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Infinite extra-dimension: Randall-Sundrum |l model

Volume of the bulk is finite due to warped geometry although its
extension is infinite.
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BUT
¢ No Schwarzshild-like BH solution????



Black string solution

2
ds? =2 (a4 Mgy

z H

( Chamblin, Hawking, Reall (’00) )

Metric induced on the brane g ,, (x)
is exactly Schwarzschild solution.

However, this solution is singular.
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behavior of zero mode

Moreover, this solution is unstable.
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Classical black hole evaporation conjecture
(T.T. (C02), Emparan et al (’02))
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Solar

10£5MgBH+K-type star X-ray binary A0620-00  (Johansen, Psaltis, McClintock

£ <0.132mm (10MgBH is assumed) arXiv:0803.1835)
(Johansen arXiv:0812.0809 )



Numerical brane BH «udoh, Nakamura & 7. (03)

Kudoh ('04)
« Static and spherical symmetric configuration
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2

T, R and C are functions of z and r.

B |t becomes more and more difficult to construct brane BH
solutions numerically for larger BHs.

B Small BH case (k! < ¢) is beyond the range of validity of the
AdS/CFT correspondence.

Numerical error? Yoshino (09)
or
Physical ?



Model with detuned brane tension

Karch-Randall model JHEP0105.008(2001)
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Effective potential for a test
particle (=no self-gravity).
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& ‘ Very large BHs cannot float,

There are stable and unstable g necessarily touch the brane.
floating positions.
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Large localized BHs above the critical size
are consistent with AAS/CFT?

Why doesn’t static BHs Hartle-Hawking (finite temperature)
exist in asymptotically ) state has regular T, on the BH
flat spacetime? horizon, but its fall-off at large

distance is too slow to be
compatible with asymptotic flatness.

In AdS, temperature drops at infinity owing to the red-shift factor.
T o1l gy =1/+1— o +(r I Lf— 4D Ads

curvature scale

Quantum state consistent with static BHs will exist
if the BH mass is large enough:

2 1/2 Hawking & Page '83
My > mpl(gL) _ ( g ge '83)



CFT star in 4D GR as counter part of floating BH

4-dimensional static asymptotically {——=) Floating BH in 5D
AdS star made of thermal CFT °

b The case for radiation fluid has been studied by Page & Phillips (1985)
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Sequence of static solutions does not
disappear until the central density diverges.

In 5D picture, BH
0 — CO |:> goo — 0 ':> horizon will be going

to touch the brane
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Sequence of sols with a BH in 4D CFT picture

4-dimensional asymptotically AdS space with radlatlon fluid+BH

Naively, energy denS|ty of radiation fluid diverge-  #F
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Floating BHs in 5D AdS picture

¢ @ B

Numerical construction of static BH solutions is necessary.

brane

However, it seems difficult to resolve two different curvature
scales [/ and L simultaneously. We are interested in the
case with / << L.
We study time-symmetric initial data just solving

E extrinsic curvature of z-const. surface K ,=0.

the Hamiltonian constraint,
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Time-symmetric initial data for floating BHs

work in progress N. Tanahashi & T.T.

We use 5-dimensional Schwarzschild AdS space as a bulk solution.
=== Hamiltonian constraint is automatically satisfied in the bulk.

Then, we just need to determine the brane trajectory to
satisfy the Hamiltonian constraint across the brane.

5D Schwarzschild AdS bulk:
2
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U(r)

Brane:=3 surface in 4-dimensional space.
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Hamiltonian constraint <:> Trace of extrinsic curvature | 3 1 1
on the brane of this 3 surface B



Abott-Desser mass
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summary

 AdS/CFT correspondence suggests that there is no static large
(kx1>¢) brane BH solution in RS-Il brane world.

— This correspondence has been tested in various cases.

« Small localized BHs were constructed numerically.
— The sequence of solutions does not seem to terminate suddenly,
— but bigger BH solutions are hard to obtain.

» We presented a scenario for the phase diagram of black
objects including Karch-Randall detuned tension model,

which is consistent with AdS/CFT correspondence.

As a result, we predicted new sequences of black objects.
1) floating stable and unstable BHs
2) large BHs localized on AdS brane

« Partial support for this scenario was obtained by comparing the
4dim asymptotic AdS isothermal star and the 5dim time-
symmetric initial data for floating black holes.
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