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1. Introduction,

The dual-tonological expanston {DTF)} of amnlitudas nf hadronic orocesses
in the framework of SU(M; ) and SH(Nc ) ( Ny, Nc - is the number nf flavers
and colors) allows one to classify various Feynman diaorams on powers of
quantity 1/N “’1/N§ ~1/N¢ [x].

Thus, secondary Regqe traijectories 9,.ﬂz, w, f ... corragnonpd in
DTE to the planar quark diagrams swhich make a main corntributien ta ¥ /N-exnan-
sion of binary amplitudes. As te the vacuum nole and the sn-calied cuts. thev
correspond to nonplanar diaarams of the 1/M-exnansinn,

At first sight, the DTE diaarams seem ta be but formal torplocical nhiacts:
a2 practical use however shows that they allow auark-narton interrvetation,
This enables one to develoo nonperturbative auantitative wethnds in arder to
describe strong interactions at larqe distances (see, e.a, Pefs, [2] ).

So long as the exransion of hadron scatterina amnlitudes on nowers of
1/8 is a series whose coefficients are dvnamical functions of kinemgtical ya
riables, then reiative values of contributions with different tonoleoies
depend, in principle. on variation reaions of these variables. Tn Ref, [2]

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

which a contribution of planar diaarams dominates in ampVitudes of hinary

-
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processes at large positive S and 1 . With decreasina t (with anrroaching
the physical scatterinn‘reqion) the cantribution of nonnlanar diaoprams
increases.

A question arises as te carry out a more concrete auantitative analvsis
of a contribution of dlaarams with different tonnincies to amnlitudes of
binary processes. Such analysis for total cross sections wax carried nut in
Ref. [Sl.nithin the wrobability model based on celored tube renresentations.
In this modei, total cross sections are determined by contributinns of tonn-
logical objacts of two types - planar part snd cvlindrical nart corresnonding
in DTE to vacuum pole. As a result of that, certain relations between total
crass sections of SIN-, KN-. NN-and NN <scattering nracesses are
predicted, which agree well with experimental data.

The purpnse of this work is to analyze centrihutiors nf nlanar diacrams
to the binary spin processes at high encrotes, Qur model is hased on results
of Ref. [5] where the arnlitude of auark-quark ( QC}' V interarticon was
studied in the framework of the planar multiperinheral cuark-aluon mechanism,
This mechanism allows one to explain a position in j -nlane of secondarv
Regge trajectories with different ouantum numbers as well as to nredict 3
definite spin structure in vertices of interaction of these traiectories
with quarks.

When passing to hadron amplftudes, we shall use the additive quark model
(AQM) with SU{6)-classification of hadrons.

As a result, a larage number of relations between amplitudes of hadron
yrocesses with various spin structures is predicted. In Sect. 2 we afve nre-

dictions of our approach for the relations between vertices of cnun11ﬁn of

»

, K*.“.. Y with barvnns

vector-tensor (V-T) aroup reqqeons (9, A, 0, f, K
~and bosons. A comparison of these predictions with exnerimental data is

carried out in Sect. 3. Contrary to the processes determined hv contributinne
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of V-T-oroup regoecons, the rrocesses nroceedine owing tr other traincteorieg
exchange { 7~ . B~ etc.) are studied less in detail exnerimentaliv. 6 cemna-
rison of theoretical nredictions with exreriments] fata far thess nrecessec

is carried out in Sect.4. In Sect.f, a contrihutinrn nf nepnlapar cinnnlariting

(cuts etc.) to binary spin nrocesses 1s disrussed.
2. Re}gticns Between Helicity Residues,

According te OTE, a contributior nf nlanar diaarams tn the arnlit de
Mo - e (S,t) of the process ab — cd corresnonds to a contritmtien
of secondary Reage poles o (t) . In the § -charnel helicity ampl{tuds

representation, the latter has the followinn form:

s
= x

- %
[,

i

(Qtf)%((ﬁa‘lcl*lﬁg~ldl)

M

7\01)&6 =Ac .dd( ’t) =

Adi(tri f
ad C itr i

G () Gaa (8 [ (0] (g
where t' =t~ tmin G::;;{t) are helicity rosidues, L[dl(t)j is 2
signature factor, é = 1 Gey®. SEE, {5 & scale factor derendent, in
principle, on a type of interactint particles (see [4] Y. Tn calenlate rela-
tions between helicity residues C}zazg . We use resyults of Pef, [‘] apA
AQM with SU(6)-classification of hadrons. The ao-amnlitude, corresnendinn te

