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1 . INTRODUCTION 

The problem of the description of deep-inelastic lepton
hadron scattering is one of the most actual problems of the 
high energy physics. In ref/1/ this problem has been stidued 
on the basis of general principles of quantum field theory. 
This paper can be considered as a continuation of our paper'2/ 

and is devoted to the investigation of lepton-hadron scattering 
processes on the basis of the relativistic bound state wave 
functions (WF) of two spin l/2 quarks. The relativistic WF, 
we shall use, are solutions of a covariant three-dimensional 
equation derived in the framework of a single-time approach 
to a relativistic two-body problem 13-51 . This equation coin

cides in from with a covariant two-body equation that oc
curs in the framework of a covariant Hamiltonian formulation 
of quantum field theory 161. The covariant three-dimensional 
equation can appear to be more convenient than the four-dimen
sional Bethe-Salpeter equation because of the existing suitab
le methods for finding their solutions by passing to a rela
tivistic configurational representation introduced in re£.17~ 

A general formalism for describing deep-inelastic proces
ses in the framework of the covari~~t single time equations 
was proposed earlier in ref / 81 and developed in ref. 191 . The 
aim of the present paper is to develop an approach that would 
permit us to use the solutions of spin equations found earlier 
in the relativistic configurational representation. 

The paper is organized as follows. The next section contains 
basic formulae of a covariant three-dimensional approach based 
on the single-time description of two-particle systems. In 
the third section the meson structure functions are expressed 
through the covariant single-time two-body WF. 

2. THE COVARIANT THREE-DIMENSIONAL EQUATION FOR TWO SPIN 
PARTICLES 

The Bethe-Salpeter wave function (WF) of the quark-antiquark 
system has the form 

(2. 1) ' 

I 



a -fJ 
Here I# 1 (x 1) and if, 2 (x2 ) are fermjon operators (in the 
Heisenberg representation), M and K are the mass and momen
tum of the bound state. A procedure of the transition from 
(2. I) to the covariantly defined single-time (quasi-potential) 

- afJ /5,10/ 
WF ljl MK (p 1 , p 2) is as follows 

ljl-a(J 4 4 . . J afJ . 
MK (p1 ,p2 ) ~ ffd x 1d x 2exp(lp 1x 1+lp2x2 )o[AP,(xcx 2) ljiMK (x1,x 2 ), 

(2' 2) 

where A~-'p"" 'Jfl;j"i2 is a four-vector of the system velocity. 
The presence of the o[Ap(xl- X 2 )] function in (2.2) leads 
to the coincidence of the quark proper times r 1 2 ""Apx 1 2 with 
the proper time of the system r =A p X, where X ~ (x 1+ x2 )'/ 21111. 

(Therefore the symbol of T-product in (2.2) can be dropped). 
Upon performing the covariant time equating in (2.2) the 
vectors p 1 and p 2 can be considered as belonging to the mass 
hyperboloid p ~22 - PI 2= m 2 /12/ Taking into account trans-
lational invar{ance We can separate the motion of the mass 
centre of the system in the WF 

w;~(p 1 ,p2 )~(2rrl 4 o<4JCP-K)W:~(p), (2.3) 

- afJ 4 afJ 
ljiMK (p) ~Jd xexp(ipx)o[Apx]ljiMK(x), (2.4) 

where x~x 1 -x2 , P~p 1 +p2 , p~ (p 1 -p2)/2. The fiAld ope-
rator transformation law permits us to represent the quark 
relative mot.ion WF (2.4) in a form 151 * 

-"a{3 3 .... .... 
ljiMK (p) ~ S1 (LK)S 2 (LK) fd x'exp(-it-p,mAK x') x 

X <OI if'f (0, x' /2) v--r (0, _:;, /2) I M, 0> ' 
(2' 5) 

where 

·~~(L:\~·)~ A~~K~IR= P~;fi2=\p 
and S(L~ is a matrix of a fin~te-d~mensiJnal repre3entation 
of the Lorentz group. From (2.5) it follow.q that the WF of 
the relative motlon depends on the t\1ree-dimensional vector 

