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1. Introduction 

The problem of the quark c onfí.nemen't. in i ta contemporary iormu­
lation is based 00 the deep ~nelastic scattering experimenta~ It has 
been found that the inclusive croes eec t í.ona , i ..e , , suma over aLl, 

hadronic atates may be descpibed with the help of the imaginar:r parte 
of the quark (parton} diagrama .). From a field-theoretical point of 
view the quark hadronization implies zero probability for the colou­
red-particle creati~n. This statement may be considered as a model­
free definition of the confihem~nt. 

However, nowadays the interpretation of the confinement problem 
- it~ criteria and mechaniems, i8 rather dependent 00 the mode! choi­
ce. The most popular criteria are the existence oi a linearly-rising 
potential betw-een the quarka and the incressing of the Nilaon-J,.o~p 

area .. In their formulation, the Schwinger model - two-dimensional 
maes Leas quarrtum e lec'trodynamica, has played an essential role/1 ,2/ • 

Recent calculations 'of the coloured particle Gre-en functions have 
mase the confidence in their strictness doUbtful/ 3, 4/ . It was found 

that they are compatible with the existen?e oi polea in the quark 
Green function. Calculation of théae poles 1a one of the standard 
methods used to determine the'elementary excitation spectrum in QFT 

ood statistical payeics. The existencé of a pole ia interpreted ae 
tlie -preeence in thiA spectrum of a parti~le with quark quantum num­
bera. From such a point of view the absence df a pole may be con8i­
dered a8 a confinement criterion that coincides with the model-inde~ 

pendent one mentioned above. 
In the present paper we discuss the confinement pro~lem in the 

Schwinger mode l in this cont ext , However , the fermionicaector of 
the model i8 insufficiently atudied due to some dif"ficultiee: 

.) Quark diagram hadronizetion haa been ca'lled the quark-hedr-on dua­
lity principIe which 1a now the QCn.phenomenology basia ap~ ia ueed 
successfully in. various .aum-rules derivation. 
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1) ~he bosonization of the theory leads to some additional 
effects which have to be eeparated from the ~ynamical ones; 

?) The Green functions are not gauge-invariant, so the resulte 
concerning them dépend on the gauge-condition choice; 

3) The existence of infrared divergencies requires the corres­
ponding regularization scheme. 

To elucidate pointa 1-) we first consider the free-fermion bo­
sonization in the two-dimensional apace-time (eection 2). Then, we 
propose a gauge-~nvariant method for quantizat10n of the Schwinger 
model and, calculate Greer.Yz fupctions (eection ). In section 4 the 
topolog1cal degeneration of dyham1cal var1ableB 1n finite-volume 
apace-t1me 1e d1ecuBseõ and it ia ehown that th1s degenerat10n may 
cause the quark conf1nement in the massleBB QE~+1. 

2. Boson1zat10n of the Pree Permions 

Bosonization provides an adequate metbod for the deDcri~tion 

of two-dimeneio'hal field-theoret1c'al modela with femions/5, ". How­
eVBr~ cons1der1ng tbe equivalent boeon1~-theory propert1ed, one usual­
ly ~oes not d1etingu1sh boson1zat1on effects ~~om the dynam1cal ones. 
To do th1s we sbal! ,beginwitb a br1ef review 
boson1zetion 1n two dimensione. In tb1a case 

L/x): ilf"(x)/;4d .lf' (;r.) . r 
In quantum the~ry with euch a L~g~ngian 

of tbe free-fermion 
the Lagrang1an 1e 

(1) 

there appeoro an ano­
maloue.term in tbe current-eomponerit çommutator 

[j50 (X), j51(;;tlj : -/- ô (f(x-~) (2)
(J tpl a 

, j 5r (xj tP'rxVrlt- <r( tx.) •z: 

As 1a known, the physical reaaon for this anomaly ie the filling 
of alI negative-energy etatee, i.e.,the Dirac Bea /7,8/. 

