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In a rather recent work [1] it has been pointed
out that the effect of the trace anomaly in QED
is in the appearance of an anomaly pole in the
correlator of the energy momentum tensor (T )
with two vector currents J , which indicates the
existence of additional scalar degrees of freedom
in the effective action that describes the coupling
of gravity to a gauge theory. The elaboration
goes quite far, by showing that these massless ex-
changes are already present in a variational solu-
tion of the anomaly equation proposed long ago
by Riegert [2], solution which is indeed supported
in a perturbative framework by an analysis of the
corresponding anomaly graphs.

In the case of anomalous gauge theories a sim-
ilar pattern emerges, well known since the work
of Dolgov and Zakharov [3], who showed the ap-
pearance of similar poles in the spectral density
of the AVV gauge anomaly amplitude. More gen-
erally, the poles can also be extracted at 1 loop
by a decomposition of the anomaly amplitude in
terms of longitudinal and transverse form fac-
tors [4,5], the longitudinal one being responsible
for the anomaly and characterized explicitly by
a massless pole. An off-shell computation and a
mapping from Rosenberg’s form of the anomaly
graph into the longitudinal/transverse formula-
tion supports these conclusions [6].

This previous analysis and the correspondence
with the results of [1], extended to the computa-
tion of the off shell correlator [7] has brought us
to conclude [8] that anomaly poles are the com-
mon signature of gauge and conformal anomalies.
It does not take a big leap to probably come to
similar conclusions also in regard to gravitational
anomalies, where again, one may expect the ap-
pearance of massless exchanges of similar type,
although an explicit computation, in this case, is

still missing.
The perturbative analysis of QED has been re-

cently extended by us to QCD [9], by comput-
ing the TJJ correlator in a general kinematical
domain, which provides more general results re-
spect to the dispersive approach. The massless
poles found in the study of anomalous gauge the-
ories and in the TJJ correlator are indeed generic
contributions, present under a general kinemat-
ics, not necessarily linked to the infrared limit of
an anomaly amplitude. In fact off-shell correla-
tors are equally characterized by pole contribu-
tions also in the UV region [7].

1. The gravitational coupling of gauge the-
ories and the trace anomaly

Massless poles describe long range interactions,
probably accounting for a phase of the effective
theory - in this case of a gauge theory coupled
to gravity - which is not yet fully understood at
a phenomenological level, probably characteriz-
ing some mechanism of condensation. On this
point, we just observe that for gauge anomalies,
the derivative coupling of the anomaly pole to the
anomalous gauge current can be traded with two
pseudoscalars of Stückelberg type [10,11] (two
gauged axions), one of them ghost-like. The ap-
pearance of a ghost in the spectrum is clearly the
sign of an instability of the theory, here detected
at a perturbative level. We just mention that
ghost condensation has received some attention
in the past [12], and some of those ideas, concern-
ing infrared modifications of gravity, may apply
to the auxiliary field formulation of these effective
actions. Extensions of these analysis to the elec-
troweak theory have been described recently [20].
The goal of this research activity is in the anal-
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ysis of extensions of the Standard Model which
include supersymmetry from the onset. In this re-
spect, these results seem to indicate that there are
clear gaps in our understading of the interaction
between supersymmetric gauge theories and grav-
ity, since superconformal invariance is expected to
be a good symmetry in the ultraviolet, far above
any symmetry breaking scale. In turn, the ra-
diative breaking of this symmetry poses serious
questions in regard to the consistencey of theo-
ries, such as gauged supergravities, which gauge
the superconformal anomaly supemultiplet in its
coupling to gravity.
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