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Where is the information ?
Rindler observer is simply
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Sharper problem
BH in Ads
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But our calculation on BH

background Was certainly correct

up to s×~Cp
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Let us make it
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However modes correlating L /R

also existwith a state
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Rindler observer has fissures
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We need something connecting
left and right



The

classiest
saddle point approx

fails 2 times :

D generates a fireball
D is incompatible eith the CFT

↳ CFT is suppose to Know

everything about the bulk
.

But woo unit get info from
inside honiton ? Fr info loss )



But We Know saddle point approx
is pretty good ? - ...

or not ?
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Saddle point approx
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In gravity
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but in fait for w BH
we know that asimptotically
Cold ) → o ! Ct - > a)
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2 options

1) complex saddle points
contribute largely

2) next to leading order
in saddle point dominated



Effectively : rememberwe need to

be able to look inside the horizon

a) New saddle points ob not
have horiton ( Hawking Woo )

b) Next to leading saddle point

⇒ mon - locality . . .
-



Horitons only causally
okscommeot regions for local

operatorDef Bn

¥n correlate if
the scalar is non - local .



Is there a third option ?

Namely 0 ( e
's ) correction

to the Hawking spectrum ?

( CG
,

Sarkar
, 15) NO !

Although w far observersseesa unitary spectrum we

shooed explicitly W Firewall !



Briefly .
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the Hawking spectrum goes
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thus expansion breaks down



Case w : New saddle points
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LD BH does notevaporate
Q

In principle be do not need

extra saddle points

However even here for a BH

they oil necessary -
. - -



ZD gravity
A= folk Fg CR - 2^3
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However suppose
we have a CFT

for examplea mass less scalar
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Lionville theory



then at one loop in matter

Gravity is no longer trivial
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in partial solving
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BH

€17space like

Lionville

the ZD BH glues 2 Lionville

theories



Now we consider SDG - SDS

Primary operators Va = eons

. space like ( outside horizon )
( y✓p>=<✓2✓P}asov

etimebhe ( inside ) [ Wittenetal , ]
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=) in 2D the BH is

described by 2 saddle points!

Although is on IR object
is Very quantum .

rnpy Kr
, Procopio ,

-06 )Holes
3 ,

¢
string 1

Btz → Items"

strings



But ! timeline Lionville

is not unitary !
µ

Interior is a condensate of
exterior dog
( Gin 's point of view )
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[ Polkorniakou ]

indeed the interior is

mapped on 2 interacting
Bose - Einstein condensates
The saga of 2 's
. 2 BE a

, map of field theories
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Case 5 3D BH
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work in progress )
after long time

( oo > →o

So we need to go next
to leading saddle
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We have w gravity Gmssi an

integral in 8g
a

Sg [ np ( D - 7h ) - Etty Sg
-

so the effective action for
¢ ( after longtime) ~ det Tf



Leff - folks .
.

-

ol 'x~ Grxixdexk
,

... . rx¥n@&P× .

Green 's in DTZ eith imaginary
Non

- lscae !
mass !

€h#
, wreaths out



We Know from Aol SKIT
that BH is a CFT out temp.

T

At initial time term al

noise dominates
,

but after
long time the system is

periodic



Semi - classics C BH ,

missed the periodicity
C info Gas )
But .

.

in the next to leading
be here now or periodicity
in G related to the

imaginary mass - - - - -

may be i -
the right track

. - -
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Summary
. BH are IR but cannot be

described by classical Saddles
. Consider complex saddles
and next to heading saddles

. Effective description may
be

seen as a condensate
- - -
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