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I. INTRODUCTION 

. 1 k 11- 41 d . . d The present paper ~s a seque to wor s , an ~ t ~s e-
voted to the description of the deep-inelastic scattering of 
leptons on nucleons in the single-term formulation of quantum 
field theory/5-7!. For this purpose we will use the covariant 
three-dimensional equations for the wave functions of relati
vistic two-particle systems, which coincide in form with equa
tions obtained in the covariant Hamilton formulation of quan
tum field theory181.we will restrict ourselves to a model of 
the nucleon as a bound state of the quark with spin 1/2 and 
diquark with spin 0 or I. Let us note that such a "two-par
ticle" model of the nucleon was already considered in a num
ber of works (see, e.g., ref. 191 ), and it has become popular 
in the last time in view of a discussion of the contribution 
of power 1/Q 2 -terms to the scaling violation observed expe
rimentally. 

Elements of the method of the description of deep-inelas
tic scattering in the framework of the single-time approach 
were formulated in ref / 101 and developed in refs (11.1-4/ (for 
a detailed list of references on this question see refs./: 10. 

The aim of this work is to obtain formulae for the nucleon 
structure functions through solutions of the covariant three
dimensional equations for the wave functions of a quark-di
quark system. In the next section we shall list basic formu
lae of the covariant single-time approach, which will be used 
in the third section for obtaining formulae for the structure 
functions. 

2. THE COVARIANT TIIREE-DlMENSlONi\L EQUATION 
FOR A QUARK-DlQUARK SYSTEM 

The BcLhe-Salpctcr wnvc function (WF) for a quark-diquark 
system can be defined in the form 

IJI(Oja (x 1 ,x 2)~<0!TI t/Ja(x
1
)¢(x

2
)l!M,K,sN,rN>, 

MKsNr N 

a ~ ~ 'fl(~att (x 1 ,x2 )=<0!TI.p (x 1)D (x
2
)1!M,K,sN'rN>. 

MKsNrN 

t· ... ~ .... - ....... ~ .. = .. 

o~~~-:~. 

,• 

... . 
~~.~1· .. : 

(2. I) 

(2.2) 
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Here 'l' (O) is the WF of the system composed of the quark with 
spin I /2 (the Dirac field operator ~~a(x 1 ) corresponds to it) 
and diquark with spin 0 described by the scalar field opera
tor ¢(x

2
) (in the Heisenberg representation) and IJI(l) is 

the WF of the system that contains the diquark with spin I 
describ~d by the vector field operator Dll (x 2). The state vec-
tor \M,K,sN,TN>· is characterized by the mass M and momen
tum K of the bound state, nucleon or its resonance and sN 
and TN are its spin and projection of the spin. The transi
tion from the WF (2. 1), (2.2) to the covariantly defined 
single-time WF ~s carried out as follows 17 1 

- (i) 4 4 
'PM;t (p

1
,p

2 
)=((d x1 .d x 2 .exp(ip

1
x

1
+ip 2x 2). 

!1. SNTN (2.3) 
(i) 

x&[Ap(x1-x2)].1J'MKsNTN (xl,x2), i =0,1. 

Here A~=P11 ;,;?2' is a four-vector of the system v,elocity 
(P=p

1 
+P

2
). The covariant equating of times in (2.3) is achieved 

by the &-function: the quark proper time r 1 =Apx 1 coincides 
with the diquark proper time T2 = ,\Px 2 and with the system 
proper time T=ApX, where X:o(x 1+x2)/2. Upon performing the time 
equating, the symbol of T-product in (2.3) can be dropped and 
the vectors p

1 
, p2 can be considered as belonging to the mass 

hyperboloids 

Po 2 _ ->p 2= m2 
1 1 1 • 

(2.4) 

Po2_.P2=.m2. (2.5) 
2 2 2 

One can separate the motion of the mass centre in the WF (2.3) 
due to the transitional invariance: 

WM(i)K_, (P ,p )=(2rr) 4 &(4)(P-K).W (i~ (p). (2.6) 
sNTN 1 2 MKsNrN 

In view of the transformation properties of the field operator 
the WF of the particle relative motion can be represented in 
the form 

- (i) (i) 3 ~ ... 
'i'... (p)-S1(LK).S 2 (LK)• fd x'.exp(-i~ >. .x')x 

MKsNrN P1,m r· p (2. 7) 

