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I. INTRODUCTION 

The prob l em of the quark conf i nement in its con t empo r a ry 
f ormul at i on i s ba sed on the deep ine l astic scattering expe ri 
ment s . I t ha s be e n f ound / 1/ that the inclusive cros s sec t ions , 
i. e ., sums ove r a l l hadron i c st at e s, may be described with t he 
help of th e imaginary part s of th e qua rk (p a r t on) di a grams *. 
Fr om a f i e l d- t heor e t i ca l point of view the quark hadroni zati on 
imp l i e s ze r o probab ility f or th e co loure d- pa r t i c les cr ea t ion . 
Thi s s ta t ement may be cons i de re d a s a model- fre e de finiti on of 
t he co n f inemen t . 

Nowadays th e interpretati on of th e co nfi ne ment problem - i t s 
c r i t e r i a a nd me chanisms, is r a ther dep end ent on th e mod el 
ch o i ce. The most popular criteri a a re the existence of a linear
l y r i s i ng po t enti al betwee n the qua r ks and the increa sing of 
the \vil s on l oop a rea . In t he i r fo rmulat ion th e Schwinger model
two-dimen si onal ma s sless quantum e lec t rodynamic s , pl ayed an e s
se n t ia l r ol e / 4 , 5 : Howeve r , r ecen t ca l cu lat ions of the co loured 
particl e Gre en functi ons made the conf i de nce in their s t r i c t 
ne s doubt f u l . It ha s been f ound that th ey a re compa t i ble with 
t he ex is ten ce of pol e s in th e quark Gr een function. Cal cu la t io n 
of t hes e po l e s i s one o f th e s tAnda r d methods us ed t o det ermine 
th e e l ementA r y ex c i ta ti on s pec t r um in QFT and stati st i cal phy
s i c s. The existence o f a pol e is int erpre t ed as th e presen ce 
in th is s pec t r um o f a par ti c l e with qua r k qu antum numbers . From 
s uc h a point o f v iew th e abs en ce o f a po l e may be co nsi de red 
a s a con f i ne ment c r i t e r i um ( f o r inst ance, it co i nc i des with the 
mode l -i ndep endent one f o ll owi ng f ro m t he expe r i ment ) . Such a s i
t uati on take s pl a ce in th e th eorie s wi th t op ol ogi cal vacuum cl e

. ' 8 .gener a t Ion . 
In t he pre s ent pap er we d i s c us s th e co nfi neme nt probl em i n 

t he Schwi nger ~od el i n th is con t ex t . The fe r mi on ic secto r of 
t he mode l i s ins uf f icien t ly s t ud ied due t o s ome dif fi cult i e s: 

1) The hos on iza t i on of the t heo r y l ead s to so me additi onal 
e f f ect s wid ch hav e t o be s ep ar a t ed f r om the dynami cal ones ; 

2) The Gr e e n func t i ons are not ga uge - i nvar i an t , that means 
a de pende nce o f t he r esult s on the gauge- cond i t i on choice ; 

* Quark di a gram hadronizati on ha s been ca l l e d the qu ark-hadron 
dualit y principl e whi ch is now t he QCD-phenomenol ogy ba si s and 
is u s ed suc ces s I u l l y in different sum- r u les derivation / 2 ,3 / . 
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3) The exi sten c e o ( in f rared d ivergen ci es r equires t he co r 
re s ponding regulari zati on s ch eme . 

The paper is organi ze d a s f ollows : 
Sec t i on 2 i s dev oted t o the f r ee- ( ermi ons bos onizati on In 

t wo- dimensional s pa ce - t i me . 
In Sec ti on 3 t he quark Green f unc t i on in Coulomb ga ug e i s 

co ns i de red . 
I n Sect i on s 4 , 5 a gauge- i nva r i an t me t ho d fo r the Green func 

t i on s cons t r uc t i on i s propo s ed . The t heo r y i s quan t i zed in 
a f in i t e- vo l ume space- t i me . 

