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A.A TPITOPAH, T'.H.XAYATHIH

JKS0TVYECKME IWIEPCHH B ITPABAIAX
CYMM IJI1 PACCEAHWA PEIEECHOB HA YACTMIAX

Ceepxcxommmuecd npasuia cymy (CIIC) mia aMmIETyn paccesHms
PEInXeOHOB Ha YACTHIAX NPUMEHANTCA K MCCHeNOBAHEK B3ammogeficT-
BHA THIEPOHOB ¢ § , A, , §1 - pemxeonamz. [IpOrEMOHCTPHpOBA~
HH OpelcrasaTeghiHe Bo3MORHOCTE Meroma CIC. IlokasaHo, 9TO pac~
cMaTpuBad paccesHEe Ha /A - THNEPOHAX, MOXHO IDHATH K BHBOLY
0 cymecTBOBaHEM 2. ¥ Z‘(I385) - TROEpoHOB. lIpelCHa3aHuA
CIC n1q OTHOWEHMA WHDHH DACUANOE =*(1385)~ X9 » £'(1385)—~
AT xopowo COrjacywrci ¢ SKCOepHMMeHTOM. llociemoBaTelbHOe IpH-
meHenue Metona CIC k mpoueccam paccedHHs pemxeoHoB ¢ I = 1
Ha TUIEpPOHAX CO CTPARHOCTHL S = - 1 ODHBORHET K IDeNCKASAHHD
SK30THUecKEx cocTosmm#t ¢ 1 » 2. B wactHoctw, mpx 1 = 2 mpen-
CKa3HBaeTCH CYMeCTBOBAHEE HEYX DE30HAHCOB CO cImHamm S = 5/2,
3/2 ¥ IONORWTENBHO! YACTHOCTHN.AHANASHPYRTCS CBOKCTBA 9THX pe-
30HAHCOB M BO3MOKHOCTH HX SKCIEDEMEHTAJbHOr'0 NOXCKA B peaKim-
AX pacCeAHWA Ha3ax, a Taxke B Ipouecax Ha £ ~ myduRax. Jaorcs
TEeOPeTHYeCKHREe OICHRE CeueHH# 3THX npoueccob. OCCyxmapmTCA pe-
3yJbTaTH mpumeHenmd CIC Kk HpoueccaM DAcCesAHHA DEIXEeOHOB C
T = I Ha THOEpPOHAX CO CTPAHEOCTHD S=- 217 - 3.

EpeBaHCKuif (A3AYeCKER ERCTE™VT
Epepan 1954
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EXOTIC HYPERONS IN SUW RULES FOR R 3GEORS
SCATTERING ON PARTICLES

The superzonvergent sum rules (SSR) for the reggeon-par-

ticle scattering amplitudes are applied to the investigation of
interaction of hyperons with ?,.ﬂz)ﬂ -reggeons, The predictive
possibilities of the 55R method are demonstrated. It is shown
that from.the sum rules for the ] =1 reggeons scattering on A
-hyperons follows the existence of 2 and Z*(1385) nhyperons. The
S3R prediction for the Z*(‘IBBB) -+ A9l and Z*(138".)-~v Sdecnrn
ratio agrees well with experiment. The successive application of
the 5SR method to I =1 reggeons scattering on hyperons with
strangeness § =-1 leads to the prediction of the exotic states
with I»2. 1In particular, for I =2, two resonances with spins

S =5/2, 3/2 and positive parity are predicted. The properties
of these resonances are analyzed. The experiments to search for
them in backward scattering and in 2 -beam processes are pro-
posed. The theoretica. estimations of these processes cross sec-
tions are given, The application of the 35R to the processes of

Y =1 reggeons scattering on hyperons with strangeness § =-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 $= 1,-2,-3 and
increasing spins and isospins., The properties of these reso-
nances are investipgated and the possibilities of their ezpegi-

' mental search are discussed,

Introduction
The problem of exotic (multiquark) states hes recently

acquired a peculiar significance, The existences of exotlc
resonances is predicted in a variety of theoretical models:

in the Chew-Low bootstrsp model (1], in the uwodel of bags[é],
strings[j], in the dual[4) and quasi—nucleax[5] anprhscaes, iz
the soliton model of baryonsl}]. The »nroblem of 2xotic statac
may turn out crucial for the verification of adeqguacy of cn=2

or another approach.

