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1. troduction

Basic question:
BHs behave as thermal objects.
ITBH (Hawning Radiation), SB (Area of Honigon)
DoThey admita statistical mechanicaldescription?I.e.
Are they ordinary Quantum systems,
atleastwhen seen from outside?

Hawking:No, they evaporate and lose info
*

Surivc Ia



Insights from many facets of thing thing
And recentwork my gravitational path integral)
suggestsinformation does come out:

·
the key step cans for

a formula to

Compute Svonveman in gelitational
systems.
Also an area,

butobtained by exten

mining generalized entropy.

Ryn -Takazanajiis singlestexample ·



2.

k.1hemodynamics
Recall rules of BH mechanics:

·
Ed faras =dM -2d]

TK
Postulating: SKA

TdSpy =dM - 2dy, suggestive

of Themodynamics (dAO, Classically)



tal Themodynamics (Hanking)
GR +QFTRadiation > Actual

w/T= blackbody (gy)radiation

Must include full system:
S =hon +SoutsideRadiationongen

and indeed

ASgento, like themodynamics
(more general, ifa Hawking Evap. AASO)

Note That

swith so huge number of doof.



Eh Hawning rediction
& Endidean Bis

Recallschwayschild metic:

ds= - (1 -1))dt+1 +dri
1 -1
h

W/r s =2GNM, radius of BA

zoom in on horizon.
2 -15(1 +ey),1+2rz
And take (KCRs,

d5=- jdz +de

This is Both flatspace in Rindten
coordinates:



20:9 Sinha SC29Cash2

dS'w-dus +drit, Horizon Smooth

f =Coust Corresponds to floating
atlimite distance of Horizon.
In local Rindla

/ uifonly acceltingobserver! I Need a Rocketto floatatfinite is away from Ms.

#***



Aselected observer detects Tenqucture!
Cunuh)

Trick To find it:in Endidean Time
-

periodic projection by 1 consponds
to T =· (Denig's lecture)
Wick rotating:(2=10,118i0*)

- (3dz +de- -d0 +de

(Fletsyele in folam
featate coonds)

Hence:Tacal =cte =a-he
(Near Horizon accel. obsaver)



Note that lt so tres a

More genually, Troph n) . Free'rs =
2

Is for away (170): Itis82z = -1

30T(0):
We can also turn this around:

Finite Tenjecture 1 amounts to teteP
thenbe considering the full Endidean geometry:

dSE =(1 - 13)dtE+or -d1=
with LEwAz +p "Assymptotycally,



smoothness of the Horizon (origin in 1,0oae
OrO +n =T=
1
u+15

*Alp Egrey.
B=

pope

therefore, I(B) =
Path integral-

QFTinBH in signs

From her one derives.
S=(1 - p(p)(gz(p) =or +Sout



2.5eating BHs

Eventually, Hawking radiation evaporates
the BH

away.
Recall thatthe

mechanism is "gain- creation of entangled
particles:The semi-classical back-nested
sple-time is:

#moCancly slikes



:Ifii)

Entangled
pains

inx-yl
iv) T



E.thanordinaryQuantum system
What we have seen so far suggests BHs

obey laws of themodynamics v/ long but
finite #of d.o.fs.Central Poguna:-

#seeMoustontaderopticneed
· No statementaboutinterior

· dimHp1, d01 notclear
· In a reflecting box (a.k.a AdS) BH

evolves unitarily by itself.



Frassymptotically flatsee

EwanRedRoutine
Inside Outside
evolve unitarily a

· BH is justlike a pick of locusside!
· Central dogma rejected by Hawning.
Is also in tension w/ fale-value
interpretation of geometry:



Eye for↓ 1/
like a sequate future of the interior

Why couldn'tinfo be struck and lost
forver!

· The recentresults give evidence
for the central dogna,don'tassume it.
- sting theory counting of dog in
SUSXBHs
- AdS/CETprovides a manifestly
unitary description in the Boy



4.Findvs coarse-grained
-

Ehropy
Recall:

Von Neuman a.rs.a gained a rea
-

Quantum InFrogry:
SuNI- h(f(g))
~O for pure state (=(4<4)
· Invariantand unitary

timps evolution

e-vert

Coarse-grained Entropy-
Measure a few coarse-grained

observables

Take all st
Ai =E,y, ...)

T(eAi) =T(1Ai)



And Compute Surff). Then Fakew/
Maximal entropy. Sounds hand, butthis
is the definition of thermodynamics!
we assume equal probabilityof all
microstates compatible my mono-obsuvables.
Indeed:
A Sconnse0 2nd Law

· Saen mustbe an Scourse, sink it
increases a lotwhen Horizon forms ·

· In a two-part Quantum system H = HQHB,
Stpl, has non-get entropy because of
entanglement, B, even for June AUB.

S(A) =S(B)f0 iS(AVB) =0



· Sun-> Scourse by definition.
Intuitively The of total dogs gives
an upper

bond on the # of entangled fabits.
· For Quantum fields, we can about

entropy in spatial regions

#fSur(z)-sweffat(ste
re

change w/ time.

I defines Censal diamond:

#S(z) =5(5)



SensicalEntropy in following,
we conside SurI] as fine-gained
entropy of Qatar fields in lived,
"outsidecaused geometry
This is Smatter /Souside/ssui-cescial.
5.kingInformation Paradox

This isan argumentagainstcentral dogma.
CoThalia no paradox, could be fate of QE)

Origin of Hawking Rediction:Entanglement
Bby collapse of pure

state why Themal radiction?
we are splithly insideside, so outside
in a mixed state (Entanglenet).



Horizon gains, one stays, one goes:
Pure State
-
(ingoing

( outgoing

Hawking Quanta
QuanTa) I HawningM M

mo

Thermalmixed
state

Sofar, no contradiction. In feet, gue
Quanten systems Themelingby emitting close

to the had, because of entanglet with
The Quater system. So atearly Fines



makesa Sense.

However, as itevaporates, BA gets
smaller and smaller and we him into

trouble when Sid S
Bers-Home

This is because they are not enough dof
for the rediction to be entangled with!

if B.Hdef. +Rad =pure, then

SB.N fin =Sead, butof course



SBA fine & SBACONSSBR-Hawk
If Central dogma was time, at
Sid =SBeck-Hawk, lntropy must
Startdecusing!

Sind, give -> SBers.Haws Page aural
AS.t Seed =SBer-Haw: (Page Time)
S

*
-

t



· When BH small, planes effects /
butthis is much letter than Tpage.

Harning's
· Argumentrobustin Gr Prtumbation theory
· We could say Sur is sensition and
shouldnotbe computed semi-dessically
Bettenstein-Hawking is course-growned,
the recentwork suggests

how to compute
The actualfine grained Intropy.
Itis also a genualized Intropy:

S
him NEXTAnrlzs

+SouT]
⑥New surfaces thatare notHorizon!


