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Abraham-Lorentz's equation of radiation reaction suffers from both runaway solutions and
pre-acceleration. In the point charge limit, we cannot eliminate both these difficulties
simultaneously. In this study, the self-force due to a classical charged particle is explored in
a CPT odd Lorentz violating electrodynamics. It is shown that the electromagnetic mass
behaves like a tensor but the radiation reaction force is not modified.
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INTRODUCTION

Lorentz symmetry is the fundamental symmetry of two
important theories, the standard model of particle physics and
Einstein's general relativity. Lorentz symmetry is a global
symmetry in flat space in the standard model, whereas in
general relativity, this symmetry is the local one. Quantum
versions of general relativity like string theory, loop quantum
gravity, etc, are shown lead to Spontaneous Lorentz violation
[1, 2]. Recent cosmological observations that establish the
presence of dark matter and dark energy strongly suggest that
the standard model needs to be extended. The minimal
standard model extension (MSME), which is a subset of
Standard model extension, deals with Lorentz violation in
electrodynamics in flat space [3]. This mSME framework
preserves Lorentz symmetry under observer Lorentz
transformations but violates it under particle transformations.
The mSME Lagrangian density contains the usual standard
model term plus Lorentz violating terms with CPT even and
odd coefficients which are very small. In an inertial frame, if
we fix these coefficients, space-space rotational symmetry
breaks and hence Lorentz symmetry also gets broken since the
Lorentz symmetry group includes Lorentz transformations and
rotations in ordinary three-dimensional space. In this type of
Lorentz symmetry violation, the mass behaves like a tensor[4].
Accelerated classical charged particle emits radiation. Self-
electromagnetic fields produced by an accelerated electron
produce a force on it, which is called self-force. The self-force
has a finite part which is called as radiation reaction, and the
infinite part is the electromagnetic mass term [5,6]. In the
point charge limit, the radiation reaction force suffers from
both runaway solutions and casualty violation. We cannot
eliminate these difficulties simultaneously [7]. Radiation
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reaction in the usual Maxwell theory has been studied in the
subject matter of several recent studies[8,9]. It is possible that
when one considers the inputs from various versions of
mSME, these problems in classical electrodynamics might
find a resolution. This is the motivation for the work done in
this article, which is to capture the effects due to mSME on
these problems.

Birefringence in vacuum is discussed in Lorentz violating
electrodynamics with the nonzero CPT even coefficient
Ko123[10]. For the same nonzero CPT even coefficient self-
force is derived, due to a charged particle in which the
radiation reaction force is not altered but electromagnetic mass
behaves like a tensor[11]. In the present work, a spherically
symmetric charge distributed particle's radiation reaction and
electromagnetic mass, both are calculated in the CPT odd
Lorentz violating electrodynamics. In Section 2 retarded
potentials are calculated in the presence of CPT odd
coefficients. In section 3 self-force due to a charged particle is
calculated using these retarded potentials.

Electromagnetic potentials in CPT odd Lorentz violating
electrodynamics

In the minimal Standard model extension, Lagrangian density
for the pure photon sector can be written as [12]
1 1 1
L= _ZFI'WF;W - Z(KF)I(/IMVFULF!W +E(KAF)kEkluvAAF‘uV _juAu (1)

Here the symmetric four-current density vector j“(p,f) is
coupled with the four vector potential A“(d;,/f) and F,, =
(8,4, —8,4,) is the electromagnetic field strength tensor.
We are using natural units (c = 1) and metric (1,—-1,—-1,—1)
through out the paper. (kz)xa,, and (icar)* are CPT even and
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odd Lorentz violating coefficients respectively. This U(1)
gauge invariant Lagrangian density, (1) preserves Lorentz
symmetry under observer Lorentz transformation but violates
under particle transformations.

Lagrangian density with CPT odd coefficients in the pure
photon sector can be written as

L= = 2FEy + = (ap) € AP — jHA, ¥
and the equations of motion

0. F + (KAF)aeuaﬁyFﬁy +j.=0 3)
Under the Lorentz gauge (9,A% = 0),

A, + (ar) “€uapy FPY +ju = 0 4

In a particular frame, if we fix the CPT odd coefficients,
explicit Lorentz symmetry breaking occurs. Based on the
symmetry properties of Levi-Civita tensor, €,4p,, €quation (4)
gives the following coupled equations.

