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1. INTRODUCTION 

QCD, the non-Abelian gauge theory of coloured quarks 
and gluons, is at present the most prominent candidate 
for a theory describing the hadronic world. This rests 
mainly on the property of asymptotic freedom and the 
possibility that the infrared instability of QCD confines 
the quarks' 1 7- Despite many attempts quark confinement 
has, however, not yet been proved for four-dimensional 
QCD. In this situation it is of importance that two-dimen
sional QCD (QCD2) can be solved in leading order of an 
1/N expansion, where N is the number of colours, 
yielding an infinite number of bound state mesons as well 
as confinement of quarks and gluons - A transparent 
formulation of QCD 2 in terms of bound state fields may 
further be obtained by using functional methods / 3 / . More
over, there exists an extensive l i terature / 4 , 5 / on the 
Regge asymptotic behaviour of scattering amplitudes for 
this model. Although confinement is almost trivial in two 
dimensions, a merit of QCD2 is to provide us with an 
example of how final bound state hadrons in deep inelastic 
scattering realize Bjorken scaling in a way demanded by 
the asymptotic freedom of the theory. Einhorn 6 has 
evaluated the Bjorken limit of the graphs shown in fig. 1 
which yield the leading order contribution to deep inelas
tic scattering by the valence quarks inside the mesons. 
The quark partition function is in this case determined by 
the square of the meson bound state wave function. There 
is, however, an additional possibility for a virtual photon 
to scatter with quark-antiquark pairs cc created by 
gluons out of the quark sea. It is of importance to study 
such effects in order to understand the consequences of 
the sea and to check whether the dynamical picture of 
hadrons is self-consistent. 
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Fig. 1. Inelastic scattering by valence quarks as the 
square of form factors'® . 

In this paper we shall investigate a contribution of 
sea quarks to the structure function of deep inelastic 
scattering in QCD2 . For simplicity, we shall consider the 
correction terms of an order of 1/N containing only 
one сё -loop which are depicted in fig. 2a. This class 
of diagrams is particularly interesting because the graphs 
possess the topology of the bare Pomeron of the dual 
model '"" (cf. fig. 2b). The paper is organized as follows. 
In Sec. 2 we derive the formula of the quark sea contri
butions to the virtual Compton amplitude. Section 3 is 
devoted to the study of the Bjorken limit including a de
tailed investigation of different regions of the phase space. 
Section 4 contains a summary of the results. There are 
two appendices presenting some formulas and results 
that are needed in the text. 

2. DEEP INELASTIC SCATTERING 

We shall consider quantum chromodynamics in two-
dimensions (QCD )̂ which was investigated in the limit 
N- с , g 2N fix , in leading order of 1/N in the light-
cone gauge''*', where g is the gauge coupling constant 
and N the number of colours (for the Feynman rules, 
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(a) 

(6) 

Fig. 2. a) Inelastic scattering by a pair с с of sea 
quarks, b) Equivalent representation of a process with 
sea quarks as a twisted loop or cylinder graph with 
gluonic exchange, respectively. 



see app. A). The two-dimensional analogue of the deep 
inelastic scattering ем -» ex of an electron by a bound 
state meson M of momentum P is described by the 
Bjorken limit of the tensor W^ = f d2xe iqx<M.p|j^x)j,.(0)|M,p-. 
which is the discontinuity of the corresponding virtual 
Compton amplitude in the variable s=(p»-q) . W / ( I. may 
be expressed by the structure function W(42 ,1/) * 

