DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not nccessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



&7

Lectures at IVth Coral Gables Conference
on Symmetry Principles at High Energy,
Coral Gables, Florida

January 24527, 1967; Proceedings

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Lé,boratory
Berkeley, California

AEC Contract No, W-7405-eng-48

BARYON RESONANCES
Robert D. Tripp

January 1967

UCRL-17385
Preprint



&

UCRL-17385

BARYON RESONANCES
Robert D, Tripp
Department of Physics and Lawrence Radiation lLaboratory
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Rather than presenting & complete survey éf baryon resonances, wve
ghall confine our attention to two topics:

(a) A discussion experimental results completed since the Berkeley

" Conference in September 1966,

(b) Assignment of resonances to multiplets through use of mass fore
mulae, and a critique of these assignments by means of a detailed com~
parison of various decay rates.

I. Recent Experimental Results

Since the _1966 survey of strange baryon resonances by Ferro-l.uzzil
there have been two notable advances, both of which were reported in
preliminary form at that time. Davies et al.2 have done a precise
total cross-section experiment on X p and K d covering a momentum range
of 600 to 1400 MeV/c. Figure 1 shows their results for the I = 1 and
I = 0 cross sections after the important emearing effect of deuterium
internal momentum has been removed. The dominant bump in I =1 1s
the vell-known Y; ( T765), and the very small satellites on either side
are Y; (1660) and Y, (1910), the former being seen for the first time
in the elastic channel and the latter being a confirmation of the ef-~
fect reported by Cool et al.3 Since the unfolding of internal momentum
is not a completely unambiguous process, especially near the ends of

. the momentum region covered, these small bumps are rather close to the

1imit of accuracy of this technique. The I = 0 cross section dis-
plays the highly elastic Yo*(1820) as well as & new discovery in this
experiment-~the very nice bump at 800 MeV/c. This experiment mskes a
clear statement calling for a YO*(1698) with a vidth TI= 40 Mev. It
does not yield the spin-parity, but from the height of the bump one ob=
tains an elasticity x given by (J + 4)x = 0.49,

The second experiment concerms the spin-parity asaigmnﬁnt of this
resonance. The CERN-Beidelberg;Saclay (CHS) Collaboration’ has made a
study of the reactions K'p — Z m* covering the range 600 to 1200
HeV/c. Figures 2 and 3 show the angular distribution coefficients from
a Legendre polynomial expansion. The striking effects are the very
large bumps in Ay and A, 1n the Z°r* reaction at about 730 MeV/c withe
out co‘rrespond.ingly large bumps in Z*r". This can come about only by
interference of two states of the same spin-parity, one in I = O and
t.hs other in I = 1. The dashed lines are the best-fit solution to a
X< minimization of all the angular distribution data using resonances
in D and F waves and nonresonant S- and P-wave smplitudes varying
linearly with moycntum.* It wvas found*thnt a good solution compatible
with the known J. of Y,"(1765) and Y, (1820) could be obtained only if
Y, (1698) and Y,*(1660) both had J* = 3/2°." (The mass and width of
Y*(1698) come out in this fit to be 1682 MeV and 55 MeV.) This spine
parity assignment for Yﬂ_*(l660) is nov the most favored possibility
from other experiments. Figure 4 shows the polynomiel expansion



600 to 1400 MeV/c as measured by Davies et al. (Ref. A2).
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distribution of the reaction K'p = Z*r~ covering the
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4); the open circles at lower momenta are other experimental
results from D. Rahm et al., presented at the Berkeley
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coefficients for the ZT* polarization, along with the predicted polari=
zation from the fit to the angular distributions. The agrcement seems
generally very good, and lends some confidence in the uniqueness of the
fit. Further evidence for this resonance comes from an analysisl of
the angular distributions for elastic and charge-exchange scattering
also by the CHS collaboration, which also suggests the presence of a
resonant 3/2° I = 0 amplitude in this region. o

Another result emerging from the analysis of =g ¥ is the necessity
of a large 5/2° I = 0 amplitude essentially degenerate in mass end
width vith the 5/2% Y,*(1820). Teking this new amplitude to be reso=
nant improves the fit over that which can be obtained with a nonresonant
amplitude. Although an unequivocal statement cannot be made that a new
resonance exists there, the presumption is quite reasonable thatf a part

of the I =0 bump in Fig. 1 is to be associated with a new Y, (1827).

