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1. Introduction 

There are many reasons to believe that Quantum Chromodyna-
aics (QCD) is the basic theory of hadrons. 't Hooft has investi
gated, for example, the particle spectrum of a two-dimensional 
QCl/ ', In this case one Is able to solve the dynamical equa
tions of the theory. As has been found there, two-di»naional 
QCD exhibits quark confinement and yields a linearly Increasing 
mass spectrum for the colour singlet quark-antiquark bound-
state mesons. Recently, a lot of interesting questions such 
as unitarity, Regge behaviour, deep inelastic scattering, form 
factor behaviour, <iV -annihilation have been studied within 

/p—ч/ this model . moreover, Introducing bilocal fields it is 
possible to derive from two-dlmeDBlonal QCD an infinite-compo
nent nonpolynomial field theory for the bound state mesons' • 
A complete effective Lagranglan of this model should, however, 
contain colour-singlet mesons as well ae baryons. As a first 
step towcrds this aim we investigate in this paper besides the 
quark-antiquark channel the quark-quark channel and the ques
tion concerning dlquark bound states. Baryons could then arise 
(for •SW(\')) a B bound states of diquarks and quarks. 
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For this purpose, *e have introduced two typee of bllocal 
fields for the </T - and t-HI -channels. Ihe stationarity 
condition for the effective bllocal action ylelde then a eyeten 
of equations for the quark Green's functions which is the 
relativistic analogue of the equations in the theory of super
conductivity '• ' ° . Ihe second functional derivative of the 
effective action evaluated at the stationary point determines 
the kernel of the Bethe-Salpeter equation for the <?•/ - and 
с I ij -channels. 

In Sect. 2 we derive the effective bilocal action for the 
meson and diquark sector. Sect. 3 deals with the quark and 
diquark spectrum. 

2. Bilocal Variables 

let us start vith the generating functional of Green's 
functions of two-dimensional QOD in the light-cone gauge. In 
terms of dynamical variables we get ' 

£ ( 7v) = q fo i*f c<pl i ~hb'c;,) ~ **¥•№.k fft. 
Tl "I+? ] 

Here «e have used the short-hand notations 

K-i 

- 'b<slt,i &A c > ^ W*-r) #*-*'; Jr /n • <2> 
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•лп) 
Л г are the matrix representatives of the generators of 

the local colour gauge group ,S'U( Wc") normalized according 
to tf ХЛ>?Г) - TS"1" ( \ - . \ 4 ? S. >. The gluon 
propagator and the quark propagator -i ' are given by 

оГк -ikx-

The capital indices A in eq. (2) denote a triplet of indices 
(c{ , « ' O i "ber* ft * л, - •• , Ыг and •< = i , , ̂  are 
indices of the global flavour group ЬК(Ч)ог of the colour 
gauge group , respectively, and '<" is an integration 
variable (summation or integration over repeated indices is 
understood). Finally, C, la a normalization factor guarantying 
that Z(0|CO - 4 .As can easily be seen, the interaction 
tens (2) leads to attractive forces in the colour-singlet quark-
ant i quark channel. Indeed, не have 

N'-t i U ) 

\ijS = Сл Л^ Аул г ' l "к,,," 'l N. N 1 j 4,;,S 
и-. 1 

•here P, , "?, are the projection operators on the respective 
йd -channels. Ae has been shown In ref.' * ' there arise then 
meson bound states in the colour-singlet Чч -channel. These 
bound states are most easily introduced into the generating 
functional by linearixing the four-quark interaction (2) in 
( Ч°С ) using a bilocal fit, Id .Z.'K)'1. moreover, an effective 
lagrangian of QCD should r.len contain the colour- singlet 
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baryon bound states which are built from M c quarks (for 
С ( ( M O ) in the completely antisymmetric combination 
,' . iy ,) :/ ''°', nils could possibly be achieved by adding 
and subtracting suitable combinations of W c quark fields to 
the exponent of eq. (1) and linearizing them by multi-local 
fields "R(K(,i<z, •• i *,g "!> • As a first step towards this aim 
we investigate in this paper besides the ЧЯ colour-singlet 
sector the 'H (aniisymmetric)-sector of two-dimensional QCD. 
Using 