(i) ( ... ') x'l' ... x ·, 
MOsN TN 

where 

(0) a -> a x X -> 
'I'... (X)=<0\1/J (0,-

2
)¢(0,--)!M,O,sN,rN>' 

MOsNrN 2 
(2.8) 

2 

( 

~ 

(1) a11 ... a .t 11 X ... ( 2 9) 
IJI ... (x) .. <0\1/J' (O,A-

2 
)D (0,-~-2 )\M,O,sN,rN>', · 

MO~rN _ 

and S1 and S~) are matrices of finite-dimensional representa
tions ~f the Lorentz group: S 1 corresponds to a spino~ field 
and S~1 ) corresponds to a vector field for i=1 and S~1 ) .t 
for i = 0. · From (2. 7) it follows that the relative motion WF 
depends on the three-dimensional vector & ,\ only 
(seeref./12/): pl,m1 P 

lji (~) (P)= qi (i) (~ ). 
MK~ TN MKsNr N pl,ml ,\ p 

(2. I 0) 

This vector has the meaning of the covariantly defined momen
tum of the first particle/13/ ... ... 

t (L--:-r- ) .... p ( o P!l. ) u ,,. ,\ p1 =P1-•-P _, -·. (2. II) 
pl'ml'/\P p M 1 po+M 

Analogously, for the second particle we have 
----+ -+ ...... -Jo 

... -1 .... p o Ppo 
~ "' (LA p ) = P _, -(p -~----). 

p
2

,m2"- p p 2 2 M 2 po+M 
.,. .... 

It is easy to check that tip 1'm 1 A P--~~ p2 ,m 2 A P. Hence one may 
-> ... .... 

consider a single vector ~ , "'~P m A = -~ , . .., p,/\p 1' 1 P p2,m2/\P 
The 

vector ~P.Ap can be treated as a spatial component of the 
Afl -1 11 • four-vector up,Ap(L,x.pP) . ·The t1me component of the vector 

11 
~P.Ap has the form 

~op A =(L-:-1 p)c .fpP .pl1p /M .. 
• P · "P 11 11 

(2. 12) 

The upper sheets of hyperboloids (2.4), (2.5) are known to 
be the momentum spaces with the Lobachevsky geometry. Under 
the transformation L 

Pj->Pj--Lpj' i•l,2; p_,p'=LP 

from the Lorentz group (that is a group of motions of the Lo-
bachevsky space) components of the four-vectors ~11 , 

pl'm1/\ p 
~11P m , transform as follows 

2 • 2/\P 

(~pj·,mjAp'.\ 
-1 -1 .... 

-Rke{V (L ,P)l(~Pj,mjAp)r • 1,2,3 k, r 

~ 0 , = p ,/1 p ' . = pfl p = ~ 0 

Pj ,m/'P' 11 11 p j ,mj Ap 

where the matrix R describes the Wigner rotations. 
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Let us define the two-time Green function of the quark
diquark system in analogy with (2.1)-(2.3) 

4 (4) - (!) ... ... 2 
(2w) • a (P-K). a (& , ; &k , ; P ) = 

p,Ap •"K 

4 d4 d4 d4 c· . .k .k > ... (dx1 x 2 y1 y 2expip1x 1+lp2x 2-I 1y 1 -t 2 Y2 x (2. 13) 

(I) 
xo[,\~xCx2)).8[,\K(yl-y2)]·G (x1 ,x2 ;y 1 ,y 2), 

where 

(O)a1a2 I at _, -'a2 I 
G (x 1,x2 ;y 1 ,y 2 )=<01 T 1/J (x 1 )¢(x2 )¢(y 2 ) 1/J ·(y 

1
) I 0>, 

(l)a1ll1 a2ll2 
G (xl'x 2 ; y 1 ,y 2 ).. (2. 14) 

at llt -p.2 -a 
=<0\TI!/J (x 1)D (x 2)D (y

2
)!/J 2(y

1
)!!0>. 

With the use of the representation of the T-product through 
the e -functions a spectral representation for a(!) can be 
obtained. From it the following expression for the Green func
tion near the bound-state pole with v~~M follows (see 
ref./7/ ): 

(i) ... ... 2 c ( & \ ; ~k ,\ ; p ) ::, p,Ap ' p 
(2. 15) 

- (i) ... .::; (i) ... 

