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ABSTRACT: In this work we investigate the radiatively induced Chern-Simons-like terms
in four-dimensions at zero and finite temperature. We use the approach of rationalizing
the fermion propagator up to the leading order in the CPT-violating coupling b,. In this
approach, we have shown that although the coefficient of Chern-Simons term can be found
unambiguously in different regularization schemes at zero or finite temperature, it remains
undetermined. We observe a correspondence among results obtained at finite and zero
temperature.
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1. Introduction

In recent years, it has been investigated in the literature the possibility of the Lorentz
and CPT symmetries being violated in the nature [l-[L6]. Theoretical investigations have
pointed out that these symmetries can be approximate. The realization of this violation can
be obtained in QED by adding the Chern-Simons-like term with a constant quadrivector
k., %kﬂe’w‘mFagAfy, to the Maxwell’s theory, and another term which is a CPT-odd term
for fermions, i.e., ¥pys1) with a constant quadrivector b,. This extension of the QED
does not break the gauge symmetry of the action and equations of motion but it does
modify the dispersion relations for different polarization of photons and Dirac’s spinors.
Interesting investigations in the context of Lorentz-CPT violation have appeared recently in
the literature, where several issues were addressed, such as Cerenkov-type mechanism called
“vacuum Cerenkov radiation” to test the Lorentz symmetry [[7], changing of gravitational
redshifts for differently polarized Maxwell-Chern-Simons photons [[§], evidence for the
Lorentz-CPT violation from the measurement of CMB polarization [[{], supersymmetric
extensions [2(]], breaking of the Lorentz group down to the little group associated with
k, [B1] and magnetic monopoles inducing electric current 3.

The dynamical origin of the parameters k, and b, present in the Lorentz and CPT
symmetry breaking is obtained when we integrate over the fermion fields in the modified
Dirac action such that the radiative corrections may lead to k, = Cb,. Several studies
have shown that C' can be found to be finite but undetermined [23—R7).

In the present work, we focus attention on induced Chern-Simons-like terms via ra-
diative corrections both in zero and finite temperature by using different regularization
schemes. Our starting point here is the use of the approach of rationalizing the fermion
propagator up to the leading order in the CPT-violating coupling b, after using the deriva-
tive expansion method. By using this approach we have obtained new and previous results
of the literature and also observe the existence of new effects at finite temperature. Then,
by using dimensional regularization and Lorentz invariant regularization schemes at zero
temperature, we show that the Chern-Simons coefficient is found to be unambiguously



finite, but with different values. We found that these coefficients are indeed limits of the
theory when we take into account finite temperature and only use the Lorentz invariant
regularization and derivative expansion method. On the other hand, by using dimensional
regularization at finite temperature, in our present approach, leads to other finite results
in zero and finite temperature found in the literature.

2. Radiative corrections

The one-loop effective action Seg[b, A(x)] of the gauge field A(z) can be expressed in the
form of the following functional trace

Selb, A(2)] = —i T In( — m — s — eA(2)). (2.1)
This functional trace can be represented as Seg([b, A(z)] = Ser[b] + S/z([b, A(z)]. The first
term Seg[b] = —iTrin(p — m — Pys) does not depend on the gauge field, and the only

nontrivial dynamics is concentrated in the second term S/;[b, A(x)], which is given by the
following power series

Slalb, A@)] =iTr Y % [m eA(:U)] . (2.2)
n=1

To obtain the Chern-Simons term we should expand this expression up to the second order
in the gauge field

Sllb, A(z)] = SQ b, A(w)] + -+ | (2.3)
where
—ie?
S, A)] = —Te[Sy(0) A(2) Sulp) A@) ], (2.4)

with Sy(p) being the exact fermion propagator expressed in the form
B i

S p-m—pys

Using the derivative expansion method [B§] one can find that the first one-loop contribution
to Sé? [b, A] reads

Sb(p) (2.5)

1
S A = ; / de T 9, A, A, (2.6)

where the one-loop self-energy II1**" is given by

4
e~ e [ él& £ [Sy(p) 7 Sh(p) 7 Sb(p) 7" (2.7)

We now focus on the study of possible indetermination of the Chern-Simons coefficient
that can appear when we expand the self-energy (R.7) as in the approach of rationalizing
the fermion propagator up to the leading order in b. Then, we may use the approximation
scheme developed in [BJ] to expand the exact propagator in eq. (R.§) up to the first order
inb
_[Prm—sp 20s(mp— (b-p)(p+m)
- 2

