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ABSTRACT
 .An attempt is .rhé.de to place most of the known baryon resonances
 into SU(3) multiplets after which a comprehensive _c.ornparis'on' of decay

" rates is made in gv.i'aphical form.
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'I. INTRODUCTION
Duriné -tlie‘-past yéai‘ there has been a cé'nsid‘erab"le Vincrease_ in

our knowledge cbncerning Y* resonances.  Combined with the detaileci
information available on N and the fragmentary data on 25, we
are now in a position to make rriore significant tests of the syétematics, |
of SU(3). This we do first by arranging most of the known resonarices
into muitiplets by means of ma‘sqs—feri:r»—nﬁu.lare-,-a—xa~d?thie:n=-tesrtingft-he,con-'vv
sistency of these assignments by a coinéarison of various decay rates -

- within each multiplet.

' 1. *
Recent advances™ in Y resonances are:

0

1. Discovery of a 'Y with a mass of about 1700 MeV, 2 a;n.dv

“identification of its spih-parit‘y.

2. Suggestion of a, YO at about 1830 MeV with 7F=s/27.%
3. Evidence4 for Y:I('l‘? 15) with an indication of JP= 5/2+.5
4. Evidence on the branching fraction into Zr of many bf the
resonarices lying in the maés ré,rige from 1650 to 1950 MéV. 3
5. . Evidénce on thé branching fraction into Awm of I=1 resonances
in the same mass region5 and at higher energy. |
6. Elasticities of Y*__ re_so‘n&nc,es:'as derived from total-cross-
section studiesz’ 4 and bilbble,chamber- studies of the elastic an;i charge-

1,6

exchange channels.:

In T‘able I we liéﬁ the masses, widths, and branching fractions of

the various resonances to be discussed. Most of these are from the
compilation of Rosenfeld et al.,  with additions and alterations arising
from more recent information and further investigations as noted. We

. e . L 8 .
do not include in this discussion certain isolated resonances  for which
. _ v S S
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there are at present no likely SU(3) partners, horvd.o we treat decays
into baryons and vector mesons nor into baryon resonances and pseudd_—-
~ scalar mesons. Evidence for these latter decay modes is currently

'
» too limited.

L DECUPLETS -UNITARY SINGLETS AND TI—IEIR RECURRENCES
The 3/2 ‘decuplet consisting of A(1236) (4385) '.2(1530)

»and 2(1674) is now known to satlsfy moderately well the relative decay- -
rate relationships of SU(3) ‘when suitably corrected for mass d;ff:erences.b
The old discrepancy arising from the apparent absence of 2(1385) - Z

9

has been resolved by a better measurement in good agreement with SU(3).

To compare the various partial widths we use the expression

2
2 2 N _ .
'=C"g" By(p){x—jp» . (1)
where C is the _épp_ropriate SU(3) Clebsch-Gordan coefficient; 10 g2 is

related to the coﬁplinglc.:,oﬁstam:f and Bﬁ (p) is the barrier-penetration
factor for an angular momentum { as giveﬂ approxifnately for a ﬁon-.
relativistic square -wéll'pote‘ntial.by Blatt and Weisskopf. 11

We do not use the Glashow-
J..{-osenfeld']‘2 pfescripltibn bécéuse numerical factors are left out of
'btheir expression when £ is greater than 1. MR is the mass of the
resonance,iéaﬂnd"’MN. the mass of the nucleon, is introduced only tov :
" make g2 dlmensmnless and of order unlty, p is the c m. mornenturﬁ A

of the decay,products.‘ L i

Flgure ia. shows gz calculated from Eq. (1) for the vérious

'decay modes of the 3/2+ decuplet and for those decay modes of the |




3. ©* 'UCRL-17385 Rev.

