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Abstract We study the Casimir effect in the framework of
standard model extension. Employing the weak field approx-
imation, the vacuum energy density ε and the pressure for a
massless scalar field confined between two nearby parallel
plates in a static spacetime background are calculated. In
addition, through the analysis of ε, we speculate a plausible
constraint on the Lorentz-violating term s̄ 00 which is lower
than the bounds currently available for this quantity. Finally,
we remark that our outcome has an intrinsic validity that goes
beyond the treated case of a point-like source of gravity.

1 Introduction

It is well known that General Relativity (GR) exhibits seri-
ous incompatibilities when it comes to link its domain of
validity with the realm of Quantum Field Theory. The hope
is to overcome these obstacles, so that it would be possible
to describe the behavior of any interaction including gravity
even when quantum effects are not negligible. In this direc-
tion, many reasonable and solid proposals have been made
(such as Loop Quantum Gravity and String Theory), but the
sensation is that there is still a great amount of conceptual
problems and obstacles to overcome. However, there is a
shared and accepted awareness that allows us to look for a
unified theory at Planck scale (namely mP � 1019 GeV);
this fact may not be surprising from a theoretical point of
view anymore, but practically it means that it is impossible
to detect even the smallest signal of quantum gravity. In other
words, experiments do not provide any criterion to discern
whether a physical argument can be rejected or not at those
energy levels.
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Nevertheless, even in current laboratory tests, there is
still the possibility to search for little traces that can be
directly related to an underlying unified theory, and one of the
most important concepts in this perspective is represented by
Lorentz symmetry breaking. Such a violation is highly recur-
rent in many candidates of quantum gravity, and for this rea-
son it is considered an essential notion to take into account
for a natural extension of our knowledge in such an unknown
domain. Actually, Lorentz violation has widely been used as
one of the main bedrocks on which to develop physics beyond
the Standard Model (SM). SME (Standard Model Extension
[1–4]) is therefore born within this environment, and it is
considered one of the most important effective field theo-
ries that includes SM as a limiting case. The intuition at the
basis of SME comes from the study of covariant string field
theory [5]. The idea is to build all possible scalars of the
SME Lagrangian by contracting SM and gravitational fields
with suitable coefficients that induce Lorentz (and CPT) vio-
lation. Of course, we expect these coefficients to be heavily
suppressed, and thus to be considered extremely small if ana-
lyzed at current scales. However, many focused experiments
have been performed to put constraints on their values and
to gather useful information on them [6]. For an accurate
overview on SME, see Ref. [7].

In this paper, we consider the Casimir effect in curved
spacetime, where the metric is deduced by the gravita-
tional sector of the SME Lagrangian. Generally speaking, the
Casimir effect [8,9] arises when a quantum field is bounded
in a finite space. Such a confinement reduces the modes of
the quantum field producing, as a consequence, a measur-
able manifestation. The Casimir effect has been studied in
flat spacetime in great detail [10–21], showing the robustness
of the assumptions at the basis of its theoretical explanation.
In this framework, there are already works that study the
Casimir effect with the contribution of the SME coefficients
for the fermion and photon sector [22,23]. In some recent
papers [24–34], instead, the analysis of the role of a gravita-
tional field in the vacuum energy density of a quantum field
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inside a cavity has been performed. This opened the doors to
many interesting developments and lines of research. Indeed,
an interesting investigation on the consistency between the
Casimir energy and the equivalence principle is conduced in
Refs. [35–39]. Moreover, possible modifications in the vac-
uum energy could become relevant in the dynamics of the uni-
verse [26,40]. Microscopically, modifications of Casimir’s
energy could be crucial in the context of quark confinement
based on string interquark potentials [41–44]. Finally, the
implications of gravity on Casimir effect deal with the open
issue regarding the limits of validity of GR at small distances
[45].

