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1. It is to Ье noted that in classical electrodynamics the vacu

um fields Aifi,f} = ~·.J(ZJ are descriЬed Ьу the Laplace eq. 

/fi!J/~}=0 that has а unique nonsi119ular {.J~J•O} solution: 

.Jtz)i!O (for example, see ret/11). This result does not chanqe, 

н we сьооsе а нntte-volume space fi/( R and the Ьoundary coмi-
tion on llftJ-чroup element: t!a:fJ (i){l} ~ }• f • 

In this paper we wQuld like to attract attention to the fact that 

the qeneralization of the transversal vacuum equation to non-AЬelian 

fields in а finite~volume space has nontrivial solutions 

:JRJO • 
L~·Jf{•) (.t) =0. 1(: (Х}"' РУГп :

0

• :е n= :t (0,1,2, .. .} 
{1) 

which satisfy the boundary condition 
4 • 

/iт·е ~.Jfi~ :t 1. 
М+~ 

J. 1oJII 
3 2i 

е f• it. 
The transverse non-AЬelian vacuum (unlike the electromaqnetic one) 

deqenerates, and the numЬer of vacua coincides with the numЬer of the 

homoto~y qroup е lements fJ; {5U (2)} = Z. I t is easy to Ье convinced of 

that the deqeneration has nontrivial consequences even 1n the limit 

of an infinite volume. Let us consider, for exa.ple, а quark wave 

function, which in the dlqenerate vacuum is qiven Ьу а sua of product 
J,.,rzJ . 

of phase factors ~ and а solution of а •free• Dirac equat~on 

1/f.t~: 

7/I{;J = L е ~.,(iJ 7/! tzJ = 8(!f1Jf/!r:rJ = R8Ьit) 1/!, (.i). 
hz•OO 

2 

,. 

.. 

Summation over the degeneration leads to the change of transformation 

properties of the "free" solution VSo (;) ,which are not restored in 

the limit of an infinite volume. This is а typical example of the spon

taneous sym.-netry breaking analogous to BogoluЬov quasi~verages/ 2 / . 

Due to the interference of the infinite numЬer of phase factors, 

the .probaЫlity amplitude to find such а quark with momentum ([} is 
• . 
equal to zero 

7ft~ z }1~ exjJ (i!l) 8(1;;) ~ (Х) =О 

for the function class (t/" (iJ}. Ьу which "free " state s are describe d. 

This purely guantum ef·fect may Ье interpre ted as а "color confinement". 

2. The definition of physical variaЬl es pe rmits also а dyrtami-

cal arЫtrariness. For example, in e l e ctrodynamics the e,lectrical t e n-

sion E:=fl.a. 
• о ' is defined up to an arЫtrary g auge phase 8" 1 ri,tJ 

satisfyiшg e q. fl/4Jl(i,t) -=0. Just suc h an equ ation (in the lowe st 

order in g ) t a kes place for the non-AЬelian theory in gauge ~) 
1\ " 1 

V;l·В.oA: =О ( V:L· = ai + [А, _7 ) ' whe r e the fi e l d s 11, are d e -
L ~~ " а -{ 

fined nonuniquely, up to а gauge trans!ormation Ai = 'l.r(Ai т )1r 
satistying eq. V 2(А)(1Гдсi) = д2 д)f +OfgJ=O tha t has recently 

been called the GriЬov equation /S/. Time {·j i +}) boundary condi -
!)0-t · а .... т а .... 

tionsfor JI{X1 } arephase valuesat f::!I ljf(x!:.-)=A(+)(l). 
q - 2 l· 1 q2 -

These functions J(t) (i} satisfy the vacuum e quat i ons /1/.J(t) (Х) =0. 

It 'i s clear that the spontaneous degeneration o f both the vacua JI~J (i) 
with numЬer n+ leads to а nontriv ial solutio n f or the phase J? 4(;:tJ 

;1/(fJ = / (n+ -п.) + j (п+ +n.), 
..... 

