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Rather than p:z:esenting a complete survey Of baryon resonances, ve 
shall confine our attention to two topics: 
(a) A discussion experimental results completed since the Berkeley 

Conference in September 1966, 
(b) Assignment of resonances to mul tiplets through use of mass for

mulae, and a critique of theoe assignmento by meano of a detailed com
parison of various decay rates. 

I. Recent Experimental Results 

Since the.lg66 survey of strange baryon resonances by Ferro-Luzzi1 
there have been tvo notable advances, both of which were reported in 
preliminary form at that time. I8v1es et a1. 2 have done a preCise 
total cross-section experiment on K-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 smearing effect of deuterium 
internal momentum has been removed. The dominant bump in I. 1 is 
the well-known Yl*(1765), and the very small satellites on either side 
are Yl (1660) and Yl (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 
limit of accuracy of this technique. The I. 0 cross section dis
plays the highly elastic YO*(1820) as vell as a new discovery in this 
experiment--the very nice bump at 800 MeV/c. This experiment makes a 
clear statement calling for a YO *(1698) vi th a vidth r .. 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 + ~)x 2 0.49. 

The second exper:1Jnent concerns the spin-parity assignm~nt of this 
resonance. The CERN-Heidelberg;Saclay (CHS) Collaboration hao made a 
study of the reactions K-P -+ 2: IT:;: covering the range 600 to 1200 . 
MeV/c. Figures 2 and 3 shoy the angular distribution coefficients from 
a Legendre polynomial expansion. The striking ,effects are the very 
large bumps in AO and A2 in the 2:-lT+ reaction at about 730 MeV/c with
out correspondingly large bumps in ~lT-. This can come about only by 
interference of two states of the same spin-parity, one in I. 0 and 
th2 other in I. 1. The dashed linos are the beat-fit solution to a 
X minimization of all the angular distr1but1on data using resonances 

in D and F waveD and nonrcaonant S- and P-vave amplitudes varying 
linearly \11th m~cntum. It vas found that a good solution compat1ble 
\lith the known J* of Yl *(1765) and Yo*(1820) could be obtained only if 
YO (1698) and Yl (1660) both had JP • 3/2-. (The maos and w1dth of 
Yo*(1698) come out in thio fit to be 1682 MeV and 55 MeV.) This spin
parity aSSignment for Xl *(1660) is nov the most favored poss1bility 
from other experimentsF Figure 4 shows the polynomial expansion 
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600 to 1400 MeV/c as measured "by Davies et &1.. (Be!". 2). 
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K- laboratory momentum ( GeV/c) 
Fig. 2. 'nle Legendre polynClllia1 coefficients for the angular 

distribution of the reaction K-p - 27". - covering the 
range 600 to 1200 MeV/C. The solid circles are measure
ments from the CERN-Heidelberg-Saclay collaboration (Ref; 
4)j the open circles at lover momenta are other experimental 
results frCIII D. Rabm et a1., presented at the Berkeley 
Conference (Ref. 1). The dashed line is a simultaneous 
1'i t to all t±". coeff1cients as described in the text. , 
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coefficients for the ~ polarization, along with the predicted polari
zation from the fit to the angular distributions. The agreement aeems 
generally very good, and lendo some confidence in the uniqueness of the 
fit. Further evidence for this resonance comes from an analysial of 
the angular distributions for elastic and chnrge-exchange scattering 
also by the CHS collaboration, Which also suggests the presence of a 
resonant 3/2- I = 0 amplitude in this region. 

Another result emerging from the analysis of E*n+is the necessity 
of a large 5/2- I 0 0 amplitude essentially degenerate in mass and 
width with the 5/2+ YO*(1820). Taking 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 thal a part 
of the I 2 0 bump in Fig. 1 is to be associated with a new YO (1827). 
This will be assumed in later discussions, where the En decay rates 
obtained by the CHS analysis will be used. 