V-T-group pole exchange in t-channel, has [5] an electromaanetic form:

T

Myq = & 5:179,3, 1x %4

2.2\

For trajecturies of pseudoscalar ( P ) rroun { Jl | B - traiactories) the

following interaction is predicted [5] :
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Maq = 2a%q, ¥°9.9. ¥a, (2.7)

The hadron wave functions in 1ni.fal state have an SU(fi-nonrelativistic

structure:

h  _ <urh
Yin ~ Vs““’ (7.0

As a result of interaction the hadrcn acauires a final transverse momen-
. - t _ 2 o R .
tum g (t'=-q/ ) . The analvsis shows (¢ ] that ir this case the SHIR).

nonrelativistic hadron structure in final state is braken, namely
RARRTCRR
f (Ciu) Su(s) f2.8)
—
For mesons the V(Cbi) matrix has the form:

- LEemGe
Vieqg (g, )=1"% ‘*‘Mm{—(C/g-Ga)m (2.6

For three-quark states
- LEemYe P
V"'*sq,(Q/;): i+ Gmi/ (Gg+ Je -~ Ta)m (2.
(In formulae (2.€) and (2.7) m‘t is the constituent auark mass, the " Q0 "
quark being considered active). One can see frem (2.F) and (2.7) that helici-
ty 1s not conserved in hadron-aquark vertices. This leads tn the hacron-hadror
helicity-f1ip transitions even in the case of nonflir interaction (2.2} at
a quark level,
Using the wave functions (2.4). (2.5) and the ao-interaction 2.2V, one
can obtain predictions for varfous helicity residues of Reane nplec of

V-T-group. Thus, for spin nonflin dianonal transitinns we have:
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G *‘"‘(Nu NG (1) ONE ¥ B )" “Nz) (2 .8)

oL = f , @ ;Ha,f - traiectories,

aga a
fon =a(Ng +Ja Nz ) 7.3

p=Y, f’ - traiectories,

whére N;_a {s the number of quarks of tyne "i" in hadron Q , Uy and ITs
are the signature and isospin of pole ol

Relatfons (2.8) and (2.9) were obtained earlier {n Ref. [4] on the hasis
of planar diagram accohnting. Authors of {4] noted that the derived relatinons
correspond to ag-interaction of electromaanetic tyne,

Analogous transitions with the chanae of stranceness have the farm:

:;Xf = a( + INENE ) (2.10)

2

"x
Y= K*_, K - trajectories.

Relations between spin-fl1ip residues describing pseudoscalar-vector transi-

tions { P—V ) are as follows:

~Ip-1
Gf,”":’-———-(m GAINE NG+ P

« INENY = G I INENE )



. -“""‘"'l

67 o S ([NENT -6 N NT )

i

o 4 Zrm
(7.1
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For the spin~flip coupnlino of renaecns with harvons ’1/?\+ we have:
Ba. B ___-"/_2&('1 f(s(y I3)z"1)(NB+('1)Id 8 \ _.
G’Iz"/a- ;zm% L B-+B. u - N’i)
- 3 8 g zI« B
3\/5 IB (Nu —( 1) Nd ):! {?7.17)
BpB _ 1+—— Yo | (NS +2)
G‘!Z_-./a 3m% [ ' Bi( ]

where Yg and I% are hynercharae and {1scsnin nrodfection.
Predictions for strance pole residues ( K*. K*) are Tisted fn Table 1.
As to the spin-f1in vertices of courlina of V-T-aroun rennecons with vec-
tors, they are zero in AQM. 4
Table 2 11sts residues describina nctet (B) - decounlet lé*) transitions.

BAg* AB¥ BAB™
For these transitions G'!z ¥y F3 G.?z 12 and G.,,_ Ya = 0

3. Relations Between Differential Crnss Sections of Binarv Processes.

V-T - Group Contrihutians.

