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Hawking
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"

Eternal
"

Schwarzschild BH

( i.e . maximal analytic extension - not formed by collapse)

B"JT_ of . Minkowski
→ Kindler !

- Killing vector of , killing Horizon
,
Bifurcation pt .

We'll define the
"

Hartle - Hawking
"

state by a
Euclidean P.I. (cf . Minkowski vacuum to> = w)

we'll see it's thermal
,
like Unruh

.

Caveat : this is a choice of state . It is not yet
a derivation of any physical effect .



(First
a quick trick, then a more careful)Temperature path integral derivation .

run

dsz = - (1-27) dt
'
+ yd÷ + rzdr

'

change coordinates to
go near It :

Defn . R ,n by

r = 2M ( I + ¥6m, )
t = 4mn

Expand A " M
, ie

rn 2M near horizon ⇒

di = - R2 dri + DR
'

+ 4mi dri
-

Rinder !

nun + Ziti

⇒

1- ~ 1- + 8ñMi

⇒

T=¥?⃝ lw.at . ordinary F- = Qldt ) )



Check 1st law :

Area

= ¥41T /4M
"

) = 4am
'

ds = 8ñMdM

-

Tds = DM ✓



To see this really T, define HH state by Euclidean P.I.

Euetideannnt :

t → it

ds2 = ( I -2¥ /die + drz

1- 2¥
+ r2dI2

-
Draw this

Tu Tt 8ñM

Near horizon :

RIM : ¥¥r
f-2M

Far away :

ra> 2M
-

die + dra = F) AT



So
:

" cigar
"

*r=€,--→---A

topologically , ##



How does it match onto Lorentzian spacetime ?

How do we know that

B in cigar is B in

Lorentzian? Because near

the bifurcation point,
it's Rinder us

.
minnow.ci

Path integral on the cigar prepares
thermal state :

11TH) =

" Hartle-Hawking
"

= / p=8ñM)
HH

fa
= trp IHH> (HH /

HH = e-
8AM H

PA



* Unlike Unruh effect
,
this H is ordinary energy

= Qfdt)
as measured by inertial observer far away .

* HH state defined by Euclidean P.I. is

thermal in region outside
.

* BH in thermal equilibrium w/ a hot gas
(Euclidean PI cus equilibrium ! )

* Caveat : Thermal ensemble in • Volume

diverges . Need a
"

box
"

to regulate IR divergence .



* According to infilling observer
,
/ HH) is

empty @ horizon ( like 103m)

[ crucial for discussion of collapsing
BH in a few minutes !

* Alternatively , 10) = empty accordingBoulware

to fixed -r observer
"

hovering
"

( like to>
Rinder )

But singular on It

(because no entanglement across A)

* / Unruh> = Thermal for outgoing , Boulware for ingoing

I÷iE
(non- eqvilib .)



Howtothinhaboutthe-H.at:
(same applies to Minkowski us . Rinder )

In Euclidean
> stuff near origin has small QQ) :

I
So [ e-

t.tw
In> In) ~ [ In> In> near origin .

In Lorentzian :

1This is easier to explain
hmm-F.IT directly in Lorentzian : near

horizon Huff is redshifted
,

"

"
"
"

so populated in e-my

±Ée÷i.
Highly entangled

"

11TH) consists of highly entangled modes pointing along and

"

straddling
"

the 4 segments of It .
Freefather sees this as

"

vacuum
"

.
Hoverer @ a see it

as incoming radiation in equilibrium w/ outgoing radiation .



-

Black Holes formed

,
?

collapse

classical Penrose :

⇒

µ
"

"
"

"
'

i.n.pe?-d+b-ror EternalBH

•
Metric outside = Schwarzschild (Birkhoff)
- No

"

left
"

region .



Equivalence principle ⇒ Freefaller sees nothing
It is smooth

⇒ Like a Rinder horizon/eternal BH

- pH⇒
foot = e

,
p=8ñM

=

Hawking radiation !

This argument applies only to the outgoing modes

q§% this piece of IHH>
has only outmovers

.

^

K

Concluding
* Physical state of QFT following

BH collapse is a / Unruh)
This state is singular on the would-be post horizon,
but that's ok b/c it does not exist !

physical Schwarzschild
* Blt's radiate @ 1- = Yam



Emission rate
-

f =
1-

crabs ( h)
k EP" -1 hr

"

greybody factor
"

blackbody to escape from near horizon

V0

to far away .

* Can also derive this using tree field modes a
>

at etc
.

This is how Hawking did it - same answer .

But not entirely justified as it requires
following Planck- scale modes through the collapsing
star ( these are then redshifted to radiation @ Tanning )



The black hole loses energy
to the radiation

,

so it shrinks very slowly .

Penrose Diagram±±iE__
-

- radiation .

"" """""

Pure → mixed !
Much more on this later

.


