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{the momenta &f the produced particle, .
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Eikonal Approximation for the Inelastic Scattering
Amplitude in Quantum Field Theory Model
L A
Procésses of scattering of two scalar nucleons with production
of scalar mesons in the model £, -g:¢3(x) ¢ (x): are considered,

The case of single partxcle productlon is investigated in detail. It is
shown that it is possnble to represent the inelastic scattering ampli-
tude in terms of the eikonal. elastic amplitude in a certain region of
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1. Introduction

At present the eikonal representation for the elastic scattering
amplitude attracts a great attention by that it can be successfully
used for the description of a large number of experiments 6n high
energy particle scattering,

As far as this representation has arised in the framework of
non-relativistic quantum mechanics/1,2/ a special basis of the eikonal
or Glauber form of the scattering amplitude in the relativistic region
was required, Among papers devoted to this problem we should men-
tion the ones/3,4/ in which the validity of the eikonal representation

_has been proved in the lowest perturbation orders. In recent paperé:-"ﬁ/

using the Logunov—Tavkhelidze/ 4 quasipotential equation the authors
have obtained a Glauber representation for high energy small-angle
hadron scattering under the condition that the local quasipotentialis
smooth, v
A great number of articles/ 8-11/ has been devoted to the study
of the eikonal approximation in quantum field theory models,
In particular, in ref,/9/ the eikonal representation for the elastic
scattering amplitude has been derived in the scalar model £ fnt =
g: ¥ 2(x)¢ (x): by the functional integration method, The account has
been made of the s-channel ladder and cross-ladder graphs without
radiation corrections and nucleon closed loops, under the assumption



of asymptotically high energies s +o and fixed momentum trans-
fers t .

It is of great interest to explore whether it is possible to rep-
resent the inelastic scattering amplitudes in the eikonal form in the
domain -;- <1l .

In the present paper we consider the processes of scalar nuc-
leon scattering with meson production. The case of single particle
production is studied in detail,

In a certain region of the produced particle momenta it turns
out to be possible to express the inelastic scattering amplitude

in terms of the elastic scattering amplitude in the eikonal form,

2, Inelastic Scattering Amplitude

The two-nucleon scattering amplitude with n -meson produc-

tion can be written in the for'm/ 12/

4 n
(27) 8(p +p,—da, —q, —151 k, )f(plpzl 9,9 2“‘1"' k )=

(2.2)
o 8
=0 e F (
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where the generating functional is expressed in terms of single-

particle Green functions of a nucleon in the external field G(p q|%)

as follows
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is found from the Klein-Gordon equation in the external field

(C]-m® + g6)G(xy |¢ ) ==8" (x=y) (2.4)
and can be written as a fun<tional integral/ 13/
1 i(p—qd)x Lo
G{pqlo) = lim — Jdxe P J‘[54V]0
p2om?2 p 2=m?2 (2.5)
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Inserting (2.5) into (2.2) and excluding the terms corresponding
to unbound graphs and going to the r;lass shell, as has been done
in ref./ of we get

l(p{-ql')xl+i(v2—q2)x s

F(p1p2.lqlq2|¢.l'¢2)=fdxldxze D(x,-x,) =

oo oo El )
'f[b“vl] [54112] exp{igfdfl¢l[x1+ al(fi)+fvl(r))dn]+ (2.7)

v £, .
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where
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. = : ) 0

a, (£,)=2p €605 )+2q 8 0(=5) - (2.9)

(6}




We consider, for example, the two~nucleon scattering amplitude with

single meson production
1
(27) 6(pl,+p2—q1—q o~k )f(p‘p2|qlqzjk) =

i(py =ay)x, +ilpy,may)x, . 00 00
=fdxldx2e ’D(xi-xg)f[sdvl ]_“[.84112 ]
€1
1kxy —ile 'y +2{”1(’7)‘”7]
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X J dAr exp{i/\x(xl—xz,vl,vz)} .

Making in (2.10) the replacement of variables

T T YR (2,11)
v () - Vl(n)—k [6(4”-—-7;) -0 (=7n)]
and integrating over x we obtain
Fpp,la,a,[K)=fdeD (0 L8, 1 (8%, ]tmid/\ |
{fd(lexp[—i(P2‘q2)x_”‘al(§I)+ik2|§l P 212) @
+fdg, exp[i(pl-ql>x_aka2(¢2)+ik2|czx vide 11,
where
N =8P L A6 A6, Dl x e (£)ma (£,)+
%1 £ (2.13)

+Jul(n)d7]-ofv2(q)dr] +2k [min (£ ,{ )= min (0,£ )11 .

6



4

9

We do not consider the second part of the amplitude which
can be obtained by the replacement q,< q, since in ref./9/ it is
shown that in the eikonal region it is nonessential,

Using the method suggested it is not difficult to derive the

two-nucleon scattering amplitude with production of two or more

meson (see Appendix),

3. Connection between Elastic and Inelastic Scattering
Amplitudes and the Eikonal Approximation

In considering the asymptotic behaviour of the scattering am-

plitude (2.12) we introduce the following notations

2

2
t= T2 =(p .~ l—-k) =(q2* P, )

S=(p1 +p2)2_ (3.7)

In order to study the inelastic scattering amplitude in the
eikonal approximation first of all we consider the problem of facto-
rization of the expression (2,12) at high energies and fixed momen-
tum transfers, namely, we consider the conditions on the components
of the meson momentum k under which the elastic and inelastic .

