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çÉ���*)º

I �8c��§kNõ«�{)ºçÉ��§'X
I uØ£Strominger Vafa 1996§· · ·¤,
I �þfÚå£Rovelli 1996§· · · , Ashtakar et al,1997,¤
I Å��£Bombelli et al 1996, · · · , Ryu-Takayanagi 2006,¤
I · · · .

I /Ê·5¯K0µNõ«ØÓ��{£�*gdÝ��Ø
Ó¤�ÑÓ��(J¶GR¥Nõ«ØÓ�çÉÑ÷
vBekenstein-Hawking¡Èúª"

I Carlipµ2�nØ��/é¡5§��*gdÝ�[!Ã
'(Carlip 1995, Strominger 1997, Birmingham et al 1998,
· · · )"
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Cardy úª I

I �/é¡532�´Ã¡��§�X���X�©ÿÀC
�z → f (z), z̄ → f̄ (z̄),�±d/Virasoro )¤�0L[ξ] ÚL̄[ξ̄]
)¤"ü�ÅðÖL0 = L[ξ0] ÚL̄0 = L̄[ξ̄0]éAX~ê��X
���XC�§Ó��´�þ��Äþ��5U\.

I Virasoro �ê§

{L[ξ], L[η]} = L[ηξ′ − ξη′] +
c

48π

∫
dz(η′ξ′′ − ξ′η′′),

{L[ξ], L̄[η̄]} = 0,

{L̄[ξ̄], L̄[η̄]} = L̄[η̄ξ̄′ − ξ̄η̄′] +
c̄

48π

∫
dz̄(η̄′ξ̄′′ − ξ̄′η̄′′).

(1)

Ù¥c , c̄¡�¥%Ö,û½
ÊÏ�©ÿÀ�ê�¥%*Ü"
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Cardy úª II

I �Ä���/|Ø§Ùü�ÅðÖL0, L̄0������Ñ´
�K�ê∆0, ∆̄0. 1986c§Cardyuy
��úªµL0, L̄03
���∆, ∆̄ ���Ý�ì?1�´

ln ρ(∆, ∆̄) ∼ 2π{
√

(c − 24∆0)∆/6 +
√

(c̄ − 24∆̄0)∆̄/6}.
(2)

�Ò´`§�£�*G�ê¤d�/é¡5Ä�û½§�Ä
åÆ[!Ã'"

I çÉ=Ø´���§�Ø´�/ØC�§�´§3À.N
C§dur��Úå7£�A§�±Cq�w�2��
£r − t²¡¤Ú�/ØC�"
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Cardy úª III

I A^CÀ.�2��/é¡5§Carlip uÐ
�«�{§^
u)º?¿�Ý��¥�çÉ��§��/arXiv:1207.1488,
Effective conformal descriptions of black hole entropy; a
review”.
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ÏL”AdS3/CFT2”O�çÉ�� I

I Äk0��eBTZçÉ§

ds2 = −N2dt2 + N−2dr 2 + r 2(dϕ+ Nϕdv)2, (3)

Ù¥

N2(r) = −8GM +
r 2

L2
+

16G 2J2

r 2
, Nϕ = −4GJ

r 2
. (4)

çÉ�À. �

r 2
± = 4GML2(1±

√
1− J2

L2M2
). (5)
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ÏL”AdS3/CFT2”O�çÉ�� II

I 1986c§Brown ÚHenneaux ÒuyµAdS�ì?é¡+d
ü�Virasoro �ê)¤§�Ò´`§3Ã¡�>.þ�3ü
��/|Ø£/�£0Ú/m£0¤§¿�¥%Ö´

c = c̄ =
3L

2G
, (6)

�±w�”AdS3/CFT2”�k("
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ÏL”AdS3/CFT2”O�çÉ�� III

I 3ù�Ä:þ§Strominger (hep-th/9712251) A^Cardyú
ªO�
BTZçÉ��§Ù¥

∆0 =
ML + J

2
, ∆̄0 =

ML− J

2
, (7)

¤±�<Cardyúª§��

S = ln ρ(∆0, ∆̄0) ∼ 2π{
√

c∆0/6 +
√

c̄∆̄0/6} =
2πr+

4G
. (8)

