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А . А . И Ш Ш Ш , Г.Н.ХАЧАТРЛН

ЭКЗОТИЧЕСКИЕ ПШЕРОШ В ПРАВИЛАХ

СУММ ДЛЯ РАССЕЯНИЯ РЕДЖЕОНОВ НА Ч А С Щ А Х

Сверхсходящиеся правила сумм (СПС) для амплитуд раосеяния

реджеонов на частицах применяются к исследованию взаимодейст-

вия гиперонов с f , Я
г
 , 57 - реджеонами. Продемонстрирова-

ны предсказательные возможности метода СПС. Показано, что рас-

сматривая рассеяние на А - гиперонах, можно прийти к выводу

0 существовании I и I (1385) - гиперонов. Предсказания

СПС для отношения ширин распадов Z. (1385)-*-2Г$7 и £ (1385)-*"

Л9Г хорошо согласуются с экспериментом. Последовательное при-

менение метода СПС к процессам рассеяния реджеонов с I = I

на гиперонах со странностью S = - I приводит к предсказанию

экзотических состояний с I > 2. В частности, при 1 = 2 пред-

сказывается существование двух резонансов со спинами S = 5/2,

3/2 и положительной частностыо.Анализируются свойства этих ре-

зонансов и возможности их экспериментального поиска в реакци-

ях рассеяния назад, а также в процесах на Е - пучках. Даюто.

теоретические оценки сечений этих процессов. Обсуждаются ре-

зультаты применения СПС к процессам рассеяния реджеонов с

1 = I на гиперонах со странностью S = - 2 и - 3.
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A.A.GRIGORYAN,G.N.KHACHATRYA.\'

EXOTIC HYPSHONS IK SU?.: rtUI,S3 FOR Rn -GEOKS

SCATTERING ON PARTICLES

The superconvergent sum rules (3SR) for the reggeon-par-

ticle scattering amplitudes are applied to the investigation of

interaction of hyperons with О , .й
г;
9Т-reggeons. The predictive

possibilities of the S3R method are demonstrated. It is shown

that from the sum rules for the I =1 reggeons scattering on Л

-hyperons follows the existence of Z. and E (1385) hyperons. The

H3R prediction for the Z (1385) -*- AST and 51 (1 38".)~- 2"21 :ifca/r;

ratio agrees well with experiment. The succeseive application of

the SSrt method to I =1 reggeons scattering on hyperons with

strangeness S =~
1
 leads to the prediction of the exotic states

with 1 ^ 2 . In particular, for I =2, two resonances with spins

S =5/2, 3/2 and positive parity are predicted. The properties

of these resonances are analysed. The experiments to search for

them in backward scattering and in 21 -beam processes are pro-

posed. The theoreticao. estimations of these processes cross sec-

tions are given. The application of the 35R to the processes of

1=1 reggeons scattering on hyperons with strangeness S =-2 and

-3 is discussed.
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It is shown that from the sum rules for the reggeon-par-

ticle scattering amplitudes follows the existence of the multi-

quark hyperon resonance series with strangeness S = 1,-2,-3 and

increasing spins and isospins. The properties of these reso-

nances are investigated and the possibilities of their experi-

mental search are discussed.

Introduction

The problem of exotic (multiquark) states has recently

acquired a peculiar significance. j?he existence of exotic

resonances is predicted in a variety of theoretical models:

in the Chew-Low bootstrap model [1] , in the uioial of bags[2] ,

strings £3}» in the dual [4J and quasi-nuclear[5] approaches, in

the soliton model of baryons |.6J. The problem of sxotic stster

may turn out crucial for the verification of adequacy of one

or another approach.