"W
1

The superconvergent sum rules (SSR) s-proach for t-
plitudes of reggeons scattering on particles witn er:i .
spin and isospin has been developed in (e--.[T EP Tef iies=
cation of this epproach to the scattering of Io{(p,2 , %)
reggeons on nuclel and Qyy -isobar has lezi Iz tir ~_zl%2tion
of the existence of é series of exotic harrare mie: f*:?pin

I ? 5/2, soins $=I and positive P -narif'[*-11j A2tiye ove
perimental 1nve$t1gatlon of these statss = . z..r :?rr;ixg
out at present et JIkn and IT:SF, The rezuil

jos~p

ments point out the existence of & swrcup >f resonancsas  with

AW8)



I =5/2 62-15], The width of the lowest resonance (E,z-reco -
rance) azrees with the value predicted from SSR, and the an-
gular 1istributions do not contradict both §= 5/2 and poéi-
tive rzarity. ‘

e .-;ree't interest is the application of the SSR method to
3t1iy tae question on the existence of exotic baryons with non=-
:ers strangeness., The present report is devoted to this ques-
tione Jeetion 1 deals with the sum rules. for the scattering
of re3ceons withI=1(p , A, ) on hyperons with strangeness
§==1, .%t is shown that considering the reggeon A hyperon
scattering, one can conclude that there shoul exist two strange
ayreronc with I =1. The properties of these hyperons predicted
frem . 21200 one to identify them with the weil—known Z(1385)

.. . &a=ryzerons., A successive application of the 3SR method

(34

2> thz -ezttering of I=1 réggeons on hyperons with strange-

ecs § ==1 leads to the prediction of exotic hy.perons withI»2.

3

Two rescnances with spins §S=I + 1/2 and §=I~1/2 and with

53itivs narity are predicted at each isospin state. In Sec~-

3]

tior Z, :ze properties of states withI = 2 are discussed and
thé .experigents ‘are proposed where an effective search for

there states is possible, Section 3 deals with the results of
257 as applied to the investigation of scattering processes or

ayperons with strangeness S= =2, -3,

le w32 and Hyperons with § = =1 Strangeness

in the inwestigations of the strong interactions the cross-

ing=antigymmetric superconvergent dispersion relations for the



reggeon-particle scattering helicity amplitudes can be success;
fully used, The saturation of these relations by the contribu-
tions of §~ and U - channels resonances, dg and d,, results

in numerous equations (sum rules) for helicity residues of

reggeons (Fig.l).

o o el di
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Fig. 1
The main problem in the sum rules pnysics is the choice of
the saturation scheme, In Ref.(9] the SSR for the processes
oL@ —~dyb (a,6=N,833; L,k =9, Az, ﬂ) were conside-
red., It was shown that the saturation scheme, where esach
S(u) channel isospin state Igwy is saturated by the contri -
bution of single state (nucleon in Is(u)=1/2 and Az in Igy,=
= 3/2), is self~-consistent and leads to predictions which agree
well with experimental data.
Let us now discussg the saturation scheme in the case of
scattering on hyperons with § = ~-1. Consider the reactions
LA — e A (1.1,
of I =1 regseons scattering on A -hyperon which is the low-
est state among bar&ons with § = -1. Saturate the sum rules
for these reactions by contributions of resonances Z:m . Next

consider 3SR for reactions (i.71) and



o & Tk 2o : (1.3)

saturating Ig.,= O by contribution of A, and Ig,=1 by those
of Zn

The analysis shows that SSR for reactions (1-1)-(1.3) can
be saturated by the contribution of two states in Is(u)" 1:
" with spin §=3/2, £ with §=1/2 and positive parit.
As in the case of N and Ay, [9] the 53R solution is self-
sonsistent in the limit ° Mge = Mg = M, Identifying £*
and X with the well-known X (1 385) and Z -hyperons, we
get the SSR prediction for the decay widths ratio

® -
(=7 c1385)=AF _ (1.4)
(=" (1385)— =T ~

which agrees with the experimental data.‘.-.. Such agreement testi.
fies to the correctness of the chosen saturation scheme*).