- i(~rr{ _'~' ME.!~-~~l--~-~.~~~t!~~--~·.x.P), . 
2M . 1p2 M . v - +1€ 

In anylogy with ref!71 let us introduce the following WF and 
Green functions projected onto the suhspaces of states with 
a positive energy: 

(0) ( ~ ) ~p,Ap -· ; . tP (O)a 2\ 
c/>sNrN;u· p,Ap = m1 'ua( p1,Ap'u)• MK~NrN ( p,Ap), 

(1) -+ ~op ,\p _, -+ _, -+ 

¢ _,(~p ,\ )=: ~·· •Ua(~p ,\ ;u)•c,(~p , ;A)x 
sNrN;un • P m 1 1• P ,.. 2'"P 

(2. 16) 

-o)all (~ A ); 'P .... p, p 
X MKsNrN 

4 

(iJ (0) ... ... 2 1 -· ... 
~. (~,; ~k,\ ;P )=-2Ua (~p ,\ ;a1 )x 

ul u 2 P' 1\. P • P 4m 1 1 1' P 

- (O)al a 2 ... ... P 2) (6 . ) . 
xG (~p.Ap;~k.~p; ua 2 k

1
,Ap'u2' 

(iJ (1) ... . 2\ . 2 1 -· ... . 
~u1\u2,\2(~p.Ap' k,Ap'p )•· 4m2·ua1(~p1,Ap'u1)x 

1 

-+ -<1>a1111a2ll2 -> ... 2 
Xf, (~p ,\ ;A 1)G (~P' ;~k' ;P )x 

'""1 2' P '1\.p •1\.P 

xu (tik ,\ ;u2)·c (_Kk Ap;A2 ). 
a2 1• p 112 2• 

(2. 17) 

The bispinors ua of free quarks with the mass m 1 are norma
lized by the condition 

ii (p,a)ua (p,u-')-2m1 .a '• 
a au·· 

and· the polarization vectors ell of free vector 
the mass m2 are norma.lized by the condftion 

diquarks with 

! (k,A)·c~'(k,A.')=oM'· 
11 

For the free Green function (2.17) (i:~ •• in the case of 
free quarks and-diq"uarks) we have 

to) ... ... 2 
§ c ~ . ~ . P ) -a . 

Ou u· p,\ ' k,Ap' - UfU" 1 2 • p 2 

... ... 2 
§o(~P.Ap ;~k,Ap;P ), 

(iJo> eli .; ·P2>-a .a x 
~Qui ,\1u2,\2 p,Ap • k,Ap' - u1u2 ,\1,\2 (2. 18) 

X §0,( K p, Ap 
... 2 
~k·' ;P ), •"P 

where 

... ... 2 3 -2 
§O(&pJp ;,~k.Ap ;P )•d(277) (Mop,m1Ap"2~~.m2AP) x 

(2. 19) 
~ .... -1 

xa(~P A - ~ k A )(M-t1ok ' -t1ok ' +if) ··, 
, p • p' ,ID11\.P ,ID21\.P 

5, 



and 

!! o ' • V ~ ~ + ·K 2 ' ' • A ok m ' !II v' ~ ~ + ~ k2-:' ( 2 • 2 0) 
p,mj" p J P•"P • i" p J •"P 

Let us introduce the operators of the quasipotential 151 

by the relation 

6 (!) ... ... 2 
-i(2rr) (2A0pm, ·2A0k m, )V (Ap,\P··Ak, ;P )= 

' 1 "P ' 1 "P ' ' • "P (2.21) 

(i) -1 ... ... 2 (i) -1 .,. ... 2 
~( § ] (A P , ; Ak , P ;P ) -[§ ] (A P , ; A k .\. ; P ). 

