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INTRODUCTION

One of the currently most important problems in high
energy physics is the study of the asymptotic power-law
scaling of large-angle scattering cross sections. In the
present paper, the phenomenon of power-law decrease
of the differential cross sections at large angles will be
treated in the framework of the Logunov-Tavkhelidze
potential approach,

In the quasipotential theory of scattering of high en-
ergy particlest!!itis an important assumption that the
local quasipotential is smooth.!®! The smoothness hy-
pothesis played an important role in our understanding
of the general laws of the interaction of particles at high
energies and bounded momentum transfers, However,
in the case of large-angle scattering smooth quasipo-
tentials of finite range lead to an exponential decrease
of the differential cross sections with increasing mo-
mentum transfer, This is due to the fact that such a
quasipotential, a typical example of which is the com-
plex Gaussian quasipotential, !'? corresponds to the in-
teraction of, putting it pictorially, “crumbly” extended
systems that at large momentum transfers break up with
almost unit probability. The probability of large-angle
elastic scattering is therefore exponentially small. This
behavior is typical of the majority of models in which
hadrons are regarded as complex extended objects with
internal degrees of freedom, such as, for example,
Yang’s so-called drop model.

A power-law decrease of the differential cross sec-
tions in the region of large angles!®l:

dojdt ~ (1/s") f (¢/s) (1)

follows from the scaling principle, ™ i.e., the assump-
tion that there are no essential dimensional parameters
that determine the interaction dynamics at short dis-
tances. Using dimensional analysis and ideas about the
composite nature of particles, one can relate the ex-
ponent # in (1) to the number of elementary constituents
of the hadrons. For example, for the case of the binary
reaction a+ b—~a+ b we have n=2(n, +n, - 1), where n,
and #, are the numbers of elementary constituents
(quarks) of hadrons a and b, respectively. In Ref, 5,
the quark diagrams for the amplitudes of two-particle
scattering are given a dynamical interpretation; this re-
sults in a generalization of the quark counting rules, and
an explicit expression is found for the angular depen-
dence of the differential cross sections of large-angle
scattering at high energies for different processes.
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These results prompted'®®! the following question:
What structure of the local two-particle quasipotential
leads to the expression (1) in the case of large-angle
two-particle scattering. We give here a review of the
results that were obtained, treating the scattering, in
contrast to Refs. 6-8, in a unified manner for both
spinless particles and particles with spin for quasipo-
tentials that satisfy the representation

8

£ (E; A =g (E)

.

| def (B ) exp (—a82); 1o —A? ()

=

and are analytic functions of { in the half-plane Ref< 0.
In Eq. (2), p(E;x) is some matrix that determines the
nature of the interaction at high energies; its rank de-
pends on the spin of the particles. The main energy
dependence is separated in Eq. (2) in the form of the fac.
tor g(E), which depends as a power on E, It is as-
sumed that for fixed x the matrix p(E; x) is a slowly
varying function of the energy. With regard to the den-
sity p(E; x), we also assume the existence of the weak
limit

lim s¥p (E; z=1n/s) =% (),

P 3
0<<n<<oo; N>0. ( )

Note that to describe the interaction of particles with
spin we use the requirement of y; invariance of the in-
teraction at high energies and large momentum trans-
fers, ™

We shall say that quasipotentials which satisfy the
condition (3) are analytic. For them, in the framework
of the quasipotential method, we shall find a formal
representation for the amplitude of large-angle elastic
scattering of high energy particles with arbitrary spin,
and we shall then investigate definite scattering pro-
cesses and show that the asymptotic behavior of the dif-
ferential cross section of large-angle scattering of high
energy particles has the form

dojdt ~ | exp [2iy, (0)] [ (1/™) £ (A%s),

where x(0) is the eikonal phase shift for zero impact
parameter. We recall that the eikonal function y(b)
characterizes the behavior of the small-angle scattering
amplitude. Thus, our result establishes a certain cor-
relation between the asymptotic behaviors of the scat-

* tering amplitude at small and large angles.

In the review, we shall also compare the results which

© 1978 American Institute of Physics 395



5

" the particles; E(q) =

are obtained with the experimental data on large-angle
scattering.

