Holographic Entanglement Entropy
For WAdS,

Wei Song
YMSC, Tsinghua University

with Qiang Wen and Jianfel Xu

Strings 2016, Tsinghua University %
1



Bekenstein
Bardeen-Carter-Hawking

Introduction StomingerVafa
o =4 -L— AdS/CFT —3- Srm
BH ™ 46

Holographic
Dualities

- /

p
Strings 2016, Tsinghua University
4 2



Introduction

Guica-Hartman-WS-Strominger
Bredberg-Hartman-WS-Stromin
Castro-Maloney-Strominger

Holographic
DuaIItIeS ________________
Kerr/CFT “ AsG

Holography for astrophysical bIacI<:

K holes, e.g., GRS 1905+105/

Strings 2016, Tsinghua University

ger



Detournay-Compere
Hofman-Strominger
Deournay-Hartman-Hofman
Compere-WS-Strominger

Holographic -~
Dualities CFT.
SL2,R)XU(L) Kerr,C,:T Virasoro-Virasoro |

- Anninos-Li-Padi-WS-Strominger
I ntrOd uction Compere-Guica-Rodriguez

WdS’CFT WAJSIWCFT /" \jirasoro-Kac-Moody |

_______________________________________________

Strings 2016, Tsinghua University %
4




Ryu-Takayanagi

M Otlvatl on Casini-Huerta-Myers

Lewkowycz-Maldacena

_ TH
SBH 4G
Holographic
Dualities
S =Amin Kerr/CET 5.
RT ™ 4¢ WAJS/CFT WAdS/WCFT/

Strings 2016, Tsinghua University %
5



Motivation WS-Wen-Xu

~

~

A
_ 4 AdS/CFT S
Sey G | / TH
Holographic
Dualities
? Kerr/CFT SEE

QVAdS/CFT WAJS/WCFT

Strings 2016, Tsinghua University




Outline

* Review of WAdS3
EE In WAAS/CFT

*EE In WAAS/WCFT

Strings 2016, Tsinghua University



WAdS; holography

dSﬁ/Adsg = dsﬁdsg +  A%A
\_Y—J ( J
SL(2,R); xU@1) g SL(2,R),xSL(2,R), SLER)r=>U()rg

A:SL(2,R);
Invariant 1-form

WAdS3/CFTZ Vir ;-Vir g Compere-Guica-Rodriguez
Evidence: Spy= SCardy Anninos-Li-Padi-WS-Strominger
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Entanglement entropy in WAdS/CFT

e Assumptions: WAdS/CFT

Method: Lewkowycz-Maldacena adapted

Results: The bulk calculation agrees with the CFT expectation
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The generalized gravitational entropy Lewkowycz-Maldacena

» Replica trick extended to the bulk [AdS/CFT’ Einstein }

See = —nopllog Z, — nlog Z1]|n=1
generalized gravitational entropy
— an(nl[g-n/zn] o nl[gl])‘n:]- — anlbk[gn/zn:”n:l

« Selecting a special curve n—1,

dsg,n = n’dr® + r’dt® + (g; + 2Ka(g)xa)dyidyf + - K =0  Extremall

« Calculate the generalized gravitational entropy
SeE = (i, Onoi
e = | 061000

presymplectic structure SEE — SRT

n—1,r—0
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Main assumption: holographic duality exist

Role of consistent asymptotic boundary conditions [ AdS, Einstein }

* setupadictionary dary metric

bulk metric 5 —_
dsg _ 0_2(d02 %S_ )dXIdXJ) hw,dx“dx” N boundary terms only cancels out when the two

metrics satisfy the same asymptotic b.c.

* Replica trick extended to the bulk

See = On(nllgn/Zo] — nllgr])loor = Opluelen/ Zals

o Selecting a special curve At n=1, the near cone expansion has to be

compatible with the asymptotic expansion
[ dsg,n = n’dr® + r’dt® + (g; + 2K(f’)xa)dy"dyf 4 ... }

ajj

« Calculate the generalized gravitational entropy
SeE = (i, Onoi
e = | 061000

Ambiguity in the presymplectic structure

n—1,r—0

Strings 2016, Tsinghua University
p 1



The generalized gravitational entropy in| WAdS/CFT | wswenxu

« Consistent boundary conditions Compere-Guica-Rodriguiz
——ds® = dsg + warping . boundary metric
dsg = o ?(do’ 7,5-0) dx'dx’) + hy, dxtdx” - - -

Selecting a special curve

~_ds2 = dsg + tilting ,

dsz? = dr* +r*dr® + (& + 2Kaina)dyidyj e

€

> T
Compatibility =) dsglrso = dsilo—o,

warping|,—o = tilting|s—o,

~

L
SEE = E — Sq’m == SRT
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Main Modifications to Lewkowycz-Maldacena for WAAS/CFT

* the expansion near the special surface has to be compatible with
the asymptotic expansion;

» periodic conditions are imposed to coordinates in the phase space
with diagonalized symplectic structure, not to all fields appearing in
the action;

e evaluating the entanglement functional using the boundary term
method amounts to evaluating the presymplectic structure at the
special surface, where some additional exact form may contribute.
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Entanglement entropy in WAJS/WCFT

e Assumptions: WAdS/WCFT, AdS/WCFT
 Method: Casini-Huerta-Myers approach adapted

* Results: The bulk calculation agrees with the WCFT calculation given
by Castro-Hofman-Igbal
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By carefully analyzing the moduli properties and keeping track of the
anomalis, a Cardy-like formula was derived

moduli transformation
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EE on WCFT

Casini-Huerta-Myers
[ J

Castro-Hofman-Igbal
EE on an interval

_ Ilr Ix., ,/Ir Ilx
D : (TaX) < [(_57_7)1(577)] .
warped conformal mapping

tanh T2 T 3« K «
tanh& :tanh?, T—'—(g_ﬁ)xzt—i_(,{_)m,
2p3

« EE on D = Thermal entropy on H

- AX
Spi =iPy (AT + 3 DAX) + (iPY — ALE™) log (ﬁ sinh = “) |
e
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A bulk calculation WS-Wen-Xu
« WAdS with coordinates (U,V, p)

« Bulk coordinate transformation preserves two explicit U(1) isometries

2 2 + 2pU)?% — 12, p?
L (U +20)% 1 log(( pU) 52)+v,
4 (Iy —2U)2p2 — 1 (1—-2pU)% —lp

1+ p* (I, — 4U?)
20pp

?

SL(2,R)x U(1) quotient "=
« Black string with coordinates (u,v, r) and thermal entopy:

Sthe'rma,l iAV ilog&

4G 4G 7
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quotient rescaling

warped black string ;; ;. > warped black string > warped black string; ;5

_ Asymptotic

Asymptotic \% Y/ symmetry
symmetry UV) > (i1, 9)
WCET 4.5
WCET (7,1 .
(X:T) V2 (‘x: f)

: non-local coordinate
non-local coordinate _
transformation transformation

warped conformal mapping modular transformation
WCFT (x.1) > WCFT (. > WCFT .3

Sthermal = SEE
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Summary of our results

« Assuming WAdS/CFT, we take the LM approach, and derive a holographic
calculation for the entanglement entropy. The bulk result agrees with the CFT

results.

« Assuming WAdJS/WCFT, we take the CHM approach, and derive a
holographic calculation for entanglement entropy. The bulk result agrees with
the WCFT results.
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