I þ¡�Cardyúª�±@�´3��KXn§�k���A
��KXn�úª

ln ρ(TL,TR) ∼ π2L

3
(ceff TL + c̄eff TR). (9)
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ÏL”AdS3/CFT2”O�çÉ�� IV

I éuBTZçÉ§k

TL =
r+ − r−

2πL2
, TR =

r+ + r−
2πL2

, (10)

÷v
1

TL
+

1

TR
=

2

TH
. (11)

�\(8)��

S =
2πr+

4G
. (12)
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3�AdS��¥�2Â�éØ I

I 3�GR´vkÛ�gdÝ�§¤±§�±�¤ÿÀ|
ØChern-SimonsnØ�/ª§AO�§éuAdS��§k

IGR = − 1

8πG

∫
ea ∧ (dωa +

1

2
εabcω

b ∧ ωc)− 1

6L2
εabcea ∧ eb ∧ ec

= ICS [A(+)]− ICS [A(−)],

(13)

Ù¥

A(±)a = ωa ± 1

L
ea, (14)
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3�AdS��¥�2Â�éØ II

A(±) = A(±)aTa´SO(2, 1)�5�³,Chern-SimonsnØ�
�^þ´

ICS =
k

4π

∫
Tr{A ∧ dA +

2

3
A ∧ A ∧ A}, (15)

Ù¥

k = − L

4G
. (16)
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3�AdS��¥�2Â�éØ III

I l�^þ�±��CS�§

F± = dA(±) + A(±) ∧ A(±) = 0 (17)

�duEinstein�§"þ¡�|�§`²éä´²"�§�
Ò´Û��Ñ�±�¤

A = g−1dg . (18)

I �K©Û§Poisson)Ò

{Ai (x),Aj (y)} =
2π

k
εijδ(x − y), (19)

�Ò´`§Ai Q´ ��´Äþ"
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�>6/þ�Chern-SimonsnØ I

I Äk§�
¦�^þ(15)�C©k¿Â§I�V\�½�>
.�±9>.^�"éuCSnØ5`§duéäA��Q´
 �Cþ�´ÄþCþ§¤±I��	�&E"Ï~��{
´3>.∂MþÀJ�½�E(�(z , z̄)§,��½��©
þ§@o>.��±À�

Ibd =
k

4π

∫
∂M

TrAz Az̄ , (20)

2\þ>.^�

δAz |∂M = 0, or δAz̄ |∂M = 0. (21)
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�>6/þ�Chern-SimonsnØ II

I 35�C�
Ā = g−1Ag + g−1dg (22)

o�5�ØC��^þ�

(ICS + Ibd )[Ā] + kI +
WZW [e, Ā] = (ICS + Ibd )[A] + kI +

WZW [g−1,A]
(23)

Ù¥WZW��

I +
WZW [g−1,Az ] =

1

4π

∫
∂M

Tr(g−1∂z gg−1∂z̄ g − 2g−1∂z̄ gAz )

+
1

12π

∫
M

Tr(g−1dg)3,

(24)
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�>6/þ�Chern-SimonsnØ III

I �ó�§5�C�ëêg3>.þC¤ÄåÆCþ§¿�d
Ã�WZWnØ5£ã§ù�´���/|Ø"ù
gd
Ý/would-be-gauge d.o.f”��3´du>.^���3»
"
5�é¡5.
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ÏLWZWnØ��{ I

I e¡0�,	�«A^�/|WZWnØ��{
£arXiv:gr-qc/0503022¤µlÝ5�Schwarzschild /ªÑ
u§

ds2 = −N2dt2 + N−2dr 2 + r 2(dϕ+ Nϕdv)2. (25)

=��±�k�Ýρ±9ü�a1�Iu, v = t/L± ϕ��I
X, Ý5/ª�

ds2 = −4GL(L+du2+L−dv 2)+L2dρ2−(L2e2ρ+16G 2L+L−e−2ρ)dudv ,
(26)
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ÏLWZWnØ��{ II

Ù¥

L± =
(r+ ± r−)2

16GL
. (27)

3ù«�Ie§CSéä�{ü�/ª

A(+) =

(
1
2 dρ −4G

L L+e−ρdu,
−eρdu −1

2 dρ

)
,

A(−) =

(
−1

2 dρ −eρdv ,

−4G
L L−e−ρdv 1

2 dρ

)
.

