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Introduction

There is a significant difference belween the description of Yang-Mills
field ground state and that of any other fields for which the conventional
methods of quantum field theory work. The instability of the naive per-
turbation theory (for examnple, sce ref. [1] and review [2]) is one of the
crucial problems in application of the non-Abelian field theory to hadron
phyvsics.

Iifforts to understand the problem of the QCD vacuum give rise to
a huge number of speculations connected with the nontrivial topological
propertics of gauge ficlds [3-8]. We want to continue these attempts from
a different point of view.

In this article , we would like to underline the significant role of zero
modes of the secondary first-class constraints [9, 10] in the quantiza-
tion procedure of gauge theories. We will demonstrate that the presence
of zero-modes reflects a global structure-of the initial gauge symmetry
group. These zero modes can be also treated as some collective excita-
tions of gauge fields. An example of that type zero mode is the Cole-
man clectric field in the two-dimensional QED [11, 12, 13]. It is well
known that the local U(1) in the two -dimensional space time and the
non-Abelian compact groups in four dimensions have the same topolog-
ical properties. Therefore, before the consideration of the non-Abelian
gauge theory we study a simple example, electrodynamics on a finite line
and emphasize the nature of these zero modes as remaining quantum
mechanical variables. With this experience we proceed to investigate
the four-dimensional SU(2) gauge model where in direct analogy with
the previous example we introduce the same type residual variable de-

scribing the zero mode of the secondary constraint. On the basis of this,



we specnlate on a puossible role of these colleetive excitations for the
Yang-Mills ground state and stable perturbation theory.

The paper will be organized as follows. In section 1, we present a
systematic analysis of clectrodynanics in two-dimensional finite space
time in the Lagrangian and Hamiltoman forms. Section 2 is devoted
to the (1-+3) dimensional SU(2) Yang-Mills theory. We prove a no go
theorem about the local realization of the representation of a homotopy
group without the collective mode, and show that the presence of a zero-
modc of the first class sccondary constraint leads to another realization

different from the "instanton” one (3-5].

1. Electrodynamics in the two — dimen-
sional finite space — time

1.1. Zero mode of the Gauss equation

Let us start with the Abelian U(1) gauge theory action in the two-

dimensional finite space time

iT iR
1.
”"[Al‘] = / (Z{ / ([.‘l' (——5["2;w) - (l)
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In the (141) space time we have only clectric tension £ 2
Fopi= Ay — dAy = L. (2)
H3clow i the text we will use the following notation j" D= %"[,(']]': =
i
Ay



The action is invariant under the local gange transformation
, _ o )
Adla) — Altor) =gt ) (At o) + (—()“)_q (4.2}, (3)
aflected by an element of the gauge group
;
_q(t..rl):cxp(ﬁ,\(i..r)) (1)

with an arbitrary function A({,z) . (The constant e/h has the dimension
of mass and A/l is dimensionless.)
The Euler - Lagrange equations for the gauge lield follows from the

action (1) by varving (¢ 20)

PAg(le)y = DAL ey = 0, (5)
At ey = Aoty = 0. (6)

The Gauss equation (5) does not contain a time derivative of the time
component Ay and is considered as a constraint.

The general solution of the Gauss law (5) with respect to the time
component can be represented as a sum ol a general solution of the

liomogencous equation
Pooli,r) = 0, wolt,r) = a{t) + ealt) x,

and a particular solution of the inhomogeneous one constructed with the

help of Green's function G, 2'):

R
Aoty ) = oll, ) + de' Gl 2") (i)xil(l,.r')) \ (M)
L
PGy = o =0 (%)



To specify the zero mode @p(t. ) and the Green function Glr | o),
we need a boundary condition for the gauge field A, (4, x). The usually
exploited boundary condition

At 7) =0 (9)
r::}:;—/f

leads to the well-known result for the zero mode
L,Dg(t,l‘) =40

and the Green function

(zz") R
Tl_.

