PHYSICAL REVIEW D, VOLUME 63, 014017

Effective Lagrangian induced by the anomalous Wess-Zumino action and the exotic resonance
state with 16(3P€)=17(1"%) in the pm, »=, n' &, and K* K+K*K channels
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A simple model for the exotic waves witt?(J°€)=1"(1"") in the reactions/ P—VP, VP—PP, and
PP—PP is constructed beyond the scope of the quark-gluon approach. The model satisfies unitarity and
analyticity and uses as a “priming” the “anomalous” nondiagoid P P interaction which couples together
the four channelpm, nw, n'#, and K*K+K*K. The possibility of the resonancelike behavior of the
16(3P%)=1"(1"") amplitudes belonging to th{a0}—{1_0} and{8} representations #U(3) as well as their
mixing is demonstrated explicitly in the 1.3—1.6 GeV mass range which, according to the current experimental
evidence, is really rich in exotics.
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[. INTRODUCTION ready among the lower order terms of these series. Can at
least some of these contributions found at low energies turn
Phantoms of manifestly exotic states witf?(JP¢)  out to be the manifestatior{Sthe tails”) of high-lying ex-
—17(1~*) have more and more agitated the experimentaPtic resonances? It is well known that, for example, for the
and theoretical communitigd—20]. They were discovered 77 Scattering channels involving the and p resonances,
in the 1.3-1.6 GeV mass range in ther, 7', pm, by one can self-consistentlfin the sense of agreement with
DT AL ] ] [} 140,

qf " duced i llisi t hiah experiment sew together the resonancelike and low-energy
andf,m Systems produced Im p COllsions at high €ner- papayiors of the scattering amplitudes by using the success-

gies and inNN annihilation at resf1-12]. fully selected unitarization scheme for the original chiral

Theoretical considerations concerning the mass spectreontributions, together with general analyticity requirements
and decay properties of exotic hadrons have been based, [85—34. In other words, for these_ channe_:ls, there exist a
the main, on the MIT-bag model, constituent gluon model good many of the model constructions which show that the
flux-tube model, QCD sum rules, lattice calculations, andOW-energy contributions calculated within the effective chi-
various selection rules. The more recent discussions of thed@! Lagrangians fraf“fWOfk may in p”r.‘t‘;]'pt'ﬁ transform W;tr;l
constituent quark-gluon models and selection rules in confort'cr€asing energy nto resonances with the experimentally

. . PC_q—+ established parameters. In the present work we continue in
mity with the observed™=1""" phenomena can be found

: . : this way and construct a model satisfying unitarity and ana-
in Refs.[1-20], together with extensive analyses of the cur- ticity 1¥or an exotic wave withJPC= Iy—+gin the réaction
rent experimental data and comprehensive references. —pm and in the related reactiongm—7'm, pm

