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The role of quantum corrections to the instanton and meron solutions is discussed
under the assumption that these corrections do not alter the symmetry of the
solutions. Exact expressions are derived for the average field in the scalar theory.
The equations for the constant parameters in these expressions are discussed.
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In this letter we wish to show that the sum of all the radiative corrections to the
instanton' and meron? solutions can be found by the methods of conformal field
theory (see Refs. 3 and 4, for example). It turns out that the entire effect of the
radiative corrections is to give rise to anomalous dimensionalities. To illustrate the
method we will examine the theory for a scalar field. Gauge theories will be considered
in a separate paper.

The instanton and meron solutions result from a spontaneous breaking of confor-
mal symmetry.>? The residual symmetry in the case of the meron solutions is the
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maximum compact subgroup SO(4)X SO(2} of the conformal group, while in the case
of the instanton solutions (in a Euclidean space) the residual symmetry is the SO(5)
group, which is a subgroup of the SO(5,1) group of the Euclidean space. This approach
is based on the assumption that this symmetry of the classical solution is retained after
the radiative corrections are summed.

We denote by ¢ (x) a conformal field with a scale dimensionality d:

[ox), P, 1= 13, ¢(x), [o(x) M, 1= ifx,0,-x, 3,)9(x), "

[¢(x), D)= i(x,8,+d)¢(x),  [ox)K,]1=i[—x3 *x,(x,3,+d)]¢(x)

In the case of a spontaneously broken symmetry, the average field can be found® from
the first-order differential equations which express the symmetry of the vacuum. We
denote by 2, the SO(4) X SO(2)-invariant vacuum corresponding to a meron solution:

:§£1>:S'»‘.\‘21,\;R0‘Q1>:01 (2)

where M and S are the generators of the group SO(4)~SO(3)xSO(3), and R, is the
generator of SO(2):

, - e k) 'k 3)
M= OF 3, Ms0, M), $=1/2( ——K),  Ro=1fePy+ —Ko) ,

where a is a parameter with the dimensionality of a length. From (1)—(3) we find (i = 1,
2, 3)

\—vz— a; — XX, a“ - X; Byf(x)=0, (x;9; ~ -’de,-_/31(x) =0,
|,12 - x2 } A
- 5 dp + xoxﬁap_ + xoa}Bl(x/ =0.
The most general solution of these equations is (for a = 1)
bl

Bifx)= < Qylpfx) 12y > = ~——
‘ B O TS R @

where b, is a constant, and ¢, =x, + |x,].

Let us consider the instanton solution. The SO(5) group has ten generators: M, v
and R, =(1/2)aP, + —i—Ku ). Introducing the SO(5)-symmetric vacumm
lﬂz),_Mm,l.()z) =R, |£2,) =0, we find

b,
B,ix)=< a22|¢,/x)|szz>(a—2;—ﬂ‘r- , (5)

It is important to note that (4) and (5) are the most general expressions compatible
with the symmetry of the vacuum. The dimensionality of d can take on any real values
d> 1 (positive). In the limit of the canonical value d = 1, expressions (4) and (5) become
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the ordinary classical instanton and meron solutions.” The role of the radiative cor-
rections thus reduces to one of changing the dimensionality from the canonical value
d = 1 to some anomalous value d> 1.

To calculate this value we note that the scale dimensionality is a measure of the
transformation properties of the field ¢ (x) after conformal transformations. As a char-
acteristic of the field operator, it does not depend on the properties of the less symmet-
ric vacuums {2, and £2,. To calculate it, it is thus sufficient to consider the sector
associated with the conformally invariant vacuum (which is not necessarily stable).
The dimensionality  can thus be calculated from the ordinary bootstrap program® of
the conformal theory (see also Refs. 3 and 4; the corresponding solution for the third-
and fourth-order interaction series was derived in Refs. 3 and 7).

The constants 5, and b, can be calculated from the skeletal equations for the
average field. As an example we consider the simplest ternary interaction,

where a hatched vertex denotes the average field in {4) or (5), while the unhatched
vertices and the interior lines are associated with the conformal vertices and propaga-
tors, whose exact form is known.® Instead of (6), we can use a closed form of the
equations in which the summation is carried out over the internal ficld. We will con-
sider that approach in a separate paper. It is important to note that the symmetry of
each part in (6) is the same as the symmetry of the average field, since the internal
integrations are conformally invariant. As a result, the coordinate dependence of each
part is the same as on the left side. Canceling out this dependence, we find an algebraic
equation for b, and b,.

An interesting application of this approach can be made in theories in which the
condensate is described by quadratic field combinations. We have verified that in the
Tirring model an exact solution of the meron type exists and can be found; for this
solution, we have (£2,| j, (x)|42,) #0, but (£2,|¢(x)|£2,) =0, where j, (x) = ¢y, ¢ is a
conserved current. Similar solutions are possible in electrodynamics.

'A. A. Belavin, A. M. Polyakov, A. S. Schwartz, and Yu. S. Tyupkin, Phys. Lett. 59B, 85 {1975).

2. De Alfaro, S. Fubini, and G. Furlan, Phys. Lett. 65B, 163 (1976).

E. D. Fradkin and M. Ya. Palchik, Phys. Rep. 44, 249 (1978).

“I. T. Todorov, M. G. Mintchev, and V. B. Petkova, Conformal Invariance in Quantum Field Theory, Scula
Normale Superiore, Pisa, 1978.

*S. Fubini, Nuovo Cimento 34A, 521 (1976).

SA. A. Migdal, Phys. Lett. 37B, 386 (1971); G. Parizi and L. Peliti, Lett. Nuovo Cimento 2, 627 (1971).
E. S. Fradkin, M. Ya. Palchik, and V. N. Zaikin, J. Phys. A 13, 3429 (1980); Dokl. Akad. Nauk SSSR 258,
340 (1981) [Sov. Phys. Dokl. 26, 488 (1981)]

8A. M. Polyakov, Pis’ma Zh. Eksp. Teor. Fiz. 12, 538 (1970) [Jetp Lett. 12, 381 (1970)]; A. A. Migdal, Phys.
Lett. 37B, 98 (1981).

Translated by Dave Parsons
Edited by S. J. Amoretty

124 JETP Lett, Vol. 36, No. 3, 5 August 1982 M. Ya. Pal’chik and E. S. Fradkin 124





