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We discuss, in the context of certain recent experimental results, the possibility that bar-
yon antidecuplets exist in nature, and conclude that current data are consistent with this pos-
sibQity. Analysis of long-range elastic forces in meson-baryon systems suggests that an an-
tidecuplet may have spin-parity 2 .

The possible occurrence in nature of "exotic
particles"' has great significance to our under-
standing of hadrons. Should exotic states be dis-
covered, the conventional quark model mould have

to be modified or even abandoned. We feel that
the evidence suggesting the existence of a baryon
antidecuplet has reached the point where this pos-
sibility warrants serious consideration. The pur-
pose of this Comment is to point out the relevance
of recent data' to this subject and to discuss the
results of a related calculation.

We shall begin by considering the T' 0KN sys-
Early work by Stenger et Ql. Show'ed a

large, positive KN 7=0 P-wave phase shift,
reaching 30 by a momentum of about 600 MeV/c.
Recent polarization analysis of K'd-K Pp by Ray
et al, ' has proved that this effect occurs in the
spin-parity channel J = —,

' . In addition, from ex-
periments on K+@ total and inelastic cross sec-
tions, one can deduce that the T =0 elastic'KN
cross section rises from a small threshold value
to essentially the unitaxity lAnit. in the center-of-
mass-energy interval 1700& W (MeV} &1900. Pre-
cise inelasticity values and branching ratios have
not yet been obtained. However, Hirata et al, '
have observed that the reaction KN-K*(890)N ap-
pears to proceed mainly through single-pion ex-
change and not predominantly via the excitation
and decay of a J = —,

' direct-channel resonance,
perhaps implying a small coupling ratio for
(Zg-K*(890)N}/(Zg-KN). At any rate, the T=O
KN data, viewed as a whole, rather strongly sug-
gest the existence of a Z,*, and further, even hint at
the importance of elastic forces in Zo dynamics.

If the Zo exists, it must belong to the SU'(3) mul-

tiplet 10*. The Y =1 member of this multiplet
would have T= —,

' and J = —,
' . In the following, we

point out some features of a 10 assignment for
N*(1V50) and discuss arguments for and against it
in view of recent experiments6' involving this
resonance. In the experiment of Crennell et al. , 6

a 7 = —', resonance of mass 1730 MeV and width 130
MeV, distinct from the rN resonance at 1690 MeV,
was produced. Decay modes were dominated by'

wwN, wN, KA, and qN, and no significant wb(1236)
mode was observed. ff N*(1750) belongs to gO,
the absence of a wA(1236) mode is simply attrib
utable to an SU(3) selection rule. In addition, the
resonance observed by Crennell et a/. most likely
has J = —,", as deduced from partial-wave analyses
of previous experiments, ' and thus is consistent
with the spin-parity assignment for Z, . Finally,
no significant pN decay mode was seen, which is
perhaps related to the lack of a K (890)N mode
for the Z, . At present, statistics on the qN, KA,
and rIN modes of N*(1750}are not sufficient to al-
low a definitive SU(3) analysis. Along a, line of in-
vestigation distinct from the above, recent photo-
production data from the reaction yP -qP have
been analyzed by Heusch and Ravndal' in terms of
the conventional quark model, and by Bajpai and
Donnachie' in terms of an interference model (di-
rect-channel resonances plus Regge exchange).
The data exhibit a large, sharp peak just above
threshold and a much shallower, broad structure
for the energy range 1VOO&W(MeV) &1800. The
latter is interpreted in Refs. 7 and 9 as an effect
produced by photoexcitation and decay of N (1750).
Upon a comparison of photoexcitation amplitudes
in the conventional quark model, it is deduced in
Ref. V that N (1V50) has SU(6)xO(3) classification
(70, I"=0'), which is a linear combination of the
three-quark configurations (ls)'(2s) and (1s}(1P)'.
If the above interpretations of the second yP-qP
bump as the N*(1750) are indeed correct, and if
SU(3) breaking and mixing'effects are negligible,
it follows from conservation of U spin that the
N*(1750) cannot belong to 10*. Although we agree
that this interpretation appears at this time to be
quite plausible, we feel that it would be premature
to abandon the possibility of a 10*assignment on
this basis alone. In view of the ambiguities pres-
ent. in parametrizing reaction amplitudes at these
energies, the SU(3) classification of N*(1750}
should be viewed with an open mind for as long as
possible. A more conclusive situation would
exist if precise measurements of N*(1750) and Zo
decay modes were available. In Table I we give
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values for various Zo and N* partial widths as-
suming both 8 and 10* assignments for the latter.
We have used the following formula, relevant for

0 transitions, to relate SU(3) coupling
constants and experimental decay widths:

r=——(E -m),
4g M„

TABLE I. SU(3) partial-width relations: (a) 10'k as-
signment for Zp andN*, (b) 8 assignment forN*. All
energy units are MeV. In our normalization, g /4s rep-
resents the xN coupling. For generality, in (a) we have
allowed two mass values each for ZIII' andN*; in (b), we
use SU(3} D/(D +F}parameters o =f and (I appropriate
for assignment of N*(1750) to 56 and 70, respectively.