=T =) o7 — )’

T (2.8)



where we have retained only the leading order terms in b. Before everything, let us use the

following notation

Sp(p) = i(W1 + Was), (2.9)
where
Wy = %7 (2.10)
2(m b- —m
e b b 0o o

into eq. (B-7) to get the form

d4
e — ¢ | (ot TV W W o Wi Wi Wi

+W2757“W17°‘W17”]. (2.12)

Substituting (2-10) and (R.11) into (P-IF) and using the relation {7*,75} = 0, we can

calculate the trace of gamma matrices, resulting in the following expression

v 4 dp 1 v
IF = 4ie? / 2 (2 = )P {3 0 [be(pQ +m?) — 2pg(b - P)]-l—
—2bg [91 P pap™ + P Opapt + e pap¥]}. (2.13)

Note that by power counting, the momentum integral in (P.I3) involves finite terms and
terms with logarithmic divergence. Because the integral is divergent, there is no unique
answer regardless of the regularization scheme used, e.g., Pauli-Villars or dimensional regu-
larization [R3]. Here, we shall adopt simpler regularization schemes in order to calculate the
divergent integral, such as dimensional regularization [B0] and Lorentz preserving regular-
ization. The above integral is promoted to D dimensions and a straightforward calculation

yields
662 GP(G/Q) 0
oy pav
II (Am)P2 ()2 € by, (2.14)
where € = 4 — D. Therefore, for D = 4, we find
(2.2) 362 4 pow3
Se [0, A(z)] = ) d*x bge! P 0, A, A, . (2.15)

This shows that the Chern-Simons coefficient kg relates with bg is the form

3e2

On the other hand, there also exists the possibility of using in eq. (B.13) the relation

4 4
/(;ZTJ;ZWV fr*) = %/(;igﬂtpzf(pz), (2.17)



that naturally removes the logarithmic divergence. As a result, we have only the finite
contribution
62 T(1+¢/2)

TIHer —
(47)D/2 (m2)e/?

e py. (2.18)

Therefore, for D = 4, we find

_ 3e2
1672

ngm (b, A(z)] /d4x bﬁ&“auﬁaaA“Ay, (2.19)

which shows that the Chern-Simons coefficient k3 now relates with bz in the form

3e2

kg = 162 bg.

(2.20)

Although the results (R.16) and (R.20) were obtained unambiguously in different reg-
ularization schemes, they show that kg is indeed undetermined. One the other hand, it is
interesting to note that these results were shown to be connected to each other at finite
temperature [Bl]]. The results (R.16) and (R.2() are limits of high temperature and zero
temperature, respectively, as it was obtained in [B1]] where the logarithmic divergences were
eliminated by using the Lorentz preserving regularization (R.17).

3. Finite temperature effects

Let us now study the Chern-Simons coefficient when we take temperature into account.
The effect of high temperature in the context of breaking Lorentz and CPT symmetries
has generated interesting studies in the literature [R9, B1-pB4]. However, only [R9] uses the
approach (R.§) of rationalizing the fermion propagator up to the leading order in b in the
context of finite temperature. Following such an approach, in this section, we are going to
investigate the Chern-Simons coefficient at finite temperature.

To develop calculations with finite temperature, let us now assume that the system is
in the state of the thermal equilibrium with a temperature T'= 1/3. In this case we can
use the Matsubara formalism for fermions. This consists of taking pg = w, = (n + 1/ 2)%”
and replacing the integration over zeroth component of the momentum by a discrete sum
(1/27) [ dpy — %Zn BA. We also change the Minkowski space to Euclidean space by
performing the Wick rotation xg — —ixg, pg — ipo, by — ibg, d*z — —id*z and d*p —
id*p. Considering initially the expression (R.13), we have that the effect of the temperature
must reproduce the following structure

—4ie d°p 1
Trrer — / > 30 [bg(p? + M3 — 2m?) — 2pp(b - p) |+
5,2 e a0 M2 =2 p)
—20p [P pp® + e pgpt + P pgp¥]}, (3.1)
where
1\ 2472
M,%:(n—i-i)%—l—mz (3.2)



To implement translation only on the space coordinates of the loop momentum p, we
decompose it as follows [BJ]

bp — ﬁp + p050p- (3-3)
We use the covariance under spatial rotations which allows us to carry out the following
replacement
P
i — (07— 6,080, (34)
Thus,

it (5 -14) ) (35)