The superconvsrgent sum rules (SSR) approach for t'-s •.-

plitudes of reggeons scattering on particles .•.•it'-1 erti . \

spin and isospin has been developed in 2iefa.f7,6jl I-.c \ .--.--

cation of this approach to the scattering of 3L9 i{ft&i»3)

reggeons on nuclei and Д
э з
 -isobar has 1з?.п tc *. :-? ~.-s :**tian

of the existence of a series of exotic b-»r/Tf •<»£r: !-r?pir

Z> 5/2, spins S=T and positive P-parit..'fi-^ij. .,:!!•;? ex-

perimental investigation of these stat3? •: .. .-̂ .r :irryi:.o

out at present at JINii and II^P. The re;-i;j jf •:.:e;.e experi-

ments point out the existence of e. ̂ о-лр of гезэпапсэг .vit'.i



I «5/2 627I5]. The width of the lowest resonance(£55-reso -

nar.c«) a.jrees with the value predicted from 3SR, and the an-

Sular -Ustributions do not contradict both S = 5/2 and posi-

tiv» parity.

.f .̂ reat interest is the application of the SSR method to

atui/ the question on the existence of exotic baryons with non-

zero strangeness. The present report is devoted to this ques-

tion, Jection 1 deals with the sum rules, for the scattering

of reasons withl = 1(p * Я
а
,5Г ) on hyperons with strangeness

8«-1, Л is shown that considering the reggeon Л hyperon

scattering, one can conclude that there shoul exist two strange

liy.^ronc .vith 1 = 1 . The properties of these hyperons predicted

fru-a *»~.-. allow one to identify them with, the well-known 21(1 385)

: ". H«?/peron8, A successive application of the SSR method

' 0 tiis -csttering of 1 = 1 reggeons on hyperons with strange-

г.е?з S =-1 leads to the prediction of exotic hyperons withl>2.

T.vo re^snances with spins S = X + 1/2 and S=I-1/2 and with

positiv? parity are predicted at each isospin state. In Sec-

tion 2, she properties of states withl» 2 are discussed and

the e
X
p

e r
i

Q
ents are proposed where an effective search for

there states is possible. Section 3 deals with the results of

j'j?. is applied to the investigation of scattering processes or.

hyieroas ?ith strangeness S* -2, -3.

1. J3R and Нурегопв with S = -1 Strangeness

In the investigations of the strong interactions the cross-

ing-ant i^ynsnetriQ superconvergent dispersion relations for th£



reggeon-particle scattering helicity amplitudes can be success-

fully used. The saturation of these relations by the contribu-

tions of S - and u - channels resonances, d
8
 and d

u f
 results

in numerous equations (sum rules) for helicity residues of

reggeons (Pig.1).

Fig. 1

The main problem in the sum rules physics is the choice of

the saturation scheme. In Ref.f9'J the 3SR for the processes

o6
t
a-*oC

K
6 (a,& = N , a

3 3
 ; L,K = 5», Л

г
, 5Г ) were conside-

red. It was shown that the saturation scheme, where each

S С
 u
) channel isospin state Iscuj

 i s
 saturated by the contri -

bution of single state (nucleon in 1
8 1 и )

 = 1/2 and Д
э з
 in I

S
(

U
)~

= 3/2), is self-consistent and leads to predictions which agree

well with experimental data.

Let us now discusa the saturation scheme in the сазе of

scattering on hyperons with S
 =
 "^• Consider the reactions

0С1Л — <*
K
A (i.i,

of 1 = 1 reggeons scattering on Л -hyperon which is the low-

est state among baryons with S
=
 ~1 • Saturate the sum rules

for these reactions by contributions of resonances £.m • Next

consider SSR for reactions (1.1) and



(1.2)

^ (1.3)

saturating Ig(
U
)= 0 by contribution of Л * and X$(u)-1 by those

The analysis shows that SSR for reactions (1-1)-(1.3) can

be saturated by the contribution of two states in I
S
,
U
)= 1:

£ with spin S=3/2, £1 with $ =1/2 and positive parity

As in the case of N and д „ Гэ] the SSR solution is self-

consistent in the limit ' M £ # « Mj. = М
л
 Identifying E *

and £ with the well-known 2L (1385) and Z-hyperons, we

get the SSR prediction for the decay widths ratio

.ал п.4)
Г*

т
 (1385) —

which agrees with the experimental data., Such agreement testi-

fies to the correctness of the chosen saturation scheme*).

