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M ∂M = Σ1 ⊕ Σ2
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∂∂M = 0

Σorb = Σ/Z2
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M = [0, 1]× Σ

STMGT =
∫ 1

0

dt

∫

Σ

dzdz̄

[

−1

4
F µνFµν +

k

8π
εµνλAµ∂νAλ + AµJ

µ

]

Πi = −F 0i +
k

8π
εijAj

Πi = −i
δ

δAi

Qm,n = m+
k

4
n

z z̄ hzz̄ = 1 εzz̄ = i  ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 6



UΛ = exp







i

∫

Σ

d2z
√
hΛ(z)

(

∂iE
i +

k

4π
B + ρ

)







V (z0) = exp

{

−i

∫

Σ

d2z

[

(

Ei +
k
√
h

4π
εij Aj

)

εik ∂
k lnE(z, z0)

−θ(z, z0) ρ

]}

θ(z, z0) = Im ln
E(z, z0)

E(z, z′)E(z′, z0)
[

B(z), V n(z0)
]

= 2πnV n(z0) ⇒ ∆Q = −nk

2

∆Q = −nk

2
⇒ Qm,n = m+

nk
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HΣ =
∫

Σ

[

1

2

(

Πi − k

8π
εijAj

)(

Πi −
k

8π
ε k
i Ak

)

+
1

8
(εijFij)

2 −AiJ
i

]

GΣ = −∂i

(

Πi − k

8π
εijAj

)

+
k

4π
εij∂iAj + J0

∣

∣

∣

∣

Σ

G∂Σ = Πi
∣

∣

∂Σ

HΣΨ[A, J ] = EΨ[A, J ]

GΣΨ[A, J ] = G∂ΣΨ[A, J ] = 0  ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 6



∂µJ
µ = 0 , J0 = ρ , J i = 2ji

ρ =
1

2
εij∂iYj = i∂z Y

z − i∂z̄Y
z̄

Σ0 : jz = Y z̄ = 0

Σ1 : j z̄ = Y z = 0
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Ψ0[A, j] = exp

{
∫

Σ0

(

k

8π
Az̄ +

8π

k
j z̄
)

Az

}

×

∫

[Dϕ] exp

{

k

8π

∫

Σ0

(

∂z̄ϕ− 2Az̄ −
64π2

k2
j z̄ +

8π

k
Y z

)

∂zϕ

}

×

exp

{

i

∮

∂Σ1.orb

ϕb(Y
‖ − A‖)

}

Ψ1[A, j] = exp

{
∫

Σ1

(

− k

8π
Az −

8π

k
jz
)

Az̄

}

×

∫

[Dϕ] exp

{

k

8π

∫

Σ1

(

−∂zϕ+ 2Az +
64π2

k2
jz − 8π

k
Y z̄

)

∂z̄ϕ

}

×

exp

{

i

∮

∂Σ0.orb

ϕb(Y
‖ − A‖)

}

(

[Dφ] =
√

AΣ

det∇2
Πd(∂zϕ)d(∂z̄ϕ)Πdϕb

)
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Z2 PT

PCT
 ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 6



PT : Λ 7−→ −Λ

ϕ 7−→ −ϕ

A0 7−→ A0

A⊥ 7−→ A⊥

A‖ 7−→ −A‖

Az 7−→ Az

∂iE
i 7−→ ∂iE

i

B 7−→ B

Qm,n 7−→ −Qm,n .