presumed 7/2+ reéufl'ence qf the 3/2+ decuplet fsr which decayf raltesI
~are known. The .majoz.‘ vdiscrepancy in the 3/2+' decuplet li’e:s in the
relative coupling. constant sf 3(15;30) compared to ‘A(1236). ‘This dif-
ference of a f_a.cht_orv of two, i.f_'a;cceptablle, - can be lsoked-upop _alsA. -
_setting the scale “If_dr"‘disc‘repan‘ci‘esvin dec_sy}rates whi_eh mightpeff‘:_'f.,ﬁ" :
‘tolerated among ‘:ri.lore questionabie .m'ultiplevtvs. The. 7/.2+. "rates l"er‘e. Ly
seen to be in satlsfactory agreement and to- yleld a gz, using this
centrlfugal barr1er expreSsmn, of the same 31ze as for the - 3/2
deeuplet.- | | |

Figure 1b displays gz' foi' all currently available decay rvatesvovf, :
: 'v the two presumed unitary singlets 'A'(15ZO)‘ of JP =3/27 and A(ZiOO) of
JP_ = 7/27. Within the rather larger experimental uncertalntles, the '
agreement appears satlsfactory, again yielding gz comparable with |

the 3/2 and 7/2 decuplets

III. ~OCTETS

Tﬁere havebbeen a numpe; of suggested baryon octets. -The 3/2°
octe's originally considerediz.now seems untenable. Proposals mer.e
in keeping with current data have often been mentioned in the literature.
Recently Goldber'g et al. 14: have discussed some decay rates of possible | _ :
3/2° ‘and 5/2 octets and arrive at conclusions similar to ours.
‘Figure 2 is a mass plot of four of the more respectable possibilities
alo'ng with the Dalitz versionis of how the quarkmodel eccodnts for‘the
three. negatlve paflty octets and the two negative parity singlets ‘
A(14;O5) and A(iSZQ_) of J = 1/2 and 3 /27 respectlvely, -allishown. with: - |
solid lines. Dashed h:o.riz ontal llnes in the quark scheme 1nd1cate multl-

plet levels for which there is currently insufficient evidence. It is
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interestihg that the quark model can acéomodaté in a natural way onlyv‘
ﬁlose unitary singlets that are actually observed. |

| The 1/2° states consist of a nonet: A(1405) and.a prlesumed. octet
of eta-baryon resonances. Only for twd of these fourv octet states has
there been any convincing experimental evidence. For 2(1770) there
have b.een some conflicting indications, 1 whilé a JP: '1/.2_: = predicted
to be at 1820 _MeV ‘frorn the Cell-Mann-O_kubd mass formula, aséuming
no mixing with A(140-5), haé not been r'eporited. , Thisv should lie con-
siderably below =n threshold,- which is indicated by a horizontal line_.

The 3/2_ nonet states are _A.‘(.:ISZO)'and the .octet now perhaps

completed with the discovery of A(1690) mentioned in Section I. (We -

‘The unmixed mass .‘of the A :rr'1ember of the octet should lie at- 1677
MeV, but a mixing angle of ébbut E.'iv.éi)f"degz:c with the unitary singlet would
displace 1t ﬁpWafd. For.all members except Z(1815) the spin-parity - i
is firmly established; for =(1815) it is likely to be 3/2"7.

_With the appearance of a strong 5/2” amplitude in 1=0 at 1827

MeV as noted in Section I, »a.'possible 5/2° octet can now be constructed.

This is indicated in Fig. 2. The N(1688) and 2Z(1765) both have .
JP: 5/2_, while nothing is known yet concerhing the spin-parity of

=(1933), the existence of which.is still doubtful. We include it here

only because it falls at the correct mass to complete the octet.

2,3

shall use here a comp'romise of the masses found in the two experiments.

Members of a 5/2+ octet occur at approximately the correct masses

to correspond to r_ecurrence:sk of the 1/2—?- baryon octet. The N(1688) -
and A(1815) are known to have J© =5/27, while for Z(1910) there is
, . ; : :

only weak evidence for this Jp assignment. The = predicted to lie

at 1990 MeV by the mass formula has not been observed.

