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Usual approach to Information puzzle

Usually people take the following approach in the information problem:
(1) Assume formation of a BH by a collapsing process.

(2) Use the vacuum static BH solution to derive the Hawking radiation.
(3) Consider a naive time evolution after the formation and try to solve

the problem. Flat space
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Remark: Vacuum quantum fields on 3~ become the Hawking
radiation through this time-dependent spacetime. 2



The origin of the information loss

* |nformation = quantum state of the collapsing matter
= Its flow is described by the matter field ¢;.

* Energy flow T, is determined by the local
conservation law 7, T, = 0. I\

Where does the
information go ?
&+

= |nformation flow does not follow energy flow.
= |nformation will be lost!



Question:
Does this geometry occur really?

Our motivation

Rather, before considering the information problem,
we should solve time evolution of the evaporation
more correctly to determine the geometry.



A Simple minded viewpoint of the outside observer
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Question: Is this story true?

= Yes, under some conditions.



Our approach: self-consistent egs.
future goal:
Understand time evolution of
the spacetime and information

Solve matter and geometry in a fully
guantum-mechanic manner
=T ifficult!

Solve the semi-classical equations
in a self-consistent way

Guy = 81G(T)
72p =0
= still difficult!



Our approach: self-consistent eqs.
future goal:
Understand time evolution of
the spacetime and information

Solve matter and geometry in a fully
guantum-mechanic manner
=T ifficult!

Solve the semi-classical equations
in a self-consistent way

Gy =2 ?nG(TIW) This will be
Ve =0 taken away later.
= still difficult!
Use some apprex

a) Eikonal approximation=solve the wave eq
b) Only s-wave =only single eq is sufficient
c) Large degrees of freedom: N > 1 =keep g, classical =




1: A self-consistent model
of the BH evaporation



Physical Situation

A continuously-distributed and spherical null matter

LR

0 >= the Minkowski vacuum

described by massless scalar fields: ¢;



How to solve G, = 8G(T},)

Spherical symmetry
=The inside and outside are distinct.
= Continuous matter = many shells

=we can focus on a single shell

s-wave and massless
=outgoing Vaidya metric

ds;2 = — (1 _ ai(ui)) du,?

r
—2du;dr + r%dQ?
=a single unknown function
a(u,r) =26m(u,r)

=we just have to solve
m = —4nr?(T,eu®kFP) = —J
=determine the geometry

We can evaluate this by using eikonal
approximation and point-splitting regularization.



the evaporating solution

e The self-consistent solution for the inside:

241 2 2471
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Remarks:

a) The horizon (or trapped region) does not appear.

b) The classical limit A = 0 can not be taken ("." self-consistent and non-perturbative)
e Each shell emits the Hawking radiation (following the Planck distribution) with

h
Ty(u,r) =
(W) dmta(u,r)
e The total mass decreases as usual:
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Large N effect: No large singularity

 This metric does not have a large curvature compared with

lp_2 in the regionr > \/Nlp if N is sufficiently large (but finite),
N > 100:
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=This black hole can evaporate without horizon or large
singularity, as if one peels off an onion.

the internal metric

Ar~+/N lp

(a small QG region)

>
Vaidya metric



2 BH entropy



Hawking’s idea of BH entropy:
What is BH entropy?

e Gather up the radiation in the distance.

e |f the evaporation process is adiabatic, then

BH entropy = entropy of the radiation:

dM A

S p— —_—
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Clausius relation (or 1st law)



What is BH entropy in the self-
consistent model?

BH entropy
= entropy of the radiation from each shell

(T entropy of the collapsing matter) l

| V4
if the information is conserved. Let _S co.unt
=entropy problem = information problem their microstates!




Counting of microstates

@ stationary
Wy chalanced>

Consider a BH in the heat bath:
2 _4-877,' 2_..2 2
B Nlp o Nlp2[a r ]dt2 +487TT
48mr? pz
e 1dthermal radiations & techniques of statistical mechanics
=counting the microstates of the radiations
=the black hole entropy.
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3 the Information problem



How about the information problem?

o~ —

N)

(7,7

collapsing matter|

e The matter seems to keep falling.
= Information loss?

=However, the eikonal approximation will be broken at O(1) in this
region. What happens there?



Summary

Construct a self-consistent model which describes a BH
from formation to evaporation including the back
reaction from the Hawking radiation, under three
assumptions.

Obtain an asymptotic solution representing the inside of
the hole, which emits the Hawking radiation and
evaporates completely without forming large horizon or
singularity.

Reproduce the entropy area law by counting microstates
inside the hole.

Discuss the information problem by analyzing local
energy conservation in the field-theoretic manner.

Thank you very much!
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