resonance character of thg observed ex.otic signals and alsgpm p— T, mTH(K*ngg* K), and so on, using as
the more popular assumption about their hybrii§) na- 5 “priming” the tree exotic amplitudes generated by a sim-
ture are the subject of much attention and require furtheb|est “anomalous” effective interaction of the vectov)
careful investigation$1,6,7,12,14-2p and pseudoscalaP) mesons. The interaction is induced by
Let us note that evidence for the possible existence of athe anomalous Wess-Zumino chiral Lagrangj&6] and is
exotic JP¢=1"" state coupled to thegw andp7 channels  proportional tO€,, 17 -
and belonging to the icosuplet representatiorsf(3) was At the tree level, the standard nonlinear chiral Lagrangian
obtained for the first time by using the bootstrap technique oflescribing the low-energy dynamics of the pseudoscalar me-
Schechter and Okubo more than 35 years [&j9 (see also sons belonging to th&U(3) octet generates theP— PP
Ref.[22]). scattering amplitudes possessing only the usual quantum
Current algebra and effective chiral Lagrangians are alsaumbersJ®¢=0"" and 1"~ in the s channel[24]. How-
important sources of theoretical information on exotic partialever, already in the next order of chiral perturbation theory,
waves. It is sufficient to remember the prediction obtainecthe J’©=1"" exotic contributions arise in these amplitudes
within the framework of these approaches for the swave  at the expense of the finite parts of the one-loop diagrams. In
scattering length with isospim=2 [23,24. Constructing so doing they turn out to be different from zero only owing
with the help of the effective chiral Lagrangians the serieso SU(3) symmetry breaking for pseudoscalar masses. The
expansions of the scattering amplitudes in powers of externaksonances, with which such contributions might be associ-
momenta, one can reveal explicitly exotic contributions al-ated, have to possess rather odd properties. All their coupling
constants to the octet of pseudoscalar mesons must vanish in
the SU(3) symmetry limit. Therefore, it seems more reason-
*Email address: achasov@math.nsc.ru able to assume that if the exotic resonances wifif
"Email address: shestako@math.nsc.ru =1"" exist, then they are of another origin. In such a case,
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the resources for their possible generation, which still remain The first and second terms in E€l) correspond to the
within the effective chiral Lagrangian framework, seem tooctet transition amplitudeg8,}—{8s} and {8s}—{8,}
involve the “anomalous” interactions of the vector and which we shall designate for short By, and Ag,, respec-
pseudoscalar mesof86—43. Some indirect evidence in fa- tively; as usual{8.} and{8,} mean the symmetric and an-
vor of this assumption has been given by the analysis of théisymmetric octet representations $fJ(3) which occur in
P P— PP scattering amplitudes carried out in the frameworkthe direct production of8} x{8}. The third term in Eq(1)
of the linearSU(3) X SU(3) o model involving only scalars describes transitions via the mutually conjugate representa-
and pseudoscalaf28]. There operate the repulsive forces in tions{10} and{10} with the amplitude®\;, andA1; appear-
the J°¢=17" channels in this model, and any resonanceing in the combinationA;;—Azg. In other words, it de-
states do not arise. _ _ scribes the transitions from the initiM P isocuplet {10}
In Sec. Il, the general properties of thé>— PP reaction 70} to the finalP P isocuplet{10} +{10}. The transition
amplitudes are briefly discussed within the framework of theypjitudes between the self-conjugate representatfops

unitary symmetry assumption. In Sec. I, a simple model forg,q A, can be expanded into the partial waves wift*
the =1 p-wave (exotic reaction amplitudesvP—PP, =2+ 4** .. and JPC=1"",3"",..., respectively.

VP—VP, and PP—PP is constructed. The model takes Hence they do not contain any explicitly exotic contribu-

into account as a “priming” the nondiagon®PP P inter-  tions, As for theyg final state, it does not occur in 8}
action which couples together the four channels, 77, ¢ can belong to the representatidiss}, {10}, and{10}
7', andK*K+K*K. It is essentially the summing up of [21 22 49. TheSU(3) exotic meson amplitudes,;, andArg
all the s-channel loop diagrams with théP and PP inter-  can be expanded into partial waves with=1",3",... .
mediate states. In SGeC-P N the possibility of the resonancethe isotriplet amplitudes ok;o— Arg correspond to two sets
like behavior of the *(J"~)=1"(1"") amplitudes belong- of the reactions with opposité parity in thes channel:(a)
ing to the{10} —{10} and{8} representations dBU(3) as K
well as their mixing is demonstrated explicitly in the 1.3—1.6_} 767 K*K— 757, K*K— 557 The partial amplitudes

GeV mass range. In quark-gluon language, {6 —{10} .t the reactions belonging to séd) possess the nonexotic
representation oSU(3) first occurs in theqqqgq sector,  quantum numbers®(JP€)=1"(1"",3"",...) and, there-
whereas the states Witﬂlpcf 17" belonging to the octet fore, only hidderSU(3) exatics. The reactions belonging to
representation 0B U(3) may in principle correspond to both set (b) are purely exotic because they contain the partial

png— mm, png—KK, wgm— w7, wgm—KK and(b) pr

aqaq andqqg configurations. waves withl 6(JP9)=1"(1"",3"*,...). Inparticular, it is
these reactions that will be the subject of our attention in the
following.

