ... 

2 X 1/2 ~ on; 
2 X 1/2 '7z 

ml m2 

I 0 
Y I = 4n cos 6 

Coefficient~ I+ I 2 +1/2 I 0 0 
y I .[l; . 6 icp + 5/ 2 5/2 3/2 ml m2 

r~~2 -~~2 I? ~~. I 1 =- a.; s1n e 1+2 1/2 I 3/2 +3/2 

-1/2 +1/2 I 2 -I I +2 -~~2 1/5 4/5 5/2 3/2 

l-1/2 -1/2 I +I +1/2 4/5 -1/5 +1/2 +1/2 

0 }f;(3 Z 1) 

7z 
y 2 = -;r,; 2 cos 6- 2 r -~~2 2/5 3/5 5/2 3/2 

1 X 1/2 0 +1/2 3/5 -2/5 -1/2-1/2 

5/2 3/2 +3/ J 0 -1/2 3/5 2/5 
~~2 ~~· In· icp ~ -1 +1/2 2/5 -3/5 -3/2 -3/2 1+1 +1/2 I 1/2 +I/ y 

2 
=- SiT sm 6 cos 6 e 

3/2 X 1/2 2 tl -~~2 4/5 1/5 5/2 
+I -1/2 1/3 2/3 3/2 1/2 1+2 

0 +1/2 2/3 -1/3 1/2 -1/2 y 2 _ I JTJ . 2 6 2icp 
2 I -2 +1/2 1/5 -4/5 -5/2 

2 - 4 'ZiT' sm e 1+3 2 +1/2 I +I +I l-2 -1/2 I I. o -~~2 2/3 1/ 3/2 
I""!!' -I +1/2 1/3 -?.!_ -3/2 +3/2 -1/2 1/4 3/4 2 I 

2 3/2 X 1 '$ +1/2+1/2 3/4 -1/4 0 0 
X 1 +; l-1 -1/2 I 

3 2 5/2 3/2 1+1/2 -1/2 1/2 1/ 2 I 
1+2 +I I +2 +2 1+3/2 +I I +3/2 +3/2 -1/2 +1/2 1/2 -I/ -I -I 

1/ 

+2 0 1/3 2/3 3 2 I L+3 2 o 2/5 3/5 5/2 3/2 1/2 I~ 1/2 -1/2 3/4 1/4 2 
+I +I 2/3 -1/3 +I +I +I +1/2 +I 3'/5 -2/5 1/2 +1/2 +1/2 -3/2+1/2 1/4 -3/4 -2 

1 1~ r2 -I 
1/15 1/3 3/5 1/10 2/5 1/2 l-3/2 -1/2 I 

X +2 +I 0 8/15 1/6 -3/10 3 2 I 3/5 1/15 -1/3 5/2 3/2 1/2 
2 I 0 +I 6/15 -1/2 1/10 0 0 0 -I 2 +I -1/2 -1/2 -·1/2 

r3/2 -I +w 0 3/10 -8/15 lj_6 
[+I +I I +I +I 1/5 1/2 3/10 rl -I rl/2 -I 3/10 8/15 1/6 

(+I 0 1/2 1/2 2 I 0 0 .0 3/5 0 -2/5 3 2 I -1/2 0 3/5 -1/15 -1/3 5/2 3/2 
0 +I IL_2 -1/2 0 0 0 -I +I 1/5 -1/2 3/10 -I -I -I -3/2 +I 1/10 "2/5 1/2 -3/2 -3/2 

+I -1 1/6 1/2 1/3 0 -1 6/15 1/2 1/10 '1-1~2 -1 3/5 2/5 5/2 
0 0 2/3 0 -1/ 2 I -1 0 8/15-1/6-3/10 3 2 -3/2 0 2/5 -3/5 -5/2 

-I +I 1/6 -1/2 1/3 -I -I -2 +I 1/15-1/3 3/5 -2 -2 l-3/2 -1 I 

0 -I 1/2 1/2 2 I~ I -I 2/3 1/ 3 

yl-m= (-i)mY;'* -1 0 1/2 -1/Z 2 -2 0 1/3 -2/ -3 (j1j2m1m21i1i2JM) 

1-1 -1 I 1-2 -1 I 
J-j1-i2 .. J·· 

= (-1) (J2Jim2 mi J2J1J M 

SU(3) CONVENTIONS 
for 1soscalar Factor Table on next page 

Since January 1970 we have used the convention that the first particle shall be a baryon, 

the second a meson (R. Levi Setti, Proceedings of Lund Conference, 1969, p. 339 and Table II). 

Note,· for comparison, that the de Swart table of SXS is merely labeled with 'symbols like 

(1
1 

= 1/2, Y
1 

= 1, 1
2 

= 1, Y
2 

= 0), which can be read either as (Nrr) or (K:E). Since there 

are no decuplet mesons, however, his8X10 table is unambiguous; it must be read with the 

me son fir st. 

The de Swart convention violates the other convention that the N,Nrr coupling. shall beD + F 

(as opposed to -D +F). To get D + F one must use the first line of·the "N" table, which 

reads ... 3"i'S/101Bn) + 1/2IBF) asopposedto.:. -311[5/iOIBn) + 1/2IBF). Thefirst 

line must then be labeled Nrr rather than K:E, i.e., with the baryon first. 

Levi Setti further advocates the convention of writing the baryon first for SU(2) as well as 

SU(3). For example, the sign of the amplitudes as plotted on his and our Argand plots comes 

from using our SU(2) Clebsch-Gordan coefficients (Condon Shortley notation) and writing the 

baryon first. To make it easier to abide by this universal convention we have changed de Swart's 

8X10 (SU(3) table to 10X8, with the help of his Eq. (14.3): 
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SU(3) 'ISOSCALAR FACTORS 

Adapted from J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) 
(See note on previous page concerning conventions) 

lSI ®lSI = 1211 e 1101 e flO"I e ISh e ISla e 111. 

.. ' 
Five single-coefficient tables are omitted. 

a negative coefficient, i.e.· (NKI10"') = -1. 

' .. ·-----, 
0 ~ y = 1 I = 1/2 N 

The one i n v o I v i n g a J1 0 "'} has 

The others, involving {27} and 

-----..... Y~ 1 1= 3/ 2 b. {lof. are all +1. 

;1- 27 ~D 
Nrr yQ/10 . 3vQIIO 
:EK -v'Q/10 -3v'5110 
N'l 3y'5/IO -~/10 

-I 
SF 10* 

1/2 -1/2 
1/2 -1/2 
1/2 1/2 

Nrr. 
:EK 

..---::~::C-7 ___:___::!...,10:=, 

~12 -~12 
v"i/2 \12!2 

Multiplicity of 27; AK 3VSIIO -: VS/10 -1/2 -1/2 

e=l, X=2,6=3 

~1-

:=:Tr 
:ER' 
:;:, 
AR' 

.; 
-Y~o I=~ =0 I = I 

1 - 1.7 ~D 1 ~ 
;1- 1.7 ~D !!_F 10 tO* -

A y 

NR ~/10 v®l10 1/2 ~12 NR vQ/5 - v';ill /10 - v-§16 - v-§16 v-§16 
:::K - V'!]!/10 - v'JD/10 -1/2 v"i/2 :::K VS/5 -V':i0/10 -~/6 ~/6 -~16 
:Err - v'IDI20 -~15 v'§/4 0 :Err 0 0 01/3 01/6 -0116 
AT\ 3v®/20 - v'S/5 -0/4 0 :ETJ v';llj/10 ~15 0 1/2 1/2 

Arr V':i0/10 VS/5 0 -1/2 -1/2 

y = 1 I- 1/2 E - Y- 1 I- 3 /2 
1.7 ~D ~ 10 ~1- 7,_7 10* 

-~/10 -3v'Q/10 1/2 1/2 ~12 -~/2 :=:n 
V"5110 ~/2 1/2 

. The phase factor g1 = ±1, from de Swart's 
Table I, enters in his symmetry formula (14. 3): , 

3~110 :ER' \12!2 ;;'I/2 3v'5110 - 5/10 -1/2 1/2 
3VS/10 -V'?l/10 

(fL1fL21 fl.) = g1 (-1)r1+r2-r(fL2fL11 fL). 
1/2 -1/2 

!10!® 

This factor is irrelevant if you are doing your own 
self-consistent calculations; it enters when you 
try to check someone else who chose fL2®fL1 
instead of fl-1 @fl-2 • 

lSI = 1351 e 1211 e 1101 e IB!· 

• Four single coefficient tables are omitted; only the {21} is -1: the three with {35} are +1. 

y = 1 I= 1/2 N y = 1 I= 3/2 b. 
~1- 27 8 ~1- {5 27 10 

+ 
Arr -~/5 -2v'Q/5 Arr .. 1/4 - V5t4 v'fii/4 
:EK -2V'5!5 VS/5 ATJ A/4 3/4 ~/4 

:EK /4 -v'2!4 - 1/2 

Y=O I-0 A Y -·o I = 1 y =0 I= 2 

!; - 27' 1 
~ - {5 27 10 ~ ~ -1 - - 1 {5 27 

:Err - v'I915 -v'J]/5 
:::K -VlS/5 v'fi)j5 

:Err ~/6 -~/10 ~/3 - yJ0/15 :Err 
:ETJ V'l!/2 /10 0 ~/5 AK 
:::K v'il/3 -~15 -~/3 15 
AK VJ/6 VS/10 VJ/3 2 15 

yJ/2 -1/2 
1/2 v-'3/2 

Y= -1 I- 3/2 

{5 ' 27 

../212 -~12 

.../2/2 0/2 

=- - ...... 
~ - {5 27 10 

..... _ 
1 - ~ ~1-

E:rr -7~/20 ~/4 -~15 1/4 
:;:, 3/4 ~/20 -...1214 -j{615 :::TT 

flK I ..,/214 -3 /20 - 1/2 15 
. :EK 

:EK 1/2 v'S/10 ...1212 v'5!5 

1 I 1/2 

-2~ 
-3"' 

.;y - -'-2 I- 0 n- y- -2 I - 1 

~1- 35 10 s - l5 27 
Mu I t i p I i c i t y of 35; + 1 

e=i,X=2 
flTJ ~/2 -../'i./2 flrr 1/2 -012 :::K .;,;'l/2 V"i/2 :;:!{ vJ/2 1/2 
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM 

E dE 
ern ern 

P6EAM -----C.M. ENERGY------ -MOMENTU"' lN C.'-'·-- PBEAM -----C.H. ENERGY------ -MOMENTUM IN C.'o4.--
IMEV/Cl (MEV) (MEV/CI (MEV/C) CMEVI (MEV/C) 

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 

200 
220 
240 
260 
280 

300 
320 
340 
360 
380 

400 
420 
440 
460 
480 

500 
520 
540 
560 
580 

600 
620 
640 
660 
680 

700 
720 
740 
760 
780 

800 
820 
840. 
860 
880 

900 
920 
940 
960 
980 

1000 
1020 
1040 
1060 
LOBO 

1100 
ll20 
1140 
1160 
lLBO 

1200 
1220 
1240 
1260 
1290 

1300 
1320 
1340 
1360 
1380 

1400 
1420 
1440 
1460 
1480 

yp 
ep 

939 
958 
977 
996 

1015 

1033 
10!i1 
1069 
1087 
1104 

11-21 
1137 
1154 
1110 
1186 

1201 
1217 
1232 
1247 
1262 

1277 
1292 
l30t 
1320 
1335 

1349 
1362 
1376 
1390 
1403 

1416 
1430 
1443 
1456 
1468 

1481 
1494 
1506 
1519 
1531 

1543 
1555 
1567 
1579 
1591 

1603 
1615 
1626 
1638 
1649 

1660 
1672 
1683 
1694 
1705 

1716 
1727 
1738 
1748 
1759 

1170 
1.780 
1791 
1801 
1912 

1822 
1832 
1843 
1853 
1863 

1873 
1883 
11393 
1903 
1912 

Kp pp 
yp 
ep 

np 

1078 1432 1877 0 0 
1079 1432 1877 20 17 
1083 1433 1877 38 35 
1089 t434 1877 56 52 
1096 1436 1878 74 68 
T I Pl) = PBEAH - 59 MEV 
1105 1439 1879 91 85 
1116 1441 1880 107 101 
1127 1445 1882 123 117 
1139 1449 1883 138 132 
1152 1453 1885 153 147 
T( PI I z: PBEAM - 92 MEV 
1165 1457 1887 167 161 
1178 14t2 1889 182 175 
1192 1468 1892 195 189 
1206 1474 1894 209 202 
1219 1480 1897 222 215 
T (PI) = PBEAM - 107 MEV 
1233 1486 1900 234 228 
1247 1493 1903 247 241 
1261 1500 1906 2~9 253 
1274 1507 1910 271 265 
1288 1514 1913 282 "277 
T(Pll = PBEAM- 115 MEV 
1302 1522 1917 294 288 
1315 1530 1921 305 300 
1329 1538 1925 316 311 
1342 15~~ 1929 327 322 

~:~~I ! s~:EA~ 9~3 120 3~~V 332, 

1369 1563 1938 348 343 
1382 1572 1943 3~8 353 
1395 1580 1947 368 363 
1408 1589 1952 378 373 
1421 1598 1957 388 383 
T(PI) -= P8EAM - 123 MEV 
1434 1607 1962 397 393 
1446 1616 196"? 407 402 
1459 1625 1973 416 412 
1472 1634 1978 425 421 
1484 1644 1984 434 430 
T( P J) = PBEAM - 125 MEV 
1496 1653 1989 443 439 
1509 1662 1995 452 448 
1521 1671 2001 461 457 
1533 1681 2007 470 465 
1545 1690 2013 ,478 474 
T( PII .. PBEAM - 127 1;1EV 
1557 1699 2019 486 482 
1569 1709 2025 495 490 
1580 1718 2031 503 499 
1592 1728 2037 511 507 
1604 1737 2043 519 515 
T1 PIJ = PBEAM - 129 MEV 

.1615 1747 2049 527 523 
1627 17156 2056 535 ~31 
1638 1765 2062 542 538 
1649. 1775 2069 550 546 
1661 1784 2075 558 554 
HPII .c PBEAM- 130 "1EV 
1672 1794 2082 565 561 
16133 1803 2088 573 569 
1694 1812 2095 580 576 
1705 1822 2102 587 ,583 
1116·1831 2108 594 '591 

·TIPIJ = PBEAM - 131 MEV 
1726 1Blo.O 2115 601 598 
1737 1850 2122 609 605 
1748 1859 2129 616 612 
1758 1868 2135 622 619 
1769 1877 2142 629 626 
T(PII = PBEA~ - 131 MEV 
1780 1887 2149 636 633 
1790 1896 2156 643 639 
1800 1905 2163 650 ·646 
1811 1914 2170 656 653 
1821 1923 2177 663 660 
TIP 1 J c PBEAM - 132 MEV 
1831 1932 2184 669 666 
1841 1941 2191 676 673 
1851 1950 2198 682 679 
1'362 1959 2205 689 685 
1872 1968 2212 695 692 
T(PJJ = PBEA .... - 133 ~EV 
1881 1977 2219 701 698 
1891 1986 2226 708 704 
1901 1995 2233 7l4 711 
1911 2004 2240 720 717 
1921 2013 2247 726 723 
TIPJI = PBEAM- 133 MEV 

Kp 

0 
13 
26 
39 
52 

65 
78 
91 

104 
116 

129 
141 
153 
166 
178 

189 
201 
213 
224 
235 

247 
258 
268 
279 
290 

300 
310 
321 
331 
341 

350 
360 
370 
379 
388 

397 
406 
415 
424 
433 

442 
450 
459 
467 
475 

483 
492 
500 
508 
515 

523 
531 
538 
546 
553 

561 
568 
575 
583 
590 

597 
604 
611 
618 
624 

631 
638 
645 
651 
658 

664 
671 
677 
684 
690 

pp 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

99 
109 
119 
129 
138 

148 
158 
167 
177 
186 

196 
205 
214 
224 
233 

242 
251 
260 
269 
278 

28"? 
296 
304 
313 
322 

330 
339 
347 
355 
364 

372 
380 
388 
396 
404 

412 
420 
428 
435 
443 

451 
458 
466 
473 
481 

488 
495 
502 
510 
517 

524 
531 
538 
545 
552 

559 
565 
572 
579 
585 

592 
599 
605 
612 
618 

1500 
1520 
1540 
1560 
1580 

1600 
1620 
1640 
1660 
1680 

1700 
1120 
1740 
1760 
1780 

1800 
1820 
1840 
1860 
1880 

1900 
1920 
1940 
1q6o 
1980 

2000 
2020 
2040 
2060 
2080 

2100 
2120 
2140 
2160 
2180 

2200 
2220 
2240 
2260 
2280 

2300 
2320 
2340 
2360 
2380 

2400 
2420 
2440 
2460 
2480 

2500 
2520 
2540 
2560 
2580 

2600 
2620 
2640 
2660 
2680 

2700 
2720 
2740 
2760 
2780 

2800 
2820 
2840 
2860 
2880 

2900 
2920 
2940 
2960 
2980 

1922 
1932 
1942 
1951 
1961 

1970 
1980 
1989 
1999 
2008 

2018 
2027 
2036 
2045 
2054 

2064 
2073 
2082 
2091 
21.00 

2108 
2117 
2126 
2135 
2144 

2153 
2161 
2170 
2119 
2187 

2196 
2204 
2213 
2221 
2230 

2238 
2246 
2255 
2263 
2271 

2280 
2288 
2296 
2304 
2312 

2320 
2328 
2336 
2344 
2352 

2360 
2368 
2376 
2384 
2392 

2400 
2408 
2415 
2423 
2431 

2439 
2446 
245lo. 
2462 
2469 

2477 
2484 
2492 
2499 
2507 

2514 
2522 
2529 
2537 
2544 

1930 
1940 
1950 
1959 
1969 
T(PIJ 
1978 
1988 
1997 
200'6 
2016 
T(PIJ 
2025 
2034 
2043 
2053 
2062 
T(Pll 
2071 
2080 
2089 
2098 
2107 
TlPIJ 
2115 
2124 
2133 
2142 
2150 
TIP I) 
2159 
2168 
2176 
2185 
2194 
T(pl) 
2202 
2211 
2219 
2227 
2236 
T( PI) 
2244 
2253 
22t.1 
2269 
2277 
T(PJJ 
2286 
2294 
2302 
2310. 
2318 
TC PII 
2326 
2334 
2342 
2350 
2358 
T( P ll 
2366 
2374 
2382 
2390 
2398 
T(PJJ 
2405 
2413 
2421 
2429 
2436 
T( Pll 
24"44 
2452 
245-9 
2467 
2474 
Tl PJJ 
2482 
2490 
2497 
2:05 
2!' 12 
HPIJ 
2520 
2527 
2534 
2542 
2549 
T(Ptl 

Kp pp yp 
ep 

np 

2022 2254 732 729 
2031 2261 738 735 
2039 2268 744 741 
2048 2275 750 747 
2057 2282 756 753 
z:: PBEA/1 - 133 MEV 
2065 2289 762 759 
2074 2296 768 765 
2083 2304 773 770 
2091 2311 779 776 
2100 2318 785 782 
"" PBEAH - 134 HEY 
2109 2325 791 788 
2117 2332 796 793 
2126" 2339 802 799 
2134 2346 807 805 
2143 2353 813 "810 
= PBEM1 - 134 .IoilEY 
2151 2360 818 816 
2159 2367 824 821 
2168 2374 829 827 
2176 2381 835 832 
2184 2388 840 837 
= PBEAH - 134 HEY 
2193 2395 845 843 
2201 2402 851 848 
2209 2409 as6 853 
2217 2416 861 859 
2226 2423 867 864 
c PBEAM - 135 MEV 
2234 2430 872 869 
2242 2437 877 874 
2250 2444 882 879 
2258 2451 887 885 
2266 245 8 892 890 
"" PBEAl-4 - 135 "'EV 
2274 2465 897 895 
2282 2472 902 900 
2290 2479 907 905 
2298 2486 912 910 
2306 2493 917 915 
"" PBEAM - 135 HEY 
231'- 2~00 922 920 
2322 2507 927 92 5 
2330 2514 932 930 
2338 2520 937 934 
2346 2527 942 939 
= PBEAM - 135 MEV 
2353 2534 947 944 
2361 2541 951 949 
2369 2548 956 954 
2311 2555 961 959 
2384 2561 966 963 
= PBEA!-4 - 135 MEV 
2392 25.68 970 968 
2400 2575 975 973 
2407 2582 980 977 
2415 2589 984 982 
2423 2595 989 987 
c PBEAM - 136 MEV 
2430 2602 994 991 
2438 2609 998 996 
2445 2616 1003 1001 
2453 2622 1007 1005 
2460 2629 1012 1010 
::: PBEAM - 136 HEY 
2468 2636 1017 1014 
2475 2643 1021 1019 
2483 Zl-(+9 1025 1023 
2490 2656 1030 1028 
2498 2663 1034 1032 
= PBEAM - 136 '1EY 
2505 2669 1039 1037 
2512 2676 1043 1041 
2520 2682 1048 1045 
2527 2689 1052 1050 
2534 2696 1056 1054 
"" PBEAM - L36 MEV 
2542 2702 1061 1058 
2549 2709 1065 1063 
2556 2715 1069 1067 
2563 2722 1074 1071 
2570 2728 1078 1076 
= PBEAM - 136 MEV 
2578 273~ 1082 1080 
2585 2742 1086 1084 
2592 2748 1091 1088 
2599 2755 1095 1093 
2606 2761 1099 1097 
= P8EA"1 - 136 ~EV 

Kp 

696 
702 
709 
715 
721 

727 
733 
739 
745 
751 

756 
762 
768 
774 
779 

785 
791 
796 
802 
808 

813 
818 
824 
829 
835 

840 
845 
851 
856 
861 

866 
872 
877 
882 
887 

892 
897 
902 
907 
912 

917 
922 
927 
932 
937 

941 
946 
9~1 

956 
960 

965 
970 
975 
979 
984 

988 
993 
998 

1002 
1007 

1011 
1016 
1020 
1025 
1029 

1034 
1038 
1042 
1047 
1051 

1056 
1060 
1064 
1069 
1073 

pp 

624 
631 
637 
b43 
650 

656 
662 
668 
674 
680 

686 
692 
698 
704 
710 

716 
721 
727 
733 
739 

744 
750 
756 
761 
767 

772 
1'78 
783 
789 
794 

799 
805 
810 
815 
821 

826 
831 
836 
841 
846 

852 
857 
862 
867 
872 

877 
882 
887 
892 
897 

901 
906 
911 
916 
921 

926 
930 
935 
940 
944 

949 
954 
958 
963 
968 

972 
977 
981 
986 
990 

995 
999 

1004 
tool! 
1013 

PBEAM ---C .H. ENERGY--- -MOMENTUM IN C.H.-
IGEV/CI IGEYJ (GEV/CI 

3.0 
3.2 
3.4 
·3.6 
3.8 

4.0 
4. 2 
4.4 
4.6 
4. 8 

5.0 
5. 2 
~-4 
5.6 
5. 8 

6. 0 
6.2 
6.4 
6.6 
6. 8 

7.0 
7. 2 
7.4 
7.6 
7. 8 

a.o 
8.2 
8.4 
8.6 
a. a 

9.0 
9.2 
9.4 
9.6 
9. 8 

10.0 
10.5 
u.o 
11.5 
\2.0 

12.5 
13.0 
13.5 
14.0 
14.5 

lS.O 
16.0 
l1.0 
18.0 
19.0 

zo.o 
22.0 
24.0 
26.0 
28.0 

30.0 
32.0 
34.0 
36.0 
38.0 

40.0 
42.0 
44.0 
46.0 
48.0 

so.o 
60.0 
70.0 
80.o 
90.0 

100.0 
200.0 
500.0 

1000.0 
1500.0 

yp yp 
ep Kp pp ep Kp 
"P np 

2.56 2.61 2 .• 77 1.10 1.08 
2.63 2.68 2.83 1.1'- 1.12 
2.70 2.75 2.89 1.18 1.16 
z.11 2.92 2.96 1.22 1.20 
2.93· 2.9e 3.02 1.26 1.24 

T(PJI = PBEA"t- .131 GEV 
2.90 2.95 3.08 1.29 1.27 
2.96 3.01 3.14 1.33 1.31 
3.03 3.07 3.19 1.36 1.34 
3.09 3.13 3.25 1.40 1.38 
3.15 3.19 3.31 l.lo.3 1.41 

T(PII = PBEAH- .138 GfV 
3.21 3.25 3.36 1.46 1.44 
.3.27 3.31 3.42 1.49 1.48 
3.32 3.36 3.47 1.53 1.51 
3.38 3.42 3.52 1.56 1.54 
3.43 3.47 3.58 1.59 1.57 

T( P JJ = P8EAM - .138 GEV 
3.49 3.52 3.63 1.H 1.60 
3.54 3.58 3.68 1.64 1.63 
3.59 3.63 3.73 1.67 1.65 
3.65 3.68 3.78 1.70 1.68 

·3.70 3.73 3.83 1."?3 -1.11 
T( PI I = P~EA"' - .138 GEV 

3.75 3.78 3.87 1.75 1.74 
3.80 3.83 3.92 1.78 1.76 
3.85 3.88 3.97 1.~n 1.79 
3.89 3.93 4.02 1.83 1.82 
3.94 3.97 4.06 1o86 1o84 

TIPII "" PBEAM- .138 GEV 
3.99 lo..02 4.11 1.88 1.87 
4.04 4.07 4.15 1.91 1.89 
4o08 4oll 4.20 1.93 1o92 
4.13 4.16 4.24 1.9!: 1.94 
4.17 4.20 4.29 1.98 1.96 

T(PJJ "" PBEAH - .138 GEV 
4.22 lo..25 4.33 z.oo 1;.99 
4.26 4.29 4.37 2.03 2.01 
4.31 4.33 4.41 2.05 2.03 
4.35 4.38 4.46 2.07 2.06 
4.39 4.42 4.~o z.o9 z.o8 

T(PII = PBEAH- .139 GEV 
1..43 4.46 4.54 2.12 2.10 
4.54 4o57 4o64 2o17 2o16 
4.64 4.67 4.74 2.22 2.21 
4."74 4.17 4.8lo. 2.28 2.26 
4.84 4.86 4.93 2.33 2.31 

TIPII :c PBEA·~- .139 GEY 
4.94 4.96 5.03 2.38 2.36 
5.03 5.05 5.12 2.43 2.41 
5.12 5.15 5.21 2.47 2.lo.6 
5.21 5.24 5.30 2.52 2.51 
5.30 5.32 5.39 2.57 2.56 

T( PI J = PBEAM - .139 GEV 
5.39 5.41 5.47 2.61 2.60 
5.56 5.58 5.64 2.70 2.69 
5.73 5.75· 5.81 2.78 2.17 
5.89 5.91 5.97 2.8.., 2.86 
6.05 6.07 6.12 2.95 2.94 

T(Pl1 = PE\EAM- .139 GEV 
boZO 6o22 6.27 3o03 3.02 
6.49 6.51 6.~.6 3.18 '3.17 
6.78 6.79 6.84 3.32 3.31 
7.05 7.07 7.11 ?'.46 3.45 
7.31 7.33 7.37 3.59 3.59 

TCPJ1 = PBEA/1- .139 GEV 
7.56 7.58 7.62 3.72 3.71 
7.81 7.82 7.8f. 3.85 3.84 
8.04 8.06 8.10 3.97 3.96 
8.27 8.29 8.33 4.08 4.08 
9.50 8.51 8.55 4.20 4.19 

TIPI1 = P8EAM- .139 GEV 
8.72 8.73 8.77 4.31 4.30 
8.93 8.9lo. 8.98 4.41 4.41 
9.14 9.15 9.18 4.52 4.51 
9.34 9.35 9.39 4.62 4.62 
9.54 9.55 9.~8 4.72 4.72 

T(PJJ = PBEA~ - .139 GEV 
9.73 9.74 9.78 4.62 '-.81 

10.65 10.~6 10.69 5.28 5.28 
11.50 11.51 11.54 5.71 5.11 
12.29 12.30 12.32 6.11 6.10 
13.03 13.04 13.06 6.48 6.48 

T(PJI = PSEAH - .139 GEV 
13.73 13.74 13.76 6.83 6.83 

"19.40 19.40 19.42 9.67 9.67 
30.65 30.65 30.66 15.31 15.31 
43.33 43.33 43.34 21.65 21.65 
53.06 53.06 53.07 26.52 26.52 

T(PII ""PBEAM- .140 GEY 

pp 

1.02 
1.06 
1.10 
1.14 
1.18 

1. 22 
1.U 
1.29 
1. 33 
1. 36 

1.40 
1.43 
1.46 
1.49 
1.52 

1.83 
1. 85 
1.88 
1.90 
1.93 

1. 95 
1.97 
2.00 
2.02 
2.04 

2.07 
2.12 
2.18 
2.23 
2.28 

z. 33 
2.38 
2.43 
2.48 
2.53 

2.57 
2.66 
z. 75 
2.83 
2.91 

2.99 
3.14 
3.29 
3.43 
3. 56 

3.69 
3.82 
3.9'-
4.06 
4.17 

4.28 
4.39 
4.50 
4.~0 

4.70 

'"· 80 
5. 26 
~.69 

6.09 
6.46 

6. 82 
9.66 

15.30 
21.65 
26.52 

ti 

' ~' 
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.. SPECIAL RELATIVITY, PHASE SPACE, AND CROSS SECTIONS 

"v ~· 4-vector in c. m. p = (w, ;); in lab P = (W, P), T = W -m. 

\,_., 

.... 

Solid-angle elenient dw = Z1td COB 8; dO= Zml cos e. 
p 2 = w 2 - P,2 = m 2 is an invariant. Cross section a is invariant. 

Lorentz Transformation 

If 8 and e are measured with respect 

to the transformation axis x, 

~=tan 6 = )P)sin6 
Px -iiW+\rJi?Jcos6 

(i) 

ll particle 1 is beam, 2 is ta!get, then_(w
2
,P1} ~ (rnz.Ol and 

Y = (W i + rrl.z)/..f8,J a "YU = ·Jp i J/..f8, !Pi I = IPz I = iimz = JP i I mzf.JS. · (Z) 

For mi = rrl.z• y = i + Ti/Zmi. 

General Lorentz Transformation [characterized by if, withY= (1-~)-i/~ 
and~=yji): w=;;w-if·P; p=P-if~!~· 

A Useful Transformation: Consider two 4-vectors Q= (E, Q) and q = (e, ({). 

In the rest frame of Q (0' = (M, Q-, ), q becomes (q - q ') 

e 1 =Q.qfM and <i''::<i"-£0, 
where a2 = M2 and I= (e + e ')/{E + M·). These equations follow from example 

(b), p. 34 of Hagedorn.* They are particularly useful when 0 is. a sum of 

four-vectors that correspond to a resonant state. 
( 

Invariants. Notation:· 1 + 2- 1' + 2 1 • 

(pi+ Pzlz m~ + ~ + Z(wiwZ- Pi. Pzl; 

(p'i- pi)
2 m~ + m'i

2 
- 2{w w'. - P. · P\), {i = 1, 2), 

(P\- P2l
2 = (Pz- pi)z [usc (6), below). 

General relation: s + t +_u = m 1
2 

+ mj
2 + mz2 + mz2• 

In lab system P
2 

= (m
2

, 0), and writing W = m t T,,· 

z z . z 
s = m 1 + m 2 + 2W 1m

2 
= (m

1 
+ m

2
) + 2 T 

1
m

2 
, 

t = m.z2 + m'/'- 2W'2m 2 = (In.z - m' 2)
2 

'- 2 T'
2

m
2

: 

In c. m. system dt = + 2!Pi., !P'd d cos 6. 

(3) 

(4) 

(5) 

(6) 

(3,lab) 

(4,lab) 

(4,cm) 

For elastic scattering (m. 1 = m 1

1, m
2 

= mz), (4) and (S)•in c. m. become 

t = -i'P2 (i - cos B)= -4p2 sin2 6/Z, 

2 2 2 -2 2 2 2 _ :- -2 z 
u = (mi - ~) I•- Zp (i +cos B) = (mi - mz ) I• c 4p cos 6/Z-. 

For elastic scattering, using (4,lab), (4,el), and (2), , 
-z 

ZP i mz . Z (B) . 
T'2 = --s-- em z (useful for calculating.l)-rayenergies). 

Two-Body States. Energies and momenta in c. m. 

z z . 

(4,el) 

(5,el) 

(7) 

s + mi - ~ - Z - Z i Z Z 
wi = z..{S • pi =pz =4. [s-(mi+mz) )[s-(mi.-mz) ). (8) 

3- and 4-Body States. Let m~j =(pi+ pj)
2

, etc.; then 

I: m~J· = I:m~ + m
2
i'J = const. (i,j = 1,2, 3) (follows from (6)) 

i<j " 
= Zl:m~ + m~234 = canst. 

1.: m~.k = l:m~ + 2mi
2
234

= con at. 
i<j<k lJ 1 

I (i,j,k= i,Z,3,4.) 

(9) 

(iO) 

R , Invariant Volume inn-Body Momentum Space 

J 4 z z JD fp2d~Jdw if-A useful invariant is d p 6(p - m ) = 2 w = w = z /P Jdwdw. 

R2 = •!Pi J;..r;; R 3 = .z J dwidw2 = (n
2

/4s) Jdmi~drrl.z~· 

Recurrence Relation for Factoring Rn (see e. g., Hagedorn, p. 93*): 

Write N - 1, ~· · · ·.• k, k + 1, · · ·, n · (R
0
), 

as N- K, k + 1, .. ·,n (Rn-k+i}l I then 2 

L i, Z, • • •, k (Rk) Rn = Jd(~)~Rn-k+i' 
or as N- K,L 

then l lk+i,"·,n 

i,Z, .. ·,k I I Rn = J d(r{)d(mt)~RI "J¥L) 

Cross. Sections and Decay Ratest 

For a system of n particles with overall four-momentum p and final 

momenta q
1

, · · ·, q
0 

[ qi = (~i' qi) J, define ~orentz ~variant ~base ~pace 

. 4 4 . i n d3 Cj. 
dLIPS(s;qi' .. ·,qn) = (Zn) 6 (p- ~qi) (Zn)3n i~i --zef-. (U) 

· 3n-4 J Note that Rn = (Zn) d LIPS. 

For 1 + 2 - n particles or i-n particles, in general Ji)- /f) 

uif = 4~ JJruJZdLIPS(s;qi' ... ,qn)' (iZ) 

or 

llr = z.!.i fJrulz dLiPS(.,:,~, qi' ... ,qn)' (i3) 

where T ~f is an invariant matrix element. F is Mp'ller's invariant flux 
'z z z z - -!actor, F = (p1 · p 2) .- p 1p

2
. In every system where pi and Pz are collinear, 

F = w
1

w
2
!;

1
- ;

2
1 (;=P/w). II 1 is beam, 2, target (p2 = 0), then ~ 

F = !Pi l=z = IP'i l..f8'. 

For elastic scattering in c. m. , 

dU 
dl'i 

dLIPS - i !Pi I 
~--~ r.' 

\ ) 

du 
dt" 

64nJpi J
2

s 

The normaliZation is such that the optical theorem reads 

and(i2) yields 

(i4) 

(iS) 

The choice of Eq. {1 1) implies a particular normalization of. any spinors 

that may occur in T:t The advantage o£ this normalization is that it greatly 

simplifies the structure ofT by putting factors such as ( 2~) 3 2~ into the 

phase space where they really belong. In addition, the labels, i, f; refer to 

apecific spin (helicity) states, eo that the usual "average and sum" rule is 

implicit. 

·*R. Hagedorn, Relativistic Kinematics, W. A. Benjamin, New York, 1964. 

t.pee, for ~xample, Chap~. 1 and 2 of H. Pilkuhn, The Interactions of 
~. John Wiley & Sons, New York, 1967 . 
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CONFIDENCE LEVEL VS. x 2 FOR no DEGREES OF·FREEDOM 

4 5 6 8 10 20 30 40 50 60 80 100 

0.00 I 
0.0006 
0.0004 
0.0003 

!For n0 > 30, 
~ f CD 
:=cL ~ .J27T f. exp ( 
- y . 
-

1\. 
\. 

2 
X )d 
2 

' ' ' 1'\. \. \. 1\ \ 
\ \ \ 1\ \ 

\ \ \ 
\ \ \ \ 1\ 
\ \ \ \ 1\ \ 

\ 

\ _\ 

\ \ \ ' ' ' \ \ \ \ 1\ \ 

1\\\\ ,,, 

\ 
\ \ 

0.0002 -with y=./2x2 - ./2n 0 -I 
- I. I I IIi 1111111111 

\ \ \ \ \ 
I\ 

0.000 I 
2 3 4 5 6 

For any nn• (x
2

) = nn, o(ll = 1/ 2nn· For large nn, l 
becomes normally distributed about nn· Thus in the notation 
of the box in the figure, 

y1 = (l-nnl/~hasunits.d. 
A better approximation, due to Fisher,* is that X• not x2 • 
is normally distributed, specifically 

Y2 = ...rzT - 1/ 2"o- 1 has unit s, d. 

One sees then that y1 underestimates small C. L. 's. Thus 
for n = 50 and x2 = 80, y 1 = 3.0 and C. L. = 0.13% vs. 
Y2 = 2. 7, C. L. = 0.35o/o. 

*R. A. Fisher, Statistical Methods fo; Research Workers, 
Oliver and Boyd, Edinburgh. 

The Poisson distribution for x, when expected value is X: 

Approximation for n! : 

~ (n/e)n < n! < ~ (n/e)n[i + 1/(12n- 1)) 

8 20 30 40 50 60 80 100 

GAUSSIANLIKE DISTRIBUTIONS 
The distribution 

p2n+1(x) = 2nn!:2n+2 x2n+1 exp [- ::i] 
·is normalized so that J

0

00
P2n+ 1(x)dx = 1; the normalization 

is valid for n > -1 and not necessarily integral ((:H! = ..r;'/2). 
For n = -1/2 it reduces to the Gaussian distribution. 
Through a change of variables it yields the x2 distribution 
for nD degrees of freedom: · 

p ( 2)- 1 
,_ X - n /2(n ) 

JJ 2n ...!?-1! 
2 

2 "o/2 -1 . [ 2 ] 
(x ) exp - x /2 . 

Relation between standard deviation a and mean deviation a: 

2cr2 = na2 ; a = 1.4826 probable error. 

Odds against exceeding one standard deviation= 2.15:1; 
two, 21:1; three, 370:1; four, 16,000:1; five, 1,700,000:1. 
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS 

Material z A 

Nominal a Cross 
Section u 

barns 

. Nominal Collision 
Length Lcoll. 9 

g cm-2 em 

c 
Nz 

'Ne 

Al 

Fe 

Cu 

Sn 

w 
Pb 

u 

Air 

.1 

1 

2 

4 

6 

10 

13 

26. 

29 

50 

74 

82 

92 

Freon (CF 
3

Br) 

1.01 

2.01 

4.00 

6.94 

9.01 

12.01 

14.01 

20.18 

26.98 

55.85 

63.54 

118.69 

183.85 

207.19 

238.03 

0.063 

0.100 

0.16 

0.23 

0.28 

0.33 

0.36 

0.465 

0.57 

0.9Z 

1.00 

1.55 

2.02 

2.20 

2.42 

H 2 (bubble chamber, 27' K) . 

H-Ne mixture (bubble chamber)J 

H 20 

llford Emulsion 

LiF 

Mylar (C
5
H

4
0

2
) 

Nai 

Polyethylene (CH
2
1 

Polystyrene (CH)l [ =Scintillator ] 

Propane (C
3

H
8

, bubble chamber) 

.D' 
-g 
• • 
~ 

" 0 
" " " Cll 

26.5 I 374° 

33.4 

42.0 

50.4 

55.0 

60.4 

63.6 

7Z.1 

79.2 

101.2 

105.4 

129.7 

. 150.8 

156.2 

163.6 

64.6 

87.1 

26.5 

67.3 

57.2 

103.0 

63.8 

59.1 

119.0 

51.0 

54.9 

48.9 

zoze. 
336e 

94.4 

29.8 

78.7e 

60.1 e 

29.3 

12.9 

11.8 

17.7 

7.81 

13.8 

= 8.63 

53610g 

=58 
442h 

96.1 

57.2 

27.0• 

24.2 

42.8 

32.4 

=55 

=52 

119 

Absctrptio"n 
Lengthm' n 

)..,em 

39. 5 

38.8 

17. 1 

15·. 6 

18. 3 

68. 5 

dE/dxc min. 
MeV MeV --z --
g/cm em 

4.13 o.zn• 
2.07 

1.94 

1.69 

1.60 

1. 78 

1.81 

1. 73 

1.62 

0.243e 

0.902 

2.96 

1.46e 

z.o8• 
4.37 

1.48 11.6 

1.44 12.9 

1.28 9.4 

1.17 22.6 

1.13 12.8 

1.09 = 20.7 

1.81 

1.52 

4.13 

1.83 

2.03 

1.44 

1.69 

1.91 

1.32 

2.09 

2.03 

2 .. 28 

o.oozz8 
·= 2.3 

0.248h 

1.28 

2.03 

5.49 

4.46 

2.64 

4.84 

=1.9Z 

= 2.13 

0.94 

Radiation Length 
Lradd 

Density 

g ~m-3 

0.0708e 

0.165e 

0.1 zse 
0.534 

1.848 

g cm-2 em 

62.8 887e 

93.1 

83.3 

66.0 

43.3 

38.6 

. 29.1 i 

24.3 

13.9 

13.0 

8.9 

6.8 

6.4 

6.1 

37.2 

16.7 

62.8 

29.8i 

36.4 

11.2 

39.8 

40.4 

9.5 

45.3 

44.3 
45.9 

764e 

745e 
156 

35.7 

f 

47.8e 

24.3e, i 

9.00 

= 1.55{ 

o.8os• 
i.ZOOe' k 

2. 70 

1.77 7.87 

1.45 8.96 

1.22 7.31 

0.35 19.3 

0.56 11.35. 

= 0.32 = 18.95 

30870'g 

=11 

1050h 

42.6i 

36.4 

2.94 

15.1 

29.3 

2.59 

= 49 

= 42 

112 

o.oo1 zo5g 
= 1.5 

= 0.060h 

0. 70 

1.00 

3.815 

2.64 

1.38 

3.67 

= 0.92 

= 1.05 

0.41 

'----------------------~~~----------~~--~~~~~~~~~~~~~~~~~~~~~~~~--2 2/3 2/3 } NOTE: These quantities are calcplated assuming a 11 nuclear 
u=unominal=1T(1i/m,c) XA = 62.8mbXA radius" ={1i/m c)A1/3=(1.4f)A1i3, Butattenuationof25GeV/c 
Lcoll :::A/{Nunatural)::: '26.5 g cm- 2 xA1/ 3 protonsm and z'f> GcV/c neutronsn is only 3/4 nominal. 

a, 

b. 

c. From W. H. Barkas and M. J. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles, 
NASA SP-3013 (1964). 

d. Mainly from 0. I. Dovzhenko and A. A. Pomanskii, Soviet Physics JETP .!..!!., 187 .(1964). 
e. For liquid phase at 1 atm. and boiling temperature. 
f. Density variable. 
g. At zo· c. 
h. May vary by about ± 3o/a. depending on operating conditions. . 
i. From F. R. Huson, Ionization Loss, Range, Straggling and Multiple Scattering, BNL '11386 (1967). 
j, 53.7 atomic percent Ne. _

3 
· _

3 
-3 

k. Density of gas at STP=0.900X10 gem , i.e., 0,75X10 times the density (1.200) of the boiling liquid. 
l. Typical scintillator; e. g .. PILOT B has an atomic r_atio H/~ = 1.1, . · 1/

3 m. G. Cocconi, Proc. 1960 Rochester Con£., p. 804, F1g. 6, f1nd for attenuation, r (nuclear)= 1. 23 A . 
n. J. Engler et al., Nucl. Instr. and Meth. 106, 189 (1973) report l.(Fc) = (17. 1±0. 3) em, ).(Scintillator)= (68. 5±1. 5) em. 

MULTIPLE COULOMB SCATTERING* 

The rms projected angle 0 due to multiple Coulomb 
scattering (only) of a particle of charge z (in units 'of 
electron charge), momentum p (in MeV /c), and velocity 
v (in units of c) is 

15~ 0 . = z- -- (1 +E) radians; 
prOJ ov Lrad 

where L = length in scatterer. 

For L ;;> 1/10 Lrad• E is generally < 1/10. The distri-
bution of 0 is not truly Gaussian. t . 

\ 
The rms projected displacement y on traversing an 

absorber of thickness L is 

Yrms = LOpro/...f3. 

*Mainly from G. Z. Moliere, Naturforsch. 3 (a), 78 (1948). 

tsee, for example, the experimental work o-; A. D. Hansen, 
L. H. Lanzi, E. M. Lyman, and M. B; Scott, Phys. Rev. 
84, 634 (1951). 

RADIOACTIVITY AND RADIATION PROTECTION 

Unit of activity = Curie: . 
1 <;:i = 3. 7X 1010 disintegrations/sec 

Unit of exposure dose for x andy radiation = Roentg;en: 
1 R = 1 esu/cm3 = 87.8 erg/g (5.49X10 7 MeVjg) of air 

Unit of absorbed dose = rad: 
1 rad = 100 erg/g (6.25X107MeV/g) in any material 

Unit of dose equivalent (for protection) = rem: 
rems (Roentgen equivalents for man) = rads X QF, 

wheTe QF (quality factor) depends upon the type of radiation 
and other factors. For y rays and HE protons, QF "'1; for 
thermal neutrons, QF "' 3; for fast neutrons, QF ranges up 
to 10; and for a particles and heavy ions, QF ranges up to 20. 
Maximum ermissible occu ational dose for the whole body: 

5 rem year (or "' 100 millirem week) 
Fluxes (per cm2) to liberate 1R in carbon: 

3 X 10 7 minimum ionizing singly charged particles 
0.9X 109 protons of 1 MeV energy . 

(These fluxes are correct .to within a factor of 2 for all 
materials.) 
Natural background: 120 to 130 millirem/year J:: 

cosmic radiation (charged particles + neutrons) - 25} S 
cosmic radiation (y rays) -25 ., 
radiation from rocks and air (y rays) - 73 S 

Cosmic ray background in counters: - 1jrninjcm2jster 
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assuming a nominal mean excitation potential of 310 eV. (Calculation 
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See scaling law at bottom of next page. 
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RANGE AND ENERGY LOSS IN LIQUI[) HYDROGEN 
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Range and energy loss in liquid hydrogen bubble chamber, determined by 
a IJ.+ range of 1.103:1:0.003 em frorri the 7T+ - 1-L+v decay. Liquid hydrogen 
conditions: T = 27.6±0.1.K; P = 48:1:5 psia; p = (5.86±0.06)10-2_g/cm3. 
(Data by Clark and Diehl, UCRL-3789, 1957.) Bubble chamber 
phy~icists: note that the number of bubbles per em is proportional to 
1/(3 , not to dE/dx. · · 

Scaling law for particles of other mass or charge: for a given medium, 
the range Rb of any beam particle with mass .Mb, charge zb, and mo-. 
mentum Ph is given in terms of the range Ra of any other particle with 
mass Ma, charge za, and momentum Pa = PbMa/Mb (i. e. , having the 
same velocity) by the expression 
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CROSS SECTION PLOTS 
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nN total cross section data from the compilation of C. Lovelace, ct al. 
(see Sec. VI C of the text), 
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A smooth interpolation of the nN total cross sectionS for 1=3/Z and ~ 
1=1./Z, and the corresponding real parts of the forward amplitudes as 
cale_ulated from dispersion relations by G. Htshlcr and H. P. Jakob 
(private communication). The normalization of the curves for each 
value of I is such that the sum of their squares divided by t9. 6 gives 
du/dt at o• in mb/(GeV/c)Z. > 
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From A. Barbaro-Galtieri in Advances in Particle Physics, 

Vol. 2, edited by R. L. Cool and R. E. Marshak (Wiley & 

Sons, t968). The points at 55 GeVic are taken from IHEP

CERN Collab., Phys. Letters 30B, 500 (1969)._ 
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Compilation of recent K+ p and K+ d total cross
section measurements. References can be found 
in the Baryon Data Card Listings. 
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Total cross-section for isospin zero KN system. 
Unfolding of the BUGG 68 and BOWEN 70 and 73 
data was done by G. R. Lynch (as in Proc. of :1970 
Duke Conference}. Tables of u 0 were provided 
by the BNL authors. Lynch and BNL use the 
same method of unfolding; the BOWEN 7 3 unfolded 
distribut~on is obtained by a different method (see 
plot in Z mini Mreview in the Baryon Data Card 
Listings). 
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Name of particle as it 
. appears in table. 

Quantity tabulated below. 

Number of events above 
background, --

Me:~:::: i:~~:~e(Vai~:- ~ 
not used 10 average). 

:1: Error in·measu~ed value 
(- field blank if error 
symmetric; parentheses 

~~t:r:~t u:n:x f::!~:::ge 
due to problems with 
error estimation), 

Average value (and error) 
of quantity measured, 

Vertical bar indicates 
average; width of hori
zontal bar on top is error 
(scaled) in average. 

Value and error !Or each 
experiment. 

Partial decay ~ode 
- (labeled by Pi)• 

Branching ratio 
by Rj), 

(labeled 

l .. fPI 
P2 

R1 
Rl 
R1 
R1 
R1 
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DATA CARD LISTINGS . 

FIT 

35. 
50. 
70. 

!60.) 

Illustrative Key 

;------------------__ jGeneral comments on 
-1 particle. 

~
Abbreviated reference for • 

74 IXXll2001 HASS~~~~-;EV~V~=~¥'~;;Q:~;-;;~----;,;:-;-- this result; full referehce given below. . 
11. /MERRILL 66lHBC 0 3.2 K-P 7/66 

Cl6.) LYNCH 67 HBC +- 2.1 PI-P· 6/f7 ~Measurementtechnique 
HAS QUESTIONABLE BACKGROUND SUBTMC!ION (see abbreviations on 

10. 7. PIERCE 68L!.S.f!V+ 2.1 K-P 9/68 nextpage.) 
FENNER 69 HBC 0 4. 2 PI+P 9/l:q 

EA IER RESULT 
S•!TH 70 ~MS ~-P 1/73• 

. ~-JCharge(e) of particle 
5.1 AVERAGE <ERPOR INCLUDES SCALE FACTiJR OF 1.01 I detected. 

74 XX! 1200) WIDTH !~EVl 

5. 
10. 
40, 

OR LESS 

HERR ILL 
PIERCE 

• FENNER 
SMITH 

66 HBC 
68 ASPK + 
69 HBC 
7D ~MS 

IJE!GHTEO ~UERRGE " 38.4 :t. 6, 0 
ERROR SC~LED. 8'1' 1.. 3 

!
Ideogram to display incon

sistent data; curve is swn 
of Gaussians, one for 
each experiment (area of 
Gaussian= 1/error; 
width of Gaussian = 
±error).· 

69 
HBC . to Xz (i1 no entry present, 

68 RSPK Lf:.Jjr---c------'--._...j ~:f:~~~i~~t ;~~~sse:a~~ ' 
· · · · · · · ·MERRILL !

Contribution of experiment 

6
6 

HBC ~:~ factor because of large 

_1:--~~L-:':,..:::==---:--=--- ICONLEU error), 
100 140 eO ,1791 

XXC12001 UIOTH (M~UI 

14 XX! 12DDl PARTIAL DECAY HODES 

XX(l2001 INTO 3Pt/ 
DECAY MASSES 

139+ 139+ 139 
493+ 493 XX!!20Dl INTO K ~BAR 

74 XX! 12D0l BRANCHING RATIOS 

00 INTO PI/TOTAL (Pll 
.66 •02 ~ERRILL 66 HBC 0 3,2 K-P 

!.68) !.D3l LYNCH 67 HBC +- 2.7 PI-P 
LY~CH DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION . 

jjD~.]6~7:[~:::~DG.:QDI1t27 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.3) 

!1200) INTO KKBAR/TOTAL !P2l 

7/~6 

6/H 

Value (and error) o! quantity • 35 • D5 PIERCE 68 ASPK + 2.1 K-P 9/68 
measured, as determined • • • • • . • • • • . 4 Branching ratio Rj in terms 

· I 0.325 0. 012/ FROM f.JT (ERROR INCLUDES SCALE FACTOR OF 1 .. 3 I of partial decay mode 
from constrained fit (using k'--""'-....:...!.!..--...<--"'=~--"'=.=,. _

