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1. Introduction 

The )-dimensional equations derived on the basis of quantum 
field th~ory [1-9), as well as the well-known 4-dimensional Bethe
-Salpeter equation [Io]., are widely used for the rela;tivistic desc
ription of the particle bound states. The formalism of these ·equa
tions is more close to the formalism of the nonrelativistic theory . . 

and the wave function has a clear probabilistic interpretation • 
In most of the )-dimensional approaches the wave function is 

defined by projecting the Bethe-Salpeter wave function onto a certain 
space-like surface [6-8]. The same projection procedure is us~d to. 
define the corresponding free and complete Green functions that are ,. -J -~ 

employed further to construct the interaction operator Y=- Go- Gi . 
The simplest choice of the space-like surface as a plane perpendicular · 
to the time axis is equivalent to the operation of .equating indivi
dual particle times, i.e. to the description of a particle system in 

terms of a single time [1,6]. 
As a consequence of the transition to a single-time formalism 

(i.e. to its different covariant modifications) there appears the 
parametric dependence of the operator of interaction (that serve as 
a kernel in the integral equation) on the total energy of the compo-. 
site system. This dependence of the interaction kernel was explicitly 
calculated for the case of scalar particles: in [ 9 J to the second 
order in coupling constant. The numerical calculation of the energy 
spectrum of a system of two scalar particles interacting via the 
scalar photon exchange was performed in [11]. The results obtained in 
[11] allow us to explain the mass spectrum of the recently observed 
resonance ·states. in the e•e- -system [12] as we~l as the spectrum 

of the diproton resonance [lJ]. 
The aim of the present article is to prepare an analogous appa-

ratus of integral equations for·· the calculations in' the spin case.· 
We shall use the covariant three-dimensional equation for a two-fer~· 
mion .system derived previously in [14,15]. In the next section we 
shall perform the invariant· separation of states of the system with 
the tota~ spins 5=0 and 5=1 and study the spin structure of the 
interacti-on kernels of the corresponding equations. In sect.J the 
system of partial wave equations fpr the wave functions describing 
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the states with the total an~lar momentum of the system Jr and spin 
S will be deri Ted as well as the explicit form of ~atrix elements 

of the quasipotential '"T T :r 
. Vee' 

2. Spin.structure of the,J-dimensional covariant equation for 

a two-fermion system 

A covariant single-time wave function (WF) that describes the 

relative motion of two fermi.ons (with momenta pi and p:l. ) is 
defined through the Bethe-Salpeter .. WF by the following integral [ 15): 

"" . ('h:-\4 . 1 1 . 6',11~ ~ ·-Gj - ~ -
. Jf}-H{ (rj,pJ =-1m2 u~ ( 1\).:P f1 ) Z<p (A;.~ Fil) ~ 

· ·c - )x . c2.1) ..J lx e ' f~/'>. b [A;px] ( 0/ T { '1'., (x) '1' p (~x) }IMR'; 56> 

Here :f{x:) and "}Y(x) are the field operators of the fermion and 

antifermion in the Heisenberg representation, fP = ?.1 "'p2 , X= X.[X.:z 
.i\lp:;:: pt'JrfP21 is the 4-vector of the system velocity and .' 

the vector /M K; So)cha~a.cterues the bound state as a whole, 
moving with the 'momentum K and having the total mass M, spin s and 
its pro je cti on on the ~ -axis 6' ; 1\ -,1.. is the Lorentz 

. /1 ']l 

boost operator into the rest system of the composite particle moving 

with the 4-velocity /l; = f!Jflj/ f!J2 1 
, i.e. /\ ).qJ { M, 0) = { g'J

0

1 P) 
where po = V JS:J.+ .1'1..~. 

It should be urxierlined that the p:-esence of the b (Apx)-
.function (X = x 1- X.<!.) in the integrand of (2.1) ensures the 

coincidence of individUal) times of fermions ~1° =X~ 
i,n the c.m. s. jJ =- 0 x • 

-5--.-
x .. Let us mention that this way is not the only possible • In the 
Logunov.-Tavkhelidze approach the elimination of the relative 
time out· of the· Green function is· ·equivalent to the integration 

oO ." 