The aims of this article are essentially two:

– To see how the pressure between the Casimir plates
changes in the above context;

– To obtain a “heuristic” and plausible constraint on SME
Lorentz-violating terms derived within a Post-Newtonian
expansion of the metric tensor describing the spacetime
in proximity of a point-like source of gravity [46]. Such
a result is obtained by considering the vacuum energy
density ε, and it is then compared to a more physical
bound that stems from the study of the pressure.

In order to do this, we analyze the dynamics of a massless
scalar field in the context of Casimir effect, employing a
technique already used in the search for direct evidences of
extended theories of gravity [34,47–52]. Klein-Gordon equa-
tion between the two Casimir plates shall be solved, assuming
that the distance between them is much smaller than the dis-
tance between the source of the gravitational field and the
plates.

The paper is organized as follows: in Sect. 2 the metric
tensor is presented, as derived in the Post-Newtonian approx-
imation of the purely gravitational sector of SME in Ref. [46].
In Sect. 3 the dynamics of a canonic massless scalar field is
studied within the Casimir plates, and in Sect. 4 the bound
and the expression for the pressure are obtained. Discussions
and conclusions are given in Sect. 5.

2 Metric tensor for a point-like source with
Lorentz-violating terms

The most general Lagrangian density for the SME gravita-
tional sector of Ref. [4] contains both a Lorentz-invariant and
a Lorentz-violating term. The background is represented by
a Riemann–Cartan spacetime, but for our purposes we take
the limit of vanishing torsion, in such a way that the Lorentz-
invariant part is the usual Einstein–Hilbert contribution. The
effective action in which we consider only the leading-order
Lorentz-violating terms is thus given by

S = SEH + SLV + Sm, (1)

where

SEH = 1

2κ

∫
d4x

√−gR, (2)

is the aforementioned Einstein–Hilbert action, with κ =
8πG, Sm the matter action and SLV the Lorentz-violating
term:

SLV = 1

2κ

∫
d4x

√−g
(
−uR+sμν RT

μν +tρλμν Cρλμν

)
.

(3)

Here, R is the Ricci scalar, RT
μν the trace-free Ricci tensor,

Cρλμν the Weyl conformal tensor and all other terms con-
tain the information of Lorentz violation. Of course, they
must depend on spacetime position and have to be treated as
dynamical fields, in order to be compatible with lack of prior
geometry, a typical feature of GR.1

Since the fields u, sμν and tρλμν in Eq. (3) are the ones
responsible for Lorentz violation, they acquire a vacuum
expectation value, so that it is possible to write fluctuations
around them as

u = ū+ũ , sμν = s̄μν + s̃μν, tρλμν = t̄ρλμν + t̃ρλμν.

(4)

Furthermore, following Ref. [46], we require that each first
element of the r.h.s. of Eq. (4) is constant in asymptoti-
cally inertial Cartesian coordinates. However, the fundamen-
tal assumption is that, when dealing with Lorentz violation,
one always takes into account only the vacuum expectation
values of Eq. (4), completely neglecting fluctuations. This
ansatz is reasonable, because we expect to have extremely
small deviations from Lorentz symmetry realized in nature.

Without entering the details of calculation2 given in Ref.
[46], it is possible to derive the most general metric tensor
for a point-like source of gravity, whose non-null components
are given by

g00 = 1 − GM

r

(
2 + 3 s̄ 00

)
,

gi j =
[
−1 − GM

r

(
2 − s̄ 00

)]
δi j . (5)

3 Dynamics of a massless scalar field

Let us now consider a conventional massless scalar field
ψ (x, t) in curved background, i. e. we consider the SME

1 See Ref. [53] for a detailed explanation of this concept.
2 See “Appendix A” for a complete treatment.
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Fig. 1 The Casimir-like system in a gravitational field is represented
above. Here, D denotes the distance between the plates, S their surface
and R the distance from the source of gravity of mass M , with D <√
S � R

parameters are only into gravity sector. In general, the s̄μν

parameters can be moved from the gravity sector into the
scalar sector using a coordinate choice [3]. The choice does
not change the physics, so although the calculation looks
different it must give the same result.