1 

--- fractions pi above. 

~~~i~:~~~rt~sb~:~~~\:~. XX(l200J INTO KK8AR/3PJ ~ 
• 50 .03 FENNER b9 HSC 0 4.2 PI+P 9/t-9 

References listed by year, 
then author. 

Abbreviated reference form 
used on data cards above. 

Journal, report, preprint, 
etc, (see .abbreviations 
on next page), 

P3 
P.3 

.41 .04 SMITH '?0 MMS - 3.5 PI-P 1/73" 

R3 AVG 
R3 FIT 

. L~0~,4~6~BL=DQ:.~0~4~3? AVERAGE !ERROR INCLUDES SCALE FACTOR ~F 1.Bl 
, 0,48D D.026 FROM FIT !ERP.OR INCLUDES SCALE FACTOR OF 1.3) 

}- /1-!ERAILL 6•6/PRL 16 143 
/ LYNCH 67 PR 155 blO f"' PIERCE 6B PL 27B 23D 

FENNER 69 NC 61B 372 

~ I_ •••••• ••••••••• ••••••••:o r ••••••••••••••. ·······:o· 

REFERENCES FOR XX ( 12001 

A. ~ERRILL 
B. LYNCH 
N, PIERCE 
0. FENNER, 6. BEANE 
J. SMITH 

! s 
!BNLl 
!LRLl 

CNYSE+AHEXI 
.Liliill/ 

******0::0$ ****:0**** O:*O:ICIOO*O:O: $000:$00:ICIO OO:$ICIOOO:* 

••••••••• ********* •••••c.••• 0:0:0::0:0:0:000: 1010:0:$00:0.0: 

Author(s) 

ilnstitution(s) o! author(s) 
(see abbreviations on 
next page). 
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Illustrative· Key . .(cont'd) 
Abbreviations 
Journals 

APAH 
ADVP 
ANP 
ARNS 
BAPS 
JETP 
JETPL 
LNG 
NC . 

Acta Phys. Acad .. Hungarica 
Advances in Physics 

NP 
PL 

Annals of Physics 
Annual Reviews of Nuclear Science 
Bulletin of the American Physical Society 
English Translation of Soviet Physics JETP 
Letters to Soviet Physics JETP 
Letters to Nuovo Cimento 
NuC:.Vo Cimento 
Nuclear Physics 
Physics Letters 

PN 
PPSL 
PR 
PRL 
PRSL 
RMP 
SJNP 
ZPHY 

Particles and Nuclei 
Proceediilgs of the Physical Society of London 
Physical Review 
Physical Review Letters 
ProCeedings of the Royal Society of London 
Reviews of Modern Physics 
Soviet Journal of Nuclear Physics 
Zeitschrift fUr Physik 

Institutions 

AACH 
AERE 
A"'ST 
ANKA 
ANI. 
ARIZ 
ATEN 
BAR I 
BflG 
BERG 
BfRl 
BERN 
BGNA 
BING 
BIR"' 
BNL 
BOHR 
BONN 
BOST 
BRAN 
6RIS 
BROW 
BRUX 
BUCH 
BUOA 
BUFF 
CAEN 
CARL 
(.A~N 

CASE 
CAVE 
COEF 
CEA 
CERN 
CHIC 
CINC 
CIT 
CNRC 
COlO 
COLU 
CORN 
CRAC 
CUNY 
CUP I 
DARE 
DART 
OESY 
DUKE 
OURH 
ouuc 
EOIN 
EFI 
EPOL 
ETHZ 
FIPZ 
FISK 
fLOR 
fi':AS 
FSU 
GENO 
GEVA 
GlAS 
GRAZ 
HAlf 
HAHB 
HARV 
HAWA 
HEIO 
HElS 
liT 
IlL 
ILlt 
INO 
IOWA 
lPN 
IPNP 
IIUO 
ISU 
JlEP 
IUPU 
JAGl 
JHU 
JINR 
I(ANS 
ft.ARL 
k.NTY 

""" USl 
lAUS 
LBL 
LEBO 
LEHI 
lEIO 
liNZ 
liVP 
lDit 
LO<»< 
LOUC 
lOWC 
LPNP 
L<l 

TECHHISCHE UNIV. AACHEN 
ATOMIC ENERGY RES. ESTAB. 
UNIV. Of AMSTERDAM 
P"'IOOLE EAST TECHNICAl lRHV. 
ARGOttNE NAT. lAB. 
UNIV. Of ARIZONA 
NUCLEAR RES. CEtiTRE OEHDKRlTOS 
UNIV. OEGl.I STUDI 01 BARI 
INST. INTERUNJV. DES SCI. NUC. 
fYSISK INSTITUTT 
INSTo HOCHENSI.GIEPHYS. DAW 
UNIVo BERN 
UNIV. 01 BOLOGMA 
STATE UNIV. OF NEW YOR.K AT BINGHAI4TON 
BIRMINGHAM UNlV. 
BROOKHAVEN NAT JONAL lA6o 
NIELS BOHR INSTITUTE. 
UNIV. BONN 
BOSTON UNIV. 
BRANDEIS UNIV. 
H. H. WILLS PHYS. LAB. • u~ OF BRISTOl 

·BROWN WUV. 
UNJV. LIBRE Of BRUXELLES 
BUCHAREST STATE UNJV. 
CENTRAL RESEARCH INSTITUTE OF PHYSICS' 
STATE UNIV. OF NEW YORK AT BUffALO 
LAB. DE PHYS. CORPUSCtJlAIRE 
CARLTON UNIVo 
CARNEGIE-I''IEllON UNIV. 
CASE WESTERN RESERVE UNIV. 
CAVENDISH lAB •• CAMBRIDGE UNIV. 
COlLEGE DE FRANCE 

• CAMBRIDGE ELECTRON ACCfl. 
EUROPEAN ORG. FOR NUC. RES. 
UNIV. OF CHICAGO 
UNIVo OF CINCINNA'I'l 
CALIF. INSTITUTE OF TECHNOLOGY 
CANAOI AN NATIONAL RESEARCH COUNt IL 
UNIV. OF COLORADO 
COLUMBIA UNIV. 
CORNEll UN IV. 
INST. fOR NUCLEAR RESEARCH 
CITY UNIV. Of NEW YORK 
LABORATOIRE JOLIOT~URIE 
OARESBURY NUC. PH'I'S. LAB. 
DARll40UTH COLLEGE 
DEUTSCHE$ flEKTFIONEN-SYNCH. 
OUK~ UNIV. 
UtUV. OF DURHAM 
UNIV!:RSJlY COLLEGE 
VNJV. OF EDINBURGH 
E~ICO FEIUU INST. FOR. NUCL. STUDIES 
ECOLE POLYTECHNIQUE 
SWISS FEDERAL INST. OF TECHNOLOGY 
UN IV. OJ f IRENZE 
FISK UNIV. 
UNJV. OF flORIOo1 
lAB. NAZIONALI DEL SINCROTRONE 
FLORIDA STATE UNJV. 
UNIV. OJ GENOVA 
UNJV. P!: GENEVE 
UNIV. OF GlASGOW 
UNIV. GRAZ 
TECHNION- ISRAEl.lNST. Of TECHNOLOGY 
UNIVo HAHBURG 
HARVARD UNJV. 
~IV. OF HAWAII 
UNIV. H'EJOElOERG 
HELSINGIN YLIOPISTO 
IlLINOIS JNST. OF TECH. 
UNIV. OF ILLIIIOJS 
UNIV. OF IlliNOIS AT CHICAGO 
UHIV. Of INDIANA 

'UN IV. OF IOWA 
INST. DE PHYS. NUtlEAIR£ 
INSTITUT DE PHYSIQUE NUCl£AIRE 
INSTITUTE 0U RADIUM 
IOWA STATE UNIV. 
INST. FOR TEOR.o AND EXP. PHYS. 
HlOUNA U. -.PURDUE U. AT INDIANAPOLIS 
JAGELLONIAN UN IV.' 
JOHNS HOPKINS UNIV~ 
JOINT JNST. FOR NUCL. RESEARCH 
UNIVo OF KANSAS 
TECHNlSCHE UNJV. KARLSRUHE 
UNJV. OF KENTUCKY 
t.ANCASTER UNIVo 
u. C. LOS ALAMOS SCIENTifiC LAB. 
UNIV. OF LAUSANNE 
U. C~ LAWRENCE 8fRI(ElEY lAB. 
lEBEOEV PHYSICS INST. 
LEHIGH UNIV. 
INST. LORENTZ . . 
liNZ INSTITUT FUR PHYSIKY KEPLER HOCH-;. 
liVERPOOl UNIV. . 
II'!.PERUl COL. OF SCI. ANO TECH. 
QUEEN MARY COLLEGE 
UNIVERSITY COLLEGE~ 
WESTfi flO COllt:GE 
LAB. Of PHYS. NUCL. ET HAUTE$ ENERGIES 
U. C. LAWRENCE BERKElEY LAS. 

AACHEN, GfRI'tANY 
H.lRWEllt BERKS., ENGLAND 
AMSTERDAM• NETHERLANDS 
ANKARA •. TURKEY 
ARGONNE, Ill., USA 
TUCSON. ARJloo, USA 
ATH'ENS, GREECE 
6ARI 1 ITAlY 
8RUXELLESt BElGIUM 
BERGEN, NORWAY 
ZEUTHEN/BERL IN, DOll. 
BERN, SWITZERLAND. 
BOLOGNA, ITALY 
BINGHAMTON, N. Y., USA 
BJRMINGHAI't, ENGLAND 
UPTON. L.l •• N. y., USA 
COPENHAGEN, DENMARK 
BONN, GERMANY 
BOSTQf\1, MSS •• USA 
WALTKAI'I, MASS., USA 
BRISTOl. ENGLAND 
PROVIDENCE, R. I., USA 
BRUXELlt:$1 BELGIUM 
BUCHAREST. ROMANIA 
BUDAPEST 1 HUNGARY 
BUFFALO, N. y., USA 
CAEN 1 FRANCE 
OTTAWA, CANADA 
PtlTSBURGHo PAoo ,USA 
CLEVELAND, OHIOo USA 
CAKBRIDGE, ENGLAND 
PARI St FRANCE 
CA"'BRIOGft MASS., USA 
GENEVA, SWITZERLAND 
CHICAGOo ILLot USA 

~!~~~~!!! &~~~?: ~~: 
OTTAWA, CANADA 
BOULDER. COLO. • USA 
NEW YORKo N. Y., USA 
ITHACA, N. y •• USA 
CRACOW. POLAND 
NEW YORKo No y., USA 
PARISo fRANCE 
DARESBURY. ENGLAND 
HANOVER, N. H. o USA 
HAMBURG, CERKAN'I' 
DURHAJit• N. C. • USA 
OURHA"4, ENGlAND 
DUBliN, IRELAND 
EO IN BURGH. SCOTLAND 
CHICAGO, Ill., USA 

• PARI So FRANCE 
.ZURICHo SWJTlERLANO 
fJRENZf• ITAlY. 
NASHVIllEo TENN. t USA 
GAINSVIllEt FLA., USA 
fRASCATt. ITALY 
lAl\.AtiASSEEo f'LA., USA 
GENOVA • ITAlY 
GENEVA. SWITZEP.LAND 
GLASGOW. SCOTLAND 
GR.AZ, AUSTRIA 
HAifAo ISRAEL 
HAMBURG, GERMANY 
CAMBRIOGEt MASS. • USA 
HONOLULU o HAWAII o USA 
HEIDELBERG, GERMANY 
HELSINKi-. fiNLAND 
CHICAGO, ILL •• USA 
URBANA, Ill• • USA 
CHICAGO, TLloo USA 
BLOOMINGTON, IND. 0 USA 
IOWA CITY. IOWA, USA 
ORSAY, fi':ANCE 
PARIS. FRANCE 
PARIS, FP,ANCE 
AMESo IOWA, USA 
I'IOSCOW. USSR 
INDIANAPOLIS, IND., USA 
CRACOW, PO LAND 
BALTIMORE, MO., USA 
OUBNAt USSR 
LA~fNCEo fi...ANSASo USA 
KARLSRUHE, GERMANY 
LEXINGTON, KY., USA 
LANCASTER• U~lANO 
LOS ALAMOS, No M., USA 
lAUSANNE, SWITZERLAND 
SERK.ElfY. CAliF. o USA 
MOSCOW, USSR. 
BETHLEHEM, PA. • USA 
LEIDEN. NETHERLANDS 
LINZo AUSTRIA 
LIVERPOOL, ENGLAND 
LOHODN 1 ENGLAND 
LONDONo ENGLAND 

' t.otmON, Et4GLAN0 
LOND~o ENGLAND 
PARIS. FRANCE 
BERKELEY, CA'Lif·o USA 

Measurement techniques 

·ASPK 
cc 
CNTR 
DBC 
DPWA 
EMUL 
HBC 
HEBC 
HLBC 
IPWA 
MMS 
MPWA 
OSPK 
RVUE 
STRC 

~ Automatic spark chambers 
Cloud chamber 
Counters, electronics 
Deuterium bubble chamber 
Eneriy-dependent.partia~ wave analysis 
Emulsions 
Hydrogen bu~ble chamber 
Helium bubble chamber 
Heavy liquid cbubble charriber 
Energy-indepeqdent partial wave analysis 
Missing mass spectrometer 
Model-dependent partial wave analysis 
Optical spark chambers 
Review of previous CXf)P.i"imental data 
Streamer chamber 

Conferences 

Conferences a:re :te{erred to by the location in which they 
were held (e. g., DUBNA, BOULDER, LUND, etc.). 

LSU 
LUND 
KAOR 

"'"" KAKZ 
HASA 
MASB 
MCGI 
MCHS 
MICH 
MILA 
Ill! INN 
KIOH 
KIT 
MODE 
MPIM 
MSNA 
KSU 
NAGO 
NAL 
NAPL 
NDAK 
NEAS 
NEVI 
NIJM 
NORD 
NOVO 
... L 
NWES 
NYU 
OKlO 
DREG 
ORNL 
ORSA 
OSLO 
osu 
OXF 1 
PADQ 
PATR 
PENN 
PI SA 
PITT 
PPA 
PRAG 
PRIN 
PURO. 
REHO 
RHEL 
II. ISO 
ROCH 
ROMA 
RUTG 
SACl. 

,SEAT 
SERP 
SETO 

· SHHP 
SlAt 
SOFt 
STAN 
STEV 
STLO 
STOH 
STON 
STRB 
.suss 
SYRA 
lElA 
TENN 
TNTO 
TOHO 
TOKY 
TORI 
TRST 
TUFT 
UCB 
uco 
uti 
<JCLA 
UCNO 
UCR 
ucsB · 
ucsc 
ucso 
UNO 
UPNJ 
UTAH 
VANO 
VI EN 
VIRG 
VPI 
WARS 
WASH 
tfiEN 
Will 
WISt 
WOOD 
WUSL 
WYOif·, 
YALE 
ZEEI'I, 

LOUISIANA SlATE UNIV. 
UNIV. 1 LUND 
JUNTA DE ENERGIA NUCLEAR 
MANHATTAN COllEGE 
UNIVo MAINZ 
UNIV. OF MASSACHUSETTS 
UNJV. OF MASSACHUSETTS 
!'tCGill UNIV. 
UNIV. MANCHESIER 
UNIV. OF MICHIGAN 
UNIV. 01 MILANO 
UNIV. OF MINNESOTA 
PUAMI IJNIV. 
F\ASSACHUSETTS INST. OF TECHNOLOGY 
JSTJTUTO Dl fiSICA DELlA UNIVERSITA 
KAX•PlANCK-INST. FUR PHYS.-ASTROPHYS. 
tNS. 01 FISJCA DEll UNJV. 
MICHIGAN STATE UNIV. 
NAGOYA UNIVo 
NATIOtiAL. ACCELERATOR lAB. 
UNIV. 01 NAPOli 
tmJV. OF NOTRE DAME 
NORTHEASTERN .UNJV. 
NEVIS LAS. 
R• K. UNJV. NIJHEGEN 
NOROISK INS. fOR TEOR. ATOMFYS. 
JNST. OF NUCL. PHYS. 
NAVAl RESEARCH LABORATORY 
NORTHWESTERN UNIV. 
NEW YORK UNJV. 
OHIO UNIV. 
UNIVo OF OREGON 
OAK RIDGE NATIONAL lAS. 
UNIV. DE PARIS, FACo OES ${.1. 
OSLO UNIV. 
OHIO STATE.UNIV. 
OXFORD UNIV. 
UHJV. OF PAOOVA 
UNIV. OF PATRAS 
UNIV. OF PENNSYLVANIA 
UNIV. 01 PISA 
UNJV. OF PITTSBURGH 
PRINCETON-PENN. PROTON ACCEL. 
INSTITUTE OF PHYSICS. CSAV 
pq_JNCETON UNlVo 
PURDUE UNI V. 
WfiZMANN INST. OF SCI. 
RUTHERFORD HIGH ENERGY LAS. 
RESEARCH ESTAB. RISO 
UNIV. OF ROCHESTER 
UNJV. OEGLI STUDI 01 RQMA 
RUTGERS UNJV. 
CNTR. D' ETUDES NUC. SACLAY ' 
SEATTLE PACIFIC cou:EGE 

.INST. OF HIGH EN. PHYS. 
SETON HALL UNIV. 
UN!V. OF SOUTHAMPTON 
STANFORD lINEAR ACCEl. CENTER 
BULGARIAN ACAO. Of SCI. 
STANFORD UN IV. 
STEVENS lNSl. OF TECH. 
ST. LOUIS UNIV. 
Sl OCKHOUI UN IV. 
STATE UNIVo OF NEW YORK AT STONYBROOK 
CENTRE DES RES. NUCLEAIRES 
SUSSEX UNIV • 
SYRACUSE UNIV. 
UNIV. OF TEL-AVIV 
UNIV. OF TfNtiESSEE 
~IV. OF TORONTO 
TOHOKU UNIV. 
UNtV. Of TOkYO 
UNJV. OJ TORINO 
UNIV. OF TRIESTE 
TUFTS LtiiV. 
IJNJV. Of CALIF. AT BERKElEY 
UNIV. OF CALIF. AT DAVIS 
UNIV. OF CALIF. AT IRVINE 
UN IV. OF C.Al If. AT LOS ANGELES 
UNION CARtiiOE NUC.LEAR DIVISION 
UNIV. OF CAliF. AT RIVERSIDE 
UNJV. OF CAliF. AT SANTA BARBARA 
UNIV. OF CALif. AT SANTA CRUZ 
UNIVo OF CAlif. AT SAN ·DIEGO 
UNIV. OF MARYLAND 
UPSAU COLLEGE 
UNIVo OF UTAH 
VANDERBilt UNJV. 
INST. fOR HIGH EN. PHYS., A. A. S. 
UNIV. Of VIRGINIA 
VIRGINIA POLYTECHNIC INST. 
UNIVo OF WARSAW 
UNlVo OF WASHINGTON 
UNIV. WIEN 
COLLEGE OF WllliAfll AND f!IARY 
UNIV. OF WISCONSIN 

· WOOOSTOCr. COllEGE 
WASHINGTON UNIV. 
UNIV. OF WYOMING 
YAlE UNJV. 
ZE!:HAN LAB., UNIV. OF AHSTEROAPI 

/ 

BATON ROUGEo LA., tJSA 
LUND. SWEDEN 
MOR 10 0 SPAIN 
NEW YORK, N. Y., USA 
f!IAJNZo GERMANY 
AMHERST, MASS. • USA 
BOSTON. MASS., USA 
MONTREAL, CANADA 
MANCHESTER • ENGLAND 
ANN ARBOR, H ICH., USA 
MilANO, ITALY 
MINNEAP0l1So MINN., USA 
OXFORD, OHIO, USA 
CAMBRIDGE. MASS., USA 
I'IOOENA, ITAlY 
1'!\JNICHo GERMANY 
MESSINA, ITALY 
EAST LANSING, MICH., USA 
NAGOYA, JAPAN 
6ATA.VIAt ,ILL., USA 
NAPOli, ITAlY 
NOTRE DAME, IND., USA 
60S TO.~, MASSo o USA 
JPVINGTOI+-ON-HUOSONo N.Y. o USA 
NIJMEGENo NETHERLANDS 
COPENHAGEN, DENMARK 
NOVOSIBIRSK, USSR 
WASHINGTON. o.c., USA 
EVANSTON, llb, US.& 
NEW YORK, N. Y •• USA 
ATHENS, OHJO, USA 
EUGENE, ORE., USA 
OAK RIDGE, TENN. • USA 
ORSAY, fRANCE 
OSLO. NORWAY 
COLUM&USo OHIO, USA 
OXFORD. ENGLAND 
PAOOVAo ITALY 
PATRAS. GREECE 
PHilAOElPHIAt PA., USA 
PISA, ITALY 
PITTSBURGH. PA., USA 
PR INCETDN. N. J., USA 
PRAGUE, CZECHOSLOVAkiA 
PRINCETON, No Jot USA 
(.AfAYETTEo IND., USA 
RfHifVOTH, ISRAEL 
CHILTON, OJO., BERKS •• ENGlAND 
ROSKILDFo DENMARK 
ROCHESTER, N. Y.o USA 
ROMEo ITAlY 
NEW BRUNSWICK, N. J., USA 

.GI F-;SUR•YVETTE, FRANCE 
SEATTlE, WASH., USA 
SERPUKOVt USSR 
SOUTH ORANGE o No J., USA 
SOUTHAMPTON, ENGLAND 
STANFORD, CALIF., USA 
SOFIA, BULGARIA 
STANFORD, CALIF •• USA 
HOBOKEN, No J., USA 
ST. LOUIS, MO., USA 
STOCKHOll'to SWEDEN 
SlONYBROOK, l•l•• Ni y., USA 
STRASBOURG, fRANCE 
SUSSfXo ENGLAND 
SYRACUSE, No Y. • USA 
TEl-AVIV, ISRAEl 
KNOXVILLE, TENN. 0 USA 
TORONTO, CANADA 
SENDAI, JAPAN 
TOKYO, JAPAN 
TORINO; ITALY 
TRIESTE. ITAlY 
MEOFOROo MASS. o USA 
BERKElEY • CAll f. 1 USA 
OAVI So CALif., USA 
IRVINE 1 CALIF., USA 

·LOS ANGflESo CAl.lfoo USA 
OAK kiOGfo TENN. • USA 
f\IVfRSIDEo CALIF., USA 
SANTA BARBARA, CALIF •• USA 

·SANTA CRUZo CAliF., USA 
·u JOLLA, CAliF •• USA 
COLLEGE PARk., MO., USA 
EAST ORANGE, N. J •• USA 
SAlT lAkE CITY, UTAH, USA 
NASHVIllEo TENN., USA 
VIENNA, AUSTRIA 
CHARLOTTESVIllE, VA. • USA 
BLACKSBURG, VA •• USA 
WARSAW, POlAND 
.SEATTlfo WASH. • USA 
WIENo AUSTRIA 
Wlll1AMS6URG. VA., USA 
MAO I SON. WISCo, USA 
WOOOSTOC.Ko MO., USA 
ST. lOUIS. MO •• USA 
LARAMIEr WYO"lffG, USA 
NEW HAVEN, CONN., USA 
AHSTEROAMo NETHfPLANOS · 
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Data Card Listings 
For notation, see key at front of Listings. 

CODE EVENTS QUANTITY ERROR+ ERROR- .REFERENCE YR TECN SIGN COMMENTS DATE 
ABOVE PUNCHED 

BACKGROUND 

•••••• •:e:•••···· .................................................... .. ······ ......... ·····-·· ............................................ . 
0 GAMMA IOtJ"'lJ 

0 GAMMA MASS I IN UNITS OF 10 .. -21 HEVJ 

16.1 OR LESS PATEL 65 SATELltTE DATA 10/69 
H 6. OR LESS GJNTSBURG 64 SATElliTE DATA .10/69 
H 2.3 OR LESS GOLOHABER 68 SATELLITE DATA 10/69 
M 10.061 OR LESS FRANKEN 11 LOW FREQ RES CJR 3172 
M 10. OR LESS WI lll AHS 11 CNTR TESTS GAUSS LAW 3171 
M VALIDITY QUESTIONABLE ACCORDING TO AUTHORS AND KROLL 11. 3172 

· M SEE CRITICISM IN GOLDHABER 71 3172 ................... ·········· ......................... . 
REFERENCES FOR GAMMA 

GINTSBUR 64 SOV .. ASTR.AJ7 536 H. A. GINTSBURG 
PATEL 65 PL lit 105 v. L. PATEL 
GOLDHABE 68 PRL .21 567 ·A. GOLOHABER"'I• NIETO 
FRANKEN 71 PRL 26 115 "p A FRANKEN, G W AMPULSKI 
WILLIAMS 71 PRL 26 721 +FALLER,Hill 

(ACAD SCirUSSRI 
I DURHAM I 

(STONY BROOKJ 
I MICHl 

I WESLEYAN) 

PAPERS NOT ~EFERRED TO IN DATA CARDS 

GOLDHABE 71 RHP 43 277 A S GDLDHABER, H M Nl ETD I STON+BOHR+UCSBJ 
KROLL 71 PRL 26 1395 N H KR11.L I SLACJ ....................................................................................... 
•••••• ••••••••• •••••••.e.• ••o•••••• ••••••••• ••••••••• ••••••••• ******** 

1 E-NEUTRINO CQ,J=1/21 

1 E-NEUTRINO MASS IKEYJ 

10 .. 251 0-R LESS 
10.151 OR LESS 
10.551 10 .. 281 
O. Ob OR lESS CL•. 90 

LANGER 
HAHI L TON 
FRIEDMAN 
BERGKYJ S 

52 CNTR 
53 CNTR 
58 CNTR 
69 CNTR EL.STATJC .. HAG.SP 1i/69 

................................... ********* .................. .. 

·LANGER 52 PR 88 089 
HAMil TON 53 PR 92 . 1521 
FRIEDMAN 58 PR 109 2214 
BERGKVIS 69 CERN 69-7 91 

REFERENCES FOR E-NEUTRINO 

l H, LANGER, R J, D MOFFAT (I NO lANA I 
D HAHJLTON,W P ALFORDrl GROSS IPRJNCETONI 
LEWIS FRIEOMANrliNCOlN G SMITH IBNU 
KARL-ERIK BERGKVIST IUNIV STOCKHOLHI 

••••.e.• ......................................................................... . ....... ............ .............. ........... ......... ......... ......... ......... . 
2 MU-NEI.ITRINO IOrJ•1/21 

2 Mu-NEUTRINO MASS (HEVJ 

H 3.5 OR LESS BARK AS 56 EHUL 
H 4.0 DR LESS DUDZIAK 59 CNTR 
H 3~ 6 OR LESS FEINBERG 63 RVUE 
H 3.0 OR L.ESS ALLCOCK 65 RVUE 
H 2.5 OR LESS BARDON 65 ASPK 
H 2.8 OR LESS CL""-90 SHAFER 65 CNTR 
H 1.6 OR LESS CL'"'-90 BOOTH 67 CNTR 
H 2.2 OR LESS CL=.90 HYMAN 61 HEBC Q. K- HE 

" (0 .. 461 10.641 10 .. 461 FRANK 68 CNTR PREll HI NARY 

7/66 
7/66 

5171 . 
3/68 

11/67 
9/68 

H 8 C1.2J OR LESS CL• .. 90 BACKENSTO 11 CNTR H .. 2•-1 .. 28+-1.21t 10/71 
M s 1.15 OR lESS CL•.90 SHRUM 71 CNTR M**2•-1.55+-1 .. 14 12171 
H 8 1 .. 15 OR LESS CL=-90 BACKENSTO 13 CNTR H .. 2•-0 .. 29+-0 .. 90 
H 8 BACKENSTOSS 73 REPLACES BACK ENS TOSS 71 AND USES THEIR NEW. PI- MASS· 
H 8 WE CALCULATE UPPER LIMIT FROM M**2· 

" ·s SHRUH 71 USES SHAFER 67 PI- MASS VALUE AND CRANE 71 HU MASS VALUE. 

........ ~········ ............................ ·······** ..................... . . 

REFERENCES FOR HIJ-NEUTRINO 

8ARKAS 56 PR 101. 178 ~of H BARKASrH BIRNBAUHrF H SMITH CLRLI 
DUDZIAK 59 PR 114 336 W F OUDliAKrR SAGANErJ VEDDER 1 ILRLJ 
FEINBERG 63 ARNS 13 ~31 G FEINBERG, L M LEDERMAN ICOLUMBIAI 
ALLCOCK 65 PPSL 85 875 G R AllCOCK llJVERPOOU 
BARDON 65 PRL 14 ~49 .BAROON,NORTON,PEOPLES + CCOLU+STONY BROOKJ 

SHAFER 65 PRL 14 923 R E SHAFER,CROWErJENKINS ILRLI 
BOOTH 67 Pl 26B 39 BOOTH,JOHNSON,WlLLIAMSrWOR.MALD lliVERPOOLI 
HYMAN 67 Pl. 258 376 +LOKEN,PEWITT,MCKENZIE+ . IANL+CARN+NWESJ 
FRANK 68 VIENNA ASS. 365 FRANK, GAMET, LAKIN I SHHP+liVP+ST AN I 
BACKENST 71 PL 36B 403 BACKENSTOSSrDANIELrKOCH+ ICERN,KARlrHEIDJ 
SHRUM 71 Pl 37B 114 E V SHRUH,K 0 H lJOCK1 tuNIV OF V1RGINJAI 
BACKENST 73 SUBMITTED TO PL 8 BACKENSTOSSrDANIELrKOCHt- tCERNrKARL 1 HUNJCHI ........................................................... ~········ ......... . ........................................................................... •••••o-o• 

3 ElECTRON (0.5rJ=ll21 

3 ELECTRON HASS IHEVI 

1.51100611 .oooo21 
.. 5110041 .. 0000016 

• COHEN 
TAYLOR 

65 RVUE 
69 RVUE USING NEW E/H 

1173* 
1/73* 
1/73* 
1173* 

7170 

' -~ I.;J 
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3 ELECTRON MEAN LIFE (UNITS 10••21 YRI 

2.0 OR MORE MOE 65 CNTR 

3 ELECTRON MAGNETIC MDMENTtE/2MEI 

HM C 1.0011609) +-(241*10*"-7 SCHUPP 61 CNTR -
HM 11 .. 0011596221 +-1271•10*•-9 WILKINSON 63 CNTR-
HM 11.0011681 +-1221*10**-6 RICH 66 CNTR + POSITRON 
MM R (1 .. 0011595571 +-(301*10*"-9 RICH 68 CNTR-
MM I 1 .. 0011596389J+-(311*10**-10TAYLOR 69 RYUE 
MM C 1.001159644) +-OJ• 10,..-9 WESLEY 70 CNTR 
HM 1.0011596577 +-051•10**-10WESlEY 71 CNTR-
MM ( 1.00116031 +-t 12)•10 .. -7 GILLELAND 12 CNTR + 
HM R RICH 68 IS REEVALUATION OF WILKINSON 63 .. ....................................................... ······~·· ....... . 

REFERENCES FOR ElECTRON 

SCHUPP 61 PR 121 1 
WILKINSO 63 PR 130 852 

A A SCHUPPrR H PIDDrH R CRANE IHICHJ 
0 T WllKINSONrH R CRANE (MICHl 

COHEN 65 'RMP 37 537 COHENrDUHOND IN .. A.AVIATION SCI .. CENTER+CJTJ 
HOE 65 PR 140 8 992 M K HOErF REINES CCASE INST TECHNOLOGY) 
RICH 66 PRl 17 271 A RICHr H R CRANE I MICHl 
RICH 68 PRL 20 967 A RICH (MICHl 
TAYLOR 69 RMP 41 3 75 +PARKER rlANGENBERG IPP, IN+UC J +PENN I 
WESLEY 70 PRL 24 1320 J C HESLEYtA.RICH CHICHI 
WESLEY 71 PR A4 1341 J C WESLEYrA RICH CHICH) 
GILLELAN 72 PR AS 38 J GILLELANO,A RICH IMICHI .............................................................................. ........................................................... ···~····· ....... . 

" " H 
H 
H 

" H 

" H 

It MUON ( 106r J•1/21 

4 HUON MASS CHEVJ 

C105 .. 659J (0 .. 0021 FEINBERG 63 RVUE 
1105 .. 65991 10.00141 TAYLOR 69 RYUE USING NEW E/H 
105.6597 0.0005 CRANE 71 CNTR 
105.6594 0 .. 0004 CROWE 7Z CNTR 

CRANE 71 GIVES MU/HE•206 .. 768781851. WE USE MEm .. 51100411161HEV. 
CROWE 72 GIVES HU/ME•206 .. 768215J AND USES HEc.51100411l61MEV. 

AYG 1'05 .. 65952 0.00031 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1..01 
FIT 105.6595 .0003 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

4 HUON MEAN LIFE (UNITS 10 .. -6) 

2-198 0 .. 001 0.001 FARLEY 62 CNTR 
2-203 0.004 LUNDY 62 CNTR CONLEV•.98 
2-202 o.oo3 o. oo3 EC P::HAu s·e 63 CNTR 
2.197 0.005 0.002 MEYER 63 CNTR + 
2.198 0 .. 002 0 .. 002 MEYER 63 CNTR -
2 .. 20026 0.00081 WILLIAMS 72 CNTR + 

6/66 

8/66 
8/66 
6/68 
2171 
6170 
2112 
2172 

7170 
1173• 
2172 
1/73* 
1/73• 

11/67 

7/66 
2172 

AVG 2-19936 o. 00061 0 .. 00061 AVERAGE (ERROR JNCL .. SCALE FACTOR OF 1 .. 1) 

4 HU+/MU- I'IEAN liFE RATIO 

OT 1-000 o.oo1 MEYER ,.. 63 CNTR MEAN LIFE HU+/HlJ- 7166 

.;.. ____ ------- ---- ------- ------- ------ ____ :__ __ -----

HH 
HH 
HH 
HH 
HH 

HHR 
HMR 

""" HHR 
MHR 

""" MHR 
HHR 

""" MHR 0 
MMR C 

""" MMR H 
HHR c 
HHR 0 
HMR F 
MHR H 
HHR C 
MMR H 
HHR F 
HMR 0 
MHR 0 
MHR 0 
HHR 
HHR AVG 

.4 MUON ANOMALOUS MAGN .. MOMENT ( 10-**-b*E/ I 2*MU MASS I J 

(1162.01 15.01 CHARPAK 62 CNTR + 
11165 .. 751 I0.71J BAILEY 68 CNTR + STOR. RINGS 
11166 .. 251 10.24) SAllEY 68 CNTR - STOR. RINGS 

ERRORS STATISTICAL. VALUES COMBINED TO GIVE MU+- VALUE BELOW 
1166 .. 16 0 .. 31 BAILEY 68 CNTR +- STOR~ RINGS 

4 I'IUil'J TO PROTON MAGNETIC MOMENT RAT 10 

THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE HUON MASS. 
SEE CROWE 72 .. 

3.1865 .. 0022 COFFIN 58 CNTR + SPIN RESONANCE 
3 .. 1830 .• 0011 LUNDY 58 CNTR + PRECESSION STROB 
3.176 .. 013 LUNDY 58 CNTR - PRECESSION STROB 
3 .. 1834 .. 0002 GARWIN 60 CNTR + PRECESSION PHASE 
3.18336 .00007 BINGHAM 63 CNTR + PRECESSION 'STR08 
3 .. 1808 .. 0004 BINGHAM 63 CNTR - PRECESSION STROB 
3.18338 .. 00004 HUTCHINS 63 CNTR + PRECESSION PHASE 

13.1833511 ( .. 0000161 EHRLICH 69 CNTR HFS SPLITTING 
13.1833141 ( .. 0000341 THOMPSON 69 CNTR HFS SPllTTI NG 

3 .. 183330 .000044 HUTCHINS 70 CNTR + PRECESSION PHASE 
13 .. 1833471 t .. ooooo9J HAGUE 70 CNTR + PRECESSION PHASE 
,3 .. 183336 • 000013 CRANE 71 CNTR HFS SPLITTING 

3 .. 183349 .. 000015 DEVOE 71 CNTR HFS SPliTTING 
I 3. 1833261 I. 0000131 FAVART 71 CNTR HFS SPLITTING 

3 .. 1833467 • 0000082 CROWE 12 CNTR + PPECE SS I ON PHASE 
CRANE 71 SUPERSEDES THOMPSON 69 .. THIS IS NOT A DIRECT MEASUREf'IENT .. 
CROWE 72 SUPERSEDES HAGUE 70 .. 
FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABJLITY .. 
DEVOE 71 SUPERCEDES EHRLICH 69 .. THIS IS NOT A DIRECT MEASUREMENT. 
WE GIVE A NEW VALUE WHICH CONTAINS A THEORETICAL CORRECTION OF 
-7 .. 8+-2 .. 3 PPM, AS DISCUSSED IN FOOTNOTE 35A OF CROWE 72 .. 

3.1833447 .. oooo061 AV~RAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

-- ----- --------- ------- ------ ---- ---- -----

5/69 
5/69 
5/69 
5/69 

3172 
3172 
2172 
2172 
2/72 
2172 
2172 
2172 
2/72 
2172 
2172 
2172 
2172 
2172 
1173* 
2172 
2/72 
1173* 

1173• 
1/73* 
1/73* 
1173• 

0 
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Stable Particles 
p,, 7T:I:: 

• MUON PARTIAL DECAY MODES 

DECAY MASSES 
Pl MUON INTO E I E-NEUJ IMU-NEUJ .5+ 0+ 
P2 MUON INTO E 2GAHHA .5+ 0+ 
P3 MUON INTO 3ELECTRONS .5+ .5+ 
P4 MUON INTO E GAMMA .5+ 

It MUON BRANCHING RATIOS 

Rl 
Rl 

MUON INTO E+ZGAHHA tiN UNITS OF 10•*-51 (p21J(Pll 
(1.6) OR LESS CLc.90 FRANKEl! 63 OSPK 

Rl MUON INTO 3E UN UNITS OF 10*•-71 IP3J"Pll 
R2 F 5.0 OR LESS CLco90 PARKER 62 CNTR 
R2 F 1.3 OR LESS Clc.9Q ALIKHANOV 62 OSPK 
RZ F 1.5 OR LESS CL~e.9Q FRANKEl2 63 CNTR 
R2 F 1.2 'OR LESS CL•.90 BABAEV 63 OSPK 
R2 K 0.062 DR LESS CL=.90 KORENCH2 71 OSPK 
RZ K KORENCHENK02 71 ASSUMES A CONSTANT MATRIX ELEMENT • 

0 

0 
0 

.5 

R2 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND 
RZ ORDER V-A N:UTRINO LOOP DIAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED B 
R2 ASSUMING A CONSTANT MATRIX ELEMENT. 

R3 
R3 
R3 
R3 

HUON INTO E+GAHHA I IN UNITS OF 10**-81 
4.3 OR lESS CLc.90 FRANKELl 
2.2 OR LESS Clc.90 PARKER 
2.9 OR LESS Cl=o90 KORENCH1 

4 MUOU DECAY PARAMETERS 

RElATED TEXT SECTION IV E 

IP4J/IPIJ 
63 OSPK 
6lt OSPK 
71 OSPK + 

RHO RHO PARAMETER IV-A THEORY PREDICTS RHJaQ.751 
RHO C 10.7411 10.0271 DUDZIAK 59 CNTR + 20-53 HEY E+ 
RHO P9213 O. 745 0.025 PlANO bO HBC + WHOLE SPECTRUM 
RHO P HID PARAMETER FIT TO RHO AND ETA. 
RHO C 2276 10.7511 10.0341 BLOCK 62 HEBC -WHOLE SPECTRUM 
RHO 0 10.641 C0.04J BARLOW t:4 CNTR - WHOLE SPECTRUM 
RHO 0 IOo661J 10.0161 BARLOW 64 CNTR + WHOLE SPECTRUM 

"RHO 0 10.8671 10.0351 PONTECORY 64 CC 
RHO 0 RESULTS IN DOUBT o 
RHO C BOOK (0.75031 (0.00261 PEOPLES 66 ASPK + 2D-53 HEY E+ 
RHO C 280K 10.760) (0.0091 SHERWOOD 67 ASPK + 25-53 MEV E+ 
RHO C l10K (0.7621 IO.OOBI FRYBERGER 6B ASPK + 25-53 HEY E+ 
RHO C ETA CONSTRAINED .. 0. THESE VALUES INCORPORATED lNTO A TWO PARAMETER 
RHO C FJT TO RHO AND ETA BY DERENZO 69. 
RHO Q. 751B Q.OD26 DERENZO 69 RVUE 

:~g AYG • ·a:7517 • O.Oo26 AvERAGE ceRROR INCLUDes scALE FACTOR OF 1.01 

ETA ETA PARAMETER IV-A THEORY PREDICTS ETA=OJ 
ETA P 9213 1-2.01 10.91 PLANO 60 HBC + WHOLE SPECTRUM 
ETA P TWO PARAMETER FIT TO RHO AND ETA- PLANO 60 DISCOUNTS VALUE FOR ETA 
ETA C BOOK 10.051 10.51 PEOPLES 66 ASPK + 20-53 MEV E+ 
ETA C 2BOK 1-0.71 10.61 SHERWOOD 67 ASPK + 25-53 HEY E+ 
ETA C 170K 1-0.71 10.51 FRYBERGER 68 ASPK + 25 .. 53 MEV E+ 
ETA C RHO CONSTRAINED •0.75. 
ETA 634~ -0.12 D-21 DERENZO 69 HBC + 1.6-6oB MEV E+ 

XSI XSI PARAMETER IV-A THEORY PREDICTS XSiool) 
9K D. 97 O.D5 BARDON 59 CNTR BRCMOFORM TARGET XSI 

XSI 
XSI 

8354 D.93 Q.D6 PLANO 60 HBC + 8.B KGAUSS 

XSI 
XSI 
XSI 
xst G 
XSI 
XS I AYG 

CD.9031 to.D271 All-ZADE 61 EMUl + 27 KGAUSS 
DEPOLARIZATION BY MEDIUM NOT KNOWN SUFFICIENTLY HELL. 

66K (0.9751 (Q.D3DI GUREVICH 64 EMUL 140 KGAUSS 
D. 975 0.014 GUREVICH 67 EMUL 

GUREVICH 67 SUPERSEDES GUREVICH 64 

o. 972 0.013 AVERAGE (ERROR INCLUDES SCALE FACTQR OF ·1.01 

DELTA PARAMETER (V-A THEORY PREDICTS DELTA•D.751 

2/72 
2/72 
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10/69 
10/69 

1D/69 
10/69 
1D/69 
10/69 
1D/69 
'1D/69 
1~/69 
10/69 

1D/69 

10/69 
10/69 
1D/69 
10/69 
10/69 

10/69 

1D/69 
10/69 
10/69 

10/69 
10/69 
1D/69 

DEL 
DEL 
DEL 
DEL 
DEL 
DEL 
OEL 

8354 Do 7B DoDS PLANO 60 HBC + WHOLE SPECTRUM 
o. 782 0.031 KRUGER 61 

490K Q. 752 0.009 FRYBERGER 68 ASPK + 25-53 MEV E+ 
VOSSLER 69 HAS MEASURED THE ASYMMETRY BELOW 10 MEV 

1D/69 
10/69 

.. 10/69 
11/69 

•• 0 •• 0 0 •• 

AYG 0.7551 O.ODB5 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 

HEL 
HEL 
HEL 
HEl 0 
HEl 0 
HEL 
HEL 
HEL 
HEL 
HEL 
HEl AYG 

cs 
cs 

CAV 
CAV 

FAV 
FAV 

CT 
CT 

GP 
CP 

HEliCITY OF DECAY ELECTRON. 
CY-A THEORY PREDICTS HELICITY.c+-1 FOR E+-, RESPECT JVELYI 
WE HAVE FliPPED THE SiGN FOR E- SO OUR PROGRAMS CAN AVERAGE 

10.2BJ (0.161 DICK 6:3 CNTR + ANNIHILATION 
IN DOUBT- POSITRONS POSSIBLY DEPOLARIZED IN BE MODERATOR. 

1.D5 D.30 BUHLER 63 CNTR + ANNIHilATION 
0.94 D.38 BLOOM 64 CNTR + BREMS TRANSHISS 
1.04 0.18 DUCLOS 64 CNTR + BHABHA SCATT 

29K O.B9 OoZB SCHWARTZ 67 OSPK - MOLlER SCATT 

1-DO AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

SCALAR COUPLING CONSTANT IN HUON DECAY (IN UNITS OF GVJ 
10.33) OR LESS DERENZO 69 RVUE 

AXIAL VECTOR COUPLING CONSTANT IN MUON DECAY UN UNITS CF GVI 
0.86 D.33 0.11 DERENZO 69 RVUE 

PHASE BETWEEN VECTOR AND AXIAL VECTOR COUPLINGS CDEGREESJ 
18Do 15. DERENZO 69 RWE 

TENSOR COUPLING CONSTANT IN MUON DECAY liN UNITS OF GVJ 
10.28) OR LESS DERENZO 69 RVUE 

PSEUOOSCALAR COUPLING CONSTANT IN HUON DECAY I IN UNITS OF GY J 
(0.331 OR LESS DERENZO 69-RVUE 

10/69 

1D/69 
10/69 
10/69 
10/69 

10/69 

10/69 

1D/69 • 

10/69 

10/69 

Data Card Listings 
For-notation, see key at front of Listings. 

COFFIN 58 PR 109 973 
LUNDY 58 PRl 1 38 
BARDON 59 PRl 2 56 
DUDZIAK 59 PR 114 336 
GARWIN 60 PR 118 271 
PlANO 60 PR 119 1-400 
ALI-ZAOE 61 JETP '13 313 
KRUGER 61 UCRL-9322 IUNPUBJ 

AlI KHANO 62 CERN CONF 423 
BLOCK 62 NC 23 1114 
CHAR.PAK 62 Pl 1 16 
FARLEY 62 CERN CO.'<IF 415 . 
LUNDY 62 PR 125 16B6 
PARKER 62 NC 23 485 

BABAEY 63 JETP 16 1397 
BINGHAM 63 NC 27 1352 
BUHLER 63 Pl 7 36B 
DICK 63 Pl 7 150 
ECKHAUSE 63 PR 132 422 
FEINBERG 63 ARNS 1.3 431 
FRANKEl! 63 NC 27 B94 
FRANKEl2 63 PR 130 351 
HUTCHINS 63 PR 131 1351 
MEYER 63 PR 132 2693 

BARLOW 64 PPS B4 239 
BLOCH 64 PL 8 87 
DUCLOS 64 Pl 9 62 
GUREY I CH 64 PL 11 185 
PONTECOR 64 DUBNA CONF 
PARKER 64 PR 133B 76B 

PEOPLES 66 NEVIS-H7 IUNPUBI 
GUREVICH 67 lAE 1297 
SCHWARTZ 67 PR 162 1306 
SHERWOOD 67 PR 156 1475 
BAILEY 6B PL 2BB 2B7 

ALSO 7Z NC 9A 369 
FRYBERGE 6B PR 166 1379 

DERENZO 69 PR 181 1854 
EHRLICH 69 PRL 23 513 
TAYLOR 69 RMP 41 375 • 
THOMPSON 69 PRL 22 163 
HAGUE 7D PRL 25 628 
HJTCH1NS 70 PRL 24 1254 

CRANE 71 PRL 27 474 
DEVOE 71 PRL 25 17791 ERJ 

AlSO 71 PRl 26 213 
FAVART 71 PRl 27 1336 
KORENCH1 71 SJNP 13 190 
KORENCH2 71 SJNP 13 728 
CROWE 72 PR" 05 2145 
WilliAMS 72 PR Db 737 

FISHER 59 PRL 3 349 
ASTBURY 60 ROCH CONF 60 542 
DEVONS 6D PRL 5 330 
LATHROP 60 NC 17 109 
LATHROP 60 NC 17 114 
REITER 6D PRL 5 22 
TELEGDI 6D ROCH CONF 60 713 
CHARPAK 61 PRl 6 128 ' 
HUTCHINS 61 PRL 7 129 
SHAPIRO 62 PR 125 1022 
FAIRLEY 66 NC 45A 2B1 
VOSSLER 69 NC 63A 423 

REFERENCES FOR HUON 

+GAR WI Nr PENMAN, LEDERMAN, SACHS (COLUMBIA J 
+SENS, SWANSON, TEL EGO J, YOYANOVITCH (CHI CAGOI 
H BARDON, 0 BERLEYt l LEDERMAN ICOLUHBIAI 
H OUOZ tAK r R SAGANE r J VEDDER ( lRll 
GARWIN, HUTCHINSON, PENMAN ,SHAPJ RO ( COlUHB I A) 
R J PLANO !COLUMBIA J 
AL 1-ZADE ,GUREVICH, Nl KOLSKI I USSR I 
H KRUGER llRU 

A I ALJKHANOYr A BABAEV + ( ITEP HOSCOWJ 
BLOCK, F lOR INI, Kl KUCH I+ I DUKE, BOLOGNA, HI LAND I 
G CHARPAK,F J H FARLEY.R l GARWIN + ICERNI 
FARLEY, HASSAM,MULLER ,Z1CH1 CHI I CERN I 
RICHARD A LUNDY IEFIJ 
S PARKER,S PENMAN tEFII 

BABAEY,BAlATS,KAFTANOV.LANOSBERG + C JTEP) 
G.HCO.BlNGHAf4 ILRLI 
+CABlBBOr F I DECARO, MASSAH r MULLER+ C CERN) 
DICKrFEUYRAI s, SP IGHEL I CERN) 
H ECKHAUSErT A FlllPPAS + ICARNEGIE) 
GERALD FElNSERG, L M LEDERMAN (COLUMBIA) 
S FRANKElrW FRATI,J HALPERN + IPENN") 
S FRANKELrW FRATI,J HALPERN+ CPENNJ 
HUTCHINSON,MENES,PATLACHrSHAPIRO I COLUMBIA I 
S L MEYER,ANOERSON,BLESER,LEDERHAN+ ICOLUI 

+BOOTH,CARROL, COUR"T, DAVIES ,EDWARDS+ Ill YP I 
+DICK, FEUVRA 1 S, HENRY, MACQ, SP IGHEl (CERN J 
+HEINTZE,DE RUJULA,SOERGEl CCERNJ 
GUREY ICH,MAKARI YNA+ I KURCHATOY, MOSCOW I 
PONTECORYO, SUl YAEY I MOSCOW I 
S PARKERrH L ANDERSQN,C REY IEFIJ 

J PEOPLES 
GUREVICH r MAKARIYNA rM ISHAKOVA+ 
0 H SCHWARTZ 

I COLUMBIA I 
CKURCHATOYJ 

IEFI J 
B A SHERWOOD 
+BARTl, YON SOCHHANN, BROWN, FARLEY+ 
+'BARTlrYON BOCHHANN, BROWN, FARLEY+ 
0 FRYBERGER 

CEFI I 
I CERN I 
ICERNJ 
.lEFt I 

S DERENZO IEFI I 
+HOFER rMAGNON, STOWELL, SWANSON+ ICHJ CAGOI 
+PARKER,LANGENBERG I PRIN+UC I +PENN I 
+AMATO ,CRANE, HUG HE Sr HOBl EY+ I YAL EJ 
+ROTHBERG, SCHENCK, WllllAMS+ I WASH+LRL) 
HUTCHINSON,LARSONr SCHOENrSOBER,+ CPPAI 

+CASPERSON ,CRANE, EGAN,HUGHES+ IYALEI 
(CHI CAGOI 
ICHI CAGOJ 
(CHICAGO I 

+HC INTGRE rHAGNON, STOWELL t SWANSON+ 
DEYOE, MC I NTGRE ,MAGNONr STOWELL+ 
+HC INTYRE r STOWEL lt TELEGO I r DEYOE+ 
KORENCHENKO, KOST JN,M ICEL MACHER+ 
KORENCHENKO, KOST IN r M ICELMACHER+ 
+HAGUE,ROTHBERG, SCHENCK+ 

(JJNRI 
I JINRJ 

llBl+WASHJ 
(WASHINGTON I R W WILLIAMStD l WILLIAMS 

PAPERS NOT REFERRED TO IN DATA CARDS 

FISHER r LEONT IC ,LUNOBY, MEUNIER, S TRDOT CCERN I 
ASTBURY,HAHERSLEYrHUSSAIN + ILIYERPOOLI 
OEVONSrGIDAL,LEOERMAN,SHAPIRO . ICOLUMBIAJ 
J lATHROP,R A LUNDY tV l TELEGOI + (EFI I 
J lATHROP,R A lUNDYr S PENMAN + CEFI I 
RE JTERrROHANOWSKJ, SUTTON + (CARNEGIE I 
V l TELEGDI .1 I CERN I 
CHARPAK,FARLEY,GARHIN,MULLER,SENS + ~CERN) 
0 P HUTCHINSONrJ HENES + ICOLUMBIAI 
G SHAP IROr l H LEDERMAN ( COLUHB I A) 
FAIRlEYrB"AILEYrSROWN,GIESCH + ICERNI 
C VOSSLER IEFI J 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••o••••oo •••••••• •••••• ••••••••• ••••••••o ********* ••••••••• ••••••••• ••••••••• •••••••• 

I~ I 8 tHARGEO PION 1140,JPCoQ--l 1•1 . 

--- '--------- --------- -------- -.. ------- --------- --------- --------

OM 

8 CHARGED PION MASS (MEYI 

139.37 0.20 CROWE 54 CNTR -
139.6B Do15 BARKAS 56 EHUL + 

S 1139.5771 {O.D131 SHAFER 67 CNTR - MESONIC ATOMS 
B 1139.5491 IO.OOBJ BACKENSTO 71 CNTR - MESONIC ATOMS 

S 139.566 D.Ol3 SHAFER 72 CNTR - HESONIC ATOMS 
B 139.569 0.008 BACKENSTO 73 CNTR - MESONIC ATOMS 
S SHAFER 72 UPDATES SHAFER67 WITH NEW AlPHA AND NEW CAliS. LINE ENER. 
B SACKENSTOSS 73 CORRECTS 6ACKENSTOSS 71 WITH NEW VACUUM POL. CALC. 

AVC 
FIT 

AVC 
FIT 

145 

1.39.5t>B2 • O.Oo6a AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
139.56B8 O.D064 FROM FIT (ERROR INCLUDES SCALE FACTOR Of 1.DJ 

B (PJ+J - IMU+J MASS DIFFERENCE IMEVI 

34.00 0.076 BARK AS 56 EHUL 
33.89 0.076 BARK AS 56 EMUL 
33.881 0.035 HYMAN 67 HEBC + K-HE 
33.925 o.D25 BOOTH 70 CNTR + MAGNETIC SPECT. 

33.915 D.D19 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
33.909 0.006 FROM FIT CERP.OR INCLUDES SCALE FACTOR OF 1.QJ 

8 ICPI+) - I PI-I 1/AYGor MASS DIFFERENCE (PERCENT I 

D.02 o.os AYRES 71 CNTR 

6/6B 
10171 

1173• 
1173* 
1113• 
1173* 

2/71 
2/71 

1/73* 

3/71 



0 u 0 
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. Data Card Listings 
For notation, see key at front of Listings. 

6 CHARGED PION MEAN LIFE (UNITS 10 .. -91 

2546 0.5 0.5 CROWE 57 RVUE 
25.6 0.8 0.8 ANDERSON 60 CNTR 

8000 25.46 0.32 0.32 ASHKIN 60 CN,TR + 

• T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

26.02 0.04 ECKHAUSE, 65 CNTR + 9/66 
25.6 0.3 BARDON 66 CNTR 6/66 
2,::;.9 0.3 OUNAITSEV 66 CNTR 6/68 

(26.401 (0.081 KINSEY 66 CNTR + 6/66 
SYSTEMATIC ERRORS IN CALlBR.IN THIS EXP.OISCUSSED BY NORDBERG 67 8/67 

26.67 0.24 LOBKOHICZ 66 CNTR 9/66 
26.04 0.05 NORDBERG· 67 CNTR + 9/67 
26.02" 0.04 AYRES 71 CNTR +- 3171 

AVG 26.024 0.024 0.024 AVERAGE !ERROR INCL. SCALE FACTOR OF 1.01 

8 (IPI+J- CPJ-11/AVG., MEAN LIFE DIFFERENCE IPERCENTI 

DT N THIS QUANTITY IS A MEASURE OF CPT JNVARIANCE IN W.l. 

OT 0.23 0.40 LOBKOWICl 66 CNTR SEE NOTE L 
OT L ABOVE IS THE MOST CONSERVATIVE VALUE QUOTED BY AUTHORS 
OT O.lt o. 7 BARDON 66 CNTR 
OT -0.14 0.29 PETRUKHIN 68 CNTR 
OT 0.055 0.011 AYRES 71 CNTR 
OT 
OT AYG 0.053 0.068 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1 .. 01 

8 CHARGED PION PARTIAL DECAY MODES 

DECAY MASSES 
PI CHAR. PION INTO HU (MU-NEU) 105+ 0 
PZ CHAR. PION INTO E I E-NEUI .5+ 0 
P3 CHAR. PION INTO MU 04u-NEUI GAMMA 105+ 0+ 
P4 CHAR. PION INTO PlO E I E-NEUJ 134+ .5+ 
P5 CHAR. PION INTO E NEU GAMMA .5+ 0+ 
Pb CHAR. PION INTO E NEU E+ E- .5+ 0+ .5• .5 

8 CHARGED PION BRANCHING RATIOS 

Rl CHAR. PION INTO MU NEU GAMMA WNITS 10*--41 IP311lPlJ 
R1 26 1.24 0.25 CASTAGNOL 58 EMIJL EIHUI.LT.3.38 MV 

RZ .,. 
RZ 
RZ 
R2 AVG 

CHAR, PION-INTO E NEU (UNITS 10U-4) IP2J/1Pll 
1.21 Q,Q7 ANDERSON 60 CNTR 
1.241 0.028 01 CAPUA 64 CNTR 

1.242 0.026 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

R3 CHAR. PION INTO PIO E NEU IUNJTS 10*"'-81 CPitJ/tPlJ 

9/66 
9/66 
7/66 
8/68 
3171 

R3 0 52 11.151 1.221 OEPOMMl1 63 CNTR + 2172 
R3 0 36 0,97 0.20 BARTLETT 64 OSPK + · 
R3 D 38 1"o07 0.21 BACASTOW 65 OSPK + 
R3 0 1.10 0.26 BERTRAM 65 OSPK + 6/66 

'"'-' R3 0 43 1.1 0.2 OUNAITSEY 65 CNTR + 7/66 

j 

R3 332 1.00 Q,Q8 0.10 OEPOMHIER 6_8 CNTR + 3/68 
R3 
R3 AVG 1.023 0.069 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

0 DE POMMIER 68 STATES THAT THE RESULT OF OEPOMMIER 63 IS .AT LEAST 2172 
0 10 PERCENT TOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE PIO 2172 
D DETECTION EFFICIENCY. THIS HAY BE TRUE OF All THE PREVIOUS 2/72 
0 MEASUREMENTS ACCORDING TO DEPOHHIER 68 AND Y.SOERGELr PRIVATE 2172 
0 COM~UNICATJON, 1972. 

CHAR, PION INTO E NEU GAMMA IUN1TS 10U-8J IPSJJ(Pll •• •• 143 3.0 0.5 DEPOMMJ2 63 CNTR GAM KE 50-90 HEY 6/66 

., 
R5 

CHAR, PION INTO E NEU E+ E- IUNlTS 10•0-81 IP61/1Pll 
3.4 OR LESS CLc,9Q KORENCHEN 11 OSPK + 

CROWE 54 PR 96 470 
BARKAS 56 PR 101 778 
CROWE 57 NC 5 541 
CASTAGNO 58 PR 112 1719 

ANDERSON 60 PR 119 2050 
ASHKIN 60 Nc 16 490 
OEPOMMI 1 63 Pl 5 61 
OEPOHMI2 63 Pl 7 285 
BARTLETT 64 PR 136B 1452 
Dl CAPUA 64 PR 133B 1333 

BACASTOW 65 PR 139 B407 
BERTRAM 65 PR 139 8 617 
OUNAITSE 65 JETP 20 58. 
ECKHAUSE 65 PL 19 HB 

BARDON 66 PRL 16 775 
OUNAITSE 66 PL 23 283 
KINSEY 66 PR 144 1132 
LOBKOWIC 66 PRL 17 548 

HYMAN 61 Pl 25B 376 
NORDBERG 67 Pl 24B 591t 
SHAFER 67 PR 163 1451 

ALSO 65 PRL 14 923 

REFERENCES FOR CHARGED PION 

K M CROWE,R H PHILliPS ILRL) 
W H BARKAS,W BIRNBAUHrF M SMITH llRLI 
K H CROWE I STANFORD HEPL) 
C CASTAGNOLJ,M HUCHNIK I ROHAl 

H L ANDERSON,T FUJII oR H MilLER+ IEFIJ 
ASHKIN,FAlliNJ,FlDECAROrllPHAN + ICERNJ 
DEPOMH IE R, HEl NTZ E, RUSB I A, SOERGEL ( CERN1 
P DEPOMMIER,HEJNTZErRU88IA,SOERGEL ICERN1 
BARTLETT ,DEVONS, MEYER, ROSEN I COLUMBIA J 
01 CAPUA, GARlAND, PONOROM, S TR ELZOFF I COLUJ 

+GHESQUI ERE, Wl EGANO, LARSEN llRL+ SLAC J 
BERTRAM, HEYER, CARRIGAN+ I HICH+CARNEGI E I 
0UNAJTSEV 1 PETRUKHIN,PROK0SHKIN + IDUBNAJ 
ECKHAUSE,HARRIS,SHULER+ IWILLIAH ANO MARYI 

8AROON 1 00RE 1 00RFAN,KRIEGER + ICOLUHBIAI 
+KUTY l N, PROKOSHK IN, RASUYAEV t S I MONDY ( OUBNA 1 
KINSEY 1 l08KOWICZ,NORD8ERG (ROCHESTER UNIVI 
LOBKOWJCZ, MEL ISS 1 NOS ,NAGASHI HA+ C ROCH+BNL I 

+LDKEN 1 PEWITT, DERRICK + CANL +CARN+NWES J 
NORDBERG,lOBKOWJClrBURMAN !ROCHESTER UNIVJ 
ROBERT E. SHAFER ILRU 
SHAFER,CROWE,JENKINS (LRLJ 

DEPGMHIE 68 NP B4 189 OEPOMMIER,OUCLOS,HEINTlErKLEINKNECHT+tcERNJ 
PETRUKHI 68 JINR-P1-3862 PETRUKHIN,RYKALIN,KHAllNS,CISEK IOUBNA) 
:AYRES 71 PR EO 1051 +CORMACK,GREEN8ERG,KENNEY + ILRLrUCSBI 

ALSO 67 PR 157 1288 AYRES,CALDWEll,GREENBERGrKENNEYtKURZ+ ILRU 
ALSO 68 PRL 21 261 AYRESrCORMACK,GREEN8ERGrKENNEY+ ILRLoUCSBJ 
AlSO 69 UCRL-18369 DAVID S AYRES (THESIS) ILRLl 
ALSO 69 PRL 23 12:67 GREENBERG,AYRES,CORMACK,KENNEY+ (LRl,UCSBJ 

BOOTH 70 PL 328 723 +JOHNSON,WllllAHS,WORHALO IUVPJ 
BACKENST 11 PL 368 403 BACKENSTOSS,DANIEL,KOCH+ ·ccERN,KARL,HEIOI 

ALSO 70 THESIS C. YON OER HALSBURG IHEIOELBERGI 
KORENCHE 7i SJNP 13 189 KORENCHENKO,KOSTINrMICELMACHER+ IJJNRI 
BACKENST 73 SUBMITTED TO PL B BACKENSTOSS,OANIEl,KOCH+ ICEfl.N,KARL,MUNICHJ 

ALSO 13 SUBMJT.TED TO NP L. TAUSCHER 
SHAFER 72 PRIVATE COH/1, R. SHAFER, 1972 

10171 
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Stable PartiCles 
71"±, 71"0 

HERRISON 62 ADVP 11 1 
SHAPIRO 62 PR 125 1022 

. CZIRR 63 PR 130 341 

PAPERS NOT REFERRED TO IN DATA CARDS 

A W MERRISON 
G SHAPIROrl H LEDERMAN 
JOHN 8 CZIRR 

ILIVERPOOLJ 
ICOLUMBIA I 

(LRL I 

•••••• oooo••o•• ••••••••• o•••••••o •••o••ooo •••••o••• .......... o••••••• 
****** o•••••••• *******O* •••ooo••o ••o•••o•o ********* •o••••oo• •••••••• 

9 NEUTRAL PION (135,JPGco--J Jcl 

9 IPI+-J - (PJOJ MASS OJ FFERENCE I M:Y1 

(5.37) (l,QJ PANOFSKY 51 CNTR -
4. 50 0.31 CHINOWSKY 54 CNTR -
4.62: o.os HADDOCK 59 CNTR -
4.60 0.04 HILLMAN 59 CNTR 
4. 5~ 0.01 CASSELS 59 CNT R 
4.69 0.07 SAM IOS 60 HBC 
4.6056 o.ooss CZJRR 63 CNTR 
4. 59 o.o3 PETRUKHIN 63 CNTR -
4. 6034 o.oosz VASILEYSK 66 CNTR -

AVG 4. 6043 o.oo:n AVERAGE I ERROR INCLUDES SCAL~ FACTOR OF 1.01 

9 NEUTRAL PION MEAN LIFE (UNITS 10**-161 

7b 11.91 (0.51 10.51 GLASSER 61 EMUL 
45 (2.31 11.11 ( l.OJ TJETGE 62 EMUL 
88 12.81 (0.91 10.91 KOLLER 63 EHUL SEE STAMER 66 

1.05 0.18 0.18 VON OARDE 63 CNTR 
75 (1. 71 IO.SJ SHWE 64 EMUL 

T o. 730 0.105 BELLETTl N 65 CNTR 
T .• b7 11.6) (0,6) i0.5J EVANS 65 EMUL 
T. K 232 1. 0 o.~ STAMER 66 EMUL 
T 0.56 o.o6 BEU.ETTIN 70 CNTR PRIM.EFF. ON NUC 

2172 

9/66 

6/66 
6/66 
8/67 
7170 

0.9 o.oo8 KRYSHKJN 70 CNTR PRIMAKOFF EFFECT 12170 
OLD EMULSION-MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC 

~ N SHIFT TO LARGER MEAN LIFE VALUES. 
K INCLUDES EVENTS OF KOLLER 63. 8/67 

AVG 0.839 Q.lQ3 0.092 AVERAGE I ERROR INCL. SCALE FACTOR OF 2.11 
(SEE IDEOGRAM BELOW 1 / 

WEIGHTED RUERRGE = 1.19 ± 0.14 
ERROR SCRLEO BY 2.1 

·KRYSHKIN 70 
·BELLET!IN 70 
·STRMER 66 
·BELLETTIN 65 
·UON OR ROE 63 

0 

CNTR 
CNTR 
EMUL 
CNT~ 

CNTR 

CHISQ 
0.9 
9.4 

0.8 
_LQ_ 
13.1 

ICONLEU 
=0.004) 

NEUTRRL PI DECRY RRTEIUNITS 10••16SEC-1J 

PI 
PZ 
P3 
P4 

9 NEUTRAL PION PARTIAL DECAY MODES 

PI 0 INTO 2GAHMA 
PIO INTO E+ E- GAI>IMA 
PIO INTO 4ELECTRONS 
PIO INTO 3 GAMMA 

9 NEUTRAL PION BRANCHING RATIOS 

R1 PiO INTO IGAHHA E+ E-JI(2GAMMAI fPERCENTl 
R1 11.1961 THEORET. CALC. JOSEPH 60 
R1 27 1.11 O.lS BUDAGOY 60 HBC 
R1 3071 1.166 0.047 SAMIOS 61 HBC 
Rl S SAMIOS VALUE USES PIINOFSKY RATIO " 1.62 
Rl 

DECAY MASSES 
0+ 0 

.5+ .5+ a 

.s• .5• .5+ .s 
O+ 0+. 0 

(P21/1Pll 
QUANTUM ELECT. 

PI-P TO PION 

R1 AVG 1.166 0.045 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 

RZ 
RZ 
RZ 

R3 
R3 
R3 
R3 N 

PIO INTO 13 GAioUIAI/(2 GAMMAI (UNITS IOU-61 
0 5.0 OR lESS CLc,qo DUCLOS 65 CNTR 

5.0 OR LESS CL~:,90 KUTIN 65 CNTR 

PIO INTO IE+E+E-E-J/12 GAHMAJ (UNITS 10•*-51 
13.471 THEORETICAL CAL. KROLL 55 

146 3.18 0.30 6"AMIOS 62 HBC 
ABOVE VALUE USES PArmFSKY RATIO c 1.6·2 

(P4J/IP1J 

IP3JitPl J 
QUANTUM Elf.CT. 
SEE NOTE N BELOW 

9/66 

6/66 
3/68 

9/66 
6/66 



<:· 

S46 REVIEWS oF MoDERN PHYSICS· APRIL 1973 ·PART II 

Stable Particles 
71"0, .I("= 

PANQFSKY 
CHINOWSK 
KROLL 
CASSELS 
HADDOCK 
HILLMAN 

BUOAGOV 
JOSEPH 
SAM IOS 
GLASSER 
SAMIOS 
SAHIOS 
TIETGE 

51 PR 81 565 
54 PR 93 586 
55 PR 98 1355 
59 PPS 74 92 
59 PRL 3 478 
59 NC 14 887 

60 JETP 11 755 
60 NC 16 997 
60 NC 18 154 
61 PR 123 1014 
61 PR 121 275 
62 PR 126 1844 
62 PR 127 132~ 

CZTRR 63 PR 130 341 
KOLLER 63 NC . 27 1405 

ALSO 66 STAMER 
PETRUKHI 63 SIENA CONF 208 
VON OARO 63 PL 4 51 

SHWE 64 PR 1368 1839 
BEllElll 65 NC 40 A 1139 
DUCLOS 65 Pl 19 253 
EVANS 65 PR 139 B 982 
KUTtN 65 JETP LETT 2 243 

STAMER 66 PR 151 1108 
VASILEVS 66 Pl 24, 281 
BELLETTl 70 NC f.6A 243 
KPYSHK.J N 70 JE TP 30 1037 

REFERENCES FOR NEU~Al PION 

W K H PANOFSKY,R l AAHOOT,J HADLEY (LRLI 
W CHINOWSKYrJ STEINBERGER (COLUMBIA) 
N KROLL ,W WADA (COLUMBIA+NRLI 
CASSELS, JONES,MURPHY,O.NEILL I LIVERPOOL) 
HADDOCK, ABASH I AN, CROWE ,Cll RR ILRL J 
HILLMAN, MIODELKOOP, YAMAGATA, ZAYATT IN I ( CE.RN) 

8UDAGOV 1 VlKTOR 1 0lHElEPOVrERI'IOLOV + IJINIU 
0 W JOSEPH I EFI J 
N P SAMIOS (COLUMBIA) 
R G GLASSER,N SEEMANrB STILLER INRU 
N P SAM IOS I COLUMBIA+BNLI 
SAIUOSrPLANO,PRODELL + ICOLUI'\BIA+BNLJ 
J TIETGE,H PUESCHEL (MAX PLANCK INST) 

JOHN 8 CZIRR 
E L KOLLER,$ TAYLOR,T HUEiTER 

(LRLJ 
I STEVENS I 

V I PETRUKHIN 1 YU 0 PROKOSHKIN CJINRJ 
VON DARCEL ,QEKKE RS, MERKOO, VAN PUTT EN+ I CERNJ 

H SHWE,F 11 SMITH 1 W H BARKAS ILRU 
BELLETT IN I ,BEMPORAD, BRACCINJ +I PI SA+F IRENZE J 
DUCLOS, FREYTAG,HEI NT ZE + fCERN+HE IOELBERGJ 
D A EVANS IOXFOROI 
KUTI N, PETRUKHIN 1 PROKOSHKIN I J INRJ 

STAMER 1 TAYLOR, KOLLER, HUETT ER+ (STEVENS I 
VASILEVSKY,VISHNYAKOV,DUNAITSEV + IOUBNAJ 
BELLEniNI ,BEMPORAO,LUBELSMEY+ IP-ISA+BONNI 
+STERLIGOY,USOV ITOMSK POLYTECH.INST.J 

•••••• •••••••o• 'too•••• •llr••••o•o •'0••••••• ••••••••• ••••••••o ••••••••• :co•••••• •• •••••••• ••••••o:o• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 

[£] 

H 
H 
H 
H 
H 
H 
H 
H 

AVG 
FIT 

493.9 
493.7 
-493.78 
493.87 
493.691 

493.709 
493.715 

10 CHARGED K 1494,JP•Q-J 1.,1/2 

10 CHARGED K MASS I MEV I 

0.2 
0.3 
0 .. 17 
0.19 
0.040 

0.037 
0.037 

COHEN ST RVUE + 
BARKAS 63 EHUL -
GREINER 65 EI'!UL + VIA TAU DECAY 
KUNSELMAN 11 CNTR - KAONI C ATOMS 
BACK ENS TO 73 CNTR -- KAONJ C ATOMS 

AVERAGE CERROR INCLUDES SCALE FACTOR Of 1.01 
FROM FJT IERROR INCLUDES SCAlE FACTOR OF 1.01 

10 tK+) - OC-J MASS DIFFERENCE I HEY I 

T/66 
10171 
1/73* 

1173• 

OM F t.SH -0.032 0.090 FORO 72 ASPK +- 4172* 
OM F FORO 12 USES HCPJ+)-MIPI-J • +28+-70 KEY. 1/73* 

0 
0 
0 

Ave 
FIT 

10 CHARGED K MEAN LIFE (UNITS 10•-sl 

CHAR. K MEAN lJ FE 
10.951 I0.3bl 10.251 ILOFF 56 EMUL 

52 Cl.bOJ IQ.3J (Q.3J EJSENBERG 58 EMUL 
1.21 Oo06 0.06 BURROWES 59 CNTR 

33 11.381 10.241 I 0.24J FREOEN 60 EMUL 
11.25) 10.22) 10.17) BARKAS 61 EMUL 

51 (1.27J (0.361 (0.23) BHOWMIK 61 EKUL 
293 1.31 0.08 ;0.08 NORDIN 61 HBC 

11.24) {0.07) NORDIN 61 RVUE -
1.231 0.011 0.011 BOYARSKI 62 CNlR + 
1. 2443 0.0038 FITCH 65 CNTR + K AT REST 6/66 
1. 221 D.Oll FORO 67 CNTR - 8/67 
1 .. 2212 0.0036 LOBKOWICZ 69 CNTR + K IN FLIGHT 9/66 

3H 1o23BO 0.0016 OTT 71 CNTR + STOPPING K 2/71 
OLD EXPERIMENTS WITH LAP.GE ERRORS EXCLUDED FROM AVERAGING 2171 

0.70 

1.2370 0.0032 0.0032 AVERAGE I ERROR INCL. SCALE FACTOR OF 2.4) 
1.2371 Q.OO.Z6 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.91 

I SEE IDEOGRAM BELOW J 

4EIGHTEO RUERRGE = 0.8084 ± 0.0021 
ERROR SCALED BY 2.4 

1-'-· 

~-. 
) \ 

0.75 0.80 

Values above of weighted average, 
error~ and scale factor arc for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which arc di!!er
ent from the values shown here. 

CHISQ 
·OTT 71 CNTR 0.4 
·LOBK04ICZ 69 CNTR 7.3 
·FORO 67 CNTR 
·FITCH 65 CNTR 3.7 
·BOYRRSKI 62 CNTR 
·NORDIN 61 HBC 
BURR04ES 59 CNTR 

11.4 
!CONLEU 

0.85 0.90 0.95 =0.003) 
CHRRGEO K DECRY RRTE !UNITS 10••8 SEC-1J 

Data Card Listings, 
For notation, see key at front of Listings. 

10 • C IK+J - IK-1 J/AVG., MEAN LIFE OIFFf!IENCE tPERCENTJ 

OT N THIS QUANTITY IS A ;.tEASURE OF CPT INYARIANCE IN W.J. 

QT 0.47 0.30 FORO 67 CNTR 
OT 0.090 0.078 ., LOBKOlfiCZ 69 CNTR 

8/67 
12170 

g~ AVG 0.114 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 

10 CHARGED .K PARTIAL DECAY MODES 

I GHAR •• 
"DECAY MASSES 

PI INTO MU NEU K MU2 lOS+ 0 
P2 CHAR. K INTO PI PIO \ K P12 139+ 134 
P3 CHAR. K INTO PI PI+ PI- TAU 1.39+ 139+ 139 
P4 CHAR. K INTO PI 2PIO TAU PRIME 139+ 134+ 134 
P5 CHAR • • INTO MU PIO NEU K MU3 105+ 134+ 0 
P6 CHAR. K INTO E PIO NEU K E3 .5+ 134+ 0 
P7 .. INTO PI+ PI- E+ NEU K E+ 4, 139+ 139+ .5+ 
P8 K+ INTO PI+ PI+ E-·NEU K E- 4 139+ 139+ .5+ 
P9 .. INTO PI+ PI- MU+ NEU K+MU+ 4 139+ 139+ 105+ 
PIO K+ INTO PI+ Pt+ HIJ- NEU K+HIJ- 4 139+ 139+ 105+ 
Pll CHAR. K INTO E NEU K E2 .5+ 0 
P12 CHAR. K INTO MU NEU GAMMA K MU RAO lOS+ 0+ 0 
Pl3 CHAR. K INTO PI PIO GAMMA K PI RAO 139+ 134+ 0 
Pl4 CHAR. K INTO PI PI+ PI- GAMMA TAU RAO 139+ 139+ 139+ 
PIS CHAR. K INTO PI E+ e- PI E E 139+ .5+ .5 
Pl6 CHAR. K INTO PI MU+ MU- PI MU MU 139+ 10~+ 105 
Pl7 CHAR. K INTO Pl GAMMA GAMMA PI GAM GAM 139+ 0+ 0 
P18 CHAR. K INTO PI E NEUTRINO GAMMA PI E NEU GAM 139+ .!:+ 0+ 
Pl9 ·- INTO PI+ E- E- ... Pl+E-E- , 139+ .5+ .5 
P20 CHAR. K INTO PI NEU NEU PI NEU N"EU 139+ 0+ 0 
P21 CHAR. K INTO E NEU GAMMA K E2 RAO .5+ 0+ 0 
P22 CHAR. K INTO PI GAMMA K" PI GAH 139+ 0 
P23 "cHAR. K INTO Pl 3GAM:-IA PI 3GA>I 139+ 0+ 0+ 
P24 CHAR. K INTO PIO PIO E NEU K E4 2PIO 134+ 134+ .5+ 
P25 K+ INTO PI- E+ MU+ PI-E+MU+ 139+: .5+ 105 
P26 .. INTO PI+ E+ MU- PI+E+MU- 139-+ .5+ 105 
P27 CHAR. K INTO MU NEU NEU NEUBAR MU 3NEU 105+ 0+ 0+ 

-- ------ -------- -----.--- ------- -------- -:------ -------
CHARGED K CONSTRAINED FIT . 

OVERAll FIT OF MEAN LIFE, WIDTHS AND BRANCHING 
RATIOS USES 52: DATA POINTS TO DETERMINE SIX 
QUANTITIES. OVERALl FIT HAS CHJSQ::B2.2. MAIN 
CONTRIBUTION 116.31 COMES FROM Rl9 OF HAIDT 
71 IWE SEE NO REASON TO REJECT THIS EXPERIMENT 
AT THIS TJMEJ 

·---- ------- ------ ------ ------- ------- ---- ----
fiTTED PARTIAL DECAY MODE BRANCHINQ FRACTIONS 

The mAtrill: below iB derived from the error matrill: {or the !itt~d partial decay mode 

branching fractions, Pi' as follows: The diagonal elements ar~ P 1:t:6Pi' where 

6Pi = ...j(6P
1
6P

1
), while the off-diagonal elements are the~ c~rrelatio~ coelfi

, cients (6Pi6Pj)/(6Pi. 6Pj), For the definitions or th~ individual Pi' see the lishngs. 

above; only those P
1 

appearing in the matrix are assumed in the !it to be nonzero and 

are thus constrained to add to t. 
p 1 p 2 p 3 p 4 p 5 p • 

p 1· .6352+-.0019 
p 2 -.7953 .2106+-.0018 
p 3 -.1750 -.0694 .0559+-.0003 
p 4 -.1814 -.o728 .1456 .Ol73+-.ooo5 
p 5 -.296B -.1830 .0439 -.0155 ,.0324+-.0010 
p 6 -.2852 -.1793 .11_99 -.0085 .4265 .0485+-.0006 

FITTED PARTIAL QECAY MODE RATES 

The matrix below i11 the branching fraction nw.trlx above, tran11!ormed into rate 

space; i.e., Gi •· ri = rtotalpi' in appropriate units~ In analogy to the matrill: above, 

the diagonal clemente are G1 :t: 6G1, where oc1 = ~ (6Gi6Gi), while the oH-diagonal 

elements are the~ correlation codficie~ts (6Gi6Gj)/(6Gi· 6Gj). Note that, 

because of the error in rtotal" the errors and cotrelations here are not directly derivable 

!rom those above. 

G 1 G 2 G 3 G 4 G 5 G 6 

·G 1 
G 2 
G 3 
G 4 
G 5 
G 6 

• 5135+<-. 0019 

Wl 
WI 
W1 
Wl FIT 

-.4575 .1702+-.0015 
-.1104 -.0435 .0452+-.0002 
-.1284 -.Ob01 .1396 .0140+-.0004 
-.2040 -.1598 .0464 ·-.0142 .0262+-.0008 
-.1399 -.1299 .1207 -- •. 0059 .4297 .0392+-.0005 

1:1 CHARGED K DECAY RATES 

CHAR. K INTO HU NEU I UNITS 10**6 SEC-ll IGlJ 
51.2 0 .. 8 FORO 67 CNTR 

;1:3; 
0 

·: O.i9" FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.21 

CHAR. K INTO Pt Pi+ PI- IUNITS 10 .. b SEC-U IG3J 

·at67 

W2 
W2 
W2 
W2 

14 .. 4961 10.0301 FORO 67 CNTR - SEE NOTE F 
3. 2M (4. 529) CO .0321 FORO 70 ASPK SEE. NOTE F 

4. 511 0.024 FORD 70 ASPK SEE rmTE F 

8/67 
11170 
11/TO 

W2 F 
W2 
\112 FIT 

W3 
W3 
W3 
W3 
\113 FIT 

THE LAST IS THE COMBINED RESULT OF FORO 67 AND FORD 70 

• ·-4:52o'" • 0.023 FROI'! FJT tERROR INCLUDES scALE FACTOR oF 

CHAR. K INTO ITAUI - ITAU PRIMEJ IUNITS 10**6 SEC7~~G4 t 

USED FOR DELTA I c 112 TEST. 

3.117 0.043 FROI-t FIT 



0 .· ~ 
u 

. Data Card Listings 
For notation, see key at front of Listings .. 

•• •• •• •• W4 FIT 

01 
01 

02 

CHAR. K INTO IHU PIO NEUJ + IE PIC NEUJ I UNITS 10 .. 6 SEC-11 · 
IGS+G6J 

USED FOR DELTA I .. 1/2 TEST • 

6.542 0.083 FROM FIT 

10 IlK+)- IK-JI/AVG •• DECAY RATE DIFFERENCE IPERCENTI 

DIFFERENCE IN K MU2 RATES ICGl+J-IGl-JJ/Gl C PERCENT) 
-o. 54 o.4l FORD 67 CNTR 

DIFFERENCE IN 'TAU RATES IIG3+,-IG3-U/G3 ( PERCENTI 
-0. SO 0.90 FlETCHER 67 OSPK 02 

02 
02 
02 

F 1-0.0,.J 10.2lJ FORO 67 CNTR SEE NOTE F 
F 3.2M 10.101 10.141 FORO 70 ASPK SEE NOTE F 

02 F 
02 
02. AVG 

0.08 0.12 FORO 70 ASPK SEE NOTE F 
THE LAST IS THE COMBINED RESULT OF F~RO 67. AND FORO 70 

0.07 0.12 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 

DIFFERENCE IN TAU PRIME RATES HG4+1-IG4-Jl/AVERAGE IPERCENTI 03 
03 1802 -1.1 1.8 HERZD 69 OSPK 

04 
04 

OS 
OS 

R1 
R1 0 
R1 0 
R1 0 
R1 
R1 
Rl FJT 

R2 ., 
R2 
R2 
R2 
R2 

'R2 
P.2 
R2 FIT 

DIFFERENCE JN K Pl2 RATES I IGHJ-IGZ-J'J/AVERAGE CPERCENTJ 
o.a· 1.2 HERZO 69 OSPK 

DIFFERENCE IN K PI RAD RATES , C CG13+J-C Gl3-J J /AVERAGE C PERCENTJ 
24 0.0 24.0 EDWARDS 72 OSPK PI+ KE 58-90 HEV 

10 CHARGED K BRANCHING RATIOS 

OLD DATA EXCLUDED 

CHAR. K INTO (MU NEUJITOTAL (UNITS 10 .. -2) CPlJ 
C58.5J (3.0) BIRGE 56 EMUL + 
C56.9J 12.6} ALEXANDER 57 EHUL + 

OLD EXPERIMENTS NOT INCLUDED IN AVERAGING 
62K 63.24 0.44 CHIANG 72 OS~K + 1.84 GEV/C K+ 

63.52 0.19 FROI't FIT !ERROR INCLUDES SCALE FACTOR OF l.OJ 

CHAR. K INTO (PI PIOJ/TOTAL CUNITS 10 .. -2) CP2J 
127.7J (2.7J BIRGE 56 EHUL + 
C23.2J C2.2J ALEXANDER 57 EHUL + 

EARLIER EXPERIMENTS NOT AVERAGED 
C2l.OJ 10.6) CALLAHAN 65 HLBC SEE Rll 
121.6) (Q.6J TRILLING, 65 RVUE 

I6K 21.18 0.28 CHIANG 72 OSPK + 1.84 GEV/C K+ 

21.06 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.lJ 

R3 CHAR. K INTO CPl PI+ PI-J/TOTAL (UNITS 10**-2) IP31 
R3 0 (5.61 10.4J BIRGE 56 EHUL • 
R3 0 (6.8) C0.41 ALEXANDER 57 EMUL • 
P3 0 C 5.2J C0.31 TAYLOR 59 EMUL • 
R3 0 EARLIER EXPERIMENTS t~OT AVERAGED 
R3 5. 7 0.3 ROE 61 HLBC + 
R3 2332 5.54 0.12 CALLAHAN 64 HLBC + 
R3 540 5.1 0.2 SHAKLEE· 64 HLBC • 
R3 5.71 0.15 DE MARCO 65 HBC 
R3 44 6.0 0.4 YOUNG 65 EMUL • 
R3 P 693 5.34 0.21 PANDOUlAS 70 EMUL • 
R3 C 2330 ts.561 C0.20J CHIANG 72 OSPK + 1.84 GEV/C K+ 
R3 C TliiS VALUE lS NOT INDEPENDENT OF CHIANG 72 Rl,R2,R4,R5t AND R6 
:; P lffCLUDES EVENTS OF .TAYLOR 59. 

/ 
R3 AVG 5.521 0.098 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.3) 
R3 FIT 5.591 0.030 FROM F[T CERROR INCLUDES SCALE FACTOR OF l.lJ 

C SEE I DEOGRA.M BELOW l · 

WEIGHTED RVERRGE = 5,521 * 0.098 
ERROR SCRLEO·BY 1.3 

Values above o! weighted average, 
.. error, and scale factor·are !or the 

reader's convenience only. The 
data we're actually processed by a 
constrained !it program, which 
calculates its own values o! X, 6X, 
and scale !actor, Which are differ
ent" !rom the values shown here. 

·PRNOOULRS 70 EMUL 
·YOUNG 65 EMUL 
·DE MRRCO 65 HBC 
·SHRKLEE. 64 HLBC 
·CRLLRHRN 64 HLBC 
·ROE 61 HLBC 

CHISQ 
0.7 
1.4 
1.6 

. 4,4 
0.0 

....lL..L 
8.6 

6 

8/67 

8/67 
8/67 

11/70 
ll/70 

5/70 

5/70. 

1/71 
9172• 

6/66 
9172• 

9/66 

9/bb 
6/66 
6/66 

10/70 
9172• 
9172• 

5.0 5.5 6.0 6.5 7.0 
ICONLEV 
=0.1271 

CHRR.~ TO !PI PI+ PI-I•TOTRL !UN 10••-21 

R4 

•• •• 
~CHAR •. K INTO CPI 2PJOJ/TOTAL CUNITS 10*~21 CP4J. 

(2.1J 10.51 BIRGE 56 EMUL • 
12.21 10.4) ALEXANDER 57 EMUL + •• fl.SI 10.2) TAYLOR 59 EMUl + 

R4 
R4 
R4 

EAR.LJER EXPERIMENTS NOT AVERAGED 
1. 7 -,0.2 ROE 61 HLBC ... 

108 1.8 0.2 SHAKLEE 64 HLBC + 
198 1. 53 0.11 PANOOULAS 70 EMUL + R4 P 

R4 
•• p 
R4 

13~~CLuo~S8~VENTS00~\AYlOR 59. CHIANG 72 OSPK • 1.84 GEV/C K+ J 

R4 AVG 
R4 FIT 

1. 767 
1. 735 

0.011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.41 
0.0...9 FROM Fll (ERROR INCLUDES SCALE FACTOR OF 1.4J 
(SEE IDEOGRAM BELOW I 

11/67 
ll/67 
10170 
9172• 

0 / 
PARTICLE DATA GROUP Revie-w of Particle Properties S47 

Stable Particles 
-K:I: 

WEIGHTED RVERRGE = 1.767 * 0.071 
ERROR SCRLEO BY 1.4 

Values above of weighted ave·rage, 
error, atld scale factor are !or the 
reader's convenience only. The 
data were actually processed by a 
constrained !it program, wh,!!:h _ 
Calculates its own values o! x, 6x, 
and scale !actor, which' are differ
ent from the values shown her.e. 

·CHIRNG ~2 OSPK 
·PRNOOULRS 70 EMUL 

.9:!1..§J1_ 
1.5 
4,6 
0.0 ·SHRKLEE 

·ROE 

2,4 

64 HLBC 
61 HLBC __Q_,L 

6.3 
!CONLEV 
=0-1001 

CHRR. K INTO !PI 2PIOI•TOTRL !UN 10••-21 

R5 CHAR. K INTO (MU PIO NEUUTOTAL !UNITS 10 .. -21 IPSI 
RS 0 12.8J 11.01 BIRGE 56 EHUL + 
R5 0 15.9l llo3J ALEXANDER 57 EMUL + 
R5 0 (2.81 10.41 TAYLOR 59 EHUL + 
RS 0 EARLIER EXPERIMI.:NTS NOT AVERAGED 
R5 2345 3.33 0.16 CHIANG 72 OSPK + 1.84 GEV/C K+ 
R5 
RS FIT. 0.10 FRO}( FIT IERROR INCLUDES SCALE FACTOR OF 1.91 

R6 CHAR. K INTO IE PIO NEUI/TOTAL IUNITS 10**-2J IP6J 
R6 0. (3.21 11.3) BIRGE 56 EMUl + 
R6 0 (5.1) 11.3f ... AlEXANDER 57 EMUL + 
R6 0 EARLIER EXPERIMENTS NOT AVERAGED 
R6 5.0 0.5 ROE 61 HLBC +' 
R6 429 4. 7 0 • 3 SHAKLEE 64 HLBC + 
R6 3516 4.96 0.10 CHIANG 72 OSPK + 1.84 GEV/C K+ 

•• .. 
•• 

AVG 
FIT 

4.849 
4.851 

0.093 
o.oss 

AVERAGE tERROR JNCLubES SCALE FACTOR OF 1.0) 
FROM FIT CERROR lNCLUDES SCALE FACTOR OF l.lJ 

. 117· CHAR. K INTO IPI2 + MU3J/TOTAL CUNI,TS 10**-21 IP2+P5J 
R7. WE COMBINE THESE TWO l'IOOES FOR EXPTS MEASURING THEM IN XENOn BC 
R7 BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE 
R7 23.4 1.1 ROE 61 HLBC + 
R7 886 25.4 0.9 SHAKLEE b4 HlBC + 
R7 
R7 AVG 24.60 • 0.98 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.4J 
R7 FIT .24.30 0.19 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

RB K+ J NTO (PI+ PI+ E- NEUJ/TOTAL CUNITS l0 .. -7J IP81 
RB 20. OR lESS · CLa.95 BIRGE 65 FBC + 
R8 6.9 OR LESS CL•.95 ELY 69 HlBC + · 
RB 9.0 OR LESS CLa~95 SCHWEINBE 71 HlBC +. 

R9 K+ INTO (PJ+ PI- MU+ NEUJITOTAL (UNITS 10*Ct-5J IP9J 
R9 1 0.77 0.54 Oo50 CLINE 65 FBC + 

R10 K• INTO tPJ+.PI+ Hv- NEUJ/TOTAL IUNITS 10**-61 IPlQJ 
IUD 0 3.0 OR LESS CL=.9S BIRGE 65 FBC + 

Rll 
Rll 
Rll 
Rll 
Rll 

R12 
R12 
R12 
R12 
R12 
R12 

CHAR. K INTO· CE NEVI/TOTAL (UNITS 10**-5) CPllJ 
160.0. OR LESS CL=.95 • BORREANJ 64 HBC· + 

4 2.1 1.8 ·1.3 BOWEN 67 OSPK + 
BOWEN RESULT SHOULD·BE CORRECTED.TO 1.91•1.7,-1.2) 8ECAUSE OF 
K+ TO E+ NEU GAHHA DECAYS BEFORE ~OMPARJNG WITH 80TTERfll 67 R28 

. . 
CHAR. K INTO IPI GAMMA GAMHAJ/TOTAl (UNITS 10**-41. 

IP17J 
ALL VALUES·GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 

1.1 DR LESS CL"' o 95 CHEN 68 OSPK + TIP lJ 6o-90 MEV 
0.5 OR LESS CLoi.90 KLEMS 71 OSPK + TIP1JGT ··117 MEV 
0.35 OR LESS CL ... 90 lJUNG 72 HLBC, + 6-102.114-127MEV 

R13 CHAR. K INTO IPI PIO GAMMAJITOTAL CI.RIIITS 10**-4I•.'(Pl3J 

9/72* 

11/67 
11/67 
9172* 

11/67 

11/67 
11/67 

8/66 
10/69 

9/71 

8/66 

11/67 
8167 

2172 
5/68 
8171 

,2172 

Rl3 18 2.2 0.1 CLINE 64 FBC + Pl+ KE 55.:.90 MEV 8/66 
R13 0 \1.9 OR lESS Cl=.90 EMMERSON· 69 OSPK • PI+ ·Ke 55-80·MEV 10/69 
Rl3 A2100 2. 7l Oo'19 ABRAHS 72 ASPK +- PI+ KE ·55-90 MEV 1/73* 
R13 24 2.4 0.8 • EDWARDS .,,72 OSPK • PI+ KE SB-90 MEV 8/72* 
R13 A ABRAHS 72 OBSERVES DIRECT EMISSl~ SR. RATIO OF u;56+-0o3SJ•1D**-5 1/730 
Rl3 A •-0.5*10 .. -5 AOONLo'SYST. ERROR AND INNER BREMSSTRAHLUNG SR. RATIO 1173• 
Rl3 A OF U.5s-o.1BI*l0*0-4o' HE QUOTE THE SUM OF THESE· BR. RATIOS. 1/73* 
R13 • 
Rl3 AVG 

R14 
R14 
R14 

2.66 0.18 AVERAGE I ERROR INCLUDES SCALE FACTOR OF t.OJ 

CHAR. K iNTO·IPI.PJ+ PI-.GAMMAJ/TOTAL· (UNITS 10 .. •4) 
(P14J 

1.0, 0.4 STAMER 65 · EMUl • EGAM GT 11MEV 

IUS CHAR. K INTO IPI E+ E-JJTOTAL (UNITS 10**-6) IP151 
R15 .• 1 2.45 OR LESS. 'CLa'.90 C:AMERINl 64 F&C + 
R15 4.4 OR lESS CL•.90 BISI 67 O&C + 
R15 0.4 OR. LESS .CLINE 67 FBC + 
Rl5 32.0 OR lESS ·CL=.90 ·BEIER • 72 OSPK +-

.R16 CHAR. K INTO .(PI' HU+ MU-JJTOTAL CUNITS 10*0-'6.) CP16J' 
R16 · 3.0 OR LESS CL:::.9Q CAHERINI 65 FBC '+ 
R16 ' • 2.4 OR· LESS CL•.90 BISI. ·67 DBC + 

Rl7 CHAR. K INTO (E PIO NEUI/IHU2+PI2J IUNITS 10**-21 IP6JJ(Pl-+P2J 
134 3. 24 0. 34 YOUNG '65 EMUL + ' Rl7 

R17 
R17 

1045 3. 96 0.15 CALLAHAN 66 FBC + 

Rl7 AVG 
R17 FIT 

0.27 
o.OJr.O 

AVERAGE IERROR INClUDES SCALE FACTOR Of 1.9) 
FROM FIT IERROR JNCt.UDES SCALE FACTOR OF l.lJ 

8/66 

8/66 
11/67 
11/67 
9172• 

8/66 
lli67 

8/66 
9/66 
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K: 

Rl8 CHAR. K INTO IPI 2PIOJ/TA.U IP4J/IP31 
R18 2027 0.303 0.009 8151 65 H+Hl. + 
Rl8 17 0.393 0.099 YOUNG 65 EHUL + 
RIO 
Rl8 AVG 0.3037 0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
RIB FIT 0.3103 0.0087 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.4) 

Rl9 CHAR. K INTO IMU PIO NEU)ITAU IPSJ/tPJJ 
Rl9 2175 O. 632 0 • 035 BISI 

YOUNG 
EICHTEN 
HAIOT 

65 H+HL + 
Rl9 38 0.90 0.16 65 EHUl + 
Rl9 H 1505 10.510) 10.0171 68 HLBC + 
IU9 Hl505 0.503 Oo0l9 11 HLBC + 
Rl9 H HAlOT 71 IS A REANALYSIS OF EICHTEN 68. 
Rl9 
Rl9 AVG 
Rl9 FIT 

0.536 
a. sao 

0.054 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.2) 
0.018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.91 
I SEE IDEOGRAM BELOW J 

WEIGHT~D RUERRGE = 0.536 ± 0.054 
ERROR SCRLED BY 3.2 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, wh~h _ 
calculates its own values of x, 6x, 
and scale factor, which arc differ
ent from the values shown here. 

8/66 
B/66 

8/66 
B/66 

11/68 
1217D 

CHISQ 
71 HLBC 3.1 
65 EMUL· 

·HRIDT 
YOUNG 

·BISI 65 H+HL __1_,_L 
10.5 

0.2 
ICONLEU 

1.0 1.4 =0. 0011 
CHRRGED K INTO IMU PID NEUl/TRU 

R20 CHAR. K INTO CE PIO NEU11TAU CP611(P31 
64 H8C + R20 230 0. 90 0 .06 BORREANI 

R20 37 0.90 0.16 YOUNG 65 EMUL + 
RZO 854 0.94, 0.09 BELLOTTZ 67 HLBC 
RZO H 4385 (0.8't61 (0,0211 EICHTEN 68 HLBC + 
RZO H43B5 0.850 . 0.019 HAlDT 71 HLBC + 
RZO H HAJDT 71 IS A REANALYSIS OF EICHTEN 68. 
R20 
RZO AVG 
R20 FIT 

R21 
R21 
R21 
R21 
R21 
R21 
R21 

R22 
R22 
R22 

AVG 

o.B5B 
o.B68 

0.018 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.010 FROM FIT (ERROR INCLUD~S SCALE FACTOR OF 1.11 

K+ INTO CPI+ PI- E+ NEUJ/TAU IUNJTS l00-4) CP71/.CP31 
69 6. 7 1. 5 BIRGE 65 FSC + 

269 5.83 0.63 ELY 69 HL8C + 
500 7. 36 0.68 BOURQUIN 71 ASPK 
106 7.D D.9 SCHWEIN8E ·71 HLBC + 

6.64 AV!:RAGE ( ERR_OR INCLUDES SCALE FAC_TOR OF 1.DI 

K+ INTO CPI+ PI- MU+ NEUIITAU (UNITS 100*--41 CP91/IP31 
1 (2 .. 51 APPROX GREINER 64 EMUL + 
7 2.57 1.55 BISl 67 OBC + 

R23 CHAR. K INTO IE PID NEUJJ(MU2+PI21 IUNJTS 1(}11*-2HP61/CPl+P21 

• 8/66 
• 8/66 
11/67 
11/68 
l217D 

8/66 
11/68 
12171 
9/11 

8166 
11167 

R23 1679 5.89 D.21 CESTER 66 OSPK + 8/67 
R23 5110 6.16 0.22 ESCHSTRUT 68 OSPK + 3/68 
R23 
R23 AVG 6.D2 0.15 AVERAGE tERROR INCLUDES SCALE FACTOR OF l.DI 
R23 FIT 5.736 0.064 HOM FIT CERROR INCLUDES SCALE FACTOR OF loDJ 

R24 CHAR. K INTO CPI PIOIJIMU NEUI CP2J/CP1J 
R24 Do3253 O.OOb5 AUERBACH 67 OSPK + 
R24 160D Do3D5 o.Dl8 ZELLER 69 ASPK + 
R24 
R24 AVG 
R24 FIT 

R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 
R25 AVG 
R25 FIT 

R2b 
R2b 
R26. 
R2b 
R2b 
R26 AVG 
R26 FIT 

R27 
R27 R 
R27 R 
RZ7 R 
R27 
R27 FIT 

, 0.3230 0.0065 AVERAGE C ERROR INCLUDES SCALE FACTOR Of 
0.3316 O.DD27 FROM FlT tERROR INCLUDES SCALE FACTOR OF 

CHAR. K INTO CE PID NEUI/CMU NEUI CP611(P1J 
472 D.0797 D.D054 ~AUERBACH 67 OSPK + 

THE VALUE .D7B5+-.0D25 GIVEN IN THE ABOVE REF IS AN AVERAGE OF 
AUERBACH 67 R25 AND CESTER 66 R23. 

960 •o0775 .0033 BOTTERil 
Sbl D.069 Q.D06 GARLAND 
350_ D.D69 D.DQ6 ZEllER 

: .. 
D.0753 D.0025 AVERAGE (ERROR 

D.07638 D.DDD85 FROM FIT CERROR 

CHAR, K INTO CHU PIO NEUJ/CHU NEUI 
310 Q. 0602 0.0046 AUERBACH 
424 0.055 Q,QQ4 GARLAND 
240 I 0.054 D.Q09 ZEllER 

6B ASPK + 
68 OSPK + 
69 ASPK + 

INCLUDES SCALE FACTOR OF 
INCLUDES SCALE FACTOR OF 

CPSJ/(Pll 
67 OSPK + 
68 OSPK + 
69 ASPK + 

lolJ 
l.DJ 

lolJ 
loDI 

Q.D569 D.0029 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
D.D51D O.OD16 FROM FIT tERROR INCLUDES SCAlE FACTOR Of 1.91 

CHAR. K INTO (MU tlEUI/TAU IPUICP3J 
427 Cl0o381 (0.821 YOUNG 65 EMUL + 

DElETED FROM OVERAll FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS. 
TO ADO UP TO 1. ONlY YOUNG MEASURED MU2 OIRECTL y, 

11._361 0.075 ·FROM FIT 

8/67 
10/69 

8/67 

5/68 
4/68 

lD/69 

8167 
4/68 

lD/69 

9/66 

Data Card Listing~ 
For notation, see key at front of Listings. 

R28 CHAR. 
R28 10 
R28 • 
R28 113 
R28 
R28 AVG 

R29 CHAR, 
R29 C1SD9 
R29 5601 
R29 A 1398 
R29 AH 

K INTO IE NEUJ/IMU NEUJ IUNITS 10--51 IPllJ/CPU 
1.9 0.1 o.s BOlTER Ill 67 ASPK· + 
1 •• o.o 0.6 HACEK 69 ASPK + 
2.42 D-42 CLARK 72 OSPK + 

2.16 D.31 AVERAGE CERROR INClUDES SCALE FACTOR OF 

K INTO CMU PID NEUI/fE 
0.703 D.D56 
D.667 0.017 

ID.6041 tO.D22) 
ID.5961 tD.D25J 

(P5J/IP61 
66 HlBC 
68 ASPK + 
68 HLBC 

l.DI 

R29 D3lt8C 
R29 

D.698 D.DZS 

PIC NEUJ 
CALLAHAl 
BOTTERI2 
EICHTEN 
HAIOT 
CHIANG 

71 HLBC + 
72 OSPK + 1.84 GEV/C K+' 

R29 D 
R29 H 
R29 A 

COMMENTS 
THIS VALUE IS STATISTICALLY INDEPENDENT OF CHIANG 72 RS AND R6. 
HAIOT 71 IS A REANALYSIS OF EICHTEN 68. 
ONLY INDIVIDUAl RATIOS INCLUDED I~ FIT CSEE R19 AND R2QJ, 

R29 C 
R29 C 
R29 C 

FROM THts EXPERIMENT WE USE ONLY THE MU3/E3 RATIO AND 00 NOT 
INCLUDE JN THE FIT THE RATIOS MU3/TAU AND E3/TAU, SINCE THEY SHOW 
lARGE DISAGREEMENTS WITH THE REST OF THE DATA. 

R29 
RZ9 AVG 
R29 Fl T 

D;Ol4 AVERAGE IERROR INCLUDES SCALE FACTOR OF l.DJ 
O.D24 FROM FIT tERROR INCLUDES SCALE FACTOR OF 2.21 

R30 CHAR. K INTO CPJ E NEU GAHMAJIIPl E NEUI CP181/CP61 
R3D R CD.D121 CD.DD81 ' BHL.OTTl 67 HlBC + EGAH GT 3DHEV 
R3D R 13 DoD076 D.OD28 ROMANO 71 HLBC EGAM GT lDMEV 
R3D R WE USE LOWEST ECGAHHAI CUT .SEE Ra1ANO 71 FOR DEPENDENCE ON THIS CUT 

R31 K- INTO CPI+ E- E-JITOTAL-.(UNITS 1D**-51 IP191 
R31 TEST OF LEPTON NUMBER CONSERVATION .. 
R31 (1,51 OR LESS CHANG 6B HBC 

R32 CHAR. K INTO IPI NEU NEUJ/TOTAL IUNITS 1DU-6J CP2CI 
R32 ClCO.OI OR LESS Clc.9Q CAHERINJ 69 Hl.BC + TEST NEUTR.CURR. 
R32 K 1.4 OR LESS CLc,9D KlEHS 71 OSPK-+ HPII GT 117 MEV 
R32 K ASSUMES PI+ SPECTRUM SAME AS PIC SPECTRUM IN KE3 DECAY 

R33 CHAR. K INTO CE NEU GAHHAI/TOTAL ~ITS 10--51 IP2ll 

11/67 
4/69 
1173• 

6/68 
6/68 

10/68 
12/70 

9/72'0 

11/U 

' 

11/67 
1DI71 

2172 

3/68 

5/7D 
Bl71 

R33 H (7,lJ OR LESS MACEK 70 OSPK + PCEJ 234 TO 247 1217D 
R33 H ABOVE IS MEASUREMENT OF STRUCTURE-DEPENDENT DECAY ONLY. ... ... 
R35 
RlS 
R35 
R35 FIT 

CHAR. K INTO CPI GAH>IAIITOTAL (UNITS 1D**-61 IP22l 
4oD OR LESS Clc.90 KlEHS 11 OSPK + 

CHAR. K INTO HAUJ/fTAU PRIMEI 
USED FOR DElTA 1.,112 TEST. 

....... 0 0 

3.223 O.D90 FROM FIT 

IP3/P4) 

CHAR. K INTO CPI 3GAHHAI/TOTAL (UNITS 100,._41 CP231 

8171 

R3b 
R3b 3.D OR LESS Ct,c,90 KlEHS 71 OSPK + HPIJ GT 117HEV 8171 

R37 
R37 

R38 
R38 
R38 

R39 
R39 
R39 

R40 
R40 
R40 

K+ INTO CPI+ PI+ E- NEUI/IPJ+ PI-E+ NEU1 IP8JIIP71 
0 D.D13 OR lESS CLc,95 BOURQUIN 71 ASPK 

CHAR. K INTO IPIO PID E NEU!IKE3 (IJNJTS 1D**-lt) IP241/IP6) 
0 37.D OR l.ESS CL=.9D ROMANO 71 HLBC + 
2 3. 8 5.1 1.3 CLINE 72 HLBC .+ 

K+ INTO tPt- E+ HU+J/TOTAl (UNITS loo•-81 CP25J 
K- INTO CPI+ E- Hu-1/TOTAl. IS ALSO INCLUDED HERE 

2.8 OR lESS CL .. ,9D BEIER 72 OSPK +-

K+ INTO CPI+ E+ Hu-J/TOTAl IUNITS 1D**-81 CP261 
K- INTO IPt- E- HU+I/TOTAL IS ALSO INCLUDED HERE 

1.4 OR lESS Cl"'o90 BEIER 72 OSPK +-

R41 CHAR. K INTO CMU 3NEUJ/TOTAL fUNJTS 10*-6) CP27l 
R41 7.D OR lESS' CL=.9D CABLE 72 CNTR + 

Note on Slope Parameter forK .... 31T Decays 

2172 
12171 

12171 
,2172 

9172• 

9172• 

1D/72• 

As was discussed in Section IV F. i of the text, 

for the 31T decays of the K me·sons we list the slope 

parameter "g" which is defined, as in that section, by 

2 (s3-s0) (s3-s0) 2 . (s2-si) 
JM J ex i + g -:--z-- + h --z- + J --z- (1) 

m"+ m"+ m1T+ 

where 

p , p. are the four-vectors for the K and 
-K -1 .th . 

the 1 p1on, and the index 3 refers (4) 

to the odd pion. 

We refer to the three poss1ble charged decays as -r, -r', 

/ 

~ 

·• 



Data Card Listings 
For notation, see kf!Y at.front of Listings. 

± 
T 

+ - ± 
1T 1T 1T 

0 0 ± 
1T 1T 1T 

+ - 0 
1T 1T 1T 

where the odd pion is the third one. 

There is no strong evidence so far that a 

second order·term in (s
3
-s

0
) is needed in Eq .. (1), nor 

that the term in (s 2 -s 1 ) is present. A value of j f 0 

indicates CP violation as would a value of g for T + 
different from that for T-. The CP violation tests in 

+ - . 
T decays are listed as ~ for charged K and as 

. . (g +g ) 
± . 

u for neutral K (see Sec. IV F. 3b in the text}. 

As _for the coefficient h, most of the experi

menters have fitted their· data with a second order 

term, which turned out to be consistent with zero. 

We use the va:lue of g obtained when the second order 

term was dropped. from the fit. HEUSSE 70 have 

studied the KDL -n°n°n° decay where only a second or

der_ term could explain deviation from uniformity of 

the Dalitz plot. They also get results consistent with 

a zero coefficient. ALBROW 70 have· studied 

Kt - n + n- n° and found that the fi~ to the Dalitz plot 

improves if second and third order terms are added 

(CL goes from 24% to 48%), but the fit with no higher 

order_s is a perfectly acceptable one (CL = 24%). 

FORD. 72 h<i.ve studied K±- n*n ''\,*and find that the 
2; ' X DF goes from 1. 38 to 1. 20 when the second order 

and the CP violation terms are added; However, the 

authors state that since their Coulomb correction is 

larger than the experimental errors and is not well 

known, it is difficult to interpre_t these results. 

In the literature other definitions of slope param

eters have appeared. We have converted t~ the defi

nition o±: g in Eq. (1) whatever experimental quantity 

has been reported. We give the conversion to the 

definition ( 1) for two of the most widely used parame

trizations and tabulate the conversiop. factors for the 

reader'~ convenience. 

(a) For analysis of charged K's the expression often 

used is: 

with 

y Q 

+a y 
y 

6 I 9 
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The relevant formulae are: 

y 

and 

g 
-c a 
.:....:t....::L 
Hat> 

y 
with c 

y 

Stable Particles 
K* 

(b) For the analysis of K 0 decay the expression often 

used is: 

with 

T3max 

The relevant transformations are 

and 

, with ct 

For the .reader's convenience we give a table 

of numerical values for Q, T 3 max' D., cy and ct' 

obtained using the masses from our August 1·970 

edition. The g values quoted in these Data Card 

Listings would not be changed if the current mass 

values were used. 

Q T3max D. c ct y 
± 

74.96 48.15 0 0, 7894 0.0924 T 

T 
,± 84.24 53.27 -0.0789 0. 7025 -0.0778 

To 83.54 53.92 0.0798 0. 7028 0.3176 

Some K 0 authors use the above form of matrix 

element: 

but define 

2 
T3max = 3° · 

The relevant transformation is then 
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Stable Particles 
·:£<± 

g 
-2a 

.u 
1 + a c u u 

with c 
u 

Older K 0 analyses were done using 

1 + a 
v 

T3 

~ 

The relevant transformation is then 

with 

and d v 

- c a v v 
g 1 + d a 

v·v 

2 
m1T+ 

c --2 v 
2~ 

Q (1 + 6) 
3~ 

0.0393 

0.0604. 

0.2272. 

10 CHARGED K ENERGY DEPENDENCE OF OAUTZ PLOT 

RELATED TEXT SECTION IV F.l, APPENDIX lt AND HINI-REVJEW ABOVE 

MATRIX ELEMENT SQUARED"" 1 + G (53-SOJJ(HPI+**21 

GT+ LINEAR ENERGY DEPENDENCE IGI FOR TAU DECAYS K+ INTO PI+ PI+ PI-
GT+ THESE EXPTS FIT H .. Z=l+AY~Y. We UST G IN THE MAIN llSllNG AND 
GT+ GIVE AY AT RIGHT. G=-1.5*AY*tMPI**21/CHK*QJ. SEE NOTE ABOVE. 
GT•Z 5428 -0.22 0.024 ZJNCHENKO 67 HBC + AY•Q.ZB-.03 10/69: 
GT+ 9994 -0.218 0.016 BUTLER 68 HBC + AY•0.277+-.Q20 10/69 
GT+ Gl.J898 1-0.196) 10.0121 GRAUMAN 70 HLBC + AY•Q.228+-.Q30 8/70 
GT+Q 750K -0.2158 0.0028 FORO 72 ASPK + AY•0.2734+-.Q035 4172* 
GT+ 39819 -0.201 0.008 HOFFHASTE 72 HLBC + INCLUDES GRAUMAN 1171' 
GT+ Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH YU2 COEfc.03D-·010a. 4172• 
GT+ Q A LINEAR FlT IS QUOTED ONLY FOR THEIR COMBINED K+ AND K- SAMPLE. 4172• 
GT+ Q lT GIVES AY=0.2737+-.0032. THE QUADRATIC FIT TO THE COMBlNEO itl72• 
GT+ Q SAMPLE GIVES AY=0.2752-.0033 AND Y .. Z COEFFc0.025-.010 a 4172• 
GT+ Q fCHISO/Oft.,l.38 FOR LINEAR FIT AND 1.20 FOR QUADRATIC FJT. 1173• 
GT+ G EHULS. DATA ADDEO- ALL EVENTS INCLUDED BY HOFFMASTER 72 1171 
GT+ Z ALSO INCLUDES OBC EVENTS. 
GT+ 
GT+ AVG -0.2144 0.0045 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1a71 

t SEE IDEOGRAM BELOW I 

WEIGHTED RUERRGE = -a .2144. ± a .a045 
ERROR SCRLED BY 1.7 

-r-

--+-- ·HOFFMRSTE 72 HLBC 
·FORD 72 RSPK 

\ ...... ...:_: .. ·BUTLER 68 HBC 
·ZIHCHEHKO 67 HBC 

__:....-). ""'-

CHISQ 
,2.8 
a.3 

3.1 
ICOHLEU 

-0.26 -0 .·22 -0.18 -a.14 =0.081) 
LIH. ENERGY DEP. FOR K+ TO PI+ PI+ PI-

GT- LINEAR ENERGY DEPENDENCE fGI FOR TAU DECAYS K- lNTO PI- PI- PI+ 
GT- FOR DEFINITION OF AY SEE NOTE UNDER SlOGT+. 
GT- F 1347 t-0.2201 (0.0351 FERR€rlUZ 61 HBC - AY.,0.28+-.045 
GT-H 5718 -0.190 0.023 HOSCOSO 68 HSC - AY.,Q,2it2+-.Q29 
GT- 50919 -0.194 Oa007 HAST 69 HBC - AYc0.247+-.009 
GT-Q 750K -Q.2187 0.0028 FORO 72 ASPK - AYc0.2710+-.Q035 
GT- 84K -0.199 0.008 LUCAS 73 HBC - AY•0.252+-.Qll 
GT- Q THIS VALUE OF AY IS FROM A QUADRATIC FIT WITH Y .. 2 COEF•.OZ0+-.010. 
GT- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE.· 
GT- F NO RAOIATJVE CORRECTIONS JNC.LUOEO. 
GT- M ALSO INCLUDES OBC EVENTS. 
GT-
GT- AVG -0.2135 

10/b9 
10/69 
10/69. 
. 4/72•' 
10172" 
4/72•: 
4172" 

Data Card Listings. 
For notation, see key at front of Listings. 

WEIGHTED RUERRGE = -0.2135 ± O.a066 
ERRDR'SCRLED BY 2.7 

·LUCRS 73 HBC 
·FORD 72 RSPK 
•MRST 69• HBC 
·MOSCOSO 68 HBC 

CHISQ 
3.3 
3.5 
7.7 

14.5 
ICDNLEU 

-0.24 .-0.16 -0.14 =a:aoi.J 

LIN. ENERGY DEP. FOR K- TO PI- PI- PI+ 

OG ttGT+I-CGT ... JJJCtGT+J+tGT-JJ IN PERCENT 
OG A NON-ZERO VALUE FOR THIS QUANTITY INDICATES CP VIOLATION 
OG 3.2M -0.10 0.53 FORO 70 ASPK 11170 

GTP 
GTP 
GTP 
GTP 
GTP 
GTP 
GTP 
GTP 

LINEAR 'ENERGY DEPENDENCE 
1;792 0.48 0.04 
1874 o. 586 0.098 
4048 o. 516 0.020 

198 0.516 '0•074 
A136S 0.67 0.06 
A WE GIVE, liNEAR TERM Of 

tGJ FOR TAU PRIME DECAY CHA.K INTO PI PIOPIO 
KALMUS 64 HL-BC + 
BISI 65 HLBC + ALSO HBC 
DAVISON 69 HLSC + ALSO EHUl 

. PANOOULAS 10 EMUL' + 
AUBERT 72 HLSC 

~IGH~R ORO£~. FIT. EQ4I ·OF .APP.lltAUBERT 72. 

10/69 
10/69 
10/69 
10170 
1/73* 
1173• 

GTP AVG 0.523 0.023 AVERAGE (ERROR .INCLUDES SCALE FACTOR OF .1.41 

0.3 

LIN. 

I SEE IDEOGRAM BELOW I 

WEIGHT~O RVERR'E·= 0.523 ± a.02~ 
ERROR SCRLED BY 1.4 

·RUBERT 72 HLBC 
·PRNDDULRS 70 EMUL 
·DRVISDN 69 HLBC 
·BISI 65 HLBC 
·KRLMUS . 64 HLBC 

a.s a.7 0.9 

ENERGY DEP. FOR K TO P1 PIO Pia 

CHISQ 
6.a 
a .. a. 
a.1 
0.4 

___L.L 
7.7 

ICONLEV 
=0 .,1,031 

---·---- -.----·---...--~- ~---:----- ---------- ------
Note on K+ and K° Form Factors 

The defi~ition.s of the pa~amete~s ~+' ~ , and 

t can be found in·section IV F. 2 of the text. Many 

approximations are usually made to extract these or 

retated parameters from the experimental.dat~. 

1) Scalar and tensor currents: there is no 

evidence for scalar or te.nsor currents, so pure 

vector current is usually assumed. 

2) Im t so far is consistent with 0, and this is 

usually assumed in most of the .experiment~. 

3) Radiative corrections are not serious; they 

change >..+by about 0. 005 (GINSBERG 67 and 70): 

J 



u 

.. Data Card Listings 
For notation, see key at front of Listings. 

l 4) Older KfL
3 

experiments have determined ~ 

assuming X.+= >..0 = 0. 

5) Momentum transfer dependence of ~ : many 

K 
3 
experiment~ have determined~ assuming a 

fl. 2 . 
linear q dependence for f+' as in Eq. (27) of the 

main text, Some of these assume X. = 0 since 

there is no strong evidence for a non-zero X._. 

Others allow X. I 0 
1
or equivalently A I' o' where 

2 
~(q2 ) = ~(O) +A ~ 

m 
TT 

Instead of X. or A, HAIDT 7i (K+) gives ~(q2 ) 
where q2 is chosen to minimize the correlation 

with ~(0). 

6) Most Ke
3 

experiments have assumed a 

linear q 2 dependence for f+. 

Since it is now clear that X.+ I 0, assumption-4 values 

of ~ are parenthesized. Assumption-S values of ~ and 

>..+ are encoded and any corresponding non-zero values 

of X. or A are given in footnotes. No attempt is made 

to average these ~ or X.+ values because they are · 

highly correlated. i, 2 As in the past, we keep the 

values of ~ as obtained in the f.' polarization measure

ments (~B) separated from the values obtained from 

branching ratios and spectra (~A). 

Assumpti~n-6 values of X.+ (for Ke 3) are encoded 

and averaged. There is some indication from CHIEN 

7i (K~) that a quadratic q
2 

term may be required in 

f+ for Ke
3

; Chounet, Gaillard, and Gaillard 
2 

furthe1 

suggest that the large values of X.+ in K~3 (compared 

with K~ 3 ) could be· explained by the presence of a 

second order term. 

See references i and 2 for excellent reviews· of 

K B form factors and for a thorough treatment of the 

pr~blems of correlations, higher order terms, and 

alternative .parametrizations. 

References 

1. M. K. Gaillard and L. M. Chounet, K~ 3 Form 

Factors, CERN 70-i4 (May i970), and Phys. Letters 

32B, 505 (i 970). 

2. L. M. Chounet, J. M. Gaillard, and M. K. Gail

lard, Physi~s Reports 4C, i 99 (i 972). 
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xu 
• XIA 

X lA 
XIA 
X lA 
X lA 

RELATED TEXT SECTIOO IV F.2 AND MINI-REVIEW ABOVE 

F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT 
FS AND FT REFER TO THE SCALAR AND TENSOR TERM 

XIA • F-/F+ (DETERMINED FROM SPECTRA AND KMU3/KE3) -----
SOME OF THE OLDER EXPERIMENTS HAVE ,EVALUATED XI ASSUMING THAT IT IS 
INDEPENDENT OF THE MOMENTUM TRANSFER tTJ, I.E., THEY SET L-+ .. L-•0. 
OTHERS HAVE ASSUMED A VALUE FOR L+ AND USED l-=0. ONLY RECENTLY 
80TH L-+,L- AND Xl (0) COR THREE RELATED PARAMETERSJ HAVE BEEN INCLU
DED IN THE FITS .. SEE HAIDT 71. COR CHI·EN 70 FOR KOU • 

' ,r ') 
PARTICLE DATA GROUP Review of Particle Properties SSI 

Stable Particles 
K:t 

XJA l 76 1+1.81 U.6J BROWN 62 XEBC + MU•,PIO SPECTRA 8/67 
XU L 87 I+Q. 71 10.51 GIACOMELL 64 EMUL + MU+ SPECTRUM 8/67 
XU L 1-Q.l) CQ.7J JENSEN 64 XEBC + MU+,PIO SPECTRN 8/67 
XIA L C-0.171 (0.751 (0.991 SHAKLEE 64 XEBC + KMU3/KE3 8/67 
XIA l 1+0.61 (Q.5J BISI 1 65 HBC + KHU3/KE3 B/67 
XJA BTHN +0.2 AND +1.4 CUTTS 65 OSPK + MU• SPECTRUM 8/67 
XIA L 1509 (+0.41 10.41 CALLAHA1 . 66 FRBC + KMU3/KE3 8/67 
X IA 2648 Q. 0 1.1 O. 9 CALLAHA1 66 FRBC + MU+ SPECTRUM 8/67 
X lA 444 +0. 72 0.80 CALLAHA1 66 FRBC + P+O SPEC,FIX MU 8/67 
XlA L 1+0. 751 10.501 AUERBACH 67 OSPK + KMU3/KE3 8/67 
XIA E 1398 1-0.601 10.201 EICHTEN 68 HLBC + KMV3/KE3 Tc4. 10/68 
XIA 8 5601 (-0.081 10.151 80TTERIL2 68 ASPK + 
XIA L 78 1-0.51 10.91 EISLER 68 HLBC + 
XJA l 976 1+1.01 (0.6) GARLAND 68 OSPK + 
XIA .0.91 0.82 ZELLER 69 ASPK • 
XIA 8 -0.35 0.22 BOTTERIL 70 OSPK 
XIA H3240 -0.80 0.50 HAIDT 71 HLBC + 
XJA 3240 -0.50 1.5 HAIOT 71 Hl8C + 
XTA 1505 -0.72 0.21 HAIDT 71 HL8C • 
XIA 4025 -0.62 0.28 ANKENBRAN 72 ASPK + 
XIA 3480 -0.09 0.2B CHIANG 72 OSPK + 

KI'\3/KE3t L+•.023 6/68 
PIO SPECT, L+-=0 6/68 
KMU3/KE3t L+-•0 4/68 
KM3/KE3, L+=0.23 10/69 
KM3/KE3t Lu•.045 10/69 
D.P. L+c.055,T•7 2172 
D.P. l+.,.055,Tc0 2/71 
KM3/KE3 NOTE K 2171 
PIQ L+ ... Q24 T•O 6/72* 
D.P. L+--=.029Ta0 9/72• 

XJA L l• AND l- ASSUMED TO BE ZERO. 
XJA E EICHTEN 68 REPLACED BY HAIDT 71. 
XIA E T•4 ASSUMES l+c.023+-.008 - INSENSITIVE TO L-. 
XIA 8 T•O BOTTERIL 70 IS REEVALUATION OF BOTTERILZ 68 WITH DIFF. L•. 
X lA H HAIDT 71 T•6.8 VALUE CORRECTED USING FIGURE 188. 
XIA H VALUES AT T10 0 AND AT T:::6.8 ARE UNCORRELATED. 
XJA K T•3.9. HAIOT 71 KM3/KE3 VALUE ASSUMES l+ ... 029 - INDEPENDENT OF L-. 
XIA ••• • • • • •• 
XIA AVERAGE MEANINGLESS ISCALE FACTOR • 1.21 

XIB XIS .., F-/Ff- CDETERMINEO FROM KU POLARIZATION IN KHU3J ------------
XIS THE MU POLARIZATION IS A MEASURE OF XICTJ. NO ASSUMPTIONS ON L•-
XIB NECESSARY, T StllULD BE SPECIFIED. ' 

10/69 
2172 
2172 
1173• 

XlB 2100 +1.2 2.4 1.8 BORREANI 65 HLBC + POLARIZATION Bi67 
XIS 397 -1.4 1.8 CALLAHA1 66 fRBC + TOTAL POLA-. 8/67 
XIB 2950 -0.1 0.9 3.3 CALLAHA1 66 FRBC + LONG. POLAR. 8/67 
XIS 3133 -0.95 0.3 CUTTS 68 OSPK + TOTAL POL. T.,3 6/68 
XIS H6000 -0.6 1.1 HAIOT 71 HLBC + TOTAL POL. T.,O 2172 
XIB H6000 -1.0 0.3 HAIDT 11 HLBC + TOTAL POL. T .. 4.9 2172 
XIS, H HAIDT 11 VALUES AT TeO AND T•4.9 ARE UNCORRELATED. 
XIS •• • • • •••• 
XIB AVERAGE MEANINGLESS ISCALE FACTOR • 1.01 

lXI IMAGINARY PART OF XI CTEST OF T REVERSAll -------------
lXI 0.1 0.4 0.3 SETTELS 68 HL8C POLARIZATION 10/69 

FS 
FS 
FS 
FS 
FS 
FS 

FS/F+ RATIO Of SCALAR TO F+ COUPLINGS FOR KE3 DECAYIABS. YALUEI----
.18 OR LESS CL.,.90 BELLOTT2 67 HLBC 
.30 OR LESS CL::.95 KALMUS 67 HLBC + 

0.23 OR LESS CL::.90 BOTTERIL1 68 ASPK 
2707 
4017 

0.14 0.03 0.04 STEINER 71 HLBC + L+,FS,FT,PHI FIT 
0.13 OR LESS CL= .90 CHIANG 72 OSPK + 

FT 
FT 
FT 
FT 
FT 
FT 

RATIO Of TENSOR TO F+ COUPLINGS FOR KE3 OECAYIABS. YALUEJ---
.58 OR LESS CL=.90 8EllDTT2 67 HLBC 

1.1 OR LESS CL•-95 KALMUS 67 HL8C + 
O. 58 OR LESS Cl"'•90 BOTTERILl 68 ASPK 

2707 
4017 

0.24 0.16 0.14 STEINER 71 HLBC + L+,FS,FT,PHI FIT 
Q. 75 OR LESS CL=.qo CHIANG 72 OSPK + 

L+E 
l+E 
L+E 
l+E' 
l+E 

lAMBDA • (LINEAR ENERGY DEPENDENCE OF F+ IN K E3 DECAY I 
FOR RAD. CORR. TO THE DALITZ PLOT, SEE GINSBERG 67. 

217 +0.036 .045 ~ BROWN 62 XEBC + PIO SPEC,NO R.C. 
407 -0.010 .029 JENSEN 64 XEBC + PJO SPEC, NO R.C. 
230 -0.04 .05 BORREANI 64 HBC + E+ SPEC, NO R.C. 

L+E 
L+E 
L+E 
L+E 

854 0.045 0.011 0.018 BELLOTT2 67 FBC + OLTZ PLT, R.C. 
1393 •0.016. ..016 IMLAY 67 OSPK + DLTZ PLT,NO R.C. 

515 +0.028 .013 .014 KALMUS 67 FBC + E,PJ SPEC,NO R.C. 
960 1.081 1.041 BOTTERILI 68 ASPK + E SPEC USES R.C. 

L+E 
L+E 
L+E 
L+E 
l+E 

90 -0.02 0.08 0.12 EISLER 68 HLBC + PIO SPEC,NO R.C. 
1458 .045 .015 BOTTERIL 70 OSPK PIO SPECTRUM RC 
2707 0.027 0.010 STEINER 71 HLBC DLTZ PLT,USES R.C. 
4017 0.029 0.011 CHIANG 72 OSPK + OLTZ PLOT,NO RC 

L+E AYG 0.0282 0.0052 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 

l+M LAMBDA • (LINEAR ENERGY DEPENDENCE OF F+ IN KHU3 DECAY) 
L+M FOR RAO. CORR. TO DALITZ PLOT OF KMU3 SEE GINSBERG 70 
L•M 3240 0.055 0.025 HAIOT 71 HL8C KHU3 DAL. PLOT 
L+M 4025 0.024' 0.022 ANKENBRAN 72 ASPK + PIO SPE~ XJc-.62 
L+M ••••• • • •• 
l+M AVERAGE MEANINGLESS I SCALE FACTOR "" 1.01 ............................................................... 
BIRGE 56 NC 4 834 
JLOFF 56 PR 102 927 
ALEXANDE 57 NC 6 478 
COHEN 57 FUNO.CONS.PH'fS. 
E ISENBER 58 NC 8 663 
BURROWES 59 PRl 2 117 
TAYLOR 59 PR 114 359 

FREOEN. 60 PR 118 564 
8ARKAS 61 PR 124 1209 
BHOWHIK 61 NC 20 B57 
FERRD-LU 61 NC 22 1087 
NORDIN 61 PR 123 2166 
ROE 61 PRL 7 346 
SOYARSKI 62 PR 128 2398 
BROHN 62 PRL · 8 450 
BARKAS 63 PRL 11 26 

BORREANI 64 PL 12 123 
CALLAHAN 6-lt PR 136 8 1463 
CAMERINI 64 PRL 13 318 
CLINE 64 PRL 13. 101 
GIACOMEL 64 NC 34 1134 
GREINER 64 PRL 13 284 
JENSEN 64 PR 136 B1431 
KALMUS 64 PRL 13 99 
SHAKLEE 64 PR 136 8 1423 

BIRGE 65 PR 139 8 1600 
BISI 65 NC 35 768 
BISI 1 65 PR 139 8 1068 
BORREANI 65 PR. 140 B168_6 

REFERENCES FOR CHARGED K 

BIRGE, PERKINS, PETERSON, STORK ,WHI TEHEA C LRL I 
I LOFF, GOLDHABER, LANNUTTit GILBERT + ILRL) 
ALEXANDER, JOHNSTON ,OCEALLA IGH I DUBLIN INST I 
-+CROWE,DUMONO (ATOMICS INTER.+lRL+CITI 
E I SENBERG 1 KOCH ,LOHRMANth Nl KOUC + C BERN) 
BURROHES 1 CALOWELL,FRISCH,HILL + IHJTI 
S TAYLOR 1 HARRJS,OREAR,LEE,8AUHEL (COLUMBIA) 

S ·C FREDENtF C GllBERT,R S WHITE (LRLJ 
BARKAS,OYER,MASON, NORRIS ,NICKOLS ,SMI T ILRU 

,8 BHOWMIK 1 P C JAIN 1 P C MATtt.JR CDELHI UNIVI 
FERRD-lUZZI, HILLER, MURRAY, ROSENFELD+ CLRLI 
PAUL NORDIN JR . (LRL.I 
ROE,SINClAIRtBROWN,GLASER + (MlCH+lRLI 
80YARSKI 1 LOH,NIEMELA 1 RITSON IMITJ 
BROWN, KADYK, TRILLING, ROE+ I LRL, M ICHJ 
W .H BARKAS,J N D'(ER 1 H H HECKMAN (LRLJ 

G BORREANI ,G RJNAU00 7A WERBROUCK CTURINJ 
A CALLAHAN 7 R MARCH,R STARK CW IS CONS 1 N I 
CAHER IN I 1 CL JNE ,FRY ,POHELL I WI SCONS I N+LRL I 
D CLINE, W F FRY IWISCONSINJ 
GIACOHELLJ 1 MONTI ,QUARENI+ I BOLOGNA, HUNICHJ 
0 GREINER7 W OSBORNE, W BARKAS fLRU 
JENSEN, SHAKLEE ,ROE r S INCLAJ R I MICHJ 
+KERNAN, PU,POHELLr OOWO I LRL, WI SC J 
SHAKLEE, JENSEN ,ROE, S INCLAJ R I MJCH I 

8IRGE,ELY,GIDAL,CAHERINI,CLINE + ILRL+WISCJ 
BJSl,SORREANirCESTER,FERRARO + CTORINOJ 
81 SI ,HARZARI-CHI ESA,RINAUOO C TORINO I 
~ORREANI ,GIOAL, RINAUOO,CAFORJO+ I BAR I r TORI I 

10/69 
10/69 

8/66 
2172 
9(72• 

10/69 
10/69 

8/66 
2172 
9172• 

8/67 
8/67 

11/67 
8/67 
8/67 
6/68 
6/68 

10/69 
11/11 
9172• 

2171 
6172* 
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Particles 
Kg 

CALLAHAN 65 PRL 15 129 
CAMERINI 65 NC 37 1795 
CLINE 65 PL ., ..-15 293 

A CALLAHAN,O CLINE 
+CLINE 1GIOAL,KALMUS, KERNAN 
A CLJNE,W F FRY 

(WJSCONSINJ 
t WI SC+LRL J 

IHISCONS.NJ 

DE MARCO 65 PR 140 8 1430 DE MARCO, GROSSO, RINAUDO ITORINO+GERNJ 
FITCH 65 PR 140 B 1088 FITCH,QUARLES,WilKINSIPRINCETON•MT HOLYOKE) 
GREINER 65 ARNS 15 67 QUOTED BY BARKAS ILRL I 
STAMER 65 PR 138 8 440 STAMER,HUETTER,KOLLER,TAYLIF.,GRAUHAN I STEVJ 
TRILLING 65 UCRL 16473 GEORGE H TRILLING URU 

UPDATED FROM 1965 ARGONNE CONF. r PAGE 5o 
YOUNG 65 UCRL 16362 POH-SHIEN YOUNG tTHESJS;BERKELEYJ ILRLl 

ALSO 67 PR 156 l't64 P-5 YOUNG,W.Z.OSBORNE,W.H.BARKAS ILRLJ 

CAllAHAl 66 PR 150 1153 CALLAHAN;CAMERINl+IWISC,LRL,RIVERSIOE,BARII 
CALLAHAN 66 NC 44A 90 A C CALLAHAN IWISCONSINI 
tESTER 66 PL 21 343 CESTER,ESCHSTRUTH,ONEILL+ IPRJNCETON-PENNJ 

ALSO 67 AUERBACH, FOOTNOTE 1. 

AUERBACH 67 PR 155 1505 
BELLOTTl 67 HEIDELBERG CONF 
8ELLOTT2 67 NC 52A 1287 

ALSO 66 PL 20 690 
BISI 67 PL 258 572 
BOTTERIL 67 PRL , 19 982 

ALSO 68 BOTTERIL 
BOWEN 67 PR 154 1314 

CLINE 67 HEIDELBERG CONF 
FLETCHER 67 PRL 19 98 
FORO 67 PRL 18 12llt 
IMLAY 67 PR 160 1203 
KALMUS 67 PR 159 1187 
ZINCHENK 67 RUTGERSITHESISJ 

SETTELS 68 NC 56A 1106 
BOTTERIL 68 PR 171 llt02 
BOTTERil 68 PR 174 1661 
80TTERI2 68 PRL 21 766 
BUTLER 68 UCRL-18420 
CHANG 68 PRL 20 510 

CHEN · 68 PRL 20 73 
CUTTS 68 PRL 20 955 

ALSO 65 PR 138 8969 
ALSO 69 PR 184 1380 

E ICHTEN 68 PL 278 586 
EISLER 68 PR 169 1090 
ESCHSTRU 68 PR 165 1487 
GARLAND 68 PR 167 1225 
MOSCOSO 68 THESIS 

CAMERINI 69 PRL 23 326 
DAVISON 69 PR 180 1333 
ElY 69 PR 160 1319 
EMMERSON 69 PRL 23 393 

HERZO 69 PR 186 14t03 
LOBKOW1C 69 PR 185 16.76 

ALSO 66 PRL 17 548 
MACEK 69 PRL 22 32 
MAST 69 PR 163 1200 
ZeLLER 69 PR 162 1420 

BOTTERIL 70 PL 316 325 
FORO 70 PRL 25 1370 
GRAUMAN 70 PR 01 1277 

ALSO 69 PRL 23 737 
MACEK 70 PR 01 1249 
PANOOULA 70 PR 02 1205 

BOURQUIN 11 PL 366 615 
HAIOT 71 PR 03 10 

ALSO 69 PL 296 691 
KLEHS 71 PR D4 66 

ALSO 7D PRL 24 1066 
ALSO 70 PRL 25 4 73 

KUNSELMA 71 PL 348 485 
OTT 71 PR 03 52 
ROMANO 71 PL 36B 525 
SCHWEINB 71 PL 36B 246 
STEINER 71 PL 36B 521 

ABRAMS 7 2 PRL 29 1118 
ANKENBRA 12 PRL 28 1472 
AUBERT 72 NC 1ZA 509 
BEIER 72 PRL 29 678 
CABLE 72 PL 406 699 
CHIANG 72 PR 06 1254 
CLARK 12 PRL 29 1274 
CLINE 72 PRL 28 12f!7 
EDWARDS 72 PR 05 2720 
FORO 72 PL 36B 335 
HOFFHAST 72 NP B36 1 
lJUNG 72 PRL 28 523 

+DOBBS ,MANN,MCFARLANE, WHITE+ 
BELLOTTI, PULLI A 
BELL OTT I ,F lORlN I ,PULll A 
BELLOTTI,F+ORJNI ,PULL+A+ 

.IPENN,PRINJ 
CHILANJ 
IHILANJ 
IMILANJ 

BISI ,CESTER,CHIESA,VIGONE 
BOTTERILL, BROWN, CORBETT, CULLIGAN + 

I TORINO I 
IOXFOROJ 

BOHEN, MANN, MCFARLANE, HUGHES+ I PENN-PR INCETO J 

CL.INE, HAGGERTY 1 SINGLETON ,FRY+ 
FLETCHER, BEl ER, EDHRAOS ,+ 
+lEMDNJCKt NAUENBERG1 PI ROUE 
IMLAY, ESCHSTRUTH, FRANKLIN+ 
KALMUS,KERNAN / 
ZINCHENKD 

I WISCONSIN) 
I llliNOISJ 

IPRINCETONJ 
(PRINCETON) 

ILRU 
(RUTGERS I 

AACHEN-BAR I-BERGEN-CERN- EP-N I JMEGE N-OR SAY+ 
&OTTER ILL, BROWN, CORBETT 1 CULLIGAN+ fOX FORO) 
BOlTER ll L 1 BROWN, CLEGG, CORBETT,+ I OXFORD) 
BOTTERILL,BROWN,ClEGG,CORBETT + IOXFOROI 
+BLANOt GOLOHABER, GOLOHABER ,HIRATA+ I LRL) 
CHANG, YOOH ,EHRLICH 1 PLANO+( MARYLAND 1 RUTGERS J 

CHEN,CUTTS1KIJEHSKI1 STIENJNG + ILRL ,MIT J 
CUTTS, ST 1 ENING 1 WI EGANO 1 DEUTSCH f LRL t MIT J 
CUTTSrELIOFF,STIENING ILRU 
+STI EN lNG, WI EGAN01 DEUTSCH I LRL, Ml T J 
AACHEN-BAR I-CE RN-E P-QR SAY- PAOOVA-VALENC I A 
El SlER ,FUNG,MARATECK,MEYER,PLANO I RUTGERS J 
ESCHSTRUTH,FRANKL IN, HUGHES+I PRINCETON, PENN) 
+T SI PI S1 DEVONS, ROSEN+ t COLUMBIA 1RUTG, WI SC J 
H l MOSCOSO IUNIV PARIS ORSAYI 

+LJUNG ,SHEAFF, CLINE fWJ SCONS I NJ 
+BACASTOW, BARKAS, EVANS, FUNGo PORTER+ I UCR I 
ElY, GI OAL 1 HAGOPIAN ,KALMUS+ UOUC+W I SC+LRL J 
EHMERSON,QUIRK fOXFOROJ 

+BANNER,BEIER.,BERTRAM,EOWAROS + tllll 
+MElJSSJNOS 1 NAGASHIHA, TEWKSBURY+ (ROCH rBNL J 
LOBKOWIClrHELISS I NOS ,NAGASHIH+ ( ROCH+BNU 
MACEK, HANN 1HC FARl ANE, ROBERTS+ I PENN, TEMPLE I 
+GERSHHJ N1ALSTON-GARNJOST, BANGERTER+ ( LRL J 
ZELLER ,HADDOCK! HELLAND, PAHL+ C UCLA 1 LRL I 

+BROWN,CLEGGI COR BE TT.,CUL LIGAN+ I OXF J 
+PI ROUE 1 REHHEL, SMITH tSOUDER ( PR INI 
+KOLLER, TAYLOR, PANOOULAS+ I STEV, SETO,LEHI J 
+KOLLER, TAYLOR 1 PANOOULAS+ ( ST EV 1SETOolEHI J 
+MANN, HCFA RLANE, ROBERTS /I PENNJ 
+TAYLOR,KOLLER1GRAUMAN + CSTEV,SETOJ 

+BOY MONO, EXTERMANN,HARASCO.+ fGEVA, SACL J 
AACHEN+BAR I +CERN+ E P+ Nl J HEGEN+D RS AY +P ADOV A+ 
+ IAACH, BAR J, CERN, E POL 1 Nl JH ,QRSAY ,p ADO, TORI J 
+HILDEBRANO,STEINING ICHJC,LRLI 
KlEHS 1 HI LOEBRANO, STE INING ( LRL, CHIC I 
KLEHS, HI LOEBRANO, STI ENING. I LRL, CHIC I 

R. KUNSELMAN IHYOHINGJ 
OTT,PRITCHARO (LQQH) 
+RENTQN,AUBERT ,BUR BAN-LUTZ I BAR I ,CERN, ORSA J 
AACHEN+B EL G I UM+C ERN+NI JHEGEN+PAOOVA CO LLAB 
AACHEN+BAR I+CERN+EPOL+ORSA+N JJH+PAOO+TOR IN 

+CARROlltKYCIAtlliHENEStMICHAEL + IBNU 
ANKENBRANDT ,LARSEN+ tBNL+LASL+NAL+YALE J 
+HEUSSEr PASCAUO, VIAL LE+ I ORSA+BRUX+EPOL J 
+BUCHHOLZ, MANN, PARKER (PENNSYLVANIA) 
+HllOEBRANO,PANG,STEINING lEFI ,LBU 
+ROSENtSHAP I ROt HANOLER,OLSEN+ tROCH+Wl SC J 
+CORK, ELIOFF ,KERTH,HCREYNOLOS,NEWTON+ ILBU 
0 CLINE, 0 LJUNG IWISCONSINJ 
+BEIERrBERTRAM,HERZO,KOESTER + IIlli 
+PI ROUE, REMMEL,SMITH,SOUDER IPRINCETONJ 
HOFFMASTER,KOllER,TAYlOR+ ISTEY+SETO+LEHI J 
0 LJUNG IHISCONSINJ 

BACKENST 73 TO BE PUB.IN PL B BACKENSTOSSrBAMBERGER+fCERN,KARL,HEIO,STOHJ 
LUCAS 73 PR TO BE PUBL. P W LUCAS,H 0 TAFT,H J WilliS CYALEJ 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BLOCK 62 CERN CONF 371 

BRENE 61 NP 22 553 
BIRGE 63 PRL 11 35 
ADAIR 64 Pl 1i 67 
CAB I BBO 64 PL 9 352 

ALSO 64 PL 11 360 
ALSO 65 PL l't 72 

CABJ880 66 BERKELEY CONF 33 
GINSBERG 67 PR 162 1570 
WILLIS 67 HEIDELBERG 273 
CRONIN 68 VIENNA CONF 241 
HA I OT 2 69 PL 29B 696 
FEAR lNG 70 PR 03 542 
GINSBERG 70 PR 01 229 

BLDCK1LENOINARA, HONARI INHES+BOLOGNAJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

BRENE,EGAROTIQVIST INORDJ 
BlRGE,ELYrGIDAL,CAMERINI + ILRL+WISC+BARII 
AOAIR1LEIPUNER IYALE,SNLI 
CA81880,HAKSYM0WICZ lCERNJ 
CABIBBOt KAKSYMOHICZ t CERN I 
CABIBBQ,HAKSYHOWICZ ICERNJ 
CABIBBO ICERNI 
EDWARD S GINSBERG CU. MASS BOSTON) 
W J WilliS -RAPPQRlEUR TALK (YALE) 
RAPPORTEUR TALK (PRINCETON) 
+ I AACH, BARI,CERN, EPOLtNIJI''I,ORSA,PAOO, TORI I 
+FISCHBACK,SHITH ISTON+BOHRI 
E S GINSBERG lilT HAIFA) 

••••••••• ••••••••• ···-···· •••••••••••••••••• o~~.o••••••• •••••••• ......... ......... ......... ......... ......... ......... ....... . 

Data Card Listing~ 
For notation, see key at front of Listings . 

11 NEUTRAL K I4961JPaO-J 1"1/2 

----- --------- ----- ------ ----- ------- ------ -------
11 NEUTRAL ·K MASS IHEVJ 

H 49B.1 0.4 CHRISTENS 64 OSPK 
6/66 • . 2223 497.44 D.33 KIM 65 HBC KO FROM PBAR P 

BALTAY 66 HBC KO FROM PBAR P 6/66 
·.M 4500 49B.9 o.s 
M lt97.44 o.so FITCH 67 OSPK 11/67 

" AVERAGE (ERROR INCLUDES SCALE FACTOR ·aF 1.5J • AVG 497.87 0.32 
H FIT • 497.11 o.l3 FROM FIT (ERROR INCLUDES SCALE FACTOR OF }.1} 

WEIGHTED RUERRGE = 497.87 • 0.32. 
ERROR SCALED BY 1.5 

Values above o£ weighted average, 
error, and scale !actor arc for the 
reader' s convenience only. The 
data were actually processed by a 
constrained !it program, which 
calculates its own values of X, t)i, 
and scale !actor, which are differ
ent £rom the values shown here. 

CHISQ 
·FITCH 67 OSPK 0.7 
·BRL TRY 66 HBC 4.3 
·KIM 65 HBC , 1.7 
·CHRISTENS 64 DSPK _Q_d_ 

7.0 
!CONLEU 

496.5 497.5 . 499.5 499.5 500.5 =0.0721 

NEUTRAL K MASS !MEUI 

11 IKOJ - IK+-J MASS DIFFERENCE (MEV} 

3.9 0.6 ROSENFELD 59 HBC 
5.4 1.1 CRAWFORD 59 HBC + 

9 3.90 0.25 BURNSTEIN 65 HBC 
7 3.71 0.35 KIM 65 HBC - K- P TO KO N 

417 3.95 0.21 HILL 68 aec + K+D TO KOPP 

AVG 3.92 O.llt AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
FIT 3.99 0.13 FROM FIT I ERROR INCLUDES SCAlE FACTOR OF ·1.11 

•••••• ••o~~•••••o~~ •••••o~~••• •••••••••••••••••••••••••••••••••••••••••••• 

CRAWFORD 59 PRL 2 112 
ROSENFEL 59 PRl 2 110 
CHRISTEN 64 PRL 13 138 
BURNSTE I 65 PR 138 8 695 
KIM 65 PR 140 B 1334 
8ALTAY 66 PR 142 932 
FITCH 67 PR 164 1711 
HILL 66 PR 168 1534 

REFERENCES FOR NEUTRAL K 

CRAHFORD,CREST I ,GOOD 1 STEVENSON, T ICHO ILRL I 
A H ROSENFELD,F SOLMITZ,R 0 TRIPP (lRLJ 
CHRI STENSON,CRONIN,FITCH,TURLAY tPRINCETONJ 
R A BURNSTEIN,H A RUBIN IMARYLANDJ 
J K KIH,L KIRSCH,O HILLER ICOLUHBIAJ 
BALTAY,SANDWEISSISTONEHILL + IYALE+BNLJ 
FITCH,ROTH,RUSS, VERNON I PRINCETON! 
HlLl,ROBl NSON, SAKI TT ,CANTER ( SNL, CARNEGIE I 

•••••• ********* ********* ••••••••• *****"'*0* 0*******• O$CCOCIO$* *itOOOoltlll* 
•••••• ••••••••• ********* ••••••••• ••••••••• ••••••••• ••••••o•c o••••••• 

12 SHORT-LIVED NEUTRAL K 1496, JP=D-1 1=1/2 

Note on the ~ Mean Life 

In a bubble chamber experiment SKJEGGE

STAD 72 obtain a value for the K~ mean life, 'TS 

(0. 8958 ± .0. 0045) x 10-iO sec, which is significantly 

higher than the combined results of previous experi

ments [ (0. 862 ± 0. 006) x 10- 10 sec fr-;,m our 1972 

edition]. In addition, the CERN-Heidelberg" Collab

oration (in a vacuum regeneration experiment) re

ported a preliminary value (0. 899 ± 0. 005) x 10-iO 

sec (Batavia 1972) in agreement with SKEGGESTAD. 

However, it should be pointed out that the CERN

Heidelberg number is hlghly correlated with I '1+-1 
for which they find a value of (2. 35 ± • 07) x 1o-3 . 

1/73* 

6/68 
3/68 

1/73*' 

.. 

\: 

,, 
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Data Card Listings 
For notation, see key at front of Listings. 

'>·We have not entered the CERN-Heidelberg results 

in our listings because they have not been published 

yet. 

The corrections for systematic biases in 

SKJEGGESTAD 72 and in HILL 68 (updated) amount 

to +1o/o and 0. 7% respectively. Similar corrections, 

if applied to the older bubble chamber results, would 

probably increase their average by only about one 

standard deviation and would not account for the 

discrepancy. We therefore retain all results in 

the average, TS = (0. 882 ± ·o. 008) x 1o- 10 sec, where 

we have increased the error by a scale factor of 2, 5 

because· of the disagreement. 

Because of the uncertain future of TS' we have 

not attempted to adjust the KL -~ mass difference, 

<j>+- or <j> 
00 

values, The fitted K; rates, I Tl +-1• and 

I :r')
00 

I are automatically adjusted to our newTS 

value by our fitting procedure. 

To show how A m(KL -~) and <j>+- are affected 

by our newTS' we use the correlation given by ARON

SON 70 (KL) between Am(KL -~)and TS' which indi

cates that a change in TS from 0, 862 to 0. 882 

increases their value of Am by about • 006 x 1010 sec - 1. 

A change in Am of this amount would lead to an hi

crease in <j>.+- of about 3. s•, using the Am depend~nce 

of JENSEN 70, which is the most precise measure

ment of <j>+-. (See the F +- section in the K~ Data 

Card Listings. ) 

12 KOS MEAN LIFE IUNJTS 10**-10 SECJ 
KOS MEAN LJ FE 

90 {l.Q1J 10.131 ·ca.UJ BOLDT 58 CC 
512 0.94 0.05 0.05 CRAWFORD 59 HSC 

0 63 U.09J C0.18J (0.15) BOWEN 60 CC 
0 OLD EXPTS WITH LOW STATISTICS NOT INCLUDED IN AVERAGE .. 

378 0.94 Q.OS 0.05 BERTANZA 62 HBC 
503 o. 87 0.05 CHRETIEN 63 HLSC 
545 0.86 0.04 KREISLER 64 OSPK 

572 
4500 

0.866 0.016 ALFF-STEI 66 OSPK 
0.90 0.06 Q.QS AUERBACH 66 OSPK 
0.92 0.04 BALTAY 66 HBC 

I0.904J 10.024) BOTT-BODE 66 OSPK 
5000 0.843 0.013 KIRSCH 66 HBC 

19994 0.856 0.008 DONALD 68 HBC 
r H zoooo o.an o.oo9 HILL 68 oac 
T H SDK 0.8958 0.0045 SKJEGGEST 72 HBC 
T H Hill 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 
T H IO.B65+-Q.QQ9J BECAUSE OF A CORREC;riON IN THE SHIFT DUE TO ETA+-. 

6/68 

9/66 
8/67 
6/66 
9/66 
6/66 
6/68 

11172• 
1173• 

• 11172• 
11172• 

T H SKJEGGESTAD 72 AND HILL 68 GIVE DETAILED DISCUSSIONS OF SYSTEMATICS 
T H ENCOUNTERED IN THIS TYPE OF EXPERIMENT. 
T 8 KOS MEAN LIFE NOT THE PRIMARY QUANTITY" MEASURED IN THIS EXPT. 6/68 
T 
T 
T 

Pl 
PZ 
P3 
P4 
PS 

•• 

AVG 
FIT 

o. 8824 
o. 8824 

0.0092 0.0091 AVERAGE IERROR INCL. SCALE FACTOR OF 2o7J 
0.0082 FROM FIT IERROR INCLUDES SCALE FACTOR OF 2.5) 
I SEE IDEOGRAM BELOW J 

12 J<.OS PARTIAL DECAY HODES 

KOS INTO PI+ PI
KOS INTO PIO PIO 
KOS INTO HU+ HU ... 
KOS INTO E+ E-
KOS INTO PI+ PI- GAMMA 
KOS INTO GAHHA GAHHA 

DECAY MASSES 
139+ 139 
134+ 134 
105+ 105 
.s• .s 

139+ 139+ 
0+ 0 

Rl 
Rl 
Rl 
Rl U 
Rl U 
Rl U 
Rl 

Stable Particles 

WEIGHTED RUERRGE = 1.133 ± 0.012 
ERROR SCALED BV 2.7 

Values above of weighted average, 
error, and sctile !actor are !or the 
reader• s convenience only, The 
data were 1\etually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale !actor, which are differ
ent !rom the values shown here, 

·SKJEGGEST 72 HBC 
·HILL 68 DBC 
·DONALD 68 HBC 
·KIRSCH 66 HBC 
·BRLTRV 66 HBC 
·AUERBACH 66 OSPK 
·RLFF-STEI 66 OSPK 
·KREISLER 64 OSPK 
·CHRETIEN 63 HLBC 
·BERTRNZR 62 HBC 
·CRAWFORD 59 HBC 

0.95 1.15 1.25 1.,35' 

KOS DECRY RATE !UNITS 10••10 SEC-11 

12 KOS BRANCHING RAT lOS 

KOS INTO IPI+ PI-1/TOTAL IPll 
0.6B 0.04 CRAWFORD 59 HBC 
0.10 O.OB COLUMBIA 60 HBC 

I0.740J (0.0241 ANDERSON 62 HBC 

£!:lll.!1_ 
9.2 
1.3 

10.2 
B.4 

1.0 

30.1 
!CONLEU 
=0.0001 

164B Oo6B4 0.011 DOYLE 69 HBC PI-P TO LAM.KO 
ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE 

~ 

2/71 
2/71 

R1 AYG Oo6B4 
Oo6BB1 

0.011 AVERAGE I ERROR INQ.UOES SCALE FACTOR OF loOl 
0.0029 FROM FJT IERROR INCLUDES SCALE FACTOR OF loll Rl FIT 

RZ 
RZ 
RZ 
RZ 
RZ 
RZ 
RZ 
RZ 
RZ 

R3 
R3 
R3 
R3 G 
R3 8 
R3 A 
R3 
R3 
R3 A 
R3 8 
R3 G 
R3 

KOS INTO IPIO PIOI/TOTAL IP21 
0.27 0.11 
o.26 o.06 
o.3o o.o3s 

1066 0.335 0.014 

CRAWFORD 
6AGL1N 
BROWN 
BROWN 
CHRETIEN 

59 HBC 
60 HLBC 
61 HLBC 
63 HLBC 
63 HL6C 198 

AVG 
FIT 

o. 2BB 0.021 

0.316 0.014 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.3) 
0.3119 0.0029 FROM FIT IERROR INCLUDES Si:ALE FACTOR OF 1.11 

I SEE IDEOGRAM BELOW ) 

UEIGHTEO RUERRGE 0.316. 0.014 
ERROR SCALED BV 1.3 

Values above of weighted average, 
error, and scale factor are for the 
reader 1 s convenience only. The 
data were actually processed by a 

' constrained !it program, which 
<calculates its own values of X, 6X, 
and scale factor, which are differ
ent from the values shown here. 

·CHRETIEN 
·BROUN 
·BROUN 
•BRGLIN 
·CRAWFORD 

63 
63 
61 
60 
59 

HLBC 
HLBC 
HLBC 
HLBC 
HBC 

CHISG 
1.8 
1.8 
0.2 
0.9 

4.7 
ICONLEU 

0.15 0.25 0.35 0.45 0.55 =0.1951 
KOS INTO IPIO PIQ1/TOTRL 

KOS INTO IPI+ PI-J/IPIO PIOJ (PlJ/fP21 
G 3016 12.2851 IO.OS5J GOBBI 69 OSPK K+N TO KOP 5/69 

3700. 2.10 0.06 MORFIN 69 Hl.BC K+N TO KOP 10/69 
7944 2.282 0.043 MOFFETT 70 OSPK K+N TO KOP 2/72 
6150 2.22 0.095 &ALTAY 71 H6C K-P TO KO +NEUTRALS 12/71 
306B 2.22 0.10 ALITTJ 12 HBC K+P TO PI+ P KO .6/72* 
6380 2.22 O.OB MORSE 72 OBC K+N TO KOP 2/72 

701 2.10 Doll NAGY 72 HLBC K+N TO KOP 1173• 
THE DIRECTLY MEASURED QUANTITY IS KOS TO PI+ PI-/All K0 ... 345+-oOOS 6172• 
THE DIRECTLY MEASURED QUANTITY IS KS TO PI+Pl-/All KOBAR ... 34S+-.OOS 12171 
MOFFETT 70 IS A FINAl. RESULT WHICH INCLUDES 00861 69. ZI7Z 

R3 AVG 2.212 
2.207 

0.034 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.21 
0.029 FROM FIT !ERROR INCLUDES SCALE FACTOR OF l.U 
(SEE IDEOGRAM BELOW I 

R3 FIT 
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Stable Particles 
~.I<£ 

UEIGHTED AUERAGE = 2.212 • 0.034 
ERROR SCALED BY 1.2 

Values above of weighted average, 
error, and scale factor are for the 
reader• s convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6'i, 
and scale factor, which are differ
ent from the values shoWn here. 

. . ,.· 

CHISQ 
· ·NAGY 72 HLBC 1.0 

·MORSE 72 DBC o.o 
· ·ALITl:I 72 HBC 0.0 
· ·BRL TRY 71 HBC o.o 
., ·MOFFETT 70 DSPK 2.6 
· ·MORFIN 69 HLBC ...L..L 

7.2 

1.9 2.1 2.3 2.5 2.7 
!CONLEU 
=0.2071 

KOS INTO CPI+ PI-J,(PIO PIOJ 

R4 CKOS INTO PJ+ PI- PJO, CP VIOLATINGJIIKOL' INTO PI+ PI- PJOJ 
R" TEST OF CP VJOLATICfl - SEE TEXT SECTION IV F.3A FOR DEFINITIONS 
R4 CPT ASSUMED VALlO- (I.E. REUJcOJ - ONLY (lMAJnz QUOTED HERE 
R4 18 (3.81 OR LESS CL.,o90 ANDERSON 65 HBC 
R4 Q. 45 OR LESS CL:. 90 BEHR 66 HLBC 
R4 53 (l.71 OR LESS Cl.,.90 WEBBER 70 HBC 
R4 C 7l 0.8 OR LESS Clc.90 WEBBER 70 HBC 
R4 99 1.2 OR LESS CL ... 90 CHO 11 DBC 
R4 H 50 11.21 OR LESS CL.,.95 HEISNER 1l"HBC CL:~~.9 NOT AVAIL. 
R4 160 0.66 OR LESS CL=.90 JAMES 12 HBC 
R4 99 1.2 OR LESS CL ... 90 JONES 72 OSPK 
Rlt 384 0.27 OR LESS CL•.90 METCALF 72 ASPK 
R4 H THESE AUTHORS FIND REAl tAl= Z. 75+-.65t. ABOVE VALUE AT RE IAJ=O 
Rlt C THIS IS THE COMBINED RESULT OF_ ANDERSON 65 AND WEBBER 70 

RS KOS INTO (MU+ ·Mu-J/CHARGED (UNITS 10**-51 IP3J/(PlJ 
R5 10.0 OR LESS CL.,.90 BOTT-BODE 67 OSPK 
RS 20.0 OR LESS CL.,.90 BOHM 69 OSPK 
RS 1.07 OR LESS CLm.90 HYAMS 69 OSPK 
RS 32.6 OR LESS CL•.90 STVTZKE 69 OSPK 
RS VALUE CALCULATED BY US, USING 2.3 INSTEAD OF U EVENT, 90 PERC.CL 

R6 
R6 
R6 

KOS INTO I PI+ PI- GAMHAJ/1 PI+ PI-I (UN.10**-31 IPSJ/IPl") 
27 NO RAllO GIVEN BELLOTTI 66 HBC PG GT 50 MEVIC 

PG GT 50 MEV/C 10 3.3 1.2 WEBBER 70 HBC 

R7 KOS INTO IE+ E-1/CHARGED (UNITS 10**-51 CP4J/IP1J 
R7 50.0 OR LESS CL=.90 BOHM 69 OSPK 

•• R8 R 
KOS INTO 2 GAMMA/TOTAL (UNITS 10**-31 I P6J 

0 21.0 OR LESS Cl ... 90 BANNER 69 OSPK 
R8 R 
R8 R 

0 2.2 OR LESS" CL:~~.90 REPELLIN 71 OSP·K 
0 0.11 OR LESS CL ... 90 BANNER 72 OSPK 

•• R8 R 
0 2.0 OR LESS CL"'o90 HORSE 7Z OBC 

THESE liMITS ARE.FOR MAXIMUM INTERFERENCE IN KS-KL TO 2 GAMMAS 

R9 IKOS INTO PI+ PI- PIO, CP CONSERVJNGJI(KOL INTO PI+ PI- PJOI 
R9 384 0.42 OR LESS CL ... 90 METCAlf 72 ASPK 

BOLDT 58 PRL 
CRAWFORD 59 PRL 

150 
266 

BAGll N 60 NC 18 1043 
BOHEN 60 PR 119 2030 
COLUMBIA 60 ROCH CONF 727 

REfERENCES FOR KOS 

E BOLDT,O 0 C.UDWELL,Y PAL CMITI 
CRAWFORO,CRESTI ,OOUGLASS,GOOQ,T ICHO + ILRLI 

BAGLIN,BLOCH,BRISSON,HENNESSY + IEPOLJ 
BOWEN,H.AROY,REYNOLDS,SUN,MOORE+ I PRIN+BNLJ 
M SCHWARTZ + ICOLUHBIAI 

BROWN 61 NC 19 1155 BROWN,BRYANT,BURNSTEINrGLASER,KADYK+ CMICHJ 
ANDERSON 62 CERN CONF B36 J A ANDERSON,F S CRAWFORD + ILRL J 
BERTANZA 62 PREPRINT Dl05 BERTANZA,CONNOLLY,CULWICK,EISLER + IBNLJ 

UNPUBLISHED, BUT RECERTIFIED BY AUTHORS, AUGUST 66. 

CHRETIEN 63 PR 131 2208 
BROWN 63 PR 130 769 
KREISLER 64 PR 136 8 lOllt 
ANDERSON 65 PRL 14 475 

ALFF-STE 66 PL 21 595 
AUERBACH 66 PR 149 1052 

• ALSO 65 AUERBACH 
6ALTAY 66 PR 142 932 
BEHR 66 Pl 22 540 
BELLOTTI 66 NC 45A 737 
BOTT-BOD 66 PL 23 277 
KIRSCH 66 PR 147 939 

BOTT-BOD 67 PL 248 194 
DONALD 68 PL 278 58 
HILL 68 PR 111 1418 

CHRETIEN+ IBRANDEIS+BROWN+HARVARD+ Hill 
BROWN,KADYK,TRILLING,ROE + ILRL+HICHI 
H KREISLER,O OVERSETH,J CRONIN IPRINCETONJ 
+CRAWFOR ,GOLDEN, ST ERN,Bl NFORD + I LRL+WI SCi 

AlFF-STEINBERGER ,HEUER,KLE INKNECKT + t CERN I 
AUERBACH, DOBBS, LANOE ,MANN, SC lULL I+ I PENN J 

BALTAY,SANOWEISSrSTONEHILL '• IYALE+BNLJ 
BEHR, BR 1 SSON, PET 1 AU+ ( EPOL ,MILA, PADO, QRSAY) 
+PULUA,BALDO-CEOLIN + CMILAN+PAOUAI 
BOTT-BODENHAUSEN,OE BOUARO + (CERN) 
l KIRSCH,P SCHMIDT ICOLUHBIAI· 

BOTT-BOOENHAUSEN,OE BOUARO,CASSEL+ (CERNJ 
DONALD oEDWAROS ,N I S.AR+ I L1 VP, CERN, I PNP, COEF I 
HlLL,ROSJNSQN,SAKITT + IBNL,CARNEGIEI 

BANNER 
BOHM 
DOYLE 

69 PR 188 2033 +CRONIN,LIU,PlLCHER (PRINCETON I 
IAACHI 

ILRLI 
69 THESIS A. BOHH 
69 UCRL 18139-THESIS J.C. DOYLE 

10/69 
8/66 
6/70 
8110 
4/11 
2/71 
1173* 

10172* 
11172• 
2/71 

8/67 
2171 

10/69 
5/69 

10/69 
10/69 

2171 

12111 
12/71 
8172• 
2172 

12171 

Data Card Listings 
·., For·notatibn/See k-ey atfront·of Listings . 

GOBBJ 
HYAMS 
MORFIN 
STUTZKE 

69 PRL 22 682 
69 Pl 298 521 
69 PRL 23 660 
69 PR 177 2009 

GOBBJ, GREEN, HAKEl,I'IOFFETT ,ROSEN+ (ROCHESTER) 
+KOCH,POTTER,VON LINDERNtLORENZ+ CERNIHPIMJ 
HORFIN,SJNCLAJR CHICHI 
+AB~SHJAN, JONES, MANTSCH,ORR, SM IT HI I Lll NOI S I 

MOFFETT 70 SAPS 15 512 '"+GOBBJ,GREEN,HAKEL,ROSEN CROCHESTERJ 
WEBBER 70 PR D1 1967 +SOLMITZrCRAWFORD,ALSTON-GARNJOST ILRLI 

ALSO 69 UCRL 19226 THESIS B R WEBBER ILRLI 
BALTAY 11 PRL 27 1676 +BRJOGEWATER,COOPER,GERSHWIN 1 HABIBI+ ICOLUJ 

ALSO 71 NEVIS-187 THESIS WILLIAM A. COOPER ICOLUMBJAI 
CHO 11 PR D3 1557 +ORALLE,CANTER,ENGLER,FISK+ ICARN+BNL+CASEJ 
HEISNER 71 PR 03 59 +MANN,HERTZBACH,KOFLER + CMASA+BNL+YALEI 
REPELLIN 71 PL 368 603 +WOLFF,CHOLLET,GAILLARO,JANE+ IORSA+CERNJ 

AUTTI 72 PL 398 568 
BANNER 72 PRL 29 237 
JAHES 72 NP B49 1 

ALSO 71 PL 35B 265 
JONES 72 NC 9A 151 
METCALF 72 PL 40B 703 
HORSE 12 PRL 28 38B 
NAGY 72 NP B47 94 

AlSO 69 PL 308 498 
SKJEGGES 72 NP B48 3.43 

' 

J ALITTirE LESQUOY,A HULLER CSACLAYJ 
+CRONJN,HOFFMAN, KNAPP,SHOCHET (PRJ NCETONJ 
+MONTANET ,PAUL oSAETRE+ (CERN+SACL+OSLOI 
JAMES, KONT ANET, PAUlo PAUL I+ I CERN+SACL+OSLO I 
+ABASH I AN, GRAHAM ,HANTSCH 1 0RR, SMITH+ I Ill I 
+NEUHOFER, Nl EBERGAll + I CERN+ IPN+WI EN I 
+NAUENBERG ,BIERMAN ,SAGER+ ICOLO+PRIN+UHD I 
+TELBI SZ, V ESZTERGOHBI (BUDAPEST J 
BOZOKI ,FENYVES ,GOHBOSI,NAGY+ (BUDAPEST I 
SKJEGGES TAO,JAME S, HONT ANET+( OSLO~CERN+ SACLI 

PAPERS NOT REFERRED TO IN DATA CARDS 

BIRGE 60 ROCH CONF 601 R W BIRGE,P P ELY + CLRL+WJSCDNSJNJ 
MULLER 60 PRL 4 418 MULLERtBIRGE,FOWLER,GOOO,PICCIONI+CLRL+BNLI 
FITCH 61 NC Z2 1160 V FITCH,P PI ROUE tR PERKINS . (PRIN+LASLJ 
GOOD 61 PR 124 1223 GOOD,HATSEN,HULLER 1PJCCIONI + (LRLI 
CRAWFORD 62 CERN CON.F 821 F S CRAWFORD ILRU 
AUERBACH 65 PRL 14 192 AUERBACH ,LANDE, MANN, SCIULLI 1 UTO + (PENNI 
TRILLING 65 UCRL 16473 GEORGE H TRILLING ILRLI 

UPDATED FROM 1965 ARGONNE CONF., PAGE 115. 

****** ••••••••• ********* •••••••** ****•**** •••***CO** •••co•**** ** .. ••••• .......................................... ~········ ............................. .. 
13 LONG-LIVED NEUTRAL K (498, JP.,D-1 J:~~1/2 

. 13. IKOLI - IKOSJ MASS DIFFERENCE 
WE GIVE IKOL-KOS MASS DIFFERENCE I HBARI IN UNITS OF 10**10 SEC-1 

D T 12.20) (0.35) FITCH 61 CNTR 
D 0.84 0.29 0.22 GOOD 61 HLBC 
0 T 1.02 0.23 CAMERINI 62 HLBC SEE NOTE C BELOW 
0 C VALUE CHANGED FROM 1.1 CSEE TABLE 1 OF CAHERJNI 661 
0 T 0.55 0.24 AUBERT 65 HLBC 
0 0.26 0.36 0.26 BALOD-CEO 65 HLBC ASSUMES CP CONS. 

8/67 
6/67 
6/66 

0 T A 0.64 0.12 CHRISTENS 65 OSPK 6/66 
D A CHRISTENSON 65 HAS BEEN CORRECTED FOR INTERFERENCE BY FITCH 65 FTNOT 1/11 
D T (0.701 OR LESS FITCH 65 OSPK CF. MEISNER 66 7166 
0 130 C0.89J CO.l5J VISHNEVSK 65 OSPK CU AND Al REGEN 8/67 
0 VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS 3/68 
0 O. Sl't 0.039 ALFF-STEI 66 OSPK 6/66 
0 84 0.42 0.24 0.36 BALOD-CEO 66 HLBC KO+N INTO HYPER. 8/67 
0 B C0.531J I0.027J BOTT-BOOE 66 OSPK C REGEN 9/66 
0 T 71 0.58 0.17 CAMERINI 66 HBC, DBC .ko+N INTO HYPER 8/67 
0 H 72 (+ 0.641 (0.181 CANTER 66 OBC KO SCATTER IN 02 ll/66 
0 N ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS ARE 10171 
D N USED IN HILL 71. 
D 95 O. 62 0.10 0.16 CHANG 6b HBC 
D 0.81 o.l7 FUJII 66 OSPK 
D 59 O. 74 0.34 MEISNER! 66 HBC 

KO+P INTO HYPER. 8/67 
IRON REGENERATOR 9/66 
SEE NOTE Ml 6/66 

0 Hl • + SIGN FAVORED HEISNER2 66 HBC 9/66 
0 0.38 0.16 JOVANOVIC 66 OSPK 
D T 136 + 0.64 0.19 CANTER 67 DBC 

• C+URANJUM REGEN. 11/66 
KO+O INTO HYPER. 11/61 

D Q. 65 0.11 HI SCHKE 61 OSPK 
0 590 0.59 0.13 BALATZ 68 OSPK 
D 0.520 0.044 CARNEGIE 68 HBC 
D +0.487 0.046 MELHOP 68 OSPK 
0 0 •. 547 • 0.024 BOTT-800 69 OSPK 
0 BOTT-BOD 69 IS A REEVALUATION OF BOTT-800 66 . 

AL REGENERATOR 
GAP METHOD 
ST. STEEL REGEN 
C REGEN ' 

0 0.555 0.020 FAISSNER 69 ASPK REGEN IN CU 
0 ESTIMATED AOOITIONAL SYSTEMATIC UNCERTAINTY LESS THAN TWO PERCENT 
0 0.542 0.006 CULLEN 70 CNTR 
0 0.542 0.006 ARONSON 70 ASPK GAP METHOD 
0 0.481 0.052 0.075 BALATS 71 OSPK 
D O. 534 0.007 CARNEGIE 11 ASPK GAP METHOD 
0 TH 119 I+ 0.671 10.141 HILL 71 OBC 
D H THE PRIMARY RESULT OF THIS EXPERIMENT IS THAT OH IS POSITIVE. 
0 H THE MAGNITUDE HAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 
D .T A KOS MEAN liFE OF 0.862 lQU-10 SEC WAS USED IN CONVERTING THE 
0 T MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLUTE 
D T UNITS. VAI.tiES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN 
0 T ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE OF THE 
~ ~ KOS .I"'EAN LIFE. 

0 AVG "0.5402 0.0035 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

13 KOL MEAN LIFE (UNITS 10*._8 SECI 

KOL MEAN ll FE 
34 8.1 3.2 2.4 BARDON 
ASSUMED DSa:QQ AND DELTA lcl/2 CRAWFORD 
15 5.1 2.4 1.3 CARMON 

5.3 0.6 · FUJII 
1700 6.1 1.5 1.2 ASTBURY3 

5.15 O.llt DEVLIN 
15.01 10.51 lOWYS 

.4M 5.154 0.044 VOSBURGH 
SUM OF PART! AL DECAY RATES. 

56 CNTR 
59 HBC 
62 FBC 
64 OSPK 
65 CNTR 
67 CNTR 
67 HI.BC 
72 CNTR 

.11/61 
3/68 
3/68 
6/68 
1/71 
1171 

10/69 
1171 
1/71 
1171 
9/71 
8/71 

10171 
10171 
10171 
1/71 
1171 
1171 
1171 
1171 

2/71 
T 
T 
T 
T 
T 
T 

AVG 
FIT 

5.158 
5.1Bl 

0.042 0.042 AVERAGE I ERROR INCL. SCALE FACTOR OF 1.01 
0.041 FROM Fll IERROR INCLUOFS SCALE FACTOR OF 1.01 
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PARTICLE DATA GROUP Review of Particle Properties SSS 

·Data Card Listings 
For not4tion, s·ee key at front' of Listings. 

13 KOL PARTIAL DECAY MODES 

DECAY MASSES 
Pl KOL INTO 3PIO TAU 0 PRIME 134+ 13-4+ 134 
P2 KOL INTO PI+ PI- PIO TAU 0 139+ 139+ 134 
P3 KOL 

•• KOL 
PS KOL 
P6 KOL 
Pl KOL 
P8 KOL •• KOL 
PlO KOL 
Pll KOL 
Pl2 KOL 
P13 KOL 

INTO PI MU NEUTRINO Kl MU3 1.39+ 105+ 
INTO PI E NEUTRINO Kl E3 139+ .5+ 
INTO PI+ PI- Kl PI+ PI- 139+ 139 
INTO Mu+ MU- Kl 2HU 105+ 105 
INTO E+ E- ltl 2E .5+ .s 
INTO E HU Kl EMU .S+ 105 
INTO nro GlMHAS Kl 2GAHMA . 0+ 0 
INTO PI+ PI- GAMHA Kl PI+-G 139+ 139+ 
INTO PJO PIO Kl 2P10 134+ 134 
J NTO PI E NEU GAMMA Kl E3GAM 139+ .s• 
INTO PI 0 TWO GAKHAS Kl PI2GAHMA 134+ 0+ 

NEUTRAL K CONSTRAINED fiT 
OVERAll Fl T OF MEAN L 1 FE, WI OTHS ANO BRANCHING 
RATIOS USES 62 DATA POINTS TO DETERMINE SIX 
QUANTlTITES. OVERALl FIT HAS CHIS0=56.5. 

0 
0 

0+ 
0 

----- --------- ----- _____ .,.. ---------- ---- -----;- ------
FITTED PAR TlAL DECAY MODE BRANCHING fMCTIONS 

The matrix below is derived from the error matrix for the ~itted pe.rtial decay mode 

branchinglracUons, Pi' as followe: The diagonal elements are Pi~6P1 , where 

6P1 "' "(6P16P1), while the off-diagonal elements arc the~ correlation coe!fl

cicnta (6P16Pj)_/(6P1 · 6P{ For the de!initiona of the individual P
1

, aee the listings 

above; only those Pi appearing in the matrix are aaeumed in the lit to be nonr.ero and . 

are thua constrained to add to i, · 

P 1 • P 2 P 3 P It P 5 Pll 
p 1 .2151+-.0079 
p 2 -~2656 .1257-.0027 
p 3 -.4833 -.0695 .2691+-.0059 
P ,. -.5850 -.0638 -.3326 .3876+-.0045 
p s -.2849 .0431 .lltl2 .1702 .0016+-.0001 
Pll .1531 -.osoe -.0862 -.1044 -.osu ·.ooo9+....ooo2 

FITT£0 PARTIAL DECAY MOQE RATES 

The matrix below te the branching !rn.ction rnn.trlx above, transformed into rate 

apace; i.e., c
1 

• r1 = rtotalpi' in appropriate unite. In analogy to the matrix above, 

tho diagonal clemente are G1 .t: 6G1, where 6G1 = ~ (6G16G1), while the off-diagonal 

elements are the~ correlation coefficient a (6G16Gj)/(6G1• 6Gj), Note that, 

because of the error.!.n rtotal' .tbe errore and correlations here are not dit'ectly derivable 

!rom thoae abo~e. 
.~. G 1 G 2 G 3 G It G S Gll 

.. 

G 1 .0415+-,0016 
G 2 -.1448 .0243-.ooos 
G 3 -.3444 o031t1 .0519+-.0012 
G 4 -.40it7 .0572 -.1801 .0748+-,0013 
G 5 . -.2032 •• 1036 .1950 .2298 .ooo3- .. oooo 
Gll .1617 -.0300 -.0638 -.0751 -.0379 ,0002+-.0000 

Wl 
Wl 
Wl 
Wl FIT 

W2 
W2 
W2 
W2 
W2 
W2 
W2 
W2. 
W2 
W2 
W2 

13 KOL DECAY R.AT.ES 

KOL lNTO PIO PlO PIO (UNITS 10 .. 6 SEC-1 t IGU 
54- S. 22 1.03 0.84 BEHR 66 HL8C ASSUMES CP 

0 ......... . 

4.15 0.16 FROM FIT {ER.ROR INCLUDES .SCALE FACTOR OF 1.3J 

KOL INTO PI+ PI- PO CUNITS 10••6 SEC-1J IG2J 
18 3. 26 o. 71 ANDERSON 65 HBC 
lit l.lt Q,lt FRANZINJ 65 HBC 

136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP 
53 2.20 Q.3S WE88ER 70 HBC ASSUMES CP 
99 2 .. 71 0.28 CHO 71 OBC ASSUMES CP 
50 2.12 0.33 HEISNER. 71 H8C ASSU14ES CP 

180 2~35 0.20' JAMES 72 HBC ASSUMES CP 
JN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN 
THE BRANCHING RATIO .R2. FOR THIS REASON THE DISCREPANCY BETWEEN THE 
WZ MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL F,IT 

8/66 

8/66 
6/66 
8/66 

10171 
0 4/71 
10171 

1173* 

W2 
W2 AVG 2 • .36 0.15 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1 • .3J. 
W2 FIT 2.425 0.054 FR.OM FIT HRR.OR INCLUDES SCALE FACTOR OF 1.0J 

I SEE IDEOGRAM BELOW J 

KOL INTO PI E NEUTRINO IUNITS 10 .. 6 SEC-lJ fG4J 
7.52 0.85 0.72 AUBERT 65 HLBC OS•DQ ,CP ASSUMED 

620 ·7,81 0.56 CHAN 71 ·HBC 

.. 
W3 
W3 
W3 
W3 AVG 
W3 FIT 

1. 71 
7.1t8 

AVERAGE. C ERROR INCLUDES SCALE FACTOR OF 1.0t 
FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.11 

•• .. KOL INTO CHARGED 1.3-BODYJ (UNITS 10*•6 SEC-U (G2+G3+G4J. 
98 15.1 1.9 'AUERBACH 66 OSPK 

•• W4 FIT 15.10 0.18 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.U 

WS KOL INTO L'EPTONlC IKHU3+KE3J CUNJTS 10**6 SEC-U 
WS D 109 9.85 1.15 1.05 FRANltNI 65 HBC 
WS C 335 (10.3J CO.BJ HILL 67 DBC 
WS 0 393 11.6 .0.9 CHb 70 'OBC 
W5 0 252 13.1 1.3 WEBBER 71 HBC 
W5 D 410 12.4 0.7 BURGUN. 12 HBC. 
W5 0 126 B.47 ·1.69 HANN 72 HBC. 
W5 C CHO 70 INCLUDES EVENTS OF HILL 67 
WS D ASSUMES DS•OQ RULE 

fG]+G4t 

K+N TO KO P 
K+N TO KOP 
K- P TO KOSAR N 

.K+P TO KQPPI+ 
K- P TO KOSAR N 

WS 
ws 
ws 

AVG 
FIT 

11.60 
12.68 

0.65 AVERAGE ( ER.ROR INCLUDES SCALE FACTOR OF 1.51 
0.16 FROM FIT I ERROR INCLUDES SCALE FACTOR OF l.U 
I SEE fOEOGRAM BELOW I 

8167 
2172 

8/67 -

2172 
8/67 

10170 
2172 . 
1173* 
9172• 

Stable ·Particles 

0 

KDL RATE 

6 

KOL RATE 

~EIGHTED AVERAGE = 2.36 • D.15 
ERROR SCALED BY 1.3 

INTO PI+ 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only. The 
data were actually.processed by a 
constrained fit program, wh.!zh _ 
calculates its own values of x.. 6x, 
and scale factor, which are differ
ent from the value's shown here. 

CHISO 

· • ·JAMES 72 HBC D.O 

·MEISNER 71 HBC D.5 

·CHO 71 OBC 1.6 

·\JESSER 7D HBC D.2 

·BEHR 66 Ht,BC 0.9 

·FRANZINI 65 HBC 5.7 

•ANDERSON 65 HBC ~ 
10.3 

6 
!CONLEV 
=D .112) 

PI- PIO (1Q!uG SEC-1l 

WEIGHTED AVERAGE = 11.60 • 0.65 

ERROR· SCALED BY 1.5 

1D 

INTO KMU3 + 

14 

Values above of weighted average, 
error, and scale factor are·for the 
reader' a convenience only. The 
data were actually proceSsed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ
ent from the values shown here, 

CHISQ 
·MANN 72 HBC 3.4 

·BURGU!I 72 HBC 1.3 
·~EBBER 71 HBC 1.3 
·CHO 7D OBC O.D 
·FRANZINI 65 HBC ...L.L 

8.6 

18 
!CONLEV 
=0.072) 

KE3 (10••6 SEC-1l 

W6 KOl INTO PI HU NEUTRINO UNITS 10**6 SEC-!) CG3t 

K£ 

W6 19 4.5~ 1.24 1.08 LOWYS 67 HLBC 8/67 
W6 • , ••••• , .. 
W6 FIT 5.19 0.12 FROM FIT CERROR INCLUDES SCALE FACTOR Of 1olJ 

13 KOL BRANCHING RATIOS 

R1 KOL INTO I PJO PIO PIOJ/CHAR.GED IPU/fP2+P3+P4) 
R1 . 24 
R1 Slt9 
R.l 441t 
Rl 29 

O.Zit 0,08 ANIKINA 64 CC 
O. 251 0 .. 014 SUDAGOV 68 HLBC 
0.217 0.021 BUDAGOV 68 HLBC 
0.31 0.07 0.06 KULYUKINA 68 CC 

6/66 
ORSAY MEASUR. 10/68 
EC, PDLYTEC.HEAS 10/68 

2/71 
Rl 
R1 AVG 
R1 FIT 

0.260 0.011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.Ot 
0.275 0.013 FROM FIT (ERROR. tNCLUOES SCALE FACTOR OF l.3t 

R2 KOL INTO I PJ+ PI- PlOt/CHARGED C P2 I I I PZ+P3+ Pit I 
R2 59 0.185 0.038 AS TIER 61 cc 
R2 79 0.151 0.020 ADAIR 64 HBC 
R2 75 0.157 0.03 o.olt LUERS 64 HBC 
R2 66 0.15 0.03 0.04 ASTBURY1 65 cc 
R2 326 0~159 0.015 ASTBURY2 65 cc 
R2 566 0.118 0.017 GUIDON I 65 HBC 
R2 1729 (0.144) I0.004t HOPKINS 65 HBC. SEf HOP.KJ.NS 67 
R2 126 o:16z 0.015 HAWKINS · 66 HBC 
R2 0.161 o .. oos HOPKINS 67 HBC 
R2 1402 0.167 0.016 KUL YUKI NA 68 CC 
•z sse 0.159 0.010 EVANS 73 HL8C 
R2 
R2 AVG 0.1615 0.0038 AVERAGE (ERROR. INCLUDES SCALE FACTOR OF 1.0) 
R2 F17 0.1606 0, 0034. FROM FIT I ERR.OR I,NClVOES SCALE FACTOR Of 1.0)' 

R3 KOL INTO IPI MU NEUTRINO)/CHARGEO IP31/IP2+P3+PitJ 
R3 C 251 (0,356) 10.07) LUERS 6lt HBC 
R3 C 172 ·C0.39t (0.08} 10.101 AST8URY1 65 CC 
R3 C 330 ~ tO, 335) I0.055J KULYUKJNA 68 CC 
R3 C THIS MODE NOT· ·MEASURED JNOEPENOEN!L'Y FROH R2 AND R4 
R3 , o o • o , , •• 

R3 FIT 0.3440 0.0066 FR.OM FIT 

•• •• •• •• •• R4 AVG 
R.4 FtT 

KOl INTO IPI E NEUTRINOI/CHARGEO · (Pit111PZ+P3+P4J 
153; 0.487 0.05 . '• LUERS 64 HBC 
202 0 .. 46 0.08. ·0.10 ASTBURYl 65 ,CC 
SOD 0.498 0.052 KULYUKINA 68 CC 

0.488 0.033 AVERAGE tERROR INCLUDES SCALE FACTOR OF l .. Ot 
0.4954 0.0067 FROM FJT I ERROR INCLUDES. SCALE FACTOR OF l.Qt· 

8/66 
8166 
8/66 
8/66 
6/66 
6/6'6 
6/66 
6/66 
8/~7 

2/71 
1173• 

7/66 
2171 

7166 
2171 
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Stable Particles 
Kf 
RS KOL INTO IPI E NEUI/IIPI E NEUt+C PI HU NEUI J IP4)/(P3+Pit) 
RS 320 0.415 0-120 ASTIER 61 cc 
RS 
RS FIT a. 5902 O.QQ71 FROM FIT I ERROR INCLUDES SCALE FACTOR Of 

-·· KOL INTO I PI+ PI- PJOJ/TOTAL (P21 

•• •• •• FIT 0.1257 Q.QQ27 FROM FIT 

R7 KOL INTO (LEPTON PI NEUTRINOI/TOTAL (P3+P4J 
R7 
R7 
R7 FIT 0 .. 6568 0.0072 FROM FIT 

•• KOL JNTO 12 GAHMAI/TOTAL (UNo JQU-41 IP91 

1.01 

•• c 11.31 10 .. 61 CRIEGEE 66 OSPK 8/66 

•• 32 6.7 z.z TODOROFF 67 OSPK REPL. CRIEGEE66 ll/68 

•• • •• 
33 (1.1tJ 11.6) CRONIN 1 67 OSPK 11/67 
90 5.5 1.1 KUNZ 68 OSPK NORM.TO 3PUC+NJ 2171 

•• 23 4.5 1.0 ENSTROM 11 OSPK KOL 1.5-9 GEY/C 2172 
R8 R 5.0 11.01 REPELLIN 71 OSPK lUll 
R8 8 
•• 8 
•• 8 
R8 R 
R8 R 
RS' C 

•• • •• 

4. 54 0.84 8ANNER2 72 OSPK 8172* 
THIS VALUE USES IEOO/E+-1 .. 2aJ.,05+-0.l4. IN GENERAL, Sl3R8 ., 6172* 
I 4.32-0.551 •IJOh-4J•t I EOO/E+-1 .. 21. 8172• 
ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MS. TO EVALUATE 11/11 
FOR A GIVEN REGEN AHPL AND ERROR, MULTIPLY BY (REGEN AMPL/22H81 .. 2 11/11 

CRIEGEE 66 REPLACED SY TODOROFF 67 11/68. 
CRONIN! 67 REPLACED BY KUNl 68. 2171 

RS AVG 4 .. 69 AVERAGE IERR0R INCLUDES SCALE FACTOR OF 1.01 

•• •• •• •• •• •• 

KOL INTO (PI+ PI-)/CHARGED CUNJT 10 .. -31 tP51/tP2+P3+P4t 
45 2 .. 0 0.4 
s4 2.06 0.35 

CHRISTENS 64 OSPK ETA- a 1.94 
GALBRAITH 65 OSPK ETA +- "" 2.02 

1.93 0.26 ' BASilE 66 OSPK ETA - "' 1.86 
1. 993 0.080 SOTT-BODE 66 OSPK ETA +- "' 1.935 

R9 AVG 1.992 0.073 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 
R9 FIT 2.001 0.063 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

RlO KOL INTO IPI HU NEUJ/tPJ E NEUI CP31/IP4J 
RlO 0.81 0.19 ADAIR 64 HBC 
R10 Q.B2 0.10 DEBOUARD 67 OSPK 
RlO 273 0. 7 0.2 HAWKINS 67 HBC 
RlO 0.8I O.QB HOPKINS 67 HBC 
R10 770 0. 71 0.05 BUDAGOV 6B HLBC 
RIO 0.67 0.13 KULYUKINA 68 CC· 
RlO 8 C0.7il 10.041 BEILUERE 69 HLBC 
RIO 1309 (0.6481 C0.0301 EVANS 69 HLBC REPL. BY EVANS 73 
RlO 3548 0.6B 0.08 BASILE. 70 OSPK 
RIO 1309 0.662 0.030 EVANS 73 HLBC 
R10 8 BElLLIERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUOAGOV 68 
RIO 
R10 AVG 
R10 FIT 

0.695 
0.694 

0.022 AVERAGE IERROR INCLUDES SCALE fACTOR OF 1.01 
Q. 022. FROM FIT C ERROR INCLUDES SCALE FACTOR OF 1 .o I 

Rll 
Rll 
Rll 
Rll 
Rll 

R12 
R12 
Rl2 
Rl2 
Rl2 

KOL INTO IHU+Mu-JICHARGED CUNITS 10 .. -61 
100.0 OR LESS ANIKINA 65 CC 
250.0 OR LESS CL•.90 ALFF-STEI 66 OSPK 

2.0 OR LESS "CL• .. 90 ·BOTT-BOOE 67 OSPK 
35.0 OR LESS CLa.90 FITCH 67 OSPK 

KOL INTO (PI+ PI':" GAHMAI/TOTAL CUNJTS 10**-31 
15.0 OR LESS ANIKINA 65 CC 
5.0 OR LESS BELLOTTI 66 HLBC 
3.0 OR LESS NEFKENS 66 OSPK 
0.4 OR lESS CL ... 90 THATCHER 68 OSPK 

IP61/CP2+P3+P41 

IPIOI 

GAH KE 40-130 MV 
GAM KE 120 MEV 
GAH KE 20-170 HV 

R13 KOL INTO CE+ E-1/CHARGED CUNITS 10 .. -61 IP71/(P2+P3+P41_ 
Rl3 1000.0 OR LESS ANIKINA 65 CC 
R13 200.0 OR LESS Cl"'o90 ALFF-STEI 66 OSPK 
R13 23.0 OR LESS CL=.90 BOTT-BOOE 67 OSPK 

Rl4 KOL INTO (E MUJICHARGED IUNJTS 10$0-41 CP8JI(P2+P3+P4J 
R14 10.0 OR LESS ANI KINA 65 CC 
Rl4 1.0 OR LESS CL=.90 CARPENTER 66 OSPK 
R14 0.1 OR LESS CL=.90 BOTT-BOOE 67 OSPK 
Rl4 O.OB OR LESS CL=.90 FITCH 61 OSPK 

RlS 
R15 0 
Rl5 0 

KOL INTO CE+ PI- NEUJ/CE- PI+ NEUJ 
97 10.901 C0.1BJ NEAGU 61 CC' 

U.Oll 10.161 LUERS 64 HBC 
Rl5 0 894 
Rl5 0 1539 

10.991 10.0231 KULYUKINA 66 CC 
(1.061 10.051 VERHEY 66 OSPK 

R15 0 LOW PRECISION EXPTS NOT AVERAGED. FOR MORE PRECISE VALUE, 
R15 0 SEE Sl3A2 'I BENNETT 70, MARX 70 I 

R16 KOL INTO O!U+ PI- NEUJ/1 Mu- PI+ NEU I 
Rl6 1M 1.0081 Oo0027 DORFAN 61 OSPK 
Rl6 SEE ALSO Sl3A2 AND S13AL IN THE CP VIOLATION SECTION 

Rl7 
Rl7 C 
Rl7 C 
Rl7 G 
R17 G 
R17 
R11 FIT 

KOL INTO CPIO PIOIITOTAl (UNITS 10•-31 IPllJ 
7 11.21 U.S) t 1.21 CRIEGEE 66 OSPK 

CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 PIO DECAY MODE 
189 12.51 10.81 GAILLARD 69 OSPK E00•3.6+-o.6 

LATEST RESULT Of THIS EXPERIMENT GIVEN BY FAJSSNER 70 Rl9 ......... 
0.94 0.19 FROM FIT 

R18 KOL INTO I3PIOIIIPI+PI-P'JOJ 1Pli/IP2J 

9/66 
9/66 

6/66 
11/67 
8/67 
8/67 

10/68 
2171 

10/69 
1173* 

10170 
1173• 

6/66 
9/66 
8/67 
3/6B 

6/66 
8/67 
6/66 
2171 

6/66 
6/66 
8/67 

6(66 
8/66 
8/67 
3/68 

8/66 
9/66 
8/67 

11/67 
2171 

7/66 

5/69 
1171 

R18 1BB 2. 0 0.6 ALEKSANYA 64 FBC 9/66 
R18 1010 1.80 0.13 BUOAGOV 6B HL8C 10/68 
Rl8 
Rl8 AVG 1.B1 0.13 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.01 
R18 FIT 1.711 OoOB1 FROM FJT IERROR INCLUD~S SCALE FACTOR OF 1.31 

Rl9 
R19 C 
R19 C 
R19 C .,. 
••• .,. 
Rl9 .,. .,. 
R19 .,. 

KOL INTO CZPIOI/C3P10l IUNlTS 10••-z) IPll)/tPlJ 
109 11;B91 10.311 CRONIN 1 67 OSPK ETAOO..~t.9-0.5 

11.361 (0.18) CRONIN Z 61 OSPK ETAQOu3.92-0.3 
CRONJN2 IS FURTHER ANALYSIS Of CRONIN1 ,NOW BOTH WITHDRAWN 

NO EVENTS SEEN BARTLETT 6B OSPK SEE EOO 8ELOW 
57 0.46 0.11 BANNER 69 OSPK ETA00"'2·2-0.3 

133 1.31 0.31 CENCE '\ 69 OSPK ETA00.,3 .. 7-o.S 
29 0.37 0.08 BAPJtiN 70 HLBC ETA00=2.02+-0.23 
30 0.32 0.15 BUOAGOV 70 HLBC ETA00""1·9-0.5 

F 172 0.90 0.30 FAISSNER 70 OSPK ETA00E>3·2-0.5 
F FAJSSNER 70 CONTAINS SAI'tE 2PIO EVENTS AS GAILLARD 69 Rl1 

R19 AVG 
Rl9 FIT 

0.439 
0.44 

0 .. 098 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.7J 
0.29 FROM FIT tERROR INCLUDES SCALE FACTOR OF S.lJ 
(SEE IDEOGRAM BELOW I 

8/67 
11/67 
11168 
11/68 
2172 

10/69 
12170 
10170 
12170 

Data Card Listing:; 
For notation, see key at front of Listings. 

WEIGHTED RUERRGE = 0.439 • 0.098 
ERROR SCRLEO BY 1.7 

Values above of weighted average, 
error, and scale factor are for the 
reader's convenience only.· The 
data were actually processed by a 
constrained fit program, wh~h _ 
calculates its own values of x, 6x, 
and scale factor, which are differ~ 
ent from the values shown here. 

---t- · ·FRISSNER 70 OSPK 
70 HLSC 
70 HLBC 
69 OSPK 

·BRNNER 69 OSPK 

CHISQ 
2.4 
0.6 
0.7 
7.9 

_Q_,_Q__ 
11.7 

ICONLEU 
-0.5 2.5 =0.0201 

R20 
R20 
R20 
R20 
R20 AVG 
R20 FIT 

R21 
R21 
R21 S 
R21 
R21 
R21 
R21 AVG 

KOL INTO 12PIOJ/I3PIOJ (10••-2J 

KOL INTO CPI+ PI-II(KE3 + KHU31 C~JTS 10••-31 IP5J/IP3+P41 
309 2.51 0.23 OEBOUARD 67 OSPK 
525 2.35 0.19 FITCH 67 OSPK ETA-"'1.:91+-.06 ......... 

2."1 0.15 'AVERAGE IERROR INCLUDES SCALE FACTOR OF l.OJ 
2.384 ,0.076\ FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.0) 

KOL INTO 12GAMHAI/(3 PIOJ IUNITS 10.-..-31 CP91/IP1J 
16 2. 5 0.1 ARNOLD 68 HLBC VACUUM DECAY 

BANNER 69 IS NEW EXPT. NOT TO BE CONF WITH R8 OF CRONINl 67 
115 2.24 0.28 BANNER 69 OSPK 

28 2.13 0.43 BARHIN 71 HLBC 

AVERAGE CERROR INCLUDES SCALE FACTOR OF l.OJ 

0 + -Note on the KL -+ fL fl. Controversy 

6/68 
6/68 

11/68 
2172 

11/68 
8171 

The K1_ -+ fl.+ fL..- branching ratios (R22) given .by 

CLARK 71 and CARITHERS 73 are incompatible. We 

therefore make no attempt to combine their results. 

CARITHERS 73 is a preliminary result based on 

their reported observation of 6 events. They are con

tinuing data-taking and analysis: 

CLARK 71 observe no events but would expect 

around 12 based on the CARITHERS 73 rate. CLARK 

71 are rechecking their analysis but have found nothing 

which could account for the loss of these events (A. 

Clark, private communication). 

The discrepancy is interesting on theoretical grounds 

because the CLARK 71" re.sult is below the "unitarity" 

lower limit for this decay. 

R22 
R22 
R22 
R22 
R22 C 
R22 C 

R23 
R23 
R23 

KOL INTO (MU+MU-1/CPI+PI-J CUNJH 10 .. -5J (P6J/IP5J 
0 14.0 OR LESS CLa.90 FOETH 69 ASPK 
0 1.8 OR LESS CL.,.90 OARRJULAT 70 ASPK 
0 0.12 OR LESS CL•.90 CLARK 11 ASPK 
6 (0.61 CARITHERS 73 ASPK PRELIMINARY 

CARtTHERS 72 GIVES K3l TO MU+M.lJ-/ALL ... 9•Ht .. -9. WE CONVERT TO R22. 

KOL lNTO IE+ E- J/IPJ+PI-1 CUNIT.S 10••-51 CP7J/IP51 
0 10.0 OR LESS CLa.90 FOETH 69 ASPK 

0.10 OR LESS Cl"'o90 CLARK 71 ASPK 

KOL INTO~ IE MUJ/1 PI+PJ-J CUNtTS 10•-51 IP81f(P5J 
0.10 OR LESS CLa.90 CLARK 71 ASPK 

R25 ic.OL INTO IPJ E NEU GAJitlltKL E31 !UNITS l0•-2J CP12J/IP3) 
R25 10 3-.3 2.0 PEACH 71 HlBC GAM KE GT 15 MEV 

R26 KOL INTO (PJO TWJ GAMMASJ/13PIOI (UNITS 1o-*-31 CP13J/CP1J 
R26 0 1.1 OR LESS CL=.90 BANNER 69 OSP.K 

5170 
11170 

6171 
1/73* 
1113• 

5170 
6171 

6/11 

6171 

2172 
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., Data Card Listings 
For notation, see key at front ofListings. 

GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 
GTO 

. GTO 

13 KOL ENERGY DEPENDENCE OF DALITZ PLOT 

RELATED TEXT SECTION IV F,l, APPENDIX I, AND MINI-REVIEW ON SLOPE 
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD llSiJNGS ABOVE 

MATRIX ELEMENT SQUARED • 1 + G CS3-SO)/UIPI+ .. 2J 

LINEAR ENERGY DEPENDENCE (GJ~FOR TAU DECAYS KLONG INTO PI+ PI- PIO 
79 0.55 0.23 ADAIR M HBC AV---7 .. 6 +- 1.7 
17 0.51 Q,ZQ LUERS 6lt HBC AVr.-7,3 +- 1.6 
66 0.32 0.13 ASTBURYl 65 CC AVc-5.5 +- 1.5 

310 Q.Sl 0.09 ASTBURYZ 65 CC AVc-(7.3 +.6 -.8) 
280 0.64 0,11 ANIKINA 66 CC AVc-(8.2 +.9 -1,31 
126 0.10 0.12 HAWKINS 66 HBC AVo-8.6 +- 0.7 

1350 0.6~9 Q,Q4't HOPKINS 67 HBC AT.,-0.294 +- .018 
1198 0.428 Q,QSS NEFKENS 67 OSPK AU=-0.204 •- .025 
241t6 0.400 0.045 BASILEZ 68 DSPK Alc:-O.l88 +- .020 

29000 0.651 Q,QJZ ALBROW 70 ASPK AYc-Q.B62 +- .015 
6 36K 0.555 0,016 BUCHANAN 10 ASPK AU .. -0.261 +- .001 

4400 0.656 Q,OSB SMITH 10 OSPK AT=-0.291 +- .024 
180 0.50 Q,ll JAMES 12 HBC 

1486 Q,6QB 0.043 KRENZ 12 HLBC ATm-0.271 +- .018 
381t Q.68B 0.014 METCALF 12 ASPK ATc-Q,31 +- .03 

BUCHANAN 10 GIVES A .. 0.257 +- ,QQS FOR A QuADRATIC FIT WITH 
STATISTICAL ERRORS ONlY. THE A VALUE USED HERE IS FOR A LINEAR 
FIT AND INCLUDES SYSTEMATIC ERRORS. QUADRATIC FIT ODES NOT 
IMPROVE CHI SQUARED PROBABILITY. 

GTO AVG 0.604 0.023 AVERAGE IERROR lfCLUOES SCALE FACTOR OF 2, 1! 
C SEE IDEOGRAM BELOW ) 

~ElGHTED AUERAGE = D .6D4 • D.D23 
ERROR SCALED BY 2.7 

• 3/71 
3171 
3171 
3/71 
3171 
3171 

10/69 
3/11 
3/11 
1/71 
3/71 
3/71 
1173• 

11112• 
·utn• 

3171 
3/71 
1113• 
1(73• 

CHISQ 
-+--· ·METCALF 72 ASPK 

·KRENZ 72 HLBC 
____.____ ·JAMES 72 HBC 

-· ·SMITH 70 OSPK 

+ ·BUCHANAN 70 ASPK 
·ALBRO~ 70 ASPK 

-+--· . ·BASILE2 68 OSPK 
-+-. ·NEFKEHS. 67 OSPK 

•HOPKINS 67 HBC 

f'--· ·HA~KIHS 66 HBC 
·AHIKINA 66 cc 

~ ·ASTBURY2 65 cc 
·ASTBURY1 65 cc 

I -v \ 
·LUERS 64 HBC 

./ -....: ·ADAIR 64 HBC 

D.D D.4 D.8 1.2 
TAU D SLOPE PARAMETER FOR KDL 

I 13 KOL FORM FACTORS 

RELATED TEXf SECT ION IV F.2 AND MINI-REVIEW ON FORM FACTORS 
IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE 

1.3 
0.0 

0.8 
9.4 

15.3 
2D .'5 
10.2 
1.0 

1.1 

59.7 
!COHLEU 
=D.DDDI 

XIA XJA ., F-/F+ IOETERHINEO FROM SPECTRA AND KMU3/KE31 -------
XIA SOME OF THE OLDER EXPERIMENTS HAVE EVALUATED XI ASSUMING THAT IT IS 
XIA INDEPENDENT OF THE HOHENTUH TRANSFER Ulr J,f,, THEY SET L+-L-.,Q, 
XIA OTHERS HAVE ASSUMED A VALUE FOR L+ AND USED L-cQ. ONLY RECENTLY 
XIA BOTH L+rL- AND XJIOJ lOR THREE RELATED PARAMETERS) HAVE BEEN JNCLu-
XIA OED IN THE FITS, SEE CHIEN TOr DALLY 1Z, ALBROW 72, 1 
XJA L 389 C+1,1J 10.91 (1.3) ADAIR 64 HBC KHU3/KE3 8/67 
XIA L 1+0.661 (0.91 I 1,3) LUERS 64 HBC KHU3/KE3 8/67 
XIA L 1371 1+1,21 10.8) CARPENTER 66 OSPK MU,PJ SP.ECTRA 8/61 
X lA K 10.2J 10.81 I 1.21 KULYUKINA 68 CC HU,PI SPECTRA 2171 
XIA 770 +0,3 +0.4 BUDA'GOV 68 HLBC KH3/KE3tLM+•,023 11/68 
XIA E 1309 C-0,221 10.30) EVANS 69 HlBC KM3/KE3,LM+•,02 10/69 
XIA 3HO -3,9 0.4 BASILE 70 OSPK DAL.PLT.LH+"'•02 10/10 
XIA 3548 -0.50 0.5 BASILE 7D OSPK KH3/KE3tLM+•,02 10170 
XIA C 16K (-0.68) (D.12J (0.20JCHJEN 70 ASPK DAL.PLT.LM+•.08 2/71 
XJA A9086 -1.5 0.1 ALBROW 72 ASPK DAL.PLT.LH+•,OBS 8172• 
XJA C 16K 0.50 D.61 DALLY 72 ASPK DAL.PLT.LM+.,,ll 1173• 
XIA E1309 -0,08 0.25 EVANS 13 HLBC KM3/KE3rLH+•.02 1113• 
XJA l LH+ AND LH- ASSU~EO TO BE ZERO. 
XIA K LH+ AND LM- NOT GIVEN. , 
XIA C CHIEN 70 VALUE AT L-•0 • L-AND XI(OJ ARE HIGHLY CORRELATED. 
XIA C DALLY 12 IS A REANALYSIS OF CHIEN 70, LAHBOA .. -0.37+-0.15 
XIA A ALBROW 72 GETS U~..,0.030+-0o06Q, LAMB0Aa0.15+0.11-0.lL 
XIA E EV.ANS 13 REPLACES EVANS 69. Ll1-aO 
XIA •• • ••••• • 
XIA AVERAGE MEANINGlESS ISCALE FACTOR • 4aDI 

XIS XIS = F-/F+ (DETERMINED FROM MU POLARIZATION IN KHU31 ----
XIB THE MU POLARIZATION IS A MEASURE OF XICTJ. NO ASSUMPTIONS ON L+-
XJ8 NECESSARY, T SHOUlD BE SPECIFIED. 
XIS FOR RAO. CORR. TO HUON POLARIZATION IN KHU3; SEE GINSBERG 11. 2/72 
XIS 2608 -1.2 0.5 AUERBACH 66 OSPK POLARIZATION 8/67 
XIS 638 -1.6 0.5 ABRAMS 68 OSPK POLARIZATION 5/69 
XIS -1.81 0.50 Oo26 LONGO 69 CNTR POL. T .. 2.6S 11/69 

~ XIB •••• , 
XIS AVERAGE MEANINGLESS (SCALE FACTOR., 1.01 

lXI IMAGINARY PART OF XI IT EST' OF T REVERSALJ ----'T--------
lXI -D.2 0.6 ABRAMS 68 OSPK HU POLARIZATlON 10/69 
lXI -o.o2 o.oB LONGO 69 CNTR POL. T .. 2.65 11/69 
lXI 
lXI AVG -D.023 O.D79 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 

FS FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 OECAYIASS. VALUEJ---
FS D.15 OR LESS Clc,68 KULYUKJNA 61 CC 10/69 

FT FT/F+ RATIO OF TENSOR TO F+ COUPLINGS FOR KE3 OECAYIABS. VALUEJ--•-
· FT 1.0 OR LESS CL•.68 KULYUKINA 61 CC 10/69 

PARTICLE DATA GROUP Review of Particle Properties S57 

Stable Partides 

L•E 
L•E 
L+E' 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 
L•E 

LAMBDA + (liNEAR ENERGY DEPENDENCE OF F+ IN KD E3 DECAY) 
FOR RAO, CQRR, TO THE OALITZ PLOT OF KE3, SEE GINSBERG 61. 

153 +0.07 .06 LUERS 6lt HBC DlTZ PLOT,NO R.C 
577 +0.15 ,DB FISHER 65 OSPK DLTl PLT,NO R.C. 
762 -0.01 .02 FIRESTONE 67 HBC DlTZ PlTtNO R.C. 

. 531 +0,01 .015 KAOYK 67 HBC E,PJ SPEC ,NO R,C 
240 +D.OB .10 ,QB LOWYS 67 FBC PI SPECr RAD COR 

1000 D.02 0.013 ARONSON 68 OSPK PI SPECTRUM 
48DO +D.D23 O.D12 BASILE 68 OSPK OlTl PLT,NO R.C. 

42K 0.023 0.005 BISJ 11 ASPK DlTl PLT,R.C.· 
16K 0.05 O.D1 CHIEN 11 ASPK OLTZ PLT,NO R.C. 

1910 D.02Z 0.014 NEUHOFER 12 ASPK PI SPEC, RAD COR 

AVG 0.021t9 0.0049 AVERAGE IERROR INCLUDES SCALE FACTOR OF loll 
C SEE IDEOGRAM BELOW J 

~EIGHTEO AUERAGE = D.D249 • D.D049 
ERROR SCALED BY 1,3 

·NEUHOFER 72 ASPK 
+· ·CHIEN 71 ASPK 

·BISI 71 ASPK 
·BRSILE 68 OSPK 
·ARONSON 68 OSPK 
·LO~YS ·67 FBC 
·KAOYK 67 HBC 
•FIRESTONE 67 HBC 
FISHER 65 OSPK 

·LUERS 64 HBC 

CHISQ 
D.D 
6.3 
D.2 
D.D 
D.1 

1.D 
3.1 

1D.7 
ICONLEU 

Kf . 
8/67 
8/67 
8/67 
8/67 
5/69 
3/68 

12171 
6171 
1173• 

-D.1 D.1 D.2 D.3 =D.D981 
LAMBDA+ FOR KE3 DECAY OF KDL 

l+H LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY) 
L+M FOR RAO. CORR. TO DALITZ PLOT OF KMU3 SEE GINSBERG 70 
l+M C 16K 10.071 C0.02l CHIEN 10 ASPK XIA•-.68+.12-.ZO 
L+M A9086 0.085 • 0.015 AL8ROW 12 ASPK XIA•-1.5+-0.7 
L+M C 16K Ooll 0.04 DALLY 72 ASPK XtA•.!i0+-.61 
l+H C CHIEN 70 VALUE AND ERROR HAVE BEEN CHANGED FROM D.08 +- 0.01 TO 
l+M C INClUDE SYSTEMATIC EFFECTS. DALLY 72 IS A REANALYSIS OF CHIEN 70. 
L+M SEE ALSO THE CORRESPONOI NG ENTRIES AND FOOTNOTES IN SEC. XJA ABOVE, 
L+M • • , •••••• 
L+M AVERAGE MEANINGLESS ISCALE FACTOR •. l.OJ 

---- ------ ------- -------- ----- ----~ ------- ..; ___ _ 
13 CP VIOLATION PARAMETERS IN KOl DECAYS 

RELATED TEXT SECTION IV F.3 AND HlNI-RfyiEW BELOW 

--------------13 CHARGE ASYMMETRY .IN TAU DECAYS-------------------
TEXT SECTION IV F.3 B 

SEE SCRIBANO 70 FOR DEFINITION CHIS SIGMA+-). Ac1 FOR MAX ASYMMETRY 
IMJ .. Z • 1+ SIG+- (2/SQRTl3J •IIT+I.,.(T-JJ/ TMAXJ AS SCRIBANO 70 

DECAY ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNIT's 10 .. -2) 

3171 
8172• 
1173• 
3/71 
3171 
1173• 

,3M D.2 0.95 BLANPIED 68 CNTR 
3M 0.21 0.2 SCRJBAND 70 CNTR 

440D 0.000 D.050 SMITH 70 OSPK 

• 417D 
.12170 
.1DI70 

AVG 0.016 0.063 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.3) 

-1 

(SEE IDEOGRAM BELOW J 

~EIGHTED AUERAGE = D.016 • D.D63 
ERROR SCALED BY 1.3 

·SMITH 7D OSPK 
·SCRIBANO 7D CNTR 
BLAHPIEO 68 CNTR 

D 
DECAY ASYMMETRY FOR KDL INTO PI+ PI- PID 

CfHSQ 
D.1 
1.6 

1.7 
ICONLEU 
=D.19DI 
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Stable, Particles 
Kf 
-------------13 CHARGE ASYMMETRY IN lEPTON It DECAYS I PERCENT 1-"--.:, __ 
TEXT SECTION IV Fo3 C 

SUCH ASYMf•t'ETRY VIOLATES CP • IT JS RELATED TO REAUEPSILONI. 

Al KOL INTO IMU+PI-NUJ-IMu-Pt+NUI/IHU+Pl-NUJ+IMu-PJ+NU) I PERCENT I 
Al 0 1M CO.It03J 10.1341 DORFAN 67 OSPK 
Al 0 1M 0.57 0.11· PACIOTTl 69 OSPK 
Al 4 olM O. 60 0.14 MCCARTHY 72 CNTR 

DERIVED FROM Rl6 11/67 
1/73* 
1173• 

Al 7.7H 0.278 0.051 PICCICNl 12 ASPK 
Al 0 PACJOTTJ 69 IS A REANALYSIS OF DORFAN 67 AND IS CORRECTED FOR 
Al 0 MU+ MU- RANGE DIFFERENCE IN MC. CARTHY 72. 

•• Al AVG 0.334 0.085 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.81 

A2 KOL INTO tE+Pt-NU)-IE-PI+NUI/tE+PI-NUJ+IE-PJ+NUI IPERCENTI 
A2 B 10M 10.2241 10.0361 BENNETT 67 CNTR 
A2 B 10M 0.246 0.059 SAAL 69 CNTR 
A2 10M Q. 346 0.033 MARX 70 CNTR 
A2 600K 0.36 0.18 ASHFORD 1Z ASPK 
A2 18M 10.2661 t0.034J HEBB 72 ASP.K PRELlMJNARY 
A2 8 SAAL 69 IS A REANALYSIS OF BENNETT 67 
A2 • • • ....... . 
A2 AVG 0.323 0.042 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

AL 
AL B 
AL 0 
AL 
AL 
AL 
AL 
AL 
AL 
AL 
AL 

KOL 
!OK 

lK 
lOK 

600K 
4.1M 
7.7M 

AVG 

18M 
SEE 

INTO f'CL+I-IL-JJ/IIL+J+IL-11 (CQHBJNED AI AND A2J IPERCENTI 
0.246 0.059 SAAL 69 CNTR 
0. 57 0.11 PACJOTTI 69 OSPK 
0.346 0.033 MARX TO CNTR 
Q. 36 0.18 ASHFORD 72 ASPK 
0.60 0.14 MCCARTHY 72 CNTR 
0.278 Q.OSl PJCCJONJ 72 -ASPK 

10.266) 10.034) WEBB 72 ASPK PRELIMINARY 
FOOTNOTES IN SECTIONS AI AND A2 ABOVE .. 

0.326 ~ 0.036 AVERAGE tERROR INCLUDES SCALE FACTOR OF l.SJ 
I SEE IOEOGRAH BELbW J 

~EIGHTEO RUERRGE = ~.326 • o:036 
ERROR SCRLEO BY 1.5 

·PICCIONI 72 RSPK 
·MCCRRTHY 72 CNTR 
·RSHFORO 72 RSPK 
·MRRX 70 CNTR 
·PRCIOTTI 69 OSPK 
·SRRL 69 CNTR 

CHISQ 
0.9 
3.8 

0.4 
2.1 

___!.&__ 
9.0. 

1173• 
1173• 
1173• 

11/67 
10170. 
10170 
2172 

11172* 

2171 
1173* 
2171 
2172 
1/73* 
1173• 

11172• 
1173• 

o.o 1.2 
tCONLEU 
=0.062) 

CHRRGE RSYMMETRY FOR KOL INTO LEPTONS 

--------------13 PARAMETERS FOR KOL INTO 2Pl DECAY---------------
TEXT SECTION IV F.3 0 

EOS 
EOS. 
EOS 
EOS 
EOS F 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 
EOS 

ETA+- ., AIKL TO Pl+Pl-J/AIKS TO PI+PI-J 
ETAOO "' AIKL TO PJOPlOJ/AIKS TO PJOPIOJ 

THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOW ARE DERIVED 
PRIMARILY FROM THE FITTED BRANCHING RATIOS FOR THE· TWO PION DECAY 
HODES OF KOL ANO KOS. FOR THE QUANTITIES MEASURED BY INDIVIDUAL 
EXPERIMENTS SEE THE KQL BRANCHING RATIOS R9 AND R20 I ETA+-J AND 
R11 AND Rl9 IETAOOJ. FOR THE READER'S CONVJENENC.E WE LIST THE 
DERIVED QUANTITIES ETA+- !CALLED E+..- BElDWI AND IETAOOI**2 ICALLEO 
EOS BELOWJ. HOWEVER, THE FlT FOR ETA+- AND ETAOO USES ONLY THOSE 
VALUES BELOW WHICH ARE INDEPENDENT OF BRANCHING RATtO HEASUREMENTS-
ETAOO OF CHOllET 70 AND WOLFF Tlr AND IETAOO/ETA+-J OF BANNER! 12 
AND HOLDER 12. 

tETAOOI**2 • IACKL TO ZPIOJ/A(KS TO 2PIOJJ••2 (UNITS 10**-61 
0 -2. 7 .o BARTLETT 68 OSPK 10/69 

57 4. 9 1. 2 BANNER 69 OSPK 2172 
133 14.1 3 .. .4 CENCE • 69 OSPK 10/69 
180 ( 13.1 14. J GAillARD 69 OSPK 10/69 

29 4. 08 0.9 BARHIN TO HLBC 12170 
30 3. 61 1.9 BUOAGOV TO HLBC 10170 

8.1 3 .. 7 CHOLLET 70 OSPK CU REG-~4 GAI1HAS 2172 
112 9.9 3.-4 FAISSNER TO OSPK 12170 

56 7.4 2.0 WOLFF 11 OSPK CU REG.,4GAMHAS 12171 
C.HOLLET 70 GIVES ETA00•(1.23-0.241*lREGEN"AMPL,2GEVIC CUJ/lOOOOMB 2172 
WOLFF 11 GIVES ETA00ail.l3+-Q.l2J•IREGEN AHPL,2GEV/C CUJ/10000HS 2172 
WE COMPUTE BOTH ETA00*•2 VALUES FOR IREGEN AHPL,2GEVIC CUJe24+-2K8. 2172 
THIS REGEN AHPL RESULTS FROM AVERAGING OVER FAJSSNER 69, 2172 
EXTRAPOLATED USING OPTICAL HODEl CALCULTJONS OF 801-01 ET AL. 2172 
Pl 278 594 11968) AND THE DATA OF BALATS 11. (FROM H. FAJSSNER, 2172 
PRJ VATE COHMUNICAT JON I 2172 
FAISSNER 70 CONTAINS SAME 2PJO EVENTS AS GAILLARD "69 

Eos AVG 
eos FIT 

5.13 0.90 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.51 
-4.35 0.-40 FROM FLT tERROR INCLUDES SCALE FACTOR OF l.IJ 

(SEE IDEOGRAM BELOW J 

E- ETA+- • ACKL TO PI+Pl-1/AlKS TO Pl+PI-J ltiJTS 10**-3 ------
E- .. I 1.941 CHRISTENS b4 OSPK 10/69 
E+- 54 (2.021 GALBRAITH 65 OSPK 10/69 
E- ( 1.861 BASILE 66 OSPK 10/69 
E+- (1.9351 BOlT-BODE 66 OSPK 10/69 
E+- 525 1.91 .06 FITCH 67 OSPK 10/69 
E•-
E+- FIT 1.980 0.036 FROM F JT I ERROR INCLUDES SCALE FACTOR OF 1.11 1173* 

ER 
ER 
ER 
ER 

Data Card Listings 
For,notation, see key at front ofListings. 

~EIGHTEO RUERAGE = 5.13 • 0.90 
ERROR SCRLEO BY 1.5 

-10 

Values above of weighted average, 
error, and scale factor are for the 
reader's "convenience only, The 
data were actually processed by a 
constrained fit program, wh!_ch _ 
calculates its own values of x, 6x, 

. and scale factor, which arc differ· 
· ent from the values shown here. 

·~OLFF 

·FRISSNER 
·CHOLLET 
·BUORGOU 
·BRRMIN 
·CENCE 
·BRHNER 
·BRRTLETT 

20 30 

71 OSPK 
70 OSPK 
70 OSPK 
70 HLBC 
70 HLBC 
69 OSPK 
69 OSPK 
68 OSPK 

CHISQ 
1.3 
2.0 
0.9 
0.6 
1.4 
7.0 
0.0 

13.2 
ICONLEU 
=0.040) 

ETR00 .. ·2 FOR KOL ·INTO 2PIO 

RATIO OF ETAOO OVER ETA+-
124 i.o3 o.oT BANNER! 72 OSPK. 
167 1.00 0.06 HOLDER 72 ASPK 

ER AVG 
ER FIT 

1.013 0.046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
1 .. 054 0.046 FROM FIT IERROR INCLUDES SCALE fACTOR OF 1.11 

Note on Kt - 2n and ~ Regeneration 

Some experiments obtain cl> +- (the phase of '1+-) 
. K K +-us1ng S' L '+ n n interference behind a regenera-

tor. In these interference experiments the measured 

quantity is the .difference of c1> +- and the regeneration 

phase ci>R, as shown in the expre-ssion below. After 

the regenerator, the· intensity of the 1T +,- decays in 

the forward direction is. 

-r t 
I(t,p) =S(p)(IR(p)i 2 e S 

2 -rLt 
·+ 1'1+_1 e +2IR(p)li'll+-l 

· -(r5 +rL)t/2 . 
X e• cos(D.mt +ci>R(p)- <!>+_)]. 

where: 

t is the decay time in the K 0 rest frame, 

(1) 

· C.m = mL-m5 , andmL' rL,m5 ,r5 are. the masses 

and dec!ll. rates Of the long- and short-lived :KO, 
I '11+_1 e 

1 
+- is the ratio of decay amplitudes 

A (KL ... , +, -)/ A(KS-+ n +, -). 

S(p) is propotional to the KL momentum spectrum, 

and i (p) 
R(p)= IR(p)le <I>R is the transmission-regenerated 

K5 amplitude (relative to the KL): 

[f (>-I ( >J t -frs£(p}[1-2illm/r.j R(p)= trNAi 0 p. 0 p ~1 ..,.-.::.e _______ _ 

P · t r 8 [1- 2it.m/rsJ ' 

(2) 

where 
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bata Card Listings 
For notation, see key at front of Listings. 

1(p) is the thickness of regenerator measured in 

units of the mean decay length of KS' 

N is the number of nuclei per cubic centimeter, 

11. is the KS mean decay length, and 

f (p), 7 (p)" are the forward scattering amplitude of 
0 0 . 

K 0 and K0 • 

6 

From {1) above it is clear that the value of <1>+- is cor

related with the value of 6.m and <I>R. Usually 6.m is a 

parameter of the fit and <I>R is determined by some other 

means (optical model calculations, time dependence of 

the charge asymmetr.y in Ke 3 decay, .etc.). 

We list <I>+- and give in comment cards both the value 

of <I>R used by the authors and the 6.m dependence of' 

<1>+-. 

F+
F+-···········
·- N F+- C 

• F- 8 
F+- F 

·- J 
·- 0 r+- P ·-F+- AYG 

PHASE OF ETA+- IOEGREESJ --------------
OM IS IKOL-KOS MASS DIFFERENCE I HBARJ IN UNITS OF 10**10 SEC-1 

SEE SECT ION 0 OF KOL LISTINGS FOR LATEST VALUE 
WE HAVE ADDED THE MASS DEPENDENCE AND PROPAGATED THE ERROR IN DH 
USING OH•0.5398+-0.Q033 FOR BENNETT 69, BOHH 69t FAISSNER 69, 
JENSEN 70t AND BALATS 71. THE APRIL 1972 OHtO .. S402+-0 .. 0035) HOULO 
NOT !'tAKE A SIGNIFICANT CHANGE IN THE PHASE. 

45.0 50.0 FITCH. 65 OSPK 
30.0 45.0 FIRESTONE 66 HBC 
10 .. 0 21.0 BDTT-BOOE 67 OSPK 
25.0 35.0 MISCHKE 67 OSPK 

15l.OJ (11.01 BENNETT2 68 CNTR 
34.5 10.0 BENNETT 69 CNTR 
47.6 12.1 BOHH 69 OSPK 
46.2 7.-4 FAISSNER 69 ASPK 
43.4 4.4 JENSEN 70 ASPK 
38.0 12.0 8ALATS 11 DSPK 
36.2 6.1 CARNEGIE 72 ASPK 

BE REGEN 

C REGEN 
CU REGEN 
CU REG. USES 
CU REGEN 
VACUUM REGEN 
CU REGEN. 
VACUUM REGEN 
CU REGEN 

41.8 z.a AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
COMMENTS 

N BENNETT '69 IS A REEVALUATION OF BENNETT2 68. 
C BENNET 69 USES MEASUREMENT OF IF+-1-IPHIFI OF ALFF-STEI 66 
C BENNETT 69 F+-= 34.9+-10o0r NOT INCLUDING ERROR IN OM 
C OM DEPENDENCE OF BENNETT 69 IS 69*1DI't-0.545J OEG. FR=-49.9+-5.40EG. 
B BOHM 69 F+-=41+-lZr NOT INCLUD lNG ERROR IN OM. 
8 OM DEPENDENCE OF BOHM 69 IS 479*l01't-0.526J OEG. 
F FAI SSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE • 
F FAISSNER 69 F+-=49.3+-1.4f NOT INCLUDING ERROR IN OM. 
F OM DEPENDENCE OF FAISSNER 69 IS Z05•1DI'f-0.555J OEG. FRa-42.7+-50EG. 
J JENSEN 70 F+-=42.4+-4.0, NOT INCLUDING ERROR IN OM. 
J OM DEPENDENCE OF JENSEN 70 JS 576•CDM-0.5381 OEG. 
0 8ALATS 11 F+-.,39+-12. NOT INCLUDING ERROR IN OH. FR.,-43+-4 OEG. 
0 OM DEPENDENCE OF BALATS 71 IS 198*1DH-.541tl DEG. 
P CARNEGIE 72 INSENSITIVE TO OM. FR=-56.2+-5.2 DEG •• 

FOO PHASE OF ETA 00 I DEGREES I 

2171 

2171 
2171 
3172 
3172 

11/67 
11/67 
11/67 
7/68 
8/68 
2171 
2111 
2/11 
2171 
9/71 
1173• 

11/69 
2171 
Z/71 
2171 
2171 
2171 

11/69 
2171 
2171 
Z/.11 
2171 
9171 
9171 
1173• 

FOO FIRST QUADRANT PREFERRED 
FOO C 51. 30. 
FOO W 56 38.0 25.0 

GOBBI 
CHOL:LET 
WOLFF 

69 OSPK 
10 OSPK 
71 OSPK 

11/69 
CU REG. ,4 GAMMAS 10170 
CU REG. ,4GAMMAS 12171 

FOO • • • • • • •• • 
FOO AVG 43.3 19.2 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
FOO C CHOlLET 70 USES REGENERATOR PHASE FR•-46.5+-4.4 DEG. 
FOO W WOLFF 11 USES REGENERATOR PHASE FR•-48.2+-3.5 OEG. 

Superweak Model Predictions 

for cj> and <1> 
--11+_---11oo 

The superweak model of Wolfenstein, Phys •. 

Letters g, 562 (1964) predicts that 

· -1(2.AmTs) <1>+- <l>oo = tan -fl--

and 

[ 
2]-1/2 

111+-1 1 + e,6.~ Ts ) Re • 

The Kt -~ mass difference, the ~ lifetime, 

and I 11+_l given in the Stable Particle Table result 

in the predictions that 

<1> = <l>oo = (-43. 63 ± 0. 32)" +-
and 

1/73* 
... 103* 

'i 
I \.,) 7 
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Re e = (1. 433 ± O. 027) X 10-
3 

These can be compared with the experimental values 

<1>+
<l>oo 

Re • 

(41. 8 ± 2. 8)• 

(43±19)• 

(·1. 62 ± o. 20) X 10- 3 

where e has been computed from 6, the charge 
. 0 . 

asynunetry parameter for leptonic KL decays, and 

Kf 

(Re x, Im x), the as = -6.Q amplitude, using Eq. (34) 

of the text. 

As noted in the mini-review preceding the 

K5 mean life, the measured values of ~m and<!>+

used above have not been adjusted for our new value 

of TS. Had we used the adjusted value for ~m, the 

predictions would be 

and 

(43. 95 ± • 32)0 

. . -3 
Re E = (1. 426 ± 0. 027) x 10 • 

The measured value of <1>+- would be adjusted to 

REX 

U X "" IOSc-OQ AMPLITUDEJICOSc+OQ 'AI'!PllTUOEI 

RELATED TEXT SECTION IV F.4 

REAL PART OF X 
REX c 152 0.06 0.18 0.44 BALOD-CE 65 HL8C K+ CHARGE EXCHNG 11/67 
REX 196 0.035 o.u 0.13 AUBERT 65 HLBC K+ CHARGE EXCHNG 11/67 
REX F 109 -o.o8 o.l6 0.28 FRANZINI 65 HBC PBAR P 11/67 
REX 116 0.·11 0.16 0.35 FELDMAN 67 OSPK PI-P TO KO LHBOA 11/67 
REX N 335 (0.17) (0.101 Hill 67 OBC K+O YIELDS KOPP 11/67 
REX 8 C0.03J (0.031 BENNETT! 68 CNTR 7/68 
REX 1Z1 0.09 0.07 0.09 JAMES 68 HBC PBAR P S/69 
REX • -0.020 0.025 BENNETT 69 CNTR CHAR ASYH+ CU RE 10/69 
REX 686 0.09 0.14 0.16 l.ITTENBER 69 OSPK K+N TO KOP 
REX N 215 0.12 0.09 CHO 70 OBC K+O TO KOPP 
REX 1079 -o. 069 0.036 SCIULLI 70 OSPK PI-P 
REX 25Z 0.25 .07 .09 WEBBER 11 HBC K-P TO KBAR N 
REX 410 0.03 0.06 0.06 BURG UN 72 HBC K+P TO KOPPI+ 
REX 126 o. 26 0.10 O.l't MANN 72 HBC K-P TO KOSAR N 
REX G 34Z 1-0.131 10.11) HANT SCH 72 OSPK KE3 FROM KO LHB 
REX G 100 10.041 10.101 10.131 GRAHAH 72 OSPK KMU3 FROM KO LMB 
REX G 442 -0.05 0.09 GRAHAM 72 OSPK PJ•P TO KO LHBOA 
REX G SECOND GRAHAM 72 VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 
REX G MANTSCH 72. 
REX 8 
REX c 
REX F 
REX N 
REX 
REX AVG 

BENNETT 69 1 S A REANALYSIS OF BENNETT 1 68 
BALOG-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND JMX. 
FRANZINI 65 GIVES X AND THETA.FOR REX AND JHX SEE SCHMIDT 67. 
CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND H_llL 67. .. . . 

o.oo3 
. . . . 

0-027 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.61 
I SEE IDEOGRAM 8El0lf I~ 

UEIGHTED RUERRGE = 0.003 • 0.027 
ERROR SCALED BY 1.6 

· •GRAHAM 72 DSPK 
· ·MANN 72 HBC 
· •BURGUN 72 HBC 

·WEBBER 71 HBC 
·SCIULLI 70 DSPK 
·CHD 70 DBC 
·LITTENBER 69 DSPK 
·BENNETT 69 CNTR 
·JAMES 68 HBC 
·FELDMAN 67 DSPK 
·FRRNZINI 65 HBC 
·RUBERT 65 HLBC 
·BRLDO-CE 65 HLBC 

CHISQ 
0.3 
4.6 
0.2 
9.5 
4.0 
1.7 
0.3 
0.9 
1.2 

0.1 

22.B 
ICDNLEU 

lt/69 
10170 
11170 
10/69 

1173* 
9112• 
Z/72 
2172 
Z/72 
Z/72 
2172 

11/67 
11/67 

-0.4 0.0 O.B =D .007J 
REAL PART OF X IDELTR S = -DELTA Q RMPI 
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IMX IMAGINARY PART OF X IASSUHES MIKU-MCKSI POSITIVE-- SEE 51301 
lMX C 152 -0.44 0.32 0.19 BALOD-CE 65 HLBC K+ CHARGE EXCHNG 3/68 
IMX 196 -0.21 0.11 0.15 AUBERT 65 HLBC K+ CHARGE EXCHNG 3/68 
IMX F 109 '4-0.24 0.40 0.30 FRANZINI 65 HBC PBAR P 3/68 
IHX 116 0.0· 0.25 FELDMAN 67 OSPK PI-P TO KO LMBOA 11/67 
JHX N 335 1-0.201 (0.101 HILL· 67 DBC K+O YIELDS KOPP 11/67 
IMX 121 +0.22 0.37 0.29 JAMES 68 HBC P8AR P 5/69 
IMX 686 -0.11 0.10 0.11 LJTTENBER 69 OSPK K+N TO KOP 4/69 
IMX N 215 -0.08 0.01 CHO 70 DBC K+D TO KOPP 10/10 
IMX 1079 0.108 0.092 0.014 SCIULLI 70 OSPK PI-P 11/10 
JMx zsz o.o .as WEBBER 11 HBC K-P TO KBAR N 10/69 
IMX 410 0.07 0.06 0.01 BURGUN 72 HSC K+P TO KOPPI+ 1173• 
IMX 126 0.21 0.15 0.12 MANN 12 HBC K-P TO KOSAR N 9/72* 
IMX G 342 1-0.04) (0.161 MANTSCH 72 OSPK KE3 FROM KO LHB 2/72 
IMX G 100 10.121 (0.171 ( Oo16) GRAHAM 72 OSPK KMU3 FROM KO LHB 2172 
IHX G 442 0.05 0.13 GRAHAM 72 OSPK PI-P TO KO LMBOA 2172 
IMX G SECOND GRAHAM 7Z VALUE IS FIRST GRAHAM 72 VALUE COMBINED WITH 2172· 
IMX G MANTSCH 12. 
IMX C BALDO-CE 65 GIVES X AND THETA.CONVERTEO BY US TO REX AND IMX. 
IHX F FRANZINJ 65 GIVES X AND THETA .. FOR REX AND IMX SEE SCHMIDT 67. 
IHX N FTNOTE 10 OF HILL 67 SHOULD READ +0.58t NOT -0.58 IPRJV.COMH.J. 
lHX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67. 
IHX 
IMX AVG o.oos Oo038 AVERAGE CERFIOR INCLUDES SCALE FACTOR OF 1.2) 

I SEE IDEOGRAM BELOW J 

~EIGHTEO RUERRGE 0.005 • 0.038 
ERROR SCRLEO'BY 1.2 

£..~:ill£ 
·GRRHRM 72 OSPK 0.1 
·MRNN 72 HBC 2.3 
·8URGUN 72 HBC 1.0 
·UEBBER 71 H8C 0.0 
·SCIULLI 70 OSPK 1.5 
·CHO 70 OBC 1.5 
·LITTENBER 69 OSPK 1.2 
·JRMES 68 HBC 
·FELOMRN 67 OSPK 0.0 
FRRNZINI 65 HBC 

·RUBERT 65 HLBC 2.7 
·BRLOO-CE 65 HLBC __LQ_ 

13.4 

-1.0 1.0 
(CONLEU 
=0.144) 

IMRG. PRRT OF X (QELTR -OELTR Q RMPl 

..................................................... 
BARDON 58 ANP 5 156 
CRAWFORD 59 PRL 2 361 
AST IER 61 AIX CONF 1 227 
FITCH 61 NC 22 1160 
GOOD 61 PR 124 1223 
NEAGU 61 PRL 6 552 

CAMERINl 62 PR 128 362 
CARMON 62 Pl 3 57 

ADAIR 64 PL 12 67 
ALEKSANY 64 OUBNA 2 102 

ALSO 6lt JETP 19 1019 
ANI KINA 64 JETP 19 42 
CHRISTEN 64 PRL 13 138 
!=UJ II 64 OUBNA 2 146 
LUERS 64 PR 133 8 1276 

REFERENCES FOR KOL 

M BARDON, K LANOE 1L LEDERMAN I COLUHBI A+BNL I 
CRAWFORD,CRESTI,OOUGLASS,GOOO + (LRLI 
A STIER tBLASKOVIC ,RIVET tSIAUD + t EPOU 
V FJTC.H,P PIROUE,R PERKINS tPRINCETONI 
GOOO,MATSEN,MULLER,PlC.CIONI,POWELL + ILRLJ 
NEAGU,OKONOV,PETROV,ROSANOVA,RUSAKOV t JINRJ 

CAMERINI tFRY,GAlOOS,BIRGE,ELY + IWISC+LRLI 
J OARMON,A ROUSSET,J SIX CEPOLJ 

R K AOAJR,L B LEIPUNER IYALE+BNLI 
AL EKSANY AN ,ALI KHANYANt VART AZARYAN+ ( EREVAN I 
ALEKSANYAN+ tLEBEDEV+HOS ENG PHYS+EREVANI 
ANlKINA, ZHURAVLEVA+ CGEORG ACAD SCI+ DUBNA I 
CHRISTENSON,CRONJN,FJTCH 1 TURLAY IPRI NCETONJ 
FUJ It, JOVANOV lCH, TURKOT+ ( BNL, MARYLAND ,HJT I 
LUERSr MITT RA ,WILLI St YAMAMOTO ( BNLI 

ANIKINA 65 JINR P 2488 ANIKJNA,VARDENGA,ZHURAVLEVA,KOTLYA+ IOUBNAI 
ANDERSON 65 PRL 14 475 ANDERS~tCRAWFORD,GOLDEN,STERN + CLRL+WISCI 
ASTBURYl 65 PL 16 80 AST8URY,FINOCCHIAR0,8EUSCH + ICERN+ZURJCHI 

ALSO 65 HELV.PH.AC.39 523 M PEPIN 
AST8URY2 65 PL 18 175 ASlBURY,MICHEllNJtBEUSCH + tcERN+ZURIC.HI 
ASTBURY3 65 Pl 18 178 AST8URY,Mtc.HEL lNI, BEUSCH + ICERN+ZURJC.HI 
AUBERT 65 PL 17 59 AUBERlrBEHfhCANAVAN,CHDUN.!T+ IEP01.+CRSAYI 

ALSO 67 LOWYS 
BALDG-CE 65 NC 38 684 BALDO-CEOLINrCAliMANl,CIAHPOllllO + (PAOOJ 

CHRISTEN 65 PR 140 8 74 
F lSHER 65 ANL 1130 83 
FITCH 65 PRL 15 73 
FRANZ I NI 65 PR 140 B 127 
GALBRAIT 65 PRL 14 383 
GUIOONI 65 ARGONNE CONF 49 
ti)PKINS 65 ARGONNE CONF 67 
VISHNEVS 65 PL 18 339 

ALFF-STE 66 PL 21 595 
ANIKINA 66 SJNP 2 339 
AUERBACH 66 PRL 17 980 
AUERBACH 66 PR 149 1052 

AlSO 65 PRL 14 192 
BALOD-CE 66 NC 45A 733 
BASILE 66 BALATON C.ONF 

BEHR 66 PL 22 540 
BELLOTTI 66 NC 45A 737 
BOTT-BOD 66 Pl 23 277 
CAMERINI 66 PR 150 1148 
CANTER 66 PRl 11 942 
CARPENTE 66 PR 142 en 
CHANG 66 Pl 23 7Q2 

CHRISTENSON,C.RON JN,F ITCH, TURLAY CPRlNCETONJ 
FISHER ,ABASH I AN, ABRAMS ,CARPENTER+ (ILL I 
F ITCHtROTH,RUSS, VERNON I PRINCETON I 
FRANZ IN!, KIRSCH, PLANO + ( COLUMB JA+RUTGERS I 
GA1.8RAJTH 1 HANNING, JONES + tAERE+BRIS+RHEU 
+BARNES, FOEL SCHE ,F ERBEL, F I RESTO• I BNL+YALE I 
H W K HOPKJNS,BACON,EISLER lVAND+RUTGERSJ 
YISHNEVSKY,GALANINA,SEMENOV + ~ITEPI 

ALFF-STEINBERGER,HEUERrRUSBJA + 
ANUJNA, VAROENGA, ZHURAVLEVA+ 
AUERBAC.Ht MANN, JitCFARLANE, SC lULL I 
AUERBAC.H, DOBBS, LANDE ,MANN, SCJU1.L I+ 
+LANOE ,JitANN I sc lUll I I VTO, WHITE' YOUNG 
BALOG-CEDL IN,CAL IMAN J,CI AKPOI.IL1.0+ 
BASILE,CRONJN,THEVENET + 

CCERNI 
(JJNRJ 
I PENNI 
(PENNI 
C PENNI 

(PADUA) 
I SACLAY I 

+BRISSON, BALDD-CEOUN,AUBERT+ I PAOO, EPOLI 
BELLOTTI tPUlLJA,BALDO-C.EOLJN+ IHILAN,PADUAJ 
BOTT-BDOENHAUSEN,OE BDUARO,CASSEL+ I CERN I 
CAMERINI,CLINE ,ENGL1SH1F ISCHBEIN+WJSCONS IN 
+CHQ,ENGLER,FISK,Hill + IC.ARNEGIE+BNLI 
CARPENTER, A8ASHANt ABRAMS 1 F JSHER C IllINOIS I 
CHANG, SASSANO, KIKUCHI ,DODD+ (SYRACUSE ,BNLI 

2172 
11/67 
11/67 

3/68 

Data Card Listings 
For notation, see key at front of Listings. 

CRIEGEE 66 PRL 17 150 +FOX,FRAUENFELDER,HANSONIMOSCAT+ IILLINOISI 
FIRESTON 66 PRL 16 556 FIRESTDNE,KtM,LACH,SANOWElSS+ IYALE,8NU 
FJRESTON 66 PRL 17 116 FJRESTONE,KIM,LACHtSANOWEISS+ IYALE,BNLJ 
FUJII 66 PRL 13 253 FUJII 1 JOVANOVICH,TURKOT,ZORN (BNL+MARYLANOI 

FUJII 66 IS THE CORRECTED VALUE GIVEN BY JOVANOVICH+ 66 
HAWKINS' 66 PL 21 238 C J 8 HAWKINS I YALE I 

ALSO 67 PR 156 1444 C J B HAWKINS IYALEI 

JOVANOVI 66 PRL 17 1075 
KULYUKJN 66 BERKELEY 28 
HEISNER! 66 PRL 16 278 
MEISNER2 66 PRL 11 492 
NEFKENS 66 PL 19 706 
VERHEY 66 PRL 17 669 

BENNETT 67 PRL 19 993 
BOTT-800 67 PL 24B 194 
BOTT-800 67 PL 248 438 

ALSO 66 PL 20 212 
ALSO 66 PL 23 277 

CANTER 67 THESIS 
CRONIN 1 67 PRL 18 25 
CRONIN 2 67 PRINC.CONFtll/671 
DEBOUARD 67 NC 52A 662 

ALSO 65 PL 15 · 58 

DEVLIN 67 PRL 18 54 
ALSO 68 PR 169 1045 

OORFAN 67 PRL 19 987 
FELDMAN 67 PR 155 1611 
F I RESTON 67 PRL 18 l76 
FITCH 67 PR 164 1711 
HAWKINS 67 PR 156 1444 
HILL 67 PRL 19 668 

HOPKINS 67 PRL 19 185 
KADYK 67 PRL 19 597 
KULYUKIN 67 PREPRJNT 
LOWYS 67 PL 248 75 
MISCHKE 67 PRL 18 138 
NEFKENS 67 PR 157 1233 
TODOROFF 67 THESIS 

ABRAMS 68 PR 176 1603 
ARNOLD 68 PL 288 56 
ARONSON 68 PRL 20 2 87 

ALSO 69 PR 175 1708 
BALATZ 68 PL 268 320 
BARTLETT 68 PRL 21 558 

BASILE 68 PL 26B 542 
BAS ILE2 68 PL 288 58 
BENNETTl 68 PL 278 244 
8ENNETT2 68 PL 278 24B 
BLANPIED 68 PRL 21 1650 
BUDAGOV 68 NC. 57A 182 

ALSO 68 PL 288 215 

JOVANOV1C.H 1 FUJI 11 TURKOT 1 ZORN +( BNL+UMD+HI T 1 
KULYUKINA 1HESTVIRJSHV1LI ,NEAGU,PETR+ (JINRI 
G W HEISNER,B B c.RAWFORO,F CRAWFORD tLRLI 
G MEISNER,B CRAWFORDrF CRAWFORD ILRLI 
NEFKENS 1 ABASHI AN 1 A8R AMS 1 CARPENTER+ II LLI 
VERHEY ,NEFKENS,ABASHJAN+ I 1 LL I 

BENNETT 1 NYGREN 1 SAAlt ST El NBERGER +( COLUMB lA I 
BOTT-BODENHAUS EN oDEBOUARO, CASSEL + I CERN J 
BOTT-BODENHAUS EN, DEBOUARQ, OEKKERS+ (CERN J 
BOTT-BOOENHAUSEN rDEBOUARO, CASSEL• I CERN I 
BOTT-BDDENHAUSEN ,OEBOUARO, tASSEL+ I CERNJ 
J,H. CANTER • IC.ARNEGIEJ 
+KUNZ 1 RlSK 1 WHEELER (PRINC.ETONJ 
+KUNZ 1 RISK ,WHEELER (PRJ NC ElON I 
OEBOUARO ,OEKKERS ,JORDAN, HERMOD + C CERNJ 
DE BOUAR01 OEKKERS, SCHARFF+ ( CERN+ORSA+MP JM I 

DEVLIN 1 SOLOMON ,SHE PARD, BEALL+ I PRIN+UHO) 
SAYER 1 BEALL 1 DEVLIN ,SHE PHARO+ ( UHO+PPA+PR IN I 
OORFAN, ENSTROM, RAYMOND 1 SCHWARTZ +( SLAC+LRLI 
FELDMAN, FRANKEL, HI GHLANO, SLOAN (PENN) 
FIRESTONE 1 Kl M1 LACH, SAN OWE ISS,+ I YALE, SNU 
FITCH, ROTH,RUS s, VERNON I PRJ NC ETON I 
C J 8 HAWKINS (YALEJ 
HlLL,LUERS, ROB IN SON, CANTER+ C 8NLo CARNEGIE I 

HOPKINS, BAC.ON, El SLER ( BNL I 
KADYK, CHAN ,ORI JARO, OREN, SHELDON ILRLI 
KULYUKINA+MESTVI'RISHVILJ+NEAGU + IJINRJ 
LOWYS, AUBERT ,C HDUNET ,P ASCAUO+ C E POL, ORSA I 
MISCHKEoABASHJAN,ABRAMS+ I ILLINOIS I 
+ABASH IAN, ABRAMS 1 C.ARPENT ER ,F JSHE R+ (I Lt I 
JOHN A TODOROFF C ILLINOIS) 

+ABASHIAN, MISCHKE, NEFKENSt SMITH+ ( lLLI NO IS I 
AP.NOLDtBUDAGOV,CUNDY ,AUBERT+ ICERN+ORSAY I 
S.H.ARONSON, K.W.CHEN IPRINCETONJ 
S H ARONSON, K W CHEN CPRINC.ETDNI 
BALATZ t BER EZ IN, V ISHN EVSK Y, GALAN INA+ I ITEP I 
BARTLETT, C.ARNEGI E, FITCH+ (PRINCETON I 

BASILE ,CRONIN,THEVENET, TURLAY+ C SA CLAY I 
+CRONIN, THEVENET, TURLAY, ZYLBERAJCH+C SA CLAY J 
BENNETT, NYGREN, STEIN BERGER+ (COLUHBIA+CERNJ 
BENNETT 1 NYGREN, STEINBERGER+ tCDLUHBIA+CERN I 
BLANP I ED, LEV IT ,ENGELS+ C CASE+HARV+HCGI I 
SUDAGOV 18URMEISTER,CUNOY+ ICERN,ORSA, IPNPI 
+CUNDY rMYA TT ,NEZRI CK+ (CERN ,ORSA, EPOL J 

CARNEGIE 68 PRINC TR44 THESIS R.K.CARNEGIE IPRINCETONI 
·JAMES 68 NP B8 365 F JAMES, H BRIAND (IPNP,CERNI 

' ALSO 68 PRL 21 257 HELLANDtlONGO,YOUNG fUCLA,HJCHI 
KULYUKIN 68 JETP 26 20 KULYUKINArHESTVIRISHVILI ,NEAGU+ CJINRI 
KUNZ 68 THESIS CPU 461 P F KUNZ IPRINC.ETONI 
MELHOP 68 PR 172 1613 MELHOP HURTY BOWLES,BURNETT+ (LA JOLLA) 
THATCHER 68 PR 174 1674 THATCHER,ABASHIAN,ABRAHSrCARPENTER + Cllll 

BANNER 69 PR 188 2033 
ALSO 68 PRL 21 1103 
ALSO 68 PRL 21 1107 

BEILLIER 69 PL 30B 202 
BENNETT 69 Pl 298 317 
BOHM 69 NP 89 605 

ALSO 68 PL 278 321 

BOTT-800 69 CERN 69-7 329 
CENC.E 69 PRL. 22 1210 
EVANS 69 PRL 23 427 
FAISSNER 69 PL 308 204 
FOETH 69 PL 308 282 

+CRONI N,uu, PILCHER 
BANNER ,CRONIN ,LJ Uo PJLCHE R 
BANNER CRONJN,LIU,PlLC.HER 

. 8Ellll ERE 1 BDUTANG t l1 MON 
+NYGREN, SAAL 1 STEIN BERGER+ 
+DARR JULAT ,GROSSOt KAFT ANOV+ 
BOHH,OARR IULAT, GROSSO, KAFT ANDY 

IPRINCETONJ 
(PRJ NC ETON) 
(PRINCETON I 

I EPOLI 
CC.OLU,BNLI 

tcERNJ 
I CERN I 

BOTT-BODENHAUSEN,OE BOUARO,CASSEL+ CCERNJ 
CENCE, JONEs, PETERS~ ,STENGER+ CHAW AI I rLRL J 
EVANS, GOLDEN ,HUt R, PEACH+ I EDINBURGH, CERNJ 
+FOETH 1 S lAUDE, TITTEL+ I AACH,CERN, TORI I 
+HOLDER, RADERMACHER + C AACHEN, CERN, TORI NOI 

GAILLARD 69 NC 59 A 453 +GALBRAITH, HUSSR lo JANE+ I CERN, RHEL, AACHEN I 
ALSO 67 PRL 18 20 +KRIENEN,GALBRAITH,HUSSRJ+ tcERN+RHH+AACHJ 

GOBBl 69 PRL 22 685 +GREEN,HAKa,HOFFETT,ROSEN,GOZ+ IROCH+RUTGJ 
LITTENBE 69 PRL 22 654 LITTENBERG,FIELDtPICClONI,MEHlHOP+ IUCSOJ 
LONGO 69 PR 181 1808 M J LONGO,K K YOUNG,J A HELLAND CMJCH,UCLAJ 
PACIOTTI 69 THESJS,UCRL 19446 M A PAC.IOTTI ILRLI 
SAAl 69 THESIS H J SAAL tcOLUMBIA I 

ALBROW 70 PL 338 516 +ASTON,8AR8ER,BIRDtELLtSON + IHCHS+DAREI 
ARONSON 70 PRL 25 1057 +EHRLJCH,HOFER,JENSEN+ CEFitlLLC,SLACI 
8ARMJN 70 PL 338 377 +8ARYLON,BORISOVo8YSHEVA+ IITEP,JINRJ 
BASILE 70 PR 02 78 +CRONJN,THEVENT,TURLAY,ZYLBERAJC.H + ISACLJ 
BUCHANAN 70 PL 33B 623 +DRIC.KEY,RUONICK,SHEPARO+ ISLAC,JHU,UCLAJ 

ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71 
BUOAGOV 70 PR 02 815 +CUNOY,MYATT,NEZRJCK+ (CERN, ORSA,EPOLI 

AlSO 68 PL 28B 215 +CUNOY,MYATT,NEZRJCK+ ICERN,ORSA,EPOLI 

CHIEN 70 PL 338 627 C-Y.CHIEN,CQX, ETTLINGER + CJHU+SLAC+UC.LAI 
ALSO PRIVATE COMMUNICATION, B. COX, FEB. 71. 

tHO 70 PR 01 3031 +ORALLEtCANTER,ENGLER,FISK+ CCARNrBNL,CASEJ 
ALSO 67 PRL 19 668 HILL,LUERSrROBINSON,SAKITT + IBNL,CARNJ 

CHOLLET 70 PL 318 658 +GAILLARO,JANE,RATCLIFFE,REPELLIN + ICERNJ 
CULLEN 70 PL 328 523 +OARRIULAT,DEUTSCH,FDETH + (AACH,CERN,TORII 

OARRIULA 70 PL 33B 249 
FAISSNER 70 NC 70A 57 
JENSEN 70 THESIS . 

1 ALSO 69 PRL 23 615 
MARX 70 Pl 328 219 

ALSO 70 THESIS,NEVIS 179 

+FERRER0 1 GROSSD 1 HOLDER + CAACH,C.ERN, TORI I 
+RE lTHLER 1 THOME, GAl LLARO+ C AACH, C. ERN, RHEll 
Q.A. JENSEN (Eft I 
JENSEN,ARONSON, EHRLI CH,F RY8ERGER+ I EF I r ILLJ 
+NYGREN, PEOPLES, STEI NBERGE+C COLU ,HARV r C.ERNJ 
JAY MARX iCOLUHBIAJ 

SCIULLI 70 PRL 25 1214 +GALllVAN,SINNIE,GOMEZ,MALLARYtPECK+ (CJTJ 
SCRIBANO 70 Pl 328 224 +MANNELLI 1 PlERAZllNl,HARX+ CPISA,COLU,HARVJ 
SMITH 70 PL 328 133 +WANG, WHATLEY, ZORNrHORNBOSTEL CUH0,8NL I 
WEBBER 70 PR 01 1967 +SOLMJTZ,CRAWFORO,ALSTON-GARNJOST (LRLI 

ALSO 69 UCRL 19226 THESIS B R WEBBER tLRLI 

BALATS 71 SJNP 13 53 +BEREZ IN, VlS..,.,EVSKI I oGALANlNA+ I ITEP I 
BARMIN 71 Pl 35B 604 +BARYLOV 1 VESELOVSKY r DAVI OENKO+ I 11 EP J 
BISI 71 Pl 368 533 +OARRiutAT 1 FERRERO,RUB81A+ CAAC.H,C.ERN,TORl J 
CARNEGIE 71 PR 04 1 +CESTER, FJ TCH, STROVINK ,SULAK I PRIN I 
CHAN 71 LBL-350 THESIS J.HIONG-SING CHAN CLBU 

J 

·•. 
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Data Card Listings 
For notation, see key at front of Listings. 

L'\; CHIEN 71 Pl }58 261 +COX, ETTLINGER, RES VAN IS+ IJHU,SLAC, UCLA I 

'· 

,• 

AlSO 72 OALL Y 

cHo 71 PR 03 1557 +ORALLE,CANTER,ENGLER,FISK+ ICARNrBNL,CASEl 
CLARK 71 PRL 26 1667 +ELIOFF 1 FIELD,FR1SCH 1 JOHNSON,KERTH+ ILRLJ 

ALSO 70 UCRL 19709-THESIS ROLLAND JOHNSON ILRll 
AlSO 71 UCRL 20264-THESIS HENRY FRISCH CLRU 

.ENSTROM 71 PR 04 2629 +AKAVJA,COOHBES,DORFAN+ ISLAC,STANI 
.ALSO 70 THESIS ISLAC 1251 J E ENSTROM ISTANFOROJ 

Hill 71 PR 04 1 
HEISNER 7l PR 03 59 
PEACH 11 Pl 358 351 

+SAKI TT, SKJEGGEST AO, CANTER+ IBNL ,CARN, CASE J 
+HANN,HERTlBACH,KOFLER + IHASA+BNL•YALEJ 
+EVANS tHUJ RoBUOAGOV, HOPKINS+ I EDI Nt CERN I 

REPELLIN 71 Pl 368 603 +WOLFF,CHOLLET,GAJLLARO,JANE+ IORSA,CERNI 
WEBBER 71 PR 03 b4 +SOLMITZtCRAWFORO,ALSTON-GARNJOST llRl} 

ALSO 68 PRL 21 498 WEBBER,SOUIITltCRAWFORO,AlSTONGARNJOSTILRLI 
ALSO 69 UCRL 19266-THESIS B R WEBBER ILRL·J 

WOLFF 71 PL 36B 517 +CHOllET,REPElltN,GAilLARD• IORSA,CERNJ 

ALBROW 72 NP 844 1 
ASHFORD 72 PL 38B 47 
BANNER! 12 PRL 28 1597 
BANNER2 12 PRL 29 2 37 
BURGUN. 12 NP 850 194 

ALSO 11 LNC 2 1169 
CARNEGIE 72 PR 06 2335 
DAllY 72 Pl 418 647 

ALSO 70 CHIEN 
ALSO 71 CHIEN 

GRAHAM 72 NC 9A 166 
HOLDER 72 PL 408 141 
JAMES 72 NP 849 1 

ALSO 71 Pl 358 265 

KRENZ 72 LNC 4 2i 3 
MANN 72 PR 06 137 
MANTSCH 12 NC 9A 160 
MCCARTHY 72 PL 428 291 

ALSO 71 THESIS l8l - 550 
METCALF 72 PL 408 703 
NEUHOFER 72 PL 418 642 
PICCIONI 72 PRL 29 1412 
VOSBURGH 72 PR 06 1834 

ALSO 71 PRL 26 866 
WEBB 72 THESIS 

CARITHER 73 BAPS 18 26 
EVANS 73 PR 07 36 

ALSO 69 PRL 23 427 

+ASTON, BARBER, BIRD, E lllS ON+ I MCHS+ DARE I 
+BROWN,HAS EK ,MAUNG t HILLER t RUDERMAN+ I UCSO I 
+CRONIN, HOFFMAN, KNAPP, SHOCHET I PRJ NCETON I 
•CRONIN, HOFFHAN1KNAPP, SHOCHET IPRINCETONJ 
+LESQUOY 1 HULLER, PAUL I,+ I'( SACL +C ERN+OSLO I 
BURGUN,LESQUOY,MULLER + C SACL+CERN+OSLOI 
+CESTERt FITCH, STROVJ NK ,SULAK CPRJ NCETON I 
+INNOCENTI ,SE~PI ,CHI EN1COX+ ISLAC+JHU+UCLAI 

+ABASH IAN, JONES, MANT SCH, ORR• I ILL+NEAS I 
+RADERHACHER 1 STAUOE+ UACHHERN+TORI I 
+MONT ANET 1 PAUL, SAETRE+ I CERN+SACL+OSLO I 
JAMES 1 MONT ANET, PAUL, PAUll+ I CERN•SACL+OSLOI 

+HQPKJ NS, EVANS ,MUIR, PEACH I AACH+C ERN+EOIN I 
+KOFLER, ME ISNER, HERT ZBACH+ IMASA+BNL+YALE I 
•ABASHJAN,GRAHAM,JONES,QRR+ I Jll+NEASI 
+BREWER, BUDNITZ, ENTI s, GRAVEN, MILLER+ C LBLI 
R.t.HCCARTHY IL8ll 
+NEUHOFER, NI EBERGALL + I CERN+ JPN+WI EN I 
+N I EBERGALL 1 REGLER ,s T J ER+ C CERN+ORSA+VI EN I 
+COOMBES ,DONALDSON, OORFANo FRYBERGER+ I Sl AC I 
+DEVLIN, ESTERLING,GOZ, 8RYMAN t CRUTG, HASA) 
VOSBURGH,DEVLIN,ESTERLINGtGOl + CRUTG,MASAI 
ROBERT CARROLL WEBB CPRINC.ETONJ 

CARl THERS .MODIS • NYGREN,PUN+ I COLU+CERN+NYU J 
+ftU IR, PEACH, SUDAGOV+ I ED INBURGH+CERN I 
EVANS, GOLDEN ,HUI R, PEACH+ I ED INBURGH+CERN I 

PAPERS NOT REFERRED TO IN DATA CARDS 

ALEXAN DE 62 PRL, 9 69 G ALEXANDER, S ALMEIDA, F CRAWFORD C LRLI 
JOVANOVJ 63 BNL CONF 42. JOVANOVJC,FISCHER,BURRIS + (BNL+MARYLANDI 
STERN 64 PRL 12 459 STERN,BINFOR0 1 lJNO,ANOERSON + CWJSC+LRLI 
BEHR 65 ARGONNE CONF 59 BEHRtBRISSON,BElLOTTI+ IEPOltHilAIPADOJ 
HESTVIRI 65 JINR P 2449 MESTVIRISHVIlloNYAGU,PETROV,RUSAKOV+ IJINRI 
TRILLING 65 UCRL 16473 GEORGE H TRILLING ILRLI 

UPDATED FROM 1965 ARGONNE CONF., PAGE 115. 
GI~SBERG 67 PR 162 1570 EDWARD S GINSBERG IU. MASS BOSTON) 

RUSSIA 67 PL 248 53l C.RUBBJA,J.STEINBERCER ICERN+COlUI 
ALSO 1, 66 Pl 20 207 ALFF-STEJNBERGER,HEUER 1 KLEINKNECHT+ CCERNI 
ALSO 2 66 Pl 21 -595 ALFF-STEINBERGER,HEUER 1 KLEINKNECHT+ ICERNI 
AlSO 3 66 Pl 23 167 C.RUBBIA,J.STEINBERGER fCERN+COLUI 

SCHMIDT 67 NEVIS l601THES1SI P. SCHMIDT ICOLUHBIAI 
CRONIN 68 VIENNA CONF P.281 CRONIN,RAPPORTEURS TALK (PRINCETON) 
GINSBERG 70 PR 01 229 E S GINSBERG I I IT HAIFA I 
HEUSSE 70 LNC 3 449 +AUBERT,PASCAUO,VIALLE IORSAYJ 
GINSBERG 71 PR 04 2893 E S GINSBERG IHITJ ...................................................................... 
•••••••••••••••••••••••• ········~~~~ •••••••*i• •••••••••••••••••••••••••• 

I!iJ 14 ETA l549,JPG•O-•l 1•0 

FOR C. BALTAY"S REVIEW OF THE ETA MESON, SEE PROt. UNIV. OF PENN. 
CONF. ON MESON SPECTROSCOPY (W.A.BENJAMIN, N.y., 19681 

lit ETA MASS IHEVI 

1.2 BASTIEN 62 HBC 
4o0 PICKUP 62 HBC 
1.0 ALFF 62 HBC 
2.9 OELCOURT 63 CNTR 

M Do 7 FOELSCHE 64 HBC 
M 3.0 KRAEMER '64 OBC 
M 0.65 FOSTER3 65.HBC 7/66 
H 2.0 JAMES 66 HSC 6/66 =' AVG ·5;;\ai 0.56 AVERAGE !ERROR INCLUDES SCALE FACTOR Of 1.41 

----- -----\ -----~~~E -~:~:::~: ~~~:-~-- -------- --------- --------
14 ETA WIDTH (HEVI 

91 110.01 OR LESS ALFF 62 HBC 
148 110.01 OR LESS FOELSCHE 64 HSC 

31 tl2. OJ OR LESS JAMES 66 HBC 6/66 
(4.01 OR LESS 

CLc.9s 
BAL lAY 66 OBC 7/66 

(.9) OR LESS JONES 66 CNTR 8/67 
AlSO SEE ETA DECAY RATES (BELOW I. 

/ 0 
PARTICLE DATA GROUP Review of Particle Properties S6I 

Stable Particles 
Kf. 1J 

540 545 

ETR MRSS 

WEIGHTED RUERRGE = 548.82 ± 0.56 
ERROR SCRLEO BV 1.4 

--t-· ·JRMES 66 H8C 
·FOSTERJ 65 H8C 
·KRREMER 64 08C 
·FOELSCHE 64 HBC 
·DEL COURT 63 CNTR 
·RLFF 62 HBC 
·PICKUP 62 HBC 
·BRSTIEN 62 H8C 

560 565 

!MEUI 

14 ETA PARTIAL DECAY HODES 

£!i!.§Q. 
9.6 
0.9 
1.1 
0.1 
0.0 
0.7 

_lhQ_ 
12.4 

!CONLEU 
=0.0541 

DECAY MASSES 
PI ETA INTO 2GAHMA 0+ 0 
P2 ETA INTO 3P 10 134+ 134+ 134 
P3 ETA INTO PI+ PI- PIO 139+ 139+ 134 
P4 ETA INTO PI+ PI- GAMMA 139+ 139+ 0 
P5 ETA INTO E+ E- PIO (VIOLATES C IN E.M.I .1 134+ .5+ .5 

•• ETA INTO E+ E- PI• PI- 139+ 139• .5+ .5 
P7 ETA INTO PIO 2GAHKA 134+ 0+ 0 

•• ETA INTO E+ E- GAM/'4.A .5+ .·s· 0 
P9 ETA INTO 2PJO GAMMA C VIOLATES C I ·134+ 134+ 0 
P10 ETA INTO PI+ Pl- PIO GAMMA 139+ 139+ 134+ 
Pll ETA INTO PI+ PJ- 2GAMHA 139+ 139+ O• 
Pl2 ETA INTO MU+ MU- 105+ 105 
Pl3 ETA INTO MU+ HU- GAMMA 105+ 105+ 0 
P14 ETA INTO HU+ MU- PIO 105+ 105+ 134 

FITTED PAR TlAL DECAY MODE BRANCHING FRACTIONS 

The matrix below is derived !rom the error Jnatrix {or the Citted partial decay mode 

branching fractions, P
1
, as follows: The diagonal elements are P 1:t: 6Pi' where 

6P
1 

= '\)(6P
1
6P

1
}, while the oU 4 diagonal elements are the~ correlation coeffi

cients (6Pi6Pj}/(6Pi- 6Pj). For the definitions o( the individual P 1, see the listings 

above; only th?sc Pi appearing in the Jnatrix Pre auumcd in the Cit to be nonzero and 

are thuL'I constrained to add to t. 
Pl P2 P3 P4 P7 

p 1 .3800+-.0098 
p 2 -.2163 .3000+-.0107 
p 3 -.3387 -.2116 .2390+-.0055 
p 4 -.3091 -.1946 .8630 .0497+-.0013 
p 1 -.4203 -.5972 -.0815 .... 0725 .03I3+-.0111 

W1 
W1 

14 ETA DECAY RATES 

ETA INTO 2GAHHA I UNlTS KEY) 
. 10.93) 10.2) BEMPOP:AO 

fGll 
67 CNTR PRJMA'KOFF EFFECT 11/67 

The above value for r assumes that r /f:t 1 yy yy ota 
31.4o/o. However, the results of that experiment 

may be stated more generally than is given in the 

paper, as r 

r X ~ = 0.380 ± 0.083 keY 
YY total 

(private communication from C. Bemporad). Thus 

our new value of 

would give 

and 

r 
yy 

38.0± 1.0% 

1.00 ± 0.22 keY 

rtotal = 2.63 ± 0.58 keY. 

See.G. · Benfatto, "Coherent Nuclear Photoproduc

tion of the 7)-meson,"Nuovo Cimento 69A, 109 (1970) 

for a critique of this technique .. 
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14 ETA BRANCHING RATIOS 

•• ETA INTO NEUTRALS/CHARGED I P l+P2+P71/ ( P3+P4) 

•• N 10 12.51 11.0) PICKUP 62 HBC 

•• N 53 (3.201 Clo26) BASTIEN 62 HBC 

•• N 12.71 (0.81 SHAFER 62 HSC 
Rl 2.6 .. BUSCHBECK. 63 HBC 

•• 280 14.51 n.oJ JAMES 66 HBC 
Rl THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES 

•• N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES 131 AND UJ 
Rl N FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN 

•• N SOME IUNKNOWNJ FRACTION OF MODE (4). 

Rl 2.64 0.23 BAL TAY2 67 DBC 

•• Rl AVG 2.64 o.zz AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 
Rl FIT 2.463 o.oso FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.lJ 

R2 ETA INTO 2GAKMA/CHARGEO IP11/IP3+P4J 
R2 0.99 0.48 CRAWFORD 63 HSC ., 
R2 FIT · 1.316 0.053 FROM FIT I ERROR INCLUDES SCALE FACTOR OF l~ lJ 

Note on !J .:,.,o yy 

7/66 
6/66 

11/67 

The discrepancies between various measurements 

of branching ratios involving '1 -+ ,o yy · are displayed 

in the ideogram below, in which all relevant experi

ments have been converted to a common ratio, 

lT
0 yy/neutrals. Our branching ratio fit does not in

clude DIGIUGNO 66,. FELD.MAN 67 or the upper 

limit measurements. See page 43 of 11 Review of 

Particle Properties" , Physi~s Letters ~ No. 1 

(1972) for more discussion. 

~EIGHTEO RUERAGE = 0.061 ± 0.031 
ERROR SCALED BV 2.3 

·SCHMITT 70 ·osPK 
·KANDFSKV 70 DSPK 
·DEUDNS 70' DSPK 
·COX 70 HBC 
·BUTTRAM 70 DSPK 
·JRCQUET 69 HLBC 
·FELOMRN 67 OSPK 
·BRL TRV1 ' 67 OBC 
·IJRHLIG 66 OSPK 
·GRUNHRUS 66 OSPK 
·DIGIUGNO 66 CNTR 

CHISQ 
0.9 
0.0 
2.3 
1.6 
3.4 
0.6 

13.4 
O.B 

4.4 
19.0 
46.4 

' o.a· ICONLEU 
-0.2 0.0 0.2 0.4 0.6 =0.0001 

R3 
R3 5 
P3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 R 
R3 R 
R3 E 
R3 E 
R3 E 
R3 
R3 AVG 
R3 FIT 

ETR B.R .. INTO IPIO 2GRMMR1/NEUTRRLS 

ETA INTO IPIO 2GAMMAI/NEUTRALS IP7J/1Pl+P2+P71 
10.3751 t0.072J OIGIUGND b6 CNTR ERROR DOUBLED 

THE ERRORS OF OtGJUGNO+ 66 HAVE BEEN INCREASED BY A FACTOR 
OF TWO, TO TAKE INTO AC.COUNT POSSIBLE SYSTEMAT It ERRORSt AS 

'SUGGE STEO BY THE AUTHORS~ 
~ 27 ~ 10 GR~HAUS b6 OSPK 

1.0281 I .04lt) BUNIATOV 67 OSPK 
( ~244) I ~051 FELDMAN 67 OSPK 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
• D26 ~ 019 BUTTRAM 70 OSPK 
.122 ~052 ~044 COX 70 HBC 

1.071 OR lESS CLc~90 DEVONS 70 OSPK 
16 ~016 ~047 SCHHUT 70 OSPK 
SCHMJn 70 IS A REANALYSIS BUNIATOV 67 

(0~111 10~031 STRUGALSK 71 HLBC 
THIS MEASUREMENT HAS BEEN EXCLUDED BECAUSE THE ERROR APPEARS 
TO BE SERIOUSLY UNDEREST~MATED~ 

0~042 0.023 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1~4J 
0.044 0.016 FROM FIT <ERROR INCLUDES SCALE FACTOR Of 1~21 

6/66 

8/67 
.11/67 . 

8/67 

12170 
6170 

12170 
12170 

5/71 
2171 
2171 

•• •• ... 
•• •• •• •• •• •• 

Data Card Listings· 
For notation, see key at front of Listings. 

ETA INTO I PI+ PI- GAMMA)/( PI+ PI- PJOJ IP41 /IP3J 
0.14 0.08 FOELSCHE bit H8C 

24 (0.731 I0~25J PAULI 64 OBC 
THIS EXPERIMENT HAS NOT BEEN INCLUDED IN THE AVERAGES SINCE 
NOT CLEAR THAT THEIR CLASS B EVENTS ARE ACTUALLY FROM ETAS • 

0.30 0~06 CRAWFORD 66 HBC 
.10 .10 KRAEMER 64 OBC 
.196 ~041 FOSTER3 65 HBC 
.25 . .035 LlTCHFlEl 67 DBC 

0.28 0.04 8AlTAY2 67 OBC 

IT IS 

6/66 
7166 
7/66 
8/67 

11/6i •• •• •• 
1250 

• •• 
• 201 .006 GORMLEY 70 ASPK 

0.209 0.003 THALER2 72 ASPK 
6170 
1173• 

•• 
R4 AVG 
R4 FIT 

R5 

"' R5 
R5 
R5 
R5 
R5 

•• •• •• •• •• •• •• •• 

R7 
R7 
R7 
R7 

AVG 
FIT 

AVG 
FiT 

0.2080 
0.2080 

0.0032 AVERAGE (ERROR INCLWES SCALE FACTOR OF 1.21 
0.0021 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~OJ 
I SEE IDEOGRAM BELO~ J 

IJEIGHTEO RUERRGE = 0.2080 • 0.0032 
ERROR SCRLED BV 1.2 

-

j 

Values above of weighted average, 
error, and scale factor are for the 
reader' s convenience only. The 
data were actually Processed by a 
constrained £it program~ which 
calculates its own values of X, 6i~ 
and scale factor~ which are differ
ent £rom the values shown here. 

· · ·THRLER2 72 RSPK 
· · ·GORMLEY 70 RSPK 

·BRLTRV2 67 DBC 
--'-· ·LITCHFIEL 67 DBC 

·FOSTER3 65 HBC 
·KRREMER 64 OBC 

~. ·CRRIJFORO 66 HBC 
·FOELSCHE 64 HBC 

CHISQ 
0.1 
1.3 

1.5 
ICONLEU 

0.0 0.1 0.2 0.3 0.4 0.5 =0.2261 

ETR INTO IPI+ PI- GRMMR1/IPI+ PI- PI01 

ETA INTO 13PIOJ + 2/31PIO 2GAMMAJ/ PI+PI-PJO 1~2+2/3P71/P3 
O. 83 0.32 CRAWFORD 63 HBC 
2.0 1.0 FOELSCHE 64 H8C 
0.90 0.24 FOSTERl 65 HBC 

0.91 
1.342 

0.19 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 
0.055. FROM FIT I ERROR INCLUDES SCALE .FACTOR OF 1.U 

ETA INTO 3PI0/2GAHMA 
(.901 OR MORE 
0.88 0.16 
1.1 o.2 
o.1s o.o9 

CHRETIEN 
BAL TAY1 
CENCE 
DEVONS 

62 PBC 
67 DBC 
61 OSPK 
70 OSPK 

IP2J/IP1J 

0.824 o~.OB5 AVERAGE IERROR INCLUDES SCALE FACTOR OF l~ZJ' 
0.190 0~039 FROM FIT IERROR INCLUDES SCALE FACTOR OF loll 

I SEE IDEOGRAM BELOW J 

UEIGHTEO RUERRGE = 0.824 • 0.085 
ERROR SCRLED BV 1.2 

Values above of weighted average, 
error. and scale factor are for the 
reader's convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values of X, 6X, 
and scale factor, which are differ
ent from the values shown here. 

·OEUONS 70 OSPK 
·CENCE 67 OSPK 
·8RL TRV1 67 OBC 

CHISQ 
0.7 
1.9 

.....!!..,.!_ 
2.7 

ICOHLEU 

7/66 
7166 
7/66 

11/67 
1168 

12170 

0.8 1.2 1.6 =0.2591 
INTO 13PI01/I2GRMMR1 

ETA INTO ZGAMMA/(PI+ P·l- POJ IP1J/IP31 
1.61 0.39 FOSTER1 65 HBC 

401 1. 72 .25 BAGLIN 69 Hl8C 7/69 

Rl AVG 
R7 F1T 

1.69 0.21 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
1.590 0.064 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

•. 
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~-Data Card Listings 
. For notation, see key at front of Listings. 

r, :: 
RB 
RB 
RB 

•• R8 8 
R8 8 
R8 
RB 
RB 

R9 
R9 
R9 
R9 
R9 

RIO 
RIO 

Rll 
Rll 

AVG 
FIT 

Rl2 
R12 S 
Rl2 
R12 S 
R12 S 
R12 T 
R12 T 
Rl2 
Rl2 
Rl2 
Rl2 
Rl2 
R12 AVG 
R12 FIT 

Rl3 
Rl3 S 
Rl3 R 
R13 S 
R13 S 
Rl3 
Rl3 R 
Rl3 R 
Rl3 
Rl3 
Rl3 
Rl3 AVG 
Rl3 FIT 

ETA INTO NEUTRAL/IPI+ PI- PIOJ 1Pl+P2+P7JI(P3J 
50 3. 6 0.8 KRAEMER· 64 OBC 

3. 8 lol PAULI M DBC 
2. 89 0. 56 ALFF-STE I 66 HBC 

244 3.6 0.6 FLATTE2 67 HBC 
29 3.~ 1.1 AGUILAR-a 72 HBC 
70 2.83 0.80 • BLOODWORT 12 HBC 
ERROR INCREASED FROM PUBLISHED VALUE 0.5 BY BLOODWORTH, PRIV. COHM. 

•3:28 • ·. 0.)1" AVERAGE I ERROR INCLUDES SCALE FACTOR OF loOJ· 
2.976 0.097 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.1) 

ETA INTO IE+E-PIOI/IPI+PI-PlOJ 
lol OR LESS 

(UNITS 10**-21 IPSJ/CP3J 

0.11 OR LESS 
.42 OR LESS CLm.90 
.16 OR LESS CL=.90 

PRICE 65 HBC 
FOSTER2 65 HBC 
BAGLINl 67 HLBC 
8 Ill lNG 67 HLBC 

ETA INTO IE+E-PI•.PI-J/TOTAL (UNITS 10 .. -21 IP6J 
10.71 OR'LESS RJTTENBER 65 HBC 

ETA INTO IE+E-PI+PI-1/IPJ+Pl-GAHHAJ CP6JJ(P41 
1 0.026 0.026 GROSSMAN 66 HBC 

ET,A IN1g.!l~~MM~~g~~A~S DIGIUGNO 66 CNTR CPl~~~~!·~~~:~~D 
• 44 • 07 GRUNHAUS 66 OSP K 

(.5791 C .0521 FELDMAN 67 OSPK 
SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 

CO. 391 tO.Q61 JONES 66 CNTR 
THIS RESULT FROM Cc:»tBINING CROSS SECTIONS FROM TWO DIFFERENT EXPTS. 

.59 .033 BUNJATOV · 67 OSPK 

.535 .018 BUTTRAM 70 OSPK 

.486 .036 COX 70 H8C 
D.57 Q.D9 STRUGALSK 71 HLBC 

Do535 D.D18 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.3) 
0.534 0.013 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO 3PJ0/NEUTRALS CP21J(Pl+P2+P71 
10.2091 10.0541 DIGIUGNO 66 CNTR ERROR DOUBLED 

( .. 291 I .lOJ GRUNHAUS 66 OSPK 
1.1111 C o035J FELDMAN 67 OSPK 

SEE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE. 
.41 .033 BUNIATOV 67 OSPK 

REDUNDANT INFORMAl JON FROM THJ S EXPE-RIMENT. 
(.4391 (.0241 BUTTRAM 70 OSPK 

.392 .042 COX 70 HBC 
0.32 0.09 STRUGALSK 71 HLBC 

0.397 0.025 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 
0.422 0.015 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.11 

ETA INTO PIO 12 GAMHAJ/2GAMMA IP7JI(Pll 

6 

7166 
9/66 ' 
1168 

11112• 
11172• 

1173• 

8/67 
11/67 

6/66 

6/66 

6/66 
8/67 
8/67 

8/67 

11/67 
12/70 
6/70 
S/71 

6/66 
8/67 
8/67 

11/67 

12170 
6170 
5171 

RH 
Rl4 
Rl4 
RH P ... 

C .51 OR LESS CL•.90 WAHLIG 
BALTAYl 
BON AMY 

66 SPRK 7/66 
o.o 0.14 67 DBC 11/67 

CO.OSJ C0 .. 04J 67 SPRK PRELIMINARY RESULT 11/67, 

R14 FIT 

RIS 
RIS 
RIS 

Rl6 
Rl6 
Rl6 
Rl6 FIT 

Rl7 
Rl7 
Rl7 
Rl7 
Rl7 
Rl7 

RIB 
RIB 
RIB 

. ....... . 
0.082 0.030 FROM FJT !ERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO CE+E-PlOJITOTAL (UNITS 10•._21 CPSJ 
10.71 OR LESS' RJTTENBER 65 HBC 
I0.084JOR LESS CL• •. 90 BAZJN 68 DBC 

ETA INTO 2GAMMA/t3PIO + PIO 2GAMMAJ CP1J/CP2+P7J 
0.80 .25 BACCI 63 CNTR ............ 
1.147 0.060 FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO IPI+Pl-PID GAMKAJ/IPI+Pl-PIOJ 
1.071 OR LESS FlATTE 
( .0091 OR LESS PRICE 

' I o016JOR LESS CL ... 95 BALTAY2 
fO.OllJOR LESS CL=.90 ARNOLD 
0.035 OR LESS CL=.90 THALER2 

67 H8C 
67 H8C 
67 OBC 
68 HL8C 
72 ASPK 

(P101/IP3J 

ETA INTO ( PJ+PI- 2GMMAJ /I PI+PI-PIOJ IPlll/1 P3J 
C.009JOR LESS PRICE 67 HBC 
C.Ol6JDR LESS CL ... 95 BALTAY2 67 OBC 

R19 ETA INTO 3PIOIIPI+ PI- PIOJ, CP2J/IP31 

6/66 
6/68 

7/66 

8/67 
8/67 

11/67 
9/6B 
1/73• 

8/67 
11/67 

R19 la3 .4 BAGLIN2 67 HLBC 8/67 
Rl9 1.47 0.20 0.17 BULLOCK •68 HLBC 9/68 
Rl9 199 1.50 .15 .29 BAGLIN 69 HLBC 7169 
Rl9 
R19 AVG. 1.46 0.13 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
Rl9 FIT 1.255 0 .. 058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

R20 
R20 
R20 
R20 FIT 

R21 
R21 
R21 
R21 
R21 AVG 
R21 FIT 

R22 
R22 
R22 
R22 FIT 

R23 
R23 

R24 
R24 

R25 
R25 

R26 
R26 
R26 
R26 
R26 
R26 
R26 
R26 FIT 

ETA INTO 2GAHHA/I ( 3PI OJ +2/3 C PI 0 2GAHMA) ) I P11 1C P2+2/3P71 
1.10 O. 5 HULLER 63 OBC ............ 
1.184 0.058 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

ETA INTO NEUTRALS/TOTAL (Pl+P2+P71 
• 79 .o8 BUNIATOV 67 OSPK 

I6K • 705 .. oo8 BASILE. 71 CNTR MM SPECTROMETER 

o.7o58 • O .. OoSo AVERAGE !ERROR INCLUDES scALE FACTOR OF 1.01 
0.711:3 0.0067 FROM FIT !ERROR INCLUDES SCALE FA~TOR OF 1.11 

ETA INTO CPIO 2GAMHAJ/TOTAL (P7J 
.12 DR LESS CL=.95 JACQUET 69 HLBC ......... 

0.031 0.011 FROM FIT 

ETA INTO MU+MlJ-ITOTAL I UNITS 10 .. -51 CP121 
0 2. OR LESS CL,.,.95 HEHMANN 68 OSPK 

ETA INTO MU+f4.u-PJO/TOTAL (UNITS 10 .. -4) (Pl41 
S. OR LESS WEHHANN 68 OSPK 

ETA INTO MU+HU-/2GAMKA IUNJTS 10•._51 . (Pl21J(PlJ 
5.9 2.2 HYAMS 69 OSPK 

ETA INTO IPJO 2GAMMAJ/1:3j,IO + PIO 2GAHMAJ CP7JIIP2+P7J 
0.1. 0.3 KANOFSKY 70 OSPK 

WE HAVE CHANGED THE ERROR ON THIS EXPERIMENT FROM +0.3t-O.l 
TO THE ABOVE +0.3t-Ot3 SINCE IT IS CLEAR FROM FIGURE 7 IN THE 
ARTICLE THAT A CENTRAL VALUE OF 0.0 IS ABOUT AS PROBABLE AS THE 
QUOTED VALUE OF 0.1. ' 

0.094 0.032 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.21 

7/66 

11/67 
8/71 

6/70 

4/68 

4/68 

7169 

2171 
2171 
2171 
2171 
2171 
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14 ETA C-NONCONSERVING DECAY PARAMETER 

RELATED TEXT SECTION tV G AND MINI-REVIEW BELOW 

DECAY ASYMMETRY PARAMETER FOR PI+ PI- PJO !UNITS lC):U-21 
1351 7.2 2.8 BALTAY 66 OBC 
1300 5."8 3.4 CLPWY 66 HBC 

10665 (0.31 11.01 CNOPS 66 OSPK REPL BY MULLER 69 
705 -6.1 4 .0 'LARRI BE 66 HBC 

36800 1.5 .5 GORHLEY3 68 ASPK 
10709 • 3 1.1 HULLER 69 OSPK 

1138 -1.4 3. CARPENTR 70 H8C 
349 3.2 5.4 DANBURG 70 DBC 

L. 220K -0.05 0.22 LAYTER 72 ASPK 
l ALSO REPORTS SEXTANT AND QUADRANT ASYMMETRIES. 

AVG 0.24 0.40 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.01 
I SEE IDEOGRAM BELOW I 

WEIGHTED RUERRGE = 0.24 • 0.40 
.ERROR SCRLEO BY 2.0 

·LRYTER 
·ORHBURG 
·CRRPEHTR 
·MULLER 
·GORMLEY3 
·LRRRIBE 
·CLPWY 
•BRLTRY 

72 RSPK 
70 OBC 
70 HBC 
69 OSPK 
68 RSPK 
66 HBC 
66 HBC 
66 OBC 

CHISQ 
1.7 

0.0 
6.4 

8/66 
8/66 
8/67 
8/67 
6/68 
9/69 
6170 
2171 
8172• 
8172• 

-15 s 15 25 

8.1 
(COHLEU 
=0.018) 

ETR INTO PI+P~-PIO RSYMMETRY PRRRMETER 

H. Yuta and S. Okubo [~hys. Rev. Letters 21, 781 

(1968))have pointed out that an asymmetry in the decay· 

7) -+ rr + rr- TTo of about 2% need not imply a breakdown of 

C invariance, since an asymmetry of this amount 

could b'e caused by an interference between the 7) and 

the 3rr background. Gormley et al. [ Phys. Rev. Let

ters 22, 198 (1969)], however, believe that this effect 

can account for only .. 0.23% in their experiment 

(above). Also see: A. Frenkel and G. Vesztergombi, 

"C-Violation in 7)-Decay," Nucl. Phys. B15, 429 

(1970) and K. Taggart, "Asymmetry and Background 

in 7) -+ 3rr," Phys. Rev. D ~. 1960 11970). 

8 
8 

'B 
B 
8 
8 
8 
8 
8 

DECAY ASYMMETRY PARAMETER FOR PI+ PI- GAM/lilA (UNITS 10 .. -21 
33 -2. 17. CRAWFORD 66 HBC 

-4. 8. LITCHFIEL 67 DBC 
1620 1. 5 2.5 HULLER 69 OSPK 
ABOVE EXPERIMENT IS SENSITIVE.ONLY TO UPPER .4 OF GAMMA-RAY SPECTRUM 
7257 1.22 1.56 GORMLEY 70 ASPK 

36K O. 5 0.6 THALERl 72 ASPK 

AVG 0.61 0.54 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 

•••••• ••••••••• ••••••••• o•••••-• •••'*••••• ••••••••• ... •••••• 

PEVSNER 61 PRL 7 421 

ALFF 62 PRL 9 322 
BASTIEN 62 PRL 8 114 
CliRETlEN 62 PRL 9 127 
PICKUP 62 PRL 8 329 
SHAFER 62 CERN CONF 307 

BACCI 63 PRL 11 37 
·BUSCHBEC 63 SIENA CONF 1 166 
CRAWFORD 63 PRL 10 546 

ALSO 66 PRL 16 907 
OELCOURT 63 PL 7 215 
MULLER 63 SIENA CONF 99 

FOELSCHE 64 PR 134 8 1138 
KRAEMER 64 PR 136 8 496 
PAULI 64 Pl 13 351 

FOSTER! 65 PR 138 B 652 
FOSTERZ 65 ATHENS 

REFERENCES FOR ETA 

PEYSNER, KRAEHERt NUSSBAUM ,RICHARDSON + (JHUJ 

AL FFt BERLEY ,COLLEY ,BRUGGER + CCOLU+RUTGERSJ 
BASTIEN,BERGE,DAHL,FERRO-LUlll + (LRLl 
CHRETIEN+ ( BRAN+BROWN+HARVARO+HIT+PADOVAJ 
E PICKUP,R08INSONtSALANT (CNRC+BNU 
J SHAFER,FERRO-LUZZI ,MURRAY + fUCB+LRL I 

BACCitPENSO,SALVINI • IROMA+FRASI 
BUSCHBECK-CZAPP,COOPER + IVIENNA,CERN,AMST) 
F S CRAWFORD,LLOYDtFOWLER ILRL+OUKEJ 
F S CRAWFORD,L LLOYDtE FOWLER C LRL+DUKEI 
OELCOURT tLEFRANCOI St PEREZ Y JORBA+ CORSAY) 
HULLERtPAULI • CSACL+ROM~I 

H W FOELSCHEtH L KRAYBILL 
KRAEMER, MAOANSKY, FIE LOS + 
E PAUlitA MULLER 

(YALE I 
CJHU+NWES+WCODJ 

(SACLAYI 

FOSTER, PETERS tMEER t LOEFFLER + IHI SC+PUROUEJ 
FOSTER,Go0Dt MEER ~ CWISCONSJN I 

11/66 
8/67 
9/69 

6170 
8172• 
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FOSTER3 65 THESIS 
PRICE 65 PRL 15 1Z3 
RITTENBE 65 PRL 15 556 

ALFF-STE 66 PR l#tS 1072 
8AlTAY 66 PRL 16 1224 
CRAWFORD 66 PRL 16 333 
OIGIUGNO 66 PRL ·16 767 
GROSSMAN 66 PR H-6 993 
GRUNHAUS 66 THESIS 
JAMES 66 PR 142 896 
JONES 66 PL 23 597 
WAHUG 66 PRL 17 221 

H. C. fOSTER 
L .R .PRICE, F. S. CRAWFORD 
RI TTENBERG,KALBF LE ISCH 

IWISCONSINI 
. CLRU 

(LRL+BNU 

ALFF:-STEJNBERGER r BERLEY.t- I COLUMB tA+RUTGERS I 
+FRANlJNI ,KIH,KIRSCH+ICOLUMBIA+STONY BROOK I 
F.S.CRAWFORO,L.R .. PRICE ILRLI 
DIG I UGNO,G IORG I, SI LVESTRJ+ I NAPL, TRST, FRAS I 
R GAOSSMAN,L PRICE,F CRAWFORD CLRLJ 
J.GRUNHAUS ICOLUHBIAJ 
F E JAMES, H L KRAYBILL CYALE+BNLI 
JONES, BINNIE ,OUANE,HORSEYr MASON, ILOIC, RHEL I 