II. Decuplets, Unitary Singlets, and Their Recurrences 

The 3/2+ decuplet consisting of 6(1236), E(1385), 2(1530), and 
n (16'14) is now known to satisfy modemtely well the rellltive decay
rate relationDhips of 6U(3) when Duitnbly corrected for maDS differ
enceD. The old diocrepnncy arising from the apparent absence of the 
decay modo E(1385) - En bas been resolved by a better measurement,5 
in good agreement with 5U(3). 

To compare the various partial widths we use the expression 

(1) 

where C is the appropriate su(3) coeffiCient, g2 is the coupling 
constant, and B 1. is the centrifugal barrier penetration factor for aJl 
angular momentum 1. as given approximatgly for a nonrelativistic square
well potential by Blatt and Weisskopf. We do not use the Glashow- ' 
Rosenfeld' prescription here because significant numerical factors are 
left out in their expression; ~ is the mass of the resonance; MN, 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 g2 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 2(1530) compared with ~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 g2, using this centrifugal bar
rier expreSSion, of nearly the same size as for the 3/2+ decuplet. 

Figure 6 is a. plot of g2 for a.ll current~ available decay rates 
0p tvo presumed unitary singlets A(1520) of J • 3/2- and A(2100) of 

,J .. 7/2-. Within the rather larger experimental uncertainties, the 
agreement appears satisfactory, again giving g2 canparable to the 
3/2+ and 7/2+ decuplets. 
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Fig. 5. Relative coupling constants for various decay modes 

of the 3/2+ decuplet and its recurrence. The decay rate 
L( 2035} - Lr is a preliminary value from A. Barbaro

Galtieri (Private communication). The rate for 
. L (2035) -:=!K is an upper l1m1t •. 
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BARYON RESONANCES 

III. Octets 

There have been a number of suggested baryon octets. '!'be 3/2-
octet orig1nally considered7 nov seems untenable. Proposals more 10 
keep1ng with current da~ bave often been mentioned 1n the l1tel"llture. 
Recently Goldberg et ale bave discussed the poso1ble 3/2- and 5/2+ 
octets decay l"Iltes. Figure 7 1s a mass plot of four of the more re~ 
spectable possibilities, along with the Dnlitz version9 of how the 
quark model accounts for the three negative-parity octets sh010lIl ond the 
t\olO unitary singlets 1\(1405) and 1\(1520) of JP = 1/2- and 3/2- re
spectively. Dashed borizontal lines 1n the quark scbeme indicate 
multiplet levels for \oIhicb there is currently insufficient evidence. 

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

. there, so far, been any convincing experimental evidence. For ~(1710) 
there has been some meager indication,l but there has been no report of 
a JP • 1/2- =: predicted to be at 1820 MeV from the Gell-Mann-okubo 
mass formula [assuming no mixing with 1\(1405»). This should l1e con
siderably below =:" threshold, vbich is indicated by a horizontal 11ne. 

The 3/2- nonet states are cauposed of 1\ (1520) and the octet, which 
is perhaps caupleted now by the discovery of 1\(1690) mentioned in 
Section I. (We shall use here a campranise of the masses found in the 
tvo experiments.) The unmixed mass of the 1\ member of the octet should 
lie at 1617 MeV, but· a mixing angle of a fev degrees with the unitary 
singlet could displace it upward. For all members except =:(1815) the 
spin-parity can now be considered to be f1nnly known; for =: (1815) it 
is rather likely to be 3/2-. 

With the appeal"llnce of a strong 5/2- amplitude in I e 0 at 1827 . 
MeV, as noted in SectioD I, a poss1ble 5/2- octet can now be construc
ted. This is indicated 10 Fig. 7. N(l688) and ~1165) both have 
JP • 5/2-, while nothing yet 1s known concerning the spin-parity of 
=:(1933). We include it here only because it falls at the correct 

mass 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(l688) and 
1\(1815) are kn010lIl to have # .. 5/~, vhereas for ~19l0) there is o~ 

veak evidencelO for this .JP assignment. The :=: predicted by means of 
the JDl).SO 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 knowledge of the baryon resonances is complete. We shall 
nov proceed to make as complete a comparison of decay rates among 
members of each octet as is possible vith our present experimental 
knovledge. For each octet ve shall find that there is at least one 
decay l"Ilte vhich is in serious disagreement with the assignments pro
posed in Fig. 7. 