,7£ ( p.Cj; E) =(2nT2ffc1pod1o G7 (f.o,9o, f. q; E) c
2

• 

2

) 

·-. :. -co. , 
which allows us to obtain -in the. c.·m. s. the quasipotential of the 
same form as in [a,9,11,2J]. :It was used in [16,17] to calculate the 
hyperfine splitting of the ground state of the mtionium and positronium. 
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In the present paper we use the relativistic equation for the 
spin WF [14,15,18,19] 

') A 
0 

[ o ] """ If.(), ( ~ ) ~ Lj p m,1 Q f1 - 2 Ll b 1 Y! f.J.. _L1b I = (2.J) 
I J ::J I J"M:p MK [lrrt.A!Jl 

. 1 JJ~ . . -= _. Jl)m..lp . Q,6j_ ~ ~ \j"Ydlz 1 
( .:lr.)' ~ 2 Ll ;~J!l' 1<:, vJ Ll f.~,, 'Ll"m'9' ; f1} ""' f..rn~ 

Here the vector 

0 ( ~) (' ~ ---= p = !l; h =- ~~-J h)= -Ll 1.=(2.4) 
~ I :p I :t ';).Jl f:.l f:~./Vl/I:J> . 

-" 

!J.f,"')9 

C/) -../. ( .-c»:? ) 
VgJ-2' t~b- #:+ {g.>J. I . 

....,. 

PJ 

represents a covariant generalization of the vector of the first 
.. (~ '-t -.) particle momentum in. the c.m.s. f.J. = - p,_ ::: p before the 

interaction [20,21,18] • The covariant generalization of the partie-
( ~ -+ -+ ) le momentum after the interaction k:1 = -k~ =; Jc. js defined 

analogously • T.he time components of 4-vectors A fl , and 4 1-'. , 
. . f,MI<~ JC1 WIAtp 

are defined through the equation of. the mass-shell hyperboloid: 

( 

.o )2. -7 a.. ( 0 ' .. .L1 - . :l. :1._ ~~ ' !2. 
'bJ'"'"m d J,J 111.::1 =: m L1k' m.A ) - L1 1 =in (2. 5) 
I v ,, fJ1 ) I '[} ' k, InA(/' • 

. Usually in the first approximation the relativistic scattering 
amplitude T, is used to construct the interaction kernel. The 
scattering amplitude T. is connected with the Bethe~Salpeter scatterin 
amplitude M defined through. .the Feynman diagrams by· the relation 

r( . Ml,-l> _,. ~~ - ) 1 (r, '3'.~(~. f(..S.,.) . n..rJ. f' o, f'-6;. r-:1 y.1 k.:t Y:~. = T ~rr) o 2 - • 

~ u~ (~o,) u.,_ (ft..~) qhr)- 2 J cLx cl.f ( . .1.. ,' + 
' \Llf/~ + ol.. -lE 

+ 1 J C.~ +f-iE + LY../:~_ :_,_,.[)X 

(2.6) 

"J1 (f -oo, I ~r-Ja~ I K) uj (~ v1) uo... (~ v~) 
In the approximation of the one-boson exchange (with· the mass r ···) 
the quasipotential. ha'i> in ~ - gauge the following form 
(compare with [B,2J]) 
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V (l) ~6".1 ( ·. ) . r-~~ ) H 1~ . Jl? a 
Vt J/J. r.J, r:J. I~. K,_i M -== u <ft61 a-· ll { K.t y1 J !! /'Y • 

' { u(fo6-,) ( u(K;Y,Jj v: (J/<;M) • ( r -i)- (2.7) 

• 1J{foo1) ~ u (~ yJ u (fo Oi)_./~ u (14 Y;.) Yo~~ ic,-1-1),. 
where 

and 

.2. 

fi'(~~ ,) - - gv ,, ~ f 1te;f1; - Eft (tFrtE) ·t-c~- M; 

c;, ~ ~ __ . 9: ~e -r cK -}1_ 

Yo (f/'i A1) - .2.E
1 

("f•fr't". -.M) 

Cq==Vf;.fjl2.' ' ft ~(j-~)t 
~~ = Vf;;.~-m~· 
ck -= (fZ;_,+-JrJ-J..

1 

' (2.8) 

(2.9) 

It is convenient to "remove" following (20,22] with the help of 

the Wigner ]) - functions the sp:i.n indices 5i and J/i. each of 

which were '"sitting" on its own momentum (the terminology of the 

authors of paper [20]) onto one ancl the same momentum, f-{= z,,m:lf?) 
for example, VIe ·shall use the expression for the current foun1l in the 
same paper 

J~vr c f, t) = :"~ ctJ of' u 1 (~J = <2.IO) 

= V !!_ · ./.-" {pr(L10 +m) + :z w~'Gr~Jct1) l/v.b_. 
c2~n {Llo-tm) . t . . . J. r 

where W tt(p) · is the. 4-veotcir 'of the relativistic spin (the Pauli

Lubansky-Shirokov vector [20,21] .J and the 4-vector ,a fA is defined in 
the following way [4,22,18] :-· '.· 

4 

' 
1 
i 

:J 

-'1 

j 
11 

.!Jf (·A-1 0
) 

. f K f ' · (2.ua) 

L\0 = (J\~ K) = ( kofo~ ~f )/m 
. f. 0 . 