amplitudes are linked by the following simple relation/ 14/

S | 1 - 1 +(p »p .q =q )T (3.2)
fnel g 2P‘kl+[l2 2q1k —ﬂz Pl P2 ql q2 el

It is seen from eqgs. (2,12) and (2,13) that if it is possible to neglect
in the D -function arguments in (2.12) the dependence on the terms
containing k compared with the terms containing P, P, + 9,.9,
then the integrals over ¢ , and 42 are easily taken and from
eq. (2.12) it follows immediately (3.2). This will be valid if the fol-

lowing restrictions on the components of the momentum of a pro-

duced meson

ko<<vVv s , ;k_L|<<|T_L] , (3.3)



where R
k-l. =(kx,k ),

Yy

are fulfilled since in c.m.s. p ~Vs andp , 4 )
z
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Now we pass to the conditions which make it possible to ob-
tain for [, in eq. (3.2) an expression in the eikonal form, It is
known that in the case of elastic scattering k=0 for s -+ and
t _fixed the transfer vector T=(p, —q, )=(q2—p2) is perpendicular

to the initial inomenta and is of the form

T =(p ,~p ) —+ T, , where (T.L pl)=(Tlp2)=0. (3.4)

1 s

It is just because of this fact that after having chosen the z -

axis as the direction of motion of colliding particles p, , p; in
tat

the c,m,s. it is possible 19] to reduce the integral over d*x to the

integral over the impact parameter &R 1 in the expression for the
scattering amplitude, In the case under consideration of meson pro-
duction in the two-nucleon collision the vector is determined by the
formula (3.1) and can be expanded in the initial vectors p, and p,

in a form analogous to (3.4):

4(q‘_k)

p, +Ty (3.5)

= - o
T—(p2 pl)s s

where )
(T-Lpl)=(T-L P2)=09 T-L=(0'T-L’0) .

Hence it is seen that for s » « and t -fixed the longitudinal
component does not vanish since (g . k) increases with increasing s.
(qk)

However, the term _;.— p may be neglected provided that K 1
2

and k, obey the following restrictions

Bl kgl <k <V (3.6)
(q k) ki ol
since in this case LY ~ «<1.
s 20,z k




It is natiral that if the produced meson is a non-relativistic
particle

lk+l’ k, < (3.7)

then for the vector T the expression (3,4) holds as well,
Following paperjg/ it is possible to obtain the eikonal repre-
sentation tor the elastic part ot the amplitude in (3,2) when the con-
ditions (3.3) and (3.6) or (3.7) are satisfied,
Indeed, for the obtained restrictions on the components of the

produced meson momentum the expression 2,13)takes the form

f(P‘ P2|qlq2!k)=¢ (k)f(pl p,la,q,)=

1 —ix
[6%y 17 fane " (3.8)

—00 -0

o0

=26 (k) fdxD(x) f[8* v

61 52
exphg )\fdrf dé, Dlx+a (€ J-a, (&, )+fv (3 )y - fl/ () dqli,

The function f(p P |q 9, ) coincides with the two-nucleon
scattering amplitude for whxch in ref, /91 the eikonal representation
has been found

el
52 - K (IJ- XJ, )
eik . Ix, T 27 s
o (pypola,q ) =fim - 2 dzi'ie e -1) (3.9)
€0 (277) I |>‘

where g
T, =t
Thus , for the processes with production of mesons with mo-
menta restricted by the conditions (3.3) and (3.6) there exists the
following eikonal representation of the amplitude
etk 3gp’ ki —4g(k Tk .

et =4 Z . 212 fp (pypyla,a,). (3.10)
S(kl+u )
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In conclusion we would like to note that there is another pos-
sibility to represent the inelastic process amplitude in the factorized
form (3.2), namely in the region of largekp ,~s andk q,,~s .
In this case the main contribution to the integrals over ¢{  and ¢,
will be given by small {, ~ —-ls— and (2 ~LS and therefore the de-
pendence in the argument of the D -functions (2.12) on ¢, and

- {3 may be neglected, However to large values of kp,, and kq,,

there correspond large values of T? for which the eikonal form

of the scattering amplitude is invalid.
Taking the opportunity the authors express their deep gratitude

to 'N.N, Bogolubov, V.A, Matveev, A.N. Tavkhelidze for useful dis-

cussions and valuable remarks,

Appendix
We write the nucleon scattering amplitude with production of

two mesons:

oo oo 1 ot
f(g p,la,a, 1k k)= f&DCA fI8%w, 1 (8%, 1" f dA Jd ¢ 4

Fopl-i(p ~q, ~k, Ix +ik’[¢ |+ ik}] {1~ ik a (& )=ik,a (£ )+ir@ T+
vexplilp —q —k Ix +i ¢ | +ik>[¢ | -ika, (¢, )-ik,a () +ir® ]+
+expl- i(pz—qz)x +.ik2I |§l| +ik22|§2|—iklal(cl)—ik2a 1(42)+

+2k,k,® (C,.C2)+ih®s]+exp Lilp, —q)x +ik21|41!+ik22'l{2l -

—ikya, ({,)=~ik a ({,) + 2k k, 8(<¢,, ¢, )+i)t¢4] i,
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where

H

Ki

Ky
K
3

"3 X

£a

&
2
O =g [d& d¢, Dlx+2 of v, (n)dr)_—~2ofu2(r1)dn+a!(§l)—a2(§2)—K.’]

= 26,8(8,,¢,)-2k,8( £_,¢)
-2k, 8(£,, ¢, )-2k @£ ¢)
= 2(k, 4k, )€ @ (=& )42k B (£, ¢ )-2Kk,8(£,, ()

= K, (£, +¢,)

4

® (£.¢)=min (0, )mmin(£, )

@({1. 42)= min(o,{‘ ) +min (0, ¢2 )+min(§l,§2) .

0
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