Near-Extremal Vanishing Horizon AdSs
Black Holes and Their CFT Duals

Maria Johnstone!  M.M. Sheikh-Jabbari?¢  Joan Simén3
Hossein Yavartanoo*

"University of Edinburgh, UK

2|nstitute for Research in Fundamental Sciences, Iran
SUniversity of Edinburgh, UK
4Kyung Hee University, Korea

EMPG Seminar, Edinburgh 2013



Introduction

Introduction

Black Holes

@ solutions to general relativity

© behave like thermodynamic systems:

o satisfy thermodynamic laws
@ have a thermodynamic entropy:

SBH:er

@ Why does the entropy scale like the horizon area? =
Holography: “the fundamental degrees of freedom
describing the system are described by a quantum field
theory with one less dimension.”
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@ What are the the underlying states of this QFT giving rise
to black hole entropy?

@ Two commonly used tools:

@ Near horizon geometry: Zoom in on region very close to
the event horizon ry.

© Extremality: T=0 black holes are more symmetric: AdS,
factor in near horizon geometry
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Kerr/CFT (Extremal Black Hole/CFT) Correspondence

@ Statement of Kerr/CFT:
Near horizon quantum states < quantum states of a
chiral 2d CFT
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Chiral 2d CFT

@ 2d CFT: 2d quantum field theory invariant under conformal
transformations. Generators L, of conformal
transformations obey Virasoro algebra:

c

12 (m3 - m)6m+n,0-

[Lm, Ln] = (m — n)Lm+n +

@ Central charge c: a number that characterises the CFT

@ States in 2d CFT: split into left-moving and right-moving
pieces in left and right moving sectors.

(<} I__eft—_moving sector: Ly, Ln; c;. Right-moving sector:
Lm,Ln;CR.

@ Chiral 2d CFT: excited states exist in only the left-moving
sector. One copy of Virasoro algebra with one c;.
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Kerr/CFT (Extremal Black Hole/CFT) Correspondence

@ Statement of Kerr/CFT: Extremal black holes are
holographically dual to chiral 2d conformal field theory.

® Near horizon geometry: ds? = ds3;g + ...
@ Use near horizon data to compute

Qc
© Frolov-Thorne temperature T;: “temperature of the dual
CFT*.
@ Microscopic Cardy formula = macroscopic black hole
entropy:

2

Scardy = 3 T, = SgH
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Kerr/CFT (Extremal Black Hole/CFT) Correspondence

@ Kerr/CFT: originally for 4d black holes. Generalised to
higher dimensions.

@ Vacuum degeneracy of chiral 2d CFT accounts for
macroscopic black hole entropy.

@ Little more information.
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AdS/CFT Correspondence
@ AdS/CFT Correspondence: Gravity in AdSy, 1 <= CFTy,.

@ 1:1 correspondence between local fields in the gravity
theory and operators in the boundary QFT.

@ AdS3/CFT5: non-chiral 2d CFT dual to gravity in AdSs.

Can an extremal black hole have a near horizon AdS;
throat that’s dual to the full non-chiral CFT,?
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Q: Can an Extremal Black Hole have a Near Horizon AdS;?

@ Answer: Yes
@ Ay, Ty — 0: Extremal Vanishing Horizon (EVH) black
holes.

@ EVH black holes: Near horizon geometry develops locally
AdS; throat.

@ Local AdS; near horizon = dual CFT, description:
EVH/CFT Correspondence.

@ Ay, Ty ~ e << 1: Near-EVH black holes: AdS; — BTZ
black hole.

