
E2 

V.A.Matveev, R.M.Muradyan, A.N.Tavkhelid:re 

LARGE-ANGLE SCATTERING 

AND THE QUARK STRUCTURE 

OF HADRONS 



E2 - 8048 

V.A.Matveev, R.M.Muradyan, A.N.Tavkbelidre 

LARGE-ANGLE SCATTERING 

AND THE QUARK STRUCTURE 

OF HADRONS 

... 



In a paper[l]on the basis of· automodelity or scale 

invariance hypothesis and dimensional quark counting the follo

wing prediotions have been made: 

a) The differential oross section of exclusive two-body 

scattering at fixed angles· l-.a ~1"_,=- 1.+i--(1~~) 'F :!:.1 

obeys the following scaling law: 

The valence qttark representation for hadrons gives ·the 

followip.g energy dependence for definite processes 

f (PP➔ PP) ~ t.o J ~f (t:p ➔ rtP)~ ts 1 !(ep~QP)~ ;, • 

b) The EM form factor of a hadron & in the limit of 

large momentum transfers behaves as 

where l'\,4, is a minimum number of hadron constituents. 

Using the valence quark representation for mesons and baryons 

we predict the monopole asymptotic behaviour for mesons 

FH ( i) ,v ¾; ( M = Tt, ll,. .. ) and the dipole one. for baryons 

Fr, (-t)tv ~" (B = P, Z:, .6, ... ) • 

(1) 

(2) 

The agreement of this predictions with experiment gives a 

dynamical ( non group-theoretical) support for composite Mture 

of hadrons. 

The purpose-of this paper is to obtain an explicit expres

sion for the angular distribution function £. 6 (i.) in deep 

region $ 1 IH I I u.. I - 00 by means of the dimensional quark 
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counting rule based on the dynamical interpretation of quark 

diagrams. On the basis of automodelity or scale 1.nvariance 

hypothesis it is reasonable to expect that invariant amplitudes 

at high energy and large momentum transfers should have a simple 

asymptotic form 
f (s,t:, u .. ,) .-v · ~"'- t' «.,~ 

Dimensional quark counting arguments fixed unambiguously 

the sum of the exponents 
d..-tf,+t=- -(11 .. +116)-t-2 

which results in the scaling law (1). To obtain an explicit form 

of the angular distribution function yq e (:e--) it is necessary 

to know the value of the exponents o<, {3, 0 separately. 

This information can be obtained by dynamical interpretation of 

quark diagrams for def:l.nite two-body reactions. 

Let us start from the consideration of the simplest case 

of kaon-nucleon scattering, where only one topology of quark 

diagrams contributes ( Fig.l): 

,I. (a) - (b) 

IC IC K+~ K+ 

:J C p=><== 
p 

p . . p p : E p 
n n 

(s,-t) (14,t) 

Fig.l. Kaon-nuclecn quari diagrams. 
(a) in !Cf➔ ICf only (S,,t) topology contributes 

(b) in K'-P.., K+p' only (u,t-)· topology -0ontributes. 

4 

In the case of K-~ ➔ ICp scattering the number 

of- quarks in / diTeotion and t- - d1reot1on are 11s=.t 

and ltt: 3 respeotivel7. fhe oorresponding diagram in Fig.l(a) 
1.. - ~. 

has asymptotic behaviour 511,N, tft••~ - _ :,-t:"' 
For K+p~/l.+p scattering the numbers are nw=t ·· and n-1:•3 

. . £ - £ 
and hence the diagram on l'ig. l(b) behaves as u.."•·• ,et·1. · 1<.t-1, • 

In general )1 s + n-1:- k-• + ttB ·(and Jh-tt1-1:•·11Q+n( ) 

and hence these rules are 1D agreement with general dimensional 

considerations, developed 1n[l]. 

In practice the inclusion of spin effects is important :!hr 

the calculation of angular distribution function f,u (i:-) 
although it dou not affeot the energ dependence of the diffe

rential cross section. The meson-baryon scattering amplitude oan 

be represented in a standard form 

f/-1c = iZ,<1 (r') {-A.,; l>'Q B 3 u.,. Cr) • 

2 'tr- 1l1V'ar1ance at high energ:tes Jrcm the QOndit1oD of ., 
it follows, that fi"t ~ o. Hence cnl7 the B-emplitude gives a 

dominant contribution and is oonneoted with the hel10it7 
. ' . 

non-fiip amplitude -iv the relation :r~+ (~1-t,) "" ,.;;:;; B {~,t). 