Presented in the previous sectinn relations hetween the helicity rasidues

:8
G::{' of V-T-croup noles allow nne te obtain numernus relations hetween

differential cross sections of the rrocesses in which natural (TP  =+1)
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t-channel exchanses dominate. Thus. for snin-flin parte nf ON BN and
AN—=>BA Dprocesses from (2.12) and Tahle 1 the fallawina reedictiane

are chtained:

o f f )
Zf; (ﬁer-*‘ﬁDA*-Jr)/'g'gT(ﬂ'P—*—ﬁ°rt):3/2 s
CLG): ! da‘f - fr Tht
T (TPt G (e )= 9

Tagd agf -

gij,‘ (K'p = K°4"™) f{r(K p—K°n)=3, fa 1
dg*f a0 o
ht'(ﬁ+p”*“”f+»ﬁaF"(“ pP—wn)=3, ANEY

The {+) symbnl denntes a cross section corresnondinn +0 2 contribhatinn nf
, . dar . da
t-channel peculiarities with natural parity o5 (Pt P11} 47

:

In Fiq.1 experimental differential cross secticns of nrocesses
GTp— J°A*Y L G@i¥p —natt K'p — K°A™ and ( fi¥p -~ aat
are compared with cross sections of A" p-=~J°n . 0 7p -~ fn

Kp— K°n  ant {JA"p— wn Y* . resnectivelv, miltinlisd by 273
One can see a aond aareement of the relations between the cross serticng with
the value of 3/2 irn a larae reqgion of transferred momenta,

This fact cither indicates that in realitv the relations {2.1) “sakr nilars
ot only between spin-flip p:r:cg_o& cross sections but alsn betwasr nonflin
ones (remind that in ANM G1,z y2 =0 ) or testiffes tn daminancy nf
spin-f1ip amplitudes in ch-v—-l A(A=N,08) transitions at 227 ¢ |
The available measurement accuracy does not allow one tn choarse hetween thegn

versions.



For processes PB -~ PB' with t-channel stranoe boson exchanae the
following relation is predicted:

f

%%im-p—»a-z**)/%g—<+<'p—~wz*>=z (3.1¢)
(in the pole approximation, reactions in (3.1le) are determined bv contrihu-
tions of K* and K*™ -trajectories).

Fig.2 presents experimental differential cross section of K'p — SI’Z”
process and data on K—p —- 3 )2 nrocess, multipiied hy 2 . Nne can see
that the ratlo of the differential cross sections is in noor anreerent with
the ratio (3.1e).

The processes NN -—>=BA (B =N ,A) 2t sufficientlv hich eneraies
{ ﬁas > 100 GeV/c) are determined by contributions of V-T-orcup noles
{at lower energies the contribution of 1 -pole dnminates [7] ).

For reactions PP—A"*n and PP —AYT A% in this case s ore-

dicted:

SR

T(pp-—a™a)/T(pp—2""n) - ;

Fig.2 shows that the ratio of experimental cross sections of these remactions

v Aot

at 5 > 20 GeV is in pood agreement with (3.17),

Vertices (2.8), (2.9} and {2.11) of interaction of V-T-group Regce pnles

|
!
}

with rmesons predict simpie relations hetween pseudoscalar-nseudoscalar

(P —- P} and pseudoscalar-vector {P — V) transitions { in P— ¥ transitions

-7
Pt 'V .
the residues (}o o are zerg owina to P-parfty conservation):

ft'] dad

dat ad
4mf1 at’

dt’

.

(ﬁ'f"o__,_wa‘fﬁ"):

(Ttp —J°A* ")

E | ' 10



daa't reft dd@

T @ pr-en) e i (T"p—a°n)
S T T )
o (Kp - )= g i (KTp s <00
dd¥ Lo¥ ¢+ it'l da . e
ar (KT —=K™a™)= b T (KTp —"a™7)

(2,20}

f"!",’c\

The quark mass Mg eniers &5 & parameter to relations {1.2Y, ® pumerical

value of n1$ in ths framework of our approach was <etermined in Pef, [8]

from the analysis oi partiai widthse of boson resonances {ssvmntotic planarity

reglon). It proved ©: be

ﬁ?w = 415 £ 15 MoV

{27}

F1g.3 presents diagram: of cxperimental data {ilu-trazing a cood aaree-

ment of relations (3.2a)-{%.2¢} with exveriment. ibidem, we alve a comparisnn

between the experiment and our prediction for the stfance exchanoe nrocessas:

dat
dt'

TG0 — WA o .Ltiim féff._
(P KA = Bmf dt’