@ Asymptotically AdSsxS® (near-)EVH black holes: 4d CFT
dual: link with near horizon 2d CFT?
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Plan of the Talk

© Describe asymptotically AdSs x S° black hole solutions to
10d |IB supergravity

@ Criteria: EVH and near-EVH black holes

© Near horizon limit: AdS;

© IR dual CFT, and compare with UV CFT,

© 1st Law of Thermodynamics in near-EVH limit
© Compare results with Kerr/CFT

©@ Summarise and Discuss



Charged rotating AdSs black holes

5d Supergravity Solution

@ Black hole solution to U(1)® 5d gauged supergravity:

ds? = H°3 [— i(dt—asinzﬁﬁ bcosQHdw)
p —a =b
+C(abdt—9 20@—E00329g—w)2
5975 =, f =,
Zsm 0, a 1dp., Wecos?6, b 1.dy 5
£ P B 202 OB 7D OV
p? (f3 f :a) p? (f3 f :b)
+H5 (—dr2+ p—2d92)
X A0 )
@ Gauge fields:
Al = A2 = Pi(dt — asin?0 99 _ peos? ¢ d¢)
—a =b
A® = P;(bsin? 0d¢ + acos 0(1¢)



Charged rotating AdSs black holes

@ Scalar fields:

wl=
win

Xi=Xo=H"3, Xs=H

@ H p,p fi,Ng,C,Z, W, =34 =p, P;: functions of (r; a, b, q, m).
@ Horizon function: X(ry) = X(r-) =0

X(r) = rlg(aerr2)(b2+r2)_2,-,74r (32+f2+ngb2+r2+q)




Charged rotating AdSs black holes

Thermodynamic Quantities

@ Hawking Temperature:

_ 2r8 + rt(? + & + b? + 2q) — @?b?(?
e 2mr 2[(r2 + a)(r2 + b?) + qr2]

@ Beckenstein-Hawking Entropy:

m2[(r2 + &)(r? + b?) + gr?]
2G5EaEbr+

SgH =




Charged rotating AdSs black holes

Thermodynamic Quantities

@ Rotation in ¢, ¢:
@ Angular velocities:

q,— a(rf +r2b? +r2q+ 2b? + (2r2)
(& +r2) (P +r2) + (2qr?

0, — b(rt +r2a? + r2q+ (2a + (?r2)
(2(a% + r2) (b2 +r2) + (2qr?

9

@ Angular momenta:

ra(2m+ q=p)

mb(2m+ q=,)
4Gs=, =2 ‘

Ja = ) Jb =

@ parametrised by a,b.



Charged rotating AdSs black holes

Thermodynamic Quantities

@ Gauge Fields A;:
@ Chemical Potentials:

V@2 +2mq r?
(@ +r2)(b?+r2) +qr2’
qgab
(& +r2) (B2 +12) +arf’

Oy = Py =

®3 =

@ Electric Charges:

o — Q_7r\/q2+2mq O nabq
L = T W R

@ parametrised by qg.
@ Note: Q3 ~ ab not independent.



Charged rotating AdSs black holes

Thermodynamic Quantities

@ First Law of Thermodynamics:

3
T dSey = 0E — Qadda — Qpddp — > 9;dQ;
i=1

@ Integrate = Black hole mass:
T[2m(2=4+ 25, — =a=p) + q(2=5 + 222 + 22,5, — =25, — =2
8Gs=2 E%

E =



Charged rotating AdSs black holes

10d Embedding

@ Solution to 10d IIB supergravity:

ds2y = VAds? + ﬁdz

@ dsZ: 5d black hole metric
@ deformed S°:

dz ZX dM/ + Wi (d¢/+A'/€) )-

@ also: 5 = *F5 W|th flux N
@ Newton’s constants:

1 Al
Gs = Gro 55 = o nz2 |




Charged rotating AdSs black holes

10d Embedding

10d Embedding

@ 5d electrostatic potential ®; = 10d angular velocity ©; on
Sso.
@ 5d electric charge Q; = 10d angular momentum J; on S°.




Charged rotating AdSs black holes

Dual 4d Description

@ AdS/CFT:
Black Hole in AdS5 x S° < mixed state in dual ' = 4 SYM.