~ s1mple Bubstitution 
.( ,/5;' (x);: fF ~ <p(:x) (J) 

transforms r-eIa t í.on (2) into the scalar field q;(x) c ommuta't or-, Then, 
the current c~n8ervation law takes the forro of the mB881eB8 D'Alem~ 

bert equation 

oI'"J;/, ::: O 2;> ().~ ~ cp i: ci <p =O . 

Thus, the theory (1) 1a equivalent to the free mas81es8 scalar 

field one i =.!.. (u ,./..)~ 
0,6 .J.- r'f . 
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There ie only this Bcalar particle in tbe spec~rum; fermions 
apparently d.íaapp ear-ed- An -anal070us situation in the Schwinge-r model 
has been interpreted in papera 6/ as a manifestatinn oí the conti­
nement that takes place there. Follúwing these papers, ooe might 
conclude that tbe free fermions are confined tuo. Such a conclusion 
isobviously wrong, só we need a correct description ~f tj:le fermions 
~h~mselve8 in th~ bosonized theory. In other word~, we have to flnd 
the f'unc t Lona L dependence 01' the a pã.nor-e lf"(x) on the field ~(x) 

The axial-current component /50 (x) ie proportional to tbe ca­
nonically conjugated momentum for tbe field cjJ{x) 

1~0{x) = i [)o ep(x) = 1· :J1{xl· 
(J rJF t7i 

So, the following relationa take place: 

[J,o(~))f(<b~))J~ ~[JUxj,f(4((J))]:: .;(~ ~ ·4 (4){J))
Ui . '1~7f ocr(x) 

tbat lead us to the equation on 1.{'"(x.) : 

[J'so (x)) ~(~(d))l ;:. ~ -L, cr(.f (J)) = o(~ -J)!>- cr( ~-rd))' 
II 'f Irr.- O'4>(X) 

Ita solution has the forro 
't- fiIr <:/>(x J 

<t(x) = e Jt b:) 

+ -7.' fil.r ~(x.)
lf (;r.) =e :t+(-x) 

where 't(x) í.a a function that does not depend on the' field '~(x..) 
An addltional requirement for reproducing the free two-point fermion 
Green function in t1lia language may be uaed for defining ~ (:1:) : 

. '(')""A(J(X-';fJ, <L('rx)I.t'"(:i>; e 
_ 

( 
_ 

x (tx) ~0') > 
(ne re Li o (x - d) ie Green's f'unc t Lon of the free maas Iess' acalar 
field). Thie task may be achieved if we put 

~' fii(rX(X) , 
x(x) = e ,to(x ) 

) 

where X (sx ) 1e B free maas Leaa acalar field quantized with an inde­
finite metrica ano Xo (~) ia a f~ee fe'rmion f í.eLd, ThU8, the fer­
mion Gree~ function may be ob~ained from the generat1ng functional 
with the acti-on: 
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lxl·	 5 ô =jd ,8 

(4)
J1'>=l(()I'-~Y-i(oI"X)2.+i'Xo~r0t'Xo + Jq<p +J;.L~
 

- 1' vi t r C4> +X) 11 -i.Y7rYç(<p+Z) .
 
+ 1e .k o + NO- e f'[ 

3.	 The Schwinger Model - Geuge-Invariant Variables and 
Greenta Functions 

Let us now turn to the Schwinger model - two-dimensional 
massless QED: 

1.:: -*-frv 1 r + tV(í/ f dI" +- e/r AjA)lf' 
(51 

1;M ~ df'- Av - ~Oj} Ar ) t,J;: 0,1 • 

It is well known that the Green function propertiea depend on 
the gauge choice in an essential way /9/. So, considering them, it 
)8 convenient to formulate the theory only in terme of gauge-inva­
riant q~antities. 

