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PHYSICAL AND NUMERICAL CONSTANTS*
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* Revised 1982 by Barry N: Taylor. Originally prepared by Stanley J. Brodsky, based mminly on the “1973 Least:Squares Adjustment of the
Fundamental Constants,” by E. R. Cohen and B. N. Taylor, J. Phys, Chem, Ref. Data 2, 663 (1973). The figures in parenthieses corfespond to
the one-standard-deviation usicertainty in the last digits of the main number. ‘The equivalent uncertainty in parts per million (ppm) is given in the
last column. Note that the uncertainties of the output values of a lmt-squarcs adjusiment are in general correlated; and the general law of error
propagation must be used in caleulating additional guaniities:

The set of constanis resulting from the 1973 adjustment of Cohen and Tayvior has been recommended for mtemational use by CODATA
(Committes on Data for Science and Technology), and is the most up-to-date. generally accepted set currently available.  However, since the pub-
lication of the 1973 adjustrent, a number of new cxperimenis have been compleied, yielding improved walues for some of the constantsi Ny =
£.022 097 3(63)x1023 mole™! (104 ppm); ool = 137035 963(15) (01T ppm) my/m =1863.15300(25) (0.14 ppm); and R =
109 737.31521(11) em™! (0.001 ppm) But it must be reahzed that, since the output values of & least-squarcs adjustment are refated in a complex
way and 2 change in the measured value of one constant usually leads to corresponding changes in the adjusted values of others; one must be cay-
tious in carrying out calculations using both the output values from the 1973 adjustment and the results of ‘more’ recent expcr'mems A new
adjustment is planned for completion by miid 1932,
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s \ September 13, 1982
.
New Service Announcement: Stable Particle Data Card Llstlngs
Now Updated and Available Between Editions

As an experiment, the contents of the Stable Particle Database, that is, pages
 54-121 of the 1982 Review of Particle Properties, excluding notes or
ideograms, will -be updated every six months and will be available in three .-
forms of computer output: microfiche, paper, and magnetic¢ tape.

Microfiche is the recommended choice for individuals with access to a fiche
reader. Paper listings are a bulky 200 pages and are more expensive for us to
produce and mail. : ‘

The magnetic tape option is limited to one tape per institution, to be sent to
the first person requesting it. When the tape arrives, please copy the file
promptly and return the original tape to us for subsequent updates. Others at
the institution should be informed about the location of the file and a
suggested method of access, e.g. some text editing program. The file contains
card images (80 characters per line) so that most text editing programs can
search the file and select subsets for printing or other use.

The first distribution is planned for December 1982. Those interested should
£111 out the following request form and retyrn it to us. ‘

Stable ParticlelDatabase Listing Request
Check desired form(s) of output:
Miérofiche (recommehded)
Paper (200 pages) -

Magnetic Tape
Tape will be unlabeled 9 track 1600 BPI, ASCII character code,

80 characters per line, 30 line per record blocking unless unaccept-
able. If so, specify all possible acceptable options:

"

Your mailing address:

Mail request to: ' Stables Tape
Particle Data Group

Bldg. 50, Rm. 308
Lawrence Berkeley Laboratory
Berkeley, CA 94720
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)

ERRATA FOR THE 1982 EDITION OF THE REVIEW OF PARTICLE PROPERTIES -

In the Meson Table, on page 10, the mass given for the w(1670) should
be 1668 MeV rather than 1688 MevV. (This error was corrected in the pocket-
size Data Booklet prior to printing, but not in the full-size report.)

" In the Meson Data Card Llstlngs, on page 151, the APEL 75 measurement
of the h(2040) mass should be 2020 MeV rather than 2030 Mev.

In Appendix IIC, on page 290, the author of“the section should be
N. A. Torngvist instead of M. Roos, and in Eq. (12) the form factor F
should be squared. -
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This review of the properties of leptons, mesons, and baryons is an updating of Review of Particle Properties, Particle
Data Group [Rev. Mod. Phys. 52 (1980) No. 2, Part I1]. Data are evaluated, listed, averaged, and summarized in tables.
Numerous tables, figures, and formulae of interest to particle physicists are also included. A data booklet is available.

Table of Coﬁ tents

1. Introduction, credits, consultants - 2 ii Weak interactions of quarks and leptons (rev.) 26
IL. Selection of data B \ Relativistic kinematics 28
1I1. Nomenclature ‘ iv Lorentz invariant phase space formulae 30
A. Quantum numbers iv C.M. energy and momentum versus beam momentum 31
B. Particle names vii Probability and statistics ; 32
IV. Conventions and parameters for strong interactions  vii Particle detectors, absorbers and ranges (rev.) 34
A. Partial-wave amplitudes and resonance Electromagnetic relations 43
parameters vii Radioactivity and radiation protection 43
B. Sign conventions for resonance. couplings ix Periodic table of the elements (rev.) 44
C. Types of partial-wave analyses ix Plots of cross sections and related quantities (rev.) 45
D. Production of resonances X
V. Criteria for resonances X Data card listings
VI. Conventions and parameters for weak and electro- Iustrative key 51
magnetic decays xi Stable particles 54
. A. Muon-decay parameters xi Leptons - 54
B. K-decay parameters xii Mesons 61
C. n-decay parameters XV Baryons 90
D. Baryon decay parameters XV Searches ) 102
VII. Statistical Procedures xvii Mesons, §=0 122
A. Unconstrained averaging xvii S=1z1 : 166
B. Constrained fits xix charmed mesons 175
Acknowledgments ] . XX ‘bottom (beauty) meson 176
References (for above sections) XX Baryons, $=0 177
: . S=+1 232
Tables of particle properties ' =] ' 235
Stable particles 1 S=-2 275
Addendum 7 S=-3 281
Mesons 9 " charmed baryons 282
Baryons 16 bottom (beauty) baryon ’ 282
' dibaryons 282
Miscellaneous tables, figures and formulae
Physical and numerical constants (rev.) 23 Appendix I.  Test of A7 = 1/2 rule for hyperon decays 286
Clebsch—Gordan coefficients, spherical harmonics and - Appendix II. SU(3) classification of resonances . 288
d functions 24 Appendix III. Growth of information 291
SU(3) isoscalar factors, SU(») multiplicities, and proper-
ties of quarks (rev.) 25
I. Introduction, credits, consultants attempted to make the text as complete and self-con-
tained as possible. .
This review is an updating through December 1981 As usual, the results of our compilation are pre-
of our previous review of particle properties [Particle 'sented in two sections, the Tables of Particle Proper-

Data Group (1980)]. As in previous editions we have ties and the Data Card Listings. The Tables summarize

ii
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the properties of only those particles whose existence
is in our judgment experimentally well founded and
which have a high probability of standing the test of
time. This is a conservative judgment, and surely some
genuine resonances are omitted, awaiting conflrmatlon
(see section V below).

The Data Card Listings give up-to-date information,
with references, on all reported particles, whether con-
sidered well established or not. The Listings also con-
tain mini-reviews on questions of interest.

A history of the Particle Data Group, with a discus-
sion of procedures and problems, has been given by .
Rosenfeld (1975), and a short survey of the history of
some of the constants we compile may be found in
Appendix II1.

As in previous editions, we include a section of
miscellaneous tables, figures, and formulae. These are
aimed at the practicing high energy physics experimen-
talist. We welcome all suggestions and comments re-
garding topics for deletion or inclusion, etc. This year

“we have revised many of these items, but no new ones
have been added.

A pocket-sized Particle Properties Data Booklet,
containing the Tables and a reprint of the figures and
formulae from the first part of the review, is available
on request. For North and South America, Australia,
and the Far East, write to Technical Information
Department, Lawrence Berkeley Laboratory, Berkeley,
CA 94720, USA. For all other areas, write to CERN
Scientific Information Service, CH-1211 Geneva 23,
Switzerland.
~ As usual, 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 origi-
nal data, and we provide complete referencea in the
Data Card Listings for that purpose.

The responsibilities for the various sections can be
broken down as follows:

(1) Stable particles: R. Frosch, T. Shimada, R.E.
Shrock, T.G. Trippe, C.G. Wohl, and G.P. Yost.

(2) Meson resonances: M. Aguilar-Benitez, M.J.
Losty, L. Montanet, F.C. Porter M. Roos, and Ch
Walck.

(3) Baryon resonances: R L. Crawford, G P. Gopal,
R.E. Hendrick, R.L. Kelly, M.J. Losty, L.D. Roper,
and C.G. Wohl. o '

(4) General, including text: All authors.
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Consultants: To overcome gaps in our coverage,

~ both intellectual and geographical, we have solicited

the help of consultants:

R.A. Arndt (Virginia Polytechnic Institute and State
University),

S. Aronson (BNL),

W.B. Atwood (SLAC),

C. Baltay (Columbia University),

A. Barbaro-Galtieri (LBL),

B. Barish (California Institute of Technology),

A.V. Barnes (LBL),

D. Besset (Stanford University),

~ C. Bricman (CERN),

R. Cahn (LBL),
M.S. Chanowitz (LBL),

- J M. Dorfan (SLAC),

J. Engler (DESY),

G. Feldman (SLAC),

V. Flaminio (University of Pisa),

F. Foster (University of Lancaster),
M.K. Gaillard (LBL),

" G. Goldhaber (LBL),

M. Goldhaber (BNL),

Y. Goldschmidt-Clermont (CERN),

R. Hagstrom (Argonne National Laboratory),

K. Hashimoto (Virginia Polytechnic Institute and
State University),

J.H. Hubbell (US National Bureau of Standards),

D.A. Jensen (University of Massachusetts at Amherst),

J. Learned (University of Hawaii),

G.M. Lewis (University of Glasgow),

~ W.G. Moorhead (CERN),

D.R.O. Morrison (CERN),

P. Némethy (LBL),

P. Oddone (LBL),

0.E. Overseth (University of Mlchlgan)

S.I. Parker (University of Hawaii),

M. Perl (SLAC),

D.N. Schramm (University of Chicago),

M. Shaevitz (Nevis Laboratory),

R.L Steinberg (University of Pennsylvania),
B.N. Taylor (US National Bureau of Standards),
J.A. Thompson (University of Pittsburgh),
N.A. Toérnqvist (University of Helsinki),

~ G.H. Trilling (LBL),

R.D. Tripp (LBL),

. W.P. Trower (Virginia Polytechnic Institute and State

* University).

il
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The usefulness of this compilation depends in large
part on the interaction between the users and the au-
thors and consultants. We appreciate comnients, crit-
icisms, and suggestions for improvements of all stages
of data retrieval, processing, evaluation, and presenta-
tion.

II. Selection of data

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

(1) Stable particles, defined to be those immune to
decay via the strong interaction, including the photon,
the leptons, the n, the D and F charmed mesons, the
A, charmed baryon, etc.

(2) Meson resonances, including the d/ the x, and
the T particles. '

(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 mfor-
mation (data, references, etc.), weighted averages,
comments, and “mini-reviews”. Immediately preced-
ing the Data Card Listings is an illustrative key there-
to. We attempt to give complete Data Card Listings up
to our closing date (January 1, 1982) for all journals

listed in the Illustrative Key. As a general rule, we do .

not include results from preprints or unpublished con-
ference reports. Exceptions to this rule are made on a
case-by-case basis.

Many of our encoded results, those set off in paren-
theses, are not used for averaging. The reasoning is -
then often given in a footnote below the data. If the
reason is not given, it is one of the following:

The result was presented with no error stated.

The result comes from a preprint or conference
report. It is our experience that such results (and par-
ticularly the errors) often change before final publica-
tion. Accordingly we keep these new results in paren-
theses until they are published (or explicitly verified
to us by 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.

It is inconsistent with other results, e.g. because of

iv
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different methods employed, rendering averaging
meaningless. ,

It is not independent of other results, e.g. it'is a
result from one of several partial-wave analyses all us-
ing the same data, again rendering averaging meaning-
less.

Upper limits are not averaged (except in rare cases
which are re-expressible as numbers with gaussian er-
1ors). :
When the data for a particle have received spemal
treatment or present special problems, this'is noted in
a mini-review in the Data Card Listings.

As time goes by, some early results lose all thelr
weight in the averages. We may then remove them from
the Listings without further comment. We usually do
not remove the corresponding reference cards, however,
so that our reference sections preserve the historical
record. In this edition the meson section has undergone
an extensive “house-cleaning”. As a result it appears
more readable (or so we hope). The earlier data may
be found in the 1980 edition).

The Tables of Particle Properties contain “best”
values obtained from the data in the Data Card Listings
by various methods. The statistical procedures of sec-
tion VII are used to combine independent data which
have gaussian errors. Upper limits in the Tables usually
represent the strongest limit available from a single ex-
periment. The extent to which these methods are tem-
pered by critical judgment is explained in the footnotes
to the Tables. In general, however, the footnotes are
less complete than is the collection of notes and mini-
reviews in the Data Card Listings. The reader is thus
encouraged to become familiar with the Data Card
Listings and, ultimately, with the original references.

III. Nomenclature

A. Quantum numbers
The symbols I¢ (JP)C,, represent
I =isospin,
G =G parity,
J = spin (also s),
P =space parity,
C, = charge-conjugation parity for the neutral member
of the isospin multiplet.
We also use: '
B =baryon number,
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S = strangeness,
C =charm,
! = orbital angular momentum.

1. 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 operator
G which has eigenvalues for charged states too. This is
usually *! defined by

G=Cexp(i771y). 05

A neutral nonstrange, noncharmed state is an eigen-
state of exp(i‘nly) with eigenvalue (—=1). Then we can
write the eigenvalue equation for the whole multiplet
as -

G=C,(-1), _ @)

where C,, (n for neutral) is the eigenvalue C would
have if applied to the neutral member of the multiplet.
Thus, for a 79, C has the eigenvalue +1, and since /
=1, G =—1.For a charged pion, there are no eigen-

. values corresponding to C and to the isospin rotation,
but egs. (1) and (2) still give G = 1.

Consider a meson as a bound state of fermion—
antifermion, e.g. quark—antiquark gq, with orbital
angular momentum /, and with the two fermion spins
coupling to give a spin s. Then one can show-that the
charge-conjugation eigenvalue [defined as in eq. (2)]
‘is

C, = (=1)/*s . (3)
Egs. (2) and (3) combine to give |

G =(~1)Ms+ | @
The parity is

P=—(<D)}. | (5)
Egs. (3) and (5) combine to give

CoP= (1), L ®

so all singlets (1Sy, 1Py, ...) have C, P = —1, and all
triplets (3S;, ...) have C, P = +1. For proofs of the
above, se¢ our 1969 text [Particle Data Group (1969)]

*1 Most texts define it as in eq. (1);sce e.g. Gasiorowicz
(1966); however, sometimes the rotation is taken about
I. The difference between the two conventions is men-
tioned in a footnote in Killen (1964).
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and Appendix by C. Zemach.

If, instead of qq, we consider the meson as a state
of boson—antiboson (e.g. A, - KK), it turns out that
some signs cancel, and egs. (3) and (4) [not eq. (5)!]
apply unchanged. Of course, the mesons are often
spinless, so s is zero, but the equations are more gen-
eral. Egs. (3) and (4) can be considered as selection
rules forbidding many decays.

We now use egs. (3) and (4) to introduce the con-
cept of “Abnormal-C,” mesons, i.e. mesons that can-
not be composed of qq. For this, it is sufficient to con-
sider the SU(3) subgroup of the full unitary group of
flavors, containing the u, d, and s quarks in a {3} re-
presentation.

This triplet of quarks is of course defined to have .
isospin and hypercharge properties such that qq can
combing (according to the SU(3) relations {3} ® {3}
= {8} @ {1}) so as to form only octets and singlets.
The non-observation of “exotic” mesons (i.e., mesons
in larger SU(3) representations, or mesons requiring at
least a qqqq structure) is of course a direct consequence
of the naive quark model. It is less obvious that even
some octets are forbidden by the model, namely those
with (JP)C, = (0*)—, (17)+,(2*)—, ... . Such states
are not observed, and this is an additional success of
the naive quark model classification scheme.

When the naive quark model is extended to QCD,
orie expects gg gluonium mesons also. Since the gluon
g is a flavor singlet, all gluonium states must be flavor
singlets which can be expected to mix with nearby gq
singlets. Nu gluonium states have been definitely estab-
lished yet.

In what follows, do not confuse “Abnormal-C,”
with “Normal” or “Abnormal” JZ, both of which are
allowed by the quark model. The series JZ =0%, 17,
2%, ... is called Normal because P = (— 1) as for normal
spherical harmonics, and J¥ =07, 1*, ... is called
Abnormal. -

The top part of table 1 shows all the low angular
momentum states that can be formed from gq. Note
that half of the J¥ states can be formed by both a
triplet and a singlet qq state, e.g. 3P1 , lPl ,oF 3D2,
1D, , in spectroscopic notation [@5*D[;]. Eq. (3)

- shows that 3P and 1P, have opposite Cp,, so the 4q

model allows both. But the states 3P and 3P, have
no !P counterparts. According to eq. (6) they have -
C,P = +1, and with the gq model there is no way to
form a state with a J?. of 3Py 5 (i.e. J¥ = Normal) and

A
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Table 1

Orbital excitations of the qq system, and corresponding mesons. For the distinction between Abnormal JP and Abnormal Chp, see
text following eq. (6) in section III. Strange and charmed mesons share the same values of JP as the /=0 and 1 states shown, but
are not eigenstates of G. The second column, which gathers together (J*)N or ACnP, isa redundant intermediate step intended to
make the table easier to read. The table repeats itself for each radial excitation.

qq State (2stD) 23] ¢ By ¢ oo - Examples of ground-state mesons
g IG JP C Non-strange, Strange.  Charmed Strang
C.P CP Normal ™y n :
n n- or Non-charmed [s| =1 cl=1 - |s\ c|
_ + abnormal S=C=0 (I=%) (I=%) 1=0)
’ NORMAL- C STATES ‘THAT CAN COME FROM ggq MODEL
1 150 (°_)A'l o*o7y+ nnt,n,(2980) 7 D(870) F(2030) ?
S S I O e
3 (1" ; ' : * (2140) 7
3 - 0(1)- 2 ’ * - F ?
g s, U )t l ) 0.0,IHGI00)  kigor 0100 (
t \_ 10- o . RER
N .
1 + 0 (1My- H
P (17),-
N A l s B AN .
*x .
N 3P0 (%\I‘* ‘0 (0 * &8, X(3415) ¢ ) mix to give - .
= 1 (o )+ s Q,Q
ot 31:,1 “+)A+ 0 (1 )+ D,E,x(3510)
A 1 (1 )+ A
3PZ (2+)N+v 0 Kt )+ £,£,%x(3555)
\ 172"+ L) -
. \ 5 \
1 - 0 )+
D 27y, - ‘ LN
l e \A ____________ eI S
:? 3D1 “-)/\N same as '351 ve770)
o P
s ’p (27) ,+ 0(27- Re
_ gge recurrence of the
n z A 17(27)- Abnormal-C, state (JP)C = (07)-
3 - \J 0 T(3.)- (1670)
D (3 7))yt w K*(1780
3 N NGRS e *(1780)
1 + 0 (3~
T Fs. N ll+(3+)— _____________________________
: 31“2 (2+)N+ same as\?’PZ
= 3 + otah+
5 T3 N ' 1+(3j)+
3 S . ot e+ h
l F, (4t [1 (4+)+
. ABNORMAL -~ C STATES THAT CANNOT COME FROM gq MODEL
-
) (07) 5+ ooy W
Abnormal C_ || -=------- r______}._ﬂg_)_‘ ------------ All except
4 .
- 0 (1 )+
(1 )~ { P_s
;tate; N 1717+ J 0
-t
- + 0 (oh-
Have no qq (0 )y are
N 1*(0")
model (2% 07(2"- ‘ 1% = normal,
N” 4+ :
1(2)- cp
- , = -9
(37 otz n
. J 17(37)+ J
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with C,, = —1. As mentioned, such octets have not
been found. With the help of table 1 one can also see
that the special state ! Sy, C, P = +1, cannot be formed,
so has Abnormal C,,. ‘
When, in addition to the l-excitation, there are
radial excitations of the qq system, table 1 repeats it-
self, and we need a radial quantum number n for each
repetition (r = 1 for the ground state). Examples of
first radial excitations, n = 2, are p'(1600), ¥(3685),
and 1(10020). Examples of further possible radial ex-
citations can be found in the i and T families.

2. General remarks. Well-established quantum num-
bers are underlined in the Tables of Particle Properties
(except for stable particles, where most of the quan-
tum numbers are established). We have used what
evidence is available (sometimes flimsy) to guess many
of the remaining ones, and we have indicated with
2> ones (in the Baryon Table) for which there is al-
most no evidence. )

As is customary, we define antiparticles as the re-
sult 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 JP-“Normality”, its isospin 7, its strange-
ness S and charm C, and, for a non-strange, non-
charmed meson, its G parity.

The name conventions for mesons are given in the

“first part of table 2.

For some pairs of mesons with supposedly identical
quantum numbers, we also use primes;e.g. n,n'; f, f';
p, p'. Note that primes and subscripts do not carry any
further specific meaning.

For baryons no attempt has been made to attach a
subscript about J and P. The name conventions are
given in the second part of table 2. For stable bary-
ons of each I and § we use the symbol standing alone;
for resonances, the mass is in parentheses [i.e. N(1680),
A(1405), (1775), etc.). The JP assignments are re-
ported in the Baryon Table as 3+, 2 —, 5 +, etc., and
also by the symbols Py, Dy3, F;s, which refer to the
mp or Kp partial-wave amplitude in which the resonant
state occurs (the first subscript refers to the isospin
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Table 2
Particle name conventions.

Name I S - C G

Mesons,
J¥ “Normal”
w, o, ¥, T3 0 0 0 -
€ 0 0 0 +
5 1 0 0 -
P 1 0 0 +
K*, « 1/2 t] 0
D* 1/2 0 ]
F* 0 +1 +1
Mesons,
JP ‘“Abnormal”
n 0 0 0 +
m 1 0 0 -
K,Q 1/2 +1 0
D 1/2 0 +1
F 0 +] +]
Baryons
N 1/2 0 0
A 3/2 0 0
7 0,1 +1 0
A (U -1 0
z 1 | 0
= 1/2 -2 0
9] 0 -3 0
Ac 0 0 1
1

. 1 0

3) We use the symbol w for those 1G = 0™ mesons which are
mainly uu and dd quark states; ¢ for those which are main-
ly ss quark states, y for mainly cc states, and T for mainly
bb states.

state: 2 X for N, A, and Z, and just I for Z, A, and
Z). When two or more baryons have identical quan-
tum numbers we warn the reader by adding primes to
the spectroscopic symbol as explained in footnote (a)
of the Baryon Table.

IV. Conventions and parameters for strong interactions

A. Partial-wave amplitudes and resonance parameters
The vast majority of information concerning baryon

resonances comes in the form of partial-wave analyses.

In addition data concerning meson resonances (77,

Kr, nmm) are, with increasing frequency, being sub-

jected to partial-wave analyses. We thus find it natural

to introduce the resonance parameters which we com-

vii
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pile in terms-of a Breit—Wigner approximation for the
partial-wave amplitude.

In general the elastic amplitude for a given: angular
momentum ! may be written as :

Tyy = [nexp(2i6) ~ 1}/2i, * W

where 7 is the absorption parameter (0 <7 < 1) and
& is the phase shift. The subscripts 11 on T denote
scattering from channel 1 to channel 1(e. g o> a7
or KK - KK).

In fig. 1 we show an Argand plot of the elastic par-
tial wave amplitude T'y4. It illustrates geometrically -
how the real parameters i and & are related to the real
and imaginary parts of 7'} ;. Many examples of such
Argand plots may be found in the Baryon Data Card
Listings.

Consider the so- called non- relat1v1stlc Breit— ngner
approximation for Tj:

Ty, = §F1/(M— E - i), )

where E is the c.m. energy or invariant mass, I'; and
T are the elastic and total widths, and M is the reso-
nance mass. Eq. (2) is, of course, not the only possible
description of a resonant amplitude; but it suffices to
illustrate the properties of partial-wave amplitudes
which we associate with resonance behavior in the ab-
sence of any background in the same partial wave
(see,e.g., the 1N D5 and F;5 waves in the Baryon
Data Card Listings). Usually the widths contain bar-
rier-penetration factors which can vary rapidly with
energy. Near threshold, I'; (£) should start up as g2/

Fig. 1. Argand plots for the elastic partial wave amplitude
Ty1. The outer circles are the unitarity bound (n = 1). The
inner circles correspond to the Breit—Wigner approximation
of eq. (2) for (a) x; = T"y/T =0.75 and (b) x; = 0.4. Note:
€=2(M - E)r.

viii
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(also true for the inelastic width I'g). Various £’ depen-
dences are then used for I';, mostly. of the form

I (E) @ (gR)2*1/[const + ... + (qR)¥]; 3)

see Jackson (1964), Pi%it and Roos (1968), and
Barbaro-Galtieri (1968).

The BW approximation to the amplitude for an in-
elastic process leading from channel 1 to channel 8
(nm - KK or KN - Z7, for example) is

T1=3(C1 TV 2/(M — E - }iI)

o) B -E- RN, @
where

N .
=20T,, x=Tyll, 6

and x, (called the elasticity) is often written x,. (Note
that in the Data Card Listings we use the symb,olPﬁ to
denote x.) The channel cross section o 6 for the reac-
tion 1 = B, for spin O—spin 1/2 scattering, is

o1 -4m2(1+ 2)|Tm|2 L ®

where J=11%

The 1mportant features of eq. (4) Wthh character-
ize resonant behavior in the Argand diagram (Im T'; 8
versus Re T’y g) are:

- energy variation given by circles with diameter
(xlxﬁ)l/2 and maximum amplitude at £ = M of

Tmax = 1(3c1x6)1/2 | . @)

a maximum in the speed near resonance, given ap-
proximately by

“Speed” (res) = |dT 4/dE gy = 2(x  x )/ 2/T(E),
‘ (®)

for slowly varying ['(£). These features may be related
tothen, 8 representatxon of Ty;. Thus when E=M,§
is either 90° (x; > $)or0° (x < 1) and 7 dips to its
minimum value.

These simple properties can be used to judge the
presence or absence of resonance behavior in an
Argand plot, but do not necessarily constitute the
criteria we use (see section V). It must also be kept in
mind that eqs. (2) and (4) are only approximations to
the *“true” amplitude. The simple picture given above
can be distorted by various effects:
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the presence of “background” in the same partial
wave as the resonance, - : :

two resonances in the same partial wave overlapping
in energy, ' ' '

the resonant energy M being close to an inelastic
channel threshold, in which case a K-matrix-like pa- -
rametrization is more appropriate,

the speed of the resonance being very slow so that -
the resonance is very broad, and the Breit—Wigner
formula a bad approximation.

B. Sign conventions for resonance couplings

Consider the partial width I'; of a resonance decay-
ing into the channel 8. We can always define a cou-
pling constant such that

- 2
LieGy .

In this case the inelastic amplitude in the Breit—
Wigner approximation, eq. (4), will go as
T1p <G Ggl(M— E - 3iT)
where G is the coupling constant for the elastic chan-
nel. In the context of exact SU(3) symmetry the rela-

tive signs of the product GG, for different resonan-
ces are often useful as a consistency check on-SU(3)
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assignment of baryon resonances. See Appendix 1 for
further details.

- In the Data Card Listings for baryon resonances, we -
tabulate measured values for (xlxﬁ)l/2 « GG, When
the sign of the amplitude is determined, it is given; ab-
sence of an explicit sign indicates that it is undeter-
mined (not that it is positive). For A and ¥ resonances,
the signs are chosen according to the convention-advo-
cated by Levi-Setti (1969) and used in the table of
SU(3) Isoscalar Factors presented in this review. Thus
the signs multiplying the Breit—Wigner amplitudes for
KN - 2(1385) > Zn, Am and KN > A(1405) > Z7
are simply the product of the phases of the appropri-
ate isoscalar factors. This convention is shown in fig. 2,
adapted from Levi-Setti (1969).

C. Types of partial-wave analyses

Partial-wave analyses (PWA) are classified into three
categories in the Data Card Listings: energy-indepen-
dent partial-wave analyses (IPWA), energy-dependent
partial-wave analyses (DPWA), and model-dependent
partial-wave analyses (MPWA), in increasing order of
the number. of explicit supplementary hypotheses that
are used to extract the amplitudes from experimental
data.

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES

R

T £s~a(c’~iv" -G

Jye) /IM-E-i %)

I {8} g LI fol il
I(1385) A (1670} A(1690) A1820) A(1830) £(2030) A{2100)
P13 sor 003 FOS5 005 FI? 607

X X X X
Ve RN 7R~ ~ - - I ~ 7k CTN TN TN TN T N
— T ! \V/ ? \’// T \/T ' W . \\1/ T \;’ f \}/ \}/ ‘ll \1/ T \}/ f )
A "
\\\‘//\\\‘//\\ /\\\’/ \\‘ /\\&‘// \\//\\_//\\;//\\4//\\;,/\\j//\\_//
X X X X X X
SOt 003 013 s Di5 F15
A(1405) A(1520) Z(1670) TUTS0) £(1779) T(918)
T U {s} ol 8]
CL lsj o]
I(1750) T(77S) (1915} Z(2030)
p S 015 Fi5 FI7?
[ ] X - X_
Far 28 78N FTINTTN TN //T N
— A 4 \' | \’ ! [ : Y\ }
\\__// \__// \\;_/I\\;{,’/ \\\l// Nl
. : . X X X .
P13 013
Z(1385) (1670}
ol e

Fig. 2. Plot adapted from Levi-Setti (1969) showing the sign convention adopted here for the £r and An amplitudes. Once the
signs of one / = 0 and onc 7 = 1 amplitude are fixed, the others can be measured relative to these two. Arrows here indicate signs
predicted by SU(3); x marks indicate the observed phases; e indicates phase chosen according to sign convention described in text.
The £(1915) predictions have been changéd from Levi-Setti’s original figure. V
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In an IPWA, data at different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose an-
gular momenta are above some cutoff value are as-
sumed to be negligible. The sharp cutoff in angular
momentum resolves continuum ambiguities in the so-
lution (such as the overall phase ambiguity), but there
remains a finite number of indistinguishable “‘best™
solutions (i.e., solutions corresponding to identical
physical observables) which have been codified by
Barrelet (1972). In addition, there are generally some
nearby solutions (and their associated Barrelet ambi-
guities) which have chi-squared values close to the
minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
continuity. A popular criterion for making this choice
is the shortest path technique in which the total
“length” of the preferred solution is chosen to be a
minimum. The definition of “length” used here is not
universal but is usually closely related to the total
geometrical length of the lines representing the various
partial-wave amplitudes in Argand plots (see the bary-
on section of the Data Card Listings for examples of
Argand plots). Various other criteria which are also
used in some analyses are, e.g., matching with known
solutions at low energies, the presence of known reso-
nances in the final results, and limited inelasticity in
high partial waves.

In a DPWA, data at d1fferent energies are fit simul-
taneously by using an energy-depéndent parametriza-
tion of the partial-wave amplitudes. The parametriza-
tion is usually chosen to include both resonances and
nonresonant background of some sort and an attempt
is made to keep it as “model independent” as possible.
Often the data are grouped into several energy bins
which are fit separately rather than trying to fit the
whole energy range under consideration simultaneous-
ly. One of the main advantages of DPWA over [PWA
is that sparse data spread over many different energies
can be analyzed, e g., nearly all § = —1 analyses are
DPWA. In addition, the built-in energy continuity
helps to resolve the ambiguities that plague IPWA and
eases the problems associated with resonance parame-
ter extraction. The price one pays for these advan-
tages lies in the danger of systematic error in the am-
plitudes and poor fits to the data if the parametrization

X
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is poorly chosen or insufficiently flexible.

An MPWA also uses an energy-dependent parametri-
zation, but one based on explicit model-dependent
theoretical assumptions such as Regge exchanges. This
technique is usually applied to reactions where the
data are incomplete. There is, of course, no sharp dis-
tinction between DPWA and MPWA, and a well chosen
MPWA parametrization may actually be less biased
than a model-independent but poorly chosen DPWA
parametrization.

D. Production of resonances

Hereby, we mean the observation of statlstlcally
significant peaks in invariant mass plots or, loosely, in
integrated cross sections. Many meson resonances are
of this type. We expect most of these peaks to be asso-
ciated with Breit—Wigner behavior in appropriate
Argand plots; thus the p meson peak in 7 mass plots
is firmly related to the / = 1, [ ='1 nw phase shift pas-
sing through 90°. The shape-of the p meson is reason-
ably well described by the relativistic Breit—Wigner
formula with the three parameters M, I'(M), and R of
eq. (3).

From mass plots we can determine M, I", and the
approximate branching ratios

xofxXg =Ty /Ty . ©

In the case of total cross sections, the peak above back-
ground gives us, using the optical theorem, the product
 + )% .

otOUE = M) = 4nX2(J + Dx, . (10)

V. Criteria for resonances

An experimentalist who sees indications of a reso-
nance in some energy (or mass) region 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 all substantial claims for reso-
nances. (However, we do not intend to preserve a pe-
rennial record of claims proved to be wrong. Some
such claims have been removed from the Meson Lis-
tings in 1982. We refer the interested reader to our
1980 edition for our complete archives.)

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative than for the
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Listings and to include only those peaks or resonances
which.we feel have a large chance of survival. An arrow
(=) at the left of the Tables of Particle Properties in-
dicates that a questionable candidate has been omitted
from the Table, but that it can be found in the corre-
sponding part of the Data Card Listings. One’s betting
odds for survival are of course subjective; therefore no
precise criteria can be defined. Very slow speeds (e
and «) make it quite difficult to decide what is a reso-
nance and what is not. For more detailed discussions,
“see the mini-reviews in the Listings. In what follows
we shall attempt to specify some guidelines. )

(a) When energy-independent partial-wave analyses
are available (mostly for N*’s), approximate 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-
hand circle, and that the “speed” of the amplitude
also shows a maximum near the resonance energy;
further, there.should be data well above the resonance,
showing that the speed again decreases. Indeed proper
behavior of the partial-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 consti-
tutes a resonance. Such an example is the Z(1780) -
state seen in KN total cross-section experiments and
in partial-wave analysis. The partial-wave analyses of
Giacomelli (1974) and Martin (1975) find preferred.
solutions which exhibit a resonance-like loop in the
Py wave near 1740 MeV. However, Giacomelli et al.
and Martin point out that, despite the resonantlike
appearance of the loop, the evidence for resonant
energy dependence is inconclusive. Thus we omit the
Z,(1780) from the Baryon Table. A similar quandary
has existed for some time concerning the Z;(1900),
and it too has been omitted from the Tables.

(b) When there are insufficient data to perform en-
ergy-independent analyses, one often resorts to ener-
gy-dependent partial-wave analyses (mostly for 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, 7%, etc.), before putting the
claim in the table.

(¢) Partial-wave analyses of three body final states
(7N = mN) are now available. While these analyses
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are based on the isobar model (7N - pN, 74, etc.) and
are subject to theoretical objections of varying impor-
tance, they provide increasingly reliable information
on inelastic decay m,odes of otherwise established reso-
nances,

(d) Most mesons, =" peaks, and high-mass N* and
Y™ peaks fall into a category for which no partial-wave
analyses-exist. In general we accept such peaks if they
are experimentally reliable, of high statistical signifi-
cance or observed in several different production pro-
cesses. _

Thus, we enter into the Tables of Particle Properties
only states for which there is experimentally convine-
ing evidence, and we expect that most of these will be
confirmed as resonances.

V1. Conventions and. parameters for weak and
electromagnetic decays

A. Muon-decqy parameters

The u-decay parameters describe the momentum
spectrum (o and 7), the asymmetry (¢ and §), and the
helicity (#) of the electron in the process u= > e~
+ v, +De. Assuming a local and lepton-conserving
interaction, the matrix element in the charge-retention
form may be written as

?<é|r,.|p><a”|r,(c, +Clys)lve),

where the summation is taken overi=S,V, T, A, P.
Using the definitions and sign- conventions of Sachs
and- Sirlin (1975) and Scheck (1978) for the Lorentz-
covariant operators, we have for the momentum pa-
rameters:

p=(3g} +3¢% + 6g%)/D ,
n=(g§ - g+ 21 — 289D ;
for.the asymmetry parameters:

_6gSgP COS¢SP SgAgV COS¢AV+ I4gT COS¢TT

= ' D ,
5= (_—6gAgV. cos Py + 6g% cos 1)/ DE |

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

xi
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2gsgp cos ¢SP + SgAgV CosPay + 6gT Cos Gy

Hére
D=gk+g +4g +6g% +4gk

=1C;12 +iC/1?
and

cos ¢;; = Re(Ci*C]-' + C,-'C’J-*)/gig]- .

The qua'ntities g; are defined to be real non-negative
numbers, and the ¢;; are phase angles between the -
type and j-type interactions. Under the assumption of
two-component neutrinos Cy = ~Cy and Cy = —C,,
the S, P, and T terms vanish, and ¢, is the phase
angle between C and Cy in the complex plane.

By using the above equations and the experimental
determinations of p, 0, £, 8, and A, limits can be
placed on g5/gv, 8a/8v ., 81/8v 8p/8y,and day .
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 ¢,v; is the amplitude of time-rever-
sal violation. Note that most experiments study only
the upper end of the spectrum where p and 7 are high-
ly correlated, so they can only report p for n =0 and
nforp= %. The values for p and 7 we use here were
obtained by combining 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 gg =g = gp = 0. The same limits
on g /gy and ¢,y are obtained, however, as when
gs, &T, and gp are left free.

Current values for the asymmetry parameters as
well as |g4 /gy| and ¢,y are given in the Addendum
to the Stable Particle Table. In addition, upper limits
on lgg/gyl, leT/gy! and |gp/gy| are given in the p
section of the Stable Particle Data Card Listings.

B. K-decay parameters

1. Dalitz plot for K - 3w decays. The Dalitz plot
distribution for the 7 mode (K* = n*n*#%), the 7’
mode (K* - 70797*), and the 70 mode (K > n*7~n0)
of K decay can be parametrized by a series expansion
such as that introduced by Weinberg (1960). We use
the form

Xii
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|M|2 x]l+g __:SQ +h (fS_—SQ)
n*- . bis
+j82_2f_1+k(s_2.-2fl)_+..., (1)
+ mﬂ.+

where m72r+ has been introduced so as to make the co-
efficients g, k, j, and k dimensionless, and

5;= (Pg — P)? = (my —m)? —2myg Ty, i=1,2,3,
s0=§4?si=§(m12<+m%+m%+m%).

Here the P; are four-vectors, m; and T; are the 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 s3 (or T'3) of the Dalitz plot, while 4 and &
measure the quadratic dependence on s3 and (55 — 5¢),
respectively. The coefficient j is related to the asym-
metry of the plot and must be zero if CP invariance
holds (C stands for charge conjugation throughout the
discussion‘in this section). Note also that if CP.is good,
g must be the same for 7+ and 77, and similarly for A
and k.

© Since different experlments use different forms for
M l2, in order to compare the experiments we have
converted to g, i, j, and k 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 KL sec-
tions of the Stable Particle Data Card Listings.

Relations among 7%, 7%, and 70 are predicted by
the AJ =1 rule.

2. Form factors in K 3 leptonic decays. Assuming
that only the vector current contributes to-these de-
cays, we write the matrix element as

M Ok + Py, B, (1+75),)

+f_(Olmeug(1+ys5)u,], : )]

where Py and P, are the four-momenta of K and
mesons; m, is the lepton mass; f, and f are dimen-
sionless form factors which can depend only on ¢

= (Pg — P,)?, the square of the four-momentum
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transfer to the leptons, f, and f are relatively real if
time-reversal invariance holds for these decays. Ku3
experiments measure f, and f_, while K,y experi-
ments are sensitive only to f, because the presence of
the lepton mass makes the f  term negligible.

(a) K, 3 experiments. Analyses of K, 5 data fre-
quently assume a linear dependence of f+ and f ont,
ie.

£ = £,(O)[1+ N, (t/mD)] . f 3)

Most K, 3 data are adequately described by eq. (3) for
f, and a constant f (i.e.A_ =0). There are two
equivalent parametrizations commonly used in these
analyses: ,
(DA, £0) parametrzzanon Analyses of K, 5 data
often introduce the ratio of the two form factors

€0 =f_OIf.0) .

The K, ; decay distribution is then described by the
two parameters A, and £(0) (assuming time reversal
invariance and A _
mined by three different methods:

Method A. By studying the Dalitz plot or the pion
spectrum of K, 3 decay. The Dalitz plot density is
[see, e.g. Chounet et al. (1972)]:

PlELE,) & FLDIA+BED) + CH0Y]

where
A =mgQE,E, - myE,)+miGE, ~ E,),
B= mz(E -LE]y,
2
C=imlE,

E, =E,Tax -E, = (m% +m,2T —,mﬁ)/2mK ~-E,

Here £, E“, and E, are, respectively, the pion, muon,
and neutrino energies in the kaon center of mass. The
density pis fit to the data to determine the values of
A, £(0), and their correlation.

Method B. By measuring the K, 3/K, 3 branching
ratio and comparing it with the theoretical ratio [see,
e.g., Fearing et al.(1970)] as given in terms of)\ and
£(0), assuming u—e universality:

F(KL3)/F(K53) =0.6457 + 1.4115, +0.1264£(0)
+0.0192£(0)? + 0.0080%, £(0) ,

T(KO3)/T(KY;) = 0.6452 + 1.3162), + 0.12465(0)
+ 0.0186£(0)2 + 0.00642,£(0) .
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This cannot determine A, and £(0) simultaneously but
simply fixes a relationship between them.

Method C. By measuring the muon polarization in
K, 3 decay. In the rest frame of the K, the p is ex-
pected to be polarized in the direction 4 with P = A/
|A|, where A is given [Cabibbo and Maksymowicz
(1964)] by

A =a1(£)p“
- az(i)[;—‘;(mx*Eﬂ+T;”r# (E,—m ))+PT,J

+my ImE(D(p, Xp,) -

If time-reversal invariance holds, £ is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted
average of £(¢) over the ¢ range of the experiment,
where the weighting accounts for the variation with ¢
of the sensitivity to £(¢).

(2) Xy, \g parametrization. Some of the more
recent K, 3 analyses have parametrized in terms of the
form factors f, and f;; which are associated with vec-
tor and scalar exchange, respectively, to the lepton
pair. fy is related to f, and f_ by

fo@) = f1(t) + [t/mE — mDIF_(D) .

Here f;y(0) must equal £, (0) unless f_(¢) diverges at
¢t = 0. The earlier assumption that f, is linear in ¢ and
f_ is constant leads to fj linear in t

fot) = Fo(O)[1 + np(t/mE)] .

With the assumption that f3(0) = £,.(0), the two pa-
rametrizations, (A,, £(0)) and (A, () are equ1va1ent
as long as correlation information is retdined. (\,, )\0)
correlations tend to be less strong than ()\+, £(0)) cor-
relations.

The experimental results for £(0) and its correlation
with A, are listed in the K* and K} sections of the
Stable Particle Data Card Listings in section XIA,
XIB, or XIC depending on whether method A, B, or C
discussed above was used. The corresponding values
of A, are listed in subsection L + M.

Because current experiments tend to use the (A,
Ag) parametrization, we have added a subsection LO
for Ay results. Wherever possible we have converted
£(0) results into A results and vice versa.

(b} K, 3 experiments. Analysis of K4 data is sim-
pler than that of K, 3 because the second term of the

Xiil
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matrix element assuming a pure vector current [eq.
(2) above] can beneglected. Here £, is usually as-
sumed to be linear in ¢, and the linear coefficient A,
of eq. (3) is determined.

-If we remove the assumption of a pure vector cur-
rent, then the matrix element for the decay, in addi-
tion to the terms in eq. (2), would contain

+ mefsﬁQ(l + YS)UV
+ (2fT/mK)(PK)A(Pn)pﬁQOAp(1‘+ Y5)u, ’

where fg is the scalar form factor, and f7 is the tensor
form factor. In the case of the K 5 decays where the
f_ term can be neglected, experiments have yielded
limits on {fg/f,] and |f1/f,l.
‘ The K, 3 results for A, |fg/fyl, and |fp/f,] are
listed in the subsections L + M; FS, and FT, respec-
tively, of the K* and K0 sections of the Stable Particle
Data Card Listings.

See also the Note on KQ3 and KQ3 Form Factors in
the K* section of the Stable Particle Data Card Lis-
tings for additional discussion of the K23 parameters,
correlations, and conversion between parametrization
and also for a comparison of the experimental results.

3. CP violation in KO decays. We list parameters
for four different reactions in which CP can be tested
[for details, see Okun and Rubbia (1967), Steinberger
(1969), and Walfenstein (1969)].

(a) Kg~ w*n~n0. The quantity measured here is
the ratio of amplitudes

Ag(Kg > ntan0)/4 LK > mtra0) =x+iy. (4)

If CPT invariance holds and there is no ] = 3 state pres-
ent, then x can be neglected and CP violation would
bé observed as a nonzero y. We give the result for eq.
(4) in the KE section of the Stable Particle Table and
under Branching Ratio R4 in the Kg section of the
Stable Particle Data Card Listings. Our procedure is to
assume that x =0, and to list (4g/41)? in the form

of a branching ratio.

(b) Charge asymmetry in K; - 31 decays. As men-
tioned above, the presence of a term in (55 — 1) in
expression (1) describing the Dalitz plot distribution
for 7=, 70 decays of K mesons would be an indication
of CP violation. Experimenters have .used several forms
for this CP-violation term. As described in the mini-
review in the K* section of the Stable Particle Data

Xiv
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Card Listings, we have converted all results to coeffi-
cient j-ineq. (1) above. The latter is listed among the
CP-violating parameters at the back of the K(ﬂ section
of the Stable Particle Data Card Listings. Note that
only upper limits have been reported for this quantity.

(c) Asymmetry in the K; — m* Qv decays. The.
quantity measured and compiled here is

F(KL =1 ") —I(K > 787p)

(K~ 7 2) + T(K, - 7 87p)
This asymmetry violates CP invariance. If CPT is good,
for a pure Kg beam, § can be written as

5=2[(1 - Ix1?)/(I11-x1*)] Ree,

where x is the AS = AQ-violating parameter defined
in section B4, and ¢ is the parameter of the-expansion

1Ky = [(1+ )K= (1 — )R/ [2(1 + [el2)] V2 (52)
K= [(1+ 1K)+ (1 - )| K]/ [2(1 + eI)]V/2.(5b)

We give §-in the Addendum to the Stable Particle
Table. In addition, in the Kg CP-violation section of
the Stable Partxcle Data Card Listings, we list & sepa
rately for KL - mupr and KL - ey,

(d) K; = 2m decay . The relevant parameters are -

Ny _ =AK; > 1tn7)/A(Kg>ntn7)
= |n; _l exp(i, ),
0 = A(KL - 17077‘0)/A(KS - 070)
= Ingol expidgg) »
€, defined in eqgs. (5) above, and
=1iv/2 exp[i(84 — 80)] Im(4,/4,) -

Here, 4; and §; are the amplitude and phase of 77
scattering at the K mass, defined by

(I = 0| TIK) = exp(iby) Ag ,

(I=2ITIK>= exp(i8,) Ay .

Wu and Yang (1964) have derived the relationships

Ne - =e+e, n00=é%2€'.

We give ;. _, ngg, ¢+ _, and ¢ in the Addendum
to the Stable Particle Table. The phases are measured
directly, whereas the magnitudes n, _ and nq are

derived parameters. We use, as far as we can, the




Volume 111B

directly measured quantities as input and calculate
n4_ and ngg from the values given by our constrained
fits. Therefore, if one looks at the Data Card Listings,
most of the |n| measurements appear in the form of
branching ratios, with appropriate comments. We then
give the values of 7, _ and |n00|2 in a separate list at
the end of the CP-violating parameters section of the
K% section of the Stable Particle Data Card Listings.

4. AS = AQ rule in KO decays. The relative amount
of AS # AQ component present is measured by the
parameter x, defined as :

x=AKO> 17 )/A(KO > 772" ) .

We list Re {x} and Im {x} for both K5 and K, 3 at the
end of the Stable Particle Data Card Listings and give
values in the Addendum to the Stable Particle Table.

C. n-decay parameters

1. Cviolation in 1 decays. As a test of possible C-
violation in electromagnetic interactions, a number of
experiments have looked for possible charge asymme-
tries in the decays > n*tn ™70 and n > ntny. We
list the following parameters:

(a) The left—right asymmetry

A=N*-NT)/N*T+N7),

where N (*) means the number of events with the
7(*) energy greater than the 7(*) energy in the 7 rest
frame.
(b) The sextant asymmetry
y _ Ny ¥ N3+ Ng = Ny — Ny — Ng
SN, + Ny + N3 + N, + Ng + N,

for the decay n - n*n~70. The numbers refer to the
sextants of the Dalitz plot [see, for example, Layter
(1972)]. A is sensitive to an J = 0 C-violating asym-
metry. .

(c) The quadrant asymmetry Ags defined in a sim-
ilar way as 4, but with each sector of the Dalitz plot
now containing /2 rather than 7/3 radians. Agqissen-
sitive to.an I = 2 C-violating final state.

(d) The d-wave contribution to the C-violating am-
plitude in the decay n - n*n~ . Thé upper limit for
this contribution is measured by the parameter 3, de-
fined by '

dN/d| cos 81 = sin28(1 + B cos28) ,
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where 6§ is the angle between the n* and the 7y in the
di-pion center of mass. A term proportional to cos26
could also be due to p- and f-wave interference.

We list 4 for the decay modes n ~ nt7~ 2% and n

> 7*ny, A, and 4 for the decay n > n*n~ 70, and
s q

g for the decay n = nTn~ v in the n section of the
Stable Particle Data Card Listings.

2. Dalitz plot for n > w* 7~ a0, The Dalitz plot for
the decay n > 777~ 79 may be fit by the distribution
IM(x, )12 < 1+ay +by? +cx +dx? +exy .

Here, ,
x=3(T,-T)Q, y=Q@Ty/Q)-1,

T,,T_, T, are the kinetic energies of the n*,n~,and =0
in the n rest system,and @ =m,, — m_+— m,-— m_o.
The coefficient of the term linear in x is sensitive to

" C-violation due to an I = 0 or I = 2 final state. We list

papers presenting determinations of the parameters a,
b, ¢, and d in the 7 section of the Stable Particle Data
Card Listings. However, we do not tabulate values of
these parameters because the assumptions made by
different authors are not compatible and do not allow
comparison of the numerical values.

3. Dalitz plot for n - "1~ y. The Dalitz plot for
the decay n - m*7 ™y may be fit to the expression

IM2x1+2az,

“where

3 .
2=3 & [30m, = 3m)" (E — dm )1 = o

Here E; is the energy of the ith pion in the 1 rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter « in the 5 section of the
Stable Particle Data Card Listings.

D. Baryon-decay parameters
1. A}V ratio for baryon leptonic decays. Consider
the-decay : :

Bi‘*Bf‘i'Q'l'V.

Assuming V, A theory, neglecting “induced” scalar,
“induced” pseudoscalar, and axial weak-magnetism
terms, and neglecting the g2 dependence of the form
factors, the baryon part of the matrix element for

XV
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these decays may be written [Goldberger ‘and Treiman
(1958)] as

(Bf|')’>\(gv 8A75)+(gw/m13 )U}\ q,1B;),

where B; and By represent initial and final baryons

84 and gy the axial and vector coupling constants, gy
the weak magnetism coupling constant, and g, the -
sum of the lepton momenta. Here the Pauli represen-
tation is used for the y matrices. The ratio gA/gV may
be written as

gal8v = lgalev! exp(i®) ,

where ¢ is 0 + n if time reversal holds [see Jackson
et al.(1957)]. :

Experiments on the leptonic decays of baryons
other than the neutron have generally assumed ¢ to be
either 0 or 7, and have thus measured the magnitude
and sign of g, /gy . In studying neutron beta decay,
however, experiments have been sensitive enough to
measure ¢ more precisely, and we include the phase
angle in our Listings for this case. It is consistent with
time-reversal invariance, and by using the-above defi-
nition of the matrix element with the Pauli represen-
tations, the value ong/gV in neutron beta decay is
negative. o

Due to statistical limitations the weak magnetism
form factor gy is usually assumed from CVC and
SU(3), so that usually only g a and gy are determined
experimentally. This determination is accomphshed in
a variety of ways. ’

(a) The lepton— neutrino angular correlation pro-
vides a measure of the absolute value of g, /gy [for
relevant formulas, see, e.g., Albright (1959)].

" (b) The up—down asymmetry of the lepton from
polarized baryon decays provides a measure of g /gy
with its sign [for relevant formulas, see, e.g., Albright
(1959)]. :

(c) The lepton spectrum, given enough statistics,
provides a measure of g /gy with its sign [for relévant
formulas, see, e.g., Bender (1968)]. The lepton spec-
trum also provides a measure of gy, /g, if the CVC-
SU(3) assumption is relaxed.

(d) The polarization of the decay baryon, from po-
larized or unpolarized initial baryon, also provides . .
ga/gy with its sign [for formulas, see, e.g., Willis and
Thompson (1968)].

(e) The presence of a term proportional to

cBI.(peXpu) s

Xvi
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where the initial baryon is polarized or

og:* (P XP,),

where the polarization of the decay baryon is observed
provides a measure of the deviation of ¢ from 0 or =,
and is thus a test of time-reversal invariance [see, e.g.,
Willis and Thompson (1968)]. ,
We compile the ratio g, /gy with its sign, for those ~

decays for which it has been measured. '

- All the coupling constants and decay rates for. bary-
on leptonic decays are related by Cabibbo’s theory
[Cabibbo (1963)], extended to six quarks (and three
mixing angles) by Kobayashi and Maskawa (1973). A
recent fit to this theory has been done by Shrock and
Wang (1978).

2. Asymmetry parameters in nonleptonic hyperon
decays. The transition matrix for the hyperon decay
may be written as

M=s+p(e-q), - (6)

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

The asymmetry parameters are defined by the rela-
tions

=2 Re(s*p)/(Is12 + |p|2)
B=21ImG"p)/(1s1? +1p1?)
Y=Us2—1pID)/(1si2 + 1p12) .

With the transition matrix (6), the angular distribu-
tion of the decay baryon, in the hyperon rest system,
is of the form
I=1+ aPY ‘q,

where Py =(Y|alY) is the hyperon polarization.
In the notation of Lee and Yang (1957) the polan
zation Py of the decay baryons is 2

(@t Py-q)q+BPyXq)t 7(1 X (PyXq)
B 1+aPy-q :

*2 Note that Lee and Yang (1957) contains a misprint. The
minus sign in the definition of B should be replaced by a 2.
In addition, our unit vector ¢ is the direction of the baryon,
whereas their unit vector pis the direction of the pion.
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where Py is defined in that rest system of the baryon
obtained by a Lorentz transformation along ¢ from

the hyperon rest system in which ¢ and Py are defined.

Note that a is the helicity of the decay baryon for un-
polarized hyperons.
The three parameters «, §, and v satisfy the relation

a2 +p82+42=1,

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters o
and the angle ¢ defined by

B=(1-a)2sing,
v=(Q1-

which has a more nearly gaussian distribution than
or 7. Evidently :

a2)V2 cos ¢ ,

—-%n<¢<i—,1‘r fory>0,

+in<¢<3inm fory<O0.

In discussing time-reversal invariance, the quantlty of
interest is A, defined by

a=2Islp| cos Al(IsI2 + Ip|2),
B =—2lslipl sin A/(1sI2 + Ip|?) ;

that is, A is the phase angle of s relative to p. Evident-

fora>0,
fora<0.

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

A=8;-3,
modulo 7, where 5; and &, are the pion—baryon scat-
tering phase shifts at the appropriate energy and for

the appropriate isospin state. For A decay, assuming
the validity of the | AI| =1 rule,

A=8;—-8,=(7.0+1.0)deg **.
In the Stable Particle Data Card Listings we give o and
*3 This value for 65 ~ 8p is derived from the phase-shift”

analyses by Ayed (1976). The error is our estimation of
the uncertainty allowing for possible correlations.
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¢ for each decay since they are the most.closely re-
lated to the experiments and are essentially uncorre-
lated. Whenever necessary we have changed the signs
of the reported values, so as to agree with our conven-
tions. In the Stable Particle Table we give &, ¢, and A
with errors; and for convenience we also give the cen-
tral value of =y, without an error.

VII. Statistical procedures

We divide this discussion on obtaining averages and
errors into two sections: .

A. The unconstrained case, or “simple averaging”,
and

B. The constrained case.

In what follows, the term “error”” means one stan-
dard deviation (10); that is, for central value X and
error 8X, the range X * 6X constitutes a 68.3% confi-
dence interval.

A. Unconstrained averaging

We are returning this year to the use of a standard
gaussian procedure (with “scale factor’”) as our only
method of averaging the data. The Student’s distribu-
tion procedure, introduced in 1976 as a second meth-
od of averaging, has been discontinued. This results
primarily from our observation that, although the data
are better represented by a Student’s distribution, the
standard deviation (= the 68.3% confidence limit) of

-this Student’s distribution turns out to be equal to the

gaussian standard deviation. If one would choose to
quote, e.g., 90% confidence limits, however, the gaus-
sian procedure would give too small errors.

We begin by assuming that measurements of a given
quantity obey a gaussian distribution, and thus we cal-
culate a weighted average and error :

-1/2

x4 (wa/;wi)i(-lz;wi) 5

w; = [1/(6x)2) , Y

where x;-and 6x; are the value and error, respectively,
reported by the ith experiment, and the sums run over
N experiments. We also calculate x2 and compare it
with its expectation value of N — 1.

If x2/(N — 1) is less than or equal to 1, and there
are no known problems with the data, we accept the
above results.

xvii
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If x2/(N — 1) is very large, or if there is prior knowl-
edge of extremely large inconsistencies between exper-
iments, we may choose not to average the data at all.
Alternatively, we may quote the calculated average,
but then give an educated guess as to the error;such a
guess is generally a quite conservative estimate de-
signed to take into account known problems with the
data.

Finally, if x2/(V — 1) is greater than 1, but not to
such a large extent, we still average the data, but then
try to make up for this fact in two ways:

(i) We plot an ideogram to guide the reader in decid-
ing which data might be rejected before selected aver-
ages are made. An example of such an ideogram is
given in fig. 3 below. Each experiment appearing in.
the plot is represented by a gaussian with central value
x;, error 6x;, and area proportional to 1/8x;. The
choice of area is a somewhat arbitrary one; it is based
on the assumption that an experimenter will work to
reduce his (or her) systematic errors until they are
slightly smaller (but seldom much smaller) than the
statistical errors. Thus, as a bubble chamber physicist
gets more events, he (or she) will use them both to re-
duce the statistical errors and to study the biases. Our

WEIGHTED AVERAGE = 2281.8 = 2.7
ERROR SCALED BY 1.7

O

No oo ool
O

...... KITAGAKI 82 DBC
- - - -RUSSELL 81 SPEC
GRAESSLER 81 HBC
GRAESSLER 81 HBC

. -KITAGAKI 80 DBC

-CALICCHIO 80 HYBR
ALLASIA 80 EMUL

(LT I O I

A ABRAMS 80 SMK2 0.3

—t . -GIBONI 79 SPEC 3.9

—_— - CNOPS 79 DBC 5.4
e “BALTAY 79 HLBC 6.1
g ANGELINI 79 HYBR 0.8

-KNAPP 76 SPEC 4.7

-CAZZOLI 75 HBC

30.8

(CONLEV
=0.001)

2225 2250 2275 2300 2325 2350
LAMBDA/C+ MASS

Fig. 3. Ideogram of measurements of the Ag mass. The verti-
cal line indicates the position of the weighted average, while
the horizontal bar atop the line gives the error in the average
after scaling by the SCALE factor. Only those experiments
indicated by + error flags were precise enough to be accepted
in the calculation of the SCALE factor; the column on the
far right gives the x2 contribution of each of these experi- -
ments. The less precise experiments were included in the cal-
culation of the weighted average, but not SCALE; they have
L error flags.
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confidence that a significant systematic error has not
been made in a given experiment, as compared with
other contradictory experiments, then tends to go up
as 1/6x;. S

But why not assign a weight 1/6,2, as is done when
computing a weighted average? We feel that this is
equivalent to assuming that large systematic errors are
as infrequent as large statistical fluctuations, and that
this is unrealistic. '

We emphasize the difference between least-squares
averaging (where the weighting factor is the inverse
square of the error) and the ideograms prepared for
visual display. The former arithmetic is of course best
if one has statistically distributed input, and yields a
narrow gaussian-distribution centered at the weighted
mean. The ideogram (often multipeaked and certainly
'not gaussian) is based on the opposite hypothesis that
some of the input is systematically in error. The idea
behind least-squares averaging is that experiments 1, 2,
3, etc., are all valid (so we should multiply their proba-
bilities). Our ideograms are based on the assumption
that 1 or 2 or 3, etc., is valid, “hedged” with 1/6x;
betting odds; we then add their probabilities. Both ap-
proaches cannot simultaneously be right; we leave it
to the reader to choose. A glance at the ideogram will
show, however, that the discrepancy is often not
severe for reasonably distributed input.

(ii) The second way in which we try to take account
of x2/(V — 1) being greater than 1 is to scale up our
quoted error 8x in eq. (1) by a factor

SCALE = [x>/(vV - D]1/2 . , ()

Our reasoning is as follows. Since we do not know
which one or more of the experiments are wrong, we
assume that all experimentalists underestimated their
errors by the same scale factor (2). If we scale up all
input errors by this factor, x? returns to N — 1, and
of course the output error scales up by the same factor.
If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most influence
not only the average value X, but also the error 6x.
Now, on the average, the low-precision experiments
each contribute about unity to both the numerator
and the denominator of SCALE, hence the x2 contri-
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bution of the sensitive experiments is diluted, i.e., re-
duced. Therefore, we evaluate SCALE by using only
experiments for which the errors are not much greater
than those of the more precise experiments. Explicit-
ly, to calculate SCALE we use only the most sensitive
experiments, i.e., those with errors less than 6, where
the ceiling & is (arbitrarily) chosen to be

5o =3N125% .

Here 8x is the unscaled error of the mean of all the
experiments. Note that if each experiment had the
same error 8x;, then 8% would be 8x;/N1/2, 50 each
individual experiment would be well under the ceiling
on SCALE.

This scaling approach has the property that if there
are two values with comparable errors separated by
much more than their stated errors (with or without a
number of other experiments of lower accuracy), the
error on the mean value 6Xx is increased so that it is
approximately half the interval between the two dis-
crepant values.

We wish to emphasize the fact that our scaling pro-
cedures for errors in no way affect central values. In
addition, if one wishes to recover the unscaled error
6x, one need only divide the given error by the SCALE
factor for that error.

B. Constrained fits

Except for trivial cases, all branchlng ratxos and
rate measurements are analyzed by the computer
program AHR. This program makes a simultaneous
least-squares fit to all the data, and outputs the partial-
decay fractions I_’-, width I, partial widths I';, and their
eIror matrix.

The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that per-
mits us.to comment on the error matrix and the scale
factor.

Assume that a state has only three partial-decay
fractions, P, P,, and P35 (ZP; = 1), which have been
measured in four different ratios, Ry, ..., R4, where,
e.g.,Ry =P /Py,R5 =P [P, etc. ** Further assume
that each ratio has been measured by NV experiments

#* We can handle any R of the foim R = £ o;iP; /£ B;P{, where
o; and g; are constants, usually 1°or 0. The forms R = P; « ;
and R = (P;-P; )1 2 arc also allowed.

PHYSICS LETTERS

22 April 1982

(we designate each experiment with a subscript x, e.g.,
R,). Then AHR finds the best values of P|, P, and
P4 by minimizing x2, namely

e-BB(BA0n0T)

In addition to the fitted values P;, the program cal-
culates an error matrix (§7;5P,). We tabulate the
diagonal elements 6 ; = (8 P; 8P,)!/2 [except that
some errors are scaled according to eq. (2) as discussed
below]. In the listings we give the complete error ma-
trix; we also calculate the fitted value of each ratio,
for comparison with the input data, and list it below
the relevant input, along with a simple unconstrained
average of the same input.

Two further comments on the example above.

(1) There was no connection between measure-
ments of the width and the branching ratios. But
often we also have information on partial widths I
as well as total width I, In this case AHR must intro-
duce I" as a parameter into the fit, along with the rela-
tions I'; = 'P;, XT'; = I'. When appropriate, we tabu-
late the T; along w1th the P;, and give error matrices.
in the llstlngs.

(2) Note that we do not allow for correlations
between input data. We do try to pick those ratios
and widths which are as independent and as close to
the original data as possible.

In asymmetric errors, we use a continuous functlon
of 8(P)* and §(P)” in the fitting. When no errors are
reported, we merely list the data for inspection.

Hyperon-decay parameters. The program AHR
handles any type of input, o, ¢, 4, , or v, according
to the definitions of section VI. If for a particular
hyperon decay there are data for more than two of
the decay parameters, they are analyzed by using the
constraint

a2+ preyl=1,

Inconsistent constrained data. According to our
simple éxample, which led to eq. (3), the double sum
for x2 is summed over experiments x = 1 to /V, leaving
a single sum over ratios

X2 = Ex% ;
r

Xix
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Even before fitting, some of the xz may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, know-
ing the fitted x% and its expectation value (xf) we
form SCALE factors (just as before), i.e.,

(SCALEY? =x}/(x}),

and if any (SCALE), is greater than 1, all ¥V of the
measurements of that particular ratio are equally pe-
nalized by having their errors increased by (SCALE),.
Program AHR then recycles on all the data, those
with errors unchanged as well as those with errors
increased. We then get new values, § P; for the errors
in the partial-decay modes.

Because of the constraint (2 P; = 1) some SCALE
factors may still be greater than 1 even after this sec-
ond pass. If this is so, the whole procedure (i.e., in-
creasing errors by the new SCALE factors and recy-
cling through AHR) is repeated until AHR has con-
verged.

At the end of AHR’s final pass we have two mea-
sures of the errors for the P One is, of course, the
61’ ,1.e., the errors in the fmal fitted valuesP which
1nclude the effects of scaling the input errors. The
other measure of the errors is (P; — Pi,)’ i.e., the shift
in the central values of the ith mode between the first
(unscaled) fit and the final (scaled) fit. In practice we
find that on the average these two measures of the un-
certainty are about equal. Rather than selecting just
one or the other, our tabulated errors are given by the
combination

(8P)iap = [6P/2 + (P, — P))?Y/2

where P is the fitted value of the ith partial-decay
mode before scaling, P is its value after scaling, and
8P is the error in Pl. The SCALE factors we finally
list in such cases are defined by

(SCALE), = (aﬁi)tab/zs};i .

However, in line with our policy of not letting SCALE
affect the central values, we give the values of P; ob-
tained from the original (unscaled) fits. [The differ-
ences between the 13,- calculated with either the scaled
or the unscaled errors are, of course, always within
the tabulated errors, (§P;),p, -]
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(Closing date for data: Jan. 1, 1982)

Stable Particle Table

For additional parameters, see Addendum to this table.

Quantities in italics have changed by more than one (old} standard deviation since April 1980.

Paricle  ISUP)C,%  Mass® Mean life? Partial decay mode
: (MeV) (sec) p or
Mass? cT Mode Fraction® p...°c
> max
(GeV?) (cm) (MeV/¢)
PHOTON
Y 0,1(17)—  (<6x107%2) el stable’
LEPTONS
v, 3= ( <0.000046)4 stable stable
(>3x10%m_ (MeV))
Ve
e =1 0.5110034 stable stable
+0.0000014 (>2x10%%y)
v J=% 0( <0.52) stable stable
L (>1.1x10°m_ (MeV))
Yy
. p  (orut =00
o 1= 105.65943 2.19714x1076 e vy (986 , 04)% 53
+0.00018 +0.00007 ey e 1.4 )% 53
m?=0.01116392 c7=6.5868x10°  tle7v, (<9 )%) 53
ey (<19 yx10-10 53
e"ete” (<1.9 )x107% 53
e Yy (<5 )x10-8 53
v, =1 <250
T_—l (or 71 =CC)
T J=% 1784.2 (4.6+1.9)x10713 ;r_iv (185 = 1.2)% 889
+3.2 cr=0.014 e~y (162 + 1.0)% 892
m?=3.18 hadron™ neutrals (370 £ 32)%
i 3(hadron®) neutrals ( 28.4 + 3.0 )%
S(hadron?®) neutrals ( <6 )%
t[3(hadron*)p (13 =8 )%
3(hadront)p(=ly) (15 =7 )%
flz v (107 + 1.6)% 887
oy (2.6 + 3.6 )% 726
K™ neutrals ( small )
7 xty (7 £5 )% 864
7 2t (207" (18 =7 )% 864
HK (892 ( 1.7 £07)% 669
K'~(1430)v (<0.9 Y% 316
= o% ( 54 +1.7)% 718

(continued next page)



Stable Particle Table (cont’d)

Particle  ISJP)C,®  Mass® Mean life® Partial decay mode
(MeV) (sec) p or

" Mass? cT Mode Fractionb pm‘
(GeV?) (cm) (MeV/c)

T_—l (or ¥ =CQ)

T (continued) " e~ chgd.parts.

+ u~ chgd.parts. (<4 Y%
w”y (<5.5 Ix1074 889
ey (<6.4 yx10~4 892
uute” (<49 yx10~4 876
eutu” (<3.3 yx1074 886
uete” (<4.4 yx10~4 889
eete (<4.0 yx1074 892
p (<8.2 %1074 884
e n? (<21 yx1073 887
KO (<1.0. yx1073 819
e K® (<13~ yx10-3 823
wo° (<4.4 yx104 722
e p° (<37 yx10~4 726
NONSTRANGE MESONS ¢

1r+—1 (or = ~CC)
¥ 170 139.5673 2.6030x1078 uty 100% 30
+0.0007 +0.0023 ety ( 1.267+0.023)x10~* 70
m?=0.0194790 cr=780.4 uFoy ¢( 1.24% 0.25)x10™4 30
my-m . =33.9079 (7t - 17)7= etyy e( 5.6 + 0.7 )x108 70
+0.0007 (0.05+0.07)% etyn® ( 1.02% 0.07)x10-8 5
(test of CPT) etvete™ (<5 yx1079 70
° 17(07)+ 1349630 0.83x10°16 gy ( 98.787 4 ¢ 030)% 67
+0.0038 +0.06 S=1.8 yete™ ( 1213 V% 67
m?=0.018215 or=2.5x10"8 Yy (<3.8 yx10”7 67
m, ,-m, o =4.6043 eteTete” f( 332 yx1073 67
+0.0037 YYY (<4 yx1078 67
ete” ( 22 %% Hxi07? 67
w (<24 yx10-5 67
) 0H(07)+  548.8 I'=(0.83£0.12)keV L% (391 £08)% 274
+0.6 Neutral decays {31r° (318 + 08)% S=1.1 180
$=1.4" (70.9+0.7% vy 8(<0.3 Y% 258
m?=0.3012 . atr o (237 £ 05)% 175
wtr Ty ( 491+ 0.13)% 236
ete Ty ( 0.50+ 0.12)% 274
ptu "y ( 31 +04)x10% 253
ete” (<3 yx1074 274
ptu ( 65 % 21)x10 253
Charged decays atnete ( 013+ 0.13)% 236
(29.120.7)% Ty (<0.21 % .236
e ata a0 (<6 yx10~4 175
wtr” ( <0.15 Y% 236
Pete” (<5 yx1073 258
Outu~ (<5 )x1076 211
L1r°u+u_'y (<3 )x1076 211




" Stable Particle Table (cont’d)

Particle  IS0P)C,°  Mass® * Mean life® Partial decay mode
. C (MeV) (sec) b p or
Mass? cr Mode Fraction Prmax
(GeVY {cm) (MeV/c)
STRANGE MESONS ¢
, Kt (or K™ =CCQ)
K 3070 | 493667 1.2371x1078 . uty ( 63.50% 0.16)% 236
+0.015 +0.0026 S=1.9 atad ( 21.16% 0.15)% 205
m?=0.2437 cr=370.9 atrte” ( 559+ 0.03)% S=11" 125
t -y F= 7t a0 ( L73% 0.05% S=1.4" 133
(0.11£0.09)% 7%ty ( 3.20% 0.09% S=17" 215
(test of CPT). %ty ( 482+ 0.05% S=1.1" 228
s=1.2" utvy € 58 + 3.5 )x1073 C 236
2%ty ( 1.8 1% e’ 207
My +-Myo=—4.01 , atr ety ( 3.90% 0.15)x1073 203
+0.13 ; atr e'+:7 (<12 )x10‘§ 203
—11* T uty ( 1.4 £ 09 )x10™ 151
S=11 atrtu™y (<3.0 )x1078 151
ety ( 1.54% 0.07)x10™3 247
etvy (SD+)? ( 152+ 0.23)x1073 247
etyy (SD—)* (<16 yx10~4 247
ataly he( 275+ 0.16)x1074 205
atate Ty € 1.0 + 0.4 )x10~¢ 125
utvy e( <6 yx1073 215
etvy e( 3.7 = 1.4 )x107¢ 228
atete” ( 27 =05 )x1077 227
w etet (<l yx1078 227
atuty™ - (<24 )x10~6 172
oty €(<3.5 yx1075 227
=t yyy e(<3.0 yx1074 227
v : (<14 yx107~7 227
oty (<4 - )x1078 227
rFetpyt (<7 yx1079 214
rte u’t (<5 )x1070 214
etowy (<6 )x1073 247
wtow (<6 )x10-6 236
ptrete (11 =3 )xio”’? 236
pvetet (<20 yx10-8 236
etvete” (2 2 Hxe? 247
uty, (<4 yx1073 236
K oy 976
K 7 zon 50 % Ksporer 50% Ky gng
S=1.1
'm2=0.24768
- . 0.8923x10°10 gtgy~ 68.61 Y% « 206
K§ 3 +0.0022 o ' E 33T 0¥g S=L1T g
' cr=2.675 wtr Ty € 1.85+ 0.10)x1073 206
wtu (<3.2 yx10~7 225
ete™ (<3.4 yx10~4 249

Y (<0.4 yx1073 249




- Stable Particle Table

4

(cont’d)

Particle I60P)C,° Mass® - Mean life® Partial decay mode
(MeV) (sec) p or
Mass?2 T Mode Fractionb Prnax
(GeV?) (em) (MeV/¢)
K?_ 1(07) 5.183x10°8 1r‘_’zr‘_)1r° (215 + 1.0)% S=L7 139
2 +0.040 FOLIE o ( 1239+ 0.200% S=1.3" 133
cr=1554 . rtuFy (271 £ 04)% S=14" 26
ey (387 £05)% S=15" 229
[ wevy e 1.3 + 0.8 )%] 229
my, ~mig = 0.5349x1010 £ sec™! atr” J( 0203+ 0.005)% S=1.1" 206
+0.0022 °n° J( 0.094% 0.018)% S=1.5" 209
Ty €( 441+ 0.32)x107° 206
Oyy (<24 yx10~4 - 231
vy ( 49 = 0.4)x10™% 249
e k(<6 yx1076 238
ptu~ ( 9.1 19 )x107 225
wtu=y ( 28 % 2.8 )x1077 225
uty” (<1.2 yx1076 177
ete” k(<20 yx10-7 249
ete™y ( 17 =09 )x10- 249
wOete™ (<23 )x1076 231
atrete” (<8.8 )x1076 206
Orte¥y ( 62 % 2.0)x105 207
CHARMED NONSTRANGE MESONS ¢
D* (or D™ =CCQ)
Dt 100 18694 (9.133Hx10713 e anything (19 5 )%
+0.6 K~ anything (16 x4 )%
m2=3.495 er=0.027 K%any + K% any (48 +15 )%
: K anything ( 60 £33)%
mpy s-mpo= 4.7 7 anything f(<13 V% i
+0.3 HK ntr ( 46 = 1.1)% 845
K ntatatn (<4 Y% m
Kort ( 1.8 £05)% 862
Korta® (13 +£8 )% 845
Kortnte ( 84 +35)% 814
Kk* ( 0.45% 0.30)% 792
K*K~nt ( <0.6 V% 744
Kta*n ( <0.23 V% 845
ta? (<0.5 Y% 925
atata ( <0.37 %) 908
Kot (<3.7 %} 714
D% (or DY ~CO)
D’ 107 18647 (4.8 13Hx10713  ¢* anything (<6 )%
‘ +0.6 K~ anything (44 =10 )% S=1.3
m?=3,477 or =0.014 K° any+ K% any (33 =10 )%
K™ anything (8 =3 )
7 anything ¢ (<13 V%
HK 7 ( 24 +04)% 861
K—x* ( 93 +28)% 844
Kntrtr ( 45 +13)% S=14" 812
K-rtar° ( seen ) 815
Kor? ( 22 £ 1.1)% 860
I(D°-D%-K*7") <0.16 Korta™ (42 + 08)% 842
(D"~ K) ' atr ( 7.9 + 38 )x10# 922
atrtnr (<9 )XlO‘4 768
K*K~ ( 27 + 0.8 )x1073] 791
HK' =t ( 34 +£14)% 711
Kor? ( 1.43% )% 11
K~p* ( 72239 )% 679
K90 ( 01 X3 g 677
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Stable Particle Table (cont’'d)

Particle  I60P)C,°  Mass® Mean life® : Partial decay mode
(MeV) (sec) . b p or
‘Mass? cr’ Mode Fraction Pmax ¢
(GeV?) (cm) : (MeV/c)
CHARMED STRANGE MESON 4
. : Ft— (or F~ ~CQ)
Ff 00) ™ 202 228%Hx103 gt ( seen ) 930
+15 171r+1r+1r_ ( seen ) 885
: n’1r+1r+1r_ ( seen ) 713
p+¢ ( seen ) 467
-B
7 NONSTRANGE BARYONS ¢
P 169 938.2796 stable (28x10%0y)  stable
- +0.0027" L ,
2 _ -21
) m2=0.880369 gyl —1gel < 102!|g,|"
n %(%*) 939.5731 92511 pe v 100% 1
‘ +0.0027 cr=2.77x1013 pvb (chg.noncons.) (<9 yx10-24 1
m2=0.882798 :
m-m, =—1.29343
+0.00004 . lagl < 1072!|g "
, ( STRANGENESS -1 BARYONS ?
A oLt 111560 - 2.632x10710  pr- (642 )% 100
£0.05 . £0.020 S=1.6 nr® (358 =77 )% 104
s=12° cr =7.89 pe v ( 835+ 0.15)x10™ 163
m2=1.2446 piY ( 157+ 0.35)x107¢ 131
m,-mz0="-76.86 : Py e( 8.5 % 14)x107* 100
+0.08 o .
>+ 1(%*) 1189.36 0.800x10°10 pr® ( 51.64 V% 189
©£0.06 " 0.004 nrt ( 48.36% 0-30)q , 185
s=1.8" cr=240 Y ( 1L.20% 0.13)x1073 $=1.4" 225
m?=1.4146 vty €( 45 + 0.5 )x10™* 185
Aety ( 20 £ 0.5 )x1073 n
My -mg_=—7.97 ety (<3.0 )x1075 202
+0.07 @t fw) _ ne’ty (<5 )xloi 224
S=1.3 — <. - 7 x10 225
o . (= - ¢~mv) pe'e (< )
) 1(%*) P 1192.46 5.8x10720 Ay 100% 74
+0.08 *1.3 Aete” &( 5.45 yx10-3 74
m?=1.4220 er=1.7x10"% Ayy (<3 Y% 74
) : 1(%*) ©1197.34 1.482x10710 nr” 100% 193
T £0.05 - £0.011 S=1.3" ne~p ( 1.08% 0.04)x1073 230
m?=1.4336 or=4.44 Y ( 0.45+ 0.04)x1073 210
= ‘ : Ae7v ( 0.61% 0.05)x10™* 79
my0-mg-=—4.88 _ N €( 4.6 = 0.6 )x1074 193

+0.06
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Stable Particle Table (cont’d)

Particle 1SJP)C,°  Mass® Mean life? _Partial decay mode ,
(MeV) (sec) por
Mass? (14 Mode Fraction® pmax‘
(GeV?) (cm) (MeV/c)
STRANGENESS -2 BARYONS ¢ v
=0 1dhe 13149 2.90x10-10 An® 100% 135
+0.6 +0.10 Ay ( 05 +05)% 184
‘m?=1.729 cr=8.69 Oy (<7 )% 117
pr (<36 )x1073 299
pev (<13 yx1073 323
mz0-m-=—6.4 Stey (<11 yx1073 120
-7 x06 T ety (<09 yx1073 112
=ty (<l.1 yx1073 65
= uty (<0.9 yx1073 49
puY (<13 yx1073 309
= %(%*)4 1321.32 1.641x10~10 Ar~ 100% 139
+0.13 +0.016 Aev ( 29 % 1.1 )x10™4 190
m2=1.7459 cr=4.92 ey (<l4 yx10~4 123
Ap"v ( 35 % 3.5)x10% 163
"y (<8 yx1074 70
™ (<11 )x1073 303
ne v (<32 yx1073 327
nu"v (<LS % 313
Ty (<12 yx1073 118
pr (<4 yx10~4 223
pr ey (<4 S )x10™4 304
pr nTY (<4 yx107 250
e (<23 yx1073 6
* STRANGENESS -3 BARYON “
Q- 0(%+)4 1672.45 0.819x10710 AK~™ (68.6 £ 1.3)% 211
+0.32 +0.027 o (234 £ 1.3)% 294
m?=2.7971 cr=2.46 =0 ( 80 +08)% 290
%=y (~1 )% 319
E9(1530)7~ (~2 yx1073
An~ (<13 yx1073 449
ETy (<31 )x1073 314
NONSTRANGE CHARMED BARYON ¢
A+ o(%“‘)’ 2282.2 (1,1ig:;’)x10“‘3 pK~nt ( 22%10)% 820
¢ +3.1 cr=0.003 pK® ( 1.1 £07)% . 870
s=1.8" pKortr (<4 )% 751
m?=5.21 Ar?t ( 06 =05)% 861
Artntn ( <3.1, seen )% 804
prl s ( seen ) 822
+pK*0 ( 0.48% 0.30)% 682
ATTK™ ( 0.45% 0.21)% 707
pK' xt ( seen ) 576
¢* anything ( 45+ 1.7)%
t[pe™* anything ( 1.8 £09)%
Ae anything ( 1.1 £08)%] .
— AO

— searches for massive neutrinos and lepton mixing
— v bounds from astrophysics and cosmology

— heavy lepton searches ’

— weak gauge boson searches

— free quark searches

— magnetic monopole searches

— charm searches and evidence

— bottom hadron searches

— top hadron searches

— other stable particle searches




ADDENDUM TO.

Stable Particle Table

Magnetic Moment

e LOIBEm G
-'tf e  Decay parameters®
w oh p = 0.752+0.003 n.= - 0.12 £0.21
H 1.001165924  — = £P =0972+0014 & = 0.755+0.009 h = 1.01£0.06-
+.000 000 009 M IgA/8v|=J0-86igﬁﬁ ¢ = 180°+15°
7 Mode Left-right asymmetry Sextant asymmetry Quadrant asymmetry
ot n® (0.12+.11% (0.19+0.16)% (-0.17£0.10%
wtr Ty ( 0.88+.40)% £==0.047+0.062
Ki Mode Partial rate (sec‘l) Slope parameters for K —~ kT
w (51.33£0.17)x10° §=1.2" | K*-rtrts~ =-0215+.004 S=1.4"  See Data Card Listings
n° (17.10£0.13) x106 $=1.1" | K—=a 7 at g=-0217+.007 S=2.5" for quadratic coefficients.
et ( 4.52+0.02)x108 $=1.1" | K¥-r"2%% g= 0.607+.030 S=1.3"
wn'7®  ( 1.4020.04)x105 S$=1.4" | KO-nt772® g= 0.670+.014 S=1.6"
un®  ( 2.58+0.07)x10° s=1.7"
er% { 3.900.04) x106 s=1.1" Form factors for K ,; decays . .
o 7( 0.76892.0033)x1010 A= 0.029:+.004. A= 0.0300+£.0016 S=1.2
T g 5 *. X + M =1 &* 0 H_ =25
Kg 2220 J( 0.3517£.0029)x100  S=1.1° Ka{ N,= 0.026+.008 S=1.5" 1(,3{ M= 0034 +.006 S 25"
" Aj= -0.003+.007 S=1.5 A= 0.020 +.007 S=2.5
K° 2°7%°  ( 4.1420.20)x108 $=1.7 -
L xtro° ( 2.39£0.04) x10° s=1.2" See Data Card Listings for £, f, and f,.
6 . *
Uy (523 w_~o.o9)><1o6 $=13" | P violation parameters"/ , .
T 7.4710.11)><1o4 S=13 | |ns_1=(2.2742.022)x1073 100 | =(2.33+.08)x1073 §=1.1
atx”  J( 3.91%0.10)x10 S=1.1 — 0 > o
PSR ¢ . o | Pr_=(4462£1.2) Boo=(5415)
™ J( 1.81%0.36)x10 S=1.5 2 2 _
[14-0/2<0.12 (7000 2<0.28 8=(0.330+.012)%
AS = _AQ . L ]
Re x=0.009+.020 S=1.4° Imx = -0.004+.026 S=1.1
Magnetic . Decay pﬁrameters" v
moment Measured o Derived Coupling Constant Ratios
(¢h/2mc) ' « ¢(degree) -y A(degree) .
p 2.7928456
+.0000011 |
p¥ 191304184 | .peTy 8a/8y=-1.255+0.006
+.00000088 , , , ¢ ov=(180.1120.17)°
AY 0613 | prT 0.64220.013  (-6.5%3.5)° 0.76 (7.7+4.1)°
+.004 nr®  0.646+0.044 . :
.pev _ 8a/8y=—0.69010.034 S=1.4"
s+ 23 pr®  -0.979+0.016  (36x34)° 0.17 (187+6)°
*,13 ot 4+0.068+0.013 (167£20)° -0.97 (-73113H°
py  -0.72£0.29 s=11%"
- -141 nrT -0.068+0.008 (10+15)° 098 (24971%9°
2 ne—p : ( " (49-6 g/8y=£(0.385+0.070) S=2.3"
Ae™y 8v/84=0.1430.24 S=1.6" gy),/82=2.4%1.7
=0 1250 Ar® -0413:£0.022 (21+12)° 085 (21871)°
=~ +.014 s=20" .
== -1.85 Am™  —0.43420.015 (2+6)° 0.90 (184%12)°
= +.75 s=1.4" - s=11"
- AK™ —0.10+0.38
0 s=1.2"
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Stable Particle Table (cont’d)

Indicates an entry in the .Stable Particle Data Card Listings not entered in the Stable Particle Table.

S = Scale factor = \/xz/(N—l), where N = number of experiments. S should be =1. If S > 1, we have enlarged the error
of the mean, 8%; i.e., 6% = S6%. This convention is still inadequate, since if S >> 1 the experiments are probably incon-
sistent, and therefore the real uncertainty is probably even greater than Sdx. See text, and ideograms in Stable Particle Data
Card Listings.

Square brackets indicate subreactions of some previous unbracketed decay mode(s). Reactions in one set of brackets may
overlap with reactions in another set of brackets.

The baryon number B, strangeness S, and charm C of the hadrons which appear in the tables are as follows:

Mesons (B=0) S C Baryons (B=1) S C
T 0 0 p,n 0 0
Kt KO +1 0 AZ ! 0
K~,K° -1 0 E -2 0’
-D*,D° 0 +1 Q- -3 0
D-,D° 0 -1 Al 0 +1
F* +1 +1
F~ -1 -1

Quoted upper limits correspond to a 90% confidence level.

In decays with more than two bodies, is the maximum momentum that any particle can have.

Pmax A
99% confidence level. Lower limit from same experiment, > 14 eV, not yet confirmed. See Stable Particle Data Card List-
ings. o

See Stable Particle Data Card Listings for energy limits used in this measurement.

Theoretical value; see also Stable Particle Data Card Listings.

. See note in Stable Particle Data Card Listings.
. Structure-dependent part with positive (SD+) and negative (SD—) photon helicity.

The direct emission branching fraction is (1.56 i.35)>(.10‘5.

The KSO - 7w and KI? — ww rates (and branching fractions) are from our branching fraction and rate fits and do not include
results of KL°-KS° interference experiments. The |4 _| and [ngl| values given in the addendum are these rates combined
with the |74_| and |ngg| results from interference experiments.

. The stronger limit <2x1072 of Clark et al., Phys. Rev. Lett. 26, 1667 (1971) is not listed because of possible (but unknown)

systematic errors.” See Stable Particle Data Card Listings.

. This is a weighted average of D* (44%) and D (56%) branching fractions.
. Quantum numbers shown are favored but not yet established. See Stable Particle Data Card Listings.

Limit from neutrality-of-matter experiments. Assumes |qn|=|qp| - gl

. JP not measured for Z°. Assumed same as =* to allow isotriplet association.

P for Z and JP for @ not yet measured. Values shown are SU(3) predictions.

P for A: not yet measured. Values shown are SU(4) predictions.

|ga/gy| defined by g,2 = |Co|2+|C'a12 gy? = |Cy|2+1CyI2 and Z<i|T}| u><i | T{(G+Cvs) |¥>; ¢ defined by
cos ¢ = -Re(C A‘ Cy+C ACV. )/8 a8V P” is muon longitudinal polarization [for more details, see text Section VI A].

$9-5,
The definition of the slope parameter of the Dalitz plot is as follows [see also text Section VI B.1]: | M| 2=1+ g 3 20
m
s
. The definition for the CP violation parameters is as follows [see also text Section VI B.3]:
n = In |ei¢+— = M Moo = 17 |ei¢00 = M
+-= +- . A(KSO-'r+1r_) 00 00/ A(KS°—~1r°1r°) .
(K% ¢7)-T(K, %~ ¢~ I\ °—~1r+7r_ CP viol. T 0_,.”01'.0 CP viol.
ST ) e S f‘? R )
(K%~ 1) +T(K*~ £7) (K77~ 7% [(K;*-7"7"70)

. The definition of these quantities is as follows [for more details on sign convention, see text Section VI B]:

2|s cosA _ 2.
= 8= Vi-asing | g,, gy, gy defined by <Bfln(gv-gA75)+(gWM/mBi)a"”q,,IBi>

Is12+1p|2 .
_ =2|s||p|sinA —\/_2 i¢
f= Is12+1p|2 Y 1-ocosp | @,y defined by g,/8y = lga/gyle AV

For limits on electric dipole moment, see Data Card Listings. Forbidden by P and T invariance.
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- Meson Table

April 1982

"In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
substantial claims for meson resonances. See contents of Meson Data Card Listings below.

Quantities in italics are new or have changed by more than one (old) standard deviation since April 1950.

P
J7 6N 0 1% Full Partial decay mode
Ni+lelolg* 10BHC, Mass  Width Mm? por
— wsols M r +IM° Mode Fraction(%) P
A [+=!|  {x|K +—testab. (MeV) (MeV) (GeVz) [Upper limits (%) are 90% CL) (MeV/c)
NONSTRANGE MESONS
< 17(07)+  139.57 0.0 0.019479 tabl cle Tabl
2 134.96 7.95 eV 0.018215 See Stable Particle Table
+0.55 eV _
7 0t(0")+  548.8 0.83 keV 0.301 - Neutral 70.9 See Stable
+0.6 +0.12 keV +0.000 Charged 29.1 Particle Table
p(770) 1*17)=  769% 154% 0.591 r =~ 100 358
+35 +58 +0.118 Ty 0.044 £0.005 Y7
wtu” 0.0067 +0.0012 370
te 0.0043 :g.ooos 384
ny seen 189
M and T from neutral mode. For upper limits, see footnote e
w(783) 0"(17)- 7826 9.9 0.612 atr"x® 89.9+0.5 327
+0.2 +0.3 +0.008 %y 8.7+0.5 380
S=1.1* ate™ 1.4+0.2 166
utu” 0.010£0.002 349
ete” 0.0072 12.0007 S=1.3* 391
Y seen 199
- For upper limits, see footnote f*
7(958) 0t(07)+F  957.57 0.28 0.917 nrw 65.3%1.6 231
+0.25 +0.10 +0.0003 Ly 30.0+1.6 170
wy 2.8+0.5 159
vy 1.9£0.2 479
uTTy 0.009 +0.002 467
. For upper limits, see footnote g
s'975)  otoh+  975° 33 0951 . wm 78+3 467
+4 +6 +0.032 KK 2243
_ S=l.4*
See note on 7 and KK S wave.i
5980)F  1-(0H+  983” 540 0.966 e seen 320
+2 +7 +0.053 KK seen
#1020)  0~(17)—  1019.61 4.21 1.040 KK~ 49.1+£1.0 S=1.3* 127
+0.07 +0.13 +0.004 K;FKS 34.6+1.0 S=13* 111
: w70 (incl. pm) 148+0.7 S=1.2* 462
e 1.5+0.2 362
=y 0.14+0.05 501
ete” 0.031 +0.001 510
" 0.025 +0.003 499
atn~ 0.02+0.01 490
For upper limits, see footnote {
H(1190) 0~(1H- 1190 320 1.416 pr seen 327
%60 +50 +0.381
Seen in one experiment only.
B(1235)  1T(H) - 1233 137 1.52 wr only mode seen 349
——  z108 z108 +0.17 [D/S amplitude ratio = 0.29+0.05]

For upper limits, see footnote j
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Meson Table (cont’d)

IPIGNJ o ipw Full Partial decay mode ,
N+ lelolg* 160HC, Mass - Width M2 por
- |w/¢]8 M r +TM? - Mode Fraction(%) Pmb
A -1 7 |2IK —iestab. (MeV)  (MeV) (GeV?) [Upper limits (%) are 90% CL}  (MeV/c)
£(1270) ot@hH+ 1273 179 1.62 ™ 83.1£1.9 S=1.4* 621
) 58 a20d 023 2ntm 28404 S=1.2* 558
KK 29402  S=12* 397
vy 0.0016 +0.0003 637
T 20" seen 561
. For upper limits, sec footnote k
A0210) 1-ahH+ 125t ast 1.63 P dominant 389
+30 +45 +£0.40 T(TT)g ave seen 599
D(1285) O0t(1H)+ 1283 26 1.65 KK 1143 302
— 158 +358 +0.03 — 4916 482
- tlom 36+7] 236
4r (prob. prm} 40+7 564
€(1300)  0F(0T)+ ~1300  200-600 wr ~90 635
KK ~10 418
m : 348
See note on 7w and KK S wav,e.t _
x(1300) 17(07)+ 13005  200—600 o seen 407
tIOO§ T(TT)g_wave " seen 612
Not a well-established resonance.
A(1320) 1@H+ 1318 110 1.74 P 70.1£2.2- 419
+58 +58 £0.14 7 14.5+1.2 534
wmr 10.6+2.5 361
KK 48405 434
- <2 (CL=97%) 286
™y 0.4520.11 652
vy 0.0007 +£0.0004 659
E(1420)% ot(1hH+ 1418 52 2.01 KK (prob. K*K+KK*) seen 423
—  +108 108 +0.07 - possibly seen 565
tom possibly seen] 348
(1515  ot(2H+ 1520 75 2.31 KK dominant 574
108 2108 +0.11 - possibly seen 747
/(1600) 1*(17)—  1600% 3007 2.56 4x (incl. pr*a A7) lagge 738
+208 100 £0.48 . <30 788
K*K + K*K ~15 388
pr ~13 675
K ~1 630
ete” seen 800
w(1670)  0~(37)— 1688 166 2.78 3 seen 806
— 15 +158 028  f[pr seen] 648
S=11* ST seen 740
t[{wrr (prob. Bxr) seen) 616
A(1680)F 1-(27)+ 16808 2503 2.82 fr 555 337
— 1308 xs08 +0.42 o 366 656
T(TT)g wave 95 813
. For upper limits, see footnote ¢
¢(1680) 0~(17)— 1684 126 2.84 K*K + K*K dominant 541
— 158 im +0.21 wrr seen 624
KK seen 682
g(1690)* 1+t(37)— 1691 300° 2.86 2 23.8+1.3 834
— 58 4208 +0.34 4 (incl. wmp,pp,Agm,wm) 70.9%1.9 787
KK (incl. K*K) 38+1.2 625
KK 1.5£0.3 S=1.3* 684

Ry

JP, M, and T from the 27 and KK modes.
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Meson Table (cont’d)

P 1
J 0 Hp% Full Partial decay mode
N € lolg* 160PC, Mass  Width M2 por
w/o|d M T +I'm*? Mode Fraction(%) pmb
A +=1 g [r]K +—testab. (MeV)  (MeV) (GeVv2) [Upper limits (%) are 90% CL]  (MeV/c)
h(2040)  0(4H+ 20405 1503 4.16 w seen 1010
- — 2208 1508 +031 KK seen 890
0 (2980)  OY( )+ 2981 <20 8.89 mtn” seen 1426
: T 6 ArtrT) seen 1458
KtKztn™ seen 1343
) ‘ o PP seen 1158
JAM3100) 0-(17)—  3096.9 0.063 9.591 ete 7.4%1.2 1548
+0.1 +0.009 +0.000 wtu~ 7.4+£1.2 1545
hadrons + radiative 8542
Decay modes into stable hadrons Decay modes into hadronic resonances
2z 2Ty 3.70.5 1496  tpom 1.2240.12 1449
- 3(ate)a? 2.9+0.7 1433 wrton™ 0.85+0.34 1392
%K™ 1.2+0:3 1368 PA, 0.84 045 1126
4rxtaT)a® 0.9+0.3 1345 wrT 0.68 +0.19 1435
rtr KK~ . 0.72%0.23 1407 K*0(892)K0(1430) +c.c. 0.67%0.26 1007
pprtw 0.53+0.06 1107 KEK"¥(892) ©0.34+0.05 1373
2w t7T) 0.4+0.1 1517 BE(1235)r* 0.29 +0.07 1299
Hrtro) 0.410.2 1466 KK"0(892) +c.c. 0.27 +0.06 1373
nnt 0.38+0.36 1106 wf 0.23+0.08 S=1.2* 1144
EE 0.32+0.08 818 ¢rtx 0.21 +0.09 1365
2(01r+1r—)l(+K' 10.31£0.13 1320 7h 0.18 +0.06 596
K§Ki1r* 0.26 +0.07 1440 ¢KK 0.18 +0.08 1176
pas 0.24 £0.26 988 wpp_ 0.16+0.03 768
PP 0.23 +0.04 948 wKK 0.16+0.10 1265
PP . 0.22 +£0.02 1232 én 0.10£0.06 1320
pin~ or pnxt 0.21 £0.02 1174 ¢fj’__(1515) 0.08+0.05 874
nfi ‘ 0.18 £0.09 1231 L S <0.43 1263
pprtaw® 0.16 £0.06™ 1033 K "(1430)K “(1430) <0.29 584
5050 0.13 +0.04 988 K%K '9(1430) +c.c. <02 1154
AR 0.11 £0.02 1074 KEK¥(1430) <0.2 1154
ppr® 0.1120.01 1176 ¢t 2 <015 1318
2K*K") 0.07 +£0.03 1131 ¢, <013 1192
KK~ 0.022+0.008 1468 K %(892)K"0(892) < 0.05 1266
atr 0.011 +0.005 1542 of < 0.037 1037
AS < 0.015 1032 wf” < 0.016] 1006
Kg“‘i < 0.009] 1466 Radiative decay modes
[y (1440) 0.55+0.22" 1224
L4 0.36+£0.05 1400
+f 0.15+0.04 1287
m 0.086 +0.009 1500
yn® 0.007 +0.005 1546
+D(1285) < 0.6 1283
2y < 0.05 1548
+f(1515) < 0.03 1175
Ypp < 0.01 1232
_ 3y < 0.006] 1548
x(3415)  ot(oH+ - 34150 11.662 2xtx™) (incl. wmwp) 4.3+0.9 1679
a T #1.0° “ataTKYK ™ (incl. 7KK*) 3.4+0.9 1580
rtrT) 1.7+0.6 1633
T 0.9+0.2 1702
I /¥A(3100) 0.8+0.2 303
K*K~ 0.8 +0.2 1635
pprta” 0.6+0.2 1320

For upper limits, see footnote o




Meson Table (cont’d)

P
JTIGN 0 1 Full Partial decay mode
N+ 1€ lpig* 160P)C, Mass =~ Width 1} por,
— |w/¢[s M T . 2IM? -~ Mode Fraction(%) Prnax
A =1 o |x]K +—testab. (MeV) (MeV) (Gev?) [Upper limits (%) are 90% CL] - (MeV/c)
p, or 0t(1hH+ 35100 12.320 I JYA(3100) 2843 389
x(3510) +0.6 e ar ) 2.4+0.9 1683
2An*x7) (incl. 7mp) _ 1.820.5 1727
#tr K K™ (incl. 7KK*) 1.0:0.4 1632
#tx pp 0.15£0.10 1381
For upper limits, see footnote p
x(3555)  0t(2H)+  3555.8 12.644 I /{A(3100) 15.7+1.7 429
- +0.6 ArtrT) (incl. wmp) 23205 1750
# e KK~ (ind. 7KK*) 2.0%0.5 1656
(xtr) 1.240.8 1706
wtr pp 0.3520.14 1410
atr~ 0.20+0.11 1772
KtK™" 0.16+0.12 1708
For upper limits, see footnote ¢
Y(3685) 07(17)—  3686.0 0.215 13.587 ete” 0.9+0.1 1843
+0.1 +0.040 +0.001 wtu~ 0.8+0.2 1840
hadrons + radiative 98.1+0.3
m¢(3685) - m\p(3100) = 589.06+0.13
Radiative decay modes Decay modes into hadrons
tlyx(3415) 8.2+1.4 261 t[ipxtnT 3342 477
Yx(3510) 8.0+1.3 172 Jrr%n® 17£2 481
vX(3555) 7.4+1.3 128 I 2.810.68 196
1 (2980) 0.430.26 638 Antn)x® 0.35+0.15 1799
w;a(3590) 0.2t0 1.3 91 rta KK~ 0.16 +0.04 1726
yr <0.5 (CL=95%) 1841 I jg® 0.10£0.03 528
) <0.02 1802 p]'z7r+1r_ 0.08 +£0.02 1491
’ <0.02 1719 K'0(892)Ktr¥ 0.067 +£0.025 1674
:(1440) <0.018"] 1570 2Axtr7) 0.05 +0.01 1817
‘ P ar 0.042+0.015 1751
PP 0.019£0.005 1586
3(x*nT) 0.015+0.010 1774
K+K~ 0.010+0.007 1776
ot 0.008 +0.005 1838
o © <01 1760
, AA <0.04] 1467
W37170) (17)— 3770 25 14.213 ete” 0.0011 +0.0002 1885
+3 +3 +0.094 DD dominant 242
mw3770) - m¢(3685) = 83.9+2.4
S=1.8*
Y4030)  (17)- 40308 52 16.241 ete™ 0.0014 +0.0004 2015
, +5 +10 +0.210 hadrons _ dominant _
Y4160y  (17)-— 4159 78 17.297 “ete” 0.0010 +0.0004 2079
+20 | +20 +0.324 hadrons dominant
W4415) (17)- 4415 43 19.492 ete” 0.0010-+0.0003 S=1.4* 2208
+6 120§ "+0.190 hadrons dominant
7(9460) (17)- 9456 0.042 89.416 pte” 3.2+0.7 4727
+10 +0.015 +0.0004 ete” 2.8%1.1 4728
T(10020) (17)— 10016 0.030 100.320 wtu~ seen 5007
+10 +0.010 +0.0003 ete” 1.7+0.6 5008
_ 1(9460) 30+6 47
My 10020).~ Mr(oas0) — S0 E3 : :
1(10350) (17)- 10347 107.060 ete” seen 5174
- +10 :
= 891+4

My10350) ~ ™1(9460)°
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Meson Table (cont’d)
P
G0 L% © Fal Partial decay mode
Nit+lelolg* 1GgPC, Mass  Width M2 por
— |w/e)8] ; M T +I'm*? " ‘Mode . Fraction(%) Prmax
A -1 9 |xlK *—! estab. (MeV) -(MeV) (GeV2) [Upper limits (%) are 90% CL] (MeV/c)
1(10570) (17)— - 10569 4 111704 - e*e” 0.0019+0.0008 5285
+10 =) +0.15
My 10570y ~ r(oaso) — 11134
" * STRANGE MESONS
K* 1/2(07) 493.67 0.244 Stable Particl )
KO T 61 0.248 See Stable Particle Table
K*892) 1/2(17)  891.8 50.8 0.795 Kr ~ 100 288
' +0.4 +0.9 +0.045 Ky 0.15+0.07 309
S=1.2¢ : Krr < 0.07 (CL=95%) 216
M and T from charged mode; m? - m* = 6.7+1.2 MeV.
QU280 1/20%) 12708 90 1.61 Kp 4246 45
+10 +20 #0.11 K 28+4
o K*r 165 299
Kw 11+2
Ke 3x2
x(1350)  1/2(0%) ~1350  ~250 1.82 Kr seen 574
: +0.34
‘See note on K7 S wave.iv
Q,(1400) 1/2(1H) - 1414 180 2.00 K*r 94+6 410
B K £10 +0.25 Kp 3+3 308
Ke 2+2
o Ko 121 294
K*(1430) 1/22%), 143485 1005 2.06 Kr 44823 S=27* 623
. o8 408 +0.14 K*r 24620 S=11* 424
» K*rm 13.0£2.6 S=L1* 374
Kp 88+11 S=13* 334
Ko 42215 320
S K 58 492
— . i
La710%  1/2027)  ~17705  ~2008 3.13 K*(1430)7 dominant 278
. Co ' - £0.35 K*(892)w seen 652
’ Kf seen
See note on L(1770).¢ )
K*(1780)F 1237) 17753 1403 3.15 K ' Jarge 793
—— x108 208 £0.25 ° t[Kp large] 616
HK*r large]§ 654
Kr 1745 812
~ See note on K“‘(1780).i
- . CHARMED, NONSTRANGE MESONS
Dt 1/207)  1869.4 . 3.495 Stable Particle Tab]
D° T 1864.7. 3.477 See Stable Particle Table
D*+(2010) 1/2(17)  2010.1 < 2.0 4.041 DOt 64+11 39
: L 207 ' Dtx® 289 38
S Dty 87 136
m ey = Mo = 145.420.2 MeV
D*(2010) 1/217). . 2007.2 <5 4,029 DOx® 55£15 4
-o321 D% 45+15 137
) 'CHARMED, STRANGE MESON
F* 0(07) 2021 4.084 See Stable Particle Table

4l
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Meson Table (cont’d)

Contents of Meson Data Card Listings

» Non-strange (S = 0; C,B = 0) Strange (|S| = 1;-C,B = 0)

entry 16uBc, entry 16UPCc, entry 1SaPc, entry . I(JP)
s 17(07)+ f (1515) ot@hH+ | ~ 6 (2450) 17(6H+ | K 1/2(07)
) 0t (0)+ p (1600) 17(17)— | - ete” (1100—2200) K' (892) 1/2(17)
p (770) 1TU)—=| -8 (1640) 0F(2H)+ | — NN (1400—-3600) Q, (1280) 1/2(1%)
w (783) 0~(17)- w (1670) 0-(37)—- | = X  (1900-3600) x (1350) 1/2(0™)
7 - (958) 0 (07)+ Aq (1680) 17(27)+ n.  (2980) + Q, (1400) 1/2(1%)
s* (975 o0*(h)+ ¢ (1680) 0~(17)- | I (3100) 0~(17)— [ - K’ (1400) . 1/2(07)
5 (980) 17(0H)+ g (1690) 1%(37)- x  (3415) - ot + K* (1430) 1/2(2H
¢ (10200 0(17)—-| — ¢ (1850) © P, or x(3510) 0t H+ | - L (1580) 1/2(27)
H (1190) 0~(1H)- | - X (1850) 2h x  (3555) otehH+ | - K @es0) 1/2017)
B (1235) 1t1H)—-1| - S (1935) : -7  (3590) + L (1770) 1/2(27)

- p (1250) 1Y(17)— | - & (2030) 1~(4H)+ ¥ (3685) 0~(17)~ K® (1780) 1/%37)
f (12700 o0t(2hH+ h (2040) 0*(4h)+ ¥ (3770) ()~ | - K* (2060) 1/2(4*)
A, (12700 170+ | = = (2050 17(3H)+ ¥ (4030) (17— | - K" (2200)

- g (1275) 0Y(07)+ | - = (21000 17(27)+ v (4160) a-)- Charmed (|C| = 1)
D (1285 0t(1hH+ | - p (2150) 17(17)-— v (4415) S (1M)- D (1870) 1/2(07)
€ (1300) 0Y 0N+ | — e (2150) 0*(2H)+. T (9460) (aH- D' (2010) 1/2(17)
w (1300) 17(07)+ | - p (2250) 1*(37)- T  (10020) (a)- F (2020) 0 (07)
Ay (13200 172N+ | - e (2300) 0*(4h)+ T  (10350) a7)- | - F (2140
E (14200 0Y(1H)+ | —~ p (2350) 17(57)—- T  (10570) (-y- Bottom (Beauty) (|B| =

- B (5200)
— Exotics

Indicates an entry in the Meson Data Card Listings not entered in the Meson Table. We do not regard these as established reso-
nances. All the entries in the Listings can be found in the Table of Contents of the Meson Ddta Card Listings immediately preced-
ing these footnotes.

See Meson Data Card Listings.
Quoted error includes scale factor S = 2/(N— ). See footnote to Stable Particle Table.

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 on the average of the published values. (See the Meson Data
Card Listings for the latter.)

a. T'M is approximately the half-width of the resonance when plotted against M2,

b. 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 by using the averaged central mass values, without taking into account the widths of the resonances.

. From pole position (M - iI'/2).

. The e*e™ branching fraction is from ete” —» «t7~ experiments only. ’I‘he wp interference is then due to wp mixing only, and is

expected to be small. See note in the Meson Data Card Listings. The u *u~ branching fraction is compiled from 3 experiments,
each possibly with substantial wp interference. The error reflects this uncertainty; see notes in the Meson Data Card Listings. If ex
universality holds, I‘(p0 - utuy = I’(p0 - ete”) X 0.99785.
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Meson Table (cont’d)

+ -0

+ 0 <

Empirical limits on fractions for other decay modes of p(770) are 7ri17 < 0.8% (CL=84%), ttatrn < 0.15%, 7 tr

0.2% (CL=84%). ) .
Empirical limits on fractions for other decay modes of w(783) are: 7r+7r"yr < 5%,,7r°1r°'y < 1%, 7 + neutral(s) < 1.5%, u*u~ <
0.02%.

+_+

Empirical limits on fractions for other decay modes of 7’(958) are 1r+1r' < 2% (CL=84%), ot %< 5% (CL= 84%) T TR
< 1% (CL=95%), n*atr"n 1" < 1% (CL=84%), 67 < 1%, rtrete <0.6%, mlete < 1.3% (CL=84%), ne*e” < 1.1%, %°
<4%,nuu<15><10‘5 utu™ <6 x 1075, : :

. The mass and width are from the 7 mode-only. If the KK channel is strongly coupled, the width may be larger.

Prlcal limits on fractions for other decay modes of $(1020) are #tr™y < 0.7%, wy < 5% (CL=84%), py < 2% (CL=84%),
2710 < 1% (CL=95%), 2721~ < 0.1%.

Empmcal limits on fractions for other decay modes of B(1235) are T < 15%, KK < 2% (CL 84%), 4 < 50% (CL=84%), ¢ <
1.5% (CL=84%), nm < 25%, (KK) *7° < 8%, KSKSW < 2%, KSKLW < 6%.

. Empirical limits (CL=95%) on fractions for other decay modes of f(1270) are nwr < 1%, KOK at +ce <0.5%, m < 2%.
. Empirical limits on fractions for other decay modes of A;(1680) are 97 < 10%, 57 <'10%.

. Includes pprtxy and excludes ppn, ppw, ppn’.

The ¢(1440) evidence is listed under E(1420); see E(1420) mini-review.

Empirical limits on fractions for other decay modes of x(3415) are 2y < 0.17%, pp < 0.011%.

Empirical limits on fractions for other decay modes of x(3510) are (x* ™ and K*K) < 0.2%, ¥y < 0.16%, pp < 0.13%.
Empirical limits on fractions for other decay modes of x(3555) are 2y < 0.06%, pp < 0.10%, J /\[/1r+7r'1r < 1.5%.

Established Nonets, and octet-singlet mixing angles @ obtained from the Gell-Mann-Okubo mass formula [Appendix 11, Eq. (3)]. Of
the two isosinglets, the ‘““‘mainly octet’” one is written first, followed by a semicolon. The angle 6 = § - 35.3 ° measures the devia-
tion from ideal mixing.

(JP)Cn Nonet members 6)in. 'unadr. Olin. 6quadr.
o))+ w, K, 0 0 -24.4 £+ 0.1° -11.1 + 0.2° -59.7 £ 0.1° -46.4 + 0.2°
(17)- Dy K*, [ 359 £ 0.5° 38..6 *04° 0.6 + 0.5° 3.3 +04°
@2h+ A, K.(l430), f, f 26 + 3° 28 + 3° -9 % 3° -7+3°
ah+t A;, Qu E D 52 % 13° 51+ 12° 16 + 13° 15 + 12°

t m(Q,) is assumed to be the average of m(Q,) and m(Q,).

More generally, because of unitarity, the mixing angles are energy dependent and complex above the first threshold (see Appendix II
C), which is important especially for the scalar and the axial mesons. Note also that the two axial strange mesons (Ql and Q,) are
mixtures of the exact SU(3) states: Q; = cos¢ Q, + sing Qp, Q, = sing Q, + cos¢ Qp. Be]ow we glve the mixing anglm%

@ obtamed in a unitary mixing scheme using both masses and widths as input data:

(JP)Cn Nonet members  Mixing angles .

M+ A, QuED  Opp(1283) = 14° +il°

o Spp(1418) = 25° + i8°

) : (1- B QuHLH  dyu(1190) = -6° + ie°
o Sypp(1400) = -15° + i10°

$q,Q,(1270) = 50° + i3

1414) = 61° - i3°

9q,Q,(1414) e
(OH+ 8,k S%e Bge(975) = +4° +i29°

6gne(13m) = -33° +i7°

tas yet, not seen experimentally
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- Baryon Table

"The following short list gives the name, the nominal mass, the quantum numbers (where known), and the status of each of the
Baryon States in the Data Card Listings. States with 3- or 4-star status are included in the Baryon Table below; the others
- are omitted because the evidence for the existence of the effect and/or for its interpretation as a resonance is open to question. .

