
the Jan 2021 Lecture 2

we concluded Lecture 1 with an idea for how to

extract modes across a null surface
[ Brief -Recap]

To extract these modes precisely , we need
the following

1) We don't want the mode to have support
at large Nl

2) we also need to cut it off near 0=0

So we introduce a smearing function TCU)
that dies off smoothly near V -50

,

for UL ke
and for

"

larger
"
U

,
U > Uh

The precise details of TCU) will never be important.

Only some of its general properties .



- 1) we need Us ← Uh and Uh a lcurvahre

a)Precise normalization is

fTCuf¥= 2T
'

Tcu) is flat for a large range of dogU

we also need to smear a little in the

transverse direction
.

We smear in a small volume
Vol

.



Then define
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Bag
at and art are defined by conjugation .



These modes depend on

it A choice of origin [ defined locally]

z) A choice of frequency Wo

The correlations of these modes depend only
on the short distance correlations of

the field
.

For instance
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one
way to do this integral is to note

the identity

cuts. I Iiwdw
when u

,
so and Us 70

To see this note when 141 7 141 we pick up
the poles at w = in

, leading to

L E C- ish ,⇐,)
" '

n -

- I141 Vz
-

T factor
of za from residue than cancels with

no pole
at n=O Factor from l - e

-ZTW→ sit@ - in)
factor of i combines for - sign.

=

uzyz [When IUzl> 141 close contour

to pick up poles at w= - in]



Returning to the integral we started with .

uIFceoS@IypCFJiwoTC-4ITcuddYdua-ut.zw.sd¥ ⇐in c-union

Using the Fourier inversion theorem.

,
this becomes
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where s Cr) = # f Tcu) V

O

in the limit under consideration scr) is

strongly peaked around r=O



So we find
-1T Wo

Laan > = e-

I - e
- 21T Wo

similar calculations yield

< • at ) =

Wo ) assignment
LE art > = 1- questions

I - e
-2540

Also

[a
,

at 3=1 = [5,8+3]
[ a

,

83=0
T follows from field commutators.



A few important physical points
at There is a dependence on the parameter Wo

which we are suppressing

b) Dependence on a point about which the
modes are defined

c) There is no 8- fr in these correlates .

Distinguish them from

< aw naw , > = scar - w
' )

I - e
-29W

'

a

Nevertheless if we take distinct frequencies Wo
and define modes I then

car > =o . [ Isidora: they Fed;]



We need one last technical refinement .

The modes so far were defined by smearing
in a hull coordinate and in a volume Vol .

often it is easier to deal with

spacetimes with spherical symmetry
so we assume that the metric can be
written about some sphere as

- dudvtroded.it . . .

← terms relevant

away from U=qV=o

Then we can define

d-I
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tow
,
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These modes depend on a spherical harmonic
-and not a point .

Here
"

l
"

is used as shorthand for all required quantum
numbers

.

These modes satisfy the same relations
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so Far we have discussed correlations
.

But we can make a stronger
statement about the relationship of
these modes.

We have been writing C 7 For these

correlations but we really mean that we are

considering correlations in some state 147
.

In the full theory , this might be some

very complicated state
,

but that does

not matter for our purposes



say that

I It > = C
,
alt> t g

at It> HX)

where
1×7 is orthogonal to alt> and

at It)

such a decomposition can always be made
.

Now we have

← Iata It> = 0

Since < that at 147=0 and < that 117=0
Ctl ata ITT =

'

a Ltrlata It) .

So 9=0 .



Next
,

< + , act It > = e°
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But
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al alk> so

so
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Also note
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We find
, putting all together ,

I It) = e
-Two
at It >



This is stronger than just the 2 -pt
correlates of a and E .

when we put all these 2-pit
- correlates together , we find that
the action of I. It> is parallel
to at It >

.

Similarly , one can derive

It 147 = @Tuba It) .

T

Note different

sign .



To summarize .

So far
,
we have explored

short - distance entanglement across

horizons .

'

Muy
This

"

entanglement
"

exists even in the vacuum .

Even though the caretakers look thermal ,
they do not imply any flux at infinity
by themselves .

We now move to apply this to

black holes
.
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