v= (v - ^ £ - ) ( p " - -^ ) w ( q l ! ' ">• CD 
where, as usual, we define 

i ' = p - q . x

R i = - — : P = M • 

The scattering of a virtual photon with the valence quarks 
b and a forming the bound state meson M (cf. fig. 1) 
has been studied in leading order of the 1/N expansion 
by Einhorn 7 6 ' . Its contribution is just given by the square 
of the meson form factor summed over all intermediate 
meson resonances. A virtual photon may, however, also 
scatter with a quark-antiquark pair с с created by gluons 
out of the quark sea. In the following we shall investigate 
the contribution of such sea quarks to W restricting 
ourselves, for simplicity, to the graphs of fig. 2a contain
ing only one с с -loop. We may redraw these graphs in 
the form of a twisted loop or cylinder graph with two 
quark boundaries and no handles (cf. fig. 2b). Thus, it 
becomes evident that the set of graphs considered pos
sesses just the topology of the bare Pomeron of the dual 
model' 7 . Calculating the discontinuity of the above 
graphs quark singularities should cancel as usual, be
cause of confinement, so that intermediate bound state 
mesons contribute alone. Hence, we have to consider only 
the discontinuity of the graph shown in fig. 3a and to sum 
over the intermediate mesons. Let us denote the ampli-

In QCD 2 there exists only, one independent structure 
function owing to the relation (q 2< 0) 

V'.'2 - Q 2 M 2

 a p „ - — з - q + e q sgnq 
' ' q 2 V- q 2 ii° 1 



ib) 

Fig. 3. a) The absorptive part of the virtual Compton 
amplitude with two intermediate mesonic states, b) The 
amplitude F« to leading order in 1/N. 

tude drawn in fig. 3b by F« y(Pq:P« P y)- T is the quark -
antiquark scattering amplitude. It is simplest to calcu
late W which is given by 

q 

W ., v r ~ „ | R , v ( p q ; p f q - k . k ) | a 3 f ( k 2 - M ^ ) 4 

x S + ( (p + q - k ) - M ^ ) . (2) 
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Performing the integration, we get 

W = i - 2 Л ^ ( S . M J . M 2 , ) X |F ( p q ; p < W . 
(M>M )<(P+q)2 

P V (3) 
where A i s the usual triangular function and 

( ± ) в + М у - М р - А ц ( в . М ^ Л » ^ ) 

(4) 
У" 4 ( p + + q + ) 

( + )_ в+Мд-Му+А 1' 4 ( s . M ^ . M y ) 
/3-" 4(p +q ) ' 

+ + 

P + = 4=.(P + P, ): s =(p + q ) 2 . p a = M 2 etc. 

The two upper signs ± of the momenta (4) correspond 
to whether the mesons /3, у are right-moving or left-
moving. 

2.1. Kinematics in Einnorn's Reference Frame 

We consider a system, where q_<0 , q_ fix 
q 

( q ingoing). Defining * = - —~ we find the following 

relations in the Bjorken l imit V{B) -»~ , q ->-<*> , x R . 
fixed, 

x = x + 0 ( — ) , Bj v s '" 

q 2 =-s -JL_ + 0 ( l ) ; v = ~—- + 0(1), (5) 
1-х 2 (1-х) 

p_+q_=p_(l-x); P + +q + = 
2p_(l-x) 



For further reference, we list also some ordering r e 
lations between different "-" components of momenta 
involved. Since p , P , P« are the momenta of ingoing 
or outgoing particles, we have 

Together with q < 0 and momentum conservation, this 
yields 

p _ - V = V _ 4 - > 0 , p - - W " q - ' ° - (6) 
2.2. The Amplitude ?ру 

The diagrams of fig. 3b can now be calculated using 
the expressions for the quark propagator, the T -matrix, 
the vertex function and the quark formfactor of ref. 6 / 

(see also appendix A). Let us consider, for example, the 
diagram FJ?P . We get 

2 2 
F ' 2 ) = - 2 i e c N 2 f - ^ f - l i - S c ( k - q ) Q C C ( k , q ) S c ( k ) x 

Py {2uf &nf 

x r C a ( k , P y ) S a ( k - p y ) • i T ( k - p y , P -p;(q-P yf)S a(P-p)x 

bi be 
хГ (P .P )S b (P ) r ( P . P / ? ) S C ( P - P / J ) . (7) 

As only the quark propagators depend on the "+" compo
nents of the momenta, the respective loop integration 
over k + , P+ can easily be done. In the case of three 
quark propagators we obtain, e.g., 

/ dk + S i (k j )S j (k . )S f (k p ) = 

= Л1® (-kj©(k je^j-eck.jec-k jec-kpjiha^ha.p) 