@ States carry conserved charges given by gravity
conserved charges:

VG2 +2
A = (E, ‘71:‘72201:%/\/27
—a=b

b(zm + q:a) N2
2(3=2=, ’ '

S p— J p—
a a 253—b—a

Sp=dp=
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The Set of EVH Black Holes

EVH Black Holes

@ Horizon equation: X(ry) =0= m= m(r})

@ 4-dimensional black hole parameter space: (a, b, g, m) <
(aa ba q, r+)

@ EVH black holes: Agy = Ty =0 =

r,=0 and ab=0.]

@ Two types of EVH configurations for these black holes:
© Rotating: b=r. =0, a#0 (Jp =0, J;#0)
Q Static:a=b=r, =0(Js=Jp=0)

@ Note: EVH limit = angular momentum ~ ab:J; = 0
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The Set of EVH Black Holes

Each EVH Configuration Defines a Surface in Parameter
Space

@ Rotating: X(ry) = 0 = b gives

_ P+ &P +q)
202

© Static: X(r.) =0=a= bgives

Point on the EVH surface < EVH black hole J
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The Near Horizon Limit of EVH Black Holes: Rotating Case
r+ - b == 0

@ Rotating EVH black hole: S=T =r; =b=0:
@ Define angles x, &: linear combinations of angles
corresponding to vanishing charges:

X = w1 + was, §=uws <¢+ZI¢3>

where w1 = w1 ((,Ug, u)g).
@ Near Horizon Limit:

K % X [2(22 + q)
= — = — = _— K: _—
t=77 x=o =g ( R0 1

and some angular shifts.
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The Near Horizon Limit of EVH Black Holes: Rotating Case
r+ - b == 0

@ Take e — O:
o Near Horizon Geometry: | ds® = hyhpdsi,s, + dShy, |
where

2 €2d
X S 4+ x?d¥? | and

> (&%+q)hhy , , (?cos?acos?f | ,
asy, = A, do KZh,hy ags+
a+qh h h
— 9 h2 Agsin® 0dg? + 2 hzd + /2 h1 sin® adB?+

=3 1

e {Z V(D - Ad¢)]

i=1,2
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The Near Horizon Limit of EVH Black Holes: Rotating Case
r+ - b == 0

o Near Horizon Geometry: | ds® = hy h,ds,s, + dsiy, |

where

2 2 Ay 2

X sdx .

ds/%\d33 = _ﬁdT2 —+ 3)(72 —+ X2dX2 ,and
3

a° cos® 6+q h2 a2 cos? 0+qu’

. S R2
@ warping factor: hy = 21q 21q

@ Locally AdS; x Mjy.
@ AdS; radius is function of EVH parameters:

&+q_ a2+q

g= -
1+20+ 2




The Set of EVH Black Holes

The Near Horizon Limit of EVH Black Holes: Rotating Case

r+Ib:0

AdS; Circle:
@ AdS; circle x:

o x = X = { = ¢ + 2re: Vanishing Periodicity. Locally AdS3
structure is a pinching AdS;.
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The Near Horizon Limit of EVH Black Holes: Static Case
r+ =a= b = O

@ Static EVH black hole: ry =a=b=0
@ Static EVH Near Horizon Limit:

and some angular shifts.



The Set of EVH Black Holes

@ Take ¢ — 0O:
@ Near horizon geometry: ds® = ;i3ds§ + dsj;, where

x2dr?  (3dx®

2q2 2 | ain2 92 2 2
2 o +x2dX® + q(do” + sin” 0d6® + cos® 0dy?)

dsz = —

I -
and dsfy, = o > (dpf + pfdi) .
i—1.2



The Set of EVH Black Holes

@ Near horizon geometry: warped locally AdS; xS3

x2dr?  (2dx?
2 2
3 X

ds? = — + x2d%2 4 q(d6? + sin? 8d$? + cos? Hdv?)

