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Interpretation of the Yang-Mills theory as a theory of spontaneous violation leads
to its new representation in terms of a bilocal nonlinear o model. The potentialities
of this model are discussed.
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1. In recent years, it has been expressed that the Yang-Mills theory in suitable
variables may turn out to be fully integrable.!"-* The search for convenient nonstan-
dard variables for this theory is also important because of the need for an adequate
description of its symmetric phase, which is responsible for confinement."*>
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In view of this, a new formulation of the gauge theories in this paper, which
demonstrates their deep unity with the nonlinear o-models, is useful. It is based on the
fact established earlier by Ogievetskii and the author'® that any gauge theory is the
result of a nonlinear realization of a definite infinite parametric group K = GC X &
with a subgroup vacuum stability G, X 77, where G, is a global symmetry subgroup
and Z is a Poincare group (see also Ref. 7).

2. Introducing an additional coordinate—the Lorentz 4-vector y,, we represent
the group generators for K = GC & in the form:
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Here P, and L, are the 7 group generators, Q' are the G, group generators, which
produce the algebra of the finite-parametric group G in addition to QL,...QLI,,,”,,,...
(see Ref. 6).

Equation (1) allows us to contract the infinite set of Goldstonians b} (x),
by, )by, . (X),... (the parameters of the factor space K /GyX L) to one bilocal

field b (x, )=b*“(x, »)Q*=2,,, 1/n'b, , (x)¥".../. Under the influence of the G
group realized in the cosets K /G, X L by left-handed translations,'® b (x, y) is trans-
formed according to the law:

explib *(x, y)} = expliA(x +5) Vexplib(x, y)bexpl —iA(x)}, )

where A () =A(0)Q '+ 2., t/nt A}, . Oy*..p* Q'is the generating function for
the constant parameters of the G group. The covariant derivatives of the Goldstonians
are turned into the bilocal Cartan form
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which is determined by the relation
expl-ib(x, y)}(az -—-8’{) explib(x, y)} = i_wu(x, y) @)
and hence satisfies the generalized Mauerer-Cartan equation:

(a;--,ap w,p(x_, y) —-(8; —-6’3') mﬂ(x, y) +-i[w#‘(x, y), @y, y)1=10. (5)

Under the transformations (2) ,, (x, ) is transformed as the Yang-Mills field b, (x).

The infinite set of covariant differential conditions for the inverse Higgs effect,®!
which express the Goldstonians b}, ., (x) for n>2 in terms of b, (x) and its derivatives,
is now represented by a single equation

}'”[m#(x, y) +.b#(x)] =0 6)
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or, taking into account Eq. (4):
yH( I, =-97) expl —ib(x, y)} =-iyl‘b#(x_)exp{—--ib(x, y)}. Q)

Its solution is a contour functional of the field b, (x) along a rectilinear path from the
point x + y to the point x:

- x ) 1
expl- ib(x, y)} = Texpli [ bp_(f)df"} =-'Texp{-ifyp’b#[x + (1-B)yldB},
x+y o
®)

where T denotes ordering in the matrices Q' in the interval 0< S<1. The Cartan
equation (3), written in terms of the minimum Goldstonian b (x, y), takes the form
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where G, , =d,b, —3d,b, —i[b,,b,] is the standard Yang-Mills rotor and V,, is the
covariant derivative for the associated G, group representation.

Thus, the “stringed” functional of the gauge fields, which has been discussed in
depth in the literature,"%*-'!" in our treatment is the most economical representation
for the cosets G /G,. We should emphasize that, in contrast to the standard approach,
we determine the covariants by differentiating its finite points, which corresponds to
an infinitesimal rotation of the entire path as a whole around the point x + y [Eq. (4)],
rather than by varying the separate parts of the path.

In its usual formulation, the inverse Higgs effect selects a straight path in the
multiplicity of paths between the points x + p, x. However, without violating the
transformation law (2) we can choose as a typical G /G, coset a functional along any
curved path [such that it can be expanded in a series in b (x, y) with respect to y,, . This
~ corresponds to equating the symmetrical parts of the covariant derivatives of the
Goldstonians, beginning with V,, b, ,,(x), to some combinations of the covariant de-
rivatives of the rotor G, (x), rather than to zero, like in Eq. (6). Any such element can
always be represented in the form:

explib(x, )i = expl ib(x, ) Texpli b (x,7)}, (blz,7)= e~ A=) Y(x, )i Mx)),
(10)

where the nonminimal factor exp{il; (x, )}, which describes the deviation from the

linear path, is expressed in terms of the degrees of the covariant derivatives of G,, (x).

3. The main relation (4) has a form which is characteristic of expansions that
determine the covariant derivatives in nonlinear ¢-models for the principal chiral
fields. Therefore, the Yang-Mills theory may be interpreted as a sector of a nonlinear
o-model for the main bilocal chiral field b (x, y) in the group G, which is distinguished
by the conditions (5) and (6); moreover, by definition, b, (x) = d%b(x, y)|,_, and
b (x,0) =0. It is interesting to determine whether the Yang-Mills equations can be
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represented as a certain differential covariant condition for the form w,, (x, y), which is
supplementary relative to the “kinematic” conditions (5) and (6). From the point of
view of the hypothesis of total integrabilitiy of the Yang-Mills theory, it is desirable
that this condition should be of first order in the derivatives.

In the Abelian case, the equations of motion for the field b, (x) (without the
sources) are equivalent to the condition for “conservation” of @, (x, y) in y:

al’{a-)#(x, y) = 0. an

In the non-Abelian case, this equivalence is valid to an accuracy to the third order in y
and it cannot be raised to higher orders without using the terms with higher deriva-
tives.!” We emphasize that for the self-dual fields G,= 1/ ZGM,MG’W) and light-
similar sections y* = 0 in Eq. (8) the condition (11) is satisfied for each order in y. It is
unclear whether the self-duality b, (x) follows from Eq. (11) at ¥ =0.

It is interesting to note that in the general case w,, (x, y) can be transverse in y in
the solutions of the Yang-Mills equations, if we reject the linear condition (6) and
define the G /G| classes by the functionals (10) corresponding to the curved paths. The
condition (11) reduces to an equation for the functional b (x, y), which is solvable for
each order in p. It is tempting to assume that there is a correlation between the classes
for solutions for the Yang-Mills equations and the integration path in (10).

4. We showed that the Yang-Mills theory in its standard, nonsymmetric phase
allows a natural embedding in the bilocal, nonlinear o model in the G, group. This
leads us to assume that the symmetric phase of the theory, which is related to the
gauge-invariant vacuum, should be described in terms of the corresponding bilocal
linear o model. In the simplest case G, = SU (2) the easiest way to linearize the basic
transformation law (2) involves examination of the bilocal matrix U (x, y)
= U°(x, ) + ir “U*(x, y), which is transformed according to the law (2), but it does
not satisfy the exponentiation condition UU' = I. The infinite set of fields in its expan-
sion in y is transformed by the action of the K group linearly and uniformly. A more
detailed discussion will be given in a separate article.
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