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DUMEHTAJSEHX NAHHHX. AHAJMSKPyeTCs odujee pelleHMe IPABHI CYMM
L DACCEeAHHT DPefmecHOB o; Ha = & Sl -TMHepOHAX.
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1. Introduction.

Dispersion relations (DR) play a special role in study of properties of
hadron physics. Betng a result of rather general properties of S -matrix
these relations represent, at first sight, only certain connections between
averaged characteristics of processes. However, application of DR in different
regions of strong interactions has shown that they can bring to successful
development of model representations and theoretical approaches which explain
the hadron physics dynamics.

Rather interesting 1s the application of DR to 1nve§tigation of the hadron
classificattion problem. In this connection, the bootstrap hypothesis should
be mentioned. Following this hypothesis, there are certain hopes that all
characteristics of elementary particles can be determined unambiguously,
proceeding from first principles of S -matrix. Chew-Low statistical mode)
was an attempt of bractical realization of bootstrap program. A number of
hopeful results were obtained within this model; however successive calcula-
tion of hadron properties encountered the problems of formulation of intrin.
sically non-contradictory bootstrap procedure and cumbersome mathematical

apparatus.
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The next step in application of DR to the study of hadron characteristics
were finite energy sum rules {FESR) and superconvergent sum rules (SSR) for
particle-particle scattering amplitudes ( ab -ampl{tudes). Together with
the duality concept, these sum rules served as a basis for construction of
logically more closed bootstrap scheme. As an example, it is sufficlient to
mention Veneziané model and dual models,

Successes of the abproach based on FESR and SSR indicate the necess{ty
of systematical anaiysis of hadron properties in the framework of this
approach and, in particular, the importance of spin generalization of the
sum rules.

In Refs. [1,2] there were introduced sum rules for amplitudes of scatter-
ing of X; and o, reggeons on O and B particles with arbitrary spins.
Reggeon-particie scattering amplitudes ( ol -amplitudes) are a generaltza-
tion of particle-particle scattering amplitudes ( ab ~amplttudes) for the
case of non-integer spins of external particles, At the same time the -
amplitudes have the same analytic properties as the ab -amplitudes.

Although the olq -amplitudes are not objects of direct measurement,
nevertheless from the sum rules for these amplitudes there follow the rela-
tions between measurable quantities.

In Ref. [1] 1t was mentioned that finite mass sum rules {FMSR) and SSR
for olQ -amplitudes can be written in the form of commutators for "reaggeon
operators" fl.dj .

The FMSR have the form:

A, Ag + i _ A

[Ql, Qe ]=§ fdg'e (\?,9:,‘12.(,‘}2)9% (1.1)
(0, =-0:0%)

where G; fs ofj reggeon signature, \ 1s upper Timit of integratfon

over Jow-energy region.



Ad:
In case of SSR, -CL° matrices commute
A o Adgt
[7, Q"' 1=0 (1.2

Relations (1.1) and (1.2) represent the reggeon operators algebra and
can form a dynamical basis for calculation of reggeon residues <Q 127.|5>
Of particular interest are SSR (1.2) which do not depend on details of asymp-
totic behaviour.

To take into account @ - and B -state spins, in Ref. (1] a formalism
of § -channel helicity amplitudes in the infinite momentum frame (IMF) was
proposed. A genera! method of SSR extraction for scattering of particles witt
arbitrary spins and isospins was formulated (see Section 2).

When working with the sum rules, the main problem consists in choice of
saturation scheme. We shall saturate SSR with one-particle state contribu-
tions. The saturation procedure {is similar to one suggested by R. Dashen anr
M. Gell-Mann [3) under consideration of sum rules resulting from current al-
gebra.

Consider a commutator [_.Q.di, _Sf“] between O and B particle
states and saturate it with a set of resonances {d } =bd,, woy dn
Further, the same commutator is taken between the particles a,dy; &,dn;
dm,t%u states, where dx, dn are the states from {d} set, and
is sa‘%urated with the sets {d}l . {d }" and so on,

Acquestion arising here is how to determine in a correct way a set of
{d} in each éoncrete case. In the absence of any sufficiently convincing
theoretical argument, as a main criterion of correctness for a saturation
scheme becomes agreement of its predictions with experiment.

Turn to the results of SSR applications to oa -amplitudes. Scatter.
ing of Isl reggeons on N and Aas baryons was analyzed in Ref. [4] . The



o N —"olcN and ;N—=0o(,Ay3 processes (L,K,=9,T, R, )
sere considered, and S(d) ~-channel states with I=1/2 and 3/2 were saturated
with N and A3z contributions, respectively, 1.e. only the Towest states
vere taken into account from the whole possible set of {d} . Results of
this saturation scheme appear to be 1n good agreement with experimental data:
the A,y width, helicity structure of No;B vertices as well as relations
between Not; 8 residues { 6=N,433 ; L=¢,T, A2 ) are correctly
predicted. In addition, this solution satisfies also the SSR for I=1/2 and
3/2 states 1n of; Ayy — A D33 processes.

In Ref. [5] there was aMlyzed the scattering of Is0 reggeons { P , f .
@ -reggeons) on N and Ajag baryons. o N = cleN and of; 833 A,
(i, = P, f, @ ) processes were considered, and SSR for these processes
were also saturated by contributions of only N and A33 . Predictions
of this scheme also agree well with experiment.

1t §s seen that in both applications considered, there is realfzed a
self-consistent closed scheme when under consideration of N and A, -
particle scattering the {ntermediate I=1/2 and I»3/2 states are saturated
with the same particies, without involvement of new ones. .nis fact is rather
nontrivial, since the sets of residue equations resulting from the sum ruies
saturation turn out to be ovarcunstrained.