@ AdS; and S8 radii are functions of EVH point:

q
Rf\ds3:5§:\73» R%=q.
@ 2re periodicity in x: the local AdS3 throat is the pinching
AdS; orbifold.
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EVH Black Hole

@ EVH Black Hole: Point on EVH surface
@ Near Horizon Geometry: pinching AdS3

Given a generic EVH point, one can decompose the space

of deformations into tangential and orthogonal.

@ Tangential deformations: take us from one EVH black hole
to a different one on the EVH hyperplane.

@ Orthogonal deformations: excitations of an EVH black hole
= near-EVH black holes.

@ Near-EVH black holes Agy, T ~ € — 0 =:

ABHNTHN€:>I'+N6, ab~62

© Rotating: b~ €?,a~ 1
© Static:a~ b ~ ¢
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Near-EVH Rotating Black Holes

@ Rotating near-EVH configuration:

b:0 — é2b; m:m— m+ &M

@ physical excitations of rotating EVH black holes are
described by deformation parameters (M, b).

@ The horizon is non-zero in this case; from the horizon
equation we have r2 = ¢x2 where

X2 — Kzﬁ _ ?(22+q) |WM + VW2M2 — Vg2h2
+ €2 QP + @212 Vv
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Near Horizon Geometry: Rotating near-EVH Case

@ Near Horizon Limit; same as for EVH case.

@ Near horizon geometry: | ds® = hyhpds5r; + dsiy, |

where ds}, is as for the EVH case, and

2 2\(y2 _ 42 2x2dx2
dSZBTz:—(X X+2)()2( X_)d72+ AT s
l5x (X2 — x5)(x2 — x=)
2
L XeXo
+ X2 (dx— E;XZ d7'>

@ { ~ x + 2me: pinching BTZ black hole.
@ xi = x(b, M).
@ Near-EVH
limit: NH pinching AdS; excited to NH pinching BTZ
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Near Horizon Geometry: Rotating near-EVH case

@ BTZ thermodynamic quantities: need Gg.
@ Compactify 10d type IIB supergravity action to 3d:

1 1

167rG1o/Vg(10)( R+ ) 167TG3/V g<3)<R+ )
@ 3d Newton’s constant:

1 _2N(@PP + )& +q)
G3 N Ea£4




Near-EVH Black Holes

Near Horizon Geometry: Rotating near-EVH case

@ BTZ temperature agrees with the 10d temperature up

to NH scaling:
x> —x> K
Terz = > Ty.
2 X+€§ €
@ BTZ Entropy, Mass, Angular Momentum inluding
pinching:
2me - X
Sgrz = 4Gs+ = SgH
X2 + X2 E3K
laMprz = e = MW N2
SVBTZ = "8y, Gs ¢ 28=, €
Js17z = X X €= €3K aB\N N2€.
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Near-EVH Static Black Holes

@ Static near-EVH configuration:

a:0—e3 b:0 — eb; m:m— m+ &M

@ physical excitations of static EVH black holes described by
deformation parameters (M, a, b).

@ The horizon is non-zero in this case; from the horizon
equation we have r2 = ¢2x2 where

X2 = e
+ 7 2gVs

. o\ 2
<2WSM — Ys(& + b%) £ \/<2WSM ~Ys(2 + B2))" - 4v
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Near Horizon Geometry: Static near-EVH Case

@ Near Horizon Limit: same as for EVH case.
@ Near horizon geometry: ‘ ds? = pigdsh + dspy, ‘ where

dsﬁ,,4 is as for the EVH case, and

2 2 2 2 52 2 Av2
dsg — _(X X+2)()2( X—)de +— 3;( d); i
ESX (X - X+)(X - Xf)
20 dui XX N2 2
+ x“(dipz — Tax? ar) ] + g(do“+
a ¢ be b ¢ ar
sin® 0d _ac — Z=%)2 +c0s?0d(i) — ———7 — —%)?
(¢ VGl qx) (¥ a7a qx) )