Il. GENERAL PROPERTIES OF

THE VP—PP AMPLITUDE Let us now write down the amplitude for the reaction

Va(K) + Pp(g1) — Pc(q,) + P4(gs) involving theV, and P
The general Lorentz an8U(3) structure for the ampli- SU(3) singlets:
tude of the reactionV,(k)+Py(q:)—Pc(02)+Pg(as),

whereV, andP, are-the member§ of the vector and pseudo- Ngﬁcdz —1€,,€()919293[ SaofbcdD (S, t,U)
scalar octets taken in the Cartesian basais {,...,8)! and
k, g1, 05, andqg are the four-momenta of the particles in the + 8pofacdE(S:t,U) + deofandF (,t,U) ], (2)

reaction, has the form
where a,b,c,d are the flavor indices running now over
) S 0,1,...,8,f40=0, Vo= wgq, and Py=74. By the isoscalar
Mabica™ ~1 €uure€(3)d10293[ FabmdmcdA(S,t,U) particles with the definite masses we shall mean the pseudo-
+dap fo B(s.tu)+(u C(stu)]. (1 scalar mesonsy= 7g CoSfp—19SiN6p and 7' = ngSinbp
avml meaB( ) (Uab)eoCl 1@ + 77, c0s6p with the mixing anglefp~ —20° [50,51] and the
vector mesons w=+/1/3wg++2/3wy, and ¢=+2/3wg
Here f,,. and d,;,. are the standard structure constants of _ /3w, with “ideal mixing.” Equation (2) describes the
SU(3) [44], (Uab)ca=feanfmba— deamf mba [45], €0 IS @4 transitions via theSU(3) octet intermediate states. The first
component of the/ meson polarization vector with helicity 1o terms in Eq.(2) do not contribute top and 7’ 7 pro-
A, s:(k+q1)2, t=(k—0,)? _a”d”,:(k_%).z- From Bose  gyction because they correspond to the transitions into the
symmetry it follows that the invariant amplitud(s,t,u) is  fina| states belonging to thi8,} representation which does
antisymmetric under the interchange of trendu variables, ot contain thepgm system. The third term in Eq2) de-
whereas_the invariant amplitud&gs,t,u) a_nd C(_s,t,u) are  scribesya and 5’  production via thesU(3) singlet com-
symmetric. Note that Eq(1) can be obtained in the usual onents of they and7’. Undert« u interchange, the invari-
way [45-48 by applyingSU(3) symmetry, together witR 5t amplituded (s, t,u) andE(s,t,u) are symmetric, while
andC invariance. the invariant amplitudd (s,t,u) does not possess a definite
symmetry. Thus, the first two terms in E() can be ex-

panded into partial waves with"®=1"",3"",... and the
W= (p1.p2.pa.KE KE KE K% wg) andP,=(my,mp,m3,K,,  third term  into  partial waves  with JPC¢
Ks,Kg,K7,7s). =1"+t2""3"4"", ..., of which the odd waves
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1-*,3°*,... areexotic. In principle, Eqs(1) and(2) per- given by Egs.(1) and (2) with the following sets of the
mit the VP— PP reaction channels involving the, ¢, 7, invariant amplitudes(here we omit their arguments for
and 7’ mesons to be considered in the most general form. shor): (A,B,C,D)=h(0,2,1/6) and E,F)=h’(2/3,
—\/2/3). The presence of the amplitud€sand F such as
IIl. MODEL FOR THE 18(JP%)=1"(1"*) WAVES IN THE above implies(see the discussion in Sec) that the La-
REACTIONS VP—PP, PP—PP, AND VP—VP grangian(3) generates tree exotic amplitudes with(J”°)
_ _ _ _ =17(1"") belonging to the{10}—{10} representation of
Con_3|d_er theBU(s) symmetnc 9ffectwe Lagrangian for. SU(3) for the inelastic reactiongm— 7, K*K — _—
the pointlike VP PP interaction which also possesses addi-

°) _ _
tional nonet symmetry with respect to the vector mesons, 21dK*K—7gm as well as the amplitudes belonging to the

octet representation ddU(3) for the reactionpm— g,
L(VPPP):ihE#VTKTr(\A/M(;Vﬁ)aTrDﬁKrD) K*K— 5o, andK*K— gg7. In the next orders, these tree
o amplitudes induce as well thE®(J°¢)=1"(1"") exotic
+iV1/3n €, Tr(V#3*Pa"P)dny, (3)  ones for the elastic processpsr— pm, nm— nr, and so
R R on. In this connection it is of interest to consider the follow-
whereP=38_\,P./\2, V¥=38_ \,V¥/\2, and\, are ing 4x4 system of scattering amplitudes for the coupled
the Gell-Mann matrice$44]. The tree amplitudes for the exotic channels of the reactionsP—VP, VP~ PP, and
reactionsVP—PP generated by the Lagrangiai3) are PP—PP:

Tpm—pm) Tlpmonm) Tpmon'm  T(pm—K*K)
T T(pm—pm) T(pm—nm) T(pm—n'w) T(pm—K*K) 4
i Ty m—pm) T m—nm) T('m—n'm Ty a—KK) | @

T(K*K—pm) T(K*K—gnm) T(K*K—=7'7) T(K*K—=K*K)

Here the subscripts,j=1,2,3,4 are the labels of thew, all exotic amplitudes belong to the octet representation of
nm, n' 7, andK*K channels, respectively, and the abbre-SU(3); and(iii) h’ =h, when the original pointlike/PPP
viation K*K implies just theK* K and K*K channels. The interaction possesses nonet symmetry with respect to the
corresponding matrix of th& PP P coupling constants gen- pseudoscalar mesons.

erated by the Lagrangiai®) has the form To satisfy the unitarity condition for the coupled channel
0 amplitudes, we sum up all the possible chains of the

B 0 s-channel loop diagrams the typical examples of which are
shown in Fig. 1. Such an old-fashioned field theory way of
(5) the unitarization is well known in the literaturfeee, for ex-
ample, Refs[52-55,32). Notice that in caséi) and in case
(ii) the whole complex of the unitarized amplitudes, in fact,
can be constructed by using only the amplitudes for the loop
where diagrams shown explicitly in Fig. 1. The point is that in these
h' cases the denominator of the corresponding geometrical se-
~c0S0p— —\/ =Sinbp, ries for any channel turns out to be proportional to the sum
h of diagrams(b), (c), (d), and (e) in Fig. 1, and the loop
diagrams of the typ€) and(g), or (h) and(i), play a role of

O ™ R
» O O

Y
5 ’
0

X O O R

w”%
S

B= \/Esin9p+ h—/\/gcosap, 6 @ “priming” in _the co_rresponding elastic channels !ike dia-
3 h V3 gram(a) in the inelastigpm— » channel. However, in case
(iii) the situation is considerably more complicated.
_ \F h' \/I . Before summing the diagrams, let us make two remarks
Y= N 36080t 1y 3sine, about the model itself.
First, generally speaking, the pointlike exotic contribu-
\F . h’ \/I tions due to the/ PP P interaction might be modified by the
6=\ 3Sinfp— -\  3c0sbp () tree diagrams involviny meson exchanges if one takes into

account the “anomalous” Lagrangian for théV P interac-
In the following we shall consider three natural limiting tion and the ordinary one for théP P interaction. However,
casesi(i) h'=0, i.e., when all exotic amplitudes belong to such a considerable complication of the original exotic am-
the {10} —{10} representation ofSU(3); (i) h=0, i.e., plitudes actually does not lead to any new possibilities
when degrees of freedojrto obtain the resonancelike behavior of
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" 7 ¢ U p 7 p " K+ 9
L LA L L ™ K L FIG. 2. The auxiliary equation for the summing up of the dia-
(a) () (¢) gram series some examples of which are shown in Fig. 1.

Eqg. (4). So in Eq.(8) the matrixh;; is given by Eqs(5), (6),
0° 7' P 7 A 7 K+ g and (7), and Il;; is the diagonal matrix of the loops, i.e.,
I1;; = 6;11;, wherell,, II,, II3, andIl, correspond to the
et m + m to four independent-channel loops involving thew, n,
- o = - = K - 7', andK* K intermediate states, respectivefpr a mo-
@ © ment, all for the spinless caséotice that if all the particles
are spinless, then thg; andIl;; in Eq. (8) are dimension-
less, as well as th@ij themselves. For the matrix elements

himlIm;=h;;I1; it is convenient to introduce the following
compact notatiofilook at Eq.(5)]:

n I n 7 K* q
+ + ...,
T~ T T~ n K T

a; 0 0

e

hip Il =h;I1;=h , 9
(£ (9) memmy e B 0 0 6, ©
0 v, 63 O
o° 7 ’ P 7 o )
wherea;= all;, B3=Bll3, and so on. The solution of Eq.
+ + o (8) has the form
- = = © Tij:[(i_ﬁﬂ)_l]imhmja (10

(#) (i) . .