We have that only the terms above can contribute to the Chern-Simons structure. There-
fore, we can split the expression (R.g) into a sum of two parts, “covariant” and “noncovari-

ant”, i.e.,
OV — (—i) / d*z I (m, )P b3d, A, A,, (3.6)
with
—6ie? & dPp (1 — 3P + M2 — 2m?
I =— D < .
l(maﬁ) ﬂ nz_:oo/ (27T)D (252 +M7%)3 ’ (3 7)
and
nev — / d*zIr(m, B) [3e*0 byda Ay Ay +
+bg (000 A Ay + 2000, Ag Ay, + €9, A, Ao)] (3.8)
with
die? A5 B — M2+ m?
I = D n
2(m. f) = =5 n_zoo/ enP  F+ M2 39

After integration over the spatial momentum, we find

—3ie” & [MB-5H-2-Hre-%) mrE-2)
hm®) = G O [ Dot gro-)_mire_ ),
_ 6im262r()\2) a2 A2 o0 1
T (4mbig (W) nzzoo (n+b)2 +a2)%2’ (3.10)



and

ieQ 00 Elr(z _ 2) 2m2r(3 o Q)
I(m, ) = mnzoo [ (Mg)2—2§ —~ (Mg)?’—%Q ] :
ie? 00 a2 A1 G/F()\l) a2 A2 2m2I’()\2)
- mn;mKW) ((n +b)%2 + a?)M N (W) ((n + b)2 + a2)> (3.11)

where )\1:2—%, )\2:3—%, ¢ =3—D,a=mf/2r and b= 1/2.
At this point we need an explicit expression for the sum over the Matsubara frequencies.

We use the following result [Bq]

1 _ VAT(A—1/2)
; [(n+0b)2+ a2 T(\)(a2)A-1/2 *

00 dz 1
» \ R 3.12
+4sin(7 )/a| 2 = a2)>‘ e <eXp27r(z +ib) — 1> . ( )

which is valid for 1/2 < A < 1. Note that for \} = 2 — % and Ay = 3 — % we cannot
apply this relation for D = 3 since the integral diverges. Thus, we carry out the analytic

continuation of this relation, so that we obtain

/‘x’ dz R 1 B
lof (22 —a?)* c exp2m(z +ib) —1)
1 3—-2\ [ dz 1
_ L 1
202 1—\ /a| (22 —a?)M1 he <exp 27(z + ib) — 1> (3:.13)

S V) S Y-
4a% (2= N)(1 = A) Jjq (2% —a?)*—2dz? exp2m(z +ib) —1)

Now we can substitute this expression into ([B.19), for D = 3, so that after some simplifi-
cations we get

2

1(B) = 20+ 2P () (3.14)
and
R(8) = < Fla), (.15
where the function F'(a) given by
= 7 a2 g2yy2 tanh(rz)
F(a) = /|a dz(z" —a”) cosh2(r2)’ (3.16)

has the following limits: F(a — 00) — 0 (T — 0) and F(a — 0) — 1/272 (T — o0) — see
figure [.

In summary we find that the Chern-Simons coefficients at finite temperature for both
covariant and noncovariant parts are:
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Figure 1: The function F(a) is diferent from zero everywhere. At zero temperature (3 — o0), the
function tends to a nonzero value.
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kv = 4—;250,, ke = 8—;%, ke = %b (a—0o0r T —o0) (3.17)
3 2

kSO = 8—6260” k2 = 0. (a —o0orT—0) (3.18)
7r

Note that the covariant coefficient %ba at T'— 0 coincides with the coefficient previously
obtained at zero temperature (R.16), and corresponds to the result obtained in [BI] at the
limit 7" — oo. The noncovariant result Be%bl- at T' — oo corresponds to the result found
in I3, B7 at zero temperature, and the noncovariant result kLY =0 at T'— 0 corresponds

to the result found in [BJ] at the same limit.

4. Conclusions

In this work we have used the approach of rationalizing the fermion propagator up to
the leading order in the CPT-violating coupling b, after using the derivative expansion
method. We have shown that although the coefficient of Chern-Simons term can be found
unambiguously in different regularization schemes at zero and finite temperature, it re-
mains undetermined. An interesting point, however, we noted here is the possibility of
the temperature making the connection among the coefficients obtained in different reg-
ularization schemes. In a certain sense, each value found in a particular scheme seems
to correspond to a different scale of the theory, which can be achieved by increasing or
decreasing the ambient temperature. For example, a particular coefficient found in zero
temperature by adopting one approach corresponds to the same coefficient at high tem-
perature by adopting another one. A complete understanding of these issues will require

further investigations.

