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1. Introduction

The dispersion sun rules for the reggeon-particle scattering anpHtudes

( <£a -amplitudes) are successfully applied to the theoretical Investiga-

tion of strong Interactions. This dynamical approach allows one to get a

lot of Information on the regularities of hadron processes.

The spin and Isospin generalization of the sun rules for dLQ -amplitude!

to the case of the scattering of reggeons on the particles has been proposed

In the works of Kaidalov and author . The expressions for the reso-

nances contribution to the sun rules have been derived. The general method

has been formulated to construct the super-convergent sum rules (SSR). In

the subsequent papers these SSR have been applied to Investigate the

couplings of I * 1 boson reggeons with baryons.

Let us consider the SSR for the processes

4.N - i«N ni)

dC;/V -»

and saturate the S(1O -channel states with 1 5 ( I I J -1/2 and 3/2

by the contribution of nucleon and Д35-Isobar. Then we obtain a set of



equations for the helidty vertices \ * м
а
Ь

ь
( а > Ъ - Л/, Д * з ; i=$>

г
The solution of this set 1s In good agreement with experimental data г

Reactions сС-,А^ -» Л к Д у з *re to be considered next. It turns out,

however» that the selfconsistency of the SUM rules requires the contribution

of the states with X "5/2 to these reactions. It has been shown 1n

that one can satisfy all SSR for the processes

(1.2)

assuming the existence of the exotic baryon resonance with X "5/2

(labeled E
y
$ ) and saturating the S(1I)-channel state* with X -1/2.

3/2, 5/2 by the nucleon , Д 9 3 -Isobar and £5-5 -bafyon , respectively.

The SSR allow one to determine unambiguously the spin, P -parity and

helicity vertices G ^ b ^ f (*** д
» 5 » £ 5 5 ) « f the reso-

nance E 5 5 .

*) An experinental evidence for the X "5/2 resonance existence has
[5]

been given recently 1n JINK experiments on the neutron beam . A

narrow peak with a mass 1.44 6eV In Zf *JT* and Д'Л'-systems has

been observed 1n the reaction np-» ПЗТ'Л" р З Г * JT*.

The width of this state Is close to the theoretical prediction

and, as It follows from the angular distribution of b e decay products,

Its spin Is greater than* 1/2.



Considering now the sum rules for the processes oC; E 5 5 -+&*£$$

1t can be shown that the state with I = */2 - <*i7/z) mist be taken

Into account, and one can find the relations between the vertices, spin,

and P -parity of these states from the SSR for the following group

of processes

(1.3)

«£i E 5 5 -•

The successive application of this procedure lead us to the conclusion

that there M S t exist the whole series of Ьагуел resonances with Increasing

1sosp1ns and spins .In accordance with aforesaid, to Investigate the

properties of these stales let us consider the SSR for the processes

.\ 0(1-1,1-i,

where Q (X, 5,/£) denotes the resonance with Isospin I , spin S

and parity П i 3 « and f̂ x *re unknown spin and parity, and saturate

the S - «nd V -channel states with Isospins I - i , I and "L + i

by the contribution of the resonances <3 (I - i , I - i,+) , Q ( I , I , • )

and o ( X * t , Sic , O * ) . As a result of that, a set of equations

for the vertices с *j O(T*I, S
x
, ̂ „) (С « О (I, I, •) , О (I* i, S«,

arises. The solution of this set for the hell city vertices with д Л « о,

±1 ( д А 1s the beliefty Ifp) Is given In this paper.



E l . 2 ]

In sec.2 son» results of tne previous works are presented. The

solution of the problem ( L 4 ) 1s considered 1n sec.3 . I t «fill be shown

that the set of equations for the heiicity residues with А К • 0 , ±1

has the se^consistent solution» and that this solution fixes the spin

( Sj, a X * i ) and parity C ^ x - + ) of the state

a ( 1 * 1 , S*, 4*)
The properties of Q ( I , I ,

+
) are discussed In sec.?.

The formula which relates the Ь ~+Q + Я decay width ( Ь and Q

are particles with arbitrary halfinteger spins) with Invariant amplitudes

will be derived in Appendix.