1
Glr. 2"y = zlz—~2"| + T

2
Substitution of the solution {7) with these guantities into (6) leads to the

identity

Ay(t.z) = At z). (10)

Thus , as have been expected , we do not get any restriction on A;(f.x) .
Due to the gauge invariance (3) only transversal components are dynami-
cal. In the two-dimensional space we have only a longitudinal component.

As a consequence , we obtain
L =0
Now let us suppose a more subtle than (9) condition

+ a,(t) (11)

Aut,7) = Au(t,2)

s=+£R !

r=-3R

with an arbitrary time- dependent vector a,(t) and

Ai(t, ) = At,z) (12)

:=~%H

:=+§R

DAL, ) = dAo(t,z) (13)

r=+%R z:-%R



These conditions mean for the physical quantity [ the following:

r

r=+1R z=-%R

It is evident that for this case we have zero mode

ao(t) r
n

Q()(t,l') = Cl(t) +

Due to the presence of this zero mode of the operator 8%, we face the
problem of the correct definition of Green’s function with the boundary

conditions

n
.
8
P

JG(x. ")

—a L
1—+;R

To solve this problem , we exclude the zero mode from the Green
function spectral representation

i 1

C/'(I ,JT() = Z /\—uu(r)“’;(‘rl)w (16)
n=—oo,nx0 n

where the funclion u,(z) is an eigenfunction of the one-dimensional

Laplace operator with boundary conditions of the type (14), (15)

Pua(z) = Aa(z), u fz) = ﬁexp(iz%z),

with an eigenvalue A, = _(2%)2.

The representation (16) leads to the following equation
= 1
iz, = Z ua(z)ul(z') = é(z -2’y - Y

n=—oo,n#0
instead of the conventional one (8). Nevertheless , it is easy to check the
representation (7) with this solution of the Gauss equation (5) because

A, satisfies (12). The explicit form of the Green function (16) is



Glr -2") =

R P T

(r =2 R
IR 12

After substitution of the solution {7} into the cquation for A;(r) iu-

stead of identity (10} we get

0&,9‘0([, .l')

R

o
=

dz'Ay(t,2") = 0. (17)

-
=

This is the crucial point. We obtaiu the reinaining variable depending

on the zero mode and on the hinctional Ap[,]

IVL[A;] =

1
iR

c

dr' AL, 2. (13)
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[t is useful to introduce the following notation for remaining variable

where

A‘yu(f) =

A’\"'['(t) = JV()(t) + ATLI/\]}, (lg)
R t
[
— 'yt 7). 2
57T dt'dey(t', z) (20)
_%’['

In terms of Np(t) ¢q.(17) has a simple form

and for electric tension we get

Np(t) = 0 (21)
2rh -
= -I—Z—Al(i)

It is casy to sce that the new variable Ny(t) is connected with the

two dimensional topological invariant , the Pontryagin number functional

v[A]



r 3h
4 - v ¢ 1 .
p[A] = m d*re,, I = i dt / dr(Ay — dAp)
-ir -in
1 a simple way
| 7 . 7
1/[.-1]: o= NS ) = N5 (22)
constraint = =

Now. we can see the double role of the remaining variable Nop(4) in
dilferent gauges. In the gange Ay = 0 it looks like a zero mode of the

Gauss cquation for electric tension
g2
d7 A ) = 0.

In the temporal gange 4, = 0 Ny = N/ [4] is the topological
variable which transforms under the residual stationary gauge transfor-
mations

" .
At r) — .,1’1(/...-):;,(.1-)(/1,(.,»,)+-’(—a),,*‘(.,-). 1/(.1‘)::('x|)(;—l,\(‘r))

in the following way:

/ I Ik
N[ = N — [,\(5) —,\(--?)]. (23)

R

Recall that the functions g(a) represent maps of the line (~17/2, 17/2)

n

) = y(—g) otto the (1) -group space. All

with the identified ends g(
these maps are spha into the classes characterized by the integer index o
pointing oul how many times the closed line turns around the U(1) space

cirele. The quantity goz0) ts called the large gauge transformation: while

Ypu=uy - the small one.