One can see that relation (3.4) is fulfilled poorlv exnerimentally,

4. Contribution of Pseudoscalar Group Reaaeons.

(@p —K°A)

fv 43

Contrary to processes which are determined by contributions nf V¥-"-rroun

reggeons, those proceeding owing to exchange by ather tratectories  J[~ . B-

[

A1~ etc.) are studied less 1n detail experimentally. In our amnroach [§1,

11



the interaction of P-aroun reaneons with ouarks has a form of (7 ', Tn thig

<

case AQM predicts the ratio of cross sections of Qp— gatt ane

ClP'**-BrT _ Processes equal to 24/2%, In rarticular
dd” o~ ° - dad” 24 f2,1a)
TP st @ — gt
d@’ ++ 24
it (.u p——waA )/dt’ con)..-— fa. 1)

4o da o
where TE = (.= Pt * 900) ¢~ 15 @ nart of differential crnss
section corresponding to t-channel exchanae of unratural spoin-paritv,

As distinct from AQM, the dispersion sum rules (DSR) for reaaecn scatterino
on particles predict [7] for relations {4.1) the values 3/2 instead of 24/25.
A comparison of theoretical nredictions with exreriment (Fig.4) shows that
the DSR predictions for coupling of baryons with nseudescalar reaneons word
appreciably better than the AMM ones. Bs to relations (3.1F), here calcula-

tions within ACM and DSR coincide.
! 5. Nonplanar Contributions.

The implication of the asymntotic nlanarity hvnnthesis allaws one to
estimate within the framework of our aonroach the contributinns n® nenrlanar

corrections to amplitudes of binarv spin nrocesses,
{

For that purpose. we sha11 use the narametrization of function g (t)

add
in the definition of residues Gy, (t)  in the form {t was annlied tn

the analysis of boson resonance decays [9] in the renion of qﬁﬁitiva t
' 2

24y = 0 TR0
a*(t) = T !

12




where (O, is a constant defined from e 29t Aecav, Hsino relatinng
add . oy . . AP, £Y in the €
between (;Ra g (t) ﬂlpardmetrlzar,on of amnlitude M7 T(g 1) in.the €orm
of (2.1) and (5.1) and alsn the values of narameters (i, and Mg, derived
from the boson resonance decay widths, we can ohtain nredictions for contri-
butions-of planar diaarams to the cross sectinns of hinarv nrncegges at
t € 0. The deviation of experimental data from these pradictinng secars na-
tural to be explained by ienored contribhution of nonnlanar dianrams fcuts,
etc.) which, sccording to the asymptotic nlanaritv hvnothesis, ave small in
thz region of positive ¢ . Fias, K, € show nredictions for nlanar contrihie.

tions to differential cross sections of nrocesses ﬂ‘“p—«-ﬂ"a”

L ATp—qen .
Kp—=~Kon ,Kp=& 5% Kp-=0 "5 ani K*A~ —G°q0°.
Errors due tc experimental uncertainty of ouantities (o and n1$ ars pnt
atven on the oradiction curves,

In our anproach the nlanar part of the SITD ——J°A%Y nrocess 15 des-
cribed by the snin-flin contribution of the 0 -nafe, Fin.§ demanstrates o
good description of the reaction differential cress sectine at Pt =1R Fet/c
by the planar amplitudes. Ibidem we ofve a total contribution of our predict-
ed spin*pr' and snin nonflip amnlitudes to the diferential cross sertion
of the ﬁi_p —~J1°N  process. There ¢ a considerable disacreement with the
experiment. This fact, in additien tn that both relation (3.1a} for snin-flip
contributions and the description of the Tt*P - JI°A"T nracess are in aonr
aareement with the éxperimént, indicates that for IlT‘p - J1°N  our pre-
dicted nonflip amplitude. contrary to the flin one, is substantially rerorm-
alized by nonplanar corrections, The experimental confirmation of relation
{3.22) allows one to apply this conclusion also to natural contributinns in
the process 91 p— wn .

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

of IN KN, NN and NN -scattering, it was mentioned that

13



corkributions of cuis in diagonal over spin varfab es ciastic scattering am-
pritudes at t = O are highly considerable and depend wezkly unon the quark
composition of particles. Numerical estimates within our apnroach show that
contridbutions of the Recge vector poles { @, w 1 to iae nonflin elastic
ampliiudes of the cited processes are renprmalizes by nornlanar corrections
by (52-70) ¥ 1n a wide eneray rance {20 - 200 GeY;.

