Replica wormholes and the entropy of

Hawking radiation
Almheiri et al. arXiv:1911 .2333

2021/02/12 Journal Club N. Ishibashi




JovIm—ILO)IEIREE K R

» EFNREZEBR(CANDE. TIWIR—IUETRE T = o ORERGIZLHT

(Hawking) s
“— -
P ‘ . [U) = Z [%i)bh|Pi)x
o - ;
= J5YIIR—=)UDIEFEL TAERROTUEDE . BERETDHNTRD

= §5L. pure stateDIRREDYIENE 1 FRIEL TI VMR- ZRZ L, €D 5
DI—=ILHZEFE T B, pure stateh'mixed statellD, BFfEIEEHN 1= —
TRWELDZEICRD

» S FEJITIES matrix(F1=A-TIEERVLDTE ? (Hawking)




215

1. [BHRIFEEKRTS
2. BRIFREEIZA-THANEL

2035 EHE . ETFENOFHHETLHNSEENIEREF B I dRN0D

= Replica wormholeb I (EN3IRFKOENTT. COFEHERHT D
= EFROFERIE2/R5T IT gravity

I=%/ VIO(R+2)+ [ VheK +---
M

oM

" 2RTTTOREREZENTI S



Outline

1. F&
2. Replica wormhole

3. Island rule



1. FE&

= JS59IiIR=)L D3 ECEIEN (Gibbons-Hawking)
Z(B) = Tr[e_BH] :/[dgwdgb]e_IE

~ e_Icl.un.

= (BvhER) I>bhOE-
S = (1 — 585) In Z(B) ) i + Soutside

4G

A . o
= OBH = o I SYIR—ILOBDFH I hOE -
Soutsice  :Hawking radiation® (I>A>FJILA2N) I>hOE—



T2 ARI> hOE-

= JSvIR—)ILDIREEN pure stateTHdET S
p=|V)(¥| ) = Z |13 ) bh P4 )r
= Hawking radiation® (I‘/’S"/’]“)I/X;I\) I>hOE-
Sy = —Trypr In py pr = Trppp
= I3VIIR=IDIATIAS NI OE -
Sbh = —Irphpbh In ppn = Sy pon = Trpp

» TR )LOBAFEMN I FOE —Spga =2 FRICEICEIICEZS Poh D
523 S, DERXE

Sy = Spbnh < SBH



FEEFEEN L) -ThdEITIEFIE

= Gibbons-Hawkingh ' IELWRS(E, T59ImM—ILHZEFE T 2BIET
= S (iﬁiéﬁiﬁb[
= Sen=ga- (JEEFEIRA

= 25X (Page time)LAPFE. Sr = Svn < Su HRDIZIERKRS

Entropy of

. S ER DA TRER T A SRS e




2 . Replica wormhole
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Replica wormhole
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3. Island rule (Almheiri-Mahajan-Maldacena-Zhao)
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