+ l0(k._X?>(-k.J0(k f_)-0(-k._)(=)(k.j0(-k ( ,_)|h(j,i)h(j,P) 



where 

^ © ( k . j e f k . ^ H j ^ )-0(-k._)e(-k._)B(k(,_)|h(Ci)h(P J)], 
(8) 

h( i , j )= — _ . ! L— = -U(j , i ) . 
m?-m s mi - m s 

_i L 1 — J (k . -k . ) 
k./(k.-k.) k. /(k.-k.) ' ] 

( 9 ) 

m = • 

A similar formula holds in the case of four internal 
propagators. The single terms in the r.h.s. of eq. (8) 
can be visualized graphically by x - " t i m e " ordered 
graphs / 4 - 6 / where quark lines are directed to the right 
(left) if their momentum k_ is positive (negative). This 
rule may be extended to the momenta of the bound states 
and the current, too. In most of such ordered graphs the 
above factors h may be absorbed by the vertex function, 
the quark form factor or the T -matrix, respectively, * 
(see eqs. (A3, A6, A8) of App. A). Applying eq.(8) to 
eq. (7) and using eqs. (А.З), (А.6) in a way to cancel as 
many h's as possible, we arrive at the graphs of figAd-i. 
These graphs are to be understood with the following mo
dified rules: 

gluon line: -̂ з-
k_ 

quark line: 1 (10) 

gluon-quark vertex: 1 
a b 

meson wave functions: Ф (k /p ). 
Note that there appear gluon propagators in the diagrams 
because we have used eq. (A.2) in order to "turn" around 

к 
a quark with x = —=- < 0 at a vertex into a quark with 

P_ 
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с) * 
* У' 

(' 2fm*A(c:r)h<c;c)) 

L) * 
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0<x < l . The quark form factor is yet unchanged. All 
remaining factors are written down explicitly as a num
ber multiplying the expression of the corresponding graph 
obtained by means of (10). The ordered graphs belong
ing to the contributions F^y , F$) of fig. 3 may be 
derived analogously. The graphs of F v are depicted 
in fig. 4a-c. Finally, the graphs belonging to FJ& may 
be obtained from those of Fa/ by replacing /3-у and 
reversing the direction of the quark lines. Now 4a) can
cels 4h), and 4b) cancels the analogous graph of FJL; . 
The remaining 11 ordered graphs can be collected into 
three groups if we use the concepts of the three-meson 
v e r t e x / 2 , 4 / . the meson form f a c t o r / 6 / and an irredu
cible four-point coupling between a current and three 
melons. The graphs 4d), e), • g), i) and their analogs of 
Fpy are represented by the second and third diagrams 
of fig. 5, respectively. The remaining graphs 4c), f) and 
an analogous graph from FL; constitute the irreducible 
four-point coupling which by the algebraic identity 

(h(a,c')h(a,c)- bCca)h(c,b)h(c,c') + h ( c > № ( c - i C ) 

h(b,a) щ ) 

' +h(c',b)h(c',c)=0. 

is identically zero. In the next step we use eq. (A.8) to 

p \ \ 4 

(а) (Ь) <C> * 

.«PC, 
Fig. 5. Diagrammatic representation of the "time"ordered 
diagrams by a direct photon-meson coupling (a) and 
by the 3-meson vertex and the meson form factor (b,c). 
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eliminate the last h -factors. After some substitutions 
in the integrals involved we, finally, arrive at 

W9'4:vevY)'W"')+W'") ( 1 2 ) 

4 i K n D с * 
F ( P . Q ; P P ) = — y~ c fdydzdy-dz'x 
fly fly ra 0 

ba 1 . »_ ba 1 —у 

M 2 l + Г) M 2 l + 7 , 

x ф Ь с ( 1 _ У ) ф " ( Z - ) 