--> - -~· 0 ~ ~~ 

L1 = (_!\ c ll\) = i( - 2- Uro - ;!!- ) 

(2~llb) 

(2.llc) 
p m fot-m 

The space component (2.llc) has the meaning of the difference 

of two vectors R and ·p (belonging to the mass-shell hyper

boloid (2.5) ) in the Lobachevsky momentum space realized on the 

upper sheet of this hyperboloid (see for details [ 4,22j). After the 

use of (2, IO) we get the expression for the quasipotential in ~ -

gauge· 

v(J.} ~fGip (fl_ fc. tvt) =J~ ~~~~- 6Jp ·v(:lt~> ; ·.ttl) v· f. 
Y1p v).r , , .1 p, 1 1 ;· v1! v.2.1 

Here J.rJ;f are the 2-comp~nent Pauli spino'rs ~nd 

~v (~(.:; ~ ) - ). f: j_ ·' [ - 1m2+ 
f~K.;f1 - - (/v c_l;: c _,.c. __ AA) 

~l ( 'f r<t cl( n; 

t (cf ( 4o+m) + .fr J r· [ 1 + ( . - i) ~r t CK-.11 ]II t 

h-l{Llv+m) f lfr~-t-fx-.fi ~. 
· (~Li)(~Z)- (~~)~t J.rn . i {~+{j)[fJ.] 
t ~ X 4 ( fr 1-£f _,. f:~ -.}1-) L10 1- m 4 { fr; -r f;, ,_ f/( -J.t) 

~ ~e(Ao·tm) + .f;t [.it + (-z-i) 4 t-lK -.}1 J _ 
m ( Llo+m) ') 4 rc, t-tEK -_f.1 . 

(2.12) 

. (2.13) 

_ ~ [el] Gi[rtrJ 1 [ 4 + ( _.1) ~p+E" -A J] 
c1{fyt-f,-t-E,.-.J1) tn{L10+m) . f · fr-t-Ep+6-}i ' 

( r is the parameter that fixes the gauge). The vector h·,.. 
from fs,2J] is taken to be equal to the 4-velocity of_ the bound 

state as a whole t/' = ~ ~ p ::: fP.f/lp2'. 
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After "removing" all the polarization indices. of the WF onto . 4 . 
one and the same momentum f ( o _.. uf ) which corresponds to the 

· quantization of all spins of the particles onto one and the same di-
~ rection along the vector f we can perform a covariant summation 

of the spins [2Jj. Thus, we arrive at the WF and the quasipotential 
that a:re characterized by the total spin S and its projection fi} 
[18,19]: 

~~. ( ts) = >' < i i_ Q.., .. llS_ u./ S [)"". O > ;~ (f.£.). (2.14) 
. Sb"f I .L-1 a ~ 'f I' f otf ~ , 
·. f51p,G;p=,t-tj{J.. 

~;((p,tj-1-J)<Z: .z_: <~ 1 S:tGf/Silf>' 
f G;o b, o :;f ~ l 1,~ \) o-:: HI, (2.15) . . . r~ "f /" VII ,YJ.f -p. 

J( 'r '-f ~ " · " ., V-G:•6'::• 0 { I , 

Y.; y,_,{p,J.1!1) < .:~. :2 Yt; Y1 /s: yt > 
For composite particles with the total spin 8=0 (mesons) the 

corresponding WF is antisymmetric 

Y"CfJ 0 ff { 'itr.-rr (fJ - [f_tf!;:f (f) J · 
"For the state with. the total spin S=l the WF's are 

~. CfJ = ff f SZr.-rr (f) -~- 'f_JMf eft)} , 
~ t ( ri) = ~J_ 0 j_ ~ (p~) 

I .l.f•;}..F 

l£_j (f) :: j_lg _J. 0 ( ~) 
I J.{l l. f I 

(2.16) 

(2.17) 

(2.18) 

(2.19) 

After this summation of the spins the equation (2.J) takes the 

form: 

2 11;, m) ~ ( )vf - J L}.f~ mAOJ ) g; ~? (f) ==-..( f j3·-!> - - c - SG":" 0 " . ""-' I 0 

- r f"J-)"3 Z Llk,111Ag V r (p- "k_·J.:t) J' s V;o"/ k:) 
\?\II S' ·~ ,(Llo sty,o I I l' • .vf )('mAm f I ~ . 