2. Superconvergant sum rules for «C<3 -amplitudes

The supercomrergeni dispersion relations for the amplitudes of

scattering have the usual form

(here V • < S - W/*iMtf, Т ^ ь " ' " Is the crossing-odd ampli

tude of <JL\Q -+ <Ск Ь -scattering

1
 Q b " - t a b ' J ab

The formalism of helicity amplitudes 1n the infinite mnentuiR frame

(IMF) has been proposed 1n In order to take Into account the spins of

particles. The reggeon-particles vertices and contribution of resonances

to the sum rules have a simple form In IMF.

particle-reggeon-ptrticle helidty vtrtex In IMF has the fora



(2.2)

where ЦХ Is the transverse component of momentum transfer л г P t r Pa

tf 1s the angle between d and X -axis.

The residues O x w h ^ 4 /have no kinematic singularities In ф
a
 ,*+ A

will consider In what follows the small {Ч
п
к) region and discuss the

We

CaeCb

^ e reggeon residues L r h o У\ь
 have the f o l l o

>'
< n
9 symmetry pro-

perties

y^Q«Cb

In (2.3) and (2.4) СГ, P , G and I are the signature, P -pa-

r i t y , Cr -purity and 1sosp1n of cC (nonstrange boson trajectories

are considered); П ; and S; are thf P -parity and spin of particle » .

The coupling G x ^ w describes the Inverse transition b-*Q .
Л ь Л а - [ 1 , 2 ]

For reggeons scattering on particles with spins two types of SSR exist

a) Ordinary SSR which take place I f oCe - <£; - rfK <c - i , where

Is the rightmost singularity In the ^ -plane with the given
t -channel quantum numbers. The saturation of these SSR by the resonance

contributions lead to the following relations between residues G ^ ^ (O).



r

* 1

Оле-

In (2.5) П is Integer

T S W S (2.5)

and

(0)
 - С л *

(2
'
6)

tib
 глп - n

SSR (2.5) and (2.6) correspond to definite t -channel tsospin state

"I* • X t s sX(I t ,I»)CX w aX(I*,TO) 1s the isotopic
crossing matrix; d s a n d ^м a r e S and ti -channel resonances

with given X « and Xti •

b^y, «re the reduced residues. They are connected

with the physical residues in the following way:
I)C\*it (2-8)



wners I ; (Г | Г |;) is the isosptn (3rd projection of isospir} cf partfcias;

£j Is the phase connecting the particle state with the babic isospif.

one; fT* J a T» ) is the 5 i m -sywbol.

SSR (2.5) anc «2-fc) are valid for the amplitudes T " ^ ' u £ b
 & £ / w4h

fixed natural ly <T. Pg : for (2.5) (£ГеР, Д С , Р-^СТ* Р к ) 2 T •- • i ,

and for (2.6) T " ' 1

Apurt from SSR (2.5) an.i (2.6) tor the particles with spins the SSR

arise which are valid unrfer weaker restrictions fur the position of <A
Ш

in i - p l a n e , i . e . &C^- i ; - s t H - ^ O • Saturating these

5«я! rules by the resonance contributions one eta get tnft following

equations

^ X t s J. G Лоis
s

• (o)f,Mi\ (0)1
-П t V ' U A . - П J ^ w - I 7 , , , ,„ , .„, ,

(2.9)

j V Л t s H ^ a >»o*n'(0>^ ̂ +r»1 Л* "" T

In '}

In eq.{2.9) П and D* are Integers which satisfy the conditions

П £ П* and (2.7); C | / s e - > i b ) i s t h e binomial coefficient.

In order to determine the asymptotic behaviour of given sum rule one



must find the position of the rightmost I -plane sir.aularity cCg

can contribute asymptotically to the given rrossing-odd amplitude

1 Q b

In the case of nonstrange c£j ,oC H (with Xi' к s
 i ) boson reggeofjs

[2]
scattering a simple analysis 'which takes Into account also the possible

contribution of moving cuts) shows that

i) for the amplitudes tfhich leed to the SSR (2.5) and (2.6)

if

i t ) in the case of SUM rules (2.9)

* O.S «t I t

 s 0,1
(2.1J)

-0 it I t = 2

3. Scattering of reggeons with X • 1 on baryons. General

solution of SSR.

In accordance with the scheme developed 1n Introduction let us consider

the SSR (2.5), (2.6) and (2.9) for the following group of processes:

<£,a -̂  dC Ka (3.1)

оС; a-i -*• <tK(a*i)i« . 0.2)

10



where i j and cC« are the reggeons with Х;>н ~ i ( J , Лг Д )•

Гог simplicity the following notations art used In (ЗЛ)-(З.З):

a ( X , 5 = I , r ^ a + ) = a an,J. a C l t l , 5*, rj*) s ( Q * i ) * .

