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Mario Herrero-Valea

Institute of Physics, Laboratory of Particle Physics and Cosmology
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Can gravity be formulated as a pQFT?

[ Figure by D. Blas]
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A simple question

GR, M2
p
√
gR about a Minkowsky vacuum

L ∼ hµν
Pµναβ

p2
hαβ +

p2

Mp
O(h3) +

p2

M2
p

O(h4) + ...

The theory is non-renormalizable ≡ infinite number of divergent diagrams

[ G. ’t Hooft and M. J. G. Veltman, Ann. Inst. H. Poincare Phys. Theor. A 20, 69 (1974)]

Higher derivative gravity

M2
pR + αR2 + βRµνR

µν → 〈hh〉 ∼
M2

P

p4 + p2M2
p

[ K. S. Stelle, Phys. Rev. D 16, 953 (1977)]

However, it has a ghost

〈hh〉 ∼
M2

P

p4 + p2M2
p

=
1

p2
−

1

p2 + M2
p

[ Ostrogradski, M., Mem. Ac. St. Petersbourg, VI, 1850, 385]
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The problem can be solved by allowing for a breaking of the boost invariance of the Lorentz group

〈hh〉 ∼
1

ω2 + k2d + c2k2

Anisotropic scaling t → bd t, x i → bx i

S ∼ hij

(
∂2
t + ∂2d

i + ...
)
hab + O(h3)
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The non-linear theory

ADM formulation

ds2 = N2dt2 + γij (dx
i + N idt)(dx j + N jdt)

Foliation preserving diffeomorphisms

t → t′(t), x i → x
′ i (t, x)

Kij ∼ ∂tγij , Rijab ∼ ∂2
kγij , ai = ∂i log N

S =
1

2G

∫
dtddx N

√
γ
(
KijK

ij − λK2︸ ︷︷ ︸
∂2
t

+ V︸︷︷︸
∂ki , k≤d

)

V ∼
{
R3, (aia

i )3, ∆2R, aiaj∆R ij , R2, RijabR
ijab, R, aia

i , ∂ia
i , ...

}
The theory can flow to GR if λ→ 1. It propagates a graviton and an extra scalar mode.
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To be (projectable) or not to be

The role of N is particular, since there are no time derivatives of N

Projectable version

N = N(t), ai = 0

It is fully renormalizable. It contains less terms in V but there is a mode which undergoes
strong coupling in the IR.

[ A. Barvinsky, D. Blas, M. H-V., S. Sibiryakov and C. Steinwachs, Phys.Rev. D93 (2016) no.6, 064022]

Non-projectable version

N = N(t, x)

Quantization seems more complicated due to t → t′(t).
Passes all phenomenological tests.

[ D. Blas, O. Pujolas and S. Sibiryakov, Phys. Rev. Lett. 104, 181302 (2010)]

This was the status last summer
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[ APS/Alan Stonebraker, adapted from simulations by NASA/AEI/ZIB/M. Koppitz and L. Rezzolla]

cT − 1 ≤ 7× 10−16
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The status of the non-projectable model

1

G
, α, β, γ

|β| ≤ 10−15

[ Yagi, Blas, Yunes and Barausse, Phys.Rev.Lett. 112 (2014) no.16, 161101]

[ Gümrükçüoğlu, Saravani, and Sotiriou, Phys.Rev. D97 (2018) no.2, 024032]
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The status of the projectable model

[ Blas, Pujolas and Sibiryakov, JHEP 0910 (2009) 029]

We can study the UV structure in 2 + 1 dimensions

S =
1

2G

∫
dtd2x

√
γ
(
KijK

ij − λK2 + µR2
)

Essential couplings

λ, G =
G
√
µ

Counter-terms are gauge invariant.

[ A. Barvinsky, D. Blas, M. H-V., S. Sibiryakov and C. Steinwachs, Phys.Rev. D93 (2016) no.6, 064022]

[ A. Barvinsky, D. Blas, M. H-V., S. Sibiryakov and C. Steinwachs, arXiv:1705.03480]
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The vertices generically contain ∼ 100 terms
due to multi-symmetries

[ A. Barvinsky, D. Blas, M. H-V., S. Sibiryakov and C. Steinwachs,
Phys.Rev.Lett. 119 (2017) no.21, 211301]
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β(λ) =
15− 14λ

64π

√
1− 2λ

1− λ
G

β(G) = −
16− 33λ+ 18λ2

64π(1− λ)2

√
1− λ

1− 2λ
G2
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Conclusions

Horava gravity provides a field theory solution to the renormalizability problem of
gravitational interaction.

The non-projectable theory still can fit the observed phenomena.

The projectable model is UV complete.

If the scalar condensates and the behaviour remains the same in 3+1, we have a UV
complete model of gravity.

We need to work hard and try to learn from HG.
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Conclusions

Horava gravity provides a field theory solution to the renormalizability problem of
gravitational interaction.

The non-projectable theory still can fit the observed phenomena.

The projectable model is UV complete.

If the scalar condensates and the behaviour remains the same in 3+1, we have a UV
complete model of gravity.

We need to work hard and try to learn from HG.

Mario Herrero-Valea (LPPC-EPFL) The status of Hǒrava gravity 16 / 19
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