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1. Introduction

The dispersion sum rules for the reggeon-perticle scat-
tering emplitudes (da -asmpiitudes) pley en importent role
in the theoreticsl investigation of the hadron interactions
at high energies. The superconvergent sum rules (SSR) which
ellow to get a number of relations between different Regge
residues are of spacial interest.

The general method of extracting SSR for the scattering
of reggeons on particles with arbitrary spins, based on the
helicity amplitudes in the infinite momentum frame (IlF), has
been proposed in the previous papora[1’2jo It has been snown
that two types of the SSR exist:

a) The SSR which ere velid when alg ~olj ~ol, <-{ where of;
and ol are the scattered trajectories; ol is ‘the rightmost
singularity in the j-plane with the given t-channel quantun
numbers. These SSR do not depend on spins of particles.

p) The number of the superconvergent anplitides iicreese

substantially when the spins of externsl particles ere ‘teken



into erccount, a2ad the edditionel SSR which are valid if

de-ol; ~ol-m <-1 (m =14, 2 ... ) erigse. I~ the pepers [2,3]
the formalism of SSR hes beer®nsed to invectigrte the helicity
couplings ot I=1 (9, ,4?_ G ) boson reggeons witn heryorns

i (93{:‘) end Aaa {(1232). It has been siiown that this approac’r}
allows one to obt'ain the relations wihich ere in good agree-
ment withn experimental data.

The predictive power of SSR has been demonstrated in
Refs. [4,5] , where the existence of the whole series of exo-
tic baryon resonances with isospins I = 5/2 and spins
S = I was predicted.

The properties of the first resonrance from this series
with I = 5/2 (called E_.g ) have been analysed in detail.

It hes been shown that SSR allow one to determine unembigu-
ously the spin ( S = 5/2), P-parity (.= + ) end heli-

mdiE . 1
(a’aAsa,Ess; i=$, Aaﬂ_l ) of the

city vertices G?\ah;

resonance Eg. .

. In this work we apply the method of SSR to the investi-
gation of I=0 boson reggeons ( P, f, w Jcouplings with
the nucleon 1i(938) and Ay, (1232)-isobar,

In Sec.2 we give the expressions for the contribution of
regonances to the sum rules and analyse the asymptotic beha-
viour of the sum rules in the case when at least one of the
scattered trajectories has isospin I=0.

In Sec.3 we consider the SSR for the processes
oo — &> B , where do° are isoscalar (s=P, f, @ )

trajectories and o are isovector ( V = P, Az ) ones;



Seturation of thase 95R by fthe coutridutiong of ¥ znd
Asys 3(1;) cliannel tatn, cads Lo & sel of eguations Tor
(g .

ada ; \
helicity coupliugs C;FG_AQ_ (a =N, By} whici hwa & von-

trivial geluwtion., The resuits are genecslized 1o ihe cuse of
ecbitrery pririiciss @ and & . The relatios hetween ihe
3pin-flip residue of ]P - (J./a_:/,_,. and vertices of lIrelmstic
giffracticn is ssiablished, The restrictioa ou the quantiiy
/2 is found.

In Sec.4 we discuss the obtaired results.

2. Superconverzent Sum Hules end Scatiering of

Trajectories with I = 0O,

The superconvergent dispersion relmtions for the ampli.
oidx e 2
tude 'F;é {%iiq:} q, Vv ) of the d;a ~-ax5 ~gscattering
heve the form

r 3 (2.1)

dids(-) , 2 2
fqv mn7;3 (%%, G G ) 0
e
R , "r'di""K(’) . .

whers Yoo { 9= f3/aM,, ol ig the crosaing
odd amplituds of oa genttering,

ey Gidg () i {8) dndx ‘u)

ra_ = (Lf& - 0.%-

For the perticlss  ( &,g Y with wpin it is convenient io con.
gtrvet ihe SSF ausing the hellcity smplifudes in tue INI, The
reggeon vertices and countributicen of rasgonances te the sum

rules for helicity amplitndes have = aimple Torm in the IMP,



The particle-reggson-particle helieity vertex ian the

M has the form

_adb C o tfra-aBi P (ra- Q) adi b (2.2
{}\a,\ﬁ} ((ﬂz 7 e Aa 2t (‘1«

St

whares q, ig the trensverse component of the momentum trans-

we

. el §
Ter Q= DE- [ Y is the angle between § angd

The rasiduss {" g ({2} Dbave uc kinematic singulari-
a A VY

ties in G . Ye sh .aJl conmider in whai follows the ragion
. @d
N e . .
Tty + Y oarg 3 N oy . O | -
gnoli { G ) and diseuss the quantities Gﬁahg (0} -

