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Abstract: <span>Causal

Dynamical Triangulations&€s (CDT) is alattice theory where aspects of quantum
gravity can be studied. Two-dimensional CDT can be solved analytically and the
continuum (quantum) Hamiltonian obtained.<br>

In thistalk | will show that this continuum Hamiltonian is the one obtained by
guantizing two-dimensional projectable Horava-Lifshitz gravity.<br>
<br></span>
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0. INTRODUCTION

pr—

Horava-Lifshitz gravity really looks like Causal Dynamical Triangulations (CDT).]

Horava-Lifshitz gravity: Quantum gravity w/ anisotropic scaling (foliation)
CDT: Lattice quantum gravity w/ a foliation =—————> common feature

Moreover, both theories have several features in common in 4D:

(1) Behavior of the spectral dimension

P. Horava, Phys. Rev. Lett. 102, 161301 (2001)

(2) Structure of the phase diagram
J. Ambjorn, A. Gorlic, S. Jordan, J. Jurkiewicz and R. Loll, Phys. Lett B 690 (2010) 413

In our work, we have determined that

[ 2D CDT is 2D Horava-Lifshitz quantum gravity!! ]
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OUTLINE

1. 2D CAUSAL DYNAMICAL TRIANGULATION

2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

3. SUMMARY
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1. 2D CAUSAL DYNAMICAL TRIANGULATION

Causal Dynamical Triangulation (CDT)

i[ Path-integral in CDT = Sum over all triangulated geometries w/ causality J

Building block: Lorentzian triangles

2 _ 2
time 9 9
time a’f = —(YE
[ime foliation: Sum over geometries:
L W W :, N
f: o -‘\ r'/.‘.‘ _rl :
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1. 2D CAUSAL DYNAMICAL TRIANGULATION
To obtain non-trivial , .
one needs to do the followings simultaneously: <

(1) Fine-tuning coupling constants to their critical values:

(9:2,Y) = (9es Ter Ye) = (1/2,1,1)

# (triangle) --> infinity o —
(2) Shrinking the lattice spacing to zero: N
e— 0

under the physical macroscopic loops and ““time” are fixed:
Ll = Ell L2 = EZQ, 1l =¢t

Things above can be done by the following renormalisation:

eX

e —cY
L =T ", Y=L

—e2A
g=gc. ",

GlY, X:T) =lime Gly,z;t)

e—0
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

4D example:

Einstein (covariant) gravity in ADM form:

| 1 [, 8 o |
{ SADM = p / dtd’z \//u\"'(f{,r_,-.[\"-’ — K+ R - ‘ZAJ [h’} = —2

[Diff] t = t+&%(t,2%), =z — '+ €t z")

Horava-Lifshitz (anisotropic) gravity: ¢ — b°t, 2' — bz’ Power-counting
renormalisable

[ ]- o I . » ‘
[ S”[‘ = — / (lt(i's.'l' \/Eif\/'([-\'ijh'lj — AK* — V[h”]) ] {h‘,] =2—3
| K '

[Foliation preserving Diff] t — t + £°(¢), Tt — x* + E(t, ;1:’:)

Vihij] =0+ {R+aR*+ BRYR;; + YRAR+ - --
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

2D Horava-Lifshitz gravity:

7

| ’ _ 2 |
Sm;:/dMMAWKI—MA —qu N = N(t)

where
) | [ [ N .
Y= \/E & K = T —()[)"j — —26)1 i\‘"l -+ T()]’}"
N \7 Y Y
Move onto the canonical formalism to define conjugate momentum:
= 21— MK (@), 7 (1. 0)) = 6z — )
n: = = - ! YL, L), T \Y, )y = 0T — Y
()(dn'}’)

Hamiltonian can be found as
r . Hamiltonian constr. Diff constr.