Let us saturate each 3 ( 1 0 -channel state with Uospin U s (I<n)

oy the contribution of one resonance only {1n processes (3.1) Т<,(1<и)~

* I - i , I , I + i ; 1n (3.2) I s ( I * ) * T and In (3.3) I» (!„):=

= J X* i }• As e result we get a set of relations between the known

quantities G^f'sa ( с ' О - ^ ) / г S . ^ . ^ ) an4

unknown residues G л / x l i ' ^ * G»№•*)») . Consider the

solution of this set.

Let us show ffrst that the helicity non-flip residues are equal to zero

-o

For this purpose let us write down the SSR (2.9) for tne processes

cC/O-i •*• о £ , ( 0 + 1 ) д and cC;G,-» < £ , ( O + i ) x (1n T t = 2 )

at A b s Л о + i

лл

>+i V i * 7 * <3.6)

(_7 \ ~0

*) Here and In wh»t fellows



In (3.6)У =Xts(3>3>i;I*i,2)/X
ts
(I-I*i;I,2) where

Х^$С1о"*1ь ) Is i-^t) *
s
 *"• tsotopte crossing mtrix of the

process <£i(I*i)a(Io) ••<£н(1*1) b(Ife) with S(i) -channel

Isospin I
s
 ( I t ) (for* this reaction Х-ц, (1

в
-*1ь ', I

s
, I

t
) "

As 1t will be shown below, the solution of SSR with the nonzero single»

flip residues exists. It follows therefore fro* equations (3.5) and (3.6)

For the cases О * Л/, Д 55 ̂  E 5 5 It has been shown ' that

the ncn-fiip residues tn equal to zero , hence the stateaent (3.4) 1s

proved.

Let us now show that the sinple relation between the single-flip residues

of reggeons <£; and <£* takes place

A X±i

сX X ± i

Consider the SSR (2.9) (or (2.5) since due to solution (3.4) the SSR

(2.9) fal l apart Into the SSR (2.5) ) for the aapiitudes with Л ь * Ла

of the reactions cC;ft3~l) -»dCK (Q**)* and <£jO -*

(at I t * 2 ):

G a&xQ
у X ~0 due to (2.4)

12



Ail А± Ь С * "

G'tZLG'tZSn • С i 2

X A*4 U A±i Л ±2

The relation (3.7) holds for the vertices G'x in ( c , f • M A sj.E»# •

I t follows then fro» (3.8) and (3.9) that the vwtices G ' ^SVL**
 a n d

? * 1 1 ' »«t1sfy eq.(3.7) I f the vertices G ' °A" ^ ° «nd

satisfy 1 t . q.e.d.

The relation (3.7) reduces the equations for the single-flip residues to

the case of [ s K (scattering of the same reggeons). Let i * к =3f .

Is Si- svMbol ) , taking Into account the particular values of the

6 -symbols (see table 1) one can get the set of equations for

x s t t * n d ^ л Xti given In table 2. The

solutions of this set can be found as the relations (3.4) and ( 3 . 7 ) , I.e.

by the nathemtical Induction.
t3. 4]

i As I t «MS shown In , the solution of the SSR for the vertices
E w ) has the for*:



Л A ± i ~ £ V* ">5 С J t * 3/2 k I3/2 I

л

(here ^ : Ц ; p t l ; ^ ; _ ; ^ is the

One can rewrite forssjlae (3dO) in the general form

^ \ (3.11)»

;n (3.U) and (3.12) the evident fomi of the C-S coefficient 1s taken Into

iccount.

1*1 SX / (2S*2)(2S*i)

2S ( 3 1 3 )

S > ' *
4h*4'* / 2S

14



Substituting the values (3.11) and (Э.12) Into equations of table 2, one

can see that the solution for the residues \j л x * i
 a n d

X X * i has the following form

(3.14)

X

G'

where the real phase factors A
C
. 5 ^ Cff^V'** ) * ~

satisfy the conditions

In the work , using the analysis of the Invariant expression (A.I)

for the vertex О З Т Ь 1
П
 the IMF, It has been shown that if

(3.18)

15



then with the necessity

- n . • ^. * Q < C_*-C (3.19)

M b - Ma ( З Л 9 а )

Л X t i а г е * x P r e s s e d °П^У through the

GaOTb
{see A.3 ) and

a) if S | , = § Q , then

У й Ш \ JfS ^ v c t u l ) ( 3 ' 2 0 )

b) if 5 ь
=
 SQ-*1 , then

/ (2S
a
*2)(2Se*i)

Comparison of the solution (3.4), (3.14)-{3.i7) with (3.18)~(3.21) shows that

)̂ S«s S ^ i ; n
x
:t (3.22)

С аы-зг 0*1
>ч Л* 4.

