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Abstract:

I'll review the models of quantum gravity postulating invariance with respect to anisotropic (Lifshitz) scaling in the deep
ultraviolet domain. At low energies they reduce to scalar-tensor gravity, with a timelike gradient of the scalar field breaking local
Lorentz invariance. The models come in two versions differing by the dynamics in the scalar sector. The first, projectable, model
has been shown to be perturbatively renormalizable and the full renormalization group (RG) flow of its marginal operators has
been computed. The flow possesses a number of asymptotically free fixed points with one of them being connected by RG
trajectories to the region of the parameter space where the kinetic term of the theory acquires the general relativistic form. The
gravitational coupling exhibits non-monotonic behavior along the flow, vanishing both in the ultraviolet and the infrared. I'll
mention the challenges facing the model in the infrared domain. The second, non-projectable, model is known to reproduce the
phenomenology of general relativity in a certain region of parameters. Full proof of its renormalizability is still missing due to its
complicated structure. I'll review recent progress towards constructing such proof.
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Quest for quantum gravity

General Relativity is a unitary relativistic local field theory

+ Describes classical phenomena from 10~2%cm to 1

+ Can be quantized in a controllable way as an effective field
theory at energies < Mp ~ 2 x 109GeV

= Fails at higher energies:
* interaction strength grows with E (power counting)
« non-renormalizable <@l infinite # of parameters
* loss of predictive power

Needs a UV completion which would be valid at all energies
hopefully, it’ll have testable signatures
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Quest for quantum gravity
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Geometric framework

Imagine that spacetime is endowed with a
preferred spacelike foliation

Metric in the ADM decomposition:
ds® = (—N2—}-J\/',ij\fi’)aht2 + 2N, dztdt + 'y,,.;jd:cid:vj

I 4
( shift ) Gpatial metricD

We want to preserve as many symmetries, as possible

zt — (X, 1)

foliation-preserving
diffeos (FDiff)

t — t(t)

Page 8/17



Pirsa: 24070075

Anisotropic scaling / new power counting

Write Lagrangians with more than 2 space derivatives (but still 2 time
derivatives). Use different scaling of time and space (Lifshitz scaling)

x— b lx., tr bt

Most general Lagrangian with only marginal and relevant operators:

L = 36 AN(Kij K7 — AK? — V5, N)

contains terms with up
to 2d spatial derivatives

Reduces to a scalar-tensor gravity at low energies

0 Ml%\ng + Ly [9urs X]
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Two flavours of HG

Horava
gravity

projectable non-projectable
N = N(t) N = N(t,x)
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Projectable HG: UV complete quantum theory

Renormalizable beyond power counting:

M It is possible to fix the gauge without spoiling convergence
of loop integrals

M The gauge (BRST) structure is preserved by renormalization

Full beta-functions of marginal couplings are available in
(2+1)d and (3+1)d

M Possesses asymptotically free fixed points

M In (3+1) an attractor RG trajectory from )\ = oo in UV
to A—1 inIR
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RG in (3+1)d projectable Horava gravity

6 essential marginal couplings

v/ 3 asymptotically free UV fixed points at A — oo

.

regular limit

V' unique attractor trajectory that flows towards A ~ 1

gravitational
coupling changes
non-monotonically
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Pheno status of projectable HG

= The extra scalar destabilizes Minkowski space at low energies.

Instability suppressed if A ~ 1

+ The extra scalar behaves as dark matter

= But loss of perturbative control...

Suggestions for way out in
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What about Non-projectable HG?

Is it renormalizable?

5 We don’t know: divergences may be non-local

Non-localities cancel at one loop!

Can work at higher loops if canonical structure associated

N\, to 2nd class constraints is preserved

Is it phenomenologically viable?

Yes ... with fine-tuning to recover Lorentz invariance
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Low energy limit of NP HG
A=A

khrono-metric Lagrangian:
N

- —%M}% /—_g(R . oza”a""' o BVMUVVVU,M + )\’ﬁf\)

similar to Einstein-aether

GW170817: 3| <107 %
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Low energy limit of NP HG
A=A

khrono-metric Lagrangian:
N

= —2M3/=g(R+ aaua* + BV ,u, VY uk + )\’ﬁf\)

similar to Einstein-aether

GW170817: 3| <1071

NB. Reduces to cuscuton in the limit
a=0=0

== constraints only from cosmology
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Summary

M Horava gravity provides a class of renormalizable quantum
gravity theories

M Full RG flow available in the projectable version (2+1) and
(3+1)d. Asymptotically free

M Progress towards renormalizability of the non-projectable
version

M Viability penomenology constrained by the data
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