2. BOSONIZATION OF THE FREE FERHI ONS 

Boso n i zation provide s a n ade qua t e method fo r the de s c ription 
of two-id i me ns i oria L fi eld- t he or eti ca l model s wi t h f e rmi ons 19 . 10 / 

However , co nsi de r i ng the eq uival en t boso ni c-theory proper t i e s 
one usuall y does not di s t ingu i sh boson i zati on effec ts f rom the 
dynamical ones . To do t h i s we shall begin with a b r ief rev i ew 
of t he f r e e- f e r mions bosoni znti on i n two d imen si ons. In t h i s 
ca s e the La gr an gi an is 

f 0 (x) c i ;j; (x ) y /1 all tP (x) , ( I ) 

I n quan tum theory wi th such a La gr angi an ther e appear s an 
anoma l ous t erm i n t he cur re nt-co mponent s c ormnu t a t or 

[ i50 (x) . j 5 1 (y) ] = /rr dyO (X-Y) . J , (x) = J; (x ) y, r tPex) . ( 2) 
~Il J Il 

As i s known, the physi cal r ea son f or t h is a noma l y is t he 
Tiifi l l i ng of f a l l negative-en e r gy s ta t e s , I. .e . , t he e DI rac s ea ' 11 - 13 

A simp l e substitu t i on 

j , (x) = _1_ rJ r/J (x ) (3
 
" /.1 \r-;- J1
 

tra ns f orms re lat i on ( 2 ) i nt o t he sca l a r fi eld .p(x ) commu t a to r . 
The n , t he curre n t cons erva ti on l aw t a ke s the fo rm of t he mas s 
l e ss D"Al ember t equation 

all j 
5 /1 

(x) = 0 elil iI'l r/J (x) '" 0 r/J (x) ~ o . (4) 

Thus , t he t he or y (I ) i s e~ u i va le n t t o th e f r ee ma ss les s s ca 
l a r f i e l d one i' o,B _ 'h ( fl fL r/J) , 

The r e i s onl y this scala r pa rti c l e i n t he s pe ctrum; [ e rmi.ons 
a pp a r en t ly d isappeared . An a na l ogou s s itua t ion i n t he Sch winge r 

· d . / 10/ . f . frnad e 1 Il a s been I n t erp r e t e I n papers as a manles t a t l on 0 

the co nf i.nemen t wh ich t ake s p l ace t here . Fo l l owi ng t hese pape r s , 
one mi ght co ncl ude t hat t he fr ee fermions are conf i ned t oo . 
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Such a co nc l us i on i s obv i ous ly wr ong , so we nee d a co r rec t de s c 
r i pt i on o f the f e rmi ons themselve s in t he bo soni zed t he ory . I n 
ot he r wor ds , we have t o f ind th e f unc t i ona l dep end ence of the 
s p i nor s .p( x ) on the fi e l d c!> (x ) .
 

The axia l -curren t compone n t .if,o(X) i s pr opo rt io na l t o t he
 
can on i ca lly co n j ug a t ed momentum f or th e f i e l d cb(x)
 

1j 50 ( x ) n (x ) , \ ( ; rJo c!> (x ) = 
\ 1 tt 

So , t he fo llowi ng r e l ati on s ta ke p l ac e . 

I j 50 (x ) , r ( <Hy)) I .~ I u (X) , f ( c!> (y »/ = ~ __L . l ( ¢ (y » 
\ i 11 i\'rr rl r/J (X) 

t ha t l ead to the equa t i on on ~II(X): 

I j f> 0 (x ). 1/1( <p(y) ) I o 
I/J ( c!> (y ) - 8 tx -- y ) '/1(<p (y)) y r; " 

1 v tt 8 cjJ(x) .) 

I t s so l u t ion has the f or m 

- , - t 

t/I(X) nxp l i \ t: )' 5<fJ( X ) I XIx), 1/1 (x ) l!xp l -i\ ro Y!, ,.', (xl! \' (X). 
( ') ) 

whr- r r, X IX) i s a f unct i on wh i c h d o l'S not de pe nd on the f ie ld <h(X), 

An a dd i t iona l r cqu i r vmcn t f o r r e produ ci ng t he f r ee t wo-rpo i n t 

f e r mi on Cr e on f unrt i on in rh i s ];l ll g U;lgl' may be us ed f o r de
finin g X IX ) : 

- l rr ,\ () I x- .v ) 
"' lil IX) '.'l eV) , Xi X) X(y )" (6 ) 

(ho r o \o(x- ,v) i s Cr e('n " s I unrt i on of rhc I r c-e mas s l os s s r a l n r 
f i e l d) . Th i s t ask may b(' a c h i cvc- d if IV!.' put 