TON(939) PIT  **=x  A(1232) P33 '**** A(1115) POL ****  3(1193) P11 **** ~ E(1317) P11 ****
N(1440) P11 ****  A(1550) P31 ** -.A(1405) SO1 ****  3(1385). P13 **** E(1530) PI3 *»»*
N(1520) D13 ****  A(1600) P33 *** - A(1520) DO3 ****  3(1480) * Z(1630) o
N(1535) SI11 **%*  A(1620) S31 ****  A(1600) P01 ***  2(1560) * Z(1680) Sl **

N(1540) P13- * A(1700) D33 ****  A(1670) SO1 ****  =(1580) D13 ** F(1820) 13 **+
N(1650) SI1 ****  A(1900) S31 ***  A(1690) D03 ****  3(1620) S11 ** Z(1940) L
N(1675) D15 *»** '~ A(1905) F35 **** A(1800) SO1 ***  3(i660) P11 ***  Z(2030) 1 **¢
N(1680) F15 ****=  A(1910) P31 **** A(1800) POl ***  3(1670) DI3 ****  E(2120) *
N(1700) D13 **** ° A(1920) P33 ***  A(1800) GO9 Dead 3(1670). . **  E(2250) . *
N(1710) P11 ***=  A(1930) D35 **** ~ A(1800) #7 3(1690) e E(2370) 1 . *e
N(1720) P13 **#*=  A(1940) D33 * . A(1820) FOS ****  F(1750)-S11 ***  E(2500) **
N(1990) F17 ***  A(1950) F37 ****. _A(1830) DOS ****  3(1770) P11 Dead

N(2000) F15 ** A(2150) S31 * A(1890) P03 ****  3(1775) D15 **** Q(1672) P03 ****
N(2080) D13 *** " A(2160) * A(2000) * 2(1840) P13 *

N(2100) S11 * A(2200) G37 ** A(2020) FO7 * 3(1880) P11 ** A(2282) it

- 'N(2100) P11 - * * A(2300) ‘H39 ** A(2100) GO7 **** * 3(1915). F15 **** e
N(2190) GI7 ****  A(2350) D35 . * - -A(2110) FOS ***  3(1940) D13 *** 3 (2450) -

N(2200) D15 *** - A(2400) F37 *  A(2325) Do3 * 3(2000) S11 *

N(2220) H19 **** = A(2400) G39 * " A(2350) ***e 3(2030) F17 **** A, (5500) *

N(2250) G19 ***¥ _ A(2420) H311 ***  A(2585) ** 3(2070) F15 *

N(2600) 1111 ***  A(2500) * 2(2080) P13 ** Dibaryons

N(2700) K113 * A(2750) 1313 * . 2(2100) G17 * NN(2170) 1D2 ***
. N(2800) G19 * A(2850) il 3(2250) © t*** NN(2250) 3F3 **+

- N(3000) * A(2950) K315 * 2(2455) = NN(?) *

N(3030) =r A(3230) e %(2620) 2 AN(2130) 3S1 ***
"N(3245) * _ 2(3000) i EN() *
N(3690) * Z0(1780) PO1 * 2(3170) *
N(3755) * . Z0(1865) D03 *
; © Z1(1900) P13 *
- Z1(2150) .
Z1(2500) *
**s%  Good, clear, and unmistakable.
b Good, but in need of clarification or not absolutely certain.
** Needs confirmation.
* Weak.
) d .. e a2 f . Partial decay mode
: PC, . (GeV/e) Mass® - Ful M 1
. P b am ) M width T’ *I'M Fraction P
Particle? KI5 otay 0 = 47X* (mb) - (MeV) (MeV) (GeV2) Mode# %) (MeV/c)
S$=0 I=1/2 NUCLEON RESONANCES (N)
v - :
P. 1721/27) : gggg : g~§§‘3’ See Stable Particle Table
N(1440) 1/2(1/25)P]; . p =061 1400 to 120 to 2.07 Nr 50-70 397
, i o =310 1480 350 T £0.29 Np . 8-18 ot
: (200) S _ Nemw. - ~30 342 -
AT 12-287]« 143
E 7y
- » Ne ~5 1
N(1520) 1/2(3/27)Dj; p=074 . 1510t0 - - : 100 to 2.31 Nr 50-60 456 -
. =235 1530 140 +0.19 Nn <1 149
(125) Nrr  35-50 410
[ar o 1525 228
Np is25] %
. -Ne < 54 ¥
N(1535) 1/2(1/27)8], p=076 - 1520 to 100to . 2.36 “Nr - 35-50 - 467
o =224 1560 ~ 250 ©£0.23 Np 40-65 182
: SR (150). Nrr ~5 422
’ ' [Ar ~ 1T 242
N =3 i
L Ne ~ 2 t
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Baryon Table (cont’d)

d e S Partial decay mode

P am (GeV/e) M Fnll r ?Mz . h i

B Pu b am ' 2 width + Fraction P
Particle’ IIM)y19) 0 = 4xK” (mb) (MeV) (MeV) (GeV?) Mode¥ (%) (MeV/e)

N(1650) 1/2(1/27)S8y} p = 0.96 1620 to 100 to 2.72 Nm 55-65 547

o =164 1680 200 2025 Nn ~1 346

(150) AK 5-10 161

K 3-10 i

Nrr ~30 511

Am 4-151« 344

[Np ~20] ¥

Ne <5 t

N(1675) 1'/2(5/2._)Df5 p=1.01 1660 to 120 to 2.81 Nn 30-40 563

o =154 1690 180 +0.26 Nn <2 374

(155) AK <1 209

Nmm 55-70 529

[ﬁ'lr 50-65 364

p ~ 5 t

N(1680) l/2(5/2+)F{5 p =101 1670 to 110 to” 2.82 Nm 55-65 567

o =152 1690 140 +0.21 Nn <1 379

(125) Nmr ~40 532

Ar ~127 369

[Np ~lg] +

Ne ~ t

N(1700) 1/2(3/27) {’3 p = 1.05 1670 to 70 to 2.89 N= -8-12 580

=145 1730 120 +0.17 Nn ~ 4 400

(100) AK ~1 250

' Nrm ~85 547

Am 15407« 385

[Np ~ 43] t

Ne < t

N(1710) 1/2(1/2")1"{'1 p =107 1680 to 90 to 2.92 Nm 10-20 587

o =14.2 1740 130 +0.19 Nn 5-35 410

(110) AK 5-15 264

ZK 2-10 138

Nrr >50 554

AT 10-257 ] 393

[Np 25-:3] 48

. Ne 15 t

N(1720) 1/2(3/2+)P{’3 p =109 1690 to 125 to 2.96 Nr 10-20 594

o =139 1800 250 +0.34 Ng 3-6 420

(200) AK 2-12 278

ZK 2-5 162

Nrr ~70 561

AT ~2077 401

[Np ) 45-73] . 104

Ne ~2 t

N(1990) 1/2(7/2+)F17 p =162 1950 to 120 to 3.96 Nm ~5 766

o =834 2050 400 +0.70 Nn ~3 648

(350) AK seen 554

. B 2K seen 497

N(2080) 1/2(3/27)Diy p=182 2030 to 115 to - 4.33 Nm ~10 821

o =126 2100 300 +0.57 AK seen 627

- ) (275) 3K seen 576

- N(2190) 1/2A7/27)Gy, p =‘2.07' 2120 to 200to - 4.80 Nr ~14 888

o =6.21 2230 500 +0.77 Nn ~2 790

(350) AK <1 712

N(2200) 1/2(5/2")D{’5 p=210 1900 to 150 to 4.84 Nm ~ 8 894

o =6.12 2230 400 +0.66 Nn seen 797

- (300) AK seen 718

N(2220) 1/209/2NHg: p=214 2150 to 300 to 4.93 Nr ~18 905

o =597 2300 500 +0.89 Nn ~ 1 811

(400)
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Baryon Table | 'coh"t’ii)

. . Mass? Full® m2/ Partial decay mode ,
_ . b Pheam (CeV/0) - M widhT  +IM ~ Fraction”  p!
Particle” 1y )Lz’i.u o = 4xx? (mb) (MeV) (MeV) (Gev?) " Mode! (%) (MeV/c)
‘N(2250) 1/209/27)Gjy  p =221 2130 to 20010 506  Nr ~10 923
¢ =57 2270 500 +0.68 Nn ~2 831
: , (300) L :
N(2600) 1201721, p=312 2580 to >300 7 6.76 Nr ~5 1126
= . o =386 2700 (400). *1.04
- N(3030) 1/2(?) “p =44l ~3030 ~400 918 - Nr. (J+1/2x 1366
- : o =262 (400) *1.21 <0.1J
3 S=0 1=3/2 DELTA RESONANCES (4)
A(1232) 3/23/21)P4; - p =030 1230 to 110 to 1.52 Nrr 99.4 227
' o =950 1234 120. - +0.14 Ny 0.6 259
(115)
A(++) pole position:¥ M—iI/2 = (1210.6+0.5) — i(49.7+0.3) ¢
A(0) pole position:*  M—iI'/2 = (1210.3£1.0) — i(53.0+1.0) ¢ »
~ A(1600) 3/23/2T)Pg;  p =087 1500 to 150 to 256 - Nrr 15-25 512
' : =187 1900 350 +0.40 Nrm ~80 473
‘ (250) [ILEIW 20-65T 301
. p <10. t
A(1620) 3/2(1/27)84 p=091 - 1600 to 120 to 2.62 Nrr 25-35 526
o =111 © 1650 160 +0.23 Nrrm ~70 488
(140) [::r 35-507 318
, p . <40. +
A(1700) 3/23/2)Dj;  p = 1.05 1630 to 190 to 2.89 Nrr 10-20 580 -
. : o =145 1740 300 +0.43 Nrr ~85 547
(250) B:'w <SOJx 385
- - » p ~40 t
a(1900)  3/2(1/27)S§; p = L44 1850 to 130 to 3.61 Nr 612 710
, o =971 2000 300 +0.29 3K ~10 410
' (150) : _
A(1905) 3/2(5/2)F5, p = 145 1890 to 250 to 3.63 Nrr 8-15 713
: o =9.63 1920 400 +0.57 K <3 415
(300) » Nrx ~80 687
[\el” 10-307 542
. o = . ) p ~60. 421
 A(1910) 3/21/25)Pf;  p =146 1850 to 200 to- 3.65 Nr 20-25 716
o =9.54 1950’ 330 +0.42 2K 2-20 421
(220). Nrr >40 691
[ﬁ" ‘ smau]. 545
: _ p . <40, 426
A(1920) 3/23/25)P)f  p=148 1860 to 19010  3.69 N 14-20 722
¢ =9.39 2160 300 +0.48 3K ~5 431
(250)
A(1930) 3/2(5/27)Djs  p = 1.50 1890 to 150 to EX7) Nrr 14 729
_ ‘ 0 =921 1960 350 +0.48 3K <10 441
_' - : : (250) .
A(1950) 3/27/25)F}, p =154 1910 to 200 to 3.80 Nr 35-45 741
. ' o =891 1960 340 +0.47 3K <1 460
3 ' (240) Nrw ~60 716
s [ﬁ'rr ~40T 574
> T . . o ~20 469
Ta(420)  3/2(11/2T)Hy;; p = 2.64 2380 to 300 to 5.86 N 5-15 1023
o =468 2450 500 +0.73
- (300) :
A(2850) 3/2(71) p=3.85 2800 to ~400 8.12 Nrr . (J+1/2)x 1266
. ~ o =3.05 2900 (400) +1.14 ~0.25
A(3230) 3/2(17) p =508 3200 to ~440 10.43 Nr  (J+1/2x 1475
3 6 =225 3350 (440) +1.42 ~0.05 J
3
pnd
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Baryon Table (cont’d)

. Mass? Full® M2 f Partial decay mode :

: - Pheam (CV/9) - M width T +IM Fraction”  p/
Particle® 0945 o = 4xk? (mb) (MeV) (MeV) (GeV?) Mode (%)  (MeV/e)

. v §=-1 1=0 LAMBDA RESONANCES (A)
A 0(1/27) 1115.6 1.245 See Stable Particle Table
A(1405) o1/27)84, Below 1405 402107 1.97 = 100 152
' K™p xs5¢ +0.06 -
_ - threshold ’
A(15200 - 0(3/27)Dg, p = 0.395 1519.4  15.6x1.0% 2.31 NK 4521 244

0 =822 +1.0¢ +0.02 r 21 267
. o AnF 101 252
Ter 0.9%0.1 152

A(1600) 0(1/2+)P61 p=0.58 1560to . 50 to 2.56 NK 15-30 343
g =41.6 1700 250 - +0.24 Zr 10-60 336

: (150)
A(1670) 0(1/2_)56’1 p=1074 .. 1660 to 25t0 2.79 “NK 15-25 414
g =285 1680 50 +0.06 : Zr 20-60 393
(35) An 15-35 64
A(1690) 0(3/27)Dg} p=078 1685 to 50 to 2.86 NK 20-30 433
o =26.1 1695 70 +0.10 I 2040 409
(60) Amm ~25 415
Zrr ~20 350
A(1800) 0(1/2_)56'1' p=101 1720 to 200 to 3.24 NK 25-40 528
o =176 1850 400 +0.54 Zr seen 493
-.(300) 2(1385)w seen 345
. NK*(892) seen t
A(1800) 0(1/2+)P6’1 p = 1.01 1750 to 50 to 3.24 NK 20-50 528
. oc=17.6 1850 250 +0.27 Zr 1040 493
. _ (150). E(_1385)1r seen 345
- ) NK*(892) 30-60 t
A(1820) 0(5/2+)F65 p = 1.06 1815 to 70 to 3.29 NK 55-65 545
. ¢ =16.5 1825 90 +0.15 Zr 8-14 508
: (80) 2(1385)w 5-10 362
A(1830) 0(5/27)Dy;s p= 108 1810 to 60 to 3.35 NK 3-10 553
. g =16.0 1830 110 +0.17 > 35-75 515
. (95) Z(1385)r >15 n
A(1890) 0(3/2M)Pg; p=121 . 1850 to T60to0 3.57 NK 20-35 599
o =136 1910 200 . %019 b4 3-10 559
. (100) Z(_I385)1r seen 420
- NK*(892) seen 233
- M21000 | 0(7/27)Gyy p=168 2090 to 100 to 4.41 NK 2535 751
' o =8.68 2110 250 +0.42 b2 4 ~5 704
' (200) . A <3 617
EK <3 483
_Aw <8 a4
NK*(892) 10-20 514
A(2110) 0(s/2%)Fgs p= 170 2090 to 150 to 4.45 NK 525 157
T o=2854 2140 250 +0.42 T 1040 711
(200) . Aw seen 455

2(1385)w seen 589
NK*(892) 10-60 524

7 A2350) 0(9/2%) p=22 2340 to 100 to 5.52 NK ~12 915
. o=584 . 2370 © 250 +0.35 r ~10 867

: . (150)
A(2585) o ?) p=292 ~2585 ~300 6.68 NK  (J+1/2x 1060

g =435 . - (300) - +0.78 ~1.07
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Baryon Table (cont’d)

o pe (GeV/c) Mass? Fall® | M/ Partial decay n:)de :
P b beam M width I ™ : Fraction ]
Particle® I35y o = 4xX2 (mb) (MeV) (MeV) (GeV?) Mode (%) (MeV/o)
: S=-1 I=1 SIGMA RESONANCES (2)
z 1(1/2%) . (+)1189.4 . o 1.415 See Stable Particle Table
(0)1192.5 1.422
. (-)1197.3 1.434
2(1385) 1(3/2+)P{3 Below (+)1382.3+0.4 351 1.92 Am 88+2 208
K™p S=1.6" S=1.0™ +0.05 Zr o122 127
threshold . (0)1382.0+£2.5 =~ ~35
S=1.6"
- (-)1387.4£0.6 402
5 S=2.2" S=1.9"
2(1660) 1(1/2+)Pi1 . p=072 1630 to 40 to 2.76 NK 10-30 405
: o=298 1690 200 +0.17 An seen 439
. (100) Zr seen 385
Z(1670) 1(3/2—)D{’3 p=1074 1665 to 40 to 2.79 NK 7-13 414
A ’ ) o = 28.5 1685 80 +0.10 Am 5-15 447
= ’ } (60) r 30-60 393
2(1750) . 1(1/27)S{; p =091 1730 to 60to  3.06 NK - 10-40 486
’ o =20.7 1800 " 160 +0.16 Ar seen 507
(90) ) Zr <8 455
. . Zn 15-55 81
2(1775) 1(5/27)Dy4 p = 0.96 1770 to . 105to 3.15 NK 3743 508
o = 19.0 1780 ’ 135 +0.21 AT 14-20 525
(120) ) D> S 2-5 474
) Z(1385)1 8-12 324
= A(1520)r  17-23 198
%(1915) 1(5/2+)F1'5 p=126 1900 to 80 to 3.67 NK 5-15 618
: o =128 1935 160 +0.23 Ar seen 622
(120) ' Zr seen 577
Z(1385)7 <S5 440
2(1940) . 1(3/27)D{j p=132 1900 to 150 to 3.76 NK <20 637
o =12.1 1950 300 +0.43 AT seen 639
(220) J/ n seen 594

2(1385)x seen 460
A(1520)r  seen 354
A(1232)K seen 410
NK*(892) seen 320

N .
2(2030) 17/25HF, p=152 2025 to 150 to S 412 NK 17-23 702

o =9.93 2040 200 +0.37 Am 17-23 700

: (180) . b 5-10 657

ZK <2 412

Z(1385) 5-15 529
A(15200r  10-20 430
A(1232)K  10-20 498

2 NK*(892) <5 438
3(2250) 1(?) p =204 210to 60 to 5.06 NK <10 851
o =676 . 2280 150 $0.23 Aw seen 842
(100) r seen 803
3(2455) 1(7) p =257 ~2455 ~120 6.03 NK  (J+1/)x 981
o =508 (120) £0.29 ~0.2/
2(2620) 1(?) p=3.02 ~2600 ~200 6.86 NK (J+1/)x 1081

- g =4.19 (200) +0.52 ~0.3/
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Baryon Table- (cont’d)

. v V_Massdi " - Full® sz Partial decay mode :
o o, Tbeam©V/O M e 2™ _ Fraction  p’
Particle® L7y o =4xKimb) " (MeV) - (MeV) ' (GeVY) Mode (%)  (MeV/c)
T S=_1 I=1/2 CASCADE RESONANCES (%) T
= 1721727 (0)1314.9 - 1.729 See Stable Particle Table
(-)1321.3 1.746
E(1530)- 1/23/27)Pj5 (0)1531.8+0.3  9.1x0.5 2.34 Em 100 . 148
L ' §=13" ‘ +0.02 '
= (-)1535.0£0.6  10.1+1.9 ‘
5 +15°¢ >
Z(1820) 1/2(3/2 ) 1823 2075 3.31 AK ~45 396
+6¢ o +0.04 2K ~10 306
o Er . small 413
E(1530)r  ~45 231
hnd g -
' ' ' 415t z
£(2030) 1/2(7) - 2024 16772 4.12 AK ~20 587
‘ Tx6f -£0.03 3K ~80 524
= ’ Er small 573
3 ‘ L E(1530)r  small 418
3
QT 0(3/2+) - 1672.4+0.3 - 2,797, See Stable Particle Table
_AD o2t ©oom2x3 5.21 See Stable Particle Table
e Gy : Mass? Full® w2/ - Partial decay mode :
Puas 41 b beam ¢ : © M widhT  +TM Fraction”  pf
Particle” 10%) Ly’ ¢ = 4xX* (mb) (MeV) (MeV) (GeV?) Mode (%)  (MeV/c)
$=0 DIBARYONS
Cod o1 %) 1875.6 ¥ 3.518
NN2170) . 12D, p=12 2140 to 50 to 4.71 NN 10-20 545
v . o =165 © 2190 125 +0.20 md seen 241
. (90)
NN(2250) . 137)°F, . p=149 200t 75 to . 5.06 NN 20-30 621
) o'=127 2400 225 +0.34 md seen 318
(150)
N
_ A S=-1 DIBARYONS
ANQ130) 172017, - p=1064 2100 to 5t0 4.54 AN seen 282
: . T g =615 2200 25 +0.03

sy
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Baryon Table (cont’d)

Each arrow in the left-hand margin indicates there is an entry in the Data Card Listings for a baryon that is not well
enough established (status less than 3 stars) to be included here. There is.a short list of a/l the baryons in the Listings,
whatever their status, at the front of this Table. .

. This mode is energetically forbidden when the nominal mass of the decaying resonance (and of any resonance in the final

state) is used, but is in fact allowed due to the finite width of the resonance(s).
The modes in brackets are sub-reactions of the first preceding unbracketed mode
The nominal mass here (in MeV) is used for identification. See column 4 for the actual mass.

When there is more than one baryon with the same quantum numbers, one prime is attached to the spectroscopic symbol
for the first of them (e.g., S/ 1) two primes to the second, etc.

The quantities here are calculated using the nominal mass of column 1.

Usually a conservatively large range of masses rather than a statistical average of various determinations of the mass is
given. In these cases, the mass determinations are nearly entirely from various phase-shift analyses of more or less the
same data. It is thus not appropriate to treat the determinations as independent measurements or to average them
together The masses, widths, and branching fractions in this Table are Breit-Wigner parameters. The Data Card List-
ings also include pole parameters where they are available.

Usually a conservatively large range of widths rather than a stanstrcal average of various determinations of the width is
given (see note d for the reason). The nominal value in parentheses is then simply a best guess.

The quammes here are calculated usmg the nominal mass of oolumn 1 and the nominal width of column 5.
For rnformatron on the Ny decay modes of the N and A baryons, see . the mini-review on these states in the hsungs

Most of the inelastic branching fractions come from’ partial-wave analyses, and these determine \/7-(;, where x and x’ are

the elastic and inelastic br_anéhing fractions, not x’ directly. Thus any uncertainty (and it is often considerable) in x car-

ries over into x’. When x’ so determined is really poorly known, we here simply note that the mode is seen. The values of
xx’ are given in the Data Card Listings. .

For a 2-body decay mode, this is the momentum of the decay products in the rest frame of the decaying partrclc For a
mode with more than two decay products, this is the maximum momentum any of the products can have in this frame.
The nominal mass of column 1 is used, as is the nominal mass of any resonance in the final state.

The size of the bump in the total cross section gives (J+1 /2)x where x is the elastic branching fracnon, but the value of
J is not known.

These pole positions are from fits to phase shifts (without Ooulomb corrections). The Data Card Listings now include pole
positions and residues for most of the N and A resonances. See Sect. I of the N and A mini-review in the Listings for a
brief discussion of the advantages of pole parameters over the usual Breit-Wigner parameters.

The error given here is only an educated guess. It is larger than the error on the weighted average of the published values
(the error on this average is given in the Listings).

. The error given here has been scaled up by the S factor” (see the * footnote to the Stable Particle Table for how S is

defined) because the various measurements disagree more-seriously than one would expect from statistics.
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PHYSICAL AND NUMERICAL CQNSTANTS*

PHYSICAL CONSTANTS
: : Uncert. (ppm)
= 6.022 045(31) 1023 mole™! .................. et nees 5.1
= 22413.83(70) cm> mole™! = molar volume of ideal gas at STP ......... 31
=2.997 924 58(1.2) X100 cm sec™ ...ovoieeeeereeeee e . 0.004
.. = 4.803 242(14)x10719 esu = 1.602 189 2(46)%1071% coulomb .......... 2.9; 2.9
= 1.602 189 2(46) X100 €18 ...ovviiiiiiereiiei e 2.9
= 6.582 173(17)X10722 MeV sec = 1.054 588 7(57)X10727 erg sec ..... 2.6; 5.4
= 1.973 285 8(51)x10~!! MeV cm = 197.32858(51) MeV fermi ......... 2.6; 2.6
.= 0.389 385 7(20) GEVZ'MNb ..ot 5.2
o = €2/AC = 1/13T.03604(11) ..ottt aenesesnas 0.82
= 1.380 662(44) X10716 erg K e 32
= 8.61735(28)x10°11 MeV °K-! =1 eY111604 50(36) S "R 32; 31
= 5.67032(71) X107 erg sec L em 2 oK™ e 125
= 3.53911(44) X107 eV sec™! cm™2 °K-4 .............. 125
= 0.511 003 4(14) MeV = 9.109 534(47)x10~28 g 2.8; 5.1
= 938.2796(27) MeV = 1836.15152(70) m, = 6. 722 775(39) m oy 2.8,°0.38; 5.8
= 1.007 276 470(11) QMR .....oovvvrreceierieeseeeesisess e teteorareneens 0.011
- = 1/12 my, = 931.5016(26) MeV 2.8
= 1875.6280(53) MEV ...ooorimreirieiireeee et eenesneeaenons s 2.8
.. =¢€2/mc? = 2.817 938 0(70) fermi (1 fermi = 10713 cm) ................. 2.5
.= h/mec =r,al =3.861 590 5(64) X107 em ...cocoooiciieicens 1.6
. = h*/m, e2 =r,a? =0.529 177 06(44) A(1 A =108 cm) .............. 0.82
= (8/3)7rr = 0.665 244 8(33) barn (1 barn = 1072 cm?) ............... 4.9
= efl/2mcc = 0.578 837 85(95)%10714 MeV gauss Tl 1.6
= efi/2m_c = 3.152 451 5(53)%107!8 MeV gauss™ oo 1.7
= 0.001 521 032 209(16) ..eveervemrerieeeeess it eeeetr et eeeeecse st 0.011
=¢/2mc = 8.794 024(25)><106 rad sec” gauss ............................ 2.8
cyclotron "+ = c/2mpc = 4.789 378(14) X103 rad sec” 1 gauss™ L 2.8
Hydrogen-llke atom (nonrelativistic, 4 = reduced mass):
v _ za, _ﬁz_uczaz =n2’h
) rms T on’ E, 2 ( FRER uzca .
Ry, =m e“/zh2 = m%a?/2 = 13 605 804(36) €V (RYADEIE) ....oveverirveririivrrirerrereresrenn, 2.6
meca?/2h = 109 737.3177(83) cm™! ..o 0.075
pc = 0.3 Hp (MeV, kilogauss, cm) :
1 year (sidereal) ......o.o........ = 365.256 days = 3.1558X107 sec (=wX107 sec)
density of dry air ......c.c..eeeee = 1.204 mg cm™> (at 20°C, 760 mm)
acceleration by gravity ......... = 980.62 cm sec™ (sea level, 45°)
gravitational constant ........... = 6.6720(41) x1078 cm3 g‘l sec‘2 ..................................... 615
1 calorie (thermochemical) .... = 4.184 joules
1 atmosphere .......ccccceeecennenne = 1.01325 bar (1 bar = 105 dynes cm2)
1 eV per particle .................. = 11604.50(36) °K (from E = KkT) ...c.cccocevrriimniiniinrininns 31
NUMERICAL CONSTANTS
P = 3.141 5927 Irad = 57.295779 5 deg Vir = 1.772 453 85
e =2.718 281 8 /e =03678794 V2 =1.414213 6
In2 = 0.693 147 2 Inl0 = 23025851 V3 =1.732050 8
logjg2 = 0.3010300 logjge = 0.434 294 5 V10= 3.162 2777

* Revised 1982 by Barry N. Taylor. Originally prepared by Stanley J. Brodsky, based mainly on the ‘“1973 Least-Squares. Adjustment of the
Fundamental Constants,” by E. R. Cohen and B. N. Taylor, J. Phys. Chem. Ref. Data 2, 663 (1973). The figures in parentheses correspond to
the one-standard-deviation uncertainty in the last digits of the main number. The equivalent uncertainty in parts per million (ppm) is given in the
last column. Note that the uncertainties of the output values of a least-squares adjustment are in general correlated, and the general law of error
propagation must be used in calculating additional quantities. '

The set of constants resulting from the 1973 adjustment of Cohen and Taylor has been recommended for international use by CODATA
(Committee on Data for Science and Technology), and is the most up-to-date, generally accepted set currently available. However, since the pub-
lication of the 1973 adjustment, a number of new experiments have been completed, yielding improved values for some of the constants: Ny =
6.022 097 8(63)x10% mole! (1.04 ppm); a”! = 137.035 963(15) (0.11 ppm); m,/m,=1863.15300(25) (0.14 ppm); and R, =
109 737.31521(11) em! (0.001 ppm). But it must be realized that, since the output values of a least-squar&s adjustment are related in a complex
way and a change in the measured value of one constant usually leads to corresponding changes in the adjusted values of others, one must be cau-
tious in carrying out calculations using both the output values from the 1973 adjustment and the results of more recent experiments. A new
adjustment is planned for completion by mid 1982.
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CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS
e

J J

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

0. /3 | e
1/2 x ]/2 1 Yo =5 cos 8 - 1 2
! K ) 2 x ]/2 +5/2] m; m Coefficients
+1/2 +1/2] 100 © 1 3T i 5/2 3/2 L
e/ 2/z 1/ 1 Y ==/ gy sinfe w2 1/2| 1 B/2+3/2
SYARVE VARV 3 2 o1/2|1/5 4/5] 5/2 3/2
f-i/2-1/2]1 0 3 < \ +1 +1/2|4/5 -1/s}+1/2 +1/2

v 0= /3 (3 cosze_l) w1 -1/21 2/5 3/s] s5/2 3/2
3/2]
1 x1/21.33 sy

2 dn\2 2 0+172| 3/5 278} -1/2-1/2
fl? 0 0-1/2| 3/5 2/} 5/2 3/2
1 : i
m k-1/2 +1/2] Y, =—J &= sinf cosf e 1
+1-1/2] 1/3 2/3} 3/2 1/2 3/2 % ]/2 +§ 1 -L-172 %2 -‘11;2 -g%

|

-1 +1/2| 2/5 -3/5)-3/2 -3/2
2 -2 +1/2

0+1/2| 2/3 -1/31/2 -1/2 Y22=71{ /%15T sinlp o210 150 02 1 » —1
0-1/2] 2/3 /3] 3/2 T 12/ 3/42 1 I——
g -1 +1/2| 1/3-2/34-3/2 +1/2 +17/2}3/4 -1/4f 0 0

3 t
2 X ] & Iwu—' 3/2 X l +gﬁ /2 3/2 +1/2 -1/2{1/2 1/ 2 1
+2 +1] 1§+2 +2 F3/Z +1 +3/2 +3/2 | _1/2 +1/2 1/2_1/2 21 -1
2/30 3 2 -1/2 -1/2|3/4 1/4 2
NI 7 B AN 32 /s -3

ey +2 -1[1/15 1/3 3/5 +3/2 -1|1/10 2/5 1/2 -3/2 -1/2] 1
] X ] +§ +1 0|8/15 1/6 -3/10f 3 2 1 +1/2 0|3/5 1/15 -1/3% 5/2 3/2 1/2 ;-»
2 1 0+16/15-1/2 1/10f0 0 0 -1/2 +1]3/10 -8/15 1/6f-1/2 -1/2 -1/2

fLall 1f+l 41 T1-1)1/5 /2 3/10km I+1/z-13/1o 8/15 1/6

e

'
™

+1 ofi/2 1/202 1 o 0 of3/5 0 -2/5f§ 3 2 1 -1/z o|3/5 -1/15 -1/3f 5/2 3/2
o+141/2-1/200 0 o -1 +1|1/5-1/2 3/10f -1 -1 -1 -3/2 +1l1/10 -2/5 - 1/2§-3/2 -3/2
; +1 -11/6 1/2 1/3 0 -1{6/15 1/2 1/10) — -1/2 -1 3/5 2/50'5/2
: o o2/3 0 -1/3fz2 1 -1 o|8/15-1/6 -3;10 32 ] -3/2 0| 2/5 -3/5}-5/2
-1+1(1/6 -1/2 1/3f-1 -1 -z +ili/15-1/3 3/5 -2 -2 YR B
/ u_l
o-11/2 1/28 2 -1 -1{2/3 1/4 3 _
¥, gy My -1 ol1i/2 -1/28-2 -2 o[1/3-2/34-3 <j1jzm1m2|_]1JZJM>

Y
! : -2 -1} 1
| Bl 2 4T m -im¢ l—L\ J-j

2
-
Y 1 2, Pl
e ={-1) <32J1m2m1l3211JM

9m,0 Nzl Yy

j _ gy -4 /x/ 3 : 12 _ 8 1/2 .8
dm',m = (-1) dm’m. d_m,_m. 3 2 3 2 13 - - di/z’uz—cosi di/Z,-i/Z =—sinxy
¥+3/2+3/2 1 1 Q+2  +2

2= 3/2[ 7 +3/2 +172] 1/2 128 3 2z 1
l:‘-’-*/3 L1/ +;ﬁ +g;§ +1/2 +3/2] 1/2 -1/28 +1 +1 41 di
. ) +3/2 -1/2)1/5 1/2 3/10
+2 +1/2) 31 &7 /2 52 32 +i/2 +1283/5 0 25 0 3z 1 0
+1 +3/2] 4/7 -3/743/2 +3/2 +3/2 -1/2 +3/2 | 1/5 -1/2 3710} o 0 0 0 s

+2=1/2| 4/7 16/35 2/5 T3z o3z [1/20 1/4 9/20 1/a] Y14 2
) +1 1/2| 47 4/35 -2/s58 /2 52 32 12 +1/2 -1/2 [9/20 1/4 -1/20 -1/4
2x12 1 0 3/2| 2/7 -18/35 15 +1/2 +1/2 +1/2 +1/2 -1/2 +1/2 19/20 -1/4 -1/20 1/af 3 2T ] 4 - cous
t2+2[1f+3  +3 +2 -2;5 éﬁ?, gﬁi zés %ﬁn -3/2 +3/2 [1/20 -1/4 9/20 -1/4f -1 -1 -1 00 = °°®
+ - - +1/2 -3/2|1/5 1/2 3/10
+2+111/2 1/2f 4 302 0 1/2|18/35 -3/35 -4/5 4/5 R 7/2. 5/2. 3/2 4/2 _1;2 _1% 3;5 0/ _245 32
+1 42 |1/2 -1/2f+2 +2  +2 -1 3/2] 4/35-27/70 2/5 -1/10§-1/2 -1/2 -1/2 -1/2 -3/2 +1/2 | 1/5 -1/2 3/10] -2 -2

_1+cos@ 1 sinf
T2

+2 0 |3/14 1/2 2/7 +1 -3/2 | 4/35 27/70 2/5 /10 - -

+1 1 | 4/7 0 -3/70 4 32 1 0 -1/2 |18/35 3?35 -1/5 -45 _;ﬁ _fﬁ i% _%; _§

0 2 |3/14 -1/2 2/7 [+t +1 41 +1 -1 1/2 |12/35 -5/14 0 3/10f 7/2 5/2 3/2

e (/e 310 37 1/ -2 3/2 | 1/35 -6/35 2/5 -2/5 §-3/2 -3/2 -3/2 | BEEE

k1 0 [3/7  1/5 -1/14 -3/10 0 -3/2 | 2/7 18/35 1/5

1+cosB @ 0 1 [3/7 -1/5 -1/14 3/i0f 4 3 2 1 0 -1 -1/2 | 47 -1/35 -2/50 /2 572
cos> W4 2 [1/14 -3/10 3/7 -1/5 f.0 0 0 0 0 -2 1/2 | 1/7 -16/35 2/5} -5/2 -5/2

<1+cos@)2 vz -2 [4/70 1710 277 2/5  1/5 -1 =32 4/7 3/1f /2

-

dgﬁ, 3/2 *

+1 -1 | 8/35 2/5 1/14 -1/10 -1/5 _2 -1/21 3/7 -4/7]-7/2
o 0 [8/3s 0 -2/7 0 1/5
-1 1 |835-2/5 1/14 1/10 -1/5f 4 3 2 1 Y-2-32] 1

- 3 -2 2| 1/70-1/10 2/7 -2/5 1/5¢ -1 -1 -1 -1
=\j§1 ;osﬁcosg d2 :_1+<2:ose $ind / / / )/ /

2,1 +1 -2 |1/14 3/10 3/7 1/5
0-~113/7 15 -1/14 -3/10
-1 0 |3/7 -1/5 -1/14 3/10f 4 3 2
-2 1 |1/14 -3/10 3/7 -1/5 f-2 -2 -2

0 -2 |3/14 2/7

1/2
3/2 _3cos6-1 6 2 _ 4-cos@ _. @ =— o3 sing cosd 4 -tle/7 0 =370 &4 3
W2, 1272 0% 43, 47"z sinf 10°7¥7 _ 2 o314 172 1) -3

NE 1+c2058 sine 2

32 L
932,42 = 7 %2

2
dgﬁz, 4/2

. 4-cosf . @ 2 2 :ﬁ—;—os—e(ZcosG—i)

3/2 B ) N6 .2 q
32, 32 =" 7 sing dy0= =5 sin'® 1,1

3/2 3cosf+l . 8 2 1 0 ¢ 2 1-cosf 2 3 2 1 -1 -2 f1/2 /2] 4
__ 3cosf+ . _ -cos . _1i-co . _ R 2 % W
Y2,/ 7 z - sinz Y2,27\ T2 4, a= 2 (Beest dyy (T cos™0 7) l/z /z 1

Sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley {The Theory of
Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957},
and Cohen (Tables of the Clebsch~Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif.,, 1974), The
signs and numbers in the current tables have been calculated by computer programs written independently by Cohen and at LBL, (Table
extended April 1974.)
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SU(3) ISOSCALAR FACTORS, SU(N) MULTIPLICITIES, AND PROPERTIES OF QUARKS

The most commonly used isoscalar factors, corresponding to
the singlet, octet, and decuplet content of 8 @ 8 and 10 ® 8, are
displayed at the right. The notation uses particles names to
identify the coefficients, so that the pattern of relative douglings
can be seen at a glance. We illustrate the use of the coefficients-
by example; see J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) for
detailed explanation and phase conventions. - :

A v is understood over every integer in the matrices; the
exponent % is a reminder of this. For example, in de Swart's
notation the £ + QK element of our 10 +~ 10 @ 8 matrix reads

( ) -

V24
Intra-multiplet relative decay strengths can be read directly
from our matrices. Thus, the partial widths for A* ->(N1r)1=3/2 and
Q* +(EK)y_q are in the ratio

10

¥ -1

10 8

-2 ¥ 1

* =%
e > =0, _)

2
%; % (threshold factors)

*
r(a* (NTT)I=3/2)
Supplying isospin Clebsch-Gordan coefficients one obtains, e.g.,

12 3

1/2
e Le = 2 x
3 tf 5 tf

2/3

re*” » =%
rart - prd)

Partial widths for 8 = 8 ® 8 involve a linear superposition of 8

(symmetric) and 8, {anti-symmetric) couplings.’- For example, :

2
= - 9 3
I'(E*+=Zm) ~ (—\/—20 9; + \/—12 gZ)

The relation between g;, g (with de Swart's normalization) and
the standard D,F couplings appearing in the interaction Lagrangian,

L =-V2D 'rr([i,la]+ M) + V2 F me([B,B]_m) ,

is
b V30 P o= Ve
o %1 - T2a %2 -
Thus, T(E* + Em) ~ (1 - 20)
where o = D/(D+F).

1*8®8
(a) — (N Ir An EK) = L (2 3 -1 -2 )15
1 8®38 . Vg
8, >888
]
N NT Nn EIK AK ) 9 -1 -9 -1
b Nk Ir Am In EKY _ 1 -6 0 4 4 -6
—_ _ =
A NK, Im An EK V20 2 -12 -4 -2
= 8 IK AK EZm En 8 ® 8 9 =1 -9 -1
1
8,888 ‘
R : . B b
N\ . NT Nn EIK AK - 33 3 -3
L) L, sk oEmoAmoEn oE) L 1 8 0 0 -2
A NK IT An EK V12 60 0 6
E : K AK Sm = 3 3 3 -3
=g, . Ik Ak EmoEn Jope o
10 +8® 8 ,
A N Ik -6 6
T\ _, [ = oA I 1 -2 2 -3 3 2
g IK AK Ew EZn’ V12 3 -3 3 3
' 12
2700 8® 8
8 +10® 8
N AT ZK -12 3 %
z AR EIm En EK . 8 -2 -3 2
A g Ir EK =~ -9 6
g K Em & 3 -3 -3 6
B : IK Em En i 10® 8
10> 10®8 ’
A C/ anoan x ' 15 3 6 \ %
b AK Im En EK o, 8 8 o -8
g - IK Em Zn 0K T oUm \2 o33
Q 10 EK n 1o 8 12 -12

SU(n) Multiplicities

The table below gives the multiplicities of the multiplets
that occur in qq, gq, and ggq systems in various SU(n). Normal
mesons are qj systems, and normal baryons are ggq systems. Also_
given are the multiplets that occur in meson-baryon scattering when
the meson multiplet is the one to which the pion belongs and the

qq

SU(2): 2®2 ~ 381

SU(3): 3®3 > 6@3

SU(4): 4®@4 > 10@6 :

SU{(n): n®n <+ n(n+l)/2 @ n(n-1)/2
q3 (Mesons)

SU(2): 2@2 > 3@®&1

su(3): 393 > 8@l

SU(4): 43 »> 1581

SU(m): n®R > (n-1) @1

baryon multiplet is the one to which the proton belongs. Complex-
conjugate representations are indicated by a bar. The two
20-dimensional representations of SU(4) are indicated as 20 (which
contains the SU(3) decuplet) and 20' (which contains the SU(3
octetl. The C(N,M)'s are "the binomial coefficients N!/[M!(N-M)!].

qqq (Baryons)

SU(2): 2@2®2 +» 40292

SU(3): 3®3Q@3 >109808 1L _
SU(4): 4@4Q®@R4 > 20020'920'® 4
SU(n): n®n®n * C(n+2,3) @ 2C(n+1,3)

@ 2C(n+1,3) & C(n,3)

Meson-Baryon Scattering

sU@2): 382 > 4@2
SUB): 8@8 +27© 1001008681 .
SU(4): 15 ® 20' + 140 @ 60 ® 36 ® 20 @ 20" ® 20° & 4
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SU(3) ISOSCALAR FACTORS, SU(N) MULTlPIﬁ;ICITI‘ES',. AND PROPERTIES OF QUARKS (Cont'd)

Properties of Quarks

Quark
Quantum number d u s c b t
~baryon number B 1/3 1/3 1/3 1/3 1/3 1/3
charge Q -1/3  +2/3  -1/3  +2/3 -1/3 +2/3
isospin z component I -1/2 +1/2 0 0 [ 0
strangeness S 0 0 -1 o] 0 0
charm C 0 "0 0 +1 0. 0
bottom (beauty) B 0 0 0 0 +1 0
top (truth) T 0 4] 0 0 0 +1

WEAK INTERACTIONS OF QUARKS AND LEPTONS

) v,
The "standard" sU(2) ® U(1) modell’2 is described here for six N by (1-Y5) €
quarks and six leptons in left~handed doublets of SU(2)y.ax and Iy = (V V ) - u
right-handed singlets of SU(2),,, (T3 = third component of weak )
isospin):
e
— 1 (1=vg) 2
T, = +1/2 LANFANAS u c\ [/t +(n)]- 3 Yo 5 +sin”8, v || v
] , T
Ty=-1/2 e, uT T ar s' b'
L L L L L L . a-vs) L, u
+(uci) 3 — 3 —Esinew‘{a c
- - - t
=T, =
T 3 0 e uR T uR dR cR sR tR bR . a
. 1 (1- Ys) 1,2
Mixing occurs between quarks d,'s, b of charge -1/3 (by - +@s b) “3 Yy T3 t+3sin Oy Yoll s ’
convention the charge 2/3 quarks, u, ¢, t, are unmixed) and . . b

can be written

where for fermion f the coupling [Fé] has a V-A term depending on

a v v v a T3 and a vector term depending on charge Qg:
ud us ub (1-v.)
. [l‘f] = ’rfy ———S-—Q sinze Y,
s’ = vcd Vcs vcb s . e 3 2. £ w o f*
u' v v v b ’
td ts tb, The effective Lagranczylan for exchange of w and Z between two
currents reduces at low g
fws X +
where, for example, the mixing matrix element V modulates the ‘x - G 4(JC(IJC 4 ZDJNOLJN)
strength of the udW vertex. 1In the !(obayashi-Mgskawa parametriza- weak NE) o

tion? this matrix is expressed
) _ 2 .2 _ .2 2022
with G/V2 = m!/(ZM sin Sw), o= e“/{4n), and p = Mw/(Mzcos Bw).

Assuming the simplest Higgs structure, p=l, and the W and Z masses

a' Sy siC3 5153 a are related by Mz /cose Currently reported values of the weak
'8 15 interaction parameters are )
i i
s' = -s,c c C Co+s, S e C,C,5,-5,C e s
_ 1°2 1€26375,%3 s 1€2537%2¢3 ! '|vud| = lcosell = 0.9737 t 0.0025
b' -s.s C8,C-C ©18,84+0,C b Ref. 3 H
172 1%2%37%2%5¢ 1 2%3¢ v .| = |sin8, cosB,| = 0.219 * 0.011
us 1 3
where c¢j =cos 0,, s; =sin 6;, i=1,2,3. In the limit 83=83=6=0, ivub' = |sin61 sin93] = 0.06 t 0.06 } Refs. 3,4 ;
this reduces to the usual Cabibbo mixing with ei the Cabibbo angle.
The interaction Lagrangian is’ |V |2 >> |V |2 Ref. 5 i
. cb ub
_ o . em 1 o N 1 +a € -a _ct -5 -2
ath = e[A 3yt sTBoose % %0t - (w gt W3 )] . G'= Gy = (1.16632 * 0.00002) X 10~ GeV } Refs. 3,8 ;
W V2 51n6w
sinzew = 0.224 40,019, o = 0.992%0.020
s cos : ; Ref. 9
Here 6y; is the weak mixing angle in the relations .
w 9 angle on sin’6, = 0.22020.010, p T 1 (fixed)
w' o= ZcoseW + Asinew .
The resulting mass estimates for W~ and Z are My = 37.3 Gev/sinﬁw
‘B = —-2sinb_ + A 9 = 7719 % 1.7 GeV, and M, = 88.8 + 1.4 GeV, where the numerical
- SinBy cosYy values are obtained using the simplest Higgs structure (p=1).

Electroweak radiative corrections to these estimates may be as

which relate the phys:l.cal fields A (photon) and .Z (neutral weak large as 54,10

gauge boson) to W (SU(Z) eak Partner of W' and W) and B (U(l)

gauge fleld) The charqed current is written , .
Lepton-Nucleon Inclusive Scattering

e a\ . For reactions 24N + £'+X, differential cross sections can be
c - (1~v;) _ o (1-y5) written using several choices of independent variables. These are
Ig = (\Je Yy \)T) Yo 3 [{ ™ ]+ @ct) — Vlj s ] related by
2,
a%s aueZy ao_ _ Lo d% MMEY g%
. ) ) dxdy 2 d\)dQ2 2 axag? 13,015 " dﬂdEl,
i.e., V-A structure. The neutral current is written TR
L ZWME)Y 52
- Ey, adE, '

where v, Q s X, and y are deflned in the Relat1v15t1c
Kinematics section IV(c), Ep» pl and Egrs pJL' are the incident
and outgoing lepton lab energies and momenta, and M is the
target nucleon mass.




Structure Functionsu’12

For charged-current (C.C.) and neutral-current (N.C.)

reactions, we have

2,9 () G2ME -

ac _ 2 PRV : S F\)(\J)( 2)
axdy T Y ©ogg, ¥)F xQ

2 et 2 S
v (V) 2 v
+ —YZ 2xFl( (x.9%) t(y - y2 ) XFy (V)(x,Qz)-J ,

where the upper and lower signs refer to Vv and v scattering,
respectively, and F3 is defined as a positive quantity}3
The other common structure functions Wj are related by
MW F,, VW, = F,, and WW F5. For electron and
175 2 2 32 3 2.2 2
muon scattering, F3=0, and G is replaced by 8m<a“/(Q%)
The ratio of the longitudinally to transversely polarlzed
photon absorption cross section is

a
R = EE = __—__l__i_ 2(x,Q ) - 2xF, (x.0 ) + ——=—F. (X:Q )
T 2xF1 (x,Q7)

To compare with the parton-model predictions below, we wrlte
for Eg >> M:

2
2 V() G ME - - - =
d’c _ 241 v(v) v (V) 142 vV} V{Vv)
axdy = - 5 (ZxF1 + xE‘3 ) + (1-y) (2;(5‘1 ¥ xp3 )
+ (1-y) (F:(v) - ZxF:(V))],
2 e, 81Ta2ME 2
d £ ] 1+(1-y) e, e, e,u
dxdy o [ > ey M e ey (57 - 2] )]

The Free-Quark-Parton-Model Predictions14

For this model in the Bjorken limit (Q v+ with x fixed),
F; (x,Q ) > Fylx): For spin- lﬁquark partons, we have

ZxF (x) = Fz(x), the Callan-Gross relation. Thus, in this
approximation, R=0 and there is no (l-y) term in the cross section.
JEXRY ST GZMEIL ' .2 }
. - = -
(c.c.) Ty 2x 3 [fq(x) + £500(1-y) ] .

q

For VN - u+x, interchange fq(x) and f-(xf in the formula. Here
f.(x)dx is the number of quarks q in the target nucleon with
momentum fraction x to x+dx. We include fq (x}) and fq(x) in the
sum only for negative (positive) charged quarks and antiquarks
in V(V) reactions.

2
. d20\)N"\)X G MEE
(N.C.) Taxay =

qy2 2

+ - -

G [fq(x)(l y) +fq(x)]] .
and the sum runs over all quarks.
coupling is decomposed according to

(1-vg)
9 _ q 5
I = & 2

Here the neutral-current

(1+Yg)
q 5
fr Yo T2

15
with left- and right-handed coupling constants Eq and Eq In the

"standard" SU(2) ® U(l) model

q _ 9 _ .2 q_ _ .2
2y 'I‘3 Qq51n ew ’ € = Qq51n Qw .

For UN + VX, interchange Eg and Eg in the cross-section formula.

2 e,U 8Tra ME 2
d’g _ L 1+(1-y)
® (E.M.) “aay -————(Qz 5 xz Qq[fq(x) +f (x)] 2

Comparison with earlier structure function formulas gives:

(c.c.) Fy(x) = 2x§[fq(x)+fc—l(x)],

XF4(x) - 2x§[fq(x) —f(—l(x)];

2% Y {(eg)z[fqm + £ (1—y)2:| .
q
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fq

néutron, interchange u(x) and d(x)).

S WEAK INTERACTIONS OF QUARKS AND LEPTONS (Cont'd) .

- 2 q,2 q,2 :
(v.c.) Fy(x) = 2p xzq:[wL) +(ep)7] [fq(x)+fc-l(x)]
a0 = 205 D LED? - €] (£ (0 -£= (0]
3 P po L R q q x
v v
Fi(x) = Fi(x) H
2
(E.M.) Fy(x) = x?Qq [fq(x) + fa(x)] .

In the examples below,‘u(k), a(x), dix), d(x), etc., mean

(fq) for the individual guark (antiquark) in the proton (for

Charm production is taken

into account.

. PTHE ~ axlam + st a0 3],
Sp>utx - -
F) = 2x[u + e +30 +30]
)P E o axatn + 60 - G -aw]
\_)p+u+x = -
XFy = 2x[u(x) +cx) - d0) - 5]
Hereafter we neglect small contributions of the s, s, ¢, ¢ quarks
in the sea.
® For charge- symmetric nuclei with gq(x) = u(x) +d(x),
qx) = ulx) +d(x) ,
VN 17X weu'x = xlgmr+al
F2 Fy
- = +
> VN > -
xF\;N L xFaN HE L xlqeo - gm0l
D FoP P () x [% (utx) +Gex)) + % (ax) + Ei(x))] .
ed 5 _v(Wd
T2 ® % 38 Tacc
5
(i§~: average squared charge of u,d quarks ) .
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RELATIVISTIC KINEMATICS

I. BASICS

(a) Lorentz transformations —- Let E and E be the energy and
3-momentum of a particle or system as seen from a certain
inertial frame, and let E* and ? be the same quantities as seen
from a second inertial frame that moves with velocity -é relative
to the first. Then starred and unstarred quantities are related.

by
5) = ) () wiee

Here y = (1 - 62)'1/2 and subscripts Il and 1 indicate
components of p or p that are parallel or perpendicular to 6
(often n is used for y8). The inverse transformation is given by
changing ﬂ'to ~B. A particle of mass m at rest in the second
frame, so that it is moving at velocity B relative to the first, has
E* = m and B* = 0, so here

E=9ym, p= yBm.
In any frame, the energy, momentum, and mass are related by

E? = p2+m2.

(b) Four momenta; scalar products —— The 4~momentum \_r.eclor
of a particle or system having energy E and 3-momentum p is

q = (E, p) = (E, Pxs pyv pz) -
Conservation of energy and the components of 3-momentum for
any processa+ b + ... 14+ 2+ ... may then be written as

Qa+ qQp+ ... = q; +qa+ ...
Although the components of a 4-momentum are different in
different frames, the scalar product of any two 4-momenta q
and q', defined as

q-q' = EE' - pp',
is an invariant; i.e., in numerical calculations the same result is
obtained in any frame, and in algebraic calculations results
obtained in different frames may be equated. For a particle of
mass m, the scalar product q-q is

aq = ¢° = E2-p% = m? .
The invariant mass M (or total c.m. energy) of an n—particle
system is given by

>\ 2
Zp
(zr)"

2
Z q; = (ZE -
= (L) - (38)
where q; = (E;, p,) is the 4-momentum of the /! particle.

(c) Electric and magnetic forces —— In Gaussian cgs umls the
force on a particle with charge q movmg with velocity Vin

electric and magnetic fields E and Bis
F = qE + qﬁXB

where E = v/c. The units are F in dynes, q in esu, £ in

statvolts/em, and 8in gauss. In mksa units, the force is

F = qE + qvxB,

where the units are F in newtons (1 N = 10° dynes), q in

coulombs (1 C  3x10° esu; each 3 in this section is really

2.9979...), B in volts/m (1 V & 1/300 statvolt), and Bin tesla (1 T
= 104 G). The force |s zero if £ and B are at right angles, B (or v)

is in the direction ExB, and B = E/B (cgs) or v = E/B (mksa).

In a uniform, static magnetic field, the path of a charged
particle is a helix of constant radius R and constant pitch angle
A, with the axis of the helix being along B. The momentum is
related to the other quantities by

P COSA o 3x10™4 qBR ,
where the units (very mixed!) are p in GeV/c, q in multiples of

the electronic charge e, B in kG, and R in cm. The angular
velocity about the axis of the helix is

w = 3x107% qB/ym ,

where the units are w in rad/sec, q in multiples of the
electronic charge e, B in kG, and the energy ym in GeV.

II. DECAYS

(a) Survivalprobébililies -— Let a particle have mass m and ~
Proper mean life 7g. In a frame in which its 4-momentum is
AE, p) the probability that it survives a time greater than t
before decaymg is

Prob.(>t) = exp(-t/r7y) =
The probability that it goes a distance grealer than x before
decaying is

Prob.(>x) = exp(-x/yBeTg) = exp(-mx/pcry) ;
values of c7g (in cm) are given in the Stable Particle Table. If,
the particle has charge te and is in a uniform magnetic field B
[see I{c)], then the probability that the projection of its helical
path on the plane perpendicular to B turns through an angle
greater than 8 before decaying is

Prob.(>6) = exp(-Cmé/Bry) ,
where, if m is in GeV, 8 in deg, B in kG, and Tp in sec, then C is
numerically 1. 942x10'9. This last distribution is independent of
p or the helical pitch angle A; its only dependence is geometrical.

exp{-mt/Etg) .

(b) Two-body decays —— A particle of mass m decays into two
particles, masses m; and my. In the rest frame of m, the
energies of m; and my are

€ = (m?+ mf - m3)/2m
€2 = (m®+ m3 - m$)/2m .

In this frame, the 3-momenta of m,; and m; are equal and
opposite and of magnitude

k = (- mH¥2 = (e - mP1/2

{lm? - (m; + my)?] [m? - (m, - mz)Z]}'/Z/zm .
See also the third paragraph of I1I(b).

(¢) Three-body decays —- A particle of mass m decays into
three particles, masses my, my, and m3. The invariant masses
m;; of the 2—particle systems, where mizj = (q; + qj)z. satisfy
the relation

mf; + mi; + md; = m?+ mf+ mj + m},

50 that only two of the three m;;'s are independent. In a
rectangular Dalitz plot, m§3 (say) is plotted against mfz. The
kinematic boundaries may be calculated as follows: (i) The lower
and upper limits on m$, are (m, + m,)? and (m — m3)2. . (ii) For
any mlz between these limits, the lower and upper limits on mf3
are given by taking the + and - signs in

mf3 = (E; + 53)2 ~-(py ¢ l-’3)2 '

where
E, = (m} + m$- m$)/2m,;
Ey = (m? - m}; - m§)/2m,
by = (EF - mp)/2

p3 = (Ef - m$)!/2.
(These dre the energies and momenta of particles 1 and 3 in the
rest frame of m;;.) The phase=space density is uniform over
the areas of both the above and the following form of the Dalitz
plot.

In a triangular Dalitz plot, the kinetic energies T, T,, and T3
of the final-state particles in the rest frame of m are plotted as
the distances inward from the sides of an equilateral triangie
whose altitude is the energy Q released by the decay:

Q=T +T+T3 = m-m;-mp-mj3.
The kinetic energies are related to the 2-particle invariant
masses by
maX)Z

2mTy = (m-m)?-m; = (mBN2 - mf;,

etc.
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(d) Four-body decays -- A particle of mass m decays into four
particles, masses my, my, m3, and my. In a triangle (or
Goldhaber) plot, the invariant mass of two of the particles is
plotted against that of the other two, say my, versus m,;, where
m,-zj ={q; + qj)z. The kinematic boundaries of this plot are the
sides of the triangle whose vertices are at the points (m;, my,)
= (my + mp, m3+my), (m, + my, m-m; - my), and (m -m3-my,
my+ my). The phase-space density is not uniform over the -
enclosed area.

III. REACTIONS (MAINLY 2-BODY)
(.a) Initial state —— Two particles, masses m; and m;, interact.
In the lab frame, where particle 2 is at rest, the 4-momenta are
(Ey, Pl) and (mp, 0). In the c.m. frame, where the 3-momenta
are equal and opposite, the 4-momenta are (¢, k) and
(€2, —k). Then the total c.m. energy £ is given by
E? = (e + €)% = mi+ m$ + 2E;m; .
The ¢.m. energies of particles 1 and 2 are
L (m%+ E;mp)/E = (E2+ ml - m3)/2E
€2 = (m+ Eymy)/E m$)/2E .
The ¢.m. momentum k is
k = pymy/E.
See also the expression in II(b) for k, in which replace m with £.

€1
2
(E2 + m§ -

The velocnty of lhe c.m. relatlve to the lab is
B = py/(E +my).
The parameters for the Lorentz transformallon between these
frames [see I(a)] are
y = (E; '+ mp)/E
and
" = py/E.

(b) Two-body final states —— In the reaction 1 + 2 + 3 + 4, let
the masses be m; and the final-state c.m. 4-momenta be
(e3, k') and (€4, —K'). Then

€3 = (E2+ m3 m3)/2E
€ = (52 + m3 ~m%)/2E;
and )
ko= (G- mdVe = (F-mhV2
= {(£2 - (my+ mp?] [£2 - (m3 - my?}/%/2E .
Let 91 be the lab production angle of particie 3 (the angle

between p3 and pl). and let 83 be the c.m. production angle (the
angle between k' and k) These angles are related by
sin 84
7 (cos 83+ B/B3) *
" where p3; and p3y are the components of p3 perpendicular and
parallel to pl. and B85 = k' /53 is the c.m. velocity of particle 3.

[See I1I(a) for ¥ and 8.] If B > B3, then particle 3 can only go
forward in the lab, the maximum 9_3 being given by

— g2 \1/2
tan Om“ 63(62 P ) .

The components of p3 satisfy
2
) -1

Pu - 7Be3\2  (P3
(BEs) . (o

which is the equation of an ellipse with semi—major axis yk' and
semi~minor axis k'. Thus the possible lab momenta of particle 3
are the vectors to the ellipse from the point a distance yfe3
back along the major axis from the center of the ellipse.

tan 85 = % =

29

(Cont'd)

The resulits of the preceding paragraph also apply to 2-body
decay. 'Just set my = 0, in which case £ =mq. [The decay-
product masses are here ms and my, not m; and m; as in 11(b).}

The Mandejstam variables s, t, and u are the Lorentz scalars
defined in terms of the particle 4-momenta q; as

s = (qq + Q2)2 = (g3 + Q4)2
t = (a; - q3)° = (qz- qqf?
u = (q, -9 = (g3~ q3)%.

They satisfy the relation

s+t+u = m§+mi+m$+ m?,
so that only two of the three are independent.
the c.m. frame gives

Evaluating s in

s = (e +¢)° = E2,
and evaluating t and u, the 4-momentum-transfer-squared
variables, in this frame gives

t = mf + m% — 2€1€3 + 2kk' cos 8,
= ty - 4kk' sin?(64/2)
u = mf + mf,,»— 2eg€4 + 2kk' cos 8,

= ug - 4kk'sin?(8,/2) ,

where 8, is the c.m. production angle of particle 4 (65 + 64 = n),
and . )
t(83=0) = (e, - e3)° - (k — k)2
u(B,=0) = (e, - €)%~ (k - k).
The differences At = tg - t, and Au =
n) and u, = u(64 = ), are

At = Au = 4kk'.

For elastic scattering, where m;

tg is zero and

t = -2k%(1 - cos 83) =
And now

uy = (m? - M®%/s .
Evaluating t in the lab frame gives

t = -2MT,,

where Ty = E4 — M is the lab kinetic energy of particle 4. For
small-angle elastic scattering,

2 I
(-2 ~ ko3 ~

to =
ug =

ug - Uy, where t, = {63 =

=m3=mand mp=my =M,

-4k sin%(8/2) .

P85 * py,

where p(,.0;, and p, are lab quantities.

IV. OTHER VARIABLES
(a) Rapidity —— For a system of energy E and momentum _r;. the

rapidity y is given by
1 P
y = El ( ) = tanh"(—E!') = ln( ).
where py is the component of E along a particular axis (the
rapldlty axls , chosen, for example parallel to the direction of
an lncommg beam).‘and my = (m? + pz)l/2 Inverting these
equations, we find

E =

E+p.
E-py

E+py
my

m, coshy |
py = m;sinhy.

The shape of a rapidity distribution is invariant under a Lorentz
transformation between inertial frames with reiative motion
parallel to the rapidity axis. Such a transformation is given by

148

1-8 )

where the sign of B is pdsilive in the direction of increasing
rapidity and p,. :

*
y. =

y = in[y (148)] = y - %ln(
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(b) Scaling variable, hadron reactions —— In the inclusfve
reaction h + 2 » 3 + X, with h any hadron, Feynman's x for

particle 3 is defined as

x = k'y/K'max »
where k' is the c.m. momentum of particle 3. k'p,,, is obtained
[see Sec. III(b)] using the smallest mass my [called m4 in ITI(b)]
consistent with quantumi conservation laws.. At high energies,

K'max > \/;/2. Rapidity and x are related at large Vs by'

m .
X o 1 sinh y*

2
s
where y* is evaluated in the ¢c.m. }
(c) Scaling variables, lepton reactions ~~ For the inclusive
reaction £ + 2 5 I' + X, with particles ¢ and {' leptons, we define
the 4-vector .
qQ = (p; Py
so that
Qz
where @ is the ¢ - {' scattering angle, and the precedmg relation
is valid in any frame. Also useful are

v = pprq/my; =[E;-Eplap = [Ex-mzlus

-q® = 2E[E, - Z'Pl"Pt" cos 8 ~ l’ - m% zf 0

and
W o= VpZ = (-Q%+2mur + mP/2 = my.
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x
and
v

and

ol =

sometimes written v =
with v throughout.)
Scaling variables in common use include

{Cont'd).

02/2'm2u ,.0 <t x st 1

02, v, and W are Lorentz invariants, and the notation “LAB"
refers to the reference frame with particle 2 at rest. (Note: v is
P2*q, leading to the replacement of myv

mav/pepz = [ (Ej- Ep)/Eylug-0sTys1.

Both x and y are dimensionless. .
Cross sections for inclusive reactions in the energy region
where masses are negligible can be written in terms of E, and
certain pairs of these varlables usually 02 and Ve X and y, or 02
‘and x. [f in any frame lplllp;-l  E;Ep and
E.E, sin 2(9/2) >> m,- and m, (i.e., my, my small), then

Q® ~ 4E/E.sin®(8/2)

2EE, sin? (8/2)
™M TR .

may

'

'Inequali'y sometimes violated unless my 2 m; and myp 2 m,.

LORENTZ INVARIANT PHASE SPACE FORMULAE

For a system of n particles with overall four-momentum p and final four momenta Pyrce pn[ P;

Lorentz Invariant Phase Space is given by

d LIPS(sipys= - »p,) = (2m* 8* (p 2 P;

-For 2-body: dLIPS(s,p,,P,) =

~ For 3-body: dLIPS(s,p,.p,.p3) =

where @, 8, and y are Eu‘ler angles.

a® B

) i
(Zw)3 i=

4 4
—— 87(p-p;-p,) d’p

Fora+b—-n partlcles or X - n particles, in general [ ) Bad |f>

_ 2’ :
oy = 4F J I et6 | dLIPS(s,pi,“'

is beam, b, target (ﬁ;ab= 0), then F =

. 2 2.
Fif_ mej ! A | A LIPS(my; pys -
where ‘M’if is an invariant matrix element. 'F is Mgller's invariant flux factor, FZ

| B2 |my = | BI™ | W5

SIS

Py

1

1 2E;

1
| By

4Ns

For elastic scattering in ¢c.m., |§§m | = |§im ! , and (2) and (4) yield

2 2
L N IS

di 2 dt 2
(8m) ® 6417‘_P.§m| s

The normalization is such that the optical theorem reads

m Mg = 2P N5 0,

an

1

= (pa . pb)

The choice of Eq. (1) implies a particular normalization of any spinors that m-ay occur in M.

of this normalization is that it greatly simplifies the structure of oM by putting factors such as

= (‘Ei' ﬁl)] B

1. .4 4 1 :
-—:)—56 (p—pi—pz—p3)d P 335 dsizdsz?’dadcosﬁdy,

(1)

(2)

(3)

(4)

(5)

(6)

(7

The advantage
1

@n)’

into the phase space where they really belong. In addition, the labels, i,f, refer to specific spin (helicity)

states, so that the usual ""average and sum' rule is implicit.

2E
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM

E _dE = m_dT = m Vv dP. *m dP,
cm  cm p ~beam p beam = beam p beam
PBEAM —--=m C. M. ENERGY=wwu-n ~MOMENTUM IN C. M.- PBEAM  ~~—-=m C. M. ENERGY-=-un -MOMENTUM IN C. M.- PBEAM we=wn C. M. ENERGY--—-m -MOMENTUM IN C. M.-
(GEV/C) (GEV) (GEV/C) (GEV/C) (GEV) (GEV/C) (GEV/C) (GEV) (GEV/C
'V 'V V] V] V) Y

VP wr xe ep ¥ e ke pp TP e xe pe P e ke ep Bex? e oxe o "SSP xe e
0.00 .938 1.078 1.432 1.877 .000 .000 .000 .000 1.70 2.018 2.025 2.109 2.325 .791 .788 .756 .686 17.5 5.807 5.809 5.829 5.886 2.83 2.83 2.82 2.79
0.02 .958 1.079 1.432 1.877 .020 .017 .013 .010 1.72 2.027 2.034 2.117 2.332 .796 .793 .762 .692 18.0 5.887 5.889 5.909 5.965 2.87 2.87 2.86 2.83
0.04  .977 1.083 1.433 1.877 .038 .035 .026 .020 1.74 2.036 2.043 2.126 2.339 .802 .799 .768 .698 18.5 5.966 5.968 5,988 6.043 2.91 2.91 2.90 2.87
0.06 .996 1.089 1.434 1.878 .056 .052 .039 .030 1.76 2.085 2.053 2.134 2.346 .807 .805 .774 .704 19.0 6.044 6.046 6.066 6.120 2.95 2.95 2.94 2.91
0.08 1.015 1.096 1.436 1.878 .074 .068 .052 .040 1.78 2.054 2.062 2.143 2.353 .813 .810 .780 .710 19.5 6.122 6.123 6.142 6.196 2.99 2.99 2.98 2.95
0.10 1.033 1.105 1.439 1.879 .091 .085 .065 .050 1.80 2.064 2.071 2.151 2.360 .818 .B16 .785 .716 20 6.198 6.199 6.218 6.272 3.03 3.03 3.02 2.99
0.12 1.051 1.116 1.441 1.880 .107 .t0)1 .078 .060 1.82 2.073 2.080 2.159 2.367 .824 .821 .791 .721 21 6.347 6.349 6.367 6.419 3.10 3.10 3.09 3.07
0.14 1,069 1.127 1.445 1.882 .123 .117 .091 .070 1.84 2.082 2.089 2.168 2.374 .829 .827 .796 .727 22 6.493 6.495 6.513 6.564 3.18 3.18 3.17 3.14
0.16 1.087 1.139 1.448 1.883 .138 .132 .104 .080 1.86 2.091 2.098 2.176 2.381 .835 .832 .B02 .733 23 6.636 6.638 6.655 6.705 3.25 3.25 3.24 3.22
0.18 1.104 1.152 1.453 1.885 .153 .147 .116 .090 1,88 2.100 2.107 2.184 2.388 .840 .837 .808 .739 2k 6.776 6.778 6.795 6.843 3.32 3.32 3.31 3.29
0.20 1.121 1.165 1.457 1.887 .167 .161 .129 .099 1.90 2.109 2.115 2.193 2.395 .845 .843 .813 .744 25 6.913 6.915 6.932 6.979 3.39 3.39 3.38 3.36
0.22 1.137 1.178 1.462 1.889 .182 .175 .141 .109 1,92 2.117 2.124 2,201 2.802 .851 .848 .819 .750 26 7.048 7.049 7.066 7.112 3.46 3.46 3.45 3.43
0.24 1.154 1.192 1.468 1.892 .195 .189 .153 .119 1.94 2,126 2.133 2.209 2.409 .856 .853 .824 .756 27 7.180 7.181 7.197 7.243 3.53 3.53 3.52 3.50
0.26 1.170 1.206 1.473 1.894 .209 .202 .166 .129 1.96 2.135 2.142 2.217 2.416 .861 .859 .829 .761 28 7.309 7.311 7.326 7.371 3.59 3.59 3.59 3.56
0.28 1.186 1.219 1.480 1.897 .222 .215 .178 .138 1.98 2.14b 2,151 2.226 2.423 .867 .864 .835 .767 29 7.436 7.438 7.453 7.497 3.66 3.66 3.65 3.63
0.30 1.201 1.233 1.486 1.900 .234 .228 .189 .148 2.0 2.153 2.159 2.234 2,430 .872 .869 .840 .772 30 7.562 7.563 7.578 7.621 3.72 3.72 3.71 3.69
0.32 1.217 1.287 1.493 1.903 .287 .241 .201 .158 2.1 2.196 2.202 2.274 2.465 .897 .895 .866 .799 31 7.685 7.686 7.701 7.743 3.79 3.78 3.78 3.76
0.34 1,232 1.261 1,500 1.906 .259 .253 .213 .167 2.2 2.238 2.244 2,314 2.500 .922 .920 .892 .826 32 7.806 7.807 7.822 7.864 3.85 3.85 3.84 3.82
0.36 1.247 1.275 1.507 1.910 .271 .265 .224 .177 2.3 2.280 2.286 2.353 2.534% .947 .944 .917 .852 33 7.925 7.926 7.941 7.982 3.91 3.91 3.90 3.88
0.38 1,262 1.288 1.514 1.913 .282 .277 .235 .186 2.4 2.320 2.326 2.392 2.568 .970 .968 .941 .877 34 8.043 B8.044 8.058 8.099 3.97 3.97 3.96 3.94
0.40 1.277 1.302 1.522 1.917 .294 .288 247 .196 2.5 2.360 2.366 2.430 2.602 .994 .991 .965 .901 35 8.158 8,160 8.174 8,214 4.03 4.02 4,02 4.00
0.42 1.292 1.315 1.530 1.921 .305 .300 .258 .205 2.6 2.400 2.805 2.468 2.636 1.02 1,01 .989 .926 36 8.273 8.274 8.288 8,327 4.08 4.08 4.08 4.06
0.44 1,306 1.329 1.538 1.925 .316 .311 .268 .214 2.7 2.439 2.444 2.505 2.669 1.04 1.04 1.01 .949 37 8.385 8,386 8.400 8.439 4.14 4,14 4,13 4.1
0.46 1,320 1.342 1.586 1.929 .327 .322 .279 .224 2.8 2.477 2.482 2,542 2.702 1.06 1.06 1.03 .972 38 8.396 8.498 8.511 8,549 4.20 4.20 4.19 4.17
0.48 1.335 1.356 1.554 1.934 .337 .332 .290 .233 2.9 2.514 2.520 2.578 2,735 1.08 1.08 1.06 .995 39 8.606 8.607 8.621 8.658 4.25 4.25 4.24 4.23
0.50 1.349 1.369 1.563 1.938 .348 .343 .300 .242 3.0 2.551 2.556 2.613 2.768 1.10 1.10 1.08 1.02 40 8.715 8.716 8.729 8.766 4.31 4.31 4,30 4.28
0.52 1.362 1.382 1.571 1.943 .358 .353 .310 .251 3.1 2,588 2.593 2.649 2.800 1.12 1,12 1,10 1.04 41 8.822 8.823 8.836 8.872 4.36 4.36 4.35 4,34
0.54 1.376 1.395 1.580 1.947 .368 .363 .321 .260 3.2 2.624 2.629 2.683 2.832 1.14 1.14 1,12 1,06 42 8.927 8.928 8.941 8.978 4.41 4,41 4,41 4.39
0.56 1.390 1.408 1.589 1.952 .378 .373 .331 .269 3.3 2.660 2.664 2.718 2.863 1.16 1.16 1.14 1,08 43 9.032 9.033 9.046 9.081 4.47 4.47 4,46 4,44
0.58 1.403 1.421 1.598 1.957 .388 .383 .341 .278 3.8 2.695 2.699 2.752 2.895 1.18 1.18 1.16 1.10 44 9,135 9.136 9.149 9.184 4,52 4.52 4.51 .50
0.60 1.416 1.434 1,607 1.962 .397 .393 .350 .287 3.5 2.729 2.734 2.785 2.926 1.20 1.20 1.18 1.12 45 9,237 9.238 9.251 9.286 4.57 4.57 4.56 4.55
0.62 1.430 1.447 1.616 1.968 .407 .402 .360 .296 3.6 2,763 2.768 2.818 2.957 1.22 1,22 1,20 1.14 46 9.338 9.339 9.352 9.386 4.62 4.62 4.62 4.60
0.64 1.443 1.459 1.625 1.973 .416 .412 .370 .304 3.7 2.797 2.801 2.851 2.987 1.24 1.24 1.22 1.16 47 9.438 9.439 9.451 9.486 U4.67 4.67 4.67 4.65
0.66 1.456 1.472 1,634 1.978 .u25 .421 .379 .313 3.8 2.830 2.835 2.884 3.018 1.26 1.26 1.24 1,18 48 9.537 9.538 9.550 9.584 4.72 4.72 4.72 4.70
0.68 1,468 1.484 1,643 1.984 .u34 .430 .388 .322 3.9 2.863 2.86B 2.916 3.048 1.28 1.28 1.26 1.20 49 9.635 9.636 9.648 9.681 4.77 4.77 4.77 4.75
0.70 1,481 1.496 1,653 1.989 443 .439 .397 .330 4.0 2.896 2.900 2.947 3.077 1.30 1.29 1.27 1.22 50 9.732 9.733 9.745 9.778 4.82 4.82 4.81 4.80
0.72 1.494 1.509 1.662 1.995 .452 448 806 .339 4.4 2.928 2.932 2.979 3.107 1.31 1.31 1.29 1.24 52 9.923 9.924 9.935 9.968 4.92 4.92 4.91 4.89
0.74 1.506 1.521 1.671 2.001 .461 .457 .415 .347 4.2 2.960 2.964 3.010 3.136 1.33 1.33 1.31 1.26 54 10,11 10,11 10.12 10.15 5.01 5.01 5.01 4.99
0.76 1.519 1.533 1.681 2.007 .470 .465 .424 .355 4.3 2.992 2.996 3.041 3.165 1.35 1.35 1.33 1.27 56 10.29 10.30 10.31 10.34 5,10 5.10 5.10 5.08
0.78 1.531 1.545 1,690 2.013 .478 .474 3 .364 4.4 3.023 3.027 3.07t 3.19% 1.37 1.36 1.34 1.29 58 10.47 10.48 10.49 10.52 5.20 5.19 5.19 5.17
0.80 1.543 1.557 1.699 2.019 .486 .482 .4u2 .372 4.5 3.054 3.058 3.101 3.223 1.38 1.38 1.36 1.31 60 10.65 10.65 10.66 10.69 5.28 5.28 5.28 5.26
0.82 1.555 1.569 1.709 2.025 .495 .490 .450 .380 4.6 3.084 3.088 3.131 3.251 1.40 1.30 1.38 1.33 62 10.83 10.83 10.84 10.87 5.37 5.37 5.37 5.35
0.84 1,567 1.580 1.718 2.031 .503 .499 .459 .388 4.7 3,115 3.118 3.161 3.279 1.42 1.41 1,40 1.34 64 11.00 11.00 11.01 11.04 5.46 5.46 5,45 5,44
0.86 1.579 1.592 1.728 2.037 .511 .507 .467 .396 4.8 3.14h 3.148 3.190 3.307 1.43 1.43 1.41 1.36 66 11.17 11.17 11.18 11.21 5,54 5,54 5,54 5,53
0.88 1.591 1.604 1.737 2.083 .519 .515 .475 404 4.9 3.174 3.178 3.220 3.335 1.45 1.45 1.43 1.38 68 11.34 11.34 11.35 11.37 5.63 5.63 5.62 5.61
0.90 1.603 1.615 1.747 2.050 .527 .523 .484 412 5.0 3.204 3.207 3.248 3.363 1.46 1.46 1.44 1.40 70 11.50 11.50 11.51 11.54 5.71 5.71 5.71 5.69
0.92 1.615 1.627 1.756 2.056 .535 .53 .492 .420 5.2 3.262 3.265 3.305 3.417 1.50 1.49 1.48 1.43 72 11.66 11.66 11.67 11,70 5.79 5.79 5.79 5.77
0.9% 1.626 1.638 1.765 2.062 .542 .538 .500 .428 5.4 3.319 3.322 3.362 3.471 1.53 1.53 1.51 1.46 74 11.82 11.82 11,83 11.86 5.87 5.87 5,87 5.85
0.96 1.638 1.649 1.775 2.069 .550 .546 .508 .435 5.6 3.375 3.378 3.417 3.524 1.56 1.56 1.54 1.49 76 11.98 11.98 11.99 12.02 5.95 5.95 5.95 5.93
0.98 1.649 1.661 1.784 2.075 .558 .554 .515 3 5.8 3.430 3.833 3.471 3.576 1.59 1.59 1.57 1.52 78 12,13 12,34 12,704 12,17 6.03 6.03 6.03 6.01
1.00 1.660 1.672 1.794 2.082 .565 .5671 .523 .451 6.0 3.484 3,487 3.524 3.627 1.62 1.61 1.60 1.55 80 12.29 12.29 12.30 12.32 6.11 6.11 6.10 6.09
1.02 1.672 1.683 1.803 2.088 .573 .569 .531 .458 6.2 3.538 3.541 3.577 3.678 1.64 1.64 1.63 1.58 82 12.44 12.44 12.45 12.48 6.18 6.18 6.18 6.17
1.04 1.683 1.694 1,812 2.095 .580 .576 .538 .466 6.4 3.590 3.593 3.629 3.728 1.67 1.67 1.65 1.61 84 12,59 12.59 12.60 12.63 6.26 6.26 6.26 6.24
1.06 1.694 1.705 1.822 2.102 .587 .583 .546 .473 6.6 3.642 3.645 3.680 3.778 1.70 1.70 1.68 1.64 86 12.74 12,74 12,75 12.77 6.33 6.33 6.33 6.32
1.08 1.705 1.716 1.831 2.108 .594 .591 .553 .481 6.8 3.693 3.696 3.731 3.827 1.73 1.73 1.71 1.67 88 12.88 12.89 12.89 12.92 6.41 6.41 6.40 6.39
1,10 1.716 1.726 1.840 2.115 .601 .598 .561 .488 7.0 3.744 3.747 3.781 3.875 1.75 1.75 1.74 1.70 90 13.03 13.03 13.04 13.06 6.48 6.48 6.48 6.46
1.12  1.727 1.737 1.850 2.122 .609 .605 .568 .495 7.2 3.79% 3.797 3.830 3.923 1.78 1.78 1.76 1.72 92 13.17 13.17 13.18 13.21 6.55 6.55 6.55 6.54
1.14 1,738 1.748 1.859 2.129 .616 .612 .575 .502 7.4 3.843 3.846 3.878 3.970 1.81 1.81 1.79 1.75 94 13.3) 13.32 13.32 13.35 6.62 6.62 6.62 6.61
1.16 1,748 1.759 1.868 2.136 .622 .619 .583 .510 7.6 3.891 3.894 3.926 L.016 1.83 1.83 1.82 1.78 96 13.85 13.46 13.46 13.49 6.69 6.69 6.69 6.68
1.18 1.759 1.769 1.877 2.142 629 .626 .590 .517 7.8 3.939 3.942 3.974 4,062 1.86 1.86 1.84 1.80 98 13.59 13.59 13.60 13.63 6.76 6.76 6.76 6.75
1,20 1.770 1.780 1.887 2.149 .636 .633 .597 .524 8.0 3.987 3.989 4.021 4.108 1.88 1.88 1.87 1.83 100 13.73 13.73 13.74 13.76 6.83 6.83 6.83 6.82
1.22 1.780 1.790 1.896 2.156 .643 .639 .604 .531 8.2 4.033 4.036 4.067 4.153 1.97 1.91 1,89 1.85 150 16.80 16.80 16.81 16.83 8.38 8.38 8.37 8.36
1.24 1,791 1.800 1.905 2.163 .650 .646 .611 .538 8.4 4.080 4.082 4.113 4,198 1.93 1.93 1.92 1.88 200 19.40 19.40 19.40 19.42 9.68 9.67 9.67 9.66
1.26 1.801 1.811 1.914 2.170 .656 .653 .618 .5u5 8.6 4.125 4.128 4.158 4.242 1.96 1.95 1.94 1.90 250 21.68 21.68 21.69 21.70 10.8 10.8 10.8 10.8
1.28 1.812 1.821 1.923 2.177 .663 .660 .624 .552 8.8 4.171 4.173 4.203 4.286 1.98 1.98 1.96 1.93 300 23.75 23.75 23.75 23.76 11.9 11.9 11.9 11.8
1.30 1.822 1.831 1.932 2.184 .669 .666 .631 .559 9.0 4.215 4,218 4.247 4.329 2.00 2.00 1.99 1.95 350 25.65 25.65 25.65 25.66 12.8 12.8 12.8 12.8
1.32 1.832 1.841 1.941 2.191 .676 .673 .638 .565 9.2 4,260 4.262 4.291 4.372 2.03 2.03 2.01 1.97 400 27.41 27.41 27.42 27.43 13.7 13.7 13.7 13.7
1.34 1.843 1.851 1.950 2.198 .682 .679 .645 .572 9.4 4.303 4.306 4.335 4,415 2.05 2.05 2.03 2.00 450 29.07 29.07 29.08 29.09 14.5 14.5 14,5 14.5
1.36 1.853 1.862 1.959 2.205 9 .685 .651 .579 9.6 4.347 4.349 4,378 4.457 2.07 2.07 2.06 2.02 500 30.65 30.65 30.65 30.66 15.3 15.3 15.3 15.3
1.38 1.863 1.872 1.968 2.212 .695 .692 .658 .585 9.8 4.390 4,392 u4.420 4.498 2.09 2.09 2.08 2.04 550 32,14 32.14 32.14 32.15 16.1 16.1 16.1 16.0
1.40 1.873 1.882 1.977 2.219 .701 .698 .664 .592 10.0 4.432 4.435 4,462 4.540 2.12 2.12 2.10 2.07 600 33.57 33.57 33.57 33.58 16.8 16.8 16.8 16.8
1.42 1.883 1.891 1.986 2.226 .708 .704 .671 .599 10.5 4.537 4.539 4,566 4.641 2.17 2.17 2.16 2.12 650 34.94 34.94 38,94 3h.95 17.5 17.5 17.5 17.4
1.44  1.893 1.901 1.995 2.233 .714 .711 677 .605 11.0 4.639 4.642 4.668 4.741 2.22 2.22 2.21 2.18 700 36.26 36.26 36.26 36.27 18.1 18.1 18.1 18.1
1,46 1.903 1.911 2,004 2.240 .720 .717 .684 .612 11.5 4,739 8.742 4.767 4.839 2.28 2.28 2.26 2.23 750 37.53 37.53 37.53 37.54 18.8 18.8 18.8 18.7
1.48 1.913 1.921 2.013 2.247 .726 .723 .690 .618 12.0 4.837 4.839 4.864 4.938 2.33 2.33 2.31 2.28 800 38.76 38.76 38.76 38.77 19.4 19.4 19.4 19.4
1.50 1.922 1.931 2,022 2.254 .732 .729 .696 .624 12.5 4.933 4.935 4.960 5.028 2.38 2.38 2.36 2.33 850 39.95 39.95 39.95 39.96 20.0 20.0 20.0 20.0
1.52  1.932 1.9480 2.031 2.261 .738 .735 .702 .631 13.0 5.027 5.030 5.053 5.120 2.43 2.43 2.41 2.38 900 41,11 41,11 41,11 ¥1.12 20.5 20.5 20.5 20.5
1.54 1,942 1.950 2.039 2.268 .744 741 ,709 .637 13.5 5.120 5.122 5.145 5.211 2.47 2.47 2.46 2.43 950 42.23 42.23 42.24 42.24 21.1 21.1 21,1 1.1

1.56 1.951 1.959 2.088 2.275 .750 .747 .715 .643 14,0 5.211 5.213 5.236 5.300 2.52 2.52 2.51 2.48
1.8 1.961 1.969 2.057 2.282 .756 .753 .721 .650 14.5 5,300 5.302 5.324 5,388 2.57 2.57 2.56 2.53 1000 43.33 43.33 43.33 43.3% 21.7 21.7 21.7 21.6
2000 61.27 61.27 61.27 61.28 30.6 30.6 30.6 30.6
1.60 1.970 1.978 2.065 2.289 .762 .759 .727 .656 15.0 5.388 5.390 5.412 5,474 2.61 2.61 2.60 2.57 5000 96.87 96.87 96.87 96.87 48.4 uB. 4 48.4 48.4
1.62 1.980 1.988 2.074 2.296 .768 .765 .733 .662 15.5 5.474 5.476 5.498 5.559 2.66 2.66 2.65 2.62 10000 137.0 137.0 137.0 137.0 68.5 68.5 68.5 68.5
1.64 1.989 1.997 2.083 2.30% .773 .770 .739 .668 16.0 5.559 5.561 5.582 5.642 2.70 2.70 2.69 2.66 20000 193.7 193.7 193.7 193.7 96.9 96.9 96.9 96.9

1,66 1.999 2,006 2.091 2.311 .779 .776 .745 .674 16.5 5.643 5.645 5.666 5.725 2.74 2.74 2.73 2.70
1.68 2,008 2.016 2.100 2.318 .785 .782 .751 .680 7.0 5.726 5.727 5.748 5.806 2.79 2.79 2.78 2.75 50000 306.3 306.3 306.3 306.3 153 153 153 153
100000 433.2 433.2 433.2 833.2 217 217 2171 217
200000 612.6 612.6 612.6 612.6 306 306 306 306
500000 968.6 968.6 968.6 968.6 484 484 U484 L84
1000000 1370 1370 1370 1370 685 685 685 685
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PROBABILITY AND STATISTICS

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS

We give here properties of the three probability distributions
most commonly used in high energy physics: Normal (or
Gaussian), Chi-squared, and Poisson. We warn the reader that
there is no universal convention for the term " confidence level"

as used by physicists; thus, explicit definitions are given for
each distribution, and we have attempted to choose definitions
that correspond to common usage. It is explained below how
confidence levels for all three distributions can be extracted
from the following figure.

x2 Confidence Level vs. x2 for np Degrees of Freedom
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X2 (or X2 x 100 for—— ).

Al

The normal distribution with mean X and standard deviation ¢
(variance ¢¢) is:

The confidence level associated with an observed deviation from

the

by the ordinate of the n
The confidence level for & = 1¢ is 31.7%; 20, 4.6%; 30, 0.3%.
The central confidence interval, 1-CL, (which is also some-~

times called confidence level) for & = 1¢ is 68.3%; 20, 95.4%;

30,

b = 10 are 2.15:1; 20, 21:%1; 3¢, 370:1; 40, 16,000:1; 50,
1,700,000:1.

width: probable error (CL = 0.5 deviation) = 0.670; mean ab-
solute deviation

maximum = 1.18¢.

A2,
The

Normal Distribution

1
NZno

2 2
P(x)dx e-(x-x) /20 dx.

(1)

mean, &, is the probability that lx—)_c| > 6, i.e.,

[

CL = zj dx P(x) (2)
%46

-

o]
[ The small figure in Eq. (2) is drawn with § = 2¢.] CL is given

20

o

= 1 curve in the figure at x¢=(6/0)2.
99.7%. The odds against exceeding §, (1-CL)/CL, for

Relations between ¢ and other measures of the

0.80 0 ; RMS deviation = ¢; half width at half

Chi-squared Distribution

chi-squared distribution for ny degrees of freedom is:

2
-1 - 2, 2 2
P a5 (P TeX 12442 (2=, (3)
“p 2°T (h)
where h (for "half'') = n /2. The mean and variance are np
and 2n_,, respectively. B evaluating Eq.

(3) one ma}r us
Stirling's approximation: I'(h) = (h-1)! = 2.507 e-h ni{h-1/2)

(1 + 0.0833/h) which is accurate to  0.1% for all h= 1/2. The
confidence level associated with a given value of np and an ob-

served value of XZ is the probability of chi-squared exceeding
the observed value, i.e.,

Pay
)
2 2
CL =" dxy " P_ (x7)
2 n
jX D

o}

5
[ The small figure in Eq. (4) is drawn with n

CL is plotted as a function of x“ for several values of n
above figure.

about n.  Thus,

10
=5and CL=10%.]

in the
For large npy, X “ becomes normally distributed

2
¥y = & - np)/NZnp (5)
becomes normally distributed with unit standard deviation. A
better approximation, due to Fisher, ! is that X » not xz, becomes
normally distributed, specifically

Y, = W - ZnD—i (6)

approaches normality with unit standard deviation. For small
CL's in particular, yp is much more accurate than y{. Thus,
for np =50 and x © = 80, the true CL = 0.45%, but vy is 3.0 cor-

responding to a CL of 0.13% , while y, is 2.7 correspording to a
CL of 0.35%.
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A.3.

The Poisson distribution with mean n is:

Poisson Distribution

My
Pﬁ(n):T n=0,1,2,-++}. (7)
The variance is equal to the mean. Confidence levels for Poisson
distributions are usually defined in terms of quantities called
"upper limits" as follows: The confidence level associated with
a given upper limit N and an observed value nj of n is the proba-
bility that n > ny if i = N, i.e.,

w cL
CL= % P (n) "
n=n,+1 N .
o o
‘n 1-CL
=1- 2 P ) — -8
n=0 Py |
} [ L ! Ly t n
o} 4N 8 12

[ The small figure in Eq. (8) is drawn with ny = 2 and CL = 90%.]
A useful relation between Poisson and chi-squared confidence
levels allows one to look up this quantity on the above figure.
Specifically, the quantitg 1-CL is given by the ordinate of the

np = 2(n0+i) curve at x¢ = 2N. Thus, 90% confidence level up-
per limits for ng = 0, 4, and 2 are given by half the x2 value cor-
responding to an ordinate of 0.1 on the npy = 2,4, and 6 curves,
respectively; the values are N = 2.3, 3.9, and 5.3.

Tables of confidence levels for all three of these distributions,
the relation between Poisson and chi-squared confidence levels,
and numerous other useful tables and relations may be found in
Ref. 2.

B. STATISTICS

We consider here the situation in which one is presented with N
independent data, y, *0p, and it is desired to make some
inference about the ''true' value of the quantity represented by
these data. For this purpose we interpret each datum y, as a
single sample point drawn randomly (and independently of the
other data) from a distribution having mean y,, (which we wish to
estimate) and variance ¢g2. (Identification of aqe true 0y with the
0, datum is an approximation which may become seriously inac-
curate when ¢,, is an appreciable fraction of y,. ) Some methods
of estimation commonly used in high energy physics are given
below; see Ref. 3 for numerous applications. Section B.1. deals
with the case in which all ¥, are the same, e.g., several differ-
ent measurements of the same quantity; Sec. B.2. deals with the
case in which ¥, = ¥(x,), where x, represents some set of inde-
pendent variables, e.g., cross-section measurements at various
values of energy and angle, x,, ={E_, 6.}

B.1. Single Mean and Variance Estimates

(1) If the Ypn represent a set of values all suppogedly drawn from
a single distribution with mean ¥ and variance ¢“ (i. e., the o, are
all the same, but their common value is unknown) then

1
Vo= R EV, ond ©

i

2 1 — 2 _ N -3 =2
% * N1 % (yn - ye) T ON-1 [(y >e T Ye (10)
are unbiased estimates of ¥ and 02. The variance of ¥_ is OZ/N.

If the parent distribution is normal and N is large, the Variance of
02 is 2g%/N.

(2) If the ¥n 21l have the common value ¥ and the 0y are known,
then the weighted average

- _ 1
Ve ™ w E Ya¥n (11)
where w_ = 1/02 and w =Zw,, is an approprviate unbiased esti-

mate. of This choice of weighting factors in Eq. (11) minimizes
the variance of the estimate; theé variance is 1/w.

B.2. Linear Least Squares Fit

A least squares fit of the function y(x) = Z; a; f;(x) to independent
data yp * 0, at points x, (e.g., a Legendre fit in which the f; are
Legendre polynomials and the a; are Legendre coefficients) gives

the following estimates of the parameters a;:
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2
= . 12
ae,i. j?n Vij fj(xn) yn/an 12)
Here V is the covariance matrix of the fitted parameters
= -a s -8, L), 13
vij (ae,i ae,l) (ae,J e,)) 13)
which is given by
-1, 2
(V7 =g e )/ (14)

The variance of an interpolated or extrapolated value of y at point
X, Ve :Eae,ifi(x)' is:

o~ 2 _
(g - F) = f} Vi G () - (15)
For the case of a straight line fit, y(x) = a + bx, one obtains the
following estimates of a and b,

a =(S S.__ -8 S )/D,
e Yy XX X Xy (16)
b, = (S, sxy - S, Sy)/D,
where
S,,8.,8,S .S =T, x,y., x5 x y oo (17)
1’ "x' Sy’ Txx’ “xy » ¥ Yn' *n *nVn!On
D=S,S,_ -82.
1 xx X
The covariance matrix of the fitted parameters is: °
Vaa Vap Sex 8¢
v =1 (18)
Vab Veb/ DPYSc &

The variance of an interpolated or extrapolated value of y at point
x is:

2
( —)2-1+S_1. x_s_x
Ye " Ye -S‘1 D S1

C. ERROR PROPAGATION

(19)

We consider here the situation in which ohe wishes to calculate
the value and error of a function of some other quantities with
errors, e.g., in a Monte Carlo program. ‘Let {y} be a set of
random variables with means {¥} and covariance matrix V.
Then the mean and variance of a function of these variables are
approximately (to second order in {y-¥} ):

- 1 8%
f=f({y})+ fr?m an aymayn (v} ={7}’
=2 of 0;
T i) o )
{y}= {3} iy} = {7}

E.g., the mean and variance of a function of a single variable
with mean ¥ and variance ¢“ are:

(20)

(21)

T~ () + 50T, (22)

€ -5 =ofr@’. (23)

Note that these equations will usually be applied by substituting

some measured quantities, {J} say, for the true means, {¥}. If,
as is often the case, ¥, - ¥, is of order N V. then there i.s no
point in keeping the second order terms in Eq. (20) or (22) since
the substitution itself introduces first order errors.

1. R. A. Fisher, Statistical Methods for Research Workers
(Oliver and Boyd, Edinburgh and London, 1958). :

2. M. Abramowitz and I. Stegun, eds., Handbook of
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3. W. T. Eadie, D. Drijard, F. E. James, M. Roos, and
B..Sadoulet, Statistical Methods in Experimental Physics
(North-Holland, Amsterdam and London, 1971).

Revised and expanded April 1974,
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PARTICLE DETECTORS, ABSORBERS, AND RANGES*

A. DETECTOR PARAMETERS

In this section we give various parameters for common detectors. The
quoted numbers represent at best an order of magnitude, and are useful
only for preliminary design. A more detailed introduction to detectors
can be found in *‘A Consumer’s Guide to Particle Detectors,” by D.J.
Miller, Rutherford Lab Report RL-76-072, July 1976.

A.1 Scintillators: Photon yield = 1v/100 eV in plastic scintillator! and
2 1v/25 eV in Nal.1,2

A.2 Cerenkov:? Half-angle §, of ‘cone aperture in terms of velocity 8 and
index of refraction n:

oomween ()= [ -] ]
. = arc cos /3—11 ~ 12 l_ﬂ—n .

1-8,2.

Therefore, 8y, = 1/ V25 + 82, where & = n-1. Values of é for various
commonly used gases are given as a function of pressure and wavelength
in Ref. 4; for values at atmospheric pressure, see the Table of Atomic
and Nuclear Properties, following.

Threshold velocity: 8, = 1/n; v, =1/

Number of photons, N, per cm:

=2 1_;]2‘1:&2 1 ___1 2rdy
cf[ gz )7 cﬂ!f PENERNR

= 500 sinzoc/cm (visible spectrum) .

A.3 Photon Collection: In addition to the photon yield, one should take
into account the light collection efficiency (<<10% for typical 1-cm-thick
scintillator), attenuation length (=1 to 4 m for typical scintillatorss),
and quantum efficiency of the photomultiplier cathode (<25%).

A.4 Typical Detector Characteristics:
. Resolution Dead

Detector Type Accuracy (rms) Time Time
Bubble chamber =+10to =+150p = 1ms =1/20 s%
Streamer chamber . +300n = 2 us =100 ms
Optical spark chamber i200yb = 2us = 10ms
Magnetostrictive

spark chamber +500u = 2us = 10 ms
Proportional chamber = +300u%9 = 50 ns ~200 ns
Drift chamber +50 to 300u &~ 2 ns® =100 ns
Scintillator - =150 ps =~ 10 ns
Emulsion *lu -- -

4 Multiple pulsing time.

b 60u for high pressure.

€ 300u is for 1 mm pitch.

d Delay line cathode readout can give +150u
parallel to anode wire.

€ For two chambers.

A.5 Shower Detectors: Typical energy resolutions (FWHM) for
incident electron in the 1 GeV range, E in GeV. For a fixed number of
radiation lengths, FWHM in the last three detectors would be expected to

be proportional to \ft for t (= plate thickness) = 0.2 radiation lengths.6
Nal (20 rad. lengths):? —2-
El /4

10 - 12%
Lead Glass (14 rad. lengths):3 ——=22
& VE

Lead-Liquid Argon (15.75 rad. lengths):® 16%
(42 cells: 1.1 mm lead, 2 mm liquid argon, VE
2.3 mm lead-G10, 2 mm liquid argon)

Lead-Scintillator Sandwich (12.5 rad. lengths):9 17%
(66 cells: 1 mm lead, 5 mm scintillator) VE

Proportional Wire Shower Chamber (17 rad. lengths): 10 0%
(36 cells: 0.474 rad. length type-metal + Al, VE
9.5 mm 80% Ar - 20% CH, gas)

A.6. Proportional Chamber Wire Instablility: The limit on the voltage V
for a wire tension T, due to mechanical effects when the electrostatic
repulsion of adjacent wires exceeds the restoring force of wire tension, is
given byl!
STl /2
€C

where s, £ , and C are the wire spacing, length, and capacitance per unit
length. An approximation to C for chamber half-gap t and wire diameter
d (good fors <'t) gives12

12 | L4 s S ]
V < 59T [e*',re““[mi] ,

where V is in kV, and T is in grams.

A.7 Proportional and Drift Chamber Potentials: Potential distributions
and fields for an array of parallel line charges q (coul./m) along z and
located at y = 0, x = 0, +a, +2a,..., can usually be calculated -with good
accuracy from (MKSA):

V(x,y)=-zrq€-o- & {4 [sin2 [% ] + sinh? [l;y-] ] }

B. COSMIC RAY FLUXES

The fluxes of particles of different types depend on the latitude, their
energy, and the conditions of measurement. Some typical sea-level
values!3 for charged particles are given below:

A\

1 flux per unit solid angle about vertical

direction crossing unit horizontal area

J perpendicular component of total flux crossing
unit horizontal area from above

J tota] flux crossing unit horizontal area

2

Total Hard Soft

Intensity Component  Component
I, L1x102  08x102  0.3X102 cm2sec”! sterad”!
3, 1.8X102  1.3X102  0.5%102 cm2 sec”]
I, 24x102 17X102 0.7X1072 cm? sec”!

Very approximately, about 75% of all particles at sea-level are penetrat-
ing, and are muons. The absolute flux of protons at sea-level, in a
momentum range 700-1100 MeV/c, is 1.5X1075 e sec™! sterad™!, or
~0.1% of all particles.

The muon flux at sea-level has a mean energy of 2 GeV and a differential
spectrum falling as E~2, steepening smoothly to E~36 above a few TeV.
The angular distribution is cos26, changing to secf at energies above a
TeV, where 8 is the zenith angle at production. The +/- charge ratio is
1.25-1.30. The mean energy of muons originating in the atmosphere is
roughly 300 GeV at slant depths > a few hundred meters. Beyond slant
depths of ~10 km water-equivalent, the muons are due primarily to in-
the-earth neutrino interactions (roughly 1/8 interaction ton™1 ycar'1 for
E, > 300 MeV, ~ constant throughout the earth).l“ Muons from this
source arrive with a mean energy of 20 GeV, and have a flux of 2x10°13
em™2 sec™! sterad™! in the vertical direction and about twice that in the
horizomal,ls down at least as far as the deepest mines.

C.  PASSAGE OF PARTICLES THROUGH MATTER

C.1 Energy Loss Rates for Heavy Charged Projectiles: A heavy projec-
tile (much more massive than an electron) of charge Zince' incident at
speed Sc (8 >> 1/137) through a slowing medium, dissipates energy
principally via interactions with the electrons of the medium. The mean

rate of such energy loss per unit path length x may be written as:16

2
[E ] _ DZ ed Pmed [ Zine ]
dx  Jinc Amned 8

2me72ﬁ2c2 ] 2 5 c { }
X "“[—1—_ 7, (U
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where D = 41rNAre2mec2 = 0.3070 MeV cm2/g (see Physical and
Numerical Constants Table).

Hete Z, 4 and A, are the charge and mass numbers of the medium
and p_ 4 is the mass density of the medium; I, 8, C, and v are
~ phenomenological functions. Frequently, the values of 8, C, and » are

negligibly small; the parameter / characterizes the binding of the elec-
trons of the medium. As a rule of thumb, we may estimate 7 for an
idealized medium as / =~ 16 (Zmed)o'g eV when Z 4 > 1. For realis-
tic media the value of I will vary at the 10% level from this estimate; for
H,, I = 20.0 eV. We may approximately treat media which are chemi-
cal mixtures or compounds by computing

I [ & ]

dx = x J,’
with (dE/dx)  appropriate to the nt chem:cal constuuent (usmg Pm (“ as
the partial densny in the formula for dE/dx)

The function & represents the density effect upon the energy loss rate; it
is non-negligible only for highly relativistic projectiles in denser
media.'8 For ultra-relativistic projectiles, 6 approaches 2 #ny + con-
stant, where the value of the constant depends upon the density of the
medium as well as its chemical composition.

The function C represents shell corrections to the energy loss rate. 1
These effects are non-negligible only for projectiles with speeds not much
faster than the speeds of the fastest electrons bound in the medium.

The function v represents corrections due to higher-order electrodynam-
cs.1% These effects become important when |Z; /8| is comparable to
137. For relativistic unit-charge projectiles, |»| is of the order of 1%;
positively charged 1projectiles lose energy more rapidly than do their
charge conjugates. . .

For non-relativistic projectiles, our formulae above are inapplicable. At
the very slowest speeds, total energy loss rates are believed to be propor-
tional to 8, rising through a peak at projectile speeds comparable to
atomic speeds, after having passed through a smaller peak (due to elastic
Coutomb collisions with the nuclei of the slowing medium?!) at inter-
mediate speeds. In some cases, energy loss rates depend significantly
upon the relation of the grOJecnIe trajectory to the crystalline structure
of the slowing medium.2

For relativistic projectiles, (dE/dx), . falls rapidly with increasing 8
until reaching a minimum around 8 = 0.96 (almost independent of
medium), followed by a slow rise. Because of the density effect, the
quantity in square brackets approaches Zny + constant for large ¥.

The quantity (dE/dx),,6x is the mean total energy loss via interactions
with electrons of the medium in a layer of thickness 6x. For any finite
ox, Poisson fluctuations can cause the actual energy loss to deviate from
the mean. For thin layers, the distribution is broad and skewed, being
peaked below (dE/dx)éx, and having a long tail toward large energy
losses.23 Only for a very thick layer [(dE/dx)éx >> 2m %y%c?] will the
distribution of energy losses become nearly Gaussian. The large fluctua-
tions of the total energy loss rate from the mean are due to a small
number of collisions involving large energy transfers. The fluctuations
are greatly reduced for the so-called restricted energy loss rate, described
in Section C.4.

C.2 Ionization Yields: Physicists frequently relate total energy loss to
the number of ion pairs produced in the stopping medium. This relation
becomes complicated for relativistic projectiles due to the wandering of
energetic knock-on electrons whose ranges exceed the dimensions of the
fiducial volume. For a qualitative appraisal of the non-locality of energy
deposition by such modestly energetic knock-on electrons in various
media, see Ref. 24. The mean energy loss per ion pair produced, W, is
essentially constant for relativistic projectiles, but increases at slow pro-
jectile speeds.25 The numerical value of W for gases can be surprisingly
sensitive to trace amounts of various contaminants.2> Of course, in addi-
tion to the preceding effects, practical ionization yields may be greatly
influenced by subsequent recombinations, etc. 26

C.3 Energetic Knock-On Electrons: For a relativistic spinless point-
charge projectile, the production of high energy (kinetic energy T >> I)
electrons is given by (neglecting the spin of the electron):

2
d’N _ lD Zined [ Zine ] ’ l_
dTdx 2 Aned 8 med 2

for] <T= me , where
2m 32
T =
max 2
m m
1+2y—— + <
M; Minc

M;, is the mass of the incident projectile, and all other quantities are as
in Section C.1. This formula does not differ significantly from the pre-
cise result, incorporating spin effects, for any projectile (including ¢¥)
in the restricted range / << T << T x More accurate formulae are
available for various projectiles.2”-28 Our formula is inaccurate for T
close to I; for 21 < T < 101, the 1 /T2 dependence above becomes =~ T
with3 <9 < 5.2

C.4 Rates of Restricted Energy Loss for Relativistic Charged Projectiles:
The variability of energy loss for heavy projectiles is due primarily to the
variability in the production of energetic knock-on electrons.
Bremsstrahlung and pair-production processes make this variability even
greater for electrons than for heavy particles as projectiles (see, e.g., the
figure *‘Fractional Energy Loss for et and ¢~ in Lead,” following). If
an instrument, such as a bubble chamber, is capable of isolating these
high-energy-loss interactions, then it is appropriate to consider the rate
of energy loss excluding them, i.e., a restricted energy loss rate. The
mean energy loss rate via all collisions which have energy transfer T
such that T < B, << Ty, is:16

2
[g& ] _ lD ZinedPmed [ Zine ]
dx =E;.x 2 Anned 8
E T
x . [ ‘max * max }—ﬂz-é- 2C
I Z

Notice the overall factor of 1/2.

The density effect causes the restricted energy loss rate to approach a
constant, the Fermi plateau value, for the fastest projectiles.

C.5 Multiple Scattering through Small Angles: As a charged particle
traverses a medium it is deflected by many small-angle elastic scatter-
ings. The bulk of this deflection is due to elastic Coulomb scattering
from the nuclei within the medium, hence the usual identification as mul-
tiple Coulomb scattering (note, however, that strong interactions do con-
tribute to the total multiple scattering for hadronic projectiles). For
both Coulomb and strong interactions, the Central Limit Theorem pro-
vides little useful guidance in establishing the precise nature of the dis-
tribution of the total deflections resulting from multiple scattering. The
true distribution is roughly Gaussian only for small deflection angles
while it shows much greater probability for large-angle scatterings > a
few 6, see below, depending on absorber) than the Gaussian would sug-
gest. These tails on the distribution (a few % of peak height in the
region where the Gaussian part becomes negligible) are more pronounced
for hadrons than for muons as projectiles. The large-angle behavior of
these distributions is best estimated by computing the exact distribution
for the vectorial sum of the largest deflections based upon the true elastic
scattering cross section of the projectile against the medium, 30 or, when
applicable, by interpolation from tabular data.3! An easier alternative
which may suffice for non-critical applications would be to use a Gaus-
sian approximation with the following width:32

8. = L;‘;"'YZE Zinc\/L/_LR [ 10310 [L/LR ] ](radians),
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where p, 8, and Z, . are the momentum (in MeV/c), velocity, and charge
number of the incident particle, and L/Lg is the thickness, in radiation
lengths, of the scattering medium. Ly for certain materials is given in
the Table of Atomic and Nuclear Properties of Materials (following).
The angle, b, is a fit to Moliere3? theory, accurate to about 5% for 1073
< L/Lg < 10 except for very light elements or low velocity where the
error is about 10 to 20%. In this Gaussian approximation, 6 has the
meaning

1
b = op{ﬁse = T/‘; 0s;r)ran¢§c :

The non-projected (space) and projected (plane) angular distributions are
given approximately 0 by the Gaussian forms:

9.2
L exp |- 22 | g0,
26, 26,2

I’ 2
1 plane
exp | - de
V2r 6, 2002

where 0 is the deflection angle.

plane’

Other quantities are sometimes used to describe the amount of multiple
Coulomb scattering: the auxiliary quantities ¢

plane* Yplane® and sy, e
(see the figure) obey:

S 1
yp{:r'lse = W L opme '—\/_SMO ’
_ 1 _ 1
Ypiane = 75 fplane = %0
and ) 1
ms R
sp{ane - 43 L 0p{:n‘se - Y] L8y -

f

yplcme

N eplone

AN

All the quantitative estimates in this section apply only in the limit of

small ()p{a"l'fe and in the absence of large-angle scatters.

C.6 Longitudinal Distribution of Electromagnetic Showers: A photon of
energy E (GeV) = 0.1 GeV converting in a semi-infinite medium pro-
duces an electromagnetic cascade whose intensity initially increases with
depth and then falls off. The average number of e* with kinetic energy
above 1.5 MeV, crossing a plane at a depth of t radiation lengths from
the beginning of the medium, in a material of atomic number Z, calcu-
lated using the Monte Carlo program EGS,?? can be fit by the empirical
formula34

N = Nyt2e™®,
where Ny = 5.51 E VZ b**1/I(a+1) and b = 0.634 - 0.0021 Z. For Z
=26,a=20-2Z/340 + (0.664 - Z/340) tn E. For Z =13, a2 = 1.77
-0.52n E. The maximum intensity, N, ., occurs at the depth t =
a/b. The maximum error of the fit occurs in the vicinity of this depth

(-]

and is less than 0.15 N,,,.. The integral of the tail, f N dt is fit to

1.5 a/b
better than 2.5%. The total longitudinally-projected e* path length,
o0
f Ndt = 5.51 E VZ, is less than the total e* path length due primarily
0

to multiple Coulomb scattering.
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Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and

C indicated, using Bethe-Bloch equation (Section C.1 above) with corrections, Calculated using program of

Hans Bichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication), See also
Joseph F. Janni [Air Force Weapons Laboratory Technical Report Np, AFWIL-TR-65-150 (1966)]. The average
ionization potentials (I) assumed were: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates
total path length; observed range may be smaller (by ~ 1% - 2% in heavy elements) due to multiple scattering,
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally
verified to better than roughly 1% . For higher energies refer to discussion by Cobb ["A Study of Some Electro-
magnetic Interactions of High Velocity Particles with Matter,'" University of Oxford Report HEF/ T/55 (1973}
and by Turner ['Penetration of Chargeéd Particles in Matter: A Symposium', National Academy of Sciences,
Washington D, C. (1970), p. 48]. Scalmg to other beam particles is, to a good approximation, described by the
expression on the next page.
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Mean Range and Energy Loss in Liquid Hydrogen
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Range and energy loss in liquid hydrogen bubble chamber, based on Bethe-Bloch equation (Section C.1 above),
using an average ionization potential for Hy-of I=20.0 ev, which is an approximate average of the experi-
mental result of Garbincius and Hyman [Phys. Rev. A2, 1834 (1970)] and the theoretical result of Ford and
Browne {[Phys. Rev. A7, 418 (1973)}. Bubble chamber conditions are chosen to be those of Garbincius and
Hyman: K parahydrogen of density = 0.0625 g/cm3 (note: range = 1/density), with vapor-pressure 60.8.1b/:i.n»2
(absolute) and temperature 26.2°K. The functional dependence of the'Bethe-Bloch equation is not experi-
mentally verified to better than about %1% over large momentum ranges. It should be noted that the number
of bubbles per ¢m of a track in a bubble chamber is nearly proportional to l/B“, not dE/dx. _For the linear
portions of the range curves, R « p3 -6, _Scaling law for particles of other mass or charge (except electroms):
for a given medium, the range Ry, of any beam particle with mass Mb’ charge 2zj,, and momentum py, is given in
. terms of. the range R, of any other particle with mass M_, charge Zz,, and momentum pa = pr /My, (1 e.,
having the same veloc1ty) by the expression:

M
a

) : . Mb/
Rb(Mb’zb’pb) = [ 2/22 Ra(Ma’z'a’pa= PbMa/Mb)
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Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen

Mean range of electrons in the T (keV)
continuous-slowing-down approx-

imation, taking into account 'O‘ZI \'10 IO(’)
energy loss by collisions with b L) 4
atomic electrons and by brems- - /
strahlung; strong fluctuations y,
are to be expected for indi-
vidual tracks. 'This range is - - /
the total path length; the
"practical range" — a common
measure of straight-line pene-
tration distance - is shorter
because of multiple Coulomb
scattering, which becomes in-
creasingly important as the
electron slows down. E.g.,
for a fast electron the rms
projected angle due to multi-
ple Coulomb scattering reaches
1 radian by the time the elec-
tron has slowed to 0.4 MeV in
hydrogen, 1.5 MeV in carbon,

9 MeV in copper, and 24 MeV
(off scale) in lead. Electron
energy deposition and penetra-
tion probability vs. range are 7
discussed by L. V. Spencer, f A
"Energy Dissipation by Fast F N4 / e 'i“'
Electrons,” NBS Monograph #1, / 'I 1 47 4 : INERS S 1ol _
1959, and S. M. Seltzer, |Cf5 — i a7 iv . 10 2
"Transmission of Electrons 0.0l 0.1 | 10

through Foils," NBSIR 74, 457

(1974). Electrons which have T (MeV) ‘ Bl 762-2273
energy less than 0.2 MeV in Ar,

1.5 MeV in Cu, 3.5 MeV in Sn, and 5 MeV in Pb are likely to deposit 10% of their energy behind their starting plane.

The practical range, RP’ is defined as that absorber thickness obtained by extrapolating to zero the linearly decreasing
part of the curve of penetration probability vs. absorber thickness. Data for Al in the T range of the figure are available,
and fit (to ~*10%) R, =AT[1-B/(1+CT)] mg cm 2 [a form suclggested by K.-H. Weber, Nucl. Inst. Meth. 25, 261 (1964)],

with A=0.55 mg cm™2 ev~l, B=0.9841, and C=0.0030 kev-l. At this penetration depth, 90 - 95% of the incident electrons

have stopped. Data for other elements are sketchy, but suggest that higher-2 (£50) elements have lng/Rp(Al) <1.4 below
~10 keV, and O.G:SRP/RP(A1)5 1 above ~100 keV. The "critical energy" (above which the energy loss due to bremsstrahlung
exceeds that due to ionization, and showering becomes important) is 400 MeV for hydrogen, 100 Mev for carbon, 25 MeV for
coppeY, and 10 MeV for lead. The mean positron range may differ from the mean electron range by several percent. See Berger
and Seltzer, NASA SP-3012 (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III, Rev. (1966). 1-10 keV range was

obtained by linear extrapolation; in this region the true range may actually lie above the curves.
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lonjzation . L .
Fractional energy loss per radiation length in lead as

a function of electron or positron energy. Electron

(positron) scattering is considered as lonization when
0.15 thé energy loss per collision is below 0.255 MeV, and
as Moller (Bhabha) scattering when it is above.
Adapted from Fig., 3.2 from Messel and Crawford, Elec-
tron-Photon Shower Distribution Function Tables for
Lead, Copper and Air Absorbers, Pergamon Press, 1970.
Messel and Crawford use L, (Pb) = 5.82 g/cmz, but we
have modified the figures to reflect the value given
in the Table of Atomic and Nuclear Properties of Ma-
terials (following), namely L, (Pb) = 6.4 g/cm2. The
—0.05 development of electron-photon cascades is approxi-
mately independent of absorber when the results are
expressed in terms of inverse radiation lengths (i.e.,
scale on left of plot).

| ElectronssW positrons

o

Bremsstrahlung
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)
Photon Mass Attenuation Coefficients, Energy Deposition

10-2 10°! | 10 102
Lmgln | , l |

Total mass atten. coefficient

22
W

> i — — — Total mass atten. coefficient
10 - multiplied by fraction of
primary photon energy loss

10”2 10! | 10 102
PHOTON ENERGY (MeV)

The photon mass attenuation coefficient for various absorbers as a function of photon energy (solid curves).
For a homogeneous medium of density p, the intensity I remaining after traversal of thickness t is given
by I=1I, exp(-pt). The accuracy is a few percent. Interpolation to other Z should be done in the cross
section 0 = (U/p) M/Np cm“/atom, where M is the atomic weight of the absorber material and Ny is Avogadro's
number. For a chemical compound or mixture, use (u/p)eff = Z w3 (u/o)l, accurate to a few percent, where w;
is the proportion by weight of the ith constituent. The dashed curve is the mass energy-
absorption coefficient, giving U/p multiplied by the fraction of photon energy deposited in a small volume
(assumed large enough to contain the ranges of most secondary electrons) about the interaction. This
fraction is smaller than 1.0 because such processes as Compton scattering and electron bremsstrahlung imply
radiation of some of the energy away from the immediate area. The absorption coefficient is an approxima-
tion to the energy- availableé for chemical, bioclogical, and other effects associated with exposure to ioniz-
ing radiation. See next page for high energy range. From Hubbell, Gimm, and @verbg, J. Phys. Chem. Ref.
Data 9, 1023 (1980).  Figures courtesy J. H. Hubbell.

1
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

Photon Mass Attenuation Coefficients (High Energy)

14 T I —
]
)
~N - u—
N
E —
A
:} .
i ]
[ ’ i
\ » 'H 2He\ c
02f— \ 6 ]
N N .
| — - —]
o] ] | 1
10 102 103 T 10%
PHOTON ENERGY (MeV)
The photon mass attenuation coefficient, high energy range (note that ordinate is linear scale). See caption
on previous page for details.
- - e - - "
Contributions to Photon Cross Section in Carbon and Lead
b f 7 1 T I I T I ! T T I [ T T
P . — '\°<b
\ CARBON {26} - |
L . | \ciq}”“l\;,.o LEAD (Z:82)
i I Mb|— Vi _
s 4% 7 ; §
< 4 2
g - = < | . —
4 ) Oror « EXPERIMENT
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Photon total cross

processes.