0 •"P •" •" P • p 

With the help of (2.15)-(2.17) it is easy to obtain the fol
lowing equations for the WF ¢ (i) : 

2A0 (M-A0 _,Ao )·¢(O) rK ). 
p,m:fp p,m 1.\ p p,m~ p ~rN ;u·' p,Ap 

3 ... , 
1 d .1\k,.\p (0)0" -+ • -+ • 2 (0) -> 

.. __ ,{ -- -k---'Vu· (A 1) ,\ ,lik.\ ,P )¢ .-(AkA. ), 
3 Ao •P •P sr·u· •P 

(2rr) 2'-'k,ml,\P N N' (2.22) 

26.o (M-Ao _,b,o )•¢(1) (~ )= 
P ,m2,\ P P ,m1,\P p,ll2,\P ~rN;a.\ p,.\p 

3-+ , ' 
1 d b.k ,\ (1)a ,\ ·-> -> 2 (1) -> 

=----'{ --.....!.-f-,Vu:A (AP ,\ ;Ak.\p;P )·¢ ,,,(Ak ,\ ). 
(2rr) 3 26.0 

,\ ' p ' 8 NN;a " ' P 
k,m1 P (2. 23) 

. f /7/ f. . . . . 
Follow1ng re • we 1nd the normal1zat1.on cond1t1on for 

the WF ¢(!) which in the case of the energy-independent quasi
potential has the form: 

d 3Kp Ap (i) ... 2 
{ -· '-·1¢ (A , )~ ·26° , =-2M. (2.24) 

o P·"P p,ml"P 
p,m1AP 

Let us perform a "removing" of spins (see, e.g. , ref / 131 ) • 
Namely, let us introduce the functions/14/ 

1/2 
¢ (0) , ( 3 ) = :£ 

sNrN; u·p k,Ap a'=-1/2 

X cP (0) ,(6k ,\ ), 
sNrN;a • P 

6 

112 
Da~,u {V-

1 (L~ . ;3k .\ )lx 
p,,\P • P 

(2.25) 

112 1 1/2 
(6 )=· I. I. Da',u 

k,Ap a·~t/2 ,\'=-1 P 
¢ (1) , , 

-1 ... 
{ v (L ~ . ; b.k ,\ ) I X 

p,Ap , P sNrN;ap.\p 
(_2.26) 

1 - 1 ... (1) ... 
xD,,XIV (L,1 ,\ ;Ak,\ >1·¢ ._,(b.k A.p ), 

"p• p•, P' • P ~rN;a A • 

1n which the spins ap=al1 , ,\p="-S ,\ are "sitting" on 
... p,(.p -1 p, p 

the momentum Ap,Ap' Here D1 {V !are functions describing113•141 

the Wigner rotations. The quasipotentials in which all spins 
are "sitting" on the same momentum Lip,Ap are defined ana-

logously. From (2.22), (2.23) it is easy to obtain the follow
ing equations for the WF (2.25), (2.26): 

2 Ao (M-Ao -·Ao ) ¢(0) (& ) = 
p,m2,\P p,mr\p p,m2,\P BrfN; u· p, Ap 

(2.27) 

3-> 
1 d Ak,.\p (Op~ 

=--· { ----· v 3 2 Ao a 
(2rr) '-'k,m1 .>.p 

-> ... 2 (0) ... 
(Ap' ;Ak' ;P )•¢ , (Ak,\ ), 

•"P o/\p SrfN;up ' P 

2 fi.O (M-Ao -·Ao ) (1) (A = 
p,"2,\P p,m 1 A. p,m2 A.p ¢ BrfN;u·A p,Ap) 

- 1 d3&k ApV(l:Op.\~ 
---=-~· a,\ 

... . ... 2 (2.28) 
--{ 

(2rr)
3 

2 Ak,m
1 

Ap 
(AP .>. ;llk, ;P )x 

• p •"P 

-~,(1) , , 
X 'I' BrfN; UPAP 

(~k,Ap). 

Let us introduce the WF of the quark-diquark system with 
a definite total spin s and its projection u : 

¢co) cK > 8 8 -~. co> <~ > 
~rN;sr p,Ap = ssN rrN • '~'sNN; r p,Ap • 

(2.29) 

(1) ... 1 (1) -> 
¢ (A A )=I. <--,1;u.Ais,r>¢ , (.1\ ,\ ),· 

BN N; ST p, p a,A 2 ~TN ;an p, p 

7 



<P (O) ( ~ ) .. 0 0 • 0 , 
BifN;sr k,Ap SSN TTN rap 

• <~>co) , cK >. 
SifN' ap k,Ap (2.29') 