(2.20) 

6 

) 

!? 

t 
r 

Simple calculations lead.us to.the following results for different 
components of the quasipotentialx) : 

oo{_,t fi) tJ~ ·· · · · J --?mP-t V.a f• ; ~ - .1!1 ( <rtEr•l.-.11) L . 
(2:21) 

[. { 1 l Er t 8c~A- JU · 
+J.EpEK Jtr ~- lc c c _u ' 

cyt-cfrc/C ... r:L . _ 

V'/0 !-t k- !vi)= - ~~ . . f- -1h13.+ 

1o \f, }- cr rf,.,. Efr!; 71) ( . 

-1- (E. EK -t pk +- m')[1 + (f -1) Eft FK -J1. } - · ~ 
F · '6jt~-t4c-:.11. 4 0 rh1 

- ~~/•'b.) [4 t (~-i)!'e'"·-A ]1 
in L\

0.,.m) <'f'lf +E,., -:)1 J ' . . . . 
VIO c~:EuY.) ~ -: f ·• {J.ff h143 (A.ffJ~) -t 

H p Er <'f +"f.,. E. -:11.} .4
0 
+,., 

.,. iff{c,.,.z.J(z~+;z,J [1+(r-1Jf+F.-.}{ ] -
. Ecrt Ep f Ek -i1. 

- (i ~3(z~.,.~z~J[1 + (? -i)?f0c-:/1... J} 
~ Frr ~-rc,._ -J1. ' 

v{O ( ~ k j ff) =: - 3:- .. . . . t- /)_{T rnL13 {4,- J'.t.;).;.. 
1
,-1 f, . fy(Ef tfrtE. :J.1.) Ll

0
tm 

.,. ,'ff ( Fr < K)( 7r ; ?,J.) [1 + ( 
5 
_ l) EjA -A J r 

LJ0 +m · q+frdlc -:l1 

(2.22) 

(2. 2J) 

- xli~b;t follows we shall omit the circles at the top of the 
0 ~ ~ ....,... . 

momenta: p =..f. and K = K 
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+ f£'[:,(7t-;1a) [1+{~-l)f,+Ei,-J-1 J} (2. 24) 

·L10+ m fq +E,+ fk -J-i . ' 

v-t1(~-k-M) =- @.} ]!tf.fmL13(Llt-;A.,_) 
. 10 fl ,_- E.r(c,1 +fptE" -}J) l 4

0 
-t n, -t 

t ; ifi (C,tEK)(?t-;E•) [4 +(~ ci) <'J.+f, A J _ 
L1 0 t- »') :..; If t-1, -r fr. -.J.d. 

- rr z. (z,'iz,J [ 1 ~-c ~ -1.) .>tA"-}{ J c. 
m (40 tm) E1 t Eft-;" -J1. IJ , 

l f11G~ E lvl) q./ i /; ). 
Vu f 1 i- ~ = - E

9
(4 tcftf" A) - _m + 

t ( F, E, ,p;_ + '"') [ 4 + ( f _ 1 )Cr+ E" -A )- .2m (Af rA_,'J+ 
. Cf t-Ef -f E,r: -:f1 Llo t- nJ 

+ J.;_{4+E"Jz, [1.,. (f -JJ!f+r" -Pi ]· _ 
. Er T ~ t-E-K -Ji 

J._ J...J._J.. ~ -~Zt + 7). + 23 [ Lj + (f -d) fp+EK -_;tj ] 

h1 ( 4 0 f m) Ey t Cp t- 6 -.ff ' 

ll11 (~fjli) := -' g; f )1'11 {4f-)'.aJ-)"'_ 
1,-1 f1 c7 (q+9rE~ -A) .d

0

t-m 

- {7,-iz~t [ 4+(? _1)'1"'~ -:Jt ]7 l (2.27) 

· Jn(Llo:trn) 7 Cff~:t&-:H_ ~' 

-v-i,-1 c~k-}1 J = - ?: {- J..~h1L13&,-~-/4J.J + 
1o fi 

1 .sr{lfrp:+~ 'fi.) L1
0
rm · 

.,. > n:(q,~~IC)(z1 + 1z;_J [-4 t (2:- _1)Ee +f/C :__;.1 ·.] . + 
::1"-rm · ~ 9-tfp+f"-J-1. (2.28) 

(2.25) 

(2. 26) 

8 

) 

' 

~· 

l 
r 

+ IT 2~(~ 1+ ;1~) [ 1+ ( ~ -~ ~ ~l~cJ.f ] l 
1 ~(Llo-t-111). , '.2. CrtffffK-).f J . ' i . ." 