The Tactor space of all stationary gauge transformations with respect
to the small ones 7/ coincides with the homotopy group of all one-

dimensional closed paths on the U(1)-circle
L (U(1) =z, (21)

where Z is the group of integers. The new variable Np(t) is variaut
under the small gauge transformations and changes by an integer under
large transformations

Np{l) — Ny 4 (25)

The invartance of the theory under the large gauge transformation
means that the points Ny, Ny + n are physically identical. The configa-
rations Ny = 0 and Ny = | are the same; so the manilold {Ny} is a
circle of the length of unity.

Thus, the explicit solution of the constrained equation (5) leads to
some reduced theory, effective action for which can be obtained after
substitution of the solution {7) into initial action (1)

WAl ~wiipm] = fa ('), e

constraint <

S

The gauge field theory in the 1+1 space time reduces to a simple me-
chaniecal system . The reduced action with the definition of the manifold
{Nr} describes a plane rotator with the mass / = 2%

To get a physical consequence of the new variable , we should quantize

our reduced theory. Thus , the next goal is the consideration of this zero

mode in the HHamiltonian form of gauge dynamics.



1.2. Zero modes in the Hamiltonian approach. Pri-
mary and secondary reduction

It is easy to get the Hamiltonian form of the reduced theory starting

from the reduced action (26)

/2 _
e - / d [PNT - lﬂl-‘] , (27)
~-T/2

where P is canonically conjugate to Nr. For the generalization to the
non-Abelian case | it is useful to obtain this action and to elucidate the
status of zero modes in the canonical Hamiltonian scheme.

For our purpose it is convenient to use first order formalism action

. - T %R 1 1 2 -
WL A = [ dt dz ( BE(A1 = 040) - SE* ), (28)
0 -iR 2

where the time component, Ag plays the role of the Lagrange factor. The

momentum canonically conjugate to Ap(t, ) 1s equal to zero
ac
Ko(z,l') = — = 0. (29)
dA%t, z)
Equation (28) is the primmary constraint and its Poisson bracket with the
canonical Hamiltonian H leads to a secondary constraint for the electric

tension

{mo, H} = OF = 0. (30)
These two constraints according to Dirac’s definition [9] , form the first-
class ones. Equations (29) and (30) mean that the time component is
not physical and can be removed from phase space by the gauge trans-
formation. The removal of nonphysical components by explicit solving
of primary and secondary constraints will be called the primary and sec-

ondary reductions respectively. To remove the time component , it is



enough to 1oose the gauge Ay = 0 . The primary reduction of the

action (28) gives

, .1
Wit = / &y [I;‘A, - ;1:7‘} (31)

with the Gauss law
oF = 0.
This first-class sccondary constraint should be accompanied hy the

second -class constraint {gauge condition). Let us choose the gauge
JdA, = 0. (32)

This gauge is distinguished by the equation of motion following from the
action {31)
E = A (33)
and by the coustraint (30) .
The secondary reduction of the Hamiltonian scheme action (28) evi-
dently coincides with the action (26) obtained from the Lagrangian ap-
proach. To verify this | lct us write down the explicit solution of con-

straints (30) and (32) v the form

.o~ op S T 34
£ P+ B (34)

+ 1h _
A= gNopAT + Tz)),,"'(;vu), (35)

where the gauge transformation

) L2 )
g(Ny) = exp {l T NU(”} (36)

and AT and £ are the transversal variables equal to zero in the two-

dimensional case.

10



Thus, a global subgroup of gauge symmetry leads to collective exci-
tation P of the type of a zero mode of the first class sccondary constraint
(30) which is the remaining longitudinal part of the gauge lield momen-
tum. This zero mode is accompanied by the zero mode of the "radiation”

gange, which is well known as the Gribov ambiguity [14].