FIG. 1. The examples of the diagrams which are summed tovhere 1is the 4xX4 identity matrix and the matrixll is
obtain the unitarized amplitudes in coupled channels. defined by the relations of E¢9).

Next, we define

the complete unitarized amplitudes. This only burdens the — . oA
model by additional technical difficulties and makes it much D=de{(1-hlI)
less transparent in comparison with the one based only on a2
the Lagrangiari3). For example, after such a modification of =1-hYasart BifBst vavat 530,)
the original exotic amplitudes, the above-mentioned obvious +h*(a;6,— B1va)(a283— B3ys). (12)
unitarization scheme need be changed, say, by some version
of the Padeapproximation[27,28 because of the impossi- L€t us now write down, as an example, the explicit expres-
bility of the direct calculation and summation of higher sions for the amplitudes of the following five reactions:
loops.

Second, the effective coupling constanbccurring in the T(pm—pm)=hTaay+ BBs—h*(ads— Bya)
Lagrangian(3) is not the unambiguously definite value in the =
theory with the “anomalous” chiral Lagrangiarsompre- X (@283~ B372) /D, (12
hensive discussions of this point may be found in RgF6— ~ _ ) —
43]). Actually, one may only claim that it is not too large in T(pm—nm)=hla—h"(ad;—B3y)&]/D, (13)
the scale defined by the combinatiogpzmgwmlmﬁ~284 ~ N ) —
GeV 3 [40,43. Therefore, we consider the coupling con- T(pm—n'm)=h[f+h"(a26—B72)74]ID, (14)
stantsh andh’ as free parameters of the model in the region ~ o —
of their relatively small values. T(pm—K*K)=hTazy+ B35]/D. (15)
The summing up of the loop diagram chains can be easily ~ 2 5
carried out by using the matrix equation for the auxiliary T(pm—nm)=hTaa+yy,—h"(ads—Bsy)
amplitudesT;; , X (a18,— B1v4)]/D. (16)
Tl'ijzhi,-JrhimHmfl'nj, (8)  In cases(i) and (ii), the combinatiorh?(a6— By)=0 [see

Egs.(5), (6), and(7)], so that the contributions proportional
which is shown schematically in Fig. 2. The auxiliary ampli- tg that vanish in EQs(10)—(16) and, as one can see, all the
tudesT’ij pertain to the hypothetical case when all the par-formulas are essentially simplifig¢ébr example, the numera-
ticles in the reactions are spinless, but otherwise they are ther in Eq.(13) becomes simply equal toa, since, according
exact analogs of the physical amplitudés designated in  to Eq.(9), h?(a 83— Bsy) =h?(ad— By)11,].
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Let us now take into account the spin of the particles. TN (p07z~— y7 )
Consider the three different processes ~
= GMVTUeéLA)ququT/ (p7T—> 7777)
p°(K)+ 7 () —p°(k) + 7 (qy), 17 =—(8\ 11+ 6y _1)iV/s/2|q4||qs|sin 6T (p— 77),
(21
0 — —
p (K)+a (q1)—7(dz) + 7 (q), (18) R .
! ? : T(npm —nm )=|q|?cosdT’ (nm— nm), (22
(19) where\ (\') is the initial (final) p meson helicity and is
the angle between the momenta of the initial and final pions
in the reaction c.m. system. Certainly the dimensions of all
Let Q=k+q,=k'+Qq;=0,+0q3=p+q and s=Q?>. physical amplitudesl in Egs. (20)—(22) are the same: the
Straightforward calculations with the help of the Lagrangianamplitudes are dimensionless. At the same time, as is seen
(3) of arbitrary terms of the relevant diagram series results irfrom Egs.(20)—(22), The invariant amplitude$’ have dif-
the following Lorentz structures and angular dependences fderent dimensions in the/P—VP, VP—PP, and PP
the corresponding physical amplitudes: — PP channels. These invariant amplitudes are obtained di-
rectly from the corresponding auxiliary amplitud@s[see
A O O Egs. (10—-(16)] by substituting the physical dimensional
T M(prm —p ) coupling constanth andh’ from the Lagrangiar3) and the
following expressions for the-wave loop integrals:

n(p)+7 (4)—n(d2)+7 (ds).

