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I. Introduction 

In the present paper we develop the three-dimensional 
formalism I I, 2/ for the description of the interaction 
of two particles with spin 1/2 in the quasipc;>tential app
roach / 3 • 41_. This paper is a sequel to papers I 1 • 21. It was 
shown earlier /I/ that the Feynman one-boson exchange 
matrix elements can be transformed to a form of the 
direct three-dimensional generalizarion of the corres
ponding nonrevalivistic one-boson exhcange potentials 
(OBEP). The transformation from the four-dimensional 
to the three-dimensional representation in terms of the 
Lobachevsky space may be treated as an alternative one 
to the Foldi-Wouthuysen transformation for two particles 
since it is exact and doesn not deal with the expansion 
of interaction terms in powers of v ~ c 2 • In I 2/ the 
form was found for this transformed relativistic OBEP 
in the relativistic configurational representati.9Jl (RCR) 
intriduced earlier for the spinless particles in I.)/. 

In the second section the quasipotential equations for 
spin particles are transformed in the momentum space 
to a form of the direct geometrical generalization of 
the Lippmann-Schwinger and Schrodinger nonrelativistic 
equations. In the third section these equations are written 
in the RCR. In the fourth section we construct the local 
in RCR expressions for a relativistic spin-orbital and 
tensor forces. 

II. The Local in the Lobachevsky Space 
Quasipotential Equations for Particles with SPins 

Quasipotential equations for the relativistic scattering 
amplitude and thw wave function of two relativistic par-
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ticles with spins 1/2 obtained in Kadysl;leysky / 6
/ appr9ach 

in the c.m.s. have the form 
J 

-> -> 
(p,q;E ) + 

q 

a{'a;: -> -> a{'a'2 _, _, 
Va a (p, k; E q) Ta a (k, q) 

1 2 1 2 1 
I f dD k ------------

(2 )
3 ,, ,, 

rr a 1 a 2 E (E - E - if) 
k k q 

and 

E <E -E )'P (p) 
P P q q al a 2 

where 

-> -> 
(p, k; E q ) 

(1) 

is the quasipotential dependent in general on the total 
2 ->? 

energy of the system s = 4E = 4v'M + q - . Since in the 
q 

quasipotential equations of Kadyshev~ky, like in the 
equation of Logunov and Tavkhelidze 13 ! , all the mo
menta of particles belong to the mass shell 

2 ->2 M2 p -p = 
0 

(3) 

and the integration is performed with the volume ele 
... 

dk 
ment dH k = _____ - the invariant measure on the 

v'l + k 2/M 2 
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- a1 ... al ... - a 2 ... a '2 ... 
u (pl)y5 u (k 1)u (p 2)y 5U !(k 2) 

------------
/12 - (p - k) 2 

(6) 

where the amplitude 

(7) 

in forms• does not differ from the nonrelativistic poten
tial 

-+-+ -+-+-+-+ 

al (k i-P1>a2<k2-P2> 

2 2 
/1 + (k - p) 

-+ -+t;-+ -+e 
4(a K J (a K ) 

l l . 2 2 

(8) 

... ... ... 
Ke = (k - p )/ 2 

widely used in mesin theory of nuclear forces ( <t~ - are 
the two-component Pauli spinors normalized by the 

*al al -> 
condition ¢ ¢ = 8 ) . ). The quantity K defined 

a2 a2 
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-+ -+ -+ -+ -+ -+ -+ -+ 
(a 1 p Ha 1 K ) ( a 2 p ) ( a 2 K ) 

µ 2+ 4;2 
2 8 

- g --· v M2 
(12) 

represents a direct geometrical generalization of the 
Breit potentials / 9 / in the momentum space 11/. 1n/2/ the 
relativistic quasipotentials (11), (12) have been writtes in 
the RCR. 

To facilitate fuether considerations we shall discuss 
the role of the Wigner rotation D 1/2 IV -1 (AP , k >l in eqs. 
(6), (11). As is seen from the transformation law for 
the state vectors 

-1 ... 1/2 -1 ... ... 
U(A )!k,a>=IDaa'IV (A ,k>l!k(-)p,a'> 

p , p 
(13) 

a 

these matrices describe a spin rotation un~er the Lorentz 
transformations. Since the matrices D1 21V-1<AP k>l de
pend on the momentum of the state, they are different 
for the spin indices in the left- and right-hadn sides of 
the matrix elements (6) and (11). By terminology of 
ref. /1o/ spin indices are "sitting"eachonitsown momen
tum because by definition of the state vectors 1 k, a>= 
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(k(-) .. ,p;E )ll'q(k)a a 
. q ·1p 2p 

(15) 

With this form of the quasipotential equation the 
interaction is described _by the local in the Lobachevsky 
space quasipotential \i (k(-) p, p; Eq) of type (7) and (12), 
and the integral part {15) looks like a convolution in the 
Lobachevsky space. It can be seen that the form (15) is 
natural fer eq. (2) when it is solved for thw wave function 
of scattering of two particles / 2/ 

(16) 
, , 

al a2 .... -> .... 

I. f dU V (p, k ;E )'I' <k > , , 
E (E E . ) , , k a a q q a

1
a 2 - -Haa 12 

P P q l 2 

1 1 +---------
(4rr) 3 

Really, when substituting into the r.h.s. of (16) the 
expression (217) 3 o(p-k)yl-' p'2/M'.!¢a

1
¢a

2 
taken as the 

first approximation to 'I' q (k)a
1 

a
2 

and describing the 
free motion it is necessary to remove all the spin indices 
al a2 from p to k . At the same time eqs. of form 
(15) do not require such an additional operation as it 
was already performed by the transformation (13). 

To complete the analogy with the nonrelativistic for
malism it is convenient to pass to the Green function 
linear in EP. We therefore intriduce the new scattering 
amplitude 

(17) 

with the nonrelativistic normalization to the cross section 

d *a''a'' a'a' 
_.!!_ (a a .... a' a' ) = I. A l 2 l 2 
d

, .. l 2 1 2 (s,t)A ,, ,, (s,t). (18) 
~ a{' a 2' al a2 a l a 2 
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