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m " Causal” means triangulation has a
foliation by 2D spatial
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m ScpT = k3alN3 — koNo

m Use Monte Carlo techniques to evaluate expectation values.
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m Well described by

V2
Seff[V]:/dt COV_CIV s

with ¢y, c; > 0.

m If we evaluate Euclidean Einstein-Hilbert action [ d3x\/§(7R +2A)
on spherical cosmology ds? = dt? + V/(t)d?,

Sen[V] = —/{/dt (V\j - 2/\v> : (1)

Minus-sign difference!
m Can we understand why we get Ses and not Sgy?
m Sei is bounded below (for fixed 3-volume), Sgpy is not.
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Sen = K / dt / d’x\/g (igabg“””dgcd - R+ 2/\> (2)

where G2b¢? is the Wheeler-DeWitt metric,

1
gabcd _ 5 (gacgbd + gadgbc) _ gabgcd_ (3)

m Indefinite metric! Positive definite on traceless directions, negative
definite on trace/conformal direction in superspace.

m CDT is a (well-defined) statistical system, therefore it better be
described by a bounded action!

m Need some alternative to EH to compare too.
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m Two independent test of this ansatz.
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CDT with spatial topology of the torus

m Compare kinetic term of traceless d.o.f to trace/conformal d.o.f.

m Spatial volume V/(t) is a conformal degree of freedom. Need an
observable measuring a traceless degree of freedom: measuring
shape.

m Torus! There is a 2 parameter family of conformal equivalence
classes of metrics on the torus, parametrized by the moduli
parameter T = T + iT».

m Given a 2D triangulation of the torus, we can find 7 by constructing
a periodic harmonic embedding in the plane.

10 05 o0 05 10 15 2c




m The modified kinetic term restricted to V and 7 reads,
1 V2 1 72473
dt [ (z = N)— 4+ —— 52 5
n/ <(2 ) 4 + 2Alg] T2 ’ (5)

[ d®x\/g exp(2AT1R)
([ d?x gexp(A—lR))z'

with

Alg] =



m The modified kinetic term restricted to V and 7 reads,
1 V2 1 72473
dt [ (z = N)— 4+ —— 52 5
n/ <(2 ) 4 + 2Alg] T2 ’ (5)

[ d®x\/g exp(2AT1R)
([ d?x gexp(A—lR))z'

with

Alg] = (6)

m Can deduce prefactors from data by considering (V(t)V/(t + At))
and (7;(t)7;(t + At)) as At — 0.



m The modified kinetic term restricted to V and 7 reads,
1 V2 1 72473
dt [ (z = N)— 4+ —— 52 5
n/ <(2 ) 4 + 2Alg] T2 ’ (5)

[ d®x\/g exp(2AT1R)
([ d?x gexp(A—lR))z'

with
Algl =

(6)

m Can deduce prefactors from data by considering (V(t)V/(t + At))
and (7;(t)7;(t + At)) as At — 0.

m Comparison with ansatz:

A A
250 s 250
200 200
150 150
100 /A\ B A Y
50 50

/T

lo= 40

/T

Y Y
0 02 04 06 08 1 0 02 04 06 08 1

1A 1A

250 250

lo= Io = 1
200 o = 80 200 o = 180
150 150
100 100 —

50 50

uT T
0 02 04 06 08 1 0 02 04 06 08 1



m The modified kinetic term restricted to V and 7 reads,

with
[ d®x\/g exp(2AT1R)

([ d*x\/g exp(A—lF\’))2 '

Alg] = (6)

m Can deduce prefactors from data by considering (V(t)V/(t + At))
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action is problematic due to the conformal mode problem.

m EH with a modified kinetic term as in Ho¥ava-Lifshitz gravity
describes both the torus minisuperspace and extrinsic curvature at
the boundary well.

m Now that we seem to understand the kinetic term well, we can try to
find the full minisuperspace action. Those results are under way.

These and other results to appear on arXiv soon.

Thanks!
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