<f>(l) (~k ,\ ): :£ <J.-l;a~..\'js,r>•</>( 1 ) , , 
s...~: · s r • P a ,\ 2 P P s _J • a ,\ 
~ N' P' P N N' p p 

ci: k,..\P ), 

where <1._ 1; a..\! s,.r>and <f--1; a£,\~ I 8, r> are the Clebsh-Gordan 
coefficfknts. From (2.27), (2.28) with ~he help (2.29),(2.29') 
we obtain the following equations 

2 6° (M-·6° -ll 0 
)· <P (i) (f: )• 

p,m 2..\P p,m 1..\ p p,m2..\ p ~TN; 8 r p,Ap 

1 
=···-'( 

(2rr) 3 

3 _,. (i)8',1'' d 6k,..\L-,v 
---- s,r 
2 6ok,IP! Ap 

(2. 30) 

-+ ... 2 (i) ... 
( 6 A ; 6 k A ; p ) <P ' ' ( 6 k A ), p. p • p 8rf N 8 T • p 

where 

(0)8',1"' 
0 

• o,:. 
V ' T = .[)S 1/2 • S ',.1/2 T ,1' p s, • 

• V (O)rp 
T 

(2. 31) 

(l)s;r'. . 't 1 (1)d;A·; 
V sr"" t<--l;a..\js,r><-

2
-1;a-'-A'·Is.'r'>·V .;., . 

' a; A 2 P P a 

For further calculations it is necessary to specify spin struc
tures of the wave functions. Let us make a natural assumption 
t~at t~r WF (2~16) in the case sN=1/2 can be represented as 
(K "'L;.,PK-(M,O); ..\p'"AK ): 

0 
(0) ... _, ... .... . (0) -+ 

c;b1/2rN;a·(6 p,Ap)•Ua(K ''N )u {3( 6 p,Ap' a) <I> a/3(6 p,Ap)' 

0 
(1) -> _, ... -+ 

c;b1/2TN;a..\(6p,Ap )=ua(K,rN)u{3(6p,Ap ;a) x (2.32) 

... (1)p -t 
x c ( 6 P A ; A )• <I> a ( <'lp A ). 

p 2' p al-' • p' 

Here <t>(O) and <l>(l) are matrix (4x4) functions that may be re
presented as decompositions over the matrices l=!o .. } , ·yll 

/LV' ~ ~ 
a = i y1L ·y , ·Y 5 , y 1L y 5 

8 

(\, 
'}; 
~. 

I 

(-• 

J 

3. THE NUCLEON STRUCTURE FUNCTIONS 

The deep-inelastic scattering of a lepton on a hadron with 
the momentum P, mass M, spin s, and polarization a is desc-
ribed by the structure functions Fi(Q~v). i=1,2,3, which en-
ter into the decomposition of the hadron current product 

-1 4 (4) ... 
Wa{3(P,q)=(8rr) :£ (2rr) o (P+q-Px)<PMsa!~ (O)!X,K>x 

X,K 

... ~ q F 
x<X,KIJ (O)!PMsa>=-(g a+·-Cl..-8)-:.1..+ , p al-' Q2 2M 

(3. I) 

. pY oF. 
M v M v F2 1 c a{3y8 q .3 +(P +-q )(Pa+~-qa)• _,_, _______ , 

a Q2 a 1-' Q2 1-' M2v 2M2v 

To obtain an expression for matrix elements of the current 
operator <X,K!JIL.(O)!PMsa> through the WF (2.29), let us 
consider the following funct1ons/lO/ 

(O)a -· -u 
RIL (X,K!Y 1,y2 )=<X,K!T{JIL(O)<f>(y 2 )!/l (y 1)l!O>, (3.2) 

(l)ap -p -a 
R IL (X,K!Y 1 ,y2 )=<X,K!T{JIL(O)D (y2 )rjl (y 1 )}!0>., 

and their single-time Fourier transforms (A=,\ P ): 

-.(i) ... 2 4 4 . 
RIL (X,K!6p,..\ ;P ) = fd y1d y 2 exp(-ip

1
y 

1 
-ip

2
y

2 
)x 

(3. 3) 
(i) 

x o[A.(y 1 -y2)].R 11 (X,K!Y1 ,y2 ). 

