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After explaining the necessity for exotic hadrons, we discuss mechanisms which could account for the
production of the exoti®-baryon. A possible important role of resonan@@®ducing the® in real or virtual
decay$ is advanced and emphasized for selected processes. Promising experimental investigations of such
resonances, and th® itself, are suggested. We also briefly discuss recent negative results regarding the
®-baryon.
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The problem of observing multiquarkexotic and/or not resolve the ambiguities in the expected properties of the
“cryptoexotic”) states is as old as quarks themselves. Thexotic hadrons.
first experimental results on searches for exofics3] were The long-time absence of definite experimental results re-
published soon after the invention of quaféss]. The initial  garding exotics had practically stopped the corresponding
straightforward motivation of “Why not?” was later sup- activity, both theoretical and experimental. The Reviews of
ported by duality consideratiori8] (duality was understood Particle Properties ceased to touch upon exotics after the
in those times as a correspondence between the sum ovissue of 1986[15]. Nevertheless, the paper of Diakonov,
resonances and the sum over reggeohwever, several Petrov, and Polyakoyl4], that predicted the lightest exotic
years of experimental uncertainty generated the followingbaryon should have a mass of about 1530 MeV and a width
guestion: “Why are there no strongly bound exotic states  of less than 15 MeV, stimulated new experimental analyses.
like those of two quarks and two antiquarks or four quarksThese provided, at last, positive evidence for the ba@dn
and one antiquark?[7]. with S=+1. Its observation has been reported now in more

An attempt to give a reasonable, though model-than 10 publicationg16—-26§, and the measured mass of
dependent, answer to this question was made in the confinexbout 1540 MeV looks similar to expectations of the ChSA.
relativistic quark modekso called MIT bag [8-10. The However, the spin and parity of th@ are unknown. Fur-
main conclusion was that the multiquark states should existhermore, its indirectly estimated width of order 1 MeV
and so .. either these states will be found by experimental-[27-30 seems to be unexpectedly narrow, even for ChSA.
ists or our confined, quark-gluon theory of hadrons is as yeMoreover, each of the experiments reporting positive results
lacking in some fundamental, dynamical ingredient whichfor the ® has relatively low statisticémainly about 40-50
will forbid the existence of these states or elevate them t@vents above the backgroyndhich looks insufficient at
much higher masseg8]. present. Therefore, even the existence of@ieequires still

What is essential is that neither approach based on QCinore indisputable proof.
could change this statement, which, therefore, has become Meanwhile, there have appeared some experimental pub-
even stronger with time. However, details of the expectedications which do not see th®* [31-33. Really, they do
properties of exotic hadrons are rather different in differentnot contradict its existence. Indeed, the restrictions of Ref.
approaches. For instance, the MIT bag prescribesl/2 [31] are rather weaksee the Appendix for their more de-
for the lightest baryon witts=+1 [9], while the chiral soli- tailed discussion and some features of the data of R&R]
ton approactiChSA) predictsJ®=1/2" (see Refs[11,12 for  still hint at a possibility to extract @*. Referencd33] gives
recent re-analyses of ChSA predictions and more detailethe best illustration of the present uncertain status: the Con-

referencep The mass of such a baryon should be eitheference talk with “a statistically significant peak” for tige
about 1700 MeV, in the MIT bagg], or, in the ChSA most  h3s peen transformed into a Proceedings contribution with a
probably below 1600 MeV[13]. Predicted widths of exotic “ng structure” statement. That is why we will not discuss
hadrons differ strongly as well. The MIT bag explains unsuc-here other evidence for tH@-nonobservation, still being at
cessful searches for exotic states by their broad widths, ghe |evel of rumors and/or slidea long list of them is given,
several hundred MeY8-10, while, according to the ChSA, ¢ g. in Ref[34]). Nevertheless, we do note that searches for
at least some exotic states may be quite narrow as compargge ©* now exploit very different processes, with different
to the familiar resonanced4]. Numerous recent theoretical jnjtial particles and different energies. Amplitudes and cross
papers use various theoretical approaches, and yet they coldctions of these processes ntagd shoulgl contain contri-
butions of various quite different mechanisms, and not all of
them produce th®. Therefore, some procedures to separate
*Electronic address: azimov@pal400.spb.edu the mechanisms may be inevitable, before one can observe
"Electronic address: igor@gwu.edu the ®*, even if it has been produced.
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We wish to emphasize, however, that if the present evi- vy+N—=K+A(Z). (3
dence for the® appeared incorrect, it would not make the
situation easier, since all the old haunting questions on exo