WAHLIG,SHJBATA,HANNELU I MIT+ PI SAl 

BAGLJN1 67 Pl 21t8 637 BAGLIN,BEZAGUET,OEGRANGE,+ CEPOL+UCBI 
BAGLIN2 67 SAPS 12 567 BAGLIN,BELAGUET,OEGRANGEt+ CEPOL+UCBI 
BALTAYl 67 PRL 19 1495 BALTAY,FRANZINJ,KIM,NEWMAN+ ICDLU+BRANI 
BALTAY2 67 PRL 19 1498 BALTAY,FRANZINt,KIM,NEWHAN+ tcOLU+STONI 
BEHPORAD 67 PL 258 380 BEMPORAD,BRACCINI,FOA,LUBELSHEY+IPISA,BONNI 

ALSO PRIVATE CDMHUNICA.TIDN 
BILLING 67 Pl 25B 435 BJLLING,BULLOCKtESTEN,GOVAN,+ ILOUC,OXFI 
BONAHY 67 HEIDELBERG CONF. BONAHY,SONOEREGGER • UACLAYI 
BUNIATQV 67 PL 258 560 BUNIA.TQV,ZAVATTJNI,OEJNET,+ CCERN+KARU 
CENCE 67 PRL 19 1393 CENCE,PETERSON,STENGER,CHIU+ CHA.WAIJ+LRLJ 
FEl.DHAN 67 PRL 18 868 FELOMA.N,FRATI,GLEESON,HALPERN,+ CPENNI 
FlATTE 67 PRL 18 976 S.H.FLATTE CLRU 
FLATTE2 67 PR 163 1441 S.M.FLATTE AND C.G.WOHL ILRU 
LITCHFIE 67 PL 248 ltB6 LITCHFIELO,RANGAN, SEGAR,SMITttt-IRHEL+SACLAYI 
PRICE 67 PRL 18 1207 L.R.PRICE,F.S.CRAWFORD (LRU' 

ARNOLD 
BAliN 
BULLOCK 
WEHMANN 

68 PL 278 466 
68 PRL 20 895 
6B Pl 278 402 
68 PRL 20 748 

BAGLIN 69 PL 29B 445 
ALSO 70 NP 822 66 

HYAMS 69 PL 298 128 
JACQUET 69 NC 58 743 

+PATY, 8AGLJN,BINGHAM+ I STRB+MADR+EPDL+UCBI 
BAZJN,GOSHAW, ZACHER,+ I PRINCETON, QUEENS I 
+EST EN, FLEMING,GOVAN,HENDERSON,OWEN+ I LOUCI 
WEHHANN, ENGELS,+ ( HARV+CASE+SLAC+CORN+MCGI J 

BAGLJN,BEZAGUET, + I EPOL,UCB,MAOR, SiRS I 
+BEZAGUET, DEGRANGE ,MUSSEl +( EPOL ,HAOR, STRSJ 
HYAMS ,KOCH, POTTE Rt VON L1 NO ERN,+ I CERN, HPIM I 
JACQUET ,NGUYEN-KHAC,HAATUFT+ IE POL, SERGI 

BUTTRAM 70 PRL 2 5 135 8 
COX 70 PRL 24 534 

+KREl SLER, MISCHKE 
'COX, FORTNEY,GOLSON 

C PRINJ 
IOUKEJ 

I COLUt SYRA I 
I COLU+BNL I 

ICOLUI 

DEVONS 70 PR D1 1936 
GORMLEY 70 PR D2 501 

ALSO 70 NEVIS lBliTHESISI 
KANOFSKY 70 NC 68 413 
SCHMITT 7D PL 328 638 

BAS I LE 71 NC 3A 796 
STRUGALS 71 NP 827 429 
AGUILAR- 72 .PR Db 29 
BLOOOWDR 72 NP 839 525 

+GRUNHAUS, KOZLOWSK J, NEMETHY + 
GORMLEY, HYMAN, LEE, NASH, PEOPLES+ 
MICHAEL GORMLEY 
A.. KANOFSKY 
+BUNIATOV, ZAVATTIN I, DE INET+ 

I LEHI J 
I CERN, KARL J 

+BOLL I NJ ·,DALPIAZ ,FRA8ETTI+ C CERN rBGNA, STRB I 
+CHUVILO,GEHESYt I VANDVSI<.AYA+ ( JINRJ 
AGUILAR-BENITEZ r CHUNG, ElSNER ,SAM lOS (BNL J 
BLOODWORTH, JACKSON, PRENTICE, YOON (TORONTO I 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

BAST lEN 62 PRL 8 lllt 
CARMONY 62 PRL 8 117 
ROSENFEL 62 PRL 8 293 

8A STI EN, BERGE,DAHL ,FERRG-LUZZJ, HILLER+ ( LRLI 
0 CARHONYoA ROSENFELD,YAN DE WALLE ILRLI 
A ROSENFELD,O CARMONY,VA.N DE WALLE ILRLJ 

REFERENCES ON ETA ASYMMETRY PARAMETERS 

SAL TAY 66 PRL 16 1224 
CNOPS 66 PL 22 546 
CRAWFORD 66 PRL 1 b 333 
CLPWY 66 PR 149 10~ 
LARRlBE 66 PL 23 600 

BOWEN 67 PL 248 206 
LITCHFIE 67 Pl 248 486 
GORMLEY3 68 PRL 21 402 
HULLER 69 THESIS 
CARPENTR 70 PR 01 1303 
OANBURG 70 PR 02 2564 
LAYTER 72 PRL 29 316 
THALER! 72 PRL 29 313 
THALER2 72 NEVIS 194(THESISI 

SAL TAY, FRANZINJ ,KIM, KIRSCH+ tCOLU+STONJ 
CNOPS, F JNOCCHIARSt LASSALLE, CCERN, ETHZ, SACL I 
F.SaCRAWFORD,LaRoPRICE (LRU 
COLUMB lA ,LRL, PURDUE, WISCONSIN, YALE 
LARRIBE, LEVEQUE, HULlER, PAULI,+ I SACL+RHEU 

BOWEN,CNOPS ,FINOCCHIARO,+ I CERN+ETHZ+SACLI 
LITCHFIELD,RANGAN, SEGAR, SH ITH+IRHEL+SACLAYJ 
GORMLEY, HYMAN, LEE, NASH, PEOPLES+. I COLU+BNL I 
ARMAND MULlER I STRS I 
CARPENTER, BINKLEY, CHAPHA.NtCOX,OAGAN+ I DUKE I 
+ABOL INS ,DAHl, OAVI ES ,HOCH, KJRZ r + ILRLJ 
+APPEL,KOTLEWSKJ,LEE,STE IN,THALER I COLUJ 
+APPElt KOTLEWSK I tLAYTER, LEE, STEIN «COLU I 
JON J THALER I COLU J ..................................................................... ...................................................................... 

"" "" 

""' 

EDH 

16 PROTON (938,J.,l/21 I•l.(Z 

16 PROTON MASS IHEVI 

1938.2561 10.0051 
938.2592 .0052 

COHEN 
TAYLOR 

65 RVUE 
69 RVUE 

16 PROTON MEAN LIFE IUNITS 10**26 YRJ 

USING NEW E/H 

I .:000001 J OR MORE 
I Oa002J OR MORE 

GOLDHABE 54TH 232 FISS.MODE JNOEPEN 
FLEROY 57 TH 232 FISS.MODE JNOEPEN 

I 1. 51 OR MORE BACKENSTO 60 CNTR 
160.01 OR MORE KROPP 65 CNTR 

1200a0) OR MORE GURR 67 CNTR DEP. ON DECAY MODE 
KROPP AND SACKENSTOSS SENSITl VE TO PARTICULAR DECAY HODES OF P.ROT 

16 PROTON MAGNE:r. MOMENTtE/2HPJ 

12. 792 763 I 0.000030 I 
2. 792782 .000017 

COHEN 
TAYLOR 

65 RVUE 
69 RVUE 

16 ANTIPROTON MAGNETIC MOMENT IE/2MPI 

-2.83 0.10 FOX 72 

USING NEW E/H 

16 PROTON ELECTRIC DIPOLE MOMENT IUNITS 10**-23 E CMJ 
NONZERO VALUE IMPLIES VIOLATION OF T AND P IN EM INTERACTION 

1G 700 • 900. HARRISON 69 HBR 

...... ......... ......... .......... ......... ......... ......... ....... . 

....... 

7166 
7170 

1110 

11172* 

10/69 

Data Card Listings. 
For notation, see key at front of Listings. 

REFERENtES F'OR PROTON 

GOLOHABE 54 PR 96 1157 FNOTE2 GOLOHABER,F REINES+ (LOS ALAHOS,SNLJ 
FLEROV 57 SOY PHYS DOK 3 79 FLEROV,KLOCHKOVr SKOBKIN, TERENTEV I USSR J 
8ACKENST 60 NC 16 7to9 BACKENSTOSS,FRAUENFELDER,HVAMS + ICERNJ 
COHEN 65 RMP 37 537 · +DUMOND CN.AMER.AVIATION SCIENCE CENT. tCITJ 
KROPP 65 PR 137 B 740 W R KROPP,F REINES (CASE INST TECHNOLOGY) 
GURR 67 PR 158 1321 GURR,KROPP,REINES,HEYER ICASE,JOHANNESBURGJ 
HARRISON 69 PRL 22 1263 HARRISON,SANDARS,WRIGHT (CLARENDON OXFORD) 
TAYLOR 69 RMP lt1 375 +PARKER,LANGENBERG (PRIN+UCI+PENNJ 
FOX 72 PRl 29 193 FOX 1 8ARNES,EISENSTEIN+ ICARN+VPI+WILL+WYOHJ ..................................................................... ...... ......... ......... ......... .......... ......... ......... ....... . 

17 NEUTRON (939,J•1/2J Jc1/2 

17 . NEUTRON MASS ( MEVJ 

M T 939.5527 .0052 TAYLOR 6CJ RVUE USING NEW E/H 
M T TAYLOR DETERMINATION OF NEUTRON MASS NOT INDEPENDENT OF ( 
M T NEUTRON-PROTON MASS DIFFERENCE MEASUREMENTS BELOW. 

"" 

M 

" " " 

EQM 

17 tNEUTRONJ - (PROTON) MASS DIFFERENCE IMEVJ 

1.29344 0.00001 MATTA.UCH 65 RWE 
WE HAVE CONVERTED HATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO 
NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS 
AND A HYDROGEN BlN.DING ENERGY OF 13.6 EV. 

17 NEUTRON MAGNETIC KOHENT (HAGNHONS ,93B .2 MEV I 

-1.913148 0.000066 COHEN 56 RYUE 

17 NEUTRON ELECTRIC DIPOlE MOMENT (UNITS 10**-23 E CMJ 
TEST OF C VIOLATION IN THE EM INTERACTION 

15.1 OR LESS BAIRD 69 HBR 

17 NEUTRON MEAN LIFE IUNITS 10**3 SECI 

THE "EASUREMENT OF THE NEUTRON MEAN L1 FE BY SOSNOVSK It 59 HAS 
BEEN DISCARDED SINCE 1. IT DISAGREES WITH THE BETTER AND MORE 
RECENT RESULT OF CHRISTENSEN 67a 2. THE VALUE OF GA/GV DE
RIVED FROH THE NEW VALUE OF THE MEAN lIFE AGREES WELl WITH THE 
GA/GV VALUE OBTAtNEO FROM THE .FREE NEUTRON DATA. 

I 1.0121 10.021 J SOSNOVSKI 59 PILE SEE NOTE E 
(0.9351 (0.014) CHRISTENS 67 PILE REPL' BY CHRISTENS72 

T· 0.918 0.014 CHRISTENS 72 P_ILE 
ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FOR NEUTRON ABSORPTION 
IN GOLD HAS BEEN REOUCEO. • 

17 NEUTRON SETA DECAY COUPLING CONSTANTS 

RELATED TEXT SECTION IV H.1 

AV GA/GV (SEE TEXT FOR SIGN CONVENTION) 
AV C C-1.250) 10.044) CONFORTO 67 RVUE SEE NOTE C"SELOW 

7170 
7170 
7170 

3171 
3171 
3171 
3/71 

7/66 

10/69 

7/68 
3/68 
6172* 

AV EP 1-1.231 (0.011 CHRISTENS 67 CNTR N DECAY FT VALUE 11/68 
A.V P 1-1.221 (0.081 GRIGDREV 68 CHTR E-NEU ANG CORREL 10171 
A.V p 1-1.261 (0.02) CHRISTENS 70 CNTR PE,NEUT SPIN CORREL 10171 
AV EP (-1.271 (0.0251 EROZOLIMS 71 CNTR PE,NEUT SPIN CORREL 10/71 
AV EP C-1.2391 (0.0111 CHRISTENS 72 CNTR N DEC.+ FT VALUE 1173* 
AV P C-1.2631 (0.0161 KROPF 73 RVUE N DECAY ALONE l/73* 
AY p -1.248 0.010 KROPF 73 RVUE N DEC.+ FT VALUE 1/73* 
AY C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 1173* 
AV E THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GAIGV ONLY 10/71 
AV p KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 1173* 

F 
F 
F 
F 

. F 
F 

PHASE ANGLE OF GA RELATIVE TO GV tOEGREESI 
C C 176.11 16.41 CONFORTO 67 RVUE 
P 1181.31 U.3J EROZOLIMS 70 CNTR POLAR. NEUTRON 

P 181.1 1.3 KROPF 73 RVUE N DECAY 
C CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 

p KROPF 13 VALUE 081AINEO BY FITTING ALL DATA THROUGH 1972. ............................................................... 
COHEN 56 PR 104 283 
SOSNOVSK 59 JETP 9 717 

MAT.TAUCH 65 NP 67 1 
CHRISTEN 67 PL 26B 11 
CONFORTO 67 APAH 22 15 
GRIGOREV. 68 SJNP 6 239 

BAIRD 69 PR 119 1285 
TAYLOR 69 RHP 41 375 
CHRISTEN 70 PR C1 1693 
EROZOLI M 70 SJNP 11 583 

ALSO PL 278 557 
EROZOLIM 71 JETPL 13 252 
CHRISTEN 72 PR OS 1628 
KROPF 73 SUBH. TO NP A 

ALSO 70 NP A154 160 

JACKSON 
COHEN 
SHAllA 

57 PR 106 511 
65 RHP 37 537 
66 PL 19 691 

REFERENCES FOR NEUTRON 

V W COHEN, CORNGOLO, RAMSEY IBNL+HARVARDI 
SOSNOVSKiltSPIVAKtPROKOFEV + I IA.E MOSCOW I 

+THIELE, WAPSTRA (MAX PLANCK INST .CHEM. I 
CHRISTENSEN, NIELSON, BAHNSEN. BROWN+ I RI SOJ 
G. CONFORTO tCERNJ 
+GRISHJN,VLADIMIRSKJI,NIKOLAEVSKII + lJTEPI 

+HILLER, DRESS, RAMSEY ( ORNLt HARV I 
+PARKER,LA.NGENBERG IPRJN+UCI+PENNJ 
CHRISTENSEN,KROHN,RINGO IANLI 
EROZOLIHSKt rBONOARENKO, + IKURC MOSCOW I 
EROZOUHSKY, BONDARENKO + (KURC IN MOSCOW) 
EROZOLIHSKII ,BONOARENKO + (KURC MOSCOW I 
CHRJ STENSEN. NIELSON, BAHNSEN, BROWN+ ( RI SOl 
A KROPF 1 H PAUL (LJNl) 
H PAUL I VI ENI 

PAPERS NOT REFERRED TO IN DATA CARDS 

JACKSON, TREIHAN,WYLD I PRINCETON I 
+DUMOND (N.AHER.AVIA.TION SCIENCE CENT.tCITJ 
C P SHALLA IALABAMA) ..................................................................... ...................................................................... 

11/68 
10/69 

1113• 
1/13* 
1/73* 



,• 
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Data Card Listings 
For notation, see key at front of Listings; 

M 
M 
M 
M. 
M 
M 

OM 
OM 
OM 

18 LAMBDA U115,JP .. l/Z+I 1"'0 

18 LAMBDA MASS (HEVI 

N SINCE OUR FINAL VALUES FOR THE SIGHA AND LAMBDA MASSES COKE FROM 
N DOING AN OVERALL FIT TO All MEASURED MASSES AND MASS DIFFERENCES, 
N WE HAVE USED Tt-£ UNCORRELATEO MEASUREMENTS FROM Sc""IOT 65 RATHER 
N THAN THE ONES COMING. FROM THE OVERALl FIT REPORTED IN THAT PAPER. . 
N · SINCE THERE SEEMS TO BE NO CONVINCING ARGUMENT AS TO ·WHY ONE SHOULD 
N IGNORE DATA USING RANGE MEASUREMENTS, WE .HAVE INCLUDED HERE VALUES 
N DEPENDING ON PROTON AND PION RANGES. 

1115.44 0.12 BHOWHIK 63 RVUE + SEE NOTE l BELOW 
ABOVE LMBOA MASS HAS BEEN RAISED 35 KEY TO ACCOUNT FOR 46 KEY 

. INCREASE IN PROTON MASS AND 11 KEY DECREASE IN CHARGED PION MASS. 
635, 1115.66) (0.091 BALTAY 65 HBC ERROR IS STATI So 6/66 
488 1115.63 0.07 SCHMIDT 65 HBC SEE NOTE N 6/68 

S 114711115.741 10.041 CHIEN 66 HBC 6.9 PBAR P 9/67 
S 97211115.691 10.0.51 CHIEN 66 HSC 6.9 PBAR PANTIL 9/67 

1115.6 0.4 LONDON 66 HBC 6/66 
11116.0) 10.21 SADlER 67 HBC 2.4 PBAR P,LLBAR 8/67 

195 1115.39 0.12 MAYEUR 67 EHUL 11/67 
B 152411115.521 10.031 BOHM 70 EHUL 3172 

AVG 
FIT 

935 1115.59 0.08 HYMAN 72 HEBC 11171 
AVERAGE OF VERY INCONSISTENT DATA. ERROR STATISTICAL ONLY. AUTHORS 3172 
DETECT SY~TEMATJC EFFECT OF ABOUT .15 HEY, WHICH THEY ATTRIBUTE 3/72 
TO ERROR IN RANGE-ENERGY RELATIONS, IN REGION BETA•0.6-Q.7. 3172 
THIS EFFECT, IF CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 3172 
BHOWMICK 63 AND HAYEUR 67 • 
ERROFI PURELY STATISTICAL. 

1115.558 
1115.592 

0.052 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.21 
0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR Of 1.11 1173• 
I SEE IDEOGRAM BELOW J 

~EIGHTEO RVERRGE = 1115.558 • 0.052 
ERROR SCRLED BY 1.2 

Values above o! weighted average, 
error, and scale {actor are !or the 
rcadcr 1 s convenience only. The 

·data were actually processed by a 
constrained fit program, which 
calculates its own values o! X, 6X, 
and scale {actor. which-are di£{er· 
cnt !rom the values shown here. 

CHISQ 
·HYMRN 72 HEBC 0.2 
·MRYEUR 67 EMUL 2.0 
LONDON 66 HBC 

·SCHMIDT 65 HBC 1.1 
·BHD~MIK 63 RVUE ...:!..:.9_ 

4 .f 

1115.0 1115.4 1115.8 1116.2 
ICDNLEV 
=0.246) 

LRMBOR MRSS IMEVl 

18 LAHOA - ANTILAMBOA MASS DIFFERENCE IMEVI 
OoOS 0.06 CHIEN 66 HSC 6.9 PBAR P 
0.29 0.15 SADlER 67 HSC 2.4 P8AR P 

9/67 
B/67 

OM AVG 0.083 0.083 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.51 

----- ---- ----- ----- -------- ----- ----- ---·· 
18 LAMBDA MEAN LIFE IUNITS 10••-101 

188 2.63 o.21 0.21 BOLDT 58 cc 
T 825 2.72 0.16 0.16 CRAWFORD 59 HBC 
T HO 2. 72 0.29 0.21 BOWEN 60 cc 
T 186 2.60 o.2B 0.2o CHANG 62 HBC 
T 799 2.69 o.n o.u HUMPHREY 62 HBC 
T 2239 ·2.36 0.06 o.o6 BLOCK 63 HEBC 
T 706 2. 76 Oo20 CHRETIEN 63 HLBC 
T 794 2. 59 0.09 HUBBARD b4 H8C 
T 2260 2.31 0.10 KREISLER 64 OSPK 
T 1378 z. 59 0.07 SCHWARTZ 64 HBC 
T 635 2.51 0.16 BAL TAY 65 HBC 6/66 T 2534 2.6 0.1 HILL 65 OSPK 
T 916 2.35 0.09 BURAN 66 HLBC 6/66 
T s 1147 iZoSOI 10.141 CHIEN 66 HBC 6.9 PBAR P 9/67 T s 972 (2.701 10.201 CHIEN bO HBC 6.9 PBAR PoANTI 9/67 T 2213 2.452 0.056 0.054 ENGELMANN 61, HBC 9/66 T 585 2.68 ·a.l3 0.11 • AUERBACH 67 OSPK 8/67 T 2o4-\ 0.15 SADlER 67 HBC 2.4 PBAR p 6/68 T 2.-55 0.15 SADlER 67 HBC 2.4 PBAR P, ANTIL 6/6B T 8342 2. 535 0.035 GRIMM 68 HBC 6/68 T 2600 2. 47 o.oe HEPP 68 H8C 8/68 T 1059 2.39 o.1o DEMIOOV 10 HLBC PI-P, 3.86 GEVIC 12/70 T 4572 z. 54 0.04 BALTAY 71 HBC K·P AT REST 6/71 T ERROR PURELY STATISTICAL. 

AVG 2.521 0.021 o.o21 AVERAGE I ERROR INCL. SCALE FACTOR OF 1.2) 
I SEE IDEOGRAM BELOW I 

----- -------- ---- ----- ----- ------ ------ ------
18 II LAMBDA I . I ANT I-LAMBDA) 1/AVG., MEAN LIFE DIFFERENCE 

OT 0.044 0.085 BAOI ER 67 HBC 2.4 PBAR p B/67 

----- ------~ ------ ------- -------- ----... ---- -------- --------

PARTICLE DATA GROUP Review of ?,article Properties ·S65 

Stable Particles 
A 

~EIGHTEO RVERRGE = 0.3967 • 0.0033 
ERROR SCRLEO BY 1.2 

CHISQ 
·BRL TRY 71 HBC 0.2 

--1-. ·DEMIODV 70 HLBC 1.5 
·HEPP 68 HBC 0.4 
·GRIMM 68 HBC 0.2 
,BROIER 67 HBC 0.0 
•BROIER 67 HBC 0.3 
·RUERBRCH 67 OSPK 2.0 
·ENGELMRNN 66 HBC 1.5 
·BURRN 66 HLBC 3.1 
·HILL 65 OSPK 0.7 
·BRL TRY 65 HBC 0.0 
·SCH~RRTZ 64 HBC 1.0 
·KREISLER 64 DSPK 3.7 
·HUBBRRO 64 HBC 0.6 
·CHRETIEN 63 HLBC 1.7 
·BLOCK 63 HEBC 6.3 
·HUMPHREY 62 HBC 2.7 
·CHRNG 62 HBC 0.1 
·BD~EN 60 cc 
·CRR~FDRO 59 HBC 1.8 
·BOLDT 58 cc _Qd_ 

28;2 
0.30 0.50 0.55 ICDNLEV 

LRMBOR DECRY RRTE !UNITS 10••10 SEC·1l =0.080) 

18 LAMBDA MAGNETIC HOME NT IMAGNETONS,93B.26 MEVI 

MM, -1.5 0.5 COOL 62 OSPK 
HM o.o 0.6 KERNAN 63 cc 
MM 8553 -1.39 0.72 ANDERSON 64 HBC 
MM 151 -o.s o.z8 CHARRIERE 65 EHUL 
MM 49 -0.67 0.31 0.37 8ARKOV 71 EHUL PRELIM. RESULT 
MM ·1300 -0.66 o.o1 OAHLJENSE 71 EMUL HAG F I ELD=200KG 
HM 3868 -o. 73 o.u HILL 71 OSPK 
HM 
MM AVG -0.672 o.061 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

------ ------ --------- -------- ___ ._ _____ -------- --.------ --------
18 LAMBDA ELECTRIC DIPOLE MOMENT I UNITS 1on-14 E CHI 

NONZERO VALUE IMPLIES VIOLATION OF T AND P 

EOM 5.0 OR LESS CL ... 95 GIBSON 66 EMUL 
EOM 1.0 OR LESS CL=o95 BARONI 11 EHUL 
EOM BARONI MEASURES 1-5.9+-2.91*10 .. -15 E CH 

18 LAMBDA PARTIAL DECAY HODES 

Pl 
P2 
P3 
P4 
P5 

LAMBDA INTO PROTON PI
LAMBDA INTO NEUTRON PlO 
LAMBDA INTO PROTON MU- NEUTRINO 
LAMBDA INTO PROTON E- NEUTRINO 
LAMBDA INTO PROTON PI- GAMMA 

lB LAMBDA BRANCHING RATIOS 

R1 LAMBDA INTO IP PI-1/IIP Pl-J+IN PIOIJ 
.Rl 0.627 0.031 CRAWFORD 
R1 0.65 Oo05 COLUMBIA 
Rl U C0.6B51 10.0111 ANDERSON 
R1 903 0.643 0.016 HUMPHREY 

59 HBC 
60 HBC 
62 HBC 
62 HBC 

DECAY MASSES 
938+ 139-
939+ 134 
938+ 105+ 
938+ .s• 
93B+ 139+ 

(p1JI(Pl+P2J 

1U U 6 736 O. 635 o. 007 DOYLE 69 HBC PI-P TO LAM. KO 
R.l 4512 0.646 O.OOB BALTAY 71 HBC K-P AT REST 
R1 U ANDERSON RESULT NOT PUBliSHED, EVENTS ADDED TO DOYLE SAHPLE. 
R1 
R1 AVG 
R1 FIT 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 0 
R3 0 
R3 N 
R3 N 
R3 0 

• ·o:6399 • O.OM9 AVERAGE tERROR INCLUDES sCALE FACTOR OF 1.01 
0.6419 0.0049 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

LAMBDA INTO IN PIOJ/IIP PI-I+IN PIOJJ 
0.23 0.09 EISLER 
0.43 0.14 CRAWFORD 
0.28 0.08 BAGLIN 
0. 35 .o .05 BROWN 

75 0. 291 0.034 CHRETIEN 

57 HLBC 
59 HBC 
60 HLBC 
63 HLBC 
63 HLBC 

IP21/1Pl+P2J 

0.304 0.025 AVERAGE I ERROR .INCLUDES SCALE FACTOR OF 1.01 
0.3581 O.Oo49 FROM FIT IERRDR INCLUDES SCALE FACTOR OF 1.01 

LAMBDA INTO IP E- NEUI/TOTAL IUNITS 10 .. -31 IP4J/IP1+P21 
15 12.01 (0.51 . HUMPHREY 61 RVUE 

8 12.91 n.5J (1.21 AUBERT 62 FBC 
150 ID.82J c"0.12J ELY 63 FBC K- AT REST 
102 10.781 10.121 10.131 BAGLIN 64 FBC K- AT 1.45 GEV/C 

20 (1. 55) 10.341 LIND 64 HBC 

2/72 
6/71 

10/71 

2172 
2/72 
2/72 

2171 
6/71 
2111 

R3 N 143 10.801 10.08) MALONEY 69 HBC 10/69 
R3 N 86 10.781 10.091 CANTER 71 HBC K-P AT REST 4/71 
R3 N 218 10.88) 10.101 LINDQUIST 11 OSPK Pl- P TO KO LAM 2172 
R3 N THESE VALUES HAVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI-, 3/72 
R3 N BECAUSE THAT IS THE DIRECTLY MEASURED QUANTITY. SEE R5 BELOW 3172 
R3 0 LOW STAT 1 Sll CS EXPER IHENTS. NOT AV~RAGEO 7/70 

R4 LAMBDA INTO I P HU- NEUJ/TOTAL (UNITS lOU-4) IP31/1Pl+P2J 

•• 10.21 OR MORE GOOD 62 HBC. 

•• 11.0) OR LESS ALSTON 63 HBC 
R4 2 11-01 OR LESS KERNAN 64 FBC 

•• BETWEEN 1.3 AND. 6.0 LIND 6lt HBC. ... 3 1.3 o.7 LIND 64 RVUE 7/66 
R4 2 1.5 1.2 RONNE 64 FBC 
R4 9 2.4 0.8 CANTER1 11 HBC STOPPED K-P 7/71 

•• 14 1.4 o.5 BAGGETT2 72 HBC STOP K- B/72• ... 
•• AVG 1.57 o.3s AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
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Stable Particles 
A. E+ 

R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 
R5 

•• •• 

A-
A-
A-
A-·-A-
A-
A-
A-

AO 
AO 

LAMBDA INTO C P E- NEUJ/CP PI•J CUNI TS 10•-31 CPitJI(Pll 
150 1. 23 o.zo ELY 63 FBC 
120 1.17 0.18 BAGL IN 64 FBC 
,143 1.20 0.12 MALONEY 69 HBC 

1078 1.31 0.06 AL THOFFl 11 OSPK 

' 86 1.·17 0.13 CANTER 71 HBC K-P AT REST· 
c 218 lo3Z 0.15 lJNOQUIST 11 OSPK PI-P TO KO LAM 

' C:ALCULATED BY. US FROM R3 ASSUMING THE AUTHORS USED CP Pt-J/TOT•2/3 .. . . . . 
AVERAGE CERROR INCLUDES SCALE .FACTOR OF 1.01 AVG 1.267 O.<Mo4 

lAMBDA INTO IP PI- GAKHA)/(P PI-I (UNITS 10.-.-31 CPS)/IPl) 
1Z 1.32 o.zz BAGGETT3 72 HBC PI- MOM LT 95 MEV/C 

18 LAMBDA DECAY PARAMETERS 

RElATED TEXT SECTION IV H AND APPENDIX III 

ALPHA LAMBDA- C LAMBDA t NTO P J- PROTON I 
1156 0.62 0 .. 07 CRONIN 63 CNTR LAMBDA FROM PI-P 

(0.6631 (0.0221 BERGE 66 RVUE INCLUDES ABOVE 
10130 0.645 o.on OVER SETH 67 OSPK LAMBDA FROM PI-P 

" 2529 (0.747) (0.086) MERRILL 68 HBC REPL BY DAUBER 68 
3520 0.67 0.06 CAUSER 69 HBC FROM XI DECAY 

10325 0.649 0.023 CLELAND 12 OSPK LAMBDA FROM PI-P 

AVG 0.647 OoDl3 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1.01 

ALPHAO /ALPHA- FOR. LAMBDA (L INTO PlO NIL INTO PI- PI 
1.10 0.27 CORK 60 CNTR 

AD 0 4760 
AO 

1.00D Oo068 OLSEN 70 OSPK PI+N TO K+ LAMBDA 

AO AVG 1.006 0.066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
AD 0 DONE BY COMPARING PROTON DISTR.WITH N DISTR .. FROM LAMBDA DECAY. 

PHI ANGLE (SINCPHli/CQS(PHJJ•BETA/GAHHAJ CDEGREESI 

2172. 
2172 
2172 
2172 
3172 
3172 
3172, 

1(73* 
1173* 

8/67 
9/66 
8/67 
6/68 

. 6/68 
5172• 

5170 

F
F
f
F
F
F

1156 13.0 11.0 CRONIN 63 OSPK LAMBDA FROf'\ PI-P 11/67 
1Dl30 -8.0 6.0 . OVER SETH 67 OSPK LAMBDA FRCDt PI-P 11/67 

7377 C-9.2) (5.2) CLELAND 67 OSPK REPL BY CLELAND 72 5172• 
10325 -7.0 4.5 CLELAND 12 OSPK LAMBDA FROM PI-P 5172• 

F- AVG -6.5 3.5 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.OJ 

AV GA/GY FOR LAMBDA BETA DECAY (SEE TEXT SEC. IV H.1 FOR SIGN CONY.) 
AV 22 (-1.D31 LIND 64 HBC 6/68 
AV 102 (0.6) OR MORE BAGLIN 65 HLBC NO SIGN GIVEN 1171 
AV BETW O. AND -1.1 BARLOW 65 OSPK 6/68 
AV 102 (0.7) OR MORE CL•.95 ELY 65 HLBC ASS. VALUE 1171 
AV -1.14 0.23 0.33 CONFORTO 65 RVUE 11/67 
AV M 148 -o. 12 0.14 0.19 MALONEY 69 HBC 10/69 
AV A 1078 -0.62 o.oa 0.09 Al THOFF2 71 OSPK POLARIZED LAMBDAS 2172. 
AV M 
AV L 
AV ML 
AV L 
AV M 
AV ' AV M 
AV A 
AV l 
AV l 
AV 
AV AVG 

141 -o. 75 0.15 o.1B CANTER 71 HBC 4171 
173 (-0. 32) 10.131 (0.17) LJ NOQUIST 71 OSPK UP-00\ofN ASYMMETRY 9171 
173 (-0.6BI (0.27) . co. 54) LINDQUIS"T 71 OSPK E-NEU CORRELATION 9171 
173 -o. 40 0-13 0-17 LINDQUIST 71 OSPK E-NEU AND UP-DOWN 9171 
352 -o. 74 Oo09 0.12 BAGGE TTl 72 HBC STOP.K- · 2172 

EXPERIMENTS INCLUDED JN CONFORTO 65, RVUE 6/6B 
EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V 
USES E AND PROTON UP-DOWN ASYMM AND E-NEU CORRELATIONS 2172 
LINDQUIST 71 GETS THREE VALUES. WE AVERAGE THE ONE THAT USES 10171 
All DATA. 10171 

-o. 665 0.063 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.21 
I SEE IDEOGRAM BELOW I 

~EIGHTED AVERAGE = -0.639. 
ERROR SCALED BY 1.1 

·BAGGETT1 
·LIHDQVIST 
•CAHTER 
·AL THOFF2 

-1.2 -0.8 -0.4 o.o 
GA,GV FOR LAMBOR BETR DECRY 

0.065 

CHISQ 
72 HBC 0.9 
71 OSPK 2.5 
71 HBC 0.5 
71 OSPK ....Q.,JL 

4.0 
tCOHLEV 
=0.265) 

.................................................................... 
REFERENCES FOR lAMBDA 

EJ SLER 57 NC 1700 
148 
266 

EISLER ,PLANO, SAMJOS, SCHWARTZ + 
E BDLOT,O 0 CALDWELL,Y PAL 
CRAWFORO,CRESTJ,DOUGLASS,GOOD + 

I COLU+BNL I 
CMITJ 
CLRLI 

BOLDT 58 PRL 
CRAWFORD 59 PRL 

Data Card Listings .. 
For notation, see key at front of Listings. 

BAGLlN 60 Nt 18 101t3 
BOWEN 60 PR 119 2030 

·coRK 60 PR 120 1000 
COLUMBIA 60 ROCH CONF 726 
HUMPHREY 61 PRL 6 478 

ANDERSON 62 CERN CONF B32 
AUBERT 62 NC 25 479 
CHANG 62 THESIS DUKE 
COOL 62 PR 127 2223 
GOOD 62 PRl 9 518 
HUMPHREY 62 PR 127 1305 

ALSTON 63 UCRL 10926 
BHOWMJK 63 NC 28 llt94 
BLOCK 63 PR" 130 766 
BROWN 63 PR 130 769 
CHRETIEN 63 PR 131 220B 
CRONIN • 63 PR 129 1795 
ELY 63 PR 131 B68 
KERNAN 63 PR 129 B70 

BAGLIN,SLOCHIBRISSON,HENNESSY + 
BOWEN,HARDYtREYNOLDStSUN + 
CORK, KERTH, WENZEL, CRONIN+ 

IEPOLI 
(PRINCETON I 

ILRL+PRJN+BNLI 
(COLUMBIA I 
ILRL+SYRAI 

M SCHWARTZ + 
HUMPHREY, KI Rlt ROSENFELD, RHEE + 

ANDERS~,CRAWFORD1GOLDEN,LLOYD + 
AUBERT ,SRI SSON,HENNESSY, SIX + 

(LRLJ 
I EPOLI 
I DUKE I CHUEN CHUEN CHANG 

COOL",HlLL,HARSHALL + 
H L GOOD,V G UNO 
W E HUMPHREY,R R ROSS 

(BNL+MJT+NYU+ANL I 
IWISCONSINI 

ILRLI 

ALSTON,KIRZ1NEUFELD, SOLMJTZ,WOHLMUT ILRLI 
B BHOWMIK,O P GOYAL IDELHII 
BLOCK, GESSAROL 1 t RA"TT I+ I NHES+BGNA+SYRA+ORNLI 
BROHN,KADYK,TRILLJNG,ROE + CLRL+MICHI 
tHRET I EN ,CROUCH+ ( BRAN+BROWN+HAR VARD+MI T I 
J W CRDNIN,O E OVERSETH (PRINCETON) 
ELY 1 GIOAL,KALMUS,OSWALOrPOWELL + ILRLI 
KERNAN,NOVEY ,WARSH.AW, WATTENBERG ·(ANL+lll I 

ANDERSON 64 PRL 13 167 J A ANDERSON oF S CRAWFORD ILRL I 
BAGLlN 64 NC 35 977 BAGLtN,BINGHAM+ IEPOl+CERN+LOUC+RHEL+BERGI 
HUBBARD 64 PR 135 8 183 HU88AR0,8ERGE,KALBFLEISCH,SHAFER + ILRLI 
KERNAN 64 PR 133 8 1271 KERNAN,POWELltSANDLER + tlRL+LOUCI 1 

KREISLER 64 PR 136 B 1074 M N KREISLERtD OVERSETH,J CRONIN IPRINI· 
LIND • 64 PR 135 8 1483 UND,BINFORD,GOOD, STERN (WISCONSIN) 
RONNE 64 PL 11 357 · RONNE+ ICERN+EPOL+LOUC++UNIV.BERGENJ 
SCHWARTZ 64 UCRL 11360 THESIS JOSEPH ADAM SCHWARTZ ILRll 

BAGLJN 65 NC 35 977 
BALTAY 65 PR litO 8 1027 
BARLOW 65 PL 1B 6lt 
CHARRIER 65 PL 15 66 

ALSO 66 NC 46A 205 
CONFORTD 65 EC INT HERZEGNOVI 
ELY .65 PR !37 B1302 
HILL 65 PRL 15 85 
SCHMIDT 65 PR litO B 132B 

BERGE 66 BERKELEY 46 
BURAN 66 PL 20 31 B 
CHIEN 66 PR 152 1171 
ENGELMAN 66 NC 4SA 1038 
GIBSON 66 NC 45A 882 
LONDO! 66 PR 143 1034 

BAGLJN "+ I EPOl 1CERN,LOUC,RHEL, BERGEN I 
BALTAYrSANDWElSS,CULWICK,KOPP + IYALE+BNLI 
J BARLDW,BLAJR,CONFDRTO+ ICERN+RHEl+PENNJ 
CHARRJ ERE tGI BSON+ I EPOL+BRIS+CERN+MP IHJ 
CHARRJERE,GIBSON + IEPOL,BRIS,CERN,MPIMI 
G CONFORTO lCERNI 
ELY 1 GJOAl,KALMUS,POWEll + ILRL,LOUCJ 
HILL, ll, JENX. INS r KYCI A, RUDERMAN CM IT, BNLI 
p SCHMIDT ICDLUMBIAI 

BERGErCABIBBO I tRVUEI LRL,CERNI 
BURANrEIVIP()SON,SKJEGGESTAD,TOFTE + IOSLOJ 
+LACH, SANDWE ISS, TAFT oYEH ,OREN + I YALE+BNLI 
ENGELMANN, FI L THUTH, ALEXANDER+ CHE I D, REHOI 
W M GIBSON,K GREEN (8RISJ 
LONDON, RAU,GOLDBERGt li CHTMAN+ I BNL, SVRA I 

AUERBACH 67 HC lt7A 19 AUERBACH,BOWEN,OOBBS,LANDErHANN+ (PENNI 
( EPOLI SADlER 67 PL 258 152 +BOHNETrBRlAHDET,SADOULET 

CLELAND 67 PL 268 45 CLELAND,BIEHLEIN,CONFORTO+ I CERN+GEVA+LUNDJ 
MAYEUR 67 u.LIBR.8RUX.BUL32 C.MAVEUR,E.TOMPA,J.NICKENS C BELG, LOUC I 

UUCH+PRIHJ 
CHEIDEL8ERGJ 
IHE10EL8ERGI 

OVERSETH 67 PRL 19 391 0 E DVERSETH, R F ROTH 
GRIMM 6B. NC 54A 187 H.-J.GRIMM 
HEPP 68 ZPHYS 214 71 V.HEPP,H. SCHLEICH 
MERRILL 68 PR 167 1202.. HERRILlt SHAFER ILRLI 

DAUBER 
DOYLE 
MALONEY 
BOHM 
DEMIOOV 
OLSEN 

69 PR 179 1262 +BERGEtHUBBARD,HERRILL,HlLLER ILRU 
69 UCRL 18139-THESIS J.C. DOYLE ILRLI 
69 PRL 23 425 HALONEY,SECHl-ZORN CUNIV MARYLAND) 
70 NC 70A 384 + KRECKER + CBERL+BRUX+DUUC+LOUC+LDWC+WARSI 
70 SJNP 10 681 +KJRILLOV-UGRYUMQV,PONOSQV,PROTASOV+ IITEPJ 
70 PRL 24 843 +PONDROM,HANDLER,LIMQN,SHJTH + tWISC1MICHI 

ALTHOFF! 71 Pl 378 531 
ALTHOFF2 71 PL 37B 535 

+BROWN,FREYTAG,HEARD,HEINTZE + 
+BROWN,FREYTAGrHEARD,HEINTZE + 
+SRIDGEWAT ER ,COOPER, HABJ 81 + 
+GUR EV IC H,HAKAR l NA, MAR TEMYANOV+ 
G BARONI,S PETRERA,G ROMANO 
+COLE 1 LE E-FRANZI NI , LOVELESS + 

(CERN, HEIDI 
(CERN, HEIDI 
CCOLU+BINGI BALTAY 71 PR D4 670 ' 

BARKOV 71 JETPL 14 60 
BARONI 71 lNC 2 1256 
CANTER 71 PRL 26 868 

CANTER1 71 PRL 27 59 
OAHLJENS 11 NC 3A 1 
HILL 71 PR 0"' 1979 

ALSO 65 PRL 15 85 
LINOQUJS 71 PRL 27 612 

BAGGETTl 72 ZPHY 249 279 
BAGGETT2 72 ZPHY 252 3&2 
8AGGETT3 7 2 Pl 428 379 
CLELAND 7 2 NP 840 221 
HYMAN 72 PR 05 1063 

( ITEPI 
CROHAI 

C S TDN+COlU I 

+COLE 1 LEE-FRANZI Nl , LQVELESS+ I STON+COLU I 
DAHL-JENSEN + ( CERN+ANKA+LAUS+HP I H+ROMA 1 
+LJ 1 JENKINS,KYCIA,RUDERHAN CHIT ,BNU 
HJLLrllr JENKINSrKYCI A, RUDERMAN CHIT ,SNU 
LJNOQU+ST, SUMNE-+ ( EF loNUSL,OSU,ANL J 

+BAGGETT, E ISELEr FI L THUTH, FREHSE+ (HE ID l 
+BAGGETT ,EISELE, FI LTHUTH, FREHSE+ C HE IDJ 
+BAGGETT, E ISElEr F Il THUTH, FREHS E, HEPP +(HEIDI 
+CONFORTO, EATON, GERBER+ C CERN+GEVA+LUND I 
+BUNNELL ,DERRICK, FIELDS, KATZ+ I_ANL+CARN I 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 62 CERN CDNF 236 ARMENTEROS+ ICERN+EPOL+LOIC+BIRM+CEN-SACLAYI 
BALTAY 62 CERN CONF 233 BALTAY,FDWLER,SANOWEISS,CULWICK+ (YALE+BNU 
BERGE 63 THESIS C BERKELEY I J PETER BERGE ILRL I 

....................................................................... ............................................. -'~\ ............................. . 
~ L.::..J 19. SIGMA+ 111B9,JP•1/2+1 1=1 

-- ----- ---- ------ ------- ----- ----- ----

M 
M 
M 

" 

19 SIGMA+ MASS CMEVJ 

N SEE NOTE PRECEDING .LAMBDA KA.SS LISTINGS 

144 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELOW 
58 1189.4B D.22 BHOWHIK M EMUL + SEE NOTE S BELOW 

S ABOVE SIGMA+ MASSES HAVE BEEN RAISED· 30 KEY TO ACCOUNT FOR 46 KEY 
S INCREASE IN PROTON MASS AND 21 KEV DECREASE IN PION MASS 

4205 1189.68 0.10 SCHMIDT 65 HBC SEE NOTE N 

AVG 
FIT 

1189.16 0.12 HYMAN 67 HEBC 
607 11B9. 39 0 a06 BOHM 12 EMUL 

1189.1tlB 
1189.406 

0.076 AVERAGE (ERROR INCLuDes ·sCALE FACTOR 4 0F 1.7) 
0.06B FROM FIT !ERROR INCLUDES SCALE FACTOR OF 1.61 
I SEE IDEOGRAH BELOW I 

6/68 
b/68 •"'\ 
1173• 
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Data Card Listings 
For notation, see key at front of Listings. 

T 
T 
T 
T 
T 
T 
T 
T 

T 
• T c 

T s 
T s 
T 
T 
T 
T 

1188.8 

UEIGHTEO RUERRGE = 1189.418 ± 0.076 
ERROR SCRLED BV 1.7 

·BOHM 72 EMUL 
·HVMRH 67 HEBC 
·SCHMIDT 65 HBC 
·BHOUMIK 64 EMUL 
·BRRKRS 63 EMUL 

1190,4 

CHISQ 
0.2 
4.6 
6.9 
0.1 

...Q.,J,_ 
11.8 

ICOHLEU 
=0.0191 

SIGMR+ MRS5 IMEUI 

19 SJGHA+ MEAN LIFE CUNJTS 10**-lOJ 

GLASER 58 RVUE 
127 0.98 0.16 0.12 PUSCHEL 60 EHUL 

41 o.az Oo34 o.zo EVANS 60 Elt.ll 
117 0.85 0.14 o.u FRED EN bO EHUL 

54 a. eo 0.10 Oo067 KAPLON 60 EMUL 
23 0.76 0.22 0.14 CHIESA 61 EP:\UL 
49 o. 75 0.13 0.09 BERTHELOT 61 HLBC 

140 o.ez o.to o.os BARKAS 61 EKUL 
192 o. 71t9 0.056 0.052 GRARO 62 HBC 
456 o. 765 0.04 0."04 HUMPHREY 62 HBC 
203 0.84 0.12 0.08 BHOWMIK 64 EHUL 
181 0.84 0.09 BALTAY 65 HBC 6/66 
900 o. 76 0.03 CARAVAN 65 HBC 6/66 

1300 0.83 0.032 CHANG 66 HBC 6/66 
125 (0.86) (0.151 CHIEN 66 HBC + 6.9 PBAR P 9/67 
117 (lolOJ (0.241 CHIEN 66 HBC - 6.9 PBAR P,ANTJ 9/67 
381 o.ao 0.07 COOK 66 OSPK 7/66 

10664 0.803 o.ooa BARLOUTAU 69 HBC K-P .4-1.2 GEV/C 11/69 
20K a. 795 0.010 EJ SELE 10 HBC K-P AT REST 2171 
526 0.83 0.04 BAKKER 71 OBC - K-N TO SIG+ 2PI- 10171 

6 

T c CHANG ERROR 0.018 RAISED BY US. SEE 1970 EDITION, RMP 42,123119701 1173• 
T 
T 
T 

MM 
MM 
MM 

"" MM 
MM 
MM 
MM 

PI 
P2 
P3 

•• P5 
P6 
P7 
P8 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

s ERROR PURELY STATISTICAL 

AVG o. 8004 o.oo5a 0.0051 AVERAGE tERROR INCL. SCALE FACTOR OF 1-01 

19 SIGMA+ MAGNETIC MOMENT IKAGNETONS,938.26 MEVJ 

381 1.5 1.1 COOK 66 OSPK 7/66 
52 3.5 1.5 KOTELCHUC 67 EMUL K-P AT 1.158EVIC 8/67 
51 3.0 1.2 SULLIVAN 67 EMUL PHOTOPROOUCTJON 8/67 
69 3.5 1.2 COMBE 68 EMUL 10/68 

29333 2.1 1.0 MAST 68 HSC K-P AT .lt GEV/C 6/68 
955 2.67 0 .. 97 ALLEY 11 OSPK 1.28 GEVIC Pl+P 10170 

AVG 2.59 0.46 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

.19 SIGMA+ PARTIAL DECAY MODES 

SIGMA+ INTO PROTON PIO 
. SIGMA+ INTO NEUTRON PJ+ 

SIGMA+ INTO NEUTRON PI+ GAHHA 
SIGMA+ INTO LAMBDA E+ NEU 
SIGMA+ INTO PROTON GAMMA 
SIGMA+ INTO NEUTRON HU+ NEUTRINO 
SIGMA+ INTO NEUTRON E+ NEUTRINO 
SIGMA+ INTO PROTON E+ E-

19 SIGMA+ BRANCHING RATIOS 

SIGMA+ INTO {NEUTRON PI+JICNUCLEON PIJ 
308 0.490 0.024 HUMPHREY 62 HSC 
534 0.46 0.02 CHANG 66 HBC 

1331 0.488 0.010 8ARLOUTAU 69 HSC 
537 0.484 0.015 TOVEE 71 EMUL 

DECAY MASSES 
938+" 134 

• 939+ 139 
939+ 139+ 

1115+ .5+ 
938+ 0 
939+ 105+ 0 
939+ .5• o 
938+ .5+ • 5 

IP2J/CP1+P21 

6/66 
K-P .,4-1.2 GEVIC 11/69 

12171 

R'1 AVG 0.4835 0.0073 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 01 

R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 

SIGMA+ INTO INEllT PI+ GAMJ/IPI+NJ (UNITS to•*-31 IP3J/P2J 
(l.8J ABOUT 8AZIN2 65 HBC PI• L T 116 MEV/C 8/67 

29 0.21 0.05 ANG 69 HBC PI+ LT 110 MEV/C 11/68 

SIGMA+ INTO 
It (3.31 

6 2.0 
5 1.6 

10 2.9 

2.02 

llAHBOA E+ NEUJ/TOTAL IUNJTS 10 .. -SJ (P4J 
11.7) WilliS 64 HBC STOP. K-
EVENTS FROM THIS EXPERIMENT,INCLUDEO IN EISElE1 69 
0.8 BARASH 67 HBC'- STOP K-
0.7 BALTAY 69 HBC STOP K-
1.0 EISELE1 69 HBC STOP K-

0.47 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

9/66 
11/69 
B/67 

11/69 
10/69 

0 
PARTICLE DATA GROUP Review of Particle Properties S67 

Stable Particles 
I+ 

R4 
R4 
R4 
R4 
R4 
R4 
R4 
R4 AVG 

SIGMA+ INTO IP GAMMAJI«P PIOJ WNJTS 10**-21 (P5JI(PlJ 

2! 'g:;~J, OR~~~: ~:~~~RA ::·~=~ 
'4 C0.11J QUARENI 65 EMUL 

45 O. 21 0.03 ANG 69 HSC STOP K-
31 O. 276 0.051 .GERSHWIN 69 HBC 

0.240 0.035 AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.41 
I SEE IDEOGRAM BetON J 

UEIGHTEO RUERRGE = 0.240 • 0.035 
' ERROR SCRLEO BV 1.4 

•GERSHUIH 69 HBC 
69 HBC 
65 HBC 

CHISQ 
0.5 
1.0 

_2&._ 
4.1 

ICOHLEU 

6/66 
10/69 
10/69 

=0.1261 

R5 
R5 E 
R5 E 
R5 E 
R> 

·R5 UA 
R5 U 
R5 U 
R5 U 
R5 E 
RS A 
R5 
R5 
R5 

Rb 
R6 
R6 E 
Rb E 
R6 U 
R6 
R6 E 
R6 
R6 
R6 
R6 

R7 
R7 
R7 
R7 
R7 
R7 

SIGMR+ INTO IP GRMMRI/(P PIOI 

SIGMA+ 
0 
0 
I 
0 

INTO IN E+ 'NEUJ/IN PI+J IUNITS 10**-5J 
16220 EFFECTIVE DENOM. COURANT 64 HSC 
2720 EFFECTIVE DENOH. MURPHY 64 HBC 
9690 EFFECTIVE OENOM. NAUENBERG 64 HBC 

132~06) EFFECT lYE DENOM. BIERMAN 68 HBC 

IP7JitP2J 
SEE NOTE E 

·SEE NOTE E 
SEE NOTE E 

0 180400IEFFECTJVE DENOH. EISElE2 69 HBC + STOP K-
I 30000 EFFECT lYE DE NOM. NORTON 69 HBC 
0 110200 EFFECTIVE OENOM. EBENHOH 70 HBC STOP K-

EFFECT lYE DENQM. CALCULATED BY US 
EFFECTIVE DENOH. TAKEN FROM EISELE 67 

EISElE2 69 REPLACED BY EBENHOH 70 

4.0 2.0 OR lESS CL=.90 OUR AVERAGE USING All ABOVE 
NUMBER OF EVENTS INCREASED TO 4.0 FOR 90PC CONFIDENC_E LEVEL 

SIGMA+ INTO IN MU+ NEUJ/CPI+NJ WNJTS 10•*-51 
1 ( 120JANAl YSED EVENTS GALT JERI 62 EHUl 
0 10150 EFFECTIVE DENOH. COURANT 64 HBC 
0 1710 EFFECTIVE DENOH. NAUENBERG 64 HBC 
2 62000 EFFECTIVE DENOM. EISELEZ 69 HBC 
0 33BOO EFFECTIVE DE NOM. BAGGETT 69 HBC 

IP6J/IP2J 
NO RA TJ 0 OUOT ED 
SEE NOTE E 

, SEE NOTE E 

EFFECTIVE DENOM. TAKEN FROM EISELE 67 

5.3 4.9 OR lESS CL= .. 90 OUR AVERAGE USING All ABOVE 
MJMBER OF EVENTS INCREASED TO 5.3 FOR 90PC CONFIDENCE LEVEL· 

SEE NOTES ACCOMPANYING R5 

I SIGMA+ INTO LEPTONSJ/1 SIGMA- INTO lEPTONS) 
0 0.034 OR LESS BAGGETT 67 HBC 
1 0.08 OR LESS NORTON 69 HBC 

6.7 0.035 OR LESS CL ... 90 OUR AVERAGE USING R5 AND R6 
NUMBER OF EVENTS INCREASED TO 6.7 FOR 90PC CONFIDENCE LEVEL 

RB SIGMA+ INTO I PROT~ E+ E-1/TOTAL I UNITS 10* .... 61 (PBJ 
RB 7.0 OR LESS ANG 69 HBC STOP K-
RB A ANG 69 FOUND 3 E+E- EVENTS IN AGREEMENT WJTH .GAMMA CONVERSION OF 
RB A PROTON GAMMA OEGAY -LIMIT GIVEN HERE IS FOR NEUTRAL CURRENT 

R9 
R9 
R9 
R9 
R9 

RIO 
R10 E 
RIO 
RIO 
RIO E 
RIO 
RIO 
RIO 

(SIGMA+ INTO N MU+ NEUJ/(SIGMA- INTO N MU .. NEUJ 
2 0 .. 06 0.045 0.03 EISELE2 69 HBC +- STOP K-

5.3 0.095 OR LESS CL=.90 OUR AVERAGE USING R6 
NUMBER OF EVENTS INCREASED TO 5.3 FOR 90PC CONFIDENCE LEVEl 

(SIGMA+ INTO N E+ NEUJ/tSIGHA- INTO N E- NEUI 
0 (0.031 OR LESS Cl=o90 EJSELE2 69 HBC 
0 0.019 OR LESS Cl=.90 EBENHOH 70 HBC 
0 , 0.12 OR LESS Cl=.95 COLE 71 HBC 

EISELE2 REPLACED BY EBENHOH 70 

+- STOP K
STOP K
STOP K-: 

4.0 0.016 OR LESS CL=.90 OUR AVERAGE USING R5 
NUMBER OF EVENTS INCREASED TO 4.0 FOR 90PC CONFIDENCE LEVEL 

19 SIGMA+ DECAY PARAMETERS 

RELATED TEXT SECT ION IV H AND APPEND IX Ill 

A+O AlPHA+/ALPHAO FOR SIGMA+ ISIG+ TO .PI+ NJ/ISIG+ TO PIO PJ 
A+O +0.04 0.11 CORK 60 CNTR SJG+ FROM PI+P 
A+O 1+0.201 (0.241 TRIPP 62 HBC + REPLAC .. BY SANGER 

11/67 
11/67 
6/68 
6/68 
6/68 

11/69 
12170 

ll/67 

12170 
2171 

11/67 
11/67 
11/67 
6/68 

11/68 
11/67 

11/69 
2171' 

6/68 
10/69 

2111 
2171 

10/69 

10/69 

2/71 
2171 

10/69 
12170 
10171 

Z/71 
2171 

A+O 0 3500 (-.OlftJ 10.0521 BANGERTER 66 HBC + SIG+ FROM K-P 9/66 
A+O 0 2600 (-.041J 1.011 BERLEY . 66 HBC + SJG+ FROM K-P 9/66 
A+O 0 OLD RESUlTS tHAVE BEEN REPLACED • SEE BELOW -

A+ ALPHA SIGMJ\++ISIG+ TO PI+ NJ 
A+ 35000 0.069 0.017· BANGERTER 69 HBC 
A+ 4101 0.037 0.049 BERLEY 70 HBC .. K-P AT 400 MEVIC 11/69 

12170 

A+ AVG 0.066 0.016 AVERAGE IERROR INflUDES SCALE FACTOR OF 1.01 
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Stable ·Particles 
r+. r-: 

AO 
AO 
AO 

ALPHA SIGMAO ISIG+ INTO PIO PROTONJ 

AO 0 5200 
AO 32000 
AD H 1335 
AO 16K 
AO H DECAY 
AO 

-0.80 0.16 BEALL 62 CNTR 
1-0.901 (0.251 TRIPP 62 HBC 
I-0.986J 10.072J BAt.GERTER 66 HBC 
-0.999 0.022 BANGERTER 69 HBC 
-0.98 0.05 0.02 HARRIS 70 OSPK 
-0.940 0-045 BELLAMY 72 ASPK 

PROTONS SCATTERED OFF CARBON 

REPLAC. BY BANGE 
K-P TO SJG+ PI-

PI+P TO SJG+ K+ 
PI+P TO SJG+ K+ 

AO AVG -0.984 0.017 AVERAGE (ERROR INClUDES SCALE FACTOR OF 1.01 

F+ PHI+ ANGLE ISJG+ INTO N PIJ SIN(PHIJ/COSIPHJ)•BETA/GAHHA IOEGREEJ 
F+ 0 370 080. J (30. J • BERLEY 66 HBC + NEUTRON RESCATT. 
F+ 560 143. 29. BANGERTl 69 HBC 
F+ Cl051t 184. 24. BERLEY .70 HBC K-P AT 400 HEV/C 
F+ C CHANGED FROI4 176 TO 184 TO AGREE WITH SIGN CONVENTION. 
F+ 
F+ 

AG 
AG 

AVG 167.3. 20.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF loll" 

ALPHA S I GHAG IS I G+ INTO PROTON GAHHA I 
61 -1.03 0.52 0.42 GERSHWIN 69 HBC K-P TO SIG PI 

FO PHIO ANGLE (SIG+ INTO. PJO PROTONJ SlN(PHIJ/COSCPHU,.BETA/GAKM.A CDEGI 

7/66 
10/69 

5/70 
11172• 

9/66 
10/69 
ll/69 

11/69 

FO H 22.0 90.0 HARRIS 70 OSPK PI+P TO SIG+ K+ 5/70 
FO H DECAY PROTONS SCATTERED OFF CARBON. 

CORK 
EVANS 
FREOEN 
KAPLON 
PUSCHEL 

60 PR 120 1000 
60 NC 15 673 
60 NC 16 611 
60 ANP 9 139 
60 NP 20 254 

BARKAS 61 PR 124 1209 
BERTHELO 61 NC 21 693 
CHIESA 61 NC 19 1111 

BEALL 62 PRL 8 75 
GRARO 62 PR 127 607 
GALTIERI 62 PRL 9 26 
HUMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 6b 

BARKAS 63 PRL 11 26 
ALSO 61 UCRL 9450 

BHOWMI K 64 NP 53 22 
CARRARA 64 PL 12 72 
COURANT 64 PR 136 B 1791 
MURPHY 64 PR 134 8 166 
NAUENBER 64 PRL 12 679 
WILLIS 64 PRL 1:3 291 

BAL TAY 
BAliN 
BAZIN2 
CARAVAN 
QUARENI 
SCHMIDT 

65 PR 140 8 1027 
65 PRL 14 154 
65 PR 140 81358 
65 PR 138 8 433 
65 NC 40 A 928 
65 PR 140 8 1328 

REFERENCES FOR SIGMA+ 

CORK t KERTH, WENZE Lt CRONIN ,COOU lRl+PR lN+BNL I 
BR 1 ST+BRUSS+ I A S-Uo COl-DUBl IN+LON+Mll AN+PAO 
S FREOENtH KORNBLUM,R WHITE (LRU 
H KAPLON,A MELJSSINOS,YAMANOUCHJ CROCHJ 
W PUSCHEl OIAX PlANCK JNSTl 

BARKAS,OYER, MASON, NICHOLS, SH JTH (LRL I 
BERTHELOT tDAUDIN,GOUSSU + I SACLAY+ORSAY I 
CHIESA,QUASSIATI ,RINAUDO ( INFN-TURINI 

BEALL, CORK 1 KEEFE ,MURPHY, WENZEL ( LRLI 
F GRARO,G A SMITH CLRll 
GAL Tl ERJ,BARKAS, HECKMAN, PATRICK, SH ITH C LRLI 
W E HUHPHREY,R R ROSS CLRll 
R 0 TR lPP, H 8 WATSON tM FERRO-LUZZI ( LRLI 

W H BARK AS ,J N OVERt H H HECKMANN 
JOHN OYER UHESISt BERKElEYJ 

CLRU 
(lRll 

8 BHmi'HlKtP JAIN,P MATHUR 1 LAKSHMI (DELHI I 
CARRARA, CREST I ,GRIGOLETTO,PERUZZO+ C PAOOYAI 
COURANT, FIL THUTH+ CC ERN+ HE IO+UMD+NRl+BNL I 
C THORNTON MURPHY (WISCONSIN) 
NAUENBERG, MARAT ECK ,+ ( COLU+RUTG+PR I Nl 
WilliS,COURANT ,ENGELMAN+ (BNL,CERN, HE IO,UMOI 

BALTAY,SANOWEISStCULWIGK,KOPP + tYAlE+BNll 
BAZIN,BlUMENFElD,NAUENBERG + (PRIN+COLUI 
BAZ IN, PLANO, SCHMIDT+ I PR IN ,RUTG, CO LUI 
CARAYANNOPOUlOSt T AUTFEST 1 W IllHANN t PURDUE I 
QUARENI,CARTACCI + (BGNA 1 FIRZ 9 GENO,PARMAJ 
P SCHMIDT ~COLUMBIAI 

BANGERTE 66 PRL 17 lt95 BANGERTER,GALTIERitBfRGE,MURRAY+ (LRll 
BERLEY 6b PRL 11 1071 +HERZBACH, KOFLER, YAMAMOTO + I BNL+HASA+YALE I 
CHANG 66 PR 151 10B1 CHUNG YUN CHANG lCOLUMBIA) 

ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANG ICOLUMBJAI 
CHIEN 66 PR 152 1171 +LACH,SANDWEISS,TAFT,YEH,OREN + IYALE+BNLI 
COOK 66 PRL 17 223 V COOK,EWART,MASEK,QRR,PLATNER (WASHINGTON) 

BAGGETT 67 PRL 19 1458 
ALSO 68 VIENNA ASS. 374 
ALSO 68 PRIVATE COMM. 

BARASH 67 PRL 19 181 
EISELE 67 ZPHYS 205 409 
HYMAN 67 PL 25 B 376 
KOT ELCHU 67 PRl 1B 1166 
SULliVAN 67 PRL 18 1163 

ALSO 64 PRL 13 246 

BIERMAN 
COMBE 
MAST 

6B PRl 20 1459 
6B NC 57A 54 
68 PRL 20 1312 

BAGGETT t DAY ,GLASSER, KEHOE 1 KNOP+ 
BAGGETT t KEHOE 
N. BAGGETT 

I MARY LANDI 
{MARYLAND) 
(MARYLAND) 

BARASH, DAY ,GLASSER,KEHOE, KNOP + f MARYLAND I 
+ENGELMANN,FJL THUTH, FOLI SH ,HEPP+ C HE IOJ 
+LOKEN, PEWITT 1 MCKENZ IE,+ IANL+CARN+NWES I 
KOTELCHUCK ,GOZA 1 SULLJYAN,ROSS IYANOER8ILT I 
SULLJYAN,MCINTURFF ,KOTELCHUCH tVANDERBIL T I 
AD MCJNTURFF 1 C E RODS (YANDERBILTI 

BIERMAN,KOUNOSU,NAUENBERG + CPRINCETONI 
CE RN-BR I S TOL-LAUSANN E- HUNJ CH-ROME- COLL ABOR 
MAST,GERSHWIN,ALSTON-GAJ!.NJOST + (LRll 

ANG 69 ZPHYS 22B 151 +EBENHOH,ElSELE,ENGElHANN,FlLTHUTH+ (HEIDI 
BAGGETT 69 MOOP-TR-973 N Y BAGGETT t THESI SJ IUMDJ 
8AlTAY 69 PRL 22 b15 BALTAY,FRANZINJ,NEWHAN,NORTON+ ICOlU,STQNI 
BANGERTE 69 UCRL-19244 ROGER ODEll BANGERTER ITHESISI ILRLI 
BANGERTl 69 PR 187 1B21 BANGERTER,GARNJOST,GALTIERI.GERSHWIN+ (LRLJ 
BAR LOUT A .69 NP B14 153 BAR LOUT AUO ,BELLEFQN, GRAN ET+( SACL +C ERN+HEJ 01 
EISELE1 69 ZPHYS 221 1 +ENGELHANN,FILTHUTH,FOHLISCH,HEPP+ (HEIDI 
EISELE2 69 ZPHYS 221 401 +ENGELHANN,FILTHUTH,FOHLISCHrHEPP+ (HEIDI 
GERSHWIN 69 PR 188 2077 +ALSTON-GARNJDST,SANGERTER + tlRlJ 

ALSO UCRL 19246 THESIS lAWRENCE K GERSHWIN tlRll 
NORTON 69 NEVIS 175 CTHESISJ HERBERT NORTON ICOLUHBIAI 

BERLEY 
EBENtiJH 

ALSO 
EISELE 
HARRIS 

AllEY 
BAKKER 
COtE 
TOYEE 
BELLAMY 
BOHM 

70 PR 01 2015 
70 KIEV CONF 
10 ZPHY 228 151 
70 ZPHY 23B 372 
10 PRL 24 165 

71 PR 03 75 
11 LNC 1 37 
71 PR 04 631-
71 NP B33 493 
12 PL 398 299 
72NPB481 

+YAMIN,HERT ZBACH 1 KOFLER + ( BNL ,MASA, YALE I 
+E 1 SELE, ENGELMANN, Fl L THUTH 1 FOHL J SCHt- I HEIDI 
ANGrEISELE,ENGElHANN,FILTHUTH + (HEIDI 
+F I l THUTH, HEPP, PRESSER, ZECH (HE JDEl8ERG I 
+OVERSETH,PONDROH,OETTMANN IMICHt WI SCI 

+BENBROOKtCOOK,GLASS,GREEN,HAGUE + (WASHI 
+,SABRE COLLAB. t ZEEM+SACL+BGNA+REHO+ EPOL I 
+lEE-FRANZ JNJ, LOYELE SSt BAL TAY+ ( STON. CO LUI 
LOUC, BEl GRADE, BERl t BRUX t DUBLIN, WARS COLLAB 
+ANDERSON, CRAW FORO, OSMON+ t LOWC+RHEL+ SUSS I 
BERLI N+B ELGRADE+ BR UX+DUBL I N+LOUC+W AP.SAW 

~APERS NOT REFERRED TO IN DATA CARDS 

GlASER 58 CERN CONF 270 GLASER,GOOD, MORRISON I HICH+lRl J 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS 

TRIPP 62 PRL 8 175 R TRIPP,M WATSONrM FERRD-LUZZl (LRll P 
AlFF 63 SIENA CONF 1 205 AlFF,NAUENBERG,KIRSCH,+ ICOLU+RUTG+BNLI 

AlSO 65 PR 137 B 1105 ALFF,GELFANO,BRUGGER,BERLEY+ICOLU+RUTG+BNLI 
COURANT 63 SIENA CONF 1 73 COURANT,FILTHUTH,BURNSTEIN,OAY+ ICERN+UMDI .............................................................. ......... .......... ......... ......... .......... .......... ....... . 

Data Card Listing~ 
For notation, see key at front of Listings. 

I r-1 20 SIGMA- (1198oJP=l/2+1 1•1 

---- --------- --------- -------- ---- ------- ------ -----

M 
M 
M 

0 
0 
D 
D 
0 
0 

20 SJ GMA- MASS tHEY I 

SEE NOTE PRECEDING LAMBDA MASS liSTINGS 

3000 1197o47 o.u SCHMIDT 65 HSC SEE NOTE N 
•• 6 ••• 6. 6 

FIT 1197.34 0.07 FROM FIT C ERROR INClUDES SCALE FACTOR OF 1.21 

20 (SIGMA-I - tsiGMA+I MASS DifFERENCE IHEVJ 

87 B.25 0-40 BARKAS 63 EMi.JL -
2500 B.25 0.25 DOSC.H 65 HSC. 

86 7.91 Oo23 BOHM 72 EMUL 

AVG 8.09 Oo16 AVERAGE tERROR INCLUDES SCALE F.tr.C TOR OF 1oOI 
FIT 7.94 Oo09 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.21 

20 tSJGHA-J - ILAHBOAJ KASS DIFFERENCE tHEYI 

OL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

OL 81.10 Oo19 BURNSTEIN b4 HBC 
DL 85 8l.BO Oo24 SCHMIDT 65 HBC SEE NOTE N 
DL 2219 Blob4 o.o9 HEPP 68 HBC 
OL 
OL AVG 81.666 0.011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
OL FIT 81.749 0.067 FROM FIT tERROR INCLUDES SCALE FACTOR OF loll 

20 SIGMA- MEAN LIFE CUNITS 10U-lOJ 

T 1.67 .0.40 0.28 BROWN 58 HLBC 
T 1.89 Oo33 0625 EISLER 56 HLBC 
T 45 1.35 0.32 o.n CHIESA 61 EMUL 
T 41 lo 75 0.39 Oo30 BARK AS 61 EMUL 
T 1208 1658 0.06 0.06 HUMPHREY 62 HBC STOP. K-
T c 3267 lo666 0.075 CHANG 66 HBC STOP. K-
T s 61 12.0BI (0.221 CHIEN 66 HBC - 6o9 PBAR P 
T s 64 u. 461 l0o3ll CHIEN 66 HBC + 6.9 PBAR PtANTl 
T 506 1.38 Oo07 WHITESIDE 6B HBC STOP. K-
T 10253 1.412 OoOl6 BARLOUTAU 69 HBC K-P 64-1.2 GEV/C 
T .1M 1.485 Oo022 EISELE 70 HBC K-P AT REST 
T U83 1.42 0-05 BAKKER 71 OBC - K-N TO SIG- 2PI 
T 1.41 Oo09 o.oa TOYEE . 71 EMUL 
T c CHANG ERROR 06018 RAISED SY US. SEE 1970 EDITION, RMP 42,12309701 
T s ERROR PURElY STATISTICAl. 
T 
T AVG 

.. 
lo484 0.019 Oo018 AVERAGE (ERROR INCL. SCALE FACTOR OF 

C SEE IDEOGRAM BELOW I 

UEIGHTEO RVERRGE = 0.6738. 0.0085 
ERROR SCRLED BY 1.S 

CHISQ 

f+-· ·TDVEE 71 EMVL 0.7 
ft- .. ·BRKKER 71 OBC 1.5 

·EISELE 70 HBC o.o 
•BRRLOVTRV S9 HBC o.s 

!-+-· ·UHITESIOE S8 HBC 1.9 
-+-. ·CHRHG ss HBC 7.4 

-+- ·HUMPHREY S2 HBC 2.9 
·BRRKRS S1 EMVL 
·CHIESR 61 EMVL 
·EISLER 58 HLBC 

~ 
·BROUN 58 HLBC 

./ 14.9 
ICOHLEV 

6/6B 

1/73* 

117.3* 

9/66 
6/68 
8/68 

1/73* 

I 
6/66 
9/67 
9/67 
6/6B 

11/69 
2/71 

10/71 
lZ/71 . 
1/73* 

lo61 

0.4 o.s 0.8 1.0 =0.0211 

Pl 
PZ 
P3 
P4 
P5 

R1 
Rl 
Rl 
Rl 
R1 
R1 
Rl 
Rl AVG 

SIGMR- DECRY RRTE IV HITS 10 .. 10 SEC-11 

20 ·SIGMA- PARTIAl DECAY MODES 

SIGMA- INTO NEUTRON PI-
SIGMA- 1NTO NEUTRON PI- GAMMA 
SIGMA- INTO NEUTRON MU- NEUTRINO 
SIGMA- INTO NEUTRON E- NEUTRINO 
SIGMA- INTO LAMBDA E- NEUTRINO 

20 SIGMA- BRANCHING RATIOS 

SIGMA- INTO CN 14.1- NEUJ/IN PI-I CUNITS 10**-31 
22 0.66 0.15 COURANT b4 HBC 
11 Oo56 0-20 BAZJN 65 HBC 
56 0.43 0-09 BAGGETT 69 HBC 
72 Oo43 0.06 ANG 1 69 HBC 
13 0.38 0.11 COLE 71 HBC 

0.447 0.043 A YERAGE tERROR INCLUDES 

DECAY MASSES 
939+ 139 
939+ 139+ 
939+ 105+ 
939+ .5+ 

,1115+ .5+ 

(P31/tPlJ 

FROM STOP. K-
STOP. K-
STOP K-
STOP K-

SCALE FACTOR OF 1.01 

6/66 
10/69 
10/69 
10/71 



,, 

'·· 

u 6 

Data Card Listings 
For notation, see-key at front of Listings .. 

R2 SIGMA- INTO IN E- tiEUI/IN PI-I IUNJTS 10**-31 CP411( Pll 
R2 9 1.0 o.• 0.3 MURPHY 64 HLBC 
R2 1b 1.37 0.34 NAUENBERG 64 HBC 
R2 1b 1.15 0.4 MILLER 64 FBC 
R2 31 1.4 0.3 COURANT 64 HBC 
R2 180 loll 1).09 BIERMAN 68 HBC 6/68 
R2 11.111 10.151 SECHIZOR 68 HBC PREllMINARY 10/68 
R2 A 331 (1.021 10.081 ANG 1 69 HBC - STOP K- 10/69 
R2 b01 1.09 Oo06 EBENHOH 70 HBC STOP K- 12170 
R2 57 0.97 o.ts COLE 11 HBC STOP K- 10171 
R2 A ANGl REPLACED BY EBENHOH 70. 2/71 
R2 
R2 AVG 1.096 0.046 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

R3 
R3 
R3 
R3 
R3 
R3 
R3 

SIGMA- INTO (LAMBDA E- NEUI/fN Pl-1 IUNtTS 10 .. -41 

11 
35 
31 
31 

0.75 
0.64 
0.69 
o. 52 

0.28 
0.12 
0.12 
o.o9 

COURANT 
BARASH 
EISElE I 
BALTAY 

64 HBC 
67 HBC 
69 HBC 
69 HBC 

IPSJ/IPlJ 
STOP. K
STOP K
STOP K
STOP K-

8/67 
10/69 
4/69 

R3 AVG 0.604 0.060 :4YERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

SIGMA .... INTO IN PI- GAHMAJJ(N Pl-1 (UNITS 10**-31 IP2JI(PU •• •• •• tl.lJAPPROXIH. BAliN 65 HBC PI- LT 166 MEV/C 8/67 
10/69 23 0.10 .02 ANG 2 69 HBC PIPI-1 LT 110 

----- ------- ------ ---- ----- ---- ------ ____ _,;_ 

20 SIGMA- DECAY PARAMETERS 

RELATED TEXT SECTION IV HAND APPENDIX III 

A- ALPHA SIGMA-
A- 1-0.161 (0.211 TRIPP 62 HBC REPL. BY BANGERTE 
A- 0 6500 1-0.0101 10.0431 BANGERTER 66 HBC K-P TO SIG- Pl+ 7/66 
A- 0 6068 1-0.1041 10.04) BEFU.EY 67 HBC K-P TO SJG- PI+ ll/67 
A- 51000 -o. on 0.012 BANGER~ER 69 HBC 10/69 
A- 8 5978 1-0.1341 10.0341 BERLEY 70 HBC K•P AT 400 MEV/C 2171 
A- 60000 -o. 067 o.ou BOGERT 70 HBC K..!.P AT 400 MEV/C 12170 ·- OLD RESULTS. HAVE BEEN REPLA'CED. 
A- BERLEY 70 REPLACED BY BOGERT 70 ·-A- AVG -0.0688 Oo0081 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1-01 

F- PHI ANGLE ISINIPHII/COSIPHII•BETA/GAHMAJ IDEGREESI 
F- 0 1006·1+22.1 130.1 BERLEY. 67 HBC K-P TO SIG- PI+ 
F- 1385 14. 19. BANGERTl 69 HBC 
f- C1092 + 5. 23. BERLEY 70 HBC NEUTRON RESCATT • 
f.:. C CHANGED' FROM -5 TO .f-5 TO AGREE WITH SIGN. CONVENTION 
F-
F- AVG 10.3 AVERAGE IERROR, INCLUDES SCALE FACTOR OF 1.01 

AV 
AV 

GV/GA FOR SIGMA TO LAMBDA BETA DECAY ITEXT SEC IV Hol FOR SIGN CONVJ 
PREDICTED TO BE ZERC BY CONSERVED VECTOR CURREF"fl THEORY 

AV FB 45 10".311 10.301 BARASH 67 HBC 
AV FS 51 .10.71 10.41 &AlTAY 69 HBC USING SIG.-
AV FS 81 1+0.221 10.281 EISELE! 69 HBC 
AV F S 186 0.37 0.20 FRANZINI 12 HBC USING SIG+• 
AV 8 BARASH 67 MEASURED ·ABSOLUTE VALUE. 
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION. 
AV F FRANZINI 72 INClUDES EVENTS OF BARASH 67, EISELE! 69, BALTAY 69. 

AVl GA/GV FOR SIGMA TO M:UTRON BETA OECAYITEXT SEC IV H.1 FOR SIGN CONVI 
AVl 57 10.051 10.231 10.32) GERSHWIN 68 HBC REPLACED BY GER.69 
AVl 49 0.23 0.16 COLLERAIN 69 HBC NEUTRON SCATTER. 
AVl 33 Oo37 0.26 0.19 EISElE2 69 HBC NEUTRON SCATTER. 
AV1 61 +0.19 0.20 0.17 GERSHWIN 69 H8C POLARIZED SIGMAS 
AVl 63 -0.33 0.30 0.85 BOGERT 70 HBC. K-P AT 400 MEV/C 
AV1 -0.20 0.28 E8ENHOH 70 HBC E- SPECTRUM 
AV1 36 0. 29 0.28 O. 29 SAL TAY 72 HBC NEUTRON SCATTER 
AV1 43 -0.4 0.52 1.5 ELLIS 72 ASPK POLARIZED SIGMAS 
AVl ·E C+O.lOI, 10.111 ELLIS 12 RVUE SUM LJKEl.C+SOll 
AV1 E 1-0.271 10.131 10.171 ELLIS ·72 RVUE SUM liKEL.I-SOll 
AV1 C COllERAINE,EISELE,BALTAY MEASURE ABSOLUTE VALUE OF GA/GV. 
AV1 GERSHWIN 69, BOGERT 70, EBENHOH 70, AND ElliS 72 MEASURE THE SIGN. 
AV1 BUT NEITHER HAS A DEFINITE SIGN DETERMINATION. SINCE THE SIGN IS 
AV1 UNDETERMINED THE AVERAGE OF THE SIX VALUES J S MEANINGLESS. 
AVl E ElliS 12 HAS COMBINED THE MAXI HUH LIKELIHOODS .OF COLLERAINE 69, 
AV1 E EISELE2 6CJ, GFRSHWIN 69, ElLIS ·72, AND GETS TWO POSSIBLE VALUES. 
AV1 S SIGN CHANGED TO AGREE WITH OUR CONVE. INCLUDES BIERMAN 68 EVENTS. ......... AV1 
AV1 AVERAGE MEANINGLESS CSCALE FACTOR "' 1.01 

****** ****••••• ••••••••• ••••••••• :o:•••••••• ••••••••o o•••••o•• •••••••• 
REFERENCES FOR S IGHA-

BROWN 58 CERN CONF 270 BROWN 1GLASER,GRAVESrPERL 1CRONIN + IHICHI 
EISLER 58 NC SERlO 10 150 EISLER,BASSJ,CONVERSI+ CCOLUrBNL,BGNA,PISAJ 

BARKAS 61 PR 124 1209 
CHIESA 61 NC 19 1171 
HUMPHREY 62 PR 127 1305 
TRIPP 62 PRL 9 66 

BARKAS 63 PRL 11 26 
BURNSTEI 64 PRL 13 66 
COURANT 6ft PR 136 8 1791 
HILLER 64 PL 11 262 
MURPHY 64 PR 134 8 188 
NAUENBER 6-4 PRL 12 679 

BAZJN 65 PR 140 B 1358 
DOSCH 65 Pl 14 23 9 

ALSO 66 PR 151 1081 
SC.HM lOT 65 PR. 1~0 B 1328 
BANGERTE 66 PRL" 17 495 
CHANG 66 PR 151 1081 
CHIEN 6b PR 152 1171 

BARK AS, DYER, MASON, NICKOLS, SMITH 
A H CHJESA,B QUASSIATI 1 G RINAUDO 
W E HUMPHREY, R R ROSS 
R 0 TRJPP,M WATSONrM FERRO-LUZZI 

ILRU 
I TURIN) 

ILRLI 
ILRll 

W H BARKAS ,J N OYER, H H HECKMAN ILRLI 
BURNSTEINIOAY1KEHOE,SECHI ZORN,SNOW WMDI 
COURANT, FJ l THUTH+ ICERN+HE I D+UMO+NRL +BNLI 
HILLER, STANNARD. BEZAGUET + C LOUC, EPOL+BERG I 
C THORtflON MURPHY IWISCONSINJ 
NAUENBERG, SCHH I OT, MARATECK+C CDLU+RUTG+PR IN I 

BAZJN,PLAN01SCHMJbT + I PRIN+RUTG+COLUI 
DOSCH, ENGEUIANN, FI LTHUTH,HEPP,KLUGE+ I HEIDI 
CHUNG YUN CHANG ICOLUMBIAJ 
P SCHMIDT CCOLUHBIAI 
BANGERTER, GAL TIER I, BERGE 1 HURRAY+ CLRL I 
CHUNG YUN CHANG ICOLUMBIAJ 
+l.ACH, SANOWE ISS, TAFT, YEH 1 0REN. + I YALE+BNLI 

2171 

ll/67 
10/69 
ll/69 

11/67 
4/69 

10/68 
1173• 

117.3* 

6/68 
10/69 

-10/69 
10/69 
10/10 
3/72 
6172* 

10/71 
10171 
10171 
6/72• 

3172 
3172 
3172 

~' . 0 
PARTICLE' DATA GROUP Review of Pa.rticle Properties S69 

Stable Particles -
I-. 1:0 

, BARASH 67 PRL 19 181 BARASH,DAY,GLASSER,KEHOE,KNOP + (MARYLAND I 
BERLEY 67 PRL 19 979 BERLEY,HERTZBACH,KOFLER + IBNL,HASArYALEI 
BIERMAN 68 PRL 20 1459 BIERMAN 1 KOLtiOSU,NAUENBERG + (PRINCETON) 
GERSHWIN 68 PRL 20 1270 GERSHWIN,ALSTON-GARNJOST ,BANGERTER+ ILRU 
HEPP 68 ZPHY 214 71 V.HEPP,H. SCHLEICH tHEIDELBERGJ 
SECHIZOR 68 TO BE PUBL. DAYrGLASSER,KNOP+ VIENNA 375 CMARYLANOJ 
WHITESIO 68 NC 54A 537 H. WHITESIOE,J. GOLLUB ' IOBERLINJ 

ANG 1 69 ZPHY 223 103 
ANG 2 69 ZPHY 228 1 Sl 
BAGGETT 69 PRL 23 249 
SAL TAY . 69 PRL 22 615 
BANGERTE 6CJ UCRL-19244 
BANGERTl 69 PR 187 1821 

BAR LOUT A 69 NP 814 153 
COLLERAI 69 PRL 23 198 
EISELEl 69 ZPHY 221 1 
EISElE2 69 ZPHY 223 487 
GERSHWIN 69 UCRL-19246 

BERLEY 70 PR 01 2015 
BOGERT 70 PR 02 6 
EBENHOH 70 KIEV CONF 
EISELE 70 ZPHY 238 372 

BAKKER 71 LNC 1 37 
COLE 11 PR 04 631 

ALSO 69 NEVIS-175 THESIS 
TOVEE 71 NP B33 493 
BALTAY 72 PR 05 1569 
BOHM 72 NP 848 1 
ELLIS 72 NP 839 71 
FRANZINI 12 PR D6 2417 

BROWN 
NIETO 

57 PR 108 1036 
68 RMP 40 140 

ANGrEISELE,ENGELHANN,FILTHliTH + IHEIDJ 
+EBENHOR, EISElE t ENGELMANN, F i l THUTH+ I HE I 0) 
BAGGETTtKEHOE,SNOW IUNIV MARYLAND) 
SAL lAY t FRANZ tNt, NEWMAN 1 NORTON+ ICOLU, STONI 
ROGER ODEll BANGERTER CTHESISJ ILRLI 
BANGERTER, GARNJOST ,GAlliER I, GERSHWIN+ ILRLJ 

BARLOUTAUO rBELLEFON, GRANET+I SACL +CERN+ HE I OJ 
COLLERAINE, DAY, GLASSER,KNOP+ IUNJ V MARYLAND I 
+ENGELMANN, F IL THUTH, FOHL ISCH, HEPP+ I HE J a·J 
EISELE, ENGELMANN, F Jl THUlH, FOHLISCH+ C HE I OJ 
LAWRENCE KENNETH GERSHWIN CTHESISI ILRLI 

-+YAMIN, HERT ZBACH,KOFLER + IBNL 1 MASA, YALE J 
-+lUCASoTAFT,WilliSrBERLEY + IBNL 1 HASA 1 YAtEJ 
+EJ SELE, ENGELMANN, Fll THUTH,FOHll SCii+ I HEI OJ 
+F I L THUTH,HEPP, PRESSER ,z ECH C HE JOEL BERG I 

+,SABRE COLLAB. I ZE EH+SACL+BGNA+R EHO+EPOL J 
+LEE-FRANZINI,LOVELESS,BALTAY+ IS TON, COLUJ 
HERBERT NORTON I COLUMBIA I 
LOUC, BELGRADE, BERl, SRUX 1 DUBlIN 1 WARS COL LAB 
+FE INMAN tF RANZI Nl, NEWMAN t YEH+ (COLU+ STONJ 
BER L I N+B El GRADE+ BRUX + DUBL I N+LOUC+WARSAW 
OXF+AERE+RHEL+LOQM+l YON+NWES+t TEP COLLABOR 
COLUMBIA+ HE I DE LB ERG+ MARY LA NO+STONY 8 ROOK 

PAPERS NOT REF.ERRED TO IN DATA CARDS 

J BROWN, 0 GLASER, M PERL 
M NIETO 

I HICH+BNLI 
C STONJ 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •o••••:o:•• •••••• ••••••••• ••••••• .. ••••••••• ••••••••• ••••••••• ••••••o•• ••••o••• 

21 SIGHAO 11193,~P=l/2+1 1-"'1 

21 CSJGMA-1- (SIGMAOJ MASS DIFFERENCE IHEVI 
01 N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

01 18 4.75 Oo1 BURNSTEIN 64 HBC 
01 37 4. 87 0.12 DOSCH 65 HBC 
01 12 4.99 0.13 SCHMIDT 65 HBC SEE NOTE N 
01 
01 AVG 4.849 0.069 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
01 FIT 4.863 o.o64 FROM FIT I ERROR INCLUDES SCALE FACTOR OF l.OJ 

21 CSJGMAOJ - ILAMBOAI MASS DIFFERENCE IMEVI 

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. 

Dl 208 76.63 0.28 SCHMIDT 65 HBC SEE NOTE N 
OL 
DL FIT 

P1 
P2 

R1 
R1 

76.89 0.09 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

21 SIGHAO MEAN LIFE IUNJTS 10 .. -141 

11.01 OR LESS DAVIS 62 EMUL 

21 SIGMAO PARTIAL DECAY HODES 

SIGHAO INTO LAMBDA GAHHA 
SJGMAO INTO LAMBDA E+ E-

21 SlGHAO BRANCHING RATIOS 

SIGMAO INTOILAMBOA E+ E-IITOTAL 
10.005451 THEORET. CAL. FEINBERG 58 

DECAY MASSES 
1115+ 0 
1115+ .5+ .5 

IP211(Pl+P2J 
QUANTUM ELECT. 

••••••••• •••••o••• ••••••••• ••••••••• o•••••••• •••••••** •••••••• 
REFERENCES FOR S IGMAO 

FEINBERG 58 PR 109 1019 
DAVIS 62 PR 127 605 
BURNSTEI 64 PRL 13 66 

G.FEINBERG . IBNLI 
0 OAVIS,R SETTirH RAYHOND,G TOMASIN CEFIJ 
BURNSTEJN,OAYtKEHOE,SECHI ZORN,SNOW IUMO) 

DOSCH 65 PL 14 239 
SCHMIDT 65 PR 140 8 1328 

COURANT 63 PRL 10 409 

DOSCH, ENGElMANN, FI LH«.JTH,HEPP 1 KLUGE+ C HEIDI 
P SCHMIDT ICOLUMBIAJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

COURANT, Fl l THUTH ,FRANZ I NJ+ I CERN+UMO+NRL I 

QUANTUM NUMBER OETERHJNATIONS NOT REFERRED TO IN THE DATA CARDS 

ALFF 65 PR 137 81105 AlFF r GELFAND 1 NAUENBERG+ fCOLUHBI A+RUTG+BNL) P 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •o•••••** •••••••• .................................................................... 

6/68 

1173* 

6/68 

9/66 
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Stable Particles 

22 XI- MASS tHEYJ 

M 110317.0) t2'.2J WANG 61 HLBC 
M 1811317.9) U.9J FOWLER 61 HLBC 
M COLO OAT A AND LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD) 

511 1321.4 O.lt JAUNEAU 63 FBC 
62 1321.1 0.65 SCHNEIDER 63 HBC 

M 
M 

" Zitl 1321.1 0.3 8AOIER1 t:Jt·HBC 
M ALL MASSES ABOVE WERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISED 
M 149 1321.3 Dolt PJERROU 65 HBC 
M 6 1321.67 o.sz CHIEN 66 HBC - 6.9 PBAR P 
M 299 1321.4 1.1 LONDON 66 HBC 
M G 195 1321.87 Oo5l GOLDWASSE 10 HBC 5~5 K-P 
M G USES LAMBDA MASS OF 1115.589-HCXlJ IS 1322.18 IF MCLAMBDAJ IS 1115. 
M 268 1321.12 Ooitl - WILQUET 72 HLBC 

AVG 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF t.OJ 

11/67 
9/67 
6166 
8170 
4/6B 
1173• 

FIT 
1321.31 
1321.29 0.14 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 1173• 

----- ---- --,..--- ----· ----- --~- ---- ----

Ml 
Ml .,.., s 
Ml 
Ml 
Ml S 
Ml 
Ml AVG 
Ml FIT 

OM 

22 ANTI .. XI+ MASS OlEYl 

U 1322.01 tl.3) BROWN 
5 1320 .. 69 0.93 CHIEN 

1211321.71 10.61 SHEN 
.34 1321. Z 0.4 STONE 
35 1321.6 0.8 VOTRUBA 
THE ERROR IS STATISTICAL ONLY 

62 HBC 
66 HBC + 
67 HBC 
70 HBC 
12 HBC 

ANT 1-Xl-
6.9 PBAR P,ANTI 

ANTI-XI-

10 GEV/C K+ P 

1321.20 
1321.29 

0.33 AVERAGE (ERROR INCLUDES SCALE FACTOR Of 1.01 
Ool4 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

22 (XJ-1 - IANTI-XI+I MASS DIFFERENCE IMEV.I 

loO 1.1 CHIEN 66 HBC 6• 9 PBAR P 

22 XI- MAGNETIC MOMENT IMAGNETONS,938.26 MEVI 

HH 2124 -0.1 2.1 BINGHAM 70 OSPK - 1.8 GEV/C K-P 
"" 1134 -2.2 o.8 COOL 72 OSPK - 1.8 GEV/C K-P 
MM 
MM AVG -1.93 0.75 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

22 XI- MEAN LIFE CUNJTS 10* .... 101 

T .H 11 13.51 13.41 I 1.231 WANG 61 HLBC 
T H 18 (1.281 10.411 10.251 FOWLER 61 HLBC 
T H COLD OAT A .AND LOW ST ATJSTICS DROPPED ON SUGGESTION OF J R HUBBARD I 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

517 1. 86 0.15 0.14 JAl.WEAU 63 .FSC 
62 1.55 0·31 0.31 SCHNEIDER 63 HBC 

356 I 1. 771 10.121 CARMONY 64 HBC REP BY PJERROU. 65 
794 1.69 0.01 HUBBARD 64 HBC 
246 1. 70 0.12 PJERROU 65 HBC 

6 (1.371 10.511 CHIEN 66 HSC - 6.9 PBAR P 
299 1.80 0.16 LONDON 66 HSC 

2610 
s 2436 

680 
THE 

11.671 10.07) BURGUN 68 HBC 
1.61 0.04 DAUBER 69 HBC 

C 1.6371 10.0501 COOL 12 OSPK 
1 .. 73 0.08 0.01 MAYEUR 12 HLBC 

ERROR IS STATISTICAL ONLY 

1 .. 8 GEV/C K-P 
2.1 VEV/C K-

7166 
9/67 

10/67 
10170 
11172• 

1173• 

9/67 

2171 
1173* 

11/67 
. 9/67 

6/66 
2171 
6/68 
1173• 
1173• 

AVG 1.672 o.o32 0.031 AVERAGE IERROR INCL. SCALE FACTOR OF loll 

Tl 
Tl 
Tl 
Tl 
Tl 

22 ANTI-XI+ MEAN LIFE I UNITS 10**-101 

5 11.511 {0.551 CHIEN 66 HBC + 6.9 PBAR P,ANTI 
12 0.91 (0.71 (0.51 SHEN 67 HBC ANTI-XI-
34 1.6 0.3 STONE 70 HBC 
35 (1.551 10.351 10 .. 201 VOTRUBA 12 HBC 10 GEV/C K+ P 
THE ERROR IS STATISTICAL ONLY 

. . ------ ------- --------- ------- ------ ------ ------- ----

Pl 
P2 
P3 
P4 
PS 
P6 
P7 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 

22 XI- PARTIAL DECAY MODES 

XI- INTO LAMBDA PI-
XI- INTO LAMBDA E- NEUTRINO 
XI- INTO NEUTRON PI-
XI- INTO LAMBDA Mu- NEUTRINO 
XI- INTO SIGMAO E- NEUTRINO 
XI- INTO SIGMAO'Mu- NEUTRINO 
XI- INTO NEUTRON E- NEUTRINO 

22 XI- BRANCHING RATIOS 

DECAY MASSES 
1115+ 139 
1115+ .. 5+ 

939+ 139 
1115+ 105+ 
1192+ .. 5+ 
1192+ 105+ 
939+ .5+ 

XI- INTO llAHBDA E- NEUJJ(LAMBDA PI-I I UNITS 10*•-31 
CP21/IP1J 

·1 t 1551 EFFECTIVE DENOM.. CARJ10NY 63 HBC 
0 C 2601EFFEC1 IVE DE NOM. JAUNEAU 63 HBC 
D 1220JEFFECTTVE OEHOM.. BERGE 66 HBC 
1 Cl55J EFFECTIVE DENOM. LONDON 66 HBC 
0 C717JEFFECTIVE DENOH. TRIPPE 67 HBC 
2 (19761 EFFECTIVE OENOM. HUBBARD 6B HBC 
It 1.15 Q.9Q 0.55 HUBBARD 68 RVUE 

HUBBARD 6B IRVUEI INCLUDES All ABOVE EVENTS 

XI- INTO INEUTRON PI-1/CLAHBOA PI-J (UNITS 10 .. -31 

5. 0 OR LESS 
1.1 OR LESS 

fERRD-LUZ 63 HBC 
CAUSER 69 HBC 

CP3JJ( P11 

XI- INTO ILMBDA HU- NEUTRINOJ/TOTAL IUNJTS 10**-3) 
(P41 

12.0 OR LESS 
1.3 OR LESS 

BERGE 
DAUBER 

66 HBC 
69 HSC 

9/67 
10/67 
10170 
11172* 

11/67 
11/67 
11/67 
11/67 
11/67 
6/68 

6/68 

6/68 
6/68 

6/6B 
6/68 

Data Card Listings. 
For notatil?n, see key at front of Listings. 

•• R4 
XI- INTO CSIGMAO E- NEUTRINOI/TOTAL fUNJTS 10**-31 

CPSJ 

•• R4 
3.0 
0.5 

OR LESS 
OR LESS 

BERGE 66 HSC 
DAUBER 69 HBC 

R5 
R5 

X!- INTO CSIGHAO MU- NEUTRINOIITOTAL CP6J 
0. 005 OR LESS BERGE 66 HBC 

R6 
R6 

Xl- INTO IN E- NEUTRINOI/ILAMBDA PI-J (P71/CP1J 
o.o1 OR LESS CLm.90 BINGHAM 65 RVUE 

R7 XI- INTO CSIGHAO E- NEU + LAMBDA ~ NEUJ/TOTAL UOU-31 
R7 tP2+P5J 
R7 17 0.68 0.22 DUCLOS 11 OSPK . SEE NOTE 0 
R7 THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBBD 
R7 THEORY PREDICTS SIGKAO RATE ABOUT A FACTOR 6 SMALLER THAN THE 
R7 LAMBDA. TO GET A VALUE FOR THE TABlE R7 HAS BEEN AVERAGED WITH R1. 

22 XI- DECAY PARAMETERS 

RELATED TEXT SECTION IV H AND APPENDIX I II 

A ·a 
ALPHA XI-

A 1-0.441 10.121 JAUNEAU 63 FBC SEE NOTE 0 BELOW 
A 0 62 c-o. 731 10.231 SCHNEIDER 63 HBC SEE NOTE 0 BELOW 
A 240 -o.s 0.38 BADIER1 64 HBC SEE NOTE D BELOW 
A 356 -0.62 0.13 CARMONY 64 HBC SEE NOTE D BELOW 
A 10M -o. 365 0.068 BERGE 66 HBC SEE NOTE 0 BELOW 

A l 364 -0.47 0.13 LONDON 66 HBC SEE NOTE D BELOW 
A (-0.3911 (0.0321 BERGE 2 66 RVUE INCLUDES ALL ABOVE 
A M 2529 t-0.3751 10.0511 MERRILL 68 HBC 
A 27B1 -0.391 0.045 DAUBER 69 HBC SEE NOTE A BELOW 
A 2724 -o. 383 ' 0.065 BINGHAM 70 OSPK 

820 -0.42 o.u MAYEUR 72 HLBC 2.1 GEVIC K-
A USED ALPHA LAMBDA "' 0.647 +- 0.020. 
0 ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
0 POLARllATIQN. ISEE DAUBER 69 FOR DETAILED DISCUSSJONJ 

l LONDON 66 USES ALPHA-LAMBDA c 0·62 
M DATA OF MERRILL 68 INCLUDED IN DAUBER 68. 
0 OLD DATA NOT INCLUDED IN AVERAGE. 

AVG -a. 403 Oo029 . AVERAGE {ERROR INCLUDES SCAlE FACTOR OF 1.0) 

PH! ANGLE lSI N( PHil/COS I PHI JmBETA/GAHMAJ I DEGREES I 
1-16.01 145.0) JAUNEAU 63 FBC SEE NOTE D BELOW 

'F 62 145.01 136.01 SCHNEIDER 63 H8C SEE NOTE 0 BELOW 
F 356 54.0 30.0 CARMONY 64 HBC see NOTE D BELOW 
F 1004 o. 12. BERGE 66 HBC SEE NOTE D BELOW 
F l 364 o.o 20o't LONDON 66 HBC SEE NOTE 0 BELOW 
F M 2529 (9. 81 (11.6) MERRILL 68 HBC 
F 2781 -14. 11· DAUBER 69 HBC see NOTE A BELOW 

F 2724 -26.0 30.0 Bl NGHAH 70 OSPK 
F A USED ALPHA LAMBDA c 0.647 +- 0 .. 020. . 
F 0 ERRORS MULTIPLIED BY 1.2 QUE TO APPROXIMATIONS USED FOR XI 
F 0 POLARIZATION. CSEE DAUBER 6B FOR DETAILED 01 SCUSSIONJ 
F L LONDON 66 USES ALPHA-LAMBDA c 0.62 
F. H DATA OF MERRILL 68 INCLUDED IN DAUBER 68. 
F 0 OLD DATA NOT INCLUDED IN AVERAGE,. 
F ... 
F AVG -4.3 8 ·1 AVERAGE (ERROR INClUDES SCAlE FACTOR OF 1.1) .......... ,. .......................................................... . 
FOlfLER 
WANG 
BROWN 

61 PRL 6 134 
· 61 JETP 13 512 

62 PRL '8 255 

CARMONY 63 PRL 10 3B1 
FERRD-LU 63 PR 1'30 1568 
JAUNEAU 63 SIENA CONF 4 

ALSO 63 Pl 5 261 
SCHNEIDE 63 PL lt 360 

CARMONY 
BADIER1 
HUBBARD 
BINGHAM 
PJERROJ 
PJERROV 

BERGE 
BERGE 2 
LONDil'l 
CHIEN 
SHEN 
TRl PPE 

BliRGUN 
HUBBARD 
MERRILL 

64 PRl 12 4B2 
64 OUBNA CONF I 593 
64 PR 135 6 183 
65 PRSL 285 202 
65 PRL lit 275 
65 THESIS 

66 PR 147 945 
66 BERKElEY C~F 46 
66 PR 143 1034 
.66 PR 152 1171 
67 PL 25 8 443 
67 PRIV. CQHM. 

68 NP B8 447 
68 PRL 20 465 
68 PR 167 1202 

DAUBER 69 PR 179 1272 
BINGHAM 70 PR D1 3010 
GOLDWASS 70 PR D1 1960 
STONE 70 PL 32B 515 

DUCLOS 71 NP B32 493 
COOL 72 PRL 29 1630 
HAYEUR 72 NP B47 333 
VOTRUBA 72 NP 845 71 
WILOUET 72 PL 42B 372 

REFERENCES FOR XI-

FOWLER ,BJ RGE, EBERHARD, ELY, GOOD, POWELL+ ILRll 
K WANG,T WANG,VIRYASOV,TING,SOLOYEV+ IJINRI' 
BRONN, CULWICKt FOWLER,GAILLOUD + ( BNL+YALE I 

CARMONY, PJERROU (UCLA I 
FERRO-LUZZ 1 1 ALSTON ,ROSENFELO,WOJC I CKI I LRL I 
JAUNEAU+ ( EPOL+CERN+LOUC+RHEl+BERGENI 
JAUNEAU 1 + I EPOL ,CERN,LOUC, RHEL, BERGEN I 
H SCHNEIDER ICERNI 

CARMONY, PJERROU, SCHLEIN, SLATER, STORK+( UCLA I J 
BAOI ER, DEMOULIN, BARLOUTAUD+I EPOL tSACl, ZEEHJ 
HU8BARD,BERGE,KALBFLEISCH,SHAFER + (LRLI 
H H BINGHAM tcERNI 
+ SCHLEIN,SLATER,SMITH,STORK.,TICHO CUCLAI 
G M PJERROU (UCLA) 

BERGE, EBERHARDt HU8BARO,HERRILL + ( LRL J 
BERGE,CABIBBO tLRL,CERNIRVUEJ I 
LONDON ,RAU,GOLOSERG, LICHTMAN•( BNL•SYRACUSE I 
+LACH 1 SANOWE ISS 1 TAFT ,YEH,QREN + C YALE+BNL I 
B.C.SHEN,A.FIRESTONE ,G.GOLDHABER CUC8+LRLJ 
T. TRIPPE ~UCLA I 

+MEYER,PAULJITALLINI,, + 
HUBBARD, BERGE, DAUBER 
MERRILL, SHAFER 

( SACL+CDEF+RHEL J 
ILRLI 
URLIJ 

+BERGE ,HUBBARD, MERRILl, MILLER C LRL JJ 
+COOKt HUMPHREY 1 SANDER, WILLIAMS+ C UCSO, WASH I 
GOLDWASSER, SCHULTZ liLLI 
+BERL I NGHI ERI, BROMBERG ,COHEN, FERBEL +I ROCHI 

+FREYTAG,HEINTZE ,HEINlElMAN,JONES+ C CERN I 
+GIACOMELLI 1 JENKINS, KYCI A, LEONTlC, Ll + I SNLI 
+VAN BINST 1 WILQUET+ I BRUX+CERN+TUFT+LOUC I 
VOTRUBA, SAFOER ,RATCLIFFE C 81 RM+ ED IN I 
+FLIAGINE, GUY,KNIGHT+ CBRUX+CERN+TUFT+LOUCJ 

•••••• ••••••••• •••••••*" ••••o•••• ••••••••• ••••••••* ••••••••• •••••••• •••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••eo ••••••••• •••••••• 

23 XIO (13l'ttJP•1/2 I 1•1/2 

23 XJO HASS CHEVJ 

6/68 
6/68 

7/66 

9/66 

10171 

6/68 
6/6B 
6/68 
6/68 
6/6B 
6/68 
9/66 
6/68 

10170 
1173• 

6/6B 

6/6B 
6/68 
6/68 
6/68 
6/6B 
6/6B 

10170 

l 1313.4 1 .. 8 PALMER 68 HBC 3/68 
0.92 WILQUET 12 HLBC 11'13* " 49 1315.2 

H 
M AVG 1314. B3 
M FIT 1314.90 

0.82 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 1173• 



'• 

'• 
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• Data Card Listings 
For notation, see key at front of Listings. 

23 IXI-J - lXI OJ MASS DIFFERENCE (MEV I 

23 6.8 1.6 JAUNEAU 63 Ffit 
45 16.11 (1.6) CARMONY 64 HBC REP BY. PJERROU 65 

•• 6.1 . '0.9 PJERROU 65 HBC 11/67 
29 6.9 2.2 LONDON b6 HBC 6/66 

AVG 6.34 o.74 AVERAGE CERROR JNCLUOES SCALE FACTOR OF 1.01 
FIT 6.40 0.55 FROM FIT IERROR INCLUDES SCALE FA~TOR OF. 1.01 1173• 

--- --- ------ ---~·-- -.... ---- ----- ----- ----:----
23 XIO MEAN LIFE CUNITS 10*-.-101 

24 3.9 , .. o.so JAUNEAU 63 FBC 

•• 13.51 11·01 IO.BJ CARMONY· • 64 HBC REP BY PJERROU 65 
101 z.s 0.4 o.3 HUBBARD 64 HOC 

80 3.0 o.s. PJERROU 65 HBC 11/67 
3<0 3.07 o.zz o.zo DAUBER 69 HBC 6/68 

••• z.es o.zo o.ls BRJOGEWAT 72 HBC 1.75 GEV/C K-P 1173• 
157 3.04 0.26 0.23 MAYEVR 12 HLBC 2.1 GEV/C K- 1-173•. 

AVG 2.98 0.12 o.u AVERAGE I ERROR ·INCL. SCALE FACTOR OF 1. OJ 

PI 
P2 
P3 

•• 
PS 

•• P7 

•• 

Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
RZ 
RZ 
RZ 

R3 
R3 
R3 •• R3 

•• •• R4 

•• .. ., 
RS 

•• •• •• 
R7 
R7 
R7 

23 XI 0 PARTIAL DECAY MODES 

XIO INTO LAMBDA PIO 
XIO INTO PROTON PI
XlO INTO PROTON E- NEU 
XIO INTO SIGMA+ E- NEU 
XJO INTO SIGMA- E+ NEU 
XIO JNm SIGMA+ Hu- NEUTRINO 
XlO INTO SIGMA- HU+ NEUTRINO 
XlO INTO PROTON HU- NEUTRINO 

23 XIO BRANCHING RATIOS 

XIO INTO (PROTON PI-1/(LAHBDA PIOJ JUNlTS 10**-31 

27.0 OR LESS TICHO 63 HBC 
5.0 OR LESS HUBBARD 66 HOC 
0.9 OR LESS DAUBER 69 HBC 

DECAY HASSE S 
1115+ 134 

938+ 139 
938+ .s+ o 

1189+ .5+ 0 
1197+ .5+. 0 
1189+ 105+ 0 
1197+ 105+ 0. 
938+ 105+ 0 

IP21/CPlJ 

XIO INTO I PROTON E- NEU11(LAHBOA PJOJ C UNJTS lo••-31 
IP31J«Pll 

27.0 OR LESS TJCHO 63 HBC 
6.0 OR LESS HUBBARD 66 HBC 
1.3 OR LE"ss DAUBER 6~ HBC 

XIO INTO (SIGMA+ E- NEUI/(LAHBOA PJOI I UNITS 10•*-31 
(P4J/1Pll 

13.0 OR LESS TICHO 63 HBC 
1.0 OR LESS HUBBARD 66 HBC 
I.S DR LESS DAUBER 69 HBC 

XIO INTO ISIGHA- E+ NEUJ/ILAMBDA PIOJ I~ ITS 10••-31 

6.0 OR tESS HUBBARD 66 HBC 
1.5 OR LESS DAUBER 69 HBC 

XIO INTO ISIGHA+ HU- NEUIITOTAL (UNITS 10**-31 
1.0 OR LESS HUBBARD 66 HBC 
I. 5 OR LESS DAUBER 69 HBG 

XIO INTO ISIGMA- HU+ NEUJITciTAL (UNITS 10••-31 
6.0 OR LESS I'IJBBARD 66 HBC 
1. S OR LESS DAUBER 69 HBC 

XIO INTO (PROTON HU- NEUI/TOTAL (UNITS 10*•-31 
6.0 OR LESS HUBBARD 66 HBC 
1.3 DR LESS DAUBER 69 HBC 

23 .XI 0 DECAY PARAMETER 

RELATED TEXT SECT IOU IV H AND APPENDIX I lJ 

ALPHA XI 0 

(P5J/IPlJ 

(P61 

IP7J 

I PSI 

b/68 
b/68 
6/6'B 

6/bB 
6/68 
6/68 

6/68 
6/68 
b/68 

6/68 
6/6B 

6/68 
6/68 

6/68 
bibB 

6/68 
6/63 

-0.09 0.46 PJERRQU 65 HBC SEE NOTE D BElOW 6/6B 
146 -0.13 0.11 BERGE 66 HBC SEE NOTE 0 BELOW 6/68 

l 46 -0.2 0.4 LONDON 66 HBG SEE NOTE D BELOW 6/68 
H 490 1-0.331 CO.lll MERRILL 66 HBC SEE NOTE 0 BELOW 6/68 

A 739 -0.43 0.09 DAUBER 69 SEE NOTE A BELOW 
8 507 C-0.521 10.091 BRIDGEWAT 12 HBC 1.75 GEV/C K-P 1173• 

130 -0.84 0.21 HAYEUR 72 HLBC 2.1 GEV/C K- 1173* 
A USED ALPHA LAMBDA c 0.647 - 0.020. 
0 ERRORS MULTIPLIED BY 1.1 DUE TO APPROXIMATIONS USED FOR XI 
0 POLARIZATION. ISEE DAUBER 69 FOR DETAILED DISCUSSIONJ 

L LONDON 66 USES ALPHA-LAMBDA • 0.62 
H MERRILL 66 REPLACED BY DAUBER 69 
B ERROR PURELY STATISTICAL 1173• 

AVG -0.387 0.090 AVERAGE CERROR INCLUDES SCALE FACTOR Of 1.21 
(SEE IDEOGRAM BELOW J 

F PHI ANGLE (SIN (PHI)/COS( PHU,.BETA/GAHHAI (DEGREES) 
F 146 -8. 30. BERGE 66 HBC SEE NOTE D BELOW 

,F M 490 Cl07.0I (46.01 MERRILL 66 HBC SEE NOTE.O BELOW 
F A 739 38. 19. DAUBER 69 HBC SEE NOTE' A BELOW 
F B 507 (11.21 ( 14.41 BRJOGEWAT 72 HBC 1.75 GEV/C K-P 
F A USED ALPHA LAMBDA • 0.647 +- 0.020. 
F 0 ERPORS HULTJPLJED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 
F 0 POLARIZATION. CSEE DAUBER 69 FOR DETAILED OJ SCUSSIONJ 
F , H MERRILL 6b REPLACED BY DAUBER 69 
F B ERROR PURELY STATISTICAL 
F 
F AVG 24.8 20.8 "AVERAGE IERROR INCLUDES SCAlE FACTOR Of 1.3) 

(SEE IDEOGRAM BELOW J 

6/68 
6/68 

1173• 

1173• 

"' o·' '-.1· 

PARTICLE DATA GROUP ReView of Particle Properties S71 

Stable. Particles 

UEIGHTEO RUERRGE e -0.387 ± 0.090 
ERRDR.SCRLED BY 1.2 

-1.5 -1.0 -0.5 

RLPHR FOR XIO 

0.0 1.0 

72 HLBC 
69 
66 HBC 
66 HBC 
65 HBC 

CHISQ 
2.8 
o.2 
0.2 
2.3 

__l!_,_L 
6.0 

ICONLEU 
e0.202l 

UEIGHTEO RUERRGE e 24.8 ± 20.8 
ERROR SCRLEO BY 1.3 

-100 

·DRUBER 
·BERGE 

100 150 

69 HBC . 0.5 
66 HBC 

1.7 
ICONLEU 
e0.195J 

·PHI.RNGLE FOR XIO liN DEGREES! 

•••••• ••••••••• •**•••••• •••**•••• ••••••••• ***•••••• ••••••••• •o•••••• 
I 

ALVAREZ 59 PRt 2 215 
JAUNEAU 63 51 ENA CONF 1 1 

ALSO 63 PL 4 49 
T lCHO 63 BNL CONF 410 

·CARMONY 64 PRL 12 lt82 
HUBBARD 64 PR 135 8 183 
PJERROU 65 PRL 14 275 
PJERROO 65 THESIS 

BERGE 66 PR 147 91t5 
HUBBARD b6 UCRL 11510 
LOND~ 66 PR 143 1034 
I'IERRILL b6 BERKELEY CDNF 

AlSO 66 UCRL 16455 

PALMER 68 PL 268 32) 
DAUBER 69 PR 179 1262 

REFERENCES FOR XJO . 

ALVAREL, EBERHARDt GOOD, GRAZ IAN0 1 T JCHO+ ILRL J 
JAUNEAU+ I EPOL.fCERN+LOUC+RHEl+BERGENJ 
JAUNEAU+ I EPOL+CERN+LOUC+RHEL+8ERGENI 
HAROLD K T ICHO C UClA) 

CARMONY, PJERROU, SCHLEI'N 1 SLAT ER,STORK+C UCLA I 
HUBBARD,BERGE,KAlBFll:ISCHtSHAFER + ILRLI 
+ SCHLEIN,SLATERtSMITH,STORKrTICHD CUCLAJ 
G M PJERROU (UCLA I 

BERGE,EBERHAROrHUBBARO,HERRILL + CLRLI 
J RICHARD HUBBARD CTHESJS,BERKELEYJ CLRLI 
LONDON ,RAU,GDLOBERGtliCHTHAN+C BNl+SYRACUSE J 
HERRilltSHAFER,BERGE (lRLJ 
DEANE MERRILL CTHESISo BERKElEY) (LRLJ 

PALMER t RAOOJ IC IC, RAU, RICHARDSON+ ( BNL, SYRA J 
+BERGE rHUBBAROt MERRJ ll ,MJ llER ( LRL J 

BRIOGEWA 72 NEVIS 195CTHESISI ALBERT BRIDGEWATER ICOlUMBIAJ 
MAYEUR 72 NP B47 333 +VAN BJNST,HilQUET+ IBRUX+CERN+TUFT+LOUCJ 
WILQUET 72 PL 428 372 +FLIAGINE.CjlJY 1 KNlGHT+ CB.RUX+CERN+TUfT+LOUCI ............................................................ ..................................................................... 



·sn REviEws oF MonERN PHYsics. APRIL 1973. PART n 

Stable Particles 
cr 

AVG 

?4 OMEGA- ll675,JP•3/2+J taO 
QUANTUM NUMBERS ASS IGNEO FROM SU3 

24 OMEGA- MASS IMEVJ 

u 1620.0) 125.0) (10.01 EISENBERG ~ EMUL 
1 1673.0 a.o ABRAMS 64 HBC 
3 1673.3 !loO PALMER 68" HBC 
3 1671.8 o.a SCHULTZ 68 HBC 
5 1674.2 lob SCOTTER 68 HBC 
6 1671.9 1.2 S_PETH 69 HBC 

INTO XI- PIO 
K-P 4.6,5. GEV/C 
K-P 5.5 GEV/C 
K-P 6. GEV/C 
K-P 10. GEV/t 

1672.49 o.sz AVERAGE I ERROR INCLUDES 'stAL:E FACTOR OF 1.0) 

--- ---- -·------ --------- __ ..:, __ .., __ -----~-- -------- --------
24 ANTI-OMEGA+ MASS I MEV) 

HB 1 1673.1 loO FIRESTONE 11 HBC 12 GEV/C K+D 

-------- ----- ------ ----- __ __._ ----- ------
24 OMEGA- MEAN LIFE IUNlTS 10••-10 SECJ 

T A 1 11.63) ABRAMS 64 HBC 
T A 1 (Q. 7) BARNES 1 64 HBC 
T A 1 11.41 BARNES 2 64 HBC 
T A 1 11.85) COlLEY 65. HBC 
T A 1 11.51 RICHARDSa 65 HBC 
T A 1 ID.93) ABCLV COL 68 HSC 
T A 1 12.61 ABCLV COL 68 'HSC 
T A 1 (1.61 ABCL V COL 68 HBC 
T A 1 10.211 ABCLV COL 68 HBC 
T A 1 (1.201 SCHULTZ 68 HBC 
T A 1 (0.061 SCHULTZ 68 HBC 
T A 1 (0.631 SCHULTZ 68 HBC 
T A 1 10.251 SCOTTER 68 HBC 
T A 1. (0.30) scaTTER 68 HSC 
T A 1 10.71) SCOTTER 68 H&C 
T A 1 (0.081 scaTTER 68 HSC 
T ,A 1 (1.04) scaTTER 68 HBC 
T A 1 12.3'8) scaTTER 68 HBC 
T A ALLISON INCLUDES All ABOVE + 3 MORE BNL EVENTS, UNPUBLIS HEO. 
T 21 1. 31 0-37 0.24 ALLISON 68 RVUE 
T 1 12.31 SPETH 69 HBC 
T 1 10.311 SPETH 69 HBC 

--- --- ----- ----- --------- ---- ----"!'-- ------

11/69 
11/69 
11/69 
ll'/69 

3171' 

7/66 
7/66 

. 7/66 
7/66 
7/66 ' 

11/67 
11/67 
11/67 
11/67 
11/67 
11/67 
11/67 
6/68 
6/68 
6~68 
6/68 
6/68 
6/68 
6/68 
6/68 

10/69 
10/69 

Data Card Listings 
For notation, see key·at front of Listings. 

24 OMEGA- PARTIAL DECAY MODES 

Pl 
P2 
P3 

. OMEGA- INTO LAMBDA K
OMEGA- INTO X IO PI
OMEGA- INTO XI- PlO 

DECAY MASSES 
1115+ 493 
1314+ 139 
.1321+ 134 

24 OMEGA- 8RANCHING RAT lOS 

01 OMEGA- INTO LAMBDA K- IPU 
01 2 EVENTS PALMER 68 Hac 
01 3 EVENTS SCHULTZ 68 HBC 
01 5 EVENTS 1 AMBIG. X 10 PI-· SCOTTER 68 HSC 
01 • EVENTS SPETH 69 HBC 

02 OMEGA- INTO XIO PI- IP21 
02 1 EVENTS ABRAMS 64 H8C 
02 4 EVENTS PALMER 68 HBC 
02 3 EVENTS SCOTTER 68 HBC 
02 1 EVENT SPETH 69. HBC 

03 OMEGA- INTO XI- PIO 1Pf31 
03 1 EVENT PALMER 68 HBC 
03 1 EVENT SCOTTER 68 HBC 

•••ott•• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

EISENBER 54 PR 96 541 
ABRAMS 64 PRL 13 670 
BARNES 1·64 PRL 12 204 
BARNES 2 64 PL 12 134 
COLLEY 65 PL 19 152 
RICHARDS 65 SAPS 10 115 
SAHIOS 65 ARGONNE CONF 189 

ABCLV CO 68 NUC PHYS 84 326 
ALLISON 68 PRJV. COHM. 
PALMER 68 PL 268 323 
SCHULTZ 68 PR 168 1509 
SCOTTER 68 PL 268 474 
SPETH 69 PL 298 252 
F I RESTON 71 ,PRL 26 410. 

REFERENCES FOR OMEGA-

y EISENBERG ICORNELU 
+ BURNSTEJN,GLASSER + (UHO+NRU 
V E 8ARNES,CONNOLLY,CREfiiNELL,CULWICK+ ISNLI 
V E 8ARNES,CONNOLLY,CRENNELL,CULWICK+ IBNU 
COLLEY ,DODD +I 81 RM+GLAS+LOIC+HP IH+OXF+RHELI 
R ICHARDSaN,SARNES, CRENNEL+ IBNL+SYRACUSE I 
N P SAM laS I IRVUEJ BNLJ 

AACHEN+8ERLIN+CERN+LONOON IHP.CaLL.+VI ENNA 
JOHN ALLISON llANCASTERJ 
PALHER,~AOOJIC IC ,RAU,RICHARDSON+ 18NL 1 SYRAI 
SCHULTZ+ I ILL,ARGONNE,NORTHWESTERN 1 WISCI 
SCOTTER+ I 81 RM, GLASGOW ,LOI C, MUNICH 1 0XF I 
SPETH+ I AACHEN, BERLIN, CERN, LOI C, VI EN I 
.•GOlDHAB ER ,LI SSAUER, SHELDON, TRILLING ( LRLI ............ , ............................ , ......... ···~····· ....... . ................................................... ·Ill<······· ....... .. 

11/69 
11/69 
11/69 
11/69 

11/69 
11/69 
11/69 
11/69 

11/69 
11/69 
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• Data Card Listings 
For notation, see key at front of Listings. 

roDE EVENTS QUANTITY 
ABOVE 

BACKGROUND 

ERROR+ ERROR-: REFERENCE YR TECN SIGN COHHENTS DATE 
PUNCHED 

:::::: :::::-:::: ::::::::: ::::::::: ::::::::: ::::::::: ::::::::: :::::::: 
8 CHARGED PION I 140,JPG=G--J 1•1 

SEE STABLE"PART.ICLE DATA CARD LISTINGS 

•••*•• ....................................................... ~ ....... . 
0000*0 ********* 0000000** ********* OOtiOOOOOO 00000**** :000000*00 ******** 

9 NEUTRAL PION 1135,JPGao--J J:~~l 

SEE STABLE PARTICLE DATA CARD _liSTINGS ........................ ········· ········· ......................... . ...... ......... ......... ......... ......... ......... ......... ....... . 
14 ETA 1549rJPG•O-+J 1"'0 

SEE STABLE PARTICLE DATA cARD liSTINGS .................................................................... ........................................................................ 
llf PJ PI S WAVEr CALLED EPSILON 

S-wave '"'Interactions in the Region 280-1400 MeV 

In this note we first discuss the experimental 

results on the I= 0 "" S-w~ve, and thereafter-we 

comment on the possible interpretation. 

At threshold, TTTT interactions in the IG(Jp)C 

o+ (0+)+ wave are characterized by a scattering length 

which still is poorly known (EBEL 71, BASDEVANT 

72). 

No structure or resonant behavior is indicated 

near threshoid in data from the reaction TTN - TTTTN. 

In fact, the only structures claimed in this regi()n are 

due to reactions involving the nuclei d, H 3 , or He 3 

(BOOTH -63, HALL 69, BRODY 70, BANAIGS 71), for 

which the background may be difficult to assess 

(BRODY 72), and where kinematic reflections from 

low-mass baryons may contribute (DUBAL 71). 

In the region from the "".threshold (~ 280 MeV) 

up to the region near KK threshold (~990 MeV), "" 

scattering is nearly elastic (BATON 70, CARROLL 72, 

GRAYER 72, PROTOPOPESCU 72), Up to the p 

meson mass region, og is .(qualitatively) uniquely 

·determined; it rises monotonically and reaches a 

value of 60" to 70" near. 700 MeV (SONDEREGGER 

69, BATON 70, BAILLON 72, CARROLL 72, FRENK

IEL 72, GAIDOS 72, GRAYER ·72,- PROTOPOPESCU 

72). 

In the mass region of 700 to 900 MeV, all 
• energy-independent analyses find two solutions ("up-

down ambiguity"), with the exception of CARROLL 72 

who claim to find only the lower ("down") solution • 

A possibility of resolving the up-down ambiguity arises 

from the observation by FLATTE 72, GAIDOS 72, and 

6 J d -o 
PARTICLE DATA. GROUP Review of Particle Properties S7J 

GRAYER 72 of a very rapid decrease in the S-wave 

amplitude between 950 and 980 MeV.· The size of the 

observed drop corresponds to a change from nearly 

the unitarity limit to zero, i.e. to. a phase shift change 

from ~ 90" to ~ 180". This is easily compatible with

the '!down" solution, which is in the 70" ·to 90" range 

between 800 and 900 MeV; in contrast the "up" solu

tion is already near 150" at 900 MeV, and it appears 

unlikely that it could be smoothly connected with a 

90" phase shift at 950 MeV. 

in accordance with this, an energy-dependent 

phase-shift analysis by PROTOPOPESCU 72 using a 

2 -channel (TTTI and KK) effective range parametrization, 

gives a (qualitatively) unique I= 0 S-wave phase-

shift solution from 550 to 1150 MeV. 'After having 

reached 180" near the KK threshold, inelasticity sets 

in and the phase continues to rise· slowly. A prelimi

nary analysis by GRAYER 72, as well as the analysis 
' 0 

by CARROLL 72,- suggests that 6
0 

may slowly go 

through 270" somewhere between 1200 and '1400 MeV. 

(This energy region is however very complicated 

because the 4TT, pTITI, etc. channels are no longer 

negligible. ) 

_Independent evidence for the corre'ctness of 

this ("down") soluti<:m comes from experiments on 

,o,o scattering (APEL 72, SKUJA 72). They observe 

a wide·,o,o enhancement at -800 MeV which is much 

better described by' the "down" solution than by the 

"up" solution, Futhermore, indirect information 

from elastic "" scattering in the crossed channel 

(NIELSEN 70, ELVEKJAER 71 .and 72, HAMILTON 

71) is compatible with the "down" but not the "up" 

solution. 

' f " 0 . h t It is clear that the beha v1or o u 0 1s muc oo 

complicated to allow a description in terms of one or 

several Breit-Wigner resonances. We therefore list 

the positions of the poles of the T matrix, found by 

searching in the complex energy plane, using the best

fit parameters of the· K-matrix or M-matrix. The best 

fit of PROTOPOPESCU 72 obtains two poles on the 

second sheet, the 5*(990) and the €(600). The s*(990) 

is connected· with the rapid variation of 6 g near the 

KK threshokl discussed above, and is also responsible 

for the large KK I = 0 S-wave scattering length. The 

€(600) pole is very far from the real axis and therefore 

much less certain; it is inferred from the large size 

and slow variation of the S •wa ve amplitude between 

600 and 900 MeV, but PROTOPOPESCU 7: can fit this 
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Mesons 
E, p(770) 

behavior also without an E: pole. Finally, BASDEVANT 

72 pre sen! a set of 'IT'IT amplitudes consistent with 

crossing, unitarity, and anaiyticity, and with the 'IT'IT 

pha~e shifts up to 1100 MeV; their amplitude has a 
very wide (r > 650 MeV) E:, 

We Hst the s* parameters separately under 5-

wave I =· 0 KR Interactions. 

For a recent review see DIEBOLD 72. 

14 REAL PART OF POLE POSITION tHEY) 

1650.0) OR LESS 
660.0 100.0 

BASDEYANT 72 RVUE 
PROTOPOPE 12 HBC 

SHEET 2 1/73* 
SHEET 2 7 •• PJ+P 1/73* 

---- ---- --- ---- __ .._ ____ ... __ 
14 NEGATIVE IMAG. PART OF POlE POSITION IMEV) 
CORRESPONDS TO HALF WJDTHr NOT FUll WIDTH. 

1325.01 a·R HORE 
320.0 70.0 

BASOEVANT 72 RVUE 
PROTOPOPE 12 HBG 7. PI+ P 

.................................................................... 
SAMIOS 62 PRL 9 139 

BLOKHINT 63 JETP 11 80 
BOOTH 63 PR 132 2314 
KJRl 63 PR 130 2461 

BARISH 64 PR 135 8 416 
CRAWFORD 61t PRl 13 421 
DEL fABR 64 PRL 12 67lt 
KALMUS 64 PRL 13 99 

BATON 
BIRGE 
BROWN 
DURAND 

65 NC 36 1149 
65 PR 139 B 160D. 
65 CORAl GABLES 219 
65 PRL 14 329 

JACOBS 66 PRL 16 669 
KOPELMAN 66 Pl 22 118 
LOVELACE 66 Pl 22 332 

ANDERSON 61 PRL 18 89 
ClEGG 67 PR 163 1664 
CORBETT 61 PR 156 1451 
GUTAY 67 PRL 18 HZ 
JOHNSON 67 PR 163 l't97 
MALAMUD 67 PRL 19 1056 
WAlKER 67 RMP 39 695 
WALKER 67 PRL 18 63D 

BANDER 68 PR 168 1679 
BISWAS 68 Pl 27 8 513 
BRAUN 68 PRL 21 1275 
OUTTA-RO 68 PR 169 1357 
E I SENHAN 6B PRl 2D 758 
FOSTER 68 NP B 6 107 
HYAMS 68 NP 87 1 
JONES 68 PR 166 14D5 
JOHNSON 68 PR 176 1651 
LOVELACE 68 Pl 28 B 264 
MARATECK 68 PRl 21 1613 

REFERENCES FOR EPS ILCJN 

+BACHMANtLEA+ 18Nl+CUNY+COLU+KNTY J 

BLOKHINTSEVA,GRE IBINNIK,ZHUKOV + 
+ A8ASHIAN 

·" tDUBNAJ 
ILRL) 
CLRU +SCHWARTZ + TRIPP 

BARISH,KURZ,PEREZ-MENOEZ ,SOlOMON 
+GROSSMAN, llOYD, PRICE, FOWlER 

CLRLl 
CLRL) 

IFRASCATII 
I LRL+W I SCONS IN J 

DEL FABRO,OE PRETJS,JONES+ 
+KERNAN, PU 1 POWELL, DOWO 

J.P.BATON, "J.REGNI ER 
+ELy +G JOAL +KALMUS+CAHER I NI + 
BROWN+ FAlER 
L• DURAND AND Y.T •. CHIU 

+SELOVE 
+ALLEN, GOODEN, MARS'HAll + 
LOVELACE ,HE I NZtDONNACHl E 

C SACLAY I 
C LRL+Wl SC) 

(NORTHWESTERN) 
I YAlE) 

CLRLJ 
(COLORADO+ IOWA I 

fCERNJ 

+FUKUI +KESSLER+ I CHI C+ANL+CNRC+MCG I ll+lOQHI 
A.B.ClEGG (LANCASTER! 
+OAl'tEREll +HI OOLEHAS+NEWTON C OXF+R.HEL J 
+JOHNSON+LOEFFLER+HC tLWA IN+ C PUROUE+LRL J 
+GUTAYt ElSNER, KLEIN, PETERS rSAHNJ rYEN+C PURDJ 
E.HALAHUD + P.E.SCHtEIN CUCLAJ 
W.D.WALKER IWJSC.ONSINJ 
+CARR0ll 1 GARFJNKEL,OH CWJSC.ONS INJ 

+SHAWtfULCO IUC IRVJNE+S.BARBARAJ 
+CASON,JOHNSON,KENNEY,POJR IER+ C NOAMI 
BRAUNtCLINE,SCHERER 'tWISCONSINI 
B. DUTTA-ROY, I.R. LAPIDUS CSTEVJ 
EISENHANOLER,MISTRY,MOSTEK + ICORNELU 
+GAVI llET +LABROSSE+HONTANET+ . ICERN+COEF J 
+KOCH 1 POTTER, •• VON LINOER.N,LORENICERN+MPI/11 
+tALOWElL+ZACHAR.OV+HART I NG+BLEUI. ER+ I CERN) 
+POIRJ ER, BJ SWA S, GUTAY+ ( NOAM+PURO+ SLAC I 
C.LOVELACE (CERN I 
+HAGOPIAN,+ ( PENN+lRl+COLO+PURO+TNTO+WI SCI 

BIZZARRI 69 NP BH 1691SEE P.19DJ+FOSTER,GAVlllET,GHESQUIERE+ CCERN+CDEFJ 
DAVISON 69 PR 180 1333 +BACASTOW,BARKAS,+ CUCR+UCBI 
DEINET 69 PL 30 8 359 +MENZJQ-4E,HULLER,STAUDENM.AIER,+ IKARL+CERNI 
ElY 69 PR 180 1319 +GJOAI.,HAGOPIAN,+ IUCB+LOUC+WISCJ 
FELDMAN 69 PRL 22 316 +FRATI,GLEESON,HAlPERNtNUSSBAUM,+ CPENN) 
GUTAY 69 NP 8 12 31 +CARMONY,CSONKA,LOEFFLER,MEIERE IPUROUEJ 
HALL 69 NP 6 12 573 +MURRAY,RIDDIFORO 16IRMINGHAHJ 
HOPKINSD 69 NC 59 A 181 J.HlPKINSON,R.G.ROBERTS . .ICERNJ 
MALAMUD 69 ARGONNE CONF.P.93 E.M.ALAMUO, P.SCHI.EIN IUCLAI 
MORGAN 69 NP 6 10 261 O.MORGAN,G.SHAW IRHELJ 
ROBERTS 69 Pl 29 B 368 R.G. ROBERTS, F. WAGNER ICERNJ 
SCHARENl 69 ARGONNE COHf.306 SCKARENGUIVEL • IPURDUEJ 
SCHAREN2 69 PR 186 1387 SCHARENGUIVEUPURO+LRL+CERH+COI.;O+PENN+TNTOJ 
SMITH 69 PRL 23 335 G.A.SHITH, R .. J.MANNING. IHSU+lRLJ 
SONOEREG 69 SEE 6ASDEVANT 72 SONDEREGGER,BONAHY ISACU 
STRUGALS 69 Pl 29 8 51B +CHUVILO,FENYVES,+ CWARS+JINR+BUDAI 

ALSO 7D NP B 24 358 STRUGALSKJ ,CHUVllO,FENYVES,GEHESYt+ IDUBNAJ 
WAGNER 69 NC 61, A 189 F.WAGNER ICERNJ 

BARTSCH 70 NP B 22 1 +KEPPEL,GENSCH,MORRISON,+ CAACH+BERL+CERNI 
BATON 70 PL 33 8 526 +lAURENS,REIGNlER ISACLAYJ 
BRODY 70 PRL 24 94B +GROYEStVANBERG,HAGLJC+CPENN+RUTG+UPNJ+ANLJ 
DIAZ 7D NP 8 16 239 +GAVJLLET,LABROSSE,HONTANET+ fCERN+CDEFJ 
HYAMS 7D PHILAO.CONF.P.4J. +SCHLE IN,BEUSCH,+ICERN+HPJ H+ETHZ+lOJC+HAWAI 
HAUNG 7D PL 33 B 521 +HASEK,HillER,RUDERMAN,YERNQN,+ IUCSO+lRU 
MORGAN1 70 SPRINGER TRACTS HOD.PHVS.,VDL.5S,Pol. MORGAN,PISUTCRHEl+CERNI 
MORGAN 2 70 PR 0 2 520 Q.HORGAN,G.SHAK IRHELJ 
NIELSEN 70 NP B 22 525 +I.YNG-PETERSEN,PIETARINEN. CNORDITAJ 
SCHARENG 70 NP 8 22 16 SCHARENGUIVEl,GUlAY,Hlll.fR,+ CPURD+PENNJ 
OH 70 PR 0 1 2494 +GARFINKEloMORSE,WALKER,PRENTICEIWJSC+TNTOJ 
SHIBATA 70 PRL 25 1227 +FRISCHtWAHLJG CHITJ 

ALSTON-G 71 Pl 36 B 152 AlSTON-GARNJOST, 8ARBAR1rGALT JERI,+ llBlJ · 
BANAIGS 71 NP B 28 509 +BERGER, OUFLO,GOLOZAHL ,COTTEREAH SACl+tAENJ 
BEAUPRE 71 NP B 28 77 +OEUTSCHHANN,GRAESSLER,+ ' UACH+BERL+CERNI 
BENSING£ 71 Pl 36 B 134 BENSINGERtERWIN,THOHPSON,W.D.WALKER IWISCJ 
OUBAL 71 NP B 32 535 L.OUBAL,Q.J.BROWN . «CNRC+CARU 
EBEl 71 NP B 33 311 +11UllENSIEFEN+ IKARL+CERN+lOUC+RHEl+NIJMJ 
ELVEKJAE 71 PREPRINT RPP/C22 F.HYEKJAER 1 H.NIELSEN . INORDtTA+RHEU 
GUTAY 71 NP B 27 486 +SCHARENGUIVEL,FUCHS,GAIOOS,MILLER,+ IPUR~) 

1173• 
1/73* 

Data Card Listings 
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HAMILTON 7.t SPRINGER TRACTS MOO.PHYS.,VQL. 57,P.41 J.HAMILTON CNORDJTA) 
IUCI) 

lCERNJ 
IRHELJ 

KIM '11 PR 0 4 265 +BANDER 
LYNG PET 71 PHYS.REPRTS 2 155 J.LYNG PETERSEN IREVJEWJ 
HORGAN 71 PREPRINT RPP/C30 O.HORGAN 

APEl 72 Pl 41 B 542 +AUSLAN:JER,MUlLER,BERTOLUCClt+ IKARL+PISAI 
BAillON 72 Pl 36 8 555 +CARNEGIE,KLUGE,I.EITH,LYNCH,RATCLJFF+ISLACJ 
BASOEVAN 72 Pl 41 8 17B BASDEVANT,FROGGATT,PETERSEN ICERNJ 
BRODY 72 PRL 28 1217 H.BROOY IPENNSYLVANIAJ· 
BRODY 72 PRl 28 1215 +GROVES,MAGLICH,NOREM,+ CPENN+RUTG+UPNJ) 
CARROll 72 PRl Z8 318 +OJAMONO,FJREBAUGH,HATTHEWSt+ IWISC+TNTOI 
DIEBOLD 72 BATAV.CONF. R.OJEBOLO RAPPORTEUR TALK CANU 
ElVEKJAE 72 NP 6 43 445 F.ELVEKJAER IAARHUSI 
FlATTE 72 Pl 38 B 232 +ALSTON-GARNJOST,BARBARO-GALTIERI, ILBlJ 
FRENKIEl 72 NP B 1.7 61 +GHESOUIERE,lillESTOLtCHUNG,+ CCOEF+CERNJ 
GAIOOS 12 NP B 46 449 +MC.IlWAJN,THOHPSON,WillMANN (PUROUEJ 
GRAYER 72 PHIL.CONF.PROC. S +HYAMS,JONES, SCHLE JN,BlUM,OIEll+CCERN+MPIH I 
OOORICD 72 PREP.ANl/HEP7204 R.OOORICO IANLI 
PRASAD 72 PR 0 b 3216 +BREHM lUNIV.OF MASSACHUSETTS) 
PROTOPOP 12 PHJL.CONFePROC.17 +ALSTON,BARBARO-,FLATTE,FRIEOMANt+ ILBLI 
PROTOPOP 72 lBl 970 SUBH.PR +lASINSKirLYNCH,RABIN,SOlMJTZ ILBLJ 
RISSER 7Z PREP.OPH T/7Z/SO T.RtSSER,M.O.SHUSTER ISACLJ 
SKUJA 72 BAT AV.CQNF. PAPER +WAHll G, RISSER ,PRI PSTE IN .~ELSON,+ ILBLJ 
WHITEHEA 72 NP B 4B 365 HHITEHEAO,AUlO,+ CAERE+RHEL+SHHP+LOUCI 
WILLIAMS 72 PR 0 6 3176 P.K.WllliAMS IFSUI 
lYLBERSZ 72 Pl 38 8 lt57 ZYLBERSZTEJN,BASILE,BOUR.QUJN,+ IGEVA+SACLJ: 

FUJI I 73 NC 13 A 311 YeFUJlltM.KATO Cl(I(YOI 

........................................ •••••••o:• ···-···· ................... .................. ••••••••• •o••••••• ••••••••• ••••••••• ••••••••• •••••••• 

lp(77o) 1 9 RHO 1770, JPG • 1-+J I•l 

---- __ _,..._ ------ ----- ------ ----- ----- ----
9 RHO MASS (MEVJ 

" KE ·ao NOT LIST All VALUES PUBllSHED.WE AVERAGE ONLY 

" THE MOST SJGNJFICA~ DETERHJNATIONS OF MASS AND WIDTH. 

" SOME OF THE RHO 0 DATA MAY BE INFLUENCED BY RHG-OMEGA INTERFERENCE .. 

" MIXED CHARGES 

" 240 nsz.oJ ALITTI 63 HBC -D 1.6 PI-P 

" 290 f755.0J CHADWICK 6~ HBC !-0 OeO PBAR p 

CHARGED ONLY 
(746. 01 KENNEY 62 HBC - 1.2 PI-P 

130 1775.01 GUJRAGOSS 63 HBC - 3.3 PI-P 
R (760.01 (9.01 CARMONY 64 HBC . 3.5 PI+PtTCUT 4 
s 1760. J 110.1 ARMENI SE 65 HBC . z.B PJ+P· 
R {768.0) 15.0} BLIEOEN 65 HMSP - 3-5 PI- P 
R 1765.0) 15.0) ALFF-STE I 66 HBC . 2-3 PI+ P 
R 1760.0) (5.0) HAGOPI ANI 66 HBC - 3.0 PI- P 
R 1765.01 15.0) HAGOPI AN2 l:6 HSC - 2.14 Pl-,TCUT12 
R 2775 (753e5J ( 10.5) JACOBS 6b HBC - 2-3PJ-,T CUT 20 
R 1756.0) 110.0) JAMES 6b HBC . 2.1 PJ+,TCUT2o5 
R 1749.DI u.oJ WEST 66 HBC - 2.1 PI- P 
8 1755.1 110.1 AllES-BOR 67 HBC 5.7 PBAR p 
c 7666 1755.01 15.01 BATON 67 HBC - 2.8 PI- P 

z 900 767. .. ElSNER 67 HBC - 4.2 PI-,T CUTlD 
R 176B.DJ 15.0) MILLER 67 HSC - 2.1 PJ-,T CUT20 
s 1717. OJ t7 .oJ ABC COU. 68 HBC . 8 PI+P TO P+3Pl 
R (713.DI (2 .. 01 BATON 68 HBC -. 2 .a PI-, T CUll3 

1700 1782.1 (5.1 FOSTER 68 HBC P8AR P AT REST 
9650 764.3 1.9 1.8 PISUT 68 RVUE - 1. 7-3.2PI-,CT10 

A 9650 I 764. 3 J • I l9.2J (3.31 PISUT 68 RVUE - 1.1-3. 2P J-, en o 
A ERRORS ARE 2 STO AND INCLUDE SYSTEMATIC UNCERTAINTIES FROM THEORY 

X 1300 717.0 s.o REYNOLDS 69 HBC - 2.26 Pl .. P 
X SYSTEMATIC ERROJI.S ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 

AVG 765.9 2.8 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.71 

HO NEUTRAL ONLY 
MO 190 050.01 t20.0J SAMIOS 62 HBC 0 4.7 PI-P 
MO R 300 1760.01 110.0) ABOLINS 63 HBC 0 3.5 PI+P 
MO 16D 1775.01 GUJRAGOSS 63 HOC D 3.3 PI-P 
MO. R 500 1770.01 110.0) GOLOHABER 64 HBC 0 3.7 PI+P 
MO 175D. 01 ClARK 65 OSPK 0 1.5 PI-P 
MO R 1750. OJ 15.0) ALFF-STE I 66 HBC 0 2-3 PI+ P 
MO R (775.01 (5.0) HAGOPIAN1 66 HBC 0 3.0 PI- P 
MO R (770.) (5.1 HAGOPI AN2 66 HBC 0 2.1 PI-,lCUT 12 
MO R 4207 1758.0) n.5J JACOBS 66 HBC 0 2-3PI-,T CUT 20 
MO R 1765.01 tB.O) JAMES 66 HBC 02.1PI+P 
MO R 1760.0) (3.0} WEST 66 HBC 0 2.1 PI- P 
MO p 4DOO 1765. I (5.0) ASBURY 2 67 CNTR 0 GAMMA + PS 
MO R 1768. 0) (2.01 BACON 67 HBC 0 1. 7 PI-P 

.HO 8 327 C75o.J 110.) DANYSZ 67 HOC 0 3·0 PB P,6 PI 
MO R (761. I (3.) HUWE 67 HBC 02.4Pl-P 
MO R 1770. OJ t4.DJ HILLER 67 HBC 0 2.7 Pl-,T CUT20 
MO s (770.01 (3.0) ABC COlt. 68 HBC D 8 PI+P TO P+3P.I 
MO R 1175.01 (2.0) ARHENI SE 68 OBC 0 5.1 PI+D 
MO 8 f74S.OJ (5.0) DONALD t:B HBC 0 1.2 PB P,4 PR. 
MO 1900 1776.1 c5.J FOSTER 68 HBC 0 P8AR P AT REST 
MD 2250 175.0 3.0 HYAMS 68 OSPK Dll.2 PI- P 
MO s 1765. OJ (6.01 JONES 68 OSPK D 12PI-. T LT 2.5 
MO s c 745.01 113.01 JONES 68 OSPK D l8PI-, T lT 2.5 
MO s 1160.01 (5.01 "KEY 68 HBC 03.DPI-P 
HO 133DO 766.1 z.8 PJSUT 68 RVUE 0 1.7-3.2Pl-,CT10 
MO E 1754. OJ 19.01 AUSLENOER 69 OSPK . 0 E+E- COL-t. BEAMS 
MO E SEE ALSO HAISSINSKI 69o WHO FITS AUSLENDER 69 DATA 
MO E 768. 10. HAISSINSK 69 RVUE 0 E•E- COLL.BEAHS 
MO R 1768.41 (2.4) MALAMUD 69 RYUE D 2-4 PI-P 
MO s 1755.01 C lS.OJ MOlT 69 HBC 0 4.1-5.5 K- P 
MO X 1100 772.0 5.0 REYNOLDS 69 HBC 0 2.26 PI- P 
MDX SYSTEMATIC ERRORS ADDED CORRESP. TO SPREAD OF DIFFERENT FITS. 
MDC 759.0 7.0 SCHAR EN 69 HBC 0 2-4. Pl- P 
MO p (765.01 110eOI AI. VENSLE 8 70 CNTR 0 GAMMA At TCUT .01 
MO C12630 (760.01 • BATON 70 H8C 02.8PI-P 
MO lit OK 767.7 h9 BIGGS 7D CNTR OPHOTOPROOUC T I ON 
MO s (765.01 (6.01 GALLOWAY 70 HBC D 5.97 Pl .. P 
MO C 761.0 5.0 BAIL LON 72 ASPK D 15. PI- P 
MO 1930 767.0 4.0 8All.AM 72 HBC 0 2.8 GAMMA ·p 
MO 2430 770.0 4.0 BALLAM 72 HBC 0 4.7 GAMMA P 
MO 715.4 1.3. BENAKSAS 72 OSPK 0 E+E- COLL.8EAMS 
MD l 11200 773.5 1.7 JACOBS 72 HBC D 2.8 PI- P 
MD C 32DOO 775.0 •• o PROTOPOPE 72 HBC 0 7.1 PI+P,TCU'T.4 
MO Z 900 764.0 5.0 • RATCLl FF 72 ASPK D 15. PI- P 
MO 880 787.0 10.0 TAKAHASHI 72 HBC o a.o PI~ P 
MO • 
MO AVG 71D.3 1.2 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.31 

t SEE IDEOGRAM BELOW J 

21i3• 
2173• 

6/66 
6/66 
.6/66 
9/67 
6/68 
8/66 

10/66 
12/66 
1D/67 

1173* 
9/66 
5168 
7169 
1/73* 
6/68 
6/68 

1173• 

6/66 
6/66 
2/67 
6/68 
6/66 

10/66 
1173* 
9/67 
7161 
1161 
9/66 
5/68 
6/68 
9/66 
1/73• 
9/66 
5/68 
5/68 

"5/68 
1173• 
6/68 

12172• 
1173• 
7/69 
1/13* 

1173• 
l/73* 
1/71 
1/73* 
l/71 
1173* 
1/13• 
1173• 
2172 
1/73• 
1173• 
1113• 
1173• 
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.• Data Card Listings 
For notation, see key at front of Listings. 

'• ~EIGHTED ~VER~GE = 770.3 • 1.2 
ERROR SC~LED BV 1.3 

· T~K~H~SHI 72 
·R~TCLIFF 72 
·PRDTDPDPE 72 
·J~CDBS 72 
·BEN~KS~S 72 
·B~LL~M 72 
·B~LL~M 72 
·B~ILLDN 72 
·BIGGS 70 
·SCHAREN 69 
·REYNOLDS 69 
·H~ISSINSK 69 
·PISUT 68 

CHISQ 
HBC 2.8 
~SPK 1.6 
HBC 1.4 
HBC 3.6 
OSPK 0.5 
HBC 0.0 
HBC 0.7 
~SPK 3.4 
CNTR 1.8 
H8C 2.6 
H8C 0.1 
RVUE D .1 
RVUE 1.6 

6 

·HV~MS 68 OSPK ___?_,_§__ 
22.7 

!CDNLEV 
740 760 800 820 =0.0461 

RHO 0 MRSS !MEV I 

............. _,.. .... NOTES------

M C FROM POLE EXTRAPOLATION 
H R INCLUDED IN PI SUT 68 RVUE 
M S S-WAYE BRElT-HIGNER FIT, CANNOT BE COMBINED WITH OTHER VALUES 
H 8 HIGH COHBINATORIAL BACKGROUND 
M P FROM PHOTOPROOUCTION 1 HODEL DEPENDENT. 
H Z ERRORS INCREASED BY US. SEE TYPED NOTE ON K* MASS. 

w 
w 
w 
w 
w 
w 
w 
w 
w 
• w 
w 

9 IRHOOI- IRH0+-1 MASS DIFFERENCE IHEVJ 

2.4 2.1 .PI SUT 68 RVUE PI N TO R.HO N 

9 RHO WIDTH IHEVJ 

SEE NOTE ON RHO MASS ABOVE 

MIXED CHARGES 
290 1110.0) 

CHARGED ONLY 
130 1125.0) 

C9Q.OJ 
98 1180.01 

177.01 
1160.1 
UOO.OI 

R 1127.01 
R ( 150.01 

• 1135.01 
R 2775 '137.11 

( 10.0) 

120.01 
(lQ.) 

15.01 
120.01 
120.01 
120.01 

CHADWICK 63 HBC +-0 0.0 PBAR P 

GUJRAGOSS 63 HSC - 3. 3 PI-P 
SACLAY 63 HSC . 2.8 PI+P 
BONDAR 64 HBC - 4.1 PI-P 
CArutONY b4 HBC . 3.5 PI+P,TCUT 4 
ARHENJSE 65 HBC . 2.8 Pt+P 
ALFF-STE I 66 HBC . 2-3 PI+ P 
BLIEDEN 66 MHSP - 3-5 PI- P 
HAGOPIAN! 66 HBC - 3.0 PI- P 
HAGOPJ AN2 b6 HBC - 2.14 PJ-,TCUT12 
JACOBS 66 HBC - 2-3PI-,T CUT 20 

6/68 

6/66 
6/66 
6/66 
9/67 
6/68 

w • 1147.01 119.01 JAMES 66 HBC . 2.1 Pl+,TCUT2.5 • 8/66 
w • 1149.01 (13.01 WEST 66 HBC - 2.1 PI- P 10/66 
w • 1146. I 131.1 ALLES-BOR 67 HBC 5.7 PBAR P 12/66 
w c 7666 1110.01 19.01 BATON 67 HBC - 2.8 PI- P 10/67 
w 900 146. 13. EISNER 67 HBC - lt.2 PI-,T cuno 9/67 
w I 153.01 113.01 HILLER 67 HBC - - 2. 7 PI-,"T CUT20 9/66 
w 1149.01 I 22.01 ABC COLL. 68 HBC . 8 PJ+P TO P+3PI 5/68 
w 1150.01 (5.01 BATON 68 HBC - 2.8 PI- P 7/69 
w 1700 1145.01 ( 10.01 FOSTER 68 HBC - PBAR P AT REST 1173• 

9650 147.3 •• o 3.9 PISUT 68 RVUE - 1.7-3.2PI-,CT10 6/68 
1300 154.0 13.0 REYNOLDS 69 HBC - 2.26 PI- P 1113• 

SYSTEHAT IC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 

AVG llt7.7 3.6 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

WO NEUTRAL ONLY 
wo 190 !150.01 120.01 SAM lOS 62 HBC .0 4.7 PI-P 
wo R 300 190.01 110.01 ABOLJNS 63 HBC 0 3.5 PJ+P 
WO 160 1115.01 GUJRAGOSS 63 HBC 0 3.3 PI-P 
wo • 5oo 113o. OJ GOLDHABER 61. HBC 0 3.7 PI+P 
wo 1130.0) CLARK 65 OSPK 0 1.5 PI-P 
wo • 1100.01 ALFF-STE I 66 HBC 02-3PI+P 6/66 
wo • 1120.01 ( 10.01 HAGOPIAN! 66 HBC 0 3.0 .PI- P 6/66 
WO • 1135.01 (20.01 HAGOPIAN2 66 HBC 0 2.14 PJ-P,LOW T 9/67 
wo R 4207 1122.21 . 115.01 JACOBS 66 HBC 0 2-3PJ-,T CUT 20 6/68 
wo • ( 103.01 ( 13.01 JAMES 66 HBC 0 2 .. 1 PI+ P 6/66 
WO • 1173.01 113.01 WEST 66 HBC 0 2-1 PI- P 10/66 
WO p 4000 1130. I (5.1 ASBURY 2 67 CNTR 0 GAMMA + PB 1173• 
WO • 1148.01 (8.01 BACON 67 HBC 0 1.7 PI-P 9/67 
WO s 327 ( 135.1 I 25. I OANYS1 67 HBC 0 3.0 PB P 1 6 PI 1173• 
WO • t152.J (15.1 HUWE 67 HBC 02.4PI-P 7/67 
WO • 1160.01 n5.oJ HILLER - 67 HBC 0 2.1 PI-,T CUT20 9/66 
WO s 1165.01 110.01 ABC COLL. 68 HBC 0 8 PI +P TO P+3PI 5/68 
WO • (167.01 16.0) ARHENISE 68 OBC 0 5.1 Pt+O 6/68 
wo • 1150.01 ( 13.0) DONALD 68 HBC 0 1.2 PB P,4 PR. 9/68 
WO 1900 1132.1 (10.1 FOSTER 68 HBC 0 PBAR PAT REST 1173• 
WO Z 2250 145.0 12.0 HYAMS 68 OSPK 011.2 PI- P 1173• 
WO s 1129.01 119.01 JONES 68 OSPK 0 12PI-, T L T 2.5 S/68 
WO s 1169.01 141.01 JONES 68 OSPK 0 18Pt-, T L T 2.5 5/68 
WO s C113.01 ( 16.01 KEY 68 HBC 03oOPI-P 5/68 
wo p 1160.01 no.o1 LANZEROTT 68 CNTR 0 GAMI1A P 1173• 
WO Cl4890 f105.01 ( 15.01 HARATECK 68 HBC 0 1.9-3.0 PI- P 9/68 
WO E llOS.Ol 120.01 AUSLENOER 69 OSPK 0 E+E- COLl. BEAMS 6/68 
WO E SEE A~SO HAl SS I NSK I 69. WHO FITS AUSLENOER 69 DATA 
WO E litO. 14. HAISSINSK 69 RVUE ,0 E+E- COLL. BEAMS 
WO • 1132.01 (13.01 MALAMUD 69 RVUE 0 2-4 PI-P 

12172• 
1173• 

wo s 1130. OJ (40.0) MOTT 69 HBC 0 4.1-5.5 K- P 7169 
WO X 1700 135.0 16.0 REYNOLDS 69 HBC 0 2.26 PI- P 1173• 
WO X SYSTEMATIC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 

.. 
u I' •• ,.lo! 0 
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Mesons 
p(770) 

WO C 119.0 
WO P ( 140.0) 
WO Cl2630 U31.0l 
WO 140K 146.1 
WO S 1120.01 
wo c 108.0 
wo l 2430 155.0 
WO l 1930 145.0 
NO 149.6 
wo 11200 (178.351 
wo c 32000 160.0 
wo z 900 157.0 
WO l 880 141t.O 
WO 

20.0 
t5.0J 

2.9 
n.oJ 
20.0 
12.0 
13.0 
23.2 
{2.51 
10.0 
21-0 
19.0 

SCHAREN 69 HBC 
ALVENSLEB 70 CNTR 
BATON 70 HBC 
BIGGS 70 CNTR 
GALLOWAY 70 HBC 
BAILLON 72 ASPK 
8ALLAM 72 HBC 
BALLAH 12 HBC 
BENAKSAS 72 OSPK 
JACOBS 12 HBC 
PROTOPOPE 12 ·HBC 
RATCll FF 12 ASPK 
TAKAHASHI 72 HBC 

0 2-4 PI- P 
0 GAMMA A, TCUT .01 
0 2.8 PI- P 
OPHOTOPROOUCT ION 
0 S.91 PI~ P 
015.Pl-P 
0 4.7 GAMMA P 
0 2.8 GAMMA P 
0 E+E- COLL.BEAMS 
02.8PI-P 
0 7.1 Pl+P,TCUT.4 
0 15. PJ ... P 
OB.OPI-P 

WO AVG 146.0 2.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

Pl 
P2 
P3 

•• PS 

•• P7 

R1 

Rl 
R1· 
Rl 
R1 
R1 

---------NOTES---------

C FROI'I POLE EXTRAPOLATION 
R INCLUDED IN PI SUT 68 RVUE 
S S-WAVE BREIT-WIGNER FIT, CANNOT BE COMBINED WITH OTHER VALUES 
8 HIGH COI'IBINATORI Al BACKGROUND 
P FROM ,PHOTOPROOUCTION 1 HODEL DEPENDENT. 

Z ~RRORS INCREASED BY US. SEE TYPED NOTE ON K* MASS. 

RHO INTO 2PI 
RHO INTO 4PI 

9 RHO PARTIAL DECAY MODES 

RHO INTO PI GAHKA 
RHO INTO E+ E-
RHO INTO PI ETA IVIOL.ATES Gl 
RHO INTO HU+ HU-
RHOO INTO .. PI+ PI- PI\) (VIOLATES GJ 

9 RHO BRANCHING RATIOS 

RHO INTO 4PI/2PI 

RHO+- INTO IPJ+- PI+ PI- PJOI I (PI+- PtOJ 
I0.026JOR LESS ·BLIEOEN 66 HHSP 
(0.011 OR LESS OEUTSCHHA 6~ HBC 
I0.00210R LESS FERBEL 66 HBC 
o.oo35 o.o04 JAMES 66 HBC 

RHOO I t PI+ PI-I 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
139+ 0 
.5+ .5 

139+ 548 
105+ 105 
139+. 139+ 134 

IP2J/fP11 

I 
- 3-5 PI- P . 8.0 PI+ P 

+- PI+- P ABOVE 2. 5 . 2.1 PI+P 

1/73• 
1/73• 
1171 
1/73• 
1/71 
1173• 
1173• 
1113• 

12172• 
1173• 
1113• 
1/73• 
1173• 

6/66 
6/66 
10~66 
11/66 

R1 
R1 
Rl 
Rl 
R1 

INTO IPI+ PI- PI+ PI-I 
CO.OOBJOR LESS 
I0.002JOR lESS 
(Q.Q0210R LESS Cl..,.90 
I0.001510R LESS CL=-90 

JAMES 66 HBC 0 2.1 Pl+P 6/66 
CHUNG 68 HBC 0 3.2,4.2 PI-P 7/67 
HUSON 68 HLBC 0 16.0 PI- P 1171 
GERMAN CO 69 HOC 0 2.5-5.8 GAMMA P 10/67 

R2 RHO INTO PI· GAHHA/2Pl IP3J/CP11 
R2 H (0.021 OR LESS LANZEROTT 65 CNTR GAMMA PIBREHSJ 11/66 

10/66 
6/66 

R2 I0.005JOR LESS CL•.97 FJOECARO 66 OSPK -
R2 (0.007JOR LESS HUSON 66 HLBC - 15 PI-PB 
R2 I0.002JOR LESS CL•.90 GERMAN CO 69 HBC 
R2 ONE PION EXCHANGE HODEL USED IN THIS ESTIMATION 

0 + -Note on p - e e 

Extraction of a ratio for p0 
- e + e- is complicated 

by interference with c,} decay. In photoproduction, 

yA - e + e-A, there is .substa.ntial interference between 

the allowed (p 0 , w) - e + e- decays. The interference 
+ - + - . in,the colliding-beam reaction e e - 'IT 'IT 1s due to 

I 
G parity violati:qg mixing of the overlapping p0 and w 

resonances; it alters the results for the rate 
+ - . . 

r(p 0 - e e )'only by a small amount. Therefore we 

use at' present, for the average, only the values from 

the e + e- - 'IT +'IT- experiments. 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

R4 
R4 

•• 

RHO INTDIE+ E-1/IPI+PI-J (UNITS 10**-4) IP41/IP1J 
94 10.651 (0.141 ASBURY 1 67 CNTR PHOTOPROOUCT ION 9/67 

POSSIBLY LARGE RHO-OHEGA INTERFERENCE 
H (0.651 tl.lJ (0.51 HERTZBACH 67 OSPK ASSUME SUI3J+HIXING.10/66 
H NOT SEPARATED FROM OMEGA DECAY. 
A 33 10.531 (Q.llJ ASTVACATU 68 OSPK ASSUME SU(3J+MJXJNG 6/68 
A NOT SEPARATED FROM OMEGA DECAY. ERROR STATISTICAL ONLY. 

E 10.663) (0.0851 AUGUSTil 69 OSPK E+E- COLLID.BEAH 4/69 
E ASSUMING RHO WIDTH 111 HEY 

AVG 

O.SO 0.10 AUSLENOER 69 OSPK E+E- COLLJO.BEAH 9/68 
10.491 (0.121 10-151 BIGGS 70 CNTR PHOTOPRODUCTJON 6/70 
ASSUMING RHO WIDTH 140 HEY. ERROR STATISTICAL ONLY. 
0.41 0.05 BENAKSAS 12 OSPK , E+E- COLL.BEAHS' 12172* 

0.428 0.045 AVERAGE I ERROR INCLUDES SCALE -FACTOR OF 1.0) 

RHO INTO IPI ETAJI(2PJJ 
10.031 OR LESS 
C0.008JOR LESS 

(P51/CP11 
OEUTSCHMA 66 HBC + 8.0 PI+ P 6/66 
FERBEl 66 HOC +- PI+- P ABOVE 2.,5 11/66 
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Mesons 
p(-770), w(784) 

RS 
RS 

··s 
RS 
RS 
RS 
RS 
RS 
RS 

RHO INTO IHU+ Mli-1/CPI+ PI-I WHITS 10**-41 

SEE NOTE UNDER RHO INTO E+E- ABOVE 

IP6J/(Pl I 

0.97 0.31 0.33 HYAMS 67 OSPK 11 PI- Ll H 
HYAMS MASS RESOL. IS 20 MEV. THE OMEGA REGION WAS EXCLUDED. 
0.82 0.16 0.36 ROTHWELL 69 CNTR PHOTOPROOUCTION .. 
POSSIBLY LARGE RHO-OMEGA INTERFERENCE LEADS US TO INCREASE 
THE HI NUS ERROR 

· R5 
R5 
R5 
RS 
RS 
RS 
RS 

'O.Sb 0.15 WEHHANN 69 OSPK 12 PI- ON CrFE 
RESULT CONTAINS Ill+- lU PER CENT CORRECTION USING SUI3J 
FOR CENTRAL VALUE. THE ERROR ON THE CORRECTION TAKES ACCOUNT 
OF POSSIBLE RHD-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES 
HITH THE UPPER LIMIT OF (OMEGA INTO"HU+ MU-1 FROM THIS EXPT. ........ 

AVG 0.67 ~ 0.12 AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1.01 

R6 RHO 0 INTO (PI+ PI- PIOI/IPI+.Pl-1 IP71/CP11 
R6 (0.011 OR LESS CL"'•84 ABRAMS 71 HBC 0 3o7 PI+ P 
R6 MODEL OEPENOENT,ASSUMES I., 1,2,0R 3 FOR THE 3PI SYSTEM ..................................................................... 
ANDERSON 61 PRL 6 365 
ERWIN 61 PR 6 628 
KENNEY 62 PR 126 736 
SAHIOS 62 PRL 9 139 
XUONG 62 PR 128 1849 

A80L INS 63 PRL 11 381 
ALITTI 63 NC 29 515 
CHADWICK 63 PRL 10 62 
GUIRAGOS 63 PRL 11 85 
SACLAY 63 SIENA CONF 1 239 

BONDAR 64 NC 31 729 
CARHCINY 64 OUBNA CONF 1 486 
GOLOHABE 64 PRL 12 336 

ALYEA 65 PL 15 82 
ARMENt SE 65 NC 37 361 
BLIEOEN 65 PL 19!444 
CLARK 65 PR 139 8 1556 
GUTAY 65 NC 39 381 
LANZEROT 65 PRL 15 210 
ZDANIS 65 PRL 14 721 

ACCENS I 66 PL 20 557 
ALFF-STE 66 PR 145 1072 
SALT AY 66 PR 145 1103 
BLI EOE N 66 NC 43 71 
CAHBRIOG 66 PR 146 994 
CASON 66 PR 148 1282 
DEUTSCHM 66 PL 20 82 
FERBEL 66 PL 21 111 
F I DECARO 66 PL 23 163 
HAGOPIAN166 PR 145 1128 
HAGOPI AN266 PR 152 1183 
HUSON 66 PL 20 91 
JACOBS 66 UCRL-16877 
JAMES 66 PR 142 B96 
WEST 66 PR 149 1089 

ALLES-SO 67 NC 50 A 776 
ASBURY 1 67 PRL 19 869 
ASBURY 2 67 PRL 19 865 
BACON 67 PR 157 1263 
BANNER 67 PL 25 8 300 
BARLOW 67 NC SOA 701 
BATON 67 PL 25 B "419 

ALSO 67 NP 8 3 349 
CLEAR 67 NC 49A 399 
OANYSZ 67 NC 51 A 801 
EISNER 67 PR 164 1699 
FRENCH 67 NC 52A 442 
HERTZBAC 67 PR 155 1461 

ALSO 65 ZOANIS 
HUWE 67 Pl 248 2 52 
HYAMS 67 Pl 24B 634 
MillER 67 PR 153 1423 
POIRIER• 67 PR 163 1462 

ABC COLL 68 NP B4 501 
ARMENI SE 68 NC 54 A 999 
ASTVACAT 68 PL 27 B 45 
BATON 68 PR 176 1574 
BLECHSCH 68 NC 53 A 1045 

AlSO 67 NC 52 A 1348 
CHUNG 68 PR 165 1491 
DONALD 68 NP 8 6 174 
FOSTER 68 NP 8 6 107 
HUSON 68 PL -2BB 208 
HYAMS 68 NP 8 7 1 
JONES 68 PR 166 1405 
JOHNSON 68 PR 176 1651 
KEY 68 PR 166 1430 
lAHSA 68 PR 166 1395 
LANZEROT 68 ~PR 166 1365 
MARATECK 68 PRL 21 1613 
PISUT 68 NP 8 6 325 

REFERENCES FOR RHO 

ANDERSON, BANG, BURKE, CARMONY, SCHMIT l tLRL I 
A. R. ,R. MARCH, W. Q. WALKER, E. WEST I WI SCI 
V P KENNEY,W 0 SHEPHARO,C 0 GALL (KENTUCKYJ 
SAM IOS 1 BACHMAN, LEA+ I BNL+CUNY'+COLU+KNTY I 
NGUYEN HUU XUONG,GERALO R LYNCH ILRLI 

A BOll NS, LANDER, MEHLHOP, NGUYEN, YAGER I UCSDI 
AL ITT I 1 BAT~, ARM EN I SE+ ( SACL+"ORSA+BAR J+BGNA I 
CHADWICK,DAVIES,OERRICK,CRESTI + IOXF+PADOI 
ZA\IEN GUIRAGDSSIAN (LRLJ 
SAClAY+DRSAY+BARI + BOLOGNA- COLL~BORATION 

BONDAR+ ( AACHEN+BI RH+BONN+DE SY+LOIC+MP I HI 
CARMONY ,HQA"oLANOER rNG.H. XUONG, YAGER ( UCSD I 
GOLOHABER, BROWN, KA OYKt SHEN+ ILRL+UCB I 

ALYEA,CRITTENOEN,MARTJN,RHOOE + tlNDIANAJ 
SACLAY+ORSAY+BAR I+ BOLOGNA ·COLLABORATION 
CERN HISSING MASS SPECTROMETER GROUP ICERNI 
A CLARK, CHRISTENSON, CRONIN, TURLAY ( PRI NCETO I 
GUTAY, LANNUTTI, TULI CFSUI 
LANZEROTTitBLUHENTHAlrEHN,FAISSLER + (HARVI 
ZQANISrHAOANSKY, KRAEMER + CJHU+SNLI 

ACCENS I, ALLES-BORE lll , FRENCH, FRISK+ I CERN I 
ALFF-STE IN BERGER, BERLEY, BRUGGER+ICOLU+RUTGI 
+FRANZ INI , LUT JENS, SE VERI NS t TYCKQ+( COLUMBIA I 
CERN HISSING.HASS SPECTROMETER GROUP (CERNI 
CAMBRIDGE BUBBLE CHAMBER GROUP IMIT+HARV+I 
N M CASON IWISCDNSINI 
OEUTSCHHANNrSTElNBERG +• (AACH+BERLIN+ CERNI 
FERBEL (ROCHESTERI 
G+M FIOECARQ,J POIRIER,P SC.HIAVON CCERNI 
HAGOPJ AN, SELOVE, Al ITTI ,BATON+ ( PENN+SACLAY J 
HAGOPIANoPAN (PENNSYLVANIA,LRL-SERKELEYI · 
HUSON, ALLARD, OR IJARD,HENNESSY+ IORSAY+EPOll 
L.O.JAC.OBS ILRLI 
F E JAMESoKRAYBill IYALE+BROOKHAVENI 
WEST, BOYD, ERWIN, WALKER IW I SCONS IN I 

ALLES-BORELL.l, FRENCH, FRISK,+ (CERN+ BONN) 
+BECKER+BERTRAH+JOOS+JOROAN+ I OESY+COLU I 
+BECKER+BERTRAH+JOOS+JORDAN+ IOESY+COLU I 
+F ICK INGER ,HILL, HOPKINS, ROBINSON+ ( SNLI 
+FAYOUX, HAMEl, ZSEMBERY ,CHE ZE+ I SACLAY+CAEN I 
+LILLE STOL+MONT A NET+ C CERN+COEF+ IRAO+ll VP I 
J. BATON, G.LAURENS, J. RE IGNJ ER ( SACL AY I 
J. BATON,G .LAURENS, J• REI GNI ER I SA CLAY J 
+JOHNST ON+COOPER+MANNER+ ( TNTO+ANL+WJ SCI 
OANY Sl+FRENCH+SI MAK I CERN I 
+JIJHNSON+KLE IN+PETERS+SAHNI+YEN+ (PURDUE I 
+K INSON+MCDONALO+RIDOI FORO+ I CERN+BIRM I 
HERTZ BACH 1 KRAEMER,"MAOANSKI , ZOAN.I S+ ( JHU+BNLI 

+HARQUJ T+OPPENHE IHER+SCHUL T Z+W ILSON ( COLUI 
+KOC H+PELL ET T +POTTER +VON Ll NO ERN+ (CERN+ MP I M I 
MILLER 1 GUTAY,JOHNSON,LOEFFLER + (PUROUEJ 
+BISWAS,CASON, DERAOO,KENNEY+ (NOAH+ PENNI 

AACHEN+BERLI N+CERN COLLABORATJ ON 
+GHIDINI,FORINO+ IBARI+BGNA+FJRZ+ORSAYI 
ASTVACATUROV ,AZI MOV, BALD IN+ I J JNR+MOSCOW I 
J.P. BATON, G. LAURENS (SACLAYI 
BLECHSCHMIDT 1 00WD, ElSNER,+ ( OESY+MCHS I 

S. U.CHUNG, Q. I. OAHL,J .K JRZ, Q. H.MJllER ILRL I 
+EDWARDS 1 FROOESEN, BETTI Nl+ ( ll VP+OSLO+ PAOOI 
+GAVlllET+LABROSSE+MONTANET+. ICERN+CDEFI 
+LUBATTI , SIX, VE ILLET, + I ORSA+MILA+UCLA I 
+KOCH, POTTER, WILSON, VON L I NO ERN+ ( CERN+MPIH I 
+BLEULER, CALDWELL, ELSNER, HART lNG+ (CERN I 
+POIRIER t81 SWAS, GUTAY+ ( NOAH+PURO+ SLACJ 
+PRENT I CE+COOPER+HANNER+ ITNTO+ANL+WI SCI 
+CASON+BI SWA S+OERAOO+GROVES+ INOTREOAHE I 
LANZEROTTI, BLUMENTHAL, EHN, FA ISSLER + I HARV) 
+HAGOP JAN,+ I PENN+LRL+COLO+PURO+TNTO+WI SCI 
J.PISUT,H.ROOS tCERNI 

AUGUSTll 69 PL 28 B 508 +BJZOT+SUON+HAISSINSKI+LALANNE+ CORSAYI 
AUGUSTI2 69 LNC 2 214 +LEFRANCOIS,LEHHANN,MARIN,+ (QRSAYI 
AUSL ENDE 69 SJNP 9 69 AUSL ENDER, BUCKER, PANTUSOVA, P ESTOV+ (NOVO I 
GERMAN C 69 PR 188 2060 GERMAN BUBBLE CHAMBER COLL. COESYI 
HAISSJNS 69 ARGONNE CONF. 373 J.HAISSINSKJ (QRSAYI 
JUHALA 69 PR 184 1461 +LEACOCK,RHOQE,KOPEU1AN,LIBBY,+ ( ISU+COLOI 
MALAMUD 69 ARGONNE CONf.P.93 E.MALAHUQ, .P.SCHLEIN tUCLAI 
HILLER 69 PR 178 2061 R.MILLER,LICHTHAN,WILLHANN IPURDUEI 
MOTT 69 PR 177 1966 +AMMAR, DAVIS, KROPAC, SLATE, DAGAN+ I NWES+ANLI 
REYNOLDS 69 PR 184 1424 +Al8RIGHT,8RADLEY,BRUCKER,HARMS+ (FSUI 
ROOS. 69 NP 6 10 563 M;RQOS,J.PJSUT (CERN+BRATISLAVA) 
ROTHWELL 69 PRL 23 1521 +CHASE,EARLES,GETTNER,GLASS,WEINSTEI+INEASI 
SCHAREN 69 ARGONNE CONF.306 SCHARENGUIVEL (PURDUEI 
WEHHANN 69 PR 178 2095 +ENGELS,WILSON,+ IHARV+CASE+SLAC+CORN+HCGII 

6167 

4170 

7/69 

11/71 
11171 

Data Card Listings 
For notation, see key at front of Listings. 

ALVENSLE 70 PRL 24 786 
BATON 70 PL 33 B 528 
BIGGS 70 PRL 24 1197 
BINGHAM 70 PRL 24 9 55 
GALLOWAY 70 PR D 1 3077 

ABRAMS 71 PR 0 4 653 
BLOODWOR 71 PREPRJNT 
DEERY 71 PR 0 3 635 
DRIVER 71 OESY 71/56 
EISENBER. 71 SLAC-PUB-933 

AL VENSLEBEN, BECKER ,BERTRAM ,CHEN, COHEN( OESY) 
+lAURENS 1 REIGNIER ISACLA~I 
+BRABEN 1 CLIFFT 1 GABATHULE Rr KITCHING+ I DARE) 
+FRETTER ,MOFFE IT ,&ALLAH+ I LRL+SLAC+TUFT I 
+MOTT 1 AL YA ,LEE 1 !'4ART IN, PRICKETT I INO I 

+BARNHAM, BUTLER, COYNE o GOLD HABER ,HALL,+ ( LBL I 
BLOODWORTH ,JACKSON,PRENT ICE, YOON (TORONTO) 
+BISWAS,CASON,GROVES,JOHNSON,+ INOTRE DAMEJ 
+HE I NLOTH, HOHNE, HOFMANN, JANAT A, KAROW+( OESY I 
El SENBERG, HABER, BALLAM,CHAOWICK+( R EHO+ STAN J 

BAJLLON 72 PL 38 B 555 +CARNEGIE,KlUGE,LEITH,LYNCH,R.ATCLlFF+ISLACI 
BALLAM 72 PR 0 5 545 +CHAOWICK,BINGHAM,MILBURN,+ ISLAC+LBL+TUFTI 
BASDEVAN 72 PL 41 8 178 BASDEVANT,FROGGATT,PETERSEN tCERNI 
BENAKSAS 72 PL 39 8 2B9 +COSHE,JEAN-HARIE,JULLIAN,LAPLANCHE,+IORSAI 
DRIVER 72 NP 8 38 1 +HEINLOTH,HOHNE,HOFMANNrRATHJE,+toESY+HAHBI 
EISENBE~ 72 PR 0 5 15 EISENBERG,BALLAH,OAGAN,• IREHO+SLAC+TELAI 
GRAYER 72 PHIL.CONF.PROC. 5 +HYAMS,JONES,SCHLE IN,BLUM,OIETL+CCERN+MPIHI 
GRAYER 72 NP B 50 29 +HYAHS,JONES,WEILHAHMER,BLUM,+ ICERN .. MPlHI 
JACOBS 72 PR 0 6 1291 L.D.JAC08S tSACLAY) 
RATCLIFF 72 PL 38 8 345 +BULOS,CARNEGIE,KLUGE,LEITH,LYNCH,+ ISLACI 
PROTOPOP 72 PREPR INT LBl-970 PROTOPOPESCU, AlSTON, BARBARO, FLATTE ,+ ILBLI 
TAKAHASH 72 PR 0 6 1266 TAKAHASHI,BARISH,+ IT!JHO+PENN+NOAM+ANLI 

••••** ............................................................... . ........................ ·········· .................................. . 
lw(784) I 1 OMEGA 1784, JPG~:t1-l 1•0 

1 OMEGA MASS tMEVJ 

HERE W!: L JST ONLY EXPERIMENTS IN WHICH THE EFFECTS 
OF MASS RESOLUTION HAVE BEEN EVALUATED. 

FROM FINAL STATE K1 K1 OMEGA 
64 779.4 1.4 ARMENTERO 62 HBC 0.0 PBAR P K1K1 

155 779.5 1.5 
510 7Bl.O 0.6 

BARASH 67 HBC 
BIZZARRI 71 HBC 

0.0 PBAR P K1K1 11171 
0.0 P PBAR K1K1 11171 

H 
H 
H 
H 
H 
H 

" H 
H 
H 
H 

0 
0 

AvG 780.60 o.52 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 0,1 

FROM OTHER FINAL STATES 
. 400 

34 
220 

666 
2198 

2400 
250 
500 
600 
500 
400 
200 
750 

260 
248 

c 4270 
c 

369 
418 

AVG 

778 

7B2.o 1.0 ALFF 62 HBC 2.3-2.9 PI•P 
784.0 1.0 ARHENTERO 63 HBC 0.0 PBAR P 
7Bl. 0 2.0 KRAEMER 64 esc 1.2 PI+O 
7B5.6 1.2 MILLER D 65 HBC SEEN WITH K+K-
786.0 1.0 JAMES 66 H6C 2.1 PI+P 
783.4 o.1 SAL TAY 67 HBC 0.0 PBAR P 
784.8 1.1 KEY 68 HBC 3 PI-P 
782.4 o.s BIZZARRI 69 HBC 0 PBAR P 
7B4. 1. OANBURG 70 DBC 1.2 PI+ 0 
7B6. 1. OANBURG 70 OBC ... ~:~:!:g 7B~. 1· DAN6URG 70 OBC 
786. 1. OANSURG 10 OBC 1.9 PI+ 0 
7BS. 1. OANBURG 70 OBC 2.1 PI+ 0 
785. 2. DANBURG 70 OBC 2.3 PI+ 0 
784.1 1.2 ABRAMOVIC 70 HBC 3.9 PI- P 
784.0 o. 7 ATHERTON 70 HBC 3.6 PBAR P, 7 PI 
783.2 1.6 BIGGS 70 CNTR PHOTOPRODUCT I ON 
181.0 2.0 CASON 70 HBC 8.0 PI-P,4PI 
783.4 1.0 BIZZARRI 71 HBC Q.Q P PBAR K+K-

{784.11 (0.31 COYNE 71 HBC 3.7 PJ+ P 
F.ROM TOTAL SAMPLE OF COYNE 71 
783.7 1.0 COYNE 71 HBC 3. 7 PI+ P 
FROM BEST-RESOLUTION SAMPLE OF COYNE 71 
7B4.0 1.4 MATTHEWS 71 08C 6.95 PI+ 0 
782.5 o.8 AGUILAR 72 HBC 3.9,4.6 K- P 

783.76 0.28 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.31 
I SEE IDEOGRAM BELOW I 

UEIGHTED RUERRGE = 783.76. 0.28 
ERROR SCRLEO BY 1.3 

·RGUILRR 72 HBC 
·MRTTHEUS 71 OBC 
·COYNE 71 HBC 
·BIZZRRRI 71 HBC 
·CRSON 70 HBC 
·BIGGS 70 CNTR 
·RTHERTON 70 HBC 
·RBRRMOUIC 70 HBC 
·ORNBURG 70 OBC 
·DRNBURG 70 DBC 
·DRNBURG 70 OBC 
·ORNBURG 70 OBC 
·DRNBURG 70 DBC 
·DRNBURG 70 DBC 
·BIZZRRRI 69 HBC 
·KEY ·sa HBC 
·BRL TRY 67 HBC 
·JRMES 66 HBC 
·MILLER 0 65 HBC 
·KRREMER 64 DBC 
·RRMENTERO 63 HBC 

--t--. ·RLFF 62 HBC 

782 786 790 

CHI SO 
2 .s 
o.o 
0.0 
0.1 
1.9 
0.1 
0.1 
0.1 
0.4 
1.5 
5.0 
0.1 
5.0 
0.1 
7.4 
0.9 
0.3 
5.0 
2.3 
1.9 
0.1 

_bL 
37.9 

!CONLEU 

6/66 
9/66 

11/67 
9/69 

11171 
11171 
11171 
11171 
11/71 
11/71 
6/70 
5170 
6/70 

11171 
11171 
11171 
11171 
11/71 
2171 

12172• 

' 

OMEGR MRSS IMEUl =0.0131 
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.•. Data Card Listings 

. , 
For notation, see key at front of Listings . 

I OMEGA FULL WIDTH IHEVJ 

w 34 9.0 3.0 ARMENTERO 63 HBC Q.Q PBAR P 
w 13.4. 2.0 MILLER 0 65 HBC SEEN WITH K+ K-
w 155 112.3) 12 .OJ BARASH 67 HBC SEEN WITH Kl Kl • 
w 111 (5.8} 12.8! BARASH 67 HBC 0.0 PBAR PtKl Kl 
w UNFOLDED BY COYNE 71 
w 750 9.9 3.0 ABRAMOVJC 70 HBC 3.9 PI- P 
w 11.2 2.7 A1HERTON 10 HBC 3.6 PBAR P, 7 PI 
w 510 10.3 1.4 81 ZLARRI 71 HBC Q.Q P PBAR KlKl 
w 249 12.8 3.0 81 ZlARRI 71 HBC Q.Q P PBAR K+K-
w ~270 9.5 1.0 COYNE 71 HBC 3.7 PI+ P 
w 419 13.3 2. AGUILAR 12 HBC 3.9,4.6 K- P 
w 9.1 a .• a BENAKSASl 72 OSPK E+E- COLL.BEAMS 
w 940 1.10 1.65 BROWN 72 MMS 2.5 PI- P,N HMS 

ERROR TAKES ACCOUNT OF SYSTEMATICS ADDEO LINEARLY 

AVG 9.84 0.51 AVERAGE IERROR INCLl!OES SCALE FACTOR OF l.U 

PI 
P2 
P3 
P4 
P5 
Pb 
P7 
PS 
P9 
PIO 
Pll 

1 OMEGA PARTl Al DECAY HODES 

OMEGA INTO PI+ PI- PIO 
OMEGA INTO PI+ PI- (VIOlATES GJ 
OMEGA INTO PIO GAMMA IONlY NEUTRAL INPUT TO FITJ 
OMEGA INTO PI+ PI- GAMMA 
OMEGA INTO 2PJO GAMMA 
OMEGA INTO ETA GAMMA 
OMEGA INTO E+ E-
OMEGA INTO MU+ MU-
OMEGA INTO ETA PIO IVIOLATES Cl 
OMEGA INTO 3 GAMMA 
OMEGA INTO PIO HU+ HU-

DECAY MASSES 
139+ 139+ 134 
139+ 139 
134+ 0 
139+ 139+ 
134+ 134+ 
546+ 0 

.5+ .s 
105+ 105 
546+ 134 

0+ 0+ 0 
134+ lOS+ 105 

FITTED PAR TlAL DECAY MODE BRANCHINQ FRACTIONS 

The matrix below ia derived from the error matrix !or the fitted partial decay mode 

branching fractions. Pi' aa follows: The diagonal elements are Pi:t:6P
1
, where 

6Pi "' V(6P16P1), while the off-diagonal elements are the~ correlation coeffi

cients (6Pi6Pj}/(6P1 · 6Pj). For the definitions of the individual P
1
, see the listings 

above; only those P 1 appearing in the matrix are assumed In the !it to be non:tero and 

are thus constrained to add to 1. 

p 1 p 2 p 3 
p 1 • 8961+-. 0058 
P 2 -.3543 .ono+-.oo27 
p 3 -.9269 -.0226 .0909-.0050 

R1 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 R 
R2 R 
R2 

AVG 
FIT 

R2 F 
R2 F 
R2 
R2 
R2 R 
R2 R 
R2 
R2 
R2 S 
R2 S 
R2 S 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

R4 
R4 

1 OMEGA BRANCHING RATIOS 

OMEGA INTO NEUTRAlliPI+ PI- PIOI IP3+ ••• JI(P11 
0.17 0.04 ARMENTERO 63 HBC D.D PBAR P 

20 0.11 0. 02 BUSCHBECK 63 HBC 1. 5 K-P 
35 D.OB O.D3 KRAEMER 64 OBC 1.2 PI+O 
b5 0.10 0.04 ALFF-STEI 66 HBC CORR.8Y SCHULTZ«COLI 

850 0.134 0.026 DIGIUGNO 66 CNTR 1.4 PI-P 
349 D. 097 0. 016 FlATTE 66 H6C 1.6 K-P 

O.D6 D.DS Q.D2 JAMES 66 HBC 2.1 PI+P 
19 D.lD Q.D3 BARASH 67 HBC O.D PBAR P 
4b D.15 0.04 AGUILAR 72 HBC 3.9,4.6 K- P 

D.1065 Q.OOfl6 AVERAGE (ERROR INCLUDES SCALE' FACTOR OF 1.DJ 
0.1015 0.0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1J 

OMEGA INTO IPI+ Pl-1/tPI+ PI- PIOJ. SEE ALSO R15 IP2JIIP11 
IO.OlliOR MORE CL.,.95 ABRAMOVIC. .70 HBC 3.9 PI- P 
(0.03510R LESS CLa.95 BllZARRI 70 DSC. PBAR N AT REST 
(Q.D1910R MORE CL ... 95 CHAPMAN 70 HBC . 1.6-2.2 P PBAR 

I.DD2JOR MORE CL.,o90 FLATTE 7D HBC 1.5 K- P 
FLATTE 7D SEES NO SIGNAL AT 1.7, 2.1, 2o6 GEV/C. 

ID.D02610R MORE CL ... 84 HAGOPIAN 70 H8C 2.3 PI- P 
(D.D4010R LESS CL•.84 HAGOPIAN 70 H8C 2.3 PI- p. 
0.022 0.009 0.01 RODS 70 RVUE 
RODS 70 COHBINES ABRAMOVICH 70 AND BIZZARRI 70 
0.028 0.006 BEHREND 71 ASPK PHOTOPROOUCTJON 

(D.0015JOR HORE CL ... 95 HAGOPIAN 71 HBC 2.3 PI- P 
0.021 0.028 0.009 RATCLIFF 72 ASPK" 15.PI- P,N 2PI 

SIGNIFICANT INTERFERENCE EFFECT OSSERVED.NB OF OMEGA INTO 3PI 
COMES FROM AN EXTRAPOLATION. 

0.0259 0.0049 AVERAGE CERROR INCLUDES SCAlE FACTOR OF 1.DI 
0.0145 0.0031 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

OHEGA INTO IPIO GAMHAJ I CPI+ PI- PIOI IP311(PlJ 
(0.1251 C0.02510R GRTR. BARHIN 64 PXBC 2.8 PI-P 
0.13 0.04 JACQUET 69 HLBC 
0.081 0.020 BALDIN 71 HLBC 2.9 PI+ P 
0.109 0.025 BENAKSAS2 72 OSPK E+E- COLL.BEAHS 

0.097 0.015 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.01 
0.1015 0.0067 FROH FIT IERROR INCLUDES SCALE FACTOR OF 1.11 

OMEGA INTO (PI+ PI- GAHHAI/IPI+ PI- PIOI (P41/CP11 
10.051 OR LESS FLATTE 66 HBC 1.8 K-P 

Rb OMEGA IN.TO CMU+ HU-1/CPJ+ PI- PIOHUNITS 10 .. -31 IP8J/CP1J 
Rb' (1.21 OR LESS GALT JERI 65 HBC 2. 7 K-P 
Rb fl. 71 OR LESS FLATTE 66 HBC 1.8 K-P 
Rb (0.21 OR LESS WILSON 69 OSPK 12 PI- ON C,FE 

R7 OMEGA INTO 12PJO GAHMJ/(PJO GAHHAI IP51/IP3J 
R7 CQ.lJ OR LESS BARHIN 64 PXSC 1.3-2.8 PI-P 
R7 ID.451 10.331 STRUGALSK 69 HlBC 2.34 PI+ N 
R7 (0.141 OR LESS BALD IN 71 HLBC 2.9 PI+ P 
R7 (0.151 OR LESS CL=-90 8ENAKSAS2 72 OSPK E+E- COLL. BEAMS 

R9 OMEGA INTO lETA PIO + ETA GAMMAJI(PI+ PI- PIOJ CP9+P6JI(Pll 

•• I0.01710R LESS FLATTE · 66 HSC 1.8 K-P 
P9 IO.Q45JOR LESS CL=o95 JACQUET 69 HLBC 

6 

6/66 
11171 
11171 
6/70 
5170 

11171 
11171 
11171 
12172• 
2173• 

12172• 

9166 
9/66 
9166 
6166 
7167 

12172• 

6170 
11/71 
6170 
8169 

1171 
1171 
6170 

11171 
1171 

12172• 

0 b 
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Mesons 
w(784) 

R9 OHE_GA INTO (NEUTRALS) I ICHARGEDI IP3+ ••• 11(P1+P2 .... 1 
R9 0.124 0.021 FELDMAN 67 OSPK 1.2 PI- P 3/67 
R9 
R9 

RIO 
RIO 

Rll 
Rll 
Rll 
Rll 
Rll 

R12 
Rl2 

FIT 0.1000 0.0067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.11 

0':\EGA INTO 12PJO GAHMAI/IPI+PI-PIOJ CP5l/CP11 
10.081 OR LESS CL ... 95 JACQUET 69 HLBC 

OMEGA INTO lETA GAMMAJ/IPID GAHHAJ 
(0.581 10.301 STRUGALSK 69 HLBC 
10.40) OR LESS BALDIN 11 HLBC 
0.010 Q.D45 APEL 72 OSPK 

10.271 OR LESS CLo::.90 BENAKSAS2 72 OSPK 

IP61/IP3J 
2.34 PI+ N 

2.9 PI+ P 
4-6 PI- P,N 3GAM 
E+E- COLL. BEAMS 

OMEGA INTO (PIO MU+ MU-1 I TOTAl WNITS lQU-31 IPlU 
(2. J OR LESS WEHHANN 68 OSPK 12 PI- FE 

OMEGA INTO tE+ E-1/TOTAl (UNITS 10•*-41 IP71 

4/70 

8169 
11171 
2173• 
2173• 

6168 

R13 
R13 
R13 8 
Rl3 H 
R13 H 
Rl3 A 
R13 A 
R13 
Rl3 l 
R13 l 
R13 Z 
Rl3 e 
R13 e 
R13 
R13 

3 2. 1.2 BINNIE 65 OSPK PI-P NEAR THLOo 6166 
MASS RESOLUTION OF BINNIE 65 IS ABOUT 15 MEV. 

(1.0) (1.71 (0.751 HERTZBACH 67 OSPK ASSUME SUOJ+HIXING.10166 
NOT RESOLVED FROH RHO DECAY. ,. 

33 (Do651 10.131 ASTVACATU 68 OSPK ASSUME SUOJ+HJXING 6168 
NOT RESOLVED FROM RHO DECAY. ERROR STATISTICAL ONLY. 
0.40 D.21 BOLLINil 66 CNTR 1.7PI-P,NOTE l 9168 
MASS RESOLUTION OF BOLLINJ 1 IS +-10 MEV.HIS ERROR IS +-.15 
WITHOUT RHD-OHEGA INTERFERENCE. COMPLETE INTERFERENCE WOULD 
CHANGE VALUE BY +-35 PER CENT. THEREFORE WE INCREASED ERROR. 

(0. 761 10.141 AUGUSTil 69 OSPK SEE NOTE E 2172 
FROME+ E- COLLIDING BEAMS, ASSUMING OMEGA WIDTH 12.2+-1.3 MEV 4169 

0.83 0.10 BENAKSAS1 72 OSPK E+E- COLL.BEAMS 217'!•• 

R13 AVG 

R14 
R14 
R14 
R14 
R14 
R14 
R14 AVG 
Rl4 FIT 

R15 
R15 
R15 
Rl5 
R15 
R15 
R15 
Rl5 
R15 
Rl5 AVG 
R15 FIT 

o. 76 0.17 AVERAGE I ERRbR INCLUDES SCALE FACTOR OF 1 .. 91 

OMEGA INTO NEUTRALS I TOTAL IP3+ ••• 1 
0.084 0.015 BOLLIN I 68 CNTR 2.1 PI- P 
o. 079 0.019 DEI NET 69 OSPK 1.5 PI- P 
0.075 0.025 BIZZARRI 71 HBC 0.0 P PBAR 

42 0.073 0.018 BASILE 72 CNTR 1.67 PI-P 

. 0.0788 a. 0092 AVERAGE I ERROR INCLUDES SCAlE FACTOR OF 1.01 
0.0909 0.0055 FROM FIT 'ERROR INCLUDES SCALE FACTOR OF 1.1) 

. ' 
OMEGA INTO IPI PIII(TOTAU. SEE AlSO R2 (P21 

0.032 0.028 Q.QHI AUGUSTJ2 69 OSPK 
IO.Q03JOR MORE CL"'•95 GOlDHA8ER 69 HBC 
CO.Ol4JOR MORE CL•.95 ALLISON 70 HBC 
0.0080 0.0028 0.00228IGGS 70 CNTR 
0.0122 0.0030 ALVENSLEB 71 CNTR 
0.013 0.012 0.009 HOFFElT 71 HBC 
0.036 D.024 0.018 BENAKSAS 12 OSPK 

E+E- COLl. BEAMS 
3. 7-4.0 PI+P 

1.3-1.7 PSAR P 
PHOTOPROOUC T I ON 
PHOTOPROOUCT ION 
2.8,4.7 GAMMA P 

E+E- CQLl. BEAMS 

D.Ol02 0.0019 AVERAGE tERROR INClUDES SCALE FACTOR OF 1.01 
O.Ol3D 0.0027 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

OMEGA INTO (ETA GAMMA) I I ALL NEUTRALSJ (P6J/CP3+ ••• I . 

6168 
9169 

11171 
2113• 

8169 
11169 

• 6/7D 
6170 

11171 
11171 
12172• 

Rib 
Rib 
Rib 

10.241 OR LESS CL•.90 DEINET 69 OSPK 9169 
10.361 OR LESS Cl•.90 DAKIN 72 OSPK 1.4 PI- P,N MHO 12172• 

Rl7 OMEGA INTO 12 PIO GAHMAI I CALL NEUTRALSJ (P51/IP3+ ••• ) 
R17 10 .. 191 OR lESS CLe.9Q OEINET 69 OSPK 
R17 D CD.22J ID.07J DAKIN 72 OSPK 1.4 PI- P,N MHO 
Rl7 o see R1B 

R18 OMEGA INTO IPID GAMMA I I CAll NEUTRALS I IP3111P3+ ••• I 
Rl6 (0.811 OR MORE Cl.,.90 DEJNET 69 OSPK 
Rl6 0 (0.781 10.071 DAKIN 72 OSPK 1.4 PI- P,N HMO 
RlB 0 ERROR STATISTJCAL ONLY.AUTHORS OBTAIN GOOD FIT ALSO ASSUMING 
R16 D PIO GAHHA AS THE ONLY NEUTRAL DECAY. .................................................................... 
HAGllC 
PEVSNER 
XUONG 

61 PRL 7 178 
61 PRL 7 421 
61 PRL 7 327 

ALFF 62 PRl 9 325 
ARHENTER 62 CERN CONF 90 
STEVENSO 62 PR 125 687 

ARM ENTER 63 Sl ENA CONF 1 296 
BARMJN 63 SIENA CONF 1 207 
BUSCHBEC 63 Sl ENA CONF 1 166 
GELFAND 63 PRL 11 436 

·HURRAY 63 PL 1 358 

REFERENCES FOR OMEGA 

8 MAGLIC,ALVAREZrROSENFElDrSTEVENSON ILRU 
PEVSNER, KRAE HER, NUSSBAUM, R lCHARQ+ I JHU+NWES I 
NGUYEN HUU XUONG 1 GERALD R lYNCH ILRU 

ALFF, BERlEYr COLLEY 1 GELFAND + (COLU+RUTGERS I 
R ARMENT EROS ,R BUDDE + ( CERN+CDEF+EPOL I 
STEVENSON,ALVAREZ, MAGLIC ,ROSENFELD ILRLl 

ARHENTEROS ,EDWARDS, JACOBSEN+ I CERN+COEF l 
BARMIN,DOLGOLENKO,KRESTNIKOV+ ( ITEPI 
BUSCHBECK, CZAPP+ (VI ENNA+CERN+AMSTERDAM I 
GELFAND, MILLER 1 NUSSBAUM, RAT AU+ CCOLU+RUTG I 
MU.RRAY, FERROLUZZl 1 HUWE, SHAFER, SOlM 1 TZ+ ( LRL I 

9169 
12172• 

9169 
12172• 
11171 
11171 

12172• SARHJN 
12172• ·KRAEMER 

64 JETP 18 1289 
64 PR 136 B 496 

8ARHJN,DOLGOLENKO,KRESTNIKOV + ( ITEPI 
KRAEMER, MADANSKY rMEER• ( JHU+NWE S+WOODI 

10167 
11/71 
2113* 

BINNIE 65 Pl 18 348 BINNIE,OUANE,JANE,W JONES+ llOIC+MCHSI 
ILRLI 

ICOLUMBIAI 
GALTIERI 65 PRL" 14,279 A BARBARO GALTIERJ,R D TRIPP 

·HILLER D 65 CU-2371NEVIS 1311 DAVID C HILLER CTHESISI 
INCLUDES DATA OF GELFAND 63 ABOVE 

ALFF-STE 66 PR 145 1072 ALFF-STEINBERGER,BERLEY, BRUGGER+ICOLU+RUTGI 
ZDANIS 65 PRL 14 721 ZDANIS,HAOANSKY,KRAEMER,HERTZBACH+IJHU+BNLl 

DJGIUGNO 66 NC 44A 1272 
FLATTE 66 PR 145 1050 
JAMES 66 PR 142 896 

SALT AY 6 7 PRL 18 93 
BARASH 67 PR 156 1399 

OJ GIUGNO,PERUZZI,TROISE+ INAPL+FRAS+TRSTI 
+HUWE, MURRAY, BUTTON-SHAFER, SOL HIT l+ I LRL I 
F E JAMES,KRAYBILL. IYALE+BROOKHAVENI 

+FRANZ IN I, SEVERIENS, YEH, ZANELLO I COLUMBIA I 
BARASHrK I RSCH, HILLER, TAN I COLUHBI A I 

9166 FELDMAN 67 PR 159 1219 +FRAT I oGlEESQN,HALPERN,NUSSBAUH+ (PENNI 

9166 
9169 

8169 
11171 
2173• 

9166 
4/70 

HERTZBAC 67 PR 155, 1461 
ALSO 65 ZOANIS 

ASTVACAT 68 Pl 27 8 45 
80LLINI 68 NC 56 A 531 
BOLLJNil 68 NC 57 A 404 
KEY 68 PR 166 1430 
PJSUT 68 NP B 6 325 
WEHHANN 66 PRL 20 748 

AUGUST 11 69 PL 28 B 513 
AUGUS,T 12 69 LNC 2 21 4 
BlllARRl 69 NP 8 14 169 
OANBURG 69 UCRL•19275 

ALSO OANBURG 70 

HERTZ BACH, KRAEMER, MAOANSK I 1 ZDAN IS+ I JHU+8NL I 

AS TVACATUROV ,AZ I MOV, BALDI N+ ( J I NR+MOSCOW I 
+BUHLER, OALP I AZ, HASSAH+ I CERN+BGNA+ STR8 I 
+BUHlER, OALP I AZ, MA SSAH+ I CERN+BGNA+STRB I 
+PRENTICE+COOPER+MANNER (TNTO+ANL+WI SCJ 
J.PISUT,H.ROOS ICERNI 
+ENGELS+ ( HARVARO+CASE+SLAC+CORNELL+MCGJ lL I 

+BENAKSA S, BUON ,GRACCO, HAISS I NSKI, + (ORSAY I 
+lEFRANCOJ SoLEHHANN, HARJ N, + (QRSAY I 
+FOSTER 1 GAVI LLET, MONT A NET,+ I C ERN+CDEF I 
JEROME S. DANBURG, THESIS ClRLI 
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Mesons 
w{784), M{940), M(953), 77'(958) 

OEU>~ET 69 Pl 30 8 426 
ERWIN 69 NP 6 9 3blt 
GOLOHABE 69 PRL 23tl351 
JACQUET 69 NC 63 A 743 
HillER 69 PR 178 2061 
STRUGALS 69 PL 29 8 532: 
WILSCJI 69 PRIVATE COKH. 

ABRAHOVI 70 NP 8 20 209 
BIZlARRI 70 PRL 25 1385 
Alll SON 70 PRL 24 618 
ATHERTON 70 NP 8 18 221 
BIGGS. 70 PRL 24 1201 
CASON 70 PR 0 1 851 
CHAPMAN 70 NP 8 24 445 
DAN BURG 70 PR 0 2 2 564 
FLATTE 70 PR 0 1 1 
GOLOHABE 70 PHI LA:CONF .P .59 
HAGOPIAN 70 PRL 25 1050 
RODS 70 DNPL/R7 P.l73 

+MENZ IDNE,MULLER,BUNI ATOV+ IKARL+CERNJ 
+WALKER ,GOSHAW, WE I NBERG (WI SC+PRI t++VANOI 
+BUTLER,COYNE 1 HALL ,MACNAUGHTON r TRill NG I LRLI 
+NGUYEN-KHAC ,HAATUFT ,HALST EINSLI ( EPOL+ BERGJ 
R. HilLER 1 LICHTMAN, WI LLHANN (PURDUE I 
+CHUV I LO, FENYVES, + (WARS +J INR+ BUOAl 
RICHARD WILSON CSEE ALSO PR 178 209SICHARVI 

ABRAHOYICH,BLUHENFELO,BRUYANT ,+ I CERN I 
+C I AP ETT 1, OORE, GASPERO, GUI DONI,+ IROHA+ SYRA I 
+COOPER,FJELDS,RHINES CANLI 
+BLAIR, CELNI KERr 00/IU NGO, FRENCH+ I CERN+ I PNI 
+CL I FFT r GABATHUL ER rK ITCH lNG, RAND (DARE J 
+ANDREWS,B 1 SHASr GROVES ,HARRJ NGTON, + I NDAHJ 
+DAYIDSQN,GREEN,LYS,ROE,YANOER YELOE CHICHI 
+ABOLI NS ,DAHL, OAVI ES ,HOCHrKlRZ,MILLER+ ILRU 
STANLEY H,. FLATTE CLRU 
GERSON GDLDHABER,REVIEW ILRU 
S. AND V.HAGDPIAN,BDGART,SELOVE CFSU+PENNJ 
PROC. DARESBURY STUDY WEEKEND NO 1. ICERNI 

ABRAMS 71 PR D 4 653 +BARNHAM,BUTLER,COYNE,GOLOHABER,HAll,+(LBU 
ALVENSLE 71 PRL 27 888 ALVENSLEBENrBECKER,BUSZA,CHENtCOHEN,+CDESYJ 
ANGELOW 71 SJNP 12 427 +GRAHENITSKY,KANASIRSKY,KERATSCHEWt+ CJINRJ 
BALD IN 71 SJNP 13 758 +YERGAKOV,TREBUKHOVSKY,SHISHOV ( lTEPI 
BARDADIN 71 PR D4 2711 BARDAOIN-OTWJNOWSKA,HDFMOKL,MICHEJDA+IWARSJ 
BEHRENCI 71 PRL 27 61 +LEEtNDRDBERG,WEHMAN,+ IROCH+CORN+NAL I 
BIZlARRI 71 NP B 27 140 +HONTANETtNILSSON,!rANOLAU,+ (CERN+CDEFI 
BLOOOio~OR 71 NP B 35 133 BLOOOWORTH,JACKSON,PRENT ICE,YOON ITORONTOJ 
CHAPMAN 71 PR D 3 38 +FORTNEY,FOWLER IDUKEJ 
COYNE 71 NP B 32 333 +BUTLERtFANG-LANDAU,HACNAUGHTON (LRU 
FIELDS 71 PRL 27 1749 +COOPER,RHINES,ALLISON (ANL+OXFI 
HAGOPIAN 71 BAPS 16 S.HAGOPIAN ( FSU+PENNJ 
LEFRANCO 71 PREPRINT LAll256 J.LEFRANCOIS CORSAYJ 
MATTHEWS 71 PRL 26 400 +PRENTICE,YOON,CARROLL,WALKER,+ CTNTO+WISCI 
HOFFElT 71 NP 8 29 349 +BJNGHAMtFRETTER,BALLAM+(LRL+UCB+SLAC+TUFTJ 

AGUILAR 72 PR 0 6 29 AGUILAR-BENITEZtCHUNG,EJSNER,SAMIOS CBNLJ 
APEL 72 PL 41 8 234 +AUSLANDERtHULLERtBERTOLUCC1 ,+ CKARL+PISAI 
BASILE 72 PHIL.CONF.PROC153 +BOLLINI,BROGLIN,OALPIAZ,FRABETTI,+ CCERNI 
BENAKSAS 72 PL 39 8 289 +COSHErJEA~HARIE,JULLIAN,LAPLANCHE,+CORSAJ 
8ENAKSAS172 PL 42 B 507 +COSHE,JEAN-HARIErJULLJAN,LAPLANCHE+IORSAYI 
BENAKSAS272 Pl 42 B 511 +COSHEtJEAN-HARJ E, JULL I AN, LA PLANCHE+ IORSAY J 
BROWN 72 PL 42 8 117 +DOWNINGtHOLLOWAYrHULO,BERNSTEIN+ClLL+ILLCI 
DAKIN 72 PR D 6 2321 +HAUSERtKREISLER,MISCHK€ (PRINCETON) 
EISENBER 72 PR D 5 15 EISENBERGtBALLAH,DAGAN,+ IREHO-+SLAC+TELAI 
RATCUFF 72 PL 38 B 345 +BUlOStCARNEGJE,KLUGE,LEITH,LYNCH,+ CSLACJ 

•••••••••••••••••••••••• 101 ........................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 
66 H(9ltOI 

EVIDENCE NOT COHPElLING.OHITTED FROM TABLE. 

66 MI940J MASS (MEV) 

H N 55 91t0.5 1o7 CHESHIRE 72 HMS 0 2.4 PI- P,N MM 
M N NOT SEEN BY BINNIE 72 AT THRESHOLD. 

66 M( 9401 WIDTH IMEVI 

'· 

W N 55 (10.4) OR LESS CL"o90 CHESHIRE 72 HMS 0 2.4 PI- P,N HM 12172• 

66 MI940J BA.ANCHJNG RATIOS 

M 1940) INTO I NEUTRAL I/ I THO-CHARGE J I I FOUR-CHARGE I •• •• 0.12 0.86 0.02 CHESHIRE 72 MMS 0 2.4 PI- P,N MM 12172* ............................................. ·······~· ....... . 
CHESHIRE 72 PRL 28 520 
BINNiE 72 PL 39 B 275 

REFERENCES FOR MI940J 

+HOFF HAN, GARFINKEL,-+ I IOWA+ANL+PURD I 
+CAMILlERI ,QUANE, GARBUTT ,&URTON+ ( LOI C+ SHMP I .................................................................... •••••* •••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••• 

-----):Jio 59 H (953tJPG., +I 

WHILE MASS AND WIDTH ARE.CONSISTENT WITH THOSE OF 
THE ETA PRIHEC95B), THE CPI+ PI- GAHHAJ DECAY DOES 

NOT SHOW A RHOO .SIGNAL, UNLIKE THE ETA PRIME. THIS IS TAKEN AS EVIDENCE 
FOR A NEW PARTICLE. WHILE THIS DIFFERENCE IN DALITZ PLOT DISTRIBUTIONS 
APPEARS SIGNIFICANT, IT STILL NEEDS FURTHER CONFIRMATION TO BE REGARDED 
AS WELL ESTABLlSHED. POSSIBLY SEEN IN HHS • 

.OMITTED FROM TABLE. 

59 M MASS IHEVI 

M 68 953.0 2.0 AGUILAR 70 HBC ).9•4.6K-PtP K-H 
M M 1953.41 U.51 (3.81 MAGLICH 71 HHS 3.9 P Q,HE3 XO 
H H MISSING MASS SPECTRUM SHOWED THIS PEAK AT 953.4 INSTEAD OF 

H ETA PRIME 19581. PEAK LISTED UMDER M BECAUSE OF MASS 
H COINCIDENCE. THE 1.5 MEV ERROR MAY BE UNDERESTlHATEO BY 
M A FACTOR OF 2 (SEE BRODY 72, TABLE I Ill. OBSERVED PEAK COULD 
H THEN WELL CORRESPOND TO ETA PRIME. 

1171 
2/72 

Data Card Listings 
For notation, see key at front of Listings. 

w 
w 

P1', 

P2 
P3 
P4 
P5 

59 H WIDTH IHEVJ 

68 110.01 OR LESS CL.,o95 AGUILAR 70 HBC 
115. J OR LESS MAGLJCH 71 MHS 

59 M PARTIAL CECA Y MODES 

M INTO PI+ PI- GAMMA 
H INTO RHOO GAMMA 
H INTO PI+ PI- ETA 
H INTO PJO ETA 
M INTO PI+ PI- PIO 

59 H BRANCHING RATIOS 

3.9-4.6K-P, P. K-H 
3.8 P D,HE3 XO 

DECAY MASSES 
139+ 139+ 0 
770+ 0 
139+ 139+ 548 
134• 54B 
139+ 1:39+ 134 

R1 H INTO (RHOO GAHHAJI(All PI+ PI- GAMMA) IP21/CP1J 
R1 58 0.05 0.1 AGUILAR 70 HBC 3.9-4.6K-P,P K-H 

R2 H INTO I PI+ PI- GAHMAI/IPI-+ PI- ETA NElJTR.J (PlJI(P:3N) 
R2 58 1. 2 0.3 AGUILAR 70 HBC 3.9-4.6K-P,P K-H 

R3 H INTO IPI+ PJ- PIOJ/TOTAL (PSI 
RJ 58 NOT OBSERVED AGUILAR 70 HBC 3.9-4.6K-P,·p K-M 

R4 H INTO IPIO ETA NEUTR.IITOTAL (P4NI 
R4 58 NOT OBSERVED AGUILAR 70 HBC 3.9-4.6K-P, P K-H 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••o•• •••••••• 
REFERENCES FOR H 

AGUILAR 70 PRL 25 1635 

HAGLICH 7l PRL 27 1479 
ROSNER 7l PRL 26 933 

AGUILAR-BEN! TEZt SASSANO, SA HI OS, BARNES+ ( BNL) 

+OOSTENS, BRODY rC VI JANOVICH I RUTG+PENN+UPNJ I 
J. L.ROSNER ,E. H. COLGLAZ 1 E R (HI NN+C IT J 

AGUILAR 72 PR D 6 29 AGUlLAR-BENITEZ,CHUNG,EISNER,SAHJOS IBNLJ 
BRODY 7 2 UPR-3E. SUBH. TO PR +GROVES, NOREM, CY IJANOY ICH, +I PENN+RUTG+UPNJ I 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••o• ******** .................................................................... 
117'(958) I 2 ETA PRIME (958,JPG.,O-+") 1•0 

KNOWN AlSO AS XO 

Note on the Jp Assignment of 71 1 (958) 

From the Dalitz plot analyses of the 71 1 
- 1111!1 

and 71 1
- '11+'11-'1 decays, and from the observation of 

a 71 1 
- '1'1 decay mode, all assignments except JPC 

o-+ and 2 -+ are excluded. The Dalitz ·plot analyses 

favor spin 0 but cannot rule out spin 2. However, 

various attempts to find evidence for a spin different 

·from zero, by searching for anisotropies in 71 1 decay, 

were unsuccessful. The most complete study was 

made by DANBURG 72 with about 1000 71 1 de.cays from 

the reaction K-p - n'il. at 2.2 GeV/c. This number 

of events was sufficient to make cuts on momentum 

transfer and 11. polarization angle. No 11' decay ani

sotropies or correlations were found. This is rather 

suggestive evidence that the 11' spin is indeed zero. 

Presumably an Adair-type analysis could be used to 

settle this question unambiguously. 

2 ETA PRIME MASS IHEVJ 

" ONLY EXPERIMENTS GIVING ERROR LESS THAN 3 MEV KEPT FOR AVERAGING 

" 85 (957.01 DAUBER 64 HBC 1.95 K-P 

" K (958.0) 11.01 i<.ALBFLEI S 64 HBC 2. 7 K-P 
H K KALBFLEISCH 64 SUPERSEDED BY RtTTENBERG 69 
H 0 (957.01 (3.01 &ADlER 65 HBC 3.0 K-P 

" 960.0 2.0 TRILLING 65 HBC 3.65 PI+ P 
H 0 (955.0) ( 10.0) COHN 66 OBC 3.3 PJ+O 
H 0 1959.0) (3.01 LONDON 66 HBC 2.2 K•P 
H 0 (960.01 15.01 MOTT 69 HBC .tt.1-s.s K- P 

" 957. .. RITTENBER 69 HSC 1.'7-2.7 K- P 

" 956. a 2.0 AGUl LAR 70 HBC 3.9-4.6K-P 

1171 
2172 

1171 

1171 

l/71 

1171 

12172* 

6/66 

9/66 
6/66 
6(66 
7/69 
9/69 
1171 

" 3415 956.1 lol BASILEl 71 CNTR 1.6 PI- P,N XO 11171 
H 535 9S7.1t ... BASILEl 7l CNTR 1.6 PI- P,N XO 11171 
H 958.4 0.3 OANBURG 72 HBC 2.2 K- P,L XO 12172• 
H 
H AVG 958.11 0.37 AYEftAGE (ERROR INCLUDES SCALE FACTOR Of 1.4J 

I SEE IDEOGRAM SHOW J 



.. 

'' u 
/ 

.Data Card Listings 
For notation, see key at front of Listings . 

WEIGHTED RUERRGE = 958.11 * 0.37 
ERROR SCRLEO BY 1.4 

·ORNBURG 
·BRSILE1 
·BRSILE1 
·RGUILRR 

72 HBC 
71 CNTR 
71 CNTR 
70 HBC 

CHISQ 
0.9 
0.3 
3.3 

·RITTENBER 69 HBC 1.2 
·TRILLING 65 HBC 

5.8 
·!CONLEU 

6 

952 964 =0.1241 

w 
w 
w 
w 
w 
w 

PI 

P2 

P3 

P4 
Pb 
PIO 
Pll 
Pl2 
Pl3 
Pl4 
Pl5 
Plb 

P17 

PIS 
Pl9 

ETR PRIME MRSS !MEUl 

2 ETA PRIME WIDTH CHEVI ' 

85 14.01 OR LESS DAUBER 64 H6C 
17.0) OR LESS KALBFLEIS 64 HBC 
KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 

130.01 OR LESS BADIER 65 HBC 
US.OI OR LESS LONDON 66 HBC 
UO.J OR LESS 'RJTTENBER 69 HBC 
C20.0I OR LESS AGUILAR 70 HBC 

3415 16. I OR LESS CL•.90 BASil.El 71 CNTR 
13.81 OR LESS CL•.90 OANBURG 72 HBC 

2 ETA PRIME PARTIAL DECAY HODES 

ETA PRIHE INTO PI+ PI- ETA 

ETA PRIME 

ETA PRIME 

ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 
ETA PRIME 

PliNJ ETAS DECAY INTO ALL NEUTRALS 
Plltl ETAS DECAY CHARGED 
INTO PJO PIO ETA 
P2CNJ ETAS DECAY INTO All NEUTRALS 
P2C Cl ETAS DECAY CHARGED 
INTO PI+ PI- GAHHA 
IINCLUO lNG RHO GAHHAJ 
INTO GAHHA GAHHA 
INTO RHOO GAHHA 
INTO PI+ PI- E+ E-
lNTO 2 PI 
INTO 3 PI 
INTO 4 PI 
INTO 5 PI 
INTO 6 PI 
INTO PIO E+ E- (VIOLATES C IN 

BORN APPROX. I 
ETA PRfME INTO ETA E+ E- (VIOLATES C IN 

BORN APPROX. I 
ETA PRIME INTO PJO RHO 0 (VIOLATES Cl 
ETA PRIME INTO PIO OMEGA (VIOLATES C) 

FITTED PAR T!AL DECAY MODE BRANCHING FRACTIONS 

1.95 K-P 
2.1 K-P 

3·.0 K-P 
2. 2 K-P 
1.7-2.7 K- P 

3.9-4.6K-P 
1.6 PI- PtN XO 
2.2 K- Ptl XO 

DECAY MASSES 
139+ 139+ 548 

134+ 134+ 548 

139+ 139+ 

0+ 0 
o• no 

139+ 139+ .5+ .5 
139+ 139 
139+ 139+ 134 
139+ 139+ 139+ 139 

134+ .5+ • s 
548+ .5+ .5 

134+ 170 
154+ 783 

. The matrix below is derived from the error matrix for the fitted partial decay mode 

branchins fractiona, Pi' aa follows: The diagonal elements are PiS:"6P
1

, where 

6Pi = ...}(6P16P
1
), while the off-diagonal elements are the~ correlation coeffi. 

dents (6Pi6Pj)/(6P
1 

· 6Pj). For the definitions of the in,dividual P
1

, see the liatings 

sbove; only thoae P 1 appearing in the matrix arc asaumed in the fit to be non~ero. and 

are thus constrained to add to 1. 

P1 P2 P3 P4 
p 1 .. 4719+--0342 
p 2 -.3506 .2465+-.0207 
P 3 -.6026 -.5278 .2622+-.0350 
P 4 .o2n -.1663 .oo36 .0194+-.0029 

----- ----- ----- ---- ----- ---- ------ -----
Note on 11' (958) Branching Fractions 

In our calculation of the branching fractions of 

6/66 

6166 

1/71 
11/71 
12172• 

the TJ' (958) we assume the decay modes TJmr (including 

TJn°1i0 , 71% of the TJ' shave neutral decays). p 0y, 

and yy. 

In the fit we do not use the constraint 

R = r (rf'+ TJn+ n -)ji'(rf- TJn°rr0
) = 2 

from I- spin conservation. The result of the fit is 

in agreement with it, R = 1. 9 ± 0.2. 

0 7 
., 

u 
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Rl 
Rl • 
Rl K 
<1 
Rl 
Rl FIT 

R2 
R2 
R2 
R2 
R2 .AVG 
R2 FIT 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 AVG 
R3 FIT 

Mesons 
17'(958) 

2 ETA PRIME BRANCHING RATIOS 

ETA PRIME INTO (PJ+ PI-ETA CNEUTRAL DEC.II/TOTAL (PINI 
68 10.361" 10.051 KAlBFLEJS 64 HBC 2.7 K-P 

KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
281 0.314 0.026 •RJTTENBER 69 HBC 1.7-2.7 K-P 

0.336 0 .. 024 FROM FIT (ERROR INClUDES SCALE FACTOR OF 2.01 

ETA PRIME INTO IPI+ p'I- NEUTRALS! I TOTAl (P1N+P2CJ 
3.0 K-P 
2.2 K-P 

33 ,0 .. 35 0 .. 06 SADlER 65 HBC 
39 0 .. 4 0.1 .LONDON 66 HBC 

0.363 0.051 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0.4D7 0.023 FROM FIT (ERROR INClUDES SCALE FACTOR OF 2.31 

ETA PRIME INTO I PI+ PI- ETA (CHRGD .. DECAY) )/TOTAL IPICl 
44 10.121 10 .. 021 KAL8FlEIS 64 HBC 2.7 K-P 

7 
10 

107 

KALBFLEISCH 64 SUPERSEDED BY RITTENBERG 69 
0.01 0.04 BAOIER 65 H8C 
0 .. 1 0.04 LONDON 66 HBC 
0.123 0.014 RITTENBER 69 HBC 

3. 0 K-P 
2.2 K-P 
1.7-2.7 K-P 

0.116 0 .. 013 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.01 
0.1364 0.0099 FROM FIT tERROR INCLUDES SCAlE FACTOR Of z .. oJ 

10/66 

9169 

10/66 
10166 

10166 

10/66 
10/66 
9169 

R4 ETA PRIME INTO (PI+ PI- NEUTRALS iEXClUDJNci IP2CI 

•• PI+ PI- ETA CNEUTR.DEC.IJJ I TOTAl 
Rlt K • 10 (0.051 10.041 KALBFLEIS 64 HBC 2.7 K-P 10166 
•• K KAlBFlEISCH 64 SUPERSEDED BY RITTENBERG 69 
R4 42 0.045 0.029 RITTENBER 69 HBC 1.7-2.7 K-P 9169 

•• R4 FIT 

R5 
RS K 
R5 K 
R5 
R5 
R5 
R5 
R5 
RS AVG 
RS FIT 

•• •• •• •• •• •• •• •• R6 AVG 
R6 FIT 

R7 
R7 
07 
R7 
R7 FIT 

•• •• 
R9 
R9 

RIO 
RIO 

Rll 
Rll 

Rl2 
Rl2 

Rl3 
Rl3 

Rl4 
Rl4 

RIS 
RIS 

Rib 
Rib 

018 
Rl8 
Rl8 
R18 FIT 

019 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
Rl9 
019 
R19 AVG 
Rl9 FIT 

R20 
R20 

R21 
R21 

R22 
022 

R23 
023 

R24' 
R24 

R2S 
R25 
025 

ETA 
54 

16 
32 

123 
535 

. ...... . 
0.0112 0.0060 FROM FIT IERROR INCLUDES SCAlE FACTOR OF·1.01 

PRIME INTO (NEUTRALS) I TOTAL 
10.251 10.051 KAL8FLEIS 64 HBC 
KALBFlEISCH 64 SUPERSEDED BY RJTTENBERG 69 
0.24 0.17 BAOIER 65 HBC 
O. 3 0.1 lONDON 66 H8C 
0.189 0.026 RJTTENBER 69 HBC 
0.185 0.022 BASILE! 71 CNTR 

CP2N+P41 
2. 7 K-P 

3.0 K-P 
2.2 K-P 
1 .. 7-2.7 K-P 

1.6 PI- P 1 N XO 

0.190 0.016 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 
0.195 0.025 FROM FIT tERROR INCLUDES SCAlE FACTOR Of 1.81 

ETA PRIME INTO (PI+ PI- GAMMA I INClUDING RHO GAMMA) )/TOTAL 

42 

35 
20 

298• 

10.221 (0.041 KALBFLEIS 64 HBC 
KAlBFLEISCH 64 SUPERSEDED BY RJTTENBERG 69 

10.341 10.091 BAOIER 65 HBC 
0.2 0.1 lONDON 66 HBC 
0.329 0.033 RITTENBER ·69 HBC 

(P31 
2. 7 K-P 

3.0 K-P 
2.2 K-P 
1.7-2.7 K-P 

0.316 0.038 AVERAGE !ERROR. INCLUDES SCAlE FACTOR OF 1.21 
0.262 . 0.035 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.21 

ETA PRIME INTO IPI+ PI- GAMMA (INCLUDING RHO GAMMAII/IPI PI ETAJ 
(P311(P1+P21 

10166 

10/66 
101t6 
9169 

11171 

10166 

.10166 
10f.66 
9/69 

0.25 0.14 DAUBER 64 HBC 1.95 K-P 10166 

0.365 0.065 FROM FIT tERROR INClUDES SCAlE FACTOR OF 2.11 

ETA PRIME INTO IPJO E+ E-JJTOTAl IP161 
(0.Ql310R LESS RITTENBER 65 HBC 2. 7 K-P 10166 

ETA PRIME INTO lETA E+ E-1/TOTAl· IP171 
(O.OlliOR LESS RITT.ENBER 65 HBC Z.1 ·K-P . ~0166 

ETA PRIME INTO tPIO RHOOI/TOTAL tP181 
10.041 OR LESS RITTENBER 65 HBC 2.7.K-:P 10166 

ETA PRIME INTO (PJO OMEGAI /TOTAL (P191 
10.081 OR LESS RITTENBER 65 H8C 2. 7 K-P 10166 

ETA PRIME INTO (PI+ PI- E.+ E-1/.TOTAL (PiOI 
(Q .. 00610R LESS RITTENBER 65 HSC 2. 7 K-P 10166 

IPlll ETA PRIME INTO 12 PO/TOTAL 
• CO.OlJ OR LESS LONOON 66 HBC COMPILATION 

(P12J ETA PRIME INTO C3 PIJITOTAL 
10.071 OR LESS LONDON 66 .HBC COMPILATION 

(P131 ETA PRIME INTO (4 PIJJTOTAL 
CO.OU OR LESS LONDON ·66 Hac COMPilATION 

CP151 ETA PRIME INTO 16 PIJITOTAL 
IO.OU OR LESS lONDON 66 H8C COMPILATION 

ETA PRIME INTO (RHOO GAHMAI/(PI ·PI ETA) CP61J(P1+P21 
0.31 0.15 DAVIS .6BHBC 5.5K-P 

• ·0:365' • 0.."065 FRoH. FIT IERROR INClUDES SCALE FACTOR OF 2.11 

ETA PRIME INTO (2 GAHMAI/TOTAL 
5 0.055 0.036 0.030 BOlliN! 68 CNTR 
7 0 .. 126 0.075 BENSINGER 70 OBC 

41 10 .. 0171 10.0041 BASILE2 71 CNTR 

i~PERS~?~go8 y og~~~z 7Z 0.006 HARVEY ·1l' OSPK 

68 0.0111 0.0033 DALPIAZ 12 CNTR 

(P41 
1.9 PI- P 
2.2 PI+ D 
1.6 PI- P,N XO 

3.65 PI-· PrN XO 
1.6 PI- P,N XO 

0.0181 0.0030 AVERAGE CERROR i.NCLUO.ES SCAlE FACTOR OF 1.01 
O.Ol9lt O.OOZ9 FROM FIT IERROR INCLUDES SCAlE FACTOO. OF 1.01 

ETA PRIME INTO IPI+PJ-J/TOTAL (Plll 
(0.021 OR LESS RITTENBER 69, HBC 1.7-Z .. l K..:P 

ETA PRIME INTO IPJ+Pl-PIOIITOTAL IPIZJ 
(0.051 OR l"ESS RiTTENBER.69 HBC 1.7-2.7 K-P' 

ETA PRIME INTO (PI+PJ+PI-PI-1/TOTAL ~ . (P131 
(O.OlJ OR LESS RITTEN8ER 69 HBC 1.7-2.7 K-P 

ETA PRIME INTO (PI+PI+PI-PI-PIOIITOTAL (P14J 
(0.011 OR LESS RITTENBER 69 HBC 1 .. 7-2.7 K-P 

ETA PRIME INTO IPI+Pl+Pl-PI- NEUTRALS II TOTAl IP16+ ••• J 
10.011 OR lESS RITTENBER 69 HBC 1.7-2.7 K-P 

ETA PRIME INTO (RHOO GAMMAI/IAlL •PI+ PI- GAMMA I 
0.94 0.20 AGUilAR 70 HBC 

(1,.1) 10.11 OAN8URG 72 HBC 

(P6.1/fP31 
3.9-4.6K-P _ 
2.2 K- Prl XO 

10166 

10166 

10166 

10166 

9/68 

12172• 
12172• 
12/72• 

lli71 
12172• 

9169 

9169 

9169 

9169 

1171 
12172• 
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Mesons 
77'(958), 6(970) 

R2b ETA 
R2b 

PRIME INTO IPIO PIO ETA INTO 3 PIOJ/TOTAL CP2N(3PIOJJ 
4 0.11 0.06 BENSINGER 70 DBC 2.2 PI+ 0 

R2b 
R26 FIT 0.0739 0.0062 FROM FIT !ERROR INCLUDES SCALE•FACTOR OF 1.01 

R27 ETA PRIME INTO IPI+ PI- GA/'1HAJ/IPI+ PI- ETAINEUTRAL DEC .. ! I 
R27 
R27 o.s~t o.Io 
R27 C0.81J 10.091 
R27 

AGUJ LAR 72 HSC 
DANSURG 72 HBC 

IP3)/(PJNJ 
3.9,4.6 K- P 
2.2 K- P,l XO 

R27 FIT 0.78 0.15 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 2.31 

R28 ETA PRIME INTOIZ GAHHAI/IPIO PIO ETAINEUTRAL OECol 
R28 IP4JifP2(NIJ 
R28 1b 
'28 

0.188 0.058 APEL 72 OSPK 3.8 p'J- P,N XO 

R28 FIT 0.111 0.054 FROM FIT (ERROR INCLUDES SCALE' FACTOR OF 2.81 

***~•• ••••••••• o•••••••• ********* ••••••••• ••••••••• ••••••••• ******** 

DAUBER 64 PRL 13 H9 
ALSO 64 OUBNA CONF 1 418 

GOLDBERG 64 PRL 12 546 
GOLDBERG 64 PRL 13 249 
KALBFLE I b4 PRL 13 349 

BADIER 65 PL 17 337 
KIENZLE 65 PL. 19 43B 
RJTTENBE 65 PRL 15 556 
TRILLING 65 Pl 19 427 

COHN 
LO'IOON 
MARTW 

66 Pl 21 31t7 
.66 PR H3 1034 
66 Pl 22,352 

BARBARO- 68 PRL 20 349 
BARLOUTA 68 PL 26 B 674 
BOLLIN1 68 NC 58 A 289 
DAVIS 68 PL 27 8 532 

OUFEY 69 PL 29 8 605 
MOTT 69 PR 177 1966 
RITTENBE 69 UCRL-1BB63 

AGUILAR 70 PRL 25 1635 
BENS JNGE 7D PL 33 B 505 

BAROADIN 71 PR D4 2711 
BASILEl 71 NC 3 A 371 
BAS IlE2 71 NP B 33 29 
HARVEY 71 PRl 27 885 
OGIEVHS 71 Pl 25 B 69 

AGUILAR 72 PR 0 6 29 
APEL 72 Pl 40 B 6BO 
BINNIE 72 PL. 29 8 275 
BL.OOOWOR 72 NP 8 39 525 
DALPIAZ 72 PL. 42 8 377 
1JAN6URG 72 PHIL.CONF.PROC. 
RADER 72 PR D 6 3059 

REFERENCES FOR ETA PRIME 

DAUBERt SLATER, SMITH, STORK, T I CHO I UCLA IJP 
DAUBER,SLATER,L T SMJTH,STORK,TICHO IUCLAJ 
+GUNOZIK, L ICHTHAN,CONNOL.l Y ,HART 1 +I SYRA+SNL J 
+GUNDZIK ,L El TNER tCONNOLl Y, HART,+ I SYRA+BNLI 
G.R. KAL.BFl El SCH, O.OAHL, A .R lTTENBERG I LRL J JP 

BAOI ER ,OEI'IOUL IN, BARLOUT AUO+ I EPOL+SACL+ ZEEH I 
KIENZLE,MAGLJC,LEVRAT,LEFEBVRES + ICERNI 
Rl TTENBERGiKAL.BFLE ISCH I LRL+BNL I 
+BROWN ,GOL OHABERS, KAOYK, SCAN 10 ILRL J 

COHN, MCCULLOCH, BUGG, CONDO ( ORNL+TENN+UCNDJ 
lONOQN,RAU,SAMIOS,GOLDBERG + IBNL+SYRACUSEJIJP 
MARTIN, CRill EN DEN, SCHROEDER C I NOlANA UJ J 

BARBARD-GAL T I ERJ oM AT I SON 1 RIT.TENBERG+ ILRL J 1=0 
BARLOUTAUO+ I SACLAY+AHST+BGNA+REHO+EPOLII•O 
+BUHLER tDALPJ AZ, KASSAM+ I CERN+BGNA+STRBJ 
+AMMAR, HOTT ,DAGAN, OERR ICK, F I ELOS I NWES+ANL I 

+GOBS I, POUCHON, CNOPS ,+ I ETHZ+CERN+ SACUl JP 
+AHHAR,OAV IS, KROPAC, SLATEr DAGAN+ I NWES+ANL I 
ALAN RITTENBERG ITHESISI CLRL.IJ.,O 

AGUJ LAR-BENITE Zr SASSANO, SAM I OS, BARNES+ I BNL J 
BENSINGER, ERW I No THOMPSO"lt W.O. WALKER (WI SC J 

B.t.ROAOIN-OTWINOWSKA, HOFMOKL 1 HI CHEJOA+( WARS I 
+BOLLI Nl, OALP I AZ, FRABETT 1 1 +I CERN+BGNA+STRBI 
+BOLL INI , DALPIAZ ,FRA"BETT I,+{ CERN+BGNA+STRBI 
+HAROUlT, PETERSON, RHOADES,+ IH INN+HICHl 
OGI EVETSKY, TYbOR, ZASLAVSKY (OUBNA I 

AGUJ tAR- BENITEZ, CHUNG, ElSNER rSAM IDS IBNL I 
+AUSLANDER, HULLER, BERTOL.UCCJ, + I KARL+PJ SA J 
+CAMILLE RJ, DUANE ,GARBUTT tBURTON+ ( LOI C+ SHMP I 
BLOODWORTH ,JACKSON,PRENT JC E, YOON (TORONTO I 
+FRABETT J,MASSAI'I,NAVARRJ A 1 ZI CHICHI I CERN} 
+80RENST E IN, KALBFL El SCH, CHAPMAN, +C BNL+Ml CHI 
+A BOll NS ,DAHL, OANBURG, OAVI ES ,HOCH, + ILBLI 

eo;.eeC<e ••••••••• ********* "'******** ********* ••••••••• ••••••••• ******** 
bee,..•• ••••••••• ••••••••• ••••••••• ••••••••• ********* o••••••-;• ******** 

36 OELTAI970rJPG-O+-I .1•1 

' 
Under this entry, we list three types of I 

peaks near KK threshold. 

1) 

2) 

3) 

Missing-mass peaks, some of them controver-

sial. 

7J1T decays, peaking slightly below KK threshold. 

This defines IG = 1- and Jp = Normal. 

Threshold enhancements in the (KK)± system 

with I = 1. The Q value is lo"1 and Jp therefore 

probably o+. 
In listing them together under a common entry 

we do not imply that they are necessarily all related. 

Howe~er, the KK threshold enhancement may be due 

to a virtual bound state that could also be responsible' 

for the 7]11 peaks (ASTIER 67). More complete 

studies of the mass dependence of the KK threshold 

effect, using coupled channel analysis, are needed to 

clarify this question. 

1171 
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Data Card Listings .. 
. For notation, see key at front of Listings. 

36 OELTAI9701 MASS CHEVI 

PEAKS SEEN IN HISSING MASS· EXPERIMENTS 

• 262 1962.01 15.01 KIENZLE 65 MMS - 3-5 PI- P 
K NOT SEEN BY BANNER1 67 11.8 PI- Pl 
0 1966.01 (8.01 OOSTENS 66 MMS . 3.8PPTOO+ "" 0 NOT SEEN BY 8AN'iER2 67 ANO ANDERSON 71 

975.0 b.O ABOLINS 70 MHS .. 3.B-6.3 PP--O+MM 
215 I 962.91 11.71 CHESHJ RE 72 MHS 0 2.4 PI- P,N MM 

NOT SEEN BY BINNIE 72 AT THRESHOLD. 

ETA PI FINAL STATE ONLY • 
s 
s 

AVG 

30 9BO.O 10.0 AHMAR 68 HBC ,5.5K-,ETA .PI 
SEE ALSO AHMAR 70. 
10 1960.) 
80 I 975. OJ 
20 970.0 

980. 
15 I 980.01 
21 948.0 

150 972. 

965.8 

DEL TR·I970l 

APPROX. CHUNG S 68 HBC - 3.2 PI-P 
OEFOJX 68 HBC 1.2 PB P,ETA PI 

15.0 BARNES 69 HBC - 4-5 K-P, PI-ETA 
10. CAMPBELL 69 DBC - 2.1 PI+ D 

110.01 HILLER 69 HBC. - 4.5 K-N,ETA PI 
7 .o BARDADIN 71 HBC +- 8 PJ+P,P 00 PI 

10. OEFOJX 72 HBC - 0.7 PBAR P,7 PI 

7 .1 AVERAGE I ERROR INCLUDES SCALE FACTOR OF '1. 7 I 
.I SEE IDEOGRAM BELOW I 

"EIGHTED RUERRGE = S65.8. 7.1 
ERROR SCRLED BY 1.7 

72 
71 
69 
69 
68 

1040 

MRSS IMEUI 

CHI SO 
HBC 0.4 
HBC 6.5 
OBC 2.0 
HBC 0.1 
HBC _2,_Q_ 

11.0 
ICDNLEU 
=0.027l 

K KBAR ONLY, .SEE THE TYPED NOTE ABOVE 
14311003.31 7.Q+SYSTEHATIC ROSENFELD 65 RVUE +-

SCAT. LENGTH "2 TO 6 FERHIS.BALTAY 66 HBC 3.7 PBAR P 
1001101t:.l 110.1 ASTlE~ 67HBC 0 PBAR P 

SCATT.LENGTH ALSO FITS, SEE BELOW 
SCATT.L.ENGTH +2.5 +-1. FERMI ASTIER 67 HBC o-1. 2 PBAR P 
OR CMPLX 1 RE PAFI.T•-2.3 F 

1M PARTc.5f OR LESS ...... . 

9/66 

9/66 

1/71 
12172• 

2173• 

5170 
3/69 
9/69 
1/73• 
7169 
2172 
1173• 

8/66 
8/66 
7167 

7/1;.7 
7/67 
7167 

(l,BJ (0.41 CD.31 DUBOC. 72 HBC 
ABSOLUTE VALUE OF SCAT. LENGTH 

1.2 PBAR Po3PI2K 12172• 
12172• 

--~- ·------ ------ -------- -------- ------ ------- -------
36 DELTAI9701 WIDTH IMEVI 

W PEAKS SEEN IN MISSING MASS EXPERIMENTS 
S Z62 (5.01 OR LESS KIENZLE 
S ' 110.01 OR LESS OOSTENS 

1 60.0 16.0 1·0.0 ABOLINS 
S 215 15.9J OR LESS CL.,.90 CHESHIRE 
S SEE NOTES ON DELTA MASS A60VE 

65 MMS 
66 MMS 
70 HMS 
72 HMS 

- 3-5 PI- P 9/66 
+ 3. 8 PP TO D + MH 9/66 
+ 3.8-6.3 PP--O+MM 1/71 

0 Z,4 PI- P,N MM 12172• 

W ETA PI FINAL STATE ONL. Y 
30 so.o 30.0 
eo C25.oJ 
20 CSO.OJ OR LESS 

40. 15. 
15 160.01 130.01 
21 (31.01 128.01 

150 130. J 15.1 
RESOLUTION NOT UNFOlDED 

AVG 48.0 16.0 

AM MAR 
OEFOIX 
BARNES 

. CAMPBELL 
MILLER 
BARDAOIN 
DEFOJX 

68 HBC 
6B HBC 
69 HBC 
69 OBC 
69 HBC 
71 HBC 
72' HBC 

•- ,5.5K-,ETA Pl 
+- 1.2 PB P,ETA PI 

- 4-5 K-P,PI-ETA 
+- 2.1 PI+ 0 

- 4,5 K-N,ETA PI 
+- 8 Pl+P,P 00 PI • 
+- 0.1 PBAR P,7 PI 

AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.21 

2173• 
3/69 
9/69 
1173"' 
7/69 
2172 
1/73• 

W K KBAR ONLY, SEE THE TYPED NOTf ABOVE 

P1 
P2 
P3 
P4 
P4 

R1 
R1 

R10 
R10 

R11 
Rll 

143 (57.01 13.0+SYSTEMATIC ROSENfELD 65 RVUE +-
A 100 125. I .APPROX. ASTIER 67 HBC +- SEE NOTE A ABOVE 

36 DELTAC970) PARTIAL DECAY HODES 

DEL TAI9701 INTO ETA PI 
OELTA19701 INTO 3 PI 
DElTA(9701 INTO RHO PI 
DELTAI970J INTO K KBAR 

SEE THE TYPED NOTE ABOVE 

36 0El7Af9701 BRANCHING RATIOS 

OELTAI9701 INTO IRHO PIJIIETA Pll 

DECAY MASSES 
548+ 134 • 

770+ 134 
770+ 134 
770+ 134 

IP311(P2J 

8/66 
9/67 

(0.251 OR LESS CLc.7Q AMMAR 70 HBC +- 4.1,5.5K-,ETA PI. 5170 

CHARGED DELTA OF KIENZLE 65 INTO 11 CHARGEDI/13 OR MORE CHARGEOJ 
1.3 0.9 0.7 KIENZLE 65 MKS - 3-~ PI- P 9/H 

DELTA Of CHESHIRE 72 1 NTO I NEUTRAL) II Two-CHARGE Ill FOUR-CHARGE I 
10.101 10.82) 10.081 CHESHIRE 72 MHS 0 2.4 PJ- P,N MM 12172* 

••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••~~~'** •••••••• 
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Data Card -Listings 
For notation, see key at iront of Listings. 

REFERENCES FOR DELTA 

TURKOT 63 SIENNA CONF 1 661 +COLLINS,FWIItKEMP+ ( BNL+PJ TTSBURGH I 

ARM ENTER b5 PL 17 344 
BARASH 65 PR 139 B 1659 
KIENZLE 65 PL 19 438 
ROSENFEL 65 OXFORD CONF 58 

ALLEN 0 
BALTAY 
FOCACCJ 
oosnr~s 

66 PL 22 543 
66 PR 142 8 932 
66 PRL 17 890 
66 PL 22 708 

ALLISON 67 PL 258 619 
ASTIER 67 PL 25 8 294 

ASTIER 67 INCLUDES DATA OF 
BAILLON 67 NC SOA 393 
BANNER 1 67 Pl 25 8 300 
BANNER 2 67 Pl 2 5 8 569 
BARLOW 67 NC 50 A 701 
CONFORTO 67 NP 83 469 

AMMAR 68 PRL 21 1832 
CHUNG S 68 PR 165 1491 
OEFOIX 68 Pl 28 8 253 
GALT IE Rl 68 PRL 20 31t9 
JUHALA 68 Pl 27 8 257 
SABRE CO 68 Pl 26 B 674 

BARNES 69 PRL 23 610 
CAMPBELL 69 PRL 22 1204 
CRENNELL 69 PRL 22 1398 
JUHALA 69 PR 184 1461 
KRUSE 69 PR 177 1951 
MILLER 69 PL 29 8 255 

ALSO 69 PR 188 2011 
SCHROEOE 69 PR 1 68 2081 

A80LJNS 
AMHAR 
COOPER 
.YIOU 

70 PRL 25 469 
70 PR 0 2 430 
70 NP 6 23 605 
70 THESIS, A 646 

ANDERSON 71 PRL 26 108 
BAROAOJN 71 PR 04 2711 

ARHENTEROS,EDWAROSr .JACOBSEN+ ICERN+CDEFI 
+FRANZ IN J, K JRSCH 1 fULLER, STEINBERGER+ I CO lUI 
+ HAGLJCtlEVRAT,lEFEBVRES + HERNJ 
A H ROSENFELD (lRl-RVUEJ 

+GP FJSHER,G GOOOEN,L M.6.RSHALL,SEARS CCOLOJGc+ 
+LACH, SANOWE ISS, TAFT, YEH, STONE HILL+ (YALE I 
+ KIENZLEILEYR.6.T,MAGL1CtHARTJN fCERNJ 
+CHAYANON, CROZON, TOCQUEV ILLE f SAC LAY, CDEF J i•1 

+CRUZ+ I OXF+MP I M+BI RM+RHEL+GLAS+LOIC J 
+MONT ANET, BAUBI LLI ER ,OUBOC•f CDEF-+CERN+- IRAQ J 

BARLOW 67 ,CONFORTO 67 ,ARHENTEROS 65. 
+EOWAROS+O.ANOLAU+ASTI ER+ ( CERN+COEF+ IRAQ J 
+FAYOUX t HAMEL, ZSEMBERY 1 CHElf+ ( SACLAY+CAEN I 
+CHEZ E ,HAMEL ,HAREL, TEl GER+ CCDEF<f.SACL J 
+MONT ANET r Dr ANDLAU+ C CERN+COEF+IRAO+LI VP J 
CONFORTO,MARECHAL+ CCERN+COEHJPNP+LJVP J 

+OAVI S ,KROPAC, DERRICK, F I ELOS, + CNWES+ANL J 
+O.QAHLt J. KIRZ, O.H.MILLER (LRLJ 

+RIVET ,SJ AUO ,CDNFORTO+ I CDEF+ IPNP+CERNJ 
BAR BARD-GALT JERI rHAT I SON ,RITTENBERG+ CLRL I 
+LEACOCK rRHOOE, KOPELMAN, LJ BBY+ C IOWA+COLOJ 
BARLOUTAUO+ I SACL+AMST+BGNA+REHO+EPOLI 

+CHUNG, EISNER, SASSANO, GOLDBERG+ C BNL+ SYRA I 
.J. H.CAHPBE LL, L ICHTHAN 1 LOEFFLER,+ C PURDUE J 
+KARSHONrKWAN NU LAJ ,+ IBNL+NYUI 
+LEACOCK r RHODE, KOPELMAN, LIBBY 1 + I JSU+COLOJ 
KRUSE,LOOS,GOLOWASSER , I ILLINOIS I 
O.H.MI LlER, S.L .KRAMER, Q. O. CARMONY,+( PURDUE I 
YEN,AHMA.NN,CARMONYrELSNERI + I PURDUE I 
SCHROEDER,KERNAN 1F I SHERt Ll BBY ,+ I ISU+COLOI 

+GRAVEN, MCCARTHY ,G .SMITH r L .SH ITH+ ILRL+UCDI 
+KROPACt OAVI S 10ERR ICK+ ( KANS+NWE S+ANL+WI SCI 
+HANNER, MUSGRAVE ,POLLARD 1 VOYVOO I C ( ANL J 
TCHIU-PUNG YJOU IORSAYJ 

+OJ XIT 1 + ( CHIC+ANL +CARl+LASL'+CNRC+NAGOYA J 
BARDADJ N-OTWJNOW SKA, HOFMOKL ,MJCHEJOA+I WARS J 

ATHERTON 72 SUBH. TO PL +fRANEKt FRENCH, GHJ 01 Nl ,HILPERT,+ (CERN I 
BINNIE 72 PL 39 B 275 +CAMILLERirDUANE,GARBUTT,BURTON+ILOIC+SHHPJ 
CHESHIRE 72 PRL 28 520 +HOFFMANtGARFINKELt+ liOWA+ANL+PURDJ 
DEFOIX 72 NP B 44 125 '+NASCIKENTO,BIZZARRI r+ ICOEF+CERNJ 
DUBOC 72 NP 8 46 ,.29 +GOLDBERG,HAKOWSKitDONALD,+ ILPNP+LIVPI 
HOLLOWAY 72 PHIL.CONF.PROC.l33+HULD,KOETZ,KRUSEr8ERNSTEJN,+ CILL+JllCI ...................................•................................ ..................................................................... 
IH(990) I 

) 

35 H 1990,JPG•A -J 1•0 

THE EVIDENCE OF BENSON 66 HAS DISAPPEARED AFTER 
RE-ANALYSIS (CHAUDHARY 701. NO STATISTICALLY 
SIGNIFICANT EVIDENCE FOR THE PRE•196B H-ENHANCE
MENT THEREFORE REMAINS IBARBARQ-GAL T JERI 69J. 
HOWEVER, GOLOHABER 69 REPORT A NEW C PJ+PI-PJOJ 
ENHANCEMENT AT ABOUT THE SAME MASS, H•1000 MEV, 
SEEN UNDER CONDITIONS OIFFER.ENT FROM THOSE OF THE 
EARLIER OBSERVATIONS. OMIHEO FROM TABLE. 

. . .................................................................... 
REFERENCES FOR H 

BARTSCH 64 PL 11 167 AACHEN-ZEUTHEN-BIRM-BONN-HAMB-HUNCHEN COLL 
GOLOHABE 65 CORAL GABLES P. 76 G. GOLOHABER CLRLJ 
BENSON 66 PRL 17 1234 +MARQUITrROE,SINCLAIRrVANOER VELDE (HICHJlJP 
COHN 67 NP 81 57 +HC CULLOCH,BUGG,CONDO IORNL+UNIV.TENNI 
ROSENFEL.67 RHP 39 1 1 APPENOIX ROSENFELD,BARBARO-GALTIERI+(LRL+CERN+YALEI 
ARHENISE 68 PL 26B 336 +GHIOINI,FORINO+ CBARJ+BGI.IA+FIRZ+ORSAYI 
BARBARQ- 68 PHI LAD.CONF. P .137 A.BARBARG-GAL T I ERI ,p .SODING (LRLJ 
FUNG 68 PRL 21 47 +.JACKSON+PU+BROWN+GIOAL CU.C.RJVERS+LRLJ 
GOLOHABE 69 LUND CONF.P.271 G.GOLDHABER QUOTED BY B.HAGLIC ILRU 
CHAUOHAR 70 PR 0 2 2110 B.CHAUQHARY,E.MARQUIT (HINNESOTAJ 
GORDON 70 COO 1195 179 THESIStlLLINDIS ULU 
MICHAEL 72 PRL 28 1475 W.HtCHAEL,G.GIDAL ILBLJ ..................................................................... ........................ ·······:-· .................................. . 
I s*(lOOO) I· s• ClOOO,JPG•O++l l•O 

WE ONLY LJST DETERMINATIONS OF POLE POSITION. 
FOR EARLY WORK USING BREIT-WIGNER OR SCATTERING 
LENGTH PARAMETRIZATION IN FITS TO THE IK KBARI MASS 
SPECTRUM SEE REFERENCE SECTION AND OUR 1972 EDITION. 

6 

S-wave KR Interactions in the Region 990-1200 MeV 

* Under this entry we list parameters of the S pole 

in the IG(Jp)C = 0+(0+)+ wave. For discussion, 'see the 

entry "5-wave nn interactions," near the beginning 

of these Meson Data Card Listings. 

Note that possible evidence of D-wave nn inter

actions in the s* region is listed separately under 

YJN(1080). 

0 
PARTICLE DATA GROUP Review of Particle Properties S81 

Mesons 
6(970). H(990). s*(tooo). c/l(l019) 

3 REAL PART OF THE.S* POLE POSITION IHEVI 

H H 
H H 
H H 

97Q. 30. 130. HOANG 69 OSPK. 4. PJ-P,KS KS N 1/73* 
920. 80. 90. HOANG 69 OSPK 5. PI-P,KS KS N 1173* 

CALCULATED FROM SCATTERING LENGTH FIT OF HOANG 69. 
M B 1965. J BEUSCH 70 OSPK 4,6 PJ .. p 1173• 
M B CALCULATED FROM SCATTERING LENGTH FIT OF BEUSCH 70. 
M (996.01 BASOEVANT 72 RVUE 'SHEET 2 1173* 
M 997. S. PROTOPOPE 72 HBC SHEET 2 1. PI+ P 1173• 

AVG 5.0 AVERAGE I ERROR INCLUDES SCALE FACTOR OF l.OJ 

3 NEGATIVE IMAG. PART OF THE S* POLE POSITION CMEVJ 
CORRESPONDS TO HALF-WIDTH, NOT FutL WIDTH. 

40. 40. 
30· 30. 

113. J 
165-0J 
21. a. 

..,ANOTHER SOLUT I 00 HAS 

AVG 27.4 7 •• 

WANG 61 JETP 13 323 
BIGJ 62 CERN CONF 247 
BINGHAM 62 CERN CONF 240 
ERWIN 62 PRL 9 34 
SALT AY 64 DUBNA CONF 1 409 
BARMIN 64 DUBNA CONF 1 433 
CRENNELL 66 PRL 16 1025 
HESS 66 PRL 17 1109 

60. HOANG 69 OSPK 
70. HOANG 69 OSPK 

BEUSCH 70 OSPK 
BASOEVANT 72 RVUE 
PROTOPOPE 72 HBC 

52 MEV AND NO EPSILON POLE • 

4. PI-P,KS KS N 
5. PI-P,KS KS N 
4,6 PI-P 

7. PI+ P 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF l.OJ 

REFERENCES FOR S* 

WANG TStJ-TSENGIVEKSLER,VRANA,+ IJINiU 
A BJGI,S BRANDT, R CARRARA+ ICERNI 
H H BJNGHAM,H BLOCH + IEPOL+CERN) 
ERWIN, HOYER, MARCH r WALKER 1 WANGLER (WI SC+BNL I 
BAL TAY, LACH, CRENNELL rOREN, STUMP +( YALE+BNL J 
BARMI N 1 DOLGOLENKO, YEROFEEV ,KRESTNI + I ITEP I 
CRENNEL L, K AL BFLE ISCH,LAl tSCARR, SCHU+ CBNL I 
+OAHL+HARDY+KIRZ+MILLER . (LRL I 

BARLOW 67 NC 50A 701 +LILLESTOL+HONTANET+ ICERN+COEF+IRAO+LIVPJ 
BEUSCH 67 PL 25 8 357 +FISCHER,GOBBI,ASTBURY+ IETHZ+CERNJ 
DAHL 67 PR 163 1377 +HAROY+HESS+KIRZ+HILLER CLRL J 
ALITTI 68 PRL 21 1705 +BARNES,CRENNELL,FlAMJNIOIGOLDBERG,+ IBNLI 
LAI 68 PHILAO.CONF.P.303 KWAN WU LAI IBNU 
PHELAN 68 THESIS JAMES J. PHELAN tANL+ST.LDUIS UNIVJ 

ALSO 68 PRL 21 316 HOANG,EARTLY,PHELAN,ROBERTS+fANL+CHIC+NDAHI 
AGUl LAR- 69 PL 29 B 241 M. AGUJ LAR-BENI TE z, J. BARLOW t + ( CERN+CDEF) 

ALSO 67 BARLOW 
ALSO 69 NP B 14 195 

HOANG 69 NC 61 A 325 
HOANG 69 PR 184 1363 

BADJER 70 NP 8 22 512 
BATON 70 PL 33 B 528 
BEUSCH 70 PHJLA.CONF.P.l85 
HYAMS 70 PHilA.CONF.P.41 

ALSO 70 NP B 22 189 
OH 70 PR 0 1 H94 
ALSTON-G 71 PL 36 8 152 

M. AGUJ LA R-BENJ TE Z1 J. BARLOW,+ 
T.F.HOANG 
+EARll y, PHELAN, ROBERTS 1 + 

(CERN+CDEF J 
. IANLI 

I ANL+ILLCI 

+BONNET, DREVILLONt BAUBI LL I ER ,+ I EPOL+ IPNP I 
+LAURENS,REJGNIER (SACLAVJ 
W.BEUSCH CETHZ+CERNJ 
+KOCH, BEUSCHo+ ( CERN+HPI M+ETHZ+LOI C+HAWA I 
HYAMS, KOCH, POTTERo VON Ll NOERNt + (CERN+HPI M J 
+GARFINKEL, HORSE 1 WALKER, PRENTICE (W ISC+TNTOJ 
ALSTON-GARNJDST, BARBARo- GALT I ERI, + (LBL I 

BASDEVAN 72 PL 41 8 178 8ASOEVANT,FROGGATT1PETERSEN (CfRNI 
OAHERI 72 NC 9 A 1 +BORZATTA,GOUSSU,+ (GENO+MILA+SACLJ 
OUBOC 72 NP B 46 4Z9 +GOLDBERG, MAKOWSKI ,DONALD,+ ILPNP+LIVPJ 
FLATTE 72 PL 38 B 232 +ALSTON-GARN.IDST18ARBARD-GALTIERir+ ILBLJ 
GRAYER 72 PHIL.CONF.PROC. 5 +HYAMS,JDNES,SCHLEIN,BLUM,DIETL+ICERN+MPIMJ 
PROTOPOP 72 PREPRINT LBL-970 PROTOPOPESCUrALSTON,BARBARO,FLATTE,+ ILBLI 
WILLIAMS 72 PR 0 6 317B P.K.WILLIAMS IFSUJ 

FUJI I 73 NC 13 A 311 y.FU.JIItM.KATO ITOKYOI 

****** ••••••••• •o••••••• ••••••••• •••o••••• ••••••••• ••••o•••• •••••••• •••••• ••••••••• ••••••••• ;-•••••••• ••••••••• ••••o•••• ••••••"'** •••••••• 

I!/»( 1019) I . PHI U019,JPG•1-- l 1•0 

4 PHI MASS IHEVI 

1019.0 z.o SCHLEIN 63 HBC 2.D K- P 
1018.6 0.5 HILLER D 65 HBC Q.O PBAR P 
1020.0 z.o LONDON 66 HBC 2. 2 K-P 

H 1021.5 o.e ABRAMS 67 HBC 4.2 K- P 
H 1019. 3. BARLOW 67 HBC 1.2 PBAR P 
H 1021.0 4.0 DAHL 67 HBC 1-4 PI- P 
H 165 1022. 1.5 MOSTEK 6B OSPK 1.8 GAMMA + C 
M 1018. o.5 o •. 3s HYAMS 70 OSPK 11. PI- P 

" ( 1020., 11.1 SABRE 10 DBC 3.0 K- N 
H 1021.0 1.5 ALVENSLE 71 OSPK GAMMA+( 

" 1019.9 0.6 OJ BIANCA 71 oec 4o93 K- N 

" 410( 1019. 9) (0.3) STOTTLEHY 71 HBC 2.9 K-P,Y K KBAR 
H 120 1019.6 0.3 AGUILAR 7Z HBC 3.9,4.6 K- P 
H 100 1019.9 0.4 AGUJ LAR 72 HBC 3.9 ,4 .6 K- P 

87 102Q.B 0.8 BALAKIN 72 OSPK E+ E- COLL· BEAMS 
131 1020.4 0.5 COLLEY 72 HBC lQ.K+ P,K+ P PHI 

AVG 1D19.59 0.31 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .91 
I SEE IDEOGRAM BELOW I 

4 PHI WIDTH (MEV) 

w 3.5 1.0 M~LLER 0 65 HBC O.Q PBAR p 
w 6.0 •• o LONDON 66 HBC z.z K-P 
w 1.8 3.0 1.5 ABRAMS 67 HBt • . z K- p 
w llO.J OR LESS BARlOW 67 HBt 1.2 PBAR p 
w 165 (4. 5) (3.0) (2.0J MOSTEK •• OSPK 1.8 GAMMA + c 

B/66 
6/66 

11/67 
11/66 
9/66 
6/68 
6170 
1171 
)172 
1172 

11/71 
12/720 
12172• 
12172• 
12172* 

8/66 
6/66 

ll/67 
11/66 
6/68 

w 150 •• z 0.9 AUGUSTIN 69 OSPK E+ E- COLL·BEAKS.12172* 
w 4.09 0.29 BIZOT 70 OSPK ·E+ E- COLL.BEAMS 12/720 
w 3.3 1.5 o •• HYAMS 70 OSPK 11. PI- p 6/70 

4.67 0.42 SA LAKIN 71 OSPK E+ E- CQLL.BEAM 11/71 
5.5 1.3 1.1 OJ 81 ANCA 71 OBt 4.93 K- N 1/72 

14.71 10.71 LEFRANCOI 71 OSPK E+E- COLL. BEAMS 2173• 
w SUPERS.EOEO BY JEAN-MARIE 73. 
w 110 (4.51 13.0) (4.01 STOTTLEHY 71 HBt Z.9 K-P, Y K KBAR 11171 
w 120 4.6 1.0 o.B AGUILAR 72 HBC \3.9,4.6 K- p 12172• 
w 100 4. 7 1.3 1.0 AGUILAR 7Z HBt 3.9,4.6 K- P 12172• 
w 131 5. 0 1.3 COLLEY 72 HBC lO.K+ P,K+ p PHI 12172• 
w 3.81 0.3-4 .JEAN-MAR I 73 OSPK E+E- COLL .BEAMS 2173• 
w 
~--~~G -----~ 1~~~7 --~~~~G:_:~~~~ ~~~LUD!~~C~~~~~R -~~~~ 
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Mesons 
1/>(1019) 

UEIGHTEO ~UER~GE = 1019.59 ± 0.31 
ERROR SC~LEO BY 1.9 

·COLLEY 
·B~L~KIN 

·~GUIL~R 

72 HBC 
72 OSPK 
72 HBC 

·~GUIL~R 72 HBC 
·OI"BI~NC~. 71 OBC 
·~LUENSLE 71 OSPK 

f.!!.!2Q. 
2.6 
2.3 
0.6 
0.0 
0.3 
0.9 

·HYRMS 
·MOSTEK 
O~HL . 
·B~RLOU 

·~BR~MS 

·LONDON 

70 OSPK 
68 OSPK 
67 HBC 
67 HBC 
67 HBC 
66 HBC 

·MILLER 0 65 HBC 
·SCHLEIN 63 HBC 

14 .a 
2.6 

5.7 

3.9 

1014 1018 1026 1030 

32.9 
ICOHLEU 
=0.0001 

PHI M~SS IMEUJ 

4 PHI PARTIAL DECAY HODES 

Pl PHI INTO K+ K-
P2 PHI INTO Kl KS 
P3 PHI INTO Pl+'PI- PJO (INCLUDING RHJ PI) 
P4 PHI INTO ETA GAHMA 
PS PHI INTO E+ E- · 
Pb PHI INTO MU+ MU-
Pl . PHI INTO PIO GAHMA 
PB PHI INTO PI+ Pl- !VIOLATES GJ 
P9 PHI INTO PI+PI7GAHHA 
PlO PHI INTO OMEGA GAMMA (VIOLATES C) 
Pll PHI INTO ETA PIO (VIOLATES Cl 
Pl2 PHI INTO RHO GAMMA IVIOLATES (.) 
P13 PHI INTO ETA NEUTRALS 
Pl4 PHI INTO SPJ 

FITTED PARTIAL DECAY MODE BRANCHING .FJi.ACTIONS 

DECAY MASSES 
493+ 493 
497+ 497 
139+ 139+ 134 
Slr8+ 0 

.!)+ .s 
105+ 105 
134'* 0 
139+ 139 
139+ 139+ 
783+ 0 
SitS+ 134 
710+ 0 

The ma.trix below h derived'!rom the. error matrix !or the lltted partial decay mode 

branching fractions, Pi' aa !ollowa: The diagonal elemente are Pi:6Pi, where 

6Pi : ...j(6Pi6Pi), while the olf~diagonal elements arc the~ correlation coem~ 

cicnta (6P
1
6Pj)/(6P

1
• 6Pj). For the definitions of the individual .pi' aee the liatlnga 

above; only thoec Pi appearing In the matrix are aaaumed in the !tt to be nonzero and 

arc thUa conetrained to add to i. 
P1 P2 P3 ·Pit 

p 1 • .ft675+-. 0258 
p 2 -.3525 .3496+-.0272 
p 3 -.3805 -.6557 .1524+-.0304 
p 4 -.1338 -.1588 -.1287 .0305+-.0107 

4 PHI &RANCHING RATIOS 

Rl PHI INTO IK+ K-IITOTAL IPlJ 
Rl B 27 10.26) (0.06) 
Rl 
Rl 
Rl 
Rl 
Rl 

2sz o ... e o.o4 
c 10.4931 (0.0441 
C SUPERSEDED BY CHATELUS 71 

o.5~oo o.034 
O.lt86 0.044 

BAD I ER 
LI NOSEY 
BllOT 

SALAK IN 
CHATELUS 

65 H6C 
66 HBC 
70 OSPK 

11 OSPK 
71 OSPK 

10166 
2. 7 K-P 10166 

E+ E- COLL.&EAMS 11171 
11171 

E+ E- COLL.BEAH 11171 
E+ E- COll.&EAHS 11171 

Rl 
R1 AVG 
Rl FIT 

R2 
R2 B 
R2 
R2 
R2 
R2 AVG 
R2 FIT 

R3 
R3 
R3 
R3 FIT 

•• •• R5 ., 
•• 
R5 AVG 
R5 FJl 

•• •• •• R6 FIT 

R7 
RT 
RT 
RT 
R7 FIT 

o.022 
0.026 

PHI INTO CKL KSIITOTAL 

AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.61 

CP21 
25 (0.231 (0.061 

167 a. 40 o.o4 
0.257 0.038 

BAOI ER 
LINDSEY 
6ALAKIN 

65 H6C 
66 HBC 
71 OSPK 

10166 
2.7 K-P 10166 

E+ E ... COLL. BEAMS. 1173• 

o.325 o.on 
0.350 0.027 

AVERAGE !ERROR INCLUDES SCALE FACTOR OF 2.6) 
FRDH FIT IERROR INCLUDES SCALE FACTOR OF 1.61 

PHI INTO I PI+ PI- PJO IINCL.RHO PIIJITOTAL IP3J 
30 0.12 0.08 LINOS~Y 66 HBC 2.7 K-P ......... 

0.152 0.030 FROH FIT I ERROR INCLUDES SCALE .FACTOR OF 1.51 

PHI INTO IKL KSJI IK KBARl 
10 0.40 0.10 
52 0.48 0.07 

0.44 0.07 

SCHLEIN 
SADlER 
LONDON 

63 HBC 
65 Hac 
66 HBG 

IP2J/CPl+P21 
2.0 K-P 
3.0 K-P 
2.2 K-P 

0.448 0.044 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.01 
.0.428 0.027 FROM FIT"CERROR INCLUDES SCALE FACTOR OF 1.61 

PHI INTO IPH PI- PIO IINCL.RI<t PIJIICK KBARI IP3111Pl+P21 
0 .. 30 0.15 LONDON 66 HBC 2.2 ,K-P . ....... . 
0.187 0.044 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.5) 

PHI INTO CPI+ Pl- PIO CINCL.RHO PUIICKl KSI 
10.31 OR LESS BERLEY 65 HBC 
0.69 0.14 BlZOll 70 OSPK 

tP31/IP2) 
2.9 Pl+P 

E+ E- COll.&EAH 

0.44 0.11 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.51 

o10166 

10166 
11167 

.1DI66 

10166 

10166 
1171 

Data Card Listings. 
For notation, see key at front of Listings. 

•• 
·~ •• .. 
•• 
'RIO 
RlO 
RlO 
RlO 
RlO 
RlO 
R10 AVG 

Rll 
Rll 
Rll 
Rll A 
Rll A 
Rll 
Rll 
Rll 
Rll AVG 
RH Fll 

Rl2 
012 

Rl3 
Rl3 

••• ••• 
Rl5 
Rl5 

PHI "INTO I PI+ PI-II(K KBARI (SEE ALSO Rl8J IP8JI(Pl+P21 
ID.21 OR LESS lONDON 66 HBC 2.2 K-P 

PHI INTO IE+ E-1/IK+ K-J IUNITS 10*._4) IP5111PlJ 
I SEE ALSO R16J 
40 . 6.1 1.1 BECKER 68 CNTR GAMMA C 

PHI INTO IHU+- Hu-1/TOTAL IUNJTS 10*-41 
3.5 3.5 • 1.8 WEtflANN 
2.34 1.01 HOY 
2.11 0.60 EARLES 
2.69 Oo46 HAYES 

68 OSPK 
69 CNTR 
70 CNTR 
71 CNTR 

IP6) 
12 K- C 

PHUTOPRQO. 
6.0 BREHSSTR. 

PHOTO PROD. 

2.50 0.34 AVERAGE I ERROR INClUDES SCALE FACTOR OF l,QJ 

PHI INTO lETA GAMMAIITOTAL 
10.21 OR LESS 
10.081 OR LESS 

10 {0.0201 (0.00751 
SUPERSEDED BY 8ENAKSAS2 72. 
27 0.073 0.019 
25 0.026 0.007 

SADlER 
LINDSEY 
BENAKSAS 

65 HBC 
66 HBC 
70 OSPK 

. BASILE .72 CNTR 
8ENAKSAS2 72 OSPK 

IP41 
3.0 K-P 
2. 7 K-P 

,. E-

1.8 PI- P 
E+E- COLL. BEAMS 

o.o32 o.ots 
o.o3o o.ou 

AVERAGE tERROR 1NCLUDES SCALE FACTOR OF 2.3) 
FRO" FIT IERROR INCLUDES SCALE FACTOR OF 1.61 

PHI· INTO CPI+ PI- GAHMAJIIK KBAR) CP9JI(Pl+P21 
10.051 OR LESS . LINDSEY 65 HBC 2. 7 K-P 

PHI INTO (ETA NEUTRAlSJIIK KBARJ IP13111Pl+P21 
10.151 OR LESS LINDSEY 66 HBC 2.7 K-P 

PHI INTO IOMEGA GAHKAI I TOTAL IPlOI 
(0.051 OR LESS LINDSEY 66 HBC 2.7 K-P 

PHI INTO ·CRHO GAMMA! I TOTAL IP121 
10.021 OR LESS LINDSEY 66 HBC 2. 7 K-P 

Rl6 PHI INTO IE+ E-1/TOTAL IUNlTS 10•-41 (PSI. 
Rl6 CSEE AlSO R9) 

10166 

9168 

6168 
11170 
11170 

.11/71 

10166 
10166 

2172 

12172• 
2173* 

10166 

10166 

10166 

10166 

R16 A 5 16.61 lit.4J. 12.81 ASTVACATU 68 OSPK 4 PI- P - 6168 
R16 A ERROR OF ASTVACATUROV 66 DOES NOT INCLUDE SIGHAIPHII UNCERTAINTY. 6168 
Rl6 27 7.2 3.9 BINNIE 68 OSPK 1.6 PI-P • 6168 
Rl6 9 6.1 2.6 BOLLlNJ 68 CNTR 1.9 PI- P 9166 
R16 C 13.451 10.27J 6IZOT 70 OSPK E+ E- COLL.6EAMS 11171 
Rl6 C SUPERSEDED BY CHATELUS 71 11171 
Rl6 2.81 0.25 6ALAKJN 71 OSPK E+ E- COLL.BEAM 11171 
R16 3o50 0.21 CHATElUS 71 OSPK E+ E- COLL.BEAHS 11171 
R16 • • • • • • • • • 
Rl6 AVG 3.15 0.34 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.91 

Rl7 
Rl7 
Rl7 A 
Rl7 A 
Rl7 

R18 

··~ Rl8 

PHI INTO IPIO GAMHAIICTOTALI 
l.oo351DR ·tess 

I0.0024JDR LESS CL=.95 
SUPERSEDED BY 8ENAKSAS2 7Z 

7 10.00251 (0.00121 

IP71 
BEMPORAD 69 CNTR 5.5 GAHMA N 
BENAKSAS 70 OSPK E+ E-

BENAKSAS2 72 OSPK E+E- COLL. BEAMS 

PHI INTO CPJ+ PI-1/ITOTALI CUNITS lQ0-4) I PSI 
ISEE ALSO RBI 

I 50D. I OR LESS 1.7-2.7 K-P • 

7169 
2172 

RlB 

••• RlB 

(50.) OR LESS CL=.95 
180. I OR LESS CL=.95 
12.71 OR LESS CL ... 95 

LINOSEY2 
8IlOT2 
BALAKl N 
ALVENSLE 

65 HBC 
70 OSPK 
71 OSPK 
72 OSPK 

E+ E- COLL.8EAMS 11171 
E+ E- COLL.BEAM 1171 

GAHMA+C 1/12 

••• ••• Rl9 

PHI INTO IKL KSJIIK+ K-1 CP21/IPII 
144 ·o. 69 o.1o AGUILAR 72 HBC 3.9,4.6 K- P 12172• 
125 1.15 0.15 COLLEY 72 HBC lO.K+ P,K+ P PHI 12172• 

••• R19 AVG 0.97 0.12 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.4) 
Rl9 FIT 0.748 0.082 FROM FIT IERROR INCLUDES SCALE FACTOR Of 1.61 

R20 PHI INTO IPI+ PI- PIOIINC.L.RHO PIJI(K+ K-J IP31/IPIJ 
R20 34 0.28 0.09 AGUILAR 72.HBC 3.9,4.6 K- P 12172* 
R20 • o , o • • • .. • 

R20 FIT 0.326 0.074 FROM FIT !ERROR INCLUDES SCALE FACTOR Of 1.~1 

R21 
R2l 

PHI INTO 12PJ+ 2PI- PIOIIIK+ K-1 
10.021 OR LESS CL.,0.95 AGUILAR 72 HBC ........................ ···-···· .................................. ... 

REFERENCES FOR PHI 

BERT ANZA 62 PRL 9 180 BERT ANlA ,SRI SSON, CONNOLLY, HART + I BNL+SYRA I 
GELFAND 63 PRL 11 438 GELFAND,HILLER,NUSSBAUM,KIRSCH+ ICOtU+RUTGJ 

GELFAND 63 DATA INCLUDED IN HILLER 65 BELOW 
SCHLEIN 63 PRL 10 368 SCHLEIN,SLATER,SMilH,STOR)(;,TJCHO IUCLAJ 

BAOI ER 65 Pt 17 33,7 
BERLEY 65 PR 1·39 8 1097 
GAL TJERI 65 PRL loft 279 
LINDSEY 65 PRL 15 221 

BAD I ER, DEMOULIN, BARLOUTAUD+ 
0 BERLEY ,N GELFAND , 

ISACL+ZEEHJ 
IBNL+COLUMBJAJ 

~CLRLI 
ILRLI 

A BARBARO GALTIERI,R 0 TRIPP 
JAMES S LINOSEY,GERAlD A SMITH 

LINDSEY 65 DATA INCLUDED 
LINOSEY2 65 UCRL 16526 

IN L1 NOSEY 66 BE.LOW 
JAMES S. liNDSEY I THESIS I 

MILLER a 65 Cu-2371NEVIS 1311 DAVID C MILLER ITHESISI 
ILRLJ 

(COLUMBIA) 

GRAY, L 66 PRL '}7 501 +HAGERTY,BIZZARRI,CIAPETTI + I SYRA+ROMA IJPG 
ILRL'I 
ILRll 

LINDSEY 66 PR 147 913 JAMES S LINDSEY, GERALD A SMITH 
LJNDSEY1 66 PL 2D 93 J.S .. llNDSEYr GoAoSHJTH 

LINDSEY 1 66 DATA INCLUDED IN liNDSEY 6& ABOVE 
LONDON 66 PR 143 103ft LONOON,RAU,SAHIOS,GOLD8ERG + IBNL+SYRACUSEI 

ABRAMS 67 MO TECH REP 720 
. 8ARLC»f 67 NC SOA 701 

CHASE 67 PRL 18 710 
DAHL 67 PR 163 1377 
HERTZSAC 67 PR 155 1461 
KHACHATU 67 Pl 248 34t9 

ABRAMS 68 PR 175 1697 
ASTVACAT 68 PL 27 B 45 

ALSO 67 PRL 19 869 
BECKER 68 PRL 21 1504 
BINNIE 66 PL 278 106 
BOLLINI 68 NC 56 A 1171 
MOSTEK 68 PRL 20 1057 
WEHf'IANN 68 PRL 20 '746 

GERALD ABRAMS t THESIS CHARYLANOI 
+L ILLESTOL+MONT A NET+ I CERN+COEF+IRAO+L I VP I 
R. C.CHASE, P. ROTHWE lLoR• WEINSTEIN I CEA+NEAS) 
+HAROY+HESS+KlRl+MilLER ILRU 
HERTl6ACH,KRAEMER, M.AOANSKI I lDANl S+ IJHU+BNLI 
KHACHATURYAN+Al I MOV+BALO JN+SELOUSOV+ I OUBNAJ. 

+GLASSER ,KEHOE, S ECHI-lORNr WOLSKY I KARYLANOI 
ASTVACATUROV ,AZI MOV ,BALDIN+ IJ JNR+HOSCOW I 
ASBURY 1 8ECKERoBERTRAM, T I NG+ ( DESY+COLUMBI AJ 
+BERTRAM ,BINKLEY, JOROANoKNASEL+ I DESY+MI T I 
+DUANE+FARUO I+HORSEY+ I LOl C+ RHELI 
+8UHLERoDALPIAZ, MASS AM+ ICERN+BGNA+STRBJ 
+E I SENHANOLER1 MCCLELLAN, f'U ST RY+ (CORNELL I 
+ENGELS+ IHARVARD+CASE+SLAC+CORNELL+HCGilll 

·.AUGUST IN b9 PL 28 8 517 +81 lOT, BUON, OELCOURT ,HAl SS INSK I,+ lOR SAY I 
BALAKIN 69 IYAF 327 TRANS +BUDKER,KORSH\JNOVoMISHNEVoSIOOROV+ tHOVOJ 

ALSO 69 SJOOROV 



0 

Data Card Listings 
For notation, see key at front of Listings. 

·~ BEMPORAO 69 PL 29 8 383 +BRACCINI,CASTALDI,LUBELSMEYER,+(PISA+BONNJ 
HOY 69 THESIS KEN MIN HOY (NORTHEASTERN UNIVERSITYI 
SCOTTER 69 NC 62 A 1057 +ERSKINE,PALER,+ (81RM+GLAS+LOIC.+MPIM+OXFI 
SIDOROV 69 LIVERPOOL SYHP,ON ELECTRONS+PHOTONS,P.227, SIDOROV lNOVOI 

SALAK IN 70 PREPRINT 
BENAKSAS 70 LAL 1240 
BIZOT 70 Pl 32 ltl6 

ALSO 69 PERE 1-Y-JORBA t 
BIZOTl 70 PRJV.COHM. 
BIZOT2 70 LNC 4 1273 
EARLES 70 PRL 25 1312 
HYAMS 70 NP 8 22 189 
SABRE 70 PREPRJNT 

+BUTLER, PAKHTUSOVA rS JDOROV t SKR INSKYt +(NOVO) 
+CO SHE ,JEAN-MARl E, JULLJ ANr LA PLANCHE+ (QRSA I 
+BUONt CHATEL US, JEANJ fAN, LALANNEr + toRS A I 

LIVERPOOL SYHP.69 
PEREZ-Y-JORBA (QRSAJ 
+DELCOUR T' JEANJEAN ,LALANNE I+ (ORSAY J 
+FA I SSLER 1 GETTNE R r lUTZ ,HOYt TANG,+ I NEAS I 
+KQCH,-POTTER 1 V .liN CERN ,LORENZ, lUT J ENS I CERN J 
SABRE COLLABQR.. C SACL+AMST+BGNA+REHO+ EPOL I 

ALVENSLE 11 PRL 27 441 ALVENSLE8EN,8ECKER,8USlAtCHEN,+ IHIT+OESYJ 
BAlAKIN 71 Pl 34 8 328 •BUOKER,PAKHTUSOVA,SIOOROV,SKRINSKY,+INOVOJ 
OI81ANCA 71 NP 8 35 ·13 •EJNSCHLAG,ENOORF,ENGLERtFJSK,+ CPITTJ 
CHATELUS 71 LAL 1247(THESJSJ Y.CHATElUS ISTRAS80URGI 
HAYES 71 PR 0 4 899 +IM.lAY,JOSEPH,KEJZERtSTEIN ICORNI 
LEFRANCO 71 PREPRJNT LAll256 J .. LEFRANCOIS IORSAYI 
STOTTLEH 71 THESIS A .. R .. STOTTLEI'IYER IM.ARYLANOJ 

AGUILAR 72 PR 0 6 29 
ALVENSLE 72 PRL 28 66 
BALAKJN 72 Pl 40 8 431 
BASILE 72 NP 8 44 605 
BENAKSAS272 Pl 42 B 511 
COLLEY 72 NP B 50 1 

JEAN-MAR 13 PRIV .. COHJ1. 

AGUILAR-BENITEZ ,CHUNG? ElSNER ,SAM. lOS I BNU 
Al VENSlE BEN, BECKER, BIGGS ,8 INKLEY+( Ml T+DESY J 
+BOKJN 1 PAKHTUSOVAt SJ OORQV, + I NOVOS I 8 IRSK I 
+OALPJ Al, FRABETT I, ll CHICHI H CERN+BGNA+STRB J 
+COSME 1 JEAN-MARl E, JULL I AN,LA PlANCHE+ IDRSAY I 
+JOBES 1 RI ODI FORD,GRJ FF IT HS ,+ I BIRM+Gl AS J 

B .. JEAN-HARIE I G .P.ARROUR CORSAYJ 

•••••• ••••••••• ••••••,.•• ••••••••• ********* ••••••••• ..... o•••• •••••-• ............... •••••'~~••• ......... ··(!······ .......................... . 
67 MC1033l 

EVIO~NCE NOT COMPElliNG .. OMITTED FROM TABLE .. 

67 HI 1-0331 MASS IMEVJ 

6 0 
PARTICLE DATA GROUP Review of Particle.Properties S83 

Mesons 
r/>(1019), M(1033),. B1(1040), 17N(1080), A1(1lOO) 

Note that the selection made in some HBC experi

ments to reduce the background under the nN( 1 080) 

in the reaction 1T-p - 1T + 1T- n may lead to a sample of 

events ambiguous with , - p - p1T- ,o,o. This is so 

because selection on small momentum transfer to the 
+ - - - . 1T , system, together with·large 1T. 1T t scattermg 

1n au + 
angle, leads to rather high lab momenta of the 1T , so 

that ionization cannot be used to discriminate between 

the two hypotheses (BATON 70, footnote, p. 525; and 

private communications from G. Laurens). 

'----- ------- --~----. --..------ -----·-- ------- --------- --------
30 ETA N MASS IMEVJ 

1060.D 15.0 HillER 68 HBC 4 .. 0 Pl- P 9/68 
70 1085.0 10.0 WHITEHEAD 68 ASPK • 3.1-3,6 PI-P 10/67 

1120.D 100.0 40.0 OH 69 HBC l.PI- P,PI+ 0 9/69 
1112.0 16.0 CLAYTON 70 HBC 2.5 PBAR P,4 PI 1171 

c 1080.DI DIAl 70 HBC a. PBAR P 1 4 PI 5170 
1070.0 20.0 REYNOLDS 70 HBC 2.26-2.36 PI- P 1171 

A~G 1083.3 ... AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.4) 

30 ETA N WIDTH IHEVI 

170.0) OR LESS MILLER 68 HBC 4.0 PI- P 9/68 
125.01 OR LESS WHITEHEAD 68 ASPK 3.1-3.6 PJ-P 10/67 .. 150.0 100.0 •4o.o OH 69 HBC 7.PI- P,PJ+ 0 9/69 

24D 1032.6 2.3 GARFINKEl 12 MMS 0 2 .. 4 PI- P,N MM 12172* W 180.01 ClAYTON 70 HBC 2. 5 PBAR ·p,4 PI 1171 

67 HC1D331 WIDTH IHEVJ 

240 16.2 ... 7.5 GARFINKEl 72 HHS 0 2.4 PI- P,N HH 12172* ........ .......... .......... ........... ......... ......... ......... ........ . 
REFERENCES FOR Mll0~3J 

GARFINKE 72 PRL 29 1477 GARFINKEL, HOFFMAN, JACOBEL-; + I PURO+ANL +IOWA J ..................................................................... 

Pl 

····-

48 B1U0401 MASS IMEVI 

.11040. J OEFOJX 72 HBC +- O. 7 PBAR P,, 7 P9 2173* 

48 81(10401 WIDTH IHEVI 

155.1 OEFOJX 72 HBC +- 0.7 P8AR P,7 P9 

48 81110401 PARTIAl DECAY HODES 

Blfl0401 INTO OMEGA PI 
•DECAY MASSES 

139+ 783 ......................................................... 
REFERENCES FOR Bl(10401 

OEFDIX 72 SUBHJTTEO TO PL +008RlYNSKI,ESPIGAl,NASCIMENTo',+ ICOEFI .................... ~ .......................................... . ...... ......... .......... ......... ......... ......... ......... ....... . 
30 ETA N C 1080, JPG"'N +I I•D J GA. EATER THAN 1 

SOME EXPERIMENTS SUGGEST J•2. 

OMITTED FROM TABLE 

Note on,/,- Peaks Called 1JN(1080) 

The TIN( 1 080) is seen irt 1T-p - 1T + ir- n predominant

ly at backward decay angles, cos e < -0. 75. OH 70 

state that this "bump is almost certainly the result 

of P-D interference. 11 

• lBO. OJ DIAl 70 HBC O. PBAR P, 4 PI 5/iO 
85.o 35.0 REYNOLDS 7D H8C 2.26-2.36 PI- P 

AVG 98.0 31.3 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

• ••••••••••••••••••••••• •••••to••• ••••••••••••••••••••••••••••••••••• 

HILLER 68 PRL 21 1489 
~HITEHEA 68 NC 53 A 811 
OH 69 PRL 23 331 
BATON 70 PL 33' 8 528 
CLAYTON 70 NP B 22 85 
CIAZ 70 NP 9 16 239 
OH 70 PR D 1 2494 
REYNOlDS 70 NP 8 21 77 
WHITEHEA 72 NP B 48 365 

REFERENCES FOR ETA N 

+GUT AY, JOHNSON, KENNEY+ (PURDUE +NOAH+ SLAC I 
C.WHJTEHEAD + IAERE+SHMP+lOICI 
+WALKER, CARROLL, FIRE BAUGH,+ I ~ISC+ TNTO I 
+LAURENS,REIGNJER ISACLAYI 
+HASON,HUl RHEAO, RI GO POULOS,+ ILIVP+ATENJ 
+GAVI LlET ,LABROSSE ,HONTANET+ I CERN+CDEF J 
+GARFINKEL ,HORSE, HAL KER, PRE NT ICE I W tSC+TNTO J 
+ALBRIGHT, BRADLEY, + f OH IO+FSU+H INN+ COLO J 
WHITEHEAO,AULDo• I AERE+RHEL+SHMP+LDUCJ 

•••••• ••••••••• ••••••••• ••••••••o ••••••••• ••••••••• ••••••••• •••••••• ,. ••••••••••••••.•••••••••••••••••• •.cr••····· ••••••••• ,. •••••••• •••!!'•••• 

AllllOOt JPG.,l+-1 1=1 

The A 1 - p1T bump has been mainly observed 

in the diffraction-like process 1TN- (1T1T1T)N without 

quantum number exchange and at small momentum 

transfer. There are also observations of structure 

in the A 1 mass region'in reactions with production of. 

additional mesons, and 1n backward production from 

pions (see Data Card Listings). The indications for 

A 1 production in .charge exchange reactions, or in 

pp annihilation, do not appear significant. 

The dominant effect in the A
1 

mass region, 

for diffra.ctive three-pion production, is a broad 
p. + 

J = 1 p1T S-wave enhancement starting from pn 

1171 

threshold; it has a maximum at -1150 MeV and a 

width of the order of 300 to 400 MeV (ASCOLI 71 and 

72). Such a behavior is obtained in Reggeized pion ex

change models (the so-called Deck effect) [BERCiER 

71). In recent partial wave analyses of the .three-

pion system (ASCOLI 72) one finds very little phase 
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Mesons 
At(llOO), M(1150) 

variation of the Jp = f+ (1 = 0) p-rr ampl~tude r_elative 

to various possible "background" amplitudes. Though 

not completely model-independent, these results sug

gest that the Jp 1+ p-rr system is not resonant in the 

A 1 mass region. The observed effect may still be 

due to a pole on an unphysical sheet, shielded from the 

physical region by a cut due to coupling to e. g. the 
* . 

S -rr channel (WRIGHT 72). In this case the Breit-

Wiger approximation is not a good representation of 

the effects of the pole. (For further discussion of our 

criteria for resonances, see ou'r text, Sect. III, 3). 

M 
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" " " " " " " " " " " H 
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w 
w 
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For a recent review of the A1 , see DIEBOLD 72. 

PRODUCED BY PI + 
( 1080.01 

10 Al MASS IHEYJ 

( 1080. I APPROX. 
( 1040 .. 01 

PRODUCED BY PI -
I 1060. J 
( 1089.01 112.01 
I 1090. I APPROX. 
(1055.01 16.01 
11119. J 130. I 

SHOULDER,ON AZ ONLY 
11069.0) (7.0) 

AOERHOLZ 64 HBC 4.0 PI+P 
BOESEBECK 68 HBC + 8 PI+ P 
ARMENJSE 70 HBC 0 9 PI+ N- Al P 

ASCOU 68 HBC -0 5 PI-P 
BALL AM 68 HBC - 16.0 PI- P 
CHUNG 68 HBC - 3.2,4.2 PI-P 
JUNKMANN 68' HBC - 16. PI- Pr SPI 
KEY 68 HBC - 3 PI-P 

CASO 10 HBC - lloZPI-P 
( 1120.0) ,CRENNELL 70 HBC - 6. PI- P,F P1 

PRODUCED BY PJONS,BACKWAROS SCATT. 

6/68 
1171 

6/68 
9/68 
2/67 
9/69 
9/68 

5170 
5170 

(1115.01 120.01 ANDERSON 69 MMS - 16 PI- Pr6ACKW9. 8/69 
I 1046. J I 10.1 BUHL 11 HBC - 2• 5 PI- P 

PRODUCED BY PBARS, SEE TYPED NOTE. 
I 1054. I C7. I OANYSZ 67 HBC +- 3, 3.6 PBAR P 
11042.1 12l.J FRIDMAN 68HBC +- 5.7PBARP 
11076.1 15.1 ATHERTON 12 HBC +- 5.7 PSAR P 

JP ANALYSIS GIVES Sf?ME EVIDENCE FOR RHO PI D-~.AVE 

PRODUCED BY K-, SEE TYPED NOTE. 
11111.) 110.) 
11117.1 130.1 
11060.1 I 15.1 

PRODUCED BY K+, SEE TYPED NOTE. 

ALLISON 
ALLJ SON 
JUHALA 

67 HBC + 6 K-P,LAH +5 PI 
67 HBC + 6 K-P,LAH +4 PI 
67 HSC 0 4.b-5 K-P 1 5BODY 

K+ 11060.01 120.01 ALEXANDER 69 HBC + 9 K+P 
K+ 11030.01 120.01 BERLJNGHI 69 HBC + 012.7 K+ P 
K+ FOR CONTRADICTORY EVI OENCE SEE RABIN 70 AND TYPED NOTE. 

• 
A AVERAGING NOT MEANINGFUL 

10 A1 WIDTH IMEVI 

PROOUCE.O BY PIONS, R"ESONANCE INTERP. CONFUSED BY DECK EFFECT 

PRODUCED BY PI + 
180.01 ADERHOLZ 64 HBC 4.0 Pl +P 

.11/11 

7/67 
6/68 
1173• 
1113• 

1/68 
l/68 
1/68 

9/69 
9/69 

1130. l APPROX. BOESEBECK 68 HBC + 8 PI+ P 6/68 
150.0J OR LESS ARHENISE 70 HBC 0 9 PI+ N -~ Al P 1/71 

I 300.1 APPROX. RINAUDO 71 HBC + 5. PI+P,P I3PII+ 11/71 
FOR JP•l+ I RHO PI J STATE 

PRODUCED BY PI -
1140.01 cn.oJ 
I 125. J APPROX. 

(71.01 117.01 
(76. I (46.) 

SHOULDER ON A2 ONLY 
199.01 (15.01 

PRO.DUCEO BY PIONS, BACKWARDS SCATT. 

BALLAH 68 HBC 
CHUNG 68 HBC 
JUNK MANN 68 HBC 
KEY 6B HBC 

CASO 70 HBC 

11171 

- 16.0 PI- P 9/68 
- 3.2,4.2 PI-P 2/67 
- 16. PI- P, SP1 9/69 
-3.QPI-P 11/67 

- 11.2PI-P 5170 

(9·8.01 145.01 120.01 ANDERSON 69 HHS - 16 PI- Po6ACKW9 8/69 

PRODUCED BY PBARS, SEE TYPED NOTE. 
133. I (l9.) OANYSZ 67 HBC +- 3,3.6 PBAR P 7/67 

( 1.30. J APPROX. FRIDMAN 6B HBC +- 5. 7 PBAR P 6/68 
136.1 120.1 115.1 ATHERTON 72 HBC +- 5.7 PBAR P 1173• 

JP ANALYSIS GIVES SOME EVIDENCE FOR RHO PI D-WAVE 1173• 

PRODUCED BY K-, SEE TYPED NOTE. 
150. I 150.1 
150. J 125.1 

u2o.1 115.1 

PRODUCED BY K+, SEE TYPED NOTE. 

ALLISON 
ALLISON 
JUHALA 

67 HBC + 6 K-P,LAM +4 PI 
67 HBC + 6 K-P,LAM +5 PI 
67 HBC 0 4.b-5 K-P,SBODY 

1160.01 120.01 ALEXANDER 69 HBC + 9 K+P 
B 1120.01 130.0) BERLINGHl 69 HBC 12.7 K+ P 
K+ FOR CONTR~OICTORY EVIDENCe SEE RABIN 70 AND TYPED NOTE. 

1130.01 120-0J BERLINGHl 69 HBC + 0 12.7 K+ P 

AVERAGING NOT MEANINGFUL 

l/68 
l/6B 
1/68 

9/69 
8/69 

9/69 

Data Card Listings 
For notation, see key at front of Listings. 

Pl 
P2 
P3 
P4 
PS 

10 Al PARTIAl DECAY MODES 

Al INTO RHO PI 
Al INTO KBAR K 
Al INTO ETA PI 
Al INTO ETA PRIME PI 
Al INTO 3 PI 

10 Al BRANCHING RATIOS 

DECAY MASSES 
770+ 139 
493+ 497 
548+ 139. 
958+ 139 
139+ 1.39+ 139 

IP2JI(PlJ R1 
R1 

Al INTO IKBAR KJ/(RHQ Pll 
I0.0025JOR LESS DAHL 67 HBC - 4.0 PI- P .10/66 

•••••• ••••••••• ••••••••• ••*•*•••• ••••••••• ••••••••• e•••••••• •••••••• 

BELLINI 63 NC 29 896 

AOERHOLZ 64 PL 10 226 
GOLOHABE 64 PRL 12 336 

REFERENCES FOR Al 

BELL IN I, FIORINI 1 HERZ ,NEGRI, RATTI (MILAN) 

AACH+B ER l +B I RM+BON N+ DE SY +HAMBURG+LO I C+ MP 1 H 
GOLDHABER, BROWN, KAOYK, SHEN+ ILRL+UCB I 

LANDER 64 PRL 13 346 A LANDERtABOLINS,CARHDNY,HENORICKS + IUCSOI JP 

ABOL INS 65 ATHENS I OHI OJ CONF. +CARMONY olANDERt XUONG, YAGER 
ALITTI 65 PL 15 69 ALITTJ,8ATON,OELER,CRUSSAR0+ 

ILA JOLlAII.,l 
ISACL+BGNAJ 

AllARD 66 NC 46A 737 
OEUTSCHM 66 PL 20 82 

. HESS 66 UCRL-16832 

ALLISON 67 PL 25B 619 
DAHL 67 PR 163 1377 
OANYSZ 67 NC 51 A 801 
JUHALA 67 PRL 19 1355 

+DR IJARO+HENNESS Y+ I OR SAY+ MILAN+SACL +UCB J 
DEUTSCHMANN, STEt NBERG + IAACH+BERUN+CERNI 
R I HESS ITHESIS, BERKELEYJ (LRU 

+CRUZ+ IOXF+HPIM+BIRM+RHEL+GLAS+LOICJ . 
+HARDY+HESS+KlRZ+MilLER (LRLI 
OANYSZ+FRENtH+SJMAK (CERNJ 
+LEAC.OCK+RH10E+KOPELMAN+ I IOWA+COLOJ 

SLATTERY ·67 NC 50A 377 +KRAYBILL+FDRMAN+FERBEL IYALE+ROCHJ JP 

ARHENISE 68 Pl 26 B 336 
ASCOLI 68 PRL 21 113 
BAlLAH 68 PRL 21 934 
BoEsEBec· 6B NP B 4 501 
CASD 68 NC 54 A 983 
CHUNG 6B PR 165 1491 
CNOPS 68 PRL 21 1609 
FRIDMAN 6B PR 167 126B 
JUNKHANN 68 NP 68 471 
KEY 68 PR 166 1430 

ALEXANDE 69 PR 183 116B 
ALLABY 69 PL 29B l9B 
ANDERSON 69 PRL 22 1390 
BERLINGH 69 PRL 23 42 
DONALD 69 NP 6 11 551 
FAYOLlE 69 NP B 13 40 
JUHALA 69 PR 184 1461 
KENYON 69 PRL 23 146 

ARMENISE 70 LNC 4 199 
BRANDENB 70 NP Bl6 3€:9 
CASO 70 LNC 3 707 

ALSO 6B CASO 

+FOR INO+CARTACC I+ I BAR I+BGNA+F I RZ+ORSAY I 
+CRAWLEY 1 KRUSE ,t-iORTARA,SCHAF ER ,+ I ILLINOIS I 
+BRODY ,CHADWICK, FRIEs, GU IRAGOSS 1 AN+ I SLACIJP 
BOESEBECK, OEUT SCHMANN, +I AACHEN+BERLI N+CERNI 
+CONTE+CORDS+O lA Z+ I GENOVA+HAMB:+HILA+ SACL J 
S. U.CHUNG, O.DAHl, J.KI RZ, D. H. MILLER I LRL} 
+HOUGH 1 COHN 1 BUGG+ IBNL+ORNL+UCNO+T ENN+PENN I 
+MAURER, Ml CHALON ,OUOET+ IHE I 0+ STRASBOURGJ 
+COCCONI + I AACH+BERL+BONN+CERN+WARS J 
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WI SC J 

G.ALEXANDE R, A.F IRE STONE ,G. GOLDHABER ILRLI 
+B1NON+D I OOENS+DUT El L+KLOVNI NG+ • • • I CERN I 
+COLLINS,+ IBNl+CARNJ 
BERLINGHIERI,FARBER,+ IROCHJ 
+EDWARDS, BURAN, BETTI Nl, + ILIVP+OSLO•PAOQ J 