Let us project R~) onto the subspaces of states with a posi
tive energy: 

(0) -+ 2 1 - (0) a ....... 2 -+ 
!RILCT (X,Kjt\p,,\ ;P )=2m-

1
RIL (X,K!Llp,A;P )ua(t\p,A;a), 

(3.4) 
(1) -+ • 2 1 -(l)ap 

!RI!aA(X,K! 6 p,A'p )"'2m
1
R1L 

XU (~p A;a)•E (i \;A), 
a 1' P P2•" 

... 2 
(X, K !6 p. A ; p ) X 

*We use the following standard notation and variables: q is 
a momentum transfer or momentum of a virtual boson ( y,Z 0

, w± ), 
Px is a total momentum of particles int.the final state !X,K> 
with spin propert

2
ies denoted by the symbo~ K ,, Q2;=-q 2., l(=Pq/M , 

Q2 2 X=l/w .. /2Mv.,W =(P+q).· 

• 9 



and let us pass to functions with definite values of the sys
tem spin and its projection: 

(0) (0) 
9t /lBT = 0 s,l/2 • 0 ra· • 9t /la· • 

(1) 
9t(1) ... !.<..l.t;aAI s,.r> .9t /laA 

/lST a;A 2 

(3. 5) 

With the use of the representation of T-product through the 
8 -functions it is not difficult to obtain a spectral repre
sentation for the f~nctions 9t~) , which gives near the bound 
state pole with y!>]=M the expression 

a -+ (i) 

9t (i) (X, K I ~ P A; P
2

) =, 2i~ :::~':l,:!!;!.?2!.:~~!f.x 
i.!ST • 2M yPJ!"-M+ic 

(i) -+ 

cP SNTN; s T (~p.A) x-----:. 
2 ~~.m1 A 

Lei: us introduce generalized vertex functions r Ji) 
ref. 1101 ): 

9t (i) = r (i) • ~ (i). 
/l 11 

(3 .6) 

(see 

(3.7) 

Comparing the expression (3.7) considered near the bound-state 

pole withvP2~M with the formula (3.6) we find taking into 
account (2.15), (2.17): 

-+ (i) 
<X,K IJ/l(O)IPMsNrN> 

a--
d ~p.A 

r---'· 
2~op,m1,\ (3 .8) 

(i) -+ (i) -+ 0 xr (X,Kif1p,\;p2)•¢ (~ >)/2!1 ,. 
/lST , ~rN;sr p, p,m 1" 

The vertex functions r~> can be determined with the help 
of the expansion in the constant of coupling the lepton with 
the quark (diquark). In the lowest order 

r<i>= 9t<i>.[~<i> 1-t 0/l Oil 0 ' 
(3. 9) 

Using for 9t~i~ the expression that f?llows from the _spect-
ral representation for the function 9t<V and for [~bi) ]-1 the 
formula that is easily found from (2. 18), (2. 19) we obtair/1°·4 1: 

10 

,( 

d~ 

.. j 
I: 
·• 

(I 
\I 
Jr 
I 

I. 

r<i) (X,KI K.p ,\;P
2

)=211°p m \ X 
OllST • • 1" 

(3. 10) 
-> -+ (i) 

x<X,KIJil (0)\11p,,\;-llp,,\; s,r>, 

where 
... -+ 1 .... 

l~p- ,\;-~p ,\; s r>= 2. .< -
2 
1;aA'Is,r>·l~ , ;a;-~ ,\;,\'>. 

, • u)\' p,/\ p, 
for the case of vector diquark, and 

..... ..... . .....,. ...... 

l~p,,\ ;-llp,.\; s,r>"' 8 8 , 112 • ora· • 1~p.A;a;-11p,,\ ;0> 

for the case of scalar diquark. The matrix element of the cur
rent operator in eq. (3.10) describes the transition of the 
quark-diquark state with the total spin s and its projection 

r into the final hadron state IX,K>. Substitution (3.10) in 
(3.8) gives 

(i) 
<X, K I Jll (0) I PMsNrN > 

a-> 
d !1 p ,,\ 

r -----x 
2 flop,ml,\ 

(3. II) 
-+ -+ (i) (i) -+ 

x<X,,<IJ (O)Illp ,\; -~p ,\ ;s,r> • ¢ . (L'lp ,) • 
Jl. ' ' SrfN;sr ,/\ 

From (3. I), (3. II) we obtain 

(i) -1 
W (P ,q) = (8 77) 

