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1. INTRODUCTION 

One of the most interesting problems in 
high energy physics is the investigation of 
large angle hadron scattering. For the last 
years considerable progress has been made in 
this field on the basis of the assumptions 
about the quark structure of hadrons and auto
modelity principle. These hypotheses predict 
the power behaviour of differential cross-
s e c t i o n s 11. 2/: 

da 1 t t . ( 1 1 ) - - - f (-) ; - - f1xed • 
dt SN S S 

that renders the main features of the experi
m e n t a 1 d a t a ( s e e , e . g • , r e f . I 31 ) . 

An extensive investigation of this prob
lem in the framework of the Logunov-Tavkhe
lidze quasipotential approach was carried out 
by the Dubna groupi~7~Their result suggests 
that phenomenological quasipotentials given 
by the integral representation 

~ ... "" ~ -xA 2 
... 2 

g(s,i\) =g(s) Jdxp(s,x) e ; t=-i\ (1.2) 
0 

might explain the automodel behaviour (1.1) 
Rrovided that the weak limit for the function 
p(s, x) 
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( 1 • 3 ) 
M "' " lim s p(s, x =Tf/S) =J.ji(Tf); O<Tf<oo; M>O. 

s-+"" 

does exist. 
On the other hand, the experimental data 

on large angle elastic scattering are acces
sible in the energy range of smax-10-;.50 (GeV)2 

for different reactions. The first obvious 
question is whether the corrections to the 
leading asymptotic term are large and should 
be taken into account. The corrections to 
the scattering amplitude of two scalar par
ticles were discussed in ref,I~.It was 
pointed out there that even for s- 50 (GeV)2 

the contribution of corrections is substan
tial and should be necessarily taken into 
account in the description of data. 

The purpose of this paper is to extend 
the method developed in our previous paper 
to the case of high-energy large angle meson
nucleon and nucleon-nucleon scattering, In 
solving this problem we shall essentially 
employ the y 5 -invariance of interaction at 
large energies and momentum transfers/9/. 

The paper is organized as follows. In 
Sec. 2 the general scheme of obtaining cor
rections of two orders in 1/ys is discussed. 
The processes of meson-nucleon and nucleon
nucleon scattering are considered in Secs.3 
and 4, resp. In Sec. 4 the numerical results 
are analysed in detail and conclusions are 
given. 

2. THE DESCRIPTION OF LARGE ANGLE 
SCATTERING FOR ANALYTIC QUASIPOTENTIALS 

An approach that we shall follow to ana
lyse the large angle scattering is based on 
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f' 

the quasipotential equation for particles 
with spin. In the momentum space it is of 
the form: 

" -· ,... -~ -• ,.. -~ -• ....... .... ___..,. __. . A( s q) ,... -• _,. 
G(s. p, k) = g(s. p .k) I r dqg(s. p ,q) ~.:._-2 -G(s,q,k). ~ 2. 1 ) 

E ~q) -E -iO 

where p and k are the momenta of the particle 
- --- --

before and after the coll i sion.E=v s=\ m~tp2+\'m~+p 2 

is the c.m.s. energy of particles, ECcii = 

=\m 12tq2+\n+~+ci2 ; m1 andm 2 are mas,..ses of the 
first and second particles, resp .. A(s.q) is 
the matrix, its form depending on the spin 
structure of the process and being unessen
tial here. 

Provided that the 
(g(s.p,k) ~ g(s. p - k)) 
sentation (1.2), the 
by iterations: 

quasipotential is local 
and given by the repre
equation (2.1) is solved 

G(s,p,k)~ ~ cJn 11(s.p,k);G 1 (s,p.k)og(s,p-k); 
n=O 

...... _..,. ll _,. "" -~ .... ,..... ...... "' -l> 

G 11 (s,p.k)~lll dq.g(s,p-q
1
)A(s,q'

1
)g{s,q 1-q2 )>-: (2.2) 

ll i- 1 1 

• -· 11 1 ,.. . ,.. · "cs -k) 11 -----.,-
, A(s.q,,) ... A(s.q) g · ql1 i~ 1 E 2 (c{)-E~-i0 

~ 1 

Now inserting the expression (l .2) into 
(2.2) and changing integration variables 

-+ -· -+ -· p + k i. 1 11 +-. 1 1 p - k 
q_=.\ t-A;A_-----+l1-2L-/ l-1-- (2.3) 

I 1 1 1 2 f- 1 Xf f -1 X ~ - - p 
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we can rewrite 
,.. ........ 
G n + 1 ( s, p, k) in the form: 

,.. -+-+ n+toon n+11 
an+ 1 (s, p,k) =(g(s)) f n dx. exp It/ I -1 X 

1 x. 
0 i=l izl 1 

n .... 
x n M1 
i=l 2.... .... exp{-C i .... 