(a) Antidecuplet

Mode/ g /4s 0.5
Partial widths

1.0 2.5

Zp*(1700)

Zp*(1863)

N*(1750)

N*(1900)

KN

KN

KA
KZ
gN
n'N

KA
KZ
gN
xV

101

4
1

13
32

12
7

25
44

102

202

8
2

26
64

24
14
50
88

254

505

20
5

65
160

61
36

125
222

(b) Octet

Mode/ g2/4s

Partial widths
a =(t

1.0 4.0 1.0 ' 4.0

N*(1750) KA
KZ
qN
xN

14
0.1

20
64

55 9
0.5 0.0 0.4

78 3 13
256 64 256

where M„ is the resonance mass, q is the decay
momentum in the resonance rest frame, and M
and F- are the decay-baryon mass and energy.
Physical values for masses have been used, so
SU(3) breaking is in part taken into account.
Since we present these numbers for use as guides
in future experimental work, we have allowed the
partial widths to take on a wide range of values by
using two different Zo and N masses each and

several coupling strengths. From part (a) of
Table I (10 predictions), we see that the Zu*

width always exceeds the N* partial widths, and

that the N widths are ordered in decreasing size
as nN, gN, KA, ZZ, the gN partial width being

KA, and KZ, the gN partial width being roughly
half that of nN. Qn th'e likelihood that N*(1750)

occurs in 56 or 70 if the octet assignment is cor-
rect, we have used in part (b) of Table I the cor-
responding D/(D+F} parameters, o. =-,' and as,
respectively. The 56 octet assignment with + =-,'
clearly differs from that of 10 by the suppression
of the gg mode in the former. However, the 10*
and 70-octet (n =as} a,ssignments are more difficult
to distinguish, the main difference being the KA

mode, which is nearly a factor of 2 greater for
the octet.

We shall now consider some theoretical aspects
of the antidecuplet problem. One approach which
can in principle accommodate antidecuplets is the
bootstrap theory. As emphasized by Carruthers, "
we can use the bootstrap approach to formulate a
qualitative picture of the baryon spectrum simply
by studying in meson-baryon systems the long-
range forces generated by the exchange of various
particles. That is, rather than attempt calculation
of precise values of masses and widths, which is
generally a complicated affair involving in a cru-
cial way unphysical parameters like cutoffs, it
can be profitable just to see in which channels the
forces are largest. Hopefully, the pattern of ob-
served resonances can then be unraveled, and
even new states predicted. A program of this
type, involving evaluation of forces in all meson-
baryon isospin and hypercharge channels with J
~~2, has been carried out. " The results are gen-
erally successful —predicted baryonic states
agree with the experimental spectrum and in some
cases, uncertainties in SU(3) assignments are re-
solved. We have updated the input to this calcula-
tion and have studied the forces in all 10* chan-
nels with J ~-", . We find that the only large, ai
tractive forces for XO occur for the —,

' channel.
Thus, to the extent that meson-baryon elastic
forces contribute significantly to resonances with
mass &2 GeV, we conclude that an antidecuplet,
should it exist, probably has spin-parity ~ . Not
only do studies of the forces indicate which mul-
tiplets exist, they also indicate the ordering of
various states within a multiplet. " For nonexotic
multiplets such as the —,

' decuplet, the predicted
ordering agrees with that observed in nature,
even to the extent of implying splittings of Gell-
Mann-Okubo type. Our study of the P,~, antide-
cuplet surprisingly indicates that the equal-spac-
ing rule, characteristic of octet dominance, may
not hold here. " The Z,* should be lowest in mass,
followed by a slightly more massive N*, and fi-
nally be much more massive, but approximately
degenerate Y*, and =,*~, states. " If the Z,* mass
lies in the interval 1VOO-1850 MeV, then the N*
should lie at or below 2 GeV, and the remaining
10* states well above 2 GeV if our ideas are cor-
rect.
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We shall conclude by considering other ap-
proaches to the antidecuplet problem. Aaron,
Amado, and Silbar" have analyzed the I = 0
KN system using an inelastic mechanism, the
strong opening of the K N channel, to generate
resonant states. They predict the occurrence of
Sy / 2 and D,~, re sonanc es . Although the que stions
of which inelastic channels dominate" or whether
they succeed in generating resonant behavior" are
far from being settled, the calculation of Aaron,
Amado, and Silbar does give a clear alternative
to the scheme suggested in this paper. The
strong-coupling theory of Goebel" is another way
to produce —,

' antidecuplet states. However, one
difficulty with strong-coupling models appears to
lie in the host of exotic states predicted; strong-
coupling hadronic excitations tend to include states

carrying large amounts of isospin and hypercharge.
The evidence for the predicted 2V and 35 multi-
plets at or below 2 GeV is not at all clear at this
time. " Finally, there is the three-triplet model
of Greenberg and Nelson" in which two relatively
low-mass Zo's are predicted, Zo(1863) and
Zg(1962) with J~= —,", —,", respectively. We feel that
the experimentalist can proceed most effectively
in unravelling the above theories by concentration
on the N, y, and Z,* systems. lt is of the utmost
importance to extend carefully the P,~, phase-
shift analysis to higher energies and to determine
not just whether Z,*'s exist, but also, how many.
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