Acknowledgments

This work was partially supported by Conselho Nacional de Desenvolvimento Cientifico



e Tecnolégico (CNPq) and Fundagdo de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP). The work by A. Yu. P. has been supported by CNPq-FAPESQ-PB DCR
program, CNPq project No. 350400/2005-9.

References

[1] V.A. Kostelecky and S. Samuel, Spontaneous breaking of Lorentz symmetry in string theory,
|[Phys. Rev. D 39 (1989) 683.

[2] S.M. Carroll, G.B. Field and R. Jackiw, Limits on a Lorentz and parity violating modification
of electrodynamics, |Phys. Rev. D 41 (1990) 1231].

[3] M. Goldhaber and V. Trimble, Limits on the chirality of interstellar and intergalactic space,
J. Astrophys. Astron. 17 (1996) 17;
S. Carrol and G. Field, Is there evidence for cosmic anisotropy in the polarization of distant
radio sources?, |Phys. Rev. Lett. 79 (1997) 2394.

[4] D. Colladay and V.A. Kostelecky, CPT wiolation and the standard model, |Phys. Rev. D 55

(1997) 676( [hep—ph/9703464.

[5] S.R. Coleman and S.L. Glashow, Cosmic ray and neutrino tests of special relativity,

Lett. B 405 (1997) 249 [hep-ph/970324(]; High-energy tests of Lorentz invariance,

Rev. D 59 (1999) 116004 [hep-ph/981241¢].

[6] D. Colladay and V.A. Kostelecky, Lorentz-violating extension of the standard model,

Rev. D 58 (1998) 116009 [hep-ph/9809521].

[7] J.M. Chung and P. Oh, Lorentz and pct violating Chern-Simons term in the derivative
expansion of QED, |Phys. Rev. D 60 (1999) 067709 [hep-th/981213J].

[8] R. Jackiw and V.A. Kostelecky, Radiatively induced Lorentz and CPT wviolation in
electrodynamics, |Phys. Rev. Lett. 82 (1999) 3572 [hep-ph/9901354].

[9] M. Pérez-Victoria, Ezact calculation of the radiatively-induced Lorentz and CPT wviolation in
QED, |Phys. Rev. Lett. 83 (1999) 2518 [hep-th/9905061]].

[10] J.M. Chung, Lorentz- and CPT-violating Chern-Simons term in the functional integral
formalism, [Phys. Rev. D 60 (1999) 127901 [hep-th/9904037)]; Radiatively-induced Lorentz
and CPT wviolating Chern-Simons term in QED, [Phys. Lett. B 461 (1999) 13
[hep-th/9905095].

[11] A.A. Andrianov, P. Giacconi and R. Soldati, Lorentz and CPT wviolations from Chern-Simons
modifications of QED, JHEP 02 (2002) 03(| [hep-th/0110279].

[12] O. Bertolami and C.S. Carvalho, Proposed astrophysical test of Lorentz invariance,

Rev. D 61 (2000) 103009 [gr-qc/9912117].

[13] M. Chaichian, W.F. Chen and R. Gonzalez Felipe, Radiatively induced Lorentz and CPT
violation in Schwinger constant field approximation, |Phys. Lett. B 503 (2001) 21§
[hep-th/0010129].

[14] B. Altschul, Failure of gauge invariance in the nonperturbative formulation of massless

Lorentz-violating QED, [Phys. Rev. D 69 (2004) 125009 [hep-th/0311200.