G e * i « £ 3 , 0 + i 1n t h e fQm ( , n j an({ t 3 1 2 ) t a n d

111) SSR predict the following values for (̂  and O ^

(3.33)

O.24)

-46-



The prime 1n eqs (3,23) and (3.24) has the same meaning as in (3.7).

Note that the solution (3.4) , (3.11) and (3.12) for the 3T -pole re-

sidues holds 1n the limit of the equal masses ( M
Q
« .

4
* M a

=
 ••

 =
M t f )

The mass equality condition is due to neglecting Mghlying states contribu-
t e

ticn to им sum rules

Concluding this section let us dwell on the agreement of SSR solution

with the finite energy sum rules (FESR).

Let us consider the crossing-odd amplitude 1 > ,
a
x

a

 o f t n e pro
"

cesses dC
;
 Ct -*<£\Q (•= 9 , # г > 0 Г ) , 1n the I

t
 = i

t -channel isospin state. The asymptotic behaviour of T Д * ,̂
Q

is determined by the £ -pole contribution in the t -channel.

However according to (3.4) the non-flip residues of J -pole are

equai to zero. So the imaginary part of the amplitudes T > , a x a should

be small (in mean) and the contributions of different resonances to the

^ i must cancel.

>>o Xa n a s

the form .

(Ы)

т

17



The summation in (3.25) runs over the resonances v»Kh givsr. S -channel

isospin. Since all «"esonancas with I 5 = I and I ~ i give a positiv.

contribution to (3.25), the contribution of resonances with ± & - I* i.

is needed to nmure thi* equation.

It 1s not difficult to convince oneself that the solution (ЗЛ!) and

(3.12) satisfy (?.25) thur. confirming the agreement of the S3R solution

with FESR.

4. Properties of the states 0 ( 1 , 1 ) *")

The analysis of this work points out the possibility of the fxistenct

of the whole series cf the exotic baryon resonances with S : I i V £ .
*)

and positive parity . In the quark reodel these resonances are exotic,

since they consist of three quacks and Л quark-antiquark pairs, in our

approach the states Q (X, X, +) are the direct analogies of nucleon

A T 9 3 S ) and i&33 ( 1 2 5 2 ) -isobar 1n the world of states with

- ^ 1s worth emphasizing that the existence of the baryon

states with increasing isospins and spins has been predicted In the

old static bootstrap Chew-Low modal which Is based on the approach differ-

ent from above ,>:m1 dared.

t prs?vbT: decay mode of the states О ( 1 > Т _ , + ) 1s the csscade

*) As pointed iri ref .[4] , ths SSR show only that the Imaginary parts of

the corresponding amplitudes must be large enough. However the definite-

ness of the quantum numbers of Q { I , I , + ) and their factoriied

coupling to the external states testify to the resonance interpretation

of these states.



proces- a ( I , I,*) -*в(1-1Д-1,+) • ЗГ-» . . . -*Л>г>ЗГ.

At smell decay momenta the simple formula for the width of decay

a (1,1,+)-» aCI-i,I-i,+) + ЗГ follows from exps ( A . 5 ) ,

(A.7) , (A.26) and (3.24)

- 5 (G / /r% \' 2Sa-i .

Using (4.1) one can express the width of Q -*• CJ-i ЗГ in terms of

тяе experimental search for the states О (Т,Т,+) seems most

favourable 1n the beckwarc scattering processes . For example. In order

to observe the resonance Q*0' ( I , X , + ) 1n ЗГ*р -scattering

the fast system, which consists of proton and ( I " "Vfe. ) Si* mesons

and the system of slow ( T ~ ̂ /z)Ti~ -mesons should be registered in the

laboratory frame, In this case the Q ( X , X > + ) resonance 1s produced

via the exchange of Regge trajectory which corresponds to a C l - i j 1 - 1 , 0 .