1. LARGE-ANGLE SCATTERING OF ANALYTIC
QUASIPOTENTIALS

We consider the quasipotential equation that de-
scribes the interaction of particles with spins; we write
it in the general form

G(E;p, k)=g(E; p—k)

AE; q)

+ S d'qg (E; p— Q)m—é(ﬁﬁ q, k),

(4

where E=Vm} +p’ + Vm? + p’ is the total cms energy of
Vmi+ b+ Vmi+qf; my and m,
are the masses of the first and the second particle, re-
spectlvely, A(E;q) is some matrix whose form depends
on the spin of the interacting particles. The explicit
form of A(E q) is here unimportant., For the scattering
of spinless particles and particles with spins 0, 1/2,
and 1/2, 1/2 we shall write out this matrix in the fol-
lowing section.

Assuming that the quasipotential E(E;p -k) is specified
by the representation (2), we shall seek a solution of Eq.
(4) vy iteration:

.

o
G(E; Pvlk) = rgn Gt (E5 p, k);

Gy (E; p k) =g (E; p—Kk);
Gy (E5p, k)= S 5 #qy - . . dqag (B3 p—q)
X A(E; 48 (E: qu— @) A(E; qu) ... A(E; qn)

()

~ 1
x & an—H) || -mg—m—n
=1 '

After the substitution

i nti
1 1 —k
@ Ackby =2t [1-23 L3 1B

I=1i =1
we can transform (5) to the formt®l
ot (Esp )= ... | dz
ntd

b .dxn-p’EKP{t/Z :—'}fn(:cl...
- =1

-’Unﬂ)y

(6)

where

Fo(@y oo 2ar)=Ig (E)]"H
S d*Ay ... dPA exp {—CijAiAz)
1] (22 (As+h)—E2—i0]
i=1

<f..

X P (E; @) A (E; Ay+M)p(E;29) - -

BB z0) A(E; Ay +100) 0 (B Tnra)i (7)

and

nd
CijAid; = kgi (Ap—Ap)? 2, Ay=Ansy=0.

By means of the respresentation (6), we study the be-
havior of the large-angle scattering amplitude at high
energies, i.e., in the region
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s — oo, |t|ls=(1—2)/2 fixed. (8)
In this limit, the main contribution to the asymptotic
behavior of the integral (6) is made by the region
1/%(1/x,)~0, since otherwise we have the decreasing
exponential exp[- 1Z1/3 (1/x,)]. One can show that the
main contribution to the asymptotic behavior of the in-
tegral (6) when the condition (3) is satisfied is made by
the region for which only one »,~0. At the same time,!

Grss (B p, k)
where we have used the notation
B (p)=A(E; ) g (B)16]p;
(10)

RO = | dzg (B:r=VFE) g (B) oo
and 2(E; ) is the Fourier transform of the quasipoten-
tial (2). Summing over n, we obtain the following formal
expression for the scattering amplitude:

G(E; p, k)=exp[i% (0) B (D)) §(&; p—K)exp [iB (k) £(0)1.  (11)

We now consider the contribution of exchange forces
in the scattering of nonidentical particles. 2 We write
the quasipotential in the formf!"

V(E; p, k) =g (E; p, W)+ A (E; p, ). (12)
We shall say that the quasipotential Z and % are the _
direct and the exchange parts of the quasipotential V;
for & we assume the representation (2), and

h(E; p. %) =1 (B) | dyc (E; y)exp[—y (p+ 7). (13)

0

We shall also assume that the densities p and ¢ satisfy
weak limits of the type (3) with the same N.

We represent the scattering amplitude T as a sum of
two terms:

T--G1A. (14)

Substituting (12) and (14) in (4), we obtain the following
system of quasipotential equations:

(15)
(16)

For meson-nucleon scattering, the backward-scat-
tering peak is suppressed, i.e.,

C=g+e®CG+h @ H;
H=hth@ Gt+ge .

JM — 0.3 E — oo.

g(E; Ar~0)

Therefore, in the case when the quasipotentials g and R

DThe detailed calculation of G, is given in the Appendix.
D The scattering of identical particles will be considered in the
following section.
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satisfy the conditions (2), (13), and (3), the last term in
Eq. (15) can be ignored. The system of equations (15)-
(16) then decouples. Note that the contribution of 2 has
already been considered, so that we shall study only the
contribution of the exchange part % of the quasipotential,
Solving Eq. (16) iteratively, we represent A in the form

o n4i

ﬁ= 4 Wﬁn;
2 2 s
Bu=¢®E®.. ®;@h®i0e®...0 ¢
[ ne-h41
M 3 3 - 3
=|.. TP (s p—q) A(E; q,) (17)

n
[T 152 @) — E2—i0
i=1
< e 8(E; Quog—Gp=t) A (E; i) B (B3 @y
+ ) A(E; @) g (E; G — Gass)

... A(E; q0) £(E; g —K).