'[' =
Ocon =
OINcoH =
Kn =
Ke =

OPH.N. =

Qev Tkev | Mev 1Gev 100 Gev
PHOTON ENERGY PHOTON ENERGY

sections as a function of energy in carbon and lead, showing the contributions of different

Atomic photo-effect (electron ejection, photon absorption) )

Coherent scattering (Rayleigh scattering —- atom neither ionized nor excited)
Incoherent scattering (Compton scattering off an electron)

Pair production, nuclear field '

Pair production, electron field

Photonuclear absorption (nuclear absorption, usually followed by emission of
a neutron or other particle) '

From Hubbell, Gimm, and gverbg, J. Phys. Chem. Ref. Data 9, 1023 (1980). Figures courtesy J. H. Hubbell.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

Atomic and Nuclear Properties of Materials™

Material Z A Nuclear® Nuclear? Nuclear® Nucleai® dE/dx min? Radiation length® Densitg' f Refractive
total inelastic ocollision interaction MeV | [MeV Liad g/cm index n; ! 6
cross cross length length — = () is for gas () is (n-1)X10

: ; 2| | em {g/em’]  [em] 8
section  section MO.N 8/cm 8/ 4 for gas
arlbarn] op[barn] (8/cm?) [g/cm2] i

H, ' 1 1.01 0.0387 0.032 43.3 52.4 4.12 0.292 63.05 890 0.0708(0.090) 1.112(140)

D, 1 201 0.073  0.062 45.7 53.8 2.07 0.342  126.1 764 0.165 1.28

He 2 400 0.136 0.109 49.9 60.9 1.94 0.243 94.32 755 0.125(0.178)  1.024(35)

Li 3 694 0216 0.158 53.8 72.9 1.58 0.843 82.76 155 0.534 - --

Be 4 9.01 0.268 0.199 55.8 75.2 1.61 2.97 65.19 35.3 1.848 -

C 6 1201 0.331 0.231 60.2 86.3 1.78 4.03 42.70 18.8 2.2658 -

N, 7 140t 0379 0.262 61.4 88.8 1.82 1.47 37.99 47.0  0.808(1.25) 1.205(300)

o 8 1600 0420 0.288 632 = 922 1.82 2.07 34.24. 30.0 1.14(1.43) 1.22(266)

e 10 20.18 0.502 0.340 66.7 98.5 1.73 2.09 28.94 240  1.207(0.90) 1. 092(67)

Al 13 2698 0.634 0.421 70.6 106.4 1.62 4.37 24.01 8.9 2.70

Ar 18 39.95 0.850 0.554 78.0 119.7 1.51 2.11 19.55 14.0 1.40(1.78) 1. 233(283)

Fe 26 5585 1.113  0.703 83.3 131.9 1.48 116 .13.84 1.76 7.87 -

Cu. 29 63.54 1.232  0.782 85.6 134.9 L4 129 12.86 1.43 8.96 -

Sn 50 118.69 1.967 1.191 100.2 165.5 1.26 9.2 8.82 1.21 7.31 -

w 74 183.85 2.767 1.649 1103 . 185.1 1.16 224 6.76 0.35 19.3 -

Pb 82 207.19 2.960 1.776 116.2 193.7 1.13 128 6.37 0.56 11.35 -

8) 92 238.03 3.378 1.983 117.0 199.3 1.09 =20.7 6.00 =032 =~18.95 -

Air (20°C) 62.0 90.0 1.82 0.0022  36.66 30423 0.001205(1.29) 1.000273(293)

H,0 A 60.1 84.9 2.03 2.03 36.08 36.1 1.00 1.33

Sl%ielding concrete 67.4 99.9 1.70 4.25 26.7 10.7 2.5 -

SiO, (quartz) 67.0 99.2 1.72 3.78 27.05 12.3 22 ‘ 1.458

H, (bubble chamber 26°K) 43.3 - 524 412 =026 63.05 =1000 =0.063' 1.112

. D (bubble chamber 31°K) , 45.7 53.8 2.07  =0.29 126.1 =900 =0.140’ 1.110

H-Ne mixture (5}(0 mole percenty 65.0 94.5 1.84 0.75 29.70 73.0 0.407 1.092

Propane (CyHj) 56.5 71.2 2.25 0.92 45.38 111 0.41(2.0) 1.2521005)

Freon 13B1 (8F3Br) 76.8 117 1.56 =~2.34 16.53 =~11.0 =1.50(8.71) 1.238(750)

Ilford emulsion G5 82.0 134 1.44 5.49 11.02 2.89 3.815 --

Nal 94.8 152 1.32 4.84 9.49 2.59 3.67 1.775

LiF 62 89.2 1.63 4.30 39.25 14.9 2.64 1.394

BGO (Bi Ge;0,,) 97.4 156 1.27 9.0 7.98 1.12 7.1 215

Polystyrene, scmtlllator (CH)’ 58.4 82.0 1.95 2.01 43.8 42.4 1.032 1.581

Lucite, Plexiglas (CsHgO,) 59.2 83.6 1.95 =230 40.55 =~34.4 1.16-1.20 - =].49

Polyethylene (CH,) 56.9 78.8 2.09 =195 4.8 . =479 0.92-0.95 -

Mylar (CsH,0,) 60.2 85.7 1.86 2.58 39.95 28.7 1.39 -

Borosxhcate glass (Pyreg)™ 66.2 97.6 1.72 3.84 28.3 12.7 2.23 1.474

62.4 90.5 1.82 0.0033 362 20220. (1.79) (410)

Met’hane CH, 54.7 74.0 2.41 0.0017  46.5 64850. 0.423(0.717) (444)

Isobutane C, 56.3 71.4 2.22 0.0059 452 16930. (2.67) (1270)

Freon 12 (CCl lQ- )‘ 70.6 106 1.62 0.0080  23.7  4810. (4.93) (1080)

Freon 13 (CCl f 68.1 101 1.64 0.0070  27.15 6370. (4.26) (720)

Silica Aerogcl° 65.5 95.7 1.83 =~0.36 29.85 =150. 0.1-0.3 1.0+0.25p

“Spark or proportional chamber? 0.028% 0.020% -- 0.034 0.067% 0.019
Table revised March 1982 by J. Engler. For details, see Report KfK B000, Kernforschungzentrum D 75 Karlsruhe, P.O. Box 3640, Federal

Republic of Germany.
toml at 80-240 GeV for neutrons (= o for protons) from Murthy et al., Nucl. Phys. B92, 269 (1975).
elastic— CtotalCelastic astic’ for neutrons at 60-375 GeV from Roberts et al., Nucl. Phys., B159, 56 (1979). For protons and other par-
tlaw, see Carroll et al. Pﬂys tt. 80B, 319 (1979). note that o.(p) = o (n)
Mean free path between collision (AT) or inelastic interaction (M} ealculated A = A/(NXo).
For minimum-ionizing protons and pions from Barkas and Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles, NASA-SP-
3013 (1964). For electrons see: Penetration of Charged Particles in Matter, NAS-NS39 (1964).
From Y.S. Tsai, Rev. Mod. Phys. 46, 815 (1974).
Values for solids, or the liquid phase at boiling point. Values in parentheses for gaseous phase STP (0°C, 1 atm.), except where noted. Refrac-
tive index given for sodium D line.
For pure graphite, industrial graphite density may vary 2.1 - 2.3 g/cm
Standard shielding Blocks typical composition O, 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation length
£ =115 * 5 g/em”, also valid for earth (typwafp == 2.15) from CERN-LRI-RHEL Shielding exp., UCRL-17841 (1968).
Density may vary about +3%, depending on operating conditions.
Values for typical working conditions with H2 target: 50 mole percent, 29°K, 7 atm.

. Values for typical chamber working conditions: Propane ~57°C, 8-10 atm. Freon 13B1 ~28°C, 8-10 atm.
. Typical scintillator; e.g., PILOT B and NE 102A have an atomic ratio H/C = 1.10.

Main components: 80% SiO, + 12% B,0, + 5% Na,0.

Used in Cerenkov counters. 2Values at 56"C and 1 atm. Indices of refraction from E.R. Hayes et al., ANL-6916 (1964).

n(SxO ) + 2n(H,O) used in Cerenkov counters, p = density in g/cm’. From M. Cantin et al., Nucl. Instr. Meth. 118, 177 (1974).

Valum for typical construction: 2 layers 50 um Cu/Be wires, 8 mm gap, 60% argon, 40% nsobutane or CO 2 layers 50 um Mylar/Aclar foils.



ELECTROMAGNETIC RELATIONS

Maxwell's Equations

CGs (statccul.,_l MKSA
Quantity statamp., sec cm ) (coul., amp., ohm)
: g 1 9
Potentials: v = = V= —— -
cha;ges r . 4T€y chdThes T
;.1 i 7ok i
€ currents ¥ 4T curfénts T
. 1 -9
c = speed of light €g = 33;—10 MKSA
in vacuum . ‘
~7
uo = 47 10 MKSA
. N >
> <> > -
Fields: E=—VV——1—3—A E=-Vv-a—A
c dt t
> > & -+ > 5
B=Vxa B=Vxa
) > > > -+ -
Materials: D=¢E, B=uH D=¢€¢E, B = UH
+
> > >
Force: F=q<E+—XB) F = q(E+vXB)
+> > > e
Maxwell: Ve+D = 4mp VeD=p
3. 1 9B = 9B
XE = - XE = - 4=
v c 3t VxE 3t
> > -+
VeB=0 VeB=o0
> > am} 18D > B
= 25 + = X = e —_—
VxH = = 3% VxH =3 + 3%
L. >, > -, >
Relativistic Ey = E E E
1l Il i i
transforma-
tions: > (2 2 _ 2 Y-y
El—‘Y(El+—VXB) El—Y(El+v><B)
T 3 o3
B =By =By
e ~B> 1 —»x-b >, _ > 1 —>X+
Bl = Y(B - T VXE Bl—yBl—c—sz
Impedances: Alternating Currents (MKSA)
Ohm's law: Vv =21, v =ve't
1. Impedance of self-inductance L: 2 = iwlL .
2, Impedance of a capacitor of capacitance C: 2 = li)—c .

3. Impedance.of a flat condiuctor of width w at high frequency:

(1+i)p

Z = w8 :

p = resistivity in 107% om:

- ~1.7 for Cu ~5.5 for W
~2.4 for Au ~73 for ss 304
~2.8 for Al ~100 for Nichrome

(Al alloys may have up
to double this value.)

§ = effective skin depth

~ 6.6 cm
—\/_,Wu g for Cu .

VV(sec1)

4. Impedance of free space: 2 = V J,/g, = 376.7Q.

Capacitance C and Inductance L per Unit Length (MKSA)

1. For flat plates of width w, separated by d << w:

- B - X
¢ = a ! L g

2. For coax cable of interior and exterior radii T and r,:

21 € U
C = — : = = ;
ln(rz/rl) L 2T Jln(rz/rl)
€ = dielectric constant 2 to 6 for plast1C§;
4 to 8 for porcelain, glasses;
¥ = magnetic susceptibility.

Transmission Lines (No Loss) (MKSA)

velocity = 1/VIC = 1/Vie .

Impedance = VL/C .

L and C are inductance and capacitance per unit length.

Synchrotron Radiation (CGS)

2
Energy loss/revolution = %’T ep_ 83y4 , P = orbit radius .
~ AE (MeV) _ 4

For electrons (B=1), Sev. = 0.0885 [E(Gev)] /P (meter) .
Critical frequency: We = 3Y3 % R
Frequency spectrum (for Y >>1):

2 1/3

1w o= 33 (L) wcwy
c \c c

2
Iw = (1.0, 1.6, 1.6, 0.5, 0.08) e—cl

w .

at T - 0.01, 0.1, 0.2, 1.0, 2.0, respectively;

- e
2 172 -2w/w,
1w = V37 e—l(—“’) e , w22 .,
c \w ~ e
c

The radiation is confined to angles < 1/Y relative to

the instantaneous direction of motion.

See J. D. Jackson, Classical Electrodynzmics, 2nd edition
{John Wiley & Sons, New York, 1975) for more formulae and details.
{Prepared April 1974; revised April 1980.)

RADIOACTIVITY AND RADIATION PROTECTION -

Unit of activity = Curie: .

1 Ci = 3.7X1010 disintegrations/sec
Unit of exposure dose for x and y radiation = Roentgen:

1R = 1 esu/em’ = 87.8 erg/g (5.49%X 107 MeV/g) of air
Unit of absorbed dose = rad:

1 rad = 100 erg/g (6.25X 107 MeV /g) in any material
Unit of dose equivalent (for protection) = rem:

rems {Roentgen equivalents for man) = radsxXQF,
where 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 « particles and heavy ions, QF ranges up to 20.

Maximum permissible occupational dose for the whole body:
5 rem/year (maximum 3 rem/calendar quarter)
Fluxes (per cm?) to liberate 1 rad in carbon:
3.5 X 10/ minimum ionizing singly charged particles
1.0 X 109 photons of 1 MeV energy
{These fluxes are correct to within a factor of 2 for all
materials.)

Natural background: 120 to 130 milliremn/year E
cosmic radiation (charged particles + neutrons) ~25 £
cosmic radiation (y rays) s ~ 25; °
radiation from rocks and air (y rays) ~73 £

Cosmic ray background in counters: ~ 1/min/cm2/ster



1 2
i H He
1A ITA 1.0079 IITA IVA VA VIA VIIA [4.00260
3 4 5 6 7 8 9 10
Li Be B C N o F Ne
6.94 (901218 10.81 | 12.011 |14.0067]15.9994|18.998403| 20.17
1 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.98977|24.305| 1IIB IVB VB VIB  VIIB ——— VI ——— 1B IIB (2698154 28.0855 (30.97376| 32.06 | 35.453 |39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca |- Sc Ti \ Cr Mn | Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.0983 40.08 449559 47.90 150.9415| 51.996 | 54.9380| 55.847 | 58.9332| 58.71 | 63.546 | 65.38 | 69.735| 72.59 |74.9216| 78.96 | 79.904 | 83.80
37 238 39 40 41 42 43 44 45 | 46 - 47 48 49 50 51 52 53 54
Rb Sr Y - Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te I Xe
85.467 | 87.62 (88.9059(91.22 192.9064| 95.94 98.9062( 101.07 | 102.9055| 106.4 |107. 112.41)114.82 ) 118.69 ) 121.75 ] 127.60 |126.9045) 131.30
55 56 57-71 72 73 - 74- 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Rare Hf Ta w Re | Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9054( 137.33 | Earths | 178.49 1180.947 | 183.85 |186.207 190.2 [192.22] 195.09 [196.9665| 200.59 | 204.37 | 207.2 (2089804 (209) | (210) | (222)
87 88 89— 104 105 106
Fr Ra Acti-
(223) |226.0254| nides | (260) |(260) | (263)
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 Rare earths
La Ce Pr Nd | Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (Lanthanide
138.9055 | 140.12 |140.9077| 144.24 | (145) | 150.4 | 151.96 157}.25 158.9254| 162.50 1164.9304 167.26 |168.9342 173.04 174.967 series)
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th | Pa U Np Pu Am [ Cm Bk Cf Es Fm Md No Lr Actinide series
(227) |232.0381|231.0359| 238.029|237.0482 (244) | (243) | (247) | (247) | (251) | (254) | (257) | (258) | (259) | (260)

Upper number is atomic number, expressing the positive charge of the nucleus in multiples of the electronic charge e.
Lower number is atomic mass weighted by isotopic abundance in earth's surface, relative to the mass of the carbon 12

isotope, which has been arbitrarily assigned a mass of 12.00000 atomic mass units (amu).

Numbers in parentheses are

mass numbers (the whole number nearest the value of the atomic mass, in amu) of most stable isotope of that element.

Adapted from the Handbook of Chemistry and Physics, 62nd Ed., 1981-1982.

(Particle Data Group update, April 1982.)
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NOTE:
OPINION OF THE COMPILER.

PHOTON ENERGY-GeV.
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES
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E yy (PHOTON AND NUCLEON)-GeV.

Yp total cross section versus photon energy (top scale) and
photon-plus-nucleon total center-of-mass energy (lower scale).
References: SANTA BARBARA-SLAC: D.0O.Caldwell et al., Phys.
Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al., Phys.
Lett. 33B, 189 (1970}; GLASGOW-SHEFFIELD-DNPL: T.A.Armstrong
et al., Phys. Rev. D5, 1640 (1972); LEBEDEV-YEREVAN-SERPUKHOV
A.S.Belousov et al., Preprint 19, Moscow (1973), A.S.Belousov
et al., Sov. Phys. Doklady 123 123 (1974), .and A.S.Belousov

et al., Sov. J. Nucl. Phys. 21(3), 289 (1975); SLAC-BERKELEY-
TUFTS: J.Ballam et al., Phys. Rev. D5, 545 (1972); ABBHHM:
H.G.Hilpert et al., Phys. Lett. 27B, 474 (1968); SLAC and
BERKELEY: J.Ballam et al., Phys. Rev. Lett. 21, 1544 (1968),
and H.H.Bingham et al., Phys. Rev. D8, 1277 (1973); CORNELL:
S.Michalowski et al., Phys. Rev. Lett. 39, 737 (1977); SANTA
BARBARA-TORONTO-FNAL: D.0O.Caldwell et aIT, Phys. Rev. Lett.
40, 1222 (1978). See, also, the ep data of E.D.Bloom et al.,
SLAC-PUB-653 (1969). Courtesy Gething M. Lewis, Glasgow.
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THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIVE" DATA IN THE
THEY ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE WORLD'S RELIABLE DATA.
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Y¥d total cross section versus photon energy (top scale) and
photon-plus-single~nucleon total center-of-mass energy (lower
scale). References: SANTA BARBARA-SLAC: D.O.Caldwell et al.,
Phys. Rev. D7, 1362 (1973); DESY-HAMBURG: H.Meyer et al.,
Phys. Lett. 33B, 189 (1970); GLASGOW-SHEFFIELD-DNPL:
T.A.Armstrong et al., Nucl. Phys. B41l, 445 (1972); LEBEDEV-
YEREVAN-SERPUKHOV: A.S.Belousov et al., Sov. J. Nucl. Phys.
21(3),289 (1975); CORNELL: S.Michalowski et al., Phys.

Rev. Lett. 39, 737 (1977). Courtesy Gething M. Lewis, Glasgow.
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CDHS measurements. References:
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0q/E, for the muon neutrino and antineutrino charged-current total cross section as a function of neutrino energy.
The erxor bars include both statistical and systematic errors.

(1) R. Blair et al., in Proc. of Neutrino '81, Univ. of Hawaii (1981});

The straight lines are averages for the CCFRR and
(2) James

Roy Lee, Ph.D. Thesis, Caltech (1981), "Measurements of VN Charged Current Cross Sections from Ey=25 GeV to Ey=

260 GeV;"
et al., Phys. Lett. 104B, 235 (1981);
(1979); (6) A. S. Vovenko et al., Sov. J. Nucl. Phys. 30, 527 (1979);

255 (1979);
281 (1979);

{3) J. G. H. de Groot et al., Zeit. fur Physik C - Particles and Fields 1, 143 (1979):

{8) C. Baltay et al., Phys. Rev. Lett. 531_516 {1980) ;
(0) S. J. Barish et al., Phys. Rev. D19, 2521 (1979}.

(4) J. Morfin

(5) D. C. Colley et al., Zeit. fur Physik C - Particles and Fields 2, 187

(7) D. S. Baranov et al., Phys. Lett. 81B,
(9) S. Ciampolillo et al., Phys. Lett. 84B,
Courtesy M. Shaevitz, Nevis Laboratory.
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Structure 'Fun:cjtions
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F, structure functions derived from inelastic electron-nucleon data taken at SLACY~4 with recoil mass >2 Gev and four-momentum
transfer squared Q2 > 1(Gev/c)“ are shown. For definitions of F,, x, and _QZ, see the "Relativistic Kinematics" section and the
"Weak Interactions of Quarks and Leptons" section. R = 0p/0p = 0.21 3 was assumed. Systematic errors are comparable in size to
the data point symbols. Corrections for nucleon motion in deuterium have been made. These corrections are small except for x> 0.7.
No error was included to account for uncertainties in this correction. References: 1) A.Bodek et al., Phys. Rev. D20, 1471 {1979);
2) W.B.Atwood, SLAC Report No. 185 (1975); 3) M.D.Mestayer, SLAC Report No. 214 (1978); 4) S.Stein et al., Phys. Rev. D12, 1884
@975). Courtesy W. B. Atwood, SLAC.
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Nucleon structure functions as measured by the CDHS collaboration in high energy (30-200 GeV) charged-current neutrino- and anti-
neutrino-nucleon scattering [J.G.H.de Groot et al., Z. Physik C - Particles and Fields 1; 143 (1979); reproduced by permission].
Definitions, and a discussion of the significance of these structure functions, may be found in the above reference, and also in
the "Weak Interactions of Quarks and Leptons" section of the present work. See de Groot et al., for a discussion of experimental
details, including corrections, etc.  Curves are based on a QCD parametrization of Buras and Gaemers [Nucl. Phys. B132, 249 (1978)].
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. production have been made. Note that the ADONE data (YY2 and MERA)
Ecm. (GeV) ’ is for 23 hadrons. The points in the Y"(3770) region are from the
MARK I - Lead Glass Wall experiment. The DASP and PLUTO measure-
ments have been omitted in the charm threshold region for clarity -
they are shown in the expanded (lower) figure. Also for clarity,
some points have been combined or shifted slightly (<4%) in Eg g, -
Systematic normalization errors are not included; they range from
~5 - 20%, depending on experiment. Note the suppressed zero. The
horizontal extent of the plot symbols has no significance. The
positions of the J/Y, Y', and the four known T vector-meson reso-
nances are indicated at the top of the figure. References:

b CELLO - H.-J. Behrend et al., Phys. Lett. B, to be published (pre-
print DESY 81-029); CUSB - E. Rice et al., submitted to Phys. Rev.
Lett.; DASP - R. Brandelik et al., Phys. Lett. 76B, 361 (1978);
DASP II - S. Weseler, thesis, IHEP-HD/ARGUS/81-3, to be published
J in Phys. Lett. B: DHHM - P. Bock et al. {DESY-Hamburg~Heidelberg-
=7 MPI Minchen Collab.), Zeit. fur Physik C6, 125 (1980); YY2 - C.
3 o~ Bacci et al., Phys. Lett. 86B, 234 (1979); JADE - W. Bartel et
—3e 5 al., Phys. Lett. 88B, 171 (1979); MARK J - H. Newman, private
i, -~ communication; MARK I - J. L. Siegrist et al., SLAC-PUB-2831,
—55 ; LBL-13464, submitted to Phys. Rev. D (1982); MARK I + Lead Glass
14 g Wall - P. A. Rapidis et al., Phys. Rev. Lett. 39, 526 (1977); P. A.
B Z Rapidis, thesis, SLAC-Report-220 (1979); MEA - B. Esposito et al.,
—3 x Lett. Nuovo Cimento 19, 21 (1977); PLUTO - A. Backer, thesis,
5L {}*}4 H 3 Gesamthochschule Siegen, DESY F33-77/03 (1977); C. Gerke, thesis,
F =y ! “52 Hamburg Univ. (1979): Ch. Berger et al., Phys. Lett. 81B, 410
4F 53 : ‘;.;* 5 3 (1979); W. Lackas, thesis, RWTH Aachen, DESY PLUTO-81/11 (1981);
35 x a¥ ‘*’#* LI TASSO - R. Brandelik et al., submitted to Phys. Lett. B (1982).
2 E_ *x % Lower figure: An expanded view of R measurements around charm
i N N TV U T B threshold (no data points have been combined in this figure). We
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E¢m. (GeV) o visual comparison of the three sets of data.
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Figures courtesy V. Flaminio, W. G. Moorhead, and D. 'R. O. Morrison, CERN.
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DATA CARD LISTINGS

Hlustrative Key

Name of particle as it appears
in table.

XX(1200)

(78] (X WESON (1200,JP6= -) 1=1|—'~—”/

ORIGINALLY CALLED XXX

Arrow indicates this particle
omitted from table.

—_—

Quantity tabulated below.

Code for quantity tabulated
(M=mass, We=width, ete.).

Symbol used to key together
data card and related com-

~
OMITTED FROM TABLE
Vd
74 [xx(1200) MASS (MEV)
. MERRILL _ 66] HBC 0 3.2 K- 7/66
. L) LYNCH 67 HBC +- 2.7 PI-P 6/67
DATA HAS QUESTIONABLE BACKGROUND SUBTRACTION
. PIERCE 68 + 2.1 K-P 9/68
. FENNER 69 HBC 0 4.2 PI+ 9/69
0. SMITH 5 PI-

ments.

Number of events above back-
ground.

Measured value (parentheges
indicate value not used in

average).

* error in measured value
(-~ field blank if error
symmetric; parentheses on
- error only indicate data
not used ih average due to
problems with error estima-~
tion).

£x

AvVG

Average value (and error) of
quantity tabulated.

Vertical bar indicates aver=-
age; width of horizontal
bar on top is (scaled)
error on average.

XX(1200) WIDTH (MEV)

MERRILL 66 HBC O W
PIERCE 68 ASPK + 2.1 K- 9/68
70. a0, FENNER 69 HBC O 4.2 PI+P 9/69
(60.)  OR LESS SHITH 81 MMS - 3.5 PI-p

. AVERAGE (ERROR INCLUDES SCALE FACTOR OF [1.3)

SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 38.4 + 6.0
ERROR SCALED BY 1.3

/

CHISQ
- FENNER 69 HBC
PIERCE - 68 ASPK [T_3}—
Value and error for each - MERRILL 66 HBC 0.5
experiment. 1.8
(CONLEV
-20 20 60 100 140 =0.179)

XX(1200) WIDTH (MEV)

74 XX{1200) PARTIAL DECAY MODES

DECAY MASSES

XX{1200) INT0 3P1} 139+ 139+ 139

Partial decay mode (labeled by P2 XX{1200) INTO K KBAR 493+ 493
P,).
i
74 xx(1200) BRANCHING RATIOS
. /Rl xx(1200) TNTO 3PI/TOTAL] (P1)
;o RI 0 MERRILL 66 HBC 0 3.2 K-P 7/66
Branching ratio (labeled by R1 .68) (.03) LYNCH 67 HBC +- 2.7 PI-P 6/67
Ry)- R1 L LYNCH DATA HAS QUESTIONABLE 8ACKGROUND SUBTRACTION
R1 .
FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
) INTO KKBAR/TOTAL (P2)
Value (and error) of quantity .05 PIERCE 68 ASPK + 2.1 K-P 9/68
tabulated, as deternined FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
from constrained fit (using
a1l measured branching XX(1200) INTO KKBAR/3PI P2)/(P1)
ratios for this particle). .50 .0 FENNER 69 HBC 0 4.2 Pl+P 9/69
.41 .04 SMITH 81 MMS - 3.5 PI-P 1/82*
R3 e e
R3  AVE 0.468 0.043  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)

FIT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)

KERKER KRKIKEIAK KRXAKAKIEK AAAKAA KT AFIKIRA AN XXX IRKIIE A KK RKKIRE Ak kkhkkh

References, listed by year,

REFERENCES FOR XX{1200)

——
then author. MERRILL 66] PRL 16 143 A. MERRILL {SACLAY+CERN)[TJP]
LYNCH 67 PR 155 610 . BNL)
Abbreviated reference form PIERCE 68 PL 27B 230 A LRL)
used on data cards above- FENNER 69 NC 618 372 D. FENNER,B. BEANE (NYSE+AMEX
SMITH 8 J. SMITH

Journal, report, preprint,
etc. (see abbreviations on
unext page).

HHREIKK kAR RREE RKARXXIE R ARk RXA NIk AN hFhh ke AXKIFHAKE AX kAR IR Fr T IIN
HHEEHE KAARKKKEK KRKKKIRR K AXNTXRIRKL KAXKIRANK KXHRFIAKL KRk rr Ak Kk TR IAK

Particle name, and quantum
numbers (4f known).

Particle code (for internal
use only).

General comments on particle.

Abbreviated reference for this
result; full reference
given below.

Measurement technique (see
abbreviations on next
page) .

Charge(s) of particle(s)
detected.

Reaction producing particle,
or comments.

Date this result entered
(asterisk indicates results
added or changed since pre-
vious edition).

Scale factor > 1 indicates
inconsistent data.

Ideogram to display incon-
sistent data; curve is sum
of Gaussians, one for each
experiment (area of Gaus-
sian l/error; width of
Gaussian = * error).

Cont&ibu:ion of experiment to
(1f no entry present,
experiment not used in cal-
culating X“ or scale factor
because of very large
error).

Representative magses of decay
products (used for calcu-
lating last column of Par-
ticle Property Tables).

Branching ratio R, in terms of
partial decay &ode frac-
tions P above.

Author(s).

Quantum number determinations
in this reference.

Institution(s) of author(s)
(see abbreviations on next
page).



Abbreviations

Journals

APAH

Acta Phys. Acad. Hungarica

ADVP  advances in Physics

ANP Annals of Physies

APJ Astrophysical Jouraal

ARNS Annual Review of Nuclear Science
BAPS Bulletin of the Amer. Phys. Soc.
CJP Canadian Journal of Physics

JAP Journal of Applied Physics
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Y, v For notation, see key at front of Listings.
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generai case of massive (non-degenerate) neutri-

: nos, the weak eigenstates have no well-defined
0 GAMMA(O.J=1)

masses, but instead are linear combinations of

O GAMMA MASS (IN UNITS OF 10%#-21 MEV) mass eigenstates. Thus, if one considers this

M F (6.} CR LESS PATEL 45 SATELLITE DATA 10/69 . .

" (6.} - OR LESS GINTSBURG 64 SATELLITE DATA  10/69 general case, as, of course, one does in quoting
M {2.3) OR LESS GOLDHABER 68 SATELLITE DATA 10/69 K

MF 10.06) OR LESS FRANKEN 71 LOW FREQ RES CIR  3/72 i iy e s . .

M (10.1}  OR LESS WILLTAMS 71 CNTR  TESTS GAUSS LAN  3/71 mass limits, it is inconsistent to assume that

M {4.E-13)MEV OR LESS LOWENTHAL 73 GENL RELATIVITY 8/77

L] {0.73) DR LESS HOLLWEG T4 ALFVEN WAVES T/7% 3 i i

M 0.6 OR LESS CL=.997 DAVIS 15 JUPITER MAGFIELD 1/78 the weak and mass elgenstates COLnCIde. mt us
M F VALIDITY QUESTIONABLE. SEE CRITICISK IN KROLL 71 AND GOLDHABER 71. 3/18 }

roosn . : denote the charged leptons as the set {la , a-=

REFERENCES FOP. GAMMA

{ACAD SCI+USSR)
C(DURHAM)

(STONY. BROOK)
(MICH)
{WESLEYAN)

GINTSBUR 64 SOV. ASTR.AJT 536 M. A. GINTSBURG

PATEL 65 PL 14 105 V. L. PATEL

GOLDHABE 68 PRL 21 567 A, GOLDHABER,M. NIETD
FRANKEN 71 PRL 26 115 P A FRANKEN, G W AMPULSKT
WILLIAMS 71 PRL 26 721 +FALLER HILL

D.D.LOWENTHAL wen
J V HOLLWEG (NATL CENTER FOR ATMOS RESRCH)
+GOLDHABER.NIETO (CIT+STON+LASL)

LOWENTHA T3 PR D8 2349
HOLLWEG 74 PRL 32 961
DAVIS 75 PRL 35 1402

PAPERS NOT REFERRED TO- IN DATA CARDS
(STON+BOHR+UCSB}

(SLAC)
(Lorcy

GOLDHABE 71 RMP 43 277 A S GOLDHABER, M M NIETO
KROLL 71 PRL 26 1395 N M KROLL
BYRNE T7 AST.SP.SCI.46 115 J.C.BYRNE
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EECEEE SRR K

Neutrinos

(by R. E. Shrock, State Univ. of New York,
Stony Brook)

With this issue the section onvneutrino prop-
erties has been expanded and reorganized. As be-
fore, there are listings which deal specifically
with Var Vu, and VT. In addition, in the cate-
gory of searches near the end of the Stable Par-
ticle Listings, we include sections which deai
with correlated bouqu on neutrino masses and
lepton mixing but which do not pértain to any
one weak eigenstate individdally. Furthermore,
we include constgaints from cosmological and
astrophysical data. (Since thié Review is a
compendium of particle préperties, traditionally
derived more or less difectly from particle and
nuclear physics, we treat astrophysical data on a
different footing from particle physics data and
have been somewhat less comprehensive in our cov-
erage of the former.)

In contrast to the other particles in this
Review, the neutrinos Ve, vU' and vT are defined
as weak eigenstates (that is, states which couple
weakly with unit strength to e, u, and T) and are
not, in general, states of definite mass. 1In the
conventional case, where all neutrinos were as-
sumed to be massless and hence degenerate, it was-
possible to define the weak eigenstates to be si-~
in the

multaneously mass eigenstates. However,

1,..+,n, where n >3 is the number of generations,
with 2, = e, 12 =¥, and 23 =T, 1In the standard
SU(2);xU (1) electroweak theoryl the mixing of the
left-handed components of the mass eigenstgtes

(Vj)L to form the weak gauge-group eigenstates

(vg L is specified by the transformation
a
n
(v ), = 2 U (V)
Ra L i=1 aj ' I'L

where uT = u™L.

there are right-handed components of the Vj' but

(In the case of Dirac neutrinos

they are singlets under the gauge group; in the
case of Majorana neutrinos in the standard theory

The or-

there are no right-handed components.)
dering of the mass eigenbasis is defined such
that U is as nearly diagonal as possible, i.e.
Jujjl {no sum on j) 2-[Ujk|' k # j. This does
not imply that m(vj) > m(vk) if j > k, although
this ordering might be regarded as natural in ‘
view of the similar one that obtains in the quark
sector. The virtue of this cdnventipn is that a
mass limit on "m(v 5 )" can be used as a def-

inite limit on v., j = a, the dominantly cou-

| pPled mass eigenstate in vy .

Thus, in this general case of n massive (Di~
rac or Majorana) neutrinos, decays such as H3 »
Hed + e +‘Gévand AN U+ v, » which have been
used to set the best bounds on the respective
neutrino masses, really consist of incoherent sums

of the separate degay modes H3->He3

+ e + {%
and mt - u+ + Vg where the Vj' Vg are mass
eigenstates, and the indices j and k range over
the subset {1(.,.,n}_allowed by phase space in
these two respective decays.2 The coupling
strengthé for the j'th modes are given for the
two deéays by the factors'|Ulj|2 and |U2j|2'
respectively. There are, in addition, certain

kinematic factors depending on the m(\ﬁ) which
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enter in determining the branching ratio for the
j'th decay mode. Assuming that the off-diagonal
elements of the lepton mixing matrix U .are small
relative to the diagonal elements, the dominantly.
coupled decays are the ones with coupling strength

3

2 P - —
'Uaj] ya=73j, 1.e.vH3 - He” + e .+ Vv, and

‘
it

> ut v, '
It follows that the o0ld neutrino mass limits
quoted in the literature for "m(\é)", “m(vu)", and
"m(vT)" are meaningful only insofar as they are
reinterpreted as limits on the corresponding mass
eigenstates. Specifically, a bound such as the
Bergkvist limit,3 "m(v,)" < 60 eV (90% CL),
really constitutes a weighted limit on each'of the
mass eigenstates vj in the weak eigenstate v,
which are kinematically allowed to occur in tritium
decay and which are coupled with'strength IuleZ
sufficiently large to make a significant contri-
bution to the observed spectrum. It is thus cer-
tainly a limit on Vy. If leptonic mixing is
hierarchical as quark mixing is known to be (as

least for the first three generations), i.e.
Ujj|2 >>lUjk|2,‘k’ #3, then v, is the only mass
eigenstate significantly constrained by a bound
on “m(ve)." Furthermore, a neutrino mass limit
cannot be stated in isolation; it always contains
some implicit dependence on the relevant lepton
mixing angles.‘ Fortunately, this'dependénce is
relatively ﬁnimportant for the dominantly coupled
decay modes, i.e.'eza,'usé, and f33. Since these
modes were the ones responsible for the mass lim-
its given previously, the latter can be reinter-
preted withqut significant complication as proper
limits on m(\gf, 3 = 1, 2, and 3, respectively.

In addition to mass and lifetime limits, we
have added data on neutrino magnetic dipole mo-

‘ments.‘ These are of interest because a massless,
purely chiral (empirically, left-handed) Dirac
neutrino cannot have a magnetic (or electric)
dipole moment. The same is true for a Majorana
neutrino, whether massless or massive, because of
its defining property of being self-conjugate.

If one considers the possibility 6f nonzero
masses for neutrinos, for consistency one must
also consider the leptonic mixing which would in
general occur concomitantly. Accordingly we have

devoted one category in the searches section to

.correlated bounds on neutrino masses and lepton

mixing angles. These can be divided into two
types. First, there are those due io decays in-
volving neutrinos in the final state, which must
be recognized to have the general multi-mode
structure pointed out above. ' In the two most
sensitive cases suggested as tests for neutrino
masses and mixing,2 one obtains a limit on m(vi)
and IUajlz individually for each j. Second, there
are those due to processes involving the. propaga-
tion and subsequent interaction of neutrinos. The
latter are often called neutrino "oscillation"3
limits, although this term is correct only if the
differences in neutrino masses are sufficiently
small relative to their momenta that the propaga-
tion is effectively coherent in a quantum mechan-
ical sense; otherwise, the individual vj from a

given decay such as "u2 or k,, propagate in a

measurably incoherent manneruand there is no "os-
cillation”. Experimentalists usually present
their results in terms of a simplifying model in
which mixing is assumed to occur only between two
neutrino species. Then the transformation equa-

tion becomes

vg cosf sin 0 Vi
) a
vzb -sinf cos § ‘ V3

Let the distance between the source of the neu-
trinos and their point of interaction be labeled
as X, and their energy as E. Assume furthérmore
that the m(vj) are éuch that the coherence as-

sumption is valid. Then, the probability of an
being equal to vl at time t or

b
equivalently (given the above assumption) at dis-

initial v
2

tance x = t, is

. B 2
2 .2 c2(4
] (vzb(0)|\)2a(t)>| = sin“26 sin ( :‘Ex),_

whgre
2 _ 2 _ 2
Am® = m(v,) mwj).
Thus, neutrino oscillation experiments cannot

measure individual neutrino masses, but only dif-

‘ferences of masses squared, and indeed these are

generally weighted in a more complicated way by

mixing-matrix coefficients than in the two-species
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v, vV,
model. Experimental results are presented as
allowed regions on a plot, the axes of which are
[Amzl and sin220. These are often summarized in
terms of the asymptotic limits IAm2|max for
sin220 = 1, and sin226 for "large" |Am2|, i.e.,
sufficiently large |Am2[ that the detector aver—
ages over many cycles of oscillation (or there
ceases to be any coherence). We refer the reader
to éhe original papers for the two-dimensional
plots; for the purpose of these Listings we shall
give only the asymptotic limits.

An important question has to do with whether
neutrinos are Dirac or Majorana (self-conjugate)
particles. 1In the former case neutrinoless dou-
ble beta decay, (%Z,A) = (2+2,A) + e~ + e~, is for-
bidden from occurring.4 In the Majorana case it may
occur, if (a) neutrinos are massive and/or (b) there
are right-handed leptonic currents. 1In the light-neu-~
trino case an upper limit on neutrinoless double beta

decay yields a correlated upper bound on the quantity
- n 2
ms |3 ULt my)
i=1 J 3

-and n, the fractional admixture of right-handed
leptonic current. .
Further explanatory notes are included in the
Listings.
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1 NU-EtJ=1/2)

NOT IN GENERAL A MASS EIGENSTATE

1 NU-E "*MASS'* (EV)
APPLIES TO NU-1, THE PRIMARY MASS EIGENSTATE IN NU-E. WOULD ALSO
APPLY TO ANY CTYHER NU-J WHICH MIXES STRONGLY IN NU-E AND HAS
SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS.

NOTE —-- THE ABBREVIATION ANU IS USED BELOW FOR ANTINU

L] 1250.) OR LESS LANGER 52 CNTR ANU-E+ TRITIUM
M (500.1 OR LESS HAMILTON 53 CNTR ANU-E, TRITIUM 11/73
M 15504} (280. 1 FRIEDMAN 58 CNTR ‘ANU-Es TRITIUM
M (4100.) OR LESS BECK 68 CNTR NU, SODIUM 22 11/73
M D {50041 OR LESS DARIS 69 .CNTR ANU-E, TRITIUM 11/73
M 1320.}) GCR LESS SALGO 69. CNTR ANU-E+ TRITIUM 11/73
L] 160.) OR LESS BERGKVIS 72 CNTR ANU-E, TRITIUM 11/73
M 186.) QR LESS RODE T2 CNTR ANU-E+ TRITIUM 11/73
M (100.) OR LESS PIEL 73 CNTR ANU-E, TRITIUM 1/81%
L] (4.5E5VCR LESS CL=.90 CLARK T4 ASPK KE3 DECAY 11/75
M L (35,1 OR LESS CL=.90 TRETYAKOV 76 SPEC ANU-E+ TRITIUM 4/82%
M L (16.) TO 46. tL=.99 LUBIMOV 80 SPEC ANU-E, TRITIUM 9/81%
M 165.) OR LESS CL=.95 ‘STMPSON 81 CNTR ANU-E, TRITIUM 1/82%
M0 DARTS 69 VALUE TS5EVICL=.67) DISAGREES WITH THEIR FIG.6. WE USE 11773
M 0 FIG.6. 11/73
M L TRETYAKOV 76 DATA INCLUDED. AT LEAST IN PART, IN LUBIMOV 80. 4/82%
M L SEE THE DISCUSSIDN DF THE LUBIMOV 80 RESULT BY BERGKVIST 80. 1/82%
M L WE USE UPPER LIMIT FROM LUBIMOV 80 IN THE STABLE PARTICLE TABLE. 4/82%
L] L THEIR LOWER LIMIT NEEDS CONFIRMATION. 4/82%
1 (NU-1)} - [ANU-1)} MASS DIFF. (EV}
TEST OF CPT FCR A DIRAC NEUTRIND
DM (4.5E5)0R LESS CL=,90 CLARK T4 ASPK KE3 DECAY 11/75
1 NU-1 MEAN LIFE/MASS [UNITS SEC/EV)
T R « € 2 CR MORE REINES - 74 CNTR ANTI-NEUTRING 3/178
T R REINES 74 LOCKED FOR NU-E OF NON-ZERO MASS DECAYING TO A NEUTRAL 3/18
T R DOF LESSER MASS + GAMMA, USED LIQUID SCINT. DETECTOR NEAR FISSION 3/18
T R REACTOR. FINDS LAB LIFETIME 6.ET SEC DR MORE. ABOVE VALUE OF 37718
T R MEAN LIFE/MASS ASSUMES AVG. EFFECTIVE NEUTRINO ENERGY OF 0.2MEV, 3/78
1 NU-1 MAGNETIC MOMENT {UNITS EV/GAUSS)
MUST VANISH FOR MAJORANA NEUTRIND OR PURELY CHIRAL MASSLESS
DIRAC NEUTRINGC
MM B (1.1€~17)0R LESS BERNSTEIN 63 1/82%
MM B BERNSTEIN 63 IS A THEORETICAL ANALYSIS OF REACYOR ANTINU-E 1/782%
- MM B SCATTERING DATA. 1782%

HEE KRS GREETROKE KXRALEERE KEEAEERAE FEDTEAKED KERXEHKHE CHEEEEEOR FEEERAEK

REFERENCES FOR NU-E
LANGER 52 PR 88 689 L M LANGERsR 4 D MOFFAT (INDTANA)
O HAMILTON,W P ALFORDsL GROSS (PRINCETON}
LEWIS FRIEDMAN,LINCOLN G SMITH {BNL}
€ BECK.,H DANIEL UMPTIH)

FRIEDMAN 58 PR 109 2214
BECK 68 ZPHY 216 229

BERNSTET 63 PR 132 1227 BERNSTEINRUDERMAN «FEINBERG (NYU*COLU)
DARIS 69 NP A138 545 R DARIS,C ST-PIERRE (LAVAL-QUEBECH
SALGO 69 NP A138 417 R C SALGO,H H STauB (ZURICH} -

BERGKVIS 72 NP B39 317 » KARL-ERIK BERGKVIST (UNIV STOCKHOULMI
RODE

72 LNC -5 139 * B RODE+H DANIEL (MUNICHeMPIH}

PIEL 73 NP A203 369 WILLIAM F. PIEL+ JR. (IND)
CLARK T4 PR 09 533 +ELIOFF,FRISCHy SJOHNSON KER THy SHEN+ {L8L)
REINES 74 PRL 32 180 +SOBEL yGURR wen
ALSO 78 PRIVATE COMM. V. BARNES (PURD}

TRETYAKO T6& BASUP 40 10-1 TRETYAKOV+ (BULL.ACAD.SCT.USSRyPHY.) (ITEP)
ALSO 76 NU CONF. AACHEN TRETYAKOV, MYASOEDOV » APALIKOV . KONYAEV+ U ITEP)
BERGKVIS 80 NEUTRINO 80+ERICE K.E.BERGKVIST (STOH)
LUBEMOV B0 PL 948 266 +NOVIKOV,NOZTK, TRETYAKOVy KOS IK LITEP)
ALSO 80 SJUNP 32 154 KOZIK,LUBIMOV,NOVIKOVsNOZIK,TRETYAKOVLITEP)
SIMPSON 81 PR D23 649 Jod. SIMPSON {GUEL)

SEERES KRV AEALE HEDBIRERE KERKKEREE
AEGEEE KEERRRSER KEHIKEEEE KERASE S5%
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B . .
For notation, see key at front of Listings. e, v,
3 ELECTRON{0.5.+J=1/2) v 2 NU-MULJ=1/2)
- NDT [N GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS
IN THE ELECTRON NEUTRIND SECTION ABOVE.
3 ELECTRON MASS (MEV)
] 10.511006 0.00002} . COHEN 65 RVUE .
“ (0.5110C41 0000016} TAYLOR 69 RVUE USING NEW E/H /70 2 NU-MU *YMASSTT (MEV}
] 0.5110034 .0000014 COHEN 73 RVUE 3774
. c APPLIES TO NU-2, THE PRIMARY MASS EIGENSTATE [N NU-MU. WOULD ALSO
T APPLY TO ANY OTHER NU-J WHICH -MIXES STRONGLY IN NU-MU AND HAS
; SUFFICTENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS.
3 ELECTRON MEAN LYFE / BRANCHING FRACTION {UNITS YRS) (THI'S WOULD BE NONTRIVIAL ONLY FOR J .GE. 3, GIVEN THE NU-E *T*MASS'®
LIMIT ABOVE.}
TEST DOF CHARGE CONSERVATION
M 3.5} OR BARKAS 56 EMUL
T M (2. €21} CR MORE MOE 65 CNTR SEE NOTE S BELDW 6/66 M (4.0} CR DUBZIAK 59 CNTR
T (4, E22) QR MORE MOE 65 CNTR E- --> NEU GAMMA 6/66 M (3.6) CR FEINBERG 63 RVUE 7766
T (5.3E21) OR MORE STEINBERG 75 CNTR SEE NOTE § BELOW 2/76 M (3.0} GR ALLCOCK 65 RVUE 1768
T 2. E22 CR MORE CL=.68 KOVALCHUK 79 CNTR SEE NOTE S BELIW 1/81% M (2.5) OR BARDON 65 ASPK
T (3.5€23) CR MORE CL=.68 KDVALCHUK 79 CNTR E- —-> NEU GAMMA 1/81% " t2.8) OR SHAFER 65 CNTR 5/71
T M SEE MOE 65 FGR DISCUSSION DF EARLIER EXPERIMENTS. 1/81% M (1.61 OR BOOTH 67 CNTR 3/68
T M MOE 65 LIMIT REESTIMATED BY STEINBERG 75 TO BE (1. E20). . 1/81% M (2.2) CR HYMAN 67 HEBC 11767
T S THESE LIMITS ARE FOR ALL MODES IN WHICH DECAY PARTICLES ESCAPE i781% M o8 M (1.2) CR BACKENSTO 71 CNTR 10/71
T S FROM THE DETECTOR WITHOUT DEPOSITING ENERGY. 1/81* LY (1.15) OR SHRUM 71 CNTR 12/71
M B M (1.15) OR BACKENSTO 73 CNTR 1/73
——— “ 10.65} OR CLARK 74 ASPK KMU3 DECAY /74
M 10.57) OR DAUM 79 SPEC Me®2= 0.13+-0.14 10/81%
3 ELECTRON MAGNETIC MOMENT (E/2ME) " L 0.52 OR L =.9 w 80 CNTR Me$2=0.102¢-.119 1/81%
M M WE CALCULATE UPPER LIMIT AT CL=.90 FROM M¥*2. 1/76
MM ELECTRON CR PGSITRON G/2-VALUE M8 BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND USES THE{R NEW PI- MASS. 1/73
MM THIS IS MAGNETIC MOMENT IN UNITS {E/2ME-) FOR E-, (E/2ME+) FOR E+4. Y SHRUM T1 USES SHAFER 67 PI- MASS VALUE AND CRANE 71 MU MASS VALUE. 1/73
MM FOR REVIEWS OF THEORY AND EXPERIMENTS, SEE KINOSHIA 78, LAUTRUP 72, M L LU 80 COMBINES DAUM 79 PI+ ——> MU+ NUMU MEASUREMENT WITH NEW LU 80  1/682%
MM AND RICH 72. L] L PI- MASS AND REPLACES DAUM 79. 1/82%
MM FOR MOST ACCURATE THEDRETICAL cucuunou. SEE KINOSHITA 81. .
MM (1.0011609)  +=(241E-T 61 CNWR - e
MM (1.001159622} +—(211E-9 uuxmsou 63 CNTR — 8766
MM 11.001168) +-122)E-6 RICH -~ 66 CNTR + PDSITRON 8/66 2 (NU-2) = (ANU-2} MASS DIFF. (MEV}
MM R (1.001159557) +-(30)E-9 RICH 68 CNTR - 6/68
MM 11.0011596389)+-(311€E~10 TAYLOR 69 RVUE 2/71 TEST OF CPT FOR A DIRAC NEUTRIND
MM (1.001159644) +-(T)E-9 WESLEY 70 CNTR 6/70
MM (1.00115965773+-{351E-10 WESLEY 71 CNTR - : 2772 DM (0.45) CR LESS €L=.90 CLARK 74 ASPK KMU3 DECAY 11775
MM (1.0011603)  +=(12)E-7 GILLELAND 72 CNTR + 2/72
MM (1.0011596567}+=(35}E=10 COMEN 73 RVUE EV CON —
MM (1-0011596£7) +-{24)E=9 WALLS 73 CNTR - BOLOMETRIC TECHN 11/77
MM (1.00115965241)4-{20)E-11  VANDYCK  T7 CNTR - RPL.BY VANDYCKT9 12/77 2 NU-2 MEAN LIFE/MASS (UNITS SEC/EV)
MMV 1.001159652200¢-{40)€-12  VANDYCK 79 CNTR — PENNING TRAP 1/82%
M 1.001159652222+-(50)E-12  SCHWINBER 81 CNTR + PENNING TRAP 17982¢ T B 0 (3. E-3) CR MORE BELLOTT! 76 HLBC NU, CERN GGM 1/78
HM R RICH 68 1S REEVALUATION OF WILKINSON €3, T 8 1 (1.3E-2) OR MORE BELLOTTI 76 HLBC ANTINU, CERN GGM 1/78
MMV VANDYCK 79 CONFIRMED FINAL BY H. DEHMELT, PRIV. COMM. 1/82¢ T B 0 (2.2E-3) LR MORE BARNES 77 DBC NU, ANL 12FT. 1/78
MM @ e e e e e e e ee e T B 0 {1.0E-2} GR MORE BLIETSCHA 78 HLBC NU-MU CERN GGM 1/82%
MM AVG 1.001159652209+-(311E-12 AVERAGE (ERROR INCL. SCALE FACTOR 1.0}  1/82% T B 0 (1.7E-2) CR MORE BLIETSCHA 78 HLBC ANU-MU CERN GGM 1/82%
KL AVERAGE ASSUMING EQUAL G/2-VALUES FOR E+ AND E- BY CPT T B 0 0.11 OR MORE CL=.90  FRANK 81 CNTR NU, ANU LAMPF 1/82%
T B THESE EXPERIMENTS LOOK FDR NU{MU) ~-> NUCEI+GAMMA CR ANU(MU} -=> 1778
MMR POSITRON TO ELECTRON G-FACTOR RATIO MINUS ONE, (G+/G-1-1 T B ANU(E)+GAMMA. /78
MMR TEST OF CPT
MMR (1.6E-8) OR LESS Ct=.95 SEREDNYAK 77 CNTR ME+sME- ASSUMED 4r82% | ——eee
MMR 2.2E-11  6.4E-11 SCHWINBER 81 ELEC PENNING TRAP 4828
2 € - INU-2 VELOCITY): ABS((V-C}/C) (UNITS 10%%-4)
R EXPECTED TO BE ZERO FOR MASSLESS NEUTRINO
3 ELECTRON ELECTRIC DIPOLE MOMENT{UNITS 10%#%-23 E-CM) v 77  (2.0) OR LESS CL=.99 ALSPECTOR 76 SPEC >SQGEV NU 1/78
: v 26 (4.0) OR LESS CL=.99 ALSPECTOR 76 SPEC <50GEV NU 1/78
FORBIODEN BY BOTH T INVARIANCE AND P INVARIANCE v 9800 (0.4) OR LESS CL=.95 KALBFLEIS 79 SPEC 12/79
EDM 0.3 CR LESS CL=.90 WETSSKOPF 68 MRS CESTUM 12/719 | ——eo
EDM 10,07} (0.22) CL=.90  PLAYER 70 MRS XENON 4/82%
EDM €0.19)  (0.34) CL=.90  SANDARS 75 MRS THALLTUM 47824 2 NU-2 MAGNETIC MOMENT (UNITS EV/GAUSS}
EDM (811 (11.6) VASILEV 78 12/79
MUST VANISH FCR MAJORANA NEUTRINO OR PURELY CHIRAL MASSLESS
HOUKOH SEERARASR DR REEARE DIRAC NEUTRINO
' MM K (4.7 E-1710R LESS KIM 1/82¢
REFERENCES FOR ELECTRON MM K KIM 74 IS A THEORETICAL ANALYSIS OF ANYINU—MU REACTION DATA. 1/82¢
SCHUPP 61 PR 121 1 A A SCHUPP.R W PIDD.H R CRANE (MICH} corees «
WILKINSO 63 PR 130 852 D T WILKINSON,H R CRANE (MICH)
COHEN 65 RMP 37 537 COHEN,DUMOND  (N.A.AVIATION SCI.CENTER4CIT) .
MOE 65 PR 140 8 992 M K MOE,F REINES {CASE INST-TECHNOLOGY} REFERENCES FOR NU-MU
RICH 66 PRL 17 271 A RICHs, H R CRANE (MICH} BARKAS 56 PR 101 778 W H BARKAS.W BIRNBAUMJF M SMITH CLRLD
RICH 68 PRL 20 967 A RICH (MICH) DUDZIAK 59 PR 114 336 W F DUDZIAK.R SAGANE.J VEDDER (LRL)
WEISSKOP 68 PRL 21 1645 WEISSKOPF s CARRICO GOULD +L1PWORTHs (BRAN) FEINBERG 63 ARNS 13 431 G FEINBERGs L M LEDERMAN (COLUMBTA)
TAYLOR 69 RMP 41 375 +PARKER s LANGENBERG . (PRINsUCT+PENN) ALLCOCK 65 PPSL 85 B7S 6 R ALLCOCK (LIVERPOOL)
BARDON 65 PRL 14 449 BARDON,NORTON.PEOPLES + (COLU+STONY BROOK)
PLAYER 70 JP B3 1620 M ALPLAYER.P.G.H.SANDARS - (OXF)
WESLEY 70 PRL 24 1320 J C WESLEY,A.RICH (MICH} SHAFER 65 PRL 14 923 R E SHAFER,CROWE.JENKINS (LRL)Y
WESLEY 71 PR A4 1341 J C WESLEY+A RICH {NICH} BOOTH 67 PL 268 39 BOOTHy JOHNSON,WILL I AMS , WORMALD {LIVERPOOL}
GILLELAN 72 PR AS 33 J GILLELAND.A RICH (MICH) HYMAN 67 PL 258 376 +LOKEN; PEWITT {MCKENZIE+ {ANL+CARN+NWES ]
LAUTRUP 72 PRPL 3 193 B.LAUTRUP+A.PETERMAN, E.OE RAFAEL(CERN+BURE) BACKENST 71 PL 368 403 BACKENSTOSS, DANIEL,KOCH+  {CERNJKARL.HEID)
RICH 72 RMP 44 250 A RICH,J C WESLEY (MICH) SHRUM 71 PL 378 114 E V SHRUM,K O H ZIOCK (UNIV DF VIRGINIA)
BACKENST 73 PL 438 539 BACKENSTOSS + DANIEL ,KOCH+ (CERN¢KARL#MUNICH)
COHEN 73 J.PHYS,CHEM.REF.DATA 2, P.663s E.R.COHEN,B.N.TAYLOR
WALLS 73 PRL 31 975 FoL.WALLS+T.S.STEIN (WASH) CLARK 74 PR D9 533 +ELIOFF,FRISCH, JOHNSON,KERTH, SHEN +  (LBL)
SANDARS 75 PR A1l 473 P4GaH.SANDARS (R.M. STERNHEIMER (OXF ¢BNL) KIM 74 PR D9 3050 JoE.KIM,V.S.MATHER +S.OKUBD (ROCH)
STEINBER 75 PR D12 2582 ReI.STEINBERG, KWIATKOWSKI + MAENHAUT ¢ (UMD} ALSPECTO 76 PRL 36 837 ALSPECTOR + (BNL+PURD+CIT+FNAL+ROCK)
SEREDNYA T7 PL 668 102 SEREDNYAKDV,SIDOROV» SKRINSKY+ (NOVO) BELLOTTI 76 LNC 17 553 +CAVALLI,FIORINI ROLLIER (MILA)
VANDYCK 77 PRL 38 310 +SCHWINBERG, DEHMELT (HASH) BARNES 77 PRL 38 1049 +CARMONY , DAUME  FERNANDEZ + (PURD+ANL)
KINOSHIT 78 TOKYO HEP P.571 T. KINOSHITA {CORN} BLIETSCH 78 NP B133 205 BLIETSCHAU® [AACH#L I BH+C ERN+EPOL+MILA+ORSA+)
VASILEV 78 JETP 47 243 +KOLYCHEVA (JINR) KALBFLEI 79 PRL 43 1361 KALBFLEISCH/BAGGETT,FOWLER+{ FNAL+PURD+BELL)
KOVALCHU 79 JETPL 29 145 KOVALCHUK + POMANSKY , SMOLNIKOV CINRM) DAUM 79 PR D20 2692 +EATON FROSCHs HIRSCHMANN,MCCULLOCH+  (SIN)
VANDYCK 79 BULL. APS 24 758 +SCHWINBERG,DEHMELT (WASH) ALSO 76 PL 608 380 DAUM  DUBAL y EATONsFROSCH . MCCULLOCH# {SIN4ETH)

ALSO 81 AT.PHYS. 7, P.337 H.DEHMELY(EDS.KLEPPNER®+PLENUMNY,81} {WASH) ALSO 78 PL 74B 126 DAUM, EATON, FROSCHs HIRSCHMANN, + (SIN)
KINOSHIT 81 PRL 47 1573 T.KINDSHITAy W.B.LINDQUIST (CORN} w 80 PRL 45 1066 +DELKER +DUGAN,WU,CAFFREY+  (YALE+COLU+JHU)
SCHWINBE Bl PRL 47 1679 SCHWINBERG, VAN DYCK,DEHMELT (WASH) FRANK 81 PRD 24 2001 +BURMAN4 (LASL+YALE+MIT+SACL+SIN+CNRC#+BERN)

EREGRE SR ETE ERTHRTREE Ll & *
*EERRE *% . BEREZE TR SR KEHKE
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Stable Particles Data Card Listings

B ]

. . .
u For notation, see key at front of Listings.
4 MUON PARTIAL DECAY MODES
4 MUONI1064J=1/2)
DECAY HASSES
Pl MUGN INTD E ANUE NUMU .54+
P2 MUON INTO E ANUE NUMU GAMMA W5+ 0+ oe [}
4 MUON MASS {MEV} p3 MUON INTO E NUE ANUMY S+ 0+ 0
P4 MUON INTO E GAMMA S5+ 0
M 1105.659) 10.002} FEINBERG 63 RVUE & MUON INTO 3ELECTRONS 5+ .56 .5
" (105.6599) (0.0014) TAYLOR 69 RVUE USING NEW E/H 7770 P& MUON INTO E 2GAMMA S+ 0+ O
M 4 (105.6597) (0.0005) CRANE 71 CNYR INCLUDED IN COMEN73 1/73
M 0 (105.6594) (0.0004) CROWE 72 CNTR INCLUDED IN COHENT3 2/72 | ------
" 105.65948 0.00035 COHEN 73 RVUE 3/74
M A 105.65945 0.00033 CASPERSON 77 CNTR + 12777 4 MUDN BRANCHING RATIOS
M [3 10565933 0.00029 KLEMPT 82 CNTR + 2/82%
" C CRANE 71 GIVES MU/ME=206.76878(85), WE USE ME=.5110041(161MEV. 1773 R1 MUON INTG (E BNUE NUMU GAMMA)/TOTAL tp2)
M D CROWE 72 GIVES MU/ME=206.7682(5) AND USES ME=.5110041(16}MEV. 1/73 R1 27 EVENTS SEEN ASHKIN 59 CNTR 1/78
M A CASPERSON 77 GIVES MU/ME=206.76B59(29). WE USE ME=.5110034(14IMEV. 12/77 R1 1.4E-2  0.4E-2 CRITTENDE 61 CNTR T(GAM} GT 10 MEV 1/78
u K KLEMPT 82 GIVES MU/ME=206.76835(11).. WE USE ME=.5110034(14)MEV. 2/82% R1 (3.3E-3) (1.3E-3) CRITTENDE 61 CNTR TIGAM) GT 20 MEV 1778
M e e e ee e e e R1 862 EVENTS SEEN BOGART 67 CNTR T{GAM) GT 14.5 MEV  1/78
M AVG 105.65941 0.00018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M FIT 105.65943 0.00018 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82¢ R2 MUDN+ INTO (E+ ANUE NUMU)/TOTAL {P3)
R2 FORBIDDEN BY ADDITIVE CONSERVATION LAW FOR MUON NUMBER.
— R2 MULTIPLICATIVE LAW PREDICTS THIS BRANCHING RATID TO BE 1/2.
R2 FOR A RECENT REVIEW SEE NEMETHY 81.
4 MUON MEAN LIFE (UNITS 10*%*-6 SEC) R2 (0.25) OR LESS CL=,90 EICHTEN 73 HLBC + 11775
R2 €0.131  (0.15) BLIETSCHA 78 HLBC +— AVG. OF 4 VALUES 1/82%
2.198 0.001 0.001L  FARLEY 62 CNTR R2 A 0.09 OR LESS CL=.90  JONKER 80 CALO CERN SPS NU,ANUE E- 2/82¢
2.203 0.004 LUNDY 62 CNTR CONLEV=.98 11/67 R2 (-0.001} (0.061) WILLIS 80 CNTR + 8/81%
2.202 0.003 0.003  ECKHAUSE 63 CNTR R2 A JONKER 80 GIVES LIMIT ON INVERSE MUON DECAY CROSS SECTION RATIO 2/702%
2.197 0.005 0.002  MEYER 63 CNTR + . R2 A SIGMA{ANUMU E~ ——> MU- ANUE} / SIGMA(NUMU E~ —> MU- NUE}, WHICH 2/82%
2.198 0.002 0.002  MEYER 63 CNTR — /66 R2 A IS ESSENTIALLY EQUIVALENT 7O R2 FOR SMALL VALUES LIKE THAT QUOTED.  2/82%
W 12.20026110. 00081} WILLIAMS 72 CNTR + 2/76
2.1973  0.0003 DUCLOS 73 CNTR + 1776 R3 MUON INTO (E GAMMA}/TOTAL (UNITS 10%+-8) (P4
2.19711 0.00008 BALANDIN 74 CNTR + 1/76 R3 FORBIDDEN BY LEPTON FLAVOR CONSERVATION
2.1948  0.0010 BAILEY2 77 CNTR — STORAGE RINGS 2779 R3 (4231 FRANKEL1 63 OSPK
2.1966  0.0020 BAILEY2 77 CNTR + STORAGE RINGS 2119 R3 (2.2) OR PARKER - 64 CSPK
(2.19710) (0. 00022} ZAVATTINI 80 CNTR — PRELIMINARY-CONF .4/82¢ R3 (2.9} GR KORENCHL 71 OSPK + DUBNA 10771
2.197182 0.000121 BARDIN 8L CNTR + 1782+ ’3 (0.36) OR DEPOMNIER 77 CNTR + TRIUMF 12/77
W WILLTAMS 72 MEAN LIFE MEASUREMENT WAS NOT THE PRIMARY PURPOSE OF 1776 R3 (0.11) OR POVEL 77 ELEC REPL. BY SCHAAF 80  1/79
W THEIR EXPERIMENT AND DISAGREES STRONGLY WITH LATER EXPTS. NOT AVGO. 1/76 R3 0.019 OR BOWMAN 79 SPEC + LAMPF 1779
B T : R3 10.10) OR SCHAAF 80 ELEC + SIN 3/82¢
AVG 2.197138 0.000065 0.000065 AVERAGE (ERRDR INCL. SCALE FACTOR CF 1.0)
R4 MUON INTO (3ELECTRONS)/TOTAL {UNITS 10%#-7) (P5)
————— R4 FORBIDDEN BY LEPTON FLAVDR CONSERVATION
. R4 F (5.0} OR LESS CL=.90  PARKER 62 CNTR
4  MU+/MU- MEAN LIFE RATIO R4 F (1.3) OR LESS ALTKHANOV 62 DSPK
R4 F (1.5) OR LESS FRANKEL2: 63 CNTR
DT 1.000 0.001 MEYER 63 CNTR  MEAN LIFE MU+/MU-  7/66 R4 F (1.2} OR LESS BABAEV 63 0SPK
or 1.0008  0.0010 BAILEY 79 CNTR STORAGE RING 7779 R4 K t0.06210R LESS KORENCH2 71 DBSPK DUBNA 2/72
o 11.0000) (0.0001} ZAVAFTINI 80 CNTR — PRELIMINARY-CONF 4/82¢ R4 K 0.019 GR LESS KORENCHEN 76 SPEC + DUBNA 6/17
or e e e e e R4 F FOUR ABOVE EXPERIMENTS EVALUATED UPPER LIMITS ASSUMING A SECOND
T AVG 1.00040 0.0007T1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} R4 F ORDER V-A NEUTRING LODP DTAGRAM. LIMITS NOT SIGNIFICANTLY CHANGED
R4 F BY ASSUMING A CONSTANT MATRIX ELEMENT.
————— R4 K THESE EXPERIMENTS ASSUME A CONSTANT MATRIX ELEMENT. 10/77
4 MUON ANOMALOUS MAGN. MOMENT (10%%—6%E/{2%MU MASS)) RS MUON INTO (E 2GAMMA)/TDTAL (UNITS 10#-5) (113}
RS FORBIDDEN BY LEPTON FLAVOR CONSERVATION
MM FOR REVIEWS CF THEORY AND EXPERIMENTS. SEE FARLEY 79. KINOSHITA 78, RS {1.6) OR LESS CL=.90 FRANKELL 63 OSPK +
MM CALMET 77, COMBLEY T4, LAUTRUP 72, AND RICH 72. RS5 P (0.4) OR LESS CL=.90 POUTISSOU T4 CNTR + LBL 12/75
L] (1162.0} (5.0} CHARPAK 62 CNTR + R5 A 0.005 OR LESS CL=.90  BOWMAN 78 CNTR DEPOMMIER 77 DATA 4/782%
MM B (1165. 75} (o.u) BATLEY &8 CNTR ¢ STOR. RINGS 5769 RS P POUTISSOU 74 LIMIT APPLIES TO ‘SUM OF ALL NEUTRINDLESS MU+ DECAYS. 1776
MM B (1166.25) {0. BAILEY 68 CNTR - STOR. RINGS 5/69 RS A BOWMAN 78 ASSUMES INT. LAGRANG. LOCAL ON SCALE BF INVERSE MU MASS. “/82%
MM B ERRORS snnsncu_. VALUES COMBINED TD GIVE MU+ VALUE BELOW 5/69
MM 1166. 16 0.31 BAILEY 68 CNTR #— STOR. RINGS 5769 ———— -
MM 1060. 67. HENRY 69 CNTR 4+ /77
MM 1A (1165.895) (0.027) BAILEY 75 CNTR + STORAGE RING 11/75 4 LIMIT ON MUON —> ELECTRON CONVERSION
MM 1A (1165.922)  {0.009) BATLEY 77 CNTR +- STORAGE RING 11777
MM (1165.911}  (0.011} BATLEY 79 CNTR + STORAGE RING 7779 FORBIODEN B8Y LEPTON FLAVOR CONSERVATION
MM (1165.9371  (0.012) BAILEY 79 CNTR — . STORAGE RING 779
MM 1 1165.924 0.0085 BAILEY 79 CNTR +— STORAGE RING 719 RE {MU- SULFUR32 —> E- SULFUR32)/{MU-SULFUR32 =—> NUMU PHOSPHORUS32%}
MM A BAILEY 77 YNCLUDES RESULTS OF BAILEY 75. 11/77 RE CROSS SECTION RATIO
MM 1 BAILEY 79 IS FINAL RESULT. INCLUDES BAILEY 75 AND 77 DATA. 719 RE t4. €-1010R LESS CL=.90  BADERTSCH 77 STRC SIN 1/82%
MM I THIRD BAILEY 79 RESULT IS FIRST TWQ COMBINED. 7779 RE (0.TE~10)0R LESS CL=.90  BADERTSCH 80 STRC SIN 1/782%
MM e e e e e e ..
MM AVG 1165.9242  0.0085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.00 | -———
———— 4 LIMIT ON MUON --> POSITRON CONVERSION
4 MUON ELECTRIC DIPOLE MOMENT (UNITS 10%#-19 E-CM} FORBIDDEN BY LEPTON FLAVOR CONSERVATION
FORBIODEN BY BOTH T INVARTANCE AND P INVARTANCE RPL tMU- SULFUR32 —> E¢ sxucuuszt)/(uu SULF32 —=> NUMU PHDSPHORUS32%}
RPL (1.5E-9) OR LESS =.90 BADERTSCH 78 STRC SIN 1/82¢
EDM B (8.6) (4.5) BAILEY 78 CNTR + STORAGE RINGS 2/79 RP1 (0.9€-9) OR LESS c 90  BADERTSCH 80 STRC SIN 1/82¢
EOM 8 0. 81 (4.3) BAYLEY 78 CNTR - STORAGE RINGS 2179
EDM B 3.7 3.4 BAILEY 78 CNTR +— STORAGE RING 2779 RP2 (MU~ TODENEL27 —-> E+ ANTIMONY127#)/(MU~ IODINE127 ——> ANYTHING) 4“/82%
EDM B BAILEY 78 YIELDS EDM < 1.05%10%%-18 WITH CL=.95. THIRD RESULT IS 2779 RP2 A 10.3E-9)-0R LESS CL=.90 ABELA 80 CNTR RADIOCHEMICAL TECH. &/82%
EOM B FIRST TWO COMBINED ASSUMING CPT. 2179 RPZ A ABELA 80 IS UPPER LIMIT FOR MU- E+ CONVERSION LEADING TO PARTICLE-  4/82¢
RPZ A STABLE STATES OF $8127. LIMIT FOR TOTAL CONVERSION RATE IS HIGHER 4782%
— RP2 A BY AN UNKNOWN FACTOR. 4/82%
4 MUON TO PROTON MAGNETIC MOMENT RATIO ——————
MHR THIS RATIO IS USED TO OBTAIN PRECISE VALUES OF THE MUCN MASS. 3772 4 MUON DECAY PARAMETERS
MMR SEE CROWE 72. 3/72
MMR 13.1865) (0.0022) COFFIN 58 CNTR + SPIN RESONANCE 2/12 RELATED TEXT SECTION VI &
MMR (3.1830) (0.0011} LUNDY 58 CNTR + PRECESSION STRDB 2/72
MMR (3.176)  (0.013) LUNDY 58 CNTR - PRECESSION STROB 2/72
MMR (3.1834) (0.0002) GARWIN 60 CNTR + PRECESSICN PHASE 2/72 RHO RHO PARAMETER (V-A THEORY PREDICTS RHO=0.75)
MMR €3.18336) (0.00007) BINGHAM 63 CNTR + PRECESSION STROS 2/72 RHOD C 10,741} 10,027} DUDZIAK 59 CNTR + 20-53 MEV €+ 10/69
MMR 13.1808) (£.0004) BINGHAM 63 CNTR - PRECESSION STRDB 2/72 RHD P9213 0.745 0.025 PLANO 60 HBC + WHOLE SPECTRUM  10/69
MMR . (3.18338)(0.00004) HUTCHINS 63 CNTR + PRECESSION PHASE 2/72 RHD P TWO PARAMETER FIT TD RHD AND ETA. .
MMR D (3.183351 0.000016} EHRLICH 69 CNTR HES SPLITTING 2/12 RHO € 2276  {0.751) (0.034) BLOCK 62 HEBC - WHOLE SPECTRUM 10769
MMR C 13.183314 0.000034} THOMPSON 69 CNTR HFS SPLITTING 2172 RHO D (0.641  10.04) SARLOW 64 CNTR - WHOLE SPECTRUM  10/69
MMR (3.183330 €.000044) HUTCHINS 70 CNTR + PRECESSION PHASE 2/72 RHO D 10.661) (0.016) BARLOW 64 CNTR ¢ WHOLE SPECTRUM  10/69
MMR H (3.183347 (.000009) HAGUE 70 CNTR + PRECESSION PHASE 2/72 RHD O 10.867) {0.035} PONTECORV 64 CC - 10/69
MMR T (3,183336 0.000013) CRANE 71 CNTR HES SPLITTING 2172 RHD O RESULTS IN DOUBT. 10/69
MMR D (3.183349 0.000015) DEVOE 71 CNTR HES SPLITTING 1773 RHO C 800K  (0.7503) [0.0026) PEOPLES 66 ASPK ¢ 20-53 MEV E+ 10769
MMR 13.183326 0.000013} ananr 71 CNTR MFS SPLITTING 2712 RHO € 280K  (0.760) (0.009) SHERWOOD 67 ASPK + 25-53 MEV £+ 10769
MMR  H (3.1833467 .0000082) 72 CNTR + PRECESSION PHASE 2772 RHO € 170K  (0.762) (0.008) FRYBERGER 68 ASPK + 25~53 MEV E+ 10/69
MMR R THE RESULTS THROUGH 1912 ARE mcn.unEu IN COHEN 3. 3/74 RHO C  ETA CONSTRAINED =0. THESE VALUES INCORPORATED INTO A TWO PARAMETER
MMR R 3.1833402 .000007 CoM 73 RVUE 3/74 RHO C  FIT TO RHO AND ETA 8Y DERENZQ 69.
MMR E (3.1833299 .coooozs) CASPERSUN 75 CNTR 2/16 RHOD 0.7518  0.0026 DERENZO 69 RVUE 10769 .
MR 3.1833403 0000044 CASPERSON 77 CNTR + HFS SPLITTING 12/77 RHD e e e e e e ..
MMR (3.1833448 .0000029) CAMANI 78 CNTR + REPL,BY KLEMPTE2 7/79 RHO AVG 0.7517  0.0026 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
MMR 3.1833441 0000017 KLEMPT 82 CNTR 4+ PRECESSION STROB 2/82¢
MMR D DEVOE 71 SUPERCEDES EHRLICH 69, THIS 1S NOT A DIRECT MEASUREMENT.  1/73 ETA ETA PARAMETER (v-a THEURV PREDICTS ETA=0}
MMR D WE GIVE A NEw VALUE WHICH CONTATNS & THEORETICAL CORRECTION OF /73 ETA P 9213 {-2.0) (0-9) PL 60 HBC + WHOLE SPECTRUM  10/69
MMR O -—7.B+-2.3 PPM, AS DISCUSSED IN FODTNOTE 354 OF CROWE T2. /73 ETA P YWD PARAMETER FIT TO RHD AND ETA- PLAND 60 DISCOUNTS VALUE FCR €TA 10/69
MMR €  CRANE 71 SUPERSEDES THOMPSON 69, THIS IS NOT A DIRECT MEASUREMENT.  1/73 ETA C BOOK  [0.05)  (0.5) PENPLES 66 ASPK + 20-53 MEV E+ 10769
MMR H  CROWE 72 SUPERSEDES HMAGUE TO. ETA C 280K (-0.7) (0.61 SHERWOOD 67 ASPK + 25-53 MEV E+ 10769
MMR F  FAVART 71 ASSUMES A ZERO VALUE FOR THE PROTON POLARIZABILITY. 1773 ETA C 170K (-0.7) €0.5) FRYBERGER 68 ASPK ¢ 25-53 MEV Ee 10769
MMR E USES INCORRECT THEO. EXPRESSION FOR NU(HFS). SEE KLEMPT 82, TBL.XI. 2/82¢ €TA C  RHO CONSTRAINED =0.75.
MMR e e m e e e e ETA 6346 -0.12 0.21 DERENZO 69 HBC + 1.6-6.8 MEV E+  10/69
MMR AVG 3.1833434 .D000015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
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Data Card Listings Stable Particles

. . .
For notation, see key at front of Listings. U, v,
xst (XS] PARAMETER)® (MUON LONGITUDINAL POLARTZATION} CROWE 72 PR D5 2145 +MAGUE yROTHBERG » SCHENCK (LBL+WASH)
xst {V=A THEORY PREDICTS XSJ=1y LONG.POL.=1) WILLIAMS 72 PR D6 T37 R W WILLTAMS,D L WILLIAMS {WASHINGTON)
xsI 9K 0.97 0.05 BARDON 59 CNTR BROMDFDRM TARGET 10/69 COHEN 73 J.PHYS.CHEM.REF.DATA 2, P.663, E.R.COHEN:E.N.TAYLOR
xst 8354 0.93 0.06 PLANO 60 HBC + 8.8 KGAUSS 10/69 DUCLOS 73 PL 478 491 +MAGNON, PICARD {SACL}
XSI A 10.903)  (0.027) ALI-ZADE 61 EMUL + 27 XGAUSS 10769 EICHTEN 73 PL 468 281 +DEDEN+ (AACH+BELG4CERN+EPOL ¢MILA+LALO#LOUC)
XSI A DEPOLARIZATIQON BY MEDIUM NDT KNOWN SUFFTICIENTLY WELL.
XSk 66K (0.975) 10.030) GUREVICH 64 EMUL REPL.BY AKHMANOV 68 10/69 BALANDIN 74 JETP 4D 811 +GREBENYUK , ZINOV +KONIN, PONOMAREV {JINR)
xS1 0.975 0.015 AKHMANOV 68 EMUL 140 KGAUSS 9/81# POUTISSG 74 NP BBO 221 POUT1SSOU, FELAWKA INGRAM + (MONT+8RCO)
xSl RIS B R 1 satLey 75 pL 558 420 +BORER+ (CERN#DARE+BERN+ SHEF + MANZ +RMCS+BIRM)
XSI AVG 0.972 0.014  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} CASPERSO 75 PL 598 397 CASPERSON,CRANE¢ (YALE+LASL+HEID+BERN+WYOM)
KORENCHE T6 JETP 43 1 KOR ENCHENKO,KOSTIN, MUTSELMAKHER+ CJINR)
DEL DELTA PARAMETER tV-A THEORY PREDICTS DELTA=0.75} BADERTSC 77 PRL 39 1385 BADERTSCHER,BORER+CZAPEK,FLUECKIGER+ {BERN)
DEL 8354 0.78 0.05 PLAND 60 + WHOLE SPECTRUM  10/69
DEL 0.782 9. 031 KRUGER 61 10769 BAILEY 77 PL 678 225 “BORER+ (CERN+DARE+BERN+ SHEF ¢ MANZ ¢RMCS +BIRM)
OEL 490K 0.752 0. FRYBERGER 68 ASPK + 25-53 MEV Ee 10/69 OR 77 PL 688 191 +BORER+/CERN+DARE+BERN+ SHEF +MANZ +RMCS#BIRM
0EL vossuzn 69 HAS HEASURED THE ASYMMETRY BELOW 10 MEV 11769 BATLEYZ 77 NATURE 268 301 (DARE+BERN#SHEF ¢ CERN+MANZ+RMCS+BTRM)
DEL . ALSQ 79 BAILEY
DEL AVG "0.7551 ~ 0.0085 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0} CASPERSO 77 PAL 38 956 CASPERSON (CRANE+ (BERN+HE{D+LASL+WYOM#YALE)
DEPOMMIE 77 PRL 39 1113 DEPOMMIER, MARTI N+ (MONT + BRCO+TRIU+V ICT+MELB)
HEL HELICITY DF DECAY ELECTRON. POVEL 77 PL 728 183 +DEY, WAL TER,PFEIFFER + (2URT ¢ETH+SIN)
HEL (V—-A THEDRY PREDICTS HELICITY=¢-1 FOR E+-, RESPECTIVELY)
HEL WE "AVE FLIPPED THE SIGN FOR E- SO DUR PROGRAMS CAN AVERAGE BADERTSC T8 PL 798 371 BAOERTSCHER+BORERy CZAPEK,FLUECKIGER+ (BERN)
HEL D 8) (0.16 oICK 63 CNTR + ANNTHILATION 10769 BAILEY 78 JPG 4 345 (DARE+BERN® SHEF ¢MANZ + RMC S+C ERN+BTRM)
HEL O IN oousr— PDSHRDNS POSSIBLY DEPOLARIZED IN BE MODERATOR. ALSO 79 BAILEY
HEL 1.05 0.30 BUHLER 63 CNTR +  ANNIHILATION 10/69 BLIETSCH 78 NP B133 205 BLIETSCHAU+(AACH+LT BH+C ERN+EPOL +MI LA+DRSA+)
HEL X 0.94 0.38 BLOOM 64 CNTR ¢ BREMS TRANSMISS 10/69 BOWMAN 78 PRL 41 442 4CHENG,LTI+MATIS TLASL+IAS+CARNSEFI)
HEL 1.04 0.18 puycLos 64 CNTR + BHABHA SCATT 10/69 CAMANT 78 PL TTR 326 +GYGAX KLEMPT y SCHENCK s SCHULZE+ (ETH+MANZ)
HEL 29K 0.89 0.28 SCHWARTZ 67 OSPK — MOLLER SCATT 10/69 BAILEY 79 NP 8150 1 (DARE+BERN+SHEF+MANZ #RMC S ¢CERN+B TRM+LBL)
HEL 500K 1.010 0. 064 CORRIVEAY 81 CNTR + BHABHA + ANNIHIL 1/82% BOWMAN 79 PRL 42 556 4COOPER,HAMM,HOFFMAN + {LASL+EFI+STAN)
HEL e e h e e
HEL AVG 1.008 0.057  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} ABELA 80 PL 95B 318 +BACKENSTOSS,KOWALD WUEST « (BASL+KARL)
’ BADERTSC 80 LNC 28 40l BADERTSCHER,BORER, CZAP EK,FLUECK IGER+ {BERN)
GS SCALAR COUPLING CONSTANT IN MUDN DECAY (IN UNITS OF GV} JONKER 80 PL 938 203 CHARM COLLAB. {ANTK+ CERN +HAMB #1 TEP+ROMA)
GS 10.33} QR LESS DERENZO 69 RVUE 10/89 SCHAAF B0 NP 4340 249 +ENGF ER , POVEL , DEY+ (2URT+ETH*SIN)
WILLIS 80 PRL 44 522 +HUGHE S+ ( YALE+LBL+LASL+SACL+SIN+CNRC+BERN)
GA AXTAL VECTOR COUPLING CONSTANT IN MUDN DECAY (IN UNITS OF GV} ALSO 80 PRL 45 1370 WILLIS+ (YALE+LBL+LASL+SACL+SIN#CNRC+BERN)
GA 0.86 0.33 0.11 DERENIO 69 RVUE 10/69 ZAVATTIN 80 TRIUMF MU. WKSHP. E.ZAVATTINI — PROCEEDINGS f.62 (CERN)
Fav PHASE BETWEEN VECTOR AND AXIAL vecmn couvuuss { DEGREES) BARDIN 81 NP A352 365 +DUCLOS «MAGNON+ ( SACL+CERN+BGNA+TRIU}
FAV 180. 15. NG 10769 CORRIVEA 81 PR D24 2004 CORRIVEAU, EGGER,FETSCHER ¢  {ETH+SIN+MANZ)
NEMETHY 81 CNPP 10 147 P.NEMETHY, V. W, HUGHES {LBL+YALE}
6T TENSOR COUPLING CONSTANT IN MUON DECAY CIN unns oF ov) KLEMPT 82 PR D25 652 +SCHULZE(WOLF (CAMANT 4 GY GAX ¢ (MANZ+ETH)
GT 10.28) OR LESS DERENIO 69 RVU 10/69
PAPERS NOT REFERRED TO IN DATA CARDS
GP PSEUDDSCALAR COUPLING CONSTANT IN MUON DECAY (IN UNITS DF GVI
4 €0.33) QOR LESS DEREN20 69 RVUE 10769 FISHER 59 PRL 3 349 FISHER .LEONTIC, LUNDBY ,MEUNTER (STROOT (CERN)
ASTBURY 60 ROCH CONF 60 542 ASTBURY/.HATTERSLEY,HUSSAIN + (LIVERPDOL}
hhiddid . DEVONS 860 PRL 5 330" DEVONS ¢ GIDAL s LEDERMAN, SHAP IRO (COLUMBIA)
LATHROP 60 NC 17 109 J LATHROP,R A LUNDY,V L TELEGOI + (EFI)
LATHROP 60 NC 17 114 J LATHROP4R A LUNDY,S PENMAN + (EFD)
REFERENCES FOR MUON REITER 60 PRL 5 22 REITER,ROMANOWSKI+ SUTTON + (CARNEGIE)
TELEGDT 60 ROCH CONF 60 713 v L TELEGDY [CERN)
COFFIN  $8 PR 109 973 +GARWIN, PENMAN, LEDERMAN s SACHS (COLUMBTA)
LUNDY 58 PRL 1 38 +SENS s SHANSON, TELEGDT , YOVANOVITCH {CHICAGO) CHARPAK 61 PRL & 128 CHARPAK(FARLEY+GARWIN.MULLER+ SENS + (CERN)
ASHKIN 59 NC 14 1266 +FAZZINT,FIOECARO, LIPMAN,MERRISON + ([CERN) HUTCHINS 61 PRL 7 129 D P HUTCHINSON,J MENES + (COLUMBTA)
BARDON 59 PRL 2 56 M BARDON, D BERLEY, L LEDERMAN  (COLUMBIA) SHAPIRD 62 PR 125 1022 G SHAPIROsL M LEDERMAN {COLUMBIA}
OUDZIAK 59 PR 114 336 W DUDZIAK,R SAGANE, J VEDDER {LRLY FAIRLEY 66 NC 45A 281 FAIRLEY,BAILEY,BROWN,GIESCH + {CERN)
GARWIN 60 PR 118 271 GARWIN, HUTCHINSON, PENMAN, SHAPTRD (COLUMBTA) VDSSLER 69 NC 63A 423 C VOSSLER (EFT)
PLAND 60 PR 119 1400 R J PLANO - (coLumsial
LAUTRUP T2 PRPL 3 193 8.LAUTRUP (A PETERMAN, E. DE RAFAEL{CERN+RURE}
ALI-ZADE 61 JETP 13 313 ALT-ZADE,GUREVICH,NIKOLSKI (USSR) RICH 72 RMP 44 250 A RICH,J C WESLEY (MICH)
CRITTEND 61 PR 121 1823 CRITTENDEN,WALKER, BALLAM {MSU+HICH) COMBLEY 74 PRPL 14 1 F.COMALEY,E.PICASSO {CERN}
KRUGER 61 UCRL-9322 (UNPUB) H KRUGER (LRLY CALMET 77 RMP 45 21 J.CALMET,S.NARISON,M.PERROTTET+ {MARS)
ALIKHANO 62 CERN CONF 423 A 1 ALIKHANDV,A BABAEV + LITEP MDSCOW) KINOSHIT 78 TOKYO HEP P.571 Y. KINOSHITA (CORN}
BLOCK 62 NC 23 1114 BLOCK¢FIORINT ,KIKUCHI+ ( DUK E,BOLOGNA» NI LANO) FARLEY 79 ARNPS 29 243 F.J.M.FARLEY,E.PICASSO {RMCS+CERN)
CHARPAK 62 PL 1 16 G CHARPAK+F 3 M FARLEY.R L GARWIN + (CERN} DEPOMMIE B0 NP A335 97 P.DEPOMMIER (MONT)
FARLEY 62 CERN CONF 415 FARLEY,MASSAM,MULLER, ZICHICHI (CERN) .
LUNDY 62 PR 125 1686 RICHARD A LUNDY (EFI) RS REFEAEEAE FESIERAKS 44 .
PARKER 62 NC 23 485 $ PARKER,S PENMAN LEFI) RAKEEE KRR DERAK SRGHEE ARG KRROEEREE REBRAERET SRRETASAE MRS AL kR ThRRGKER
BABAEV 63 JETP 16 1397 BABAEV.BALATS,KAFTANDV,LANDSBERG +  (ITEP)
BINGHAM 63 Nc 27 1352 G.MCD.BINGHAM (LRL)
BUHLER 63 7 360 +CABIBBO,F IDECARO,MASSAM,MULLER+ (CERN) 36 NU-TAUtJ=1/2)
oIcK 63 PL 7 150 OTCK,FEUVRATS, SPTGHEL [TERN)
EXTSTENCE INOIRECTLY ESTABLISHED FROM TAU DECAY DATA
ECKHAUSE 63 PR 132 422 M ECKHAUSE.T A FILIPPAS + . {CARNEGIE) COMBINED WITH NU REACTION DATA. SEE FOR EXAMPLE
FEINBERG 63 ARNS 13 431 GERALD FEINBERGs L M LEDERMAN (COLUMBLAY FELDMAN B1. KIRKBY 79 RULES OUT J=3/2 USING
FRANKEL1 63 NC 27 894 S FRANKEL.W FRATI,J HALPERN + {PENN) YAU --> P1 NUTAU BRANCHING RATIO.
FRANKEL2 63 PR 130 1351 S FRANKEL+W FRATI,J HALPERN + LPENN)
HUTCHINS 63 PR 131 1351 HUTCHINSON,MENES,PATLACHsSHAPIRO {COLUMBIA) NOT IN GENERAL A MASS EIGENSTATE. SEE NOTE ON NEUTRINOS
MEYER ' 63 PR 132 2693 S L MEYER.ANDERSON, BLES ER+ LEDERMAN+ (COLU) IN THE ELECTRON NEUTRINO SECTIDN ABOVE.
BARLOW 64 PPS B4 239 +BODTH,CARROL,COURT,DAVIES + EDNARDS+  [LIVP)
BLOOM 6 PL 8 87 +DICK, FEUVRATS HENRY + MACQs SP IGHEL [CERN)
DUCLOS 64 PL 9 62 +HEINTZE,DE RUJULA,SOERGEL {CERN) 36 NU-TAU TIMASS'' (MEV)
GUREVICH 64 PL 11 185 GUREVICHyMAKARTYNA+ {KIAE)
PONTECOR 64 DUBNA CONF PONTECORVD, SULYAEV {MDSCOW} APPLIES TO NU-3, THE PRIMARY MASS EIGENSTATE N NU-TAU. WOULD ALSC
PARKER 64 PR 1338 768 S PARKER,H L &NDERSON,C REY (EFL) APPLY TO ANY CTHER NU-J WHICH MIXES STRONGLY IN NU-TAU AND HAS
- SUFFICIENTLY SMALL MASS THAT IT CAN OCCUR IN THE RESPECTIVE DECAYS.
PEOPLES 66 NEVIS-147 (UNPUB) J PEOPLES (COLUMBTA) {THIS WOULO BE NONTRIVIAL ONLY FOR A HYPDTHETICAL J .GE. 4+ GIVEN
BOGART 67 PR 156 1405 +DICAPUA,NEMETHY,STRELZOFF tcoLur THE NU—-E AND NU-MU '*MASS*® LIMITS ABOVE.}
SCHWARTZ 67 PR 162 1306 D M SCHWARTZ LEF Y
SHERWOOD 67 PR 156 1475 B A SHERWOOD LEFI) ] P 144 (600.)  OR LESS CL=.95 PERL 77 SMAG E+E-3.8-7.8GEV ECM 12/77
AKHMANDY 68 SJUNP & 230 +GUREV ECH, DDBRE TSOV \MAKARINA+ tKTAE) " (740.) CR LESS CL=.90 BRANDELIK 78 DASP ASSUMES V—A DECAY 3718
BAILEY 68 PL 288 287 +BARTL,VON BOCHMANN, BROWN, FARLEY+ (CERN] M 8 594 250. OR LESS CL=.95 BACINO 79 DLCO E+E- ECM=3.5-T.4GEV 7/79
ALSD T2 NC 9A 369 +BARTL,VON BOCHMANN, BROWNs FARLEY+ (CERN) M 250. OR LESS CL=.95 BLOCKER 82 SMK2 E+E- ECM=5.2 GEV 2782+
FRYBERGE 68 PR 166 1379 D FRYBERGER {EF1) M P PERL 77 IS E+E- TO TAUs TAU- EXPT. VALUE QUOTED ASSUMES V-A DECAY  12/77
" P AND TAU MASS=1900 MEV. 12777
DERENZO 69 PR 181 1854 S DERENZO LEFD) " B BACINO 79 EXPT RULES DUT VeA DECAY, DISFAVORS PURE V DR A, AND IS 1779
EHRLICH 69 PRL 23 513 +HOFER +MAGNON, STOWELL s SWANSON+ - (CHICAGO)} M B [N GOOD AGREEMENT WITH V-A. 1/82¢
HENRY 69 NC 63A 955 +SCHRANK o SHANSON [STAN+UCSB+UCSO}
TAYLOR 69 RMP 41 375 +PARKER,LANGENBERG {PRINSUCT+PENN} SAERSE SEREANERE KEEASEEOE *
THOMPSON 69 PRL 22 163 +AMATD, CRANE , HUGHES 4 MOBLEY+ LYALE}
HAGUE 70 PRL 25 628 +ROTHBERG, SCHENCK, HILL TAMS+ TWASH+LRL) REFERENCES FOR NU-TAU
HUTCHINS 70 PRL 24 1254 HUTCHINSON s LARSGNy SCHOEN:SOBERs+ teray
77 PL 708 487 +FELDMANJABRAMS ( ALAMJBDYARSKT+  (SLAC+LBLI
CRANE TL PRL 27 474 +CASPERSON + CRANEEGANy HUGHE S + LYALE) . BRANDELT 78 PL 73B 109 BRANDELIK + {AACH+CESY +FAMB +MPIM+TOKY)
DEVOE TL PRL 25 1779LER]  +MCINTGRE,MAGNON,STOWELLsSWANSON+ (CHICAGO) BACIND 79 PRL 42 749 +FERGUSON, NODUL MAN+ (UCLA+SLAC+UCI+STON)
ALSO TL PRL 26 213 DEVOE ¢ MCINTGRE ¢ MAGNON, STONELL + (CHICAGO) KIRKBY 79 SLAC~PUB-2419 JoKIRKBY(LEPTON PHOTON SYMP. BATAVIA)(SLAC)HJ
FAVART 71 PRL 27 1336 +MCINTYRE, STOWELL, TELEGDI, DEVOE+ (CHICAGO) FELDMAN 81 SLAC-PUB-2839 G.J FELDMAN(SANTA CRUZ APS 19811{SLAC+STAN)
KORENCH1 71 SJNP 13 190 KORENCHENKOs KOSTIN;MICELMACHER+ (JINRY BLOCKER 82 PL B (TQ BE PUB.) $DORFAN,ABRAMS, ALAM,BLONDEL+ (LBL+SLAC)
KORENCH2 71 SJNP 13 728 KORENCHENKD KDSTINs MIC ELMACHER+ (JINRY

BEEREE CREAEEREE REEIREREE FESAE 0N
SARORE CSRNERLEE SECAEEAES SESSRONRX
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Stable Particles | Data Card Listings

+ M . . y Saq
T For notation, see key at front of Listings.
'
35 TAU BRANCHING RATIOS
S 35 TAU#-(1785,d=1/2) HEAVY LEPTON R1 TAU+- INTO (MU+— NUMU NUTAUI/TOTAL tP1)
T R1 220 0.15 0.03 BURMEST1 77 PLUT ASSUMES v-A DECAY  12/77
] E+E~ ——> TAU+TAU- CROSS SECTION THRESHOLD BEHAVIOR RL 0.175 04040 PERL 77 SMAG E+E- TO MUs= X-+ 12/77
AND MAGNITUDE CONSISTENT WITH PGINTLIKE SPIN 1/2 R1 0.22 0.10 0.07 CAVALLISF 77 SPEC E¢E- TO MUe— X-+ 1/78
OIRAC PARTICLE. BRANDELIK 78 RULES OUT POINTLIKE R1 11 0.22 0.07 0.08 SMITH 78 SPEC E+E~ TO MU+MU-X0 7/79
SPIN 0 OR SPIN 1 PARTICLE. FELDMAN 78 RULES OUT R1 0.35 0.14 BRANDELIK 80 TASS E+E- ECM=30GEV 8/81%
J=3/2. KIRKBY 79 ALSO RULES OUT J=INTEGER, J=3/2. R1 0.178 0.027 BERGER 81 PLUT E+E- 9-32GEV ECLM 1/82%
’1 S e e e se e e
-— RL  AVG 9.175 0.017  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
RL FIT 0.185 0.012 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
35 TAU MASS (MEV)
RZ TAU+~— INTO UE+= NUE NUTAU}/TOTAL
M P 64(1800.)  (200.) PERL 75 SMAG INCL. IN PERL 77 2/78 R2 B 459 0-160 0.01 BACINO 78 DLCO E+E~ ECM=3.1-T.4GEV 1/79
[ 8 220(1910.1) 130.) BURMEST1 77 PLUT ASSUMES V-A DECAY  12/77 R2 0.19 0. BRANDELIK 80 VASS E+E- ECM=30GEV 8/81®
) P 144(1900.)  {100.) PERL 77 SMAG E+E- 3.8-T7.8GEV ECM 12/77 R2 B BACIND 78 VALUE CUHES FROM FIT TO EVENTS WITH E¢- AND t OTHER 1779
[ A 692 1783, 3. 4. BAC IND 78 DLCO E+E- 3.1-7.4GEV ECM 2/82% R2 B NONELECTRON CHARGED PRONG. 179
M R 299 1787. 10. 18. BARTEL 78 SPEC E+E- 3.6-4.4GEV ECM  7/79 R2 . ..
M 1807. 20. BRANDELIK 78 DASP E+E- 3.1-5.2GEV ECM 3/78 R2 AVG ‘or161 0.013  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M 1787. 10. BLOCKER. 80 SMK2 E+E- 3.5-6.7GEV ECM 2/82% RZ FIT 0.1617  0.0099 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
[ 113801803, (164} BLOCKER B2 SMK2 INCL. IN BLOCKER BO 2/82%
M R3 TAU+— TNTO (L+- NUL NUTAUY/TOTAL SQRT{P1eP2)
u 8 BURMESTER 77 MASS VALUE ARE FROM EVENTS CONTAINING MU+— PLUS ONE 12777 ‘R3 WHERE L MEANS £ OR MU. EQUALITY OF E AND MU MODES 15 ASSUMED.
[ 8 OTHER PRONG, ORIGINATING FROM E+ E— -—> TAU+ TAU-. THE MASS 12777 R3 P 105 0.17 0.06 0.03 PERL 76 SMAG 3777
[ 8 VALUES COME FROM A FIT TO THE SHAPE AND ECM DEPENDENCE OF THE 12717 R3 B 144 0.186 0.030 PERL 77 SMAG 12777
b B MU+- SPECTRA, ASSUMING THAT THE TAU SPIN IS 1/2 AND ITS ASSOC 12/17 R3 B 21 0.224 - 0,055 BARBARO~G 77 SMAG 11777
" B NEUTRINO HAS M=0. 12/77 R3 B 13 0.182 . 0.031 BRANDELIK 78 DASP ASSUMES V-A DECAY 3/78
H R3 8 WE HAVE COMBINED STATISTICAL AND SYSTEMATIC ERRORS QUADRATICALLY. 3/78
M P PERL 77 VALUE COMES FROM E+ E- TO E+- MU-+ AND NO CTHER DETECTED 12/77 R3 P ASSUMES V-A COUPLING: TAU MASS=1.8 GEV. TAU NEUTRINO MASS=0.
" P PARTICLES. ASSUMES v-A COUPLING AND IERD MASS FOR ASSOC NEUTRINOG. 12/17 R3 B ASSUMES V-A COUPLING, TAU MASS=1.9 GEV, TAU NEUTRINGO MASS=0.
M R3 P T . . .
L] A BACINO 78 VALUE COMES FROM E+— X-+ THRESHOLD. PUBLISHED MASS 1782 2782+ R3  AVG 0.186 0.018  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
M A MEV INCREASED BY 1 MEV USING THE HIGH PRECISTION PSI-PRIME MASS 2/82% R3 FIT 0.1728  0.0074 FROM FIT {ERROR INCLUDES 'SCALE FACTOR OF 1.0}
M A MEASUREMENT CF ZHOLENTZ 80 TO ELIMINATE THE ABSOLUTE SPEAR ENERGY 2/82¢
M A CALIBRATION UNCERTAINTY. 2/82% R4 TAU+— INTO E4— NUE NUTAU/MU+— NUMU NUTAU (P2y7(P1)
M R& PREDICTED TO BE L FDR SEQUENTIAL LEPTON, 2 FOR PARAELECTRON.
M R BARTEL 78 FITS ENERGY OEPENDENCE OF CS FOR E+- AND MUs— EVENTS. /79 R4 AND 1/2 FOR PARAMUON. PARAELECTRON ALSO RULED OUT 8Y HEILE 78.
“ R MASS VALUE NOT DEPENDENT ON WHETHER V-A DR V+A DECAY ASSUMED. 7719 R4 21 0.92 0.37 BURMESTZ2 77 PLUT ASSUMES V-A DECAY  12/77
M e e e ae e ) - R4 B 18 1.09 0.38 BRANDELIK T8 DASP E+E~ 3.1-5.2GEV ECM 12/78
M. ave 1784.2 3.2 AVERAGE (ERRDOR INCLUDES SCALE FACTOR OF 1.0) R4 L 154 0.75 0.23 BLOCKER B2 SMK2 E+E- ECM=3.5-6.7GEV 2/82%
. R4 8 BRANDELIK 78 QUOTES THE INVERSE OF THIS RATIO AS .924-.32 . 12/78
- R4 L BLOCKER 82 GIVES THE INVERSE OF THIS RATIO AS 1.334-.18¢-.36 . 2/82¢
RG e s e e e
© 25 TAU MEAN LIFE (UNITS 10%#-13 SEC) R4 AVG 0.86 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
) R4 FIT 0.875 0.084 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
T 77 (90.) CR LESS CL=.95 ALEXANDER 79 PLUT E+E~ 3.9-5 GEV ECM  7/79 .
T 594 (23.) OR LESS CL=.95 BACINO2 79 DLCO E+E— ECM=3.5-7.4GEV 7/79 RS TAU+— INTO (MU+ NUMU NUTAU}#(E+— NUE NUTAU} (PLI*P2)
T 38 (1l4.) OR LESS CL=.95 BRANDELIK B0 TASS E4E- ECM=30GEV 8/81% | ‘RS (0.034)  (0.006) ABRAMS 79 SMK2 REPL BY BLOCKER 82 12/79
T 102 4.6 1.9 FELDMAN - 82 SMK2 E+E- ECM=29 GEV 1/82¢ RS B 20 0.034 0.009 © BACINDL 79 DLCO E+E- ECM=3.6-7.4GEV 1/79
RS 257 0.030 0.005 BLOCKER 82 SMK2 E+E- ECM=3.5-6.7GEV 2/82%
———- . RS B BACINOl 79 QUOTES BR{MU}=0.21+-0.058(STAT.+SYST. ERRORS COMBINED IN 1/79
1 RS B8 QUADRATURE} ASSUMING BR(E}=0.16. WE MPY. BY 0.16 TO GET ABOVE VAL. 1/79
35 TAU PARTIAL DECAY MODES . RS N ’ ) -
RS AVG 0.0309  0.0044 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
DECAY nnsses RS FIT 0.0299  0.0025 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0}
3} TAU+= INTO MU+~ NUMU NUTAU 105+ 0+
P2 TAU$= INTO E+— NUE NUTAU 5+ 0+ o RS TAUs~ INTO (HADRON+— NEUTRAL(S))/(TOTAL) (P12¢P164P19) 11777
(3] TAU+- INTO HACRON+— NEUTRALIS] R8 19 0.45 0.19 BARBARO-G 77 SMAG 11777
(X TAUs— INTO 3 HADRONS¢- NEUTRALIS} RE o 29 0. u BRANDELIK 78 DASP ASSUMES V-4 DECAY 3/78
P9 TAU+- INTO NUTAU RHOO PI¢~ 0+ 769+ 139 RS 22)  (9.14} BRANDELIK 80 TASS E+E- ECM=30GEV 8/81%
P10 TAU+~ INTO NUTAU A1(1100)+- 0+1275 RS B NOT lNDEPENDENT OF BRANDELIK 80 Rl, R2 AND R21 VALUES. 8/81%
P11 TAUs+— INTO K4- NEUTRAL(S) RS e e e e
P12 TAU+— INTO NUTAU P e~ 0+ 139 RE  AVG 0.330 0.095  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
P13 TAU4- INTO NUTAU 2PI4- PI-+ (INCL. P9, P10} 0+ 139+ 139+ 139 R8 FIT 0.370 0.032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
P14 TAU+— INTO NUTAU 2PI+- Pi-+ (P10S) (INCL. P13} 0+ 139+ 139+ 139
3% TAU#— INTO NUTAU .GE.3HADRONS+— NEUTRALI(S) RO TAU+~ INTO (K4~ NEUTRAL(S)}/TOTAL {P11)
P16 TAU+= INTO NUTAU RHO+- 0+ 769 RS B SMALL BRANOELIK 77 DASP 3.6-5.2ECM E+E-  1/78
PLT TAU+— INTO 3 HADRONS+- NUTAU . R9 B BRANDEL]K 77 FINDS 0.07¢-0.06 K+~ PER EVT IN €+E- ==> E+- PRONG-+. 1/78
P18 TAU+— INTO 3 HADRONS#- NUTAU GAMMA(S)
P19 TAUs= INTO HADRON+~ (NOT RHD¢—, PI+~) NEUTRAL(S}H R10 TAU+~ INTO (3 HADRONS+- NEUTRAL(S)1/TGTAL (P17+P18)
P20 TAU¢— INTD S5 HADRONS+- NEUTRAL(S} R10 0.35 0.11 BRANDELIK 78 DASP ASSUMES V-A DECAY 3778
P21 TAU¢~ INTD NUTAU K*(892) 0+ 891 ‘R10 35 0.24 0.06 BRANDELIK 80 TASS E+E- ECM=30 GEV 8/81¢
P2z TAU+— ENTO NUTAU K*(1430) 041434 - R10 e v e e e ee e
R10 AVG 0.265 0.053  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
LEPTON NUMBER VIDLATING MODES. R10 FIT 0.284 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
/1L TAU+~ INTO (NUTAU RHDO PIe-}/TOTAL (P9
P31 TAU+— INTO MUs— GAMMA 105+ 0 R1L 21  10.0045} (0.0013) ALEXANDI 78 PLUT REPL. BY WAGNER 80  3/78
P32 TAU+— INTO Es— GAMMA S50 RIL 27 0.0054  0.0017 WAGNER 80 PLUT E+E— 4-5 GEV ECM 2/82%
P33 TAUs~ INTO MU¢- CHARGED PARTICLES
P34 TAU+~ INTO E+- CHARGED PARTICLES R12 TAU+- INTO (NUTAU AL(11001+-)/TOTAL (P10
P35 TAUs= INTO MU+- MU+ MU- 105+ 105+ 105 R12 21 (0.101  (0.03) ALEXANDL 78 PLUY REPL. BY WAGNER 80 12/78
P36 TAUs— INTO E+~ MU+ MU- .5¢ 105¢ 105 RIZ W 27 (0.108) (0.034) WAGNER 80 PLUT E+E- 4-5 GEV ECM 2/92%
p3ar TAUs~ INTO MU+~- E+ E- 105+ .5+ .5 R12 W NOT INDEPENDENT OF WAGNER 80 R11 VALUE ABOVE. ASSUMES THAT ALL 2/82%
p3g TAU#— INTO E4— E+ E- o5+ .5+ .5 R12 W (NU RHDO PI+—) EVENTS ARE (NU Al+—} AND 8R(L+~ NU NU}= 2/82%
P39 TAU+= INTO MU+- PIO 105+ 134 R12Z W .173+-.013 . 2/82%
P40 TAU+- INTQ E+— P10 .54 134
P4l TAU+— INTO MU+- KO 105¢ 497 R13 TAU- INTO (NUTAU 2PI+- PI-4 (Pmsn/vum.
P42 TAU+— INTO E+~ KO 54+ 497 R13 33 0.18 0.065 T8 SMAG Eoe— ECM > 6 GEV /79
P43 TAU+— INTO MU+- RHOD 105+ 769
Pas TAU+— INTO E4-~ RHOO «5+ 769 R4 TAU+- INTO (NUTAU 2P[#+- PI-+}/TOTAL | [T &}
R14 4 13 0.07 0.05 JARDS 78 SMAG E+E- ECM > 6 GEV 1779
- R14 J JAROS 78 EVENTS CONSISTENT WITH BEING RHO PI OR Al. 1779
FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS R15 TAU+— INTO (NUTAU .GE.3HADRONS+- NEUTRALIS)) (P17+p18)
R15 692 0.32 0.05 BACIND 78 DLCO E+E— ECM=3.1-T.4GEV 1/79
The matrix below is derived from the error matrix for the fitted partial decay mode R15 FOR THE FIT WE ASSUME THAT THIS £QUALS THE BRANCHING FRACTION FOR
branching fractions, P,, as follows: The di 1 el P P h R15 {3HADRONS#- NEUTRALS), I.E. THAT THE BRANCHING FRACTION FOR 5 OR
i : The diagonal elements are P;0P;, where R15 MORE CHARGED HADRONS 1S Z€ERO.
5P = \/(6Pi6Pi), while the off-diagonal elements are the normalized correlation coeffi- R15 T e v e e e e e
cients (GPibej)/(SPi~ 8P;). For the definitions of the individual P, see the listings R15 FIT 0.284 -030 FROM FIT, (ERROR TNCLUDES SCALE FACTOR OF 1.0)
above; only those P, appearing in the matrix are assumed in the fit to be nonzero and R16 TAUs—~ INTO (NUTAU PI+-)®(E+- NUE NUTAU) (P121%(P2)
ok R16 A 23 0.015 0.006 ALEXANDZ 78 PLUT E4E~ ECM=3.6-5 GEV  2/79
are thus constrained 1o add to 1, R16 B 10  0.013 0.006 BACINOL 79 OLCO E+E- ECM=3.6-T.4GEV 1/79
1 r2 P12 [ 1] P17 P18 P19 R16 A ALEXANOER2 78 QUOTE BR{PI)=.090+-.038(STAT.+SYST.ERRORS COMBINED IN 2/79
Pl .1848+-.0124 R16 A QUADRATURE) USING BRIE)=.167+-.010. WE MPY. BY .167 TO GET ABV.VAL. 2/79
P2 -.1212 .1617+-.0099 R16 B BACINOl 79 QUOTES BR{PI1=0.080+-0.D35(STAT.+SYST.ERRORS COMBINED IN 1/79
P12 .ozcY -.1706 .1065+-.0156 R16 B QUADRATURE) ASSUMING BR{E1=0.16. WE MPY. BY 0.16 TO GET ABOVE VAL. 1/79
PL6  -.1767 -.1€22 20277  .2162+-.0359 R16 e e e e e :
P17 ~.0141 -.0106 .0048  .1338+-.0760 R16_AVG 0.0140 .0042 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0)
P18 .0000 -.0000 -.0000 ~.9213  .15004-.0700 RI6 FIT 0.0172  0.0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
P19 -.0844 .0185 -.3174 -.6819 ~.2366 .0000 .0470+-.04 3/68
R1T TAU+— INTO (NUTAU RHO¢-]¢{E+— NUTAU NUE) (P161#(P2} 12/79
R17 10.0421) 10.0090) ABRAMS 79 SHK2 REPL. BY BLOCKER 80 12/79
R1T 139 0.034 0.008 BLOCKER 80 SMK2 E+E— ECM=3.5-6.7GEV 2/82¢
(334 @ e e e e e e
R1T FIT © 040350  0.0059 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)
R18 TAU+— INTO (NUTAU RHO¢-)%{MU+~ NUTAU NUMU} (P161*(PL) 12/79
R18 (0.0329) 10.01001 | ABRAMS 79 SMK2 REPL. BY BLOCKER 80 12/79
R18 103 0.041 0. 009 BLOCKER 80 SMK2 E+E— ECM=3.5-6.7GEV 2/82%
R18 P
R18 FIT 0.0399  0.0067 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)
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Data Card Listings

Stable Particles

. AP + H
For notation, see key at front of Listings. ™om
R19 TAUs~ INTD (3 HADRDNS‘- NUTAU) /TOTAL 8/81% BERGER 81 PL 998 489 +GENZELH{AACH+BERG+DESY +HAMB+UMD+S TEG+HUPG)
R19 B 10.09) (0. BRANDELIK 80 TASS eos— ECM=30GEV 8/81% DORFAN 81 PRL 46 215 +BLOCKER, ABRAMS | ALAM + (SLAC+LBLY
R19 B NOT INDEPENDENT OF ERANDEL[K 80 R10 AND R20 VALUES. 8/8l% |. BLOCKER 82 PL 8 {TO BE PUB.) +DORFAN,ABRAMS,ALAM,BLONDEL+ (LBL#SLACYY
R19 - . FELDMAN 82 PRL 48 &6 +TRILLING,ABRAMS,AMIDET+ (SLAC+LBL+HARV)
R19 FIT “on134” T .07 FROM FIT " HAYES 82 °R (SUBMITTED) +PERL,ALAM.BOYARSKI . BREIDENBACH+ (SLAC+LBL)
R20 TAU+-, mm (3 HADRONS@— NUTAU GAMMA(S})/TOTAL (P18) REVIEWS
R20 0. 0. BRANDELIK 80 TASS E+E- ECM=30GEV 8/81%
R20 .. PERL2 77 HAMBURG SYMP, ALSD ISSUED AS SLAC-PUB-2022, M.PERL (SLAC)
R20 FIT 0.150 o.o7o FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} , FLUGGE 77 MESON CONF.BOSTON ALSO ISSUED AS DESY 77-35, G.FLUGGE [(DESY)
R21 TAU+- mm (1 CHARGED NEUTRAL(S))/TOTAL (P1+P24P12+P16+P19) B8/81% AZlMOV 78 SPy 21 225 +FRANKFURT ,KHDZE {LEND)
R21 37 0. o. BRANDELIK 80 TASS E+E- ECM=30GEV 8/81% FELDMAN 78 TOKYO CONF..P.777 G.J.FELDMAN {L9TH INTL. CONF. ON HEP)(SLAC)J
R21 .. PERL 78 SLAC-PUB-2219 M.L.PERL {KARLSRUHE SUMMER INST.1978){SLAC}
R21 FIT 0,716  ~ 0.030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} :
. FLUGGE 79 IPHY C1 121 G.FLUGGE {DESY)
R22 TAU+~ INTQ (5 HADRONS#— NEUTRALIS))/TOTAL (P20) 8/81¢ KIRKBY 79 SLAC-PUE-2419 J.KIRKBY{LEPTON PHOTON SYMP. BATAVIA){SLACHJ
R22 0.06 OR LESS CL=.95 BRANDELIK 80 TASS E+E- ECM=30GEV 8/81% PERL 80 ARNPS 30 299 M.l PERL (SLAC)
R23 TAU+— INTO (NUTAU K#[892)+-)/TOTAL (P21} 12/81% AAEERE SERESHSER SEORIEETE * REREREOE
R23 11 0.017 0,007 DORFAN 81 SMK2 E+E- 4.2-6.TGEV ECLM 12/81% hhahi *
R24  TAU+— INTO {NUTAU K#[1430}+-}/TOTAL tp22) 12/81¢
R24 0 0.009 OR LESS CL=.95 DORFAN 81 SMKZ E+E- 4.2-6.TGEV ECM 12/81% 8 CHARGED PIDN{140,JPG=0--) 1=1
R25 TAU+~ INTO (NUTAU PI-1/TOTAL (P12} .
R25 1138 0.117 0.019 BLOCKER 82 SMK2 E+E- ECM=3.5-6.7GEV 2/82%¢
R25 - 8 CHARGED PION MASS (MEV)
R25 FIT "0.107" © 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
: M 139.37 . 0.20 CROWE 54 CNTR  —
R26 TAU+— INTO (NUTAU 2PI#- PI-+ NON-RES.)}/TOTAL (P13-P9) M 139.68 0.15 BARKAS 56 EMUL +
R26 (0.01410R LESS CL=.95  WAGNER 80 PLUT E4E~ 4-5 GEV ECM 2782+ M oS (139.577)  (0.013} SHAFER 67 CNTR — MESONIC ATOMS 6768
M B €139.549)  (0.008) BACKENSTO 71 CNTR — MESONIC ATOMS 10/71
R51 TAU+= INTO{MU+- GAMMA{S) # E+— GAMMA{S))/TOTAL (P21+P32} M S 139.566 0.013 SHAFER 72 CNTR - MESONIC ATOMS 1/73
RS1 VIOLATES LEPTCN NUMBER CONSERVATION u 8 139.569 0.008 BACKENSTO 73 CNTR - MESONIC ATOMS 1773
R51 8 10.12) OR LESS CL=.90 BURMESTZ 77 PLUT E4E— 4-5 GEV ECM  12/77 M 139.571 0.010 ARANDADDD 76 CNTR - MESONIC ATOMS 1778
R51 B ASSUMES SAME MU,E MOM. SPEC. AS (MU £ + NOTHING DETECTED). 12777 M 139.5686  0.0020 CARTER 76 CNTR -~ MESONIC ATOMS 6/17
. " [ 139.5667  0.0024 MARUSHENK 76 CNTR - MESONIC ATOMS 12/77
RS52 TAU+— INTO(MU+= CHGD. PARTS. + E+— CHGD. PARTS.)/TOTAL {P33+P34) MDD (139.5658) (0.0018) DAUM 79 SPEC ¢ PIe ——> MU+ NEU 10/81%
R52 VIOLATES LEPTCN NUMBER CONSERVATION M 139.5675  0.0009 L 80 CNTR ~ MESONIC ATOMS 1781+
RS2 B8 0.04 GCOR LESS CL=.90 BURMEST2 77 PLUT E4f~ 4-5 GEV ECM 12/77 M S SHAFER 72 UPCATES SHAFER67 WITH NEW ALPHA AND NEW CALIB. LINE ENER. 1/73
R52 B ASSUMES SAME MU,E MOM. SPEC. AS (MU E + NOTHING DETECTED!}. 12777 M B BACKENSTOSS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM POL. CALC. 1/73
M M THIS MARUSHENKO 76 VALUE USED AT AUTHORS REQUEST BECAUSE IT USES 3/78
RS53 TAUs= INTO (MU+— GAMMA)/TOTAL (P31) M M ACCEPTED SET OF CALIBRATION GAMMA ENERGIES. ERROR INCREASED FROM 3/78
R53 VIOLATES LEPTON NUMBER CONSERVATION M M .0017 TO INCLUDE QED CALC. ERROR OF .0017 (12 PPM). 3/78
RS3 5.56-4 OR LESS CL=.90  HAYES 32 SMK2 E+E~ 3.8-6.8GEV ECM 4/82% M D DAUM T9 VALUE DEPENDS ON ASSUMED MU+ MASS M(MUI=105.65948+4-.00035 . 2/78
M D ENTERS DUR FIT VIA PI-MU MASS DIFF. BELOW WHICH IS INDEP. OF M(MU}. 2/78
RS54 TAU+— INTO (E&- GAMMA) /TOTAL (P32) M .. - e .
R56¢ VIOLATES LEPTON NUMBER CONSERVATION M AVG 139.56761 0.00077 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0}
RS54 6.4E=4 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.8-6.8GEV ECM 4/82¢ M FIT 139.56733 0.00071 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82%
R55 TAU+— INTO (MU+- MU+ MU-)/TOTAL (p35) -
RSS VIOLATES LEPTON NUMBER CONSERVATION
/55 4.9E-% OR LESS CL=.90  HAYES 82 SMK2 E+E— 3.8-6.BGEV ECM 4/82% 8 {PI+) - (MUs) MASS DIFFERENCE (MEV)
RS56 TAU+~ INTO (E#- MU+ MU-1/TOTAL {P36) 0 34.0C 0.076 BARKAS 56 EMUL
R56 VIOLATES LEPTGN NUMBER CONSERVATION o 33.89 0.076 BARKAS 56 EMUL )
R56 3.3E-4 OR LESS CL=.90  HAYES B2 SMK2 E+E- 3.8-6.BGEV ECM 4/82% o 145  33.881 0.035 HYMAN 67 HEBC ¢ K-HE 2771
0 33.925 0.025 BOOTH 70 CNTR  + MAGNETIC SPECT. - 2/T1
R57 TAU+— INTO (MU+= E+ E-)}/TOTAL (P37} 1] 33.9063 0.0018 DAUM 79 SPEC + SEE NOTE D ABOVE 10/81#
RST VIOLATES LEPTON NUMBER CONSERVATION 0 e v e e e e
RST 4.4E-4 OR LESS CL=.90 HAYES 82 SMK2 E+E— 3.8-6.8GEV ECM  4/82% D AVG 33.9064  0.0018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
D FIT 33.90790 0.00072 FROM FIT{ERROR [NCLUDES SCALE FACTOR OF 1.0) 3/82%
RSB TAU+— INTO (E+4— E+ E-}/TOTAL (P38)
RS58 VIOLATES LEPTON NUMBER CONSERVATION
R58 4.0E-4 OR LESS CL=.90 HAYES 82 SMK2 E+E- 3.8-6.8GEV ECM 4/82¢
8 ((PI+) - (PI-))/AVG., MASS DIFFERENCE (PERCENT)
RS59 TAU+— INTO (MU+— PI0)/TOTAL P39y
RS9 VIOLATES LEPTON NUMBER CONSERVATION . DM 0.02 0.05 AYRES 71 CNTR 3/71
RS59 8.2E-4 OR LESS CL=.90  HAYES 82 SMK2 E¢E- 3.8-6.8GEV ECM  4/82%
R60 TAU+~ INTO (E+— PIO}/TOTAL (P40}
R60 VIOLATES LEPTGN NUMBER CONSERVATION 8 CHARGED PION MEAN LIFE (UNITS 10®*-9 SEC)
R60 2.1E-3 OR LESS CL=.90  HAYES 82 SMK2 E4E~ 3.B-6.8GEV ECM 4/82¢
T 25.6 0.5 0.5  CROWE 57 RVUE
R6L TAU+- INTO (MU KO)/TOTAL tPal) T 25.6 0.8 0.8  ANDERSON 60 CNTR
R61 VIOLATES LEPTON NUMBER CONSERVATION T 8000  25.46 0.32 0.32  ASHKIN 60 CNTR +
R61 1.0E-3 OR LESS CL=.90  HAYES 82 SMK2 E4E— 3.8-6.8GEV ECM 4/82% T 26.02 0. 04 ECKHAUSE 65 CNTR + 9/66
T 25.6 0.3 BARDON 66 CNTR 6/66
R62 TAU+— INTO (E+- KO}/TOTAL (P42) T zs.q 0.3 OUNAITSEV 66 CNTR 6768
R62 VIOLATES LEPTON NUMBER CONSERVATION TN 40} 10.08) KINSEY 66 CNTR + 6766
R62 1.3E~-3 OR LESS CL=.90 HAYES B2 SMK2 E+E- 3.8-6.8GEV ECM 4/82% T N SVSTEHATIC ERRORS IN CALIBR.IN THIS EXP.DISCUSSED BY NORDBERG 67 8/67
v 26.67 0.2 LOBKOWICZ 66 CNTR 9/66
R63 TAU+- INTO (MUs- RHDO)/TOTAL (P43) T 26.04 0. os NORDBERG 67 CNTR + 8/67
R63 VIOLATES LEPTON NUMBER CONSERVATION T 26.02 0.04 AYRES 71 CNTR +- 3/71
R63 4.,4E-4 OR LESS CL=.90  HAYES 82 SMK2 E+E- 3.8-6.8GEV ECM 4/82%¢ |°T 26.09 0.08 DUNAITSEV 73 CNTR + 3/74
¥ e e eaaaa
R&64 TAU¢— INTO {E+- RHOO)/TOTAL (P4s) T Ave 26.030 0.023 0.023 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0}
R64 VIOLATES LEPTON NUMBER CONSERVATION
R4 3.7E-4 OR LESS CL=.90  HAYES 82 SMK2 E+E- 3.8-6.B8GEV €CM 4/82% | -———-
AHHEE BEXKDIEAE SXBVXHALD % 8 {((P1+) — (PI-})/AVG., MEAN LIFE DIFF. (PERCENT)
REFERENCES FOR TAU(1785) HEAVY LEPTON DT N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.T.
PERL 75 PRL 35 1489 +ABRAMSBOYARSKI4BREIDENBACH +  (LBL+SLAC) 0T LOBKOWICZ 66 CNTR SEE NOTE 1 9/66
PERL 76 PL 638 466 +FELDOMAN, ABRAMS s ALAM,BOYARSKI + (SLAC+LBL) 0T 1 ABOVE lS THE HUST CUNSERVANVE VALUE QUOTED BY AUTHERS 9766
or . . 66 CNTR 1766
BARBARO- 77 PRL 39 1058 BARBARO-GALTIERT+ (LBLANWES+SLAC+HAWAD . ' ot -0.14 0.29 PETRUKHIN 68 CNTR 8/68
BRANOELT 77 PL 708 125 BRANDELIK + (AACH+DESY+HAMB+MPT M+ TOKY) or 0.055 0.071 AYRES 71 CNTR 3/71
BURMESTL 77 ®L 68B 297 BURMESTER,CRIEGEE +  (DESY+HAMB+STEG+WUPG) oY c e e e e e
BURMEST2 77 PL 68B 301 BURMESTER.CRIEGEE +  {DESY+HAMB+SIEG+WUPG} DT AVG 0.053 0.068  AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0)
CAVALLIS 77 LNC 20 337 CAVALLI-SFORZA,GOGG! + (PAVI+PRIN+UMD}
PERL 17 PL 708 487 +FELDMAN, ABRAMS , ALAM, BOYARSKI+  (SLACHLSL)
ALEXANDL 78 PL 738 9§ ALEXANDER, CRIEGEE+ (DESY+AACH+STEG+WUPG) 8 CHARGED PION PARTIAL DECAY MODES
ALEXAND2 78 PL 788 162 ALEXANDER+ - {DESY+AACH+HAMB4S 1 EG+WUPG) :
BACINO 78 PRL 41 13 +FERGUSON, NODULMAN +  {UCLA+SLAC+UCT+STON)Y DECAY MASSES
ALSO 78 TOKYD CONF. P.249 J.KIRZ{19TH INTL.CONF. ON HEP) (STON} el CHAR, PION INTQ MU (MU-NEU) 105+ 0O
ALSD 80 PL 96B 214 ZHOLENTZ KURDADZE,LELCHUK,MISHNEV+  {NOVO) P2z CHAR. PION INTO E { E-NEU) <5+ 0
BARTEL 78 PL 77B 331 +DITTMANN, DUINKER, OLSSONyONEILL+(DESY+HETD) ?3 CHAR. PIDN INTO MU (MU-NEU) GAMMA 105+ 0+ O
[ CHAR. PIDN INTO PIO E {E-NEU) 134+ .5+ 0
BRANDELI 78 PL 73B 109 BRANDELIK + (AACH+DESY +HAMB+ MPIM+TOKYLS PS CHAR. PION INTO E NEU GAMMA S+ 0+ 0
HEILE 78 NP B138 189 +PERL ¢ ABRAMS  ALAM, BOYARSKI + [SLAC+LBL) 3 CHAR. PION INTD E NEU E+ E- S5+ 0+ J5¢ L5
JAROS 78 PRL 40 1120 +ABRAMS, AL AM+ (SLAC+LBL¢NWES+HANA}
SMITH 78 PR D18 1 +FORD. MORSE s MANN,RESVANTS+ (COLO¢PENN+WISCH —
ABRAMS 79 PRL 43 1555 +ALAM, BLOCKER+ BOYARSKI+ (SLAC+LBL) 8 CHARGED PION BRANCHING RATIOS
ALEXANDE 79 PL 81B 84 ALEXANDER + (DESY+AACH+HAMB+S TEG+WUPP}
BACINOL 79 PRL 42 6 +FERGUSON, NODULMAN +  {UCLA+SLAC+UCI+STON} R1 CHAR. PION INTO MU NEU GAMMA {UNITS 10%¥~4} (P3)/(P1)
BACING2 79 PRL 42 749 +FERGUSON, NODULMAN+ (UCL A+SLAC+UCT+STON) R1 26 1.24 0.25 CASTAGNOL 58 EMUL E(MUI.LT.3.38 MV
BLOCKER 80 LBL-10801,THESIS C.A.BLOCKER (LBL)
BRANDELI 80 PL 928 199 BRANDELIK + (AACH#BONN+DESY+HAMBHLOIC+OXF+}
WAGNER B0 ZPHY C3 193 +ALEXANDER+ CAACH+ CESY +HAMB+S 1 EG+WUPG)
ZHOLENTZ 80 PL 96B 214 +KURDADZE. LELCHUK, MISHNEV, NIKITIN®  {NOVO}
ALSO B1 YAD.PHYS.34 1471 ZHOLENTZ + (NOVO)




62

Stable Particles Data Card Listings

+ 0 L . . . o .-
n,omw For notation, see key at front of Listings.
R2 CHAR. PION INTO E NEU {UNITS 10%%-4} (P2)/7(P1) i 9 NEUTRAL PION MEAN LIFE {UNITS 10%*-16 SEC)

R2 1.21 0.07 ANDERSON 60 CNTR
R2 D (1.247) 10,028} DI CAPUA 64 CNTR 11775 TN 76 (1.5} 10.5) (0.5) GLASSER. .61 EMUL
R2 D 1.274 0.024 BRYMAN 75 RVUE 9/15 TN 45 (2.7 (1.1 {1.0) TIETGE 62 EMUL
R2 O BRYMAN 75 IS A RECALC. OF DICAPUA 64 EXPT USING LATEST PI LIFETIME. 9/75 T N 88 (2.8) 10.9) (0.9) KOLLER . 63 EMUL SEE STAMER 66
R2 e eeee e T 1.05 0.18 0.18 VON DARDE 63-CNTR
R2 AVG 1.267 0.023  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) TN 75 (LT (0-5' SHWE . 64 EMUL
T 0.730 0.1 BELLETTIN 65 CNTR 6/66
R3 CHAR. PION INTO PIO E NEU {UNITS 10%#-8) (P4 (PLY T N 67T 1.6} to. 6) (0.5) EVANS 65 EMUL 6/66
R3 0 52 (1.15)  (0.22) DEPOMMI1 63 CNTR + . T oko232 1.0 9.5 STAMER 66 EMUL 8767
R3 D 36 0.97 0.20 BARTLETT 64 OSPK + T 0.56 0.06 BELLETTIN 70 CNTR PRIM.EFF. ON NUC T/70
R3 © 38 1.07 0.21 BACASTOW 65 OSPK + T 0.9 0. 068 KRYSHKIN .70 CNTR PRIMAKOFF EFFECT 12/70
R3 D 1.10 0.26 BERTRAM 65 OSPK + 6766 T 8 0.82 0.06 BROWMAN T4 CNTR PRIMAKOFF EFFECT 7/75
R3 D 43 1.1 0.2 DUNAITSEV 65 CNTR 1766 T OLD EMULSION MEASUREMENTS NOT USED BECAUSE OF POSSIBLE SYSTEMATIC
R3 332 1.00 0.08 0.10 DEPOMMIER 68 CNTR + 3/68 T N SHIFT TO LARGER MEAN LIFE VALUES.
R3 cee e T oK ENCLUDES EVENTS OF KOLLER 63. 8r67
R3  AVG 1.023 o, 059 AVERAGE (ERROR INCLUDES SCALE FACTOR CIF 1.00 T 8 BROWMAN GIVES PIO WIDTH=B.024-.42EV. MEAN LIFE IS HBAR/WIDTH. 11/75
D DEPOMMIER €8 STATES THAT THE RESULT OF DEPOMMIER 63 IS AT LEA 2772 T B
O 10 PERCENT YOO LARGE BECAUSE OF A SYSTEMATIC ERROR IN THE, Plo 2112 T Ave 0.828 0.057 0.053 AVERAGE [ERROR INCL. SCALE FACTOR OF 1.8)
D DETECTION EFFICIENCY. THIS MAY BE TRUE OF ALL THE PREVIOUS 2712 . (SEE IDEOGRAM BELOW }
D  MEASUREMENTS ACCOROING TO DEPOMMIER 68 AND V.SOERGEL, PRIVATE 2772 .
D COMMUNICATION, 1972. . .
R4 CHAR. PION INTO € NEU GAMMA (UNITS 10%-8] (PSI7(P1) WEIGHTED AVERAGE = 1.207 £ 0.080
R4 143 3.0} DEPOMMI2 63 CNTR + E+, GAM KE >48MEV 3/82%¢ ERROR SCALED B8Y 1.8
R4 s 226 5.6 STETZ 78 SPEC + E MOM >S6 MEV/C. 12/79 —
R¢ S STETZ 78 IS FOR E BAHMA OPENING ANGLE >132DEG. OBTVAINS 3.7 WHEN 12/79
R4 S USING SAME CUTOFFS AS DEPOMMIER. 12779
RS CHAR. PION INTO E NEU €+ E~ (UNITS 10%%-8) (P61/(P1)
R5 13.4) GOR LESS CL=.90 KORENCHEN 7L OSPK + 10771
RS 0.48 OR LESS CL=.90 KORENCHEN 76 SPEC + 1/78 .