In the Lagra ng í.an (5) the gauge fie ld c omponent Ao is not a dyna­
mical one. So, we Ahall eliminate it before quantization of the theo­
ry with the help of tne correspondir-g equation of motion (for instan­
ce, a ~onstraint equation) 

tS :: O -==) (): Ac ~ -O 1 do A'f +- eJ" o (6 )f)A" 

5	 :: ~ d!-x. !(-x..) x=(-x O , x .4 ) 

Substitution of the formal solution or (6) 

Ao :: G2:.z. (ê1 êL A 1 +eic)	 (7) 

in (5) leads us to the following Lagrangian in termo of the variables 
A 1(A} , li' J ( A, l-t) : 

~ 

r :	 .{ ( ] )2. - J Jr-a lf r_~ (d -~ "1) ~ _ fl J (A I tt r)dv-IocA f +1Lf'"j r J.... ~jo -,N, , ,(8) 

where 

A1.t (,4) .;: L (A) ( A1-+ ~ o~ )! -if ( A) = (,1- () 1 '/~:l. () 1) A 1 =­ o 
(9) 

, y--t (A ,!.1-) :: iv(,4)Lt. 

The operator f" (A) i8 de.termined in accordance with solution 
(7 ): 

:4 

fv(A):: e:t-p{-te)dX:bardo,A1j :: expi-1'e();"A~J 

80	 as to en-sure an U(1)-gauge invariance oi' the variables (9) 

1
Ai' :: A1 + -O 1 Â"] A (A') ::c A.' (It )­1 

e ~ 

l( z: .e i >dx.) lf cf r ( ~ " l(') z: cr J ( A;> tr) .I 

We would Hke to emphasize that- the physical variablea (9-) , 

(which are subsequently used ~n this paper) are hardly fixed b~ the 
dynamicB (i.e., ~y the constraint equation) and by the requirement 
of gauge invariance. The Lagrangian (8) itBelf formally coinc~des 

with the one in the Coulomb gauge 

Ô" A1 = O ~1 do A ~ ::: O =) A 1 = O ,	 (10) 

i.e.-'F 

j}	 ( A !) cr 1) ~ LCiJ!Af!" ( A) tr ) 
(11)' 

.- f< e-z, (-'t,)1.., 
-:- 1 tr! 'O~ L( - ~ q~ Jo • 

So, the Green-function gen&rating functional wnich followe from 
(11) will reflect their gauge-invariant content. 

As i~ known, the equivalent boeonic action for (11) in terme 
of' the aca Ia.n Iield o/r.rJ (:n 

5	 :: \ d1. [- i (7J J..).t _ !.. e t .)...t]
I:;.~ ) JC. J.JI.. t't' L 71 'r 

po í rrta ou.-t the &xiete-nce af a neut r-e I particle w1th masa 1n::. e/o: 
in the e-pectrum of the- modele Takirg into account fermion-ic degrees 
af freedom as well, we find the total action in the rorm 

s~oJi ,1'J] :: ~ d~ a, [ ±(df 4l--1(0I'1) z,- :1. 4> ~ -f­

+~iog""()f'XO + d..<P -+- J~;:: + 

- i fi ir (cf> + s.) - - í fi cf'f ( <? {- :tJ J 
+ 1e 'to +- Xc.e: 7­

'n 
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The corresponding generating functional for the Green functions 
ia then written as 

z[11' 7"J] ~ ) 1> q, J)~ JJ z, JJio eXfJ (1' .5 -tci ) • (12) 

Thus, we find for the fermion two-point Green function 

G(:t-j) =	 t~[t'7'J~ I :: 
O{(:d 07 (li 7-7 =: o (13) 

:: P4p i-i li rb, ~ (x - 'd) -4 o t x. - d)] JGo ( :x-. -'d) , 

wher~ Go (x- d) .Ls the free-fermio~ Green function and /J. W! (rx . d) 
is the maaa í.ve scalar field one , The aaymptotic behaviour of ,func­
tion (13) in the momentum spece ia 

G(p) :: L ) G(pJ .-v ~L 5/. (14) 
p~~ p~ p2~ o ~f2.+"t) " 

(see Appendix A and also paper!1 1/). It follow8 from (14) that tha 
probability to find a particle with quark quantum numbers ia not 
equal to zero 

I~~/~ = ~~ rG(p) f o 
p1.-,>;>O 

deapite the linearly rising potential between the "quar-ka ", Note 
that the analogous quantity in QED +13

"
 
/1f/1. = ~~ ( fi - W1) G(p)
 

. ~2. 1r ~h1 

equal~ one in the frame8 of the gama minimal-quantization scheme 
(~'i At = O)	 /12/. 