Cur analysis testifies to strong dependence of nonplanars z:atrihutions ¢ .
nadron spin states. In particular, the nonflip ampi!vude corrernontino to

¢ -pole exchanoe is renormalizec by nonplanar corveciions miych stronaer
tha® the flip ons. The comparison of our predicifon 7or tha nlasar nart of

580 -scatterino differentiai cross section with data of nne-nion-exchann
model {OPER) supports the above statement {see fia.5).

Fig.b presents our predictions for planar centributinns 4o the scattari o
processes of the strange sector particles. In fhe ncle arnroximation, the
cross section of the K'p—-KOAYY process is determined by g - ant

A -trajectories contributions. The predictions for the ¢ and Ay cone
tributions to the spin-ftip nart of the differentiz] crnss ssection are ces-
pared with experimentai ‘ata at Pgg = 13 GeV/c. Nne can se: that the
disagreement brtweer .ne predictions and experiment 4s due maialy to the

‘

R, -pole contributfon. Takina into account a cood descrivtion of the
31+P—-—g[°A++ nrocess merely by the ( -poie {see Fia.5). cne can conclude
that the A, -pole contribution, contrarv to o i ronormatized by non-
planar corrections much stronaer. Such a conclusion aarees well with the
"asymptotic planarity” hypothesis, according to which norplanar corrections
to the Reqae amplitude rust grow with moving away along t from the rpsnnancé
region of the Reage trajectory considered. Indeed, the nearest resonance of

the 9 -trajectory @ (770) 1is much nearer to the considered reoian of ne-

gative t than that of the f, -trajectory ( Ay (13201)

14



Present :d in Flo.» comparison of contributions of P ad KT nnles
i1 the K ==&~ Y sne Ko — 72 ™ vase fors with sxverimental data
also confi ms the faét that ronnianayv corrections in the canitdaied reafon

U< -t < 16ev? venommalize the .ewsor traje ‘teries rush sironeer that

the vectc” ones,
Concl:sion.

The .tudy of the binary spin processes within UTE Is e~ creat interest
for the analysis of contributions of vuriuus tOUU]UﬂiCH]itﬂjGCtS of NTF tn
hadron zmplitudes and thelr rcie in foimation of soiu effecis.

Iv Refs. [5, 61, there were studied both the snin structure »? ay-scatter
ing p anar amplitude within the quark-aiuon multineviphers! mechanism and the
role 5f the hadron wave funciions in formation of h:dron svin rhenomena,

‘ne results of [5]and [5] are applied in the uresenc werk tn analyze
con: {butions of the planar diaurams io the binarv s in nwoacesses at hiok
enar gies, ‘

Numerous relations between differential cross sectiens of verfous sein
processes are obtained with the use of nredicted {n {5 1:nin structures «
interaction of reggeons with quarks and ANM with tte “UHA).classification of
hadrons. Cur predictions for relations between processes with domimatina
nonstrange t-channel exchanges of natural soin-parity arve {n uood agreeme ¢
with experiment. A comparative analysis of AQM and DSR oredictions 1s ca2. ~feo
out for processes with unnatural exchanaes in the t-channel. It {s shown hat
the D’R predictions are in better agreement with experimental data.

The fact that relations between cross sections obtafned in the nlanar
approximation are confirmed experimentally does not imply smallness of nou.-

>lanar corrections. ?he Jatters can be such that their contributions woula

15



sict spoil relations of planar anproximation. In the nresent work we have
estimated contributions of nonnlanar diaarame to the binarv snin nrocesses
based on the “asymptotic planarity" hynothesis. The analvsis shows A strong
dependence of nonplanar contributions not only on kinematical variables, but
also on spins, helicity states a?d gquark comnosition of interactine mariicles,
For o detailed analysis of this depzndence. more precise volarization measure-
rents at high csnergies are needed.

It should be noted, ir addition, that 2 —are correct ouantitative analv-
sis of nonplapar contributions requires calculation of counlinag vertices of
reggecns with bhadrons in the Tramework of a mere reaiistic. comnared to
nonralativistic, quark model, As is shown by nreliminarv calculations within
~eatistic quark model suncestsd in Pef. [17] . the account of relativistic
sorrections due to relative motion of ouarks in hadrons jeads ta » chanae of
spin-fiip vertices N« N and Noi &4 within 20 %, fowever the raiatirn

between them is practically unchanged. At present, within the avark mndel

f10] | calculations of Beai B vertices incinding stranse particles are

Authors are thankful to 1.G. Aznauryan, Sh.%, Fremvan, SV, Fsajheavan,

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