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Abstract: Thistalk reviews the idea of quantum gravity with anisotropic scaling, and presents a scenario in which this theory of gravity is coupled to
matter, described by the standard model or beyond.This "multicritical universe" scenario predicts systematic, energy-dependent, calculable
Lorentz-violating corrections to the relativistic dispersion relations of matter.
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A hep-ph oriented scenario for “minimal” and “traditional”
(= QFT, RG) reconciliation of particle physics and gravity,
in a framework that can potentially be UV complete.

Ingredients

1. Particle side: the standard model, or your favorite BSM
extension. Lorentz invariant. Already UV complete.

2. Gravity side: multicritical gravity, with anisotropic scaling in
UV (= “HL gravity”). Flows to isotropic scaling in IR.

Robust consequences:

Anisotropic scaling communicated to the particle sector only via
universal coupling to gravity.

Generic, high-energy Lorentz violations, also induced (and
suppressed) by this irrelevant coupling.
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at F, =17.5GeV
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1. Review of quantum gravity with anisotropic scaling

2. Introducing the multicritical universe

3. Lifshitz holography: Anisotropic Weyl anomalies, conformal
Lifshitz gravity.
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1. Review of quantum gravity with anisotropic scaling

2. Introducing the multicritical universe

3. Lifshitz holography: Anisotropic Weyl anomalies, conformal
Lifshitz gravity.

. arXiv:0812.4287, arXiv:0901.3775, ...
most recent: arXiv:1111.6634, 1112.5660, and to appear

arXiv:1101.1081(GR 19 Proceedings).

Charles Melby-Thompson, Kevin Grosvenor, Patrick Zulkowski, Tom Griffin,
Cenke Xu, Steve Carlip’s group, ...
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Extend to gravity "7 -4

|
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Gravity with amsotropxc_ scaling
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Gravity with anisotropic scaling

(also known as gravity)

Field theory with

— characteristic of RG fixed point.

Many interesting examples:
fractions: (KPZ surface growth in D = 1), .. .,
families with z varying continuously ...

Condensed matter, dynamical critical phenomena, quantum
critical systems, ..

, with propagating gravitons, formulated
as a quantum field theory of the metric.
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Search for a UV fixed point in gravity:

Asymptotic safety: looking for relativistic, nontrivial RG fixed
points. [Weinberg,. . . |

Gravity with anisotropic scaling: looking for nonrelativistic,
often Gaussian fixed points. (These can be UV, leading to

improved short-distance behavior of gravity; or IR, emergent in
condensed matter systems.)

Price paid for improved UV behavior:
(or even spatial) and absence of Lorentz symmetry

Flow between UV and IR: Lorentz

symmetry must be emergent at low energies, with systematic
energy-dependent Lorentz-violating corrections.
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(i) Gravity duals of field theories in AdS/CFT; in particular,
candidates for duals of nonrelativistic field theories;

(ii) Gravity on worldvolumes of branes;

(iii) Mathematical applications (theory of the Ricci flow);

(iv) Emergent Gaussian IR fixed points in lattice systems of
condensed matter;

(v) Phenomenology of gravity in our Universe, 3 + 1 dimensions.
How close can this resemble GR in IR?

(vi) Useful also in conventional Einstein gravity, in spacetimes
which are asymptotically anisotropic!
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Example: Lifshitz scalar

Gaussian fixed point with z = 2 anisotropic scaling:

( is the spatial Laplacian).

Compare with the Euclidean field theory

Shift in the (lower) critical dimension:
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The action is again S = Sx — Sy, with

S '_' f dtdPx/gN (K,K* — AK?)

and
Sy = f dt dPx./gN C,;,C".

where CY = £*¥V (R} — 1R&}) is the Cotton-York-ADM
tensor. The shift of the critical dimension is

[r:"’]. 33— D.

Anisotropic Weyl invariance eliminates the scalar graviton
classically.
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Projectable and nonprojectable theory

are the gauge fields for the symmetries
generated by . Hence:

we can restrict to be a function of time only:

or, we allow to be a spacetime field. New terms,
containing , are then allowed in S by symmetries:

Tensor graviton polarizations, plus an extra scalar
graviton. Three options for the scalar: Live with it, gap it, or eliminate it

by an extended gauge symmetry.

Nonrelativistic, . around this
Gaussian fixed point.

0 1/D 1
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|Cenke Xu and P.H., arXiv:1003.0009]

These models with = = 2 or = = 3 gravitons can emerge as IR
fixed points on the fcc lattice. Emergent gauge invariance
stabilizes new algebraic bose liquid phases.

