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Why testing Lorentz Invariance (LI)?

Lorentz invariance (LI) is assumed in
Standard Model,  Gravity,  Dark Matter

⇠ 10�20 ⇠ 10�7 ??Bounds:

• properties of matter (and DM)
• better for quantum gravity (Hořava gravity)
• alternative to GR/ΛCDM

Faces of breaking LI:
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Dark sector missions

DES

Euclid

SNAP

HETDEX

WFIRST

JEDI

PlanckSDSS

Dark energy missions

....

Precision data to constrain any compelling model!

WIGGLEZ



Breaking Lorentz InvarianceEinstein-aether

There is a preferred frame at each point of the space-time set 
by a dynamical unit vector      - aether

Jacobson, Mattingly, 2000 
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Matter Lagrangian

Ingredients: uµ , gµ⌫ + SM Fields

Dynamical explanation?

+ DM

2?

In the following

Lm = LLI(SM,DM, gµ⌫) + 1 LLB(SM, gµ⌫ , uµ)

+2 LLB(DM, gµ⌫ , uµ)

1 . 10�20

            1 = 0

 ̄ uµu⌫�µ@⌫ e.g.

SM:

DM: 

 ̄ �0@0 



Digression: Direct Detection

Very strong bounds can be placed if 
DM is directly detected soon
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no singular limits, stability, 
no Cerenkov 0 < ↵ < 2
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c2� > 0, c2t > 0

c2t � 1, c2� � 1
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Summary Local Tests

The models without LI are phenomenologically
viable (and maybe UV complete) provided
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Breaking LI and
Dark Matter



Lorentz Breaking (LB) of Dark Matter

            
                               

Lm = LLI(SM,DM, gµ⌫) + 1 LLB(SM, gµ⌫ , uµ)

+2 LLB(DM, gµ⌫ , uµ)

but... CDM is non-relativistic, can we probe 2?

E =
p
f(p2) +M2 = M +O(v)

LB effects from the coupling to                       : 

DM gravitates differently:
  no equivalence principle and enhanced collapse

(i) the background     modifies the inertial mass
(ii) new interaction from

uµ = ūµ + �uµ

ūµ
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LB Dark Matter: Point particles
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Newtonian Cosmology: Jeans Instability
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Cosmological perturbations

no screening

super-horizon
H0
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Relativistic fluid without LI
At cosmological distances matter behaves like a 
relativistic (almost) pressureless perfect fluid: 

⇢(x, t) v

µ(x, t) equation of state

Pull-back formalism of fluids
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Physics invariant
under transformations
preserving the volume

Only compression modes
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Relativistic Cosmology
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    Background:  Homogeneous and isotropic
     (preferred foliation aligned with CMB frame)
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COSMOLOGÍA

2003

WMAP mejoró la precisión de las observaciones del CMB

COBE
(7 degree resolution)

WMAP
(0.25 degree resolution)

COBE
(resolución de 7 grados)

WMAP
(resolución de .25 grados)

 (analogía con resolución en mapas terrestres)

Fondo de 
radiación de 
microondas

La anisotropía tiene una estructura granular.

La escala característica del “grano” es 300.000 años luz,

 el tamaño del Universo observable en la época de desacoplamiento

= vµ , ⇢(t)
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Cosmological perturbations
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Other effects
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Figure 7: Matter power spectrum for several values of the parameters listed in Table 1. The
case of ΛCDM is shown for comparison.

at the present moment of time. The different choices are listed in Table 1 together with the
corresponding values of the screening scales kY,0 and kY,eq (see Eqs. (97), (128) for definitions).
All parameter choices are consistent with the gravitational tests described in Sec. 2. The
initial spectrum is taken to be flat with the same normalization in all cases.

α β λ Y kY,0 (h Mpc−1) kY,eq (h Mpc−1)
a 2 · 10−2 10−2 10−2 0.2 9.2 · 10−4 6.5 · 10−2

b 2 · 10−4 10−4 10−4 0.2 9.1 · 10−3 0.65
c 2 · 10−4 10−4 10−4 0.02 2.6 · 10−3 0.18
d 10−7 0 10−7 0.2 0.41 29

Table 1: The values of the parameters used in numerical simulations.

The comparison between the matter power spectrum in the LV models and in ΛCDM
is shown in Fig. 7. The left panel shows the cases when the present screening momentum
kY,0 is lower than kmax — the position of the power spectrum maximum. We clearly see the
change in the slope of the spectrum in the interval kY,0 < k < kY,eq accompanied by the shift
of the position of the maximum. The effect is significant for values of the parameter Y as low
as a few per cent, which suggests that these values can be tested observationally. The right
panel shows the situation when kY,0 is larger than kmax, corresponding to very small values
of the khronon parameters α, β,λ and relatively strong LV in DM, see Table 1. The position
of the maximum does not move in this case but the change in the slope is still visible.

Figure 8 shows the ratio between the amplitudes of perturbations in the baryonic and
DM components. As expected from the analytic considerations of Sec. 5, this ratio drops
from 1 at k < kY,0 to (1 − Y ) at larger momenta implying a scale dependent bias between
baryons and DM.

33

Baryons bias Anisotropic stress



Breaking Lorentz invariance in the dark sector to better 
understand the fundamental properties of our universe (may 
be useful for quantum gravity).

Cosmological observations allow to constrain deviations from 
Lorentz invariance. For dark matter: same background 
evolution, but distinct signals for (linear) perturbations. 

Breaking of equivalence principle for dark matter: enhanced 
(scale dependent) growth of structure at large scales. Lorentz 
breaking summarized in a parameter

      

Conclusions

Y < 10�2

OUTLOOK
 Detailed study of parameters, comparison with data

effect at other scales,  DM ‘problems’
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