
Plan : Page curve basics

Page's argument
Mathur theorem15

.

Firewalls
,

Sehino - Susskind ?
wall ?

0QI in

Hawking
Radiation

tJµ§gT



Evaporating Black Hole
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IRIEQubitmodel-BH.LI Rad
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Dynamics :
@ each time step,

1) fBµ→ ÑfBHU
T
random unitary

2)
"

Emit
"

one qubit v1 probability T

ie move qubit# Npo from BH → Rad .

Find 51rad ;t)
.
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Random states on It
= HA ⑧ Hip are

nearly maximally mixed for R K B
.
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Pagetheorem :

Human - ¥11.11
,

+ fÉ÷F
• TEIBI
for FAI

,
IBI >> 1

Proof : see Harlow .

"

Haar
"

means

fdu =L

JIN Ui ; Utne
= f- diedju [deriv : Ed's, Ute=L]

etc
.

In terms of entropy :

fdlb SHAIN) = log IA / - I ¥1T + subleasing

e.¥. A
= 1000 qubits , B. = 1003 qubits ,

typical Saru 1000 log 2 - 12-3 + . . -
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Page curve for Hawking Radiation

Hawking
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Mathur's Theorem

small
,
local corrections to Hawking's calculation

cannot fix the entropy .

Proof
Recall SSA

,

H= Ha ④ It,④He

SAB + Sbc ? SB + SABC

Equivalently,

SAB + Spx > Sa + So

Proof : Purify A'D'd

say + Spic , 7 SB ' + SA 'B'orA÷t8: I
Scipr + Scipr 7 § , + Spr

✓
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Escape of Hawking radiation⇒

Salt -071 = SAB

< Salt for unitary evap .

after page time

Smoothness of horizon⇒

Sbc
< Spg 's,

b/c IBC> ~ expffdwe.tw
"

atwñtw ) to>
(TFD) ¥-1

SI
SAB < SA

Spx < Sps Iso

This contradicts SSA !

Sars + Soo 3 SA + So



"

monogamy
"

of entanglement : (of . no cloning )

If a late- time Hawking particle is highly entangled with

its interior partner, it cannot also be highly

entangled w/ prior radiation

⇒
Page curve can only go up

!

This is robust to any small corrections

to quantum state IBC>

"

Firewall
"

/ AMPS paradox v.1)

Page curve decreases

⇒ A ,B entangled
⇒ B

,
C not Ivery) entangled

⇒ state @ horizon doesn't look like vacuum @ short distance
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Paradox
"

= Tension among

• Unitary QM

← EFT

- Locality
9
But what is locality in QG?



Loophole
a-

A
,
B
,
C are NIT independent in quantum gravity

It =/ It ④Ha④H•④Ho
int

WI?

Non-perturbative effects :

fr
=

f.
"""is / 1 + small ) + e-

¥

w
perturbative MY

⇒ respects
Ha④HB④Hc
factorization ,

cannot help paradox

This might be big enough !

S = - trgbgg
es⇒

- E. Nilgai
i. =p



AdS±FT
Clearly this is how it works here if

Ads/CFT is correct .

But you
cannot say ADJKFT is

"

demonstrating unitary evaporation
"

maybe Hawking's calculation disproves Ads/CFT !