AAHEEER AFERTEREE SREIRERES FREEREIEE SREKEANAR SEEFEEBEE FSHERERNE KXERREED

REFERENCES FOR CHARGED PION

CROWE 54 PR 96 470 K M CROWE,R H PHILLIPS (LRL) -

BARKAS 56 PR 101 778 W H BARKAS+W BIRNBAUM,f M SMITH LRL)

CROWE 57 NC 5 541 K M CROWE (STANFORD HEPL}

CASTAGNO S8 PR 112 1779 € CASTAGNOLT,M MUCHNIK (RONA) ' CHISQ

ANDERSON 60 PR 119 2050 H L ANDERSON,T FUJTT,R H MILLER + (EFD) © - -+ - - -BROWMAN 74 CNTR 0.0
ASHKIN 60 NC 16 490 ASHKINGFAZZINI, FIDECARO,LIPMAN + (CERN) -+ .-+ -KRYSHKIN 70 CNTR 1.3 ’
DEPOMMIL 63 PL 5 61 DEPOMMIER, HE INTZE ,RUBBTA, SOERGEL (CERNY
DEPOMMI2 63 PL 7 285 P DEPOMMIER,HEINTZE,RUBBIA,SOERGEL ~ (CERN) —+— - - -BELLETTIN 70 CNTR 8.9
BARTLETT 64 PR 1388 1452 BARTLETT,DEVONS ¢ ME YER \ROSEN (COLUNBIA} ... .. . STAMER 66 EMUL
APUA 64 PR 1338 13 CAPUA. GARLAND. PONDROM, STRELZOFF : C
D1 CAPUA 64 1333 o1 . D.PONDROM, tcoLw .. BELLETTIN 65 CNTR 0.7
BACASTOW 65 PR 139 B407 +GHESQUIERE, HTEGAND, LAR SEN (LRL+ SLAC) . .VON DARDE 63 CNTR 2.3
BERTRAM 65 PR 139 8 617 BER TRAM, MEYER, CARRTGAN+ (MICH+CARNEGTE) : :
DUNAITSE 65 JETP 20 58 DUNATTSEY, PETRUKHIN,PROKOSHKIN +  [DUBNA} <132
ECKHAUSE 65 PL 19 348 ECKHAUSE,HARRTS, SHULER® (NILLIAM AND MARY) (CONLEV
‘ 0 1 2 3 =0.010
BARDON 66 PRL 16 T75 BAR DON,DORE , DORF AN, KRTEGER + (COLUMBTA) 0 )
DUNAITSE 66 PL 23 283 +KUTY TN, PROKOSHKINs RASUVAEV o STHONDY (DUBNA} NEUTRAL Pl DECAY RATE(UNITS 10**16SEC~1)
KINSEY 66 PR 144 1132 KINSEY, LOBKOWICZ,NORDBERG {ROCHESTER UNIV)
LOBKOWIC 66 PRL 17 548 LOBKOWICZ,MELTSSINDS NAGASHIMAY (ROCH*BNL) R
HYMAN 67 PL 258 376 +LOKEN,PEWI TT, DERRICK + LANLACARNSNHES)
NORDBERG 67 PL 248 594 NORDBERG,LOBKOWICZ BURMAN (ROCHESTER UNIV) 9 NEUTRAL PION PARTIAL DECAY MODES
SHAFER 67 PR 163 1451 ROBERT E. SHAFER (LRL) DECAY MASSES
ALSO 65 PRL 14 923 SHAFER + CROWE  JENKINS (LRLY o1 L0 INTO 2GAMMA JECAY
DEPOMMIE 68 NP 84 189 DEPOMMIER,OUCLOS {HEINTZ E.KL ETNKNECHT+{ CERN} p2 PIO INTO Ee - SaMMa oo s
PETRUKHI 68 JINR-P1-3862 PETRUKHIN, RYKAL INyKHAZ INS,C ISEK (DUBNA) p3 eI : O 4ELECTRONS e Toe To T
BOOTH 70 PL 328 723 +JOHNSON, WILLT AMS, WORMALD (wivel pa Dl Nt 2 Caune FOGE
AYRES 71 PR 3D 1051 +CORMACK ¢ GREENBERG + KENNEY _ + (LRL4UCSB) Ps ’»g imu 46 S 2
ALSO 67 PR 157 1288 AYRES s CALOWELL , GREENBER Gy KENNEY ,KURZ+ (LRL) e L NS 3 NEsTRING ‘e o
ALSO 68 PRL 21 261 AYRES;CORMACK , GREENBERG,KENNEY+  (LRL,UCSB) - 7 Pt 2 Neu S .
AUSD 69 UCRL-18369 DAVID S AYRES (THESIS) (LRL)
ALSD 69 PRL 23 1267 GREENBERG ¢ AYRES s CORMACK sKENNEY+  (LRL UCSB) =
BACKENST 71 PL 368 403 BACKENSTOSS ,DANYEL KOCH®  (CERN.KARL +HEIDI ] § NEUTRAL PION BRANCHING RATIOS .
ALSQ 70 THESIS R LS BURG ¢ epe | EIDELEERC R1 PIO INTO (GAMMA Es E-)/(2GAMMA) (PERCENT) (P21/1P1)
KORENCHE 71 SJNP 13 189 KOR ENCHENKO s KOSTIN MIC ELMACHER® (JTNR) T a/66
SHAFER ~ 72 PRIVATE COMM. AR CHarER,s 1972 H- R1 (1.196) THEORET. CALC. JOSEPH 60 QUANTUM ELECT.
BACKENST 73 PL 438 539 BACKENSTOSSDANTEL \KOCH+ (CERNEKARLEMUNICH) | & 2 L1 9-15 BUDAGOV 60 HBC Pl= P ——> PIO N
ALSD 73 SUBMITTED TO NP L. TAUSCHER RL 3071 L.lés 0,07 SAMIOS oL WBC  PL-p - BION
DUNATTSE 73 SINP 16 292 OUNATT SEV, PROKOSHK IN, RAZUVAEV+ (SERP) Bos samos ilue s 2% norsky raTigTAROT
R1 . .
BRYMAN 75 PR D11 1337 +PICCIOTTO (UNIV OF VICTORIA)
BRANDAOD 76 ZNAT 314 1150 BRANDAC D'OLIVERA,DANIEL,VON EGIDY+ (MUNI) R1 A6 “1l2137 T 0,030  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
CARTER 76 PRL 37 1380 +DIXIT, SUNDARES AN+ (CARL+CNRCHCHICAC IT) ;
KORENCHE 76 JETP 44 35 KOR ENCHENKD, KOSTIN, MIC ELMACHER® (JINR) R2 PLO INTO (3 GAMMA}/TOTAL LUNLTS Lowa-6) (pe)
R2 D O (4.9) OR LESS CL=.90 DUCLDS 65 CNTR 6766
MARUSHEN 76 JETPL 23 72 HARUSHENKO o ME ZENTSEV, PETRUN IN+ TLENT) Sres
ALSO 76 PRIVATE COMM.  R. SHAFER (FNAL} R2 (4-9) OR LESS CL=.90 =~ KUTIN 65 CNTR
ALSO 70 PRIVATE Comme A 1. SHIRNOV LENTS R2 D THESE EXPTS. GIVE BR(3GAMMA/ZGAMMA}<CS.0%L0%¢—6.
. : R2 0  {1.5) CR LESS CL=.90 AUERBAC1 78 CNTR 1779
STETZ 78 NP B138 285 +CARROLL, ORTENDAHL , PEREZ-MENDEZ+ (LBL+UCLA) R2 0 0.28 ORLESS CL=.50  HIGHLAND 80 CNTR 1/81%
DAJH 79 PR D20 2692 +EATON,FROSCH,HIRSCHMANNSMCCULLOCH  (STN) R IO INTO (EVEAEE-1/(2 CANNA) (UNITS Lowe-s) (P21 (P1)
ALSD 78 PL T4E 126 DAUM. EATON, FROSCH, HIRSCHMANN , + (SN} ,
80 PRL 45 1066 +DELKER,DUGAN,NU,CAFFREYs  (YALE+COLUSJHU) R3 N 16e (.180 (0.30) MIOS 62 HBC SEE NOTE N BELOW 6/66
k R3 REoRET. CaLC. NIVAZAKT T3 QUANTUN ELECT.  2/T6
PAPERS NOT REFERRED TO IN DATA CARDS A3 N ABOVE VALUE USEs PANOFSKY RATIO = 162
CARTHRIG 53 PR 91 677 CARTHRIGHT (R TCHMAN, WHI TEHEAD (WILCOX | (LRL}J | R4 ""’ INTO (4 GammAl/TOTAL (UNTTS 10“'525 " (Ps) gﬂi
MERRISON 62 ADVP 11 1 & W MERRESON (LIVERPOOL) Re A t6.0) OR LESS CL=.90 ~ABRANS 73 ASP
SHAPIRO 62 PR 125 1022 G SHAPIRO.L M LEDERMAN {COLUMBTA} R& A ‘9“‘”5 73 GIVES BRI4GAMMA/ZGAMMAI<6. 141045,
CIIRR . &3 PR 130 341 Soum 8 c2iRa teRLY R4 0 (3.8) OR LESS CL=.90 AUERBACZ 78 CNTR 2075
CARRIGAN 68 NP B& 662 R.4.CARRIGAN JR. (CARNDS R4 0  0.44 CRLESS CL=.90  AUERBACH 80 CNTR 8/81
DEPOMM NP 4335 57 P.DEPOMMIER
e B0 N a5 - PNILkIN e RS PIO INTO (E+ €-)/TOTAL [UNITS 10%%-6) P61/ 1PL) 12/75
} RS D (2.0 On LESS “cLn.90 DAVIES . T RVUE 12775
EREREE FARAABIEE FERESEREE BUEEEERES FIREEAAREE RERSERIRE FEEEREAE EXEEPEEE RS 223 0.240 0.110 FISCHER2 78 SPRK K+ EXPT. CL=.90. 6/78
EAEERE SERETRERE P T TY SREEAEBEN REREEFNEE KRR HHEE FESKNEKEE KERKERE R RS o DAV]ES 74 EXTRACTS THIS INFORMATION FROM BLOCH 75 K+ EXPERIMENT. r2/75
0 . R6 PIQ INTQ (2 NEUI/TOTAL  _(UNITS Loes-s) T 2782+
o NEUTRAL PION(135,4PC=0—) [=1 R6 2.4 DR LESS CL=.90 HERCIEG 81 RVUE 2/782%

9 (PIe-) - {PI0) MASS DIFFERENCE (MEV) 9 NEUTRAL PION ELECTROMAGNEYIC FORM FACTOR

THE AMPLITUDE FOR THE PROCESS PiO —~=> E+ €~ GAMMA CONTAINS A

g ‘2:2;, (;:g; 23?22321,, 2: E:}i - FORM FACTOR GAMMA(X##2) AT THE (P10 GAMMA GAMMA) VERTEX

0 4.62 0.05 HADDOCK 59 CNTR - WHERE X=MASS{E+E~}/MASS(PI0). THE PARAMETER A [IN THE LINEAR

0 4. 60 0. 04 WILLMAN 59 CNTR EXPANSION GAMMA(X*%2)=1¢A*(X*#2) IS LISTED BELOW.

g ::Zg g:g; §§3f§§s Z: f«;ER 2/12 A LINEAR COEFFICIENT OF 10 ELECTRDHAGNEYIC FORM FACTCR

o 4.6056 0. 0055 CITRR 63 CNTR A L15)  (0.10) 61 HBC NO RAD. CORR. 2/80
b 4.59 0.03 PETRUKHIN 63 CNTR - - ) A 3071 (-0.24)  (0-16) suuos 61 HBC ND RAD. CORR. 2/80
o 4.6036  0.0052 VASTLEVSK 66 CNTR - 9766 A 2200 €+0.01)  (0.11) DEVONS 69 OSPK  ND RAD. CORR. 2/80
o Lot T . . A F 30K +0.10 0.03 FISCHERL 78 SPEC  RAD. CORR. 2/80
D AVG 4 6043  0.0037 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) A F ERROR STATISTICAL ONLY. RESULT WITHOUT RAD. CORR.=+0.054-0.03. 2/80

RS EES RRREAREEE KSR LR R




63
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F . . k 8 L . . ' o
or notation, see key at front of Listings. _ m, n
REFERENCES FOR NEUTRAL PICN B . 14 ETA PARTIAL DECAY MODES
PANOFSKY 51 PR 81 565 W K H PANDFSKY,R L AAMODY.J HADLEY (LRL) . DECAY MASSES
CHINOWSK 54 PR 93 586 W CHINOWSKY,J STEINBERGER {COLUMBTA) Pl ETA INTO 2GAMMA o+ 0
CASSELS 59 PPS 74 92 CASSELSs JONES ¢ MURPHY, 0. NElu. ulvenvoou P2 ETA INTO 3910 134+ 134+ 134
HADDOCK 59 PRL 3 478 HADDOOCK+ABASHIAN(CROWE s CZIR 03 EYA INTO Ple PI- P10 139+ 139¢ 134
HILLMAN 59 NC 14 887 vm.uuu.Nmoiu.xuup.nmcau.uvnrmucsam 123 ETA INTO PI+ Pl- GANMA 139+ 139 0
L) ETA INTO E+ €~ PO 136+ .56 .S
BUDAGOV 60 JETP 11 755 BUDAGOV, VIKTOR,DZHELEPOV,ERMOLOV + (JlNll P6 ETA INTO E+ E- PI¢ PI- 139¢ 139¢ .S+ .5
JOSEPH 60 NC 16 997 D W JOSEPH FI) | Al ETA INTO P10 2GAMMA 134+ o o
SAMIOS 60 NC 18 154 N P SAMIOS (CULUNBIA) P8 ETA ENTO E+ E~ GAMMA S5+ WS¢ 0
GLASSER 61 PR 123 1014 R G GLASSER(N SEEMAN,8 STILLER I p9 ETA INTO 2P1'0 GAMMA (VIOLATES C) 1346 134+ 0
KOBRAK 61 NC 20 1115 H.KDBRAK (gs“ P10 ETA INTO P+ PI- PO GAMMA 139+ 139+ 134¢ 0
SAMIOS 61 PR 121 275 ' N P SAMIDS (COLUMBIA®BNL) P11 * ETA INTO PI+ PI- 2GAMMA 139+ 139+ 0+ O
SAMIOS 62 PR 126 1844 SAMIOS,PLANO, PRODELL + (COLUMBTA#BNL) P12 ETA INTD WU+ My~ 105+ 105
TIETGE 62 PR 127 1324 J TIETGE.W PUESCHEL {MAX PLANCK INST) P13 ETA INTO Mus MU~ GAMMA 105+ 105+ 0
- Ple ETA INTO MU+ MU- PIO 105+ 105+ 134
CZIRR 63 PR 130 341 JOHN B CZIRR (LRL) P15 ETA INTO Pl+ PI- 139+ 139
KOLLER 63 NC 27 140§ E L KOLLER+S TAYLOR,T HUETTER L STEVENS) fle EYA INTO Ee E- . 3¢ .5
ALSO 66 STAMER L PIT  ETA INTO MU+ HU- PIO GAMMA 105¢ 105+ 134+ 0
PETRUKHI 63 SIENA COMF 208 v I PETRUKHIN,YU D PROKOSHKIN TIINR)
VON DARD 63 PL 4 51 VON DARDEL ., DEKKERS s MERMOD, VAN PUTTEN+(CERN)
SHWE 64 PR 1368 1839 H SHWE+F M SH!YH-H H BARKAS ’ {LRE) .
BELLETTI 65 NC 40 A 1139 SELLETYINI s BENPORAD « BRACCINT+ (P ISASF [RENZE} . EITTED PARTIAL DECAY MODE BRANCHING FRACTIONS
QUCLOS 65 PL 19 253 OUCLOS+ FREYTAG.HEINTZE +- (CERNSHE [DELBERG)
EVANS 65 PR 139 82 D A EVANS {OXFORD) The matrix below is derived from the error matrix for the fitted partial decay mode
KUTIN 65 JETP I.EY" 2 243 KUTIN,PETRUKHIN, PROKOSHKIN C4INRY branching (ractions, P 8¢ follows: Ths disgonal elements are P,4 6P, where
srg?sg 66 PR 151 1108 STAMER TAYLOR, KOLLER, HUETTER ¢ (STEVENS) ' 6P, = J(8PEF), while the off-diagonal elements are the normalized correlation caeffi-
VASILEVS 66 PL 23 281 VASILEVSKY,VISHNYAKOV,OUNATTSEV +  (DUBNA) : nit o divideal P St
DEVONS 69 PR 184 1356 ¢NEMENTHY ,NISSTM-SABAT D1 CAPUA® (COLUSROMA} cienta (8P.6P.) /(6P, . 6P.). For the definitions of the individual Py, see the liatinge
BELLETTI 70 NC 664 243 BELLETTINI .BEMPORAD,LUBELSMEY+ (PTSA®BONN - above; only those P; appearing in the matrix are assumed in the fit to be nonzero and
KRYSHKIN 70 JETP 30 1037 +STERLIGOV, USDV (TOMSK POLYTECH.INST.} are thus constrained to add to 1.
ABRAMS 73 PL 45B 66 +CARROLL +KYCTA(LTMICHAEL MOCKETT -  (BNL) f 1 P2 ¢ 3 LR g P8
MIYAZAKT 73 PR 08 2051 T MTYAZAKI + €, TAKASUGT 1T0KY)
BROWMAN 74 PRL 33 1400 +DEWIRE, GITTELMAN, HANSON¢ (CORN#B ING} 68 +31844-.0080
DAVIES T4 NC 26A 324 +GUYLZTA (BIRMERHEL* SHMP} —.3265  .2369+-.0054
42549 28016 .0491+-.0013
AUERBACL 78 PRL 4% 275 AUERBACH.HIGHLAND, JOWNSON, ¢  (TEMPeLASL) -. 0461 . -.0547 —+0540 .0050¢-.0012
AUERBAC2 78 PL 788 353 AUERBACH.HIGHLAND: JOHNSON, ¢  (TEMP#LASL)
FISCHER1 78 PL 738 359 +EXTERMANN , GUTS AN, MERMOD, + (GEVA+SACLY
FISCHER2 78 PL 736 364 +EXTERMANN+ GUTSAN, MERMODsMOREL+ (GEVA¢SACL) c ODE RA
AUERBACH 80 PL 908 311 T SHAIK,HIGHLAND, MCFARLANE,MACEK+ (TEMPLASL) . . : . .
HIGHLAND B0 PRL 44 62 CAUERBACH, MATK( MCFARLANE,MACEK+ (TEMPSLASL) The matrix below is the branching {raction matrix above, transformed into rate
HERCZEG 81 PL 1008 ;n P. HERCZEG, C. M," HOFFMAN CLANL) fe., G = I = T, ., in appropriate units. In analogy to the matrix above
SCHARDT 81 PRD 23 639 +FRANK (HOFFMANN, MISCHKE (MOIR + (ARZSeLANL) space; 1. e. totatPi Pppropriate units. 8y .
- ) the diagonal elementu are G, 446G, where 6G; = Y{6G,5G), while the off-diagonal
::::: * alements are the normalized correlation cnefhcientn (6G EGJ)/(EG1 SGJ) Note that,

because of the error in F tal’ the errors and correlations here are not directly derivable

14 ETA(549,0PG=0-+) I=0 from those above.

61 G 3 [ 68
6 1 .3240%-.0460
14 ETA MASS (MEVH G 2 49553 .2642+-.0393
L. 63 +9696 +9649  .1965¢-.0288
[ 53 549.0 1.2 BASTIEN 62 WBC 64 +9654 «S607 +9986  J04084-.0060
M 35 546.0 4.0 PICKUP 62 WBC ] .5151 -5119 .5151 -5119 .0041+-.0011
M 91 548.0 ‘1.0 ALFF 62 HBC
" 549.3 2.9 DELCOURT 63 CNTR
N 148 569.0 0.7 FOELSCHE 64 HBC . .
[ 325 552.0 3.0 KRAEMER 64 DBC . . -
M 548.2 0.65 FOSTER3 65 HBC . 1766
M 250 $55.0 2.0 JAMES 66 HBC . 6766 14 ETA DECAY RATES
M e e e e s e s e ’
M ave 548,82 0.56 AVERAGE {ERROR TNCLUDES SCALE FACTOR OF 1.4) Wi ETA INTO 2GAMMA (UNITS KEV} (61}
(SEE IDEOGRAM BELOW ) Wl 8 (1,000  10.22) BEMPORAD 67 CNTR PRIMAKOFF EFFECT 11/75
Wi 0.324 0. 066 BROWMAN 76 CNTR PRIMAKOFF EFFECT 7/T4
- . . Wl B BEMPORAD 67 GIVES Wlrl.214-.26 KEV ASSUMING THAT W1/TOTAL=0.314. 11775
: W1 B  BEMPORAD PRIVATE COMMUNICATION GIVES MORE GENERAL RESULT AS 11/75
WEIGHTED AVERAGE = 548.82 £ 0.56 W1 8  W1*W1/TOTAL=.3804-.083. WE EVALUATE THIS USING W1/TOTAL=.38+4-.0l. 11/75
ERROR SCALED BY 1.4 - : W1 B NOT INCLUDED IN AVERAGE BECAUSE THE UNCERTIANTY RESULTING FROM THE  2/76
W1 B SEPARATION OF YHE COULOMS AND NUCLEAR AMPLITUDES HAS APPARENTLY 2776
W1 B BEEN UNDERESTIMATED. 2176
Wl P
w1 FIT 0.324 0,066 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
14 ETA BRANCHING RATIOS
R1 ETA INTO NEUTRALS/CHARGED : (PL+P21/(PI+P4+PB)
CHISQ RL N 10 (2.5} (1.0) PICKUP 62 HBC
Rl N 3 (3.200  (1.26) © BASTIEN 62 HBC
66 HBC 9.6 ‘RL N 280 (4.5) (1.01 JANES 66 HBC 6766
65 HBC 0.9 RL N THESE EXPERIMENTS HAVE NOT BEEN USED IN COMPUTING THE AVERAGES
. RL N AS THEY WERE UNABLE TO SEPARATE CLEARLY PARTIAL MODES {3) AND (&)
64 DBC ta RlL N  FROM EACH OTHER. THE REPORTED VALUES THUS PROBABLY CONTAIN
64 HBC 0.1 Rl N SOME (UNKNOWN) FRACTION OF MODE {4).
. R1 2.64 0.23 8ALTAY2 67 DBC 11767
63 CNTR 0.0 Rl “ e e 4 e e e
62 HBC 0.7 Rl FIT 2,438 0.076 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
62 HBC R2 ETA INTO 2GAMMA/CHARGED (PL1/(P3+P4+PB}
62 HBC 0.0 R2 0.99 0.48 CRAWFORD 63 HBC
. -2—‘— R2 75 1.51 0.93 KENDALL 74 OSPK 12175
12. R2 e e s o 0 o e n o
. . : (CONLEV R2 AVG 1.10 0.43 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
540 545 550 555 - 560 se5 . "'=0.054) R2 FIT 1.342 0.050 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)

ETA MASS (MEV) . EEE ) - | Note on n * Tfoﬂ

14 ETA WIDTH . (by A. V. Barnes, Lawrence Berkeley Laboratory)
W ETA WIDTH DETERMINED FRON MASS specTRUN 1NITS HEV)
" 91 (10.01 €SS he I
W 148 (10.0) cn LESS FuELSCNE ‘66 uac ' For sever
" 31 (}z.o; CR LESS JANES 66 WBC 6766 eral years the measurements of the

4.0) OR LESS BALTAY 66 DBC ° ' 176 0
W €0.9) OR LESS CL=.95  JONES 66 CNTR us: branching ratio (n + 7 yY)/(n >neutrals) have
w EYA WIDTH DETERMINED FROM DECAY RATE (UNITS KEV]
W THIS IS THE PARTIAL DECAY RATE (W1) FOR THE MODE (ETA INTO_ZGANMAl been in disagreement. The recent upper limit
" DIVIDED BY THE FITTED BRANCHING FRACTION (PL) FOR THAT W n t ted in D ov 8l is £
“ e e e easure r VYD

W FIT 0.83 0.12" FROW FIT - ment reporte n DA 8 far below

_____ - . c the previous positive results. The earlier
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n

positive results are each suspect. The earliest
report (DIGIUGNO 66) was a photon spectrum meas;
urement. It depends on a Monte Carlo to fit the
observed spectrum with that expected from a
combination of photons from the decays n > yy,

0,"0,".0

n->7y, and n+n Their result is of
course sensitive to the assumptions of this Monte
Carlo. FELDMAN 67 is an optical spark chamber
experiment. The scanning efficiency for the
5- and 6-photon events is hard to measure and
critical to their result. STRUGAISK 71 does
not address the problem of contamination from
the n + m°n°r® decay mode. Assuming that the
nOYY mode is absent and that the decay ratio
M > yy)/t + 7%"°) is approximately 0.9
<4y

The 40 + 10 nn > 70yy

implies there are ~700 37" events in the
sample of their data.
decays observed could easily be misidentified
n + 1°71%r° decays. DAVYDOV 81 accounts for the
n - o 00 decays properly and is much more sens-
itive than previous measurements.

The w’yy branching fraction is now assumed to
be zero in our branching ratio fit. As a result,

the fitted vy and 37° branching fractions have

increased by 1.1% and 1.9%, respectively.

R3 ETA INTO (PIO 2GAMMA)/NEUTRALS (PTY/(PL+P2)

R3 OTHER RESULTS ARE IN SECTIONS Rl’v' RZZ(DAVVDDV 8L}, AND R26

R3 (0.375) (0.072% GIUGND 66 CN ERROR DDUBLED 6/66
R3 (0.27) {0.10} GRUNHAUS 66 USPK 8767
R3 10.028) (0.044) BUNIATOV 67 OSPK REPL. BY SCHMITY 70 11/67
R3 {0.244) (0.05) FELDMAN 67 DSPK 8/67
R3 (0.026) (0.019) BUTTRAM 70 0SPK 12/70
R3 (0.122) {(0.052) (0.0644)C0X 70 HBC 6/70
R3 (0.07t GR LESS CL=.90 DEVONS 70 OSPK 12710
R3 16 (0.016) (0.047) SCHMITT 70 OSPK REANAL. BUNIATOV 67 12/70
R3 to.11) {0.03) STRUGALSK 71 HLBC

R3 {0.04) OR LESS CL=.90 ABROSIMOV B0 HLSBC 10/81*
R& ETA INTO {PT+ PI- GAMMA)/(Pl+ PI— PIO} LP4)/(P3}

R4 0.14 0.08 FOELSCHE 64 HBC

R& 24 (0.73) (0.25) PAULT 64 DBC

R4 0.30 0. 06 CRAWFORD 66 HBC 6766
R4 0.10 0.10 KRAEMER 64 08BC 7766
R4 0.196 0. 041 FOSTER3 65 HBC T/66
R4 0.25 0.035 LITCHFIEL 67 DBC 8/67
R4 0.28 0. 04 BALTAY2 67 DBC 11767
R4 7250 0.201 0. 006 GORMLEY T0 ASPK 6/70
R4 18K 0.209 0. 00¢ THALER T3 ASPK 6/73
R4& a s e s e s a

R4 AVG 0.2074 0.0037 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)

R4 FIT 0.2074 ©0.0033 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}

Ré ETA INTO 3P10/2GAMMA 1P217(P1)

R6& {0.90} OR MORE CHRETIEN 62 PBC

R& {1.25) 10.39}) BACCI 63 CNTR INVERSE BR REPORTED 7/66
R6 0.88 0.16 BALTAY] 67 DBC 11767
R& 1.1 0.2 CENCE 67 OSPK 1/68
R6 0.91 0. 14 cox 70 HBC 6/70
R6& 0.75 0.09 DEVONS 70 OSPK 12/70
R& » e e w s onow e

R6 AVG 0.842 0. 065 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

R6 FIT 0.815 0.035 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}

R7 ETA INTQO 2GAMFMA/(PI+ PI- PO) {PLI/(P3)

L¥d 1.61 0.39 FOSTERL 65 HBC

g;l 401 1.72 0.25 BAGLIN 69 HLBC 7/69
RT AVG 1.69 0.21 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0)

R7 FIT 1.649 0.061 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}

R8 ETA INTD NEUTRAL/I[PI+ PI- PIO) (P1+P2171(P3)

R8 50 . 0. KRAEMER 64 DBC

R8 3.8 1.1 PAULIT 64 DBC T/66
R8 2.89 0.56 ALFF-STEI 66 HBC 9/66
RE 244 3.6 0.6 FLATTE2 67 HBC 1768
RE 29 3.4 1.1 AGUILAR-B 72 HBC 11772
R8 B 70 2.83 0. 80 BLODDWORT 72 HBC 11772
R8 1.89 KENDALL T4 CSPI 12/75
R8 B ERRUR [NCREASED FROM PUBLISHED VALUE 0.5 8Y BLODDHDR\'H. PRIV. COMM. 1/73
RE e s e .

R8 AVG 3.26 0.30 AVERAGE (ERRUOR INCLUDES SCALE FACTOR OF 1.0}

R8 FIT 2.993 0.095 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0}

Data Card Listings

For notation, see key at front of Listings.

R9 ETA INTO (E+E-PYO)/{PL+PI-PI0) (UNITS 10%%~4) {P51/7(P3}
R9 SINGLE PHOTON PROCESS FORBIDDEN BY C-PARITY
R9 (110.) OR LESS PRICE 65 HBC
R9 0o (77.} OR LESS FOSTERZ: 65 HBC
R9 (42.) OR LESS CL=.90 BAGLINL 67 HLBC 8/67
RS 0 (16.) CR LESS CL=.90 BILLING 67 HLBC 11767
R9 . 1.9 OR LESS Cit=.90 JANEL 75 0OSPK 12775
R10 ETA INTO (E4E-PI+PI-)1/TOTAL {UNITS 10%%-2) (P&}
R10 (0.7} QR LESS RITTENBER 65 HBC 6766
R11 ETA INTO (E+E-P{+PI-1/(PI+PI-GAMMA} . {PEI/LP4Y
R1L 1 . 026 0. 026 GROSSMAN 66 HBC 6/66
R12 ETA INTO 2 GAMMA/NEUTRALS (PL}/(PL+P2)
R12 10.416) . (0.04%} OIGIUGND 66 CNTR ERROR DOUBLED 6766
R12 (0.44) (0,07} GRUNHAUS 66 OGSPK 767
R12 (0.579) 10.052) FELOMAN 67 DSPK 8/67
R12 T {0.39) (0. 06) JONES 66 CN 8767
R12 T THIS RESULT FROM COMBINING CROSS SECTIONS FRUH THD DIFFERENT EXPTS.
R12 0.59 0.033 BUNTATOV 67 OSPK 11/67
Ri2 0.535 0.018 BUTTRAM 70 0SPK 12/170
R12 0.57) 10.09} STRUGALSK 71 HLEC S5/TL
R12 113 0.60 0. 14 KENDALL T4 OSPK 12775
R12 88 0.52 0.09 ABROSIMOV 80 HLBC 10/81%
rR12 o e v e o e . . .
R12 AVG 0.547 0.016 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1.1}
R12 FIT 0.551 0.011 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0}
R13 ETA INTO 3P[0/NEUTRALS (P21 (P1+P2)
R13 20 (0.054) DIGIUGND 6& CNTR ERROR DOUBLED 6766
R13 (0. Z9l {0.10) GRUNHAUS 66 OSPK 8/67
R13 (0.177)  (0.035) FELOMAN 67 OSPK 8/67
R13 0.41) 1{0.033) BUNTATOV 67 OSPK NOY INDEP. OF R12 11767
R13 0.439 0. 024 BUTTRAM 70 OSPK 12/70
R13 {0.32) (0.09} STRUGALSK 71 HLBC 5/71
R13 15 0. 44 0.08 ABROSIMOV 80 HLBC 10/81%
R13 e e e v s 4 e
R13 AVG 0.439 0.023 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0).
R13 FIT 0. 449 0.011 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
R14 ETA INTD (PIO 2GAMMA)/2GAMMA {PTI/7LPL)
R1l4 {0.51 OR LESS (1L=.90 WAHLIG 66 SPRK . 1766
R14 {0.28) OR LESS CL=.95 BALTAYL 67 DBC 11767
R15 ETA INTO (E+E-PIO)}/TOTAL (UNITS 1O*%-2} Ps)
R1S SINGLE PHOTON PROCESS FORBIDDEN 8Y C-PARITY
R15 (0.7) CR LESS RITTENBER 65 HBC 6/66
R15 {0.084)0R LESS CL=.90 BALZIN 68 DBC 6/68
R15 0 (0.01610R LESS CL=.90 MARTYNOV 76 HLBC er17
R17 ETA INTO (PI+PI-PIO0 GAMMA}/{PI+PI-PI0) (UNITS 10%%-2}
R17 . (PLOY/(P3)
RrR17 (7.0} OR LESS FLATTE 6T HBC 8/67
R17 (0.9) OR LESS PRICE 6T HBC 8/67
R17 {1.6) OR LESS BALTAY2 67 DBC 11/67
R17 {1.7) TR LESS ARNOLD 68 HLBC 9/68
R17 ] 0.24 QR LESS THALER 73 ASPK “6/73
R18 ETA INTO (PI+PI- 2GAMMA}/{PI+PI-PID) {P111/(P3)
R18 0.009 OR LESS PRICE 67 HBC 8/67
R18 (0.01610R LESS CL=.95 BALTAY2 67 DBC 11767
R19 ETA INTO 3PUO/{PI+ PI- PIO) - (p217(P3}
R19 0.83 0.32 CRAWFORD 63 HBC /66
R1¢ 2.0 1.0 FOELSCHE. 64 HBC T766
R1% 0.90 0. 24 FOSTERL 65 HBC T/66
R19 1.3 0.4 BAGLIN2 67 HLBC 8/67
R19 1.47 0.20 0.17 BULLOCK 68 HLBC 9/68
R19 199 1.50 0.15 0.29 BAGLIN, 69 HLBC T/6%9
R19 “ e e e e e e
R19 AVG 1.28 0.14 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R19 FIT 1.344 0.053 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
(SEE IDEGGRAM BELOW )
WEIGHTED AVERAGE = 1.28 £ 0.14
ERROR SCALED BY 1.3
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%,
and scale.factor, which are differ-
ent from the values shown here.
. CHISQ
——| -BAGLIN 69 HLBC 1.0
=y -BULLOCK 68 HLBC 1.
% BAGLINZ2 67 HLBC 0.0
] FOSTER! 65 HBC 2.5
7 -FOELSCHE 64 HBC
—t -CRAWFORD 63 HBC 2.0
6.5
p (CONLEV
0 ! 2 3 4 =0.162)
ETA INTO (3PI10)/(PI+ P1- PIO)
R21 ETA INTC NEUTRALS/TOTAL {P14P2)
R21 0.79 0.08 BUNTATOV 67 OSPK 11/67
R21 16X 0.705 0. 008 BASTILE 71 CNTR MM SPECTROMETER 8/71
R21 B I
R21 AVG 0.7058 0.0080 AVERAGE (ERRQR INCLUDES SCALE FACTOR OF 1.0}
R21 FIT 0.7090 0.0065 FROM FiT (ERROR INCLUDES SCALE FACTOR OF 1.0}
R22 ETA INTO (P10 2GAMMA)/TOTAL . e
R22 (0.12) OR LESS CL=.95 JACQUET 69 HLBC 6/70
R22 ] 0.003 OR LESS (CL=.90 DAVYDOV 81 CNTR P1- P-=DETA N 1/82%
R23 ETA INTO MU+MU-/TOTAL (UNITS 10%%-5) R P12y
R23 [ 2.0 08 LESS CL=.95 WEHMANN 68 OSPK 4/68
R23 27 0.65 0.21 DZHELYA2 BO SPEC PI-= P-~=>ETA N 9/81%
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R24 ETA INTD MUSMU-PIO/TOTAL (UNITS 10%8~4) tP14) J 14 ENERGY DEPENDENCE OF ETA DALITZ PLOY
R26 SINGLE PHOTON PROCESS FORBIDDEN BY C~PARITY
R26 (5.3 OR LESS WEHMANN 68 0SPK 4/68 or RELATED TEXT SECTION VI C.2
R24 0.05 CR LESS CL=.90 DZHELYAD! B1 SPEC PI- P——>ETA N 1r82% 0P THE FOLLOWING EXPTS FIT TO ONE OR MORE OF THE COEFFICIENTS
oP A.B.C.Ds OR E FOR ETA TO PI¢ PI- PID
R25 ETA INTO MUsMU- /zGAmu (UNTTS 100-5) (P121/(P1) o MATRIX ELEMENT®®2m1 + A®Y + Be(Y®%2) ¢ C#X + DE(X##2]) + E*X&Y
R25 (5.9} (2.2 us 69 0SPK 1769 op 1300 SEE VEXT SEC VI Ca2 cLewY 66 HBC 12775
oP 705 SEE TEXT SEC VI C.2 LARRIBE 66 HBC 12775
R26 ETA INTO (PIO ZGAMMA)/(3PIO + P10 2GAMMA} (PTH/ LP24PT) 34 7170 SEE TEXT SEC VI C.2 cNOPS 68 0SPK 12/75
’26 0.1} (0.3 KANOFSKY 70 TSPK : 211 DP 37K SEE TEXT SEC VI C.2 GORMLEY3 68 WIRE 12/75
. oP 526 SEE TEXT SEC VI C.2 BAGLIN 69 HLBC 12775
R27 ETA INTO (PI+ PI-}/TOTAL (UNITS 10%%-2} tP15): /13 oP 1138 SEE TEXT SEC VI C.2 CARPENTR 70 HBC 12/75
R27 vmunes ¢ AND T INVARIANCE op 349 SEE TEXT SEC VI C.2 DANBURG 70 DBC 12/75
R27 0.15 CR LESS THALER 73 ASPK CON, LEV. NOT GIVEN 6/73 oe 7250 SEE TEXT SEC VI C.2 GORMLEY 70 WIRE 12775
op 220K SEE TEXT SEC VI C.2 LAYTER 72 ASPK 12775
R28 ETA mm (E’E cnmm/(vhn P10} (UNITS 10**-2) (P81/(PI) op 81K SEE TEXT SEC VI C.2 LAYTER 73 ASPK 12775
R28 J 80 .5 SANEZ 75 0 2776
R28 J VALUE cmnceo ev ERRATUM. 2776 40 ALPHA PARAMETER FOR ETA TO 3 PIO
R28 . “ . a0 MATRIX ELEMENT *#2 = 1 + 2#ALPHA*Z {SEE TEXT SEC VI C.3) 12/75
R28 FIT “ahit 0.50° FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} a0 192 -0.32 0.37 BAGLIN 70 HLBC 12775 .
R29 £TA mro (E+ E-}/TOTAL (UNITS 10%¢e—4} tP16) Lhid i vereas
R29 D OR LESS CL=.90 DAVIES 74 RVUE : 2/18
R29 D DAVIES 14 EXTRACTS THIS INFORMATION FROM ESTEN 67. 2718 REFERENCES FOR ETA
/30 ETA INTO (MU+ MU~ GAMMAI/TOTAL  (UNITS 10#¢-4) (P13} 2119 PEVSNER 61 PRL 7 421 PEVSNER, KRAEMER  NUSSBAUM,R ICHARDSON + (JKU}
R30 100 (1.5) 10.75) BUSHNIN 78 SPEC REPL.BY DZMELYAL 80 2/79 )
R30 600 3.1 0.4 DZHELYAL 80 SPEC PI- P——>ETA N 9/81% ALFF 62 PRL 9 322 ALFF, BERLEY,COLLEYBRUGGER + (COLUSRUTGERS)
BASTIEN 62 PRL 8 114 BASTIEN,BERGE s DAHL, FERRO-LUZZT + (LRL)
R31 ETA mm (MU+ MU- PTO GAMMA)/TOT (UNITS 10%%-6)} (PLT} 1/82¢ CHRETIEN 62 PRL 9 127 CHRETIEN+  (BRAN+BROWNHARYARD#MIT+PADOVA)
R31 EN OR LESS CL=.90 DZHELYADI 81 SPEC PI- P-=>ETA N 17828 PICKUP 62 PRL 8 329 € PICKUP,ROBINSON, SALANT TCNRC+BNL Y
----- BACCI 63 PRL 11 37 BACC T+ PENSO.SALVINT « (ROMA+FRAS}
CRAWFORD 63 PRL 10 546 F S CRAWFORD,LLDYD, FOWLER (LRL+DUKE}
14 ETA C-NONCONSERVING DECAY PARAMETERS ALSO 66 PRL 16 907 £ S CRAWFORDsL LLOYD,E FOWLER (LRL+DUKE)
DELCOURT 63 PL 7 215 DELCOURT(LEFRANCOIS,PEREZ Y JORBA¢ (ORSAY)
RELATED TEXT SECTION VI C.1
FOELSCHE 64 PR 134 8 1138 H W FOELSCHEyH L KRAYBILL {YALE)
Al LEFT-RIGHT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNIYS 10%%-2}) KRAEMER 64 PR 136 B 496 KRAEMER, MADANSKY,FLELDS + (JHU+NWE S¢W0O0D)
Al 1351 7.2 2.8 BALTAY 66 DBC 8/66 paULT 64 PL 13 351 € PAULI,A MULLER (SACLAY)
a1 1300 5.8 3.4 CLPWY 66 MBC 8/66
Al 10665 10.3) (1.0 CNOPS 66 OSPK REPL BY MULLER 69 8767 FOSTERL 65 PR 138 B 652 FOSTER, PETERSMEER,LDEFFLER + (WISC+PURDUE)
AL 705 -6.1 4.0 (ARRIBE 66 HBC 861 FOSTER2 65 ATHENS FOSTER,GOOD, MEER (HISCONSINY
Al 636800 (1.5) 10.5) GORMLEY3 68 ASPK 6/68 FOSTER3 65 THESIS M.C.FOSTER (WTISCONSIN}
A1 10709 0.3 1.1 MULLER 69 OSPK 9769 PRICE 65 PRL 15 123 L R.PRICE,F.S.CRAWFORD (LRL)
AL 1138 -1.4 3. CARPENTR 70 HBC 6770 RITTENBE 65 PRL 15 556 RITTENBERG,KALBFLEISCH (LRL+BNL}
Al 349 3.2 5.4 DANBURG 70 DBC 2/7t
Al 220K -0.05 0.22 LAYTER 72 asPK 8/72 ALFF-STE 66 PR 145 1072 ALFF-STEINBERGER,BERLEY+ (COLUMBIASRUTGERS)
Al 165k 0.28 0.26 JANEL 74 OSPK 3/74 BALTAY 66 PRL 16 1224 +FRANZINT oK IMs K TRSCH+ (COLUMBTA+STONY BROOK)
Al G GORMLEY3 68 ASYMMETRY PROBABLY DUE YO UNAEASURED (E X B} SPK. CHe 3/74¢ CLPHY 66 PR 149 1044 COLUMBIA LRLyPURDUE «WISCONSIN,YALE
Al G EFFECTS. NEW EXPTVS. WITH (E X 8) CONTROLS DONT DBSERVE ASYMMETRY.  3/74 CNOPS 66 PL 22 546 CNDPS s F INOCCHIARS, LASSALLE .+ {CERNs ETH, SACL)
a1 Ch e e e e CRAWFORD 66 PRL 16 333 F.5S.CRAWFORDsL.R.PRICE (LRLY
AL AVG 0.12 0.17 AVERAGE (ERROR INCLUDES SCALE FACYOR OF 1.0)
DIGIUGND 66 PRL 16 T6T DIGIUGNO,GIDRGT,SILVESTRI+ (NAPL.TRST.FRAS)
a2 LEFT~RIGHT ASYMMETRY PARAMETER FOR PI+ PI- GAMMA (UNITS 10%%-2) GROSSMAN 66 PR 146 593 R GROSSMAN,L PRICE.F CRAWFORD
a2 33 -2, 17. CRAWFORD 66 HBC 11766 | GRUNHAUS 66 THESIS 4+ GRUNHAUS (cmunau)
Az -4, . LITCHFIEL 67 DBC 8/67 JAMES 66 PR 162 896 F E JAMES,H L KRAYBILL (YALE+BNL)
A2 N 1620 1.5 2.5 MULLER 69 0$PK 9769 JONES 66 PL 23 557 JONES , BINNIE s DUANE s HORS EY 4 MASON, (LOIC, RHEL)
a2 7257 1.22 1.56 GORMLEY 70 ASPK 6/70 LARRIBE 66 PL 23 600 LARRIBE,LEVEQUE ,MULLER , PAULT++ (SACL+RHEL}
a2 w( o.s o.b musa 72 ASPK 8772 WAHLIG 66 PRL 17 221 WAHLTG, SHIBATA, MANNELL T (MIT+PISA)
A2 1. JANEZ 74 OSPK 3774
A2 N Muusn 69 15 SENS[TIVE ONLY TO uppea +4 OF GAMMA-RAY SPECTRUM. BAGLINL 67 PL 248 637 BAGLIN,BEZAGUET yDEGRANGE,+ CEPOL+UCBY
a2 . .. BAGLINZ 67 BAPS 12 567 BAGLINyBEZAGUET ,DEGRANGEy+ {EPOL+UCB)
A2 AVG o.sa o.bo AVERAGE { ERROR INCLUDES SCALE FACYOR OF 1.0) BALTAYL 67 PRL 19 1495 BALTAY FRANZINI »KTM, NEWMAN+ (COLU+BRAN
SALTAYZ 67 PRL 19 1498 BALTAY,FRANZINT oKIM, NEWMAN ¢ (COLU+STON)
As SEXTANT ASYNMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10%#-2) BEMPORAD 67 PL 258 380 BEMPORAD, BRACCINI+FOA, LUBEL SMEY+ (P ISA,BONN)
AS 1300 6.8 3.3 CLPWY 66 HBC 12/15 ALSO PRIVATE COMMUNICATION
as 705 -2.4 4.0 LARRIBE &6 HBC 12/15 y
As 37K 0.5 0.5 GORMLEY3 68 WIRE : 12/75 BILLING 67 PL 258 435 BILLING,BULLOCK+ESTEN,GOVAN,+ (LOUC, OXF)
AS 220K 0.10 0.22 LAYTER 72 ASPK 12715 BOWEN 67 PL 248 206 BOWEN,CNOPS +FINOCCHIARG,+ (CERNETH4SACL)Y
AS 165¢ 0,20 0.25 JANEL 74 OSPK 12/75 BUNIATOV 67 PL 258 560 BUNTATOV, ZAVATTINI,OEINET,+ (CERN+KARL)
AS c e e e CENCE 67 PRL 19 1393 CENCE,PETERSON, STENGER, CHIU+  (HAWATT+LRL)
AS AVG 0.19 0.16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} ESTEN 67 PL 248 115 +GOVAN,KNIGHT, MILLER  TOVEY+ (LOUC+OXF)
AQ QUADRANT ASYMMETRY PARAMETER FOR PI+ PI- P10 (UNITS 10%e—2) - FELDMAN 67 PRL 18 868 FELOMAN, FRATI,GLEESONy HALPERN, + tPENN)
AQ 220K -0.07 0.22 LAYTER T2 ASPK 12715 FLATTE 67 PRL 18 976 S.M.FLATTE (LRL)
AQ 165K -0.30 0.25 JANEL 74 OSPK 12775 FLATTEZ 67 PR 163 1441 S.M.FLATTE AND C.G.WOHL (w
AQ e e e e LITCHFIE 67 PL 248 486 LnchlELo.nANGAN.SEGAR.snnmmueusmuvn
AQ AVG -0.11 o.n- AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0} PRICE 67 PRL 18 1207 L.R.PRICEsF.5.CRAWFORD {LRL)
BET BETA FOR ETA TO PI+ PI- GAMMA. SENSITIVE TO D-WAVE CONTRIBUTION. ARNOLD 68 PL 278 466 4PATY,BAGLTNsBINGHAM® [STRBAMADREPOL+UCB]
BET DN/DCOS THETA = SIN®%2 THETA # (1 + SETA * COS#e2 THETA) 12775 BAZIN 68 PRL 20 895 BAZIN.GOSHAW + ZACHER ¢ (PRINCETON, QUEENS}
BET 7250 -0.060 0.065 GORMLEY 70 WIRE 12775 BULLOCK 68 PL 278 402 +ESTEN, FLEMING s GOVAN, HENDERSON, OWEN+ (LOUC)
RET L 0.12 0406 THALER 72 ASPK 12/75 GORHMLEY3 68 PRL 21 402 GORMLEY,HYMAN:LEE,NASH PEOPLES+ {COLU+BNL)
BET 35K 0.11 0.11 JANE2 74 OSPK 12775 WEHMANN 68 PRL 20 748 WEHMANN,ENGELS, + {HARV+CASE+SLAC+CORN+MCGI)
BET L AUTHORS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF 12/75
BEF L BETA ON GAMMA ENERGY INCONSISTENT WITH THEOR, PREDICTION. 12775 BAGLIN 69 PL 298 445 BAGLIN,BEZAGUET, + (EPDL,UCB,MADR, STRB)
BET L COS%e2 DEPENCENCE MAY ALSO COME FROM P AND F—WAVE INTERFERENCE. 12/75 ALSO 70 NP B22 ee +BEZAGUET , DEGRANGE s MUSSET +( EPOL,MADR, STRB)
BET S e e e aees HYAMS 69 PL 298 12 HYAMS ,KOCH, POTTER, VON L INDERNy+ (CERNy MPIM}
BET AVG 0.047 0.062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5) JACQUET 69 NC 58 1~3 JACQUET,NGUYEN-KHAC, HAATUFT+ {EPOL, BERG)
(SEE IDEOGRAM BELOW ) MULLER 69 THESIS ARMAND MULLER (STRB}
BAGLIN 70 NP B22 66 +BEZAGUET ,DEGRANGE (MUSSET+ { EPOL#MADR+STRB)
WEIGHTED AVERAGE = 0.047 % 0.062 BUTTRAM 70 PRL 25 1358 +KREISLER s M1SCHKE (PRIN)
CARPENTR 70 PR D1 1303 CARPENTER B INKLEY s CHAPMAN, COX ¢ DAGANS muxen
ERROR SCALED BY 1.5 cox 70 PRL 24 534 COX s FORTNEY,GOL SON {OUKE?
DANBURG 70 PR D2 2564 +ABOLINS ,DAHL ¢ DAVIES yHOCH, K IRZ, + (LRLY
DEVONS 70 PR DI 1936 +GRUNHAUS s KDZLOWSKT «NEMETHY +  (COLU4SYRA)
GORMLEY 70 PR D2 501 GORMLEY,HYMAN +LEE, NASH, PEOPLES+ (COLU+BNL)
ALSD 70 NEVIS 181(THESIS) MICHAEL GORMLEY (coLyl
KANOFSKY 70 NC 68 413 A. KANOFSKY (LEHI)
SCHMITT 70 PL 32B 638 +BUNIATOV, ZAVATTINT ,OE ITNET+ (CERN, KARL)
BASILE 71 NC 3A 796 +BOLLINI,DALPIAZ.FRABETTI+ (CERN,BGNA,STRB)
STRUGALS 71 NP B27 429 +CHUVTLO, GEMESY « [VANOVSKAYA+ TJINR)
AGUILAR~ 72 PR D6 29 AGUTLAR—BENITEZ,CHUNG, EISNERsSAMIOS  {BNL}
6LOODWOR T2 NP B39 525 BLOODWORTH o JACKSON s PRENTICE« YOON  { TORONTO)
LAYTER 72 PRL 29 316 +APPELKOTLEWSKT(LEEsSTEINs THALER (coLy)
THALER 72 PRL 29 313 +APPEL KOTLEWSKI +LAYTER JLEE s STE IN (coLu)
LAYTER 73 PR D7 2565 +APPEL 4KOTLEWSKT|LEE+STEIN, THALER coLw
THALER 73 PR D7 2569 +APPEL ,KOTLEWSKT (LAYTER JLEESTEIN (coLY)
BROWMAN 74 PRL 32 1067 +DEWIRE,GITTELMAN, HANSON,LOH + (CORN+BING)
DAVIES 74 NC 24A 324 +GUYL2TA (BIRM+RHEL*SHMP)
CHISQ JANEL 74 PL 488 260 +JONES, LIPMAN, OWEN, PENNEY+ (RHEL+LOWC+SUSS)
1 JAN K “o.3 JANEZ 74 PL 488 265 +JONES,LIPMAN,OWEN, PENNEY+ (RHEL+LOWC+SUSS)
: E2 74 OsP 0.3 KENDALL 74 NC 214 387 +LANDU,MASSIMO,SHAPIRD +  (BROW+BARI+MIT)
- THALER 72 ASPK 1.8 JANEL 75 PL 598 99 GRANNIS ¢ JONES, LIPMAN,OWEN + (RHEL#LOWC)
* . v *
—_—t -GORMLEY 70 WIRE 2.7 JANE2 75 PL 598 +GRANNIS, JONES,LIPMAN,OWEN +  (RHEL+LOWC}
4.5 ALSQ 76 PL (TC ae PUBL.) ERRATUM, M.R.JANE, PRIVATE COMMUNICATION.
N MARTYNGY 76 SJNP 23 48 +SALTYKOV, TARASOVeUZHINSKIT (JINR)
(CONLEV BUSHNIN 78 PL 798 147 +DZHELYAGIN, GOLOVKIN,GRITSUCK + (SERP)
-0.3 =0.1 0.1 0.3 0.5 =0.104) ALSO 78 SINP 28 T75 BUSHNIN,GOLOVKIN,GRI TSUKDZHELYADIN® (SERP)

BETA FOR ETA TO Pl+ PI- GAMMA
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Stable Particles Data Card Listings
n, K* Fornotation, see key at front of Listings.

ABROSIMD 80 SJUNP 31 195 ABROSTMOV, ITINA,NISZCZ,OKHRIMENKD  (JINR} : 10 CHARGED K PARTIAL DECAY MODES.
DZHELYAL 80 PL 948 548 DZHELYADIN: GOLOVKINSKACHANOV + (SERP)
ALSD 80 SJNP 32 516 (YF 32 998) VIKTOROV, GOLOVKIN + (SERP} DECAY MASSES
DIHELYA2 80 PL 978 471 DZHELYADIN, GOLOVKIN,KACHANOF + (SERP) Pl CHAR. K INTO MU NEU K MU2 105+ 0
ALSO 80 SJNP 32 518 (YF 32 1002) VIKTOROV, GOLOVKIN + (SERP) P2 CHAR. K INTO PI PIO K P12 139+ 134
DAVYDOV 81 LNC 32 45 +DONSKOV, INYAKIN + { SERP+BELG+LAPP+CERN) P3 CHAR. K INTO PI PI+ PI- TAU 1394 139+ 139
DZHELYAD 81 PL 1058 239 DZHELYADIN,GOLOVKIN,KONSTANTINOV + (SERP) P4 CHAR. K INTO PI 2PIO TAU PRIME 139+ 134+ 134
P5 CHAR. K INTO MU P10 NEU K NU3 105+ 134+ 0
QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS { Pé& CHAR. K [NTO E PIO NEU K E3 W5+ 134+ 0
. eT K+ INTO PI+ PI- E+ NEU K E+ 4 139+ 139+ .5+ [*]
BASTIEN 62 PRL 8 114 BASTIEN,BERGE,DAHL s FERRC-LUZZ 1, MILLER+(LRL} P8 K+ INTD P1+ Ple E- NEU K E- & 139+ 139+ .5+ 0
CARMONY 62 PRL 8 117 D CARMONY;A ROSENFELD, VAN DE WALLE (LRL) P9 K+ INTO PI+ PI- MU+ NEU KeMU+ & 139+ 139+ 105+ 0
ROSENFEL 62 PRL 8 293 A ROSENFELD.D CARMONY.VAN DE WALLE {LRL) P10 K+ INTO PI+ PI+ MU- NEY KeMU- & 139+ 139+ 105+ 0
P11 CHAR. K INTO E NEU K E2 5+ 0
HTEEBE AREELIEERE BELEEECED K& P12 CHAR. K INTO MU NEU GAMMA B K MU RAD 105+ 24 0
EARREE EREESERRE L SRERAEKE P13 CHAR. K INTD PI PIO GAMMA K PI RAD 139+ 134+ [¢]
P14 CHAR. K INTO PI PI+ PI- GAMMA TAU RAD 139+ 139+ 139+ 0
t . P15 CHAR. K INTO PI E+ E- P1EE 139+ .5+ .5
K 10 CHARGED K{(494,4P=0-) 1=1/2 P16 CHAR. K INTO PT MU+ MU- PI MU MUY 139+ 105+ 105
| P17 CHAR. K INTO PI GAMMA GAMMA PI GAM GAM 139+ 0+ 0
— P18 CHAR. X INTO PIO E NEU GAMMA PI E NEU GAM 134+ .5+ 0+ O
P19 K= INTO Pl—+ E4— E¢- PI-+E+—E+~ 139+ .5+ .5
10 CHARGED K MASS (MEV) P20 .CHAR. K INTO PT NEU NEU . PI NEU NEU 139+ 0+ ]
P21 CHAR. K INTO E NEU GAMMA K E2 RAD 54 0+ 0
M 493.9 0.2 COHEN 57 RVUE + P22 CHAR. K INTO PI GAMMA K PI GAM 139+ 0
M 493.7 0.3 BARKAS 63 EMUL - P23 CHAR. K INTO PI 3GAMMA P1 3GAM 139¢ 0+ 0+ O
M 493,78 0.17 © GREINER 65 EMUL +  VIA TAU DECAY 7766 P24 CHAR. K INTQ P10 P10 E NEU K E4 2P10 134+ 134¢ .5+ 0
M 1493,87) 10.19} KUNSELMAN 71 CNTR REPL.BY KUNSELMANT4 10/71 p2s K+ INTO PI- E+ MU+ PI-E+MUs 139+ .54 105
M 493,691 0.040 BACKENSTO 73 CNTR - KAONIC ATOMS 1/73 P26 K+ INTO PI+ Es MU- PI+E+MU- 139+ .5+ 105
M 493, 662 0.19 KUNSELMAN 74 CNTR - KAONIC ATOMS 3/74 [£34 CHAR. K TNTO MU NEU NEU NEUBAR My 3NEU 105+ 0+ 0+ 0
N 493,657 0. 020 CHENG 75 CNTR — KAONIC ATOMS 6117 p2a CHAR. K INTO PT0 MU NEU GAMMA PI MU NEU GAM 134+ 105+ 0+ O
L] 493,670 0.029 BARKOV T9 EMUL 4— E4E- --> K& K- T/79 P29 K+ INTO PI+ MU+ E- PIeMU+E- 139+ 105+ .5
[ 493,640 0.054 LUM 81 CNTR - KAONIC ATOMS 1/82% P30 CHAR. K [NTO MU NEU E+ E- MU NEU E+E- 105+ 0+ .5¢ .5
M e v e a4 s e e . P3L Ke= INTQ MU-+ NEU E+— E+- MU—+ NEU 2E+- 105+ 0+ .5+ .5
M AV 493.666 0.015  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} P32 CHAR. K INTO NEU E E E NEU 3E 0+ .5¢ .5¢ .5
M FIT 493,667 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 3/82% P33 CHAR. K INTO E NEU NEU NEUBAR € 3NEU S+ 0+ 0+ O
LETS K+ INTD MU+ NEU(E} 105¢ 0
10 (K&} — (K=) MASS DIFFERENCE {MEV)
CHARGED K CONSTRAINED FIT
OM F 1.5M -0.032 0. 090 FORD 72 ASPK +— /72 OVERALL FIT OF MEAN LIFE, WIDTHS AND BRANCHING
DM F FORD 72 USES MIPI+)-M(PI-) = +2B+-T0 KEV. 1/73 RATIOS USES 59 DATA POINTS TO DETERMINE SIX 4/82%
. QUANTITIES. OVERALL FIT HAS CHISQ=78.0. MAIN 4/82%
—— CONTRIBUTION (13.2) COMES FROM R19 OF HAIOT 4/82%
T1L (WE SEE NO REASON TO REJECT THIS EXPERIMENT
10 CHARGED K MEAN LIFE (UNITS 10%%-8 SEC) AT THIS TIME)
T CHAR. K MEAN LIFE ———==
T 0 (0-95)  (0.36)  10.25) ILOFF 56 EMUL
T 0 S22 (l.60) (0.3 (0.37 EISENBERG 28 EMUL FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS
T 1.21 0406 0.06 BURROWES 59 CNTR ‘ ; i ; i i
T 0 33 (1.38)  (0.24)  10.291 FREDEN o0 EMuL The matrix below is derived from the error matrix for H'fe fitted partial decay mode
T o0 (1.25)  (0.22)  (0.17) BARKAS 61 EMUL branching fractions, P;, as follows: The diagonal elements are P, #6P;, where
T 0 51 (l.27)  10.36)  (0.23) BHOWMIK 61 EMUL : P, = \/{6P.6P,), while the off-diagonal elements are the normalized correlation coeffi-
T 293 1.31 0.08 0.08 NORDIN 61 HBC - - i i ¥ imalizec
T (1.24) 10.07) NORDIN 61 RVUE - cients (6Pi6Pj)/(6Pi». 6PJ.). For the definitions of the individual P;, see the listings
; 152:3 g:gééa 0.011 Eﬂézsm zg g:}i M X AT REST 6r66 above: only those P; appearing in the matrix are assumed in the fit to be nonzero and
T 1.221 0.011 FORD 67 CNTR +— 8/67 are thus constrained to add to 1.
T 1.2272  0.0036 msxuulcz 59 CNTR + K IN FLIGHT 9766
T 3M 1.2380  0.0016 CNTR ¢ STOPPING K 2/71 Pl P2 P3 L ps P6
T O OLD EXPERIMENTS WITH LARGE ERRURS EXCLUDED FROM AVERAGING 2/71 P 1 .63504-.0016 .
T .. . . P2 -.7384 .21164-.0015
Y AW 122370 © 0.0032  0.0032 AVERAGE (ERROR INCL. SCALE FACTOR OF 2.4 3 -.1925 =+0252  .0559+-.0003
T OFIT 1.2371  0.0026 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.9} P4 -.1827 .0359 42061  40173+-.0005
(SEE IDEOGRAM BELOW - P 5 ~.2705 -.2318 -.1189 ~.3284 .0320+-.0009
. P& -.3391 ~.1386 41501 .0263 22126 .0482+-.0005

EITTED PARTIAL DECAY MODFE RATES

WEIGHTED AVERAGE = 0.8084 + 0.0021 The matrix below is the branching fraction matrix above, transformed into rate
ERROR SCALED BY 2.4

space; f.e., G; = I} = l"mlal ;» in appropriate units. In analogy to the matrix above,

iagonal elem are G, +8G,, where 8G, = \[(6G.0G.), while the off-diagonal
Values above of weighted average, the 4 - omente ?Gl v ‘Te ¥ Gl4 i ey .

elements are the normalized correlation coefficients (8G.5G.)/(6G, - 6G.). Note that,
error, and scale factor are for the : :
reader's convenience only. The
data were actually processed by a from those above.
constrained fit program, which
calculates its own values of X, &%,

because of the error in l‘total' the errors and correlations here are not directly derivable

and scale factor, which are differ- 61 513‘; 1 0017 G2 G 3 G 4 65 66
- .
ent from the values shown here. G2  -.3278 .17104-.0013 -
G3 ~.0024  .0452+-.0002
I3 L0494 12084 .0140+-.0004
CHIsQ G5 -.1873 -.1239  -.3248 ,02584~.0007
L ...oTT 71 CNTR 0.4 66 -.0805 1532 20313 .2198  .0390+-.0004
-LOBKOWICZ 69 CNTR 7.3
-FORD 67 CNTR
-FITCH 65 CNTR 3.7
_BOYARSKI 62 CNTR 10 CHARGED K DECAY RATES
"NORDIN 61 HBC Wl CHAR. K INTG MU NEU (UNITS 10#%6 SEC-1) Y
BURROWES 59 CNTR w1 51.2 0.8 FORD 87 CNTR +— 8/67
— Wi e e e
11.4 Wi FIT 51.33 0.17 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
0.70 0.75 0.80 0.85 o 90 0.9 (CoNLEY w2 CHAR. K INTO PI I+ PL- (UNITS 10w%s SEC-1) (631
' : ) ’ : -9 =0.003) w2 F (4.496)  (0.030) RO, 67 CNTR +~- SEE NOTE F 8767
CHARGED K DEGCAY RATE (UNITS 10%%8 SEC-1) - Mz F3.2m 14.529) (0.032) Foro 70 ASPK ©  SEE NOTE F 11770
w2 J511 0.024 FORD 70 ASPK  SEE NOTE F 11770
W2 F THE LAST IS THE COMBINED RESULT OF FORO 67 AND FORD 70
w2 . .
e e e e W2 EIT “4ls17" | 0.023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
10 ((K+} - (K-)1/AVG., MEAN LIFE DIFFERENCE (PERCENT) | ~— 77 .
DY N THIS QUANTITY IS A MEASURE OF CPT INVARIANCE IN W.l. 10 LK+ = (K=)1/AVG., DECAY RATE DIFFERENCE (PERCENTI
BT DIFFERENCE IN K HU2 RATES tetei-t61-11 /1 (PERCENT)
ot 0.47 0.30 FORD 67 CNTR 8767 b
oT 0.090  0.078 LOBKOMICZ 69 CNTR 12/70 b1 =0.54 0.41 67 CNTR 6/67
ov e e e
M N X . 02 DIFFERENCE IN TAU RATES (163+41-(63-1) /63 {PERCENT)
DT AVG 0.11 0.093  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2) 52 Nt 0.5 st cul S o 667
02 F (=0.04)  (0.21} . FORD 67 CNTR  SEE NOTE F 8/67
D2 F 3.24  (0.10)° (0.14} FORD 70 ASPK  SEE NOTE F 11770
02 £ 0. 08 0.12 FORD 70 ASPK  SEE NOTE F 11770
02 s (-0.02)  (0.16) SMITH 73 ASPK ¢- 11773
D2 £ ' SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINED WITH FORD 67.
02 S SMITH 73 VALUE OF D2 [S DERIVED FROM SMITH 73 VALUE OF D3. 11/73
02 ..

D2 AVG 0.07 T oo.12 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)



‘Data Card Listings

For notation, see key at front of Listings.

OIFFERENCE IN TAU PRXME RATES ({G4+)-(G4—))/AVERAGE (PERCENT}

1802 -l.1 HERZO 69 DSPK 5/70
0.08 0-53 SMITH T3 ASPK +— 11/73
AVG ~0.03 ) 0.55 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}

DIFFERENCE IN K PT2 RATES {(G24)-(G2-1)/AVERAGE {PERCENT)

0.8 1.2 . HERIO 69 0SPK 5/70

DIFFERENCE IN K PI RAD RATES ((G13¢)-{G13~))/AVERAGE (PERCENT)

24 0.0 26-0 DWARDS 72 OSPK Pl KE 58-90 MEV 8/72
4000 1.0 .0 ABRAMS 73 ASPK +- PI KE 51-100 MEV 3/T74
2461 G.8 5.5 © SMITH 76 WIRE +~ PI+-KE 55-90 MEV 11/76

AVG . ‘0:9- o 3.3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
10 CHARGED K BRANCHING RATIOS
o OLD DATA EXCLUDED
CHAR. K INTO (MU NEU)/TOTAL (UNITS 10%%-2} (P1}
{58.5} (3.0} BIRGE 56 EMUL +
a (56.9) =~ (2.6) ALEXANDER 57 EMUL +
0 . OLD EXPERIMENTS NOT INCLUDED IN AVERAGING /71
62K 63.24 0. 44 HIANG 72 OSPK 4 1.84 GEV/C K+ 9/_72
FIT 63.50 ot 0. 16 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
CHAR. K INTD (PI"PIO}/TOTAL (UNITS 10%%-2} {P2)
0 (1.7 t2.7} BIRGE 56 EMUL +
Qo 123.2) (2.2 ALEXANDER 57 EMUL +
o EARLIER EXPERIMENTS NOT’AVERAGED
21.0) (0.6} CALLAHAN 65 HLEC SEE R17 .
21.6} 10.6} TRILLING 65 RVUE 6766
16K 21.18 0.28 CHIANG 72 OSPK + 1.B4 GEV/C K+ 9/72
FIT, 21206~ 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0
CHAR. K INTO {PI Pl* PI- )/TUTAL (UNXTS 10%%-2) (PB)
5] (5.6) {0.4 . 56 EMUL
7] 16.8) (0.’9) ALEXANDER 57 EMUL +
0 {5.2) €0.3) N TAYLOR 59 EMUL +
1] EARLIER EXPERIMENTS NDY AVERAGED . ’
5.7 0.3 61 HLBC + 9/66
2332 5.54 0.12 CALLAHAN 64 HLBC +
540 Se 0.2 SHAKLEE 64 HLBC ¢ 9/66
5.71 0.15 DE MARCO 65 HBC 6/66
b4 6.0 0.4 . YOUNG 65 EMUL + 6766
P 693 5.34 0.21 PANDOULAS 70 EMUL + 10/70
C 2330 (5.56) (0,200 CHIANG 72 OSPK + 1.84 GEV/C K+ 9/72
[ THIS VALUE IS NOT INDEPENDENT OF CHIANG 72 R1,RZyR4&,R5, AND R& 9/72
P INCLUDES EVENTS OF TAYLOR 59. .
AVG .5:5;.’1- ) 0. 098 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3)
FIT 5.588 0.030 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1}
({SEE IDEOGRAM BELOW )
WEIGHTED AVERAGE = 5.521 + 0.098
ERROR SCALED BY 1.3
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,
CHISQ
Foete e PANDOULAS 70 EMUL 0.7
-YOUNG 65 EMUL 1.4
-+ - - -DE MARCO 65 HBC 1.6
------ SHAKLEE 64 HLBC .4.4
= R S CALLAHAN 64 HLBC 0.0
Ny 61 HLBC 0.4
8.6
: (CONLEV
4.5 5.0 5.5 6.0 6.5 7.0 =0.127)
CHAR.K TO (Pl PI+ PI-)/TOTAL (UN 10**-2)
CHAR. K INTO (P! 2PIO}/TOTAL (UNIYS 10%%-2) {pa)
o 2.1} (0.5) 56 EMUL +
o {2.2) (0.4) ALEXANDER 57 EMUL + .
o] (1.5) {0.2) TAYLOR 59 EMUL +
e} EARLIER EXPERIMENTS NOT AVERAGED
1.7 0.2 ROE 61 HLBC + 11767
108 1.8 0.2 SHAKLEE 64 HLBC + 11767
198 1.53 0.11 PANDOULAS 70 EMUL + 16/70
1307 1.84 - 0.06 CHIANG T2 OSPK + 1.84 GEV/C K¢ 9r72
INCLUDES EVENTS OF TAYLOR 59.
AVG 1. 767. ) 0.071 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.4}
FIT 1.732 0.045 FROM F1T (ERROR INCLUDES SCALE FACTOR OF 1.4)
{SEE IDEOGRAM BELOW )
CHAR. K INTO (MU PIO NEU)/TUTAL (UNITS 10%2-2} (P51}
0 {2.8) (1.01 RGE 56 EMUL +
a (5.9) (1.3} ALEXANDER 57 EMUL +
o (2.8} (0.4} TAYLOR 59 EMUL +
[s] EARLIER ‘EXPERIMENTS NOT AVERAGED - .
2345 3,33 0.16 HIANG 72 OSPK + 1.84 GEV/C K+ 9/72,
FIT - 3.197 0. 086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7}

R17
R17
RL7
R17
R17
R17

Stable Particles
K*
WEIGHTED AVERAGE = 1.767 £+ 0.071

ERROR SCALED BY 1.4
P

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, whxch
calculates its own values of X, 6%,
and scale factor, which are differ-
ent from the values shown here.

CHIsQ
—— CHIANG 72 0SPK 1.5
B BRI S PANDOULAS 70 EMUL 4.6
— - SHAKLEE 64 HLBC 0.0
— -ROE 61 HLBC 0.1
6.3
+ —t (CONLEV
1.2 1.6 2.0 2.4 .100)
CHAR. K INTO (PI 2PI0)/TOTAL (UN 10%*-2)
CHAR. K INTD (E PIQ NEU)/TDYAL {UNITS 10%*-2} 1Pe)
(3.2) (1.3) BIRGE 56 EMUL +
0 15.1) {1.3) ALEXANOER 57 EMUL «
0 EARLIER EXPERIMENTS NDT AVERAGED
5.0 0.5 ROE 61 HLBC + 11767
429 4.7 0.3 SHAKLEE &4 HLBC + 11767
3516 4. 86 0.10 CHIANG T2 OSPK + 1.B4 GEV/C K+ 9/72
AVG 4.849 0.093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
FIT 4.824 = 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
CHAR. K INTO (PI2 + MU3}/TOTAL (UNITS 108%-2) (P2+pPSH 11767
WE COMBINE THESE TWO MODES FOR EXPTS MEASUREING THEM [N XENON BC
BECAUSE OF DIFFICULTIES OF SEPARATING THEM THERE
23.4 1.1 ROE 61 HLBC + 11/67
886 25.4 0.9 SHAKLEE 64 HLBC + 11/67
AVG 240.60 0.98 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4}
FIT 24.36 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
K+ INYO {(PI+ Pl+ €— NEU}/TOTAL (UNITS 10%%*-7) [1.2-2)
{201 OR LESS (CL=.95 BIRGE 65 FBC + 8/66
[ (6.9) OR LESS CL=.95 ELY 6% HLBC + 10/69
] {9.0) 'OR LESS CL=.95 SCHWEINBE 71 HLBC + 9/71
K+ INTO (PI+ PI- MUs NEU)/TOTAL (UNITS 10¢%-5) (P9}
(0.77) (0.54) {0.50) CLINE 65 FBC + B/66
KO INTO (PI+ PI+ MU- NEU)/TOTAL (UNITS 10%%—6} (P10}
3.0 OR LESS CL=.95 BIRGE 65 FBC + 8/66
CHAR. K INTO (E NEUI/TOTAL (UNITS 10%%-5) (P11
(160.0} OR LESS (CL=.95 BORREANT 64 HBC + 11767
4 {2.1) (1.8) t1.3) BOWEN 67 OSPK + 8/67
CHAR. K INTO (PI GAMMA GAMMA)/TOTAL (UNITS 10%%-4)
tPim)
ALL VALUES GIVEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM 2712
(=0.11 (0.6} CH 68 OSPK + T{PI} 60-90 MEV  9/73
] (0.5} OR LESS CL=.90 KLEMS 71 OSPK + T(PIIGT 117 MEV 8/71
0 0.35 OR LESS CL=.90 LJUNG T3 HLBC + 6-1024114-127MEV 9/73
0 (-0.42) (0.52) ABRAMS 77 SPEC + T(PIILT 92 MgV  12/77
CHAR. K INTO (PI PO GAMMA}/TOTAL (UNXTS 10%%—4}) (PlJl
0 18 {2.2) 10.7) cL1 &4 FBC Pl1+ KE 55-80 MEV 8/66
] {1.9) OR LESS CL=. EHHERSUN 69 O0SPK PI+ KE 55-80 MEV 10/69%
M o (1.0} OR LESS MALTSEV 70 HLBC + PI+ KE LT 55 MEV 12/7S
A2100 2.71 0.19 ABRAMS T2 ASPK - PI+ KE 55-90 MEVY 1/73
1] 24 (2.4 10.8) EDWARDS 72 0SPK PI+ KE 58-90 MEV 8/72
[ (1.5) {1.1) (0.6} LJUNG T3 HLBC + PI+ KE 55-80 MEV 9/73
L {2.6} (1.5} {1.1) LJUNG 73 HLBC + PI+ KE 55-90 MEV 9/73
oL 17 (6.8} 3.7 {2.1) LJUNG 73 HLBC + PI+ KE 55-102MEV  $/73
2461 2.87 0.32 SMITH 76 WIRE #- PI+-KE 55-90 MEV 11/76
[s] ONLY HIGH STATISTICS EXPERIMENTS ARE AVERAGED. 3778
M MALTSEV 70 SELECTS LOW PI+ ENERGY TQ ENHANCE DIRECT EMISSION CONTR. 1/76
L THE LJUNG 73 VALUES ARE NOT INDEPENDENT. /73
A ABRAMS 72 OBSERVES DIRECT EMISSION BR. RATIC OF (1.564+-0.351%10%¢-5 1/73
A  +-0.5%10%%-5 ADDNL. SYST. ERROR AND INNER BREMSSTRAHLUNG 8R. RATIO 1/73
A OF (2.55+~0.18)*%10%¢-4, WE QUOTE THE SUM OF THESE BR. RATIOS. 1773
AVG 2:7; 0. 16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
CHAR. K INTO (PI PI+ PI— GAMMA}/TOTAL (UNITS 10%%-4%)
{P14)
1.0 LAY STAMER 65 EMUL ¢ EGAM GT 11IMEV 8766
CHAR. K INTO (PI E+ E-)/TOTAL (UNITS 10%%-6) (P15}
(2.45) OR LESS CAMERINT 64 FBC + 8766
(4.4) CR LESS BIST 67 DBC + 11767
C (0.4) OR LESS CLINEL 67 FBC + 11767
c {0.88) CR LESS CL=.90 CLINE2 67 FBC + 2/74
(32.0) OR LESS (CL=.90 BEIER T2 OSPK +— 9/72
t1.7) OR LESS CL=.90 CENCE T4 ASPK + THREE TRACK EVYS 10/74
. (0.27) GR LESS CUL CENCE T4 ASPK + TWO TRACK EVENTS 10/74
C CLINE2 REPLACES CLlNEl. CLlNEl 1S NOT FOR CL=.90 . 2/74
CHAR. K INTO (PI MU+ MU-)/TOTAL (UNITS 10%*-6) {P16}
3.0} 0OR LESS Ct=.90 CAMERINI 65 FBC + 8/66
2.4 OR LESS CL=.90 BISH 67 pBC + 11767
CHAR. K INTO (PI PI0)/TAU (P21/(P3)
134 3.24 0. 34 YOUNG 65 EMUL + Br66
1045  3.96 0.15 CALLAHAN 66 FBC + 9/66
ave 3.84 0.27  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9}
FIT 3.7987 0.034 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1}



Stable Particles
Kt

R20
R20
R20
R20
R20
R20
R20
R20

R20

R23
R23

R24
R24
R24
R24
R24
R24
R24

R24
R24

R25

CHAR + K IN‘D {PI ZPIOIIYAU {Pal/(P3)
2027 0.3 0. Of BISI 65 HeHL + 8/66
17 0.393 0. 099 YOUNG 65 EMUL + 8/66
AVG 0.3037 0.0090 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
FIT 0.3100 0.0080 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3)
CHAR. K INTO (MU PIO NEU)/TAU {P51/(P3)
2845 0.632 0.035 8ISI 1 65 H+HL + 8/66
38 0.90 0.16 YOUNG 65 EMUL + 8/66
H 1505 (0.510} (0.017} EICHTEN 68 HLBC + 11768
H1505 0.503 0.019 HAIDT 71 HLBC + 12/10
H HAIDT 71 IS A REANALYSIS OF EICMTEN 68.
AVG 0.536 0. 054 AVERAGE {ERRDR INCLUDES SCALE FACTOR OF 3.2)
F1T 0.572 0,016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.8)
{SEE IDEOGRAM BELOW }
WEIGHTED AVERAGE = 0.536 £ 0.054
ERROR SCALED 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, which
calculates its own values of X, 6%,
and scale factor, which are differ-
ent from the values shown here,
cHIsQ
71 HLBC 3.1
65 EMUL
65 H+HL 7.5
10.5%
(CONLEV
0.2 1.4 =0.001)
CHARGED K INTO (MU PIO NEU)/TAU
CHAR. K INTD (E P10 NEU}/TAU tP6Y/LP3)
230 .90 6. 06 BORREANT 64 HBC + 8/66
37 0.90 0. 16 YOUNG 65 EMUL + 8766
854 0.94 0.09 BELLOTT2 67 HLBC 11767
H 4385 10.846) 10.021% EICHTEN 68 HLBC + 11768
H4385 0.850 0.019 HAIDT 71 HLBC + 12/70
2827 0. 856 0.040 75 HLBC + 12775
H HAIDT 71 IS B8 REANALYSIS OF E]CHTEN 68,
AVG 0.858 0.016 AVERAGE (ERRODR INCLUDES SCALE FACTOR OF 1.0}
FIT 0.8633 0.0098 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
K+ INTO {PI+ Pl- E+ NEU)I/TAU (UNlTS 10%%*-4) {PTY/(P3)
69 6.7 1.5 RGE 65 FBC + 8/66
269 5.83 0.63 ELV 69 HLBC + 11/68
500 7.36 0.68 BOURQUIN 71 ASPK 12/71
106 7.0 0.9 SCHWEINBE 71 HLBC + 9/71
30K 7.21 0.32 ROSSELET 77 SPEC + 11777
AVG 6.98 0.26 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
K+ INTO (PI+ PI- MU+ NEUI/TAU (UNITS 10%%-4) tP9I/ (P}
1 (2.5) APPROX GRE INER 64 EMUL + 8766
T 2.57 1.55 8ISl 67 DBC + 11767
CHAR. K INTD {E PICO NEU)I(MUZOPIZ) (UNTTS 10%2-2){P6)/(P1+P2)
1679 5.89 0.21 STER 66 OSPK + 8/67
5110 be 16 0. 22 ESCHSTRUT 68 OSPK + 3/68
. WEISSENBE 76 SPEC + 1/78
N VALUE CALCULATED FRUM HEISSENBERG 76 KE3, KMU2, KPI2 VALUES 1778
W TO ELIMINATE DEPENDENCE ON QUR 1974 TAU AND TAU-PRIME FRACTIONS. 1/78
AVG 6,01 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I.0)
FIiT 5.698 0.067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.1)
CHAR. K INTO (PI PIO}/(MU NEU) (P2)7(P1)
AG517 0.3277 0.0065 AUERBACH 67 OSPK + 1/74
1600 0.305 0.018 ZELLER 69 ASPK + 10769
W 25K (0.328) {0.005) WEISSENBE 74 STRC + /74
W 0.3355 0. 0057 WEISSENBE 76 SPEC + 1/78
A AUERBACH 67 CHANGED FROM .3253¢-.0065. SEE COMMENT WITH RATIO R26. 1/74
W WEISSENBERG 76 REVISES WEISSENBERG 74. 1/78
AVG 0 3307 0.0051 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.2)
FIT 0.3332 0.0030 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
{SEE IDEOGRAM BELOW 1
CHAR. K INTO (€ PIO NEU}/{MU NEU} (pe1/LPLY
A 295 0.0791 0. 0054 AUERBACH 67 OSPK + 1/74
960 0.0775 0.0033 BOTTERI1 68 ASPK + 5/68
561 0.069 0.006 GARLAND 68 OSPK + “/68
350 0.069 0,006 LELLER 69 ASPK + 10769
A AUERBACH 67 CHANGED FROM ,0797+-.0054. SEE COMMENT WITH RATIO R26. 1/74
A THE VALUE .07854-.0025 GIVEN [N AUERBACH 67 IS AN AVERAGE OF 3/74
A AUERBACH 67 R25 AND CESTER 66 R23. 374
AVG 0.0752 0.0024 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
FIT 0.07597 0.00091 FROM FIT (ERROR INCLUDES SCALE FACTOR OF l.1}
CHAR. K INTO (MU P10 NEU)/(MU NEU) (P51/(P1)
A 307 0.0486 0.0040 AUERBACH 67 OSPK ¢ 1774
G 424 0.0480 0. 0037 GARLAND 68 OSPK + 1774
240 0.054 0.009 ZELLER 69 ASPK + 10/69
A AUERBACH 67 CHANGED FROM .0602+-.0046 BY ERRATUM WHICH BRINGS THE 1776
A MU-SPECTRUM CALCULATION INTO AGREEMENT WITH GAILLARD TO APPENDIX B. 1/74
G GARLAND 68 CHANGED FROM .0554-.004 IN AGREEMENT WITH MU-SPECTRUM /74
G CALCULATICN OF GAILLARD 70 APPENDIX B. L.G.PONDROM, PRIV.COMM.(T73) 1/74

0.0488
0.0503

0.0026 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01
0.00i4 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7)

68

R37

R38
R38
R38

R39
R39
R39

Data Card Listings

For notation, see key at front of Listings.

WEIGHTED AVERAGE = 0.3307 % 0.0051
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, 5%,
and scale factor, which are differ-
ent from the values shown here,

CHISQ
t—\- - - - WEISSENBE 76 SPEC 0.7
------- ZELLER 69 ASPK 2.0
—_ -AUERBACH 67 OSPK 0.2
3.0
> . (CONLEV
0.28 0.30 0.32 0.34 0.36 0.38 =0.228)
CHAR. X INTO (PI P10)/(MU NEU)
CHAR. K INTO t{MU NEU}/TAU {(PLI/(PY)

R 427 (10.38) {0.82} 65 EMUL + 9766

R DELETED FROM OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS.

R TO ADD UP TO 1. ONLY YOUNG MEASURED MUZ DIRECTLY.

FIT 11.364 0.072 FROM FIT

CHAR, K INTO [E NEU)Z{NMU NEU} [UNITS 10%%-5) te1u7(P1)
10 1.9 0.7 0.5 BOTTERILL 67 ASPK + 11767
a 1.8 0.8 0.6 MACEK 69 ASPK + “/69
132 2.42 0.42 CLARK 72 OSPK + 1773
534 2.37 0.17 HEARD2 T5 SPEC + 11775
404 2.51 0.15 HEINTZE 76 SPEC ¢ 2716
AVG . 2.42 (‘).ll AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
CHAR. K INTO (MU PIO NEUI/(E PLO NEU) (PS1/(P6}
€1509 0.703 0.056 CALLAMAL 66 HLBC 6768
5601 0.667 0.017 BOTTERI2Z . 6B ASPK + 6/68

H 1398 (0.604) (0.022) EICHTEN 68 HLEBC 10/68

H {0.596) 1(0.025) HATOY T1 HLBC + 12/70
03480 0.698 0.025 CHIANG T2 OSPK 4 1.84 GEV/C K+ 9/72
L 554 0.705 0. 063 LUCAS2 73 HBC -~ DALITZ PRS ONLY 11/73

8 1585 (0.608} {0.014} BRAUN 75 HLBC + 1776

0.67 0.12 WEEISSENBE 76 SPEC + 1/78

£ {0.670) (0.01%) HElN\'lE TT SPEC + 12717

CCMMENTS
€ FROM CALLAHANL 66 WE USE ONLY THE HUB/EB RATIO AND DO NOT
€ INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E3/TAU. SINCE THEY SHOW
€ LARGE DISAGREEMENTS WITH THE REST OF THE DATA.

H HAIDT 71 IS A REANALYSIS OF EICHTEN 68,

H ONLY INDIVIDUAL RATIOS INCLUDED IN FIT {SEE R19 AND R20). 11768
D CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND Ré. 9/12
L LUCAS 73 GIVES N{MU3}=554+~T7.6PCT+ N(E3)=T786+-3.1PCT, WE DIVIDE. 11/73
B BRAUN T5 VALUE IS FROM FORM FACTOR FIT. ASSUMES MU-E UNIVERSALITY. 1/76

E HEINTZE 77 VALUE FROM FIT TO LAMBOAO. ASSUMES MU-E UNIVERSALITY. 12777
AVG 0-6;9. 0.013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

FIT 0.663 0.018 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.7)

CHAR. K INTO (P10 E NEU GAMMA)/(PIO E NEU) (UNITS 10%%-2)
tP1BIZLPE)
(1.2} (0. 8) BELLOTT1 &7 HLBC + EGAM GT 30MEV 11767
R 13 0.76 0.28 ROMANO T1 HLBC EGAM GT 10MEV 10/71

R 10.531 {0.22) ROMANC 71 HLBC + EGAM GT 30 MEV 9/73
L 16 (0.48) (0,209 LJUNG 73 HLBC + €GAM GV 30 MEV 9/73
L (0.15) {0.10} LJUNG T3 HLBC + EGAM GT 30 MEV 9/13
L FIRST LJUNG VALUE IS FOR COS(ELECT-GAMMAJL.T. 0.9, SECOND VALUE IS 9/73
L FOR COSUELECT-GAMMA) BETW 0.6 AND 0.9 FOR COMPARISON WITH ROMANG. 9/73

R BOTH ROMANO VALUES ARE FOR COS(ELECT-GAMMA) BETW 0.6 AND 0.9. T3

R SECOND VALUE IS FOR COMPARISON WITH SECOND LJUNG VALUE. 9/713

R WE USE LOWEST EGAM CUT FOR TABLE VALUE, SEE RCMANO FOR EGAM DEPEND. 9/73

K= INTO (PI+ E— E-}/TOTAL (UNITS 10%s-5) {P19)
TEST OF LEPTCN NUMBER CONSERVATION.

{1.5) OR LESS CHANG 68 HBC - 3768
CHAR. K INTO (PI NEUY NEUDITDTAL (UNITS 10%2-6) {P20)

[ (1.4) CR LESS CL=. 71 OSPK + T(PI) 117-127MEV 3/74
4 {0.94) CR LESS -90 CABLE 73 CNTR + T{(PI) 60-105 MEV 2/74%
c 1{0.56) OR LESS CL=.90 CABLE 73 CNTR +  T(PI) 60-127 MEV 2/74%
L 0 {(57.0) OR LESS CL=.90 LJUNG 73 HLBC + 9/73

0.14 GR LESS Ct=.90 ASAl 81 CNTR + T{(PI) 116-127MEV 1/82¢
C KLEMS 71 ANO CABLE 73 ASSUME PI SPECTRUH SAME AS KE3 DECAY. 3/74
C SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT. 2774
L LJUNG 73 ASSUMES VECTOR INTERACTION. 9/13
CHAR. K TNTO (E NEU GAMMA}/TOTAL (UN[TS 10**-5) (P21}
L] {T.1} OR LESS TQ OSPK ¢ P{E) 234 TO 247 12/70
M ABOVE IS MEASUREMENT OF SYRUCTURE-DEPENDENT DECAY ONLY.
CHAR. K INTO (P1 GAMMA}/TOTAL (UNITS 10¢%-6) (P22
VIGLATES ANGULAR MOMENTUM CONSERVATION. NOT LISTED IN TABLES.
K t4.0) OR LESS CL=.90 KLEMS 71 OSPK + 8/T
X TEST OF MUDEL OF SELLERT., NC 604, 291(1969}.
CHAR. K INTO (P] 3GAMMA)}/TOTAL {(UNITS 10%%*-4) (P23}
3.0 OR LESS CL=.90 KLEMS 71 OSPK + TIPI} GT 11TMEV 8/71
Ke INTO {PI¢ PI+ E- NEUI/(PI+ PI~ E+ NEU) (UNITS 10%#+4) (PBI/(PT)
0 (130.) OR LESS CL=.95 BOURQUIN T1 ASPK 8/16
B 3 3.6 OR LESS CL=.95 BLOCH 76 SPEC 8/76
B CORRESPONDS 7O 3E10-4 AT CL=.90. 2/80
CHAR. K INTO (P1Q PIO £ NEU)/KE3 (UNITS L0%e-4) (P24)/(P6}
0 (37.0} R LESS CL=.90 ROMANO 71 HLBC + 12771
2 3.8 5.0 1.2 LJUNG T3 HLBC « 9/73
K+ INTO (PI- E+ MU+)/TOTAL (UNITS LO*e-8) trP2s)
K~ INTO (Pl+ €~ MU~)/TOTAL 1S ALSO INCLUDED HERE
12.8) QR LESS CL=.90 BEIER 72 OSPK +- /72



69

Data Card Listings Stable Particles

‘ . ) _ .. +
For notation, see key at front of Listings. K
R40 K+ INTD (PI+ E+ MU-)/TOTAL (UNITS 10%%-8) tp26} where :
R40 K~ INTO.(PI- - MU"/»TO1AL IS ALSO INCLUDEO HERE
R40 {l.4) OR LESS CL=.90 BETER T2 OSPK +- 97712 .
) 2

R&41 CHAR K INTU (MU 3NEU)/TOTAL ‘UNIVS 10¢%=4) (927) S. = - . = -m, - 2m T. 2 .
R41 P OR LESS CL=.90  PANI 73 11/73 1 (g]( E’l) (mK 1) Ki (2)
R4l P PﬂNG 73 ASSUHES MU SPECTRUM FROM NEU NEU [NTERACT[UN OF BARDIN 70. 3/74¢ -
R42 CHAR. K INTO (PIO MU NEU GAM)/TOTAL(UNITS 10%*-S) (P28} 9/73 l l
R42 0 6.1 OR LESS CL=.90 LJUNG 73 HLBC + EGAM GT 30 MEV  9/73 _ 1 1,2 2 2 2

- . ) . i sg = 3LS; = 3 (mK+m1+m2+m) (3)
R43 CHAR. K INTO (E PIO NEUI/(PI PIO} (P6i7LP2) 1
R43 L 788 0.221 0.012 LUCAS2 73 HBC ~ DALITZ PRS ONLY 11/73
R43 L LUCAS 73 GIVES N{E3}=786¢-3.1PCT, N(P12)=3564+-3.1PCT. WE DIVIDE. 11773
R4 e e e e ) ;
R43 FIT 0.2280 0.0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 3 5 - i

Pyr P, are the four-vectors for the K and the
R44 CHAR: K INTD {PI 2PI0)/{PI PLO} {P4Y/(P2) ! - -1 th
R44 L 574 0.081 0.005 LUCAS2 73 HBC - DALITZ PRS ONLY 11/73 3 3 ]
R46 L LUCAS 73 GIVES N(PI 2P10)=5744-5.9 PCT, N(PI2)=35644=3.1 PCT. 11773 1™ pion, and the index 3 refers (4)
R44 L WE QUDTE 0.59N(PI 2PT0J/N(PI2) WHERE 0.5 IS BECAUSE ONLY DALITZ 11/73 .
R4S L PAIRPIOS WERE USED. 11773 to the odd pion, i.e., the third pion
R&4 FIT 0.0819 0.0022 FROM FIT (ERRO"( INCLUDES SCALE FACTOR OF 1.3} . .
N . : in the decays listed below.

R45 CHAR. K INTO(MU NEU GAMMA}/TOTAL (UNITS 10%%-3} (P12) - - T/74
R45 12 5.8 _3-5 WEISSENBE 74 STRC + E-GAMMA GT 9 MEV 7/74

We refer to the three possible charged decays as
R46  CHARY K mm (P1 Ey B 1/(PTe PI_ € NEU) (UNITS lo¥s-3) (PLSI/(PT)

R46 B 41 7. .3 8LOC 75 SPEC + 11/75 T, T', and 7°
Re6 B BLOCH TS QUOTES Yars RESULT nummso BY OUR 1974 KE4 BR.FRAC. 11/15 :

: + T E
R4T  CHAR. K INTO (E NEU GAMI/(E NEU) (P2L17(P11) - . T K > 7T
R4T STRUCTURE DEPENDENT PART WITH + GAMMA HELICITY. :
R47 H 56 (1.05) (0.25)  {0.30) HEARDL 75 SPEC ¢ PIE) 236 TO 247 11/75 + + .
R4T M THIS VALUE IS INCLUDED IN THE SECOND MEINTZE 79 VALUE IN SEC.RS4  11/75 [ o, 000 F
R47 H  BELOM. 11775 T K T
R48 K INTO (PIo-MU-+E+) /(PI+PI-E NEY) (UNTTS 108e4) (pzswzel/wn 11776
R4S D 1.9 OR LESS CL=.90 DIAMANTBE 76 SPEC + : 11/76 0 0 + -~ ¢
R4B O num\mse 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR. RATIO. 11/76 T K > mT7wTm
R49 x» INTO (PI+ MU+ E~}/(PI+PI~ E NEU) (UNITS 10%%—4)  {(P29)/(PT) . 11/76
R4% D 1.3 OR LESS CL=.90. DIAMANTBE 76 SPEC + 11776
R49 D DIAMANTBE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 BR RATIO. 11776
RS0 © CHAR. K INTO (MU NEU E+E-)/(PI+PI-ENEU} (UNITS 10%%-3) (P30I/(PT)  11/76 The measurements of g vary considerably beyond
R50 D 14 (3.3} €0.9) . DIAMANTBE 76 SPEC + MIEE) GT 140 , L1/76 :
R50 D 14 27. 8. "DIAMANTBE 76 SPEC ¢ EXTRAPOLAVED BR 11/76 the authors' quoted errors as can be seen in the
R50 D DIAMANTBE 76 QUOTES THESE RESULTS TIMES .OUR 1975 KE4 BR RATIO. 11/76
R50 D THE SECOND DIAMANTBE 76 VALUE IS THE FIRST VALUE EXTRAPOLATED TO 0 11/76 X . oy .
R50 D TO INCLUDE LOW MASS E PAIRS. 11/76 ideograms associated with the GT+, GT-, and GTP

; +
R51 Ke= INTOUP1=+E~E+=)/(PTePI-E NEU) UNITSC108%—41 (P191/(PT} - 11/76 . = P
Ral TEST 0 Leeton NUNBER CONSERVAT TN - subsections of the K Data Card Listings and the
R51 D 2.5 OR LESS CiL= DIAMANTBE 76 SPEC 4 11/76 0
R51 D ounmrae 76 QUOTES THIS nssuu TIMES OUR 1975 BR RATIO. 11/76 GTO subsection of the KL Listings.
RSZ. Koo INTOCNU-+ NEU E+— E+-}/(PI+PI-E NEUJ(UNITS 10%#-3) (P31}/(PT), 11/76 | . e o N R .
R52 D 0 GR LESS CL=.90 ODIAMANTBE 76 SPEC + 11/76 There is no indication of a CP-violating
R3: O DlAVANTEE 76 QUOTES THIS RESULT TIMES OUR 1975 KE4 8R RATIO. 11776 0
RS3 K+ INTO (NEU E+ E+ E-1/(P1+PI- € NEU) (UNITS L0%6-2) (P321/(PT)- 11776 | asymmetry in KL decay "as measured by the coeffi-.
R53 4 0.54 0.5% 0.27 DIAMANTBE 76 SPEC + 11/76 : .
RS3 D OIAMANTBE 76 QUOTES THIS RESULT.TIMES OUR 1975 KE4 BR RATIO. .  11/76 cient j given in subsection JTO of the x? Listings.
.. - L

R56¢  CHAR. K INTO (E NEU GAMI/(MU NEU) " (UNITS L10%#%-5)(P211/(PL) L 0 .
RS54 STRUCTURE ‘DEPENDENT PART WITH # GAMMA HELICITY The high-statlstlcs T ~decay experiment of
R54 H 51 _ (2.33) (0.42) HEINTZE 79 SPEC + . 7779 .
RS4 H 107 " 2,40 0. HEINTZE . 79 SPEC 7719 . .o : .
R54 H 'SECOND HEINTZE T9 RESULY IS FIRST COMBINED WITH HEARDl‘75 RESULT /79 MESSNER 74 finds significant non-zero quadratic
R54 H FROM SECTION R47 ABOVE. ) 7179 ;
RS5  CHAR. K INTG (E NEU GAMI/TOTAL (UNITS 10%0-4) te2ny . coefficients h and k. CHO 77, a lower-statistics
R55 STRUCTURE DEPENDENT PART WITH — GAMMA HELICITY o
RS5 H .6 . OR LESS CL=.90 HEINTZE _ 79 SPEC + . z/B2e, i ains results in agreement with
RS5 H mpuss TAXIAL VEC./VECTOR) AMPL. RATIO OUTSIDE RANGE -1.8 TO ~.86. 2s82¢ | [ ©€¥Periment, obt esu gree
RS6  CHAR. K INTO (E NEU NEU NEUBARI/LE NEU) (P33)/1P11) - 2/19 " | MESSNER 74 but can also obtain good fits with a
RS6 0., 3.8 OR LESS CL=.90 HEINTZE 79 SPEC + 7179 - .
RET ke "INTO (Ml NEUCEDI/TOTAL ' P34y . " 2782« | linear term (g) only. The correlation between the

RS7 0.004 QR LESS CL—.90 - LYONS §1 HLBC 200GEV K+ N.B. BEAM 2/82% - . -
: : : linear and quadratic coefficients changes the CHO

77 g ) from 0.629 % 0.017 (linear fit) to 0.681 %

Note on Slope Parameter for K - 3m Decays . o : 0. 024 (quadratic fit). Another experiment,

As was discussed in Section VI B.1l of thé PEACH 77, does not observe this correlation and is
text,rlfér‘ the 31 de;cays of the K meso;ls we l:i:st in agreement only with the linear fit of CHO 77.
the slope parameter "g" which is defined, as in C - There is some+evidence for a non-zero k
that section, by’ ’ v R L ' coefficient from T experiments. FORD 72 (1.5M

' ‘ t | 3 ,

2j events) have studied K~ » m T T and find that the

2 {s3-5y) 837 S T T 2/DF goes from 1.38 to 1.20 for DF ~ 150 when the
M « 14+g 20.+h—.3—-—(1 . . | X/DF g _ '
' . mTT+ B m.,ZT_,_. : second order and CP-violation terms are added.
(s s ) A5, -s.\?
+ 3 221 + k 221 + ey (L)
mo moy
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However, the authors state that since their Couloﬁb
correction is larger than the expeérimental errors
and is not well known,.it is difficult to interpret
these results. DEVAUX 77 also finds a nén—zero k.

