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Introduction

Tensor networkあ S

Z =
∑
{x,y}

∏
n

Txnynxn−1̂yn−2̂
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The model

A free scalar of mass m

Z =

∫
Dϕ exp

{
−1

2

∑
n

[
(ϕn − ϕn+1̂)

2 + (ϕn − ϕn+2̂)
2 +m2ϕ2

n

]}
On the dual lattice: ϕ = (ϕ1, ϕ2, ϕ3, ϕ4),

W (ϕ) = exp

[
−1

2
ϕTMϕ

]
, M =

m2

2
+


2 −1 −1 0
−1 2 0 −1
−1 0 2 −1
0 −1 −1 2

 .
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Gaussian SVD

Splitting: ϕL = (ϕ1, ϕ2), ϕR = (ϕ3, ϕ4)

M =

(
A −B
−B A

)
, A =

m2

2
+

(
2 −1
−1 2

)
, B =

(
−1 0
0 −1

)
.

W (ϕL, ϕR) = exp

(
−1

2
ϕT
LAϕL

)
exp

(
ϕT
LBϕR

)
exp

(
−1

2
ϕT
RAϕR

)
Decomposition: B ≃ UDUT

exp
(
ϕT
LBϕR

)
=

∫
dπ eiϕ

T
LUπS(π)e−iπTUTϕR
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Gaussian SVD

B = UDUT

D =

(
d+ 0
0 d−

)
, U =

1√
2

(
u+ u−
u+ −u−

)

W (φL, φR) =

∫
dφ̃V (φL, φ̃)V

†(φ̃, φR)

V (φL, φ̃) = G(φL)e
iφT

LUφ̃S1/2(φ̃)
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W̃ (φ̃) =

∫ 4∏
i=1

dφiV (φ1, φ2; φ̃1)V
†(φ̃2, φ2, φ3)

· V (φ3, φ4; φ̃4)V
†(φ̃3;φ4, φ1)

= ρ̃ exp

(
−1

2
φ̃TM̃φ̃

)

M̃ =
1

2
I ⊗D−1 + CTQ−1C, ρ̃ = ρ2

(2π)2χ−χ̃

detD detQ1/2

Q = I ⊗ s+K ⊗ a, CL =

(
U 0
0 0

)
− S

(
0 0
0 U ′

)
, CR =

(
0 0
0 U

)
− S

(
U ′ 0
0 0

)
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