1.3. Quantization of the reduced theory

For quantuam deseription of the reduced theory we will use a fixed time
Schradinger representation. The canonical variables Np(t), £(2) are fixed

at time ¢*

Npo= Ny, P o= Py
and satisfy the commutation relation
/[1‘1. N,-] — i (37)
The stationary Schrddinger equation
I, =¥, (38)

should be complected by the constraint of identification of the points

N, N+ 1 outhe cirele

YN+ 1) =0 (N) <0< =) (39)

[

The solution of these equations is the Bloch plane wave

W, = AN P 2k + O)h, (-10)

11



where £ is the number of the Brillouin zone, The spectra of the clectric

tension and the energy have the following forms

/
E:c(k+0—) (11)
2
€= RE*/2 (42)
which coincide for the ground state (K = 0) with the Coleman constant

electric tension [11]. The nonzero tension (or the collective persistent
current in the functional space) appcars here as a pure quantum cllect
(of the type of the Joscphson one) due to the jump of the phase of the
wave function (40).

There is another way of describing this zero mode where it is rep-
resented as the functional of the local variable [1,5]. However, different
(cquivalent for the considered model} ways of introducing the zero mode
lead to different results in the non-Abelian theory. Tlie reader can sec

this fact in the next section.

2. The SU(2) Yang—Mills Theory in Four

Dimensions

2.1. Primary reduction

We start with primary reduciion of the Yang - Mills theory with the

local SU(2) group

1
Whed — /d":c [E:‘A? - 5(E;”+ B, (43)

12



where the electric tension 7 satisfies the secondary constraints
b b ab; b b
VIR = (69 +ec®™® A E! = 0, (44)

and magnetic tension B}

B = e, ((‘)jA‘;_ + %c“b“ Al Az) . (45)
Below we will use the gauge
Ve (A)AL =0 (46)

which 1s cousistent with the equations of motion
ES = A% (47)
This theory has the topological nontrivial gauge symmetry group

[3—8]

. - . s et A
Ay = Al =g(A+08,) g7 A= 2% (48)

All stationary transformations with the boundary conditions
limg (F)=1 |JT| — oo (49)

represent the manifold of three-dimensional closed paths on the three-
dimensional sphere SU(2), and can be split into the classes characterized
by the integer index of a map (n) of the space {Z} into the SU(2) group
space:

1

_ 3. dike (v vl U= g7}
n=g [dae tr[V,VJVk], Vi=gdig. (50)

As in eq.(24), we can speak here about the homotopy group

,(SU(2)) = 2. (51)

13



There is a topological variable Np[A]

2
1672

1 )
NL[A] = '/dsrfgjk (A? 3J- Az + g et /1? A? Ai) (52)

which realizes the representation of the homotopy group [6]

NL[A] = Ni[A] + n. (53)

2.2. No-Go Theorem for the Local Quantum Rep-

resentation of the Homotopy Group

Apart from the experience obtained from the above considered iwo-
dimensional theory there is one more mathematical argument in lavor
of the existence of the independent collective variable Ny of the type of
(19).

The exact formulation of the problem of quantization of the Yang-
Mills theory with the nontrivial homotopy group is given in refs. [4, 5]

and consists in solving of the set of equations

HoW, = b, (51)
VEiW, = 0 (55)
Tow, = ey, (56)

A first cquation is the stationary Schrédinger equation with the Hamil-

tonian

s 1
HlA E) = /d"z;(l?{‘z + B, (57)

14



Fq.(55) reflects the invariance of the theory under the small gauge trans-
furmations, and 1q.(56) describes the covariant properties of the wave
function under a large gange transformation. The topological shift oper-

ator 1, has the form

To=expd -t 58
L = exXp AR (AR)

where A is the functional (51). This form is justified in refs.[1. 5] by
representing the solution of (1) (56) in the form of the Bloch wave

function
U, (N ATy = w7V A7)

and by the exact nonphysical solution witli energy ¢ = 0

st
Y, = exp {:I:-—T .“\’1,[:1]} .
4

No-go theurenm: There are no physical solutions of equations (51)-
(56) .
The Proof: It is casy to check that the operators 1, Ty do not com-

mute
(M. 0] # 00 ([Uelil, T]) # 0

therefore they cannot have a complete system of physical eigenstates.