( У + Z r , ) 2 " ^ M y 

ca \ n - t , i i f j L . <Py-q^ ч 
x lG ( z , - — ; —Y- ) -

1 + 77 m^ 

" " - ' • ^ ' l a S . i i ^ l ^ ' . - o ^ , ^ ; ^ , , , , 
1 + 77 m 2 1+17 m 

( y ' + z ' T , ' ) " i + T 

V 

(13) 

where the Green functions G(x ,y ;p 2 ) , G(x;p2 ) are / 
defined in the appendix, and we have written * M 2 instead > 
of Фп (M„~!T 2m 2n). The above expression n F « y re
presents the graphs 4d), e), g), i) = second graph of 
fig- 5. F^j, corresponds to the third graph of fig. 5 and 
may be obtained from (13) by the change /3 ̂ y and 
a suitable change of the flavour indices. We mention that 
the above ordered graph scheme depends on the refe
rence frame and the kinematical region under considera
tion. 
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3. ASYMPTOTIC BEHAVIOUR OF F 
IN THE BJORKEN LIMIT ' 

In the following we shall compute the contribution of 
the above graphs to the partition function f(x) for deep 
inelastic scattering by sea quarks * 

f(x)=limB. „ 2 W(q 2 , „ ) . ( 1 4 ) 

Before estimating different contributions of the phase 
space to the sum in eq. (3). let us recall briefly the re
sults obtained for the Regge limit of the cylinder graph 
with external mesons only / 4 , 5 / . As has been found, the 
phase space region M̂  , My = 0( l ) yields a Regge-
Regge cut contribution. From the region tnb=0(s)t M2 = 0(s) 
each of the ordered diagrams gets an asymptotic contri
bution reminiscent of Pomeron exchange. There works, 
however, in the Regge limit an intriguing cancellation 
between different asymptotic contributions so that really 
no net bare Pomeron in QCD^ does appear. Finally, the 
regions M|3_=0(s) , M̂  fix (мСпх, M 2

y =0(s)) and 
Mj8'My=°(V s ) lead to a residuum or trajectory renorma-
lization of the ordinary "f "-trajectory, respectively, 
that breaks exchange degeneracy. 

Let us now evaluate the contribution of the analogous 
phase space regions to deep inelastic scattering and ask 
whether a cancellation mechanism works also in the 
Bjorken limit of the cylinder graph with external currents. 
This question is not trivially answered because the can
cellation may be incomplete for processes with external 
currents / 8 / . Moreover, there contribute other sets of or-

* Using dimensional counting arguments one should take 
into consideration that in QCDa coupling constants have 
a mass dimension [g;e]=i. With [|M.P>] = 1 , [j„ ] (in
cluding e c ) =2 we find [W_ _ ] = 2 and [W]= 0. The par
tition function contains then a dimensional factor (сотр. 
eq. 26). 
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dered d iagrams in the Bjcrken region (q_<0) than in the 
Regge region (q > 0). 

i). M f l , M v

3 = Q ( l ) 

We start with the d iscuss ion of F g y . The re levant 
kinematics following from eqs . (4), (5) has been grouped 
together in the Table. Using eqs . (B9.B12) we find 

m m 4 igxp e c M l + 6 a 

F ( p q ; p ( > ( + ) ) = — ( — ) 
fiy P У m s 

b a ba" 
1 - " ^ 3 „ „ „ . *M 2 (1 -Х^Х)-Ф g (( l-y)( l-X)) 

x ( - - ) / dydzdz - x 
( y + z - * _ - ) 2 

1 - х 

х Ф Ь С

2 ( 1 - У ) Ф С о ( 2 ' ) d - z / a C a C (z ,M a x -Mg-*—) + < * — > = м„ M 2 p l - x s a 

= O(-i)- (15) 
v s 

For i l lustration, we have written down in eq. (15) the 
contribution from the direct coupling of the current. In 
a s imi lar manner one proves F ( p q ; ^ ~ p ( - ) ) = O(- l - ) . 

