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Outline

Glimpse of Hotava gravity: low energy (khronon)
Black holes: solution in the decoupled limit
Universal horizon vs. instantaneous interaction
No-hair and instabilities: no real BH

Conclusions and Outlook



Horava Gravity

4 . )
UV completion

never leaving perturbative
QFT (always weak)




Horava Gravity

* Breaking Lorentz invariance: Broken Diffeom.

New invariance: foliation preserving Diffeom.
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Absolute tlme and space intervals

ds® = g, dztdz” = N2dt2 o (d:z: + N'dt)(dz? 4+ N7dt)



Horava Gravity

ds® = g, dz*ds” = N2dt? — v, (da’ + N'dt)(dz? + N7dt)

Kij ~ 3;2'3’ ~ Wi (S)Rz‘jkl ~ k2, gi\: ~ kN
Healthy extension.
L= M%Nﬁ(f(inij — X(%jKij)i—ﬁ'@)R — o/ (9;log(N))*+
o2 Low energy
High energy A2C)R
d, = 0 (Renormalizable) ™ " M2 )

GR: M =¢ =1, o =0 w? —k? — kb /M2



Horava Gravity: Covariant Form
* The same physics described by

= (1,0,0,0) = 0.t - -y, = —Ou
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Low energy
L=Lpg++V—g ()\(V”uu)2 +oz(u”Vl,uu)2 + 3 Vuu,,V”u“)

E < M,

Scalar-tensor theory similar to Einstein-Aether!
Y Yuv u,u’ =1+ extra term

Cut-off scale A ~ Mp+v/a> M, > 10° GeV



Horava Gravity: Constraints

Assumption: Matter universally coupled to g,.
(no L-violation,WEP-violation in matter sector)

2 r
Preferred frame effects o ~ 1072
o1’ = —4(a — 28) , ~ 1074
PPN (04 — 25) (04 - ()‘ — 1) T 35) —7
T -1-p) ~

a =26 ldentical to GR at PN!



Horava Gravity: Constraints |l

No Gravitational Cerenkov: cc>1,c2>1

No ghosts or tachyons 0 < a <2

Homogeneous cosmology Gy /G. =1+ O(a)

BBN Gn/G.=1+0(10"%)

Detour Adding a dilaton:
naturally small cosmological dark energy!!
Interesting phenom. as compared with ACDM

arXiv:1104.3579, |CAP



Horava Gravity: GWs

Radiation damping in binaries
gravitational waves
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Quadrupole: A =1+0(a) = Bounds O(.01)
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Horava Gravity

Interesting and motivated theory of modified gravity
(in the IR and UV)

Healthy extension:
passes all consistency and phenomenological

tests and provides interesting cosmological scenarios
beyond GR
(even with natural DE)



Black holes

Motivations

Low energy

* Exploring strong fields regime
* BH thermodynamics

High energy

* Possible avoidance of singularities



Black holes

Motivations

Low energy

* Exploring strong fields regime

* BH thermodynamics



Instantaneous propagation

A solution is Minkowski with ¢ =t

For small perturbations for the khronon ¥ =1+ X

Ssource = /d433‘\/ —4g S'uu,u G = BZ)\

e (z) S 0()0(x[] — cx?) (3X7:Xj - 5z'j!X|2> ,

AT ox |x|°

Instantaneous propagation along surfaces of constant ¢

Are black holes possible at all? YES!
One needs to find ¢ in realistic backgrounds



Black holes: our approach

Low energy
L=Lpr++V—g ()\(V”uu)2 +a(u'Vyu,) +£ Vﬂu,,V”u“)

E < M,

e Limit \&a<1 s T/ ~0

e Static, spherically symmetric

~P

¥ field equation in Schwarzschild guv

O
vV Oa Wlondts

Note Also solutions for Einstein-aether! u, =




Black holes: finding solutions

* Single ODE for u:: new variable § = %
/) 62 Ut p
uy + (1—c>§)—1—|—§ (g, u})
 Sound horizon &.: up(l—c)—1+¢& =0

* Boundary conditions:



Black holes: finding solutions

~
RGN

. .  UNIVERSAL HORIZON
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Agreement with Barausse, Jacobson, Sotiriou

* In our approach: existence of £, can be shown analytically



Universal horizon

No—

’ QY — OO
& =& %0
p(£) ~ log (& — §)
No singular behaviour o oo

e Similar to Cauchy horizon: two regions for b.c.

* Even the instantaneous interactions present horizons!
Problems of information still present!



Absence of hair

* Perturbations around the background

Y =Y+X
e Static case:

Imposing regularity at iy, the sound horizon and
universal horizon

(&) =0 NO HAIR!

Method:
i) Counting b.c. versus free parameters
ii) Solving for large angular momentum



Instabilities

* Time dependent perturbations (large 1)

+ Stable ingoing and outgoing waves in Schwarzschild

(1, €)% ~ el VITTE

+ Instantaneous mode (absent in Einstein-aether)

x(t, &)1 o< |€ — &| "W f(f) «— Source
AN

, 11 i+
Non-analytic power! 7+ =-5+ \/4 =T

(u“@u)l x diverges at &, for big enough |

Enters in the non-linear e.o.m.: physical singularity



Real causal structure

" Cauchy
{ Horizons

Physically: perturbations pile up creatinga
huge backreaction (singularity of the low-energy)



Conclusions

® Low-energy Hotava gravity has NO physical black holes:
Solutions with universal horizon are unstable
(not for Einstein-aether!)
The instantaneous modes can probe the whole geometry
® We expect this to be generic (as for Cauchy horizons in GR)

@ The physical solution has a geometry very different from GR
inside (but close to) the Schwarzschild radius.

OUTLOOK

2 Thermodynamics. Are these modes enough? How is Hawking
radiation modified in this picture?



No Singularities!?

NO MINIMAL LENGTH (2)

Axg ~ h/Ap 6
Az ~ Aat? ~ 0,0t ~ GNnAp <M>
O " Ap

o Ip for GR

A in(Azxg, A
x> min(Azy, Azg) o No limit for Horava

CHANDRASEKHAR LIMIT (9)

5 p3 h3 n27“3 hB M2

Er ~ ~ Collapse stops at
S VERR VERRP IS VP ra/2
I Ev < —GNK e AL G2