In the two- dimensional Abelian case | this local realization wuorks
due to the absence ol o tramsversal vartable. There is only a plane wave
excitation. In the threes dimensional case . these transversal variables

deseribe the oseillator- Tike local excitations i the Schrodinger equation

15



due to the magnetie field potential while (56) means that the wave func-

tion is simultaneously a plane wave, which is impossible.

2.3. Secondary Reduction

As we have seen in two-dimensional case, there is another way to get
a nontrivial physical representation of the homotopy group (51). For

this goal it is sufficient to introduce an independent collective topolog-

ical variable Ny, which describes the Gribov ambiguity of the ™ motion
cquation gauge” (16)
A = /if”“ = ga, (AII + f),) v, L (59)
and its conjugate momentum
£, = gwy [ET + Polsle™ Vi (A7) 0] g, ™" (60)

as a zero mode of the first-class secondary constraint (44). Here &y is

the zero eigenfunction of the Gauss constraint (44)
veb(AT) i (AT) 9o = ¢ (61)
gne = Texp (é)o/vo(m};‘) (62)
Iy , Iy are the following surface integrals:

I

/d"r(v.-cb)“[?{‘ = /d“z(?.-[B'“Q"); B=--F

/d3x(vi<1>)“(v,-(1>)“ = —21—/d3x6,-’(d>")’. {63)

I

16



Note that the new variables £7 and A7 satisfy the same constraints
(-+1),(16) while the topological variable (50) and action (43) acquire ad-

ditional terms

Nr[AT, No] = Np[AT™) = No[AT] + Mo + Inviterm  (64)

\.NH

. . . 1
WHAAE) = WRAAT ET] ¢+ [ dt lPN ~ 5 PPlels™|  (65)
A 2
2
1£q.{64) is defined within a term invariant under large gauge transforma-
tions; Eq.(65) is just the secondary reduction action. Let us consider the

sitiplest case when the surface integrals (63) are time independent. We

choose them as

o

_ 22y _
lo=="5= s =1 (66)

with g being the parameter of the mass dimension. Emphasize that

this condition means a slow increase in the fields at spatial infinity. An
example of fields like those is the well known Prasad- Somerfield solution

[15] of the Bogonolny equation

o 2,

V?C(Aasympt)d)o = TB:' (Ausympi)v (67)
where
n_lab:s_ﬁ____l. 1_£‘_. —| =
Assympt; = e( " [sinh(yr) r]' ™= r! r=|7|

2r 1
($%) = —m*® [y coth (ur) — —} . (68)

e r

For these fields , the invariant term in Eq.(64) has the following form:

Inv.term = —T&rN—G). (69)
2r

Thus , we get the non-Abelian analog of the Coleman electric field in the

(1+1) QED.

17



2.4. The global representation of the homotopy
group
From the reduced action (65) we get the following Hamiltonian:
g ! . g
Hpaal P E AT ET) = — P24 H (AT, BT, (70)
2/
where / is defined by (57). In this case , the Schrédinger equation
IIRcd \l/z :(ll/( (Tl)

admits the factorization of the wave function on the plane wave describing
the topological collective motion, and oscillator like part depending on

transversal variables
W (Ny. ATy = eiPNo g (A7), (72)

Thus , the representation of homotopy group is realized as
) [

d

. T LT = o _l_‘J — o - .
IV, ="V, Tg =cexp (h I) exp (JNU). (73)

Recall that P has a discrete spectrum
P =2xk+0) L.