- afJ 4 
- afJ 

o~ly (see for details 15·121 ) : ljl MK (/\ p,mA ph ljiMK (p). The vector 

6.p,mAp has a sence of a covariantly definoad momentum of a 
quark in the c.m. s. /13/ 

--~ ---------
4 _ 1 -l p 1-p 2 4 

t-p,mAp •= (LApp)= (LAp 
2 

l~ t- p 1,rr,!.p (2.6) 

* LA~ is a pure Lorentz transformation to the rest fra-
me of the bound system, i, e, , L ;; K ~ (M, ii) (Ap~ A K ) . 

2 



~ 

-4 --+ --Jo p 
= pI(-) rnA P = pI - M (p

0
1 -

and can be considered as a spatial component of the four-vec-

tor 6. 1'- (L -I ) f.1 This vector belongs to the same 
p,mA:J' = A:J' p 

mass-shell hyperboloid Pl'Tz-Pf 2 ,m 2 like the vectors P1 and 

P2 . As is known, the uppei sheet of such a hyperboloid serves 

as a model of the Lobachevsky momentum space. Under arbitrary 

Lorentz transformations L(p""" Lp, .~1"=-L ,'J') the components of a 

four-vector D,.f.L A transforms as follows 
p,m p 

"'~',mAp, ="'~.mAp d~p~ p ~p~/M, (2 0 7) 

--) -1 -1 ... 

(c-P ·,rnA p\ = R ij IV (L , :Jl \(i\ p,mA :p) i , 

where the matrix 
tion. 

-1 -1 p 
R ij IV (L , . ) I contains the Wigner rota-

The two-time 

will be defined 
Green function of the quark-antiquark system 

in analogy with (2.1), (2o2)/SoiO,I4/ 

(2rr)48(4)(:J'-Q)Gala2a3a4 (ip,mA.P; f\: qomAQ; '!'2)= 

ffffct 4x 1 ct'x 2 ct 4y 1 d 4y 2 exp(ip 1 x 1 + ip2 x 2 -iq 1y 1 -iq 2y2 ).x 
(2 0 8) 

al a2a3a4 
x o [1, p (x 

1 
- x 2 

) 1 o [ AQ (y 1 - y 2 ) ]G (x 1 0 x 2 ; y 1 , y 2 ) o 

where 
a1aza 3a4.. a 1 -a 2 a3 -a4 . 

G \X 1,x 2;y1,y2 )=<0{Tio/ 1 (x1 )o/ 2 (x2 )o/ 2 (y 2 Jo/ 1 (y 1 )\[0>o 

(2 0 9) 

With the help of the representation of the T -product through 

the e -function a spectral representation for a can be obtained 

(see /3,5 1 ). Near the bound state pole withy P2 =M from the spect

ral representation we find the fOllowing expression for the 

Green function /5/: 

.... a 1a2t~ =as_a 4 -4 

i(2•)3 'i'MK '"' p,mA p ) " 'i'MK (c- qomA ~) 

(2 0 10) 

- 2M ------------
,; p2 - M + ;, 
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Following to 151 we shall introduce projections of all quan
tities onto the subspace of the positive-energy states: 

~ (+) -+ -1 - ~ ~ ~ af3 ~ 
'l'u1 u2 (ll.p,mAp)~ 4m2 °a(ll.p,mAi"I)Vf3(-ll.p,mAp;a2)'1'MK (ll. p,mAp ), 

-(+) 4 4 l _ 4 4 (2. II) 
0"1"2"3"4 (ll.p,mA:J'll.q,mAp ;P"J~ !Sm4""1 (ll.P,m.\p;"l)va2(-ll. p,mAp;"2)x 

-a a a a -+ ~ 2 - ~ ~ 

xO 1 2 3 4(ll.p,m.\p;ll.q,m.\p ;P )Va
3 

(-ll.q,m.\p;"3)Ua/ll.q,m.\p;"4 ). 