Taking into account (2) and (13) and making the change
of variablest™

4 =A;+hi;
i
E 1/zp
Iprf -2 ) (ai<h—1);
N Aizmt iy
mz"ln
(m-=
Ai= nt
E 1)zpm
—lir| 1—2 o=t (ki)
DA VTR IS
me=1{
(m=k)

where 1=(p —k)/2 and r=(p+k)/2, we transform the
amplitude H, , to the form

3 {drl...dyk...d.r,..,.l

Xe,‘p{_._m{_wma_

jﬂ.k(xl---yk-o-xnﬂ)q
2 Azt

Lo wl oo <mand)
n ¢ @Ay ... dPApexp{—CLAA;
g (B b ) | Zhi hremml=—Cidiay

[] &2 aidri)—E2—i0)
=1

X P(E; 2) A(E; A+ 4y) ... A(E; Any

A Mact) 0 (B i) ACE; Ap+0) .. A(E; Ay +02) 0 (E; 20my);
n+1
Cihidj= X (Am—Amt)? 2+ (An -+ Aot yns

m={
{m=£k)

Ao =App= 0.

Using the method developed above, we can show tllat
the main contribution to the asymptotic behavior of H, ,
at large |u| =(p + k)?~ s is made by the region y ~0.
Then

Hik = exp [iy (0) B (p)) 7 (E; p-+ k) exp [iB (k) % (0)],

where B(p) and %(0) are given in (10). Note that a con-
tribution to the asymptotic behavior of #, , is also made
by the region x,~0, but in this case

§ dz i (B; r=1/ 21 DP) )

it
Ta s = VAT fp <

b=0

e 0 U~
Hn.u = Hz,n (
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which is due to the suppression of the backward-scatter_—
ing peak,

Thus, taking into account (11) we obtain the following
expression for the total large-angle scattering amplitude
in the case of scattering of nonidentical particlest?-

7 (E; p, k) =exp (i3, (0) B (p)) (& (B; p—k)
+k (E; p+K)Jexp [iB (k) 1 (0)]. (18)

For our chosen class of analytic quasipotentials satisfy-
ing the condition (3), we can write

o

g(£) 5 dzexp(—|t|2)p (E; 2) —»f,r(f}- § dn% o exp (—|e]s),
0 [

i.e., the scattering amplitude has the asymptotic form

T (E; p, &) ~ ~ey exp (%, (0) & (p))

x [2(£) [ anmexp (—¢]s)
e

+h(E) | @6 @ exp (—|ults) |expiB (07 (0], (19)
0

which leads to a power-law decrease of the differential
scattering cross section at large angles provided

lim B (p) = 2 (p/| p ),
p-soa

and this condition is satisfied for the scattering of scalar
particles and particles with spin.

2. STUDY OF DEFINITE SCATTERING PROCESSES

We now calculate the scattering cross sections for
definite processes. We first consider the scattering of
two identical spinless particles. The quasipotential,
which in this case is a scalar function, can be written
with allowance for exchange forces™" in the form (12),
and the scattering amplitude can be represented by the
expression (14). Taking into account crossing, we ob-
tain

g(E; p—k)=h(E; p—k);
G(E;p, —k)=H(E; p, k),

whence for the total amplitude
T(Eip k)=(1+P)G(E;p k), (20)

where Pis the operator of reflection of the relative co-
ordinate in the final state. When applied to the on-shell
amplitude G, the operator P makes the substitution ¢=u.

The amplitude G(E;p, k) satisfies the Logunov—
Tavkdelidze quasipotential equation, which can be writ-
ten in the form (4). At the same time, A(E;q)=4/
Vm?+q%; g(E)=E?=s. Using (10), we find that B(p)—1
in the limit p—~, and x(0) is equal to the eikonal phase
shift of elastic scattering (see, for example, Ref. 1).

