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Comment on “Ultraviolet Modifications of Dispersion
Relations in Effective Field Theory”

In a recent Letter Myers and Pospelov [1] considered
Lorentz violating effects arising from quantum gravity in
the language of effective field theory describing such ef-
fects in terms of dimension 5 operators. In fact, some of
these terms are obtained in heuristic models suggested by
loop quantum gravity (LQG). We touch upon three as-
pects of the discussion. First, we bring out that the
mechanism suggested by the authors to avoid the appear-
ance of new unsuppressed terms through radiative cor-
rections does not work beyond the linear order in the
dimensionless parameters &, 77, and 7, below. Second,
we argue against the idea that the natural cutoff for such
terms might be low, say, the SUSY (supersymmetric)
scale (=TeV). Third, we point out that, although these
results could be seen as essentially ruling out some heu-
ristic models [2], they are not, as of now, saying anything
about LQG besides limiting the degree to which its rele-
vant semiclassical states might break Lorentz invariance
over a macroscopic regime.

In [1] the Lorentz violating terms for the gauge field

A, and the fermion field W are given by L;, =

MipC“bCFadQZFf + \IfC"bC(AZ—‘F Yo+ ﬁ—iyays)abac\lf, where

Cobe = WeWPWe with W the 4-velocity of the prefer-
ential frame.

The question now is, what is the effect of using these
modifications in the self-energy of the fermion? Myers
and Pospelov [1] noted that these would lead to a genera-
tion of large Lorentz violating effects represented by
dimension-2 or -3 operators. They then suggest modify-
ing the scheme by replacing the tensor C“¢ by the ten-
Sor éabc — Wawbwc _ (1/6)(W“ T]bc + Wb ,r’ac + chab)
which has the property that it vanishes on contrac-
tion with the flat Minkowski tensor 71, in any pair of
indices. This feature then ensures that integrals, such

as fdk4 * 1,,A* (where A is the cutoff of the ef-
fective theory) appearing in the calculation of the self-
energies, will not produce large Lorentz violating terms.
Our first point is that when one goes beyond the lowest
order in &, m;, and 7, (in particular, beyond second
order) one finds integrals such as [ dk* k”k“k”k”ffk“k”ky x
AN, Mo MraMpy + perm.), which when contracted
with C,,,Cy,,Cpys result in a nonvanishing term pro-
portional to W.

These then generate the dangerous low dimension
operators that one was trying to avoid. In particular,
the one loop self-energy of a charged fermion gener-
ates the following Lorentz violating effective term:

&2 A P(3)(§ 71, 1) YWey,ysW, where e is the electro-

magnetlc coupling and P® is a polynomial of degree 3
with coefficients of order 1. This is in agreement with the
well-known expectation from effective field theories —
that all operators allowed by the remaining symmetries
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would be generated. Similarly, considering the vacuum
polarization one generates a Chern Simon (CS) term in
the photon propagator e? A; PO (ny, 9)W,A;F®, where

P'®)(n,, ) is also a polynomlal of degree 3.

Next we consider the idea mentioned in [1] to set the
cutoff scale for the effective theory at a very low value
such as Agygy. This would mean that the physics of the
intermediate scale is dramatically affecting the way in
which the Lorentz violation, originating at Mp, manifests
itself at low energy, and would require a reanalysis in
terms of a concrete proposal. Supersymmetry, by itself,
does not seem to be sufficient.

For consistency with the underlying rational, one
should set the cutoff A at around M,. The resulting
fermion corrections are tightly bounded experimentally.
Direct comparison with Eq. (9) in [3] results in the re-
markable bound P (&, n;, n,) < 10~*. Thus &, 7,, and
71, must be at most of order 101>, Similarly, a compari-
son of the CS term with the effect studied in [4] leads to
P'®)(n,, n,) < 1077, indicating that 5, and 71, must be
at most of order 10™!°. We should point out that while the
last bound could, in fact, be dramatically lowered by
introduction of the hypothesis of supersymmetry, the
former (and weaker) is very robust. These bounds dwarf
all existing ones.

Finally, we must emphasize that at this point one is not
testing LQG, as nothing in this framework prevents the
construction of semiclassical states that do not select a
(global) vector field. In such a scenario the theory would
be immune to the constraints being set by the current
explorations of quantum gravity phenomenology.
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