Successful application of the olQ -amplitude SSR method to processes
of boson reggeon scattering on N and Q33 indicates 1mo}-tance of conside-
ration of other processes in the framework of this method. The present paper
is devoted to sum rules as applied to Scattering processes of I=1 reggeons on

strange baryons *. Section 2 presents the results of Refs. [1,2], necessary

* Some of the results presented here were published ssrlier in Ref. [6] .




for further anaiysis. In Sectton 3 the sum rules saturation scheme for scatter-

fng of S =-1 hyperons is grounded. The contribution of & -pesonances to
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the imaginary part of amplitude B

among S =-1 baryons - A hypercn §s considered, 1t turns out that sum

of pion scattering on a lowest state

rules for Im B ,(,‘:\) are saturated mainly by the contributions of twe
lowest states - 2 (1193) and Er(1385) hyperons. The contribution of
high-lying states car be negiected {(a similar situation takes place also in
sum rules for B:l: amplitude of TN >IN scattering where the con-
tributions of lowest N and A (1232) states dominate}.

Although B;:,f amplitude 1s not cuperconvergent, one can naturally
expect that 2 simflar saturation scheme is valid also for SSK for I=1 reggeon
scattering, since just in the SSR, the contribution of high-lying states must
be suppressed, So, we will ssturste the SSR for o; A —~dl, A processes by
contributions of 2 (1193) and Z*(XSBS) rasonances. Consider, next,
SSR for oA ot Tp o E, ol Ep( Zp, T =X and I
processes and szturate I=G and 1 S(u) -channel states by A ., X and

Z* contributions, General analysis of this scheme ¥s done in Section 4.
It turns out that self-consistency of sum rules requires introduction of
I > 2 states (exctic baryons with S «-1 strangeness), in each I two hary-
ons with J = Iz1/2 and posttive parity betng predicted.

The considered scheme brings to definite predictions for § =-1 hyperons
Interaction characteristics: helicity coupling vertices with I»1 reggeons,
decay widths. Ratios of =" —= ZT and 5"~ AT decays widths

L)
A and GETA

aswellas of G ° constants, which can be compared
with experiment, are in good agreement with experimental data. The other SSR
predictions can be checked in hyperon-beam experiments,

Hence, just as in case of scattering on N and A3 , the SSR satura-

tioh scheme for processes eof I=1 reggeon scatteﬂng on S =-1 hypsrons



turns out to be logically closed in all sum rules for o0 —= &y b
( ab <A , & and =" ) processes; cne can saturate the states with
I=0 and 1 by contributions of the same A , Z and =",

It was mentioned 1n [4] that substitution of SSR solutions for scattering
of I=1 reggeons on nucleons and 1333-$sobar in FMSR for these processes re-
sults in cancellation of the last sum rules. This points out the consistency
of the SSR-based approach to that of Ref. [7] where 1t was assumed that in
al1 FMSR there works the above-described picture - summary contribution of
nucleon and 1&33—1sobar is small being locally dual to Regge contribution,
Similar consistency between SSR and FMSR takes place alsc for I=1 reggeon -

S = -] hyperon scattering. Moreover, 1t turns out (see Section 5) that
starting with scattering of I=1 reggecns on  Q (1/2,1/2, +) state with
1=T3 = 1/2 and positive parity (nucleon) as well as on (0, 1/2, +) state
with 120, T =1/2 and positive parity ( A -hyperon) and accepting the con-
dition that the SSR and FMSR are saturated with the minimal number of reso-
nances, we are necessitated to introduce @ (3/2, 3/2, +) as well as

a(l, 3/2, +) and Q(1, 1/2, +) states. The quantum numbers as wall as pro-
perties of these states predicted from sum rules allow one tc identify them
fth A,y , ™ ama resonances, respectively.

Section 6 1s devoted to o Q -amplitudes sum rules as applied to scatter-
ing of I=1 reggeons on hyperons with S =-2 and -3, Saturation schemes and
corresponding solutions of sum rules are discussed,

Series of states predicted in (8] and 1n this paper coincide with repre-
sentations of non-compact Uy (2)QDSU6 (2) x Tg group where Tﬂ fs a group
of translations introduced in Ref. [9] under analysing of strong-coupling

1imit 1n static Chew-Low mode) (see Conclusion).
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2. Superconvergent Sum Pules for ofla -Ampiitudes.

The superconvergent dispersion relations for the (&  .scatter{ng am-

plitude have a usual form:
oo (=}
( didk 3 2 a2 4. .
\ij Tas (9 %x’q y¥)=0 (2.1,
o

G- Ayl ()
where )= = “« .7 g X is crossing-antisymmetric amplitude
"i'MN a

T

al

=} ool (5D PP
ol - FEKR 1%x
i% K - '{ ab — qu

To take inte account the scattered particle spins, authors of Ref, {1]
considered a formalism of S -channel helicity amplitudes in the infinite
momentum frame (IMF). The vertices of couplirgs of reggeons with particles
and resonances contribution te the sum rules have a simple form in this for-
matism,

Helicity particie-reggeon-particle vertex is as follows:

W-113 " [Ra~de! ig(Ag-Ae) _aad 42
AQAG(Q"):.IQ l e qulg(% ) (2.2)

where G =P~ D, , ¢ s the angle between q* and X axis,

Residues (3 :dai
& a3

o
Tows, the small ( (3"‘)Z are corsidered and quantities G_,lchLg £0)
[

2
(q'* ) have no kinematic singularities. In what fol-

are discussed,
adb
The reggecn residues G Ay Ae have the foilowing symmetry progerties:

adb _ _ySa~Sg"Aatde axs

Gﬂale &Py Ma'le G—A.;:J\s (2.3}
adf T Ag-Ag >~ Bda

: = G(-1) P(~! G

Gi\alg G{ ) ) Ag Aa (2.8)



where & , P , G and I are signature, P - and (G -parities and
isospin of o€ -reggeorn (nonstrange boson trajectories are considered);

N, is intrinsic P -parity of i -particie. Yertices Ef:;‘a describe
an inverse transition b —~ a . For amolitudes of of; , oLk regaeons scatter-
ing on . and B particles with spin, there exist the foliowing SSR [1,2].

a) SSR which take place {f chp~di ~ %k < ~1 |, where Xp {5 the
rightmost in T -plane singularity with the given ¢ -channel quantum num-

bers:

ﬂdndu du“ﬂg

Ix,. %G, © G =
T8 g TAaagn Tagnag Extu 2 Gy g Agn Ag (2.5)
and
[ ad iclg dbdkg - Ladidg dextrx € o +
-ts dg Aa Ag! A “t da e Aa*t TAattag (2.6)
Ql{“du dudis adkdu d"di e
~ - 1=
+ IZ xtu dZ [ "‘TAQAE‘[ At A Agq Aght Aa+ti Ay 4 0
u u

In {2.5) is integer

min ({Aal,[Ael) € [Aa*[(1ng-n))<s max(IAal,[Agl)  (2.7)

SSR of (2.5) and {2.6) are in definite isospin state of t ~channel;
Xeg = X(Iy,Ig) and Xy, = X(I;,Ty) are 1sotepic crossing matrices;
ds and du are S - and u -channel resonances with the given Is and
L.
col; f
Quantities GM A are reduced residues. They are connected with the

physical residues as follows:

10



cd;f q:ua Te~Ij+me /T . I: T, \ _ co
(69 ESf('\c i f{ € F g if (2.8)
Ae "‘f \iTle mJ m; ’\cA,F *

where IE. (m;) 1s isosptn (1ts third projection) of the particle; §; is
a phase that connacts the particle state with the basic isospin state;

I, Ia IS .

(m, m, ma) 3Jm {s symbol. SSR (2.5) and {(2.6) take place for

amplitudes with definite value of naturality O¢ Pp : for (2.5)
T = (6P )(6; P,)( 6k Px)=+1, while for (2.6) T« -1.

Apart from (2.5) and (2.6), there exist SSR which hold at weaker restric-
tions on position of de in T -plane, namely o= ~dy <0 | These

sum ruies have the form:

de ds“‘x adedy du; 6 {nl )
- 5~ ( =
{IZSX Z GA agn A atfide %Xti-l‘a—; G*Q Ag-R GAE'“ ]\g} iAg“Agl

sl xdy d, Jr 3t
={2x,,ZG“”‘ RN 28 0 2 STl }/('"'Q

I, d.  2ad o Fagn'ag Yd, Aade™ g ~n'dg JAa-Ag
(2.9)

In (2.5} N and n' are integer numbers sztisfying conditions N #n'

) imj
w s (7))

on siagr of T ,

is binomial coefficient. SSR of (2.9) do not depend

In order to determine the asymptotic behaviour of the given sum rule,
1t 1s necessary to find position of d-g' “in J -plane. In case of scattering

ef nonstrange boson reggeons o , oy with I, =1 { 0, %, Ry ). a

13



simple analysis(which takes into account the possible contributfon of moving
cuts) shows [2] that in case of SSR (2.5) and {2.6)
ap(0) <0 at Iy =0
ole(0) = O at I, =1 (2.10)
de(o)z-o,s at It = 2
In case of sum rules (2.9)
ode(0) = 0.5 1f I, =0.1
(2.11)
Ade(0) =0 at I, =2

Finally we give the values of crossing isospin matrices X,, and X,
for scattering of 1I=1 reggeons on @ and 6 particles with arbitrary

isospins. The g -channel crossing matrix has the form [2] :

xts-(-‘l) {Is Ia IS }
where

{L Ia ‘T3

-6J - symbol
Iy Is Is'}

vorrespondingly X, is
S

- Tg-Ilury 4 1
Xty = (1) {Ia Ig I:}

The values of 6 J -symbols are listed in Table 1.

12



3. Scatteriag of I=1 Reggeons on $ =~1 Hyperoas. Saturation Scheme,

Consider scattering of I=l reggeons on /A -hyperon which is the lowest

state among baryons with §=-1 strangeness:
d‘ A — dn A (3.1)

Processes (3.1) are determined by contributions of S -channel states
with I=1 {sospin. At determination of SSR saturation scheme for these proce-
dures, an important informatfon can be obtained when considering real W« -
meson scattering. Analysis of sum rules for TN —* TN scattering case
was carried out in Ref. [7], It was shov » that the nucleon and Ajyz-isobar
have large and mutually cancelling contrioutions to amplitude Jm B:;:
{sum rules (2.6) correspond to this amplitude). Contribution of high-lying
states in JIm B;:& is small; one can neglect it taking {nto account
only N and Agjz . Such mechanism provides small contribution to B;:
of t -channel singuiarities with 1 =0,

Consfder now TTA — S A scattering, Fig.,1 presents % -resonances
contribution to imaginary part of amplitude B;:,: of this procass, calcu-
1ated with the assumption of Breit-Wigner d'lstr‘lbution‘ shape. The pole con-
tributtion of 2 (1193)-hyperon 1s marked by a rectang?e Constant G::’M
is derived from data on 2 -hyperon @ -decay T -*/\e vV uting the
Goidberger-Treiman relation.

First of 311 one cap sez that 3. (1193) and 2'.*{1385) make large and

(+z -t

sign-opporiie coatributions t6  Jm B . Murerscal vatues of X {1193
._* . . L*) .

ard 2 {i283) comtributions to sum ru'ias for m 5 are 23 ¥ollows:

KJTf \2

the contribution of 3 (1193} - ‘,-,,-;-:(G » 311, the contribution of

K
2. {138%) « ~1120.8, {.e. these contributions tancel each other with high

13



accuracy. Turn to coatribution of highest states to Jm B::Z . For 1ts
calculation we used data on total widths and modes of 3  -resonance decay
into AX ~channel, given in [10] . Unfortunately, the accuracy of experi-
mental measurements is not high, and data on decay to AT -channel are
absent for some resonances. In these cases we zssumed that the width cf decay
into AT was 15% of total width, this being equal to average value of a
portion of measured partial widths of highest excitations [10] . Under this
assumption, the summary contribution of highest states into the sum rule for
Im EB;;X 1s ~ 0.1,

Thus, 1n crossing-antisymetric sum rules for JIm B“) TA— TN -
scattering there works a mechanism of resonmance saturation, similar to JIN -
scattering case: large contributions of lowest states 2 (1193) and 2171385)
cancel each other, while high-l1ying resonance contrjbut1on can be neglected.

For evident reasons the contribution of Regge singularities to Jm 8;;:
amplitude 1s unknown. It is most 1tkely, however, that its behaviour is the
same as In TN -scattering case.

