Non-supersymmetric AdS black holes and their entropy.

Chethan N Gowdigere
HRI

Kanha Workshop
Feb 12, 2009

arXiv:0801.4457, arXiv:0805.0203 (JHEP)

with R.Fareghbal, A.E.Mosaffa and M.S.Jabbari (IPM, Tehran)

Chethan N Gowdigere (HRI) non-susic ads black holes Kanha 1/19



Motivation

@ Microscopic aspects of AdS black holes

@ The situation even for supersymmetric AdS black holes is not as good
as for flat black holes
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Five dimensional N = 2, U(1)® gauged supergravity

Bosonic Field Content : metric g,,,,, three photons, Al two unconstrained
scalars written in terms of three constrained scalars X/,

X1 x2x3=1.
The action is similar to the five dimensional STU model, but there is a
potential for the scalars,
1 1 1

Minimum of the potential is the AdSs vacuum.

%4
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Static Charged Black Hole Solutions.

Behrndt, Cvetic, Sabra, hep-th/9810227.
o
ds? = —(HyHiHs) ™23 £ dt? + (HiHi Hs)Y3(F~tdr? + r2ds?;)  (2)
° 2
f=1-L + T HiHH X'= H Y (HiHhHs)  (3)
- r2 L2 112113, - | 1112113
ql /1 q
Al=2-(—_-1 H=1+=%4 4
q/L(H/ )dt, =1+ % 4)
o
- T 3 312
a=valp+a), M = 4G(5)(§M+Q1+qz+q3+?), (5)
N
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Static Charged Black Hole Solutions......

For 1 = 0 solution is a supersymmetric naked singularity.

For © = pe, solution is an extremal black hole solution,

non-supersymmetric.

For 1t > pic, solution is a genuine double horizon black hole.
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Ten dimensional uplift.

Cvetic + 9, hep-th/9903214

Five dimensional U(1)3 gauged supergravity can be obtained as a
consistent truncation of IIB supergravity compactified on AdSs x S°.

What this means is that every solution to U(1)3 supergravity can be lifted
to a solution to IIB sugra which is asymptotically AdSs x S°.
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Ten dimensional uplift.......

Non-linear Kaluza-Klein reduction formulae

The only fields present are the metric and the five-form flux.
ds?y = VA ds? + \/LZ dy? (6)
ds? = — 7 ,52 S dt* + d7r2 + r? dQ3 (7)
d¥2 = Z 12H (du,? + 12 [doi + A; dt]2> (8)
& =y [+ 224 15] ©)
z; = rp;e’® (10) |
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Ten dimensional uplift.......

Myers and Tafjord, hep-th/0109127

These black holes are sourced by non-supersymmetric excitations about
the spherical giant graviton branes.

There are three species of giant graviton branes : for example, the first
species is a D3 wrapping the |z|? + |z3|2 = 1 three-sphere and moving
along the ¢; direction ....
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The two-charge black hole.

Set g1 = 0. This gives o = EF.

That is, we have a non-supersymmetric extremal black hole for p = pe,
and a non-supersymmetric non-extremal black hole for p > pic.

Rt p—pe P p—pe 1P
f_].+ L2 — r2 +p:fb— 2 +p (11)
The horizon is at r, = 0 for the extremal case. J
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The near-horizon near-extremal limit of the two-charge
black hole.

Consider the following limit on the ten-dimensional uplift of the
two-charge AdS black hole:

r=ep, t:Z7 /J'_,U’C:62M (12)
€
2
(bl:fa ¢i:¢i+i_7 =23, (13)
€ gil €

keeping p, T, p, M, 1; fixed while ¢ — 0.
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The near-horizon near-extremal limit of the two-charge
black hole.

Consider the following limit on the ten-dimensional uplift of the
two-charge AdS black hole:

r=ep, t:Z7 ,U'_,U’C:62M (12)
€
2
(bl:fa ¢i:¢i+i_7 =23, (13)
€ gil €

keeping p, T, p, M, 1; fixed while ¢ — 0.

@ r=e¢ep, t=7=-near-horizon limit,
® /i — fic = €M - near-extremal limit

e ¢ =1+ %% - near-horizon limit for rotating black holes, similar to
the one used in the Kerr-CFT story.
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The near-horizon near-extremal limit of the two-charge
black hole.......

M q2q3 1 gi
0 p2a M1 p4 4’ p2 = ( )J
dslo = M1 [RAdS3 d53 + RS dQ ] + dSM4 (15)

A warped product of a six-metric and a four-metric, the six-metric being a
product metric of a static BTZ black hole and a round S3 and the
four-metric is locally flat. This is a solution to IIB supergravity.

d 2
ds3 = —(p* — pp)dT> + — - >+ pPdy?, (16)
P~ = Po
2 2 2 2 412 2 2 a2
I3, = g (o2 (A5 + 15 d05) + a5 (3 + 45 d03)] . (17)
5
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The near-horizon near-extremal limit of the two-charge
black hole.......

The AdS; and the S3 factors have unequal radii.

V4243
R§3 =4/q24q3, Rf\d53 = T: (18)
M
Mprz = —. (19)

c
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The near-horizon near-extremal limit of the two-charge
black hole.......

The AdS; and the S3 factors have unequal radii.