)
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At this.point, agreerhent with SU(3) and, in pzva.rtic_ulavvr, the quatrk
model appears rather sa_tisfactor.y; All: steteé have ’not‘ yet beeh seeh, ‘
~ but there is no reason tov shppose that even ih the lower mass region'
our knowledge of the baryoh resonances is c‘om‘plete.v We shall now
proceed to make as c'orhplete a comparison of deca;lr rates between mem -
‘bers of each octet as is pos_s'ibl.e with our present expevrirne-ntal khow- :
ledge. For eech octet&vel shall find that there .is at least one decay .
rate that is in serious disagr’eemeht with the -aséigr‘xments proposed in
.Fig. 2. | E

Svince octets of beryoh resonances can be formed which ere sym-
'metrical ahd antlsymmetrlcal under the 1nterchange of the meson and
“baryon, we must consider the octets of baryon resonances to be llnear
combinations of these two symmetrles. If the symmetrloal and anti-
‘symmetrical coup.lings.are denoted by gq. and gf,b van‘d the corresoond-‘
‘mg Clebsch- Gordan coeff1c1ents for each decay mode by C and C

v then each partial w1dth may be written as

2
2 M S ,
T = (Cgq+C'eg Bylp) <—M—> P @

" The relatlonshlp between gd and gf in our notation and a A(define‘d in
C;ell' Mand s convention:as: the ratio:6f’ the "D coupling to the sum of the

‘D and ¥ couplmgs) is o,' = 1+ ng/3 gd. For each measured de-

| cay rate we may then plot g;f vs g4 " These rates will yield straight

, .llnes W1th slopes glven by the Clebsch Gordan coefficients and dlsplaced
.from the origin by amounts proportlonal to the square roots of the de-

' -vcav rates. The llnes are 1nver31on-symmetr1c through the origin cor_— ,

responding to the square-root- 51gn ambiguity and we. dlsplay the one

which is most con51stent w1th the other decay modes. . Only a half-
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plane need be plotted, sfinc.,e,'there is an overall sign .andblgﬁity. Satis-
factory agreement amongrmembers of an ‘octet is indicated by a corhmon -
vallle of 84 and g¢ for all decay.mtodes within that multiplet. We now
proceed to investigate each octet in turn.

Four decay rates of N(1570) and A(1670) of the 1/27 octet are plotted
in Fig. 3a. ‘(The sign ambiguity is 1llustra_ted here for A(1670) —_>NK,
where + or - affixed to_each curve denotes the éign-of the~coupling. ), In
order to extract a decay rate from tlae known exeitation cross_ sections
for the reactiolns, it has been asrsumed that each. resonance deeays pre-
dominantly-. lnto.thé indioated two chahnel’s. A e.atisfactOi'y cross-over
of the four lines is found in'the region of g‘ =1.8, g = -1. 1 fConéi’der-I 2

and in-the above assum tion, )

ing the uncertainty in the experimental data/ the agreement is quite'
adeqdate. Very llttle is. known about the pos51ble 22(4770), so we do not-
show itsi decay modes. t6 I—Iowever, a serious d1sagreement results 1f
~we proceed with the above values of 84 and 8¢ to:predict the partlal ’
width of the only rez;naining :open channel, namely. A(i()?(l)* = TT ’l‘his
glves 250 MeV while the total vstidth of the resonance is only 18 MeV.
. The diéagreeme‘nt hel‘e is well over an order of magnitude so it cannot .
easily be dismissed as a consequence of symmetry breaking. _1 |

An effort is made in Fig. 3 to impart a feeling for the precision of
the. experimental pax;tial width‘by the' thickness of each. line. Shor.'tdas.hed _'
lines indicate the reéions of the ficure that'are allowed by study of the |
relative signs of the resonant amplltudes in the reaction channels by
Kernan and Srnart'18 for the reaction K n - An* and by the CERN- Heldel-
berg-Saclay collabora_.tion3 fof the reaetion K—p_’* =¥ (See figure