РУ Р У S 

Further, taking into account A ~ 1 / 2 ( S . M J , N l b - l / s , w e get 
W ( 1 ) (q, 2 i / ) = 0(l,fe 3 ). Thus, there i s no contribution to the 
partition function f 0O-

. 2 _ Q 2 „ ^ 2 _ . . 8 c 

-y-
ii). Wp = j 3 s , M , , = >' s 

Now for f ixed/8. у m a s s e s with /3+y<l contribute to 
the sum (3). Since the meson wave functions Ф ь | (l-y)and 
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Фм2(2') in F̂ g (cf. aq. 13) become fast oscillating func
tions 7 for MJ§ 7 щ -> «о the leading asymptotic contri
butions arise from the boundaries of the у and z' in
tegration. Let us discuss separately the two terms in 
eq. (13), which describe the direct coupling of the cur
rent and the coupling via bound state mesons, respecti
vely. For у =0 the gluon pole at y=0 , z=o can be ex
ploited, hence the y=0 boundary is favoured with respect 

2 2 2 
t o y = l . Thus, substituting у - у ~ , z->z-5L , z ' ^ z ' m 

s ' s ro or 1 - z' — yields 

- Е Ш ф ' Ь а ( _ 1 _ ) 
„dir 4ig,p e cm 3 - 1 + ч м 2 1+1 
F £ f dy dz dz &У s 2 0 ( У + z , ) 2 

£ 2 s 
2 

x ( - 1 ) 1 ; ^ Г 2 ф с ( у ^ а ) | ф с ( 2 ' у

2 ) С с а " ( 2 2 , - , ^ - ; - М : ) + 
s 1+^' m^ 

2 

s s 1 + , ' m 2 

(16) 

where Ф' «00 denotes the derivative of Ф „(x).To obtain 

eq. (16) we have used the scaling property (B5) of the 
wave function. Referring to the Table for the behaviour 
o i V , P , (P v -q) 2 and using G = 0(^-) (cf. eqs. (B12, 
B13) we have y s 

ч?;-°<> ciT) 
The dominant contribution to the indirect coupling arises 
from y=z= y' = z' =o because at this corner both gluon 
poles are exploited.With У-* y® 2... we find 
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М У _ ф ' Ь а ( А - ) 
1+ч мг ' 

§У s о " ( l+z 4 ) a 

!„л 4ignR._e.ni оо 1+ ч " м 2 1+п' 
d ь,.у_ с |- dydzdy'dz' - '-

/3Bs G

c c

( 1 _ y - i _ l - _ _ _ . 
x ( - l ) ^ ( y ^ C ( z V 2 ) S ' ( Х - 1 ) Ш х 

1 _ '— 

s l+jj тг 

_ I + ____BL! f g 
. G

e a ( i ! _ . ____• - № V ~ q ) ) ] , (18) 
S ' l + 4 ' ш 2 

The behaviour of the Green functions is 0(—) (сотр. 
App. B) so we arrive at * 

Replacing the sum in (3) by integrals over the bound 
state masses we obtain the net behaviour 

„ ( И ) - 1 • j d f f a d y

8 ' ^ ' 2 - o ( l - ) , (20) 

which is again far too small to contribute to the partition 
function. If the cancellation between different ordered 
graphs of fig. 4 represented by 

* This estimate can further be improved by recogni
zing the additional cancellation between the G -functions 
in the bracket of eq. (18). This means that the indirect 
coupling is dominated by the direct one. The relation 
(19) is, however, sufficient for our purpose. 
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Ili m 2 

Ф Ь \^11-)-Ф f(~^-)-f(f^)*'f (f-> 
MS 1 -ty ИГ 1 +>7 S 1+T M a 1+4 

is not taken into account, an individual ordered graph 
yields a contribution 0(.\*) to F„ , which is also not 
enough to contribute in the Bjorken limit. It should be 
noted that this situation is rather different from the one 
encountered in the Regge limit / 4 , 5 / . We have thus 
found that the "Pomeron region" of the phase space does 
not contribute in the Bjorken limit even before the can
cellation of diagrams is taken into account. 

