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AdS/CFT

IR regulated
string thermodynamics

large black hole dual to high
temperature thermal state

large black holes dominate
at high energy density
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AdS-Schwarzschild metric  (d + 1 dim.)

ds* = —f(r)dt* + d—TQ + r2d§A
— d—1

f(r)
r? L4
f(r):€_2+1_rd—2
—1
A = —d(d2 ) ¢? cosm. const.
167TGNM

U = black hole mass
(d — 1)ad_1
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r=rg event horizon
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fi(rs) = el W + 72T Hawking temperature
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re > \/i ¢ large black hole
d— 2
d
re < \/mé small black hole

Minimum Hawking temperature

d(d — 2)
Trr >
H = 27l

Positive specific heat?

dp
—— >0 large black hole
ATy~ J
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Length scales in the problem

gs < go < 8,7“8

s microscopic scale (string length)
?, microscopic observer

14 adS length

T horizon size

Very large black holes re A ()4 > ¢

2

abe 2 36
Rapea R |y, = 12 (@4 + rg) T (1 + 0(£/u)2/3) (d =3)
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Black holes emit Hawking radiation

Confining gravitational potential in asymptotic adS
background

—— Hawking radiation is reflected back

a small black hole evaporates

—— final state is an adS ’star’

a large black hole reabsorbs reflected radiation

— black hole + 'atmosphere’

Does high Ty imply a ’hot’ atmosphere?
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AdS stars

Page & Phillips '84
Hubeny, Liu, & Rangamani '06

spherically symmetric, self-gravitating radiation (d = 3)

perfect fluid Top = p(r)uqup + p(r)(gap + Uqup)

equation of state  p(r) = 3p(r)

— IR reqgulated string gas at low energy density
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Einstein’s equations reduce to two ODE'’s

mass equation ) — 42 p(r)
] r r dar3p(r)+m(r)+0—2p3
O-V equation d@i) =2 ﬁ )5 (g_p2(rgir_(2)7:(r>) )
asymptotic behavior 7 > ¢
p(r) = O(r™) ak
m(sc) = m(r) = O(r™) El
\
one-parameter family of solutions \
labeled by p(0) s
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total mass of adS star is bounded M = m(0) < O)

M

0.75¢

Ll L L Ll L L1 ,O(O)
from Hubeny et al. '06
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Large adS black hole + Hawking radiation

semi-classical geometry including back-reaction?

local temperature is observer dependent

- fiducial observer atfixed r.0,6  Tia(r) = 7

Tig(r) — 0 as r — o

Tig(r) — o0 @S 1 — 7y
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observer in free fall  Tx(r) =7

relation between Tx(r) and Tgy?

Unruh detector In free fall
— compute acceleration in GEMS

estimate order of magnitude of 7 from energy density of
Hawking radiation
— static black hole solutions of semiclassical eom’s
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Spherical reduction of 3+1 dim Einstein gravity

o 6
— _ag@ [ pW L -
167TG/dx\/ g (R W?)

metric ansatz  ds® = g;; (2", 2')dx'da? + r(2°, 21)?dQ3

1 9 9 61
SO_4G/d x\/—g<r R+2(Vr)? +2+ 52)

Add N scalar fields (minimally coupled in 3+1 dim)

Sn=-2 [ 97“22sz
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One-loop effective action

Mukhanov et al. '94
Bousso & Hawking '97

N 6(Vr)?
S, = d*z\/—g RD - ST ip Ry
487 12
rewrite in local form using auxiliary fields 1, x
Buric et al '98
N 5 1 2
Sy = . d“zy/—g | R(y —6x—61nr)+§(vw)

6V — 61 WTZ)Q)

small semi-classical corrections if Y& <« 1
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look for static solutions in conformal gauge g¢;; = f(z!) i

"+ 0% 1In f
/! (T/)Q

r2

1 7a//
r’ (-83, Inf—307%f+ _>
2 r

(r")? + rr” — f(1 4 307%r2)

= 0

0

= —NG (ax(wg) - %6323 In f)

,r//

— —NG (%ag In f + —)

T

work order by orderin o = 5F
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2
f=holr) =1

&= fo(r)+aCi(r), f(r) = fo(r) +a fi(r)
—— linear ODE’s for C4, f1, xo0, %o

smoothness at r = r, and asymptotic adS behavior fix
most of the integration constants

asymptotic expansions at large r
Ci(r) = —3Inr — % + %¢0 +cor P4+ O(r?Inr)
fi(r) = —4Inr — % 4+ 2¢pg +cor 1 +O(r~?1nr)

vo(r) = —2In7 + v — (£ 43n) 11+ 0(r2)

1 1 3rs 1
amXOszz+§(E_£g)_;+#
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Boundary stress tensor construction for adS gravity

Balasubramanian & Kraus '99

add counterterms at »r — oo boundary

semi-classical terms in action require additional
counterterms

O(«) correction to the total energy
=g +cNGrg/l?+ ... c = O(1) constant

energy density of radiation within proper distance ¢ of

horizon
N Nfr‘s/ﬁ2 N N
P 0r2 03 r

— 0 as rs— o0

S
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Global Embedding Minkowski Space (GEMS) for d = 3
Schwarzschild black hole

(t,7,0,0) — (ZY,...,2°)

Z° = 4my/1 — 22 sinh(t/4m) Z' = 4m4 /1 — 2% cosh(t/4m)
f dr \/Zm 475122 4+ 8m3
Z3—r81n9008q5 Z4—'rsmﬁsingb Z° =rcosf
ozM ozN

9ij = IMN 97 O
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A fiducial observer in b.nh. geometry is a Rindler observer in
GEMS

Tha(r) = 96 _ TUnruh Deser & Levin '98
27
ag = Mmagnitude of 6-acceleration in GEMS

Free fall observer in b.h. geometry is non-uniformly
accelerated in GEMS

instantaneous ag «— 27 Tx(7)

o
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AdS-Schwarzschild geometry requires 7-dim GEMS
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