Because of the above evidence for guadratic
terms, and for consistency in our_tréa;ment of T°
and 'ri decay, we now inc¢lude in our averageévonly
those T° and 1% experiments for which we have
information on the' three coefficients . g, h, and
k. Correlations prevent us from comparing .fits
which do not include these thfee pérameters. Eo:'

'

+ : . )
T~ decays we compile g and h only since no

experiments measure k.

Parametrizations

van the 1itera£ure other definitions of slope
parameters have appeared. . We have conVe:ted to the
definitions of g, h, j and % in Eq. (i)_from
whatever experimental quantity has‘beeh‘reporfed.
We give the conversion to the definition (1) for
the most widely used parametrizations and tabulate

the conversion factors for the reader's convenience.

a) For analysis of charged K's and some K°

experiments, the expression often used is:

2 2 2
[]% = 1+ a,¥ +b ¥° +a X +eyX
with .
3y - Q
L
\/E(TI-T'2>
Q = mK - z my .

with

and

70

‘Data Card Listings

For notation, see key at front of Listings.

—cy(ay + 2byA)

2
1 ay + by

2
c, b
Yy

A i A

2
1+ ayA + bYA .

i o= v %
R . 2. ’
V3 (1+aA+byh")

c2ev
K = ryy
3(1+a A +b A

with

Yy © 2 mQ

b} For the analysis of some Ko'experiments~
‘the expression used is
- m
tm“i

m, 2 2
+ bt 2 (2T_3 - T3max). !

(2T, ~ T )

2 o
[M]€ = 1+2a 3~ Tamax

with

-s
= -3 0 8
T3 = - om . + 3 (1+A)
. 4
and
. ~ -2at - btct
g = 2 ’
b, c
l+ac, + tt
tt 4 -
by ,
h = 2 12
becy
1+ a.c, + 2
with
21
K 2
ct = 2 [39(1+A)-T3max] .
m



71

Data Card Listings Stable Particles
Fornotation, see key at front of Listings. K*

c) other X° authors use the same form of
matrix element as given in b) above with a linear

term only, but define

2
Thax = 39 -

The relevant transformation is then

-2a
g 1+ ayey ’
with
4m
K
cy = > QA .
3+

d) Older k° analyses were done using .

T
|M|2=1+a—3
v m

~

The relevant transformation is then

-c_a_

vV
g T+ a ’
1+ dvav
with
‘2
moy
c =
v ;2
. ZmK
and
= X Q . A
dv = (1+4) -

e) The CP-violating term in |M|2 for Kﬁ i
ﬂ+ﬁ_ﬁ° experiments has been péfémetriéed in sevéréi
ways. BLANPIED 68 and SCRIBANO 70 use the parame-
trization given in (b) Above with né quadiatic term
and with an additional CP violating term. BLANPIED

68 parametrizes the CP-violating term as

m, — o
K
295 2 (Ty=T)
m oy : o

The relevant transformation is then

_ s
1+ ciay

3=

with c, as defined in (b) above. SCRIBANO 70

parametrizes the CP-violating term as

T, -T
2 . 1 2

S
\/5 T12max

where TlZmax

particle 1 or 2, the charged T's, given by

is the maximum kinetic energy -of

) 2. 2
. ~ (mK- ml) - (m2+m3)
12max’ = 2m
K

The resulting transformation is then -

- )
m
ot . s

(1 + c,a,)
\/3 mK T12max tt

SMITH 70 gives the. asymmetry

N, - N_

4 = —
+
N, o+ N_

where N+ is the number of events with Tl >T2 and

N_ is the converse. BLANPIED 68 gives the relation

OB = d/l.lG which allows us to hse the transforma-

tion to. j given above for BLANPIED 68.

For the reader's convenience we give a table

T3max, lemax, A, cy, Gy

cu’ Cur and dv' obtained using the masses from the

of numerical values for Q,

current edition.

.i vt ’ 0

T B T ' ) T
0 74.97 ’ 84.17 . 83.57
T 48.08 53.20 53.89
3max
T 48,08 53.99. . 53.12
12max
A 0.0000 -0.0790 0.0798
<y 0.7895 0.7032 0.7025
S 0.0962 -0.0769 ] 0.3204
c, 0.0000 " -0.2246 0.2272
Cy 0.0400 0.0400 0.0393
dv 0.0506 0.0523 0.0604
References

See the reference sectiops of the Ki and Kz
Data Card Listings. ‘

See. also the review of T. J. Devlin and J.O.
Dickey, Rev. Mod. Phys. 51, 237 (1979), which
contains an analysis of K-=+27T and K- 37 data in
terms of transition amplitudes with appropriate

energy dependence.
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N x . . k . - B
K For notation, see key at front of Listings.
10 CHARGED K ENERGY DEPENDENCE OF DALITZ PLOT WEIGHTED AVERAGE = -0.0101 & 0.0034
RELATED TEXT SECTION VI B.L AND MINI-REVIEW ABOVE : ERROR SCALED BY 2.1
MATRIX ELEMENT SQUARED = 1 + GSU + H3UZ32 + Keyza2 1/79
NHERE U={$3-S0)/(MPI**2) AND V=(S1-S2)/(MPI*%2} 1/79
GT+ LINEAR COEFFICIENT G FOR TAU DECAYS K¢ ——> PI+ P{+ PI- 1/79
GT+ SOME EXPTS USE DALITZ VARIABLES X AND Y. WE GIVE AY=COEFF OF Y 1779
G+ TERM AT RIGHT. SEE MINI-REVIEW ABOVE. 1779
GT+IL 5428 (-0.22) {0,024} ZINCHENKO 67 HBC + AY=0.28+-.03 10769
GT+ L 9994 (-0.218) {0.016) BUTLER 68 HBC + AY=0.277+-.020 - 10/69
GT+ G17898 (-0.196) (0.012) GRAUMAN 70 HLBC ¢ AY=0.228+-.030 8/70
GT+ 750K -0.2157  0.0028 FORD 72 ASPK + AY=0.27344-.0035 1/79
GT+H 39819  -0.200 0.009 HOFFHASTE 72 m.ac . 1/79
GT+ 225K  -0.2221 0.0065 77 SPEC + AY=0.28144-.0082 1/79
GT+ L EXPERIMENTS WITH LARGE ERRORS NOT muuneo m AVERAGE. 3/78
GT+ Z  ALSO INCLUDES 0BC EVENTS
GT+ G EMULS. DATA ADDED - ALL EVENTS INCLUDED BY HOFFMASTER T2 7L
GT+H HOFFMASTER 72 INCLUDES GRAUMAN 70 DATA. 1779
GT+ c e h e e ee e
GT+ AVG -0.2156  0.0035 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
(SEE IDEOGRAM BELOW ) CHISQ
W HTED 122 £ 0.0076 | 0 =T /1y -DEVAUX 77 SPEC 7.2
EIG EAVERAGE = 0.0Y 22 £+ 0.0076 "HOFFMASTE 72 HLBC 0.0"
RROR SCALED 8 1.4 . _FORD 72 ASPK 1.8
9.0
-+ x (CONLEV
-0.03 -0.02 -0.01 0.00 0.0t =0.011)
QUAD. COEFF. K FOR K+ —~> PI+ PI+ PI-
HT- QUADRATIC COEFF H FOR K- -=-> PI- PI- PI+¢ /19
HT-  S0919  -0.001 0.012 MAST 69 HBC - 1779
HT- 750K 0.0125  0.0062 FORD 72 ASPK - 1779
HT~ e e s e e e e
| ow1- ave 0.0097  0.0055 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0}
KT- QUADRATIC COEFF K FOR K- —-> PI- PI- PI+ 1/79
KT- 50919 -0.014 0.012 MAST 69 HBC - 1/79
KT- 750K  -0.0083  0.0019 FORD 72 ASPK - 1779
KT- . PPN
CHISQ KT- AVG 10,0084 ~ 0.0019 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
DEVAUX 77 SPEC 0.8
DG {(GT+}-{GT-)1}/U(GT+}+(GT-1) IN PERCENT
-HOFFMASTE 72 HLBC 2.3 DG A NON-ZERD VALUE FOR THIS QUANYITY INDICATES CP VIOLATION
FORD 72 ASPK 1.1 06 3.2 -0.70 0.53 FORD 70 ASPK 11/70
4.2 6TP LINEAR COEFFICIENT G FOR TAU PRIME DECAYS CHAR. K -—> P P10 PIO.
s , (CONLEV GTP UNLESS OTHERWISE STATED, ALL EXPTS INCLUDE TERMS QUAORATIC IN
-0.04 0.00 0.04 " 0.08 20.123) GTP (53-S0)/(MPI#¢2). SEE MINI-REVIEW ABOVE.
. : =Y GTP K 1792  (0.48)  (0.064} KALMUS 64 HLBC + 79
QUAD. CGOEFF. H FOR K+ ~-> PI+ PI+ PI- 6TP K 1874  (0.586) (0.098} 8ISI 65 HLBC + ALSO HBC 1/79
6TP 4048 0. 544 0. 048 DAVISON 69 HLBC ¢ ALSO EMUL 1/79
i GTP L 198  (0.527) 10.102) PANDOULAS 70 EMUL + 1/79
HT+ QUADRATIC COEFF. H FOR K+ --> PI+ PI+ PI- 1779 GTP 1365 0.67 0.06 AUBERT 72 HLBC + /79
HT¢ 750K 0.0187  0.0062 FORD T2 ASPK + 1779 GTP K 574  (0.484] (0,084} LUCAS2 73 HBC - DALITZ PRS ONLY 1/19
HT+ 39819  -0.009 0.014 HOFFMASTE 72 HLEC + 1779 | 61P  se35 0.630 0.038 SHEAFF 75 HLBC + 1779
HT+  225€ -0.0006 0.0143 DEVAUX 77 SPEC + 17719 | cre 27K 0.510 0.060 SMITH 75 WIRE + 1779
HT+ e e e e e e, GTP L 4639  (0.806) (0.220) BERTRAND 76 EMUL + 1779
HT+ AVG 0.0122  0.0076 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4) 6Te 3263 0.670 0.054 BRAUN 76 HLBC + 1779
(SEE IDEOGRAM BELOW } . GTP K AUTHORS GIVE LINEAR FIT ONLY.
GTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED TN AVERAGE.
GTP e e e e
"WEIGHTED AVERAGE = -0.2154 % 0.0035 GTP AVG 0.607 0.030 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3)
ERROR SCALED BY 1.4 (SEE [DEOGRAM BELOW )
WEIGHTED AVERAGE = 0.607 % 0.030
ERROR SCALED BY 1.3
CHISQ
------- - - - - -DEVAUX 77 SPEC 1.0 CHI1SQ
— - - -HOFFMASTE 72 HLBC 2.9 . BRAUN 76 HLBC 1.3
—+ A\ -FORD 72 ASPK 0.0 e SMITH 75 WIRE 2.6
4.0 S\ SHEAFF 75 HLBC 0.4
- (CONLEV ———+——\ - -AUBERT 72 HLBC 1.1
-0.24 -0.22 -0.20 -0.18 =0.135 .
35} —_—l DAVISON 69 HLBC 1.7
LIN. ENERGY DEP. FOR K+ TO PI+ PI+ PI- - 7.2
* (CONLEV
KT+ QUADRATIC COEFF. K FOR K+ —=> P+ PI+ PI- 1779 0.4 0.5 0.8 0.7 0.8 0.9 .127)
KT+ 750K -0.0075  0.0019 FORD 72 ASPK + /79
KTe 39819 -0.0105 0.0045 HOFFMASTE 72 HLBC + 1/79 LIN. ENERGY DEP. FOR K TO Pl PI0 PO
KT+ 225K -0.0205 0.0039 DEVAUX 77 SPEC + 1779 .
KT+ e e o o = 2w a ) 3
KT+ AVG ~0.0101  0.0034 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1} HTP QUADRATIC COEFF H FOR CHAR K —=> PT PIO P10. SEE MINI-REVIEW ABOVE.
(SEE IDEDGRAM BELOW } HTP 4048 0.026 0.050 DAVISON 69 HLBC + ALSO EMUL /79
HTP L 198 {0.018) (0.124) PANDOULAS 70 EMUL + 1779
GT- LINEAR COEFFICIENT G FOR TAU DECAYS K- —-=> PI- PI- PI+ HTP 1365 -0.01 0.08 AUBERT 72 HLBC + /79
GT- FOR DEFINITION OF AY SEE NOTE IN SECTION GT+ ABOVE. | wp se35 0.041 0.030 SHEAFF 75 HLBC + 1779
GT- F 1347 (-0.220) (0.035) FERRO-LUZ 61 HBC - AY=0.2B+-.045 10769 | Hre 27K 0.009 0.040 SMITH 75 WIRE + 1779
GT-ML S778 (-0.190} (0.023) MOSCOSO 68 HBC - AY=0.2624-.029  10/69 HTP L 4639  (0.164) (€0.121) BERTRAND 76 EMUL + 1/79
GT- 50919 -0.193 o.010 MAST 69 HBC — AY=0.244 +-.0i3 1/79 HTP 3263 0.152 0. 082 BRAUN 76 HLBC + . 1779
GT- 750K  -0.2186  0.0028 FORD 72 ASPK - AY=0,2770+-.0035 1/79 HTP L EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE. 1/79
GT- Q@ 81K (-0.199) (0.008) Lucasl 73 HBC - AY=0.252¢-.011  10/72 HTP e e e aa e s
GT- F  NO RADTATIVE CORRECTIONS INCLUDED. HTP AVG 0.034 0.020  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0
GT- L EXPERIMENTS WITH LARGE ERRORS NDT INCLUDED IN AVERAGE. 3/78
GT- M ALSO INCLUDES DBC EVENTS. -
GT- @ QUADRATIC DEPENOENCE IS REQUIRED BY KL EXPTS. FOR COMPARISON WE 1779
GT- Q AVERAGE ONLY THDSE K- EXPERIMENTS WHICH QUOTE QUADRATIC FIT VALUES. 1/79
GT- e e e e e s \
6T~ AVG -0.2167 0.0066 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.5)
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+ 0
Note on K
LB'and K£3 Form Factors

Definitions of the parameters X+, £(0), Ao'
Ifs/f+l and lfT/f+| and a general discussion of the
methods of analysis are given in Section VI B.2 of
the text.

This note describes the contents of the Data
Card Listings for the two KU3 parametrizations,
(A, £(0)) and A, Ao), which were discussed in /
the text. Problems related to our data entries for
individual experiments are discussed énd a compari-

son of results is given.

‘§U3 Experiments

The matrix element for sz decay, assuming a
pure vector current, is given by Eq. (2) in Section
VI B.2 of the text. Most experiments appear to be
compatible with the assumption that f+ depends
linearly on t and that f 1is constant. Only DALLY
72 (K;3) appears to require A_ # 0 (by about three
standard deviations). A single data bin at low q2
Seems to be responsible. The effect is not observed
in the high-statistics experiment of DONALDSON2 74

0

(also KU3)'

_}+, £(0) Parametrization:
H3

A+ data from K
T
decay are entered into the K  and KE sections of

the Data Card Listings in subsection L+M. The
corresponding £(0) values are entered in subsection
XIA, XIB, or XIC, depending on whether Method A, B,
or C, discussed below and in the text, was used.
The data cards contain the values, one-standard-
deviation errors AK+ and A£(0), as well as the
correlation dE(O)/dA+, all indicated on the e_l/2
likelihood contour below. The correlations are

given on the right side of the £(0) data cards.

d¢ (0)
dxy

XBL 743- 2682

A, A _Parametrization: This parametriza-

— 4+l

tion is used in recent KU3

comparison between experiments, we convert earlier

analyses. To facilitate

experiments from the (%+,£(O)) parametrization to
(A+,X0) whenever possible (i.e., when A+ and £(0)
values, errors, and correlations are given). The

transformation between these parametrizations is:

A, = X+ + ag(o) ,

2 _ dg(0) 2 2,2
AN, = (L + 2a ax, ) X+ atagm
iil = 1l+a gelo)
dax dai !

+ e

where a = mﬁ/(m;-mi). The Xo value, the one-
standard-deviation erroxr AXD, and the correlation
dko/dk+ are given in subsection LO of the data
cards.

We also convert (X+,K0) results into the (X+,
£(0)) parametrization whenever possible so that
subsection LO is essentially equivalent to the three

subsections XIA, XIB, and XIC.

Individual analyses have used a variety of

parametrizations. Problems arise when trying to
express their results in terms of the parametri-
zations used here. The discussion of these problems
is divided into three sections corresponding to the

three methods of analyses discussed in the text.

Method A: Dalitz plot analyses and pion

spectrum analyses usually determine X+ and £(0)

(or XO) values, errors, and correlation. Such
measurements are entered in the L+4M, XIA, and LO
subsections. They give rise to the error ellipses
shown in Figs. 1 and 2. These are approximations
to likelihood contours.

Some analyses of this type fix A+ and determine
£(0), e.g., CARPENTER 66 and PEACH 73 (both K&a).
We enter £(0) and dE(O)/d)x+ in the XIA section and
give the fixed A+ value in the data card footnote.
The E(O).error is parenthesized because it does not
include the uncertainty in the value of X+. These
results, transformed to Ao measurements, give rise
to bands in Fig. 2. These bands are also approxi-
mations to the likelihood contours. The actual

likelihood bands would not be straight.
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In some cases, we alter an error from its
published value in order to obtain an error ellipse
with a width which matches the error in §£(0) for
fixed A+. These adjustments are noted in the £(0)
data cardvfootnotes, e.g., for CALLAHAN1 66 and
HAIDT 71 (K+ subsection XIA), where the published
errors‘and correlation violate the constraint
ICAEI < 1 on the normalized correlation coefficient
CXE given by

o - Ay g0
AE AE dA+

BIRULEV 81 (K&3) gives a correlation d%o/dk+
which, while not unphysical, is so large that the
resulting error ellipse is unreasonably narrow.

As a result, in the fit to be discussed, BIRULEV
81 would dominate even DONALDSON2 74 which has 10
times the BIRULEV 81 statistics. To prevent this,
we make the assumption dko/dk+ = 0, giving the

broad error ellipse. shown in Fig. 2.
In some cases, e.g., BRAUNl 73, the parametri-

| I [ i
,+
Ku3
0.l /
»
A
: &
CALLAHAN 66 ¢ &
i & —
CHIANG 7¢ G WHITMAN 80
CHEINTZE 7 K Es /K3
Ao O
© ~lsraunt 73 ¢ ©®
MERLAN 74 iy <&
o
ANKENBRANDT: °
— 727 —
KIJEWSKI 69
@ HAIDT 71
<12 ARNOLD 74
'().I z (>> —
l ]l ] ]
0 0.1
Ay

S s -1/2 . .
Fig. 1. One-standard-deviation (e 'i } likelihood

contours in the (A ,A ) plane for K ..
+" 9 u3

74

Data Card Listings

For notation, see key at front of Listings.

zation used is X+, £(0), £(t*y, where t* is the

weighted average of t with weighting according to
the sensitivity to &. In this case we do not use
£(0) .

to A_ or the slope of E(t).

It is a badly determined parameter comparable

Instead, we use

g0 = E(€H @+t

*
dg(o) _ 9‘%_(;_) 1+ >\+t*) + B
ax, +

With the BRAUNL 73 values, A, = 0.027, £(6.6) =

-0.34 * 0.20, and d£(6.6)/d>\+ = -~14, we obtain

(-0.40% 0.24) -

g() = 19(x, - 0.027) ;

or for their fitted X+ = 0.025 * 0.017, we get

£(0) = -0.36 * 0.40.
0.2 | I T I
0
P(;L3
Chﬁh
Ol 4027? 9 -
6, &
CHO 80 <
HILL79 <
-— Q K?L3/ Kg5 ]
N OH ~
L BUCHANAN 75
"7 ~BIRULEV 81
Mo O fsonaosonz 74/ <3
52
Y
-0.l
-0.2
0] 0.1
A4

Fig. 2. One-standard-deviation (e’l/ 2) likelihood

. 0
contours in the (X+,Ao) plane for Ku3.
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Method B: Branching ratio experiments cannot

determine A+ and £(0) simultaneously, but simply
fix a relatiénship between them, given in Section
VI B.2 of the text. Resulté are usually quoted as
values of £(0) at fixed A+. We list these results
in subsection XIB, but we do not average them
because the A+ values differ. Instead, we compute
a combined result by using the relations in the
text and our fitted values of F(Ki3)/F(KZ3) and
F(KS3)/F(K23), which include the branching ratios
from}these experiments. The branching ratios from
our 1980 edition and the results for £(0) and X@

evaluated at A+ = 0.030 are

. : .
K Kg

TR )/T(K,3)  0.663 % .018(S=1.7) 0.695 % .017

£(0) -0.20 .15 (S=1.7) +0.08 * .13

dg(o}/dx+ 119 -10.3

A, | 40.014 +.012(S=1.7)  +0.037 *.011

d /dh, +0.04 +0.12

The current (1982 edition) values differ only in
the addition of the CHO 80 Kg branching ratio
measurement. We include their Dalitz-plot-analy-
sis results in our overall form factor fit, and
since their branching.ratio measurement 1is not an
independent result, we ao not include it here.
The scale factor S in the above table is the
amount by which the error hés been multiplied in
order to compensate for discrepancies in the
branching ratios. These Ao results give rise to

the Ku3/Ke3 bands in Figs. ; and 2.

Method C: Polarization experiments measure

(£(t)), the weighted average of £(t) over the t
range of the experiment, where the weighting
accounté for the variation with t of the sensi-
tivity to £(t). Such measurements are entered in

subsection XIC.

To reinterpret these results in the (A+,£(0))
parametrization, we recognize that A+= 0 corre-

sponds to £(t) constant (always assuming A_=0) so

- that

EO) ]y _, = (BN .
+ .

' The correlation with X+ is gi§en by the following

relatiéns (valid for small X+):

~ t
£ ~ (g @+ ()
™

5%‘—2) ~ (E(E) <mi2> .
T
where (t/mﬁ) is the average value of t weighted by
the sensitivity to £(t). These results, transform-
ed to Ao and dko/dk+ values, are entered in sub-
section LO and give rise to bands in Figs. 1 and 2.
In Figs. 1 and 2, we do not include those
polarization measurements for which dE(O)/d)x+
is not obtainable. Also we do not include the
MERLAN 74 (K:3) polarization result because the
signs of £(0) and dE(O)/d)x+ are opposite, whereas
the above equation requires them to be the same

(since t > 0).

Comparison of KM“ Experiments: Figures 1 and
3

2 show the likelihood contours in the (A+,X0) plane
for K:3 and K£3 respective;y.

v Most K:3 Dalitz plot results (ellipses) shown
are fairly consistent and appear to cluster between
the Ku3/Ke3 result and the polarization results of
BETTELS 68 and CUTTS 69. However, the latest
experiment, WHITMAN 80, finds larger values of Ao
and X+ than most others.

The Ki3‘results are even less consistent. The
latest results, HILL 79, CHO 80, and BIRULEV 81, are
not in very good agreement with the earlier high-
precision experiment of DONALDSON2 74.

X2 fits to the results shown in Fig. 1 and

Fig. 2 yield the following values for X+ and Ao‘

The corresponding values of £(0) are also given. -



Stable Particles

k" K’
u3 u3
A, +0.032 £0.008* +0.034 £0.005%*
A, +0.004 *0.007* +0.025 +0.006*
ah, /dr -0.16 : ~0.16
0/ Ny
X%/ DF 56/21 88/16
s* 1.6 2.3
£(0) -0.35 £0.15" -0.11 £ 0.09"
dE(O)/d)\+ -14. -14.

*All errors have been increased by the scale
factor S = (X /DF);2 to take into account the
discrepancies between measurements.

In view of the large x2/DF, the fit results
should be taken with a grain of salt. The largest
contributors to X2 in the K:3 case are WHITMAN 80
with 12, CHIANG 72 with 8.3, the polarization
results, BETTELS 68 with 7.4 and CUTTS 69 with
5.9, and the 7 spectrum result of ANKENBRANDT 72
with 5.3. In the KZ3 case the largest contribu-
tors are the polarization results of SANDWEISS 73
with 21, LONGO 69 with 14, and CLARK 77 with 8.4,
and the Palitz plot results of ALBROW 72 with 12,
CHO 80 with 10, DONALDSON2 74 with 6.0, BIRULEV 81
with 5.8, and PEACH 73 with 5.8. All other X2
values were less than 5.

The DONALDSON2 74 result

A

A
0

1]

0.030 £ 0.003

0.019 £ 0.004

clearly dominates the statistics in the KS3

The X+ value is consistent with the Ké3 value of
N .

case,

" and with the pole approximation
2
mK*

2

£ () = £,.(0)
-t

mK*

Their fo(t) extrapolates linearly to the Callan-
Treiman point. It is less than two standard
deviations from the Ku3/Ke3 result.
-§e3 Experiments
The f£_ term of the matrix element [Eq. (2) text
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Section VI B.2] can be neglected for Ke3 because

it is proportional to the lepton mass. The f+term
is usually assumed to be linear in t=q = (PK-P,‘T)Z,
the square of the four-momentum transfer, i.e.,

the effective mass of the lepton pair. We guote
the linear coefficient Xi (L+E on the data cards).
There has been some suggestion of departure from
linearity [CHIEN 71 (KZ3) and Chounet, Gaillard,
and Gaillard1 — Review] but no compelling evidence.
The A+ results are fairly consistent and the

average values are

: = +
Ke3. X+ 0.0285 * 0.0043
L = + ' =
Ke3. X+ 0.0300 £ 0.0016 (S=1.2)

where the Kg3 error has been multiplied by the

scale factor 1.2 to compensate for inconsistencies
(see ideog;am in Ki section L4E).

See also the excellent reviews of Gaillard and
Chounet,l Chounet, Gaillard, and Gaillard,2 and

Pondrom.3
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10 CHARGED K FORM FACTORS
RELATED TEXT SECTION VI 8.2 AND MINI-REVEEW ABOVE.

IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABEREVIATIONS ARE USED.
F+ AND F— ARE FORM FACTORS FOR THE VECTOR MATRIX ELEMENT.

FS AND FT REFER TO THE SCALAR AND TENSOR TERM.

FO = (Fe) + (F-)*T/(MKS#2-HPI**2})

L+y L- AND LO ARE THE LINEAR EXPANSION COEFFS. OF F+, F- AND FO.
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS.

OXI/DL IS THE CORRELATION BETWEEN XI{0} AND L4 IN KMU3,

l)L()/DLd> IS THE CORRELATION BETWEEN LO AND L+ IN KMU3.

MOMENTUM TRANSFER TO THE PI IN UNITS OF MPI¢#2,

DP DAL ITZ PLOT ANALYSIS
1 Pt SPECTRUM ANALYSIS
MU = MU SPECTRUM ANALYSIS

KMU3/KE3 BRANCHING RATIO ANALYSIS

=
POL= MU PCLARIZATION ANALYSIS
=
= POSITRON OR ELECTRON SPECTRUM ANALYSIS

RC RADIATIVE CORRECTIONS
X1A X1A = F—/F+ {(DETERMINED FROM SPECTRA‘
X1A 76 (+1.8) (0. 6) 62 XEBC + OP+BR, Le=0 1774
X1A 87 (+0.7) (0.5) GIACOHELL 64 EMUL + MU+BR RVUE, L+=0 1/74
X1A 4 (-0.08) (0.7 JENSEN &4 XEBC « DP+BR{KMU3,KE3} 1774
X1A 2648 (0.0) (1.1} 1{0.9) CALLAHAL 66 FRBC ¢ MU, (4=0, T UNKN 1/74
XIA € 444  «0.72 0.93 CALLAHAL 66 FRBC + Pl, DXI/OL=-17 1/74
XTA 78 (-0.5} {0.9) EISLER 68 HLBC + Pl,L+=0,NO DX/DL 1/74
XI1A  K2041 -0.5 0.8 KIJEWSKI 69 OSPK ¢ PI, DXI/DL=-26 1/74
XIA #3240 -1.1 0.56 HAIDT 71 HLBC + DP, DXI/DL=-29 1/74
X1A A4025 -0.62 0.28 ANKENBRAN 72 ASPK + PI, DXI/ODLz-]2 1/74
XIA B3480  +0.45 0.28 CHIANG 72 OSPK + OP, DXI/DL=-15 1/74
XIA D1897 ~0.36 0. 40 BRAUNL 73 HLBC + ©OP, DXI/DL=-19 3/74
XIA N 490 -0.8 0.8 ARNOLD T4 HLBC + DP, OXI/DL=-20 11/75
X1A  M6S527 -0.57 0.24 MERLAN T4 ASPK + OP, DXI/DL= -9 3774
XA 3973 -0.27 0.25 WHITMAN 80 SPEC + OP, OXI/DL=-17 4/82%
XIA . . e s e e
XIA AVG -0.32 0.15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3}
XIA FIT -0.35 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82%
X1a FIT DISCUSSED TN NOTE ON KL3 FORM FACTORS ABOVE.
XIA g JENSEN 64 GIVES LeMcLef=—,020¢-,027. DXI/DL UNKNOWN. INCLUDES 1/74
XIA J SHAKLEE 64 XIB{KMU3/KE3}. 1/74

XIA € CALLAHAN 66 TABLE 1 (P1 ANAL) GIVES OXI/DL={.72-.05}/(0-. Olbl=-17v /74
XfA C ERRQOR RAISED FROM .80 TO AGREE WITH DX10=.37 FOR FIXED L+. 1/14
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XIA K KIJEWSKE 69 FIG. 17 WAS USED TO OBTAIN DXI/DL AND ERRORS. /74 L4E LAMBDA + (LINEAR ENERGY DEPENDENCE OF £+ IN KE3 DECAY)  ==—m—mmee
XIA H HAIDT 71 TABLE 8 (DP ANAL) GIVES DXI/OL={-1.140.5)/(.050-.029)=-29, 1/74 L+E FOR RAD.COR. OF KE3 DP SEE GINSBURG 67 AND BECHERRAWY 70. 3/74
XIA H ERRQOR RAYSED FROM .50 TO AGREE WITH DXI0=.20 FOR FIXED L+. 1/74 L+E 217 +0.036 0. 045 BROWN 62 XEBC + Pls ND RC
XIA A ANKENBRANDT 72 FIG. 3 WAS USED TO DBTAIN DXI/ODL. 1/74 L+E 407 -0.010 0.029 JENSEN 64 XEBC + PI, NO RC 8/67
XIA B CHIANG 72 F1G. 10 WAS USED TO OBTAIN DXI/DL. 1774 L+E 230 0.05 BORREANY 64 HBC + E+, NO RC 8767
XIA B FIT HAD L-=L+ BUT WOULD NOT CHANGE FOR L-=0. L.PONDROM,PRIV.COM.T4 1/74 LeE 854 0.017 0.018 BELLOTTZ &7 FBC + DP, USES RC 11767
XTA D BRAUNL 73 GIVES XI(T)=—.34+-.20, DXI(T)/DL4=-14 FOR L+=.027, T=6.6. 3/74 L+E 1393 0.016 IMLAY 67 OSPK + OP, NO RC 8767
XIA D WE CALCULATE ABOVE XI{O} AND DXI{01/0L+ FOR THEIR L4=.025+-.017 . 3/74 LeE 515 0.013 0.014 KALMUS 67 FBC + E4, Ple NO RC 8/67
XIA N ARNOLD 74 FIG. 4 WAS USED TO OBTAIN XIA AND DXI/DL. 11/75 C+E 960 0.04 BOTTERILL 68 ASPK + £+, USES RC 6768
XIA M MERLAN T4 FIG.5 WAS USED TO DBTAIN DXI/DL. 3774 L+ 90 0.08 0.12 EISLER 68 HLBC + PI, USES RC 6768
L4E 1458 0.015 BOTTERIL 70 DSPK PI, USES RC 10769
X18 X18 = F=/F+ (DETERMINED FROM KMU3/KE3) L+ 2707 0.010 STEINER 71 HLBC + DP, USES RC 11/71
XIB THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN X1(0) 1/74 L+E 4017 0.011 CHIANG 72 OSPK + DP, RC NEGLIGBLE 9/72
X18 AND L+. WE QUOTE THE AUTHORS XI(O} AND ASSOCIATED L+ BUT DO NOT 1774 L+E A 0.027 0.008 BRAUNZ 73 HLBC + 0P, NO RC 3/74
Xx1B AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 1/74 L+E B {0.0251 (0.007) BRAUN 74 HLBC + KMU3/KE3 VS. T 11/75
X18 FACTOR GIVEN IN THE ABOVE NOTE ON KL3 FORM FACTORS ARE NOT OBTAINED 2/76 L+E A BRAUN2 73 STATES THAT RC OF GINSBERG 67 WOULD LOWER L4E BY .002 BUT 3/74
X18 FROM THESE XIB VALUES. INSTEAD THEY ARE OBTAINED DIRECTLY FROM THE 2/76 L+E A THAT RC OF BECHERRANY DISAGREES AND WOULD RAISE L+4E BY .005 1/76
x18 FITTED KMU3/KE3 RATIO (R29), WITH THE EXCEPTION OF HWEINTZE 77. 4/82¢ L+4E B BRAUN 74 IS A COMBINED KNU3-KE3 RESULT. IT IS NOT INDEPENDENT OF  11/75
X1B (=0.17)  (0.75)  10.99) SHAKLEE 64 XEBC ¢ 8R, L+=0 e L#E B8 BRAUNL 73 (KMU3) AND BRAUN2 73 (KE3) FORM FACTOR RESULTS. 11/75
XI8 (40,6} 10.5) BISI 1 65 HBC + BR, L 1774 L€ e e e ee e
x18 500 {+0.8) (0.6) curTS 65 OSPK +  BR, L 1/74 L+E AVG 0.0285  0.0043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
xIs 636 (40.4) 10.6) CALLAHAL 66 FRBC + BRy L 1774 .
x18 306 1+#0.75}  (0.50} AUERBACH 67 OSPK + BR, L 1774 FS FS/F+ RATIO OF SCALAR 0 F# COUPLINGS FOR KE3 DECAY(ABS. VALUE)————
XIB B 5601 (-0.08)  (0.15) BOTTERILZ 68 ASPK + BR,L+=.023+-.008 1/74 £s (0.18) CR LESS BELLOTT2 67 HLBC 10/69
X18 E 1398 (-0.60}  (0.20} EICHTEN 68 HLBC + BR, SEE NOTE E 1/74 FS 10.30) OR LESS KALMUS 87 m.nc . 10/69
XI8 986 (+1.0} (0.6} GARLAND 68 OSPK + BR, L+=0 1774 £S (0.23) CR LESS CL=.90 BOTTERILL 68 ASPK 8766
X8 {+0.91)  (0.82) ZELLER 69 ASPK + BR, L+=.023 1/74 FS 2707 0.14 0.03 0.04 STEINER 71 HLBC + L+,FS,FT,PHI FIT 2/72
X8 8 1-0.35) 10.22) BOTTERIL 70 DOSPK ¢ BR,L+=.045¢-.015 1/74 FS 4017 10.13) OR LESS CL=.90 CHIANG 72 OSPK + 9772
X18  E1505 (-0.81}  {0.27) HATDT T1 HLBC ¢ BR,L+=.0284F1G.8 1/74 £s 2827 0.00 0.10 BRAUN 75 HLBC + 12775
X18 5825 (0.0} (0.15) CHIANG 72 GSPK + BR(L4=.03.F1G.10 1/74 Fs e e e e e
X1 H 55k  -0.12 0.12 HEINTZE 77 CNTR + B8R,L+=.029 3/78 FS AVG 0.125 0.044  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
x18 e ae e e e
X1 FIT -0.35 0.15 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82% FT FT/F+ RATIO CF TENSOR TD F+ COUPLINGS FOR KE3 DECAY{ABS. VALUE}——-
FT 10.58) CR LESS BELLOTT2 67 HLBC 10769
x18 FIT DISCUSSEC IN NOTE ON KL3 FORM FACTORS ABDVE. FY {1.1) CR LESS KALMUS 6T HLBC + 10769
Xt8 B BOTTEREL 70 {S REEVALUATION OF BOTTERIL 2 68 WITH DIFFERENT L+. 1774 ET 10.58) OR LESS BOTTERIL1 68 ASPK 8/66
X1B € EICHTEN 68 HAS t+=.0234-.008, T=4, INDEP. OF L—. REPL. BY HAIOT 71. 1/74 FT 2707 0.24 0.16 STEINER 71 HLBC + t+,FS.ET.PHI FIT 2/72
XI8 H CALCULATED BY US FROM LO AND L+ GIVEN BELDW. 3/78 FT 4017  10.75) CR LESS CHIANG 72 OSPK + 9/72
FT 2827 0.07 0.37 BRAUN 75 HLBC + 12775
X1C XIC = F-/F+ (DETERMINED FROM MU POLARIZATION IN KMU3}  —=———-——-=co ET c e e e e e
X1C THE MU POLARTZATION {S A MEASURE OF XI(T). NO ASSUMPTIONS ON L+— FT  AVG 0.22 0.14 AVERAGE {ERRCR INCLUDES SCALE FACTOR OF 1.0)
X1C NECESSARY, T [WEIGHTED BY SENSITIVITY TO X10) SHOULD BE SPECIFIED.
X1¢ IN L+.XI10) PARAMETERIZATION THIS IS XI(0) FOR L+=0. DXI/DL=XT*T, FTM FT/F+ RATIO CF TENSOR TO F+ COUPLINGS FOR KMU3 DECAY — —==—=====—e—
XiC FOR RAD. CORR. TO MUON POLARTZATION IN KMU3 SEE GINSBERG Ti. FTH 1585 0.02 0.12 BRAUN 75 HLBC 1776
XIC T 2100 (+1.2} 12.4) t1.8) BORREANI 65 HLBC ¢ POLARIZATION 8/67
XIC T 500 BTWN ~4.0 AND +1.7 cyTTS 45 DSPK + LONG. POL. 174 KE4 KE4 DECAY FORM FACTORS ARE GIVEN IN THE FOLLOWING PAPERS
XIC T 397 (-1.4) (1.8) CALLAHAL 66 FRBC + TOTAL POL. 8/67 KEG BASILE 71 ASPK + 11775
XIC T 2950 (-0.7) €0.9) (3.3) CALLAHAL 66 FRBC + LONG. POL. 8767 KE% BEIER 73 OSPK +- 11775
XIC 86000 -1.0 0.3 BETTELS 68 HLBC + TOTAL POL. T=4.9 1/74 KEe ROSSELET 77 SPEC + 2780
XIC 3133  -0.95 0.3 CUTTS 69 OSPK + TVOTAL POL. T=4.0 1/74
XIC M 40K (-0.64) (0.27) MERLAN T4 ASPK 4+  POL,DXI/DL=+1.7 3774 AIEEES FEREIRERE AREIXESEE KXCERTEXE SRESRBREA SEXKELRER AXABAKEEE S ESXRAES
XiC 01585 =-0.25 1.20 BRAUN 75 HLBC + POL. T=4.2 1776
X1C e e e e e e e
XIC AVG ~0.95 0.21 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} REFERENCES FOR CHARGED K
X1C FIT -0.35 0.15  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82¢
8IRGE 56 NC 4 834 BIRGE, PERKINSyPETERSON, STORKWHITEHEA (LRL)
x1c FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. 1LOFF 56 PR 102 927 ILOFF . GOLOHABER . LANNUTT 1, GILBERT + (LRL)
XIC T T VALUE NOT GIVEN. ALEXANDE ST NC 6 478 ALEXANDER, JOHNSTON,OCEALLATGH (DUBLIN TNST)
XIC B BETTELS 68 DXI/DL=X[*T=-1.0%4.9=-4.9 . COHEN 57 FUND.CONS. PHVS. +CROWE » DUMOND (ATOMICS INTER.4LRL#CIT)
XIC € CUTTS 69 T=4,0 WAS CALCULATED FROM FIG.B. DXI/DL=XI¢T=-.95%4=-3.8 . 1/T4 EISENBER 58 NC 8 66 EISENBERG.KOCHyLOHRMANN (NTKOLIC + [BERN)
XIC M MERLAN 74 PDLARIZATION RESULT (FIG.5) NOT POSSIBLE. SEE DISCUSSICN 1/76 BURROWES 59 PRL 2 117 BURROMES ,CALDWELL, FRISCH,HILL + (MIT}
XIC M OF PDLARIZATION EXPERIMENTS IN NOTE ON KL3 FORM FACTORS ABOVE. 1776 TAYLOR 59 PR L1l4 359 S TAYLOR,HARRIS,OREAR.LEE.BAUMEL (COLUMBIA)
XIC D BRAUN 75 DXI/DL=XI#T=-.25%4.2=-1.0 . 1/76
FREDEN 60 PR 118 564 S C FREDEN,F C GILBERT,R S WHITE [LRL}
X1 IMAGINARY PART OF XI (TEST DF T REVERSAL} - ————— BARKAS 61 PR 124 1209 BARKAS,DYER s MASON.NORRTS,NTCKOLS. SMIT (LRL)
IX1 2648 0.0 1.0 CALLAHAL 66 FRBC + My 1/74 BHOWMIK 61 NC 20 857 B BHOWMIK,P C JAIN,P C MATHUR (DELHI UNIV)
IXI 397  +1.6 1.3 CALLAHAL 66 FRBC + TOTAL POL. 1774 FERRO-LU 61 NC 22 1087 FERRD-LUZZ1+MILLER,MURRAY,ROSENFELD+ (LRL)
IXI 2950 0.5 1.4 0.5 CALLAHAL 66 FRBC + LONG. POL. 1/74 NORDIN 61 PR 123 2166 PAUL NORDIN JR (LRL)
IXI 6000 -0.1 0.3 BETTELS 68 HLBC + TOTAL POL. 1/74 ROE 61 PRL 7 346 ROE,SINCLATR,BROWN,GLASER + (MICH+LRL)
IXI 3133 —0.3 0.3 0.4  CUTTS 69 OSPK + TOTAL POL. FIG.T 1/74 BOYARSKI 62 PR 128 2398 BOYARSKI+LOH+NTEMELA,RITSON (MIT)
1X1 20M  -0.016 0.025 CAMPBELL 81 CNTR + POL. 1/82% BROWN 62 PRL 8 450 BROWNy KADYKy TRILLING ¢ ROE+ (LRLyMICH)
X1 e e e e eae e BARKAS 63 PRL 11 26 W H BARKAS,J N DYER.H H HECKMAN (LRL)
IXI AVG -0.017 0.025 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
BORREANT 64 PL 12 123 G BORREANI,G RINAUDO,A WERBRCUCK (TURIN)
L4M LAMBDA + (LINEAR ENERGY DEPENDENCE OF Fe¢ IN KMU3 DECAY)  — - CALLAHAN 64 PR 136 B 1463 A CALLAHAN,R MARCH,R STARK (WISCONSIN)
LN SEE ALSO THE CORRESPONDING ENTRIES AND FOOTNOTES IN SECTIONS XTA, CAMERINI 64 PRL 13 318 CAMERINT,CLINE,FRY,POWELL  (WISCONSIN+LRL)
LM XTIC, AND LO. CLINE 64 PRL 13 101 D CLINE, W F FRY (WISCONSIN)
] FOR RAD.COR. OF KMU3 OP SEE GINSBURG 70 AND BECHERRAWY T70. 3/74 GIACOMEL 64 NC 34 1134 GIACOMELLI,MONTI.QUARENT+ (BOLOGNA,MUNICH)
LM 444 0.0 0.05 CALLAHAl 66 FRBC + PI 1774 GREINER 66 PRL 13 284 D GREINER, W OSBORNE, W BARKAS (LRLJ
LeM 2041 0.009 0.026 KIJEWSKT 69 OSPK ¢ PI 1/74 JENSEN 64 PR 136 B1431 JENSEN, SHAKLEE +ROE s SINCLAIR (MICH}
LeM 3240 0.050 0.018 HATDT 71 HLBC + OP 1/74 KALMUS 64 PRL 13 99 +KERNAN, PU, POWELL s DOWD (LPL,WISCH
LM 6025 0.024 0.019 ANKENBRAN 72 ASPK + P 1/74 SHAKLEE 64 PR 136 B 1423 SHAKLEE s JENSEN+RDE » SINCLAIR (MICH)
LsM 3480 -0.006 0.015 CHIANG 72 OSPK + DP 1/74
L+M 1897 0.025 0.017 BRAUNL 73 HLBC + DP 3774 BIRGE 65 PR 139 B 1600 BIRGE,ELY,GIDAL,CAMERINIT,CLINE + (LRL#WISC)
LeM 490 0.025 0.030 ARNOLD 74 HLBC + DP 74 8ISI 65 NC 35 768 8IS1, BORREANT,CESTER,FERRARD + (TORIND)
LM 6527 0.027 0.019 MERLAN T4 ASPK + DP 3/74 BIST 1 65 PR 139 B 1068 BORREANT ,MARZART-CHTESA,RINAUDD+  (TORIND)
L+M 3973 +0.050 0.013 WHETMAN 80 SPEC + 0P 10781+ BORREANT 65 PR 140 B1686 BORREANT,G1DAL 4RINAUDG,CAFORIO+ {BARI,TORI}
LM e e e e e e CALLAMAN 65 PRL 15 129 4 CALLAHAN.D CLINE {HISCONSIN)
LM AVG 0.0272  0.0072 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1) CAMERINT 65 NC 37 1795 *CLINE,GIDAL,KALMUS ,KERNAN (WISC+LRLD
L+ FIT 0.032 0.008 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3} 5/82¢ CLINE 65 PL 15 293 A CLINE.W F FRY (WISCONSIN)
cuTTS 65 PR 138 B969 CUTTS,ELIOFF,STIENING (LRL)
L+M FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE.
L+M A ANKENBRANDT 72 L+ FROM FIG.3 TD MATCH DXI/DL. TEXT GIVES .0244-.022 1/74 DE MARCO 65 PR 140 B 1430 DE MARCO.GROSSO,RINAUDD (TOR INO+CERN)
FITCH 65 PR 140 B 1088 FYTCH, QUARLES, WILKINS [ PRINC ETONSMT nm.vnxs)
Lo LAMBOA O (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAY)  ——=—=—==u- GREINER 65 ARNS 15 67 QUOTED BY BARKAS RL)
Lo WHEREVER POSSIBLE: WE HAVE CONVERTED THE ABOVE VALUES OF XI(0) INTO STAMER 65 PR 138 B 440 STAMER, HUETTER «KOLLER, TAYLOR, GRAUMAN (srevp
Lo VALUES OF L0 USING THE ASSOCIATED L+M AND DXI/DL. TRILLING 65 UCRL 16473 GEORGE H TRILLING ALY
LO W 444  +0.058 0.036 CALLAHAL 66 FRBC + PI,DLO/DL+=-0.37 1/74 UPDATED FROM 1965 ARGONNE CONF., PAGE 5.
LO L 6000 =-0.063  {0.024) BETTELS 68 HLBC + POL.DLO/DL¥=+.60 1/74 YOUNG 65 UCRL 16362 POH-SHIEN YOUNG (THESIS,BERKELEY} (LRL)
Lo L 3133  -0.056  (0.024} CuTTS 69 DSPK + POL,DLO/DL4=+.69 1/74 ALSO 67 PR 156 1464 P-S YOUNG,W.Z.0SBORNEsW.H. BARKAS (LRL)
LO W 2041 -0.031 0. 085 KIJEWSKI 69 OSPK + PI,0L0/DL+=-1.10 1/74
LO W 3240 -0.039 0. 029 HAYDT 71 HLBC + DP,DLO/DL4=-1.34 1/74 CALLAHAL 66 PR 150 1153 CALLAHAN,CAMERTNT+ (WISC ¢LRL s RIVERS [OE,BARI)
LO W €025 -0.026 0.013 ANKENBRAN 72 ASPK + PI,DLO/DL+=+0.03 1/74 CALLAHAN 66 NC 44A 90 A T CALLAHAN (WISCONSIN)
LO W 3480  +0.030 0.014 CHIANG 72 OSPK ¢ DP,DLO/DL4=-0.21 1/74 CESTER 66 PL 21 342 CESTERESCHSTRUTHJONEILL+ {PRINCETON-PENN)
Lo D1897 -0.008 0.020 BRAUNI 73 HLBC + DP,DLO/DL+=—0.53 1/76 ALSO 67 AUERBACH, FOOTNOTE 1.
Lo 490  -0.040 0.040 ARNOLD 74 HLBC + DP,DLO/DL#=-0.62 T/7%
Lo 8 (-0.017)  €0.011) BRAUN T4 HLBC + KMU3/KE3 VS. T 11775 AUERBACH 67 PR 155 1505 +DOBBS MANNs MCFARLANE s WHITE+ {PENN, PRIN]
L0 M 6527 -0.019 0.015 MERLAN 74 ASPK ¢ DP,DLO/OL#=+0.27 3/74 ALSO 74 PR DY 3216 ERRATUM
LO L 1585 +0.008 0.097 BRAUN 75 HLBC + POL.DLO/OL$=+.92 1/76 BELLOTTL &7 MEIDELBERG CONF  BELLOTTI,PULLIA {MILANY
LO M 55K  +0.019  (0.010) HEINTZE 77 SPEC + BR,DLO/DL+=+0.03 12/77 BELLOTT2 67 NC 52A 1287 BELLOTTI,FIORINI,PULLTA (MILAN)
Lo 3973 +0.029 0.011 WHITMAN 80 SPEC + DP,DLO/OL+=-0.37 10/81% ALSO 66 PL 20 690 BELLOTTIJFIORINT,PULLT A (MILAN}
Lo e e e e e e BIST 67 PL 258 572 BIST.CESTERyCHIESA,VIGONE (TORINOD)
L0 AVG 0.0032 ~ 0.0099 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.7)
Lo FIT +0. 004 0.007 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82¢ BOTTERIL 67 PRL 19 982 BOTTERILL, BROWN<CORBETT,CULLIGAN + (OXFDRD}
ALSO 68 BOTTERIL
Lo FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE. BOWEN 67 PR 154 1314 BOWEN, MANN, MCFARLANE ,HUGHE S + { PENN-PRINCETO)
Lo W L0 CALCULATED BY US FROM XI0, L+M, AND DXI1/DL. 1/74 CLINELl 67 HEIDELBERG CONF  CLINE,HAGGERTY,SINGLETON,FRY+  (WISCONSIN)
Lo L LO VALUE IS FOR L+=0.03 CALCULATED BY US FROM XI0 AND DXI/DL. 1/74 CLINE2 67 MERCEG NCVI TBL.4 D.CLINE,PROC.INTL.SCH.ON ELEN.PART.PHYSICS
L0 D THIS VALUE AND ERROR ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TG THE  1/76
L0 D BRAUNL 73 L+M RESULT. OLO/DL+ IS FROM BRAUNL 73 DXI/DL IN XTA ABV. 1/76 FLETCHER 67 PRL 19 98 FLETCHER,BETER, EDWRADS ¢ + CILLINOIS)
LO B BRAUN 74 IS A COMBINED KMU3-KE3 RESULT. IT IS NOT INDEPENDENT GF  11/75 FORD 67 PRL 18 1214 +LEMONICK 4 NAUENBERG , P ROUE {PRINCETON}
LO B BRAUNL 73 (KMU3) AND BRAUN2 73 {KE3) FORM FACTOR RESULTS. 11/75 THLAY 67 PR 160 1203 TMLAY, ESCHSTRUTHsFRANKL IN¢ (PRINCETON)
Lo # MERLAN 74 L0 AND DLO/DL+ WERE CALCULATED BY US FROM XIA, L+Ms AND 3/74 KALMUS 67 PR 159 1187 KALMUS , KERNAN (LRL)
Lo M OXI/DL. THEIR FIG.6 GIVES LO=-0.0254-0.012 AND NO DLO/DL¢. 3/74 ZINCHENK 67 RUTGERS{THESIS}  ZINCHENKO (RUTGERS)
L0 M HEINTZE 77 USES L+=0.029+~0.003. OLO/DL+ ESTIMATED BY US. 12/77
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Stable Particles Data Card Listings
K*, K° For notation, see key at front of Listings.

ssnng 68 NC 564 1106 AACHEN-8AR I-BERGEN-CERN-EP— NI JMEGEN-ORSAY+ PAPERS NOT REFERRED TO IN DATA CARDS
ALSO 7L HAIDT
BOTTERIL 68 PR 171 1402 BOTTERTLLy BROWN, CLEGG, CCRBETT + (OXFORD} BRENE &1 NP 22 553 BRENE, EGARDT 4 QVIST (NORD)
BOTTERIL 68 PR 174 1661 BOTTERILL+ BROWN,CLEGG s CORBETT + (OXEORD) BIRGE 63 PRL 11 35 BIRGE,ELY, GIDAL (CAMERINI ¢ (LRL+WISC#BARI)
BOTTERI2 68 PRL 21 766 BOTTERTLL+ BROWN, CLEGG, CORBETT + (OXFORD) ADAIR 64 PL 12 67 ADATR, LEIPUNER (YALEBNL}
BUTLER 68 UCRL-18420 +BL ANDy GOLOHABER s GOLDHABER » HIRATA+ (LRL) CABIBBO 64 PL 9 352 CABIBBO, MAKSYMOWICZ (CERN}
CHANG 68 PRL 20 510 CHANG  YODH»EHRLICH+PLANO+( MARYLAND 4RUTGERS) ALSO 64 PL 11 360 CABIBBO.MAKSYMORWICZ (CERN)
ALSO 65 PL 14 12 CABIBBO,MAKSYMOWICZ (CERN}
CHEN 68 PRL 20 73 CHEN,CUTTS KIJEWSK I, STIENING + (LRL/HIT)
EICHTEN 68 PL 278 586 AACHEN-BAR [ ~CERN—EP-ORS AY-P ADOVA-VALENCTA CABIBBO 66 BERKELEY CONF 33 CABIBBO (CERN)
EISLER 68 PR 169 1090 EISLER sFUNGsMARATECK MEVER, PLANO (RUTGERS) GINSBERG 67 PR 162 1570 EDWARD S GINSBERG {U. MASS BDSTON)
ESCHSTRU 68 PR 165 1487 ESCHSTRUTH ¢ FRANKL IN, HUGHES+ { PRINCETON, PENN) WILLTS 67 HEIDELBERG 273 W J WILLIS —RAPPORTEUR TALK (YALE)
GARLAND 68 PR 167 1225 +TSIPIS,DEVONS,ROSEN+ (COLUMBIA,RUTGsHISC) CRONIN 68 VIENNA CONF 241  RAPPORTEUR TALK (PRINCETON)
MOSCOSO 68 THESIS # L MOSCOSO {UNIV PARLS ORSAY) HAIDT 2 69 PL 298 696 + (AACH,BARL,CERN,EPOL,NIJM,QRSA+PADO, TORI)
cuTTS 69 PR 184 1380 +ST JENINGy WIEGAND, DEUTSCH (LRL,MIT} BARDIN 70 PL 328 121 BARDIN,BILENKY, PONTECCRVO (JINR)
ALSD 68 PRL 20 955 CUTTS,STIENING WIEGAND . DEUTSCH (LRL.MIT} BECHERRA 70 PR DI 1452 T.BECHERRAWY {ROCH)
DAVISON 69 PR 180 1333 +BACASTOW, BARKAS,EVANS y FUNG, PORTER+  (UCR} FEARING 70 PR D3 542 +FISCHBACK, SHITH {STON+BOHR)
ELY 69 PR 180 1319 ELY,GIDAL, HAGOPTAN,KALMUS+  {LOUC+WISCHLRL) GAILLARD 70 CERN 70-14 M K GAILLARD, L M CHOUNET (CERN+ORSA)
EMMERSON 69 PRL 22 393 EMMERSON, QUTRK (OXFORD) GINSBERG 70 PR D1 229 E S GINSBERG (11T HATFA)
HER20 69 PR 186 1403 +BANNER, BE TER, BERTR AM,ECHARDS + [§{XE) GINSBERG 71 PR D4 2893 E S GINSBERG (MITY
KIJEWSKL 69 UCRL~18433 THESIS P K KIJEWSKT (LBL) CHOUNET 72 PL 4C 199 (PHYS. REPTS.)CHOUNET,2#GATLLARD(ORSA+CERN}
LOBKOWIC 69 PR 185 1676 +MELISSINDSsNAGASHIMA, TEWKSBURY+ (ROCH,BNL)
ALSO 66 PRL 17 548 LOBKOWICZ,MELISSINNS NAGASHIM+  (ROCH4BNL)
MACEK 69 PRL 22 32 MACEK, MANN ¢MC FARLANE, ROBERTS+{PENN, TEMPLE) AAEEEE REEEEERE HEREEEERS
MAST 69 PR 183 1200 +GERSHWIN, ALSTON=G ARNJO ST BANGERTER+  (LRL} AEEREE FERREEEE PEARCHESE axrrnene
ZELLER 69 PR 182 1420 ZELLER. HADDOCK « HELL ANC o PAHL + LUCLAL LRL) 5
BOTTERIL 70 PL 318 325 +BROWN+CLEGG, CORBETT+CULLIGAN+ (OXF) . 11 NEUTRAL K{498,4P=0-) 1=1/2
FORD 70 PRL 25 1370 +PTROUE s REMMEL s SMI TH, SOUDER {PRIN)
GRAUMAN 70 PR D1 1277 +KOLLER « TAYLOR(PANDOULAS+ (STEV,SETO,LERI)
ALSC 69 PRL 23 737 +KOLLER,TAYLOR,PANDOULAS+  (STEV.SETOJLEHI}
MAC EK 70 PR Di 1249 +MANN, MCFARLANE . ROBERTS {PENN) 11 NEUTRAL K MASS (MEV)
MALTSEV 70 SJNP 10 678 +PESTOVA,SOLODOVNTKOVA + FADEEV + CJINR)
PANDOULA 70 PR D2 1205 +TAYLOR,KOLLER, GRAUMAN + (STEV, SETO) " 493.1 0.4 CHRISTENS 64 OSPK
" 2223 497.44 0.33 KIM 65 HBC KO FROM PBAR P 6/66
BASILE 71 PL 368 619 +BREHIN,DIAMANT-BERGER ¢ KUNZ + {SACL+GEVA) u 4500 498.9 0.5 BALTAY 66 HBC KO FROM PBAR P 6/66
BOURQUIN 7L PL 368 615 +BOYMOND, EXTERMANN ¢ MARASCO+ (GEVA, SACL) " 497,44 0.50 FITCH 67 OSPK 11767
HATOT 71 PR D3 10 AACHEN+BART+CERN+EP+N]JMEGEN+ORSAY +PADOVA+ M c e e e e e e
ALSO 69 PL 298 691 +(AACH,BART 4 CERN,EPOL N TNy ORSAY, PADD, TORL) M AVG 497.87 0.32 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
KLEMS 71 PR D4 66 +H{LDEBRAND, STIENING (CHIC,LRL) M FIT 497,67 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1) 3/82¢
ALSO 70 PRL 24 1086 KLEMS s HILDEBRANDSTIENING TLAL,CHIC) (SEE IDEOGRAM BELOW }
ALSO 70 PRL 25 473 KLEMS,HILDEBRAND,STIENING {LRL, CHIC)
KUNSELMA 71 PL 348 485 R. KUNSELMAN (WYOMING)
orT 71 PR D3 52 OTT,PRITCHARD (LOQM) WEIGHTED AVERAGE = 497.87 %+ 0.32
ROMANO 71 PL 368 525 +RENTON, AUBERT, BURBAN-LUTZ (BARI+CERN,ORSA}
SCHWEINB T1 PL 368 246 AACHEN+BEL GIUM+CERN+NT JMEGEN+PADOVA COLLAB ERROR SCALED BY 1.5
STEINER 71 PL 368 51 AACHEN+BAR 1 +CERN+EPOL+ORSA+N[JH+PADO+TORIN o
ABRAMS 72 PRL 29 1118 +CARROLL,KYCIA,LT,MENES JMICHAEL + (BNL)
ANKENBRA 72 PRL 28 1472 ANKENBRAND T+ LARSEN+ (BNL+LASL+FNAL+YALE) 1 b 5 wei 4
AUBERT 72 NC 12A 509 +HEUSSE+PASCAUD VIALLE+ {ORSA+BRUX+EPOL) Values above of weighted average,
BELER 72 PRL 29 678 +BUCHHOLZ  MANN, PARKER (PENNSYLVANTA} error, and scale factor are for the
CHIANG 72 PR D6 1254 #ROSENSHAPTIRI+HANDLER,DLSEN®  (ROCH#WISC) reader's convenience only. The
CLARK 72 PRL 29 1274 +CORK ¢ ELIOFF yKERTH, MCREYNOL DS/ NEWTON+ (LBL) data were actually processed by a
v * . » + i il 3
EOWARDS 72 PR DS 2720 +BETER, BERTRAM,HERZ0,KOESTER + (Il constrained fit program, which _
FORD 72 PL 38B 335 +PTROUE,REMMEL , SMETH, SOUDER (PRINCETON) calculates its own values of X, bx,
HOFFMAST 72 NP 836 1 HOFFMASTER + KOLLER, TAYLOR+  (STEV4SETO#LEHI) and scale factor, which are differ-
ent from the values shown here,
ABRAMS 73 PRL 30 500 +CARROLL (KYCIAsLI,MENES,MICHAEL + (BNL)
BACKENST 73 PL 438 431 BACKENSTOSS ,BAMBERGER+ ( CERN+KARL+HEID+STOH)
BETER 73 PRL 30 399 +BUCHHOLZ + MANN, PARKER y ROBERTS CPENN)
BRAUNL 73 PL 478 182 AACHEN+BART ¢BRUSSELS+CERN COLLABORATION
ALSO 75 BRAUN
BRAUN2 73 PL 47B 185 AACHEN+BART +BRUSSELS+CERN COLLABORATION CHIsQ
CABLE -71:54 2:“;: 3807 +H o TIENIN (EFT+LBLY I “FiTeH 67 OSPK 0.7
+
TLDEBRAND, PANG,STIENING BALTAY 66 HBC a3
L JUNG 73 PR D8 1307 D.LJUNGsD.CLINE {W1SC) —_—t1 SKIM 65 HBC 1.7
ALSO 72 PRL 28 523 0.LJUNG (WISC)
ALSO 72 PRL 28 1287 D.CLINE,D.LJUNG (WISC) -+ -CHRISTENS 64 OSPK 0.3
ALSO 69 PRL 23 326 CAMERINT, LJUNG ¢ SHEAFF,y CLINE (WISCH 7.0
LUCASL 73 PR 0B T19 LUCAS, TAFT, WILLIS (YALE) N (CONLEV
LUCAS2 73 PR DB T27 LUCAS, TAFT WILLTS (YALED
PANG 73 PR 08 1989 “HILDEBRAND, CASLE, STIENING  (EFI+ARIZ+LBL) 496.5 497.5 498.5 499.5 500.5 =0.072)
ALSD 72 PL 408 699 CABLEsHILDEBRAND,PANGSTIENING (EF1+LBL)
SMITH 73 NP 860 411 +BOOTH, RENSHALL , JUNES+ (GLAS+LIVP+DXF+RHEL) NEUTRAL K MASS (MEV)
ARNOLD T4 PR D9 1221 € L ARNOLD,B P ROE,D SINCLAIR (MICH}
BRAUN 74 PL 51B 353 +CORNELSSEN,MARTYN ¢  (AACH+BARI+BRUX+CERN)
CENCE 74 PR D10 176 +HARRIS s JONES s MORGADD + (HAWA+LBL*WISC) I
ALSO 73 THESTS {UNPUBL.) D B CLARKE (WISC)
KUNSELMA 74 PR C9 2469 R.KUNSELMAN {HYOM) 11 (KO} - [Ké4=) MASS OIFFERENCE (MEV)
MERLAN 74 PR D9 107 +KASHA ,HANDERER + ADATR+ t YALE+BNL+LASL) ]
WEISSENB 74 PL 488 474 WEISSENBERG, EGOROV,MINERVINA + (ITEP+LEBD} 0 3.9 0.6 ROSENFELD 59 HBC -
D 5.4 1.1 CRAWFORD 59 HBC +
BLOCH 75 PL 568 201 +BREHIN, BUNCE . DEVAUX+ (SACL+GEVA) o 9 3.90 0.25 BURNSTEIN 65 HBC -
BRAUN 75 NP B89 210 +CORNELSSEN,MARTYN®  (AACH+BARI+BRUX+CERN) 0 7 3.71 0.35 KIM 65 HBC - K- P TO KO N 6768
CHENG 75 NP A254 381 +AS AN CHEN, DUGAN, HU, WU sHUGHES+ (COLU+YALE) o 417 3.95 0.21 HILL 68 DBC ¢  KeD TO KOPP 3/68
HEARDL 75 PL 558 324 +HEINTZEHEINZELMANN+ (CERN+HEID) 0 R IR R
HEARD2 75 PL 558 327 +HEINTZE HEINZELMANNS (CERN#HEID) D AVG 3.92 0. 14 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
SMEAFF 75 PR D12 2570 M. SHEAFF (WIsC) o FIT 4.01 0.13 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.1} 3/82%
SMITH 75 NP B9L 45 +BDOTH, RENSHALL , JONES+ {GLAS+LIVP+OXF+RHEL)
FIEEEE ERFEFEREE KRR RS REE
BERTRAND 76 NP B1i4 387 +SACTON + ( BRUX+UBEL +DUUC+LOUC+WARS)
8LOCH 76 PL 60 393 +BUNCE,DEVAUX.DIAMANT-BERGER+  [GEVA+SACL) REFERENCES FOR NEUTRAL K
BRAUN 76 LNC 17 521 +MARTYN,ERRIQUEZ + (AACH+BAR [+BELG+CERN)
DIAMANTB 76 PL 62B 485 DIAMANT-BERGER ¢ BLOCH, DEVAUX + (SACL+GEVA) CRAWFORD 59 PRL 2 112 CRAWFORDsCRESTI.GOOD, STEVENSON, TICHO  (LRL)
HEINTZE 76 PL 608 302 +HEINZELMANN, IGO-KEMENES;MUNDHENKE+ {HEID} ROSENFEL 59 PRL 2 110 A H RDSENFELD,F SOLMITZ,R D TRIPP (LRL}
SMITH 76 NP 8109 173 +BDOTH, RENSHALL s JONES+ (GLAS+LIVP+OXF+RHEL) CHRISTEN 64 PRL 13 138 CHRISTENSON,CRONIN(FITCH, TURLAY (PRINCETON)
WELSSENB 76 NP B115 55 WETSSENBERG,EGOROV ,MINERVINA+  (ITEP+LEBD) BURNSTE! 65 PR 138 B 895 R A BURNSTEINsH A RUBIN (MARYLAND)
KIM 65 PR 140 B 1334 J K KIMsL KIRSCH.D MILLER (COLUMBTA)
ABRAMS 77 PR D15 22 +CARROLL/KYCTA+LIsMICHAEL, MOCKETT +  (BNL}
DEVAUX 77 NP B126 11 «BLOCH, DI AMANT~BERGER y MAILLARD+ (SACL#GEVA} BALTAY 66 PR 142 932 BALTAY,SANDHEISS,STONEHILL + {YALE+BNL)
HEINTZE 77 PL TOB 482 +HEINZELMANN, 1GO-KEMENES,+ (HEID+CERN) FITCH 67 PR 164 1711 FITCH,ROTH,RUSS, VERNON (PRINCETON)
ROSSELET 77 PR D15 574 +EXTERMANN, FISCHER 4GUISAN + (GEVA+SACL) HILL 68 PR 168 1534 HILL,ROBINSON,SAKITT,CANTER  (BNL, CARNEGIE)
BARKOV 79 NP B148 53 +VASSERMAN . ZOLOTOREV, KRUPIN+ (NOVD+KIAE}
HEINT2E 79 NP Bl49 3265 +HEINZELMANN, IGO~KEMENE S+ (HEID+CERN)
FFREEX
WHITMAN 80 PR D21 652 +ABRAMS yCARROLL +KYCTA, L1+ (TLLC+BNLILL} bRl i
ASAND 8L PL 1078 159 KTKUTANT JKURDKAWA (MIYACHT+ (KEK+TOKY+OSAK}
CAMPBELL 81 PRL 47 1032 +BLACK¢BLATT,KASHA, SCHMIDT + (YALE+BNL)
LUM 81 PR D23 2£22 +WIEGAND.KESSLER,DESLATTES s SEKI+ (LBL#NBS#)
LYONS 81 ZPHY C10 215 +ALBAJAR,MYATT 10XF)
QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS
8LOCK 62 CERN CONF 371 BLOCK, LEND TNARA s MONART (NWES+BOLOGNA}
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Stable Particles

12 SHORT-LIVED .NEUTRAL K(498. JP=0-) 1=1/2
12 KOS MEAN LIFE (UNITS 10%**-10 SEC)
T KOS MEAN LIFE (PRE-1971 EXPERIMENTS)
T o 90 11.07) 10.13) {0.13) 80LOT 58 CC
T 512 0.94 0.05 0.05 CRAWFORD 59 HBC
T o] 63 (1.09) t0.18) (0.15) BOWEN 60 CC
T Q0  OLD EXPTS WITH LDW STATISTICS NOT INCLUDED IN AVERAGE. 6/68
T 378 0.94 0. 0! 0.05 BERTANZA 62 HBC
T 503 0.87 0-05 CHRETIEN 63 HLBC
T 545 0.86 0.04 KREISLER 64 OSPK
T 0.866 0.016 ALFF-SYEI 66 OSPK 9/66
T 572 0.90 0.06 0.05 AUERBACH 66 DSPK 8/67
T 4500 0.92 0. 04 BALTAY 66 HBC 6/66
T 10.904} (0.024) BOTT-80DE 66 DSPK 9/66
T 5000 0.843 0.013 KIRSCH 66 HBC 6766
T 19994 0.856 0. 008 DONALD 68 HBC 6768
T H 20000 0.872 0.009 RILL 68 DBC 11/12
T “h e aeee e
T AVG 0.8641 0.0065 0.0065 AVERAGE {ERRGR INCL. SCALE FACTOR OF 1.3}
T KOS MEAN LIFE (POST-1971 EXPERIMENTS)
T THESE VALUES ARE USED TO DETERMINE THE STABLE PARTICLE TASBLE
T VALUES OF THME KOS MEAN LIFE AND RATES.
T H 50K 0.8958 . 0045 SKJEGGEST 72 MBC . 1713
T F 2173 (0.867) 10.024) FACKLER 73 OSPK 11/73
T M 0.8937 0.0048 GEWENIGER T4 ASPK 3/74
T C 0.8913 0.0032 CARITHERS 75 SPEC 1/75
T 26K 0.881 0. 009 ARONSON 76. SPEC 11/76
T ... o e e .
T AVG 0. 8923 0.0022 0.0022 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0}
T FIT 0.8923 0.0022 FROM FIT (ERRDOR INCLUDES SCALE FACTOR OF 1.0}
CCMMENTS
T H HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBLISHED VALUE 11772
T H {0.865¢~0.009) BECAUSE OF A CORRECTION IN THE SHIFT DUE TO ETA+-. 11/72
T H SKJEGGESTAD 72 ANC HILL 6B GIVE DETAILED DISCUSSIONS OF SYSTEMATICS
T H ENCOUNTERED IN THIS TYPE OF EXPERIMENT.
T B KOS MEAN CIFE NOT THE PRIMARY QUANTITY MEASURED IN THIS €XPT. 6/68
T F FACKLER 73 DOES NOT INCLUDE SYSTEMATIC ERRORS. 11/73
T C CARITHERS 75 VALUE IS FOR KOL-KOS MASS DIFFERENCE OM=.5348+-.0021. 11/75
T C THE DM OEPENCENCE OF THE TOTAt DECAY RATE (INVERSE MEAN LIFE) S 11/75
T C GAMMA(KOS)=({1.1224=.0064}+.16%{0M—_.5348)/DM) *10¢*#*10 /SEC. 11775
T C VALUE WOULD NOT CHANGE WITH QUR CURRENT DM=.53494—.0022. 2/76
12 KOS PARTIAL DECAY MODES
DECAY MASSES
Pl KOS INTO PI+ PI— 139+ 139
P2 KOS INTO PIO PIO 134+ 134
e3 KOS INTO MU+ My— 105+ 105
e4 KOS INTD E+ E- 5% W5
PS5 KOS INTO PI+ PI- GAMMA 1394+ 139+ ]
P& KOS INTO GAMMA GAMMA 0+ [¢]
P7 KOS INTO 3PICO 134+ 134+ 134
12 KOS BRANCHING RATIOS
RL KOS INTO (Pl1+ PI-)/TOTAL (1381
RL 0.68 0. 04 CRAWFORD 59 HBC
R1 0.70 0.08 COLUMBIA 60 HBC
R1 (0. 740) (0. 02’4) ANDERSUN 62 HBC
R1 U 3467 0. Pl- TO LAM KO 1/76
Rl U ANDERSUN RESULT NUT PUBLlSHED' EVENYS ADDED TO DOYLE SAMPLE 2/71
R1 . ... -
RL AVG 0.6710 0.0096 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
Rl FIT 9.6861 0.0024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)
R2 KOS INTO (P10 PIOQ}/YOTAL P2y
R2 0.27 0.11 CRAWFORD 59 HBC
R2 0.26 0.06 BAGLIN 60 HLBC
R2 0.30 0. 035 BROWN 61 HLBC
R2 1066 0.335 0.014 BROWN 63 HLBC
R2 198 0.288 0.021 CHRETIEN 63 HLBC
R2 e e P
R2 AVG 0.316 0.014 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3}
R2 FIT 0.2139 0.0024 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1}
(SEE IDEOGRAM BELOW }
WEIGHTED AVERAGE = 0.316 + 0.014
ERROR SCALED BY 1.3
Values above of weighted average,
error, and scale factor are for the
reader's convenience only. The
data were actually processed by d
constrained fit program, which
calculates its own values of X, &%,
and scale factor, which are differ-
ent from the values shown here,
CHISQ
- -CHRETIEN 63 HLBC 1.8
- - - - - -BROWN 63 HLBC 1.8
-BROWN 61 HLBC 0.2
-BAGLIN 60 HLBC 0.9
-CRAWFORD 59 HBC
’/ 4.7
(CONLEV
0.15 0.25 0.35 0.45 0.55 =0.195)
KOS INTO (PIO PIO)/TOTAL

R3 KOS INTO (PI+ PI-)/(PIO PIO} tpLI7(P2)
R3 N 267 (2.12) 10.17) BOZOKI 69 HLB 5/70
R3 G 3016 (2.285} (0.055) - GDBBI 69 0SPK K+N TO KOP 5769
R3 3700 2.10 0. 06 .MORFEN 69 HLBC K+N TO KOP 10769
R3 G 7944 2.282 0.043 MDFFETT 70 0SPK K¢N TO KOP 2/72
R3 8 6150 2.22 0.09% BALTAY 71 HBC K-P TO KO +NEUTRALS 12/71
R3 A 3068 2.22 0.10 ALITTI 72 HBC K+P TO PI+ P KO 6/72
R3 6380 2.22 0.08 MORSE 72 DBC K+N TO KOP 2/72
R3 N 701 2.10 0.11 NAGY 72 HLBC K+N TO KOP 1773
R3 4799 c2.16 0.08 RILL 73 DBC KD TO KO P P 9773
R3 16K 2.169 0.094 COWELL T4 OSPK P1- P TO LAM KO /75
R3 1315 . 0.09 EVERHART 76 WIRE PI~ P TO LAM KO 11/76
R3 N NAGY 72 1S A FINAL RESULT WHICH INCLUDES BOZOK1 69. 11/73
R3 G MOFFETT 70 IS A FINAL RESULT WHICH INCLUDES GOBBI 69. 2/72
R3 8 THE DIRECTLY MEASURED QUANTITY IS KS TO PI+PI-/ALL KOBAR=.3645+-,005 12/71
R3 A THE DIRECTLY MEASURED QUANTITY [S KOS TO PI+ PI-/ALL K0=.3454-.005 6/72
R3 “« e e e PEEER
R3  AVG 2.197 0. 026 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0}
R3 FIT 2.186 0.025 FROM FIT (ERROR INCLUDCES SCALE FACTOR OF 1.1}
R4 (KOS INTO PI+ PI- PIO, CP VIOLATING}/{KOL INTO PI+ PI- PIO)
R4 TEST OF CP VIOLATION — SEE TEXT SECTION VI B.3A FOR DEFINITIONS
R4 CPY ASSUMED VALID - (I.E. RE{A}=0) - ONLY ("‘IA)“Z QUOTED HERE
R4 C 18  (3.8) OR LESS Cl=.90 ANDERSUN 65 HB 10/69
R4 (0.45) OR LESS CL=.90 BEH 66 HLBC B8/66
R4 C 53 (1.7) OR LESS CL=.90 NEBBER 70 HBC a/70
R4 C 7L (0.8) OR LESS (L=.90 WEBBER 70 HBC 8/70
R4 99 (1.2) GR LESS CL=.90 CHO 71 D8C 4171
R& J 98 (1.0t OR LESS CL=.90 JAMES 71 HBC 6/71
RG M 50 (1.2) - CR LESS CL=.95 METSNER 71 HBC €L=.9 NOT AVAIL. 2/71
R4 180 (0.66) CR LESS CL=.90 JAMES 72 HBC 1773
R4 99 {1.2) CR LESS CL=.90 JONES 72 OSPK 10/72
R4 384 0.12 OR LESS (CL=.90 METCALF 72 ASPK 2776
R4 148 (0.71) DR LESS CL=.90 MALLARY 73 OSPK RE(A}=—,05+—,17 8/73
R4 192 .2} OR LESS CL=.90 BALDOCEDL 75 HLB! 2775
R4 C SECOND WEBBER 70 VALUE IS FIRST VALUE CDHBINED WITH ANDERSON 65.
R4 J JAMES 72 1S A FINAL RESULT WHICH INCLUDES JAMES T1. 11/73
R4 M THESE AUTHDRS FIND REAL(A)= 2.75+-.65, ABOVE VALUE AT RE(A) 0 2771
RS KOS INTO (MU+ MU-)}/CHARGED (UNITS 10¢x-—5} tpay Pl
RS {10.0} OR LESS CL=.90 BOTT-BODE 67 OSPK 8/67
RS (20.0) OR LESS (CL=.90 BOHM 69 COSPK 2/71
-RS (1.07) CR LESS C HYAMS 69 OSPK 10769
R5 S {32.6) (R LESS STUTZKE 69 0SPK 5/69
RS 0.047 CR LESS C GJESDAL 73 ASPK 17/73
RS S VALUE CALCULATED BY USy USING 2.3 INSTEAD OF 1 EVENT, 90 PERC.CL
R6& KOS INTO (PI+ PI— GAMMAI/{PI+ PI } (UN.XO"-B) (PSY/(P1)
R& NO RATIO GIVEN LLOYTI 66 PG GT 50 MEV/C 10/69
R6 10 3.3 1.2 HEBBER 70 NBC PG GT 50 MEV/C 10/69
R6 8 2.8 0.6 BURGUN 73 HBC PG GT 50 MEV/C 11/73
LY 29 (3.0) (0. 6) BOBISUT T4 HLBC PG GT 40 MEV/C 12775
R6 T 2.68 0.15 TAUREG 76 SPEC PG GT 50 MEV/C 6/77
R6 B BURGUN 73 ESTIMATES THAT DIRECT EMISSION CONTRIBUTION IS .3+-.6 ., 11/73
R6 € BOBISUT 74 NOT INCLUDED IN AVERAGE BECAUSE P(GAMMA) CUT DIFFERS. 1776
R6 C ESTIMATES DIRECT EMISSION CONTRIBUTION TO BE 0.5 OR LESSs CL=,.95, 1/76
R& T TYAUREG 76 FINC DIRECT EMISSTION CONTRIB LT .06,CL=.90. 6/77
R& e s ae o
R6 AVG 2.70- AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R7 KOS INTO (E+ E-)/CHARGED (UNITS 10%%=5} tea)z (P
R7 50.0 QR LESS CL=.90 B0HM 69 0SPK 2/71
RB KOS INTO 2 GAMMA/TUTAL (UNITS 10%%-3) 1P6)
R8 R 0 (21.0) 5§ ¢ 90 BANNER 69 CSPK 12/71
R8 R 0 (2.2) OR 90 REPELLIN 71 GSPK 12/71
R8 R o (0.71) OR 90 BANNER 72 OSPK 8/72
R8 0 {2.01 OR 90 MORSE T2 DBC 2/72
RE 0 0.4 OR LESS CL=.90 BARMIN2 L8C 2/74
R8 R THESE LIMITS ARE FOR MAXTMUM INTERFERENCE IN KS-KL TO 2 GAMMAS 12771
R9 (KOS INTO PI+ PI— PI0. CP CONSERVING}/(KOL INTO PI+ PI- PIO)
R9 384  {0.42) OR LESS CL=.90 METCALF 72 ASPK 11/72
R10 (K0S INTO 3P10,CP VIOLATINGI/(KOL INTO 3P10}
R10 SEE COMMENTS UNDER BRANCHING RATIO R4
R10 22 (1.2) CR LESS C 90 BARMINL 73 HLBC 11/73
R10 G 0.28 CR LESS CL=.90 GJESDAL T4 SPEC 11775
R10 G GJESDAL 74 USES K2PI, KMU3 AND KE3 DECAY RESULTS AND UNITARITY. 11775
R10 G CALCULATES A8SS(ETAQ00)=.26+4-.20. WE CONVERT TO CL=.90 UPPER LIMET. 11/75
SEEREE BHBRLEEEE * HEANE AL
REFERENCES FOR KOS

BOLOT 58 PRL 1 150 € BOLDY,0 O CALDWELL.Y PAL (MIT}
CRAWFORD 59 PRL 2 266 CRAWFORD+CRESTY+DOUGLASS,GOOD,TICHO + (LRL)
BAGLIN 60 NC 18 1043 BAGLIN,BLOCH,BRISSON,HENNESSY + (EPOL}
BOWEN 60 PR 119 2030 BOWEN . HARDY +REYNOL DS+ SUNsMOGRE+ (PRIN+BNL)
COLUMBIA 60 ROCH CONF 727 M SCHWARTZ + {CoLumMBtaA)
BROWN 61 NC. 19 1155 BROWN¢ BRYANT, BURNSTE INyGLASER,KADYK+ (MICH)
ANDERSON 62 CERN CONF 836 J A ANDERSONeF S CRAWFORD + {LRL)
BERTANZA 62 PREPRINT D10S BERTANZA,CONNOLLY,CULWICK,ETSLER + {8NL)

UNPUBLISHEDy BUT RECERTIFIED BY AUTHORS, AUGUST 66.
CHRETIEN &3 PR 131 2208 CHRETIEN+ (BPANDEIS+BROWN+HARVARD+ MIT)
BROWN 63 PR 130 769 BROWN, KADYK, TRILLING,ROE + (LRL+MICH)
KREISLER 64 PR 136 B 1074 M KREISLER,O OVERSETH.,J CRONIN (PRINCETON}
ANDERSON 65 PRL 14 475 +CRAWFOR,GOLDENs STERN.BINFORD + (LRL4WISC}
ALFF=STE 66 PL 21 595 ALFF-STETNBERGER HEUER » KLEINKNECHT + (CERN)
AUERBACH 66 PR 149 1052 AUERBACH,DOBB S LANDE s MANN, SCIULLI+ [PENN)

ALSQC 65 AUERBACH
BALTAY 66 PR 142. 932 BALTAY, SANDWETSS,STONEHILL + (YALE#BNL)
BEHR 66 PL 22 540 BEMR,BRISSON,PETYAU+ (EPOL,MILA,PADO,ORSAY)
BELLOTTI 66 NC 45A 737 +PULLTA,BALDO-CEOLIN + {MILAN+PADUA)
BOTT-BOD 66 PL 23 277 BOTT-BODENHAUSEN,DE BOUARD + (CERN)
KIRSCH 66 PR 147 39 L KIRSCH,P SCHMIOT (coLuMBIA)
BGTT-80D 67 PL 248 154 BOTT-BODENHAUSEN,DE BOUARD, CASSEL+ LCERN)
DONALD 68 PL 27B S8 DONALD,EDWARDS.NISAR+ (LIVP,CERN.IPNP,CDEF)
HILL 68 PR 171 1418 HILL,ROBINSON, SAKITT + {8NL, CARNEGIE)
BANNER &9 PR 188 2033 *CRUN!N.LIU;PILCHER {PRINCETON)
BOHM 69 THESIS . Ao (AACH)
BOZOKI 69 PL 308 498 bFENYVES.GDMBUSIvNAGVvSURANV!O {BUDAPEST}
DOYLE 69 UCRL 18139-THESIS J.C. DOYLE (LRL)
GOBBI 69 PRL 22 682 GOBBY,GREEN,HAKEL ,MOFFETT,ROSEN+{RDCHESTER)
HYAMS 69 PL 298 521 +KOCH, POTTERVON L INDERN,LORENZ+ CERN{MPIM}
MORFIN 69 PRL 23 660 MORFIN, SINCLAIR (MICH}
STUTZKE 69 PR 177 2009 +ABASHIAN, JONESMANTSCH »ORR s SMITHUILLINOIS)
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Stable Particles
Ks K{

MOFFETT 70 BAPS 15 £12 +GOBB I+ GREEN, HAKEL yROSEN (ROCHESTER) 13 KOL MEAN LIFE [UNITS 10%*-8 SEC)
WEBBER 70 PR D1 +SOLMITZCRAWFORD, ALSTON-GARNJOST (LRL)
ALSD 69 UCRL 19226 THESIS B R WEBBER {LRLY i KOL MEAN LIFE
T 2. BARDON 58 CNTR
BALTAY 71 PRL 27 1678 +BRIDGEWATER+COOPER ) GERSHWIN, HABIBI+ (COLU) T ASSUMED os DO .AND DELTA 1= 1/2 CRAWFORD 59 HBC
ALSO 7L NEVIS-187 THESIS WILLIAM A. COOPER (COLUMBEAD T 5.1 2.4 1.3 DARMON 62 FBC
CHO 71 PR D3 1557 +ORALLE,CANTER,ENGLER, FISK+ (CARN¢BNL+CASE) T 5.3 0.6 FUJIL 64 QSPK
JAMES 71 PL 35B 265 +MONTANET, PAUL s PAUL T+ [CERN#SACL+OSLO) T 1700 6.1 1.5 1.2 ASTBURY3 65 CNTR
MEISNER 71 PR D3 59 +MANN, HERTZBACHKOFLER + (MASA+BNL+YALE} T . 5.15 0.14 DEVLIN 67 CNTR
REPELLIN 71 PL 368 6C3 +WOLFF,CHOLLET,GATLLARD,JANE+  (ORSA+CERN) ToL 15.0) (0.5) LOWYS 67 HLBC
. T 0.4M 5.154 0. 044 VOSBURGH 72 CNTR 2m
ALITTI 72 PL 398 568 J ALITTI.E LESQUOY,A MULLER (SACLAY) T L SUM OF PARTIAL DECAY RATES.
BANNER 72 PRL 25 237 +CRONTN,HOFFMANyKNA PPy SHOCHET ~ (PRINCETON) T S e e e e s
JAMES T2 NP 849 1 +MONTANET, PAUL y SAETRE+ (CERN+SACL+0SLO0} T AVG 5.l58 0. 042 0.042 AVERAGE (ERROR INCL, SCALE FACTOR OF 1.0}
JONES 72 NC 94 151 +ABASHIAN, GRAHAM,MANTSCH,ORR,SMTTH+  (ILL) T FIT 5.183 0.040 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0t
METCALF 72 PL 40B 703 +NEUHDFER, NTEBERGALL+ {CERN+IPN+WIEN) -
MORSE 72 PRL 28 388 +NAUENBERG,BIERMAN,SAGER+  (COLO+PRIN#UMD)
NAGY 72 NP B47 94 +TELBISZ,VESZTERGOMBI (BUDAPEST} 13 KOL PARTIAL DECAY MODES
ALSO 69 PL 30B 458 BOZOKI+FENYVES, GOMBOST 4 NAGY + {BUDAPEST)
SKJEGGES 72 NP 848 343 SKJEGGESTAD s JAMES, MONTANET + { CSLO+CERN+SACL) DECAY MASSES
) Pl KOL INTO 3PIO TAU 0 PRIME 134+ 134+ 134
BARMINL 73 PL 46B 465 +BARYLOV, DAVIDENKO, DEMIDOV+ CITEPY P2 KOL INTC PI+ PI- PLO TAU O 139+ 139+ 134
BARMINZ 73 PL 47B 463 +BARYLOV,DAVIDENKO, DEMIDOV+ CITEP) P3 KOL INTO P MU NEUTRIND KL MU3 139+ 105+ 0O
BURGUN 73 PL 468 481 +BERTRANET , LESQUOY + MULL ER PAULT +{SACL+CERN} P4 KOL INTO P1 E NEUTRINO KL €3 139+ .5+ 0
FACKLER 73 PRL 31 847 +FRISCHyMARTIN, SMDOT, SOMPAYRAC (NTT) Ps KOL INTO Pi+ PI- KL PI+ PI- 139+ 139
GJESDAL 73 °L 448 217 +PRESSER, STEFFEN,STEINBERGER+  (CERN+HEID) Ps KOL INTD MG+ MU- KL 2MU 105+ 105
HILL 73 PR DB 1290 +SAKITT,SAMIDSBURRT S+ ENGLER+ (BNL+CARN} P7 KOL INTO E+ E- KL 2E «5¢ .5
MALLARY 73 PR D7 1953 +BINNIE,GALLIVAN,GOMEZ + PECK,SCIULLT+ {CIT) [4:] KOL INTO E MU KL EMU <5+ 105
X KOL INTD TWO GAMMAS KL 2GAMMA 0+ 0
BOBISUT T4 LNC 11 646 +HUZITA,MATTIOLI,PUGLIERIN (PADO} P10 KOL INTG PI+ PT— GAMMA KL PI+=G 139+ 139+ 0
COWELL 74 PR D10 2083 +LEE-FRANZINI,ORCUTT,FRANZINI « (STON+COLU) P11 KOL INTO PTO PIO KL 2PIO 134+ 134
GEWENIGE T4 PL 48B 487 GEWENIGER, GJESDAL, PRESSER+ (CERN+HEID) P12 KOL INTO PI E NEU GAMMA KL E3GAM 1394 .5+ 0+ 0
GJESDAL 74 PL 528 119 +PRESSER,STEFFEN,STEINBERGER + [CERN+HEID) P13 KOL INTO PIO THO GAMMAS KL PI2GAMMA 13+ 0+ O
. P14 KOL INTO E+ E— GAMMA KL 2EGAM 5+ W5+ O
BALDOCEQ 75 NC 25A 688 BALDO-CEOLIN, BOBISUT,CALIMANI+ (PADD+WISC) P15 KOL INTO MU+ MU~ GAMMA KL 2MUGAM 105+ 105+ 0
CARITHER 75 PRL 34 1244 CARTTHERS, MODIS/NYGREN+PUN + (COLU+NYY) P16 KOL INTO MUs MU~ PIO KL 2MUPI0 105+ 105+ 134
ARDNSON 76 NC 32A 23¢ +MC INTYRE +ROEHRIG + (WISC+EFT+UCSD* ILLC) P17 KOL INTD pi+ PI- E+ E- KL 2PI12E 139+ 139+ .5+ .5
EVERHART 76 PR D14 661 +KRAUSSLANDE 1 LONG, LOWENSTEIN + {PENN) P18 KOL INTO P10 PI+~ E-+ NEU KL 2PIENEU 134+ 139+ .5+ O
TAUREG 76 PL 658 92 +ZECH, DYDAK »NAVARRI A+ (HEID+CERN+DORT) P19 KOL INTO (P1 MU ATOM) NEU KL [PIMUINEY
P20 KOL INTO E+ E- PIO KL 2EPTO S+ W5+ 134
PAPERS NOT REFERRED TO IN DATA CARDS
BIRGE 60 ROCH CONF 601 R W BIRGE,P P ELY + (LRL+WTSCONS TN} .
MULLER 60 PRL 4 418 MULLER+BIRGE s FOWLER +GODD+P ICCIONT+(LRL+BNL) . NEUTRAL K CONSTRAINED FIT
FITCH 61 NC 22 1160 V FITCH,P PIROQUE,R PERKINS {PRIN+LASL) OVERALL FIT OF MEAN LIFE., WIDTHS AND BRANCHING
600D 61 PR 124 1223 GOODy MATSENyMULLER,PICCIONT + {LRL) RATIOS USES 65 DATA POINTS TO DETERMINE SIX 3/78
QUANTITIES. OVERALL FIT HAS CHI-SQUARED=69.9 3/78
CRAWFORD 62 CERN CONF 827 F S CRAWFORD {LRL)

AUERBACH 65 PRL 14 192 AUERBACH,LANDE + MANN, SCIULLI-UTD + (PENN} ] e
TRILLING 65 UCRL 16413 GEORGE H TRILLING {LRL}
UPDATED FROM 1965 ARGONNE CONF., PAGE 115. FITTED PARTIAL DECAY MODE BRANCHING F‘RACTIONS
Sk REE SRR MRS * FEEREXAAE FRBERERLE FXEEELRD The matrix below is derived from the error matrik for the fitted partial decay mode

ARk REE X% R EL 222 R 12 % HREEEE; - . .
# * ERREEEaRE A branching fractions, P,, s follows: The diagonal elements are P +6P;, where

&P, = \[{BP,5P;), while the oft-diagonal elements are the normalized correlation coeffi-

13 LONG-LIVED NEUTRAL K{498, JP=0-) 1=1/2 cients (8PP} /(GP; - 8P)). For the definitions of the individual Py, sce the listings
-— above; only those P, appearing in the matrix are assumed in the fit to be nonzero and

13 (KOL} - (KOS) MASS DIFFERENCE are thus constrained to add to 1.

WE GIVE {KOL-KOS MASS DIFFERENCE / HBAR} IN UNTTS OF 10##10 SEC-1 i P2 P 3 P4 (] (231
el .211.70-.0099

0 TX (2.20)  {0.35) FITCH 61 CNTR P2 -.6528 .1239«—.0020
0 X (0.84)  10.29) 10.2216000 61 HLBC P 3 .8542 L4413 .2T114-.0042 .
D TXC €1.02)  (0.23) CAMERINT 62 HLBC 8/67 P4 <9100 .4705 46138 .3873+-.0055
D TX (0.551  {0.24) AUBERT 65 HLSC 6766 P 5 —.4362 +5471 .3159 .3366  .0020+-.0001
b X 10.26)  (0.36) (0.2618ALDO-CED 65 HLBC ASSUMES CP CONS. P11 .2289 -.1623 -.2104 ~.2243 -.1081 .0009+-.0002
D TXA 10.64)  (0.12) CHRISTENS 65 OSPK 6/66
D Tx 10.70) OR LESS FITCH 65 0SPK CF. MEISNER 66 1766
D Vv 130 (0.89)  (0.15} VISHNEVSK 65 OSPK CU AND AL REGEN  B/67 .
0 X (0.514)  (0.039) ALFF-STEI 66 OSPK 6/66 EITTED PARTIAL DECAY MODE RATES
D X 84 10.42) (0.24) {0.36) BALDO-CED 66 HLBC KO+N INTO HYPER. 8/67
o B €0.531)  (0.027) BOTT-BODE 66 OSPK C REGEN 9/66 i i i i i i
b TX 77 (0.58) (o171 CAMERINI 66 MBC. DBC KON INTO HYPER 8767 The matrix below is the branching fraction matrix above, transformed into rate
0 N 72 (+0.64)  (0.18) CANTER 66 DBC KO SCATTER IN D2 11/66 space; i.e., G; = I} = [ | P, inappropriate units. In analogy to the matrix above,
D X 95 10.62) (0.10) (0.16) CHANG 66 HBC K0+P INTO HYPER. 8/67 i \(8G.5G.) i i
o X (0.81) (o. i FUJTT 66 DSPK TRON REGENERATOR  9/66 the diagonal elements are 01*651' where 6G; = V(5G;8G,), while the olf-disgonal
D X 59 .74 . 34) MEISNERL 66 HBC 6/66 elements are the normalized correlation coefficients (6G;8G,)/(6G, G ). Note that,
b X MDY “VU':EDM, 'jgc:zgsfc O O CeURANIUM REGEN. 1008 because of the exror in [, . the errors and correlations here are not directly derivable
D TX 136 (40.64) 10.19) CANTER 67 DBC KO+D INTO HYPER. 11/67 from those above.
0 x 10.65)  {0.11) MISCHKE 67 DSPK 11/67
D X 590 (0.59)  (0.13) BALATZ 68 0SPK AL REGENERATOR 3768 1 2 G 3 [ [ 611
D X (0.520)  (0.044) CARNEGIE 68 H8C GAP METHOD- 3/68 6 1 .0414+-.0020
D TX (+0.487)  (0.046) MELHDP 68 0SPK ST.STEEL REGEN 6/68 ° G2 4751 .0239+-.0004
D BX (0.547)  (0.024} BOTT-BODE 69 OSPK € REGEN /71 G 3 -.6410 <4554  .0523+-.0009
D FX (0.555) (0.020) FAISSNER 69 ASPK REGEN IN CU 10769 G4 .6740 .5245 <6600 .074T+=.0011
0 0.542 0.006 CULLEN 70 CNTR : 1/71 65 +5696 +3565 3773 .0004+-.0000
0 R (0.542) (0,006} ARONSON 70 ASPK GAP METHOD /71 G611 .2377 .1238 -.1650 -.1736 -.0854 .0002+-.0000
D X €0.481) (0.052} {(0.075)BALATS 71 OSPK 9/71
o R 10.534) (0,007} CARNEGIE 71 ASPK GAP METHOD 8/71
D TH 119 (+0.67)  (0.14) HILL 71 DBC 10/71
0 51757 (0.557) {0.038} FACKLER 73 OSPK 11/73 ———
2 0.5340  0.0030 GEWENIG3 74 SPEC GAP METHOD 11/15
[ 0.5334  0.0040 GJESDAL T4 SPEC CHG ASYMMETRY 11/75 13 KOL DECAY RATES
D .. :
D AVG “0.5349 022 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) Wl KOL INTO PIO PIO PIO {UNITS 10==6, SEC-U 61)
: CCMMENTS W1 54 5.22 1.03 0.84 BEM 66 HLBC ASSUMES CP 8766
D X NO ATTEMPT HAS BEEN MADE TO CORRECT OLDER EXPERIMENTS WITH LARGE 11/75 w1 P
D X ERRORS FOR THE SUBSEQUENT CHANGES IN THE KOS MEAN LIFE OR IN ETA+-, 2/76 W1 FIT 4.14 0.20 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7}
o T A KOS MEAN LIFE OF 0.862 10%%-10 SEC WAS USED IN CGNVERTING THE 1/71
DT MASS DIFFERENCE FROM UNITS OF INVERSE KOS MEAN LIVES TO ABSOLUTE /71 W2 KOL INTO PI+ PI- PO (UNITS 10%#6 SEC-1) (621
0T UNITS. VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN /71 W2 18 3.26 0. 77 ANDERSDN 65 HBC 8/66
o T ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS® VALUE OF THE 1/71 w2 14 1.4 0.4 FRANZINT 65 HBC 6/66
o T KOS MEAN LIFE. 1/71 w2 136 2.62 0.28 0.27 BEHR 66 HLBC ASSUMES CP 8/66
0 € CAMERINI 62 VALUE CHANGED FROM 1.7 (SEE TABLE 1 OF CAMERINI 66) 8/67 w2 53 2.20 0.35 WEBBER 70 HBC ASSUMES CP 10771
0 A CHRISTENSON 65 CORRECTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE. 1771 w2 99 2.71 0. 28 CHO 71 DBC ASSUMES (P 4f71
OV VISHNEVSKY 65 NOT CORRECTED FOR INTERFERENCE EFFECTS. 3768 w2 g 98 (2.5} 10.3) JAMES 71 HBC ASSUMES CP 6/71
D N CANTER 66 ERRUR IGNORES UNCERTAINTY OF PHASE SHIFTS. THESE EVENTS 10771 w2 50 2.12 0.33 MEISNER Tt HBC ASSUMES CP 10/71
D N ARE USED IN HILL 7. 10/71 W24 180 2.35 0.20 JAMES 72 HBC ASSUMES CP 1/73
[} BOTT-BODENHAUSEN 69 IS A REEVALUATION OF BOTT-BODENHAUSEN 66. /71 N2 192 0.13 0-15 BALDOCEOL 75 HLEC ASSUMES CP 1776
D F FAISSNER 69 HAS ADDNL. SYSTEMATIC ERROR LESS THAN TWO PERCENT. 1/71 w2 IN THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN
] R ARONSON 70 AND CARNEGIE 71 USE KOS MEAN LIFE=.862+—.006 E-10 SEC. 11775 W2 THE BRANCHING RATID R2, FOR THIS REASON THE DISCREPANCY BETWEEN THE
0 R WE HAVE NCT ATTEMPTED TO ADJUST THESE VALUES FOR THE SUBSEQUENT 2776 W2 W2 MEASUREMENTS DOES NOT AFFECT THE SCALE FACTOR OF THE OVERALL FIT
D R CHANGE IN THE KOS MEAN LIFE OR IN ETA+—, 2176 w2 J JAMES 72 IS A FINAL MEASUREMENT AND INCLUDES JAMES Tl. 11/73
D H  HILL 71 PRIMARY RESULT IS THAT DM IS POSITIVE. 10/71 w2 e e e ae e e
D H  THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0.12 10/71 W2 avG 2.34 0.11 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2
O S NOT AVERAGED BECAUSE ERROR IS LARGE AND SYSTEMATICS NOT DISCUSSED.  2/76 Wz FIT 2.391 0.041 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)

(SEE IDEOGRAM BELOW )
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WEIGHTED AVERAGE = 2.34 % 0.11
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, §X,
and scale factor, which are differ-
ent from the values shown here.

