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1. Introduction.

The dual-toooloq1cal expansion (OTF) pf anniitudes of hydropic

in the framework of SU(N^ ) and SU(Nc ) ( Np , N
c
 - is the number o* flavors

and colors) allows one to classify various Feynntan dianrams on rowers o
f

quantity 1/N ~ 1/N
f
 ~ 1 /

N c
 [l] .

Thus, secondary Reqqe trajectoriPS P , Яг
 ;
 CO , f ... corrpsnoprf 1n

DTE to the planar quark diagram «whfch r"?kr a main cnntrihitirir to I/N-РУПЯР-

s1on of binary amplitudes. As to the vacuum nolp and the SO.-M!1PH cuts,

correspond to nonplanar diaprams of the 1/H-exnansinn.

At first siqht, the DTE dianrains seem to be but formal tnnniooieaT o

a practical use however shows that, t.hry allow пиэгк-nprtcn intprnretntion.

This enables one to develoo nonperturbativp nuantitativp Tpthod<; in nrrlpr tr>

describe strong Interactions at larqe distances (see, e.n. Pefs. 12) ).

So long as the expansion of ha<iron scatterino amplitudes on powers o
f

1/N 1s a series whose coefficients are dynamic*! functions of Hnemetirpi уя

riables, then relative values of contributions with different tonolooies

depend, in principle, on variation renions of these variables. Tn Ref. [.̂ 3

a so-called "hypothesis of asymptotic planarity" was formulated, accordinn to

which a contribution of planar diaorams dominates in amplitudes of binary



processes at larqe positive S and t . With fiecrprtsinn t

the physical scatterinn recjion) the contribution of nonnlanar di^orams

Increases.

A question arises as to carry nut a morr- concrete nuartitative analysis

of a contribution of diaorams with different tono lodes i:n amniitudps of

binary processes. Such analysis for total cross sections was: carrier! nut In

Ref. [4J.within the probability model based on colored tube rpnresentations.

In this mod?!, total cross sections are determined by contributions of tpr>o-

logical objects of two types - planar part and cylindrical "art cnrresnonrMno

in DTE to vacuum pole. As a result of that, certain relations between total

cross sections of 5IN-, K N " . NN~and N N -scattering processes are

predicted, which aqree well with experimental data.

The purpose of this work is to analyze contributions of planar diaorams

to the binary spin processes at hioh energies. Our model is bnspd on results

of Ref. [5] where the airolitude of auark-quark Г Qt3 ~ ̂  interartinn was

Studied in the framework of the olanar multinerinheral miarV-oluon mecbanis"i.

This mechanism allows one to explain a position in J -nlane of secondary

Regge trajectories with different ouantum numbers as well as to nrpr'-fct a

definite spin structure 1n vertices of Interaction of these tra.ipctories

with quarks.

When passing to hadron amplitudes, we shall use the additive quark model

(AQM) with SU(6)-classification of hadrons.

As a result, a large number of relations between amplitudes of hadron

>rocesses with various spin structures 1s predicted. In Sect. 2 we oive nre-

dicttons of our approach for the relations between vertices of couoliiv» of

vector-tensor (V-T) aroup reqqeons ( O
}
 fiz

}
co

}
 4, К * К .,.1 with barvnns

and bosons. A comparison of these predictions with experimental data Is

carried out 1n Sect. 3. Contrary to the processes determined bv contributions



of V-T-grouD regpeons, the processes proceedipo nwinn tc other tr

exchange { (/[- . B~etc.) are studied less 1n detail pxnpriirprtsl

rison of theoretical predictions with oxnpHnentsi ^ata
 f
cr thps*>

Is carried out in Sect.4. ?n Sect.R, a contribution of ппп^Ъпа*
1
 <:innii1ar

(cuts etc.) to binary spin nrocpssrs is

2. Relations Between Heiicitv R

According tc DTF, a contributior of nianar riî nrains to the

ted (5,t) fit" the process d o —»• c d corresponds to я

of secondary Reaqe poles di (t) .In the S -chatiripi *i»Hc1tv

representation, the latter has the folinwinn forr̂ :

( S t )
e T

where t'=t~tmin , Сгл 'л ( t ) зге h e i i c i t v residues, r | £ o ^ ( t ) J 1s

signature factor, 5 K 1 Ое'Г. S c ct 1s з scale factor fWendent, in

pr incip le, on a type of interacting particles (sep [<*] ). Tr c a i c i i p t " r^1?

tions between h e l i c i t y residues G A a д е . WP USO result1; o-f PP-^. [ c j ^r