ics would be immediately revived. Therefore, we take tOdayhave the sameé-channel exchanges. These processes have
a more conservative position, thf’ﬂ tﬁ);does exist, but S heen studied experimentally by different collaborati@Bts.
production under different conditions is governed by d'ﬁer'AnaIyses of the data, up to photon energiesof several

ent mechanisms, with a very different intensity. Though WeGeV, suggest that important contributions come not only

essentially agree with .the suggestions of Kgrliner and_ Lipkir\:rom meson or baryoru-channe) exchanges, but also from
[34] about how to clarify the problem, we think that, first of various s-channel resonances. Similar conclusions seem to

all, it is especially important to reliably confirm the existence be true as well for the photoproduction of the mesarig6]

of the ® in the processes where it has been reported to bg d7' (see Ref[37] and references therginwhich contain
seen. The corresponding new data are being collected an pairs

tre?tet?]JUSt nowtby tseveraldg:ollaboratu?_?st.. feat fth By analogy, we expect tha®-photoproduction should
n'ble presr?n no e,fwe |sdcus_s qulEa' aC;ve ea utres OF 150 be essentially determined by the contributions of some
possible mechanisms for producing Nd SUYGest SOME esonances. What could those resonances be? Up until now,

lines of investigation to clarify them. we know only one such candidate, evidenced for by the

- H H +
Even the first information o®™ led to attempts to under—. CLAS Collaboration at JLalj22] and corresponding to a

. o . Nather narrow peak in the mass distribution of the system
cross section. If, for definiteness, we consider the photopro(K_®+) near 2400 MeV. We will call itN* (2400

duction processes,

LI"hey are kinematically similar to reactioii$) and(2), and

Note, however, that the measured spectf@&) may sug-

y+n— K +0* (1) gest evidence for other peaks as well. Moreover, just as in
the cases of the photoproduction of the kaon-hyperom,or
and/or and especially forp’-photoproduction, the resonances con-
tributing to the ®-photoproduction do not need to be real;
7,+p_>EO+ ot 2) they can be virtual, subthreshold or above-threshold. So,

even some well-known, rather light nucleon resonances
(and related electroproduction processes, with virtual phoeould participate in reactiondl) and (2), even though, be-

tong, then the most evident contributions come from ex-cguse of their low mass, they can deca only virtually.
changes by strange mesofi¢ and K*, first of all) in the Resonances may be essential also for inclusive
t-channel, and by baryor(® and its possible excitationp ©-production at high energies. For example, (2400
the u-channel. There are alsachannel contributions which (or some its analoggmight be produced in diffractive disso-
correspond, first of all, to formation of various resonances;iation of the initial nucleon, and then decay tad. The
with nonexotic quantum numbers. o _ corresponding cross section could be nondecreasing

All those exchange contributions decrease with increasing|owly decreasing with increasing energy. This does not

energy. To understand*this, consider, for example, exchangesean that the cross section would be large. Just the opposite,
by mesonsK and/orK*. At high energies, they should be i i inevitably be small. If the resonance is mainly a

reggeized, and their contributions to the amplitudes arg_quark system, its branching ©* should be smalfwe
~s0, Wwhereq;(t) is the reggeon trajectory, wiit¥K and/or  consider the small size of the coupling between @&hand

K*. Being integrated over scat_tenng(o?_nlgles, such contribuk N channel to be a general phenomendhthe resonance is
tions reveal an energy behaviers™®~%. Known Regge  mainly multi-quark, its branching t6 may be large, but its
O-production at high energies can be nonvanishing, but it
may be essentially determined by other mechanisms, and ap-
W 515 e Then, fork andic exchanges, V10 P e we would ke t note R which main e
aﬁd QZK*(O)—lx—KO 6. Therefore contributi};ns of both me. Views results of the SPHINX Collaboration. Its Figs. 5, 11,
son exchanges, and their interference as well, decrease apd 14a show a small, but rather clear, bump in the spectrum

high energies. Note, th&* exchange vanishes somewhat Of the diffractive excitation,
slower (and, therefore, becomes more essentalhigh en-

a(t) = a(0) + a't,

ergies, thanK exchange. Similar conclusions may be ob- p— K",
tained for baryon exchanges, and also for exchange contri-
butions in other reactions @-production. having justM=2400 MeV. The same bump appears to be

Thus, exchanges cannot determine teproduction at  seen in Fig. 12 for the excitation
high energies, though they might be essential at some mod-
erate energies. To check such a possibility, we can compare
the ® photoproduction processes to strangeness photopro-
duction with the usual, nonexotic hadrons in the final state.
Take, for example, reactions such as and in Fig. 14b) for

p— 3*KP,
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p— p7. charge. This implies that iB8U(3)¢ is exact and the photon

id b ind q i . ¢ th interaction with quarks is universal, up to electric charges,
It could be one more independent manifestation of thgne Hhoton s theu-spin singlet, and its absorption cannot
N* (2400. If so, its small size could be a confirmation of its changeU-spin of any initial hadron