Taking into account (11) and (20), we find

T (E; p, k) =exp [2iy (0)] (g (E; 2) +g (E; u)); } (21)
dofdt = (1/s% |exp [2iy, ()] | g (E; )+ g (E; u) |2
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We now consider the scattering of a scalar particle on
a spinor particle, The quasipotential equation that de-
scribes this system of particles is obtained in Ref. 11,
and it can be represented in the form (4) with

A(E; )= WE—(1+V P+ & VM &) (yg—M)|| VP TS
(22)
In this case, the quasipotential (2) is a 4X 4 matrix,

Below, we shall consider a simpleformofa y;-invariant
quasipotential with density

P (E; 2) =100 (E; 2); G (E; 2) =0 (E; 2); }

g (E)=2E. (23)

Using (22) and (23), we obtain
B@® —= (o—vo/Ip)2 =1 (p)2, (24)

whence for the total amplitude

T (E; p, k) = [ (E; p—K) - 1 (E; p+K)]
X (14 vt (P) F1 [1 470t (K) F] Yo,

where
F == {exp [iy, (0)1— 1}/2; (25)

x is the eikonal phase of meson-nucleon scatteringt!?;

oo

iy (b) = — 5 dzg (E; r =) Z1b%)2ip.

Going over to the differential scattering cross section,
we find!"?

do/dt = (1/s) exp [2iy, (0)]2 (1 +-2) | g (E; p—k)+ h (&; p-+K) [~
(26)

We now study the scattering of two spinor particles.
The quasipotential equations that describe the interac-
tion of two particles with spin 1/2 were obtained inRefs.
13 and 14, Here, we shall use the equation from Ref.
14, which enables us to apply the method developed here
without modification to study of the asymptotic behavior
of the nucleon-nucleon scattering amplitudes. The
equation can be written in the form (4), and

AE; @)= [E=E Q2L H, () + By (— )+ 5 Hi () B (— )],

where ?I,.z(q) are the energy operators of the first and
the second particle, respectively:

(1, 2]

A, (q) = myf e

e i L

The quasipotential g(E;p, k) can be represented in the
form of a 16X 16 matrix with g(E) ~const, which for
convenience we take equal to 4, For the scattering
amplitude in this case we obtain the expression (11), in
which

B(p)— m@)nl(—p)4 (27

and the operators #(p) are defined in (24).
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Note that at high energies and small momentum trans-
fers the spin-flip amplitudes are small compared with
the amplitudes without spin flip.!*? This condition is

satisfied, for example, by the eikonal phase shift™'?!
% (0) = vy (b). (28)
Substituting (27) and (28) into (11), we obtain

G (E; p, k)= [1+ v (p) v"n® (—p) F/2]

b,
£ (s, O+ 1R (—K) ¥§n® (K) F12);

N
X

where F is determined by the expression (25), in which
x is the eikonal phase shift of nucleon—nucleon scatter-
ing12;

2y (b)=— | dzg (Es r=VFFH).

We choose the quasipotential 2(s, #) in the y,-invariant
form

£ (s, ) =1 yenCi(s 1) +1NYDRD s, 1), (29)

where C(s, #) and D(s, t) are the quasipotentials that
describe the vector—vector and axial—-axial interaction,
Going over to the differential scattering cross section

dojdt ~* 2, M (p, k) M* (p, k),
i

spin
where
M (p, k) = (%21 (p) ¥ (—p) | G (B; p, k) 4 (k)
X 49t (— k) — (1% (p) ¥2 (—p) | G (E; p,—K) | 4g2 (—K) 4 (k)),

we obtain in the limit (8) the expression"®

do/dt ~ | exp [2iy (0)] |2{4|C (s, t) +D (s, t) +C (s, u) - D (s, u) |
L (14-2%| C (s, ) — D (s, ) P+ (1 —2)2| C (s, w) — D (s, u) |2}.
(30)

3. COMPARISON WITH EXPERIMENT

We give some simple examples of the use of our ex-
pressions, Let us first consider the scattering of scalar
particles. As the quasipotential g(E;A), we choose a
Gaussian quasipotential with a small addition satisfying
the condition (3):

p(E; 2) =igb (z—a) — (h/s) 2™ L exp (— bx)/sM~ 1. (31)

For small-angle scattering at high energies, the main
contribution is made by the region x= @, and we obtain
the eikonal representation for the amplitude of scatter-
ing on the Gaussian quasipotential. The eikonal phase
shift is determined by the expressiont!+®!