[15] B. Altschul, Gauge invariance and the Pauli-Villars regulator in Lorentz- and CPT-violating
electrodynamics, [Phys. Rev. D 70 (2004) 101701 lhep-th/0407179].



http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD39%2C683
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD41%2C1231
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C79%2C2394
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD55%2C6760
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD55%2C6760
http://arxiv.org/abs/hep-ph/9703464
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB405%2C249
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB405%2C249
http://arxiv.org/abs/hep-ph/9703240
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD59%2C116008
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD59%2C116008
http://arxiv.org/abs/hep-ph/9812418
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD58%2C116002
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD58%2C116002
http://arxiv.org/abs/hep-ph/9809521
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD60%2C067702
http://arxiv.org/abs/hep-th/9812132
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C82%2C3572
http://arxiv.org/abs/hep-ph/9901358
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C83%2C2518
http://arxiv.org/abs/hep-th/9905061
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD60%2C127901
http://arxiv.org/abs/hep-th/9904037
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB461%2C138
http://arxiv.org/abs/hep-th/9905095
http://jhep.sissa.it/stdsearch?paper=02%282002%29030
http://arxiv.org/abs/hep-th/0110279
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD61%2C103002
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD61%2C103002
http://arxiv.org/abs/gr-qc/9912117
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB503%2C215
http://arxiv.org/abs/hep-th/0010129
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD69%2C125009
http://arxiv.org/abs/hep-th/0311200
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD70%2C101701
http://arxiv.org/abs/hep-th/0407172

[16] O. Bertolami and J.G. Rosa, New bounds on cubic Lorentz-violating terms in the fermionic

dispersion relation, |Phys. Rev. D 71 (2005) 097901| [hep-ph/0412284].

[17] R. Lehnert and R. Potting, Vacuum Cerenkov radiation, |Phys. Rev. Lett. 93 (2004) 110402
[hep-ph/040612g).

[18] E. Kant and F.R. Klinkhamer, Mazwell-Chern-Simons theory for curved spacetime
backgrounds, |Nucl. Phys. B 731 (2005) 125 [hep-th/0507162].

[19] B. Feng, M. Li, J.-Q. Xia, X. Chen and X. Zhang, Searching for cpt violation with WMAP
and boomerang, |Phys. Rev. Lett. 96 (2006) 221302 [astro-ph/0601095].

[20] H. Belich, J.L. Boldo, L.P. Colatto, J.A. Helayel-Neto and A.L. M.A. Nogueira,
Supersymmetric extension of the Lorentz and CPT-violating Mazwell- Chern-Simons model,
[Phys. Rev. D 68 (2003) 06503( [hep-th/0304164].

[21] A.J. Hariton and R. Lehnert, Spacetime symmetries of the Lorentz-violating
Mazwell-Chern-Simons model, hep—th/0612167].

[22] J. Barraz, N. M., J.M. Fonseca, W.A. Moura-Melo and J.A. Helayel-Neto, On Dirac-like
monopoles in a Lorentz- and CPT-violating electrodynamics, hep—-th/0703043.

[23] R. Jackiw, When radiative corrections are finite but undetermined, |[nt. J. Mod. Phys. B 14
[ (2000) 2011 [hep-th/9903044].

[24] G. Bonneau, Regularization: many recipes, but a unique principle: ward identities and
normalization conditions. The case of CPT wiolation in qed, [Nucl. Phys. B 593 (2001) 39§
[hep-th/0008210Q)|; Lorentz and cpt violations in QED: a short comment on recent
controversies, lhep-th/0109104.

[25] W.F. Chen, Issues on radiatively induced Lorentz and CPT wviolation in quantum
electrodynamics, hep—th/0106035.

[26] M. Pérez-Victoria, Physical (ir)relevance of ambiguities to Lorentz and CPT wiolation in
QED, JHEP 04 (2001) 032 [hep—th/0102021].

[27] G. Bonneau, Extended QED with CPT violation: clarifying some controversies, |Nucl. Phys
[ B 764 (2007) 83 [hep-th/0611009].

[28] I.J.R. Aitchison and C.M. Fraser, Fermion loop contribution to Skyrmion stability,
[ Lett. B 146 (1984) 63; Derivative expansions of fermion determinants: anomaly induced
vertices, Goldstone- Wilczek currents and Skyrme terms, [Phys. Rev. D 31 (1985) 2605;
C.M. Fraser, Calculation of higher derivative terms in the one loop effective lagrangian, @
| Physik C 28 (1985) 101};
A1 Vainshtein, V.I. Zakharov, V.A. Novikov and M.A. Shifman, Calculations in external
fields in QCD: an operator method, (In Russian), [Sov. J. Nucl. Phys. 39 (1984) 77 [[Yad. Fiz]
[ 39 (1984) 124);
J.A. Zuk, A functional approach to derivative expansion of the effective lagrangian,
[ Rev. D 32 (1985) 2653;
L.H. Chan, Effective action expansion in perturbation theory, |[Phys. Rev. Lett. 54 (1985)
; Baryons as solitons in effective lagrangians of spontaneously broken chiral symmetry
from QCD, |Phys. Rev. Lett. 55 (1985) 21|,

