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Lecture 10 : fuzzValls
,
Firewalls and

Holography of Information .

Comparison with original argument
The original argument by Mathur LAMPS was

slightly different and based on the

strong sovadditivity of von Neumann entropy

consider again the setup of the th
.

FEET



The idea is to consider the entanglement
entropy of the three regions.

As we emphasized
,

this quantity is OV-divergent .

In ordinary QFT
,
we know how to

regulate the entropy .

But in a theory of gravity , except in some

special cases [ such as an entanglement
wedge in Ads}

,
there is no good known

definition of the E.E
.

Even in Ads
,
none of the regions A. BC

constitute an entanglement wedge .

[ on particular , C
'' surrounds

" B and A]

So to frame the paradox, we must assume
that our naive intuition will continue to

hold
.



\

First consider A and B
.

The radiation in A is entangled with B

This means that the entropy of A,B together
is less than the entropy of A or of B

.

SAB t Sai SAB s SB

tf A. B are maximally entangled ,
one could



also state that

SAB ko

and

SA x SB

But this is not necessary to
Frame the paradox .

Next
,

we turn to Sc
.

The physical picture
is that radiation is

"

streaming
" into

C
.



From our result
,
and under assumption of factorization

we expect Sc to follow a Page curve

µ
time →

once again we have disregarded UV issues



Now at time ttst
,

C gets additional
radiation from A .

So the fact that

Sc Ct test) L sect) [ for t > 2-
page
]

is interpreted as

Sac S Sc



But the von Neumann entropy obeys
"

strongsuladditivitg
"

SAB t Sac 3 Spots

we can think of this as representing the
"

monogamy
of entanglement

"

tf A
,
B are entangled so that SAB is

small

then A
,
C cannot be entangled and Sac

cannot be too small
.



Bot here
,
we clearly have a contradiction

rum

We found

-

FAX SAB L SB

Sac d Sc

and so

SAB t Sac 5 Spots

which contradicts strong suladditiuty

Again the contradiction is OCI)
.



Historical Note
.

This was formulated by Mathur in arxiv : 0909.1038

The original idea was to use
" lit

'

models
"

,
which

is why one see
"Anz " below .



We will consider -3
.

proposals

[Fill in gradually during the lecture]

Proposal Evidence Criticism

violates EFT

Fuzzballs Supergravity Solms solutions cannot

Monogamy paradox. le generic

Firewalls Monogamy paradox. Violates EFT

AMPSS paradoxes for
large t -h .

'

Holography of see next few seems to require
lectures! nonlocality over

Information long distances .



The Fussball proposal

The basic idea of the Fussball proposal
is that black hole evaporation is just
like the evaporation of ordinary
objects .

The main difference is that

"

ordinary objects have no interior .
"

If we consider a piece of coal
,

it

may emit thermal radiation

com

÷
.

Thermal radiation



But it is NOT TRUE that each emitted

particle has a
"

partner
"

that
remains behind

.

More mathematically ,
we drop the idea that

SAB s SB 's Sapd SA

because
"

B
"

does not exist !

FEET



The Fussball proposal suggest that perhaps
space ends before the horizon is

reached .

The proposal hopes to achieve this by
thinking of solutions with an extra dimension

The idea is that one of the compact
dimensions can have a profile as

follows

l
l

l

l

l

✓ = Vh r=s



The idea of using the extra- dimension is

a clever way to sidestep the no hair

theorem and Chandrasekhar limit .

There have always been proposals around
to replace black holes with exotic

compact objects .

The innovation of the Fussball proposal
is to use extra- dimensions and create
a topological obstruction to collapse .

A large number of such regular supersymmetric
solutions have been found



Fussball complementarity suggests that
for an infalling observer one sees a

normal black hole .

More specifically , probes with low energy

F- NTH

see the Fussball and its distinct states .

For proles with E >7TH ,
the response

of the Fussball is different .

Roughly the idea is that
,
at the bottom

of the Fussball
, we have many degrees

of freedom An infalling observer with energy
E s>Ta excites these States in just the right way

to produce an
" effective interior"

.

[ See
papers on fuzztall complementarity for

details .]



However one should be clear about the

logic
.

The solutions are interesting but they
cannot represent typical States

This is because of our previous stat -mech
results .

Let guv Cx) be the metric operator at

some point . Then we do expect that for

typical states universal

< sulgmrcxs It> = gu, t oce
-Sk)

But all the solutions vary at OCI)
from each other .



so the existence of solutions is interesting .