Together with the cancellation mechanism which takes place for Im g
amplitude, in other cases a mechanism is possible when smallness of Regge
contribution 1s ensured by smallness of each low-energy state contribution
separately. Such mechanism takes place at saturation of sum rules for
Im A amplitude of GiN — TN scattering by contributions of the
nucleon and  A,,-1sobar [7] . |

The above-cited examples demonstrate validity of so-called “"semi-local
duality" according to which the Regge éontribution coincides with averaged
contribution of resonances at all 4 . '

It is natural to assume that similar mechanisms work aiso in case of sa-
turation of SSR for I=1.trajectory scattering on nucleons and A -hyperon.

The neglect of high-lying states contribution is natural! just in case of SSR

s



because of convergence of these sum rules. Mance, when considering SSR for
scattering cf I=] reggeons or S<-i hyperons we shali saturate the S(U) -

- *
channel states with Is=1 by contributicns of % (1193) and 2 {1385) hype-

rons and the states with I = 0 by contribution of A -hyperon.

S(u)

4, Scattering of I=1 Reggeons or 5 » -1 Hyperons, General Solution

of SSR.

In accordance with the above-described scheme consider the processes
oL Aol A (L,k =9,%,A;) (4.1)

»
and take into account 2. and T {1385) In SSR for these processas. Consi-

der, further, SSR for the reactions

di /\ - d,( Z . (4.2}

A A —= ol ¥ (4.3)

c(;'z: —~ ol 2. {4.4)
— R

T oo 2. - (4.8)

o, T* ol Z7 (4.6)

E3
and saturate X_ .= 0.1 by contributions of A , 2., 2, respectively,

S{w)
In resctions [4.4j-(4.6) S and U ~channel jsosping Is(u) can be
equal to 2, If we iassume that I=2 resonances {(exotic resonances) dc not
exist, then 1t turns out that the system of equaticns for Regge residues
Gf:'i: (a,b=A,Z,Z%,: j=¢,7,A: )which
follows from SSR, has a trivial (nonphysical) solution either for ali resé-

dues of ¢ and .Fia or for &1 restdues of T -meson (coupling constants

15



of hyperons and pfons vanish). Mow take into account the contribution of
1=2 ‘
states with I =2 — {d }
=2
When saturating in (4.4)-(4.6) processes g, = 2 by d resonan-

ces contributions, we must simultaneously consider the processes:

T2 *
o, =, dy (a=A,Z,27) (4.7)

It turns out that the SSR saturation scheme for (4.1)-(4.7) proc.sses {s
self-consistent (brings to nontrivial solution for residues) 1f we take into

account in Igy) = 2 a contribution at the minimum of two states from

I=2 #
{d } - call then Sg and Sg .
OQur purpose is to determine spins and parities of these states as well as
ao; 8
to solve equations for helicity residues GJ\“ ig (a,b =A,Z,

» »*
) SE ’ SE )0
First of all from SSR (2.6) for the process (4.6) at .7\5; = 3/2
{ Iy = 0) which nas the form

5 9/\ Z*?E 2 Z' * 2
(G% 12 ) (.G’/a ‘/?) ! (G% 9'/2 ) *

(4.8}
I=2
S = (R "o ) (a"’?"‘" I
- 5. S =
di ‘sE) /Z /2
it follows that at least one resonance (call it S: } must have spin:
Is* > 5, (4.9)

We shall use the restriction {4.9) involving the values of S: -rescnance
helicities up to £5/2 ( ‘.7\5: | < 5/2 ). Not writing out the whole set of

equations for helicity residues, which ic rather cumbersome. we note the+
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this set s simplified very much, assuming that

ARE
= (a.10
Gy, p =0 . )

The condition (4.10) represents a condition of eguality of and

masses
Mz - M/\
Mg (8.11)

EXA £aIA -
since G’/z w ™ G (MZ‘MA)/J,HE My , where GE® s con-
stant of ZMA -interaction. It is evident that, due to the closeness of

Z and A masses, relatfons (4.11) and correspondingly (4.10) are true
with a high degree of accuracy. Accounting (4.10), the solution of the set

of equations 1s as follows:
a) residues with helicity non-flip are zero:

aol;f * L
GJ\A =0 (Q,B=/\,Z,Z,SE,SE;J=9,5T,.ﬂz) (4.12)

b) residues with single-fl1ip helicity satisfy the following relations:
G;P(‘GHPK
(ao; 6 T2
A At =( 1)

Ia,d,(g

G.A At (4.13)

where
’ﬂdj 8 - adjg Zd"'A
AAET TAAR Ya Yo

The relation (4,13} reduces equations for single-f1ip residues to the case of
scattering of identfcal reggeons ( L =K ), As this case we consider the

T -trajectory scattering.
In our further analysis we shall use results of Ref. [11] where helicity

17




G, At were studied using invartant expressiin for the
q

vertex a#b

vertices

1t was shown that IfF

ad 5 f\adﬂs
G“\" = () and ENEYY #0 (4.54)
then necessarily
Pp= By T € Jp & Tgt (4.15)
ad:s '
ind the residues G‘,\ ALt 2re expressed only throuch owns invarfant
azs
function & and
a) tf Jp=Ja , then
acly £ Ig“r’z aJk { /'-' . ?
Grart ~(D G ER N(TF2)(Tat M) (4.17)
b} 1€ Jg = Juti . then
oty § Tt amB [(Ltare)(Tatacs) (4.18)
T T llal "Il Acicd SOt S
2 A% ' N ot2Jdat2)(Eélat)
adg.b .
ey iF GA J‘“ =0 and fg 23,2 | then
5 &%as {4,182}
A ALe
adgd
furning back to the system of equations for residues G:« At1 ( ab

'/\,E,Z*, Se Sg ). we note that from this solutfon it follows that
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3

A
v
f:
:

o

=/=0  | . ' (4.19)

#0 y G, 4 (4.20)

Taking {4.12), (4.14), (4.15), (4.19) and (4.20) into account we fmmediately
obtatn |

P + . ] +
J’s: =5/ , J'SEF 3/2 , (s.21)

' ‘qné axb -zﬁ/\
For constants G = G / G

predicted:

the following values are

aag* [T iraz : "fr.a't;' 13 Ig%es* 3.
=uy, G s, 6 pdlE 6T g

'zxS¢ 1 [1 ‘E*NS; 3 /g*nS; 3 .
=VY3{3 , G =y @ STHZ ) (4.22b)
»
/ST Sg g 15X 4 18 %S¢

G" = G =uz, G =V (4 9pc)

, T _saxB o
Hellcity residues G, ., ' satisfy relations (4.17) and (4.18).
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Just as in case of scattering on ronstrange baryons, the 3SR solution 1s
seif-consistent in the Timit of aqu2? masses ! MS‘; = MSE = Mgee < Mg
=M, ).