(mainly) multi-guark structure. _ Now, let us compare “protons” and “neutrons” in different
Since theN* (2400 is today the only hypothetical reso- nitary multiplets. Thep-like component of every octeto-
nance directly related to th@*, let us discuss its properties gether with 3*) belongs to aU-spin doublet, havingU
in some detail. The isospin of the* (2400 should bel  =1/2 On theother side, then-like component of the same
=1/2, toallow decay intoK®, with ® being an isosinglet. octet (together with=° and a combination oE° and A°
Further, the stat&l* (2400 was discovere(22] in the reac- componentsis a member of aJ-spin triplet, and ha&)=1.
tion For an antidecuplet, the-like component also hdd=1 (to-
st @t . gether with2% and Z°), while the p-like component has)
ytpom +K+67, 07 —K +n, @ =32 (together with®*, 3* and E*). The situation for a
being seen as an intermediate stage of the cascade, 27-plet is more complicated: the-like component(with |
. . I =1/2) is a superposition of two parts, with=1/2 and3/2,
y+p—m +n* (2400, n* (2400 — K" +0". (5)  \yile the n-like component(also with 1=1/2) consists of
The kinematical cuts were applied so as to enhance the coRarts withU=1 and 2(compare to the photon, being the
tribution of pion exchange. Therefore, thal* (2400 U-spin singlet, but having isoscalar and isovector parts

emerges here as a resonance in the process, Note, that the initial h_adrons in _the reactitﬁf_i) have
B B . U(7)=U(p)=1/2, andtheir total U-spin can be either 0 or
T +tp—K +07, (6) 1. On the other side, the final hadrons hadvéeK)=1/2,

with a virtual initial pion. This means that ths* (2400 U(©")=3/2, andtheir admissibleU-spin is 1 or 2 Thus,

needs to have nonvanishing coupling to thal-channel. It ~ only the U-vector part of then* (2400 could contribute to

should, thus, have the corresponding decay mode, and appéBis reaction, ifSU3)r were exactieven if n* (2400 is a

as a resonance in theN interaction. Of course, such a heavy member of a 27-plégt

N resonance may have such a small elastic branching ratio, Now, if we compare the photoexcitation nf (2400 and

so as to make it practically unobservable in elasti¢ scat-  p* (2400, correspondingly, on the usualandp, their rela-

tering. In any case, no partial wave analysisidf scattering tion depends oi8U(3)g-properties of theN* (2400. In par-

data in this mass range has seenN#n(2400 with a total ticular, if N* (2400 belongs to an antidecuplet, then photo-

width of more or about 100 MeV and elasticity of more or excitation ofp* (2400 is forbidden, for exac8U(3).

about 5%[39]. Of course,SU(3)¢ is violated. Nevertheless, one can rea-
In this connection, it would be very interesting to study sonably expect that the photoexcitation of (2400, be-

the reaction(6) with a real negative pion. We expect that the ;| the member oﬁ,O's much larger on the neutron than on

process should reveal a rather narrow enhancement at aqu proton. As an example, recall a similar considerafits
T,.=2.45 GeV. Such investigations would be very interesting, photoexcitation of the nonstrange partner of B on

: +
for studies Of.bOtr@ andw'N-resonances. . the neutron and proton, even accounting for
Let us discuss possibleSU3)s properties of the SU(3)g-violation

N* (2400. As explained, it should be coupled to both Interesting information about the nature of tRé& (2400

channel(where each particle belongs to the corresponding., ,id come from its excitationobserved through decay to
flavor octej, and theK® (one particle from octet and an- the ®*) in electroproduction, i.e., in reactiord) and (2)
other from antidecuplgt Since(see, e.g., Ref. 40 with a virtual photon. If theN* (2400 is mainly a 5-quark
_ — — — state, then its coupling to the mainly 3-quark nucleon should
8X8=1+§+8p+10+10+27, 8x10=8+10+27 be small at vanishing phota@?. However, as we know from
+35, ) DIS-studies, the role of multi-quark configurations inside the
nucleon becomes more important at increasdigThis may
then, in the case of exa@U®3)r symmetry, theN* (2400  provide an increasing effectivey* NN* (2400-coupling,
should belong to one of the three flavor multiplets: 8, a0  whenQ? rises from zero. Correspondingly, the electroexcita-
27 (of course, the antidecuplet here is not that which containgon of theN* (2400 may increase witl?, at least, in some
the ®%). interval above zero.