E (~ 1 +A i)-E 2-iO ij i ~ j I X 

( 2. 4) 

A "-+~A A A-+-+,.. 

x p(s ,x 1):A(s, ~ 1 +A 1) p(s,x 2) ••• p (s,x n)!A(s, ~ n+A n)p(s,x n+l) , 

where 
.... .... n+l.... .... 2 .... .... 2 

cij ~1 ~j =k~l (~k -~k-1) xk;~o=~n+l=O;t=(p-k) · 

In the limit of high energy large angle 
scattering the leading contribution to the 
asymptotics of the integral (2.4) is given 
by the integration region w?ere <IJ-)-1 -0. 
It has been proved in ref/4 that assuming 
the condition (1.3) the contributions of the 
regions where one and only one of x1.is near 
zero, are important only. Considering, for 
definiteness, xm to be small, we get for _, 
the momenta A1 : 

.... .... i 1 .... .... 
A . .=p - (I -) x (p- k); i <m; 

1 j =1 X j m 

.... .... n+l 1 .... .... 
A . : k - ( I -) x (k - p) ; i > m • 

1 j=i+lxj m -

( 2. 5) 

Thus, the difference between the momenta 
;\ 1 and corresponding large momenta p or k 
is small, and one can replace the dynamical 
factors ~.A(s,S1.+A.) and (E 2 (~. +A.) -E 2-i0)-1 

1 1 1 .... .... 

by their expansions around the points ~1 +A 1 = 
= p (k) ; i < m (i > m) . T he h i g her t e r m s o f t h e 

6 

.. 

expansions decrease as 1/p or 1/p2 with 
growing energy and their consideration is 
equivalent to the estimation of corrections. 

As to the density functions of quasipo
t e n t i a 1 s p ( s, x i) t h e f o 1 1 o w i n g s u b s t i t u t i o n s 

r;(s, xnf --. ph (s, xm) ; 
( 2 • 6 ) 

p(s,xi) --. p
8
(s,xi); i;l m 

are admitted. Where a 11 hard 11 quasipotential 
w i t h d e n s i t y t u n c t i o n ph ( s, x) ,.. i s r e c o n s t r u c -
ted according to the function ~(~ from 
(1.3), and a 11 soft 11 component with density 
function p

8
(s,x) is related to small angle 

scattering. 
The forma 1 ism presented above is a natura 1 

generalization of the ref ./81 treatment for 
the case of particles with spin. The modifi
cati~ns required are as follows: First pAh(s,x) 
and p 

8
(s,x) are now matrices unlike the seal ar 

densities of ref / 81 . Second, the presence of 
A ( s , q) a n d t h e n e c e s s i t y of t r a n s i t i o n from 
the matrix scattering amplitude G(s,p,k) 

to the measurable differential cross-sections 
and polarizations are additional sources of 
corrections. But on the whole, the considera
tion of spin does not bring essential compli
cations as the matrix structure of different 
amplitudes is easily factorizable and the 
remaining integrals are exactly the correc-
t i on i n t e g r a 1 s of ref . I 8/ . 

3. MESON-NUCLEON SCATTERING 

Meson-nucleon scattering amplitude sa
tisfies the quasipotential equation (2.1) 
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with: 
... 