Let us discuss the SSR selution at greater }ength.

N rETaA
a} From formulae (4,22a) the relation between constante G and
’ R
G can be hegked axperimentally, The Tollowing ratio of
* -
2 =~ aA  and St>aZ decay widths ¢s predicted:
) i
- E) e
. — i - My
_r_‘-* - 4 Pe I"(E _L ~ .12 (4,23}
Ts® o A 3:"/‘53&%“‘4/\\

t

where Fﬁ and F%s ove the corresponding decay inomenta.

The predictics [4.72) agrees well with experimental data | 10] .

It should be nzted that our prediction for the ratio

E¥MA  JE¥RE q2 )
X=(G~ G )T ciffers from tha value which it predizted
2
from SU(3)~symmeiry Xguia; = jfﬂﬂcn:, i and which also agrees with

expariment.
Ts explain the Zeviation of Kepe from Xgyq3) . one may assume,
8.4., that the state 74 ¢ mixture of 11 ancd 77 representations that
gatar to 5 & § dJdecomposition, A detatiad anaiysis of experimentai dota
i pn & =EHA apd > TZ decays shows that thesr ccouracy {s rather
‘ iow. At the same time, even 3t precise measurements i1 scems imnassinie to
‘J distinguish which of the predictions 15 more suitable since both our and
SU{3) caiculations cannot pretend On accuracy higher than 20,
F b} The ,SR solution brinos to mutual cancellation of coentributions of
: S * . - LF)
: - Z and Z7 -hyperons in the sum rule Vor amplitude tiﬂji , .8, to
relation . (sz\/Gz sm)a

¢} In a number of works there were anaiyzed dispersion relations for

that agrees with experiment (see Sect. 3}
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— - (1‘) Lol
ﬁt ) and B ampiitudes of H{ Z —r N = scattering {see, e.qg, Ref.[12]
where the references to other wevis are cited) through satursting these
relations by contributions of knuwn rescrances with I=0 and J=1. The main
. ] A %5
results of the znalysis are as follows: 1) for the ratio of gza and 3 nE
ZaA st E
constants (9 N and gt“ are physical corstants (see {2.8)}} there i<
ETA ; TS N2
/9 )

tency of dispersion relations requires the account In Iy = 2 of the cor-
+P
i)

predfcted a value close ta2 one (a a4 3 11) self.consis-

tribution of resonance with = 3/ - the P, state in X% sys
tem, In Ref. [10] the value of 250 MeV at a wass 1600 MeY 35 given for the
width of this resonance.

All these results are {n agreement with our predictions, namely: from

{4.22a) and (2.8) 1t foliows that: 1)

, ETA /Sznz)zg1 . (e

L3 /

i1) although from our SSR there foliows existence of two states with I=2,

nevertheless only S; -resonance with 7P- 5/2_‘” contributes to sum rules

for 0(;2 ~+>d«Z  processes, For {ts decay width a value is predicted close
to that given in Ref, [12] (see the formula for [5_ 2t the end of this

section). .

d} SSR solution for helicity residues of Ix1 reggeons G::E;:

(ad,b =A,Z, =* } has the form analogeus te sslution in the case of
a,% = N, 433 ' "wh%ch agrees well with experiment [a) ), namely resi-
yes with helicity non-f‘!h are zero, and reiations betweern. residues with
AN = £1 are given by fomulee (4.17) and (3, 18) These relations sre to

S¢ checkad in hyperon-beam experiments..

e) SSR predicts existerce of two. exotic ba=~yon= ‘with ftrangﬂness 5w}

and isospin 1=2, In the framework of cur approach Sy and SE are analeg:




of A , £ and X resonances in the world of hyperons with Ss-1 and

I=2, {.e. lowest states among these hyperons. S: -resonance 1t the S=-1
partner of exotic Egs -baryon ~ of @ (5/2, 5/2, +) state predicted

in [13]. Z*% -channel 1s dominant in S: -resonance decay, whereas

Sg can decay both into £m and =@ -channels. The properties and
possibilities of experimental search for S; and Sg states are discussed
at greater length in Ref. [13].

The next step 1s to consider the processes:

oia b  (a,8=8,5;) (4.25)

These processes proceed via S(u) -channel isospin states with Igurl»2,3.
Taking fnto account the = , £ " and Sg , Sg contributions 1n Ig,, =1,2
and substituting the earlier determined corresponding vertices into the sum
rules, one can make sure that the account of resonance contribution with
gy =3 is necessary to satisfy the sum ruies for the processes (4.25),

A minimal necessary number of resonances is two - denote them Q (3,7, , &)
and d(3, \T:, Pe ) . where Jy, .T:, Py and P, are unknown spins
and parities. SSR unambiguousiy fixes spins and parities of these resonances
Jx=5/2 ) -T:"' 772 ) Px = P:=+1 as well as the structure of helicity
vertices of their coupling with I=1 reqgeons.

