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Abstract: We review AdS3/CFT, correspondence and discuss its extension
to Einstein gravity conformally coupled to a massless scalar field.



Introduction

» AdS3/CF T, correspondence is a concrete example of hologra-
phy. It follows from Maldacena's conjecture for the D1-D5 brane
system.

» T he Cardy formula

S =27 %
\ 6

correctly reproduces the Bekenstein-Hawking entropy
A
4G

for BTZ black holes.
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3D Einstein gravity

Why 3D7
e [ heory is general covariant
e T here are no local degrees of freedom.

In 3D,
G/; - __E'uﬂ-peyo"rR T

Thus the vacuum solution R,, = 0 has a vanishing curvature and can be
constructed by gluing together pieces of Minkowski space. The same is true

for vacuum field equations with a negative cosmological constant.

[S. Carlip, gr-qc/0503022].



Einstein Gravity with conformal matter

® Einstein gravity R, = 0 in 3D has no black hole solutions.

® There are black hole solutions at the critical point Mp, = O,
where the field equation is R = 0.

With conformal matter ¢, the effective Planck length is given by

ff P?
Mp| = (1 — M—) Mp,

Pl



Decoupling limit

Mp| — 0.

In string theory this limit corresponds to ¢ — oo.

[U. Lindstrom and M. Zabzine, Phys. Lett. B 584 (2004) 178]
[I. Bakas and C. Sourdis, JHEP 06 (2004) 049]

In WZW model,

) 1 = (dimG)k
k _ g\/ k _ g\/

k is the level of current algebra and g¥ is the dual Coxeter number of G

«



Outline

Bekenstein-Hawking entropy and Holography,

Microscopic description: Near horizon symmetries,

3D gravity, AdS3 and asymptotic symmetries,

conformal matter.



Holography

Consider the Schwarzschild black hole,

2G M dr?
2 . 2 2 2

ds? = (1 - )dt —|—<1_2GM)—|—rdQ
T
Horizon rp = 2GM

* Temperature:
. dt .2
N h t ds® = p? dp?
ear horizon geometry s p (4GM) + dp

Thus, 8= (4GM).(27).

% Entropy: dS = BdM gives,

A
S=47TGM2=—, A=47T7“%
4G



Second law of thermodynamics

Mz = M; + M>

S3 = 4nG(My + M2)? > S1 + S5



Microscopic description

- black hole entropy should arguably be a more local
property of horizons.” [ S. Carlip, hep-th/9812013]

{B.R. Majhi and T. Padmanabhan, arXiv:1204.1422.

Example: Schwarzschild geometry,

ds? = —2kxdu® — 2dudr —+ dwi, k = 27T’
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Near horizon symmetry

Consider a variation of the metric

5g,uy — Dz/g,u + D,ufl/

which leaves the horizon fixed:

Choose a basis &5, such that

i[Em, Sn]'ﬁie = (m — n)iﬁﬁn
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Virasoro algebra of charges

i[Qm, Qn] = (m — n)Qm—l—n

> central charge:

~

C

+ —m

12

C A «

12~ 167Gk

> energy:
A A B
8mG o

> entropy: Cardy formula

S =27 ﬁz
\ 6

A

4G

35m—|—n,0
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3D Einstein gravity
BTZ black holes

By gluing patches of AdS space, one can construct BTZ black
holes.

r2 dr?

static BTZ: ds? = _(5_2 - 8GM)dt2 + (2_5 ~ 8GM> + r2d g2

¢ is periodic modulo 2.
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Asymptotic geometry

dt2 62
2 2 2
ds T(_g—2+d¢)+r_2

T hus the conformal boundary is a cylinder:

dt?
dSbQ — _6—2 + d¢27

dr?
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General asymptotic geometry

Consider a geometry which asymptotes to

r

2z
ds® = r?(—dT? + dqbQ) + (Z) dr’ zeR
where

r=t
14

In order to construct the asymptotic symmetries, one may need to define a
new radial coordinate x by