,\ ( X) - exp 11 \ tr ' " ~ (X ) I \ " ( X ) , (7 ), " ' 0 

where ~ ( x ) is a fr cl' mas s l e s s s ca l a r f i e l d qua nti zed IVi t h an 
ind e f init e met r i c s and X ( X ) i s ;] f r ee f ermi on fi eld . Thus, t he 
fe r mi on Gr ee n f unct ion maOy be ob t ai ne d fr om th e ge ne r a t i ng f unc 
t i onal v i th a n a ct i on 

2 
S id x i ' 

B H' 

I 1 - ~ 1 2 " I' .S. II tt - ( , / 0 ) - - (c1 , ) I,")' ,} X2 /' 2 /, - " ' 0 /1 0 
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_ .- i \l rr )' 5 ( c!> I 2)+ ry (x) e hj rr Y5 ( rf> t 2) 
Xo -l X 0 e 1/ (X) ,	 ( 8 ) 

11 (X) a nd 1/(X ) be ing the fe r mi on so ur ces . 

3 .	 SCmH NGER'S !'lO DEL IN THE COULmm GAUGE 

Le t uS now turn t o the Schwi nge r model : 

) 1 Ill' - . /1 /15 = - - F F I ~J (1 Y (J + e y A ) ti', F = a A - a A (9)
4	 /1 11 ' Il /1 Ill' It I ' l' Il 

We s ha ll choose t he ga uge A 1= Owhi ch is bo t h the t wo-dimen
siona l versi on of ax i a l and rad i a t ion (Cou lomh ) ga uge s . Then , 
t he e qua ti on of moti on [o r Ao ( fo r i ns tanc e , a cons t r a i n t equa
t i on) takes the fo r m 

~ = 0 ,,=> a2A 
0 e j o ·	 ( 10 ) I

[l Ao 

Sub s titut i on of i t s f o rma l s ol ut ion in (9) l ead s us t o the 
fo l low i ng action : 

2 - 2
 
S = ( d x l il/l},Ila ,l cl +~ J d y l j o (x) jx l - Yl li o (y ) 1
 

( 11) 2 - ~ 1f d	 x I i J!J j /l a If! j ~ j (x) - j (x ) J . 
Il 2 0 2 0a

l 

I t is t h is Cou l omb i nte rac tion i n ( 1 1) whi ch cause s the 
anomal ous a xi a l cur ren t d i ve rgence . I n te r ms o f the boso n i c 
f i e l d c/>(x) i t s part i al cons e r va t ion l aw tak es the f or m of the 
mass ive Kl e i n- Go r don equa t i on (0 - m2)¢ (x) = 0 , wher e m= e rr- I/ 2 

i s t he fi e l d ¢ (x) mas s . It s ap pea r an ce i s a n en ti r e l y quan t um 
e f f e c t , caused by t he gauge f i e l d induced " po l a r iza t i on " o f 
Di r a c 's vacuum/ II I 

From eq s . (3 ), (8 ) , (9 ) we ob t a in the t o t a l bos on i zed a c t i on 
of t he t heo r y 

- 2 I 1 . ~ 2 1 ( -/ ." )2 . - . It , 2 2 
S = Jd x - «(/ ,/, ) - - ( s: + 1 X J (/ X ll!..- ch ~ 

to t,	 B 2 It 2 /l 0 /l 0 2 
( 12) 

_ j . l 
+ 1] 8 v rr y ,, \¢+~ ) + X e- i\I -;:;(¢1~ )

X	 1/ 1. 

The ac tion ( 12 ) de t e r mi nes t he ge ne r a t i ng f unc t i ona l [o r t he 
exa c t Green fu nct i on s in t he Schwi nge r mode l ( in the ga uge 
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A I	 = 0 ): 

Z[1/ . 1il ~ < va c I T exp l - i f H d x ol ! vac ;:,. 

So , fo r t he t wo-current cor r e l a t or we f ind 

, ) . Pj, l PI! 2 
< J r; (P J 

1 
(q ) > -. - - ---- - 0 

e, 

( p t- q) .	 ( 13 ) 
·)/J. 5 1 2 2 . 

m	 ,- P .- If 

Th i s r e s u l t po int s t o the ex i stenc e of a ma s siv :! un ch ar ~ed 

sc a la r par t i c l e i n t he mode l spec t r um. 
Fo r t he t Ho-po int fe rmi ons Green f unc t i on Hith t he help o f 

eqs , ( 6 ) , (7 ), ( 12) we ob t a i n the f o llowi ng e xpres s ion : 