£
Do and G {T) ~invariences impose the consirsinis on the

couplings

054 b - Sa-58- Do v A ot
3 = GFR 1 (““) G ; . (2.3)
rant Lo L3 i “Az -8
! - 4
ol B i ra 2B o7 bola
(= = Go{-1) D{.,J) T {2.,4)
”-Cl.;\-b ;'\g‘ fogs,
wWhere 5‘ @ and T sre the gignature, [ -parily,
=, i
G ~perity snd isocspin of o {nonairange btoson repgeong
ere cons8idered); n‘.z-ro g, 13 the F} parity and apin of particia|
. i
The coupling -~ g’“’““ degeriveg the inverse treangition

If de - odi -~y <-4 _then the Following ercaging-

oid SER which connect the residues G eodd

fake pleos
‘kc 7’,;

-



(2.5)

SSR (2.5) correapond to definite t-chanunel igospin stete I{ :

)(155)((IQ'IS)(J(tu = X (It, I1L) is the isotopic crossing
]
matrix which project: the state with the definite s{u)-channel’
1aoapin1;(Iu)onto the state with the given t-channel isospin
I, .
cd}{
. In (2.5) the quantitien(}hc A g ere the reduced residued
They ere connected with the physical residues in the followin%

way
(2.6)
. Phys .
'«Cdsz Y Y ‘I}*Ic*"”j i P R P Cdyf
{, DA E B £, (1] [~ G
L Reds S Epe U \me me-mg | T Reky

o= .y i it o JEU N S U crn e g I
whers iplmp) i8 tne lmospin 3evd prolesiion of isosping of

veriicle P ﬁp ig the shmae counesving the poriicle

T T
.. ;hy L I .
atate with the basic jsospin siate; | ¢ 73 i3 *he 3im -
e, m . th 1

:.: v .ha

- BYUWLOL..

In {£.%) the gquantity & ig inteper end gatisfies

the eondition

oy RPN T . !
ﬁ!;l;{.g,/\.._;‘gt "’*b:}:': !»“-a,’-"b!



S5R (2.5).are wvalid for the amplitudes T;z:éée Pe)
T (G P N6y B (de P)-+1

with Tixed naturality G, P at
take place only

' h

i T=-4 the SSR conneciing Gc‘"th
$

ded b edids dedy b

5 - - & d S-Sl 3 \ L+ YK

2K, 2 {C “sy G "0 -G (o) {0)}+

Ic  Pdy ' Pada-r  RactAx Redass Tagddng J(2.8)
i — Q,,;qu - dud F, aoly d.a T ododi b
*2. X Z.g G, 4 {9-G ) G (o) }=O
Iu du ML M,{ a’ ?af.o.id o+t Ao

Apsrt from the S5R (2.5) and {(2.8), which are velid if

Ae ~ Ay -y <~ 1” for the perticles with spinz, the addi-

tional sum rules (the sc called “obligatory" superconvaergents

aum rules {G38R) ) erige, They are valid under weaker resiric-

tiorg on the posgition of de in the j-plans, i.e.

o=y -og < O [*.2] - Saturating the G35R by the reso-

nances oune can get the following equations

adtds d, .
. "x- Ve 'Q o
‘?T; LG ® G

Ao ket

du.d\i.g:o)l [ k) }

Ay d
S xS G G
Tu *'“3’.1 Jha_m,.(?,_' e-n ng J/ Una- “agl (2.9)
= ad: dg -ds de b
(o) -
{E thz G"m,\qnn.' G?‘edn.‘h%

. “’d dy dud 2‘ In'} )
Z x :['u_ »a M (,o,_) rg-n' }/ "u-?ﬁ%?



[ . . .

Iz Bq.(2.9) nr ' asxd n  are integers viiich setisty the coo. .
fmi

lhc-';\b( !

