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1. Introduction

The dispersion sum rules for the reggeon-particle scat-

tering amplitudes (da -amplitudes) play an important role

in the theoretical investigation of the hadron interactions

at high energies. The superconvergent sum rules (SSR) which

allow to get a number of relations between different Regge

residues are of special 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 (IMF), has

been proposed in the previous papers*- ' J. It has been shown

that two types of the SSR exist:

a) The SSR which are valid when a{e -ofj-oJK<-f where of,*

and otK are the scattered trajectories; dz is 'the rightmost

singularity in the j-plane with the given t-channel quant un

numbers. These SSR do not depend on spins of particles.

b) The number of the superconvergent amplitudes increase

substantially when the spins of external particles ere'taken



into account, and the' p.rtditional SSR which are valid if

c
ê
-o<i -o(

K
 -m. < - 4 (m = ^ , 2 . . . ) arise. In the papers ^

tne formalism of -53S?. has beerf'used to inveetignte the helicitjf

couplings of 1=1 (P
f
 f\, 5Г ) boson reggeons with beryons

r
- (933) and Д ^ (1232). It has been shown that this appro&nH

allows one to obtain the relations «?hich ere in good agree-

ment with experimental data.

The predictive power of 5SR has been demonstrated in

Refs. Г4.5] , where the existence of the whole series of exo-

tic barycn resonances with isospins I » 5/2 and spins

S ~ J
 w a s

 Predicted.

The properties of the first resonance from this series

with I я 5/2 (called E
5 S
 ) have been analysed in detail.

It has been shown that SSR allov/ one to determine unambigu-

ously the spin ( 5 • 5/2), P-parity ( 4
e
- +• ) and heli-

city vertices G ^
e
 (CL* Д

а 5 >
 E

5 5
; i * ?, A

a
Sl ) of the

resonance E
 S 5

In this work we apply the method of SSR to the investi-

gation of I»0 boson reggeons ( IP, j , W )couplings with

the nucleon 11(938) and А
ъь
 (1232)-isobar.

In Sec.2 we give the expressions for the contribution of

resonances 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 1=0.

In Sec.3 we consider the SSR for the processes

Ы, a — — d. ' & , where o(
s
 are isoscalar (5 = P

f<
/, О )

trajectories and o( are isovector ( V : J
3
, A, ) ones;

. 4



d>ft-f.uratiori of thsse SSR' by the- eoivtrî utioriS oi' N end

Л,,, Z{'Li ) channel states loads to a set of equal.ions for

helicity couplings v>a?k'c». (& ~ ̂  ^зз) which ha а а ж -

trivial solution* The results are generalized to the case of

arbitrary particles Q.
 З Л С

* О • ™'
<11S
 relation between the

spin-flip residue of Д vi/
a
-»/g n̂cf verticea of ir.elsst'ic

diffract ion. i.s established. 5'be restrictioa nu the quantity

О" »д, . /
г
 is found.

In Kec.4 we discuss the obtained results.

2. Superconvergent Sum Rules and Scattering of

Trajectories with I » 0.

The supereonvergent dispersion relations for the ampli-

tude i
 X
L (ĉ j, c\

el
^
t
 CJ,* \) ) of the d

t
(X. -—duo -scattering

have the form

odd aiEplitiide of do. -so?ttt*rin£;

For the particles ( CLjO ) with ypiri it is co:ive:'iier;t to con-

struct the SSR using the helicity етлр] iiydes iij tV;e IMF, Тл»

feggeoa vez'tices and. contribution of- гяаоп&повн to the sum

rules fir.? helicity amplitudes have R aiiaple fonn in the ITiF.



The partiole-reggeon-particle helieity vertex in the

KEF has the form

act 6 il^a-xgi jtf(?ia-Ae) -е-
5
*'*» А

 г

 (

where Ci,
 l
 is the transverse component of the momentum trans-

fer 0 = pg - p
a
 ; Ĵ  is' the angle between % and

X-axii3.

1'he residues С?
 я

 fn
z
\ bave no kinematic s

ties .in Я,"
 f
. '

;
''е shall consider in what follows the region

of small ( q,* ) and discuss ths quantities b-
Ao>i
s(o) ••

P - and (j { T) •••invarianr-ea impose the constraints on the

couplings

where <£, P С
 ш?

-^ Г
 s r

® *^
e
 «igjiatxir©

 f
 P --parjity,

G - parity and isoapia oJf d (nonatr&nge boson roRgeons

ere considered);я.г...ш].§
г
 is i;be P -parity mid spin of particles

0 '

The coxiplin^- Л*. describee t.h-& inverse transition

ь -*• о

If c<e ~ od > - <Ы
Н
 < - -f , then the fciloTring crossing-

odd SSR which connect the residues C. ** take placs



I
t t
 da

(2.5)

= О .