So, the validity of Wilson's criterion (an existence of a li ­
nearly-rising potential) doea not lead automatically to the confi­
nement. Thie W8S first realized in papar 13/; here we only give an 
example with an exactly solvable modelo 

4.	 Topological Degeneration of tbe Vacuum and of the Dynamical 
Variablee in a Pinite Space-Time 

Tbe starting point for the minimal quantization of gauge theo­
ries ~ the construction of dynamical gauge-invariant variablea by 
an exp1icit eolution of the constraint equations. Howeyer, a mathe­
matica11y correct formulation of a consistent quantum theory may be 

presented on1y in a finite volume .space-time (rernind that alI physl­
cal observables in the field theory are norroalized juet in thia way). 

Th€ transition to a finite space-time 

IL:x..~l 
2.; - o	 2. 

-..&.. c: x 1 ~ Jl.
k -	 2­

ia crucial	 for our further conaiderations because of the nontrivial 
consequencea of tbe functional ambiguity in eq.(6) whlch haa not 
been taken	 into account. Thia ambiguity i8 connected with the solu­
tion of tbe correaponding'homogeneous equation - the zero mode G(~) 
of	 the operator Õ1-~ 

0/" G{x) = O ,	 
(15) 

that haa to be included into the general solution for A o • Choo­

sing G(x.) in the forro 
( 16)

G(x.).:: .i 0 0 À(x) 
e 

we are led	 to the following expreesion for Ao : 

( 17)- ) ';\ ').(Ao .. - ( 'ô,GoA,,+-eJo +-et>.oÀ, 
Ô"" 

where ;..(~) satisfiee 

0/- () o ).(Á) =- O ê) ,L À (x') =O . ( 18) 

In this case the add it iona 1 terro in (17) .(when .compared with 
(7» may be regarded as a dynamical analogy of the Gribov ambi­
guity /13/*). 

Zero mode G(:x.) changes gauge-invariant variables (9): 

. -'l( 1) À . -, 1 (}).01 == 3(;\) ( A1 + ~ ( 1 ) d ()) = A1 + ~ 
(19 ) 

(Lf"I)) :: ~().) L( I, 

*) The Gribov ambiguity is based on the exietence of gauge transfor­
metions which leave invariant tbe gauge-condition equatioue. In our 
case Gribov's equations for the gauge (10) coinc-ide -with the dynami­
cal equations (18) for the runction ~(x) • 

111 
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where the operator ~ ( /t) is determined in the same way ,ae Iv (,4) *) 

:x..o (20)g(À) o e~p 1,.e ) d",: oo~~ J =ex--P1 l).r",) j . 

The boundary conditions for the phaee g(,;\) have to reflect 
the abeence of sourcee in the apace, ao the relationa 

tlMl	 1i J::t..t ) := :± { , 
l':Lll~Pf;l..	 (21) 

q-1 (a. 1):: q (J:.e, ;(.1) J . a d :t.c:o ~ T /z. 
should take place. 

Now the problem i8 whethe~ there exiat nontrivial solutions 
of equAt~o~A (18) in the class of emooth functions (20) thet sa­
tisfy these boundary conditions. 

The functions 9± (:x.,,) determine a map of the apace R(1) 
onto the group U(1) (~t the time-in~erval end pointa). In f.act~ con­
dition (21) ie a amoothnesa condition for thia map that may be writ ­
ten aa 

~~ Vz. 
1(dx11·4-tâ.14;1~ i (d:L,Ô1À(~:: rt-t ~O}::!1)i2)""_ (22)
:J..TI) 0- d- ze ) -.
 