+DE MONTAIGNAC,HORANO,STRACHMAN• IPARJSJ 
+LEACOCK, RHODE, KOPELMAN, LISSY,+ I ISU•COlO I 
+KIN SON, SCARR ,+ C BNL•UCND+ORNLI 

+GH JOIN I, FOR. lNG, CART ACC J,+ I BAR I+BGNA+F I RZ J 
+BRENNER ,JOFFRE.OO, JOHNSON, KIM+ (HARVARD) 
•COROS,COSTA+ I GENO+DES Y+HAMB+HI LA+SACLJ 

CRENNELL 70 PRL 24 781 +KARSHON,LAI,SCARR,SJHS IBNLJ 
CHIEN! 70 TORONTO PREPRINT +CHAO,JOHNSTQN,PRENTICE,WAlKER ITNTO+WISCJ 
CHIEN2 70 JHU 7011 C.Y.CHIEN !JOHNS HOPKINSJ 
GARELICK 70 PHILAO.CONF.P.205 O.A.GARELICK,REVIEW . !NORTHEASTERN) 
RABIN 70 PRl 24 925 +GALTIERJ,OERENZO,FLATTE,FRJEOMAN+ ILRLJ 
SHIH 70 BNL 14059-REV +YOUNG IBNLI 

ASCOLI 71 PRL 26 929 
BEMPORAO 71 NP 8 33 397 
BERGER 11 PHENOMENOLOGY 
BUHL 71 PREPRINT 

ILL I NO I S+GENO+HAMB+HIL+SAC L•HARV+TNTO+WI sc 
+BEUSCH, HELl SSJNOS ,+ I C ERN+ETHZ+LOIC+HJ LA I 

IN PARTICLE PHYSICS, CALTECH 1971 CLRLI 
+CUNE,TERREL IWISCONSINI 

LAMSA 71 PREPRJNT +EZELL 1 GAJOOS,WILLMANN IPUROJ JP 
RINAUDO 71 NC 5 A 239 

ANTIPOV 72 PHIL .• CONF.PROC. 
ATHERTON 72 SUBH. TO PL 
BERENYI 72 NP 6 37 621 
BLOOOHOR 72 NP 6 46 402 
DIEBOlD 72 BATAV.CONF. 
LAMSA 72 NP 8 41 3B8 
MORSE 72 NP 8 43 77 

+BOECKHANN 1 MAJOR• I TOR I +BONN+OURH+N IJM+EPOL I JP 

+ASCOLI, BUSNELLO, DAMGAARD, + IS ERP+CERN J 
+FRANEK, FRENCH, GHI OJ Nl t HILPERT,+ I CERN I 
+PRE NT ICE, STEENBERG, YOON, WALKER I TNTO+WI SC J 
BLOODWORTH ,JACKSON, PRE NT ICE, YOON (TORONTO I 
R.OIEBOLO RAPPORTEUR TALK IANU 
+EZELL,GAIOOS,WILLMANN IPUROUEI 
+OH, WALKER 1 JOHNS TON, YOON C WI SC+TNTOI ..................................................................... 

••••- ••••••••• ••••••••• ••••••••e ••••••••• ••••••••• ••••••••• o••••••• 

68 HI 1150) 

EVIDENCE NOT COHPELLING.OMITTEO FROM TABLE. 

68 Mlll50) MASS IHEVI 

65 1148.3 JACOBEL 72 HHS 0 2.4 PI- P,N MH 

68 Mlll50l WIDTH IMEVJ 

65 15.0 9.0 11.7 JACOBEL 12 MMS 0 2.4 PI- P,N HM 

REFERENCES FOR MU150J 

JACOBEl 72 PRl 29 671 •GARFINKEL ,HOFFMAN,+ IIOWA+PURO+ANL) ...................................................................... ...... ......... ......... ......... ......... ......... -········ .....•.. 

12172• 

12172• 
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Data Card Listings 
For notation, see key at front of Listings . 

44 A 1.5 (1170, JPG.., -J 1=1 
A1.5{1170) 

-+37T 

) 
THIS ENTRY LISTS REFERENCES TO PEAKS OF LOW STATISTI
CAL 51 GNJ F ICANCE IN THE 3 PI SYSTEM BETWEEN THE Al AND 
THE A2. OMITTED FROM TABLE. 

.................................................... ·····~··· ....... . 
REFERENCES FOR A 1.5 

BUTTERWO 67 HEJDELB.CONF.P.28 REVIEW TALK oN MESONS AT HEIDELBERG CONF. 
CASON 67 PRL 18 880 +LAMSA,BISWAS,DERADO,GROVES,+ INOTREDAMEI 
ASCOLI 68 PRL 21 113 +CRAWLEY 1 KRUSE,HORTARA 1 SCHAFER,+ I ILLINOISJ 
DONALD 68 PL 26 8 327 +FR00ESEN 18ETTJNI,• ILIVERPOOL,QSLO,PAOUAI 
VON KROG 68 PL 276 253 +MIYASHITA,KOPELHAN 1 MARSHALL LIBBY I COLO) 
JUNKMANN 68 NP 88 471 +CQCCONI+ (,AACH+BERL+BONN+CERN+WARSI 
ARHENISE 69 LNC 2 501 +GHIDINI,FORINO,CARTACCI+ IBARI+BGNA+FIRZJ 
GALLOWAY 70 PR 0 1 3071 +MOTT 1 AlYEA 1 lEE 1 HARTIN 1 PRJCKETT UNOJ 
MORSE 72 NP B 43 ·77 +0HtWALKER 1 JOHNSTON,Y00N IWISC+TNTOJ ...................................................................... ·-··· ............................................................. . 
jB(1235}j 11 B fl235,JPG-1++) 1=1 

JP•2+ NOT YET COMPLETELY RULED OUT. FRENKIEL 72 FIT 
TWO STATES ,,JP=1+ AND JPc1- ,IN THE 8-REGIQN. 

6011220.0) 
11220.01 

11 B HA_SS IHEVJ 

376 1200. 20. 
2511250.1 ESTIMATED 

1259.0 27.0 
·1220. 20. 

300(1245.1 ClO.J 
SUPERSEDED BY FRENKIEL 72 

1240.0 20.0 
11265. OJ (19 .o I 

SUPERSEDED BY AFZAL 73 

ABOLINS 63 HBC + 3.5 PJ+P 
GOLOHABER 65 HBC 
SAL TAY 67 HBC 
LEE 67 HBC 
BOESEBECK 68 HBC 
CHUNG 68 HBC 
8 IZZARR I 69 HBC 

ANDERSON 
CASO 

70 CNTR 
70 HBC 

3.7 PJ+,PI•P 
+- 0.0 PBAR P 

- 3. 6 PI- P 
+ 8.0 PI+ P 

- 3.2,4.2 PI- P 
+- 0 PBAR P 

0 5-18 GAMMA P 
- 11.2PJ-P 

(1272.01 (15.01 CASON 70 HBC - 8.0 PI-P,4PI 
1200.0 (10.01 EROFEEV 70 HBC - 3.25 PI- P 
1225.0 22.0 HONES 70 HBC + 18.5 P.l+ P 
1236.0 15.0 HOOGLAND 70 DBC - 3.0 K- 0 
1200.0 15.0 MIYASHITA 70 HBC - 6.7 PI-P,4PI 

2167 
116B 

10/67 
9167 

12172* 

11/70 
2173• 

1171 
11170 
2/71 

P 11230.1 110.1 POLS 70 HBC + 5. PI+ P 11/71 
P HANDDRAWN BACKGROUNO.ERRORS STATISTICAL ONlY. 11171 
W (1228.) 15.1 FRENKIEl 72 HBC +- Q. PBAR PJ,5 PI· 12172* 

H W FIT REQUIRES AN ADDITIONAL JP•1- RESONANCE 
M W AT 1256 MEV, WIDTH 129 MEV. 
H 0 1163 1243. . 6. OTT 72 HBC + 7.1 PJ+ P1P

1 

8+ 
H 0 FROM FIT OF THE MASS SPECTRUM 
H A (1252.1 16.1 OTT 72 HBC + 7.1 PJ+ P,P B+ 
M A FROM FIT OF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRONG 
H A INTERFERENCE WITH THE BACKGROJND. 
H 1235. 15. AFZAL 
M 1268. 16. AFZAL 

73 HBC + 11.7 PI+ P 
73 HBC - 11.2 PI- P 

H 
H iNG 1236.8 

1150 

MASS 

5.6 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.31 
I SEE I DEOGRAH. BELOW I 

WEIGHTED RUERRGE = 1236.8 ± 5.6 
ERROR SCALED BY 1.3 

·RFZRL 73 ·HBC 
·RFZRL 73 HBC 
·OTT 72 HBC 
·MIYRSHITR 70 HBC 
·HOOGLAND 70 DBC 
·HONES 70 HBC 
·ANDERSON 70 CNTR 
·CHUNG 68 HBC 
·BOESESECK 68 HBC 
·BRL TRY 67 HBC 

1200 . 1250 1300 . 1350 

IMEUI 

CHISQ 
3.8 
0.0 
1.1 
6.0 
0.0 
0.3 
0.0 
0.7 
0.7 

~ 
16.0 

!CONLEU 
=0.0671 

---~ ------- ----- ------ ---- -------. ------ -----

2113• 

0 
PARTICLE DATA GROUP Review of Particle Properties S85 

Mesons 
A1.5{1170), B{1235) 

11 . B WIDTH IHEVI 

W 60 100.0 20.0 ABOLINS 63 HBC + 3.5 PI+P 
W (BO.OI GOLOHABER 65·H8C 3.7 PI+,PI-P 
W 376 100. 30. BALTAY 67 HBC +- 0.0 PBAR P 
W 25 1100. l ESTIMATED LEE 67 HBC - 3.6 PI- P 
W 203. 75. BOESEBECK 6B HBC" + 8. PI+ P 
W 150. 20. CHUNG 6B HBC - 3.2,4.2 PI- P 
W 300 IB3. I 112. I BIZLARRI 69 HBC +- 0 P8AR P 
W SUPERSEDED BY FRENKIEl 72 
W 1100.0) APPROX. ANDERSON 70 CNTR 0 5-1B+GAHHA P 
W' 1150.01 CASO 70 HBC - 11.2Pl-P 
W SUPERSEDED BY AFZAL 73 
W 1122.01 138.01 12B.OI CASON 70 H8C · - 8.0 PI-P,4PI 

100.0 20.0 EROFEEV 70 HBC ~ - 3.25 PI- P 
7B.O 14.0 46.0 HONES 70 HBC + 18.5 PI+ P 

132.0 20.0 HOOGLAND 70 DBC - 3.0 K- 0 
113.0 44.0 HJYASHITA 70 HBC - 6.7 PI-P,4PI 

1120.1 !20.1 POLS 70 HBC +. 5. PI+ P 
HANDDRAWN BACKGROUND.ERRORS STATISTICAL ONLY. 

1126.1 110.1 FRENKIEL 72 HBC +- Q. PBAR PI,5 PI 
• W SEE NOTE UNDER THE MASS ABOVE. 
0 116.3 134. 23. . 26. OTT 72 HBC + 7.1 PI+ P,P 8+ 
0 FROM FIT OF THE MASS SPECTRUM 

A (156.1 121.1 11B.I OTT 72 HBC + 7.1 PI+ P,P B+ 
A SEE NOTE UNDER THE MASS ABOVE. 

120. 50. AFZAL . 73 HBC + 11.7 PI+ P 
130. 50. AFZAL 73 HBC - 11.2 PI- P 

AVG 11B.3 AVERAGE tERROR INCLUDES SCALE FACTOR OF ~-01 

Pl 
P2 
P3 
P4 
PS 
P6 
PT 

11 B PARTIAL DECAY MODES 

8 1 NTO OMEGA+P I 
B INTO 2PJ+ 2PI
B INTO K KBAR 
B INTO PI PI 
8 INTO PI PHI 
8 INTO ETA PI !FORBIDDEN BY GJ 
B INTO K KBAR PI 

11 8 BRAN.CHING RATIOS 

8 INTO 14PJ)JtOHEGA P IJ 

DECAY HASSE S 
7B3+ 139 
1.39+ 139+ 139+ 139 
493+ 493 
139+ 139 
134+1019. 
54B+ 139 
493+ 493+ 139 

tP2111PlJ Rl 
Rl 10.51 OR LESS ASOLINS. 6.3 HBC + 3.5 PI+P 

R2 . B INTO IK KBARJIIOHEGA PII 
R2 10.021 OR LESS DAHL 
R2 10.101 OR LESS CLc.90 BALTAY 
R2 IO.OBI OR LESS CLc.95 BIZLARRl 

R3 8 INTO IPI PJJJIPI 0/IIEGAJ 
R3 10.31 OR .lESS ADERHOLZ 
R3 10.151 OR LESS CL:.90 OTT 

R4 B INTO (PI PHil I IPJ OHEGAJ 
R4 IO.OlSIOR LESS DAHL 
R4 C0.041 OR LESS CL~e.95 81 ZZARRI 

B INTO lETA PJ) I IPI OMEGAJ RS 
RS I0.25J OR LESS CL=.90 8ALTAY 

R6 B+- INTO IlK KBARI+- PIOI I IPI OMEGA) 

67 HBC 
67 H8C 
69 HBC 

64 HBC 
72 HBC 

67 HBC 
69 HBC 

67 HBC 

R6 (Q.OBJ OR lESS CLc.90 BALTAY 67 HBC 

•• •• 
' .. 
•• 

B+- INTO IKS KS Pl+-1 I !PI OHEGAI 
(0.02) ,QR LESS Clc.90 BALTAY 

8+- INTO IKS Kl PI+-) I I PI OMEGA I 
10.06) OR LESS CLn.90 &AlTAY 

67 HBC 

67 H8C 

IP31/(P1) 
- 1.6-4. 2 PI- P ·- 0.0 PBAR P - 0 PBAR P 

IP4111 P1 I 
4.0 Pl+P . 7.1 PI+ P 

IP5111P1 I 
1.6-4.2 PI- P - 0 PSAR P 

IP6)JIPlJ 
0.0 PBAR P 

0.0 PBAR P 

0.0 PBA- P 

0.0 PBAR P .............................................................. 
ABOL INS 63 PRL 11 3B1 
BONDAR 63 Pl 5 209 
ADERHOLZ 64 Pl 10 240 
CARMCfoiY 64 PRL 12 254 
GOLOHABE 65 PRl 15 11B 

BALTAY 67 PRL 1B 93 
DAHL 67 PR 163 1371 
LEE 67 PR 159 1156 
SlATTERY 67 NC 50A 317 

REFERENCES FOR 8 

ABOLINS, LANDER ,MEH LHOP ,XUONG, YAGER I UCSO I 
BONDAR, DODD+ I AACHEN+& IRH+HAHB+LOIC+HP IM I 
AACHEN+BERLI N+B I RH + 80NN+HAH8UR+LOIC+HP IH 
CARMONY t LANDER, RJ NDFlE JSCH,XUONG, YAGER IUC6J JP 
G GOLDHABER,S GOlDHABER,KADYK,SHEN (LRlJ 

+SEVER lENS +YEH+ZANELLO 
-+HARDY+HESS+KI RZ+Ht LLER 
+HOEBS ,ROE 1 S INCl AIR, VANDERVELDE 
+KRAYBill+ FORMAN+FER BEL 

I COLU+6NL I 
(LRLJ 

I MICHl 
IYALE-+ROCHJ 

2167 
1168 

11167 
9/67 

12172• 

11170 
2173* 

1171 
11170 

2171 

11/71 
11171 
12172* 

2173* 

217.3* 
2173* 

10166 
2167 
9169 

7/66 
12172* 

10166 
9169 

2/67 

2167 

2167 

2167 

ASCOLI 6B PRL 20 1411 
BOESE8EC 6B NP B 4 501 

+CRAWLEY 1 HOOTARA1SHAPIRO llllJ JP 

CASO 68 NC 54 A 983 
CHUNG 6B PR 165 1491 
BlZZARRI 69 NP 8 14 169 

ANDERSON 70 PR D 1 27 
CASO 70 LNC 3 707 
CASON 70 PR D 1 B51 
EROFEEV 70 SJNP 11 450 
HONES 70 PR D 2 B27 
HOOGLAND 70 Pl 33 8 631 
MIYASHIT 70 PR D 1 771 
POLS 70 NP B 25 109 
WERBROUC 70 LNC 4 1267 
DEVONS 71 PRL 27 1614 

FRENKIEL 72 NP 8 47 61 
OTT 72 LBL-1547 
SISlER SO 72 NP 6 48 493 

AFZAL 73 NCL 

BOESEBECK 1 DEUT SCHHANN, + ( AACHEN+6ERLI N+CERN I 
+CONTE+CORDS+O JAZ+ I GENOVA+HAH8+H JLA+ SACL I 
S. U. CHUNG, O.QAHL, J oK I RZ 1 O. H. HilLER ( LRL I 
-+FOS TERt GAY Ill ET, HQNTANET, + ( CERN+COEF I 

-+GUSTAVSON ,JOHNSON,+ I SLAC+C IT+UCSB+NEASJ 
+CONTE 1 TOMASINI, CORDS+ I GENO+HAMB+M I l A+SACL J 
+ANDREWS ,8 J SWAS ,GROVES ,HARRINGTON,+ I NOAH) 
+VETLITSKY,WLAOIMIRSKY,GRIGOREV,+ I ITEPl 
+CASON, 61 SWAS ,HE llANO, KENNEY ,MCGAHAN+ I NDAM J 
SABRE COLLA60R. I ZEEM+SACL+BGNA+REHO+EPOU 
1-tJYASHITA,VON KROGH,KOPELMAN,LIBBY ICOLOJ 
+BOECKMANN, C I RBA, + I BONN+OURH+E POL+TORI I 
WERBROUCK1 R I NAUDOt + I TORI +NJJH+BONN+L BL I JP 
+KOZLOWSKI 1HORWI Tl ,+ I COLU+ SYRA I 

+GHESQUI ERE 1 l I llESTOL, CHUNG,+ I CDEF+CERN I JP 
R.L.OTT THESIS ILBlJJP 
Sl STERSON, HARRISON tHEYDA ,JOHNSON,+ (HAR VARDJ 

+BASSLER,+ IOURH+GENO+OESY+HllA+SACLJ JP ...................................................................... 
****** ••••••••• ********* ••••••••• ••••••••• ••••••o•• ••••••••• ••••••.•• 
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Mesons 
f(1270) 

_I f(127o) 1 

M 
M 
M .. 
M 
M 

" " M 

" M 
M 

" " M E 
H 
M 

" " H 
M 

" M 

" " w 
W T 

WE NO LONGER liST EVERY PUBLISHED VALUE. 
WE AVERAGE ONLY THE MOST SIGNIFICANT 
DETERMINATIONS OF ttASS AND WIDTH. 

S F MASS (HEVI 

1173• 
1/73* 
1/73* 

11250.01 125.01 SELOYE 62 HBC 3.0 PI- P 1173• 
141611267.0) 110.01 JACOBS 66 HBC 2-3 PI-P.tT CUT20 10/67 

1276. 11. RABIN 67 HBC 8.5 ·Pt+ P 9/67' 
1960 1261. 5. ARMENISE 68 OBC Sol PI+N,P PI+- 1/73• 
360 1270.' 10. AA.MENISE -68 DBC 5.1 Pl+N,P PIO 0 1/73 ... 

1265. 8. BOESEBECK 68 HBC 8 PI+ P 6/68 
1268. 0 6 ,Q JOHNSON 68 HBC 3. 7-lt. 2 Pl- P 7/69 
JOHNSON 68 INCLUDES BONDAR 63, LEE 64, CERA DO 65, EISNER 67. 
1275.0 13.0 ARMENISE 70 HBC 9 PI+ N- F P 1171 
1273.0 1.0 ARMENISE 70 HBC 9 PI+ N- MM P 1171. 
1217. 16. EJSENSTE 70 DBC 4.2 PI+ N 1171. 
INCLUDES 14 MEV SYSTEMATIC ERROR ESTIMATED FROM RHO MASS SHIFT 

bOO c g;~:g, !~:g, ~~t.NTEBEC ;~ ·~~ ~:~~-:!;.:•:1~0' 1~~~t 
5300 1277.0 4.0 FLATTE 71 HBC 7.0 PI+ P 6/71 

300(1Z72.J KEMP 7ZOBC llo7PJ+N 12172• 
2000 12b1. 0 10 .. 0 JACOBS 7Z HBC 2.8 PI- P 1113• 

600 125B.O 10 .. 0 TAKAHASHI 72 HBC 8. PI- P,N 2PI 1/73* 
1200 1274.. 12.. WHITEHEAD 72 ASPK 3 .. 1-3.b PI- P • 2173• 

EVIDENCE FOR A STRUCTURE CLAIMED 12172• 
ERROR INCREASED BY US. SEE TYPED NOTE ON K* MASS. ........... 

AVG 1269.9 2.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) 

5 F WIDTH (HEVJ 

(25.0) 
( 10.01 

~c too. OJ 
1416 199.0) 

SELOVE 62 HBC 3.0 PI-P 
JACOBS '66 HBC 2-3 PI-P, T CUT20 

155. RABIN 67 HBC 8.5 PI+ P 
1960 216. ARMENISE 68 OBC 5.1 PI+N,P PJ+-

W T 360 1188. J 

17. 
20. 

(40.) 
23. 

ARHENISE 68 OBC 5.1 PJ+N,P PJO 0 

10/67 
9/67 
1173• 
1113• 
6/68 
7/69 

w 
w 
w 
w 
·w 
w 

. w 
w 
w E 
w 
W T 
w 
w 
w 
w 
w 
w 

PI 
P2 
P3 
P4 
PS 

128. 
176.0 

JOHNSON b8 
131.0 
173.0 

bOO 120.0 
( 196 .. 0) 

5300 183.0 
300 C 143. I 

2000 130.0 
600 1b6. 0 

1200 (217.) 

13.0 
INCLUDES 
25.0 
u.o 
15.0 

11B.OJ 
15.0 

25.0 
28.0 

(24. I 

BOESEBECK 68 HBC 8 PI+ P 
JOHNSON 68 HBC 3. 7-4.2 PI- P 

BONDAR 63, LEE 64, DERAOO 65, EISNER 67. 
ARMENt SE 70 HBC 9 PI+ N -- MM P 
ARMENI SE 70 HBC 9 PI+ N - F P 
OH 70 HBC 1.26 PI- p,p F 
STUNTEBEC 70 HBC 8.PJ-P,5.4 PI+D 
FLATTE 11 HBC 7.Pl+P,DELTA++F 
KEMP 72 DBC 11.7 PI+ N 
JACOBS 12 HBC 2.8 PI- P 
TAKAHASHI 72 HBC 8. PI- P,N 2PI 
WHlTEHEAO 72 ASPK 3.1-3.6 PI- P 

EVIDENCE FOR A STRUCTURE CLAIMED 

AVO 

ERROR INCREASED BY US. SEE TYPED NOTE ON K* MASS. 

lb2.9 8. 8 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.7 J 
I SEE IDEOGRAM BELOW J 

WEIGHTED ~UER~GE = 162.9 • 8.8 
ERROR SC~LED BY 1.7 

1/71 
1/71 
1171 

11/71 
1171 

12172• 
1/73* 
1/13* 

• 2173* 

12112• 

£!:!.!.§Q_. 
·T~K~H~SHI 72 HBC 0.0 
·J~COBS 72 HBC 1.7 
·FL~TTE · 71 HBC 1.8 
·OH 70 HBC 8.2 
·~RMENISE . 70 HBC 0.8 
·~RMENISE 70 HBC 1.6 
·JOHNSON 68 HBC 1.0 
·BOESE BECK 68 HBC 2.3 
·~RMENISE 68 DBC 7.1 
·R~BIN 67 HBC _Q_,L 

24.8 
!CONLEV 

50 150 250 350 =0.0031 

F WIDTH !MEV I 

5 F PARTIAL DECAY HODES 

DECAY MASSES 
INTO PI PI 139+ 139 
INTO 2PI+ 2PJ- 139+ 139+ 139+ 139 
INTO K KBAR 497+ 497 
INTO K KBAR PI 497+ 497+ 139 
INTO ETA PI Pl 548+ 139+ 139 

Data Card Listings. 
For notation, see key.atfront.ofListings .. · 

RIO 
RIO 
RIO 
RlO. 
RIO 
RIO 

5 f &RANCHlNG RATIOS 

F PARTIAL WAVE (J.E. 1.,1, JP.,2+1 AMPLITUDE .AT F RESONANCE 
WE TABULATE X .. l/2 Cl + ETAJ. THIS. SHOULD BE PI PI FRACTION 
FOR PURE BW WITH NO BACKGROUND. 

600 0.8 0.04 OH 70 HBC 01.26 ·PI- P,P F 
250 D. 85 0 • 05 BEAUPRE 11 H&C 08 PI+ P, DEL T A++F 

RIO AVG 0.820 0.031 AVERAGE tERROR INCLUDES StALE FACTOR OF 1.01 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

F INTO C2PI+ 2PI-I I CPJ PU 
ASCOU 68 SUGGEST DECAY 'IS MAINLY RHO-RHO, 

O.OB 0.06 BONDAR 
0 0.04 0.05 CHUNG 

0 CORRECTED BY O.OAHL 
50 o .. 07 0.04 

0.022 0.045 
0.047 0.013 

ASCOLI 
0.022 BARDAOIN 

OH 

IP21f(PlJ 
1/3 OF WHICH YIELD 2PI+ 2PI 
63 HBC 4.0 PI-P 
65 HBC 3.2 PI-P 

68 HBC 
71 H&C 
70 HBC 

5 PI- P 
8. PI+ P 
1.26 PI- ~,P F 

Rl AVG 0.047 o.ou AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

R2 
R2 

F INTO IK KB.ARIICPI PJJ IP31/(PlJ 
DETERMINATION DIFFICULT BECAUSE PROXIMITY OF A2 WHICH HAS SAME 
NEUTRAL IK KBARJ HODES. SINCE INTERFERENCE MAY BE C(lolSTRUCTIVE 
OR DESTRUCTIVE, EVEN UPPER LIHITS ARE DUBIOUS. 

SOME UPPER LIMITS IX OR LESSJ HAVE BEEN PUNCHED AS CO +-XI 

1171 
1171 

11171 
6/68 
2172 
2173• 

'R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 L 
R2 L 
R2 L 
R2 

CO.OOJ 10.091 BARHIN 65 HLBC 2.e Pt- 2173• 
10.001 10 .. 161 WANGLER b5 HBC 3. 0 ·PI-P il73* 
PROBABLY SEEN BARLOW 67 HBC 1.2 PBAR P--KlK1 11/66 

10.0471 10.0121+ SYST. BEUSCH 67 OSPK 5,7,12 PI-P• • 9/67 
0.05 0.05 DAHL 67 HBC 1.6-4.2 PI- P 10/66 

. R2 
R2 
R2 AVG 

R3 
R3 

R4 
R4 

CORRECTED BY Q.OAHL 
10.0311 (0.0121 AOERHOll 69 HBC 8 PI+ P,K+K-PI-
K+K- PEAK IS AT ABOUT 12b0 MEV WHILE CKKBARI+ PEAKS AT. 1320. 
ALSO ICROSSSECTION•BRANCHING RATIO) FOR A2 IS SHALL. 

10.061 10.02) OH 70 HBC 1.26 PI- P,P F 
10.071 OR LESS CL ... 95 AGUILAR 72 HBC 3 .. 9,4.6 K- P 
0.0 0.04 LIMIT ABOVE RESTATED FOR AVERAGING 

SHALL !CROSS SECT ION• BRANCHING RATIOI FOR A2 
0.13 0.05 BJSWAS 72 HBC 

10.021 OR lESS CL ... BS WHITEHEAD 72 .ASPK 
18.5 PI+- P 
3.1-3.6 PI- P 

0.051 0.063 AVERAGE. I ERROR INCLUDES SCALE FACTOR OF 2.0) 

F INTO IKO K- PI+ AND C~C.J/IPI PI) IP41/1Pll 
10.071 OR LESS CL ... 95 AGUILAR 72 HBC 3.9,4.6 K- P 

F INTO CETA PI PIJ/IPI PIJ IP5JIIPlJ 
CO.l9) OR LESS CL ... 95 AGUILAR 72 HBC 3.9,4.6 K- P 

REFERENCES FOR F 

SELOVE 62 PRL 9 272 SELOVE, HAGOPIAN, BRODY, BAKER ,LEBOY I PENNI 
BONDAR+ IAACHEN+SI RH+BONN+OE SY+LOI C+MP I M I BONDAR - 63 PL 5 153 

GUIRAGOS 63 PRL 11 85 
HAGOPIAN 63 PRL 10 533 
VEillET 63 PRL 10 29 

Z.G.T. GUIRAGOSSIAN (LRLI 
V HAGOPIANtW SELDVE (PENN) 
VE I LlET, HENNESSY, BINGHAM tBLOCH+ ( EPOL+MI LANJ 

ll/71 
8/69 

- 1173• 
12172• 
12172• 
12172•-

1173• 
12172• 

12/72* 

AOERHOLZ 64 PL 10 240 
&RUYANT 64 Pl 10 232 
LEE 64 PRL 12 342 
SODICKSO 64 PRL 12 485 

AACHEN-.SERLJ N--oBERll N-.BQNN-oHAHBURG--LOIC-HPI IJ 

BARMIN 65 SJNP l 230 
8ARHIN 65 SJNP 1 623 
CHUNG bS PRl 15 325 
DERAOO 65 PRL 14 B72 
GUIRAGOS 65 PRL 11 85 
WANGLER 65 PR 137 B 414 

ACCENSJ 
JACOBS 
WAHLIG 

BARLOW 
BEUSCH 
DAHL 
EISNER 
POIRIER 
RABIN 

66 PL 20 557 
66 UCRL-168 77 
66 PR 147 941 

67 NC SOA 701 
67 PL 25 6 357 
67 PR 163 1377 
67 PR 164 1699 
67 PR 163 1462 
b1 THESIS 

ARHENI SE 68 NC 54 A 999 
ASCOU 68 PRL 21 1712 
BOESEBEC 68 NP B 4 5Dl 
FOSTER 68 NP B 6 107 
JOHNSON 68 PR 176 1651 

ALSO 638!JNOAR, LEE 64 1 

LAHSA 68 PR 166 1395 
ALSO 67 POIRIER 

WHITEHEA 68 NC 53A 811 

ADERHOLZ 69 NP B 11 259 
-AGUILAR- 69 PL 29 B 241 
ARHENI SE 69 LNC 2 501 
CASO 69 NC 62 A 755 
DONALD 69 NP 8 11 551 

AGUILAR 70 PRL 25 58 
ARHENISE 70 LNC 4 199 
SADlER 70 NP 8 22 512 
EJSENSTE 70 COO 1195 194 
OH 70 PR D 1 2494 
STUNTEs'E 70 Pl 32 8 391 

BAROAOIN 71 PR 04 2711 
BEAUPRE 71 NP 8 28 77 
FARBER 71 NP 8 29 237 
FLUTE 71 PL 34 B 551 

AGUilAR 72 PR 0 6 29 
BISWAS 72 PR D 5 156ft 
FOGLI 72 NC 8 A 670 
GRAYER .72 PHIL.CONF.PROC. 
JACOBS 72 PR 0 b 1 291 
KEMP 72 NC 8 A 611 
SCARROTT 72 lNC 3 271 
TAKAHASH 72 PR 0 6 1266 
WHIJEHEA 72 NP 8 48 365 

&RUYANT, GOLDBERG, HOLDER, FLEURY+ IC ERN+EPOLI 1 
LEE, ROE, SINCLAIR, V ANOERV El DE I HICH J 
SOOICKSON,WAHUG,HANNELLI,FRISCH+ IHITI I 

+OOLGOLENKO, ELENSKY, EROFEEV+ IITEP MOSCOW J JP 
+OOLGOLENKO+EROFEEV+KRESTNIKOV+ I ITEP HOSCI 
CHUNG ,QAHL ,HARDY ,HESS, JACOBS ,K I Rl I LRL J 
DERAOO,KENNEY,POIRIER,SHEPHARO (NOTRE CAME) 
Z G T GUIRAGOSSIAN ILRLI 
T P WANGLER,A R ERWIN,W WALKER IWISCONSINJ 

ACCENSJ, ALLES-BORELL I, FRENCH, FRISK+ I CERN I 
L.O.JACOBS,THESIS ILRLJ 
+SHIBATA,GOROON,FRISCH,MANNElll CHIT+PJSAI J 

+L ILLE SlOL+MONTANET+ I CERN+COEF+ I ftAO+L I VP J 
+FISCHER,GOBBI ,ASTBURY+ IETHZ+CERNJ 
+HARDY+HESS+KIRZ+HILLER ILRLI 
+JOHNSON+KLE JN+PETERS+SA HN I+YEN+ I PURDUE I 
+B I SWAS,CASON, OERAOO, KENNEY+ I NOAH+ PENN I 
H. RABIN I RUTGERS I 

+FORINO+CART ACCI + I BARt+BGNA+F JRENZE+ORSAY J 
G. ASCOL I ,H.B.CRAWLEY ,Q. W.MORT ARA ,+ I Ill I 
BOESEBECK, OEUTSC HMANN, +( .AACHEN+BERL IN+CERN J 
+GAVJ LLET+ LABROSSE+MONTANET+ I CERN+CDEF I 
+POIRIER, 81 SWA S, GUTAY+ I NOAM+PURO+ SLAC J 

OERADO 65, ElSNER 67 
+CASON+& I SWA S+OERAOO+GROVES+ I NOTREOAME I 

+HCEWEN,OTT ,AITKEN+ I AERE+SHHP+LOUC I 

+BARTSCH,+ I AACH+BERL+CE RN+J AGL+WARSI 
H. AGUILAR-BENJTE Z, J. BARLOW,+ I CERN+CDEF I 
+GHID I Nl, F Oft! NO, CART ACCI + I SARI +BGNA+F I RZ I 
+CONTE ,a ENl, + I GENO+OESY+HAHB+H I LA+ SACL J 
+EOWARQS,BURAN, BETTI Nl ,+ C LJVP+OSLO+PAOOJ 

AGUILAR-BENITEZ, BARNES, SASSANO,+ I BNL+SYRA I 
+GHtDJNI,FORING,CARTACCI,+ (8ARI+8GNA+FIRZJ 
+BONNET, OREV JL'LON, SA UBI LLI ER, + I EPOL+ IPNP I 
EISENSTEIN ,GORDON It LLJ 
+GARF lNKEL ,MORSE, WALKER, PRENTICE C W lSC+TNTOJ I 
STUNTEBECK ,KENNEY, DEERY, BI SWAS ,CASON+ I NOAH J 

BAROANIN-OTWJNOWSKA 1 HOFMOKL,+ C WARSJ 
+DEUTSCHMANN, GRAESSLER ,+ I AACH+BERL+CERN) 
+DE PINTO, 81 SWAS, CASON ,DEERY ,KENNEY,+( NDAI''l J 
+ALSTON-GARNJOST, BARBARO-GALT IER I,+ I LBL J 

AGUJ LAP-BEtHTEZ,CHUNG 1 EI SNER,SAHIOS CBNLJ 
+CASON, HARRINGTON, KENNEY 1 SHE PHARO I NOAH J 
FOGLI-MUC IACCI A, PI CC IARElLl C BARt J 

5 +HYAMS t JONES, SCHLE tN, BLUM, 01 ET L+ CCERN+HP IM J 
L.D.JACOBS CSACLAYJ 
+MAJOR ,CONTRl, + I OURH+GENO+HILA+EPOL+LPNP J 
SCARROTT ,KEMP C DURHAM I 
TAKA HASH I tBARlSH,+ C TOKJ+PENN+NOAM+ANl J 
WHITEHE.AD,AULO, + IAER E+PHEL+SHMP+LOUC J .......................................................................... ·-··· ............................................................... . 
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, Data Card Listings 
For notation, see key at front of Listings. 

ID(1285) I 

H 
H 
H 
H 
H 

• 
H 
M 
H 
H 

I 1290. J 
1283.0 
1290. 

( 1310.01 
1270.0 
1285. 
1.303.0 
1283.0 

150 1292. 
180 1286. 
50011280. J 

8 0 ( 1285rJPGa -+) JoQ 

CJP.,o-,1+,2• WITH 1+ FAVORED . .) 

6 0 MASS IHEVl 

APPROX. BARlOW 67 HBC 
5.0 DAHL 67 HBC 
1. O.ANOLAU 68 HBC 

DEFOIX 66 HBC 
10.0 CAMPBEll 69 DBC 
1 • LORSTAD 69 HBC 
8.0 BAROADIN 71 HBC 
•• o BOESEBECK 11 HBC 

10. OEFOIX 12 HBC 
3. oueoc 7Z HBC 

(3.) THUN 12 MHS • 
H SEEN IN THE MISSING MASS SPECTRUM 
H 

1.2 PBAR P, 4PFS 
1.6-4.2 PI- P 

1. 2 PBAR P, 5-6 PFS 
1.2 PB P,7 PI 
2.1 PI+ 0 

o. 7 PB pI It, 5-BOOY 
8 PI+ Pt P+6PI 
16.0 PI Pt5 PI 
0.1 PBAR P,7 PI 
1.2 PBAR Pr 2KitPl 
13.4 PI- P 

1'4 AVG 1286.1 2.2 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.1J 

8 0 WIDTH I MEV I 

R 135.01 110.01 OAHL 61 HBC 1.6-lt.2 PI- P 
u 46. 20. Q.ANDLAU 6B HBC 1. 2 P8AR P, 5-6 PFS 
u UNFOLDED BY DOBRZYNSKI 11 .. (40.01 oEFOtx b8 HBC 1.2 PB Pr7 PI 

30.0 15.0 CAMPBELL 69 OBC 2.7 PI+ 0 
C60. I C15.J LORSTAO 69 HBC o. 7 PB P, 4, s-BDDY 
(44.0) '24.01 BARDADIN 11 HBC 8 PI+ Pr P+6PJ 
10.0 10.0 80ESEBECK 11 HBC 16.0 PI Pr5 PI 

150 (28. I IS. J DEFOIX 72 HBC 0.7 PBAR P,7 P9 
180 (46.) (9.) DUBOC 12 H8C 1.2 PBAR P,2K~PJ 

500 C 37. I 15.1 THUN 72 MMS 13.4 PI- P 
SEEN IN THE HISSING MASS SPECTRUM 

RESOLUTION NOT UNFOLDED 

AVG 20.6 ... AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.31 

P1 
P2 
P3 

•• P5 

8 0 PARTIAL DECAY MODES 

INTO K KBAR PI 
INTO PI PI RHO 
INTO ETA PI PI 
INTO DELTA PI 
INTO 2PI+ 2PI-

8 D BRANCHING RATIOS 

Rl D INTO (PJ PI RHOJ I IK KBAR PIJ 

DECAY MASSES 
497+ 497+ 134 
134+ 134+ 770 
546+ 134+ 134 
970+ 134 
139+ 139+ 139+ 139 

CP2JIIP1J 

6 

5167 
10/66 
6/68 
3/69 
8/69 
9/69 
9/69 
6171 
1173• 

12172• 
12172• 
12172* 

11171 
2/72 

11111 
8/69 

11171 
11171 
6/71 
1/73* 

12172• 
12172• 
12172• 
11111 

R1 12.01 OR LESS DAHL 67 HBC 
IU D 14.01 OR LESS DONALD 69 HBC 

CHARGED PJ DNL Y 10/66 
1.2 PBAR P, 5P+ 

Rl D THIS IS FOR IRHOO PI+ PI-)/(K KBAR PIOI 

R2. D INTO IK KBAR PIIIIETA PI p'JJ IP1J/IP3J 
R2 K R 0.166 0.055 OEFOIX 68 HBC 1.2 PBAR P 
R2 R REVISED BY OEFOIX 72 
R2 0.16 0.06 CAMPBELL 69 OBC 2.7 PI+ D 
R2 K 0.20 0.08 DEFOIX 72 HBC 0.7 PBAR Pol PI 
R2 K K KBAR SYSTEM CHARACTERIZED BY TKE 1•1 THRESHOLD 
R2 K ENHANCEMENT CSEE UNDER OELTAC970)J. 
R2 
R2 AVG 0.173 0.039 AVERAGE !ERROR INCLUDES SCAlE FACTOR OF 1.01 

R3 
R3 
R3 
03 

0 INTO tDElTA PIJI{ETA PI PJI 
POSSIBLY SEEN 
POSSIBLY SEEN 

(0.81 10.21 

AMMAR 70 HBC 
OTWINOWSK 70 HBC 
DEFOIX 72 HBC 

IP41/IP31 
.·4.l,5.5K-,ETA 

8 PI+ P, P+6PI 
0.7 PBAR Pt7 PI 

5170 
9/69 
1173• 

PARTICLE DATA·GROUP Review of Particle Properties S87 

Mesons 
0(1285), A2(1310) 

We list the A 2 as an ordinary Breit-Wigner 

resonance. This conclusion ·is based on the failure of 

experiments with high statistics and good .resolution 

to confirm the reported splitting; moreover the re-

analys·es of the most significant "split-peak" experi-

menthave reduced the significance of the dip and 

revealed some experimental difficulties (DAMGAARD 

72, e. g., Fig. 8; KIENZLE 72, e. g., Fig. 6). 

For a recent review see DIEBOLD 72. 
---- ------- -------- ------- ----- -------- -------- -------

12 A2 MASS CHEVI I 3PI MODE 

( 1320.0) ADERHOLZ 64 HBC 4.0 PI+P 
1335.0 . 10.0 GOLDHABER b4 HBC - 3.7 Pt+- P 

13011310.01 FORI NO 65 OBC +04.5PI+O 10/66 
1425 1290.0 (5.01 LEFEBVRE S 65 HMSP - 5.6,6.0 PI-P 1173• 

'1300.0) SE IDLITZ 65 OBC - 3.2 Pl-0 6/66 
(1290.01 110.01 BARNES 66 HBC - 6. 0 PJ-P 2173• 
1310.0 10.0 BENSON 6b DBC 0 3.65 PI+D 6/66 

1060 1286. 18.1 LEVRAT 66 MHS 6-7 PI-' P 1113• 
4000 1307. 16. CHIKOVANI 67 HHS - 7 PI- P 8/67 

260 1311.0 6.0 ARHENISE 68 OBC 0 5.1 PJ+O 9/67 
120 1320. 10.: BOESEBECK 68 HBC 0 8 PI+ P 6/68 

11310.1 120.1 CHUNG 68 HBC - 2.1-4.5 Pi- P 5/68 
I 1301.01 16.01 VON KROGH 66 HBC - 6.1 PI- P 9/68 
11300.01 (4.0) JUNKHANN 66 HBC - 16. PI- P, 5PJ 1173• 
11299. I 114.) LAHSA .68 HBC - 8 PI- P 1171 
11295. OJ 120.01 ANDERSON 69 MMS - 16 PI- P,BACKW9 8/69 

24111299. OJ 112.01 ARHENI SE 69 DBC 5.1 PJ+Q,3PJ++-· 5170 
1310.0 14.0 EISENBERG 69 HBC 4.3,5.3 GAMMA P 12169 
1305. o. J AS COLI 70 H8C - 5-7.5PJ-P 1171 

941 1.306.0 4.0 ALSTON-GA 70 HSC + 1.0 PI+P,3PI p 1/71 
260 1313.0 1.0 BOCKMANN 70 HBC OS. PJ+P 5170 

A 58111266.01 no.ol CASO 10 HBC - 11.2PJ-P,PI RHO 117.3• 
1335.0 15.0 OIAZ 70 HBC +- o. PBAR P, 4 PI 5170 

11330.01 { 15.0) GARFINKEL 70 OBC - It • 5 K-D, LAMBDA 1/71 
I 1274.01 122.01 \ ~~=~~:" 10 DBC 0 4. 2 PI+ 0 1171 

.360 1304.0 4.5 11 HBC + 3.7 PI+ P,C3PJJ+ 11171 
10000 1307. 5. BINNIE1 71 HHS -PI-P NEAR A2 THR 11171 

5000 1309. 5. BINNJEl 71 MMS - PI-P NEAR A2 THR 11171 

0 
0 

A 
c 
p 

28000 1299.0 6.0 BOWEN 11 HHS - 5. PI- P 
24000 1300. •• o BOWEN 71 MHS + 5. PI+ P 
17000 1309.0 4.0 BOWEN 71 HHS - 7. PI- P 

11307.1 112.1 BUHL 11 HBC -2.5PJ-P 
1315. .. ANTJPOV 12 CNTR - 40. PI- P,P 3PJ 

160 1307. 1. BLOODWORT 72 HBC + 5.45 PI+ P,P 3PI 
15BO 1306. .. CHALOUP.KA 13 HBC - 3.9 PI- P,P A2 

ONLY EXPERIMENTS GIVING ERROR LESS THAN 20 MEV KEPT FOR AVERAGING 
MAY BE DIFFERENT OBJECT, ALTHOUGH JPC.,2++. COMPARE CRENNEll 69. 
ANALYSIS COMPLICATED BY NEARBY PEAK CA1.51 AND/OR A1 

BACKWARD PRODUCTION 
FROM A FIT TO JP•2+ RHO PI 

AVG 1308.8 1.6 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.11 

11171 
11171 
11171 
11171 
12172* 
1173* 
2173* 

12172* 

11/71 

R4 0 INTO 12PI+ 2PI- (INCL. RHO PI Ptli/IETA PI+·.PI-J ------ ------ - ... ------ ----- ----- ------ ----- ----... 
R4 CP51 IC 2/3P3J 
R4 SO 10.551 OR MORE BOESEBECK 71 HBC 16. PI+- P,P 5PJ 11171 • 12 A2 MASS (HEVJ, K KBAR MODE 

O.ANOLAU 65 PL 17 347 
MilLER 65 PRL 14 1074 
BARLOW 67 NC 50 A 701 
DAHL 67 PR 163 1377 
O.ANDlAU 68 NP 8 5 M3 
OEFOIX 66 PL 28 8 353 

CAMPBEll 69 PRL 22 1204 
DONALD 69 NP B 11 551 
LORSTAD 69 NP B 14 63 
OTWJNOWS 69 PL 29 B 529 

AH"'AR 70 PR 02 430 

BAROAOJN 11 PR 04 2111 
BOESEBEC 11 PL 34 B 659 
OOBRZYNS 1l PRtV.COMMUN. 
GOLDBERG 71 LNC 1 627 

BERENYI 
CHAPMAN 
DEFOIX 
DUBOC 
THUN 

72 NP 8 31 621 
72 NP 8 42 1 
72 NP B 'tit 125 
12 NP 8 46 429 
12 PRL 28 1733 

REFERENCES FOR 0 

+BARLOW,AOAMSON, + ICDEF+CERN+I RAD+Ll VP J 
+CHUNG,QAHL ,HESS ,HARDY tK IRZt + ILRL+UCB J 
+MONTANET, D-ANOLAU+ I CERN+CDEF+IRAO+ll VP I 
+HARDY+HESS+KIRZ+MILLER ILRLII JP 
+ASTIER,8ARLOW+ ICDEF+CERN+IRAD+LIVPJI JP 
+RIVETt S lAUD t CONFORTO+ I CDEF+J PNP+CERN I 

+LICHTMAN,+ I PURDI 
+EDWARDS ,BURAN, BETT 1 Nl ,+ I LI VP+OSLO+PADO J 
B.LORSTAO,O.ANOLAU,ASTIER,+ CCOEF+CERNJ JP 
S.OTWINOWSKI IWARSAWJ 

+KROPAC t OAVI S, DERRICK+ I KANS+NWE S+ANL+ WI SC l 

BAROAOIN-OTWJNOWSKA, HOFMOKL, Ml CHEJDA+I WARS I 
I AACH+BERL+BONN+C ERN+CRAC+HEI O+WARS J 

L.OOBRZYNSKI CCERN+CDEFJ 
+MAKOWSKI,TOUCHARO,OONALO,+ I IPN+llVPI JP 

+PRENTICE, ST EEN8ERG, YOON ,WALKER ITNTO+W I SC J 
+CHURCH,LYS,MURPHV,RING,VANDER VELDE CMICHJ 
+NASCI MENTOr 81 ZZARRJ ,+ tcOEF+CERN I 
+GOLDBERG t MAKOWSKI t DONALD,+ ( LPNP+liVP I 
+BLI EDEN, F INOCCH IARQ, BOWEN,+ C S TON+NE AS J 

••••o• o•o•••••• ••••••••• e.o••••••• ••••o•••o o•••••••o •oo••o.o•• ••o••••• •••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••o•••• ••••o•••• o••••••• 

MK 
HK 
KK N 
MK 
MK 
HK 

"" HK 
HK 
HK 

8011317.01 
60 1333.0 

C 1341t.OJ 
130 1280.0 

1311.2 
11.315.11 
I 1311.01 

1211315.01 
132 1301.0 
190 1.313. 0 

(3.01 
13.0 
17 .). 
12.0 
4.0 

II0.-81 
15.01 

BARLOW 67 HBC +- 1.2 PBAR P, KK • 2172 
BARLOW 61 HBC +- 1.2 PBAR P, KK 9/67 
BEUSCH 67 OSPK 0 5-12 PI-P,KlKl 11(71 
CONFORTO 67 HBC +- Q. PBAR P IN KK. 9/67 
DAHL 67 HBC - 2.7-4.5 PI-P 8/67 
DAHL 61 HBC 0 2.7-4.5 PI- P 11/71 
CRENNEll 68 HBC 0 6.0 PJ-P,KlKl 11/71 
ADERHOLZ 69 HBC + 8 PI+ P,K+KO 8/69 
ALSTON-GA 70 HBC + 1.0 PI+P,K+KS P 1171 
CRENNEl 11 HBC - 4.5 PI- P"oKSK•P 11171 

HK S 
MK 

1500 1319.0 
730 1313.0 

1.0 
1.0 
3.0 
4.0 

GRAYER 71 ASPK - 11.2 PJ-P,K-KS P 2172 
FOLEY 72 CNTR - 20.3 PI- P,K- KS 12172• 

MK 
HK N 
HK S 
HK 
HK AVG 

M 
M 
M 
H 
M 
M 

" M AVG 

'THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON 
SYSTEMATIC ERROR IN MASS SCALE SUBTRACTED 

1315.0 • 3.1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.11 
(SEE IDEOGRAM BELOW J . 

12 A2 MASS I MEV It. ETA PI MODE 

189 1312.0 1.0 ALST~GA 70 HBC + 7.0 PI+P,PI ETA 
1300.0 zo.o GASO 70 HOC - ll.ZPJ-P,PI ETA 

32 1300.0 8. DZIERBA 70 HBC - 8. PI_. P,PJ ETA 
30 1288. 1. JOHNSTON 70 HBC - loPI-P,PI-ETA P 

1320. 20. ESPJGA7 12 HBC +- O.PBAR P,ETA 2Pl 
9061132b.l 13.1 PRE POST 12 OSPK - 6.PJ- P,P PI ETA 

1309· 8 5.3 AVERAGE C ERROR INCLUDES SCALE FACTOR Of 1.31 
t SEE IDEOGRAM BELOW I 

FOR THE MASSES OF A2L AND A2H SEE OUR APRIL 12 EDITION. 
SEE ALSO THE TYPED ,NOTE ABOVE. 

1171 
S/70 
1173• 
1171 

11171 
1173• 
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Mesons 
A2(l310) 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w p 
w 
w 
w 
w 
w 
w 
w A 
w p 
w 
w 

0 
0 

1240 

WEIGHTED AVERAGE= 1315.0 • 3.1 
ERROR SCALED BY 1.7 

·FOLEY 72 

+· ·GRAYER 71 
·CRENNEL 71 
·ALSTON-GA 70 
·DAHL 67 
·CONFORTO 67 
·BARLOW 67 

1·360 140G 

·~ 
CNTR 0.2 
ASPK 1.8 
H8C 0.1 
HBC 4.0 
HBC 0.3 
HBC 8.5 
HBC __L_2_ 

16.8 
ICDNLEU 
=0.0101 

A2 MASS IMEUI< K KBAR MODE 

WEIGHTED AU~RAGE = 1300.8 • 5.3 
ERROR SCALED BY 1.3 

. 1: ~~:~~~~N 72 
70 

·DZIERBA 70 
·CASD 70 
·ALSTON-GA 70 

HBC 
HBC 
HBC 
HBC 
HBC 

CHISQ 
0.9 
3.4 
0.0 
0.0 

__1_&_ 
6.8 

1240 1360 1400 
ICDNLEU 
=0.1451 

A2 MASS I MEU 1 , ETA PI MODE 

12 AZ WIDTH IHEVJ, 3Pl MODE 

I lOO.OJ ADERHOll M HBt,; 4.0 Pl-+P 
90.0 10.0 GOLDHABER 64 HBC 3.7 PI+- P 

1425 99.0 ns.oJ LEFEBYRES 65 HHSP - 6.0 PI-P 
1140.01 SE IDLITZ 65 DBC - 3. 2 PI-0 

170.01 I 10.01 BARNES 66 HBC - 6.0 PI-P 
100. 15. BENSON 66 DBC 0 3.65 PI+D 

1060 98. 15. I LEVRAT 66 MMS - 6,7 PI- P 
4000 90. 15. CHIKOVANI 67 HMS - 7 PI- P 

2b0 96.0 16.0 ARHENISE 68 OBC 0 5.1 PI+D 
120 156. J 121.) BOESEBECK 68 HBC 0 8 PI+ P 

180. J (20 .. ) CHUNG 68 HBC - i.1-lt.5 PI- P 
140.01 125.0) VON KROGH 68 HBC - b.1 PI- P 
152.01 I 16.01 JUNKMANN 68 HBC - ... PI- P, 5Pl 
90.0 10.0 so.o ANDERSON 69 HHS - 16 P,l- P,BACKW9 

1173• 
6/66 
2113• 
1/67 
1173• 
8/67 
9/61 • 
1173• 
5/68 
9/68 
1173• 
S/69 

AE 241 (164.0) 120.0) ARMENISE 69 DBC . 5.1 PI+0,3Pt++- 5/70 
0 1so.oi 130.0) EISENBERG 69 HSC . 4.3,5.3 GAMMA P 12/69 

941 79.0 12.0 ALSTON-GA 70 HSC . 1.0 .PJ+P,3PI p 1171 
280 170.0) (29.0) BOCK MANN 10 HBC 05. PI+P 5(70 
581 1135. OJ 126.0) CASO 10 HBC - 11.2P 1-P, Pl RHO 1173• 

190.0) 120.0) OIAZ 70 HBC - o. PBAR P, 4 PI 5/70 
135.0) 135.0) GARF INKH 70 OBC - 4. 5 K-0, LAMBDA 1111 

1215.0) 122.0) GORDON 10 oat 04.2PJ+O 1/71 
3b0 111.4 18.0 BARNHAM 71 H8C . 3.7 PI+ P,(3PII+ 11171 

10000 1100.) BINNIE1 71 HHS - PI-P NEAR A2 THR 11171 
5000 n. lb. BINNIE1 71 HHS - PI-P NEAR A2 THR 11/71 

2BOOO 105.0 5.0 BOWEN 71 MMS -5 .. PI-P 11171 
24000 99.0 5.0 BOWEN 71 MMS . s. PI+ P 11/71 
17000 103.0 5.0 BOWEN 71 MMS - 1. PI- P 11171 

uo. 15. ANTIPOY 72 CNTR - 40. Pl- P·,P 3PJ 1217-2• 
0 160 172. J 125.J BLOODWORT 72 HBC . 5.45 PI+ P,P 3PI 12172•. 

1580 ... 15. CHALOUPKA 73 HSC - 3.9 PI- P,P A2 2173• 

0 ONLY EXPERIMENTS GIVING ERROR ,LESS THAN 20 MEV KEPT FOR AVERAGING 12172• 
E BACKGROUND SUBTRACTION MODEl-DEPENDENT. 5170 
0 KAY BE DIFFERENT OBJECT, ALTHOUGH JPCa2++. COMPARE CRENNELL . .. 

ANAlYSIS CC»''PLICATED BY NEARBY PEAK IA1.5J AND/OR Al 
FROM A FIT TO JP•2+ RHO PI 

AVG 99.6 2.4 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

Data Card Listings 
For notation, see key at front of Listings. 

WK 
WK 
WK N 
WK 
WK 
WK N 
WK N 
WK 
WK 

60 56.0 
80 56.0 

188.1 
130 (90.01 

"· 180.51 
121.0} 

12 (34.0) 
132 90.0 

12 A2 WIDTH IHEV), K KBAR MODE 

2e.o BARLOW 67 HBC 
15.0 BARLOW 67 HBC 

123. J I 22. J BEUSCH . 67 OSPK 
CONFORTO 67 HBC 

18. DAHL 67 HBC 
136.51 DAHL 67 HBC 
uo.oJ 16.0) CRENNELL 68 HBC 

· AOERHOLZ 69 HBC 
24.0 ALSTON-tA 70 HBC 

16.0 CRENNH 71 HBC 

- 1.2 PBAR P, KK 9/67 - 1.2 PBAR P, •• 9/67 
0 5-12 PI-PrK1K1 11171 ·- o. PBAR P IN KK 9/67 

- 2.7-4.5 PI- P 8/67 
0 2. 7-4.5 PI- P 11171 
0 6.0 Pl-PrK1K1 11171 . B PI+ P,K+KO 8/69 . 7•0 Pl+P,K+KS P 1/71 

- 4.5 PI- P,KSK-P 11171 WK 
WK 

190 125.0 
1500 123.0 

730 113.0 
:rHE NEUTRAL 

19.0 
7 .o GRAYER 11 ASPK - 17.2 PJ-P,K-KS P 11171 

WK 19.0 FOLEY 72 CHTR - 20.3 PI- PrK- KS 12172• 

WK N MODE CAN INTERFERE WITH THE F MESON 
WK 
WK AVG 104.2 12 .. 1 AVERAGE tERROR INClUDES SCALE FACTOR Of 2.31 

I SEE IDEOGRAM BELOW I 

' "EIGHTEO AVERAGE= 104.2 > 12.1 
ERROR SCALED BY 2.3 

' 

CHISQ 
·FOLEY 72 CNTR 0.2 
·GRAYER 71 ASPK 7.2 
·CRENNEL 71 HBC 1.4 
·ALSTON-GA 70 HBC 0.3 
·DAHL 67 HBC 10.1 
·BARLOW 67 HBC 10.3 
·BARLOW 67 HBC J.,_Q_ 

32.6 
ICDNLEU 

0 so 100 150 200 250 =0.0001 
A2 WIDTH IMEU1o K KBAR MODE 

12 A2 WIDTH I MEV I i ETA PI HODE 

189 103.0 20.0 ALSTON-GA 70 HB-C + 7.0 P I+P, PI ETA 
1120.0) CASO 70 HBC - 11.2PI-PrPI ETA 

32 141.0) 120.01 (16.01 OZIERBA 70 HBC - 8 .. PI- PrPI ETA 
30 138.0) 130.01 JOHNSTOI~ 70 HBC - 7.PJ-P,PI-ETA P 

120. 30. ESPIGAT 12 HBC - O.PBAR ,P,ETA 2Pl 
906 1116.) 116.) PREPOST 72 OSPK - 6.PI- P,P PI ETA 

ERROR INCREASED BY US. SEE TYPED NOTE ON K• MASS. 

AVG 108.2 16.6 AVERAGE !ERROR INCLUDES SCAlE FACTOR OF i .. oJ 

FOR THE WIDTHS OF A2L AND A2H SEE OUR APRIL 72 EDITION. 
SEE AlSO "THE TYPED NOTE ABOVE. 

12 . A2 PARTIAL DECAY MODES 

P1 A2 INTO RHO PI 
P 2 A2 INTO K KBAR. 
P3 A2 INTO ETA PI 
P-4 A2 INTO OMEGA PI PI 
PS S A2 INTO PI+ PI- PJO EXCL.RHO PI 
P6 S A2 INTO PI+ PI- .PI- EXCL.RHO PI 
P7 S A2 INTO PI GAMMA ' 
PS S A2 INTO ETA PRIME PI 
P S SMALL, NOT USED IN THE FIT 

fiTTED PART.lAL DECAY MODE BRANCHING fRACTIONS 

DECAY MASSES 
770+ 139 
493+ 497 
'548• 139 
139+ 139+ 783 
139+ 139+ 134 
139+ 139+ 139 
139+ 0 
958• 139 

·The matrix below ia derived from the error matrix for the fitted partial decay mode 

branching fraCtions, P
1
, aa follows: The diagonal elementa are Pi±6P

1
, where 

6Pi = ..J(6P16Pi), while the oU-dlagonal element& arc the~ correlation coeffi

denta (6Pt6Pj)/(6Pi. 6P;I· For the definitions of the individual P 1• ace the lieting11 

above; only those Pi appearing tn the matrix are aaeumed in the lit to be non~ero and 

are thu11 conatrained to add to 1. 

P1 P2 P3 'P4 
p 1 • 7236+-.0211 
P 2 .oo77 .o475+-.oose 
p 3 -.2538 -.0925 .1526+-.0132 
p 4 -. 7960 . -.2131 -.3270 .0764+-.0223 

1171 
5170 

11170 
1173• 

11171 
1173• 
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Data Card Listings 
For notation, see key at front ofListings. 

R1 
R1 
R1 N 
R1 
R1 
R1 
R1 N 
R1 

12 AZ ,BRANCHING RATIOS 

A2 INTO (K KBARJ I (RH) PlJ 
(0.08) OR lESS LANDER 
(0.131 I0.03J BEUSCH 

11 0.09 0.06 0.09 ASCOLI 
O. 054 0.022 CHUNG 

10.03) 10.0121 DONALD 
(0.14) CO.OSJ BOCKHANN 

Oo 07 0 • 05 BOCK MANN 

IP2JJ(Pll 
64·HBC + 3.5 PI+P 
67 OSPK 0 5,7,12 PI~+ 
68 HBC - 5 PI-P 
68 HBC - 3.2 PI-P 
68 HBC +- 1.2 PBAR P. 
10 HBC 0 5.0 Pl+P 
70 HBC •+ 5.0 PI+P 

R1 N THE NEUTRAL HOO'e CAN INTERFERE WITH F. 
R1 
R1 
R1 
R1 
R1 
R1 
Rl 

0.06 0.03 ABRAHOVIC 70 HBC 
E (0.024) IO.OOtd OIAZ 70 HBC 
E SUPERSEDED BY ESPJ GAT 71 I SEE UNDER RZ AND RBJ 

113 
50 

0.01 Oo03 NEF 70 HMS 
0.091 0.018 AlSTON-GA 71 HBC 
0.056 0.014 · CHALOUPKA 73 HBC 

- 3.93 PI- P 
+- Q. PBAR P, 4 PI 

- 7.0 PI- P 
+ loOPI+P 
- 3o9 PI- P,P A2 

I 10/66 
9/67 
6/68 
1/67 
2172 
9/69 
'il/69 

1171 
11171 
11171 
6170 
2171 
2173• 

Rl AVG 
Rl FIT 

0.0678 
0.0656 

0.0088 AVERAGE !ERROR INCLUDES SCALE FACTOR OF loOJ 
0.0082 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01. 

R2 
R2 
R2 
R2 

AZ INTO lETA PlJI(RHO PI •·K KBAR +ETA PI) (P3J/(Pl+P2+P31 
34 0.15 0.04 BARNHAH 11 HBC + 3.7 PI+ P 

0.13 0.04 ESPIGAT 72 HBC +- O.PBAR P, 

R2 AVG 0.140 0.028 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
RZ FIT 0.165 0.013 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.01 

R3 A2 INTO lETA PIJ I CRHO PI J IP3J/IP1J 
R3 0.3· 0.2 ADERHOLZ b4 HBC 4.0 PI+P 
R3 o.zz 0.09 CONTE 67 HBC - 11.0 PI-P 
R3 22 o.i3 o.oa ASCOLI 68 HBC - 5 PI-P 
R3 0.12 o.oa . CHUNG 68 H8C - 3.2 PI-P 
R3 I0.072JOR LESS DONALD 68 HBC 1.2 P6AR P 
R3 0.16 0.10 KEY 68 HBC - 3 PI-P 
R3 0 10.181 10.06) VETLITSKY 69 HBC - 3.3 PI- P 
R3 0.3 0.13 ABRAMOVJC 70 HBC - 3.93 PI- P 
R3 15 0.25 o.o9 BOCKMANN 70 HBC . 5.0 PI+P 
R3 0.34 0.17 0.34 BOCKHANN 10 HSC 0 5 .o PI+ P 
R3 0 39 10.181 10.071 DZIERBA 10 HBC - 8. PI- P 
R3 167 0-246 0-042 AlSTON-GA 11 HBC . 7.0 PI+ P 
R3 149 0-211 0.044 CHALOUPKA 73 HBC - 3.9 PI- P ,p A2 ., 
R3 AVG 0-221 0.023 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
R3 FIT o. 211 0.021 FROM F 11 I ERROR INCLUDES SCALE FACTOR OF 1.01 

R4 A2 INTO C ETA PRIME PI I I TOTAL IPS I 
R4 10.1) OR LESS CHUNG 65 HBC - 3. 2 PI-P 
R4 s 0.02 OR LESS CL ... 97 8ARNHAH 71 HBC . 3, 7 PI+ P 
R4 s o.o o.o1 liMIT ABOVE RESTATED FOR AVERAGING 

R5 A2 INTO lETA PRIME PII/IRHO Pll CPBI/IPl) 
R5 14 10.071 10.031 AS COLI 68 HBC - 5.0 PI-P 
RS SUPERSEDED BY EISENSTEIN 72 
R5 0.04 0.03 0.04 BOCKHANN 10 HBC 05.QPJ+P 
R5 10.151 CO.O'iiJ OZIERBA 70 HBC - 8. PI- P ., STRONGLY DEPENDENT ON BACKGROUND SUBTRACT ION 
RS 10.041 OR LESS ALSTON-GA 71 HBC . 1.0 PI+ P 
RS IO.OlliOR LESS CLc.90 EISENSTEJ 72 HBC - 5.PI- P,P 6PI 

•• •• 
A2 PHD IPJ+ PI- PIOJ· I IRHO PII IP5J/IP1J 

ID.l71 OR LESS BENSON 66 oac o 3.1 PI+O 

R7 A2 INTO lETA PJI/iK KBARI CP31/IP21 

11171 
11171 

8/67 
6/68 

12166 
6/68 

-11/67 
9/68 
1171 
9/69 
9/69 

11171 
2171 
2173• 

• 2112 
2172 

12172• 

9/69 
11171 
11171 
2171 

12172• 

R7 E 13.01 OR LESS FOSTER 68 HBC - PBAR P,PBA REST 11171 
R7 E SUPERSEDED BY ESP I GAT 12 I SEE UNDER R2 AND RBI 
R7 
R7 FIT 

......... 
3.22 0.50 FROH FIT 

AZ INTO IK KBARJ/(RHO PI+ K KBAR +ETA PII CP21/IP1+P2+P31 

11171 

•• •• •• 
17 0.06 0.03 BARNHAM 11 HBC + 3-7 PI+ PoKSK+P 11/71 

10.0201 10.0041 ESPJGAT 12 HBC +- O.PBAR P, 2172 
NOT AVERAGED BECAUSE OF DISCREPANCY BETWEEN MASSES 
FROM Itt; KBARI AND I RHO PI I MODES " •• ... 8 0.03 0.02 DAMERI 72 HBC - 11. PI- P • 12112• •• R8 AVG 0.039 0.011 AVERAGE CERROR INCLUDES SCALE FACTOR OF 1.01 

R8 FIT 0.0514 Q.0062 FROM FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

R9 A2 INTO IPJ+ PI- PI-1/IRHOO Pl-1 IP6CI/(PlCI 
R9 (0.23) OR LESS CL=o90 ABRAMOVIC 70 HBC - 3.'il3 PI- P 

Rll A2 INTO IPI GAMMA)/TOTAL IP71 
Rll 10.0051 10.005) I0.003JEISENBFRG 71 HBC PHOTOPROOUCTION 
IUl PION EXCHANGE HODEL USED IN THIS ESTIMATION 

R.l2 A2 INTO IOMEGA PI PII/CRHO PII IP4J/1Pll 
Rl2 D 0.23 0.10 OEFOIX 72 HBC 0 0.1 PBAR Pt7 PI 
Rl2 0 DECAYS TO BU10401 PI, Bl INTO OMEGA PI 
Rl2 0 .ERROR INCREASED TO ACCOUNT FOR POSSJ BLE SYST. ERRORS 
Rl2 0 OF COMPLICATED ANALYSIS. 
Rl2 0.08 0.05 GARNJOST 12 HBC 0 7.1 PI+ P 
Rl2 279 0.10 0.05 CHALOUPKA 73 HBC - 3.9 PI- p,p A2 
R12 • ••••••• , 
R12 AVG 0.106 0.033 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
Rl2 FIT 0.106 0.033 FROM FIT IERROR INClUDES SCALE FACTOR OF !.OJ 
...... o ......................................................... ••••t~t••• 

AOERHOLZ 64 PL 10 248 
CHUNG 64 PRL 12 621 
GOLOHABE 64 OUBNA CONF 
LANDER 64 PRL 13 346 

REFERENCES FOR A2 

I AACHEN+BERL JN+B IRH+BONN+HAMBURG+LOIC+MP IM I 
+DAHL ,HARQY,HESS,KALBFLEISCH,KIR1 I LRU 

1 480 G GOLDHABER,S GOLDHABER,OHALLORAN 1 SHENILRU 
+A BOll NS ,CARMONY ,HENDRIKS, XUONG+ I LA JOLLA I 

ABOlJNS 65 ATHENSIOHIOIC.ONF. +C.ARMONYol.ANOER,XUONG,YAGER CLA JOllAJt .. l 
AOERH0l1 65 PR 138 8 897 IAAC.HEN+BfRl+BIRH+BONN+HAMB+LOJC.+MPIHJ 

1171 

11171 
11171 

2/73• 

All Tl I 65 Pl 15 69 All TT I oBATON,OElER,CRUSSARO+ CSAClAY+BGNA) JP 
C.HUNG 65 PRl 15 325 +DAHL 1 HARDY 1 HESS 1 JAC0BS,KIR1 1 MILlER ILRLJ 
FORINO 65 Pl 19 68 +GESSAROll+ IBGNA+BARI+FIRZ+ORSA+SACU 
LEFEBVRE 65 PL 19 434 CERN MISSING MASS SPECTROMETER GROUP CCERNJ 
SEIOLJTZ 65 PRL 15 217 l SEIOLITZtO I DAHL,D H HILLER ILRLI 

BARNES 66 PRL 16 41 
BENSON 66 HICH C00-1112-4 

ALSO 66 PRL 16 1177 
EHRLICH 66 PR 152 1194 
FERBEL 66 PL 21 111 
LEVRAT 66 PL 22 714 

ARHENI!:E 67 PL 25B 53 
~ALTAY 67 PL 258 160 
BARLOW 67 NC 50A 701 

BARNES,FOWLER,LAioORENSTEIN + CBNL+CUNYI 
G.C.BENSQN, THESIS (MICHl 
G BENSON,LOVELL,HARQUIT,ROE + IHICHJ 
R. EHRLICH,W. SELOVEt H. YUTA I PENNI 
FERBEl (ROCHESTER! 
CERN HISSING HASS SPECTROMETER GROUP ICERNI 

ARM ENI SE, FCiliNO, + C SARI +BGNA+F I RZ+ORSAY J 
+K I RSCH+KUNG+YEH+RABIN I COLU+BNL+RUTGERS I 
+L ILLESTOL +MONT ANET+ CCERN+COEF+IRAO+ L1 VP I 
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Mesons 
A2(1310), E(1420) 

SARTSCH 67 Pl 25B 48 
BEUSCH 67 PL 25 8 357 
CASON 67 PRL 18 880 

ALSO 68 LAHSA 
CHJKOVAN 67 PL 258 44 
CHUNG 67 PRL 18 100 

ALSO 66 UCRL-16832 
COHN 67 NP Bl 57 
CONFORTO 67 NP 83 469 
CONTE 67 NC 51 A 175 
DAHL 67 PR 163 1377 
DANYSZ 67 NC S} A 801 
SLATTERY 67 NC 50A 377 

ARHENJSE 68 PL 26B 336 
ASCOll 68 PRL 20 1321 
BALLAH 68 PRL 21 934 
BENZ 68 PL 2B 8 233 
BOESEBEC 68 NP 8 4 501 
CASO 68 NC 54 A 983 
CHUNG 68 PR 165 1491 

~:~t~L :: =~L 2 !0e13~~7 
FOSTER 68 NP B 8 174 
FR I CHAN 68 PR 167 1268 
JUNKHANN 68 NP 88 4'11 
KEY 68 PR 166 1430 
LAHSA 68 PR 166 1395 
VON KROG 68 Pl 27 8 253 

+DEUTSCHMANN+GROTE +COCCONI +( AACH+BERL+CERN I 
+FISCHER oGOBBI ,A STBURY+ IETHZ+CERNI 
+LAMS A, B IS WAS, DERAOO, GROVES,+ tNOTREOAHE J 

CERN HISSING MASS SPECTROMHER GROUP (CERN) 
+DAHL, HARDY, HESS, K IRZ, HILlER I LRL I 
RICHARD I HESS--THESJS,BERKELEY ILRLI 
+MCCULLOCH+BUGG+CONDO CORNL+UNJV. TENN. I 
+HARECHAL, MONTANET+ I CERN+CDE F+ JPN+L I VP I 
+TOMAS IN I, CORDS+ C GENOVA+ HAHB +HILANO+SACLAYJ 
+HAROY+HESS+Kl RZ+HI LLER CLRL I 
OANYSZ+FRENtH+SIMAK C CERN I 
+KRAYBILL+FORMAN+FERBEl (YALE+ROCHJ JP 

• ARHENISE,FORINO,+ 18ARI+BGNA+FIRZ+ORSAYJ 
+CRAWLEY,HCJHARA,SHAPJRO,BRIOGES+IILUNOISI JP 
+BRODY ,CHAOW I CK, FRIEs, GU JRAGOSS I AN+ I SLAC I 
CERN HISSING MASS SP.ECTROHETER GROUP I CERN I 
BOESEBEC.K, OEUTSC HHANN, +I AACHEN+BERL I N+CERN J 
+CONTE+COROS+D IAZ+ ( GENOVA+HAMB+Ml LAN+SACL I 
S.U.CHUNG, O. DAHL t J .KJ RZ, Q. H. HILlER C LRL I 
+KARSHON+KWAN LAI,SCARR,SKILLICORN CBNLI 
+FRODESEN+BETT IN 1+ ILl VERPOOL+OSLO+PADUA) 
+GAV ILLET 1 LABROSSE ,MQNTANET, + CCERN+CDEF I 
+MAURER, HI CHALON, OUDET+I HE 10 +STRASBOURG J 
+COCCONI 1 + (AACH+BERL+BONN+CERN+WARSI 
+PRENT ICE+COOPER+HANNER+ I TNTO+ANL +WI SCI 
+CASON+B I SWAS+DERADO+GROVES+ I NOTRE DAME I 
+HIYASHITA,KOPELHAN,HARSHALL LIBBY ICOLOI 

ADERHOLZ 69 NP 8 11 259 +BARTSCH,+ (AACH+BERL+CERN+JAGL+WARSI 
AGUILAR 169 PL 29 B 62 +BARLOW 1 JACOBS 1 DELLA NEGRA+ICERN+CDEF+LIVPI 
AGUILAR 269 PL 29 B 241 HoAGUILAR-8ENITEZ,J,8ARLQW,+ (CERN+COEFI 
ANDERSON 69 PRL 22 1390 +COLLINS,+ ( BNL+CARNJ 
ARHENISE 69 LNC 2 501 +GHIDINJ,FORINO,CARTACCI+ CBARI+BGNA+FIRZI 
CHIKOVAN 69 PL 28 8 526 CERN MISSING MASS SPECTROMETER GROUP ICERNJ Jp 
CRENNELL 69 PRL 221327 +KARSHON,KWAN WU LAI,+ IBNLJIJP 
DONALD 69 NP B· 12 .325 +EDWAROS,FOSTER,HOORE CLIVEP.POOLI 
EISENBER 69 PRL 23 1322 EISEN8ERG,HABER,BALLAH,CHAOWICK+CREHO+Sl.ACI 

ALSO 67 8ARLQW,67 CONFORTO 
VETLITSK 69 SJNP 9 596 VETLITSKY,GRJGOREYEVrGRISHIN,+ I ITEPJ 

:~~~~~~~A;g ~~ ~3 2: :~* ::::;~:~~~~t~~~~~~~g: ~~~~!~6~7 FLATT e! ~~=~: J!' 
ASCOLI 70 PRL 25 962 +BROCKWAY 1 CRAWLEY,EI SENSTEIN,HANFTr+ IlLLI JP 
BASILE 70 LNC 4 838 +DAlPIA1 1 FRA8ETTI,HASSAH,+ CCErtN•BGNA+STRBI 
SAUDI 70 PL 318 397 CERN BOSON SPECTROMETER GROUP tcERNI 
BAU02 70 PHILAO.CONF.P.311 CERN BOSON SPECTROMETER ~OUP ICERNI 
BAUD3 70 Pl 31 B 401 CERN BOSON SPECTROMETER GROUP ICERNI 
BOCKMANN 70 NP 8 16 221 +HAJOR,POL S1 + I BONN+DURH+NJ JM+E POl+TORI J 
BUTLER 70 UCP.l 19B45 THESIS ILRL I 
CAROLL 70 PRL 25 1393 +FJREBAUGH 1 GARFINKEL 1 MORSE,OH,+ IWISC+TNTOJ 
CASO 70 LNC 3 707 +CQNTE 1 TOHASJNI,CORDS+CGENO+HAMB•MJLA+SACLI 
DIAl 70 NP 8 16 239 +GAVILLET,LASROSSEoMONTANET+ CCERN+COEFIJP 
OZJERBA 70 PR D 2 2544 +SHEPHARO,BISWAS,CASQN,JDHNSON,KENNEYCNOAMI 

ALSO 68 LAHSA 
GARFINKE 70 PL 33 8 536 GARFINKEl.oAHMANNoCARHONY,YEN CPURDUEJ)C 
GORDON 70 COO 1195 179 THESIStiLLINOIS ltLlJ 
JOHNSTON 70 NP 8 24 253 +KEY,PRENTICE,YOON,GARFINKEL,+ CTNTO+WISCI 
KRUSE 70 PHILAO.CONF.P.359 U.KRUSE 1 PARTIAL WAVE ANALYSIS IlLLI JP 
NEF 70 THESIS+PRIV4COMM.CERN BOSON SPECTROMETER GROUP ICERNI 
SUTHERLA 70 PHJLAO.CONF. P. 369 G. SUTHERLAND, INTERFERING RESONANCE (GLASGOW I 

AGUILAR 71 PR 0 4 2583 AGUILAR-8EN1TEZ 1 EJSNER,KINSON IBNLI 
ALSTON-GAll PL 34 B 156 +8ARBAR0 1 8UHLoDERENZO,EPPERSON,FLATTE+ILRLI 
BARNHAH 71 PRL 26 1494 +ABRAHS,BUTLER,COYNE,GOLDHABER,HALL,+ CLBLI 
BEKETOV 11 SJNP 4 765 +SOMBKOWSKY 1 KONOWALOV,KRUTSCHININt+ I ITEPJ- JP 
81NNIE1 71 PL 36 8 257 +CAMILLERirDUANE,FARUQl,SURTON,+(LOIC-+SHMPI 
BINNJE2 71 PL 36 B 537 +C.AMilLERirOUANE,FARUQJ,BUI:nO·N,-+ILOIC+SHHPJ 
BOWEN 11 .PRL 26 1663 +FARLES 1 FAISSLER,BLIEOEN,+ NEAS+STON 
BUHL 11 PREPRINT +CLJNE 1 TERREL IWISCONSINJ 
CLAYTON 71 PREPRINT +MASON,HUJRHEA0 1 RIGOPOULOS,+ CLIVP+ATENI 
CRENNEl 71 PL 35 8 185 +GOROON 1KWAN-WU LAirSCARR tBNLJ 
E IS ENDER 71 SLAC-PUS-933 EISENBERG, HABER, BALLAM,CHAOW ICK+CR EHO+ST ANI 

·FARBER 71 NP 8 29 237 +DE PINTO,BISWAS,CASON,DEERY,KENNEY,+CNDAMJ 
FOLEY 71 PRL 26 413 +LOVE,OZAKioPLATNER,liNDENBAUH,+ IBNL+CUNVJ 
GRAYER 71 PL ~4 8 333 +HYAHS,JONES,SCHLE IN,BLUH,OIETL+{CEPN+HPIMI 
LYNCH 71 UCRL 20022 AND 71 AMSTERDAM CONF • G.LYNCH ILBLJ 
RINAUDO 71 NC 5 A 239 •BOECKMANN 1 MAJOR+ITORI+80NN+OURH•NIJH+EPOLI JP 

ANKENBRA 72 PRL 29 1688 ANKENBRANDT,BRABSON,CRJTTENOEN,HEINZ,+CINOI 
ANTIPOV 72 PHJL.CONF.PROC. +ASCOL1 1 6USNELLOtOAHGAAR0 1 + ISERP+CERNI 
SERENYI 72 NP B 37 621 +PRENTJC.E 1 STEENBERG,Y00N,WALKER ITNTO+WISC) 
BLOODWOR 72 NP 8 37 203 BLOOOWORTH,JACKSON,PRENTICE,YOON ITNTOI 
OAMERI 72 NC 9 A 1 +BORZATTA 1 GOUSSU 1 + CGENO+HILA+SACLJ 
OAMGAAP;O 72 UNPUBLISHED HEKO +LECHAN0JNE 1 HARTIN ISOHR+GEVA) 
OEFCIIX 72 SUBMITTED TO PL +DOBRZYNSKI,ESPIGAT,NASCIHENTO,+ ICOEFJ 
DIEBOLD 72 BATAV.CONF. R.OIEBOLO RAPPORTEUR TALK IANLI 
EISENBER 72 PR D 5 15 EISENBERG 1 BALLAM,.DAGAN,+ IREI<l+SlAC+TElAI 
.EISENSTE 72 COD-1195-247 EISENSTEIN 1 SCHULTZ,ASCOLJ,IOFFREOO,+ liLLI 
ESPIGAT 72 NP B 36 'il3 +GHESQUIERE 1 LILLESTOL,HONTANET ICERN+COEFJ 
FOLEY 72 PR D 6 747 +lOVE 1 0ZAKI 1 PLATNER,LINDENBAUM,+ 18NL+CUNYI 
GARNJDST 72 PRJV,COHHUNlC. M.ALSTON-GARNJOST ILBLI 
GEllNER 72 PREPRINT NUB2145 M.GETTNER INEASI 
KIENZLE 72 UNPUBLISHED MEMO H.KJEN1LE CCERN) 
LASSILA 72 PRL 28 1491 LASSILA,YOUNG (IOWA) 
HORSE 72 NP 8 lt3 77 +OH, WALKER, JOHNS TON, YOON !WJ SC+ TNTO l 
PREPOST 72 PHIL.CONF.PROC. +CQNFORTO,KEY,MOBLEY,+ (WISC+CHIC+TNTO+NAL) 

CHALOUPK 73 SUBMITTED TO Pl CHALOUPKA,DOBRZYNSKJ,FERRANDO,LOS.TY,+ICERNJ 

•••••• ••••••••o ••••••••• o•••••••• ••••••••• ••••••••• o•••••••• •••••••• 
•••••• ••••••••• CEo••o•••o ••••o•••• ••••••••• o•*•••••o ••••••••• ••••o••• 

IE(1420) I b E 11420tJPG•A +J JcQ 

BAILLON 67 FAVOR JPcQ-, DAHL 67 FAVOR 1+ BUT 00 NOT 
EXCLUDE z-, 0-. LORSTAD 69 FINO 0- OR. 1+. 

6 E HASS IHEVJ 

" 1425. 7. BAILLON 67 HBC o. PBAR P ll/6e 

" 1420.0 20.0 DAHL 67 HBC 1.6-4.2 PI- P 10/66 

" 1423. 10. FRENCH 67 HBC 3-4 PBAR P 6/67 
H 310 1420. 7 0 LORSTAO 69 HBC 0.7 PB P 1 4,5-BODY 9/69 

" 170 1398. lOo DEFOIX 72 HBC 0.7 PBirR Po7 PI 1173• 

" 280 1406. 7. OUBOC 72 HBC 1.2 PBAR P,2K4Pl 12172-(c 

i1 

" AVG 1415.5 4.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

' 
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Mesons 
E(1420), Xo(l430), X1(1440), f'(l514) 

w 
w 
w 
w .310 
w 170 
w 280 
w -

80. 
bO.O 
45. 
60. 
50. 
so. 

6 E WIDTH CHEVI 

10. 
20.0 
20. 
20. 
10. 
12. 

BAILLON 
DAHL 
FRENCH 
LORSTAD 
OEFOIX 
DUBOC 

67 HBC 
67 HBC 
67 HBC 
69 HSC 
72 HBC 
12 HBC 

Q,. PBAR P 
1.6-4.2 PI- P 
3-4 PBAR P 

O. 7 PB P, 4, 5-BDDY 
0.7 PBAR P,7 PI 
1.2 PBAR P,2K4PI 

W AVG b.O AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.U 

P1 
PZ 
P3 
P4 
P5 

6 E PARTIAL DECAY HODES 

INTO K K•C8921 
INTO K KBAR PI 
INTO PI PI RHO 
INTO DELTA PI 
INTO ETA PI PI 

6 E BRAN~HING RAT lOS 

E INTO CKBAR K•IB921 + C.C.I/(K KBAR PI I 

DECAY MASSES 
497+ 891 
497+ 497• 139 
134+ 134+ 770 
970+ 139 
SitS+ 139'!' 139 

CPU/IP21 

ll/66 
10/66 
6/61 
9/69 
1173• 

12172• 

R1 
R1 • SO olD BA JllON 67 HBC 0.0 PBAR P 11/66 

E INTO IPI PI RHlJ I CK KBAR PJJ IP3J/(P21 R2 
R2 (2.01 OR LESS DAHL 67 HBC 0 1.6-4.2 PI- P .10/66 

., ., ., 
E INTO CETA 2 PJI/tK KBAR Pll 

11.~1 OR LESS CL•.9S FOSTER 
lo 5 Oo8 DEFOIX 

E INTO (QELTA PU/CETA PI PI} 

IP5J/(P21 
68 HBC - 0.0 PBAR P 9/69 
72 HBC 0.7 PBAR P 1/13* 

IP4JIIP5J •• •• 0.4 0.2 DEFOIX 72 HBC 0.7 PBAR P,7 PI 1173* ...................... ,. ......... ~ ........................................ . 
REFERENCES FOR E 

SAl LLON 67 NC 50 A 393 +EOWAROS+D,ANDLAU+ASTI ER+ I CERN+CDEF+ IRAQ J 
BARASH 67 PR 156 1399 BARASH tKI RSCH, HILLER, TAN I COLUHBI AI 
DAHL 67 PR 163 1377 +HARDY+HESS+Kl RZ+MilLER (LRL J I JP. 

ALSO 65 PRL 14 1074 MILLER rCHUNG, OAHLt HESS, HARDY tK IRZ+ ILRL+UCB J 
FRENCH 67 NC 52A 438 +KI NSON+ MCOQNALD+RIODI FORO+ ( CERN+BIRH I 

+GAVI LLET, LABROSSE ,HQNTANET r+ I CERN+CDEF J 
+CREST It l1 HENT AN It BERT AUlA rB IGI+ I PAOO+ PI SA I IC 

FOSTER 
BETTINI 
LORSTAO 
DEVONS 

68 NP B 8 174 
69 NC 62 A 103B 
69 NP B 14 63 

.71 PRL 27 1614 
B.LORSTAO,O.ANDLAU,ASTIER,+ ICOEF+CERNI JP 
+KOZL!JWSKI rHORWITZt+ ICOLIJ+SYRAI • 

CHAPMAN 
OEFOIX 
OUBOC 

72 NP B 42 1 
12 NP 8 44 125 
72 NP B 46 429 

.+CtiJRCHrLYSrMURPHYrRING,VANDER VELDE IHICHI 
+NASCIMENT018l ZZARRI ,+ ICOEF+CERNJ 
+GOl._DBERG,HAKOWSKI,OONAlD 1 + llPNP+liVPJ ....................... ,. .................. ,. ......................... . 

*'*'**** ................................................................. . 

w 
w 
w 
w 
w 

29 X I 1430,JPG= I 1=0 X0(1430) 
-+KsKs.P0P0 

) 

EVIDENCE NOT COMPElllNG.OMITTEO FROM TABLE. 
PEAKS SEEN IN IKS KSI SPECTRA QUOTED UNDER 
Xf 14401 ct•ll AS WELL. 

29 XI 14301 MASS I HE VI 

-----RHOO RHOO HOOE----
1 1410-0J BETTINI 66 OBC 0 O. PBARP TO SPR 

----KS KS MODE ------
8 POSSIBLY SEEN ABRAMS 67 HBC 4.25 K- P 
B THE AUTHORS ASSOCIATE THE PEAK WITH THE F PRIME, BUT BACKGROUND 
B EST I MAT ION IS OIFFICUL T 

AVG 

1412. 23. 
1439.0 5.0 6.0 

BARLOW 
BEUSCH 

67 HBC 
67 OSPK 

1.2 PBAR P 
5,7,12 PI-P 

1437.5 ... AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

29 Xll4301 WIDTH tMEVI 

---RHOO RHOO MODE----
190.0J BETTINI 66 OBC 0 0. PBAR P TO 5PR 

-------KS KS MODE --------
100. 70. BARLOW 67 HBC 142 PBAR P 
43.0 17.0 ~B.O BEUSCH b7 OSPK 5,7,12 PI-P 

AVG 4b.~t n.o AVERAGE tERROR INClUDES SCALE FACTOR' OF L.OJ 

REFERENCES FOR X lllt30J 

BETTINI 
ABRAMS 
BARLOW 
BEUSCH 
DONALD 

66 NC lt2A 695 
b1 PRL 18 620 
67 NC 50 A 701 
67 PL 25 B 357 
69 NP B 11 551 

+CREST I 1LIMENT AN It LORI A, PERUZlO+t PADQ+P I SAJ 
+KEHOE rGLASSER, SEC HI -ZORN, WOLSKY I MARYLAND I 
+MONT A NETt 1>-ANOLAU+ I CERN+CDEF+IRAO+L 1 VP J 
+F ISCHER,GOBBI r AST BU• I ETHZ•CERNJ 
+EDWARDS t BURAN 1 BElT I Nl ,+ ILl VP+OSLO+ PAOOJ ·-··· ........................... ····-··· ......................... . .................................................................... 

38 X 11440,JPGa J Jc1 

'---.....::;:_..::::.-1 EVIDENCE NOT COHPELLING.OMJTTEO FROM TABLE. 
PEAKS SEEN IN U.S KSJ SPECTRA QUOTED UNDER 
XI1430J ll=Ol AS WELL. 

' 

9/66 

5/67 

5/67 
9/67 

9/66 

5/67 
9/67 

Data Card Listing~ 
For notation, see key at front of Listings. 

3B Xl14401 MASS IHEVI 

POSSIBLY SEEN 
THE AUTHORS ASSOCIATE THE 
ESTIMATION IS DIFFICULT 
1412. 23. 
1439.0 5.0 6.0 

11425. OJ 
I 1405. J 

ABRAMS 67 HBC 4.25 K- P 
PEAK WITH THE F PRIME, BUT BACKGROUND 

BARLOW 
BEUSCH 
FOLEY 
DEFOIX 

67 HBC 
67 OSPK 
11 CNTR 
72 HBC 

1.2 PBAR P 
5,7,12 PI-P 

- 20.3 PI- P,K- .KS 
0 0.7 PBAR Pt7 PI 

H 
H 
H 
H 
H 
H 
H 
H 
H AVG 1437 .s ... AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

AVG 

100. 
43.0 

120.0J 
lltO.J 

46.4 

38 Xl1440 J WIDTH I MEV J 

10. 
• 17 .o 

OR LESS 
18.0 

BARLOW 
BEUSCH 
FOLEY 
OEFOIX 

67 HBC 
67 OSPK 
71 CNTR 
72 HBC 

1.2 PBAR P 
5,7,12 PI-P 

- 20.3 PI- P,K• KS 
0 0.7 PBAR P 1 7 PI 

n.o AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

•••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••• ***••••• 

ABRAHS 
BARLOW 
BEUSCH 
FOLEY 
OEFOIX 

67 PRL 18 620 
67 NC 50 A 701 
67 PL 2 5 8 357 
11 PRL 26 413 . 
72 SUBMITTED TO PL 

REFERENCES FOR Xll440J 

+KEHOE 1 GLASSER 1 SECHI-ZORN,\oiJLSKY I MARYLAND I 
+MONT A NETt 0 1 ANDLAU+ ICERN+CDEF+I RAD+LI VP J 
+FJ SCHER 1 GOBS It ASTBURY+ I ETHZ+CERNJ 
+LOVE tOZAK I, PLATNER, L1 NDENBAUM, + I 8NL+CUNY J 
+OOBRZVNSKI, ESPJGAT ,NASCIMENTO,+ ICOEFI 

:::::: ::::::::: ::::::::: ::::::::: ::::::::: ::::::::: ::::::::: :::::::: 
I f'(l514) I 13 F PRIME 11514oJPG•Zool 1•0 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

w 
w 
w 

P1 
P2 
P3 
P4 
PS 
Pb 
P7 

R1 
R1 
R1 

., . , 
•• •• ... 
•• •• 

AVG 

AVG 

13 F PRIME MASS tMEVJ 

1411480.01 CRENNELL 
511460.1 110.) ABRAMS 

BACKGROUND ESTIMATION DIFFICULT. 
1515.0 7.0 AMMAR 

7011513.01 C7 .OJ BARNES 
SUPERSEDED BY AGUILAR 12 

100 1519. 7. 
46 1514. 4. 
47 1521. 7. 

AGUILAR 
COLLEY 
VIOEAU 

66 HBC 
67 HBC 

67 HBC 
67 HBC 

72 HBC 
72 HBC 
72 HBC 

6.0 PI- P 
4.25 K- P 

5. 5 K-P 
4.6, 5, K- P 

349o4o6 K- P 
10.K+ P 
4.K- P,L FPRIME 

1516.1 2.8 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

13 F PRIME WIDTH CMEVI 

5 (53. J I 18.1 ABRAMS 67 HBC 
BACKGROUND ESTIMATION DIFFICULT. 

35.0 25.0 AMHAR 67 HBC 
70 IB7.01 115.01 BARNES 67 HBC 
SUPERSEDED BY AGUJ LAR 12 

100 69. 22. AGUILAR 72 HBC 
46 2B. 15. COLLEY 72 HBC 
47 40. 20. VIDEAU 72 HBC 
ERROR INCREASED BY US.SEE TYPED NOTE ON K* MASS. 

4 .• 25 K- P 

5.5 K-P 
4.6, 5. K- P 

3.9,4.6 K- P 
10.K+ P 
4 .K- P, L FPRIHE 

39.9 9.7 AVERAGE I ERROR INCLUDES SCALE FACTOR OF I. OJ 

13 F PRIME PARTIAL DECAY MODES 

F PRIME INTO PI+ Pl
F PRIME INTO K KBAR 
F PRIME INTO K K*IB92J 
F PRIME INTO ETA ETA 
F PRIME INTO PI PI ETA 
F PRIME INTO PI K KBAR 
F PRIME INTO PI+ PI+ PI- PI-

13 F PRIME BRANCHING RATIOS 

F PRIHE INTO IPJ+ PI-J/IK KBARJ 
10.21 OR lESS 'tL.,.67 AHHAR 
{0.361 OR LES!' CLc.9S AGUILAR 

F PRIME INTO lETA ETAJ/IK KBARI 
to. 501 OR LESS • BARNES 

F PRIME INTO IPI PI ETAI/IK KBARJ 
10.31 OR lESS Cl=.67 AMMAR 
10.251 10.131 BARNES 

SUPERSEDED BY AGUilAR 72 
I0.41J OR LESS CL=.95 AGUILAR 

67 HBC 
72 HBC 

67 HBC 

6'7 HBC 
67 HBC 

12 HBC 

DECAY MASSES 
139+ 139 
497+ 491 
493+ B91 
54B+ S4B 
139+ 139+ 5lt8 
139+ 497+ 497 
139+ 139+ 139+ 139 

IPU/(P21 
5. 5 K-P 

3.9,4.6 K- P 

IP4J/IP21 
4.6, 5.0 K- P . 

IP51/IP21 

4.6, 5.0 K- P 

349 14.6 K- P 

R5 F PRIME INTO IPI K KBAR + K K*I89211/(K KBARJ (P6+P31/tP2J 
R5 10.41 OR LESS CL=.67 AHMAR 67 HBC 
RS 10.351 OR LESS CL ... 95 AGUilAR 12 HBC 3.9,4.6 K- P 

R6 F PRIME INTO IPI+ PI+ PI- PI-1/IK KBARJ CP711tP21 
R6 (0.321 OR LESS CL ... 95 AGUILAR 72 HBC 3.914.6 K- P 

REFERENC.ES FOR F PRIME 

BARNES 65 PRL 15 322 +CUlWICK ,GUIDON I ,KALBFLEI SCH,GOZ+C BNL+SYRA I 

CRENNELL 66 PRL 16 1025 + KAlBFLEISCHtLAitSCARR,SCt«JHANN + CBNLII 

67 PRL 18 620 +KEHOE, GLASSER, SEC HI -ZORN, WOLSKY I MARYLAND I 

5/67 

5/67 
9/67 
2171 
2173• 

5/67 
9/67 
2171' 
2173* 

B/66 
5/67 
5/67 
9/67 

12172• 

12172* 
12172• 
12172• 

S/67 
5/67 
,9/67 

12172• 

12172• 
12/12* 
12172• 
12172• 

9/67 
12172• 

10/67 

10/67 
10/6'7 

12172* 

10/67 
12172• 

ABRAMS 
AHMAR 
BARNES 
All TTl 

67 PRL 19 1071 
67 PRL 19 964 
6B PRL 21 1705 

+OAVIS,HWANGIOAGAN,QERRICK + tNWES+ANLJ JP 

LORSTAD 69 NP B H 63 
SCOTTER 69 NC 62 A 1057 

+DORNAN, GOLDBERG, LEITNER + I BNL+SYRACUSE J ICJP 
+BARNES ,CRENNELL 1 FlAM I NI Q, GOLOBERGt + I BNL J 

8.LORSTAOID.ANOlAU,ASTIERr+ CCOEF+CERNJ JP 
+ERSKINE 1 PALER,+ t Bl PM+ GLAS+LOI C+HPIM+OXF J 
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Data Card Listings 
For notation, see key at front of Listings. 

AGUILAR 
COLlEY 
VIDEAU 

72 PR 0 6 29 
72 NP 8 50 1 
7Z PL -41 B 213 

AGUI LAR-BENI TEl, CHUNG, EJ SNER ,SAM lOS ( BNL I 
+JOBES t RIDOIFORO, GRJ FF ITHS 1 + I 8 IRM+GLAS) 
+VI OEAU, ROUGE, BARRELET,rDEBR ION 1 + IEPOL+SACL J 

........ ••••••••• ••••••••• ••••••••• ••••••••• •••*••••• 10< •••••••••••••••• 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••o•••• ••••••••• •••••••.,. 

47 Fl ( 1540tJPG- J 1.,1 

47 Fl MASS IHEVJ 

6 

l01l't90.0J 
142 1540.0 

25(151t3.0J 

(20.0} 
s.o 

13.01 

AOERHOLZ 
AGUILAR 
DUBOC 

69 HBC + 8 PI+ P~KKBARPJ.ll/69 
69 HBC 
11 HBC 

0. 7PBARP, KKBARPJ ll/69 
0 1.1-1.2 PBAR P • 2172 

47 Fl WIDTH CMEVJ 

10 
142 

25 

185.01 
40.0 

06.01 

139.01 
15.0 

no.ot 

AOERHOLZ 
AGUILAR 
OUBOC 

69 HBC + 
69 HBC 
11 HBC 

8 PI• P, KKBARPI 11/69 
0.7PBARP,KK8ARPI 11/69 

0 1.1-1.2 PBAR P 2172 

47 fl PARTIAL DECAY HODES 

P1 
P2 

F1 INTO K KBAR PI 
Fl INTO K*l892) KBAR 

DECAY MASSES 
134+ 497+, 497 
891+ 497 ............... ·······- ........................................... . 

AOERHOLZ 69 NP B 11 259 
AGUILAR 69 PL 29 8 379 
AGUILAR ~9 NP 8 14 195 
OUBOC 71 Pl 34 B 343 

CHAPMAN 72 NP 8 42 1. 
DUBOC 12 NP 8 46 429 

REFERENCES FOR F 1 

+BARTSCH,+ ( AACH+BERL•CERN+KRAK+WARSJ 
+BARLOW,JACOBStD ANOLAU,ASTIER+ ICERN+CDEFJ 
1-BARLOW,JACOBStO ANOLAU,ASTIER+ CCERN+COEFJ 
+GOLDBERG, HA.KOWSKI r TOUCHAR01 + C 1 PNP+L IVP I 

+CHURCHtlYS,HURPHY,RJNG 1 VANDER VEL DE CHI CHI 
+GOLDBERG,MAKOWSKI ,QONALO,+ lLPNP+LIVPJ 

.................................. ······••.co .......................... . 
•••••• ••••••••• ••••••••• ••••••••• ••••••••• •v••••••• ••••••••• •••••••• 

tiS RHO PRIMEI1600,JPG=l-+l I•l 

The p', l~ng-sought by looking for its .Zn decay, 

has been seen.ciearly only in the reaction 

'{(real or virtual)" .... p10 .... p0
•

0 
.... 4n. 

There is some evidence from ALVENSLEBEN 71 and 

BULOS 71 for a 2n bump far out on the p tail, but 

interpretation is difficult. EISENBERG 72 claim to 

establish a width of less than 2 MeV for .P' .... 2n. 

This is not easily put in the format of the data cards 

below, so it is summarized here: Their S.GeV/c n+p 
. . ++ ++ . 

exper1ment Ylelds 5600 pLI. and <37 p1 Ll. ; 1, e., 

production ratios are >100: 1. _With minor corrections, 

the OPE model then gives a ratio of coupling con

stants squared for the 2n decay of p1 and p to be 
2 2 . 

g. (p1 )/g (p) < 0. 02, which then yields the surprising 

r(p 1 .... 2n) < 2 MeV. If no 2n mode is found, MORTARA 

72 suggests that the p1 is just a p< threshold on the 

tail of the p, but again EISENBERG 72 claim to refute 

this. 

Mass and width values punched below are only 

indicativ.e, because for such a broad peak they are 

extremely dependent on the paramet:dzation chosen. 

For reviews, see DIEBOLD 72 and SILVESTRINI 72. 

PARTICLE DATA GROUP Review of Particle Properties S91 

Mesons 
!'(1514), F1 (l540)~ p'(1600), A3(1640) 

65 RHO PRIME MASS (MEVJ 

(1600.1 
400 1430. 

1566. 

APPROX. 
so • 
22. 

BARBARI 1 
BINGHAM 
DAVIER 
SMAOJA 

72.0SPK 0 E+ E- TO 4 PI 1173• 
12 HBC 0 9.3 GAM p,p 4PI 12172• 

S 400(1500. I H. OF PEAK 400/40 
12 STRC 0 4 .. 5-18. G P 1 P4PI 12172• 
12 HBC 0 9.3 GAM P 1 P 4PI 12172* 

AVG 1560.7 57.5 AVERAGE tERROR INCLUDES SCALE FACTOR OF 2~91 
S LATER FITS GIVEN BY BINGHAM 72 

65 ~HO PRIME WIDTH (HEVI 

400 650. 100. BINGHAM 72 HBC 0 9.3 GAM P,P 4PI 12172* 
303. 64. OAVJER 72 STRC 0 4.5-18. G P,P4PI 12172* 

400 16001 FWHH 400/40 SHAOJA 72 H8C 0 9.3 GAM P,P 4PI 12172* 
EXPTL. FULL WIDTH AT HALF MAX. LATER FITS GIVEN BY BINGHAM 72 

(350. I APPROX. CERADINI 73 OSPK 0 E+ E- TO 4 PI 1/73* 

PI 
P2 
P3 
P4 
PS 

•• 

R1 
R1 
R1 
R1 
Rl 

R2 
R2 

R3 
R3 
R3 
R3 

R4 
R4 

AVG 403.8 157.5 AVERAGE I ERROR INCLUDES SCALE fACTOR OF 2.91 

65 RHO PRIME PARTIAL DECAY HODES 

RHO PRIME INTO RHO PI PI 
NEUTRAL RHO PRIME INTO ALL CHARGED 4 PI HODES 
RHO PRIME INTO RHO RHO 
RHO PRIME INTO PI PI 

DECAY MASSES 
139+ 139+ 770 
139+ 139+ 139+ 139 
770+ 770 
139+ 139 

·RHO PRIME INTO K BAR K 493+ 493 
RHO PRiME INTO PI OMEGA 139+ 783 

65 RHO PRIME BRANCHI._.G RATIOS 

RHO PRJ HE INTO !RHO PI+ Pl-1114 PI, ALL CHARGED I IP11/IP21 
DOMINANT BARBARil 72 OSPK OE+E-T04PI 

1-801 BINGHAM 72 HBC 0 9.3 GAM P,P 4PI 
DOMINANT DAVIER 72 STRC 0 4.5-18. G P,P4PJ 

THE PI PI SYSTEM IS IN S WAVE 

RHO PRIME INTO IRHO 0 RHJ OJ/IRHO 0 PI+ Pt-1 IP31/IP1J 
NONE (fORBIDDEN BY JclJBINGHAM 72 HBC .0 q.3 .fiAM p,p· 4f:'l 

RHO PRIME INTO (PI+ PI-UC4 Plo,ALL CHARGEOI CP41/CP21 
1.21 OR LESS 2 SIGMA BINGHAM 72 HBC 0 9.3 GA" P,P 2Pf 
1.011 OR LESS 2 SIGMA EISENBERG 72 HBC 0 5 PI+P 1 2 OR 4 PI 

SEE DISCOSSJON IN TYPED MINI-REVIEW ABOVE. 

RHO PRIME INTO IK BAR KJ/14 PI, ALL CHARGEDI IPSJJIP21 
1.041 OR LESS 2 SIGMA BINGHAM 72 HBC 09.3GAMP 

•••••••••••••••••••••••••••••••••••••••••• ··10>······ ••• ., ••••••••••••• 
OAVIER 6~ SLAC P~ 666 

ALVENSLE 71 PRL 26 273 
BRAUN 71 NP 830 213 
BULOS 71 PRL 26 149 

REFERENCES FOR RHO PRIME 

+OERAOO, FRIES, LIU, MOZLEY, DOlAN+ (SLACI G 

AL VENSLEBEN, BECKER, BERTRAM ,CHEN, +c'DESY+MI T I 
+FRIDMAN, GERBER, GIVER"'AUO,+ ISTRASBOURBI 
+BUSlA ,KEHOE, BEN IS TON,+ I SLAC+UHD+J BM+L BL I 

BACCI 72 PL 388 551 +PENSOoSALVINJ ,STELLA,BALOINt-tE(ROMA+FRASI JPC 
8ARBARI1 72 LNC 3 689 "BARBARINO,CERAOINio+ IFRAS+ROHA+PAOO+UHDIIGJP 
BARBAP. 12 72 BAT .CONF .PAP. 561 BARBAR·INO, CERA OJ NJ ,+ I FRAS+ROHA+PAOO+UHOI 
BARTOLI 72 PR D 6 i374 +FELICETTI,OGREN,+ IFRAS+ROHA+NAPUIGJP 
BINGHA"' 72 PL 418 635 +RABIN,ROSENFELD,SHAOJA,YOST+ILBL,UCB,SLACJlGJP 
BRAMON 72 LNC 3 693 +GRECO !THEORETICAL PAPERJ IFRASCATII 
DAV I ER 7 2 BAT. CONF. PAP. 797 +DERADOo FRIE So Ll Ur HOlLEY, 001 AN, PARK,+ I SLAC I 
DIEBOLD 72 8ATAV.CONF. R.DIEBDL'D RAPPORTEUR TALK IANU 
EJSENBE1 72 PR 0 5 15 EISENBERG,BALLAH,DAGAN,+ IREHO+SLAC+TELAJ 
EISENBER 72 PREP. WIS 72/41-PH, PUTO BE PUBL. 731, +KARSHON, H+ IREHOI 
MORTARA 72 C00-1195-249 D.W.MORTARA (JLLI 
SILVESTR 72 SATAV.CONF. V.SILVESTR,INI RAPPORTEUR TALK IFRASCATII 
SMADJA 72 PHI L.CQNf. PROC349 +BINGHAH,FfiETTER,SALLAM, CHADWICK+( Uk+SLAC I 

CERAOI N I 73 BAT .CONF. PAP. 5601 PL 19731 +CONYERS I, 0' AN I FRAS+ROHA+PAOO+HARY I J GJP . . ............................................ ·cO······· ¢·····"'·· ...•.... •••to•• •••••••••••••••••••••••••••••••••••• ···*····· ................ . 
IA3(1640) ,,. A3 ( 1640, JPG"'2--) I •. 1 

1/73• 
1173• 
1173* 
1/73•. 

1173• 

1173* 
1173• 
1173• 

1113• 

The A
3

(1640) is seen as a bump in the diffrac

tion-like process rrN - (rrmr)N. The dominant effect 

is a 300-400 MeV wide enhancement in .the .JP = 2-£,. 

S -wave system, starting from frr threshold. Neither 

additional (narrower) structure in the 3rr mass. distri

bution, nor other decay modes·, have been clearly· 

established. There appears to be little variation of 

the Jp = 2- £11' phase in the A
3 

mass region (AS COLI 

72). The situation thu~ resembles that of the A 1. 
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Mesons 
A3(1640), w(1675) 

M .• 

3-4 A3 MASS IMEVJ 

3011600.01 FORINO 65 OBC 04.5 PI+ D 
20 1630.0 30.0 VETUTSKY 66 HBC - 4.7 PI- P 

1630. 10. BALTAY 68 HBC + 1, 8o5 PI• p 
1660 .. 0 16.0 BARTSCH · 68 HBC + 8. PI+ P,3PI p 
1610. 19. lAMSA 68 HBC BoO PI~P, PI-F 

297 1673.0 40.0 ARMENISE 69 OBC + 5.1 PI+0 1 3PJ++-
Cl680.J 120.01 CASO 69HBC llPI-P 

1660.0 20.0 CASO 69 HBC 11 PI-P 1 PI-F 
1645.0 10.0 CRENNEll,. 70 HBC 6. PI- P,F PJ 

(1633.01 112.QJ MJYASHITA 70 HBC 6.7 PI-P 1 PI-F 
BACKGROUND SUBTRACT ION DIFFICULT. 

10/66 

6/68 
8/69 

11/67. 
5170 
SilO 
5170 
5170 
1171 

I 1672.0) BEKETOV 71 HBC - 4.45 PI- P 11171 
1600. 50. PALER 71 OBC + 13.Pl+ Do013PIJ+.lll71 

FRO~~Of.n To ~~;2_ F PI. ASCOLJ 72 HBC - 5.-ZS.PI- p 1 p A3 JZI7Z• 

260 1660. 25. CASO 12 HBC + 11.7 PI+ P 
11658.1 18.) HARRISON 72 H8C - 13.,20. PI-p 

FIT ASSUMES AN ADDITIONAL PEAK AT 1830 HEV4 
EVIOENCE FOR A SUBSTANTIAL DECAY INTO 3PI CLAIMED 

11171 
12172• 
12172• 

" " " " " " " " " " " " " " AVG AVERAGE IERROR INCLUDES SCALE FACTOR OF 1411 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
P6 
P9 

., ., 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 
R3 

RS 
RS 
RS 
RS 

•• •• •• 
•• •• 
•• •• •• 

A 

p 
p 

J 
J 

AVG 

34 A3 WIDTH IMEVI 

20 1100. I VETLITSKY 66 HBC - ·lt.1 PI-P 6/66 
70. 40. BALTAY 68 HBC . 7, a.s PI+ P 6/68 

115.0 4S.O BARTSCH 68 HBC . .. Pl+ P,3PJ p 8/69 
100. so. 30. LAHSA 68 HBC - 840 PI-P PJ-F 11/67 

297 1240.01 I SO.OI ARHENJSE 69 OBC . S.l PJ+0,3Pl++- S/10 
BACKGROUND SUBTRACTION MODEL-DEPENDENT. 5170 

11304 J CASO 69 HBC - 11 PI- P 6/68 
(150. OJ CASO 69 HBC - 11.0 PJ-P,PJ- F 6/68 
130.0 3o.o· CRENNEll 70 HBC - 6. PJ- P,F PI 5170 
13740) (24.0) MIYASHJTA 70 HBC - 6.1 PI-P;PI-F 1(71 

BACKGROUND SUBTRACT JON Dl FF.ICUL T. 
1128.01 BEKETOV 71· HBC - lt.45 PI- P 11/11 

2204 so. PALER 11 06C . 13.PI+ O,DI3PIJ+.ll/71 
2704 60. ASCOLI 12 HBC - 5.-25.PI- P,P A3 12172• 

FROM A FIT TO JP•2- F PI 
200. TO 400. CASO 72 HBC 11.7 PI+ P 1172 
FROM PARTIAL-WAVE ANALYSIS,FOR JP•2-IF· PIJ-STATE 

260 190. 100. CASO 12 HBC . 11.7 PI+ P 11171 
153.1 120.1 ( 16. I HARRISON 72 HBC - 13.,20. PI- P 12172• 

FIT ASSUMES AN ADDITIONAL PEAK AT 1830 MEV. 12172* 
EVIDENCE FOR A SUBSTANTIAL DECAY INTO 3PI CLAIMED 

129.6 22.2 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.31 

. 34 A3 PARTIAL DECAY HODES 

A3 INTO 3 PI 
A3 INTO RHO PI 
A3 INTO ETA PJ 
A3 INTO 5 PI 
A3 JNTO·K K•I892J 
A3 J NTO K KBAR PI 
A3 INTO K KBAR 
A3 tNTO F PI 
A3 INTO OMEGA PI PI 

34 A3 BRANCHING RATIOS 

A3+- INTO IPJ+- RHJOJ/IAll PI- PJ+ PI-I 
10.31 OR LESS BARTSCH 
10.41 OR LESS FERBEL 

1.181 OR LESS Cl•.95 PAlER 

A3+- INTO IPJ+- FJ/CAll PI- PI+ PI.;.J 
IWITH F INTO PI+ PI-I 

INDICATION SEEN LUBATTI 
IO.S9JFOR JP•2- BARTSCH 
IO.SlJFOR JP•l+ BARTSCH 
(Q.20JFOR Jp .. o- BARTSCH 
0.35 0.20 BALTAY 
CONSISTENT WITH 1.0 CASO 

10.761 10.241 10.341 ARMENISE 
CONSISTENT WITH 1.0 CRENNEll 
(. 851 OR MORE CL• .95 PALER 

A3+- INTO IPl+- ETAJ/IAll PI+- PJ+ PI-I 
I All ETA DECAYS) 

DECAY MASSES 
134+ 134+ 134 
134+ 710 
134+ 548 

497+ 891 
497+ 497+ 134 
497+ 497 

1270+ 134 
783+ 134+ 134 

IP2CJ/IP1CJ 
68 HBC + 8. PI+ P,3PI P 8/69 
68 RVUE +- 9/6B 
71 OBC + 13.P++ o,Ot3P+J+ 11171 

(PBI/tPlCJ 

66 HLSC 16 PI- 11/66 
.68 HBC + 8. PI+ P,3PI 8/69 

68 HBC + 8. PI+ Pr3Pl 8/69 
68 HBC + 8 .. PI+ Pr3PI B/69 
68 HBC 7-8.5 PI+P S/68 
68 HBC - 11 PI- P 6/68 
69 OBC + 5.1 PJ+0,3Pl++- 5/70 
70 HBC - 6. PI- P,F PI • 5170 
71 OBC 13.P++ o,DC3P+J+ 11/11 

IP311(PlCI 

10.091 OR LESS BALTAY 68 HBC . 7-8.5 Pl+P 5/6B 
10.101 OR LESS CRENNELL 70 HBC - .. PI- P,F PI 5170 

A3+- INTO IPI- 2PI+ 2PI-J/1All PI+- Pl+ PI-) IPltCJ/IP1CI 
(041J OR LESS BAlTAY 68 HBC . 1,B.5 PI+ P 6/68 
(0.10) OR LESS CRENNEll 70 HBC - .. P- P,F P+ 5170 

A3+- INTO I RHO PIJI(F PI I IP2JitPBI 
0.03 0.37 0.03 CASO 69 HBC - 11 PI- P 5170 

A3- INTO I PI+- Pl+ PI-JitF PI I (PlC-P8)/IP8J 
0.06 0.47 0.06 CASO 69 HBC. - 11 PI- P 5170 

• POSSIBLY SEEN HARRISON 72 HBC - 13.,20. PI- P 12172• 

~RIO 

R10 M 
PlO M 

A3+- INTO (UNCORREL.PI+- PI+ Pl-1/Ut:l PI- PI+ PI-I 

FORI NO 
fClCACCl 
lEVRAT 
LUSATT I 

t.05J OR LESS CL•.95 PALER 71 OBC + 13. Pl+D,DC3PIJ+ 11171 
MODEL DEPENDENT FIT 11171 

65 Pl 19 6B 
66 PRl 17 890 
66 Pl 22 7llt 
66 THESIS BERKELEY 

REFERENCES FOR A3 

+GESSAROLI + ( BGNA+BAR I+FIRZ +ORSA+ SACLJ 
CERN MISSING MASS SPECTROHHER GROUP ICERNJ 
CERN MISSING MASS SPECTROMETER GROUP fCERNJ 
H.J.LUBATT I (LRLil-2-

Data Card Listings 
.For notation, see key at front of Listings. 

VETLITSK 66 Pl 21 579 VETLJTSKY,GUSZAVJN,KLJGER,ZOLGANOV+ ( ITEPJ 
DANYSZ 67 NC 51 A 801 DANYSZ+FRENCH+SI HAK (CERN I 

[DUBAL 67 NP .B3' 435 CERN HISSING MASS SPECTROMETER GROUP fCERNI 
L.OUBAL tGENEVEI I ALSO 68 THESIS 1456 

tsALTAY 68 PRL 20 BB7 +KUNG+YEH+FERBEL+ ICOLU+ROCH+RUTG+YALE)Joo1 
BARTSCH 68 NP B 7 345 +KEPPEL,KRAUS,+ tAACH+BERL+CERNI JP 
CASO 68 NC 54 A 983 +CDNTE+CORDS+DIAZ+ IGENOVA+HAMB+MILA+SACLJ 
FERBEL 68 PHILA4CONF.335 T.FER8El (ROCHESTER) 
lOFFREDO 6B PRL 21 1212 +BRANOENBURG,BRENNER,EISENSTEIN+ IHARVAROI 
LAMSA 6B PR 166 1395 +CASON+BISWAS+OERADO+GROVES+ (NOTREOAHEI 
YOST 68 UHD T.REPORT849 +YODH,EJNSCHlAG,OAY,GLASSER IUHOI 

ARHENISE 69 LNC 2 501 +GHJOINI, FORI NO, CART ACCI + 
+CHUNG, EISNER, FLAHINIO,+ 
+CONTE, TOMASINI, CANTORE+ 

I BAR I+BGNA+ F I RZ J 
(8NLI 

( GENO+HILA+SACU 
BARNES 69 PRL 23 142 

·cASO 69 LNC 2 437 
ALSO 6B CASO 

BRANOENB 70 NP Bl6 369 +BRENNERriOFFREOO,JOHNSON,KIH+ (HARVARD} 
CRENNEll 70 PRL 24 781 +KARSHON,LAI,SCARR 1 SIMS (BNtJ'· 
CHI ENl 70 TORONTO PREPR INT +CHAO, JOHNSTON, PRE NT ICE, WALKER I TNTO+WI SCI 
CHIEN2 70 PHILAO.CONF.P.275 C.Y.CHJEN, REVIEW !JOHNS HOPKINS) 
MIYASHIT 70 PR 0 1 771 HIYASHITA,VON KROGH 1 KOPELMAN 1 LIBBY ICOlOJ 

BEKETOV 71 SJNP 4 765 
CLAYTON 71 PREPRINT 

+SOHBKOWSKY, KONOWALOV 1 KRUTSCHI Nl N, + ( IT EP J · JP 
+HASON,HUI RHEAD, RI GO POULOS,+ (l IVP+ATENJ 
+SADEWIT Z,BARTON tMlllER, PALFREY, TEBESt PURDI PALER 11 PRL 26 1675 

ALEXANOE 72 NP B 45'29 ALE'xANDfR,BAR-NJR,BEVARY,QAGAN,+ ITELAJ 
ARHENISE 72 LNC 4 201 +FORINO,CARTACCI ,+ tSARI+BGNA+FIRZJ 
ASCOLJ 72 .PREP4COQ-119S233 Ill+TNTO+GENO+HAMB+HILA+SACL+HARV+ COllAB. JP 
ASCOLI lZ PHIL.CONF.PROC. INTERNAT.COLLABORATION I Ill+ I 
CASO 72 NP B 36 349 +HAODOCK,BASSLER+IOURH+GENO+OESY+HILA+SACU 
HARRISON 72 PRL 2B 775 +HEYDA,JOHNSON,KIM 1 LAWi11UELLER,+ (HARVI 
SALZBERG 72 NP 6 41 397 +HARRISON,HEYOA,JDHNSON 1 KIM,LAW,+ (HARVJ .................................................................... •••••••••••••••••••••••• *•••••••• ••••••••••••••••••••••••• ,. •. ,. ••••••• 

P1 
P2 
P3 

1636.0 
167040 

'1640. 001 
( 1616.01 

100 16794 0 
NOT CERTAIN 

45 OMEGA. (1675,JPG., -l I•O, FORMERlY PHI (16751. 
NAME CHANGED 1973. 

THIS 3Pl BUMP OVERLAPS IN MASS WITH THE A3, BUT 
IN SOME EXPTS. ONE CAN ESTABLISH THAT THE 
ENHANCEMENT IS (RHO 0 PII INSTEAD OF IF Plf, 
SO THE OMEGAI16751 AND A3 HAVE DIFFERENT JSOSPJN. 
MATTHEWS 71 ·SUGGEST JP=NORHAlo A POSSIBLE 
RECURRENCE OF OMEGAI784t4 

45 OMEGA( 16751 MASS CMEVJ 

20.0 ARHENI Sf 6B OBC 0 Sol PI+O 
20.0 KENYON 69 DBC 8 PI+ D,3PJ 

ARMENJ SE 70 DBC 9. PI+ 0 
130.01 GORDON 70 DBC 04.2Pl+O 

2P 

17 .a MATTHEWS 71 HBC 06.95 PI Oo2P 3PI 
IF OHEGA11675J OBSERVED IN THIS EXPERIMENT 

••• 4. 4 ••• 

AVG 1663.6 12.9 AVER.AGE (ERROR INCLUDES SCALE FACTOR OF 1.21 

· AVG 

45 OMEGA( 1675) WIDTH (MEV I 

ll2.0 60.0 ARM EN I si: 68 OSC 0 5. 1 PI +0 
10040 40.0 KENYON 69 DSC B PI+ D,3PI 2P 

1188.01 (47401 GORDON 70 OSC 0 4 .. 2 PI+ 0 
100 155.0 20.0 MATTHEWS 71 HBC Ot:-95 PI 0,2P 3PI 

NOT CERTAIN IF OHEGAU67SJ OBSERVED IN THIS. EXPERIMENT 

141.4 AVERAGE (ERROR INCLUDES s·CALE FACTOR OF 1.0} 

45 OMEGA I 1675) PARTIAL OECAY MODES 

OMEGAI1675J INTO 3 PI 
OHEGAI167SI INTO 5 PI 
OHEGAI'l675) INTO RHO PI 

, DECAY MASSES 
134+ 134+ 134 
134+ 134+ 134+ 134 
770+ 134 

-.... ---- -----.- _.... ______ -------- ----- ------ ------- ------

R1 
R1 

45 011EGAU675J BRANCHING RATIOS 

DMEGAI16751 INTO· (5 PlJ/13 PIJ IP2JitPll 
0.10 0.10 KENYON 69 DBC 0 8. PI + 0 

R2 OMEGAI1675J INTO IRHJ PIJ/t:3 PI I IP3JIJPl) 

9/68 
8/69 
1171 
1111 
1/71 

9/68 
8/69 
1171 
1171 

8/69 

R2 G 10.751 (0.111 GORDON 70 OBC 0 442 PI+ D 1171 
R2 100 CO. 701 OR MORE MATTHEWS 71 HBC 0 6.95 PI D1 2P3PI 11171 
R2 G NOT CERTAIN IF OHEGAI1675J OBSERVED IN THIS EXPERIMENT 

45 OMEGAU675J CROSS SECTIONS 

cs FOR A COMPILATION SEE MATTHEWS 71 HSC 06.95 PI 0,2P 3PI 1171 

ARMENISE 68 Pl 26B 336 
. KENYON 69 PRL 23 146 

ARHENISE 70 LNC 4 199 
GORDON 70 COO 1195 179 

MATTHEWS 11 PR 0 3 2561 
HATTHEW1 71 LNC 1 361 

REFERENCES FOR OMEGA I 16751 

+GHIOINI,FORINO+ IBARI+SGNA +FIRZ •ORSAYI 
+K I NSON, SCARR, + IBNL +UCNO+ORNL J 

+GHIOINI,FORINO,CARTACCI 1 + IBARI+BGNA+FJRll 
THESISollliNOIS tllll 

+Pfl.ENT ICE, YOON, CARROLL,+ 
+PRE NT ICE, YOON ,CARROLL,+ 

ITNTQ+WISCJ 
HNTO+WlSCJ ..................................................................... ............... ········· ........................................... . 



, Data Card Listings 
For notation, see key at front of Listings. 

I g(1680) ,,, ~ llbBO,JPG. 3-+l .~, 
This entry contains the 2Tr, 4Tr, wTr, KK and 

KKTr peaks in the region of 1700 MeV. The spin

parity determination and the mass and width in the 

Meson Table come from the 2Tr decay mode. Analy

ses of 2Tr using OPE models suggest elasticity con

siderably less than 1 (BARTSCH 70, MATTHEWS 71). 

On the other hand, the discrepancies in masses, 

widths, and branching ratios indicate that there may 

be more than one IG = 1+ meson in this region (see 

BARNHAM 70, HOLMES 72). For convenience we 

have collected all the data here under a common 

entry, without implying that they are necessarily all 

related. ·For a review see BARTSCH 70. 

15 G MASS I MEVJ 

H 
H 
H 

PI+ PI- MODE 

" " " H 

" H 
H 

, H T 
• T 
H l 
H l 
H H 
M H 

" " " H AVG 

100.0 BELLINI 65 HLBC 0 6.1 PI-P 1700.0 
I 16~0.0J 
1670.0 

( 1683. J 
1720.0 

( 1655.0) 
11750.0) 

FOR I NO 65 OBC . 0 4.5 PJ+O 
6/66 
6/66 

.30-0 
(13.) 
zo.o 

( 10.0) 

1737.0 23.0 
• 1687. 21-

FROH FIT WITH SINGLE BW 
0655.J (4.J 

FROM FIT WITH 2 BW 
11164.) 115.) 

FROM FIT WITH 2 BW 
1678. 12. 
1652. 13-

GOLDBERG 65 HBC 
ARHENI SE 68 OBC 
CRENNELL 68 HBC 
JOHNSTON 68 HBC 
CASD 69 H8C 
ARHENI SE 70 DBC 
STUNTEBEC 70 HOBC 

STUNTEBEC 70 HDBC 

STUNTEBEC 70 HOBC 

HATTHEWS 11 OBC 
MATTHEWS 71 HBC 

0 6 PI+Or 8 PI-P 
0 5.1 PI+ 0 
0 6.0 PI- P 
Ql.OPJ-P 
0 11. PI- PrN2Pl 
0 9 PI+ N 

0 8. PI-Pr5.4 PI+O 

0 8. PI-Pr5.4 PI•O 

0 a. PJ-P,5.4 PJ•D 

0 1. PI+ N 
0 7 • PI- P 

6/68 
12168 
6/68 
8/69 
1171 
2172 

2172 

2172 

2172 
2172 

1f:a1. 7 12.0 AVERAGE tERROR JNCLtA:lES SCALE FACTOR OF 1.7) 

1550 

I SEE IDEOGRAM BELOW I 

WEIGHTED RVERRGE = 1681.7 • 12.0 
ERROR SCRLED BY 1.( 

·MRTTHEWS 71 HBC 
.£!:!li£ 

5.2 
·MRTTHEWS 
·STUNTEBEC 
·RRMENISE. 1 

·CRENNELL 
·GOLDBERG 
·BELLINI 

1850 

71 DBC 0.1 
70 HDBC 0.1 
70 OBC S.B 
68 HBC 3.7 
65 HBC 0 .'2 
65 HLBC 

15.0 
!CONLEV 
=0.010) 

G MRSS !MEV!, PI+ PI- MODE 

12PI I+- MODE 

" " H 
H 

" M 

" " " " 

1640.0 25.0 
11600. I 

122 1650.0 35 .o 
(1652.01 115-01 

AVG 1643.4 20.3 

CRENNELL 
BARISH 
BARTSCH 
KRAMER 

6a HBC - 6.0 PI- P 
69 HBC - 8 PI- P 
70 HBC • 8 Ph Pt2 PI 
70 HBC • 13.1 PI• P,2PI 

AVERAGE IERRDR INCLUDES SCALE FACTOR OF 1.01 

12168 
5170 
5170 

11170 

K KBAR • K KBAR PI MODE .. 
• 
F 
F 

AVG 

11675. I 
11700. I 

OBSERVED IN NEUTRALCK* KBARI 
I 1740. I 

SEE FIG. 9 OF FRENCH 67 
1640.0 20.0 25.0 

1311650.01 
1690.0 16-0 

EHRLICH 66 HBC - 7.9 PJ-P,K KBAR 2172 
FRENCH 67 HBC 0 3,3.6 PBAR P 7/67 

MODE IG-PARJTY UNKNOWN) 
FRENCH 67 HBC CKO K-1 3.,.4 PBAR P 7167 

CRENNEll 6a HBC 
ADERHOLZ 69 HBC + 
ADERHOLZ 69 HBC • 

6.0 PJ-P,KBAR K 12/6a 
a PI+ P,K+KO 8/69 
8 PI+ P,KKBARPJ a/69 

1673.2 23.6 AVERAGE IERROR INCLUDES SCALE FACTOR Of 1.a) 

PARTICLE DATA GROUP Review of Particle Properties S93 

M 

" " M 

" " " M 

" H 
M 
M 
M 

" 

M 

" H 
M 

" I H 
M 
H 
H 
H 

" 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

Mesons 
g(1680) 

I 4PI J +- MODE 

·1120. 15- BALTAY 6a HBC + 7, 8.5 ·PI+ p 
1710. 23. 68 HBC - a. PI- P 

11675.01 (10.0) 68 HBC - 1.0 PI- P 

IN~~~~~QJ IN H~t!e~ 72 ~.l7.l 

81 SWAS 
JOHNSTON 
8ARNHAM 70 HBC + 10 K+ P,RHO PIPJ 

AVG 

144 16ao.o 40.0 
9011640.01 (20.01 

1021 16a9.0J 120-01 
1705.0 21.0 

11700. J 
30011710.1 • 

1630. 15-

1685.0 19.6 

C4PJ 10 MODE 

eo 1111. 1. 
SEEN IN 2.5-3 PBAR 

I 1700.01 
11700.01 

SEEN IN 2 RHOOr NOT 

OMEGA PI MODE 

BARTSCH 
BARTSCH 
BARTSCH 
CASO 
BALLAH 
ARMENISE 
HOLMES 

70 HBC 
70 HBC 
10 HBC 
10 HBC 
71 HBC 
72 HBC 
12 HBC 

+. 8 PI+ Pr4 PI 
+ 8 PI+ P,A2 PI 
+ 8 PI• P,2 RHO 
. - 11.2PJ-P,RHO 2PI 

- 16. PI- P 
- 9.1 PI- P,P 4PI 
+ 10~-12. K+ P 

AVERAGE (ERROR INClUDES SCALE FACTOR OF 2.31 

6/68 
2172 
6/68 
1/73• 

4/71 
4171 
4171 
5170 
2172 

12172• 
1173• 

1654. 24. 8ARNHAM 70 HBC + 10 K+ P, OMEGA PI 6170 
1630.0 u.o CASO 70 H8C - 11.2PI-P,PI OMEG 5170 

AVG · 1631t.2 10.0 AV.ERAGE CERRciR INCLUDES SCALE FACTOR OF 1.01 

R PEAKS FROM HI1S· (FOR DIFFICULTIES WITH HHS EXPT. SEE A2 HJNIREVIEWJ 1173* 

~=i . :i*~~:! :t~:: =gg:~~; :: ==~ : ;:~~ :;:::: ==~ g~g: 
:R3 N0~ 1 ~;:;/BY B~;~~J 72 FOCACCI 66 MHS - 7-12 Pl-P,P MMS l2172o 

R 11700.01 (47.0) ANOERSotl 69 HHS - 16 PI- P,BACKW 8/69 

15 G WIDTH IHEVI 

PI+ PI- MODE 

AVG 

140.0) 
180.0 
188. 
200.0 
laO. OJ 

1200.01 

40o0 
49. 

1oo.o 
(20.01 

171.0 65.0 
267. n. 46. 

FRCIM FIT WITH SINGLE BW 
120.1 1a.1 

FROM FIT WITH 2 BW 
187 .. I ( 14. J (20. I 

FROM FIT WITH 2 8W 
156. 36~ 

73. 36. 

FORI NO 
GOLDBERG 
ARMENI SE 
CRENNELL 
JOHNSTON 
CASO 
ARMENI SE 
STUNTEBEC 

65 OBC 
65 HBC 
68 OBC 
6S HBC 
68 HBC 
69 HBC 
70 OBC 
70 HOBC 

STUNTEBEC 70 HDBC 

STUNTEBEC 70 HDBC 

MATTHEWS 71 OBC 
HA TTHEWS 71 HBC 

0 4. 5 PJ+D 
0 f: P.l+Or 8 PI-P 
0 5.1 PI+ 0 
06.0PJ-P 
·o 7.0 PI- P 
0 11, PI- P,N2PI 
0 9 PI+ 0 

0 8. PI-P,5.4 PI+O 

0 8. PJ-P,5.4 Pl+D 

0 8. PI-Pt5.4 PJ+O 

0 7. PI~· N 
0 7. PI- P 

157.3 22.7 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1 .31 
CSEE IDEOGRAM BELOW J 

WEIGHTED RVERRGE = 157.3 • 22.7 
ERROR SCRLED BY 1.3 

·MRTTHEWS 71 HBC 
·MRTTHEWS 71 DBC 
·STUNTEBEC 70 HDBC 
·RRMENISE 70 OBC 
·CRENNELL- 68 HBC 
·RRMENISE 6B OBC 
·GOLDBERG ·65 HBC 

CHISQ 
s.s 
o.o 
3.5 
o.o 
0.2 
0.4 

.....lL.1_ 
9.9 

6/66 

6/6a 
l2/6a 
6/6a 
8/69 
1171 
2172 

2172 

2172 

2172 
2172 

-100 100 300 

G WIDTH !MEV), PI+ PI- MODE 

sao !CONLEU 
=0.130) 

I 

C2PIJ+- MODE 

200.0 
1200. J 

100.0 

30.0 
132-0J 

CRENNEll 
BARISH 
BARTSCH 
KRAMER 

68 HBC 
69 HBC 
70 HBC 
70 H8C 

- 6.0 pJ..:. p 
- a PI- P 

122 180.0 + 8 PI+ P,2 PI 
140.0) + 13.1 PI+ P,2PI 

AVG 181.7 28.7 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1 .o J 

K KBAR + K KBAR PI MODE 

1120. J APPROX. FRENCH 67 H8C (KO K+-1 3-4 PBAR P 
ABOVE VALUE ESTIMATED FROM FIG. 9 Of FRENCH 67 

79.0 70.0 25-0 CRENNEll 68 HBC - 6.0 PJ-P,KBAR K 
13 C100.0J AOERHOLZ 69 H8C + 8 PI+ P,K+KO 

112.0 60.0 AOERHOlZ 69 HBC + 8 PI+ P,KKBARPJ 

AVG 91.7 37.2 AVERAGE CER.ROR INCLUDES SCALE FACTOR OF 1.01 

12168 
5/70 
5170 

11170 

11/69 

12/68 
8/69 
8/69 
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Mesons 
g(lsao). X(lsso). x-(1795) 

(4PIJ+- MODE 

100. 35. BALTAY 
162. 58. 40. BISWAS 
190.0) 120.0) JOHNSTON 

NOT SEPARATED FROM 2 PI DECAY 
C7Z.J (29.) (20.) 8ARkHAH 

INCLUDED IN HOLMES 72 
144 135.0 30.0 

90 ·( 180.0) {30.0) 
102 060.0) 13Q.QJ 

( 160.0) 
300 (zoo. J 

130. 30. 

BARTSCH 
BARTSCH 
BARTSCH 
CASO· 
ARMENI SE 
HOLMES 

68 HBC + 7, 8.5 P'l+ P 
68 HBC - 8. PI- P 
68 HBC. - 1.0 PI- P 

70 HBC 

70 HBC 
10 HBC 
10 HBC 
70 HBC 
72 HBC 
72 HBC 

+ 10 K+ P,RHO PIPI 

'+ 8 PI+ P,4 PI 
+ 8 PI+ P,A2 PI 
+ 8 PI+ Pt2 RHO 

- 11.2PJ .. P,RHO 2Pt 
- 9.1 PI- P,P 4P1 
+ 10.-12. K+ P 

6/68 
2172 
6/68 

1/73* 

4/71 
4171 

51-70 
12172* 
. 1173• 

AVG 128.4 17.0 AVERAGE I ERROR INCLUDES SCALE FACTOR OF J,.QJ 

• • 
W NRl 
W NR2 
'W NR3 . " 
W R 

PI 
P2 
P3 
P4 
PS 

•• P7 
P8 

•• 

C4PIJO MODE 

80 litO. I ( 12. J DANYSZ 67 HBC OSEE NOTE R BELOW. 5/67 
SEEN IN 2.5-3 PBAR P. 2PI+2PI-,WlTH Q, 1,2 Pt+PI- PAIRS JN RHOO BAND 

OMEGA PI MODE 

130. 
(60. OJ 

73. 43. BARNHAH 70 HBC + 10 K+ P,OHEGA PI 6170 
CASO 70 HBC - 11.2PI-P,PI OMEG 5170. 

R PEAKS FROM HHS. (FOR DIFFICULTIES WITH HHS EXPT SEE A2 HINIREVIEWJ 11730 

121.1 OR LESS 
130.1 OR LESS 
t3B. J OR LESS 

NOT SEEN BY BOWEN 72 
1195.01 

FOCACCI 
FOCACCJ 
FOCACCJ 

ANDERSON 

15 G PARTIAL DECAY HODES 

G INTO PI PI 
G INTO 4PI 
G lNTO 2 RHO 
G INTO Pl PI RHO 
G INTO A2 PI . 
G INTO K KBAR 
G INTO OMEGA PI 
G INTO K KBAR PI 

•G INTO PHI PI 

66 MMS -
66 MHS -
66 MMS -

7-12 PJ-P,P HHS 12172* 
7-12 Pl-P,P HHS 12172* 
7-12 PJ-P,P MHS 12172* 

\ 
69 HMS - 16 PI- P,BACKW 8/69 

DECAY MASSES 
139+ 139 
139+ 139+ 139+ 139 
770+ 710 
139.. 139+ 770 

1310+ 139 
497+ 497 
139+ 783 
497+ 497+ 139 

1019+ 139 
---- --- ----- ---... --- --~-- ---- --...--- ------

RI 
RI 
RI 
RI P 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 AVG 

R3 
R3 

R4 
R4 
R4 
R4 
R4 
R4 
R4 AVG 

RS 
RS 

R6 
R6 

•• 
R6 

•• 
R6 AVG 

R7 
R7 
R7 
R7 
R7 
R7 
R7 

R8 
R8 
R8 

R9 

•• •• 
R9 
R9 

RIO 
RIO 
RIO 
RIO 
RIO 
•Io 
RlO AVG 

Rll 
Rll 

15 G BRANCHING RATIOS 

G INTO 12PII/TOTAL IPll 
(Q. 41 BARTSCH 70HBC + e.PI+P 
10.221 IO.MI MATTHEWS 71 HOBC 0 1 .. Pl+N,PJ-P 

OPE HODEL USED IN THIS ESTH1ATIDN 

G INTO IPI+- PIOI I CALL PI+- PI+ PI- PJOI CP1J/IP2tl 
IO.Oel OR lESS BALTAY 6e H8C + 7-e.5 PI+ P 

USING DATA OF DEUTSCHMANN 65 ON Pl+P TO PI+ PIO P 
o.e 0.2 JOHNSTON ~8 HBC - 7. PI-P 
o.e 0.15 BARTSCH 70 HBC + e. PI+ P 

(0.121 OR lESS BALLAM 71 HBC - 16. PI- P 
(0.21 OR LESS HOLMES 72 HBC + 10.-12. K+ P 

o.eo o. 12 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

G+- INTO 12P I 1112RHOJ 
f0.4eJ OR LESS BJ SWAS 

IP1J/(P31 
68 HBC - 8. PI- P 

IP6J/fPll G+- INTO (K KBARHC2PJJ 
INOJCAT JON SEEN 
INDICATION SEEN 
o.oe o.o8 
o.oB o.o3 

EHRLICH 
ABRAMS 

0.03 CRENNELL 
BARTSCH 

66 HBC 
67 HBC 
68 HBC 

+-0 7.9 PI- P 
0 4.25 K- P 

6.0 PI- P 
B. PI+ P 70 HBC + 

o.oeo o.026 AVERAGE tERROR INCLUDES SCAlE FACTOR Of 1.01 

G+- INTO IK KBAR PJJ/12PJI 
0.10 0.03 

G+- INfO IRHO 2Pl)/(All 4PIJ 
CONSISJENT HlTH 1 .. 
1- 0.15 
o.8e 0.15 

BARTSCH 

CASO 
BARTSCH 
BALLAM 

'(PBIJ(PlJ 
70 HBC + e. PI+ P 

IP41/IP2J 
68 HBC - 11 P 1- P 
70 HBC' + e. PI+ P 
71 HBC - 16. PI- P 

0.94 0.11 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1.0~ 

G+- INTO 12RHOIIIALL 4P1J 
SEEN 
SEEN 

10.63) OR MORE 
SEEN 
Oo1 0.15 

10.92) 

G+- INTO 12 RHOJJ(All RHO 2PIJ 

DANYS! 
BALTAY 
BISHAS 
JOH~STON 
BARTSCH 
ARMENt SE 

CP3J /(P2J 
67 HBC 0 3-4 PSAR P 
6e HBC + 7,8.5 PI+ P 
6e HBC . - Bo PI- P 
6e HBC - 1 PI-P 
70 HBC · + 8. PI+ P 
12 HBC - 9.1 PI- P,P ltPJ 

CP3J/CP4l 
a. 48 0.16 CASO 6e HBC - 11 P 1- P 

10 .. 751 OR MORE BJSWAS 68 HBC - e. PI- P 

G+- INTO CPJ+- A20J/ULL 4PJI 
IHITH A20 INTO (PI+ PI- PIOI J 

0.40 0.20 
NOT SEEN 

(0.6) (0.15) 

BALTAY 68 HBC +. 7,8.5 PI+P 
JOHNSTON 68 HBC - 7 PI- P 
BARTSCH 70 HBC -+ B. PI+ P 

G+- INTO CPJ OMEGAJICALL 4Pt.J CP71J(P21 
IHITH OMEGA INTOfPI+ PI- PIOJl 

o. 25 
.25 

0.12 

0.10 
0~10 
0-01 

BALTAY 68 HBC -+ 7-8.5 PI+P 
JOHNSTON 68 HBC - 7.0 PI- P 
BALLAM 71 H8C - 16. PI- P 

0.184 0.050 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

G+- INTO (PI PHJIJ(All 4PII 
10.111 OR LESS BALTAY 

fP91J( P2 I 
6e HBC + 7~8.5 PI+P 

•• 2 
Rl2 

G+- INTO (PI+- 2PI+ 2PJ- PIOIICALL PI+- PI+ PI- PIOJ 
I0.15J OR LESS BALTAY 68 HBC + 7,8.5 PI+ P 

2/72 
2172 

6/68 
6/68 
2172 
2172 
2172 
1173* 

2172 

3/67 
6/67 

12168 
1171 

2172 

6/68 
2172 
2172 

5/68 
6/6e 
2172 
6/68 
Z/72 

12172* 

6/b8 
2172 

6/68 
6/68 
2172 

5/6e 
6/68 
2172 

6/68-

6/68 

Data Card Listings 
For notation, see key at front of Listings. 

R13 R FRACTION INTO ONE I THREE I FIVE OR MORE CHAR,GED TRACKS 
Rl3 R1 (Q.37J/ (0.59)/ 0.04 FOCACCI 66 MHS - 7-12 PJ-P,P MMS 
Rl3 R2 10.421/ CO.Sbl/ 0.01 FOCACCI 66 MMS - 7-12 PI-PoP HHS 
R13 R3 tO.llt)/ (0.801/ 0.05 FOCACCI 66 MMS - 7-12 PJ-P,P MHS 

o••••o ••••••••• •••o••••• ••••••••• ••••••••• •*••••••• •••o••••• ••••o~•• 

BELLINI 65 NC ItO A 94e 
OEUTSCHH 65 PL 18 351 
FORINO 65 PL 19 65 
GOLDBERG 65 Pl 17 354 

EHRLICH 66 PR 152 1194 1 

FOC.ACC I 66 PRL 17 e90 
LEVRAT 66 PL 22 7H 

'SEGUlNOT 66 PL 19 712 

ABRAMS 67 PRL 18 620 
OANYSZ 67 PL 248 309 
OUBAL 67 NP B3 435 

AlSO 68 THESIS 1456 
FRENCH 67 NC 52A lt42 

ARMENISE 68 NC 54 A 999 
BAl TAY 68 PRL 20 887 
BISWAS 68 PRL 21 50 
BDESEBEC 6e NP 8 It 501 
CASO 68 NC 54 A 983 
CRENNELL 68 PL 28 8 136 
JOHNSTON 68 PRL 20 1414 

ADERHOL! 69 NP 6 11 259 
ANDERSON 69 PRl 22 1390 
BARISH 69 PR 184 1375 
CASO 69 NC 62 A 755 
VETLITSK 69 SJNP 9 461 

ARHENISE 70 LNC 4 199 
BARNHAH 70 PRl 24 1083 
BARTSCH 70 NP 8 22 109 
CASO . 70 LNC 3 707 
KRAMER 70 PRL 25 396 
MAURER 70 THESIS N0.588 
STUNTEBE 70 PL 32 8 391 

BAllAH 71 PR D 3 2606 

REFERENCES FOR G 

BELLJNI,OI CORATO,OUJMJO,FIORINI CHILANOI 
M.OEUTSCHMANN ET AL CAACHEN+BERLIN+CERNJ 
FOR I NO, GESSAROLI + f BOLOGNA+ORSAY+SACl AY I 
GO LOBERG+ I C ERN+EP OL +DRS AV+M I LANO+CEA- SACLJ 

Ro EHRLICH,W.SELOVE,HoYUTA (PENNSYLVANIA) 
CERN HISSING MASS SPECTROMETER GROUP ICERNJ 
CERN MISSING MASS SPECTROMETER GROUP ICERNI 
CERN HISSING MASS SPECTROMETER GROUP ICERNI 

+KEHOE+GLASSER+SECHl-ZORN+WOLSKY I MARYLAND I 
+FRENCH+KJ NSON+S IMAK+ ( CERN+L lVERPOOL J 
+FOCACC I+K lENZLE+LECHANOJNE+LEVRAT+ I CERN I 
L.OUBAL IGENEVEI 
+KINSON+HCDONALO+RJOOIFORD+ · CCERN+BIRHJ 

+FORI NOt-CART ACCI +C SARI +BGNA +F IREN!E-+ORSAY J I 
+KUNG+YEH+FERBEL + CCOLU+ROCH+RUTG+YALE) 1•1 
+CASON, OZI ERBAo GROVES, KENNEY r + t NOAMI 
BOESEBECK, OEUT SCHMANN, +( AACHEN+BERL I N+CERNJ 
+CONTE+<:OROS +OIA!+ CGENOVA+HAHB+H ILA+SACL I 
+KARSHON ,LAJ t SCARR ,SKill I CORN tBNL I 
+PRENTICE, ST EENBERG, VOON f TORONTO+ WI SC II JP 

+BARTSCH,+ C AACH+BERL+CERN+JAGl+WARSJ 
+COlliNStBliEOEN+ IBNL+CARNI 
+SELOVE, 8 l SHAS,CASON,+ t PENN+NOAH+ROCHJ 
+CONTE oBENZ,-+ I GENO+OESY+HAMB+HILA+ SACL I 
+GUZHAVIN,KLIGER,KOLGANOV,LEBEDEV+ IITEPJ 

+GHJOINI,FCRJNO,CARTACCJ ,+ (BARI+BGNA+FIRZI 
+COLLEY, JOBES, KENYON, PATHAK, R IOOIFO~DI BJRM J 
+KRAUS, TSANOS, GROTE, KOTZAN+ I AACH+B ERL+CERN I 
+CONTE, TOMAS JNI, CORDS+ ( GENO+HAMB+Hl LA+ SACL J 
+BARTON, GUT AY, Ll CHTMAN ,MILLER,+ I PURDUE) 
G. MAURER , I STRASBOURGJ 
STUNTEBECK ,KENNEY, DEERY~ B I SWAS ,CASON+ I NOAMI 

+CHADWICK ,GUIRAGOSSI AN,JOHNSON,+ ISLACI 
+FRI OMAN, GERBER, Gl VERNAUO, KAHN,+ I STRB J 

2172 ..j 

2172 
2172 

BRAUN 71 NP B 30 213 
GRAYER 71 Pl 35 8 610 +HYAMS ,JONES, SCHLE·IN, BLUM,+ ICERN+MPI M JJ P3-

MATTHEWS 71 NP 8 331 +PRENT ICE, VODr,,CARROll,+ ITUTO+WI SC J JP3-

ARHENISE 72 LNC 4 205 
BOWEN 72 PRL 29 890 
CLAYTON 72 NP 8 47 81 

+FORINO,CARTACCJ,+ CBARI+BGNA+FlRll 
+EARLES, FAISSLER, Bll EDEN,+ I NEAS+ STON I 
+11ASON 1 MUIRHEAD,RIGOP0Ul0St+ . ILIVP+PATRI 

5· +HYAHS,JONES,SCHLE IN,BlUH,OJETL+tcERN+HPIMI GRAYER 72 PHIL.CONF.PROCo 
+FERBEL, SLATTERY ,WERNER (ROtH I HOLMES 72 PR D 6 3336 

•••o•o •••o••••• ••••••••• ••••••••• o•••••••• ••••o•o•• ••••••o•o ••••oo•• •••••• ••••••••• ••••••••• •••o•o••• ••••••••• ••••••o•• •••••••o• •oo•oo•• 

AVG 

1689. 
1670.0 
1695.0 

1686.2 

64 XI1690J 

THIS ENTRY CONTAINS IOMEGA PI PI I PEAKS AROUND 
1690 HEY. EVIDENCE NOT COMPELLING. OMITTED FROM TABlE. 

64. XI1690J MASS IMEVJ 

10. 
1e.o 
20.0 

OAHVSZ 
YOST 
BARNES 

67 HBC 
68 HBC 
69 HBC 

0 3,3. 6 PBAR P 
04.3 K-P,LMB0.5PI 
0 4.6 K-P,OMEG2PJ 

8.0 AVERAGE fERROR INCLUDES SCAlE FACTOR OF 1.01 

---- -------- -------- -----:--- ..------- ------:---

AVG 

38. 
so.o 
90. 

56.3 

64 Xl16901 HJOTH IMEVI 

18. 
15.0 
20. 

~ DANYS! 
YOST 
BARNES 

67 HBC 
68 ·HBC 
69 HBC 

0 3,3.6 PBAR P 
04.3 K-P,UIBO.SPI 
0 4o6 K-P,Ot4EG2PJ 

14.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.ltJ 

••o•** ••••••••• ••••••o•• o•o•••••• ••o•••••• ••o*••••• ••••••••• •o•••••• 

OANVSZ 
YOST 
BARNES 

REFERENCES FOR Xll6901 

67 NC 51 A 801 OANYSZ+FRENCH+SI MAK 
68 UMD T. REPORT849 +YODH, EtNSCHlAG, DAY, GLASSER 
69 PRL 23 142 +CHUNG,EISNfRtfLAMINIO,+ 

(CERN) 
CUMOI 
lBNU 

•••••• ••••••••• ••••o•••• ••••••oo• ••••oo••• ••••••••• •••o••••• ••••o••• •••••• ••••••••• o•••••••• •••••'O•o• -ooo•o•ooo ••••••••• •••o••oeo•• •••••••• 

I x-(1795) 1·3 x- (1795,JPG• I I•I 

~ 
SEEN AS A (P8AR N) BOUND STATE IN PBAR 0 ANNIHILATIONS 

--------:• AT REST. NEEDS FURTHER CONFIRMATION. OMITTED FROM TABLE. 
BOGOANOVA 72 PREDICT A VECTOR MESON 
AT THIS ENERGY. 

63 X-117951 MASS CHEVJ 

1794.5 1.4 ·GRAY 71 DBC - O.PBAR 0 
DECAYS TO FOUR OR MORE PJOIIIS 

63 X-117951 WlOTHIHEV) 

18. J OR LESS CL ... 95 GRAV 71 08C - Q.PBAR 0 
DECAYS TO FOJR OR MORE PIONS • ...... ......... ......... ......... ......... ......... ......... ....... . 

1173• 
1173* 
1173* 

1172 

1172 



0 

Data Card Listings 
For notation, see key at front of Listings. 

GRAY 71 PRL 26 1491 
BOGOANOV 72 PRL 28 "lltl 8 

REFERENCES FOR X:-( 17951 

+HAGERT ,KALOGEROPOULOS 
BOGDANOVA, OALKAROV, SHAPIRO 

(SYRAI 
I ITEPI ........................ .:.••······ ......... ' ......... ·····-·· ....... . ...... ......... ......... .......... ......... ......... ......... ....... . 

42 ETA/RHO tl830, JPG... +I 

THIS ENTRY CONTAINS ~PI AND K KBAR PI PEAKS 
AROUND 1830 MEV. OMITTED FROM TABLE. 

42' ETA/RH011830J ~SS IMEVJ 

6 

H 
H 
H 

llO 1832. 6. OANYSZ 67 HBC OSEE NOTE A BELOW • 5/67 

'H 

" H 
H 

w 
w 

• w 
w 
w 
w 
• 

PI 
PZ 
P3 
P4 

AVG 

AVG 

SEEN IN 2.5-3. PBAR P. 2Pl+2PI-, WITH 0,1,2 Pt+PI- PAIRS 
IN RHOO BAND 

1820. 12. FRENCH 67 HSC OSEE NOTE K BElOW 
SEEN IN 3.-3.6 PBAR P TO IKS KO PJQ ••• ). G PARITY UNKNOWN 

1829.6 ... AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

42 ETAIRHOU830J WIDTH IMEVJ 

110 42. 11. OANYSZ 67 HBC OSEE NOTE R BELOW 
SEEN IN 2.5-3. PBAR p. 2PI+2PJ-, WITH 0,1,2 PJ+PJ- PAIRS 

IN RHOO BAND 
50. 23. FRENCH 67 HBC OSEE NOTE K BELOW 
SEEN ,IN 3.-3.6 PBAR P TO IKS KO PJQ ••• ). G PARITY UNKNOWN 

43.5 9.9 AVERAGE I ERROR INCLUDES SCALE FACTOR' OF 1.01 

' 42 ETA/RHO I 1830J PARTIAL DECAY MODES 

ETAIRHOU830J INTO 4 PI 
ETA/RH011830) INTO RHO PI PI 
ETA/RH011830J INTO RHO RHO 
ETA/RH011830J INTO K KBAR PI 

DECAY MASSES 
139+ 139+ 139+ 139 
139+ 139+ 77D 
770+ 770 
134+ 497+ 497 

•••••• ••••••••• ••••••• .. ••••••••• ••••••••• ••••••••'* o•••o•••• ••••o••• 

DANYSl 
FRENCH 
CLAYTON 

67 PL 248 309 
67 NC 52A 442 
72NP84781 

REFERENCES FOR ETA/RHOI1830J 

+FRENCH+K I NSON+S IMAK+ f CERN+l IVERPOOL J 
+KINSON+~OONALD+RIDDI FORD+ ICERN+BJRMJ 
+MASONoMU I RHE AD, Rl GO POULOS • + Ill VP+PATR J .................................................................... 

.............................. 11; .................................. .,.. ••• 

43 OMEGA/PI tl830,JPG., -J 

7/67 

5/67 

7/67 

w/7r(l830}_ 
-+W7T7T,K*K THIS ENTRY CONTAINS OMEGA PI PI AND K KBAR PI PEAKS 

AROJNO 1830 MEV. 1 .. 1 IF !OMEGA RHO) MODE EXISTS. 

) 
THE KS KO PI PEAK 1 IF PRESENT AND EVEN IF NOT PART 
OF ETA/RHO(l830) 1 IS ONLY A MINOR HDOE. 

0 
0 

• • 

OMITTED FROM TABLE. 

43 OMEGA/Pli1B301 MASS IHEVJ 

(1848.1 Ill.) OANYSl 67 HBC 0 3j3.6 PBAR P 
OBSERVED IN IOMEGA PI+ PJ-J lAND POSSIBLY IOHEGA"RHOIOIJJ MODE 

(1820.1 112.1 FRENCH 67 HBC 0 3,3.6 PBAR P 
OBSERVED IN IKS KO PJQ ••• J MODE IG-PARITY UNKNOWN! 

43 OHEGA/Plll830J WIDTH IHEVI, 

W 167.1 127.) ,... OANYSl 67 HBC 0 3,3.6 PBAR P 
W OBSERVED IN IOMEGA PI+ PJ-J lAND POSSIBLY (OMEGA RHOIOIJJ MODE 
W, (50.1 120.1 FRENCH 67HBC 03-4PBARP 
W OBSERVED IN IKS KO PIO ••• ) HOOE IG-PARITY UNKNOWN) 

PI 
PZ 
P3 
P4 

43 OMEGA/PI 11830) PARTIAL DECAY MODES 

OHEGA/PII18301 INTO It PI 
OHEGA/Pl(18301 INTO UMEGA PI PI 
0HEGA/Pif18301 INTO 2 RHO 
OMEGA/PI ( 1830 J INTO K KBAR PI 

DECAY MASSES 
139+ 139+ 139+ 139 
139+ 139+ 783, 
783+ 710 
139+ 497+ 497 

REFERENCES FOR OMEGA/PH 18301 

OANYSl 67 NC SlA 801 
FRENCH 67 NC 52A 442 
CLAYTON 72 NP 8 47 81 

DANYSl+FRENCH+S I MAK 
+K JNSON+HCOONALD+R 1001 FORO+ 
+MASON ,MUl RHE AD, Rl GO POULOS,+ 

I CERN I 
ICERN+BIRHI 
Cll\_'P+PATRI 

•••••• ••••••••• ••••••••• o••••••o• ••••••••• ••••••••• ••••••••• ••••• .. • ..................................................................... 

7/67 

7167 

7167 

7/67 

., 
u ... ..., 

PARTICLE DATA GROUP Review of Particle Properties S95 

Mesons 
X"'"(l795), ry/p(1830), w/7r(l830), 5(1930), 

p(,..2100) 

N 
N 

H 
H • H • H c 
H c 
H c 
H c 
H c 
H c 

• • • • 

31 S U930 1 JPG., J 

THIS ENTRY CONTAINS THE STRUCTURE OBSERVED IN 
PBAR P BACKWARD ELASTIC SCATTERING AND VARIOUS 
PEAKS NEAR 1970 MEV. OMITTED FROM TABLE • 
FOR REVIEW SEE DIEBOLD 12. 

31 S HASS ( MEVJ 

11929.01 ( 14.0) CHIKOVANJ 66 MHSP -· 12.0 PI-P 
NOT SEEN BY BOWEN 72 

1900. 40. BOESEBECK 68 HBC . 8 PI+ P 1 PI* PIO 
1973.0 15.0 CASO 70 HBC - 11.2PI- P,NOTE C 
SEEN IN RHO- PI+ PI- IOMEGA AND ETA ANTISELECTED IN 4 P ... J SYSTEM I 
1975.0 12.0 KRAMER 70 HBC . 13.1 PI+ Pr2PI 
HAS IGcl+ FROM ABSENCE OF PJ+PI+ PEAK. THUS JPc(QQDJ-. 

C 191tO. J 18.) CliNE 70 HBC 0 .25-.74 PBAR P 
11939., D•ANOLAU 71 HBC 0 .37-.65 PBAR P 

FROM FJT OF A StNGLE BW FORMULA TO THE PBAR P BACKWARD ElASTIC 
CROSS SECTION I COSUHETAJ IN f-.9,-l.QJ '· SOME INDICATIONS 
OF AN ADDITIONAL STRUCTURE IN BOTH DATA, 
RESONANT INTERPRETATION QUESTIONED BY LYS 70 AND BllZARRI 7Z • 

11968. I BENVENUT 1 71 HBC 0 .1 - • 8 PBAR P 
SEEN AS A BUMP IN THE PBAR P - KS Kl CROSS SECTION WITH JPC•1-- • 
BASED ON ONLY 71 EVENTS Of THIS REACTION~. 
NOT SEEN BY CARSON 72 WITH 69 EVENTS. 

••••• 0. 0 0 

AVERAGE MEANINGl'ESS ISCALE FACTOR e 1.3} 

w 
w 
w 
w 
w 
w 
w 
w 
w 

PI 
PZ 

N 
N 

• c 
c 
c 
• • 

31 S WIDTH I MEV J 

(35.01 OR LESS CHIKOVANI 66 MMSP - 12.0 PI-P 
NOT SEEN BY BOWEN 72 

216. 105. BOESEBE'cK 68 HBC + 8 PI+ P1PI+ PJO 
I80.0J CASO 70 HBC - 11.2PI- PoNOTE C 

SEEN IN RHO- PI+ PI- IOMEGA AND ETA ANTISELECTEO IN 4 PI SYSTEM) 
152.01 OR LESS Cl•.90 KRAMER 70 HBC + 13.1 PI+ P,2PJ 

HAS IG=l+ FROM ABSENCE OF PJ+PI+ PEAK. THUS JP.,.IODDJ-. 
149.} 19.1 CliNE 70 HSC 0 .25-.74 PBAR P 
(63. J D-ANDLAU 71 HBC 0 .37-.65 PBAR P 

SEE REMARKS UNDER MASS ABOVE 
( 35. J BENVENUTI 71 HBC 0 .1 - .8 PBAR P 

SEE REMARKS UNDER MASS ABOVE 

-------- --------- -------- --------- -------- --------- __ i ____ _ 

31 S PARTIAL DECAY MODES 

S INTO PI+ PI
S INTO PSAR P 

.DECAY MASSES 
139+ 139 
936+ 938 

•••••• ••••••••• ••••••••• ••••••••• -••••••• ••••••••• ••••o•••• •••••••• 

CHt KOVAN 66 Pl 22 233 
FOCACC I 66 PRl I 7 890 
BOESEBEC 68 NP 8 4 501 
CllNE 68 PRl 21 !268 

CASO 
CLINE 
KRAMER 
LYS 

70 LNC 3 707 
76 PREPRJNT 
70 PRL 25 396 
70 PREPRJNT 

BENVENUT 71 PRl 27 283 
Cll NE 71 REVIEW 
D-ANOLAU 71 PREPRJNT 
P INSKI 71 PRL 27 1548 

REFERENCES FOR S 

CERN HISSING MASS SPECTROMETER GROUP tCERNJ 
CERN HISSING MASS SPECTROMETER GROUP ICERNJ 
BOES EBECK • OEUT SCHMANN, + ( AACHEN+BERLI N+CERNJ 
+ENGLI SH.REEDER, TERRELL, TWITTY CW I SCONS 1 N I 

+CORDS .COSTA,+ ( GENO rOES Yr HAMS ,MJ LA, SACLI 
D. CliNE, J. ENGL I SH 1 D. D. REEDER I WI SC JJ 
+BARTON, GUTAY, l I CHTMAN 1 M IllER,+ I PURDUE I 
J.LYS tloUCHt 

BENVENUT J ,CLINE, RUTZ.REEOER, SCHERER I WJSCJ 
D.CLINE,TALK AT ANL WORKSHOP JULY 71 IWJSCJ 
+ASTIER1PETRJ,+ ICDEF+PJSAI 
STEPHEN S. PINSKY (UTAH+ARGONNEI 

BIZlARRI 72 PR 0 6 160 +GUIOONJ ,HARZAN0 1 CASTElll ,-+ IROMA+TRSTJ 
BOWEN 1 72 PRL· 29 890 +EARLES,FAJSSLER,BLIEOEN,+ tNEAS+STONJ 
BOWEN 72 PREP.NU8 2167 +EARLES,FAISSLER,GAREliCKoCETTNERr+ fNEASI 
CARSON 72 BAT .CQNF.PAP.498 +8UTTON-SHAFER,YAMAM(JT0 1 + (MASA+TOKYI 
DIEBOlD 72 BATAV.CONF. R.DIEBOLO RAPPORTEUR TALK IANU 
KIENZLE 72 PHJL.CONF.PROC207 W.KJENZLE CCERNI' 
WOHlHUT 72 BAT.CONF.PAP.215 +YEE,JCIHNSONoPETERStSTENGER IHAWAlll 

•••••• ••••••••• ••!(!•••••• ••••••••• ••••••••>~< •••••••o• ••••••••• •••••••• •••••• ••••••••• ~·••••••• ••••••••• •••••oo•o ••••••••• •••o••••• •••••••• 

51 RHO (2100t JPG• +I Jcl 

NICHOLSON 69 SUGGEST JGc}+ 1 JP .. 3- FROM ANALYSIS OF 

L.----~....1~6~F~~~~6~~~0 c:~s~~:~~~~O~~. FOR PSAR PI -- 2PJ, 

H 
H 
H 

2086.0 
12120. I 

SOC 2070. I 

OMITTED 'FROM TABLE .. 

51 RHO 121001 MASS IMEVJ 

38.0 ANDERSON 69 HHS 
NICHOLSON 69 CNTR 
TAKAHASHI 72 HBC 

51 RHO 12100J WIDTH CMEVI 

- 16 PI- P,BACKW 
0 .7-2.4 PB P,2PJ 
8. PI- Po N 2P1 

12172• 

6/68 
5170 
5170 

11170 
11170 
2172 
2172 

2172 

12172• 

12172• 

6/68 
5170 
5170 

11170 
11170 

Z/72 
2172 

2/12 

8/69 
9/69 
1173• 

w 
w 
w 
w· 

1150.01 ANDERSON 69 MMS - 16 PI- PrBACKW 8/69 
(249.1 NICHOlSON 69'CNTR 0.7-2.4 PB P,2Pl 9/69 

THE WIDTH INClUDES R'ESOLUT ION. 
50 I 160.) TAKAHASHI 72 HBC 8. PI- PoN 2PJ 1/13* 

•••••o ••o:oo•••• ••••••••• o•••••••• ••••••••• ••••••••• oo••••••:er •••••••• 

ANDERSON 69 PRL 22 1390 
NICHOLSO 69 PRl 23 603 

EHRLICH 72 PRL 28 1147 
lAKAHASH 72 PR D 6 1266 

REFERENCES FOR RHOC21001 

+COLliNS 1 Bll EDEN+ ( BNL+CARN I 
NICHOl SON 1 BARISH, DElORME 1 + CC IT+ROCH+BNLI 

+ETK IN ,GLOD IS, HUGHES ,KONOO,lU, MOR lo+ I YALE I 
TAKA HASH loBAR ISH r+ I TOHO+PENN+NDAM+ANL I .................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 
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Mesons 
T(2200), p( .... 2275), U(2360) 

M 

32 T t22QO, JPG-

THIS ENTRY CONTAINS VARIOUS PEAKS NEAR 2200 MEV. 
OMITTED FROM TABLE. 
FOR REVIEWS SEE BERTANZA 72, DIEBOLD 12. 

32 T MASS IMEYJ 

S CHANNEL NBAR N 

" . M 6 
2190. lOo ABRAMS 70 CNTR S CHANNEl NBAR N 1113• 

SEEN AS BUMP IN 1"'1 STATE. SEE ALSO COOPER 68. 
H 6 
H K 

BRICMAN (69} SEES NO BUMP, SPIN LESS THAN 5 IS ·so EXCLUDED 
(2190.01 . KALBFLEIS 69 HBC 0 5-CHANNEt. PBARP 7/69 

H K SEEN IN PBAR P -TO RHOO RHOO P 10. JG=l-. 
M K 
M 

NOT SEEN BY DONALD 12. 12172• 
2195. 5. COHEN 72 CNTR S CHANNEL PBAR P 12172• 

H 
M AVG 2194.0 4o5 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.01 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

w 
w 
w 
w 
w 
w 
w 
w 
w 

CS A 
CS A 
cs 

PEAKS FROM PRODUCTION EXPERIMENTS 
N 12195.01 115.0} CHIKOVANI 66 HHSP - l2o0 PI-P 12172* 
N NOT SEEN BY BOWEN 72. 

2207. 13. ALLES-BOR 67 HBC 0 5.1 PBAR P lZ/66 
ALlES-BORELLI 67 SEE NEUTRAL HODE OriLY CPI+PI-PIOJ 
2190.0 10.0 CLAYTON 67 HBC -+- 2.5PBAR,A2+0MEGA 10/67 
2207.0 22.0 CASO 70 HBC - ll.2PI- P,NOTE C. 5170 

C SEEN IN RHO- PI+ PI- COMEGA AND E,TA ANTISELECTEO IN 4 PI SYSTEMJ 5/10 
0 2157.0 10.0 KRAMER 70 HBC + 13.1 PI+ P1 2Pl ll/70 
0 HAS IG,.1+ FROM ABSENCE OF Pl+PI+ PEAK. THUS JPcCQOOJ-. 11170 ......... 

AVERAGE MEANINGLESS ISCALE FACTOR • 2.01 

32 T WI OTH C MEV I 

S CHANNEL NBAR N 
(85. J ABRAMS 67 CNTR S CHANNEL NBAR N 7/67 

SEE NOTE B UNDER H 22001 MASS ABOVE. 
BETWEEN 20 AND 80 MEV KALBFLElS 69 HBC 0 S-CHANNEL PBARP 7/69 

95. 15. COHEN 72 CNTR S CHANNEL P&AR P 12172* 

PEAKS FROM PRODUCTION EXPERIMENTS 
(13.01 OR LESS CHIKOVANI 66 MMSP - 12.0 PI-P 8.(66 
62. 52 • ALlES-BOR 67 HBC 0 5. 7 PBAR P 12166 

,1130.0) CASO 70 HBC - U.2PI- P,NOTE C. 5170 
C SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTI SElECTED IN 4 PI SYSTEM) 5170 

0 68.0 2:2.0 KRAMER 70 HBC + 13.1 PI+ P 1 2PI ll/70 
0 HAS JG.,1+ FROM ABSENCE OF Pl+PI+ PEAK. THUS JP•IODOJ-·. 11170 ......... 

AVERAGE MEANINGLESS tSCALE FACTOR = 1.01 

32 SIGMA IMBI FOR FORMATION BY NUCLEON ANTIMJCLEON 

15.51 ABRAMS 70 CNTR S CHANNEL NBAR N 1171 
FOR 1.,1 NBAR N 

2.2s o.oa COHEN 72 CNTR S CHANNEL PSAR P 1/73* ............................... ·······- .................... . 
REFERENCES FOR T 

CHIKOVAN 66 PL 22 233 CERN MISSING MASS SPECTROMETER GROUP «CERNI 
CERN HISSING MASS SPECTROMETER GROUP CCERN.I FOCACC I 66 PRL 17 890 

ALSO 69 CASO 
ABRAMS 67 PRL 1B 1209 
ALLES-SO 67 NC SO A 776 
CLAYTON 67 HEIDBG.CONF.P.57 
COOPER 68 PRL 20 1059 

8AU81Ll1 69 LUND PAPER 87 
BRICMAN 69 PL 29 B 451 
CASO 69 NC 62 A 755 
KALBFLE I 69 Pl 29 B 259 
HONTANET 69 lUND C~F.P.189 

+COOL I Gl ACOMELLJ I KYC lA, lEONT IC I L I I+ c BNL I 
ALLES-BORELLI, FRENCH, FRISK,+ CCERN+BONNIG•-
+MASON,MUI RHEAD1 FIll PPAS+ ILl VERPOOL+ATHENS I 
+HYMAN, MANNER, MUSGRAVE ,VQYYOOIC IANL J 

&AUBILLIER,DUBOC,HlRIAUX,+ C IPN+LJVPI 
+FERRO-LUZZI I Bl lARD,+ I CERN+CAEN+SACU 
+CONTE ,a ENZ, + I GENl+OESY+HAMB+fiiLA+SACL J 
G.KALBFLEI SCH, R. STRANQ,V.VANDERBURG IBNLI 
L.HONTANET, RAPPORTEUR C CERN) 

ABRAMS 70 PR 0 1 1917 +COOL,GJACOMELLI,KYCIAtlEONTICollt+ CBNLJ 
CASO 70 LNC 3 707 +CONTEtTDHASINI 1 CORDS+tGENO+HAM6+MILA+SACL) 

ALSO 69 CASO 
KALBFLEI 70 PHILAD.CONF.P.409 G.KALBFLEISCH AND O.MILLER REVUES IBNLI 
KRAMER 70 PRl 25 396 +BARTON,GUTAY 1 LICHTMAN,HllLER 1 + IPUROUEJ 

BACON 
F IELOS 
YOH 

71 NP B 32 66 
71 PRl 27 1749 
71 PRL 26 922 

+BUTTERKORTH,MI LLER, PHELAN,+ 
+COOPER, RHINES, ALL ISDN 
+BARISH, CAROLL, LOBKOVICZ+ 

tRHEl+LIVP i 
IANL+OXF) 

WJT+BNL+ROCHI 

ALEXANOE 72 NP 8 45 29 ALEXANOER,BAR-NJR,BEVARY,DAGAN,+ tTELAI 
SERTANZA 72 CERN 72-10 L.BERTAN'lA REVIEW AT CHEXBRES 72 IPISAI 
BOWEN 72 PREP.HUS 2167 +EARLES,FAJSSLER,GARELICK,GETTNER,+ INEASJ 
BUGG 72 PR 0 6 3047 +CONOO,HART,CQHN,ENOORF,+ ITENN+ORNL+CINCJ 
CLAYTON 72 NP B 47 81 +MASON,HUIRHEA0 1 RIGOPOULOS 1 + IL'IVP+PAlRI 
COHEN 72 PHIL.CONF.PROC. K.J.COHEN CRUTGERSJ 
DIEBOLD 72 BATAV.CONF. R.OIEBOLD RAPPORTEUR TALK IANLJ 
DONALD 72 PL 40 B 586 +GALLETLY,EOWAROS,OE BILlY 1 + ILIVP+LPNPJ 
DONALD 72 8AT.CONF.PAP·263 +EOWARDS,GJB8INS,BRJANO,QUBOC~+ ILIVP+LPNPJ 
DONALD 72 8AT.CONF.PAP.265 lNTERNAT.COLLABORATJON tliVP+J 
KIENZLE 7Z PHILoCONF.PROC207 w.KJENZLE ICERNI 
HING MA 72 NP 8 51 77 +EASTHAN,OH,PARKER,SMITHISPRAFKA IHSUI 
WOHLMUT 72 BAT.tONF.PAP.Z75 +YEEoJOHNSON,PETERS,STEHGER CHAWAIIJ ........................................................................... 

52 RHO C2275, JPG• +J 1"'1 

NICHOLSON 69 SUGGEST IG,.1+,JP,.5- FROM ANALYSIS OF 

'-----~......I~;F~~~~!~~Oc:~s~~~~~~~O~tFOR PBA.R Pt -- 2PI. 

OMITTED FROM TABLE. 

52 ·RHO( 22751 MASS I MEV) 

2260.0 lB.O ANDERSON 69 MHS - .16 PI- P1BACKW 8/69 
C2290.J NICHOLSON 69 CNTR 0 .7-2 .. 4 PB P12PI 9/69 ----- , ______ ----- ----- -----:..-... - ---- ---- -------

Data Card Listin&s 
For notation, see key at front of Listings. 

52 RHOI227Si WIDTH IHEVJ 

125.01 OR LESS ANDERSON 69 HMS - 16'PI- P 18ACKW 8/69 
(165.) . NICHOLSON 69 CNTR 0 .7-2.4 PB P,2Pl 9/69 

THE WIDTH INCLUDES "RESOLUTION. 

.. ......................................................................... . 
REFERENCES FOR RHOC2275.J 

ANDERSON 69 PRL 22 1390 
NICHOLSO 69 PRL 23 603 
EHRLICH 72 PRL 28 1147 

+COLLINS 1BLI EDEN+ I BNL +CARN J 
NICHOLSON, BAR I SH1DELORHE 1 + IC.i T+ROCH+BNU 
+ETK IN ,GLODI S, HUGHES ,KONDO, LU, MORJ ,+ I YALE I 

0 • ....... ........... ............ .......... ......... ......... ......... ........ . ...... ········· ........................................................ . 

M 

33 U C2360,JPG= I 1=1 

THIS ENTRY CONTAINS THE BROAD BUMP OBSERVED 
IN THE S CHANNEL NBAR Nt AND VARIOUS OTHER PEAKS, 
MOSTLY COOTROVERSI AL. OMITTED FROH TABLE. 
FOR REVIEW SEE ASTBURY 72, DIEBOLD 72. 

33- UI2360I MASS (HEVI 

S CHANNEL NSAR N 
M ( 2370.01 tlO.QI RING 69 HBC 0 S-CHANNEL PBARP 11171 
H NOT CONFIRMED IN EXTENSION OF THE EXP •• SEE CHAPMAN 71. 11/71 
H A 2350. IOo ABRAMS 10 CNTR S CHANNEL N6AR N 1/73• 
H A FOR I•1 NBAR N 
H N 12360.01 I 25.QJ OH 70 HDSC -OPBAR I p, NJ I K*K2P I 1173• 

N NO EVIDENCE F('IR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71 1113• 
I 12360.) (5.) COHEN 72 CNTR S. CHANNEL PBAR P 1173• 
I lSOSPINS 0 AND 1 NOT SEPARATED 

H PEAKS FROM PRODUCTION EXPERIMENTS 
H H 12382. OJ c 24.01 CHJKOVANI 66 MMS - 12.0 PI-P 12172• .. H NOT SEEN BY BOWEN 72 12172• 
H c I 2324.01 120.01 CLAYTON 67 HBC +- 2. 5PBAR 1 AZ+OMEGA 11/69 
H c MAY BE DIFFERENT OBJECT. VALUE QUOTED IN HEIDELBERG PROC. OF .. c 2380 +- 10 IS MISTAKE ••• PRJV. COHM. FROM MUIRHEAD • 
H 2370. 17o ANDERSON 69 ASPK - 1b PI- BKSCAT 11/69 
H 12420.0) (25.0) JOHNSON 70 HBC - 12.0 PI- p 1171 
H 731 237ft. J lit.) ATHERTON 71 HBC 0 5.7 PBAR P Z/73* 

33 Ul23601 WIDTH CHEVJ 

W S CHANNEL NBAR N 
W I 140. I ABRAMS 67 CNTR S CHANNEL PBAR N 1173* 
W R (40.01 OR LESS RING 69 HBC 0 S-CHANNEL PSARP 11171 
W R NOT CONFIRMED IN EXTENSION OF THE EXP •• SEE CHAPMAN 11. .11/11 
W N 160.0) OR LESS OH 70 HDBC -OP8ARIPoNI,K•K2P1 11/71 
W N NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 11 11/71 
W 1 ll63.1 US.) COHEN 72 CNTR S CHANNEL PBAR P 1173• 
W I ISOSPI~S 0 AND 1 NOT SEPARATED 

w 
w 
w 
w 
w 
w 

cs 
cs 
cs 
cs 

PEAKS FROH PRODUCT ION EXPERIMENTS 
130.0) DR LESS CHIKOVANI 

NOT SEEN BY BOWEN 72 
157. J 
I80.DI OR LESS 

73 124 .. I OR LESS 

ANDERSON 
JOHNSON 
ATHERTON 

66 MHS 

69 ASPK 
10 HBC 
11 HBC 

- 12.0 PI-P 

- 16 PI- BKSCAT 
- 12.0 P+- p 
0 5.7 PBAR P 

33 SIGMA CMBJ FOR FORMATION BY NUCLEON ANTINUCLEON 

I 3. 21 ABRAMS 
FOR 1•1 NBAR N 

12.01 10.071 COHEN 
ISOSPINS 0 AND 1 NOT SEPARATED 

70 CNTR 

72 CNTR 

REFE~ENCES FOR U123601 

S CHANNEL NBAR N 

S CHANNEL PBAR P 

CHI KOVAN 66 PL 22 233 CERN HISSING MASS SPECTROMETER GROUP CCERNI 
CERN HISSING MASS SPECTROMETER GROUP ICERNI FOCACC I 66 PRL 1 7 8 90 

ABRAMS 67 PRl 18 1209 
CLAYTON 67 HEIDBG.CONF.P .. S7 

ALSO 71 PRIV.COMH. 

ANDERSON 69 PRL 22 1390 
BRICMAN 69 PL 29 8 451 
CASO 69 LNC 3 707 
RING! 69 MICH PREPRINT 
R lNG 69 

ABRAMS 
JOHNSON 
LYS 
OH 
SMITH 

70 PR 0 1 1917 
10 UH. 511 77 70 
70 PREPRINT 
10 PRL 24 1257 
70 PREPRINT 

ATHERTON 71 CERN PHYS.71-18 
CHAPMAN 11 PR 04 1275 
F IELOS 71 PRL 27 1749 
YOH 71 PRL 26 922 

+COOl ,GJ ACOHELLI , KYC I A, LEONT IC, LI, + I BNL I 
+HASON,HUI RHEAD, FILl PPAS+ I L I VERPOOL+ATHE NS J 
W.MUIRHEAD fLIVPI 

+BLESER, BIRNBAUM ,E DElS TE IN,+ I BNL+CARNI 
+FERRD-LUZli, BI ZARO, + C CE RN+CAEN+ SACL I 
+CONTE ,a ENZ, + I GENO+DESY+HAHB+HllA+ SACL l 
+CHAPMAN, CHURCHtLYSt MURPHY 1 VANOERVELDI Mt CH J 
JO~NT PREPRINT COMBINES RINGl AND OH 70 

+COOL, GIACOMELLI ,KYC 1 A, LEO NT IC, LJ, + I BNL I 
+PETERS,STENGER, YEE IHAWAIII 
J.LYS C MICHl 
+PARKER, EASTMAN, SH ITH, SPRAFKA, MA IHSUI 
G.A.SMITH IMSUJ 

+CELNI KI ER, CLAYTON1FRANEK 1 FRENCH,+ 
+GREEN tl YS rMURPHY 1 Rl NG ,+ 
+COOPER,RHINES1ALL ISDN 

ICERNJ 
CHICHI 

CANL+OXF I 
CCJT+BNL+ROCH) +SARI SH, CAROLL, LDBKOVICZ+ 

ASTBURY 
BOWEN 
COHEN 
DIEBOLD 
DONALD 
EASTMAN 
KIENZLE 
KING MA 
WOHLMUT 

72 CERN 72-10 A.ASTBURY REVIEW AT CHEX8RES 72 CRHEll 
72 PREP.NUB 2167 +EARLES,FAISSLER,GARELICK 1 GETTNER,+ INEASJ 
72 PHil.CONF.PROC. K.J.COHEN CRUTGERSI 
12 BATAV.CONF. R.OIEBOLD RAPPORTEUR TALK IANLJ 
72 BAT.CQNF.PAP.265 INTERNAT.COLLABORATION ILIVP+J 

. 72 NP 6 51 29 +MING MA,OH,PARKER,SMITH 1 SPRAFKA IMSUI 
1Z PHIL.CONF.PROC207 W.KIENllE I CERN I 
72• NP B 51 77 +EASTHAN,OH,PARKER,SMITH,SPRAFKA IMSUJ 
12 BAT.CONF.PAP.275 +YEEIJOHNSQN,PETERS,STENGER CHAWAIIJ . .......................... ···-···· .................................... . ....... ......... ......... ......... ......... .......... ......... ....... . 

8/66 
12172• 
11/69 

1171 
2173• 

1171 
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•Data Card Listings 
For notation, see key at front of Listings. 

41 N NSAR 1237S,JPG., I 1.,0 
I NNI=o(2375) I 

) EVIDENCE FOR RESONANCE PREliMINARY. 
OMITTED FROM TABLEo 

I. 
I 

41 N NBARI237SI MASS 

2375. lOo ABRAMS 
IZ3bO.J tS.l COHEN 

I~OSPINS 0 AND l NOT SEPARATED 

41 N NBARI2375J WIDTH 

10 CNTR 
12 CNTR 

S CHANNEl NBAR N 
S CHANNEL PBAR P 

6 

1/11 ' 
1173• 

1190. I ABRAMS 
1163.1 115.1 COHEN 

70 CNTR 
72 CNTR 

S CHANNEl NBAR N 1/71 
S CHANNEL PBAR P 1/73* 

cs 
cs 
cs 

ISOSPJNS 0 AND 1 NOT SEPARATED 

41 N NBARI237SJ SIGMA IMBI FOR FORMATION BN 

12.51 ABRAMS 
12.01 10.07} COHEN 

JSOSPINS 0 AND 1 NOT SEPARATED 

70 CNTR 
72 CNTR S CHANNEL PBAR P 

-o.••••• .............................................................. . 

BRtcMAN 
ABRAMS 
COHEN 
EASTMAN 
HING MA 

69 Pl 29 8 451 
70 PR 0 1 1917 
72. PHJL.CONF.PROC~ 
72NP85129 
72 NP 8 51 77 

REFERENCES FOR N NBAR 123751 

'+FERRO-LUZZI, BllARD, + ( CERN+CAEN+ SACL I 
+COOL, GIACOMELLI,KYC tA, LEONT JC, LIt+ I BNL I 
K~J.COHEN IRUTGERSI 
+HI NG MA ,OH, PARKER, SMITH ,S PRAFKA I HSU J 
+EASTHAN,OH, PARKER ,SMITH oSPR_AFKA IMSUJ 

•••••• ••••••••• ••••••:o•• •••••••••• ,. ................................. . ••••••••••••••• •••••••*:• $ ••••••••••••••••••••••••••.••••••••• •••••••!1. 

jx(250o-Jaoo) I 
46 XI 250G-3600l 

1/71 
1/73* 

THIS ENTRY CONTAINS VARIOUS HIGH MASS NON-STRANGE 
PEAKS~ OMITTED FROM TABLE~ " ~ 

The high mass region i,s covered nearly con

tinuously by evidence for peaks of various widths and 

decay modes (see figure). As a satisfactory grouping 

into particles is not yet possible, we list all the Y = 0 

bumps with M > 2400 MeV together by increasing 

mass. Note.that ANTIPOV 72 .(rr-p - pMM at 25 and 

40 GeV/c) see no narrow bumps. 

ALEXANDER 72 (47T+47T-) 
BAUD 70 (M M-l 
BAUD 70 (M M-) 
ALEXANDER 72 (37T+37T-) 
ALEXANDER 72 (47T+ 47Tl 
BAUD 70 (M Ml o 

ALEXANDER 72 (37T~7T-) >----<:>------< 

"" BAUD 70 (MM-) 
>0< BAUD 70 (M M-l 

-o- YOST 71 (7.,. )+ 
0 BAUD 69 (M M-) ....,.. SABAU 71 (KR.,.7T)+ ...,.. BAUD 69 (M M-) 

>---<>--- CASO 70 (p-.,.+.,.-) 
>--<>--< BAUD 69 (M M-) 
-0- ATHERTON 71 (K R.,. .,. )0 

o-0--< ANDERSON 69 ( M M-:') 

2.5 3.0 3.5 

M ± f/2 .( GeV) 

Masses and widths of reported enhancements with 
Y = 0, M > 2400 MeV. (-0- indicates that upper limit 
only was reported for the width. ) 

----- ------- ------ ------ ------- ------ --------- ------

6 
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Mesons 
NN1=0 (2375), X(2500-3600), K:1:. K0, I\(892) 

•• XI 250G-3600 I MASSES AND WIDTHS I MEV I 

2500.0 32.0 ANDERSON 69 MMS - 16 PI- ,P,8ACKW9 8/69 
187.01 ANDERSON 69 HHS - 16 PI- P,BACKW9 8/69 

66 2613. '· ATHERTON 11 HBC 0 5.7 PBAR P 2173* 

•• 190.1 OR LESS ATHERTON 71 HBC 0 5. 7 PBAR P 2173* 

c 
c 

. c 

550 2620. 20. SAUD 69 MMS - 8.-10. PI- P 
550 85. 30. BAUD 69 MMS - a.-to. PI- P 

2676.0 27.0 CASO 70 HBC - 11.2PI- P,NOTE C 
(150.01 . • CASO 70 H8C - 11.2PI- P,NOTE C 
SEEN IN RHO- PI+ PI- (OMEGA AND ETA ANTISELECTED IN 4 PI SYSTEMI 

640 2800. 
640 46. 

20. 
10. 

BAUO 
BAUD 

69 MMS - 8.-10; PI- P 
69 HMS - e.-10. PI- P 

15 2820. 10. SABAU 11 HBC + 8. PI+ P,, 
15 SEi~·IN IK !~AR PI PIJ+ HAS~A~~~TRIBUgO~BC + B. P~+ Pt. 

230 2880. 20. 
230 ( 15. J OR LESS 

BAUD 
BAUD 

69 HMS - 8.-10. PI- P 
69 MMS - 8.-10. PI- P 

9/69 
9/69 

5/70 
5/70 
5170 

. 9/69 
9/69 

1111l 
11171 
11171 

9/69 
9/69 

y 
y 
y 

43 3013. 5. YOST 
YOST 

11 HBC + ll.PI+ P,PCSPJJ+ 11171 
43 (40. I OR LESS 71 HBC + ll.PI+ P,P(SPII 5171 

" ·W 

. " w 

" 0 w. 0 
0 

4,3 S~D· EFFECT 

3025.0 
125.0) 

3075.0 
125.0) 

20.0 
APPROX. 

20.0 
APPRQX. 

3080~ 20. 
220. 70. 

DECAYS TO 3PI+ 3PJ-

3145.Q 20.0 
I 10.01 OR LESS 

3370. 10. 
150. 40. 

DECAYS TO 4Pl+ 4PI-

3390. 20 •. 
220. 100. 

DECAYS TO 3Pl+ 3PI-

3475.0 20.0 
( 30.01 APPROX. 

3535.0 20.0 
(30.01 APPRQX. 

3600. 20. 
HO. 20. 

DECAYS TO 4Pl+ 4PI-

DECAY TO 1 PIONS 

BAUO 
SAUD 

SAUD 
BAUD 

70 HHS 
70 HMS 

70 HHS 
70 HMS 

ALEXANDER 72 HBC 
• ALEXANDER 72 HBC 

BAUD 70 MMS 
BAUD 70 MMS 

ALEXANDER 72 HBC 
AlEXANDER 72 HBC 

ALEXANDER 12 HBC 
ALEXANDER 12 HBC 

BAUD 70 MMS 
BAUD 70 MMS 

- 10.5-13 PI- P 
- 10.5-13 PI- 7 

- 10.5-13 PI- P 
- 10.5-13 'p 1- p 

0 6o94 PBAR P 
0 6.94 PBAR P 

- 10.5-15 PI- P 
- 10.5-15 PI- P 

0 6.94 PBAR P 
0 6.94 PBAR P 

0 6.94 PBAR P 
0 6.94 PBAR P 

- 14-15.5 PI- P 
- 14-15.5 PI- P 

BAUD 
BAUD 

70 MMS - 14-15.5 PI- P 
70 MMS - 14-15.5 PI- P 

ALEXANDER 12 HBC 0 6~94 PBAR P 
ALEXANDER 72 HSC 0 6.94 PBAR P 

•••••t!il *****•••• ••••••••• o•••••••• ••••••••• ••••••••• ••••••••• •••••••• 
REFERENCES FOR XI250D-3600I 

ANDERSON 69 PRL 22 1390 
BAUD 69 PL 30B 129 
ALEXANDE 70 PRL 25 63 

+COlLINS,+ I BNL+CARNI 
CERN BOSON SPECTROMETER GROUP ICERNJ 
+BAR-N JR;DAGAN, G I DAL, GRUNHAUS+ (TEL-AVIV J 

BAUD 70 PL 31 B 549 CERN BOSON SPECTROMETER GROOP ICERNJ 
CASO 70 LNC 3 707 +CONTE, TOMAS I Nt, CO ROS+ ( GENO+HAMB +HI LA+SACL J 

+CELNI Kl ER ,CLAYTON, FRANEK, FRENCH,+ (CERN I 
+URETSKY (8UCH+ANLJ 

ATHERTON 71 CERN PHYS.71-18 
SASAU 71 LNC 1 514 
YOST 71PRD36lt2 +MORRIS, AL BR JGHT, BRUCKER, LANNUTT I ( FSU I 
ALEXANDE 7 2 NP B 45 29 ALExANDER 1 BAR-N I R, BE VARY, DAGAN,+ (TELA I 

•••••• ••••••••• ••••••••• •••••••••· ••••••••• .•••••!••• ••••••••• oo•o••*• ................ ···~· ................................................ . 
10 CHARGED K 1494,JP=D-I Jzl/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

11 NEVTRAL K (498,JP=Q-I 1•1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

•••••• ••••••••• ••••••••• ••••••••• ••••••••o ••••••••• ••••••••• •••••••• •••••• ••••••••• •••••e••• •••••e••• o•••••••• ••••••••• ••••••e•• ••••••t!ll• 

IK*(B92) I 18 K* (892,JPel-J 1.,112 

H CHARGED 
M 

"' 3B70 
M 
M 

• M 
M 
M 
M 

18 K*I892J MASS (MEVI 

ONLY. THIS 
898.0 
891.0 
889.5 
895.0 
895 • 
891. 
892.5 
898. 
883. 
890. 
889. 
896~ 0 
893. 
891. 
887. 
890.0 
892.0 
896.0 
892.0 
884.0 
891 •. 0 
892.0 

IS WHAT APPEARS ON MESON TABLE 
5.0 ' CHADWICK 63 HSC + 1.5 K+P 
1.0 WOJCICKI blt HBC - 1.7 K-P 
2.5 ADELMAN 65 HBC - ·1.5 K-P 
3.0 GELSEHA 65 HBC - 1.5 K-P 

. 3. BOHSE 67 HBC + 2.3 K+P 
z. DE BAERE 67 HBC + 3,5 K+P (KO Pl+l 
2.5 DE BAERE 67 HBC + 3.5 K+P (K+ PJOJ 
4. SALLSTROH 67 HBC + 3~ K+ P IKO PJ+I 
5. SAlLSTROM 67 HBC + 3. K+ P CK+ PIOI 
3. BARLOW 67 HBC 1.2 PBAR P 
3. BARLOW 67 HBC 1.2 PBAR P 
5.0 CONFORTO 67 HBC O~ PBAR P 
4. ADERHOLZ 68 HBC - 10 K- P 
4. FICENECl 68 HBC 1~3 K-P (K-PIOI 
3. FICENEC1 68 HSC - 1.3 K-P fKOPI-J 
5.0 FICENEC2 68 HBC - 2.7 K- P(K-PIOJ 
3.0 FICENEC2 68 HBC - 2.7 K- PCKOPI-J 
4.0 SCHWEINGR 68 HBC - 4.1 K-P · 
2.0 SCHWElNGR 68 HBC - 5.5 K-P 
5.0 KANG 68 HBC - 4.6 K- P 
2.0 CRENNELL 69 OBC - 3.9 K-N (KOPI-) 
3.0 ERWIN 69 H6C + 3.5 t<.+ P 

11171 

5170~ 

5170 
5170 

5170 
5170 

5170 
5/70 

5170 
5170 

1/73* 
1173• 

6(66 

7/67 
7/67 
7/67 
7/67 
7/67 
2172 

11/66 
9/67 
6/68 
9/67 
9/67 
2/69 
2/69 
9/67 
9/67 
7/69 
7/69 
9/69 
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Meso.ns 
K*(B92) 

2886 C 894. I 
728 1892. I 

K 3229 "c 892. I 
M 1027 1892. I 
M 895. 

u.1 FRIEDMAN 
12.1 FRIEDMAN 
u.J FRIEDMAN 
flo) FRIEDMAN 
2. liND 

69 HBC - 2.1 ·-· 1380YI 2n2 
69 HBC -· 2.45 K-P i 3BDYI 2172 
69 HBC - 2.6 ·-· 13BDYJ 2172 
69 HBC - 2.7 K-P 138DYI 2172 
69 HBC + 9. K+ P 9/69 

M .4404 892.2 1.5 AGUILARl 71 HBC - 3.9,4.6 K- p 11171 
M 
M AVG 891.71 o.so AVERAGE I ERROR INCLUDES SCALE FACTOR Of 1 .. 01 

NEUTRAL ONLY. BUT WE DONT USE THIS FOR MASS DIFF. - SEE TYPED NOTE 
10 891.0 10.0 COLLEY 62 HBC 0 2.0 PI-P 

200 892.0 2.0 KRAEMER 63 HBC 0 2.3 K+P 
150 1885 .. 01 SfHTH 63 HBC 0 2.3 PI-P 

899. Ito BARLOW 67 HBC 0 1.2 PBAR P 11/66 
897. 4. BARlOW 67 HBC 0 1.2 PBAR P 11/66 
889.0 S.O COHFORTO t1 HBC 0 a. PBAR P 9/67 

M 894.7 lo 3 DAUBER 67 HBC 0 2 .Q K- P 12/66 
M 892.0 4o0 GEORGE 67 HBC 0 5.0 K+ P 11/67 
M 893. 3. DE KIT 68 OBC 0 3. K- 0 9/69 
H F 895. •• FICENEC1 68 HBC 0 1.3 K-P tK-PI+J 11/69 
M F 901. '+• FICENEC2 68 HBC 0 2.7 K-P IK-Pl+J 11/69 
H F FJCENEC ERROR RAISED SEE TYPED NOTE 
H 896~0 •• a SCHWEINGR 68 HBC 0 4.1 K-tP 
H 903.0 4.0 SCHWEINGR 68 HBC 0 5.5 K•P 
H 899.0 5.0 KANG 68 HBC 0 4.6 K- P 
M 10700 893.7 2.0 OAVI S 69 H8C 0 12. K+ P 
H 2000 890.0 1.25 DE BAERE 69 HBC 0 5.0 K+ P 
H ERRORS ENLARGED BY US TO GAMMA/SQRTI Nl. SEE TYPED NOTE. 

9/67 
9/67 
7169 
9/69 

. 9/69 

H 4000 895.0 1.0 HABER 70 OBC 0 3. K-N 5170 
M 2934 897.9 0.8 AGUILAR! 71 HBC 1 0 3.9,4.6 K- P 11171 
M 5362 898.0 0.5 AGUILARl 71 HSC 0 3.9,4.6 K- P 11171 
= 0 1700 898.4 1.3 BUCH~ER 72 08C 0 4.6 K+ N,K+ PI-P 12172• 

M AVG 896.57 0.65 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.01 
I Si:E IDEOGRAM BELOW J 

~EIGHTED ~UER~GE = 896.57 • 0.65 
ERROR SC~LED BY 2.0 

CHISQ 
·BUCHNER 72 DBC 2.0 
·~GUIL~R1 71 HBC 8.2 
·~GUIL~R1 71 HBC 2.8 
·H~BER 70 DBC 2.5 
·DE B~ERE 69 HBC 27.6 
·D~UIS 69 HBC 2.1 
·K~HG 68 HBC 
·SCH~EINGR 68 HBC 2.6 
·SCH~EINGR 68 HBC a .a. 
·FICENEC2 68 HBC 1.2 
·FICENEC1 68 HBC 0.2 
·DE ~IT ·sa DBC 1.4 
·GEORGE 67 HBC 1.3 
·D~UBER 67 HBC 2.1 
·CONFORTO 67 HBC 
·B~RLO~ 67 HBC o.o 
·B~RLO~ 67 HBC 0.4 
·KR~EMER 63 HBC 5.2 
·COLLEY 62 HBC 

880 910 920 
·59.5 

!CDNLEU 
NEUTR~L K•!892l M~SS !MEUl =0.0001 

Note on K*(B92) Masses and Mass Difference 

1) All mass values listed above come from 

physical region fits of Breit-Wigner functions. 

However, a recent Kn phase shift analysis (BINGHAM 

72) indicates that part of the K*(892) peak may be due 

to a large S wave (see note "S-wave Kn interactions'?. 

Because the S-wave phase shift is ambiguous ("up" 

and "down") in the K*(B92) region, BINGHAM 72 find 

two solutions for the P wave: 

"up" solution 

"down" solution 

m ::::900 MeV, r:::e48 MeV 

m "'895 MeV, r> 48 MeV. 

2) Impossibly small errors are reported by 

some e~eriments. We use simple "realistic" tests 

for the minimum errors on the determination of 

mass and width from a sample of N events: 

r o . ( r) = 4 ""E 
m1n 'IN 

·Data Card Listings. 
For notation, see key at front of Listings. 

{For detailed discussion see the Apri11971 edition 

of this note.) We have increased some unrealistic 

errors and scaled up some errors that are incon

sistent. 

3) There are two more difficulties in measuring a 

mass difference m(K*o) - m(K*±> of -.7 MeV when 

the half-width rj2 of the K* is 25 MeV: 

a) The two charges of K* have different topologies; 

this introduces differences in the measuring and 

fitting of ~he events, which can also produce mass 

shifts." 

b) Interferences between the resonant amplitude 

and background can in general shift the peak in the 

mass spectrum by some fraction of rj2. 

Some reactions (symmetric under reflection 

of Iz) are immune to this difficulty. Thus compare the 

mass of K*o produced in 

n-p ... 1\,-K+ 

with the mass of K*+ in the I -reflected reaction 
+ + z 

n n ... An K 0
• 

The final-state amplitudes of each will contain 

not only the IK*) with I- spin 1/2, but also an interfer

ing I = 3/2 P-wave, which we can call IK~;2) . But 
* I. *+ I symmetry forces ( "-p I 1\K 0

) to equal ( ,+ n 1\K ) ; 
z * and similarly for the two K 3; 2 amplitudes, so that 

the shifting of the K* peak is the same in both reac

tions. Nobody has published a mass difference ex

ploiting this fact. 

18 K•IOJ - K*l +-1 MASS OJFF. I MEV) 

. 0 330 6.3 6.0 BARASH 67 HBC 0 PBAR P 
0 1400 6.5 s.o FJCEHECl 68 H8C 1.3 K- P 
0 1600 9.5 s.o FICENEC2 68 H8C 2.7 K- P 
0 7338 •• 7 1. 7 AGUILAR! 11 H8C -o 3.9,4.6 K- P 
0 
0 AVG 6.1 . 1.5 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0) 

18 K•l8921 WIDTH IMEVJ 

w CHARGED ONLY. THIS IS WHAT. APPEARS ON MESON TABLE 
W· 46.0 s.o CHADWICK 63 HBC + 1. 5 K+P. 
w 3870 46.0 3.0 WOJCICKI 64 HBC - 1.7 K-P 
w 51.0. 3.0 ADELMAN 65 HBC - 1.5 K-P 
w 47.0 4.0 FERRG-LUZ 65 HBC + 3.0 K•P 
w 50.0 15 .o GELSEI'IA 65 HBC - 1.5 K-P 
w so. .. BOMSE 67 H8C + 2.3 K+P 

• 53 • .. DE BAERE 67 H8C + 3.5 K•P IK+ PJO) 
w • 68. 10 • SALLSTROM 67 HBC + 3. K+ p ( KO PIH 
w 47. 10. SALLSTROM 67 HSC + 3. K• P (U PIO) 
w ... 7 • BARLOW 67 HBC 1 .. 2 P8AR p 

43. .. BARLOW 67 H8C 1.2 PBAR P 
53. 7. BARLOW 67 HBC 1.2 PBAR p ... 7. AOERHOLZ 68 HBC - 10 K- P ... 16. FICENEC1 68 HBC - 1.3 K-P (K-PlOJ ... 13 • FJCENEC1 68 HSC - 1.3 K-P IKOPI-1 
41.0 s.o SCHWEINGR 68 H8C - lt.1 K-P 

w 47.0 4.0 SCHWEJNGR 68 H8C - 5.5 K-P 
w 57.0 13.0 FICENEC2 68 HSC - 2. 7 K- PIK-PJOI 
w 48.0" ... FICENEC2 68 HSC - 2.7 K- PIKOPI-1 • 52.0 s.o KANG 68 H8C - 4.6 K- P 
w (27.01 (8.01 (6.0) ERWIN • 69 HBC + 3.5 K• P 
w 153. I 13.1 FRIEDMAN 69 H8C - 2.1 ·-· 1380YI 
w 149. J 14.) FRJEOHAN 69 H8C - 2.45 K-P 1380YI 
w 146. I 12. I FRIEDMAN 69 H8C - 2-6 ·-· 1380YI 
w (49. J (3.) FRIEDMAN 69 HBC - 2. 7 ·-· (38DY) 
w 50. 7. UNO 69 H8C + 9. K+ P 
w 4404 54.3 2.6 2.3 AGUILAR! 71 H8C - 3.9,4.6 K- p 
w 
w AVG 50.1, 1.1 AVERAGE I ERROR INCLUDES SCALE FACTOR CF 1.01 

8/67 
2/69 
2/69 

11171 

6/66 

7/67 
7/67 
7/67 
7/67 

11/66 
11/66 
11/66 
6/68 
9/67 
9/67 
9/67 
9/67 
2/69 
2/69 
7/69 
Q/69 
2172 
2172 
2172 
2172 
5170 

11171 



.. Data Card Listings 

u . I 
:.1 

For notation, see key at front of Listings. 

• NEUTRAL ONLY • 

• 70 60.0 10.0 COLLEY 62 HBC 0 2·0 PI-P 
w zoo so. a 5.0 KRAEMER 63 HBC 0 2·3 K+P 
w 53. 13. BARLOW 67 HBC 0 1.2 PBAR P 

• 34. .. BARLOW 67 HBC 0 1·2 PBAR P 
w '•4· 4. DAUBER 67 Hsc 0 2.0 K• P 
w 58. .. DE WIT 68 DBC 0 3. K- 0 

• 5Z. lZ. FICENECl 68 HBC 0 1·3 K-P IK-PI+J 
w so.o a.o FJCENEC2 68 HBC 0 2.1 K- PtK-PJ+J 

• 48.0 8.0 ..... 68 HBC 0 4.6 K- P 

• 51.0 u.o SCHWEINGR 66 HBC 0 5.5 K-P 

• 53.0 u.o SCHWEINGR 68 HBC 0 4.1 K-P 

• 10700 53.2 ... DAVIS 69 HBC 0 12 • •• p 
w 2000 sa. a s.o DE BAERE 69 HBC 0 5.0 K+ P 
w ERRORS ENLARGED BY US TO 4*GAMMA/SQRTINI. SEE TYPED NOTE. 

• 4000 54.0 3.0 HABER 70 DBC 0 3· K-N 

• 2934 55.8 4.2 3.4 AGUI LARl 71 HBC 0 ).9,4.6 K- P 
w 5362 48.5 z.z AGUILAR! 71 HBC 0 ).9,4.6 K- P 

6 

11/66 
ll/66 
12/66 
9/69 
9/67 
2/69 
7/69 
9/67 
9/67 
9/69 
9/69 

5170 
ll/71 
11171 

·• 0 1700 51.4 s.o BUCHNER 72 OBC 0 4.6 K+ N,K+ PI-P 12172• 

• • AVG 51.7 1.0 AVERAGE I ERROR INCLUDES SCALE F.AC TOR OF 1.11 

18 K*l892l PARTIAL DECAY MODES 

Pl 
PZ 
P3 

K•C8921 INTO K PI 
K*l8921 INTO K PI PI 
K•l8921+ INTO K+ GAMMA 

DECAY MASSES 
493• 139 
493• 139+ 139 
493+ 0 

18 K*l892l BRANCHING RATIOS 

Rl 
Rl 

K>t11892J INTO CK PI PIJ/IK PII CPZJ/tPll 
0 CO.OOZJOR LESS WOJCICKI2 61t HBC - 1o7 K-P. 

R2 K•l8921+ INTO IK+ GAMMAJ/TOTAL (UNITS 10**-31 CP31 
R2 11.61 OR LESS CLc.95 BEHPORAO 72 CNTR + 10.-16. K+ A 1 COH 

•••••• ••••o•••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••••• 

.ALSTON 61 PRL 6 300 
AlEXANOE 62 PRL 8 447 
COLLEY 62 CERN CONF 315 

CHADWICK 63 PL 6 309 
GOLOHABE 63 ATHENS CONF 92 
KRAEMER 63 ATHENS CONF .130 
SMITH. 63 PRL 10 138 

WOJCICKI 64 PR 135 8 481t 

ADELMAN 65 ATHENS 527 
FERR(rLU 65 NC 36 1101 
FERRD-LU 65 NC 39 417 
GELSEMA 65 THESIS • 
WANGLER 65 PR 137 8 414 

- .BARASH 67 PR 156 1399 
BARLOW 67 NC 50 A 701 
BOHSE 67 PR 158 1298 
CONFORTO 67 NP 83 469 
DAUBER 67 PR 153 1403 
DE BAERE b1 NC 51 A 401 
FRENCH 67 NC 42A 442 
GEORGE 67 NC 49A 9 
S4LLSTRO 67 NC 49A 348 

AOERHOLZ 68 NP B 5 56 7 
DE WIT f-8 THESIS 
FICENEC1 68 PR 169 1034 
FtCENEC2 68 PR 175 1725 
KANG 6B PR 176 I 587 
SCHWEING 68 PR 166 1317 

CRENNEll 69 PRL 22 487 
DAVIS 69 PRL 23 1071 
DE BAERE 69 NC 61 A 397 
ERWifl 69 NP 8 9 364 
FRIEDMAN 69 UCRL-18860 
JUHALA 69 PR 184 1461 
UNO 69 NP B 14 1 

lr.THERTON 70 NP 8 16 416 
DE BAERE 70 CERN PHYS 70 41 
HASER 70 NP 8 17 289. 

AGUILAR 71 PRL 26 466 
AGUILAR! 71 PR 0 4 2583 
BARNHAM 71 NP B 28 171 
BUCHNER 11 NP B 29 381 
CORDS 71 PR 0 4 1974 
MERCER 71 NP 832 381 
YUTA 71 PRL 26 1502 

ABRAMOV I 12 NP 8 39 189 
BINGHAM 12 NP B 41 1 
BEMPORAO 72 NP 8 51 l 
BRUNET 72 NP 8 37 114 
BUCHNER 72 NP 8 45 333 
CHARRIER 7 2 NP B 51 317 
CRENNELL 72 PR 0 6 1220 
OEUTSCHH 72 NP 8 36 373 
ENGELMAN 72 PR 0 5 2162 
ROUGE 72 NP 9 46 29 
TlfCKE 72 NP 8 39 596 

REFERENCES FOR K•l 8921 

AlSTON ,ALVAREZ, E BERHARO, GOori,GRAZ I ANO+ ILRLI 
ALEXANOER,KALBFLEISCH,MILLER,G SMITH ILRLI 
D COLLEY,N GELFAND + ICOLUHBIA+RUTGERSI 

CHADWICK .CRENNELl.r CAVIES ,BETTI Nl+f OXF+PADOI 
• SULAMITH GOLOHABER ILRU 

R KRAEMER L HAOANSKY + (JOHNS HOPKINS) 
SMITH, SCHWARTZ, HILLER, KALBFL El SCH, HUF+ ILRU 

STANLEY G WOJCICKI llRLJ 

STUART LEE ADElMAN CCAVENOISHJ 
FERRD-LUZZ I, GEORGE ,HENRI,JONGEJANS ICERNI 
FERRO-LUZZI, GEORGE, GOLOSCHMJ DT-CLE R+ I CERN I 
E.S.GELSEHA ISEE ALSO PL 10 341HAMSTEROAHI 
HANGLER, ERHIN, WALKER IW I SCONSJN I 

BARASHtK IRSCH, MJ LlER, TAN I COLUMBIA I 
+MONTANET t D"ANOLAU+ ICERN+COEF+IRAO+LJVPJ 
+BORENSTEIN+COLE+GillESPIE+ IJOHN HOPKINSI 
+MARECHAL, MONT ANET+C ERN+CDEF+I PN+l IV ERPOOL 
+SCHLEIN,SLATER,TICHO IUCLAJ 
+GOLOSCHHI DT-GLERHOOT, HENRI+ I BRUX+CERN J 
+K.I NSON+ MCOONALO+R 1001 FORO+ I CERN+BIRM I 
+GOLOSCHMI DT-cLERHONT+HENR I+ ~ CERN+BRUX J 
SALLSTROM+OTTER+EKSPONG I STOCKHoLM I 

+DEUTSCHMANN+ I.AACH+BERL+CERN+LOI C+VI ENNA I. 
S. DE WIT IAMSTERDAHJ 
+HULSI ZER+SWANSON+TROWER I I LLI 
FICENEC, GORDON, TROWER I ILLINOISI 
Y.H.KANG (JQWAI 
SCHHEINGRUBER,OERR ICK, FI ELOS+ I ANL+NWESJ 

+KARSHON,LA J,ONEAllo SCARR IBNl I 
+DERENZO, FlA TTE 1 ALSTON rL YNCH 1 SOL HI TZ ( LRLI 
+GOLDSCHMIOT-!LERHONT, HENRI,+ IBElG+CERNJ 
+WALKER, GO.SHAW, WE I NB ERG I WI SC+PRI N+VANDJ 
J4FRIEOMAN,PJ-i40. THESIS ILRU 
+LEACOCK, RHlDE ,KOPEL HAN, LIBBY,+ I ISU+COLOI 
+ALEXANDER,FIRESTONE,FU,GOLOHABER ILRLJ JP 

+FRANEK, FRENCH, FR I SK,BfONAR+ I C ERN+PRAGI 
+OEBAJSIEUX,OE WOLF,OUFOUR,+ CBELG+CERNI 
+SHAP IRA, ALEXANDER+ I REHO+SACL +BGNA+ EPOLI 

+BARNES,8ASSANO, EISNER oKl NSON, SAM I OS IBNLJ 
+EISNER,KINSON CBNLJ 
+COllEY, JOBES,GRIFF I THS, HUGHES,+ I 8 IRM+GLAS J 
+OEHH, GOEBEL ,GOLOSCHMI OT ,+ I HP I M+CERN+ BELGI 
+CARMONY, ERWIN, MEIER E, + I PURD+UCO+IUPU I 
+ANTICH,CAU.AHAN,CJ-il EN,COX,+ (JOHN HOPKINS I 
+OERRICK,ENGELMANNrMUSGRAVE (ANL+EFII 

A8RAMOVI CH ,CHALOUPKA9CHUNG,HllPERT ,+ (·CERN I 
+ I INTERNATIONAL K+ COLLABORATION I 
+BEUSCH, FREUDENREICH ,+ I CERN+ETHZ+lO I C J 
+OANYSZ • GOLDSACK,+ ICDEF+SACL +LOI C+LOWC J 
+DEHH 9CHARRI ERE 1 CORNETt+ IMP IH+C ERN+ BRUX I 
CHARRJERE,DRIJARD, DE BAERE,• CCERN+BELGJ 
+GOROON,KWAN-WU LAlrSCARR (BNL) 
DEUTSCHMANN,+ U8CLV COLLABORATION) 
ENGELMANN.I•tUSGRAVE ,FORHAN,+ I ANL+EFI J 
+VIDEAU,VOLTE.OE BRlON,+ IEPOL+SACLJ 
+GRIJNS,HEINEN,OE GROOT,+ INIJM+ZEEMI ................................................................ ,., ...... . 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• o•••••••• ••••••••• •••••••• 
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K*(892), " 

19 K PI S WAVE, CAllED KAPPA(75(rl700 MEVI 

S-wave Krr Interactions in the Region 750-1700 MeV 

Krr interactions -in the I{Jp) = 1/2(0+) wave can 

be described by the elastic phase shift 6 ~ from the 

Krr threshold ( -630 MeV) up to at least 1100 MeV 

(BINGHAM 72). The first inelastic S-wave thresholds 

are Krrrrrr and KTJ, neither of which is known to be im

portant below 1400 MeV. Apart from the inelastic 

thres·holds, the S-wave rrrr and KTT interactions are re

miniscent of each other. Thus, the remarks in the 

TTTT section about the meaningfulness of resonance pa

rameters apply. 

There are two intrinsic ambiguities in the 

solutions plotted below: 

1) 

2) 

Any phase shift can be shifted modulo 180•. 

If one amplitude is domi~ant [e. g., the' P wave 
* . * near K (892) or the D wave near K (1420)], then 

the observed S-P or S-D inte·rference can be 

expiained by two ambiguous S-wave solutions, 

known as "up" arid "down". Readers unfamiliar 

with the origin of the ambiguity can find a graph

ical explanation in our 1972 edition. 

The combination of these two sorts of ambigui

ties leads to the multiple paths plotted in the figure. 

Simplicity favors the most slowly varying ("down") 

solutions, but where the authors give both, we_ plot 

both. 

1 The figure displays the 6 
0 

solutions of four 

experimental groups: 

1) ·BINGHAM 72 (an international K+ collaboration), 

using data on K+ p -+ Krr~:~++. up to 12.7 GeV /c, 

find two solutions for 6 ~· neither of which is a 

priori preferred: 

• "up", a resonant K. with m -890 MeV, 

r <0 30 MeV (this requires 6~ to be resonant 

near 900 MeV with -48 MeV width). Note, 

however, the evidence of CHUNG 72 against a 

narrow-widthS -wave state in the K* {892) region; 

in addition, the more recent _partial-wave analy

sis of MATISON 72 {see 5, below) seems to rule 

out the "up" solution • 

• "down", a slowly rising 6J reaching -70° at 

about 1100 MeV (requiring 6~ to be resonant at 

about 895 MeV). Note that the up-down ambigui

ty is limited to the region 850-920 MeV. Above 
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Mesons 
"· K.A..I=J/2( 1175) 

2) 

3) 

4) 

5} 

920 MeV the "up" solution joins the "down" 

solution, since all phase shift values are deter

mined only modulo 180°. 

MERCER 71, using the first half of the data of 

BINGHAM 72, give phase shifts up to 1230 MeV, 

ignoring possible inelasticity. 

YUTA 71, using 5.5 GeV/c K-p - KTrN, agree 

with the solutions of BINGHAM 72, their "down" 

solution agreeing also with MERCER 71, ignor

~ng possible inelasticity up to 1250 MeV. 

FIRESTONE71 and 72, using 12 GeV/c 

K+ n - K+ ,..-p, have continued KTr partial wave 

analysis up to 1700 MeV. They find that·o~ 
crosses 90° just below the K*(1420, 2+), and, 

indeed, near 1420 MeV, shows the "up-down" 

ambiguity mentioned above. Their unique solu

tions are plotted as solid crosses, their ambi

guous, ones as pairs.of dashed crosses joined by 

dashed vertical lines. 

MATJSON.72 has performed a recent analysis of 

12 GeV /c K+p ... K+ 1T- tJ. ++ (the same reaction as 

studied by the International K+ Collaboration, 

and with comparable statistics, but all at 12 

GeV/c}. Matison' s analysis was similar to that 

of the Collaboration, except that she added two 

important constraints to impose internal cons is

tency: 

i} The P wave in the K* region was deter~ 

mined by a Breit-Wigner fit to the Y~ moment. 

(This yielded mK* = '896 MeV, r K* = 47 MeV.} 

ii) u KTr(tot} was included in the overall fit. 

She· was then able to resolve the ambiguity in 

favor of the "down" solution. 

Meanwhile several groups have attempted 

to clarify the situation around 1370 MeV. CORDS 72, 

FRAT! 72, and ROUGE 72 give some support to the 

resonant S -wave interpretation of FIRESTONE 71. 

The other groups (AGUILAR 72, BUCHNER 72, 

CRENNELL 72, ENGELMANN 72) agree that the 

S wave is important but not necessarily resona~t. 

In analogy with the "" case, where a possible € pole 

is iocated several hundred MeV below the observed 

,.o,.o peak and quite far from the real axis, the 1370 

bump could also be caused by a quite distant K pole. 

Data Card Listings, 
For notation, see key at front of Listings. · 

XBLHZ-2324 

S-wave K1r phase shift. The "up-down" 
ambiguity now seems resolved by MATISON 72, who 
performs· a partial-wave analysis of KTT moments 
extrapolated to the pion pole. In addition, CHUNG 
7 2 imposes positivity on physical region Kn moments, 
and finds a narrow resonance most unlikely. 

REFERENCES fOR KAPPA 

TRIPPE 66 PL 28 B 203 +CHI EN, MALAMUD, MELLEMA, SCHLEIN r + I UCLA) 

CRENNELl 69 PRl 22 487 +KARSHQN,LAJ,Q.NEALL 1 SCARR IBNLI 
0000 69 PR 177 1994 +JOLDERSHA,PALMER, SAMJOS I BNL) 
GOLDBERG 69 Pl 30 B 434 SABRE COLLABQR. CSACL+AMST+BGNA+REHO+EPOL) 
SCHLEIN 69 ARGONNE CONF • 446 P. SCHL El N I UCLA I 

FIRESTON 1l PRL 26 1460 
MERCER 11 NP B32 3Bl 
YUTA 71 PRL 26 1502 

AGUILAR 72 PR 0 6 11 
BINGHAM 72 NP B 41 1 
BUCHNER 72 NP B 45 333 
CHUNG 72 PRL 29 1570 
CORDS 72 C00-1428-308 
CRENNElL 72 PR 0 6 1220 
DIEBOLD 72 BATAY.CONF. 
ENGELMAN 72 PR D 5 2162 
FJRESTON 72 PR 0 5 2188 
FRAT I 72 PR 0 6 2361 
ROUGE 72 NP B 46 29 
MAliSON 72 L8L 1537 tlHESISI 

A. FIRE STONE, G. GOLOHABER, D.LJ SSAUER I LRL I 
+ANTJCH 1 CALLAHAN,CHIEN,COXo+ (JOHN HOPKINS! 
+OERR I CK 1 ENGELMANN ,MUSGRAVE I ANL+EFI I 

AGUILAR-BEN! TEZ r CHUNG, ElSNER ( BNLI 
+ !INTERNATIONAL K+ COLLABORATIONI 
+OEHMrCHARRI ERE, CORNET,+ I MPIM+C ERN+BRUX I 
+EISNER,AGUILAR-BENITEZ IBNLI 
+CARMONY oLANDERt ME I ERE,+ ( PURO+UCO+ JUPU I 
+GORDON,KWAN-WU LAJ,SCARR IBNLI 
R. 01 EBOLO RAPPORTEUR TALK I ANLI 
ENGELMANN, MUSGRAVE ,FORHAN,+ ( ANL +E F I I 
+GOLOHABER, liSSAUERo TRILLING ILBLIPHA 
+HALPERN, HARGIS, SNAPE, CARNAHAN, +I PENN+C INC I 
+VJOEAU,VOLTEoDE BRION,+ IEPOL+SACU 
REVISED VERSION WILL GO TO PHYS.REV. LBL 

••••o• ••••••••• ••••••••• ••••••o•• ••••••••• -••••:cr•••• **••••••• *••••••• ..•..................... •*······· .................................. . 
I KA.I=J/2{ 1175) I 

WANGLER 64 Pl 9 71 
MILLER 65 PL 15 74 
ROSENFEl 68 PHILA.CONF.P .• 455 
DODO 69 PR 177 1991 
CHO 70 Pl 32 6 409 
GIACOMEl 70 PL 33 B 373 

24 KA 3/2 fll75 0 JP: I J = 3/2 

EVIDENCE NOT COMPELLING. OMITTED FROM TABLE. 
FOR A DISCUSSION SEE ROSENFELD 68 AND 
GIACOMELLI 70 WHO CONCLUDES THAT IF THIS 
STATE HAS WIDTH NOT LARGER THAN 100 MEV, 
THEN ITS PRODUCTION CROSS SECTION IS J·OR 2 
ORDERS OF MAGNITUDE SMALLER THAN THAT OF 
NON-EXOTIC K•S. 

REFERENCES FOR KA3/2(11751 

T P WANGLER 1 A R ERWIN 1 W 0 HALKERIWJSCONSINJ 
MILLER,KOVACS,MCILWAIN,PALFREY + IPUROUEI 
A,H.ROSENFElO fLRLI 
+JOLDERSMA, PALMER, SAMIOS (BNU 
+DERRICK, JOHNSON, MUSGRAVE,+ ( ANL+NWES+KANS I 
G. GIACOMELLI + I BGNA+SACL+ZEEM+REHO+EPOL I 

•••••• o•••••••• ••••••••• o••••*••• ••••••••• ••••••••• ••••••• •• •••••••c .......•.............................................................. 
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Data Card Listings 
For notation, see key at front of Listings. 

I KA.I=3/2( 1265) I 25 KA 3/2 11265 1 JPc I I ., 312 

EVIDENCE NOT COHPELLJNG. OHHTED FROH TABLE. 
FOR A DISCUSSION SEE ROSENFELD 68. 

REFERENCES FOR KA3/2(1265J 

FRENCH 67 NC 52A 442 +KlNSON+HCDONALD+RJDOJFORD+ fCERN+BIRHJ 
ROSENFEL 68 PHJLA.CONF.Po455 A.H.ROSENFELO ClRll 
CHO ' 70 PL 32 8 409 . +OERRICK.JOHNSON,HUSGRAVE,+ IANL+NWES+KANSI 

••••••••••••••••••••••••••••••••• *•••••••• •••••••••••••••••••••••••• ,. ............................................................ . 

6 

lo REGION, Kmr(1240-1400) I 28 Q REGION 1•112 

The main effect in the Q region is a broad bump 

in the Kmr spectrum between 1200 and 1400 MeV, i.e. 

not far above .K*(892)'1i threshold, produced by K beams 

without charge exchange. In particular, it has been 

observed in coherent K+ d intereactions (FIRESTONE 

72) and in coherent interactions on heavy nuclei 

(BINGHAM 73). The dominant Jp assignment 

throughout the whole region is 1+ and I=· i. In addi

tion, evidence for narrowe·r states in the Q region has 

been reported from non-diffractive reactions (rr-p, pp). 

The following points are relevant to the rather 

complex situation in the Q region: 

• The broad Q peak does not have a simple 

Breit-Wigner shape. It can be fitted at all energies 

by a superposition of two Breit-Wigner amplitudes 

(FIRESTONE 70, BARNHAM 71, BOWLER 71). 
• The Q bump was observed with a similar shape 

in the backward direction by FIRESTONE1 72. 

• In addition to the dominant modes K* rr and Kp, 

there is some evidEmce.for a Krrrr mode, with the rr'ir. 

system. in an S wave. [ALEXANDER 69, BARNHAM 

71, DAVIS 721. *· 
• Analyses of the interferenc~ between the K rr 

and Kp modes show the relative magnitude and rela

tive phase of the two amplitudes varying with Krrrr 

mass. This is suggestive of the presence of two 

J p 1+ . "bl f -.-. = resonances commg ·poss1 y rom a m1x1ng 

between the strange members of the JPC = 1++ ("A ") 
+- 1 

and 1 (B) nonets [ GOLDHABER. 67, BARNHAM 71, 

BOWLER 71, GARFINKEL 71, FIRESTONE 72). The 

K1rrr mass spectra and the relative magnitudes of the 

K*rr and Kp amplitudes may be understood from the 

mixing hypothesis; the relative phase variation has 

not been explained yet [BOWLER 72]. 

28 Q REGION MASS I MEV J 

H PRODUCED BY BEAMS OTHER THAN K MESONS 
M 1242.0 9.0 10.0 ASTIER 69 HBC 0 PBAR p • 9/69 
H A THIS IS THE C MESON. 
M 4511300.) CRENNEll 67 HBC '0 6 PI- P,UZPJ 7/67 
H 4011300. I CRENNEll 72 HBC 0 4.5PJ-P,LK2PI .12172• 

a 
PARTICLE DATA GROUP Review of Particle Properties SlOl 

Mesons 
KA.I=3/2(1265), Q 

M PRODUCED BY K BEAMS 
M 1211320.01 125.01 ALHE lOA 65 HBC + 3-5 K+ p 

M (1230.01 115.01 BASSOMPIE 67 HBC + 5. K• P 
M 3511280.01 110.01 BASSOHPI E 67 HBC + 5. K+ P 

11320.01 115.01 ' BASSOMPt E 67 HBC + S. K+ P 
SPLIT THE Q REGION INTO 3 BUMPS 

11270. J APPROX. DE BAERE 67 HBC + 3.5 K+ P 
1335.0 6.0 BARTSCH 68 HBC 10. K-P,K NPI 

( 1300.1 ~PPROX. BARBARO 69 HBC + 12.K+ P IK 2PII 
45 1301.0 to.o BISHOP 69 HBC + 3.5 K+PIK• PJI 
21 1300.0 10.0 ERWIN 69 HBC. 0 3.5 K+PIK* PIJ 

1281. 7. FRIEDMAN 69 HBC - 2.6,2.7 K- P 
1300.0 10.0 ABRAMS 10 HBC + 2.5-3.2 K+ P 
1260. 20. FARBER 10 Hac;~ + 12.7 K+ P 

I 1325.01 DE NEGRI 71 08C - 12.6 K-O,K 2PI 

AVERAGE MEANINGLESS ISCALE FACTOR c 2.9) 

28 Q LOW (QAJ MASS IMEVI 

ML F . 
ML 

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

11280. I 
1260.0 
1240.0 
1243. 
1228. 

11260. I 
1234. 

10.0 
s.o 
8. 

14. 

"· 

SHEN 66 HBC + 0 4.6 K+P, 5 BODY 
ALEXANDER 69 H8C 9.0 K+ P 
BARNHAM 70 HBC + 10.0 K+P, K 2P 1 
GARfiNKEl 71 DBC + 9. K+ D 
ANDERSON 72 OBC - 7.3 K- D 
DAVIS :'72 HBC + 12. K+ P 
FIRESTONE 72 OBC + 12. K+ D 

Hl AVERAGE MEANINGLESS ISCALE FACTOR"" 1.1J 

28 Q HIGH CQBI MASS IMEVJ 

MH F FROM EXPERIMENTS SPLITTING "Q REGION INTO TWO PEAKS 
MH 
MH 
MH 
MH 
MH 
MH 
MH 
MH 
MH 

70 1320.0 
1380.0 
1420.0 
1344. 
litH. 

11420.) 
1368. 

10.0 SHEN 66 HBC 
20.0 ALEXANDER 69 HBC 
s.o 8ARNHAH 70 HBC 
8. GARFINKEl 71 08C 

15. ANDERSON 12 oat 
DAVIS 72 HBC 

18. FIRESTONE 12 DBC. 

HH AVERAGE MEANINGLESS ISCALE FACTOR c 4.91 

w 
w 
w 
w 

28 Q REGION WIDTH C_...HEVI 

PRODUCED BY BEAMS OTHER THAN K MESONS 
127.0 7.0 25.0 ASTIER 69 HBC 

45 I 60. I CRENNELL• 67 HBC 
40 I 60. I CRENNE Ll 72 HBC 

W PRODUCED BY K BEAMS 

+ 

+ 
+ 
-
+ . 

4.6 K+ p 

9.0 K+ P 
10.0 K+P,K 2PI 
9. K+ 0 
7.3 K- D. 
12. K+ P 
12. K+ 0 

0 PBAR P 
0 6 PI- P 
0 4.5P I-P,LK2PI 

D 

12/72* 
ll/67 
11/67 
11/67 

7/67 
9/69 
9/69 
9/69 
9/69 
9/69 

11170 
6170 
5171 

12172• 
12172• 
12172• 
12172• 
12172• 
12172• 

2173* 

12172• 
12172• 
12172• 
12172• 
12172• 
12172• 
2173• 

• 9/69 
7/67 

12172• 

W 12 160. OJ I 20.01 ALMEIDA 65 HBC + 3-5 K+P 12172• 
W (60.01 120.01 BASSOMPIE 67 HBC + 5. K+ P 11/67 
W 35 180.01 120.01 BASSOMPIE 67 HBC + S. K+ P 11/67 
W 160.01 120.01 BASSOHPIE 67 HBC + 5. K+ P 11/67 
w· SPLIT THE 0 REGION INTO 3 BUMPS 
W 1200.1 APPRQX. DE 8AERE 67 HBC + 3.5 K+ P 7/67 
W 196.0 16.0 BARTSCH 68 HBC 10. K- P,K NPI 9/69 
W 250. APPROX. BARBARO 69 HBC + 12.K+ P CK 2PI I 9/69 
W NO BACKGROUND SUBTRACTION. 
W 45 40.0 10.0 BISHOP 69 HSC + 3.5 K+PIK* PI1 9/69 
W 21 40.0 15.0 ERWIN 69 HBC 0 3.5 K+PIK• PIJ 9/69 
W 51. 22. FRIEDMAN 69 HBC - 2.6,2.7 K- P 9/69 
W 80.0 20.0 ABRAMS 70 HBC + 2.5-3.2 K+ P 11170 
W 180. 28. FARBER 70 HBC + 12.7 K+ P • 6/70 
W 1180.01 DENEGRI 71 OBC - 12.6 K-D,K 2PI 0 5171 
w 

.W AVERAGE MEANINGLESS (SCALE FACTOR c 4-21 

WL f 
WL 
WL 
WL 
WL 
WL 
WL 
WL 
WL 
WL 
WL 

WH f 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WH 
WH 

Pl 
P2 
P3 
P4 
P5 
P6 

28 Q LOW IQAI HIOTH IHEVJ. 

FROH EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

100.0 
40.0 

110.0 
70. 

111. 
1120. J 

20.0 
10.0 
15.0 
26. ... 

SHEN 66 .HBC + 0 4.6 K+P,S BODY 
ALEXANDER 69 HBC 9.0 K+ P 
BARNHAH 70 HSC + 10.0 K+P, K 2PI 

188. 21. 

18. GARFINKEl 71 OBC + 9. K+ D 
ANDERSON 72 08C - 7. 3 K- 0 
DAVIS 72 HBC + 12. K+ P 
FIRESTONE 72 OBC + 12. K+ D 

AVERAGE MEANINGLESS ISCALE FACTOR ., 3.11 

28 Q HIGH IQBI WIDTH IHEVI 

FROM EXPERIMENTS SPLITTING Q REGION INTO TWO PEAKS 

SHEN 66 HSC + 4.6 K+P 70, so.o 
120.0 
120.0 
(60. J 
89. 

ceo. J 
241. 

20.0 
20.0 
15.0 

ALEXANDER 69 HBC 9.0 K+ P • 

OR LESS 
24. 

30. 

BARNHAM 70 HBC + 10.0 K+P?K 2PI 
GARFINKEL 71 OBC + 9. K+ 0 
ANDERSON 72 1 OBC - 7.3 K- 0 
DAVIS 72 HBC + 12. K+ P 
FIRESTONE 72 OBC + 12. K+ D 

AVERAGE MEANINGLESS ISCALE FACTOR • 2.31 

28 Q REGION PARTIAL DECAY. HODES 

DECAY MASSES 
Q REGION INTO K*(8921 PJ 891+ 139 
Q REGION INTO K RHO 497+ 770 
Q REGION INTO K PI 497+ 139 
Q REGION INTO K ETA 497+ 548 
Q REGION INTO K OHEGA 497+ 783 
0 REGION INTO K PI PI 497+ 139+ 139 

' . ----- ------ ---- ------ ------- ------ ------ -----

; 

12172• 
12172• 
12172• 
12172• 
12172• 
12172• 

2173• 

12172• 
12172* 
12172• 
12172• 
12172* 
12172• 

2173• 



Sl02 REVIEWS OF MODERN PHYSICS 0 APRIL 1973 ° PART II 

Mesons 
Q, KN(1420) 

28 Q REGION BRANCHING RATIOS 

Rl PRO~U~~g~g~ ~~~~\~~~~~~~~~A~ ~5~~~~ OF 10.*-ZI CPZI 
Rl 75.0 10.0 ARMENTERO 6lt HBC 0.0 PBAR P 
Rl DOMINANT CRENNEll 72 HBC 0 4.5Pl-P,LK2PI 

R2 
R2 

Q REGION INTO IK• PJIITOTAL IUNITS OF l0 .. -21 IPll 

R3 
R3 

•• •• 

25.0 10.0 ARMENTERO 64 HBC 0.0 PBAR P 

Q 'REGION INTO CK• PI-J I CK-+0 PlO+ Pl-1 
(0.21 OR LESS CL=o90 CRENNELL 67 HBC 0 6.0 PI-P 

Q REGION INTO IKO PI+ PI- PIOJ" I (K+O PIO+ PI-I 
CO.ll OR LESS CLco90 CRENNEll 67 HBC 0 6.0 PI-P 

PRODUCED BY K BEAMS 
RIO Q REGION INTO IK PII I IK*I8921 PJJ IP31/IP1J 
RIO 10.81 OR lESS SHEN 66 HBC 4.6 K+Pt 5 BODY 
RlO Q REGION INTO K*l8921 PI AND K RHO !OVERLAPPING BANOSHPl+P 
IUD 70 11.01 SHEN 66 HBC + 4.6 K+P 

0 REGION INTO IK OMEGAJ/(K*I8921 Pll CP51/(PlJ 

6166 
12172* 

6166 

7167 

7167 

11167 

8166 

Rll 
Rll IO.lJ OR lESS SHEN 66 HBC + 4.6 K+P 10166 

Rl2 
Rl2 

0 REGION INTO (K PIJ I IK•I892J PJI 
(0.301 OR LESS SHEN 

IP31 I( P1 I 
66 HBC. + 4.6 K+P 

Rl3 Q REGION INTO K*l8921 PI AND K RHO (OVERLAPPING BANDSI 
Rl3 IP1+P2J 
Rl3 200 Cl.OJ BERLJNGHI 61 HBC + 12.7 K+ P 

Rl4 
Rl4 
Rl4 

0 REGION INTO IK PI I I TOTAL 
(0.021 OR LESS. 
10.021 OR lESS CL=.95 

IP31 
8ERlJNGHl 67 H8C + 12.7 K+ P 
BARTSCH ~8 HBC - 10.0 K- P 

R15 Q REGION INTO I K ElAI I TOTAL (P41 
R15 10.021 OR LESS BERllNGHI 67 HBC + 12.7 K+ P 

••• ••• Rl6 

Rl7 
Rl7 
Rl7 
Rl7 

0 REGION INTO IK OMEGA) I TOTAL tP51 
(0.021 OR LESS 8ERLINGHI 67 H6C + 12.7K+P 

12 0.01 0.005 BARTSCH 68 HBC - 10.0 K- P 

0 REGION INTO tK RHOJ I IK•IB92J PIJ tP2JJ(P1J 
{).91 0.25 BERt INGHI 67 H8C + 12.7 K+ P 

701 0.4 0.1 BARTSCH 68 HBC - 10.0 K- P 

R17 AVG 0.47 0.18 AVERAGE HRROR INCLUDES SCALE FACTOR OF 1.9J 

RIB Q REGION lNTO IK PI) I IK•t8921 PIJ IP31/tPll 
Rl8 (0.211 OR LESS DE BAERE 67 HBC + 3.5 K+ P 

••• ••• Rl9 
Rl9 
Rl9 

Q 'REGION INTO IK Pl PJJ I TOTAl 
201 0.22 . 0.08 BARTSCH 68 H8C 

POSSIBLY SEEN ALEXANDER 69 H6C 
POSSIBLY SEEN DAVIS 72 HBC 

WITH THE IPI PI I SYSTEM IN S-WAVE 

REFERENC'ES FOR 0 REGION 

PRODUCED BY BEAMS OTHER THAN K MESONS 

IP61 
- lQ.Q K- P 

9.0 K+ P 
+ 12. K• P 

ARHENTER 64 OUBNA CONF 1 577 
ALSO 64 DUBNA CONF 1 617 

ARMENT EROS, EDWARDS, D-ANOLAU + ( CERN+CDEF I 
R ARMENTEROS IRAPPORTEURI 

ALSO 66 PR 145 1095 BARASH,K IRSCH, HILLER ,TAN I COLUMBIA I 
·C-RENNEll 67 PRL 19 44 +KALBFLEISCH, LAI, SCARR ,SCHUMANN ( BNL I 1 
AST JER 69 NP 8 10 65 +MAR ECHAt. 1 HONTANET, + C CDEF+CERN+l PNP+ll VP) I JP 
BETTINI 69 NC 62 A 1038 ·+CREST J,ll MENT AN It BERT AUlA, 8 IGI +I P ADO+P ISA 11 

PRODUCED BY K BEAMS 

ALMEIDA 65 PL 16 184 ALMEIDA 1 ATHERTON, BYER ,OORNAN,FORSON+ (CAVE I 

SHEN 66 PRL 17 726 +BUT1'ERWORTH,FU,GOlOHABERS,TRILliNG llRLJ 
ALSO 66 !PRIVATE COHHUNIGERSON COLDHABER ILRU 

BASSOHPI 67 Pl 268 30 BASSOHPIERRE~GOLDSCHHIOT+ ICERN+BRUX+BlRMJIJP 
8ERL1NGH 67 PRl 18 1087 BERliNGHlERl+FARBER+HRBEL+FORMAN tROOUIJP 
.DE BAEFIE 67 NC 49A 374 +OEBAISlEUX+fAST+flliPPAS+ ICERN+BRUXI 

ALSO PRJ VATE COMMUNICATION ·BY B. JONGEJANS 
GOLDHABE 67 PRL 19 976 G.GOL'DHABER llBll 

BARTSCH 68 NP 88 9 +COCCONI ~ + C AACH+BERL+CERN+LO IC+VI ENJ 

10166 

7167. 

11167 

11167 

11167 
9168 

11167 
9168 

11166 

9/68 
2/73• 
1173• 
1173~ 

80MSE 68 PRL 20 1519 +BORENSTEIN~ CAL'lAHAN ,COLE ,COX,+ ( JOHNHOPKJ 1+ 
'OENEGRI 68 ·PRl 20 :11'94 

At.SO 70 ANTJCH 

AlEXANDE 69 NP B 13 503 
ANDREWS 69 PRL 22 731 
BARBARO 69 PRL 22 1207 
BISHOP 69 NP B 9 403 
CHIEN 69 'PL 298 433 
CHUNG 69 PR 182 1443 
'COLLEY 69 NC A 59 519 
ERWIN 69 NP B 9 364 
FRIEDMAN 69 UCRl-18860 
WERNER 69 PR 188 2023 

+CALlAHAN+ETTL INGER+GILLESPJ E+ ( JOHNHOPKJ 1 + 

G.ALEXANOER,FIRESTONE,GOLDHABERo+ . CLRLI 
+LACH 1 LUOLAH,SANDWEI SS, BERGER,+ I YALE+LRLI 
BARBARD-GALT IERI ,DAVJS,FLATTE,+ ' tUtU 
+GOSHAW,ERWIN,WALKER tWISCI 
+'MALAHLO,MEllEHA, RUONI CK, SCHLE IN+ (UCLA I 
+EJSNER+BAlJ+lUERS 18Nll 
+EASTWOOD,+ IBIRH+GLAS+LOIC+HPIH+OXF+RHEL J 
+WALKER, GOSHAW, WEINBERG IHISC+P.Ct.l N+VANOJ 
J.FRIEOHAN,PH.'O. THESIS ll-Rll 
+AMMAR,QAVIStKROPAC,YARGER ,CHO, + UNES+ANL I 1+ 

ABRAMS 70 PR D 1 2433, +EISENSTEJN,KIH,MARSHALL,Q-HAllORAN,+ IJLLI 
ANTICH 70 NP B 20 201 +CARSON,CHIEN,COX,OENEGRJ ,ETTLINGER,+ IJHUJ 1+ 
BOWLER 70 Pl 31 B 318 M.G.Bmfl.ER I QXFOROJ 
FARBER 70 PR 0 1 78 +FERBEltSLATTERY,YUTA IROCHI l+ 
fiii.'ESTON 70 PHILAO.CQNF.·P.229 A. FIRESTONE REVIEW (LRLI 

8ARNHAM 71 .NP 825 49 +COllEY,GRIFFI'THS,ALPER, + IBIRM+GlAS+OXFJ 
BOW'LER 71 BOLOGNA CONF.PROC H.G.BOWlER INTRODUCTORY TALK COXFORDI 
OENEGRI 71 NP B 28 13 +ANTICH,CALLAHAN,CARSONotHIEN,COX,+ (JHUI 1+ 
.FORMAN 71 PR 0 3 2610 +GELfAND,lEARY,HOSER 1 SEIDl,WOLFSON IEFJJ 
GARFINKE 71 PRl 26 1505 GARFlNKEloHOllANO,CARHQNY,LANDER+(PURD+UCOJ 1+ 
SLATTERY 71 UR-'875-332CPREPI P.'SLATTERY,A REVIEW OF STRANGE MESONSCROCHI 

ANDERSON 72 PR D 6 1823 
SINGHAM 12 NP B 48 589 
BRANDENB 72 NP B 45 397 
'8RANDENB 12 PRL 28 932 
CRfNNElL 72 PR 0 6 1220 
DAVIS 72 .PR 0 5 2688 
FIRfS10Nl72 NP B o~j7 348 
F IRESTON 72 PR 0 5 505 

+FRANKLIN, CQOOEN.KOPELMAN, Ll 8BY t TAN «COLO) 
+EJSENSlEIN,GRARO, tiEROUET ,+ CCERN+.BRUXJ 
BRANDENBURG, BRODY, JOHNSON,LE llH,LOOS+ t SLACI 
BRANDENBURG, JOHNSON,LE JltlolOQS,LUSlE +'SLAt. I 
+GOROON,KWAN-HU LA1 1 SCARR IBNLJ 
+ALSTON, BARBARO, FLATTE, FRJ EDMAN, l YNtH+ ILBL J 
A. 'F HI.ESTONE IC IT I 
FIRESTONE, GOLOHABER,Ll SSAUER, TRILLING ILBU 

Data Card Listings. 
For notation, see key at front of Listings. 

FRAT 1 72 PR D 6 2361 +HALPERN, HARGIS, SNAPE ,CARNAHAN,+ ( PENN+CJ NC) 
+ARNOLD, HAGUENAUER ,+ ( BERG+STRB+EPOL+MADR J HAATUFT 72 NP 8 "'8 78 

BINGHAM 73 NP 8 tTO APPEARI •FAJtWEll 1 + ILBloORSA'I',BNltSAClAY,HILANI 
Cl ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ..................................................................... 
I KN(1420) 122 KN ll420,JP•2•J 1~1/2 

JP c 3- IS UNliKElY BUT NOT YET COMPLETELY RULED OUT. 

---- ----- ---- -------- -------;- --------- --------- -------
22 KNI1420J MASS tHEVJ 

FOR DiFFICULTIES IN MEASURING MASS DIFFERENCE, SEE TYPED NOTE UNDER K• 

" CHARGED ONLYt. WlTH FINAl STATEK·Pl 

" 1440. 24.0 40o DE BAERE 67 HBC . 3.5 K+P IK+ PIDJ 
M 1423. 2lo ADERHOLZ 68 HBC - 10 K- .p tK PII 

" 1401.0 20.0 SCHWEINGR 68 H8C - 4.1 K- P (K PI I 

" 1427-0 9o0 SCHWEINGR 68 HBC - 5.5 K- P (K Pll 
M 1425.0 15.0 BISHOP 69 HBC . 3.5 K+ P 

• 1416.0' 10.0 CRENNEl.l 69 oeC - 3.9 K-N tKOPJ-) 
H 1414. llo UNO 69 HBC . 9. K+ PIKO PJ+J 
H 1430. lOo ABRAMS 70 HBC . 2.5-3.2 K+P,K2PI 
H 1400 1420.0 3ol AGUILAR! 71 HBC - 3.9,4.6 K- P 

" 200 1425. 6o BARNHAH .71 HBC . K+ P,r.:O Pl+ ·P 

" " AVG 1421.3 2o3 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

H CHARGED ONLY, WITH OlHER FINAL STATES 
K- P ti<•PI J H 1400.0 20.0 BAOI ER 65 HBC - 3o 

H 20 1440.0 20.0 0U8Al. 68 MMS - 11.5 K- P 
H 8 240 1396. 6o BASSOHPIE 69 H6C . 5 UP (K 2Pl I 
H I 1411. J 17 .) FRIEDMAN 69 HBC - 2. 7 K-P tK 2Pll 

• 
H AVG 1399.1 . 8.2 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.51 

" CHARGED AND NEUTRAL 
M 1404.0 15.0 FOCARDJ 65 HBC -o 3. K- P H< PIJ 
H 1390.0 30.0 SHEN 66 HBC + 0 4.6 K+ P ( K PII 

• 1430.0 10.0 SHEN 66 HBC + 0 4.6 K+ P ~K*PII 
M l't23.0 7o0 SASSANO 67 HBC -o 4.6, 5.0 K- P 

" 1420.0 10.0 GOLDHABER 67 HBC 9.0 II.+ PCK 2PI J 

" H AVG 1421.2 4o 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

H NEUTRAL ONLY 
M 1446.0 7 o9 DAHl 67 H8C 0 4.PI- P ~KPI J 
H 1425.0 15.0 KANG 68 HBC 0 4.6 K- P 
M 1405.0 18.0 SCHHE I NGR 68 HBC 0 4.1 K- ·p (K PJJ 
H 1397.0 19.0 SCH\oiE1NGR 68 HBC 0 5. 5 K- P CK rpJJ 
M • 420 1422. 5o BASSOMPI E 69 HBC 0 5 K+P (K PI J 

" B BASSOMP. ERRORS ENLARGED BY US TO GAMI'IAISQRTINJ. SE€ KO TYPED ·NOTE. 
H 2200 142141 :246 OAVIS 6q HBC 0 12. K+ PIK+PI-1 
H 1800 1419.1 3o 7 AGUILAR! 71 HBC 0 3.9,4.6 K- P 

600 1416. 6o CORDS 71 D8C 0 9. K+ N,K+ Pt- P 
1100 1427. 3o BUCHNER 72 OBC 0 4.6 K+ N,K+ PI-P 

AVG Jlt22. 8 2o5 AVERAGE I ERROR INCLUDES SCAL·E FACTOR OF 1.61 
(SEE IDEOGRAM BELCH J 

~EIGHTEO RUERRGE = 1422o8• 2o5 

ERROR SCRLEO 8V 1.6 

CHISQ 
·BUCHNER. 72 OBC 2o0 

- ·COR OS 71 OBC 1.3 

4-· ·RGUILRR1 71 H8C 1.0 
· ·ORVIS 69 H8C Oo4 

o8RSSOMPIE 69 H8C OoO 
·SCH~EINGR 68 H8C 

_) 
....... ·SCH~EIHGR 68 H8C 

~~: 
oKRHG 68 H8C 
oORHL 67 H8C ....!L.L 

13o3 
!CONLEV 

10/66 
616B 
2172 
9167 
9169 
7/69 
9/69 

11170 
11171 

1172 

10166 
6168 

11169 
2172 

10166 
10166 
10166 
10167 
10167 

10166 
7169 
9167 
9167 

11169 
1116'9 
9169 

11171 
2112 

12172* 

1360 1400 1440 1480 =0 o0201 

NEUTRRL KN!14201 MRSS !MEUI 

---- ---- ---.- ------ ----- --....----------------

v 
w 
v 
w 
w 
v 
• w 
w 

w '8 

w' w 

22 K~tl4201 WI-DTH (ME~J 

CHARGED ONLY, WITH FINAL STAlE I( PI 
175. 57. AOERHOLZ 68 HBC - 10 K- P CK PII 
110.0 25.0 BISHOP 69 HBC + 3.5 K+ P 
96. 18. LIND 69 HBC + 9. K+ ,p 
BO.O 20.0 ABRAMS 

1400 94.1 15.1 12.5 AGUILAR! 
70 HBC + 2.5-3.2 'K+P,K2PJ 
71 HBC - 3.9, 4.6 K- P 

200 115. 20. BARNHAM 71 HBC + K+ ·P,KO PI+ P 

AVG Sol AVERAGE tERROR INCLUDES SCALE ·FACTOR Of 1.01 

CHARGED ONLY, WITH OTHER FINAL STATES 
105.0 30.0 BAOIER 65 HBC - 3.0 K-P 

240 110. 25. 8ASSOHPJE 69 'HBC + 5 K+P IK 2PIJ 
~43.1 C13.1 'FRIEDMAN 6CJ HBC. - 2.7 K-:P IK 2PII 

1 'W AVG 108.0 19.2 AVERAGE tERROR INCLUDES SCALE FACTOR O'F 1.01 

6168 
9/69 
5170 

ll/70 
11171 

1172 

6/66 
11169 

2172 
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Data Card Listings 
For notation, see key at front of Listings. 

CHARGE 0 AND NEUTRAL 
92.0 14.0 FOCAROl 65 HBC -0 3.0 1<.- P IK PIJ 
75.0 zs.o SHEN 66 HBC + 04.6 K+ P 8/66 
65.0 zo.o SASSANO 67 HBC -o 4.6, s.o K- P L0/67 
eo. o zo.o GOLDHABER 67 HBC 

SCHWE JNGR 68 HBC 
9.0 K+ P(K 2PU 10/67 

107.0 zo.o -0 4.1+5.5 K-P 9/67 

AVG 85.9 ... AVERAGE C ERROR INCLUDES SCALE FACTOR fJ' loOJ 

w NEUTRAl ONLY 
w 61.0 24.0 DAHl 67 HBC 0 3.8-4.2 PI- P 9/66 
w 116.0 n.o KANG 68 HBC 0 4.6 -K- P 7169 
w • 420 no. 21. SASSOHPI E 69 HBC 0 5 K+P CK Pll 11/69 
w • ERRORS ENlARGED BY US TO 4*GAMMA/SQRTINI. SEE K* TYPED NOTE. 
w 2200 101. 10. OAVlS 69 HBC 0 12. K+ P U. Pll 9/69 
w 1800 116.6 10.3 15.5 AGUILAR! 11 HBC 0 3.9.4.6 1(- p 11171 
w 600 l't4. 22. CORDS 71 DBC 0 9. K+ NrK+ PI- P 2/72 
w • 1100 109. 12. BUCHNER 12 oec 0 4.6 K+ N,K+ PI-P 12172* 
w 
w 

P1 
P2 
P3 

•• PS 

AVG 108.4 6.3 AVERAGE I ERROR INCLUDES 

22 KNU420J PARTIAL DECAY MODES 

KNI 1420) INTO K PI 
KNI1420J INTO K•f892J PI 
KNI H20J INTO K RHO 
KNI1420J INTO K OMEGA 
KNI1420J INTO K ETA 

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS 

SCALE FACTOR OF 1.11 

DECAY MASSES 
493+ 139 
891+ 139 
493• 770 
493• 783 
493• 548 

The matrix below h derived (rom the error ~trlx for the fitted partial decay mode 

branching fraction a, P 1, as follows: The dla!!onal e1cmcnta are P
1 

:d:: 6P
1
, where 

6P1 = ..)(6P1 6P~, while the olf.diagona1 clemente are the~ correlation coeffi. 

cienta (6P16Pj)/(6P1 • 6Pt For the definitions of the individual P
1
, see the liatinga 

above; only those P 1 appearing in the matrix are aaaumed in the fit to be nonzero and 

are thus constrained to add to 1. 

Pl P2 P3 Pit P5 
P 1 .51t95•-.0271t 
p 2 -.2293 .2945+-.0247 
p 3 -.3950 -.3925 .0923+-.0241 
P 4 -.2443 -.2458 -.1182 oOitlt0•-.0166 
p 5 -.4097 -.2442 -.0787 -.0502 .• 0197+-.0200 

22 KNU420J BRANCHING RATIOS· 

R1 KNI1420J INTO I K PIJITOTAL IPIJ . 
R1 10.371 10.191 BADiER 65 HBC 3.0 K-P 6166 
R1 10.39) 10.111 SASSANO 67 HBC - 4.6, 5.0 K- P 10167 
Rl WE CANNOT USE THIS STATISTICALLY REDUNDANT RATIO. AUTHORS 
R1 
R1 

OBTAIN IT MERELY BY SUBTRACTING FROM UNITY THEIR. 
• MEASUREMENTS OF OTHER RATIOS. 

R1 
R1 fiT 0.550 0.027 FROM FIT 

R2 KNI1420J INTO I K•I892J P!l I TOTAl IP2J 
R2 { .41, 10.14) 6AOJ ER 65 HBC 3.0 K-P 6166 
R2 10.47J (0.101 SASSANO 67 H8C. - 4.6, 5o0 K- P 10/67 
R2 
R2 FIT 0.295 0.025 FROM FIT 

R3 
R3 
R3 
R3 

KNC14201 INTO 
(0.14) 
10.14) 

IK RHOJITOTAl 
to.osJ BAOJER 
(0.101 BASSANO 

tP3J 
65 HOC 3.0 K-P 6166 
67 HBC 0 4.6, ~.Q K- P 10167 

R3 FIT 0.092 0.024 FROM FIT 

•• •• •• R4 FIT 

RS ., 
RS 
RS 
R5 FIT 

R6 
R6 
R6 
R6 Q 

R6 
R6 
R6 
R6 
R6 
R6 
R6 
R6 AVG 
R6 FJT 

R7 
R7 
R7 
R7 
R7 
R7 
R7 AVG 
R7 FIT 

•• •• •• •• •• 
•• Q 

•• •• fl8 AVG 
R8 FIT 

KNI 1420) INTO IK OMEGAI/TOTAl IP4J 
0.01 0.04 SADlER 65 HBC 3.0 K-P 

0.044 0.011 FROM FIT IERROR INCLUDES SCAlE FACTOR OF 1.01 

KNI1420J INTO (K ETAJJTOTAL 
0.02 '0.02 

C0.02510R lESS 

(PSI 
BADIER 65 HBC 3.0 K-P 
BASSOMPIE 69 HBC 5.0 K• P 

0.020 0.020 FROM FJT (ERROR INCLUDES SCALE FACTOR OF loOJ 

KNfl4201 INTO tK•I892J PII I IK PJI IP2111Pll 

6166 

6166 
9168 

6 0.33 0.33 CHUNG 65 HBC • 0 3.9-4.2 PI- P Bl66 
0.65 0.20 SHEN 66 HBC 0 N* PRODUCED 10166 

10.631 (0.20) SHEN 66 HBC + NO N• PRODUCED 10166 
0.52 0.12 SCHWEJNGR 68 HBC 0 4.1-t-5.5 K- P 10167 

10.9) (0.21 BASSOHPI E 69 HBC + 0 5 K+P 1173• 
SUPERSEDED BY CHARRIERE 72 
84 (0.931 10.111 

o.47 o.o8 
o.7B o.15 

BISHOP 69 HBC 
AGUJ lAR1 71 Hilt 
CHARRJERE 72 HBC 

3. 5 K+ p 
3.9.4.6 K- P 

0 5. K• P,K P 3PI 

0.537 0.058 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 
0.536 0.057 FROM FIT IERROR INCLUDES SCAlE FACTO~ OF 1oOJ 

KNC1420J INTO tK OMEGAI I K PI 
10.081 OR LESS 
(0.21 OR lESS 
0.13 0.07 
o.os 0.04 

CP4JIIP,ll 
SHEN 66 HBC 4.6 K+P 
BASSOMPIE 69 HBC • 5 K• P 
BASSOMPJ E 69 H6C 0 5 H P 
AGUllARl 71 HBC 3.9-4.6 K- P 

0.010 0.035 AVERAGE (ERROR INCLUDES StAlE FACTOR OF l.OJ 
0.080 0.031 FROH FIT IERROR INCLUDES SCALE FACTOR OF 1.01 

KNI14201 INTO IK RHOJ 
CQ.Q9J OR lESS 
o. 26 0.16 

10.21 OR lESS 
10.3) OR lESS 

15 10.111 10.06) 
0.16 o.os 

I IK PJJ IP31/IP1J 
CHUNG 65 HBC + 0 3.9-4.2 PI- P 
SCHWEINGR 68 HBC 0 4.1+5.5 K- P 
BASSOHPI E 69 HBC • 5 K• P 
BASSOJIIPI E 69 HBC 0 5 K• P 
BISHOP 69 HBC 3.5 K• P 
AGUILAR! 71 HBC 3.9,4.6 K- P 

0.169 
0.168 

0.048 AVERAGE IERROR INCLUDES SCAlE FACTOR Of 1.0J 
0.048 FROM FIT IERROR INClUDES SCALE FACTOR OF 1.01 

9169 
11171 
1173• 

8'/66 
9169 
9Y69 

11171 

8/66 
10167 

9169 
9169 
9169 

11171 

9 
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R9 KNIH201 INTO IK,RHOJ I CK•CB92l Pll IPJIIIP2J 

•• (0.39) OR lESS BASSOMPJE 67 HBC . S. K• P •• (0.401 OR lESS CL•.90 FIELD 67 HBC - 3 .a K- P 

•• •• FIT 0.313 0.095 FROM FIT 

R10 KN(l420J ·INTO IK OMEGA) I IK•IB9ZI Pll IP4JIIP2J 
RIO Q 10.101 (0.041 FIELD 67 HBC - 3.8 K- P 
R10 
RIO FIT 0.149 0.061 FROM FIT 

Rll KNI1420J INTO IK ETAI I CK*I892J Pll IP5111P2J 
Rll Q (Q.07J (Q.04J FJELD 67 HBC - 3 .a K- P 
Rll 
Rll FIT 0.067 0.069 ·FROM FIT 

R12 
R12 

, Rl2 
R12 

KN114ZOI INTO IK ETAJ I (K PJJ 
10.021 OR lESS BISHOP 69 HOC 

AGUILAR1· 71 HBC 

IP5111PIJ 
3.5 K+ P 
3.9-4.6 K- P 10.041 OR LESS CLeo95 ......... 

Rl2 FIT 0.036 0.037 FROM FIT 

,FOLLOWING SUGGESTION BY AGUILAR 70. WE DO NJT MAKE USE OF MEASURE
MENTS WHERE THE IK PI PI) BACKGROUND SUBTRACTION IS DIFFICULT DUE 
TO THE NEARBY Q REGION. 

8AOIER 
CHUNG 
fOCARDI 

65 Pl 19 612 
65 PRL 15 325 
65 Pl 16 351 

REFERENCES FOR KN( 1420 I 

BAD I ER,DEMOULI N, GOLDBERG• I EPOL•SACL+ZEEHAN I 
+DAHL ,HARDY ,HESS, JACOBS, Kl RZ ,MillER llRL J 
FOCARDI.MINGUZZI RANZI rSERRMIBOLOGNA-t-SACLJ 

sHEN 66 PRL 11 726 +BUTTERWORTH,FU~GOLOHABERS,TRILLJNG llRll 
ALSO 66 (PRIVATE COMMUNJGERSON GOLDHABER ILRLI 

BliSSAND 67 PRL 19 968 
BASSOMPI 67 Pl 26B 30 
CRENNEll 67 PRL 19 44 
DAHL 6 7 PR 163 1377 

AL·SO 65 PRL 14 401 
DE 6AERE 67 NC 51 A 401 
FIELD 67 Pl 248 638 
GOLOHABE 67 PRL 19 972 

ADERHDll 68 NP 8 5 567 
ALSO 66 Pl 22 357 

ANT ICH 68 PRL 21 1842 
DU&Al 68 THESIS l45b 
KANG 68 PR 176 1587 
SCHWEING 68 PR 166 1317 

ALSO 67 THESIS 

BASSOMPI 69 NP Bl3 1B9 
AlSO 69 DE &AERE 
ALSO 70 DE 6AERE 

BISHOP 69 NP ·a 9 '+03 
CRENNEll 69 PRl 22 ,487 
DAVIS 69 PRL 23 1071 
DE BAERE 69 NC 61 A 397 

ALSO 70 DE BAERE 
FRIEDMAN 69 UCRL-18860 
liND , 69 NP 8 14 1 

ABRAMS 70 PR D 1 2433 
AGUILAR 70 PRl 25 1362 
BJRMJNGH 70 KIEV CONf. 
DE BAERE 70 CERN PHYS 70 ltl 

I 
AGUILAR! 11 PR 0 4 2583 
BARNHAM 71 NP B 28 171 
CORDS 71 PR 0 4 1974 
SLATTERY 71 UR-875-3321 PREPJ 

BUCHNER 72 NP 6 45 333 
CHARRIER 72 NP B 51 317 
CRENNEll 72 PR D 6 1220 
OEUTSCHM 72 NP B 36 373 
ENGElMAN 72 PR 0 5 2162 
FRATJ 72 PR 0 6 2361 
ROUGE 72 NP 6 46 29 
TIECKE 72 NP B 39 596 

•GOLDBERG, GOZ, BARNES ,LEI TNER+I BNL•SYRACUSE I 
BASSOHPI ERRE ,GOLDSCHMIDT• C CERN+BRUX+BIRMJ I JP 
+KAlBFLEISCHrlAI oSCARR,SCHUMANN tBNLJ 
+HARDY+HESS+KIRZ+HILLER llRlJ 
HARDY ,CHUNG,OAHL ,HESS,KIRZ ,MILLER llRL J 
•GOLDSCHMIDT-CLERMONT, HENR'J + IBRUX+CERN I 
+HENDRICKS+P ICC I ON I+YAGER I lAJOllA I 
G.GOLDHABER,FIRESTONE" rSHEN (UI.LJ 

+DEUTSCHMANN• I AACH•BERL•CERN+lOIC+VI ENNA J 
BARTSCH, DEUTSCHMANN, MORRISON+ CABCU ICIVJ 

•CAllAHANrC.ARSON, COX. DE NEGRI,+ IJHU) 
L.OUBAl IGENEVEJ 
Y.N.KANG I IOWA I 
SCHWE INGRU6ER, DERRICK, Fl ELDS+ I ANl+NWESJ 
F.l.SCHWEINGRUBER I NORTHWESTERN, EVANSTON I 

BASSOHPI ERErGOLDSCHMJ OT-Cl ERH. + ICERN+8P.UX I JP 

+GOSHAW,ERWINwWAlKER IWJSCJ 
+KARSHON rlAI, ONEALl, SCARR ( BNl) 
+DERENZO, FLATTE t AlSTON tl YNCH, SOlMITZ llRll 
+GOLOSCHMJOT-tlERHDNT ,HENRI,... IBELG•CERNI 

J,FRJEDHAN,PH.O. THESIS 
+AlEXANOER,F I RES TONE, FU, GOLOHABER 

ILRLI 
llRll JP 

•E I SENSTEIN rKI M, MARSHAll ,O' HAllORAN,• (I lll 
AGUI lAR-BENJ TEl, SASSANO, El SNERt• IBNl+ PURO I 
ASTIER RAPPORTEURS TALK IBIRH+GlAS•OXFJ 
+DEBAISIEUX,OE WOLF,OUFOUR,+ IBELG+CERNJ 

+E ISNER,KI NSON ceNt J 
+COLLEY, JOBESoGR IFF I THS, HUGHES,+ I BIRH-t-GlAS I 
•CARHONY ,ERWIN,:~EIERE,+ I PURD•UCD•IUPUJ 
P.SLATTERY,A REVIEW Of STRANGE MESONSCROCHJ 

•DEHM, CHARRIERE, CORNET,... I HPJ M•CERN•BRUX I 
CHARRIERE,ORIJARO,OE BAERE,• ICERN-t-BELGJ 
•GORDON,KWAN-WU LAI, SCARR IBNlJ 
DEUTSCHMANN,• IABCLY COLLA60RATIONJ 
ENGELMANN,HUSGRAVE,FORMAN, + IANL•EFII 
+HAlPERN,HARGI S, SNAPE ,CARNAHAN, •I PENN•CINC J 
+VIDEAU,VOLTE,DE BRION,• tEPOL+SAClJ 
-+GRIJNS,HEINEN,DE GROOT,• INIJM•ZEEMI 

•••••• ••••••••• •o••••••• •••••••oo ••••••••• ••••••••• ••••••••• •••••••• ............................................................. •••••••tr 

I KN(1660) 121 KN 11660. JP• I 1 - 112 

) EVIDENCE NOT COMPElliNG, OMITTED FROM TABLE 

27 KN I1660J f'IASS I MEV J 

9167 
6161 

6167 

6167 

9169 
11171 

( 1660.01 CARMONY 67 HBC - 3.8 K-P,OHEGA K 11167 

P1 
P2 
P3 

•• 

1660.0 10.0 
CLAIMED BY JOBES 
MODES. K PI BUMP 

( 1660. J 

•JOBES 67 HBC • 5. K• P lllb1 
IN (K Pllr (K•(892J PI), AND CKNI14201 PJJ 
INTERFERES MOSTLY WITH OELTAI1236J. 

CHARRIERE 72 HBC 0 5. K• P,K P 3PI 1173* 

27 KN066QJ WIDTH IMEVl 

60.0 
(60.1 

20.0 JOBES 67 HBC + 5. K+ P 
CH~RRJERE 72 HBC 0 5. K• PtK P 3PI 

27 KNilb60J PARTIAL DECAY MODES 

KNI 1660) INTO K PI 
KNI1660J INTO K PI PI 
KNI1660J INTO K•IB92J PI 
KNfl660J INTO KNI 1420) PI 

DECAY. MASSES 
493• 139 
493+ 139• 139 
891+ 139 

1421+ 139 

11167 
1173• 

•••••• o•••••••• •o••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••"• 



S104 REVIEWS OF MODERN PHYSICS ·APRIL 1973,;.'pART II 

Mesons L.. ·· ·'"·. 

'KN(1660), KN(1760), L(l770), KN(l850);:K'(2200) 
' .. ~~ ~ ~ ... ~ ~ . .. . . . 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR KNI 1660t 

, CARMONY 67 PRL 18 615 O.CARHONY,T.HENDRICKS,L.LANOER ILA JOLLA) 
•BASSOHP I ERRE·, DE SA ERE • ( 8 JRM•C ERN+BRUX J 
CHARRIERE,ORIJARDt DE BAERE,+ CCERf#BELGJ 

.JOBES 67 Pl 268 49 
CHARRIER 72. NP 8 51 311 

•••••• ••••••••• ******'*** ••••••••• ••••••••• *******.** ••••••o•• *••••••• ..................................................................... 
I KN( 1760) l•o KN ll7b~,JP= I 

P1 
PZ 
P3 
P4 
PS 

R1 
R1 

RZ 
RZ 

R3 
R3 

R4 
R4 

•• RS 

•• 

------~~ NEEDS FURTHER CONF IRHATION.OfoiiiTTED FROM THE TABLE. 7 FAVORED JP IS 3- t J.,l/2 • 

E 

E 

E 

E 

-60 KNC1760J MASS IMEVI 

7611753.1 112.) CARMONY 11 OBC 0 9. K+ N 

60 KNU760J WIDTH IHEVJ 

76 160. I 120.) CARMONY 71 OBC 0 9. K+ N 
DISAGREEMENT BETWEEN THE FIT AND DATA ON BQTH SIDES OF THE SIGNAL 

6D KNI176DI PARTIAL DECAY MODES 

KNI17601 INTO K PI 
KN(l7601 INTO K*l 8921 PI 
KNI 17601 INTO K RHO 
KNI1760J INTO KNI14201 PI 
KN( 17601 INTO K PI PI 

bO KNI17601. BRANCHING RATIOS 

KNI176DJ INTO IK PJ)/(K*I8921 PI + ·K RHO) 
10.401 ID.101 CARI'IONY 11 OBC 

KNI 1760) INTO IK*IB921 PII"K PI PI) 
10.40) 10.151 CARMONY 71 OBC 

KNI 17601 INTO IK RHOI/IK PI Pll 
ID.60J 10.251 CARMONY 71 OBC 

KNI 17601 1NTO IK*I892J PI + K RHOI/IK PI Pll 
(1. J (0.12) CARMON': 11 oat 

KNI 1760J INTO (KNtl420I PII/IK Pl PIJ 
10.06) OR LESS CARMONY 71 OBC 

DECAY MASSES 
493+ 139 
891+ 139 
493+ 77D 

H21+ 139 
493+ 139+ 139 

1Plii(P2+P3) 
0 9. K+ N 

IP211CP5J 
0 9. K+ N 

IP3111P5J 
0 9. K+ N 

(P2+P3J/IP51 
0 9. K+ N 

IP4J ICPSJ 
0 9. K+ N 

DIFFICULT BACKGROUND SUBTRACT ION • ERRORS STATISTICAL ONLY • 

····~· ••••••••• •••••••~t:• ............................ ·~······· ........ .. 
REFERENCES FOR KNI1160l 

CARMONY 71 PRL 27 1160 +COROS,CLOPP, ERWIN ,ME I ERE,+ t PURD+UCO+ IUPU I ....................................................................... ...... ......... ......... ......... ......... ......... ......... ........ . 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

IL(1770) I Z3 L 11170. JP• I I. liZ 

AVG 

AVG 

FOR REVIEWS SEE HUGHES 71,SLATTERY 71 

23 L HASS IHEVI 

2011780.) BERLINGHI 67 HBC + 12.7 K+P 
5. K+ P 
1Do0 K- P 

11160.01 (15.01 JOBES 67 HBC + 
11785.01 li2.0) BARTSCH 68 HBC 

INCLUDED IN BARTSCH 70 
11-45.0 20.0 AGUILAR 70 HBC - 4.6 K- P 
1780.0 15.0 BARTSCH 70 HBC - 10.1 K- P 

11760.01 115.DJ LUDLAM 70 HBC - 12o6 K- P 
1765.0 40.0 COLLEY 71 HBC + 10.K+P,K ZPI 

SYSTEMATIC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS. 
1174D.DI OENEGRI 71 OBC -12.6 K-O,K 2PI 0 

1767. 6. BLIEDEN 72 HMS - 11.-16. K- P 
3D6 173D. 2D. FIRESTONE 72 DBC + 12. K+ D 

PRODUCED IN CONJUNCTION WITH 0* 

1764.6 •• 1 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.31 

23 L WIDTH I MEV J 

zo 18D., BERL INGH I 67 H8C + 12.7 K+P 
16D.OI 120.DJ JOBES 67 HBC + 5. K+ P 

1127.DJ llt3.DJ BARTSCH 68 HBC 10.0 K- P 
INCLUDED IN BARTSCH 70 

1DO.O 5D.O AGUILAR 70 HBC - 4.6 K- P 
138.0 ttD.o BARTSCH 7D HBC - 10.1 K- P 
l5D.OI lltO.DI C2D.DI LUOLAJIII 70 HBC - 12.6 K- P 
90. 10. COlLEY 11 HBC + 10.K+P,K 2PI 

SYSTEMATIC ERRORS ADDEO CORRESP. TO SPREAD OF DIFFERENT FITS .. 
113D.QJ OENEGR I 71 DBC - 12.6 K-O,K ZPI 0 
lDO. ... BLIEOEN 12 MHS - u.-16 • K- p 

30b 210. 30. FIRESTONE 12 OBC + 12. K+ 0 
PRODUCED IN CONJUNCTION WITH 0* 

137.7 24.2 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 .. 51 

23 L PARTIAL DECAY HODES 
DECAY HASSE S 

P1 INTO K PI PI 497+ 134+ 134 
P2 INTO KNlllt201 PI 131t+l421 
P3 INTO K PI PI PI lt97+ 134+ 134+ 134 
Pit INTO K*(8921 PI 891+ 134 
P5 INTO K• C8921 RHO 891+ 770 
P6 INTO K*C8921 OI''IEGA 891+ 783 

~!._ __ ~~~~(~~!_~!.!I _________ ------------ _891~-!~·-!!~_.. 

11171 

11/71 
11171 

23 L BRANCHING RATIOS 

R1 L INTO IKNC142Dl PII I CK PI PI I (P2J/IP1J 
R1 LARGE DE NEGRI 68 DBC - 12.6 K- 0 
R1 ll.D) BARBARO 69 HBC + 12.0 K+ P 
R1 o.z o.z AGUILAR 70 HBC - 4o6 K- P 
R1 LESS THAN 1.0 BARTSCH 7D HBC - 1D.1 K- P 
R1 LESS THAN 1.0 COLLEY 11 HBC 1Do 1(.+ p 

R1 p CONSISTENT WITH 1. FIRES TONE 72 OBC + 12. K+ D 
R1 p PRODUCED IN CONJUNCTION WITH 0* 
R1 R LESS THAN 1. D SEEHS TO BE ESTABliSHED. 
R1 R FOR DISCUSSION OF THE EXPERIMENTAL EVIDENCE ON OTHER DECAY 
R1 R HODES SEE HUGHES 11, SLAT.fERY 11 

••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••o•• •••••••• 
REFERENCES FOR Lll7101 

BARTSCH 66 PL 22 357 
BERLINGH 67 PRL 18 1087 

+DEUTSCHMANN,+ I AAOI+BERL+CERN+LOIC+VI ENI 
8ERLJNGHJERI +FARBER+FERBEL+FOA.MAN+ I ROCH I 1 
+BASSOMP I ERRE, DE BAERE + I 61 RH+C ERN+BRUX I 
+CALLA HAN+ETTL I NGER+Gl LL ESP IE+ CJHU I 
+COCCONI, + I AACH+BERL+CERN+LOIC+VI EN I 

JOBES 67 PL 268 49 
OENEGRI 6B PRL 20 1194 
BARTSCH 68 NP 88 9 

ANDREWS 
8ARBAR0 
COLLEY 

AGUILAR 
BARTSCH 
CHIEN 
LUDLAM 

69 PRL 22 731 
69 PRL 22 12D7 
69 NC A 59 519 

+LAtH, LUOLAH 1 SANDW El SS, BERGER,+ l YALE+LRL J 
BARBARQ-GALT JERI ,DAVIS, FLATTE, + CLRU 
+EASTWOOD,+ l Bt RH+GlAS+LO IC +fliP I M+OXF+RHEL I 

70 PRL 25 54 AGUILAR-BENITEZ,BARNES,BASSANO,CHUNG,+I8Nt:l 
7D PL 33 8 186 +DEUTSCHMANN,+ I AACH+BERl+CERN+LOIC+VI ENJ 
70 PHILA.CONF.P.275 C.Y.CHIEN (JOHNS HOPKINSJ 
7D PR 0 2 1234 , +SANDWEISS,SLAUGHTER CYALEI 

COLLEY 71 NP 8 26 71 +JOSES,KENYON,PATHAK,HUGHES,+ (BJRM+GLASI 

1171 
1171 
1171 
1171 

11171 
12172* 
12172* 

11171 
11171 

.QENEGRI 71 NP B 28 13 +ANTICH,CALLAHAN,CAP.SON,CHIEN,COX,+ CJHUI JP 
HUGHES 71 BOLOGNA CONFoPROt I.S.HUGHES,TALK AT BOLOGNA CONF. IGLASGOWI 
SLATTERY 71 UR-875-332CPREPI P.SLATTERY,A REVIEW OF STRANGE MESONS I ROCHI 

ANDERSON 72 PR 0 6 1823 
BLJEOEN 72 PL 39 8 668 
CHARRIER 72 NP B 51 317 
FJRESTON 72 PR D 5 5D5 

+FRANKLIN, GOODEN, KOPELMAN, Ll 8BY, TAN l COL OJ 
+F INOCCH IAR0 1 BOWEN, EARLES o+ ( STON+NEASJ 
CHARRIERErDRIJARO,OE BAERE,+ ICERN+BELGJ 
FIRES TONE t GIJLOHABER, Ll SSAUER 1 TRILL lNG I LBL J 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••o•• 
11/71 ••••._ ••••••••• •••••••"'• ••••••••• ••••••••• ••••••••• ••••••••• ••••••o• 

11111 I KN( 1850) ,.1 KN 11850,JP• I 

11/71 ) 

11171 

11171 
11171 

7/67 
1173* 

11171 
11171 

617D 
1171 
1173• 
1/73• 

5171 
12172* 
1/73* 

7/67 
1/73* 

11171 
11171 
617D 
1171 
1(73* 
1173* 

5171 
12172• 
12172• 

STRUCTURE IS SEEN IN THE K PI SCATTERING ANGULAR OISTR18UTION 
AT MASSES NEAR 185D HEV.THE HOST SIMPLE EXPLANATION INVOLVES 

. A RAPIDLY INCREASING F-WAVE AMPLITUOE,POSSIBLY INDICATING 
PRESENCE OF A JP=3- RESONANCE. 
NEEDS FURTHER CONFIRMATION. OMITTED FROH THE TABLE. 

61 KNI185DJ MASS IMEVI 

C 1850. J APPROX. FIRE STONE 71 OBC 0 12.1(.+ N,K+ PI-P ll/71 

61 KN0850J WIDTH IMEV) 

130D.I APPROX. FIRESTONE 71 OBC 0 12.K+ N,K+ PI-P 11171 
APPARENT INTERFERENCE WITH OTHER AMPLITUDES PRECLUDES ll/71 
PRECISE DETERMINATION • 11171 

•••••• ••••••••• •••****""* ••••o•••• *""***•••• ••••••••• ••••••*•* o••••••• 

REFERENCES FOR KNI1850J 

FIRESTON 71 PL 36 B 513 FIRESTONE 1 GIJLOHABER, Ll SSAUER t TRILL lNG I LBL I ................................... ..................... o ••••••• ...... ......... ......... ........ . .......... ,. .............. . 
I K'c22oo) I 

) 
40 K* 122DO,JP= I 

ENHANCEMENT SEEN IN I ANT IHYPERON-NUCLEONJ MASS 
NEAR THRESI-IJLD.JNTERPRETATION UNCERTAIN. 
OMITTED FROM TABLE. 

4D K*(22DDJ MASS IMEV) 

2D 221tD. 2D. L1 SSAUER 70 HBC 9. K+ P 
C l22DD.) APPROX. SLATTERY 71 RVUE 8-13 K+ P 

H C COHPllATION OF CANTIHYP.-NUCLEONJ MASS INK+ P 8.-13. GEV/C 

4D K*i22DDI WIDTH (MEVI 

2D 80. 20. LISSAUER 70 HBC 9. K+ P 
12DD. I APPROX. SLATTERY 71 RVUE 8-13 K+ P 

COMPILATION OF IANTIHYP.-NUCLEONJ MASS IN K+ P 8.-13. GEVIC 

••••••••••••••• •••••:o••• ............................................ . 

ALEXANDE 68 PRL 2D 7 55 
liSSAUER 7D NP B 18 lt91 

REFERENCES FOR K*I22DDJ 

ALEXANDER, fl RESTONE r GOLDHABER, SHEN 
+ALEXANDER, FIRES TONE ,GOL DHABER 

(LRLI 
IL8U 

CARMONY 71 PRL 27 116D +COROSoCLOPP,ERWJN,MEIEREI+ IPURD+UCO+INDJ 
SLATTERY 11 UR-875-332(PREPJ P.SLATTERY.A REVIEW OF STRANGE MESONSIROCHJ .............................................................. ............................................................... 

11171 
11171 
11171 

11171 
11171 
11171 
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Data Card Listings 
For "!otation, see ·key at front of Listings. 

IK*czaoo) I 
) 

H 59( 2800. I 

·:. 62 K* (28QQ,JP= ) 

_NEEDS FUR.THER CONFIR.MATION.OMITTEO FRO!" THE TABLE·., 

62 K*I2800» MASS CHEVJ 

HJGHES 71 HBC + LO.K+P, P MMS+ 

1 62 K*(2800l WIDTH IHEVJ 

11/71 

59 (40.1 OR LESS HUGHES 11 HBC + lO.K+P,P MMS+ 11171 
ONLY SEEN IN HISSING MASS OJSTRIBUTlON,NOT IN FITTED EVENTS. 11171 
PROBABLY DECAYS INTO 13 CHARGED + 2 OR MORE NEUTRAL! PARTICLES' 11171 

•••••• ••••••••• ••••••••• o•••••••• ••••••••• ••••••••• ••••••••• •••••••• 
REFERENCES FOR K*I2800J 

HUGHES 71 PREPRINT +MCI!.CORHICK, PROCTER, TURNBULL CGLASGOWJ ...................................................................... 
•••••• ••••••••• ••••••••~ o•••••••• ••••••••• ••••••••• ••••••••• •••••••• 

G'-·sa:lo 
PARTICLE DATA GROUP· Review of Particle Properties 

I . 
SlOS 

·Mesons 
K*(2800) 
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Note on Speed Plots 

In the discussion which follows, we use, the term 

"speed plot" to indicate a plot showing the variation 

with C. M. e'nergy m o,f the d~rivative .ldT/dm I of a 

pa.rtial-wave amplitude T. (See section IV G of the 

main .text.·) In principle such plots are a very sensi

tive and useful means of. searching for a resonance. 

A rapid increas'e in speed followed by a rapid decrease 

is certainly· a good indication of the presence of a 

resonance. In practice these plots must be judiciously 

used because: 

1) The values of dT./dm are sensitive to variations 

in T. It is difficult enough to determine T(m); finding 

its derivative is necessarily more difficult. 

2) Once the speed plot tells us that a resonance is 

present, the ·determination· of precise parameters from 

such a plot requires additional considerations: 

a) the maximum of the speed is not necessa·rily 

at the resonance mass, 

b) the width •cannot simply be obtained by the re

lation ldT /dm l=M = 2xjr. 

Consider for example the P
3
3 partial-wave am

plitude in n-N scattering. Since its elasticity (x) is 

one., we have 

T(m) = r (m)/2 . 
M-m -ir{m)/2 

If we let r' (m) dr /dm, then we find that 

"Speed" = ~ j =2_ H(M-m) r'jr 
r 1+4 (M-m)2 jr2 

(1) 

(2~ 

T.o estimate where Eq. (2) is m~mum, we let 

m = M + 6 and find that for small 6, 

d I dT 'I 
Tm' dnl· 

(3) 

Since all reasonable parametrizations of r(m) agree 

that r• :;;.,0, we .may conclude that the "speedi' will 

have its maximum value at a~ energy about rr•/s 

les:s than the resonant value, m=M. 

'Thi·s effe·ct is illustrated in F'ig .. 1, which is taken 

from UCRL-20030 'lfN. 1 For the P 33 partial wave, the 

CERN experimental and CERNKirsopp solutions in

dicate the instability of !dT/dml in the region of a 

resonance (the other solutions are "smooth" by the 

nature of the analysis). In addition, each of the plots., 

quite consistently, gives 2/r "' 16 Gev-i at .a 'resonant 

mass of -1236 MeV. This corresponds to a width at 

·resonance of -125 MeV. The speed, however, peaks 

Data Card Listings . 
For notation, see key at front of Listings. 

P33 ROPER VIR MOORHOUSE. 

~r---~--------~-----, 

P3JC£RN THE.DREl ICRL .j:'jl •. 

••1--H-----------j 

'1-------1234 " ~-------t'23G 

r I-~ 
0 - J 
1000 l.300 aeoo .Js atOO .... 

PJJCER~ KIRSOPP PJJCERH EXPERIMENTAL SOL'UTJ(JN. 

'I--------12JS " ~--------1'23S 

2500 

Fig 1. Speed. plots as computed from four so.lutions 
compiled in Ref. 1. ·(.JS = m =c. m. energy m MeV) 

some 10 to 15 MeV lowe~ in ~ass and at a value of 
-1 

-iS. 5 GeV • Hence, were we to estimate the mass 

and width of the 33-resonance from the maximum 

speed, we would get M "' 1220 MeV and r = 108 MeV. 

For additional discussion on the mass and width of 

this resonance, see the mini-review at the begin

ning of the Ll.(i236) listings. 

Reference 

1. D. Herndon, et al. , 11 nN Partial-Wave Amplitudes, 

a Compilation, 11 UCRL-20030 nN, Feb. 1970. 

Note on N's and Ll.'s: Partial-Wave Analyses 

There now exist complete partial-wave analyses 
1 ,performed by two groups after the beginning of 1970. 

The ·older analysis, AYED 70, is an update of the pre

vious Saclay analyses. These are essentially energy

independent solutions selected on the basis of various 

energy "smoothness" criteria. A more recent analy

sis, ALMEHED 72, is a continuation of the 11 CERN 

group" program, which uses "smoothness" criteria 

supplemented by constraints from partial-wave disc 

persion relations. For a discussion ·of earlier partial

wave analyse.s see Refs. 1 and 2. 

.. 

/ 
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Data Card Listings 
For notation, see key at front of Listings.· 

For the purposes of comparison, we show Argand 

plots of the solutions in Figs. 1 and 2. The arrow

heads on the lines connecting points at discrete en

ergies are 5 MeV long, and are spaced at 20 MeV iti.

tervals. The ,AYED 70 analysis extends in c. m. en

ergy from 1400 to 2450 MeV; the ALMEHED 72 anal

ysis, from HOO to 2200 MeV. We have indicated the 

energies'where AYED 70 and ALMEHED 72 claim 

resonances,,and in the case of ALMEHED 72 we have 

also indicated the grade, A through D, assigned to 

each of their resonances by this group. In addition, 

we also show in Figs. 3 and 4 plots of 6 and '1 versus 

c. m. energy ( ,fS) for the same two solutions. 

The Saclay group has presented preliminary results 

on a new TIN phase-shift analysis in an unpublished 

report to the 1972 Batavia conference. This analysis 

includes recent data, and improves some of the methods 

of the earlier analysis. These improvements include 

checking the fin'al results for· smoothness in energy 

of invariant amplitudes at fixed t and the unmeasured 

charge exchange polarization Legendre coefficients, 

as well as a qualitative check of the final results for 

consistency with an un:subtracted forward dispersion 

relation for the B amplitude. The main differences 

between the resonance parameters extracted from 

this new analysis (AYED 72) and those of 

ALMEHED 72 are summarized below. None of the 

states listed below were reported by AYED 70 except 

the PH with_M=1461, r =164, andx=0.56. 

ALMEHED 72 AYED 72 

Wave M r X M ___.!:__ X 

SH 2100 200 0.5 2195 280 0.173 

PH 1470 220 0.65 1427 236 0. 524 
1530 65 0. 120 

D13 1730 130 0.1 

0 15 
2100 150 0.2 2055 170- 0.09 

F 17 2000 200 0.15 2048 183 0.058 

G19 2130 250 0.08 

0 35 2200 600 0.25 1870 160 0.095 

Of particular interest are the new results on the PH 

and D
13 

partial waves. Previous partial-wave analyses 

have seen a ~ingle fairly elastic (x :;eo, 0.5) PH (1470) 

resonance in the mass range 1440-1500 MeV, while 

many production experiments have observed a bump 

in the invariant mass distribution tending to be some-

,. 
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what narrower and at somewhat lower mass than that 

obtained from partial-wave analysis. The Saclay 

group now claims two states. As for the 0
1
3, the 

quark model predicts an inelastic resonance in the 

neighborhood of 1700 MeV, and the existence of such • 

a state is now· indicated by isobar model fits to 

TIN-+ 1T1TN (see the mini-review on this sub}ect) and 

by AYED 72. The effect now claimed by AYED 72 to 

be the D 13 (1 700) is visible in both the ALMEHED 72 

and AYED 70 solutions (see Figs. ·3 and 4) in the 

1700 MeV region. 

The remaining new results listed ab.ove are five 

high mass resonances, four of which were seen by 

ALMEHED 72, but none by the earlier Saclay analysis. 

In the case of the n 35 it may well be that 

ALMEHED 72 and A YED 72 are reporting completely 

different effects. 

Spread in Values of Resonance Parameters 

Values of. masses, widths, and branching ratios can 

be obtained only from phase-shift analyses. In pro

duction.experiments, in fact, it is seldom clear which 

of the many states at similar masses is being observed. 

In addition to the two complete ph as~ -shift analyses dis

cus"sed above, we have other analyses, done by using 

son:-ewhat incomplete data, by several d~fferent groups~ 

but we are quite far from having r.eliable masses and 

widths derived therefrom. 

There are essentially two problems in ,obtaining 

reliable resonance parameters. First there is often 

disagreement as to just what the values of the phase 

shifts ('1' s and 6' s) are. This problem is obviously 

related to the quality and quantity of the data and to 

the procedures used to determine or choose the phase 

shifts. Secondly, even if smooth curves were avail

able for the phase shifts, there would still be some 

ambiguity in deciding what the resonant parameters 

are. We might hope that some sort of energy-depend

ent fit to the smooth phase shifts would. yield unique 

parameters. Unfortunately, however, a sufficiently 

clever combination of background and/or resonances 

could fit the· phase shifts, satisfy elastk unitarity, and 

still yield the .wrong parameters. (See the Comments 

on the Mass and Width of .6.(1236), below.) 

We list the values of M, r and X quoted by the 

various authors with a comment on the method used 

to derive such parameters. We now discuss b"riefly 

the different methods used. · AYED 70 analyze their 
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Data Card Listings 
For notation, see key at front of Listings. 

--· -2 ,.2 .4 -.4-JI .2 .. -.4-JI ·' -.4-J! 

~.~~ ~~21~ .&21.~~ I L 
-.4-.2 .2 .4 -.4-.2 J! A -.4-Jl ·.a .4 

, -.4 -.a .2 ,f -A -.2 .2 .of, -.4 -.2 

:~ J;:] :~~. ~ ·.~ -·~ 
-.4 -.2 A -.4 -.2 ..e .4 -A -.2 .4 

!'ig~ uN Argand plots from the solution of ALMEHED 72. The bases of the arrowheads are 
-'ZOMe'V apart; the end point is at -2200 MeV. The numbers are the resonant masses claimed 
by ALMEHED 72, and the letters indicate their evaluation of the resonance. 

.• 

.• 
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Fig. 2, 1rN Argand plots from the "minimum surface" solution of A YED 7 0 [ Phys. Letters 31B, 
ml'T970)]. To conserve space, we arbitrarily do not show the "minimum path" solution; 1t 1s 
not significantly different. The bases of the arrowheads are 20 MeV apart; the last point is at · 
-2400 MeV. 
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Pu .... P,, .... 

·: ': .--..-..,. 
~ l ..... ~'-\~ 

~ . 
..... ' 

-~oool:---':'::-"--:,7:..,:-,,-,::.,.::--::::.0.-=..,.,..,. 
~--.,-.~,-~-r~-r---;br ·~---r---.---,.~ 

::~~:--··:: <~".::: '. _,~,\'·::. ·J.::: 
• 46"... /j ... 45" .• 

0'" • o• ... ------............ 

... ~ .! -4&' .e 

! 110" .a 

.. 45' .Ill 

~ .• 
~ ... 

• ...,_ l,.n...,,. •• 

o,. F., 
Ifill' It ~r1i:hl_.-k .... 

··---- ~ . ---

D,, .... 
, .. 

. . .. 
~ 

