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Quantum Info .

Thy =D New mindset to probe Q.co
.

[ RT , HRT , FLM ,
] LMS

,
EW
,
DL
, . . .]

Extremal⇐"÷÷;÷÷÷÷÷÷÷÷÷.÷!
Surface

to



This formula can
be derived from the

semi-classical gravitational path integral (Replica Trick )

[ LM ,
DL

, AHMSITPSSY , . . . ]

New insight : This formula is enough
to

produce a unitary Page curve

5rad

iµ RT formula ( islands )

[P.AE MM , - . . ]



Conclusion

We can see avatars of unitarily•

from

semiclassics.NO
need for the full microscopic details

( no need for strings , branes , etc . . )



This raises 2 questions :

-

① If the full microscopic are
not

needed
, exactly how much of the CFT

do we need ?

② How does the microscopic CFT data

get reorganized in Sgen ?



|]µ⑥☒fµµ,µffµf ⇒ RT formula _⇒ Unitarily

Euclidean

Semi - classical

Path Integral



Goal for today
-

Present a dictionary between

Microscopic CFT data A-D Quantum Extremal Surface

{ Di ,Cijk } 8=17 ¥
,

+
sb.lk

=D Restrict to low-energy sector

=D Can make the dictionary precise /sharp



Subtleties

① Soft is
UV - divergent

=D not a problem ,
DS

,
Srel

,
IAB

① There are b# UV - divergence ( Sbulte)

bulk RG

c-

¥n +
Sbulk

UV - dir reabsorbed in renom
.

of 6N
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Outline
-

① Introduction

① CFT computation

③ Gravity computation

④ Conclusion + open questions



CFT calculation
-

/ 4) CFT = 0s .T (o) to )

↳ his

A- c- [ 0,0]

Sn ( in)) - Sn / ios) - # Log / ( Isin -1¥))
"

"hfo÷÷o ,]
[Alcaraz

,Berganza, Sierra]

É*#÷ g⇐=÷→ .sn

doable in ⑦ → 0 limit



C
°

: AS = 2h12 - out #1) - sin (E)
"

r¥¥-
11 :02:



c° : AS = 2h12 - ocotl:)) - sin (E)
"

r¥÷
11 :02:

① Anon .

dim
.
of Osi

.

: h→* h+ 4-

① Exchange of T (F)

③ doz = 4h -1 4%_r

④ Coo :O :
= + a

To
,o
, ago

→ fixed by crossing [Collier
,
Gobel

, Maxfield , Perlmutter]

8h is not fixed by crossing
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E
'

80,0 90,0

=D Focus on
this piece today

Where does it come from in the bulk ?



Bulk computation

÷
ce,

= 010110) A⇒ 14>bulk = ato
,
10 >

O(co)=O(6n°):Twoeffeo

① The geometry changes n

bulk

✗ 411214 > =/ o
""+

?yIn

Gpu = 8TGNTTµ >

• 9m = 9µA
"
, gnu

" '

•
No need to find 8

'"

by externality



① 14 ) polarizes the bulk entanglement

at = E KI,w btizw + Paw bian
tr
,
w

107×01 -•
tr
,
→ e-

PH



① 14 ) polarizes the bulk entanglement

at = E KI,w btizw + Paw bian
tr
,
w

at to > tola -•
tr
,
-• 0 e- PHOT

'"' ">

⇒bolkuv-finitesb.lk-
Sbulh



① 14 ) polarizes the bulk entanglement

at = E KI,w btizw + Bmw brew
tr
,
w

at lo > tola -•
tr
,
-• 0 e- PHOT

sb.IE -
sb.in

">

=p

bolkbv-fin.IE?#.-2hl2-o-cotlEl) - si"¥
ssb.k.sn#fEj'--&-sinlE1"

[ AB
, Iqbal , Lokhande]



0rderGN.AMWhat do we mean by semi - classical gravity ?



0rderGN.AMWhat do we mean by semi - classical gravity ?

(2)
a)

Ads
+

GNZ 9pm
+ 6N Gpu9

µ
= 9m

✗ = ✗
Ads

+
Gn 8

"

+
Gn -8

"'

%÷ /
% ,

= Ak8"É"+AAÉÉ
=D No A- (8

"'

,S°) by externality

=D Need g
"'

+
ya)



Finding g
" t

-

We need to solve

✓
gads + gin

( D ' - ma ) 4--0

iwn.e.IO/--Efn.eG)ean.e- c. c.
me

for = ¥yn + Gn F
"

(r )

~

r→• ¥ + Gnr6h



To find g
"'

-

:

(2)

=
81T Gn Ktm

" '

>
Gru

→ solve for g
'"

This is (second-order ) grow .

dressed and smooth

conical defect .

=D Can compute A¥;!



BolkEnergyandthe-right.tt?

What is the energy
of our state IN>b.lk

.

ADM mass : E+÷= 2h - 24¥ ?n¥

C. FT : -141 Lol 4) = 2h + ⑦.

BFreeparameter.ba#ho1d not fix it !



BolkEnergyandthe-right.tt?

What is the energy
of our state IN>b.lk

.

ADM mass : E+÷= 2h - 24¥ ?n¥

C. FT : -141 Lol 4) = 2h + ⑦.

BFreeparameter.ba#ho1d not fix it !

We can also change
the bulk mass !

M→ m +
8m =D affects 8h =p

need to agree

beforehand



Howtofind
Go to Rinder Ads

Is '= - sinh 'S DEZ -1
D8 ' + cosh 'S dx

2

+ 9m
" ' dxohdx

"

CES →
8--0

QES →• 8=0 +
6ns

"'t)

A- [ S
"

'm] =/d×ÉÉco×s



For S bulk i
8-D 8+85 → shape variation

sb.lk [ S "'m - ) d× &
"

" ?p+ fat

E- 0M for f'
"

G)

|f"(x)_fC×)-VgeoY)_VEE(+)-É÷• I
~ ⑦

4h

g'"G)



Can deal with Vge . + Vbulk

"

independent ]
"

Define fge . :| fgeo
"

t lsgeo + Vgeo -0



Can deal with Vge . + Vbulk
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independent ]
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pultingallthep.ie#together

1- ✗ XI AH> local46N

=
- ¥ ? 1¥ + ¥

.

:-. ) - Y÷l:)
"

t 0 ( ⑤ ")

= 21-1%-1 + . . . ) - 1¥ (E)
"

= Soft

✓



Summary

•

I presented the first steps of a dictionary

Microscopic
CFT data f=D Quant .

Ext
.

Surfaces

•
Partial check of Quantum RT formula

at order where quantum externality is

important . First
of a

kind in d > 1
.

Vir 11 block

• To this order : +T- C A-
46N



QuestionsOp_

•
Compute S bulk

'

•
What about boundary gravitons ?

Didn't consider their contribution

Only relevant for Lulu> ?

•

Bulk Cancellations

What is their meaning ?

Can we extract them from
the CFT ?

•
Can we really dislike sb.lk us ,¥g ?



Thank You !


