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The radiative correction to the topological mass in a (2+1)-dimensional Abelian gauge theory is shown
to vanish at two loops. We consider the general case of a nonzero tree-level topological mass, thus extend-

ing some recent work.

In odd-dimensional spacetimes, the low-energy effective
action for a gauge theory may contain a parity-noninvariant
mass for the gauge field,! given by the Chern-Simons invari-
ant.2 This topological mass can be induced radiatively by
fermion loops, even if absent at the tree level,? as indicated
by formal studies* of the fermion determinant in a back-
ground gauge field. Recently, Kao and Suzuki’ have includ-
ed the effects of gauge-field fluctuations by examining the
two-loop radiative correction to the coefficient of the topo-
logical mass term in 2+1 dimensions. With a vanishing
tree-level topological mass for the gauge field, they found
no contribution arises at two loops, even though a nonzero
contribution would not violate any obvious symmetry of the
theory. In this note we extend their result, for an Abelian
gauge theory, to the more general case of a nonzero tree-
level topological mass.

The induced coefficient of the Chern-Simons term in the
effective action can be extracted from the vacuum polariza-
tion' I, (k), which has the general form in 2+1 dimensions

M, (k) = (K20 — kb )T (K2) + i€ua KM (K2) . (1)
The Chern-Simons term for the Abelian theory is given by
L'=FenFva* @

and so its induced coefficient is simply I1,(0).

For the Abelian theory, with massive fermions, the
second-order contributions are displayed in Fig. 1. The in-
duced coefficient is projected out of the vacuum polariza-
tion,

=L n_9
HZ(O) 6[6“ 6kx H“y(k) e=0 » (3)

and has the general structure at two loops,
= d3 )
1,0) = [ 450 (Dous(o) - @

The gauge-field propagator D*?(g) carries momentum ¢ and
contains a parity-noninvariant piece from the tree-level to-

FIG. 1. Second-order contributions to the vacuum polarization.

pological mass. However, the precise form of this propaga-
tor will not be needed. The gauge-invariant tensor o,g(q)
results from performing the fermion-loop integration, and
may be decomposed as

0ap(@) = (4"Map— 9aqp) 71(g%) + i€agyqPas(g?) . (5)
An explicit calculation of the two-loop graphs shows that
01(g?)=0=0,(4% , 6)

so the coefficient of the Chern-Simons term is unchanged.
The vanishing of o,(¢?) confirms the previous result of
Kao and Suzuki. The vanishing of o,(g?) shows that with
a tree-level topological mass, the second-order correction
still vanishes. This result is free of any regulator ambiguity,
since the fermion-loop integration is finite. That our result
is gauge invariant is obvious; the gauge-field loop integra-
tion did not need to be carried out.

The generalization to the non-Abelian theory and to
higher orders in perturbation theory is currently under in-
vestigation.

We thank L. Brown, A. Zee, and R. Nepomechie for ad-
vice and encouragement.

1S, Deser, R. Jackiw, and S. Templeton, Ann. Phys. (N.Y.) 140,
372 (1982); W. Siegel, Nucl. Phys. B156, 135 (1979); J. Schon-
feld, ibid., B185, 157 (1981).

2B. Zumino, Y. S. Wu, and A. Zee, Nucl. Phys. B239, 427 (1984);
Y. S. Wu, Ann. Phys. (N.Y.) 156, 194 (1984); R. Jackiw, MIT
Report No. CTP-1231, 1984 (unpublished).

3S. Deser et al, Ref. 1; I. Affleck, J. Harvey, and E. Witten, Nucl.
Phys. B206, 413 (1982); R. Jackiw, Phys. Rev. D 29, 2375 (1984);

32

L. Alvarez-Gaumé and E. Witten, Nucl. Phys. B234, 269 (1984).
4A. N. Redlich, Phys. Rev. Lett. 52, 18 (1984); Phys. Rev.. D 29,
2366 (1984); A. Niemi and G. Semenoff, Phys. Rev. Lett. 51,
2077 (1983); L. Alvarez-Gaumé, S. Della Pietra, and G. Moore,
Harvard University Report No. HUTP-84/A028, 1984 (unpub-
lished).
5Y. Kao and M. Suzuki, Phys. Rev. D 31, 2137 (1985).

1020 ©1985 The American Physical Society



