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Plan:
· Focus on

"small" black holes in

Adsy/CFT>

evaporate
to nothing ,

learn about

-> local spacetime phys
is

states are non-geometric
-

(conventional saddle point
methods don't

work)
-> well-defred states un CFTz

①
Formation/evaporation/state counting

via holographic map
&

A



Puzzles/novelties off·

don't turn
interactions

->

near boundary
of AdSy

=> expect CFTz
to obey Wigher

surmise

Quantum choos

-> can apply Eigenstate
Thermalization Hypothesis

-



· Harder question
-> how

does semiclassical geometry

emerge from Hilbert space

of non-geometric states

· Suggestion
: collective effect

captured by gravitational action

· Set up ↳d semiclassical

gravity problem



⑭I
· Large black holes in Ads

well understood -> clear saddle

For gravitational path integral

Hanking
o Page

· Don't evaporate away

-> radiation Falls back into

horizon due to1AdS

· Behave Like remnants

· Focus instead on small black hols



Elads -

DIvM = Page time

thermal gasEm solid

~44D angle constraint

S2~
T-t

MwithNote R2 cancels
,

Entropy
of black hole - Anup

o entropy of constrained gas
~ E/t
- my z



· Key idea : time reverse of typical

outgoing state = typical ingoing state

·Can count asymptotic states reliably

and map
into CFT wa HkbL



· Good understanding of CFT

states
needed Vie halographic

map
of HILL

i
-I ↓
-I· Build up particle by particle

Slight change in directions>
black

G

hole doesn't Form -> not amenable

to geometric methods at early/late times
-> no semiclassical saddle



Puzzles a Novelties ⑭z

-

· Perturbative states have well-defined

energies En-"/RAds
relevant states

⑨ World naively expect
-

would have SE-RAdS

anch enormous degeneracies

E integrability/amplitudes
· Magic

of Ads gives
a
different

answer



#m T
Trime average separation of

two Light

finite [Wa derived
rays

us detailed 2- body

3Lagrangian
to Olan)

-> interaction energy
finite

&. Unlike in flat spacetime S-matrix]



⑨ Class of 2-body
Hamiltonians

classically chaotic

② Quantum mechanically -> inwoke

Wigher
surmise

> energy
levels

repel in such systems
guasi continuum

S
2 - ? Beet

-

I Rads =
S - 72 -

e- E
-
-

- S

C
S - DE - 2 /Ads



· Districtive feature ofd gravity/

CFT3
to see effect in &'s of

⑳ Expect

CFT3 primary operators

[A large enough 3

·Corrections
to energies

SD - O(1 For B1

·Suggests random matrix methods

should be useful for CFTz



· Upshot ,
energy spackings

Des
Se entropy of

black hole

· Implies energy eigenstates

delocalized It-eRAds
-> non-geometric

⑨ Nevertheles-
> can make

localized superpositionswf

SE-1 above
Rads as



Eigenstate
Thermalization Hypothesis

· This class of superpositions
will

self-average
and rapidly converge

to a
semiclassical answer

Can calculate fluctuations using
⑨

ETH

In energy eigenstate
basis

,
smooth

<clOlBY= Sap + e-*g RasXB
I

random

2) unit variance



· Wavepacket always
have belocalized

tails O(e
-

Si) effects

⑧ Quantum
information always accessible

W

at or
near boundary of Ads

cor sufficiently non-local probes

⑧
Solution

of black hole information

problem



3
· New problem

: how does 48

semiclassical geometry emerge
from

CFT

-> small change
in initial state

black hole formation
disrupts

to currently have
· Don't seem

tools in CFTz
to
analyze this

effect
collective

-> invoke AdS/CFT to

reframe using semiclassical gravity



· Goal : solve Gur = Sitan[Tur)
+1gus

For collapse/evaporation process

track Full time dependence

C .F. Davud Mateos

⑨ One approach : solve problem of

time dependent renormalization of

< ivr) and Frame as an

-
initial value problem

-> bilocal DDEs (local in time)



· New Feature : equations

involve 4 derivatives - to

-> forced to choose special

quantum states where these

small
terms o(t) = correction

· Rules out most Familiar

quantum states

Hartle-Hawkung Too - T4 large
es radius

-> Jean's instability



Boolware : large <Tur] on

horizon

Wurch state unique
state satisfies

these conditions

[ < Tingong - = O

< Toutgoing
I

+ =
Hawking
flux

<Tur]u *

finite on honizo 3



· Bilocal equations still
too

hard -> do analog
of

RST For CaltS

⑳ Build a
↳d theory

trace
+ hat reproduces

anomaly

< Th2] = tow [Reutp Rep ...3
↓

Riegert (1982) ris6-TY on

horizon



· Idea -> try to do
analog

of Polyakov action (2d)

· Analog of
Lionville Field

Satisfies a
4+4 order

equation , conformally
invariant

Art
= A(DE) +

#~T +..

F source



· Upshot is a 4d local

that reproduces
Lagrangian

<Trenormalized

-> predicts

[Trr) renormalized

S=anfdxFg (R -1)

+ JdYFg[BE +

[ Ruste Reve+....]



· Bugs/features
:

can
add any

term Like

85 = (dxx Fg[[ XB4X

+ Xx Scale invariant

curvature invariant

and trace anomaly same



· Upshot : of you add term

where invariant = Curt Cures

Wey( (to appear)

⑧ Let <Tur)renorm

analytically For Schwarzschild

black hole in Unweh state

-> unique
state

(time indep
<Tur) S

⑧ Gives expected result for

Hawking radiation for general
matter



⑨ Issues:

4th order theories
contain

shosts

-> Theory is linearly stable

aroundFlat spacetime

-> Nonlinear instabilities

generated of wavelength
-2GM

-> This is the Hawking
radiation



· Next steps :

1) Solve for <Tur) For

noll collapsing shall

-> issue of prettawking
radiation

2) Evolve this state in

time numerically
-> Ed 4th order PDE

for Schwarzschild



Sunimary

· Can understand microstate

of small Ads black

counting
holes

⑨ Unitary evolution

⑧ Quantum information delocatized

but scrambled

· Hard question -> how does

semiclassical geometry emerge




