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Einstein-aether theory 
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The action of  the theory is

where

and the aether is implicitly assumed to satisfy the constraint

uµuµ = 1

Most general theory with a unit timelike vector field 
which is second order in derivatives

T. Jacobson and D. Mattingly, Phys. Rev. D 64, 024028 (2001).

Thomas P. Sotiriou - Caltech, July 21st 2016



Combined Constraints
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FIG. 1. (Color online) Constraints on the (c+, c�) plane in Æther theory (left) and (�,�) plane in khronometric theory (right)
obtained by combining constraints derived from observations of PSR J1141-6545 [58], PSR J0348+0432 [59], PSR J0737-
3039 [60] and PSR J1738+0333 [61]. The areas outside the (allowed) shaded regions are ruled out by stability/Cherenkov
considerations (light blue), BBN (dark orange) and the combined binary pulsar constraints (dark purple). The red dotted line
corresponds to the values of the coupling constants required for the orbital decay rate to agree with the GR prediction in the
zero-sensitivity/weak-field limit. Observe that the new constraints are much more stringent than all others.

• GC is the “cosmological” gravitational constant
that appears in the Friedmann equations [Eq. (28)];

• G is the “e↵ective” gravitational constant in a bi-
nary system [Eq. (88)].

Regarding the masses:

• m̃A is the gravitational mass of the A-th body in a
point-particle approximation [Eq. (31)];

• mA is the “active” gravitational mass of the A-th
body in a point-particle approximation [Eq. (87)];

• M
tot

is the total gravitational mass of a star, which
includes the gravitational, Æther and baryonic con-
tributions [Eq. (57)]; this mass generalizes m̃A

to regimes where the point-particle approximation
does not hold;

• M
obs

is the mass measured by Keplerian experi-
ments, which turns out to coincide with M

tot

;

• M⇤ ⌘ GNM
tot

= GNM
obs

is the length scale asso-
ciated with the total mass M

tot

= M
obs

;

• M(r) is a function with dimension of length, de-
fined by Eq. (137) and approachingM⇤ as r ! +1;

• m ⌘ m
1

+m
2

is the total active mass of a binary
system in the point-particle approximation;

• µ ⌘ m
1

m
2

/m is the active reduced mass of a binary
system in the point-particle approximation.

Regarding the velocities, we use

• vi or viA are both the 3-velocity of an object relative
to the Æther field;

• vi
12

= vi
1

� vi
2

is the relative velocity of the two
bodies in a binary;

• V i
CM is the center-of-mass velocity of the binary

relative to the Æther.

II. MODIFIED GRAVITY THEORIES

In this section, we define the theories we focus on. We
begin with a description of Einstein-Æther theory and
follow with khronometric theory (the low-energy limit of
Hořava gravity). In both cases, we first introduce the ac-
tion that defines the theory and then describe its current
experimental constraints.

A. Einstein-Æther Theory

Einstein-Æther theory describes gravity by means of
a metric g↵� and a unit-norm timelike dynamical vec-
tor field U↵ (the “Æther field”). The latter locally de-
fines a preferred time direction, which breaks boost- and

E. Barausse, T. Jacobson and T.P.S., Phys. Rev. D 83, 124043 (2011) 
K. Yagi, D. Blas, N. Yunes and E. Barausse Phys. Rev. Lett. 112, 161101 (2014)
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Hypersurface orthogonality 

Now assume u� =
��T�

gµ⇤�µT�⇤T

and choose    as the time coordinate

u� = ��T (g
TT )�1/2 = N��T

Replacing in the action and defining one gets

with                       and the parameter correspondence
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T. Jacobson, Phys. Rev. D 81, 101502 (2010).
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Horava-Lifshitz gravity 

The action of  the theory is

SHL =
1

16�GH

�
dTd3xN

�
h( L2 +

1

M2
�

L4 +
1

M4
�

L6)

where

L2 = KijK
ij � ⇥K2 + ⇤(3)R+ �aia

i

contains all 6th order terms constructed in the same wayL6 :

L4 : contains all 4th order terms constructed with the induced 
metric       andhij ai

P. Hořava, Phys. Rev. D 79, 084008 (2009) 
D. Blas, 0. Pujolas and S. Sibiryakov, Phys. Rev. Let. 104, 181302 (2010) 
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Percolation of LV 

But what about the matter sector and lower order operators?

Different speeds for different fields in the IR, with 
logarithmic running!

R. Iengo, J. G. Russo and M. Serone, JHEP 0911, 020 (2009) !!!!!!!

Some extra symmetry, e.g. supersymmetry 

Assume Lorentz symmetry in matter and let the weak 
coupling to gravity (the Lorentz-violating sector) do the 
rest

Possible ways out:

M. Pospelov and Y. Shang,  Phys. Rev. D 85, 105001 (2012) !!!!!!!

S. Groot Nibbelink and M. Pospelov, Phys. Rev. Lett. 94, 081601 (2005) !!!!!!!
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Hierarchy of scales 

E2 = m2 + p2 + ⌘4
p4

M2
LV

+O(
p6

M4
LV

)

Constraint from synchrotron radiation from the Crab Nebula:

M
obs

> 2⇥ 1016GeV

S. Liberati, L. Maccione and T. P. S., Phys. Rev. Lett. 109, 151602 (2012) !!!!!!!

Consider the dispersion relation

Assume that there is a universal LV scale, so

MLV ⇠ M?
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Strong coupling 

The low energy action exhibits strong coupling at energy

Msc = f(|⇥� 1|, �)Mpl

A. Papazoglou and T. P. S., Phys. Lett. B 685, 197 (2010) 
I. Kimpton and A. Padilla, JHEP 1007, 014 (2010) 

!!!!!!!!

Can be a large energy scale, but problem with renormalizability! 

Strong coupling problem can be circumvented if

Msc > M�

D. Blas, O. Pujolas and S. Sibiryakov, Phys.Lett. B 688, 350 (2010) 
!!!!!!!!

But then tension with observations!

A. Papazoglou and T. P. Sotiriou, Phys. Lett. B 685, 197 (2010) 
!!!!!!!

1016GeV > M� > Mobs
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