- i l1(,\ m(X- Y ) - I~ o ( X - Y >1 
G ( x ·· y ) = Go ( x - y )e ( 14 ) 

where Go(x ._y)is the fre e fe r mions Gre en f unc t i on and L\ m( X y) 

is th e mass i ve sca la r field one . The asymptoti c beh av i our of 
t he f unc tion (1 4) in the momentum s pa ce i s 

P G ' PG (p) · •• - " u» - - ----	 ( 5)p-, oc 2 p-.o 2 . 5 / 4	 I
P	 ( p .. 1() 

( see Append · an d a l so paper / 14 / ) . In t he I"I t e ratur e there a reLX 

co n t r ad i c t or y opi n ions i f such a beh aviour ens ures co nf i nement 
or no t. Note , that i n QED \:l t l ) there are some gauges in wh i ch 
an a na l ogous beh av i ou r o f Gre en func tion of th e obs er va ble 
e l ect rons t ake s p l ace . At l c a ~ t, [ unct ion (1 5) has a s i ngul a r i t y 
a t th e po in t p ~ O lU, l 

4 .	 GAUGE- I NVARI ANT VARIN3LES 
AND VACUUH TOPOLOGI CAL DEGEliERATlON 
I N THE SCm-n NGE R MODEL 

As i s known , t he cho i ce of th e ga uge ha s an e ssen t i a l i n f l.u 
ence on the pr ope r t i e s of Gr ee n f unc tions of th e co loured ob
jec ts / 16 . ~ So, i t woul d be conveni en t t o f ormul at e the l at t e r 
i n t erm s o f gauge -inva r i a n t qua n t i t i e s on ly. 

Equa t i on (1 0), Hi t hout any gau ge- f ix i ng, t akes t he form 

a:AO e [l l d OA l t e j o	 ( 16) 

So , i ns te ad of ( 11) we hav e th e f ol l owi ng La grang i an 

I 2 . . I {I I e 2 - I I 2 
f = ..l (,]oA 

I
) • i CI }' '] fl ~'l ( a I j 0 ) , ( J7)

2	 2 
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where the variables AI (A), tll l (r/I, A ) a re de fined a s 

I 1 I - I 
Al(A ) =AI -JI -- JIAI '-' O. · ~( r./J ,A) = exp(-i eJ A ) liJ 

~. .	 I I ' a2 
1 

a nd a re invariant und er ga uge t ransf o rma t ions 

(A)	 ( A 1 
I .i!J.~ ) I I 

A I	 = A l A I (A ) = A I (A ) 

( 18 ) 
e 

J., (A)	 j ,\ I (,\) (,\ ) I
 
e liJ rJ., (A . 1/' ) = til (A , r./J ) .
 

The Schwi n ger mod e l a cti on i n t e r ms o f th e ga uge- i nva r i an 
var i abl e s ( 18) and the sourc e s 

I -- I 
7/ = exp (- i e a1 A I ) 'I. '/ ~ I'Xp ( i e a- I A )	 19

1 1 

co i nci des wi t h t h p .rr t i o n i n t lu- ! 'Jl ll ~ '. ( · 

(/1 A I	 ~-- n, ;11 (/ll A I () A l o. ( 20 ) 

The c h o i c e o f thl' va ria b l e s ( 18 ) i s fix ed b y t he dy nami c s 
( i . e ., b y th e c ous t r n i n r e q ua ti on ) an d h y t he r e qu i r eme n t of 
ga ug e i nva r i .m cc. llowcvc r , in t he c ons t r uc t i o n b a s ed on th e e x 
pl i ci t so lu t i on of th e c ons Lrai n t e q ua t i on ( 16 ) th e r e is il func
t i on a l ambi guit y : th e a cti on o f th e i nve r s o op erator (rJ1 ) -2 in 
( 16 ) i s d e t e r mined up t o a f unc t ion whi ch s at is f ies th e n'Al em
be r t e q ua t i o n 

;! .> o:» o. i/ -" .\ n.	 ( 2 I)
I I 0 

So, th e va r i a b l e s (1 8 ) t ak o th e form 

I ,\ ~I .\ I (/ 1 .\ ) ,\ i '\ 1 
(A I ) A iI ~- a A t --- A ( ', ) t ' t', . ( 22 ) 

I (J 2 1 I e J 
(~ 

I 

I n th e gauge ( 20 ) t hi s i s the we l l - known Cr i bov gaur,p a mbigu i 
t v /17 ~ I t i s c a u s e rl by t he e x i stenc e of p,au ge t ra ns fo r mations 

- \ (J _ \ 
A e 11\ (A ; i ---l j e - I. A ~~ 

I 1	 c I e 

that l eave i nvar ia n t ga u ge cond i t ion s ( 20 ) . Th i s is po s s ib le i f 
the gaug e [unct i on .\ ~ ) sati sf i e s e qs . ( 2 1) c a l l e d Gr ibov ' s eq ua
t ions . 