1 JI,J.(~t-M)~ _ ~v i1rn(A1 tJL1,_) _ (2.29) V-~1 f, ,__ .>. . ) 
1 · . '-'! fy t ff -1-EK -_},j ..:1.

0
+ 111 · 

- (2i+~?).f[· 1 -t (~-i)cr+EK.-.fi J} · 
m {Llo -r m) Er t fp t ~c. -.Jf.. . ' 

V1 _'J f/-j.M) ~ -C, r/ , l .-1rr/ -f { fpf" ·+ pk t mV ~ \ 1( -1.( ~). f 
I 7 7 rt, +CK :H._j 

. . (2.JO) 

·f-<rr{f-i) Ertf~-:P-1 ] _ 2.h1(t.f+A]) _ Jj(9+t,)t> )(" 
- Cc(C, +E"' -}f_ .do-t m 4, +m 

.. [1.,. {f-d) fe+ F._ :i J _ ;/-f 1/+ :<zt f_q f (f -d.4+4 -~L ]~ 
/qtfprf~e-:11 tn(/J0 tm) f frtf;.+f.c::J1V· 

To simplify the form of the quasipotential, let us choose the 
-rl 

coordinate system so that ·the vector K be taken along the }l -
axis, whereas the vector f belonging the X"l. fl!3-t• 

Let us expand the WF and ·qua.sipotential in spherical tensors 

iQS (ii) l : 
:re,_, 'j s-

j (f) s, ~ ; 2, ~e CrJ {Q~e11 ( "rl}o. , ('·>iJ 
J"H ·f 

V
Sb.. .r (2.J2) s•: (fJ~f1) = z: {QS (nf-.)ls;,v-~ (p k.fl )/QS'.(nj()1 

f J"ee'M Jel--1 1 ff lf I 1 lj ( JtM 'J, 
f Q;M ( n)} = L < e s i m (J I J 11 > ~ ( 9, f)/so-; 

where Yem (8,~) are sph~r~cal functions. . (2.33) 
After the substitution of (2.)2) and (2.JJ) into (2.2o) we get 

- the following equation 

2f~,{A-t-2po); !J;re ~} ~()~\3 J-;~k 2;, ~/(Af1}i}:jk), 
. '-:::: ') 0 10 e (2. J4) 
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·In the case when the total spin of the system is equal to 
zero (S=O) we have the following equation for the WF Jre(jPJ 

'J i:J I A A · "J 1 -... _ l I J k d k IJI . ) ~ f ) · C:.~o~~l -2~o f ~{f; r~l 2 ko \e\p,k;fli::lk ,C2.J5) 

where the \le (p, k;J.t) are the matrix elements of the quasipotential 
for the case of S=O, J=l. At 1=0,1,2, the corresponding expressions 
take the form (the gauge parameter is chosen to bey= 1, i.e. 
Feynman gauge) 

"Yo- Cp,kj.l-1) ~- 2Tt~; tn"- .J4E:H; ·-~ 

II e i1 I t/ (r f k f-r t/ '+ <Ee 1- c K -A I 
V(r-k)\ft 1 

'_,. tr -rEK. -.M 

\{ (p,k ;}i) ~ ?,_itlij; "'~/EeE• [ ~ j t 

t E~:; -/1 [r'Cr•kJ'tf"'- V ~-K t • f" ') _,_ 

(2.J6) 

(2.J7) 

+ J.tv-?-+.}1:-rl.- JJ1 {E{,. t':~) + .2~E.1: tt/V(pt-kft-f 2 :+ ~f t-EK -}1jl\ 
t v{f-kl+f'). + ~+fK-J-1 ;, 

t 
l 

\ f(p k ·_M) ::::: c/!07Jq ;.._ m z_ .P..ffEr.. j- Ef +E,t -.11. [(.( tk)\ 
. V.1 ' I if II /( f ( 1 j(<~~ \I f{ 
+ tl'-- (~-k)~ "j}i)- 3 ~#:~ -.fi)(?.m'. }1.: :if·- .2.11{£,•4+ 

•l f (. 1 • ') .. 