Since both symmetrical and anti symmetrical octets can be formed 
from the baryon and meson octets, we must consider the octets of baryon 
resonances to be linear combinations of these two symmetries. .Gener
ally this combination is denoted by a mixing parameter a, but in order 
to construct a state vhose normalization is 1n~endent of the mixing 
we shall instead use a mixing angle 9 such that 
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'" • cos (J "'a of. sin (J "'all (2) 

"bere ~a and "'AI are the symmetric and anti symmetric states. In this 
"ay tf and (J rorm an independent set of parameters to describe the 
decay rates. '!be mixing angle (J is related to a (defined 1n (leU
Mann I s convention) by 

a-l • 1 (.../5/3) tan(J~ 

'!be partial "idths are now functions of g2 and 0 , 

. (4) 

"here f(O) 1s the canb1nntion of cos (J and sin (J appropriate for eacb 
decay mode. For each measured decay rate we may then plot g2 as a 
function of O. Since f(8) al"ays has at least one zero it is more 
convenient to plot g-2 vs O. Satisfactory agreement among members of 
a multiplet "111 be indicated by a .cOl1llllon vnlue of g' and 0 for aU 
decay rates within that multiplet. We now proceed to investigate each 
multiplet in turn. 

Four decay rates of N(l570) and /(1670) of the 1/2- octet are plot
ted in Fig. 8. In order to extract a decay rate fran the known excita
tion cross sections for the reactions, it bas been assumed that eacb 
resonance decays predominantly into the indicated two channels. A 
satisfactory crossover of the four curves is found in the regions of 
g2 .. 2, 8" -30 deg (a .. 1. 75). Considering the uncertainty in the 
experimental data, the agreement is quite adequate. If one now intro
duces the preoumed ~(1770) _ ~" and Nir, it is found that the ~" 
decay mode fits well with the other four, while the partial width into 
1'K is 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, it may veU be more elastic and contain other decay 
modes. Even if ve restrict consideration to N(1570) and 1\(1670), 
though, a oerious disagreement results if ve proceed wlth the above 
value of g2 and 8 to predict the partial width of the only remain
ing open channel, namely 1\(1670) - ~1T. This gives 820 MeV, whereas 
the total width of the resonance is only 18 MeV! The disagreement here 
is at least two orders of magnltude, so cannot be dismissed a8 a conse
quence of symmetry breaking. 

Figure 9 shows the correopondlng 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 w decay modes 
and the other for the K decay modes. The separation is made this way 
under the supposition that departures fr~ SU(3) vill quite possible 
be associated vith the large K/w mass ratio. In fact, no systematic 
shifts of this nature are noted In these or subsequent figures. An ef
fort is made in these flgures to impart a feeling for the precislon of 
the experimental partial vldth by the thickness of each 11ne. A heavy 
line Is known to perhaps 201>; a very light 1.1oe may have an uncertalnty 
in Its ordinate of a factor of 2 or more. 

Flgure 9 shows a rather good crossover of five pionlc rates at 
g2 • 0.8, 8 .. 60 deg (a .. 0.4). For these parameters the decay modes 
2: _ NK and 1\- NK are a factor of flve too large and too small respec
tlvely, but the major discrepancy (of at least a factor of 50) 11es in 
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8 (deg) 
Fig. 9. Plot of g-2 vs mix1ng e.Jl8le () for nine partial Widths 

of the 3/2- octet. Heavy 11MS indicate well measured 
w1dths; 11ght lines indicate that the Width ma:y be uncertain 
to a factor of 2. Dasbed l1nes denote upper 11m1ts. Apart 
fran :=:(1815) - l:K', satisfactory agreement 1s found for 
g2 _ 0.8, (} • 60 deg. 
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Fig. 10. As in Fig. 9 but for the 5/2- octet. '!be upper 

11mi t on the rate N( 1688) - Ax is calculated fran angular 
distribution coefficients supplied by J. Anderson and J. 
Doyle (private communication). 
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Fig. 11. As in Figs. 9 and 10 but tor the 512"*" octet. 



I ,. 