94, 04, 94, 04,
Dcp—z(xAF)l(a—Z— ay) 20060 (52~ 52)

04, 0A
—2(m)3( % axy>+p=0 5)

0A, 94, 24, 0¢
[JAx — 2(kap)° (g ~ oy ) + 2(kap)? ( t E)

—Z(KAFP( = a"’) 1l=0 (6)

at
Ay + 2(cap)° (0/1 6611 ) 2(rcap)* (aA + gf)
+2(rcar)3 ( + a_¢>) +Jy=0 (7)

0A, 6A A d
DA - Z(KAF)O ( 3y ax ) +2( AF)1 ( Y+ 6(£>
¢

04
~206e)* (SE+50) 41 =0 (®)

The solutions of these equations yield the potentials in CPT
odd Lorentz violating electrodynamics in the leading order in
(kqp) (see Appendix A).

P&, )] e

qb(i,t) = 477: de (9)
A, (XD Z_E /pl(:: tx)ret - (KAF) f]q( E)reedX (10)

Here p = x,q =y and r = z and ¢,,, is Levi-Civita symbol
in three dimensions (p,q,r = 1,2,3). Vector potential
expression (10) indicates that the rotational symmetry
breaking and hence Lorentz symmetry. An estimate of the
bounds on the parameters described in the work can be found
in [13].

Self-force Due to a Classical Charged Parti- Cle in CPT odd
Lorentz violating electro- dynamics

Self-force is calculated by assuming the electron as a
uniformly charged sphere [7]. In this model, Lorentz force
expression is used to calculate Self-force.

et = [ p0) [V + 22| ax 11

Here, the retarded potentials are expanded by using the
following Taylor series.

( 1)11 o
[— = —lret —Z at" ————ly (12)

This usual Lorentz force expression can also hold even in the
case of Lorentz violating theory, but now the potentials are
modified potentials due to Lorentz violation [12]. By
substituting the equations (9) and (10) in (11) we can get self-
force components as

Fself_ 4U‘ 2 255
» = 3 vp—ge Up +
(ar)" B N G DL .,
o epqrf p(x,t)dxz - R"WJ’ p(XDvg(t)dx
n=0
4 (kap)"e? .
= §U17 +T€pqrvq—
2 Kap) €2
3¢%0 (“L)T €pariy ff RpX)p(X)dRdX' + O(R™,n = 2)
4 Ggp)et 2,
= §Uv + A:n epqrvq—gezvp+O(R",n21) (13)

where the electrostatic energy is given by

vl ﬂ P& DpX, PEOPXE) oo (1)

Ix —x’|
In the equation (13) v, ¥ are first and second order time
derivatives of the velocity, respectively. We can write the self-
force as

2
Ffelf = Mgy, — §.eziai +0(Rn=1)i,j=xy2z (15)
where the electromagnetic mass tensor is given by

[ éU (rc4r)e? (KAF)Z e?]
3 4 |
Mg_m =|_ (K:AF)ge2 f (KAF) e (16)
Y | 4n 3 |
(KAF)2€2

(rcar)'e? 4 U J
4m Am 3
Therefore, the electromagnetic mass behaves like a tensor of

rank two. If we fix the CPT coefficients, the bare mass also
behaves like tensor[4]. Hence the equation of motion can be
written as

Fiex — (Mbare + Mem)v]

e 25, + 0(R",n=1)

geziﬁi +0(R™n=1) 17)
where F¢* is external force and M;; is the renormalized mass.
In the point charge limit R — 0, we can neglect the term
O(R™,n = 1) in the above equation. Then, the equation of
motion is given by

2 .
Ff = Myv; — 39 v; (18)
Therefore, in the point charge limit, the radiation reaction

force is equal to Abraham-Lorentz's equation. The radiation
reaction force is given by

= M;;v; —

F.md_—ze 29,1 = x, (19)
3 i V,z

In mSME, the laws of phy5|cs are Lorentz invariant under
observer Lorentz transformations but not under particle
transformations. In this work, although the self-force is
calculated in the instantaneous rest frame of the particle, we
can transform it to any inertial frame by using suitable
observer Lorentz transformations.