Hi). a)M^ix,M^=/s; b )M 2 f ix . M 2=,3 2c 

In the "+" -variant of the momenta (cf. the Table) the 
leading behaviour to F.^ r comes from z'=o.l due to 

the fast oscillating Ф c \ (z').Since the function G° a va-

nishes (cf. eq. (B.10)) at z'=1. the contribution from 
z'=Odominates. We get 

dir (+) (f) 1 p p p 2 2 
Ffiy (p«:p^ p )- T 4 , g e < : p - m y ( X + I ' X y ) ( 1 _ x > v-y)x 

ba о о Q ba о 
1 1 Ф м 2 ( ( 1 - х Х 1 - у 2 ) + г ( х + у 2 - Х у 2 ) ) - Ф м ^ ( 1 - у ) ( 1 - х ) ( 1 - ) - ) ) 

x f dz' f dy f dz . 
0 0 0 [ ( i _ x ) ( l - y 2 ) y + ( x + y 2 - x y

2 ) z l a 

.be". , . e , , 2 cl x .„.2,_2 M tf™ .. 2 2. . 2 / 2 

хф1"1(1-У)ф"(2'у2 )G""(z, - ;(M"/m" ~)(*+гЛ-*у'% 
Mp x + y

2 - x y 2 d-x)(l-y2) 

V '.":.: (2i) 

The leading contribution to F""? is due to z '=o ,y '=0 
and turns out to be - y 
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ОРЧ>Р>0(1 , ) (22) 
s* 

The same estimate (22) may also be derived for the 
"-" variant of the momenta. To complete the discussion 
we have to consider also the case b) M2 fix ,M2a=p2s . 
Because for both ± variants (p -q)2^-,», we get 

V p , : i f s 4 ± ) ) " 0 ( " b ) - < 2 3 > 
For Fpx the role of M^ and My as well as of (+) and 
(-) is, of course, changed. Hence, we arrive at the fol
lowing contribution to w 

W<m> 1 ( 2 Г dM2—£1 P Y + 
" 8 Л " M O У A M ( 8 i M e „8 

p у 

+ S f dM„ ——^ -£—f ) 
"v о Р А / г (s.M 2 ,M2 ) 

P V 

(24) 

and with eqs. (21), (B6) we obtain 

lira i^w(q 2.„)=f(x)=(f Ь а (x)+f a b(x)), (25) 

where 
f

b i

( x ) =

 e « m 3 c (1-х) 2 S f 1 dp(x + P -xp) 2 ( l -p ) x 

1 фЬ2(1-(1-г)(х,р-хр))-Ф^((1-у)(1-х)(1-р)) -
x | (• dyfdz •*&> 

0 0 [(l-x)(l-p)y + (x + p-xp)zr M i 

x G

e V . - X — : ( M 2 / » 8 5^^1_)(x+p-xp))|2 

14-p-Xp (l-X)(l-p) 

and f a b (x)=f b a ( x ) (b«a). 
(26) 
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The p-integration in (26) converges at p=0 and 1. 
Moreover, the summation over м 2 converges since the 

expression under the sum is o( (—) 2 ) f ° r large м 2 • 
M 2 ' 

j 

These two convergence statements are necessary con
ditions for (26) to yield a finite contribution in the Bjor-
ken limit. In a similar way one may analyze the region 
M2

3 = 0(\ /s) > M2 = 0(Vs"). responsible for trajectory re-
normalization in the Regge l imi t 7 5 7 . By analogous consi
derations we find that the corresponding expression dies 
out as q2 -«-о». Hence, the result (25) is the leading con
tribution of the cylinder graph in the Bjorken limit. We 
note that the expression (25) may dominate over the va
lence quarks of ref . / 6 / if the sea quarks are very 
heavy, —-— » m 2 , m 2 

N a ' 1. 
To complete the discussion, we finally quote the be

haviour of the structure function (25) in the limits x -> о 
and x -»l, respectively. As in the case of the valence 
quarks, the behaviour o f f ( x ) at x=o turns out to be 
related to the Regge behaviour in just the way suggested 
by Abarbanel, Goldberger and Treiman / 9 / . With eq. (B9) 
we get, e.g., 

b - 2/3 e

2 m 2 1 2-2/3 c 

f b J ( x ) - x l - V ^ S t d P P G-P)* 

ba ba, 
i i Ф М 2 ( 1 - Р ( 1 - 2 ) ) - Ф М 2 ( ( 1 - У Х 1 - Р ) ) 
f dy f dz —Ml Mf 