AQM with 5U(6)-c1assificatiori of hadrons. The oo-amniitudr, corrpsnordirm t

V-T-group pole exchange in t-channei, has [ f : ] яп elpctrornannetic

For trajectories of pseudoscalar ( P ) "roun {Si , R -

following interaction is predicted [Б] :

5



The hadrcn wave functions in -fni ,1al state havp an SU(*)-nonrpl4Mv1stic

structure:

• h _
SM<6)

As a result of Interaction the hadrcn acouir^s a f i n a l transvprsp momen-

tum tyx(*' ~ ~ ^i.) -The analysis show [ ' ] that in this casp thn ^ifp">.

nonreiat iv ist ic hadron structure 1n f ina l statp 1s Ьгпкрп,

V(Q L)For mesons the V(Q L) matrix has the form:

For three-quark states

• ( In formulae (2.6) and (2.7) гги Is thp constitupnt ou?rk mass, tlv» " a "

j quark beinq considered act ivp). One can sep from (?. f) and (?.7> that h

ty is not conserved in hadron-quark vert ices. This leads tn the

hel1city-f l1p transit ions even 1n the case of 'nonfUr Interaction O.?\ at

a quark level.

Usinq the wave functions (2.4). (2.5) and the oo-1nteract1on (2.?Ч ОПР

can obtain predictions f o r various h e l i c i t y residues o^ Reone п

V-T-group. Thus, for spin nonfUn dianonal transitions WP haver



ai = О
 }
 CO

 f
 A

z
, f - tra.iPctor1r><;,

j3=<^
?
 £ ' - trajectories,

where N L 1s the number of quarks of tynp "i" 1n hadron & , 0 ^ and 1^

are the signature and isospin of Role об .

Relations (2.8) and (2.9) were obtained earlier 1n Ref. [л] on the basis

of planar diagram accounting. Authors of [4] noted that, thp derived гр'э+inns

correspond to qq-Interaction of electromannptic tynp.

Analogous transitions with the channe of strapnpnpss have rh«>

= а

# = K , К - trajectories.

Relations between spin-flip residues describing pseudnsc8lar-v»>rtor transi

tions ( P —*- V ) are as follows:

с:

N$ Ni ' )



о"" 'Tjkr

F o r t h e s p i n - f l i p c o u p l i n a o f r p n n p r n s w i t h h a r v o n s f l / ? ) we

ере =

k'b -v, 3 m

where Yg and I
B
 are hynercharne япс) Iscsnin nrniection.

Predictions for stranae Dole residues ( К . К ) are listed 1n Tabip 1.

As to the spin-flin vertices of coupHnn of V-T-nroun reonpons with vec-

tors, they are zero in AQM.

B )Table 2 l ists residues describinn octet (B) -»- rfpeoiiMpt ̂ B ) transitfons.
g\ n« Q Ъ 0. ** ft \ fl#

For these transitions G^^^JJ G,,2 ,,1г чп<1 G1/a 1/г = 0

3. Relations Between Differential Cross Sections of Binarv Processes.

V-T - Group Contributions.

Presented 1n the previous section relations between the helicitv

Q \ °^ V-T-nroup Doles allow one to obtain numerous relations between

differential cross sections of the processes In which natural ((ГР •+!)



t-channel exchanges riominatp. Thus., for sn1n-f71n nartc of CiN -*-&N

a N - ^ ё Д processes frnm (2.12) and Table 1 the fnllnwino

are obtained:

gff (K+P

The (+) symbol denotes a cross section corresnondin" to ?

t-channei pecuiisrities with natt/ral rarity T + ~ ~ (^\r
+
 f i~«) d

In F1q.l exnerimentai differential cross sections г

5I
 +
 p —3i°A

+ +
 . Я

+
р — г

{
д
 + +
 , K*p — К

в
Д*

+

are compared with cross spctions of 5i~p —*• 5l
e
 n , 5T~p -—

К ~ р - ^ К
е
П ar<* [ТГр~— СОП )

+
 . rpsnpct1v<

One can see a qood aoreenipnt of the relations between thp cross %<=

the value of 3/7 in a larne reqion of transferred ponent?».

This fact either indicates that 1n reaiitv thp rp
1
ations C

1
.^)

iot only between snin-fHp parts of cross sections but 4lso

ones (remind that In AOM Gi|
2
 Vz

 =
0 ) or t.estî ips to rtpmippncv «*•

^ v - т
spin-flip amplitudes in N - — - Д (A = H,&) transitions at .->̂  t .

The available measurement accuracy does not allow one to choosp

versions.