(2. 12) 
Positive- and negative-energy bispinors u and v of free qu
arks with mass m are normalized by the condition 

-->a-+) 4)"4') 0 ua(p,u)u (p,u' ~-va(P,u v (p,a ~2mu au' 

For the Green function (2.12) in the case of free quarks we 
have 

a<+) cK 4 ~ )3 lJ.O .zLJ.o )-1 X 0"1"2"3"4 p,m.\p;ll. q,mAp• :r )~I(2rr (2m·2 p,mAp q,mAp 

/3/ Let us introduce the quasipotential operator V 

(2. 13) 

-i(2ll. 0 2ll. 0 )V~[G(+)]- 1 -[G(+)]- 1 (2.14) p,mA p q,mA p 0 

With the help of (2.11)-(2.14) it is easy to obtain for the 
WF 

-+ - (+) ~ 
¢ (ll. ) ~ 2ll. 0 'I' (ll. ) a 1a2 p,mAp p,mAp a 1a2 p1mAp (2. IS) 

the equation "' 

2ll.;,mA p[ fi2 -2ll.~.mA p]¢"1 "2 ct:. p,m.\p) ~ (2 .16) 

The equation (2.16) coincides in its structure with the equa
tion obtained earlier in the c.m.s. on the basis of the cova
riant Hamiltonian formulation of quantum field theory b{e Ka
dyshevsky and Mateev/6/ and that one, obtained in ref. 1 6,17/ 

"'See alsol15~where this covariant spin equation was obta
ined on the basis of a Hamiltonian formulation of quantum 
field theory. 
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in the framework of a single-time formulation. A normaliza-

tion condition for the WF ¢a a for the case of the quasipo-

- I ~ I 

tential V, independent of the system energy, takes the form 14/ 

3-~' - -4 
-4 

f d 1\ p,mA g/21\ 0p,mA p ql a 
1
u 2 (I\ p, m!.p )[ 21\ 0p,rn!.p] ql a1a 2 (1\ p,m!.pl~2M.(2, 17) 

The properties of eq. (2. 16) are described in reviews /7,17/, 

where the problem of construction of a quasipotential from 

the matrix elements of the relativistic scattering amplitude 

was considered. The graphical representation of equation 

(2. 16) is depicted on fig. I, 

The WF of a system with a qefinite total spin s and its 

projection a can be constructued as follows 

~ 1 1 ~ 
<yy;a1 a2 \sa>ql00 (1\PmA ). (2.18) 

± t;2 1 2 • p <l>s,a (1\p,mAp) ~ 
a1'a2== 

Here < ~ J- ;a1a2 I sa> 

the help of (2. 18) we 

where . . 
V s ,a 

s, a 

are the Clebsh-Gordan coefficients. With 

pass to the following equation 115/ 

(2. 20) 

For the pseudoscalar meson we find from (2.19) 

12<Po.o (,i'p,mAp)"ql'h,-'h (Kp,mAp)-ql_\l,\1 (,i'p,mAp ). (2.21) 

To illustrate the connection of the formalism used here with 

the technique of theW~ expansion over they matrices·we 

shall consider here that part of the WF ¢a a whose structure 

is defined by the y 5 matrix: 
1 2 

= =p <B ~ 
p1 '-'-----<0 

k1 
Fig. I. The graphical representation of equation (2. 16). 
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5 ~ --~ ~ -Jo ¢a1a
2 (~ P:,mA p ) ~ U~ p,mAp;al )y 5 v,<-~p,mA p; a 2 )<!>(~ p,mA p ),(2, 22) 

where ~p.mA p ~ ~ pl'mA p ~- ~ P 2.mA P and <I>(K p,mA p ) , is a scalar function. The direct calculations give: 

ilCLi'p,m-'p;±ll2)y5 v(-~~p,mAp ;n/2)~±2~~.mAp (2.23) 
The substitution of (2.24) into (2.22) leads to the relation 5 -Jo r-_ -1 ----j. 