2iy (b) = — 4n’g exp (—b*/4a)/a; 2iy (0) = —4n’g/a.
For scattering through fixed angles in the limit s -0,
the region xs~n fixed is predominant. At the same

time
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¢(n)=hms”p(E T=1s) =hq"";

N M—1) (32)

and from (21) we obtain

doldt 2~ (1/s2N+2) |exp ( - 4ngla) P [1/ (1 —2)™ + 1/ (1 +2)™2 (33)
Thus, our quasipotential (31) leads to a power-law de-
crease of the differential cross section, and the de-
pendence on the cosine z of the scattering angle is such
that there is the same growth for scattering near the
forward and backward peaks.

Let us now consider the secattering of particles with
spins0and1/2. Suppose the function #(n) corresponds to
the density p(E; x) and the function ¢(£) to the density
o(E;y) as in (23) with the form (32):

P (1) = const f™1; (34)
lo (§) = const {1,

Then for the large-angle differential scattering cross
section we obtain from (26)

do (49
dt T 2N+2

i 2 A B 2
2O (ot ). (38)

from which it follows that the differential cross section
of large-angle meson-nucleon scattering will exhibit
peaks at both 8~0 and ¢~ 180°.

We now consider the scattering of spinor particles.
We shall assume that both quasipotentials C(s, ) and
D(s, t) in (29) are given by the representation (2) and
satisfy the condition (3), the functions ¢, 5(n) being de-
termined by the expression (32); then

C (s, t) =af [s¥+1 (1 — 2)™);
D (s, 1) =P’ [N+ (1—z)™),

In this case, for the differential cross section we obtain
from (30)
AL (e B+ o™
4 (1 —zP™2 L A1 L 2™ - (1 —2)™)Y
—2(ap* +Pa*) [(1+ 2™+ (1—2)*™2 |} (36)

Thus, the chosen class of analytic y;-invariant quasi-
potentials leads to power-law scaling asymptotic be-
haviors for the differential cross sections of large-
angle scattering of high energy particles. Note that the
appearance of the factor (1 +z) in (26) and the factors
(1+2)? in (30) is a direct consequence of the y;-invari-

ance of the interaction for s, [#l, |u|> m?,

The factor |exp[2ix(0)]1?, which appears in the ex-
pressions for the differential cross sections of large-
angle scattering (33), (35), and (36), characterizes the
extent to which the particles are “transparent” at small
impact parameters, and the factor is determined by the
parameters that describe the small-angle scattering.

The following physical ideas about the scattering pro-
cess correspond to our results. At the start of the pro-
cess there are multiple scatterings through small
angles, leading to an advance of the eikonal phase; there
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is then a single scattering through a large angle de-
scribed by the corresponding Born term, after which
the process of multiple scatterings through small angles
is repeated:

exp [iz(0)]

For the validity of the scaling asymptotic behavior it
is necessary that the eikonal phase should not depend on
s. The presence of the logarithmic dependence on the
energy invariant leads to correlations to the quark count-
ing rules. Thus, from the eikonal representation in the
case of a Gaussian quasipotential, we obtain

Ot =8nal (a); I(a) = | dy (1—exp (—))iys
0
)=

z= —2iy (0) =4n’g/a,

whence 0y, = alnx as x—-«,

On the other hand, it can be seen from (33) that if the
power-law decrease of the scattering amplitude at large
angles is to be preserved the growth of ¥ must not ex-
ceed Ins. If it is assumed that the small-angle scatter-
ing is described by a Gaussian quasipotential with range
a~Ins, then in our model we obtain a bound on the
growth of the total cross section:

Ggot << In s (In In s). (37)

This is an example of the correlation mentioned in the
introduction between the large- and small-angle scat-
tering.

It is interesting to compare our results with experi-
mental data, which we give for the case of large-angle
7p and pp scattering at energies p;>7 GeV/c (Ref. 16).
Thus, for 7'p scattering the best description of the data
is obtained for the following values of the parameters
[see (35)]:

A=T914£6; B=84x16; m=2.3+0,08; k=2.35+0.16.
Using s= u crossing, we can find an expression for the
differential cross section of 7"p scattering. The cor-
responding curves are shown in Figs. 1 and 2 and il-

-
>
£y

s'taesat)
2
]

104 L

a5 a2,0 -0.5
cos 8

s%(da/dt) for n'p scattering for 8<p; <10 GeV/ec.