+ -< Et E, -f'· "I [r {r•J'"t<',- tl<r-kr· l] + 3 ;~;H-e , 
+ J ( t e t'< - ;{j (4.,. F ~.J2 + [3 (J.nl + _}.l-;/- )/1 {~ t E,) + .2f,E:f·_ J] ... 

kf . 1kf52. 

'( en I V(f+k/r.f1
11 

t Ee+f-c -J,i /} . 
. v~-k.Y+tl' 1- Er+ EK }-i 

/· 

C2.Ja) 

10 

For the total spin S=l the equation (2. J~) gives the system of 
three partial wave equations for three.different values of 

C=J+i : ;} f~j- :J 
0

. )_:!__ 1t: I.)= _i ·jo.. ko/k ,. 
/o t~ . f / jJ .LY,J"+.f tf / (:3-r«J' 0 2.ko (~.39) 

. N•~T•t i,,.,(k) + !{.;, P,,(kJ + v,;,-J;,JKJ); 

2 jJo (fJ- 2j;o) f;-1;,~ {jJ = ~~31 ~:~ ' (Ho) 

( 
""' "' I -' ~ -J" . k + -:r ~ l k; + - J" 1'/ k . ·• 1{,Jtj ~J;jrl ( ) ~;r J;:r ~ 'J-i ~J,:r-d ( ) ' 

·e=:r 

. 2 /f1 - 2 ) _!_ ~ I .) == .i. roo kdk X jo \- - 'Jo p ':f;;:r-1 \{'! r;t,r}' :J.ko (2.41) 

( 

,.._,. . J .--- 0 ~ 
" J 'f_ kt- y;__ k+ :J tlk ~-1?•1 J;Jj) 1?1,1 J;T () 1?-,(J-1 J;£ ) 

e ~;J-1 

It will become clear from the following that the system (2.J9) 
-(2.41) for the state with S=l would separate into the system of 
two coupled and one separate equation due to the fact that 

ve;, c,,k j_M) = 0 ~t L1 e = e'- e = ± 1 . (2.42) 

Our next aim is to calculate the quasipotential in the re -represen
tation. For further practical applications it will be sufficient t"o 
restrict OUr COnSideratiOn tO e e I ~ 2. 0 

I 

J. The matrix elements of the quasipotential 

Here we shall be interested onlr in the states with J=l and 
J=O (with.the total spin of the comp~site system of two fermions 
S=l). . 

Let us first consider the state with J=l. Using the general 
formula for the expansion coefficient Ye~· {p, k;.f1) ~f the quasipo-
tentiai that is diagonal in the total spin (s=Sl:.l) : · 

II 



Ye~·(thf1) = z; J n.fJr40, ~1], Jt.-~~~ra/4,· (J.l) 
. 11,U,(j' 0 0 0 0 

· · {Q";~ (~)}, V.~'(f,f;A) {Q;e~t {n.J)~ 
we get for coefficients of-interest the following expressions Cin 

the coordinate. system with r; II o-z:.-~ and f E (x.- i) ) 

v,:(p,k;fl) ~ -1.-1.7{[ZA •Bo•3?f~Ou_ J'S"'] • 

"~IVVT +6' _,_ 16 e{A/~1 + Bb 8 --
Vf? .,. b' k-t-=-Il v X I_ y I 

u . u u (J.2) 

'(a'vt} t,r:.r 1

- a.-dq (fr) ' . 
Q'+1 1 (f.-1. 

-vo; Cr~ kJfi) == ~: (1, k ;li) ~ o , (J.J) 

v;,: (r,k;Ji) '=:h·fi'y~ { [c,A .40-4('- +~'). 

( err Vfii-r S' I + c). 8 ~o;~~ I -t J.. S' c,~.. B X 

Vr-/+~ o Va -r' 
'(ardJ v'ff- a•"';(ff) + C3}, .. 

(J.4) 

. v;; Crhll) ~ 6n~: f[c4 A- (o-<sV("~r,:~o'+2(-1S1· 
:.r /} I vk1 + ~ + c3/!J &t '('+ 1 + .;J.i) Cr/3 .~ 

Ut Y'-1. v I I J v0-i'+a u t-o 
"(an:-fq, {i1'- a~~c?!! J r-;r ) -+ c61 ' 
. o 0f1 r 0-1 j (J.5) 
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~; Cr,k)·M) ~ ~: Cr,kjl-1 J == o , (J.6) 

