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Quantum Entanglement in AdS/CFT

* Recently there are celebrated success:
* Eternal black hole/TFD, Ryu-Takayanagi, HRT, entanglement dynamics...

* Mixed state entanglement measure (and AdS dual) is
less known

* Multipartite entanglement measure (and AdS dual) is
less known

* General quantum information dictionary of AdS/CFT
IS unknown
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Multipartite EWCS
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Canonical purification

* Consider a mixed state on a bipartite Hilbert space
PAB

* Flipping Bras to Kets for the basis
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Reflected entropy

. :
Propertles pure state : Sgr(A: B) =25(A) ,

factorized state : Sgr(A: B) =0,
bounded from below : Sgr(A: B)>I(A: B),
bounded from above : Sg(A: B) < 2min{S(A),S(B)}

* Graph description

D

wABc ~ %ABC
[Vpas) = [V Tre|)(¥]) € (Ha ® Ha) @ (Hp ® Hp-)

PAB

B*|| 5 S(A: B) = S(AA* : BB) /7
= Entanglement Entropy of Red Curve



Generalizations

* Trace some of a,b,c first

wl — ‘\/Trc‘¢ABCabc> <¢ABCabc‘ >
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Generalizations
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Generalizations

U1 = |/ Tre| Y aBcase) (W aBcase| )
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Multipartite entropy
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Holographic reflected entropy







Holographic generalized entropy (4 copy)

Ew(A:BC)+ Ey(B:CA) <X"(C: A:B)



Ew(A:BC)+ Ew(B:CA)+ Ew(C : AB)
< min{ 7(757)’”(14 . B:C), 7@ﬁ”(B . C:A), ?;3”(() . A: B)}



Holographic multipartite entropy
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Replica trick

* Replica trick in canonical purifications

— ‘\/Trc‘¢ABCabc> <¢ABCabc‘> (m) — (TI.CIOO)%> )
by = |/ Trow [¢1) (¥ ] ) ) ¢(m) (Traw ™) %)
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* Replica trick in Renyi index
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Example in AdS3/CFT2

* Example: ground state of CFT2 in infinite line

Z

PN dx? + dz?

, x € (—00,4+00),2 € [0,4+00)
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Path mmtegral with replica trick

* Replica in purification

X1 x2 X3 x4x5 Xg \ / s s
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Use replica trick to represent ¢\"™. (a): Trepo and (b):
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‘T'wist operators

* Counting conformal weights for oi(z;)

C, 3 c

h1:h6:ﬂ(m —m)n, hzzhgzﬁ(m2—1>n, h4:h5:6(m—%)n
* OPE contraction
C 1
oi(xi)oj(x;5) — op(xy)  hig = hag = hys = g(n — 7_7,,)

e Partition function

TrR(Terém))” — <01($1)02($2)03(f53)04(334)05($5)06($6)>CFT®m3n



Large c¢ simplification
* Large c 6-point block with fixed hf/c, hi/c

C h hz
F = exp {—gf <?f, ;,azz>]

* Function f(x) can be solved from monodromy approach of

(9:62- B

C;

6

$(2) + T(2)(z) = 0 T<z>=2((6’“/°‘2— )

1 Z — QZ’Z) <z — I

6 6 6

Zci =0, Z(szz — 671%) =0, Z(sz‘? — 12}“:6@-) =0

[ 24
TrM; = —2cos <7T 1— —hf>
c

* Contours for monodromy matrices




Comparison (a): to r, with d; = 20,d> = 100
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COIIlpaI'iSOIl (b): to dy, with » = 0.5,d, = 100
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Conclusion

* Infinite many concrete CFT entropies and its AdS duals
have been found

* Some of the dualities has been tested/proved

* Black hole background and time dependent
generalization