FIG. 1,
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s%ae/at)

cos 8

FIG. 2. sb(do/dt) for r’p scattering for 7T<py <14 GeV/ec.

lustrate the agreement with the experimental data (Refs.
17 and 18) (x*/x*=3.0).

In the case of pp scattering (Fig. 3) [see, for example,
(36)] for m=2.51+0.02 and o =p=14011 +109, a de-
scription of the experimental data of Ref. 19 is obtained
(x*/%*=7.2). The introduction of a logarithmic energy
dependence of the parameters makes it possible to im-
prove considerably the quality of the description:

m=2.42 +£0,01; p2=2.T;
o= f= (15718 = 144) — (5658 == 850) In%s/(17.3 4- 1).

Thus, the best description of the pp scattering data is
achieved when there is equality of the vector-vector and
axial-axial interactions,

We are very grateful to N. N. Bogolyubov and A, N.
Tavkhelidze for their interest in the work and valuable
comments, and also to R. M, Muradyan, V. K.
Mitryushkin, A. N. Sisakyan, L. A. Slepchenko, and
V. G. Teplyakov for fruitful discussions.

APPENDIX

To investigate the contributions of the different re-
gions in which the parameters x,; vanish, we represent
each of the integrals in (6) in the form

013'”

-

-
=S
N
T

$"¢des/dt)
¥ 8
S =3

oy
=
o
T

0.9 a5 aq
cos 8
FIG. 3. s!%do/dt) for pp scattering for 7<py <22 GeV/c.
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where £~1/s'"%; 0<a<1. As a result, we obtain the
representation®®!

(A.1)

& n+1 s (m)
Cnpr= ann"ii-
r

where G is given by Eq. (6), in which the integration
with respect to any m parameters x, is in the region of
zero, and with respect to the remainder is from ¢ to
w, It is obvious that G{} is exponentially small in the
limit (8). For G!}, we have the expression

il o e S
Gi}}_; Sdn--- Sdzr--- gdrrm exp (—z|t])
=1 & 0 e ¢
% Fn (@ oo Znar) I | (A. 2}
where
Tn oo ana)|,_ =le@E)™
i
B4y ... BAy exp {—CijAAj)
xj S!—i 2 .
I] 122 A+ p—E2—i0] [] [E2(A;+k)— E2—i0]
i=1 i=l
-1 "
% H’ [B(E: =) £ (B p+AQ] 6 (E: z))
F =
(A.3)

X l{ [4 (B kA9 p (& =));
i=l41

here

n4i
Tifhihj= D) (Ai—Apilzii Ag=Any=0.
i=1

il

The main contribution to (A.3) is made by the region
|a,1S1Ne<|pl. Therefore, in (A.3) we may retain
only the principal terms of the expansion in 1/p:

a1 (g (E)m+
x; -0 8p)"

IplEd oo

Tnat)

=1 .
x [ 19 (Bs ) A(E; PP (E; =)
i=1

L= re
x ] A(E: ®)F(E: 2l fn(zs ... Znas), (A. 4)
i=li+1
where
folzy coczpag)= 5 o S BAy .. .0d%A,
o -1 n .
x exp{—C ijAihs} [] (apA;—i0) [[( (0pd;—i0), (A.5)
i=1 =

and n, and n, are unit vectors along the momenta p and
k, respectively. It is easy to see that the integral
(A.5) can be represented in the form of the product

Inlzy o onag) = Tl-l?n-kh

where

71-1=S 5 BAg LB
-1 =1
— AR == A} i)
3 exp igi z; (A —A )2/ iLIl (npA;—i0); (A. 6)
Fr-tar= j e Sd’M v dBA,
n+i n+1
xup s B w(A—aiot [] (onA;—i0). (A.7)
=+ fe=
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To calculate f,.; and f,.;,,, it is convenient to direct
the z axis along n, and n, and use the representation

0xp[—2; (Aj—A;_)2]=(12 V 7zp)

x § s explisg (44— A1 — stz

-

which makes it possible to integrate with respect to A,
For example, for f,., we obtain