CHISQ
+y e BALDOCEOL 75 HLBC 0.0
S e TR JAMES 72 HBC 0.0
~~~~~~ MEISNER 71 HBC 0.4
------ CHO 71 DBC 1.7
------- WEBBER 70 HBC 0.2
~~~~~~ BEHR 66 HLBC 1.0
—tf e FRANZINI 65 HBC 5.5
-ANODERSON 65 HBC
8.9
(CONLEV
0 ] 2 4 6 =0.177)
KOL RATE INTO PI+ Pl- PIO (10**6 SEC-1)
W3 KOL INTO PI E NEUTRIND (UNITS 10%%6 SEC-1) (G4)
W3 7.52 0.85 0.72 AUBERT 65 HLBC DS=DQ¢CP ASSUMED 8/67
W3 620 7.81 0.56 CHAN 71 HeC 2/72
W3 e e e s e e e e
W3 AVG T.71 0.46 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.01
W3 FIT TokT 0.11 FROM FIT {ERROR INCLUCES SCALE FACTOR OF 1.3}
W KOL INTD CHARGED (3-BODY) (UNITS 10%#%6 SEC-1) (G24G3464)
W4 98 15.1 1.9 AUERBACH 66 CSPK 8767
W4 “ e e e e e e e
_H’Q FIT 15.10 0.21 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)
W5 KOL INTO LEPTCNIC (KMU3+KE3) (UNITS 10“6 SEC—U (624G4)
LH D 109 9.85 1.15 1.05 FRANZINTI 65 2/72
W5 C 335 (10.3) 10.8) HILL 14 DBC K+N 70 KO P 8/67
W5 D 393 11.6 0.9 CHO 70 pRC KN TO KoP 10/70
W5 D 252 13.1 1.3 WEBBER 71 HBC K- P TO KOBAR N 2172
W5 0 410 12.4 0.7 BURGUN 72 HBC K¢P TO KQPPIL+ 1773
W5 D 126 B.4T NN 72 HBC K= P TO KOSAR N 9/12
W5 C CHO 70 INCLUDES EVENTS OF HILL 67
WS D ASSUMES DS=DQ RULE
W5 . e e e e
W5 AVG ll 60 0.65 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.5)
WS FIT 12.70 0.18 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4}
(SEE TDEOGRAM BELOW )
WEIGHTED AVERAGE = 11.60 % 0.65
ERRQOR SCALED BY 1.5
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,
and scale factor, which are differ-
ent from the values shown here,
CHISQ
--------- MANN 72 HBC 3.4
------ BURGUN 72 HBC 1.3
-WEBBER 71 HB8C 1.3
—_—r— CHO 70 DBC 0.0
—_—, - -FRANZINI 65 HBC 2.5
8.6
N N (CONLEV
6 10 14 18 =0.072)
KOL RATE INTO 'KMU3 + KE3 (10**6 SEC-1)
\
Wée KOL INTO PI MU NEUTRIND UNITS 10¢%6 SEC-1} 163}
Wé 19 4.54 1.24 1.08 LOWYS 67 HLBC 8/67
Wée e e e e s 4w
W6 FIT 5.232 0.086 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3}
13  KOL BRANCHING RATIOS
Rl KOL INTO (P10 PIO PIO)/CHARGED (PLI/{P24P34+P4)
R1 24 0.24 0.08 ANTKINA 64 CC 6/66
R1 549 0.251 0.014 BUDAGOY 68 HLBC ORSAY MEASUR. 10/68
R1 44k 0.277 0. 021 BUDAGOV 68 HLBC EC. POLYTEC.MEAS 10/68
R1 29 0.31 0.07 0.06 KULYUKINA 68 CC 2/71
R1 e e e s e e w.
R1 AVG 0.260 0.011 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
R1 FIT 0.274 0.016 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.7}

Stable Particles

KOL INTO (PI+ PI- PIQ)/CHARGED (P21/(P24P3+P4)
0. 185 0.038 ASTIER 61 CC 8/66
79 0.151 0.020 ADAIR 64 HBC 8766
15 0.157 0.03 0.04 LUERS 64 HBC B8/66
66 0.15 0.03 0.04 ASTBURYL 65 CC 8/66
326 0.159 0. 015 ASTBURYZ 65 CC 6/66
566 0.178 0,017 GUIDONI 65 HBC 6766
1729 {0.144) {0.004) HOPKINS 65 HBC SEE HOPKINS 67 6/66
126 0.162 0.015 HAWKINS 66 HBC 6/66
0.161 0.005 HOPKINS 67 HBC 8/67
1402 0.167 0.016 KULYUKINA 68 CC 2/71
1590 0.1605 0.0038 ALEXANDER T3 HB8C 1/74
3200 0. 146 0.004 BRANDENBU 73 HBC 1/74
558 0.159  0.010 EVANS 73 HLEC 1773
6499 0.163 0.003 CHO 77 HBC /17
AVG 0.153; . 6.60;‘ AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.3)
FIT 0.1584 0.0020 FROM FIT (ERRDR INCLUDES SCALE FACTOR OF 1.2}
(SEE IDEOGRAM BELOW 1
WEIGHTED AVERAGE = 0.1587 & 0.0024
ERRQR SCALED BY 1.3
Values above of weighted average,
error, and scale factor are for the
reader'a convenience only. The
data were actually processed by a
T constrained fit program, which _
calculates ita own values of x, 6%,
and scale factor, which are differ-
ent from the values shown here.
CHISQ
--------- CHO 77 HBC 2.0
-t - - -EVANS 73 HLBC 0.0
=y BRANDENBU 73 HBC 10.1
------- ALEXANDER 73 HBC 0.2
------- KULYUKINA 68 CC 0.3
HA - -HOPKINS 67 HBC 0.2
H—— - - -HAWKINS 66 HBC 0.0
""" GUIDONI 65 HBC 1.3
--------- ASTBURY2Z 65 CC 0.0
------- ASTBURY1 65 CC
-LUERS 64 HBC
------ -ADAIR 64 HBC
- -ASTIER 61 CC
14.2
+ + (CONLEV
0.10 0.14 0.18 0.22 0.26 =0.077)"
KOL INTO (PI+ PI- PI0)/CHARGED
KOL INTO (PI MU NEUTRING)/CHARGED (P31/(P24P3¢P4)
¢ 251  (0.356) (0.07) LUERS 64 M8
c 172 (0.39) to.08) {0.10} ASTBURY1 65 CC 7766
C 330 (0.335) {0.055) KULYUKINA 68 CC 2/71
C THIS MODE NGT MEASURED INDEPENDENTLY FROM R2 ANDC R4
FIT 0.3466 0.0028 FROM FIT
KOL INTO (PI E NEUTRINO}/CHARGED {P4)/7(P24P34P4)
24 0.46 0.11 NEAGU 61 CC 2/76
153 0.487 0.05 LUERS 64 HBC
202 0.46 0.08 0.10 ASTBURYL 65 CC 7766
500 0.498 0.052 KULYUKINA 68 CC 2/71
AVG 0-485' ) 0.635 AVERAGE [ERROR INCLUDES SCALE FACTOR OF t.C}
FIT 0.4951 0.0029 FROM FIT (ERROR INCLUDES SCALE FACYOR OF 1.0}
KOL INTO (PI £ NEUI/{(PI E NEUI+(PI MU NEU)) {P4}/(P3+P4)}
320 0.415 0,120 ASTIER 61 CC
FIT 05882 0.0032 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0}
KOL INTO (PI+ PI~ PIO}/TOTAL (P21
FIT 0.1239 0.0020 FROM FIT
KOL INTO {LEPTON PI NEUTRIND)/TOTAL (P3+4P4)
FIT 0~655; ) 6.0081 FROM FIT
KOL INTO {2 GAMMA) /TOTAL {UN. 10%*=4) (P9}
c (1.3) (0.6 CRIEGEE 66 OSPK 8/66
32 6.7 2.2 TODOROFF 67 OSPK REPL. CRIEGEE66 11/68
K 33 (7.4) (1.6 CRONIN 1 67 DSPK 11/67
90 5.5 1.1 KUNZ 68 OSPK NORM.TO 3PI{CeN) 2/71
23 4.5 1.0 ENSTROM TL OSPK KOL 1.5-9 GEV/C 2/72
R 5.0 (1.0} REPELLIN 71 0SPK /71
B 4,54 0. 84 BANNERZ 72 OSPK 8/72
B THIS VALUE USES {EQO/E+-)##%2=1,054-0.14. IN GENERAL, S$13R8 = 8/72
B (6.32¢-0.5508(10%%—4 ) %((EQO/E+~}%%2}, 8772
R ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB. TO EVALUATE 1/71
R FOR A GIVEN REGEN AMPL AND ERROR, MULTIPLY BY (REGEN AMPL/Z22MB;®%*z 11/71
C CRIEGEE 66 REPLACED BY TODORDFF &7 11768
K CRONINI 67 REPLACED BY XKUNZ 68. 2771
G 4.89 «54 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R21 BELOW GIVES (4.82¢-,52}E—4. COMBINED AVG (4.85+~.37)E-4. 4/82%
KOL INTO (PI+ PI-)/CHARGED (UNIT 10%e-3} (P5)/(P24P34+PG}
0 45 (2.0} (0.6 CHRISTENS 64 OSPK ETA +— = 1.95+-0.20 2/76
o 54 (2.08) (0.35) SALBRAITH 65 OSPK ETA +— 1.99+-0.16 2/76
a (1.93) 10.26) BASILE 66 GSPK ETA 4~ 1.92+-0.13 2/76
o] (1.993} (0.080) BOTT-BODE 66 OSPK ETA +- = 1.95+4-0.04 2/76
M 4200 «60) {0.07) MESSNER 73 ASPK +— = 2.23+-0.05 6/73
o OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECT[UN E+— RELOW FOR 2/76
o AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2/76
M FROM SAME CATA AS R27 MESSNER 73,BUT WITH DIFFERENT NORMALIZATICN. 6773
FIT 2.589 0.060 FROM FIT
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R10 KOL INTO (PT MU NEUI/{PI € NEU} (P31/1P4) =
R10 0.81 .10 ADAIR 64 HBC 6766 WEIGHTED AVERAGE = 0.437 & 0.092
R10 0.82 0.10 DEBOUARD 67 OSPK : 11767 ERROR SCALED BY 1.8
R10 273 0.7 0.2 HAWKINS 67 HBC 8767
R10 0.81 0.08 HDPKINS 67 HBC . 8s61 T
R10 770 0.71 0.05 BUDAGOV 68 HLBC 10768
R10 K 0.671  10.13) KULYUKINA 68 CC C3/T4
R10 .8 569 {0.TL}  (0.04) BEILLIERE 69 HLBC 10769
R10 1309  (0.648) {0.030} EVANS 69 HLBC REPL. BY EVANS 73 . 1/73
R10 3548 0.68 0.08 BASILE 70 0SPK 10/70 Values above of weighted average,
RIO 6700 0.741 0.044 BRANDENBY 73 HBC 1774 error, and scale factor are for the
R10 Tk olees o037 Wilians Te RSP : 1074 reader's convenience only. The.
R10 33K 0.702 0.0l CHO 80 HBC 2/82% ata were actually processed by a
R10 K KULYUKINA 68 R10 IS NOT MEASURED INDEPENDENTLY FROM R2 AND Ré. 1/74 constrained fit program, which
R10 8 BEILLIERE 69 IS A SCANNING EXPT USING SAME EXPOSURE AS BUDAGOV 68 calculates its own values of X, §x,
:{o AVG " "0I7001 " 0.0093 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} ‘and scale factor, which are differ-
R10 FIT 0.7001  0.0092 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) ent from the values shown here.
R11 KOL INTD (MU+My-)/CHARGED (unns 10%2-61 (P61/(P24P3+P4} CHISQ
R1L (100.01 " OR LESS NIKINA 65 CC 6166 ——+——- -REY 76 OSPK 6.6
R1L 1250.0}) OR LESS € ALFF-STEI 66 GSPK 9766 :
R11 {2201 0R (eSS C BOTT-B0DE 67 0SPK 8767 —+—— - - - ~FAISSNER 70 OSPK 2.4
R11 135.0) OR LESS Cl FITCH 67 OSPK 3/68 - - -BUDAGOV 70 HLBC 0.6
%12 KOL INTG (PL+ PL- GAMRA)/TOTAL {UNITS 1owe=3) (P10} © - - -BARMIN 70 HLBC 0.7
R12 - (15.01 OR NIKINA 65 CC . 6/66 -BANNER 69 OSPK 0.0
R12 0 (5.0} OR aELLmn 56 HLBC GAM KE 40-130 MV 8/67 . To.4
R12 1 (3.0} OR NEFKENS 66 DSPK GAM KE 120 MEV 6756 o
R12 €0.4). OR THATCHER 68 OSPK GAM KE 20-170 MV  2/71 4 (CONLEV
R12 (3.2} OR 80BISUT T4 HLBC GAM KE GT 40 MEV 12775 -0.5 0.5 1.5 2.5 =0.035)
R12, D 24 (0.062} ) DONALDS1 T4 SPEC 10/74
R12 10.46) CR LESS CtL Woo T4 SPEC 12775 KOL INTO (2P10)/(3P10) (10%+-2)
R1z H 516 (0.0152) (0.0016) CARROLL2 - B0 SPEC +—0GAM KE GT 20 MEV 12/80% . -
R12 J 546  (0.0289) {0.0028} CARROLL2 80 SPEC +-0 12/80%
R12 KL062 0.0441  0.0032 CARROLL2- 80 SPEC +-0GAM KE GT 20 MEV 12/80%
R12 D USES KOL TO PI+PI~PIO/ALL KOL DECAYS = 0.126 10/74 ° r21 KOL INTO (zsnmn/u PI0) (UNITS 10##-3) P9I/ (P1)
R12 H  INTERNAL BREMSSTRAHLUNG COMPONENT ONLY. 12/80% R21 16 2.5 .7 ARNOLD 68 HLBC VACUUM DECAY 11/68
R12 J DIRECT GAMMA EMISSION COMPONENT ONLY. 12/80% R2l BANNER 69 1S NEW EXPT NOT TO BE CONF WITH R8 OF CRONINL 67 2112
R12 K BOTH COMPONENTS. USES KOL TO PI+PI-P10/ALL KOL DECAYS = 0.1239 . 12/80% R2l 115 2.24 0.28 BANNER 69 OSPK 11/68
. . R21L 28 2.13 0.43 BARMIN 71 HLBC 8/71
R13 KOL INTO ‘CE+ E-)/CHARGED (UNITS 10%%-6) (PT1/(P2+P34+P&) RZL e e e e e e
R13 (1000.0)° OR LESS ANIKINA 65 CC 6/66 R21 AVG 2.24 0.22 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
R13 1200.0) CR LESS Cl ALFF-STEI 66 OSPK . 6/66
R13 €23.0) OR LESS € BOTT-BODE 67 OSPK 8767 R22 KOL INTO (MU+MU—)/(PI+pI-) (UNITS 10%®-5) (PEV/LPS)
: : R22 0 {140.) OR LESS CL=,90 FOETH 69 SPEC 5/70
R14 KOL INTO (E MU)/CHARGED (UNITS 10%%-4) (PB)/{P24P34P4} R22 0 (18.) OR LESS CL=.90 DARRIULAT 7o SPEC 11/70
R14 (10.0) OR LESS ANIKINA 65 CC 6766 R22 A 0 (1.53) DR LESS CL=.90 CLARK SPEC 2/76
R14 (1.0) OR LESS Cl CARPENTER 66 OSPK 8/66 R22 C 9 5.8 2.3 1.5 CARITHERS 73 SPEC 2776
R14 (0.1) OR LESS C BOTT-BODE 67 OSPK 8767 R22 F- 3 4.2 5.1 2.6  FUKUSHIMA 76 SPEC 2/76
R14 0.08 OR LESS CL=.90 FITCH 67 OSPK 3/68 R22 15 4.0 1.4 0.9  SHOCHET 79 SPEC 7/79
R22 A CLARK 71 LIMIT RAISED FROM 1.2 E-06 BY FIELD 74 REANALYSIS. 2718
R15 KOL INTO {E¢ PI~ NEU)/{E- PT+ NEU) RZZ2 A NDT IN AGREEMENT WITH SUBSEQUENT EXPTS. SO NOT AVERAGEO. 2776
R15 0 97  10.90}  (0.18) NEAGU 61 CC R22 C CARITHERS 73 ERRORS ARE AT CL=0.68, W.CARITHERS, PRIV.COMM. 1979. 2/76
R15 0 (1.01) (0,16} LUERS 64 HBC 8/66 R22 F FUKUSHIMA 76 ERRORS ARE AT CL=90 PERCENT. 2116
R15 0 894 (0.99)  (0.023) KULYUKINA 66 CC 9/66 R22 e e e e e |
R15 0 1539  (1.06)  [0.05} VERHEY 66 OSPK 8/67 R22 AVG 4.47 0.95 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R15 @ LOW PRECISION EXPTS NOT AVERAGED. FOR MORE PRECISE VALUE, :
R15 0  SEE S13AZ IN THE CP VIGLATION SECTTON BELOW. R23 KOL INTO (E+ E— }/(PI+PI-} (UNITS 10¢#-5} . (PT1/(PS)
R23 0 (10.0} OR LESS CL=.90 FOETH 69 ASPK 5770
R16 KOL INTG (MU+ PI=~ NEU)/{MU- PI+ NEU) R23 0.10 OR LESS CL=.90 CLARK T1 ASPK 6171
R16 1.0081  0.0027 DORF AN 67 OSPK - 11767
R16 SEE ALSD S13A2 AND S13AL IN THE CP VIDLATION SECTICN BELOW. 211 R24 KOL INTO (E MUI/{PI+PI-) (UNITS 10%2-5} P8I/ PS5}
R24 A 10.10) OR LESS CL=.90 CLARK T1 ASPK 6/71
: - R26 A POSSIBLE (BUT UNKNOWN) SYSTEMATIC ERRORS. SEE NOTE A IN R22 ABOVE. 4/82¢
R17 KoL mm (P10 PIO)/TOTAL (UNITS 10%2-3}) (1338} :
R17 C 7 .2) (1.51 (1.2) CRIEGEE 66 OS . 1766 R25 KOL INTO (PI E NEU GAMI/IKL E31 (UNITS 10%%-2)  (P12}/(P3)
R17 C CRIEGEE EXPT NOT DESTGNED TO MEASURE 2 P10 DECAV MODE . R25 10 3.3 2.0 PEACH 71 HLBC GAM KE 6T 15 MEV 6/T1
RIT 6 189 (2.5} 10.8) GAILLARD = 69 COSPK €00=3.6+4-0.6 5769
R17 €  LATEST RESULT DF THIS EXPERIMENT GIVEN BY FAISSNER 70 R19 1/71 R26 KOL INTO (P10 TWO GAMMAS)/(3PI0} (UNITS 10e#-3) (P13)/(P1)
R17 e e e e R26 0 1.1 DR LESS CL=.90  BANNER 69 0SPK 2/72
R17 FIT 0194 0.19° EROM FIT
] R27 KOL INTO (Ple PI-)/TAU {UNITS 10%#-2}) (P5)/(P2) 6/73
R18 KOL INTO (3P10)/(PI+PI-PI0) . (P1171P2) R27 4200 1.64 0.04 MESSNER 73 ASPK ETA +- = 2.23 6/13
R18 188 2.0 0.6 ALEKSANYA 64 FBC 9/66 R27 . .
R18 1010 1.80 0.13 BUDAGOV 68 HLBC 10/68 R2T FIT 1.635 0.035 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)
R18 883 (1.65)  (0.07) BARMINZ 72 HLBC ERROR STAT. ONLY 3/74
R18 C el e m e e R28 KOL INTD (E+ E— GAMMA)/TOTAL (UNITS 10¢%-5) tP14)
R18 AVG 1.81 0.13 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01 R28 B (2.7) OR LESS CL=.90 BARMINI T2 HLBC 3/74
R18 FIT 1.73 0.10 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.7} R28 C & 1.74 0. 87 CARROLL1 80 SPEC +-0 12/80%
R28 & USES KOL Y0 3P10/TOTAL=0.214 .
R19 KOL INTO {(2P10)/(3P10) (UNITS 10%%-2) (P1L}/(P1) R28 C USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.1239 . 12/80%
R19°C 109 (1.89)  (0.31) CRONIN 1 67 OSPK ETA00=4.9+-0.5 8767
R19 C {1.3€) t0.18) - CRONIN 2 67 OSPK ETA00=3.92+-0.3 11/67 R29 KOL INTD {MU+ MU- GAMMA)/TOTAL {UNITS 10%2-g) {P15) - 12/75
R19 .C CRONIN2 IS FURTHER ANALYSIS OF CRONIN1 +NOW BOTH WITHDRAWN 11768 R29 D 17.81) OR LESS CL=.90 DONALDS3 74 SPEC 6r17
R19 NO EVENTS SEEN BARTLETT 68 OSPK SEE E0Q BELOW 11768 R29 C 1 0.28 0.28 CARROLL1 80 SPEC +-0 12/680%
R19 57 0.46 0. 11 BANNER 69 0SPK ETA00=2.2+-0.3 2/72 R29 D USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 . 6/77
R19°R 133 ' (1.31) 10.31) CENCE 69 0SPK ETAOD=3.74-0.5 10/69 R29 C USES KOL TO PI4PI-PIO/ALL KOL DECAYS = 0.1239 . 12/80¢
R19 29 0.37 0.08 BARMIN 70 HLBC ETA00=2.024-0.23 12/70 |
R19 30 0.32 0.15 BUDAGOV 70 HLBC ETA00=1.94-0.5 10770 R30 KOL INTD (MUu+ MU- PIO}/TOTAL (UNITS 10%%*-5) (P16} 12/15
R13 £ 172 0.90 0.30 FATSSNER 10 usm( ETA00=3.2¢-0.5  12/70 R30 D (5.66) OR LESS CL=.90 DONALDS3 74 SPEC 6/77
R19 R 150 1.21 0.30 REY 6 0S ETAQ0=3.8+-0.5 8/76 R30 € 0 0.12 OR LESS CL=.90 CARROLL1 80 SPEC 12/80%
R19 F FAISSNER 70 CONTAINS SAME 2P10 EVENTS as GAILLARD 69 R17 R30 D USES KOL 7O PI+PI-PI0/ALL KOL DECAYS = 0.126 . /77
R19 R CENCE 69 EVENTS ARE INCLUDED IN REY Té6. . /77 R30 € USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.1239 . 12/780¢
R19 C e e e e e a
R19 AVG 0.437 0.092  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.6} R3L KOL INTO (PI+PI-E+E-) /TOTAL  (UNITS 10%#-6) P17y - 12/75
R19 FIT 0.437 0.085 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.5) ]R3 {30.}  CR LESS ANTKINA 73 STRC 3/78
(SEE IDEOGRAM BELOW 1 R31 D 8.81 OR LESS CL=.90 DONALDSON 76 SPEC 6777
R31 D USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 . /11
R20 KOL INTO (PI+ PI-}/(KE3 ¢ KMU3) {UNITS 10%%-3)  (P5)/(P3+P&)
R20 0 309 (2.51)  (0.23) DEBOUARD 67 OSPK ETA4-=2.004-0.09 2/76 R32 KOL INTO (P10 PI+ E—+ NEU}/TOTAL (UNITS 10%2-3) (P18) 12/75
R20 0 525 (2.35)  {0.19) FITCH 67 OSPK ETA+-21.94+-0.08 2/76 R32 O IZ 2) OR LESS CL=.90 OONALDS3 74 SPEC 6117
R20 2703 3.04 0.16 | DEVOE 77 SPEC ETA+—=2.25+-0.05 11/77 R32 CARROLL3 80 SPEC 9/81%
R20 O OLD EXPERIMENTS EXCLUDED FROM FIT. SEE SUBSECTION E+— BELOW FOR 27176 R32 D DDNALDSUNB T4 uses KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.126 . 6r11
R20 O AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY. 2176
R20 e e e e e e e R33 KOL INTO (PI MU ATGM] NEU/TOTAL {UNITS 10%%-7)} (P19} 6/77
R20 FIT 3.076 0.075 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} R33 18 SEEN COOMBES 76 WIRE 677
R34 Kon. INTO {E+ E- P10)/TOTAL (UNITS 10%%¢-6} (P20}
R34 € 2.3 CR LESS CL=.90 CARROLL1 80 SPEC 12/80%
R3% C USES KOL TO PI+PI-PIO/ALL KOL DECAYS = 0.1239 . 12/80¢
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13 KOL ENERGY DEPENDENCE OF DALITZ PLOT
RELATED TEXT SECTION VI B.l AND MINI-REVIEW ON SLOPE PARAMETERS
IN THE CHARGEL K SECTION OF THE DATA CARD LISTINGS ABOVE
MATRIX ELEMENT SQUARED = 1 + G&U + HEUZZ2 &+ J*V 4 Kayxex2
WHERE U=(S3-S0)/{MPI%%2) AND V={S1-S2)/(MPl4%%2}
GTO LlNEAR COEFFICIENT G FOR KL —> PI+ PI- PIO MATRIX ELEMENT SQUARED
GTO Q@ . {0. ADAIR 64 HB AV==T.6 +- 1.7 3/71
GT0 Q 77 {0.51) {0.20} LUERS 64 HBC A T.3 4= 1.6 3/71
GT0 Q 66 (0.321 (0.13) ASTBURY1 65 CC A 5.5 += 1.5 3/71
GY0 Q 310 {0.51) 10.09) ASTBURY2 &5 CC {7.3 +.6 -.8) 3771
GT0 Q 280 {0.64) (0.17) ANIKINA 66 CC AV=—{8.2 +.9 —-1.3) 3/71
GTO @ 128 (0.70} (0.12) HAWKINS 66 HBC AV=-8.6 +— 0.7 3/71
GT0 Q 1350 (0,649} (0.044) HOPKINS 67 HBC AT=—0.294 +~ 018 10/69
670 Q 1198 (0.428} (0.055) NEFKENS 67 OSPK Al 0.204 +- .025 3771
GTO Q 2448 1 3. 400) (0.045) BASILE2 68 OSPK A 0.188 +- ,020 3771
670 Q@ 29K (0.650} t0.012) ALBROW TO ASPK A 0.858+-.01%5 /79
GT0 QB 36K (0.593) (0.022) BUCHANAN 70 SPEC A 0.278 +- .010 2776
GT0 Q 4400 {0.664) (0.056) SMITH 70 OSPK A 0.306 +-0.024 1779
GT0 O 180 {0.50) to.11) JAMES 72 HBC 1/73
GTO Q 1486 10.608) {(0.043) KRENZ 72 HLBC A +- L018 11772
GTO Q@ 384 (0.688) (0.074) MEYCALF 72 ASPK A +- ,03 /72
GT0 Q 10.612) (0.032) ALEXANDER 73 HEBC 2776
GY0 Q@ 3200 {0.73) (0.04) BRANDENBU 73 HBC 1/74
GTO QC 20K (0.619) (0.027) 8ISt T4 ASPK AT=-0.282 +- .01l 10/74
670 509K 0.677 0.010 MESSNER T4 ASPK AY=—0.917+-.013 7775
GY0 Q@ 192 10.69) (0.07) BALDOCECL 75 HLBC 12775
GTO Q@ 56K (0.590) (0.022) BUCHANAN 75 SPEC AU=-0.277 +— .01D 75
GTO H6499 0.681 0.026 CHO 77 HBC 11/77
GTO 4709 0.620 0.023 T7 HBC 11/77
GT0 Q QUADRATIC DEPENDENCE REQUIRED 'BY SOME EXPERIMENTS {SEE SECTICNS
670 Q HTO AND KTO BELOW). CORRELATIONS PREVENT US FROM AVERAGING RESULTS
GTO @ OF FITS NOT INCLUDING Gs Hs AND K TERMS.
GV0O B8 BUCHANAN 70 RESULT REVISED BY BUCHANAN 75 TO INCLUOE RADIATIVE COR. 2/76
GT0 B AND TO USE MCRE RELIABLE KL MOM.SPECT. OF 2ND EXPT.(HAD SAME BEAM). 2/76
GY0 C BISI 74 VALUE COMES FROM QUADRATIC FIT WITH QUAD. TERM CONSISTENT ‘11475
6T0 € WITH ZERD. GY0 ERROR IS THUS LARGER THAN IF LINEAR FIT WERE USED. 11775
GTO e s e e s s e N
GTO AVG 0.670 0.014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6}
{SEE IDEQGRAM BELOW )}
WEIGHTED AVERAGE = 0.670 £ 0.014
ERROR SCALED BY 1.6
CHISQ
—_— -PEACH 77 HBC 4.7
— - CHO 77 HBC 0.2
-MESSNER 74 ASPK 0.5
5.4
L . . (CONLEV
0.55 ©0.60 0.65 ©0.70 0.75 0.80 =0.066)
TAU O SLOPE PARAMETER FOR KOL
HTO0 QUADRATIC COEFF. H FOR KL ==-> PI+ PI~ PIO HATRIX ELEMENT SQUARED
HT0O @ 29K (-0.011) ({(0.018) ALBROW T0 1779
HTO Q 4400 10.043) (0.052) SMITH 70 USPK 1779
HT 509K 0.079 0.007 MESSNER T4 ASPK 3718
HTO 6499 0.055 0.032 CHO 77 H48C 3718
HTO 4709 0.048 0. 036 PEACH TT HBC 3/78
HTO SEE NOTES IN SECTION GTO ABOVE. 1779 °
HTO e s o s s e e =
HTO AVG 0.0786 0.0067 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
KfO QUADRATIC cOoeFE. X FOR KL ~~> PI+ PI- PIO MATRIX ELEMENT SQUARED
KTQ 509K 0.0097 0.0018 MESSNER T4 ASPK 3/78
KTO 6499 0.024 0.010 CHO 7T HBC 3718
KT0 4709 -0.008 0.012 PEACH T7 HBC 3/78
KTO e e s s s e o
KTO AVG 0.0098 0.0018 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
470 LINEAR CDEFF. J FOR KL —=> PI+ PI- PIO IS LISTED UNDER CP VIOLATION 1719
JTO PARAMETERS IN KOL ODECAYS. /779
13 KOL FCRM FACTORS
RELATED TEXT SECTION VI B.2 AND MINI-REVIEW ON FORM FACTORS
IN THE CHARGEC K SECTION OF THE DATA CARD LISTINGS ABOVE.
IN THE FORM FACTOR COMMENTS, THE FOLLOWING ABBREVIATIONS ARE USED.
Fa& AND F- ARE FORM FACTDRS FOR THE VECTOR MATRIX ELFMENT.
FS AND FT REFER TO THE SCALAR AND TENSOR TERM.
FO = (F+) + (F-)%*T/(MK$22-MP[es2)
L+, L- AND LD ARE THE LINEAR EXPANSION COEFFS. OF F+, F- AND FO.
L+ REFERS TOQ THE KMU3 VALUE EXCEPT IN THE KE3 SECYIONS.
DXI1/0L IS THE CORRELATION BEYWEEN XU{0) AND L+ IN KMU3,
DLO/DL+ IS THE CORRELATION BETWEEN LO AND L+ IN KMU3,
T = MOMENTUM TRANSFER TD THE PI IN UNITS OF MPI%®%2,
DALITZ PLOT ANALYSIS
PI SPECTRUM ANALYSIS
MU SPECTRUM ANALYSIS
MU POLARIZATION ANALYSIS
KMU3/KE3 BRANCHING RATIO ANALYSIS
POSTTRON OR ELECTRON SPECTRUM ANALYSIS
RC = RADIATIVE CORRECTIONS

x1IC
XIC

x1c
XicC
x1c

1941

X1
X1
Ix1
Xy
X1
X1
1941
IXI
X1
Xt
Ix1

LM
L+M
LeMn
LM
LM
LM
LM
LM
L+M
LM
[
LeM
LM
LM
LM
LM

LM

Stable Particles

XIA = F-/F+ (DETERMINED FROM SPECTRA)

Al341 +1.2 {0. CARPENTER 66 OSPK DP, 0X1/0L=-18 1/74
B 3140 (-3.9) 10.4) BASILE 70 OSPK DP, INDEP OF L+ 1/74
C 16K (-0.68) {0.12) {0.20) CHIEN 70 ASPK 0P+ DXI/OL=-26 1/74
D908& ~-1.5 0.7 ALBROW 72 ASPK 0Py DXI1/0L=— 1/74
€ 16K (+0,50) (0.61} DALLY T2 ASPK DP. DXI/DL UNKN. 1/74

EL385 -1.00 (0.45) PEACH 73 HLBC
Fl.6M -0.11 0.07 DONALDS2 T4 SPEC

G 32K =0.25 0.22 BUCHANAN 75 SPEC

H 16K +0.13 0.23 HILL 79 STRC

H 14K +0.26 0. 16 CHO 80 HBC

I1150K =0.10 0.09 BIRULEV 81 SPEC DPe DXI/DL=-12 4/82%
AVG -0.074 0.061 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2)

FIT -0.11 0.09 FROM FIT {ERROR INCLUDES SCALE FACYOR OF 2.3) 5/82%

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+ SEC. OF DATA CDS.

A CARPENTER 66 X1{0) IS FOR L+=0. DXI/DL IS5 FROM FIG. 9. 174
8 BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST l/7’o
8 THAT EFFICIENCY ESTIMATES MIGHT B8E RESPONSIBLE. 1/74
c CHIEN 70 ERRORS ARE STATISTICAL ONLY. OXI/DL FROM FIG.4. 1774

C DALLY 72 IS A REANALYSIS OF CHIEN 70. THE DALLY T2 RESULT IS /74
€ NOT COMPATIBLE WITH ASSUMPTION L-=0 SO NOT INCLUDED IN QUR FITY. 2/16
C THE NON-ZERQ L— VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY 1/74
C DALLY T2 COME MAINLY FROM A SINGLE LOW T BIN (FIGS.1.2). 1/74

C - THE (F+,X1) CORRELATION WAS IGNORED. 1/74

C WE ESTIMATE FROM FIG. 2 THAT FIXING L-=0 WOULD GIVE XI{(0)=-1.4¢-0.3 1/74
C AND WOULD ADD 10 TO CHI SQUARED. DXI/DL IS NOT GIVEN. 1774

D ALBROW T2 FIT HAS L- FREE, GETS L-=—.030+-.060 OR LAM=+.15+,1T-,11. 1/74

E PEACH 73 GIVES XI0=-.95+-.45 FOR L#=1-=,025 . THE ABOVE VALUE IS 1/74

E FOR L-20. K.PEACH, PRIVATE COMMUNICATION(1974). /74

F  DONALDSON2 74 GIVES XI=-.114-.02 NOY INCLUDING SYSYEMATICS. ABOVE 11/75

F  ERROR AND DXI/0L WERE CALCULATED BY US FROM LO AND L+ ERRORS (WHICH 11/75

F  INCLUDE SYSTEMATICS) AND DLO/DL+. 11/75

G BUCHANAN 75 15 CALCULATED BY US FROM LO, L+ AND DLO/DL+ BECAUSE 2/76

G THEIR APPENDIX A VALUE —-.204-22 ASSUMES XI(T} CONSTANY, I.E. L-=Lt. 2/76

H HILL 79 AND CHO 80 CALCULATED BY US FROM LOs L+, AND OLO/OL+. 4/82%

1T BIRULEV 81 ERROR, DX1/DL CALC. BY US FROM (0. L+, DLO/DL+=0 USED. 4/82%

X1B = F-/F+ (DETERMINED FROM KMU3/KE3)
THE KMU3/KE3 BRANCHING RATIO FIXES A RELATIONSHIP BETWEEN XI(0) 1774
AND L+. WE QUOTE THE AUTHORS XIfO) AND ASSOCIATED L+ BUT DO NOT 1/74
AVERAGE BECAUSE THE L+ VALUES DIFFER. THE FIT RESULT AND SCALE 1/74
FACTOR GUIVEN IN THE NOTE ON KL3 FORM FACTORS IN THE K+ SECTION OF 2/76
THE DATA CARDS ARE NOT DBTAINED FROM THESE XIB VALUES. [INSTEAD 2/76
THEY ARE CBTAINED DIRECTLY FROM THE AUTHORS KMU3/KE3 BRANCHING 2176
RATIO VIA THE FITTED KMU3/KE3 RATIO (R10). 2/76
389 (+1.1) (1.1} ADAIR 64 HBC B8Ry L+=0 1/74
(+0.66} 10.9) (1.3) LUERS 64 HBC BRy L#=0 1/74
{40.2) (0.8} (1.2) KULYUKINA 68 CC BRy L¢=0 1/74
569 (+0.45) (0.28) BEILLIERE 69 HLBC BRy L+=0 1/74
€ 1309 (-0.22) (0.30) EVANS 69 HLBC 1/74
3548 (-0.5) 10.5) BASILE 70 0SPK BRe L4=.02 1/74
6700 10.5) (0. 4) BRANDENBU 73 HBC BReL+=.019+-.013 1/76
€1309 (-0.08} {0.25) EVANS T3 HLBC B8Ry L+=.02 1/74
FIT =0.11 0.09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82%
FIT DISCUSSEC IN NOTE ON KL3 FORM FACTORS IN K4- SEC. OF DATA CDS.

€ EVANS 73 REPLACES EVANS 69. 1/74
X1C = F=/F+ [DETERMINED FROM MU POLARIZATION IN KMU3) ———————w=—
THE MU POLARIZATION IS A MEASURE OF XI(T). NO ASSUMPTICNS ON L+—
NECESSARY, T (WEIGHTED BY SENSITIVITY TO XIO) SHOULC BE SPECIFIED.
IN L+, XI1(0) PARAMETERIZATION THIS IS XI{0) FOR L+=0. ODXI/DL=XI*T.
FOR RAD. CORR. TO MUON PDLARIZATION IN KMU3. SEE GINSBERG T73. 2/72

T 2608 {-1.2) 10.5) AUERBACH 66 O0SPK POLARIZATION 8/67
T 638 (-1.6) {0.5) ABRAMS 68 DSPK POLARIZATION 5/69

L -1.81 0.50 0.26 LONGO 69 CNTR POL. T=3.3 1/74

S$2.2M ~0.385 0.105 SANDWEISS 73 CNTR POL,DXI/DL=—6 1774

H207K +0.178 0.10% CLARK 77 SPEC POL+DXI/DL=+.68 11/77
AVG -0.17 0.28 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3.9)

FIT -0.11 0.09 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3) 5/82%

FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K- SEC. OF DATA CODS.

T T VALUE NOT GIVEN 1/74
L LONGO 69 T=3.3 CAtC. FROM DXI/DL=-6.0 {TABLE 1} DIVIDED 8Y XI=-1.81 1/74
S SANDWEISS 73 IS FOR L+=0 AND T= 1/74
H CLARK 77 T=+3.80, DXI/DL= XI(Y)*T-.17B'3.80~0 68 . 11777

IMAGINARY PART OF XI {TEST OF T REVERSAL) e
-0.2 0.6 ABRAMS 68 0SPK POLARIZATIGN 10/69
. =0.02 0. 08 LONGO 69 CNTR POL. T=3.3 11769

2.2M —0.060 0.045 SANDWEISS 73 CNTR POL, T=0 1/74

$2.2M —0. 085 0.064 SANDWEISS 73 CNTR POL,T=0 12779
€207K 0.35 0. 30 CLARK 77 SPEC POL, T=0 /77

(0.012) {0.026) SCHYIDT 79 CNTR REPL.BY MORSE 80 12/79
12M 0.009 0. 030 MORSE 80 CNTR POLARTIZATION 10/81¢

S SANOWEISS 73 VALUE CORRECYTED FROM VALUE QUOTED IN THEIR PAPER DUE 12779

S VO NEW VALUE OF RE{XI). SEE FTNDVE 4 OF SCHMIDT 79. 12/71%
C CLARK 77 VALUE HAS ADDITIONAL X10 DEPENDENCE +0.21#RE{XIOD). 11/77
AVG -0_.020 0. 022 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}

LAMBDA + (LINEAR ENERGY DEPENDENCE OF F¢ IN KMU3 DECAY)  ——=—w————

SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTIOM XIA AND LO.

FOR RAD.COR. OF KMU3 DP SEE GINSBURG 70 AND BECHERRAWY 70. 3/74

16% t0.07} (0.02) 70 ASPK REPL. BY DALLY 72 1/74
A9086 0.085 0.015 ALBROW 72 ASPK opP /74

16K t0.11) (0.04) DALLY 72 ASPK opP /74

82K 10.046) (0.008) ALBRECHT 74 WIRE REPL. BY BIRULEV 81 11/75
1.6M 0.030 0. 003 DONALDS2 74 SPEC DP 10/74

32K 0.046 0.0 BUCHANAN 75 SPEC oP 9775
129K {0.0337) (0. 003?) DZHORDZIHA T7 SPEC REPL. BY BIRULEV Bl 12/79

16K .02 8.011 HILL 79 STRC op 12/19

14K 0.028 0.010 tHC 80 HBC opP 2782
150K 0.0427 0. 0044 BIRULEV 81 SPEC or 1/82¢

AVG 0. 0347 0.0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.1}

FIT 0.0364 0.005 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3} 5/82¢

FIT DISCUSSED IN NOTE ON KL2 FORM FACTORS IN K-

SEC. OF DATA CODS.
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Stable Particles

Lo LAMBDA O (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 DECAY}  m=m=m==——e 13 CP VIOLATION PARAMETERS IN KOL DECAYS
Lo WHEREVER POSSIBLE, WE HAVE CONVERTED THE ABOVE VALUES OF XI(O) INTO
Lo VALUES DF LO-USING THE ASSOCIATED t+M AND DXI/DL. RELATED TEXT SECTION VI B.3 AND MINI-REVIEW BELOW
LO L 1371 +0.08 (0.0T) CARPENTER 66 OSPK OP,DLO/DL¢=~0.54 1/74
Lo L -0.140  (0.043) (0.022}LONGO 69 CNTR POL.DLO/DL+=4.49 1/T4 emmme—————===13 CHARGE. ASYMMETRY IN TAU DECAYS——-—————=—===-o==-=s
L0 B 3140 (-0.233) {0,034 BASTLE 70 OSPK DP,DLO/DLA=+1. 1774
L0 A 9086 —0.043 0.052 ALBROW 72 ASPK DP,DLO/DL+=-1.39 1/74 JT0 COEFF OF TERM (S1-S21/7{MPI2) IN MATRIX ELEMENT DEF INED AT BEGINNING
Lo € 16K (-0.067) ({0.227) DALLY T2 ASPK OP,DLO/DL® UNKN, 1/7¢ JT0 OF SECTION GTO ABOVE. SEE ALSO MINTREVIEW ON SLOPE PARAMETERS IN
L0 R 6700 {+0.06)  (0.03) BRANDENBU 73 HBC BRyL#=.019+-,013 1/74 70 CHGD K SECTION AND TEXT SEC. VI B.l. THIS SECTION REPLACES CHARGE
Lo P 1385 -0.060  (0.038) PEACH 73 HLBC 0P, OLO/DL#=-0.7L 1/74 JT0  ASYMMETRY PARAMETER SECTION(A) IN THE 1978 AND EARLTER EDITIONS.
Lo L SANDWEISS 73 CNTR POL.DLO/DL+=+.49 1/7% JT0 238K 0.001 0.004 BLANPIED 68 1/79
Lo ALBRECHT 74 WIRE REPL. BY BIRULEV 81 11/75 JT0 an 0.0013  0.0009 SCRIBAND 70 1779
Lo E DONALDS2 T4 SPEC DP,OLO/DL+=-0.47 10/74 JT0 4400 0.0 . 0,017 SMITH 70 0SPK /79
Lo BUCHANAN 75 SPEC OP,DLO/OL4=40.5 2/76 JT0O 6499 0.001 0.011 CHO 77 19
L0 L 207K  +0.047  10.009} CLARK 77 SPEC POL+DLO/DL#=1.06 11/77 JTO 4709 -0.001 0.003 PEACH 77 19
Lo 47K (+0.0485) {0.0076) DZHORDZMA T7 SPEC REPL. BY BIRULEV 81 12/79 JT0 e e e e
Lo 16K +0.039 0.010 HILL 79 STRC 0P, 0LO/DL+=~0,67 12/79 JTO AVG 0.00110 0.00084 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
Lo 14K +0.050 0.008 CHO 80 HBC DP,OLO/DL+=-0.11 2/82%
L0 6 14K  (0.041) (0.008) CHO 80 HBC BR, L+=0.028 2/82% - ————13 CHARGE ASYMMETRY [N LEPTONIC DECAYS (PERCENT)-—-———
LO H 150K 0.0341  0.0067 BIRULEV 81 SPEC 0P,DLO/DL+=? 4/82% TEXT SECTION VI 8.3 C
Lo e e ee e
Lo AVG 0.0279  0.0057 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.9) SUCH ASYMMETRY VIOLATES CP . IT IS RELATED TO REALUEPSILONI.
Lo FIT 0.025 0.006 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 2.3} 5/82¢
Al KOL INTQ (MU+PI-NUI—(HU-P I+NU}/{MU+PT=NU)+{HU-P 1+NU} (PERCENT)
Lo FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN Ke— SEC. DF DATA CDS. AL IM  10.403)  (0.134) DORFAN 67 0SPK DERIVED FROM R16 11/67
oL LO VALUE IS FOR L+=0.03 CALCULATED BY US FROM XIQ AND DXI/DL. - 1/74 AL D I 0.57 0.17 PACIOTTI 69 OSPK 1773
LO B BASILE 70 LO IS FOR L#=0. CALCULATED BY US FROM XTA WITH DXI/DL=0. 1/74 Al 7.7H 0.278 0. 051 PICCIONT 72 ASPK 1/73
L0 B BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS. AUTHORS SUGGEST 1/74 Al 4. 1M 0.60 0. 14 MCCARTHY 73 CNTR 6/73
LO B  THAT EFFICIENCY ESTIMATES MIGHT BE RESPONSIBLE. 1776 a1 15M 0.313 0.029 GEWENIGL 74 ASPK 1774
Lo A ALBROW 72 L0 IS CALCULATED BY US FROM XIA,L+ AND DXI/DL. THEY GIVE 1/74 A1 D PACIOTTI 69 1S A REANALYSIS DF DORFAN 67 AND IS CORRECTED FOR 1/73
Lo A LO==-.043+~.039 FOR L-=0. WE USE OUR LARGER CALCULATED ERROR. /74 Al D MU+ MU- RANGE DIFFERENCE IN MC CARTHY 72. /13
LO € DALLY 72 GIVES FO=1.20+-.35, 10==.080+-.272, LOPRIME=-.006+-.045, 1/74 Al R
L0 C BUT WITH A ODIFFERENT DEFINITION OF LO. OUR QUOTED LO IS HIS LO/FO. 1/74 AL AVG 0.319 0.038 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.5)
LO C WE CANNOT CALCULATE TRUE LO ERROR WITHOUT HIS (LO,FO) CORRELATIONS. 1/74 (SEE [DEOGRAM BELOW ) R
L0 C SEE ALSO NOTE C IN SECTION XIA. /74
Lo P PEACH 73 ASSUMES L+=0.025. CALCULATED 8Y US FROM X10 AND OXI0/DLe. 1/76 Y
L0 R FIT FOR LO DOES NOT INCLUDE THIS VALUE BUT INSTEAD INCLUDES THE 2776 WEIGHTED AVERAGE = 0.319 + 0.038
LO R KMU3/KE3 RESULT FROM THIS EXPERIMENT. 2716 ERROR SCALED BY 1.5
Lo E DONALDSON2 764 DLO/DL¢ OBTAINED FROM FIG. 18. 11/75 _
LO F BUCHANAN 75 VALUE IS FROM THEIR APPENDIX A AND USES ONLY KMU3 DATA. 2/76 T
L0 F DLO/OL+ WAS OBTAINED BY PRIVATE COMMUNICATION, C.BUCHANAN, 1976. 2776
LO G CHD 80 BR RESULT NOT INDEPENDENT OF THEIR OP RESULT. 4/82¢
LO H BIRULEV 81 GIVES DLO/OL+=—1.5, GIVING AN UNREASONABLY NARROM ERROR  4/82%
L0 H ELLIPSE WHICH DOMINATES ALL OTHER RESULTS. WE USE DLO/DL#=0. /82¢
L+E LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KO E3 DECAY) ———
L+E FOR RAD.COR. OF KE3 OP SEE GINSBURG &7 AND BECHERRAWY 70. 3774
L+E 153 «0.07 0.06 LUERS 64 HBC DP, NO RC
L+E STT  +0.15 0.08 FISHER 65 DSPK DP.+ NO RC 8/67
LeE 762 -0.01 0.02 FIRESTONE 67 HBC 0P, NO RC 8767
LeE 531  +0.01 0.015 KADYK 67 HBC EsPI, NO RC 8/67
LE 240 +0.08 0.10 0.08 LOWYS 67 FBC P1 8/67
L+E 1000 0.02 0.013 ARONSON 68 OSPK 3 5769
L+E 4800  +0.023 0.012 BASILE 68 OSPK 0P, ND RC 3/68
LeE 42K 0.023 0. 005 BIST 71 ASPK o 12/71
L+E 16K 0.05 0.0t CHIEN 71 ASPK DPy NO RC 6/71
L+€ 1910 0.022 0.014 NEUHOFER 72 ASPK Pt 1/73 CHISQ
L¢E 5600 0.045 0.014 ALBROW 73 ASPK op 9/73
L+€ 1871 0.019 0.013 BRANDENBU 73 HBC PI TRANSV. 1/74 B o R GEWENIG! 74 ASPK 0.0
L+E 2171 0.040 0.012 WANG 74 OSPK opP 74 — 4 . .MCCARTHY 73 CNTR 4.0
L+E 25K 0.0270  0.0028 BLUMENTHA 75 SPEC op Lt
Lo 24K 0.044 0.006 BUCHANAN 75 SPEC op /75 S U PICCIONI 72 ASPK 0.6
L+E 48K (0.032) {0.0042} BIRULEV 76 SPEC REPL. BY BIRULEV 8% 1/78 . .PACIOTTI 69 0SPK
L+E 500K 0.0312  0.0025 GJESDAL 76 SPEC or /77 -
L+E E 12K 0.025 0.005 ENGLER 78 HBC o 719 4.7
L4E 18K 0.0348  0.0044 HILL 78 STRC op 6/78 N . . (CONLEV
LeE 26K (0.0286) (0.0049) BIRULEV 79 SPEC REPL. BY BIRULEV 81 10/81% =
Le€ E 19K  (0.0291 (0.005) CHO 80 HBC op . 282 0.0 0.2 0.4 0.6 0.8 1.0 0.094)
L+E T4K 0.0306 0.0034 BIRULEV 81 SPEC 1/82¢ CHARGE ASYMMETRY FQOR KL ——> MU PI NU
L+E E ENGLER 78 USES UNIQUE KE3 SUBSET OF CHO 80 EVENTS AND IS LESS 2/82%
L4€ € SUBJECT TO SYSTEMATIC EFFECTS. 2/82¢ /
L4E e e s o e o s ae
L+E AVG 0.0300 0.0016 AVERAGE (ERROR IN ALE FACTOR OF 1.
ngE lDEBGlEAM aeigw ? INCLUDES SCALE Fac 1.2 A2 KOL INTO (E4PI-NU)=- (E-PT+NU)/(E+PI-NU]+(E-PI+NU} (PERCENTY
A2 8 10N  (0.224) (0.036) BENNET &7 CNTR }(1';9“7’
: A28 10M 0.246 0.059 SAAL 69 CNTR
WEIGHTED AVERAGE = 0.0300 + 0.0016 A2 10M 0.346 0.033 MARX 70 CNTR 10/70
ERROR SCALED BY 1.2 A2 500K 0.36 0.18 ASHFORD 72 ASPK 2772
a2 4OM 0.318 0.038 FITCH 73 ASPK 12/73
CHisQ A2 344 0.341 0.018 GEWENIGL T4 ASPK 1774
_____ _BIRULEV 81 SPEC 0.0 :g 8 SAAL fq_tf A ?EfoLYSES OF BENNETT 67
----- - -HILL 78 STRC 1.2 A2 VG 0.333 0.014  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
--------- - -ENGLER 78 HBC 1.0
..... - GJESDAL 76 SPEC 0.2 AL KOL INTD ({L4)=(L~)}/((L+1+(L=))} {COMBINED Al AND A2) (PERCENT}
AL B 10M 0.246 0,059 SAAL 69 CNTR KE3 2/71
""" -BUCHANAN 75 SPEC 5.4 ALD 1M 0.57 0.17 PACIOTTI 69 OSPK  KMU3 1773
------- BLUMENTHA 75 SPEC 1.1 AL 108 0.346 0.033 MARX 70 CNTR KE3 g;;;
..... .. P . AL 600K 0.36 0.18 ASHFORD 72 ASPK KE3
L Ag::SDENBU ;; gch g ; AL 7.7TM 0.278 0.051 PICCIONI 72 ASPK KMU3 1/73
o : AL 40M  0.318 0.038 FITCH 73 ASPK KE3 12/73
- -ALBROW 73 ASPK 1.1 AL 4.1M 0.60 0.14 MCCARTHY T3 CNTR KMU3 6/73
- -NEUHOFER 72 ASPK 0.3 AL 33M 0.333 0. 050 WILLIAMS 73 ASPK KMU3+KE3 12/73
‘‘‘‘‘ . .CHIEN 71 ASPK 4.0 AL 15M 0.313 0.029 GEWENIGL 74 ASPK KMU3 1/74
: AL 34m 0,341 0.018 GEWENIGL 74 ASPK KE3 /74
"""""" - -BISI 71 ASPK 2.0 Al SEE FODTNOTES IN SECTIONS Al AND A2 ABOVE. 1/73
---------- - -BASILE 68 QSPK 0.3 AL P T T
...... - -ARONSON 68 OSPK 0.6 AL AVG 0.330 0.012 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
-LOWYS 67 FBC mmmemmmmmmm—eee—==13 PARAMETERS FOR KOL INTO 2P[ DECAYm=-m——-———wmmm==
--------- KADYK 67 HBC 1.8 FEXT SECTION VI 8.3 C
oo FIRESTONE 67 RBC ETA A(KL TO PE4PI-1/A(KS YO PI+PI-}
. . FISHER 65 OSPK +- = AKL prdn 5
= ks TO PIOP
_____ _LUERS 64 HBC ETA00 = A(KL TO PIOPIO}/AL 0 PIOPIO)
. ' 20.6 THE FITTED VALUES OF ETA+- AND ETAOO GIVEN BELOW ARE THE RESULTS
-0.1 0.0 0.1 0.2 0.3 0.4 OF A FIT TD ETA4-, ETAOO AND ETAOO/ETA¢- RESULTS. THE VALUES LISTED
(CONLEV BELOW WHICH ARE NOT PARENTHESIZED ENTER THE FIT AS SHOWN. THE
LAMBDA+ FOR KE3 DECAY OF KOL =0.112) VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNDTE X DO NOT ENTER
FS FS/F+ RATIO OF SCALAR TO F+ COUPLINGS FOR KE3 DECAY(ABS. VALUE)——— THE FIT AS SHOWN. THESE EXPERIMENTS GIVE BRANCHING RATIOS AND ENTER
FS {0.15) OR LESS CL=.68 KULYUKINA 67 CC 1L0/69 THE FIT VIA THE QUANTITY ACTUALLY MEASURED —- BRANCHING RATIOS
FS 5600 (0.19) CR LESS CL=.95 ALBROW 73 ASPK 9/73 R9, R20 AND R27 (ETA4+—) AND R17 AND R19 (ETAOG). THESE BRANCHING
FS 25K (0.04) OR LESS CL=.68 BLUMENTHA 75 SPEC 175 RATIOS ARE COMBINED WITH CURRENT NORMALIZATIONS AND CURRENT KL AND KS
FS 48K (0.0T) OR LESS CL=.68 BIRULEV 76 SPEC SEE ALSO BIRULEV 81 1/78 MEAN LIVES TO DBTAIN P] 1 RATES. THE ETA+— AND ETAQO VALUES OBTAINED
FS 18K (0.095)0R LESS CL=.95 HILL 78 STRC 6178 FROM THESE RATES ARE ENTERED BELOW WITH THE NAME *GKL/GKS®.
FT FT/F+ RATIO CF TENSOR TO F+ COUPLINGS FOR KE3 DECAY(ABS. VALUE)—--
FT (1.0} OR LESS KULYUKINA 67 CC 10769
FT 5600 (1.0) OR LESS ALBROW 73 ASPK 973
FT 25K (0.23) OR LESS BLUMENTHA 75 SPEC 7175
FT 48K (0.34) CR LESS BIRULEV 76 SPEC SEE ALSO BIRULEV 8L 1/78
FT 18K  {0.40) OR LESS HILL 78 STRC 6/78
FTM FT/F+ RATIO OF TENSOR TOD F+ COUPLINGS FOR KMU3 DECAY(ABS. VALUE}--—-
FTM ©0.12)  10.12) BIRULEV 81 SPEC 2/82% .




85
Data Card Listings

For notation, see key at front of Listings.

EOS (ETAOO)®#2 = ([AIKL TO ZPlol/A(KS TO 2P101}*%2 (UNITS 10%#%-6) -
EOS X 0 (-2.})- {7.0} BARTLETT 68 OSPK 10/69
EOS X 57 (4.9) (1.2} BANNER 69 0SPK 2172
EOS XR 133 (14.1) (3.4) CENCE 69 CSPK 10769
€0S XF 180 (13.) (6.} GATLLARD 69 GSPK 10/69
EOS X 29 (4.08} 10.9 BARMIN T0 HLBC 12/70
EOS X 30 (3.61) 1.9 BUDAGOV 70 HLBC 10/70
EOS € 8.7 3.7 CHOLLET T0 0SPK €U REG.+4 GAMMAS 2/72
EOS XF 172 (9.9 3.4 FAISSNER 70 OSPK . 12/70
EQS C 56 T4 2.0 WOLFF 71 OSeK CU REG.,4GAMMAS 12/T71
EOS XR 150 (14.1) 3.4) 76 OSPK 8/76
EQS 5.43 0. 84 CHRISTEYL 79 ASPK 2779
EOS X 1.0 GKL/GKS 82 RVUE BR SCALE FACTOR=1.5 4/82%¢
E0S X SEE NDTE ABOVE REGARDING FITTED VALUES OF ETA+ AND ETAOO.
EOS R CENCE 69 EVENTS ARE INCLUDED IN REY 76. 1777
E0S F FAISSNER 70 CONTAINS SAME 2PIO EVENTS AS GAILLARD 69
EO0OS C€ CHOLLET 70 GIVES £TA00=(1.234-0.24)}*(REGEN AMPL,2GEV/C CU)/10000MB 2772
EOS C WOLFF 71 GIVES ETA0O=(1.13+-0.12)*(REGEN AMPL,2GEV/C CU)/10000M8 2172
EOS C WE COMPUTE BOTH EYAOO*%2 VALUES FOR {REGEN AMPL,2GEV/C CU}=24¢-2MB. 2/72
EOS € THIS REGEN AMPL RESULTS FROM AVERAGING OVER FAISSNER 69, 2/12
E0S C EXTRAPOLATED USING OPTICAL MODEL CALCULTIONS OF BOHWM ET AL. 2772
EOS € PL 278 594 (1968} AND THE DATA DOF BALATS 71l. (FROM H. FAISSNER, 2772
E0S € PRIVATE COMMUNICATION) 2/72
£0S F,_ FAISSNER T0 CCNYAXNS SAME 2PI0 EVENTS AS GAILLARD 69
EOS e s v .. B
EOS AVG 5.58 0 60 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
EOS FI 5341 0.38 FROM FIT (ERROR INCLUDES SCALE FACYOR OF 1.1} 4/B2%
E00 THLS FIT VALUE coRRESPONDS 1O ETA00=2.325+-0.082 4/82%
E+r ETA+= = AIKL TO PI+PI-}/A(KS TO PI+PI-} UNITS 10" 3 ——————
E+= X 45 (1.95) (0.201 CHRISTENS 64 OSP 2/76
E+ X 54 {1.99) 10.16) GALBRAITH 65 -USPK 2/76
E4+= X {1.92) 10.13) BASILE 66 OSPK 2176
E+ X {1.95) 10.04) BOTT-BODE 66 OSPK 2/16
E+- X {2.00) (0.09} DEBOUARD 67 OSPK 2776
E+ X {1.94) {0.08) FITCH 67 OSPK 2/76
E+- AX (1.95) 10.03} GKL/GKS 71 RVUE EXPTS. BEFORE 71 2/76
E+ A AVERAGE OF ABOVE EXPERIMENTS. THESE ARE EXCLUDED FROM THE GKL/GKS., 1780
E+ A AVERAGE, AND FIT VALUES BELOW SINCE THEY DU NOT AGREE WITH MORE 1780
E+ A RECENT PRECISE AND IN PRINCIPLE SUPERIOR EXPERIMENTS. 1780
E+- X 4200 (2.2 (0.05) MESSNER T3 ASPK 11775
E+- 2.30 0.035 GEWENIG2 74 ASPK 3774
E+- X 2703 (2.25)  (0.05) DEVOE 77 SPEC 11777
£+ 2.27 0.12 CHRISTE2 79 ASPK 12/79
E+= X 2.255 0.029 GKL/GKS -82 RVUE BR EXP. AFYER 71 ~4/82%
£+ X SEE NOTE ABOVE REGARDING FITTED VALUES OF ETA+— AND ETAOO.
B e e e e
E+- AVG 2.273 0.022 AVERAGE (ERRUR INCLUDES SCALE FACTOR OF 1.0}
E+- FIT 2.274 0.022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 4/82¢
ER RATIC OF ETAOO OVER ETA+-
ER 124 1.03 0.07 BANNERL 72 CSPK 8/712
ER 167 1.00 0. 06 HOLDER T2 ASPK 8/72
ER C {1.00} {0.09) CHRISTEL 79 ASPK 2/80
ER C NOT lNDEPENDENT OF E+- AND EOS VALUES WHECH ARE INCLUDED IN FIT. 2/80
ER et e e e
ER AVG 1.013 0-0%6 AVERAGE (ERROR INCLUDES SCALE FACYOR OF 1.0)
ER FIT 1.023 0.036 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1} 4/82%¢
F 4= PHASE OF ETA +— {DEGREES)
Fa- THE DEPENDENCE OF THE PHASE ON-THE KOL-KOS MASS DIFFERENCE
Fe= 1S GIVEN FOR EACH EXPERIMENT IN THME COMMENTS BELOW, WHERE OM IS .
F4+— (MASS DIFF./HBAR) IN UNITS 104510 SEC-1. WE HAVE EVALUATED THESE
Fé- MASS DEPENDENCES USING OUR APRIL 1982 VALUE, DM=0.53494-0.0022
4 TO OBTAIN THE VALUES AND AVERAGE QUOTED BELOW. WE ALSO GIVE THE
F+— REGENERATOR PHASE FR IN THE COMMENTS BELOW.
F+— 0 {45.01 (50.00 FITCH 65 0SPK BE REGEN 11767
F+- 0 130.0) 145.0) FIRESTONE 66 HBC . 11767
F+ 0 (70 ['3) (21.0} BDTT-BDDE 67 OSPK € REGEN 11/67
F+— O -0} (35.0) SCHKE 67 0SPK CU REGEN 1/68
Fe- 0 oLo FXPER!HENTS VXYH LARGE ERRORS NOT INCLUDEC IN AVERAGE. 2/76
F+ N (51.0)1 (11.0) BENNETT2 68 CNTR CU REG. USES 8/68
F+— C 34,2 10.0 BENNETT 69 CNTR CU REGEN 2/71
F+- B 45.3 12.0 BOHM . 69 OSPK VACUUM REGEN 2/71
F+ F 45.2 T4 . FAISSNER 69 ASPK CU' REGEN 2/71
Fe= ) 40.6 4.2 JENSEN 70 ASPK VACUUM REGEN 2771
F+ D 37.2 12.0 BALATS T1 CGSPK CU REGEN 9/71
F+ P 36.2 6.1 CARNEGIE 72 ASPK CU REGEN 1/73
F+~ G 46.5 1.6 GEWENIG2 74 ASPK VACUUM REGEN 3/74
F+= H 45.5 2.8 CARITHERS 75 SPEC C REGEN T/15
Fa= 41.7 3.5 CHRISTEZ 79 ASPK . 12/79
F4+- e s e e e a = =
F+ AVG 44,6 1.2 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0)
F+- FIT 44.6 1.2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 4/82¢
COMMENTS
F+ N BENNETYT 69 IS A REEVALUATION OF BENNETTZ 68. , 11769
F#—- C BENNETT 69 USES MEASUREMENT OF (F+-)—(PHIF) OF ALFF-STEINBERGER 66. 2/71
F4+ C BENNETT 69 F+=[(34.9+-10.01+ 69%(DM-.545) DEG. FR‘—49 9+-5.4 DEG. 2/71
F#+- B BOHM 69 F4=={61.0+-12.0)+479%{DM~.526) DEG. 2/71
F¢- F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATUR PHASE. 11/69
F+~ F FAISSNER 69 F+—=(49.3+-7.41+4205%(DM~.555} DEG. FR=-42,7+-5.0 DEG. 2/71
F+— J JENSEN 70 F+—=(42.4+-6,0)+576%(DM-.538) DEG. 2471
F+- D BALATS 71 F+—=139.0+-12.0)+198%(DM-.5%44) DEG. FR=-43,0+4%.0 DEG. 9/71
F+= P CARNEGIE 72 F+# 1S INSENSITIVE TO OM. FR=-56.24-5.2 DEG. 1/73
F4- G GEWENIGZ 74 Fe~=(49.44-1.0)+565%(DM-.540) DEG. 3774
F4- H CARITHER 75 F4=={45.54-2.8)4224%(DM~.5348} DEG. FR=~40.94-2.6 DEG. 11/75
FOD PHASE OF ETA 00. {DEGREES) |
FOD FIRST QUADRANT PREFERRED GDBBY 69 0SPK 11769
FOO C 51.0 0. CHOLLET 70 0SPK €U REG.,% GAMMAS 10/70
FOO W 56 38.0 25.0 WOLFF 71 0OSPK CU REG.+4 GAMMAS 12/71
FOOD P .- e e
FOD AVG 43, 3 19.2 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0} -
£00 55.7 5.8 CHRISTELl 79 ASPK ° 12779
FOO C CHOLLET 70 USES REGENERATOR PHASE FR=-46.54-4.4 DEG. 1773
FOO W WOLFF 71 USES REGENERATOR PHASE FR=-48.2+4-3.5 DEG. 1773
£00 e e e e . ) . .
FO0 FIT 54.5 5.3 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 4/82%
OF PHASE DIFFERENCE FOO - Fe= (DEGREES)
OF 8 T.6 18.0 . BARBIELLI 73 ASPK 713
OF C (12.6) (6.2 CHRISTE1 79 ASPK 2/80
DF B TNDEPENDENT OF REGENERATOR MECHANISM,OM, AND LIFETIMES. /73
DF C NOT INDEPENDENT OF F4— AND FOO VALUES WHICH ARE INCLUDED IN FIT. 2/80
OF e e 4 s = oa e s
DF FIT 9.8 5.4 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.01 4/82%
Superweak Model Predictions for InoO/n+ ],¢+ , and Re€
In terms of the parameters defined in the text,

The latter two expressions

2.

Stable Particles

0
KL

2
superweak modell predicts that

Sec. VIB(d), the
Ingo/n,l =1
-1 2Amt
= ¢00 = tan X ,
2 1/2
and, o . 2AmTS /
Ree = |n, || 1 +{— .

and the values of the

10

K} - K§ mass difference Am = (0.5349%0.0022) X 10" A

- : -10.
sec ~, the Kg mean life Tg = (0.8923 £ 0.0022) X 10

+ - .-
"sec, and the magnitude of the K; > T /Kg > T

-3

’

(2.274 £0.022) x 10 all

|

from the current edition, - result in the predictions

amplitude ratio Ln+_

that
P —_ o
b, = doo = (43.6720.14)
and
Ree = (1.645+ 0.016) x1073 .
The above predictions can be compared with the

experimental values

Ing/n,_| = 1.023+0.036 ,
0, = (44.6:1.2)° ,

0,, = (54.5£5.3)°

Reg = (1.621+* 0.088) x107>

where Ree has been computed using the relation

1 2

X

|2

Reg

N o

and our current values of the charge asymmetry
parameter for leptonic K% decay §
and the As=
-0.004 *

(0.330*0.012)%
(0.009 * 0.020,

-AQ amplitude (Rex, Imx)
0.026f.

The superweak predictions are in agreement with
the data except for the measured value of ¢00, which

is two standard deviations above the prediction.

This results primarily from the CHRISTENSONL

"79 measurement ¢,, = (55.7%5.8)°
: References
1. L. Wolfenstein, Phys. Lett. 13, 562 (1964).

T. D. Lee and L. Wolfenstein, Phys. Rev.

1490 (1965).
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Stable Particles Data Card Listings

0 ' Listi
K, For notation, see key at front of Listings.
13 X = (0S=-DQ AMPLITUDE}/(DS=+0Q AMPLITUDE} ANIKINA 65 JINR P 2488 ANTKINA,VARDENG A4 ZHURAVLEVA , KOTLYA+ (DUBNA)
ANDERSON 65 PRL 14 415 ANDERSON,CRAWFORDy GOLDEN, STERN + (LRL+WISC)
RELATED TEXT SECTION VI B.é ASTBURYL 65 PL 16 80 ASTBURY ,FINOCCHIARD. BEUSCH +  (CERN®ZURICH)
ALSO 65 HELV.PH.AC.39 523 M PEPIN
REX REAL PART OF X ASTBURY2 65 PL 18 175 ASTBURY,MICHELINT,BEUSCH +  (CERN#ZURICH)
REX € 152 0.06 0.18 0.44 BALDO-CE 65 HLBC K+ CHARGE EXCHNG 11/67 ASTBURY3 65 PL 18 178 ASTBURY,MICHELINT,BEUSCH + (CERN+IURTCH)
REX 196  0.035 0.1l 0.13 AUBERT 65 HLBC K+ CHARGE EXCHNG 11/67
REX F 109 -0.08 0-16 0.28 FRANZINI 65 HBC PBAR P 11767 AUBERT 65 PL 17 59 AUBERT ,BEHR .CANAVAN,CHOUNET+  (EPOL+ORSAY}
REX 116 0.17 0.16 0.35 FELOMAN 67 DSPK PI-P TO KO LMBDA 11/67 ALSO 67 LOWYS
REX N 335  (0.17)  (0.10) HILL 67 DBC KeD YIELDS KOPP 11767 BALDO-CE 65 NC 38 684 BALDO-CEOLINsCALIMANT ,C IAMPOLILLO + {PADO)
REX B 10.03)  10.03) BENNETT1 68 CNTR 1768 CHRISTEN 65 PR 140 B T4 CHR { STENSON, CRONTN, FITCH, TURLAY (PRINCETON)
REX 121 0.09 0-07 0.09  JAMES 68 HBC PBAR P 5769 FISHER 65 ANL 7130 83 FISHER » ABASHT AN, ABRAMS , CARPENTER® (L)
REX B ~0.020  0.025 BENNETT 69 CNTR  CHAR ASYMs CU FE 10/69 FITCH 65 PRL 15 73 FITCH, ROTH, RUSS » VERNON (PRINCETON}
REX 686  0.09 0.14 0.16 LITTENBER 69 OSPK  KeN TO KOP «/69
REX N 215  0.12 0.09 cHe 70 DBC KeD TO KOPP 10770 FRANZINI 65 PR 140 8 127 FRANZINI,KIRSCH¢PLANG + (COLUNBIA+RUTGERS)
REX U 222  (0.04)  10.07)  (0.08) BURGUN 71 MBC KeP TO KOPPT+ 2112 GALBRAIT 65 PRL 14 383 GALBRATTH, MANNING, JONES + (AERE+BRIS#RHEL)
REX 252 0.25 0.07 0.09 WEBRER 71 HEBC K-p TO KBAR N 10/69 GUIDONT 65 ARGONNE CONF 49  +BARNES,FOELSCHE,FERBEL,FIRESTO+ (BNL+YALE)
REX U 410 0.03 0.06 0,06 BURGUN 72 WBC K+P YO KOPPI+ 1/73 HOPKINS 65 ARGONNE CONF 67  H W K HOPKINS,BACON-E[SLER  (VAND+RUTGERS)
REX 126  0.26 0.10 0.14  MANN 72 HBC K-P TO KOBAR N 9/72 VISHNEVS 65 PL 18 339 VISHNEVSKY,GALANINA, SEMENOV + CITEP)
REX G 342 (-0.13)1  10.11) MANTSCH 72 CSPK  KE3 FROM KO LMB 2/72
REX G 100 (0. 04} (0.10} 10.13} GRAHAM 72 OSPK KMU3 FROM KO LMB 2772 ALFF-STE 66 PL 21 595 ALFF-STEINBERGERHEUER RUBBIA + {CERN)
REX G 442  -0.05 0.09 GRAHAM 72 OSPK  PI-P TO KO LMBDA 2772 ANIKINA 66 SINP 2 339 ANIKINA, VARDENGA, ZHURAVLEVA+ (SINR)
REX 1757 -0.008  0.044 FACKLER 73 OSPK  KE3 FROM KO 9/13 AUERBACH 66 PRL 17 980 AUERBACH, MANN, MCFARLANE , SCTULLI (PENN)
REX 1367 -0.03 o0.07 HART 13 0SPK  KE3 FROM KO LMB  2/74 AUERBACH 66 PR 149 1052 AUERBACH, DOBBS, LANDE  MANN, SCIULLI+  (PENN)
REX 1079 -0.070  0.036 MALLARY 73 OSPK  KE3 FROM KO LM « 6/73 ALSQ 65 PRL 14 192 +UANDE , MANN, SCIULLT,UTO (WHITE,YOUNG  ( PENN)
REX 4724  0.04 0.03 NIEBERGA 74 ASPK  K+P TO KOPPI+ 7174 BALDO-CE 66 NC 454 733 BALDO-CEOL IN,CALIMANI, CIAMPOLILLD+ (P ADUA)
REX 7% o.10 o.18 0.19 SMITH 75 WIRE  PI-P TO KO LMBDA 8776 BASILE 66 BALATON CONF BASTLE,CRONIN, THEVENET + ISACLAY)
REX C BALDO-CE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 11767
REX F FRANZIND 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 11767 BEHR 66 PL 22 540 +BRISSON,BALDO-CEOLIN, AUBERT+  (PADD, EPOL}
REX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67.  10/70 BELLOTTL 66 NC 454 737 BELLOTTI,PULLIA,BALDO-CEOLIN® (MILAN,PADUA}
REX U BURGUN 72 1S & FINAL RESULT WHICH INCLUDES BURGUN 71 11773 BOTT-BOD 66 PL 23 277 BOTT-BODENHAUSEN:DE BOUARD, CASSEL+  (CERN}
REX B BENNETT 69 1S A REANALYSIS OF BENNETTI 68 lo76s CAMERINT 66 PR 150 1148 CAMERINT,CLINE,ENGLESH, FISCHBEIN+WISCONSIN
REX G SECOND GRAMAM 72 VALUE IS FIRST GRAMAM 72 VALUE COMBINED WITH 2/72 CANTER 66 PRL 17 942 +CHO, ENGLER v FISKVHILL + (CARNEGIE+BNL }
REX G  MANTSCH 72, o712 CARPENTE 66 PR 142 871 CARPENTER, ABASHAN, ABRAMS,FISHER { ILLINOIS)
REX ST L. CHANG 66 PL 23 1702 CHANG BASSAND, KIKUCHI,D00D+  (SYRACUSEBNL)
REX AVG 0.009  ©0.020 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
(SEE 1DEOGRAM BELOW ) CRIEGEE 66 PRL 17 150 +FOX, FRAUENFELDER, HANSON, MOSCAT+ ( ILLINGES)
FIRESTON 66 PRL 16 556 FIRESTONE ,KIM, LACH, SANDWEISS+  (YALE.BNL)
FIRESTON 66 PRL 17 116 FIRESTONE KIMyLACH,SANDWEISS+  (YALEBNL)
WEIGHTED AVERAGE = 0.009 + 0.020 FUJIT 66 PRL 13 253 FUJTT, JOVANOVICH,TURKOT (ZORN (BNL+MARYLAND}
ERROR SCALED BY 1.4 FUJIT 66 1S THE CORRECTED VALUE GIVEN BY JOVANOVICH¢ 66
_ HAWKINS 66 PL 21 238 C J B HAWKINS (YALE)
r CHISQ ALSD 67 PR 156 1444 € J B HAWKINS (YALE}
- -SMITH 75 WIRE JOVANOVI 66 PRL 17 1075 JOVANOVICH,FUJT T, TURKOT ,ZORN +{BNL+UMD+MIT)
. .NIEBERGA 74 ASPK 1.1 KULYUKIN 66 BERKELEY 28 KULYUKINA,MESTVIRTSHVIL [ {NEAGU, PETR+ (JINR)
METSNERL 66 PRL 16 278 G W MEISNER,B B CRAWFORD,F CRAWFORD  (LRL)
-MALLARY 73 OsPK 4.8 MEISNER2 66 PRL 17 492 G MEISNER,B CRAWFORD.F CRAWFORD . (LRL}
- -HART 73 OSPK 0.3 NEFKENS 66 PL 19 706 NEFKENS (ABASHI AN, ABRAMS ,CARPENTER+  (ILL)
CFACKLER 75 0SPK 0.1 VERHEY 66 PRL 17 669 VERHEY \NEFKENS, ABASHI AN+ aLn
- GRAHAM 72 OSPK 0.4 BENNETT 67 PRL 19 993 BENNETT.NYGREN, SAAL+STEINBERGER +{COLUNBIA)
- - MANN 72 HBC 4.4 BOTT-BOD 67 PL 248 194 BOTT-BODENHAUSEN,DEBOUARD, CASSEL +  (CERN)
: BOTT-800 67 PL 248 438 BOTT-BODENHAUSEN . DEBOUARD, DEKKERS+  (CERN)
- *BURGUN 72 HBC 0.1 ALSO 66 PL 20 212 BOTT-BODENHAUSEN,DEBOUARD, CASSEL+  (CERN)
. ALSO 66 PL 23 277 BOTT-BODENHAUSEN, DEBOUARD, CASSEL+  (CERN)
WEBBER 71 HBC 9.1 CANTER 67 THESIS J.M. CANTER (CARNEGIE)
- CHO 70 DBC 1.5 ) )
LLITTENBER 68 OSPK 0.3 CRONIN 1 67 PRL 18 25 +KUNZ » RISK, WHEELER (PRINCETON}
CRONIN 2 67 PRINC CONF(11767) +KUNZ,RISK,WHEELER (PRINCETON}
-BENNETT 69 CNTR 1.3 DEBOUARD 67 NC 528 662 DEBOUARD, DEKKERS + JORDAN JMERMOD + (CERN)
. JAMES 68 HBC 1.0 ALSO 65 PL 15 58 DE BOUARD, DEKKERS, SCHARFF+ {CERN+ORSA+MPTH)
"FELDMAN 67 0SPK DEVLIN 67 PRL 18 54 DEVLIN,SOLOMON, SHEPARD, BEALLY  {PRIN*UMD)
ALSO 68 PR 169 1045 SAYER.BEALL » DEVLIN,SHEPHARD+ (UMD+PPA+PRIN)
-FRANZINI 65 HBC
. OORFAN 67 PRL 19 987 DORFAN, ENSTROM¢ RAYMOND, SCHWARTZ +{SLACHLRL)
AUBERT 65 HLBC 0.0 FELOMAN 67 PR 155 1611 FELDMAN, FRANKEL , HIGHLAND, SL OAN (PENN)
-BALDO-CE 65 HLBC FIRESTON 67 PRL 18 176 FIRESTONE,KIM,LACH,SANDNEISS s+  (YALE,BNL)
246 FITCH 67 PR 164 1711 FITCH.ROTH,RUS S o VERNON (PRINCETON)
-0.4 0.0 0.4 0.8 : HAWKINS 67 PR 156 1444 C J B HAMKINS (YALE)
' ' {CONLEV HILL 67 PRL 19 668 HILL,LUERS,ROBINSON,CANTER+ (BNL,CARNEGIE)
REAL PART OF X (DELTA S = —DELTA Q AMP) =0.017)
HOPKINS 67 PRL 19 185 HOPKINS, BACON, EISLER (8NL)
X [MAGINARY PART OF X (ASSUMES MIKL)-M(KS) POSITIVE -- SEE S13D} P LT L KADYK s CHAN DRI JARD, OREN, SHEL DON (LRL)
IMX C 152  —0.44 0.32 0.19 BALDO-CE 65 HLBC K¢ CHARGE EXCHNG 3/68 67 PREPRINT KULYUKINALMESTVIRISHVIL LNEAGU + (a1R)
Iwx €152 0.4 9.32 0ul9 B0 CE A MNDC i CHARSE xcve ares LOWYS 67 PL 248 TS LOWYS, AUBERT ,CHOUNET ,PASCAUD+  (EPOL,ORSA)
X iee 0.2 o iae RuaRIINI 62 nee Koanp 3168 MISCHKE 67 PRL 18 138 MISCHKE,ABASHTAN, ABRAMS + (ILLINOIS)
Iwx F 109 -2 O30 RN 67 DSek  Piop TO KO LMBDA 11767 NEFKENS 67 PR 157 1233 +ABASHIAN, ABRAMS ,CARPENTER, FISHER®  (ILL)
IMXC N 335 (-0.200  (0.10} RILL 67 0BC KD VIELDS KOPP 11767 TCDOROFE 67  THESIS JOHN A TODOROFF CILLINOLS)
HE S S o o2y A eER e e koe e ABRAMS 68 PR 176 1603  +ABASHIAN, MISCHKE,NEFKENS, SMITH+ (ILLINOIS)
xSk o1 o . v 4 Oor bR A ARNOLD 68 PL 288 56 ARNOLD ,BUDAGOV, CUNDY» AUBERT+  (CERN+ORSAY)
2L o0 10.00) suRGuN 71 nee T Kopnre AL ARONSON 68 PRL 20 287 S<H.ARONSON. K.W.CHEN (PRINCETON}
Texuogzz el oo N 11 noc ISR S M 44 ALSO 69 PR 175 1708 S H ARONSON, K W CHEN (PRINCETON]
LIRS S 9-98 b.01 HEEER I T an A BALATZ 68 PL 268 320 BALATZBEREZIN,VISHNEVSKY,GALANINA+ (ITEP)
e viae %t 0.0 9.07 sume LERNSS PRS- SE AR A6 BARFLETT 68 PRL 21 558 BARTLETT,CARNEGLE, FITCH+ (PRINCETON)
G a2 L L ole) M 12 Lahy  koa Erow ko tha v BASILE 68 PL 268 542 BASTLE,CRONTN, THEVENET, TURLAY+ (SACLAY}
ok G oy 1012 ol Sl M 72 DSek piop TO Ko LMEDA 72 BASILE2 68 PL 288 .58 +CRONING THEVENE T (TURLAY 4 ZYL BERAJCH+{SACLAY)
It T T eER 75 oimk ke FROM RO e BENNETTL 68 PL 278 244 BENNETT \NYGREN, STE INBERGER+ (COLUMBIA+CERN)
e 1157 0.9t g.0¢ racK ok e ah BENNETT2 68 PL 278 248 BENNETT,NYGREN, STEINBERGER+ (COLUMBIACERN)
T 00, a2 0.074 MALLARY 73 DSeX  KEa FROM Ko LM s or13 BLANPIED 68 PRL 21 1650 BLANPIED,LEVIT,ENGELS+ (CAS E+HARV4HCGI)
oS S S 4 b T A an Neen kes 7O XOPRIS AL BUDAGOV 68 NC S7A 182 BUDAGOV, BURMEISTER .CUNDY+  (CERN,ORSA« IPNP)
i 2, o0.08 9-95 .10 ohERE e HA T AL S A ALSO 68 PL 288 215 SCUNDY MYATT (NE ZRI CK+ (CERN,ORSA, EPOL)
AMX € BALODOCE 65 GIVES X AND THETA.CONVERTED BY US TO REX AND IMX. 11767
IMX € FRANZINT 65 GIVES X AND THETA.FOR REX AND IMX SEE SCHMIDT 67. 11767 A 60 PRI T T SIS R K LAND RSNt
[MX N FTNOTE 10 OF HILL 67 SHOULD READ +0.58, NOT —0.58 (PRIV.COMM.). 3768 LSO on beL 0% 283 R o LoNeD, YOUNG ethmien
IMX N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67.  10/70 KULYUKIN oo abte 36220 T TV R SHVIL I NEAGUS Htioat
IMX U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN T1. YL ER fived PR S NG RINCETON)
X & aenluo,Shanak T2 VALUE S FIRST GRAHAM 72 VALUE COMBINED WITH fykks MELHOP 68 PR 172 1613 MELHOP MURTY BOWLES (BURNETT + (LA JOLLAY
o seM 2. THATCHER 68 PR 174 1674 THATCHER, ABASHI AN, ABRAMS, CARPENTER + (ILL)
(MX AVG 20,004  ~ 0.026 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l.1) BANNER 69 PR 188 2033 +CRONINSLIU,PELCHER (PRINCETON)
ALSO 68 PRL 21 1103 BANNER + CRONTN+ L TU, PTLCHER (PRINCEYON)
hbthandhabibhiiadihihdhiid ALSO 68 PRL 21 1107 BANNER CRONINLIU, PILCHER (PRINCETON}
BEILLIER 69 PL 308 202 BEILLLERE, BOUTANG, LIMON (€POL)
REFERENCES FOR KOL BENNETT 69 PL 298 317 +NYGREN, SAAL , STEINBERGER+ {COLU, BNL)
BOHM 69 NP B9 605 +DARR TULAT , GROSSO, KAFT ANOV + (CERN}
b0 25 pp 5 1% zkg:‘;ggg:E&;;‘EfBgu'ésﬂg’;"‘égm‘fuw"“"{E:t: ALSD 68 PL 278 321 BOHM, DARRIULAT ¢ GROSSO KAFTANGY (CERN}
ASTIER T gg”:léozn 35;ﬁ:a?t“é‘;%ég:‘;";g;f{é”" M wnmn‘:gglﬁ; BOTT-BOD 69 CERN 69-7 329 BOTT-BODENHAUSEN,DE BOUARD,CASSELS  (CERN)
s o1 2z el OO e R TMULLER P ICCTONT, PONELL LRL) CENCE 69 PRL 22 1210 CENCE, JONES , PETERSON, STENGER+  (HAWATT,LRL
NEAGU 61 PRL 6 552 NEAGU+ OKONDV+ PETROV sROSANGVA, RUSAKOV (JINR} S NER o DL 28 e RN T Lt
ALSD 61 JETP 13 1138 NYAGU, OKONOV, PETROV sROZ ANOV A, RUSAKOV {JENR} Falss ' : 1CERN,
69 PL 308 282 +HOLDER,RADERMACHER + (AACHEN, CERN, TORIND)
Saenon | o3 m 3257 S D RnnaniA RovesET st IS o) GAILLARD 69 NC 59A 453 +GALBRATTH, HUSSRT. JANE+  (CERN, RHEL » AACHEN)
ALSO 67 PRL 18 20 +KRTENEN,GALBRAITH, HUSSRI+ (CERN+RHEL+AACH)
ADAIR 64 PL 12 67 R K ADAIR.L B LEIPUNER CYALESBNLY G03BI 69 PRL 22 685. +GREEN, HAKEL ,MOFFETT,ROSEN , GOZ+ (ROCH+RUTG)
ALEKSANY 66 DUBNA 2 102 ALEKSANYAN, ALTKHANYAN, VERTAZARYAN+ (EREVAN) R ToNBE 62 PRl 22 65 e h‘}'fgﬁfﬁﬁsiFlEbgb;écﬁ"i"iéffﬁhg"f;|cu‘gﬁfﬁi
ALSD 66 JETP 19 1019 ALEKSANYAN+ (LEBEDEV+MOS ENG PHYS+EREVAN) PACIOTTI 69 THESIS,UCRL 19446 M A ”cm;” ' '(LRL
ANTKINA 64 JETP 19 42 ANIKINA, ZHURAVLEVA+ (GEORG ACAD SCI+ DUBNA) oy 69 THESIS "o act coLunbin)
CHRISTEN 64 PRL 13 138 CHRISTENSONCRONINSFITCH, TURLAY (PRINCETON)
FUITT 64 DUBNA 2 146 FUJST T+ SOVANDVICH, TURKOT+ (BNL,MARYLAND,H1T)
LUERS &4 PR 133 B 1276 LUERS,MITTRA, WELLLS , YAMAMOTO (8NL)
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For notation, see key at front of Listings. K}, D*

ALBROW 70 PL 33B 516 +ASTONJBARBER(BIRDyELLISON + (MCHS+DARE} MESSNER 74 PRL 33 1458 +FRANKLINy MOR SE s NAUENBERG+ (COLO+SLAC+UCSC)
ARONSON 70 PRL 25 1057 +EHRLICH,HOFER , JENSEN+ {EFT,ILLC, SLAC) NIEBERGA T4 PL 458 103 NIEBERGALL +REGLER, STIER 4+ (CERN+ORSA+VIEN}
BARMIN 70 PL 338 377 +BARY{ ONyBORISDV.BYSHEVA+ CITEPJINR} WANG T4 PR D9 540 +SMITH,WHATLEY s ZORN,HORNBOSTEL {UMD+BNL)
BASILE T0 PR D2 78 +CRONINTHEVENT s TURLAY, ZYLBERAJCH + (SACL) WILLIAMS T4 PRL 33 240 +LARSEN,LEIPUNER,SAPP.SESSOMS ¢ {(BNL+YALE}
BUCHANAN 70 PL 338 623 +DRICKEY,RUDNICK SHEPARD+ {SLAC, JHU,UCLAD wao 74 LNC 10 38 +BUCHANAN. PEPPER weea)
ALSO PRIVATE COMMUNICATION, B. COX, FE8, 71
BALDOCED 75 NC 25A 688 BALDO-CEOL IN,BOBISUT,CALIMANI+ (PADO+WISC)
BUDAGOV 70 PR D2 815 +CUNDY s MYATT ¢ NE ZRECK#+ (CERN. ORSA.EPOL) BLUMENTH 75 PRL 34 164 BLUMENTHAL y FRANKEL,NAGY + (PENN+CHIC+TEMP)
ALSC 68 PL 288 215 +CUNDY MYATT NEZRICK+ (CERN,ORSA.EPOL) BUCHANAN 75 PR D11 457 +DRICKEY,PEPPER,RUDNICK + (UCLA+SLAC+JHU)
CHIEN 70 PL 338 627 C-Y.CHIEN,COXyETTLINGER + LJHU+SLACH+UCLA) CARITHER 75 PRL 36 1244 CARITHERS, MODIS«NYGRENJPUN + (COLU+NYU)
ALSO PRIVATE COMMUNICATION. B. COX, FEB. Tl. SMITH 75 UCSD THESIS-UNPUB JAMES G. SMITH {ucsoy
HD 70 PR D1 3031 +DRALLE,CANTER, ENGLER, FISK+ {CARN,BNL,CASE)
ALSO 67 PRL 19 668 HILLyLUERS »ROBINSONs SAKITYT + {BNL,CARN) BIRULEV 76 SJUNP 24, 178 +VESTERGOMBI,VOVENKO, VOTRUBA, GENCHEV+C{JINR]
COOMBES 76 PRL 37 249 +FLEXERsHALLyKENNELLY s KIRKBY + USTAN#NYU)
CHOLLET 70 PL 318 658 4GAILLARD, JANE,RATCLIFFE,REPELLIN + (CERN) DONALDSO 76 PR D14 2839 DONALOSONHITLIN(KENNELLY . KIRKBYLIU+{SLAC)
CULLEN 70 PL 328 523 +DARR [ULAT+ DEUTSCH+FOETH + (AACH.CERN,TORI) ALSO 74 SLAC 184-THESIS GREGORY J. OONALOSON {SLACY
DARRIULA 70 PL 33B 249 +FERRERD,GROSSO,HOLDER + {AACH, CERN, TORI ) FUKUSHIM 76 PRL 36 348 FUKUSHIMA, JENSEN,SURKO,THALER+ (PRIN+#MASA}
FAISSNER 70 NC TOA S7 +REITHLER. THOME  GATLLARD+  (AACH, CERN,RHEL) GJESDAL 76 NP B109 118 +KAMAE,PRESSER, STEFFEN + {CERN+HEID)
JENSEN 70 THESIS D.A. JENSEN (EFI) REY 76 PR D13 1ll61 +CENCEy JONES, PARKER + [NDAM+HAWA+LBL)
ALSO 69 PRL 23 615 JENSENyARONSON,EHRLICH, FRYBERGER+ (EFT, ILL) ALSO 69 CENCE
MARX 70 PL 328 219 +NYGREN, PEOPLES y STEINBERGE+ (COLU,HARV, CERN) CHO 77 PR D15 587 +DERRICK/LISSAUER, MILLER+ENGLER+ { ANL+CARN}
ALSQ 70 THESIS,NEVIS 179 JAY MARX {coLumBsIA) CLARK - 77 PR D15 553 +FIELD+HOLLEY+ JOHNSON,KERTH SAH, SHEN {LBL})
SCRIBAND 70 PL 328 224 +MANNELLT,PIERAZZINT, MARX+ (PISA,COLUHARV) ALSD 75 LBL-4275 THESIS  GILBERT SHEN tLBL)
SMITH 70 PL 32B 133 +WANG s WHATLEY , ZORN y HORNBOST EL (UMD, BNL) DEVOE 77 PR D16 565 +CRONIN, FRISCHs GROSSO-P ILCHER+ (EFT#ANL)
WEBBER 70 PR D1 1967 +SOLMITZ,CRAWFORD, ALSTON-GARNJOST {LRL) DZHORDZH 77 SJNP 26 478 DIHORDZHADZEyKEKELIDZE,KRIVOKHIZHIN® (JINR}
ALSO 69 UCRL 19226 THESIS B R WEBBER (LRL} PEACH T7 NP 8127 399 +CAMERON + (BGNA+EDIN+GLAS+PISA+RHEL)
BALATS Tl SJUNP 13 53 +BEREZIN,VISHNEVSKII . GALANINA+ (ETEP) ENGLER 78 PR D18 623 +KEYES ) KRAEMER, TANAKA, CHO+ C(CARN+ANL}
BARMIN 71 PL 358 604 +BARYLOV,VESELOVSKY,DAVIDENKO+ CITEP) HILL 78 PL 738 483 +SAKITT, SNAPE,STEVENS+ {BNL+SULAC+SBER)
BIS1I 71 PL 368 533 +DARRIULAT,FERRERO.RUBBIA+ {AACH,CERN,TORI) BIRULEV 79 SINP 29 778 +VESTERGOMBI 4 GVAKHARIYA,GENCHEV+ CJINR}
BURGUN 71 LNC 2 1169 +LESQUOY +MULLER,PAUL T+ { SACL+CERN+0SLO} CHRISTEL 79 PRL 43 1209 CHRISTENSON¢GOLOMAN, HUMMEL o ROTH+ (NYU)
CARNEGIE 71 PR D4 1 +CESTERLFITCH, STROVINKy SULAK (PRINI CHRISTEZ 79 PRL 43 1212 CHR ISTENSON  GOLDMAN, HUMMEL o ROTH#+ (NYU)
CHAN 71 LBL-350 THESIS J.HIONG-SING CHAN {18} HILL 79 NP B153 39 +SAKITT,SNAPE, STEVENS+ {BNL+SLAC+SBER)
SCHMIDT 79 PRL 43 556 +BLATT,CAMPBELL +GR ANNAN+ {YALE#BNL)
CHIEN 71 PL 358 261 +COXsETTLINGER,RESVANIS+ (JHUSLAC,UCLA) SHOCHET 79 PR D19 1965 +LINSAY+GROSSD-PILCHER , FRTSCH#+ (EFT+ANL)
LSO 72 DALLY ALSO 77 PRL 3§ 59 SHOCHET L INSAY, GROSSO-PILCHER,+ (EFI+ANL)
CHO 1 PR D3 1557 +DRALLE,CANTER, ENGLER,FISK+ (CARN,BNL,CASE) .
CLARK 71 PRL 26 1667 +ELIOFF,FIELD ' FRISCH, JORNSONKERTH+  (LRL) CARROLLL 80 PRL 44 525 +CHIANG,KYCTA,LT,LITTENBERG,MARX+(BNL#ROCH)
ALSO 70 UCRL 19709-THESIS ROLLAND JOHNSON (LRL) CARROLL2 80 PRL 44 529 +CHIANG+KYCTA+LT,LITTENBERG ¢ MARX+{ BNL+ROCH)
ALSO 71 UCRL 20264 THESIS HENRY FRISCH {LRL) CARROLL3 80 PL 968 407 +CHIANGKYCIA,LI,LITTENBERG, MARX+{BNL+ROCH)
ALSO T4 SLAC-PUB-1498 R.C.FIELD {SLAC) CHO 80 PR D22 2688 +DERRICKyMTLLERy SCHLERETHy ENGLER+UANL+CARN)
MOR SE 80 PR D21 1150 +LEIPUNER, LARSEN; SCHMIDT,BLATT+ (BNL+YALE}
ENSTROM T1 PR D4 2629 +AKAVIA,COOMBES +DORFAN+ {SLAC.STAN} BIRULEV 81 NP 8182 1 +DZHORDZHADZE ¢ GENCHEV,GRIGALASHVILI+ {JINR)
ALSO 70 THESYS (SLAC 125) J E ENSTROM (STANFORD} ALSO 80 SJNP 31 622 BIRULEV,VESTERGOMBI s GENCHEV + (JINR)
HILL 71 PR D4 7 +SAKITTo SKJEGGESTAD,CANTER+ {BNL,CARN,CASE) N
JAMES 7L PL 358 265 +MONTANET, PAUL »PAULT+ (CERN+SACL+0SLO) PAPERS NOT REFERRED TO IN DATA CARDS
MEISNER 71 PR D3 59 +MANN,HERTZBACH+KOFLER + (MASA+BNL+YALE)}
PEACH 71 PL 358 351 +EVANS ¢ MUIR ,BUDAGOV . HOPKINS + (ERIN,CERN)} ALEXANDE &2 PRL 9 69 G ALEXANDER,S ALMEIOA;F CRAWFORD {LRL)
JOVANOVI 63 BNL CONF 42 JOVANOVIC+FISCHER, BURRIS + (BNL+MARYLAND)
REPELLIN 71 PL 36B 603 +WOLFF s CHOLLET.GAILLARD 4 JANE+ {ORSA,CERN) STERN 64 PRL 12 459 STERN+BINFORD, LIND,ANDERSON + {WISC+LRL}
WEBBER T1 PR D3 64 +SOLMITZ.CRANFORDs ALSTON-GARNJOST (LRL) BEHR 65 ARGONNE CONF 59 BEHRy BRISSON, BELLOTTI+ (EPOLMILA,PADD)
ALSQO 68 PRL 21 498 WEEBER, SOLMITZ, CRAWNFORD,ALSTAONGARNJOST(LRL) MESTVIRI 65 JINR P 2449 MESTVIRISHVILI,NYAGU, PETROV RUSAKOV+ (JINR}
ALSO 69 UCRL 19266 THESIS B R WEBBER (LRL TRILLING 65 UCRL 16473 GEORGE H TRILLING (LRLY
WOLFF 71 PL 36B 517 +CHOLLETREPELLINsGAILLARD+ {ORSA.CERN} UPDATED FROM 1965 ARGONNE CONF., PAGE 115.
ALBROW 72 NP Ba4 1 +ASTON, BARBER,BIRD,ELL ISON+ {MCHS+DARE} GINSBERG 67 PR 162 1570 EDWARD S GINSBERG (U. MASS BOSTON)
ASHFORD 72 PL 388 47 +BROWNSMAS EKyMAUNG e MILL ER, RUDERMAN®  (UCSD) RUBBIA 67 PL  24B 531 C.RUBBIA,J.STEINBERGER (CERN+COLU)
BANNERL 72 PRL 28 157 +CRONIN,HOFFMANKNAPP, SHOCHET (PRINCETON) ALSO 1 66 PL 20 207 ALFF-STEINBERGERHEUER + KLEINKNECHT+  (CERN)
_BANNER2 72 PRL 29 237 +CRONIN.HOFFMANKNAPP, SHOCHET (PRINCETON} ALSD 2 66 PL 21 595 ALFF-STEINBERGER HEUER s KLE INKNECHY+ (CERN)
BARMINL 72 SJNP 15 636 +DAVIDENKO, DEMI DOV, DOLGOLENKC+ {ITEP) ALSO 3 66 PL 23 167 C.RUBBIA,J.STEINBERGER (CERN+COLU)
BARMIN2 72 SJNP 15 638 +BARYLOV,DAVIDENKO ,DEMIDOV+ CITEP) SCHMIDT 67 NEVIS 160(THESIS) P. SCHMIDY (COLUMBIA)
BURGUN 72 NP B50 194 +LESQUOY MULLER,PAUL T4+ { SACL+CERN+0OSLD)
CARNEGIE 72 PR D6 2335 +CESTER,FIFCH, STROVINK, SULAK (PRINCETON} CRONIN 68 VIENNA CCNF P.281 CRONIN.RAPPORTEURS TALK (PRINCETON)
BECHERRA 70 PR D1 1452 T BECHERRAWY {ROCH)
DALLY 72 PL &1B 647 +INNOCENTI, SEPPI,CHIEN, COX+ [SLAC+JHU+UCLA) GINSBERG 70 PR D1 229 E S GINSBERG (11T HAIFA)
ALSQ 70 CHIEN HEUSSE T0 LNC 3 449 +AUBERT.PASCAUD.VIALLE (ORSAY)
ALSO 71 CHIEN GINSBERG 73 PR D& 3887 £ S GINSBERG, J SMITH (MIT+STON)
GRAHAM 72 NC 9A 166 +ABASHIAN, JONES ,MANTSCH ,0RR + {ELL#NEAS]) KLEINKNE 76 ARNS 26 1 Ko KLEINKNECHT (DORT)
HCLDER 72 PL 40B 141l +RADERMACHER, STAUDE+ {AACH+CERN+TORY}
JAMES 72 NP B49 1 +MONTANET, PAUL , SAETRE+ (CERN+SACL+05L0) FAERNE ERERSENEE KRSV RRERE REIEER TR *
KRENZ 72 LNC 4 213 +HOPKINS,EVANSyMUIR,PEACH (AACH+CERN+EDIN) bt
MANN 72 PR D& 137 +KOFLER)METSNER,HERTZBACH+  (MASA+BNL+YALE) 3
MANTSCH 72 NC 9A 160 +ABASHIAN, GRAHAM, JONES + ORR+ (ILL#NEAS) m 31 CHARGED D(1869,JP=0-) 1=1/2
METCALF 72 PL 408 703 +NEUHOFER,NTEBERGALL+ {CERN+TPN+WIEN)
NEUHOFER 72 PL 418 €42 +NIEBERGALLREGLER, STIER+ (CERN4+ORSA+VIEN) FOR & RECENT REVIEW SEE TRILLING 81
PICCIONT 72 PRL 29 1412 +COOMBES, DONALDSON,DORF AN, FRYBERGER+ [SLAC)
ALSO 74 PR D9 2939 PICCIONI,DONALDSON + (SLaCsuyCcsSCeCOLO) | -~
VOSBURGH 72 PR D& 1834 +DEVLINJESTERLING:GOZ BRYMAN + (RUTG.MASA}
ALSO 71 PRL 26 866 VOSBURGH.DEVLIN+ESTERLING,GOZ + (RUTG,MASA} 21 CHARGED D MASS (MEV)
ALBROW 73 NP B58 22 +ASTON+BARBER, BIRD, ELL1SON+ (MCHS+DARE) L 50(1876.} (15.} PERUZZI T6 SMAG += K-4PI+-Pl4+ 1/77
ALEXANDE 73 NP 865 301 ALEXANDER, BENARY yBOROWIFZ, LANDE+( TELA+HETID} M {1874.) {5.) GOLDHABER 77 SMAG +- D0.D+ RECOIL SPC 12/77
ANIKINA 73 PL1-7539 COMeJINR +BALASHOV,BANNIK + {JINR) M P 11868.3) 10.9) PERUZZ1 77 SMAG +- E+E- 3.77GEV ECM 12/77
BARBIELL 73 PL 43B 529 BARBIELLINT DARRIULAT.FAINBERG+ (CERN} M €1874.) (11.} PiCcCOLO TT SMAG +— E+E-4.03,4.41ECM 1/78
BRANDENB 73 PR DB 1S78B BRANDENBURG s JOHNSON,LE [ TH, L 005+ (SLAC) M P (1868.4) {0.5) SCHINDLER 81 SMK2 +— E+E- 3.TTGEV ECM 1/82¢
CARITHER 73 PRL 31 1025 CARITHERS + NYGREN,GOROCN+ (COLU+BNL+CERN) M 4 1869. 4 0.6 TRILLING Bl RVUE +— E+E- 3.77GEV ECM 1/82%
ALSO 73 PRL 30 1336 CARITHERS,MODI S+ NYGREN, PUN+ (COLU+CERN+NYU) M P PERUZZI 77 AND SCHINDLER 81 ERRORS DO NDT INCLUDE THE 0.13 PERCENT 1/82¢%
EVANS 73 PR D7 36 +MUIR, PEACH,BUDAGOV+ (EDINBURGH+CERN) M P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CALTBRATION. TRILLING 81 1782+
ALSC 69 PRL 23 427 EVANS +GOLDEN .MU IR, PEACR+ {EDINBURGH+CERN) M P USES THE HIGK PRECISION PSI AND PS[-PRIME MEASUREMENTS OF 1/82%
L] P IHOLENTZ 80 TO DETERMINE THIS UNCERTAINTY AND COMBINES YHE 1782+
FACKLER 73 PRL 31 847 +FRISCH,MARTIN, SMOOT,SOMPAYRAC (MITH M P PERUZZI 77 AND SCHINOLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 1782%
FITCH 73 PRL 31 1524 +HEPP+ JENSEN« STROVINK y WEBB {PRINCETON}
ALSO T2 COD-3072-13 R.C.WEBB [THESIS) (PRINCETON)
HART 73 NP B66 317 +HUTTON+ FIELD, SHARP, BLACKMORE+ (CAVE4RHEL)
MALLARY 73 PR D7 1953 +BINNTE,GALLIVAN,GOMEZy PECK, SCIULLT + (CIT) 31 CHARGED D MEAN LIFE (UNITS 10%*~13 SEC)
ALSO 70 PRL 25 1214 SCIULLI+GALLIVAN,BINNIE.GOMEZ + ity
T i8.} OR LESS CL=.90 ARMENISE 79 HYBR NEU P ——>DIMUONS + 1/80
MCCARTHY 73 PR D7 687 +BREWER +BUDNITZ,ENTIS,GRAVEN,MILLER+ (18L) T 4 2.5 2. 1.1 ALLASTA 80 EMUL NEU WIDEBAND 12/81%*
ALSO 72 PL 42B 291 MCCARTHY,BREWER,BUDNITZ ENTIS,GRAVEN+ (LBLI} T A 110.4) 3.9 12.9) BACINO 80 DLCO E+E- 3.77 GEV ECM 1/81%
ALSO 71 THESIS LBL-550 RolLoMCCARTHY {LeL) T 5 10.3 10.5 4.1 USHIDA 80 EMUL NEU WIDEBAND 12/81%
MESSNER 73 PRL 30 876 +MORSE, NAUENBERG.HITLIN + (COLD+#SLAC#UCSC) T 8 8 (4.4) ADAMOVICH 81 EMUL GAM NUC-=-> 1/82¢
PEACH T3 PL 438 44l +EVANS yMUIR +HOPKINS¢KRENZ (EDIN4CERN#AACH} T c i (2.2) 12.3) 1.1) BALLAGH 81 HYBR FNAL 15FT, NU HE-HZ 1/82%
SANDWEIS 73 PRL 30 1CC2 +SUNDERLAND, TURNER ¢ WILL IS, KELLER (YALE+ANL) T 0 9 8.2 4.5 2.5 ABE 82 HMYBR SLAC GAM P 19.5 GEV 2/82%
WILLIAMS 73 PRL 31 1521 +LARSEN,LETPUNER.SAPP,SESSOMS+  {BNL+YALE) T E 70 9.5 3.1 1.9  ALBINI 82 SILI CERN GAM SI 2/82%
T F 7 16.5) (4.7) 2.1 REUCROFT 82 HYBR PI- Py P P 4782%
ALBRECHT 74 PL 4BB 393 DUBNA+BERL IN+BUDAPEST +PRAGUE+SERPUKH+SOFTA T a USES THEDRETICAL RATE D TO (K E NEU)=1.4%10%*11 SEC**-1 . 1/81%
BISI 74 PL 508 5G4 BISI,FERRERQ {TORI) T B ADAMOVICH 81 VALUE ESTIMATED WITHOUT INFORMATION ON D MOMENTUM . 1/82%
BOBYISUT 74 LNC 11 646 +HUZITA,MATTIOL[,PUGLIERIN (PADC} T [ BALLAGH 81 VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 1/82¢
DONALDSL 74 PRL 33 554 DONALDSONHITLINJKENNELLY K IRKBY + {SLAC} T 4 CONTAIN DO OR D+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS. 1/82%
ALSO 74 DONALOSON 3 \ D ABE 82 CANNOT RULE OUT Fe— INTERP,, OR ON 2 EVTS. LAMBDA/C+ INTERP. 2/82%
ALSQ 76 DONALDSON T € ALBINI 82 ASSUMES 0 MOMENTUM IS 1/2 BEAM MOMENTUM. 2/82%
DONALDS2 74 PR D9 2960 DONALDSON+ FRYBERGERyHITLIN,LTU+ (SLAC+UCSC) T F CERN NAL6 (LEBC-EHS) EXPT. PRESENTED AT MORIOND CONF. B2. 4/82%
ALSO 73 PRL 31 337 DONALOSON, FRYBERGERy HITLIN, LIU+ (SLAC#UCSC) T B A
OONALDS3 74 SLAC 184-THESIS GREGORY J. OONALDSON (SLAC) T AVG 9.1 2.2 1.5 AVERAGE {ERROR INCL. SCALE FACTOR CF 1.0)
ALSO 76 DONALDSON
GEWENIG1 74 PL 48B 483 GEWENIGER+ GJESDAL,KAMAE ,PRESSER+{CERN4HEID)
ALSO 74 CERN INY. REPT. VERA LUTH {THESIS-INT. REPT. 74-4) (HEID)
GEWENIG2 74 PL 488 487 GEWENIGER.GJESDAL,PRESSER + {CERN+HEID)
ALSO 74 PL 528 119 GJESDAL +PRESSER+STEFFEN + {CERN+HETD)
GEWENIG3 74 PL 528 108 GEWENIGER, GJESDAL, PRESSER + (CERN+HEID}
GJESDAL 74 PL 528 113 +PRESSER,KAMAE, STEFFEN+ {CERN+HEID)




Stable Particles
p*, D°

31 CHARGED D PARTIAL DECAY MODES
DECAY HASSES
Pl D+ INTO K- PI+ PI+ 493+ 139+
P2 D+ INTO KOBAR PI+ 497+ 139
P3 D+ INTD P14 PL+ PI- 139+ 139+ 139
P4 D+ INTO PI+ K+ K- 139+ 493+ 493
P5 D+ INTO K+ Ple PI- 493+ 139+ 139
Pé D+ INTD E+ NUE <5+ o
P7 O+ INTD E+¢ ANYTHING
L4:] D+ INTO K— ANYTHING
P9 D+ INTO KOBAR ANYTHING + KO ANYTHING
P10 D+ INTO K+ ANYTHING
P11 D+ INTQO K*(B92)0BAR PI+ 891+ 139
P12 D+ INTO KOBAR Pi+ PIO 497+ 139+ 134
P13 D+ INTO KOBAR PlL+ Pl+ PI- 497+ 139+ 139+ 139
P14 D+ INTO K- PI+ PI+ PI+ PI- 493+ 139+ 139+ 139+
P15 D+ INTO PI+ PIO 139+ 134
Pl6 O+ INTO KOBAR K+ 497+ 493
P18 D+ INTO KOBAR RHO# 497+ T69
P19 D+ INTO ETA ANYTHING
D— MODES ARE CHARGE CONJUGATES OF THE ABOVE MODES
31 CHARGED D BRANCHING RATIOS
R1 D+ INYO (K- PI+ PI+)/TOTAL (P1)
R1 85 0.039 0. 010 PERUZZI TT SMAG E+E~ 3.T7GEV ECM 12/77
rR1 239 0.063 0. 015 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82%
R1 “ e e s e e e e
Rl AVG 0.046 0. 011 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
R2 D+ INTO (KOBAR P1+)/TOTAL tp2)
R2 17 0.01 0. 006 PERUZZI T7 SMAG E+E~ 3.7TGEV ECM 12/77
R2 36 0. 023 0.007 SCHINDLER 81 SMK2 E+E— 3.771 GEV ECM 1/82%
R2 IR . o e
R2 AVG 0.0184 0.0046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R3 D+ INTO (KOBAR PI+)/{K- P+ PI¢) te2i7¢(pr1)
R3 P OR LESS CL=.90 PICCOLO 7T SMAG +- E+E— 4.03GEV ECM 12/77
R3 P UBTAINED FROM SIGMA®BR VALUES OF TABLE I. 12/717
R& D+ INTO (P[+ PI+ PI-}/{K- PI+ P[+} (P3)7(P1}
R& 14 0.08 OR LESS C 90 PICCOLO T7 SMAG +— E¢E- 4.03GEV ECH 12/77
R4 (0.084)0R LESS C 90 SCHINOLER 81 SMK2 E+E— 3.771 GEV ECM 1/82%
R4 P OBTAINED FROM SIGMA%8R VALUES OF TABLE I. 12777
RS D+ INTO (P14 K+ K-)/(K=~ PL¢ PI+) (P47 LP1}
RS P (0 15) OR LESS CL=.90 PICCOLD TT SMAG +— E+E~ 4.03GEV ECM 12/77
R5 .1 OR LESS CL=,90 SCHINDLER 81 SMK2 E+E— 3.771 GEV ECM 1/82%
RS P UBTHNED FROM S IGMA*BR VALUES OF TABLE 1. 12777
R& D+ lNTU {K+ PI+ PI-)/(K- PI+ PI+) (P5)/(PL)
R6 P 05 CR LESS CL=.90 PICCOLD TT SMAG +— E+E- 4,03GEV ECM 12/77
R& P UBTA(NED FROM SIGMA*BR VALUES OF TABLE I. 12777
R7 {D+ INTO E+ NUE) /(D¢ INTO E+ ANYTHING + DO INTQO E+ ANYTHING)
R7 0.10 OR LESS Ct=.90 BRANDELIK 77 DASP E+E- 3.99-4.08 GEV 12/77
RS O+ AND DO INTO {E+ ANYTHING)/(TOTAL D+ AND DO)
R8 MEASURED AT THE PSI(3772). THIS GIVES A WEIGHTED AVERAGE OF 2/82%
[3:] O+ (44 PCT.) AND DO (S6 PCT.) BRANCHING FRACTIONS. 2/82%
RB8 0.072 0.028 LLER 7B SMAG E+E- 3.772 GEV ECM 2/18
R8 (0.11) (0.02) BACINO 76 DLCO REPL. 8Y BACIND 79 3/78
R8 A .08} (0,015} BACINO 79 DLCO E+E- 3.772 GEV ECM 4/82%
R8 A NOT lNDEPENDENT OF BACIND 80 R13(D+) AND R13{(DO). 4/82%
R9 D+ INTO (K- ANYTHING} (43 1/79
R9 3 0.10 0. 07 VUILLEMIN 78 SMAG E+E~ 3.772 GEV ECM 1/79
RS 26 0.19 0.05 SCHINDLER 81 SMK2 E+E— 3.T71 GEV ECM 1/82%
RS e e s v o= e e e .
R9 AVG 0.160 0.043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R10 D’ INTO (KOBAR ANYTHING + KO ANYTHING)/TOTAL (-2 19
R10 0.39 0.29 VUILLEMIN 78 SMAG E+E- 3.772 GEV ECM /19
R10 15 0.52 0.18 SCHINDLER 81 SMK2 €+E—- 3.771 GEV ECM 1/82%
R10 v e @ s = e o e o
R10 AVG 0.48 0.15 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
R11 D+ INTD (K+ ANYTHINGY/TOTAL {r10)
R1l 2 0.06 0.06 VUTLLEMIN 78 SMAG E+E— 3.772 GEV ECM 1/79
R11 12 0.06 0.04 SCHINDLER 81 SMK2 E+E- 3,771 GEV ECM 1/82%
R11 s e = s e o e e
R11 AVG 0.060 . 033 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
R12 D+ INTO (K®=(B92)08AR PI+)/TOTAL (P11}
Ri2 92 EVENTS SEEN ORIJARD 79 SFM  + P PLECHM=53 GEV T/79
R12 0.037 OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82%
R13 D+ INTO {(E+ ANYTHING}/TOTAL {PT)
R13 (0.2201 (0.044) (0.022)BACIND 80 DLCO E¢E— 3.77 GEV ECM 4/82%
R13 23 t0.168) (0.064) SCHINDLER 81 $MK2 E+E— 3,771 GEV ECM 4/82%
R13 0.19 0.04 0,03 TRILLING 81 RVUE BEST ESTIMATE 4182
R14 O+ INTO (KOBAR PI+ PION/TOTAL (p12) 1/82%
R14 10 0.129 0. 084 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82¢
R15 DG lNTD (KOBAR P+ PI+ PI-)/TOTAL (P13} 1/82¢
R15 0.084 0.035 SCHINDLER Bl SMKZ E+E— 3.TT1 GEV ECM 1/82%
Rle D+ INTO (K- PI+ PI¢ PI+ PI-)/TOTAL {Pla} 1/782%
R16 0-041 OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM 1/82%
R17 D+ INTO (KOBAR RHO+)/TOTAL P13y 1/782%
R17 S (0.016)CR MORE CL=.90 SCHINDLER 81 SMK2 E+4E- 3.771 GEV ECHM 1/82%
RIT S SCHINDLER 81 USE TRIANGLE RELATION FOR AMPLITUDES 00 -->KOBAR RHOD, 1/82¢
R1T S DO —->K- RHO+ AND D+ -—>KOBAR RHO+, AND THEIR D+/00 LIFETIME RATIGC., 1/82#
R18 D+ INTO (Pl+ P10}/ (KOBAR P1+) (PL5)/7(P2) 1/82%
R18 0.30 OR LESS CL=.90 SCHINDLER. 81 SMKZ E+E- 3.771 GEV ECM 1/82%
R19 D+ INTO (KQBAR K+)/{KOBAR PI+} (PL6)/(P2) 1/82%
R19 6 0.25 0.15 SCHINDLER 81 SMK2 E+E— 3.771 GEV ECM 1/82%
R21 D+ AND DO INTO (ETA ANYTHING)/{(TOTAL D+ AND CO)
R21 B8 {0.02) OR LESS BRANDELIK 79 DASP E+E- ECMc=4.03GEV 1/B2%
rR21 0.13 OR LESS PARTRIDGE 81 CBAL E+E- ECM=3.T7GEV 1/82%
R21 B BRANDELIK 79 RESULT BASED ON ABSENCE OF ETA STIGNAL AT 4.03 GEV. 1/82%
R21 B PARTRIDGE 81 OBSERVE SUBSTANTIALLY HIGHER ETA CROSS SECTION AT 4.03, 1/82%¢
EECEES CESTREEDE SRCIELUSHE FHSTEE RN
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Data Card Listings

For notation, see key .at front of Listings.

REFERENCES FOR CHARGED O

GOLDHABE 76 PRL 37 255 GOLDHABER,PIERRE+ABRAMS ,ALAM+ (LBL4SLAC)
PERUZZI 76 PRL 37 569 +PICCOLO.FELOMANINGUYEN.WISS+ {SLAC+LBL)
WISS 76 PRL 37 1531 +GOLOHABER y ABRAMS s ALAM, BOYARSKI+ {LBL+SLAC)
BRANDELI 77 PL 708 387 BRANDELIK + (AACH+CESY+HAMB+MPIM+TOKY)
GOLDHABE 77 PL 69B 503 GOLOHABERWISSsABRAMS, ALAM + (LBL#SLAC)
PERUZZI 77 PRL 39 1301 +PICCOLO,FELDMANS (SLAC+LBL+NWES+HAWA)
PICCOLD 77 PL TOB 260 +PERUZZI+LUTH,NGUYEN,WI SS,ABRAMS+{SLAC+LBL)
BACINO 78 PRL 40 671 +BAUMGARTEN, BIRKWOOD + {SLAC+UCLA+UCT)
FELLER 78 PRL 40 274 ALITKE yMADARAS(RONAN+  {LBL+SLAC+NWES+HAWA)
VUILLEMT 78 PRL 41 1149 VUILLEMIN, FELDMAN + {LBL+SLAC+NWES+HAWA)
ARMENISE 79 PL B68 115 +ERRIQUEZ+ {BART+CERN+EPOL+MILA+ORSA}
BACINO 79 ORL 43 1073 +FERGUSON NODUL MAN+ {UCLA+SLAC+UCT+STON)
BRANDELT 79 PL BOB 412 BRANDEL IK+ LAACH+ CESY+FAMB+MPIM+TOKY)
ORIJARD 79 PL 81B 250 +FISCHER,GEIST+ {CERN+CDEF+HETD+KARL)
ALLASTA 80 NP B176 13 (ANKA+L IBH+CERN+DUUC+LOUC +KEYN+PT SA+ROMA+)
BACINO 80 PRL 45 329 +FERGUSON+ {UCLA+SLAC+STAN+UCI+STON)
USHIDA 80 PRL 45 1053 {ATCH+FNAL+KOBE+ SEQU+MCGT +NAGO+OSU+OKAY+)
ZHOLENTZ 80 PL 968 214 4+KURDADZE. LELCHUKs MISHNEV,NIKITIN+ (NOVOD)

ALSO 81 YAD.PHYS.34 1471 ZHOLENTZ + tNOVO)
ACAMOVIC 81 PL 998 271 ADAMOV ICH+ ( PHOTON-EMUL »GMEGA—PHOTON COLLS.)
BALLAGH 81 PR D24 7 +BINGHAM+ (LBLAUCR+FNAL+HAHA+WASH+WISC)

ALSO 80 PL 898 423 BALLAGH + (LBLAUCB+ FNAL +HAWASWASHeWISC)
PARTRIDG 81 PRL 47 760 PARTRIDGE, PECK+ {CIT+FARV4PRIN#STAN+SLAC)
SCHINDLE 81 PR D24 T8 SCHINDLER,ALAM, BOYARSKY + (SLAC+LBL)
ABE 82 PRL (YO RE PUBL.}(SLAC HYBRID FACILITY PHOTON COLLABORATION)
ALBINIT 82 PL 1108 339 ALBINI+ (FRAS+MILA+PISA+ROMA+TORT+TRST)
REUCROFT 82 CERN/EP/0903R/SR S.REUCROFT (MORIOND CONF) (LEBC-EHS COLLAG)

REVIEWS
BARBAROG 78 LBL-8S537 A.BARBARO-GALTIERI (ERICE 1378) {tsL)
WOJCICKI 78 SLAC-PUB-2232 S.WOJCICKI (SLAC SUMMER [NST.1978) {SLACY
KIRKBY 79 SLAC-PUB-2419 J-KIRKBY (LEPTON CONF. BATAVIA, 197SH(SLAC)
TRILLING 81 PRPL 75 57 GeH.TRILLING (LBL+UCB) Y
HEEEE FEFEEAATE FLLHARXSED TXECEHRRREK BETRFRLES BECHFEEE
EJEHEE SREKIEAFE FERFREFEE XRFEREROK BEREEEERR BRCEHEER
m ' 32 NEUTRAL D(1865,4P=0-1 1=1/2
FOR A RECENT REVIEW SEE TRILLING 81
32 NEUTRAL D MASS (MEV)
M 23411865.} t15.1 GOLDHABER 76 SMAG K P! AND K 3pPI /717
M 11863.1} (3.} GOLOHABER 77 SMAG DO,D+ RECOIL SPC 12/77-
M P (1863.3) (0.9} PERUZZI 77 SMAG E+E- 3.77GEV ECM 12/77
L] {1868.) (11.} PEICCOLO 7T SMAG E+E-6.03,4.41ECM  1/78
M 64(1850.) (15, BALTAY 78 HBC NEU NUCLsXOPIPI 1779
M A 94{1854.1 (6.} ATIYA 79 SPEC GAM NUC-->DC DOBAR 12/79
" 111866.10 (8.3 ADAMOVICH BO EMUL GAMMA NUC-->DOBAR + 2/80
L] 238(1863.0}) 12.5% ASTON 80 OMEG GAMMA P-->DOBAR 12/781%
M A 143(1860.) {2.) AVERY 80 SPEC GAMMA NUC—->D%*+ 12/81%
M A 35(1869.) (4.} AVERY 80 SPEC . GAMMA NUC-—>D%+ 12/81%
M 101847} (7.1 FIORIND Bl EMUL GAMMA NUC-->DOBAR + 1/82%
M L4 11863.81 {0.5) SCHINDLER Bl SMK2 E+4E- 3.77GEV ECM 1/82%
M 4 1866.7 0.6 TRILLING B1 RVUE 4- E+E- 3.77GEV ECM 1/82%
M P PERUZZI 77 AND SCHINDLER 81 ERRORS DO NDT INCLUDE THE 0.13 PERCENT 1/82%
M P UNCERTAINTY IN THE ABSOLUTE SPEAR ENERGY CALIBRATION. TRILLING 81 1/782%
M P USES THE HIGH PRECISION PSI AND PSI-PRIME MEASUREMENTS OF 1/82%
M P ZHOLENTZ 80 TO DETERMINE THIS UNCERTAINTY AND COMBINES THE 1/82¢
M P PERUZII T7 AND SCHINDLER 81 RESULTS TO OBTAIN THE VALUE QUOTED. 1/82%
M A ERROR DOES NGV INCLUDE PDSSIBLE SYSTEMATIC MASS SCALE SHIFT, 1/81%
L] A  ESTIMATED TO BE LESS THAN 5 MEV. 1/781%
32 (D+-} — (DO} MASS DIFFERENCE (MEV)

DM A 5 0 0. PERUZZIT 7T SMAG +- E+E- 3.77GEV ECM 3/78
DM A SCHINDLER 81 SMK2 +- E+E- 3.77GEV ECM 1/82%
DM A NOT INDEPENDENY 'JF D+~ AND DO MASS MEASUREMENTS. 3778
oM e e e
DM AVG 4.74 0.28 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)

Note on the D° Lifetime

The D° lifetime is a subject of uncertainty,
with the problems of inconsistent experimental
results not yet resolved. Earlier results, pri-
marily using emulsion targets, reported lifetimes
of the order of 1 ><10_13 sec or less. The e+e-
colliding-beams resuits indicate a charged/neutral
D lifetime ratio of 3 or possibly much larger (sub-
ject to some theoretical uncertainties). Many of
these results are characterized by relatively large
quoted errors, and the most recent experiments sug-
gest that the D’ lifetime lies in the rangev
2-7 x10713

secs The observation of individual

events with proper lifetimes of the order of



Data Card Listings

For notation, see key at front of Listings.

20 x10713

sec suggests that the mean life may

indeed be longer than first thought, perhaps com-

+
parable to the D™ lifetime.
there being 2 lifetimes in the manner of the KS-K{,

The possibility of

or of there being more than one type of massive

weakly-decaying neutral particle, has been dis-

cussed, but there is no solid evidence.