- ' I3 - - - . P ad .
citious (2.7 n 2 n#n:( ig the viroaiel coeii.cl -

ent.

e

Tet us consider noew the UIL feor the processes

At o o} £ (2.10]

naod

d;sa -—bd:‘) (2.11)

(5;*P, . 03 V=9 A, «7'7(0) = 0,5

In order to golve the protlem on superconverse;cy o-e st
determine the positios of the rightmost ~platie siu.lrrity
de wiich cai. contribute agyuptoticenlly to the correspond-
ing eroseing-odd anplitude

For this purpose it is convenient to introduce ile
quantity )

R Py (2.12)
G = (-1) Ge

This quantity is positive for nll the well-know:: Rerre poles
(except for mysterious A, -pole with dg (0)< O ) mnd it is
natural therefore to assuue that the poles with G = - 1
(i2 they exist) have d(0) « O . Let us find Ga _for ihe
crosgsing-ndd emplitudes. At nigh energies (va> My ) these
suplitudes nare determined oy the contribution of the singule -
rities with d s+ @; &, 8nd have the usual Regge btehaviour

vd"‘i"' and

L



® Te ] R R
~ kLN S R R A 4
Ge=-(-1) G; G« (2.12)
R R
It Tollows from (2.13) (for veggeons with &; G,(:"f) thai
=
P - e /
Q“..?Q - f

T
AW

if, at least one of ihe regmeons o, dx hes isospin

3 B +

=d the asymprtotie behaviour of the sun rules (2.5) and {(Z.:)

RN

B

1)} is determined vy the ais-

-~

for the prucesases (2.10) and .

o

e

i)

gularities with o, {0} < O provided only Regge poles

talken Iinio sccount.

EROE RN ol " sy AL et . g L 3 £ ok
Let us {2nd now the peotiidoa of the moving cute wnich

corregpend o the exolange of any number of Regge poles and

- -

have Gk~ 1 . ¥ote thai the intercept of Rf P euts
{ K-reggeonj,which have the same valuez of J , 6 & end G
parity ms the pole R, is equal to the intercept of pole R,

Consider the R, ., R, cuts. For these cuts

R letI, e, ¢...¢v1n R 'y
G'r,j_:‘("'i) ¢ G:--.G(l

Aﬁ siaple anslyeisg Iin the zase of oisa-»a(sg scettering showe
that (for nonsirange Ri } the minimum number of reggeons
needad to congtruct the stats with IT20 and G::« {1 is egual
to 3 and hence the meximum dle (0) = ~0,5. The mnalogous
analysig in the case of sgcattering o{'}...d"g ghows that

the rightmost singularity corresponds to the exchange of two
reggeons with I=1 ( , A, ) and consequently has de(0)=C.

Thus for the scattering of highlying trajectories with

10



ke (O)Z 0.5 the SSR (2;5) and (2.8) take place if at least
one of the scattered itrajectories is isoscalaf.

Turn now to the 0SSR (2.9). The asymptotic behaviour of
these sum rules is determined by the "noncanonical'
pae-di-cle = m (m = 1,2 ...) contributions of reggeons. The
smletry properties of ‘these contributions depend on .
The determination of m for each of the sum rules demands
the special'investigation and we shell é.lwa.ys chkoose the mi-
nimum value of m =1 assuming thet OSSR exist i'f
de=~o; -y < O (independently of the sign of &, and
congequently of G: ).

Teking into account the above esnalysis we can see that
SSR (2.9) take place for 2ll the reactions (2.10) ard (2.11)
except for J; o —~d; e (i = @, §) . since in this case the

rightmost singulerity with I=0 is dp and thendp(0)-2d;[0)2C

3. Coupling of the Isoscalar Reggeons with Particles.

In Ref.'[3] the method of SSR has been applied to the in-
veatigation of the In1 reggeons ( P A, & ) couplings
with baryons N and A,, . The reactions oA N — @

(@ =N,845; i,K*p A, T ) heve been considered snd the
.SSK for these processes have been 'saturated by the coutribu-
‘tions of N end 4,, . It has been Ashowr;’ thet :.z:&hs a.pprqach
gives the relationa between Regge residues Gao‘ A8

