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Topological term in the string representation of the Wilson loop in the
dilute instanton gas approximation
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A topological term related to the number of self-intersections of the string world sheet is shown to emerge
in the string representation of the Wilson loop in the dilute instanton gas. The coupling constant of this term
turns out to be proportional to the topological charge of the instanton gas under consideration.
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Recently, a string representation of the Wilson loop in theintroduction of the so-called topological term, which is equal
framework of the method of vacuum correlatdds-3] has  to the algebraic number of self-intersections of the string
been proposef#4,5]. Within this approach, the expansion of world sheet, into the string effective action. Then, by adjust-
the Wilson |00p in powers of the derivatives with respect tOing the Coup“ng constant of this term, one can even’[ua”y
the string world-sheet coordinates has been performed. In thgrange the cancellation of contributions into the string par-
lowest orders, this yielded the Nambu-Goto and rigiditytition function coming from highly crumpled surfaces, whose
terms in the effective action, whose coupling constants Wergiersection numbers differ by one from each other.
expressed in terms of the bilocal correlator of the gauge field 11us it looks natural to address the problem of derivation

stren.g'gh.tensors. In this way, the bare coupling constant ,chf the topological term from the gluodynamics Lagrangian.
the rigidity term has been obtained to be negative, which i uch a term has been recently derived in Ret] for four-

important (although not sufficient for t_he s'FabiIity .Of the dimensional(4D) compact QED with an additiona term.
string[6]. However, as has been explained in R, if one In the dual formulation of the Wilson loop in this theory

considers this coupling constant as a running one, this could .~ ; . .
lead to the problem of crumpling of the string world sheet in which is nothing else but the 4D. confining strlng. theory
the latter one occurred to be crucial for the formation of the

the infrared region. ; ) .
It is worth noting that quite recently, a possible solution toeP0logical string term. However, such a mechanism of gen-
the problem of crumpling for the effective string theory eratlon'ofatopologlcal 'term is difficult to work out in gluo-
emerging fromD-dimensional compact QERthe so-called dynamlc_s, due to our inability _to Cpnstruct the exact du_al
confining string theory8]) has been put forward in Ref]. formulation of the Wilson loop in this theory. Therefore, it
There, it has been demonstrated that in the low-energy limitooks suggestive to search for some model of the gluody-
of this theory, for the casb — =, the correlation function of hamics vacuum, which might lead to the appearance of the
two transversal fluctuations of the string world sheet has atopological term in the string representation of the Wilson
oscillatory behavior at large distances. Such a behavior indiloop in this theory. In the present paper, we shall elaborate
cates that the world sheet is smooth rather than crumpledin one such possibility. To this end, we shall make use of
One might expect that the same mechanism works in altecent results concerning the calculation of the field strength
gauge theories, whose confining phases admit a representrrelators in the dilute instanton gas mof&2]. There, it
tion in the form of some effective string theory with a non- has been demonstrated that for the case of an instanton gas
local interaction between the world-sheet elements. Howwith broken CP invariance, the bilocal field strength cor-
ever, it is not obvious whether this mechanism can beelator contains a term proportional to the tensgy, . This
extended to the non-Abelian case of gluodynamics, where iferm s absent in the case of a CP-symmetric vacuum, since
the nonlocal string effective action instead of the propagatof; is proportional to the topological charge of the system
of the Kalb—Ramond field, appearing in the Abelian €asey/(n,—n,), whereV is the four-volume of observation, and
stands the bilocal correlator of gluonic field strength tensorg, iinin the notations of Ref[12], n, andn, stand for the

[4]. Though, according to the lattice ddteD], the large dis- . . . .
tance asymptotic behavior of the latter is actually similar todensmes of instantons and antiinstantahs and I's for

the one of the Kalb-Ramond propagator, there nevertheles¥10rtness respectively. Similarly, we shall also work in the

remain significant differences. approximation of a diluté—1 gas with fixed equal sizgsof
A possible solution of the problem of crumpling in gluo- I's andl’s.
dynamics has been proposed in Réf]. It is based on the Let us now briefly remind the reader of the main idea of