PCT : Λ 7−→ Λ

ϕ 7−→ ϕ

A0 7−→ −A0

A⊥ 7−→ −A⊥

A‖ 7−→ A‖

Az 7−→ −Az

∂iE
i 7−→ −∂iE

i

B 7−→ −B

Qm,n 7−→ Qm,n . ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 1 6



f0(t) f1(t)

PT PCT

f0(1− t) = −f1(t)

f0(0) = −f1(1) = −1 f0(1) = f1(0) = 0

f0(1/2) = f1(1/2) = 1/2
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∫

Σ1

X1 +

∫

Σ0

X0 =

∫ 1

0

dt

∫

Σ

∂t(f1X1 − f0X0)

τ ∈ [0, 1]
∫

Στ

Xτ =

∫

Σ

(f1(τ)X1 − f0(τ)X0)

∂t(f0ρ0 + f1ρ1) = f0∂zj
z̄ − f1∂z̄j

z
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f0(t) =







f(t) , t ∈ [0, 1/2[

−1/2 + f(t− 1/2) , t ∈ [1/2, 1]

f1(t) =







1/2− f(3/2− t) , t ∈ [0, 1/2[

−f(2− t) , t ∈ [1/2, 1]

f(t) =
1/2

1− e−
k

16π

+

(

1 +
1/2

1− e−
k

16π

)

e−
k

16π
t

jz =
k

8π
Y z̄ j z̄ =

k

8π
Y z
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Z = 〈Ψ1,Ψ0〉 =
∫

[DAz DAz̄]e
iSTMGTΨ†

1Ψ0

Zorb =
〈

Ψ1/2,Ψ0

〉

orb
=

∫

[DAz DAz̄]e
iSTMGT.orbΨorb †

1/2 Ψorb
0

Ψorb
1/2[A, Y ] =
∫

[Dϕ] exp

{
∫

Σorb

[(

∂z̄ϕ− 8π

k
Y z

)

Az −
(

∂zϕ− 8π

k
Y z̄

)

Az̄

]}

× exp

{
∮

∂Σorb

(

Y ‖ − k

8π
A‖

)}
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ϕ A

Āi = ai + εij∂jξ Y i = k
4π

(∂iYD + εij∂jYN )

PT : az 7−→ az PCT : az 7−→ −az

YD 7−→ YD YD 7−→ −YD

ξ 7−→ −ξ ξ 7−→ ξ

YN 7−→ −YN YN 7−→ YN ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 1 6



Ψ†
1/2 =

∫

[Dϕ] exp

{

− k

8π

∫

Σorb

ξ∇2 (ϕ− 2YD)

}

Ψ†
∂Σorb

PT : Ψ†
∂Σorb,D

=

∫

[Dϕ] exp

{

− i k

4π

∮

∂Σorb

a‖(ϕ− YD)

}

×VD

PCT : Ψ†
∂Σorb,N

=

∫

[Dϕ] exp

{

+
i k

4π

∮

∂Σorb

ξ ∂⊥ϕ

}

× VN

PT (Dirichlet bc) : δΣ(∇2(ϕ− 2YD))× δ∂Σ(ϕb − YD)

PCT (Neumann bc) : δΣ(∇2(ϕ− 2YD))× δ∂Σ(∂
⊥ϕb) ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 1 6



YD YN

PT : VD = exp

{

− k

4π

∮

∂Σ

YD∂
⊥ϕb

}

PCT : VN = exp

{

− i k

4π

∮

∂Σ

YN∂
‖ϕb

}

PT : Q0,n =
k

4π
n

PCT : Qm,0 = m

k = 2R2/α′  ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 1 6
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k =
2p

q

Σ0 Σ1
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Σ g

Ql
λ = λl

q
= ml + k

4
nl ml, nl = 0, . . . ,

pq

2
− 1

Q̄l
λ = λl

q
= ml − k

4
nl l = 1, . . . , g

Ξ[A,Qi(zi)] = Ψ×
s
∏

i=1

eiQi(ϕ(zi)+hi(zi))

〈

s
∏

i=1

WQi(z,z̄)

〉

= Φ[A,Qi(zi), Q̄i(z̄i)]

 ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 / 6



〈

s
∏

i=1

WQi(z,z̄)

〉

= Φ[A,Qi(zi), Q̄i(z̄i)] =

s
∏

i,j=1

ei/k QiQj(θij(1)−θij(0))WM(∆Qλ)Ξ[A,Qi(zi)]⊗Ξ†[A, Q̄i(z̄i)]