Studies of theN* (2400, formed in photoproductioiil) There is one more way to study the electromagnetic ver-
and/or(2) as thes-channel resonance Bt,~2.6 GeV, could  tex y* NN*(2400. This is to search for the annihilation,
help us to discriminate between these cases. To explain this o
point, we may use the notion &f-spin[41]. It is analogous e'e” — NN* (2400 + c.c. (8)
to I-spin, that is, to the familiar isospin. But if thiespin
mixesu- andd-quarks, with thes-quark being a singlet, then This could be done inclusively, in terms of missing mass
the U-spin mixesd- and s-quarks, having the same electric with respect to the nucleon. A similar search for e with
charge, with thai-quark being a singlet. Therefore, all mem- subsequent decayi* — N, was recently published by the
bers of anyU-spin multiplet should have the same electric BES Collaboration43], but specifically in the peak of the
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J/ 4, where only masses below 2160 MeV are kinematically g, 29— 00 — KoK+ KPK'N) < 0.84% 1075
allowed. The statél* (2400 could be produced in decays of (#(29 — 06 — Kep sPK'm) < 0. '

#(29), but with a different, nonelectromagnetic vertex. It (A3)
would provide, therefore, different information than the re-These limits cannot be directly compared to other known

action(8) in continuum. _ results. However, using the branching ratios,
Another possibility is to study the exclusive form of the

process8), Br(® — K'n)=1/2, B(® — Kgp) = 1/4,
. — one can derive
e'e — pKgnK™ +c.c., (9) N
Br(J/¢y — ©0) < 0.44x 1074, A4
accounting for the consequent decays, iy ) (A4)
— @A) 4
N* (2400 — ©*K, O — NK. Br((2S — 00) < 0.34X 1077, (A5)

and compare them to other measured branching ratios. For

The final statg(9) has also been studied by BES1], but instance[44],

only in peaksl/ s and /(2S), where the leading contribution
is nonelectromagnetic, while the vertex NN* (2400 ap-
pears to be a small correction. It could be essential for —
e*e"-annihilation in the continuum, but the present statisticsAt first sight, the pair®® in J/y-decays is strongly sup-
there are small. pressed in comparison withA, at least, by the factor
In summary, we have reminded the necessity at the<0.034. But really, the essential part of this suppression,
present level of understanding the strong interactions, fo0.15, comes from kinemati¢S-wave decay near the thresh-
exotic hadrons, and discussed various mechanisms afid: c.m. kinetic energyM;,—2Mg=17 MeV). The dy-
O-production. We have emphasized, in such processes, mamical suppression factor is much weakef).23. For de-
possible special role for resonances as intermediate objectsays of they(2S), a similar comparison witti44],
Production of the® in very different processes, e.g., photo-
and electroproductione*e -annihilation, diffractive excita-
tion, and others, may be useful in order to study both@he
itself, and the related resonances.

Br(J/y — AA)=(13.0£ 1.2 X 1074,

Br(4(2S) — AA) =(1.81+0.34 X 107,

gives an even weaker suppressiar).19, with the kinemati-
cal factor 0.69 and the dynamical suppressiod.27 (com-
pare it to the dynamical factox0.23 above
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The BES Collaboration investigated the decays, The first of these limits may be compared[##],
I, (29 — pKK™ + c.c., (A1) Br(J/y— K'pA)=(8.9+1.6 X 104,  (A10)

with the suppression factox0.049. The only appropriate
reference value for decays ¢f2S) might be[44]

Br(¢(2S) — #’pp) = (1.4+£0.5 X 1074, (A1)

which provides the suppression facta0.029. We see that
the total suppression for the singdeproduction in decays of
JIy and (25 is nearly the same as for the double

to search for single and/or double production of @ie Ac-

cording to their publicatiofidl], a® (or ®) was not found at
the level of 10°. Let us examine this in more detail.

The limit obtained for the doubl®-production from the
Jl s

Br(J/y — 00 — KpKn+KepK*n) < 1.1x 1075,
(A2)

while in the ¥(2S)-decays,

®-production in decays af/ ¢ (recall the factor of 0.03¢ It

is difficult to separate here kinematical and dynamical fac-
tors, but one can expect somewhat stronger kinematical sup-
pression in singl®-decays, because of 3-body phase space.
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Thus, data from BES31] require some suppression in (in exotic decays as compared with decays to canonical
charmonium decays producing one or tvi-baryons). baryon-antibaryon paiys some dynamical suppression
However, they still admit a rather soft dynamical suppres-should naturally arise. It could be even stronger than the
sion, say, 1/5 in the probability. Meanwhile, because of nedimits obtained. Thus, the recent result of BEX] is only a
cessity to produce directly two more quark-antiquark pairsstarting point for investigating exotics &€ -annihilation.
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