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Quantum Information and AdS/CFT

Fine-grained information on bulk (quantum) gravity from  
symmetry resolved entanglement?

arXiv:1005.3035 [hep-th]



Entanglement Entropy in AdS3/CFT2
Minimal length curve (geodesic)  
anchored at the ends of the entangling interval

For ground state of 2D CFTs:

<latexit sha1_base64="tk2Lz3F6YwbH9gr/5sjZYLgVjyE=">AAAB+3icbVDLSsNAFL3xWesr1qWbwVZwVZIi6rLqxmVF+4AklMl00g6dPJiZiCXkV9y4UMStP+LOv3GadqGtBy4czrmXe+/xE86ksqxvY2V1bX1js7RV3t7Z3ds3DyodGaeC0DaJeSx6PpaUs4i2FVOc9hJBcehz2vXHN1O/+0iFZHH0oCYJ9UI8jFjACFZa6puVmnvPhiF2Mpdgjq5yr9Y3q1bdKoCWiT0n1aYJBVp988sdxCQNaaQIx1I6tpUoL8NCMcJpXnZTSRNMxnhIHU0jHFLpZcXtOTrRygAFsdAVKVSovycyHEo5CX3dGWI1koveVPzPc1IVXHoZi5JU0YjMFgUpRypG0yDQgAlKFJ9ogolg+lZERlhgonRcZR2CvfjyMuk06vZ5/eyuUW1ez9KAEhzBMZyCDRfQhFtoQRsIPMEzvMKbkRsvxrvxMWtdMeYzh/AHxucPJduT6A==</latexit>

⌃[A]
<latexit sha1_base64="I+2hM1MaN+LgOkBd0vq7wmYw09k=">AAAB8XicbVBNSwMxEJ31s9avVY9egq3gqewWUY9VLx4r2A9sl5JNs21okl2SrFCW/gsvHhTx6r/x5r8x3fagrQ8GHu/NMDMvTDjTxvO+nZXVtfWNzcJWcXtnd2/fPThs6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBWObqd+64kqzWL5YMYJDQQeSBYxgo2VHstZl2COriflnlvyKl4OtEz8OSnVXMhR77lf3X5MUkGlIRxr3fG9xAQZVoYRTifFbqppgskID2jHUokF1UGWXzxBp1bpoyhWtqRBufp7IsNC67EIbafAZqgXvan4n9dJTXQVZEwmqaGSzBZFKUcmRtP3UZ8pSgwfW4KJYvZWRIZYYWJsSEUbgr/48jJpViv+ReX8vlqq3czSgAIcwwmcgQ+XUIM7qEMDCEh4hld4c7Tz4rw7H7PWFWc+cwR/4Hz+AMsXkGI=</latexit>

A

Ryu, Takayanagi 2006
Hubeny-Rangamani-Takayanagi 2007

u

v

<latexit sha1_base64="0db51DPTep4IWLn2I5NqTv8e8Ws="></latexit>

S(A) = Length(⌃[A])
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c = 3L
2G3

� 1

L… Curvature Radius of AdS3 space-time

… Short Distance Cutoff
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Holzhey-Larsen-Wilczek 1994, 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Symmetry Resolved Entanglement
Entanglement entropy in each charge sector, e.g. U(1)

Block decomposition:

Symmetry Resolved Renyi and Entanglement Entropy:

Sela, Goldstein PRL 2018
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S1(q) = lim
n!1

Sn(q) = �Tr
⇣

⇢A(q)
PA(q) log

⇢A(q)
PA(q)

⌘



Symmetry Resolved Entanglement
Entanglement entropy in each charge sector



Example: 2-Qubit system
|EPRi = 1p

2
(|0iA ⇥ |1iB + |1iA ⇥ |0iB)
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⇢A = 1
2 (|0iAh0|A) + |1iAh1|A)
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Conserved Charge: Occupation number (0 or 1)
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⇢A(0) = |0iAh0|A
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PA(0) = PA(1) =
1
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S1(0) = S1(1) = 0

Only number entanglement (classical charge correlations) 
No configurational entanglement (quantum correlations)



U(1) Kac-Moody CFTs
Holographic CFT with U(1) conserved current: 
 
 
           Conserved current                                                Energy-Momentum-Tensor 
           
U(1)k Kac-Moody algebra at level k

S. Zhao, C. Northe, RM, JHEP 2021 (arXiv: 2012.11274)
K. Weisenberger, S. Zhao, C. Northe, RM, JHEP 2021 (arXiv: 2108.09210)
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AdS3 dual to U(1)k Kac-Moody CFT
3D Einstein-Hilbert gravity

