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Idea: Geometry of Tensor Networks (AdS/TN)

Tensor Networks ~ “Geometry of entanglement in quantum states”

[Swingle ’12]

Optimized TN (MERA) Time-Slice of AdS

Slices of Holographic Geometry ~ TN representation of the CFT wave function (at large N)  

[HAPPY ’15][Vidal ’05]
[Random TN etc..]

Can we turn this observation into a genuine tool in AdS/CFT? 
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|coherentiHolography ?

[Maldacena ’97] 

[Ryu, Takayanagi ’06]



Coherent states are ubiquitous 

• Quantum information, quantum optics…,     

• Quantum quenches, (global, local)  

• Operator growth and chaos 

• Circuit complexity 

• …
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|coherenti = D(z) |vaci
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} Generalized Coherent States: 

à la Gilmore-Peremolov -> Lie groups

[Calabrese, Cardy, Caputa, Tamaoka, Ryu, Takayanagi,…]

[Balasubramanian, Caputa, Magan, Patramanis,…]

[Chapman, Ge, Policastro, Zukowski, …] [Peremolov, 1972, Gilmore 1972]
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D(z) = eza
†�z⇤a

Displacement operator



Our coherent states: SL(2) coherent states 

states. The most straightforward one is built from the powers of L�n, defined as
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The action of Ln and L�n on such an orthonormal basis is similar to the ladder operators in

the quantum mechanics, Ln deceases the level while L�n increases the level by “one”,
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In fact, the subalgebra formed by L0 and L±n is an sl(2, R) algebra as in the case for global

conformal generators when n = 1, which is more readily seen after a redefinition of the

Virasoro modes
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We denote this subgroup generated by L0 and L±n to be SL
(n)(2, R) as in [9]. Within

SL
(n)(2, R) subgroup, we can decompose the coherent state | n(⇢, ✓)i as an infinite sum

over the basis using the closed form of Baker-Campbell-Hausdor↵ formula on the SL
(n)(2, R)

subsector from [10]. In appendix A.2, the parameters are chosen to form the unitary operator

Un(⇢, ✓) in eq. (3) to suit our needs

Un(⇢, ✓) ⌘ exp
⇣
�
⇢

n
(e�i✓

Ln � e
i✓

L�n)
⌘

= exp

Å
tanh ⇢

n
e
i✓

L�n

ã
exp

Å
�

2 ln(cosh ⇢)

n
(L0 + c(n2

� 1)/24)

ã
exp

Å
�

tanh ⇢

n
e
�i✓

Ln

ã
.

(9){eq:kmode}{eq:kmode}

It is worth noting that in the case n = 1, the anomalous term vanishes as expected from the

Virasoro algebra and the formula can be checked explicitly using the matrix representation

given in appendix A.1. This operator identity separates the positive and negative modes

into three individual exponentials so that when acting on the primary states, the rightmost

exponential is trivial since Ln�1 |hi = 0, while the middle exponential gives a constant.
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To make sl(2) algebra manifestly, 
[Witten 1988]
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There are infinitely many sl(2) subalgebras in the full Virasoro algebra.



In this talk:

• The gravitational dual of this class of coherent states 

• Dynamical properties of the entanglement in the coherent 

background

I will focus on the study in n=1 case, the general n case is similar. 



Gravitational dual



Observation: operator interpretation, using the 

properties of the global conformal generators, 
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(zk � uk)2(1� zkūk)2
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hÕ†(uk)Õ(uk)i
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The density matrix for coherent states on 

the cylinder, c.w. below the BH threshold
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|0i , u = tanh ⇢ei✓ (1)

⇠ = ⇢ei✓

⇢coh =
O(u) |0ih0| O†(u)

hO†(u)O(u)i
(2)

| n(⇠, ⇠
⇤)i = exp(⇠L�n � ⇠⇤Ln) |hi (3)

|hi = O(0) |0i (4)

exp(⇢ei✓L�1 � ⇢e�i✓L1) (5)