The investigation of the energy and momentum transfer dependence of the

backward production cross sections will allow one to determine the position

of a ( T ^ I , * ) in 1 -plane.

The diagrams which correspond to the production of а ( ^ > Т , + ) in

the 7i~p -backward scattering г re represented In f i g . la , b .

The author is grateful to A.Ts.Amatuni and A.B.Kaidalov for the reading

of the manuscript and valuable critical remarks, also to G.V.Grigorian,

A.Yu.Khodjanrlrian, V.A.Khoze, E.M.levin, S.G.Matinian and A.V.Turbiner

for useful discussions.
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APPENDIX: Decay b-»0»3T

In this section we will obtain a formula which expresses the width of

6 -* Q + 3T ( b and a are the particles with arbitrary half-

Integer spins) through the Invariant amplitudes.

The Invariant expression for the full amplitude of the decay

has tfce form

(PbA
fc
.

In (A.I) У «у ' o- (p; , X;) Is the wave function (w.f.) which
Я i

describes a particle i with manentum p; , spin S; = J,- •* y%

and h e l k i t y Л ; { (Гн i Г ) is the tensor (bispinor) Index) In the Rtrits-

Schwinger formalism. I t 1s completely symmetric ever the tensor Indices G~K

and has the following properties

T «г г- с (о- >;i v
 K
 = О

where ^ " H ts Oirac V -saatrix and Is lormlUsl as

(A.£c)

X i У. g " Is the tensor which 1s constructed from the metric
»i • • • *"jf ^

tensor Q u V «nd momenta p b , p B V

?0



Й

GOOTb
r 1аг\(f

(A.3)

if

In (АЛ) 0 = 1

- - 1 (*i).
The explicit form of w.f.

1f the product

t8]

-J
(A-4)



К si

where ГП; = X; - l / 2 • ^ ( p ; , f t M ) 1s the w.f. of the

particle with unity spin and helicity (3* -f И*"(р,>%) Is the bispinot

( у Is the neiicity).

The width of the decay fc> •* О + ЗГ has the form

In order to calculate the У |^.ХоШ1-^ь>1 , i.e. express

through the Invariant functions \j \ CCj,'; it 1s

easier to consider first the heiicity amplitudes of the decay. The
[9]

b •* Q*Q\ decay helidty amplitude has the form

ince

then

И
b

So (A. 7)

22



The latter equality 'n (A.7) H th* consequence of the symmetry property

In order to find the relations between G$ b (^>a) and

pro.istt the Invariant form (АЛ) on the heitdty states. Let иг- f i r s t

down the projections of some Invariant expressions

- A/COS% (A.9B)

CO,

in exps <A.9)-(A.W) Л/ = «/2М ь (Еа + М а ) ; N'*

i * ( P « , - i ) i ( o , i ) = - s i n

(А.ЮЫ

( s n i )

23



(А.12Ь;

D

t..

Then

where

i-i

о

(A. 14)

(A.15)

As (see (A.4))



then It follows from eqs (A.I), (A.4), (A.12») , (A.14)-(A.16) that

""*
1
 б

where

If

and П = I S
b
- S o |

Let us consider the contraction

(o,i) s H

One can show (taking Into account the exps (А.П)-(АЛЗ) that

where

(L- e)/2 1f L - e 1s evenГ (Ь-в)/2 if L-e 1s

I /I. _. A - J %. #~

odd



X = 2EQ/Ma.
Let us consider now the expression

t,e

Taking Into account the formula forH**' (A-20) and (A.9) , {A. 10) it Is

easy to show that

with

and

(A.22)

(A.23)

-3*-



if L - Z is even , and

at odd L - ^ •

The plus (minus) sign in (A.24) and (A.25) and the choice of N (A/')

In (A.23) correspond to 0 ~ 1 ( jjs)

Since

d
 Sb

d
 Sb
 (в)-S b X
°

then, finally

27



In the formula (A.26) n -

if S b Z- So

Let us remind that ^ - m i n ( ̂ b» 3 o /

L»t us write down some values of ^ p * \ Xs)



Using these values one can write down the expressions for the decay

widths for several particular cases

9

1.23)

In (A.29) X =

.-23.
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Fig.l. Production ef tht states Q m s I ( 1 , 1 , • ) :

*) In 3T*p-end b) In 3T"p-b»c«n*ard

scattering.
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