,.. 1 m~q 2 
~A(s,Q),. ly

0
E-(l+y' 2 .... 2)(yq+m

2
)1, ( 3 . 1 ) 

y'm242 m2+q 

where m 1 and
1 

m 2 are the meson and nucleon 
masses, resp. In the presence of exchange 
forces the quasipotential can be written as 

A -+-+ A ......... A -+-+ 
V(s,p,k) "'g(s,p,k) + h(s,p,k) 

with the local component 
by ( 1 . 2) and 

.... ... .... 
g(s,p,k) 

00 ....... 2 

{ 3 • 2) 

given 

"" ... .... ,.. -y(p+k) 
hts, p, k) = h(s) J dyo(s, y) e . { 3 . 3) 

0 

The density functions p and o are assumed 
to satisfy the weak 1 imits (1.8) with equal 
M. As the backward peak in meson-nucleon 
scattering is suppressed, then 

0 B ( 8, X) « p S ( S , X) 

and one can neglect the contribution of the 
11 Soft 11 exchange potential. We retain the 
contribution of the 11 hard 11 exchange forces 
only, which is estimated by analogy with the 
1 oca 1 component g(s,p- k). The only d i ffe
rence is that the expansions (2,5) are repla
ced by: 

.... - .... i 1 .... .... . 
A. - p - ( I -) x (p + k); 1 < m; 

1 j""l xj m { 3. 4) 
.... ... n+ 1 1 .... .... 
A. = k - ( I -) x (p + k); i > m. 

1 x. m -
J•,i+l J 

The quasipotential (3.2) is a 4x4 matrix, 
and below we shall discuss its simple y

5 
-

invariant form with the density functions: 

8 

.... 

"' 

;(s,x) = y
0

p(s.x) ;(;(s.x) =y
0
a(s,x); 

g(s) = h(s) = 4ip. 
( 3 . 5) 

Thus, summing up all correction terms 
we get for hel icity spin-non-flip and spin
flip amplitudes to an approximation of 1p 2 : 

. 2i,'{(O) ~"" xt 
T ( s, t) ~ -l1p e \ - I dx I p ( s, x) e f ( x, z) t-

+ f- 2 0 h 1 

to (s,x) e xu (f (x,-z) t- 4A x)l; 
h 1 3 

( 3 . 6 ) 

'i·O l=z"" xt T (s.t) ~- -"lipe 2 
\( \ 1

-- [ dxlp (s,x) e f, (x,z) t 
f-- 2 0 h 2 

+ "t (s,x) exu f (x,-z)l, 
I 2 

w h e r e z = coso i s t he c o s i n e o f t he c . m . s . 
scattering angle, x(O) is the eikonal phase 
at zero impact parameter. Also, we have 
introduced: 

f
1
(x, z) ~ 1 t- ~I xp 2 (1- z) A - B It- -

1-1 x2p 1 (1-z) 2 (clA -32A2l t-
ip 2 1 P 2 a z-

t-xp 2 (1-z)(64A B -24A 2 -4A )-4A 2-32A B -HUt-4Ft-
~t 8 :1 2 21 :2 

t32C f(m2-m2)A t-4A xp2-8A x2p·l(l-zJI; 
1 1 2 1 :l :l 

f (x z) -- m2 2 • . -- t 
p 

m2 
--I 8xp2(1- Z) A + 2A -RU I. 
ip2 2 2 1 

( 3 . 7 ) 
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and 
00 dX 1 

A 1= 11 2I -p
8
(s,x) =- -

2 
x(O); 

0 X 

00 

A = 11s/a I ..J!!__P (s, x) ; 
2 o x s/a s 

oo dx 
A,.,-= 112 I -p (11, x) ; 
" o xi • 

I "" dxldxi 
B1"' "7 2f Pa(s,xl)ps(s,x2); 

o x
1
x

2
y'x

1
+x

2 

( 3. 8) 

"" dx 1dx 1 B = rrl I p (s,x ) p (s,x ) ; 
2 0 I 1 I 2 x1 y'x1x~x 1+x2) 

"" c,= rr6f 
0 

dxt~dxa 

x lx 2 x.a v' xt XI+ xexa+XB x 1 Pa (s,xl) P s(s,xg) Pa(s,z.s); 

. 300 dx dy . 00 

F -= 11 f 
612 31 

.. p8 (~,1t)p 1 (a,y) f dz1dz 20(zcz
2

) x 
0 X '/ "" 0 

z.l 11:2 
x exp 'I - ...:.1. - ..!:.&. I . 

4x 4y 

In order to proceed to numerical estimates, 
the explicit formulas for density functions 
are needed. As to the "soft" quasipotential, 
we can choose it to be the gaussian one with 
the density function: 

p (s, x) = gB(x- a) 
8 

( 3. 9) 

and the density functions of the "hard" 
component will be approximated as follows: 

10 

,.. 

