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Supergravity with broken Lorentz invariance
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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 #” with unit norm
(u™u,, = —1) called aether that minimally couples to the Einstein-Hilbert action for gravity,

1
S =Son=75 [ dxvglen Tl + 2 (T
+ 3 V,u,, V""" — C4u’u5V,umVsum) . (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 (V,U® = 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 V¢ and
so-called linear compensator I (D*T" = 0) as a gauge theory with the action

SsG = fd%(% (@Vo)* = (AV5)) + AV (T + ) + i0, Vi (T - T) -T2 = T7 - rf) .,

where AV, = 1 ""’[Da, D,1V,. The action is invariant under super-gauge transformations
Voo = DyLy — DoLg (3)
D 1 v 72
6T = D"D’L, “

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: U? = W* + U“. The super-aether field gauge transformation

1 _
o1Ua = (@w)y D,D*LPW? +h.c., )

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= % (@eVi)* = (AVi)?) + AV (r + f) + 0, Vi (T = f) -2-12-1T

_ 1
+ c{wm“ = WWE| St (Vo) = @Vo)) = J1ac ((ApV3) = @Vi))

[16
+ AV, (r + f) +i0,V, (r - f) + %nac (rz + r2> _ %nacrf]} (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 ¢;, 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],

V™ (%) lbos = O040¢% (x) + 06*A™ (x), (7)

where e,,, is the symmetrized vielbein; the linear compensator in terms of the "left" coordinates
(y’" = X" + ifo™0, 0")
T () lbos = 6°B () + 000 (va (y) + itta (1)) ; ®)
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and the aether superfield

Uy () Ibos = vy () + Gy, (y) + 0578 (y) , )

where w, is the acther vacuum expectation value, v, is the first order aether perturbation, and

Soe = weAptr (O’bCO'pk) + WO pmepptr (O'ka"pa'bc(rnm) + w, (vp + i,up) tr (d'b(.d'kp) . (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

Ccy\/1 1
Lbos = (1 + Z)(z (ake)z - 5 ((jkemn)2 + amempanenp - amempape)
+ C( - (akvb)2 + 2waacvb (6uebc - abeac)
— Walle (apeak - 6a€pk) (6peck - aL'epk) )’ (1 1)

where e,,, is the symmetrized vielbein, w, is the aether vacuum expectation value and v, 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: ¢; = 4C/(4 + C), c234 = 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 «;, that
can be expressed in terms of ¢; [2]. These are constrained from observations in the Solar System:
lay] < 1074, Jaa| < 4 x 1077 [6]. In the supersymmetric model ¢; # 0, ¢34 = 0, so the constraints
translate into a bound on ¢;: |¢;] < 1077,
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