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Abstract. The supersymmetric extension of the Lorentz violating Einstein-aether theory

of gravity is considered. The most general Lagrangian of the linearized Einstein-aether

supergravity is constructed using the superfield formalism. The constraints imposed by

supersymmetry on the parameters of the theory are obtained.

1 Introduction

Incompatibility of the principles of quantum field theory with general relativity is one of the most

important problems in modern theoretical physics. A potential way out of this situation consists in

restricting the domain of validity of some basic postulates of general relativity and abandoning them

at high energy scales. A promising approach to quantization of gravity based on abandoning the

Lorentz invariance has been proposed by Horava [1]. The low-energy limit of the Horava theory,

called khrono-metric model, presents a special case of the Einstein-aether gravity [2]. In the latter

model violation of the Lorentz invariance is described by the time-like vector field um with unit norm

(umum = −1) called aether that minimally couples to the Einstein-Hilbert action for gravity,

S = S GR − 1

2

∫
d4x

√−g
(
c1 (∇num)2 + c2 (∇mum)2

+ c3∇num∇mun − c4urus∇rum∇sum
)
. (1)

A phenomenologically acceptable theory with Lorentz violation in the ultraviolet must incorpo-

rate a mechanism that ensures emergence of Lorentz invariance at low energies. One of the possible

mechanisms is based on non-relativistic supersymmetry [3]. It has been shown [4] that in the super-

symmetric extension of the Einstein-aether theory based on chiral vector super-aether field interactions

between the aether and the fields of the Standard Model are suppressed.

In this work we consider the coupling of supersymmetric aether to supergravity. This cannot be

realized within the minimal N = 1 supergravity which does not allow to define a chiral aether vector

superfield (∇̄α̇Ua = 0): anti-commutator of two supercovariant derivatives with spinor indices acting

on a vector superfield does not vanish prohibiting to impose the chirality condition. This problem is

resolved in the non-minimal formulation of the N = 1 supergravity with Ziegel parameter n = −1 [5].
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We use the latter formulation to construct a superfield Lagrangian for the aether field coupled to

linearized gravity and prove that it is unique, up to the choice of a single parameter.

2 Superfield formalism

Non-minimal linearized n = −1 supergravity is formulated [5] in terms of real superfield Va and

so-called linear compensator Γ (D̄2Γ = 0) as a gauge theory with the action

S S G =

∫
d8z

(
1

4

(
(∂kVb)2 − (ΔkVb)2

)
+ ΔkVk

(
Γ + Γ̄

)
+ i∂kVk

(
Γ − Γ̄

)
− Γ2 − Γ̄2 − ΓΓ̄

)
, (2)

where ΔkVn =
1
4
σ̄α̇αk [D̄α̇,Dα]Vn. The action is invariant under super-gauge transformations

δVαα̇ = D̄α̇Lα − DαL̄α̇ (3)

δΓ̄ =
1

4
DαD̄2Lα (4)

We construct linearized Einstein-aether supergravity theory in terms the latter superfields and

the chiral vector super-aether field which is considered as consisting of the real vacuum and small

perturbation: Ua = Wa +Ua. The super-aether field gauge transformation

δLUa =
1

4
(σab)

γ
β DγD̄2LβWb + h. c., (5)

is consistent with the chirality condition. A straightforward but tedious calculation yields the most

general Lagrangian invariant under gauge transformations with one free parameter C:

L =
1

4

(
(∂kVb)2 − (ΔkVb)2

)
+ ΔkVk

(
Γ + Γ̄

)
+ i∂kVk

(
Γ − Γ̄

)
− Γ2 − Γ̄2 − ΓΓ̄

+C
{
UaŪa − WaWc

[
3

16
ηac

(
(ΔkVb)2 − (∂kVb)2

)
− 1

4
ηac

(
(ΔbVb)2 − (∂bVb)2

)

+ ΔaVc

(
Γ + Γ̄

)
+ i∂aVc

(
Γ − Γ̄

)
+

1

8
ηac

(
Γ2 + Γ̄2

)
− 1

4
ηacΓΓ̄

]}
(6)

This parameter is a coupling constant of the super-aether to supergravity.

3 Component expressions

In the real world supersymmetry must be broken. As shown in [4], a soft breaking of supersymmetry

gives mass to the imaginary component of the super-aether, whereas its real part remains massless.

At low energies, the theory is described by the action (1), where the parameters ci, i = 1, 2, 3, 4,

however, are constrained by supersymmetry. To find these constraints, we write the bosonic part of

the Lagrangian (6) in component fields. We use the bosonic parts of the gravitational superfield in the

Wess-Zumino gauge [5],

Vm (x) |bos = θσaθ̄ea
m (x) + θ2θ̄2Am (x) , (7)

where emn is the symmetrized vielbein; the linear compensator in terms of the "left" coordinates(
ym = xm + iθσmθ̄, θα

)
Γ (y) |bos = θ

2B (y) + θσaθ̄ (νa (y) + iμa (y)) ; (8)
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and the aether superfield

Ub (y) |bos = vb (y) + θ2Gb (y) + θσkθ̄ fbk (y) , (9)

where wa is the aether vacuum expectation value, va is the first order aether perturbation, and

fbk = wcAptr
(
σbcσpk

)
+ iwc∂menptr

(
σkσ̄pσbcσnm

)
+ wc

(
νp + iμp

)
tr

(
σ̄bcσ̄kp

)
. (10)

Expanding in the Grassmann coordinates we obtain the bosonic part of the Lagrangian in components.

Integrating out the auxiliary fields we reduce to the linearized Lagrangian of the Einstein-aether theory

Lbos =

(
1 +

C
4

)(
1

2
(∂ke)2 − 1

2
(∂kemn)2 + ∂memp∂nenp − ∂memp∂pe

)

+C
(
− (∂kvb)2 + 2wa∂cvb (∂aebc − ∂beac)

− wawc

(
∂peak − ∂aepk

) (
∂peck − ∂cepk

) )
, (11)

where emn is the symmetrized vielbein, wa is the aether vacuum expectation value and va is the first

order aether perturbation. By comparing with the linearized form of the action (1) one finds that

supersymmetry fixes all but one coupling constants in this action to zero: c1 = 4C/(4 +C), c2,3,4 = 0.

4 Discussion

In this paper the supersymmetric extension of the Lorentz violating Einstein-aether theory of gravity

was considered. The most general Lagrangian of the linearized Einstein-aether supergravity was

constructed using the superfield formalism. The constraints imposed by supersymmetry on the theory

parameters are obtained.

Modern experimental tests provide tight bounds on the parameters of Lorentz violation. In general,

the Einstein-aether model gives rise to non-zero values of the post-Newtonian parameters α1,2 that

can be expressed in terms of ci [2]. These are constrained from observations in the Solar System:

|α1| � 10−4, |α2| � 4 × 10−7 [6]. In the supersymmetric model c1 � 0, c2,3,4 = 0, so the constraints

translate into a bound on c1: |c1| � 10−7.
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