= exp(ei✓ tanh ⇢L�1) exp(�2 ln cosh ⇢L0) exp(�e�i✓ tanh ⇢L1) (6)

h 1(⇢, ✓)| (7)

h0| (8)

I = �
1

2

Z
(R� 2⇤)

p
gd3x�

1



Z
K
p

hd2x+m

Z
ds (9)

hT (z)i 1(⇢,✓) =
e2i✓h

(z cosh ⇢� ei✓ sinh ⇢)(z sinh ⇢� ei✓ cosh ⇢)
=

c

12
{f(z), z} (10)

hT (z)i k(⇠,⇠⇤) =
c

12
{fk(z), z} (11)

[L̃m, L̃n] = (m� n)L̃m+n (12)

hT (z)i n(⇠,⇠⇤) =
e2i✓nhnz2n�2

(zn cosh(n⇢)� ei✓ sinh(n⇢))2 (�zn sinh(n⇢) + ei✓ cosh(n⇢))2
�

(n2
� 1)c

24z2

(13)

hT (z)i n(⇠,⇠⇤) =
e2i✓nhnz2n�2(tanh(n⇢)� coth(n⇢))2

(zn � ei✓ tanh(n⇢))2 (zn � ei✓ coth(n⇢))2
�

(n2
� 1)c

24z2
(14)

uk = ei✓ tanh(k⇢) (15)

hT (z)i k(⇠,⇠⇤) =
khkz2(k�1)(1� ukūk)2

(zk � uk)2(1� zkūk)2
�

(k2 � 1)c

24z2
(16)

hT (zk)i k(⇠,⇠⇤) =
hk
k (1� ukūk)2

(zk � uk)2(1� zkūk)
=

hÕ
†(uk)T (zk)Õ(uk)i

hÕ†(uk)Õ(uk)i
(17)

fk(z) =

Ç
zn � ei✓ tanh(n⇢)

zk � ei✓ coth(n⇢)

å↵k

, ↵k =

…
1�

24hk
ck

(18)

1

<latexit sha1_base64="pZJmRTtOdmZr4oy+GTmvImbQ6WI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN+6sYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/iIKRbg==</latexit>

O

| n(⇢, ✓)i = exp(zL�n � z⇤Ln) |hi (1)

|hi = O(0) |0i (2)

exp(⇢ei✓L�1 � ⇢e�i✓L1) (3)

= exp(ei✓ tanh ⇢L�1) exp(�2 ln cosh ⇢L0) exp(�e�i✓ tanh ⇢L1) (4)

| 1(⇢, ✓)i (5)

1

| n(⇢, ✓)i = exp(zL�n � z⇤Ln) |hi (1)

|hi = O(0) |0i (2)

exp(⇢ei✓L�1 � ⇢e�i✓L1) (3)

= exp(ei✓ tanh ⇢L�1) exp(�2 ln cosh ⇢L0) exp(�e�i✓ tanh ⇢L1) (4)

h 1(⇢, ✓)| (5)

1

<latexit sha1_base64="pZJmRTtOdmZr4oy+GTmvImbQ6WI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN+6sYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/iIKRbg==</latexit>

O

<latexit sha1_base64="pZJmRTtOdmZr4oy+GTmvImbQ6WI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN+6sYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/iIKRbg==</latexit>

O

<latexit sha1_base64="pZJmRTtOdmZr4oy+GTmvImbQ6WI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN+6sYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/iIKRbg==</latexit>

O

| n(⇢, ✓)i = exp(zL�n � z⇤Ln) |hi (1)

|hi = O(0) |0i (2)

exp(⇢ei✓L�1 � ⇢e�i✓L1) (3)

= exp(ei✓ tanh ⇢L�1) exp(�2 ln cosh ⇢L0) exp(�e�i✓ tanh ⇢L1) (4)

h 1(⇢, ✓)| (5)

|0i (6)

1

| n(⇢, ✓)i = exp(zL�n � z⇤Ln) |hi (1)

|hi = O(0) |0i (2)

exp(⇢ei✓L�1 � ⇢e�i✓L1) (3)

= exp(ei✓ tanh ⇢L�1) exp(�2 ln cosh ⇢L0) exp(�e�i✓ tanh ⇢L1) (4)

h 1(⇢, ✓)| (5)

h0| (6)

1

Geodesic

Gravitational picture: A massive particle 

threads the insertion points of the operators, 

i.e., conical singularity in the bulk.