WQi(z,z̄) = exp

{

iQi

∫

C(z→z̄)

A

}

WM(∆Q) =

g
∏

l=1

exp

{

i∆Ql
λ

∫

βl

A

}

θij(t) = θi(xi(t), xj(t))+2(Γ−1)ll
′

Im

[
∫ xi(0)

x′

ωl

∫ xj(t)

xj(0)

(ωl′+ω̄l′)+

∫ xj(0)

x′

ωl

∫ xi(t)

xi(0)

(ωl′ + ω̄l′)

]  ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 / 1



Z(Γ, Γ̄) = kg/2

(pq)g−1
∑

λ=0

Ψλ(Γ)⊗Ψ†

λ̄
(Γ̄)
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PT : (Q = Q̄ = m) PN
λ =

∑∞
l=0 |λ, l〉

〈

λ̄ = λ, l
∣

∣

|λ = m〉N =
∑∞

l=0 |λ, l〉 ⊗ UP |λ, l〉

PCT : (Q = −Q̄ = k n/4) PD
λ =

∑

l |λ, l〉
〈

λ̄ = −λ, l
∣

∣

|λ = kn/4〉D =
∑∞

l=0 |λ, l〉 ⊗ UP |λ, l〉
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D

S[A,ω,D] =

∫

M

[√−gκD2R(ω)+8
√−gκ∂µD∂µD

−
√−g

4D2
FµνF

µν +
k

8π
εµνλAµ∂νAλ

+
k′

8π
εµνλ

(

ωa
µ∂νω

a
λ +

2

3
εabcωa

µω
b
νω

c
λ

)]

−8κ

∮

∂M

D∂⊥D
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Sb[ϕ, φ,D] =

∫

Σ

[

− 1

4π

(

lnD4 + φ
)

R(2d) − 2κD∂⊥D +

1

16π
∂zφ∂z̄φ+ ΛΣ e−φ − k

8π
∂zϕ∂z̄ϕ

]

D4

〈

exp

{

− 1

4π

∫

Σ

(

lnD4
)

R(2d)

}〉

=
〈

D4
〉−χ(Σ)

⇒ gs = 〈D4〉

χ(Σ) =
1

4π

∫

Σ

R(2d) = 2− 2g − b− c  ! "# $% &' ( ) * + ,' - . /0 1 $ 2 " 23 45 / 6



d+D

STMGT [A,D] =

∫

M

[

−
√−g

4D2
F I
µνF

µν
I − GIJ + iBIJ

8πα′
εµνλAI

µ∂νA
J
λ

]
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Zo =

(gs)
−χ(Σ)

d+D
∏

I=1

∫

[Dϕ]
d
∏

a=1

δ∂Σo (ϕa
b)

d+D
∏

m=d+1

δ∂Σo

(

∂⊥ϕ
m
b e−Sb[ϕ]

)

Sb[ϕ] =
1

8πα′

∫

Σ

[√
hhijG̃IJ + iεijB̃IJ

]

∂iϕ
I∂jϕ

J +

1

4π

∮

x⊥=0

[

YD,a∂
⊥ϕa

b + iYN,m∂
‖ϕm

b

]

K̃IJ =
1

(α′)2
GII′(K

−1)I
′J ′

GJ ′J ≡ 1

α′

(

G̃IJ + iB̃IJ

)
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SDBI = Zo = (gs)
−χ(Σ)/2

∫

dDϕ |det (Kmn + Fmn)|νg/2

Kmn(ϕ
m) = KIJ

∂ϕI

∂ϕm

∂ϕJ

∂ϕn

Fmn(ϕ
m) =

∂Y I
N,m

∂ϕn
−

∂Y I
N,n

∂ϕm

ϕI = (ϕm, Y a
D)

ν0 = 0 ν1 = 1

νg≥2,even = 1 νg>2,odd = 0
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