¢o,o<~p.mAp )~M~.mAp(y2) ¢(~p.mAp). (2.24) 

3. THE STRUCTURE FUNCTIONS OF A COMPOSITE MESON 
Deep-inelastic scattering of a lepton on a hadron with the momentum P, mass M, spins and polarization a is described by the structure function Fi introduced by the following standard decomposition of the current product 

Ww(P,q)~(&r)-1 L (2rr) 4 8(4)(:J'+q-Px)<i,M,s.aiJ~(O)IX,a>x x,a 
~ 

x <X ,a I Jv (O)I P ,M.s,a> ~ (-g~v + 
(3. I) 

Here q is the momentum transfer and Px is the total momentum of particles in a final state IX. a> with spin properties 
denoted by the symbola. We shall use the following standard variables: 

o 2 ~-q 2 , v~ Pq!M, X=l/w~0 2/2Mv, w 2~(P+q) 2. 
To express a matrix element of the current operator J P.. (0) through the WF (2.11), let us consider the following Green-1 ike function /8/' 

a{3 a -{3 I R~ (X,a IY 1 ,y 2 )~<X,aiTIJ~(O),P2 (y 2),P1 (Yj) IO> (3. 2) 
and its single-time Fourier transform (A= A p) 

··af3 ·• . 2 4 4 . . R~ (X,al~p.mA• P ) ~ Ifd y1 d y2 exp(-zp 1y 1 -zp2 y2 ) x 

x 8[A(y1 -y2 )]R~/3 (X, a I Y1 .y2 ). 
(3. 3) 
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Let 
energy 

us project the R~ onto the subspace of the positive

states: 

-+ 2 -1 - a{:3 -+ 

(X,ali\.pmA;P )~-2-R (X,ali\. __ , 
• 4m /l P,IIJI\ 

and in analogy with (2.18) let pass to functions with a defi

nite total spin and its projection: 

-C+l ~ "' 2 . 1 1 I <+l I - p 2 
R ~so-(X,ali\. p rnA; J ) ~ ~ <2 2; "1"2 su> R~"" (X,a 1\.p,mA; ) ' 

, al ,o2 = ±% 1 2 
(3.4) 

where ,\"",\P. By using the representation of the T-product 

through the(} function a spectral respresentation can be --

obtained that gives near the bound state pole with yP 2=M 

the following expression (see 181): -
- (+) - "'):: i(2") 3 <X,aiJ~(OJI P,M,s,o->-(+)-

R ~s .,-( X,al 1\. p,mA ; J 2M 1m ···----'I' so- (1\. p,mA ) ' 
v P2 -M+l< 

.p<+\1\.- )= ~ 1 1 -(+) (- (3.5) 
sa p,mA al'a

2
"" ±% <2 2;ala21 sa> '~'a1 u 2 ~p.rnA ). 

Following re£. 181 t1 is convenient to introduce a generalized 

vertex function f 
11
+ through the relation 

ji(+) ~ f(+) G-(+) (3 .6) 
~ ~ . 

where 6(+) is the two-time covariant Green function (2.12). 

Comparing the expressions (3.5), (3.6) and' taking into account 

(2. 10), (2. 12) near the bound state pole we find 
.... .... - (+) -+ -(+)-+ 

<X, a IJ~ (0) I P, M,s, u>~ fd 
3~p.mA/2tJ.~.mA 1~, u(X,a!i\.p,mA; P ~'I' so- (1\. p,mAl· 

(3. 7) 
-\+) 

The vertex function f p. can be calculated by expanding 

it in the coupling constant. In the lowest order/8/ 

f<+l- ii<+l[ a<+l 1-l 
"" - 0~ 0 -(+) 

From the spectral representation for R~ we find near the 

bound state pole with meson quantum numbers 

(3.8) 

R(+) (X,a It\.- , p 2) :: i(2") 3 x 
0~ S U Po rnA ' (21\. o )2 

p,m.\ 

<X,aiJ~ (0) l&p,mA; -&'p,mA; S, u> 
(3.9) 

X -----------·-= -·-~---·-------------~- o 

Jp2 - 21\.~,mA+i< 
7 



\ 

where we have passed to the total spin s and its projection a 

~ 

;al ; -Llp,mi\;Q'2>. 