CONCLUSIONS

In crystals, due to anisotropy, the electron effective mass
behaves like a tensor. In the minimal standard model
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extension, Lorentz violation induces vacuum anisotropy.
Therefore like in crystals, the electromagnetic mass of the
electron also behaves like a tensor in an anisotropy-induced
vacuum. However, in the point charge limit, the nonrelativistic
radiation reaction is not modified. Therefore, still it suffers
from both runaway solutions and casualty violations.
Although the corrections to the standard results are small, the
results are nevertheless insightful since the study develops a
classical framework or a subsequent study using Quantum
Field theory techniques. The current crisis is cosmology in
terms of finding candidates for dark matter and dark energy
and the new observations and inputs coming from gravity
wave astronomy, which promises to probe the properties of
space and time, making these studies worthwhile. The
problems that plague radiation reaction can also be studied in
the context of non-commutativity or nonlocal theories. Such
studies are already being pursued [15].

Appendix: Calculation of the modified potentials

By using Fourier transformation, we can express the potentials
in the following way.

1 o . o
RF) = — —i(K-%-wt)
o t) L ﬂ d(K,w)e K dKdw (20)
- 1 3. - -
AX ) = Wﬂ A(K,w)exp —i(K - X — wt)dKdw (21)

1 . . .
JE ) = Wﬂ J(K, w)exp—i(K - X — wt)dKdw  (22)

pE t) = o ﬂ. p(K, w)exp —i(K - % — wt)dKdw  (23)
$1 o
Ay Jx
M, x| =—[% 24
(Ma) x| 3 l]y 24
i, Jz
where My, =
(K? - ?) 2i((ear)* Ky = (ear)?K,)  2iC(cap) K, = Gear)*K) - 20(0ear) K = (cap) Ky )
(2 ((Cear)Ky = (ar)?K,) (K? - w?) 2i((a) K, — (ar)*@)  2i((car)*0 = (a)°K, ) |

200 ) K, = (kae)*Ke)  2i((e)*@ — (4 )°K,) (R2=w?) 204K, = () )

2i((ear) K = Gear)'Ky)  20((car)°Ky — (eap)?@)  20i((cap) @ — (1)Ko (K? - w?)
[4’] [
I I=—M44]J @5)
y y
i, Jz
1
Mty = m(’am + Agpa) ™" (26)

After using the binomial expansion for the above equation and
restricting the series up to the first order in (K,r) gives

1
M = Rz _ < (Isxa — Aaxa)
(K2 - w?)

where A, x4 =
(0 2((kap) 'K, = (kg I) 20M(k4p) 'K = (k4K 20((5ap) 'K - (k4p)'K)
i Liu;, K, - (k4K;) 0 2((k4p)'K; = (5 45)%w)
(R [ 2((kap) K, = (k4¢)°Ky)  20((k 460 = (4p)'K2) 0

Ullkar) 'K = (har)'K,) - 2l (54K, = (har) )

2((kpp)w = (k4p)K,)

2l(rp) 'Kz = (g )
a0 { )1
A((kap)'w - (kap) K 0

T _ﬁ Zi((KAF)3Ky - (KAF)ZKZ) ~
)T ®—ay
—w —w
21((’%1:) K, — (KAF)l )] i Zi((KAF)sz - (KAF)lky)]., (28)
®:-w2)” 7 GRS
i = —Jx 21((KAF)3Ky - (KAF)ZKZ) ~
* (K- w?) ({2 - w02)
21((KAF) K, — (KAF)30))J., " Zi((KAF)Z(D - (KAF)OKy)j 29)
(Re-ot) 7 (Re-wt)
. —J; 20((reap) 'Ky = (reap)°Ky)
y = (I_()Z _ywz) AF(I?Z - wz),;F
21((KAF)3 - (KAF)OKZ)J., " 2i((rc4p) Ky — (KAF)lw)J., (30)
(Re-wt) 7 (®-er) T
i = —Jz 21((KAF)2Kx - (KAF)le) ~
i (1_(2 - wz) (1?2 _ wz)z
Zl((KAazK z(;cAF)zw) ot Zi(mzz)?lzw » (gAzF)OK”fy (31)
- -—w

By substituting the above equations in the equations (20) —
(24), we can get the retarded potentials. During the
integration, the terms which have only w in the numerator are
non-zero and the remaining terms become zero. Therefore, in
the retarded potentials, the term (x4)° is absent, even if it is
in 4;(k).
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