T
a — (_ : €R+
z (e> a

oa(z—|-1)<%
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Asymptotic symmetry

Consider a diffeomorphism given by

g=(+~—y%+(»% )%+ﬂﬂh
where
é+aa=0 2+ al’a =0,
N 4+ ao = 0, —2Xx4at?a’ =0
5\ = ¢
This generates the following diffeomorphism

Ty =T 'Y/S’g) — Yy =T ’Yp(w) + %(ol) + -

VP =diag(-1,1) E=-——5 =

16



Virasoro algebra

It can be seen that

=€) = Y grexplim(z®)], 2T =T+4¢
meZ

and

il&h, & lLie = (m —n)gt
il&m & lLie = (m—n)é,

[f#z_afﬁ]l_ie =0
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Charges and the central charge
Boundary stress tensor

Y The Brown-York stress tensor is defined by

1 — (K Kvyuv)
’7_ —_—
py — A L Yy

[J.D. Brown and J.W. York, Phys. Rev. D47 (1993) 1407]

Assume that the metric is given in an ADM-like decomposition
ds® = N?dr? + v, (dz" + N*dr)(dz” + NVdr)
The extrinsic curvature of the boundary is given by

K,ul/ — _Wﬁvany
n* is the outward pointing unit vector to the boundary.
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Boundary CFT

Define

reg 1 K

Ty _8 G( :UJV_EW/,UJV)
e

e 750 IS @ symmetric tensor with respect to ..

o Trr'®9 =0

o D'““Treg =

D, is the covariant derivative compatible with ~,,.

Conjecture: Tr,e/g corresponds to the CFT stress tensor.
i}
[V. Balasubramanian and P. Kraus, Commun. Math. Phys. 208 (1999) 413]
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Mass

M = 2rR7/>°
where R is given by
2
R
Y One can show that a geometry with M = 0

K =

ds? = r2(—dT? + dg?) + (%) = a2

can be deformed to a geometry with M #*= 0 by

Y = 1250 = = 120 )+

v =arGM A =

20



Central charge

N 3R

C _

2G

~ 3 +
e c O7¢
OTLE = 12719t =70+
Trace anomaly Trr®9 = _c -(Q)R
241

Use the identity
1
lejn,unu — 5((2)R _ KMVK,U«I/ _|_ KQ)

for yu = oy + v + -
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Classification of asymptotic geometries

ds? = r2(—dT? + d¢?) + (%) 2

Asymptotic symmetry is given by two copies of Virasoro algebra
with central charge ¢

O z < —1
=36 =imagls) (% =1 A

00 z>—1
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Einstein gravity with conformal scalars

The action is given by

/d3a:\/——g <(1 — WG¢2)

167G

Lo N2
R- 3002,

For ¢ = (7G)~1/2 the field equation is R = O.

Although the Planck mass is effectively zero, but there is a natural mass
scale:

(2 ~ G

See [G. Barnich et al, arXiv:1204.3288] for asymptotic symmetries in the flat
limit of asymptotically AdS3 spacetimes.
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Black hole solutions with a conformal boundary

2 72— 4
T 2 2 /
f(r) — 6_2 T 2q ) N*© = r2 >
@2
Hawking temperature:
2
T=2re) /=
Mass:
q2
M = 27R7% = —
4G
Entropy:

G — <2> 27/ — det g(rp)

5 4G

% For static BTZ, /—detg(rn) =
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Asymptotic geometry

dt? r
2 2 2 2
dsc = r (_—62 + dx )—I—Zdr

% The solution with ¢2 # 0 can be obtained by deforming the
above geometry (g2 = 0) by

0 0 1
Yuv = T Vv _>’Y,LL1/:7“2’YIL(LV)+’7,L(W)+”'

*zZ%thUSE—M)o
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What is the boundary CFT?
[ Mp| — O \/

® C = OO v

Recall that in WZW model,

) 1 - (dimG)k
o = c= —
k— gV k— gV
Conjecture

The corresponding CFT is a WZW model at critical level

kzgv
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Thank you for your attention.
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