‘caption. )
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Fig'ure 3b shows for the ;3)/2- octc;t a fairly satisfactdry intersection
near g, = 0.4, gf¥ 0.8 for most of the decay rates.'. - The |
observed rates of A(1690) — Z)TT.aQnd NEK are a factor of 3 too lafgé and
. too small respectively. This disparity could be greatly.diminished by

infroducing mixing with ,{}(1520)‘ as indicated_in fhe _figﬁre, B
Such mixing. would.. not dvéStI‘O_Y L thé agreement of ‘;he isésinglet

A(1520) decay rates noted in Fig. 1b. - However the major disagreement

(at least a factor of 30) lies in the apparent complete absence of the

11

(181 5) ==K dlecay mode. Within the framework of SU(3) this. couid have l‘
several explanations, none of which is particularly é.ppea.ling: |

1. =(1815) could be é mémber of é, 27plé_t’, in which case the decay
rates should be:in the ratio AR:TK:Em=9:1:14. EXperimentalh’ncer-y
tainties could be stretched to éatisfy these ratios. However, ‘no clear
example of a 2‘7plet' has yet be en.seen. | |

2.

[

(1815) could have some other spin-parity.

3. Within the quark mbde_l, =(1815) could be a member of the
other predicted but unsae.nl3/2".octet. Since = = ZK has the same
Clebsch-Gordan coefficients as N —»lNTT, the absence of =(1815)+32K
implies that the éprrequnding N has a very small partial width into

the ™N channel. Thus its nonappearance in detailed elastic~scattering

experiments would have a natural explanation. Nevertheless, even among ..

themselves, the three E decay rates result in consideréble inconsis;
.ter‘lcy when E 1is interpreted as 2 member of an octetf

Figure 3¢ shows the decay rates‘for the 5/27 octet. Apartfrom
=(1933) a reasonably‘ satisfa‘ctory agreement can bek had with ch1 = 1;05
and 8¢ -0.2 within thg .consid_erable unceftainty of some of the decay

“rates. The present poorly known rate for =~ AR is nearly an order
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of magnitude too high,. while thére is no evidence for the, ER decaLy mode
(not shown), which should be strong. Since its spin-par‘ity has not bée_n C el
determined, there are rﬁany_ bossibiiitié,s for E(1933), but if the EK/AR
" branching ratio is small it would militate -againsf its being"a‘. member of ‘
this‘5/2_ octet. | -

The knc;wn decay. rates for the. 5/2+10Ctét are coiiectéd in Fig. 3d. -
Apart frofﬁ =(1910) ==, the re seems' to be ‘gcv)od_ agreem‘en{: Wi;ch |
:gd: 0.7 a.nd‘gfz 1.15. The uﬁpgr limjt on thé decay rate for Z(1910) ~ iv
is nearly 100 times smaller than éxpected, so agé.in the proposed oéfet
is untenable in éhis f‘o‘rmv. | It is.i‘nteres‘tirig to nofe that-, ‘with the above |
values‘ of g4 'and_' gf; the.elasticity"of 'Z(.1910) wogld-be very.IO\.N:,_ so
that it could well have gone undetected so far in scé.tteriﬂg_ expefirﬁents.

What is observed at 1910 MeV may be in another multiplet not neceé—b
éarily of this JP, éince the spin-parity aséignment for this ,resonance ‘

is not_firmly established. > If so and if T of ¥ =5/27 is coup‘led.strér.lgl.y |
to K*, then it may show ﬁp’ only in prdd_uction éxpe riments at‘hi.gherl o
energy Whevre‘ 'K* exchaﬁge :ofte,n seemé to play an important rolg, |

It is irripért_aht to note that déspite an additional free parérhete r,

‘the octet decay rateé pr:Q‘lvi.de‘_ severer tests of SU(3) than do the ‘decay '

'ratés of de'cuplets é,nd single_ts.‘ " This is because the SU(3) coefficients

never differ by rrio.re than a fac':tor of three for decupiet's and are unity- _

for singlets. . Kinematical corrections arising from mass differences o S
are- generail.y‘of this rnag'r'l.itu.de,, as are the obser-v;ed departures from

