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-      Why not?                                             Is Nature really Lorentz invariant? 

Precision tests in the matter sector 
Gravitational physics is  mostly tested in the non-relativistic limit 

(Local tests in the solar system, large scale cosmology)
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-      Quantum Gravity                                                                   Hořava Gravity  

Can provide a UV completion for GR 
Formulated as a standard field theory
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• Power-counting renormalizable 

• Some versions of it are 

• Fully renormalizable (all divergences are gauge invariant)                                      

• UV complete (in 2+1 and 3+1)                                                                           

Hořava gravity is…

ℒ = ℒ2 + ℒ4 + ℒ6At low energies
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BHs in ℒ2
S = −

1
16πG ∫ d4x |g | (R + Kαβ

μν ∇αUμ ∇βUν + λ(UμUμ − 1)),

Kαβ
μν = c1gαβgμν + c2δα

μ δβ
ν + c3δα

ν δβ
μ + c4UαUβgμν
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There is a combination of couplings such that only the scalar propagates

c1 − c3 = cω → ∞- The limit of HG 



BHs in ℒ2
S = −

1
16πG ∫ d4x |g | (R + Kαβ

μν ∇αUμ ∇βUν + λ(UμUμ − 1)),

Kαβ
μν = c1gαβgμν + c2δα

μ δβ
ν + c3δα

ν δβ
μ + c4UαUβgμν

ds2 = F(r)dt2 −
B(r)2

F(r)
dr2 − r2dS2 Uμdxμ =

1 + F(r)A(r)2

2A(r)
dt +

B(r)
2A(r) ( 1

F(r)
− A(r)2) dr

This action has stationary and spherically symmetric solutions of the form 

Uμ =
∂μΘ

|∂αΘ∂αΘ |

Berglund, Bhattacharyya, Mattingly, Phys.Rev.D 85 (2012) 124019

Jacobson PRD 64 (2001) 024028
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N = (χ ⋅ U) = 0

Universal Horizon
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• We have confirmed this result 

• By collapsing a shell 

• By studying the peeling and causal structure close to the UH 

• By studying quantum tunnelling through the horizon

H-V, Liberati, Santos-García, JHEP 04 (2021) 255

Del Porro, H-V, Liberati, Schneider, PRD 105 (2022) 10, 104009

Del Porro, H-V, Liberati, Schneider, 2207.08848

https://arxiv.org/abs/2207.08848
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decomposed in terms of QNMs 

We focus on the HL limit

d2Q
dr2

+ Q [ω2 − Vodd] = 0

d2Ψ
dr2

+ Ψ [ω2 − Veven] = 0

d2ϕ
dr2

− ϕVscalar = J[h]

Identical to GR!!

We need LV matter. But that’s hard…

Franchini, H-V, Barausse PRD 103 (2021) 8, 084012



Compact objects (aka neutron stars) in LV gravity

S =
1

16πG ∫ d4x −g (−R − Kαβ
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Compact objects (aka neutron stars) in LV gravity

S =
1

16πG ∫ d4x −g (−R − Kαβ
μν ∇αUμ ∇βUν − λ(UμUμ − 1))

Kαβ
μν = c1gαβgμν + c2δα

μ δβ
ν + c3δα

ν δβ
μ + c4UαUβgμν

c1 + c3 = 0- GW propagate at c=1 

3c2 = cθ ≤ 𝒪(1)- Solar system tests 

c1 − c3 = cω → ∞- The limit of HG 



- Violations of the strong equivalence principle                                     

In modified theories of Gravity, compact objects do not move on geodesics of the metric 

In the point particle approximation this is parametrised by sensitivities 

The sensitivities also control the emission of gravitational waves in binary systems of compact objects  i.e. 
binary  pulsars 
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-As pulsars move the period of the orbit 
change due to emission of GW                                

            

-However, instead of the c_i couplings, we use a different parametrization 

            α1, α2, cω, cσ
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• Bhs in Hořava gravity reinforce the link between horizons and thermodynamics 

• Although LV seems to dilute the concept of horizon, this is not true for this specific 
family of theories. 

• Observations constrain the space of parameters 

• However, there is still room for non-trivial deviations from LI in the gravitational sector 

• QNMs will not distinguish between GR and HG 

• We have improved the bounds on the c_i’s an order of magnitude

Conclusions