{M л Nci = ( A ] - \ч\ 
4"'•< , (5) 

it is obvious that the gluon exchange leads to attraction in 
the antisymmetric channel 

I'M 
and to repulsion in the symmet

ric channel { ? j • 1~д and ("̂  are the respective pro
jection operators» We expect then the formation of diquark bound 
states in an antisymmetric colour configuration. In particular, 
for S U ( \ ) diquarks could possibly be bound together with 
quarks to build colour-singlet baryons» Adding and subtracting 
suitable terms we now use a four-quark interaction which exhibits 
explicitly the attractive forces in both the tjcj - and (Ы -
channels* 

F = {(ff,?,к?, «Ю ••-((f^?AЪА w)}+ 4fi.U6> 
K/r denotes, in the spirit of a 3artree-Fock approximator, 

a "residual" interaction whleh will be treated perturbutively. 
»j m e errective four-quark interaction in the curly bracket of 

eq. (62 leads to weight factors in the dynamical equations for 
the ч'ч - and 4« -sector that agree with perturbation theory. 
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tor this purpose, we write 

lV(f l4' 4') = Wr( * t y > ' *0 
and take it outciide tbe functional integral. We now linearize 
the effective four-quark interaction in tbe expressions ( •»• f ) 
and ( 44 ) by performing real and complex Ыlocal Gauss integ-
rationa / 6' 1 1 / 

,)Z ? 
J (7) 

(a) 
* Л :' ~'л-\ f ) '•: 

-л • J Г ~ 
К л я , с р K D C . E F = ^AB.ETF = C / u - L t f , , i ( t • 

The b i l o c a l " f i e l d s " _o Л are t rea ted as С -number (Boee) 

f i e l d s . To have Ы l o c a l sourcee that couple d i r e c t l y to tbe 

bi l o c a l f i e l d s we add in e q s . ( 7 , 6 ) source terms '. '• , '.>'''• 

and perform the change of v a r i a b l e s 

? , M - - x 
\\Q * Л = У (9) 
Q\rF.- 7 

Using eqs. (6-9) tbe functional integral over tbe quark fields 
in eq. (1) may now be taken 

J' 
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where ^ 

L- 4 ' • - ' - , r | 

The generating functional no» reads 

£.i v,\' ) - С ч р t ^ Г " Wr( < t y > i £, ) * ( i 3 ) 

«here the effective action v^v^ and the source-dependent term 
.- { . .1 ' . / У j are g iven by 

к„ (v у. л , i r f c ( к к\) - i tr &, L^"-^ ] 

I 

Here 

Г . ^ " < ( -ГУ" 1 ^ ' I" I + »?fi "^ —' -' '•' >Я ^ . ] (16) 

8 



/ 

are the normal and anomalous Green's functions of quurka noving 
In external Ыlocal fields 

3. Particle Spectrum 

a) Quark sector 

Considering the stationary points of the effective Mlocal 
action (14) immediately leads to dynamical equations for the 
quark spectrum of tao-diaanaional QCD, Let ua take 

or 
awvu ,- ^sfi _ л • c-^& - ... (17) 
i t - "•' > с У ' i V _ 

Denoting the projections of the solutions ( \ f У X ) of aq. (17) 
by _ _ 

? i X -M , Ъ2«>о-Д , Гл2иу*£ ( 1 8 ) 

and taking into account the definitions (16), the etationarlty 
conditions (17) yield the following coupled systeu of equations 

д = -uTfZ?A G„fn,^5) (19) 

In •omenum apace we get ( M ,Cc) » M(V,1 <Г,л s flavour indices 
are suppressed) 

M( Po-< fr-йг C j ^ - ( k . . r . F 
(20) 
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where " c $ 

W l > = • ' W 1 , - - > - , - > .22) 
л г*-, it. • » , „ • , . ; - v. M C t ) 

' ( I L I V' is an infrared cut-off. The coupled eyetea of the 
nonlinear equations (16),(19) fcr the normal '~Л ajicmalout 
quark Green's functions and their respective noraal and anoma
lous self-energies M end Li £> ie Just the relativJctic 
analogue of the equations in the theory of superconductivity' " 
For illustration, we give in Fig. 1 the graphical expressions for 
ij , (j,j , J M i -J , '̂ ar.d И . The content of the 
coupled equations (16,19) is shown in Pig. 2. Notice that in 
the cuae of trivial anomalous solutions 1 '- ^ - &,. - U u = (У 
the above equations reduce to the Schwlnger-Pyson ecuationa 
for 1-'н • ^ in an approximation >her« vertex and gluon 
propagator corrections are absent. The respective equations 
have been solved by 't Hooft in the limit W -» i , .j'W. 
fixed. The solutions are 