• 0



For orocesses PB """" PB with t-channel stranoe boson РХСПЛППР

following relation 1s predicted:

(In the pole approximation, reactions 1n (3.1e) are d^terHnprt t>v cnntHbu-

tions of К and К -trajectories).

Fig.2 presents experimental differential cross section of K"p -*- 3i~H

process and data on К p—*-Sl~H nrocess, multiplier! by ?. . ППР can see

that the ratio of the differential cross spctions is in noor anrper*pnt with

the ratio (3.1e).

The processes N N ~*~ В Д ( В =• N , A ) at suffidpntiv h1oh pneroips

( P
a
g ^ 100 GeV/c) are determined by contributions o* V-T-nrcup nnies

(at lower energies the contribution of 5Г -DPIP dominates [7j ).

For reactions р р ~ * - Д
+ +
П , and р р - ^ Л

+ +
Д ° 1n this case is nre-

dicteri:

(Г(рр— Д

+ + Д в )/СГ(рр — Д * + п )

F1a.2 shows that the rat io of fixperimentai cross sections of these reactions

at \Ts"?- 20 GeV is in nood agreement with ( 3 . 1 f ) ,

Vertices (2.8), (2.9) and (2,11) of Interaction of V-T-qroup R?OC;P PO'IPS

with mesons predict simple relations between pspudosca'iar-DSPiiHoscaiar

(p _*_ pj a n c j pSeudosca1ar-vector (P—»-4) transitions ( in P —*• V transit ions
Prt.v~TV

the residues G o o are zero owinq to P-naHtv conservation):

10



d(T+ + .-ч- | t ' |

dt' Г ' ij-гПа dt ' ^

The quark mass ГГЦ pnterb as Й parameter t o r e l a t i o n s { ? . ? ) , ft nuripyical

value of ГПо 1n th* framework of our aoproach was .'ptercin^d in Pef. Г?]
r u

from the analysis oi part ia i widths of boson resonances (aswnntotic ol?nnritv

region). I t proved to be

(Tin = Л15 ± 15 MoV С*."*)

F1g.3 presents d1acjra?n£ of exDfcHroentai data 1'ib:-trs;:1no a ooort anree-

ment of relations (З.^а)-(3.2с) with exneriment. Ibidem, v« oive a

between the experiment and our prediction for th
e
 stfanop exchannp

One can see that relation (3.4) Is fulfills pooriv

4. Contribution of Pseudoscalar Group Reaoeons:

Contrary to processes which are determined by contributions of V-"-orour>

''eggeons, those proceedino owing to exchange by other tr*.lectories f ̂ T~, B~

•fli"" etc.) are studied less 1n detail experimentally. Tn our approach [5

11



the Interaction of P-orouo reo^eons with ouarks ha? a *orm o
f
 С ^. In this

case AQH predicts the ratio of cross sections of С ф —•" 6 д
+
 an*

ap-*• B n nrocesses equal to ?л/2Б. In particular

fif
dCT" / d T

where
 "dt~ ~ V?»~ £'-» + Fooj'dr" fs a nart

section corresponding to t-channei exchanne of unnatural sn1n-par1tv.

As distinct from AOM, the dispersion sum rules ( W ) for renneon scatterino

on particles predict [7] for relations (*.l) thp values ?/? Instead of ?*/?F.

A comparison of theoretical predictions with experiment (F1o.£) shows that

the DSR predictions for coup!inn of baryons with nseudoscslar rpnoeons wnrV

appreciably better than the A^M ones. As to relations ($.\*), herp r^lcula-

tions within АГМ and DSR coincide.

5. Nonplanar Contributions.

The Implication of the asymptotic nlanaritv hvnnthesis allows one to

estimate within the framework of our approach thp contributions г>*

corrections to er-nlitudes of binary spin nrocpssps.
i

For that purpose, we shall use the O3r?nw>tr1??t1on of function a

1n the definition of residues G>
a >
^

6
 (*) 1" the for"

1
 1t was

the analysis of boson resonance decays [9] 1n the reiion n* nns1t1v«> t

12



where CU is a constant- dpf1n«v! front о —»- 251 ^pr?v. "sino

between Q , AP (-) - paranetrizption of an'niitucjp jVj' (S,t) in

of (2.1) and (5.1) and also the values o f narampt.prs Q o anrf mcj,

from the boson resonance decay widths, WP can ohtain nrpHfctions fr>v cnnt-H-

butions-of planar diaorams to the cross sections o* Mn»rv nmrfss"? at

t < 0. The deviation of experimental date from t^ps" nrpdiсtfpns s°en-s лд-

turai to be explained by innored contribution o* nonnlanar ^тзп

etc.) which, according to the asymptotic n l a i v r i t v hvpnt.r<>sis. *rp sr

the region of positive t . Fins. 5, £• show predictions *о«* г>1япаг

tions to d i f f e r e n t i a l cross sections o f orocessps 5t + p-"•5T°A+f. JT~p —ЗГ°п. .