Successive application of this procedure shows that the sum rule sclution
requires to account two resonances with spins J = 121/2 apd positive parity
in cach 1sospin state 1. The procedure to find out the general solution is
analogous to procedure described in [8] for the case of I=1 reggeon scattering
on nonstrange baryons. Omitting intermedizte calculations the resuits are:

a) Residues with helicity ron-fiip &re zero:
q(I,I.")d\u(IJ,T’,‘I’)

G.\ A =0
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Py i lind

a(l,T,+)qa(I, T +)
b) Restidues GA A4 satisfy relations (4.13), (4.17)-

~(4.18a).
¢) With account of (4.13), (4.17)-(4.18a) the SSR set for single-flip re-

sfdues reduces to the set of equations for six independent invariant resi-

I I I I+t I I+1
dues (It‘/z 1»“/2) ’ (111/2 I+1/2)a (I”/a 1*3/?.) and

W

I I a(L.T,H)xaa v, +) T I
(1- Yo 1-1/‘,_) (Here a notation (1 )
1s introduced). This set is given in Table 2 where If= I+1 oI, I+t

J=1%t12 ; while XI*IS are 1sospin crossing-matrices (see Sect. 2
and Table 1).

The solution 1s as follows:

1oy ’IH oI ' 1(2I+1)
(I"/z I"/a) =)“"E(ZI"> I(2I+1) 7 (1*’/?- I*’/z)z_/wﬁ I+

(4.26)

it I+ I+l I+3f

! 1
(1% IH):V{?__'_ I(21+3) : <I I+ )’ /UF 2141

(: r N FE . oqT Imy PrIY |
RS RV I P 1+va)=ﬁ e R

T 1y EUA
shere (]- ]')= ;r ]' G ) /.(,'V=i’.

Note that sets of equatfons both for helicity and invarfant residues are

strongly overconstrained, therefore the fact that they have ncnzero solution

é3
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is rather nontrivial,

So, just like in the case with nonstrange barvons, z general sclution of
the problem of SSR as applied to scattering of I=! boson reggeons on S=-1
hyperons brings to the prediction of 1 2 2 exotic hyperons existence. The
difference from the case with S=0 baryons is that the minfmum scheme require:
to introduce two states with J©=(I i1/2)* into each isospin,

1 .‘The following interasting peculfarity can be seen from formulae (4.26)
. “and (4.27). If AL =AJ , where Al=1'-1 and AT =T'-7 ,
ther couplings between these states tend to zero at I -—= = | The picture
is as 1f the states with J=I 212  split into two chains - A , I,
. 5: veern (T=T Y2 Yande £, Sg ..., ( T=T1-Y2 ). The inter-
action between the particles from different chains vanishes at large I
In the limit of small decay momenta the formulae for piop decays of

a(r,r=1t 1/3,+) states have the following form (the formula for

5 alie &1 decay, where d and B are baryons with arbitrary spins,
i is obtained in Appendix of Ref, [12]):
£* A2 !Pl (2I-1)
4 r ( ) eﬂfZI‘l"” (4,283

(}=I+‘Iz)_’ar * (31‘;11-1/2.)

*
Of this type is 2 —~ AT decay:

¥

s

fo this category belengs the

A2 ‘333
( 21+ {21+1) (2.29)

=I’!/3»"’T*( 1/2)

. Dot
ISR Lk N U (4,30)
=T '/i’.; \I“I "3/
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Note in conclusion that substitutfor of the found solution of SSR in FMSR
results 1n vanishing of all latters. Sﬁme FMSR vanish due to the canceilation
of contribution of nossible states, others - due to zero contribution of each
State separately. From the viewpoint of duality this implies the smailness of
contributfon of T -channel singularities to considerad FMSR, at Teast in

the masses region which corresponds to low-lying states,

5. SSR and FMSR, Derivation of Saturation Scheme from Sum Rules.

*
Prediction of A3, £ (1193) and T (1385) Resonances.

To ground the saturation scheme of crossing-antisymmetric sum rules, there
w#a$ used hitherts the information based sn experimental data.

A guestion arises whether 1t 135 possitle to derive saturation scheme from
the sum riiies themselves. The answer turns to be nositive, Namely, we'l}
show that i we z2ccept a scheme where the right-hand sides of all crossine-
antisymmerric sum rules for scattering of I=1 reggecns &n baryons are zero
{tha Regoe contribution is smali), then startina, for example, from the state
with J=1= ‘-/2 and positive parity - (172, 1/2, +) {nucleon) we will
necsssertiy come to a minime} scheme wherse the state with :[sﬁu)n /2 s
caturated by the nucleos cortribution, while the siate with -Is(u)“ 3/2 by

. . - kg P + N
contribution »f resscnance with 4= 3720 . Tnis resonance In its properties

is identified with 4y, -fsober.
In case of scatisring of 1= vegganns on baryon with ¥ =172 anc
Ie 0 - {0, i/2, +} ( A -hyperon) & minimal set which saturates
Is(u}a 1 nmust consist of two resonances with positive parity at? spins
J s 13 1/2, which can be identiffed with 2 {1193) and Ef'(1385)
hyperons.

Consider sum rules for scattering on baryon @ ({172, 1/, +)-nucleon:

[aN]
o

TP



| ‘dﬁaN:*‘“xN ; _(i,K':f’a“»ﬁz) / C(5.1)

and aCcept that the right-hand (h'lgh-energy) part of these sum rules is zero.
Reactions (5 1) proceed via two S(u) -channel 1sospin states Igu) =

'*- 1/72 and 3/2 therefore in the genera1 case the low-energy part of sum rules

| 1s determined by contr1but1ons of resonances' N »a( Yo,T, P )= Ng

and (32, %, R) "At

“Consider sum rules for (2.1) at helicity transitions 1/2 —1/2 and

L K Th'eyi represent equations for spin-nonfiip residues:
S No:,u Not;Ne Na A 2 (5.2)
(G‘h '/a) , (G ) Z (G‘Ia e )

.and for _resjdues,wflth _he11c1ty f11p by £1:

(G g -

(5.3)

t

Nd‘A¢ N A% z} '
S % L =0
- Z{( "1,2) quz»ak.); ‘
| Equations (5.2) and. (5 3) are dn 1 -channel 1sospin states I, =1
and 0, respectively., o a S

Fron\ Eq (5. 3) there f1rst of a" fonows that at least one state with

Iz 3/2 must _be among Ne and. Ag -states Othenv'lse the res1dues

NN
: G'Ia ~P2

- The analys1s shows that 1f together w‘lth N we saturate Lguuy = 1/2 by

van1sh the NAN -1nteraction constant vanisMng too.
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gontribution of N* state with JN* = 3/2, then seif-consistent is the
scheme when we should simuitaneously saturate Iy = 3/2 by contributions
of three states with spins 1/2, 3/2 znd 5/2, 1.e. the set which saturates
the sum rules consists of five particles.