, 

Ph (s ,x) = Ae -2iX(O) X K -bx 

4ip r<K+1) s N cl e 

(3.10) 

ah (s,x) 
B -2iX(O) A -b 

e x e x; 
N -1 

4ipr<A+1) s 2 

N 1 +K=N 2 +A=N. 

Fits of the data on rr±p small angle 
scattering give for the values of the eikonal 
phase and the parameter a112f: 

-2 
ix(O) =-0.5; a=2.5(GeV/c) . (3.11) 

Inserting (3.9)-(3.11) into (3.6)-(3.8) 
and integrating over x we finally get for 
the amplitudes of 11±p 1 arge angle scattering~ 

T (s,t) = s -N v' 1+z l ~A(-s-) K+1 [ f (K) -0.2(.!]_)2 (K+1)2] + 
+ + 2 I tl + b l p 1 - z 

+ B( 8 /+
1 

[ f (A)-0.2(~) 2 
A(A + ~JI· 

lui+ b 1 p 1 + z ' 

(3.12) 

T (s,t) = -s -Nv'~!A(-8-)K+ 1 f (K)+B(-8-l+ 1 f (A)}; 
+- 2 itl+b 2 lul+b 2 

where 
- Po Po 2 
f (K)= 1-i(-)(0.3568K + 0.2307) +(-) (0.0363K 2-

1 p p 

-0.174K-0.4101); 

- Po Po 2 f2 (K)=0.938(-) -i(-) (0.3347K+0.402); p p 
(3.13) 

Po= 1(GeV/c) . 
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The exponent N in (3.12) should be chosen 
accord i n g to the quark co u n t i n g r u 1 e s 11/ t h a t 
g i v e s N = 4. We a 1 so rem a r k t h a t t he co n s i d era -
tion of corrections to the leading asymptotic 
term does not require additional free para
meters. From the fit of the data we shall 
find three real (A,B,b) and two integer (K,A) 

parameters. 

4. NUCLEON-NUCLEON SCATTERING 
In the case of nucleon-nucleon scattering 

the matrix A(s,q) is of the form: 

A( s,{i) = [ E 2 -lh E ~ Ci) + H ( l)(Ci) +H(2\ -<D + 1..A0l( q) H"( 2\ -<D I, 
E E (4.1) 

where H (1 • 
2(Q) a r e t he energy o per a tor s of t he 

first and second particles, resp.: 

H~(t,2) (q)-> (1,2) (1,2)-> (1,2) -> 
=myo +Yo Y q. ( 4 . 2 ) 

Since the scattered particles are iden
tical, the exchange forces should be taken 
into consideration by antisymmetrization of 
the amplitude over the states of final par
ticles. Assuming the y 5 -invariance we can 
choose the matrix structure of the quasipo
tential as follows: 

~ ( ) (1) ( 2) ( . 
P s s,x = Y o Y o P s s, x) • 

ph (s,x) = y~1 )y (2
)J1 p

1 
(s,x) +y~l)Y~l)y( 2 )J1 y<:> p 

2
(s,x); ( 4. 3) 

g(s) = 4i. 

12 

il... 

" 

Aftfr calculations analogous to that of 
ref. 18 we get for the helicity amplitudes of 
pp large angle scattering: 

'I (s, t) = 4i(1+z) e 2iX(O) {dx (p 
1 

(s,x) + p
2 

(s,x)) x 
++,++ 0 

2 
x [ F (x z) ext- ..!!!_exu ] . 

1 • 2p2 • 

'I (s,t) =4i(1-z) e 2iX(O)/'dx(p
1 

(s,x) +p
2

(s,x)) x 
++,-- 0 

2 
x [ F 

1 
( x, -z) e xu _ ~ e xt J . 