SU(3). On the other hand, interferencé between the symme.trica.l_and-
.antiéymmgtfic.a'i Qétét stéfes 'l>e.a.d to rates that may differlby o.fd_e rs of

magnitude, often resulting in the large discrepancies noted above.
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" In c»drrclu'sio.n, the experimental knowledvge of baryo_nv‘refsdn-a‘rices_ '

"a;cqui'red' during the past several years has fitted rriovderately well within

the framework of SU(3).  Despite the flexibility of the theory, the multi- .

plet structure and the ’gene ral agreement found among deca}} rates can

no longer reasona.bly be rega.rded as fortuitous. I—Iowever, ‘ther'e still

remain a number of mysterlous d1screpanc1es far outside the range con-

sidered legltlmate for departure from SU(3)
We are. grateful to many colleagues for access to thelr prellmlna.ry

and unpubllshed data,, and we thank Dr H. Hararl, Dr.. A ‘H. Rosenfeld

and. Dr G Segre for helpful dlscussmns
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Mass and

Branching Partial

Mass and

Branching fractions and partial widths.

Branching Partial

width Mode fraction’ r
17=1/2
N(1570) N 0.3 39
"T'=130 {Nn 0.7 91
A(1670)2 {NK 0.06 1.1
T=18 An 0.94 16.9
gF =32
A(1236) Nm 1.0 120
=(1385)° {A'rr 0.86 . 30.1
=35 Zn 0.14 4.9
=(1530) Z=r 1.0 7.3
1P =3/2"
N(1530)% {Nv 0.65 68 .
T <105 Nn 0.4
£(1660)¢ [An 0.10 5.0
‘T =50 {21 0.67 33.5
NK 0.10 5.0 -
A(1690)Y  (Zm  0.46  18.4
T =40 {NR 0.245 9.8
: An  <0.027 <1.1
=(1815)° oF 0.10 1.6
T=16 !AI—{ ~0.65 10.4°
(ZR  <0.02  <0.3
A(1520) pal 0.51 8.2
=16 {NK 0.39 6.2
i =5/2"
N(1688)F N 0.65 71.5
I"'=110 AK <0.0013 <0.15
Nn  <0.015  <1.7
A(1820)8 Zm 0.12 10.2
C=85 NR 0.60 51
An <0.014 <1.15
=(1910)8 A 0.10 6
=60 Zr  <0.04 <0.6-
NE 0.08 4.8

width Mode fraction r
¥=5/2"
N(1688)  [Nn 0.40 56
T'=140 AK <0.016 - <2.3
Nn <0.025 <3.5
=(1765) A 0.47 ' 15.3
=90 sz 0.04 0.9
INK 0.50 45
{En <0.005 <0.5
A(1827)8 Jzn 0.23 17.2
T=75 NK 0.10 7.5
' [An <0.08  <6.1
2(1933) [er o5 70
= 140 AR 0.5 70
1P =7/2%
A(1920) N 0.5 100
=035  [Ar  0.25 40
T =160 e 0.06 9.6
ANR 0.16 25.6
EK <0.016 <2.6
i¥=1/2"
A(z100)P S 0.05 8.0
=160 NK 0.29 46.4
' = 0.01 1.6
(An  <0.03  <4.8
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Footnotes to Table I.

Brariching fractions obtained on the two-channel assumption.

Width and branching fractions from reference 9.

We .adopt: slightly h'ig‘her‘ elasti-city' than that reported in reference 2.

Even so, there is insufficient 2(1660) formed to accomodate the large

| Z-rr,a‘rhplitudé required by the analysis of reference 3, Hand in addition

a comparably large rate into A(1405)'rr.
Branching fractions for Zt and NK from references 2 and 3. The upper

limit for An ¢omes from the measured cross section of 0.08 mb at /2

‘above resonance as reported by Berléy et al., Phys. Rev. Letters 15,
641 (1966).