Recall the emergence of U(1) “photons” in dimer models
[Fradkin,Kivelson,Rokhsar, . |2

-

Lattice symmetries protect = =2 or = = 3 in IR, forbid G y.
But: interacting Abelian gravity is possible!

L =

= Y (X
(ontradicls A

N +0
)
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i vy ) Causal dynamical triangulations approach [Ambjdrn Jurkiewicz,Loll] = \d "'& (WX
to 3 + 1 lattice gravity:

Naive sum over triangulations does not work (branched | (owbradechs A
’ — polymers, crumpled phases). -
M 1. Bodd 1S \l‘.~'ﬂ(-~"|‘/ P

155 ) Modify the rules, include a preferred causal structure:
2, J) |

> i<q
!

With this relevant change of the rules, a continuum limit
appears to exist: The spectral dimension d, = 4 in IR, and

d. =2 in UV. Continuum gravity with anisotropic scaling:

d, =1+ D/=. ([Bcncdcm.thmn,QODD]: works in 2+ 1 as well.)
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[in progress, w/ Patrick Zulkowski and Charles Melby-Thompson]

First, classify all spatially homogeneous and isotropic phases.
Take g;; = a""(t)'y,;j(k), with £ = 0, +1; set N; = 0. The phase
diagram for k = 1 (at fixed R? terms):

s\
N forbidden zone
N
N

(oscillating” ~ _
hyperbolic) -

-
-

oscillating

de Sitter-like

Governed by [H, = (§)? + R? + p*R — 2A = 0, the
Friedmann equation.
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First, classify all spatially homogeneous and isotropic phases.
Take g;; = a,2(t)'y,-j(k), with £ = 0, +1; set N; = 0. The phase
diagram for k = 1 (at fixed R? terms):
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N
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-

oscillating

de Sitter-like

Governed by [H, = (§)* + R? + p?R — 2A = 0, the
Friedmann equation.

cf.: CDT phase structure in 2 + 1 dimensions [arXiv:1111.663¢
w/ C. Anderson, S. Carlip, J.H. Cooperman, R. Kommu and P. Zulkows
Deconfinement of [H?
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Ingredients:
1.

Lifshitz gravity (with its multicritical scaling z = 3) exhibits
much improved UV behavior in 3 4+ 1 dimensions.

2.

On the matter side, the standard model (and beyond) is
(potentially) UV complete.

the multicritical universe!

Couple relativistic matter to gravity with anisotropic scaling
consider phenomenological implications and constraints.
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ds? = r?(—dt? + dx?) + dr?/r*

Lifshitz:

ds? = —r2d2 4 r2d? 4 dr 12

Focus of this talk:

The role of HL gravity for Lifshitz spacetime.
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Not Einstein equations in the vacuum ...

Two options:

(a) Keep theory relativistic, modify by inventing suitable matter;
Lifshitz spacetime may be a solution when matter is excited.

(b) Modify gravity; Lifshitz spacetime may be a vacuum solution.

We will see that in both cases, ideas of anisotropic gravity play
a central role.
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Even if we embed Lifshitz space into relativistic gravity with
matter, we need anisotropic scaling to define properly the
asymptotic structure near “infinity” .

Conformal infinity [Penrose]: Rescale the bulk metric on M

Oy — Gup = UL, X, T)0uy,

so that g,, now extends “past infinity” of M. Then take M.
For Lifshitz spacetimes with z > 1: Conformal infinity is a line!

(This contradicts holographic expectations).

Anisotropic conformal infinity [PH & C. Melby-Thompson, 2009]:
For asymptotically foliated spacetimes, use anisotropic Weyl
transformations instead. Anisotropic conformal infinity of
Lifshitz spacetime is of codimension one, with a preferred
nonrelativistic foliation. (As expected from holography.)
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Holographic correspondence:

o[ Plop = Bg] = (:-xp ( f «:-.,0)> :
oM CFT

W, L. Budd ;& [ P ‘ In the classical gravity limit, this implies

% 359 | ) “.(-II'[‘I'D] = _S(m—ulmlll':'(l]r;rnvit_\r-

The action diverges, requires (holographic) regularization and

LK

renormalization:
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Note that of the two possible central charges, only cx is
generated in this holographic theory.

What distinguishes cx from cy? The cx anomaly satisfies the
detailed balance condition.

S, Terdon | This was further verified for bulk gravity coupled to scalars X7.
e i e In addition to the kinetic piece,

1 rrrE 1 NG

= K — K2\l 2V (X - N
ljdtdax\/_&N (A.,K 5K )+2fdtd"xN (x )

the anomaly now develops also a potential part,

f dtd*x/GN ((A,\"F 5 Ty (X)TH(X )) ]

This is in detailed balance, with W = 1 [ d®. /g0, X 10" X
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