U(1)k Chern-Simons theory

<latexit sha1_base64="2vrXEwUm/7DmkbxMGQjz57YR7jo="></latexit>

Sg = 1
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SCS = ik
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R
A ^ dA
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c = 3L
2G3

� 1

L… Curvature Radius of AdS3 space-time

To suppress quantum gravity effects: 

Asymptotic symmetry analysis: 
Boundary theory has U(1)k Kac-Moody symmetry

k…  Chern-Simons level

P. Kraus arXiv:hep-th/0609074 



Single Interval SREE in AdS3/CFT2

Charged twist operator  
induces flux:  
Sela, Goldstein PRL 2018

CFT2 result matches AdS3 result for c>>1

Suting Zhao, Christian Northe, RM, JHEP 2021 (arXiv: 2012.11274),  
Belin et.al. 2013, Xavier et.al.. 2019

Wilson line following the  
Ryu-Takayanagi geodesic
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1
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�
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2⇡

�
with ` = 2 log |v1�v2|

✏

Equipartiton of entanglement!



Further Checks
•Single interval with uncharged/charged  
heavy primary insertions

S. Zhao, C. Northe, RM, JHEP 2021 (arXiv: 2012.11274)
K. Weisenberger, S. Zhao, C. Northe, RM, JHEP 2021 (arXiv: 2108.09210)

•Two intervals in the ground state
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Breakdown of Equipartition

Suting Zhao, Christian Northe, Konstantin Weisenberger, RM, JHEP (2022), 2202.11111

SL(3,R) Higher Spin Gravity in 3D: W3 symmetric CFT 
Energy-momentum tensor plus Spin 3 current

Charged moments for a single interval: 
Topological black hole grand canonical partition function

<latexit sha1_base64="A1753PQ510Fa2U/BCa3N3FLmWMU="></latexit>

log Tr
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6n

⇣
� 1

3
µ2

n4 + 10
27

µ4

n8 + · · ·
⌘

Perturbative result to quartic order in 
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µ

Fourier transformation and taking the replica limit 
yields breakdown of equipartition in SREE at large c.



Boundary Conformal Field Theory
Subleading corrections to (SR)EE: Boundary Conditions

Quantum fields are distributions 
Must be smeared against test functions 
Naive bipartition is insufficient

Ohmori & Tachikawa (2015)



Boundary Conformal Field Theory

Ohmori & Tachikawa (2015), Cardi & Tonni (2016)

Solution: Boundary Conditions

Provide local set of conserved charges: Chiral algebra



Example: Compact Free Boson
Two conserved currents:
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Jµ = @µ'
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J̃µ = ✏µ⌫@⌫'

Neumann

Dirichlet



Boundary Conformal Field Theory

Ohmori & Tachikawa (2015), Cardi & Tonni (2016)

Solution: Boundary Conditions



U(1) Resolution and BCFT
Direct calculation of charged partition functions

Di Giulio, RM, Northe, Scheppach, Zhao, SciPost Physics Core, arXiv: 2212.09767



U(1) Resolution and BCFT
Equipartition to all orders in the UV cutoff expansion

Di Giulio, RM, Northe, Scheppach, Zhao, SciPost Physics Core, arXiv: 2212.09767



Conclusions & Outlook
• New insight into AdS/CFT from quantum information, e.g.  

Entanglement entropy, Symmetry resolved entanglement 
• New tests of AdS3/CFT2 plus Chern-Simons  
• First example of breakdown of equipartition at large c 
• BCFT approach yields exact results due to symmetries,  

U(1) equipartition to all orders for free bosons 

• SREE Analysis of further instances of AdS/CFT WIP 
• Symmetry resolving other quantum information measures WIP 
• Higher dimensions? P. Bueno, P.A. Cano, A. Murcia, A.R. Sanchez, PRL 2022

• Other symmetry groups? Y. Kusuki et. al., arXiv:2309.03287

• Implications on bulk entanglement? WIP w. T. Kögel, J. Xu, W. Weng, G. Di Giulio 
• Timelike (Pseudo) SREE WIP w. T. Kögel, C. Englert 
• Entanglement in non-hermitean systems WIP w. Z. Chen, Z.-Y. Xian 
• Field theory and CondMat Applications? 

C. Northe, Phys. Rev. Lett., arXiv:2303.07724