~:(r/j.M) ~ :;_7\Yfa~{Lc,A +10 -10 1'-.-4"~ 1] X 

"e11 !p +b. + Cg 8 el{/Q"'+ 1. 1· t .Qi) Cg /3 .~ 
V0-i '+S o~-i v0 ~-r 

" av-c;/ct .lL__lL - an/f J L-!L + CJ (. !([!'- . .L ([[}'-)' } (3.7) 

. (} (-t1 o-- i ' 

~: ~,k;.H) = .'Jcr.gC { [ 0o A t (1- 3(o-D~jOr3i-{iOJ~ 
• 
1~ llft1' t ~ t C 8 fu ('+ 1 1 + J( 6 C /3 v-
t'11 ,r;:-7 ~ f-1 Ql_ j v I /1 

v o-1 f(J o-ff 

' ( arda y ~ r- a.-o/q (J'J)' + cfl....} . 
Q '(+1 I r{-.1.. 

Here the following notation is introduced: 

...:,].. -> /_ l. fi l. - p +I'+. r- ·2kp 

B = ·1- r'.1 
a'-0-+ o2 

, 

' ~ -= Er -+ l:" -.}t 
v /)kr 7 

, o ,, = Ef~'- rn2. 
kr . 

(J.B) 

(J.9) 

(J.IO) 

- - ~ "\ 7 J' '"'\/: J' 
Note that the coefficients Vr:r-d , V J"d 'J' J :r, T-1. ' 

J" 0 I 

V - are equal to zero for all values of -r • 
~-~ ~ '~ 

The constants Ct_C i=l,2, ••• ,12) in (J.2)-(J.B) have the form 
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c =1-65..+t2PEI( Ca-"t/)-6EF-mfo-a1 
1. it~ ( E t m) K . cf t m \I ' 

,~ f .. . . (J.ll.) 

. :J. . . 

c = 2 - :J" i- 6 ; £1( 0' - 3 E.p - /r] ' ~ 
2 K2 

. (Ef+rn)K. 4~+117 0 (J.l2) 
_.,1 . 

CJ = [(orifP- (r1fl1f z;: ~+[(a·~~-
-&-1t1 · [ 4(;:;kb -2 ~:: b(3o+{-d/} 

+·[Vf?'.- (Y-1
1

] K [6!4-S -1 2~ ~. 
0 U . k . (~+m)K c3• 13) 

• (2( + t-S) + 6 ~~: 6(Co-D7+(o+o-)(o-6J· . t . 

+ t+ ro' • r: 1 l1- 6 !i- +J 2PEI( _ (Y+cr'-d)-
. /J K (~+rn)~ Q 

-2 -J::: [1 + 3(o2+lf0'+;(- ~ -3sY20+t-bJ), f 

(~ = 2 .tn ec, +EK) + 2 ( m - 2 )( Y-b) ,<J.Ul 
. . · pk \~-rrn )~o 

(') ) (- m ) . CJ.l5) c .:::: m..zcEe+~k. + -2. y'' 
5/ . -fk· Ef +m u 

14 

[. ( .. )~. ( )o/27 2 ~ m . [v i 1 . 

C6 = "fd . - o-i j& ° Cr+m + 0.,.. -
. ' 

-ffT] • [- 4 E;~• + 4 (62- 2([) -2 m,{2Ee+E")_ 
(J.l6) 

- 2~f~m -2)-(2o+o'-d}]+4EecK + 

/, ( c-. a) .. 2m (:2.Ee-r~k:). 2 ~ m J) ( . , \2) 
+ 1 o-o /+ pk + ltf'+m -2;· 'Qtt-S;, 

c, ::: 4 - 6 r;: . . (J.l7) 

. 2 

CB == 2 - 3 ~2 ' 
(J.l8) 

- m2 (\. r·~ '] Jr/2 C9 - 6 -:ry: o V 0 + 1 - V 0-1 - 6 ~ ' . . f . . ? . (J.l9) 

C1o =16- 6 rn(~~(SEk2(0-~'- 6(-m +Ol. 
lEb+m ) 

( 

2 ).2 . ( 
x 0 -D J . ' . (J. 2o) 

c = 3-3 m{GE/!.-r&0f- 3(_m +6) o'~ 
ii . pk \-:-'f +m (3.21) 
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c12 = [(a+1)*- (o-1)572]. r~ 60 + i (t:",dB)D] • [(d'·i)'! 