^J--l I '•T1''- i MlM - f N~A{ %''' ' Г. ) (23) 

nith G) h ('1Л given by eq. (22). In particular, it follows 
from eq. (23) that If A -»С then M(l-)-»-v- and 

(24) 

This vanishing of the quark poles for Л -»(? has been inter
preted as an example of an Infrared confinement of q w k e 
m) The limit .v«c has To be performed at the end of all calculations. 0th4r realizations of quark confinement with propegator poles have been discussed in ref. /2,3/. 
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We shall restrict ourselves in the following to the solution 
Mffr > Д = Л - 0 . The question of possible nontrivial solu

tions Д ? & will be studied elsewhere (a solution J ! ' 
would imply a new BCS-ground state containing Cooper pairs of 
quarks). ' 

b) Diquark spectrin) 

Let us now expand the integrand of eq. (13) around the 
stationary point P,X = M , A = £ = (? . Shifting the 
integration variable according to 

the generating functional (13) may be rewritten as 

7 

x г^у.р.с.аи^-л, у) < 2 6 ) 

LiJ I,/У Here the free actions ""fre* , ' v (rtl for the field 
variables if. and У are determined by the quadratic parts 
of the effective bilocal action 

(27) 

The interaction part W;„t is given by 

There are implications froa the non-relat istic theory 
that superconductivity cannot arise in two-diaensiunal models, 
i.e., Д - С /12/. 
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"43 

Z i-tr [- ^ r* % <M* 

(29) 

V} =1 

Ihe first two contrlbutlone describe here the self-Interactions 
of the ф a n d У fields, the third term describes the <£, У 
interaction. 3& , 3D/ •*• the propagators of the bilocal 
fields ([ , У . They satisfy lnhomogeneoue Bethe-Salpeter 
equations for -\'j - or 44 -scattering in the colour-singlet 
or antisymmetric channels, respectively, 

Varying the free actione (£7)» не easily get the Euler-Lagrange 
equations for the "free" bilocal fields 

i iV = e ТХЛ' - " 4 - в • (зо) 
•^4 1 ° i / *-

These are homogeneous BS-equatione for the respective bound 
state vertex functions in ladder approximation. The first equa
tion determines the 9 4 -meson apectrus/ ' r.nd has been solved 
by 't Hooft ; the second equation determines the diquark 
spectrum. Its explicit form reads Q• , % 

Г H A .г^-.^гЬ 1 \-^. f2МИг V1^" ( 3 1 J 

where ^ is the total momentum of the Ц~А pair (cf. Fig. Э). 
Eq. (3D is analogous in structure to the equation of the V^ 
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sector' '. In particular, we have the right sign in front of 
the integral in order to get attraction. There ie t however, now 
the important difference that the infrared singularities of the 
quark propagators and of the gluon kernel do not longer cancel 
(except for the special case St<(2c ) ), The solutions of eq.(31) 
have to be totally antisymmetric if one interchanges the colour, 
flavour and space-time variables of the two quark constituents. 

It is convenient to consider the Integrated ware function 

Inserting it Into eq. (31) we obtain again an equation of the 
•t Hooft type .1 

vzL*(* -C4-' '&№-?\$t*,J/' <зз, 
where К - | /r and 

/Vi. ' -w W c (34) 
' v - <,/зг%" -К-о. 

The solutions of eq. (33) have to satisfy the boundary condi
tions Ал(<1~ ft* [t1-*)ibj at <-0 O - ' l , where 
JT J a Ct4 л Ь = - / i u. . The syBten of the eigenf unctions of 

eq. (33) i s complete and orthogonal. For large к one obtains 

K 2 , , (35) 

This yields together with eq. (34) the following mass spectrum 
for the diquarks 
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This spectrum ie very similar to the single quark spectrum 
defined by the pole of the dreeeed quark propagator (22), (23) 

lbue, for f\ >-1 the quark and diquark masses tend to infinity 
as ' 'С • This is the expected result that after removing the 
infrared cut-off coloured quark states should not contribute, 
lbs diquarks are thus confined like the quarks itself. Hotice 
also the exceptional role of Ыс - 2 where the diquaxk spectrum 
coincides with the meson spectrum. 