The consideration of SSR scattering of Is 1 reggeons on

ind Z. (1385) hyperons leads to the conclusion that two exotio

states with S =-1 and 1=2: S
B
(S*3/2) , s£(S*5/e)

oust exist. Analyzing the scattering on S» and SE one can

show that the states with 1*3 should be taken into account to

*) The consideration of the sum rules for the amplitude В

9УГ"*ЭТГ scattering shows[16] that the contribution of

high-lying states to this amplitude is indeed small.



satisfy SSH. A successive use of this procedure leads to the

conclusion of the existence of two series of resonances(s*X-V!!}

and (з=Х*1/г)* SSR allow one to determine the interaction pro-

iperties of these resonances and, in particular, their decay

widths.

(1.5)

2. Properties of Sg and Se Resonances

\

Let us dwell at greater length on the properties of the

exotic hyperons S
e
 and S

E
 with I =2. The decay modes of

these hyperons are

s* —*- z

Table 2.1 lists the values of these decays widths et dif

ferent values of Ms_ and M
s
* .
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Fig.2.1

For the experimental study of S
E
 and Sg » the backward

scattering processes on SI and К beams should be efficient fro]

The diagram corresponding to these processes are shown in Pigs.

2.1 and 2.2.

The use of the 51 -beams will enable one to proceed active

search for the S
E
 and S

E
 states in the forward scattering

Sc one shouldprocesses. Уor exaaple, to observe Sg

study the reactions shown in Pigs. 2.3 and 2.4.



Using the 33R predictions one can estimate theoretically

the cross section corresponding to.the mechanism shown in

.Pig.2.3. Pig.2.5 presents the results of our calculations.

AS is seen from Pig.2.5, the efficient search for the

strengs exotic resonances is possible in the reactions on S.

-beams in the wide range of energies. The-production mecha-

nism of SE in the reactions on £ beams is analogous to that

of E s s in the NN-collisions [17'j. The calculations of the cross

election corresponding to the diagram of Pig. 3.4 have been

carrying out at present.

3. QSR and Hyperons withS=-2.-3

The problem of saturation of the sum rules for scattering-

of 1=1 reggeons on CL and _TL hyperons seem to be more complica-

ted, oonsidar, first, the scattering on 2 hyperons. Since

isoapin I C 1
S I N , then the minimum saturation scheme in this

case can be analogous to the case of the scattering on nucleon

and Д
3 3
£9,10], where iso3pin IS(u)=1/2 waa saturated by the

contribution ofN , and Iscu,= 3/2by that of Д
? 3
 -isobr.r. Ir



the case of S =-2 the state with 1=3/2 is exotic. Thus-, thexie

exists a general solution of 35R conpetely coincides with £i1J,

there arises however the question of 2 isobar, which drops

out of the consideration. The lack of the experimental infor-

mation doesn't allow one to carry out the analysis of the reso-f

nances contribution to the amplitude S of SrS "*SrSscattering,

which cen verify the correctness of the chosen saturation

scheae, as in the case of SiN-~SlN [18J andSTE-^STE li6l scat-

terings. In this connection, we have considered the version

where fccth 2 5 П
^ 2 hyper cms contribute to IsflfV2. The

S3R general solution has in this case a rather complicated fora.

1'ote only, that/at such "input", there arise three resonances

in the exotic 3tate with I =3/2. The further iteration brings)

us to rwo solutions. One of them corresponds to the case when

it each I three resonances with spins 1-1,1 , 1 + 1 are needed,

and in the second one the number of resonances increases with

I . Eote that the choice of one or another saturation scheme

depends on the relation between G and G . For ex,.

acple, in the version of fixed number of resonances in each

the value

л - v / G «J3
 ( 3 # 1 )

is :;rsiicted, 'v/hile in the second version

(3.2)

10



As to the scattering of I =1 reggeons on Л-resonance,

both S and U -channel states have only exotic quantum numbers

( S =-3
f
 1=1). In this case, there is a self-consieten satu-

ration scheme, where the contribution of three statee with 9»

=1/2, 3/2 and 5/2 and positive parity should be taken into ac-

count.
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