~~~~.....-,-.---.e5" 

• ...,. kft ... c., 
..f,rlJihlffel• 

,,. 

: oo• 

" . . .. 

""""· l•n ..,_.~ 

-6, "'"' t<:a.l~ 

.. 

,,.. 

' " 
~ 

o,, ,,. 

,. 

~·· 

G3,; . ... 
,,.. 

~ 

~·· 
·~ooo!:c'--:c=----:,7:..,:::-~,--=,.,.::.0.-::=----:!1:!>00 -n" ~ooo'="'--:=----:,:=.,.::-,-, :::,.,.::.0.-:::'::-"-"--::!_, . ....,. ·;'XIO.L..~:'="~,:=.,.::-,-, :::,.,.=--:::'::-"--::'.ESOO-ooo ~ooo·L:--~:'="--:,:=..,::-.;-, :::,.,.=--:::'::-"--::'..,.,...,. 

r-.--.,-.-.--.---,.... .--~-...--,--

, ... 
,,.. 

. · 
, .. 

..... .. 

._,:kft
'"'i!,rlcht.:rc:elo 

r---.--r-·~-·,---.-.-,.---,ttl" 

H3 11 
..~ 

H., 

,,. ,,.. .. 
, . 

.... . 

~· 6 and TJ versus c. m. energy (in MeV) £Tom the nN partial-wav~ analysis solution 
ot'J.\LMEHED 72. X denotes 6 (right-hand scale), 0 denotes 7J (left-hand scale). 
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Baryons 
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I ........ k11.

-~~·""ht~ 
s" 

·~oooL...-"-~,c:'..,::-""~' -::,.,.':---::'::-"--:!~-flO" ·!ooo·'::---~-'-,-:'.,.::-,~, -::,.,.'::---::'::--"--:!. 
r---.---.---'-.---.-----,-· 

fu .... 
,,.. 

,. -· 

·~ooo'::-'---'-:c~--'-:,:':.,.:---../,~,::..,::---'-::::-----:! :-'--'--'::-"-,-="..,-../,~,-"..,--''------'~-«f' ~ooo'--'--"--,"'.,.-_,,~,-"..,--'-----'.,;,.,. 

r--T---.----r---r---,~ r--::-r---T---.---,---~_•nr 

G,. H10 

.... . ... 
. ., ... . . .. 

--------~~--~ .. 

. . .. 
.. 

-~000'--'--,,..,.,.._ -,-='.,.-.;,-',..,'::---::'::--"--:!,..;
.... 

Ht 11 '"" 

~· .... 
-; ... 
. ~ . .. ..,. 

Fig. 4. o and 17 ver_sus c. m. energr (in MeV) from the nN partial-wave analysis "mini
iTi.i:irriSurface" solution of AYED 70 Phys. Letters 31B, 598(1970)]. X denotes o (right-
hand scale); 0 denotes 11 (left-hand scale). --

. ; 
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phase-shift results with an energy-dependent back

ground and Breit- Wigner amplitudes. (This analysis 

appears only in the unpublished Kiev ~onference re

port of AYED 70, not in their Physics Letter.) 

BAREYRE 68 uses two methods: 1) cross-section 

method - the energy where the total cross section is 

maximum; 2) speed method - the energy where the 

speed of variation of the amplitude in the Argand plot 

is maximum.· CERN, as well as ALMEHED 72, quotes 

·.only .one method, usually where the absorption is maxi

mum. The Glasgow group (DAVIES 70) uses Breit- ' 

Wigner parametrization; their solutions A and B dif

fer in the starting values of the minimization (CERN I 

solution was used for solution B). Only the parameters 

from solution A are included in the listings. For some 

states no parameters have been quo.ted by the authors. 

At the beginning of the Data Card Listings for N' s 

and ·A's, we present a table giving our evalu1<tion of 

the N and A resonances based on information contained 

in the Listings.. In the Ta~le of Particle Properties, 

we do not quote values and errors for parameters, but 

only give ranges for masses and widths in order to 

emphasize that in some cases these parameters are 

quite poorly determined. 

Availability of Partial-Wave Analyses and Data 

All the solutions mentioned in this note, including 

AYED 70 and ALMEHED 72, are available on tape 

from the Particle Data Group. This tape is essenti

ally an updated version of the one corr_esponding to the 

compilation of Ref. 2. In addition, the extensive in

put data used by ALMEHED 72 (courtesy of C. 

Lovelace) are also avaqable on tape from the Particle 

Data Group. 

Re~erences 

1. Particle Data Group, .Rev. Mod. Phys. 43, No. 2, 

Part II, S1 (1971). 

2. D. J. Herndon, A. Barbaro-Galtieri, A. H. 

Rosenfeld, UCRL-20030 'TTN (Feb. 1970). 

Data Card Listings. 
For notation, see key at front ofLlstings. 

Note on N' s and A's: Isobar Model Fits 

In the figure below we show the inelastic Argand 

plots of Herndon 72. 1 These plots are the result of 

a partial-wave analysis, using the isobar model; of 

'!TN- 'TT'TTN data in the c. rn. energy range 1300-2000 

MeV. The ·partial waves are labeled 

LL'2I2J (R l, 

where Lis the incoming ('TTN) angular momentum, and 

L' is the outgoing angular momentum between the iso

bar R [ p, ~ (= 'TT'TT I=O, .S wave), 6] and the remaining 

hadron {tr or N); as usual I and J are the isospin and 

total spin (J= L + S = L1+S') respectively. Aiso indi

cated on.these Argand plots are the locations (in MeV) 

of known or suspected resonances from TTN-TTN 

partial-wave analyses. 

Clear circular behavior is observed in many of 

these plots. Perhaps the most interesting among 

these are the DP 
13

(€) and DS
1
' 3(6) partial waves. 

While all the D 13 waves show evidence for the well

known N(1520), these two indicate some effect in the 

1700-1800 MeV region-perhaps the long sought after 

D13(1700). 

In order to estimate the inelastic coupling of the 

resonances indicated in these plots, we measured 

(with a ruler!) the diameters of "interpolated" circles. 

Recall that 

...rx;c; 
A=--. • 

€- 1 

r. 1 
x'=~· . r , 

tot 

thus .• at resonance (€ =0) the circle diameter is ...rx;<i. 

The amplitudes at resonance thus estimated are given 

in.the following table. The spread in values represents 

our guess as to the range in resonance circles consis

tent with the data. 

Reference 

1. D,. J. Herndon et al., LBL-1065 Rev. (1972), 
...... 

submitted to Phys. Rev. 



i• 

. Data Card Listings 

U ; ... 1 u"' J' · / 6 ~j' . 

For notation, see ·key at front of Listings. 

PARTICLE DATA GROUP Review of Particle Properties Sll3 

Baryons 
N's and A's 

Fig. "Isobar" model Argand plots from Herndon 72. ·The bases of the arrowheads are 20 MeV 
apart. The solution covers the energy interval 1300-2000 MeV. See the mini-review text for 
partial-wave notation. 
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Amplitude at resonance, .JXXi, as estimated from Argand plots of Herndon 72! A dash 
indicates couplin cannot exist or is essential! zero. 

N' s 
X 

11N-pN 11N-·•N 1TN-+1TLI Ll's· X 1TN-+pN 'TTN---t;1TCJ. 
(PDG) (PDG) 

·s11 (1535) . 35 • 07-.09 small s31 (1650) • 28 • 15-. 21 .27-.30 

511(1700) . 60 . 20-. 30 . 39-. 44 p31(191.0) . 25 • 08-. 20 . 10-. 20 

P 11 ('1470) .60 . 18-. 22 . 35-. 42 P
33

(1680)a-. 10 • 29-.45 

p 11 {1.780) • 20 . 48-. 55 • 43-. 50 n
33

(1670) . 15 small • 18-. 21 

p 13(1860) • 25 . 43-. 51 F 
35

(1890) • 17- . 31-. 35 small 

n 13(1520) • 50 • 31-. 35 . 05-. 10 
. 28-. 34b 

F 
37

(1950) . 45 • 19-.23 . 25-. 29 
.H-.. f5C 

n 13(1700) -.10 ·small . 29-. 35 
• 09-.13b 
smauc 

n 15(1670) • 40 . 45-.49 

F 15(1688) . 60 • 29-. 31 . 27-.28 .27-.28 

a Not in main Baryon Table. 

Note on N' s and .11 1 s: Photon Couplings 

In this edition we start to quote results on the 

couplings of'baryon resonances to the yN system, 

They can be studied in reactions like 

yN .... N* -+-1TN, KA, K1:, 11.11, ••• 

A partial-wave analysis of these formation processes 

is the standard technique to determine the co.upling 

strengths, g(N*Ny). Up to now almost all results 

are derived from analyses of pion-photoproduction, 

In the following we therefore outline the formulation 

of pion-photoproduction and define the conventions 

in which results will be quoted. 

The process yN-+ N*-+ 1TN for a specific inter

mediate resonance can be symbolically described as 

* ~ <11NIH 11 IN ><N~IH" lyN>. (1) 

The .first term is measured in strong interactions, 

·e. g. by partial-wave analysis of 1rN elastic scatter

ing. A common feature of almost all analyses of 

pion-:photoproduction is a strong reliance on the know- . 

ledge of resonance parameters from 1TN,phase-shift 

analyses. Very few attempts are made to determine 
, I 

new 1TN resonance parameters, partly because of 

lack of precise enough data, partly be·cause photo

production is complicated by the fact that the photon 

has spin states ±1 and can react as an isoscalar or 

isovector, Consequently in general, several couplings 

for N* .... yN (2 for Ll, 4 for N) have. to be determine~. 

Isospin Decomposition 

We ignore possible isotensor components and 

treat the 'electromagnetic current as having isoscalar 

and isovector components ~nly, while the. final 'liN

state has isospin 1/2 and 3/2 components. There

fore three independent isospin amplitudes describe 

the 4 reactions 

·yp ... 'll+n, '!lop 

yn-+ 1T p, 11°n,· 

They can be c'hosen as the isoscalar transitionto 

final state I=i/2, isovector transition to final state 

• !=1/2 and isovector transition to final state 1=3/2. 



Data Card Listings 
For notation, see key at front of Listings. 

We define amplitudes A 4 , AP, ~nd An such that they 

are naturally related to the excitation o£ the physical 

states 4, N*+ and N*o. Ignoring spin labels, a trans

ition amplitude A(yN -+ TTN) is described by 

A( -+ TTN) = c 3/ 2 A4 + Ci/2 Ap 
yp TTN TTN ' 

(2) 

A(yn- TTN) = c!~2 A
4 

+ c!~2 An, 

where GIN is the C-G coefficient for the coupling of· TT , 
isospin I to the specific TTN state under consideration. 

An alternative set of amplitudes A V3, A Vi, and 

As. is used by Walkeri with the relations 

A V3 =AI!., 

A Vi = i (An - AP), 

AS= i (An+ AP), 

(3) 

where A V
3 

refers to isovector transition to final 

state I=3/2, and A Vi and AS refer to isovector and 

isoscalar tran~itions to final state I=i/2 respective-

ly. 

Partial Waves 

The S-matrix element for pio.n-photoproduction 

(yNi- TTN2) is written in the form 

where Pf and Pi are the total 4-momenta in the final 

and initial state, k, w, Ei'. and E 2 denote the c. m. 

energies of photon, pion, initial and final nucleon, 

and W is the total c. m; energy. 

For a partial-wave analysis it is convenient to 

deco~pose A ~nto helicity amplitudes 
2

• Choosing 

the x-z plane as the scattering plane, the z-axis 

along the photon direction, and f) as the c. m. 

scattering angle between photon and pion, we define 

helicity amplitudes AfJ.>..(W, fJ) (ignoring isospin labels). 

Here fJ. artd >.. denote the total final and initial helici

ties, fJ. = >.. - >.. 2, >.. = >.. - >..i. Since >.. = ±i and TT y y 
>..i, 2 = ±i/2, we have a set of 8 helicity amplitudes. 

Becaus·e of parity conservatio~ 2 
only 4 .are indepen

dent, which we choose by fixing >.. = +i. We thus 
y 

consider A±i/2, i/2 and A±i/ 2, 312• They are 

normalized such that the differential cross section 

is given by 

dcr _ i q " I A !2 an- - -z I< ,.LJ fJ.>.. 
"' fJ. 
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Each of these is expanded in the usual·way2 

A >.. (W,fJ) = L(2j+1) Aj >.. (W) di (fJ) (5) 
fJ. j fJ. fJ. 

into partial wave amplitudes Aj, (W) of total angular 
fJ.o. . 

momentum j (but mixed parity) and the Wigner rota-

tion functions. 

We define amplitudes of definite parity by 

(6) 

where >.. = i/2, 3/2. The superscripts i.± refer in 

the usual notation to state's with pion orbital angular 

momentum .e and total angular momentum j = £ ± i/2. 

Unitarity of the S-matrix imposes a phase con

dition on the C amplitudes known as Watson' s 

theorem. It states that in the elastic region the 

phase of each C.:.± is equal to the scattering phase 

of the corresponding TTN-partial wave. · 

Since we are interested in intermediate 

resonances, we approximate the energy dependence · 

of C~±(W) by a Breit-Wigner form 
>.. * ,., i/2 

C£±(W) s{r (N -yN) r(N'-TTN)} 
>.. . k-q 

w 
W z 2 ·wr . -mR -1 

(7) 

where s is the sign of the amplitude, mR the reso

nance energy and k, q the c. m. momenta in the ini

tial, final states. At resonance (W = mR) 

r>.. r i/2 

c~'lmR) = s{ ~} 
k·q·r 

(8) 

A dominant feature in pion-photoproduction is 

the Born approximation which ·contains the nucleon 

pole in the s- and u-channel and the pion pole in the 

t-channel. It reproduces, e. g., the experimentally 

observed forward peak in charged pion

photoproduction. In partial-wave analyses the sign 

factor s is well determined relative to the Born 

terms. 
. .P 

, Introducing helicity amplitudes At. for the decay 

N
1

~(jp) -(yN)>.. (where jp lab.els spin and parity of the 

N*), we can calculate the radiative width r >.. 3 at 
y 

resonance energy W = mR 

k
2 

i 
r >..=- mN 

y TT mR 2JIT (9) 
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where mN is the nucleon mass. Introducing this ex

pression into eq. (8) we find 

C£±(m ) = . - .mN TT Ai (m.R). 
. I 1 k r ~1/2 .P 

>-. R T2J+lTTf q mR j:2 

(10) 

y;e quote results of partial~wave analyses in terms 
.P I 

of the amplitudes Ai in units of GeV-i 2• 

The total radiative width r and the contribu-
.P y . 

tion cr~ of the partial waves C~± to the total cross 

section are given by 

r = y 

3/2 

L: 
>-.=-3/2 

>-. k
2 

mN 2 { .P 2 .P 2 } r: = TT mR 2}+1 IA~/21 + IA~/21 

(11) 

Data Card Listings. 
For notation, see key at front of Listings. 

.P I 2 mN r { .P 2 .P 2} 
CTJ = (C ) z_..=..:. TT IAJ I +IAJ I 

T TTN mR rr 1/2 3/2 
(12) 

Information in this Edition 

The Baryon Table contains the branching £rae

tions r ;r for 13 .resonances. 

Many·partial-wave analyses have been performed 

over the last years using different methods and dif

ferent data sets. R; Crawford4 has averaged the 

results and tried to estimate the certainty of the 

parameters. His table is included in this mini

review. 

The Data Card Listings contain the results of 

the analyses by Moorhouse and Oberlack5 and Met

calf and Walker
6 

which use the most recent data set 

' 4 
Photon couplings of baryon resonances as compiled by R. Crawford. 

State w r X },_ Ap An A Vi AS References 
},_ _.! },_ _.! },_ 1 },_ 1 

(GeV) (GeV) (GeV) z (GeV) z (GeVf2 (GeV)-2 

P1_1 1. 470 o. zoo 0. 55 1/2 -.04c -o +. 02 -.'02 1, 5, 9, 10, 11, 12, 13 

DiJ 1. 520 o. 120 o. 50 1/2 -. 03b -.08b -. 03 -. 06 1, 5, 9, 10,11, 12, 13 
3/2 +. 17a -.13a -. 15 +. 02 

I 

S1_1 1. 530 o. 080 0.35 1/2 +.07b -.07b ~- 07 0 1, 5, 9,10,11, 12, 13 

D1_s 1. 670 o. 145 o. 45 1/2 +. 01d +. 01d 0 +. 01 1, 5, 10, 12 
3/2 +. 02C -, 03C -. 03 -. 01 

F1_s 1. 690 o. 125 o. 60 1/2 ·-. 01c +. 02c +. 02 +. 01 1,5,10,12 
3/2 +. 12b -o '-. 06 +. 06 

S" 11 
1. 700 o. 200 o. 65 1/2 +. 07c -. 07c -. 07 0 5 

P" 11 1. 750 o. 300 o. 25 1/2 +.03d +. 03c 0 +. 03 5 

Af).=A V3 
},_ },_ 

1 
(GeV)-2 

1 

Pj3 1. 236 o. 120 1. 00 1/2 -.14a 
1,5,7,8,10 

3/2 -. 24a 

s31 1.650 0.160 0.'25 1/2 +.09c 5 

D33 1,650 0.220 o. 15 1/2 +.07c 
5 

3/2 +.o2d 

a The uncertainty of the coupling is less than 20%. 
b The uncertainty of the coupling is less than SO%. 
c The sign of the coupling is probably established, but its size may be uncertain by up to 100"/o. 
d The sign of the coupling is not clearly established. 
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I 
u 

For notation,rsee key at front ofListings. 

•and cover a large energy region (up to the 4th reso

nance region). 

Moorhouse and Oberlack quote their results in 
~p 

terms of the AJ introduced above. Metcalf and 

Walker follow ~e conventions of Walker, 
1 

Their .p . 
amplitudes At±' B

1
± are related to the A{ by: 

(13) 

(14) 

A more comprehensive collection of results and 

of the relation.ship~ between conventions used in 

different analyses will be included· in the next edition. 

(H. Oberlack, LBL) 
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_Baryons 
N's and ~'s, p, n, N(1470) 

12. W, A. Rankin,. DNPL/R15, 1. 

13, A. Proia· and F. Sebastiani, Let, al Nuovo 

Cimento ~· 483 (1970). 

CODE EVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN COMMENTS DATE 
ABOVE PUNCHED 

BACKGROUND 

•••••• ••••••••• ••••••••• ********* ••••••••• ********* ••••••••• •••coo••• ...........•.....•.•..•. .o••······ ••••*•••• ··ll!t······ ···$··· 00 •••••••• 

STATUS OF N* RESONANCES 
THOSE WITH AN OVERALL STATUS OF *** OR **** ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONF JRMAT JQN. 

STATUS AS SEEN IN --

OVERALL TOTAL"- OTHER 
PARTICLE LIJ STATUS CR.S. PI N ETA N I<. LAM K S"IG PI DE GAM N CHANN. 

