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Entropy



Definiti→m-
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Sgen
= f- area (BH) + Soot

soot
= von Neumann entropy of QFT outside,
( including gravitons )

= sis:
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,
Sometimes

sort
=

"

coarse-grained
"

swift)



Sagen is UV - finite @ Horizon
-mmmxmm-

Roughly ,
Area

Sagen = - + South
4G; Ag÷z + °o° + finite9 QFT
bare part

= Area_
.

+ finite QFT part
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Sgenl A) ± •r¥;
"
+ c-

log / )6⇒÷÷÷=.⇒, ⇒*
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4GW 9 ☒urdivergence

b/c no area term .

RG scale

free
Finiteness has been verified in some cases ( scalars

,

etc .) but generally
we have only a formal argument, coming below

.



Generalized 2nd Law (Gsh)

(conjecture)

Sagen /universe) = E AI
+ Soot

all BH

increases in all physical processes .

.

d¥§en ? 0

Subtlety
>uppossed to hold for Souto computed in perturbative QFT

,

coarse-grained
or with Soot

.
Note something tricky happened

NI.TW/exactSfpou+)
.

here . 2nd law applies to

c-oase-gr-ainedenfropies.FI.

Here we are applying to fine-BH evaporation
soup /Hawn's)

Grained entropy of perturbative|÷÷÷ÉSgen

Does perturbative QFT

A """b "→* •

coarse-grained entropy ?

>
t



Skip in lecture -

use short versing( below"

Area Term

① =¥n¥sA

n

D-2 hr

=8ñGµTµmaHer

The classical area theorem follows from NEC 1- no

singularities on It .



Assume horizon is classically stationary botherwise GSL is trivial)

so ②
'

v hid ⇒

On -0 = 5- oasoab) - 8ñGn (TTI )

on -0 = - 8ñGn ( Tna)

On
>

JA = - 81T Gn 6 Tun> 8A

(extra terns DATA v42 )

Integrate twice

SAID - 8AM
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= 8ñGnfdÑ IN -d) { Tnu 'M)
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Ald) = const
.
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= Boost charge !§É÷§



Let

%,
= e-
% Qb°°"

( thermal @ 1- = ¥)

Thus

¥ Ali) = - 8ñGNf¥/ ¥ dog %+

* (A¥q ) = ¥ log %+

_-

Matter : Relative Entropy

foot = actual state

Oout
= thermal

Slplo) = trplogs - trplggo
= - Stp) - l logo>g

Sff /o) E 0 monotonicity of relent .

T
"shrinks
region

"



⇒ ¥ (-51%+1-4%07) to
⇒
¥ [ stood + ¥÷
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GSL



Alt .
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Ald) = const
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[draw boost]dAd =
- 8ñGn skin> [describe flux response]



Matter Relative Entropy

Sfplo) = trpeogp - trp logo
= - Sls) - l logo}

ref
. state :

Let • = HH state

Crout
= exp f- 211-6KIND)
thermal @ temp . Yat

[Not the actual state ; we're dropping stuff in ! ]

Stout / but) = - Stout) + Zit <KIN>

= - 51%0+1 - 1- Area + cont
.

46N

Monotonicity of Sre, :

d- Sffoutloout) £0
DR

T "shrinks
"

⇒ less distinguishable
region

'
out'

⇒

¥11;÷ + SH.at) " 0
GSL = MRE I
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ReplicaDerivationofs.ge# ( Following Lewhowycz
-

Maidacengg1304.4926

Claim : for a stationary BH
,

Sls) = Sagen = 1g Area + SIGQFT )
a

vN in
TvN inn

quantum gravity QFT

Replica Method

Trgn
= Tre

- NPH

ren=1 , classical approx :

Euclidean
BH

Trip" = " Ap€
a- tE=te+p

= e- SEC
euclidean BH )

Lowen # I

2- (n) = Tre
- NPH

s= - noneogf 'É¥n )
n= I

=
- ndnffogzln) - n log 2-(D)

n , ,



All smoothbravos : - I /⑨if + If@B) b/c of grav .
back reaction

g:P guts
-

(this is why
uv- finite )

n=ltE np
( compare QFTgin

• cnutip) entropy)=
• ① Pl"" +

pine )

got -18guv g!

0 because=
-@put

t.no#:g-DP1HeldIon-sheel=0gi-Jg-ciig-Jpli-eI+
Patel

0 b/c not including any singular part from tip .

=÷¥+÷frsR¢
Tip→

=÷§rgR = 41=-11 -n) * (Area in transverse dirs =/ te,r)
16*8
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Last equality = Gauss -Bonnet theorem
,

frgR = 4ñX1m) - fdsk
2dMf dm

✗ C.Disk) = 1

k = §
circle

= 4ñ - In Sds

= 41T - In 121TNR)

= Hit 11- n)



S = - nah / & All - nl]
n=l

5- § Area ✓

(
see Faulkner

, Lewhowycz , MaldaCena)QvantumCorrections- 1307.2892

Zln) = @np

I e- Igraulnp
)
Zap,- lnp)

⇒
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g
backreaction of TIFT on Euclidean BH .

S =
Area101

g-
+ SAI' + SHIFT

{
✓N entropy of QFT
on

= Sgen✓
0*-"

original BH


