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Can gravity be formulated as a pQFT?

[ Figure by D. Blas]

Mario Herrero-Valea (LPPC-EPFL) The status of Hofava gravity 2/19



A simple question

GR, M2,/gR about a Minkowsky vacuum
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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)]
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A simple question

GR, M3,/gR about a Minkowsky vacuum
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The theory is non-renormalizable = infinite number of divergent diagrams

Higher derivative gravity
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However, it has a ghost
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The problem can be solved by allowing for a breaking of the boost invariance of the Lorentz group

26 Jan 2009
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Anisotropic scaling t — b7t, x' — bx'
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The non-linear theory

ADM formulation

ds® = N2dt? 4 y;(dx’ + N'dt)(dx + N dt)
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The non-linear theory

ADM formulation
ds® = N2dt? 4 y;(dx’ + N'dt)(dx + N dt)
t=1;
I Foliation preserving diffeomorphisms

t— t'(t) x' = xi(t,x)
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The non-linear theory

ADM formulation

ds® = N2dt? 4 y;(dx’ + N'dt)(dx + N dt)

t=1;
It =t Foliation preserving diffeomorphisms
t—t'(t), X —x(tx)
K,'j ~ Bt'y,-j, Rijab ~ 6,%’7,]’, aj = 3,‘ |0g N
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The non-linear theory

ADM formulation

ds® = N2dt? 4 y;(dx’ + N'dt)(dx + N dt)

t=1;
It =t Foliation preserving diffeomorphisms
t— t/(t), x = X'(t,x)
K,'j ~ Bt'y,-j, Rijab ~ 8,%’}/,]', aj = 8,- |0g N

1 d ij 2
S:E/dtdeﬁ(K,jKJf/\K + V)

k
o2 ok, k<d

VN{R3, (aia')®, AR, a3;ARY, R?, RypRP, R, aa, 9;d, }

The theory can flow to GR if A — 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.
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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.

@ Non-projectable version
N = N(t,x)

Quantization seems more complicated due to t — t/(t).
Passes all phenomenological tests.
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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. Sibiryako >hys. Re

This was the status last summer )
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The status of the non-projectable model
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The status of the non-projectable model
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[ Yagi, Blas, Yunes and Barausse, Phys.Rev.Lett. 112 (2014) no.16, 161101]

[ Giimriik¢iioglu, 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 4 1 dimensions

— 1 2 wrdii 2 2
S—%/dtdxﬁ(KUK — K +uR>
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The status of the projectable model

We can study the UV structure in 2 4 1 dimensions

— 1 2 wrdii 2 2
S—E/dtdxﬁ(KUK — K +uR>

Essential couplings

Counter-terms are gauge invariant.
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Figure 1. Feynman diagrams (bubbles and fishes) for the
two point function of H;;. The cross represents the mixed

propagator (n'm’).
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The vertices generically contain ~ 100 terms
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H The vertices generically contain ~ 100 terms
due to multi-symmetries
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[ A. Barvinsky, D. Blas, M. H-V., S. Sibiryakov and C. Steinwachs
Feynman diagrams (bubbles and fishes) for the
two point function of H;;. The cross represents the mixed
propagator (n'w’).

Phys.Rev.Lett. 119 (2017) no.21, 211301]
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The vertices generically contain ~ 100 terms
due to multi-symmetries
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Figure 1. Feynman diagrams (bubbles and fishes) for the
two point function of H;;. The cross represents the mixed
propagator (n'w’).
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H H H H

Figure 1. Feynman diagrams (bubbles and fishes) for the
two point function of H;;. The cross represents the mixed
propagator (n'w’).
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The vertices generically contain ~ 100 terms
due to multi-symmetries

[ A. Barvinsky, D. Blas, M. H-V., S. Sibir
Phys.Rev.Lett. 119

and C. Steinwachs
7) no.21, 211301]
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uv

Free theory at the fixed point

Horava Gravity

LV Scale

General Relativity
+
Condensed scalar

IR
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Conclusions

o Horava gravity provides a field theory solution to the renormalizability problem of
gravitational interaction.
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@ The non-projectable theory still can fit the observed phenomena.
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Conclusions

o 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.
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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 341, we have a UV
complete model of gravity.
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The projectable model is UV complete.

If the scalar condensates and the behaviour remains the same in 341, we have a UV
complete model of gravity.

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

o 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.

o 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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