<latexit sha1_base64="kh7DRpHCbNSPfTqlyUe398NYhio=">AAACA3icbVBNS8NAEJ3Ur1q/ot70EiyCp5KUoh48FL14s4JthSaUzXbTLt1swu5GKCHgxb/ixYMiXv0T3vw3btoctPXBwOO9GWbm+TGjUtn2t1FaWl5ZXSuvVzY2t7Z3zN29jowSgUkbRywS9z6ShFFO2ooqRu5jQVDoM9L1x1e5330gQtKI36lJTLwQDTkNKEZKS33zYNR3Q6RGGLH0JrtwA4FwirO03sj6ZtWu2VNYi8QpSBUKtPrmlzuIcBISrjBDUvYcO1ZeioSimJGs4iaSxAiP0ZD0NOUoJNJLpz9k1rFWBlYQCV1cWVP190SKQiknoa8783vlvJeL/3m9RAXnXkp5nCjC8WxRkDBLRVYeiDWggmDFJpogLKi+1cIjpGNQOraKDsGZf3mRdOo157TWuG1Um5dFHGU4hCM4AQfOoAnX0II2YHiEZ3iFN+PJeDHejY9Za8koZvbhD4zPHz0gl+k=</latexit>

hO <
c

24



Dynamics probed by the entanglement 



<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>

�

<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O
<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l

<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡
<latexit sha1_base64="DmD8UqSvYAnzEQgMnaxkI/Feklo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+fKmm4peueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/oJ6OlA==</latexit>

l > ⇡

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>

z
<latexit sha1_base64="G4NrL4+FchmdNAyoq1HYtt9oFXI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOejjQQ=</latexit>

w

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>
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Figure 3: The setup for the evolution of the entanglement entropy on the complex plane

(left) and on the cylinder (right). On the complex plane, the two heavy operators are placed

on the real axis, while the twist operators are placed on a circle centered around the origin,

symmetrically along the real axis; on the cylinder, the two heavy operators are placed verti-

cally, while the twist operators are placed on a time slice, here we illustrate on ⌧ = 0 slice.
{fig:EEmoving}

entanglement entropy, let us first take a look at the crossratio by substituting the above

coordinates
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It can be further decomposed into the real value and the imaginary one, given as
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where we see that the crossratio ⌘ always lies on the unit circle centered around the origin

and moves anticlockwise towards ⌘ = 1 as ⇢ increases to 1. There are situations that the

crossratio ⌘ crosses the branch cut at ⌘ = �1, a necessary condition is that its imaginary

part goes to zero, which means

cos(l/2) =
1 + r

2

2r
tanh(2⇢) . (81){eq:crossingtime}{eq:crossingtime}

It is obvious that this equation can only be satisfied when 0 < l  ⇡, as ⇢ � 0. In fact, once

we map the setup to the cylinder (shown on the right side of fig. 3), such a crossing of the

branch cut can be understood holographically in terms of two geodesic, one is �O connecting

the two operators O through the bulk where the conical singularity locates, and the other is

the HRT geodesic connecting the two twist operators ��. Initially when ⇢ = 0, the conical

singularity �O is located at the coordinate center of AdS; as ⇢ increases, �O is moving towards

the boundary and crosses �� at the moment when eq. (81) is fulfilled; finally it shrinks to a
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As one parameter in the coherent states 

increases, this corresponds to the situation 

where the two operators are moving towards 

each other. Such a dynamics can be probed 

by the entanglement entropy.



