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Dark matter, black holes, gravity waves, dark energy,

post-Newtonian physics, next to leading order ACDM,
scale invariant alternatives to GR, quantum gravity (Hofava),
massive gravity, unimodular gravity
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Cosmology: Lorentz breaking effects

* Testing Lorentz invariance of the dark sector:
effects in CMB and distribution of matter (PS)

* Motivation: quantum gravity/phenomenological

* Consequences (highlights):

> UV insensitive candidate for dark energy/quintessence
> enhanced clustering of dark matter

broken gauge symmetry <= new degree of freedom
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Cosmology: beyond perturbation theory

* Non-perturbative techniques in cosmology

Linear Non-linear Tagglneh A i el
10* 1000 100 10 1
108 T R
— . . . i., 3
=3 10* | ~ {’—. | Yy E
0 < 4 ' '—?‘ .
Y . o
£ .
; = 1
T 1000 ¥ —— .
£ : }ftx
E — {}:
8 ye I "
o 100 F . E
5 F 1Y 3
((x,B,X)=(2,1,1)*10'2, Y=0.2 ;‘& ® SDSS galaxies :‘;
(OC,B)\,)=(2,1 ,1)*10'4, Y=0.2 - 10 L # Cluster abundance " f‘
_ w 4 ® Weak lensing ‘
(opM)=(2,1,1)10"%, Y=0.02 : +Lyman Alpha Forest
U yi an ; a ko .
0k —— ACDM
[ L I L L L L L L L L L L L L L L L L 1 B - lll A 3 ‘111'1 s AR e L - | 3 A "..\J—‘
0.001 0.01 0.1 | 0.001 0.01 0.1 | 10
k (h MpC-1) B ! O Wavenumber k [h/Mpc)

Standard perturbation theory fails catastrophically!

* EFT: use PT with an effective theory matched to simulations
* Resummations: reorganization of PT for better convergence
Several approaches in the market. Effects of the bulk flows.
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Quantum gravity: Horava Gravity

* Beyond power counting

Horava’s: pQFT for gravity without Lorentz invariance

Power counting One-loop/amplitudes
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* Black hole physics
- — Singularity at large distance
g
different ‘vacuum’ state than
o(€) ~ log (€, o the one of Hawking radiation

v
Fireball??
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