-R,/í -%
 
~uch nontrivial aolutipns exiat and have the form 

I- (x , IN,().. o )) :o 11iN (:x:. c) ~ •	 (23 )
1)... 

where N{=x.. c ) te e smooth function with integer boundary velues 

N (±T11,);: l1, 'i •	 (24) 

Thia -a t ua t í.on implies a degeneration of the "c Laes í ca 1"í 

vacua 
- -f 

Ai ~ ," j ! 0'1 J'! 

*) The operator ~ determining the gauge-invariant varieb­
les depende on the terms in the eolution of constre int equat ions 
that are not connected with the interaction Lagrengian. That ie why,
the e~ditional term in (17) cha ngee ita form fv~ K.,(A.) 9 (Jt) and 1t 
ie just the operator ;}- (À) tbat deacribea the phase ambiguity
of the fialds cauaed by the zero mode. 

I~ \	 ;. 

with parameters n t *). The "topological" variable N (x.v) descri ­
bes the nontrivial vacuum dynamics of the two-àimen8~onal Abelian 
gauge field (Appendix B). . 

5. Topology snd Nonobservation of tbe "Quarks" ~n QED1+1 

~~ 
Quantization of the Schwinger model action according to the mi­

nimal acheme in finite-volume space-time revealed the etructure of 
the V8CUum topological degeneration. As a coneequence of this dege­\~I neration there appear nonun í que phases in the "coloured" field aour­
cee in the generating functional (12) 

À i À (:x:..) 2JiíN(':X,,,)~.! 
7 (':CIIf'J)=~(:r.dN)~('X):; e 7(~)~e 7('X.) (25) 

-7..7ri N (xo)~
 
1;>'(3:.~IN):; 7C:t) e ~
 

Though the function ~(ot..~IN) itself i8 a smoc th one, after 
taking en average over degeneration, that it describea (i.e., over 
tha "topological number Yl ), there appears- a eingularity 

L/,t 

. <~(~-1IN)) =~tM.. 1. I (VI I 11+ ~ > ::: 6	 (26) 
• o L~o<O L .... __1./ R. ~ ,O 

ti - I~	 ll' 

where ,O::c~ o ie the Grone..ker aymbo-L,
;-:;r'This singularity does not affect the two-current correlator 

structure because the phase facto~ extinguiBh each other. There re­
maí.ns a pole at the point F'2.=. €. '1./]f, representing the exiatence of 
a massiva sealar particle in the s pec t rum, 

At the B8me time the fermion Green function 

G(:x-J) = S: ZLokf./_ 
O~ cf 1 i 11 ~ O 

changea in an essential way. 
Aecording to (25), (2-6) the funetional Z c.o,,+ ia defined as 

"*T-1n QED~-+1 the existence of solution (23),' (24) fo-Ilowa straight·· 
forwardly from tbe fact ,that the map of the coordinate space onto 
the group one i8 cleseif'ied ny an integer degree of mepping&.:n-t(U(~}):: 

I Z t hence eqs.(18) are consistent wlth tbe boundary condition (21);
(22). In QED 3+1 Buch a topological condition does not take placer\f .	 (JT~(C1(1)).= O) ; so both the boundary conditiona: t'hree-dimenaio­
nal analogy of (21) and the uBual one 

tilM. 12/ í\('X.)::: O ,~ l-x.lolt"Y~ / 4/
lead to one and the Barne (trivial) reBult 1 • 
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~ 

~	 r ~ 
Z~V1f.l7'7,J]::,&lM. ~VlA 1- ') 211. [~\7À,J]. 

Il.;T"'4Q /..~o.::> l... ",..-L.h ;T , 

Then, for the representat ion of the Green funct ion G (;{.-J) in the 

momentum spaca we find 

I. d'x d1.:r ip(x':1) e-í7f[il~(:X'-d)-A,(X';{)!
G(p) ~ {~IIV.. ti~ .i.. e
 

p~o -Ji"T'"'t,ç) L....g() L
 
(27 ) 

h
 
~ G('X _';1)1. L

q-O 

<,h I t1 -+- ~ ><VI S + ~ I I'l » ­- 'J:, i ­
o	 (J.. P..
 

