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A]=0 In momentum units
D=d-(d/2-1)E—-no
D - superficial degree of divergence

d - space- time dimension

E - numberf of theexternal legs

n - number of vertices

We can expect renormalizability only whend >0
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(Super)string theory: contains a spin-2 massles mode
=> has to describe gravity. GR is recovered in long-

wave regime. But, the predictive power is quite poor: #
the string theory landscape has 105°° vacua.
Loop quantum gravity: one can perform non-
perturbative quantization. Among problems, the y
difficulty of the recovery quasiclassical space. '

Some other approaches treat gravity as an emergent
phenomenon (e.g., entropic gravity).




(Lifshitz 1941)
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[X]=-1[t]=-2,[c] =1

The propagator has the form:
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[.e. we have two fixed points: UV, which corresponds
to z=2 and has significantly improved behavior and
IR, in which by the time rescaling we can set c=1 and
restore relativistic invariance, z=1
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ADM




We take ADM slicing as fundamental, i.e. instead of
considering just a manifold, we endow it with the
foliation structure:

X'=X"(X,1), t =t(t)
These are foliation - preserving diffeos or FDIffs
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Also, we introduce anisotropic scaling between x
and t:
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X—>aX,t>at or [X]=-1, [t]=-2
This is equivalent to prescribing the following dimensions :
[c]=z-1, [N]=[g,]=0, [N,]=2-1=[G] =3~z
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Projectable FDiff gravity (Horava 2009)
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Non-projectable FDiff gravity (Blas et al. 2010)
N =N(,%), a:=N7TV.N
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Horava’s recipe to deal with the large number of terms:
Detailed Balance condition:
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JOE" = OVII] 2ndw is some lower - dimensional action ;
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Even applied to the healthy extended model the
detailed balance condition still requires serious fine
tuning (Verniery&Sotiriou 2013)
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Broken 4d diffeos => Lorentz violation

Extra scalar mode in addition to two graviton |
polarizations
In general the scalar mode does not decouple in IR,
this can endanger the renormalizability :

The model with the detailed balance condition does
not pass the Solar system tests

The healthy extension (with a;) has A LOT of free
parameters and some of them still require fine tuning




CDT lattice calculations indicate that d=2 in UV
(Ambjorn et al. 2005)

Spectral dimension (Horava 2009)

5 d log P(o)
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P(o) - everage return probability,o - diffusion time
P(o) = p(r,X;7,X;0)

0

— p(7,X;7', X" 0) =
oo




Spectral dimension in Horava case
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d, :1+2 or,inthecaseof D=3,z=3,d, =2
Z

In IR, the diffusion equation will be dominated by z=1,
leading to d =4




(Connes 1990 and up to now)
T=(A,H,D) — spectral triple

- A Riemannian manifold, M, is completely
Recovered from T. In this case

A=C=(M)
H=L%(M,S)
D=»(0,+w,)
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d(xy) = sup{ f(x)-f(y)|:f eC(M),|[D, ]| <1}
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Tr'(f|D[")= e _[f - where Tr*A= [im 2 (A) &
n(2z)" = N-o [ogN

Tr;([ Y [12mfjd xJg +m T, [d*xJgR+

mo

e i 11
o+ f Id X\F(——Cﬂvpo_C“p 1OR ﬂ+2—OR R j+0(—




& (AP 2010)
‘ The choice of the Dirac operator in the form D=*(0,+w,)
IS not natural anymore

The foliation structure dictates the following (schematic)
form for D (for z=3)
D= 6+0"0,4+M.4+M.26"0,,

¢5

This D should be used to obtain “physical” geometry
Instead of auxiliary 3+1 dimensional space. (AP 2010,
Gregory & AP 2012)




M=S!xT3, D?=02+4*+M.2A42+M.* 4
+|\/| 4(n1$+n22+1r]32) 2n 63 74 1 3

Nip|(4)={# elgenvalues <.}
when A<<M.8 the last term dominates:

(ﬂ, -n )1/2

Npp(4) = fdn J4ﬂp2dpoc/1“ - d=4

when A>>M.5 the first term dominates:

(ﬂ. -n )1/6

Npp (4) = Id” _[4”,02d,00€/12 — d=2
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~  One can do better and go beyond the flat case.
Define a generalized (-function

u(s) = Tr(A)
Now A can be any generalized elliptic operator. '_
(-function can be extended to a meromorphic function &

v
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on the whole complex plane with the only poles given by ’:l
(e peezp A~ D+ZpEL e S =P Zp—K '
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The first pole is related to the analytic dimension
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n=D+1, p=1 we have
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Dirac operator is very complicated:
D°=A_+f(A),
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To calculate the trace of this operator one has to find
the heat kernel

(6, + DK (x,x";8)=0
K(x,Xx"';+0) =o(X, X')
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The matter coupling to geometry is restricted only by
FPDiff.

This permits inclusion of the higher spatial derivatives
inS

matter °

There is no guiding principle on how to proceed except

the control over the amount of Lorentz violation
(Pospelov&Shang 2010, Kimpton&Padilla 2013)

The spectral action approach has the second part
(Chamsedinne&Connes 1996)
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The operator D is the same that was used for the
gravity part'
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Space-
time

Gauge

Geometry

Matter
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What happens to the geodesic motion?

vV, T7"=0 = geodesic motion
(Dixon 1970, Hawking&Ellis 1973)

Now we DO NOT have VyTW =0

o\
Instead we do have h, V T*"=0,whereT*" oc —1&

uv
Alternative way to get geodesics:

Write a field theory

Find field equations

Restrict to the 1-particle sector

Do quasi-classical analysis
Hamilton-Jacobi => geodesic motion
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=0, 7 1s a proper time




Horava-Lifshitz could provide a UV completion of GR

For this the original proposal should be modified
(“healthy” extension?)

[t would be good to have a more geometrical approach
to construct the theory

What is the choice of the coupling to matter?

What is the correct physical motion of a test particle?
Geodesics?




What is the underlying geometry? E.g. can one get the

physical motion of point particle as geodesical motion

in this geometry?

Gauge sector, matter content (it is more natural now to
have fields in reps of SO(3))

Methods of spectral geometry plus spectra action
principle might prove useful.




Science is the best way to
satisfy you own curiosity at
the government’s expense.