Nl940) Pll .... 
N•f 1410) P11 .... .... I::: N*( 1520) 013 .... . 
N*I1535J 511 .... ... 
N*(l6lOJ 015 ... . 
N*I1688J F15 .... . 
N*( llDOJ Sll .... .... •. 
N*{ 1lDOJ 013 .. 
N*( 1180) P11 ... 
N•l 1860l P13 ... ... 
N*C 1990) F17 .. 
N*l20401 013 .. 
N•C21001 Sll . . 
N*l21001 015 . 
N*l2ll51 F15 . . 
N*l21901 017 ... . .. . 
N*l22201 H19 ... 
N*f 26501 
N*l 30301 ... . .. 
N*l32451 . . 
N*t36901 
N*l37551 

DEl 12361 P33 F .... 
DEC 1650) 531 .. .0 .. 
DEC 16701 033 ... . .. R 
DEl 16901 P33 . • DEI18901 F35 I 
DEl 19101 P31 0 
DEl 1950) F37 .... ... 0 
DEU9601 035 . E 
OEI2160J P33 . N 
0Eil4l01 H311 *** F 
DEI2850J 0 
DEI32301 R 

GOOD, CLEAR, AND UNMISTAKABLE. 
GOOD, BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 

** NEEDS CONFIRMATION. 
* HF.AK. · 

EPS N 
RHO N 

• RHO N 

RHO N 
EPS N 
EPS N 
EPS N 
RHO N 

RHO N 

RHO N 
RHO N 
RHO N 

'#- ATTRISUTEO TO THE STATE CLOSEST TO WHLA.E THE CROSS SECTION PEAKS.-

..................................................................... 
*••·- •••••••••••••••••• *•······· •••••••••• **'*'***** *•••••••• •••••••• 

16 PROTON 1938, J•1/2J 1•1/2 

.SEE STABLE PARTICLE DATA CARD LISTINGS 

• ............................................................ •••••*** 
•••••• •••••*••• ...................................................... . 

17 ~NEUTRON (939, Jc1/21 1=1/2 

SEE STABLE PARTICLE DATA CARD LISTINGS 

••o••• ••••••••• •••••o••• ••••••••• ••••••••• ••••••••• ••••••*** •••••••• . ....................... -······· ................... ·······- ....... . 
I N(1470) I 61 N*l/211470, JP•l/2+1 l•l/2 I PiJ I 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS, SEE NOTE 
ABOVE 

THE MASS AND HIDTH ARE BEST DETERMINED FROM PHASE-SHIFT ANALYSES. WE 
LIST PRODUCTION EXPERIMENTS SE.PARATELY--SEE BELCH. 

A PREliMINARY ENERGY DEPENDENT ANALYSIS BY AYEO 72 CLAIMS THERE A~E 
THO·Pll STATES IN THE 1500 HEV REGION. THE HOST SERIOUS DISAGREEMENT, 
BETWEEN ALHEHED 72 AND AYED 72 IN FACT OCCURS IN THIS HAVE. 
SEE THE ~~· HJNI REVIEW. 
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Baryons 
N(1470) 

61 N*l/2114701 MASS IHEVI 

0370.01 
I 1380.0} 
( 1470.01' 

BRANDSEN 65 RVUE PHASE-SHIFT ANAL 9/66 
ROPER 65 RVUE PHASE-SHIFT ANAL ~/66 
BAREYRE 68 RVUE PHASE-SHIFT ANAl 11/67 

SECTION IS GREATEST - EYEBALL FIT WHERE CROSS 
I 1466.01 
11461.01 

DONNACHl 68 RVUE • PHASE-SHIFT ANAL 6/68 
AYEO 70 I PWA 1171 

FIT OF ARCAND DIAGRAM FROM ENER. OEPo 
11462. OJ 
11470. I 

DAVIES 70 RVUE P-S ANAL SOL A 8/69 
ALMEHED 12 I PWA 2/72 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
PB 

61 N*l/2114701 WIDTH IMEVJ 

BAREYRE 68 RVUE 
OONNACHl 68 RVUE 
AYED 70 IPWA 
DAVIES 70 RVUE 
ALHEHEO 72 I PWA 

SEE 

1255.01 
1211.01 
1164. OJ 
1391. I 
1220.) 
THE NOTES ACCOMPANYING THE MASSES QUOTED. 

61 N*l/21 14701 PARTIAL DECAY HODES 

N*l/2114701 INTO PI N 
N*l/2114701 INTO N EPSILON 
N*1/2(14701 INTO N*)/2112361 PI 
N*l/2114701 INTO N PI PI 
N*1/2114701 INTO GAMMA N 
N*1/2114701 INTO N RHO 
N*1/2114701 INTO GAM p, HELICJTY.,1/2 
N*1/2114701 INTO GAM N, HELICITY.,1/2 

P-S ANAL SOL A 

DECAY MASSES 
139+ 938 
938+ 600 

1236+ 139 
938+ 139+ 139 

O+ 938 
938+ 770 

O+ 938 
0+ 939 

--------- --------- --------- --------- --------- --------- --------
' 

61 N*1/21 14701 BRANCHING RATIOS 

R1 N*l/204701 INTO IPt NJ/TOTAL IPll 
Rl 10.681 BAREYRE 68 RVUE 
R1 I Q. 6581 DDNNACH1 68 RVUE 
Rl 10.5641 AYED 70 JPWA 
JU 10.491 DAVIES 70 RVUE P-S ANAL SOL A 
R1 ID.671 (D.18J SAXON 7D HBC AT 14D0 HEV 
Rl 8 ID.58J (0.091 SAXON 70 HBC 
Rl A AND 8 CORRESPOND TO THE 2 BEST SOLUTIONS. ANALYSIS IS DONE ON THREE 
Rl 8 BODY DECAYS, ASSUMING ONLY P1, P2 AND P3 DECAYS PRESENT. 
R1 7 (0.651 ALMEHED 72 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

R2 N:0:1/2(1470} INTO IN EPSILONJ/TOTAL IP21 

11/67 
6/68 
1171 
8/69 
2172 

11/67 
6/68. 
1/71 
8/69 
6/70 
6/70 

2172 

R2 DOMINANT INELASTIC DECAY THURNAUER 65 RVUE • ll/67 
R2 DOMINANT INELASTIC DECAY NAMYSLOWS 66 RVUE - ll/67 
R2 DOMINANT INELASTIC DECAY ROSENFELD 67 RVUE - ll/67 
R2 DOMINANT INELASTIC DECAY HORGAN 68 RVUE ISOBAR HODEL 6/68 

\ R2 10.161 DIEM 70 IPWA 3 BODY ANALYSIS 1171 
R2 ASSUMING R1cr 0.61 
R2 10.301 10.201 SAXON 70 HBC 6170 
R2 B 10.201 10.121 SAXON . 10 HBC 6/70 
R2 A AND 8 CORRESPOND TO THE 2 B~ST SOLUTIONS, SEE NOTE IN R1. 

R3 N*1/211470J INTO IN*3/202361 PII/TOTAL IP31 
·R3 10.171 DIEM 70 IPWA 3 BODY ANALYSIS 1171 
R3 ASSUMING R1a 0.61 
R3 ID.D31 10.201 SAXON 70 H8C 6170 
R3 B ID.22l IO.t21 SAXON 70 HBC 6170 
R3 A AND 8 CORRESPOND TO THE 2 BEST SOLUTIONS, SEE NOTE IN R1. 
R3 R 10.201 MAKAROV 71 IPWA 0 PI- P TO PI PI N '3172 
R3 R ASSUMES R1,.Q.6. MAXIMUM CH ENERGY ANALYlED WAS 1435 HEY. 

R4 
R4 F 
R4 F 

RS 
RS 0 
RS 0 

•• •• •• 

N*1/2U470l INTO (GAMMA N)/(PI Nl (P51/IPU 
STRONG INOICATICN ROSSI 73 D8C 0 GAM N TO PI-P 

DISAGREES WITH OTHER DATA 

N*1/2(14701 INTO (N RHO I/ TOTAL CP61 
10.071 O.IEM 10 IPWA 3 BODY ANALYSIS 

ASSUMING ... R1= 0.61 

N*1/2114701 INTO IGAMHA Nl/TOTAL (PSI 
1.00061 MICKENS 71 THEORETICAL EST • 

TOTAL WIDTH TAKEN AS 250 MEV • 

61 N*l/2( 14701 PHOTON DECAY AMPL.I GEV:t~*-1121 

FOR 0£F I NIT I ON OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE HI NI
REVIEW PRECEDING THE BARYON LISTINGS. 

N*1/2114701 INTO GAM P, HELICITY=l/2 IGEV**-112) 

2173* 
2173* 

1/71 

10/71 

" A1 -.055 .028 OBERLACK 72 DPWA PI N PHOTQ-f'ROD 2173• 
Al (-.0731 WALKER 73 DPWA PI N PHOTD-PROD 2173* 

A2 
A2 
A2 

N*1/211470l INTO GAM N, HELICITY=1/2 IGEV**-1/21 
+.002 .025 OBERLACK 72 DPWA PI N PHOTD-PROD 2173* 

1+.0581 WALKER 73 DPWA PI N PHOT~PROD 2173• 

...... .......... ......... .......... ......... , ··•······ ........ . 
BRANDSEN 65 PR 139 81566 
ROPER 65 PR 138 B190 
THURNAUF. 65 PRL 14 985 

NAMYSLOW 66 PR 157 1328 

ROSENFEL 67 IRVINE CONF 

BAREYRE 68 PR 165 1731 
DONNACHl 68 PL 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

MORGAN 68 PR 166 1731 

REFERENCES FOR U*1/2114TOI 

+ODONNELl r MOORHOUSE 
LD ROPERrRH WRIGHTtBT FELO 
P G THURNAUER 

IDURHAH, RHEL)IJP 
I LRL-LVMR,MIT) IJP 

IROCHl 

NAMYSLOWSKI t RAZM It ROBERTS (STAN, EDI N,L01 C I 

A H ROSENFELD, P SOOJNG ILRLJ 

P BAREYRE, C BRICMAN, G VILLET ISACLAYliJP 
A OONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 
OONNACHIE RAPPORTEUR.$ TALK IGLASI 
R G KIRSOPP IEDINI 
0 MORGAN I RHEL J 

Data Card Listings 
For notation; see key at front of Listings . 

AYED 
DAVIES 
DIEM 
SAXON 

MAKAROV 
MICKENS 

70 KIEV CONF 
70 NP 821 359 
70 KIEV CONF. 
70 PR 02 1790 

71 SJNP 13 510 
71 LNC 1 707 

. •, 

R AYEO,P BAREYRE, G VILLET ISACLIJJP 
A DAVIES CGLASI 
+ SHADJA, CHAYANON, DELER, DOL BEAU+ I SACLI 
SAXON, HULVEY, CHINOWSI<.Y COXF,LRLI 

, GAS tLOVA, NELYUBIN, ++ 
R E MICKENS 

I JOFFE INSTil JP 
(FISK) 

ALMEHED 72 NP 840 157 
OBERLACK 72 PL 43B 44 
ROSS I 73 NC 13A 59 

+LOVELACE (LUNO,RUTGJ IJP 
H.OBERLACK ,R.G.MDORHOUSE I LBL I 
+PIAZZA, SUS 1 NNO, + I ROMA, FRAS, NAPL, PAY lA II JP 

ALSO 71 LNC 2 1183 CARBONARA, FIORE r + INA PL r FRAS, PAVIA, ROMA II JP 
WALKER 73 TO BE PUB. R.L.WALKER,W.J.i4ETCALF ICITJ 

BAR EYRE 
BAR EYRE 
DALITZ 
JOHNSON 
OONNACHI 
AYEO 
BERARDO 
AYEO 

PAPERS NOT REFERRED TO IN DATA CARDS. 

64 PL B 137 +BRICHAN,VALlAOASrVILLET, + 
65 PL 18 342 +BRJCMAN,··STJRLJNG, VILLET 
65 PL 14 159 R H DALITZ, 'R G MOORHOUSE 
67 UCRL-17683 THESIS C H JOHNSON 
69 NP lOB 433 A DONNACHIE, R KIRSOPP 
70 PL 31B 598 +BAREYRE,VIlLET 
70 PRL 24 419 +HADDOCK,NEFKENS, •• ,PARSONS+•• 
72 BATAVIA CONF R AYED,P 8AREYRE, Y LEMOIGNE 

tSACLAY,CAENI IJ 
ISACLAYJIJP 

( OXF, RHEL l 
ILRLI 

IGLAS+EOINI 
ISACLAYI 

I UCLA+LRL l 
I SACLI 

THE FOLLOWING ARE THEORETICAL PAPERS CONCERNING THE N*1/21 1470) --
RESNICK 66 PR 150 1292 L RESNICK !NIELS BOHRI 
SCHWARZ 66 PR 152 1325 J H SCHWARZ ILRLI 
BALL 67 PR !55 1725 JS BALL, GL SHAW, DY WONG CUCLArUCI,UCSOl 
G!lLDBERG 67 PR 154 1558 H GOLDOERG CCORNELLJ 

••••••••••••••• ••••••*•• :o:•.:o:•••••• ·····•:o:•• •••••••:o:• ••••••••• •:o:••···· 
••:o:••• ********* ••••cc••• :o:•••:o:•••• ••••••••• •••••li!l•:o:• •:o:••••••• **o:o::o:••• 

M 
M 
M 
M 
M 
M 

M. 
M 
M 
M 
M 
M 
M 
M 

M 

" M 
M 
M 

91 N*1/211470, JPm ) 1=1/2 PRODUCTION EXPERIMENTS 

IT l S NOT CLEAR THAT THE BUMP SEEN IN PRODUCTION F.XPER
IMENTS AT LOW INVARIANT MASS CORRESPO"'DS TO THE Pll 
RESONANT STATE. DIFFRACTION SCATTERING SEEMS TO BE THE 
DOMINANT FEATURE IN THIS I~ASS REGION- SEE GELLERT 66, 
WALKER 68 AND CLEGG 68 FOR DISCUSSION OF THIS POINT. 

WE LIST VALUES OF MASSES AND WIDTHS FROM THESE EXPERIMENTS FOR 
THE READER'S CONVENIENCE- THE LIST HAY. NOT BE COMPLETE. 
THE CNTR AND SPRK EXPERIMENTS SEE A BUMP IN THE MISSING MASS 
PLOT. THE HBC EXPERIMENTS SEE ENHANCEMENTS MAINLY IN THE 
P PI PI MASS PLOT. PRODUCTION OF THIS SlATE IN GAHMA-P OR 
GAMMA-D IS VERY SMALL, SEE ALBER! 68 •. 

91 N*l/2(14701 MASS IHEVI CPROD.EXP.I 

I 1400. I APPRO X ·coccoNt 64 CNTR + PP 3.6-12 GEV/C 
( 1425.1 APPROX AOF.lMAN 65 HBC . K-P 1.45 GEV/C 
( 1430.) APPRO X ANKENSRAN t:5 CNTR + PP 7.1 GEV/C 
I 1400. I APPROX BELL ETTI N 65 SPRK + PP,O 10-26 GEV/C 
I 1405.1 115.) ANDERSON 66 SPRK + pp, 6-30 GEV/C 
I 1410.1 !15.) BLAIR 66 CNTR + PP 2. 8-7.9 GEV/C 
I 1400.1 130.) FOLEY 67 CNTR PI+- P AND PP 
11450. I t 11.1 ALMEIDA 68 HBC . PP-P2PI , lOGt:V/C 
11420.1 APPROX BELL 6B HBC PI+- P, 6 GEV/C 
I 1400.1 APPROX LAMS A 68 HBC PI-P I 8 GEV/C 

175( 1446.1 Ill.) SHAPIRA 68 DBC INTO PPI,PN 7.D 
I 1390. I 120.) TAN 68 HBC PP TO PIP, 6.1 

12011443. I 115.) RHODE 69 HBC PP 22 GEV /C 
( 1410-1 113.) ANDERSOU 70 HHS - PI- P TO PI- HHS 
11430. I ( 20.) BALLAM 71 H8C +- PI+-P AT 16GEV 
I 1460. J BEKETOY 71 HBC . PI- P 4o45GEV/C 
{ 1461.) ( 10.) 80ESEBEC '11 RVUE PPrPI-PrK-P PROD 

12011462.01 16.01 120/80 MA 71 HBC . P P TO P N PI 
1460. TO 1510. HORSE 71 HBC +0 PI-Pr 7 GEV/C 

I 1510.01. 120.Q) MORSE 71 HBC . PI-P, 25 GEV/C 
( 1425.1 125. J RUSHBROOKE71 HBC . PP TO P2Pl 16GEV 
( 1411.01 110.01 EDELSTEIN 72 MHS . PP 6 TO 30 GEV 

641 1410.0) ( :33.01 GAGE 72 0 PO 5 .9GEV/C 
11464.01 17 .QI 451'•5 KARSHON 12 oec . PO.·-P02Pl 7 GEV 
U44D. I 115.) RONAl 72 HBC Pl+P TO 3PJ p 

TAN 68 1 SHAPIRA 68, AND GAGE 72 ARE ONLY PRODUCTION EXPERIMENTS TO 
SEE PPI DECAY. HOWEVER THE EFfECT OF StiAPIRA 68, WITH MUCH IMPROVE 
OATA 1 HAS ALMST DISAPPEARED CYEKUTIEL1 721. 

---- --------- --------- --------- -------- -------- --------- --------
91 N•l/21 14701 WIDTH IMEVI (PROD, EXPoJ 

1100.1 BELL 68 ·HBC PI+- P AND PP 
w 175 ( 19B.) 140.) SHAPIRA 68 DBC 
w I 150. J 160. I 7AN 68 HBC . 
w 120 1100. I 115.) RHODE 69 H8C PP 22 GEV /C 
w 1210. I 115.) ANDERSON 70 MMS - PI- P TO PI- MHS 
w (150.1 140.) BALL AM 71 HBC PI+-P AT 16GEV 
w 110D. I BEKETOV 71 HBC . P PI+ PI- MASS 
w (60. I 120.) 80ESEBEC 71 RVUE PP,PI-P,K-P PROD 

7/66 
7/60 
7/66 
7/66 
7/66 

11/67 
10/69 

!>/t-8 
6/68 

10/69 
10/69 
10/69 

2171 
2172 
3172 
3172 

10/71 
3172 
3/72 
2172 
1173• 

12172• 
12172• 
2173• 

6/68 
10/69 
10/69 
10/69 
2/71 
2172 
3/72 
3172 

w 120 154.0) I 12.QJ 120/80 HA 71 HBC . P P TO P N PI .10/71 
NARROW WIDTH SUGGESTS THIS IS NOT THE USUAL N* I 14701. 

ao. TO 120. HORSE 71 HBC . P 1-P, 7 GEV/C 
I 100.01 130.01 MORSE 71 HBC . Pt-P, 25 GEV/C 
1125.1 125.1 RUSHBROOKE71 HBC . PP TO P2PJ 16GEV 
1188.01 138.01 EDELSTEIN 72 MMS . PP 6 TO 30 GEV 
1212.01 162.01 GAGE 72 DBC 0 PO 5.9GEV/C. 
1124.0) 120.Q) KARSHON 12 Dec . PD--P02Pl 1 GEV 
1100. t (30.) RONAT 72 HBC PI+P TO 3PI p 

------ ------- --------- --------- -------- ------- ------- --------

P1 
P2 
P3 
P4 
PS 
P6 

91 N*l/2(14701 PARTIAL 

N*1/2U470l INTO PI N 
N*1/2Cl4701 INTO N PIPIIJ.J.,OI 
N*1/2Cl4701 INTO N*3/2tl2361 PI 
N*1/2114701 INTO N Pl PI 
N*1/2114701. INTO GAMMA N 
N*l/2114701 INTO N RHO 

DECAY MODES (PROD. EXP.I 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

1236+ 139 
938+ 139+ 139 

0+ 938 
938+ 770 

10171 
3172 
3/72 
2/72 
1'173• 

12172* 
12/72* 
Z/73* 
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,,Data Card Listings 
For notation, see key at front of Listings. 

91 N*l/2Uit70J 'BRANCHING RATJOS 'IPROO. EXP.J 

Rl N*l/2U470t INTO CPJ NJITOTAL ~Pll ., (.661 TAN 68 HBC P'P TO PIP, 6.1 ,., N•112tllt701 INTO CN*3/2C1Zl6J PIJITDTAL IP3J 
R2 PR08A8L Y SEEN JESP'ERSEN 68 HBC PP 22 BEV/C 
'R2 PROBABlY SEEN UMSA 68 HBC PI-P 8 BEV/C 

,., N*l/21lit70J ttnO CN PIPUJ, 1•0) 1/TOTAL CP2J 
R3 MAIN ,QECAY MODE MOR'SE 71 HBC . PI-P 7,25 GEV/C 

......................... •••***""** ***•••••• ••••••••• :e.••······ ..••.•.• 
COCCON I 64 Pl. 8 134 
AOELHAN 65 PRL H 10•\3 
ANKENBRA 65 NC 35 1052 
BELLETT I 65 Pl 18 167 
ANDERSON 66 PRL 16 .855 
BLAIR 66 PRL H 789 

fOLEY 67 PRL 19 39:7 
ALMEIDA 68 PR 1 lit 163:& 
BELL 68 PRL 20 164 
JESPERSE 68 ·PRL 21 136'8 
LAHSA 68 PR 166 1395 
SHAPIRA . 68 PRL 21 1835 
UN 68 Pl 288 195 
RHODE 6'9 PR 1·81 1844 
ANDERSON 70 PRL 25 699 

·BAllAM 71 PR 04 1946 
BEKETOV "71 SJ~P 13 ·605 
BoeseBEC 11 NP 833 445 
'MA 71 PRL 26 333 
HORSE 71 PR ·0':- 133 

REFERENCES .FQR H•l/2U470) I PROD a EXP .. J 

+llLLETHUN,SCANLON,STAHL8RANDT, + ICERNJ 
S L ADELMAN (C.AM8RIDGECCERNJJ 
ANKENBRANDT ~tL YDE~ CORK ,KEEFE ~KERTH+ (LRL J 
BELLETTINI',.COCCONJ~OJDDENS + ·ICERNI 
'+6LE5ER,·COl.llNS,FUJI 1,+ ISNL,CARNJ 
+TAYLOR, CHAPMAN,+ .(HARWEL'L 1 QUHNMARY~'RHELI 

+JONES,LINDENBAUM,LOVE,OZAK1+ (BNLI 
+RUSH BROOKE, SCHARf"NGUIVEl+ I CAVE, OESY) 
+CRENNELlt tflUGHr·KARSHON,LAJ+ l8NL 1 CUNY I 
JESPERSEN,KANG,KERNAN+ (IOWA STATEJ 
+CASON,BISWAS,DERAOO,GROVES 1 + ~NOTRE OAHEJ 
+SENARY, EISENBERG, RON AT, YAFFE+ C REHOJ 
TAN,PERL,MARTJN,VHINOHSKU + ULAC+LRL+UCJ) 
RHODE, LEACOCK, KERNAN, JESPERSEN,+ C ISUJ 
+BlESER, BLI!:O!:N, COLLINS++ ~ BNL 1 CARtH 

+CHADWICK,GUIRA"GOSSUN,JOHNSON 1 ++ ~ SLACI I 
,ZOMBKOYSK 11 ,KOti0VALOV,KRUCHININ 1 ++ i ITEPJIJ 
BOESE8EC.K,GRAESSLER,KRAUS,+++ tABBCHLVI I 
+COl TON CKSU+LBU I 
+OH,WALKER,CARROLL,LYNCH + CWISC+TNTO, IJ 

10/69 

11/68 
11/68 

3172 

RUSHBROO '71 PR Dot,. 3273 RUSHBROOKE,~IlliAMS+BAREFORD++ ICAVE,LOICI IJ 

EOElSTet T2 PR D'S 10'73 
GAGE '72 N~ Bt,.6 21 
KARSHON 72 NP 83'7 311 
RONAT 72 NP •Bl8 20 
VEKUTJEL 72 NP 8-ttO 11 

GELLERT 06 PRL 11 88lt 
AL8ERI 68 PR 176 1631 
CLEGG 68 PRE PRINT 
WALKER 68 PRL 20 133 

EDELSTEIN, CARRIGAN ~HI EN, MCMAHON, +(·CARN+BNL) 
H GAGE,E COLTON,W ·CHINOWSKl IL6LI 
+Y£KUTIElloYAFFE-.SHAPIRA,RONAT 1 + lREHOJ 1 

40. •E lSENBER.G, LYONS, SHAPIRA, TOAFF+ ,(,REHO I 
YEKUTJEU,YAffE,SHAPlRA,RONAT + IREHOI 

PAPERS NOT REFERRED TO IN DATA CARDS 

+SMITH,~JClCKI,COLTON,SCHlEIN + CLRL 1 1.CLAI 
+APPEL, BUONI T l ,CHEN, OUNNING,GOITE IN+ I HARVI 
A 8 CLEGG ILANCJ 
+THOMPSCIN, ROSERTSQN,QH,U:E ,HARTUNG,• (WJSCJ 

•**••• ••••••••• •o:••••••• •••*'*•••• ••••••~o ••••••••• ••••••••• •••••••• •••••• •••• ••••• ••••,.•••• •••:o:••••• ••••••••• ••••••••• o•ott•••••• •••••••• 

I N(1520) I ., ... l/2Cl520, ~P•312-II•ll21 DiJI 
FOR 01 SCUSS ION CONCERNING RESONANl PARAMETERS, SEE NOTE 
PRECEDING N•112U470Ja 

62 N•li2Ci5201 I'IASS CMEV) 

M ( l'530a OJ BRANDSEN 65 RVUE PHASE-SHI'FT ANAL 9/66 
M { 1536a 01 ROPER 65 RVUE PHASE-SHIFT ANAL 9/66 
M 0510a0J BAREYRE 68 RVUE • PHASE-SHIFT ANAl ll/67 
H WHERE .CROSS SECT•ION IS GREATEST- EYEBALL FJT 
1'1 I 1'541."01 '00NNACH1 6B RVUE .PHi\SE-SHlfl ANAl b/68 
M US23aOI AYEO 1'0 IPWA 1171 
M FRUH ENERa OEP. FJT OF,ARGAND· DIAGRAM 
,fll 11512.01 DAVIES 70 RVUE P-S ANAL SOl A 8/69 
M '( 1520.) ALMEHEO 7Z JPWA 2172 

62 N•l/211'5201 WIDTH IMEYJ 

W 1 1125.01 BAREYRE 6B RVUE 
:W 3 '1149.0) OONNACHl 68 RVUE 
•W 6 U3l.OJ AYEO 70 'I·PWA 
'W .It 1106. OJ OAVI ES 70 RVUE 
'W 1 1120a I Al:HEHEO 72 IP.WA 

Pl 
P2 
P3 
P4 
PS 
Pb 
P7 
P8 
.p. 
PlO 
Pll 
Pl2 

Rl 
., 1 
Rl 3 
Rl b 
Rl 4 
Rl 7 
Ri 
Rl 

SEE THE NOTES 11CCOMPANYING THE MASSES QUOTEOa 

62 U* 112115201 PARTIAL DECAY 'HODES 

.N*l/2H520) INTO PI 'N 
N*1/2U5ZOJ JNTO N•3J2(1.236·1 PI 
N*l/21 15201 1NT0 N ,pJ PI 
N•l/211'520)+ INTO NEUTRON PI+ 
N•l/20520)+ INTO· PROTON PI+ PJ
~*l/205201 INTO N ETA 
N•l/211520) INTO N EPSILON 
'N•1J2Cl52:0J INTO N RHO 
N*l/2{15201 INTO ·GAM P, HELICITYcl/2 
N*l/2(15201 lNTO GAM ,p, 1HELJCLlYc3/Z 
N•1/2( 1520) INTO GAM N, HEltCLTY•l/2 
N•1/2ClS;20) INTO GAI"' Nr .HELI.CITYc3/2 

62 N*l/211520) BRANCHING.RATIOS 

N•ll2tlS20l I'NTO CPJ ·NJITDTAl 
10a54J BAREYRE 68 RVUE 
(0.5091 OONNACHl 6B ·RVUE 
l0a'593J AYED 70 IPWA 
(0a451 DAVIES '10 RVUE 
10a58J ALMEHEO 72 ,fPWA 

SEE THE NOTES ACCOHPANY.J.NG fHE ·MASSES ·QUOTE,!?a 

P-S ANAL SOL A 

DECAY 1MASSE S 
139+ 938 

1236• 139 
938+ 139+ 139 
939+ 139 
938+ 139+ 139 
939+ 54B 
938+ .600 
938+ 7'70 

CPU 

0+ 938 
0+ 938 
0+ 939 
0+ 939 

P-S ANAL SOl A 

Rl 
'Rl 
Rl 

ALMOST THE ENTIRE INELASTICITY IS IN 'N PI .PI CONLY N ·ETA COUtO ·C.OMPElf 1 

AND U OOESNTJ. THE N ,PJ PI SEEMS .TO BE MAINLY N•312U2361 P.l, IN BOTH 
S AND D WAVES. 

11/67 
6/68 
1/71 

2172 

U./67 
.6/68 
1/71 I 
8/69. 
2172 

Baryons 
N(1470), N(1520) 

., ., 
R2 
R2 
R2 

R3 
R3 
R3 
R3 ., 
R3 

•• •• •• •• 

N•l/2115201. INTO (N•312C 123.61 1Pil /TOTAl 
0.20 : Oa05 KIR.Z 
DOMINANT INEL DECAY OLSSON 

IOaltOJ OHM 
ASSUMING Rl• 0 .. 5 

b6 HSC 
66 RVUE 
70 'I PWA 

IP4) 
0 ASSUMING R1-..0.72 

PI P TO PJ PI N 
3 80DY ANALYSIS 

N*l/211520) INTO 
LARGE 
LARGE 
LARGE 
LARGE 
lARGE 

W•312U216't Pll/CN .pt PJI (P2J/U31 
THURNAUER 65 RVUE -
NAMYSLOWS 66 RVUE -
ROBERTS -67 RVUE -
ROSENFELD 67 RVUE -
HORGAN 68 RVUE ISOBAR MODEL 

N*l/2115201 INTO CN EPSILONJJTOTAl IP7) 
PROBA6l Y PRESENT -MORGAN 68 RVUE ISOBAR HODEL 
IOa021 .OIEH 70 1 PWA 3 BODY ANALYSIS 

ASSUMING. Rl., Oa5 

R5 'N•l/2115201 1NTO (N ETAJITOTAL (P6) 
R5 0 10.0061 APPROX CAVIES 67 RVUE 
R5 DAVI.ES 67 GIVES SEVERAl VALUES DEPENDING ON INPUT .DATA. All ARE SHALL 
R'5 B 'I 0.0141 60TKE 69 MPWA T POLE+ RES ON a 
R5 B C0.0031 IOaOOU DEANS . ~ .JIIIPWA T POLE+ 'RESONa 
R5 B C0.002JOR Oa004 CARRERAS 70 MP.WA T POLE+ RESONa 
R5 B PARAHETRJlAT10N USED COULD ·BE IN DANGER OF DOUBLE COUNTING 

•• N*l/2( 15201 INT·O 'IN RHO 1/TOTAl iPB'I 
•• 0 C0.071 OI'EM 70 IPWA 3 BODY ANALYSIS 
•• 0 ASSUMING Rl., Oa5 

62 N•l/2C15201 PHOTON DECAY AKPLIGEvn-1/ZJ 

FOR OEFtNtTJON OF GAHHA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS~ 

Al N*l/2115201 l'NTO GAM 'P, HEllCITYcl/2 {GEV .. -1/21 
Al -. 026 a015 OBERLACK 72 OPWA PI N PHOTD-PROO 
Al (-a007J WALKER 73 OPWA PI N PHOTD-PR(]D 

A2 N•l/2(15201 INTO GAM P, JiELlCITY•3/2 ~GEV•*-l/2J 
A2 +a}94 ~031 <lB.ERl.ACK 12 OPW.l PI N PJiOl Q-PROD 
A2 c.-.176) WAlKER 73 OPW.l PI 'N PHOTD-PR<lD 

A3 N•112tl5201 INTO GAM Nr HELICU'Y..,l/2 IGEV**-1/2J 
A3 -a085 a0l4 OBERLACK 72 OPW.l Pl N PHOTQ-PROO 
A3 (-a043J MAL-KER 73 OPWA Pl N PHOTQ-PROO 

•• N*l/2( 1520) INTO GAH N, HELIClTYa3/Z lGEV•*-1/21 

•• -.124 .013 DBERLACK 12 OPWA PI N IPHOTG-PROO 

•• hal16J WAlKER 73 OPWA PI N PHOTD-PROO 

REFERENCES FOR N•l/2l1520) 

SEE A PREVIOUS EDITION lRMP 37,.633, .1965) FOR .EARLIER REFERENCESa 

BRANDSEN 65 PR H9 81566 
ROPER 65 PR 139 tH90 
THURNAU£ 65 PRL 14 985 

+()00NNEli.t ,foiOQRHOUSE 
t.D ROPER,.R~ WRtGHT,BT FEL-0 
P G lHtm.NAUER 

I DURHAM, RHELIIJP 
( LRL-LVMR ,MJT IIJP 

CROCHI 

KIRZ 66 PRIVATE COMH J KIRZ ILRLJ 
NUMBER EXTRACTED FRDA DATA .DISCUSSED IN KIRZ 63a l 63a 

NAAYSLO~ 66 PR 157 132B NAf'IYSlOHSKI,RAlHI,ROBERTS (STAN 1 £01N,LOICI 
OLSSON 66 PR l't5 1309 ft G OLSSON, G .B YOOH OflSCtUMOI 

DAVIES 67 NC 52A 1112 
P.OBERTS 67 PREPRINT 
AOSENFEL 67 IRVINE ·CONF 

BAREYRE 68 PR 165 1731 
OONNACHl 68 PL 268 161 

AlSO btl VIENNA 139 
ALSO 68 THESIS 

MORGAN 68 PR 166 1731 

BDTKE 
. DEANS 

69 PR 180 1417 
69 PR 185 1797 

A T 'DAVIES~ R G .JIIIOQRHOUSE 
R 'G 'ROBERTS • 
A H ROSENFELD, P SOOING 

IGLASGOW, RHEU 
(DURHAM I 

(lRU 

P BAREYRE., C 8RICMAN, G VJLLET ,ISACLAYIIJP 
A DONNACHIE, R G KIRSOPP, C LOVElACE (CERNIIJr 
OONNAtHJE RAPPORTeUR.$ TALK IGLASJ 
R G 'KIRSOPP IEDINI 
0 HORGAN I RHEL .J 

. J 'C BOTKE 
S DEANS, J WOOTEN 

·WCSBJ 
IUNl V S 'FLORIDA I . 

9/66 
9/66 
1171 

11/67 
11/67 
11/67 
ll/67 
6/68 

6/68 
1171 

11/67 

10/69 
5170 
5170 

1171 

2173• 
2173• 

2173• 
2173• 

2113• 
2173• 

2173• 
2/73• 

AYEO 70 Kt EV CONF 
CARRERAS 70 NP l6B 35 

R AYEO,P 8.AREYRE, G VlllET , ISACLIIJP• 
B CARRERAS, A DONNACHJE IDAREof'ICHSJ 

DAVIES 70 NP B21 .359 A DAVIES IGLAS·I 
DIEM 70 KJ EV CONF .. • SMAOJA 1 1CHAVANON, OfLER 1 OOLBEAU+ ( SACLI 

ALMEHEO 12 NP 840 157 
OBERLACK 72 PL t,.3B t,.4 
WALKER 73 TO BE PUB •. 

+LOVELAC.E 
H .. OBERLACKtRaGaMOORHOUSE 
R .. L .llALK ERf.WaJ.METCALF 

(LUND, RUTGI tJP 
(LBU 
(CJTJ 

PAPERS NOT REFERRED TO IN DATA CARDSa 

KIRZ 63 PR 130 2481 J KIRZ, J SCHWARTZ, R D TRIPP ILRLI 
BAREYRE 65 PL 18 342 • BRitMAN, .STIRliNG, VILLET (SACLAYIIJP 
CROUCH 65 DESY CONF II 21 • IBROWN,tEA,'HARVARO,MlT 1 PADOVA,WEJZHANNI 
OERAOO b5 ATHENS CONF 244 •t:ENNEY,LAHSA, + (NOTRE OAHE,KENTUCKYJ 
'MERlO ,bb P ROY sa·c 289 489 J P MERLO, ·G VALUoOAS I'SACLAYJ 

THE ABOVE PAPERS DISCUSS INELASTIC CHANNEl'S NEAR THE REONANtEa 
JOHNSON 67 UCRL-1768.3 T.HESIS C H JOHNSON 
OEANS 69 PRL 117 2623 S R DEANS 
OONNACHt 69 NP lOB 433 A OONNACHtE, .Fl. ,KJRSOPP 
AYEO 70 PL ::118 598 +BAREYRE+V ILLET 

ClRLJ 
'IUNIV S ·HORJOAI 

( GLAS+EOI N J 
( SACLAYJ 

•-••• •••••••eo• ••••••••• ••••••••• ••••,..••• ••••••*** •••••••eo• •••••••• ..................................................................... 
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Baryons 
N(1535) 

I N(1535) I 63 N•l/211535, JP•l/2-1 I•l/2 I Sill 
FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*l/2114101. 

63 N*l/2115351 MASS IHEVl 

11519. OJ HENDRY 65 RVUE ETA N + Sll PI N 9/66 
11570.01 MICHAEL 66 RVUE FITS BAReYRE Sll 7/66 

N (1557.01 OR 1565.0 UCHIYAMA- 66 RVUE FITS N ETA DATA 9/66 
N FITTING ·GIVES TWO SOLUTIONS. PROBLEMS MATCHING PI P PHASE SHIFT 
1 11535.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
1 WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
3 11591.01 OONNACHl 68 RVUE PHASE-SHIFT ANAL 6/68 

• • • • 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
PS 
P9 

R1 
R1 
R1 
R1 N 
R1 
R1 3 
R1 
R1 
R1 
R1 

R2 
R2 
R2 
R2 N 
02 
R2 8 
R2 
R2 
R2 
R2 
RZ 

R3 
R3 '0 
R3 0 

•• •• •• 
R5 
R5 0 
R5 0 

R6 

•• 

A1 
A1 
A1 

A2 
A2 
A2 

11535.01 110 .OJ OELCOURT 69 CNTR PHOTOPROOUCT, 8/69 
I l53lt. OJ AYEO 70 JPWA 1171 

FROM ENER. OEP. FIT OF ARGAND DIAGRAM 
11502.01 DAVIES 70 RVUE P-S ANAL SOL A 8/69 
11500.1 All1EHED 72 JPWA 2172 

63 N*l/2(15351 WIDTH IHEVJ 

1130.01 HENDRY 65 RVUE 
I 130.0) MltHAEL 66 RVUE 
I 156.01 OR 144-0 UCHIYAMA- 66 RVUE 
I 155.01 BAREYRE 68 RVUE 
1268.0) APPROX DONNACHl 68 RVUE 
1120.01 DELCOURT 69 CNTR 

196.01 AYEO 70 IPWA 
136. OJ DAVIES 70 RVUE 
ISO. J ALMEHEO 72 IPWA 

see THE NOTES ACCOMPANYING THE MASSES QUOTED. 

63 N•l/2(15351 PARTIAL DECAY MOOES 

N•l/2115351 INTO PI N 
N•l/2C15351 INTO N ETA 
N*l/211535) INTO N PI PI 
N*1/2t 15351 INTO N EPSILON 
N*1/211535J INTO N*3/2112361 PI 
N*l/2115351 INTO N RHO 
N*l/2(1535) INTO N GAMMA 
N*l/2115351 INTO GAM Pr HELICITY"'1/2 
N•l/2115351 INTO GAM Nr HEliCITY•l/2 

63 N•l/21 1535) BRANCHING RATIOS 

N*l/2(15351 INTO CPI Nl/TOTAL 
10.691 
10.321 
10.711 OR 0-28 
10.311 OR 0-43 
10.6961 
10.331 
10.3971 
10.361~ 

10.251 

N*l/2115351 I NTD CN ETA I /TOTAL 

HENDRY 65 stVUE 
MICHAEL 66 RVUE 
UCHIYAMA- 66 RVUE 
DAVIES 67 RVUE 
DONNACHl 68 RVUE 
OELCOURT 69 CNTR 
AYEO 70 I PWA 
CAVIES 70 RVUE 
AU'IEHED 72 I PWA 

DOMINANT INEl DECAY HENDRY 65 RVUE 
C0.68J MICHAEL 66 RVUE 
10.291 OR 0.11 UCHIYAMA- 66 RVUE 
10.691 OR 0.45 DAVHS 61.RVUE 
10.41 (0.11 DEANS 69 MPWA 
(0.661 DELCOURT 69 MPWA 

SEE NOTE ON MASS 

PHOTOPROOU:T. 

P-S ANAl SOL A 

DECAY MASSES 
139+ 93B 
939+ 54B 
93 B+ 139+ 139 
93B+ 600 

1236+ 139 
938+ 710 
938+ 0 

CPU 

0+ 938 
0+ 939 

9/66 
7/66 
9/66 

ll/67 
6/68 
8/69 
1/71 
8/69 
2172 

9/66 
9/66 

SEE NOTE ON MASS 9/66 
PIP TON ETArBrC 11/67 

6/68 
8/69 
1171 

P-S ANAL SOL A 8/69 
2172 

IP21 
9/66 
9/66 

SEE NOTE ON MASS 9/66 
PIP TO N ETArBrC 11/67 
T POLE+ RESONo 5170 

B/69 
(0.69) OR 0.696 CARRERAS 70 MPWA T POLE+ RESONo 5170 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
THE VALUES OF R2"llSTED ABOVE ARE INCOMPATIBLE WITH TtiE RESULTS 
OF DIEM ET Al. (70 J 

N*l/2 Cl 5351 INTO CN*3/211236J PI I /TOTAl IP5J 
co. 071 OHM 70 I PWA 3 BODY ANALYSIS 1/71 

ASSUMING Rla 0.34 

N•l/2(15351 INTO CN EPSllONI/TOTAl IP'tJ 
(0.261 DIEM 10 I PWA 3 BODY ANAlYSIS 1171 

ASSU~ING R1cr 0.34 

N•l/2Cl535J INTO IN RHO JITOTAl IP61 
(0.201 DIEM 70 IPWA 3 BODY ANALYSIS 1171 

ASSUMING Ria 0.34 

N•l/21 15351 INTO N GAHHA CP7J 
o.oo~t o.oo1 DEANS 72 HPWA N ETA PHQTOPROD. 1173* 

63 N*l/2115351 PHOTON DECAY AMPLIGEV**-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE HlNI
REVlEW PRECEDING THE BARYON LISTINGS. 

N*l/2115351 INTO GAM P, HELICITY .. l/2 IGEV .. -1/21 
+.053 .020 OBERLACK 72 OPWA PI N PHOTG-PROD 

(+.0631 WALKER 73 OPWA PI N PHOTG-PROO 

N•l/2( 15351 INTO GAM Nr HELICJTY"'l/2 ·IGEV**-1/21 
-.048 .021 OBERLACK 72 OPWA PI N PHOTQ-PROO 

c-.D5oJ WALKER 73 DPWA PI N PHOTG-PROO 

2173• 
2173• 

2173• 
2173• 

•-••• ••o•••••• ••••••• .. ••••••••• ••••••••• ••••••••• •*••••••• •••••'*•• 
REFERENCES FOR N•l/2115351 

HE/1/Di<Y 65 Pl 1B 171 A W HENDRY, R G MOORt«JUSE CRHEll 
REVIEWS EARLY PHASE-SHEFT-ANALYSIS RESUlTS AND PI- P TO ETA N 
EXPERIMENTS. WE TAKE NUMBERS FROM THE SOLUTION USING BRANDSEN 65• 

MICHAEL 66 PL 21 93 C MICHAEl IOXF I 
UCHIYAMA 66 PR llt9 1220 F UCH1YAMA-CAMP8Ellr R K lOGAN llllllJP 
OAVIES 67 NC 52A 1112 A T DAVIES, R G MOORHOUSE IGLASGOW,RHEU 

Data Card Listings 
For notation, see key at front of Listings. 

BAREYRE 68 PR 165 1731 
OONNACH1 6B Pl 2 6B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

P 8AREYREr C BRJCMANr G VlllET CSACLAYIIJP 
A OONNACHIEr R G KJRSOPP, C LOVElACE ICERNJ1JP 
OONNACHIE RAPPOATEUR.S TALK IGLASJ 
R G KIRSOPP CEOINI 

DEANS 69 PR 185 1797 S DEANS, J WOOTEN IUNIV S HORIOAJ 
OELCOURT 69 PL 29B 75 OELCOURT rlEF~ANCOI Sr PEREZ-Y-JORBA, + C ORSA I 

A YEO 70 Kl EY CONF 
CARRERAS 70 NP 168 35 

R AYEOrP BAREYREr G VllLET lSACUJJP 
B CARRERAS, A OONNACHIE COARE,MCHSJ 

DAVIES 70 NP B21 359 A DAVIES CGLASI 
DIEM 70 KIEV CONF. + SMAOJAr CHAVANONr OElERr 00l8EAU+ (SACLI 

ALMEHEO 72 NP B4D 1.57 +lOVELACE ILUNDrRUTGJIJP 
DEANS 72 PN 3 217 +JACOBS, lYONSr HICKS (U S FL TAMPA+CARNI 
OBERLACK 72 Pl 43B 4-'t 
WALKER 73 TO BE PUB. 

H.OSERLACK ,R.G.MOORHOUSE llBll 
R.l.WAlKER,W.J.METCAlF IClll 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BAREYRE 65 Pl lB 342 + BRICHANr STIRliNG, VllLET 
BRANDSEN 65 PR 139 B 1566 +ODONNEll, MOORHOUSE 

BASIS OF NUMBERS WE QUOTE FROM HENDRY 65. 
JOHNSON 67 UCRL-11663 THESIS C H JOHNSON 
LOVELACE 67 HEIDELBERG C• 79 C LOVELACE 
DONNACHl 69 NP lOB 433 A OONNACHIEr R KJRSOPP 
AYED 70 PL 31B 59B +DAREYI\E+VtllET 

I SACLAYJ IJP 
(DURHAM, RHEll I JP 

ClRlJ 
ICERNIIJP 

(GLAS+EOINJ 
(SACLAYJ 

THE FOLLOWING ARTICLES DEAl WITH THE REACTIONS PI-P TO ETA N 
AND GAMMA P TO ETA P NEAR T HRES JollLO. THE DATA AND THE THEORET I CAl 
ARTJCLES ARE USEFUL IN UNDERSTANDING THE BEHAVIOR OF THE Sll AMPLI
TUDE AS DETERMINED IN PI P PHASE-SHIFT ANALYSES. FURTHER REFERENCES 
/'lAY BE FOUND IN THEM. 

MAINLY EXPERIME.NTAL --
BULOS 61+ PRl 13 ltB6 + • (6ROWN,BRANDEISrHARVARO,HtT,PAOOVAJ I 

'SACCI 66 NC 1t5A 9B3 +PENSO,SALVINI,HENCUCCINI,+ CROHA,FRASCATJJIJP 
JONES 66 Pl 23 597 +61NNIE,OUANE,HORSEY,HASON,+ ILOJC,RHEU 
RJCHAROS 66 PRL 16 1221 +CHlU,EANOl,HELMHOll,KENNEY,+ lliU,HAWAIIJ IJ 
PRE POST 67 PRL 18 B2 R PREPOST, 0 LUNOQUI ST, 0 QUINN I ST ANFOROI 
BLOOM 6B PRl 21 1100 +HEUSCHr PRESCOTT, ROCHESTER ICITI 
BULOS 69 PR 187 1827 +LANOUrBORONER,BASTIEN+(80ST+HARV+MJT+PENNJ 
HEUSCH 70 PRL 25 1381 +PRESCQTT,RQCHESTERrWINSTEIN CCJTI 

MA 1 NL Y THEORETICAL --
BAll 66 PR 149 1191 J S BALl 
DOBSON 66 PR 146 1022 P N DOBSON 
MINAMI 66 PR H7 1123 S MINAMI 
DEANS 67 PR 161 14M S R DEANS, W G HDllAOAV 
lOGAN 67 PR 153 163-'t R K LOGAN, F UCHIYAMA-CAMPBELL 

(UCLA I 
( HAWAJI I 

(OSAKA J 
lVANOERBllTJ 

Ulll 
I FRASCATJ J 

CO SAKAl 
CLSUJ 

IVANOERBILTI 
CNPL NEW DELHI I 

IUCLA+UCI I 
ICDEF1 

MENCUCCJ 61 NC 48A 579 C MENCUCCJNI, A REALE 
MINAMI 67 PR 162 1619 S MINAMI 
MOSS 67 PR 163 11B5 T A MOSS 
DEANS 6B PR"165 1886 S R DEANS, W G HOLLADAY 
PAl 68 PR 167 1350 B K PAl 
BAll 69 PR 177 2257 +GARG+SHA\rl 
lEFIEVRE 70 NC 66A j49 +LERUSTE 

•••••• ••••••••• •••••o••• ••••••••• •••••o••• ••••••••• ••••••O•• •••••••o ...................................................................... 
9 N*l/2(1520r JPm J 1"'1/2 PRODUCTION EXPERIHF.NTS 

THIS INFORMATION REFERS TO EITHER THE 013 OR THE Sll 
STATE SEEN AT THIS HASS 

FOR SPIN-PARITY ANAlYSIS OF THIS MASS REGION, SEE JOHNSTAD 12. 

8 N*l/2(1520.1 MASS CI'IEVI !PROD. EXP.J 

• M 
1507.0 
1503. 
1500.0 
1512.0 
1501.0 

6.0 
6. 

A-BORELLI 67 HBC 0 PBAR P 5. 7 GEV 10/11 
ANDERSON 70 MMS - PI- P TO PI- MHS 2171 

• M 
M 

• "• M 
M 

• • w 
• • • w 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
PS 

R1 
R1 
R1 

R2 
R2 

R3 
R3 

•• •• 

10.0 
2.0 
5.7 

AMALDI 71 CNTR P P AT 24 GEV 10/11 
ELLIS 11 CNTR MMS PP 3.7 GEV/C 10171 
EDELSTEIN 72 MMS + PP 6 TO 30 GEV 1/73* 

AVG 
1 

1510.8 3.4 AVERAGE !ERROR INCLUDES SCALE FACTOR OF 1.81 
(1500.1 OH 72 OBC 0 PI-N TO PJ-PI-P 2173• 

1 DETERMINE J.,3/2,013 PROBABLE 2173• 

8 N*l/2115201 WIDTH (MEVI CPRQO. EXP.J 

55.0 15.0 A-BORELLI 67 HBC 0 PBAR P 5.7 GEV 10171 
120 • 10. ANDERSON 10 MHS - PI- P TO PI- ~MS 2171 

1 11B.o 20.0 AMALOI 71 CNTR PPAT24GEV 10171 
88.D 2.0 ElliS 71 CNTR MMS PP 3.7 GEVIC 10171 

HD.O 43.0 EDELSTEJ N 12 MMS + PP 6 TO 30 GEV 1/73• 

AVG 88.1 2.0 AVERAGE ( EkROR INClUDES SCAlE FACTOR OF 1.01 

8 N*l/2(15201 PARTIAl DECAY MODES IPROO. EXP.I 

N•ll2tl52DI INTO PI N 
N*l/2115201 INTO N03/2(12361 PI 
N*1/2Cl5201 INTO N PI PI 
N*l/2Cl520l+ INTO NEUTRON PI+ 
N•l/2Cl5201+ INTO PROTON PI+ Pl .... 
NOl/2(15201 INTO N ETA 
N*l/2{ 15201 INTO N PIP I ( J r 1•01 
N*l/2( 15201 INTO N RHO 

DECAY MASSES 
139+ 938 

1236+ 139 
93 8+ 139+ 139 
939+ 139 
938+ 139+ 139 
939+ 548 
939+ 139+ 139 
938+ 77D 

8 N•l/2(15201 BRANCHING RATIOS IPROO. EXP.I 

N•l/2( 1520) INTO IN PlJ/TOTAl IPlJ 
N*U5201 INTO IN PJJITOTAl PRODUCTION EXPERIMENTS 

0.78 D.24 BASSOHPIE 67 HBC + K+P TO K* N• 

N•11211520J INTO (NEUTRON PI+JI(P PI+ PI-I IP4JICP51 

11/0B 

Q. 71 0.45 ALEXANDER 07 HBC + PP 5.5 BEV/C 9l66 

N•l/2115201 I"(TO IN PIJ/IN PI PI I CPlJJCP)J 
1.25 0.4't 0.71 A-BORELLI 67 HBC 0 PBAR P 5·7 BfV/C 9/66 

N*l/2CU20J INTO IN*3/2ll2361 PJ)J(N PI PIJ (P21/lP31 
0.00 D.09 A-BORELLI 61 HBC. 9/66 



' .;_; 

~Data Card Listings 
For notation, see key at front of Listings . 

.. , N*l/2115201 INTO lN PI PI 1/TOTAL CP3J ., 10.081 OR LESS BASSOHPI E 67 HBC . K+P TO K* N* 

R6 N*li211520J INTO IN ETAI/TOTAL CP6J 
R6 o.zz 0.14 BASSOMPJE 67 HBC . K+P TO K• N• 

R7 N*l/2115201 INTO CPI Nil« PI N*3/2U236J I IPlii(PZJ 
R7 (0.421 OR LESS 

A-BORELL 67 NC 47 232 
ALEXANOE 67 PR 154 1284 
BASSOHPl 67 PL 258 440 
LEE 67 PR 159 1156 

ANDERSON 70 "PRL 25 699 
AMALOI 71 PL .348 435 
ELLIS 71 PRL 27 442 

LEE 67 HBC P 1-P 3.6 GEY/C 

REFERENCES FOR N*l/2(15201 CPROO. EXP.I 

ALLES-BORELLI, FRENCH ,FRISK, HICHEJDA ( cf RN I 
ALEXANDER, SENARY rCZAPEKr + I WE llHANNCCERNJ I 
8ASSOHPIERREr + CCERN,BRUXELLESI 
+MOEBS,ROE, S INCL AIR, VANDER VEL DE (HI CHI 

+BLESER, BLIEDEN, COLLINS++ I BNL, CARNI 
+BlANCASTELL I, BOSIO, + (I SA NITA ROMA+CERNI 
•MAGL ICH,NOREM, SANNES, SILVERMAN ( RUTGI 

6 

11/68 

11/68 

ll/67 

EDELSTEI 72 PR OS 1073 
JOHNSTAO 72 NP 842 586 
OH 72 Pl lt28 497 

EDELSTEIN, CARRIGAN, HI EN, MCMAHON,·+( CARN+SNL I 
+HDLLERUO+. * .+JACOBSENIBOHR,HELS,OSLO, STOHl IJP 
+FUNG,KERNANr POE 1 SCHALK 1 SHEN ( UCR II.IP ......................................................... ···(~<····· •..••.•• ............................................................................ 

IN(1670) I 64 N•l/211670, JP·SIH '""' I Dis I 

Pl 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 

RI 
R1 
RI 
R1 
R1 
Rl 

•z 
R2 
R2 
R2 
R2 
R2 

., ., ., ., ., 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*li204TOJ * 

64 N*l/21 16701 MASS (MEV I 

11650.01 APPROX SRANUSEN 65 RVUE PHASE ... SHIFT ANAl 7/66 
C 1680.01 BARE'tRE 68 RVUE PHASE-SHIFT ANAL 11/67 

WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
I 1678.01 00NNACH1 68 RVUE PHASE-SHIfT ANAL 6/6.8 
I 1674.01 DUKE 68 CNTR PI-P EL + POL 6/68 
(1675.01 AYEO 70 lPHA 1/71 

FROI't ENER. OEP. FIT OF ARGANO DIAGRAM 
I 1669.01 DAVIES 70 RVUE P-S ANAL SOL A 8/69. 
I 1683.) ALMEHEO 12 IPHA 2/72 

64 rP1/2(16701 WIDTH. IMEVI 

U35.DJ 8AREYRE 68 RVUE · 
1113.01 DONNACH1 68 RVUE 
(143.0) AYEO 10 IPWA 
1115.01 

' DAVIES 70 RVUE 
1150.1 ALMEHfD 72 I PWA 

SEE THE NOTES ACCOMPANY lNG THE MASSES QUOTED. 

b4 N*l/21 16701 PARTIAL DECAY HODES 

N*l/2(16701 INTO PI N 
N*l/2116701 INTO N ETA 
N*l/2(16701 INTO LAMBDA K 
N*l/2Cl6701 INTO N*3/2U2361 PI 
N*1/2116701 INTO N PI PI 
N*l/2(16701 INTO GAM p, HEllCITY•l/2 
N*l/2116701 INTO GAM-P, HELICITY.,3/2 
N*1/2116701 INTO GAM Nt HELICITY•l/2 
N*1/2116701 INTO GAM Nt HELICITY=3/2 

64 N*1/2116701 BRANCHING RATIOS 

N*1/2116701 INTO (PI NI!TOTAL 
(0.411 BAREYRE 68 ·RVUE 
(0.3911 OONNACHl 68 RVUE 
(0.3921 AYED 70 IPHA 
(0.501 DAVJ ES 70 RVUE 
(0.451 ALMEHED 12 I PWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

N*1/2(16701 INTO IN ETAI/TOTAL 
10.021 OR LESS TRIPP 67 RYUE 
(0.018) BOTKE 69 HPWA 
10.006) [0.0041 DEANS 69 HPWA 
I0.00610R 0.012 CARRERAS 10 MPHA 

SOL A AND B 

DECAY MASSES 
139+ 93B 
939+ 548 

1115+ 497 
1236+ 139 

936+ 139+ 139 
0+ 938 
0+ 938 
0+ 939 
o• 939 

I Pll 

P-S ANAL SOL A 

IP21 

T POLE + RESON. 
T POLE + RESON. 
T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N•1/2116701 INTO (LAMBDA KIITOTAL CP3J 
tO.OlJ OR LESS TRIPP 67 RVUE 
I o. 001 OR LESS RUSH 68 MPHA T POlE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
10.001 OR LESS CL:c.63 WAGNER 71 IPWA PI-P TO K LAMB 

11/67 
6168. 
l/71 
8/69 
2/72 

11/67 
6/68 
1171 
8/69 
2172 

B/67 
10/69 

5170 
5170 

8/67 
8/69 

1171 

R4 N*l/2(1670) INTO C.N*3/211236) PIJ/TOTAL CP41 

.;: ~ 12600 ASS~_H:~ ELAS~j~ BRANCHiNG R:~~YO.·H+~to~BC PI-P--.ZPI N,PWA 

AI 
AI 
A1 

A2 
A2 
A2 

SEE NOTE PRECEDING THE N*l/21 16881 INELASTIC ·DECAY MODE MEASUREMENTS. 

64 N*l/2(1670) PHOTON DECAY AHPl.(GEV .. -1/21 

FOR DEFINITION OF GAMMA-NUCLEON DEC.AY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N•l/2116701 INTO GAM P, HELICITY•l/2 IGEV .. -1/21 
+.ou .012 OSERLACK 72 OPHA PI N PHOTG-PROO 

1+.0101 WALKER 13 DPWA PI N PHOTQ-PROO 

N*l/21 16701 INTO .GAM Po HELICITY•3/2 IGEV**-1121 
... 021 .020 OBERLACK • 72 OPWA PI N PHOT~PROO 

(+.0391 WALKER 73 DPWA PI N PHOTD-PROO 

6/70 

2/-73• 
2173• 

2/73"fl 
2173•· 

PARTICLE DATA GROUP Review of Particle Properties Sl21 

Baryons 
N(1535). N(1670). N(l688) 

., N*l/21 16701 INTO GAM N, HEliClTY•1/2 IGEV**-1/ll ., +.010 .040 OSERLACK 72 OPWA PI N PHOT~PROO • 
A3 (.O!H WALKER 73 DPWA PI N PHOTo- PROD .. N*1/211670J INTO GAM N, . HELICITY•3/2 I GEV**-1121 •• -.035 .014 OBERLACK 12 OPWA PI N PHOTQ-PROD 

•• 1.001 WALKER 13 OPWA PI N PHOTG-PROO 

REFERENCES FOR N*l/2tl6701 

BRANDSEN 65 PL 19 420 +ODONNELL, MOORHOUSE I DURHAM, RHEL J IJP 
TRIPP 67 NP B3 10 + LEITH, + ILRL,SLAC,CERN,HEIO,SACLAYJ 

BAREYRE 68 PR 165 1"731 P BAREYRE, C 8RIOotAN 1 G VllLET CSACLAYIIJP 
OONNACHl 68 PL 26B 161 A DONNACHJE, R. G KJRSOPP, C LOVELACE (CERNJIJP 

AlSO 68 VIENNA 139 OONNACHIE RAPPORTEUR.S TALK IGLASI 
ALSO 6B" THESIS R G KIRSOPP IEOJNI 

DUKE 68 PR 166 1448 +JONEStKEHP 1 MURPHY,THRESHERt + IRHEL,OXFI IJP 
INSIGHTFUL QUALITATIVE ARGUMENTS CO"l:ERNING EXISTENCE AND JJP. 

RUSH 6B PR 173 U76 J E RUSH tuNlV ALABAMA! 

BOTKE 
DEANS 

69 PR 180 1417 
69 PR 185 1797 

AYED 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP 821 359 

BRODY 71 PL 348 665 
WAGNER 71 NP 825 411 

ALMEHEO 12 NP 840 157 
OBERLACK 72 PL 438 44 
WALKER 73 TO BE PUS. 

J C SOTKE 
S DEANS, J WOOTEN 

R AYED,P BAREYRE, G VlLLET 
8 CARRERAS, A OONNACHJ E 
A OAVI ES 

+CASHMORE+ •• +HERNDON+ •• 
F HAGNER, C LOVELACE 

+LOVELACE 
H.08ERLACK ,R .G .MOORHOUSE 
R. L. WALKER ,W. J. METCALF 

IUCSSI 
IUNIV S FLORIOAJ 

tSACUJJP 
IDARE,MCHSI 

tGLASI 

I SLAC+LRL I 
tCERNI 

(LUNO,RUTGJIJP 
ILBLI 
CCIT I 

PAI-'ERS NOT REHRREO TO IN DATA CARDS. 

BAR EYRE 
DUKE 
JOHNSON 
DE MIS 
OONNACHI 
AYED • 

65 PL 18 342 + 8RICMAN, STIRLING, VILLET (SACLAYJJJP 
(RHEL,OXFIIJP 

. (LRLI 
(UNJV S FLORIOAJ 

65 PRL IS 468 •JONES,KEMP,MURPHY,PRENTJCE, + 
67 UCRL-11683 THESIS C H JOHNSON 
69 PRL 177 2623 S R DEANS 
69 NP 108 433 A DONNACHIEt R KIRSOPP I GLAS+EOIN I 
70 PL 31B 598 +8AREYRE+VJLLET ( SACLAY I .......................... ········· .................................. . ......................................................................... 

I N(1688) I 65 N•l/211688, JP·Siz·• T·ll? I Fisl 

P1 
P2 
P3 
P4 
PS 
P6 
P7 
P8 
P9 
P10 
Pll 

1 
1 
3· 

FOR OISCUSSIDN.CONCERNING RESONANT PARAHETERS,SEE NOTE 
PRECEDING N*1/2(J47QJ. 

65 N*l/21 16881 MASS I ME VI 

I 1680.0) BRANDSEN 65 RVUE PHASE SHIFT ANAL 
'1690.0) BAREYRE 6B RVUE PHASE-SHJ FT ANAL 

WHERE CROSS SECT ION IS GREATEST - EYEBALL FIT 
I 1687.01 DONNACHl 68 RVUE 
I 1682.01 DUKE 68 CNTR 
(1682.01 AYED 10 IPWA 

FROM ENER. OEP. FIT OF ARGAND DJAGRAM 
I 16BS.OI DAVIES 10 RVUE 
( 1688. J ALMEHEO 72 IPWA 

65 N•l/2116981 WIDTH IHEVI 

I 110.01 
t 177.01 
1109.01 
(104.01 
1140. I 

BAREYRE 68 RVUE 
OONNACH1 69 RVUE 
AYED 70 I PWA 
DAVIES 70 RVUE 
ALMEHED 72 I PWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

65 N*1/2116981 PARTIAL DECAY MODES 

N*1/2(1668J INTO PI N 
N*l/2tl6B61 INTO N ETA 
N*1/2Cl6961 INTO LAMBDA K 
N•112116881 INTO N*3/21l236J PJ 
N•l/2116881 INTO N PI PI 
N•l/21 16881 INTO GAM p, HELICITY•l/2 
N*l/2116981 INTO GAM P, HEllCLTYc3/2 
N*l/2116881 INTO GAM N, HELICJTYcl/2 
N*1/2116681 INTO GAM Nt HELICJTY=3/2 
N*l/2(16881 INTO N EPSILON 
N•1121l688J INTO N RHO 

65 N•l/21 1686) BRANCHING RATIOS 

PHASE-SHIFT ANAL 
PI-P EL + POL 

P-S ANAL SOL A 

P-S ANAL SOL A 

DECAY MASSES 
139• 938 
939• 548 

1115+ 497 
1236• 139 

938+ 139+ 139 
O• 938 
O• 938 
0+ 939 
O• 939 

936+ 600 
938+ 770 

N*l/2116881 INTO IPI NI/TOTAL IPll 

2173• 
2113• 

2173• 
i:!/73• 

7/66 
11/67 

6/68 
6/68 
1/71 

8/69 
2/72 

11/67 
6/68 
l/71 
8/69 
2/72 

R1 
R1 
R1 
R1 
R1 
~1 

10.641 BAREYP.E 68 RVUE 1 lJ/67 

•z 
R2 
R2 
R2 
R2 
liz 

(0.5601 D0NNACH1 68 RVUE 
10.5931 AYEO 70 IPWA 

6/66 
1/71 

10.541 DAVIES 70 RVUE SOL A AND 8 B/69 
10.651 ALMEHED 72 IPWA 

SEE THE NOTES ACCOMPANY lNG THE MASSES QUOTED. 

MORE INFORMAl I ON ON THE IN HASTIC DECAY MODES OF THE 1690 MEV 
BUMP, AS SEEN IN PRODUCTION EXPERIMENTS, MAY BE FOUND BELOW 

N*l/2( 16B8J INTO IN ETAJ!TOTAL CP21 
tO.Ol5JOR LESS TRIPP 67 RVUE1 
(0.00041 BOTKE 69 MPWA T POLE + RESON. 
(0.0031 10.0021 DEANS 69 MPWA T POLE + RESON. 
(Q.OOOSIOR .001 CARRERAS 70 MPHA T POLE + RES ON. 

PARAMETRIZATION USED COULD BE IN DANGER Of DOUBLE COUNT lNG 

2/72 

8/67 
10/69 

5/70 
5170 
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Baryons 
N(1688), N(1700) 

R3 
R3 

N*l/2116881 INTO IN ETAJ/fPI Nl IPZI/1 Pl) 
I0.027JOR LESS HEUSCH 66 RVUE + PtO, ETA PHOTO 

R~ N*l/2U688) INTO (LAMBDA KI/TOTAL CP3J 
Rlt IO.OQJ.QR LESS TRIPP 67 RVUE 
R4 tO.OOliOR LESS RUSH 68 HPWA T POLE + RESON. 
R4 PARAHETRUATION USED COULD BE IN DANGER OF DOUBLE COUNTING 
Rlt IO.OOlJOR LESS CL=.63 WAGNER 71 IPWA PI-P TO K LAMB 

R5 N*11Zt1688J INTO lN•3/Zll236J Pl}/TOTAL IP4) 
R5 E 12600 10.131 10.041 SOLN.A BRODY n· HBC Pl-P--2PJ N/PWA 

PI-P--ZPI N/PWA R5 E 12600 10.391 fOolOJ SOLN.B BRODY 11 HBC 
R5 E ASSUMES ElASTIC BRANCHING RATIO 0.62+-0.06 

65 N•li2U6881 PHOTON DECAY AI'IPLtGEVU-1/21 

FOR DEFINITION OF GAHHA-NUCLEON DECAY A"PLITUDESo SEE MINI
REVIEW PRECEDING THE BARYON liSTINGS. 

Al 
Al 
Al 

A2 
A2 
A2 

A3 
A3 
A3 

•• •• •• 

N*l/Zl 16881 INTO 'GAM P, 
-.oos o004 

(+.0091 

N•li2Cl6881 INTO GAM P, 
+.100 ·012 

1+.135) 

N*l/ 2116881 INTO GAM N, 
+.017 ·014 
1.001 

N•l/2116881 INTO .GAM N, 
-:oo5 ~QUI 
1.001 

HELIClTYel/2 I GEV**-1/2) 
OSERLACK 12 OPWA Pl N PHOT!rPROD 
WAlKER 13 OPWA Pl N PHOTo-PROD 

HEUCITY•3/2 rGEV**-l/2) 
OBERLACK 72 OPWA Pl N PHOTQ-PROD 
WALKER 73 DPWA Pl N PHOTo-PROD 

HEUC ITY•1/2 -(GEV*•-1/2) 
OBERLACK 72 DPWA Pl N PHOTQ-PROD 
WALKER 73 DPWA Pl N PHOTo-PROD 

HELIC ITY•3/2 tGEV*._li2J 
OBERLACK 72 OPWA Pl N PHOTQ-PROO 
WALKER 73 OPWA PI N PHOTQ-PROO 

····IC'···· ....................................................... !. 

REFERENCES FOR N*1/2116881 

SEE A PREVlOUS EDITION IRMP .37, 633, 1965) FOR EARliER REFERENCES. 

BRANDSEN 65 PL 19 lt20 
HEUSCH 66 PRl 17 1019 
TRIPP 67 NP 83 10 

BAREYRE 68 PR 165 1731 
OONNACHl 68 Pl 268 161 

ALSO 68 VIENNA 139 
AlSO 68 THESIS 

DUKE 68 PR 166 1448 
RUSH 68 PR 173 1776 

BOTKE 69 PR 180 1417 
DEANS 69 PR 1B5 1797 

AYED 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAVIES 70 NP 821 359 

BROOY 71 PL ~ 48 2 5.3 
WAGN~R 71 NP B25 411 

AlMEHEO 72 NP B40 I 57 
OBERLACK 72 PL 4.3B 44 
WALKER 73 TO BE PUB .. 

+ODONNELL, MOORHOUSE !DURHAM, RHELIIJP 
C A HEUSCH, C Y PRESCOTT, R F CASHEN ICIT) 
+ LEITH, + (LRL,SLAC,CERN,HEJD,SACLAYJ 

P BAREYRE, C SRICMAN, G VlLLET CSACLAYJlJP 
A DONNACHJE, R G KJRSOPP, C LOVELACE ICERNIIJP 
OONNACHIE -RAPPORTEUR .. S TALK . IGLASJ 
R G KIRSOPP lEDINI 
+JONES,KE.HP,MURPHY,THRESHER, + IRHEL,OXFIIJP 
J E RUSH (UNIV ALABAMA) 

J C BOTKE 
S DEANS, J HOOTEN 

R AYED, P BAREYRE, G VILL ET 
B· CARRERAS, A OONNACHIE 
A DAVIES 

+CASHMORE+ •• +HEP.NOON+ •• 
F· WAGNER, C LOVELACE 

+LOVELACE 
H. OBERLACK ,R.G. MOORHOUSE 
R. L.WALI<..ER tW. J .. METCALF 

IUCSBJ 
tuNIV S FlORIOAJ 

I SACLI IJP 
(DARE, MCHSJ 

IGtASJ 

(SLAC+LRL l 
I CERN I 

ILUNOoRUTGIIJP 
ILBLJ 
(CJT) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CROUCH 65 DESY CONF 11 21 tBRDWN,CEA,HARVAR0rHI1 1 PADOVA,WEiZMANNI 
OERADO 65 ATHENS CONF 244 +KENNEYrlAPISA 1 + INOTRE DAME,KENTUCKYI 
DUKE 65 PRL 15 468 +JONESrKEMP,MURPHY,PRENTlCEr + IRHEL,OXFIIJP 
MERLO 66 P ROY SOC 289 lt89 J P MERLO, G VALLADAS ISACLAYJ 
ROBERTS 67 PREPRINT R G ROBERTS IOURHAMJ 
BANNER 6B PR 166 1347 +OETOEUF rFAYOUXoHAMEL, + (SACLAYtCAENI 

THE ABOVE PAPERS DISCUSS INElASTIC CHANNELS NEAR THE BUMP. 
BAREYRE 65 PL 1B 342 + BRICMAN, STIRLING, VlllET ISACLAYIIJP 
DEANS 69 PRt. 177 2623 S R DEANS IUNIV S FLORJOAJ 
OONNACHI 69 NP lOB 433 A OONNACHIE, R KIRSOPP IGLAS+EOJNI 
AYED 70 Pl 318 598 +BAREYRE+VILLET I SACLAYI ........................ ······-· .................................. . 
•••••o •••• ... ••• ••••••••• ••••••••• ••••••••• "***o•••• *****•••• •-••••• 

IN(1700)I •• N•l/21170~. JP=l/2-1 l•l/2 I Si 1 ,, 
FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N•l/2(1470l. ' 

66 N•ll2tl7001 MASS IMEVI 

" 11695.01 BRANDSEN 65 RVUE PHASE-SHIFT ANAL 

" 11700 .. 01 MICHAEL 66 RVUE FITS BAREYRE Sll 

9/66 

8/67 
5170 

1171 

6170 
6170 

2173• 
2173* 

2/73* 
2173* 

2173• 
2173• 

2173• 
2173• 

9/66 
7/66 

" 11710. OJ BAREYRE 68 RVUE PHASE-SHIFT ANAL 11/67 
M WHERE CROSS SECTION IS GREATEST - EYEBALL FIT 
M 11710.01 DONNACHl 68 RYUE PHASE-SHIFT ANAL 8/68 
M 11705.01 110.01 OiUTO 69 RVUE K LAMBDA PS ANAL 8/69 

" ( l6B9.01 AYED 70 IPHA 1171 

" FROM ENER. OEP. FIT OF ARGAND DIAGRAM 
M 11166.01 DAVIES 10 RVUE P-S ANAL SOL A B/69 

" 11678.0) SCHORSCH 70 DPWA K LAM PHOTOPRO. 10171 
M ( 1685.01 WAGNER Tl IPWA PI-P TO K LAMB 1171 

THERE ARE 3 SIMILAR SOLUTIONS 
( 1670 .. 1 ALMEHED 72 IPWA 2172 

. ' 

. Data Card Listings 
For rwtat£on, see key at front of L£st£ngs. 

w 
w 
w 
w 

1240.01 
(260.01 
1300.01 

66 N*l/2117001 WIDTH IHEVJ 

1101t.OJ 115.01 
1166. OJ 

7166 
11/67 
B/69 
8/69 
1171 

1404.01 

MICHAEL 
BAREYRE 
OONNACH1 
OR ITO 
AYEO 
DAVIES 

66 RVUE 
68 RVUE 
68 RYUE 
69 RVUE 
70 I PWA 
70 RVUE P-S ANAL SOL A B/69 

SOL 8 Gl YES 121 HEY 2113• 
199.01 SCHORSCH 70 OPWA K LAM PHOTUPRQ. 10/71 

lllO .. OIORU40.01 WAGNER 71 IPWA PJ-P.TO K LAMB 1171 

Pl 
P2 
P3 

•• P5 

•• 
PT 

•• •• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 A 

R3 
R3 
03 

•• •• •• •• •• •• 
R5 
RS 
RS 
RS 

Al 
Al 
Al 

A2 
A2 
A2 

8 
8 
c 
8 
( 

(120.1 ALMEHEO 72-IPWA 
SEE THE NOTES ACCO!'tPANYING THE MASSES QUOTED. 

' 
66 N*l/2117001 PARTIAL DECAY MODES 

N*l/2117001 INTO PI N 
N*1/2ll700) INTO N ETA 
N*1/2ll700J INTO LAMBDA K 
N*1/211700I INTO N GAMMA 
'N*1/2B700J INTO GAM P, HELICLTY.,l/2 
N*1/2B700J INTO GAH N, HEUCITYzl/2 
N*l/2117001 IN70 N PI Pl 
N*l/2117001 INTO N EPSILON 
N*l/2(17001 INTO N RHO 

66 N01/2(1700J BRANCHING RATIOS 

N*l/2117001 INTO IPI HI/TOTAL 
( 1.01 APPROX 
10.791 
10.6421 

66 RVUE 
68 RVUE 
70 I PWA 

DECAY MASSES 
139+ 938 
939+ 546 

1115+ 497 
938+ 0 

0+ 938 
0+ 939 

938• 139+ 139 
938+ 600 
938+ 770 

IPll 

(0.561 

MICH.4El 
QQNNACHl 
AYED 
DAVIES 
ALMEHEO 

70 RVUE P-S ANAL SOL A 
(Q.~) 72 1 PWA 

N*l/2117001 INTO iLAHBDA KI*IPI NIITOTAL**Z IP3*Pll 
0.039 0.019 · ORJTO 69 RVUF 

(0 .. 04310R 0.054 WAGNER 71 IPWA PI-P TO K LAMB 

t~*l/2117001 INTO (LAMBDA KIITOTAt (P3J 
10.0281 APPROX. RUSH 68 MPWA T POlE + RESON. 

PARAHETP.IZATION USED COULD BE IN DANGER Of OCUBLE COUNHNG 

N*1/2Cl7001 INTO IN ETAIJTOTAL IP2J 
10.0131 BOTKE 69 HPWA T POLE + RESON. 
10.031 10.021 DEANS 69 MPWA T POLE + RESON. 
10 .. 191 OR 0.21 CARRERAS 70 MPWA T POLE + RESON • 

PARAMETRIZATION USED COULD &E IN DANGER OF DOUBlE COUNTING 
CARRERAS 70 USES REGGE POLES + RESONANCES. VALUES SUSPIC IDUSLY LARG 

N*1/2117001 FROM N GAMMA TO LAMBDA K 
CO. 0021 OR LESS 0RIT02. 
(0.00721 SCHORSCH 
10.0061 DEANS 

69 CNTR 
70 OPWA 
72 MP~A 

SQRTtP3*P41 
K LAM PHOTOPRO 
K lAM PHOTOPRQ. 

66 N*l/2(17001 PHOTON DECAY AMPLIGEVU-1/21 

FOR DEFINITION OF GMtHA-NUCLEOt~ DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

N•1/2117001 INTO GAM Po HELICITY£1/2 IGEV••-1121 
+ .. 066 .042 . 08ERLACK 12 OPWA Pl N PHOTQ-PROO 

(+.0111 WALKER 73 OPWA Pl N PHOTQ-PROO 

N*1/21 17001 INTO GAH N, HELICJTYc:1J2 CGEY**-1/2) 
-.072 .06b 08ERLACK 72 OPWA Pl N PHOTQ-PROO 

1-.0151 WALKER 73 OPWA Pl N PHOTD-PROD 

••••••••• •••o••••.• ***$ot!*"* •••,.•••• ••••*•••• ••••••o•• •••••••• 
REFERENCES FOR N*1/21 17001 

BRANDSEN 65 PL 19 420 +ODONNEll, MOORHOUSE IOURHAMt RHELIIJP 

MICHAEL 66 PL 21 93 

BAREYRE 6e PR 165 1731 
DONNACH1 68 Pl 268 161 

ALSO 68 V lENNA 139 
ALSO 68 THESIS 

RUSH . 6B PR 173 1776 

BOTKE 
DEANS 
OR ITO 
ORIT02 

69 PR 180 1417 
69 PR 185 1797 
69 LNC 1 936 
69 INS J 113 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 16B 35 
DAVIES 70 NP 821 359 
SCHORSCH 70 NP 625 179 

WAGNER 71 NP B25 411 

ALMEHEO 72 NP 840 157 
DEANS 72 PN 3 217 
OSERLACK 72 PL 438 44 
WALKER 73 TO BE PUB. 

C MICHAEl IOXFI 

P BAREYRE, C. BRICMAN, G VILLET CSACLAYIIJP 
A 00NNACHIE 1 R G KtRSCPP 1 C LOVELACE ICERNJIJP 
OONNACHIE RAPPORTEUP .• S TALK (GLASJ 
R G KI RSOPP I EDINI 
J E RUSH IUNIY ALABAMA) 

J C BOTKE 
S DEANS, J WOOTEN 
S OR ITO, S SASAKI 
S ORITO ITHESlSJ 

·P. AYEO,P BAREYRE, G YILLET 
8 CARRERAS, A DONNACHIE 
A DAVIES 
+T IETGE,WE ILNBOECK 

F WAGNERt C LOVELACE 

IUCSBJ 
IUNIV S FLORIOAI 

CTOKYG-OSAKAI 
00Jf.Y"01 

I SACLIIJP 
COARE,MCHSI 

IGLASI 
I MPIMI 

tCERNJ 

+LOVELACE ILUNO,P.UTGJJJP 
+JACOBS, LYONS, HICKS IUS FL TAMPA+CARN) 
H.OBERLACK,R.G.MOORHOUSE • ILBLJ 
R.L.WALKER7W.J.METCALF ICITJ 

PAPERS NOT REFERRED TO IN DATA CARDS .. 

BAREYRE 65 PL 18 342 + BRICMAN, STIRLING, VILLET I SA ClAY j JJP 
(LRLI 

lUNIV S FlORIOAI 
IGLAS+EOJNI 

JOHNSON 67 UCRL-17683 THESIS C H JOHNSON 
DEANS 69 PR 177 2623 S R DEANS 
OONNACHI 69 NP 108 433 A OONNACHIE, R KIRSOPP 
AYEO 70 PL 31B 598 +BAREYRE+VILlET I SAClAYI 

•••••• ••••••••• ••••***** ••••••••• *'*••o•••IC' ••••••• ** ••••••••• ••••••IC'• 
****** ***'****** ••••••••• •••o••••• ••••••••• ••••.e:•••• .... •••••• •••••••• 

2172 

7/66 
8/69 
1171 
8/69 
2172 

8/69 
1171 

8/69 

10/69 
8/69 
5170 ... 

10171 
10171 
1/73• 

2173• 
2173• 

2173• 
2173• 



J J 

~Data Card Listings 
For notation, see key at front of Listings. 

lN(1700) I,. N>l/211700, JP•312-I 1•112 lDhl 
---.....,;)!11. FOR DISC.USSION CONCERNING RESONANT PARAMETERS,SEE NOTE 

PRECEDING N:O:l/21 14701. 
A NEW, PRELIMINARY ENERGY DEPENDENT ANALYSIS BY AYEO 12 INDICATES THE 

PRESENCE OF THIS STATE. IN ADDITION AN ISOBAR HODEL .t.NALYSIS BY 
HERNDON 72 SHOWS EVIDENCE FOR THIS STATE IN THE SIGMAN AND DELTA PI 
CHANNELS. SEE THE N• JotJNI ·REVIEW. 

18 N•l/2( 1700) MASS IHEVJ 

M 3 (1730.1 OONNACH2 68 RVUE PHAS.SHIFT-CERNl 
M 3 ( 1680. J KIRSOPP 68 RVUE PHASE SHIFT ANAL 
H 3 WHERE MAX. ABSORPTION IS -OONNACHl, 2 tKIRSOPP EYEBALl FIT CERN 1 
H A fl780oOI WAGNER 71 IPHA PI-P TO K LAMB 
H A 013 RESONATES ONLY IN ONE OUT 0~ 3 POSSIBLE Sot.. 

Pl 
P2 
P3 

Rl 
Rl 

18 N•l/2(17001 WIDTH IHEVJ 

18 tJ*l/2117001 PARTIAL DECAY MODES 

N*l/2(1700) INTO PI N 
N*l/2(1700! INTO lAMBDA K 
N•1121l100) INTO N GAMMA 

18 N•112U700} BRANCHING RATIOS 

N*l/211700) FROM N GAMMA TO lAMBDA K 
10.008) DEANS 72 HPWA 

DECAY MASSES 
139+ 938 

1115+ 497 
938+ 0 

SQRTCP2*P3J 

........................................... ••••.e<•••* ••••••••• ,. ••••••• 

OONNACH2 68 VIENNA 139 
KIRSOPP 68 THESIS 
WAGNER 71 NP 825 411 
DEANS 72 PN 3 217 

AYEO 72 BATAVIA CONF 
HERNDON 72 BATAVIA CONF 

REFERENCES FOR N*1/2( 17001 

OONNACHIE RAPPORTEUR.S TAlK 
R G KIRSOPP 

IGLASJ 
IEOINJ 
I CERN! F WAGNER, t LOVElACE 

+JACOBS, lYONS, HICKS CU S Fl TAH~A+tARNJ 

PAPERS NOT ~EfERRED TO IN DATA CARDS. 

R AYED,P 8AREYRE 1 Y LEMOIGNE 
+~ •• ROSENF ElQ ••• +CASHMORE+ • •. 

ISACll 
fl8lt SlACJ ........................................................................ 

•••••• o•••••••• ••••••••• ••••••••• ••••••••• ••*•••••• ••••••••• •••••••• 

PROOUCTlON EXPERIMENTS 

PARTIAl WAVE ANAlYSIS REQUIRES AT lEAST FOUR 1•112 STATES IN THE 1670 T 
1780 REGION ID15, F15, Sll, P1U AND AT lEAST ONE 1~:3/2 STATE f033J. 
OBVIOUSlY,OIFFERENT EXPERIMENTS ARE SEEING DIFFERENT STATES AND OFTEN I 
IS NOT ClEAR WHAT ISOSPIN STATE IS BEING OBSERVED. NO EFFORT WAS MADE 
TO SEPARATE THESE EXPERIMENTS ACCORDING TO JP~ SINCE NONE OF THE 
REPORTED JP IS FIRMlY ESlABLlSHEO. WE liST All THE INFORMATION HERE, 
BUT WE HAVE NOT USED IT IN THE BARYON TABLE. 

FOR SPIN-PARITY ANAlYSIS DF·THIS MASS REGION, SEE JOHNSTAO "72 AND 
lAHSA 72. 

20 Ne<1/211700) MASS IMEVJ (PROD. EXP.J 

6 

10/69 
10/69 
10/69 
1171 

M ( 1695.01 (9.0) 
(21.0) 
118 .oJ 
(6.0) 
15.01 

A-BORELLI 6"1 HBC + PBAR P 5.7 BEV/C 8/67 
M 117~4. OJ 
" 11730.01 
M 1 11112.01 
H A I 1667.0) 
H 8 19011693. J 
M ( 1691. J 
M 177(1710.! 
M 4011763.! 
M 50511730. 0) . 
M 6011710.1 
M 11719.0) 
M ( 1694. OJ 
M 11730.) 
M I 1100. ') 

I 15.J 
(4 .) 

I 10.) 
(25.) 
(15.0) 

(6.:0J 
IB.O) 

120.) 

.H 11711.) 110.) 
M I 1672. OJ (4.0) 
M 801 1650.0) ( 10.01 
M 11700.0J I 10.0) 
M 1670. TO 1730. 
M 11120.1 120.) 
M 11690.31 i4.5J 
M (1668.0) (19.01 
M C 11715.01 15.0) 
M H660.J (15. 
M ( 1720.·1 115. J 

AlMEIDA 68 HBC • PP 10 BEVIC 9/69 
GAllOWAY 68 HBC PI-P 6 GEV/C 8/69 
bARNES 69 HBC K-P TO K-P .2P I 7170 
BENVENUTI 69 DBC 0 Pl-0 2.26 GEV 5170 
RHODE 69 H8C PP 22 GEV/C 10/69 
ANDERSON '70 MHS - Pl- 'P TO PI- HMS 2171 
CIRBA 70 HBC + PI+ P TO P+3PJ 2171 
COOPER 70 HBC + lAMB. K PROD. 2171 
CRENNEll 70 H8C + Pl-Pt PJ+P 6 GEV 1171 
KUZNETSOV 70 HlBt - lAMB. K PROD. .2171 
HillMANN 70 Hat + Pl+P 13. GEV 5170 
AHAlDJ 71 CNTR P P AT 24 GEV 10/11 
BAllAM 71 HBC +- PJ+-P AT l6GEV 2172 
BEKETOV 71 HBC + P 1- P 4 .45GEV/C 3172 
BOESEBEC 71 RVUE PP,PJ-P,K-P PROD 3172 
ElliS 71 CNTR MHS PP 3. 7 GEV/C 10171 

80/120 MA 71 HBC + P P TO P N PI 10171 
HORSE 11 HBC + PI-P 25 GEV/C 3172 
MORSE 71 HBC +0 PI-P 7 GEV/C 3172 
RUSHBROOKE71 HSC + PP TO P2PI 16GEV 2172 
EDElSTEIN 72 MHS + PP 6 TO 30 GEV 1173• 

24/45 'KAP.SHON 72 flBC + .PD--P02Pl 7 GEV 12172• 
LAMSA 72 H8C + Pl+-·P 81018 GEV 1173• 
OH 72 ·08C 0 PI-N TO PI-PI-P 2173• 
RONAl 72 HBC Pl+P 10 3PJ P 2173• 

M C ANAlYSIS GIVES JP "' 5/2+ 
2 DETERMINE J•S/2,F15 PROBABlE 

8 JP IS PROBABLY 5/2+ 
1 IJP CONSISTENT WlTH SUI1700J OR Pllll780J IN FORMATION 
A J CONSISTENT WIT_H 5/2 OR 712 

u C) , 
PARTICLE DATA GROUP Review of Particle Properties S123 

Baryons 
N(1700) 

20 N•l/21 1700) WIDTH (MEVJ IPROO. EXP.J 

w 170.01 120.0) A-BORELL I 67 HBC' 9/69 
w ( 140.0) C5l.OJ ALMEIDA 6B HSC + 9/69 
w 155.0) (15.0) GAllOWAY 68 HBC 8/69 
w 170.0) 115.0! BARNES 69 HSC. K-P TO K-P 2PI 7170 
w 1105.0) 116.0) BENVENUTI 69 DBC 5170 
w 190 (235. J cso.J RHODE 69 HBC PP 22 GEVIt 10/69 
w 1130.") (10.) ANDERSON 70 MMS - PI- P TO PI- MMS 2171 
w 177 1664 J ( 26. J CIRBA 70 HSC PI-+ P AT 5 GEV/C 2171 
w I 102. J (40.) COOPER 70 HBC PJ+P, 5.5 GEV/C 2171 
w 505 I 130.0) 130.0) CRENNEll 70 HBC + 1171 
w 60 1220.) KUZNETSOV 70 HLSC - PI-P, 4 GEV/C 2171 
w (63.0) 0240) WlllHANN 70 HBC + 5170 
w 1152.01 115.0) AMAlOl 71 CNTR P P AT ·24 GEV 10111 
w I 120. I 150.1 BALLAH 71 HSC +- PJ+-P AT 16GEV 2172 
w (57. J 115. J BOESEBEC 71 RVUE PP,PI-P 1 K-P PROD 3172 
w ( 102.01 (9.0) ELUS 71 CNTR MMS PP :3.7 GEV/C 10171 
w 80 (94.01 120.0) 80/120 HA 71 H8C + P P TO P N PI 10171 
w 170. J 120. J MORSE 71 HBC + PI-P 25 GEV/C 3172 
w 70- TO 120. MORSE 71 HBt +0 P J-P 7 GEVIC 3172 
w '120. J 140.J RUSHBROOKE7l HBC + PP TO P2PI 16GEV 2172 
w 1133.0) 126.01 EDElSTEIN 72 HHS . PP 6 TO 30 GEV l/73* 
w 1168.0) 164.0) KARSHON 72 OBC + PD--P02PI 7 GEV 12172• 
w ~80.0J APPROX. UMS.A 72 HBC. PI P 18.5 GEV/C 12172• 
w ( 128.) 140. OH 12 oat 0 PI-N TO PI-PI-P 2173• 
w 160. I (40.1 RONAl 72 H8C PJ+P TO 3PI p 2173• 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

----- ------- ------ ----- ------- ------ ------ ___ ..;__ 

Pl 
P2 

"' P4 
P5 
P6 
P7 
P8 

Rl 
Rl 
Rl A 

R2 
R2 
R2 

R3 
R3 
R3 

•• •• •• •• 1 

•• 
R4 A 

•• 
R5 
R5 
R5 

•• •• 
R7 
R7 
R7 
R7 
R7 AVG 

•• •• •• •• •• 1 

•• •• R8 A 

•• •• •• •• c 
•• 

20 N'*l/20700) PARTIAL DECAY MODES IPR004 E)(P.J 

N*li211700J INTO P.,J N 
N•11211700J INTO N PI PI 
N*112Cl7001 INTO N*3/211236J PI 
N*l/211700)+ INTO NEUTRON PI+ 
N*l/211700)+ INTO PROTON PI+ P1-
N•li211700J+ INTO N•31211236)++ PI
N*li211700J INTO N ETA 
N*l/21 17001 INTO lAMBD-A K 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

1236+ 139 
939+ 139 
938+ 139+ 139 

1236+ 139 
939+ 548 

1115+ 497 

20 N•l/2117001 BRANCHING RATIOS (PROD. EXP.I 

N•11211700l INTO (PI NIIIPI N•31211236J J CP1111P31 
to. 771 OR lESS LEE 67 HBC 
I 9. OJ OR MORE BENVENUTI 69 DBC 

~I-P 3.6 GEV/C 11/67 
5170 

N*l/211700) INTO IN ETAliCN Pi + N PI PlJ IP7JIIPl+PZJ 
t0.025JOR lESS . KRAEMER 64 OBC + PJ+D 1.2 
I0.042JOR lESS Cl=.95 A-BORELL I 67 HBC f- PBAR P 5. 7 BE VIC 9/69 

N•li211700J INTO ClAM80A KJIIP PI-+ PI-J CP8HIP5J 
(0.034JOR LESS ALEXANDER 67 HBC + PP 5.5 BEV/C ll/67 
IO.Oll OR lESS CL ... 95 CIRBA 70 HBC PI+P AT 5 GEV/C 2171 

N*11211700J INTO llAU8DA K111N PI + N PI PIJ IP8JJ(Pl+P2) 
t0.01310R lESS CL•.95 A-BORElli 67 H8C + 

SEEN CHJNOWSKY 68 H8C PP TO K+ Y N 
liMITS 0.025 TO 0.11 BARNES 69 HBC K-P TO K-P 2PI 

25 D.025 O.OD5 CRENNELl 70 HSC + 
LESS THAN 0.025 WillMANN 70 HSC PI+P TO 3PJ P 

25 SEEN. CONS. WITH J•112 MORSE 71 ~BC 0 Pt-P 7 GEV/C 

N•1/211700J INTO IN PlJI(N PI PI) (PlJIIP2l 
Cl.26J OR LESS Cl~>o95 A-BORELLI 67 HBC. + 
0.025 0.13 tRENNEll "70 HBC + 

N*1/2tl700J INTO INe<3/211236J PI I liN PI PIJ IP3JIIP2J 
NO EVIDENCE A-BORELLI 67 HBC + 

SEE MERlO 66 FOR A REVIEW. 

N•112Cl7001 INTO INEUTRON PJ+JI(P PI+ PI-J 
0.67 0.40 AlEXANDER 67 HSC 
0.47 0.25 A-BORELLI 67 HBC ......... 

IP4JIIP51 
+ PP 5.5 BEV/C 

PBt:R P 5.5 GEV/C 

0.53 0.21 AVERAGE tERROR INCLUDES SCAlE FACTOR OF 1.0) 

N*112Cl700J INTO IN•I1236l++ PI-JIIP PI-+ PI-I (P6)11P5J 

8/67 
6/68 
1110 
1/71 
6170 
3172 

8/67 
1171 

8161 

11167 
7170 

0.74 0.14 AlEXANDER 67 HBC + PP 5.5 .8EV/C 11167 
1.0 0.3 

10483) 
lESS THAN 0.15 

tO.SOJ OR lESS tl=.95 
NO EVIDENCE 

12.31 11.6) 
ll.OJ OR MORE Ctcr..95 
o. 75 0.75 
0.35 0.20 
0.65 0.15 

AlMfiOA 68 HBC + PP 10 BEV/C 9/66 
KAYAS 68 HBC PP S.l BEV/C ll/68 
BARNES 69 HBC K-P TO K-P 2PI 7170 
CIRBA 70 HBC PJ+P AT 5 GEV/C 2171 
C'RENNEll 70 HBC + 1171 
,WillHANN 70 HBC. Pl+P TO 3PJ P 6170 
BEKETOV 11 ttBC + OEUH36l++ PI- "'3172 
.BOESEBEC 11 RVUE PP,PI-P 1 K-P PROD 3172 
RUSHBROOKE7l .HSC. + PP TO P2PJ 16GEV 2172 
lAUSA 72 HBC PI P 18.5 GEV/C 121720 

R8 AVG 0.66 0.10 AVERAGE (ERROR INClUDES SCAlE FACTOR OF 1~21 

R9 
R9 

N•11211700) INTO lSIG KJ/(lAMB tO PROD~ EXP. 
lESS THAN .20 COOPJ:R 70 HBC + PJ+P, 5.5 GEV/C 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

••••c-• **••••••• .......... *••······ •••••c-••• •••••••••••••••••• ······~~~~· 

KRAEMER 64 PR 136 8496 
AlEXANOE b 7 PR 154 12B4 
A-BOJ~Ell 67 NC 47 232 
LEE 67 PR 159 1156 

AlME lOA 68 PR 174 163 8 
CHlNOHSK 68 PR 165 1466 
GAllOWAY 68 Pl 278 250 
KAYAS 68 NP 85 169 

REFERENCES FOR N•l/211700) C PROD. EXP. J 

+MADANSKY,+ (J HOPKJNS 1 NWESTERNtWOOOSTOCKJ I 
AlEXANDER,BENARY,ClAPEK,+ -I WE IZMANN(CERNJ J 
AllES-SOREll I ,FRENCH,FRI SK ,H ICHEJDA I CERN I 
+MOEBS oROE o SINClAIR. VANDER VEl'OE I HI CHI 

+-RU$HSROOKE, + ICAVE,OESYICERNl l 
CH~NOWSKY,KJNSEY,KlEJN, -+ ILRL,SlACJ 
GAllOWAY, AlYEA,CRITTENOENtPRJC.KETT ,-+ I INOJ 
+GUYADER, SENE 1 Yl OU, All TT I , + ( ORSAY, SA ClAY I 

2171 
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Baryons 
N(1700), N(1780), N(1860) 

BARNF.S 69 PRL 23 1516 
BENVENUT 69 PR 187 1852 
RHODE 69 PR 187 1844 

. ANDERSON 70 PRL 25,699 
CIRBA 70 NP 823,5:33 
COOPER 70 NP 823,605 
CRENNELL 70 PRl 25 187 
KUZNET.SOV70 SJNP 10,332 
WILLMANN 70 PRL 24 1260 

AHALOJ 71 Pl 348 435 
BALLAK 71 PR 04 1946 
BEKETOV 11 SJNP 13 605 
BOESEBEC. 71 NP 833 445 
ELLIS 71 PRL 21 442 
MA 71 PRL 26 333 
MORSE 71 PR 04 133 
RUSHBROO 11 PR 04 3273 

+BASSANO•CHUNG+E ISNER+FLAHINTO+K IN SON tBNL I l J 
BENVENUTI, MARQUITr OPPENHEIMER CMINNrCOLOI 
~HOOE, LEACOCK, KERNAN, JESPERSEN,+ CJSUI 

+BLESER, BU EDEN, COLLINS++ t BNL. CARNI 
+VANOERHAGEN+ CEPOL 1 DURHrNIJHr TORI,SQNNI 
+HANNER, MUSGRAVE 1 POllARD, VOYVOOIC IANL I 
+LAlt LOUIE, SCARRr SIMS IBNU 
+MELNI KOV, RYL 1 SE VA 1 CHAORAA ,BAll NTP t Jl NR I 
+LAMSA,GAIOOS,EZELl CPURDIJJ 

+BIANCASTELL I, 80510 1 + (I SAN ITA ROHA+CERNJ 
+CHAOWICK,GUIRAGOSSIAN,JOHNSON,++ ISLACI I 
tZOMBKOVSKII,KONOVALDV.KRUCHJNIN,++ ( ITEP)IJ 
BDESE6ECI'\,GRAESSLER,KRAUS,+++ fABBCHLVJ I 
+HAGL ICH t NOREM, SANNES t Sl LV ERMAN I RUTG J 
+COL TON IMSU+LBU I 
+OH 1 WALI'\ER,CARROLL 1 LYNCH + , IWISC+TNTOJI 
RUSHBROOKE,WILLlAHS+BAREFORD++ ICAVE,LOICI IJ 

EDELSTEI 12 PR 05 1073 
JOHNSTAD 72 NP 842 588 
KARSHON 72 NP B37 371 

EDELSTEIN, CARRIGAN ,HI EN, MCMAHON, +I CARN+BNLJ 
+MOLLE RUO+ ••• +JACOBS EN( BOHR, HELS, OSLO, STOH I IJP 
+YEKUTIELitYAFFE 1 SHAPJRA,RONAT,+ IREHOI I 

LAMSA 72 NP B37 364 +WILLHANN+ •• +GO, BISHAS+... IPURO,NDMO IJP 
OH 72 PL 426 497 +FUNG 1 KERNAN, POE 1 SCHALK, SHEN ( UCRJ I JP 
RONAT 72 NP B38 20 40. +EISEN BERG, LYONS, SHAP 1 RA ,l'?AFF+ ( REHOJ 

PAPERS N01 REFERRED TO IN DATA CARDS. 

MERLO -66 P ROY SOC 2B9 489 J P MERLO, G VALLAOAS ( SACLAY1 

••••••••• ••o•o•••• ••••••••• ••••••••o ••••••••• ••••••••• •••••••• 

.i.~( ~·;~~; r::··::,:::::::~-· J:~:::::·:.::: .. ~ ............ . 

M 
M 
M 
M 
M 
M 

P1 
P2 
P3 
P4 
P5 
Pb 
P7 
P8 
P9 

Rl 
Rl 
Rl 
Rl 
Rl 

R2 

•• 
R2 A 

R3 
R3 
R3 

•• •• •• •• •• 
R5 
R5 
R5 
R5 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N•1/2fl4101. 

14 N•1/2Cl1BOI MASS CMEVI 

11751.01 D0NNACH1 68 RVUE 
11640.01 170.0) OR ITO 69 RVUE 
11700.01 ORIT02 69 CNTR 
11645.01 AYED 70 IPWA 

FROM ENER. DEP. Fl T OF ARGANO DIAGRAM 
11170.01 OAVI ES 10 RVUE 
11809.0) SCHORSCH 10 OPWA 
11685.0IOR I 1740.01 WAGNER 11 I PWA 

THERE ARE 3 SIMILAR SOLUTinNS 
11720.1 ALMEHED 72 JPWA 

14 N*1/2117BOI WIDTH IMEVJ 

1327.01 OONNACHl 6B RVUE 
(310.01 ISO.QJ OR ITO 69 RVUE 
1210.0) ORJT02 69 CNTR 
(50.0) AYED 70 I PWA 

1445.01 DAVIES 70 RVUE 
12BO.OJ SCHORSCH 70 DPWA 
1160.01 ORC22Q.QJ WAGNER 71 JPWA 
( 160. J ALMEHED 72 I PWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

14 N•l/2117801 PARTIAL DECAY HODES 

N*li2111BOJ INTO PI N 
N*l/2117801 INTO LAMBDA K 
N*l/2Cl1BOJ INTO N ETA 
N*1/2117801 INTO N GAMMA 
N*1/2(17801 INTO GAM P, HELICITY=1/2 
N*1/2C17BOI INTO GAH N, HELICITY=1/2 
N•l/2(17801 INTO N PI PI 
N01/2117BOJ INTO N EPSILON 
N*1/2Cl7801 INTO N RHO 

14 N•1/211780J BRANCHING RATIOS 

N•l/211780) INTO IPI NJ/TOTAL 
10.321 
10.1491 
10.431 
10.21. 

OONNACH1 
AYEO 
DAVIES 
ALHEHED 

68 RVUE 
70 I PWA 
10 RVUE 
72 I PWA 

PHASE-SHIFT ANAL 
K LAMBDA PS ANAL. 
K LAM PHOTOPRO 

P-S ANAL SOL A 
K LAM PHOTOPRO. 
P 1-P TO K LAMB 

K LAM PHOTOPRO 

SOL· A 
K LAM PHOTOPRO. 
PI-P TO K LAHB 

DECAY MASSES 
139+ 93B 

1115+ 497 
939+ 54B 
93B+ 0 

0+ 93B 
0+ 939 

938+ 139+ 139 
93B+ 600 
938+ 710 

CPU 

SOL A 

N*l/2117801 INTO ILAHBDA KI*IPl NI/TOTAL**2 CP2*Pll 
0.004 Oo003 ORJTO 69 RVUE 

I0.025JQR 0.043 WAGNER 11 IPWA Pt-P TO K LAMB 

N*1/2Cl1B01 INTO ILAH6DA KJ/TOTAL CP2J 
CO.OOJITO Oo065 RUSH 6B MPWA T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING . 

N*1/2111BOI INTO IN ETAI/TOTAL IP31 
(0.191 BOTKE 69 MPWA T POLE + RESQN • 
10.091 CO.Q5J DEANS 69 MPWA T POLE + RESON. 
tQ.015JOR Q.Q35 CARRERAS 70 MPWA T POLE + RESON • 

PARAI'IElRlZATJON USED COULD BE IN DANGER Of DOUBLE COUNTING 

N*1/207BOJ FROHN GAMKA TO LAMBDA K. SQRT(P2•P4J 
10.00271 ORIT02 69 CNTR K LAM PHOTOPRO 
Ca. 008B I SCHORSCH 70 OPWA K LAM PHQTQPRO. 
10.0104) DEANS - 72 MPWA 

8/69 
8/69 

10/71 
1171 

8/69 
10171 

1171 

2/72 

B/69 
8/69 

10171 
1171 
8/69 

10171 
1171 
2172 

8/69 
1171 
8/69 
2172 

8/69 
1171 

B/69 

10/69 
5170 
5170 

10/71 
10/71 
1173• 

Data Car_d Listings 
For notation, see key at front of Listings. 

A1 
A! 
A! 

A2 
A2 
A2 

14 N*l/2117BOI PHOTON DECAY AHPlCGEV**-1121 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS • 

N*1/2117BOJ INTO GAM P 1 HELICITY=1/2 CGEV**-1/2J 
+.D26 .028 OBERLACK 72 OPWA PI N PHOTD-PROD 

c-.o6IJ WALKER 73 DPWA PI N PHOT Q- PROD 

N*1/211780J INTO GAM N, HEllCITY=1/2 CGEV*0-1/21 
+.027, .022 OBERLACK 72 OPWA PI N PHOTQ-PROD 

(+.0521 WALKER 13 OPWA PI N PHOTG-PROD 

••o••• ••••••••• ••••••••• ••••••••• ••••••••• •o••••o•• ••••••••• •••••••• 
REFERENCES FOR N01/2( 17BOI 

OONNACH1 6B PL 268 161 
ALSO 6B VIENNA 139 
ALSO 6B THESIS 

A OONNACHIE 1 R G KIRSOPP 1 C LOVElACE (CERNIIJP 
DONNACHIE RAPPORTEUR.S TALK (GLASJ 
R G KJRSOPP I ED IN) 

RUSH 68 PR 173 1776 J E RUSH IUNIV ALABAMA) 

80TKE 
DEANS 
ORJTO 
ORIT02 

69 PR 180 1417 
69 PR 185 1797 
69 lNC 1 936 
69 INS J 113 

J C 80TKE 
S DEANS, J WOOTEN 
S OR ITO, S SASAKI 
S ORJTO UHESISJ 

cucsB·J 
(UNIV S FlORIDA) 

I TOKYO-OSAKA) 
I TOKYO) 

AYEO 70 KIEV CONF 
CARRERAS 70 NP 168 35 
DAV1 ES 70 NP 621 359 
SCHORSCH 70 NP B25 179 

R AYED,P 8AREYRE, G VlllET 
· 8 CARRERAS, A OONNACHI E 

A DAVIES 
+TIETGE ,NEILNBOECK 

I SACUl JP 
IDARE,HCHS1 

IGLASJ 
(MPIMJ 

WAGNER 71 NP B25 411 F WAGNER, C. LOVELACE (CERN) 

ALME HEO 72 NP B40 157 +LOVELACE (LUNO,RUTGHJP 
DEANS, 72 PN 3 217 +JACOBS, lYONS, HICKS IU S Fl TAHPA+CARNJ 
OBERlACK 7,2 PL 43B 44 
WALKER 73 TO BE PUB. 

H.OBERLACK ,R. G.HQORHOUSE ILBL J 
R.L.WALKER,W.J .HETCAlF CCITI 

PAPERS NOl REFERRED TO IN DATA CARDS. 

DEANS 69 PR 177 2623 S R DEANS IUNIV S FLORIDA) 
(GLAS+EOINJ 

( SACLAYJ 
OONNAC.Hl 69 NP lOB 433 
AYEO 70 PL 31B 598 

A OONNACHIE, R KIRSOPP 
+BAREYRE+VILLET 

•••••• ••••••••• ••••••••• ••••••••• oo••••••• ••••••••• •••••oo•• •••••o•• •••• .. ••••••••• ••••o.•••• ••••••••• ••••••••• ••••••••• ••••••••• ••o••••• 

IN(1860)I,,- N•ll2118b0, JP•3/2+l I•1121P131 

Pl 
P2 
P3 
P4 
P5 
Pb 

Rl ., 
Rl 
Rl 
Rl 

R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE~ 
PRECEDING N*1/2U4701. 

15 N*l/211B60J MASS (MEV) 

11860.0) OONNACH1 68 RVUE PHASE-SHIFT ANAL 
( 1B60.0I APPROX LEA 69 CNTR PI-P ELASTIC 

SEE ALSO APLIN 71 
( 1766.0) AYED 70 IPWA 

FROM ENER. DEP. FIT OF ARGANO DJAGRAH. 
C1844. OJ OJ.VIES 70 RVUE P-S ANAL SOL A 
11BOO.QJ WJ.GNER 71 1 PWA PI-P TO K LAHB 

Pl3 RESONATES ONLY IN ONE OUT OF 3 POSSIBlE SOlUTIONS 
C 1850. I ALMEHEO 

15 N*l/211B601 WIDTH IMEVI 

1296.001 
( 182.01 
1449.01 

SOL B GIVES 307 MEV 

DONNACH1 
AYED 
DAVIES 

72 IPWA 

68 RVUE 
70 I PWA 
10 RVUE 

(220.01 WAGNER 71 IPWA 
1300. I ALMEHED 72 I PWA 

SOL A 

PI-P TO K LAMB 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

15 N*l/2(18601 PARTIAL DECAY HODES 

N*1/2Cl8601 
N•l/2(1B601 
N*li211B601 
N*1/211860J 
N*1/211B601 
N*1/2( 1B60J 

INTO PI H 
INTO LAMBDA K 
INTO N El'A 
INTO N PI Pl 
INTO N GAMMA 
INTO N RHO 

15 N•l/211860) BRANCHING RATIOS 

N*l/2Cl860) INTO IPI NI/TOTAL 
(Q.21J 
10.1491 

6B RVUE 
10 JPWA 

DECAY MASSES 
139+ 93B 

1115+ 497 
939+ 548 
93B+ 139+ 139 
93B+ 0 
93B+ 770 

IPIJ 

' :g::g: 
OONNACHl 
AYEO 
DAVIES 
AU1EHEO 

70 RVUE SOL A 
72 I PWA 

N•1/21 18601 INTO I LAMBDA KI/TOTAL CP2J 
(Q.Ql41l0 0.16 RUSH 6B HPWA T POLE + RESON. 

PARAMETRIZATION USED COULD BE W DANGER OF DOUBLE COUNTING 

N•l/211B601 INTO IN ETAIITOTAL IP3J 
CO.Q364J BOTKE 69 MPWA T POLE + RESON. 
(Q.OQ3J 10.0031 DEANS 69 HPWA T POLE + RESONo 
(Q.Q3QJOR Q.Q94 CARRERAS 70 MPWA T POLE + RESON. 

PARAMETRIZATION USED COULD BE IN DANGER Of DOUBLE COUNTING 

R4 N*1/211B601 INTO (LAMBDA K}*(PI NIITOTAL**2 .tP2*Pll \ 

Z/13* 
2/730 

2173* 
2173* 

6/68 
8/69 

1/11 

B/69 
1171 

2172 

B/69 
1/71 
8/69 
2173• 
1171 
2172 

B/69 
1171 
B/69 
2172 

8/69 

10/69 
5170 
5170 

R4 A (0.0151 WAGNER 71 lPWA PI-P TO K LAMB 1171 

R5 
R5 

N•l/211B60) FROM N GAMMA TO LAMBDA K. 
CO.OOBI DEANS 

SQRTIP2*P51 
12 MPWA 1/73* 



u 6 

"'Data Card Listings 
For notation, see key at fronl of Listings. 

OONNACHl 68 Pl 268 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

RUSH 68 PR 173 1176 

BOTKE 
DEANS 
LEA 

69 PR 180 1417 
69 PR 165 1797 
69 PL 298 584 

AYEO 70 Kl EV CONF 
CARRERAS TO NP 168 35 
DAVIES 70 NP 821 359 

WAGNER 71' NP 825 411 

ALMEHEO 72 NP 840 157 
DEANS 72 P~ 3 217 

DEANS 69 PR 177 2623 
DONNACHI 69 NP 108 433 

AYEO 
APLIN 

10 PL 318 598 
71 NP 832 253 

REFERENCES FOR N*l/2(18601 

A OONNACHIE, R G KJRSOPPr C LOVELACE CCERNJIJP 
OONNACHIE RAPPORTEUR.$ TALK CGLASJ 
R G KIRSOPP (.EOINI 
J E RUSH CUNIV ALABAMA) 

J C BOTKE 
S DEANS, J WOOTEN 
LEA, CADES, WARD ,COWAN 1 + 

CUCSBI 
WNIV S FLORIDA} 

C RHEL, BRISTOL, DARE J 

R AYEO,P BAREYRE, G VILLET 
B CARRERAS 1 A DONNACHI E 

C SACL) I JP 
C OAR Et MCHS J 

fGLASI A DAVIES 

F WAGNER, C LOVELACE (CERN I 

-+LOVELACE CLUNO,RUTGJIJP 
+JACOBS, LYONS, HICKS (U S FL TAMPA+CARNJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

S R DEANS 
A DONNACHJE, R KJRSOPP 

+BAREYRE ,V JLLET 
+COWAN ,GJ BSON, GJ LMORE++ 

IUNIV S FLORJOAJ 
IGLAS+EOINI 

I SACLAYJ 
IRHEL,BRJSTOLI 

•••*•• .............................................................. . 
. •••••cc '0•••••••• ••••••••• .. ••••••• ••••••••• ••••••••• ••••••••• •••••••• 

IN(1990) 117 N•l/211990, JP•7/2+l 1•1/2 IF171 
) A NEW, PRELIMINARY ENERGY DEPENDENT ANALYSIS BY 

AYED 72 NOW FINDS THIS STATE, SEE THE N• MINI REVIEW. 

17 N•1121 1990) MASS I~EVJ 

H I 19B3.0J DONNACH1 68 RVUE PHASE-SHJ FT ANAL 
M I 1995. I KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 
M WHERE MAX, ABSORPT JON IS -OONNACH1r 2 , KIRSOPP EyEBALL FIT CERN 1 10/69 
H 12000.01 APPROX LEA 69' CNTR PI-P ELASTIC 8/69 
H • SEE ALSO APLIN 71 
H 12000.1 ALMEHEO 72 IPWA 2112 

1225.DJ 
125D.) 
1200.) 

17 N*1/211990J WIDTH IMEVI 

OONNACH1 
KI RSOPP 
ALHEHEO 

68 RVUE 
6B RVUE 
72 IPWA 

8/69 
PHASE SHIFT ANAL 10/69 

2172 

P1 P2 
P3 
P4 
P5 

Rl 
R1 
R1 

R2 
R2 
02 

R3 
R3 

11 N•11211990J PARTIAL DECAY MODES 

N•11211990J INTO PI N 
N•1/2tl9901 INTO N PI PI 
N•l/21 1990) INTO N ETA 
N•1/2119901 INTO LAMBDA K 
N•1/2119901 INTO N GAMMA 

17 N•l/211990) BRANCHING RATIOS 

N•11it19901 INTO IPl NJ/TOTAL 

DECAY MASSES 
139+ 938 
938+ 1.39+ 139 
939+ 548 

1115+ 497 
938+ 0 

IPll 
t .09J KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

10.151 ALHEHEO 12 I PWA 2172 

N•11211990J INTO IN ETAJ!TOTAL IP31 
10.021 10.021 DEANS 69 MPWA T POLE.+ RESON. 5170 

PARAMETRIZATION USED COULD BE IN DANGER OF DOUBLE COUNTING 

N*1/2119901 FROM N GAMMA TO LAMBDA K SORT I P4*P51 
10.0031 DEANS 72 MPWA ........•....•....••..•. *••······ ..........•......••....••.....••... 

00NNACH1 68 PL 26B 161 
KIRSOPP 6B THESIS 

DEANS 
LEA 

69 PR 185 1797 
69 PL 298 584 

ALMEHED 72 NP B40 151 
DEANS 72·PN3217 

DEANS 
AYEO 
APLIN 
AYED 

69 PR 177 2623 
70 PL 31B 59B 
7l NP 832 253 
7~ BATAVIA CONF 

REFERENCES FOR N*1/2119901 

A DONNACHJE, R G KlRSOPP 1 C LOVELACE ICERNIJJP 
R G KIRSOPP I' IEOINI 

.1' S pEANS, J WOOTEN. lUNIV S FLORIDA J 
LEA, CADES, WARD ,COWAN,+ I RHEL, BRISTOL, DARE) 

,LOVELACE • IRUTGJJJP 
+JACOBS, LYt;JNS, HICKS IU S FL TAMPA+CARNI 

PAPERS NOT REFERRED TO IN DATA CARDS. 

S R DEANS IUNIV S FLORIDAI 
+BAR EYRE, V ILLET 
+COWAN 1 GIBSON, GILMORE++ 
R AYEO,P BAR EYRE 1 Y LEHOIGNE 

' ISACLAYJ 
IRHEL,BRISTOLI 

I SACLI 

' ' •••••• **••······ ...................................................... . «••••• •••••••••••••••••• •••••••;~~• ••••••••••••••••••••••••••••••••••• 

0 
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Baryons 
N(1860), N(1990), N(2040), N(2100) 

IN(Z040) I 
) 

rn=-1 
16 N*l/212040, JPe3f2-l 1""1/2 ~ 

FOR OJ SCUSSJ ON CONCERNING RESONANT PARAMETERS, SEE NOTE 
PRECEDING N*l/2114701. 

16 N*1/212040J MAS'S IMEVI 

12057.0) 
12030.) 
12040.) 

OONNACH1 
OONNACH2 
K IRSOPP 

6B RVUE PHASE-SHIFT ANAL 6/68 
68 RVUE PHAS. SHJFT-CERNl 10/69 
68 RVUE PHASE SHIFT ANAL 10/69 

WHERE MAX, 
12030.0) 

ABSORPTION IS -DONNACHl, 2 ,KIRSOPP EYEBALL FIT CERN 1 10/69 
APPROX LEA 69 CNTR P 1-P ELASTIC 8/69 

SEE ALSO APLIN 71 
12075.1 ALMEHED 

16 N*1/21 20401 WIDTH IHE.VI 

72 IPWA 2/72 

129'3,01 OONNACHl 68 RVUE 
( 290. J DONNACH2 68 RVUE 
1240. J Kl RSOPP 68 ,RVUE 
(150. I ALHEHEO 72 IPWA 

8/69 
PHAS, SHIFT-CERN1 10/69 
PHASE SHIFT ANAL 10/69 

2172 

Pl 
P2 
P3 
P4 
P5 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED • 

16 N*l/2120401 PARTIAL· DECAY HODES 

N*1/212040) INTO PI N 
N*l/2(20401 INTO N PI PI 
N*l/212040) INTO N ETA 
N•l/2120401 INTO lAMBDA K 
N*l/2120'o0) fNTO N GAMMA 

16 Nl1/2120401 BRANCHING RATIOS 

N*l/2120401 INTO IPJ NJITOTAL 

DECAY MASSES 
139+ 93B 
93B+ 139+ 139 
939+ 54B 

11'15+ 497 
938+ 0 

(Pll Rl 
Rl 

" Rl 

1.261 
1.15) 

10.3) 

OONNACH2 
KJRSOPP 
ALHEHED 

68 RVUE 
6B RVUE 
72 IPWA 

PHAS.SHIFT-CERN1 10/69 
PHASE SHIFT ANAL 10/69 

2172 

R2 
R2 
02 

N*l/2120401 INTO IN ETAI/TOTAL (P.31 
10.) OR 0.009 CARRERAS 70 MPWA T POLE+ RESON. 

PARAMETRIZATION USED COULD BE IN DANGER Of DOUBLE COUNTING 

R3 
R3 

N*1/212040J FROM N GAHHA'TO LAMBDA K 
(0.0071 DEANS 

SQRTIP4"'P5J 
72 MPWA 

••••.,••o• ••••••••• ••••••••• ••••••••• ••••••••• •••••••o• *•,.••••• 

OONNACHl 66 PL 26B 161 
OONNACH2 68 VIENNA 139 
KIRSOPP 6B THESIS 

LEA 69 PL 29B 564 

CARRERAS 70 NP 168 35 

ALMEHEO 72 NP B40 157 
DEANS 72 PN 3 217 

DONNACHI 69 NP lOB 433 
AYED 70 PL 318 59B 
APLJ N 7l NP B32 253 

REFERENCES FOR N*1/2120401 

A OONNACHJE, R G KIRSOPP, C LOVELACE ICERNIIJP 
OONNACHl E RAPPORTEUR. S TALK I GLASJ 
R G KJRSOPP IEOINI 

LEA, OAOES, WARD, COWAN,+ I RHEL, BRISTOL o DARE I 

8 CARRERAS, A DONNACHIE IDAR·E,HCHSJ 

+LOVELACE (LUND, RUTGIIJP 
+JACOBS, LYONS, HICKS IUS FL TAHPA+CARNI 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A DONNACHIE, R KIRSOPP 
+BAR EYRE 1 VILLET 
+COWAN, G 1 BSON, Gl LHOR E++ 

IGLAS+EDINI 
I SACLAY I 

( RHEL, BR I STOLl ......... ········~*········ •••••:co••• •••••••••••••••••••••••••• •••••• ••••••••• ••••••••• ••••••••• *•••••••• o••o••••• ••••••••• •••••••• 

IN(2100) I 
) 

D4 N•ti212100, JP~::l/2-1 J~:~l/2 

A NEW 1 PRELIMINARY ENERGY CEPENOENT ANALYSIS BY 
AYED 72 NOW FINDS EVIDENCE FOR THIS RESONANCE AT 
ABOUT 2200 MEV. SEE· THE N* MINI REVIEW. 

I 2070. J 
12100.1 

04 N*l/2121001 MASS IHEVI 

ROYCHOUD 71 OPWA 
ALHEHEO 72 I PWA 

------ --------- --------- --------- -------- --------- -----":'-- -------. 
04 N*l/212100) WIDTH (MEV) 

1200. I ALMEHEO 12 .I PWA 

04 N*l/2121001 PARTIAL DECAY MODES 

Pl N*l/2(21001 INTO PI N 
DECAY HASSE S 

139+ ?38 

I 

5170 

1173* 

3172 
2172 

2/12 

\ 
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Baryons 
N(2100), N(2175), N(2190) 

04 N.l/2121001 BRANCHING RATIOS 

Rl N*l/2121001 INTO IPJ NI/TOTAL (PlJ 
Rl 1 10.51 , ALHEHEO 72 JPHA 

REFERENCES FOR N*l/2121001 

ROYCHOUD 7l NP 827 125 
ALMEHED 72 NP 840 157 

R K ROYCHOUOHURY,B H BRANSOEN IOURHJIJP 
+lOVElACE ILUNO,RUTGJlJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED 72 BATAVIA CONF R AYEO,P BAREYRE, Y LEMDIGNE I SACLI 

••••••••••••••••••••••••••• ••••*"*** •••••••••••••••••• *••••••• 
•••••• ••••••••o ooooo••-o:~~o ••••••••• •••o~o••••• ••••••••• :co•••••too• 

IN(2100)I 
) 

os N•li21Zloo. JP·sn-• ,.,12 I D1sl 
A NEW, PRELIMINARY ENERGY DEPENDENT ANALYSIS BY 

AYED 72 NOH FINDS EVIDENCE FOR THIS RESONANCE AT 
ABOUT 2055 MEV. SEE THE N* MINI REVIEW. 

Pl 

Rl 
Rl 7 

05 N*l/2121001 MASS IHEYJ 

12100. j ALMEHEO 72 I PWA 

--------- --------- ---~---- _,...:. ______ -------- --------
05 N*l/212100) WIDTH IMEVJ 

oso.) ALMEHEO 72 1 P\oiA 

05 N*l/21 21001 PARTIAL DECAY MODES 

N*1/2121001 INTO PI N 

05 N•l/2121001 BO.ANCHING RATIOS 

"DECAY MASSES 
139• 938 

N*l/2121001 INTO (PI NJ/TOTAL IPll 
10.21 ALMEHEO 72 I·PWA 

REFERENCES FOR N*112121001 

ALHEHEO 72 . NP Bt,O 157 +LOVE-LACE (LUND,RUTGJlJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYEO. 72 BATAVIA CONF R AYE0 1 P BAREVRE, Y LEMOIGNE • ISACU 

................ •••••'~~*** '~~******** ............ '~~*******• .......... *'~~'~~••••• 

......... ...... ••••• **'~~ **'~~'~~** ••••••• :e: .. .b.$****'~~** ••••••••• • •••••• '~~* ........ . 

I N(2175) I 
) 

. " ' -~ 
06 N*1/212175, JP=S/2+} 1 .. 1/2 F 15 

SEE THE NOTE ON N 1 S AND DELTAS PRECEDING THE 
BARYON DATA CARD LISTINGS. 

Pl 
P2 
P3 

06 N*1/2121751 MASS tMEVI 

( 2175.) ALMEHED 72 IPWA 

.()6 N*l/2i2175J WIDTH IMEVJ 

1150.) ALMEHEO 72 IPWA 

06 N*l/212115) PARTIAL DECAY MODES 

N*1/212175t INTO PI N 
N*1/212175J INTO LAHBDA K 
N01/2121751 UflO L GAMMA 

06 N* 1/2121751 BRANCHING RATIOS 

DECAY MASSES 
139+ 938 

1115• 497 
938• 0 

Rl N*1/212175J INTO IPI NJ/TOTAl (PlJ 
Rl 7 10 .. 25) AL.'IEHEO 72 IPWA 

RZ 
R2 

N*l/212175) FROM N GAMMA TO LAMBDA K 
10.002) DEANS 72 HPWA 

SQRTIP2*P3J 

•tt•••• ................................................................... . 
REFERENCES FOR N*1/212115J 

ALMEHEO 72 NP B40 157 ,LOVELACE tRUTGJIJP 
DEANS 72 PN :3 211 •JACOBS, lYONSt HICKS CU S FL TAHPA-f-CARNJ 

'~~•···· ........................................................................... . 
···~·· .... ...... ., ................... ~ .......................................... . 

2172 

2172 

2172 

2172 

2172 

2172 

1/73* 

Data Card Listings. 
For notation, see key at front of Listings. 

lN(2190) I 71 N•li21Zl90, JP•712-I 1•1121 Gt71 

H 

" " H 

" H 

" H 

ROYtHOUOHURY 71 FINO SOME INDICATION OF Pll AND Fl"7 IN 
THIS REGlON.BRANSOEN 71 ALSO FINO Pl1,F15,AND G19 RESo
NANT NEAR THIS MASS. 

71 N*l/2(2190) MASS tMEVJ 

'2190.01 DIODENS 63 .CNTR PI+- P TOTAl 
12210.0) HOHLER 64 RVUE DATA-+ OJSP REl 
12190.0) APPROX YOKOSAWA b6 CNT R Pl- P OSJG + POL 
12265.01 OONNACH1 68 RVUE PHASE-SHIFT ANAL 
( 2000.01 APPROX LEA 69 CNTR PI-P ELASTIC 
2180. ZSo ANDERSON 70 MHS - PI- P TO PI- MMS 

( 2156.0) AYED 70 I PWA 
FROM ENER. DEP. FIT OF ARGANO DIAGRAM 

( 2260.01 HULl 70 MPWA SMAll ANGLE PI-P 
(2160.0) t SO.QJ AHALOI 71 CNTR P P AT ·24 GEV 

. (2160.1 I BRANSOEN 71 DPWA 
(2200. J ROYCHOUO 71 DPWA 
12225.) ALHEHED 72 IPWA 
(2190.) OTT 72 MPWA 0 PI-P BKWD ELSTC 

71 NOJ/212190) WIDTH CMEVI 

1200.0J OJODENS 6:3 CNTR 
1200. OJ HOHLER 64 RVUE 
1220.01 APPROX YOKOSAWA 66 CNTR 
1296. OJ DONNACH1 66 RVUE 

7/66 
6/68 
8/69 
2171 
1/11 

1171 
10171 

3172 
3172 
2172 
2173• 

7/66 
7/66 
6/69 

275. 70. ANDERSON 70 MMS -
1325. OJ AYEO 70 I PWA 
1239. OJ HUll 70 MPWA 
050.1 ALHEHED 72 lPWA 

PI- P TO PI- MMS 2171 
1171 

SMALl ANGLE P 1-P 1/11 
2/72 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

71 N*1/2(21901 PARTIAl DECAY MODES 

P1 N*1/212190) INTO PI N 
DECAY HASSE S 

139+ 938 
1115+1765 P2 N•1/212190J INTO LAMBDA K 

P3 N•112t21901 INTO N PI PI 936• 1.39• 139 
P4 N*1/2f2190J INTO N GAMMA 938+ 0 

·11 N*li2C21901 BRANCHING RATIOS 

Rl N*l/2(21901 INTO IPI NJ/TOTAL CPlJ 
Rl (Q.31 APPRO X OIOOENS 63 CNTR 
Rl 10.31 APPROX YOKOSAWA 66 CNTR 
Rl 10.349) OONNACH1 66 RVUE 
Rl (0.1501 AYED 70 1 PWA 
Rl (0.09) HULL 70 MPWA SMAll ANGLE PI-P 
Rl 7 I0.35J ALHEHEO 72 I PWA 
Rl ( .. 25J OTT 72 MPWA 0 PI-P BKWD ELSTC 

R2 N*1/2121901 FROM fl GAMMA TO LAMBDA K SQR T C P 2*P4) 
RZ (0.016) 

OIDDENS 63 PRL iO 262 
HOHLER 64 PL 12 i.49 
YOKOSA'WA 66 PRL 16 714 

DONNACHl 68 PL 2 6"9 1 61 
ALSO 68. VIeNNA 139 
ALSO 68 THESIS 

LEA .69 "PL 296 584 

ANDERSON 70 "PRL 25t699 
AYED 70 KJ EV CONF 
HULL 70 PR 02 178:3 

AMALOI 71 Pl 348 435 
BRANSOEN 71 NP B26 511 

ALSO 70 NP 816 461 
ROYCHOUO 71 NP 827 .125 

ALMEHEO 72 NP BltO 157 
DEANS 72 PN :3 217 
OTT 72 Pl 42B 1:33 

ALSO 72 MCGILL THESIS. 

AYEO 70 PL 31B 598 

DEANS 72 MPWA 

REFERENCES FOR N•112121901 

+JENKINS, KYCIA, RILEY 
G.HOHLER, J GIESECKE 
+SUWA,HILL,ESTE.RLI~r BOOTH 

C8NL I I 
CKARLSRUHEJ 1 

IANL,CHICI JP 

A DONNACHIC 1 R G KIRSOPP, C LOVElACE CCERNIIJP 
DONNACHIE RAPPORTEUR.S "TALK IGlASl 
R G KIRSOPP I EDINI 

LEA, CADES r WARD, COWAN,.;. I RHEL, 8R IS TOL, DARE I 

+BlESER, BL I EDEN, COlliNS++ 
R AYEO,P BAR.EYRE, G VJLLET 
J HUll, R LEACOCK 

CSNL,CARNJ, 
{ SACL J IJP 
II SUJ 

+BJANCASTELLI t BOSJO, + {I SA NITA ROHA-t-CERNJ 
,OGDEN (OURHJIJP 
RoYCHOUOHURY,PERRIN, BRANSOEN I DURHJIJP 
R K ROYCHOUOHURV,B H BffANSOEN IOURHI-IJP 

•LOVELACE lltJND,RUTGliJP 
+JACOBS, LYONS, HICKS tu S Fl TAMPA+CARN) 
•TRI SCHUl<. t VAVRA, Rl CHAR OS,+ I MCGI, S TLO, IOWA} I JP 

J.VAVRA IMCGJJ JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+BAREYRE r Vlll'ET I SA CLAY I 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN DATA CARDS. 

.BARGER 66 PRL 16 91:3 
CARROll 66 PRL 16 286 
CARROLL 66 PRL 17 1274 

ERRATUM CHANGING THE 
KORMANYO 66 PRL 16 709 
BUSZA • 67 NC 52A 331 

V 8ARGERt D CLINE I WI SCI P 
•CORBETT,O.AMERELL,MIODlEMAS, + IRHEL,OXFIJ-L 
•CORBETT 1 OAHERELL, Ml DOLE MAS, + t RHEL 1 0XF IJ-L 

RATHER WEAK DETERMINATION OF J-L TO •1 (2.) 
KORMANYOS,KRISCH,OFALLON, • IHICH,ANU P 
•DAVI S ,DUFf, HEYMANN, • ILOUC ,WESTf IELO I ................................................................................. 

·-··· "o: ..................... , .............................. , ............ . 

7/66 
7/66 
6/68 
1/71 
1171 
2172 
2173* 

1173* 

. 
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, Data Card Listings 
For notation, see key .at front of Listings. 

0 I N(222Q) I 90 ... l/2f2220o JP=9/2+1. 1•112 I H19l 

M 
M 
M 

FOR DlSCUSSJON CONCERNING RESONANT PARAHETERS,SEE !'tOTE 
PRECEDING N*l/21H10J. 

9o N*l/2122201 MASS IMEVI 

I 2200. J APPROX. BUSZA 
12221.01 AYED 

FROK ENER .. OEP. FIT OF AR.GAND DIAGRAM 
t 2245.01 HULL 

67 OSPK 
70 JPWA 

70 I'IPWA 

LEG.P.OLYN.ANAL. 

SMAll ANGLE PI-P 

6 

2171 
1171 

1/71 

1258.0) 
1329.0) 

90 N•l/212220) WIDTH (/'lEVI 

AYEO 
HULL 

70. IPWA 
70 MPWA 

1171 
SMALL ANGLE P.t-P 1171 

PI 
P2 

01 
01 6 
01 

90 N*l/ZI 22201 PART tAL DECAY MODES 

N*l/2122201 INTO PI N 
N*l/212220) INTO N ETA 

1
90 N*l/2122201 BRANCHING RATlOS 

N*l/212220) INTO (PI NJ/TOTAl 
(0.1401 10 IPWA 

DECAY MASSES 
139+ 938 
939+ 548 

CPU 

10.151 
AYED 
HULL 70 MPWA SMAll ANGlE PI-P 

•••~~~:•• ••••••••• ••••*•••• ............................................. . 

. BUSZA 
AYED 
HULL 

AYED 

·67 NC 52A 331 
70 KIEV CONF 
70 PR 02 1783 

70 PL 318 598 

REFERENCES FOR N*l/2(22201 

+OAVIStDUFF,HEYMANN,NJMMON 4-

R AYED,P BAREYRE, G VILLH 
J HULL t R LEACOCK 

ILOUC•LOWCI 
I SACLJ JJP 

CJSUJ 

PAPERS NOT REFEREO TO IN OAT A CARDS 

+BAREYREtYilLET ' CSAC.LAYI 

.................................. •o.••••••o. .......................... . ·-··· .................................... ··~~~~······ ................. . 

PI 
P2 
P3 

12700.01 
12660.01 
(2600 .. 01 
12633.01 
2649.0 

ClOD. OJ 
1200.DI 
1425.DJ 
360.0 

72 NO.l/2C2650t JPc:. -J 1•1/2 PRODUCTION ExPERIMENTS 

ROYCHOUOHURY 71 CLAIM F1512400J AND G19C2400I TO BE 
POSSIBlE RESONANCES. SRANSOEN 71 FINO THE POSSIBLE 
RESONANT CANDIDATES Slli2520J AND H1912590J. 

72 N*l/2126501 MASS CHEVJ C PROD. EXP .. I 

APPROX 

10.0 

ALVAREZ 
HOHLER 
WAHLIG 
BARGER 
CITRON 

64 CNTR 
64 RVUE 
64 OSPK 
66 FIT 
66 CNTR 

Pt PHOTOPROO. 
OAT A + OISP REL 

0 PI-P CH EX 
TOTAL + CH EX 
PJ•- P TOTAl 

72 N*l/2(26501 WIDTH IHEVJ CPROD. EXP.I 

20.0 

ALVAREZ 
HOHlER 
BARGER 
CITRON 

64 CNTR 
6;4 RVUE 
66 FIT 
66 CNTR 

TOTAL • CH EX 

72 N*l/2126501 PARTIAl DECAY MODES IPROO .. EXP •. J 

N*1/2126501 INTO PI N 
N*1/2126501 INTO LAMBDA K 
N*l/2126501 INTO N Pl PI 

DECAY MASSES 
139• 938 

1115• 497 
938• 139+ 139 

72 N*l/2126501 BRANCHING RATIOS !PROD. EXP .. I 

R1 N*l/2126501 INTO IPI NJ/TOTAL IPll 
Rl ONLY !J+l./21*! PI N/roTALJ MEASURED FOR THIS STATE 

1171 
1171 

11/67 
7/66 

7166 
ll/67 
7166 

R1 8 10.4561 10.0181 BARGER 66 RVUE TOTAL • CH EXC. 11/67 
R1 0.-436 0.028 CITRON 66 CNTR TOTAL CROSS-SEC .. 11/67 
R1 10.301 BARGER 67 RVUE USES KORMANYOS67 11/67 
R1 USES REGGE AHP.+RESON. TO CALCULATE DIF. CROSS SECT IONS AT 180 OEGRE 
R1 FOR CRITICISM OF THIS METHOD, SEE DOLEN 68 .. 
R1 10.241 OIKHEN 67 RVUE USES KORMANYOS66 11/67 
R1 USES ONLY RESONANCES TO CALCUlATE OIF .. CROSS SECTIONS AT 180 DEGREES 
R1 10 .. 06) KORHANYOS 67 CNTR PI-P AT 180 DEG. 11/67 

REFERENCES FOR N•1JZI26501 IPROO. EXP.J 

ALVAREZ 64 PRL 12 710 +BAR-YAM,KERN,LUCKEYrOSBORNE, • (MIT ,CEAJ 
HOHLER 64 PL 12 149 G HOHLER, J GIESECKE (KARLSRUHE) I 
WAHLIG 6-4 PRL 13 103 .f.HANNELLJ, SODICKSON, FACKLER,WARO, + (MIT I 
BARGER 66 PR 151 1123 Y dARGER, 11 OlSSON C WI SC J 
CITRON 66 PR 144 1101 +GALBRAlTH,KYCIA,lEONTlCtPHILUPSt + (BNL) 
BARGER 67 PR 155 1792 V BARGER, 0 CLINE IWISCJ 
DIKHEN 67 PRl 18 798 F N DIKHEN ( HICHJ 
KORMANYO 67 PR 16-4 1661 KORMANYOSr KRISCH, OFALLON, • CMICH,ANLI P 

u 
PARTICLE DATA GROUP Review of Particle Properties si21 

Baryons 
N(2220), N(2650), N(3030), N1(3245) 

PAPERS NOT. REFERRED TO IN DATA CARDS. 

8AACKE 67 NC 51A 761 J BAACKE, M YVERT CKARLSRUHE,ORSAYJJ-l 
COLEN 68 PR 166 1768 R OOL!:N, 0 HORN, C SCHMID ltlTJ 
WAHllG 68 PR 168 1515 M A WAHllGt I HANNELLI UUTtPISAJ 

FINAL VERSION OF OAT A USED lN WAHUG 64. IN. CONFUNCTION MITH 
CITRON 66 TOTAL CROSS S!:CTlONSr THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ElASTIC SCATTERING AMPLITUDE AT 0 DEGREES. 

8RANSDEN 71 NP 826 511 
ALSO 70 NP Bl6 461 

ROYCHOUD 11 NP 827 125 

1 0GDEN 
ROYCHOUOHURY, PERRIN, BRANSOEN 
R K ROYCHOUOHURY, B H 6RANSOEN 

IDURHIIJP 
I OURHIIJP 
IOURHIIJP ...... ········~~~~ ..................................................... . 

PI 
P2 

13080.01 
13030.01 

(400.01 

······-· ............. **••• ·······- •••••••• 

73 N*1/20030r JP= J 1•112 PR90UCTION _EXPERIMENTS 

73 N*1/2(30301 MASS IHEVJ CPROO. EXPol 

·HOHlER 
C I rRON 

64 RVUE 
66 CNTR 

DATA + OISP REL 
PJ+- P TOTAL 

73 NO.l/2(3030) WIDTH IMEYI IPROO. EXP.J 

CtTROfl 66o CNTR 

73 N*l/213030) PARTIAL DECAY MODES IPROO. EXP.J 

N*1/2(30301 INTO PI N 
N*li2(3030J INTO N PI PI 

DECAY MASSES 
139• 938 

\ 938• 139+ 139 

73 N*11213030J BRANCHING RATlOS I PROD. EXP .. J 

Rl N*1/2(30301 INTO !PI NJJTQTAL IPU 
R1 ONLY IJ+1/2l*( PI N/TOTAU MEASURED FOR THIS STATE 

7/66 
7/66 

7/66 

R1 B (0.088) 10.0161 BARGER 66 RVUE TOTAl • CH EXC.. 11/67 
Rl 10.0481 CITRON 66 CNTR TOTAL CROS.SEC. 11/67 
R1 B 10.12) BARGER 67 CNTR USES KORMANYOS66 11/67 
R1 8 USES REGGE Af'tP.+RESON. TO CALWLATE OIF. CROSS SECT-IONS AT 180 OEGRE 
Rl 8 FOR CRITJCJSI'I OF THIS HETHQO, SEE DOLEN 68. • . 
R1 0 (0.016) OIKMEN 67 RVUE USES K0RHANYOS67 11/67 
R1 D USES ONLY RESONANCES TO CALCULATE OIF .. CROSS SECTIONS AT 180 DEGREES 

HOHLER 
BARGER 
CITRON 
BARGER 
DJKHEN 

64 Pt. 12 149 
66 PR 151 1123 
66 PR 144 1101 
67 PR 155 1792 
6"7 PRL 18 798 

REFERENCES FOR N61/213030) f PROD. EXP. I 

G HOHlER, J GIESECKE 
V BARGER, M OLSSON 

IKARLSRUHEJ I 
fWI SCJ 

IBNLI +GALBRAITH tK YCIA, L EONTIC f PHILLIPS, + 
V BARGER• D Cl.INE I WI SCI 
F N OIKMEN I MICHl 

PAPERS NOT REFERRED TO IN DATA CARDS 

KORHANYO 67 PR 164 16b1 
DOLEN · 68 PR 166 1768 

KORHANYQS, KRISCH, OFALLON, + 
R DOLEN, 0 HORN, C SCHMID 

(MICH,ANLJ P 
(CIT I ........................... ········~~~= ........•......... ····~~~~··-- ·····-· 

74 N* /2(3245r Jp .. +l PRODUCTION EXPERIMENTS 

Ei·ISTENCE NOT CONCLUSIVELY ESTABLISHED. I-SPIN 

'------:-....1 ~~~~~;~~:~~~~~W~~~ ~~~ :!;~~~3~~i~ PRECLUDES 

OHITTEO FROM TABLE. 

.. ___ _;_ ----- -------- ------- ----- ----- ------- -------

·" 

PI 

74 N• /2(32451 H4SS fMEVI (PROD. EXP.J 

3245.0 10-0 KORHANYOS 67 CNTR PI-P 180 DEG Et. 

74 N* /2132451 WIDTH {MEV) (PROD. EXP.) 

(35.01 OR LESS KORHANYOS 61 CNTR 

74 N• /2( 3245J PARTIAl DECAY MODES (PROD. EXP.J 

N* /2f3245l INTO PI N 
DECAY MASSES 

139• 938 

74 N* /2(32451 BRANCtUNG RATlOS (PROD. EXP.J 

R1 N* /2(32451 INTO (PI HI/tOTAL IPlJ 
R1 J IS NOT KNOWNo FOLLOWING IS IJ+1/21*(P1 NIITOTAl 
Rl (0.371 KORHANYOS 67 CNTR ............................................ ··•·····.· ····~~~~··~~~~~~~~ ....... . 

REFERENCES FOR No. /2(32451 (PROD. EXP.I 

KORHANYO 67 PR 164 1661 KORMANYOS. KRISCH, OFAllON, • OUCH,ANU P .. ,. ................................................................ . 
io .......................................... ·······~~~~· ·····-·· ••• ,., •••• 

6/68 

6/68 

6/68 
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Baryons 
N(3690), N?(3755), .6.(1236) 

75 N*l/ 21 36901 JP• J 1•112 PRODUCTION EXPERIMENTS 

A BUMP SEEN 1 N THE JNVARI ANT MASS OF A VERY COMPli
CATED STATE IN+ SEVEN PIS), SO AS EVIDENCE FOR 
A NEW RESONANCE IT IS NOT CONCLUSIVE. NOT INCLUDED 

___ -__ --__ -_-_-}:+ ---~:-~:8~~--- --------- -----·--- --------- --------
75 N*l/2136901 MASS IMEVI (PROD. EXP.J 

3690.0 10.0 BARTKE 67 HBC + PI+.P 8 PRONGS 

75 N*l/2136901 WIDTH IMEVJ (PROD. EXPo) 

so.o 30.0 BARTKE 67 HBC + 

15 N*l/213690) PARTIAL DECAY MODES CPRQQ. EXP.J 

DECAY MASSES 
Pl N*l/213690) INTO N + 7 PIS ..................................................................... 

REFERENCES FOR N*l/2(3690) (PROD. EXP.J 

BARTKE 67 PL 248 118 +CZYZEWSKI tDANYSZ,+ ICRACOW,ORSAYJ I 

••••••••• *******0* ••••••••• ••••••••• ********* ••o•••~~o•• ******** .................................................................. 
76 N* /213755, JP= PRODUCT JON EXPERIMENTS 

A SMALL PEAK IN THE ( P P PBARJ INVARIANT MASS FROM 
8.4 BEV/C PI+ P TO PI+ P P PBAR EVENTS. AS EVIDENCE 
FOR A NEW RESONANCE IT IS NOT CONCLUSIVE. OMITTED 
FROM •TABLE. 

76 N* /2137551 MASS IMEVJ (PROD. EXP.J 

3755-D a.o EHRLICH 68 HBC + PI+ P P PBAR 

76 N* /2137551 WIDTH (MEV) IPROO. EXP.) 

8/67 

8/67 

6/68 

40.0 ·2o.o EHRLICH 68 HBC + 6/68 

Pl 

76 N* 121375.51 PARTIAL DECAY MODES CPROQ. EXP.J 

N* /2137551 INTO PI+ P P PBAR 
DECAY MASSES 

139+ 938+ 938+ 938 ................................................ ···-··· 
.REFERENCES FOR N• /2(37551 IPRDO. EXP .• J 

EHRLICH 68 PRL 20 686 R EHRLICH,R J PLANO,J B WHITTAKER IRUTGERSI ...... ····~····· ..................................................... . ....................................................................... 
Comments on the Mass and Width of.ll.{1236) 

In our last' edition, we presented an exhaustive 

discussion of the relative "uniqueness" of the pole 

position. On the basis of that study we have entered · 

the pole. position in both the Table and the Data Card 

Listings. We remind the reader of our conclusions. 

1) Over.~ reasonable energy interval on t~e 

real axis, ~parametrizations of the amplitude ar,e 

equally good provided: 

a) they fit the data, 

b) they are unitary and have sensible 
21+1 

"cut" features (e. g., o
1 

o: q ). 

2) For good fits to the same data, the resonance 

mass and width on the real axis depend upon the para

metrization used (background+ BW, different BW's, 

etc.). Indeed, we found that the fitted mass parameter 

I. 

Data Card Listings. 
For notat£on, see key at front of Listings. 

.ranged from 1230 to 1235 MeV, and the width from 

109 to 124 MeV. Clearly, it is meaningless for us to 

average masses and widths corresponding to either 

different parametrizations or significantly different 

sets of data. 

3) For good fits to the· same data, the pole 

position is essentially independent of the parametri- · 

zation. 

I A( 1236) I 33 N•31211236, JP•312+l 1•3121 P331 
• • CARTER 71 REPORT NEW PRECiSE CROSS SECTION MEASURE

MENTS ·FOR PI+P,PJ-P AND CHARGE EXCHANGE. THEIR ANALYSIS 
COMBINES TOTAL CROSS SECTION DATA WITH THE PHASE SHIFTS 
OF DONNACHIE 68 CUSED FOR THE BACKGROUND UNDER THE P331 

THE CHARGE EXCHANGE DATA WERE NOT USED. 
OLSON 65 HAS DONE A SIMILAR ANALYSIS ON OLDER DATA, USING ROPER 65 

PHASE SHIFTS WITH A FREE OVERALL NORMALIZATION. 
SEE THE ACCOMPANYING NOTE, 'COMMENTS ON THE M.6SS AND WIDTH OF 

OELTAI12361'. 

33 N*312112361 MASS IMEVI 

ROPER 65 DPWA ++0 PHASE SHIFT AN. 11234. I 
11235.1 

1236.0 
1230.0 

ALMEHED 
OlSSON 
CARTER 

72 IPWA 2/72 
M++ 65 RVUE ++ TOTAL-SIGMA DATA ........ . .. 0.55 

0.6 71 MPWA ++ PI+P SIG. TOTAL 1/71 

M++ AVERAGE MEANINGLESS ISCALE FACTOR., 7.4) 

MD 1236.45 0.65 OLSSON 65 RVUE 0 
MD 1232.9 0.6 CARTER 71 HPWA 0 PI-P SIG. TOTAL 1171 

=~ AVERAGE"MEANING~ESs !SCALE FACTOR., 4.01 

33 N*3/2(12361 WIDTH (MEVJ 

1120. I ROPER 65 OPHA ++0 PHASE SHIFT AN. 
( 129. I ALHEHEO 72 IPWA 2172 ... 120.0 2.0 OLSSON 65 RVUE -+-+ ... 112.8 3.0 CARTER 71 MPWA ++ PI+P SIG TOT. 1171 ... ... AVERAGE, MEANINGLESS (SCALE FACTOR • 2.01 

HO 119.6 2.4 OLSSON 65 RVUE 0 
HO 114.7 3.0 CARTER 71 HPWA 0 PI-P SIG TOT. 1171 
HO 
HO AVERAGE MEANINGLESS I SCALE FACTOR ., 1.31 

REE 
REE 
REE 

IHE P 
!ME 

Pl 
P2 
P3 
P4 
P5 

Rl 
Rl 
Rl 
Rl 
R1 AVG 

R2 
R2 

33 N*3/211236) REAL PART OF POLE POSJTIONIMEVI 

11211.1 BALL 72 
1211.6 0~7 POG 72 FIT DELTA 33 

ERROR EST. FROM FITS WITH SOMEWHAT VARYING ASSUMPTIONS 

33 N*3/2112361 JMAG PART OF PO!.E POSITIONIMEVI 

49.5 
(50.) 

1.-8 PDG 
BALL 

72 
72 

FIT DELTA 33 

33 IN*OI - IN*++I MASS DIFFERENCC IMEVJ 

(0.451 C0.85J OLSSON 65 RVUE 
(2.91 (0.85) CARTER 71 HPWA 

REDUNDANT WITH DATA IN MASS LISTING. 

33 N•31ZI12361 PARTIAL DECAY MODES 

N•3/2(1236J INTO N PI 
N*3/2 I 12361 INTO N GAMMA 
N*3/211236J INTO N PI PI 
N*3/2f1236J INTO GA~ NUCLEON, HELICITYcl/2 
N*3/21 12361 INTO GAM NUCLEON, HEL JCITYa3/2 

33 N*3/21 12361 BRANCHING RATIOS 

PI+- P SIG.TOT. 

DECAY MASSES 
938+ 139 
938+ 0 
938+ 139+ 139 

0+ 938 
O+ 938 

N*3/2112361 INTO tN GAMHAI/IN PII CPERCENTJ IP21/1Pll 

2173• 
2113• 

2/71 

O. 55 0.02 DALI Tl 66 RVUE 7168 
0.53 0.025 BERENDS 71 IPWA PHOTOPROO. ANAL. 10/71 

0.542 0.016 AVERAGE IERROR INCLUDES SCAlE FACTOR OF 1.01 

N03/2023610 INTO IN PI I/ TOTAL (Pll 
10.991 CARTER 71 MPWA 0 PI-P FORM. EXPER 1/71 
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Data Card Listings 
For notation, see key at front of Listings. 

33 N*312Cl2361 PHOTON DECAY AHPUGEV .. -1/21 

FOR DEFINITION OF GAMHA-MJCLEON DECAY AMPLITUDES, SEE HI NI
REVIEW PRECEDING THE BARYON LISTINGS. 

Al N*3/2U236J INTO GAM NUCLEON, HELICITYcl/2 CGEV**-1/21 
Al -~HZ .006 • OBERLACK 12 OPWA PI N PHDTQ-PROO 2/73* 

IA(1650) I 

Baryons' 
A(1236). A(1650), A(1670) 

82 N•31211650o JP•l/2•1 1•3,12 I S31l 
FOR DISCUSSION CONCERNING RESONANT PARAHETERS,SEE NOTE 
PRECEOIUG N*l/2Cl't701. 

Al (-.1391 WALKER 73 OPWA' PI N PHOTQ-PROO 2173* -- ------ --- -------- ----- ---- -•--- -----.. 

A2 N*l/211236) INTO GAM NUCLEON, HELICITYc3/2 tGEV**-1121 82 N*3/2Cl650J ,_MASS IMEVI 
A2 -. 259 .016 OBERLACK 72 DPWA PI N PHOTQ-PROO 2173* 
AZ 1:-.2531 WALKER 73 DPWA PI N PHOTQ-PROO 2173* 

' ................ -······· ...... ,. ...... .,.,. .. ,. ........................ . 
REFERENCES FOR N*3/21 i236J 

OLSSON 65 PRL 14 118 M G OLSSON IWISCJ 
ROPER 65 PR 138 8190 l D ROPER, R H WRIGHT, B T FELD ILRL+MITJIJP 

DALITZ 66 PR H6 1180 DALITZrSUTHERLAND IOXFORDI 
CONTAINS REFERENCES TO EARLIER WORK ON DELTA PHOTOPRODUCTJON. 

BERENDS 71 NP B30 515 
CARlER 11 NP 826 445 

ALMEHED 72 NP 840 157 
BALl 72 PRL 28 1143 
OBERLACK 72 Pl 436 44 
PDG 72 PL 39B 103 

. WALKER 73 TO BE PUS. 

DONNACHI 6B PL 266 161 

+WEAVER ICE A, MIT, TUFT I 
+WILLI~HS, 8UGG, BUSSEY, DANCE ICAVE,RHEU 

+LOVELACE 
+CAMPBELL' LEE I SHAW 
H.OBERLACK ,R •. G.MOORH9USE 

R.L.WALKER,W. J .METCALF 

. I LUND, RUTG I I JP 
!UTAH,BOI SE,UCJ I 

IL8LJ 

fell) 

PAPERS NOT REFERRED TO IN DATA CARDS. 

o0NNACHI E, LOVELACE ,K IRSOPP (C~RNJ 

• ..,. ••• ***•••••• ..................................................... . 
****** ********* ••••••••• ••••••••• ********* ********* ******'*** •o•••••• 

81 N*3/2!1236, JP43/2+1 Jc3f't PRODUCTION EXPERIMENTS 

81 N*3/2f1236J MASS IHEVJ IPROO. EXP.J 

1217. 
1227.0 

AVG 1222.7 ... I 1232.01 ... ( 1236.0) ... 11233.4) ... (1224.01 ... 1236.0 ... 1226.0 ... 1222.0 ... 1226.0 ... 
H++ AVG 1228.4 
A- 11241.31 
M- 1239.0 

.. 
1.0 

5.3 
16.01 

l't.4) 
12.01 
2.0 
2.0 
3.0 
2.0 

2.9 . 
15.11 
5.0 

ANDERSON 70 MHS - PI- P TO PI- MHS 2171 
ELliS "71 CNTR MMS PP 3. 7 GEV/C 10/71 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 
·FERRo-LUZ 65 HBC ++ K+P TO KO P PI+ 
DEANS 66 RVUE ++ Pl+P TOTAL 
GIDAL 66 DBC ++ D D TO NNINNI PI 
HABER 70 DBC r;;-O TO 4 BOO I PI 
COLTON 72 HSC ++ PP TO PI+PN 7GEV 
COLTON 72 HBC ++ TO PI+PI-PP 
COLTON 12 Hac ++ TO PI+PI-PIOPP 
COLTON 12 HBC ++ TO PI+Pl-PI-PN 

AVERAGE (ERROR INCtUOES SCAlE FACTOR C1F 2.71 
GJDAl 66 OBC - 7166 
COLTON 72 HBC - TO Pl+PI-PI-PN 1/73* 

81 (N•-J - (N*++I MASS DIFFERENCE IMEV) IPROO. EXP.) 

7.9 6.8 GIOAL. 66 DBC 

·81 N*3/211236) WIDTH IMEVI !PROD. EXP.J 

ll5. 
105.0 

AVG 111.6 .... 1125 .. 01 ... 1121.01 •.. ( 124.01 ... 1120.01 ... us.o •.. 127.0 ... 122.0 ... 106.0 •.. 
W++ AVG 118.8 
w- 1149.01 ·- 237 .. 0 

5. 
1.0 

4.7 
(30.01 

t llt,.'QJ 
18 .. 01 
6.0 
5 .o ... 
7 .o 

4. 7 
'18.01 
22.0 

ANDERSON 70 HHS - PI- P TO PI- MHS 2/11 
ELLIS 71 CNTR HHS PP 3.7 GEV/C 10171 

AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.21 
FE RRo-LU Z 65 HSC ++ 
DEANS 66 RVUE ++ 
GIDAL :66 OBC +-+ 
HABER 70 DBCC K-D ·TO It BOD I PI 
COLTON 72 HBC ++ PP TO PI+PN 7GEV 
COLTON 72 HBC ++ TO PJ+PI-PP 
COLTON 72 HBC ++ TO PI+PI-PIOPP 
COLTON 12 HBC ++ TO PI+Pl-PI-PN 

AVERAGE (ERROR. INCLUDES SCALE FACTOR OF 1. 51 
GIDAL 66 DBC -
COLTON 72 HBC - TO PJ+PJ-Pl-PN 

•••ooo ••o•••o•• *******-** ***.-.**** ******••• ********* ********* ... _**1' 

FERRD-LU '65 NC 36 1101 
DEANS 66 PREPRINT 
GJDAL. 66 PR 141 1261 

ANDERSON 70 PRL 25 699 
HABER 70 NP 178 289 
ELLIS 71 PRL 27 442 
COL TCfl 72 PR D6 95 

REFERENCES FOR N*3/211236) (PROD. EXP. J 

FERRD-LUZZI ,GEORGE r + 
S R DEANS t W G HOLlADAY 
G GIOALt A KERNAN, S KIM 

CCERNI 
I VANDERBILT I 

lUlU 

•BLESER, SL I EDEN, COLLINS++ 18NL 1 tARN I 
+SHAPJRA,MERRJLL,MONARI++ (SABRE COLU · 
+MAGUCH, NOREM, SANNES, SIL YERMAN C RUTG I 
E COLTON, A KIRSCHBAUM CLBL) 

•••••• ••••••••• ••••••••• ••••••••• **'******* -********* ****••o•• •••••••• 
****** ••••••••• ••••••••• ••••***** ******ll<** ••••••••• o•••••••• •••••••• 

PI 
P2 
P3 .. 
P5 

Rl 

I 
l 
3 
6 

' 6 

• 7 

Rl 3 
Rl 6 
Rl 4 
Rl 7 

Al 
AI 
Al 

( 1648.01 112.0) DEVLIN 65 CNTR PI+- P TOTAL 
( 1695.01 BAREYRE 68 RVUE PHASE-SHIFT ANAL 

WHERE CROSS SECTION IS GREATEST - EYEBAll FIT 
( 1635.0) OONNACH1 68 RVUE 
( 1614.01 AYED 70 I PWA 

ENER. OEP. FIT OF ARGAND DIAGRAM 
( 1617.01 DAVIES 10 RVUE 
I 1.620. J ALMEHEO 72 IPWA 

82 N*3/2116SOI WIDTH IHfVJ 

1250.0) BAREYRE 68 RVUE 
( 177.01 DONNACH1 68 RVUE 
lllt2.0) AYEO 70 IPHA 
I 141.01 OAVI ES 70 RVUE 
I litO. J ALMEHEO 72 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QWTEO. 

82 N*3/211650J PARTIAL DECAY MODES 

N*3/21 16501 INTO PI N 
N*3/2116501 INTO N PI PI 
N03/2116501 INTO GAM NUCLEON, HELICJTY=l/2 
N•3/2 I 16501 I HTO N-*3/2112361 PI 
N*l/2116501 INTO N RHO 

82 N*3/2116501 BRANCHING RATIOS 

N*3/2116501 INTO IPI HI/TOTAl 
68 RVUE 
70 IPWA 

PHASE-SHIFT ANAL 

P-S ANAL SOL A. 

P-S ANAL SOL A 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

0+ 938 . 
1236+ 139 

938+ 710 

(PlJ 
(0.2841 
(0.3171 
10 .. 281 
10.351 

OONNACHl 
AYEO 
OAVJ ES 
ALMEHEO 

70 RVUE P-S ANAL SOL A 
72 IPWA 

82 N*l/2116501 PHOTON DECAY AMPLIGEV0*-1/2) 

FOR DEFINITION Of GAMHA-MJCLEON DECAY AMPLITUDES, SEE HtNl
REVIEW PRECEDING THE BARYON LISTINGS. 

I 

.N:to3/2tl6501 INTO GAM NUCLEON, HEI..ICITY•1/2 (GEV**-1/ZJ 
+.090 .076 OSERLACK 72 OPWA PI'N PHOTF:rPROD 

(+.1121 WALKER 73 OPWA PI N PHOTo-PROD 

REFERENCES FOR NOJ/2116501 

DEVLIN 65 PRL 14 1031 

BAREYRE 68,PR 165 1731 
OONNACHl 68 PL 2 68 161 

T J DEVl IN,J SOLOMON,G BERTSCH IPRHK.ETO!'tl I 

P BAREYRE, C.BRJCMAN, G VJLLET ISACLAYIIJP 
A OONNACHJE, R G 1'\IRSOPP, C LOVELACE ICERNJIJP 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

AYED 70 1'\IEV CONF 
DAVIES 70 NP 821 359 

ALMEHEO 72 NP 840 157 
OBERLACI'\ 72 PL 438 41t 
WALKER 73 TO BE PUS. 

ODNNACHIE RAPPORTEUR'S TALK fGLASI 
R G Kl RSOPP tEO IN J 

R AYEO,P BAREYRE, G VILLET 
A DAVIES 

+lOVELACE 
ri. OBERLACK, R. G. MOORHOUSE 
R .L.HALKER ,w. J,.HET CALF 

I SACUl JP 
(GLASI 

(LUND, RUTGI JJP 
(L8ll 
ICITI 

PAPERS NOT REFERRED TO IN DATA. CARDS • 

CARRUTHE 60 PRl 4 303 P CARRUTHERS. fCORNELU 
DEVLIN 62 PR 125 690 T J DEVLIN, B J MOYER, V PEREZ-JIIIENDEZ (LRU 

·HELLAND 64 PR 134 B106Z +DEVUN,HAGGE,LONGO,MOYER,WOOO (LRLI I 
&AREYRE 65 PL 18 342 + BRitMAN, STIRLING, VlllET (SACLAYJIJP 
JOHNSON 67 UCRL-17683 THESIS C H JOHNSON (LRLJ 
DONNACHI 69 NP 108 433 A OONNACHJE, R KIRSOPP IGLAS+EOINI 
4YEO 70 PL 318 598 +BAREYRE,VJLLET ISACLAYI 
BOWLER 70 NP 178 '331 +CASHMORE IU. OXFOROJ 

•••••• ••••••••• •••oo•••• ••••o•••• '********* ••••••••• ••••••••• •••••••• 
•••••• ••••••••• ••••••••• •••••***• •oo:•••••• ll<*••••••• ••••••••• •••••••• 

la(1670) I·, .. ••31211670. JP•3/2-I 1•3/2 19331 
FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*1/2114701. 

10 N*3/21 16701 MASS I ME VI 

ll/67 

6/68 
1/71 

8/69 
2/72 

11/67 
6/68 
1171 
8/69 
2/12 

6/68 
1/11 
8/69 
2/72 

f 1691.01 OONNACHl 66 RVUE 
I 1122. OJ AYED 70 I PWA 

PHASE-SHIFT ANAL 8/69 
1/71 

ENER. DEP. FIT OF ARGANO DIAGRAM 
fl649.0J DAVIES 70 RVUE P-S ANAL SOL A 8/t9 
11700.1 ALHEHED 72 IPWA 2/72 
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Baryons 
a(1670). a(1690). a(1B9b) 

P1 
P2 
P3 

•• PS 
P6 

10 N*3/211670J WIDTH (MEVJ 

I 269.01 OONNACHl 68 RYUE 
1258.01 AYEO 70 IPWA 
UBS.OJ DAVIES 70 RVUE 
C 260. I ALMEHEO 12 IPWA 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

10 N*3/211670J PARTIAL DECAY HODES 

N*l/2116701 INTO PI N 
N*l/2(16701 INTO N PI PI 
N•l/2116701 INTO K SIGMA 
N*J/2116701 INTO GAM NUCLEON, HELIClTYal/2 
N•l/2116701 1NTO GAM NUCLEON, HELlCJTYo3/2 
N•l/2116701 INTO N1'3/21l236J PI 

10 N•3/2C 16701 BRANCHING RATIOS 

N*3/ZU6701 INTO IPJ NJ/TOTAL 
10.141 
(0.2171 

68 RVUE 
10 l PWA 

SOL A 

DECAY MASSES 
139+ 938 
938+ 139+' 139 
493+ 1189 

0+ 938 
0+ 938 

1236+ 139 

(PU R1 
R1 
R1 
R1 
R1 

10.121 

OONNACiH 
AYEO 
DAVIES 
ALMEHEO 

70 RVUE SOl A 
(0.161 72 IPWA 

N*U2116701 INTO IK SJGHAJ/TOTAL IP31 

8/69 
1171 
·B/69 
2/12 

8/69 
1/71 
8/69 
2172 

R2 
R2 
RZ 
R2 

I.00002JOR LESS FEUERBACH 70 RVUE • PI P TO K+ SIG+ 7170 
ASSUME MASS, WIDTH, XIELASTI OF DONNACHIE 68 
HODEL USED MAY DOUBLE COUNT. 

10 N*3/21 16701 PHOTON DECAY AHPU GEV .. -1/21 

FOR DEFINITION OF GAHHA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON liSTINGS. 

Al N*3/2fl670J INTO GAM NUCLEON, HELICITY.,1/2 IGEV**-1/21 

Data Card Listings 
For notation, see key at front of Listings." 

R2 N*3/2116901 INTO IK SIGHAJ/TOTAL IP21 
R2 1 
R2 .1 
R2 1 

( .oo"Oo210R LESS FEUERBACH 70 RVUE PI P TO K+ SIG+ 
ASSUME MASS, WIDTH, XIELASTI OF OONNACHIE 6B. 
MODEL USED MAY DOUBLE COUNT. 

OONNACH2 68 VIENNA B9 
KIRSDPP 68 THESIS 

AYEO "70 Kl EV CONF 
FEUERBAC 70 NP 16B BS 

ALMEHEO 72 NP B40 157 

AYEO 70 PL 318 S9B 
BOWLER 70 NP 17B 331 

............................................ 
REFERENCES FOR N*3/Zil690J 

DDNNACHIE RAPPORTEUR'S TAL.K 
R G KIRSOPP 

R AYEO,P BAREYRE, G VIlLET 
FEU ERBAC HER+HOLL AOAY 

+LOVELACE 

IGLASI 
lEDIN I 

ISACUIJP 
IVANOERBJlTJ 

(LUND,RUTGJ IJP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

+BAR EYRE ,v ILLET 
+CASHMORE 

I SACLAYI 
CU. OXFOROI 

............................................................ ............... ·······- ................................... . 
I a( 1890)j .11 N•3/211890o JP•S/2+1 1•3/2 IF 351 

(1913.0) 
11837.01 

FROM ENER. 
(1841.01 
( t"B75.1 
11890.01 

FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*l/21H70J. 

11 N*3/ 211B901 MASS I MEVJ 

00NNACH1 68 RVUE PHASE-SHIFT ANAL 
AYEO 10 IPWA 

OEP. FIT OF ARGANO DIAGRAM 
DAVIES 70 RVUE P-S ANAL SOL A 
ALHEHEO 72 I PWA 
HEHTANI 72 OPWA Pl+P TO 01236 PI 

7/70 ~ 

8/69 
1171 

8/69 
2172 
1173• 

A1 +.068 .042 OBERLACK 72 OPWA PI N PHOTQ-PROO 2173• ----- --------- --------- -------- ------- --------- -----------------

A2 N*3/2116701 INTO GAM NUCLEON, HEllCJTYa3/2 CGEV**-1/ZI 11 N•3/21 18901 WIDTH I MEV I 
A2 +.022 .052" OBERLACK 72 OPWA PI N PHOTD-PROD 2173* 

••••*• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

OONNACH1 68 PL 26B 161 
ALSO 68 VIENNA 139 
ALSO 6B THES t S 

AYED 70 Kl EV CONF 
DAVIES 70 NP 821 359 
FEUERBAC 70 NP 166 85 

ALHEHED 72 NP B40 157 
OBERLACK 72 PL 438 ~4 

OONNACHt 69 NP lOB 433 
AVEC "70 PL 31B 598 
BOWLER 70 NP 118 331 

REFERENCES FOR N*31Zil670J 

A DONNACHtE, R G KIRSOPP, C LOVELACE (CERNJIJP 
DONNACHIE RAPPORTEUR"S TALK CGLASI 
R G KIRSOPP IEOINJ 

R AYEO, P BAREYRE, G VILLET" 
A DAVIES 
FEUER BAC HER+HO lL AOAY 

+LOVELACE 
H. OSERLACK ,R. G. MOORHOUSE 

(SACLJJJP 
IGLASI 

IVANOERBILTJ 

ILUNO,RUTGIIJP 
ILBU 

PAPERS NOT REFERRED TO 1 N DATA .CARDS .. 

A OONNACHJF., R KIRSOPP 
+BAREYRE, VILLET 
+CASHMORE 

IGLAS+EOJNJ 
ISACLAYJ 

CU. OXFOROJ 

·-··· .................................... *•······· ................ . .......................................... ,. ......................... . 
la(1690) I 

) 
19 N•312( 1690, JP•3/2+1 1•312 I P33l 
FOR DISCUSSION CONCERNING RESONANT PARAHETERS,SEE NOTE 
PRECEDIN~ N*l/2114701. . 

19 N*3/2116901 MASS IMEVJ 

11690.) 00NNACH2 
KIRSOPP 

ABSORPTION lS -OONNACH1, 2 
AYED 

6B RVUE P.HAS. SHIFT-CERN! 10/69 
I 1690. I 

WHERE MAX. 
I 1801.01 

EtiER. OEP. 
116BO.) 

I 281. J 
1240. J 
1598. OJ 
1220. I 

66 RVUE PHASE SHIFT ANAL 10/69 
,KJRSOPP EYEBALL FIT CERN 1 10/69 

FIT OF ARGANO DIAGRAM 
ALMEHEO 

19 N•3/2Cl690J WIDTH IMEVI 

OONNACH2 
K IRSOPP 
AYEO 
ALHEHED 

10 IPWA 1171 

12 IPWA 

68 RVUE 
6B RVUE 
70 IPWA 
72 I PWA 

2172 

PHAS.SHIFT-CERNl 10/69 
PHASE SHJ FT ANAL 10/69 

1171 
2172 

--- ------- ----- --------- --------- --------- -------- --------

P1 
P2 

Rl 
Rl 3 
RL 3 
Rl 6 
Rl 1 

' 19 N*3/211690J PARTIAL DECAY HODES 

NOJ/2116901 INTO PI N 
N*3/2(1690J INTO K SIGMA 

19 N•3/211690J BRANCHING RATIOS 

N*3/2116901 INTO I PI NJITOT AL 
1.101 
1 .. 081 

(0 .. 1351 
10.11 

OONNACH2 
KIPSOPP 
AYED 
ALHEHED 

66 RVUE 
66 RVUE 
10 JPWA 
72 I PWA 

DECAY MASSES 
139+ 93-B 
493+1189 

(PlJ 
PHAS. SHJF T-CERN1 10/69 
PHASE SHIFT ANAL 10/69 

1171 
2172 

Pl 
P2 
P3 

•• PS 
P6 
P1 

1350.01 DONNACH1 6B RVUE 
I 19B.OI AVEC 70 IPWA 
1136.01 DAVIES 70 RVUE SOL A 
I 250. J ALHEHEO 72 1 PWA 
(300.01 MEHTANI 72 OPWA PI+P TO 01236 PI 
SEE NOTES ACCOMPANY lNG MASSES QUOTED AS FOR N•l/2119101 

"11 U*3/2118901 PARTIAL DECAY HODES 

N*3/211890J INTO PIN 
N*3/2H890J INTO N PI PI 
t~03/21 18901 INTO K SIGMA 
N*3/211890J INTO N•3/211236J PI 
N*3/211890J INTO GAH NUCLEON, HELJCITY•l/2 
N*3/211B90J INTO GAM NUCLEON, HELJCITY..,3/2 
N*3/2(1890f INTO N RHO 

. . 

DECAY MASSES 
139+ 93B 
93B• 139• 139 
493+1189 

1236+ 139 
0+ 938 
D+ 938 

938• 170 

---- ------ ------ -------- -------- --------- --------- --------

Rl 
Rl 
.Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 

11 N*3/211890J BRANCHING RATIOS 

N*l/2118901 INTO (PI Nl/TOTAL 
10.161 
ID.l471 
10.201 
(0.1BJ 

OONNACHl 
AYEO 
DAVIES 
ALMEHEO 

N*3/211890) INTO (K SIGMAJ/TOTAL 

68 RVUE 
70 IPWA 
70 RVUE 
72 I PWA 

(O.OOBJOR LESS FEUERBACH 70 RVUE 
ASSUME MASS, WIDTH, XIELASTJ Of DONNACHIE 6B 
MODEL USED HAY OOUBLE COUNT •. 

IPll 

SOL A 

IP3) 
PI P TO K+ SIG+ 

R3 N•3121l8901 INTO ISIGHA K)*IPI NJ/TOTAL••2 .IP3*P11 
.R3 (.0016JOR LESS KALMUS 70 OPWA PI+P TO_tt;+ SIG+ 

R4 N*3/2Cl890J. FROH PI N TO 0112361 PI SQRTIPl*P41 
R4 10.231 MEHTANI 12 OPWA 

----- ------- ----- ----- -;------- --'"':----~ 

11 N•312118901 J:IHOTON DECAY AMPUGEV**-1/21 

FOR OEFINITIOH OF GAMMA-NUCLEON DECAY AMPLITUDES, SEE MlNl
REVIEW PRHEOING THE BARYON LISTINGS. 

N*3/2C 1B90J J NTD GAM NUCLEON, HEL ICITY..,l/2 IGEV••-1/2 J 

B/69 
1/71 
B/69 
Z/72 
1173* 

B/69 
1171 
B/69 
2172 

7170 

1171 

1173* 

0
A1 
A1 (+.0441 WALKER 73 OPWA PI N PHOTo-PROD 2173* 

A2 
A2 

N*3/2flB90J INTO GAM NUCLEON, HELJCITY.,3/2 IGEV••-1121 
f-.027J WAUER 73 OPWA PI N PHOTD-PRQO Z/73* 

DONNACHl 6B Pl 268 161 
ALSO 68 VIENNA 139 
ALSO 6B THESIS 

AYED 70 KIEV CONF 
DAVIES 70 NP B21 359 
FEUERBAC 70 NP 16B 85 
KALMUS 70 PR 92 1BZit 

· ALHEHCO 
MEKTANI 
WALKER 

72 NP BltO 157 
72 PRL 29 1634 
73 TO BE PUB. 

REFERENCE~ FOR N•31211B90J 

A OONNACHIE, R G KIRSDPP, C LOVELACE (CERNJIJP 
OONNACHI E RAPPORTEUR'S TALK I GLAS J 
R G KI RSOPP I EOINI 

R AYEO,P BAq.EYRE, G VILLET 
A DAVl ES 
F EUERSACHER+HOLl ADAY 
G KALMUS, G 80RREMH, J LOUl E 

+LOVELACE 
+FUNGt KERNAN, SCHALK, + 
R. L. WALKER ,w. J .METCALF 

ISACLJIJP 
IGLASI 

I VANDERBILT J 
ILRLJ 

ILUNO,RUTGIIJP 
I UCR +LBLI 

ICIT J 



u 0 ,,j 6 

, Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS. 

AYED 70 Pl 318 598 +BAREYRE+V ILLET ( SACLAYI 

•••••o · ******"'** ••••••••• •**"**** ********* ••••••••• ••••••••• •••••••• •••••• ••••••••• ••••••••• ••••••••• ••••••••:(! o•••••••• ••••••••• •••••••• 

~-~(1910}! 12 N•3/211910. JP•l/2+)1•312 IP3d 
FOR DISCUSSION CONCERNING RESONANT PARAMETERS,SEE NOTE 
PRECEDING N*l/2(147QJ, 

w 
w 
w 
w 

P1 
P2 
P3 .. 
P5 
P6 

R1 
R1 
R1 
R1 
R1 

3 
6 
6 
4 
7 

3 
6 
4 
7 

12 N*3/211910J MASS (MEVJ 

( 1934.01 OONNACHl 68 RVUE 
( 1783.0) AYED 70 IPWA 

FROM ENER. DEP. FIT OF ARGAND DIAGRAM 
( 1914.0) DAVIES 70 RVUE 
11900.1 ALHEHEO. 12 IPWA 

12 N03/2Cl910I WIDTH CHEVJ 

039.01 OONNACHl 68 RVUE 
(308.0) AYED 70 IPWA 
1290. I DAVIES 70 RVUE 
1200, J ALHEHED 12 IPWA 
SEE NOTES ACCOMPANYING MASSES QLOTED 

12 N•3/211910J PARTIAl OECAY MODES 

N*3/2119101 INTO PI N 
N*3/2U910I INTO N PI PI 
N*3/211910J INTO K SIGMA 
N*J/2(19101 INTO N03/211236J PI 
N*3/2tl910J INTO GAM NUCLEON, HEL ICITY=l/2 
N*3/2(19101 INTO N RHO 

12 N*3/2{1910J BRANCHING RATIOS 

N*3/2119101 INTO IPJ NJ/TOTAl 
68 RVUE 
10 JPWA 

PHASE-SHIFT ANAL 

P-S ANAL SOL A 

SOl A 

DECAY MASSES 
139+ 9?)8 
938+ 139+ 139 
't93+1189 

1236+ 139 
0+ 928 

.938+ 710 

(P1J 
10.30) 
C0.12BJ 
10.181 
(0.33) 

DONNACH1 
AYED 
DAVIES 
ALHEHED 

70 RVUE • SOl A 
72 IPWA 

N*3/211910J INTO CK SJGHAI/TOTAL IP31 

8/69 
1171 

8/69 
2/12 

8/69 
1/71 
8/69 
2112 

8/69 
1/71 
8/69 
2172 

., 
R2 

. R2 
R2 

C0.008JDR LESS FEUERBACH 70 RVUE PI P TO K-+ SlG-+ 7170 
ASSUME HASS, WIDTH, XIELASTJ OF OONNACHJE 68 
HODEL USED MAY OOUBLE COUNT. 

12 N*3/211910I PHOTON DECAY AHPLCGEV .. -1/21 

FOR DEFINITION OF GAHHA-NUCLEON DECAY AMPLITUDES, SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

tl*3/21l9lOJ INTO GAH NUCLEON, HELICITY=1/2 IGEV••-1121 A1 
AI 1-.0271 WALKER 73 OPWA PI N PHOT(rPROO 2173* 

•••••••••••••••.••••••••• ••••••~~t•• ................... •.•······· •••••••• 

OONNACH1 68 Pl 268 161 
ALSO 68 VIENNA 139 
ALSO 68 THESIS 

AYEO 70 KIEV CONF 
DAVIES 70 NP B21 359 
FEUERBAC 70 NP l6B 85 

ALMEHEO 12 NP B40 157 
WALKER 73 TO BE PUB. 

REFERENCES FOR N*3/2119lOJ 

A OONNACHIE, R G KJRSOPP, C LOVELACE ICERNIIJP 
DONNACHIE RAPPORTEUR'S TALK (GLASI . 
R G KIRSOPP I EOINI 

R AYEO,P BAREYRE, G VJLLET 
A DAVIES 
F EUE RBACHER+ HOlLADAY 

+LOVELACE 
R. L. WALKER ,W. J. METCALF 

I SACLI IJP 
IGLASI 

(VANDERBILT I 

llUNO,RUTGIJJP 
I CIT J 

PAPERS NOT REFERRED TO IN DATA CARDS. 

CARYANN 65 PR 138 8433 CARAYANNOPOUlOS,TAUTFEST 1 WillMANN IPUROI 
A PARTIAl WAVE ANALYSIS OF PI+P TO SIGHA-+ K-+ 

~YEO 70 PL 31B 598 -+BAREYRE+VILLET ISACLAYI 

•••••• ••••••••• ••o••••o• ••••••••• •••••oq•• ••••••••o **'*-****** •••••••• 
•••••• ••••••••• ••••••••o •••••*':••• ••••••••• ••••••••• ••••••••• 

M 
M 

IA(19SO)j 83 N•31211950, JP•7/2+l,I•312 IF371 

11920.01 
( 1950.01 

FOR 01 SCUSSION CONCERNING RESONANT PARAMETERS, SEE NOTE 
PRECEDING N*l/211470). 

83 N03/2119501 MASS IMEVI 

DUKE 65 CNTR PI-P El + POL 
APPROX YOKOSAWA 66 CNTR PI- P OSIG + POl 

6/68 
7166 

M (1975.01 BAREYRE 68 RVUE PHASE-SHIFT ANAl 11/67 .. WHERE CROSS SECTION IS GREATEST - EYEBAll FIT 
M I 1946.01 OONNACHl 66 RVUE PHASE-SHIFT ANAl 6/68 
M I 1931.01 AYED 10. IPWA 1171 
H FROH ENER. DEP. FIT OF ARGANO DIAGRAM 
H 11935.01 DAVIES 10 RVUE P-S ANAl SOL A 8/69 
H 11950.01 130.01 KALMUS 70 OPWA PI+P TO K-+ SIG+ 1171 
H 11930. I 120.) MEHTANI 71 MPWA +-+ PI-+P 1.8-2.1 GEV 2172 
H I 1930. I ROYCHOUD 11 OPWA 3172 
H I 1925. I ALHEHEO 72 I PWA ' 2172 
H 11920.01 HEHTANI 72 OPWA PI+P TO 01236 PI 1173• 

------ -----·-;-- --------- --------- ------ -------- --------- --------

PARTICLE DATA GROUP Review of Particle Properties Sl31 

Baryons. 
A(1~90), A(1910), A(19~0f 

63 N*3/2119501 WIDTH "IHEVI 

1110.01 DUKE 65 CNTR 
1200.01 APPROX YOKOSAWA 66 CNTR 
I 180.01 BAREYRE 68 RVUE 
1221.01 OONNACH1 66 RVUE 
1'197.01 AYEO 70 IPWA 
1221.01 DAVIES 70 RVUE SOl A 
(300.01 160.01 KALMUS 10 OPWA PJ+P TO K+ SIG-+ 
1227.) tl2.) 13D.J MEHTANI 11 MPWA ++.·PI+P TO 112361PI 
1200. J ALMEHEO 72 I PWA 
1269.0) HEHTANI 12 OPWA PI+P TO 01236 PI 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED. 

--- ,---- -------- -------- ~--- ----- ---~----- ---·----

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 

Rl ... 
Rl 
Rl 
Rl 
Rl 
R1 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 

R3 
R3 
R3 
R3 
R3 
R3 

83 N•3/2119501 PARTIAL DECAY HODES 

N*3/21 19501 INTO PI N 
N*3/21 19501 INTO SIGMA K 
N*3/2119501 INTO N*3/2C12361 PI 
N*)/2{19501 INTO Y*lll3851 K 
N*3/2119501 INTO N*3/211236J RHO 
N*3/2(19501 INTO NEUTRON PI+ PI+ 
N*3/2(19501 INTO N*3/2U2361 PI PI INOT RHOI 
N*3/211950J :INTO GAM NUCLEON, HEliCITY.,1/2 
N*3/211950J INTO GAM NUCLEON, HELICITY=3/2 
N*3/2(195DI INTO N RHO 

83 N*3/2119501 BRANCHING RATIOS 

N*3/2119501 INT.O CPJ NJ/TOTAL 
10.411 DUKE 65 CNTR 
10.41 APPROX YOKOSAWA 66 CNTR 
(0.571 6AREYRE 68 RVUE 
10.3861 DONNACH1 68 RVUE 
(0.4961 AYEO 10 I PWA 
ID.SlJ DAVIES 70 RVUE 
10.4) ALMEHEO 72 I PWA 

SEE THE NOTES ACCOMPANYING THE HAS.SES QUOTED. 

N*3/2119SOI INTO (SIGMA Kl*(PI NI/TOTAL**2 
SEEN BORRE ANI 68 HBC 

(0.0041 (0.008) FEUERBACH 70 RVUE 
ASSUME MASS, WIDTH, XIElAST} OF OONNACHIE 68 
HODEl USED HAY DOUBLE COUNT. 

0.0081 0.0013 KAlMUS 70 OPWA 

N*3/2119501 FROM PI N TO 0112361 PI 
0.23 0.04 FUNG 68 riBC 

DECAY MASSES 
139+ 938 

1169+ 493 
1236+ 139 
1384+ 493 
1236+ 770 
939+ 139+ 139 

1236+ 139+ 139 
0+ 936 
0+ 938 

93l\+ 770 

CPU 
VERY ENERGY OEP 

SOL A 

CP2*Pll 
PI+P 1.35-1.68 
PI P TO K+ SIG+ 

PI+P TO K-+ S IG+ 

SQRTIPl*P31 
,-+-+ PJ+P TO PI+PIO P 

0.24 0.01 o.03 MEHTANJ 71 HPWA ++ 
10.481 HEHTANJ 72 OPWA 

AVG 0.236 Oo018 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 

MORE INFORMATfON ON INELASTIC DECAY MODES OF BUMPS, SEEN IN PRODUCTION 
EXPERIMENTS AROUND 1950 MEV, MAY BE FOUND IN THE NEXT ENTR~ 

83 N03/2(19501 PHOTON DECAY AHPLIGEVU-1/21 

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPl.JTUOESt SEE MINI
REVIEW PRECEDING THE BARYON LISTINGS. 

rl•3/2119501 INTO GAH NUCLEON, Hf.LlCITYc1/2 IGE.V•*-1/21 

7/66 
7166 

11/67 
6/66 
1171 
6/69 
1171 
2172 
2172 
1173• 

7166 
7166 

11/67 
6/l:8 
1/71 
8/69 
2172 

10/69 
7170 

1171 

11/68 
2172 
1173• 

A1 
A1 1-.0591 WAlKER 73 DPio!A PI N PHOTQ-PROO 2/73* 

A2 
A2 

N*3/21195DI INTO GAH NUCLEON, HEliCITY=3/2 CGEV•*-1/21 
C-. 0891 WALKER 73 OPWA PI N PHOT~PROQ 2173;., ................................................................ ,. ..... 

DUKE 65 PRl 15 468 
YOKOSAWA 66 PRL 16 714 

SAREYRE 68 PR 165 1731 
BORREANl 68 UCRL 18350 
OONNACH1 68 Pl 26B 161 

ALSO 68 VIENNA 139 
ALSO 68 THESIS 

FUIIG 68 VIENNA CONF. 

AYEO 70 KIEV CONF 
.DAVIES 70 NP 821 359 
FEUERBAC 70 NP 16B 85 
KALMUS 70 PR 02 1824 

•MEKTANI 71 AMSTERDAM CONF. 
ROYCHOUO 71 NP 827 125 

ALHEHEO 72 NP 840 157 
MEHTANI " 72 PRl 29 1634 
WALKER 73 TO BE PUB. 

REFERENCES FOR N•31.2119501 

. +JONES,KEMP,MURPHY,PRENTJCE, + (RI1El,OXFJIJP 
+SUWA, Hill, ESTERLING, BOOTH, (ANL,CHJCIJJP 

P BAREYRE, C BRICMAN, G VIllET (SACLAYIIJP 
80RREAN I, KALMUS ( LRll 

A OONNACHIE, R G KIRSOPP, C LOVELACE CCERNJfJP 
OONNACHIE RAPPORTEUR'S TAlK CGLASJ 
RGKIRSOPP IEOJNJ 
FUNGt KER~AN, K'AUWS, BIRGE CRIVERSJDErlRll 

R AYED,P BAREYRE, G VlllET 
A DAVIES 
FE UERBACH ER+ HOLLADAY 
G KALMUS, G 80RREANJ, J LOUIE 

ISACUJJP 
CGLASJ 

IVANDERBILTI 
ILRLJ 

+FUNGt KERNAN~WI Lll AMSON+BI RGE, ++ IUCR, lBl J I JP 
R K'ROYCHOUOHURY,8 H 8RANSOEN COURHIIJP 

-+LOVElACE 
+FUNGr KERNAN, SCHALK, + 
R .t. WALKER ,W. J .METCALF 

(lUNO,RUTGliJP 
CUCR +lBU 

ICITI 

PAPERS NOT REFERRED TO IN DATA CARDS. 

HOHLER 63 NP 48 470 G HOHLER, G EBEl I KARLSRUHE J I 
ICERNJ IJ 
CLOICIIJP 

ClRLI IJ 
IKARLSRUHEI I 

(VANDERBILT I 
llRll 

IGLAS+EOINI 

LAYSON 63 NC 27 724 W M LAYSON 
AUVIl 64 NC 33 473 P AUVIL, C LOVELACE 
HEllAND 64 PR 134 81062 •DEVliN,HAGGE,LONGC,MOYERrHOOO 
HOHLER 64 PL 12 149 G HOHlER, J Gl ESECKE 
HOllADAY 65 PR 139 81348 W G HOllADAY 
JOHNSON 67 UCRL-176B3 THESIS C H JOHNSON 
OONNACHI 69 NP 108 433 A OONNACHIE, R KJRSOPP 
AYED 70 PL 318 598 +BAREYRE+VIllET I SACLAYI 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••o•••••• ••••••••• •••••••• 
>~' .. •••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••o•• 
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Baryons 
.11(1960).' 11(2160) 

l11(l96o)j 
) 

H 3 I 1954.01 
H 3 ( 1970.) 
H X 11950.01 

13 N*3/21i960, JP•S/2-1 1•3/21n351 

A NEW PRELIMINARY ANALYSIS BY AVEC 72 FINDS 
EVIDENCE FOR' THIS EFFECT AT 1870 NEV. SEE THE N• 
MINI REVIEW. 

13 N*3/21196o) MASS CMEVl 

OONNACHl 66 RVUE PHASE-SHl FT ANAl 
·KIRSOPP 68 RVUE PHASE SHIFT ANAL 

APPROX U:A 69 CNTR Pl7P ELASTIC 

" X SEE ALSO APll N 70 
H 3 WHERE MAX. ABSORPTION J S -OONNACHl t 2 tKIRSOPP EYEBAll FIT CERN 1 

7 12200.1 AlHEHEO 72 IPWA 
I 1824.01 HEKTAiii 72 DPWA PI+P TO 01236 PI 

----- ---·-- --- ------ ----- ----- ---- ___ __;,. 