'l\:.-y2. s=-~
 

Z 2. ip(:x.-d) -l1[L\fM():-d)-~cC:X:-~p] 
-= ei~ dxd de 

~IT~.,.:) ~ 
The funct ion G(p) 

bhe phaae factors 9(~11 rJ) 

e GJ:X-J)8~,~ -:0. 
Il.. fi. 

vanishes becaúse of the interferenc~ of 
,that then may be called a -destructive 

one. However, the identity (27) represente the existence of confine­
ment in the Schwinger model in the senee of the model-independent 
definHion from the Introduction. 'Ne nave to emphasize the way t.!':1e 
limit procedures in (27) (on R,T an~ on·L ) follow one anotber 
(the correct way being the same as in quantum statistics/91 sincs 
the opposite choice leads us to the old result (eea section 3). 

Conclusions 

We have trie-d to analyze the reasoos for confinament by an 
example of Scbwinger's model. In its conventional interpretation the 
charged-particle ~onfinement i8 problematic because of the singula­
rity in the "quark" Green function that allows tha existence of ex­
citatione with quark quantum numbers. In this sense the lIilson cri ­

terion ie not a criterion for confinement. 
In this papar an approacp to the problem i8 proposed where the 

-theory ia formulated in terms of dynamical gauge-invariant quanti ­
ties and ia quantizen in a finite-volume s~ace-time. As a result, 
there appears a topolog~cal degeneration of the gauge vacuum arid the 
phyeical field phaeea. After t~king an ave~age over thia degenera~ 

ti~n the quark Green function van1shee, but the neutral-current 
correlator (in the limit of an infinite v~lume) coincides with the 
one in the standard approach to the model /15(. 

Thus, tbe destructive interference of tbe"topological phaees 
of the pbysical .fiélds may be considered a8 a possible reason for 
the confinement in the. twa-dimeusional maasless QED. We would like 
to emphaeize that the topalogi.cal structure af the Schwinger model 
coincides with the one of a non-Abelian g~uge tbeory in faur dimen­
sions /16/. po, tbe conciusion about the existence of confinement

( takes placa in QéD toa /12/.

I, The authors would like to thank DrB. B.M.Barbashov, D.V.Volkoy, 
G.V.Efimov, A.V.Efremov, O.I.Zavjalov, D.I.Kazakov, L.B.Litov and 
V.P.Pavlov for discuBsions. 

Appendix A 

Let us remind the form of the (right) fermion Green function 
in two-dimeneional momentum space 

G ()-::.tj(p+)9(-p-) 
4-

g(-p+) fi(p-) =~ 
'" Ofl \ P P_ -f- l' f.	 (A.1)P> - iE f+f>- + l' f.
 

wbere the "c one " componente are defined as usual
 

F':f::: Po ±p.,' 
We.shell now calculate toe exact Green function o~ the (right) 

"qu~rk" in the Schwinger model using relation (13). As we are going 
to diecuss the confinement prob~em, we are interested in the beha­
viaur af this function when p2~O • With the corresponding asymp­
totice of pr'opaga t ora .6 0 (;r..) and Á m ('X.) (entering into eq. (13) 

taken into account, we fin~ 

~ t?V f~ i (P+x_ +f- x T )/ 2 "(: )"4­
.' V2. Ii d . x-+- 'X_GR ( ~2~ O) :; - -~ dx.+ 'J:_ e 

..... J., 71 I 

-N -...:> 

(N. 

'Y_. /n (<?O ~/. ip.--.-,,.,. I\ ,.J:­Vi f4 V.L_ 

- - "!i:...- ( d'];~ 1. e ) 

,. 