In the f inite- vo l ume spac e-t i me e q s . ( 2 1) h a ve non t ri v i al 
s olutions i n t he cl a s s of s mo o t h ga uge t ransforma t i on s, expli A tx j}, 

Th es e t r ansfo rmati on s arc cha r a c te r i z e d by a n int e ger d e ,re e 
o f mapping o f t h e s pa c e - t ime b ound a r y o n t o th e group Utl ) II 

6 

'1'/ 2 R / 2 /LI ) 
J.I :-:: 

e ( d x o ( ) F' II ~ ~ II _l1x I'Il I ( 23) 
411 - '1'/ 2 - R / 2 

~ _1_ Y2 d X IJ I A ~ (x x - + -'l: ) - + (0 1 2 )li t	 - I ' 0 - - 2 - - . , . . .. ( 24 ) 
2 77 - R /~ 

. . d 1 18 , ) numbe r /-' i s a l s o ca l l e d I P 1 n e x .(Th e t ie ontryag l n 
The s ol u t i on o f e gs. ( 2 1) wi th bound a r y cond i t ion s ( 23) , 

( 24)	 t ake s t he f o r m 

x I
A(x) = A(x I I N (x o J) = 2 17 N (X o ) - , ( 25 ) 

R 
whe r e t h e f u nc t i o n N(x ) tak e s as i ni t ial ancl Li n a l va l ue s th eo
numhe r s II , : 

TN ( xo	 = !-) = n . . (26 )2 - 

The ga uge fie ld Al(X ) = ~-rJ ,\ (x) i n te r po la te s b e tw e e n purel y 
ga uge f i elds a t t he e nds (l'f th e t i me i n r c r v al 

A ~ J.· (J I A .	 ('27 ) 
1 ( ' ) e 

v a cua" / 19
 wh ich a r e c al l e d "c la s s i c a l 
The ex i s t en c e of smoo t h so l u t ion s of e q , (21 ) r epre s e nt s th e 

va cuum t op ol o gi c a l degen e rat io n i ll Schwi nger' s mod e l . It is 
not connected i n any wa y wi th th e c h i r a l i nv a r i ance b r l'akin p, 

. I ' h 1 1 . fl " I 10 :!O I ) ~( I I S L e us ua e xp ana t ro n 0 t 11S pn e norne non . ,W I I CI - , 
hut wi th th e no n t riv ial t op ol o gy o f t hc ga uge - fie l d con f igura 
ti on s pac e' 111.22/ ,[,h l' d yu.rmi c-s of t h i s dc g c nr-r n ti on i s d cs c r i bcd 
by the a ct i on 

- ., 'I' :~ 
., (/ 1 ii (1 .\ :!	 1 2 -»i\ _ _ ( --E.) -.S ~ 1.... I d - x ( - - - -- ) I d Xll ~- I , I	 ( 28 )T 2 '	 R e 

r V ) 
O - T ' :: 

Qua n t i z a t i un of t l u - d,- t i o n ( :lH) i s no t di f f i cul t 

H ~ 
K J> !....:r N I . I K , NI J. I II x SI ' T('i N	 - 11 ' ~ 1~ T ' 

Th e t opo l o g i c t , l mom.... n t urn K s pcrt r um i s ea si ly f o u nd by
 
t ak i ng in t o acco u n t th e ph y s i c a l oqu i va l c nc e o f t he s t a t es
 

<' p ' N :-- .~ (, - '1l N	 ,,-IJ' ( N t il ) a nd <: p N ' 11 . 