(28)

Äk5¿�§ùü�éä÷v

A
(+)
v = 0, A

(−)
u = 0, (29)
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ÏLWZWnØ��{ III

÷vCS�>.^�§¤±3>.þ�±��ü�Ã�5
�WZW�"duùü�WZW�Ñ´Ã�5�§�
âPolyakov-Wiegmann úª

I [g1g2] = I [g1] + I [g2] +
1

π

∫
tr(g−1

1 ∂z g1∂z̄ g2g−1
2 ), (30)

�±Ü¤���Ã�5�WZWnØ

I = kI +
WZW [g−1

1 ,A
(+)
v = 0]− kI−WZW [g−1

2 ,A
(−)
u = 0]

= kIWZW [g = g1g−1
2 ].

(31)

�Ò´`§�8c��§·���
>.þ����N��
Ã��WZWnØ"
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ÏLWZWnØ��{ IV

I 2�Äéä(28)�Ù¦5�§�ρé���ÿ§�±w

ÑA
(+)
u ∼ const.T−,A

(−)
v ∼ const.T +, e��±ù«5�§

I�5�C�÷v

Tr(∂v gg−1T−) = 1, Tr(g−1∂ugT +) = 1. (32)

e¡·��ÄäN�+�§?Û��SO(2, 1)�+�Ñ�±
�¤

g(x , y ,Ψ) =

(
1 1√

2
x

0 1

)(
e−Ψ/2 0

0 e−Ψ/2

)(
1 0

− 1√
2

y 1

)
,

(33)
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ÏLWZWnØ��{ V

�<WZW�(24)�±��

kIWZW =
k

4π

∫
∂M

dudv(
1

2
∂uΨ∂v Ψ− eΨ∂ux∂v y), (34)

�å(32)C¤

Tr(∂v gg−1T−) = eΨ∂v y = 1, Tr(g−1∂ugT +) = eΨ∂ux = 1.
(35)

ò�å�<�§��

kIWZW =
k

8π

∫
∂M

dudv(∂uΨ∂v Ψ− 2e−Ψ), (36)
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ÏLWZWnØ��{ VI

�Ð´LiouvillenØ��^þ�/ª§

ILiou =
1

4π

∫
∂M

√
qd2x(qab∂aφ∂bφ+ QRφ+ 4πµe2bφ). (37)

l��nØ�¥%Ö�

c = 1 + 6(b + 1/b)2 ≈ 48π
k

8π
=

3L

2G
. (38)

I �{�¯Kµ
I ¤À^��IÃ{A^�À.þ,
I ^�Ã¡�?�>.^�§
I �����/|Ø§�¥%ÖÓ�´c = 3L

2G ,¤±AT��
�����.
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CSéä I

I BTZçÉ�Ý5�

ds2 = −N2dv 2 + 2dvdr + r 2(dϕ+ Nϕdv)2. (39)

ÀJXe�a1{Ie§

l = −1

2
N2dv + dr , n = −dv , m = rNϕdv + rdϕ, (40)

�±O�ÑCSéä�/ª

A−(±) = −(Nϕ ∓ 1

L
)dr − N2

2
d(ϕ± v

L
), A+(±) = −d(ϕ± v

L
),

A2(±) = r(Nϕ ± 1

L
)d(ϕ± v

L
).