V4243
R§3 =4/q24q3, Rf\d53 = T: (18)
M
Mprz = —. (19)

c

Compare to the asymptotically flat two-charge black hole, which on a
near-horizon decoupling limit gave a product metric BTZ x S3 x T* with
equal sphere and AdS3 radii.
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Entropy of the BTZ black hole

The spatial sections of the horizon of the two-charge black hole before and
after taking the near-horizon near-extremal limit are completely different.
One of them is a S* and the other is a S3. But it turns out that the
entropies before and after taking the limits are exactly the same.

This means that we have not lost any of the degrees of freedom that

contribute to the entropy of the black hole in the process of taking the
limit.
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Entropy of the BTZ black hole

The spatial sections of the horizon of the two-charge black hole before and
after taking the near-horizon near-extremal limit are completely different.
One of them is a S* and the other is a S3. But it turns out that the
entropies before and after taking the limits are exactly the same.

This means that we have not lost any of the degrees of freedom that
contribute to the entropy of the black hole in the process of taking the
limit.

To compute the entropy of the BTZ black hole, since we know the
position of the horizon and consequently the area of the horizon, we only
need to know the three-dimensional Newton's constant.
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Entropy of the BTZ black hole.........

Computing the three-dimensional Newton's constant.
1
g19(x,y) = 11 g9 (x) + o dsfy, (20)
w _ 1 -1 @0 R
N T aet TR )
6 f —1 1
R(10) 0 R(6)7 22
M1 /49243 ( )J
1 10
= _ g(10) R(10) 2
Go | Ve (23)
Vol(My) 6 ( 6fo — 6
N LOMa) e g [ g(6) (R(6) 4 20O 24
Gio & V92 q3 ( )‘
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Entropy of the BTZ black hole.........

In fact, there is a consistent truncation of IIB theory on M4 to a
six-dimensional gravity theory, details of which is there in the paper. Here,
we will only need the six-dimensional Newton’s constant which on a
further compactification on the S3 yields the three-dimensional Newton's
constant.
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Entropy of the BTZ black hole.........

In fact, there is a consistent truncation of [IB theory on My to a
six-dimensional gravity theory, details of which is there in the paper. Here,
we will only need the six-dimensional Newton’s constant which on a
further compactification on the S3 yields the three-dimensional Newton's
constant.

At the end of the day, the entropy of the BTZ black hole matches exactly
with the entropy of the five-dimensional near-extremal black hole as
computed from just it's five-dimensional geometry.
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The third charge

“Add" the third charge “perturbatively”: gL=€er J
M P 2 019243 .
fzfo—?-i-4—p4, JF=4 12 = 4pcq (25)
1
ds® = p1 [Rags dsgrz + RS dQ3] + Edj\/[ﬁ (26)
2 2 dP2 2 2
dsgrz = —N(p)dT° + NGy + p*(dp — N,dT) (27)
J2 JBTZ
N - M BTz == 2
(p) = p° BTZ + ——> 4R 0= o2 (28)
Fa
Mprz = —, JgTZ = o (29)
c Hc
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The third charge

The entropy of the rotating BTZ again matches with the entropy of the
five-dimensional near-extremal three-charge black hole as computed from
the five-dimensional geometry and setting the third charge to be
“perturbative” in comparison to the other charges.
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The third charge

The entropy of the rotating BTZ again matches with the entropy of the
five-dimensional near-extremal three-charge black hole as computed from
the five-dimensional geometry and setting the third charge to be
“perturbative” in comparison to the other charges.

The message is that at the heart of these non-supersymmetric AdS black
holes is just a BTZ black hole. J
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Four dimensional black holes and M-theory

@ Four-charge static black hole solutions to four-dimensional N = 2
U(1)* guaged supergravity .

@ These solutions can be lifted to asymptotically AdS; x S’ solutions to
M-theory, using uplift formulae.

@ A similar near-horizon near-extremal limit on the eleven dimensional
uplift of the three charge solution gives a static BTZ black hole, more
precisely

4/3 1
ds, = 1y (R3dshrz + R2d03) + —75 B, (30)
Hq

@ Adding the fourth charge perturbatively again yields a rotating BTZ
black hole.

@ The entropy of the near-extremal four-dimensional black hole exactly
agrees with the entropy of the BTZ black hole.

v
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Further studies

The states that contribute to the entropy of these black holes, both in [IB
and M theory. They are clearly described by a CFT. See papers for some
related issues.

For the five-dimensional black holes, there is the N = 4 SYM description.
What does the scaling limit on the geometry correspond to there? See
papers for some related issues.

There is a body of work by Balasubramanian, de Boer and collaborators
who study these black hole in scaling limits where they scale the charges
so that the near- extremal black hole is also near-BPS. In this setting, you
can use BPS objects, the giant graviton branes and young tableux
operators to study black holes.

Chethan N Gowdigere (HRI) non-susic ads black holes Kanha 19 /19



Further studies

The states that contribute to the entropy of these black holes, both in [IB
and M theory. They are clearly described by a CFT. See papers for some
related issues.

For the five-dimensional black holes, there is the N = 4 SYM description.
What does the scaling limit on the geometry correspond to there? See
papers for some related issues.

There is a body of work by Balasubramanian, de Boer and collaborators
who study these black hole in scaling limits where they scale the charges
so that the near- extremal black hole is also near-BPS. In this setting, you
can use BPS objects, the giant graviton branes and young tableux
operators to study black holes.

thank you J
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