We can study from both the holographic side and CFT side:

• Holographically: Ryu-Takayanagi formula, regulated geodesic 

length   

• CFT method: treating the moving operators as a part of the 

background, together with two twist operators, 4-pt function, 

dominated by HHLL block, leading contribution has a closed 

form
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Punchline: They match !

function of the twist operator in the old background taking into account the transformation

law of the primary operators

h 1(⇢, ✓)|�(z1)�̃(z2) | 1(⇢, ✓)i = (f 0(z1))
h�(f 0(z2))

h� h0|�(f(z1))�̃(f(z2)) |0i

=
(f 0(z1)f 0(z2))h�

(f(z1) � f(z2))
2h�

(69){eq:2ptcohbg}{eq:2ptcohbg}

where the conformal dimension of the twist operator is h� = c
24

(q �
1

q ) with q being the

replica index. As we see below, the above “two-point” function is actually a result of the

heavy-heavy-light-light (HHLL) block expansion when we consider a holographic CFT with

a large central charge.

4.2 Entanglement Entropy from CFT and HHLL Block

The entanglement entropy, as shown in [3], can be calculated in the CFT side using the

replica trick. To do that, we need to insert two twist operators into the background for one

interval A. It turns out that the two-point function of the twist operators gives rise to the

trace of the q-replica of the reduced density matrix ⇢qA and the entanglement entropy or von

Neumann entropy is obtained taking the limit q ! 1

S(z1, z2) = � lim
q!1

@qTr⇢qA , Tr⇢qA / h (⇢, ✓)|�(z1, z̄1)�̃(z2, z̄2) | (⇢, ✓)i . (70){eq:EE}{eq:EE}

As we show in eq. (19), the coherent state may be written in terms of an operator inserted at

a shifted location, which enables us to rewrite the two-point function of the twist operators

in the coherent background to a four-point function

h (⇢, ✓)|�(z1, z̄1)�̃(z2, z̄2) | (⇢, ✓)i =
hO(u0

, ū
0)�(z1, z̄1)�̃(z2, z̄2)O(u, ū)i

hO(u0, ū0)O(u, ū)i
. (71)

The conformal weight of the operator O in our case is comparable to the central charge,

h/c ⇠ 1, while the conformal weight of the twist operator when q ! 1 is light in the

semiclassical limit c ! 1. Given that we are considering a holographic CFT with a sparse

spectrum of light operators, this enables us to use the expansion for the heavy-heavy-light-

light block where the identity block dominates [1, 25]. Let us first use the global conformal

symmetry to map the insertions to 0, 1, 1 and the cross ratio ⌘,

u
0
! 1 , z1 ! 1 , z2 ! ⌘ =

(u0
� z1)(z2 � u)

(u0 � z2)(z1 � u)
, u ! 0 , (72)

with the same map for the anti-holomorphic part. The original four-point function after such

a map becomes 4

4In general, a four-point function after such a global map can be written as

hO1(w1, w̄1)O2(w2, w̄2)O3(w3, w̄3)O4(w4, w̄4)i =
���w�h1�h2+h3+h4

21 w�h2+h1�h3�h4
42 wh2�h1�h4+h3

41 w�2h3
31

���
2
G(⌘, ⌘̄) ,

with hi being the conformal weight of Oi.
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CFT way : Replica trick and HHLL block

Replica trick -> Insertion of twist operator [Calabrese, Cardy ’09] 
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0)�(z1, z̄1)�̃(z2, z̄2)O(u, ū)i

hO(u0, ū0)O(u, ū)i
. (71)

The conformal weight of the operator O in our case is comparable to the central charge,

h/c ⇠ 1, while the conformal weight of the twist operator when q ! 1 is light in the
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! 1 , z1 ! 1 , z2 ! ⌘ =

(u0
� z1)(z2 � u)

(u0 � z2)(z1 � u)
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21 w�h2+h1�h3�h4
42 wh2�h1�h4+h3

41 w�2h3
31

���
2
G(⌘, ⌘̄) ,

with hi being the conformal weight of Oi.
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���
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+ O
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ä
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Though it is still worth to mention that in general, the four-point function doesn’t have such a

simple form, one needs to use recursion formula of Zamolodchikov to do the calculation [33,34].