. Upper-limit on the ZK mode is extracted from Table I of the paper of

G. A. Smith et al., Phys. Rev. Letters 14, 25 (1964) by comparison
of the ZKK and AKK reactions.
The upper limits on the decay mode N(1688) -~ AK were extracted

from the unpublished associated production data of J. Anderson, F.

Crawford, and J. Doyle (private communication). These limits

comga::. fro_rn the absence of both A4- and A5 coefficients in the angu-

'larvdis.tributions of ¥"p~AK® in this momentum region. Ag is the

most sensitive measure, and under the assumption that the two

degenera.te'resonances,of JP = 5/2 decay into AK in proportion to

their prdbabilities of formation and to their respective centrifugal

bari‘ieré;, we obtain the limits listed. This ignores SU(3) as a start-

[ing value. - 'Eigure 3cd shows that another iteration keeping Ag fixed

would sati'sfy-SU.(?i).' The upper limit on N —Nn comes from assigning

a maximum Q‘nha'ncement of 0.3 mb to the reaction m p-Nn at 1688
MeV as ‘d,er-'i‘ved from the work of W. B. Richards et al., Phys. Rev.

Letters j._@_ ' 1';2121 (1966).
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. The Zw and NKrates are from references 1, 2, and 3. The upper
limits on the A7 rafes for A(41820) and A(41827) are obtained from the
~measured cross s.ection of 0.2 mb.-

. Preliminary estimate of the Zm mode from A. Barbaro-Galtieri
(private c'ornrlnunication). The =K mode is estimated from the cross
section for K'p>EK reported by J. Berge et al., Phys. Rev. 147,
945 (1966); the An upper limitis from S. Flatte and C. Wohl (prli-
vate communication). | - |

Nn partial width from the dhalysis of A, T. Davies and R G."bMoorhouse
(Rutherford Lgborétbry Preprint).

A nﬁoré rgéent’ corﬁpil;tion by G. B. Yodh (submitted to Phys. Rev.
Lgtters) gives for A(1520) a lower branching ratio F(Z'rr)/l_‘(N-I_{”):
0.42/0.47. This indicates a greater ‘need for singlet-octet mixing

than shown in Fig. 1.
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‘ B " FIGURE LEGENDS

Fig. 1. Display of th‘e relative coupling constants for various. decay
‘fno-des. of the 3/2+.d‘ecuplet énd its recurrence and the 3/2- unitary
singlet é,nd its fecurrence. SU(3) coefficients and corfections for
mass differences have been introduced so that within ea;:h multiplet
all decay modes should i’lave th_e éarﬁe value of gz.

Fig: 2. Mass plot for four proposed octets.  The short horizontal
line: ‘in*the 1/27 octet correspoﬁds to the baryon-eta threshold mass.
The diagrarx;l on the right shows the Dalitz version (referénce :15)'of
how the quark-model can accomodate the negative parity multiplets.

Fig. 3. Plots of gd' vs g as given by Eq. (2) for the known decay

- rates of the presumed octets of JP= 1/27, 3/27, 5/27, and 5/2+.

- Decay rates indicated by heavy.‘line_s are known to about 25%, An_nedium
lines'are somewhat less well-known, while light lines may be uncer-
tain ;co a factor of 2 or more. Error bars on the heavy and medium
lines correspond respectively to 25% and 50% uncertainty in the decay
rates. Long dashed lines denote upper limits. Short dashed lines
‘indicate the regions of .the figures allowed by measurements of the
relative signs of reaction amplitudes by Kefnan and Smart and by the
CERN-Heidelberg-Saclay collaboration. The sign affixed to each
decay-raté line denotes the sign of the coupling. Shaded areas in
each figure indicate the approximate values of ggq and gg that seem to
z;,gree best with experiment, although other regions of each plot may -
still be acceptable. Wavy lines in Figs. 4b and 3b exhibit the dispiag:e-
ments from the pure singlet and pure octet decay rates into Zm and
NK du‘e to a mixing angle of -16 deg., the magnitude éuggestéd by the

mass formula.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