/lV 
4 (4) 

2. (277) o (P + q - P X ) X 

X,K 

3... a-> 
d L\p ,\ d Llp ',,\ - (i) ... -+ ... (i) 

X ( --·-· ---~ cP (L\ p ,\ )<L\ ,\; -L\ ,;s ,riJ (O)IXJ<> x 
2!1° 2L\ 0

, ~rN;s r ' p, P·" ll 
p,ml,\ p ,ml ,\ 

... ... (i) (i) 
x<X,KIJ (O)IL'l ,, ;-L\ ., .. ;s,r> ·¢ 

1/ p •" p '" S T ' ST 
(~ 'A ) •. p, (3. 12) 

N N' 

Let us use the formula (3.12) for finding the structure 
functions of the electromagnetic lepton-nucleon scattering 
in the approximation of quark-diquark intermediate states: 

W (i) (P,q)=(877) 1 2. 
j1V 

rl,r 2 

a... 3 .. 
df1pA. dl1p',\ r ----.:.- ,. ,.. __ __:__ • ct 4 k 

1 
x 

2L'l 0 2L\ 0
, 

p,ml,\ p ,mlA 

X O(k1 )8(k~-m~ )d \2 O(k~) o(k~-m~)(2 77) 
4
8 (4) (P +Q -k 1 -k2 )x (3. 13) 

ll 



-·(i) ... -+ ... -+ -+ (i) 
x<f> (~ ,\)·<~ ,\;-~ ,\;s,aiJ (0)1~ x·r 1 ;~k ,;r > X 

s~N; sa· p, p, p, fl. k
1
• l'" 2 

... -+ .-+ ... (!) (") ... 
x<~k ,\;rl;~k ,;r IJv(O)Ii'. '·' ;-~ ',\;s,a> ·¢I (~ ,,). 

1' 2'" 2 P •" P • ~rN;sa· P ,11. 

Here r 1 ~ ±112 and r
2

zO for the spinless diquark and r 2 ~0. ±1 
for the vector diquark. In the impulse approximation 

-+ ... ... -+ (i) 
<k1' 71 ;k2' 7 21JI1(0)Ipl,al;p2,a2 > 

... ... (i) ... ... 
... Q 1< k1, 7 1! J 11(0) I P1 ,a·l>· • 2 k20°(.'k2-p2 )or a·+ 

2 2 
... -+ (i) -+ ... 

+Q2<k2 ,r2IJI1 (O)IP2' a2> • 2kloo(k1 -pl )or1a1' 

(3. 14) 

where Q 1(Q 2 ) is the quark (diquark) charge in units of e. The 
matrix elements of the current operator between one-particle 
states have the form: for the quark 

<kl ,r1IJ 11(0)IP1 ,al> •U ( kl,r l)yl1u(p 1 'al), 

for the spinless diquark 

<k2• 7 21JI1(0)IP2' a2 > •(k2+ p2 )11 ' 

for the vector diquark 

...... -t -p -+ 

<k2',r2\'TI1(0)Ip2,a2> ~ E (k2,r2)·[-(k2+P2)11 gKP + 

+:gPI1 k2K +gK11p 2p )• / (p2 'a2 ), 

After substituting (3.14) into (3.13) we find 
3-+ :3-+ 

(i), 3 d ~ k A d ~ k2 ,A 
W (P,q) •·(2rr) /4 · ~ ( ---~-· ----:-x 

11V' ' • , 2 A O• 2 A 0 
spm u k . ' u k m A 

•1'm1" 2' 2 

(4) ' 2 (i) (i) 
fj (P + . q- k 1 - k 2) • (Q 1 h l11v + Ql Q 2 h 21lV + 

(i) 2 (i) 
+ Q2Ql,h ' +Q·2 ·h:t • 

: 3j.LV j.LV 

l ·12 

(3.1Sa) 

(3.15b) 

(3.1Sc) 

(3. 16) 

'"here h (~ are products of the one-particle currents of 
the (3.IS)v type and the wave functions: 