0 ° [ ( l - p ) y + P z l S 

. . 2 

. cb " ca о о Mi p 
хФ (y)C (z , (M 2 /m a 1 ) p ) f 1 . (27) 

M i ШЪ-Р) 
Note that there is no x - 1 behaviour being the signal 
of Pomeron exchange. Instead, the behaviour* (27) is due 
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Fig. 6. Residuum renormalization with (ec) exchange 
obtained from the cylinder graph. 

to the exchange of an ordinary Regge trajectory ("f")with 
the intercept а

Сс^=~г^е arising from the "residuum 
renormalization" graph shown in fig. 6. As Pc is 
a monotonously increasing function of mc (cf. B3), we 
conclude that at x=0 the contribution of light sea quarks 
may dominate over the heavier valence quarks. Finally, 
we find from (26) using eqs. (A5, B12) 

. ba , . 2(/J., I ^ , , f j 8 c + 1 ) 
(28) 00 - A (I-*) 

x-»l c 

. / 6 / Comparing eq. (28) with the valence quark behaviour' 
2 2 p a tj 

v W x ^ / 1 - x ) w e s e e that the contribution of the 
cylinder graph is suppressed for x -» 1 independent of 
the quark masses. 

4. SUMMARY 

We have investigated sea quark corrections of an or
der of 1/N to the structure function of deep inelastic 
scattering in QCD2 . The class of graphsconsidered con-
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tains only one quark-antiquark loop and possesses the 
topology of the cylinder graph describing the dual bare 
Pomeron / 7 / . /As our main result we find that there is no 
signal of a bare Pomeron in the quark partition function 
t'(x) as x >0 which is consistent with the conclusions of 
ref. / 4 - 5 / obtained for the Regge limit. However, to 
obtain this result the cancellation of different diagrams 
observed in the Regge limit is now unimportant. The 
cylinder graph yields also a finite contribution f(x)~ x _ " , 

x >0 

" being the intercept of the exchanged "f" -trajectory, 
which may be interpreted as a residuum renormalization 
term.*\This expression may dominate at x о over the 
valence quarks if the sea quarks are light. 

It should be remarked that the absence of a bare 
Pomeron in QCD 2 is probably related to the lack of 
gluonic degrees of freedom and of gluonic bound states 
lying on the Pomeron trajectory. 
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APPENDIX A 

To be self-contained we list here some relevant 
formulas for QCD2 needed in the text which have been 
discussed extensively in the literature 2A'• The Feyn-
man rules are * 
gluon propagator: P —3- (principal value) к" 

— ik dressed quark propagator: S (k) ~-~ (Al) 
к -(ш" г -Ь-̂ Ч + ь 

quark-gluon coupling: -2ig " 

The gluon propagator used here differs by a factor 
of (-1) from that of ref . ' 4 ' . Therefore, we have also 
different signs in eqs. (A4) and (A6). 
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The normalized quark-antiquark meson vertex is de -

fined by (m 2 =-—-) 

P ^ p . O . - l i l l L / < ^ d y : Х = Л (A2) 
Г - О ( x - y ) 2 

or, if x i (0.1) and the bound state is on shell, 

Г ( Р . О - - - 1 р - - Ф а Ь ( х ) , ( АЗ) 
n mh(a,b) n v ' 

ah 
where Ф п (х) is the meson wave function of 't Hooft. 
The scattering matrix admits the d e c o m p o s i t i o n ^ — - , 

. P' r -
* = — ) 

— ^ _ — 
ab , Л R~i „ i ab ab 

IT (p.p':r)= --я—-- S — - г (Р .ОГ п (P'.r). 
H(x-x у n r

2 _ M

2 n n 

n (A4) 
It may be e x p r e s s e d by the Green function G, 

а1Г. о. _ Ф п

а "(« )Ф^(У) ba~ 
G ( x , y ; , ^ ) = v _ ^ » = С и " ( 1 - х ; 1 - у ; д 2 ) 