But they cannot be used to suggest
that generic states do not have a horizon.

The reason to invent the monogamy paradox
was to provide an indirect argument
and suggest that the interior does
not exist in generic states

°
•

-

Monogamy I ↳ solutions are non-generic
paradox used -

--

States

to argue
that

generic States cartoon of H - space
are

fussballs .



Firewalls

There were several separate arguments
given For firewalls .

Here we want to consider the AMPS

argument
.

This should be distinguished from the
AMPSS arguments and the MP

argument , which apply to large Ads black
holes and not to evaporating th .

T

emphasize point in
class



The first AMPS argument used precisely
the monogamy paradox

Note that AMPS point out the argument is
" exactly as in Ref . 123

"

But as pointed out here
,

Firewalls & fuzzValls are not quite the same

as we will now see .



1) AMPS accept that the stat - mech arguments
tell us that the metric cannot be modified

significantly outside the horizon .

2) Also accept that generic states must
be featureless

But now note that if the geometry
outside is the same and there is
no interior then we can compute

<Tnr) .

near the horizon in such a state .



To compute this we usually need to
compute

dim fan to Cx) blocks)) - counter terms
X
, -3×2

where the counter terms subtract the

leading divergence obtained from

dim LOCK) thx)) = N_
Cd -1112

x.→xz IX
,
-Xz)

But the 2-pt function does not have
the right form across the horizon . in
this proposal .

so Ltm> diverges! Firewall!



So the picture is as follows

←
Firewall just
inside .

T
Horizon

[Metric outside

exactly unchanged]



Questions :

a) Why is there such a large violation of

EFT ?

b) How is the firewall formed and sustained ?

Arguments for firewalls are mostly indirect .
and there is no direct mechanism for producing
them .



"

A -_ Rv
,

"
"

complementarity !
"

ER -

- EPR
"

The final set of proposals focus on a

loophole in the monogamy paradox.

Recall that the inequality
⇐ABT t LCao5 £8

only makes sense if A. B, C belong
to different subsystems .

For instance if we set B
,
-_Gi Baez

clearly we can get
⇐AB>

-

t
Lcac5=16

[ since CAB = Cac in this case
.
]



But recall that to get

<CAB5 > 4

we needed [ B , ,Bz3 # 0

so now we will have [Bi
,

GTFO

so a precise way to check whether

we can apply the monogamy inequality
is to see if the Cross

'

- commutators vanish .

9h this case
,
the operators A

, B were

constructed in EFT .

We expect that
d- I

[ A
,
B] n # E) ~ L

s

'



But we never explicitly wrote down C
,
and Cz

.

We simply argued that these operators
should exist based

on
indirect arguments .

In lit -models
,
one con

.

check that we

expect a
,
Cz to be extremely

complicated .

V

For such operators one has to be

careful about estimating [Bi , Cj]

The A- = Ru
, proposals all suggest that

this commutator
'

is large!

Therefore
"

the degrees of freedom
in the interior are scrambled
versions of Iof far away .

"



The ER = EPR proposal is based on

the same idea . In ADSICFT we have
the eternal black hole / thermofield

duality
run

my

entangled CFB dual to eternal L -h .



At eternal l -h . has two horizons

b.of the same interior . one way
to think of this is that we have
two very distant black holes

,

connected by a wormhole .

→
horizon

①a-→
spatial slice

whole

B



The idea is that once the C-h . is maximally
entangled with its radiation

,
one

should think of the interior as

being described by
'the radiation

.

Note that ER = EPR shouldn't be
taken literally! Not an entangled
qubits come with wormholes !

A better perspective might be that
it just

.

notes that thermofield

eternal l -h . duality lends support to

A- =Rv .



Criticisms

( I

a) Are we violating solar system
physics

" ?

For a large l -h . the early radiation
is very far away .

How can it affect the interior ?

b) What is the origin of such
effects ? Is this a postulate of

new physics?



In the next few lectures
,

we will

Formulate the

"

principle of holography of information"

This States that in any
-

theory
of quantum

.

gravity , a
'

-

copy of the
information available on a Cauchy
slice is also available near the

boundary .

ri

←
In such a configuration

R where PT surrounds R

an observer in B can

use gravitational effects
to extract info from R

.



This is

a) consistent with solar system physics!

b) does not require new physics .

Arises from a careful consideration
of the features of quantum
mechanics and gravity .