In ref. ' we have represented the bilocal propagator of 
the meson field in terms of the BS-vertex functions, tor comple
teness, we quote here also the analogous result, for ~[V 
(flavour indicee are suppressed; X , f - / i . > < ' » )'•/(. ) 

, , О- л • 

у ' ' *Ы* Л\ ^*№ т.̂ л'-л)- ( 3 в ) 
- 7"" — Г — Р А ! I ' ^ л , > 

(39) 

The generating functional (26) may now be calculated perturba-
tively by expanding the integrand in powers of Ф and X V 
The functional integral over these powers can then be taken by 
means of a Hick theorem using the bilocaj. propagators JJj , 
~!)y / 6» 13i14/ # p i n e l l y f «xpanding the bilocal fields in terms 
of the "free" field eolutions obtained from the BS-equation 
one can rewrite the effective actions (27,28) in the form of 
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an infinite-component nonpolynomial field theory for the 
and UQ -obi ^tnnele' / 6 / 'jound etates in the Jtf 
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M(x,y) 

AC*,*; : *—0—* 
-f-(*.y) : -— 

5 а (х.У) • 

Fig. 1. Graphical representation of the normal and anomalous 
self-energies and quark Green's functions. 
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Fig. 2. Graphical representation of the coupled syetem of 

equations (16), (19). 
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Fig. 3. The homogeneous quark-quark BS-equation. 
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Спектр дккваркое в двумерной квантовой хромодинамике 
В двумерной квантовой хромодннамике изучаются одновременно кварк-* 

кварк и кварк-ангикварк каналы с помощью метода континуального инте
грирования по билокальным переменным. Находится эффективное билокаль- ; 
ное"действие, условие стационарности которого дает уравнения, являющиеся! 
релятивистскими аналогами уравнений для функций Грина теории сверхпро
водимости. Вычисляется спектр днкварковмх связанных состояний и пока
зывается, что дикварки в рассматриваемой модели не могут существовать 
в свободном состоянии. 

Работа выполнена в Лаборатории теоретической физики ОМЯ11. 
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1. Introduction 

There are many reasons to believe that Quantum Chromodyna-
aics (QCD) is the basic theory of hadrons. 't Hooft has investi
gated, for example, the particle spectrum of a two-dimensional 
QCl/ ', In this case one Is able to solve the dynamical equa
tions of the theory. As has been found there, two-di»naional 
QCD exhibits quark confinement and yields a linearly Increasing 
mass spectrum for the colour singlet quark-antiquark bound-
state mesons. Recently, a lot of interesting questions such 
as unitarity, Regge behaviour, deep inelastic scattering, form 
factor behaviour, <iV -annihilation have been studied within 

/p—ч/ this model . moreover, Introducing bilocal fields it is 
possible to derive from two-dlmeDBlonal QCD an infinite-compo
nent nonpolynomial field theory for the bound state mesons' • 
A complete effective Lagranglan of this model should, however, 
contain colour-singlet mesons as well ae baryons. As a first 
step towcrds this aim we investigate in this paper besides the 
quark-antiquark channel the quark-quark channel and the ques
tion concerning dlquark bound states. Baryons could then arise 
(for •SW(\')) a B bound states of diquarks and quarks. 
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For this purpose, *e have introduced two typee of bllocal 
fields for the </T - and t-HI -channels. Ihe stationarity 
condition for the effective bllocal action ylelde then a eyeten 
of equations for the quark Green's functions which is the 
relativistic analogue of the equations in the theory of super
conductivity '• ' ° . Ihe second functional derivative of the 
effective action evaluated at the stationary point determines 
the kernel of the Bethe-Salpeter equation for the <?•/ - and 
с I ij -channels. 

In Sect. 2 we derive the effective bilocal action for the 
meson and diquark sector. Sect. 3 deals with the quark and 
diquark spectrum. 