1
(24 ... 7pg)®

Trog=(in?)-1

X [ jdzl con dpgf (29 —129)
0 0

-1
X0 (s3—23) ... 0 (z) exp {—2 (zg,'é::i)} 4
i=1

An analogous expression also holds for ﬁ,_m. Using
these representations, we substitute (A.4) in (A.2) and
integrate with respect to x, , remembering that

1

s 4 0(E: 2) L gl r=1 zz+h2)‘
* S - %2 SERCE ) e+0 g (E) b—0
e

where Z(E, 7) is the Fourier transform of the quasipo-
tential, We also introduce the notation

5 T £ (E; r) e
1_5wdz 2 (5) L):U =iy (0).

Symmetrizing the resulting integrands, we arrive at the
representation

(o 5 &

4 i3 OB (p)i-t . -

oldy= 3 TG (k) [ def i5: o exp e |
I={ v

5 (B () iy opyn-tet |

m—ir1 (A.8)

here

B (m=a (& peEy6]pl.
Since |#| =, the main contribution to (A. 8) is made
by the region of small x~1/s. Thus, the substitution

2(E) 5 dzp (£, z) exp (zt) —> g (E) 5 dzp (E; z) exp (2t) =7 (£; 1)
0 0

does not change the asymptotic behavior (A.6). Thus,

~

we find that G$!] has the form (9).

We now consider the term G{¥} in the expansion (A.1):

n+l oo e e ®
GS?_L: 2 Sdzi... Edﬁjdzﬁ.--jdtnﬂ
I<h=1 ¢ ] 0 s
n4+1
# a@
X exp [tzprp/(z;+ 21)] Tn(zq .-+ Tna) -0 - Z Gla (A. 9)
€ I<k=1

In contrast to the calculation of GY1}, we cannot every-
where set x;=x,=0 in 3’,, because in that case diver-
gences with respect to A, in J, could appear, This -
comes about because of the vanishing in the form
C;;8,4; of the terms quadratic in A, and A,. Of par-
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ticular danger are I and % values that differ by unity.

It is precisely these terms that make the main con-
tribution to the asymptotic behavior of G2}, and there-
fore when we go to the limit X7, X1y~ 0in J, we retain
the terms that ensure convergence of the integral with
respect to A;:

-1 n+1
CijAid | g é (A —Ajg)2z; A2 rz.+x,+,)+‘ %z (Ai—As )2z,

Then for J » We can write down an expression analogous
to (A. 4):

i-1
F (g (E)yn+! S T e
I~ g i!_il{P(E- z;) A(E; p)] p (E; =)
n+i
$Pn oo rned B Bz [[ 14510 6 &3 2

i=42

whgre_@u can be represented in the form &,(x, - - - x,,)
= fr-1 fr1®, Eq. (2.6) determines f.,, 7,., is obtained
from (A.7) by the substitution -7+ 1, and ¢ is given by

Bt j dia, EPI=AL (s, )] A& A0y
[E2(A, ki) — E2—i0] J

where
b= (zp+z141k) (=1 2p09).

Substituting the expressions for f,, f,.;, and & in Eq.
(A.9), we obtain

&1, na={le (E)2{iX (0) B @10 — 1))
13
X S dzp degaf (B @) @ (21, 2009) D (E; 241
(]
X exp[—|t| zizar/ (24 2140) [iB (k) % (O))Y(n—1)!

Making the substitution x;, x,,4~ /s, 1, /s and going to
the limit s—e, we obtain for our class of quasipotentials

= % i P
4 E) 1 [i% 0y B (pyi-t 0o
Gl 1 —> i(s_!s?-_N l‘%iﬁ”— S Ang dip (P (g)
0

UHOPED)

;xexP(—I‘II‘ST’—mzﬁ-) =11

TR
exp[—AfF (n3+12)]
[a,-- -i])z —1/4—i0]
= (g nang) /(g +10).

§= 5 A, BEp 0%

It can be seen from this that

G, g <NV g g, (A. 10)

Comparing (A.10) and (A.12), we see that the con-
tribution to the scattering amplitude G from &' is
asymptotically greater than the contribution from G®@.
Similarly, one can show that this is true for any ampli-
tude G™ with m> 1. _Thus, Eq. (11) determines the
complete amplitude G at high energies and large mo-
mentum transfers.
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