SSR (2,5) correspond to definite t-channel isospin state X^ :

X ^
S

5
X (I

t(
I

s
) (X

t t (

 г
 X (̂ t, I-ц)

 i s t h
« isotopic crossing

matrix which project*, the stete with the definite g(u) - channel'

the state with the given t-chazmel isospin

In (2.5) the quantities G^ w юге the reduced residue^

They are connected with the physical residues in the followin

way

(2 6)

Ip(.-'ip) 'i-S the iaosyin (З-?-"^ prcjeccioii of isoepin) of.'

p a r t i c l e p ; 6?> i s t.h« рлчз? conne'-'vin^ tho peirticle-

a t a t e with the basia iiio©t»in acate; ! ' *z 3 l a s the 3:
•<П4., п г m a ;

ГГц -

Ir, (S,S) the quantity ^ i s integer and s a t i s f i e s

the conditi. on

7 '•



SSR (2.5). are valid for the amplitudes Т
Л а h

\

with fixed naturality <5
e
 Ре at X = (6; P; ){£* PK) {(*>c P«) = • 1

If t г - i , the SSR connecting G
C o i
^'* take place only

when ?v
 Q г
 h g :

G
 ч s

(o) Cr (o) "(7 ff)G (o)U
л
&

со) G

Apart from the SSR (2,5) and (2.8), which are velid if

Ы
е
 ~<Aj - Ы

к
 < ~ -f , for the particles with spins, the addi-

tional aiun rules (the so called "obligatory" superconvergent

згш rules (OSSR) ) arise. They are valid under weaker restric-

tions on the- position of de in the j-plane, i.e.

d
t
- d\ - d

K
 «с О L

1
'

2
] . Saturating the OSSR by the reso-

nances one can get the following equations

\ Z x
t
-
s
 Z! G (o) G

(2.9)

45£
«ft
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In ?}q.(2.9) И алс! К are integers v.fhich sr.tisfy tlie со . •

ditioiis (2.7)я vi n*i\i ( ) i s the bii'O.aiai ooeCi'..c; -

Mv4i 'ent.

Let us consider now the J7CI1 .for the pro nesses

ol* a — <4 g

P,J ! tt

1л order to solve bVe problem on sv.:percoriverc«:iey о е >'st

determine the pos4. t i o i of the rightraost j-p lc ie su^'-lfirLty

dft w-iich cai. contribute asymptotically to the correspond-

ing crossing-odd amplitude

?or this purpose i t i e convenient to introduce the

quantity

_ e x (2.12)

G * И ) G

This quantity i s positive for fill the weil-knorn; TJerree poles

(except for mysterious A% -pole with «i/j1(o)< 0 ) Btl<5 i t i s

natural therefore to assume that the polts with G s ~ '

( i f they ex is t ) have ot(O) < 0 . l e t ye find G* for toe

crossing-odd amplitude*». At high energies ( $ » M^ ) tJiese

Mnplitudes are determined oy the contribution of the einguln

r i t i e e with < S « * * ^ ; <&к

 а п * bftve the usu^l Re^ce behaviour



(2.13)

It follows from CS-13) (for reggeons with »a; V7
K
 =

 +
 7 ) that

if, at least one of the reggeons d ; , </. * has isospir. leO

aiid the asyiaptotic behaviour of ths suf:i rules {2.
r
j) and (2.c'.)

.for the processes (2.10} and (2.**) is determined by the ai.n-

gitlaritit-s with o(
e
(0j < 0 provided only Regge poles а.№

t aken J n i о ас с omit.

Let из find now the pooitio.i of th« moving cuts which

correspond to the exchange of an/ munber of Regge poler &na

have Q г- 1 . Wote Ь'т~Л the intercept cf R jp\ . . Jp cuts

( R-reggeori),which have the same values of I , <э е.г.а G

parity as the pole R', ia equal to the intercept of pole R.

Consider the R
1
,,, R

ri
. cuts. For these cuts

A siaiple analysis in the oase of o( a-»• Ы fe scattering

that (for nonstrange R ; ) the jidninmni number of regs^

needed to construct the state with XaO and Q- x. - \ is equal

to 3 and hence the maximum die ( 0) ~ ~0,5. The analogous

analysis in the case of scattering c( a ~*-d 6 shows that

the rightmost singularity corresponds to the exchange of two

with. 1=1 ( j
>

l
 fl

z
 ) and consequently has de (0)&0 .

Thus for the scattering of highlying trajectories with



0.5 the SSR (2.5) and (2^8) take place if at least

one of the scattered trajectories is isoscalar.

i'urn now to the OSSR (2.9). The asymptotic behaviour of

these sum rules is determined by the "noncanonical"

. = -f, 2 ... ) contributions of reggeons. The

symmetry properties of these contributions depend on

The determination of m for each of the sum rules demands

the special -investigation and we shall always choose t2ie mi-

nimum value of m. »1 assuming that OSSR exist if

d
e
-ot;-ol

K
 < 0 (independently of the sign of 6

C
 and

consequently of \?
z
 ).