32 NEUTRAL D MEAN LIFE  (UNITS 10%¢-13 SEC)
T (8.0} CR LESS CL=.90 ARMENISE 79 HYER NEU P —->DIMUONS +  1/80
T 1 10.226) ADAMOVICH 80 EMUL INCL IN ADAMOVICHBL 2780
T € 3 10.53)  (0.57}  (0.25) ALLASIA 80 EMUL NEU WIDEBAND 12/81¢
T ¢ (2.1) OR LESS €L=.95 BACIND 80 DLCO E+E- 3.77 GEV ECM 1/81%
T 6 T (1.00}  (0.52)  (0.31) USHIDA 80 EMUL INCL. IN USHIDA 82 12/81¢
Y OF 3 (0.5€) 0.8} (0.2) ADAMOVICH 81 EMUL CERN-SPS GAMMA NUCL 1/62%
T H 1 (0.14} ADAMOVI2 81 EMUL CERN-SPS GAMMA NUCL 4/B2%
T H 1 (3.4) GR (7.5} ADAMOVIZ 81 EMUL CERN-SPS GAMMA NUCL 4/82%
T B 2 (2.8) (2.2) (1.3) BALLAGH 81 HYBR FNAL 15FT, NU NE-H2 1/82%
T A 1 (2.1} ADEVA 8L HYBR LEBC CERN-SPS PI- P 1/82¢
T A 1 15.9) ADEVA 81 HYBR LEBC CERN-SPS PI- P 1/82%
T 5 3.1 2.0 1.6 FUCHI 81 EMUL CERN-SPS PI- NUC 1/82¢
T 11 6.7 3.5 2.0  ABE 82 HYBR SLAC GAM P 19.5 GEV 2/82%
T 0 8 (z.u (1.3) (0 7) REUCRDFT 82 HVBR Pl- P, P P “/82%
T G 16 2. 82 EMUL FNAL NU,ANU WIDEBND 2/82%
T E  ALLASIA ao ASSUHES NO UJNG LENGYN LDSSES. VlSIBlLlTV PROBLEMS IN  %/82¢
T E THE EMUL. 4/82%
T € USES THEORETICAL RATE D TO (K E NEUI=1.4%10%%1]1 SEC**-1 . 1/81%
T F  ADAMOVICH B1 ASSUMES NO LONG-LENGTH LOSSES. 4/82%
T H  ADAMOVICHZ Bl HAS NO CORRECTION FOR DETECTION EFF ICIENCY. 4/82%
T B BALLAGH Bl VALUE QUOTED HERE ASSUMES THAT ALL DILEPTON EVENTS 1/82¢
T B CONTAIN DO QR D+, EACH WITH EQUAL NUMBERS OF SEMILEPTONIC DECAYS. 1/82%
T A ADEVA 81 FIRST AND SECOND VALUES ARE PROPER LIFETIMES OF DO AND ADO 1/82%
T A FROM SINGLE EVENT. DETECTION EFFICIENCY LOW FOR LIFETIMES 10%%-13  1/82%
T A SEC OR LESS. 1/782%
T D CERN NAl6 {LEBC-EHS) EXPY. PRESENTED AT MORICND CCNF. 82. 4/82¢
T G USHIDA B2 HAVE 3 SEMI-LEPTONIC DECAYS NOT INCLUDED IN THIS NUMBER,  4/82¢
; G BUT BELIEVED TO HAVE MUCH LONGER LIFETIMES. SUPERCEDES USHIDA 80.  &/82%
T AVG 4.8 1. AVERAGE (ERROR INCL. SCALE FACTOR OF 1.6)
(SEE TDEOGRAM BELOW )
WEIGHTED AVERAGE = 0.210 + 0.080
ERROR SCALED BY 1.6
CHISQ
82 EMUL 3.7
82 HYBR 11
81 EMUL _0.2
5.1
(CONLEV
-0.2 0.2 0.6 1.0 =0.079)
NEUTRAL D DECAY RATE (UNITS 10**13SEC-1)
32 (CHARGED D)/{NEUTRAL 0) MEAN LIFE RATID
™ FROM RATIO OF D+ TO DO senuEPromc BRANCHING FRACTIONS
TR 4.3} OR MORE CLe. BACIND 80 DLCO E+E- 3.77 GEV ECM 1/82%
TR t3.1) 14.6) (1. u SCHINDLER 81 SMX2 E+E~ 3.77 GEV ECM 1/82%
32 NEUTRAL D PARTIAL DECAY MODES
DECAY MASSES
Pl 00 INTD X— PI+ 493+ 13
P2 DO INTO K— PI+ PI+ PI- 493+ 139o 139+ 139
LE] DO INTO KOBAR PI+ PI- 497+ 139¢ 139
P4 0O INTO KOBAR PI+ P{~ PI+ PI- 497+ 139+ 139+ 139+
PS5 00 INTO PI+ PI— 139+ 139
Pe 00 INTO K+ PI- (VIA DOBAR} 493+ 139
P7 D0 INTD K+ K- 493+ 493
P8 D0 INTO K- PI+ PIO 493+ 139+ 134
(&) DO INTO KOBAR PIO 497+ 1364
°10 DO INTD E+ ANYTHING
P11 DO INTD K- ANYTHING
P12 00 INTD K+ ANYTHING
P13 DO INTO KOBAR ANYTHING ¢ KO ANYTHING
Pls DO INTO Kx(892)— PI+ 891+ 139
P15 00 INTQ K#1892)0 P10 891+ 134
Pl 00 INTO K- RHO+ 493+ 769
P17 DO INTO KOBAR RHOO 49T+ 769
P18 DO INYO PI- PI- PI¢ PI+ 139+ 139+ 139+ 139
P19 DO INTD UNFITTED MODES (KEEPS FIT PGM. HAPPY)
P20 00 INTO K- PI+ PIO PLO 493+ 139+ 134+ 134
P21 DO INYO ETA ANYTHING (SEE CHARGED D SECTION R21}

DOBAR MODES ARE CHARGE CONJUGATES OF ABOVE MODES

Stable Particles

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

branching fractions, Pi' as follows:
6?i =

The

matrix below is derived from the error matrix for-the fitted partial decay mode
The diagonal elements are Pi:t 6Pi, where

V{&P8P ). while the off -diagonal elemente are the normalized correlation coeffi-
cienta (8P,6P, ) /(5P

. 6Pj)4 For the definitions of the individual Pi. see the listings

abave; only those Pi appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to 1,

R16
R16

R17
R17

18

R18"

R19
R19
R19
R19
R19

R20
R20

R21
R21

Pl P 3 P 5 PT P19
1 .02404-,0039
2 2151 .04534-.0126
3 21745 «0375  .0421+-.0077
5 + 3354 .0721 +0585 .0008+-.000%
7 5204 1120 «0908 41745 .0027+-.0008
9 -.5078 —.B8234; =+5344 —.1906 —.3011 .8850+-.0168
32 NEUTRAL D BRANCHING RATIOS
DO INTD (K- PI+}/TOTAL tp1)
130 0.022 0,006 PERUZZI 77 SMAG E+E- 3.7TGEV ECM
263 0.030 0. 006 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
AVG 0.026(') 0.0042 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
FIT 0.0240 0.0039 FROM FIT. (ERROR INCLUDES SCALE FACTOR OF 1.0)
DO INTO (K- PI+ PI+ PI-)}/TOTAL te2)
0.0322 0.011 PERUZZI 7T SMAG E+E- 3.TTGEV ECM
155 0.085 0.021 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
AVG 0.043 0.022 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2.2)
FIT 0.045 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.4)
00 INTO (KQBAR PI+ PI-}/TOTAL P31
28 0. 040 0.013 PERUZII TT7 SMAG E+E~ 3.77GEV ECM
32 0.038 0.012 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
AVG 0.0389 0.0088 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.90)
FI1T 0.0421 0.0077 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.C)
DO INTO (K- PI+ PL+ PI-)1/{K- PI+) (P217(P1Y
P 214 2.2 PICCOLOD 17 SMAG E+E-4.03,4.41ECH
P THIS CHANNEL DUNINATED BY K- PI+ RHOO (854+-15 PERCENT).
P K¢ PI+ PI— AND K- A2+ CONSISTENT WITH 0, K& RHOO FRAC IS 0.14-0.1 .
FIT 1.89 0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2)
DO INTO (KOBAR PI+ PI-}/IK— PI+) (e3P}
116 2.8 1.0 PICCOLD 77 SMAG E+E-4.03,4.41ECH
35 t.7 0.8 AVERY 80 SPEC GAMMA NUC-->D*+
AVG 2.13 0.62 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
FIT 1.75 0.39 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
D0 INTO (PI+ PI=)/(K— PI+) (P5)/vlpl)
0.07 OR LESS CL=.90 PICCOLD TT SMAG E+E- 4.03 GEVECM
0.033 0.015 ABRAMS 79 SMK2 E+E- 3. TTGEV ECM
FIT 0.033 0.015 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0)
DO INTO (K+ K-}/ {K= PI+) tPTI/LPL}
0.07 OR LESS CL=.90 prcCcoLD 77 SMAG E+E~- 4.03GEV ECM
0.113 0.030 ABRAMS 79 SMK2 E+E~ 3.T7GEV ECM
+ FIT 0.113 0.030 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0}
DG INTO (K¢ PI- VIA DOBAR}/(K- Pl+ + K¢ PI-}) {P6}/(P1+PB)
THIS IS THE CO-DOBAR MIXING LIMIT
0.16 OR LESS CL=.90 FELOMAN T7 SMAG O%+ TO DO Pi+
{0.18) OR LESS CL:.90 GOLDHABER 77 SMAG
DO INTO (K- P14+ PIO)/TOTAL (23]
Q.12 0. 06 SCHARRE 78 SMAG E+E~ 3.77 GEV
37 0.085 0.032 SCHINDLER 81 SMK2 E+E~ 3.771 GEV ECM
AVG 0.093 0.028 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
DO INTO {KOBAR PIO)/TOTAL (1473 ]
(0.06) OR LESS CL=.90 SCHARRE 78 SMAG E+E- 3.77 GEV
8 0.022 0.011 SCHINDLER 81 SMK2 E+E— 3.771 GEV ECM
DO INTO (KOBAR ANYTHING + KO ANYTHING)/TOTAL (p13)
6 0.57 0.26 VUTLLEMIN 78 SMAG E+E- 3.772 GEV ECM
13 0.29 0.11 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
AVG 0.33 0.10 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
DO INTO (E+ ANYTHING)/TOTAL {PLOY
0 -0.04 OR LESS - CL=.95 BACIND 80 DLCO E+E— 3.77 GEV ECM
12 0.055 0.037 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
EST 0:06 OR LESS CL=.90 OUR ESTIMATE
DO INTO {K*{892)- PI+)/TOTAL (P14)
0.034 0.014 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
00 INTO (K*{8S2)0 PIO)/TOTAL {P15}
0.014 0.023 0.01% SCHINDLER 81 SMK2 E4E- 3.771 GEV ECM
DO INTO (K~ RHO+}/TOTAL . (ple)
31 .072 0. 030 0.031 SCHINDLER 81 SMK2 E+E— 3.771 GEV ECHM
DO INTO {KOBAR RHOUOMN/TOTAL (P17}
. 8 0.001 0. 006 0.001 SCHINDLER 81 SMK2 E+E- 3,771 GEV ECM
00 INTOD (PI- PI- PI+ PL+}/{K~ PI+ PI+ PI-) (P1ay/tp2)
0.21 OR LESS CL=.90 SCHINDLER 81 SMK2 E+E- 3.771 GEV ECM
DO INTD {K- AMYTHING)/TOTAL {P11)
19 0.35 . 0. 10 VUILLEMIN 78 SMAG E+E- 3.772 GEV ECM
121 0.55 0.1} SCHINDLER 81 SMK2 E+€- 3,771 GEV ECM
AVG .0 440 0.100 AVERAGE {ERROR TNCLUDES SCALE FACTOR OF 1.3}

DO INTO (l(b ANYTHING) /TOTAL

(P12}
0.08 0.03 SCHINDLER 81 SMK2 E+E- 3.771L GEV ECM

00 INTO (K- PI+ PIO PIO}/TOTAL
1 SEEN

(p20)
ADEVA 81 HYBR P1- P——>D0 DOBAR

FOREEE ERERAEERE REREEE RS EREFETHED EXEEFOREE KE XX SR OES O AL BRKIK TRAKBED S

DO

12777
1/82%

12777
1/782%

12771
ir82#

12777
12/77
12717

12777
12/781*% .

12/77
12779

12717
12/79

3777
12777

1778
1/782%

1/718
1/82%

1779
1/82¢

4/82¢
4r82%

4/82%

1/782%
1/82%

1/82%
1/782%

1782%
1/82%

1/82%
1/82%

1/82%
1/82%

1/82%
/79
1/82%

1/82%
1/82¢

1/82%
1/782¢
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Stable Particles - Data Card Listings
D°, F* B, p For notation, see key at front of Listings.

REFERENCES FOR NEUTRAL D . REFERENCES FOR F+ (2020}

GOLOHABE 76 PRL 27 255 . GOLDHABER, PTERRE,ABRAMS JALAMS {LBL+SLAC) BRANDELT 77 PL 708 132 BRANDELIK + { AACH+CESY+FAMB4MP M+ TOKY)

FELDMAN 77 PRL 38 1313 4PERUZZI,PICCOLO,ABRAMS ALAM + (SLAC+LBL) BRANDELI 79 PL 80B 412 BRANDELIK+ (AACH# CESY +HAMB+MPIM+TOKY)

GOLDHABE 77 PL 698 503 GOLDHABER,WISS5+ABRAMS,ALAM + (LBL+SLAC) - AMMAR 80 °L 94B 118 + (KANS+FNAL+SERP+ITEP+CRAC+JTNR+WASH+)

PERUZZI 77 PRL 39 1301 +PILCOLO,FELDMANS (SLAC+LBL+NWES+HAWA) USHIDA 80 PRL 45 1053 (ATCHFNAL+KOBE+SEQUs MCGI +NAGO+OSU+OKAY +)

PICCOLO 77 PL TOB 260 +PERUZZT,LUTH,NGUYEN,WI SS,ABRAMS+(SLAC+LBL) ASTON 81 PL 1008 S1 (BONN+CERN+EPOL+GLAS+LANC+MCHS+LALO+LPNP+)
ASTON2 81 NP 8189 205 (BONN+CERN+EPOL+GLAS+LANC+MCHS +LALD+LPNP+)

BALTAY 78 PRL 41 73 +CAROUMBAL [ Sy FRENCHoHIBBS, HYLTON+{COLU+BNL) PARTRIDG 81 PRL &7 760 © PARTRIDGE.PECK+ (CITH#HARV4PRIN+STAN+SLACS)

SCHARRE 78 PRL 40 74 +BARBARC-GALYIERT + -(SLACHLBL+NWES+HAWA)

VUILLEMI 78 PRL 41 1149 VUTLLEMIN,FELOMAN #+ (LBL+SLAC+NNES+HAWA) R REVIEWS

ABRAMS 79 PRL 43 481 +ALAMy8LOCKER, BOYARSKI+ (SLAC+LBL)

ARMENISE 79 PL 868 115 +ERRTQUEZ+ (BARI+CERN+EPOL+MILA+DRSA) TRILLING 81 PRPL 75 57 G.H. TRILLING (LBL+UCB)

ATIYA 79 PRL 43 414 +HOLME SoKNAPP, LEE+ (COLU+TLL+FNALY
- B AAE AERBAREEE SERESEBRE FRXOAU MR SELXENERD SRRRXAEEE HOIRAAARE KEXEXEEE

ADAMOVIC 80 PL 89B 427 ADAMOV ICH+ | PHOTON- EMUL y CMEGA—PHOTON CULLS-., THEREE EEDEEIRRE FEFCSHARE EERFGEARR ERURINEAS DEIRERREE AR HXREEXE CHEXFReE
ALLASEA 80 NP B176 13 CANKA+L [BH+CERN+DUUC+LOUC ¢KEYN+PTSA+ROMA+) '
ASTON 80 PL 948 113 +(BONN+CERN+EPOL +GLAS+L ANC+MCHS +LALO+L PNP+)
AVERY 80 PRL 44 13209 +WISS,BUTLER,GLADDING+ CILL+FNAL+COLUD . 39 BOTTOM-MESON B(5200, JP= 1}
BACING 80 PRL 45 329 +FERGUSON+ {UCLA+SLAC +STAN#UCI+STON) .
USHIDA 80 PRL 45 1049 (AYCH+ENAL+KOBE+SECU+MCG I +NAGO+OSU+DKAY +) SEE ALSO THE LISTING FOR BOTTOM HADRON SEARCHES.
ZHULE':;é gfl’ :';D'“;gvglg‘ Lem ;ﬁgtgzgihLELC"UK-MSHNEV'NI“”N* :mgxg: -NEEDS CONFIRMATION, NOT ENTERED INTO TABLE.
. . +
ADAMOVIC B1 PL 998 271 ADAMOV ICH¢ { PHOTON~EMUL s CMEGA~PHOTON COLLS.)

ADAMOVIZ2 81 DESY-L-TRANS-260 {PISMA JETF 34 &477)(PHOT.EMUL.,OMEGA-PHOT.} C———
ALSO 80 ADAMGVICH

ALSO 81 FIGRIND 39 B MASS (MEV)
ADEVA 81 PL 1028 285 +AGUILAR-BENITEZ + (LEBC—EHS COLLABORATION) .
BALLAGH 81 PR D24 T +BINGHAMS (LBL+UCB+FNAL #HAHA+WASHEWTSC) " 5140 TO 5290 ANDREWS B0 CLEG UPSIL4S) THRESHOLD 4/82%
ALSO 80 PL 898 423 BALLAGH + (LBL+UCB+ FNAL +HAWA+RASH¢WISC) [ 5275 OR LESS FINNOCCHI 80 CUSE UPSILI4S) THRESHDLD 4/82%
FIORING 81 LNC 30 166 FIORINQ+ (PHOTON-EMUL, OMEGA-PHOTON COLLS.}
FUCHI 81 LNC 31 189 +HOSHINOJMIYANISHI+.  (NAGO+A ICH4TOKY+YOKO) I
SCHINDLE 81 PRD 24 78 SCHINDLER, ALAM, BOYARSKY + (SLAC+LBL) .
ABE 82 PRL (TQ BE PUBL.)(SLAC HYBRID FACILITY PHOTON COLLABORATION) 39 8 PARTIAL DECAY MODES
REUCROFT 82 CERN/EP/0903R/SR S.REUCROFT (MORIOND CONF) (LEBC-EHS COLLAB) N "
USHIDA 82 PRL 48 844 (ATCHHFNAL+KOBE+ SEOU+MCG T +NAGO+DSU+OKAY+)
DECAY MASSES
Pl 8 INTO ELECTRON ANYTHING .
QUANTUM NUMBER DETERMINATICNS NOT REFERRED TO IN THE DATA CARDS 02 B INTo HUeeT YT NG .
: 3 INTO E+ BNYTHING
NGUYEN 77 PRL 39 262 +HISS s ABRAMS, ALAM, BOYARSKI+ (LBL+SLACHS pa T e G NG
. ps5 8 INTO KAON ANYTHING
REVIEWS 0
8ARBAROG 78 LBL-8537 A.BARBARO-GALTIERI (ERICE 1978) (eL)
WOJCICK 78 SLAC-PUB-2232 S.WOJCICKI (SLAC SUMMER INST.1978)  (SLAC) N RACT 10!
KIRKBY 79 SLAC-PUB-2419 J.KIRKBY (LEPTON CONF. BATAVIA, 19791 (SLAC) 39 B BRANCMING FRACTIONS
TRILLING 8L PRPL 75 57 G.H.TRILLING (LBL+UCB}Y ’1 B INTO (ELEC,RUN ANYTHING) / TOTAL (P11
e sss essbebes SEanenEes : rerarne RI A .13 0. 042 8EB 81 CLEQ DIRECT E AT UPS(4S) 4/82%
s ranar iee senetimme seesrees RL A THE STATlSTICAL AND SYSTEMATIC ERRURS ARE EACH +-0.03 4/82%
bkt s * RL B 0.136 0..039 CER 81 CUSB DIRECT £ AT UPS(4S) 4/82¢
T RL B THE STATISTICAL AND SYSTEMATIC ERRORS 4RE +-0.025 AND +-0.03. “/82%
. ~ Rl AB THE ELECTRON ENERGY- SPECTRA IN BOTH BEBEK 81 AND SPENCER 81 FAVOR  4/82¢
24 F4-(2020,4P= ) Rl AB B-TO-C OVER B-TO-U QUARK TRANSTTIONS. 4/82%
R1 e e e s e e
o Rl AVG 0.133  0.029 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
R2Z 8 INTO (MUON ANYTHING)/TOTAL P2y
34 F+-12020) MASS {MEV) R2 0.09¢  0.036 CHADWICK 81 CLED DIRECT MU AT UP(4S) 4/82%
M B 4(2030.) (60.1 BRANDELIK 77 DASP ¢- E+E- ECM=4GEV 12717 _
M 8 6 2030. 60. BRANDELTK 79 DASP E+E~ ECM=4.42GEV  1/80 e 8 1NTO ;5355 D:"I{:;ch(lg_';'g BEBEK 81 CLEO 3 UPSTLU4S)  4782%
" 1 2017, 25. AMMAR 80 HYBR ¢ NEU WIDEBAND 9/81¢
M 1 2026. 56. USHIDA 80 EMUL — FNAL NU WIDEBAND = 2/82%
. R4 8 INTO (MU Wi~ ANYTHING) /TOTAL
M 1 2089. 121. USHIDA B0 EMUL + FNAL NU WIDEBAND 2/82% 0. " PSIL (4 “r82%
WA aob 2oma: 21 P S omEe o At tipEl 2ec | »e 017 OR LESS CL=0.90 CHADWICK 81 CLED Ec s— AT. UPSTLU4S) /782
u 8 BRANDELIK 77 EVENTS INCLUDED IN BRANDELIK 79 VALUE. 1/80 rS B INTO (KAGN ANYTHING)/TOTAL (ps)
"o ERROR QUOTED BY ASTON 81 1S 10 MEV STAT AND <20 MEV SYST. sz | o5 SEEN BRODY 82 CLED KAONS AT UPSIL{4S)  4/82%
L I R5 € ASSUMING UPSILON(4S) --> B BBAR, A TOTAL OF 3.38+-0.344-0.68 KAONS  4/82%
Mo AvVG 2021.1 15.2 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0) RS ¢ PER UPSILON(4S) DECAY 1S FOUND {THE SECOND ERROR IS SYSTEMATIC). IN 4/82%.
RS € THE CONTEXT OF THE STANDARD B-DECAY MODEL, THIS LEADS TO A VALUE 4782%
RS € FOR (B-QUARK —> C-QUARK)/{B—QUARK --> ALL} OF 1.09+-0.33+-0.13. «r82¢
34 Fe-(2020) MEAN LIFE  (UNITS 10%%-13 SEC) PO .
T 2 2.24 2.78 1.65 USHIDA 80 EMUL . NEU WIDEBAND 12/81% REFERENCES FOR BOTTOM MESON B(5200)
T L (1.4) AMMAR 80 HYER + NEU WIDEBAND 1/82¢
. ANDREWS 80 PRL 45 219 + (CORN4HARV+ [ THA+ SYRA ¢ROCH+RUTG+VAND)
- FINOCCHI 80 PRL 45 222 FINOCCHIARD sGIANNIN ,+ (STON+COLU+LSU)
. . BEBEK 81 PRL 46 84 . {HARV# ITHA®SYRA+ROCH+RUTG+VAND+CORN)
24 F4+-{2020) PARTIAL DECAY MODES CHADWICK 81 PRL 46 88 +GANC 1+ { ROCH+RUTG* SYRA+ VAND+CORN+HARV41THA )
SPENCER 81 PRL 47 771 +FINOCCHIARD o+ (STON+COLU+LSU+HPIM)
DECAY MASSES 8RODY 82 PRL 48 1070 +CHEN, + { SYRA+VAND+CORN ¢ [THA+HARV+ROCH+RUTG)
3 Fe- INTO ETA PIe- 548+ 139
P2 Fe- INTO ETA ANYTHING 548+ 0 CHanRE KPEk RS .
3 F+- INTO ETA Pl4-— PI+ PI- 548+ 139+ 139+ 139 POSEISERIINISEIN
P4 Fe- INTO ETA PRIME PI4+— Ple PI- 957+ 139+ 139+ 139 .
Ps Fa— INTD RHO+- PHI 76941019
16  PROTON(938,4=1/2) 1=1/2
36 F+-12020) BRANCHING RATIOS T
16 PROTON MASS (MEV)
R1 Fe- INTO LETA ple-)/IETA ANYTHING] (P11/1(pP2)
Rl A .09)  (0.06) BRANDELIK 79 DASP  E+E- ECM=4.6420EV 4/82¢ | y 1938.256) 10.005) COMEN 65 RVUE 1/66
RI A  DENCMINATOR INCONSISTENT WITH PARTRIOGE 81 (CRYSTAL BALL) ws2e |y (938, 2592) {0.0052) TAYLOR 69 RVUE  USING NEW E/H 1770
" 938.2796  0.0027 COHEN 73 RVUE 3/74
R2 Fe— INTO ETA Ple— PI+ PI- (p3) 1/782¢
RZ 300 SEEN ASTON 81 OMEG  GAMMA P-—>F + ire2e |
R3 Ft- INTO ETA PRIME P+ PI+ PI- tpa) 1/82¢ 16 ANTIPROTON MASS (MEV)
R3 50 SEEN ASTON 81 CMEG  GAMMA P~=>F + 1782%
’ ML 938.3 0.5 BAMBERGER 70 CNTR 12/79
R4 Fe— INTO RHO+- PHI (P51 1/82% |y, 938.179 0.058 HY 75 CNTR EXOTIC ATOMS 12719
Ré4 30 SEEN ASTON2 81 OMEG GAMMA P-—>F + /82 | my 938.229 0. 049 ROBERSON 77 CNTR 12779
ML 938.30 0.13 ROBERTS 78 CNTR 6118
AEENER R EEEGE VEUBRRRTE REXXVEEFE L ex0x: . M1

ML AVG 938,216 0.036  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)




‘Data Card Listings

For notation, see key at front of Listings.

16 PROTON MEAN LEFE / BRANCHING

FRACTION {UNITS YEARS)

BARYCN CONSERVATION WOULD 8E VIOLATED BY A FINETE PROTON MEAN LIFE.
(SEE ALSO NEUTRON-ANTINEUTRON OSCILLATIONS I[N NEUTRON SECTION BELDW
FOR ANGTHER TEST OF BARYON CONSERVATION.)
LIMITS QUOTED ARE PARTIAL MEAN LIFE FOR PROTON OR BOUND NUCLEON
DECAY MODE SHGWN AT RIGHT. .
SEE ALSD THE REVIEWS BY REINES AND SCHULTZ, SURVEYS IN HIGH ENERGY

PHYSICS 1, B89 {1980}; GOLDHABER, LANGACKER, SLANSKY, SCIENCE 210,
851 (1980} : GOLDHABER AND SULAK, COMMENTS NUCL. PARY. PHYS. 10,
215 (198L).
T H {1.4E20) CR MDRE GOLDHABER 54 TH232 NUC==>ANYTHING
T H (L.4E22) CR MORE REINES 4 CNTR NUC~=>CHGD ANY
T H (6. E23) CR MORE REINES , 57 CNTR P —==> CHGD ANY
T H (3. E23). (R MORE FLERQV 58 TH232  NUC-->ANVTHING
T HM 4. €26) CR MORE BACKENSTO 60 CNTR NUC-->MU ANY
T HM {9. E27) GR MORE GIAMATY 62 CNTR P —> MU GAMMA
T HM (6. £28) QR MORE KROPP 65 CNTR P —=> MU GAMMA
T HM (1.2E30) CR MORE GURR 67 CNTR P > MU GAMMA
T (3. E23) CR MORE 01X 70 DEUT P —=> ANYTHING
T (1.3E29) CR MORE BERGAMASC T4 CNTR P ==> CHGD ANY
T L (2. E30) OR MORE REINES T4 CNTR NUC-->MU ANY
T (1.6E25) UR MORE EVANS 77 TE130 NUC—->ANYTHING
T L M {6. E30} CR MORE LEARNED 79 CNTR NUC—-=>MU ANY
T L {1. €30) OR MORE LEARNED 79 CNTR NUC==>ANYTHING
T (1.8E30) CR MORE CL=.,90 CONWSIK 80 CNTR NUC==>MU ANY
T 0 (1.25E30)CR MORE ALEKSEEV 81 CNTR NUC——>ANYTHING
T C 2 (3. E31) CR MORE CHERRY 81 CNTR NUC==>MU ANY
T C (1.5E30} CR MORE CHERRY 81 CNTR NUC——>ANYTHING
T K 2 8. E30 CR MDRE KRISHNASW 81 CNTR NUC-->ANYTHING
T H CONVERTED TO MEAN LIFE BY DIVIDING HALF~LIFE BY LN(21=.693 ,
T M REFERENCE ALSO GIVES LIMITS FOR OTHER MODES. WE GIVE HIGHEST LIMIV.
T G FIRST LEARNEC 79 VALUE SUPERCEDES REINES 74. SECOND LEARNED 79
T L VALUE IS FIRST TIMES B.F.=.15, A& GRAND UNIF. GAUGE THEORY ESTIMATE.
T C CHERRY 81 SEE {24-2) EVENTS ABOVE BACKGROUND. SECOND CHERRY 81
T C VALUE IS FIRST TIMES B.F.=.05, A GRAND UNIF. GAUGE THEORY ESTIMATE.
T K KRISHNASWAMY 81 SEE 2 EVENTS IN FIDUCTAL VOLUME OF DEVECTOR.
T K TENTATIVE MEAN LIFE ASSUMES B.F. * EFF. =0.5 (FROM GUT} .
T K WE QUOTE THEIR TENTATIVE MEAN LIFE AS A LOWER LIMIT.
16 ANTIPROTON MEAN LIFE / BR. FRACTION (UNITS HOQURS}
LIMITS SHCWN ARE PARTIAL MEAN LIFE FOR MODE SHOWN AT RIGHT.
Tl (3.,3E-8) (R MORE (L=.95 GANGULT 78 HBC PBAR—->ANYTHING
Tl B 32.) TR MORE BREGMAN 78 ICE PBAR-—>ANYTHING
T1 E {1700.1 OR MORE CL=.90 BELL 79 ICE PBAR-=>E- PIO
Ti G (1. Ei11) CR MORE GOLDEN 79 SPEC PBAR—~>ANYTHING
Tl B BREGMAN 78 STCRED ANTIPROTONS IN ICE STORAGE RING AT CERN 85 HOURS.
TL E BELL 79 STORED ANTIPROTONS IN ICE STORAGE RING FOR 10 DAYS,
Tl G GOLDEN T9 VALUE INFERRED FROM PBAR/P RATID IN COSMIC RAYS.
16 PROTON MAGNET. MOMENT(E/2MP)
MM 12.792761(0.00002} COHEN 65 RVUE
MM {2.792782 C.000017} TAYLOR 69 RVUE USING NEW E/H
MM 2.7928456 .0000011 COHEN 73 RVUE
16 ANTIPROTON MAGNETIC MOMENT (E/2MP}
MML O (~1.8) (1.2} BUTTON 62 CNTR
MML R ° (-2.83) {0, 10} FOX 72 CNTR
MM1 R (-2.819) (0.056) ROBERTS 74 CNTR
MML -2.791 0.021 HU 75 CNTR EXOTIC ATOMS
MML R =2, 817 0.048 ROBERTS 78 CNTR
MML 0 OLD EXPERIMENT WITH LARGE ERROR. NOT AVERAGED.
MML R ROBERTS 74 1S REANALYSIS OF FOX 72 DATA. REPLACES OLD FOX VALUE.
MMl R ROBERTS 78 1S A REANALYSTS OF ROBERTS T4. ) .
MM1 e e e e e e o o e
MMl AVG -2.795 0.019 AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0}
.16 PROTON ELECTRIC DIPOLE MOMENT (UNITS 10%%-23 £ CM}
FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE
EDM 16 {700.} (200.} HARRISON 69 MBR
EOM t55000.1 CR LESS KHRIPLOVI 76
16 PROTON ELECTRON CHARGE OIFFERENCE (UNITS €)
0Q D 1.0€~21 OR LESS DYLLA 73 NEUTRALITY OF SFe
0Q o) ASSUMES THAT Q(NEUTRONI=Q{PROTON)-Q(E-}. SEE DYLLA 73 FOR A
bQ D SUMMARY OF EXPERIMENTS ON' THE NEUTRALITY OF MATTER.

HEEBEE BERKIBEKE EHKRKAEE SXERXEXAE DRAKRRAES KARGEHAAE DROHUKKES REQRLkD Y

GCLDHABE
REINES
FLEROV
REINES
BACKENST

BUTTON
GIAMATI
COHEN
KROPP
GURR

HARRISON
TAYLOR
BAMBERG €
DIX

FOX
COHEN
DYLLA

BERGAMAS
REINES
RCBERTS

ALSO
HU

REFERENCES FOR PROTON

54 PR 96 1157 FNOTE2 GOLDHABER.REINES,COWAN
54 PR 96 1157 REINES, COWAN, GOLDHABER
58 SOV PHYS DOK 3 79 FLEROV.KLOCHKOV,SKOBKIN
57 PR 109 609 REINES, COWAN, KRUSE

60 NC 16 749 BACKENSTQOSS,FRAUENFELDE
62 PR 127 1297 J BUTTON,.B MAGLIC

62 PR 126 2178 GIAMATI,REINES

65 RMP 37 537

(LASL+BNL)
(LASL+BNL)
(USSR}
{LASL)
{CERN}

+TERENTEV
RyHYAMS +

{LBL)
CASE)

¢
+DUMOND (N.AMER,AVIATION SCIENCE CENT.,CIT}

65 PR 1378 740 W R KROPP,F REINES (CASE)
67 PR 158 1321 GURR y KROPP,REINES, MEYER (CASE+JOHANNESBURG)
69 PRL 22 1263 HARRTSON, SANDARS WRIGHT (CLARENDDON OXFORD)
69 RMP 41 375 +PARKER + LANGENBERG (PRINUCT+PENN}
70 PL 33B 233 BAMBERGER s LYNEN,PTEKARZ + (MPIH+CERN+KARL)
70 THESIS CASE FE DIX {CASE)
72 PRL 29 153 +BARNES,EISENSTEIN#{BNL+CARN+VP [+WILL+WYOM)
73 J.PHYS.CHEM.REF.DATA 2, P.663y E.R.COHEN:B.N.TAYLOR

73 PR AT 1224 H.F.DYLLA: J.G.KING (NIT)
T4 LNC 11 636 BERGAMASCO.PICCHT (TORI+FRAS)
T4 PRL 32 493 +CROUCH {UCT+CASE)
74 PRL 33 1181 +COXy ECKHAUSE+ {WILL+VPI+CARNWYOM+CIT+8NL)
75 PR D12 1232 ROBERTSyCOX + {WILL4VPI+CARN4WYOM4CIT+BNL)
75 NP A254 403 +ASANOsCHEN,CHENG, DUGAN+ (COLU+YALE)

9/81%
9/81%

9/81%

9/81%
12/75
12775

9/81%

9/81¢
12/79

4/82%

2/82%

1/82¢

1/82%

1/82%

1/782%
1/782¢
1/82%
1/82%
1/82%

6/78
/79
1/80
12/79
7/79
1/80
12779

7/70
3714

10/69
1/78

2/80
2/80
2/80
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Stable Particles

JETP 44 25

KHRIPLOV 76 T.B.XHRIPLOVICH {NUC.PHYS, INST.,STBERTA)
EVANS 77 SCIENCE 197 989 +STEINBERG {BNL+PENN)
ROBERSON 77 PR £1&6 1945 +KING + KUNSELMAN+ {HYOM+CITH+CARN#VPT+WILL)
BREGMAN 78 PL 788 174 +CALVETTI, CARRON,CITTOL IN, HAUER HERR+ (CERN}
GANGULI 78 PL 748 130 +MALHOTRA, RAGHAVAN, SUBRAMANI AN + {TIFR)
ROBERTS 78 PR D17 358 8. L. ROBERTS (WILL#RHEL}
BELL 79 PL 868 215 +CALVETTI,CARRON,CHANEY +CITTOLIN® (CERN}
GOLDEN 79 PRL 43 1196 +HORANy MAUGER, BADHWAR  LACY + (NASA&PSLL)
LEARNED T9 PRL 43 S07 +REINES,SONY wen
COWSIK 80 PR D22 2204 - R.COWSIK+VaS.NARASIMHAN (TIFR}
ALEKSEEV 81 JETPL 33 651 +BAKATANOV, BUTKEVICH,VOEVODSKIL + (LEND)
CHERRY 81 PRL 47 15Q7 +DEAKYNEsLANDE,LEE,STEINBERG + {PENN#BNL]
KRISHNAS 81 PL 106B 339 KRISHNASWAM{ MENDN,MONDAL+ {TIFR+QSKC+TOKY}

QUANTUM NUMBER DETERMINATIONS NOT REFERRED YO IN THE DATA CARDS

KALOGEROPOULDSCHIU SUDARSHAN
JERRDLD FRANKLIN

(SYRA+TEXAIP
{HAIF)P

KALOGERD 76 PRL 37 1037
FRANKLIN 77 PR D16 910

AIEREE REREAEERE FEOAEP AR BEORCKAER SUCRERRAE KEXEHRBRE SEA DR R HELEEREE
AL ELE RESEERAKE

17 NEUTRON(939,4=1/2) 1=1/2
17 NEUTRON MASS (MEV)
T 1939.5527) (0.0052} TAYLOR 69 RVUE USING NEW E/H
939, 5731 0.0027 COHEN 73 RVUE

THESE DETERMINATIONS OF NEUTRON MASS NOT INDEPENDENT OF
NEUTRON-PROTCN MASS DIFFERENCE MEASUREMENTS BELOW.

17 {NEUTRON} - (PROTON)} MASS DIFFERENCE (MEV)

oM™ (1.293441(0.00007) MATTAUCH 65 RVUE

0 1.29342% 0.000036 COHEN 73 RVUE

D M WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO

o NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS
0 AND A HYDROGEN BINDING ENERGY DOF 13.6 £V.

17 NEUTRON MEAN LIFE (UNITS 10%#3 SEC}

THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SOSNOVSKII 59 HAS
BEEN DISCARDED SINCE 1. IT DISAGREES WITH THE BETTER AND MORE
RECENT RESULT OF CHRISTENSEN 67. 2. THE VALUE OF GA/GV DE—

RIVED FROM THE NEW VALUE OF THE MEAN LIFE AGREES WELL WITH THE
GA/GV VALUE OBTAINED FROM THE FREE NEUTRON DATA.
T A (1.013} {0.026} SOSNOVSKI 59 PILE
T (0.935)  (0.014) CHRISTENS 67 PILE REPL BY CHRISTENS72
T 0.918 0.014 CHRISTENS 72 PILE
T A {0.877) (0.008) BONDARENK 78 PILE
T 0.937 0.018 BYRNE 80 PILE
T 0.875 0.095 KOSVINTSE 80 PILE
T 8 10.903)  {0.010) WILKINSON BO RVUE INFERRED VALUE
T A THE RESULTS CF BONDARENKO 78 AND SOSNOVSKI S9 ARE IN SIGNIFICANT
T A DISAGREEMENT WITH THE TWO OTHER PRECISE DIRECT MEAN LIFE MEASURE—
T A MENTS AND THE INFERRED VALUE GIVEN 8Y WILKINSON 80. WE EXCLUDE
T A THESE TWO RESULTS FROM THE AVERAGE, AS IS RECOMMENDED BY
T A WILKINSON 80.
T 8 WILKINSON 80 VALUE INFERRED FROM N DECAY ANGULAR CORRELATIONS.
T e s e . ..
T AVG 0.925 0.011 0.011 AVERAGE {ERROR INCL. SCALE FACTOR OF
17 NEUTRON MAGNETIC MOMENT (MAGNETONS,938.2 MEV)
MM (-1.913148  0.000066} COHEN 56 RVUE
MM (-1.91304211 0.00000088) GREENE 77 MRS REPL. BY GREENE 79
MM -1.91304184 0.00000088 GREENE 79 MRS
17 NEUTRON ELECTRIC DIPOLE MOMENT {UNITS 10#%-23 E CM)
FORBIDDEN BY BOTH T INVARIANCE AND P INVARIANCE
£DM M (-20.1 €30.1 MILLER 67 MRS
EDM “24. 39. SHULL 67 CNTR
EOM M (30.) TR LESS DRESS 68 MRS ABSOLUTE VALUE
E0M (5.)  CR LESS BATRD 69 MRS [INCLUDED IN DRESS73
EDM - 2. 39. APOSTOLES 70 MRS
EDM 0.32 0.75 DRESS 73 MRS < 10#%-23 (CL=.80)
EDM 0404 0415 ORESS TT MRS < 3 E-24 {CL=.90)
EDM A 0. 040 0. 075 ALTAREY 79 MRS < 1.6E-24 (CL=.90)
EDM A .021 0.024 ALTAREV 81 MRS < & E~25 (CL=.90)
EDM M DRESS 68 INCLUDES DATA OF MILLER 67.
EDM A ALTAREV 79 AND 81 USE ULTRACOLD NEUTRONS.
EDM R
EDM AVG .023 0.023  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
17 NEUTRON CHARGE
SEE SECTION DC IN THE PROTON DATA CARD LISTINGS ABOVE
17 NEUTRON PARTIAL DECAY MODES
DECAY MASSES
DECAY MASSES
3¢ NEUTRON INTO PROTON E- ANTI{NUE) 938+ .5¢ 0
P2 NEUTRON INTO PROTON NUE ANTIUNUE} $38+ 0+ O
17 NEUTRON BRANCHING RATIOS
R1 NEUTRON INTO {PROVON NUE ANTI(NUE!)/(PROTON E— ANTIINUE) (P2}/(P1)
R1 FORBIDDEN 8Y CHARGE CONSERVATION
RL S (3. E-1710R LESS SUNY AR 60 CNTR RBB7-->SRBTM+NEUTRL
R1 (3. E-19)QR LESS NORMAN 79 CNTR RBBT-->SRETMeNEUTRL
R1 9. E-24 OR LESS BARABANOV 80 CNTR GATI-—>GET1 + ANY
Rl S WE HAVE CONVERTED SUNYAR 60 MEAN LIFE LIMIT FOR (N —> P + NEUTRLS}
Rl S AS DESCRIBED IN NORMAN 79.

p. n

7/70
37746
/70
7/70

7/68
3/68
6/72
8/81*
2/82%
10/81%
5/782%
5782¢
5782%
5/82%
5/82%
5/82%
5/82%

1.0}

7/66
3/78
12779

10269
1/78
6173
6/17

10/81%
2782%
1/78
4/82%

2/80
2/80
2/82%
2/80
2/80
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Stable Particles Data Card Listings

. . .
n, A For notation, see key at front of Listings.
17 LIMIT ON NEUTRON-ANTINEUTRON OSCILLATIONS PAPERS NOT REFERRED YO IN DATA CARDS
NAN MEAN TIME FOR N-ANTIN TRANSITION IN VACUUM (UNITS SEC.) JACKSON 57 PR 106 517 JACKSON, TRE TMAN  WYLD (PRINCETON)
NAN A (1.E8) CR MORE CHETYRKIN 81 1/82¢ COMEN 65 RMP 37 537 +DUMOND (N.AMER.AVIATION SCIENCE CENT..CIT)
NAN A ESTIMATE BASEC ON DATA FROM NUCLEON STABILITY EXPERIMENTS. CONTAINS  1/82¢ SHALLA 66 PL 19 651 C P BHALLA (ALABAMA}
NAN A REFERENCES YO EARLIER ESTIMATES AND DISCUSSIONS. SEE ALSO 1/82%
NAN A MOHAPATRA 82. 1782+ arrrse rRaRIEEEE * s -
AOREEE FREOFRKEE REXEERET K REIEHEEE
17 NEUTRON BETA DECAY PARAMETERS 18 LAMBDA(1116,JP=1/2+) [=0
RELATED TEXT SECTION VI D.l
AV GA/GV (sss TEXT FOR SIGN CONVENTION) 18 LAMBDA MASS (MEV)
Av ¢ (~1.25 10,044} CONFORTO 67 RVUE SEE NOTE C BELOW
AV EP -1. 23) (0,01} CHRISTENS 67 CNTR N DECAY FT VALUE 11/68 M N SINCE OUR FINAL VALUES FOR THE SIGMA AND LAMBDA MASSES COME FROM
AV P (-1.22)  (0.08} GRIGOREV 68 CNTR E-NEU ANG CORREL 10/71 M N DOING AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCESs
AV P (-1.26)  10.02) CHRISTENS 70 CNTR PE,NEUT SPIN CORREL 10/71 M N WE HAVE USED THE UNCORRELATED MEASUREMENTS FROM SCHMIDT 65 RATHER
AV EP -1.27)  10.025) EROZOLIMS 71 CNTR REPL.BY ERDZOLIMST9 10/71 M N THAN THE ONES COMING FROM THE DVERALL FIT REPORTED IN THAT PAPER.
AV EP 1-1.239) 10.011) CHRISTENS 72 CNTR N DEC.+ FT VALUE 1/73 M N SINCE THERE SEEMS TO BE ND CONVINCING ARGUMENT AS TO WHY ONE SHOULD
AV P €-1.263) (0.016} KROPF 73 RVUE N DECAY ALONE 1713 M N IGNORE DATA USING RANGE MEASUREMENTS, WE HAVE INCLUOED MERE VALUES
AV P -1.250 0. 009 KROPF 73 RVUE N DEC.+ FT VALUE 1/73 M N DEPENDING ON PROTON AND PION RANGES. THE SCHMIDT 65 MASSES HAVE
AV E 1-1.2501  (0.036) DOBROZEMS 75 CNTR REPL.BY STRATOWA 78 12/75 M N BEEN REEVALUATED USING OUR APRIL 1973 PROTON AND CHARGED K AND PI
AV K -1.253 0.021 KROHN 75 CNTR PEJNEUT SPIN CORREL 1/77 M N MASSES. P. SCHMIDT, PRIVATE COMMUNICATION, (1974}.
AV t-1.263) 10.015) EROZOLIMS T7 CNTR REPL.BY EROZOLIMSTY 1/76
AV E -1.259 0.017 STRATOWA 78 CNYR PROTON RECOIL SPECT 2/82¢ I 11 0.12 BHOWMIK 63 RVUE + SEE NOTE L BELIW
AV E -1.261 0.012 EROZOLIMS 79 CNTR PEJNEUT SPIN CORREL 10/81% M L ABOVE LA"IBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
AV C  CONFORTO 67 COMBINES FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 1/73 M L INCREASE IN PROTON MASS AND 11 KEV DECREASE IN CHARGED PION MASS.
AV E THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY 10/71 M5 635(1115.86)  (0.09) BALTAY 65 HBC ERROR IS STATIS. 6766
AV P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGH 1972. 1/73 M 488 1115.65 0.07 SCHMIOT 65 HBC SEE NOTE N 3/74
AV K KROHN 75 PAPER GIVES ~1,2584-.015 INCLUDING EVENTS OF CHRISTENS 70. 1/78 M S 114T(1115.74)  {0.04} CHIEN 66 HBC 6.9 PBAR P 9767
AV K THE VALUE QUOTED ABOVE 1S DERIVED FROM HIS A,BASED ON NEW EXPT ONLY L/77 M S 972(1115.69)  {0.05) CHIEN 66 HBC 6.9 PBAR PANTIL  9/67
AV e e s e e e M 1115.6 0.4 LONDON 66 HBC 6/66
AV AVG -1.2546 0.0063 AVERAGE [ERRDR INCLUDES SCALE FACTOR OF 1.0} M (1116.01 10.2) BADIER 67 HBC 2.4 PBAR P,LLBAR B8/67
" 195 1115.35 0.12 MAYEUR 67 EMUL 11767
E PHASE ANGLE OF GA RELATIVE 1O GV (DEGREES) M 8 1524(1115.52)  (0.03) BOHM 70 EMUL 3/72
F P (175.) (10. 60 CNTR POLAR. NEUTRONS  6/77 " 935 1115.59 0.08 HYMAN T2 HEBC /71
F P €198, 127.) CLARK 60 CNTR POLAR. NEUTRONS  6/77 M B AVERAGE OF VERY INCONSISTENT DAYA. ERROR STATISTICAL ONLY. AUTHORS  3/72
F o C (176,11 16.4) CONFORTO 67 RVUE 11/68 M B DETECT SYSTEMATIC EFFECT OF ABOUT .15 MEV, WHICH THEY ATTRIBUTE 3772
E P (181.3) (1.3) EROZOLIMS 70 CNTR  POLAR. NEUTRON 10769 M 8 TO ERROR IN RANGE-ENERGY RELATIONS, IN REGION BETA=0.6-0.7. 3/72
F P 181.1 1.3 KROPF 73 RVUE N DECAY 1/73 M B THIS EFFECT, [F CONFIRMED, WOULD AFFECT VERY LITTLE THE VALUES OF 3172
F 180.35 0.43 ERDZOLIMS 74 CNTR POLAR. NEUTRONS  6/77 M B BHOWMICK 63 AND MAYEUR 67.
F 180.14 0. zz STEINBERG T4 CNTR POLAR. NEUTRONS  6/77 M S ERROR PuRELV STATISTICAL.
F 179.71 0.3 ERDZOLIMS 78 CNTR POLAR. NEUTRONS  7/79 H ... R
£ C CONFORTO 67 cuHelNEs FREE NEUTRON DATA TO 1967. REPL. BY KROPF 73. 1/73 Mo AVG 1115.566° ~ 0.056 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3)
F P KROPF 73 VALUE OBTAINED BY FITTING ALL DATA THROUGK 1972. 1/13 Mo FIT 1115.596 0.046 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.2) 3/82%
F R {SEE IDEOGRAM BELOW )
A . N -
F VG 180.11 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0} WEIGHTED AVERAGE = 1115.566 & 0.056
01 THREE-VECTOR CORRELATION COEFFICIENT /76 ERROR SCALED BY 1.3
D1 D1 MEASURES COMPONENT OF NEUTRON SPIN PERPENDICULAR TO THE DECAY /76
o1 PLANE IN BETA DECAY. SHOULD BE ZERD IF T-INVARIANCE NOT /76 o
D1 VIOLATED. SEE TEXT SEC VI D. 7776 . .
D1 -0.01 0.01 EROZOLIMS 70 CNTR  POLAR. NEUTRONS  7/76 Values above of weighted average,
DL E -0.0027  0.0050 EROZOLIMS T4 CNTR POLAR. NEUTRONS 12/81% error, and scale factor are for the
01 E -0.0011  0.0017 STEINBERG 76 CNTR POLAR. NEUTRONS 12/81% reader’ s convenience only. The
01 +0.0022  0.0030 EROZOLIMS 78 CNTR POLAR. NEUTRONS  7/79 data were actually processed by a
b1 E EROZOLIMSKIT 78 SAYS ASYMMETRIC PROTON LOSSES AND NON-UNIFORM BEAM 12/81%
D1 E POLARIZATION HAY GIVE SYSTEMATIC ERROR UP TO 0,003, THUS INCREASING 12/81% °°i‘“;a:"edtm D tues th“h
01 E THE EROZOLIMSKII 74 ERROR TO 0.005 . STEINBERG T4, 76 ESTIMATES 12/81% calculates its own values of X, 5%,
DI € THESE SYSTEMATIC ERRORS TO BE INSIGNIFICANT IN THEIR EXPERIMENT. 12/81¢ and scale factor, which are differ-
DL P T S ent from the values shown here.
D1 AVG -0.0007 0.0014 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0}
FHERRRE RERKEEREY FEEREE RS FESEEEERSE kR ERFEEE
REFERENCES FOR NEUTRON
CHISQ
COHEN 56 PR 104 283 V W COHEN, CORNGOLD, RAMSEY  (BNL+HARVARD} — .
SDSNOVSK 59 JETP 9 717 SOSNOVSKIT, SPIVAK,PROKOFEV +  (IAE MOSCOW) HYMAN 72 HEBC 0
BURGY 60 PR 120 1829 +KROHN o NOVEY , RINGD LANL#CHIC) 7—0—— - - -MAYEUR 67 EMUL 2.2
CLARK 60 CJP 38 693 +ROBSON .
SUNYAR 60 PR 120 871 A.W.SUNYAR. M.GOLDHABER teNL) LONDON 66 HBC
——-\- - - - - -SCHMIDT 65 HBC 1.4
MATTAUCH 65 NP 67 L +THIELE,WAPSTRA (MAX PLANCK INST.CHEM.) L.
CHRISTEN 67 PL 26B 11 CHRISTENSEN.NTELSON,BAHNSEN, BRONN+ (RSO} : BHOWMIK 63 RVUE 1l
CONFORTO 67 APAH 22 15 G. CONFORTO (CERN} 4.8
MILLER 67 PRL 19 381 +DRESS»BATRD.RAMSEY (ORNL #HARV} . . (CONLEV
SHULL 67 PRL 19 384 €.G+SHULL, R.NATHANS (HIT+BNL) 1115.0 1115 .4 1115.8 1116 .2 =0 188
DRESS 68 PR 170 1200 +BAIRD, MILLER s RAMSEY (ORNL+HARV] : . : . =0. )
GRIGOREV 68 SINP 6 239 +GR ISHIN, VLADIMIRSK T, NIKOLAEVSKEL + C(ITEP) LAMBDA MASS (MEV)
BAIRD 69 PR 179 1285 MILLER,DRESSsRAMSEY (ORNL, HARV)
TAYLOR 69 RMP 41 315 +PARKER , LANGENBERG {PRINSUCI+PENN} 18 LAMDA - AN”L“BDA MASS UlFFERENCE (MEV)
APDSTOLE 70 RRP 15 343 APOSTOLESCU, IONESCU, JONESCU-BUJOR + (BUCH} oM 0.05 0.06 HIEN 66 6.9 PBAR P 9/67
CHRISTEN 70 PR C1 1692 CHR ISTENSEN, KROHN, RINGO (ANL} DM 0.29 0.15 BAD!ER 67 NEC 2.4 PBAR P 8167
ERDZOLIM 70 SINP 11 583 ERDZOLIMSKI ,BONDARENKD s + (KTAE) DK e e ee e e s
ALSO oL 278 557 ERGZOL IMSKY . BONDARENKD  + (KIAE) oM AVG 0.083 0.083 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.5}
ERDZOLIM 71 JETPL 13 252 EROZOL INSK11,BONDARENKD + (KIAE) -
CHRISTEN 72 PR D5 1628 CHRISTENSEN,NTELSON,BAHNSEN, BROWN+  (RISO}
COHEN 73 J.PHYS.CHEM .REF.DATA 2+ P.663, E.R.COHEN,B.N.TAYLOR 18 LAMBDA MEAN LIFE (UNITS 10%%-10 SEC)
DRESS 73 PR D7 3147 DRESS. MILLERRAMSEY [ORNL+HARV)
KROPF 73 IPHY TO BE PUBL. A KROPF.H PAUL (LINZ)
ALSO 70 NP AlS54 160 H PAUL IVIEN) T 0 188 (2.63) (0.21)  (0.21} BOLOT 58 CC
T 0 825 (2.721 (0.16} (0.16) CRAWFORD 59 HBC
EROZOLIM T4 JETPL 20 345 EROZOLTMSKIT,MOSTOVOI . FEDUNIN.FRANK+ T 0 140 (2.72) (0.29) (0.27) BOWEN 60 CC
STEINBER 74 PRL 33 41 STEINBERGL IAUDVIGNON HUGHES  (YALE+GREN) T 0 186 (2.60) (0.28)  (0.20) CHANG 62 HBC
ALSO 76 PR D13 2469 STEINBERG,LIAUD,VIGNON, RUGHES  (YALE+GREN) T 0 799 (2.69) 10.11)  (0.11} HUMPHREY 62 HBC
DOBROZEM 75 PR D11 510 DOBROZEMSKY . KERSCHBAUM, MORAW,PAUL + (SEIB) T 02239 (2.36)  {0.06)  (0.06) BLOCK 63 HEBC
KROHN 75 oL 558 175 KROHN, RINGO TANL) T 0 706 (2.76)  (0.20) CHRETIEN 63 HLBC
T 0 794 (2.55) (0.09) HUBBARD 64 HBC
DRESS 77 PR D15 9 +MILLER, PENDLEBURY . PERR IN+ ( GRNL+GREN+HARV) T 02260 (2.31) {0.10) KREISLER 64 OSPK
ERDZOLIM 77 JETPL 23 663 EROZOLIMSKIT,FRANK,MOSTOVOL+ (KIAE) T 01378 (2.59} (0.07) SCHWARTZ 64 HBC
GREENE 77 PL 718 297 +RAMSEY,MAMPE+  (HARV+ILLG#¢SUSS+ORNL+CENG) T 0 635 [(2.51} {0.16} BALTAY 65 HBC 6/66
EROZOLIM 78 SINP 28 48 ERDZOLIMSKIT,MDSTOVOT ,F EDUNIN,FRANK¢ (KIAE) T 0253 (2.6} (0.1) HILL 65 OSPK
STRATOWA 78 PR D18 3970 +DOBROZEMSKY, WEINZIERL (SEIB) T 0 916 {2.35) (0.09) BURAN 66 HLBC 6/66
BONDAREN 78 JETPL 28 303 BONDARENKO+KURGUZOV , PROKOFEV+ (KTAE) TS 1167 (2.500  (0.14) CHIEN 66 HBC 6.9 PBAR P 9/67
T S 972 (2.70)  (0.20) CHIEN 66 HBC 6.9 PBAR PLANTI 9/67
ALTAREV 79 JETPL 29 730 +BORISOV,BRANDIN, EGOROV +EZHOV » IVANOV+CLENI} T 02213 (2,452} (0.056) {0.054}ENGELMANN 66 HBC 9/66
EROZOLIM 79 SJINP 30 356 EROZOL IMSKTT,FRANK,MOSTOVOI+ {KIAE) T 0 383 (2.60) (0413)  (0.11) AUERBACH 67 OSPK 8/67
GREENE 79 PR D20 2139 +RAMSEY,MAMPE+  (HARV+ILLG+SUSS+ORNL+CENG) T oo (2.44)  (0.15) BADIER 67 HBC 2.4 PBAR P 6/68
NORMAN 79 PRL 43 1226 E.B.NORMAN, A.G.SEAMSTER (WASH) T 0 €2.55)  (0.15) BADIER 67 HBC 2.4 PBAR P,ANTIL 6/68
T 08342 (2.535) (0,035} GRIMM 68 HBC 6/68
SARABANO 80 JETPL 32 359 BARABANOV, VERETENKIN,GAVRIN + {LENI) T 02600 ({2.47) (0.08) HEPP 68 HBC 8/68
BYRNE 80 PL 928 274 +MORSE, SMITH SHATKH, GREEN, GREENE  { SUSS#RL) T 01059 (2.39) (0.10) DEMIDOV 70 HLBC PI-P, 3.86 GEV/C 12/70
KOSVINTS 80 JETPL 31 236 KOSVINTSEV ,KUSHNIR s MOROZOV, TEREKHOV  ( JINR) T 04572  {2.54)  (0.04) BALTAY 71 HBC K-p AT REST 6/71
WILKINSO 80 ERICE SCH.NUC.PH. D.H.WILKINSONIPROG.PART.NUC.PHY.6,325(SUSS) T 06582 (2.69) {0.05) ALTHOFF2 73 0SPK PI+N TO KeLAMBDA 2/74
ALTAREV 81 PL 102B 13 +BORTSOV,BOROVIKOVA, BRANDIN, EGOROV ¢ (LENI) T 36K 2.626 0.020 POULARD 73 HBC K~P,KMOM .4T02.3 9/73
CHETYRKI B1 PL 998 358 CHETYRKIN, KAZARNOVSKY KUZM IN+ CINRM) ¥ 34K 2.611 0.020 CLAVTON 15 HBC K-P,KMOM .96-1.4 1/77
MOHAPATR 82 ICOBAN CONF 82 R.N.MOHAPATRA (TIFR} T 53K 2.69 0.03 SPEC NEUTRAL HYP. BEAM  12/77
T 0 OLD LOWER STATISTICS EXPER[MENYS NDT INCLUDED IN AVERAGE. 1/78
T S ERROR PURELY STATISTICAL.
T e e e e e
T AV 2.632 0. 020 0.020 AVERAGE {ERRDR INCL. SCALE FACTOR OF 1.6)
) (SEE IDEOGRAM BELOW |
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For notation, see key at front of Listings. A
R4 LAMBDA INTO (P MU- NEU)/TOTAL (umrs 10%%-4) (P317(PL+P2)
= R4 1 (0.2} OR MORE 00D 62 HBC
WEIGHTED AVERAGE 0.3799 = 0.0029 R4 H (1.6) OR LESS ALSTON 3 nBC
ERROR SCALED BY 1.6 R4 2 (1.0} CR LESS KERNAN 64 FBC
—_— B R4 BETWEEN 1.3 AND 6.0 . LIND 64 HBC
R4 3 1.3 0.7 LIND 64 RVUE 1/66
R4 2 1.5 1.2 RONNE 64 FBC
R4 9 2.4 0.8 CANTERL 71 HBC STOPPED K—P /71
R4 14 1.4 0.5 BAGGETT2 72 HBC STOP K- 8/72
R4 fha e ee e e
R4 AVG 1.57 0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
RS LAMBDA INTO (P E— NEU}/(P PI-) (UNITS 10%4-3) . (P4)/(P1)
RS 150 1.23 0.20 ELY 63 FBC 2/72
RS 120 1.17 0.18 BAGLIN 64 FBC 2772
RS 143 1.20 - 0.12 MALONEY 69 HBC 2/72
RS 1078 1.31 0. 06 ALTHOFF1 71 OSPK 2/72
RS € 86 1.17 0.13 CANTER 71 HBC K—P AT REST 3772
R5 LC 218 (1.32) " (0.15) LINDQUIST 71 DSPK PI-P TO KO LAM 3772
R5 L 544 1.23 0.11 LINDQUIST 77 SPEC PI-P TO KO LAM  12/77
RS 10K 1.313 0.024 WISE 80 SPEC 8/81%
RS € CALCULATED BY US FROM R3 ASSUMING THE AUTHORS USED (P PI—1/T70T=2/3 3/72
RS L LINDQUIST 77 INCLUDES DATA OF LINDQUIST T1. 12717
RS [
LHISQ RS AVG 1.300 0.021  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
-ZECH 77 SPEC 3.8 .
RE LAMBDA INTQ (P PI- GAMMA}/{P PI-) (UNITS 10%*-3} (P5}/(P1) 1773
" "CLAYTON 75 HBC 1 R6 72 1.32 0.22 BAGGETT3 72 HEC PI- MOM LT 95 MEV/C 1/73
— - - -POULARD 73 HBC 0.1
S.1
n . (CONLEV : 18 LAMBDA DECAY PARAMETERS
0.365 - 0.375 0.385 0.395 =0.079)
RELATED TEXT SECTION VI D AND APPENDIX I
LAMBDA DECAY RATE (UNITS 10**10 SEC-1)}
A- ALPHA LAMBDA- (LAMBDA INTO PI- PROTON)
A~ 56 0.62 0,07 CRONIN 63 CNTR LAMBDA FROM PI-P 8/67
A= . 10.6631  10.022) BERGE 66 RVUE INCLUDES ABOVE 9766
A- 10130 0.017 OVERSETH 67 OSPK LAMBDA FROM PI-p 8/67
A- M 2529 (0.0861 MERRILL 68 HBC REPL BY DAUBER 68 6768
a— 3520 0.06 DAUBER 69 HBC FROM XI DECAY ° 6768
_____ A- 10325 0.023 CLELAND 72 GSPX LAMBOA FROM PI-P 5/72
a- 8500 0.046 ASTBURY 75 SPEC LAMBDA FROM PI-P 2778
18 (LAMBDA - ANTILAMBDA)/AVG., MEAN LIFE DIFFERENCE A- . D
. A AvVG 0.013  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
oT 0.044 0.085 BADIER 67 HBC 2.4 PBAR P 8/67
) 40 ALPHAO /ALPHA- FOR LAMBDA (L INTO PIO N/L INTO PI- P)
_____ : A0 1.10 0.27 CORK 60 CNTR
A0 O 4760 1.000 0.068 OLSEN 70 CSPK PI+N TO K+ LAMBDA 5/70
18 1L AMBDA MAGNETIC MOMENT (MAGNETONS,$38.26 MEV) A0 e ee s e
A0 AVG 06 0.066  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
MM -1.5 0.5 cooL 62 DSPK A0 0 DONE Bv CUMPARING PROTON DISTR.WITH N DISTR. FROM LAMBDA DECAY.
MK 0.0 0.6 KERNAN 63 CC
MM 8553  -1.39 0.72 ANDERSON 64 HBC F- PHI ANGLE (SIN(PHI}/CUSIPHI)=BETA/GAMMA) (DEGREES)
MM 151 -0.5 0.28 CHARRIERE 65 EMUL £- 1156  13.0 17.0 CRONTN 63 GSPK (AMBDA FROM PI-P 11/67
MM 49 (-0.67)  10.31}  (0.37) BARKOV 71 EMUL PRELIM. RESULT 2172 £- 10130 -8.0 6.0 OVERSETH 67 OSPK LAMBOA FROM P1-P 11767
MM 1300 -0.66 0.07 DAHLJENSE 71 EMUL MAG FIELD=200KG 6771 F- 7377 (-9.2) {5.2) CLELAND 67 CSPK REPL BY CLELAND 72 5/72
MM 3868  -0.73 0.18 HILL 71 0SPK 10771 F- . 10325 -T.0 4.5 CLELAND 72 OSPK LAMBDA FROM PI-P 5/72
MM 57  —0.65 0.28 BARKOV 72 EMUL INCLUDES BARKOV 71  3/78 F- R ] ’
MM 1.2M  -0.57 0.05 BUNCE 76 SPEC 1778 F=  AVG 3.5  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
MM 350K  -0.59 0.07 HELLER 77 SPEC 1778
MM IM -0.6138  0.0047 SCHACHING 78 SPEC 1779 av GA/GV FOR LAMBDA BETA DECAY (sse TEXT ssc. VI D.1 FOR SIGN CONV.}
MM 200K -0.606 0.015 cox 81 SPEC 12/81% av.o € 22 i-l. HBC 6/68
MM e e e e e AV C 102 {0.6) OR MORE BAGL!N 65 HLBC NO SIGN GIVEN /71
MM AVG -0.6130  0.0044 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) Av ¢ BETW 0. ANC -1.1 BARLOW 65 0SPK 6/68
AV € 102 (0.7} OR MORE Cl=.95 ELY 65 HLBC ABS. VALUE 1771
_____ AV €  EXPERIMENTS INCLUOED IN CONFORTD 65, RVUE 6/68
AV -1.14 0.23 0.33 CONFORTO 65 RVUE 11767
18 L AMBDA ELECTRIC DIPOLE MOMENT [UNITS 10%%-14 E CM) AV M 148 -0.72 0. 14 0.19 MALONEY 69 HBC 10769
NONZEROD VALUE [MPLIES VIOLATION OF T AND P AV A 1078 (-0.62) (0.08)  (0.09} ALTHOFF2 71 OSPK POLARTZED LAMBDA 7/73
AV M 141 -0.75 0.15 0.18 CANTER 71 HBC 4/71
EOM (5.0) OR LESS CL=.95 GIBSON 66 EMUL 2772 AV L. 173 (-0.40)  (0.13)  (0.17) LINDQUIST 71 OSPK  E-NEU AND UP-DOWN /71
EDM B (1.0) C€R LESS CL=.95 BARONT Tl EMUL 2712 AV M 352 -0.74 0.09 0.12 BAGGETTL 72 HBC STOP.K- 2/72
EOM P €0.015)10R LESS CL=.95 PONDROM 81 SPEC 1/82¢ AV A 817 -0.63 0.06 ALTHOFF1 73 OSPK POLARIZED LAMBOA 7/73
EOM B BARONI MEASURES (—5.9+-2.91%10%#—15 E CM 2772 AV 405 -0.47 0.09 BURNETT 76 SPEC E-NEU AND SPIN 2/78
EDM P PONDROM 81 MEASURE {(-3.0¢-7.4)1%10%#%-17 € CM . 1/82% AV L 441  -0.53 0.09 0.11 LINDQUIST 77 SPEC POL LAMBDA, 3 ASYMM 12/77
: AV M 10K -0.734 0.031 81 SPEC E—NEU ANG. CORREL.  1/82%
_____ AV A ALTHOFFL 73 INCLUDES DATA OF ALTHUFFZ 71. USES PROT SPECTRUM AND 7/73
AV A THREE SPIN ASYMMETRIES. 7/73
18 LAMBDA PARTIAL DECAY MGODES AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V AL
AV L LINDQUIST 77 INCLUDES DATA OF LINDQUIST 7l. 12777
DECAV MASSES Av s e e e e e e
el LAMBDA INTO PROTON PI— 918+ 139 AV AVG -0.690 0.034  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4)
P2 LAMBDA INTO NEUTRON P10 939+ 134 (SEE TDEOGRAM BELOW )
P3 LAMBDA INTO PROTON MU~ NEUTRIND . 938+ 105¢ 0
P4 LAMBDA INTD PROTON E— NEUTRIND 938+ .5¢ O
Ps LAMBOA INTG PROTON PI- GAMMA 938+ 139+ O
_____ WEIGHTED AVERAGE = -0.690 + 0.034
ERROR SCALED BY 1.4
18 LAMBDA BRANCHING RATIOS o
R1 LAMBDA INTQ (P PI-)/((P PI-)+{N PIO}) (PL1/7{P1+P2}
R1 0.627 o 031 CRAWFORD 59 HBC
R1 0.65 o. COLUMBIA 60 HBC
R1 U (0.685) (0. 017) ANDERSON 62 HBC
R1 903 0.643 0.016 HUMPHREY 62 HBC
RL U 6736 0.635 0. 007 DOYLE 69 HBC PI-P TO LAM. KO  2/71
R1 4572 0.646 0. 008 BALTAY 71 HBC K-P AT REST 6/71
Rl U  ANDERSON RESULT NOT PUBLISHED, EVENTS ADDED TO DOYLE SAMPLE. - 2m
R1 e e e e e
R1 AVG 0.6399  0.0049 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
RL FIT 0.6419  0.0049 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0) CHISQ
R2 LAMBOA INTO" (N PIOJ/((P PI-)+(N P10}) (P21/1P14P2) ‘WisE 81 SPEC 2.0
R2 0.23 0.09 EISLER 57 HLBC _LINDQUIST 77 SPEC 2.6
R2 0.43 0.14 CRAWFORD 59 HBC \
R2 0.28 0.08 BAGLIN 60 HLBC : - - -BURNETT 76 SPEC 6.0
215 ol 0.0k CHRETIEN 63 HLBC PALTHOFFL 73 0SPK. 1.0
R2Z o e v o e e . e, -BAGGETTH 72 HBC 0.2
R2 AVG 0.304 0.025  AVERAGE (ERRDR INCLUDES SCALE FACTOR OF 1.0) _CANTER 71 HBC 0.1
R2 FIT 0.3581 ' 0.0049 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0)
-MALONEY 69 HBC 0.0
R3 LAMBDA INTO (P E— NEU)/TOTAL (UNITS 10%%-3) (P4}/LPL+P2} _CONFORTO 65 RVUE
R3 0 15 (2.0} (0.5) HUMPHREY 61 RVUE —
R3 0 8 (2.9) (1.5) (1.2) AUBERT 62 FBC 1.9
R3 N 150 (0.82) (0.12) ELY 63 FBC K- AT REST s (CONLEV
R3 N 102 (0.78) (0.12)  (0.13) BAGLIN 64 FBC - K- AT 1.45 GEV/C - -1.5 1.0 0.5 0.0 =0.063)
R3 0 20 (1.55) (0.34) LIND 64 HBC <.
R3 N 143 10.80) {0.08) MALONEY 69 HBC 10/69 GA/GV FOR LAMBDA BETA DECAY
R3 N 86 (0.78) (0.09) CANTER 71 HBC k=P AT REST /71
R3 N 218  (0.88) 10.10) LINDQUIST 71 OSPK * PI- P TO KO LAM  2/72
R3 N  THESE VALUES HAVE BEEN CHANGED BY US INTD RATIOS TQ PROTON PI—, 3772
R3 N BECAUSE THAT IS THE DIRECTLY MEASUREO QUANTITY. SEE R5 BELOW - 3/72
R3 0 LOW STATISTICS EXPERIMENTS. NOT. AVERAGED 7770 HREEER FERAVOEHE SXXFE L FEHRRCHUE XXRLATAAE AICXTEL0h GHEEERESE AR SREBES
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Stable Particles Data Card Listings
AT For notation, see key at front of Listings.

REFERENCES FOR LAMBDA
EISLER 57 NC 5 1700 EISLER+PLANG, SAMIOS, SCHRARTZ +  (COLU+BNL) 19 SIGMA+(1189,4Pst/2+) E=1 '
80LDT 58 PRL 1 Y48 E 8OLDYT,D O CALDWELL,Y PAL RN T 51 )
CRAWFORD 59 PRL 2 266 CRAWFORD,CRESTI,DOUGLASS,G00D + R T R (S
BAGLIN 60 NC 18 1043 BAGLIN, BLOCH, BRISSON,HENNESSY + (EPOLY 19 STGMA+ MASS [MEV)
BOWEN 60 PR 119 2030 BOWENHARDY,REYNOLOS +SUN + (PRINCETON) -
CORK 60 PR 120 1000 CORK+KERTH HENZEL,CRON TN+ (LRL#PRIN+BNL)
COLUMBIA 60 ROCH CONF 726 M SCHWARTZ + (COLUMBLA) M N SEE NCTE PRECECING LAMBDA MASS LISTINGS
HUMPHREY 61 PRL 6 478 HUMPHREY KTRZ,ROSENFELDJRHEE +  (LRL+SYRA} .
M 144 1189.38 0.15 BARKAS 63 EMUL + SEE NOTE S BELIW
ANDERSON 62 CERN CONF 832 ANDERSON, CRAWFORD. GOLDEN,LLOYD + tLRL) " 58 1189, 48 0.22 BHOWMIK 64 EMUL + SEE NOTE § SELIW
AUBERT 62 NC 25 479 AUBERT,BRISSON, HENNESSY +STX + (EPOL) M S ABOVE SIGMA® MASSES HAVE BEEN RAISED 30 KEV TO ACCOUNT FOR 46 KEV
CHANG 62 THESIS DUKE CHUEN CHUEN CHANG {DUKE) M 5 INCREASE IN PROTGN MASS AND 21 KEV DECREASE IN PION MASS
cont 62 PR 127 2223 COOLSHELL (MARSHALL + (BNL+MIT+NYU+ANL) " %205 1189.61 0.08 SCHMIOT 65 HBC SEE NOTE N 3/74
600D 62 PRL 9 518 ML GOODsV G LIND (W ISCONSIN) M 1189.16 0.12 HYMAN 67 HEBC 6768
HUMPHREY 62 PR 127 1305 W E HUMPHREY,R R ROSS tLRLY M B 607 1189.33 0. 04 BOHM 72 EMUL 12773
. M B BOHM 72 UPDATED WETH PDG_APR. 73 K—, PI- AND PIO MASSES. . 12773
ALSTON 63 UCRL 10926 ALSTON,KIRZ/NEUFELD, SOLMITZ, WOHLMUT  {LRL) M RSN
BHOWMIK 63 NC 28 1494 8 BHOWMIK,D P GOYAL (DELHI) M AVG 1189.371 0.060. AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8}
8LOCK 63 PR 130 766 BLOCK,GESSAROLT JRATTI+(NHES+BGNA+SYRA+ORNL) M OEIT 1189, 365 0.058 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.8) 3/82%
BROWN 63 PR 130 769 BROWN KADYK, TRILLING,ROE + (LRL+MICH) (SEE TDEOGRAM BELOW ).
CHRETIEN 63 PR 131 2208 CHRETIEN,CROUCH+  {BRAN+BROWN+HARVARD+MIT) .
CRONIN 63 PR 129 1795 J W CRONIN,O E OVERSETH {PRINCETON)
ELY 63 PR 131 868 ELY+GIDAL,KALMUS+OSWALD POWELL + (LRL)
KERNAN 63 PR 129 870 KERNAN, NOVEY, WARSHAW,WATTENBERG  {ANL+ILL) WEIGHTED AVERAGE = 1188.371 + 0.060
RROR A 1. '
ANDERSON 64 PRL 13 167 J A ANDERSON,F 'S CRAWFORD (LRLY ERROR SCALED BY 8
BAGLIN 64 NC 35 977 BAGLIN,BINGHAM+ (EPOL +CERN+LOUCHRHEL +BERG) -
HUBBARD 64 PR 135 B 183 HUBBARD,BERGE+KALBFLEI SCHy SHAFER + (LRL) '
KERNAN 64 PR 133 B 1271 KERNAN, POWELL s SANDLER + (LRL+LOUC) Values above of weighted average,
g g
KREISLER 64 PR 136 B8 1074 M N KREISLER.O OVERSETH,J CRONIN (PRIN) error, and scale factor are for the
LIND 66 PR 135 8 1483  LIND,BINFORD,GOOD,STERN tHISCONSTN) ' i
. reader .
RONNE &4 PL 1l 357 RONNE + LCERN+EPOL+LOUC++UNIV.BERGEN} : dot er's °°'{"e’{;°“°e only. dl;he
SCHWARTZ 64 UCRL 11360 THESIS JOSEPH ADAM SCHWARTZ (LRL) ata were actually processed by a
constrained fit program, which
BAGLIN 65 NC 35 977 BAGLEIN + (EPOL+CERN+LOUC,RHEL+BERGEN) calculates its own values of X, 5%,
BALTAY 65 PR 140 B 1027 BALTAY,SANOWEISS,CULWICK.KOPP + (YALE+BNL} and scale factor, which are differ-
BARLOW 65 PL 18 64 J BARLOW,BLATR,CONFORTO+  (CERN+RHEL+PENN)
CHARRIER 65 PL 15 66 CHARR IERE , G1BSON+ (EPOL +BRI S+CERN+MPIM) ent from the values shown here,
ALSO 66 NC 46A 205 CHARRIERE.GIBSON + CEPOL, BRIS,CERN, MPIM)
CONFORTO 65 EC INT HERZEGNOVI G CONFORTO {CERN)
ELY 65 PR 137 B1302 ELY 1GIDALVKALMUS POWELL + (LaL.Lout)
HILL 65 PRL 15 85 HILLs L1, JENKINS,KYCI A, RUDERMAN  (KIT,BNL)
SCHMIDT 65 PR 140 B 1328 P SCHMIOT (COLUMBIA} ) CHISQ
BERGE 66 BERKELEY 46 BERGE, CABIBBO ( (RVUE} LRL,CERN) -t -+ -BOHM 72 EMUL 1.0
BURAN 66 PL 20 318 BURAN, EIVINDSON+ SKIEGGESTAD, TOFTE + {OSLO} - < -HYMAN 67 HEBC 3.1
CHIEN 66 PR 152 1171 +LACH, SANDWEISS, TAFT,YEH,OREN + ~ (YALE+BNL)
ENGELMAN 66 NC 454 1038 ENGELMANN, FILTHUTH, ALEXANDER+  (HEID,REHO) *SCHMIDT 65 HBC 8.9
GIBSON 66 NC 4SA BE2 W M GIBSON.K GREEN (BRIS) —1 -BHOWMIK 64 -EMUL 0.2
LONDON 66 PR 143 1034 LONDON, RAU; GOLDBER Gy L ICHTMAN+ {8NL 4 SYRA) ) _BARKAS 63 EMUL 0.0
AUERBACH 67 NC 474 19 AUERBACH, BOWEN, DOBBS, L ANDE s MANN+ (PENN) 13.3
BADIER 67 PL 258 152 +BONNET BRI ANDE T, SADOUL ET (EPOLY CONLEV
CLELAND 67 PL 26B 45 CLELAND BT ENLE [N,CONFORTO+ {CERN+GEVA+LUND} 88.8 1189 T T (
MAYEUR 67 U.LIBR.BRUX.BUL32 C.MAYEUR,E.TOMPA,J, HICKENS (BELG,LOUC) 1188. .2 88.6 §0.0 =0.010)
OVERSETH 67 PRL 19° 391 0 E OVERSETH, R F ROTH (MICH+PRIN)
GRIMM 68 NC 544 187 Ho=J.GRIMM (HE IDELBERG} : SIGMA+ MASS (MEV)
HEPP 68 ZPHYS 214 71 V.HEPP . SCHLEICH (HEIDELBERG}
MERRILL 68 PR 167 1202 MERRTLL, SHAFER (LRL)Y
DAUBER 69 PR 179 1262 +BERGE,HUBBARD, MERRILL 4 MILLER (LRL) e =
00YLE 69 UCRL 18139-THESIS J.C. DOYLE (LRL)
MALONEY 69 PRL 23 425 MALONEY, SECHI-ZERN (UNTV MARYLAND) . MEA 510
BOHM 70 NC 704 384 4+ KRECKER + {BERL#+BRUX+CUUC+LOUC+LCWCL+WARS) 19 sicha EAN LIFE (UNITS 10 10 seCd
DEMIDOV 70 SJINP 10 681 +KIRILLOV-UGRYUMOV , PONOSOV , PROTASOV+ (TTEP) T GLASER 58 RVUE
OLSEN 70 PRL 24 843 +PONDROMJHANDLER «LIMON SMITH + (WISCoMICH} ¥ 127 0.98 0.16 0.12 PUSCHEL 60 EMUL
- T 41 0.82 0.36 0.20 EVANS 60 EMUL
ALTHOFF1 71 PL 378 521 +BROWN, FREYTAG,HEARD s HE INTZE + (CERN,HEID) ¥ 17 0.85 0.14 0.11 FREDEN 60 EMUL .
ALTHOFF2 71 PL 378 535 +BROWN,FREYTAG (HEARD HEINTZE + (CERN,HEID) T 54 0.80 0.10 0.067 KAPLON 60 EMUL
3ALTAY 71 PR D& 670 +BRIDGEWATER,COOPER,HABIBI+ (COLU+BING) Y 23 0.76 022 014 CHIESA 61 EMUL
BARKOV 71 JETPL 14 60 +GUREV ICH, MAKARTNA,MARTEMYANCV+ CITEP) T %9.  0.75 0u13 0.09 BERTHELOT 61 HLBC
BARONI 71 LNC 2 1256 G BARONI+S PETRERA+G POMAND (ROMA) M 140 o0.82 0u10 0.08 BARKAS 61 EMUL
CANTER 71 PRL 26 868 +COLE,LEE-FRANZINI,LOVELESS +  (STON+COLU) T 192 0.749 01056 0.052 GRARD 52 HBC
T 456 0.765 0. 04 HUMPHREY 62 HBC
CANTERL T1 PRL 27 59 +COLEs LEE-FRANZINI,LOVELESS+ {STON+COLU} T 203 0.84 012 0.08 SHOWMIK 6f EMUL
DAHLJENS 71 NC 34 1 DAHL-JENSEN + UCERN+ANKA+L AUS+HO[M+ROMA) T 181 o.84 0.09 BALTAY 65 HBC 6766
HILL 71 PR D4 1979 LT+ JENKINS,KYC 1A, RUDERMAN (41T, BNL) T 300  0.76 0.03 CARAYAN &5 HBC 6766
ALSO 65 PRL 15 85 HILLs LT+ JENKINS KYCT Ay RUDERMAN (MIT, BNL) T oc 1300  0.83 o 032 CHANG 56 HBC ore
LINDQUIS 71 PRL 27 612 LINDQUIST. SUMNER+ CEF T HUSL.OSU, ANL) T s 125 (0.86)  {0.15) CHIEN 66 HBC + 6.9 PBAR P 9767
T 17 (. .26 CHIEN 66 HBC ~ 6.9 PBAR P,ANTL 9/67
BAGGETY1 72 IPHY 249 279 +BAGGETT,E ISELE+FILTHUTH, FREHSE+ {HEID) T s ;al o.tl;g’ (g_g.,’ ook 66 0SPK ' T /66
BAGGETT2 72 IPHY 252 362 +BAGGETT+EISELESFILTHUTH,FREHSE+ (HETD) T 10666 0. 803 0. 008 BARLOUTAU 69 HBC K=P .4=1.2 GEV/C 11769
BAGGETT3 72 PL 428 379 +BAGGETT,E[SELE,FILTHUTH, FREHSE ,HEPP+(HETD) M 20 0.795 0,010 EISELE 70 HBC - Kep AT REST 2771
BARKOV ~ 72 JETPL 16 104 +GUREV [CHyMAKARINA MARTEMYANCY + 33133] , Cs26  0.83 004 BAKKER 71 DBC KN TO SIG+ 2P1= 10771
CLELAND 72 °'NP 840 221 +CONFORTO, EATON ¢ GERBER+ (CERN+GEVA+LUND} T 5719 0.807 0,013 CONFORTO 76 HEC Kb 1-1.6 GEV/C 11777
HYMAN 72 PR D5 1063 +BUNNELL {DERRICK,FIELDS KATZ¢ (ANL+CARN} T T30k 0,798 0.005 NARRAFFIN 80 HBC - o 10 Sles PI— 2780
ALTHOFEL 73 PL 438 227 +BROWN, FREYTAG, HEARD, HEINTZE+  (CERNSHEID) T 5 Chee Es;gtv";gi?l‘;ﬂgﬁf BY US. SEE 1970 ECITION. RNP 42,123(1970) 1/73
ALTHOFF2 73 NP 866 29 +BROWN.FREYTAG HEARD, HE INTZE+  (CERN+HEID) M L
POULARD 73 PL 46B 125 +GIVERNAUD ,BDRG {sacud T oave 0.7997  0.0036 0.0036 AVERAGE (ERPOR INCL. SCALE FACTOR OF 1.0)
ASTBURY 75 NP B99 30 +GALLIVAN, JAFAR + (LOTC+CERN+ETH+SACL) R
CLAYTON 75 NP 895 130 +BACON, BUTTERWORTH, WATERS + (LOIC+aHEL}
BUNCE 76 PRL 36 1113 +HANDLER MARCH MARTIN + {WISCeMICHYRUTG)
BURNETT 76 NC 344 14 +INNE S MASEK, MAUNG, MTLL ER, RUDERMAN+  (UCSC) 19 SIGMAY MAGNETIC MOMENT (MAGNETONS.S38.26 MEV)
HELLER 77 PL 688 480 <DVERSETH,BUNCE,DYDAK +  (MICH+WISC+HETD} o ST i ook cnue 28 L ke AT L.1sBEV/C Tree
LINDQUIS 77 PR D16 2104 © LINDQUIST, SWALLOW, SUMNER + (EFT+OSUSANLY " o ae e SULLIVAN 67 EMUL PHOTOPRODUCTION 8787
ALSO 76 JPG 2 L211 LINDQUIST.SWALLOW, SUMNER+{ EF T+WUSL4DSU+ANL} s s 3.5 s CoMBE 68 EMUL L0768
ZECH 77 NP 8124 413 +OYOAK, NAVARRI A+ (STEG+CERN+DDRT +HEID) W 29333 a1 e e o8 HBC k=P AT .4 GEV/C 6768
SCHACHIN 78 PRL 41 1348 " SCHACHINGER,BUNCE.COX + (MICH+RUTG+WESC) um 355 2.67 oler ALrey 71 0sek 1.28 GEV/C PIsP 10770
AISE 80 PL 918 165 +JENSEN, KRETSLER, LOMANND,POSTER e (MASA+BNL) - s %‘;g; é';s, (g";, SSECE £ ::Ec .'EZZ‘ZEZ"éE??ﬁ"’C 125;3
cox 81 PRL 46 877 +DWORKIN + {MICH+WI SC+RUTG+MINN+BNL ) MM S 14K 2.3¢ . SETTLES 79 HBC K-P.42T0. 50GEV/C 12/79
PONDRGM 81 PRD 23 814 +HANDLER , SHEAFF ,COX 4 (WISC#MICHPUTG+MTNN) AN S SeTTLes 79 mcLunEs DOBLE 77 DATA - 12779
WISE 81 PL 988 123 +JENSEN, KPETSLER,LOMANND, POSTER+ (MASA+BNL) b .
PAPERS NOT REFERRED T0 IN DATA CARDS MM AVG 3 0.13°  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.01
ARMENTER 62 CERN CONF 236 ARMENTERDS+ (CERN+EPOL+LOIC+BIRMSCEN-SACLAY) T
BALTAY 62 CERN CONF 233 BALTAY,FONLER+SANDWETSSCULWICK+ (YALE+BNL}
BERGE 63 THESIS (BERKELEY) J PETER BERGE (LRL) : 19 SIGMA+ PARTIAL DECAY MODES
DECAV MASSES
IR0 REEERTIEK EREERS TS *l‘t“lt‘ THEERREH Pl SlGHA: IN;t PRCTON Plo‘ qga: 13
XS SN KKK RRIEE Q*."“t‘ “ttﬂtttt EEEXENRDL cntncnttt t""‘." AEXEERGE $§ g{g::‘ ;:'g x:g;ﬁg: :}' GAMMA 333. };Z‘ 0
P4 ©  SIGMA+ INTO LAMBDA E+ NEU 1115¢ .5+ 0
PS SIGMA+ INTO PROTON GAMMA 538+ [}
3 STIGMA+ INTO NEUTRON MU+ NEUTRING 939+ 105+ ©
p7 SIGMA+ INTO NEUTRON E+ NEUTRINO 939+ .5+ 0
P8 SIGMA+ INTO PROTON E+ E- - $38+ .5¢ .5
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Data Card Listings Stable Particles

. . . . +
For notation, see key at front of Listings. >
19 SIGMA+ BRANCHING RATIOS R10 (SIGMA+ INTO N E+ NEUI/(SIGMA- INTO N E- NEU)
R10 E 0 (0.03) DR LESS CL=.90 EISELEZ 69 HBC +— STOP K- 10/69
R1 sxcm» INTO (NEUTRON PI+)/{NUCLEON PI} (P217(P1+P2) R10 0 0 (0.12) OR LESS CL=.95 COLE 71 HBC +— STOP K- 10771
R1 0.490 0. 024 HUMPHREY 62 HBC RI0 O LOWER STATISTICS EXPERIMENT NOT INCLUDED IN AVERAGE 2/76
R1 534 0.46 0.02 CHANG 66 HBC 6766 R10 ] (0.01BIOR LESS CL=.90 SECHIZORN 73 HBC +- STOP K-,POISSON  8/73
R1 1331 0.488 0.010 BARLOUTAU 69 MBC K-P .4-1.2 GEV/C 11/69 R10 0 {0.01910R LESS CL=.90 EBENHOH 74 HBC +— STOP K- 12775
Rl 537 0.484 0.015 TOVEE 71 EMUL . 12771 R10 E ETSELE2 69 REPLACED BY EBENHOH T4. 12775
R1 xau o.ass o.ooa NOWAK ~ 78 HBC  BRITISH 1.5M (TSY) 7/79 R10 .
R1 10 0. o. 0 MARRAFFIN 80 HBC K-P 420-500MEV/C 2780 R10 “0.009 GR LESS CL=.90 DUR AVERAGE USING RS 2776
R1 n HARRAFFINO ao GIVES an TO (P PIOI/ALL. WE QUOTE 1-8R. 2/80
R1 . . N
Rl AVG "0.4836 © 0.0030 AVERAGE (ERROR INCLUDES SCALE FACTOR' OF 1.01
19 SIGMA+ DECAY PARAMETERS
r2 STGMA+ INTO (NEUT Plo GAM)/(PI+N) (UNITS 10%%-3) (P31/P2)
R2 (1.8) ABO BAZINZ 65 HBC PI+ LT 116 MEV/C 8/67 RELATED TEXY SECTION VI O AND APPENDIX I
R2 29 (0.27) (o osn ANG  ~ 69 HBC PI+ LT 110 MEV/C 11768
R2 180 0.93 10 EBENHOH 73 HBC Pr+ LT 150 MEV/C 3/74 As0 ALPHA+/ALPHAD FOR SEGMA+ (srsw m PLe NI/{SIG+ TO PIO P)
R2Z PI+ MOMENTUM cuvs OIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE. 4/82¢ A0 [+0.04}  (0.11) 60 CNTR SIG+ FROM Plep
As0 (40,20} (0.24) mwv 62 HBC REPLAC.BY BANGER
R3 schAo INTO {LAMBDA E+ NEUJ/TOTAL {UNITS mu-s) P4} A+0 0 3500 (-.014) {(0.052) BANGERTER 66 HBC S1G+ FROM K-P 9/66
R3 W 3.3) (1.7} WILLTS 64 STOP. K-~ 9766 A%0 0 2600 (-.047} (0.07} BERLEY 66 HBC SIG+ FROM K-P 9766
R3 W ] EVENTS FROM nus EXPER[HENT'INCLUDED IN ETSELEL 69 11769 a+0 20K (-0.104) (0.028) REUCROFT 77 HBC REPL.BY MARRAFFINOBO 6/77
R3 6 2.0 0.8 ASH 67 HBC STOP K- 8767 A+0 23K -0.073 0,021 MARRAFFIN 80 HBC K~ P TO $1G¢ PI- 2/80
R3 5 1.6 0.7 BALYAV 69 HAC STOP K- 11769 | A+0 O oLp nssuus. HAVE BEEN REPLACED. SEE BELOW.
’3 10 2.9 1.0 EISELEL 69 HBC STOP K- 10769 A+0 . - -
R3 c e e e e e e A+0 FIT " Z0l069" © 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 4/82%
R3  AVG 2.02 0.47 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
A+ ALPHA+ FOR SIGMA+ {SIG+ TO PI+ N}
R4 SIGMA+ INTO (P GAMMAI/ (P PIO)} (uu[rs 10%%-2) (PS17LP1) A+ 35000 0.069 0.017 BANGERTER 69 HBC K=P AT 40O MEV/C 11/69
Ré¢ 1 (0.068108 LESS RA 64 HBC A+ 4101 0.037 0. 045 BERLEY 70 HBC 12770
R4 26 0.37 0.08 snzm 65 HBC A+ e e e v e ee
Ré 4 0.17) QUARENT 65 EMUL 6/66 A+ AVG 0.066 0.016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R4 45 0.21 0.03 ANG 69 HBC STOP K- 10769 A+ FIT 0.068 0.013 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 4/82¢
R4 31 0.276 0.051 GERSHWIN 69 HBC 10769
R4 46 0.211 0.038 MANZ 80 HBC K- P-—>SIGMA+ PI- 9/81# AQ ALPHAO FUR SIGMA+ (SIG+ INTO PIO PROTON)
R4 c e e ee e A0 ~0.8 0.16 BEALL 62 CNTR
R4 AVG 0.232 0.025  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2} A0 (- 10.25) TRIPP 62 HBC REPLAC. BY BANGE
(SEE 10EOGRAM BELOW ) A0 05200 (- 10,0721 BANGERTER 66 HBC K-P TO SIG+ PI-  7/66
- A0 32000 - 0.022 BANGERTER 69 HBC 10769
A0 H 1335 - 0.05 0.02 WARRIS  TO OSPK PI+P TO SIG+ K+  5/70
a0 16 - 0.045 BELLAMY 72 ASPK PI+P YO SIG+ K¢ 11/72
A0 L 1259 -0.945 0.055 0.042 LIPMAN 73 OSPK PI+P TO SIG + 1/73
A0 L DECAY PROTONS SCATTERED OFF ALUMINUM. /73
WEIGHTED AVERAGE = 0.232 % 0.025 :g H DECAY PROTONS SCATTERED DFF CARBON.
ERROR SCALED BY 1.2 . A0 AVG -0.979 0.016  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
J— Ao FIT -0.979 0.016 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 4/82%
Fe PHI¢ ANGLE (SIG+ INTO N PI) SIN(PHI)/COS(PHI 1=BETA/GAMMA (DEGREE)
F+ O 370 (180.) 130 BERLEY 66 HBC NEUTRON RESCATT. 9/66
Fe 560 143. 29. BANGERT1 69 HBC 10769
F+  C1054 184. BERLEY 70 HB K-P AT 400 MEV/C 11/69
F¢ C CHANGED FROM ns TO 184 TO AGREE WITH SIGN couvemxun.
E+ [
F+  AVG 20.1 AVERAGE {ERRDR INCLUDES SCALE FACTOR OF 1.1}
AG ALPHAG FOR SIGMA+ (S1G+ INTO PROTON GAMMA)
| AG 61 -1.03 0.52 0.62 GERSHWIN 69 HBC K-p YO SIG °I 11769
AG 46 ~0.53 0.38 0.36 MANZ 80 HBC K- P-->SIGMA+ PI- 9/81*
A6 c e e e e e e e
AG  AVG -0.72 0.29 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
Fo PHIO ANGLE (SIG+ INTO P10 PRUYON) S!N(PHH/COS(PHI)=BETA/GAHMA {DEGH
FOH 22.0 90.0 is OSPK P14P TO S1G+ K¢ 5770
CHISQ FO L 1259 38.1 35.7 37.1 mnm 73 05PK PI+P TO SIGeK+  7/73
FO L DECAY PROTON SCATTERED OFF ALUMINUM. /73
N MANZ 80 HBC 0.3 FO H  DECAY PROTONS SCATTERED OFF CARBON.
69 HBC 0.8 FO e 4 e o o e 4 e
69 HBC 0.5 FO AVG 35.8 33.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
65 HBC 3.0 e * SRABEASRE SSEARREE SEERIRER
4.6 REFERENCES FOR SIGMA+
= = (CONLEV
0.1 0.2 0.3 0.4 0.5 0.6 =0.207) CORK 60 PR 120 1000 CORKyKERTHy WENZEL s CRONIN,COOL{LRL+PRINBNL)
| EVANS 60 NC 15 873 BRIST+BRUSS+FAS—U. COL—DUBL IN+LON+MILAN+PAD
SIGMA+ INTO (P GAMMA)}/(P P10) FREDEN 60 NC 16 611 S FREDEN,H KORNBLUM,R WHITE {LRL)
KAPLON 60 ANP 9 139 M KAPLONeA MELTSSINOS, YAMANOUCHT (ROCH)
PUSCHEL 60 NP 20 254 W PUSCHEL (MAX PLANCK INST)
BARKAS 61 PR 124 1209 BARKAS «DYER s MASON, NICHOLS, SMITH (LRLY
BERTHELD 61 NC 21 653 BER THELOT, DAUDIN,GOUSSY + {SACLAY+ORSAY)
a5 SIGMAe TNTO N Es NEU)/(N PI+) (UNITS 10%0-S) PT17102) CHIESA  61'NC 19 1171 CHIESA,QUASSTATI.RINAUOO CINFN-TURTN}
R5 €0 o (16220 }EFFECTIVE DENOM. COURANT 64 HBC SEE NOTE E 11767 BEALL 62 PRL 8 715 BEALL y CORK, KEEFE +MURPHY 4 WEN ZEL (LRL}
R5 £0 0 {2720} €FFECTIVE DENOM. MURPHY 64 HBC SEE NOTE € 11767 GRARD 62 PR 127 607 F GRARD.G A SMITH CLRLY
R5 €0 1 (9690)EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE £ 6/68 GALTIERI 62 PRL 9 26 GALTIERT,BARKAS, HECKMAN,PATRICK,SMITH (LRL)
RS 0 0 (32406 VEFFECTIVE DENOM. BIERMAN 68 HBC 6/68 HUMPHREY 62 PR 127 1305 ® E HUMPHREY.R R RDSS {LRL)
RS UA ] {80400)EFFECTIVE DENOM. EISELE2 69 NBC STOP K- 6/68 TR{PP 62 PRL 9 66 R D TRIPP,M B WATSON.M FERRO-LU2ZT (LRL)
RS VO I (30000)EFFECTIVE OENOM. NORTON 69 HB 11769
:g Uu Dlanenlbgggg :;:;{ﬂ;gsng:g;s ggg ::g:zusg r:cAvEugsép 2/76 BARKAS 63 PRL 11 2¢ W H BARKAS,J N DYERsH H HECKMANN [LRLY
d . H H K- 2/76
R2 U A 0 111000 CrEECTIVE oeNoM.  zacimon 72 Hee R AN ALSO 61 UCRL 9450 JOHN DYER {THES1S, BERKELEY) (tLRL)
R5 U EFFECTIVE DENOM, CALCULATED 8Y US - BHOWMIK 64 NP 53 22 8 BHOWMIK,P JAINsP MATHUR,LAKSHM!  (DELHI)
RS € EFFECTIVE DENOM. TAKEN FROM EISELE 67 11767 CARRARA 64 PL 12 T2 CARRARA,CRESTI,GRIGOLETTO, PERUZZ0+ (PADOVA}
R5 A EISELE2 69 REPLACED BY BY EBENHOH T4. 176 COURANT 64 PR 136 8 1791 COURANT (FILTHUTH+  (CERN+HETD+UMD+NRL+BNL)
RS .. N MURPHY 64 PR 134 B 188 C THORNTON MURPHY tWISCONSINY
RS 17 TGR LESS’ CLz.90 . OUR AVERAGE (2.3 EVTS)/(EFF.DNOM.SUM) 2/76 NAUENBER 64 PRL 12 679 NAUENBERGs MARATECK o+ {COLU+RUTG+PRIN)
RS NUMBER “F EVENTS INCREASED TO 2.3 FOR SOPC CONFIDENCE LEVEL 2776 | WiILLTS 64 PRL 13 291 WILLTS,COURANT, ENGELMAN+(BNL , CERNy HETDy UMD}
R6 STGMA+ INTO (N MU+ NEUI/Z(PI+N) (UNITS 10%#-5) tpPer/ (P27 BALTAY &5 PR 140 8 1027 BALTAY,SANDWEISS.CULWICK,KOPP + (YALE+BNL)
R6 1 (1201 ANALYSED EVENTS  GALTIERT 62 EMUL NO RATIO QUOTED 11/67 BAZ N 65 PRL L& 154 BAZIN, BLUMENFELD,NAUENBERG + (PRIN+COLY}
R6 € o 10150 EFFECTIVE DENOM. COURANT 64 HBC SEE NQVE E 11/67 BAZIN2 65 PR 140 81358 BAZIN,PLAND.SCHMIDT+ (PRIN,RUTG.COLUY
R6 E 0 1710 EFFECTIVE DENOM. NAUENBERG 64 HBC SEE NOTE E 11767 CARAYAN 65 PR 138 8 433 CARAYANNOPOULOS, TAUTFEST,WILLMANN { PURDUE)
R6 U 2 62000 EFFECTIVE DENOM. EISELE2 69 WBC 6/68 QUARENI 65 NC 40 A 928 QUARENT,CARTACCT +  (BGNAs FIRZ4GENO, PARMA)
R6 0 . 33800 EFFECTIVE DENOM. BAGGETT 69 HBC 11768 SCHMIDT 65 PR 160 8 1328 P SCHMIDT (COLUMBT A
R6 € EFFECTIVE DENOM. TAKEN FROM EISELE 67 11767
R6 U EF‘EC”VE OENOM. CALCULATED 8Y US BANGERTE 66 PRL 17. 495 .BANGERTER s GALTIERT , BERGE«MURRAY+ (LRL)
R& See e s BERLEY 66 PRL 17 1071 +HERZBACH,KOFLER,YAMAMOTO + (BNL+MASA+YALE)
R6 22" "GR (ESS’ CL=.90 OUR AVERAGE 6.7 EVISIZ(EFF.ONGM.SUM) 2/T6 CHANG 66 PR 151 1081 CHUNG YUN CHANG (COLUMBIA)
R6 NUNBER OF EVENTS INCREASED YO 6.7 FOR 90PC CONFIDENCE LEVEL 2776 ALSO 65 NEVIS 145 THESIS CHUNG YUN CHANG (COLUMBTA)
CHIEN 66 PR 152 1171 +LACH, SANDWETSS, TAFT,YEH,OREN + {YALE+BNL)
R7 (SIGMa+ INTO LEPTONS)/[SIGMA- INVO LEPVONS) : €00k 66 PRL 1T 223 V CODK.EWART,MASEK sORR s PLATNER (WASHINGTON)
R7 0 (0.03410R LESS BAGGETT 67 HBC 6768
R7 1 10.08} GR LESS NORTON 69 HBC 10/69 BAGGETY 67 PPL 19 1458 BAGGETT,DAY,GLASSER,KEHGE, KNCP+  (MARYLAND}
R7 C e s ae e e ALSO 68 VIENNA ABS. 374  BAGGETT,KEHDE (MARYLAND)
R7 0.043 DR.LESS C€L=.90 OUR AVERAGE USING RS AND Ré 2116 ALSQ 68 PRIVATE COMM. N. BAGGETT (MARYLANG}
RE SIGMA+ INTO [PROTON Ee E- ’/TU”L (UN”S 10¢¢-6) (P8} BARASH 67 PRL 19 181 BARASH: DAY (GLASSER+KEKOE,KNOP + (MARYLAND)
R8 7.0  CR LESS 69 HBC STOP x- 10/69 EISELE 67 IPHYS 205 409 +ENGELMANN, FILTHUTH, FOL ISH, HEPP + (HE1D)
R8 A  ANG 69 FGUNC 3 E+E- EVENTS IN AGREEHENY WITH GAMMA CONVERSION CF | nyMan 67 PL 25 B 378 +LOKEN,PEWITT, MCKENZIE ,+ TANL+CARN+NWES)
R8 A PROTON GAMMA OECAY -LIMIT GIVEN WERE IS FOR NEUTRAL CURRENT KOTELCHU 67 PRL 18 1166 KOTELCHUCK+ GOZA, SULLIVAN(ROSS (VANDERBILT)
SULLIVAN 67 PRL 18 1163 SULLIVAN/MCINTURFF ,KOTELCHUCH (VANDERSILT}
RO lSlG"“ INTO N MU+ NEUI/USTGMA— INTO N My— NEU) ALSO 64 PRL 13 246 A D MCINTURFF,C E RODS (VANDERBILT}
RY 0.06 0.045 0.03  EISELE2 69 HBC +- STOP K- 10769
R9 PO )
RS 0.12 DR LESS CL=.90 OUR AVERAGE USING R& 2/71



96

Stable Particles Data Card Listings
', 17 For notation, see key at front of Listings,

BIERMAN 68 PRL 20 1459 BIERMAN, KOUNOSU, NAUENBERG + (PRINCETON)
COMBE 68 NC 5TA 56 CERN-BRISTOL-LAUSANNE-MUNIC H-ROME-COLLABOR WEIGHTED AVERAGE = 0.6747 * 0.0050
MaST 68 PRL 20 1312 MAST, GERSHWIN, ALSTON-GARNJOST + (LRL) : ERROR SCALED BY 1.3
ANG 69 ZPHYS 228 151 +EBENHOH.E ISELE , ENGELMANN, FILTHUTH+  (HMEID}
BAGGETT 69 MDDP—TR-973 N v BAGGETT {(THESIS) (uMp)
BALTAY 69 PRL 22 615 BALYAY+FRANZINI s NEWMAN NORTON+ {(COLU,+STON} CHISQ
BANGERTE 69 UCRL-19244 ROGER DOELL BANGERTER (THESIS) (LRLY
BANGERTL 69 PR 187 1821 BANGERTER+ GARNJOST «GALTIER T 4 GERSHWIN+ (LRL) - "MARRAFFIN 80 H8C 0.0
SARLOUT L 10} -CONFORTO 76 HBC Q.1
LOUTA 69 NP Bl4 153 BARLOUTAUD s BELLEFON, GR ANET+ { SACL+CERN+HEID
EISELEL 69 ZPHYS 221 1 +ENGELMANN FILTHUTH, FOHLISCH, HEPP+  (HETD) "ROBERTSON 72 HBC 0.2,
EISELE2 69 ZPHYS 221 401 +ENGELMANN, FILTHUTHFOHLISCH, HEPP+  (HEID) . TOVEE 71 EMUL 0.7
GERSHWIN 69 PR 188 2077 +ALSTON-GARNJOST ,BANGERTER + (LRLY BAKKER 71 DBC s
ALSO  UCRL 19266 THESIS LAKRENCE K GERSHWIN (LRLY :
NORTON 69 NEVIS 175 (THESIS) HERBERT NORTON (COLUMBIA) CEISELE 70. HBC 0.0
BERLEY 70 PR D1 2015 +YAMIN,HERTIBACH,KOFLER +  (BNL,MASA,YALE) -BARLOUTAU 69 HBC 0.4
EISELE 70 ZPHY 238 372 +FILTHUTH,HEPP,PRESSER y ZECH {HEIDELBERG) ‘ -WHITESIDE 68 HBC 1.8
HARRIS 70 PRL 24 165 +OVERSETH. PONDROM, DETTMANN (MICH,W1SC) . CHANG 66 HBC 7.6
ALLEY 71 PR D3 15 +BENBROOK+COOK +GLASS+GREEN \HAGUE +  (WASH) _HUMPHREY 62 HBC 3.0
BAKKER 71 LNC 1 37 ¢, SABRE COLLAB. (ZEEM+SACL+BGNA+REHO+EPOL) :
COLE 71 PR D4 631 +LEE-FRANZINI,LOVELESS, BALTAY+ (STON,COLU) -BARKAS 61 EMUL
TOVEE 71 NP B33 493 LOUC+ BELGRADE , BERL s BRUX +DUBL IN,WARS COLLAB .CHIESA 61 EMUL
BELLAMY 72 PL 398 299 +ANDERSON, CRAWFORD , OSMON+  (LOJC4RHEL +SUSS)
BOHM 72 NP B48 1 BERLIN+BEL GRADE+BRUX+DUBL IN+LOUC+WARS AW . -EISLER 58 HLBC
ALSO 73 IIHE-T3.2 NOV BRUSSELS BULLETIN, SAME COLLABORATION - . BROWN 58 HLBC  ~
EBENHOH 73 ZPHY 264 413 +ELSELEFILTHUTH/HEPP L EITNER s THOUW+ (HEID) 15.2
LIPMAN 73 PL 43B 89 +UTOy WALKER  MONTGOMERY+ (RHEL+SUSS+LOWC) - (CONLEV
SAHA 73 PR DT 3295 +FETKOVICH HEINTZELMAN, MELTZER + (CARN) 0.4 0.6 0.8 1.0 =0.085)
SECHIZOR T3 PR D8 12 8. SECHTI~ZORN . G. SNOW (M) . »
SIGMA- DECAY RATE (UNITS 10%*10 SEC-1)
EBENHOM 74 ZPHY 266 367 +EISELE,ENGELMANN/FILTHUTH, HEPP +  (HEID)
CONFORTO 76 NP 8105 189 +GOP AL, KALMUS, LITCHFIELD,ROSS + {RHEL+LOTC)
DOBLE 77 PL 678 483 +GOTTSTEIN, HANSL,HERYNEK+  (MPIM+BOHR+VAND}
REUCROFT 77 PR D15 5 +ROOS,WATERS, WEBSTER,HANSL +  (VAND+MPIM) ——
NOWAK 78 NP 8139 61 +ARMSTRONG , DAVIS+ (LOUC +BELG4DURH#WARS)
20 SIGMA— MAGNETIC MOMENT (MAGNETONS:938.26 MEV)
SETTLES 79 PR D20 2156 +MANZ, MATT , HANSL ,HERYNEK, DOBLE+ (MPIM+VAND)
MANZ 80 PL 968 217 +REUCROF Ty SETTLES WOLF + (MPIM+VAND) WM R BTWN —1.6 AND +0.8 Fox 73 CNTR  SIG-ATOM FINE ST 3/74
MARRAFF1 80 PR D21 2501 MARRAFF IND (REUCROFT (ROOS, WATERS+(VAND+MP M) WM R Sl.48 0.37 ROBERTS T4 CNTR  SIG-ATOM FINE ST 12/75
MM D -1.40 0.41 0.28 OUGAN 75 CNTR  SIG-ATOM FINE ST 12/79
PAPERS NOT REFERRED TO IN DATA CARDS ‘MM D (0.65)  10.28) , {0.40) DUGAN 75 CNTR SIG-ATOM FINE ST 12/79
MM 28K -0.71 1.25 HANSL 78 HBC K-P—>SIG— PI+  7/79
GLASER 58 CERN CONF 270 GLASER , GODDs MORR IS ON (MICH+LRL} MM R ROBERTS 74 INCLUDES DATA FRGM FOX 73. 12715
MM D DUGAN 75 NEGATIVE VALUE AVERAGED SINCE IT AGREES WITH RUBERTS T4,  12/79
QUANTUM NKUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS MM ) .
MM AVG Jla 0.25  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0}
TRIPP 62 PRL 8 175 R TRIPP,M WATSONsM FERRO-LUZZI (LRL) P
ALFF 63 SIENA CONF 1 205 ALFF,NAUENBERG,KIRSCH,+ (COLU+RUTG+BNL ) —
ALSO 65 PR 137 B 1105 ALFF ¢ GELF AND + BRUGGER » BERLEY +{COLU+RUTG+BNL) N
COURANT 63 SIENA CONF 1 73  COURANT, FILTHUTH,BURNSTEIN, DAY+ (CERN+UMD) 20 SIGMA- PARTIAL DECAY MODES
EELERE FERR LSO EXSBFE AL ALSEEXBLE FALLRRERE SRR AT FASFOROSE KL RRBRER . - DECAV MASSES
CHEEFE FAELSRAEE FEREHEAET LRIKEEREE KEEALXFEE XADCKBGED KRS SRBER SEERORE R 1 SIGMA- INTO NEUTRON PI— 939+ 139
= P2 SIGMA- INTO NEUTRON PI- GAMMA : 939+ 139+ 0
P3 S5IGMA— INTO NEUTRON MU— NEUTRINO 939+ 105+ ]
- 20 SIGMA-(1197,4P=1/2+} 1=1 P4 SI1GMA- INTO NEUTRON E- NEUTRINO 939+ .5+ 0
0

PS SIGMA- INTO LAMBDA £~ NEUTRING - 1115+ .5+

20 SIGMA- MASS (MEV)
20 SIGMA- BRANCHING RATIOS

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS R1 SIGMA- INTO N MU= NEUJ/(N PI-) (UNITS 10%%- 3| (P31/(PL) )
RL 22 0.66 0.15 COURANT 64
" 3000 1197.43 0.08 SCHMIDT 65 HBC SEE NOTE N 3/74 RL 1T 0.56 0. 20 BAZIN 65 e FROM STOP. K= 6766
" 1197, 26 0.15 DUGAN 75 CNTR EXOTIC ATOMS 12/79 R1 56 0.43 0. 09 BAGGETT 69 HBC STOP. K- 10769
M LIRSS R R1 72 0.43 0. 06 ANG 1 69 HBC STOP K~ 10769
M AVG 1197.388 0.079  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1} _L 13 0.8 oo il coLE 71 HBC STOP K- 10771
u o FIT 119734 0-05 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82% R1 LT
| rR1 ave 0-447  0.043  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
| 1GMA~ INTO (N E= NEUD/(N PI-} (UNITS lose-a) CiPaNePL)
20 (SIGMA-) - {SIGMA+) MASS GIFFERENCE {MEV) bt Stoha- INTO 0.4 0.3 MURPHY 64 HLBC
R2 16 1.37 0.34 NAUENBERG o4 HBC
[ 87  8.25 0.40 BARKAS 63 EMUL %5 16 1.15 ord MILLER 64 FBC
D 2500  8.25 0.25 DOSCH 65 HBC Rz 31 l.s 0.3 COURANT 64 MBC
0 86 7.91 0.23 BOHM 72 EMUL /73 R2 180 1.11 0.09 . BIERMAN 68 HBC 6/68
0 I R R2 A 331 {1.02) ° 10.08) ANG 1 69 HBC STOP K- 10769
D AVG 8.09 0.16  AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} Rz 57 0.97 015 COLE 71 HBC STOP K— Y1071
D FIY 7.97 0.07 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.3) 3/82% R2 435 103 oio7 SECHIZORN- 73 HBC STOP K- 8773
| r2 ae01 EBENHOH 74 HBC STOP K- 1/76
- - Re & “ANG 1 65 RepLACED sv EBENHOH T4. 1776
R2 . . :
20 (SIGMA—) — (LAMBDA) MASS DIFFERENCE (MEV) RZ AVG “17082" © 0.038  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0
R3 SIGMA- INTO (LAMBDA €= NEUI/(N PI-) (UNITS 10%#4)
DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS. R3 (PS1/{P1)
. R3 1t 0.75 0.28 COURANT 64 HBC STOP. K-
oL 8L.70 0.19 BURNSTEIN 64 HBC 9/66 R3 35 0.64 0.12 *BARASH 67 HBC STOP K- 8/67
oL 85 81.80 0.13 SCHMIDT 65 HBC SEE NOTE N 3774 k3 31 o.69 012 EISELEL 69 HBC STOP K- L0769
gt 2279 8l.64 0.09 HEPP 68 HBC 8768 3 31 o0.52 0.09 BALTAY 69 HBC STOP K- %169
L T R3 H 122 (0.60)  (0.11) HERBERT 78 ASPK  HYPERON BEAM 6/78
DL AVG 81.693  0.069 AVERAGE' (ERROR INCLUDES SCALE FACTOR OF 1.0) R3 W 114 o.e3 on1L TEOMGEON 9 ASoK  twbERON seam FAL
oL FIT 8L. 740 0.052 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 3/82+ R3 H HERBERT 78 REPLACED BY THOMPSON 80.
/3 e e e .
R3  AVG 0.610  0.053  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
26 SIGMA- MEAN LIFE [UNITS 10%*-10 SEC) R4 SIGMA- INTG (N PI- GAMMAI/(N PI-} (UNITS 10%#-3) (P21/(P1)
R4 (1. 11APPROXIM, BAZIN 65 HBC PI- LT 166 MEV/C 8/67
i 1iee 0,33 035 Fisie 26 e R& 23 .10 ro.0z ANG 2 69 HBC PI- LT 110 MEV/C 10/69
: PP 514 03 0rs IR o e R4 292 “6 06 EBENHOH 73 HBC PI+ LT 150 MEV/C 3/74
.35 . . . .
1 oLy 5.2 0-1% CHiEsa &1 Emm R4 Pie MOMENTUM curs DIFFER, NOT AVERAGED. LATEST VALUE USED IN TABLE. 4/82
T 1208 1.58 0.06 0.06 HUMPHREY 62 HBC stope k- | _____
T C 3267  1.666 0.075 CHANG 66 HBC STOP. K- 6/66
T s 61 (2.08) 10,22} CHIEN 66 HBC - 6.9 PBAR P 9/67 MA- DECAY PARAMET
TS 64 (1.46)  (0.31) CHIEN 66 HBC + 6.9 PBAR P,ANTI 9/67 20 S1GMA- DECAY PARAMETERS
T 506 1.38 0. 07 WHITESIDE 68 HBC STOP. K- 6/68 RELATED T N 0 AND APPENDIX
T 10253 1.472 0.016 BARLOUTAL 69 HBC K=P .4=1.2 GEV/C 11769 EXT SECTION VI NoIx 1
T 0.1M 1,485 0.022 ETSELE 70 HBC K-P AT REST 2/11 . ALPHA SIGMA-
T 1383 1.42 0.05 BAKKER 71 DBC K-N T0 S1G6- 2P1 10/71L o 120.16)  10.21) TRIPP 62 HBC REPL.BY BANGERTE
M 1,41 0.09 0.08 TOVEE 71 EMUL 12/71 A- 0 6500 (-0.010) (0.043) BANGERTER 66 HBC kP TO SIG- PI+  1/66
T 2400 1.463  0.039 ROBERTSON 72 HBC X-P .25 GEV/C 3/74 A- 0 6068 (-0.104) (0.04) BERLEY 67 HBC K-P TO SIG- PL+ 11/67
i 8437  1.49 0.03 CONFORTO 76 HBC kP 1-1.4 GEV/C 11/77 A 510000 -0.071 . 0.012 BANGERTER 69 HBC 10769
v 16k 1.480 0-0l4 MARRAFFIN 80 HBC k= P 10 S1G- Pl 2/80 A~ B 5978 (-0.134) (0.034) BERLEY 70 HBC k=P AT 400 MEV/C 2/71
T € CHANG ERROR 0.018 RAISED BY US. SEE 1970 EDITION, RMP 42,12311970} 1/73 | 4~ 40000 -0.067  0.011 BOGERT 70 HBC K-P AT 400 MEV/C 12770
T S ERROR PURELY STATISTICAL. A- 28K -0,062 0.024 HANSL 78 HBC K=P-->S16— Ple  7/79
i Cee e ee e e A~ O OLD RESULTS. HAVE BEEN REPLACED.
T ave 1.482 0.011 0.011 AVERAGE ERRCR INCL. SCALE FACTOR UF 1.31 A~ B BERLEY 70 REFLACED 8Y BOGERT 70 211
(SEE IDEQGRAM BELOW ) e

A= AVG -0.0681 0.0077 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
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Data Card Listings - Stable Particles

For notation, see key at front of Listings. pX
E- PHI ANGLE (SINIPHII/COS(PHI)=BETA/GAMMA]) (DEGREES) :: Gs:‘(ﬁé;gﬁniéﬁ":s;S,,t“?;’.Z‘CSE'SRE.ﬁ?ﬂm Gv=0. .
F- 0 1006 {+22.) (30,1 BERLEY 87 HBC K-P TO S16- Ple 11767 WM 186 2.4 2.1 FRANZINT 72 HBC USING SIG+— 1/82%
g Ja 4 SERcEeTh %2 ::E NEUTRON RESCATT i%:: W 55 3.5 4.5 TANENBAUM 75 SPEC  BNL HYPERCN BEAM 1/82%
:_ c CHANGED FROM —5 TO +5 TO AGREE WITH SIGN CONVENTION . :: 114 3 .l:7? . ?.f . THOMPSON 8G ASPK BNL HYPERON LEAM 1/82#
F- AVG : iO:B. ° ‘l’:.; : AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0) M Ave 2.4 1.7 “ AVERAGE [ERRGR INCLUDES SCALE FACTOR OF 1.0)
- - AV1 GA/GV FOR SIGMA TO NEUTRON BETA DECAY{TEXT SEC VI D.1 FOR SIGN CONV)
NoteonZ + Ae” v AVl 57  10.05) (0.23) 10.32) GERSHWIN &8 HBC REPLACED BY GER.69  6/68
avi 61 +0.19 0.20 9.17 GERSHWIN 69 HBC POLARIZED SIGMAS 10/69
AV] 63 -0.33 0. 30 0.85 BOGERT 70 HBC K-P AT 400 MEV/C 16770
AVL 43 =0.4 0.52 1.5 ELLIS T2 ASPK POLARIZED SIGMAS 16/71
avl E {+0.10) (0.11}1 ELLIS 72 RVUE SUM LIKEL.{+S0L) 10/71
(by J. A. Thompson, University of Pittsburgh) avi E (-0.27)  (0.13}  (0.17) ELLIS 72 RVUE SUM LIKEL.{-50L) 10/71
AVI E ELLIS T2 ‘HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLERAINE 69, 3’712
- - N . . ) AVl E EISELE2 69+ GERSHWIN 69, ELLIS 72, AND GETS THWO POSSIBLE VALUES: 3712
The decay I -+ Ae v is of special interest avt e e eae e
AVL AVG 0.17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
because its form is predicted by the strong form AvZ  ABSOLUTE VALUE OF GA/GV FOR SIGMA TO NEUTRON BETA DECAY
) AV2 49 0.23 0.16 COLLERAIN 69 HBC NEUTRON SCATTER 10/69
3 i av2 33 0.37 0.26 - 2.19 EISELE2 69 HBC NEUTRON SCATTER 10769
Of cvc and is nOt ser‘SItlve to the current oc':et AV2 36 0.29 ~0.28 0.29 BALTAY 72 HBC NEUTRON SCATTER 6/72
. AV2 3507 0.435 0.035 TANENBAU 74 ASPK 10/74
assumptlons or SU3 structure constants which av2 519 0.17 0.07 0.09 DECAMP T7 ELEC H.E.HYPERON BEAM 11/77
Av2 o s e s e e e v
: . ’ . 385 0. 07 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2,3)
enter into Cabibbo's predictions for the other ave ave 0.3 1522 10c0CRAN BELON -
) ron decays For AS = 0 transitions, the weak
ype ys. 4 . WEIGHTED AVERAGE = 0.385  0.070
interaction vector current is related to the elec- . ERROR SCALED 8Y 2.3
- T
tromagnetic current through a multiplicative con-
stant, set by neutron beta decay, and an isospin
rotation.
The decay £° + Ay (the isospin-rotation
analogue of I+ Ae™V) is mediated predominantly
through the magnetic interaction, assuming there a
CHIS
are no inhomogeneities in the I°, A charge —_—— b DECAMP 77 ELEC 7.2
. [ N N TANENBAU = 74 ASPK 2.1
distributions. Thus we expect the 9ym term -BALTAY 72 HBC
. “EISELE2 69 HBC
o) 3 inate the | | f——4 -4 - COLLERAIN 69 HBC 0.9
g9 ~ o S, (by SU.}] to dominate the _0.9
WM /T 2 3 10.2
) —— o (CONLEV
vector part of the weak current. The strong CVC -0.2 0.2 0.6 1.0 =0.006)