The consideration of SSR scattering of [ = 1 reggeons on
ind Z’(1385) hyperons leads to the conclusion that two exotig
states with §=-1 and I=2: Se(823/2) , S; (s=5/2)
nust exist., Analyzing the scattering on Sg and S: one can

show that the states with T =3 should be taken into account to

*) The consideration of the sum rules for the amplitude B of,
G ~N I scattering shows[16] that the contribution of
high-lying states to this amplitude is indeed small.



satisfy SSR., A succesasive use of this procedure leads to the
I
conclusion of the existence of two series of resonances(S-PV:)
I
end (S:=I’92)- SSR sllow one tn determine the interaction pro-

iperties of these resonances and, in rarticular, their decay

widthe.
AR CL L
(5=I"/a)"'(s=1-1-1/e) o (1.5)
[T sonit =g 2I°1
T -1 S(eETNVB (1.6)
S=Iﬂ/a)—-(sq-,.,/a) e = ) PI™ amern
" E*'gA 1
s t Nea<( ")”"’ EETReRy)
S=I+if2 —=|s=1-12 s

, n
2. Properties of Se and Se Resomsnces

\ ,
Let us dwell at greater length on the properties of the

*
exotic hyperons SE and Sg with I =2. The decay modes of
these hyperons are

— Z+q
E
TN £*(1385)+ N1
™ L
Sg T L (1385)+ 4

Table 2.1 lists the values of these decays widihs et 44if =
ferent values of Mse and Ms; .
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Fig.2.1 : Fig. 2.2

»
For the experimental study of S_ end Sg , the backward

E
scattering processes on I and K beams should be efficientbti
The diagram corresponding to these processes are saown in Figs.
2.1 and 2.2,

The use of the z:-beams will enable one to proceed active
search for the Se and 5: states in the forward scattering

processes. ror example, to observe SE and S& one should

study tine reactions shown in Pigs. 2.3 and 2.4.

z == = y--
Se z st
ar-
n P n p
Figc 2.3 .“ig.?..“



Using the 33R predictions one can estimate theoretically
the cross section corresponding to. the mechanism shown in

Pig.2.3. Fig.2.5 presents the results of our calcula’ions.

e e i B AU R e e s —T
teds Fig.2.5 R an (GeVL)

A8 is seen from Fig.2.9, the efficicnt search for the
strenge exotic resonances is possible in the reactions on z
-beams in the wide range of energies, The production mecha-
nism ef S: in the reactions on Z beams is analogous to that
of Egg in the NN-collisions ‘['17'1. The calculations of the cross
section corresponding to the diagram of Fig. 3.4 have been
carrying out at present.

2, SSR and Hyperons withS=-2,-3

The problem of saturation of the sum rules for scattering
~
of I=1 reggeons on =, and LL hyperons seem to be more complica-
> . H

Z2de Congider, first, the scattering on . hyperons. 3ince
isospin IE= IN » then the minimum saturation scheme in this
case can be analogous to the case of the scattering on nucleon
and Ay [9.10], where isospin Iscu)=1/2 was saturated by the

contribution of N , and Igqj=3/2 by tihat of Agg -isobar. Ir

2



the case of § =-2 the state wita I=3/2 is exotic. Thus, thexe
exists e general solution of 5SR competely coincides with [11];
there arises however the question of E;‘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 rego-
nances contribution to the amplitude B of T~ —9 = scatcering,
which cen verify the correctness of the chosen saturation ;
scheme, as irn the case of JIN—§IN [18] and I —9Z [161 scat-

lerings, Irn thls ccnnection, we have considered the version

»
‘here tcth o snd o~ hyperons contribute to Isws1/2. The

-

33R general solution has in this case & rather complicated form.
3ote only, that/at such "input", there arise three resonances
ir the exotic stgte with I =3/2. The further iteration brings
us to Iwo solut"ions. One of them correspcends to the case when
1t each I +three resonances with spins I -1,I ,I+1 are needed,
and in the second one the number of resonances increases with.
I . Iote that the choice of one or another saturation scheme

=gt _”l:!l
L~

. , . et &
iepeg‘as on the relation between G and G o For ex .

sredicted, lwhile in the second version

tn

[¥8

X=\3/2 (3.2)

10



As to the scattering of I =1 reggeons on Sl -resonance,
both § and U =-channel states have only exotic quartum numbers
(S ==3, I=1)., 1In this case, there is a self-consisten satu-
ration scheme, where the contribution of three states with Qe

=1/2, 3/2 and 5/2 a2nd positive parity should be taken irto ac-

¢count,

11
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