2p2 • 
( 4. 4) 

00 

'I+- +-(s,t) =8ie 2iX(O) f dxl(p
1 

(s,x) -p
2

(s,x)) x 
' 0 

2 
x[F

1
(x,z)ext tF

1
(x,-z)exu ]+[(2xA 3 -~)p 1 (s,x)-4p2 

m2 
- (2xA 

3
+ -)p 

2
(s,x) ][ (1- z) ext + (1+ z) e xu ] I ; 

4p2 

2im 2i (0) -- oo 

'I (s,t) =- --e X v 1-z2 f dx(p (s,x)+p (s,x))x 
++, +- p 0 1 2 

x[F (x,z)ext_F (x,-z)e xu]; 
. 2 2 

with the notations: 
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SA2 2 1 1 2 1 2 F (x,z)= 1+ --(xp (1-z)--)+-[(xp (1-z)--) x 1 ip 2 p2 2 

2 2 2 x(4A 3 - 32A 2) + xp (1-z)(8A 2 - 8F) + 8F- 2A 3 -
( 4 . 5) 

-m2 (2A 1 +;) +4A 3p 2x -8A 3 x 2p 4(1-z)]; 

4 2 1 F 2 (x ,z) = 1 + -. -'A
2

(2xp (1- z) - -) . 
lp 2 

The values x(O), A i, Bi, C1 and F are defined 
in (3.8). Here we shall choose the same ap
proximations for density functions, as above: 

p 
8 

( s, x) = go ( x - a) 

p
1
(s,x) 

Ce -2iX(O) v -dx 
--------- x e 

M -1 
4il'(v+ 1) s 1 

P 
2 

(s,x) = _ De -2iX( O) 

4il' (y+ 1) s M2 -1 

M1+v-M - 2+y=M 

y -dx 
x e ; 

( 4. 6) 

The numerical values of the "soft" quasi
potential parameters are again derived from 
the fits of the small angle scattering dat~1~ 

-2 
ix(O) = -0.5; a= 2.5(GeV/c) . ( 4. 7) 

Substituting (4.6) and (4.7) into (4.4) 
we finally get for the helicity amplitudes 
of pp-scattering: 

14 
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1 

., 
) 

- -
'I++,++ (s,t) =(l+z)!C(s,t)F

1
(l/,z) +D(s,t)F 

1
(y,z)-

p 2 
-0.44(__Q) [C(s,u)+D(s,u)Jl; 

p 

- -
'I++, __ (s,t) = (1-z) !C(s,u) F 

1 
(v,- z) +D(s ,u).F 

1 
(y,- z)-

p 2 
- 0.44(_Q_) [ C( s, t) + D(s,t)JI; 

p 
(4.8) 

- p 2 
'I (s,t) = 21 C(s,t) [.F 

1 
{v, z) +(0.1(v+1)-0.22(1-z))(_j)-) ]-

+-, +- p . \ 

- Po 2 
-D(s,t)[F (y,z)+(0.1(y+1)+0.22(1-z))(-)] + 

1 p 

- p 2 
+C(s,u)[F

1
(v,-z) +(0.1(v+1) -0.22(1+z))(-/-)]-

-D(s,u)[F
1
(y,-z) +(O.Hy+l) +0.22(1+z)) (P0 {]i; 

p 

T (s,t)=-y1-z2!(C(s,t) -C(s,u))F (v)+ 
++~- 2 

+ (D(s, t) - D(s, u)) F 
2 

(y) I; 

where: 

C v+ 1 C 8 V+ 1 
C(s t) = - ( 8 

) · C(s u) = -( ) 
' M ' ' M 

s ltl+d s lul+d 
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D s yt- 1 D s y+ 1 
D(s,t) =- M( ) ; D(s,u) =- -.,r< ) 

s It\ + d s I u\ + d 

- Po Po 2 
.F (v,z)=1-i(-)0.365v+(-) (0.0363'.v 2+ 

1 p p 

2 
(v+ 1) 

+ 0.0182v - 0.9617 - 0.2 --} ; 
1- z 

Po Po 2 1 
F 2 (v) = 0.469(-)- i(-) 0.167(v + -). 

p p 2 

( 4. 9) 

The exponent M is again predicted by the 
q u a r k c o u n t i n g r u 1 e s : M = 5. F rom t h e f i t o f ex -
perimental data we shall determine three real 
(C,D,d) and two integer (v,y) parameters. 

5. COMPARISON WITH THE EXPERIMENT 

Let us proceed now to the analysis of the 
experimental data on the differential cross 
sections of "±p-scattering in the energy 
region of PL.? 5(GeV/c) and \cosO\ <0.8/14.15/ 
and pp -scattering for PL?7(GeV/c)/16/ by 
using the scattering amplitudes derived above. 