K-p-—K°n , K"p — J i"Z: + , K"p —- 3T-Z+* an--1 JT + ff~ — ST'Si".

Errors due to experimental uncertainty of ousntitips d
o
 ?nH nin яг° p«t

given on tf\.- prediction curvps.

In our approach the planar rart of thp 5T
 +
 p -*-5Г°Д

+ +
 nrocpss is A s -

cribed by the snin-fHn contribution of the Q -nnlp. Ил,5 ^nnns'таtes r
1

good description of thp. reaction differentia! rrrss section at p,
a
% =if. ftp"/c

by the planar amplitudes. Ibidem we cive s total contribution o
f
 our predict-

ed spin-fHp and snin nonflip amnlitudes to the rii^ferpntial cross sf'-tion

of the Ji р-"--5Т
о
П process. There is a considerable cH^afreprent with thp

experiment. This fact, in addition to that both relation (3.1a) for snin-flip

contributions and the description of the 5Г
 +
 р -"-ЗТ

О
Д

+ 1 Г
 process are in nonr

1

agreement with the experiment, indicates that for JT"p -*• 51° n cur pre-

dicted nonflip amplitude, contrary to the flin one, is substantially renorm-

alizec! by nonplanar corrections. The experimental confirmation of relation

(3.2a) allows one to apply this conclusion also to natural contributions in

the process 5l~p —*" Ct>n

Ir. Ref. [4] , in the analysis of differences of hadronic cross sections

of 3IN , K N , N N and N N -scatterino, it was mentioned that

/•'

13



contributions of cuts in diagonal over spin *ariab;«?s Hastic scattering am-

plitudes at t = 3 are hiohly considerable and depend weekly unon the fiursrk

composition of particles. Numerical estimates within our- aooroach show that

:ontHbutions of the Regge vector poles ( p, to "' to t.ie nonflio elastic

amplitudes of the cited processes ere renorma 11 гей fcv nornleri.'ir corrections

by (50-70) % in a wide energy ranoe (Z0 - 20П ReV).

Our analysis testifies to strong dependence of лщЛапаг vntr<butions t •

hddron spin states. In particular, the nonflio amrtllcude carrfsnorv'j'Jno to

9 -pole exchanpe is renorrca 1 iгее by nonolanaf corvtcfions rmjci stronoer

that the f l i p one. The comparison of our prediction for th*> пТч/iar n^rt of

Si'Ji -scattering differential cross section with da га of nnp-siion-pxcharw

model (OPER) supports the above sts'cewent (see Ия.5).

Ffg.6 presents our predictions for planar contHbuti^s *co th» sca+.tari с

processes of the stranoe sector particles. In the nele arnroxinstion, thp

cross section of the К*р-—-К°Л+ + Process 1s determined by p - am!

Яг. -trajectories contributions. The nredictfons for the f эп.̂  i i j con-

tributions to the spin-fMn nart of the differpntisl crnss spction, зге com-

pared with experimental ^ata at p l a § = 13 GuV/e. One can se^ that the

disagreement bctv/ee" ,ne predictions and exneriment *)s due mai ily to the

SKi -pole contribution. Taking into account a GOOO* riescrfatioit of the

Ji + p ^ - 3 i 0 л + + nrocess merely by the p -pole (see F1q.5K one can conclude

that the Я-г-pole contribution, contrarv to О , is rcnormal г'гес* bv non-

planar corrections much stronoer. Such a conclusion anrees WPII with thp

"asymptotic planarity" hypothesis, accordino to which nonnlanar corrections

to the Regge amplitude must grow v,'1th moving away alonq t from thp rpsnnance

reaion of the Reqge trajectory considered. Indeed, thp nearest resonance o*

the 0 -trajectory p(770) is much nearer to th«> considered reoinn n* ne-

(jative t than that of the Яг -trajectory ( Я



•tf it i$

Present id in F1g.& comparison of contributions о* ' attri К

i 1 the К >-*-ЛГ"",21* snfi K~p-1"-Я'" Z- reac 1ors witK i

also conf 1 -ms~ the fact that nonniana* corrections In t*ie oorv.;tdpretf r<?nion

0 - ^ ~x < l Ge¥ renorwia 11 ze the ,e^sor tra.k ;tt r-;es i-̂ uch ЗГРППС^Г that.

ths vecto ones.

