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Causal Dynamical Triangulations (CDT)

. = A non-perturbative way to quantise Einstein gravity )
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regularized by CDT described by field theory
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Outcome:
1. 4d de Sitter Universe pops up

(J. Ambjern, Jurkiewicz and R. Loll, 2004)
2. 2"d-order phase transition

(J. Ambjarn, A. Gorlich, S. Jordan, Jurkiewicz and R. Loll, 2010) &




Causal Dynamical Triangulation




1. 2D CDT J. Ambjern, R. Loll, 1998

Lattice (UV cutoff):
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lattice spacing (€) = fixed

triangulations (T) = dynamical

(= how to divide geometry by triangles)
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G(lg, ly;t) 2012,1,1 (I,l;t —1) tT

Continuum limit
A=A & €—0
0

8_TG(L2’L1’T) = —\H(L1)G (L2, L1; T)

Quantum Hamiltonian

N L
[H(Ll) = —Ligp+ ALl]

Li:=¢€ly Lg:= 8[2, T = ¢t G(L27L1§T) = lim 8_1G(l27 ll;t)

e—0



Horava-Lifshitz quantum gravity
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2D projectable Horava-Lifshitz gravity (HL): =1 i
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| projectable lapse |

— dt dr N 1 —IX K2—2A 1 projecta "

[SHL / z Ny [( ) ]] EN:N(t) i

1 /1 1 N
where v = \/f_L & K = N (’_)’807 — ;alNl + 7—3161’7)

| {7(,8), 7 (y, 1)} = 6(z — ) |
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“Hamiltonian constr.”” momentum constr.

_ 1 7)2 gl
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Solve momentum constraint - System reduces to be of 1 dimension

H = / dx [NH + NyH']

Gauge fixing spatial Diff

H' =0 ie 77(z,t)=7"(t)

1 = N(t) (L0 ig(_t)f) F2AL(D),  L(t) = / dzy(z, 1) é>

Quantise the 1D system based on the following action:

2 . - A
S = /dt (4N(t)L(t) B AN(t)L(t)) A 2(1-X)

(from Hamiltonian constr,, A >0 X < 1)
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Quantum amplitude (after a rotation to Euclidean signature): < > Ly
N(t) I T
ctatum = [ 22O [ s L1
L? . !
where Sg = /dt (4N(t)L(t) +AN(t)L(t)) /0 dtN(t)=T

G(Lg, Ly;T) = (Lyle TH|Ly)

— [rfale T Lj(, LT - ¢) integrate

completeness:

/ AL\ L) (L] = 1
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Quantum amplitude (after a rotation to Euclidean signature): < > Ly
N(t) 4 T
G(Lg, L1;T) = lef 0. /DL e SBIN(®), L) i,
2 ) 1
where Sg = /dt (4N(t)L(t) +AN(t)L(t)) /0 dtN({t) =T

G(Lg, Ly;T) = (Lyle TH|Ly)

- / [dL]{Lole™*"| LYG(L, Ly; T — ) integrate
compare < .
= G(L2,L1;T—€) —€H(L2)|G(L2,L1,T) + .. expand

completeness:

/ AL\ L) (L] = 1
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Quantum Hamiltonian for HL

A 0* 0 ala—1) = . A
— — _— - A:
[H Loms ‘zaaL 7 +/’\L] Y
Whatisa?

{Completeness: / dL]|L)(L| = / LedD|L)(L| = 1 J

< =

/ LAL\L)(E =1 & (Lo|Ly) = 7-6(Ly — Ly —
>

azo _ _ B S

/dL|L>(L| 1 o (Lo|Ly) = 6(Ly — Ly) i
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Quantum Hamiltonian for HL

- 0” 0 ala—1) - ] . A
= —L— — 20— — A=
[H L{}L? 2a0L 7 + AL 20— N

Whatisa?

{Completeness: / dL]|L)(L| = / LedD|L)(L| = 1 J

1 =

. LdL|L)(L| =1 Lo\L) = —0o(Ly — L ! !

o= [LALINLI=1 & (Lall) = 70— L) ]
S —> CDT Hamiltonian for an unmarked loop

a=o /dL|L>(L|:1 & (Ly|Ly) = 6(Ly — Ly) ~—)

<&—

o— —> CDT Hamiltonian for a marked loop




3. SUMMARY & CONJECTURE

2D CDT turns out to be the 2D projectable Horava-Lifshitz quantum gravity:

N = N(t)
A>0 N<1

[SHL = /dt dx N~y [(1 —MK* — 2A] ] where

continuum l continuum

Projectable Non-projectable

Liouville gravity Horava-Lifshitz gravity =~ Horava-Lifshitz gravity?

Known Our work Wild guess