The sitvation turns out more simple under assumption that the state with
spin S ¥ 3/2 1s 1n the set A: . Consider the sum rules (5.2} and
(5.3) and saturate Igw* 1/2 by contribution of nucleon, while Loy =
= 3/2 by contributicn of one state Ai =a(d,7,,5%) . Then
from (5.2) tt follows that

‘ x
S B (5.8)

a Ya
and since residues with nelicity single-fliip are nonzero, and Ix 2 372,

then from (4.14) and (4.15) 1t foliows immediately that

T =3/2  and Py =+,

1.2, the A: staie has quantum nurhers of A ,j-resonance. Further,
from (4.16) we have MA: = My

Hence, proceeding from saturation minimality condition we come to the
orediction of state Q{ 3/2, 3/2, +).

Furtier, the scheme of saturation of  Tgu» 1/2, and 3/2 by contribu-
tions of N and  G(3/2, 3/2, +) satisfies a1l sum rules for éhe processes
{2.1) and oy N — Ol (372, 3/2, +) [4], while predicted interaction
properties of state O {372, 3/2, +) [4] allow one to identify 1t with

£, -rescnance.

Turn now to sum rules for scattering of Is=1 reggeons on i (0, 1/2, +)

atates
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e e
e

oA oA (5.5)

Since these processes proceed via 1sospin state of t -channel It =0,
then for them there takes place only the sum rule (2.6) which is saturated by

the set of states

{QU) IE ’ Pc)}s{zg}

in accordance with the logics described in Introduction, consider together

with reactions (5.5) the processes

*

and

*

d’l Z: e es dK Zm . (5.7)

*
where Ze'm

are resonances frougﬂr ( Z: } set that saturates the sum
rules for (5.5). ™~ i
Note that, in principle, the states with Isw) = 2 contribute to pro-

cesses (5.7). Using, however, the fact that the spin structure of these con-
tributions is {identical at I, =0 and 2, one can pass to sum rules which
are determined by contributions of states with L .y= 0 and 1. We shali
give only the result of saturation analysis which consists 1n the fact that
self-consistent 1s a minimal scheme where Iguy= 0 is saturated by A -
resonance contribution, while Is(u)' 1 by contributtons of two states -

all, 172, +) and (1, 3/2, +}, whose quantum numbers are unambiquously
determined from sum rules. Just as in case with N and A3, the solution
resulting from the sum rules {s self-consistent in the 1imit when masses of

these states are equal to the mass of A -resonance.

Z8



The states a0, 1/2, +), a{1l, 1/2, +) ard a(l, 372, +) coincide
in quantum numbers with A , 3(1193) and Z’(1385) hyperons, Moreover,
the sum rule predictions describe correctly experimentally studied properties
of interaction of A (1115), 3 (1193) and Z*(1385) hyperons.

Notice that the notion of strangeness was absent in our analysis. In each
of considered cases the minimal saturation scheme is a consequence of spin
and 1sospin algebralc structure of sum ruies. This fact is rather intriguing,
since experimental schemes of saturation of amplitudes B::': (by nucleen

(+)
and A;; -isobar) and B,m (by 2 and Z*-hyperon) represent, at
first sfght, the SU(3)-scheme of saturation by octet and decouplet.

6. Scattering of I=l Reggeons on Hyperons with

S = -2 and -3 Strangeness.

6.1. Scattering on S=-2 Hyperons.

Since 1sospin of Lo s equal to I, , then the minimal self-consistent
saturation scheme in this case is the same as for the Scattgr*lng on nucleons,
i.e, the state with Ism- 1/2 1s saturated by E hyperon contribution,

while = 3/Z by contribution of resonance with J = I = 3/2 (since

Lo
§ = -2, this resonance 1s exotic). Thus there 1s the sum rule solution which

coincides with one found in Ref. [8].
At the same time 1t seems 1ikely that in the sum rules in  Tg . 1/2

-~
—

a contribution comparable in magnitude to that of — 1s made by E*(1530)
( JP- 3/2+) - {sobar., This possibitity {s indicated, in partfcular, by

r—1” ~

calculation of ratfo of constants = « = ad Z'q =  in the frame-

work of SU{(6), Absence of sufficient information does not allow one to carry

out a correct analysis of resonance contribution to sum rutes for amnlitude
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scheme. In this connection, we'il consider here a case when to the sum rules

of !IE -> SIS scattering in order to check the saturation

for processes

— ~
dizm oAk

(6.1)

= and ER hyperons contribute simultaneously.
Without going into detalls of the analysis, note that at chosen input

—*
—  contribute) the minimal saturation scheme

At et

{when to Igyy= 1/2 = and
requires to take tnto account '1n Isw)" 3/2 the contributions of three
states with spin-parity 1/2%, 3/2% and 572% - aQl(3/2, 172, +),

Q (372, 372, +#) and < (3/2, 5/2, +). The nontrivial solution of the set

ol
of equations for helicity residues & {c,d = afiz, 172, 4,

Ae *d
a{1/2, 3/2, +), a(3/z, 1/2, +), : af{3/2, 32, +), afl3dsz, 5/2, +);
L= T, 9, Hz ) has the form analogous to the previous cases:

a) Residues with helicity non-flip are zero.
b) Residues with single-flip obey the relations (4.17) and (4,181.
¢) For invarfant functions Gmd/c-gﬂg two solutions are predicted,

These so'lut_ions are glven 1n Table 3. Proceeding with the procedure of self-

consistent consideration of sum rules for scattering of I=l reggenns on states

with I = 3/2 etc. we are necessitated to introduce states with 1 2> 6§72,

in this case the number of states at the given isospin depends c¢n the chofce

of the s'olut'lons given in Table 3. In case of the first solution the necessary

number of states is three at any I , Parities of these states are positive,
while spins are equai to I -1, 1 and I +1,
The situation is different i we start from the second solution, In this

case self-consistency of the scheme requires introductfon of (2I + .3)/2

resonances in the given fsospin state 1 . Spins of these resonances take the
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values 1/2, 3/2, 5/2,..., 1 + 1,
Relations for coupling constants predicted from sum rules in case of the

first solution are given {n Table 4.
6.2, Scattering on S=-3 Hyperons.