The r e a l s t a t e r-cp r e s o n t s Bl oc h ' s wav e , wh ic h i s a n ave rag 
ov e r t h i s d e gen e r at i on wi t.h a we i gh t. exp ( i n{/ ) 

/ 2 1/ about' Ou r r e s ult s c on f i r m the concl u s i on made in paper 
non e x i s t e nc o o f non t r i v i a I v a cuum s truc ture in the Sc hwi nge r 
model , b u t in t h e f r a mes o f th e conv e n t iona l a p p r oach to i t , 
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1 L/2 . 0ln < K I N :, ~ lim - - L e e -iK(N .. n)
 
L -' ''' L n-= - L/2
 

. - i (2 17k ,f1 ')N 
K '~ 2 17k I O! e 

= c. 
( 29)K i' 2 17 k , O

1. 
0 . 

k " 0 , ± 1, ± 2, ' . . ; 101 :.: 17 . 

Thi s s pe c trum l e ad s t o th e d i s crete s pe ct r um of a c ons tant 
e le c t r i c fi eld 

2 2 2
.!i. E JL (2 11 k t (1) ~- E L
 
2 2 1 8 tt 2 oAI 

I t s min i mal (i n modul o) v a lue E = eO/ '2, n coinc i des w i t h Co-
UJlII 1 ;) 0 l . 

l eman " s c ons t a n t e l e c t r i c f i e l d he i n t r od uccd'" , to expl a i n 
the (i- v a c uum in th e Sc hw i n gc r mode l . Ilc co ns i de r ed (J a s 
a s i mp l e add i t i ona l parame t e r . Tn our a pp r oa ch () i s connec te d 
wi th the new t op ol og i c a l va r i a b l e, s o i t has a dyn ami cal con 
t ent and the s e constan t el e c tr i ~ f i e ld s r epre s ent t he r e a l in 
frared vacuum o f t he t h e ory . 

5 . TOPOLOGY AND C ONF lNE~ffi NT 

The eff ec t i v e La gran g i a n i s mod i I i e ll whe n we t ake in t o ac 

cou nt v a c uum t op olo g i c a l de gen e r a t i o n . So , repl a c i ng (16 ), ( 22),
 
( 25) int o ( 9 ) , we f ind 

. I . I
 
L = L T(N) t L (11 ) + L s (N , jo ' ,\ ) I


SCh 

R / 2 - I - I

J d X !71 ( X IN (x )) til + ~/I 71 (XI IN(X »L
 

I I o o
 
- f{ / Z
 (3 0) 

. ,\ R / 2 . - I I :! .- 1 1, - 2 . 1
 
L s (N . j • •\ ) I d x I IN ,]I I (<I I J o ) ilu ,\ 1 t~' rI 1( / 1 jail Jo) 1.
 o 

- R /2 

2 17 iN lX )~ 
e (J R71 (x IN(x )) =' g(x IN( x ) 71(x ) = 'I (X) . 

1 0 I 0 

1 
Lsch ( <!J ) a nd L1(N) de t e rJYli ne d by c qs .( I 7) a nd ( 28 ). I t i s i m
por t ant t o noti c e that t h e a dd i t i ona l d ynamica l vnr i ab l.e N( x o ) , 
whi ch t akes par t in t he c ur rent i n t e r a c t i on . cau s e s a c h an ge 
i n t he ph a s e s o f c o l ou r ed f ie l d s ou r c e s i n ( 30 ) (f a c to r 
g( x 1I N (x o ») ' Though the funct ion g (x d N (x o » i ts elf i s a s moo t h 
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one , a f t e r tak i n g an av erage ov e r de ge ne r a t i on, wh ich i t des c 
r i be s, the r e appea r s a si ngu l a r i ty 

1 L / 2 X I 
< ~( x 11N(x 0» > lim - ,"' -c n l n t - :> -

(j ~ 0 ' 
(3 1) 

L·......, L n =-=-L 2 R - R ' 

where (~ i s the Cr onekc r symbol . 
R • 0 

Th is s in gul a r i t y doe s not affect t h e t wo- c u r r e n t co r re la to r 
s t r uctu r e , beca u s e tllc phas e fa c to r s extingu is h e ach other . 
Th e r e r emain s t h e pol e a t t he po int p 2 _ e 2 17 - ~ r e pr es ent ing th e 
e x i s t e nc e o f a mas s i ve s c a l a r part i c l e i n th e s pec t r um. 