In our analysis, the Klein-Gordon equation reads [55]

(� + ζ R) ψ (x, t) = 0, (6)

where � is the d’Alembert operator in curved space and ζ is
the coupling parameter between geometry and matter.

As it can be seen in Fig. 1, the configuration is simple: the
plates are set in such a way that the one nearer to the source
of gravity is distant R from it, and hence we can choose
Cartesian coordinates so that r = R + z, where the variable
z is free to vary in the interval [0, D], if we denote with D the
separation between the plates. Clearly, the relation D � R
holds.

A further simplification comes from the fact that the
only Cartesian coordinate explicitly present in the quanti-
ties appearing in Eq. (6) is z. In fact, denoting φ = −GM

R
and recalling that z

R � 1, the metric tensor becomes

g00 ≈ 1 − φ
(

1 − z

R

) (
2 + 3 s̄ 00

)
,

gi j ≈
[
−1 − φ

(
1 − z

R

) (
2 − s̄ 00

)]
δi j , (7)

with the scalar curvature that assumes the form3 R ≡ R1 +
zR2.

At this point, it is clear that the interest is focused on the
variation of the field along the radial direction (namely, along

3 The presence of Lorentz-violating terms allows for a non-vanishing
scalar curvature. However, details of its form will not be necessary in
the next steps, since it contributes to the mean vacuum energy density
only at higher orders.

the z-axis). Because there is no explicit dependence on other
coordinates, one can think of a solution of the form ψ (x, t) =
Nei(ωt−k⊥·x⊥)ϕ (z), where k⊥ = (

kx , ky
)
, x⊥ = (x, y) and

N is the normalization factor.
The field equation can thus be rewritten as

∂2
z ϕ + C1 ∂z ϕ + C2 ϕ = 0 , (8)

where

C1 = −2
φ

R
s̄ 00, C2 = a + b z , (9)

with

a=ω2
[
1 − 2 φ

(
s̄ 00+2

)]
+ζ

φ

R2

(
4−10 s̄ 00

)
−| k⊥ |2,

b = 4
φ

R

(
ω2 − 3

ζ

R2

)
. (10)

The solution of this differential equation is a linear combi-
nation of Airy functions of the first and of the second kind,

with argument x (z) = [ 1
4

(
C2

1 − 4 a
) − b z

]
(−b)− 2

3 . In the
considered approximation, the solution can be written as

ϕ (z) = k1 Ai

(
−a − b z

(−b)
2
3

)
+ k2 Bi

(
−a − b z

(−b)
2
3

)
. (11)

Airy functions can be expressed in terms of Bessel functions
[54]. Due to the form of a and b, it is clear that the argument

of the Bessel functions η(z) ≡ [a + bz] (−b)− 2
3 � 1, and

hence their asymptotic behavior yields

ϕ (z) ≈
√

3

π
√

η(z)
sin

[
2

3
η

3
2 (z) + τ

]
. (12)

If we impose the Dirichlet boundary conditions on the plates
for the field ϕ(z), that is ϕ(0) = ϕ(D) = 0, we get the
relation 2

3

[
η3/2(0) − η3/2(L)

] = n π , where n is an integer.
From these boundary conditions, we find the energy spectrum

ω2
n = [

1 − 2 φ (s̄ 00 + 2) + 4
φ

R
D

][
k2⊥

+
(
nπ

D

)2]
+ ζ φ

R

[
10 s̄ 00 − 4 + 6 D

R

]
. (13)

Finally, using the scalar product defined for quantum fields in
curved spacetimes [55], one derives the normalization con-
stant

N 2
n = a

3 S b1/3ωn n
[
1 − φ

(
1 + 3

2 s̄
00

) ] , (14)

with S being the surface of the plates.
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4 Derivation of the pressure and of the bound