(3. I 0) 

With the help of (2.13), where we perform an analogous additi
on of spins, we find 

- (+) ...,. a ..,. ...,. 
r0~ 5"(X,af"'-p,mA; 5' J~2t.~.mA<X,.a[J~(O)ft.p,mA;-t.p,mA;s.u>. (3.11) 

Here the matrix element of the current operator describes a 
transition of a quark and antiquark state into a final had
ron state [X, a>. Substituting (3. I I) into (3. 7) we find the 
formula 

<X,a[J~(O)[ P,M,s,u> = 

84 0 --+ • ..,. • --+ (3. 12) 
= f d "'- p,mA I 2"'-p,mA< X, a[ J ~ (O) I"'- p,mA .-t.p,mA • S,u> ¢,, u<"'-p,mA ) 

that gives with the help of (2.21) and (3.1) 

P -1 )4 (4)(" "){{a~ 1 o WW ( , q) ~ (Srr) L (2" o ' + q- 'x . d t. p,mA 26. p,mA x 
X, a 

--+-+-+ 

¢,," (6. p,mA ) <"'- p,!Th\;-t.p,m.\ ; s, u[ J ~ (0) [X, a> x 

(3. I 3) 

Let us use (3.13) for the calculation of the stru . .:ture func
tions for el2ctromagnetic scatt~ring on a ,seudoscal~r.meson 
processes. In what follows we shall ·~estri;.t our consideration 
to the finaJ sta~e being a free quark-antiquark stat;; 

8 

"' -1 W JLV (J,q) = (Sr) L 
r 1' 7 2 

xio,o<6p,mA )<t.~p,mA;-~P.mA ;O,O[J~:Q)[;k 1 ,m>.;'t ;;k,,mA ''2 > x 

x<;kl'mA ; r 1 ;6.~'1, ,rnA; '2 I Jv(O) rK p',mA;_;" ~rnA; O,O>¢o,o .,,.,_~p ~ \,1A ) . 



a) 
Fig.2. The diagrams that give 
a generalized vertex function 
pulse approximation. 

6) 
a c;.ontribution 
f \+) in the 

~ 

into 
im-

In the impulse approximation (see fig. 2) the current opera

tor between two-quark states can be represented in the form 
--> --> --> -+ 

<~k 1 ,m.\ ;'1 ;~k2 ,w,\ ;'2 IJ~(OJI~p 1 ,m,\ ;u1 ;~p2,m.\ ;u2 >~ 

--> --> --> --> 

~a 1 <~k l'm.\;'1 IJ ~ (0) ~~ P 1•m.\ ;a 1>' 26k'2,m,\ 8(~k2,m\-~ p2,m,l.)8,2 "2 + 

+Q2<~:2,m,~_;,21J~ (O)I6'p2,m.\ ;u~·2t.k'1,m.\8(~~~ .mK~~p1,m,\ )8,1"1 ' 

(3. 15) 
..... --> 4 --> 

<~k ,;,.IJ(O)I~ _,;o.>=u(~k ,;,.)y u(~ ,~_;a.). 
i•m" 1 p. pi,llll\ 1 i•lllll. 1 fJ. pi,m 1 

Here Q 1(Q 2) 
of e). After 
find 

(3. 16) 

is the quark (antiquark) charge (in the units 
substituting (3. 15), (3. 16) into (3. 14) we 

W~v(P,q)~(2rr) 3/4 i ffd 
3~~k rn,1./2~k m,\ .d a,..~ •. m,l./2~k m,\ x 

spin 1' 1' """'l ' 2 ' 
(3. 17) 

The values hip.v are products of the quark currents of (3.16) 

type and the wave functions. For example, 
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The procedure of averaging over the quark spins in (3.17) 
leads to a typical form of the impulse approximation Lorentz 
structure (see, for example, /181) 

