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Temporal / Spatial  Wilson loops
1.   Review: Wilson loops, AdS/CFT

x0
<latexit sha1_base64="pNg+PFKB4S0XH1TB4YELu7mwyww="></latexit>

x1
<latexit sha1_base64="VmurALKz/UHAdDa2O6j/tFgCPwQ="></latexit>

x2
<latexit sha1_base64="Lb/UMDMqMA3v18H4fuJolmokp9Q="></latexit>

Temporal Wilson loop

R
<latexit sha1_base64="UOoP8U7dNbrijn65gn6meLujf9U="></latexit>

Spatial Wilson loop

Rs
<latexit sha1_base64="msqwmqDMeECpRZ6kXQL6DMVvOdY="></latexit>

x0
<latexit sha1_base64="pNg+PFKB4S0XH1TB4YELu7mwyww="></latexit>

x1
<latexit sha1_base64="VmurALKz/UHAdDa2O6j/tFgCPwQ="></latexit>

x2
<latexit sha1_base64="Lb/UMDMqMA3v18H4fuJolmokp9Q="></latexit>

hW i ⇠ exp[�E(R)�]
<latexit sha1_base64="1KRJPMDVOn7qnEFOYR9NAlRhLO4="></latexit>

hW i ⇠ exp[�Es(Rs)�]
<latexit sha1_base64="XtHTIhPiWqkHqtc8AVRZrRZQ7IQ="></latexit>

� ! 1
<latexit sha1_base64="+a5FLLinsuoD09SHAI9jx/yG5qc="></latexit> � ! 1

<latexit sha1_base64="+a5FLLinsuoD09SHAI9jx/yG5qc="></latexit>

Quark potential

W ⌘ Ptr exp


i

Z
Aµ(x)dx

µ

�

<latexit sha1_base64="EGstQD7cmjLlUdcx8KD7lzw937w="></latexit>



6

Phases of gauge theories
Quark
potential
E(R)
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1.   Review: Wilson loops, AdS/CFT
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AdS/CFT calculations of Wilson loop
Bulk metric in string frame

R
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Nambu-Goto string solution

Quark potential , 

[Maldacena 98] [Rey Yee 98]

1.   Review: Wilson loops, AdS/CFT
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Details of the calculation
Bulk metric in string frame
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1.   Review: Wilson loops, AdS/CFT
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Nambu-Goto action
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Details of the calculation (cnt’d)
1.   Review: Wilson loops, AdS/CFT
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Solving inverse problem
2.   The formulas

Bulk metric in string frame

Nambu-Goto string solution

Quark potential , 

[Maldacena 98] [Rey Yee 98]
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Bulk reconstruction at T = 0
2.   The formulas

Cf. Formulas for entanglement entropy [Bilson 08]

ds2 = f(⌘)(�dt2 + d~x2) + d⌘2
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Bulk reconstruction at T > 0
2.   The formulas

,
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Solving inverse problem
2.   The formulas

Bulk metric in string frame

Nambu-Goto string solution

Quark potential , 

[Maldacena 98] [Rey Yee 98]

Trick 1 Trick 2



A.  Notice            is equal to 
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Essential parts of the proof
2.   The formulas

Trick 1

dE/dR
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Q. is the variable which was eliminated. 
How can one recover it?!
⌘0

<latexit sha1_base64="4h5JmonK5IjlYd+DZYAn3ytXBn4="></latexit>

A.  Use an integral inversion formula for Volterra eq. 

Q. Metric is inside the integral.
How can one extract it?!

Cf. Differential entropy [Myers Rao Sugishita 14]
[Balasubramanian Chowdhury Czech de Boer Heller 13]
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Rebuilding AdS and near-horizon D-branes
3. Examples of reconstruction

CFT at T=0 :

)
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AdS spacetime w/ AdS radius

Power-law potential at T=0 :
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Near-horizon geometry of Dp-branes
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Confinement Bulk IR bottom)
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“CV conjecture” : Complexity = Volume
4.   Inside horizons 

=  Min. Num. of quantum
gates to construct 

from 
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[Stanford, Susskind 2014]

Complexity

Eternal 
AdS Schwarzschild

black hole
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Inside the horizons by complexity
[KH Watanabe 2103.13186]

4.   Inside horizons 
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Reconstructing BTZ black hole
[KH Watanabe 2103.13186]

QFT data input: 
Hartman-Maldacena entanglement entropy

Result of 
the formula : 

BTZ

metric

horizon

singularity

4.   Inside horizons 
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Comparison of methods
5.   Uses and issues

Holographic renormalization

No use of
Einstein eq

Lattice
input

Entanglement, Complexity

Correlators

Reconstruction method

AdS/DL

Wilson loop [KH 20]

[KH Tanaka Tomiya Sugishita 18]

[deHaro Solodukhin Skenderis 00]

[Hammersley 07] [Bilson 08]… [KH Watanabe 21]

[Hammersley 06] [Hubeny Liu Rangamani 06]
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