In order to calculate the mean vacuum energy density ε

between the plates, we use the general relation [55]

ε = 1

Vp

∑
n

∫
d2 k⊥

∫
dx dy dz

√−g�

(
g00

)−1
T00, (15)

where T00 ≡ T00
(
ψn, ψ

∗
n

)
is a component of the energy-

momentum tensor

Tμν = ∂μ ψ ∂ν ψ − 1

2
gμνg

αβ∂α ψ ∂β ψ ,

and

Vp =
∫

dx dy dz
√−g�

is the proper volume; g� is the determinant of the induced
metric on a spacelike Cauchy hypersurface �. Using the
Schwinger proper-time representation and ζ -function reg-
ularization, we find the mean vacuum energy density

ε = ε0 + εGR + εLV , (16)

ε0 = − π2

1440 D4
p
, (17)

εGR = −φ Dp

R
ε0 , (18)

εLV = −6 φ s̄ 00 ε0 , (19)

where ε0 is the standard term of Casimir effect, εGR is the
contribution due to GR and εLV is the Lorentz-violating term,
with Dp = ∫

dz
√−g33 being the proper length of the cavity.

Note that, in our analysis, we have neglected higher-order
contributions.

Equation (16) gives us the expression of Casimir vacuum
energy density at the second order O(R−2) in the framework
of SME. We note that the part related to GR (Eq. (18)) does
not have contributions at the first order in O(R−1), but only
at higher orders, such asO(R−2). The Lorentz-violating sec-
tor Eq. (19), instead, exhibits a first order factor in O(R−1)

connected to s̄ 00.
To obtain a plausible bound on s̄ 00, we make the assump-

tion |εLV | � |εGR |. This agrees with several considerations
and results expressed in Refs. [6,22,46] and ensures the fact
that Lorentz-violating manifestations are small, as widely
employed in Lorentz-violation phenomenology [46]. How-
ever, the reasonableness of the constraint we derive cannot
be directly tested, since ε is still now an unmeasurable quan-
tity. This is why we need to compare the heuristic constraint
with a physical one, which can only be calculated using the
pressure.

Apart from the previous comment, considering the case
of the Earth and requiring Dp ∼ 10−7 m (a typical choice
for the proper length in standard literature) for the plausible
assumption exhibited above, we get

s̄ 00 � Dp

6 R⊕
� 10−14, (20)

where R⊕ ∼ 6.4 × 106 m.
It must be pointed out that recent developments in nan-

otechnology can further strengthen the above bound by one
or two orders of magnitude. In fact, in the near future, the
value of Dp could reach scales even smaller than nanome-
ters (as already contemplated, for example, in Ref. [56]),
thus transforming Eq. (20) into a more stringent constraint,
s̄ 00 � 10−15.

Let us now turn the attention to the pressure. The attractive
force observed between the cavity plates is obtained by the
relation F = − ∂E

∂Dp
, where E = ε VP is the Casimir vacuum

energy. Then, the pressure is simply given by P = F/Sp,
where Sp = ∫

dx dy
√
g11 g22 is the proper area. Hence, we

get

P = P0 + PGR + PLV , (21)

P0 = − π2

480D4
p

, (22)

PGR = −2

3

φ Dp

R
P0 , (23)

PLV = −6 φ s̄ 00 P0 , (24)

where P0 is the pressure in the flat case, while PGR is the
pressure in GR and PLV is the contribution connected to
Lorentz-violation.

Note that the result Eq. (20) is achievable also if we require
the inequality |PLV | � |PGR | to hold. Indeed, we obtain
exactly the same order of magnitude for the upper bound
of s̄ 00, even when the heuristic approach carried out for the
mean vacuum energy density applies to the pressure. How-
ever, the above consideration on the elusive manifestation of
Lorentz violation acquires a substantial meaning for the case
of P , since such a quantity is measurable. In this perspective,
the expression of Eqs. (23) and (24) for the contribution to
the pressure of GR and SME, respectively, further strengthen
our plausible constraint on the Lorentz-violating factor.