M.K. Gaillard, The effective one loop lagrangian with derivative couplings,
[ 268 (1986) 669;



http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD71%2C097901
http://arxiv.org/abs/hep-ph/0412289
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C93%2C110402
http://arxiv.org/abs/hep-ph/0406128
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB731%2C125
http://arxiv.org/abs/hep-th/0507162
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C96%2C221302
http://arxiv.org/abs/astro-ph/0601095
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD68%2C065030
http://arxiv.org/abs/hep-th/0304166
http://arxiv.org/abs/hep-th/0612167
http://arxiv.org/abs/hep-th/0703042
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CB14%2C2011
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CB14%2C2011
http://arxiv.org/abs/hep-th/9903044
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB593%2C398
http://arxiv.org/abs/hep-th/0008210
http://arxiv.org/abs/hep-th/0109105
http://arxiv.org/abs/hep-th/0106035
http://jhep.sissa.it/stdsearch?paper=04%282001%29032
http://arxiv.org/abs/hep-th/0102021
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB764%2C83
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB764%2C83
http://arxiv.org/abs/hep-th/0611009
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB146%2C63
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB146%2C63
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD31%2C2605
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC28%2C101
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=ZEPYA%2CC28%2C101
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=SJNCA%2C39%2C77
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=YAFIA%2C39%2C124
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=YAFIA%2C39%2C124
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD32%2C2653
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD32%2C2653
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C54%2C1222
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C54%2C1222
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C55%2C21
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB268%2C669
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB268%2C669

A K. Das and A. Karev, The derivative expansion and the anomaly at finite temperature,
[Phys. Rev. D 36 (1987) 623;

K.S. Babu, A.K. Das and P. Panigrahi, Derivative expansion and the induced Chern-Simons
term at finite temperature in (2 + 1)-dimensions, [Phys. Rev. D 36 (1987) 372§

[29] D. Ebert, V.C. Zhukovsky and A.S. Razumovsky, Chern-Simons like term generation in an
extended model of QED under external conditions, |Phys. Rev. D 70 (2004) 025003
[hep-th/0401241.

[30] G.’t Hooft and M.J.G. Veltman, Regularization and renormalization of gauge fields,
[ Phys. B 44 (1972) 184.

[31] T. Mariz, J.R. Nascimento, E. Passos, R.F. Ribeiro and F.A. Brito, A remark on Lorentz
violation at finite temperature, JHEP 10 (2005) 019 [hep-th/0509009].

[32] J.R.S. Nascimento, R.F. Ribeiro and N.F. Svaiter, Radiatively induced Lorentz and cpt
violation in QED at finite temperature, hep-th/0012039.

[33] L. Cervi, L. Griguolo and D. Seminara, The structure of radiatively induced Lorentz and CPT
violation in QED at finite temperature, [Phys. Rev. D 64 (2001) 105009 [hep-th/0104027].

[34] M. Gomes, J.R. Nascimento, E. Passos, A.Yu. Petrov and A.J. da Silva, On the induction of
the four-dimensional Lorentz-breaking non-Abelian Chern-Simons action, prXiv:0704.1104.

[35] L. Dolan and R. Jackiw, Symmetry behavior at finite temperature, |Phys. Rev. D 9 (1974)

—

[36] L.H. Ford, Vacuum polarization in a nonsimply connected space-time, |[Phys. Rev. D 21|
[ (1980) 933.

[37] L.-H. Chan, Induced Lorentz-violating Chern-Simons term in QED and anomalous
contributions to effective action erpansions, lhep-ph/9907349.

,10,


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD36%2C623
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD36%2C3725
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD70%2C025003
http://arxiv.org/abs/hep-th/0401241
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB44%2C189
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB44%2C189
http://jhep.sissa.it/stdsearch?paper=10%282005%29019
http://arxiv.org/abs/hep-th/0509008
http://arxiv.org/abs/hep-th/0012039
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD64%2C105003
http://arxiv.org/abs/hep-th/0104022
http://arxiv.org/abs/0704.1104
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD9%2C3320
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD9%2C3320
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD21%2C933
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD21%2C933
http://arxiv.org/abs/hep-ph/9907349