@ local BTZ black hole non-trivially fibred by rotating S°.
@ X ~ X + 2me: pinching BTZ black hole.
@ xi = x1(a,b,M).
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Near Horizon Geometry: Static near-EVH case

@ BTZ thermodynamic quantities: need Gg.
@ Compactify 10d type IIB supergravity action to 3d:

167:G10/\/m(107”'”> - 16;63/\/%(3R+'”>

@ 3d Newton’s constant:

1 q3/2£4

1 2g2 N2
G3 16Gjg '

T —(en)t ==




Near-EVH Black Holes

Near Horizon Geometry: Static near-EVH case

@ BTZ temperature agrees with the 10d temperature up
to NH scaling:

X2 —x2

21X 03 €/q

@ BTZ Entropy, Mass, Angular Momentum:

Terz = Th

27e - Xy
Sp17 = =S
BTZ 4G3 BH

X2 +x2  2MWg — Yg(22 + B?)
Merr = Z£ e — s s N2
l3MgtZz 803G € A €
o1z = 2, G T2 ¢




Near-EVH Black Holes

@ EVH black hole Near Horizon Pinching AdS;

@ Near EVH black hole Near Horizon Pinching BTZ black
hole

@ 10d entropy is given by BTZ entropy




Near-EVH Black Holes

Rotating (near-)EVH:

@ AdS3/CFT,: Pinching AdS3; = dual CFT,
@ Brown Henneaux: ¢; = cg (including pinching)

3¢ 3(a®+q) a2 + g2
Crotating e 26336 — (64: q) V q N2€
Za

@ Excitations:

c 1 o

Lo — i 5(53MBTZ — Jp1z) ~ N%¢
Lo— S = N tsMary + Jorz) ~ N2
0= 54 = 5(faMe1z + JaTz €

@ Cardy’s formula:




Near-EVH Black Holes

Rotating (near-)EVH:

@ AdS3/CFT,: Pinching AdS3; = dual CFT,
@ Brown Henneaux: ¢, = cp

3¢ 3(&% + [a202 + g2
Crotating = ZG:;G = (€4: q) v q N26
—a

c 2
Lo—54= (£3MBTZ Jgrz) ~ N%€
c
Lo - i E(fsMBTz + Jg1z) ~ N3¢

@ finite central charge in IR 2d CFT: large N limit:

@ entropy Sgh ~ N2e finite in this limit
©Q Mgrz, Je1z ~ N?e also finite in this limit
© c =cr, Ly, Ly, Scargy ~ N3¢ also finite in this limit



Near-EVH Black Holes

Rotating (near-)EVH:

@ Brown Henneaux: ¢; = cp

3¢ 3(@+q) |aP2+q?
Crotating = 26336 = (54: 9) Vv q N2e
=a

c 1 3K A
Lo — 54 = 5(tsMarz + JgT2) = y (

- c 1 IsK
Lo — 54 = 5(lsMa1z + JgT2) = :

@ rotating EVH point (a, 0, q; m(a, q)) determines the IR 2d
CFT central charge and vacuum structure, whereas its
orthogonal deformations encode its excitations.



Near-EVH Black Holes

@ Static (near-)EVH:

344 32,
Cstatic = €= N=e
2Gs g4 /14 &
c 1
- = ~ N?
Lo — 54 = 5(lsMe1z + JgT2) €
— C _ ! N 2
0= 54 = 2(53’\4BT2+JBTZ) N<e

@ finite central charge and finite gap in IR 2d CFT: large N
limit:
:

@ entropy Sy ~ N2e finite in this limit
Q Mgz, Jarz ~ N?e also finite in this limit
© c. = cr, Lo, Lo, Scaray ~ N?e also finite in this limit



Near-EVH Black Holes

Static (near-)EVH:

3l3 3¢ 2
Cstatic = €= N=e
26" f11 3
“1+2
C . 1 A~ 2 a7 2
Lo~ 54 = 3BT <2MW3—YS(a2+b )—2ab\/Vs)N :
- c 1

S _ 2 2 A 2
Lo~ 54 = s <2MWS Ys(22 + b )+23b\/V5>N ¢

@ static EVH point (0,0, g; m(q)) determines the IR 2d CFT
by fixing its central charge

@ orthogonal deformations encode finite excitations
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EVH/CFT vs. AdS5/CFT,

@ 10d dimensional black hole has dual description in terms
of N' =4 SYM on boundary of AdSs.