2. Bilocal Variables 

let us start vith the generating functional of Green's 
functions of two-dimensional QOD in the light-cone gauge. In 
terms of dynamical variables we get ' 

£ ( 7v) = q fo i*f c<pl i ~hb'c;,) ~ **¥•№.k fft. 
Tl "I+? ] 

Here «e have used the short-hand notations 

K-i 

- 'b<slt,i &A c > ^ W*-r) #*-*'; Jr /n • <2> 
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•лп) 
Л г are the matrix representatives of the generators of 

the local colour gauge group ,S'U( Wc") normalized according 
to tf ХЛ>?Г) - TS"1" ( \ - . \ 4 ? S. >. The gluon 
propagator and the quark propagator -i ' are given by 

оГк -ikx-

The capital indices A in eq. (2) denote a triplet of indices 
(c{ , « ' O i "ber* ft * л, - •• , Ыг and •< = i , , ̂  are 
indices of the global flavour group ЬК(Ч)ог of the colour 
gauge group , respectively, and '<" is an integration 
variable (summation or integration over repeated indices is 
understood). Finally, C, la a normalization factor guarantying 
that Z(0|CO - 4 .As can easily be seen, the interaction 
tens (2) leads to attractive forces in the colour-singlet quark-
ant i quark channel. Indeed, не have 

N'-t i U ) 

\ijS = Сл Л^ Аул г ' l "к,,," 'l N. N 1 j 4,;,S 
и-. 1 

•here P, , "?, are the projection operators on the respective 
йd -channels. Ae has been shown In ref.' * ' there arise then 
meson bound states in the colour-singlet Чч -channel. These 
bound states are most easily introduced into the generating 
functional by linearixing the four-quark interaction (2) in 
( Ч°С ) using a bilocal fit, Id .Z.'K)'1. moreover, an effective 
lagrangian of QCD should r.len contain the colour- singlet 
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baryon bound states which are built from M c quarks (for 
С ( ( M O ) in the completely antisymmetric combination 
,' . iy ,) :/ ''°', nils could possibly be achieved by adding 
and subtracting suitable combinations of W c quark fields to 
the exponent of eq. (1) and linearizing them by multi-local 
fields "R(K(,i<z, •• i *,g "!> • As a first step towards this aim 
we investigate in this paper besides the ЧЯ colour-singlet 
sector the 'H (aniisymmetric)-sector of two-dimensional QCD. 
Using 

{M л Nci = ( A ] - \ч\ 
4"'•< , (5) 

it is obvious that the gluon exchange leads to attraction in 
the antisymmetric channel 

I'M 
and to repulsion in the symmet

ric channel { ? j • 1~д and ("̂  are the respective pro
jection operators» We expect then the formation of diquark bound 
states in an antisymmetric colour configuration. In particular, 
for S U ( \ ) diquarks could possibly be bound together with 
quarks to build colour-singlet baryons» Adding and subtracting 
suitable terms we now use a four-quark interaction which exhibits 
explicitly the attractive forces in both the tjcj - and (Ы -
channels* 

F = {(ff,?,к?, «Ю ••-((f^?AЪА w)}+ 4fi.U6> 
K/r denotes, in the spirit of a 3artree-Fock approximator, 

a "residual" interaction whleh will be treated perturbutively. 
»j m e errective four-quark interaction in the curly bracket of 

eq. (62 leads to weight factors in the dynamical equations for 
the ч'ч - and 4« -sector that agree with perturbation theory. 
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tor this purpose, we write 

lV(f l4' 4') = Wr( * t y > ' *0 
and take it outciide tbe functional integral. We now linearize 
the effective four-quark interaction in tbe expressions ( •»• f ) 
and ( 44 ) by performing real and complex Ыlocal Gauss integ-
rationa / 6' 1 1 / 

,)Z ? 
J (7) 

(a) 
* Л :' ~'л-\ f ) '•: 

-л • J Г ~ 
К л я , с р K D C . E F = ^AB.ETF = C / u - L t f , , i ( t • 

The b i l o c a l " f i e l d s " _o Л are t rea ted as С -number (Boee) 

f i e l d s . To have Ы l o c a l sourcee that couple d i r e c t l y to tbe 

bi l o c a l f i e l d s we add in e q s . ( 7 , 6 ) source terms '. '• , '.>'''• 

and perform the change of v a r i a b l e s 

? , M - - x 
\\Q * Л = У (9) 
Q\rF.- 7 

Using eqs. (6-9) tbe functional integral over tbe quark fields 
in eq. (1) may now be taken 