This will be assumed in later discussions, where the Zm decay rates
obtained by the CHS analysis will be used.

II. Decuplets, Unitary Singlets, and Their Recurrences

The 3/2* decuplet consisting of A(1236), £(1385), =(1530), and
Q (1674) 10 now known to satisfy moderately well the relative decaye
rate relationships of SU(3) vhen puitably correccted for mass differ-
ences, The old discrepancy arising from the apparent absence of the
decay mode Z(1385) = Zm has been resolved by a better meneurement,5
in good agreement with SU(3).

To compare the various partial widths we use the expression

I's= 02 32 Bl (MN/MR) P» (l)

vhere C 4s the appropriate SU(3) coefficient, g2 1s the coupling
constant, and By is the centrifugal barrier penetration factor for an
angular momentum £ as given approximetely for a nonrelativistic square~
well pote9tial by Blatt and Weisskopf. We do not use the Glashow=-
Rosenfeld! prescription here because significant numerical factors are
left out in their expression. MR is the mass of the resonance; My, the

mass of the nucleon, is introduced only to make g2 dimensionless and

of order unity; p is the c.m. momentum for the decay products.
Figure 5 shows 32 calculated from Eq. 1 for the various decay
modes of the 3/2% decuplet and for those decay modes of the presumed
7/2% recurrence of the 3/2% decuplet for which decay rates are known.
The major discrepancy in the 3/2+ decuplet lies in the relative decay
rate of =(1530) compared with A(1236). This difference’of slightly
more than a factor of two, if acceptable, can be looked upon as setting
the scale for discrepancies in decay rates that might be tolerated
among more questionable multiplets. - The 7/2+ rates are seen to be in
satisfactory agreement and to yield a ga, using this centrifugal bare
rier expression, of nearly the same size as for the 3/2% decuplet.
Figure 6 is a plot of 32 for all current%y available decay rates
of tvo presumed unitary singlets A(1520) of J° = 3/27 and A(2100) of

. J¥ = 7/2". Within the rather larger experimental uncertainties, the

agreenent appears satisfactory, again giving 32 comparable to the
3/2% and 7/2% decuplets,

S e
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Fig. 5. Relative coupling constants for various decay modes
of the 3/2* decuplet and its recurrence. The decay rate
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_Galtieri (private communication). The rate for
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. III. Octets

There have been a number of suggested baryon octets, The 3/2"
octet originally considered! nov gcems untenable., Proposals more in
keeping wvith current datp have often been mentioned in the literature,
Recently Goldberg et al.® have discussed the possidle 3/2" and 5/2*
octets decay rates. Figure 7 is a mass plot of four of the more ree
spectadble possibilities, along with the Dalitz version? of how the
quark model accounts for the three negative-parity octets shown and the
tvo unitary singlets A(1405) and A(1520) of JF = 1/2" and 3/2° re=-
spectively. Dashed horizontal lines in the quark scheme indicate
multiplet levels for which there is currently insufficient evidence,

The 1/2° stotes consist of a nonet: A (1405) and a presumed octet
of eta-baryon resonances. Only for two of these four octet states has

- there, s0 far, been any convincing experimental evidence. For 2(1770)

there has been some meager 1nd.ication,l but there has been no report of
& J° o 1/2 = predicted to be at 1820 MeV from the Gell-Mann-Okubo

mass formula [assuming no mixing with A(14%05)]. This should lie con-
siderably belov =n threshold, which is indicated by a horizontel line,

The 3/2~ nonet states are composed of A(1520) and the octet, which
is perhaps completed now by the discovery of A(1690) mentioned in
Section I. (We shall use here a comprumise of the masses found in the
two experiments.) The unmixed mass of the A member of the octet should
lie at 1677 MeV, but e mixing engle of a few degrees with the unitery
singlet could displace it upward., For all members except 5(181‘5; the .
spin-parity can now be considered to be firmly known; for = (1815) it
is rather likely to be 3/27,

Vith the appearance of a strong 5/2° amplitude in I = O at 1827 -
MeV, as noted in Section I, a possible 5/2' octet can now be construce
ted. This is indicated in Fig. 7. N(1688) and 3(1765) both have
JP = 5/27, while nothing yet is known concerning the spin-parity of
2(1933). We include it here only because it falls at the correct
nmasé to complete the octet.