@ NH limit of AdS5 black hole < low energy limit of dual
CFTy4.

@ CFT4 dual to asymptotically AdSs black hole = UV CFT.
@ Near Horizon limit of CFT4 = IR CFT.
@ relate quantum numbers of IR theory to those of NH CFT,.



Near-EVH Black Holes
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EVH/CFT vs. AdS5/CFT,

@ UV quantum numbers of scalar field: eigenvalues of
operators

Ayy = LE = il Jab = —i8¢sy¢s Jiz = —iaw,’a.

@ IR quantum numbers of scalar field: eigenvalues of
operators
A|R = i€367, J hi = —id

c chi

Je = —id



Near-EVH Black Holes
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EVH/CFT, vs. AdS5/CFT,

IR-UV charge mapping, rotating EVH case

Charges Have a Near-EVH Expansion:

Z =Zeyy +€PZ0P) | where

@ Zgyy is the value at the EVH point.
@ Z(P) are the near-EVH excitations.



Near-EVH Black Holes
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EVH/CFT, vs. AdS5/CFT,

IR-UV charge mapping, rotating EVH case

Use chain rule to express IR charges in terms of UV ones.
@ In the IR limit:

. oY 0 oYPs 0
k=G5 + S0
J)Z = 821/1;/[3 + 821/13../3 =

) = Geunds + Detad ~ N2

(8*+q)

202=,\/ 2212 + @2

aB N2€ = Jg7z.

In the Large N limit:

@ Quantum Number associated with ¢ scales like N2¢2.
Large N limit: J; ~ e is subleading

@ Quantum Number associated with pinching angle: Jy is
finite in large N limit and matches the BTZ angular
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EVH/CFT, vs. AdS5/CFT,

IR-UV charge mapping, rotating EVH case

IR conformal dimension Ag

AR = ila— = 2 il 7 4 S jea)
R=1ag =7 (Eat 16l 8¢+, 125 'aw,
_€3K 0S 0
= 2= (A 1995, — 2£Q1J1>.

Then conformal dimension given by function of EVH
parameters + BTZ mass:Ag = A + ¢3Mgrz, Where

(Mgrz = K(A® — 199J2) — 20094®))e and

A?R = A?R(Aoa J(a)) J?)




Near-EVH Black Holes
[e]e]e]e]e] lelele)

EVH/CFT vs. AdS5/CFT,

Rotating Near-EVH Limit

@ UV charges Near-EVH IR charges given by CFT,
charges.

@ Suggests that near-EVH sector in UV 4d dual is sector
described by IR 2d dual.

@ Near horizon information given by 2d CFT:
evidence for EVH/CFT, Correspondence.




Near-EVH Black Holes
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EVH/CFT, vs. AdS5/CFT,

Static near-EVH Case

Charges Have a Near-EVH Expansion:

Z =Zgyy + P Z(P) , where

@ Zgyy is the value at the EVH point.
@ Z(P) are the near-EVH excitations.

Quantum number associated with pinching angle: J; is
finite in large N limit; given by BTZ angular momentum +
some extra terms

. a 1
J)Z = —/8;( = —I <—68¢3) = _EJS

{ . ~
= Jgrz — ?q(an + bdy).



