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Abstract
Since the velocity of wave fromt propegatior is determined
by the high frequency ssymptotics of refraction index, superlu-
minal velocity found in nonrenormalizable theories is in fact

[ ]
only the result of low order perturbative calculations.




It vas cleimed rec?n=131 thei QuD redietive corrections %o
the Muxwell equations in gravitational fielu can result in local
velocity of light exceeding unity. To show this the authors of

Ref.! use the fo1lu-ing offective lagrangien:
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nhare-ﬂfu 1/137, m is the electron-mass, P., ig the electromag-

A{;f A f?” (1}

_4ic fe1d strength, H.sr 18 the Rieseon tensor, Ry = Rus”
R = Rﬂﬂ' a, b, ¢ and & are numericel constants. This La;éanginn
was ahtained 1:-:-.1a'ur:i.fusl:qr’ﬁ in the lowest orcer in electromagneic
jntersction. Note that the last term in Eq.(1) influences the .
ecuai ton of motion in the order of o’ only.

Jne can eaaily see that being of the same order in the
photon f;equency « as the free field lagrangian,L ¢ (1) pives
the contribution into s1he refraction index n independent (T
and differeﬁt generally speaking for different polarizetior. .
In particulsr, in the Schwarzschild hai%rounﬁ n proves to D&
amaller thea unity for one of the polarization gtates and S0,
according to Raf.,.thin state propagates with a superluminal
velocity. We think however that this conclusicn iz unfounded

enouse of the following reasond. '

‘It 1o well-known> that the ‘veloctty of wave fromt propega<
.t1on in & nispers*ve medium is determined by’ the asymptoties
of the rerractxou index n{uJ} at . —»et, Indeed, consider 2.
e packet e |
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where n{w) is known to be anmalytic in the upper half=plane /.
It can be easily seen that the function f(w ) should possess the
same property to gjﬁrnntu. the vanishing of the signael for x>1
in the region where the external field is absent, So for t< nx
one can shift up the integratiomn cuﬁtnur in the complex &/ -plane
in Bq.(2) and find comsequently that the wave front wvelocity is

y:é;ﬂ / (3)

Since n(w) is proportional to the amplitude of the forward

scattering in external field, the wave fromt velocity is deter=~
mined by the high energy asymptotics of this amplitude. Mean-
.#hih. effective lagrangian (1) used in Ref.' describes in fact
low energy limit of light scattering in gravitational field.
Although to the lowest order in & the refraction index calcula-
ted in Rar.1 {8 exact as a function ofw 4, the higher order
corrections rise with « faster and fester. In particular, the
1ast term in Bq.(1) cmitted in the calculstions made in Ref. '
leads to the extra comtribution to the refraction index which

increase quadratically with frequency:
Snt ~ ii?j £ 3 (4)
V4
(We suppress here 'I;ha indices of R describing the tensor atruc-
ture of- dn.) \

So the consideration of the lcwest order (or any finite
order) in ﬁlrtt;rhatiu expansion in a nonrenormalizable theory
ie :I.n:ut{iuimt for the comclusion about the velocity of wave
front propagation. Ome can reverse the arguments and say that the

ceusality condition implies a restiriciive bound on. the rise of &
scattering amplitude. )

Note thet in & mumber of papers’it was claimed that higher
spin (8> 1) particles can propagate in external fields with
superluminal velocity. The presented arguments show that this
assertion is unfounded by the same reason = all those theories

are nonrenormalizable.
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