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Black hole entropy as a phase space volume

A general BTZ black hole metric has a soft mode that visible from outside
ds? = dr* 4+ (e + e 2" Ty Ty )dudv + Toudu® + T, dv?

7-uu = {Ua U}a Tvv = {V, V}

I\/I+J:%Tuudu:7{{U,u}du
M—J:j{Tvvdv:%{V, v}dv
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Black hole entropy as a phase space volume
Consider the volume of a thin slice of phase space around (M, J)

Vol(M, J) 5M5J

Conjecture: in the ¢ — 0o, M £ J — 0 limit with Sgy(M, J) finite

A T CFT Spectrum

Heavy states
A > (c-1)/24

Light operators
A << (c-1)/24

e
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Black hole entropy as a phase space volume
Consider the volume of a thin slice of phase space around (M, J)

Vol(M, J) M6 J

Conjecture: in the ¢ — 0o, M £ J — 0 limit with Sgy(M, J) finite

A T CFT Spectrum
Heavy states
Vol(M, J) = ¢ 8H(M.J) Sl
’ o =}

Light operators
A << (c-1)/24

The ‘proof’ makes use of the identities o

/ [dU][dV]e P+ (MHD=5-(M=)) — 7o (B1) Zsenw(5-)

. . 2472
Zschw(B) = C'Lngo Zepr(Be) with [ = 3
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Most ingredients of the story generalize to 4D
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Partition function of TT deformed CFT

Zamolodchikov and Smirnov showed that the energy spectrum of the
deformed CFT defined by turning on the TT coupling

S = Serr— [ATT

is exactly given by

1
En(N) = X(—1+¢1+2EHA+1,%A2).
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Partition function of TT deformed CFT

Zamolodchikov and Smirnov showed that the energy spectrum of the
deformed CFT defined by turning on the TT coupling

S = Serr— [ATT

is exactly given by

1
&) = 5 (—1+ /1 +2E,) + j222).

The corresponding TT deformed CFT partition function

Zi(\ o) = ZGXP(27Ti(ULjn +i02En(N)))

with 0 = 01 + iop = shape of the torus, is modular invariant

&1 -z jo—7P _ o
Zi(A\, o) = 2p2 2 e Zeyr(T) p2 =%
P
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Partition function of TT deformed CFT

We can rewrite the deformed partition function as

d’r
Zi(\ o) = / —5 Ki(7: p2,0) Zopr(7)
F Ty
with: ™py 2 .
Ki(ripa,0) = 2p2 Y & 0 "7 = 3 eiSlond
v EPSL(2, 2) n,m
Xom = L(n—m%)z—i—c.c. ds?® = &]dx+ady|2
2iTo 02

SCD

kl(T;p, o) = restricted 2> Narain sum with wrapping number 1
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Partition function of a Symmetric Product CFT

Z(p1,0) = 3 PV Zu(o), p = e2nin
N
1 2
Zpmvv(p, o) = R
};[0 n,1,7:[>0 1-— pdezT(Uljn—l-lozE,,)

jn=md

Partition function of a TT deformed Symmetric Product CFT

H 271'0’2
Z(p; U) = Z I)/\IZN()\7 U), e27l'lp = pe_T
N
1 2
Z 7O' = i : :
(p ) tg) nlnlz 1-— pde%(aun + lazgn()\/d2))
Jjn=md

A.Hashimoto, D.Kutasov ; N.Benjamin, S.Collier, J.Kruthoff, HV, M.Zhang
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Partition function of a TT deformed Symmetric Product CFT

Now let us consider the partition function defined by:

2 - o d?r .
Z(p,0) = e Flr) F(p,o) = / — K(7; p,0) Zepr(T)
F T3
with:
K(rip,o) =p2 Y. o Tz (It mo— 7(m+ mo)?) + c.c.

=

A, meZ?

(==

R(T;p,a) = Full T'2» Narain partition sum
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S-duality invariant TT deformed partition function

2
1
— e Folp2,0)
) e
(p ) (:jI;I()nlan 1 de i (0'1_/,,4-10'25 ()\/d ))
=md
Fo(p2,0) = Apz+ Y _ logdet(A + p2E,)
nesS
Z(p, o) has many remarkable properties:
e Mirror symmetry: Z(p,0) = Z(o,p)
, . 5 _ 5(x ~ _ ap+b
@ S-duality symmetry: Z(p,o0) = Z(p,0), p = ?/;Jr’—d,
o Spectral symmetry: A, F(p,0) = A F(p,0)
@ Hecke symmetry: T”F(p, o) = 'I'J?I:_(p, o)

o U-duality:  0(2,2;Z) ~ PSL(2,Z) x PSL(2,Z) x Z2
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