-uv ..,. 2 - ..,. " 
hr :l: h w" l"'o o<-Ll k - •)I . Splu(-Llk m' )y r X· 1 = spin 1 '+' • 2 ,rrll\ 2' " 

(3.19) 

An analogous expression for h 4f.lv can be obtained from expres-
sion (3.19) by changing u(p,a) ~ v(p~a). One integration 
in (3. 17) with the volume element d k can be performed with 
the help of a 8(P+q-k 1-k2 ) function, As a result, we obtain 
with account of (3.19) and the WF reality property (i.e., is.a (p)~ 
~<t>,,a<v)): 

a~ 

"' (2•) 3 
d Llk,mA 1 0 0 W~v (J q)=-- (---- ----o(M+v-Llk A-Llk' A) x ' 4 2A k.mA 28 k ~,rnA ,rn ,m 

2 2 -)o -)o -)o 

x [ (Q 1 +Q 2) · </> 5.o<Llk,mA) · AW + 2Q1Q 2</> o.o (Ll k,mA) <l>o.o (Llk ',rnA )B~v ). 

·(3.20) 
..,. ..,. ..... ..,.~ --1-+ r-

2
-42 ___ _ 

Here Llk',mA~q'-Llk,mA ,q .,(LA q), Ll·~·,mA=v'm +Llk',mA 

-:_nd A p.v =A f.lV (8..,. k,rn.\; 6 k ~,rnA )..,. is Cj)DSt!ucted Jrom f1f.lV~ and 
h 4~v and B~v" Bw (Llk,mA;Llk',mN from h 2~v and h 3w.Now 
let us note that the integration in (3.20) is performed in 
f\c~ with the volume element of the Lobachevsky momentum space 
d Llk,mA /(Ll 'k,mA . m - 1 ) and the. quark momenta bel~ng to ~the 
upper sheet of the same hyperboloid as the vectors k and 6. k,mA. 

In a parton model the quark momenta belong to the mass
shell hyperboloid also, This is a consequence of the ch9ice 
of a special reference frame where the hadron momenta !PI ..... ~, 
thus the quarks can be considered as the real particles. In 
contrast to the usual projection of the quark momentum k ..... on 
the hadron momentum P,we shall use here an invariant projec
tion of the covariantly defined quark momenta Sk rnA in the 
c.m.s. on the vector Q~=.(L~1 q), i.e. the quantity 6.

11 
= 

~ (tlk,mA · q')/ lq~'l 121 The q0 and lq'l are invariants: 

10 



q 0= CLA-1q) 0 =A~q~ = Pq/M=,,jq'i=)q'02 -q'~q;, =)v 2+G 2 .(3.21) 

T_llerefore the projection 6.
11 

and the modulus of the vector 
Ll ..L are invariant also: 

i\" = (i\~k,mA q')/ i q'i = (i\ tmA q'o- i\ ~.rnA qp) I [v"2~-Q~ 
~ . r.z------

! ~..L i = V ~ 20 - 6. ~ - m 2 ' 

(3.22) 

what follows from the invariance of Q
0 
'. L\ k,ml\ and 1<1 ~ i 

(see (2. 7)). In terms of the Llk,mA and L\ 11 the scalar pro
ducts (Pk) and (qk) which appear in the 8(M +v-i\ 0k,mA -
- L\ ~",rnA ) function can be represented in the form 

Pk-= ML\k,mA ; qk o=: qQL\ k,mA -I q---~''_1 L\ 11 =vL\ k.mA- P~Q2 6.11 

After integration over the spherical angles we find from 
(3.18) the following expressions for the structure functions 

F1 = M[V1 + (1 + ,2jQ2)-1 V2], 

F 2 = "/2 (1 + ,2 /Q 2) -1 [ V 1 + 3 (1 + ,2/Q 2) -1 . V 2 ] ' 
(3. 20') 

where 

V - ~"W 1 = -g w (3.21') 

(3.22') 