(41)
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CSéä II

½Â#�Cþ§

w = ϕ− v

L
, w̄ = ϕ+

v

L
, c±(r) =

r

L
(LNϕ ± 1). (42)

l(41)�±wÑ

A
(+)
w = 0, A

(−)
w̄ = 0, (43)

äkÚ(29)���/ª§¤±Ó��±��ü�Ã�5��
�WZW�"
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>. I

I ÀJa�¡r = r0,���r0 → r+,Ò�
À."r = r0þ��
�´

ds̃2 =
L2

4
[(c2

+ − N2)dw̄ 2 − 2(c+c− − N2)dw̄dw + (c2
− − N2)dw 2],

(44)

¤±Ý5´

qab =
L2

4

(
c2

+ − N2 −(c+c− − N2)
−(c+c− − N2) c2

− − N2

)
. (45)
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>. II

±9

q = −N2L4(c+ − c−)2

16
= −N2L2r 2

0

4
, (46)

÷v�N2 → 0ªu0§�Ò´ªua1¡. _Ý5´

qab = − 1

N2r 2
0

(
c2
− − N2 −(c+c− − N2)

−(c+c− − N2) c2
+ − N2

)
. (47)

dd���RicciIþ´0§R = 0.
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5�C� I

I ·�F"5�C�U
�±>.^�§ù�Ò��
+��
À�"¤±Äk�ÄÀJN��>.^�"5¿·�'5´
À.�Ã¡��>."Äk·��Ä/�£0��|"3
À.N�§½Â�þε = r − r+, @oN2 ≈ 2κε,¿�

A−w̄ ≈ −κε. (48)

duù�'X�N
À.�5�§·�F"5�C�U
�
±ù�'X§�Ò´

Ā−w̄ ∼ O(ε) = C1ε. (49)
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5�C� II

b�5�+�äke¡�/ª

g(x , y ,Ψ) =

(
1 1√

2
x

0 1

)(
e−Ψ/2 0

0 e−Ψ/2

)(
1 0

− 1√
2

y 1

)
,

(50)
35�C�(22)e,

Ā− = eΨ(A− − A2x + A+x2/2 + dx), (51)

duA2,A+3À.þÑ´k��,�
�±>.^�(49),·
�I�

x(r , w̄) = εh(w̄), (52)
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5�C� III

Ù¥h(w̄)´��3À.þk��¼ê§¿�Ψ(r , w̄)3À.
þ�´k��.
Ù¦ü�©þ�C��

Ā2 = A2(1− eΨyx)− A+x(1− eΨyx/2) + A−eΨy

+dΨ + eΨydx ,

Ā+ = A+e−Ψ(1− eΨyx/2)2 + A2y(1− eΨyx/2)

+A−eΨy 2/2 + ydΨ + dy + y 2eΨdx/2.

(53)

duùü�©þ�53À.þ´k��§·�F"3C��
�´k��§¤±

y(r+) = finite, Ψ(r = r+) = finite. (54)

���¬¬¬ÅÅÅpppUUU¤¤¤nnnØØØ¿¿¿ BTZçççÉÉÉÀÀÀ...þþþ������///|||ØØØ



SSSNNN
{{{000

2������///|||ØØØ���Cardyúúúªªª
BTZçççÉÉÉ������

æææ^̂̂Eddington���IIIXXX
(((ØØØ

5�C� IV

@o�^þ(34)¥�1��3ªuÀ.��ÿ

eΨ∂ax∂by v ε→ 0, (55)

�Ò´`§3À.þ§·�Ã{��Liouville/ª�nØ§
´��gd�Iþ|nØ§§�¥%Ö´1§éu)º
çÉ��5`��
"

I Ó��(J·^um£©|"
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5�C� V

I l�^þþw§

kIWZW =
k

8π

∫
∂M

√
qdwdw̄qw̄ w̄ (∂w̄ Ψ∂w̄ Ψ− ε)

=
k

8π

∫
∂M

dwdw̄
2π2L3T 2

L

Nr+
(∂w̄ Ψ∂w̄ Ψ− ε),

(56)

ªuÀ.�§N2 ∼ ε→ 0´uÑ�"
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(Ø I

I XJA^Eddington�I�{§�±ïÄ3À.þ�5�"
��À.þ��ÿ§Liouville�^þ�1��´vk�§l
���´gdIþ|§Ù¥%Ö��§Øv±)ºçÉ�
�"

I ·�ò/�£0Ú/m£0ü��/|©m�Ä§=¦U
ìCarlip��{Ü¤���/|§Uì+��Ü¤'X§�
���,´gdIþ|"

I 3À.NC§UØU�¤Liouville�^þ�/ªI��Ä�
õ�>.^�"�Ø�3��c6º
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