----------------------------------------~---------------

250 TRIPP 

the apparent complr.t~ abGcnce of the ~ decay mode. Within the frame
work of SU(3) thio could have cevernl cxplanationo, non~ of which iD 
particularly appealing: 

(a) 2(1815) could be a member of B 27, in which caoe the decay rates 
should be in the ratio /IJ{ : ~K : 2w • 9:1:1. Experimental uncertain
tieo could be stretched to satisfy these ratioo. However, no clear 
exan~le of a 27 hao yet been oeen. 
(b) :::::( 1815) could have oome other opin-pari ty. . 
(c) Within the quark model it could bc_n mcmber of the other predic

ted but unseen 3/2- octet. Since::::: -!:Ie hno tho oarne 0 dependence 
ao N - Nw tthey are both independent of 0), }.he aboence of 
2(1815) -~K would imply thc exiotence of nn N· with virtunlly zero 

ell\!1 tici ty. 'l'huo ito nonappearl\nce 1n dotailed clnllt1c oca ttcr1ng 
cxpcr1mentu would llIlvc a n/.d;urul explnlll.\tlon. However, th1n nllme 
mix1ng angle would neccooitate a h1ghly elaotic reoonnnce ~-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 (0 = 1) within the con
siderable uncertainty of some of the decay rates. Little is known 
about 2(1933), but it also seems not to have a ~~ 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 
la.ck of evidence for a ~ decay mode. 

The known decay rates into w, K, and T\ are collected for the 
5/2+ octet in Fig. 11. Apart from 2:(1910) - 2:rr there seems to be 
good agr~ement with g2 '" 1 and a mixing angle of about 60 deg. The 
measured decay rate 2:(1910) - 2:rr is only about 1/100 as large as ex
pected, so again the proposed octet is untenable in this fOnD. 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 experilllents. What is observed at 
1910 MeV may be in a.nother multiplet, not necessarily of this JP, since 
the spin-parity aSSignment for this resonance is not firmly estab
lished. IO If it is in another multiplet, then if !X1910) of JP = 5/2+ 
is coupled strongly to K*, it may show up only in production experi
ments at higher energy, where K* exchange often seems to play an im-
portant role. . 

In conclusion, the experimental knowledge of baryon resonances ac
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 among 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 fram suO). Whether they are attributable to deficiencies in the 
theory or in our experimental knowledge remain to be seen. 

" 

1 
r 



,""" 

. \ ... 

, 
'--' 

1. 

2. 
3. 
4. 

5. 
6. 

7. 
8. 
9· 

10. 
ll. 

BARYON RE80NANCI':S 251 

References 

M. Fcrro-Luzzi, Rapporteur's tn1k, XIII Interntltiona1 Conference 
on HIgh Energy Physics, Berkeley, September 1$166. 
J. D. ~vieo et a1., Phys. Rcv. Lettero !§., 62 (1967). 
R. L. Cool ct al., Phyo. Rev. Letters ~ 1228 (1966). 
R. Armenteros ct nl., Resonances nod other Partin1 Wnves in 
K-p - .En-Between 780 and 1220 MeV/e, !'hys. Letters (to be pub
lished). 
R. Armenteros et a1., Phys. Letters 1.2, 75 (1965). 
J. M. Blatt and V. F. Weisskopf, Theoretical Nuclear Physics 
(John Wiley &, Sons, Ioc., New York, 1952), p. 361. 
S. Glasbow and A. H. Rosenfeld, Phys. Rev. Letters ~ 192 (1963). 
M. Goldberg et al., Nuovo Cimento 42A, 169 (1966). 
R. H. ~litz, Les Houcbes Lectures, 1965. 
W. Smart et al., Phys. Rev. Letters !L 556 (1966). 
P. Carruthers, Lectures In Tbeoreticn1 Ph sics Boulder, Colorado, 
1964, Vol. VII UniversIty of Colorado Press, Boulder, 1964). 

','l 

.... 
..' .' 

. ~ .. 