Ref. [4]. According to this paper, the nonlocal string effec-
tive action associated with the surface of a minimal area
*On leave of absence from the Institute of Theoretical and Ex-Sy,,, bounded by the contour of the Wilson loop, is defined
perimental Physics, B. Cheremushkinskaya 25, 117 218, Moscowgs Ag= — IN(W(Syin) ). Here the Wilson loop itself can be
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1 € .o -According to Ref[4], this can be easily done by car-
(W(Smin))= —5—tr ex;{ —f daw(x)f doy,(X") rying out the corresponding integrals of the functidhsind
Ne—1 Sin Sin D; in this gas. Notice only that, as it has already been men-
tioned in Ref[12], due to the reasons discussed in detail in
><<FW(X,X0)F>\U(X',X0)>), (1)  Refs.[2] and[3], a correction to the string tension of the
Nambu-Goto term obtained in such a way from thel gas
contribution to the functiorD should be cancelled by the
ontributions coming from the higher cumulants in this gas.
Let us now turn to the expansion of the correctié@,
emerging from the terrf2), in powers of the derivatives with
F L. (XX0) =P (Xg,X)F ,,(X)P(X,X). respect to the string world-sheet coordinates. First, one can
a a see that since,,t,,=0,wheret,,, is the extrinsic curvature
In this equation®(x,Xp)stands for the parallel transporter tensor of the string world sheet, an analogue of the Nambu-
factor of the gauge field defined on the straight-line contourGoto term for this correction vanishes. Then, similarly to
which goes from the fixed poin, to the pointx. The bilo-  Ref.[4], we get
cal correlator of the field strength tensors standing on the
right-hand sidéRHS) of Eq. (1) can be further parametrized Adgi= av+0
by the two independent Lorentz structures, whose coefficient
functions, denoted in Ref§1-3] asD andD,, contain the
main information about both nonperturbative and perturba¥vhere
tive properties of the gluodynamics vacuum. These two func- 1
tions decrease fastly at some distaficg which in Refs. VE4_8MVMJ dzé\/ggab(ﬁatw)(ﬁbtm)
[1-3] has been called the correlation length of the vacuum ™
and according to the lattice dajta0] is equal for the SUB) 5 the algebraic number of self-intersections of the string
case to 0.2 fm. Then, since the typical size r of the contour of,or|d sheet and
the Wilson loop is of the order of 1.0 i3] in the confin-
ing regime under study, one can perform the expansion of
the nonlocal actiondy in powers of (I'g/r)z. This expan-

sion is in fact nothing else but the expansion in powers of the th di i tant. Haf® stands f
derivatives with respect to the string world-sheet coordj-'S N€ corresponaing coupiing constant. HgFe stands for

nates, mentioned in the beginning of the present paper. the induced metric tensor of the string world sheet, whose

O : . determinant is denoted lyy.
The new structure arising in the bilocal correlator in the Note that the averaged separation between the nearest
| —1 gas read$12]

neighbors in thd —1 gas is given byR=(n,+n,) "4 Ac-
A tr(F (X, X0) Fro(X',X0)) cording to phenomenological considerations one obtains for
’ the SU3) case,p/R=1/3[14]; see also Ref.15], where the

whereF ,,(x,Xg)is the so-called covariantly shifted strength
tensor of the gauge field, which is related to the usual tensof
F(X)=F},(X) Tag as follows

Ps(n4_ﬁ4))
r2 '

azlewp4(n4—a)f d?z21,(2%) (6)

—  [(x=x")? ratio p/R has been obtained from direct lattice measurements
=8(Ng— NIl — €40 (2)  to be 0.37-0.40.R should then serve as a distance cutoff in
p the integral standing on the RHS of H§). Taking this into
account, one gets from Eqgg3), (4), and(6) the following

. . . 2
In Eq. (2), the asymptotic behavior of the functidp(z*) at approximate value of

z<1 andz>1 has the following form:

772 4 o R2 ?
1(Z) = &) a=(2mp)*(Ng=ny)| 5+ m? , @
and 52 where the second term in the square brackets on the RHS of
|.(22)— 77 In 22, (4) Eq. (7), emerging due to Ed4), is much larger than the first
(2%)? one, emerging due to E¢Q).

vel In conclusion, we have found that in tlhel_gas with a
respectively. _ _ nonzero topological charge, there appears a topological term
_In what follows, we are going to present the leading termi, he string representation of the Wilson loop. The coupling
in the derivative expansion of the correction to the nonlocakonstant of this term is given by EG7). Together with the

string effective action Nambu-Goto and rigidity terms obtained in Ré#], this
__ _ term forms the effective Lagrangian of the gluodynamics

AAer In A(W(Smin)), ®) string following from the method of vacuum correlators.
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