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Abstract

New variational calculation of vacuum properties nf_;gb{(z)
gauge theory 1s reported, based on topological "tunneling" phe-
nomena. Eliminating some defect of the trial function used
previously by Dyakonov and Pelrov we have found much deeper
ground state.
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The understanding of vacuum structure of gauge theories
is the main problem of nowdays quantum field theory. Impressi-
ve theoretical work was made using lattice formulation and nu-
merical methods, while important phenomenological information
was obtained by means of QCD sum rules, Recent review, contai-
ning multiTeferences to original works, is given in ref. [1].
Facing huge amount of experimental and computer data, we now
have to understand their physical meaning.

Unfortunately, only one type of nonperturbative effects

1s so far understood, at least qualitatively: is the "tunneling"

between topologicelly different classical vacua. This phenome-
non was dismpovered by Polyakov and coworkers [2] in semiclassi-
cal framework 9 years ago.

Dividing this time into three periods we may say, that in
the first one, marked by primary enthusiasm, we have learned
that some long-standing problems (like the ' UJ(1)one can be
solved and that new ones (like the CP conservation) can be po-
sed. The second period (1976-1981) was rather pessimistic: it
was realized that practicelly no observable effect can really
be described by semiclassical theory, relevant only for very
rare fluctuations., The third period wes marked by phenomenclo-
logical investigations of topological effects. In ref. [3]
strong evidences were given suggesting dﬁasa effects are res-
ponsible for the strongest nanperturbative corrections to
correlators at small distances, and in refs (4] some “instan-
ton liquid" model was shown to reproduce these observations
well enough. Multiple attempts to detect topological effects
on the lattice have not so far produced comprehensive results.
Depending on the method used, results on "tunneling" space-ti-
me density differ by about two orders of magnitude, see refs.
[5]

Recently, Dyakonov and Petrov [6 ]| have started new attack
on this problem using the so called Peynman variational prin-
ciple. In short, their ideas are as follows. Suppose one
starts with some arbitrary "ensatz® field A, and then try
to evaluate, quantum fluctuations around it. If such field is
not a solution of classical equations ju , = (@:6@“,)#0 g

one finds the nonzero linesr term d'.5=fdxjﬂlﬂ Qq'ﬂ (where Qa, 4



is quantum field) and therefore t - .: =, retsiin for (g, to
be small as compared to A{n”. P2 Tad =] o uggeatad in
[6} is to _add an external current compenasting toe linesr
term, so that one ma; enjoy small quantur cscillations. The
price is that th:s vocum problem is aubstituted by an other
one, with ﬁ)&jf’ﬁ & MJVbrthEIEEH the following nonequality

existis 4
: ex
g e sda
which _
Ycan be used as the basis [or voriaticesl -7 r.ol

1 em now working on more straightforward approach to "in-
stanton 1iquid” problem. The first step is the introduction of

collective variables, being a "tunneling" centers 'Lf.f” and ‘_ﬁ*};;:
(}fﬂ determined by conditions

X ——
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where the r.h.s. corresponds to instantons in singular gauge.
The second step is evaluation of "effective aciion" 1in space

of collective variables, made by evaluation of guantum fluctu-
ations in background "interpolating field", the c....iional
extremum of the action. The third step is the inte.raficn over
collective variables. . _.:r this ;o ogram is v 1 car~led out
completely, thereforw, ‘n thia letter I only make some commentis
demonstrating how one may essentizlly improve the variational
calculations presented in [6].

Dyakonov and Petrov have used the simplest possible uan-
gats DP "

Afﬁﬂ} Z’q()( -2 )+ Zﬂ f"w:.__. (4)
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where ﬂ(&J is the instanton (antiinstanton) solution ia
singular gaugﬂ Obviously, condition (2) is satisfied, . . (3)
is violated. It is easy to see that (62 )° is infinite at ''e
centers because delicate cancellation of terms typical for
one=instanton solution is lpﬂilid!
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It is quite simple to avold this defect and to write down
ansatz consistent with (3% Considering for simplicity only one
instanton-antiinstanton pair we may mimic the ’f Hooft soluti-
on for two instantons =ad write down the following ‘ensatz A":

e

(A) g
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LTE 5/ U”/y )/F(x) (9
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Putting it into action, one may numerically evaluate its de-
pendence on ?é‘(?'"ﬁ)z the distance between centers, and on
other parametcers. At Zig. 1 results of such calculatiom is
compared io DP results [6]. For comparison, we have plotted
also rzsuits for mcre elaborate “Yansatz BY
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in which "4 parewsiers (4 .., (, . {r were minimized nu-

merically tor -ach K . it i3 sc-a, Gthat although repulsion
between inst-.ator and antiinci ion is essentially reduced, it
ie 8ti1ll predent at smail enough K . Evaluating the curreat
we have found that Z[j, i+ iypiecally reduced by a factor
20, if one coumpares ansats i %o DP one,

So, qualitative improvement of the ansats leads to strong
qualitative changes in the instanton interaction! Assuming
(together with DP) that quantum determinant is a product of
individual ones, we now come to integration over the instanton
parameters. DP have solved this problem analytically, with ome
more variational principle. I have chosen to make straightfor-
ward numerical model for the "instanton liquid® using standsxd
Metropolis algorithm. I+ allowa tc check accurany of wvaricua
spproximations explicitiv.