The oscillator like part of the wave function ¥ [A7] is described by the
Hamiltonian /1.

It is uselul Lo separate the stationary asymptotic part of the transver-
sal variable Ay gy and the quasiparticle excitations with the zero bound-

ary conditions

/i'll('l'(ly l-) = /iusymlrl(f) + &T(TU; F) (74)

18



In the "homogencous™ approximation, if we neglect quasiparticles
al'(rg: F), we get from (65) the following effective action

T

" i . -
W = WA BT =0] = /dz 5 Pelg™? —/d%;ﬁ (75)

1
2
IFor the Prasad-Somerficld asymptotic field there are values of the cou-
pling constant
T 0
17
for which the effective collective action (79) 1s equal to zero.
We want to emplhiasize the attractive peculiarities of the considered
global realization, zcro action and stability of perturbation theory un-
der small deformations {16, 17). This is just the main difference from

instanton contributions witch are suppressed by the action factors.

Conclusion

We have discussed thie mathematical and physical arguments in the
favour of the introduction of the zero modes of the first-class sccondary
constraints in gauge theories.

[t is shown that the reduced action approach allows us to take explic-
ity into account the zero modes including the Gribov ambiguity mode
and clarifies their double role as independent variable or the winding

number functional. To reproduce this result in the Dirac Hamiltonian

~ e

approach , it is uscful to consider the procedures of primary and sec-
ondary reductions. The primary reduction hias been introduced by Dirac

to conserve the uneertainty prineiple for gauge field components included

19



in the phase space {sce disenssion of eq.(2.28) in Divac’s Lectures [9]).
This reduction is equivalent to the choice of a temporal gauge. The sece-
ondary reduction consists in the fixation of the remaining ambiguity due
the presence of stationary gauge transformations. generated by the Gauss
constraint. For this purpose , we explicitly solve the Gauss constraint
and the additional gauge condition that does not contradict the equa-
tivn of motion. At this step | to reproduce the result of the Lagrangian
method (it is necessary to introduce the zero mode of the first-class see-
ondary constraint together with the zero mode of the "motion equation
gauge " (sccond- class coustraint)., These two modes are considered as
canonically conjugate variables. the winding number and its momentum.
The introduction of independent modes allows us to consistently describe
the represeutation of the homotopy group and to construct the quantum
theory with the effective finite action for the local excitation.

In the Yang-Mills theory the zero- mode dynamics is realized 1 the
presence of a stationary condensate of the type of the Prasad-Sommerfield
"bag” [7,153,18] . Perturbation theory aronnd this condensate is stable
unlike the conventional one. This sitnation is very similar to the the-
ory of gravity ,where the metrie excitation of the type of the Friedinann
expansion leads to the stabilization of the Universe. This metric excita-
tion is also the zero mode sector of secondary coustraint in the theory of
gravity [19].
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YCTaHOBJIEHA CNEAYHILUAS CTAMMOCTE MOANHCKH Ha 12 MecsueB Ha H3QaHHS
OUSIU, Br1ouis NepechiKy, N0 OTALAbHBIM TEMATHUECKHM KATErOPHAM:

HUnaexc TemaTukil Llena noanncku
Ha roa
1. DkcnepuMeHTANbHUA (PH3HUKA BBICOKHX IHEPTHil 915 p.
2. TeopeTHueckas (PH3KKi BICOKHX IHEPTHi 2470 p.
3. DkcnepHMeHTaNbHAN HEHTPOHHAN PHINKA 365 p.
4. TeopeTHueckas PHIUKA HHKHX IHEPTHi 735 p.
5. Matematuka 460 p.
6. AnepHas cNeKTPOCKONHSA H DUAHOXHMHS 275 p.
7. MHU3KNKA TAXKENBIX HOHOB 185 p.
8. Kpuoreuuka 185 p.
9. YckopHranu 460 p.
10. ABTOMaTH3AMS SpuGOTKH IKCNEPHMEHTINBHBIX AAHHBIX 560 p.
11. BuuncantenbHast MAaTEMITHKA H TEXHHUKR 560 p.
12. Xumus 90 p.
13. TexHnka (pM3HUECKOrO IKCNEPHMEHTA 720 p.
14. UccnenoBanus TBEPALIX TES ¥ KUAKOCTEN SACPHBIMU ME1UAIMYA 460 p.
15. JKcnepHMeHTaNbHAR (PH3HKA SAEPHBIX PEIAKLHA
NPH HH3KNUX IHEPTHAX 460 p.
16. lo3anMeTpHs H (PHIHKA JULINTHI 90 p.
17. Teopns KOHAEHCHPOBAHHOIO COCTOSAHUS 365 p.

18. Ucnonb3oBanue pesynbTiTos
H METOAOB (BYHAAMEHTINbHBIX (PHIHYECKHX MCCAENOBAHHN

B CMEXHbLIX 06MACTAX HAYKH H TEXHHKH 90 p.
19. Buodusuka 185 p.
«Kpatkne coobuienns OUAHN» (6 Bbinyckos) 560 p.

Ioanucka moxeT GbiTh aopMaera ¢ noGoro Mecaua roaa.
[To scem sonpocam odopmaeHis NOINHCKH caeayeT ofpawatees B M3Aa-
TeabckThit otaen OUSIH no aapecy: 141980, r.Ly6uu, Mockosckoit o6nacti



Xseaenuaze A., [Mepsymwnn B, E2-93-439
Hynesnie Moan BTOPHUHKIX CB3€H nepBoro poaa
B KaAHMOPOBOUHBIX TEOPHAX

MetonoM penyLHpoBaHHOIO (ha3oBOTO MPOCTPAHCTBA M3Y4AKOTC HY/ICBhiE
MOIbL BTOPHUHBIX CBA3EH IEPBOrO POAA B ABYMEPHOM INCKTPOAMHAMUKE U TEO-
puu Sura — Muwuica B KoHTeKCTe NpodaeMsl cTabuibHOTO BakyyMa. CpaBHH-
BZETCH ONMMCAHME ITHX MO/ B AMPAKOBCKOM raMa1bTOHOBOM NMOAXOAE M BHSBNSA-
eTCH WX CBA3b C TONOAOrMUECKOi CTPYKTYpoi KannGpoBouHoii rpynmel. B pam-
KaX «pEIyLHPOBAHHOTO» KBAHTOBAHMS CTPOMTCSA HOBAs PeaiM3auMs TPynnn
TOMOTOMMH B HeaBeaeroi TEOPHH, Fie poJib cTabuabHOrO Heabe1eBoTo BaKy yMa
C KOHEYHBIM AeHcTBHeM BemoaHdeT peiienue [pacana — 3ommepdenbaa.

Pa6ota seinosHena B JlaBopatopun Teopetnueckoii dpuznkn OUAN.

[ipenpunt OfbearHeHHOM MHCTUTYTa SaepHbIX MccaepoBanuit. y6ua, 1993

Khvedelidze A., Pervushin V. E2-93-439
Zero Modes of First Class Secondary Constraints
in Gauge Theories

Zero modes of first class secondary constraints in the two-dimensional
clectrodynamics and the four-dimensional SU(2) Yang-Mills theory are
considered by the method of reduced phase space quantization in the context
of the problem of a stable vacuum. We compare the description of these modes
in the Dirac extended method and reveal their connection with the topological
structure of the gauge symmetry group. Within the framework of the «reduced»
quantization we construct a new global realization of the homotopy group
representation in the Yang-Mills theory, where the role of the stable vacuum
with a finite action plays the Prasad-Sommerfeld solution.

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