Talcing into account the above analysis we can see that

SSR (2.9) take place for all the reactions (2.10) and (2.11)

except for Q{\ <X —~ <A; (> (j - СЭ , J-) , since in this case the

rightmost singularity with IeO is otjp and

3. Coupling of the Ieoscalar Reggeons with" Particles.

In Ref. [3j the method of SSR has been applied to the in-

vestigation of the I»1 reggeons ( ?, й
г
 , ST ) couplings

with baryons N and Д
э ь
 . The reactions ot̂  N -^ ol к CL

( <L * M , &£$ } \, К * J*, А г, Si ) nave been considered and the

SSR .for these processes have been saturated by the contribu-

tions of И and Л
3
'

3
 . It has been shown that such approach

^ ^ g

(a,£ - ,V, Д » ; ^ « >f, А
г
 ЛГ ) which stgree well тпЛЪ.

11-



experimental acta.

In accordance with- this scheme 1st v.e consider wtytt the

processes

and saturate the SSR for these processes by f/ne contributions

of nucleon and Л
л з
 isobar. Tekiiig into ncconvit (2.$),

(2.8), (2.Э) snd the analysia of SSR in Sec.2 one ce:i obtain
aoifa

a î et of .-,>•;uatioas for the helieity residues O^ct^'e, vmich

is save::, :.л Table 1 * \ The solution of this set has the fol-

lowing features.

<г) The residues of isoscalar poles with, single flip are

equRl to zero

G % +4
 =
 о (з.з)

In order to find the relations for the other helicity

residues we shall use the information on the residues 0 »

which has been obtained in Ref. [3}. namely taking into aceovsnt

that residues with single flip Q^ \ +i (<*.,& * V» 4 » )
 a r e

попгего we get that

b) In the case of Isoscalar reggeons the nonflip residues are

are not equal to zero

*) In Table 1 and in what follows (j^j^
 s
 G^^Jg (o)



j *

e.nd SRtisfy the following relations

'k 4z * ^ Ve

. . -» ™ j n AoCj &

for the physical vertices (3.5) acquire the Гогга

(3.-3)

These relations can be generalized to the case of srb

rary particles if one assumes that for the poles with I»0

the nondiagonal transitions are small as compared with the

diagonal ones. This assumption formulated for the first time

in I J agrees with experimental data on the inelastic diffrac-

tion processes: at high energies the cross sections of the

production of resonances via the 1*0 t-channel exchange
i

are at least one order smaller than those of the corresponding

elastic reactions. The matrices of the transitions ad; £

nre diagonal ( a s £ ) in this approximation and in 3SR one

lust take into account only one intermediate state in s~ and

u~channels (see Fig.1).

Analysing the S£JR for the arbitrary particle scattering

13



(as it was done in the case of N and 4
3 J
 ) it is not diffi

cult to get that the general solution has the form

.*# (3.7)

— ал; 6

i.e. the vertices of poles with I»0 are independent of the

particle Ъ type and of the spin . This result was for the

first time obtained in Ref. [б] , and then discussed in Ref. [7]

on the basis of t-channel approach to the sum rules for

ciCL -scattering.

For the P -pole one can deduce the relation between

the spin-flip residue Q . ̂  end inelastic transitions

on the vacuum pole. For this purpose it is convenient to con-

sider the reaction о(рДО —*-о1рл/ • Since initial and final reg-

geons are identical, the helicity amplitudes are completely

crossing-symmetric. So kinematic singularities free amplitude

^ (t*-0
 f o r W

hich the SSR (2.1) hold is completely
Уз 7г

antisymmetric. Therefore for this amplitude the following

SSR exists

where the sign ,-w means the extraction of the kinematic

*) Tfc coefficient fl\ in (3.7) can, in principle, depend on

the baryon nwjnber and strangeness of particle CL . The

consideration of the sum rules for the reactions involving

the Ьадгуоп and strange trajectories scattering can clear up

this depend©noe.Such consideration is not subject of this wprk.



Т

/actor Г1о[<Г сГ 1 fi-om the corresponding amplitude (see [
1
J)«

According to the unitarity condition the imaginary pert of

Т., ,. ' ' is determined by the inelastic vertices
Va %

Ы*
 w j L t h

 h
e
ii

c
ity flip. Jvote that the contribution

of resonances with spin S*1/2 to the integral is positive»

therefore the relation (3.8) car, be satisfied only in the

presence of the states with S *> 3/2 • The corresponding helici

ty vertices cannot be found from the data on the cross sec-

tions of the unpolarized nucleone diffraction dissociation.