J' 
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where ^ 

L- 4 ' • - ' - , r | 

The generating functional no» reads 

£.i v,\' ) - С ч р t ^ Г " Wr( < t y > i £, ) * ( i 3 ) 

«here the effective action v^v^ and the source-dependent term 
.- { . .1 ' . / У j are g iven by 

к„ (v у. л , i r f c ( к к\) - i tr &, L^"-^ ] 

I 

Here 

Г . ^ " < ( -ГУ" 1 ^ ' I" I + »?fi "^ —' -' '•' >Я ^ . ] (16) 
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are the normal and anomalous Green's functions of quurka noving 
In external Ыlocal fields 

3. Particle Spectrum 

a) Quark sector 

Considering the stationary points of the effective Mlocal 
action (14) immediately leads to dynamical equations for the 
quark spectrum of tao-diaanaional QCD, Let ua take 

or 
awvu ,- ^sfi _ л • c-^& - ... (17) 
i t - "•' > с У ' i V _ 

Denoting the projections of the solutions ( \ f У X ) of aq. (17) 
by _ _ 

? i X -M , Ъ2«>о-Д , Гл2иу*£ ( 1 8 ) 

and taking into account the definitions (16), the etationarlty 
conditions (17) yield the following coupled systeu of equations 

д = -uTfZ?A G„fn,^5) (19) 

In •omenum apace we get ( M ,Cc) » M(V,1 <Г,л s flavour indices 
are suppressed) 

M( Po-< fr-йг C j ^ - ( k . . r . F 
(20) 
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where " c $ 

W l > = • ' W 1 , - - > - , - > .22) 
л г*-, it. • » , „ • , . ; - v. M C t ) 

' ( I L I V' is an infrared cut-off. The coupled eyetea of the 
nonlinear equations (16),(19) fcr the normal '~Л ajicmalout 
quark Green's functions and their respective noraal and anoma
lous self-energies M end Li £> ie Just the relativJctic 
analogue of the equations in the theory of superconductivity' " 
For illustration, we give in Fig. 1 the graphical expressions for 
ij , (j,j , J M i -J , '̂ ar.d И . The content of the 
coupled equations (16,19) is shown in Pig. 2. Notice that in 
the cuae of trivial anomalous solutions 1 '- ^ - &,. - U u = (У 
the above equations reduce to the Schwlnger-Pyson ecuationa 
for 1-'н • ^ in an approximation >her« vertex and gluon 
propagator corrections are absent. The respective equations 
have been solved by 't Hooft in the limit W -» i , .j'W. 
fixed. The solutions are 

^J--l I '•T1''- i MlM - f N~A{ %''' ' Г. ) (23) 

nith G) h ('1Л given by eq. (22). In particular, it follows 
from eq. (23) that If A -»С then M(l-)-»-v- and 

(24) 

This vanishing of the quark poles for Л -»(? has been inter
preted as an example of an Infrared confinement of q w k e 
m) The limit .v«c has To be performed at the end of all calculations. 0th4r realizations of quark confinement with propegator poles have been discussed in ref. /2,3/. 
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We shall restrict ourselves in the following to the solution 
Mffr > Д = Л - 0 . The question of possible nontrivial solu

tions Д ? & will be studied elsewhere (a solution J ! ' 
would imply a new BCS-ground state containing Cooper pairs of 
quarks). ' 

b) Diquark spectrin) 

Let us now expand the integrand of eq. (13) around the 
stationary point P,X = M , A = £ = (? . Shifting the 
integration variable according to 

the generating functional (13) may be rewritten as 

7 

x г^у.р.с.аи^-л, у) < 2 6 ) 

LiJ I,/У Here the free actions ""fre* , ' v (rtl for the field 
variables if. and У are determined by the quadratic parts 
of the effective bilocal action 

(27) 

The interaction part W;„t is given by 

There are implications froa the non-relat istic theory 
that superconductivity cannot arise in two-diaensiunal models, 
i.e., Д - С /12/. 
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; 

"43 

Z i-tr [- ^ r* % <M* 

(29) 

