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Main sections

Main sections:

Gravity with broken Lorentz invariance.
Supersymmetry and broken Lorentz invariance.
Linearized supergravity in terms of superfields.
Lorentz violating supergravity theory.
Results, phenomenology and outlook.
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Motivation

Motivation for the Lorentz breaking:

Extended models in theoretical physics
New approaches to quantization of gravity (Horava, 2009; Blas,
Pujolas, Sibiryakov, 2010)
Phenomenology (Rubakov, 2006; Blas, Sibiryakov, 2011)
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Motivation

Motivation for the supersymmetry in Lorentz breaking models
(Bolokhov, Groot Nibbelink, Pospelov, 2005; Pujolas, Sibiryakov,
2011):

Extended models in theoretical physics
Phenomenology
Mechanism for the emergent Lorentz invariance at low energies
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Gravity with broken Lorentz invariance

Action for the Einstein-aether gravity (Jacobson, Mattingly, 2001):

S = SGR + Sæ,

Action for the aether:

Sæ = −1
2

∫
d4x
√
−g{c1 (∇num)2 + c2 (∇mum)2 +

+ c3∇num∇mun − c4urus∇rum∇sum}

Aether norm:
umum = −1
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Constraints on the theory parameters

PPN-parameters:

α1 = −8 c3
2 + c1c4

2c1 − c12 + c32

α2 =
α1

2
− (c1 + 2c3 − c4) (2c1 + 3c2 + c3 + c4)

(c1 + c2 + c3) (2− c1 − c4)

Experimental constraints (observations in Solar System):

|α1| . 10−4

|α2| . 4× 10−7
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From gravity to supergravity

Ordinary gravity is compatible with Lorentz breaking, the
formulation is parametrized by four constants.
What about supergravity?
The first step is to supersymmetrize aether.
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Supersymmetry and broken Lorentz invariance

Supersymmetric aether (Pujolas, Sibiryakov, 2011):

Um = um (xL) +
√
2θηm (xL) + θ2Gm (xL)

Super-aether norm:
UmUm = −1

Super-aether action:

S =

∫
d8zf

(
UmŪm)+

∫
d6zΛ (UmUm + 1)

leads to the constraints:
c2 = −c3,

c4 = 0.
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Linearized supergravity in terms of superfields.

Non-minimal supergravity (e. g., Buchbinder, Kuzenko, 1998):

SSG =
1

κ2

∫
d8z
[
1
4

(
(∂kHm)2 − (∆kHm)2

)
+

n + 1
2n

(∂mHm)2+

+
n + 1
2

(∆mHm)2 − i
3n + 1
2n

∂mHm (Γ− Γ̄
)

+

+
3n + 1

2
∆mHm (Γ + Γ̄

)
+

9n2 − 1
8n

(Γ2 + Γ̄2) +
(3n + 1)2

4n
ΓΓ̄

]
.

Super-gauge transformations:

δHαα̇ = D̄α̇Lα − DαL̄α̇

δΓ = − n + 1
4(3n + 1)

D̄2DαLα +
1
4
D̄ α̇D2L̄α̇
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Super-aether transformations

Ua = wa + V a

Super-gauge transformations:

δV a = wbM a
b

Mab =
1
4

(σab) α
β DαD̄2Lβ +

1
4

(σ̄ab)α̇
β̇
D̄ β̇D2L̄α̇

Chirality constraint:
D̄α̇V c = −wbΦα̇b

c .

Superconnection:

Φα̇bc = −1
4

(σbc) β
α D̄2DαHβα̇ − (σ̄bc)β̇ α̇D̄β̇Γ
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Supergravity with broken Lorentz invariance

Lorentz-violating supergravity:

S = SSG +
C
2κ2

∫
d8z
[
V aV̄ a+iwawb∂aHb(Γ−Γ̄)+wawb∆aHb(Γ+Γ̄)+

+
1
4
(
∆kHm∆kHm − ∂kHm∂

kHm − (∆mHm)2 + (∂mHm)2)+
+

i
4
∂mHm(Γ− Γ̄) +

1
4

∆mHm(Γ + Γ̄) +
3
8

(Γ2 + Γ̄2)

]
,

(Marakulin, Sibiryakov, 2016)
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Supergravity with broken Lorentz invariance

Super-aether expansion:

Vb|bos = vb (xL) + θ2Gb (xL) + θσk θ̄fbk (xL) .

Bosonic part of the theory:

Lbos =
1

2κ2

{
1
4
hkm�hkm +

1
2
∂khkm∂lhlm − 1

2
∂khkm∂mh+

+
1
4
∂mh∂mh−∂mv̂R

a ∂
mv̂R,a−∂mv̂ I

a∂
mv̂ I ,a+

√
C v̂R,awb(∂b∂

khka−∂a∂
khkb

)
−

− C
4

wawb(∂ahmn − ∂mhna
)(
∂bhmn − ∂mhn

b
)
− C

2
wawb∂av̂ I ,m∂b v̂ I

m+

+
C
2

(∂av̂ I ,a)2 − Cwbw cεbkam∂
k v̂R,a∂c v̂ I ,m + O(C 3/2)

}
.

(Marakulin, Sibiryakov, 2016)
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Supergravity with broken Lorentz invariance

Bosonic part of the theory is obtained. As a consequence, the
number of free parameters is reduced from four down to one.
Is there any alternative way to prove it?
What about fermionic part?
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Supercurrent supermultiplet

Jm =
(
jRm ,Σmα,Tmn

)
Supersymmetric transformations:

δξΣnα = 2
(
σnξ̄
)
α

Tmn + o. s. t.

δξTmn = i (ξσmp∂
pΣn + ξσnp∂

pΣm) + h. c.

First order interaction terms:

L(1)
int = hmnTmn + ΨnΣn + h. c.
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Supergravity with broken Lorentz invariance

Tab =
c1 + c3

2
wk∂k∂avb −

c1 + c3

2
wa�vb−

− c1 − c3

2
wa∂b∂kvk −

c3

2
gabwk∂k∂pvp + (a↔ b) + h. c.

From the supercurrent supermultiplet:

c1 = C ; c3 = 0

Σb =
i
2
C (wb∂kηk − wk∂kηb) ,

Fermionic part of the theory:

Lferm ∼ wkηbΨbk
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Results and outlook

Lorentz violating linearized supergravity model is considered both
in terms of superfields and at the component level.
The theory parameters are:

c1 = C ; c2 = c3 = c4 = 0.

From the constraints on the PPN-parameters:
C . 10−7. (1)

From the pulsar astronomy:
C < 1.6× 10−9. (2)
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Results and outlook

Dispersion relations for the small perturbations are obtained.
Dispersion relation of the gravitational waves is

E 2 = (1 + C ) p2.

From the GW astronomy:
C . 10−15. (3)

The next step: non-linear extension (Grim, Müller, Wess, 1984).
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