At t he s ame t i me t h e f e r mion Gr e e n fu nc t i on v an i she s : 

2 2 i Pl X- V) -i 11 li\m(x - y) - tl o (X- y ) \ 
d xd ye . e 0o (x -y ) x O(p) - lim I 

R,T ·t n.,., ( V ) 

l./ 2 x 1 Y 1 
x li m L ~ <n In ... s .- - - > <n - S t - - I n> (32 ) 

L n =-L / 2 s=- ", R RL -t o..; 

2 2 i\1(x - y ) 
= lim .r d x d y e -i17 (l\m '- ~o) 0 o ( x - y)8 Xl :J. o 
R , T~"" (V ) e ~' R 

th a t me an s t he e x is t ence o f con f i nemen t in t he s ens e of t h e 
mode l -inde pe nden t c r i ter i um fo rmul a t e d in s e c t i on I . As we have 
seen , conf i nemen t is c aus e d by the t oPo t o Ri c a l degene r at ion o f 
the gauge f ield v a c uu m. Not e , that t he I imi I p r oce dur e s i n (32 ) 
( on R, T a n d on L) ca nnot be r e p 1urcd , t hc c or r e c t wa y t h ey 
a re f o I I O\" i n~ one anoth e r b e ing d c t e r mi ne d i1 S i ll th e qu an tum 
s t a t i s ti c s 1 1 : ' 

CONCLUSI ON 

He ha ve tri e s t o a nn I yZt' t lu- I',' a :ions rn r " o n f i n cmo n t o n t h e 
exarnp 1e 0 r Sc hwin ge r ' s mod« I . 111 i I :; c' 0 I1Vl.' 1I 1 i II n a 1 i n t e r p r c t a 
t i o n t he c h:lq~ed-par l . i (· lp ! ; 1'll illi l1 l' lll,' nl i s p r o h l ema t i c be ca u s 
of t he exi 5 r c m :r- II f :1 S i II)', U1: 1r i rv i ll t i ll.' qun nr'k Cr c e n i' un c t i on . 
\Jh e n qun n z e d v a r a b l e st h eo r y if; t. i i ll L. ' l"l n:' III 1'.'IUp,l'- i ll v :l r L m t i 
i n Li n i t e -rvo l ume !~ pae l'- I i uu- L1 1l.:n ' npl" ' ,'lrS lo pn lng i c a l de ge ne 
r a t i on of t he " c ol oured " f i L' l d phn s e s , Af t e r t a k i ng a n a ve ra ge 
ov e r t hi s d ege ne r a t ion t ill' qu a r k Gre en f unc t i o n vnb i s he s , bu t 
th e " ne ut r a l " c u rre n t co r r c l a t o r (i n t he l i mi t o f a n i n fi n i t e 
vo lum7 ~ c o i nc i de s wi t h t he one i n th e s ta nda r d app r oach t o t he 
mode l 3/. 
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Thu s, t he assumptions a bou t t he t opo l og i ca l de gen erat i on 
of t he ga ug e f i e l d vacuum as a r e a s on fo r t he conf inemen t i n 
t wo- dimens iona l QED becomes wel l mo t ivated. We woul d like to 
exmpha s i ze t ha t the t opo l og ica l st ructure of t he Sch winge r mo
de l coi nci des with the one of a non- abel ian gauge theory i n f our/
d imens io ns ! 4( 6 0 , the co ncl us i on a bout t he ex is t ence o f conf i 

· 18 /nement t ak es p1ace ~n QCD , too . 

The au t hors woul d l i ke t o thank Drs . B.M. Barbashov , G.V . Efi 
mov , A. V.Ef r emov, O.I . Zavj a l ov , D. J . Ka zakov , L. B. Litov an d 
V.P. Pav l ov f or di s cu s s ions . 

APPJ: ND I X 

Le t us r emind t he fo rm o f t h« (ri gh l ) [ e rmi ons Gre e n' s
 
fun c t ion i n t wo-d imens i on,11 mornc-u t. um S p :JC t'
 

1	 1 PIU	 tr» O(P , ){}( ._ p _ 1 . _. ---. - , (/ 1- " 1 )lil p 1 - - -:--, OR	 ( A. 1)
P . I.	 (I - I, P, P_ ' i( 

where t he " cone" c ompononr s a rt' c1 .. 1 ill l'd a s u sun l P . PO ! PI ' 

He s ha ll now ca l cu l a te till' " X ;, c l Cn' (' 11 f unc t ion o f t he ( r i gh t) 
"quark" in t he Scln"i np, pr mo d r- l . \IS ill :', r o l n t i on ( 14) . I\ s we are 
i;o i nl; t o di s cu s s t he c ou fi ncrru-n t p r oh l r-m , I,J, ' a re interest ed 
i n th e b ehnv i rm r o f t h i s f unr t i uu 1,J11l' 1I p :!, O. \!i th t he co r res
pond i ng a s yrnp t ot i cs o f p r opa gn ro r -: ' III (X ) .m d ' o(X ) (en t e r ing in t o 
e Cj . ( 14 ») t ak on in t o a c c oun t loll.' fi lld 