— ey € QUK T €T, e ik (pm— prT)
w (1 prT=(MHL 1 2 4s, i=1,4 (VP loops,
:(5)\,+1+5>\,71)(5>\',+1+5>\',71)(3|Q1|2/2) Hi_ﬁgFix 1, i=2,3 (PP loops, @3
X (AN +cosO) T (pmr—pm), (200 where
|
s? (= [Pi(s)]%ds’ (s—m2)¥(s—m? )32 [ Js—mZ —\s—m?,
Fi=Cy+sCi+ — =Cy+sCy+ In +im
- Cowl s (s —s—ig) | 8ms? Vs—mZ +\s—m2,
1 1 m,—m_\|mhm®  3mim? 3
+— In - (M +mZ)+—(m’ +m’ +6mZ m?)
4 2mi+mi_ mi++mi_ 52 2s 8
s(m?, +m?.) mZ,m> 5 s(3m’, +3m"_ +38m?, m2.)
—— (M —10mm +mi) |+ —~(mf+mi)+ (24)
16mZ, mZ_ 2s 8 48m?2, m?_

HereP;(s)=[(s—m?,)(s—m? )/(4s)]"% m;, (m,_) isthe  we can leave only th€,;, and C,, ones, settingC,;=Cy,

sum (the differencg of the particle masses in channgbnd  =0. Just this will be done in most variants considered below.

C,; andC,; are the subtraction constants. Note that the exA simplest way to discover “by hand” a possible resonance

pression(24) is valid for s=m?, . In the regionsm? <s  situation is that to find zero of RBY) at fixed values oh, h’,

<m?, ands<m?_, it changes according to analytic continu- andy/s, for example, at/s=1.43 GeV[see Eqs(11)—(16)].

ation [56]. In so doing the left free subtraction consta@ts andC, are

not uniquely determined. For example, in cagg¢sand (ii),

the condition ReD)=0 gives only a relation of the type

Cio=(&1+&,C1)/(€3+ E4C1p), Where & are the known

numbers. However, this is not the weak point of the model;
First of all let us note that a number of free parameters iron the contrary, this allows the shapes of the resonance

the present model can be reduced essentially, leaving its peurves and the relations between the absolute cross section

tentialities almost unchanged. So we shall assume@hat Vvalues in the different channels to be easily changed by

=Cy4, Cy=C,, for the VP loops andC,,=Cy3, Cpy  changingCy;.

=C,5for PP loops. Moreover, near a feasible resonance, the According to the detailed analysis performed in Refs.

smooths dependence of the combinatiofig; +sC,; is not  [36—40,43, the acceptable tentative values of the parameter

of crucial importance. Thus, as the essential free parametefs= Fih (where F_.~130 MeV) lie within the range|T1|

IV. ANALYSIS OF THE POSSIBLE
RESONANCE PHENOMENA
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25 () 2 1w
. 2: p'n >am
g 201 3: e -
g 4: p'n -> KK |
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FIG. 3. The cross sections of
5 the reactions p°m —p°m,

