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Relationship of global modes to near -horizon

modes .

we already mentioned that
,
in Kruskal

coordinates
,

the metric becomes

d5→ - dvdv t idea
,

t
. . .

hear the horizon

so we can define ''
near- horizon

"

modes as in lectures I and 2
.
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we can do the integral carefully .

But let us guess the answer

for Anh in terms of Awd and
Bw ,e

we already argued that near the
horizon

,
the modes Aw

,e are multiplying
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So the integral for Ann only picks up
the Auge modes .

"

l
"

is fixed by angular integral

But moreover since the integral is over

a large range of dog v the contribution
is sharply peaked from

w= two

so we can write

Anh = Awoke
,
l

where

Awa = J Awgeqcwlsw) dw '



In principle we can work out
"

q
"

carefully .

But we don't need to !

We only need

D q is sharply peaked about a' = w

z) After smearing ,
the awe modes

are correctly normalized

[ aye , ate,3=1
We know this even without working out
q because the near horizon modes always
obey these relations which come

from the canonical commutators of the
field .



Now we immediately see that
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with p = ⇒ we have
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Hawking radiation!



So

1) The existence of a smooth horizon

2) The late - time emergent 2- → 2- tst

isometry
force the Auge modes to be

thermally occupied

since Aw,
is prop to Aw

,
and

'

since Aw ,e is outgoing at * so we

see this leads to an outgoing flux

The precise stress- tensor far away
depends on the greybody factors and precise
factors between aw,

and Aure
.



But we will not need these in detail
.

Note the derivation does not constrain
the Base modes .

a) If we put Bugs in vacuum
,

"

,

called
"

Unruh state
''

y tf we populate Bw ,e thermally

called " Kruskal state
"

other choices are possible for Buie .



Hawking radiation in Ads
.

We now repeat the analysis in Ads
,

which is very
similar . we will just

point out some differences .

we will consistently work in spacetimes that
are asymptotically global Ads

d5 ⇒ -Citi) dt
'

toff to
-did

,

we have set the Ads radius to 1
.



We want to consider black holes formed
from collapse that

, at late times
,

tend to

Ads - Schwarzschild

2

ds2→ - fcrldt't do- tr- data
,the

-

Fcr)

Here

far) = Itv2 - Mrd-2
The horizon is at F- rn where

f-Crn) = 0 .



manyRegion
of interest

→ Horizon .

→Infalling matter

The Penrose diagram of the spacetime
looks like the figure above .

We are interested in times where perturbations
due to informing matter have decayed
but not times that scale Cin Ads units)
like the B -H . entropy .



We are always interested in fields with
normalizable boundary conditions

.

⑤ → o

as ✓→ on

This corresponds to a system that is

not disturbed by external sources

and evolves autonomously .

TT

Emphasize point : sources are not

required to extract any bulk

physics .



For fields
og mass m

,
it turns out

that

to → 1- as - → &

ND

where D= Iz t ¥tmT
In ADSICFT the field is dual to
an operator of dimension D in the
CFT .



As usual we introduce tortoise coordinates

dr* = die
for)

Near the horizon r*→ - a

Near the boundary , -* → constant

Lets consider the expansion of the
field

Again ,
consider a field mass m

.

Lets expand the field as

⑦ = fdw Aw
,e fstcw.fr#)e-iwtYeCsIth.c .



But now only
"

standing wave
"

solutions are allowed .

T

difference from flat space

Near rear → - a

Fst El , w , r*) → eiw't + e
- isw.ee - iwr*

T
Gw, → relative coefficient

has to be
a phase .

The canonical commutators
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Consider the W - integral near r=rh
We need
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We
'

can also quantize the field behind
- the horizon

Behind the horizon we write

① = fdwfh-w.ee-isw.ee
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and F-
wa are new modes not necessarily

simply related to Owe .



We now introduce near-horizon modes
as previously . We find

Anh = Quoted

~
-

a = a
Nh wok

,
t

where k = F' Crn) 12

aw
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and
g. J are sharply peaked around w -- w

'



The normalization is again fixed by
[ a.we , ate 3=1 .

Note that although the aw
,e are

thermally occupied ,

°

there is no flux

at r -so since the modes are

standing waves
.

So Ads Lhs do not evaporate with

these boundary condition
.
Instead we have

a th surrounded ly a thermal atmosphere .