However using the information on these cross sections one can

obtain the ut>per limit on Г.* &,

f (3.9)

at l о,
г
| < 0.5 (Ge?/c)

2
.

4.Discussion

The main purpose of our work was the analysis of the eu-

perconvergent relations for the scattering of boson reggeons

dj with 1*0 ( Sj = P, i
 i
 со ) and the application of these

relations to the investigation of the structure of heiicity

residues G- ' . . Ifc is shown that the residues have

the form (3.7) if the transitions etc*г <S with а Ф & are

small.

Let us review now the experimental consequences of the

considered approach:

a) The total cross sections of any of particle pairs which



carry the same Ъегуоп number and strangeness should ce

at high energy end not depend on spin states

b) 'Jhe polari»atio.-i of particles should not ch.ei~.ge ia the
5
Jelastic scattering processes at high energies end sr-srll

г) The residues of f- and 6) poles ere ^roportiorml to the

residne of P -pole.

It is vrorth emphasizing that the ooncluslon or, the total

cross sections equality was obtained also in the theory with

asymptotically constant cross section II.

The accuracy of the results a) - c) depends on the

snallness of nonpole intermediate states contribution i the

3SR. The quated consequences a) - г) accord with existing ex-

perimental data. For example, the analysis of the spin de-

pendence of the elastic processes shows the sraallness of the

spin-flip residues G у ' //, • *?"* proportionality of the

P and £ «pole residues, allows one to рготе the f-do-

minant model of vacuum pole which is confirmed by the analysis

of the binary reactions in Regge poles framework.

The indirect argiunents in favour of the relations (3.S)

can be given also. Let us consider the reactions p i •*. *

pP p "• P Ajjy , where P ere pseudoscalars if*

16



At high energy the cross sections of these reactions are

determined by the -contribution of Regge poles J
3
 , п

г
 and

moving cuts. The following relation between these processes

has been predicted\?\ iii the framework of pole model

(4.2)

'fhough the prediction lifts been made for the region of small

1̂ 1 , it turns out that the (4.2) works well up to

\i { oc 1 (G*V/c)
2
. This fact is not trivial since at

ii / ? °«1 ^
n
e relations based on the pole model can be

destroyed by the contribution of moving cuts (aee Fig.2). It

ia not difficult, however, to be convinced (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 this

and previous I -*J vorka testify the fruitfulness of the ap-

proach based on the euperoonvergent sum rules as a xaethod

for the theoretical investigation of the Regge pole residues.

The authors would like «to thank A.Ts.Arafttuni, K.G.Bores-

kov, G.V.Grigoryan and S.G.Matinyan for useful discussions.
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Ampli-
tude Equations

.! л/

* '/г V*y..//e V» - о

о(*Л/

*<!*/

d*

'/г % Лг'/г>°
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.Vtii д -t
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Лгч Л
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* о
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FIGURE CAPTIOUS

Fig.1 Contribution of resonances to the sura rules for the

' processes cl <j —•» d* b ; a) in the s-channel,

b) in the u-channel.

Fig.2 Contribution of moving cuts R P... P

to the reactions;

a) P"p — P\ and b) Pp - P \ V

22



REFERENCES

1 A.A.Grigoryan, A.B.Keidfilov. ruol.Phys. Б135. 93, 1978.

2 A.A.Grigoryan, A.E.irftidftlov. Yed.Pig:. ^C, i£2*i, 1979.

3 A.A.Grigoryan, A.B.Kaidalov. Yad.Piz. 3_0, 1636, 1979.

4 A.A.Grigoryen, A.B.KRidalov. Pis'raa Zh.Eksp.Teor.Piz. 28,

318, 1978.

5 A.A.Grigoryan, A.B.Kaidalov. Preprint ITS?-100, 19?9.

6 A.B.Kaidalov, B.M.Kamakov. YAd.Piz. Ц , 216, 1970.

7 P.Hoyer and H.B.Thacker. Ilucl.Phys. B116, 261, 1976.

8 V.iT.Gribov. Yad.Piz. 17, 603, 1973.

The manuscript was received April 1980



A.A.ГРИГОРЯН, А.Б.КАИДАЛОВ,

Г.Н.ХАЧАТРЯН

ДИСПЕРСИОННЫЕ ПРАВИЛА СУММ И Ш Ч Ш ИЗОСКАЛЯРНЫХ .

РВДЖВЭНОВ

(на английском языке)

Ереванский физический институт

Тех .редактор А.С.Абрамян .

Заказ694 ВФ-05265 Тираж 299

Црецринт ЕФИ Форма издания 60x84/16

Подписано к печати23/УП-80г. 1,5 уч.изд.л. ц , Ю к.

Издано Отделом научно-технической информации

Ереванского физического инстститута,Е|реван-Зб,пер.Маркаряна 2.



индекс 3624