We now want to test the compatibility of SME with the
experimental data to check how much a concrete bound dif-
fers from the heuristic one obtained in Eq. (20). This can
be achieved by using the pressure as a measurable physi-
cal quantity. In fact, imposing the constraint |PLV | � δP ,
where δP is the experimental error, we obtain the following
relation:

s̄ 00 � δP

P0

1

6φ
= 1

3

δP

P0

R

RS
, (25)

where RS is Schwarzschild radius.
The total absolute experimental error of the measured

Casimir pressure [57] is 0.2% (δP/P0 � 0.002). Typical val-
ues of the ratio R

RS
in the Solar System are included between
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107 ÷ 1010. In particular, for the Earth we have 7.2 × 108,
which means that the term on the r.h.s. of Eq. (25) is of order
106. The comparison of such a result with Eq. (20) clearly
shows that we cannot use4 the Casimir experiment to measure
the pressure in order to significantly constrain the parameter
s̄ 00. To to this, we need to enhance the experimental sensi-
tivity on Earth by at least six order of magnitude, in such a
way that δP

P � 10−9.
Finally, a word must be spent on the choice of point-like

source of gravity. Although it has been considered only to
simplify the treatment of the problem, the relevance of the
outcome does not depend on it. In fact, even if we con-
sidered a rotating spherical object instead of a point, the
value of the constraint would basically be the same. Lorentz-
violating factors will very likely appear as combinations of
the s̄μν already introduced in this work, but the line of rea-
soning would exactly be the same. Consequently, we expect
Eqs. (20) and (25) to be modified only in its l.h.s., for exam-
ple with contributions such as s̄ 00 + ∑

μ, j s̄
μj at the lowest

order.

5 Conclusions

In the context of SME, working in the weak field approxima-
tion, we have studied the dynamics of a massless scalar field
confined between two nearby parallel plates in a static space-
time background generated by a point-like source. In order
to obtain a reasonable constraint on Lorentz-violating terms
in the context of the Casimir effect, we have derived the cor-
rections to the flat spacetime Casimir vacuum energy density
Eq. (16), in the framework of SME. We have found that, both
in the energy density and in the pressure, GR gives us only
contributions at the second order O(R−2), while Lorentz-
violating corrections occur at first order O(R−1). After that,
we have evaluated the pressure Eq. (21) to observe how it
changes from the usual expression in flat spacetime, Eq. (22),
in the presence of gravity (see Eq. (23)) and with SME coef-
ficients (see Eq. (24)).

By requiring |εLV | � |εGR | but also |PLV | � |PGR |, we
have then been able to find a significant bound on the SME
coefficient s̄ 00. Such an assumption is related to the fact that
manifestations of Lorentz violation in nature are expected to
be extremely evanescent. If the above inequality did not hold
true, it would have been possible to detect traces of Lorentz-
violating terms in the tests proposed in Ref. [46] and in other
experiments involving the intertwining between SME and
gravity, but this is not the case.

We remark that, as already pointed out, the true measur-
able physical quantity in the context of the Casimir effect

4 Unless we believe the heuristic bound to be true and thus physically
consistent.

is the pressure P . One can possibly extract a constraint for
s̄ 00 also with P as done in Eq. (25), but its order of magni-
tude would be extremely high if compared to Eq. (20) and
especially to the data of Ref. [6].

We also point out that, following the same analysis of
Refs. [35–39], no violation of equivalence principle arises in
our framework, i.e. the parameter space here analyzed leads
to the conclusion that the coefficients s̄μν do not allow to
discriminate between inertial mass and gravitational mass.