Jrz.f; ~ Jl11q(i,fJ = /l(f)ff /~j ~ 
where ~(~ is а function that describes the interpolation between 

different vacua {#(!. fj = /1!:.} , and it represents а Goldstone 

mode of the tqpological degeneration / 4 / 

~~ The quantization in such а g auge and its uniqueness are discussed 
in / 3,4/ 
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It is easy to verify that the classical interpolating field 
л -( 

Vt (i/#(/~ = v-{;/N) Ji 1Г{х/#), 
) -~ 'li(ijll(ф-= е " 1r,) (2) 

is an analog of the instanton field /б/ in Minkowski space with the 

topological index J) '-= n t- -17- and the action 

.ii.i Ve 

j (RJ/Il) -:о j jJt jd3x ( iJ. ~oi = !-- jdt N2

Г'': В'fPv;.(йrR) 
-Т/2 (K/~R - 2 г gz Т )1 

-"И2 

{r: ;:RJ 

which is f ini te at R "'Т~ 00 о We may calculate the f) -vacuum ener

gy spectr um Ьу using the quasiclassical approximation 171 The same 

spectrum appears at а dir~ct quantization of the Goldstone variaЬle 

~ 

,. 

BS/gf,i _ = J{ [Х, N] =L н= j(2 
р[Ф 

Н 1/J = (Rff +llJ:Ir 
. 2JФ <.р 

( ф-= е i:lllf) 

if. one takes into account that points Л/ and Л{+/ are physically 

equivalent: -ф (11+1) =-е 18
z/;-(l() ( .J{ Vs-= (2,'ff!+B) -ф, В is а ра-

rame ter of the homotopy group representation)o The eigensta:tes of the 

operator . t-1 {fj are defined Ьу the infinite sum 

00 
л 

#/N) 
8 

- in!:l 2_ е (;1/+n)/N+ry 
n=- оо 

and therefore· the non-Abelian field 
А 

large component ~- (i/!J) 
Ai 

л 

= V + аФ l . 
L col).tains а 

3о Perturbation theory over the vacuum field _ V(x!лl) and with 

exact quantization of the Gold~tone mode is formulated in detail in 

author's refo/З/0 Here we give а final result of the expansion of the 
ф 

Lagrangian in the lowest order in llj"-

4 
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• J' 

i 

1 

L Ф = f IФ ~~/3Х [-$ (V, (v)a~- \lv(V)a;)
2 

+- ?/r r:tf (v){f '1/J ], • 

where ~ ( V) is the covariant derivatiy e in the purely gauge field 
.. IJ ... -( 

~ =- lJ/.1.'/N)U~ 'lf'(:r:./AI) о When calculating the colorless Green 

functions like the electromagnetic and weak current correlatФrs 

CJ ;;.) J 3fv) > (when color field sources aFe absent) the de-

pendence on the variaЬle t/ is completely removed Ьу the gauge 

transtormation u{x!N) , except ' tar th~ terms determining the con-

serving topological momentumo 

Lф ф 

:!{ .= 
8
- = NФ +} 8N 

} = ~J jd·зx .. .xo{Jyo IazJr +еоЬ·аiь~а:). 
"" As а result, for the finite-volume space the ' Шamiltonian of the 

theory acquires the additional low-energy interaction 

!Jfl= iljФ_ (fl-})2 
2 - 2JФ l сiф= 1:ТRJ ( 3) 

which might Ье worth being taken into account in the QCD-bags modelo 

The interaction (3) is renormalizaЬle; it breaks chiral Uf/}-sym
metry and. C/J -symmetry (with breaking parameter /} )and ·leads to 

the oscilla.tor-like potential between quarks ahd to dynamical quark 

{tp} and gluon (ОФj masses which disappear in а large-momentum 

limito 

The Нamiltonian (3) disappears in the infinite-volume limit 

/( -> C>Q , and in the limit tbe theory with the spontaneous vacuum 

(( J 3tf. J м.. \_\ 
degeneration in c6lorless sector {.Х) (У}/.) coinsides 

with the usual QCDo 
' -

In ref ~ 191, where the spontaneous vacuum degeneration in the 

Schwinger model was consid~red, it is shown that the analogous lo~-

-energy interaction in the limit 

Cf-v~cuum Ham~ltoniano 
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Спонтанное тоnологическое вырождение вакуума 

в кеабелевой теории 

Е2-84-650 

Показано, что кеабелевые nоля в пространстве конечного 

объема тоnологически вырождены в низшем nорядке теории возму

щений. Обсуждwотся физические следствия такого вырождения. 

Работа выполнена в Лаборатории теоретической физики ОИЯИ. 
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Spoпtaneous Topological Vacuum Degeneration 
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It is shown that the transversal non-A.Ьelian fields 
in а finite-volume space can topologically Ье degenerated 
in the lowest order of perturbation theory. Physical consen
quences of such а degeneration are disaussed. 

The investiga~ion has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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