Resolving the iofmation parada

Work done with:
Avery, Chavdhuy, Giustd, uninSaenaSivastave
Many fuzzballesults obtained b
Bena-\&@rner etal.
BalasulamanianGGimonl,.evi ....

Slendeis, Taylor efal.

and othes ...




Puzzles with black holes:

(a)The entopy puzzle:Does the “&a entopyCcorespond

to aOcount of staties@he blak hole ?
o

(b) The inbrmation parada: How can the Hawkingdiation quanta
carly the inbrmation in the hole ?

l.e. Can generalelativity and %W%
guantum mechanics co-exist ? ft @

_____

(b) The infall poblem: What does an i&fing obseer el ?

______

~o -




Plan

(a)What is the inbrmation parada ?

(b) Results on fuzzbalimmay

2-charge3 charge4d-charge extemal states
Nonextremal statesCan see explicylinformation
preserningOHaking emissionGim one paticular
microstate

(c) Dynamical questions:

Collgpse of a shell
Infalling obserer

http://www.physics.ohio-stateedu/~mathur




The Inbrmation parada

(a review can be dund in SDM 2008)




The inbrmation problem:a Prst pass
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O
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Hawkingadiation
g o 0 O
O
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How can the Havking radiation caty the
Information of the initial matter ? (Hawking O74)




If a wavepaclet sits acoss the horizonthen we will
get paticle creationThe mode gets cut in tev parts ...
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The entangled naterof the state
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(a)The b quanta a entangled with the ¢ quanta

(b) Thus thee is no state as sucbifthe b quanta alone
but there is a statedr the b and ¢ quanta together

(c) It the black hole vanishéken the b quanta &
left Oentangled with nothingO

(d) There is not supposed to be &such state in quantum mechanics !!




Our state Is of this essentiabifm

"y = % (10)p, ® [0)e, + | Ly @ [L)e)

A factored state vould be of the 6rm
|¢>1 — (C0|0>b1 + C1|1>b1 + .. ) & (D0|O>C1 + D1|1>C1 + .. )

The essential point is that a small change in our state will
not male it a factoed state :
1

1 = = (1101, # [0le; + 0,911y, # [1Le,)

IS almost as entangled as the initial stagehad




Thus a smalhan@ in the eolution of theavemode will NC
solve the iafmation mblem

We need a change of ORDER UNITY in th@ltion of low
energ/ outging radiation modes

If we do not bnd such an der unity changeave will hae to giwe

-

up either General Relativity or Quantum Mechanics




The Havking CieoremO:
If we are given that

(a)All quantum graity efects ae conbned
to within a bounded distance &kplanck length or string length

and
(b) The vacuum of the thegris unique

Then theeWILL be inbrmation loss

& Olo

Large distance
(muah biggr than plariclength)




Review of fuzzball esults




The fuzzball picture

......
.
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In the traditional black holejuantum graity efects ae assumed to sétch
only over distances~ |, and so the state near the horizon is the vacuun

But a black hole is made of a largamber of quantaN so we must
ask iIf the elevant length scaleser~1, or " N¢ |,




The paradigm for extremal holes

A supersymmetric brane state in string thgomV ass = harge
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Microscopic entopy
expressions :
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2-charges
3-charges

4-charges
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gl N 5 (Maldacena and Susskind 9€
Seiberg anwitten 98)
N5

N OHdttive stringO with
D1 branes D5 branes total winding mmber
NiNs

Entropy arises
from diferent ways
of patitioning the

effective string
into loops

kmy, = nyns S = 2v2r/NiNs
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D1-D5 «—> NSI1-F

T4
st +
N, N5
D1 branes D5 branes
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(Susskind 93,
Sen 94\/afa 95K)




AdSs; x S® x T4

T3
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ONai NS1-P Actual NS1-P Actual D1D5
geometyO geomety geometry




D1-D5 5 NS1-P
crrsate (| ) state
A i — I'—'(y " ct) =

U C ermerre o
S, T
D1-D5 dualities
gravity e NS1-P

dual geometry




Geometry for D1-D5

ds® = 1:IK[! (dt! A;dx)?+ (dy+ B,;dx")?]
1+ K dx,dx; + H(1+ K)dz,dz,
.. Q L dv
H '=1+ = dB =! $,dA
Lt o |% FQv)|?
! ,
= QT dv(fhv)? (Lunin+SDM 601,
Lt o %6 FRv)|? . )
| ) unin+Maldacena+Maoz 02
A = | g " _dv () .
b= Lt 196! |9/((V)|2 Taylor 05,Slenderis+&ylor 06)
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Enery gas exacty agee between the CFT and the gvay solution...
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Wavefunctions
of supergraity
guanta
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We must have OqasC




Scale of th®fuzzballO

Consider the typical statend drav a bounday where it depats from the
naive metric by order unity
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2-charge extemal D1D5 :
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Simple statesll components the same
excitations érmionig spin aligned

Generic D1D5P CFT state

|k#otal — (J —(,;oktalz))nlns(J —(,;oktal4))n1n5 o (J —étotal )n1n5 |1#otal

Can mak geometriesdr \ /

these simple states : AdSs x S° x T

U(1l) X U(1) symmety p

Geometry for simple

\__/ state (winding =1)
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2-charges4+1 dimensionsoncompact excitatiorisunin+SDM 001