\0) 

252 TPII'P 

CONFERENCE PARTICIPANTS 

BARUT, A.O., University of Colorado, Boulder, Colorado 
BERMAN, S., Stanford Linear Accelerator Center, Stanford 

University, Stanford, California 
.BJORKEN, J.D., Stanford Linear Accelerator Center, Stanford 

, University, Stanford, California 
BROWN, L.M., University of Rome, Rome, Italy 
BYERS, N., University of California, Los Angeles, California 
CABIBBO, N., Istituto Di Fisica, Universita Degli Studi, 

Roma, Italy 
COLEMAN, S., Harvard University, Cambridee, MassachusettB 
DENFELD, R.E., Air Force Office of Aerospace Research, 

Arlington, Virginia 
FUBINI, S., California Institute of Technology, Pasadena, 

California 
GLASHOW, S.L., Harvard University, Cambridge, Massachusetts 
GOLDHABER, G., University of California, Berkeley, Cali

fornia 
GOLDHABER, M., Brookhaven National Laboratory, Upton, Long 

Island, New York 
GBUNER, W., National Science Foundation, Washington, D.C. 
GURSEY, F., Yale University, New Haven, Connecticut 
HAMERMESH, M., University of Minnesota, Minneapolis, 
•• ' .t 

Minnesota 
INONU, E., Middle East Technical University, Ankara, Turkey 
KUR~UNOGLU, B., University of Miami, Coral Gables, Florida 
LEE, B.W., State University of New York, Stony Brook, Long 

Island, New York 
LINDENBAUM, S.J., Brookhaven National Laboratory, Upton,' 

Long Island, New York 
MARTIN, A., CERN, Geneve, Switzerland 
MESHKOV, S., National Bureau of Standards, Washington, D.C. 
MILLER, D.H., University of California, Berkeley, California 
MOFFAT, J.W., University of Toronto, Toronto, Canada 
MONTROLL, E.W., University of Rochester, Rochester, New York 
NAMBU, Y., University of Chicago, Chicago, Illinois 
NE'EMAN, Y., Tel Aviv University, Ramat Aviv, Tel Aviv, 

Israel 
OKUBO, S., University of Rochester, Rochester, New York 
O'RAIFEARTAIGH, L., Syracuse University, Syracuse, New York 
PADGETT, D.W., Office of Naval Research, Washington, D.C. 
PERLMUTTER, A., University of Miami, Coral Gables, Florida 
PIPKIN, F.M., Harvard UniVersity, Cambridge, Massachusetts 
SAKITA, B., University of Wisconsin, Madison, Wisconsin 
SAKURAI, J.J., University of Chicago, Chicago, Illinois 
SCHARFF-GOLDHABER, G., Brookhaven National Laboratory, 

Upton, Long Island 

, 

:'. 

I 

,: 
r' 

! ! 

i! r; 

-, 
'~'I 

. i 

." 

'.! 

......... -~ .-



........ 

BAHYON m::;ONIINCJo:S 253 

SCHLUTER" R.A.<" Argonne National Laboratory" Argonne, 
Il1inoill 

SCHWF.DER, S.S., Brandeill Univerllity, Walthnm, Mnllllachusetts 
S9JnoIINGRR, J., Harvard Univeroity, Cambridgc, MassllchuGctts 
SINANOGT..U, 0., Yale University, New Haven, Connecticut 
SUDARSHJ\N, E. C.G., Syracuse Univers1ty, Syracuse, New York 
TANAKA, K., Ohio State Univers1ty, Columbus, Ohio 
TRIPP,R.D., Un1versity of Ca11fornia, Berkeley, California 
WEIGOLD, E., Air Force Office of Scientific Resear ch, Ar-

l1ngton, V1rginia 
WOOD, L.A., Air Force Office of Scientific Research, Ar~ 

lington, Virginia 
YAMAGUCHI, Y., University of ,Tokyo, Tokyo, Japan 

OBSERVERS 

BARNES, K.J., Imperial College of London, London, England 
BROWN, L., Yale University, New Haven, Connecticut 
DE SWART, J.J., University of Pittsburgh, Pittsburgh, 

Pennsylvania 
HALPERN, M.B." Institute for Advanced Study, Princeton" 

New Jersey 



J 