(a. = N, 4, 3 J'-: 2 Ae s '} which egree well with

k4

1



experineatel dote

in fbeecordsace with  this schene let mg congider now the

procegses
S.v s,V P LY

. . ' » L} .1

o(;_a-—-c&,(a. (@ = N, Q33 ), (3.1

(3.2

S

and eaturate the Z3R for these processes by thé co.tributions
of nucleon and A, -isobar. Teking into accouut {2.3),

ot

{2.83, (2.2) =nd the anmlygis of S3R in Sec.2 one c¢s:n obtein
. \ “*J“ ' -

# set of ejuations for the helicity residues G,, %  which

X . e e *) " . . . .

ig gives fn Trble 1 . The golutioir of this set hns the fol-

o)} The residues of isoscaler poles with single flip ure

@dga. -
Gla.ia.ii =0 3.3)

In order to find the relations for the other he].icit_g
recidues we shall use the informatioun on the reasidues G::hss
which has been obtained in Ref. [3] rmmelyf taking into account
that residues with single flip Gh Aa t 4 (a,b = AN, A,#') are
nongero we get that

b) In the case of 1.3080&18.1‘ reggeons the nonflip residves are

are not equal to zero

a =5 .
o = Gu,&

*) In Table 1 and in what follows Gm. aé o A6 (O)

(4



.
“sti® (3.4)

G * 0

Aa Aq

end setisfy the following relations

s s

o Y2 T 3h ¥
. (3.3

s ‘ s

2 Ly =6y

For the physical vertices (3.%5) acquire the form
/GN?N)”"HS [ . adja \Phus ( adta }Phys (3.5)
\ 2 e TA7A "\ Vs, 3,

These relations can Le generalized to the cese of =srbit
rar& particles if one assumeg2 that for tlie poléé with T=D
the ﬁondiagonal transitions are smell as compared with the
diagohal ones. Thia aasumption formulated for the first tine
inlp]'ag?ees with experimental data on the inelsstic diffrac-
tion processes; et high energies the cross sections of the
production of resonances via the Is0  i-chennel exchange
are at lenst one order smzller than those of the corréspondin%
eleatic remctions. The matrices of the transitions ad;sg
nre diagonal (Q = & ) in this approximation and in SSR one
st take into account only one intermediate state in s- and
u-channels (see Pig.1).

Analysing the SSR for the arbitrary particle scatterine

13



(es it wes done in the case of N a&and A,y ) it is not diffi

cult to get that the generel solution has the form’

ad; 4 (3.7)
Gaq_ha Ai Sad 5)«0.7\5

i.e. the vertices of poles with I=0 are independent of the
pﬁrticle' b type and of the spin *). Thie result was for the
first time obtmined in Ref. [6] , and then discussed in Ref. [7]
on the basis of t-channel approach to the sum rules fTor
do  -scattering.

For the P -pole one cen deduce the relation between
the spin-flip residue GNO‘PN end inelastic transitions

Yo ~'f2
ou the vacuum pole. For this purpose it is convenient to con-

sider the reaction c(p” .--O[PM . Since initial end final reg- .

geons mre identicel, the helicity emplitudes are completely
crosging-symnetric, 5o kinemetic singulsarities free amplitugde
T @®=-1- for which the SS5R (2.1) hold is completely

Y2 1fs
antisymmetric. Therefore for this amplitude the following

3SR exists

N-pr dpdp (tx-1)
(G 4 j:]m’-rz (v, a}“qu , (} O)

'
2

(3.8)

. where the s:.gn A~ meang the extrsction of the kinematie

%

*) Th coeffi&ient‘ Ai  in (3.7) can, in principle, depend on

the beryon number sand strangeress of particle @ . The
consideration of the sum rules for the reactions involving

the baryon and strange trajectories scattering can cleer up

this depeadence.Such consideration ig not subject of this wprk.

14
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T

foctor ﬁo{ég (-],: ] from the corresponding amplitude (see [1].
According 1o the unitariiy conditien the imeginary vert of

~dpd 2. . 3 . . - . .

