
( o Fel 2020 Lecture 9 : The Monogamy Paradox

we are now in a position to frame our second

significant paradox about black hole evaporation .

The idea is that

a) Modes across the horizon are entangled
b) Near horizon modes are entangled with faraway
radiation for an old black hole

4 This contradicts the monogamy of entanglement



Entanglement across the horizon

consider again the modes near the horizon
defined by awe and Eye
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Both these modes are supported only
near the horizon

.

They are right movers on opposite sides

of the horizon.



Remember that these modes satisfy
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In particular note that
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we want to recast these correlations as

CASH correlations



The key point is that given the operator

Nye = Atu ,eAw,e

we can define a projector onto States
with a definite value of Nw

,e

since the eigenvalues of Nwa are quantized
this can be written as

In> LN = Seid e
- n)
de

~ ZIT

11 I

only notation this is precise cleft .



Note that in the interacting theory
perhaps Nye will not have integrally
quantized values.

Nevertheless, this expression makes sense

and gives an approximate projector .

We can also define

In> Intl# t lniknlaw ,e
This
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Note the expressions on the RHS have concrete
expansions as fields

.



Similarly , one can define
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Now define
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once again ,
note these are well-defined

F-FT operators .



Notice that
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we only need to use the fact that

In> Lhl Im> Lmt = 8hm In> dnt -

which can be proved in EFT
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similarly
A} = 1

For future ref note that
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and
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operators
as we previously defined them

.



Next , let us check
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These correlations can be computed directly but

we can take a shootout

Note
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We can prove similar relations for a

power of Nw ,e also -
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This tells us that projecting onto

a given value of Nwa is the same

as projecting onto Nw
, .

So we can think of
-

the state as

rest
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we can further simplify this to
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Another way to say this is that effectively
the density matrix looks like
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This is NOT an exact statement or claim
.

It only means that at LEADING ORDER

one can use the density matrix above to compute
correlates of simple operators and get the
right answer -



Using this we immediately find that
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④ ( 125+17225+11 - 125722hm) / t ) .

Cross terms do not click . because there is

no component of It> with N= anti and F=2h

or vice - versa .

So again we get

HIA,F, It> =L .



Now consider

Ltl ATA
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Lets invoke our density matrix to find this
sum .

We get
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We are almost done .

Define

B
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Bz = Cos@AT - since FAZ

Note that
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and F-f=F5= I
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Then
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This can take a range of values but it is

maximized when
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The Max value is
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You can see this is always larger than 2
because
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Summary
a) The correlations across the horizon that

we

'

analyzed imply a violation of

Bell inequalities .
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b) Correlations are computed in EFT . Adding
interactions

, changing smearing etc .

leads to

SLI KAB IN> =E

But since

LIUICAB It> - 2 = OCI)

we continue to have

< IUICAB It> 72 .



So far the analysis has been robust .

Now let us turn to black hole

evaporation

Mmm

-

We want to draw a

"

nice slice
"

through the

geometry at late times
.



Let

B = region just behind horizon

A = region just outside horizon

c = region far away that contains
the past Hawking radiation

Now we need to wave our hands and make
assumptions!

1) First
, the Hilbert space is infinite

dimensional
,
but we assume that

we can formulate dynamics effectively
in
an es dimensional Hitler t

space .
Lets call this

"
H"

[Reasonable assumption]



2) We assume that the Hilbert space

effectively factorizes so that

Ha ④ Hrs ④ Ho C H
,

This seems so reasonable that this

assumption was not even stated

explicitly in the Mathur LAMPS papers
+

3) The modes aw ,e , aw
, ,

represent

-
degrees of freedom in A

,
whereas the

modes Ey , represent dof in B

4) Early Hawking radiation is captured
by

" C
"

.



This -

may appear
"

sloppy
"

because it is

sloppy !

Now consider an OLD black hole which

has crossed the half - way point of

evaporation.
Cojmplementofttc

so

dim (Hc) Desk is dim CHT)

Now note that we have the operators

A. Az which act on Ttc

so by the result from the last lecture



we can find operators 9
,
G acting

within Hc so that

Lt ) Cac 143=252

up to small corrections?

But how we have a paradox since .

we earlier found that

Lt ICAB It> 32



So

< XICAB 145 t 2419×145 > 8 !

Note a few salient points

1) This paradox makes reference to the
interior since it makes ref to

CAB

2) The violation is an OCI) violation
which looks difficult to fix using
small corrections

.