Finally, the consideration after Eq. (20) is corroborated by
the fact that, assuming we have to deal with the Kerr metric
for a more detailed analysis, the off-diagonal contribution
related to the angular momentum J , that is GJ⊕

R⊕c3 , has the
same order of magnitude of the diagonal term

2GM⊕
R⊕c2 ∼ 10−9 . (26)

This knowledge tells us that, in Eq. (18), we would obtain an
analytically different expression, εGR = f (M, Dp, R, J ) ε0,
which nonetheless should possess the same order of magni-
tude of Eq. (20). Moveover, outcomes of a recent work [58]
suggest that, in the case of a geostationary orbit, the effects
of rotation on the mean vacuum energy density can be com-
pletely neglected, due to the fact that the Casimir-like sys-
tem acquires the same angular velocity of the Earth. These
hints strengthen the conjecture that implications of the cur-
rent work are basically untouched also in a more realistic
treatment of the studied phenomenon, which however will
be the object of future investigation.
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6 Appendix A: Linearized gravity sector of SME

For the sake of clarity, in this Appendix we show all the
conceptual considerations that led us to define the metric of
Eq. (5) by closely following the arguments contained in Ref.
[46].

If we vary the action Eq. (1) with respect to gμν while
keeping the Lorentz-violating fields u, sμν and tαβγ δ fixed,
we obtain the following field equations:

Gμν − Tμν

(LV ) = κ Tμν

(m) , (A.1)
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where Gμν is the Einstein tensor, Tμν

(m) is the usual stress-
energy tensor derived from the matter action, whereas

Tμν

(LV ) = − 1

2
∇μ∇νu − 1

2
∇ν∇μu + gμν∇α∇αu + Gμνu

+ 1

2
gμνsαβ Rαβ + 1

2
∇α∇μsαν + 1

2
∇α∇νsαμ

− 1

2
∇α∇αsμν − 1

2
gμν∇α∇βs

αβ + 1

2
tαβγμRαβγ

ν

+ 1

2
tαβγ νRαβγ

μ + 1

2
gμν tαβγ δRαβγ δ

− ∇α∇β

(
tμανβ + tναμβ

)
. (A.2)

In the linearization procedure, the authors of Ref. [46] make
several assumptions. The first two of them are related to
the decomposition of Lorentz-violating fields as in Eq. (4).
Indeed, it is claimed that

1) The vacuum values of the Lorentz-violating terms are
constant in asymptotically inertial Cartesian coordinates;

2) The most relevant contributions of Lorentz violation are
linear in the vacuum values of u, sμν and tαβγ δ .

By virtue of these assumptions, it is possible to reformulate
Eq. (A.1) in terms of linear combinations of ũ, s̃μν , t̃αβγ δ

and hμν , where the last quantity represents the fluctuation
around the flat metric ημν

gμν = ημν + hμν . (A.3)

The trace-reversed field equations derived from Eq. (A.1) can
then be cast in the form

Rμν = κ Eμν + Aμν + Bμν , (A.4)

where

Eμν = Tμν − 1

2
ημνT

α
α , (A.5)

with Tμν being the linearized stress-energy tensor that con-
tains the information on both the matter and fluctuations,
whereas

Aμν = −∂μ∂ν ũ − 1

2
ημν�ũ + ∂α∂(μs̃

α
ν) − 1

2
�s̃μν

+1

4
ημν�s̃ α

α − 2∂α∂β t̃μ
α

ν
β + ημν∂α∂β t̃

αγβ
γ

+s̄ α
(μ∂α�β

ν)β + s̄ αβ∂α�(μν)β − s̄ α
(μ∂β�ν)βα

+1

2
ημν s̄

α
β∂γ �β

γα − 4 t̄(μ
α

ν)
β∂α�γ

γβ , (A.6)

and

Bμν = −1

2
ημν s̄

αβ Rαβ + ū Rμν + s̄ α
(μRν)α

+2 t̄ αβγ
(μRαβγ ν) − 3

2
ημν t̄

αβγ δRαβγ δ

−2 t̄(μ
α

ν)
β Rαβ . (A.7)

Clearly, all the quantities related to the metric (such as
Christoffel symbols and curvature tensors) are taken to be
linearly expanded in hμν . At this point, the third assumption
of Ref. [46] states that

3) The fluctuations ũ, s̃ μν and t̃ αβγ δ are not coupled to
conventional matter.