(i) • 1 2 ... ... 
11 1 •· I I (<-l;a1a2\s,r>)·<l'. ,;r1 1J(O)I-I'.kX;o'1 >x 

j.LV T T fT · a 2 k •• 1\ ll 2' 
1'2 1'2 • 

... ... (!) ... 2 
x <-~k2' A ; u:,_ I J v (0) I~ 'kl' A; r 1 >I¢: BrfN; s r ( -·~ k2,.\)l, 

h (i) = 
211V 

1 2 ... ... 
~ I (<'2t;ala2 \s,r>) •<- Ak ,.\;a 1 \J/O)\~k ,A;r

1
>x 

r 1 ,r 2 a 1 ,a 2 2 

... ... (i) 
x<l'. k ' ;r IJv(O)I.,..~k A :a2> ·¢ . 

2•" 2 1• SNTN, ST 
<~ )¢;<t> (-A ), 

kl'A ~TN; s T K.2 ,A 

h(i) =· , I 
3f1.V r1'r

2 
~ 

2 ... ... 
k (<- 1;a1a 2 ls.r>) ·<-~k , ;a

2
·\J (O)ILik A;r

2
>x 

al ,a·2 1 •" IL 2' 

... ... - (i) ... (!) 
x<~k A ;r IJv(O)\-~k A;at>•¢ . '(~k })¢ · 

1• 1 2' SNTN, Sr 1' SNTN,BT 
c-Z ' ), . 

k2,11. 

(i) 1 . 2 ... . ... ' 
h 4fl.V =I l (<2l,a1a2\s,r>) ·<~k ,.\'r2 \J 11 (0)\-~k ,A'a 2 > x 

r1 ,r2 a 1,a 2 2 1 

... ... 0) 
x<-·~k .\ ;u2·1Jv(O)\~k .\ :r2>·\¢s r ·sr 

1' 2' N N' 

... 2 
(-1'. k A) I . 

1' 

4. CONCLUSIONS 

In the present work the covariant three-dimensional quasi
potential approach is applied to the description of the quark
diquark bound states with the total spin 1/2 which can be in
terpreted as nucleons and .their resonances. The diquark is 
considered as a boson with the spin 0 or I, and the quark has 

the spin 1/2. The equations for the wave functions and norma
lization conditions are deduced. 

In the approximation of two-particle intermediate states 
the expressions for the nucleon structure functions are ob
tained through the wave functions of the bound quark-diquark 
system and the matrix elements of the current operator cor-· 
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responding to the elastic scattering of the photon on a quark 
and on a diquark. 

Analysis of scaling properties and comparison of the results 
with experimental data will be given elsewhere. 

The authors are thankful to S.P.Kuleshov, V.V.Sanadze and 
A.V.Sidorov for useful discussions. 
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!1ony~eHbl _!lJopMynbi, BblpaJ!CaiOJliHe CTPYKTYPHble ¢YHK~HH 
rny6oKoHeynpyroro nenToH-HyKnOHHoro pacceHHHH ~epes penHTH
BHCTCKHe BOnHOBb!e !lJYHK~HH CHCTeM, COCTaBneHHb!X H3 LJ:aCTH~ CO 
cnHHaMH 0,1/2 HI, 1/2. 3TH BonHOBbie ¢YHK~HH JIBnHIOTCH pemeHHH
MH KOBapHaHTHb!X ,D;BYX~aCTH'lHbiX O,IJ;HOBpeMeHHb!X ypaBHeHHH, OTIH
Cb!BalO!l\HX HyKnOH KaK CHCTeMy, o6paSOBaHHYIO H3 KBapKa H ,IJ;H
KBapKa. 

Pa6oTa BblllOnHeHa B na6opaTOPHH TeopeTH'leCKO:il: !PHSHKH o:rnm:. 

npenpHHT 06DeAHHeHHOrO HHCTHTYTa RAePH~X HCCneAOBaHH~. ~y6Ha 1982 

Linkevich A.D., Savrin V.I., Skachkov N.B. 
Diquarks and Nucleon Structure Functions 

E2-82-130 

Formulae for structure functions of .the deep-inelastic 
lepton-nucleon scattering are obtained through relativistic 
wave functions of systems composed of particles with spins 
0, 1/2 and I, 1/2. These wave functions are solutions of co
variant two-particle single-time equations describing the 
nucleon as a system formed out of a quark and a diquark. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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