-(tiJ1i>}[ 2 <e;;2m'~ -i·m;;sme,. S + Jo$(3QS'· 

-2tc;M ·6)~(3a+t-SJ]•[Vfr-Vo-i J[-6b. 
+ ·L- EpEx -12m

2 (\((\:t 2 ) 6 Gmc +Jtn c 
O I 0 0 - Y f /3 CK- ~ ( r') 1 ~,l\ 
· P k u - fk · o l ~r +a -o 1 -

-3o a (3/- 30s·+;>~ + 6 (Er7'" + 6)·((t?fJ'•(f•j)· 
• (o-S1+ (o~·~{· (- 1}~ fr 6 Er"·;zm'(o-S)-6(t·o~ 
-62) 6mft1-mE. + 3o(o- D')'- /( £ :m •6'}. (1 + 

+ 3(0
2Tor'+o'Zj)- JS;t(c?t+cr'-S)). p (3.22) 

Now let us consider the coefficient v;;,o (p, k i..f'i) = 
= I T 

0 G. k. AA). There is only one nonzero coefficient 
vee p, '}-rl 

1 ;) ·1 ~ 

V-0
( k. f.l) =: .rr y fo~~ e fot~ fd(t1~<: (ofcp" :r 

1-t r~ ,__ r;;;. L-1 f r , J (3.23) 
. u;y -t 0 'f 0 ' 

l( < 1 ·{ o y 1 o y ~ v.;(f,k;.fi)<1 -1 J)_- o o-fo v> ~ 

-. ~ J:, v-Q(9f· 0). 
~1 other coefficients 1~;. {f, k;'_fif) with t?

1 
f!ii=-.1 are equal to . 

zero. Formula (3.23) reduces to a one-dimensional integral 

L . ~ ~ o ~ 
\ 1 0 (- • k J Jot -C) {r/, -J. ~,. 'Y />1L13 - 3 f-.t l,. v, f' j M = .J1f _ WI 17 , frtK -r 7f "- - .Ll ·- M{A..c_..mjJ 

11 - o+m "3· 24) . -1 . 
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~vcp~tt-i)eSJ8 -[/tmA11J 3 -r 2'>(fr+E.::)?jucp~"k:J-f'_·nl1g1 
0 I I L1 + yYI A 0 I 1 ') . 'J, 

. o q_o+l'l-1 . · . 

-whose calculation gives the result 

-vo (~>,ki-N.) =_J11a; f [;1~A--lv_o}(!rfJ0 '-i0"-J'SjJ~ 11 J 0 ~ u (3.25) 

.. /)I v!+1>ii + ( e,l,,l~ r·, -f J<'d- I' 8 ~ -
M·( "" /Jt yl . I '-11( . va--1' t a u - 1 v o'- d" 

• (a-<+if {~( - w'1v'i~f ') + Cts} , 
where 0 . 0 
c_ = -1 m(Jff't[K)- l, /_ h1 -r2)(y-c2)' (3•26) 

13 _ pk . I \-£A+m U 

C = -2m {2-Ee+E~<) - 2( m +2\ y' CJ.27) 
11 pk lr-tm )u ' 

cts =·[(Q+J)Y.- (o-.iJ~]1 b~ + { v'fT-Vcr-r] 8 · 
p 

• [- 4 ~ ~ + 8 w -1 I[) t 1m (.2 Ee + E,) + 1 ( h1 t 2.\ ( J. t 

f . 
1 

fk \Ef+m /f 0 . 
+ Y'-~;~.)l f L;!!!_ + 8(¥-6} -1 m(:Zf.f+~KL -it(:_!!!_+ 

u ~ pk u pk ~~~ . f 
+ 2) (r+r'- $) . (3.28) 

4. Summary 

In the present paper we .have prepared, in the framework of. the 

- three-dimensional approach to the_ relativistic description of 
bound states, 'the mathematical tool for describing the energy spect
rum of a bound two-fe:rnlicin' system. As a result, we have obtained 
the system of one-dimensional partial-wave integral equations 
(2.39)-(2.41) for the wave function of the state-with' the total 

};"· 



spin S=l as well as the explicit form of the kernels of these equa
tions. These kernels representing the interaction potentials are 
constructed from the Feynman matrix elements of the relativistic 
scattering amplitude. according to the procedu~e developed in [1,2,8,9] 
in the framework of the single-time formalism (and its covariant ge
neralizations) and are depended on the system total energy (the mass 
M of the bound state). Our further aim.is to apply the developed for
malism for calculating the mass spectrum of bound states, compound 
of two fermions. 

. The authors express their sinq.e're gratitude to A. A. Arkhipov, 
B.A.Arbuzov, V.G.Kadyshevsky and V.r.Savrin for interest in the work, 
support and.valuable discussions. 
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