Members of a 5/2% octet occur at approximately the correct masses
to correspond to recurrences of the 1/2% baryon octet. N(1688) and
A(1815) are Xnown to have J¥ = 5/2%, whereas for 3{1910) there is only
weok evidencelO for this J® assignment. The = predicted by means of
the mass formula to lie at 1990 MeV has not, as yet, been seen.

At this point the agreement with SU(3) and, in particular, ‘the
quark model appears rather satisfactory. All states have not yet been
seen, but there is no reason to suppose that even in the lower mass
region our knovledge of the baryon resonances is complete., We shall
now proceed to make as camplete a comparison of decay rates among
merbers of each octet as is possible with our present experimental
knovledge. For each octet we shall find that there is at least one
decay rate wvhich is in serious disagreement with the assigmments pro=-
posed in Fig. 7.

Since both symmetrical and antisymmetrical octets can be formed
from the baryon and meson octets, we must consider the octets of baryon
resonances t0 be linear combinations of these two symmetries. Gener=
ally this combination is denoted by a mixing parameter «, but in order
to construct a state whose normalization is mdﬂendent of the mixing
we shall instead use a mixing angle 6 such that
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Y = cos 0 ‘1‘8 + 8in 0 "’Bu (2)

vhere yg and yigs are the symmetric and antisymmetric states. In this
way and 6 gorm an independent set of parameters to describe the
decay rates. The mixing engle O is related to @ (defined in Gell=
Mann's convention) by .

ol w 1 (\5/3) tanf, - (3)

The partial vidths are now functions of g2 and 0,

T = £2(0) &2 B, (My/M)p, (W)

vhere £(0) is the combination of cos § and sin § appropriate for each
decay mode. For each measured decay rate we may then plot g2 as &
function of #. Since £(6) alvays has at least one zero it is more
convenient to plot g'2 ve 0. Satisfactory agreement among members of
a multiplet will be indicated by a common value of g-and € for all
decay rates within that multiplet. We now proceed to investigate each
multiplet in turm,

Four decay rates of N(1570) and N 16T70) of the 1/2” octet are plote
ted in Fig. 8. In order to extract a decay rate from the known excitae
tion cross sections for the reactions, it has been assumed that each
resonance decays predominantly into the indicated two channels., A
satisfactory crossover of the four curves is found in the regions of
g = 2, 9= =30 deg (¢ = 1.75). Considering the uncertainty in the
experimental data, the agreement is quite adequate. If one novw Iintro=-
duces the presumed T(1770) -~ Zn and NK, it is found that the Zn
decay mode fits well with the other four, while the partial width into
NK 1s predicted to be much larger than would be expected on the basis
of present experimental information. However, since so little is known
about this state, 1t may well be more elastic and contain other decay
modes. Even if we restrict consideration to N(1570) and A(1670),
though, a serious disagreement results if we proceed with the above
value of 32 and 6 to predict the partiasl width of the only remaine-
ing open channel, nemely A{1670) - Zw. This gives 820 MeV, whereas
the total width of the resonance is only 18 MeV! The disagreement here
is &t least two orders of magnitude, so cannot be diemissed as a conse=
quence of symmetry breaking.

Figure 9 shows the corresponding plot for the decay rates of the
3/2" octet. Here a large number of decay rates are known, so to avoid
confusion we plot them on two separate plots, one for the n decay modes
and the other for the K decay modes. The separation is made this way
under the supposition that departures from SU(3) will quite possible
be associated with the large K/n mass ratio. In fact, no systemstic
shifts of this nature are noted in these or subsequent figures. An efe
fort is made in these figures to impart a feeling for the precision of
the experimental partial width by the thickness of each line. A heavy
line is known to perhaps 20%; a very light line may have an uncertainty
in its ordinate of a factor of 2 or more.