J PP —qm, P =g,
and p’7 —K*°K~ and the

1 phases of thepr—pm and pm

— no amplitudes for casesi),
(i), and (iii). The correspondence
between the curve numbers and
the reaction channels is shown
. just in the figure. The values used
of the parameters are listed in
12 14 16 18 20 Table I.
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<0.4. To illustrate the existence of the resonance phenomerfaur reaction cross sections(p’m —p°w~), o(p°m"
in our toy model we are guided by the valuestofandh’  — 77 ), o(p’7m —n'w"), and 0(90777—>K*0K7)_ and
=F3h’) near 0.1. We would like particularly to emphasize for the phases of the m—pm and p7— nm amplitudes
that, in fact, the resonance phenomena are possible in tHgote that the inelastic amplituger— 7 is defined only up
[R'|) increases from 0.1 to 0.4, the distinct resonancelikéogether with Table I, illustrate the resonance effects when
enhancements in the reaction cross sections move into tHB€Y concentrate mainly in the region&~1.3-1.4 GeV
region \s~1-1.3 GeV. Note that the unitarized amplitudes@nd \/3*1_-5_1-5 GeV, respectively. As a rule, the channel
essentially depend on the second and fourth powers of cogt™— 77 is dominant in casé), when all considered ampli-
pling constants and therefore are very sensitive to changes tifdes belong to th¢10} —{10} representation o8 U(3). In
[h| and[h’]. case(ii), when the amplitudes belong to the octet represen-
In Figs. 3 and 4, we show the typical energy dependencedation of SU(3), the main channels are thgm—pm and
which occur in our model for casé®, (i), and(iii), for the =~ p7— n' ones. In caséiii), whenh’=h and the Lagrang-
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FIG. 4. The cross sections of
the reactions p°m —p°7~,
p°r —qgm T,  plm—y'm,
and p’7 —K*°K~ and the
phases of theom—pm and pm
—ym amplitudes for casesi),
(i), and(iii). The correspondence
between the curve numbers and
the reaction channels is the same
as in Fig. 3. The values used of
the parameters are listed in Table
Il.

ian (3) possesses additional nonet symmetry, the cross segnd everyo is the integral of the corresponding cross section

tions for all channels except th€*K one turn out to be gyer the s range from 1.2 to 1.8 GeV, where an enhance-
comparable, and the general situation is rather complicategqent concentrates.

The branching ratios of the presented resonancelike enhance-

ments to thep®nw — (p°7~, p7~, »'7~, K*°K™) chan-

Let us now compare the cross section values shown
in Figs. 3 and 4 with those ofa,(1320) resonance

nels are listed in Tables | and II. Such characteristics for theyroquction. Using the tabular branching rati¢] we
complicated broad resonance structure can be defined as fQfat ¢(p%7 —a,—p°7 )~5.7 mb and o(p°7 —a,

lows. For example, B(p°7)=o(p’m —p°77)/3,

B(ﬂwf):;(poﬂ'fe nm )%, etc., where
> =20(p’m —p°m )+ o(p’m —pm)

+o(pm = 7 ) +20(pm —K*OK ™)

—nm )~2.36 mb atys=m, =1.32 GeV. Taking also

into account the ratio of the factors 2 1)/|k|? for
thea,(1320) resonance and for te=1 enhancement found
at \s~1.3—1.4 GeV, or a/s~1.5-1.6 GeV, we can con-
clude that we are certainly dealing with the resonancelike
behavior of the ©(JP€)=17(1"") exotic waves in the re-

014017-7
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TABLE I. The parameter values of the model for the curves in FifC 3.andC,, are in GeV; the other
parameters are dimensionless. Also, in the four right columns, the branching ratios of the resonancelike
enhancement obtained to the partial channels are presented.

Cases F3h Fh"  Cy Cy Cy Cyp B(p%77) B(npm) B(n'm) B(K*°K)

(i) 0.10746 0 017 0 125 O 0.2377 0.3614 0.0125 0.0754
(i) 0 0.10746 034 0 067 O 0.3259 0.0890 0.1924 0.0289
(i) 0.10746 0.10746 049 0 050 O 0.2534 0.3619 0.1276 0.0019

gion 1.3</s<1.6 GeV, at least, in thew, nm, andp’' 7 photoproduction (and electroproduction processes, for
channels. example, yp—p’m AT sata AT, yp—pPmtn

