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1. Introduction

Recently in papers/ 1,2/ an approach to the description of high
energy particle scattering was developed which was based on the
quasipotential equation of Logunov and Tavkhelidze in quantum
field theory/3:14/,

The approach is supported on an essential assumption of a
nonsingular or smooth behaviour of the local quasipotential V(E r)
as a function of the relative coordinate of two particles r . Under
this assumption the two-particle scattering has the semi-classical
character for small angles/ 1/, as well as for large ones/ 5/. In par-
ticular, in paper/ 1/ it was shown that for smooth quasipotentials the
amplitude of high energy scattering of two spinless particles at
small angles obeys an integral representation, which is closely con-~
nected with the Glauber representation for the scattering amplitude
of rapid particles on nuclei in the eikonal approximation/6/,

It should be stressed, that a rigorous derivation of the Jauber
representation in the framework of quantum field theory supposes
the proof of smooth behaviour of quasipotential at high energies of
hadrons,

It is interesting to investigate spin effects in particle scattering
at high energies, In the present work we give a derivation of the
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Glauber representation for the amplitude of the spin 1/2 particle
scattering on smooth potentials at high energies of incident particles,
The consideration is given in the framework of the two-component
description as well as on the basis of the Dirac equation. The study
of the Dirac equation allows one to separate relativistic kinematical
effects in scattering of the rapid spin particles,

2, Glauber Representation for the Scattering of Spin /2
Particles in the Two-Component Description

Consider the scattering of the rapid spin 1/2 particle on the
basis of the Klein-Gordon type equation

(p2+ V2)u(t) =V(E)y(P), (2.2)

where the potential includes the contribution of spin-orbital forces

- -

V(E) =V () +V (31 Lemil¥xV ). (2.2)

We assume here that V (r}) and Vl(r) are scalar smooth

functions of T » which depend, generally speaking, on the par-
ticle energy E =V m? + g3 .

The solution of eq, {2.1) can be represented in the form

lpe

p(F) =e é (1), (2.3)

where the two-component spinor ¢(i) satisfies the boundary condi-
tion
-
$ (r )l =
2 b @ 1}
(2.9)
that corresponds to an incident particle with spin wave function ¢,

and large momentum p along the 2 -axis.



Under the condition of smooth behaviour of the potential and at

sufficiently large energies, when

2 1 v
[V/p? | «<1; |V /pV]|«1, (2.5)
the spinor #(F) is a slow varying function and approximately obeys

the equation
. dé .
2ip ——~ = (V 7 x1 .
ip — (V, +V,pld xr]z)¢ (2.6)

The solution of (2,6) under the boundary condition (2,4) has

the form
XoPrzr+ i [B <] xltﬁ'.z)
d(F)=e by »
(2.7)
where
xo(f;’sz)= 1 f dZ’VO(P ' Z ’)7 _ (286.)
2ip - *
nd p z 4 4
x,(p,2z) = —2—f dz "V, (3 .,z °). (2.8b)
Here . P—*
t=(p;z); A=——=(cos® ,sin® ),
p
where ¢ is an azimuthal angle in the (x,y) -plane, so that
(o x-;\]z =cos P -ay-—sin(D c o,
(2.9)
- - 2
[a Xn} = 1.
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Using egs, (2.7) and (2.8) we get for the scattering amplitude the

Glauber representation

-7
f(P.f3\=——;l—,fd;e $L(B NV, ep(8xF) V) (F) -
P _‘-’33 Xo +il#x¥], X, (2.10)
=g, S ¢* (Bl e “Lig, (P )

where

e

A<(p -p); Bp -0

X 7)) =x (£ v=)i X, (B)=x, (p,+e)

Using the formulae for the integral representations of the Bes-~

sel functions

1 27 ixcos @

JD (x) =—§-’-7—-of do e ’ (2.116)
H 2 i« coald

J () ne——[dd e wsd, (2.111)
In o

we receive the following expression for the scattering amplitude

tp, 8)=¢2(p")la «0oblg(5), (2.12)
where
LT X
a.—.—lpofpdp Jo(pA_)l e s X | -4, (2.13a)
b =~ ipa[pdp Jl(pA)ex‘J sinx .