2-charges4+1d,torus excitationkunin+Maldacena+Maoz O8Rnderis

+Taylor 07
2-charges4+1d,fermionic excitatiofiaylor O05
3-charges4+1 d,one tiarg Otest quantuna@efunction; )
SDM+Sagna+Srivastaa O03

3-charge 4+1 d,U(1) X U(1) axial symmgtGiusto+SDM+Saena 004,
Lunin O04

3-charge 4+1 d, U(1) axial symmetr Bena+Kraus 005,
Berglund+Gimon+La O05

3 charges3+1 d,U(1) axial symmsgtrBena+Kraus O05

4-charges3+1 d,U(1)XU(1) symmstr Saxena+Giusto+Btvin+Reet O05

4 charges3+1 d,U(1) symmejr Balasubramanian+Gimon-i€06




Non-extremal geometries} charges4+1 d,U(1)XU(1) axial symmgtr
Ejjala+Maden+Ross+Titchener 0%

Non-extremal geometriegl charges3+1 d,U(1)XU(1) axial symmgtr
Giusto+Ross+Sana 07

2-charge#+1 d,K3 compactibcatioBlenderis+8&ylor 07

2-chargesl-point functionStenderis+&ylor 06

General structue of extremal solutionshyperkahler base + 2-d bber
(Gauntlett+Gutavski+Hull+Pakis+Reall 0Z;utowski+Matelli+Reall 03)

Decomposing knan microstate solutions into base + bPher
hyperkahler —> psedoyperkahler
(Gilusto+SDM 04)




Structure of general 3-charge and 4-charge geometrhes ;

Bound states of branes is on Higgs bramapole chargesdrm,
are held gpart by Bwes ...
(Benat+Warner 05)

g! 0 @ /O\ g nonzero

If we reduce to 3+1 dimensionget metrics or Obranes at
angles(@enef O0Balasubramanian+Gimon-nL@5)

Recent vork (Bena+Bobe+Ruef+Warner 08)...supetubes in the “thoatO
might gie correct order for number of states ...




(&jallaMadden,
RossTitchener O05)

W( 1

The Non-Extemal Hole :

D1-D5 CFT has botl
left and right meing
excitations

S
===

Gravity dual again has
no horizon or singularity
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As In aly statistical systeneach micostate radiates a little ddfently

el - il

"crT =V & & "ocrr =V & &g

EMISSION  occupation mmbers Occupation mmbers

vertex of left,right excitations for this paticular
Bose Fermi distributions microstate

for generic state

Emission fom the special miastate is peaid at debnite fquencies
and gows exponentiay like a laser .....




One bnds:

n

- -

CFT — gravity

R R Emission hapensnot from a horizon;
LCFT - gravity but from an erg@eregion

I - ¥

(Cardosq Dias,brdan,Hovdebq
Myers,0068;howdhury+SDM 0708)

Thus or a set of (nongeneric) miostates ve can expliciy see
Oimirmation carying radiationO which is tOélaking radiation@rfthese

microstates




Dynamical questions:

(A) Collgpse of a shell




Suppose w male a black hole Y collpsing a shell of matter

How can this shell change into a fuzzball ?

?7?

Light cones point inwals

How does data get out to horizon ?




Two simple estimateg :

(A) Perhass the interior of a black hole isevy quantum ...

Amplitude to tunnel

from ary state in horizon | . g "
region to ay other state | € ~ ( €

Number of states that w can tunnel to

— 1 4
> = 167TG/RdX

1.1
S (GM)?
d*z " (GM)?
S" GM?

eSbek ( eGM2




Toy model

Put a quantum in a potentialei

Tunneling pobability is small

N

But there are mary neighboring wills

In a time of oder unitythe quantum spgads to a linear combination
of states in all potential &lls

.
.
“uy
‘I
u
o
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(SDM 08)




Tunneling is jusbde-phasingO of eigenstates :
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(B) How long does it tak for the shell to become a general linear
combination of fuzzballs ?

If it tales moe than Hawkingvapoation timegfuzzballs dont help !

1
#P > =
> R
‘ P#P  (# P)? 1
M > M > M R?
"= Ex!
2l .1 :
K tdephase q # MR

Note that tevap ~ M R*

So tdephase # tevap

So the state becomes a linear combination of fuzzbalishnbebre the hole
evgoorates




All microstates of black holes made so faedound to beOfuzzballsO

/@G@ . General CFT stateor nonextremal D1D5
2-charge
2-charge extremal
extremal +
excitation

3-charge extemallarge classes also kmo with CFT
state not \et identibed

M~ families knan,
2 29 B4 B4 [ radiation agees
VAVAVA\

.’\ !\ { ( : Nonextremal:Some




Lesson: Quantum @ity etfcts extend distancesdnlongr than plariclength
If many quanta arrvolved

3 N
0% r‘\C}‘L\ I#)
: : \ Q/ q /" &O|y%et 0

Mary pieces of eidence2-charge extemal 3-charge extemal,
Enery ggs,Radiation fom non-extemal states

Can use this fuzzball struceito anayzeODynamicsO ...

Large non-locality is priding inteesting possibilitieof
early Unierse dynamics ....

http://www.physics.ohio-stateedu/~mathur