Near-EVH Black Holes
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EVH/CFT vs. AdS5/CFT,

IR conformal dimension Ag

AR = ieséi = %"g (wa + 2/‘@908)

Then conformal dimension given by function of EVH
parameters + BTZ mass + extra terms:

AR = AR + l3Mgrz + Ys(ady + bdy),

2f

where
AR = AR(A%, U)).

and

Mgtz = K(A® — 10902 — 200043))e.




Near-EVH Black Holes
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EVH/CFT vs. AdS5/CFT,

Static Near-EVH Limit

@ IR charges rearrange into CFT, charges + extra terms.
@ Extra terms due to rotation on S in NH limit.




Near-EVH Black Holes
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First law of thermodynamics, IR vs. UV, 3d vs. 5d

First law of thermodynamics, IR vs. UV, 3d vs. 5d

@ 10d First Law:

ThdSgy = dE — 2Q1dJy — Qa0 — Qpddp — Q30J3

@ For a fixed point in parameter space, physical variations
belong to the subspace of orthogonal deformations to the
EVH hyperplane, leaving the EVH point fixed.

@ eg: E = E° + 2E@ (b, M). Then dE = 0 + e2dE®).



Near-EVH Black Holes
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First law of thermodynamics, IR vs. UV, 3d vs. 5d

Rotating near-EVH case

@ LHS:

ThdSgH = %TBTZdSBTZ-

@ RHS 1;

Qpadp + Q3dJz = %QBTZdJBTZ ,

@ Thermodynamic quantities associated to pinching NH
circle give BTZ angular momentum term (up to scaling)
@ RHS 2:

(dE —2Q,dds — diJa) +O(B) = %dMBTZ

@ Remaining pieces rearrange to give BTZ mass term
(up to scaling)



Near-EVH Black Holes
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First law of thermodynamics, IR vs. UV, 3d vs. 5d

Rotating near-EVH case

ThdSpy = dE — 2Q1dJy — Qadds — Qpddp — Q30J3

N[}
TeTzdSpTZz = dMRBTZ — QBTZAJBTZ

The UV 10d 1st law reduces in the near-EVH approximation
to an IR 1st law for BTZ black hole. J




Near-EVH Black Holes
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First law of thermodynamics, IR vs. UV, 3d vs. 5d

Static near-EVH case

@ LHS:
THdSgH = 6@ Te120SBRTZ.
@ RHS 1:
/Y
Qa0 + Qpddp + Q305 = Ve (QBTZdJBTZ + 2q3/2 d(ads + be)> )

Thermodynamic quantities associated to pinching NH
circle and S° rotation give BTZ angular momentum term
(up to scaling and extra piece)

@ RHS 2:

0., /e (Y5
dE — '21:2 QfdJ; = ¥ = (dMBTz t 2g32
1= ’

@ Remaining pieces rearrange to give BTZ mass term
(up to scaling and extra piece)

d (ada + be)> .



Near-EVH Black Holes
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First law of thermodynamics, IR vs. UV, 3d vs. 5d

Static EVH case

ThdSpy = dE — 2Q1dJy — Qadds — Qpddp — Q30J3

N[}
TeTzdSpTZz = dMRBTZ — QBTZAJBTZ

The UV 10d 1st law reduces in the near-EVH approximation
to an IR 1st law for BTZ black hole. J




Relation between EVH/CF

Relation between EVH/CFT and Kerr/CFT

@ EVH/CFT correspondence: gravity theory in NH limit of
EVH black holes governed by 2d CFT.

@ Consistency check: connection between 2d CFTs in the
EVH/CFT correspondence and 2d chiral CFTs in the
Kerr/CFT correspondence.