(2.13b)

The wave functions of spin particles with the helicity values

- . 3p‘"
A= 2P and ‘= has the form/7/

P p’




L1
@ (p)=( 0) and (01) , atX =+12 and -1/2; (2.14a)

. 00s0/2 sin 6 /2
¢(p')=( ) and ( ) , at A’ =+12 and-1/2; (2.14b)
0 —sin6/2 cos6/2 )’

where ¢ is the scattering angle and

A2
c0s8/2 = 1- -1
. 2
o : atp » . (2.15)
@n6/2 = A L 0
2p
Thus, the quantities a and b defined by egs. (2.12) and (2.13)
in the limit p » o~ at fixed moments A will coincide with the non -

spin-flip and spin-flip amplitudes, respectively,

3. Glauber Representation for the Scattering of the
Dirac Particles

Consider now the scattering of the rapid spin particle on the

scalar potential on the basis of the Dirac equation

(E+idaV - Bm-BV(¥)y¢ (F)=0. (3.2)

We shall seek the solution of equation (3.1) in the following form

) o

g(@)=e P FU(H ve TR (3.2)

where
E =vm? +p? =p =p.
z

Substituting the expression (3.2) into eq. (3.1) and requiring the
term which contain as a factor the large parameter p to be va-
nish, we get
a, F7 =3 F ° . (3.3)



From eq. (3.3) it follows, that

+) 1 1 (£ .
Fom- L Yé (), (3.4)
V2o oro,
where ¢(t)(?) are the two-component spinors,

As one can see from formulae (3.2-4) the two terms in eq.(3.2)
describe the propagation along z -axis of the incident and reflected

‘vaves, respectively, The following boundary conditions hold

[ D (-

$N =, $(h) -0, (3.5)

where ¢0 is the constant two-component spinor of an incident
particle, Using formula (3.4) one can find that the Spinors ¢(t’ sa-
tisfy the equations

d¢ ™ ~2ipsz

P— _ e (W-13 xV] )7, (3.6a)
dz “
(=) .
d ipz > 2
i 9% e (W 4loxV] )g®, (3.6b)
dz ®
where
¥ = m v

The differential equations (3.6) with the boundary conditions (3.5)

are equivalent to the following pair of the integral equations

¢ (2,8) =g, =i [dz'e 20" (W(z',,z,’)~[?r><\?l 1)l 5y (3.7a) @
$2,6) = i dze?ive” <W(z",b’>+{<?xii1,)¢‘+’(zt5) . (3.7p)
where

- - > ) 9

ro=(r,p); VJ_=(*—ax Ty )



The analysis of eqs. (3.7) in the limit of large momenta p
under the condition of smooth behaviour of the potential V(T ) shows
that the spinor ¢(+) is a slow varyiné function of 2z , wWhereas
the ¢>(—) oscillates rapidly with .variation of z .

So, eq. (3.7b) in the limit p = « gives

2ip

$7(55) = gme W (2,5)+ 18 x V1) 6 (2,5) + 0(1p)s )

Substituting the expression (3.8) in eq. (3.7a), we obtain the following

integral equation for the spinor ¢(+’

(2, 7) =+ =— [ dn (W (27, 3)-V; (50, 6P 3
2ip = dp

(3.9)

2 22
m - VL
In eq. (3.9) the term which includes o) should be dropped.

This term is similar to that one which we neglect in derivation of
eq. (3.6)x/. As a result we obtain the following solution

2z
5> - dv
-5-:—-— f dz” (V2 +2mv - [Fx n]z )
(&%) Po-eo

¢ (273)39 ¢0 : (3‘10)

)

The expression for the scattering amplitude can be found by quad-

rating the Dirac equation (3.1)

V=W m =iy VW) g (7) = 0, (3.12)

x/’I‘his quantity is nothing else than the second term in expansion
of the particle energy in powers of the large momentum P,
2 2
m +p 2
E=p + ———t L 0(1/p%).
z 2 - z
P,



from where it (ollows that

f(p,A)=- —T‘—Id? §O NV m VT VI (@),

.4

(3.22)

Here

. g 1 1 .
J = — ’
V-o; (r) e \/ ( o ) ¢0 (3.13)

4 H

is the spinor, which describes an outgoing particle with large compo-
nent momentum along  Z-axlis,

Using the formulae (3.2), {3.4) and {3,10) we get fimally for the
scattering amplitude the expression of the type (2.12), where

+ o0
X, (7} =~ dz(V(z,7) +2mV(z,7 ) (3.14a)
ip -o
. {m 4V(z.})
X, (plee —— [d2 ———". 4b
! 2ip -o dp (3.140)

It is easy to see that the spin-flip part of the scattering ampli-
tude of rapid Dirac particles on a scalar potential is due to relativis-
tic kinematical effects,

The method developed here allows one to derive also the
Glauber representation for the scattering amplitude of the rapid Dirac
particles on smooth potentials of other types.

The results oblained here, can be used ih the description of
the scattering of rapid spin particles on heavy nuclei as well as in
the phenomenoclogical analysis of the pion-nucleon scattering at high
energies. We shouwld notice, however, that more rigorous conside-
ration of spin effects in the two-particle interactions at high energies

ie possible in the framework of the quasipotential equations.
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