The differential cross sections are ex
pressed in terms of helicity amplitudes as 
follows: 

daMN 2 2 
~=IT++! +IT+_!; ( 5 . 1 ) 

daNN = \T \2 + \T \2+ \T \2+4\T \2. 
dt ++, ++ ++, -- +-, +- ++,+-

( 5. 2) 
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A K B 

100.1 10.4 
1T+p 2 

±6.7 ±1.2 

ro1.1 8.0 
TT p 1 

±8.6 ±1.1 
c ,, D 

-1083.0 7638,0 
3 pp 

,\ 

3 

3 

Table 

b 

4.34 

±0.17 

y 

0 

d 

4,47 

x2 x2 x21x 2 

207 139 1.6 

x2 x-2 x2/)[2 

223 81 2.75 
___ _:::±68. 7 ±73.1 ·--=±_::_0_:_.1~2:.._ _______ _ 

The results of the fit are presented in 
the table and illustrated in Figs. 1-3. It 
is to be noticed that the consideration of 
corrections despite their rather large value 
enables us to achieve better description of 
the data as compared to the fits neglecting 
corrections/1 7/the number of the fitted para
meters being the same. 

We also remark that the consideration of 
corrections results in the deviations from 
the exact automodelity (1.1), that is, expo
nent N becomes a function of energy and scat
tering angle 

da 1 --f(z) 
dt 8N(s,z) 

and N(s,z)-.N when s-.oo. 

( 5 . 3) 

The smooth approximations of differential 
cross-sections obtained enable us to deter
mine the effective powers N(s.~.The numeri
c a 1 v a 1 u e s of N( s, z) f o r rr ± p s c a t t e r i n g a r e 
shown in Figs. 4,5. In the energy region 
where experimental data on rr±p large angle 
scattering are accessible the deviations 
from the predictions of the quark counting 
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rules are considerable. This is a mctnifesta
tion of the fact that in this energy region 
magnitude of corrections is comparable with 
that of the leading asymptotic term. In the 
case of pp-scattering the deviations from 
the exact automoclelity are rather smaller. 

It is worth mentioning that for the inter
val 12 (GeV) 2 ~s~l9 (GeV) 2 our model predicts 
the following average values for n-p-scat
tering: 

- - -
N(80') 0 '6.2; N(90") =6.7; N(100")=7.1 ( 5 . 4) 

that is in good agreement with the result? 
of recent experiments presented in ref. 1a. 

The consideration of the mass of inter
acting particles breakes the y 5 -invariance 
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of the amplitude that results in nonzero po
larization decreasing ass~ 1 with growing 
energy. The polarizations predicted by the 
model discussed are plotted in Figs. 6,7. 

We now turn to the description of the 
ex c h a n g e process 11 -P .... 11 °n. I t s amp 1 i tude i s 
expressed via the amplitudes of elastic 
channels by the well-known relation: 

1 ·o 
T rp ... 17o n = --=: [ T 17+p- e 1 

T 17 -P ] , ( 5 . 5 ) 
...}2 

where o is the relative phase shift of the 
elastic amplitudes that cannot be found from 
the analysis of elastic scattering. The con
sideration of few measured points for the 
reaction 11-p ... 11°n /14/ showed that o can 
be chosen to equal ~2. The resulting predic
tions for the differential cross sections of 
the exchange scattering are shown in Fig. 8. 

We have investigated in detail the ef
fects of eikonal corrections to the amplitu
des of large angle pion-proton and proton
proton scattering. The results obtained may 
be summarized as follows. 

1. The consideration of corrections im
proves the description of the experimental 
data that proves self-consistency of the 
model discussed. 

2. The corrections to the amplitudes of 
17±p-scattering are comparable with the lead
ing asymptotic term for energies up to 
PL -40 (GeV/c) that results in considerable 
deviations from the predictions of quark 
counting rules. For the case of proton-pro
ton scattering the magnitude of corrections 
is rather smaller, and the deviations from 
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Fig. 8. Predictions for the differential 
cross section of 77-p ... 77°n reaction. 

quark counting rules (N=lO in (1.1)) are 
negligible. 

3. The consideration of corrections re
sults in nonzero polarization despite the 
r 5 -invariance of interaction. 
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