Conclusion.

The ;tudy of the binary spin proces?ei-. within 1;TF. :s f- f?r*at intprpst

for the analysis of contributions of various tonoicnical cu.iects v$ ПТГ to

hedron «mpHtudes and the i r role 1n fos-^ation o-f soin effects.

. hi Refs. [ 5 , 6 ] , there were studied both the soin structure :>f qq-scatter

Ing p anar amplitude within the quark-aiuon nultineHphereH mechanism агИ tbt:

role of the hadron wave functions 1n fomation of htt'ron .«-In rh

The results of [ 5 ] and [ 3 ] are applied 1n the «resenc mrk tr>

con. 'fbutions of the planar diaorams io the binarv s ^ n '.rpc«sses at h1oh

energies.

Numerous relations between d i f f e r e n t i a l cross sections of v?-r1t4is s^-in

processes are obtained with the use of nrpr!1ctp() in 1ч]«..п1п structures r

Interaction of reggeons with quarks and AQH with ttc- 'U(fib-class1f1cat1oT. of

hadrons. Our predictions for relations between process.es with dominatino

nonstrange t-channei exchanges of natural so1n-pari'ty are 1n oood agreemt t

with experiment. A comparative analysis of AQM and DSR oredictions 1s c?, <*1eo

out for processes with unnatural exchanges 1n the t-channel. I t 1s shown :hat

the D.-R predictions are 1n better agreement with experimental data.

The fact that relations between cross sections obtained 1n the planar

jpproximation are confirmed experimentally does not Imply small ness of поч-

э1апаг corrections. The let ters can be such that their contributions woulti

15



not spoil relations of planar aoproximetion. lr< the nrespn* work we have

estimated contributions of nonnlanar diaqrar"? to the Mnarv snin nrrcesses

based on the "asymptotic planarity" hynothesis. The analysis shows f> stronq

dependence of nonplanar contributions not only on kinematical variables, but

also on spins, helicity states and quark composition of interactino particles.

For.я detailed analysis of this denendence, more precise polarization measure-

nents at high energies- arp needed.

It should be noted, in addition, that г ~ОГР correct ouantitative anaiv-

sis of nonplanar contributions requires calculation of coupling vertices of

reggeons with hadrons In the framework of a morp realistic, comn^refi to

nonre'lativistic, quark model. As is shown by nreHminarv calculations within

-eaHstic quark model sunrresteH in Ppf. [l
r
>] . the account o

f
 relativis+ir

corrections due to relative motion of ouarks in hsdrons leflds to л cbaine of

soin-flip vertices Not; N and Ны.1 й within 2П %, f i
0 W P V P r

 th

between them is practically unchanqed. At present, witHin tbp оия~ь

[in] . calculations of Boil В vertices inclusion strsnnp particT

carried out.

Authors are thankful to I.G. Aznauryan, Sh.?. Fre^van, S.V. Fsaibpoyan.

A.B, Kaidalov and N.L. Ter-Isaakyan for useful discussions.



Table 1

О* , - 0 * *
«--у, < У = К . К

В — В '

Р — Z +

Л - Е °

п — А

(На - ВЯВ1

а" ""'/г -'/г

Уз
2/з
0

Table 2

Predictions for
ГПа ВАВ"

—z~ \Лцг з/г

в—в*^<^
р —•• д*

Е + — И+*
,—,о ТГС*

р — И4-

Г+ — Д+

л — £°*
г~ —- г~*
z — sr
л —- :̂°*

со ,f

Уг/з"

Р°. Яг

-1/2J3

УгЛГ

"Уг-

Уг

I/O» „о*к

!/15
1/Гб

-У/б
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1 0 *

•*• ! io«-

f U =15- JV/C

5.1

1 to1

6 0 0 04 0 6 Ob 10
-t' (Gev1) .

Fig.l. Comparison of relations (3.1'-)-(3.W) with experiment. Data

are taken: for 51+р-~31°Д< + and (!Г*р-^»1Д*+ from

for Sl"p -~3T°n from [12] !data w* extirapol Jted to

Pia6 " 1 6 G e V / c ) ; f o r Я ~ Р ' ~ ]\п frm t ^ 3 '»
for K+p —K°A++ and K"p — К°П from [14] ;

for Я*р-*-<»Д+ + from C.153 i for $"p -*

from r.16] (extrapolated to p,ns « 16 fleV/c)
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