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Plan

Describe non-extemal fuzzball and dual CFT state

Describe instability of the alve solution

Give CFT/ micpscopic description of the instabilit




Structure of Black Holes

Singularity

Flat Space

Throat (AdS)

Horizon

Horizon ) Singularity




Black Holes in SUGRA

Example

Compactify 5 dimensions out of 10
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Form their bound state




Extremal and Non-Exegmal Black Holes

Extremal Black Holes - minummn massdr given
charges

Mp1~ R Mps ~ RV Mp~ 1/R

where wlume of $~R, T4~V

Extra energ excites anti-charges

For large R ony anti-momentum is excited

D1! D5! P+ Energy!" D1! D5! PP




AdS/CFT

Flat Space

Throat (AdS) <€ > CFT

CFT Is unitay

Horizon .
Where are the states In

Singularit .
A gravity ?




CFT - Eféctive String

Radius=R @ { )

\/ > @ N=nnstotal winding mmber

1+1 (4,4) CFT with target space demation of
orbifold (TAN/SN

Four bosonic excitations caying spacetime indices
Four real Ermions in each sector

spin of érmions in CFT = angular momentum

SO(4) ~ SU(2)X SU(2k



Four bosonic excitations
Two complex €rmionic excitations
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Special states @ been made
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In the left and right sector




Smooth Solutions (Exémal)

Rotation
>

Horizon dis@pears - single state

. N
Black Hole Smooth Geomety

Originally done br 2-charge D1-D5 hep-th/0011217  hep-th/0012025
Later on same was donerf3-charge D1-D5-Phep-th0405017 hep-th/0406103




Non-extremal smooth geometries

Rotation
>

Horizon dis@pears - single state

. \_/
Non-extremal Non-extremal
Black Hole Smooth Geomety

hep-th/9603100 hep-th/0504181
hep-th/9705192




Features of this geomety

NO horizon

Completely Smooth

Rotation

Have ergoregion
No global timelike Killing ector

Negatie energy excitations insids
ergoregion




CFT dual to non-extemal smooth geometries

AdA QK
AR
fermionic excitations on left and righ

_in left and All component strings of same winding
right sectors number




Classical Instablility(hep-th/0512277)

Klein-Gordon equation in the smooth backmind

1 # =0

ansatz

I = exp(! It + i"§+ Im; #+ im-$)%&h(r)

In the large R limit angular gareduces to lplacian on S




The radial equation

solution in outer egion
A
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solution in Inner egion




Interpretation of the wae solution

—

[3at space andldS decouple

the ware splits off into tvo parts

the energ of excitations IrAdS Is

~("1" 2" m-m)




Enery consewation ?

Like tunneling of excitations
out of a bo

However here the bo
initialy had no excitations

Sinultaneoust excitations
produced inside and outside
the bax

Schiff-SchyderWeinberg
eflect




More general case

""" mm+mn" |[" """ mn+mm|" 2(N+ 1)

where

J ' m Nnqinsg

J N N1Ng

I = exp(! itt+ " = +1im, #+ im- $)% & h(r)




Proposal:
the instability ertex operator

i

NS

- twists (+1) strings to one

- annihilates and eates bosons an@fmions
on the strings

- produces graiton in the bulk

energ, momentumangular momentum
consened




Model:n_ left fermions and rright of two [3avors

The sting has spin half
In eat diection

2 X NeSU(2), 11

ER nins(PL + Pr) = nins(n (n. + 1) + nr(nr + 1))
PR nins(PL " Pr) = nins(n. " nr)(nL + ng + 1)

n12n5(2nL + 1,2nRg + 1)




1
l Mapm = ﬁ(m2+ n? | 1)n1n5

Ji l mnqins
Ji nNiNsg
[p = 1115

matches gnaty

so we understand the CFT state




InstabilitiesExplicit example

n=4,n=2,1 =3

start with 1+1=4loops

2 Ravors,4 fermions each7777

2 Ra/ors, 2 fermions each D\




For each 3gor In the left moving sector

1 .
P/ = S[+2+3+4

10
R

For total left momentum ve have




W

For each 3gor in the right moving sector

1 .
PR = eI+ 2

3
R 6

For total left momentum ve hare Pgr = B




spin fom left moving €rmions
of one [3&or

f ferm
JL

base spin of the string

Jf base _ 1

. 2

total spin of left maers

7717




spin fom right moving €rmions
of one [3&or

f ferm
JR

base spin of the string

Jf,base 1

R 2
total spin of right meers






grabs+10f these

7771

X 3+1 X 2 Raors

N

104

56
4(PL! Pr)= &

l 4(Jgr + J) = | 26
| 40r ! JL) = 8




and mak a twisted string of length (3+1) R
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X 2 [Ravors




1171 1177 1171 1177
S S0 ) _,,! P, ~ /I J

X 2 [3a/ors

AR R R R

momentum quanta va gone down to IR

For each 3gor In the left moving sector
34
R

1
P/ = a1+ 2+ ..+ 16]=

total left momentum
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momentum quanta va gone down to IR

For each 3gor In the left moving sector
9

R
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Plf?: ﬁ[l-l- 2+ ...+ 8] =

total right momentum Pr =




The spin fom left moving €rmions
of one [3&or " 119 1191 1171

A

1
J e = 5! 16= 8

base spin of the string

R 2
total spin of left maers

] f ,base 1

1 33
Jy = =+ 21 8= ==
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X 2 [3a/ors




The spin fom left moving €rmions
of one [3&or

3™ = 21 8= 4

unn
D Y NN

base spin of the string

Jf base _ 1

R 2
total spin of left maers

17/

X 2 [3a/ors




after the twisting ve have

1171 1117 1117 1777
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X 2 [3a/ors
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Account E=2/Rdr bosons
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! '_ 1 I 1 ml m + m" n 11 | 11 m 1 m| n + m" ml 11 2(N + 1)

16=1 3! (1 3)7+ (0)2! |! 6! (! 3)2+ (0)7|! 2

Our model gies ageement with gra energy




Width of instabilitygrowth rate

- Earlier esult:rreproduced Havking radiation

- similar modeltermions and bosons on the strino
thermally distributed

- Take interaction ertex from those calculations

- Find decwq rate br our non-thermal €rmions
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But this Is the spontaneous garf decy

Stinulated emission auld gie

dN
— =1 +
it (1+ N)

>
Is it LASER ? NoO \

NO mirror

b



Recall CFT was symmetrized

1+1 (4,4) CFT with target space {I/SV
transition between two BECs
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Scalars espang: n can oy @ to n+1

k scalars l
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- decd of excited state the quanta in the wagmows

asS

dN
— =1
It '(N + 1)

- Identify spontaneous emission p& the black
hole decy rate

- for large N the spontaneous ptais negligible and &v
get
N = N()e! I

- wave gows as N Model
agees with

m(l)= 21, = 2 - QiQs grav. decy

2 (I 4Re | width




Conclusion

Emission fvm non-extremal fuzzbalblund

On the CFT side pocess same as M&ing Radiatio

Hawking pair interpetation

Suggests a nomtating fuzzball could ke ergregion
like regions while hang net angular momentum zer

For generic fuzzball population of each kind of
component string is small so the alsoprocess will
maniést itself as Haking radiation
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The D1 and D5 charges of the solution produce a RR 2-form gauge beld given by [6]

M cos?"
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The angular momenta are given by

%M
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and the mass is given by
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