,I 

- ~r ( )	 _~
H	 o 

~ • <?O 

tl/4 - 'lp_ x+/~ ~ '4~\' +. d~+ (-J:.+) e d:::t_ :x._L	 ) ~. o	 -..o ":X-_ 'l f./X,-+­
'r 

. := 
( 'X_ -	 " s) 

1D.x_1o 
1If<, ~-r::x:... 

a.,-it/x. (A.2) 

• 

'p.:r._ /21
e 

/ 
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The integraIs in the fir&t terrn of {A.2} can eaaily be calculated 
~ . ~ ~ 

~ 
.., 'lf-'Xr+/~ (.4) 4

J" ~ d':(,T~/'~e ;:'. r(%) 9(-1'-) 
O f-~1t 

<rIN>=€l.Xfi-ipl\l} ano <FIN+h)=eocpf-tp(N+~)} 

The topological momenturn « spectrurn ia eaaily found /17/ by 
taking into account the physical equivalence of th~ states 

Jt ": 
~~ 1'1'1
d~_:>':-. 

~_-1~ 

.. ';X. I­
t f-+ -/2. 

e :=. 
1/2., ( 

(-oU) 
1/'1

z: ) 
I, • ' r(i) g(f.;.) 

f+~1~ 

The real atate represente Bloch 1s wave 
degeneration with a weight 0X(,) fi ~ s] 

that ia an average over this 

-.,..:> 

thatfinally gives us _ ~ 

GR. ('t) (f1.~ o):: C9 (p+} e(-r_) ( -1. ) (. -( .) 
• ). I{ f- 4 I ~ P+ f _'4 ? t 

c= r (li) 
l(n hi11t/~ 

In an analogous way for the eecond term we obtain 

(A • J} 

<tG IN> 

"1<,':1- Q."k. +9 

"t= z»IG +- g 

I 
, -. i (:L T li:. -+ e) IV 

= e 

o 

l(~ . 
=: t- A ") udl - i 1<-tJ +VI) 

li1IV - L....­ e e.
L~Q'O L.. 'n ::-~ :­

(B.2) 

1/'( 

G. (V2~O)~ C9(-p+)eC f->( 1.)f 1.)
""" f{(~) ~ f- -H. ~P+P_ +, é (A.4} 

k ::: o) ~.{ ) ±2.) 

I9 I ~ Ti. 

that 
Comparing (A.3), (A.4) with (A.1} ~ are led 

1/~ 

<;?, V.. o) ~ c €to, (p)( 1'2 
i j. h) 

to the conolusion 
The epectrurn (B.2) givee us for the free Hamiltonian 

I '1.1. e.~f1.. ~ ""l 
Ho :: '-'1 =. (1.7r~+9yt Kr" ::'1: E 

~B.1) 

of the: gauge-field 

Th 
1 ( . 2.­

T ) d:c-c N 

-'ti 

L :' N~ 1 
T -­

2 

Ap-pendix B 

Quantization of the action (B.1) i8 not dlfficult: 

t<. = c5'L T = NJ [I<. NJ:: ti 
f:..• ~) 'J­o-N: 

1= i (2~t 

The dynamic8 of the topologfcal degeneration 
vacuum is described by the action 

IA ~'J. 1­

ST' 1Jho )<h, (~':' À) = 
-1i _ry~ 

wt:rere 

I
I 
.( 

1I 

r l~ 

~ 

e 9
E~~ = ~7í 

"'" { t 
E ~ T cfA1 

ia a constant electric fiel~ /7/. Its minimal value (in modulo) 

N(:Lo)::: ~o (~1- + V1 -) + Í (tJl+- ~ _) 

where 

coincides with Coleman'g conetant electric field be introduced /10/ 
to explain the g -vecuum in the Scbwinger modele He coneidered e 
as a simple'pararneter. In our approach e ia connected w1tb the new 
topological variâble, eo it has a dynamical content ae a characte­
rietic of theee constant electric f1elds that repree~nt the real 
infrared vacuum of the theory. 