Relation between EVH/CF

Review of Kerr/CFT for AdS5 black holes

@ Near horizon geometry for finite horizon 5d extremal
black holes embedded into 10d:

~ dv? - . |
ds2y = A(0n) <_ y2dr? + ;’2) + B1(0n)8s2 + Bo(6n) (80 + C(00)%es

2 3
+ Z anem(en)denden + Z D/(On) (e"bl + Pl(eo)(e¢ + ed)))z )

n,m=0 i=1

@ This metric can be viewed as a warped S2xS° bundle over
AdS,
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Review of Kerr/CFT for AdS5 black holes

@ Each U(1): Virasoro algebra with central charge:

o Gk(SBH

™

G

@ k; comes from e; = d¢ + k.dr.
@ 5 central charges = 5 dual CFT descriptions. Temperature
of dual CFT:

OTu/or,

Ti= oQ;/or.

r+=n

@ Each CFT satisfies Cardy formula:

2

=TT
S SCCC
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Taking the near-EVH limit:

@ Kerr/CFT works for extremal finite size black holes

@ EVH/CFT works for near-EVH black holes which are not
strictly extremal

@ compare proposals in region of parameter space where
both apply

@ restrict to extremal excitations in the EVH/CFT
correspondence

@ consider vanishing horizon limit in the Kerr/CFT
correspondence
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Rotating near-EVH case.

@ leading terms in the Kerr/CFT central charges in the

near-EVH limit:
3bg+ 2PV 3v/q ab (3 N2 |
Cd) E 62\/7 N 6 y C¢1 = sz = 7@? N

cc = ws(cy + (al/q)ey,) =0

3VV B \/q? + a2(2 N2

2=, 2 2

@ large N limit: ¢4, cy,, Cy,; C: ~ € — 0; corresponding
CFTs break down.

C;=c¢ (w1 Cy + LdgC%)

’ C)"( = CBrown—Henneaux

@ Central charge associated with AdS3 angle ¢y exactly
equals the Brown-Henneaux central charge.

@ connecting Kerr/CFT and EVH/CFT: chiral 2d CFT in
WKarr/CET iec tha ~Ahival earntar nf OET in the EVILU/CET
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Static near-EVH regime.

@ leading terms in the Kerr/CFT central charges in the EVH

limit:
3q b 2 3q a,,
N - IN
PT Nt YT e
fo ab 3¢?
Cyy = Cyp = /4 VY N2 2 Cys = _€4\/\TSN2’

@ Central charge associated with AdS3 angle ¢y exactly
equals the Brown-Henneaux central charge.

‘ Cy = —€Cyy; = Cstatic |-

= CKerr/CFT
extremal near-EVH

@ BUT: ¢,, ¢, finite in large N limit; rotation in NH S3...CFT??

@ | CEVH AdS;
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the Kerr/CFT central charge associated with the vanishing
U(1) isometry cycle remains finite in the EVH limit and
always matches the standard AdS; Brown-Henneaux
central charge computed in the EVH/CFT correspondence.




@ Studied EVH, near-EVH limit of rotating 5d black holes in
10d IIB supergravity. EVH black holes: Ay, Ty = 0.

@ EVH black hole=point on EVH surface. Near horizon
geometry develops pinching AdS; throat = dual CFT,
description.

@ EVH/CFT correspondence: gravity theory in NH limit of
EVH black holes governed by 2d CFT.

@ Othogonally displace configuration from EVH surface =
excite pinching AdS3 to pinching BTZ.

@ Sgr~ gives S‘IOd-

@ AdS3/CFT,: CFT central charge and excitations.

@ Combine pinching and large N limit: all BTZ and CFT
charges are finite.



@ Scalar probe in black hole background: map UV quantum
numbers to IR ones.

@ Precise mapping: View IR CFT, as sector in UV CFTy.
@ First law of thermodynamics for 10d near-EVH limit first

law of thermodynamics of NH BTZ black hole.

@ Future work: generalise this statement.

@ Check of EVH/CFT proposal:

CEVH AdS;

= CKerr/CFT
extremal

near-EVH

chiral CFT Kerr/CFT proposal=chiral limit of the CFT> in

EVH/CFT correspondence.
@ Role of extra finite Kerr/CFT central charges?
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