( д 2 = Г 2 / 1 > 2 ) " ( A 5 ) 

in the fol lowing way a b r-
2 „• 2 , 1 G ft'21-o) 

r^Jx-x')2 г 2 о о ( x - y ) 2 ( x - z ) 2 

i fx .xY(0 , l ) (A6a) 

ab г ^ 

пГг_ h(a,b) о (x'-z)z 

if x 5- (0.1) 
« '«(0 .1) ( A 6 b ) 
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ab r" 
G (x,x';—g) • m

a b , - ч , • 2, S(x-x ' ) ш 

ДТ (p.P ;r)=4ig ( — - — 
r_nTh(a,b) m4h(a.b)h(a',b' ) 

if x.x'e (0.1). (A6c) 

Finally, the quark form factor reads - 2ie cQ (p.q), 

Q C e ~ ( P . q ) = l - f V t a ' - ^ ^ ^ X x = I=- (A7) 
о о (x-x ' ) 2 -q_ 

or if xe(f l , l ) 
0С С(Р.Ч) = --> Ч ~ - f G C C (x. y ;- i ! )dy. (А8) 

m h(c,c ) о md 

We have also considered a reduced G -function defined 
by 

G a b ( x ; M

2 ) = / d y G

a V y : „ 2 ) . ( A 9 ) 

APPENDIX В 

We summarize here some properties of the func
tions Ф а Г (х ) and G a^(x,y; p8 j ( f o r details consult 
rets.'*. 6/ ) 

Ф ; Ь ~ 0 О - ( - 1 ) В Ф ; * ~ ( 1 - * > . < B 1> 

ab , "a ab 
Ф п ( х ) ^ х С . (B2) 

where the power /3a is determined by 

^•+прлоп„рк-1, 0<Э а <1. (B3) 

Further 

ф а \ х ) -. sin^nx (B4) 
П n-»oo 
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lb v а о ™ n 2 
Ф п (JL-.) - Ф (x); „ 2 = ~ „ n , ( B 5 ) 

Га Х ф а (х)=- ' 7 ——. (B6) 
о v'2 m 

The G -functions obey the following scaling relations 

G"VL У ; „ . ) _ . - 1 , Г а л - ф а ( Л х ) ф а ( Л у ) . G") 

-/i2 - , , 2 ^ ^ „<!„ 1 + A 

G ( —p.H 2) -5 " - 2 ( 1 f ПЛ ——— ).(BB) 
Finally, let us add some formulas not explicitly con
tained in the references cited. First, from (B2), (A5) we 
obtaui 

G a b~(x,y;M

2) - x ^ C a b " ( y : ^ ) (B9) 
x * 0 

с а Ь " (1 -^у :^ )=с Ь а " ( х - 1 -У;м 2 ) ~ * c b a ( i - y ; , < s ) . x->0 

The completeness relation for the Ф а Ь yields 
(BIO) 

G a b ( x , y ; M

2 ) - i - f i (x -y) (Bll) 
ц -»-~ Ц 

Using analogous techniques as those leading to eqs. 
(B7), (B8) we find the following additional estimates as 

а 1 Ь ( ^ - о . у : / ) - 0 ( ( Л ) )• ( B 1 2 > 

a '* (J - B . i - i - B ; ( ," ) -o ( (V + ^ 4 f l b ) • <B13> 

* In ref. / 4 / arguments are given in favour of 0((—) ) 
on the r.h.s. of (B13). We reproduce this falloff if we 
use the integral equation satisfied by G and (Bll) under 
the integrals. As the approach to eq. (Bll) is not uniform 
near (x,y)=(0,l), the validity of such a behaviour is, ho
wever, not clear. Anyway, for our purposes the estimates 
(B12), (B13) are sufficient. 25 



ю Table 

—^--•0. " -»0 
в в 

M v г *Л 
2 о М* 

м у " у Е " • м | - ^ е в 

V 
Р.(«-х) 
м|р_(1-х) 

P_d-x) 

Э 8р_(1-х) 

(1-у г Х1-х)Р. 
« | Р . ( 1 - Х ) 
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1-х 
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" 1-х 
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ч 
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В 1 - у 2 
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