H= [de|[NH+ NHY | 7)2 Oy 77
. 41—\ Y
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1. 2D CAUSAL DYNAMICAL TRIANGULATION
Discrete action for CDT: Vol (triangle)

_ i vida+1 2
Sp(A;9) = —A [ d*z\/—g A— +E

Bijection between
Lorentzian & Euclidean

SL(NT) = — A2t in(T)

rotation to Euclidian

Se(MT) = )\‘/4‘;;_171,(21) = n(T) iSp(a) — —SE(Q)

& — =&

Gauss-Bonnet’s theorem (in 1848):

[ L /([if \/a[? - \ - 2 o 2}) } )( : Euler number

A7 h :genus
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

2D Horava-Lifshitz gravity:

’ _ 2 |
LSI“‘ — ./ dt dx N’}f [(1 = )\)[X i 2A] J N — 1\[({_)

where

) | [ [ N
y = \/E & K = T (()(]"; — —2(.)1*\1 -+ —:()1",)
N \7 ) gh
Move onto the canonical formalism to define conjugate momentum:
= B 21— MK (@), 7 (1. 0)) = 6z — )
"' == - - ! Y\, 1), T \Y, L b €r—1Y
()(dn'}’)

Hamiltonian can be found as
r - D Hamiltonian constr. Diff constr.

H = / de [NH + NyHY | m7)2 oY
. A(1—N) v

Page 14/31



Pirsa: 13030091 Page 15/31




Pirsa: 13030091 Page 16/31




2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

By solving Diff constr., the system reduces to 1D system:

H - / dz [NH + NyH

I ‘['HI =0 ie a'(z,d) = W”(L)J
v

(m7(t))?
4(1-2X)

H = N(t) (L(t) +2AL(t))._ L(t) := /.(1:17'7(.1',:‘.)

Hamiltonian constr. leads

(71"7)2 = 8(/\ — l)A for A—=1)A>0 no dynamics
or
[L(/;):() for A > 0 /\<l]
- |f one wants to have a non-trivial dynamical system,

one should choose this parameter region.
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

2D Horava-Lifshitz gravity:

”~

LSI”‘ = / dt dz N7 [(1 — A\)K? — 2A] ] N = N(

where
« Xl l . .. DN,
Y= \/E & K = T —()[)"r = —2(,)1 N, + —5()1’:
AN ¢ Y
Move onto the canonical formalism to define conjugate momentum:
T = - L 2(1 - NK, {v(z,t), 7" (y,t)} = é(x —y)
9(0yy) | ' '
Hamiltonian can be found as
. 2 Hamiltonian constr. Diff constr.
H= [ de |[NH+ NH' | 77)2 81T
( / [ | ] H=~r ( ) + 2A~, H':—l
. ; A(1—N) v
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

We quantise the system using the path-integral:

. " DN(t 4
G(Ly, Ly, T) = DIf[0, 1| /D! -Sp[N(t),L(t)]

where

S5 = [ 0 (MW AN (L U)

and we integrate all functions:

1
N:t— N, telol], / dt N(t) =T,

JO

L:t— L), tel0,1], LO) =Ly, L(1)= L,

To compute this path-integral, it is enough to know the one step propagator:

Ly — Ly)? i’

Gl Bpel= e (_( = _EME) -

Ll
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2. 2D HORAVA-LIFSHITZ QUANTUM GRAVITY

Using the one-step propagator, we compute the following equation:

o [(Ly)°dLy ) . ; 3/
/ {( P\ '}c;<z,2.m;s)w(m-w(L-.;)—s(fffz,-t:)u,-z) + 0¥,
JO '

The left-hand side is

"0 I([,)edL La=Li)* & |
(um)/“ {( '11 ]]{'x]) (—( 2"1511‘2[) -ng/,._,) (L)

If we set the normalisationas A = (L,)* \/g[,ﬂ , we can read off
the quantum Hamiltonian:

A 5 ) —1) .. )
[H = — Ly ‘ — 2a ‘ = a(a ) + ALQ J

2012 <AL, &
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= TINC
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all functions:

t € (0,1
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3. SUMMARY

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

~

| | 2 W F — N
{SHL = / dt dxz N~ [(1 - NK* - 21\} YT — N N(t)
| : J A>»0 X<l

>

Ny

DT CcDT Generalised CDT

* [

f .“"‘ J\.a: .‘! 1
_f
. /

|
continuum 4 |
v ‘ v

S , Projectable Non-projectable
LBURILS grasity Horava-Lifshitz gravity =~ Horava-Lifshitz gravity?
It 11 ¢ LItoT h of ]

NO Do Y\ |

*). Ambjorn, J. Correia, C. Kristjansen and R. Loll, Phys. Lett. B 475 (200)
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