Here 7J=m-1L\kmA and Ai=Ai(1f,v,W 2), Bi =Bi(71,v, W 2 ) are 
obtained from 'the A 11v and B 11v in (3. 18) after integration and 
multiplication by the factors g ~v and M -":YFP v (see (3. 21). 
It is easy to calculate that 

A 2 M+v W2 1 
1 o:-., + --m-.,- -4m2- 2' 

2 
_M_+_.':'. ~ + _w __ l . 

m 4m2 

(3.23) 

(3. 24) 

II 



The limits of the integration in eq. (3.22) are 

(3.25) 
2m 

where , ~ v\- 4m 2/W 2 

If the WF ¢ 0 0 (7]) decreases when 17--). oo (the necessary 
condition of the convergence of the normalization integral 
for WF), one can neglect the interference terms containing 
the factors B i•in the expressions for :Vi. that is to say the 
interactions of the virtual photon with the quark and anti
quark in the incoherent way which is a usual assumption of 
the parton model. 

As it was done in ref . ./2/ we introduce WF cP (y): 

( 4rr <Po o ~) ~ -·.---</>(Y). 
• rn smby 

(3. 26) 

depending on the quark rapidity y ~In(~+ ;;;z::1} and being 
related with l.-;'F in coordinate space by the following trans
formation: 

~ 

"'(y) ~ r dr-r"' 0 0 (r) sin rmy. 
0 • 

(3.27) 

Hence omitting the interference terms we get the following 
expressions for the structure functions F i : 

ln~.!.l-~':. 
2mM<;, 

dy 2 r -7-- I<~><YJ 1 x 
(t+ <)M( smhy . 

lin 2m I 

16mM 2((Q ;'+ Q ~) 
---------------

w2 3 
-----+ 

4m2 2 

M 2((1-(}W ~W 2 -M 2() 
+ -----

2m2(w2-M2'2 )2 
], 

(3. 28) 

12 



X 

(l+E)W2 
ln------

2mM(; 

r 
I 

(l+<)M(; . 
.Jn---1 

2m 

w2 3 

~l¢(y)[2. [ 
smhy 

------+ 
4m2 2 

where we have used a scaling variable 
r--;:---

7 - ~~--=- v v 2 + Q_':_ 
' - ' 

M 

(3 0 29) 

(3 0 30) 

which was described in detail in ref / 2•201 . In our scheme it 

is more natural to consider the structure functions in terms 

of w2 and' rather than Bjorken variables Q 2and x. 

In the deep inelastic region when W 2 _, oo and ' is fixed, 

the leading term of the structure functions expansion over 

inverse powers of w2 has the following form 

w2 
ln mM( 

coshy-r;;M/2m 2 
r dy---. -----I<P<Y>I -
M( smhy (3o 31) 

[!n -;n-1 

w2 
ln--

16mM 2 (Qf +Qi)((l-() mM( 

- ---------- r 
w2 [ln M(l 

m 

dy Sinhy[¢(y)[
2 

o 

The first of these two equations is a relat~onship of the Cal

lao-Gross type in terms of the variables W and '· 
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4. CONCLUSIONS 

In the present work we have expressed the structure func
tions of the hadron composed of two quarks through the cova
riant wave function of its relative motion. The quarks are 
here fermions with the spin J/2. The wave function obeys equa
tion (2.20) which was earlier investigated in detail in 
ref. 115•171 , where its solutions were considered as well. 

Our further publications will be devoted to applications 
of the covariant two-particle wave functions, which are the 
solutions of eq. (2.20) with the quasipotential constructed 
of the matrix elements of the quark interaction amplitude in 
QCD / 2l/ for the structure function calculations. Here the 
investigation of the Bjorken's scaling violation as well as 
the comparison of the expressions obtained in this work for 
the structure functions with experimental data are of interest. 

The authors express their gratitude to A.A.Arkhipov, 
A.V.Efremov, V.G.Kadyshevsky, V.N.Kapshay, S.P.Kuleshov, 
V .A. l-1eshcheryakov, A. V. Radyushkin, V. V. Sanadze and A. V. Sidorov 
for useful discussions. 
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