Such a choice immediately allows us to write Eμν as

Eμν = E (m)
μν + E (LV )

μν . (A.8)

In order to explicitly provide the latter term in the r.h.s. of
the previous equation, we make use of the contracted Bianchi
identity (namely ∇μGμν = 0), which in the linearized ver-
sion yields the following condition:

κ∂μT
μν = −s̄αβ∂β Rαν − 2 t̄αβγ δ∂

δRαβγ ν . (A.9)

However, since Tμν

(m) is separately conserved, Eq. (A.9) is

satisfied if E (LV )
μν is equal to5

κ E (LV )
μν = −2 s̄ α

(μRν)α + 1

2
s̄μνR + ημν s̄

αβ Rαβ

−4 t̄ αβγ
(μRαβγ ν) + 2 ημν t̄αβγ δR

αβγ δ

+4 t̄ α
μ

β
νRαβ . (A.10)

The knowledge of the above term would permit us to analyze
Eq. (A.4), but let us focus for a moment on the second term
of the r.h.s. of the aforementioned equation, namely Aμν .
Apparently, it seems that field equations still show a depen-
dence on the fluctuations because of the tensor Aμν . Nev-
ertheless, assumption 3 claims that these fluctuations only
couple to gravity, which means that they can be related to
hμν via their equations of motion. In order to have access to
the complete picture, the last assumption plays a crucial role;
in fact, it says that

4) The undetermined terms of Aμν are linear combination
of two partial derivatives of hμν and of the vacuum values
ημν , ū, s̄ μν and t̄ αβγ δ .

If we apply this notion together with the diffeomorphism
invariance of the action Eq. (1), it is possible to prove that
[46]

Aμν = −2 a ū Rμν + s̄ αβ Rα(μν)β − s̄ α
(μRν)α

−b t̄ α
μ

β
νRαβ − 1

4
b ημν t̄αβγ δR

αβγ δ

−b t̄ αβγ
(μRν)γ αβ , (A.11)

where a and b are arbitrary scaling factors.

5 In this step, we have neglected an assumption of Ref. [46] which is
irrelevant for our purposes.
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From the previous reasoning, we conclude that fluctua-
tions are completely absent in the linearized regime, and
hence the Post-Newtonian metric only depends on the vac-
uum values of the Lorentz-violating fields.

In order to reach the final formulation of the trace-reversed
field equations, we must plug the expressions of E (LV )

μν , Aμν

and Bμν in Eq. (A.4). The outcome of this process gives

Rμν = κ E (m)
μν + ū Rμν + 1

2
ημν s̄αβ R

αβ − 2 s̄ α
(μRαν)

+1

2
s̄μνR + s̄ αβ Rαμνβ . (A.12)

Note that in Eq. (A.12) the information related to the vacuum
value of tαβγ δ vanishes. This occurrence is also encountered
whenever one attempts to study phenomenology attributable
to the gravity sector of SME, and it is addressed as t puzzle in
literature [59–67]. Moreover, the term related to the vacuum
value ū only appears near the Ricci tensor, which means
that, if ū �= 0, it acts as a mere scaling parameter for the
Post-Newtonian metric we want to derive. For this reason, in
accordance with Ref. [46], it can be safely neglected (namely,
we can set ū = 0).

All the observations performed up to now explain why the
metric Eq. (5) does not exhibit a dependence on the factors
ū and t̄αβγ δ . On the other hand, our choice of dealing with a
point-like source of gravity further simplifies calculations,6

since among the potentials for a perfect fluid contained in
Ref. [46] with which the Post-Newtonian expansion is carried
out, only one is non-vanishing for a non-extended object,
and it is the potential that allows for the appearance of the
00−component of s̄ μν alone.
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