In the framework of hadron systematics the states which contribute to

S{u)-channel of processes
o SL T A SL (6.2)

are exotic with quark composition SSS q,q . From the viewpoint of our
sum rules these are states with {sospin Is(u)' 1 , contributing to scatter-
ing of I=1 reggeons on baryons with I=0 and JP -3/2+ . The analysis shows
that a minime! self-consistent saturation scheme requires the account of con-
tribution of three states with spins 1/2, 3/2 and 5/2 and positive parity

in (6.2) processes. Helicity vertices of interaction of these states have a
solution analogous to the previous cases (nonflip residues are zero, and re-
sidues with AAa= :1 obey the relations (4.17) and (4.18). The solution for

invariant vertices {s given in Table 5,
7. Conclusion,

The present paper compietes the analysis of application of supercovergent
sum rules for ofa -amplitudes to scattering of nonstrange boson reggeons
with 1=01(P,f,w, £, T, A, ) on baryons. The main results
of the analysis are as follows:

a) In considering SSR for amﬁlitudes of reggeon scattering on low-lying
states - N , 43;. A , T, Z*(1385) , there works 2 logically closed

bootstrap scheme of sum rules saturation by contributions of the same states,

K}



Predictions of such scheme agree well with all experimentally measured quan-
tities (there are correctly described the helicity structure of residues, the
relations between vertices, widths of pion decays).
A simpie classification of helicity residues of Rgggeg poles arises. So
aaf*® i
for 1«0 reggeons the SSR solution has the form G.\a a - A8ag &y, ¢

{51 . In case of I=1 reggeons the no,anp residues are zero. A1l residues

I=1 =
O.dj 433 q,dJ.I 'g "
G, a2e (@=N,Ag) and G, , (a,6=A,5,57)
NdJI“N td;.r:‘ﬂ
are expressed through sz ~ and G,I2 -1, residues, resoective-

iy; the residues of © and A, -reggeons with AX = 21 are conrected via
simple phase relations with the I -pole residues. The relations between he-
Tcity transitions with AA = 2] 1n vertices adl,Bb are the same as
in the Rarita-Schwinger formalism (see [8] and this paper).

b) The sets of egquations for residues following from SSR for oq -am-
plitudes turn out strongly overconstrained, This is conrected, first, with
the inclusion of high-spin particles and, second, with simultaneous cotisida-
ration of ]P, W, f ) 9 A, and 0 -trajectory scattering, this
resulting In sharp increase in number of superconvergent relations in compa-
rison, e.g. with the case of real pion scattering.

Despite the overconstrainedness, there is 2 ronzers sclution fr eaxch of
the considered cases, this being a rather intriguing circumstance, Most
likely, this indicates the presence of algebra to which the Regoe residyes
obey (see item ({d) of this Section).

¢) Successive appifcatfon of SSR for I=1 regocon-baryon scattering
together with the saturation scheme self-consistency conditing loads i the

prediction of the seriss of bavvont with fncreszing spiss and isospine.
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For the case of nonstrange baryons (half-integer isospins) this series con-
sists of a(IL,J=I, P=+*1 ) stateswith I> 5/2, while for
S = -1 hyperons (integer 1sospins) there arise two chains of states -
a(I,T=ItY;, P=+*{ ), where I » 2. In the quark model these
states are exotic. In ouf approach these states are close relatives of the
correspording ronexotic baryons N, 433,A,Z, Z * , 1.e. the Towest
states 1n the world with given isospin. Correspondingly, 1t is expected that
at each 1isospin there exists a rich spectrum of excited exotic baryons, in
particular, the Regge trajectories on which the predicted states lie.

The question on whether exotic baryons exist or they are an artefact of
the considered approach remains open so far and requires experimental solution.
At the same time note that exotic baryons appear in many theoretical schemes -
strong coupling theory [14-16 ] , Chew-Low static model [9, 17-19] , dual
[20,21] and string [22] models, bag model [23-26] , soliton baryon model [27].

d) In Ref. [9] the strong coupling limit in Chew-Low static model as
applied to pion-baryon scattering was considered. It was shown that at

A—=oo (A {s coupling constant) the commutative relations take place:

[ Aw, Ajpl=0 (7.1)

where -Hxx are meson sources that represent the tensors 1n space of joined
representations of spin and isospin groups {( L, j; %X, B =1, 2, 3). The
relation (4.1) together with relations

[Id;Ip]' i-ed.pxlx ) tIi-;Ij] = i'ci.jKIK;

(7.2)
[I.,La'ﬂip]z ia"‘ﬁxﬁix , [Ji;-ﬂ¢j]=i-eiju Aok

where Ig and Ie are generators of spin and isospin groups, determine the
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Lie algebra of group

G = 5U(2) @ SU(2) X Tg (7.3)

where Tq 1s the group of translations.

So long as (3 1s noncompact group, then its unitary representations by
which hadrons are classified are infinite-dimensional. Among irreducible re-
presentations of G -group, there are two representations - with J = I =

gn+! [sland T =TI £ 172 (I is integer) [12] , f.e. series of

2
baryons coinciding with the series predicted in 8 and this paper. In

Refs. [18,19] were studied predictions of the group for the interaction
of baryons from these representations: decay widths, isovector electromag-
netic coupling constants, etc. These predictions also coincide with ocur re-
sults. At the same time our sum rules and the bootstrap nonre?aiivistic mo-
del are based on different dynamical approaches; therefore the alaebra { if
it exists) our vertices obey may differ from the algebra of aroup G which

corresponds to the static model. This gquestion needs a separate study.

We are sincerely thankful to N.S.Ananikyan,_I,G;Aznauryan, A.B.Kajdalov,

R.L.Mkrtchyan, A.G.Sedrakyan and N.L.Ter-Isaakyan for useful discussions.
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