The explicit expression for N(;x..e) 

(. 
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;.. 

allows one to rewrite (B.1) in the forro 
1,5. Tavkhelidze A.N., Tokarev V.F. Phys. of Jj:lementary Particles3 :; _J (VI..j._vt_)2-:: ~ and At.omic Nuclei, 1985, 16, p. 973. 

T :1T	 :LT 
where	 16. Pervushin V.N. Riv. Nuóvo Cim., 1985, 8, N. 10. 

17. Ilieva N.P., Pervuahin V.N. JINR Commun., E2-85-355, Dubna, 
'2. LW-»=_e.)' d~l. 11 -	 1985.471 rw - t!..j.-Vl_ 

18. Belavin A. et a L, Phys s Let t , , 1975., 59B,' p , 85 .. 
19. Jackiw R. Lecture Notes. Le~ Houchas, Franca, 1983. 

is	 the Pontryagin index /18/. Thus, the dynam1cal interpretBtton 
of	 this qUBntity 18 a peculiarity af the approach prapased in this 
pape r-, 

So , at the end po í.nts of the t í.me interval the so-called "cla8­
sical vacua" of the theory/1 9/ are purely gauge f1elds 

A" ±::: i 'ô 1 ~::t (x1 ) 

and the gauge field 

'i "A/x) ~ e 01 ).(x.-rIN(:Lc ) ) 

interpolates between tbem. 
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HnHeBa H.n.' nepByruHH B.H. 
HBneHHe ~eCTPYKTHBHoA HHTep~epeHQHH 
KaK rrpHqHHa KOH~aUHMeHTa B K3Ut+J 

E2-86-26 

Be3MaccoBaH K3,ll 1 + 1 paccMaTpHaaeTcH B TepMHHax ~HHaMHt:Ie·~ 

CKHX KanH6posoqHO-HHBapHaHTHbJX rrepeMeHHbiX. Ha rrpHMepe BbJqHC­
neHI-!fl ~epMHOHHOU ~YHKQHH rpHHa ~eMOHCTpHpyeTCH, '!TO TIHHeA­
HbJH pOC'J' ITOTeHQHana He HCKJlto'!aeT CYl!leCTBOBaHHfl B cneKTpe 
MO~~nH B036yJK~eHHH C KBC'.HTOBbJMH qHcnaMH 11 KBapKa11 

( T. e. BbJ­
ITOnHeHHe KpHTepHH 8HTibCOHa e111e He 03Hat:IaeT Cyl!leCTBOBaHHH 
KOH~aAHMeHTa). 06CyJKAaeTCfl TOITOJIOrHqecKOe Bb!pOJK~eHHe ~a3bl 

4lli3HqeCKHX rroneil: B KOHet:IHOM JipOCTpaHCTBe-BpeMeHH. noKa3aHO, 
qTo rrpHqHHOH KOH~aAHMeHTa MOJKeT 6b!Tb ~eCTpYKTHBHafl HHTep~e­
peHQHfl ~a30Bb!X MHOlKHTeneA. 

Pa6oTa BbJITOnHeHa B na6opaTOpHH TeopeTHqecKOH ~H3HKH 
DHHH. 

fipenpHHT 061>CilHHCHHOfO HHCTHTyta .IIJlCpHbiX HCCne)lOBaHHH. ily6Ha 1986 

Ilieva N.P., Pervushirr V.N. E2-86-26 
The Destructive Interference Phenomenon as a Reason 
for the Confiniment in QED l+l 

Two-dimensional massless QED is considered in terms 
of gauge-invariant dynamical variables. By an example of 
the fermion Green function it is shown that the linearly 
rising potential allows the existence of excitations with 
quark quantum numbers in the spectrum of the model (so 
the validity of \-lilson 1 s criterion does not lead automati­
cally to the confinement). The topological generation of 
the physical-field~ phase in a finite-volume space-time 
is considered. The destructive interference of the phase 
factors is pointed out as a possible reason for the confine­
ment. 

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