V} =1 

Ihe first two contrlbutlone describe here the self-Interactions 
of the ф a n d У fields, the third term describes the <£, У 
interaction. 3& , 3D/ •*• the propagators of the bilocal 
fields ([ , У . They satisfy lnhomogeneoue Bethe-Salpeter 
equations for -\'j - or 44 -scattering in the colour-singlet 
or antisymmetric channels, respectively, 

Varying the free actione (£7)» не easily get the Euler-Lagrange 
equations for the "free" bilocal fields 

i iV = e ТХЛ' - " 4 - в • (зо) 
•^4 1 ° i / *-

These are homogeneous BS-equatione for the respective bound 
state vertex functions in ladder approximation. The first equa
tion determines the 9 4 -meson apectrus/ ' r.nd has been solved 
by 't Hooft ; the second equation determines the diquark 
spectrum. Its explicit form reads Q• , % 

Г H A .г^-.^гЬ 1 \-^. f2МИг V1^" ( 3 1 J 

where ^ is the total momentum of the Ц~А pair (cf. Fig. Э). 
Eq. (3D is analogous in structure to the equation of the V^ 
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sector' '. In particular, we have the right sign in front of 
the integral in order to get attraction. There ie t however, now 
the important difference that the infrared singularities of the 
quark propagators and of the gluon kernel do not longer cancel 
(except for the special case St<(2c ) ), The solutions of eq.(31) 
have to be totally antisymmetric if one interchanges the colour, 
flavour and space-time variables of the two quark constituents. 

It is convenient to consider the Integrated ware function 

Inserting it Into eq. (31) we obtain again an equation of the 
•t Hooft type .1 

vzL*(* -C4-' '&№-?\$t*,J/' <зз, 
where К - | /r and 

/Vi. ' -w W c (34) 
' v - <,/зг%" -К-о. 

The solutions of eq. (33) have to satisfy the boundary condi
tions Ал(<1~ ft* [t1-*)ibj at <-0 O - ' l , where 
JT J a Ct4 л Ь = - / i u. . The syBten of the eigenf unctions of 

eq. (33) i s complete and orthogonal. For large к one obtains 

K 2 , , (35) 

This yields together with eq. (34) the following mass spectrum 
for the diquarks 

13 



This spectrum ie very similar to the single quark spectrum 
defined by the pole of the dreeeed quark propagator (22), (23) 

lbue, for f\ >-1 the quark and diquark masses tend to infinity 
as ' 'С • This is the expected result that after removing the 
infrared cut-off coloured quark states should not contribute, 
lbs diquarks are thus confined like the quarks itself. Hotice 
also the exceptional role of Ыс - 2 where the diquaxk spectrum 
coincides with the meson spectrum. 

In ref. ' we have represented the bilocal propagator of 
the meson field in terms of the BS-vertex functions, tor comple
teness, we quote here also the analogous result, for ~[V 
(flavour indicee are suppressed; X , f - / i . > < ' » )'•/(. ) 

, , О- л • 

у ' ' *Ы* Л\ ^*№ т.̂ л'-л)- ( 3 в ) 
- 7"" — Г — Р А ! I ' ^ л , > 

(39) 

The generating functional (26) may now be calculated perturba-
tively by expanding the integrand in powers of Ф and X V 
The functional integral over these powers can then be taken by 
means of a Hick theorem using the bilocaj. propagators JJj , 
~!)y / 6» 13i14/ # p i n e l l y f «xpanding the bilocal fields in terms 
of the "free" field eolutions obtained from the BS-equation 
one can rewrite the effective actions (27,28) in the form of 
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an infinite-component nonpolynomial field theory for the 
and UQ -obi ^tnnele' / 6 / 'jound etates in the Jtf 
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M(x,y) 
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-f-(*.y) : -— 

5 а (х.У) • 

Fig. 1. Graphical representation of the normal and anomalous 
self-energies and quark Green's functions. 
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r o j 

f*»J 

6* -&—U^(c) 
.as л 

L 

~" *~l 1 "~© " rtf; 
б л д . ^J 

Fig. 2. Graphical representation of the coupled syetem of 

equations (16), (19). 

r o ^ P 
Г = ( Г А = r=<P 

m, '2 ^ r - p r-j<^—r-p 

Fig. 3. The homogeneous quark-quark BS-equation. 
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