But pelcr= we come to results, given in Table 1, let me
explain the nciatiorns ug«d. The nonperturbative vacuwa energy
dengity £, i determined from the statistical sum 7 as 7ol-
1owe




e o gl [ E T ) (7)

where VT is space-time volume. Its value following from DP
work |6 ] is 1)

@ps- ¢
E i onE Ry (8)
Important, that general "anomaly" relation between £  and
gluonic condensate
- 11 Nfﬂgﬁﬂ? g 2 (9)
gmc & ( 23472 I) <{9€uv) 7

is automatically fulfilled.

Coming td results given in Table 1 one may see, that ma-
king more accurate calculations we gradually obtain deeper va-
cuum state, so that the total increase 1in one order of magni-
tude is reported. However, lattice results [7] for the gluon
condensate suggest (via relation (9)) [€ , [ atill few times
larger (see the laat line in the Table).

Now, do we re ed the crude model reported, if we
have lattice data? First of all, we need "understanding", which
is more or less sinonim to "reduction of degrees of freedom".
The model considered above makes such reduction by the large
tactor 10% (per unite volume, while the results for £,q. BT
similar, (inside order-of-magnitude accurecy of both calcula=
tions). Second, one may now claim that topological tunneling
ocours at least few times per /- f".;: , while lattice results
have much larger uncertainty, more than two orders of magnitu-
de, on this lesue. And finslly, let us hope that the art of
theoretical physics will not be completely substituted by "bru-
te force"™ methodasl

1) We use units APV , where PV stands for Pauli-Villars
" Pegularization method.

TARLE 1

VACUUM FPARAMETERS FOR SU(2) GAUGE THEORY

I REF. ' AMNSATZ ! COMHENTS ! 1)1 < SEY SN |
1 [&] I e I MEAN FTELD AVERAGED ! I I I
1 | I OQVER FPOSITION AMD I 0.45 1 Q.24 I 4,3 1
I | ! ORIENTATION 1 | I i
S T P I THE SAME FPLUS TNSTAMNTOM! 0.7- 1 I I
1 1 I SHAFE VARIATTON i .51 1 t
I THIS 1 1 o IPOSITION AMD ORIEMTATIONM! 0.4 1 0.2 | 4.7 ¥
| WORK ! | AVERAGED INTERACTIONW 1 ! i ! 1
I THIS ! ne | ORIENTATION Hg.F 1 0.4 1 3.1 i
| WORK 1 | AVERAGED INTERACTIONM i 1 I I
I THIS ! F L FULL YMTERACTIOM I 1% 1 0.8 L 2.0 I
] H.DR.]( 1 I ] 1 (] 1
I THIS ! a4 1 FULL INTERACTIONM I 3.8 1 2.3 } 125 1
I Hum{ I 1 1 1 1
I --Fry 4 | LATTICE CALCULATION | 214/~ ! 1
| 1 | 1 4) 1 2 | 5 i
1 | 1 A | [ 1 |
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1) € ac ~ MONPERTURBATIVE VACUUM ENERGY DENSITY,IN Ag, .

2) b1 ~ DENSITY OF TOPOLOGICAL TUNNELING EVENTS PER V,= Ao
3) RATIO OF THE AVERAGE SPACING R TO AVERAGE rRabius & .

4) ERRORS GIVEN ARE ONLY STATISTICAL, SYSTEMATICS IS ESSENTIALLY LARGER.

Figure Captions

(a) Actian'nf interection of the instanton and antiinstanton

5
separated by the distance R. Sjpt 18 measured in units of 5,

the instanton action, while R in unites of the instanton radiub,

taken equal for instanton and antiinstanton. Points correspond

to field configurations as indicated, the dashed lines Just

hown to guide th%eye. mmax" ("min") are different orientations.
8

: 2
(b) Averaged value of the current squared d(Ja,‘,u) ) @8sa

function of R. The averaging prescription corresponds to ensemb-

le of points i

A

;

n space-time with dens1Ity proporticmal to the action.
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