13 N*3/2119601 WIDTH IHEYJ 

6/68 
10/69 
8/69 

10/69 
2172 
1/73~ 

w 
w 
w 
w 

1311.001 
1400.1 
1600. J 
1138.0) 
\ 

OONNACHl 
KIRSOPP 
ALHEHEO 
HEHTANI 

68 RVUE 
68 RVUE 
72 JPWA 
72 DPWA 

8/69 
PHASE SHIFT ANAL 10/69 

2/12 
PI+P TO 01236 PI 1173• 

--- ---- --:--- ------ --- --~- ----- ----

Pl 
P2 
P4 

13 N*3/2C 196DI PARTIAL DECAY MODES 

N•3/2119601 INTO PI N 
N03/2119601 INTO K SIGMA 
N*3/2tl960I INTO N*3/2112361 PI 

13" N•3121 19~01 BRANCHING RATIOS 

N*31211960) INTO (PI NJI TOTAL 

DECAY MASSES 
139+ 938 
493+1169 

1236+ 139 

.(PlJ Rl 
Rl 
Rl 
Rl 

1.1541 OONNACH1 68 RVUE PHASE SHIFT ANA. 1D/69 
1.121 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

ID.251 ALMEHED 72 I PWA 2172 

R2 N•3/2119bDJ INTO (K SIGHAJ/TOTAL IP2J 
R2 IO.D131 (O.D1J FEUERBACH 70 RVUE PI P TO !":* SIG+ 7/7D 
R2 ASSUME MASS, WIDTH, XCELASTI Of OONNACHIE 68 
R2 HODEl US~D HAY DD.UBLE COUNT. 

R3 .. N*3/211960J FROM PI N TO OC1236J PI SQRT(Pl•P41 
10.191 MEHTANI .12 OPWA . ......................... ,. ........................................ . 

REFERENCES FOR N•3/2(1960) 

OONNACHl 68 PL 266 161 
K I RSOPP 68 THES J S 

A DONNACHIE, R G KIRSOPP, C LOVELACE (CERNIIJP 
R G KIRSOPP I EOINJ 

LEA 69 Pl 298 584 

FEUERBAC 70 NP 168 85 

ALHEHED 72 NP 840 157 
MEHTANI 72 PRL 29 1634 

LEA, DADE S, WARD,COWAN 1 + ( RHEL 1 BRISTOL, DARE I 

FE UERBAC HER+HO LLAOAY 

+LOVELACE 
+FUNG, KERNAN, SCHALK, +. 

I VANDERBILT I 

CLUNO,RUTGJIJP 
IUCR +LBLJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

DONNACHI 69 NP 108 433 A OONNACHIEt R KIRSOPP 
+BtlREYRE+V ILLET 

lGLAS+EDINJ 
(SA CLAY I 

CRHEL,BRISTOLJ 
ISACLJ 

AYEO 70 PL 318 598 
APLIN 71 NP 832 253 +COWAN rGI BSON, GILMORE++ 
AVEO 72 BATAV]A CONF R AYEDtP BAREYRE, Y LEHOIGNE 

" H 

Pl 
P2 
P3 

•• PS 

•• P7 

.................................................... ,. ..... ·····-· .............. ~···· .... ,. ........................................ . 
7D N•3/2Cl950, JP• I 1=3/2 PRODUCTION EXPERIMENTS 

7D N*3/2tl9501 MASS IMEVJ !PROD. EXP.J 

( 1922.DI APPROX COOL 56 CNTR PI+ P TOTAL 
11912.01 '15.0) BRISSON 61 CNTR PI+ P TOTAL 
11900.01 19.0) DEVLIN 65 CNTR PI+ P TOTAL 
I 208D.OI 112.01 YOON 67 HBC . 3 BEV/C Pl-P 

THIS BUHP IS NOT SEEN BY CHUNG 68 AT .3.2 GEVIC 
C 1B6D.DJ COLTON 12 HBC ++ PP TO PI+PN 7GEV 

70 N03/2119501 WIDTH IHEVJ IPRQD. EXP.) 

1256.QJ 
40.0 

. 1180.01 

I 39.01 
20.0 

DEVliN 
YOON 
COLTON 

65 CNTR 
67 HBC + 
12 HBC ++ P-P TO PI+PN 7GEV 

10 N*3/2(1950'J PARTIAL DECAY MODES CPROD. EXP.I 

N03/2tl950J INTO PI N 
N03/2(1950J INTO SIGMA K 
N03/2U950I INTO N•3/2112361 PJ 
N*3/211950J INTO Y•ll13851 K 
N*3/2119501 INTO N*3/2C12361 RHO 
N•3/211950J INTO NEUTRON PI+ PI+ 
N•3/211950J INTO N*3/2U236J PI PI CNOT RHOJ 

. DECAY MASSES 
139+ 938 

1189+ 493 
1236+ 139 
13Rit+ 493 
1236+ 770 

939• 139+ 139 
1236• 139+ 139 

7/66 
7/66 

8/67 

1173• 

8/67 
1/73* 

Data Card Listings 
For notation, see key at front of-Listings. 

Rl 
Rl 

.2 
R2 

R3 
R3 
R3 

70 N•3/21195DI BRANCHING RATIOS IPROQ. EXP.J 

N•3/2119501 INTO (PI NIITOTAL IPll 
1'0.571 ID.lZJ DEVLIN 65 CNTR 

N*3/2119501 INTO ISJGHA.KIIIPl NJ IP21/IP11 
0.059 0.024 CHINOHSKY 68 HBC ++ PP TO P StG. K 

N*3/211950J INTO N•312112361 PI PI INOT RHOJ IP7J 
SEEN CHINOWSKY 68 HBC ++ PP TO ( P 3Pll N 
SEEN 'BOGGILD 7D H8C PP TO N3PIINT!\ll 

N 3/209501 INTO IPI NJIIN•3/2(12361 PI J IPUI(P31 

11/.68 

11/68 
617D 

•• •• 10.551 OR u;ss LEE 67 HBC PI-P 3.63 BEV/C 11/67 

RS 
RS 
RS 

N*3/2Cl950J INTO ICPI NI*INEUTRON PI+ Pt+J)/TQTAL0•2 
IP1•POJ 

0.05 0.013 GALLOWAY 68 RVUE ++ PI+P TO N 2PI+ 

R6 N*3/2119501 INTO IY*li1385J KJIIPI NJ IP41/IPU 

6/68 

R6 0.035 Oo015 CHINOWSKY 68 HSC ++ PP TO P LAH K PI 11/68 

N*3/211950J INTO fN•3/211236J RHOJ/IPI NJ IP51/1Pll R7 
R7 
RT 

10.45) APPROX CHINOW,SKY 68 HSC ++ PP TO CP 3PU N 11/68 

•• •• •• 

COOL 
SRI SSON 
DEVLIN 
LEE 
YOON 

THIS INCLUDES CORRECTION FOR UNSEEN DECAY CISPJN FACTOR 5/31. 

N•312tl950J INTO IN*3/211236J RHOJITOTAL (P5J 
SEEN YOON 67 HBC + 
NOT SEEN BOGGILD 70 HBC PP TO N3PI(NTRLJ 

56 PR 103 1082 
61 NC 19 210 
65 PRL 14 1D31 
67 PR 159 1156 
67_ PL 248 307 

REFERENCES FOR N•31211950J CPROO. EXP.J 

R COOL, 0 PICCIONI, D CLARK IBNLJ 
+bETOEUF,FALK-VAIRANT,VAN ROSSUM,+ ISACLAYI 
T J DEVLIN,J SOLOMON,G BERTSCH tPRINCETONJ 
+MOE8StROE ,S tNCLAI R, VANDER VEL DE I MICHJ 
•BERENYI,KEY,PRENTICE, • ITORONTOrWISCJ 

CHI NOWSK 68 PR 171 1421 
CHUNG ' 68 PR 165 1491 
GALLOWAY 68 PL 268 334 
BOGGILD 70 NP 816 503 

CHINOWSKY ,CONDON, KINSEY, KLEIN,+ I LRL, SLACJ 
S U CHUNG,OAHLtKIRZ.I'IILLER CLRLI 
K f GALLOWAY IINDIANAI l 
+KOREA-AHO•JACDBSEN+ I BOHR+ HELS+OSLO+STOH I 

COLTON 72 PR D6 95 E COLTON, .A KIRSCHBAUM IL8LI ........................................ ,. .. ,. ..................... ,.,. ....... . ........................... ,. .............. ,. ....................... ,. ............ . 
I 11(2160) I 

) ROYCHOLOHURY 71 FINO POSSIBLE EVIDENCE FOR P31rD33,AND 
035 RES.ONANCES IN THIS MASS REGION. IN A SIMILAR ANALYS 
BRANSDEN 71 FOUND SOI'IE EVIDENCE FOR S31,D33,AND 035 RES 
NANC ES I NTH IS REGION. VON SCHL I PPE 7 2 SUGGESTS A G39. 

9 N•312121601 MASS CHEVJ 

8/67 
6170 

3 • 1216D.I 
12120. J 
(2150. J 

KIRSOPP 
ROYCHOUD 
ALHEHEO 

68 RVUE 
71 OPHA 
72 IPWA 

PHASE SHIFT ANAL 1D/69 
3172 
2172 

Pl 

Rl 
Rl 
Rl 

1260. I 
1200. J 

9 N•31212160) WIDTH (1'\EVJ 

KIRSOPP 68 RVUE 
ALI'IEHED 12 IPHA 

9 N•3/21216DI PARTIAL DECAY MODES 

N•3/212160J INTO PI N 

9 N*3/212160J BRANCHING RATIOS 

N•3/2121601 INTO IPI NJJTOTAL 

PHASE SHIFT ANAL 10/69 
2172 

DECAY MASSES 
139+ 938 

CPU 
1.251 KIRSOPP 68 RVUE PHASE SHIFT ANAL 10/69 

10.31 ALMEHED 72 IPHA 2172 ·-·- ·····•··· .......................................................... . 
K1RSOPP 68 THESIS 

ROYCHOUD 71 NP 827 125 

ALMEHED 72 NP 840 157 

DONNACHI 69 NP 108 433 
BRANSDEN 71 NP B26 511 

ALSO 70 NP 816 461 
VON SCHl 72 LNC 4 767 

REFERENCES FOR N•31212160J 

R G KJRSOPP IEOINI. 

R K ROYCHOUOHURY,B H SRANSDEN IOUAHIIJP 

+LOVELACE ( Lt.RlDr RUTGJ I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

A OONNACHIE,R KIRSOPP 
,OGDEN 
ROYCHOUOHURY, P ERR 1 N, BRANSDEN 
VON SCHl. IPPE 

( GLAS+EDI N I 
( DURHJ IJP 
( DURHIIJP 
ILOWCIIJP ........................................................................ ·-··· ................................................................... . 



. Data Card Listings 
For notation, see key at front of Listings. 

IA(2420) I 1•3121 H3 11 I 
BOTH ROYCHOUOHURY 71 AND BRANSOEN 71 SEE A POSSIBLE 
RESONANT F35 IN THIS MASS REGION. IN AOOITION BRANSOEN 
71 F lNO A RESIJNANT P33 AT 2600 MEV. ' 

Pl 
PZ 

84 ~ N*3/2124201 MASS U1EVJ 

12312.01 AYED 
FROM EffER. OEP. FIT OF ARGANO DIAGRAM 

12400. I BRANSOEN 
I 2400. I ROYCHOUO 

10 IPWA 

71 OPWA 
11 OPWA 

12440. J OTT 12 HPWA 0 PI-P BKHD ELSTC 

84 N•3/212420J WIDTH IMEVJ 

I 341.01 AYEO 70 IPWA 

84 N•3/ 21 2420 I PART JAL DECAY MODES 

N*3/2C21t20J INTO PI N 
N*3/2124201 INTO SIGMA K 

84 N•'Y2124201 BRANCHING RATlDS 

N*3/212420J INTO IPI NJ/TOTAL 

DECAY MASSES. 
139+ 938 

1197+ 493 

CPU 

1/71 

3/72 
3/72 
2173• 

1171 

., ., ., 10.1131 AYED 10 lPHA 1/71 
1941" OTT • 72 MPHA 0 PI-P BKWD ELSTC 2173* ........................................................ ·······- ....... . 

AYEO 70 KIEV CONF 

REFERENCES FOR N•3/21 24201 

R AYEO,P 8AREYRE, G VlllET (SAClJ IJP 

&RANSOEN 71 NP 826 511 
AlSO 70 NP 816 461 

ROYCHOUO 71 NP 8 27 125 
OTT 72 Pl 428 133 

AlSO 72 MCGill THESIS 

rOGDEN I OUR HI IJP 
ROYCHOUOHURY, PERRIN, 8RANSOEN I OURH J I JP 
R K ROYCHOUOHURY,8 H 8RANSOEN IOURHIIJP 
•TR 1 SCHUK t VAVRA, Rl CHAR OS,+ I HCGI , STlO, IOWA II JP 
J. VAVRA I MCGJ I JP 

PAPERS NOT REFERRED TO IN DATA CARDS. 

BEllAMY 67 PRl 19 476 +8UCKlEYtD08INSON, + IWESTFJElO .. lOUCJ JP 

AYEO 70 PL 318 598 +BAREYRE+VIllET ISACLAYJ 

••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••o•• •••••••• ..........................................................•......... 

H 

" H 
H 
H 

" H 
H 

PI 
PZ 
P3 

•• 

I 1.:3/2 PRODUCTION EXPERIMENTS 

69 N*3/2124201 MASS IHEVI IPROO. EXP.J 

12360.01 OIOOENS 63 CNTR PI-+ P TOTAL 
12520.01 (40.01 AlVAREZ b4 CNTR PI PHOTOPROD 
12440.0) HOHLER b4 RVUE DATA + DISP RH 
I 2400. OJ APPROX WAHLIG b4 OSPK 0 PI-P CH EX 
12452.01 BARGER 66 RVUE TOTAL + CH EX 

USES REGGE AHP.+RESON. TO CALCULATE OIF. CROSS SECTIONS .AT 180 DEGRE 
FOR CRITICISM OF THIS METHOD, SEE DOLEN .68. 

2423.0 10.0 CITRON 66 CNTR PI+ P TOTAl 

69 N*3/2121t201 WIDTH IHEVI IPROD. EXP.J 

1200.0) 
1245.01 
(275.01 
310.0 zo.o 

OlDDENS 
HOHLER 
BARGER 
CITRON 

63 CNTR 
64 RVUE 
b6 RVUE 
66 CNTR 

TOTAL • CH EX 

69 N*3/2124201 PARTIAL DECAY .MODES I PROD. EXP .• J 

N•312124201 INTO PI N 
N*)/2124201 INTO SIGMA K 
N*3/212420J INTO N*3/2112361 PI 
N*3/2124201 INTO NEUTRON PI+ PJ+ 

DECAY MASSES 
139+ 93B 

1197+ 493 
1236+ 139 
'939+ 139+ 139 

---- ------- ------ ---- ----- ---- ---;--- -.----
69 N*3/2124201 BRANCHING RA"'TI.OS I PROD.' EX~.· I 

Rl N*3/2124201 INTO IPI NI/TOTAL IPll 
Rl 10.0671 APPROX OJODENS 63 CNTR ASSUMING J.,ll/2 
Rl 0.113 0.0036 CITRON 66 CNTR ASSUMING J=ll/2 
Rl (0.121 BARGER 67 FIT ~S$UHING. J .. ll/2 
Rl 10.1631 OIKHEN 67 FIT ASSUMING J•ll/2 
Rl USES ONLY RESONANCES TO CALCULATE OJF. CROSS SECTIONS AT 180 DEGREES 
Rl 10.061 KORHANYOS 67 CNTR ASSUMING J•ll/2 

RZ N*3/2121t20J INTO CP1 NJ*INEUTRON PJ• PI+I/(TOTAL*•ZJ 
RZ 1Pl•P41 
RZ 0.0195 o.004B GALLOWAY 68 RVUE 

****** ••••••••• ••••••••• o•••••••• ••••••••• ••••••••• ••••••••• •••••••• 

7166 

11/67 

7/66 

7/66 
11/67 

7/66 

• 7/66 
7/66 

11/67 
11'/67 

1'1/67 

6/68 
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Baryons 
A(2420), A(2850), . a(3230) 

OIOOENS 
ALVAREZ 
HOHLE.R 
WAHLIG 

'BARGER 
CiiRON 

63 PRL 10 262 
6-lt PIU 12 710 
64 PL' 12 149 
64 PRL 13 103 
66 PR 151 ll23 
66 PR Hit 1101 

REFERENCES FOR N*3/2124201 (PROD. EXP.J 

+JENKINS, KYCIA, RILEY (BNLI 1 
+BAR-YAI'I,KERN,LUCKEY,OSBORNE, + (MIT,CEAJ 
G HOHlER, J GIESECK'E IKARLSRUHEJ J 
+HANNELll,SOOICKSON,FACKlER,WARO, + IMIU 
V BARGER, M OLSSON IWISCJ 
+GALBRAITH,KYCIAtlEONTlC ,PHilliPS, + IBNLJ I 

BARGER 67 PR 155 1792 V BARGER, 0 CLINE 
F N DJKI'IEN 

IWISCI P 
(HI CHI 

IMICH,ANU 
(INDIANA I 

DIKMEN 67 PRL 18 79B 
KORMANYO 67 PR 164 1661 · 
GAllOWAY 68 PL 268 334 

KORHANYOS, KRISCH, OFALLON, + 
K F GALLOWAY 

PAPERS NOT REFERRED TO IN DAH CARDS. 

BAACK£ 67 NC SlA 761 J BAACKE. H YVERT fKARLSRUHE,ORSAYJJ-L 
OOBROWOL 67 PL 24B 203 DDBROWOLSKI,GUSK.OV,llKHACHEV, + IOUBNAJ P 
OOLEN 68 PR 1.66 176B R DOLEN, D HORN, C SCHMID fCITJ 
WAHLIG 68 PR 168 1515 H A WAHLJG, I HANNELLI (MJT,PISAI 

FINAL VERSION OF DATA USED IN WAHLlG 6ft. IN CONJUNCTION WITH 
CITRON 66 TOTAL CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX ELASTIC SCATTERING AMPliTUDE AT 0 DEGREES. 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• •••o••••• *'***•••• 
.................................. ···'*····· • ., •••••••••••••••••••••••• 

Pl 
PZ 
P3 

+J I=3/2 PRODUCTION EXPERIMENTS 

85 N•3/212B501 HASS IMEVI (PROD. EXP. J 

I 2B70. OJ HOHLER 64 RVUE DATA+ OISP REL 
( 2.700.01 APPROX WAHLIG b4 OSPK 0 PI-P CH EX 
12850.01 8ARDA0IN 66 HBC . H N* TO P + 3 PIS 

2850.0 12.0 CITRON 66 CNTR PI• P TOTAL 

85 N*3/2(28501 WIDTH IMEVJ IPROO. EXP.J 

1150.0) 
400.0 ltO.O 

BAP.DAO IN 66 HBC ++ 
CITRON 66 CNTR 

85 'N*3/2128501 PARTIAL DECAY HODES IPROD. EXP.J 

N*3/212B50J INTO PI N 
N*3/212850J INTO P PI PI PI 
N*3/2128~0J INTO N PI PI 

DECAY MASSES 
139+ 938 
938+ 139+ 139• 139 
938+ 139+ 139 

_.:.__ --- ---- ------ ----- ----- ------ -------
85 N*3/2128501 BRANCHING RATIOS .IPRbo. EXP.) 

R1 N*3/212850J INTO IPI NI/TOTAL IPll 
R1 ONLY IJ+1/2J*I PI N/TOTAL.J MEASURED FOR THIS STATE 

7166 
7166 

7/66 
7/66 

R1 B 10.2241 10.016) BARGER 66 RVUE TOTAL + CH EXC. ll/67 

:t. a ~g:!~~ o.o48 ~!~~~:· :; ~~~~ ~~~~\g:~!~Y~i~;, g~~~. 
R1 B USES REGGE AMP.+RESQN. TO CALCULATE OIF. CROSS SECTIONS AT 180 OEGRE 
R1 8 FOR CRITICISM OF THIS METHOD, SEE DOLEN 68. 
!U C (0.491 DJKHEN 67 RVUE USES KORHANYOS67 11/67 

;~ .c USES 0~~~3:~SONANCES TO CALCULA6~a~~=al~R~~SC~~~TION!J!~ ;~o1 ~~G~~~S 
I:U (0.10) KORHANVOS 67 CNTR PI-P AT 180 DEG. 11/67 
R1 (0.06) OR LESS CL•.95 HAlDORSE 12 ·HBC PP 19 GEV/C 12172* 
Rl UPPER LIMIT ON ELASTICITY.ALSO FINO Ja9/2 OR MORE. 

•••••• '****••••• ..................................... ••••*•*'** •••••••• 

HOHLER 64 Pl 12 149 
WAHL JG 64 PRL 13 103 
BAROAOIN 66 Pl 21 357 
BARGER 66 PR 151 1123 
CITRON 66 PR 144 1101 

BARGER 67 PR 155 1792 
OIKHEN 67 PRL 18 798 
OOSROWOL 67 PL 24B 203 
KORHANY0.67 PR 164 1661 
HALOORSE 72 Nt lOA 468 

REFERENCES FOR N*3/212B50J. I PROD •. EXP.J 

G HOHLER, J GIESECKE IKARLSRUHEJ I 
•HANNfllJ, SODI CKSON, FACKLER, WARD, + CHIT) 
8AROAOIN-01WINOWSKA,OAfiYSZt + (WARSAW) 
V BARGER, H OLSSON IWISCJ 
+GALBRAJTH,KYCIAtLEONTIC,PHILLIPS, + IBNlJ I 

V BARGER t 0 CLINE 
F N OJKHEN 
OOSRDWOL.SK 1 ,GUSKOV o L1 KHACHEV, + 
KORMANYOS, .KRl SCH, OFALLON, + 
HALD?RSENr JACO~SEN 

IWISCt P 
I MICHl 

IDUBNAJ P 
UHCH,ANLI P 

I OSLO I IJ 

PAPERS NOT REFERRED TO IN DATA CARDS. 

SAACKE 67 NC 51A 761 J BAACKE, M YVERT (KARLSRUHE,ORSAYIJ-L 
DOLEN 68 PR 166 1768 R DOLEN, 0 HORN, C SCHHI 0 IC lT I 
WAHLIG ··68 PR 168 1515 M A WAHLIG, I MANNELLI UUT,PlSAI 

FINAL' VERSION OF OAT A USED IN HAHUG 64. lN CONJUNCTION· HITH 
CITRON 66 TOTAl CROSS SECTIONS, THIS CHARGE EXCHANGE DATA GIVES 
COMPLEX HASTIC .SCATTERING AHPLJ..TUOE AT 0 DEGREES •..• . .............................. ~ ................... ····~··- ....... . 

86 N*3/ Zl3230, JPm J 1•3/2 ··PROOliCTION· EXP.ERIME.NTS • 

_. ___ --------- ------- -----:---- ------- -------:-· ------ ---:----: 
86 N•312f3230J HA~S !HEVJ (PROD. EXP.J 

13230.01 CITRON 66 CNTR PI+ P TOTAL 

___ _.:. __ ---- ,;__,.;.;. _ ___:; ------ ---·-- _.,:._ ___ _ 
7/66 
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Baryons 
A(3230), EX(1640), z••s 

86 N*3/213230J WIDTH CHEYI (PROD. EXP.I 

"1440.01 Cl TRON 66 CNTR 

86 N*3/2132301 PARTIAL DECAY MODES IPROO. EXP.J 

Pl 
P2 

N*3/213230J INTO PI N 
N*3/2132301 INTO N PI PI 

86 N*3/213230J BRANCHING RATIOS 

DECAY MASSES 
139+ 938 
938+ 139+ 139 

Rl N*3/213230J INTO IPI NJITOTAI. . IPll 
Rl ONLY CJ+l/21*1 PI N/TOTALI MEASURED FOR THIS STATE 

7/66 

Rl 8 10.031 (Q.Ql) BARGER 66 RVUE TOTAL + CH EXCo ll/67 
Rl 10.061 CITRON 66 CNTR TOTAL CRQS. SEC. 11/67 
Rl 10.031 TO 0.1 BARGER 61 CNTR USES KORMANY0566 11/67 
Rl USES REGGE AMP.+RESON • .TO CALCULATE OIF. CROSS SECTIONS AT 180 DEGRE 
RZ FOR C.RtTICISM OF THIS METHOD, SEE DOLEN 68. . 
Rl 10.251 DIKHEN 67 RVUE USES KORMANYOS67 11/67 
Rl USE'S ONLY RESONANCES TO CALCULATE OlF. CROSS SECTIONS AT 180 DEGREES 

BARGER 
CIT RON 
BARGER 
DIKMEN 

66 PR 151 1123 
66 ·PR 144 1101 
67 PR 155 1792 
67 PRL 18 798 

REFERENCES FOR. N*312C3230J C PROD. EXPo I 

V BARGER, M OLSSON 
+GAL BRA ITH,K YC IA, LEDNTlC ,PHILLIPS, + 
V BARGER, D CLINE 
F N OlKMEN 

PAPERS NOT REFERRED TO IN DATA CARDS 

CHI SCI 
ISNLJ 

IWISCJ 
I MICHl 

KORMANYO 67 PR 164 1661 
DOLEN 68 PR 166 1768 

KORMANYOS, KRISCH, OFALLON, + 
R DOLEN, 0 HORN, C SC.HMJD 

IMIC.H,ANLJ P 
((.Ill 

****** ********* ••••••••• ****;,.**** ********* o•••••••o oo••••oo• *O****** 
•••o•• ••••••••• •••••••- ••••••••• ••••••••• o•••••••• ********* ******** 

EXOTIC NUCLEON 

THIS I S NOT A COMPLETE L1 ST • WE WILL TABULATE EXOT JC.S FROM NOW ON 

I EX( 1640) 192 EXI1640, JP= I 1•5/2 

• • A!'IMANN 7 1 AND JOHNSON 71 WITH COMPARABLE (OR 

-
_____ ,_. BETTER I STATISTJC.S AND AT MOMENTA. NEAR 4.91 ARGUE 

7 STRONGLY THAT THE EFFEc.T SEEN BY PRICE 70 IS A 
STATIST1C.AL FLUCTUATION. ' 

IN A MISSING MASS EXPERIMENT, PI+ P TO PI- X+++, 
BIRULEV 71 FINO NO EVIDENCE FOR EXOTIC 11•5/21 RESONANC.ES IN THE 
MASS INTERVAL 1.2 TO 2.2 GEV. 

9Z EXI16401 MASS CHEVJ 

29(1627.1 112 .. 1 PRIC.E 10 O&C - K-0 AT 4.91GEV/C 
FOUR S. O. EFFECT 

92 EXCl640l, WIDTH (MEV I 

29 I 30. J OR LESS CLa.9Q PRICE 10 DBC -- PI-PI-N BUMP 
CROSS SECTION 13 .. 0+-3.9 MIC.ROBARNS 

92. EXC1640J CROSS SECTION LIMITS IMJCROBAP.NJ 

3171 

3171 

CS B 140.1 OR LESS BANNER 70 OSPK +++ PI+P,1.9 GEV/C 7/70 
CS B 1=5/2 LIMIT GIVEN ABOVE I~ F~ MASS RANGE 1540-1750 MEV 

REFERENCES FOR EXI 16401 

BANNER 70 NP 615 205 
PRICE 70 Pl 336,533 

+CHEZE,HAMa,TEIGER,ZACCONE + ISACLAYI 
+BERG, SA LAtif·, HATERS, WEBSTER, HE INBERG ( VAND J 

AHMANN 
BIRULEV 
JOHNSON 

71 PL 348 533 
71 SJNP 12 536 
71 PL 348 428 

PAPERS NOT REFERRED TO IN DATA CARDS 

+CARMONY,GARF INKEL ,GUT AY ,HillER, YEN 
+VOVENKO,GUSKOV, OOBROVOLSK II,++ 
0 JOHNSON . 

(PURDI 
(JINRI 

CANll 

****** ********* ••••••••• o•••••*•• ••••••o•:o ••••••••• •••o•••:c-• •••co•••• 
****** •••• ••••• •••• .. ••• o•••••••• o••-•••• **••••••• *******•• •••••••• 

Note on Possible Z *, s 

Although much work has been done on the 

strangeness +1 reactions during the past few 

years, it is not yet ·clear whether the peaks 

seen in total KN .eros s sections near 1 GeV I c 

are resonances; see Fig." 1. Since positive-

Data Card Listings 
For notation, see key at front of Listings. 

strangeness baryons cannot be made from three 

quarks, it is very important to find ·out if these 

peaks are resonances. 

(a) I = 0 System. New K+ p total cross 

section data have been reported by the Arizona 

group in the 0.57 to 1.16 GeVIc region 

(BOWEN 73) and by the BNL group 

(CARROLL 73) in the 0.4 to 1.06 GeVIc region. 

The cross-sections of both groups fail to ex

hibit the dip at 0. 7 GeV I c previously reported. 
' The ab.sence of the dip is also observed in the. 

K+p elastic data reported by ADAMS 72. A 

curve through the K+p total cross s'ection data 

as drawn by CARROLL 73 is shown in Fig. 1. 

The new K+ d cross section data around 0. 7 

GeV I c also show smoother behavior than be

fore, and both effects result in the I= 0 cross 

section shown in Fig. 1. The data points after. 

unfolding and the smooth curve drawn by 

CARROLL 73 are shown in Fig. 2a. The 

double humped structure reported by 

ABRAMS 69, COOL 70, and DOWELL 70 now 

looks more !ike a shoulder and a bump, which 

is associated with the rapid increase in the in

elastic cross section. 

Fig. 2a shows large disagreement at low 

momenta between BOWEN 7 3 and CARROLL 7 3 

points. However, only part of this disagreement 

is due to a difference in .the measured K+ d cross 

sections (for p· > 0. 8 GeV / c, there is no s·ystem

atic difference between the two sets of data); 

the rest ·can be attributed to differences in the 

unfol.ding procedures. 

There is, however, no doubt about there 

being a large broad peak in the isospin 0 

elastic cross section. The inelastic cross 

section increases smoothly until the K*N 

threshold. at 1.08 GeVIc is approached wher~. 
as shown in Fig. 2b, the K*N cross section 

comes in strongly (HIRATA 70). The total 

KN;r and KN;r;r cross sections are shown in 

Fig. 1 as eyeball curves drawn through the 

data (GIAC.OMELL1 72.). Subtracting these 

from the totai cross sec.tion one gets cr0 (elastic) 

also shown in Fig. 1. The resonance (if it 
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Data Card Listings Baryons 
Z•'s For notatio;t, see key at front ofListinf!s. 

u0 (totoll 

/
--........_ · C7j (toto I) ......._ _____ _ 

I . 

15 
:0 
E 

c 
.Q -u 
Q.) 

V> 

V> 
V> 

~ 
u 

10 

5 

a~~~----~----~~~~--------~ 
0.5 1.0 1.5 2.0 

K+ beam momentum (GeV/c) 

XBL 7 32-2331 

Fig. 1. KN total and partial cross sections. 
Subscripts indicate isospin. Total cross sec
tion ·curves from CARROLL 7 3, which uses 
new data of BOWEN 7 3 as well as previous 
data. Elastic I=1 curve is hand-drawn through 
new and old elastic data. I=O inelastic curves 
taken from GIACOMELLI 72. Isospin 1 inelas- ·' 
tic curves taken from LOKEN 72. 
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-:a 15 
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' OL-~~~-L~~·-,~'~~--~~~~~~~ 
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K+ beam momentum (GeV/c) 

(b) 
ro • o-0 (KN-K*N) 

6 o-
1 

(KN -K*N) 

..0 
E 

5 
b 

0~------U-----~~----~--~ 
0 2 3 

K+. beam momentum . (GeV!cl 

Fig. 2. 
(a) Unfolded I=O cross sections as quoted by 

the various authors discussed in the z* mini
review: 

\)BOWEN73u . 
0 BUGG 68 UT Tas unfolded by CARROLL 73) 
v: CARROLL 7 3 u T 
6. COOL70 UT 
/ GIACOMELLI 72 u(r.KN) 
- GIACOMELLI 72 a (1nrKN) 

(b) Energy dependence of the isospin 0 and 
isospin 1 cross sections for the reaction 
KN .... K*N (HJRATA 70). 
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z••s 

exists} would have a mass M- 1780 MeV, 

would be very wide, and would be ve'ry elastic 

because the inelastic cross sectio;, is small at 

the peak. If J were greater than 1/2, the 

resonant peak would exceed the observed 

height of- 41Tll.2 . This fixes the spin as 1/2, 

and means that there is. little cross s~ction · 

left over for other partial waves. Of course 

it is quite possible that in fact the peak is not 

caused by a resonance at all. 

Differential cross section data on the elastic 

charge exchange have bee~ reported by 

HIRATA 71 (5 momenta in the 0. 87 to 1. 59 

GeV/c region} and by GIACOMELLI1 72 (13 

momenta in the 0. 64 to 1. 51 GeV / c region). 

·More recently GIACOMELLI 2 72 reported 

• data on th~ K+ n .... K+:n elastic scattering in the 

0.6 to 1.6 GeVIcregion, and ARMITAGE 72 has 
. . 0 . + 

reported very preliminary data of K p .... K n. 

Attempts to perform partial-wave analyses 

for··the I = 0 system have also been reported 

recently. HIRATA 71, which does not include 

the most rece·nt elastic and total cross section 

data, finds a large P 
01 

partial wave which 

does not .go through 90•. as expected for an 

elastic resonance. WILSON 72 report energy

dependent and energy-independent analyses, 

which did not include the K+ n elastic data. S, 

P, and D waves only were included in the fit 

and six classes of solutions wer.e found. The 

<J,ddition of the K+ n data has reduced the solu

tions to fou:r with two being favored over the 

oth~rs (called C and D). 1 Solution D shows a 

resonant-like P 01 partial·wave which crosses 

the imaginary axis at P = 1200 MeV lc and 

turns back in toward the center of the Argand 

plot. The other solution also has a large P 01 
partial wave, but it does not look resonant. 

Note, however, that very little polarization 

data have gone into these analyses; therefore 

a conclusion on the existence of z;(1780} 

must await more data. 

(b) I= 1 System. As discussed above there 

are new elastic cross section data reported by 

ADAM.S 72 (0.4 to 0.9 ·GeVIcl and n~~ K+p total 

cross section measurements by BOWEN 73 

and CARROLL 73. Elastic eros s section results 

Data Card Listings .. 
For notation, see key atfront of Listings. 

have also been reported by CHARLES 72 (0.9 

·to 1. 9 GeV I c). For the inelastic channels new 

data have been reported by LOKEN 72. Fig. 

1 shows smooth curves drawn throu~h the new 

total cross section data, the new elastic data, 

and the inelastic data of LOKEN 72. 

Many partial•wave analyses have been per

formed on· the K+ p data s'ince the i = 1 bump. 

first appeared in 1966. · We. mention here only 

the most recent ones and refer .the reader to 

our previous edition for a review of the.others.
2 

MILLER 72 has reported an· analysis which . 

uses a new method, ACE (accelerated converg~ 

ence expansion), in which high partial waves 

are 'included through conformal mapping as 

suggested by CUTKOSKY 70. The results of 

ACE are then compared with the two solutions 

obtained by the same group through convention

al partial-wave analysis. CUTKOSKY 72 is .a 

new analysis by the same group with energy 

smoothing added to a more extensive random 

search. CHARLES 72 have performed a com

parison of their data to existing phase -shift 

analysis and find that the ALBROW 71 a~f3·'V 

solutions are the preferred ones, although they 

cannot choose among them.· EHRLICH 72 have 

reported an analysis of data ·between 1. 3 and 

2.3 GeV I c employing the ACE method. ,Then 

they use the shortest path method to link the 

energy-independent solutions and·find 25 least 

path solutions, some resembling previously 

published solutions, in addition to ·new o~es. 

Another new analysis has been reported by 

Martin and Miller (MARTIN 72}, who use an 

energy-dependent parametrization based on 

partial-wave dispersion relations. As a 

starting point the ALBROW 71 solution 'V is used 

and they obtain a new ~olution which is not 

very different from the starting one. 

In conclusion the new ·analyses, as the old 

ones, yield more than one solution to choose 

from, which indicates that the data are not 

good enough to eliminate some of the possi

bilities. More data of the conventional type, 

measurements of the R and A parameters, 

and the simultaneous analysis of elastic and 
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0 

-.2 

(MILLER 72) 1.7i 

0.3 . -o.l 

(REBKA 70) 

(LOVELACE 71l 

---------so 1. I A 
~- -o Sol. IB 

0.5 

70) 

Sol.ll 

0.2 0.3 

-0.25 

.5 

0 

Baryons 
z•·s 

(BARBER 70) 

(AYED 70) 

---Background 

. (ALB ROW 71) 
Sot. r 

/ 

0.25 . 

Pj3 Amplitude D-3 +1-48 GeV /c 
1·38 

. T'~·32 

! Tj~~·21 
0·2 +1-13 

(GIACOMELLI 70) 

+1·06 

+0·97 

0·1 

00 

Fig; 3. Argand plots for the P13 partial wave as obtained in partial-·wave analyse& 
performed by the authors indicated. (CARRERAS-1 70 plotted by us from T], o.) 
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inelastic channels (copious inelastic data·are 

desirable at the mpment) could impr<;>ve the 

understanding of this .system. 

The P13 amplitude still remains the best 

candidate ior a resonance in the K+ p system. 

The preferred P 13 Argand plots obtained by 

some of the groups are shown in Fig. 3. Each 

analysis in one way or another gets at least 

one solution with a counterclockwise P
13 

ampli

tude. Resonant P 
13 

is preferred by 

REBKA 70, GIACOMELLI 70, andALBROW 71; 

the results of the other analyses are not so 

clear cut. 

Threshold effects. An alternative way to 

describe the P 13 amplitude would be in terms 

of a coupled-channel threshold effect: the KN 

amplitude bec.omes rapidly absorptive as it 

feeds the rapidly increasing KL!. channel. The 

main question still remains: Is it also a res

onance? If it·is, its elasticity is small (:::: 0.2) 

and it decays mainly into KLI.. Partial-wave 

analyses in this channel do not seem to favor 

the resonant hypothesis at this time. See 

BLAND 67, BLAND 70,and GRIFFITHS 72. 

But a definite conclusion has yet to be made 

and awaits much more data. 

Production experiments. One more com

ment on exotic resonances is that, as pointed 

out by ERNE 70, the present upper limits for 

the cross sections for p.roduction of broad 

exotic resonances are not very small; that is, 

they are of the same order a·s cross sections 

for y* or N* production. 

References 

1. A description of the new WILSON 72 analy

sis as well as an excellent review of recent 

work on the Z *• s can be found in: J. D. 

Dowell, 11 The Search for Z *• s" , Proceedings 

of the XVI International Conference on High.· 

Energy Physics, Chicago-Batavia (1972). 

2. Particle Data Group, Physics Letters 

43B, No. 1 (1972). 

Data Card Listings. 
For notation, see key at fr.ont of Listings. 

I 195 Z•0(1780t JP•l/2 J 1"'0 

Zo( 1780) sEE THE MINJ-~<evre• PRECEDING T.Hls usTING. 

) THIS EFFECT, IF A RESONANCE, MUST HAVE SPJNal/2t 
BECAUSE THE INELASTIC CROSS SECT ION IS VERY SMALL 
AND THE TOTAL CROSS SECTION IS ABOUT 4•PI/KU2. 

HIRATA 71 ARGUE THAT IT IS THE POl WAVE THAT 
IS LARGE. HOWEVER, THEY CONCLUDE THAT POl NEED NOT PASS THROUGH 90 
DEGREES TO EXPLAIN THE RELEVANT DATA IN THE 1 GEY/C REGION. 

WILSON 72 FIND SOME SOLUTIONS WITH RESONANT-LIKE BEHAVIOR IN THE POl 
PARTIAL WAVEa 

95 Z*Oil780J I'IASS IMEVI 

1780.0 10.0 COOL 70 CNTR + K+P, 0 TOTAL lnl 
SEEN DOWELL 70 CNTR K+P1D TOTAL 7/70 
SEE ALSO DISCUSSION OF LYNCH 70 1/10 

( 1800.1 WILSON 12 PWA K+N POl WAVE 3172. 
ESTIMATE OF PARAMETERS FROM BW + QUAOR~TIC BACKGROUND FIT TO POlo 3172. 

PI 

Rl 
Rl 
Rl W 

1565 .. 01 
(300., 

95 Z*OC 17BOt WIDTH IMEVJ 

COOL 
WILSON 

70 CNTR + K+P 1 0 TOTAL 
12. PWA K+N POl WAVE 

95 1*0117801 PARTIAL DECAY MODES 

Z*OI17801 INTO K N 
DECAY MASSES 

493+ 939 

95 1*011780) BRANCHING RATIOS 

Z*OC 17801 INTO IK HI/TOTAL 
10.951 
10.851 

COOL 
WILSON 

IPll 
10 CNTR + K+P 1 0 TOTAL 
12 PWA K+N POl WAVE 

••••••••• ••••••••• oeoo••••• ********* ••••••••• ••••••~~~~~~~~• •••••••• 
REFERENCES FOR Z*Oil780J 

COOL 70 DUKE CONF 47 R L COOL IBNL) 
IBNLI 
IBNLI 

ALSO 69 Pl 308 564 
ALSO 70 PR D1 1887 

DOWEll 70 DUKE 53 
WILSCJII 72 NP 8't2 445 

LYNCH 
HIRATA 
BOWEN 
CARROll 

70 DUKE 9 
71 'NP B30 157 
73 PR 07 22 
73 BNL PRE PRINT 

ABRAMSICOQL,GIACOMELLII KYCIA,L I + 
COOL 1 GIACOMELL I, KYCIA,LEONT I Coli + 
J.D. DOWELL 
+GRIFFITHS,HJRATA + 

CBIRHJ 
I 8GNA+GLAS+ROMA+ TRST I 

PAPER.S NOT REfERRED TO IN DATA CARDS 

G LYNCH !REVIEWER OF CR.SEC. OATAJ ILRLI 
+GOLOHAB ER ,HALl, S.EEGER, T HRJLLl NG,W'OHl (l£sLJIJP 
+JENKINS,KALBACH,PETERSEN + IARIZ+MICHI 
+KVCIA,lltMICHAEltMOCKETT IBNLI 

EXPERIMENTS MAINLY ABOUT ELASTIC CHANNELS --
ARM'ITAGE 72 NAL PAPER 391 +ASTON,OUERDOTHoElliSONt + (MCHS+OAREI 
GIACOMEl 72 NP 842 437 GIACOMELLI + IBGNA+GLAS+ROMA+TRSTI 
GIACOM£2 72 NP SUBMITTED GIACOMELli + I8GNA+Gl.AS+ROMA+TRST I 

EXPERIMENTS MAtm.Y ABOUT INELASTIC CHANNELS --
GJACOMEL 72 NP 837 577 GIACOMELLI + IBGNA+GLAS+ROMA+TRSTJ 

•-••• ••••••o•• ••••••••• ••••••••• ~~~~•••••••• ••••••••• ••••••••• •••••••• -···· ............................................................. . 
I Z0 (1865) I·· z•oc1•••,. JP• I I•O 

-
----)• THIS. EFFECT IS STROkGLY ASSOCIATED WITH THE K* N 

THRESHOLD .. SEE HIRATA 68 AND 70. WILSON 12 REPORTS A 
PARTIAL MAVE ANALYSIS. SEE.ALSO Z*0117801 I 

96 Z•OI18651 MASS I MEVJ 

1171 
3172 

1/71 
3/72 

H ( 1860.01 115.01 CARTER 
COOL 

67 THEO 
70 CNTR 

DISPERSION REL. 8/67 
• H 

PI 
P2 

Rl 
Rl 
Rl 

02 
R2 

11868.01 110.0) 

96 Z*Oil865l WIDTH IMEYJ 

1200.01 (50 .. 0) 
(160.01 130.01 

CARTER 
COOL 

67 THEO 
70 CNTR 

96 Z*Oil865J PARTIAL DECAY MODES 

Z*iJI18651 INTO K N 
Z*Oil865J INTO N K*l892) 

96 Z*OI18651 BRANCHING RATIOS 

Z•OI1865J JNTO IK NI/TOTAL 
(0.31) (0 .. 051 CARTER 67 THEO 
10.-'tOJ 10.051 COOL 70 CNTR 

z•DilB65J INTO N ·K•I892J 
MAIN INELASTIC DECAY HIRATA 68 HBC 

K+P• 0 TOTAL 8/67 

DECAY MASSES 
493+ 939 
938+ 891 

(Pl) 
IF J=1/2 
IF J=l/2 

IP21 

8/67 
8/67 

8/67 
8/67 

11/68 

•••••• ••••••••• ••••••• .. ••••••••• ••••••••• ****'***** ••••••••• •••••••o 
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REFERENCES FOR Z*OU8651 

CARTER 67 PRL 16 801 
HIRATA 68 PRL 21 1485 
COOL 70 PR 01 1887 

A A CARTER (CAVENDISH) 
HIRATA, WOHLi GOLDHABER, TRILLING ILRU 
COOL,GIACOHELLJ,KVCIArLEONTIC,ll • IBNLI 

ALSO 66 PRL 17 102 
ALSO 69 Pl 308 564 

+GIACOMELLI,KYCIA,LEONTJC,ll 1 LUNDBY 1 + (BNLJ 1 
ABRAMS,COOL,GIACOMELLI,KYCIA,LI + (BNLJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

HIRATA 70 DUKE 429 +GOLOHABER, SEEGER, TRILL I NG+HOHl. ( LRL J 
AARON 71 PRL 26 407 
HI RATA-1 71 NP 833 445 
GIACOMEL 72 NP 837 577 
WILSON 72 NP 842 4-45 

+AHAOO+S ILBAR I NEAS t PENN, LASL J J JP 
+GOLOHABER ,HALL, SEEGER 1 TRILLING, WOHL I LBL J 
GIACOMELLI + I BGNA+GLAS+ROMA+TRST I 
+GRJ FF ITHS oHIRAT A + I BGNA+GLAS+ROHA+ TRST J .................................................................... ...................................................................... 

I Zt(1900) 197 2•111900, JP• I 1•1 . 

) THIS EFFECT IS STRONGLY ASSOCIATED WITH THE K N* 
THRESHOLD. IF A RESONANCE, THE SPIN-PARITY IS ALMOST 
CERTAINLY 3/2+. 
SEE THE HINIREVIEW PRECEDING Z*O 

97 1*1119001 MASS IHEVI 

11932.01 AYED 70 IPWA P13oSOL.I 
llB99.0I AYEO 70 IPWA P13,SOL • .II 
12030.01 AYEO 70 IPWA Sll 1 SOL.JII 

THREE SOLNS IN ORDER OF DECREASING SIGNIFICANCE. THOUGH AYEO 70 
GIVE PARAMETERS,THEY CONCLUDE RESONANT INTERPREtATION OOUBIFUL. 

11BitD.DI BARNETT 70 JPWA P13,SOLN HI 
RESONANCE SIGNAL BARELY ABOVE BACKGROUND DUE TO THE LARGE ERRORS 
IN THE AMPLITUDES RESULTING FROM THE 'ANALYSIS 
1900. 0 10. 0 COOL 7D CNTR -++ K+P TOTAL 

11B80.J AL8ROW 71 JPWA ++ SOL. GAMMA 
11690.1 KATO 71 JPWA SOL JIFJT BWI 
120io0.1 KATO 7l JPWA SOL IJIFIT BWJ 

KATO 71 ESTIMATE RESONANCE PARAMETERS - UPDATED PHASE SHIFTS 
PUBLISHED IN l".llLER 72. 

------ ------- -------- ------- --------- ------ ------- -------

1520.01 AYED 70 I PWA K+P 
1397 • OJ AYED 70 I PWA K+P 
1557.01 AYED 70 IPWA K+P 

IBO.OJ BARNETT 70 IPWA K+P EIPWA 
121oO. OJ COOL 70 CNTR ++ K+P TOTAL 
(190.1 ALBROW 71 JPWA ++SOL. GAMMA 
(280.1 KATO 71 JPWA SOL IIFJT BWI 
1260.1 KATO 71 IPWA SOL I II FIT BWI 

SEE THE ~OTES ACCOMPANYING MASSES QUOTED. 

---- ------- ------- --------- ___ __, ___ ------- ______ _,;_ ------

P1 
P2 

97 1•1119001 PARTIAL DECAY MODES 

Z•1119001 INTO K N 
Z*H190DI INTO N*Zl/2112361 K 

DECAY MASSES 
493+ 93B 

1236+ 493 

------ --------- -------- -------- ----- ------- ------- .., _____ _ 

R1 
Rl 
R1 
R1 
R1 
Rl 
R1 
R1 
R1 
R1 

97 Z*li19DOI BRANCHING RATIOS 

Z011190DI INTO IK NJ/TOTAL 
10.101 OR LESS 
I D.161 
ID.2DJ 
ID.171 
10.091 
10.121 IASSUMING J•3/21 
10.151 
10.221 
(0.271 

CARTER 
AYED 
AYED 
AYEO 
BARNETT 
COOL 
ALBROW 

, KATO 
KATO 

IPll 
67 THEO OISPfRSION REL. 
70 IPWA 
70 IPWA 
7D I PWA 
70 IPWA K+P E IPWA 
70 CNTR ++ K+P TOTAL 
71 I PWA ++ SOL-. GAMMA 
7l IPWA SOL !(FIT BWI 
11 IPWA SOL Il(FlT BWJ 

SEE NOTES ACCOMPANYING THE MASSES QUOTED. 

Z•lt19DOJ INTO K N*3/2112361 IP21 

6170 
6170 
6/70 

7170 

1171 
10/71 
10171 
1DI71 
3172 
3/72 

6/70 
6/70 
6170 
7170 
1/71 

10171 
10/71 
10/71 

8/67 
6170 
6/70 
6/70 
7170 
1171 

10171 
10171 
10/71 

R2 
R2 
R2 

MAIN INELASTIC DECAY BLAND 67 HBC 9/67 
NO EVIDENCE, SPEED HAS MINIM. GRIFFITHS 72 HBC K+P .9-1.5 GEV/C 3172 

••o••• ********* ••••••••• ********* ********* ••••••••• ••••••••• ******** 

BLAND 67 PRL 19 1077 
CARHR 67 PRL 18 801 

REFERENCES FOR 1*1(19001 

+BOWLER, BROWN, G+S GOLOHA8ERr SEEGER 1 -+ llRl J 
A A CARTER ICAVENOISHJ 

AYED 70 PL 32B 404 -+BAREYRE, FELTESSE 1 VILLET 
BARNETT 70 DUKE 443 -+GOLOMAN 1 LAASANEN,STEINBERG · 

CSACLAYJIJP 
I MARYLAND) IJP 

CBNLI I 
(BNLJ 

COOl: 70 ·PR 01 1687 +GIACOMELLI, KYCIA, LEONTJC, LI 1 
ALSO 66 PRL 17 102 COOL,GJACOMELLI,KYCIA,LEONTIC,ll 

ALBROW 71 NP B30 273 +ANDERSON,ALHEHED, ••• ,UDO,WAGNER 
ALSO 70 DUKE 375 ERNE,SENS,WAGNER 

I CERN I IJP 
fCERNII JP 

IANL,NWESJIJP 
CANU IJP 

IANL,NWESJIJP 

KATO 71 H.E.PHEN.,MORJOND +KOEHLER, ... ,YOKOSAHA+BURlESON 
ALSO 70 DUKE 367 A. YOKOSAWA 
ALSO 7D PRl 24 615 KATO,KO!:HLER 1 NOVEY,YOX.OSAWA+ 

GRIFFITH 72 NP B36 365 
MILLER 72 NP 837 4Dl 

I 
TOTAL-CROSS -SECT ION 

BUGG 6B PR 169 1466 
BOWEN 70 PR 02 2599 
anweN 73 PR 01 22 
CARROLL 73 BNL PREPRINT 

+HI RAT A, HUGHES +. ( BGNA-+GLAS+ROMA+ TRST J 
+NOVEY,YOKOSAHA,CUlKOSKY + IANL+CARN-+NWESIJJP 

.PAPERS NOT. REFFERED TO IN Z*l DATA CARDS 

EXPERIMENTS ---
+GlLMORE,KNIGHT, + IRHEL 1 BIRM,CAV.EJ 
+C.ALOWELL, DIKMEN, JENKINS, KALBACH 1 +1ARJZJ 
+JENKINS,KAL6ACH,PETERSEN + IARIZ+MICHJ 
+KYC.JA,L I, MICHAEL, HOCKETT IBNU 

. ' ..;;; 
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Baryons 
Z0(1865), Z1(1900), Z1(2150), Z1(2500) 

A K-I~ATRIX ANALYSIS OF SOME OF THE EARLY K+P DATA--
HITE 67 THESIS G E HlTE I ILLINOIS I 

REGGE-PCLE ANALYSES --
CARRERAS 70 NP '919 349 B CARRERAS, A OONNACHIE IOARESSURY, ~HSJ 

EXPERIMENTS MAINLY ABOUT INELASTIC CHANNELS --
BLAND 6B UCRL-19131 THESIS R W BLAND llRLJ 
BLAND 69 NP B13 595 +BOWLER, BROWN, KAOYK, GOLOHABER 1 + ILRLI 
BLAND 70 NP B18 537 +BOWLER, BROWN, GOLOHA8ER 1 HRLJ 

BLAND 69 AND BLAND 70 REPLACE BLAND 67 AND BLAND 68. 
HIRATA-I 71 NP B33 445 +GOLDHABER,HALL,SEEGER 1 TRILLING,WOHL (LBLJ 
GRIFFITH 72 NP 638 365 +HtRATA,HUGHESrJACOBS+IBGNA 0 GLAS 0 ROHA 1 TRSTIIJP 
LOKEN 72 PR D6 2346 +BARJSH,GOMEZ 1 DAVIES,SCHLE1N,+ ICIT 1 UClAJ 

THE MAl N ELASTIC SCATTERING AND POLARIZATION EX PER IHENTS -
CARROLL 66 PRL 21 12B2 +FISCHER, LUNOBY, PHILLIPS, + IBNL 1 ROCHJ 
ANDERS-I 69 PL 28B 611 ANDERSSON, OAUM 1 ERNE, LAGNAUX 1 + I CERN I 
ANOERS-2 69 PL 30B 56 ANDERSSON, OAUM, ERNE, LAGNAUX 1 + ICERNJ 
ASBURY 69 PRl. 23 194 +DOWELL, KAT0 1 LUNOQUI ST 1 NOVEY, +I ANL 1 UMD J 
BLAND 69 PL 298 616 R W BLAND, G GOUJHABER 1 G H TRILLING llRLJ 
BARBER 70 PL 32B 214 +BROOME, DUFF, HEYMANN, IMRIE 1 + ILOUC 1 RHElJIJP 
GJACOMEL 70 NP B20 301· GIACOMELLI, GRIFFITHS, CBGNA,GLAS 1 ROMA 1 TRST JIJP 
HAll 70 DUKE lo35 +BlAND,GOLDHABER 1 TRlLLING ILRLI 
REBKA 70 PRL 24 160 +ROTHBERG, ElKINS, GLODIS 1 + IYAlEJIJP 
ADAMS 71 PR Olt 2637 +OAVIESoDOWELL,GRAYER,HATTERS+ IBIRM+RHELI 
BARNETT 71 PL 348 655 +lAASANEN,STEINBERG + (UHO+ANL+NWES+NALI 
EHRLICH 71 PRL 26 925 +ETKIN,GLOOJS,HUGHES,KONOO,LU,MORI+ 1lYAlEI 
WHITMORE. 71 PR. 03 1092 +ABRAMS,EISENSTEIN,KIM,OHALLDRAN,+ IILLJ 
ADAMS 72 NAL PAPER. 326 +COX,OAVIES,ODWELL ,GRAYER... IBIRM+RHELJ 
CHARLES 72 Pl ltOS 2B9 +COWAN,EOWAROS,GJSSON,+ IBRISrRHEL,SHMPI 

ALSO 72 NAL PAPER 2B7 CHARLESoCOWAN,EDWAROS + IBRIS+RHEL+SHMP) 
DANYSZ 72 NP B42 29 +PENNEY,STEWART,THOMPSON,+ ILDIC,CDEF,LOWCJ 

PHASE SHIFT ANALYSES 
CARRERA1 70 NP 823 525 

ALSO 10· DUKE 447 
LEA 71 NP 626 413 
LOVELACE 71 NP B28 141 
EHRLICH 72 NAL PAPER 447 
CUTKOSKY 1i NAL PAPER 210 
HARTIN 72 PREPRINT 

8 CARRERAS, A OONNACHIE CDAREJIJP 
+OONNACHJE,KIRSOPP CDARE+MCHS+ EOINJ 
+MARTIN,THOMPSON (RHEL,LOUCIIJP 
+WAGNER ICERNIIJP 
+ETKIN,GLODIS,HUGHES,LU,PATTON + IYALEI 
+HICKS ,KEllY, SHIH, JOHNSON CARN+ ILL+ ANL 
B.R.HARTIN, C.E.HlLLER ILOUCI 

EARLIER ANALYSES Ti-tAT DO NOT INCLUDE RECENT POLARIZATION DATA --
LEA 68 PR 165 1710 LEA, HARTIN, CADES IRHHoBNL,CERNI 
MARTIN 6B PRL 21 1286 8 R MARTIN (8Nll 
CUTKOSKY 70 PR 01 2547 R E CUTKOSKY, 8 8 OtO CCARNEGIE-HELLONI I 

LATEST REVIEW TALKS 
LEVISETT 69 lUND CONF 341 
GOLOHABE 70 DUKE 407 
DOWELL 72 NAL REVIEW 
LOVELACE 72 NAL REVIEW 

R lEVI SETTI CRAPPORTEURJ , 
G. GOLDHABER I REV IEWERI 
REVIEW TALK IN BARYON SESSION 
RAPPORTEUR'S TALK 

CCHJCAGOJ 
ILRL I 

IBIRHI 
I RUTGI 

.................................................................... 
*****IC **** ***** .......... ********* ********* ********* ********* "'******* 

I Zt(2150) 1 •• Z•ll2150, JP• J I=l 

Pl 

----~->· A SHALL BUMP IN TOTAL CROSS SECTION AT 
PK'"l, B GEV /C 

93 1*1121501 MASS CMEVI 

2150. 20. ABRAMS 70 CNTR ++ K+P TOTAL 

93 Z*H21501 WIDTH IMEVJ 

IllS. J ABRAMS 70 CNTR + K+P TOTAL 

93 Z*H21501 PARTIAL DECAY MODES 

93 Z*ll21501 BRANCHING RATIOS 

DECAY MASSES 
493+ 93B 

Z*lC21501 INTO IK NI/TOTAL IPll 
J IS NOT KNOWN, THE FOLLOWING IS IJ+l/21*Pl 

10171 

10171 

Rl 
R1 
Rl I Q. 041 ABRAMS 70 CNTR + K+P TOTAL 10/71 

ABRAMS 70 PR 01 1917 
ALSO 67 PRL 19 257 

REFERENCES FOR Z*l ( 21SDI 

+COOL,GIACOMELLI ,KYCJA,LEONTICrLI -+ CBNLI 
ABRAMS ,COOL, GI ACOMElll, KYC IA, lEONT IC+ ( BNL I 

•••••• ••••••••• ••••••••• ********* ••••••••• ••••••••• ••o•••••• •••••••• .................................................................... 
I Zt(25QQ) 194 Z•ll2500o JP• I 1•1 

----~>• A. SMAll BUMP IN TOTAL CROSS SECTION AT 
- PK"'2• 7 GEV/C 

94 Z•H 25001 MASS I HE VI 

2500. 20. ABRAMS 70 CNTR ++ K+P TOTAL 10171 

• 
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Baryons 
Z1(2500). A's and E's 

Pl 

Rl 
Rl 
Rl 

94 Z*l(2500J WIDTH IMEVI 

1160. I ABRAMS 70 CNTR H K+P TOTAl 

94 Z*H2500J PARTIAL DECAY JitOOES 

Z*ll2500) INTO. K N 

94 Z*l125001 BRANCHING RATIOS 

Z0112500J lNTO"IK NJ/TOTAL 
J IS NOT KNOWN. THE FOLLOWING IS IJ+l/ZI*Pl 

DECAY MASSES 
493+ 938 

IPlJ 

I 0. 031 ABRAMS 70 CNTR •• K•P TOTAL 

••• o •• •• ,...... • •••••••• , ....................... ~ •••••••••••••••• ~ •••• 

ABRAMS 70 PR 01 1917 
ALSO 67 PRL 19 257 

REFERENCES FOR Z*lC25001 

+COOL tGlACOHElll tKYCIA,LEONT IC 1 LJ + IBNU 
ABRAMStCOOL,GI ACOKELLI rKYC IA,LEONT IC+ IBNL J 

•••••• ••••••••• •••••••o• ••••• .. •• ••••••••• •••• .... ••• ••••••••• •••••••• .o••••• *••····~· ............•.•..• ••······· ........................... . 
Z. CROSS SECTION UIIITS 

SEE MlNJREVlEW PRECEDING Z*O 

CS UNITS MlCROBARNS 
CS LESS THAN 50. 
CS A LESS THAN .2 +.3 
CS A ABOVE LIMIT FOR 

BASSOMPIE 68 HBC K•P TO l*+ PI+ 
. -.1 ANDERSON 69 ASPK + PI-P TO K-l .... ' 

M•l.2 TO 1.4 GEV- CL"" 99 P.C. 
CS 6 LESS THAN 144 +1.9 
CS B ABOVE liM IT FOR 

-.5 ANDERSON 69 ASPK + PI-P TO K-Z•+ 
H•l. 5 TO 2.5 GEV 

••••••••••••••• •o:••••••• •••••••••••••••••••••••••••••••••••••••••••• 

BASSOHPI 68 PL 278 468 
ANDERSON 69 PL 298 136 

REFERENCES FOR Z*1 CROSS SECTION LIHJTS 

BASSOMPIERRE, + «CERN,BRUXElLESI 
+BLESER, BLIEOEN, COLLINS, + CBNL,CARNEG1El 

PAPERS NOT REFERRED TO IN DATA CARDS 

!~:~N :; :~l2~: ~;i =~:~~::~~~:~~~~~i:t~:~~~~~::~,M~RI, :~:~~: 
MORJ MORI 6:./;E;~:c~:8~YSON 67 +~~~E~~=~G~8 ~UGHES, LU, MINEHART,+ CYALEI ......................................................•....... ...... .......... .......... ......... ......... ......... ......... ....... . 
Note on y*• s 

The nwnbet: of known or suspected y* states 

has increased considerably in the last few years, 

following closely a similar increase in the nwnber of 

N* states. J * ust as the recently discovered N 1 s are 

only weakly coupled in the nN-nN reaction, s·o also 
' * . are the recently discovered Y 1 s only weakly coupled 

in the KN-KN, KN- An, and KN- :En reactions. 

10/11 

10/71 

10/69 
10/69 

10/69 

For this reason the newer Y* 1 s are more difficult to 

uncover; they usually appear as small peaks in invari

ant mass distributions.or make no appearance at all. 

Rather when the Z-body reactions are partial-wave 

analyzed, some of the amplitudes are found to traverse 

resonance-like counterclockwise circles. Clearly the 

results of partial-wave analysis give the Jp informa

tion, whereas a peak seen in an invariant mass 9-istri

bution or a total cross section often cannot be· a~alyzed 
for its quantwn nwnbers. We will keep information 

coming from formation· experiments and from produc

tion experiments separate, whenever necessary. 

Production experiments. These types of 

experiments are often difficult to analyze. Informa-

Data Card Listings 
For notation, see key at front of Listings. 

tion on I = 0 states is possible only when there is no 

I = 1 state at similar mass. The main controversies 

at the present time concern resonances in the 1600 to 

1700 MeV region. See the mini-reviews on :E(1620) 

and on :E(1670) in these Listings. A good review is 

given by MILLER 70. f Also, the branching ratios 

of :E(1915) F 15 as measured in formation and pro

ductions experiments do not agree. This is probably 

due to two facts,: 1) the elasticity is small, 2) the 

nearby D13 (1940) may contribute to production exper

iments. 

Formation experiments .. Partial-wave analy

ses have been performed on KN, An, :En and :::K 

channels. Given the present accuracy of the data it 

is not possible to perform a completely energy

independent analysis, that is, solve for the partial

wave amplitudes at each energy in a model

independent way. Usually many solutions. are found 

and even when it is required that solutions at neigh

boring energies join smoothly, it is not possible to 

select a unique overall solution. To overcome this, 

one specifies the form of the energy dependence of 

some or all of the partial-wa;ve amplitudes. Analy

ses in which the .energy dependence of all the ampli

tudes is specified are called energy dependent. 

When referring to results of this type of analysis, 

the technique listed is DPWA. Th1,1s an amplitude 

known to resonate will be given a Breit-Wigner form, 

whereas an amplitude not a priori known to resonate 

may be tried alternately ~th a resonance form and 

with some simple nonresonant form, the choice 

between these then·being made by comparing the 

.goodness -of-fit for the two fits. Analyses in which 

the energy dependence of most of the amplitudes is left 

unspecified are called (not quite correctly) energy inde

pendent. These may involve some fixed input reso

nances in some of the partial waves and/or some 

method for selecting solutions that join together smooth

ly as functions of energy. The technique used for these 

analyses is lis.ted as IPW A. 

Three recent analyses have attempted to fit data 

on three channels (RN, :En, and An) at lab momenta 

below 12Z6 MeV/c. ARMENTEROS 70 (CH) fit each 

channel separately. They first fit Legendre se;ies to 

the available data at each momentwn in the range 436-

1200 MeV/c, and then obtained smootli curv~s through 

the Legendre coefficients by fitting a polynomial in 
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Data Card Listings 
.For notation, see key at fror;:t of Listings. 

Plab to each coefficient. Finally, the partial wave am

plitudes were fit to the smoothed Legendre coefficients. 

(or reconstructed smoothed angular distributions in the 

case of 'KN), and the continuity of the "data" was used 

to enforce continuity of the amplitudes. With a few ex

ceptions the S and·P waves were varie_d freely, while 

the higher waves were fixed as sums of Breit-Wigners 

(BW's) with, no background,representing some well 

known resonances. Single channel inelastic unitarity 

was imposed during the fitting, and the results were 

checked against the three-channel unitarity constraint 

2 2 2 

Im TKN <:I TKNI + IT~Tf I + I:ATTI (1) 

for each isospin. Resonance parameters were esti

mated visually. 

KIM 71 (K) fit data from threshold to 1226 MeV/c 

using the Ross' and Shaw2 effective-range expansion of 

the inverse multi-channel K-matrix. The data in each 

of seven energy intervals bounded by 0, 534, 658, 806, 

916, 1022, 1117, and 1226 MeV/c, were fit with a con

stant effective-range matrix. An· extra channel was 

included for each isospin to approximate the effects of 

three-particle final states. The parameters for these 

extra .channels were constrained by information on the 

total three-particle cross sections. Only the F 
15

(1915) 

was fixed to a BW form, all other waves included being 

parametrized by the K-matrix formalism. Resonances 

were identified on the basis of loops in the Argand dia

gram correlated with a peak in the speed plot and a 

pole in the K-matrix. The radius of the loop, the speed 

criterion, and the residue of the K-matrix were used 

to determine resonance parameters. 

LANGBEIN 72 (LWi performed single energy fits 

at 40 momenta between 436 and 1226 MeV/c. The par

tial wave~ at each energy were pa,rametrized in a form 

that automatically satisfied Eq. (1), and that could 

easily be specialized to a BW form by setting one 'of the 

parameters to zero. This capability was used to con

strain the n 03 (1690), n
15

(1765), F 
05

(1815), and 

F 17(2030) to pure BW forms ~n the range IE-MR I < r. 
The resonant parameters were fit to known values. 

Approximately 90 acceptable single-energy fits per 

~· 

energy were generated and were used in shortest path 

searches over two regions, 1536 to 1700 MeV and 1700 

to 1900 MeV. Several candidates for acceptable shor

test paths were generated, and a preferred path was 

6 
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Baryons 
A's and L's . 

chosen by rejecting those that failed to reproduce known 

resonance. behavior. Resonances in this solution were 

identified by loops in Argand diagrams correlated with 

peaks in the <=3-body final state cross section. Reso

nance parameters were then extracted by fitting BW' s 

with both multiplicative and additive background. 

Partial-wave amplitudes from these three analy

ses are shown in Figs. 1-3. These analyses show, in 

addition to the well-established states (which we have 

classified with three or four stars in Table II at the 

end of this note), other states which we report in Table 

L The table includes effects which show as a clear 

signal in at least one of the analyses (i.e., this is a 

list of promising "rookies"). 

Table I. Comparison of .recent Y* claims, Notation 
is mass (MeV)/width. (MeV)/ strongest two-body chan
nel; CH = CERN-'Heidelberg, K =Kim, LW = Lang-
bein and Wagner. · 

Wave CH K LW 

S01 1780/40/KN 1830/70/KN 

POi 1570/50/? 1620/60/? 

POi 
17 50/70/~TT 
1800/30/'KN 1755/35/'KN 1780/120/KN 

P03 1850/125/KN 

sii 1620/40/ATT 1630/65/~TT 

sii 1730/80/ATT 1790/50/KN 1790/100/KN 

PH 1500-1600/ 50/~TT 16 7 0/ 50/~TT 

p13 1840/120/RN 

Although a certain amount of qualitative agreement is 

apparent, there are many quantitative discrepancies. 

Some of these effects· have been seen elsewhere, and 

there is also considerable disagreement with some of 

these other.observations. The branching ratios intb 

KN, l:TT, and ATT are particularly poorly determined 

(this is also true of some of the better established 

resonances). 

In addition to analyses which treat all of the 

channels KN, l:TT, and ATT, there have been a number 

of energy-dependent analyses of a single channel. We 

will describe three of the most recent of these. CON

FORTO 71 fit data on the KN channel between 777 and 

1226 MeV/c. The procedure was to parametrize each 

wave as a term linear in the lab momentum plus (pos

sibly) BW' s ~th adjustable phase. The data were 

first fit with BW' s representing only known resonances. 

Three more res·onances were then added, one at a time, 



Sl42 REVIEws OF MoDERN PHYSICS • APRIL 1973 · PART II 

Baryons 
A's and :E's 

Data Card Listings. 
For notation, see key at front of Listings. 

KN Dos 

CH 

~ 
-.6 

393 K 

-~ 808 
16 

:.4 . 4 -.4 . 

LW 

~i;JJ 
920 

L1T SOl Po1 Po3 Do3 Dos 

CH 

-.4 

370 
K ~ 

-.2 39J 1 .4 .4 
~ 

. '""<JJ.,, ./ 

LW + 
. 

. 

' 

Fig. 1. I=O partial wave amplitudes for the reactions KN ..... KN and~ ..... :Err fr-om the analyses of 
ARMENTEROS 70 (CH), KIM 71 (K), and LANGBEIN 72 (LW). The K laboratory momenta are 

. ind}cated, 
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KN 

K 

LW 

CH 

K 
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000 
: 1000 
' / 

~ 
·.1 .I 

.. $Jb~ 
. .; .2 -.4 

.6 

Baryons 
A's and 2:'s 

LW + . -£}~~;58: ... -~840 
. 

illo- ... 

Fig. 2. I=1 partial· wave amplitudes for the reactions KN- KN a:nd KN- :E1r from the analyses of 
ARMENTEROS 70 (CB), KIM 71 (K), and LANGBEIN 72 (LW). The K laboratory momenta are. 
indicated. · 
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Baryons 
A's and L's 

Arr Su Pu 

ti ~-
' 

CH ~--. ' 
' 

' 

'I . o•.1 • 

. 2 

K 

·.2 

LW 

Data Card Listings 
For notation, see key at front of Listings.' 

p13 D13 D15 

~ 
r· . . H·· . ,_:. 

L. 

·J-;tlo.l ·.2 

806 

·"j 940 

~~ o(:s ___ ) 

.25 

~0-

' 760 

-.25 -.25 

Fig. 3. Partial wave amplitudes for th,e reaction KN _,.An from the analyses of ARMENTEROS 70 (CH), 
'K.IiiA71 (K), and LANGBEIN 72 (LW) •. The K laboratory momenta are indicated. 

to the ·waves where they had the most effect on X 2. 

Best results were obtained by addi~g a o
05

(1830), 

P 03(1883), and s 11 (1757): KANE 72 reported an analy

sis of bubble chamber c;,oss section an:d polarization 

data on the ~n channel between 870 and 1694 MeV/c. 

Legendre coefficients obtained from this data were 

used to fit an energy-dependent background + BW form 

for each wave, and the results were checked against 

. the angular distributions from this experiment and 

against a compilation of Legendre coefficient data, 

In addition to kn~wn resonances, signals for a F 
05 

(2141j, 

F 15(2057), and a o 13(1985) were seen, VAN HORN 72 

fit data on the /1._ n channel Legendre coefficients over 

the rang,e 1537-2215 MeV, including new bubble cham

ber dat_a between 1865 and 2106 MeV. An energy de

pendent parametrization similar to KANE 72 was used 

for the fitting; the 20 best solutions indicate (in addi

tion to established resonances) the probable resonances 

s
11

(1697), DB(1949), P 11 (1668), and four possibilities 

in other waves._· VAN HORN 72 also used the Barrelet
3 

method to generate a~biguous solutions that· correspond 

to the same cross sections and polarizations as the best 

energy-dependent solutions. Seven ambiguous solu

tions were found that preserved the established reso

nance behavior of the :0
13

(1670), o 1 5(1765), F 15(1915), 

and F 17 (2030), but with varying couplings for these 

resonances to the An channel, and with widely different 

resonant structures in the lower waves. 

Errors on masses and widths, Often the quoted 

errors are only statistical, but the values of masses 

and widths can change well above these errors when 

a new parametrization is used. For this reason we 

report the values of M, r, and xi obtained by different 

authors even if they analyze the same data. . The 

spread of these masses and widths is certainly a 

better estimate of the uncertainties than the statistical 

errors. 
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. Data Card Listings 
For notation, see key at front of Listings. 

Recently it has become the custom to quote 

errors as obtained by inspection of various fits done 

with different hypotheses (see for example BER THON 

70 and GALTIERI 70 under :E(1915)]. These errors 

are probably more realistic. On the other hand, the 

value of the parameter itself may be consistent with 

other determinations and often -may even be the best 

available value. In such circumstances we put only 

the error in parentheses to remind the reader of the. 

additional uncertainty due to model dependent assump

tions. For two states, A(_1820) and :E(1765),there is 

enough data available to perform an overall fit of the 

various xi of the type discussed in the main text (sec

tion V C). In this case we are forced to use the er

,rors·," however small they· may be, but we warn the 

reader that the final errors are not to be taken seri

ously. 

In conclusi"on, we chose not to give errors on 

masses and total widths determined in partial-wave 

analyses, but, whenever necessary, we give a range 

of values. As for the branching ratios, we use the 

errors when needed to perform an overall fit, but we 

caution the r·eader. 

Conclusions. Table II is an attempt to eval

uate the status of the various y*• s. The evaluations 

are of course partly subjective. A blank .indicates 

that there is no corresponding evidence at all. This 

may mean either that the relevant couplings are small 

or that the resonance does not really exist. The 

Baryon Table includes only the well-established reso

nances. It seems clear, however, that whereas any 

part~cular one of the questionable resonances may 

disappear with the next analysis, there definitely are 

many new resonances underlying those we are more 

familiar with. 
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Baryons 
A's and l:'s, A, A(1330) 

TABlE II. STATUS OF Y* RESONANCES 
THOSE WITH AN OVERALL STATUS OF ••• OR ••u ARE INCLUDED IN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONFIRMATION. 

STATUS AS SEEN IN --

OVERALL TOTAL¢ 
PARTICLE LIJ STATUS CR. SEC. KBAR N LAM PI SIG PI OTHER CHANNELS 

LAHI11151 POl 
LA/1113301 
LAI1Cl405 I SOl 
LA/1115201 003 
LA/1(16701 SOl 
LA/1116901 00:3 
LAHI17501 POl 
LAM I 18151 FOS 
LAHI18301 005 
LAI1116601 P03 
LAM( 18701 SOl 
LAHI20101 003 
LAHC 20201 F07 
LAHI2100J G07 
LAHI2110) 
LAHI23SOJ 
lAHf 2595) 

SIGI11901 Pll 
SIGI 1395J P13 
SIGI 1440) PE 
SIG( 14801 PE 
SIGI16201 Sll 
SIGI1620l Pll 
SJGI 16201 PE 
SIGI 16701 01'3 
SIGI16701 PE 
SJGI1690J PE 
SIG11750J Sll 
SIGI 17651.015 
SIGI 1840J Pl3 
SIGI18801 Pll 
SIGC191Sl Fl5 
SIG(l9401 013 
SIGI2000 I Sll 
SIG12030J F17 
SIGf2070J F15 
SIG120801 P13 
SIGf2lOOI G17 
SIGf2250J 
SIGI24SSI 
SIGI2620l 
SIGI3000J 

DEAD 

.... .. 
o••• ... 
.. .... 

DEAD . 
.... .. 
.... . 

... .. 

.... .... 

.... . .. .. 

. ... . 

.. .. . .. .. 

F 
0 

R 

• I 
0 

F 
o. 

R 

• I 
0 

.. .... ... 

.. . 

WEAK TO N PI ..... 
LAM2P lolAM GAM . ... LAM ETA .. ... LAM2PI,SIG2PI 

SIGI 13851 PI 
0 

E 
N 

LAM OMG . .. XI K,LAH 0"4G 
LAM OHG 

WEAK TON PI 

LAM 2-PI 
SEVERAL OTHERS 
SEVERAL OTHERS 
LAM 2-PI 
SIG ETA ... SEVERAL OTHERS . 
XI ' 

**** GOOD, CLEAR, .AND UNMISTAKABlE. 
GOOD, 8UT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN. 
NEEDS CONFIRtUTION. 

* WEAK. 

~ ATTRI 8UTED TO THE STATE.,.CLOSEST TO WHERE THE CROSS SECTION PEAKS. 

-----------------------... ------------;------------- ... 

*****" *"******* ********* ••.••••••• ••••••••• ••••••••• •••o•c•ll• ******** ...... ., ................. •••••,•••• .................. ······"·· ....... . 
18 LAMBDA llllS,JPel/2+1 1=0 

SEE STABLE PARTICLE DATA. CARD LISTINGS 

•••••• ***>01***** ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

****** ********* ••••••••• til•••••••* ********* ••••••••• ••••ooo•• *****"'** 

PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

A PEAK 1 S SEEN NEAR 1330 MEV IN THE LAM80A GAMMA SPEC
TRUM IN THREE PI;- PROPANE EXPERIM~NTS IYUNG-CiiANG 64, 
8U8ELEV 67, AND BOlOKI 681. IN THE FIRST TWO, THIS 

WAS TAKEN AS INDIRECT EVIDENCE FOR THE Y*O(l6701 DECAYING TO LAM80A 
ETA, WITH THE ETA DECAYING TO TWO GAMMAS. IN THE THIRD EXPERIHENT 
THIS INTERP'tETATtON HAS BEEN RULED OUT. 80lOKI 68 MENTION THE POSSI-
BILITY OF THERE BEHIG A Y*OI13301 WITH A•UARROW WIDTH 1<2~ MEIJJ, 
8UT DEFER SE'tiOUS C.ONSIOERATION OF IT UNTIL THERE IS MORE DATA. 

SHOULD SUCH. A RESONANCE EXIST, IT SHOULD BE SEEN IN PI- P TO KO + 
IHISSJNG MASSI. DAHL 67 FOUND NO EVIDENCE FOR IT. 

A SEARCH FOR A NEW Y•O NEAR THE LAMBDA OR SIGMA MASS WAS MADE BY 
TAN 69. NONE WAS FOUND. 

ANOTHER SEARCH BY MAYEUR 70 REVEALED NO EVIDENCE FOR THIS STATE • ...... ......... ......... ......... ......... ......... ......... ....... . 
Y-CHANG 
8U8ELEV 
DAHl 
BOZOKI 
TAN 
MAYEUR 

64 OU8NA CONF I 615 
67 PL 248 246 
67 PR 163 1377 
68 PL 288 360 
69 PRL 23 101 
70 PL 338 441 

REFERENCES FOR Y*Oil330I (PROD. EXP,J 

YUNG-CHANG, IN, KLAONITSKAYA, + IDUBNAJ 
+CHAORAA, CHUVILOt + IJINR,SUCHAREST,CERNJ 
DAHL, HARDY, HESS, KIRZ, HilLER ILRLJ 
•FENYVES, GEMESY, • (8UDAPEST 1 0USNAJ 
T H TAN ISLACI 
+VAN 81NST,WILQUETt-++ I8RUX 1CERN,TUFTI 

****** ********* ••••••••• ••••••••• •co••••••• ••******* o••****** *******til ................................... 
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Baryons 
A(1405), A(1520) 

( 1405. OJ 
11410. OJ 
( 1405. OJ 
( 1382-0J 
1400-0 

67 1400.0 
lZO HOS.o 

AVG llt02o4 

37 YOQ(l405t JPal/2-1 1•0 PRODUCTION EX PERI HENTS 

THIS RESONANCE CAN BE IDENTIFIED WITH THE VIRTUAL .BOUND 
STATE m THE KSAR-N SYSTEM FOUND IN THE ANALYSIS OF LIJW 
ENERGY K-P INTERACTION. WE liST SUCH EXPERIMENTS SEPA-
!UTElY BELCH. HE USE ONLY PRODUCTION EXPERIMENTS FOR 
AVERAGING OF MASSES AND WIDTHS. 

37 Y*Oil'tOSJ MASS IMEVJ ,(PROD. EXP. I 

ALSTON 61 HBC K-P 1.15 BEV/C 
ALEXANDER 62 HBC PI-P 2.1 BE VIC 
ALSTON 62 HBC K-P l.Z-·5 BEV/C 

18.0) ENGLER 6!\ HOBC PI-P, PI+O 1.68 
24.0 MUSGRAVE 65 HBC PBAR P 3-4 BEV/C 
s.o BIRMINGHA 66 HBC K-P 3.5 
s.o GALTIE.RI 68 OBC K-0 2.1-2.78EV/C 

3.5 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.01 

--,-- -------- ------- ------- ------- ------- --------- ____ ... __ 

w 
w 
w 
w 
w 
w 
w AVG 

Pl 

37 Y*0114051 WIDTH CMEVI (PROD. EXP.J 

120.01 ALSTON 61 HBC 
35.0 5.0 ALEXANDER 62 HBC 

150.0) ALSTON 62 HBC 
(69.0) 120.0) ENGLER 65 HDBC 
60.0 20.0 MUSGRAVE 65 HBC 

67 5o.o 10.0 BIRMINGHA b6 HBC K-P 3.5 
120 35.0 s.o GALT JERI 66 DBC K-0 2.1-2. 7BEV/C 

38.1 3.9 AVERAGE ((RP.Oft INCLUDES SCALE FACTOR OF 1.01 

37 Y*Oll4051 PARTIAL DECAY MODES CPROD. EXP.J 

Y*OI 14051 INTO SIGMA PI 
DECAY MASSES 

1197+ 139 

REFERENCES FOR Y*OU4051 C PROD. EXP.I 

ALSTON 61 PRL 6 698 
ALEXANOE b2 PRL 8 4t4 7. 

+ALVARElrEBERHARDrGOOOrGRAZIANO, + ILRLI I 
ALCXANDER,KAL8rLEISCHrMilLER,SMITH ILRLI I 

ALSTON 62 CERN CONF 311 +ALVAREZ, FERRO-LUZZI rROSENFELO, + I LRL J" I 
ENGLER 65 PRL 15 224 +FISK,KRAEHER,MElTlER 1 WESTGAROr+ (CARN 1 BNLJ IJ 

+PETMElASr + C BI RM,CERN, EPOL r LDI c, SACLAY I MUSGRAVE 65 NC 35 135 

BIRMINGH 66 PR 152 1148 BIRMINGHAM. GLASGOW 1 LOIC, OXFORD ,RUTHERFORD 
BARBARQ-GAL T I ERI tCHADWICK + ( LRLt SLAC) GALTIERI 68 PRL 21 573 
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,. v•on•o5. JP•llz-•·•·o I Soli 
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EXTRAPOLATION BELOW THRESHOLD 

SEE NOTE JN Y*Oil4051 PRODUCTION EXPERIMENTS -THE DIF
FICULTIES IN EXTRAPOLATING FROM THE PHYSICAL REGION TO 
THE RESONANCE LOCATION ARE DISCUSSED BY DALITZ 67. 

THE QUESTION ON WHETHER Y0(14051 IS A KRAR-N BOUND 
STATE OR A COO POLE CDALITZ 70) HAS BEEN INVESTIGATED BY'CliNE 71, 
HARTIN 11r GALTIERl 72~ AND DOBSON 72. THE LAST TWO PAPERS CONCLUDE 
THAT THE DATA CANNOT TELL THE DIFFERENCE. 

24 Y*Oil405) MASS (MEVI 

1410.7 U.OI KIM 65 HBC 0-EFF-RANGE FIT 
1409.6 (1.7) SAI'.ITT 65 HBC 0-EFF-RANGE FIT 

DATA OF SAKITT AR~ USED IN FIT BY KITTEL. 
1407.5 tl.2J KITTEL 66 HBC 0-EFF-RANGE FIT 
1403.0 C3.0J K1H 67 HBC K MATRIX FITCKPJ 
1416.0 (4.01 MARTIN 69 HBC CONST. K MATRIX 

(1421-01 MARTIN 70 RVUE CONST • K HATRJX 

24 Y*O( 140$1 W_IDTH I ME VI 

37.0 (3.2) KIM 65 HBC 
28.2 (4.11 SAKITT 65 HBC 
34.1 14.11 KITTEL b6 HBC 
5o.o (5.0) KIM 67 HBC K MATRIX FIHKP) 
29.0 (6.01 MARTIN 69 HBC CONST. K MATRIX 

120.01 MARTIN 70 RVUE CONST. K MATRIX 

7166 
7/66 
9/67 
6/bB 

7166 

7166 
7166 
9/67 
6/68 

7/66 
7/66 

7166 
8/67 

10/69 
6/70 

7/66 
7166 
7/66 
8/67 

10/69 
6170 

. Data Card Listings. 
For notation, see key at front of Listings. 

PAPERS NOT REFERRE'O TO IN DATA CARDS 

ABRAMS 65.PR 139 B454 G S ABRAMS, B SECHI-ZORN CUMOilJP 
DONALD 66 PL 22 711 + EDWARDS. LYSr NlSARt MOORE ILJVERPOOLJ 
KADYK 66 PRL 17 59,9 +ORENr. G+S GOLOHABER, TRILLING ll.RLIIJP 

FIT SOLUTIONS Gl VING AN I#O S1 ( 2 RESONANCE.) 
ABRAMS 65 1 KAOYK 66r AND DONALD 66 SUPPORT THOSE EFFECTIVE-RANGE-

DALITZ 67 P9. 153 1617 OALI.Tlt WONG, RAJASEKARAN IOXFORO,BOMBAYI 
OALITZ 70 OUKE-HR 70 03 R D OALITZ (OXFI 
CLINE 71 PRL 26 1194 0 CLINE,R LAUMANN,J MAPP (WJSCI 
MARTIN 71 PL 35B 62 A 0 MARTINtB R MARTIN,ROSS IDURH+lOUC+RHELl 

. DOBSON 72 PR D6 3256 P N DOBSONtR MCELHANEY (HAWA) 
GAL TIER I 72 LBL 555 A.BARBARQ-GAL TIER I fLBLI 

o•••- ••••***** ••••••••• ••••••••• ••••••••• ••e•••••• ••••••••• •••••••• ····- ................................................................ . 
IA(1520) I 38 Y*OC1520, JP•312-I I.,O loo31 

H 
M 
M 
H 
H 
H 
M 
H 

" H 
M. AVG 

AVG 

P1 
PZ 
P3 
P4 
P5 
P6 
P7 

145 1517.2 
1519.4 

Z9 1520.0 

PRODUCTION AND FORMATION EXPERIMENTS AGREE OU1TE WELL 
WITH EACH OTHER 1 THEREFORE .. THEY HAVE NOT BEEN SEPARATE 
FOR THIS PARTIClE . 

A POSSIBlE EXCEPTION TO ABOVE IS THE LAM PI PI 
MODE. BOTH CHAN 72 AND HAST 73 CFORHAT!ONJ AGREE 
THAT IT IS PKEDOMINANTLY Y*lC13851 Pl. HOWEVER, 
THEY DISAGREE BY A FACTOR OF 2 AS TO THE CONTRIIWTION 
OF Y*Oil5ZOJ TO THE UVC«ALL LAM PI PI CROSS SECTION. 
BURKHARDT 71 CPROOutTlONJ, WITH MUCH LESS STATISTICS, 
FINO A :iUCH LOWER BRANCHING RATIO. 

3B Y•Ol15ZOJ MASS CHEVJ 

3.0 GALTIERJ 63 OBC K-0 1.51 BEV/C 
z.o WATSON· 63 HBC K-P ALL CHANNELS 
4.0 ALMEIDA bit HBC K-P 1.45 BEV/C 

C151LOI 115.0) MUSGRAVE 65 HBC PBAR P 3-4 BEV/C 
30( 1510. OJ (2.0) BIRMINGHA 66 HBC K-P 3.5 

1517.2 1.z BURKHARDT 69 HBC K-P .8-1.2 GEV/C 
QUOTED ERROR INCREASED TO ACCOUNT FOR DISAGREEMENT BETWEEN 
TWO MEASUREMENTS OONE BY SAME AUTHORS IK-P AND SIGMA PI I 

( 1519.1 KIM 71 OPWA K-MATRJX ANAL· 

1517. B5 0.95 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0) 

38 Y*OI1520J WIDTH (MEV I 

16 .. 4 2 .o WATSON 63 HBC 
( 19.0) C19.QJ MUSGRAVE 65 HBC 

30 (50.01 ( 10.01 BIRMINGHA 66 HBC K-P 3.5 
118.01 OR LESS DAHl 67 HBC 
14.7 1.8 BUP.K.HARDT 69 HBC K-P .B-1·2 GEV/C 

(16.1 KIM 11 OPWA K-HATRIX ANAL. 

15.5 1·3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0J 

38 Y*OU520J PARTIAl DECAY ~<CODES 

DECAY MASSES 
Y•ot 15201 INTO KBAR N 497+ 9]q 
Y*Ot 15201 INTO SIGMA PI 1197+ 139 
Y•oc 15201 INTO LAMBDA PI PI 1115+ 139+ 139 
Y•OC15201 INTO lAMBDA GAMMA 1115+ 0 
Y•ot t52DJ INTO SIGMAO GAMMA uq2+ 0 
Y•ot 15201 J"4TO SIGMA PI PJ 1197+ 139+ 139 
Y*Ot 15Z0l INTO IY•111385J +PJJ 1384+ 139 

FIT fED PARTIAL DECAY MODE BRANCHING FRACTIONS 

The matrix below ie derived from the error matrix for the fitted partial decay mode 

branching fractions, P
1
, as follows: The diagonal elements are Pi :i: ~pi' where 

6P
1 

= \){6P
1
6P

1
), while the o££-diagonal elements are the~ correlation coem-, 

i:Jents (6Pi6Pj)/C6P
1 

• 6Pj). For the definitions of the individual Pi, see the Hstinge . 

above; only thoae Pi appearing in the matrix are assumed in the Cit to be nonzero and 

are thus constrained to add to t. 
tP1 P2 P3 P4 P5 P6 

p 1 .4502+-.0089 
p 2 -.7405 .4115+-.0092 
p 3 -.2227 -.3403 .1004+- .. 0054 
P 4 -.0689 -.064'1 -.0324 .ooao+-.0014 
p 5 -.1739 -.1633 -.OB19 -.0095 -0199+-.0035 
P 6 -.0738 -.0693 -.0347 -.OOirO -.OlOZ .0100+-.0015 

7/66 
9/67 

10/69 

3171 

7/66 
9/67 
9/66 

10/69 
3171 

********* *******'** ••••••••• '********* •••••o•e• •••••••• 38 Y•OC1520J BRANCHING RATIOS 

KIM 
SAKITT 
KITTEL 
KIM 
MART IN 
MART IN 

65 PRL 14 29 
65 PR 139 B719 
66 Pl 21 349 
67 PRL 19 1074 
69 PR 183 1352 
70 NP 816 479 

A.EFERENCES FOR Y*O (14051 I FROM EXTRAPOLATI ONSI 

J K KIM 
+DAY,GLASSER,SEEMAN,FRIEOMAN 1 + 
W KITTEL, G OTTER, I WACEK 
.J KIM 
B R HARTIN, M SAKITT 
A D HART IN, G G ROSS 

tCOLUMBtAJIJP 
IUMDtLRUIJP 

(VIENNAIIJP 
t YALE IJP· 

t LOUC+BNL I 
(DURHAM I IJP 

R1 
Rl 
R1 
R1 
R1 
R1 
R1 
P:l AVG 
R1 FIT 

Y*Oil520J I"'TO 
1. 72 
0.96 
o. 73 
1.06 
0.82 

0.851 
0.914 

I SIGMA PI 1/CKBAR NJ 
.7B MUSGRAVE 65 HBC 

0.20 DAHL 67 HBC 
0·11 DAUBER 67 HBC 

.14 SCHEUER bB OBC 
Oo08 BURKHARDT 69 HBC 

IP2JitP11 
8/67 

PI-P 1.6-4 GEV/C 9/66 
K-P AT 2.GEVJC 8/67 

0 K-N 3 GEV/C 10/69 
K-P .8-1·2 GEV/C 10/69 

0.064 AVERAGE tERROR INCLUDES SCALE FACTOR Of 1.11 
0.036 FROM FIT tERROR INCLUDES SCALE FACTOR OF 1.11 



Data Card Listings 
For notation, see key at front ofListings. 

RZ v•ot tszoJ INTO ILAI'I6DA PI PIJ/IKBAR NJ IP31 /( PlJ 
RZ 0.17 o.os DAHL 67 HBC PI-P 1.6-4 GEV/C 
RZ 0.21 0.18 DAUBER 67 H8C K-P AT Z.GEV/C 
RZ • 19 .o • ·SCHEUER 68 OBC 0 K-N 3 GEVIC 
R2 o.zz Q,QJ BURKHARDT 69 HBC K-P .e-1.2 GEV/C 
R2 10.21 K1H 71 OPWA K-MATRJX ANAL. 
R2 
R2 AVG o.zoz 0-021 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0} 
R2 FlT 0.223 0.014 FROM FIT I,ERROR INCLUDES SCALE FACTOR Of 1.01 

R3 Y*Of 15201 INTO ISIGMA PJJf(LAHBDA PI Pll IP21/IP31 
R3 4.5 1.0 ARHENTERO 65 HBC 
R3 '·' 1o1 BIRHINGHA 66 HBC K-P 3,5 
R3 , .. 1o0 UHLIG 67 HBC K-P .9-1,0 BEV/C 
R3 

"' AVG 3.94 0.59 AVERAGE I ERROR INCLUDES SCALE FACTOR OF },QJ 
R3 FlT 4.10 0.27 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1.01 .. .. .. . Y•Otl520J INTO ILMIBDA GAHMAI/TOTAL IPERCENTJ IP41 

R4 FIT 

R5 
R5 

"RS 
R5 
R5 
R5 FlT 

•• 

238 0.80 0.14 MAST 68 HBC 0 USING ElASTc.45 
0 0 4 0 4 0 4 4 4 

0480 0.14 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1401 

Y*OI15201 INTO ISIGHAO GAHHAIJTOTAL IPERCENTI IP51 
2.0 .35 MAST • 68 HBC SEE NOTE S 

RATIOS CALCULATED FROM R4,ASSUMING SU(31. NEEDED TO CONSTRAIN 
All THE Y*OU520) BRANCHING RATIOS TO BE UNITY. 

1.99 , 0.35 FROM FIT !ERROR INCLUDES SCALE FACTOR OF loCI 

Y*OI 15201 INTO IKBAR Nl /TOTAL IPll 

9/66 
8/67. 

10/69 
10/69 

3171 

7166 
9/67 
9/66 

11/68 

·10/69 

•• 0429 0405 

•• ;4"t7 .018 

•• 04"t7 0.03 

•• 10.451 

WATSON 
GALTIERJ 
COLLEY 
K1M 

63 HSC 
69 HBC 
11 oac 
71 OPwA 

K-P ALl CHANNELS 10171 
K- P .28-.45 G/C 10/69 
K-N 145 GEV PROD 10171 
K-HATRIX ANAL. 3171 

•• •• AVG 0.439 0.033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.31 

•• FIT 0.4502 0.0089 FROM FIT IERROR INCLUDES SCALE FACTOR OF 14U 

R7 Y*Oil5201 INTO ISIGHA PIJ/TOUL CP21 
R7 0.55 0.09 WATSON 
R7 0.418 .017 GALTIERI 
R7 0.43 0.03 COLLEY 
R7 104461 IUM 

63 HBC 
69 HBC 
71 DBC 
71 DPWA 

K-P ALL CHANNELS 10171 
0 K-P .28-.45GEV/C 6/69 

K-N 1.5 GEV PROD 10171 
K-MATRIX ANAL. 3171 

R7 
R7 AVG 0.424 0.015 AVERAGE I ERROR JNCLLiDES. SCALE FACTOR OF 1.01 
R7 FIT 0.4115 0.0092 FRO!'! FJT !ERROR INCLUDES SCALE FACTOR OF 1.11 

Y*OI15201 INTO ISIGHA PJ.PIJ/TOTAL • IP61 •• •• •• 
.010 .0015 GALTIERI 69 HBC 0 K-P o28-.45GEV/C 10/69 

• 0 •••••• 0 

R8 FIT 0.0100 0.0015 FROM FIT tERROR JNCLUDES SCALE FACTOR OF 1.01 

R9 Y*OI15201 INTO IY*lU385J PIII(LAH PI PII IP7J/IP3l 
~9 MORE TIIAN 0.10 CLINE 69 D8C K-D TO 2P1 LAM N 9/69 
R9 0.39 0.10 BURKHARDT, 71 H8C LAMo 3PJ PROD. 3171 
Rq tlo OJ CHAN 72 I PWA K-P TO LAM 2P I 2173• 
R9 Oo82 0.10 MAST 73 IPWA 11\-P TO ZPl !.AM 12/72* 
R9 CENTRAL BJNI1514-15241 GIVES .74+-.10 -- OTHER BINS LOWER BY 2-5SIG 
R9 OflLV THE V*l 13851DS03 SEEMS TO CONTRIBUTE 
R9 M BOTH Y*I138510S03 AND SIGMA CPl PIJOP03 CONTRIBUTE 
R9 ••••••••• 
RCJ AVERAGE MEANINGLESS !SCALE FACTOR ., 3.01 

R10 
R10 

Y*OC1520i INTO IY*1113851 PJJ/TOTAL 
0.041 0.005 CHAN 

Y*0115201 INTO (LAMBDA PI PIJ/TOTAL 

IP7J 
72 HBC K-P TO LAM 2PI 

CP31 

3/71 

Rll 
Rll 
Rll 
Rll 

0.10 O.oz COLLEY 
0.11 0.01 MAST 

71 OBC lt.-N 1. 5 GEV PROD 10/7 1 
73 IPWA 0 K-P TO L~M.PJPJ 1/73• 

Rll AVG 
Rll FIT 

0.1080 0.0089 AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.01 
0.10M 0.0054 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.01 

............... lllo •••••••••••••••••• ·······- •••••••••••••••••••••••••• 

. GALTIERI 03 Pl 6 290 
WATSON 03 PR 131 2248 

, ALMEIDA 64 PL 9 204 
ARHENTER 05 PL 19 338 
MUSGRAVE 65 NC 3 5 735 

BJRMINGH 66 PR 152 1148 
DAHL 67 PR 163 1377 
DAUBER 67 PL 248 525 
UHL JG 67 PR 155 1448 
MAST 6B PRl 21 1715 
SCHEUER 68 NP B8 503 

BURKHARD 69 NP 814 100 
CLINE 69 LNC 2 407 
GALT JERI 69 LUN!) 352 

ALSO 70 DUKE 95 

BURKHARDT7l NP 827 64 
COLLEY 71 NP 831 61 
KIM 71 PRL 27 356 

CHAN 
MAST 

ALSO 70 DUKE 161 

72 PRL 28 256 
73 PR 07 5 

BERLEY 70 ?R 01 1996 

REFERC:NCES FOR Y•OI152!01 

A 6ARBARQ-GALTIERI,A HUSSAlN,RD TRIPP (LRLI 
H 8 WATSON, M FERRG-lUZli, R D TRIPP ILRLJIJP 
S P ALMEIDA, G R LYNCH tCERNI 
ARMENT EROS t F-lUZZI , + (CERN ,HE I D, SA CLAY) 
-+PETMEZAS, + ( 81 RM,C ERN, EPOL, LOI C, SA CLAY J 

81 RMINGHAM,GLASGQW, I.{., O.XF'aROt RUTHERFORD 
DAHL,HARDY,HESS, KIRZ ,MJLLER I LRU 
-+MALAMUD ,SCHLEIN, SLATER, STORK (UCLA I 
+CHARL TOU, CONDON, GLASSER, YOOH, + ( UMD 1 NRL I 
MAST, AlSTON, BANG ERlER, GALT IER I+ ILRL I 
SABRE COLLAB. I,SACL-+AHS T+BGNA+REHO+ EPOLI 

+F I L THUTH+KLUGE+.. C HEI 0-+EF l+CERN+SACLAY I 
+LAU.MANN+HAPP (WI SCI 
BARBARQ-GALTIERJ,BANGERTERoHASToTRIPP ILRU 
R 0 TRIPP (LRU 

+F Il THUTH, KLUGE, OBERLACK++ (HE ID+CERN+SACL J 
+COXt EASTWOOD, FRY+.. ( B 1 RM+EDIN+GLAS+LO IC I 
J K KIM (HARVIIJP 
J. K. KJH IHARVIIJP 

+BUT .-SHAFER, HERTZ BACH, KOFLER++ I HASA 1 YALE I 
+ALSTON-GARNJOST 1 BANGERTER,+ o.. C LBLI IJP 

PAPERS NOT ;:tEFERRED TO IN OATA CAR.DS 

+YAMIN tKOF LER ,MANN ,MEl SNER+ IBNL, MASA 1 YALE) I JP 

•••••• ••••e•e•• ••••co•••• ••••:(!•••• ••••••••• ••••••••• •~tt••••••• •••••••• 
:f!••••• ********* •o:f!•o••••. **""****** **o•••••• ••••••••• ********* •o•••••• 

PARTICLE DATA GROUP Review of Particle Properties Sl47 

Baryons 
A(1520), A(1670) 

IA(1670) I 4D Y*OI1670t JPc1/2-J leO 

SEE THE MINI-REVUE AT THE START OF THE Y* liSTINGS. 

THIS RESONANCE IS WELL ESTABLISHED. 
ISEE THE NOTE FOR THE Y*Oil330JJ. 

40 Y*OC 16701 MASS CHEVJ 

11666.0I0Ril675.01 BERLEY 65 HSC 0 K-P TO LAM ETA 7/66 
THE FIRST VALUE ASSUMES THE BRANtHING RATIO INTO LAMBDA ETA IS 

SMALL, THE SECOND THAT 1T IS LARGE. BECAUSE THE RESONANCE IS NEAR 
THE lAMBDA ETA THRESHOLD, THE BRANCHING RATIO AFFECTS THE MOMENTUM 
DEPENDENCE OF THE TOTAL HIDTH, AND THUS ALSO THE RESONANCE PARA
METERS OBTAINED BY FITTING TO THE DATA • 

11663.01 (3.01 ARMENT-1 6B HBC 0 ELASTIC, CH EXCH 11/68 
11678.01 12.01 ARMENT-2 6B HBC 0 K-P TO SIGMA PI 11/66 

1674.0 15.01 ARHENT-3 69 HBC 0 MULTICHANNEL 9/69 
1662.0 13.01 ARMENT-4 69 HBC 0 ELAST,CH.EXC.EO 9/69 
1660.0 11.01 ARMENT-4 69 HBC 0 K-P TO SJG PI.EO 9/69 
1674.0 t BERLEY 69 HBC 0 K-P TO SIGMA PI 6170 
1083.0 15.01 GALTIERI 70 HBC 0 SlG PI,EDPWA 7170 

M 1670. KIM 71 OPWA K-MATRJX ANAL. 3171 
H 16ltO.Q 140.01 LANGBEIN 72 IPWA MULTICHANNEL .12172* 
H A THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC AND SIGMA PI 10/69 
M 'N THE APPARENT DISCREPANCY BETWEEN THESE RESULTS IS PP08ABLY NOT 
H SERIOUS. THE ERRORS GIVEN ARE JUST STATISTICAL. THE SYSTEMATIC 
H ERRORS THAT RESULT FROM THE RESTRICTIVE PARAMETRIZATION FORCED ON 
H THE PARTIAL-WAVE MIPLJTUOES ARE NOT INCLUDED, AND CAN .SE LARGE4 

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

P1 
P2 
P3 

" N 
N 
A 
N 

40 Y*OI 16701 WIDTH (MEV) 

\44.0!t:I~Cl5.0I BERLEY 65 HBC 0 SEE NOTE M ABOVE 
126.01 (8.01 ARMENT-1 68 HBC 0 SEE NOTE N ABOVE 
126.01 C5.0J ARMEriT-2 c.c It~ 0 
23.0 13.01 ARMENT-3 69 HBC 0 
38.0 115.01 ARHENT-4 69 HBC 0 ELAST,CH EXC.J:D 
33o0 IS.QJ ARMENT-4 69 HBC 0 K-P TO SIG PI .ED 
31.0 BERLEY 69 HBC 0 K-P TO SIGMA PI 
25.0 15.01 ·GAlT JERI 70 HBC. 0 SIG PI,EDPWA 
35. K1M 71 OPWA K-MATRIX ANAL. 
45.0 . 120.01 LANGBEIN 72 IPWA MULTICHANNEL 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

40 Y*O( 16701 PARTIAL DECAY MODES 

Y*Oi 1&701 INTO KBAR N 
Y*0116701 INTO LAMBDA ETA 
Y*OI16701 INTO SIGMA PI 

DECAY MASSES 
.C.97+ 939 

1115+ 548 
1189+ 139 

.----- -------- ... __ ... ____ -""'------ -------- --------- --------- --------
40 V•Oil670J BRANCHING RATIOS 

R1 Y•OI16701 INTO IKBAR NI/TOTAL IPll 
R1 (0.141 10.04) ARMENT-I 68 HBC 0 OLD DATA 
R1 o.n ARMENT-3 69 HBC 0 
R1 0.14 10.041 ARHENT-4 69 HtiC 0 ~EW DATA 

""1 10.391 (0.051 CONFORTO 71 HBC 0 K-P,ELAST,CEX 
R1 o.2e KIM 71 DPWA K-~ATRix ANAL. 
R1 a. 35 (0.06) LANGBEIN 72 J PWA MUL Tl CHANNEL 
R1 A EFFECT BELOW REGION ANALYZED. VALUE OF .1B O:lES NOT 
R1 A AFFECT FIT OR VALUES OF OTHER PARAMETERS. 
R1 p THIS IS THE DIAMETER OF THE CIRCLE IN THE ARGANO PLOT. IT IS 
R1 SUPERIMPOSED ON A LARGE BACKGROUND. 

R2 Y•oc 16701 FROM KBAR N TO LAMBDA ETA SQRTCPl*P21 
R2 (0.201 OR 0.23 BERLEY 65 H8C 0 SEE NOTE M ABOVE 
R2 (0.261 ARMENT-3 69 HBC 0" 
R2 (0.241 K1M 71 OPWA K-I'IATRIX ANAL. 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

R3 Y*OI 16701 FROM KBAR N TO SIGMA PI SQRTCP1'*P31 
R3 C-0.251 
R3 -a. 21 

"' -0.30 
R3 -0.27 

.R3 -0.29 ., -0.38 

BERLEV 65 PRL 15 641 
ARHENT-1 68 ND 88 195 
ARHENT-2 68 NP 88 223 

(0.061 

(0.031 

(0.031 

ARHENT-3 69 LUND PAPER 229 
VALUES ARE QUOTED IN LEVI 

ARHENT-4 69 NP B14 91 
BERLEV 69 PL 308 430 
GALTIERI 70 DUKE 173 
CONFORTO 71 NP B34 41 

KIM~ ALSO~~ ~~/i6i 56 

LANGBEIN 72 NP 847 477 

BIRMINGH 66 PR 152 1148 
LEV J SE TT 69 LUNO 339 

ARMENT-2 6B HBC 0 OLD DATA 
ARHENT-3 69 HBC 0 
ARHENT-4 69 H8C 0 NEW DATA 
BERLEV 69 H8C 0 K-P TO SIGMA PI 
GALTIERI 70 HBC 0 S IG PI , EOPWA 
K1M 71 DPWA K-MATRIX ANALo 

REFERENCES FOR Y00(16701 

+CONNOLL V t HART, RAUH, STONE HILL, + I BNLII JP 
ARHENTEROS, BAJLLON, + ICERN,HEIDEL,SACLAYIIJP 
ARMENTEROS, DA ILLON, + I CE({N ,HE I DE lr SACLA'f IIJP 

ARMENTEROSt BAJLLON, + ICERN,HEJOEl,SACLA'fiiJP 
SETTJ 69. 
ARMCNTEROS, BAILlON, + CCERN 1 H!::IDEL,SACLAY)IJP 
+HARTt RAHM, WILLIS, YAMAMOTO CBNUIJP 
A. BARBARO GALT IER 1 I LRL J I JP 
+LEVI SETTI 1 LASINSKJ •• Q8ERLACK++ IEFI+HEIDJIJP 
J K KIH IHARV)IJP 
J. K. KIM (HARVIJJP 
+WAGNER (MPIMIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

I Bl RHJ NGHAt~, GlASGOW, LOIC ,OXFORD, RUTHERFOJ 
R LEVI SETTJ tRAPPORTEURI CCHICAGOI 

•••••• ••••••••• ••••••••• :f!*••••••• ••••••••• ••••••••• •••*••co•• •••••••• 
****** ••••••••* ••••••••• •••o••••• ••••••••• ••••••••• ••••••••• •••••••• 

7166 
ll/68 
ll/68 
9/69 r 

9/69 
9/69 
'6170 
7/70 
3171 

12172• 

11/68 
9/69 
9/f;CJ 
6/70 
3171 

12172• 

7166 
9/69 
3/71 

9/69 
9/69 
6170 
7170 
3/71 
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Baryons 
A(1690), A(1750) 

IA(1690) I 55 Y*Oil690t JPc3/2-J 1•0 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THIS RESONANCE IS WELL ES"TABLISHEO. 

55 Y*Oil690J MASS IMEVI 

M 1·1696.01 C3,QJ ARMENT-1 68 HBC 0 ELASTIC, CH EXCH 11/68 
M I 1681.01 12.01 ARHENT-3 68 HBC 0 K-P TO SIGMA PI ll/68 
H 1681. 18.1 BARTLEY 68 OBC 0 K-P AND K-0 DATA 11/68 
M 1695.0 . 14.01 BUGG 68 CNTR 0 K-P, D TOTAL 7/68 
M H 0697.01 12.01 CONFORTO 68 HBC 0 ELASTIC, CH EXCH 11/66 

A 1691.0 12.01 ARMENT-4 69 HBC 0 ELAS,CH EXC.EO 9/69 
A 1688.0 12.01 ARMENT-4 69 HBC 0 K-P TO SIG PI.EO 9/69 

M 1689.0 BERLEY 69 HBC 0 K-P TO SIGMA PI 6170 
M 1701.0 14.01 BERTANZA 69 HBC 0 ELASTIC, CH EXCH 9/69 
M 1680.0 15.01 GALTIE:RI 70 HBC 0 SIG PJ,EDPWA 7/70 
M 1688.0 (3,QJ CONFORTO 71 HBC 0 K-P,ELAST,CEX 6/70 
M 1690. KIM 71 DPHA K-MATRIX ANAL. 3/71 
M 1680.0 120.01 LANGBEIN 12 IPHA MULTICHANNEL 12/12* 
M THE Y*Oil6901 IS AT THE EDGE OF THE ENERGY REGION ANALYZED BY 
M CONFORTO. THE SAME DATA AS HELl AS OTHERS EXTENDING TO LOWER 
M ENERGIES ARE INCLUDED IN ARMENTEROS 1. 
M ANALYStS 1 NCLUO ES 0 LO AND NEW OAT A OF CHS COL LAB. o43- o B GEV/C 10/69 
M A THE APPARENT DISCREPANCY BETWEEN HiE SIGMA PI AND OTHER RESULTS IS 
M A PROBABLY NOT SERIOUS. ·THE ERRORS GIVEN ARE JUST STATISTICAL. THE 
H A SYSTE"'ATIC ERRORS THAT RESULT FROM THE RES,.RICTIVE PARAMETRIZATION 
M A OF THE PARTIAL-HAVE AMPLITUDES ARE NOT INCLUDED, AND CAN BE LARGE. 

' ---- ------- --------- --------- -----·--- --------- --------- --------

w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 
w 

PI 
P2 
P3 
P4 
P5 

Rl 
Rl 
Rl 
Rl ., 
Rl ., 
Rl 
Rl 
Rl 
Rl 

•z 
R2 ., 
R2 
R2 
•z 
R2 

H 
A 
A 

55 Y*OC 1690) WIDTH I MEV) 

17.0) 
t7 .OJ 

115.1 
C7 .OJ 
tS.OI 
(7.0) 

16.01 

18.01 
110.01 

15.01 

ARHENT-1 6B HBC 0 OLD DATA 
ARMENT-3 68 HBC 0 OLD DATA 
BARTLEY 68 OBC 0 K-P AND K-0 DATA 
BUGG 68 CNT R 0 
CONFORTO 6B HBC 0 SEE NOTE M ABOVE 
ARMENT-4 69 HSC 0 ElASoCH EXC.EO 
ARHENT-4 69 HBC 0 K-P TO SIG PI ED 
BERLEY 69 HBC 0 K-P TO SIGMA PI 
BERTANlA 69 HBC 0 
GALTIERI 70 HBC 0 SIG PI,EDPWA 
CONFORTO 71 HBC 0 K-P o ElAST ,CEX 
KU1 71 OPHA K-MATRIX ANAL. 

135.01 
IBS.OJ ... 
40.0 

127. OJ 
31.0 
72.0 
57.0 
28.0 
BS.o 
64.0 
55. 
40.0 110.01 LANGBEIN 72 IP\olA I~ULTICHANNEL 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

55 Y*Oilb901 PARTIAL DECAY MOOF.S 

Y*Oil6901 INTO KBAR N 
Y*Oil6901 INTO SIGMA PI 
Y*OIIb90) INTO LAMBDA PI PI 
Y*Oil690l INTO SIGMA PI PI 
Y•OI16901 INTO Y*ltl3851 PI 

55 Y*OI 16901 BRANCHING RATIOS 

DECAY MASSES 
497• 939 

1189• 139 
1115+ 139+ 139 
1189• 139+ 139 
1384• 139 

THE SUM OF ALL THE QUOTED BRANCHING RATIOS IS MORE THAN 1.0. THE 
H~O-BOOY RATIOS ARE FROM PARTIAL WAVE ANALYSfS, AND THUS PROBABLY ARE 
MORE RELIABLE THAN THE THREE-BODY RATIOS, WHICH ARE DETERMINED fROM 
BUMPS IN CROSS SECTIONS. OF THE LATTER, THE SIGMA PI PI BUMP LOOKS 
MORE Sl GNIFICANT I THE ERROR GIVEN FOR THE LAMBDA PI PI RATIO LOOKS UN
REASONABLY.SMALLI. HARDLY ANY OF THE SIGMA PI PI DECAY CAN BE VIA 
Y•lll385), FOR THEN NINE THIES AS MUCH LAMBDA PI PI DECAY WOULD BE 
REQUIRED. 

" 
N 

N 

Y•OI lb901 INTO ·IKBAR NJITOTAL CPlJ 
(Q.lBI (0.03) ARMENT-I 68 HBC 0 
co. 231 BUGG 68 CNTR 0 ASSUMING J~3t2 
10.221 C0.03J CONFORTO 66 HBC 0 SEE NOTE M ABOVE 
O.lB (0.02) ARMENT-4 69 HBC 0 NEW DATA 
o.2B 10.04) BERTANZA 69 HBC 0 

10.34) 10.021 CONFORTO 71 HBC 0 K-P,ELAST,CEX 
0.22 KIM 11 OPWA K-MATRIX ANAL. 
o.Is 10.05) LANGBEIN 72 IPWA MULTICHANNEL 

EFFECT IS AT END OF REGION ANALYZED. THIS COULD AFFECT VALUE OF Xl. 
FROM ALL ABOVE HE ESTIMATE j(cQ.2Q 

Y*OI lb90) FROM' KBAR N TO SIGMA PJ 
1-0.331 10.02) ARMENT-3 
-0 .. 3b 10.021 ARMENT-4 
-IJ. 27 BERLEY 
-0.31 10.031 GALTIERI 
-0.40 KIM 
0.2b 10.07) LANGBEif~ 

68 HBC 
69 HBC 
b9 HBC 
70 HBC 
11 OPWA 
72 IPHA 

SQRTIPl*PZJ 
0 OLD DATA 
0 NEW DATA 
0 K-P TO SIGMA PI 
0 S IG P J , EDPWA 

K-MATRIX ANAL. 
MUL TJCHANNEL 

Y>t<011690) FROM KBAR N TO LAMBDA PI PI SQRTIP1*P31 

11/68 
11/68 
11/68 

7/68 
11/68 
9/69 
9/69 
b/70 
9/69 
1170 
6/70 
3/71 

12172• 

11/68 
7/6B 

ll/66 
9/69 
9/69 
6170, 
3/71 

12172• 

3/72 

ll/68 
9/b9 
6/70 
1170 
3/71 

12172• 

R3 
R3 
R3 

10.251 t0.02J BARTLEY 68 HDBC 0 LAM. 2PJ CROS SEC 11/b8 
ONLY CROSS-SECTION DATA USED. ENHANCEMENT NOT SEEN BY PREVOST 11· 3/12 

•• •• 
Y•OII6901 fROM KBAR N TO SIGMA PI PI SQRHPl'*P41 

tO. 21) ARMENT-2 6B HDBC 0 K-N TO SIG PI PI 11/6B 

DAVIES 67 PRL 18 62 
REPLACED BY BUGG 6B. 

ARMENT-I 68 NP B8 195 
ARMENT-2 66 NP B8 2lb 
ARHENT-3 68 NP 88 223 
BARTLEY 68 PRL 21 1111 
BUGG 6B PR 168 1466 
CQ.'IIFORTO 68 NP B8 265 

REFERENCES FOR Y*Ofl690J 

•DOWELL, + IBIRM,CAVE,P.HEll I 

ARMENTEROS, BAILLON, + ICERN,HEIDEL,SACLAYIIJP 
ARMENTEROS, BAILLON, + IC!::P.N,HEIDEL,SACLliYI I 
AR.MENTEROS, BAILLONo + ICERN,HEIOEL,SACLAYIIJP 
+CHU,DOWO,GREENE,+ ITUFTS,FSU,BA.ANDEISI I 
+GILMORE, KNIGHT, + CBIRM,CAVE,RHELI I 
+HARMSEN, LAS·INSKit + (CHICAGOoHEIOELJIJP 

Data Card Listing~ 
For notation, see key at front of Listings. 

ARMENT-4 69 NP Bl4 91 
BERLEY b9 Pl 30B 430 

. BERTANZA 69 PR 177 ,2036 

GALTIERI 70 DUKE 173 
CONFORTO 71 NP B34 41 
KIM 71 PRL 27 35b 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 4n. 

ARMENTEROS, BAILLONo • ICERN,HEIDEL,SACLAYIIJP 
+HART, RAHH, HILLIS, YAMAMOTO IBNLIIJP 
•BIGI 1 CARRARA,CASAllt + CPISA,BNL,YALEIIJP 

A, BARBARO GALTIERI CLRLJJJP 
+LEVI SETT 1 1LASINSKJ •• OBERLACK++ I EF J•HEIDI JJP 
J K KIM · I HARVIIJP 
J. K. KIM IHARVIIJP 
+WAGNER IMPIMIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 11 AMSTERDAM CONF • CHS COLLABORATION I CERN+HE I D•SACL I 

........................ •••*-•••• •••••*••• ••••••••• ········!* ....... . **•••• •••••••••••••••••• g •••••••• •••••**** .......................... . 

j.A(t75a) I 
) 

77 Y•Oil150o JPc:l/2+1 1~0 I Pod 
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTiNGS. 

THE EVIDENCE FOR THIS STATE IS SOMEWHAT CONFUSED. IT 
WAS FIRST SLJGGESTED IN A PARTIAL WAVE ANALYSIS OF KBAR 
N DATA BY THE BEHAVIOR OF THE POl AMPLITUDE WHEN IT 

WAS PARAMETRIZED AS A TWD-STRAIGHT-LINE BACKGROUND. WHEN IT WAS RE-
PARA~ETRIZED AS A RESONANCE SUPERIMPOSED ON A ONE-STRAIGHT-LINE BACK-
GROUND, A BROAD RESONANCE RESULTED I ARMENT EROS 68). A REANALYSIS OF 
ESSENTIALLY THE SAME OATA 1 BUT THIS TIME WITH THE POl AMPLITUDE UNCON
STRAINED, SUGGESTED A ,..,UCH NARROWER RESONANCE AT HIGHER ENERGY IARMEt+-
TER[,)S 701. . 

A WIDER AND MO~E ELASTIC POl RESONANCE AT ABOUT THE SAME MASS IS 
SUGGESTED BY THE ANALYSIS OF BAILEY 69. THIS USES CONSIDERABlY LESS 
DATA THAN THE ARMENT EROS ANALYSES .. FOR THl S REASON WE DO NOT QUOTE ANY 
PARAMETERS FOR THE OTHER PARTIAL WAVES OBTAINED IN THIS ANALYSIS. 

ARMENTEROS 70 1 GALTIERI 70, AND KIM 71 PRESENT EVIDENCE FOR A 
POl STATE IN THE SIGMA PI CHANNEL. IN ADDITION THE ANALYSES OF KIM ·71 
AND LANGBEIN 72 INDICATE A SECOND POSSIBLE POl STATE.WE TENTATIVELY 
Ll ST THESE EFFECTS TOGETHER. 

77 Y*OC17501 MASS C MEV) 

II745.0l ARMENTERO 68 HSC 0 ElASTIC, 
11740.01 SAlLEY 69 DPHA 0 ElASTIC, 

M 11800.01 ARMENTERO 70 HBC 0 ElASTIC, 

CH EXCH 11/b8 
CH EXCH 10170 
CH EX 6170 

M C 1750. OJ ARMENTERO 10 HBC 0 SIGMA PI 
M 11690.01 110.01 GALTIERI 70 HSC 0 SIG PI,EOPHA 
H ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. INCLUDED 
M 11755.1 KIM 710PWA K-MATRIXANAL. 
M 1 11570.1 KIM 11 OPWA K-MATRIX ANAL· 
M A lb20.0 ( 10.01 LANGSE:IN 72 IPWA MULTICHANNEL 
M B 1780.0 t20·0l LANGBEIN 72 JPWA MULTICHANNEL 
H A AND 8 CORRESPOND TO 2 DIFFERENT RESONA"'CES IN POl 
H 1 POSSIBlE EFFECT IN SIGMA PI AND KBAR N CHANNELS. 
M 0 OLD ANALYSIS, USING OLD DATA. 

PI 
P2 

Rl 

I 
A 
B 

77 Y*Oil750J WIDTH (MEVI 

1147.01 ARHENTERO 6B HSC 
1300.01 BAILEY 69 OPWA 

130.01 AR~.ENTERO 70 HBC 
170.01 ARI';ENTERO 70 HBC 
(22.01 GALT JERI 70 HBC 
135.1 KIM 71 OPWA 
150.1 KIM 71 OPWA 

bO.O llO.QJ LANGBEIN 72 IPHA 
120.0 ClO.QI LANGBEIN 72 IPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

77 Y*Oil7501 PARTIAL DECAY MODES 

Y*O( 17501 INTO KBAR N 
Y•Ot 17501 INTO SIGMA PI 

77 Y*0117501 BRANCHING RATIOS 

0 
0 HASTIC, CH EXCH 
0 ELASTIC, CH EX 
0 SIGMA PI 
0 SIG PI,EOPHA 

K-MATP.I X ANAL .. 
K-MliTRI X ANAL. 
MUL Tl CHANNEl 
MULTI CHANNEL 

DECAY MASSES 
497• 939 

1197• 139 

I Pll 

6170 
7170 
1171 
3171 
3171 

12172* 
12172* 

10170 
t:170 
6170 
7170 
3/71 
3111 

12172• 
12/720 

Rl 
Rl 
Rl 
Rl 

't*Oil7501 INTO IKBAR NIITOTAL 
10.4) 
(0.551 
10 .. 151 

ARMENTERO 68 OPWA 
BAILEY 69 OPWA 
ARMENTERO 70 OPWA 
KIM 71 DPWA 

0 ElASTIC, CH EXCH 11/68 
0 ELASTIC, CH EXCH I0/70 
0 I: LAST IC, CH EXCH 10170 

Rl A 
.Rl 8 

R2 ., 
R2 N 
R2 
R2 A ., . 

10.301 
0.2!: (0-15) LAI\:GBEIN 72 IPHA 
o. 36 co -051 LANGBEIN 72 IPWA 

Y*OC17501 FROM KBAR N INTO SIGMA PI 
(•0.201 ARHENlERO 70 OPWA 
1-0.13) 10.031 GALTIERI 70 OPWA 

(0.171 KIM 71 OPWA 
0.28 10.091 LAUGBEIN 72 IPWA 
0.01 OR LESS LAUGBEIN 72 IPI4A 

SEE THE NOTES ACCOMPANYING MASSES QUOTED .................................................... 
REFE~ENCES FOR Y*Oil7SOI 

K-MATRIX ANAL. 3171 
MULTICHANNEL 12172* 
MUL TICHANNH 12172* 

SQRTIPl•P21 
0 K-P TO SIGMA PI 
0 K-P 10 SIGMA PI 

K-MATRIX ANAL. 
MULtiCHANNEL 
MULTICHANNEL 

6170 
7170 
3/71 

12172* 
121'12• 

ARMENTER 68 NP B8 195 ARHENTEROS, BAILLONt 
BAILFY t-9 THESIS UCP.L-50617 DAVID SAftL BAILEY 

• ICERN,HEIDEl,SACLAYIJJP 
ILRL LIVER/'\CRE JJJP 

ICER.N, HEIDELIJJP ARMENTER 70 DUKE CONf 123 ARMENTEROS, BAILLON, + 
GALTIERt 70 DUKE CONF 172 A bARBARQ-GALTIERI 
Kll't 71 PRL 27 356 J K KIM 

ALSO 70 QU!{E 161 J. K. KIM 
LANGBEIN 72 NP B4t7 477 •WAGNER 

(LRll IJP 
IHARVJJJP 

. IHARVIIJP. 
C MPIMJ IJP 

*****'* ••••••••• ••••••••• •••••*.••• ••••••••• ••e•••••• ••••••••• •••••••• ............................................... 
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, Data Card Listings 
For notation, see key at front of Listings. 

M 
M 

IA(1815) I 39 Y*01181S, JP•S/2+1 1•0 

SEE THE HUH-REVIEW AT THE START OF THE Y• liSTINGS. 

THIS STATE IS WELL ESTABLISHED. MOST Of THE QUOTED ER
RORS ARE STATISTIC.AL ONLY. THE SYSTEMATIC ERRORS DUE TO 
THE PARTICULAR PARAMETRIZATION USED IN THE P.W.A. ARE 

NOT INCLUDED. FOR THIS REASON HE DO NOT CALCULATE WEIGHTED AVERAGES FOR 
MASS AND WIDTH. 

39 Y*Oil815J MASS CHEVJ 

1813.0 12.01 ARHENT-1 67 HBC 0 K-P TO SIGMA PI 
1816.0 14.01 BELL 67 .tiOBC 0 K-N TO SIGMA PI 

8/67 
11/67 

" 1811.0 12:.01 ARHENT-3 68 HBC 0 ElASTIC I CH EXCH 11/68 
M 1819.0 14.01 BUGG 68 CNTR 0 K-P, 0 TOTAL 
M 1825.0 11.01 SRI CHAN 70 CNTR 0 TOTAL AND CH EX 

1819.0 11.01 BRICHANl 70 DPWA SlGlOT I ELAStCHEX 
1830.0 I 10.01 COOL 70 CNTR K-P, D TOtAL 
1820.0 110.0} GAlT JERI 70 DPWA 0 K-P TO SJGJo!A PI 
1818.0 12.01 CONFORTO 11 DPWA 0 ELASTIC, CH EXCH 
1810. KIM 71 OPWA K-MATRIX ANAL. 
1823.0 13.01 KANE 72 DPWA 0 K-P TO PI SIG 
1818.0 (3.0} LANGBEIN 72 JPWA HUL TICHANNEL 

ERROR STATIST. ONLY ... NO ERROR DUE TO PARTICULAR P.W.ANAL. I NCLUOEO 

--- .... ------- ----- ------- ------· --~- ------- ----

w 
w 
w 
w 
w 
w 
w 
w 

PI 
P2 
P3 
P4 
PS 

N 
N 
N 
N 

N 
·N 

39 Y•OC18151 WIDTH IMEVJ 

B7.0 us.ol ARMENT-I 67 HBC 
64.0 112.0) BEll 67 HOBC 
n.o (4.0} ARMENT-3 68 HBC 
75.0 (7.01 BUGG 68 CUTR 
eo.o 16.01 BRICMAN 70 CNTR 
79.0 (3.0} 8RICHAN1 70 OPWA 

100.0 COOL 70 CNTR 
100.0 120.0) GALT JERI 10 OPWA· 

90.0 14.0) CONFORTO 71 OPWA 
70. KIM 71 OPWA 

io4.o 116.0} KANE 72 OPWA 
10.0 15.01 LANGBEIN 72 IPWA. 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

39 Y•OOB151 PARTIAL DECAY HODES 

Y•OI 18151 INTO KBAR N 
Y•OI18151 INTO SIGMA PI 
Y•OI1815J INTO Y•1113B5J PI 
Y•OI1Bl51 INTO SIGMA PI PI 
Y•Oil8151 INTO LAMBDA PI PI 

FITTED PARTIAL DECAY MODE BRANCHING FRACTlONS 

0 
0 
0 ELASTIC, CH EXCH 
0 K-P, D TOTAL 
0 TOTAL AND CH EX 

SIGTOT, ELAS,CHEX 
K-P, D TOTAL 

0 K-P TO SIGMA PI 
0 ELASTIC, CH EXCH 

K-HATRIX ANAL. 
OK-PTOPI SIG 

MUL TJ CHANNEL 

DECAY MASSES 
497+ 939 

11B9+ 139 
1384+ 139 
1192+ 139+ 139 
1115+ 139+ 139 

The matrix below. ill derived from the error matrix for the fitted partial decay mode 

branching fractione, P 1• aa followa: The diagonal elementa are P1:6P
1
, where 

6P1 = 'I/(6P16P1), while the aU-diagonal elemente are the~ correlation coeHi

cienta (6pi6Pj}/(6P
1

. 6Pl. For the definition11 of the individual Pi, aee the Hating a 

above; only those Pi appearing in tho matrix are aaeumed in the fit to be nonzero and 

are thue conatrained to add to L 

P1 P2 P3 P4 
p 1 .6050+-.0243 
p 2 -.5445 .1138+-.0084 
p 3 o. o. .2000+-.0500 
p 4 -.3638 .OB92 -.9224 .oB12+-.0542 

39 ·y•oC 18151 BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRIZATION USED IN THE P.W.A. THEY SHOULD BE INCREASED. 

Y*OC 18151 INTO fKBAR NIITOTAL (PlJ 

6/68 
6170 
1171 

10/70 
7/70 
6170 
3171 

10171 
12172• 

1171 

B/67 
11/67 
11/6B 
6/68 
6170 
1171 

10170 
7170 
6/70 
3171 

10171 
12172• 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

0.62 o.o2 ARHENT-3 68 HBC · 0 ELASTIC, CH EXCH ll/68 

R1 AVG 
Rl FIT 

R2 
R2 
R2 
R2 
R2 

· R2 
R2 

(0. 72) BUGG 68 CNTR 0 K-P, 0 TOTAL 6/68 
0.65 o.o2 BRICHAN 70 CNTR 0 TOTAL AND CH EX 6/70 
o.sB o.o2 BRICHAN1 • 70 DPWA SJGTOT,ELAS,CHEX 1/71 

(0.81 COOL 70 CNTR K-P, 0 TOTAL 10/70 
0.63 o.ol CONfORTO 71 DPWA 0 ElASTIC, CH EXCH 6170 

10.521 KIM 71 DPWA K-MATRIX ANAL. 3171 
o.47 o.o2 LANGBEIN 72 IPWA MULTICHANNEl 12172• 

0.605 0.027 AVEPAGE tERROR INCLUDES SCALE FACTOR OF 3.81 
0.605 0.024 FROM FIT tERROR INCLUDES SCALE FACTOR Of 3.4J 

Y*O( 1B151 FROM KBAR N 
o.21 o.o1 
0.23 0.025 

-o. 26 o. 03 
10.261 
-0.268 0.027 
o. 25 o.o3 

INTO SIGMA PI 
ARHENT-1 
BELL 
GALT JERI 
KIM 
KANE 
LANGBEIN 

SQRT(P1•P21 
67 DPWA 0 K-P TO SIGHA PI 
67 OPWA 0 K-P TO SIGMA PI 
70 OPWA 0 K-P TO SIGMA PI 
71 OPWA K-MATRIX -ANAL. 
72 DPWA 0 K-P TO PI SIG 
"72 I PWA HUL TICHANNEL 

8/67 
11/67 
7/70 
3171 

10171 
12172• 

' R2 
R2 
R2 

AVG Moo o.2634 O.Oo81 AvERAGE tERRoR INCLUDEs scALE FACTOR OF 1.01 
FIT 0.2624 0.0081 FROM FJT (ERROR INCLUDES SCALE FACTM OF 1.01 

R3 Y•OC1815J FROH KBAR N INTO Y•lll3851 PI SQRTCP1*P3J 
R3 A (0,31 10.051 ARHENT-2 67 HBC 0 K-P TO LAM P+ P+ 
R3 , • ....... . 
R3 FIT 0.348 0.044 HOM FIT 

•• •• •• 
V•OI 18151 INTO tY•1 ( 1385) Pt I /TOTAL 

0.20 0.05 BIRGE 
IP31 

65 HBC 0 K-P TO LAH PI PI 

R4 FIT 6.200 0.050 FROM FIT IER~OR INCLUDES SCALE FACTOR OF 1.01 

7/66 

Baryons 
A(l815), A(1830) 

Y•Of 1815} INTO CSIGHA PI PI }/TOTAL IP41 RS 
RS 
RS 

·•s 
RS 
R5 

NO CLEAR SIGNAL ARMENT-4 68 HOBC 0 K-N TO SJG PI PI 11/68 
THERE 1 S A SUGGESTION OF A BUMP, ENOUGH TO BE CONSISTENT WITH 

.WHAT IS EXPECTED FROM SIGMA PI OEUY OF THE Y*1113851 --ABOUT 0.02. 

FIT o.o81 O. 054 FROM FIT 

REFERENCES FOR Y•Oil815J 

BIRGE 65 ATHENS CONF 296 +ELY,KAUtuS,KERNAN,LOUIE,SAHOUP.IA, + (LRLIIJP 
ARMENT-I 67 Pl 24B 198 ARHENTEROS, F LUZZI, + (CERN,HEIOEl,SACLAVIJJP 
ARHENT-2 67 ZEIT PHYS 202 486 ARHENTEROS, F LUZZI, + tCERN,HEIDEL,SACLAYIIJP 
BELL 67 PRL 19 936 R 8 BELL ILRLIIJP' 
ARHENT-3 68 NP BB 195 ARHENTEROS, BAILLON, + (CERN,HElOEL,SACLAYllJP 
ARHENT-4 68 NP B8 216 ARHENTEROS, SAJLLON, + (CERN,HEIOEL,SACLAYJ I . 
BUGG 68 PR 16B 1466 +GILMORE, KNIGHT, + ( RHEL+8IRH+CAVEJ I 

+FERRO LUZZI, PERREAU,+ fCERN,CAEN,SACLAYJ 
.+FEAAD ... LUZZI,LAGNAUX ( CERNJ 
+GIACOMELLI, KYCIA, LEONTIC, LJ, + fBNLI J 

8RICMAN 70 PL 318 152 
8RICMAN1 70 PL 33B 511 
COOL 70 PR 01 1887 
GALTIERI 70 DUKE CONF 173" A 8ARBARD-GAlTIERI (LRLJJJP. 

CONFORTO 71 NP 834 41 
KIM 71 PRL 27 356 

+LEVI SETTl, LASI NSKI •. OBERLACK++ C EF I+HE 10 J JJP 
J K KIM (HARVJIJP 

ALSO 70 DUKE 161 J. K. KIM (HARVIIJP 

KANE 72 PR OS 1583 
LANGBEIN -,2 NP B47 477 

0 F KANE 
+WAGNER 

U8LIIJP 
C MPIMJ IJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

THE FOLLOWING PAPERS ARE NOW OF ONLY HISTORICAL INTEREST --

CHMIBERL 62 PR 125,1696 CHAHBERLAJN,CROWEoKEEFE,KERTH, + fLRll I 
GALT JERI 63 PL b Z9b A BARBARO-GALTIERioA· HUSSAIN,RO TRIPP ILRLIIJ 
SOOICKSO 64 PR 133 8757 SOOICKSON,MANNELLI,FRISCH,WAHLIG IHITIBNLII J 
HOLLEY 65 UCRL-16274 THESIS W R HOLLEY (LRLJ J 
BIRHINGH 66 PR 152 1148 BIRMWGHAMtGLASGOW,J.C., OXFORD,RUTHERFORD 
COOL 66 PRL 16 1228 +GIACOMELU,KYCIA,LEONTJC,LUNOBY + CBNLJI 
GELFAND 66 PRL 17 1224 +HARHSENrLEVI-SETTI,PREOAZZI+ (EFirANLJ 
ARMENTER 67 NP 83 592 ARHENTEROS ,FERRO-LUZZI+ I CERN, HEl O, SA CLAY l JJP 
CONFORTO 68 NP BB 265 +HARMSEN, LASINSKI, + fCHICAGO,HEIOELJIJP 
LASJNSKJ 6B PR 163"1792 LASINSKI, LEVI SETTJ, PREDAZZI ICHICAGOJ JP 
PREVOST 71 AMSTERDAM CONF. + CHS COLLABORAlJON CCERN+HEIO+SACL J .................................................................... ...... ········· ...................................................... . 
IA(1830) I 

M 1827.0 
M 1837.0 

loosl 
SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THE BEST EVIDENCE FOR THIS RESONANCE COMES FROM THE 
SIGMA PI CHANNEL. IT APPEARS TO BE WELL ESTABLISHED. 

56 Y•Ot 1830 I MASS (MEV I 

(3.01 ARMENT ERO 67 H8C 0 K-P TO SIGMA PI 
( ll.Ol BEll \ 67 HBC 0 K-P TO SIGMA PI 

B/67 
11/67 

M 1807.0 ( 10.01 ARHENTERO 68 HBC 0 HASTIC, CH EXCH 11/68 

M .. 
M 
M 
M 
M 
M 

w 
w 
w 
w 
w 
w 

PI 
P2 
P3 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
R2 
R2 
R2 
R2 
R2 
R2 

1840.0 115.01 GALT JERI 70 OPWA 0 K-P TO SIGMA PI 1170 
1831.0 (5.01 CONFORTO 71 DPWA 0 HASTIC, CH EXCH 6170 
1830. KIM 71 OPWA K-HATRI X ANAL. 3/71 

( 1720. J KIH 71 OPWA K-MATRIX ANAL.· 3171 
1832.0 (5.01 KANE 12 OPWA 0 K-P TO PI SIG 10/71 
lBlo.o I 10.01 LANGBEIN 72 IPWA MULTICHANNEL 12172• 

K POSSIBLE EFFECT MAINLY IN SIGMA Pl. NOT CLEAR IF UNCORRElATEO 
K WITH THE 1830 EFFECT 
N ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. I t-ClUDED 1171 

56 Y*OI18301 WIDTH .CHEVJ 

75.0 (9.01 ARHENTERO 67 HBC 
74.0 (lS.OJ SELL 67 HBC 

123.0 (32.01 ARHENTERO 68 HBC 
150.0 (30.0) GALTIERI 70 OPWA 
104.0 (35.01 CQNFORTO 71 DPWA 
80. Kl M 11 OPWA 

f20. J KIM 71 OPWA 
BB.O 110.01 KANE 72 DPWA 
60.0 120.01 LANGBEIN 72 IPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

56 Y•OI1830J PARTIAl DECAY MODES 

Y•Ot 1B301 INTO KBAR N 
Y•O( 18301 INTO SIGMA PI 
Y•Of 18301 INTO yo}( 13BSI PI 

56 Y•Otl8301 BRANCHING RATIOS 

Y•OI1B301 INTO CKBAR Nl /TOTAL 
o.o9 (Q.OIJ ARMENTERO 68 HBC 
o.o3 (0.021 BRICMANl 70 OPWA 
o.os 10.02) CONFORTO 71 DPWA 

(0.241 KIM 71 DPWA 
0.10 10.031 LANGBEIN 72 I PWA 

Y•Ot 18301 FROM KBAR N INTO SIGMA PI 
0.15 (0.021 ARMENTERO 67 OPWA 
0.19 co.ou BEll 67 OPWA 

-0.16 (0.031 GAL TIER I 10 DPWA 
0.15 KIM 71 DPWA 

-O.l3B (0.0181 KANE 72 OPWA 
0.27 (0.071 LANGBEIN 12 IPWA .. 

0 K-P TO SJGH.A PI 8/67 
0 K-P TO SIGMA PI B/67 
0 ELASTIC, CH EXCH 11/6B 
0 K-P TO SIGMA PI 7170 
0 ELASTIC, CH EXCH 6/70 

K-MATRIX ANAL. 3/71 
K-HATRIX ANAL. 3/71 

0 K-P TO PI SIG 10171 
MULTICHANNEL 12172• 

DECAY MASSES 
497+ 939 

1189+ 139 
1384+ 139 

IPll 
0 HASTIC, CH EXCH 11/68 

S JGTOT, ELAS ,CHEX 1171 
0 HASTIC, CH EXCH 6/70 

K-MATRIX ANAL. 3171 
MULTI CHANNEL 12112• 

SQRTfP1*P2.1 
0 K-P TO SJGHA PI 8/67 
0 K-P TO SIGMA PI 11/67 
0 K-P TO SIGMA PI 7170 

K-MATRIX ANAL. 3/71 
0 K-P TO PI SIG 10/71 

Hut TICHANNEL 12172• . ........................ ·•······· ·······~· .......................... . 
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Baryons 
A(1830), A(1860), A(1870), A(2010) 

REFERENCES FOR Y*OC18301 

ARMENTER 67 PL 248 198 ARHENTEROS, F'"'LUZZJ, + tcERN,HEIDEL,SACLAYilJP 
BELL 67 PRL 19 936 R 8 BELL (LRUIJP 
ARMENTER 68 NP 88 195 ARHENTEROSt BAILLON, + lCERN,HEIOElrSACLAY)JJP 
CONFORTO 68 NP 88 265 +HARMSEN, LASINSKI 1 + (CHJCAGO,HEIOELIIJP 

IS SUPERSEDED BY CONFORTO 11. . 
BRICMANl 70 PL 338 511 +FERRO-LUZZI,LAGNAUX ICERNI 
GALTIERI 70 DUKE CONF 173 A BARBARO-GALTIERI (LR.LIIJP 

CONFORTO 71 NP 834 itl 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
KANE 72 PR OS 15 83 
LANGBEIN 12 NP 847 471 

+LEVI SETTt,LASINSKI ... OBERLACK++ fEFhHEIOJIJP 
J K KIM (HARVIIJP 
J. K. KIM IHARVIIJP 
0 ·f KANE fl8LJ IJP 
+WAGNER I HPIMIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

PREVOST 71 AMSTEROA14 CONF + CHS CDLLABORATJON (CERN+HEIO+SACL J 

............................................. ••to•••••• ••••••••••••••••• ................ ·····-·· ............................................ . 
lA(1860) I 

) THE JP=3/2+ ASSIGNMENT IS CONSISTENT WITH ALL 
AVAILABLE OAT A I INCLUDING POLARIZATION I AND REVENT 
PARTIAL WAVE ANALYSES. THE DOMINANT INELASTIC 
K!JDES REMAIN UNKNOWN. 

60 Y*Oil8601 MASS IHEVI 

A F07 1864.0 2 oO ARHENTERO 68 OWPA 0 ELASTIC, CH EXCH 11/68 
• N" 1870.0 S.o 8UGG 68 CNTR 0 K-P TOTAL 7/68 
A F07 1817.0 6.0 BRIGMAN 70 CNTR 0 TOTAL AND CH EX 6170 

M P03 1870.0 6.Q BRICMAN1 70 OPWA 0 SIGTOT,ELAS,CHEX 1/71' 
M N P03 1883.0 10.0 CONFORTO 71 OPWA 0 ELASTIC, CH EXCH 6/70 
H 1 P03 1710. KIM 71 OPWA. K-HATRIX ANAL. 3/71 
M 1850.0 120.QJ LANGBEIN 72 IPWA MULTICHANNEL 12172* 
H THESE TWO ANAlYSES GAVE THE F07 ASSIGNMENT, THEY HAVE TO BE 1171 
M OlSCAROEO IN VIEW OF. CONFORTO 70 AND BRICMANl 70. 
M N .DUE TO PARTICUlAR PARAMETERIZATION USE0 1 ERROR CAN BE LARGE 1171 
H 1 POSSIBlE EFFECT MAINLY IN SIGMA PI. WE TENTATIVELY LIST IT HERE. 

Pl 
PZ 

A F07 
N 

A F07 
P03 

N P03 
1 P03 

60 Y*OI1860) WIDTH IMEVI 

.39. 0 7 .o ARHENTERO 68 OWPA 
40.0 10.0 BUGG 68 CNTR 
24.0 15.0 BRJCMAN 70 CNTR 
37.0 10.0 8RICMAN1 70 OPWA 
80.0 20 .o CONFORTO 11 OPWA 
20. Kl M 71 OPWA 

125.0 120.01 LANGBEIN 72 IPWA 
SEE THE NOTES ACCOMPANYING MASSES QUOTED 

60 Y*OI 1860) PARTIA~ DECAY HODES 

Y*O( 1860) INTO KBAR N 
Y*Oil860J INTO SIGMA PI 

60 Y•OI 18601 BRANCHING RATIOS 

Rl Y•OU860) INTO IKBAR NI/TOTAL 
Rl A F07 0.12 0 ·02 ARHENTERO b8 HBC 
R1 CJ+l/~IP1., 0.40 BUGG 68 CNTR 
R1 A F07 0.01 0.02 BRICHAN 70 CNTR 
Rl P03 0.14 0.02 BRICHANl 70 OPWA 
Rl N P03 O. 25 Oo03 CONFORTO 11 OPWA 
q_1 0.37 10.051 LANGBEIN 72 JPWA 

SEE THE NOTES A_CCOMPANYING MASSES QUOTED • 

0 ELASTIC, CH EXCH ll/68 
0 K-P TOTAl 7/68 
0 TOTAl AND CH EX 6170 
0 SIGTOT,ELAS,CHEX l/71 
0 ELASTIC, CH EXCH 6170 

K-HATRIX ANAL. 3/71 
MULTI CHANNEL 12/72* 

DECAY MASSES 
497+ ~39 

1189+ 1.39 

IPIJ 
0 ElASTIC, CH EXCH 11/68 
0 7/68 
0 TOTAL AND CH EX 6170 
0 SJGTOT,ELAS,CHEX 1171 
0 HASTIC, CH EXCH 6170 

MULTICHANNEL 12172* 

R2 Y•OI 18601 INTO SIGMA PI CP21 
R2 PROBABLY SEEN GALTIERI 68 OBC 0 K•N TO SIG PI PI 11/68 
R2 0.03 OR LESS LANGBEIN 72 IPWA ~Ul TJCHANNEl 12172* 
R2 POSSIBLY THIS BUMP SEEN AT lB40-10 MEV WITH A WIDTH OF .35+-10 MEV 
R2 IS THE V1'0tl830J, WHICH DECAYS STRONGLY TO SIGHA PI. HOWEVER THE 
R2 NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y*O( 18601. ........................ ·····~··· .................................. . 
AP.HENTER068 NP B8 195 
8UGG 68 PR 16B 1466 
GAt.TJERI 68 PRL 21 573 

BRIGMAN 70 Pl 318 152 
8RlCHANl 70 Pl 33B 511 
CONFORTO 71 NP 834 41 
KJH 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP 847 477 

REFERENCES FOR Y•OU860J 

ARMENTEROS, BAILLON, + (CERN,HEIOEl,SACLAYJIJP 
+GILMORE, KNIGHT, + IRHEL,BIRMtCAVEI I 
BARBARD-GALTIERI, MATtSON, + (lRltSLACI 

+FERRO LUZZI,~ PERREAU 1 + CCERN,CAEN,SACLAY) 
+FERRO-LUZZI ,LAGNAUX C CERNJ 
+LEVI SETT I, LASINSKJ •• OBERLACK++ C EF I+HE IOUJP 
J K KIM I HARVIIJP 
J. l'.o KIM C HARVIIJP 
+WAGNER I MPIMIIJP 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARMENTER 67 NP B3 592 ARMENTEROS, F-lUZZir + ICERNoHEIOEL,SACLAY)JJP 
REPLACED BY ARMENTEROS 68 AND CONFORTO 68. 

CONFORTO 68 NP BS 265 +HARMSEN, LASINSKI, + ICHICAGO,HEIDELIIJP 
SUPERSEDED BY CONFORTO .11. 

LEVISETT 69 LUND 339 R.LEVI SETTI !RAPPORTEUR I CEFl J 
ALBROW 11 NP B29 413 +ANDERSON,BOSNJAKOVJC,DAUH,ERNZ,+ ICERNJ 

......................... *••······ ................................... . ...... ......... ......... ········· .................................. . 

Data Card Listings 
For notation, see key at front of Listings. 

36 X*Dll870, JP=l/2-J 1•0 IA(1870) I 
) 

THE SOl AMPliTUDE SHOWS A SECOND RESONANCE BEHAVIOR AT 
ABOUT 1800 MEV IN 3 ANALYSES. THE ELASTICITY OF 

Pl 
PZ 

Rl 
Rl 
Rl 
Rl 

KIM 71 IS SURPRISINGLY LARGE. 

11872.0) 
I 1780. I 

1830.0 

1100.0) 
(40.) 
70.0 

36 Y*OI18701 MASS IHEVI 

{10.01 

120.0) 

BRICHAN 
KIM 
LANG BE IN 

36 Y*O( 18701 WIDTH I MEV I 

120.01 

11S.o1 

BRIGMAN 
KIM 
LANGBEIN 

70 OPWA 
11 OPWA 
12 JPWA 

10 OPWA 
11 OPHA 
12 IPWA 

36 Y*Oil870) PARTIAl DECAY HODES 

Y*008701 INTO KBAR N 
Y*O( 18701 INTO SIGMA PI 

36 Y*Oil8701 BRANCHING RATIOS 

Y*OI18701 INTO IKBAR NI/TOTAL 
10.181 C0.02J 
(0.801 
0.:35 10.151 

BRitMAN 
KIM 
LANG BE IN 

Y*011870J FROM KBAR N TO S IGHA PI 

10 OPWA 
71 DPWA 
72 I PWA 

TOT t ELAS, CHEX 
K-MATRIX ANAlo 
Hut. TICHANNEL 

TOT, ELAS, CHEX 
K-MATRIX ANAL. 
MULTI CHANNEl 

DECAY MASSES 
497+ 939 

1197+ 139 

IPII 
TOTt ELAS, CHEX 
K-HATRIX ANAl· 
MUL 1 I CHANNEL 

SQRTIP1*P21 RZ 
RZ 10.241 KIM 71 DPWA K-HATRIX ANAL. ...................................................................... 
BRIGMAN TO PL 33B 511 
KIM 11 PRL 27 356 

REFERENCES FOR Y*Oil8701 
C BRIGMAN, H FERRO-LUZZI o J P LAGNAUXICERNIIJP 

IHARVIIJP 
CHARVIIJP 

1/71 
3/71 

12/72* 

1/71 
3/71 

12172• 

1171 
3/71 

12172* 

3171 

. ALSO 70 DUKE 16f 
LANGBEIN 72 NP 847417 

J K KIM 
Jo K. KIM 
+WAGNER I HPIMIIJP. 

•••••••••••••••••••••••••••••••••••••••••• ••••to•••• .......... **•••••• 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• o••••••• 

IA(2010) I 
) 

89 Y*OI2010, JPz3/2-l 1==0 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SUCH A RESONANCE IS SUGGESTED BY ONLY TWO 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

89 Y*012010J MASS CHEVI 

(2010.01 130.01 GALTlERl 70 OPWA 0 K-P TO SIGMA PI 7/70 
11911.01 BRANDSTE 12 OPWA K-P TO LAM.OMEGA 1173• 

.. , 
PZ 
P3 

B9 Y*OI 20101 WIDTH (MEV I 

( 130.QJ ( 50.01 GALTIERI 70 DPWA 0 K-P TO SIGMA PI 
llBOoOJ BRANOSTE 12 OPWA K-P TO LAM.OHEGA 

89 Y*OI2010J PARTIAl DECAY MODES 

Y*O( 20101 INTO K8AR N 
Y*OI 20101 INTO SIGMA PI 
Y*OI20101 INTO LAMBDA OMEGA 

DECAY MASSES 
Jt97+ 939 

1197+ 1:39 
1115+ 783 

--- ------- ------- ------- ____ ,.. .... - -------- ___ ... ___ --------
89 Y•OI 2010 I BRANCHING RAT I OS 

Y*OI20101 FROM KBAR N TO SIGMA PI SQRTCP1•P2J 

1110 
1173* 

Rl 
Rl 1-0.201 10.04) GALTIERI 70 OPWA 0 K-P TO SIGMA PI 7170 

RZ 
RZ 

Y*O( 20101 FR!JM KBAR N INTO LAMBDA ID!EGA SQRTCP1*P3J. 
(0.2541 BRANDSTE 72 DPWA 1173• 

.................. •••••!'-••• ................... ••••••••• •••••••• 
REFERENCES FOR Y*OI20101 

GALTIERI 70 DUKE CONF 173 
BRANDSTE 72 NP B39 13 

A BARBARD-GALTIEI\1 ILRLJIJP 
BRANDSTETTER, BUTTERWORTH,+ C RHEL+CO'EF + SACL) .................................................... ······'*·· .....•.. •••••• ••••••••• ••••••••• ••••••••• ••••••••• •••••to••• ••••••••••••••••• 
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.Data Card Listings 
For notation, see k,ey at front of Listings. 

jA(2020) I 
) 

27 Y*Dt2020, JP•7/Z+J 1•0 ·IFo71 
EFFECTS IN THIS PARTIAl WAVE HAVE OBSERVED AT SOMEWHAT 

"'"DIFFERENT ENERGIES IN TWO CHANNELS. HOWEVER, LITCHFIELD 
71 NOTE THAT THE NEED FOR THIS STATE IN THEIR ANALYSIS 
RESTS SOLELY ON A POSSIBLY INCONSISTENT POLARIZATION 
MEASUREMENT AT 1.784 GEV/C. 

27 Y*OIZOZOJ MASS IMEVJ 

JZOZO.OJ IZO.OJ GALTIERI 70 .OPWA 0 K-P TO SIGMA PI 7170 
12100.J· 130.) LITCHFIE 71 DPWA K-P TO KBAR N 10171 

Pl 
P2 

27 Y•OIZOZOJ WIDTH IMEVJ 

I 160.0J 130.01 GALTIERI 70 DPWA 0 K-P TO SIGMA PI 
UZO.J 130.J LITCHFIE 71 OPWA K-P TO KBAR N 

27 Y*OCZOZOI PARTIAL DECAY HODES 

Y*OI 20201 INTO K6AR N 
Y*OIZOZOJ INTO SIGMA PI 

27 Y*OIZOZOJ BRANCHING RATIOS 

- DECAY MASSES 
497+ 939 

1197+ 139 

Rl Y*OI2020J INTO IKBAR NJ/TOTAL IPU 
Rl C0.05J (0.021 LITCHFIE 71 OPWA K-P TO KBAR N 

R2 Y*OI 20201 FROM KBAR N TO SIGMA PI SQRTCPl*P2J 
R2 1-0.151 10.021 GALTIERI 70 OPWA 0 K-P TO SIGMA ~~ ......... ......... ......... ......... ......... ......... ....... . 
GALTIERI 70 DUKE CONF 173 
LITCHFIE 71 NP B30 125 

REFERENCES FOR Y*OI2020J 

A BARBARo-GALTIERI ILRlllJP 
UTCHFI ELD~. •• +LESQUOY ,+.. I RHEL+COEF+SACL IIJP ..................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

jA(2100)j ., v•o121oo. JP·712-• l•o I Go7l . 
SEE THE MINI-REVIEW AT THE START OF THE Y* LJSTINGS. 

THIS ENTRY ONLY INCLUDES RESUlTS FROM PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MASS DISTRIBUTIONS AROUND 2100 MEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES StllULO 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE G07 WAVE. THIS SUPERIORITY 
IS, HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH ENTRIES 
FOR ·PARAMETERS GIVEN IN THE MAIN BARYON tABLE. 

41 Y*0121001 MASS IMEVI 

1170 
10171 

10171 

7170 

M 12120 .. 01 WOHL 66 HBC K-P CH EX 7/66 
M 12080.01 (lO,OJ BURGUN 6B DPWA 0 K-P TO XI K 10/69 
M 12130.01 120.0J 8ERTHDN1 70 OPWA 0 K-P TO SIGMA PI 10170 
M 2110.0 120.01 GALTJERJ 70 OPWA 0 K-P .TO SIGMA PI 7170 
M 2100. 115.1 LITCHFJE 71 OPWA K-P TO KBAR N 10171 
M 2110.0 130.0) llTCHFIE 71 OPWA K-P TO SIG Pl 10171 
H 12113 .. 01 BRANOSTE 72 DPWA K..:.P TO LAH.OMF.GA l/73* 
M 2092.0 U2.0J KANE 12 OPWA 0 K-P TO PI SIG 10171 
M 8URGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGION IN THE • 
M REACTION r.-P TO XJ K. HOWEVER, AS THEY POINT OUT, IT IS NOT CLEAR 
M WHETHER IT IS MAINLY THE G07 Y*OI2100J OR INSTEAD A SO FAR OTHERWISE 
H UNOBSERVED RESDNAHCE WITH A SPIN LESS THAN 7/2. 
M LITCHFIELD 71 IS AN UPDATE Of BERTHON1 70 3172 

41 Y•OI21001 WIDTH IHEVI 

W 114S.OJ WOHL 66 HBC 7/66 
W 180.0) I 10.01 BURGUN 68 OPWA 0 K-P TO i<.J K 10/69 
W 140.0 115.01 BERTHON1 70 OPWA 0 K-P TO SIGMA PI 10/70 
W 60.0 125 .. 01 GALT JERI 70 DPHA 0 K-P TO SIGMA· PI 7170 
M B 1170.) TO 300. • LJTCHFIE 71 OP~A K-P TO KBAR N 10171 
W 8 LARGE~ VALUE CORRESPONDS TO PURE 8.w. LOWER VALUE , TO B.W. + 8CKGRO 
W L 140.0 (5Q.OJ 130.01 LITCHFIE 71 OPHA K-P TO SIG PI 10171 
W 1208.01 BRANOSTE 72 OPHA K-P TO LAM.OHEGA 1173* 
W 144.0 126.01 KANE 72 OPWA 0 K-P TO PI SIG 10171 

Pl 
P2 
P3 
P4 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

41 Y•OI21001 PARTIAL OECAY HODES 

Y•OI 21001 INTO K8AR N 
Y*OI2100J INTO SIGMA PI 
Y•OI2100J INTO XI K 
Y•OI2100J INTO LAMBDA OHEGA 

41 Y*012100J BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 
1321+ 497 
1115+ 783 

Rl Y*Of2100J INTO IK8AR NJ/TOTAL IPU 
Rl 10.25) WOHL 66 HBC 7/66 
R1 0 10.331 OAUH 68 CNTR K-P ELA,POL,SJGT 7170 
R1 O. 30 .03 LITCHFI E 11 OPWA K-P TO KBAR N .10171 
Rl 0 DAUM 68 ASSUMES CJ+l/21•X VALUE SEEN IN TOTAL CROSS SECTION. 

Baryons 
A(2020), A(2100), A(2110) 

.R2 
R2 L 
RZ 
R2 
R2 

R3 
R3 
R3 B 
R3 
R3 
R3 B 

•• .. 

Y*OC 2100 I FROM !'WAR N INTO SI GHA PI 
1+0.16) I0.02J BERTHONl 
+O. 06 i0.03J GALTIERI 

0 .. 16 10.051 LJTCHFIE 
+0.096 . 10.037 J KANE 

10 DPWA 
70 OPWA 
71 OPWA 
7Z OPWA 

SQR.T(P1*P2·1 
0 K-P TO SI<;HA PI 
0 K-P TO SIGMA PI 

K-P TO SIG PI 
0 K-P TO PI SIG 

·Y*DI21001 FROM K8AR N TO XI K SQRTIPl*P3J 
10 .. 051 TRIPP 67 RVUE 0 K-P TO XI 
I0.09J CO.OlJ BURGUN 68 DPWA 0 K-P TO XI 
10.0031 HULLER 69 OPWA 0 
0.035 0.01B LilCHFIE 71 OPWA K-P TO .XI K 

BURGUN 68 UPDATED BY LITCHFIELD 7lt WHO TAKES SOLUTION C OF BURGUN 

Y*OI 21001 FROM KHAR N INTO LAMBDA OMEGA SQRHPl*P41 
(0.053) BRANDSTE 72 OPWA 

SEE THE NOTES ACCOMPANYING MASSES QUOTED 

****** ••••o•••• ••••••••• ••••••••• ••••**••• ••••••••• ••••••••• •••••o•• 

REFERENCES FOR Y*OI2100J 

WOHL 66 PRL 17 107 C G WOHL, F T, SOLMITZ, H L STEVENSON (LRLIIJP 
TRIPP 67 NP B3 10 + LE1TH 1 + ILRL 1 SlAC 1 CERlhHEIOEl,SACLAYJ 
BURGUN bB NP 88 447 +MEYER,PAULI, + ISACLAY,CDLFRANCE,RHELJ 
OAUM bB NP 81 19 +ERNE, LAGNAUX, SENS, STEUER, UDO ICERNJJP 

CONFIRMS THE. SPIN-PARITY ASSIGNMENT. 
I'ILILLER 69 THES IS,UCRl 19372 R A HULLER (LRLJ 

eERTHON1 70 NP 824 ltl7 
GALTIERJ 70 DUKE CONF 173 
UTCHFJE 71 NP 830 125 

+VRANA, BUTTERWORTH, + I COEF, RHF.lt SACLAYJ IJP 
A BARBARQ-GALTIERI (LRL J IJP 
LITCHFIELD •• • .-+lESQUOY ,+... 4 RHEL+CDEF•SACL J IJP 

10/70 
1170 

10171 
10/11 

B/67 
10/69 

7170 
3/72 
3172 

BRANDSTE 72 NP 839 13 
KANE 72 PR 05 1583 

SRANDSTETTER+ ••• +TALLINI IRHEL,COEF,SACLJ IJP 
0 F KANE CLBLJIJP 

•**••• •••*•••o• ••••••••• ********* *"****** ••••••••• ••••••••• •••••••• ...... ·~······· .................. ······~··· ......... ········· ....... . 
IA(2110) I 

)· 
IF" Do"s·l 35 Y•OI2110, JP•5/2 I l•OL_0~5;..,._0_r_...,;:~:::.J. 

BERTHON1 10 FIND EITHER FOS OR 005 POSSIBLE IN 
THE SIG PJ CHANNEL, WITH F05 SLIGHTLY PREFERRED • 
IN THE KBAR N CHANNEL, LITCHFIELD 71 I SAME GROUP) 
FINO ONLY 005. AS USUAL, THE STATISTICS ARE HUCH 
BETTER IN THE ELASTIC CHAtiNEL. 

ALTHOUGH KANE 72 FINDS AN 'F05 EFFECT, THE UNUSUALLY BROAD 
WIDTH MAY INVALIDATE A RESONANT INTERPRETATION. 

35 Y*OI2110J MASS IMEVJ 

I ZllO. J I 10. J BERTHONl 70 OPWA - Kf P TO SIG PI l/71 
12140.1 140.-J LITCHFIE 11 OPWA K-P TO KBAR N 10/71 

F05 2034.0 BRANOSTE 72 OPWA K-P TO LAM.OHEGA 1173* 
A 1Zllt1.0J 16.01 KANE 72 OPWA 0 K-P TO PI SJG 10171 
A RESONANCE OUTSIDE RANGE OF DATA. 

35 Y*Ot 21101 HIOTH I MEV I 

• w 
( 185.1 
{120. J 
1154.0) 
(504 .. 0) 

130 .. ) 
(40.1 

BERTHON1 
LITCHFJE 
BRANDSTE 
:KANE 

70 OPWA - K- P TO SIG PI 1171 
71 OPWA K-P TO KBAR N 10/71 

• • 
12 DPWA K-P TO LAM .. OMEGA 1173* 

110.01 72 DPWA 0 K-P TO PI SIG 10/71 

Pl 
P2 
P3 

•• ., ., 

35 Y•OI 2110 J PARTIAl Of-CAY MODES 

Y*O( ZllOJ INTO KBAR N 
Y*OI 21101 INTO SIGMA PI 
Y*OI 21101 INTO LAMBDA OMEGA 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 783 

35 Y*OI2110J BRANCHING RATIOS 

Y*OI2110J FROM KBAR N TO SIGMA PI 
1+ .. 17J (.03) BERTHONl 

1+0 .. 1561 10.0131 KANE 

SQRTIP1*P21 
70 OPWA - K- P TO S IG PI 
72 OPWA 0 K-P TO PI SIG 

R2 Y*OC 21101 INTO (KBAR Nl /TOTAL ( PlJ 
R2 (O.HJ (Q .. O'J LITCHFIE 71 OPWA K-P TO KBAR N 

R3 Y•OI21101 FROM KBAR N INTO LAMBDA OHEGA SQRT(Pl*P31 
R3 10 .. 1521 · BRANDSTE 72 DPWA ........................................ ,. .......................... . 
8ERTHON1 70 NP 824 417 
LITCHFIE 71 NP 830 125 
BRANDSTE 72 NP 839 13 
KANE 72 PR D5 1583 

· REFERENCES FOR Y•OI 21101 . 

+VRANA t8UTTERHOR TH ,+ ICDEF, RHEL, SA CLAY J I JP 
L ITCHF 1 ELD, ..... +LESQUOY ,+.. I RHEL+COEF+SACU I JP 
BRANDSTETTER ,BUTTERWORTH,. I RHEL +CDEF+SACL I 
0 F KANE ILBLIIJP 

•••••••••••••••••o~~•c••••orr************••••o•••****************************** ............................................................................. 
PRODUCT lOti FXPERI MENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTE TO THE G07 Y*OI21001, WHICH PRECEDES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS OF PEAKS JN CROSS 
SECTIONS AND INVARIANT-MASS DISTRIBUTIONS. THE CROSS

SECTION PEAKS ARE AT LEAST OOMJNANTL Y ASSOCIATED WITH THE Y*OI2100J, 
BUT MAY CONT JIIN A SHALL CONTRIBUTION FROM THE SUGGESTED BUT NOT ESTAB
LISHED OTHER RESONANCFS IN THIS REGION· 

1171 
10171 

10/71 

1/73* 



Sl52 REVIEWS OF MODERN PHYSICS o APRIL 1973 ° pART II 

-A(2110). A(2350)~ A(2585),,r;+, r:-. E0 , E(1385) 
Data Card Listings 

For notation, see key at front of Listings. 

M 
M -

w 
w 
w 

Pl 
PZ 
P3 
P4 

., ., ., 
Rl 
Rl 

R2 
R2 

R3 
03 

25 Y*OIZlOOI MASS CMEVI (PROD. EXP.J 

12097.0) (6.QJ BOCK 65 HBC P6AR P 5.7 BEVIC 
2100.0 (1.Q) BUGG 68 C.NTR K-P, 0 TOTAL 
2121.0 (5.Q) BR I CHAN 70 CNTA. 0 TOTAL AND CH EX 
2107.0 I 10.0) COOl 10 CNTR K-Pt D TOTAL 

12135.01 {20o0) LU 70 CNTR 0 GAHHA P TO K+ Y* 

25 Y*OIZlOOJ WIDTH IHEVJ (PROD. EXP.J 

124.01 
l40o0 
147.0 
185.0 
(40.01 

114-01 
115.01 
I 15.01 

124-0) BOCK 
BUGG 
BRICHAN 
COOL 
LU 

65 H8C INTO KBAR.N (PIJ 
68 CNTR 
70 CNTR 0 TO.TAL AND CH EX 
10 CNTR K-P, 0 TOTAL 
70 CNTR · 0 GAMMA P TO k+ Y* 

25 Y•OCZlOOI PARTIAL DECAY MODES IPROO. EXPol 

Y*0(21001 INTO KBAR N 
Y*O( 21001 INTO KBAR N PI 
Y*0(21001 INTO LAMBDA ETA 
Y*OI 21001 INTO LAMBDA OMEGA 

DECAY MASSES 
497+ 939 
497+ 939+ 139 

1115+ 548 
1115+ 783 

25 Y*OI21001 BRANCHING RATIOS (PROD .. EXP.I 

Y•OI2100.1 INTO IKBAR NJ/TOTAL (Pll 
THESE VALUES OF ELASTtCITIES ASSUME J=1/2-

Q. 305 BUGG 68 CNT R 
0.24 10.021 8RJCMAN 70 CNTR 0 TOTAL AND CH EX 
Q. 4 COOL 10 CNT R K-P, 0 TOTAL 

Y*OI21001 INTO KBAR N PI 
SEEN BOCK 

IP21 
65 HBC 

Y*OI21001 FROM KBAR N INTO LAMBDA ETA SQRTCP1•P31 
10.091 OR LESS FLATTE 2 61 HBt 0 K-P TO LAM ETA 

Y*OI2100I INTO (lAMBDA OHEGAJ/TOTAL IP41 

7166 
6/68 
6170 

10170 
1171 

7/66 
6/68 
6170 

10170 
1/71 

6/68 
6170 

10170 

6/68 

•• R4 10.11 OR LESS FLATTE 1 61 HBt 0 K.-P TO LAM OMEGA 8/67 ..................................................... "'*······· ....... . 
REFERENCES FOR Y*0(21001 (PROD. EXP.J 

'BOCK 65 PL 11 166 +COOPER, FRENCH,K INSONt + 
S M FLATTE 

ICERN,.SACLAYI 
ILRLJ 
ILRLJ 

IRHEL,BIRH,CAYEI I 

FLATTE 1 67 PR 155 1517 
FLATTE 2 61 PR 163 1441 
BUGG 68 PR 168 1466 

S M FLATTE 1 C G WOHL. 
+GJU40RE ,KNIGHT, + 

BRJCHAN 
COOL 
LU 

70 PL 31B 15Z 
10 PR 01 1887 
70 PR D2 1B46 

+FERRO .LUZZI, PERREAU,+ ICERN,CAEN,SACLAYI' 
+GIACOMELLI, .KYCIAr lEONTICt U, + IBNLI I 
+GREENBERG, HUGHES, MINEHART, MORI ,+ I YALE I 

PAPERS NOT REFERRED TO IN DATA CARDS 

COOL 66 PRL 16 1Z28 +GIACOMELLI,KYCIA,LEONTICrLltLUNOBY,+ IBNU I 
. SUPERSEDED BY COOL 70. ...................................................................... ...... ......... ......... ......... ......... ......... ......... ....... . 

PI 

2340.0 
2358.0 
2344.0 

c 2360.01 

140.0 
324.0 

( 190.0J 
155.01 

42 Y*OC2350, JP:c PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE yo LISTINGS .. 

OAU."t 66 fAVORS JP.,.7/2- OR 9/2+. BRIGMAN 70 FAVORS 9/2+,. 

LASINSKJ 11 SUGGESTS THREE STATES IN THIS REGION 
USING A POHERON + RESONANCES HODEL. 

42 Y*OI23501 MASS IMEVI IPROO. EXP.I 

17 .OJ 
(6.0) 

115.01 
120 .. 01 

BUGG 
BRIC.HAN 
COOL 
LU 

68 CNTR 
70 CNTR 
70 CNTR 
70 CNTR 

K-P, D TOTAL 
0 TOTAL AND CH EX 

K-P, 0 TOTAL 
0 GAMMA P TO K+ Y* 

42 Y*OI23501 WIDTH IHEVI !PROD. EXP.J 

120.01 
(30.01 

BUGG 
BRICMAN 
COOL 
LU 

68 CNTR 
·10 CNTR 
10 CNTR 
70 CNTR 

K-P, 0 TOTAL 
0 TOTAL AND CH EX 

K-P, 0 TOTAL 
0 GAMMA P TO K+ ·y• 

42 Y*OU3501 PARTIAL DECAY MODES (PROD. EXP.J 

Y*OI 23501 INTO KBAR N 
DECAY MASSES 

497+ 939 

~2 Y*OI23501 BRANCHING RATIOS IPRQD. EXP.J 

Y•OI23501 INTO (KBAR NJ/TDTAL . IPll 
J IS NOT KNOHN. THE FOLLOWING IS IJ+1121*Pl. 

6/68 
6170 

10/10 
1/71 

6/68 
6170 

10170 
1/71 

Rl 

"' Rl 10.571 BUGG 68 CNTR K-P, 0 TOTAL 6/68 ., 
Rl 

1.1 0.25 BRitMAN 70 CNTR 
11.01 C.OOL 70 C.NTR 

0 TOTAL AND CH EX· 6/70 
K-P, 0 TOTAL 10/70 

•••••• ••••••••• •••e•e:••• ••••••••• ••,..•••••• •••o•••c=o ***** ... ** •••••••• 

BUGG 
DAUH 
BRICMAN 
COOL 
LU 

68 PR 166 1466 
68 NP Bl 19 
70 PL 31B 152 
10 PR D1 1887 
70 PR D2 1846 

REFERENCES FOR Y*OI2350J IPROO. EXP.J . -
+GILMORE,KNIGHTt + • CRHEL,BIRM,CAVEI I 
+EP.NEr LAGNAUX 1 SEt:S, STEUER, UDO (CEP.NIJP. 
+FERRO LUZZI, PERREAU,+ ICERN,CAEN,SACLAYI 
+GJACo"HELLI, KYCIAt LEONTIC, LJ, + IBNLI 
+GREENBERG, HUGHESt MINEHART, MORI,+ IYALEI 

COOL 66 PRl 16 1228 
PAPERS NOT REFERRED IN DATA CARDS 
+GIACOMELLI,KYCJA,LEONTICrli,LUNDBY,+ IBNLI I 

SUPERSEDED BY COOL 70, 
L.ASINSKI 71 NP B29 125 T A LAS INSIU CEFI JIJP 

•••••• ••••••••o e•••••••• ••••••••• ••••••••• ••••••••• ••••••••• •o•••••• ....................................................................... 

2585.0 
(2530.01 

(300.01 
1150.01 

J JcQ PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW 1-.T THE START. OF THE Y* LISTINGS. 

7 Y•OI25851 ,MASS IHEVI I PROD. EXP. I 

45.0 
125.0) 

ABRAMS 
LU 

70 CNTR K-P, 0 TOTAL 
70 CNTR 0 GAMMA P TO K+ yo 

1 Y*OI 2585 I WIDTH I MEV I I PROD. EXP. I 

ABRAMS 
LU 

70 CNTR K-P r D TOTAL 
70 CNTR 0 Gt.MMA P TO K+ Y* 

1 Y•OI2565J PARTIAL DECAY MODES !PROD .. EXP.J 

DECAY MASSES 
PI · YOQ( 25851 INTO KHAR N 497+ 939 

Rl 
_ Rl ., 

Rl ., 

7 Y•OI2585J BRANCHING RATIOS IPROO. EXP.I 

Y*O( 2 585 I INTO O<.BAR N I/ TOTAL 
J IS UOT KNOHN. THE FOLLOWING IS IJ+1/21*Pl. 

C 1.01 ABRAMS 70 CNTR 
10.121 l0o121 BRtCMAN 70 CNTR 

RESONANCE AT END OF REGION ANALYZED -- NO CLEAR 

CPU 

K-P, 0 TOTAL 
TOTAL AND CH EX 

SIGNAL. 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••!~"•••• ••••••••• •e•••••• 

ABRAMS 
BRICHAN 
LU 

COOL 

70 PR 10 1917 
70 PL 315 152 
70 PR D2 1846 

66 PRL 16 1228 

REFERENCES FOR Y*OC2585J I PROD. EXP.J 

+COOL, GIACOMELLI, KYCIA, LEONTIC, + CBNLI I 
+FERRO LUZZI, PERREAU,+ ICERN,CAEN,SACLAYI 
+GREENBERG, HUGHES, MINEHART, fo\ORJ,+ IYALEI 

PAPERS NOT REFERRED TO IN DATA CARDS 

+G IACOMELL1 1 KYC I A, LEONTI C, LUNOBY + CBNUI 

•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••,..•• ••••••••• o.o•••••• ••••o• ••••••••• ••••••••• ·••••••••• ,••••••*•• •••••oo•• •••••oo~Cto •••er•••• 

19 SIGMA+ (1189, JP=1/2+1 1"'1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

•••••• ••••••••• •••• ••••• ••••••••• ••••••••• ••••••••• •••••.oooo •••••••• ..................................................................... 
ZO SIGMA-· 11198, JP=1/2+J 1.,1 

SEE STABLE PARTICLE DATA CARD LISTINGS 

•••••• ••••••••• ••••••••• ••••••••• •o••••••• ••••••••• ••••••••• •••••••• ...................................................................... 
21 SIGMAO ( 1193, JP.,.l/2+1 1"'1 

SEE STABLE PARTICLE DATA CARD LISTINGS ..................................................................... 
•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••:c:eo e.oooett"t'. 

" M 
M 

• 

lr:(1385) 1.·3 Y•li13BS, JP•3/2+1 1•1 IP131 
• • FOR DISCUSSION OF INCONSISTENCY OF ERRCRS AND··oUR 

MODIFICATIONS, SEE NOTE ON K*l8921 

FOR THE TABLES WE USE ONLY THE UNSTARRED DATA, WHICH 
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-STATE MASSES AN 
WIDTHS. SEE HOWEVER THE IDEOGRAMS INSERTED IN Ll STING 

THESE INDICATE SERIOUS SYSTE,..ATJCS, PERHAPS ARISING FROM INTERFERENCE E 
FECTS THAT CHANGE WITH PRODUCT ION HE CHAN ISH AND BEAM MOMENTUM. 

it3 Y*1113851 MASS IMEVI 

14111384.01 ALSTON 60 H8C +- K-P 1.15 8E'V/C 
'1385.01 BERGE ti HBC +- K-P .. 4-.65 BEY/C. 

38(1384.01 MARTIN 61 HBC +0 K20 P .98 BEV/C 
c 1392.01 n.oJ COLLEY 62 HLBC -0 PI- PRP 2. BEV/C 
c 1389.01 13.01 8ALTAY 65 HBC +- PBAR P 3.7 BEVIC 
I 1392.01 c 10.01 MUSGUVE 65 HBC +-OPBAR P 3-4 BE VIC 

MD 10611381.01 14.01 CURTIS 63 OSPK 0 PI-P 1.5 BEY/C 

10/70 
1/71 

10/70 
1/71 

10170 
10/70 

7166 
7/66 



'1 
I..J 

•Data Card Listings 
For notation, see key at front of Listings. 

< M+ .. 
M+ 
M+ .. 
M+ .. .. 
M+ 
M+ 
M+ 
M+ 
M+ 
M+ 
M+ 
M+ 

E 154 1376.0 3.9 ELY 61 HLBC + K-P loll BEY/C 
E ERROR OF 3.0 ENLARGED TO 3.9 BY US, BECAUSE LT STATIST-ERR. 10/69 

170 1375.0 3.9 COOPER 61t HBC + K-P 1.45 BEV/C 
859 1381.0 1.6 HUWE b4 HBC + K-P 1.22 BEV/C 
750 1382.0 1.0 ARHENTERO 65 HBC + K-P .9-1.2 BEY/C 

S 250 1382.6 2.1 SMITH 65 HBC + K-P 1.95 BEV/C 
S ·250 1384.3 1.9 SMITH 65 HBC + K-P 1.8 BEV/C 
S ERROR OF 1.4 ENLARGED TO 2.1 BY UStBECAUSE < STATIST.ER. 
S ERROR OF 1.1 ENLARGED TO 1.9 BY US,BECAUSE < STATIST.ER. 
B 40 1383.0 ftoO BIRMINGHA 66 HBC + K-P 3.:5 
B ERROR OF 2.0 ENLARGED TO 4.0 BY US,BECAUSE < STATIST.ERR. 

1378.0 5.0 LONDON 66 HBC + K-P 2.24 BEV/C 
1260 1384o't 1.0 SIEGEL 67 HBC + K-P AT 2.1 GEV/C 

1390.0 6.0 AGUILAR 70 HBC + K-P 4 GEV/SJG.PI 
1384.8 2.0 ATHERTON 71 HBC LAM PI+ + C.C. 

9/66 
9/66 

'10/69. 
. 10/69 

9/67 
10/69 

7166 
10/69 
S/10 

10/71 

H+ AVG 1382. Sf 0.68 AVERAGE fERROR INCLUDES SCALE FACTOR OF 1.31 

M
M
M-
M.... 
M
M-·..... 
M
M
M-
M-

1365 

{SEE IDEOGRAM BELOW I ' 

UEIGHTED RUERRGE = 1382.81 • 0.68 
ERROR SCRLEO BY 1.3 

1405 

·RTHERTON 71 HBC 
·RGUILRR 70 HBC 
·SIEGEL 67 HBC 
·LONDON 66 HBC 
·BIRMINGHR 66 HBC 
·SMITH 65.HBC 
·SMITH 65 HBC 
·RRMEHTERO 65 HBC 

64 HBC 

CHISQ 
1.0 

2.5 
a·.9 
0.0 
0.6 
o.o 
0.7 
1.3 •HUUE 

·COOPER 
·ELY 

64 HBC 4 .0 
61 HLBC __1..&_ 

14.1 
ICONLEU 
=0.1201 1425 

Y•1113B51+ MRSS IMEVl 

93 1382.0 3.0 DAHL. 61 OBC - K-0 o'.45 BEV/C 
224 1376.0 4,4 EL. Y 61 HL.BC -

ERROR OF 3.0 ENLARGED TO 4.4 BY US,SECAUSE < STATIST.ERR. 10/69 
200 1392.0 6. 2 ·COOPER M HSC -

1086 1385.3 1.5 HUWE 64 HBC -
1380 1384.0 1.0 ARHENTERO 65 HBC -

S 120 1391.5 2.6 SMITH 65 HBC - K-P 1.8 BEV/C 9/66 
S 58 1399.8 'toO SMITH 65 HBC - K-P 1 .. 95 BEY/C 9/66 
S ERROR OF 1.8 ENLARGED TO 2.6 BY US,BECAUSE < STATIST.ER. 10/69 
S ERROR OF 1.4 ENLARGED TO 4.0 BY US,BECAUSE < STATIST.ER. 10/69 

1389.0 9.0 LONDON 66 HBC - 7166 
370 1390 .. 7 2.0 SIEGEL 67 HBC - K-P AT 2.1 GEY/C 10/69 

M- AVG 1385.9 1.5 AVERAGE IERROR INCLUDES SCALE FACTOR OF 2.2) 

1365 

f SEE IDEOGRAM BELOW J 

WEIGHTED RVERRGE = 1385.9 • 1.5 
ERROR SCRLED BY 2.2 

. --+-· 
+ 

I 

·SIEGEL 
·LONDON 

-1-- ·SMITH 
·SMITH 

67 HBC 
66 HBC 
65 HBC 
65 HBC 

CHISQ 
5.8 

·RRMEHTERO 65 HBC 

12.1 
4.7 
3.6 

·HUUE 
•COOPER 
·ELY 
·DRHL · 

64 .HBC 0. 2 
64 HBC 1.0 
61 HLBC 5.1 
61 OBC __LL_ 

1425 

34.0 
ICDHLEV 
=0.0001 

Y•1113B51- MRSS CMEVJ 

----- -------- ------ --------- ------- ------ -----... ----

J 

PARTICLE DATA GROUP Review of Particle Properties 5153 

Baryons 
l:(1385) 

co'.oJ 
117. J 
(4.3) 
(2 .. 01 
n.21 

117 .. 21 
(11.01 

9.0 
16.3) 

REDUNDANT 

43 IY .... J - IY•+J MASS DIFFERENCE fHEYJ 

C4.2J 
(1,1 
12.2) 
u.sJ 
(2.1J 
12.01 
19.01 
6.0 

(2 .. 01 
WITH DATA 

ELY 61 HL.BC +- K-P 1.11 BE VIC 
COOPER 64 HBC 
HUWE 64 HBC 
ARMENTERO 65 HBC 
SMITH 65 HBC 
SMI"TH 65 HBC 
LONDON 66 HBC 
LONDON 66 HBC 
SIEGEL 67 HBC 

IN MASS LISTING. 

+- K-P 1.22 SEYIC 
+- K-P .9-1. 2 BEY/( 
+- K-P l.B BEY/C 
+- K-P 1.95 BEY/C 
+- K-P 2.24 BEY/C 
+- LAMBDA 3 PI EVTS 

K-P AT 2.1 GEVIC 

---- ---- ---- --- ----- ----- ------. -------

164.01 
(40.0) 
120.0J 
180.01 
130.01 
126. OJ 
138.0) 

W+ 48.0 
W+ 51.0 
If+ 46.5 
W+ 32.0 
W+ 30.3 
W+ 33.1 
W+ 40 25.0 
W+ 1260 .36.0 

.. ,. 33. 
W+ T 40 20. 

43 Y*lll385J WIDTH (HEY) 

OR lESS 
110.01 
(9.0) 
15.01 
19.0) 

e.o 
10.0 
3.0 
3.0 
3.1 
3.8 
6.0 
3.0 

12.0 .. 

ALSTON 
BERGE 
MRTIN 
COLLEY 
CURTIS 
BAL TAY 
MUSGRAVE 

60 HBC +-
61 HBC +-
61 HSC +0 
62 HLBC -0 
63 OSPK 0 
65 HBC +-
65 "HBC +-0 

ELY . 61 HlBC + 
COOPER 64 HAC + 
HUWE 64 HBC + 
ARMENTERD 65 HBC + 
SMITH 65 HBC + K-P 1.8 BEV/C 
SMITH 65 HBC + K-P 1.95 BEY/C 
BIR14INGHA 66 HBC + K-P 3.5 
SIEGEl 67 HBC K-P AT 2.1 GEV/C 
AGUILAR 70 HSC + K-P 4 GEV/SIG.PI 
ATHERTON 71 HBC LAM PI+ + C.C. 

W+ T FIT S.W. 
V+ R 40 35 .. 

+ PHASE SPACE 
5. 

BCKGRD 
ATHERTON 11· HBC LAM PI+ + C.C. 

W+ R FIT B.W .. .. 
W+ AVG 34.4 

0 

AND NO BCKGRD 

20:4 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.0J 
fSEE IDEOGRAM BELOW J 

WEIGHTED RVERRGE = 35.9 • 2.6 
ERROR SCRLED BY 1.9 

BO. 

·RGUILRR 
·SIEGEL 

70 HBC 
67 HBC 

·BIRMIHGHR 66 HBC 
·SMITH 
·SMITH 

65 HBC 
65 HBC 

·RRMEHTERO 65 HBC 
·HUUE 
·COOPER 
·ELY 

120 

64 HBC 
64 HBC 
61 HLBC 

0;0 
3.3 
0.5 
3.3 
1.7 

12.5 
2.3 

.2.:..L 
25.9 

CCO~LEV 
=0 .0011 

Y•1C1385J+ ~lOTH CMEVI 

w·w-
DAHl.. 61 DBC -, 
ELY 61 HlBC -
COOPER 64 HBC . -
HUWE 64 HBC -
ARMENT ERD 65 HBC -

8/66 
10/69 
8/66 
8/66 
9/66 
9/66 
8/66 
7166 

10/69 

7166 
7166 

9/66 
9/66 
9/67 

10/69 
5170 

10171 

10/71 

··-11-
we 

140.01 
66.0 
s8.o 
62.0 
3B.O 
29.2 
17.1 

)0.0 
10.0 
7.0 
3.0 
s. 7 ... 
4.0 

SMITH 65 HBC - K-P 1.80 8EY/C 9/66 
SMITH 65 HSC - K-P 1.95 BEV/C 9/66 ·-· ·-w- AVG 

370 31.0 SIEGEL 67 HBC "K-P AT·2.1 GEVIC 10/69 

36.3 6.3 AVERAGE IERROR INCLUDES SCALE FACTOR OF 3.51 
I S_EE IDEOGRAM BELOW J 

~EIGHTEO RUERRGE ~ 36.3 • 6.3 
ERROR SCRLED BY 3.5 

Y•1C13B5J- UIDTH CMEVJ 

·SIEGEL 
·SMITH 

67 HBC , 
65 HBC· 

·SMITH 65 HBC: 
·RRMEHTERD 65 HBC 

1.7 
•18 .9 
. 1.5· 
0.3 

·HUUE 
·COOPER 

S~ .HBC 13.5 
64 HBC ·· ·· 26 .. 8 

·ELY 61 HLBC. __lL_!L 

120 

71.7 
ICON LEU 
=0.0001 
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Baryons 
~(1385). ~(1440), ~(1480), ~(1620) 

P1 
PZ 
P3 

43 Y*H 1385) PARTIAL DECAY HODES 

Y•Hll851 INTO lAMBDA PI 
Y*ll1385l INTO SIGMA PI 
Y•H 1385) INTO LAMBDA GAKMA 

DEC'AY MASSES 
1115+ 139 
1197+ 139 
IUS+ 0 

-- ---- --- ---- ------ --~ -- ---- ----

R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 
R1 

43 Y•lCl3851 BRANCHING RATIOS 

Y*l03851 INTO tSIGHA PIIICLAMBDA Pll ' IPZ)/(PlJ 
10.04) 10.041 BASTIEN 61 HBC -
tO. O·H OR LESS ALSTON 62 HBC -a 
a. 09 0.04 HUwE 64 HBC 
0.163 0.035 ARMENTERO 65 HBt 
Q. 08 Q. 06 LONO~ 66 ·HBC + 
0.13 Q.04 PAN 69 HBC 
0.13 0.04 COLLEY 11 OBC 

7/66 
7/66 

PI+ P - K Y PI 12172* 
K-N 1.5 GEV PROD 10171 

IU AVG Q .. l26 0.018 AVERAGE I ERROR INCLUDES SCALE F.ACTOR Of loOJ 
I SEE IDEOGRAM BELOW f 

UEIGHTEO RUERRGE = 0.126 ~ 0.019 
ERROR SCALED BY 1.0 

·COLLEY 
·PRN 
·LONDON 

71 OBC 
69 HBC 
66 HBC 

CHISQ 
0.0 
0.0 
0.6 

·RRMENTERO 65 HBC 1.1 
·HUUE 64 HBC _Q_&__ 

2.5 
ICONLEU 

0.35 =0.6391 

Y•1113B5l INTO ISIGMR Pll/ILRMBOR Pll 

R2 Y*H 1385) INTO LAMBDA GAMMA tP31 
R2 1 lO.l1J 10.111 .MEISNER 1Z HBC 1 EVENT ONLY 

•••••• ••••••••• ••••••••• ••••••n• •••••••o• ••••••••• ***"**** •••••••• 

ALSTON 
BASTIEN 
BERGE 
DAHL 
ELY 
MARTIN 

60 PRL 5 520 
61 PRL 6 702 
61 PRL 6 557 
61 PRL 6 142 
61 PRL 7 461 
61 PRL 6 2B3 

REFERENCES FOR Y*1 I 13851 

+ALVAREZ, EBERHAR0 1 GOOOrGRAZIANO, + C LRLI I 
P BASTIEN,M FERR!rLUZZl ,A H ROSENFELD ILRll 
+BASTIEN,DAHLrFERR!rlUZZirKIRl, + CLRll 
+HORHI TZ 1 1'UlLERr MURRAY ,WHITE CLRL I 
+FUNG 1 Gl DAL, PAN, POWEll ,WHITE tlRll J 
+LEIPUNER,CHlNOWSKY,SHIVELYt + CBNL,YALEI 

ALSTON 62 CERN CONF 311 +ALVAREZ,FEA.RD-LUZZI,ROSENFELD, + CLRLI 
COLLEY 62 PR 128 1930 +GELFANO,NAUENBERG, + ICOLUMBIA,RUTGERSI JP 
CURTIS .63 PR 132 1771 +COFFJN,MEYEA.,TERWILLIGER (MICHl J 
COOPER 64 PL 8 365 . +FJLTHUTH,FRIOMANrMALAMUO, + ICERN,AMSTI 
HUWE 64 UCRL-11291 THESIS D 0 HUWE . ILRU JP 

~LSD 69 PR 180 1824 -D 0 HUWE ILRLJ 

ARMENTER 65 PL 19 75 
SALT AY 65 PR .1 ~0 81027 
MUSGRAVE 65 NC 35 735 
SMITH 65 THESIS IUCLA) 

ARMEHTEROS, + ICERNrHEIDEL,SACLAYI 
+SANOWEISS,TAFT,CULWICK,KOPP, + CYALErBftlJ 
+PETHEZASr+ 181 RH,CERN,EPOL rLOI C, SACLAYJ 
l T SMITH IUCLAI 

8 IRMINGH 66 PR 152 1148 BIRHINGHAH,GLASGOWt I .·c., OXFORDYRUTHERFORD 
LONDCH 66 PR 143 1034 +RAU,SAMIOS,YAMAMOTOrGOLOBERGr+ CBNL,SYRAI J 
SIEGEL · 67 UCRL 18041 THESIS 0 M SIEGEL ILRU 
PAN 69 PRL 23 808 +FORMAN C PENN I I 
AGUILAR 70 PRL 25 58 +BARNES, SASSANO, CHUNG, EISNER,+CBNL,SYRAI 
ATHERTON 11 NP 8.29 477 +CELNJKIER,CLAYTON,FRENCHrFRISKr+ (CERNI 
C.OLLEY 71 NP B31 61. +COX,EASTWOOO,FRY+.. IBIRM+EDIN+GLAS+LOJCI 
MEISNER 72 NC·12A 62 G MEISNER • CU NC GREENSBORO+LBLI 

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO m DATA CARDS. 