The a-channel helioit7 amplitude can be represented in the forms 
.. " -1:-t (s,t): co,~ f(~,-t) ~ -~ ;_ f (~,-t) 

and respect1v.el7 ·; IA.."-~ channel ~plitude reads 

- f.~ cs,.o = oo t I ct,t) + ~ ~ f(u,i::J. 
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The imariant functions fO,-t;) and :f(lt1t) are free 

of kinematical zeros and singularities and are determined by 

the quark. exchanges, corresponding to ~.-t-) and ( u,i:) topology 

quark diagrams. Then for the differential oross section for 

meson-baryon scattering we obtain 

- r,J - CAI'.> 'V$ , C da' i. I _a,. --

t(t $R, "i" _,I - ~ ~~ ~1~. 
For the simplest case of kaon-nucleon scattering froa (J) 

it follows 

JO'-'(k:-P"' t"P'"' _!. / ~, (_!_)1, "" a-t- 1 sl, ~ se· 
l.fo'" (1·ti-) , 
,56 (1-i)" 

:~c~tb➔~ ... h)N'.!.. l~,(~v- = 61./d" (Hr) 
dt I r Jj., I u... uti/ JB . (i-r:i)lf 

()) 

(4} 

(5) 

The constant di<. has dimension m1
"-. From (4) and (5) we predict 

the ratio 

~u'(rp➔ ll-t)· .-v (~-:\" -IC,Ql)!i)a = .!...1 
c:AO"(f(.t{'~Rtp) :Sj l .2.. U, 1"s=90" 

By means of :5-t crossing we obtain from (4) the 

annihilation cross section 

av'(rp~1<-.,.1c)..,.!../.!i.l(~)'-= JG'~~> 
t:{f; Sa. t -tst- t,B (l-~)3 
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(6) 

(7) 

\i . ,, 
-., j t-_ I, 

.~ 
i~ 
i: 

and for the ratio 

olv (PP ➔ ll.,.ll-) j±j = 16i:,.i~ I.,.:!../ . 
r- S- ;;,.. 2, ,o,; ... , oo 

cAcr (K'p-} IC p) - s 

In the case of pion-nucleon scattering both @,·t} and (U,t-) 

topologies contribute. We have 

',..-r c ,,,. !l .,. CQ) ,h l:.-
o-+ .. S,-f:-).:: c.o:,T ,s.·t:1-· z.. u-t."' 

( "l\'°p ( 6 ~ {j" !)_ 
"J'++ Sl,-1:) = - C0 ...1 -'- - ~- -'72. 2. St 2 lh;; 

.l n·p~Jt"11,. -=- 3 [ ~ ..9-s 1:_ .,. ~~ 1:- 7 
J:-t-+ fi. 2.. H'- P... U~ J 

(8) 

(9) 

The different:lal cross section, and the corresponding annihila

tion cross section are given in Table I, where C',c"'G'it. in SU()) l:lmit. 

In the case of nucleon-nucleon scattering differential 

cross section can be represented from ¥5-invariance arguments 12) 
in the form: 4 

::i~P➔PP)= ~ (~t)" 1<o(l(,2.'t~tz.J!(t1~r.+~llf+R- (;14~+pi-')-+f (;i-1:,_~,"1110) 

where cmly ~ ,t) and (l, 14.) topology diagrams in Fig. 2 

contribute. 

-><== ~ 
(!.,t:) (-£.,~) 

Fig.2. Nucleon-nucleon quark diagrams. 
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The result is presented in Table I. The differential 

cross section for pp..,. pp prooess can be obtained from here 

by 5 4-!> Ll- crossing. 

The predictions, which are oolleoted in Table I, 

can directly be compared with experiment and theoretical results 

of papers [J, 4). A more complete disoussion of t~ese results 

will be given elsewhere. 

The authors are grateful to Professors N.N.Bogolubov, 

A.A.Logunov, M.A.Markov, v.A.Ueshoheryakov and -D.V.Shirkov for 

many useful discussions. 
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Table_! 

----------------------------------
Reaction 

PP➔ PP 

1t+p➔ tt+ p 

JC p -, rr-p 

lt-p ➔ TC 0 n.-

l{+p➔ ll'"r 

1-Cp ➔ l!-p 

~<i' 
d:t: --- ---------

.& .L-[{t"'-(l+i}2-+f6-~tJi&:~-1:-)}+U i:[1(1+i!)L.,;(l~J~+&~-2:)
1~ 

s10 en•)' • . ~ J 

., 

c-:i: (i-te) [i + a ] 1, 

.5s (1-i:),, (~:ti!-)-1, 

d11: (IH:) [t + i, 71, 
S5 (I-in Y (r+a>"J 

9dit (i+r) [:1.+ 't 1" 
j :;a (l-i)" (°i+;:)1 

6lf d1t. (ite-) 

F c•-t>" 
If di: (j.tr) 

f,8 (1.-r)'f 

j5 P➔ PP ft--•a~l'B•• 11-:1")';(•'~•>~;) ~{ 1;'(• •I''/')· ;.','(•!;p~1)} j 
pp➔ Jt+Jr-

pp..,;, Jro ttO 

PP ➔ J< .. ,c 
·---------

~ ~ ri+ (~)"J-t l;,8 (1-a)1 L: j:fi: 

. t]!. 
G"o: c:1.tt-) 1 -t 1-z: 
'158 {l-t) 3 [ {¾r-} 

,ta',. (i-f-~) 
7' (i-~3 
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