' J	 I~ II' , X _ ' JI x I X.x _) J/ 4
G	 (P ~ •• 0) = Idx · Il .1- ,. d x .. - , "	 1 " .J

(x	 - 1 , } 1Il 

.J.... ' I' x X 1 ' ·1 .1, I' x1 .J
 

-l ro m 1.'2 I I'dx I X I f' - ( dx_ - --- - - - l · :l '  ( A. 2 ) 
n	 x - I , 

1 
1.'4 -'2" IP _X ; "- 1 ' 4 

xl	 .f d x d - x + ) e r d x f ' 
-&' i' . x _ ~. 

o X l i t 

The in t egr a ls i n t l1 e firs t t e rm of (A. 2 ) c a n he e ~ s i ly ca l cu
lated 
" 1 /4.-l.	 x x ' o ' ]I x 2i ;, '4 1 , 1I' d	 I- + e ~ - ~ (----- ) - I (- ) I) ( - p l. p	 -+ i , -1 -lO' 
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1/ -' I I' t X 

.r dx _ - - ,. ( - ~ i ) ( ) I ' (....!..) () ( p+ ) 
x	 1/ 2 2 i i i . 

. -1X I .	 P t ·1 i , 

tha l f inn l l y g ives us 

2	 1 ( _ _ 1__ 1/ 4 _ I ' 2(114)
G (p. 0) = C () (p ) 0 ( - P ) (--- ) ) , C - - - 
- R( t ) + - P + i ( P I- P_ + i, 4 1TfiI 112 

(A. 3)
I n a n ana logous Hay fo r the s eco nd t e rm we obtain 

2	 1 . 1 . 1/ 4 
G (p ... O) =C() (- p )O(p ) (---)(-- --) . (A.4)
-	 R(2 ) , - ' . . 

p._	 - 1 , P t P_ i- 1 , 

Compa ring (A. 3 ) , (A.4) wi th ( A. 1 ) we a re l ed t o t he concl u
s ion t ha t 

G	 (p 2 -. 0) C ~ OR (p) ( _ 1_ ) 1/4 
_ R 2

P	 1- i , 
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l i e v n N. P" Pe r v u s h i n V. N. E2- 85- 3 5 ~
 

Topol og i ca l Co n f i neme n t in t h e Schwinger Model
 

Th e r e a s o n s fo r con fi n eme n t are analy s ed o n the e xnmp l n 
of t he Schwinger model . In the convent ional interp r et ation 
of thi s model thc c ha r ge d- p a r t i c l e s conf i nemen t i s p r o blema 
tic be c aus e of t h e e x is tenc e of a s i n gu la r i ty in t he q ua r k 
Gr e en f u nc t ion . hTh e n theory is qu anti zed in t erms ()f ga ug, ,
i nva r i a n t v a r i a bl e s in finite-v olume s pa c e - t i me t he r e ap J1 (> a r s 
topo log i c a l de g eneration of the " c o l ou red " - f i e l d p h :' h l." i . 
II r tl' r t a kin g a n a v c rage over th i s d e ge ne r a t i on t he qun rk 
(01 "" 11 lunrt i o n v a nish e s but th e "neu l rn l " - e u rrL'nl 1' llrrl,I I' 
I Il I (ill ril l' l i mit o f a n i n f in i t e v o l ume ) co i nc i d.. " wilh 
I h, " 'll i n I h , ' ! : l a ll d a rd a p p r oac h to t h e mo de I . S", I II, / ,, 
1'"1 ,, ., 11' , 1 0\, ~: ' 1I . ' I:,t i " 1l (, I' t h e ga u ge-f i t' ld v .u-uurn l l p l"' " r' 01, 

"I'll ,"" III' ll,n 1 i ll l' lIll' 111 i n QED ( 1 11 
'I I I. I II \' 1 ' '' 'I i " l1 l in !' !)I! l 'J} pc r I o rnn-d " I I I" , 1.:, IJ ' .. · . l l n r v 

0 1 'I'h,. r I I I II I'll . " • J [NIL 
omnun II II , "' '" 10 " " 1111.1 i 1 , " , 


