Reflected Entropy and
Entanglement Wedge Cross Section
with the First Order Correction

Mitsuhiro Nishida

(Gwangju Institute of Science and Technology)
[arXiv:1909.02800]

with Hyun-Sik Jeong and Keun-Young Kim
(Gwangju Institute of Science and Technology)




Entanglement wedge cross section
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Proposals of the dual quantities

_ | £ £ _ [T. Takayanagi, K. Umemoto, 2017]
- eEntanglement ot puritication P. Nguyen et al. 2017]

- Logarithmic negativity [J. Kudler-Flam, S. Ryu, 2018]
. Odd entropy [K. Tamaoka, 2018]
- Reflected entropy s. butta, T. Faulkner, 2019]




Reflected entropy s (A : B)

entanglement entropy of a canonical purification of PAB
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Holographic duality
[S. Dutta, T. Faulkner, 2019]
Sr(A: B)=2FEw(A: B)
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Generalization by a replica index m

[S. Dutta, T. Faulkner, 2019]

S, r(A:B)=2E,w(A: B)

Smr(A:B): reflected entropy with
a canonical purification of pip

Enw(A: B): entanglement wedge cross section
in the gravity dual of PAs

Our motivation

We want to check and understand this relation
by a simple example.



up to the first orderin m — 1.
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What we did
We explicitly check Smr(A: B) =2E,w (A : B)
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Outline

1.Review of Sg(A: B) =2Ew (A : B)
with thermal state and black hole

2.0ur computation of S,,z(4: B)
and E,.w (A4 : B) up to the first order
N m—1



Thermofield double and
two-sided AdS black hole

[J. M. Maldacena, 2001]
Thermofield double
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Reflected entropy of thermal state

— Entanglement entropy of thermofield double

Holographic entanglement entropy
in two-sided AdS black hole

Sr(A : B) two-sided AdS BH
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Holographic duality

[S. Dutta, T. Faulkner, 2019]
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Outline

1.Review of Sg(A: B) =2Ew (A : B)
with thermal state and black hole

2.0ur computation of S,,z(4: B)
and E,.w (A4 : B) up to the first order
N m—1



Generalization by a replica index m
Smi(A: B) = 2E,w(A: B)

[S. Dutta, T. Faulkner, 2019]
Smr(A:B): reflected entropy with

a canonical purification of P4

Enw(A: B): entanglement wedge cross section
in the gravity dual of PAs

Our motivation

We want to check and understand this relation
by a simple example
(the first order correction in m — 1).



Computation of S,.r(A: B)
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In the 2d holographic CFT, Replica manifold (m = 4,n = 2)
the four point function can "
be approximated by r

a single conformal block.
[T. Hartman, 201 3]

We used a perturbative
expansion of conformal block
inm—landn — 1.

[A. L. Fitzpatrick, J. Kaplan,
M. T. Walters, 2014]




Computation of E,.w(A: B)

E..w(A:B .
A w o ) entanglement wedge cross section
— real>,, ip] in the gravity dual of P45
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. The gravity dual of X5
INncludes the backreaction

from cosmic branes.
[X. Dong, 2010]

A B
. At the first order inm — 1, Red surface are cosmic branes

we can apply the computation with tension 1o, .

method In [x. Dong, 2016] .



Check of S..r(A:B)=2E,,w(A: B)

reflected entropy with a canonical purification of p'y's
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entanglement wedge cross section
in the gravity dual of Pi5



Summary

S, r(A:B)=2E,w(A: B)

- We study the holographic duality between
reflected entropy and entanglement wedge
Cross section.

- We explicitly compute and check this duality
up to the first orderin m — 1.