The most appreciable manifestation of d¥(J°®) —# 7 «"n, yp—n='n, and so on, which go at low
=17(1"") exotic state in the mass region 1.3—1.4 GeV hasnomentum transfer mainly via the Reggeized one-pion ex-
been observed in thgz° channel in the charge exchange change mechanism. Indeed, the existing data on the reactions
reactionm p— n7°n at 32, 38, and 100 Ge¥/[11] (cur- yp—plmr ATt st AT and yp—p°mrn
rently the exotic states of such a type are denoted most com=, 7+ 7~ 7*n show a clear signature of the(1320) reso-
monly asm,). It was found that the intensity of the, signal  nance and the appreciable enhancements in thenfass
at its maximum in this reaction is only 3.5 times smaller thangpectra in the range 1.5-2 Gé¥8]. However, they do not
the corresponding intensity of the(1320) signal. Itis very  yet allow certain conclusions to be made concerning the

essentigl_ th?]aZ(BZO)_ prodpct:on an?:l productionlbot_h presence of the exotic wave in ther system and further
pRrocee_ in this (;]ase waﬁatr?lng e m”ec anism, ?ame Y, V'f_‘t fﬁvestigations of the above reactions are needed.

eggeizedp exchange. If ther, really represents a compli- — z4 o hresent time an extensive program of the search for
cated structure of thgqqq or qqg type, then the fact that

the roduction cross section in the charge exchange rea the exotic m, states in photoproduction experiments with
tionwﬁaz been found fully comparable witﬁqthat of thge con-%igh statistics and precision is planned for the Jefferson
y P Laboratory [6,14,15,18-2D A careful study of themr;

ventional qq resonancea,(1320) is certainly strong evi- — v radiative decays in hadroproduction from nuclei via

dence for the resonance nature of the observed exotic sign%1 . . :
: : . e Primakoff one-photon exchange mechanism is also
On the other hand, the intensity af, production in the planned with the CERN COMPASS spectromefsg]. A

n»~ channel in the reactions ™ p— 77~ p at 37 GeVt [3] . ; i
and 18 GeVé [12] has been found to be about 15 and, re_c;ollectlon of the data ofry photoproduction, electropr_oduc
tion, and hadroproduction and on the decays of#hento

spectively, 30 times smaller than tleg(1320) production . : . 4
b y e ) P gpm will also allow for the first time to verify the vector

intensity. This is evidently due to the more complicate , , .
mechanism of the reactiomp— 77 p than that of the Meson dominance model for states with exotic quantum

charge exchange reaction. In fact, there are three competif/mpers. _ _
Regge exchanges with natural parity in this reaction:ghe  Summarizing we conclude that our calculation gives a
exchange, thé, exchange, and the Pomeron one. Also, as idurther new reason in favor of the plausibility of the exis-
known, the last two are dominant in the caseagf1320) tence of an explicitly exotic resonance with(J"°)
production[57]. Note thata; production can proceed via =1 (17 7) in the mass range 1.3-1.6 GeV. Currently two
Pomeron mechanism only owing to the octet component oexotic states at 1.4 and 1.6 GeV are extensively discussed in
the 1. However, if this component is small, that is, if thg the literaturg[ 7—20]. In our scheme one does not succeed in
belongs mainly to thé10}—{10} representation o8U(3), simultaneously generating both the 1.4 and the 1.6 reso-
then 7, production via Pomeron exchange has to be suphances, although the variants with a “fine structure” exist
pressed. [see, for example, the cross sections for d@isgin Figs. 3
Another opportunity to observes,; anda,(1320) forma- and 4. Such a “fine structure” will be smoothed by the
tion with comparable cross sections appears by usingxperimental resolution and we cannot certainly say about

TABLE Il. The parameter values of the model for the curves in FigC 4.andC,, are in GeVf; the other
parameters are dimensionless. Also, in the four right columns, the branching ratios of the resonancelike
enhancement obtained to the partial channels are presented.

Cases F3h F’h"  Cyu C, Ci Cyp B(p%77) B(npm™) B(n'm) B(K*K")

(i) 0.10746 0 018 0 076 O 0.1616 0.4634 0.0217 0.0959
(i) 0 0.08417 033 0 078 O 0.3032 0.0804 0.2184 0.0474
(i) 0.10746 0.10746 0.11 0.11 0.11 0.11 0.2429 0.3686 0.1356 0.0050
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two resonances. The question may be raised as to whethpresent the situation with the two exotic resonances at 1.4
this is a crucial result. It is not improbable that the inclusionand 1.6 GeV is not yet finally arranged.

of theb,7 andf,#7 channels, where the exotic signals have
also been found, can change the situation. However, the is-
sue of the additionab, 7 andf, 7 channels remains open in
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