T4/P1/P (t=-1) is determined by the inelastic vertices
2 T

(‘”‘*PN* with helicity flip. Note thet the contribution
JiN \

of resonances w11;h spin S-'i/c to the integrsl is posiiive,

‘thera‘.f.‘ore the relation (3.8) cen be satigfied ouly in ine

ici

poat

presence of the states with I = 3/2. The corresponding he
ty vertices cannet be found from the dats on the srogs sec-

tions of the unpolarized nucleons diffraction dissocieiion,

However usging tkhe informetion on thesge zoross sections ore can
R . N ol > W
obtain the upper limii on » IP,
e Y2
‘h’d“'p.rv' ! - *'Cer?‘/[ .“xa (3.9]
( i ; \%) MN/L"’ ' \,"3’1)(.0."
\ T e fo Y2
~ e
at | f< 0.5 (GeV/e)“.

The mein purpose of our work was ithe anelysis of the su-

perconvergent relations for the scattering of boson reggeons

{

relations to the investigation of the structure of helicity

ad
residues Gh ‘AS&

the form (3.7) if the transitions ad; PB  with a #8 =re

o’ with I=0 ( S; = P, $,w ) and the api)lication of these

. 1% is shown thet the residues have

smsll.

Let 18 review now the experimental consequences of the

cousidered approacn:

a) The total croas seciions of any of particle peirs which

15



carry thé same beryon nimber and strangeness ghould te enunl

at high energy end not depend oxu spin stetes

tot tot tot _ L tet , tet _ .
) :63",-6 =< édss 7

s et . tot - tot - . (401)
6'(,\,' = 6’(‘“ 6’("*’1_ Y )
6t°t = tﬂt = tot - 6 iot - % U
NN NEN Naj, 433 433

v) The polarizatio:n of perticles sihould not cheige in the
elastic Ecattering processes at hig: energies &nd smalllifte]
z) e fesidués of {- azd & -poles ere proportionerl to tl:e
residue _of P -pole.

It is worth emphasizing thet the conclusion on the total
cross sections equelity was obieined a.l-so in the theory witn

asynmptotically constent croas section [8]. ~

The eccuracy of the results 2) - c) depends on the
smallness of nornpole intermediate states contributior 1 the
5SR. The quated conu(juenccl a) - 2) sccord with existing ex-
perimental dete. For example, the analysis of the spin de-
pendence of the elmstic pr:cones shows the ml].n&n of the
spin-flip residues G ‘;:' ;: . The proportionality of the

P ad § -pole residues allows one to prove the f-do-
minent model of vacuum pole which is confirmed by the analywis
of the binery remctions in Regge poles frrmework.

The indirect arguﬁents in favour of the I;QIQtionl (3.3)
'ég.n be given also. let us conzider the resctions P;, - p;

4 \d S
and Pp - P A;; . waere P eare pasudoscelars §¢ K’;

16



P°= % n K K’

At high energy the crogs sections of these reactions are

determined by ithe sontribution of Regge poles £ A, end
moving cuts. The followiné relation between these processes

has been predicted[3] in the framework of pole model
(4.2)
dé
{Pp Pl.\ 2 (Pp"’Pll)

Though ithe prediétion hag been mad;s for the region of emall

[l it turns out that the (4.2) worka well up to

{{{ x 1 (:eV/o)2 Thig fect is not trivial eince at
[t| 7 0.1 the relations based on the pole model can be
destroyed by the contribution of moving cuis (see Fig.2). It
i3 not difficult, however, to be convincad (by the simple
counting of the helicity states in Fig.2) that the cuts do
not destroy the (4.2) if the relations (3.3) and (3.6) take
place in the sufficiently large region of t.

In conclusion let us emphasize +that the results of ithis

and previo;.xs [1'5] works teatify the fruitfulness of the ap-
prosch basged on the" superconvergent sum rulass as £ method

for the theorefical imestigatich of the Regge pole residues.

The authors would like o thank A.Tg.Anetuni, X.G,.Fores-
kov, G.V.Grigoryan ami S.G.Matinyan for useful discussions.
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Fig.1

Fig.2

FIGURE CAPTIOQIS

Contribution of resonances to the sum rules for the
$
processes d @ ==odx b ; &) in the s-crannel,

b) in the u-channel.

Contribution of moving cuts R IP,..'P
to the reactions '

o) Pp — Ph and b) Pp ~ P'a},’
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