MALAMUD 64 PL 10 145 
SHAFER 64 PR 134 81372 

E MALAMUD, P E SCHLEIN 
J 8 SHAFER,, D 0 HUWE 

'ICERN,UCLAI JP 
ILRLJ JP ...... .......... .......... ......... .......... ......... ......... ....... . ...... ......... ........... .......... ......... ......... ......... ....... . 

80 Y*ll1440r JPa PRODUCT ION EXPERIMENTS 

SEE THE MlNJ-REVUE AT THE START OF THE Y* liSTINGS. 

CLINE 68 FIND A NARROW PEAK AT 1440 MEV {JUST ABOVE 
THE KBAR N THRESHOLD) IN THE LAMBDA PI INVARIANT MASS 
FOR K- D TO LAMBDA PI- P EVENTS. THEY DISCUSS ALTER

NATE INTERPRfTATI'oHS --THAT ·IT IS A RESONANCE OR A KINEMATIC EFFECT. 
IN CLINE 68'THE'K- BEAM HOHENTUM IS 0.4 GEV/C. IN A STUDY OF THE SAME 
REACTION WITH A MOMENTUM OF 1·1 GEV/C, ALEXANDER 69 FIND NO PEAK· IN 
AODITJON, THEY ARE ABLE TO EXPLAIN THE RESULTS OF BOTH EXPERIMENTS 
WlTHOUT INVOKING A·NEW RESONANCE. A REANALYSIS OF THE CLINE 68 
DATA MADE BY BUNNEL 70 SHOW AGREEMENT OF THE DATA ~ITH THE 
ALEXANDER 69 INTERPERTATION • ...... ......... .......... ......... ......... .......... ......... ......... . 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR Y*IC 14401 C PROO .. EXP.I 

Cll NE 68 PRL 21 1372 
ALEXANDE 69 PRL 22 483 
BUNNELL 70 LNC 3 224 

0 CLINE, R LAUMANN,· J HAPP 
ALEXANDER, HALL, JEW, + 
+CLJNErlAUKANN,MAPP + 

CWISCONSINJ I 
C LRL ,RIVERSIDE I 
t NWES+Wt SC+ANL J ... ,. ................................................................ . ...... ......... ......... ......... ......... ......... ......... ....... . 

PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THEY* LISTlNGS. 

PEAKS ARE SEEN IN LAMBDA PI AND SIGMA PI SPECTRA IN 
THE REACTION .PI+P TO K+ PI Y AT 1.7 GEVIC. ALSO THE 
Y POLARIZATION OSC.ILLATES IN THE SAME REGION. 

SEE HILLER 70 FOR A DISCUSSION OF THIS STATE. ME StJGGESTS A POS-
SIBLE _ALTERNATE EXPlANATION IN TERMS OF A REFLECTION OF N*l/2(16701 
DECAY TO LAMBDA K. HOWEVER, SUCH AN EXPLANATION FOR THE K+ SIGMA+ PIO 
CHANNEL SEEMS UNLIKELY CSEE PAN 701 IN TEf-.HS OF KNOWN N*3/2Cl6901 
DECAY INTO SIGMA K. IN ADDITION SUCH REFLECTIONS WOULD ALSO HAVE 
TO AC.COUNT FOR THE OSCllLATJON OF THE Y POLARIZATION IN THE 1480 
MASS REGION. 

HANSON 71, WITH FEWER DATA THAN PAN 70, CAN NEITHER C~FlRM NOR 
DENY THE EXISTENCE OF THIS STATE. 

23 Y*liHBOJ MASS CMEVJ CPROD. EXP.I 

1479. 
1465. 

10. 
15. 

PAN 
PAN 

70 HBC + Pl+P TO K PI LAM 3171 
70 HBC + PJ+P TO K PI SIG 3/71 

AVERAGE MEANINGLESS ISCALE FACTOR a 1.01 

23 Y*lC 14801 WIDTH I MEV I I PROD. EXP.J 

31. 
30. 

15. 
zo. 

PAN 
PAN 

70 HBC + Pl+P TO K PI LAM 3/71 
70 HBC + PI+P TO K PI SIG 3/71 

w 
W AVERAGE MEANINGLESS ISCALE FACiOR .- 1.01 

23 Y*lC1480J PARTIAL DECAY HODES tPROD. EXP.J 

P1. 
P2 
P3 

Y•1 ( 14801 INTO KBAR N 
Y*1tl4801 INTO LAMBDA PI 
Y*111480J INTO SIGMA PI 

DECAY MASSES 
497+ 939 

R1 
R1 

AZ 
RZ 

PAN 

1115+ 139 
1189+ 139 

23 Y*Hl48DI BRANCHING RATIOS CPROO. EXP.I 

Y*H1480J INTO (SIGMA PII/CLAMBDA PII IP3JJ(P21 
10 HBC + o.e2 o.s1 PAN 

Y•1Cl4BOJ INTO (PROTON KOBARJICLAKBDA PU · CPUICP2) 
0.36 0.25 PAN 70 HBC + 

REFERENCES FOR Y*1(1480J CPROD. EXP.I 

70 PR 02, 49 +FORHAN,KO,HAGOPI AN, SELOVE 

PAPERS NOT REFERRED TO IN DATA CARDS 

(PENNI 

t PENNI YlJ-ll PA 69 PRL 23 806 
Yu-Lt PA 69 PRL 2.3 808 
MILLER 70 DUKE 229 
HANSON 11 PR 04 1296 

YlJ-ll PANt F L FORHAN 
YU-Ll PANt F l FORMAN 
D H HILLER (REVIEW TALKI 
r KALMUS, lOUt E 

C PENNJ 
(PURDUE I 

ILBU 1 .................................................................... ...................................................................... 
Note on E(i620) 

3/71 

3/11 

This state was first suggested by the BNL-CCNY 

collaboration (CRENNELL 68) who presented evidence' 

for it in the reaction K-n- E(i62o/,.•n- with E(i620):!: 

decaying into A~±. Since then there have been con-' 

flicting reports about this state. A good review of the 

production experiments has been recently given by 

MILLER 70. We summarize here the situation . 

For~ation Experiments. Several partial-wave 

analyses have found evidence for one or two fairly 

narrow (r- 50 MeV) I.= i, J = 1/2 states within 

- 50 MeV of the effect seen in production. It is not 

clear at present how many such states really exist. 

No one has reported a strong coupling of any of these 

states to RN, but there is much ~disagreement about 
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. Data Card Listings 
For notation, see key at front of Listings. 

' branching ratios into Arr and l:rr. We summarize 

below the results of several recent partial-wave 

analyses (see the note on f•s for a discussion of 

the n:ethods of analysis). 

S 11 : Both KIM 71 and LANGBEIN 72 report an 

S 11 state near 1620 MeV with r- 50 MeV, but 

KIM 71 finds· Arr to ·be the dominant two-body decay 

mode while LANGBEIN 72 finds the I:rr mode dom

inant. ARMENTEROS 70 report no s
11 

state in any 

channel in this mass region. VAN HORN 72· finds a 

66-MeV -wide . s11 state at 1697 MeV in his energy

dependent fits to the Arr channel, and a 50~MeV -wide 

state· at 1655 MeV in five out of seven of his Barrelet 

ambiguous solutions. 

P 11 :' A 50-MeV-wide P 11 state in the 1500-1600 

MeV mass region of the I:rr channel was re·ported by 

ARMENTEROS 70 with no c~rresponding effect in 

Arr and KN. KIM 71 claims a P 11 state at 1670 MeV 

with r = 50 MeV, a dominant I:rr two-body decay mode, 

and vanishing coupling to Arr. LANGBEIN 72 reports 

no P 11 resonance. VAN HORN 72 saw a very broad, 

r = 230 MeV, P 11 resonance at 1668 MeV in his 

energy-dependent ·fits to the A rr channel, but a fairly 

narrow, r = 60 MeV, resonance at about the same 

mass in all of his Barrelet ambiguous solutions. 

Production experiments. Here the evidence is 

only in the Atr channel. The BNL-CCNY collaboration, 

with increased data, CRENNELL 69, still claim the 

effect in the A tr channel (no evidence seen in KN or 

KNtr). SABRE 70 studied the same reaction at 3.0 

GeV/c with comparable statistics and do not see any 

evidence for it in the Atr channel; on the contrary, 

they believe it to be a spurious peak resulting from 

misidentified ·I:
0 

from the production of i(1670) de

caying into I:
0

tr+. CRENNELL 69 give counter argu

ments to show that this is not the case in their data 

and the controversy goes on. AMMANN 70 studied 

the same reaction at 4. 5 GeV / c and report a state at 

1640 MeV, again decaying only into AT! (no evidence 

seen in I:T! or KN channels). The closeness of this 

mass to 1670 MeV is suggestive that this effect may be 

related to what goes on in that region (see discussion 

below). 

In conclusion, for I:(1620) we have to wait for 

more data and fo:: a complete. understanding of the 

entire mass region 1600 to 1700. MeV. The hope is 

u ·' "') 

PARTICLE DATA GROUP Review of Particle Properties SlSS 

Baryons 
L(1620) 

that the determination of quantum numbers for each 

of these effects for each decay mode may eventually 

clarify the situation. 

I L(1620) I 
) 

32 Y*l( l620r JPcl/2-J 1•1 

THE Sll STATE AT 1697 MEV REPORTED &Y VANHORN72 IS INTERMEDIATE IN 
MASS BETWEEN THE SIGMAC1620J AND SlGHAI17501. WE TENTATIVELY liST IT 
UNDER SIGMA( 17501. 

( 1620.1 
1630.0 

32 Y*lll6201 MASS CHEVJ 

KIM 71 OPHA 
( lO.OJ LANGBEIN 72 I PHA 

32 Y*lC 16201 WIDTH (HEVJ 

K-HATRIX ANAL. 
HUL TICHANNEL 

3171 
12172• 

(40.1 
65.0 

KIH 71 OPWA K-MATRIX ANAL. 3/11 
(20.01 LANGBEIN 72 IPWA HUL TICHANNEL 12172• 

Pl 
P2 
P3 

Rl 
Rl 
Rl A 
Rl 
Rl A 

R2 
R2 
R2 

R3 
R3 

32 Y*lll620J PARTIAL DECAY HODES 

Y*lll620J INTO KBAR N 
Y*l I 16201 INTO SIGMA PI 
Y*111620J INTO LAMBDA PI 

32 Y*li1620J BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 134 

Y*ll 16201 INTO KBAR N CPU 
10.051 KIM 11 DPHA K-MATRJX ANAL~ 
0.05 OR LESS WONG 11 DPWA K-+P--LAM+PI 
0.22 (0.021 LANGBEIN '72 JPWA MUlTICHANNEL 

K-HATRIX FITINEGLECTS 3-BODY CHANNELS) REQUIRES NO RESONANCE 

Y*lC1620J FROM KBAR N TO SIGMA PI SQRTIP1*P21 
(O.OBJ KIM 11 DPWA K-~ATRJX ANAL. 
0.40 (0.061 LANGBEIN 12 IPWA MULTICHANNEL 

Y*li1620J FROH KBAR N TO LAMBDA PI 
(0.151 KIM • 71 OPWA 

SORTIP1*P31 
K-HATRJX ANAL. 

KIM 71 PRL 27 356 

' REFERENCES FOR Y*111620J 

J K KIM I HARVIIJP 
I HARVJ JJP, 
IYALEJIJP 
I HPJ HI IJP 

AlSO 70 DUKE 161 
WONG 71 NC 2A ~53 
LANGBEIN 12 NP B47 417 

J. K. KIM 
N S WONG 
+WAGNER 

PAPERS NOT REFERRED TO IN DATA CARDS 

VANHORN 72 LBL-13701THESJSJ /LBL IJP 

..................................................................... 
IL(1620) I 

) 
79 Y>ltlb20. JP•l/2+1 1•1 I P1tl 
SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS. 

THE PARTIAL-WAVE ANALYSIS OF K- N TO SIGMA PI BY 

w 
W· 
w • 

Pl 
P2 
P3 

ARHENTEROS 70 SUGGESTS SUCH A RESONANCE. KIM 11 FINDS 
A SIGNAL IN 80TH KBAR-N AND SIGMA Pl. 

79 Y*U16201 MASS UtEVJ 

1500. -- 1600. 
( 1670.1 

1668. (.25) 

'ARMENTERO 70 HOBC -0 K-N TO SIGMA PI 
KIH 71 OPWA K-MATRIX ANAL .. 
VANHORN 72 DPWA 0 K- P TO LAM PIO 

79 Y*ll16201 WIDTH IHEYI 

'ISO. OJ 
150.1 
230. H65.J (60.) 

ARHENTERO 70 HOSC -0 K-N TO SIGMA PI 
KU4 71 OPWA K-HATRIX ANAL. 
VANHOA.tl 12 OPWA 0 K- P TO LAM P 10 

79 Y*li1620J PARTIAL DECAY MODES 

Y*ll 16201 INTO KBAR N 
Y$1116201 INTO SIGMA PI 
Y*U 16201 INTO LAMBDA P 1 

79 Y*lll6201 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 
1115+ 139 

Y*ll16201 FROM KSAR N TO SIGMA PI SQRHP1•P2J 

3171 
10171 
12172• 
10171 

3171 
12172• 

3171 

6170 
3171 
2173• 

6170 
3/11 
2173* 

Rl 
Rl 
Rl 

C+O.ZJ ARMENTERO 70 HOSC -0 K-N TO SIGMA Pl 6/70 

R2 
R2 

(0.21t) KIM 11 OPWA K-MATRIX ANAL. 3/71 

Y*lC 1620J INTO KBAR N 
(0.14) KIM 

(Pll 
71 OPWA K-MATRIX ANAL. 3/71 
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Baryons 
l:(1620), l:(1670) 

Y*ll 16201 FROM KBAR N TO LAMBDA PI SQRHPl*P.3J R3 
R3 
R3 

10.0) KIM 7l OPWA K-HATRJX ANAL. 2173* 
.12 C .12} 1 .. 04) VANHORN 12 OPWA 0 K- P TO LAH PIO 2173* 

......................................................... 
REFERENCES FOR Y*lU620) 

ARMENTER 70 DUKE 123 ARMENTEROS, BAJLLON, + 
J K KIM 

(CERN, HE IDEU IJP 
(HARV)JJP 
(HARVIIJP 

/LBL"IJP 

KIM 71 PRL 27 356 
ALSO 70 DUKE 161 J,. K. KIM 

VANHORN 72 LBL-13701THES1SI 

................................................... ••••••*** ....... . ...... ......... ......... ......... ......... ......... ......... ....... . 

M 
M 
M 
M 
M 
M 
M 

18 Y*'Ul62Q, JP• PRODUCTION EXPERIMENTS 

SEE THE MINI-REVUE AT THE START OF THE Y* LISTINGS, 

THIS RESONANCE NEEDS CONFIMATION. THE RESULTS OF 
CRENNELL 69 AT 3.9 GEV/C ARE NOT CONFIRMED BY THE SABRE 

COLLABORATJON AT 3.D GEV/t ISABRE 701. HOWEVER IN AN EXPERIMENT AT 
4.5 GEV/C, AHMANN 70 SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF 
BRANCHING RATIOS THEY DO NOT ASSOCIATE WITH THE Y•li167DJ. SEE MILLER 
7D FOR A REVIEW OF THESE CONFLICTS. 

THERE WAS AN INDICATION OF A Y•1116101 IN AN EARLY PHASE-SHIFT 
ANALYSIS OF K-P TO LAMBDA PJ. HOWEVER MORE DETAILED ANALYSIS OF 
MORE EXTENSIVE DATA BY THE SAME (CERN, HEI"DELBERG. SACLAYI GROUP 
FAILED TO CONFIRM THIS RESULT. THEY NOW SEE IT IN THE SIGMA PI 
CHANNEL ISEE PREVIOUS ENTRYI. IOLO LAMBDA Pl ANALYSIS LISTED AS 
ARMEHTEROS 6B. NEW ANALYSIS AS ARHENTEROS 7D.I 

78 Y•1U62DI MASS IHEVI IPRQD. EXP.J 

11616.01 (8.01 CRENNELl 68 OBC +- K-D 3.9 BEV/C 
EVENTS OF CRENNELL 68 ARE IN THE LARGER SAMPLE OF CRENNELL 69. 

20 1618.0 3.D BLUHENFEL 69 HBC + KO LONG+ PROTON 
1619.0 8.0 CRENNELL 69 OBC +- K-N TO LAM 3 PI 
1642.0 12.0 AMMANN 70 DBC K-P 4.5 GEV/C 

AVG 1619.4 3o8 AVatA"GE I ERROR INCLUDES SCALE FACTOR OF .1.41 

18 Y•111620J WIDTH IMEVJ (PROD. EXP.I 

11/68 

9/69 
9/69 
6/70 

(66.0) ( 16.01 
10.0 
22.0 

CRENNELL 68 DBC +- SEE NOTE N ABOVE 11/68 
2D 3D. 0 

72.0 
ss.o 

BLUMENFE L 69 HBC + 9/69 
15.0 CRENNELL 69 DBC 9/69 

• 24.D AMMANN 7D DBC K-P 4.5 GEY/C 6/1D 

Pl 
P2 
P3 
P4 
PS 
Pb 

Rl 
Rl 

R2 
R2 
R2 

R3 

•• 
•• •• •• 
RS 
RS 

•• •• 

AVG 41o3 12.2 AVERAGE !ERROR INCLUDES SCALE FACTOR OF J.SJ 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

7B Y*U1620J PARTIAL DECAY MODES IPROQ. EXP.J 

DECAY MASSES 
Y•1116201 INTO KBAR N 497+ 939 
Y•H 16201 INTO LAMBDA PI 1115+ 139 
Y•lll62DI INTO v-ou 13B5J PI 13B4+ 139 
Y•IC 16201 INTO LAMBDA PI PI 1115+ 139+ 139 
Y•H 16201 INTO SIGMA PI 1197+ 139 
Y•H 16201 INTq Y•Oll405) PI 1405+ 139 

7B Y•1116201 BRANCHING RATIOS IPROD. EXP.I 

Y•ll16201 INTO I LAMBDA PI PI )!(LAMBDA PJJ IP4J/IP31 
14 12.5J APPROX BLUHENFEL 69 HBC + 

Y•111620J INTO IKBAR NJIILAHBOA PJJ 1Pli/IP21 
IO.OJ IQ.U CRENNELL 68 DBC + 
0.4 O • .tt AHMANN 70 DBC K-P 4 .. 5 GEV/C 

Y•li1620J INTO .LAMBDA PI 
LARGE CRENNELL 68 OBC 

IP21 

Y•1116201 INTO tv•tc13B5J PIJIILAMBOA Pll IP31/IP21 
!0.21 ID.ll CRENNELL 68 OBC 
10.31 OR LESS CL ... 95 AMMANN 70 DBC K-P 4.5 GEV/C 

Y*lll620J INTri ISIGHA Pli/ILAHBDA PJJ 
(1.11(95 PC UPPER LIHITI AMMANN 

Y•1116201. INTO IY•Dt14051 PIJIILAHBDA Pll 

10 OBC 

O. 7 D.4 AHMANN 70 DBC 

CP51/CP21 
K-P 4.5 GEVIC 

IP61/C P21 
K-P 4.5 GEV/C 

REFERENCES FOR Y•lll6201 I PROO. EXP.J 

CRENNELL 68 PRL 21 648 +DELANEY. FLAMJNIO. KARSHON, + I BNL,CUHYI 
IBNll 

I BNL, CUNY I 
BLUMENFE 69 PL 298 58 BLUMENFELD, KALBFLEISCH 
CRENNELL 69 LUND PAPER 183 +KARSHONt LAit ONEILt SCARR. + 

RESULTS ARE QUOTED IN LEVI SETTI 69. 

AHMANN 70 PRL 24 327 

ARMENTER 68 NP 88 183 
LEVISETT 69 LUND CIJ'4F 
TRIPP 69 UCRL 19361 
ARHENTER 10 DUKE 123 
MILLER 7D DUKE 229 
SABRE 7D NP 816 201 

+ GARF INKElt CARMONY, GUTAY,+ IPURDUE.INOJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

ARHENTEROS • BAILLON + I CERN+HEI O+SACL J 
R LEVI SETTJ IRAPPORTEURJ EFJNS 
R D TRIPP ILRU 
ARHENTEROS,BAILLON + tcERN+HEIO+SACLI 
D H- MILLER I REVIEW TALKI , I PURDUE I 
SABRE COLLAB. ISACL,AMST,BGNA,REHO.EPOLJ .................. ~ .......................... . 

6170 

11/68 

ll/6B 
617D 

6/70 

6110 

Data Card Listings. 
For notation, see key at front of Listings. 

Note on I:(1670) 

Formation experiments show the presence of 

only one I = 1 state in this energy region with major 

decay modes into KN (7-10o/o), ATr (l0-15o/o), I:Tr (30-

50%), I;TrTf (5-15%), ;1nd some ATrTr (the experimental 

situation here is unclear). Its quantum numbers are 

Jp = 3/2-. 

Production experiments are more confused. 

When determined, the most likely quantum numbers 

are also 3/2-(for I:Tr andA(1405)Tr]. The measured 

branching ratio R = I:Tr/I:TrTf changes with the momen

tum transfer to the proton. This was first observed 

by EBERHARD 69 who suggested the existence of 

2 Y 1 *with the same mass and quantum numbers; one 

object with a large I:TrTf (mainly A(1405)Tf] decay mode 

produced peripherally, and another one with a large 

I:Tr decay mode produced at larger angles. This ob

servation has now been confirmed by AGUILAR

BENITEZ 70 

The other difficulty comes from the different 

A Tr/I: Tf branching ratios reported by the various 

experiments. Those experiments done with K 

beams below 2 GeV /c (HUWE 64 and BUTTON

SHAFER 68) report values for the A rr/I: rr ratio in 

agreement with formation experiments; the others 

report a higher A rr/I: rr ratio. Therefore, the 

possibility of a third Y 1 *.state, referred to as I:(1690) 

in the Data Card Listings, with a large A Tr/I:Tr 

branching ratio still exists. This large branching 

ratio is the main justification for this hypothesis 

and needs confirmation. It relies on the separation 

betweenK-p-+ ATf+TT- andK-p-+ I: 0 rr+Tr-, whichis· 

experimentally diffic~t at high energy. These 

problems are reviewed by MILLER 70. 

Two resonances of the same spin and parity have 

been hypothesized by EBERHARD 69 as the origin of 

much of the complexity observed in the 1600 to 1700 

MeV region in production experiments. See also 

the note on I:(1620). 

SEE THE MINI-REVUE AT THE START OF THE Y• LISTINGS. 

SEE NOTE ABOVE 

WELL ESTABLISHED RESONANCE. Ii HAS BEEN SEEN IN BOTH 
FORMATION AND PRODUCTION EXPERIMENTS. HOWEVER THE 
BRANCHING RATIOS OBTAINED BY THESE TWO METHODS SHOW 
LARGE IUCONSJSTENCIES. 

SEE LISTlNG OF PRODUCTION EXPERlHENTS BELOW 

AS FOR THE QUANTUM NUMBERS, THE ANALYSES OF LAMBOI\ PI CHANNF.L IJN 
FORHA~JON EXP .. J AS WELL AS THE SlGHA Pl CHANNEL AGREE ON JP .. 3/2-4 



.Data Card Listings 

' 1 •.J 
/ 

,J 

For notation, see key at front of Listings:. 

.. Y•l( 16701 MASS IMEVJ 

H 1660.0 BERLEY 6lt HBC 0 K-P TO LAM PIO 
H 1668. (5.) ARHENTER 68 HBC 0 K-P ELAS. +CH. EX 
H 11661.0) 12.01 ARMENTE2 68 HBC 0 K-P TO SIGMA PI 
H 1680. ARHENTE4 69 OBC K-N TO SlG- PIO 
H 1663.0 12.0) ARHENT-5 69 HBC 0 K-P TO SIGMPJ ED 
H 1672.0 BERLEY 69 HBC K-P TO SIG PI 
H 1660. ARHENTER 10 HBC 0 K-P TO LAM. PI El 
H 1681.0 (3.0) BRUCKER 10 OBC - K-N TO SIG 2P I 
H 1662.0 15.01 GALTIERJ 70 HBC 0 SIG PirEDPWA 
H 1665. I 10.1 GALliER I 70 HBC 0 LAM. Pit EOPWA 

7/66 
11/68 
11/68 
12/68 
9/69 
S/70 
5170 

10/71 
7170 
1170 

H 1676. 12.) BUOGEN 71 OPWA LAM PIOrCHS DATA 10171 
H 
H 
H 

• • • • • • • • • • • • 

PI 
PZ 
P3 
P4 
P5 
Pb 
P7 

1670. KIH 11 OPWA 
1675.0 ()5.QJ. lANGBElN 12 JPWA' 
1659. 112. I cs., VANHORN 72 DPWA 

44 Y•Ul6701 WIDTH IMEVJ 

60.0 BERLEY 64 HBC ... tlB. I ARMENTER 68 HBC 
144.01 (4.01 ARMENTE2 6B HBC 
47.0 ARMENTE4 69 DBC 
49.0 14.01 ARHENT-5 69 HBC 
34.0 BERLEY 69 HBC 
so • . ARMENTER 70 HBC 
30.0 ( 10.01 BRUCKER 70 DBC 
4B.O 15-01 GALTIERI 70 HBC 
so • 110.1 GALTIERI 70 HBC 
59 • (4.51 BUDGEN 71 DPWA 
40 • KIH 11 DPWA 
65.0 120.01 LANGBEIN 12 IPWA 
32 • Ill. I VANHORN 72 DPWA 

44 Y*ll16701 PARTIAL DECAY MODES 

Y*ll 16701 INTO KBAR N 
Y*ll 16701 INTO LAMBDA PI 
Y•l I 16701 INTO SIGMA PI 
Y*ll 16701 INTO LAMBDA PI PI 
Y*ll16701 INTO SIGMA PI PI 
Y*H 16701 INTO Y*ll 138SI PI 
Y•lll6701 INTO Y•OI 140Sl PI 

K-MATRJX ANAL. 
MULTICHANNEL 

0 K- P TO LAM PlO 

.0 

-

0 K-P ELAS.+CH.EX 
0 K-P TO SIGMA PI 

K-N TO SIG- PIO 
0 K-P TO SIGMPI ED 

0 K-P TO LAMB. PI 
K-N TO SIG 2PI 

0 SIG Pl,EOPWA 
0 LAM. PI, EDPWA 

LAM PIO 
K-MATRIX ANAL. 
MULTICHANNEL 

0 K- P TO LAM PIO 

DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139 
1115+ 139+ 139 
1197+ 139+ 139 
f3B4+ 139 
1405+ 139 

---- ------ ----- ------ ------- __ ..:_ ____ -------- -------
44 Y*lll6701 BRANCHING RATIOS 

Y•H 1670) INTO IKBAR NJITOTAL IPll 

.3171 
12172• 

2173• 

7/66 
11/6B 
11/6B 
1216B 
9/69 
5170 
5170 

10/71 
7170 
7170 

10171 
3171 

12172• 
2173• 

Rl 
Rl 
Rl 
Rl 
Rl 

10.091 10.021 
o. OB 10.021 

ARHENTER 
ARHENT-5 
KIH 

68 HBC 
69 HBC 
71 DPWA 
72 IPWA 

9/69 
0 ELAS. +CH.EX. ED 9/69 

0.07 K-MATRIX ANAlo 3171 
0-10 10.031 LANG BE IN MUL TICHAN~EL 12172* 

Y•Ul6701 INTO ILAMBDA PI PJIITOTAL CP41 RZ 
RZ 10.111 OR LESS ARMENTE3 68 HBC K-P 1Ploo091 9/69 

Y*lll6701 INTO ISIGHA PI PII/TOTAL CPSI R3 
R3 
R3 

10.141 OR LESS ARMENTE3 68 HBC K-P AND 'D_-P1•.09 11/68 
RATIO ONLY FOR ISIG2Pll SYSTEM IN Ja11 WHICH CANNOT BE Y*1tl3851 11/6B 

Y*lll6701 INTO IY•OU4051 PI I /TOTAL (P71 •• R4 (0.061 OR LESS ARHENTE3 68 HBC K-P AND O-P1o.09 11/6B 

R5 
R5 
RS 
RS 
RS 
R5 
R5 

•• •• •• •• •• •• •• •• 

Y•li1~70J FROM KBAR N TO LAMBDA PI SQRT I Pl*P2 I 
+Ool ARMENTER 70HBC K-P TO LAHB PI 
+0.09 (0.021 GALTJERI 70 HBC 0 LAM. PI, EOPWA 

.165 ( .ou BUDGEN 71 DPWA LAM PIO 
o.o8 KIH 71 DPWA K-MATRIX ANAL. 
0.13 10.031 LANG BE IN 72 I PWA MULTICHANNEL 
+.09 1.02) VANHORN 72 OPWA 0 K- P TO lAM PIO 

Y*ll 16701 FROM KBAR N TO SIGMA PI SQRT(PJOP31 
(+Q.21J IO.OU ARMENTE2 68 HBC 0 OLD DATA 
+0.19 ARMENTE4 69 OBC 
+0. 20 to.ou ARMENT-S 69 HBC 0 NEW DATA 
+0.18 BERLEY 69 HBC 
•0.18 10.061 GALTIERI 70 HBC 0 SIG PJ,EOPWA 
0.15 KIH 71 OPWA K-HATRI X ANAL. 
0.23 (0.051 LANGBEIN 72 lPWA HUL TICHANNEL 

Y•H 16701 FROM KBAR N TO Y*H 13851 PI SQRTlP1*P61 

5170 
1170 

10171 
3171 

12172• 
2173•' 

11/68 
9/69 
9/69 
5170 
1170 
3111 

12172• 

R7 
R7 
R7 

10.171 10.021 . SIMS 68 OBC - LAM 2PI CROS.SEC 10/71 
SIMS 68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER LlHIT ONLY 3172 

Y*lll670J INTO IY•OU4051Pil*IKBAR NIITOTAL**2 IP7*Pll •• •• •• •• 
10.031 OR lESS BERLEV 69 HBC 0 K-P .6-.82 BEV/C 5170 

B 0.001 (0.0021 BRUCKER 70 OBC - K-N TO SlG 2PI 10/11 
8 ASSUMING Y*Oil405J PI CROSS SECTION BUMP DUE SOLEY TO 3/2- RESON. 10171 

R9 Y*lll6701 INTO CY•Oil4051 Pli/IY*lll385J PIJ IP71/(P6J 
R9 0.23 10 •. 081 BRUCKER 70 08C - K-N TO SIG 2Pl ................................................... ·······- ....... . 
BERLEY 64 OUBNA.CONF I 565 

ARMENTER 68 NP B8 19S 
ARMENTEl 6B NP 88 183 ' 
ARMENTE2 68 NP 88 223 
ARMENTE3 68 PL 2BB 521 
SIMS 68 PRL 21 1413 

ARMENTE4 69 NP BID 459 
ARMENT-5. 69 NP B14 91 
BERLEY 69 PL 308 430 

ARMENTER 70 DUKE 123 
6RUC.KER 70 DUKE ISS 
GALT JERI 70 DUKE 173 
BUDGEN 11 LNC 2 BS 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 477 
VANHORN 72 LBL-13701THESISJ 

REFERENCES FOR Y*lU670J 

+CONNOLLY,HART tRAHM, STONEHILL, + IBNU IJP 

ARMENTEROS,BAILLON + · ICERN+HEIO+SACLAYIIJP 
ARMENTERQS,BAILLON + CCERN+HEID+SACLAYJJJP 
ARHENTEROS+BAILLON + 'ICERN+HEID+SACLAVJIJP 
ARHENTEROSoBAILLON +" CCERN+HEID+SACLAYII 
SI MS 1 ALBRIGHT, BART LEY ,ME ER+ I FSU, TUFT, BRAN I 

ARMENTEROS,BAILLON,MlNTEN + ICERN+SACLAVI J 
ARMENTEROS, BA ILLON, + lCERN, HE JOEL, SA CLAY JI JP 
BERlEY ,HART, RAHM, WILLIS, YAMAMOTO (8NL J 

ARKENTEROS, BAtlLON, + lCERN,HElDI 
+HARRISON, SIMS ,ALBRIGHT 1 CHANDLER++ I FSUJ 1 
A. BARBARO GALTIERI (LRL)IJP 
0 BUDGEN I OURHJ IJP 
J K KIM ( HARYliJP 
J. K. KIM (HARYliJP 
+WAGNER I MPIMJ IJP 

/l.BL :tJP 

10171 

, ' 'd .... ~ 
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Baryons 
~(1670) 

PAPERS NOT REFERRED TO IN DATA CARDS 

BASTIEN! 63 PRL 10 188 P l BASTIEN, J P BERGE ILRLI IJ 
REPLACED BY BASTIEN 2, BUT SHULAR AND MORE READILY AVAILABLE. 

BASTIEN2 63 UCRl-10779 THESIS P L BASTIEN (LRLJ IJ 
T-1AOEH 63 PRL 11 470 TAHER-ZAOEHIPROWSE,SCHLEIN 1 SLATER,+ (UCLA) JP 

SEE NOTE FOLlOWING SCHLEIN 66. 
SCHLEIN 66 UCLA-1016 P.E. SCHLEIN, T.G. TRIPPE WCLAJ JP 

REANALYSES DATA OF TAHER-1ADEH 63 , BASTIEN 63 AND ALL PUBLISHED 
LAMBDA P 1 CROSS SECT ION OAT A IN THE L1 GHT OF THE NOW KNOWN 
Y*lll7651 • REVERSES THE MODEL-DEPENDENT CONCLUSION OF TAHER-
ZAOEH ON THE PREFERRED JP ASSIGNMENT I FROM 3 2+ 'TO 3 I 2-1. J 

SMART 66 PRL 17 556 W H SHART,A KERNANoG E KALMUStR P ELY ILRLIIJP 
ARMENTER 67 NP B3 592 ARMENTEROS,FEP.RO-LUZZI+ ICERN,HEI0 1SACLAYI 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATICW ICERN+HEJO+SACLI 

/ . 
•••••• ••••••••• ••••••••• ••••••••• ••••••••• ••o•••••• ••••••••~~> ••••••e• ...... ••••••••• ••e•••••• ••••••••• ••••••••• ••••••••• •••••••c-• •••••*'*~ 

PRODUCT ION EXPERIMENTS 

SEE NOTE PRECEDING Y*l 116701 
PROBABLY THERE ARE TWO .STATES Al SAME MASS WITH SAME 
QUANTUM NUMBERS, ONE DECAYING INTO SIGMA PI AND LAMBDA 
PI 1 THE OTHER INTO Y•O(l40S1 Plo BRANCHING RATIOS NOT 
DISENTANGLED YETr WE LIST THEM TOGETHER FOR NOW. 

51 Y*ltl670l MASS tHE VI (PROD. EXP. J 

11685.01 ALEXANDER 62 HBC -0 PI-P 2-2.2 BEV/C 
1660.0 10.0 ALVAREZ 63 HBC + K-P 1.51 BEV/C 

11665.01 (5.01 8UGG 68 CNTR K-P, D TOTAL C.S 
7011661. I t9.J PRIMER 68 HSC + K-P 4.6-5. GEV/C 7/68 

SEE BARNES 69 FOR NEW ANALYSIS OF DATA (3 TIMES MORE DATAl 10/69 
1670.0 6.0 AGUILAR 70 HBC S IG.Pl K-P 4 GEV 5170 
1668.0 10.0 AGUILAR 70 HBC SIG.2Pl K-P 4GEV 5170 

AVERAGE MEANINGlESS CSCALE FACTOR= 1.01 

---- ------ -------- ------ ------ __ _. ____ ----:---- --------. 
51 .Y*lll6701 MASS tHEVI IPRCOo EXPol 

(45.01 ALEXANDER 62 HBC -0 
40.0 10.0 ALVAREZ 63 HBC + 

130.01 tl5.0J BUGG 68 CNTR 11/66 
10 (60.1 120.1 PRIMER 68 HBC + K-P 4.6-S. GEV/C 7/6B 

SEE THE NOTES ACCOMPANYING THE MASSES .QUOTED. .. 
110.0 12.0 AGUILAR 70 HBC SIG.PI K-P 4 GEV 5170 
135.0 40.0 30.0 AGUILAR 70 HBC SIG.2PJ K-P 4GEV 5170 

AVERAGE.MEANt~G~ESs" (ScALE FACTOR • 3.41 

PI 
PZ 
P3 
P4 
P5 
Pb 
P7 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

R2 
RZ 
RZ 
R2 
RZ 
RZ 
RZ 
RZ 
RZ 
R2 

51 Y*lll6701 PARTIAL DECAY HODES (PROD. EXP.J 

Y*l I 16701 INTO KBAR N 
Y*ll 1670J· INTO LAMBDA PI 
Y*lt 16701 INTO SIGMA PI 
Y*l I 16701 INTO LAMBDA P J PI 
Y*ll1670l INTO SIGMA PI PI 
Y*lll6701 INTO Y•li13B5J PI 
Y*lll670J INTO Y•O( 14051 PI 

DECAY MASSES 
497+ 939 

IllS+ 139 
1197+ 139 
1115+ 139+ 139 
1197+ 139+ 139 
1384+ 139 
1405+ 139 

51 Y*li1670J BRANCHING RAT I OS (PROD. EXP. J 

Y*Ul6701 INTO IKBAR NJ/CSIGMA Pll 
0 (0.191 OR LESS ALVAREZ 

(Q.SJ- .2S OR MORE SMITH 
(0.61 OR LESS LONDON 
(0.0251 BUGG 
10.24) OR LESS PRIMER 
(0.261 OR lESS BARNES 
10.21 OR LESS AGUILAR 

(PlJ/( P31 
63 HBC + K--P 1.15 BEV/C 
63 HBC -0 
66 HBC + K-P 2.25 BEV/C 
68 CNTR 0 ASSUMING J .. 3/2 
68 HBC + K-P 4.6-5. GEV/C 
69 HBC + K-P 3.9-5 GEV/C 
70 HBC 

Y•lll6701 INTO ILAHB.PII/ISIG Pll IP2UtP3) 
130 tlo20J ALVAREZ 63 Hst + K-P 1.15 8EV/C 

11.21 SMITH 63 HBC -0 
Oo15 0.07 HUWE 64 HBC + 

7/66 
11/66 
7/68 

10/69 
5170 

0.6 OR LESS LONDON 66 HBC + K-P 2.25 BEV/C. 7/66 
33 0.11 0.06' BUTTON-S 68 HBC + K-P AT 1. 7 GEV/C 10/69 

0 (0. J PRIMER 68 HBC + K-P 3.9 .. 5 GEV/C 10/69 
PRIMER 68 ASSUMED THIS DECAY TO BE All Y•I1690J- SEE BARNES 69 FOR 
NEW INTERPRATATION OF DATA.(3 TIMES MORE DATAl -

.0.45 0.15 BARNES 69 HBC + K-P 3.9-S GEV/C 10/69 
R2 o o • •• • ••• 

R2 AVERAGE MEANINGLESS ISCALE FACTOR= ~ .. 51 

.., 
R3 
R3 
R3 

R4 

•• 
R5 
RS 
R5 P 

•• •• •• •• 
R7 
R7 

•• •• 
•• •• 

Y*ll16701 INTO (LAMB .. PI PIJIISIG PII 
90 10.561 ALVAREZ 

(0.171 SMITH 
CO. 61 OR_ LESS lONDON 

63 HBC 
63 HBC 
66 HBC 

(P4111P3) 
+ K-P 1.15 BEV/C 
-o 
+ K-P AT 2.2S BEV/C 7/66 

Y•lll670J INTO ISIGHA PI PIIICSIG PII IPSJ/CP3J 
180 (0.561 ALVAREZ 63 HBC + K-P loiS BEV/C 

Y•lll670J INTO IY*Oil40SJ PI J II SlG P.I I 
50 3. 1.6 LONDON 66 HBC 
11 (0.581 10.201 PRIMER 68 HBC 

Y*li1670J INTO !SIGMA PlJI(SlGMA PI Pll 
~ o4 OR LESS BIRMINGHA 66 HBC 

0.30 0.15 LONDON 66 HBC 
BETWEEN 2.5 AND 0.24 EBERHARD 69 HBC 
DEPENDING ON THE PRODUCT ION ANGLE 

Y*lll670J INTO tY•Oil405J PlJ/ISIGHA PI PIJ 
0.90 0.10 0.16 EBERHARD 65 HBC 

Y•UI6701 INTO tY•OU4051 PJJ/IY*111385J PJI 
I O. 8 I OR LESS EBERHARD 65 HBC 

Y*ltl6701 INTO (LAMBDA PI PII/CSIGMA PI PJJ 
0.35 0.2 BIRMINGHA 66 HBC 

' IP7J/(P31 
+ K-P 2.25 BEY/C 7/66 
+ K-P 4 .6-5 • GEV /C 7/6B 

IP3J/tP51 
+ K-P AT 3.S GEV/C 11/67 
+ K-P 2.25 GEV/C 7/66 

K-P AT 2.6 GEV/C 9/69 

IP7JIIP5J 
+ K-P 2.45 BEV/C 7/66 

(P71/IP6J 
+ K-P 2.45 BEV/C 7/66 

IP4J/IP5J 
+ K-P AT 3. 5 GEV/C 11/67 
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Baryons 
1:(1670), 1:(1690), 1:(1750) 

Y*lC 16701 INTO ·(LAMBDA PI 1/CSIGMA PI PI J iP2J/IPSI RlO 
RlO t.ZJ OR LESS BIRMJNGHA 66 HBC + K-P AT 3.5 GEV/C·ll/67 

Rll Y*lll6701 INTO ILAMBOA PlJI(LAMBOA PI + SIG PU IP21/IP2+P3l 
Rll 10.61 OR LESS AGUILAR 70 HBC 5/10 

51 Y*lll6701 QUANTUM NUMBER DETERMINATION I PROD. EXP.J 

01 
03 
04 

JPm3/2+ 
JP..,312-
JP=3/2-

LEVEQUE 65 HBC INTO Y*Cl405HPI 11/68 

400 
EBERHARD 67 HBC + INTO Y*tl405J PI 11/68 
BUTTON-SH 68 HBC +- INTO SIGZERO+PI 11/68 ...................................................................... 

ALEXANOE 62 CERN CONF 320 
ALVAREZ 63 PRL 10 184 
SMITH 63 ATHENS CONF 67 
HUWE 64 PR 180 18241 1969) 
EBERHARD 65 PRL lit 466 

BIRHINGH 66 PR 152 '1148 
L.ONO~ 66 PR 143 1031t 
BUGG 6B PR 16B 1466 
BUTTON-S 6B PRL 21 1123 
PRIMER 6B PRL 20 610 

BARNES 69 BNL 13823 
EBERHARD 69 PRL 22 200 
AGUILAR 70 PRL 25 58 

LEVEQUE 65 PL 18 69 
LEE 66 PRL 17 45 
EBERHARD 67 PR 163 1446 

REFERENCES FOR Y*l 06701 (PROD. EXP. I 

ALEXANOE R, JACOBS ,KAL BFLE ISCH,MI LLE R, + 
+ALSTON,FERRo-LUZZirHUHE, + 
G A SMITH 

ILRLJ 
CLRLJ 
(LRLJ 
ILRL I 0 0 HUWE 

+SHIVELY,ROSStSIEGAL,FICENEC, + (LRL,ILLJ 1 

BIRI11NGHAH ,GLASGOW, I .C.Y OXFORD, RUTHERFORD 
+RAU, SAHIOSr YAHAHOTO,GOLDBERG,+ I BNL, SYRAI IJ 
+Gl LHORE ,KNIGHT, DAVJ ES+ I Bl RH,CAVE, RHEL J I 
J BUTTON SHAFER - IHASA+LRLJ JP 
+GOLDBERG, JAEGER, BARNES, DORNAN + I SYRA, BNL J 

+CHUNG, EISNER, FLAMJNJO+ I BNLt SYRAJ 
+FR I EDHAN, PRJ PSTEJ N, ROSS I LRLJ 
+BARNES, BASSANOr CHUNG, EJSNERr+IBNL,SYRAJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

I SACLAY,EPOL ,GLASGOW ,LOIC, OXF, RHELJ JP 
Y Y lEE, D 0 REEDER, R W HARTUNG (WISCJ JP 
+PR I PSTE IN rSHI VEL Y, KRUSE ,SWANSON ILRL rIlL J I JP 

.................................... •o-••••··· .......................... . •••••• ••••••••• ••••••••• ........... ••••••• 'C ••••••• 'C ••••••••••••••••••• 

58 Y*1U69Dt JP"' J 1=1 PRODUCTION EXPERIMENTS 

SEE THE MJNI-REVUE·AT THE START OF THEY* LISTJNGS .• 

SEE NOTE PRECEDING Y*111670J LISTINGS, SEEN IN PRO. 
EXPERIMENTS ONLY, MAIN DECAY MODE IS LAMBDA PI. 

58 Y*lC169DJ MASS (~EVJ (PROD. EXP.J 

3DU115.DI tl2.0J COLLEY 67 HBC + K-P 6 GEV/C 8/67 

Pl 
PZ 
P3 

•• PS 

Rl 
Rl 
Rl 

RZ 
RZ 
RZ 

R3 
R3-" 

•• R4 
R4 
R4 

P 6DI169~.DJ 124.DJ PRIMER 6B HBC + K-P 4.6-5 GEV/C 7168 
N (17DD.DJ (6.0) SIMS 6B HBC - K-N TO LAM PI PI 11/68 

46<l682.DJ 12.01 BLUMENFEL 69 HBC + KO LONG + PROTON 9/69 
11700.DJ 12D'oOI MOlT 69 HBC + K-P 5.5 GEV/C 9/69 

P SEE Y*U1670J LISTING-AGUILAR 7D WITH THREE TIMES THE DATA OF 
P PRIMER 68 SHOW THAT THEY HAVE NO EVIDENCE FOR Y*ll69DI 

N THIS ANALYSIS, WHICH IS DIFFICULT AND REQUIRES SEVERAL ASSUMPTIONS 
AND SHOWS NO UNAMBIGUOUS Y*li169DJ SIGNAL, SUGGESTS JP•5/2+. SUCH A 
Y* WOULD'LEAD All PREVIOUSLY KNOWN Y* TRAJECTORIES. 

58 Y'*li1690J WIDTH ,IHEVI IPROD. EXP.1 

30 1100.01 (35.01 COLLEY 67 HBC + 
60 1105.01 135.01 PRIMER 68 HBC + 

162.0J 114.0) SIMS .. HBC - SEE NOTE N ABOVE 
46 125.0) (10.01 BLUMENFEL 69 HBC + 

(130.01 (25.0) HOTT 69 HBC + 
SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

58 Y*H 16901 PARTIAL DECAY HODES (PROD. EXP.) 

Y*lll6901 INTO KBAR N 
Y*lll6901 INTO LAMBDA Pl 
Y-*1116901 INTO SIGMA PI 
"Y*1116901 INTO Y*lt 1385) PI 

DECAY MASSES 
lt97+ 939 

1115+ 139 
1197+ 139 
l384+ 139 

Y*l( 1690) INTO LAMBDA PI PI C INCLUDING P41 1115+ 139+ 139 

58 Y*U16901 BR:ANCHING RATJOS CPRQO. EXP.I 

Y*1Cl6901 INTO IKBAR Nlf(L.A.MBOA pfJ IP1JJ(P21 
18 O.lt 0.25 COlLEY 67 HBC + 6/30 EVENTS 

10.21 OR LESS HOlT 69 HBC + 

Y*lC l69DJ INTO (SIGMA PIJ/ILAHBDA PJJ IP31!(P21 
' 0 • .3 0.3 COLLEY 67 HBC + 4/30 EVENTS 

t0.4J OR LESS CL ... 90 MOTT 69 HBC + 

Y*U1690J INTO IY*1113B51 PIJ/ILAHBOA PJJ CP41/CP21 
10.51 OR LESS MOlT 69 HBC + 

Y*1 ( 16901 INTO CLAHBOA PI PI II I LAMBDA PI I IP51/IP2J 
0.5 0.25 COLLEY 67 HBC + 15/3D EVENTS 
2.0 0.6 BLUMENFEL 69 HBC + 31/15 EVENTS 

B/67 
7168 

11/68 
9/69 
9/69 

8/67 
9/69 

B/67 
9/69 

9/69 

8/67 
9/69 

R4 AVG o. 72 o.s3 AVERAGE !ERROR INCLUDES SCALE FACTOR Of 2.31 

RS 
RS 
RS 

Y*H169DI INTO IY*ll13851 PlJIILAHBDA PI PJJ IP~II(P5J 
SHALL COLLEY 67 HBC + 
LARGE SIMS 68 HBC - K-N TO L2PI 

•••••• •'C••••••• ••••••••• ••••••**• •••o••••e ••o••'C••• ••••••••• •••••••• 

8/67 
11/68 

Data Card Listings 
For notation, see key at front of Listings. 

REFERENCES FOR Y*lC16901 I PROD. EXP.J 

COLLEY 67 Pl 248 489 
DERRICK 67 PRL lB 266 

I BJRM, GLAS, LOIC, MUNICH,OXFOROr RHEL I 
+FI ElDSr LOKEN, AM MAR, (ARGO."'NE ,NORTHWEST I 

REPLACED BY HOTT 69. 
PRJ MER 68 PRL 20 610 +GOLDBERG, JAEGER, BARNES, + ISYRACUSErBNLJ 

+ALBRIGHT, + lfSU,T.lJFTS,BRANDEISI SIMS 68 PRL 21 1413 

BLUHENFE 69 PL 29B 58 8 J BLUMENFELD, G R KALBfLEISCH CBNLJ 
+AHHARr DAVIS, KROPAC 1 +INORTHWESTrARGONNE1 MOTT 69 PR 171 1966 

PAPERS NOT REFERRED TO W DATA CARDS 

AGUILAR 70 PRL 25 58 AGUI LAR-BENITE z, BARNES, SASSANO+ I BNL+SYRAJ 

.. ................................................................... . ...... .......... ......... ......... ......... ......... ......... ....... . 

H 
H 
H 
H 
H 
H 
H 

57 Y*lll750r JP=1/2-J I=l 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THERE, IS NOW EVIDENCE IN THREE .CHANNELS FOR AN Sll RE
SONANCE NEAR THIS ENERGY. INTERPRETATION OF THE SIGMA 
ETA THRESHOLD BUMP ON ITS OWN MERITS lS NOT CONCLUSIVE 

!CLINE 671 -- MORE DATA ARE NEEDED. BUT BY ANALOGY WITH THE SIMILAR 
N ETA AND LAHBOA ETA THRESHOLD EFFECTS, WHICH ARE ALMOST CERTAJNLY RE-
SONANCES, IT SEEMS VERY LIKELY THAT THIS TOO IS A RESONANCE. SEE THE 
RAPPORTEUR TALKS OF FERRO LUZZI 66 AND MEYER 67 FOR DISCUSSIONS. 

IN THE ENERGY-INDEPENDENT PARTIAL WAVE ANAlYSIS OF K- N TO LAMBDA 
PI r THE Sll AMPL ITUOE APPEARS TO RESONATE (ARMENT EROS 69). IN 1968 IT 
APPEARED TO RESONATE NEAR 1650 MEV I ARMENTEROS 6BJ, AND WAS LISTED 
HEREIN AS A SEPARATE STATE. NOW IT HAS MOVED CLOSE ENCIJGH TO THE 
OTHER EFFECTS TO BE TENTATIVELY LISTED WITH THEM, BUT THE SIZE OF THE 
CHANGE IN THE MASS SHOULD BE A HEALTHY WARNING THAT THE PARAMETERS 
GIVEN FOR RESONANCES IN LOWER PARTIAL WAVES FROM SUCH ANALYSES ARE 
SUBJECT TO LARGE CHANGE. (ARMENTEROS 70, FROM WHICH THE RESONANCE 
PARAMETERS ARE QOOTEOr IS A SLIGHT UPDATING Of ARHENTEROS 69.1 
• THERE IS WfAKER EVIDENCE FOR, THIS RESONANCE .IN AN ENERGY-DEPENDENT 

PARTIAl -WAVE ANALYSIS OF ElASTIC AND CI-IARGE- EXCHANGE SCATTER lNG ICON
FORTO 711 • 

KIM 71 IN A MULTICHANNEL ANALYSIS FINDS A SURPRISINGLY lARGE 
ELASTICITY 1.81, AND SMALLER AMPLITUDE IN THE LAMBDA PI CHANNEL. 

VANHORN 72 FINDS A STATE SOMEWHAT BELOW THE SIGMA ETA THRESHOLD IN 
AN ANAlYSIS OF THE LAMBDA PI CHANNEL • 

IN VIEW OF THESE OJ SCP.EPANCI ES WE DO NOT QUOTE ANY VALUES FOR 
THE BRANCHING RATIOS. 

~7 Y*lll7501 MASS IME't'l 

NEAR SIGMA ETA THRESHOLD CLINE 67 OBC - K-N TO SIGMA ETA 
ABOUT 1750.0 HEYER 61 RVUE 
ABOUT 1130.0 ARME~ERb 70 HOBC -0 K-N TO LAMBDA PI 

11757.0) (10.01 CONFORTO 11 OPWA. 0 ELASTIC, CH EXCH 
( 1790. I K!H 11 DPWA K-MATRIX ANAL. 
( 1790.01 ( 15.01 LANGBEIN 72 I PWA MUL TJCHANNEl 
11697.) 120.1 llO.J VANHORN 72 OPWA OK-PTOLAMPIO 

---- ---- ----- -------- ---.... -- ------ ___ ,:. ___ -------

Pl 
PZ 
P3 
P4 

57 Y*lll1SOJ WIDTH (MEVJ 

ABOUT 50.0 
ABOUT 80.0 

155.01 110.01 
cso.J 

1100.01 120.01 

'HEYER 67 RVUE 
ARMENTERO 70 HOBC -0 K-N TO LAMBDA PI 
CONFORTO 11 DPWA 0 ElASTIC r CH EXCH 
KIM 11 OPWA K-MATRIX ANAL. 
LANGBEIN 12 JPWA MULTICHANNEL 

166.1 114.) 112. I VANHORN 72 OPWA 0 K- P TO LAM PlO 

57 Y*lll150J PARTIAL DECAY MODES 

Y*H 17501 INTO KBAR N 
Y*ll17501 INTO SIGMA ETA 
Y*H 17501 INTO LAMBDA PI 
Y*H1750J INTO SIGMA PI 

51 Y*lC 17501 BRANCHING RATIOS 

Y*H 17501 INTO IKBAR NJ/TOTAL 

DECAY MASSES 
497+ 939 

1197+ 548 
1115+ 134 • 
1197+ 139 

IPU 

9/66 
9/69 
6/70 
6/70 
3/71 

12/72• 
2173• 

9/69 
6170 
6170 
3171 

12172* 
2173* 

Rl 
Rl 
Rl 
Rl 

10.121 10.051 CONFORTO 
K!M 

71 DPWA 0 ELASTIC, CH EXCH 6/70 
(0.8) 11 OPWA K-I'IATRIX ANAL. 3/71 
10.451 10.05) LANG BE IN 72 IPWA MULTICHANNEL 12172* 

Rl 
RZ 

Y*lll150J FROM KBAR N INTO SIGMA ETA SQRT I P1•P2 J 
SEEN CLINE 69 DBC - THRESHOLD BUMP 

R3 
R3 
R3 
R3 
R3 

Y*l ( 17501 FROM KBAR N 
1-0.251 
(0.09) 
(0 .. 301 (0.051 
I-.13J I .. 04J 

INTO LAMBDA PI SQRT(P1*P3J 
ARMEIUERO 10 IPWA -0 K-N TO LAMBDA PI 
KIM 11 DPWA K-MATRIX ANAL. 
LANGBEIN 72 IPWA MULTICHANNEL 
VANHORN 72 OPWA 0 K- P .TO LAM PIO 

R4 
R4 
R4 

Y*l( 17501 FROM KBAR U TO SIGMA PI SQRT(P1•P41 
(0.161 KIM 11 OPWA K-MATRIX ANAL. 
(Q.l3J 10.021 LANGBEIN 72 I PWA HUL T I CHANNEL ........................ ~········ ................................... . 

CLINE 67 Pl 25B 41 
f'CEYER 67 HEIDELBERG C 117 
ARMENTER 70 DUKE 123 
COOFDRTO 71 NP B34 41 
KIM 71 PRL 27 356 

ALSO 70 DUKE 161 
LANGBEIN 72 NP B47 477 
VANHORN 72 LBL-1370fTHESISI 

REFERENCES FOR Y*1 I 175DI 

CLINE, OLSSON IWISCONSINIIJP 
J MEYER IRAPPORTEURI (SACLAY)IJP 
ARHENTEROSr BAILLON, + ICf.RN,HEIOELJIJP 
+LEVI SETT I, LASI NSKI •• OBERLACK++ I EF J+HEI OJ,J JP 
J K KIM I HARVI IJP 
J. K. KIM IHARVJIJP 
+WAGNER IHPJHIIJP 

/LBL IJP 

9/69 

6/70 
3/71 

12172* 
2/73* 

3171 
12172• 
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~ Data Card Listings 
For notation, see key at front of Listings. 

PAPERS NOT REFERRED TO IN DATA CARDS 

FERRD-LU 66 BERKELEY C!JiF 183 H FERRO LUZZI CRAPPORTEURJ CCERNJ 
ARHENTER 68 NP 88 183 ARHENTERQS, BAILLON, + CCERN 1 HEIDEL 1 SACLAYJIJP 
ARHFNTER 69 LUND CONF PAPER ARHENTEROS, BAJLLONt + CCERNrHEJOEL,SACLAY)JJP 
HARRISON 70 FSu-HEP 70 3 1 W.C. HARRISON tTHESISJ CFSUJ ..................................................................... 
•••••• •••*••••• .................. $$ ................................ "' 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

w 
w 
w 
w 
w 
w 
w 
w 

Pl 
P2 
P3 

•• PS 

•• P7 

lo1sl 
SEE THE KINI-REVIEW AT THE START OF THE Y* liSTINGS. 

45 Y*lU765J HASS IHEVJ 

1765.0 10.0 GAlliER I 63 DBC 0 K-0 1.51 BEV/C 
1155.0 10.0 ARMENTER 65 HBC 0 K-P TO Y*l520 PI 7/66 
1160.0 10.0 BEll 1 60 DBC - K-N TO Y*l520 PI 7/66 
1768.0 2-0 ARHENT-1 68 OPWA 0 ELASTIC, CH EXCH 11/68 
1768.0 •• o BUGG 68 CNTR • K-P, D TOTAL 11/66 
1775.0 1-0 SMARt 68 RVUE -0 K-N TO LAMBDA PI 7/68 
1770.0 10.0 COOL 70 CNTR K-P, D TOTAL 10170 
1765.0 10.0 GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 1170 
1770.0 3.0 CONFORTO 71 OPWA 0 ElASTIC, CH EXCH 6170 

c 1765.1 KIM 71 DPWA K-MATRIX ANALo 3171 
1758.7 ·-· BARLETTA 72 OPWA 0 KPPl 0.8-1.2GEV 12172• 
1765.0 •• o KANE 72 OPWA 0 K-P TO PI SIG 10171· 

·N 1710.0 s.o LANGBEIN 72 I PWA MULTICHANNEl 12172• 
1774. 10. VANHORN 72 OPWA 0 K- P TO "LAM PJO 2173• 

ERROR STATIST. ONLY- NO ERROR DUE TO PARTICUlAR P.W.ANAL. I t«:.LUDED 1171 .. 
AVERAGE MEANINGLESS ISCALE FACTOR • 1.0) 

45 Y*H 17651 WIDTH I MEV I 

60.0 
.70.0 

128.0 
no.o 
146.0 

1100.0) 
l15o0 
132.0 

uoo.'J 
107.2 
120.0 
123.0 
146. 

10.0 
20.0 
8.0 
1.0 
9.0 

10.0 
10.0 

10.9 
38.0 
10.0 
16 •. 

GALliER I 
BELL 2 
ARMENT-! 
BUGG 
SMART 
CDDl 
GAL TIER I 
CONFORTO 
KIM 
BARLETTA 
KANE . 
LANG BE IN 
VANHORN 

63 OBC 
66 DBC - 7/66 
68 OPWA 0 ELASTIC, CH EXCH 11/68 
68. CNTR . K-P,D TOTAL 7/68 
68 RVUE -0 7168 
70 CNTR K-P, 0 TOTAL H)/10 
70 DPWA 0 K-P TO LAMBDA PI 7170 
71 OPWA 0 ELASTIC, CH EXCH 6170 
71 DPWA K-P'tATRIX ANAL. 3171 
72 OPWA 0 LAMI1520JPJ CH. 12172* 
72 DPWA '0 K-P TO PI SIG 10171 
72 IPWA MULTICHANNEL 12172* 
72 OPWA 0 K- P TO LAM PIO 2173* 

AVG 116.0 1.9 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2 .5) 
I SEE IDEOGRAM .BELOW J 

UEIGHTEO RUERRGE = 116.0 • 7.9 
ERROR SCRLEO·BY 2.5 

·URHHORH 72 
·LRNGBEIH 72 
·KRHE 72 
·BRRLETTR 72 
·CONFORTD 71 

70 
·"SMRRT 6B 
·BUGG 6B 
·RRMEHT-i 6B 
·BELL 2 6.6 
•GRL TIER I 63 

OPUR. 
IPUR 
OPUR 
OPUR 

.OPUR-
OPUR 
"RUUE 
CHTR 
OPUR 
OBC 
OBC 

CHISQ 
2.B 
0.5 

0.7 
. 2.6 

0.0 
11.1 
0.7 
2.2 
5.3 

0 200 250 

.ll......L 
57.2 

ICONL.EU 
=0.000) 

V•111765l UIOTH IMEUJ 

45 Y*li1765J PARTIAL DECAY HODES 

Y*U 17651 INTO KBAR N 
Y*llll65J INTO LAMBDA PI 
Y*U 17651 INTO Y*OI15201 PI 
Y*111765J INTO Y*ll 1385J PI 
Y*lll765J INTO SIGMA PI 
Y*lll765J INTO SIGHA ETA 
Y*li1765J INTO SIGMA PI PI 

DECAY MASSES 
497+ 939 

1115+ 134 
1518+ 139 
1384+ 139 
1197+ 139 
119i+ 548 
1197+ 139+ 139 

PARTICLE DATA GROUP Review of Particle Properties Sl59 

Baryons 
l::(1750), l::(1765) 

FITTED PARTIAL DECAY MODE BR.ANCHINC FRACTIONS 

The matrix below ill derived {rom the error matrix £or the {itted partial decay mode 

bra"ncbing !ractione, P 1, ae !ollowe: The diagonal elements are P
1 

:1: 6P
1
, where 

6P1 " V(6P/JP1), while the off-diagonal elemente are the~ correlation coeffi

cienta (6P16Pj)/(6P1 · 6Pj). For the de!initiona of the individual P
1
, eee the Hating a 

above; only thoae P 1 appearing in the nut.trix are auumed in the lit to be nonzero and 

·are thua constrained to add to i. 

.P1 P2 P3 P4 PS P6 
p 1 .. 4113+-.0169 
p 2 .0685 .1320+-.0168 
p 3 .0540 .. 0048 .1566+-.0328 
p 4 .1118 .0099 .0060 .1028+-.0375 
p 5 -.1161 -.0104 -.0064 -.0132 .0118+-.00itd 
p 6 -.4158 -.3284 - .. 5764 -".6970 -.0210 .1853+-.0585 

45 Y•H 1765l BRANCHING RATIOS 

ERRORS QUOTED BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE 
TO PARAMETRtlATJON USED IN THE PoWoAo' THEY SHOULD BE INCREASED. 

Y*H 1765) INTO IKBAR NJITOTAL 
(0.61 

(plJ 
0 K-P RYUE 

Rl 
Rl 
Rl 

"' Rl 

o.s3 o.o9 
0.45 0.01 

GALTIERI 
UHLIG 
ARMENT-I 
BUGG 

63 HBC 
67 HBC 
68 OPWA 
68 CNTR 
70 OPWA 
70 CNTR 
71 OPWA 
71 OPWA 
72 I PWA 

0 9/66 
0 ELASTIC, CH EXCH 11/68 

Rl 
Rl 

"' Rl 
Rl 
Rl 

(0.371 
o.36 o.oz' 

(0.4) 
0.36 0.02 

(0.42) 
Oo 39 CoOl 

BR ICMANl 
COOl 
CONFORTO 
KIH 
LANGBEIN 

11/66 
SJGTOT,,ElAS,CHEX 1171 
K-P, 0 TOTAL 10/70 

0 ELASTIC, CH EXCH 6170 
K-HATRIX ANAl. 3171 
MULTICHANNEL 12172* 

A.l AVG 
Rl FIT 

0.409 0.021 AVERAGE H.RROR INCL:UDES SCALE FACTOR OF 3.3) 
Q.ltll 0.011 FROM FIT HRROR INClUDES SCALE FACTOR Of 2o71 

(SEE IDEOGRAM BELOW J 

R2 
R2 
R2. 
R2 
R2 
R2 
R2 

: R2 
R2 ... •• •• •• R3 
R3 

•• •• •• •• ... 
•• 
RS ... 
RS ... 
RS 

·os 
RS 
RS 
RS 

UEIGHTEO RUERRGE = 0.409 • 0.021 
ERROR SCRLEO BY 3.3 

-, 

.. :; 

Values above o! weighted average, 
error, and scale factor are !or the 
reader1 a convenience only. The 
data were actually processed by a 
constrained fit program, which 
calculates its own values o! i', 6X, 
and Scale !actor, which are differ
ent !rom the values shown here. 

. CHI.SQ 
·LRHGBEIH 72 IPUR 3.5 
·COHFORTO 71 OPUR" "5.9" 
·BRICMRH1 70.0PUR 5.9 
·RRMENTC1 6B OPUR 17.1 f+· 

-t-~- UHLIG 67 HBC 

.0.2 0.4 0 .• 6 O.B 

32.4 
!CONLEU 
=0.000) 

V•111765l INTO IKBRR Hl/TOTRL 

Y*lll165J FROM KBAR N 
-0.266 0.017 
-o.22 o.o3 
(0.301 
o.ts o.04 
-.28 .o-4 

INTO LAMBDA Pl 
SMART 
GALTIERI 
KIM 
LANGBEIN 

.OS VAMtORN 

SQRT(Pl*P2J 
68 OPWA -o K-N TO LAMBDA PI 
70 DPWA 0 K-P TO LAMBDA pI 
11 OPWA K-MATRIX ANAL. 
72 IPWA MULTiCHANNEL 
12 DPWA 0 K- P TO lAM PJO 

7/68 
7170 
3171 

12172• 
2173* 

AVG MOO 0.245 0.022 AVERAGE I ERROR I NctUDES SCALE FACTOR OF 1. 71 
FROM FIT (ERROR INClUDES SCALE FACTOR OF 1.5) FIT 0.233 0.016 

AVG 
F17 

F17 

Y*l(l165J FROM KBAR N INTO Y*OI15201 PI SQRT(Pl*P3J 
Oo27 0.03 . ARMENTERO 65 HBC 0 K-P TO Y*1520 PI 9/66 
0.31 0.02 BARLETTA 72 DPWA 0 K-P TO Y*1S20 PI 12172• 

0.298 0.018 AVERAGE IERROR iNCLUDES SCAlE FACTOR OF l.lJ 
0.254 o.oz7 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.1) 

Y*H1765J FROM KBAR N INTO Y*lC1385J .PI SQRT(Pl*P41 
I0.24i (0.031 . ARMENT-2 67 HBC 0 K-P TO LAM PI Pl 8/67 
(0.32) (0.06) SIMS 68 OBC - K-N TO LAM PI PI 11/68 

SJMS'68 USES ONLY CROSS-SECT. DATA. RESULT USED AS UPPER liMIT ONLY 3172 

0.206 0.036 FROM F.IT 

Y*U1765J FROM KBAR N INTO SIGMA PI SQRTIP1*P5J 
0.01 ., 0.02 ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 

AVG 
F17 

+0.06 0.03. GALTIERI 70 OPWA 0 K-P TO SIGMA PI 
10.09.1 KIM 71 OPWA K-HATRIX ANAL. 
+0.074 0.017 KANE 72 DPWA .. 0 K-P TO PI SlG 
o:d9 OR LESS LANGBEIN 72 IPWA MULTICHANNEL 

0.070 0.012 . AVERAGE I ERROR INCLUDES SCALE FACTOR 'OF 1.0) 
0.070 0.01Z FROM FIT (ERR~R INCLUDES SCAlE FACTOR OF loCI 

8/67 
7170 
3/71 

10171 
12172• 
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Baryons 
t(1765), t(1840), t(1880), t(1915) 

•• •• •• •• 
RT 
RT 
RT 
RT 

RB 

•• 
RB 

FIT 

FIT 

RB FIT 

Y•lll76SI INTO (LAHBOA PIJ/IKBAR NJ IP2J/IP1) 
0.33 0.05 UHLIG 67 HBC 0 K-P, .9 GEV/C 

o. 321 0.0'+2 FROH FIT C ERROR INCLUDES. SCALE FACTOR OF 1.4) 

Y*lll165J INTO IY*O 115201 PU/IKBAR NJ IP31/IP1J 
0.28 o.os UHLIG 67 HBC 0 K-P, .9 GEY/C 

0.381 o.oeo FROH FIT (ERROR INCLUDES SCALE FACTOR OF 2.11 

Y*1Cl7651 INTO (Y*li1385JPI)/(KBAR NJ IP41/IP1J 
0.25 0.09 UHLIG 67 HBC 0 K-P,.9 GEV/C 

0.250 0.091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.~1 

R9 Y•1U76SJ INTO ISIGMA PI PJJ/TOTAL IP7J 

9/66 

9/66 

9/66 

R9 P IOol2) ARHENT-2 68 HOBC -0 K-N TO SIG PI PI ll/6B 
R9 P FOR ABOUT 3/4 OF THIS, THE SIGKA PI SYSTEM HAS JcQ AND IS ALMOST 
R9 P ENTIRELY Y•Ot1520J. FOR THE OTHER 1/4, THE SIGMA PI HAS l•l· THIS 
R9 P IS ABOUT WHAT IS EXPECTED FROM THE KNa.fN RATE Y*1Cl76S) TO Y•Ul3851 
R9 P PI, AS SEEN IN LAMBDA PI Pia 

.................................................................... 
REFERENCES FOR Y•1 C 1765) 

GAi..TJERI 63 Pl 6 296 A BARBARD-GALTJERJ,A HUSSAIN.RD TRIPP ILRLIIJ 
ARHENTER 65 Pl 19 338 ARMENTEROS, + CCERN,HEIDELBERG,SACLAYIIJP 
BEll 1 66 PRL 16 203 R 8 BELL, R W BIRGE, Y-L PAN, R T PU ILRUIJP 
BELL 2 66 UCRL-16936 THESIS R 8 BELL (LRUIJP 
ARMENTER 67 Pl 24B 198 ARMENT EROS .FERRO-LUZZI+. CCERN,HEIDo SA CLAY UP 
ARMENT-2 67 ZEITaPHYS.202 486 ARMENTEROS,FERRO-LUZZI+ (CERN,HEJO,SACLAYI 
UHLIG 67 PR 155 1448 +CHARL TON,CONOQN,GLASSER,YOOH, + (UMO,NRL I 

ARMENT:-1 6B NP B8 195 
ARMENT-2 68 NP B8 216 

ARMENT EROS, BAIL LON, + I CERN,HEJOEL, SACLAY J IJP 
ARMENTEROS, 8AlLLON, + fCERN,HEIOEL,SACLAYJ I 
+GILMORE t KNIGHT r OAVI ES+ I 81 RM,CAV Et RHEL) I 
SIMS, ALBRIGHT, BART lEY tHEER+ I FSUo TUFT, BRANJ 

BUGG 68 PR 168 1466 
SIMS 6B PRL 21 llt13 
SMART 68 PR 169 1330 W M SMART ILRLJ IJP 

BRICMAN1 70 Pl 338 5ll 
COOL 70 PR 01 1887 
GALTIERI·70 DUKE CONF 113 

+FERRO-LUZZI,LAGNAUX 
+GIACOMELLI, KYCJA, LEDNTJC, Lit + 
A 8ARBARQ-GALTIERI 

(CERN I 
IBNLJ I 
(LRLJIJP 

CONFORTO 11 NP 834 41 
KIM 11 PRL 27 356 

+LEVI SE TTl tLASJ NSKI ~. OBERLACK++ I EF I+HEJ OIIJP 
J K KIM (HARVJ IJP 

ALSO 70 DUKE 161 J. K. KIM IHARVJIJP 

BARLETTA 12 NP B40 45 W.A. BARLETTA 
0 F KANE 
+WAGNER 

IEFJ I IJP 
ILBU IJP 

IMPIMIIJP 
/LBL IJP 

KANE 72 PR 05 1583 
LANGBEIN 12 NP B47 477 
VANHORN 72 LBL-1370lTHESISJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

FENSTER 66 PRL 17 641 +GELFAND,HARMSEN,L-SETTI,+ (CHiC,ANLCCERNIJIJP 
-- FENSTER 66 IS SUPERSEDED BY BARLETTA 72 

CONFORTO 68 NP 88 265 +HARMSEN, LASINSKt, + ICHICAGO,HEIDELIIJP 
SUPERSEDED BY CONFORTD 11. 

HARRISON 70 FSo-HEP 70 3 1 W.C. HARRISON CTHESISJ IFSUJ 
PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION lCERN+HEID+SACLI 

••••••••••••••• ••••o:••-- ........................................... . ...... ......... ......... ......... ......... ......... ......... ....... . 
I t(1840) I 01 v•111s•o. JP•312+J I•1 

P1 
P2 
P3 

R1 
R1 

R2 
R2 

R3 
R3 
R3 

) SEE THE MINI-REVIEWS PRECEDING THE Y•o•Sa 

FOR THE TIME SEING, WE liST THESE .TWO CLAIMS. 
TOGETHER. 

01 Y•ll18401 HASS ~MEVJ 

184D.O (10.0) LAN.GBE IN 72 I PWA HUL T.ICHANNE.L 
1925. ~ 200.) VAffiORN · 12 DPWA 0 K- P TO LAM PIO 

01 Y•Hl8~0J WIDTH CHEVJ 

120.0 110aOI LANGBEIN 72 tPWA MUL TJCHANNEL 
65. ~50.) (20.1. VANHORN 12 OPWA 0 K- P TO LAM PIO 

01 Y•lll8Jt'Ol PARTIAL DECAY MODES 

Y*1118401 INTO KBAR N 
Y*ll181tDI INTO SIGMA PI 
Y*H18401 INTO LAMBDA PI 

DECAY ttASSES 
lt97+ 939 

1197+ 139 
1115+ 13lt 

01 Y•li1B401 BR.ANCHING RATIOS 

Y•H 16401 IN70 IKBAR NJ /TOTAL IPll 
0.37 IOal3J LANGBEIN 12 IPWA MULTICHANNEL 

Y*H 18401 FROM KBAR N ... JNTb SIGMA PI SQRTIP1*P2) 
Q.1S 10.041 LANGBEIN 12 IPWA MULTICHANNEL 

Y•l~ 18401 FROM KBAR N INTO LAMBDA PI SQRTCP1•P3J 
0.20 (Q.04J LANGBEIN 72 IPWA MULTICHANNEL 
+a 06 ( .Oit) VANHORN 72 OPWA 0 K- P TO LAM PJO ....... ......... ......... ·•······· .................................... . 

REFERENCES FOR Y*H lBitOJ 

LANGBEIN 72 NP Bltl 477 +WAGNER 
VANHORN 72 LBL-13701THESISJ 

I MPlMI IJP 
/lBL tJP ........................................................................ ...... ......... ......... ......... ......... ......... .......... ....... . 

Data Card Listings 
For notation, see key at front of Listings. 

lt(lBBO}j 
) SEE THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 

-SUCH A .RESONANCE IS SUGGESTED BY SOHE BUT NoT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
ts· MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

67 Y*1UBBOJ MASS CMEVJ 

H 
H 
H 

18B2.o ~to.o SMART 6B OPWA -o K- N TO LAM PI 7168 
11850.0) BAILEY 69 OPWA 0 ELASTJC, CH EXCH 10/70 

ABOUT 1850.0 ARMENTERO 70 JPWA -0 ELASTIC, CH EXCH 6/70 
• H 

H 
H 
H 
H 
H 

1950.0 so.o GALTIERJ 70 DPWA -0 K- N TO LAM PI 7170 
192D.O 30.0 llTCHFIEl 70 OPWA -0 K- N TO LAM Pl 6170 

( 1772.0) KANE 12 DPWA K-P TO SIGMA PI 1173* 
1985. so. VANHORN 72 OPWA 0 K- P TO LAM PIO 2i73* 

w 
w 
.w 
w 
w 
w 
w 
w 
w 

P1 
P2 

AVG 

AVG 

1925.6 19.9 .AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

67 Y*li1B80J WIDTH IHEVI 

222.0 150.0 SMART 6B OPWA -o K- N TO LAM PJ 
120D.OJ BAILEY 69 OPWA 0 ElASTIC, CH EXCH 
ABOUT 30.0 ARHENTERO 70 IPWA -0 ELASTIC9 CH EXCH 
200.0 50.0 GALT JERI 70 OPWA -0 K- N TO lAH PI 
170.0 40.0 liTCHFIEl 70 OPWA -0 K- N TO LAM PI 
180.01 KANE 72 OPWA K-P TO SIGMA PI 
220. 1'o0. VAtfiORN 12 DPWA 0 K- P TO L AH PI 0 

185.0 29.9 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 

67 Y*lf 1B801 PARTIAL DECAY MODES 

YOH lSBO'J INTO KBAR N 
Y*lll8601 INTO LAMBDA PI 

DECAY MASSES 
497+ 939 

1115+ 134 

----- ------ ----~ ---- ----- ------ ----- -------
67 Y*l(lBSOJ BRANCHING RATIOS 

(P11 

716B 
10170 
6170 
7170 
6170 
1173• 
2173• 

R1 
R1 
R1 

Y01Cl6801 INTO IKBAR HI/TOTAL 
(0.221 
t0.20J 

BAilEY 69 OPWA 0 ElASTIC, CH EXCH 10170 
ARHENTERO 70 IPWA -0 ELAS71Co CH EXCH 6/70 

R2 
R2 
R2 

~ Y•lU680J FROM KBAR N JNTO LAMBDA PI SQRHP1•P2,1 
-0.11 0.03 SMART 6B DPWA -o K- N TO LAM PI 
-0.09 0.04 GAlTIERI 70 DPWA -0 K- N TO lAM PI 

R2 -O.llt 0.03 LITCHFIEL 7D OPWA -0 K- N TO LAM PI 
R2 +.05 .07 .02 VAI'IiORN 72 DPWA 0 K- P TO LAM PIO 
R2 
R2 AVG HOD 0.107 Q.Dl7 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

REFERENCES FOR Y*lll8801· 

SMART 6B PR 169 1330 W M SMART ILRLJ IJP 
CLRL LIVERKOREJJJP 

(CERN, HEIDEUIJP 
BAILEY 69 THESIS UCRL-50617 DAVID SAAL BAILEY 
ARMENTER 70 DUKE CONF. 123 ARMENTERQS, BAil LON, + 

7168 
7/70 
6/70 
2173• 

GALTIERI 7D DUKE CONF 173 A BARBARD-GALTIERI . CLRUJJP. 
LJTCHFIE 70 NP 622 269 P J LITCHFIELD (RUTHERFORD) IJP 

(LBLJ 
/LBL lJP 

KANE 72 PR D5 1583 0 F KANE 
VANHORN 12 LBL-i3701THESISJ" ............................................................... ...... ......... .......... ····•····· .................................... . 

H 
H 
H 
M 
H 
H 

46 Y*lC 1915, JP•S/2+1 lm1 
I . 

SEE THE MINI-REVIEW AT THE START OF THE Y• LISTINGS. 

THIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC
TION MEASUREMEN"TS OF COOL 66. IN THIS ENTRY, HOWEVER, 
WE LIST ONLY THE RESULTS FROM PARTIAL-WAVE ANALYSES. 

SEE" THE NEXT ENT.RY FOR THE PARAMETERS OF PEAKS SEEN AROUND 190D-1950 
MEV IN CROSS SECTIONS AND INVARIANT-MASS DJSTRIBliTJONS. WE MAKE THIS 
SEPARATION BECAUSE ONLY THE PARTIAL-WAVE ANALYSES ISOLATE THE Fl5 WAVE 
COR AT LEAST ATTEMPT TO-- THE SIGNAL IS WEAKJ. THIS MASS REGION IS 

COHPLIC'ATED AND POORLY UNDERSTOOD AND THE PEAKS HAY CONTAIN MORE THAN 
JUST THE Y*lll9151. SEE ALSO THE NOTE TO THE NEXT ENTRY. 

46 Y*1U915) MASS (MEV) 

1902a0 a.o SMART 68 OPWA -o K-N TO LAMBDA PI 
1910a0 20.0 BERTHON 70 DPWA 0 K-P TO LAM8DA PI 
1900.0 1s.o BERTHON1 10 DPWA 0 K-P TO SIGMA PI 
1936.0 (3.0) BRICHAN1 10 OPWA s tGTOT I ELAS ,CHEX 
1903.0 10a0 cox 70 DPWA - K-N TO lAMBDA PI 
l905a0 30.0 GALTJERI 70 DPWA 0 K-P TO LAMBDA PI 
1B95.o lOaD LITCHFIEL 70 DPWA -0 K-N TO LAMBDA PI 

7168 
7170 

10170 
1171 
6170 
1170 
6/7D 

tl9SS.OI {21aOI ISLAM 11 DPWA KN--Pt-SIG 412172• 
DISCREPANCY DUE POSSIBLY TO INSUFFICIENT STATISTIC·S 

1910. 15. ·• i.ITCHFIE 71 DPWA K-P 70 KBAR N 10171 
1925.0 s.o KANE 72 DPWA 0. K-P TO PI SIG 10171 
1920. .15 .20 VANHORN 72 DPWA a· K- P TO LAH PIO 2173• 

ERROR STATIST. ONLY- NO ERROR DUE TO PARTICULAR P.W.ANAL. I t«:LUOEO 1/71 ......... 
AVERAGE MEANINGLESS (SCALE FACTOR • 1.DJ 

.J 

., 



0 ., 
u u 6 

' 

-Data Card Listings 

I. 

For notation, see key at front of Listings. 

46 Y*lf 19151 WIDTH I MEV)' 

ISO.OJ 120.01 ARHENTERl 67 OPWA 0 ELASTIC, CH EXCH 11/67 
52-0 zs.o SHART 68 DPWA -0 K-N TO LAMBDA PI 7168 
60.0 zo.o BERTHON 70 OPWA 0 K-P TO LAMBDA Pl 7170 
75.0 20.0 BERTHONl 70 OPWA 0 K-P TO SIGMA PI 10170 

135.0 12.0 BRICHANl 70 DPWA SJGTOT,ELAS,CHEX 1171 
77.0 27.0 COX 70 OPWA - K-N TO LAKBDA PI 6/70 

w 
w 
w 

10.0 zo.o GALTIERI 70 OPWA 0 K-P TO LAMBDA PI 7170 
70.0 15.0 LITCHFIH 70 DPWA -0 K-N TO LAMBDA PI 6/70 

• 1159.01 180.01 ISLAM 71 OPWA KN--PJ-SIG 12172* 
70. 15. L ITCHF IE 71 OPWA K-P TO KBAR N 10171 

146.0 ·zz.o KANE 72 OPWA 0 K-P TO PI SIG 10171 
102. 18. VANHORN 72 OPWA 0 K- P TO LAH P 10 2173* 

LACK OF DATA PREVENTS FROM DETERMINING UNAMB. THIS AMPLITUDE 11/67 

Pl 
P2 
P3 

•• 

(job Y*11191SJ PARTIAL DECAY HODES 

Y•H1915J INTO KBAR N 
Y*H l91SJ INTO LAMBDA PI 
Y*li1915J INTO SIGMA PI 

46 Y*li1915J BRANCHING RATIOS 

Y*l( 1915) INTO IKBAR NJ !TOTAL 

DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139 

CP.lJ 
Rl A 10.12) c.ou 
•• 0.18 10.02) 

•• 0.11 10.03) 

ARMENTER1 67 DPWA 
BR ICMAN1 70 DPWA 
CONFORTO 11 DPWA 
LJTCHFIE 11 OPWA 

0 ELASTIC, CH EXCH ll/67 
SIGTOT,ELAS,CHEX 1/71 

0 ElASTIC, CH EXCH 6170 

•• 0.15 I0.04J K-P TO KBAR N 10171 

R2 Y*ll19151 FROM 
.. o.o8 
-0.1 

KBAR N INTO LAMBDA PI SQRTIP1*P2J 
R2 10.02) SMART 68 DPWA -o K-N TO LAMBDA PI 
R2 CO .021 BERnroN 70 OPWA 0 K-P TO LAMBDA PI 
R2 -0.09 10.021 COX 70 OPWA - K-N TO LAMBDA PI 
R2 -0.11 (0.03) GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 
R2 -o. 01 (Q.015J UTCHFIEL 70 OPWA -D K-N TO LAMBDA PI 
R2 -.09 • 02 VANHORN 12 OPWA 0 K- P TO LAM PJO 

R3 Y*H 19151 FROM K8AR N 
R3 A co.ooJ 1o.ou 
R3 -0.13 10 .o:u 
R3 -0.06 10.031 
R3 B 10.061 10.02) 
R3 -0.137 10.0151 

INTO SIGMA PI SQRTiP1•P3J 
- ARMENTERO 67 OPWA 0 K-P TO SIGMA PI 

BERTHON1 70 OPWA 0 K-P TO SIGMA PI 
GALTJERI· 70 OPWA .Q K-P TO SIGMA PI 
ISLAM 11 OPWA KN--PI-SIG 
KANE 72 OPWA 0 K-P TO PI SIG ...................................................................... ., 

ARHENTER 67 PL 21tB 198 
ARHENTE1 67 NP B3 592 
S~ART 68 PR 169 1330 

BERTHON 70 NP 820 476 
BERTHDN1 70 NP B24 417 
BRICHAN1 70 PL 338 51'1 
COX 70 NP B19 61 
GALTIERI 70 DUKE CONF 173 
LITCHFIE 70 NP B22 269 

REFERENCES FOR Y•111915J 

ARMENT EROS, FERRO-LUZZI• 
AR HENT EROS, FERRO-LUZZI • 
W H SMART 

I CERN, HEJ Or SA CLAY J 
I CERN, HEI O, SACLAY I 

ILRlllJP 

+RANGAN, VRANA, •CCCL FRANCE, RHElr SACLAYIJJP 
+VRANA, BUTTERWORTH, + lCDEF1 RHEL, SACLAYIIJ 
+FERRO-LUZZI tLAGNAUX I CERNJ 
+ISLAM, COLLEY, + CBIRM, EDIN,GLAS, LOIC I IJP 
A BARBARG-GALT I ERI CLRLI I JP 
P J LITCHFIELD (RUTHERFORDJIJP 

7/68 
1110 
6/70 
1/10 
6170 
2/13* 

11/67 
10170 
7170 

12172• 
10171 

CONFORTO 11 NP B34 41 
ISlAM 11 PJSJR 14 305 

~AKISTAN J. SCI. IND. 

+LEVI SETTl,LASINSKI •• OBERLACK++ (EFI+HELDJJJP 
+CQX,COlLEY,HEATHCOTE ( BIRHI IJP 

RES.· 
LJTCHFJE 11 NP B30,125 L1 TCHF I ELD, • • o+LESQUDY ,.._. • ( RHEL+CDEF+ SACLJ IJP 

D F KANE . ILBLI JJP 
/LBL IJP 

KANE 72 PR 05 1583 
VANHORN 72 LBL-13701THESI SJ 

PAPERS NOT REFERRED TO IN DATA CARDS 

SMART 66 PRL 17 556 W M SMAR:TrA KERNAN,G E KALMUS,R P ElY (LRUIJP 
SUPERSEDED BY SMART 68. • 

CONfORTO 68 NP 88 265 +HARMSEN, LASINSKI. + (CHICAGO, HEIDEL) 
SUPERSEDED BY CONFORTO 71. ..................................................................... 

·~···· .................. ·•······· .................................. . 

M 
M 
M 
M 

) 1=1" PRODUCTION EXPERIMENTS 

S!:E THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTES TO THE Y*lll91SJ AND Y*111940I r WHICH 
IMMEDIATELY PRECEDE AND FOLLOW THIS ENTRY. HERE WE 
LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTIONS 

AND INVARIANT-MASS DISTRJ8VTIONS. THE CROSS.:OSECTION PEAKS ARE ALMOST 
CERTAINLY ASSOCIATED WITH THE Fl5 Y*1Cl915J SEEN IN PARTIAL-WAVE 
ANALYSES. THE INVAI\lANT-MASS PEAKS SEEM MORE LIKELY TO BE ASSOCIATED 
WITH THE NOT-COMPLETELY-ESTABLISHED 013 Y*ll19401. 

29 Y*10920J HASS CMEVJ (PROD. EXP.J 

CROSS-SECT ION PEAKS -
1905.0 5.0 BUGG 68 CNTR K-P, D TOTAL 
1906.0 6.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 
1912.0 10.0 COOL 70 CNTR K-P, D TOTAL 

lNVARIANT-MASS-OlSTRIBUTJON PEAKS -
I 1942.01 (9.01 BOCK 65 HBC PBAR P 5.7 BE VIC 

1940.0 11.0 AGUILAR 70 HBC + 3.9-4.6 GEV/C K-
ELASTIC DCS -- . 

1931. • 9. DADO 12 HBC 0 K-P ELSTC DCS 
G7 INDICATED BY LEGENDRE COEFFS.,G9 NOT RULED OUT. 

AVERAGE· MEANniGl"ESs" tScALE FACTOR .. 1.91 

11/66 
6170 

10170 

"'j • 
PARTICLE DATA GROUP Review of Particle Properties SI61 

Baryons 
1:(1915), 1:(1940) 

29 Y*1t19201 WIDTH CMEVJ (PROD. EXP.J 

CROSS-SECTION PEAKS --
60.0 10.0 BUGG 68 CNTR 
50.0 12.0 BRICMAN 70 CNTR 0 TOTAL AND CH EX 

(30.0) COOL 70 CNTR K-P, D TOTAL 
I NVARJ ANT-MASS-DISTRIBUTION PEAKS --

136.0) I 20.01 136·01 BOCK 65 HBC 
90.0 20.0 AGUILAR 10 HSC . 3.9-4.6 GEVIC" K-

ELASTIC DCS -
70. ... DADO "72 HBC 0 K-P ElSTC OCS . ....... . 

AVERAGE MEANINGLESS CSCALE FACTOR • 1.11 

Pl 
P2 
P3 

•• •• •• •• •• •• •• Rl 

•• 
R2 
R2 

R3 
R3 

AVG 

29 Y*U1920J PARTIAL DECAY MODES IPROD. EXP.J 

Y*1119201 INTO KBAR N 
Y*lC 19201 INTO LAMBDA PI 
Y*li1920J INTO SIGMA PI 

DECAY MASSES 
497+ 939 

1115+ 134 
1197+ 139 

29 Y*U 19201 BRANCHING RATIOS (PROD. EXP. J 

Y*lll9201 INTO (KBAR NJ/TQTAL (Pll 
THESE VALUES OF ELASTICITIES ASSUME J=S/2 -

0.06 BUGG 68 CNTR ASSUMING J,.5/2 
0.07 0.02 BRICMAN 10 CNTR 0 TOTAL AND CH EX 
0.01 COOl 70 CNTR K-P, D TOTAL 

THIS ELASliCITY ASSUMES J 11117/2 
.62 ... OAOO 72 HBC 0 K-P ELSTC DCS .. . . ' 0.10 0.13 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 6.7) 

Y*lC 19201 INTO (KBAR NJilSIGHA PII (PlJilP3J 
(.371 OR LESS BARNES 69 HBC . 1 STAN. DEv. 

Y*H 1920J INTO (LAMBDA PI JJ(S IGMA PI J (P211lP3J 
(.281 OR LESS BARNES 69 HB~ . 1 SUN. DEv. ..................................................................... 

BOCK 65 PL 11 166 

REFERENCES FOR Y*111920I I PROD .. EXP.I 

+COOPER, fRENCH, K "1 NSON, + (CERN, SACLA Y I 
•GIACOMELLI 1 KYCJ A, LEONTIC 1 li rLUNOBY 1 + C BNL) COOL 66 PRL 16 122 8 

SUPERSEDED BY COOL 70. 
BUGG 68 PR 168 1466 +{;I LMORE, KNIGHT 1 DAVI ES• I Bl RM,CAVE, RHELJ I 
BARNES 69 PRL 22 ~ 79 +FLAMINIO,MONTAHET,SAMIOS + lBNL+SYRAI 

AGUILAR 
SRI CHAN 
COOL . 
OAOO 

70 PRL 25 58 
70 PL 318 152 
70 PR D1 1887, 
12 PRL 29 1695 

AGUI LAR-BENI TEl, BARNES, • C BNL, SYRAI 
+FERRO LUZZI, PERREAU,• lCERN,CAEN,SACLAYI 
+GIACOMELLI, KYCJA, LEONTIC, Ll, + lBNLJ I 
+BI RMANr GOLDBERG, WEISS I HAlF I J P 

PAPERS NOT REFERRED TO IN DATA CARDS 

PRIMER 68 PRL 20 610 +GOLDBERGIJAEGER,BARNES,OORNAN + CSYRA,BNLJ 
SUPERSEDED BY BARNES 69 AND AGUI LAR-BENI TEl 70. ..................................................................... _ 'j;( ~·;~~; r··~- .................... Tn··:1:3·r ............ .. 

. • - 98 Y*ll-1940, JP.,.3/2-I 1=1 

1940.0 
M 1940.0 .. 1940.0 

• 1985.0 

• 1949 • • • AVG 1941.4 

w 200.0 
w 200.0 
w 280.0 
w 208.0 

. w 160 • 
w 
w AVG 220.9 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS .. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 
PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OHJT THIS STATE FROM THE MAIN 
BARYOO TABLE .. THlS EFFECT IS PERHAPS ASSOCIATED WITH 

'THE BUMPS SEEN IN PRODUCTION EXPERIMENTS NEAR TH1S 
MASS. SEE THE PRECEDING ENTRY. 

98 Y*lC 19401 f4ASS (ME VI 

so.o GALTIERJ 10 OPWA K- N TO LAH PI 
. 40.0 GALT IERI 10 DfiWA K-P TO SIGMA PI 
30.0 LITCHFIEL 70· DPWA K-NTOLAMPI 
(5.01 KANE 72 OPWA 0 K-P TO PI SlG 
40. bO. VANHORN 12 OPWA 0 K- P TO LAJII PIO 

19.9 AVERAGE CERROR INCLUDES SCALE FACTOR OF l.OJ 

98 Y*11194()) WIDTH (MEV) 

so.o GAL TIER I 70 OPWA K- N TO LAK PI 
so.o GALTIERI 70 DPWA K-P TO SIGMA PI 
40.0 LJTCHFIEL 70 OPWA K- N TO LAM PI 

(22.01 KANE 12 DPWA 0 K-P TO PI SlG 
70. 40· VANHORN 12 DPWA OK-PTOLAMPIO 

• 26.-j AVERAGE tERROR INCLUDES SCALE FACTOR OF 1.11 

--- ---.... ~ ---- ------- ----- ---- ---- -----

Pl 
P2 
P3 

98 Y*lC 19401 PARTIAL DECAY MODES 

Y*H 19401 INTO KBAR N 
Y•li194DI INTO LAMBDA PI 
Y•ll19401 INTO SIGMA PI 

, DECAY MASSES 
497+ 939 

1115+ 139 
1197+ 139. 

11/66 
6/70 

10/70 

5170 
2173* 
2173• 

6/68 
6170 

10170 
2173• 
2/.73• 

10/69 

10/69 

7170 
1/10 
1170 

10/11 
2173* 

1170 
1170 
7170 

10171 
2/73* 
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Baryons 
I:( 1940), 1:(2000). 1:(2030) 

Rl 
Rl 
Rl 
Rl 
R1 

98 Y*H 1940) BRANCHING RATIOS 

Y*H 19401 FROM KBAR N J NTO LAMBDA PI SORT I P l*P2) 
-0.12 0.04 GALTIERI 70 OPWA K- N TO lAM PJ 
-0.1"' 0.03 L1TCHFIEL 70 OPWA K- N TO LAM Pl 
-.OS .03 .02 VANHORN 72 OPWA 0 K-P TO lAM Pl.O 

Rl AVG HOD 0.093 0.030 AVERAGE I ERROR INCL~DES SCALE FACTOR OF 1. 7) 

Y*lll940J FROM KSAR N INTO SIGMA PI SORTCPl*P31 

1110 
7170 
2173* 

R2 
R2 
R2 

-0.12 0.03 GALTJERI 70 OPWA K-P TO SIGMA PI 7170 
-0.093 IO.OOtd KANE 12 DPWA 0 K-P TO PI SIG 10/71 

····~· ........................... ···-···· ................. . 
GALTIERI 70 DUKE CONF 173 
LlTCHFJE 70 NP 622 269 
KANE 72 PR 05 1583 
VANHORN 72 LBL-1370 ITHESI SJ 

REFERENCES FOR Y*Hl940J 

A BARBARO-GALTIERt 
P J liTCHFIELD 
0 F KANE 

ILRLJIJP 
(RUTHERFORD) IJP 

HBLJ IJP 
/lBl IJP .................................................................... •••••• •••••••!!'~ ...................................................... . 

I I:(2000) I 02 v•uzooo, JP•t/2-1 I•1 

P1 
P2 

) 

02 Y*U2000) MASS IHEVI 

2004. 40. VAMiORN 12 DPWA 0 K-P TO LAM PIO 

02 Y*U2000J WIDTH IHEVI 

116. '"· VANHORN 72 DPWA 0 K-P TO LAM P.JO 

02 Y*U 2000) PARTIAL DECAY HODES 

Y*ll20001 INTO KBAR N 
Y*U20001 INTO lAMBDA PI 

DECAY MASSES 
497+ 939 

1115+ 134 

. 02 Y*l120001 BRANCHING RATIOS 

A1 Y*112000J FROM KBAR N INTO LAMBDA PI SQRTIP1*P21 
R1 .Q7 .02 .01 ~ANHORN 72 OPWA 0 K-P TO LAM P.IO 

****** .o•••••••• ••••••e•• ••••••••• ********* ********* ••••••••• ******** 

REFERENCES FOR Y*H2000) 

VANHORN 72 lBL-13701THESJSJ /LBL IJP ....................................................................... ...................................................................... 

• • 
" " " " • 
" " " " " " 

w 
w 
• w 
w 
w 

I I:(2030)j 47 Y'll2030, JP•712+1 !•1 IF l'i' I• 
SEE THE MINI-REVIEW AT THE STAAT OF THE Y* LISTIN~S. 

THIS ENTRY ONLY INCLUDES RESULTS FROH PARTIAL-WAVE 
ANALYSES. PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS 
AND INVARIANT-MASS DISTRIBUTIONS AROUND .2030 MEV ARE 

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD 
GIVE THE BEST RESULTS, AS THEY ISOLATE THE F17 WAVE. THIS SUPERIORITY 
IS, HOWEVER, PROBABLY NOT YET ATTAINED, AND WE RELY ON BOTH ENTRIES 
FOR PARAMETERS GIVEN IN THE MAIN BARYON TABLE. 

( 2030.0) 
2032.0 
2030.0 
2035.0 
2027.0 
2010.0 
2000.0 
2022.0 
2025. 
2034.0 
2042. 

1110.0) 
160.0 
165.0 
lSO.O 
1SB.O 
115.0 
100.0 
no.o 
zoo. 
ll8.o 

·178. 

47 Y*1(2030J MASS (MEVJ 

(20.0) 
b.O 

10.0 
10.0 
b.O 

15.0 
zo.o 
4.0 

15. 
14.0 
·u. 

WOHL 66 HBC 0 K-P TO LAM PIO 
SMART 68 DPWA - K-N TO lAHBOA PI 
BERTHON 70 DPWA 0 K-P TO LAMBDA PI 
8ERTHON1 70 OPWA 0 K-P TO SIGMA PI 
COX 70 OPWA - K-N TO LAMBDA PI 
GAL TIER I 70 OPWA 0 K-P TO LAMBDA PI 
GALTIERI 70 OPWA 0 K-P TO SIGMA PI 
LlTCHFIEL 70 OPWA -D K-N TO lAHBOA PI 
L ITCHF IE 11 DPWA K-P TO KBAR N 
KANE 72 OPWA 0 K-P TO PI S IG 
VANHORN ,72 OPWA 0 K-P TO LAM PIO 

lt7 Y*U2030) WIDTH CMEVJ 

16.0 
30.0 
20.0 
16.0 
·15.0 
40.0 
15.0 
30. 
12.0 
13. 

15.0 

NOHL 66 HBC 0 
SMART 68 OPWA - K-N TO LAMBDA PI 
BERTHON 70 DPWA 0 K-P TO LAMBDA PI 
BERTHONl 70 DPWA 0 K-P TO SIGMA PI 
COX 70 DPWA - K-N TO LAMBDA PI 
GALT IERI 70 OPWA 0 K-P TO LAMBDA PI 
GALTIERI 70 DPWA 0 K-P TO SIGMA PI 
lJTCHFIEL 70 OPWA -o K-N TO LAMBDA PI 
lJTCHFIE 71 OPWA K-P TO KBAR N 
KANE 72 OPWA 0 K-P TO PI SIG 
VANHORN 72 DPWA 0 K-P TO LAM PI 0 

AVERAGE MEANINGLESS (SCALE FACTOR ., 1.6J 

7/66 
6/68 
1170 

10170 
6/70 
1110 
1110 
6/70 

10171 
10171 
2113* 

7/66 
6/68 
7/70 

10170 
6/70 
7170 
7170 
6/70 

10/11• 
10171 

2173* 

Data Card Listings 
For notation, see key at front of Listings. 

P1· 
P2 
Pl. ... 

"47 Y•li2030J PARTIAL DECAY MOO'ES 

Y*112030J INTO KBAR N 
Y*li2030J INTO LAMBDA PI 
V*U 20301 INTO SIGMA PI 
¥*112030) INTO XI K 

47 '1*1(2030) BRANCHING RATIOS 

DECAY MASSES 
lt91+ 939 

1115+ 134 
ll97+ 139 
1321+ 497 

Y*H2030J INTO IKBAR N)/TOTAL CPU 

.. 

R1 
R1 ( O. 25) WOHL 66 H8C a· K-P CH EX 7166 
R1 0 
R1 

C0.1U DAUM 68 CNTR K-P ELA,POL,SIGT 7170 
0.17 0.04 CAMPBEll 11 OBC - K- NEUTRON ELAST 1171 

R1 0.18 O.oz LITCHFIE 11 OPWA K-P TO KSAR N .10171 
R1 0 
R1 

OAUM 68 ASSUMES IJ+1/2)*P1 VALUE SEEN IN TOTAl CRO~S SECTION. ......... 
Rl AVG 0.178 O.Q18 AVERAGE I ERROR INCLUDES SCALE FACTOR OF 1.0J 

R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 
R2 

Y*lC 2030) FROM KBAR N 
(0.20) 
+0.21 
+0.2 
+0.19' 
+0.16 
+0.20 

.zo 

o.ot 
o.o2 
o.o1 
o.o3 
o.oos 

·01 

INTO LAMBDA PI SQRTCP1*P2J 
WOHL 66 HBC 0 K-P TO LAMBDA PI 
SMART 68 OPWA - K-N TO LAMBDA PI 
BERTHON 70 DPWA 0 K-P TO lAMBDA PI 
COX 70 OPWA - K-N TO LAMBDA PI 
GAL TIER I 70 OPWA 0 K-P TO LAMBDA PI 
llTCHFIEl 70 OPWA ....0 K-N TO lAMBDA PI 
VANHORN 72 DPWA 0 K-P TO LAM PIO 

R2 AVERAGE MEANINGLESS ISCALE FACTOR a 1.0) 

R3 ¥*112030) FROM KBAR N INTO SIGMA PI SQRHP1*P3J 
., l 
R3 

C-O.Q9J C0.02J BERTHON1 70 OPWA 0 K-P TO SI~A PI 
-0.052 0.010 GAL'TIERI 70 DPWA. 0 K-P TO SIGMA PI 

R3 •0.10 0.03 LJTCHFIE 71 OPWA K-P TO SIG PI 
R3 l .. , LITCHFIELD 71 IS AN UPDATE OF BERTHON1 70 

-o.OB6 Oo014 KANE . 72 DPWA 0 K-P TO PI SIG 
R3 • •••• • • •• 
R3 AVERAGE MEANINGLESS ISCALE FACTOR a 1.6) 

•• •• •• •• 
Y*H 2030) FROM KBAR N INTO XI K 

CO.OSJ OR LESS TRIPP 
10.051 OR LeSS BURGUN 
I0.023J MULLER 

SQRHP1*P4J 
67 RVUE 0 K-P TO XI 
68 DPWA 0 K-P TO XI 
69 OPHA 0 

••••••••••••••••••••••••••••••••••••••••••••• ••••••••-o v ••••••• 

REFERENCES FOR 'I* I 12030J 

WOHL 66 PRL 17 107· C G WOHL, F T SOLMITZ, M L STEVENSON CLRLJIJP 
TRIPP 67 NP B3 10 + LEITH, + ILRL 1 SLAC 1 CERN,HE10EL,SACLAYJ 
BURGUN 68 NP B8 447 +HEYER, PAULI,T ALLI NI + C SACL +COEF+RHEU 
OAUM 68 NP B7 19 +ERNErLAGNAUXrSENS 1 STEUER,UOO CCERNJJP 

CONFIRMS THE SPIN-PARITY ASSIGNMENT. 
SMART 68 PR 169 1336 W H SMART llRUIJP 
HULLER 69 THES IS.UCRl 19372 R A HULLER ILRU 

BERTHON 70 NP B20 476 
8ERTHQN1 70 NP B24 417 

+RANGAN, VRANA, +(COL FRANCE, RHEL t SA CLAY Jl JP 
+VRANA, BUTTERWORTH, + ICOEF, RHELt SAClAVJIJP 

COX 70 NP B19 61 +ISLAM, COLLEY, + CBIRM,EOJN,GLAS,LOICJ IJP 
GAL TIER I 70 DUKE CONF 173 
LITCHFIE 70 NP B22 269 

A BARBARD-GALTIERI CLRLJIJP 
P J LITCHFIELD ~ I RUTHERFORDJI~P 

CAMPBEll 11 .NP 825 75 
LITCHFIE 71 NP B30 125 

+HORTON, NEGUS, GOYAL, MILLER CGLAS, LOICIIJP 
LITCHFIELD, • ., .+LE SQUOY 1 +.. t RHEL+COEF• SACLI J JP 
0 F KANE ILBU IJP KANE 72 PR OS 1583 

VANHORN 72 lBL-13701THESISJ /LBL IJP 

•••••• ••••••••• ********* ••••••••• ••••••••• ••••••••o ••••••••• •••••••• ........................ .et•••••••• ••••••••••••••••••••••••••••••••••• 

• • w 
w 
w 
w 
• 

P1 
P2 

PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

SEE THE NOTE TO THE F17 V*112030J, WHICH PRECEDES THIS 
ENTRY. HERE WE LIST ONLY PARAMETERS· OF PEAKS IN CROSS 
SECTIONS AND. INVARIANT-MASS DISTRIBUTIONS. THE CROSS

SECTION PEAKS ARE AT LEAST DOMINANTLY ASSOCIATED WITH THE ¥*112030), 
BUT HAY CONTAIN A SHALL CONTRJ'BUTION FROM THE SUGGESTED BUT NOT ESTAB
LISHED OTHER RESONANCES IN THIS REGION. 

(2022.0) 
2020.0 
2049.0 
2025.0 

1 2o2s:oJ 

28 Y*U2030J MASS IMEVJ IPROO. EXP.J 

120.0) 
7 .o 
•• o 

10.0 
120-0J 

BLANPI EO. 65 CNTR 
BUGG 68 CNTR 
BRJ CHAN 70 CNTR 
COOL 70 CNTR 
LU 70 C.NTR 

AVERAGE MEANINGlESS ISCALE FACTOR c 2.~J 

0 GAMHA P TO K+ Y* 
K-P, 0 TOTAL 

0 TOTAl AND CH EX 
K-P, 0 TOTAL 

0 GAMMA P TO K+ Y* 

28 Y*li2030J WIDTH IMEYI (PROD. EXP.J 

1120.0) 120.0) BLANPJ ED 65 CNTR 0 
130.0 10.0 BUGG 68 CNTR 
126.0 u.o 8RICMAN 10 CNTR 0 TOTAL AND CH EX 
165.0 COOL '10 CNTR K-'P, 0 TOTAL 
(80.0) LU 10 CNTR 0 GAMMA P TO K+ Y* 

AVERAGE MEANINGLESS (SCALE FACTOR • 1.0) 

28 Y*'U2030J PARTIAL DECAY MODES CPROD. EXP.J 

Y*lC 2030) INTO KBAR N 
Y*112030J ·INTO KBAR N PI 

DECAY MASSES 
497+ 939 
.4t97+ 939• 139 

7/66 
6/68 
1110 
6170 

•1/10 
6/70 
2/73* 

10170 
1110 
3172 
3/72 

10/71 

8/67 
10/69 
7170 

6/68 
6170 

10/70 
1/71 

6/68 
6170 

10/70 
1171 



1'1 
~.1 .) 

.Data Card Listings 
For notation, see key at front of Listings. 

28 Y*U2030) BRANCHING RATIOS CPROO .. EXP.J 

Rl Y*lC 2030) INTO CKBAR NJ /TOTAL CPU 
Rl THESE VALUES OF ELASTICITIES ASSUME Jr~.7/2 --
Rl 0. 1:31 BUGG 68 CNTR 
Rl o. 27 to.02J BRICHAN 70 CNTR 0 TOTAL AND CH EX 
Rl 0.12 COOL 70 CNTR K-P, 0 TOTAL 

R2 
R2 

Y*lt20301 INTO KBAR N PI 
SEEN BOCK 

(P21 
HBC 

........................ *****•••• ••••••••••••••••••••••••••••••••••• 
REFERENCES FOR Y*ll20301 (PROD. EXP.J 

BLANPIEO 65 PRL 14 741 +GREENBERG, HUGHES, KITCHING rLU, + (YALEI CEA I l 
+GIACOMELLJ,KYCJA,LEONTJC,U,LUNOBY,+ IBNL.l 1 COOL 66 PRL 16 1228 

SUPERSEDED BY CQOL 70. 
BUGG 68 PR 168 1466 +GILMORE,KNtGHT, + I RHEL, 8 JRMr CAVE) 

SRI CHAN 
COOL 
LU 

70 PL 318 152 
70 PR 01 1887 
10 PR 02 1846 

+FERRO LUZZI, PERREAU, + I CERN,CAEN, SA CLAY I 
+GIACOMELLI, KYCIA, LEONTIC, Lit + IBNLJ I 
+GREENBERG, HUGHES, MINEHART, MORt,+ IYALEI 

•••••• ••••••••• • ••••••••••••••••• •••••*••• •••••••••••••••••••••••••• .•.... .••...... ·······** ..........................•................. 
I l:(2o7o) I 

) 

34 Y*ll2070t JP=5/2;t-1 1=1 

THIS STATE HAS BEEN SUGGESTED BY ONLY ONE .PARTJAL 
WAVE ANALYSIS ACROSS THIS REGION. IT NEEDS CONFIRMATION 
THE RESONANCE PROPOSED BY KANE IS TOO BROAD TO 
BE USED AS EVIDENCE. 

34 Y*H 20701 MASS I HE VI 

12070. I I 10.1 
I 2057. OJ 

BERTHON1 70 DPWA - K- P TO SIG PI 
KANE 12 DPWA K-P TO SIGMA PI 

34 Y*H2070J WIDTH IMEVJ 

6 

6/68 
6/70 

10170 

( 140. J 120.1 BERTHON1 70 DPWA - K- P TO SJG PI 1171 
1.906.01 KANE 72 DPWA K-P TO SIGMA PI 1173* 

Pl 
P2 

Rl 
Rl 
Rl 

34 Y*H2070J PARTIAL DECAY ~DOES 

Y•U2070J INTO KBAR N 
Y*lC 2070) INTO SIGMA PI 

34 Y*ll20701 BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1197+ 139 

Y*li2070J FROM KBAR N TO SIGMA SQRTIP1*P21 
(+.121 1.021 BERTHON1 70 OPWA - K- P TO SIG PI 

1+0.1041 KANE 72 OPWA K-P TO'SIGHA PI 

................................................... ••••••*•• •••••••• 
REFERENCES FOR Y*1 12D7DJ 

BERTHON1 70 NP B24 417 
KANE 72 PR D5 1583 

+VRANA ,BUTTERWORTH,+ 
D F KANE 

I CDEF ,RHEL, SA CLAY I IJP 
ILBLI .................................................................... ......••••••••• ···101····· ••••••••• •••:o:••••• .......................... . 

I l:(zoao) I 
) 

8B Y*112D80t JP•3/2+1 Ic1 

SEE THE MINI-REVIEW AT THE START OF 'tHE Y* LISTINGS. 

SUCH .A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 

Pl 
P2 

PARTIAL-WAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE .FROM THE MAIN 
BARYON TABLE. 

8B Y*ll 2D8Dl MASS I MEV I 

12082.01 (4.DI 
12070.01 13D.OI 

COX 70 OPWA - K- N TO LAM PI 
L~TCHFIEL 70 DPWA -0 K- N TO LAM PI 

88 Y*U20801 WIDTH CHEVJ 

187.0) 120.01 ' COX 70 OPWA - K- N TO LAM PI 
125D.Ol 140.01 LJTCHFIEL 70' OPWA -0 K- N TO LAM PI 

88 Y*li2D80J PARTIAL DECAY HODES 

Y*ll 20801 INTO KBAR N 
Y*U 20801 INTO LAMBDA P 1 

DECAY MASSES 
497+ 939 

1115+ 139 

~ ---- ----- ------- ------- ------- ------- ----- -------
88 Y*lC2D8DI BRANCHING RATIOS 

R1 Y*li2DBOI FROM KBAR N TO LAMBDA PI SQRHP1*P2J 
Rl 1-0.16) (0.031 COX 1.0 OPWA - K- N TO LAM PI 
R1 1-0.091 (O.D3~ ltTCHFIEl fo OPWA -0 K- N TO LAM PI 

•••"!~!•• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1171 
1173* 

6170 
6/70 

6170 
6/70 

6/70 
6/70 

'.I 
f;.,.J 

; 
t) 

PARTICLE DATA GROUP Revi~nv of Particle ProfJerties Sl63 

. Baryons 
l:(2030), l:(2070), l:(2080), l:{2100), l:(2250) 

REFERENCES FOR Y'*H2DBOJ 

COX 70 NP 819 61 
llTCHFIE 70 NP B22 269 

+ISLAHr COLLEY, + 
P J LITCHFIELD 

(BIRM, EDINrGLAS, LOICJ IJP 
I RUTHER FORO I lJP 

••••••••••••••• ********* .......... ••••••:o:•* •••••••••••••••••••••••••• 
•••••• ••••••••• ••••••••• *****•••• ••:o::o:••o•• ••••••••• ••••••••• •••••••• 

ll:(2100)j 
) 

26 Y*li210D, JP•712-I 1=1 IG171 
SEE THE MINI-REVIEW AT THE START OF THE yo: LIS.TINGS. 

SUCH A RESONANCE IS SUGGESTED BY SOME BUT NOT ALL 

Pl 
P2 
P3 

PARTIAL-HAVE ANALYSES ACROSS THIS REGION. UNTIL THERE 
IS MORE EVIDENCE, WE OMIT THIS STATE FROM THE MAIN 
BARYON TABLE. 

26 Y*li210DI MASS (HEVI 

(2060.01 120.01 GALTIERI 70 DPWA 0 K-P TO LAMBDA PI 
12120.01 (30.0) GALTJERI 70 OPWA 0 K-P TO SIGMA PI 

26 Y*U 21001 WIDTH IMEVJ 

17D.D) (30.01 GAL TIERI 70 OPWA 0 K-P TO LAMBDA PI 
1135.01 I 30.01 GALTIERI 7D OPWA 0 K-P TO SIGMA PI 

26 Y*li21DO) PARTIAL DECAY HODES 

Y*1 ( 21001 INTO KSAR N 
Y*li21DDJ INTO LAMBDA PI 
Y*H21001 INTO SIGMA PI 

26 Y*ll2100) BRANCHING RATIOS 

DECAY MASSES 
497+ 939 

1115+ 134 
1197+ 139 

Y*H21DOJ FROM KBAR N TO LAMBDA PI SQRTCPl*P21 

1170 
7170 

7170 
7/70 

Rl 
Rl C-O.Oll ID.D2J GALTIERI 7D DPWA D K-P TO LAMBDA PI 7170 

Y*ll21001 FROM KSAR N TO SIGMA PI SQRT(Pl*P31 R2 
R2 (+0.131 (Q.D21 GALTIERJ 70 DPWA 0 K-P TO SIGMA PI 7/70 

GALTIERJ 70 DUKE CONF 113 

REFERENCES FOR Y'*U210DI 

A BARBARQ-GALTIERI ILRL IIJP 

•••••• ••••••••• •••o••••• o•••••••• ••••••••• ••••••••• ••••••••• •••••••• .................................................................... 

Pl 
P2 
P3 
P4 

J 1•1 PRODUCT JON EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THE Y* LISTINGS. 

THE PHASE-SHIFT-ANALYSIS RESULTS ARE TOO WEAK TO 
WARRANT SEPARATING THEM FROM THE PRODUCTION AND CROSS-
SECTION EXPERIMENTS. IN AN ANALYSIS OF ELASTIC AND 
POLARIZATION DATA, OAUH 68 COULD NOT EXCLUDE ANY 

POSSIBILITY FROM JP•· 5/2+- TO JP• 11/2+- FOR THIS STATE. BRJCMAN 70 
SUGGESTS 112-. YANHORN72 CLAIMS 5/2+. 

LASINSKI 71 SUGGESTS TWO RESONANCES IN THIS REGION USING A POHERON 
+ RESONANCES HODEl. 

48 Y*li225DI MASS IMEVJ (PROD. EXP.I 

C 2245. OJ BLANPI EO 65 CNTR GAMMA P TO K+ Y* 
( 2299. OJ (6 .01 SOCK 65 HBC PBAR P 5. 7 BEV/C 
2250.0 7.0 BUGG 68 CNTR K-P, 0 TOTAL 
22BO. 14.0 AGUILAR 70 HBC + K- 3.9-4.6 GEV/C 
2237.0 11.0 BRICMAN 70 CNTR D TOTAL AND CH EX 
2255.D 10.0 COOL 70 CNTR K-P, 0 TOTAL 

12250.01 t20.0J LU 70 CNTR 0 GAMMA P TO K+ Y* 
2251. 30.. 20. VANHORN 72 DPWA 0 K-P TO LAM PJD 

VANHORN72 VALUE FROM A OPWA THAT FINDS JP=5/2+. ......... 
AVERAGE MEANINGLESS ISCALE FACTOR • 1.21 

AVG 

48 Y*U225DI WIDTH 'MEVJ (PROD. EXP.J 

(150.Dl 8LANPI ED 65 CNTR GAMI1A P TO K+ Y* 
(21.DJ 117.0) 121.0) BOCK 65 HBC PBAR P 5.7 GEV/C 
23D.O 20.D BUGG 68 CNTR K-P, 0 TOTAL 
100.0 20.0 AGUILAR 1D HBC + K- 3.9-4.6 GEV/C 
164.0 50.0 BRICMAN 10 CNTR 0 TOTAL AND CH EX 

I 110.DI COOL 10 CNTR K-P, 0 TOTAL 
1125.0) LU 70 CNTR 0 GAMMA P TO K+ Y* 
192. 30, VANHORN 72 DPWA 0 K-P TO LAM PIO 

169.5 33.4 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.11 
' SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

4B you 2250J PARTIAL DECAY MODES (PROD. EXP. I 

Y•112250J INTO KBAR N 
Y*li2250J INTO LAMBDA PI 
Y*H22501 INTO SIGMA PI 
Y*ll 2250J INTO KBAR N PI 

DECAY MASSES 
497+ 939 

1115+ 134 
1197+ 139 

497+ 939+ 139 

6/68 
5170 
617D 

10/70 
1171 
2173• 

6/68 
517D 
6/7D 

10170 
1171 
2173• 
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Baryons 
E(2250), E(~455), E(2620), E(3000), EX. HYPE. 

Data Card Listings 
For notation, see key at front of Listings. 

Rl 
Rl 
Rl 
Rl 
Rl 

48 Y*ll22501 BRANCHING RATJOS IPRQD. EXP.I 

Y*lf 2250) INTO IKBAR N)/HlTAL IPiJ 
J IS NOT KNOWN. THE FlltlDWING IS (J+l/21*Pl. 

10.471 BUGG 68 CNTR 
10.16), (0.12) BRICMAN 70 CNTR 0 TOTAL AND CH EX 
10.421 COOL 70 CNTR K-P, 0 TOTAL 

Y*ll22501 FROM KBAR N TO LAMBDA PI SQRTIPl*PZJ 
THE FOLLOHJNG ASSUMES JPa9/2-. DATA INSUF. FOR OETERH. THIS AMP. 

6/6B 
6170 

10110 

R2 
R2 
R2 
R2 

1-0.181 GAUIERI 70 DPWA K-P TO LAMBDA PI 10170 
-.16 .03 VANHORN 7Z OPWA 0 K-P TO LAM PIO 2173* 

Rl 
Rl 
Rl 

•• •• 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTED 

Y*1122501 fqQM KBAR N TO SIGMA PI SQRTCPl*P31 
THE FOLLOWING ASSUMES JPc9f2-. DATA lNSUF. FOR OETERM. THIS AMP. 

1+0.07) GALTJERI 70 OPWA K•P TO SIGMA PI 10/70 

Y*li2250J INTO IKBAR NJJISIGMA PIJ CP1JI{P31 
C0.1BI OR LESS BARNES 69 HBC + 1 STAN DEV llHIT 10/69 

Y01(22501 INTO (LAMBDA PIJ/CSJGMA PIJ IP21/CP3J RS 
RS I 0.1BJ OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 10/69 

••••••••••••••• ···~···** ••••••••••• , •••••••••••••••••••••••••••••••• 
REFERENCES FOR Y*1122501 (PROD. EXP.I 

BLAt~PIEO 65 PRL 14 741 +GREENBERG, HUGHES, KITCHING t + C YAL El tEA II 
BOCK 65 Pl 17 166 +COOPER,FRENCH,KJNSON, + ICERN,SACLAYJ 
BUGG 6B PR 16B 1466 +GILMORE,KNIGHT 1 + IRHEL,BJRM,CAVEI I 
BARNES 69 PRL 22 4 79 +FLAMINI0 1 MONTANET 1 SAMIOS + IBNL+SYRAI 

AGUILAR 
BRICMAN 
COOL 
GALT JERI 
LU 
VANHORN 

70 PRL 25 58 
70 PL 31B 152 
70 PR 01 1887 
70 DUKE CONF 173 
10 PR 02 1846 
12 LBL-l370CTHESISI 

AGUILAR-BENITEZ, BARNES, + IBNL,SYRAI 
+FERRO LUZZI t PERREAUo + I CERN ,CAE N, SACLAY I 
+GIACOI'IIELLI 1 KYCJA, LEONTICo LI, + IBNLI I 
A BARBARO-GALT I ERI I LRLJ I JP 
+GREENBERG, HUGHES 1 MINEHART • MORI,+ I YALE I 

. n~ID 

PAPERS NOT REFERRED ro IN DATA CARDS 

COOL 66 PRL 16 1228 +GIACOHELLI,KYCIA,LEONTJCILitLUNDBY,+ CBNLI I 
SUPEREOED BY COOL 70. 

DAUBER 66 PL 23 154 +SCHLEIN, SLATER, STORK, TICHO· IUCLAilRLJI J 
SUGGESTS J#9/2 RESONANT BEHAVIOR IN SIGMA- PI+, BUT APPEARS 

INCONSISTENT WITH PARAMETERS OF COOL 66. 
DAUM 68 NP B7 19 +ER"'Eo LAGNAUX, SENS, STEUER, UOO (CERNJJP 
LASINSKI 71 NP 829 125 T A LASINSKI CEFJ UJP 

Pl 

Rl 
Rl 
Rl 
Rl 
Rl 
Rl 
Rl 

J 1=1 PRODUCT ION EXPERIMENTS 

SEE THE MINI-REVIEW AT THE START OF THEY* LISTINGS. 
THERE IS ALSO SOME SLIGHT EVIDENCE FOR Y* STATES IN 

THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS --
SEE GREENBERG 6B. 

AVG 

2455.0 
2455.0 

53 Y•U24SSJ MASS IMEVJ I.PROD. EXP.J 

7.0 
10.0 

BUGG 
ABRAMS 

6B CNTR 
70 CNTR 

K-P 1 D TOTAL 
K-P, .D TOTAL 

2455.0 5.7 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.01 

100.0 
140.0 

53 Y•ll24551 WIDTH IMEVJ IPROD. EXP.J 

20.0 BUGG 
ABRAAS 

6B CNTR 
70 CNTR K-P, 0 TOTAL 

53 Y•U21t551 PARTIAL DECAY HODES IPROO. EXP.I 

Y*ll24551 INTO KBAR N 
DECAY MASSES 

497+ 939 

53 Y*112455) BRANCHING RATIOS (PROD. EXP.I 

Y*U 24551 INTO IKBAR N) /TOTAL IP1J 
J IS NOT KNOWN. THE FOLLOWING IS (J+l/2JOP1 .. 

(Q.3J BUGG 6B CNTR 
0.39 ABRAMS 70 CNTR K-P, D TOTAL 

10 .. 051 10.05) BRICMAN 70 CNTR 0 lOTAL AND CH 'EX 
FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN 
THJ~ REGION. 

BUGG 
ABRAMS 

.BRJCMAN 

68 PR 168 1466 
70 PR lD 1917 
70 PL 318 152 

REFERENCES FOR Y•1 124551 I PROD. EXP. I, 

+GlLMOREoKNIGHT, + IRHEltBIRM,CAVEJ 
+COOL, GIACOMELLI, KYCJA, LE~TIC, + IBNLI 
+FERRO LUZZI, PERREAU,+ ICERN,CAEN,SACLAYI 

PAPERS NOT REFERRED TO IN DATA CARDS. 
ABRAMS 67 PRL 19 678 +CODLoGIACOMEllltKYCIAoLEONT IC,LII + IBNLJ 

SUPERSEDED BY ABRAMS 70 .. 
GREENBER .4.8 PRL 20 2Z1 GREENBERG. HUGHES, LU1 MINEHART, + I YALE I . ....... ••o:•••••• •••••••"!• •••••••••••••••••••••••••••••••••••••••••••• ...... ......... ......... ......... ......... ........• ·····•··· ....... . 

6/6B 
10170 

6/68 
10170 

6/6B 
10170 
6170 

•. 

Pl 

) 1•1 PRODUCTiON EXPERIHfNTS 

SEE THE MINI-REVIEW AT THE START OF THE Y• liSTINGS. 

.54 Y*li2620J MASS IMEVJ IPROD. EXP.J 

15.0 ABRAMS '70 CNTR K-P, 0 TOTAL 

54 Y*ll26201 WIDTH IMEVJ IPROO. EXP.J 

1175.0) ABRAMS 70 CNTR. K-P, D TOTAL 

.54 Y*lC2620J PARTIAL DECAY MODES IPROD. EXP.J 

Y*ll26201 INTO KBAR N 
DECAY MASSES 

497+ 939 

54 Y*lC2620J BRANCHING RATIOS IPROO. EXP.J 

Y*li26ZOJ INTO IKBAR NJITOTAL IPIJ 
J IS NOT KNOWN. THE FOLLOWING IS IJ+112J*P1. 

10170 

10170 

Rl 
Rl 
Rl 
Rl 

10.321 ABRAMS 70 CNTR K-P, 0 TOTAL 10170 
0.36 0.12 BRICHAN 70 CNTR 0 TOTAL AND CH EX 6170 

•***** ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••o•••• •••••••• 
REFERENCES FOR Y•1126201 IPROO. ·EXP.J 

ABRAMS 67 PRL 19 678 +COOL,GIACC»tELLI,KYCIA,LEONTJC,LI, + tBNLI 
SUPERSEDED BY ABRAMS 70. 

ABRAMS 70 PR 10 1917 +COOL, GIACOMELL It KYCIA, LEONTICt + IBNU I 
8RICHAN 70 PL 31B 152 +FERRO LUZZI, PERREAU,+ ICERN,CAE~N,SACLAYI . ................................................................... . ...... ......... ..................... ......... ......... ......... ... ,. ... . 

Pl 
P2 

I 3000. OJ 

59 Y*li3000, JP., PRODUCTION EXPERIMENTS 

SEE THE MI,NI-REVIEW AT THE START OF THE Y* LISTINGS. 

ENHANCEMENT IN LAMBDA PI AND K8AR N INVARtMn MASS 
SPECTRA AND IN MISSING MASS OF NEUTRALS RECOILING 
AGAINST KO. EVIDENCE NOT CONCLUSIVE. OMITTED FROM 
TABLE. 

59 Y•li3000J MASS IMEVI IPROO. EXP.J 

EHRLICH 66 HSC 0 PI-P 7.91 BEV/C 9/66 

59 Y*U3000J PARTIAL DECAY HODES (PROD. EXP.J 

Y•li3000J INTO KBAR .N 
Y*lC30001 INTO LAMBDA Pl 

DECAY MASSES 
497+ 939 

1115+ 139 

REFERENCES FOR Y*l 130001 (PROD. EXP.I 

EHRliCH 66 PR 152 1194 R EHRLICH, W SELOVE, H YUTA CPENNIBNLJ J I. 

•••••• ••••••••• ••••••••• ••••••••• •••••o••:t. ******"'** ••••••••• o•o•••o• •••••• ***.•**••• ••••••o•• ••••••••• •••••••••·••••••••• ••••••••• •••••••• 
EXOTIC HYPERON CROSS SECTION UWTS 

THIS IS NOT A COMPLETE LIST. WE WILL TABUlATE EXOTICS FROM NOW ON 

CS UNITS MICROBARNS 
CS G 120. J OR LESS GALTIERI 68 DBC K-N TO SG-Pl-PIO 7170 
CS G ABOVE LIMIT FOR MASS < 2.15 GEV AND GAMMA < 60 MEV- 12.1 GEVIC K-1 7170 
CS A 140. J OR LESS GALTIERI 6B OBC - K-N TO SG-PI-PIO 7170 
CS A ABOVE LIMIT FOR MASS < 2.3 GEV AND GAMMA < 120 MEV- 12.7 GEV/C K-1 7170 

REFERENCES FOR EXOTIC HYPERONS 

GALTIERI 6B PRL 21 573 A.BARBARD-GALTIERI,CHAOWICK + I LRL+SLACJ ......................................................................... ·-··· .............................................................. . 

.... 
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~Data Card Listings 
For notation; see key at front ofListings. 

S Resonances 

The:=:. resonance situation has long been and 

will probably long remairi unsettled. This is be

cause 1) they can only be produced as part of a 
- -* --final state, K ·+p ~.::. + others, and 2) they are so 

produced with very small cross sections (<50 fLb). 

Thus the nwnbers of events avail?-ble are small, 

and the analysis is more complicated than if direct 

formation were· possible. Only the:=: (1530) is 

really well established. There are at least two _ 

states in the 1800-2000 MeV region and there are 

indications of several more above 2000 Mey, but 

the sitt1ation is very unclear. We are forced to 

group together rather disparate observations and 

await new results. Figures in the listings point 

out disagreements among various experiments. 

The table following this note gives our evaluation of 

the stat'us of the:;:: resonances, based on the mea

ger data available at this time. 

STATUS OF XI* RESONANCES 
THOSE WITH AN OVERALL STATUS OF *** OR •••• ARE INCLUDED JN THE MAIN BARYON 
TABLE. THE OTHERS AWAIT CONF IRHATION. 

STATUS AS SEEN IN - · 

OVERAll 
PARTICLE LIJ STATUS XI PI LAMK SIC K XI* PI OTHER CHANNELS 

XI I 1320) Pll .... WEAK TO LAM Pt 
Xlll5301 Pl3 .... 
XIU6301 
Xlll820J ... ... 
Xlll940) ... ... 
XI 120301 .. 3-BODY CECA YS 
XI 122501 . 3-BDDY DECAYS 
XI 12500) 3-BODY CECA YS 

**** GOOD, CLEAR, AND UNMISTAKABLE. *** GOOD, BUT IN NEED OF CLARlFICAT ION OR NOT ABSOLUTELY CERTAIN. 
NEEDS CONFlRMATIOO. 

• WEAK. 

•••••• ••••••••• ••••••••• ••••'!'•••• ••~C:•••••• ••••••••• ••••••o•• •••••••• 
••o-••o ••••••••• ••••••••• ••••••••• •••o••••• ••o•••••o ••••••••• •o•oo••• 

22 XI- Cl32lr JP•l/2 J 1=112 

SEE STABLE PARTICLE DATA CARD LISTINGS ····- ........................ _. ; .................................. . ...................................................................... 
23 XIO U314r JP•l/2 ) J~:~l/2 

SEE STABLE PARTICLE DATA CARD LISTINGS ..................................................................... •••••• ........... ••••••••• ••••••••• ••••••••• •"!•••···· ••.••••••••••••••• 

1:::(1530)1 •• ·.,.1/211530. JP•312+1 I•l/21P131 

THIS IS THE ONLY REALLY WELL-ESTABLISHED XI*. THE 
QUANTUM NUMBERS 3/2+ ARE FAVORED BY THE DATA. 

WE DO NOT USE DETERMINATIONS OF THE MASS AND THE WIDTH OF THIS 
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DISCUSSION OF SYSTEMATICS 
AND RESOLUTION. 

6 l 
PARTICLE DATA GROUP Review of Particle Properties S165 

, Baryons 
:::-. :::0; :::(1530) 

49 Xl*l/2«15301 MASS CHEV I 

" 55(1529.0) CS.OJ PJERROU 62 HBC -0 K-P 1.8 GEV/C 

" U532.0J c2.o1 BADI ER 64 HBC -0 K-P 3 GEV /C ,._ 38 1535.7 3.2 LONDON 66 HBC - K-P 2.24 GEV/C 7/66 ·- 334 1531t.7 1.1 BALTAY 72 HBC - K-P 1.75 GEV 1173• 
M- 185 1536.2 1.6 KIRSCH 72 HBC - K-P 2.87GEV/C 2172 ,._ ,._ AVG 1535.22 0.87 AVERAGE C ERROR INCLUDES SCALE FACTOR OF 1.01 
M- FIT 1535.05 0.62 FROM FIT (ERROR INCLUDES SCALE FACTOR Of 1.01 
MO 76 1528.7 1.1 LONDON 66 H8C 0 K..:.p 2.24 GEV/C 7/66 
MO 59 1531.4 o.8 BADI ER 12 HBC 0 K-P AT 3.95GEV/C 10171 
MO 1262 1532.0 0.4 BALTAY 72 HBC 0 K-P 1.75 GEV 1113• 
MO 324 1531.3 0.6 BORENSTE I 72 HBC 0 K-P 2.2GEV/C 2/72 
MO 286 1532.3 0.1 KIRSCH 72 HBC 0 K-P 2 .87GEV/C 2172 
MO 
HO AVG 1531.63 o.u AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) 
MO FIT 1531.64 0.35 FROM FIT CERROR INCLUDES SCALE FACTOR OF 1.3) 

49 Cxto-J - (XJOOJ MASS DIFFERENCE CHEVJ 

0 5.7 3.0 PJERROU 65 HBC -0 1.8-1.95 GEV/C 7/66 
0 (7.0) (4.01 LONDON 66 HBC -0 2.24 GEV/C 7/66 
0 2.0 3.2 MERRILL 66 HBC -0 1.7-2.7 GEV/C 7/66 
0 2.1 1.0 SAL TAY 72 HBC -0 K-P 1.75 GEV 1173• 
0 3.9 1.8 KIRSCH 72 HBC -0 K- P 2.8 GEVIC 2/72 
0 
0 AVG 3.12 0.81 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 
0 FIT 3.41 0.61 FROM F (T (ERROR INCLUDES SCALE FACTOR OF 1.01 

49 Xl*l/2(15301 WIDTH CHEVJ 

. NO 1.0 SCHLEIN 63 HBC 0 1.8, 1.95 GEV/C 
NO 1.0 

2.0 
1.0 
3.5 
2.0 
0.1 
1.4 
1.8 

BERGE 66 HBC 0 1.5-1.7 GEV/C 7/66 
NO 8.5 
NO u.o 
NO 9.0 
NO 8.4 
NO u.o 
NO 

LONDON 66 HBC 
BAOl ER 72 HBC 
SAL TAY 72 HSC 
BORENSTE I 72 HBC 
KIRSCH 72 HBC 

. 0 2.24 GEV/C 7/b6 
0 K-P AT 3.95GEV/C 10171 
0 K-P 1.75 GEV 1/73* 
0 XI- PI+ MODE 2/72 
0 XI- PI+ 2172 

NO AVG 9.07 0.54 AVERAGE (ERROR INCLUDES SCALE. FACTOR OF 1.01 

0 

w-

1.8 
16.2 

5 

(SEE IOEOGRAH BELOW J 

~EIGHTEO RVERRGE = 9.07 • 0.54 
ERROR SCRLEO BY 1.0 

·KIRSCH 72 
·BORENSTEI 72 
·BRL TRY 72 
·BROIER 72 
·LONOON 66 
·BERGE 66 
·SCHLEIN 63 

10 15 20 

CHISQ 
HBC 1.2 
HBC 0.2 
HBC 0.0 
HBC 0.9 
HBC. 0.0 
HBC 
HBC ..J....L 

3.4 
!CDNLEV 
=0 .636) 

3.5 
4.6 

7.8 BALTAY 72 HBC - K-P l• 75 GEV 1173* 
KIRSCH 72 HBC - XI- PJO,XlO PI- 2172 

w- AVG 12.9 4.1 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.21 

P1 

------ ----- ---~--- ------- -------- ______ :._ 

49 XI *1121 15301 PARTIAl DECAY MODES 

XJCI1/211530J INTO XI PI 
DECAY MASSES 

1321+ 139 

OTHER STRONG DECAYS ARE FORBIDDEN BY ENERGY CONSERVATION. ................................. ········· .......................... . 
PJERROU 
SCHLEIN 
SADlER 
PJERROU 

62 PRL 9 114 
63 PRL 11 167 
64 DUSNA I 593 
65 PRL 14 275 

REFERENCES FOR Xl*l/21 15301 

+PROWSE,SCHLEINrSLATER,STORK,TICHO CUCLAI I 
• +CARMONY,PJERROU,SLATERrSTORK,TICHO WCLAJIJP 
· +DEMOULINrGOLOBERG, + (EPOLrSACLAY,AMSTI I 

+SCHt.EINrSLATER, SHITHrSTORK,TlCHO I UCLA I 

BERGE 
LONDON 
HERR Ill 

66 PR 147 9-45 +ESERHARO,tiJBSAROrMERRILL,B-SHAFER,+ ILRLJ I 
66 PR llt3 1034 +RAUtSAHIOSrYAMAHOTO,GOLOBERGr+ IBNL,SYRAJ IJ 
66 UCRL-16455 THESIS 0 W MERRILL (LRL I JP 

BAOIER 72 NP 837 429 
SAL TAY 72 PL 428 129 
BORENSTE 72 PR 05 1559 
KIRSCH 72 NP 840 349 

+SARRELET, CHARlTON, V IOEAU I EPOL J 
+SRI DGEWATER rCOOPERr GERSHWIN,+ ICOLU+Bl NG J 
BORENSTEIN ,DAN BURG ,KALBFLEISCH++ C SNL, MJ CH J 

• SCHMJDT+CHANG, HEMINGWAY( BRAN ,UMOrSYRAt TUFT J 

PAPERS NOT REFERRED TO IN DATA CARDS 

SHAFER 66 PR 142 883 BUTTON-SHAFERrliNDSEYrHURRAY,SHITH CLRLJ JP 
A SPIN-PARITY DETERMINATION • 

...... ,.. ,. ............................................................. . ...... ··-······ .................................................... . 
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Baryons 
:;:(1630), :;:(1820.) 

I :;:(163oll 
) 

THIS EFFECT NEEDS CONFIRMATION. 
THIS IS A 3- OR 4-STANDARO-OEVIATION BUMP SEEN IN ONE 
CHANNEL IN ONE EXPERIMENT. BARTSCH 69 SEE A SMALL, BROAD 
ENHANCEMENT NEAR 1650 MEV - IT IS NOT ClEAR THAT IT IS 
THE SAME PHENOMENON AS BMST 70, WHO FIND C$.,3.6+-1.6 
HICROBARNS AT 2.87 GEV/C INCIDENT K- MOMENTUM. 

BORENSTEIN 72 SEE NO EFFECT IN TI·IIS REGION. THEY FINO 
CR < 2 HUB AT 2.18. 
ROSS 72 ARGUE THAT THE EFFECT THEY SEE IS NOT THE SAME AS THAT SEEN 
BY BHST 70. ROSS 72 FIND CSc 2+-1 HICROBARNS AT 3.3 GEV/C 

----- .. --------- _____ .,:_ ------- .. ----- ----- --------- .............. .. 

w 
w 
w 
w 

P1 

AVG 

AVG 

40 1635. 
29 1606. 

40 

1613.7 

57. 
21. 

25.7 

Zl XJ$1/2tl630l MASS IMEVJ 

10. .. 
12.8 

6HST 
ROSS 

70 HBC · 0 INTO XI- PI+ 
12 HBC 0 K-P AT 3.1-3. 7 

AVERAGE I ERROR INCLUDES SCALE FACTOR OF 2.51 

21 'XI•112t1630) WIDTH I HE VI 

18. 
7. 

12.2 

BHST 70 HBC 0 K-P AT 2.87 
ROSS 72 HBC 0 Xt-'PI+ K~OI890) 

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.91 

21 XI*l/2( 16301 PARTIAL DECAY HODES 

Xl*l/2116301 INTO XI PI 

SEEN IN K- P TO XI- PI+ KQ. 

DECAY MASSES 
1321+ 139 

•••••• ••••••••:eo :e:•o•••••• ••••••••• ••••••••• •••~••••* ••••••• .. *•*••.-.• 
REFERENCES FOR Xl*l/2116301 

BMST 70 DUKE 317 BRANDEIS +MARYLAND+ SYRACUSE+ TUFTS COLLA BOR • 
BORENSTEIN ,OANBURG ,KALBFLEISCH++ { 8Nl 1 MICHJ I BQRENSTE 72 PR OS 1559 

ROSS 72 PL 388 177 ,8URAN,LLOY0 1 MULYEY,RADOJICIC IOXFI I ' 

PAPERS NOT REFERRED TO IN DATA CARDS 

APSELL 69 PRL 23 884 (BRANDEIS, MARYLAND, SYRACUSE, TUFTS) 
SUPERSEDED BY BMST 70. 

BARTSCH 69 Pl 288.439 (AACHEN, SERLlN, CERN, LOIC, VIENNAI 
KALBFLEI 70 DUKE CONF 331 G R KALBFLEISCH - IBNLI I 

SUMMARIZES EVIDENCE FOR JSOSPIN 1 12. I 

............... ····•*'41! ............. ••••••••• ••••••••••••••••••. ·····""'*· ............... ·····-·· -······· ......... ···-······ ......... ·······• 
I Z(1820)j 

QUOTE THEM, 

Decay mode 

AS THE ACCOMPANYING IDEOGRAMS ILLUSTRATE, THE SITUATION 
IS CONFUSED. UNTil SOME FUTURE CLARIFICATION, WE LIST 
UNDER XI !18201 EVERYTHING REPORTED IN THE MASS RANGE 
1750-1S75 HEY. WHEN SRANCHlNG RATIOS ARE REPORTED, ·WE 

BUT ONLY THE HOST QUAliTATIVE CONCLUSIONS ARE JUSTIFIED. 

:::(1820) 

Masses and widths of reported enhance

ments in the :=:(18ZO) region (solid 

rectangles indicate· error on mass). 

7170 
3172 

3172 

-- + .::. 11' 

:::(1530)11' 

I;- R" 
AK' 

BADIER 65 

SMITH-2 65 

ALITTI 69 

BMST 70 

BMST 70 

BMST 70 

BMST 70 

1800 1900 

M ± r/2 (MeV) 

-- ----- ----- ----- --- ------ -------- --------

·" " " " M 
M 
M 
M 
M 
M 8 
M •• 

" . M 

' 

w 
• w 
w 
w 
w 
• w 
• w 
w 

'·W 

bata Card Listing;> 
For notation, see key at front of Listings. 

50 Xl*1/2(1820J MASS IHEYJ 

HALSTE INS 63 FBC -0 K-FR 3.5 GEV/C 
BADIER 65 HBC 0 LAMBDA KBAR 

'1770.01_.. 
30 1814.0 4.0 
29 1817.0 7.0 SMITH 1 65 HSC -0 LAMBDA KBAR 
40 1830.0 10.0 ALJTTI 69 HBC - LAM, SIG KSAR 
65 1795. 10. BHST 70 HBC 0 XI-PI+ 12.9 K-Pl 
55 1820. 12. BHST 70 HBC . XII1530l PI 
35 1854.. 12. BMST 70 HBC - SIGMA- KOSAR 
65 1871. u. BMST 70 HSC 0 LAMBDA KOSAR 
25 1830.0 10.0 CRENNEll .70 OBC · -0 3;6, 3.9 GEY/C 
zs 1762.0 8.o SADlER '72 HBC XI PI,XI2PltK Y 
3S 1838.0 s.o SADlER 12 HSC XI' PI,XJ2PirK Y 
BAD I ER 71 ADDS All I;HANNELS AND D'IVIDES PEAK IN LOWER AND HJGHER H 

AVERAGE MEANINGLESS I SCALE FACTOR "' 3.41 
.ISEE IDEOGRAM BELOW J 

CHISQ 
•8ROIER 72 H8C 13.1 
·8RDIER 72 H8C S2.4 
•CREHHELL 70 08C 1.0 
•8MST 70 H·8c 21.6 
•8MST 70 H8C 8.1 
•8MST 70 H8C o.o 
•8MST 70 H8C 6.2 
·RLITTI 69 H8C 1.0 
·SMITH 1 65 H8C 0.2 

· ·8ROIER 65 H8C _1.d_ 
105.7 

!COHLEU 

9/69 
7170 
7170 
1170 
7170 

10170 
10/71 
1017~ 

1700 1750 1800 1850 1900 19SO =0.0001 

XIH/2(18201 MRSS !MEU1 

SO Xt•11211820J WIDTH tHEYJ 

(80.01 OR LESS HALSTE INS 63 FSC -0 K-FR 3.5 GEVIC 
U2.0J 14.01 SADlER 65 HBC 0 LAMBDA KBAR 
30.0 7.0 SMITH 2 65 HBC -o 
ss.o 40.0 · 2p.o ALITTI 69 HBC - LAM, SIG KBAR 9/69 

65 ... 31 • SHST 70 HBC XI-PI+ (2.9 K-PJ 7170 
55 82. ... BHST 70 HBC XIC 1530J PI 7170 
35 56. 14. SHST 70 HBC - S IGHA- KOSAR 7170 
65 58. 39. SHST 70 HBC 0 LAMBDA KOBAR 7170 

103.0 38.0 24.0 CRENNELL 70 OBC -o 3.6, 3.'9 GEV/C 10170 
51.0 13.0 BAD I ER 72 HBC LOWER MASS 10171 
58.0 13.0 BAD I ER 72 HBC HIGHER MASS 10/71 

SEE THE NOTES ACCOMPANYING THE MASSES QUOTEO 
w ......... . 
W AVERAGE MEANINGLESS tSCALE FACTOR • 1.3J 

t SEE IDEOGRAM BELOW I 

£.!:!!§.2. 
•8RDIER 72 H8C 0.9 
•8ROIER 72 H8C 0.2 
·CREHHELL 70 08C 3.4 
•8MST 70 H8C 0.1 
·8MST 70 H8C 0.6 
·8MST 70 H8C 0.8 
·BMST 70 H8C 3.0 
·RLITTI 69 HBC 0.1 
·SMITH 65 HBC __.!_,_L 

13.9 
ICDNLEU 

-so so 150 250 =0.0831 

Xl•1,2!18201 UIOTH !MEU1 

--- ---- ---- --- ---- ------ ----- -----

PI 
P2 
P3 
P4 
P5 

50 XI•ii2Cl820J PARTIAL DECAY MODES 

Xl*1/2f 1S20J H4TO LAMBDA KBAR 
XI*1/211820I INTO XI PI 
XI*1/2US201 INTO SIGMA KBAR 
XI•li211S20J INTO Xl*1/211530) PI 
XI*l/211820) INTO XI PI PI fEXCLUDJNG P4J 

DECAY HASSE S 
1115+ 497 
1321+ 139 
1197+ 497 
1533+ 139 
1321+ 139+ 139 

-- ----- ---- ------ ------- ------ ------- ------
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" Data Card Listings 

f 

For notation, see key at front of Listings. 

50 XI*l/2118201. BRAft:HtNG RATIOS 

R1 Xl*l/2118201 INTO ILAkBOA KBARJITOTAL CPU 
R1 0.3 0.15 AllTTI 69 HBC -
R2 XI*l/211820) INTO I XI P II/TOTAL IP21 
R2 0.1 0.1 AL ITTI 69 HBC -
R3 XI*l/211'8201 INTO (SIGMA KBARJ/TOTAL IP3J 
R3 10.02) OR LESS TRIPP 67 RVUE 
R3 o.3 0.15 AL ITTI 69 HBC -.. Xl*l/2118201 INTO I XI*l/2( 1530J PI 1/TOTAL CP4J 

•• o.3 o.ts AllTTl 69 HBC -•• 10.25) OR LESS DAUBER 69 HBC K-P 2. 7 BEV/t 

R5 Xl*l/2118201 INTO (XI PIJ/CLAMBOA KBARI I P2J I CPlJ 
R5 o.zo· o.zo SADlER 65 HBC 

•• Xl*l/2ll8201 INTO IXI*Il530J PI )/CLAM .KBARJ (P4)/( PlJ 

•• 0.26 0.13 SMITH 1 65 HBC 

R7 Xl*l/2118201 INTO f XI PI PI}/(LAHBOA KBAR) IPSIJ(Pl) 
R7 ca.11 OR MORE SMITH 1 65 HBC 

•• Xl*l/208201 INTO IXl Pll/tXl*l/211530) PIJ IP21/IP4J 

•• 1.5 o.o ... APSElL 70 HBC 0 

•• Xl*l/21 18201 INTe I XI PI PI J/IXI*l/2(1530) PJI CP51J(P41 

•• 0.3 0.5 APSEll 70 HBC 0 

REFERENCES FOR XI*l/21 1820) 

HALSTE 1 N 63 SIENA CONF 173 HALSTEINSLJO,• (8ERGEN,CERN,EP0t,RHHtlOUCI I 
+DEHOULJN,GOLOBERG, + (fPOL,SACLAY,AI1STJ I SADlER 65 Pl 16 171 

SMITH 1 65 PRL 14 25 
SMITH 2 65 ATHENS CONF 251 
TRIPP 67 NP 83 10 

USES DATA OF SMITH 1. 

Al ITTI 69 PRL 22 79 
DAUBER 69 PR 179 1262 
APSELL 70 PRL 24 777 
BHST 70 DUXE 317 
CRENNELl 70 PR ·10 8't7 
BAOJ E~ . 7 2 NP 83 7 429 

+LJNDSEYoBUTTON-SHAFER,MURRAY ILRL I IJP 
G A SMITH, J S liNDSEY tlRLI 
+ LEITH, + CLRL,SlAC,CERN,HEIOEL,SACLAYI 

+BARNES,FLAHJNIO,METlGERt + (BNLtSYRACUSEJ I 
+BERGE, HUBBARD, MERRILL, HULLER llRLI 
+ CBRANOEIS, MARYLAND, SYRACUSE, TUFTS) I 
BRANDEJS+HARYLAND+SYRAc0SE+TUFTS COLLABOR. 
+KARSHON, LAI, ONEALL, SCARR, SCHUHANNIBNLI 
+8ARRELET, CHARLTON, VIDEAU I EPOL I 

PAPERS NOT REFERRED TO IN DATA CARDS 

MERRill 68 PR 167 1202 D W MERRill, J BUTTON-SHAFER ILRLI 
WEAK EVIDENCE CONCERNING JP. 

APSEll 69 PRl 23 884 (BRANDEIS, MARYLAND, SYRACUSE, TUFTS) 
SUPERSE OED BY BHST 70. .................................................................... ...... .......... .......•. ..••••... ..••..... ········* .•..••... ·······~~~ 

I ;g(194o) I 

35 1933.0 
27 1930 .. 0 
66 1894.0 

110 1954 .. 
40 1961. 
21 1955.0 
29 1956.0 

52 XI*1/2U940, JP= I 1.,1/2 

WE LIST UNDER XI (19401 EVERYTHING REPORTED IN THE MASS 
RANGE 1675-2000 MEV. THE SITUATION IS PERHAPS NOT 
QUITE SO UNCLEAR AS IS THE CASE FOR THE Xlll8201. 

52 Xl*l/2(19401 HASS IMEVI 

16.0 
20.0 
18.0 .. .. 
14.0 ... 

BAD I ER 
AUTTI 
DAUBER 
8HST 
BMST 
GOLDWASSE 
BADI ER 

65 HBC 
68 HBC 
69 H8C 
70 HBC 
70 HBC 
70 HBC 
72 HBC 

0 XI- PI+ 
0 XI- PI+ 

- XI PI 
0 XI-PI+ 12.9 K-PI 

Xll15301 PI 
- XI PI 

XI PI tXI2PI ,K Y 

AVERAGE :.tEANlNGLESS (SCALE FACTOR ., i.61 
(SEE IDEOGRAM BELOW I 

CHISQ 
·BRDIER 72 HBC o.s 
·GDLD~RSSE 70 HBC 0.1 
·BMST 70 HBC 1.3 
·BMST 70 HBC 0.1 
•DRUBER 69 HBC 10.3' 
·RLITTI 68 HBC 1.2 

9/69 

9/69 

8/67 
9/69 

9/69 
9/69 

7/66 

6110 

6/70 

11/68 
11/68 

1170 
7170 

l017D 
10171 

·8RDIER 65 HBC ~ 
14.8 

ICDNLEU 
1860 1900 1940 1980 2020 =0.022) 

XI•V211940l MRSS I MEV! 

,, ·n 
'·~· u 

PARTICLE DATA GROUP -Review of Particle Properties Sl67 

Baryons 
;g(1820), Z(1940), Z(2030) 

• •· • . ' 

• • • • w 

52 Xl*l/2119401 WIDTH (MEVJ 

35 140.0 35.0 8AOI ER 65 HBC 
27 80.o 40.0 ALITTI 68 HBC •• 98.0 23.0 OAUBER 69 HBC 

110 129. 30. BMST 70 HBC 
40 42. 35. BMST 70 HBC 
21 56.0 26.0 GOLDWASSE 70 HBC 
29 35.0 11.0 SADlER 72 HBC 

AVERAGE· MEANtNG~eSs: 1ScALE FACTOR ., t.aJ 
I SEE IDEOGRAM. BELOW J 

-+- . ·BR'DIER 

0 XI- PI+ 
0 XI- PI+ 

- XI PI 
D X 1-Pl+ 12.9 K-P J 

Xltl5301 PI 
- XI PI 

XI PJ,XI2PI,K y 

CHISQ 
72 HBC 5.1 

·GDLD~RSSE 70 HBC o.o 
·BMST 70 HBC 0.3 
·BMST 70 HBC 5.3 
·ORUBER 69 HBC 2.7 
·RLITTI 68 HBC 0.3 
·BRDIER 65 HBC 2.:.£._ 

18.9 
ICDNLEV 

11/68 
11/68 

7170 
7170 

10170 
10/71 

-so so 150 250 =0.004) 

P1 
P2 
P3 · 

R1 
R1 

R2 
R2 

XI•1/211940l ~IDTH I MEV! 

52 XI'*-l/209401 PARTIAL DECAY MODES 

Xl*1/2119401 INTO XI PI 
Xl*1/2119401 INTO XI*Cl530J PI 
Xl*1/2119401 INTO XI Pl PI I EXCLUDING P21 

52 XI•112Cl940J BRANCHING RATIQS 

DECAY MASSES 
1321+ 139 
1533+ 139 
1321+ 139+ 139 

THE XIIl91tOJ IS SEEN MAINLY IN XI PI AND SOME IN Xli1530J PI. tT 
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT NOT SEEN. 

Xl*112119401 INTO (XI PIJICXI'*-l/2Cl530) PII (PlJ/IP2) 
'2.8 0.1 0.6 APSELL 70 HBC 0 

Xl*l/21191t01 INTO lXI PI PlJ/CXI*l/2115301 PIJ· CP3JitP2J 
D.O 0.3 APSELL 7D HBC 0 ...................................................................... 

BADI ER 65 PL 16 111 
AliTTI 68 PRL 21 1119 
DAUBER 69 PR 179 1262 
APSELL 7'0 PRL 2ft 171 
BMST 70 DUKE 317 
GOLOWASS 70 PR lD 1960 
SADlER 72 NP 837,429 

APSELL 69 PRL 23 884 
SUPERSEDED BY BHST 70 • 

REFERENCES FOR XI*1/2( 191t01 

+OEMOULINtGOLOBERG, + CEPOl,SACLAY,AMSTJ 1' 
+FLAM I NJO,METZGER, RADOJICIC, +(BNL, SYRACUSE J I 
+BERGE, HUBBARD, MERRill, MUlLER ILRU I 
+ CBRANOEISt MARYLAND, SYRACUSE, TUFTSJ l 
BRANDE 1 S +HARYLAND+SYRACU SE +TUFTS C OLLA80R. 
E L GOLDWASSER, P F SCHULTZ I ILLINOIS I 
+BARRELET,CHARLTON,VIDEAU (EPOU 

PAPERS NOT REfERRED TO IN DATA CARDS 

IBRANDEIS, MARYLAND, SYRACUSE, TUFTS) 

....... ...•..... ......... ......... ·$······· ......... ·····-·· ....... . 
•••••• ••••••••• ......... *: ................... ·~~~~··· ... •• ................... . 

M 
M 
M 
M 

• 

I Z(2030) I .. XI•l/212030, JP• J , .. 1/2 

) 

42 2030.0 
4D 2058.0 

68 Xl*l/212030) MASS JHEVI 

10.0 
17 .o 

AllTTJ 
BARTSCH 

69 H8C - K-P 3 ... 9-5 &EV/C 
69 HBC K-P 1 OGEV /C 

AVERAGE MEANINGLESS (SCALE FACTOR ., 1.41 

45.0 
57.0 

68 XI*l/2120301 WIDTH IMEVI 

40.0 
30.0 

20.0 ALITTl 69 HBC -
BARTSCH 69 HBC 

W AVERAGE MEANINGLESS ISCALE FACTOR z 1.0) 

6170 

tJ/70 

9/69 
9/69 

9/69 
9/69 
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Baryons 
:E(2030), Z(2250), E(2500), n-. 

Pl 
P2 
P3 

•• P5 

Rl 
, Rl 

R2 
'R2 

., ., 
•• •• 
R5 

'R5 

68 Xl*l/212030) PARTIAL DECAY HODES 

Xl*l/212030) INTO XI PI 
XI*l/2120301 INTO LAMBDA K9AR 
Xl*l/212030) INTO SIGMA K8.$.R' 
XI*l/21 2030J INTO XI*l/21 1530) PI 
Xl*l/2120301 INTO LAMBDA COR SJGHAJ KBAR PI 

•• XI*l/212030) BRANCHING RATIOS 

Xl*l/2120301 INTO lXI PI)/IMODES Pl TO P41 
(0.30) OR LESS Al ITTI 69 HBC 

Xl*l/2120301 (NTO (LAM KBARIJ(HODES Pl TO Pit) 
0.25 0.15 ALITT.J 69 HBC 

XJllll/2120301 INTO ISIG KBARJ/IMODES Pl TO Plt.J 
o. 75 o.zo ALITTI 69 HBC 

XI*l/2120301 INTO lXI* Pli/U100ES Pl THRU P4J 
10.151 OR LESS ALIT.TI 69 HBC 

XI*1/2C 20301 INTO LAMBDA (QR SIGMAI KBAR PI 
SEEN BARTSCH 69 HBC 

DECAY MASSES 
1.321+ 139 
1115+ 497 
1197+ 497 
1533+ 139 
1115+ 497+ 139 

I Pl) /C PI +P2+P3+P4J 
- 1 STD DEY lJMIT 

( P~J /I Pl+P2+P3+Pitl -
I P 31 /C Pl+P 2+P3+Pit) -
IP4J /I Pl+PZ+P3+P'tl 
- 1 STD DEY LIMIT 

(PSI 

REFERENCES FOR ·x 1*1/2( 2030 I 

All TTl 69 PRL 22 79. 
BARTSCH 69 PL 288 439 

+BARNESrFLAMINIOrMETZGERr + (8NLrSYRAWSEI I 
·+ UACHENr BERLIN, CERN, LOICr VIENNAI 

......... ........... ••••••••• ••••••••• ••••••••• ••••••••• ••••tt•••• ··'*····· 
•:o:•••• ••••••••• ••••••••• *****'!*** ••••••••• *'*****••• ••••.,.•*• ***'*o••• 

I :::(225o) I 
) 

22 Xl*1/212250, JP• 

THE EVIDENCE FOR THIS STATE IS WEAK. BARTSCH 69 SEE 
A BUMP OF NOT HUCH STATISTICAL SIGNIFICANCE IN L.AMBDA
KBAR-Pir SIGMA-KBAR-PI, AND Xl-Pl-Pl MASS SPECTRA. 
GOLDWASSER 70 SEE A NARROWER B(JHP IN X·I-PI-P I AT A 
HIGHER HASS. PERHAPS THEY ARE THE SAME STATE, PERHAPS 

Pl 
P2 
P3 

THEY ARE NOT. 

22 XI•1/2122501 HASS IMEVI 

35 224't. 0 
18 2295.0 

52.0 
15.0 

BARTSCH 69 HBC K-P 10 GEY/C 
GOLOWASSE 70 HBC - K-P 5.5 GEV/C 

AVERAGE MEANINGLESS (SCALE FACTOR ·• ·1.01 

22 Xl*1/2(22501 WIDTH IHEVJ 

13o.o Bo.o BARTSCH 69 HBC 
LESS THAN 30.0 GOLOWASSE 70 HBC - K-P 5.5 GEV/C 

22 X 1*1/2 I 2250 I PARTIAL DECAY MODES 

Xl*1/2122501 .INTO XI PI PI 
Xl*1/2122501 INTO LAMBDA KBAR PI 
XI*l/2122501 INTO SIGMA KBAR PI 

DECAY .MASSES 
1321+ 139+ 139 
1115+ 497+ 139 
1197+ 497+ 139 ............................................................... 

REFERENCES "FOR Xl•1/2122501 

BARTSCH 69 PL 288 439 
GOlDWA~S 70 PR 1D 1960 

+ !AACHEN, BERLIN, CERN, LDIC, VIENNAI 
E L GOLDWASSER, P F SCHULTZ C"llliNOISI 

.................................. ••••••••:o: ........... ,. ................ . ...... ......... ......... ........ ~ .......... ., .......................... . 

9/69 

9/69 

9/69 

9/69 

9/69 

9/69 
10170. 

9/69 
10170 

Data Card Listings 
For notation, see key at front of Listings. 

I :::(25oo) I 
) 

THEM TOGETHER. 

IT IS QUJTE·POSSIBLE THAT THE REASON THE EXPERIMENTS 
DISAGREE ABOUT THE MASS AND WIDTH IS •THAT THEY ARE 
SEEING DIFFERENT XI•S. FOR NOW, HOWEVER, WE GROUP 

99 Xl*1/2125001 MASS IMEVI 

30 2430.0 
. 45 2500.0 

. 20.0 
10.0 

ALJTTI 69 HBC - K-P 't.6-5 GEV/C 9/69 
BARTSCH b9 H6C -0 K-P 10 GEV/C 9/69 

Pl 
P2 
P3 

•• 
P5 

•• 

Rl 
Rl 

R2 
R2 

R3 
R3 

•• •• 
R5 •• R5 

•• •• 

AVERAGE MEANINGLESS ISCALE FACTOR • 3.1} 

99 XI*112125001 WIDTH IMEVI 

150.0 
59.0 

bO.O 
27 .o 

40.0 AlJTTl 69 HBC -
BARTSCH 69 HBC -0 

AVERAGE MEANINGLESS ISCAL.E FACTOR c 1.61 

99 XI•11212500I PARTIAL DECAY MODES 

Xl*1/2125001 INTO XI PI 
Xl'*1/2125001 INTO LAMBDA KBAR 
XI•1/2125001 INTO SfGMA KBAR 
Xl'*l/2125001 INTO XI•1/2(15301 PI 
Xl*1/2125001 INTO LAMBDA COR SIGHAI KBAR Pl 
XI'*1/2125DOI INTO XI PI PI 

.. XI•11212500) BRANtHING RATIOS 

Xl*1/2(25001 INTO lXI PJ)/(MOOES PI THRU P4) 
10.51 OR LESS ALITTI 69 HBC 

X1*1/2125001 INTO tlAH KBARIICMOOES. P1 THRU P41 
o.s 0.2 AL JTTI 69 HBC 

XI*1/2CZ5001 INTO ISIG KBARI/IMOOES P1 THRU P41 
o.s 0.2 AlltTI 69 HBC 

Xl*112(25001 INTO (XI* PII/IMODES P1 THRU P41 
10.21 OR LESS ALlTTI 69 HBC 

DECAY. MASSES 
1321+ 139 
1115+ 497 
1197-+ 497 
1533+ 139 
1115+ 497+ 139 
1321-+ 139+ 139 

IP11 II Pl+P2+P3+P41 
1 STO DEY li HIT 

I P21/l P1 +P2+P3-+P41 
-
(P31 IC Pl+P2-+P3-+P41 
-
IP41/I P1+P2+P3+P41 

1 STO DEV liMIT 

Xl*1/212500I INTO (LAMBDA (OR S IGMAI KBAR PIJITOTAL 
IPS I 

SEEN BARTSCH 69 HBC -o 
Xt•1/2( 25001 INTO lXI Pl PI )/TOTAL IP61 

SEEN BARTSCH 69 HBC -o 

REFERENCES FOR X1*1/21250DI 

All TT I 69 PRL 22 79 
BARTSCH 69 PL 28B 439 

+BARNESrFLAMJNIO,METZGERr + IBNL,SYRACUSEI I 
(AACHEN, BERLIN, CERN, LOICr VIENNA) 

............... •.o:••••••• •••••••••••••••••••••••••••••••••••••••••••• ............... ··~······ ........................................... . 

SEE STABLE PARTIClE DATA CARD LISTINGS 

• ................................................................. ·····••:o: ..•... ····~···· ........................... ~········ ................ . 

9/69 
9/69 

9/69 

9/69 

9/69 

9/69 

9/69 

9/69 

-· 
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Appendix I 

TEST OF t>I=1/2 RULE FORK DECAYS 

The quantities of interest for making tests of 

theoretical predictions regarding the l1 I= 1/2 rule for 

K decay are usually partial decay rates for single 

channels or special sums of ch;.nnels. It is not pas

sible to compute the errors on sums, differences, and 

ratios of partial decay rates from th~ information 

given in the Table of Stable Particles because of the 

presence of off-diagonal terms in the error matrix. 

For this reason we give some of these quantities in 

Table I. Throughout this Appendix, italics are used 

to indicate that a quantity has changed by more than 

on~ (old) standard deviation since our previous edi

tion, and,S gives the scale factor included in the 

quoted error because of inconsistencies in the data 

(see footnote at end of Stable Particle Table for defi

nition of S )_. 

Table I. (000) or (+-0) refer to the sign of the pions 

into.which the KL decays, 

= (6.542±.083)X106 -1 sec r 

= 0. 668±. 02~ S=2.2 

I r Ko 
e3 

r 1r 
K 0 (000) K 0 (t-O) 

3.223 ± .090 

0.694±.022 

1. 711±.081 

1. Leptonic decay rates 

S=1. 3 

The r rates are useful in testing the 
KB 

leptonic Ll.l = 1/2 rule in the way suggested by 

Trilling. 
1 

The predictions are 

r 1 2r + 
K13 K£3 

1.012, a phase-space 

factor, 2 and 

r 1r 
Ko Ko 

f.L3 e3 

From Table I, 

o. 969±. 017 
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and 

[

r ] -1 

r :~: 1.039±.050. 

These results seem to show a less than 2a dis

agreement with the predictions, but the errors should 

be regarded with caution in view of the internal dis

agreements in the data. (Note the ideograms in the 

data listing for the charged K meson.) 

2. Three-pion decays 

We follow here the tests done by Mast et al., 3 

based on the general analysis of K decays suggested 
4 

by Zemach. Both decay rates ( r )and slopes (g, 

the energy dependence of the Dalitz plot distributions) 

are used. The Ll.I = 1/2 rule predicts th;._t the follow~ 

ing test quantities are all equal to zero: 

2 
Test 1 = 3' 

1 
Test 2 =4 

1 
Test 3 =z 

Test 4 = .!. g + 
2 KT, 

The <Pi are phase- space factors which have been 

calculated as described in Mast et al. 3 by use of a 

relativistic formulation and the. masses and slopes 

from this compilation. The factors labeled UDP are 

the relative areas of the Dali~z plots, assuming a 

uniform distribution. The NUDP include the observed 

slopes (see. below). The CNUDP have been calculated 

by including the final-state Coulomb interaction. 

The values- are: 

Method 

UDP NUDP CNUDP 

4>1 (000) 1.489 1.489 1.444 

4>2(+-0) 1.221 1.294 1.279 

4>3(++-) 1.000 1.000 1.000 

4>4(+00) 1.247 1. {83 1.147 

' For convenience, we repeat the slope parameters 

tabulated in the Stable .. Particle Table. They are, as 

follows: 
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g + -0.214 ± 0.005 S=1. 7 
·K 

T 

g -0.214 ± 0.007 S=2. 7 
K 

T 

gK± -0.214 ± 0.004 
T 

g 
K+ 

o. 523 ± 0. 023 S=1. 4 

T' 

g 
K 0 (+-0) 

o. 604 ± 0. 023 S=2.7 

A d "ff . th' + -1 erence tn e T and T slopes would be an 

indication ;f CP violation in this decay. Since no 

difference is observ~d at this time, vie average 

the two and use this value in Test 4 .. 

We use the CNUDP factors and the rates and 

slopes reported here to compute the five test quanti

ties which the ai=1/2 rule ·predicts to be zero. The 

results are: 

Test 1 0. 010 ± 0. 048 

Test 2 -0.076 ± 0.026 

Test 3 = 0. 190 ± 0. 025 

Test 4 = 0.048 :i; 0.012 

Test 5 = 0. 128 ± 0. 026 

The three-pion final state can be in isospin 

states I = 1, 2, 3. .Tests 1 and 2 .test the existence 

of isospin I = 3 in the final state. Since the r;:tte 

tests (Tests 1, 2, and 3) could differ from zero.by 

as much as 0. 1 owing to the mass differences and 

the occurrence of big slopes 5, no evidence for I=3 

is found. Test 4 is related to the I=2 amplitude in 

the final state and indicates the presence of I=2. 

Tests 3 and 5 give information on the .c:. I = 3/2 part 

of the I=1 amplitude relative to the t:.l = 1/2 part. 

Both tests indicate the p:r;esence of .c:.I = 3/2. 

References 

1. G. Trilling, K-Meson Decays, UCRL-16473, (up

dated from Argonne Conference Proceedings, 1965, 

p. 115). 

2. N. Brene (CERN), private communication. In 

our Jan. 1968 edition we had erroneously used 1. 04. 

3. T. S. Mast, L. K. Gershwin, M. Alston-Garn

jost, R. 0. Bangerter, A. Barbaro-Galtieri, J. J. 

Murray, F. T. Solrriitz, and R. D. Tripp, Phys. 

Rev. 183, 1200 (1969). 
' 4. C. Zemach, Phys. Rev. ~· B1201 (1964). 

5. C. Bouchiat and M. Veltman, Topical Conference 

on ":'eak Interactions, CERN 69-7 (1969), p. -225. 

Appendix II 

A. SU(3) CLASSIFICATION OF 
BAR YON RESONANCES 

_There are a few multiplets that have been 

studied and we report here the results. 

Exact SU(3) symmetry J)r.edicts that all 

the members of a multiplet should have the 

same mass and the same couplings for decays 

into other multiplets. It has been f-ound, how

ever, that the members of the octet of Stable 

Baryons lie within 20"/o of their mean mass; 

therefore a symmetry breaking interaction 

has been introduced by GELL-MANN 62 and 

OKUBO 62 independently. In addition, for the 

isospin-0 vector mesons. (wand <f>) an addi

tional symmetry- breaking interaction had to 

be introduced (SAKURAI 62) to take care of 

octet- singlet mixing. The relevant formulae 

for masses and decay rates are given below. 

Mass Formulae 

Broken SU(3)"gives: 

Decuplet 6-:E = 1;- :=:* = :=:* -rl 
Octet 2{N + Z) = 3A + :E 

Octet
Singlet 
mixing I 

. 2 • A- M 8 s1n e = 
A- A' 

2(N+Z)-:E 
M8 · 3 

GMO 

GMO 

Mixing 
anglet 

G.!viO 

{1) 

(2) 

(3) 

(4) 

Here GMO stands for the Gell-Mann-Okubo formula; 

the particle symbol indicates its mass. The formu

lae would be the same if squared masses were used. 

For the nonet case, A is the "mostly-octet" particle, 

A 1 is the "mostly- singlet" particle. 

Decay Rates 

In terms of a relativis.tically invariant matrix 

element T, the decay rate for twq-body decay of a 

resonance of mass MR is 

rx (5) 

where R
2 

= k/~. is the two-body phase space factor. 

Since the numerator is an invariant, a;,d since r must 

transform as 1/E, we introduce the denominator 1/~. 
(see FEYNMAN 62). 

For~ decays (see below) the rates are 

calculated according to Eq. (Sj; for baryon resonance 

decays into 1/2+ baryons and 0- mesons, one next 

takes i~to account the fact that spin sums in I Tl
2 

in

troduce another factor MR' cancelling the 1/~- We 

are then left with 



0 

(J 

:.; ;J 

r= 
I Tl

2
k 

MN' for baryons (5') 
~ 
I Tl

2
k 2 for mesons (5") ---2- MN' 

MR 

The powers ·of the nucleon mass MN or M~ have been 

introduced so that we can treat IT I as dimensionless. 

I Tl 2 contains centrifugal barrier factors, 

which we call B£. We then have 

Decuplet} r= (c.g)2Bn(.k) :~ k 
Singlet .., __ R 

Octet 

Octet
Singlet 
mixing 

with 

2 MN 
r = (cbgD+cFgF) B_e(k) ~ k 

G"8 =A cosO-A' .sinO 
{ G 1 =A sinO+A' cosO 

G8 = cDgD + cFgF 

G1 = c1g1. 

Here ci are the SU(3) coefficients with the 

sign convention adopted in this article [see 

note preceding the table of SU(3) isoscalar 

factors and Fig. 2 in the text]. MN is the 

nucleon mass, MR is the resonance mass for 

which ris calculated, k is' the center-of-mass 

momentum for the channel b~ing considered, 

gi are the rel~vant couplings. For the case of 

o;inglet-octet mixing, formula (8) has to be 

used in conjunction with (6) and (7). G 8 and 

G
1 

represent the couplings for the multiplet, 

and A and A' represent the couplings for the 

physical states. 

(6) 

( 7) 

(3) 

The relation .between g0 , gF' and the parameter 

a is 

a= 
..[5 
-3 

-1 

(10) 

Exact SU(3) predicts that the couplings gi 

for all the members of a multiplet are the 

same; however, since the symmetry is broken 

for the masses, it is probably broken for the 

widths. In the case of the 3/2 + decuplet, for 

broken SU(3) a sum rule has been derived by 

BECCID 64 and by GUPTA 64 independently. 

It relates the gi for the members of the de·cup

let by the relation 

2( .6. + 2) = 3 :E* (A rr) + :E* (:Err), (11) 

where :E*(A rr) is the coupling for the L( 1385) 

-Arr decay and :E*(:Err) is the coupling for the 

decay :E(1385) - L1T. 

J " •.'j ... , \,) 
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As mentioned in the text (Sec. IV D) the 

determination of the relative signs of resonant 

amplitudes can be useful in making an SU(3) 

assignment of resonances. In fact the resonant 

amplitude T C'C-Jxexi r.c GeGi where the subscript 

e refers to the elastic channel and the Ge' Gi 

are the couplings of Eqs. (6) through (9). As

·suming that all gi are positive, the sign of" the 

Gi are dependent upon the sign of the Clebsh

Gordon coefficients ci. Once a sign convention 

is adopted (we use the LEVI-SETTI 69 conven

tion, see Fig. 2 in the text) and the sign for a 

:E state (I = 1) and a A state (I = 0) of known 

SU(3) assignment have been chosen for refer

ence, the signs of all the other amplitudes can 

be useful in determining multiplet assign

ments. For exact SU(3) all the decays of mem

bers of a de cup let have the s arne sign. For 

octets the relative sign depends upon the value 

of gD/gF and the mixing angle, as seen from 

Eqs. (7) through (9). 

Fits to the Data 

Fits of baryon decay ra~es within SU(3) 

can be found, a·mong. others, in TRIPP 68 and 

69, LEVI SETTI 69, SAMIOS 70 a"d PLANE 70. 

The most recent ~its were made by BARBARO

GALTIERI 72. 
In fitting the data a choice for· B £ has to 

be made. PLANE 70 tried two forms for B i 
(a) The form B£ = (kr)

2£D _e(kr), r being 

the radius of interaction and D £ the polynom

ials in kr given by BLATT-WEISSKOPF 52. 

Usually r is taken to be 1 fermi (TRIPP 68). 

( 
. 2£ 

b) The form B£ = k 

However, for their final results they used 

form (b). A discussion of the differences 

among these two forms.canbe found in 

BARBARO-GALTIERI 71. It turns out that 

not only the values of the couplings, gi ,depend 

upon the form used for B £, · but also the value 

obtained for the mixing angle. For the 3/2-

singlet, A(1520), and isospin-0 member of the 

octet, A(1690), the mixing angles obtained in 

the two cases are 

o = (- 16.1 +1.4
3
> 

0 

a -1. 
+3.6 ° 

ob = (- 21.s _ 3 .4> • 

in disagreement by a few standard deviations. 

It turns out that if a radius of 1nteraction of 

·r = 0.15 fermi is used for form (a), the two 

values of 0 agree. This value of r does not 

fit resonance shapes when used in the Breit

Wigner resonant form. 
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Table I is a summary of the fits made by 

BARBARO-GALTIERI 72 using the barrier fact.or 

· form '(b) and exact SU(3), A few comments follow. 

1 2 - Nonet (Baryon- Eta Resonances) 

For this nonet Eq. (7) was multiplied by the 

factor 

where MB is the decay baryon and MR- MB = 

564 MeV is the difference of the mean 1/2- and 

1/2+ baryon octet masses. This kinematic 

factor, comes from PCAC arguments (i.e., the 

assumption that axial vector current remains 

an octet in presence of symmetry breaking) and 

it was advocated by Graham et al. (GRAHAM 

67). For the 1/2- no net it has been used in this 

form first by Gell-Mann et al. (GELL-MANN 

68). 

3+ 

2 Decuplet 

The agreement among the· coupling constanh 

obtained for the four rates in this decuplet is very 

bad. The fit made using form (b) for B
1 

has X 2=50 

for· 3 Degrees of Freedom; the one made with form 

(a) for B
1 

has x 2=24/3DF. The broken SU(3) rela

tion ·(11), however, is very well satisfied. 

B. SU(3) CLASSIFICATION OF MESON 
RESONANCES 

All of the discussion above applies, except 

that for Bosons the GMO formula is usually applied to 

the square of the masses; as opposed to th~ first 

power for fermions. Thus for example, Eq. (2) be-

comes 

4K=3Tj+TT, (2 1 ) 

The symbol K was introduced by Glashow and Socolowt 

for the square of the K mass, etc. 

Because of the difference between Eqs. (5 1 ) 

and (.S"), there is also an extra factor of (MN/MR) in 

Eqs. (6) and (7). The three established nonets (0-, 

1-, 2+) and their mixing angles are listed at the 

bottom of the M~son table. 

Footnotes and References 

tThe formula has been calculated from analogy with 
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Jp a Singlet 
b 

Octet rpembers 8(deg) "' 
1/2- N' (1535) i\(1670) L:(1750) [ :=: (1825)] i\(1405) 8±3 1. 2±. 1 

3
1

/2- N(1520) i\(1690) L:(1670) [ :=: (1815)] i\(1520) -23±4 . 34±. 09 

·. 5/2- N(1670) i\(1830) L:(1765) 1. 13±. q5 

5/2+ N(1688) i\(1815) L:(1915) . 62±, 04 

Decuplet members g 

3/2+ b.(i236) L:(1385) :=: (1530) Q 1.78-2.29 x.2=50/3DF 
7/2+ b-(1950) L:(2030) 

aMasses in parentheses are the nominal masses used in the -Baryon Table. The:=: members have masses 
as calculated by using formulae (1) and (2) with the rhixing angle e derived from the decay widths. 

bSee text for a discussion of the 3/2- mixing angle. 
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Appendix Ill 

TEST OF 6I=1/2 RULE FOR HYPERON DECAYS 

0. E. Overseth 
U ni ver s ity of Michigan 

1. Nonleptonic Decay Amplitudes 

In this e?ition we are adopting a new convention 

for the amplitudes A and B. Some theorists have 

suggested that dimensionless amplitudes are more 

useful to them than the ones appearing in the liter

ature. Berge (1 966) used a ·convention, which we 

adopted last year, with A and B in units. of s~c -i/Z. 

Samios (1965) u~ed a convention which gave A and B 

in units of (MeV-sec)- 1 / 2 . Following is the conven

tion suggested by Jackson (1973), which gives dimen

sionless A and B, which we will adopt in this edition. 

The effective Lagrangian density for nonleptonic 

hyperon decays (B1 - B 2 + 1T) can be written 

h G 10 -5 -2 0 • 1' h w ere = mp 1s-a coup mg constant c aracte:t-

istic of fi~st-order weak decays, flc is the charged 

pion mass, and 'A andB are di~ensionless complex 

numbers giving the relative amplitudes of the parity

violatin~ and parity-conserving decays, respectively. 

The matrix 'Is is to be taken in the Pauli form! 

'Is = ( -~ -~). The Jnvariant amplitude for the decay 

is 

'Yl1 2 -
"'-- = GfJ.c ( u (p)(A + B'/5 ) u(P)], 

where P is the 4-momentum of the decaying' hyperon of 

mass M, and p is the 4~momentum of the baryon decay 

product of mass m. With the normalization convention, 

u.u. = 2m., the Pauli form of the matrix element in the 
1 1 1 . 

rest frame of the decaying hyperon is 

where E is the total energy of the final baryon and q is 

a unit vector in1 the direction of motion of the final 

baryon. Comparison with Section IV H shows-that the 

amplitudes s and p defined there are proportional to 

A and B: 

; = (~~:) i = j (M _ m) 
2 

_ fJ. 
2 

(Mtm) 2 - fJ.z 

B 
A 

Here fJ. is the mass of the pion entering the decay. The 

parameters a, (3, y can therefore be expressed in terms 

of A and B, rather than s and p, if desired. 

The decay rate for B
1

- B 2 + "is 
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r • G::' 4 q{IM•,:( ·'J(A 1z, [(M ;£'-•'] (B ~· 
where q is the c.m. s. momentum of the decay prod

ucts. For reference, the dimensionless constant in 

this expression has the value (G
2

f1 
4/8rr) = 1.9488X10- 15 . 

c 
To convert numbers for A and B of Table I, Appen-

dix III, April ~972 edition to.the new dimensionless num 

bers, multiply old values by 0.98124X10- 5sec 1/ 2 . 

This is the value of 

J;:10
5 

-)65.822 (0.93826)
2 

-13 5 5 1/2 
2 - 0.13958 0. 13958 X 10 X10 X10 sec . 

Gf.Lc~ 

A 
new 

B new 

-5 1/2 
0.98124 Aold X10 sec 

. -5 1/2 
0.98124 Bold X10 sec . 

Table I summarizes the amplitudes A and B for the 

noni_eptonic decays of the II., Z::, and :S hyperons. These 

amplitudes have been calculated by using the exper

imental data for mean lives, branching ratios, and the 

decay asymmetry a given in the Stable Particle Table 

of this review. Time-reversal invariance is assumed 

and final- state interac.tions are peglec.ted, so A and B a~e 

' taken to b.e relatively real and J3 =0. The subscript on 

the hyperon refers to the sign of the decaying,pion. 

The statistical correlation coefficient 

is also given. The absolute signs. of A and B have been 

assigned, using the following convention. Taking A('il. ~) 
as positive, the other S-wave decay amplitudes are 

chosen to give an approximate fit to the triangular 

relationships 

,fzA(Z::;) +A(Z:: ~) = A(Z:: =) and .J3A(Z::t) +A(/1.~) = 2A(:S =), 
The signs of the B amplitudes relative to those of the 

corresponding A amplitudes are determiped by the 

sign of the appropriate a decay parameter, 

Table I 

M -+m + f.L A B CAB 

11.0 ...... p + 1T 1. 50±0. 01 10. 28±0. 25 -0. 264 

z:;+ -.n+n + 0.06±0.02 19.04±0. 16 0.003 
+ 

z:;+ 
0 

..... p + rro 1.46±0.06 -12. 22±0. 70 0. 945 

:z:; ~n+n 1. 93±0. 01 -0. 65±0. 08 -0.030 

':;'0 -+II. + rro 1. 54±0.03 -5. 12.±1. 2.4 0.362. -o 

::;:o -+II. +rr 2.03±0.02. -6.86±0. 52 0.2.07 
0 

2.. Tests of the 6I=1/2 Rule 

(a) II. Decay 

For ll.cdecay the 6I = 1/2 rule predicts that ro/r_ 

= 0. 50 and a 0 =a-:. In order to determine the magni

tude of possible 6I = 3/2 amplitudes present we write ) 

th~ linear expressions [Over seth and I;'akvasa (1969)) 

for the 6I = 3/2. S- and P-wave amplitudes in terms of 

6a, where 6a is the measured value of a 0 /a_ minus the 

predicted value, and in terms of. 6r similarly defined. 

Evaluating these we find 

6a =- 1.54(S3/S1 ) + 1.61(P/P1 ), 

6r= 1.84(S/S1 ) + 0.26(P3/P1 ). 

Here the 61 = 3/2. amplitudes are expressed relative to 

the 6I = 1/2. amplitudes. The numerical values of the 

coefficients depend on the ratio P/S. The uncertainties 

in the coefficients ·are small compared to ~he· uncer

tainties in 6a and&:'. Final-state rr-N interac-

tions have been included in these relations but have a 

very small effect. From the Stable Particle Table, 

6a = o.oo6±0.066, 6r = 0.058±0.012., 

and hence 

. (S3/S1 ) = 0.02.7±0.008 

and 

(P
3
/P1 ) = 0.030±0.037. 

The possible 3o/o 6I = 3/2. S-wave amplitude is due to the 

disagreement of decay rates with prediction. At this 

level the results are sensitive to electromagnetic cor

rections. However, in II. decay the phase space cor

rection and the other radiative corrections appear to be· 

about equal in magnitude and have opposite signs 

[Belavin and Narodetsky (1968); and Intemann (1973)), 

and hence cancel each other in the correction to the de

cay rates. 

(b):=;Decay 

The analysis for :S decay is very similar to that fo1· 

II. decay. rr"the 6I = 1/2 rule is'valid, ro(::;; 0 )/r_c:;;-) 

= 0. 50 and a0 =a_. For this case the expressions 

linear in 6I=3/2 S- and P-wave amplitudes are 

[Overse'th and Pakvasa (1969)) 

6a = 1.37(S3/S1 )- i.37(P3/P1 ), 

6r= "1.44(S/S1)- 0.06(P3/P1). 

From the Stable Particle Table, 

6a =- 0.040±0.234, 6r= 0.061±0.02.5, 

and we find 

(S3/S1) =- 0.042.±0.018 

and 

(P3/P1 ) =- 0.013±0.164. 
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(c) ~Decay 

~· The traditional test of the li.I = 1/2 rule in ~ decay 
I 
is that the amplitudes satisfy the relationship 

1 .J2 ~t + ~t -· ~= = 0. Graphically this is equivalent 

to closing the ~ triangle when the amplitudes are 

plotted on A, B axes. Including li.I ~ 3/2 ·amplitudes 

in~ decay analysis, the"~ triangle" relationship be

comes 

.J2 A 0 + A - A = - 3 {2: A 3 + -
2

- A 5 , 
+ - .Js m 

where A
3

, A
5 

are li.I = 3/2, 5/2 amplitudes, respe-c

_tively. There is a similar equation for the B ampli

tudes. From Table I, 

,.fiA0 +A+- A_ 

and .J2B0 + B+- B_ 

0. 19 ± 0. 11 

2. 41 ± 1. 23. 

If we neglect the li.I = 5/2 amplitudes and assume all 

amplitudes to be. real we can solve for possible li.I= 

3/2 amplitudes. The result is 

A3 
A - 0.052±0.029 

and 

B3 
B =- o.o67±o.o33. 

' + 
Thus for hyperon decay, present experimental data 

limit li.I = 3/2 amplitudes to less than about 5%. 
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3. The Lee-Sugawara Relation 

From Table I the Lee-Sugaw;na [Lee (1964) and 

Sugawara (1964)] relation .J3 ~t + 11._- 2 ::( =0 is 

satisfied to ·-0.03±0.15 for the A ampYitudes, and to 

2.83±2.50 for the B amplitudes. 
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