: N B
predxctions are thus: gv/gA = 0 and gwu ~1.6. ABS{GA/GV) FOR SIGMA TO N BETA DECAY

CANEND FEIASTAUE FLRLNETES EAERAAEET TLERREBEN SUSFEORRE FZHRELBTEL KBUCHIEL

REFERENCES FOR SIGMA—

BROWN 58 CERN CONF 270 BROWN GLASER. GRAVES, PERL.CRONIN + (MICH)
AV GV/GA FOR SIGKA YO LAMBDA BETA DECAY (TEXT SEC VI D.1 FOR SIGN CONV) ETSLER 58 NC SER1O 10 150 EISLER,BASST,CONVERSI+ (COLU+BNL,BGNA,PISA}
AV PREOICTED TO BE ZERG BY CONSERVED VECTOR CURRENT THEDRY.
av VALUES AVERAGED ASSUME CVC-SU3 WEAK MAGNETISM TERM. BARKAS 61 PR 124 1209 BARKASyDYER,MASON, NICKOLS, SMETH (LRL)
AV FB 45  (0.31)  (0.30) BARASH 67 HBC 11767 CHIESA 61 NC 19 1171 A M CHIESA,B QUASSTATI,G RINAUDD (TURIN)
AV FS 51  {0.71 10,4} BALTAY 69 HBC USING SIG+- 4769 HUMPHREY 62 PR 127 1305 W E HUMPHREY,R R ROSS (LRL)
AV FS Bl (+0.22) (0.28) EISELEL 69 HBC 10/68 TRIPP 62 PRL 9 66 R D TRIPP,M WATSON.M FERRO-LUZZI (LRL)
AV F S 186  0.45 0.20 FRANZINT 72 HMBC USING SIG#- 1/73
Ay $5  -0.17 0.35 TANENBAUM 75 SPEC BNL HYPERON BEAM 12/75 BARKAS 63 PRL 11 26 W H BARKAS,J N DYER,H H HECKMAN (LRLD
AV e -0.29 0.29 THOMPSON 80 ASPK BNL HYPERON BEAM 1/82¢ BURNSTET 64 PRL 13 66 BURNSTEIN,DAYKEHOE,SECHI ZORN,SNOW  (UMD)
AV B BARASH 67 MEASURED ABSOLUTE VALUE. COURANT 64 PR 136 B 1791 COURANT FILTHUTH+ [ ERN+ HE TD+UMD +NRL+BNL)
AV S SIGN CHANGED TO AGREE WITH OUR CONVENTION. . MILLER 64 PL 11 262 MILLER, STANNARD,BEZAGUET+ (LOUC,EPOL+BERG)
AV F FRANZINI 72 INCLUDES EVENTS OF BARASH 67, EISELEl 69+ BALTAY 69. 13 MURPHY 64 PR 134 B 188 € THORNTON MURPHY [WTSCONSIN}
av s e e e e e e NAUENBER 64 PRL 12 679 NAUENBERG s SCHMIDT, MARATECK + { COLU+RUTG#PRIN)
AV AVG 0.14 0.2¢ AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.6}
(SEE 1DECGRAM BELOW ) BAZIN 65 PR 140 B 1358 BAZIN, PLAND, SCHMIDT + (PRIN+RUTG+COLU}
DOSCH 65 PL 14 239 DDSCH.ENGELMANN . FILTHUTH HEPP ,KLUGE+ (HEID)
. ALSO 66 PR 151 1081 CHUNG YUN CHANG (COLUMBTA)
SCHMIOT 65 PR 140 6 1328 P SCHMIDY (COLUMBTA)
WEIGHTED AVERAGE = 0.14 £ 0.2¢4 BANGERTE 66 PRL 17 495 BANGERTER, GALT IERT, BERGEMURRAY+ (LRL)
ERROR SCALED BY 1.6 CHANG 66 PR 151 1081 CHUNG YUN CHANG (COLUMBTA)
e CHIEN 66 PR 152 1171 +LACH, SANDWE[SS, TAFT,YEH,OREN + (YALE+BNL}
- BARASH 67 PRL 19 181 BARASH, DAY, GLASSER ,KEHOE,KNOP + [MARYLAND)
BERLEY 67 PRL 19 979 BERLEY+HERTZBACH,KOFLER +  (BNL.MASA,YALE)
BIERMAN 68 PRL 20 1459 BIERMAN, KOUNOSU, NAUENBERG + (PRINCETON}
GERSHWIN 68 PRL 20 1270 GERSHWIN,ALSTON-GARNJOST BANGERTER+  (LRL)
‘HEPP 68 ZPHY 214 T1 V.HEPP.H. SCHLEICH (HEIDELBERG)
- WHITESID 68 NC 54a 537 H. WHITESIDE,J. GOLLUB (OBERLIN)
ANG 1 69 IPHY 223 103 ANG EISELE, ENGELMANN, FILTHUTH + (HEID)
ANG 2 69 IPHY 228 151 +EBENHOR (E TSELE s ENGELMANN, FILTHUTH+ (HEID)
BAGGETT 69 PRL 23 249 BAGGETT, KEHDE » SNOK (UNTV MARYLAND}
BALTAY 69 PRL 22 615 BALTAY,FRANZINI NEWMAN,NORTCN+ {COLU, STON)
BANGERTE 69 UCRL-19244 ROGER ODELL BANGERTER {THESIS} (LRLY
" BANGERT1 69 PR 187 1821 BANGERTER, GARNJOST .GALTIER 1, GERSHRIN+ (LRL)
CHISQ BARLOUTA &9 NP Blé 153 BARLOUTAUD , BELLEFON,GRANET+( SACL+CERN+HEID)
- _COLLERAT 69 PRL 23 198 COLLERAINE, DAY GLASSER s KNOP+(UNIV MARYLAND)
THOMPSON 80 ASPK 2.2 EISELEL 69 IPHY 221 1 +ENGELMANN, FTLTHUTH, FOHLISCH,HEPP+  {HEID)
- TANENBAUM 75 SPEC c.8 EISELE2 69 IPHY 223 487 E1SELE, ENGELMANN,FILYHUTH, FOHLISCH+ (HEID)
FRANZINI 72 HBC 2.4 GERSHWIN 69 UCRL-19246 LAWRENCE KENNETH GERSHWIN (THESIS)  .(LRL)
5.4 {BERLEY 70 PR D1 2015 +YAMINJHERTZBACH,KOFLER +  (BNL.MASA,YALE}
. ‘BOGERT 70 PR D2 6 +LUCAS, TAFT,WILLTS,BERLEY + (BNLyMASA,YALE)
-1 0 1 2 (f__:g”‘ég:) EISELE 70 ZPHY 238 372 +FILTHUTH,HEPP, PRESSER ZECH  (HEIDELBERG)
GV/GA FOR SIGMA~ TO LAMBDA BETA OECAY BAKKER 71 LNC 1 37 +,SABRE COLLAB. (ZEEM*SACL+BGNA+REHO¥EPOL}
COLE 71 PR D4 631 +LEE-FRANZINT,LOVELESS,BALTAY+ {STON,COLU}

) ALSO 69 NEVIS-175 THESIS HERBERT NORTON (COLUMBIA)
- TOVEE 71 NP B33 493 LOUC,BELGRADE,BERL  BRUX DUBL IN, WARS COLLAB
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BALTAY 72 PR D5 1569 +FEINMAN, FRANZINT, NENMAN,YEH+  (COLU+STON) -
BOHM 72 NP B48 1 BERLIN+BELGRADE+BRUX+DUBL IN+LOUC +*HARSAW ol
ELLIS 72 NP B39 T7 OXF+AERE+RHEL+LOQM+LYON+NWES+ITEP COLLABOR — 22 XI-(1321.4P=172 ) I=1/2
FRANZINI 72 PR D& 2417 COLUMBTA+HE IDELBERG#MARYLAND +STONY BRUUK
ROBERTSO 72 THESIS R.M,ROBERTSON in ——
EBENHOH 73 IPHY 264 413 +E1SELE,FILTHUTH,HEPPy LEITNER  THOUW+ (HEID) 22 XI- MASS (MEV)
FOX 73 PRL 31 1084 +LAM,BARNES,EISENSTEIN+ (BNL4VPI+HILL#WYOM) .
SECHIZOR 73 PR D8 12 B.SECHI-ZORN,G. SNOW (UMD} MW 111317.0) (2.2) WANG 61 HLBC
M H  18(1317.5) (1.9 FOWLER 61 HLBC
EBENHOH 74 ZPHY 266 367 SETSELE s ENGELMANN, FILTHUTH, HEPP + (HETD) M H  (OLD DATA ANE LOW sunsncs DROPPED ON SUGGESTION OF J R MUBBARD)
ROBERTS 74 PRL 32 1265 WILL+VPT+CARN+WYOM¢CIT COLLABORATION M S17 1321.4 o4 JAUNEAU 63 FBC
ALSO 74 PRL 33 122 ERRATUM TO ROBERTS 74 M 62 1321.1 0.65 SCHNEIDER 63 HBC
ALSO 75 PR D12 1232 ROBERTS,COX + (WILL+VPI+CARN+WYOM+CIT+BNL} H 261 1321.1 0.3 BADIERL 64 HEC
TANENBAU T4 PRL 33 175 TANENBAUM , HUNGERBUEHLER + (YALE+FNAL+BNL} M ALL MASSES AEOVE WERE RAISED 0.09 MEV BECAUSE LAMBDA MASS RAISED
ALSD 75 TANENEBAUM " 149 1321.3 0.4 PJERROU 65 HBC 11767
: L] 6 1321.67 0.52 CHIEN 66 HBC — 6.9 PBAR P 9/67
OUGAN 75 NP A254 396 +ASAND,CHEN,CHENG, HU+ L IDOF SKY+ (COLU+YALE) N 299 1321.4 l. LDNDON 66 HBC 6766
TANENBAU 75 PR D12 1871 TANENBAUM, HUNGERRUEHLER +  (YALE+FNAL+BNL) M 6 195 1321.87 51 GOLDWASSE 70 HBC +5 K-P 8/70
CONFORTO 76 NP 8105 189 +GOPAL+KALMUS,LITCHFIELD,RDSS + (RHEL+LOIC) M G USES LAMBDA MASS OF 1115.58-M(XI} IS 1322.18 IF munam) 1115.84 8/70
DECAMP 77 PL 668 255 +BADTER, BLAND, CHOLLET,GAILLARD+ (LALO+EPOL) M 268 1321.12 41 WILQUET 72 HLBC 1773
HANSL 78 NP 8132 45 +MANZ ,MATT,REUCROFT,SETTLES +  (MPIM+VAND} “ 632 1321.46 034 DIBIANCA 75 DBC 4.9 GEV/C K-D v
HERBERT 78 PRL 40 1220 +CLELAND, COOPER¢DR1S,ENGELS + (PITT+BNL} M I IR I :
MARRAFFI 80 PR D21 2501 MARRAFF IND s REUCROF T+ RODSs HATERS + (VAND+MPTM) " ave 1321.34 o 16 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
THOMPSON 80 PR D21 25 +CLELAND, COOPER ,DRIS 4 ENGELS+ (PITT+BNL) M FIT 1321.3 0. FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0} 3/82¢
THE FIT ASSUMES XI AND ANTI-XT MASSES EQUAL.
PAPERS NOT REFERRED TO IN DATA CARDS
BROWN 57 PR 108 1036 J BROWN: D GLASER, M PERL (MICHBRL)
NIETO 68 RMP 40 140 M NIETO (STON} 22 ANTI-XI+ MASS (MEV)
M1 1(1322.0) (1.3} BROWN 62 HBC ANTI-XI- /66
HARKEE AEEE SRR * AREREBEER RREXARERE RS EEKEEE M1 5 1320,69 0.93 CHIEN 66 HBC + 6.9 PBAR P,ANTI 9/867
SREERE SFRRAEATE IREIVEERL DEEEREARE FEEETEREE EXEERAAAE EREXTERRE AN ERCEEE M1 Lta2t1321.79 (0.6} SHEN 67 HBC ANTE-XT- 10/67
M1 34 1321. z 0.4 STONE 70 HBC 10/70
ol M1 35 1321, VOTRUBA 72 HBC 10 GEV/C K+ P 11/72
: 21 SIGNAO(1193,4P=172+) 1=l Ml S THE ERROR 1s srAnsncu. ONLY
ML . e .
e M1 AVG 1321220 0.33 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0)
M1 FIT 1321.32 0.13 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82¢
21 (SIGMA-) — (SIGMADO) MASS DIFFERENCE (uzv) THE FIT ASSUMES XI AND ANTI-XI MASSES EQUAL.
01 N  SEE NOTE PRECEDING LAMBDA MASS LISTINGS.
oL 18 4.75 0.1 BURNSTEIN 64 HBC
b1 37 4,87 0.12 DOSCH 65 HBC 22 (XI-) - (ANTI-XI+} MASS DIFFERENCE {MEV)
01 12 5.01 0.12 SCHMIDT 65 HBC SEE NOTE N 3774
o1 .. . oM 1.0 1.1 CHIEN 66 HBC 6.9 PBAR P 9767
01 AVG 4.860 0.076  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.2} -
DL FIT 4.881 0.063 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82¢ | ——=—
J— 22 X1~ MAGNETIC MOMENT (MAGNETONS,938.26 MEV)
21 (SIGMAO) - (LAMBDA) MASS DIFFERENCE (MEV) MM 2724 1 BINGHAM 70 OSPK ~ 1.8 GEV/C K-p 2/11
MM 2436 8 cooL T4 OSPK ~ 1.8 GEV/C K-P 10/74
MM [P
DL N SEE NOTE PRECEDING LAMBDA MASS L1STINGS. MM . AVG 15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
oL 208 76.63 0.28 SCHMIDT 65 HBC SEE NOTE N 6768 ——
oL 109  76.23 0.55 coLAs 75 HLBC LAMBDA-~GAMMA DEC 12/75
oL e e e e aa e 22 XI- MEAN LIFE (UNITS 10%¢-10 SEC}
DL AVG 76.55 0.25 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) - -
DL FIT 76.86 0.08 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82¢ T OH 11 (3.5 (3.4) (1.23) WANG 61 HLBC
T H 18 (1.28) {0.41) (0.25) FOWLER 61 HLBC
——— T M {(OLD DATA ANG LOW STATISTICS DROPPED ON SUGGESTION OF J R HUBBARD)
T 517 1.86 0.15 0.14 JAUNEAU 63 FBC
21 SIGMAOD MEAN LIFE (UNITS 10%%-19 SEC) T 62 .55 0.31 0.31 SCHNEIDER 63 HBC
T 356 (1.770 10,12} CARMONY 64 HBC REP BY PJERROU 65
T (E-14 CR LESS} DAVIS 62 EMUL 6/77 T T94 1.69 0.07 HUBBARD 64 HBC
T 0.58 0.13 DYDAK 77 SPEC PRIMAKOFF EFFECT 6177 T 266 1,70 0.12 PJERROU 65 HBC 11/67
. - TS 6 (1.37}  (0.51} CHIEN 66 HBC - 6.9 PBAR P 9/67
T 299 1.80 0. 16 LONDON 66 HBC 6/66
TS 1.671  (0.07) BURGUN 68 HBC K-P AT 1.3-1.8 271
21 SIGMAO PARTIAL DECAY MODES T 2610 1.61 0,04 DAUBER 69 HBC 6/68
T 680 1.73 0.08 0.07 MAYEUR 72 HLBC 2.1 GEV/C K- 1773
DECAY MASSES T 4303 1.63 .03 BALTAY 74 HBC 1.75 GEV/C K- 3/74
pL SIGMAO INTO LAMBDA GAMMA 1119+ 0 T S 2436 (1.637) (0.050} cooL 74 OSPK — 1.8 GEV/C K-P 10/74
P2 SIGMAO INTQO LAMBDA E¢ E~ 1115+ .5+ .5 T 1.67 0.08 DIBIANCA 75 DBC 4.9 GEV/C K-D 1777
P3 SIGMAQ INTO LAMBDA GAMMA GANMMA 1115+ 0+ ] T 4286 1.609 0. 028 HEMINGWAY 78 HBC 4.2 GEVAC K- P 7/19
T 41K 1.665 04065 BOURQUIN 79 SPEC HYPERON BEAM 12/79
N T S THE ERROR lS STATISTICAL ONLY
T .
21 SIGMAD BRANCHING RATIOS T Av “1lear” T 0.016 0.016 AVERAGE (ERROR INCL. SCALE FACTOR GF 1.0)
R1 SIGMAQ INTOILAMBDA E+ E-}/TOTAL tp2ysprepy |
R1 0.00545 THEORET. CAL. FEINBERG 58 QUANTUM' ELECT. 9766
22 ANTI-XI+ MEAN LIFE (UNITS 10%¢-10 SEC}
R2 SIGMAO INTO (LAMBDA GAMMA GAMMA)/(LAMBOA GAMHA) (P31/(P1) 12/75
R2 0.03 CR LESS CL=.90  COLAS 75 12775 LS 5 (1.51)  10.55) CHIEN 66 HBC + 6.9 PBAR P,ANTI 9/67
TL S 12 (1.9) 0.7 10.5)  SHEN 67 HBC ANTI-XI— 10767
SOEAAS ARRCALERE FRINRREE EXETEASSE FEFERRET TRLEELAEE CEFLAERES BRAESRN S Ti 3a 1.6 0. . TONE 70 HBC 10/70
B Tl S 35 (1.55) (0.35) '(0.20) VOTRUBA 72 HBC 10 GEV/C K+ P /12
REFERENCES FOR STGMAQ Tl S THE ERROR 1S STATISTICAL ONLY .
FEINBERG 58 PR 109 1019 G.FEINBERG (BNL) -
DAVIS 62 PR 127 6C5 D DAVIS,R SETTI,M RAYMOND,G TOMASIN  (EFI)
BURNSTET 64 PRL 13 66 BURNSTEIN,DAY,KEHOE, SECHI ZORN,SNOW (UMD} 22 XI-.PARTIAL DECAY MODES
DOSCH 65 PL 14 23S DOSCH, ENGELMANN, FILTHUTH,HEPP JKLUGE+ (HEID}
SCHMIDT 65 PR 140 B 1328 P SCHMIDT {COLUMBIA) DECAV MASSES
PL XI- INTO LAMBDA PI- 1115+ 13
COLAS 75 NP B91 253 +FARWELL  FERRER,STX {ORSAS P2 XI- INTO LAMBDA E- NEUTRINO 1115+ -5’ 0
DYDAK 17 NP B118 1 +NAVARRIA, OVERSETH{STEFFEN+ { CERN+DORT+HEID) P3 XI- INTO NEUTRON PI- 939+ 139
- , 23 Xi- INTO LAMBDA MU- NEUTRINO 1115+ 105¢ 0
PAPERS NOT REFERRED TO IN DATA CARDS PS X{- INYO SIGMAO E- NEUTRINO 1192+ .5+ 0
?6 X1- INTO SIGMAO MU- NEUTRINO 1192+ 105+ 0
COURANT 63 PRL 10 409 COURANT s FILTHUTH,FRANZ INT+ (CERN4UMD+NRL) P? XI- INTO NEUTRON E- NEUTRINO 939+ .5+ O
P8 X1- INTO NEUTRCN MU- NEUTRINO 939+ 105+ 0
- QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS Pe X{- INTO SIGMS= GAMMA 1197+ 0
P10 XI- INTO PROTON Pf—~ PI- 938+ 139+ 139
ALFF 65 PR 137 B1105 ALFF.GELFAND,NAUENBERG+ {COLUMBIA+RUTG+BNL)P P11 XI- INYO PROTON PI- E- NEUTRINO 938+ 139+ .5+ 0
P12 XI- INTO PROTON PI- MU- NEUTRINO 938+ 139¢ 105+ 0
EEERES AXFRERLEE EXRIONRER P13 XI— INTO XI0 E~ NEUTRINO 1314+ L5+ 0
REEEEE SEEESRHER SRESER AR S
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) . . Lo ) -
-
22 XI- BRANCHING RATIOS WEIGHTED AVERAGE = —~0.434 % 0.015
Rl XI~ INTO (LAMBCA E- NEUM/(LAMBDA PI-) (UNITS 10%2-3} : ERROR SCALED BY 1.4
R1 P21/ 1P1) . DN T
R 1 155 EFFECTIVE DENOM. CARMONY 63 HBC T11/67 :
R1 0 260 EFFECTIVE DENOM. JAUNEAU 63 HBC 11/67-
R1 0 220 EFFECTIVE DENOM. BERGE 66 HBC 11767
R1 1 155 EFFECTIVE DENOM. LONOON 66 HBC 11767 CH1SQ
/1l 0 717 EFFECTIVE DENOM. TRIPPE 67 HBC 11767 |
R1 2 1976 EFFECTIVE DENOM. HUBBARD 68 HBC 6/68 . e -BIAGH 82 SPEC 3.4
Rl H 4 (1.15) 10.90)  (0.55) HUBBARD 68 RVUE 6768 —Hf----- - -CLELAND 80 ASPK 1.9
RL H HUBBARD 68 (RVUE) INCLUDES ALL ABOVE EVENTS 676
a 5,55 (RVUE) INCLUDES ALL RBOVE EVENTS oc gre8 - - - - - -HEMINGWAY 78 HBC 4.0
R1 u €0.311 ro.u) . HERBERT 78 ASPK REPL.BY THOMPSON 80 9/81% . ' : .DIBIANCA 75 DBC
R 11 . THOMPSON 80 ASPK HYPER M .
R: . -o.a? . ? }3' s ERON BEA 9/81% . ... .. .cooL 74 0SPK 0.8
RL AVG 0.29 0.11 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0} - - .. -BALTAY 74 HBC 2.4
R2 XI- INTO (NEUTRON PI-3/{LAMBOA PI-) (UNITS 10%+-3} Tt tMAYEUR 72 HLBC 0.0
R2 (P317tP1) 1 - - - - -BINGHAM 70 OSPK 0.8
R2 (5.01 OR LESS FERRD-LUZ 63 HBC : 6/68
R2 1.1 CR LESS © DAUBER 69 HBC 6768 = - -DAUBER 69 HBC 0.9
R2 ©  (3.0) OR LESS CL=.90 YEH 74 MBC 760 EFF.DENOM. 7/75 - - LONDON 66 HBC
R3 XI- INTO (LAMBDA MU- NEUTRINO}/TOTAL (UNITS 10#%-3) : - BERGE 66 HBC 1.0
R3 : - . o (P4} e
R3 (12.00 OR LESS BERGE 66 HBC 6/68 R B CARMONY 64 HBC
’3 (1.3} CR LESS - DAUBER 69 HBC 6768 BADIER? 64 HBC
R3 1 0.35 0.35 YEH 74 HBC 2859 EFF.DENOM. 7/T5 )J L 15.1
R3 0 (2.3) CR LESS CL=.90 THOMPSON 80 ASPK 1017 EFF.DENDK. 9/81% -
(CONLEV
R4 X1= INTO (SIGFAO E— NEUTRINO)/TOTAL (UNITS' 10%4~3) ~1.0 -0.6 -0.2 0.2 =0.057)
R4 (P5)
R4 (3.0) QR LESS BERGE* 66 HBC - 6/68 ALPHA FOR XI-
R4 (0.5) DR LESS DAUBER 69 HBC 6768 :
R4 0 (0.53) OR LESS CL=.90 YEH T4 HBC 4363 EFF.DENOM. 7/75
R4 0 0.14 CR LESS CL=.90 THOMPSON 80 ASPK 16000 EFF.DENOM. 9/81¢
HER KSR RELRBREEE RGPV VEEHF S L2220 22 03 R L2 22 2]
RS XI- INTO [SIGO MU~ NEUI/(LAM PI-) {UNITS LO%#-3} (P6)/(P1)
RS (5.01 OR LESS BERGE 66 HBC /66 REFERENCES FOR X1-
RS 9 0.76 OR LESS CL=.90 YEM T4 HBC 3026 EFF.DENOM. 7/75
| FowLER 61 PRL 6 134 FOWLER,BIRGE ) EBERHARDs ELY, GOCD, PONELL+(LRL)
R6 XI- INTO (N E- NEU}/(LAMBDA PI-) (UNITS 10"—3| P71/ (P1) WANG 61 JETP 13 512° K WANG.T WANG,VIRYASOV.TING,SOLOVEV+ (JINR}
R (10.0) GR LESS CL=.90 BINGHAM 65 R 9/66 BROWN 62 PRL 8 255 BROWN, CULWICK,FONLER,GAILLOUD + (BNL+YALE)
R6 [ 3.2 OR LESS CL=.90 YEH T4 uac 715 EFF.DENOM. 7/75
CARMONY 63 PRL 10 381 CARMONY .« PJERROY tucLa)
R7 XI- INTO (SIGMAO E~ NEU + LAMBDA €& NEU)/TOTAL (10%%-3) FERRO-LU 63 PR 130 1568 FERRO-LUZZ1, ALSTON, RDSENFELD,HOJCICKI (LRL)
RT (P2+P5) JAUNEAU 63 SIENA CONF 4 JAUNEAU+ (EPOL+CERN# L OUC+RHEL+BERGEN)
RT D 17  10.68) 10.22) DUCLOS 71 0SPK SEE NOTE O 10/71 ALSO 63 PL 5 261 JAUNEAU, ¢ (EPOL»CERN, L OUC, RHEL  BERGEN)
RT 0  THIS EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA. THE CABIBS0 SCHNEIDE 63 PL & 360 H SCKNETODER {CERN}
R7 D  THEORY PREDICTS SIGMAD RATE ABOUT A FACTOR 6 SMALLER THAN THE
RT O  LAMBDA. CARMONY 64 PRL 12 482 CARMONY s PJERROUs SCHLEIN SLATER, STORK+{UCLA) J
: BADIERL 64 DUBNA CONF I 593 BADIER,DEMOULIN.BARLOUTAUD+(EPOL4SACL,ZEEM)
RE XE- INTO (N MU- NEU)/(LAMBOA PI-) (UNITS 10%#-3] (P8}/(PL)} HUBBARD 64 PR 135 B 183 HUBBARD, BERGE, KALBFLEI SCHy SHAFER + (LRL)
R8 0 15.3 - OR LESS CL=.90 YEH 74 HBC 150 EFF.DENDM. 11/75 BINGHAM 65 PRSL 285 202 H H BINGHAM (CERN)
’ PJERRQU 65 PRL 14 275 + SCHLEINs SLATER,SMITH, STORK.TICHO  (UCLA)
RS XI- INTO (SIGMA- GAMMAI/(LAM PI-) {UNITS 10%%~4) (P9)/(P1) PJERROV 65 THESIS G M PJERROU weLay
R9 0 11.5 OR LESS CL=.90  YEH 74 HBC 2000 EFF.DENOM. 11/75
BERGE 66 PR 147 945 BERGE, EBERHARD , HUBBARD  MERR ILL + (LRL)
R10 X{- INTD (P PI- PI-)1/(LAMBDA PI-) (UNITS 10%#-4} (P10)/(PL) BERGE 2 66 BERKELEY CONF 46 'BERGE,CABIBBO (LRL ,CERN(RVUE) )
/10 [ 3.7 CR LESS CL=.90 YEH 74 HBC 6200 EFF.DENDM. 11/75 LONDON 66 PR 143 1034 LONDON+ RAU + GOLDBERG s L ICHTMAN+ (BNL+SYRACUSE)
. CHIEN 66 PR 152 1171 +LACH, SANDWEISS, TAFT,YEH,OREN + (YALE+BNL)
RIL XI— INTO (P PI- £- NEUI/(LAM PI-) (UNITS 10%%-4) (P11)/(P1} SHEN 67 PL 25 B 443 8.C.SHEN,A LFIRESTONE,G, GOLDHABER  (UCB4LAL}
R1l [ 3.7 CR LESS CL=.90 YEH 74 HBC 6200 EFF.DENOM. 11/75 TRIPPE 67 PRIV. CCMM. T. TRIPPE (ucta)
R12 XI= INTO (P PI- MU~ NEU)/(LAM PI-) (UNITS 10%%-4) (P121/(P1) BURGUN 68 NP BB 447 +MEYER, PAULT.TALLINI, + (SACL+CDEF +RHEL )
R12 0 3.7 OR LESS CL=.90 YEH 74 HBC 6200 EFF.DENGM. 11/75 HUBBARD 68 PRL 20 465 HUBBARD,BERGE, DAUBER (LRL}
MERRILL 68 PR 167 1202 MERRILL. SHAFER (LRLIY
R13 XI- INTO (XI0 E- NEU)/(LAM PI~} (unns wn-an (P13)/(P1) )
r13 0 2.3 OR LESS CL=.90 VYE 74 HBC 1000 EFF.DENOM. 11/75 DAUBER 69 PR 179 1262 +BERGE s HUBBARD ¢« MERRILL + MILLER (LRLMJ
. BINGHAM 70 PR D1 3010 +CO0K, HUMPHREY ¢ SANDER,WILL TAMS+ (UCSD, WASH]
————— . GOLOWASS 70 PR 01 1960 GOLDWASSER, SCHULTZ (ILL}
STONE 70 PL 328 515 +BERL INGHIERI + BROMBER G, COHEN  FERBEL +{ROCH)
22 X1~ DECAY PARAMETERS
DUCLOS 71 NP B32 493 +FREYTAG,HEINTZE HEINZELMAN ¢ JONES+  (CERN}
RELATED TEXT SECTION VI D AND APPENDIX I MAYEUR 72 NP B47 333 +VAN BINSTWILQUET+  (BRUX+CERN+TUFT+LOUC)
VOTRUBA 72 NP 845 77 VOTRUBA, SAFDER s RATCLIFFE (BIRM+EDIN}
A ALPHA XI- . WILQUET 72 PL 428 372 +FLIAGINE, GUY yKNIGHT+ (BRUX4CERN+TUFT+L0UC)
[ (-0.44)  (0.12F JAUNEAU 63 FBC SEE NOTE D BELIW 6/68 .
A 0 62 (-0.73) (0.23) SCHNEIDER 63 HBC "  'SEE NOTE O BELDW 6/68 BALTAY 74 PR D9 49 +BRIDGEWATERyCOOPER, GERSHKIN+  {COLU+BING}J
A 240 0.38 BADIERI 64 HBC SEE NOTE D BELOW 6/68 coot 74 PR D10 792 +GIACOMELL 1+ JENKINS,KYCIA+LEONTIC, LT+ {BNL}
A 356 0.13 CARMONY 64 HBC SEE NOTE O BELJW 6/68 ALSO 72 PRL 29 1630 COOL,GIACOMELLT , JENKINS KYC TA¢LEONTIC+{BNL)
A 1004 0.068 BERGE 66 HBC SEE NOTE D BELOW 6/68 YEH 74 PR D10 3545 +GATGALAS, SMITH,ZENOLE yBALTAY + (BING+CGLU)
A L 364 0.13° LONDON 66 HBC NOTE D BELIW 6/68 DIBIANCA 75 NP B98 137 . F.A.DYBIANCA, R.J.ENDORF (CARN)
A (-0.391) 10,032} BERGE 2 66 RVUE mcwoes ALL ABOVE 9/66
A 2529 {~0.375} (0.051) MERRILL 68 HBC  REPL. BY DAUBER 69 &/68 HEMINGHA 78 NP B142 205 HEMINGWAY, ARMENTEROS+  {CERN+ZEEM+NIJM+OXF)
A 2781 -0.391 0.045 DAUBER 69 HBC SEE NOTE A BELDW HERBERT 78 PRL 40 1230 +CLELAND,COOPER,ORIS, ENGELS + (PITT+BNL)
A 2724 -0.383 0. 065 BINGHAM 70 0SPK 10770 BOURQUIN 79 PL B7E 297 {BRIS+GEVA+HEID+ORSA+RHEL + STRB+CERN+MELB)
A 820 -0.42 0.11 MAYEUR 72 HLBC 2.1 GEV/C K- 1773 CLELAND 80 PR D21 12 +COOPER/ORTSs ENGELS+ HERBERT+ (PITT+BNL)
A 4303 -0.376 0.038 BALTAY 74 HBC 1.75 GEV/C K- 3/76- THOMPSON 80 PR D21 25 +CLELAND,COOPER,DRIS ENGELS + (PITT+BNL)
4 2436  -0.39 . 0.05 ° cooL 74 OSPK - 1.8 GEV/C K-P 10/74 BIAGI 82 PL (SUBMITTED) + {BRIS+CAMBeGEVA+HE ID+LAUS+LOQM+RL)
A B 414 ~-0.40 0.19 DIBIANCA 75 0BC 4.9 GEV/C K-D 1777 :
A 6599  -0.370 0.032 HEMINGWAY 78 HBC 4.2 GEV/C K- P 719 EARERE SEERARARE EXFIRE SRR
A 9046  —0.49 0. 04 CLELAND 80 ASPK BNL HYPERON BEAM 9/81% CHEEEE FEFESEERE FXECRBIEE EREEFEIRE i b
A C 150K  -0.462 0.015 BIAGT 82 SPEC CERN-SPS HYPERON BM 4/82¢ 1
A O OLD DATA NOT INCLUDED IN AVERAGE.
A D ERRORS MULTIPLIED 8Y 1.1 DUE TO APPROXIMATIONS USEO FOR XI 23 X10(1315,JP=1/2 } 1=1/2
A D POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION) 6/68
A L LONDON 66 USES ALPHA-LAMBOA = 0.62 ——
A A USED ALPHA LAMBDA = 0.647 ¢- 0.020. :
A 8 DIBIANCA 75 USES ALPHA LAMBDA = 0.647. /71 23 XIO0 MASS (MEV)
A C BIAGL B2 USES ALPHA LAMBDA = -0,64T+-0.014 4/824
4 e e e ae e om 1 1313.4 1.8 PALMER 68 HBC 3/68
A AVG ~0.434 0.015  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.4} M 49 1315.2 0.92 WILQUET 72 HLBC /73
(SEE IDEOGRAM BELOW ) M R
M AVG 1314.83 0.82 AVERAGE [ERROR INCLUDES SCALE FACTOR OF 1.0)
F PHI ANGLE (s[N(Pm)/cos(pm) BETA/GAMMA) (oecusss) M FIT 1314. 91 0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) -3/82%
F 0 -16.01 {4 AU 63 SEE NOTE D BELIW 6/68
F 0 62 145.0) (36.0) SCHNEXDER 63 HBC SEE NOTE D BELIW 6/68 —
F 356  54.0 30.0 CARMONY 64 HBC SEE NOTE O BELDW 6/68
F 1004 0. 12. BERGE 66 ‘HBC SEE NOTE D BELDW 6/68 23 (XI~) — UXIO} MASS DIFFERENCE (MEV)
F L 364 0.0 . 20.4 LONDON 66 HBC SEE NOTE D BELIW 6/68
F 2529  19.8) {11.6) MERRILL 68 HBC  REPL. BY DAUBER €9 6/68 o 23 6.8 1.6 : JAUNEAU 63 FBC
F 2781 -l4. 11. " DAUBER 69 HBC SEE NOTE A BELIW 0 45 (6.1} (1.6 - CARMONY 64 HBC REP BY PJERROU 65
F 2724 -26.0 30.0 BINGHAM 70 OSPK 10/70 [} 88 6.1 0.9 PJERROU 65 HBC 11767
£ 4303 11.0 9.0 BALTAY T4 HBC 1.75 GEV/C K- 3/74 0 29 6.9 2.2 LONDON 66 HBC 6766
F 2436 5.0 1640 cooL T4 OSPK - 1.8 GEV/C K-P 10774 0 e v e e e e e
F 0 DLD DATA NOT INCLUDED IN AVERAGE. D AVG 6434 0.74 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
F [} ERRORS MULTIPLIED BY 1.2 DUE TO APPROXIMATIONS USED FOR XI 0 FIT 6.41 0.55 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82¢
F D POLARIZATION. (SEE DAUBER 68 FOR DETAILED DISCUSSION)
F L LONDON 66 USES ALPHA-LAMBDA = 0.62
F A USED ALPHA LAMBDA = 0.647 ¢— 0.020.
F et e e e
F AVG 2.0 S.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.1)
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23 XI0 MEAN LEIFE (UNITS 10%%-10 SEC) WEIGHTED AVERAGE = -0.413 £ 0.022
T 24 3.9 1.4 0.B0 JAUNEAU 63 FBC ERROR SCALED BY 2.0
T 45 (3.5} (1.00 (0.8) CARMONY 64 HBC REP BY PJERROU 65 : 1T
T 101 2.5 0.4 0.3 HUBBARD 64 HBC
T 80 3.0 0.5 PJERROU 65 HBC 11/87
T 340 3.07 0.22 0420 DAUBER 69 HBC 6768
T M 157 2.90 0.32 0.27 MAYEUR . 72 HLBC 2.1 GEV/C K- 1474
T 652 2.88 0.21 0.19 BALTAY 74 HBC 1,75 GEV/C K- EXAL]
T I 6300 2.77 0.16 ZECH 77T SPEC NEUTRAL HYP, BEAM 12717
T M MAYEUR 72 VALUE MODIFIED BY ERRATUM, 1/74
T ZECH 77 VALUE IS FOR LAMBODA LIFETIME=2.59€-10. FOR LAM LIFETIME 12/t
T 1 DIFFERENT FROM THIS, TAUXIO=(2.77—-(TAULAMBDA-2.69)1E-10. 12717
T P N
T AVG 2.903 0.099 0.093 AVERAGE (ERRDR INCL. SCALE FACTOR OF 1.0)
23 X100 MAGNETIC MOMENT (MAGNETONS,938.26 MEV)
MM 42K -1.20 0.06 BUNCE 79 SPEC 1780
MM 270K -1.253 0.014 cox 81 SPEC 12/81¢
MM R
MM AVG 1.250 0.014 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1.0) .
——r e e e
22 X10 PARTIAL DECAY MODES
"
DECAV MASSES ’
Pl X10 INTO LAMBCA PIO 1115+ 13 -0.7 -0.5
P2 X10 INTO PROTON PI- 938+ 139
P3 XI10 INTO PROTON E- NEU 938+ .5+ 0 ALPHA FOR x10
P4 XI10 INTO SIGMA+ E- NEU 1189+ .5+ [+]
PS5 X1Q INTO SIGMA- E+ NEU 1197+ .5+ o
P& XI0 INTO SIGMA+ MU— NEUTRINO : 1189+ 105+ [}
p7 X10 INTO SIGMA- MU+ NEUTRINO 1197+ 105¢ 0 F PHI ANGLE (SIN(PHI}/COSIPHI)=BETA/GAMMA) (DEGREES)
X X10 INTD PROTON MU- NEUTRINO 938+ 105+ 0 F 146 =8, 30. BERGE 66 HBC SEE NOTE D BELIW 6/68
P9 XTO INTO LAMBLA GAMMA 1115+ o F A 139 28. 19. DAUBER 69 HBC SEE NOTE A BELOW
P10 XI[0 INTO SIGMAD GAMMA 1192+ /] F 652 16.0 17.0 BALTAY T4 HBC - 175 GEV/C K- 3/74
F A USED ALPHA LANBDA = 0,647 +~ 0.,020.
————— F 0 ERRORS MULTIPLIED B8Y 1.2 DUE TO APPROXIMATIONS USEC FOR XI
F 0 POLARIZATION. (SEE DAUBER 69 FOR DETAILED DISCUSSION)
23 XI0 BRANCHING RATIOS F e e s o8 e v e
F AVG 20.7 11.7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R1 XIG INTO (PROTON PI-}/(LAMBDA PIO) (UNITS 10%s-5) (P2)/(P1)
R1 €2700.)  OR LESS TICHO 63 HBC 6/68 hindiddie bbbl b i e
R1 1500.) OR LESS HUBBARD 66 HBC 6/68
R1 190.)  OR LESS DAUBER 69 HBC 6768 REFERENCES FOR XI0
R1 0 (180.) OR LESS CL=.90 YEM 764 HBC 1300 EFF.DENOM. 11/75
R1 3.6 OR LESS CL=.90 GEWENIGER 75 SPEC 117715 ALVAREZ 59 PRL 2 215 ALVAREZ+EBERHARD,GOOD, GRAZ TANC, TICHO+ (LRL}
JAUNEAU 63 SIENA CONF 1 1 JAUNEAU+ (EPOL+CERN+LQUC+RHEL +BERGEN)
R2 X10 INTO (PROTON E— NEU}/ILAMBDA PI0) (UNITS 10%*-3) ALSQ 63 PL & 49 JAUNEAU+ {EPOL+CERN+L OUC+RHEL ¢+BERGEN)
R2 (P3t/LPYY TICHG 63 BNL CONF 410 HAROLD K TICHO tucLa)
R2 (27.0) OR LESS TICHO 63 HBC 6768
R2 (6.0} CR LESS HUBBARD 66 HBC 6768 CARMONY 64 PRL 12 482 CARMONY ¢ PJERRQU+ SCHLEIN + SLATER, STORK+{UCLA)
R2 1.3 OR LESS DAUBER 69 HBC 6768 HUBBARD 64 PR 135 B 183 HUBBARD,BERGE, KALBFLEI SCH, SHAFER + (LRLY
R2 0  (3.4) CR LESS CL=.90 YEM 14 HBC 670 EFF.DENOM. 11/75 PJERRQU 65 PRL 14 275 + SCHLEINySLATER,SMITH, STORK.TICHD  {UCLA)
PJERROU 6% THESIS G M PIERROU (ucL Al
R3 XI0 INTO (SIGMA+ E— NEU)/{LAMBDA PIO) {UNITS 1C#*-3)
R3 (P&)/{P1) BERGE 66 PR 147 945 BERGE.EBERHARD, HUBBARD y MERR ILL + (LRL)
R3 (13.0} OR LESS TICHO 63 HBL 6768 HUBBARD 66 UCRL 11510 J RICHARD HUBBARD {THESIS,BERKELEY) (LRL)
R3 (7.0} OR LESS HUBBARD 66 HBC 6/68 LONDON 66 PR 142 1034 LONDON, RAU+GOLDBERG, LICHTMANS (BNL+SYRACUSE)
R3 t1.5) OR LESS DAUBER 69 HMBC 6768
R3 o 1.1 QR LESS CL=.90 YEH T4 HBC 2100 EFF.OENOM. 11/75 PALMER 68 PL 26B 323 PALMER, RADOJICIC,RAU,RTCHARDSON4 (BNLy SYRA)
DAUBER 69 PR 179 1262 +BERGEsHUBBARD « MERRILL y MILLER (RL)
R4 X10 INTD {SIGMA- E+ NEUI/(LAMBDA PIO) (UNITS [(Q**-3)
R4 tP51/LP1) MAY EUR T2 NP B47 333 +VAN BINST,WILQUET+ (BRUX+CERN+TUFT+LOUCH
R4 {6.0) OR LESS HUBBARD 66 HBC 6768 ALSD 73 NP B53 268 ERRATUN TO MAYEUR 72
R& {1.5) OR LESS DAUBER 69 HBC 6/68 WILQUET 72 PL 428 372 +FLIAGINE, GUY KNIGHT+ (BRUX+CERN4TUFT+LOUC)
R& 0 0.9 OR LESS CL=.90 YEH T4 HBC 2500 EFF.DENOM. 11/75
BALTAY T4 PR 09 49 +BRIDGEWAT ER, CODPER, GERSHW N+ {COLU+BING)J
RS XI0 INTO {SEGMA+ MU- NEU)/TOTAL (UNITS 10%%-3) (p&) YEH 74 PR D10 3545 +GAIGALAS+SMITH, ZENDLE,BALTAY + (BING+COLU)
RS (7T.0) OR LESS HUBBARD 66 HBC 6/68 GEWENIGE 75 PL S78 193 GERENIGER, GJESOAL+ PRESSER + (CERN#HEID}
RS (1.5} OR LESS DAUBER 69 HEC 6/68 ZECH 77 NP B124 413 +DYDAK ¢ NAVARRT A+ { STEG+CERN+DORT+HEID)
R5 [} .1 OR LESS CL=.90 YEH T4 HBC 2100 £FF,DENOM. 11/75
BUNCE 78 PR D18 633 +HANDLER ¢MARCH + MARTIN+ (W ISCHMICH&RUTG)
R6 XEO INTD (SIGMA- MU+ NEU)/TOTAL {UNITS 10%*%-3) 1P} BUNCE 79 PL 868 386 +OVERSETH, COXyDNORKENS (BNL+MICH#RUTG+WISC)
R6 {6.0) OR LESS HUBBARD 66 HBC 6768 cox 81 PRL 46 €77 +DWORKIN + {MICH+WISCHRUTG+MINN+BNL )
R6 (1.5) OR LESS DAUBER 69 HBC 6/68 HANDLER 82 PR D25 639 +GROBEL, PONDROM+ {WISC+MICH+MINN+RUTG)
R6 1] 0.9 OR LESS CL=,90 YEH 74 HeC 2500 EFF.DENOM. 11/75
LR A 1] *
R7 X10 INTO (PRCTON MU- NEU)/TOTAL {UNITS 10%e-3) (23] bbidaadibahididssd *
R7 (6.01 OR LESS HUBBARD 66 HBC 6/68
R7 1.3 OR LESS DAUBER 69 HEC 6/68 Q- .
R7 o (3.5) DR LESS CL=.90 YEH T4 HBC 664 EFF.DENOM. 11775 24 OMEGA-(1672,4P=3/2+4) 1=0
R8 XI0 INTD (LAMBCA GAMMA)/{LAM Plol (UNITS 10%*-3) (P9)}/(P1) QUANTUM NUMBERS ASSIGNED FROM Su3
RB 1 5. 5. 74 HBC 200 EFF.DENDM. 11/75
R9 XI0 INTO (SIGMAQ GAMMA)/(LAM PIO) {UNITS IO"—ZI (Pro1/(P1) ‘
R9 0-1 6.5 GR LESS CL= YE HBC 60 EFF.DENOM. 11/75 24 OMEGA- MASS (MEV)
———— L E 111615.1 EISENBERG 54 EMUL 9/73
M F 1 1672.1 1. FRY1 55 EMUL 9/73
23 X100 DECAY PARAMETER M F 1 1670. 6 t1.) FRY2 55 EMUL 9/73
M 1 1673.0 8.0 ABRANS 64 HBC INTO XI- PIO
RELATED TEXT SECTION VI D AND APPENDIX I L] 3 1673.3 1.0 PALMER ' 68 HBC K~P &.6¢5. GEV/C 11/69
M 3 1671.8 0.8 SCHULTZ 68 HBC K-P 5.5 GEV/C 11/69
A ALPHA X1 O . M 5 1674.2 1.6 SCOTTER 68 HBC K-P 6. GEV/C 11/69
A X {-0.09) (0. 46) PJERROU 65 HBC SEE NOTE D BELOW 6/68 M 8 6016719} 1.2} SPETH 69 HBC K-? 10. GEV/C 11769
A X 146 (-0.13) (0.17) BERGE 66 HBC SEE NOTE O BELOW 6/68 M B 1301671.43) (0.78) ABCLY 73 HBC K-# 10. GEV/C 12/73
A X 46  (~0.21 {0.4) LONDON 66 HBC SEE NOTE D BELOW 6/68 L] 0 4 1673.4 1.7 DIBIANCA 75 DBC 4.9 GEV/C K-D 1777
A A 739 -0.43 0. 09 DAUBER 69 HBC 1.T7-2.6 GEV/C K- L] 41 1673.0 0.8 BAUBILLIE 78 HBC 8.25 GEV/C K-P 2/79
A X 130 (-0.84) 10.27 MAYEUR 72 MLBC 2.1 GEV/C K- 1/73 “ 27 1671.7 0.6 HEMINGWAY 78 HBC 4.2 GEV/C K-P 2/719
A B 652 ~0.54 0. 10 BALTAY T4 HBC 1.75 GEV/C K- 3774 M I R
A U 6075 -0.490 0.042 BUNCE 78 SPEC FNAL HYPERON BEAM 19 L AVG 1672.37 0.34 AVERAGE IERROR INCLUDES SCALE FACTOR OF 1.0)
4 H 300K -0.405 0.012 HANOLER 82 SPEC FNAL HYPERON BEAM 1/82* L FIT 1672.45 0.32 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0) 3/82%
A X LOW SYATISTICS EXPERIMENTS EXCLUOED FROM AVERAGE. 1/782¢ THE FIT COMBINES OMEGA- AND ANTI-OMEGA- VALUES
A D ERRORS MULTIPLIED 8Y l.1 DUE TO APPROXIMATIONS USED FOR XI L
A o POLARTZATION. [SEE DAUBER 69 FOR DETAILED DISCUSSION) M £ EISENBERG S& MASS CALCULATED FOR DECAY IN FLIGHT. ALVAREZ T3 HAS 9/73
A A DAUBER 69 USES ALPHA LAMBDA = 0.650 +- 0.019. L £ SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GIVE K- XI 4G. 9/13
A B BALTAY 74 USES ALPHA-LAMBDA = 0.645 L] F BOTH FRY EVENTS IOENTIFIED AS OMEGA- BY ALVAREZ 73. - 9/73
AU BUNCE 78 USES ALPHA-LAMBDA = 0.647 T7/79 M F FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST. DECAY FROM ATOMIC 3774
A H HANDLER 82 USES ALPHA-LAMBDA=0.6424-0.013 1782¢ L] F ORBIT COULD DOPPLER SHIFT THE K- ENERGY AND RESULTING OMEGA- MASS 374
A o s e M F  BY SEVERAL MEV FOR FRY 2. THIS SHIFT IS NEGLIGIBLE FOR FRY 1 T4
A AVG 0. 022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2.0) M F BECAUSE THE CMEGA OECAY 1S APPROXTMATELY PERPENDICULAR TO ITS 3/74
{SEE IDEQOGRAM BELOW } M £ ORBITAL VELOCITY, AS IS KNOWN BECAUSE THE LAMEDA STRIKES THE 3774
L} F  NUCLEUS (L.ALVAREZ, PRIVATE COMM. 1973). WE HAVE CALCULATED THE 3774
L] F ERROR ASSUMING THAY DRBITAL N IS & DR LARGER. 3714
L) 8 ABCLV VALUE INCLUDES THE SPETH 69 EVENTS. EXCLUDED FROM AVERAGE. 12773
L 8 SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION BELOW. 2/82¢
M D DIBIANCA 75 GIVES MASS FOR EACH EVENT. WE QUOTE AVERAGE. 1777 -
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24 ANTI-OMEGA+ MASS (MEV) PALMER 68 PL 268 323 PALMER /RADOJICTC,RAU,RICHARDSON+ {BNL.SYRA)
SCHULTZ 68 PR 168 1509 ' SCHULTZ+  (1LL.ARGONNE,NORTHNESTERN,WISC)
M8 1 1673.1 1.0 FIRESTONE 71 HBC 12 GEV/C K+D 3/71 SCOTTER 68 PL 268 474 SCOTTERs (BIRM, GLASGOW + LOIC, MUNTCH, DXF)
MB e e e e SPETH 69 PL 298 252 SPETH# (AACHENBERLIN CERN,LOTC,VIEN)
M8 FIT 1672.45 0.32  FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1.0} 3/82¢
THE FIT COMBIMES OMEGA- AND ANTI-OMEGA- VALUES FIRESTON 71 PRL 26 410 +GOLDHABER » L1 SSAUERy SHELDON s TRILLING  (LRL)
ABCLV 73 NP 861 102 AACHEN+BERL IN+CERN+LONDON+VIENNA COLLABOR.
ALVAREZ 73 PR D8 702 LUIS W. ALVAREZ )
————— KOCHER 74 PL 51B 153 KOC HER, WERNHARD CINNS+VIEN)
DIBIANCA 75 NP 898 137 F.A.DIBIANCA, R.J.ENDCRF (CARNI
24 OMEGA- MEAN LIFE (UNITS 10#%-10 SEC} )
: 8AUBILLI 78 PL 788 342 BAUBILLIER + (BIRMSCERN+GLAS +MSU+LPNP)
T 1 (L.63) ABRAMS 64 HBC 1766 DEUTSCHM 78 PL 73B 96 DEUTSCHMANN+{ AACH+ BERL +CERN+ INNS+LOTC+VIEN)
T 1 (0. BARNES 1 64 HBC 1766 HEMINGNA 78 NP 8142 205 HEMINGWAY, ARMENTERQS+ (CERN+ZEEMNI JH+OXF)
T 1 (L) BARNES 2 64 MBC 1766 SAUVAGE 78 TOKYD CONF P 427 G.SAUVAGE, PROC. 19TH INTL. HEP CONF (ORSA)
T 1 (1.85) COLLEY 65 HWBC 1766 BOURQUIN 79 PL B7B 257 (BRIS+GEVA+HE [D+ORSA+RHEL + STRB+CERN+MELB)
T 1 (L.s) RICHARDSO 65 HBC 7766 BOURQUI2 79 PL 888 192 (BRIS+GEVA+HE ID+ORSA+RHEL + STRB+CERN+MELB)
T 1 (1.200 SCHULTZ  68.HBC 11767 X
T 1 (0.086) SCHULTZ 68 HBC 11767 HEELHE FOURXRATY RS er AL ARABAEKRT KESHRXFEE HEEEEAEEF JARKERTEE X EKERH K
T 1 {0.63) SCHULTZ 68 HBC 11767 RPEREE KIHRAEAEE FAYIENAED SXXXEKAGT BEOKXEHES
T L1 10.25) SCOTTER 68 HBC ¢/68
T 1 10.30) : SCOTTER 68 HBC 6768
T 1+ (0,71 SCOTTER 68 HBC 6768 T 33 LAMBDA/CH{2282,0P= )
T 1 to.o8) SCOTTER 68 HBC 6768 A .
T 1 (1.04) ‘ SCOTTER 68 HBC 6r68 ° FOR THE (SIGMA/C1=(LAMBDA/C) MASS DIFFERENCE SEE THE
T 1 t2.30 SCOTTER 68 HBC 6768 SIGMA/C SECTION OF THE BARYON DATA CARD LISTINGS.
T D 16 (1.39]  (0.45)  (0.31) ABCLV 73 HBC K-P 10. GEV/C  12/73
T 1 (0.135 DIBIANCA 75 DBC 4.9 GEV/C K-D 1717 ) ——-—
T L1 40.482) DIBIANCA 75 DBC 4.9 GEV/C K-D 7
T 1 t0.702) DIBIANCA 75 DBC 4.9 GEV/C K-D 111 33 LAMBDA/C+ MASS (MEV)
T 1 (0.228) DIBIANCA 75 DBC 4.9 GEV/C K-D 1777 CT
T 40 0.80 0.16 0.12 BAUBILLIE 78 HBC 8.25 GEV/C K~P  2/79 H 1 2260. 20. CAZZOLI 75 HBC + LAMBDA 2PI+ PI-  3/77
T D 101 (1.41)  (0-15)  (0.24) DEUTSCHMA T8 HBC 10,16 GEV/C K- P 6/78 M 60 2260. 10. KNAPP 76 SPEC - ANTILAM 2PI- PI+ 3/77
T 39 .15 0. 14. 0.11 HEMINGWAY 78 HBC 4.2 GEV/C K~P 2/19 M 1 (22484} GR MORE BARISH 77 DBC MODE P15 BELOW 3/77
T 2437 0.822 0.0 BOURQUIN 79 SPEC CERN SPS HYPERON BM 12/79 M 1 12295.) (15.3 ANGELINI 79 HYBR REPL. BY ALLASIA £0 12/79
T D DEUTSCHMANN 78 TNCRUDES EvewTs OF ABCLY 73. EXCLUDED FROM AVERAGE  2/80 M & 2257, 10. BALTAY 79 HLBC + LAMBDA PI+ 7479
T D BECAUSE OF SIGNIFICANT DISAGREEMENT WITH GTHER RECENT EXPERIMENTS,  2/80 M 1 2254, 12. CNOPS 79 DBC P K#(892)- Pl+  12/79
T 0 POSSIBLY DUE TO XI- CONTAKINATION. 2782¢ { w430 2262, 10. GIBONI 79 SPEC - P Ple 2/80
T . ) M A GIBONI 79 RESULT CHANGED FROM 22554-4 BY AUTHORS. SEE KERNAN 79,  2/80
T ave “0l819 © 0.028  0.026 AVERAGE (ERROR INCL. SCALE FACTOR OF 1.0) M 39 2285, ABRAMS 80 SMKZ +- k- P PI+ + C.C. 1/80
. M 1. 2260. 20, ALLASTA  BO EMUL P K- PI+ 12/81%
—_ . 4 " 1 2290. 3. CALICCHIO 80 HYBR P K- Pl+ 12/81¢
- i : M 19 2275. 10. KITAGAKI 80 0BC 1AM PIe, KOBAR P 12/81%
24 OMEGA- PARTIAL DECAY MODES " 1 (2330.) (5049 ADAMOVICH 81 EMUL + LAMBDA P1+ 1/82e
. : ; M B 1 (2285.) (5.1 GRAESSLER 81 HBC + © K- PI+ 1/82%
DECAY MASSES M8 1 {2280.) 13.) GRAESSLER 81 HBC + P k- PI+ 1/82%
P1 QMEGA- INTG LAMBDA K- - 1115+ 49 M 55  2284.0 5.0 RUSSELL  B1 SPEC +- KOBAR P + C.C.  12/81%
P2 OMEGA- INTO XIO PI- 1314+ 139 M. B 3 2283.0 3.0 BOSETTI 82 HBC + @ k- PI+ 3/82%
P3 OMEGA- INTO XI- PIO 1321+ 134 M’ B BOSETTI 82 COMBINE ONE NEW EVENT AT 2288+—5 MEV WITH THEIR EARLIER  3/82%
pa OMEGA- INTO LAMBDA PI- . 1115+ 139 M B THO_IGRAESSLER 81 ABOVE). 3/82¢
s GMEGA~ INTO XI- GAMMA e . 1321+ 0 M 3 2270.0 15.0 KITAGAKI 82 DBC SIGMAD PI+ 2/82%
6 GMEGA- INTQ XI*(153010 P1- : 1533+ 139 " .
pT GMEGA- INTOD X10 €- NEU - 1314+ .5+ 0 Mooave 228212 .1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.8)
{5ke oeOtRAN SELON T
24 OMEGA- BRANCHING RATIOS WEIGHTED AVERAGE = 2282.2 £ 3.1
R1 OMEGA- INTO LAMBDA K- e ERRQOR SCALED BY 1.8
RLF L EvENT FRYL 55 gMUL 11/73 _
Rl F 1 EVEN FrY2 55 EMUL 11773
RL  F BOTH FRY Events IDENTIFIED BY ALVAREZ 73. 11/73
R1 2" EVENTS ALMER 68 "HBC 11769
Rl 3 EVENTS scnuuz 68 HBC 11769
RL 5 " EVENTS 1 XI PI DECAY AMB.SCOTTER- 68 WBC . 11769
R1 13 - EVENTS +2 AMBIG. WITH XI-ABCLY 73 HBC K-P 10. GEV/C 12773 CHISQ
R1 2 EVENTS DIBIANCA 75 DBC 4.9 GEV/C K-D 177
Rl 1920 - 0.686  0.013 BOURQUI2 79 -SPEC CERN SPS HYPERON BM 1780 "KITAGAKI 82 DBC 0.7
R2 OMEGA= INTO XI10 Pl te2) "BosETTI 82 HBC o1
R2 5 EVENTS PALMER 68 HBC 11/69 "RUSSELL 81 SPEC 0.1
R2 3 EVENTS SCOTTER 68 HBC 11/69 -KITAGAKI '80 DBC 0.5
R2 3 CEVENTS +1 AMBIG WITH SIG-ABCLY 73 HBC K-P 10. GEV/C  12/73
R2 2 EVENTS DIBIANCA 75 DBC 459 GEV/C K-D 1777 -CALICCHIO 80 HYBR 6.8
R2 317 0.23&  0.013 -BOURQUIZ - 79 SPEC CERN SPS HYPERON BM 1/80 CALLASIA  BO EMUL
R3 OMEGA- INTO x1- #10 (P31 - -ABRAMS 80 SMk2 0.2
23 1 EVENT ABRAMS * 64 HBC 11769 - . GIBONI 79 SPEC 4.1
R3 1 - EVENT PALMER 68 HBC 11769
R3 1 EVENT SCOTTER 68 HBC 11/69° —_—t -CNOPS 79 DBC 5.5
P s 000 o.008 - 253:3012 e gsgc CERN Spt nyoEnon Bn Sara0 y "BALTAY 79 HLBC 6.3
B } R . - KNAPP 76 SPEC 4.9
R4 OMEGA~ INTC (LAMBDA PI-)/TQTAL  (UNITS 10%2-3) (P4} _CAZZOLI 75 HBC
R4 0 1.3 OR LESS CL=.90 BOURQUIZ 79 SPEC CERN SPS HYPERON BM 1/80 TN
RS QMEGA- INTO [XI— GAMMA)/TOTAL  (UNITS 10%#-3) (PS5} " " (CONLEV
/S © 3.1 GR LESS CL=.90 BOURQUI2 79 SPEC CERN SPS HYPERON BM 1/80 2220 2260 2300 2340 20.001)
R& OMEGA- INTO (XI#(1530)0 PI-)/TOTAL (UNITS 10%4=31(P6&) LAMBDA/C+ MASS
R6 1 2. APPROX BOURQUI2 79 SPEC CERN SPS HYPERON BM 1/80
RY OMEGA- INTO (¥I0 E- NEU)/TOTAL  {UNITS 10%#=2) (PT)
R7 3 1. APPROX . BOURQUI2 79 SPEC CERN SPS HYPERON BM 1/80
"2 OMEGA- DECAY PARAMETERS .| 7T
RELATED secnun VI O IN TEXT 33 (AMBDA/C+ MEAN LIFE (UNITS 10#%+-13 SEC}
AL ALPHA FOR OMEGA— TO K- LAMBDA . T 1. ANGELINI 79 HYBR P K- PI+ 12/79
AL K15 (-0.66) - 10.36) .10.30) KOCHER 74 HBC 10 GEV/C K—p 10774 T 4 1.14 0.90 0.44 USHIDA 80 EMUL LAM 3P1, P KBAR 2P[ 12/81%
aL 40 0.58 0.50  BAUBILLIE 78 HBC . '8.25 GEV/C K=P  2/79 T 1 te.57) ADAMOVICH B1 EMUL LAMEDA PL+ 2/82%
AL 40 -0.2 0.4 HEMINGWAY 78 H8C 4.2 GEV/C K- 2/79 :
AL S 1400  (0.06)  (0.14) SAUVAGE 78 SPEC CERN SPS HYPERON BM 4/82¢ | ~— ===
AU K SEE NOTE D IN THE OMEGA- MEAN LIFE SECTION ABOVE. 82¢ :
AL. S  SAUVAGE 78 1S PRELIMINARY. “ 'i;agt N 33 LAMBDA/C+ PARTIAL DECAY MODES
AL . :
DECAY MASSES
AL ave ‘0l10 0.38°  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1. 2) o1 LAMBDA/C+ INTO LAMBDA Ple PI+ PI— R S S o
. P2 LAMBDA/C+ INTO LAMBDA Pl+ 1115+ 139
HUEEDE FEAEDEEAS BERDEEREE S RRERBRE e erseEn P3 LAMBCA/C+ INTO P KOBAR 938+ 497
P4 LAMBDA/C+ INTO P K- PI+ 938+ 493+ 139
: " P5 LAMBDA/C+ INTO K#(89210 P 891+ 938
. REFERENCES FOR OMEGA P6 LAMBDA/C+ INTG DEL (1232144 K- 1232+ 493
' % PR 9 . v R ORN P7 LAMBDA/C+ INTG P KOBAR PI- P+ 938+ 497+ 139+ 139
FRvL T 25 ph a7 118s- PRy + SCANED S+ SHANI st he LAMBOA/C+ INTO P K2(892)- PI+ 938+ 89L+ 139
FRYZ 55 NC 2 346 FRY o SCHNEPS + SHAMI . (W1SCH iS4 LAMBCA/C+ INTO SIGMA+ PIO 1189+ 134
P10 LAMBDA/C+ INTO SIGMAO PI+ 1192+ 139
ABRAMS 64 PRL 13 670 - + BURNSTEIN,GLASSER + (UMDeNRL} P11l LAMBDA/C+ INTD SIGMA+ ETA 1189+ 548
BARNES L 64 PRL 12 204 V E BARNES,CONNOULY, CRENNELL,CULWICK {BNL) P12 LAMBDA/C+ INTD Ee ANYTHING
BARNES 2 64 PL 12 134 ¥ E BARNES,CONNOLLY,CRENNELL,CULWICK+ (BNL} P13 LAMBDA/C+ INTO P E+ ANYTHING .
COLLEY 65 PL 19 152 COLLEY,00DD +{8TRM+GLAS+LOTC+MPIM+OXF+RHEL) P14 LAMBDA/Ce INTO LAMBDA E+ ANYTHING
RICHARDS 65 BAPS 10 115- RICHARDSON, BARNES, CRENNEL+ - (BNL+SYRACUSE) P15 LAMBDA/Ce INTQ P PI- P10 KO E+ NEU 938+ 139+ 134+ 497+
SAMIOS 65 ARGONNE CONF 189 N P SAMIOS ((RVUE) BNL}
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Stable Particles Data Card Listings
Al, A, MASSIVE v'S AND LEPTON MIXING For notation, see key at front of Listings.

33 LAMBDA/C+ BRANCHING RATIOS THEGRY AND REVIEW
R1 LAMBDA/C+ INTQ (P K- PI+)/TOTAL (Pa) DERUJULA 75 PR D12 147 +GEORGI ,GLASHOW (HARV)
R1 90  (SEEN) DRIJARD 79 SFM P P AT 62.8 GEV ECM 12779 GAISSER 76 PR D14 3153 T.K.GAISSER,F.HALZEN (BART#HISC)
/1 98  (SEEN) GIBONIT 79 SPEC P P AT 63 GEV ECH  12/79 LEE 77 PR-D15 157 +QUIGG,ROSNER {FNALY
R1 18 (SEEN) LOCKMAN 79 SPEC P P S3, 62 GEV ECM 12/79 MULLER 79 CERN/EP 79-148 F.MULLER (CARGESE LEC.1979} (CERN)
R1 39 0.022 0. 010 ABRAMS 80 SMK2 E+E- 5.2 GEV ECM 1/80 OIBITONT 81 MADISON CONF. 0.DIBITONTO (CERN)
R1 1 (SEEN) CALICCHIO 80 HBC NU P IN BEBC-TST 12/81% TRELLING 81 PRPL 75 57 G H TRILLING (nwsL)
R1 74 USEEN) IRION 8L SPEC P P AT 63 GEV ECM  2/82¢

EEEREE FSVRNEINE $REFNE SRS
R2 LAMBDA/C+ INTO (P K#(892)01/(P K- PIe} (PS)/1P4Y hedaidihnddditd ol addhidddd
R2 1 (SEEN) ANGELINT 79 HYBR NU EMUL WITH BEBC  12/79 0
R2 47  (SEEN) . DRIJARD 79 SFM P P AT 52.5 GEV ECM 12/79
r2 o.18 o. lO wElSS 80 snxz E+ E- 5.2 GEV ECM  4/82¢ 40 LAMBDA/BO(5500, JP= )
R2 12 0,42 ASI 81 CNTR P P —> LAM/C+ E- X 2/82%
R2 THE ABOVE nnms lNcLUDE THE KOBAR Plo nnoe OF THE K*0. 4/82¢ THE CLAIM BY BASILE 81 1S HOTLY DISPUTED BY DRIJARD 82.
Y . . SEE THE LISTING FOR BOTTOM HAORON SEARCHES.
R2 AVG ‘0i216” © 0,092  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0}
R3 LAMBDA/C#+ mm (DEL(1232)++ K=1/(P K~ PI4) (L3N] 1/82%
R3 40  (SEEN DRIJARD 79 SEM P P AT 52.5 GEV ECM 12/79 -—
R3 o.n 0.07 WEISS 80 SMK2 E+ E- 5.2 GEV ECM  4/82%
R3 17 0.40 0.17 BASILE 8L CNTR P P —> LAM/C+ E= X  1/82% 40 LAMBDA/BO MASS (MEV)
R3 e s e ae e
R3  AVG 0.203 0.081  AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.3) L] 5425.0 175.0 75.0  BASILE 81 SF¥ 0 P P 62 GEV ECM 4r82%
R4 LAMBDA/C+ INTO P KOBAR (P3) ==
R4 5  (SEEN) BALTAY 79 HLBC NU NE-H2 IN 15-FT 2780
R& 10 (SEEN) KITAGAKI 80 DBC NU D IN FNAL 1S5-FT 12/81% 40 LAMBDA/BO PARTIAL DECAY MODES
R4 55  (SEEN) 55/75 RUSSELL 81 SPEC PHOTOPRODUCTION 2782+
. DECAY MASSES .
RS LAHBDA/C* INTO w KOBARII(P K- PL4) (P3)/1P4) P1 LAMBDA/BO INTO P DO PI- 93841864+ 139
RS WETSS 80 SMK2Z E+ €- 5.2 GEV ECM  4/82¢ -
RE LAMBOA/C+ INTG (P K- PI+}/(P KOBAR) : (P4)/(P3) 127014
R6 50 1.5 OR LESS Cl=.90 RUSSELL 81 SPEC PHCTOPRODUCTION 12/81#% 40 L AMBDA/BO BRANCHING FRACTEONS
R7 LAMBDA/C+ INTC LAMBDA Ple P2) R1 LAMBDA/BO INTO (P DO PI-)/TOTAL P11
R7 6  ISEEN) BALTAY 79 HLBC NU NE-HZ IN 15-FT 2780 R1 SEEN BASILE 81 SFM - DO TO K- PI+ 4/82¢
R7 9 (SEEN} KITAGAKI 80 DBC NU O IN FNAL 15-FT 12/81e
RIREIR FESR IR

RS LAMBOA/C+ INTO (LAMBDA PI+)/{P K- PI+} (P21/(P4)
RSB (0.8) OR LESS CL=0.9 WEISS 80 SMK2 E+ E- 5.2 GEV ECM 4782¢ REFERENCES FOR LAMBDA/BC
R9 LAMBDA/C+ INTO {LAMBDA PI+}/(P KOBAR) (P21/(P3) BASILE 81 LNC 31 97 +BONVICINT, CARA ROMEO+({CERN+BGNA+FRASPGIA}
RS K 5 0.67 0.78 0.35 BALTAY 79 HLBC NU NE-H2 IN 15-FT 12/781% DRIJARD 82 PL 1088 361 +FISCHERs¢ {CERN+COEF+DORT+HEID+LAPP+WARS)
R9 9 0.51 0.62 0.27 KITAGAKI 80 DBC NU D IN FNAL 15-FT 12/81¢
R9 40 (0.4} OR LESS €L=.90 RUSSELL 81 SPEC PHQOTOPROOUCTION 12/81% bsbbidieoshotsad
R9 K CALCULATED BY KITAGAKI 80 FROM BALTAY 79 RESULTS. 12/81% bbb d
RY e e e e e
R9  AVG 0.57 0.35 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1,01

R10 LAHBDA/C' lNTD LAMBDA PI+ PI+ PI- (1281 SEARCHES FOR MASSIVE NEUTRINOS
RO 60 seew KNAPP | To SeEc Camm'se | /a0 AND LEPTON MIXING

R10 2 SEEN BALTAY 79 HLBC NU NE-HZ IN 15-FT  2/80 .

R10 12 SEEN GIBONI 79 SPEC P P AT 63 GEV ECN  12/79 N

R10 18 SEEN LOCKMAN 79 SPEC P P 53, 62 GEV ECM 12/79 7

R11 LAMBDA/C+ INTO (LAMBDA PI+ PI+ PI-)/(P K- PI+} (P11/(P4)

R1L 1.4 OR LESS CL=0.9 WEISS 80 SMK2 E+ £~ 5.2 GEV ECH  4/82% SEE THE NCTE ON NEUTRINOS BY R.E. SHROCK IN THE ELECTRON NEUTRINO

R12  LAMBDA/C+ INTC (LAMBDA PI+ PI+ PI-1/ (P KOBAR}  (P13/(p3} 12/81% SECTION NEAR THE BEGINNING OF THESE DATA CARD LISTINGS.

R12 220 (3.1) OR LESS CL=.90 RUSSELL 81 SPEC PHOTOPRODUCTION 12781+ SEARCHES FOR INDIRECT EFFECTS OF NEUTRINO MASSES AND LEPTON MIXING

RI3  LANBDA/Ce INTQ (P KOBAR PI- PI41/(P KOBAR] 1P11/ (P31 127818 NEUTRINDS ARE LISTED TN THE. APPROPRIATE. SECTICN ON NU-MUS NU-Er

R13 3.3 OR LESS CL=.90 RUSSELL, 81 SPEC PHOTOPRODUCTION 12/81% '
OR NU-TAU, RESULTS OF THESE INDIRECT SEARCHES ARE CORRELATED

UPPER BOUNDS ON MIXING MATRIX COEFFICIENTS U{AsJ) VERSUS

R14 LAMBDA/C+ INTO SIGMAO PI+ {P10)
NEUTRING MASS. THESE RESULTS ARE DIVIDED INTO THREE SECTIONS——
R4 3 SEEW KITAGAKL 82 DBC NU D IN FNAL 15-FT  2/82% (A) BCUNDS FROM PARTICLE AND NUCLEAR DECAYS
‘ 18) BOUNDS FROM NEUTRIND REACTIONS
Rla LAIBOMCLANTO P KSIBSZ)- PI4 0es 79 0BC NOTH iw BNL 7-FT 2780 (C) SEARCHES FOR NEUTRTNOLESS DOUBLE BETA DECAY
’16 LAMBOA/C+ . INTO (E+ ANYTHING)/TOTAL (P12 37826 FOR A COMPREFENSIVE REVIEW OF THESE LIMITS, SEE BALTAY 81.
R16 0-045  0.017 VELLA 82 SMK2 E+ E- 4.5-6.8 GEv  3/3se | _____
R17  LAMBDA/C+ INTO {P E¢ ANYTHING)/TOTAL (P13 3/82¢
RIT M 018 . 009 VELLA 82 SMK2 E¢ E- 4.5-6.8 GEV 37828 5 (A). BOUNDS FROM PARTICLE AND NUCLEAR DECAYS
R1T M THIS INCLUDES PROTONS FROM LAMBDA OECAY. 3/82* | 41 LINITS ON CABSIU(1,411992 AS FUNCTION OF MASSCN-J) IN MEV REGEON
= *
R18  LAMBOA/C*+ INTO (LAMBOA E+ ANYTHING)/TOTAL (P14) 2826 | UM A S§ CLe.es  SuRock 80 MCNU-S) 013 MEV /82
YR 1le-s OR LESS ‘cioces  swrOCKL 1 MINU-J) 10 MEV 1782+
R18 1 (0.022)0R LESS CLe,90 BALLAGH 81 HYPR NU NE-H2 [N 15-FT 2/82% - *
ULy B 5. E-6 OR LESS CL=.68 SHROCKI 81 TO 60 NEV 1782
R18 N 0.011 0,008 VELLA 82 SMK2 £+ E- 4.5-6.8 GEV  3/82¢ .
RIB N THIS INCLUDES LaMaoaS FROM SIGHES DECAY ErA<oll IRTIVINS 1. E-5 GR LESS CL=.68 SWROCK 80 M(NU-J) BO MEV 1782
. € 3. -6 CR LESS CL=.68 SHROCK 80 T0 160 MEV 1782¢
ULJ A APPLICATION OF TEST TO SEARCH FOR KINKS IN BEVA DECAY KURIE PLOTS.  1/82%
BEERER pnesaae UlJ 8 ANALYSIS OF (PI+ —> E+ NU-EI/{PI+ ——> MU+ NUMJ) AND 1782%
ULl B tKé —> £+ NUE)/(Ke ——> MU+ NUMU) DECAY RATIOS. 17820
REFERENCES FOR LAMBDA/C+ ULJ € ANALYSIS OF (K¢ ——> E¢ NUE) SPECTRUM. ) 1782+
u1y
Caziotl TS PRL 34 1125 +CNOPS +CONNOLYs LOUTTIT MURTAGH, + {BNL)
KNAPS . 76 PRL 37 8ez i M o o Lot iAL) ULI LINITS ON CABS(U(L1J)14s2 AS FUIETION OF MASSINU-{) IN KEV REGION Joze
BARISH 77 PR D15 1 +DERR ICKs DOMBECK,MUSGRAVE + {ANL+PURD} uu o b ESS CLs.95  Simeson 81 MO O e 1/82
. . uls D b E-3 O LESS cioies  SIMPSON &1 Y0 10 KEV 1782
- *
ANGELINI 79 PL 848 150 CANKA L IBHSCERNADULCS LOUC + KEYNOPTSASROMAS S L) D APPLICATION OF KINK SEARCK TEST 10 TRITIUN BETA DECAY KURTE PLOT 1782
BALTAY 79 PRL 42 1721 +CARQUMBAL IS, FRENCH,HIBBS, +  (COLU+BNL} .
CNOPS 79 PRL 42 197 +CONNDLLY s KAHN \KIRK ,MURTAGH  PALMER S (BNL)
ORLaRo 79 Pt 858 452 L TSCHERE RN COEr s DORTAHET Dot APP+HARS ) U20  LIMITS O CABSIU(201)ew2 &S FUNCTION OF MASS(NU-J) IN KEV REGION
cloont  T9 PL 8D W +OIBITONTO  (AACHCERNSHARV4MINT4NWES $UCR) U2)  APPLICKTION OF PEAK SEARCH TEST TO EXISTING OATA.
KERWAW 73 "LePTon CONF.FMAL o KERNAN Luck) uzs A 5. E-2 OR LESS (CL=.95 SHROCK 80 MINU-J) 46 MEV 1/82%
LOCKMAN 79 PL 856 443 +MEYER sRANDER ) SCHLE IN, WEBB+ tUCLA+SACL) uzs & 0 ETZ ORLESS CL=-2% ThRock, B9 ) ey 178
ABRAMS 80 PRL 44 10 +ALAM, BLOCKER, BOYARSK, + (SLACHLBL) vy A 1. E-2 QR LESS (L=.95 SWROCKL 81 TO 13 MEV 1/82¢
YR 1. E-4  OR LESS ' CL=.68  SHROCKL 8l MINU-J) 13 MEV 1782+
ALLASIA 80 NP BLl76 13 (ANKA+L IBH+CERN+DUUCHLOUC +KEYN4PI SA+ROMA+) v2y A 3. E-5 QR LESS CL=.68 SHROCKL 81 70 33 MEV 1782%
CALICCHT 80 PL 938 521 + (BART+BIRM+BRUXSCERN+EPOL +RHEL+SACL+LOUC) . :
u2s B 6. E-3 OR LESS CL=.68 SHROCKI 81 MINU-J) 80 MEV 1/82¢
KITAGAKI 80 PRL 45 955 STANAKA,YUTA,ABE, +{TOHO®I1T+UNDSSTONSTUFT)
. v2s B 5. E-3 OR LESS ClL=.68 SHROCKL 81 TO 120 Mev 17626
USHIDA  80°PRL 45 1053 ( FNAL ¥NC G 1 +NAGO+0SU+0SKC + 0T TASTOKY+TNTO#) s R b LRSS fmes M a w120 WY A+
WEISS 80 TORONTO CONF 319 J M WEISS tsLAC) : :
u2s ¢ 4 E-7 COR LESS CL=.95 ASANO 81 TO 280 MEV 1/82¢
. _ i .
ADAMOVIC 81 PL 998 271 ADAMOV ICH+ { PHOTON=EMUL  OMEGA—PHOTON COLLS. | v o+ €76 ORLESS cLe.5y asmo B TO 300 wev 12
BALLAGH Bl PR D24 7 +BINGHAM + {LBLAUCB+FNAL+HAWASWASHHISC)
BASILE 81 NC 624 14 +CARA ROMED + CERN+BONASPOT AsERAS) va2d NEW EXPERIMENTS TO APPLY PEAK SEARCH TEST. .
u23 0 1. E-1 OR LESS CL=.90 ABELA 81 HINU-J) & MEV 1782
FIORIND 81 LNC 30 166 (PHDTON-EMUL COLLAB.+QNEGA=PHOTON COLLAB.) v e 1058 OR LESS ciec90  ARCEA 81 To 11 MEV 1782+
7T THE EVENT IN FIORINO 81 IS ALSO IN ADAMOVICH 81. o v2s D 2. E-4 OR LESS CL=.90 ABELA 81 MINU=) 11 MEV 1782+
- *
GRAESSLE 81 PL 998 159 GRAESSLER,LANSKE® (AACH+BONN+CERNSMPIN4OXF ] vz o 2. €-3 CR LESS CLs.90  ABELA 81 1O 16 MEV 1/82%
v21 0 2. E-5 CR LESS CL=.90 ABELA 81 MINU-J) 16-30 MEV  1/82
oL oy pr e s Rt L AnhACHSCERN S RARVAHUNT s NWES) vzl o 1. E-2 OR LESS CL=.95 CALAPRICE 81 MiNU-3) T eV 1762+
RosociL 81 PRL 46 T2 ARy BUTLERSGLADDING o b LLEtFNALACOLL) EYIE 3. E-3 OR LESS CL=.95 CALAPRICE 81 33 MEV 1/82+
SOSEYTT 82 PL 1095 334 +GRAESSLER, + {AACH+BONN+CERN+HPT N OXE ) i LSy £ A I A R nmu—n o . A
KITAGAKT 82 PRL 48 299 +TANAKA,YUTA(ABE+# (TOHOT I T4UMDeSTON®TUFT} 0 3. £-& CR LESS CL-.95  ASANO o1 230 MEV 1762+
VELLA 82 PRL (SUBKITTED)  +TRILLING,ABRAMS,ALAMe+ . (SLACSLBLUCB) ) & ANALYSIS OF MAG-SPEC_EXRo, BE Ex. AND EMUL. EXP. ON Pis —5 WUe 1783
U2 A NU-KU DECAY. 17820
U2J B ANALYSIS OF MAG. SPEC. EXP. ON K-->MU.NUNU DECAY. 1782¢
U2 € ANALYSIS OF EXP. ON Ke —-> MU+ NU-MJ NU-X ANU-X DECAY. 1782+
U2J D PI+ —> Nus NU-MU PEAK SEARCH EXP. 17828
U2J E K¢ —> MU+ NU-MU PEAK SEARCH EXP. 1782%
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Data Card Listings Stable Particles
For notation, see key at front of Listings. - MASSIVE v'S AND LEPTON MIXING

uaJ LIMITS ON CABS(U(A,J))*%2, WHERE A=l DR 2, FROM ANALYSIS OF RHO - ANU-MU —=> ANU-TAU
vAY PARAMETER IN MU DECAY.
uad 1. €~2 OR LESS CL=.68 SHROCK2 61 MINU-J} 10 MEV S 1/82% D4 DELTA(M®%2) FOR SIN(2#THETA)*#2=1 ({UNITS EV$22) ANU-MU -—=> ANU-TAU
UAY 2. €=3 OR LESS CL=.68 SHROCK?2 81 TO &0 MEV 1782% D& 2.2 .CR LESS CL=.90 ASRATYAN 81 HLBC FNAL . 1/82%
uad 4, E=2 OR LESS CL=.68 SHROCK2 81 TO 70 MEV 1782+
: . sS4 SIN(29THETA) %¢2 FOR *fLARGE'® DELTA{M2%2) ANU-MU =-> ANU-TAU
----- : . . S4 4.4E~2 CR LESS CL=.90 ASRATYAN 81 HLBC FNAL 1782+
5 (B). BOUNDS FROM NEUTRINO REACTIONS
: NU-E =/=> NU-E
=== =m—————— — 5 SOUAR NEUTRIND EXPERIMENTS ——— —mmom— oo
De DELTA(M®#2) FOR SIN(2®THETA)®#2=1  (UNITS EV##2)  NU-E ~/-> NU-E
S SOLAR NU FLUX (UNITS, SNU) - D6 8. OR LESS CL=.90 BAKER 81 HLBC 15FT FNAL 1/82%
s (1 SOLAR NEUTRINO UNIT. SNU, =1.E-36 cnvrunswsecnnacer ATOM) 06 S6. CR LESS CL=.90 DEDEN 81 HLBC BEBC CERN SPS 1/82¢
s (7.31 (1.5) BAHCALL THEOR.CALC.FLUX  1/82% 06 10. OR LESS CL=.90 ERRIQUEZ 81 HLBC BEBC CERN SPS 1/82¢
s - 2.1 0.3 ' DAVIS 81 MEAS. FLUX 1782+ D6 2.3 YO 8 EXCLUDED CL=.90  NEMETHY 81 CNTR LAMPF 1/782%
S 17.0% €3.0) - FILIPPONE 82 THEOR.CALC.FLUX  1/82% )
s SEE ALSO THE REVIEW OF J.N.BAHCALL, PROC. 1981 INTL. CONF. ON 4/82% S6 SIN(2¢THETA)#22 FOR 'TLARGE'' DELTA(M2%2} NU-€ -/-> NU-E
s NEUTRIND PHYSICS AND ASTROPHYS. (MAUT, HAWAII) V.2, P, 253, 4/782% s6 0.6 CR LESS CL=.90 BAKER 81 HLBC 15FT FNAL 1/782¢
s6 0.3 OR LESS CL=.90  DEDEN 81 HLEC BEBC CERN SPS 1/82%
———— m———e———w -~ 5 DEEP MINE EXPERIMENTS - Ss6 . T.E-2 CR LESS CL=.90 ERRIQUEZ 81 HLEC BEBC CERN SPS 1/82%
oM R= (MEASURED FLUX OF NU-MU)/{EXPECTED FLUX QF NU-MU} : :
oM 0.62 0.17 CROUCH CASE WEST/UCI 1/82% ANU-E —=> ANU-TAU
oM 1. o 26 TATSEPIN 81 BAKSAN 4/82%
oM ST SIN{2¢THETA}#%2 FOR *"LARGE'®' DELTA{M#%2) ANU-E —~> ANU-TAU
DM AVERAGE NEANINGLESS (SCALE FACTOR = 1.,2) . s7 F 0.7 CR LESS CL=.%0 FRITZE 80 HYER BEBC CERN SPS 1/82%
ST F  AUTHORS GIVE P(NUE-->NUTAUI< .35, EQUIVALENT TO ABOVE LIMIT. 1/82%
-—=— ===——=-= == 5 REACTOR ANTINEUTRINO EXPERIMENTS =mm-—m——w ————oemm
RO (EVENTS DBSERVED)/(EVENYS Exvecrem FROM REACTOR ANU-E EXPTS.
RO B €0.891 (0.1 80 ANU-E P —=> €+ N ' 1/82¢ S (C). SEARCHES FOR NEUTRINOLESS DOUBLE BETA DECAY
RD A R 0.38 0.21 REINES 80 SEE NOTE A 1/82¢
RO A R 0.40 0.22 REINES 80 SEE NOTE A 1782+ THE DECAY (Z,A) ——> (I+2,A} + E- + E—, I.E. NEUTRINOLESS DOUBLE
RD 8 +955 0.12 KWON 81 ANU-E P —=> E+ N 1/82¢ BETA DECAY, VIOLATES TOTAL LEPTON NUMBER BY TWO UNITS. IT IS .
RD B8 KWON 81 REPRESENTS AN ANALYSIS OF A LARGER SET OF DATA FROM THE 1/82% FORBIDDEN IF NEUTRINOS ARE DIRAC PARTICLES BUT CAN OCCUR IF
RD B SAME EXPERIMENT AS BOEHM 80. SYST.+STAT. ERRORS COMBINED IN 1/82% NEUTRINOS ARE MAJORANA PARTICLES AND (A) THEY ARE MASSIVE OR
RD B QUADRATURE. 1/82% {B) THEY HAVE NON (V-A) COUPLINGS.
RD "~ A REINES B0 INVOLVES COMPARISON OF NEUTRAL- AND CHARGED~CURRENT 1/82%
RD A REACTIONS ANU-E O ~~> N P ANU-E AND ANU-E D —-> N N E+ RSPECTIVELY. 1/82¢ MW MNUW, THE WEIGHTED SUM OF NEUTRINO MASSES CONTRIBUTING TO
RD A COMBINDED ANALYSIS OF REACTOR ANU-~E EXPTS. WAS PERFORMED BY 1/82% M NEUTRINOLESS DOUBLE BETA DECAY  (UNITS Ev)
RD A SILVERMAN B1. . 1782+ MW MNUW= SUM FROM 1 TO N OF U(1,J)#€22M{NU-J), WHERE N= NUMBER OF
RO R THE TWO REINES 80 VALUES CORRESPOND TO THE CALCULATED ANU-E FLUXES  1/82% MK NEUTRIND GENERATIONS, AND NU~J IS A MAJORANA NEUTRING.
RD R OF AVIGNONE-GREENWODD AND DAVIS ET AL RESPECTIVELY. 1/82% i .
- . MW D €30.}  APPROX. 001 81 :
e mmm—e———— == 5 ACCELERATOR EXPERIMENTS . MW H t12.1 OR LESS HAXTON 33 1/782%
MW D DOI 80 IS THEORETICAL ANALYSIS OF LIFETIME RATIO FOR 1/82%
BOUNDS ON DELTA(M*#2) VS. SIN(2&THETA)®#2 : Mé D TELLURIUM-128/TELLURIUM-130 AND USES NUCLEAR MATRIX ELEMENTS 1/82¢
WHERE DELTA(M#%2) IS MAGNITUDE OF ( MASS(NU-T}##2 — HASS(NU-JD"Z) MH D CALCULATED BY VERGADOS. 1/82%
AND THETA IS THE MIXING ANGLE FOR THE STMPLIFYING ASSUMPTION OF MW M HAXTON 81 IS THEDRETICAL ANALYSIS OF LIFETIMES OF GERMANIUM-T6 AND  1/82%
MIXING GETWEEN TWO NEUTRINO FAMILIES ONLY. MW H SELENIUM-82+ THE FORMER OF WHICH YIELDS MNUW.LT.12 EV AND THE 1782%
MW M LATER OF WHICH YIELDS MNUW.LT.15 EV. WE LIST THE MORE RESTRICTIVE  1/82#%
EACH EXPERIMENTAL RESULT 1S A PLOT GIVING ALLONED AND EXCLUDED - . MW H UPPER LIMIT ABOVE, THE DOI 81 VALUE OF MNUW AND THE HAXTON 81 LIMIT 1/82¢
REGIONS AS FUNCTIONS OF DELTA(M#*2) AND SINI2¢THETA)*%2. WE QUOTE MW H ON MNUW BOTH ASSUME V-A COUPLINGS. ROSEN 81 AND ROSEN2 81 DISCUSS  1/82%
TWO REPRESENTATIVE LIMITS FROM EACH PLOT —- - . MW H CORRELATED BCUNDS ON MNUW AND RIGHT-HANDED COUPLINGS. 1/82%
1) DELTAIM*#2) FOR SINIZ#THETA)*#2=1. 8 . o
2) SIN(2*THETA)*#2 FOR ''LARGE'* OELTA(M®#2}, I.E. SUFFICTENTLY FRESER REEXIERES SLERABACK BERRRERRS
\LARGE DELTA(M®#2) THAT THE DETECTOR WOULD MEASURE ONLY AN :
EFFECT AVERAGED OVER MANY OSCILLATIONS.
EXPERIMENTS ARE OF TWO GENERAL TYPES — REFERENCES FOR COR. BOUNDS ON NU MASS, MIXING.
(A) THOSE WHMICH SEARCH FOR NU(A)-->NU(B) (B NOT EQUAL A}, I.E.
THE APPEARANCE OF L{B) FROM CHARGED CURRENT REACTION OF 4 BELLOTTI 76 LNC 17 553 +CAVALLI,FIORINT,ROLLTER TMILAY
NU(A) BEAM. BLIETSCH 78 NP B133 205 BLTETSCHAU+ (AACHL 1 BH¢ CERN+EPDL+MILA+ORSA+)
(B) THOSE WHICH SEARCH FOR THE 'DISAPPEARANCE® OF PART OF THE CROUCH 78 PR D18 2239 +LANDECKER+LATHROPREINES+ (CASE4UCI+WITH)
INITITAL NULA) BEAM BY COMPARING THE NUMBER OF OBSERVED L{A}
EVENTS WITH THE NUMBER EXPECTED FROM FLUX CALCULATIONS. BAHCALL 80 PRL 45 945 +LUBOW.HUEBNER+ (TASH+LASL4YALE+LLL+UCLA}
THESE EXPERIMENTS. DO NOT TRY TO GBSERVE THE ANOMALOUS ALSD 76 SCIENCE 191 264  J.N.BAHCALL,R.DAVIS [TAS+BNL)
L(B)'S. WE LABEL SUCH EXPERIMENTS AS NU-& —/-> NU-A ' BOEHM 80 PL 978 310 +CAVAIGNAC, FEILITZSCH+ (ILLG4CIT¢GREN#MUNI)
. ) FRITZE 80 PL 968 427 +GRASSLER+  (AACH+BCNN4CERN+LOIC+OXF+SACL)
NU-MU ~=> NU-E . ’ REINES 80 PRL 45 1207 F.REINES.H.W.SDBEL+E.PASIERB ey
ALSO 59 ®R 113 273 F.REINES,C.L.COWAN {LASL)
01 DELTA(M$$2) FOR SIN(2#THETA}#¥2s1  (UNITS EVE*2)  NU-MU —-> NU-E ALSO 66 PR 142 €52 F.A.NEZRICKF.REINES (CASE)
[+3% 1.2 OR LESS CL=.95 BELLOTT! 76 HLBC GGM CERN PS 1782% ALSO 76 PRL 37 315 F.REINES,H.S.GURR,H. W.SOBEL tucn
D1 1.2 CR LESS CL=.95 BLIETSCHA 78 HLBC GGN CERN PS 1/82¢ SHROCK 80 PL 968 159 R.E.SHROCK (sTON)
D1 1.7 CR LESS CL=.90 ARMENISE 81 HLBC GGK CERN SP$ 1/82¢
o1 0.6 GR LESS CL=.90  BAKER 81 HLBC L5FT FNAL 1/82% ABELA 81 PL 1058 263 +DAUM . EATON, FROSCH, JOST,KETTLE, STEINERSTN)
Dl 1.7 OR LESS (CL=.90 _ ERRIQUEZ 81 HLBC BEBC CERN SPS 1/82% ARMENISE 81 PL 1008 t82 +FOGL I-MUCTACCT A+ (BART+CERN+MILA+LALO) -
) ASAND 81 PL 1048 84 +HAYAND K IKUTANTJKUROKAWA+  (KEK+TOKY+OSAK}
s1 SIN(2*THETA) #%2 FOR *YLARGE'® DELTA[M##2) NU~-MU ~-> NU-E ALSO 81 SHROCK1 . »
s1 L. E-2 CR LESS CL=.95 BELLOTTI 76 HLBC GGM CERN PS 1/82¢ ASRATYAN 81 PL 1058 301 +EFREMENKD, FEDOTOV + (ITEP+FNAL+SERP+MICH)
st 6. E-2 CR LESS CL=.95 BLIEFTSCHA 78 HLBC GGM CERN PS 1782 8AKER 81 PRL 47 1576 - +CONNOLLY + KAHN  KIRK ¢ MURTAGH+ {BNL+COLU}
s1 1. E~Z CR LESS CL=.90 ARMENISE 81 HLBC GGM CERN SPS 1/782¢ ALSD 78 -PRL 40 144 CNDPS, CONNOLLY 4K AHN, KIRK+ (BNL+COLU)
St 6. E~3 OR LESS CL=.90 BAKER 81 HLBC 15FT FNAL 1782%
s1 . E-2 CR LESS CL=.90 ERRIQUEZ 81 HLBC BEBC CERN, SPS 1/82% BALTAY 81 NU 81 CONF HAWAIT C.BALTAY (coLw)
A . . . CALAPRIC 81 PL 1068 175 CALAPRICE,SCHREIBER . SCHNEIDER + (PRIN+IND}
. N . DAVIS 81 BNL NU WKSHP B.T.CLEVELAND,R.DAVIS JR.s J.K.RONLEY {8NL)
ANU-MU —~> ANU-E . . DEDEN 81 PL 988 310 . tAACH+BONN+CERN4ATEN+LOIC+OXF+SACL)
L . . oor 81 PL 103B 219 +KOTANT \NISHIURA+OKUDA « TAKASUGT (OSAK)
b2 OELTA(M*#2) FOR SINI28THETA)##2=1  (UNITS EVE*2)  ANU-MU —-> ANU-E ALSD 81 PTP 66 1739 DOTyKOTANI NI SHIURA,OKUDA, TAKASUGL  {OSAK)
D2 1. CR LESS CL=.95 BLYETSCHA 78 HLBC GGM CERN PS 1/782% ALSD 81 PTP 66 1765 DO+ KOTANT 4NISHIURA,OKUDA.TAKASUGY (0SAK)
D2 0.91 OR LESS CL=.90 NEMETHY 81 CNTR .LAMPR ’ 1/82% :
ERRIQUEZ 81°'PL 1028 72 +NATALI+ - [BARI+BIRM+LIBH+EPOL+RHEL+SACL+)
52 SIN(2#THETA) ##2 FOR ®*LARGE'! DELTA(Ms%2) ANU-MU -~> ANU-E HAXTON 81 PRL 47 153 +G.J.STEPHENSON,D. STROTTMAN (PURD, LASL}
s2 6. E=2 OR LESS CL=.9% BLIETSCHA 78 HLBC GGM CERN PS 1/82% KWON 81 PR D24 1087 +BOEHM, HAHN, HENRIKS ON+ (CIT+GREN#MUNI)
52 2.2 CR LESS CL=.90 NEMETHY Bl CNTR LAMPF 1/782¢ NEMETHY 81 PR D23 2¢2 + (YALE+LBL+LASL+MIT+SACL+SIN+CNRC#BERN) B
. ROSEN 81 ARNS 21 145 S.P.ROSEN (PURD}
NU-MU ==> NU-TAY ) . . ROSEN2 8L NU 81 CONF HAWAII S.P.ROSEN (PURD}
. L o . : ALSO 78 RMP 50 11 D.BRYMAN, C.PICCIOTTO (TRIU, VICT)
03 DELTA(M®#£2} FOR SIN{2#THETAI*%2=1 . (UNITS EV#42}  NU-MU —=> NU-TAU _ SHROCKL 81 PR D24 1232 © R.E.SHROCK (STON}
D3 4.6 OR LESS CL=.90 ARMENISE 81 HLBC GGM CERN SPS ' 1/82% SHROCKZ 81 PR D24 1275 R.E.SHROCK (sToN)
D3 3. OR LESS CL=.90  BAKER 81 HLBC 15FT FNAL . 1782+
D3 6. OR LESS CL=.90 ERRIQUEZ 81 HLBC.BEBC CERN $P§ 1/82¢ SILVERMA BL PRL 46 467 D.SILVERMAN, A, SONI (UCT+UCLAY
03 3. OR LESS CL=.90 USHIDA 81 EMUL FNAL 1/82% SIMPSON 81 PR D24 2911 J+STMPSON tGUEL)
. ’ . USHIDA  B1 PRL 47 16 (AICH+FNAL+KDBE+SEQU+MCGT+NAGO+DSU+OKAY+)
s3 SIN{2¢THETA}#%2 FOR ¢ *LARGE'Y DELTA(M#*2) NU-MU —=> NU-TAU ZATSEPIN 81 NU Bl ° CUNF HAWATT BOLIEV,BUTKEVICH,CHUDAKOY,MAKOEV+ (MINR]
s3 1.7TE=2 CR LESS CL=.90 ARMENISE 81 HLBC GGV CERN SPS . 1782+ FILIPPON 82 APJ 253 293 BoW.FILIPPONE,D.N. SCHRAMM {ANL +EF 1)
s3 6. E-2 CR LESS CL=.90  BAKER 81 HLBC 1SFT FNAL 1/82¢
$3 5. E=2 CR LESS Cl ERRIQUEZ 81 HLBC BEBC CERN SPS 1/82% EEEBE RXKSEEEE CHEERER AGE KDDL EE SRERIDEE
$3 1.3E-2 CR LESS [4 USHIDA 81 EMUL FNAL 1782+ ATEERE EDLLEEERE IREXREAE K SEERCRNAE XA XRE LR HREPER VSR SEXDHKABER REAREERE
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NEUTRINO BOUNDS FROM
ASTROPHYSICS AND COSMOLOGY

N
7

SEE' THE NCTE ON NEUTRINOS BY R.E. SHROCK IN THE ELECTRON NEUTRINO
SECTICN NEAR THE BEGINNING OF THESE DATA CARD LISTINGS.

Note on v Mass Limits

These limits apply to mtot given by

I,
Mot T Z 2 ™
j=l,n j

where n is the number of neutrino species and gv

is the number of independent components in the ]
neutrino field; 9,y = 4 for Dirac neutrinos;

2 for chiraleajorana neutrinos.

g\).
]

6 NU MASS (EV)
M LIMIT ON TOTAL MASS, SUMMED OVER ALL SPIN COMPONENTS, OF EFFECTIVELY
M STABLE NEUTRINOS (1.E. THOSE WITH MEAN tIVES ROUGHLY EQUAL YO OR
M GREATER THAN THE AGE OF THE UNIVERSE) (UNITS EV}
M A (132.) GR LESS COWSIK T2 COSM
“ A (80.1) CR LESS LEE 77 COSM
M (100.) OR LESS OLIVE 81 COSM
M A COWSIK 72 AND LEE 77 MAVE BEEN GENERALIZED TO APPLY TO M{TOT} AS
M A DEFINED ABOVE, WHERE DNE ALLOWS EITHER DIRAC OR MAJORANA NEUTRINOS.
M A THESE PAPERS ASSUMED DIRAC NEUTRINOS.
M FOR COTHER LIMITS, SEE SATQ 77, VYSOTSKY 77, DICUS T8, HUT 79,
M AND ZELDOVICH 80,
ML ANALYSES OF MASS/L IGHT RATIOS AND DYNAMICS OF GALAXIES AND
ML CLUSTERSs ARE CONSISTENT WIVH PRESENCE OF DARK MATTER WHICH.
ML [F ASCRIBED TO NEUTRINOS, WOULD IMPLY A NON-ZERO VALUE OF THE SUM
ML OF THE MASSES OF NEUTRINOS WITH LIFETIMES SUFFICIENTLY LCNG TO
ML AFFECT THESE GALAXIES AND CLUSTERS. DIFFERENT ANALYSES FAVOR
ML SOMEWHAT DIFFERENT VALUES OF THE SUM OF MASSES. THIS IS ALSO
ML CONSISTENT WITH MDDELS OF GALAXY FORMATION. ACCORDING TO D.SCHRAMM
ML (PRIV. COMM.) IF ONE ALLOWS EITHER ADIABATIC OR ISOTHERMAL GALAXY
ML FORMATIONs THE RANGE OF MASSES 1S PROBABLY FROM 4 TQ 100 EV.
ML HOWEVER ADIABATIC NOW FAVORED FOR MASSIVE NEUTRINGS. (UNITS EV}
ML A TREMAINE 79 COSM ISOTHERMAL
ML ORDER 30 BOND 81 COSM ADIABATIC
ML 50-100 DAVIS 81 COSM  ACTA.+DECAYING Nus
ML 4-20 SCHRAMM 81 COSM ISOTHERMAL
ML A TYREMAINE 79 STATES THAT THE DARK MATTER CANNOT BE MUQON OR ELECTRON
ML A NEUTRINDS OF NONZERQ REST MASS OR ANY NEUTRAL LEPTON LESS MASSIVE
ML A THAN 1 MEV. .

6 NU RADIATIVE MEAN LIFE / MASS (UNITS SEC/EV}
T COWSIK 77 COSM
T DICUS 77 COSM
T GOLOMAN 77 COSH
T FALK 78 COSM
T STRONGLY CORRELATED COWSIK 79 CASM
T LIMITS: SEE REFERENCES GOLOMAN 79 COSM
T DERUJULA 80 COSM
T STECKER 80 COSM
T HENRY 81 COSM
T KIMBLE 8l COSM
T TURNER 81 COSM

& POSSIBLE LIMITS ON NUMBER OF LIGHY (< ABOUT 1 MEV)
TWO-COMPONENT NU TYPES

NUMBER COUPLING WITH FULL WEAK STRENGTH
SHVARTSMA 69 COSM

N OR LESS STEIGMAN 77 COSM

(4) OR LESS YANG 79 COSM

S CRITICISM OF BOUND STECKERZ 80 COSM
MAYBE NO FIRM BOUNOD OLIVE 81 COSM

{41 OR LESS TURNER 81 COSM
CRITICISM OF BOUND RANA 82 COSM

{4} OR LESS YANG 82 COSM

S SEE, HOWEVER OLIVE2 81 CRITIQUE AND STECKER 61 REPLY.
UNC ERTAINTIES AND CRITICISMS COME FROM DIFFERING ESTIMATES OF LGWER
LIMIT ON BARYON DENSITY OF THE UNIVERSE ANO UPPER LIMIT ON THE
PRIMORDIAL HELIUM-4 ABUNOANCE. )

N
N
N
N
N
N
N
N
N
N
N
N
N

NUMBER COUPLING WITH LESS THAN FULL WEAK STRENGTH
tzo). OR LESS STEIGMAN 79 COSM
A LIMIT VARIES WITH STRENGTH OF COUPLING.

zzz

e

xTx
>

|
|
1
|
i

6 MAGNETIC MOMENT OF SUFFICEENTLY LIGHT NU
(UNITS EV/GAUSS})

(4.9E-19)0R LESS SUTHERLAN 76 COSM FOR M{NU)<10 KEV.
USES SUTHERLAND 76 EQ.3 WITH F<1/3 FROM THEIR TABLE AS MODIFIED TO
APPLY AS A LIMIT ON ANY ONE NEUTRINO SPECIES INDIVIDUALLY.

MM S
MM s
MM s

FEEEEE RERIILOHE FRVL L LN KARERAAEE SRECXCTHH ERIAFLAGE FTIHLIEAE GRETEO4D

9/81%
1/82%
4/82%
4/82%
“/82%
2/82¢
2/82%

1/82%
2/82%
1782
1/82¢
1/82%
1/82%
1/782%

1/82%
1782%
4/82%
1/82#%
1/82%
1/82¢%
1/82%
1/782%
1/82¢
1/82%
1/782%

1/82%
1/82%
1/782%
1/82%
1/82¢
1/82#%
1/82%
4782%
1/82%
4/82%
4/782¢%
4/82%

1/782¢%
4/82%

1/82%
1782
1/82%
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REFERENCES FOR NU BOUNDS FROM ASTRC. AND COSM.
SHYARTSM 69 JETPL 9 184 Vo F. SHVARTSMAN {Mosuy
COWSIK 72 PRL 29 669 R.COWSIKeJd-MC CLELLANOD tuce}
SUTHERLA 76 PR D13 2700 SUTHERLAND+ NGy FLOWERS y + {PENN+COLU+NYU)
COWSIK 77 PRL 39 T€4 R. COMWSIK {MPIM+TIFR)
ALSO 79 COWSIK
DICUS 77 PRL 39 1¢8 D.A.DICUS,E.W.KOLB, V. L. TEPLITZ ITEXA+VPI)
GOLOMAN 77 PR D16 2256 T.GOLDMAN, G.J.STEPHENSCN TLASL)
LEE 17 PRL 39 165 B. W. LEEs S. WEINBERG {FNAL+STAN)
SATO 77 PTP 58 1775 Ko SATO,M.KOBAYASHI (KYOT)
STEIGMAN 77 PL 66B 202 G.STEIGMAN,O.SCHRAMM,J.GUNN [YALE.CHIC.CIT)

VYSOTSKY 77 JETPL 26 188 VYSOTSKY,DOLGOV,ZELDGVICH (ITEP)
DICUS 78 PR D17 1529 +KOLB+ TEPLITZ JWAGONER (TEXA+VPI+STAN}
FALK 78 PL 798 511 S. FALK, D. SCHRAMM (CHICY
ALSD 78 APJ 223 1015 GUNNs LEE+ {CIT+CAMB+FNAL+CHIC4+YALE
COMSIK - 79 PR D1§ 2219 Re COWSIK {TIFR)
GOLOMAN 79 PR D19 2215 T.GOLOMAN, G.J . STEPHENSON (LASL}
79 PL 878 144 P.HUT K.A.OLIVE {AMSTERDAMSEF]}
STEIGMAN 76 PRL 43 239 G.STEIGMAN,K.OLIVE,0.SCHRAMM (BART+EFI)
TREMAINE 79 PRL 42 407 S. TREMAINE, J. E. GUNN (CIT+CAMB+CAIW)
Y ANG 79 APJ 227 697 YANG ¢ SCHRAMM, STEIGMAN,ROOD (CHIC+YALE+VIRG)
ALSO 79 STEIGMAN FOOTNOTE 4
DERUJULA 80 PRL 45 942 AJDE RUJULASS.L.GLASHOW {MIT+HARY)
STECKER B0 PRL 45 1460 F.W.STECKER . {NASA}
ALSO 81 NU Bl CONF HAWAIT F.W.STECKER (PROC. V.le P. 124} INASA)
STECKER2 80 PRL 44 1237 F.W.STECKER {NASA)

ZELDOVIC 80 SJINP 21 &64 ZELDOVICH+KLYPIN,KHLOPOVsCHECHETKIN

BOND 81 NU 81 CONF HAWAIT J.R.BOND, A.S.SZALAY {UCB+CHIC)
- DAVIS 81 APJ 250 422 M.DAVISyM.LECAR,C.PRYOR+E.WITTEN{HARV4PRIN)
HENRY 81 PRL 47 618 R.C.HENRY, P.D.FELDMAN . (JaHu}
KIHBLE 81 PRL 456 80 R.KIMBLE+S.BONYER,P.JAKCBSEN tucel
OLIVE Bl APJ 246 557 +SCHRAMM,STE[GMAN, TURNER.YANG+ (CHIC+BART)
oLtve2 81 PRL 46 516 K.A.OLIVE,M.S.TURNER (EF§
SCHRAMM 81 APJ 243 1 D. N. SCHRAMM, G. STEIGMAN {CHIC+BART)
STECKER 81 PRL 46 517 FeW.STECKER (NASA)
TURNER 81 NU 81 CONF HAWAI! M.S.TURNER (UCSB+CHIC)
RANA 82 PFL 48 209 N.C.RANA (TIFR}
YANG 82 EFI PREPRINT +TURNERySTEIGMAN,SCHRAMM,0LIVE (CHIC#BART)

BHEGEE BRRCERTEE SRBAFEEEE BReRRbhRE
BOEBEE SXARITHTE CELTERREE FRBREETRE

|HEAVY LEPTON SEARCHES|
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Data on the Ti(1785) heavy lepton are listed
in a separate section above, following the e and
¥ listings.

The following section contains information on
searches for heavy leptons of other types and
searches for the Ti in collisions other than e+e_.

Several types of heavy leptons (that is,

non-strongly-interacting fermions other than e

In the Data Card List-

’

and H) have been proposed.
ings we distinguish four types. Each has a
corresponding antiparticle with opposite charge
and lepton number. For convenience we omit writing
the antiparticles in the following descriptions.

The four types are:

Sequential Leptons (L—,VLL: Such a pair

is assumed to have its own separately strictly

conserved lepton number nL==+l. This means that

the radiative decays
L ey
_ _ are forbidden ,
L >uy
while the weak decays (assuming m - sufficiently

massive)
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Stable Particles
HEAVY LEPTON SEARCHES

L >V

eV
L e

L > vL U—Gﬁ are allowed .

L > VL hadrons

There could be an increasing mass sequence of such
pairs. It is frequently assumed that the neutrinos
are maséless.

Decay rates are assumed calculable from conven-
tional weak interactions theory. For L~ mass
between 1 and 3 GeV, the branching fraction to each

of the two leptonié modes should be roughly 10% to

20%. For L mass above 1 GeV, the mean life should
be < 10_12 sec, too short to be observed in a track
chamber.l

+ + .
Paraleptons (E ,E®) and (M ,M%). These pairs

have the same lepton numbers as the opposite-charge
ordinary leptons, i.e., e and U, respectively.
Radiative decays are again forbidden and decays
similar to those allowed for L are allowed here,
e.qg.,
M+ >V e+V
u e
or M+ >\ u+v

"SRAENS TR
However, the lightest member is not stable as is
the case for sequential leptons, so that bizarre

decay schemes such as (assuming m_, < mE+)
E

+ 0+
E >+ E uwv

u
- +
e eV

[~

Heavy leptons of this type (and/or a neutral

are allowed.

intermediate boson z°) are desired in unified gauge
theories of weak and electromagnetic interactions
to cancel unphysical high energy behavior in such

+ - + - 3
processes as e e *WW.

Ortholeptons (F_ and N ). These have the same

lepton numbers as e and u—, respectively. They
may or may not have associated neutral leptons.
Radiative decays are allowed in addition to weak
modes similar to those of sequential leptons. The
radiative mode can dominate or can be relatively
unimportant depending on the model.4 Decays such

as _
F = e + hadrons

are also allowed.

. . + - -
events in e e collisions.

Long-Lived Penetrating Particles. Heavy

leptons could have long mean lives under certain

> m__, then L-,
L

: {
the sequential lepton, is completely stable since

circumstances. For example, if m

its lepton number is conserved.

Experimental results. The results are sum-

marized in the Data Card Listings below. Mass
limits for sequential leptons are listed in
subsection MS, while all other types are listed

together in subsection M.

The Listings also contain cross-section upper

limits reported as results of unsuccessful searches.

We no longer list cross sections for anomalous el

These cross sections

. . . + - + -
| are consistent with coming from e e -+ T T where

+
the 17(1785) is assumed to be a spin-1/2 Dirac

point particle with a mass about 1785 MeV.
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SEE PERL 81 FOR A REVIEW

PROPERTIES OF THE TAU+- (1785} HEAVY LEPYON AND ITS ASSOCIATED
NEUTRINO ARE LISVED SEPARATELY ABOVE FOLLOWING THE E AND MU
LISTINGS. TYHE FOLLOWING SECTION CONTAINS INFORMATION ON SEARCHES
FOR HEAVY LEPTCNS OF OVTHER TYPES AND SEARCHES FOR TAUs- IN
COLLYISIONS OTHER THAN E¢E~. WE LIST MASS LIMITS AND CROSS SECTION
UPPER LIMITS REPDRTED AS NEGATIVE SEARCH RESULTS. WE NO LONGER
LISY CROSS SECTIONS FOR YHE ESTABLISHED PROCESS €+ E- --> TAU+ TAU-
AS WAS DONE I[N OUR 1977 SUPPLEMENT.

25 HEAVY LEPTON MASS LIMITS

LIMITS APPLY CNLY TD HEAVY LEPTON TYPE GIVEN IN COMMENT AT RIGHT ON
DATA CARD. SEE REVIEW ABOVE FOR DESCRIPTION OF TYPES.

IN COMMENTS BELOW: ALL BEAMS ARE MU TYPE NEUTRINO OR ANTINEUTRINO.
L+E+MiFoeN STYAND FOR SEQUENTIAL LEPTON,PARA-EL ECTRON,PARA-MUON,
ORTHO-ELECTRCN, ORTHO-MUON RESPECTIVLY.

MS SEQUENTIAL HEAVY LEPTON MASS LIMITS (GEV)
(13.1 CR MORE AZ MOV 80 +— SEQUENTIAL (L)
16. CR MORE CL=.95 BARBER 80 CNTR +- SEQUENTIAL (L)
NONE 4GEV TO 14.5GEV CL=.95 BERGER 81 PLUT +— SEQUENTIAL (L}
NONE BELOW 15.5 GEV CL=.95 BRANDELIK 81 TASS +~ SEQUENTIAL (L)