Figure 9 shows a rather good crossover of five plonic rates at
g2 = 0.8, 0 » 60 deg (@ = 0.4), For these poremeters the decay modes
% - NK and A-» NK are a factor of five too large and too small respece
tively, but the major discrepancy (of at least a factor of S0) lies in
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to a factor of 2. Dashed lines denote upper limits. Apart
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g2 = 0.8, 0 = 60 deg.

| S



o

BARYON' RESONANCES 249

[ P
e - ’
5-0 14 M 1 ¥ T Y T M T T
L0768 5/2° \ s |
~Zr| \Ali827)~E~ ! I’
\
4.0r 4 3 ‘\ A(lezn-nvl,l g
[}
\‘ II
- 4 L \ { .
. 3.0 . \ }
-2 Nuses) \ !
Z(765)+A Nussml\ Nu?fejﬁ "
2.0f 1 A\ 7
.
\ Vg ]
\ \ /
|
6 / =
1.0 Et933) VA ‘31:3’ / /
—~Hr» N - /(1933
< V4 \\
O 6 I 4 ol I L hY
- O O 60 -60 —-ICHSQ— K+$S OMS
8 (deg)

Fig. 10. As in Fig. 9 but for the 5/2 octet. The upper
limit on the rate N(1688) - AK is calculated from angular
distribution coefficients supplied by J. Anderson and J.
Doyle (private communication).

5.0 T T LA A T - T ' !
5/2 5/2*
09101~ 5(1910)—=NRK
40r 1r
T(1910) ~eAw
L~
72 3.0+ 1r (1820) =A% .
AU820)
—Lw
2.0 1t N
\ A ]
\ N {1688) ~AK .
\\ \7/
1.0+ Nusee) TR "
—Nw \
u AN
0 f L | | NP MIBZOMNKN f
60 O 60 -60 0 , 60
8 (deg)

Fig. 11. As 1in Figs. 9 and 10 but for the 5/2* octet,




A%

. measured

250 B TRIPP

)

the apparent complete sbsence of the IX decay mode. Within the frame~
vork of SU(3) this could have several explenations, none of which io
particularly appealing: )

(a) =(1815) could be a_member of a 27, in which case the decay rates
should be 1in the ratio AK : ZK :Zw = 9:1:1, Experimental uncertain-
ties could be stretched to satisfy these ratios. However, no clear
example of a 27 has yet been seen,

§b) =(1815) could have gome other spin-parity.

¢) Within the quark model it could be_a member of the other predice
ted but unseen 3/2” octet., Since = - ZK has the same 0 dependence
as N - Ny (they are both independent of a), he aboence of '
=(1815) XK would imply the existence of an N with virtunlly zero
elnsticity. ‘'tThus its nonnppenrance in detailed elastic scattering
experiments would have o nntural explanation. Iowever, this same
mixing angle would necessitate a highly elastic resonance X - NK. This
should be easily found, but it has not yet revealed itself, so the
puzzle remains.

Figure 10 shows the decay rates for the 5/2' octet., A consistent
picture can be had with g2 = 0.6 and 0 = 0 deg (@ = 1) within the cone
siderable uncerteinty of some of the decay rates. ILittle is known
about =(1933), but it also seems not to have a =K decay mode, Since
its spin=-parity has not been determined, there are many possibilities
for it, but it would appear to be excluded from this 5/2' octet on the
lack of evidence for a ZK decay mode.

The known decay rates into w, K, and n are collected for the
5/2% octet in Fig. 11. Apart from Z(1910) - Zn there seems to be
g0od agrgement vith g2 = 1 and a mixing angle of about 60 deg. The

decay rate Z(1910) ~ Zr 18 only about 1/100 as large as ex=-
pected, so again the proposed octet 1s untenable in this form. It is
interesting to note that with a mixing angle of about 60 deg the
elasticity of (1910) would be very low, so that it could well have
gone undetected so far in scattering experiments. What is observed at
1910 MeV may be in another multiplet, not necessarily of this JP, since
the spin-parity assigmment for this resonance is not firmly estaba=
1ished.}0 If it is in another multiplet, then if 3(1910) of JF = 5/2*
i1s coupled strongly to K*, it may show up only in production experi~
ments at higher energy, where K* exchange often seems to play an ime
portant role. .

In conclusion, the experimental knowledge of baryon resonances ace
quired during the past several years has fitted rather well within the
framework of SU(3). Despite the flexibility of the theory, the general
agreement found emong decay rates can no longer reasonably be regarded
as fortuitous. However, there still remain a number of mysterious
discrepancies far outside the range considered legitimate for depar=
tures from SU(3). Whether they are attributable to deficiencies in the
theory or in our experimental knowledge remain to be seen.
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