We further substitute the above expression into eq. (70) for the entanglement entropy and

put the UV cuto↵ by hand, this gives
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����� , (75){eq:EECFT}{eq:EECFT}

where the UV cuto↵ ✏UV is put by hand. This reproduces the holographic entanglement

entropy (64) once we perform an SL(2, C) transformation on the function (66) which solves

the uniformization equation, f(z) ! f̂(z), more explicitly,
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Ç
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ei✓ coth ⇢ � z

e
i✓ coth ⇢ � z1

z1 � ei✓ tanh ⇢

å↵
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Å
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0
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z � u

z1 � u

ã↵
. (76)

It is worthy to keep in mind that eq. (75) is the entanglement entropy for an interval on the

complex plane. For the discussion below, we find it useful to subtract the vacuum contribution

from eq. (75) such that its form is invariant under conformal transformations,
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sinh(↵ ln ⌘
2

)

sinh ln ⌘
2

����� , (77)

which makes it more convenient to discuss the evolution on a cylinder through the map

z = e
w = e

⌧+i� with ⌧ being the Euclidean time and � the spacial direction.

4.3 Evolution of the Entanglement Entropy

In the last two subsections, we have shown that the geodesic approach matches the CFT

approach in the consideration of the entanglement entropy in the semiclassical limit. Now

we can use the result (75) to study the evolution of the entanglement entropy when the pair

of heavy operators is approaching each other. Without loss of generality, we place the two

heavy operators on the real axis of the complex plane with ✓ = 0, and the twist operators

symmetrically around the real axis, as illustrated on the left side in fig. 3

u
0 = coth ⇢ , z1 = re

il/2
, z2 = re

�il/2
, u = tanh ⇢ . (78)

It is clear from the coordinate depends on the radius of the circle r, the angular di↵erence

of the two twist operators l and the coherent state parameter ⇢. Before considering the

16

HHLL approximation: large c + sparse spectrum of light operators

Identity block domination

hO(u0
, ū
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of heavy operators is approaching each other. Without loss of generality, we place the two

heavy operators on the real axis of the complex plane with ✓ = 0, and the twist operators

symmetrically around the real axis, as illustrated on the left side in fig. 3

u
0 = coth ⇢ , z1 = re

il/2
, z2 = re

�il/2
, u = tanh ⇢ . (78)

It is clear from the coordinate depends on the radius of the circle r, the angular di↵erence

of the two twist operators l and the coherent state parameter ⇢. Before considering the

16

[Fitzpatrick, Kaplan, Walters, ‘14+’15] 

[Hartman, ’13] 

[Perlmutter ’15]

<latexit sha1_base64="8z0rZkTEwBcpgenOslBVbAHcdSY=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFe5E1CJFUAvLCOZDkiPsbeaSJXt7x+6cEEJ+hY2FIrb+HDv/jZvkCk18MPB4b4aZeUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVHOo81jGuhUwA1IoqKNACa1EA4sCCc1geDP1m0+gjYjVA44S8CPWVyIUnKGVHju3IJFVKrxbLLlldwa6TLyMlEiGWrf41enFPI1AIZfMmLbnJuiPmUbBJUwKndRAwviQ9aFtqWIRGH88O3hCT6zSo2GsbSmkM/X3xJhFxoyiwHZGDAdm0ZuK/3ntFMMrfyxUkiIoPl8UppJiTKff057QwFGOLGFcC3sr5QOmGUebUcGG4C2+vEwaZ2Xvonx+f16qXmdx5MkROSanxCOXpEruSI3UCScReSav5M3Rzovz7nzMW3NONnNI/sD5/AEl2o/+</latexit>

� << c
<latexit sha1_base64="LiUNER+nbEgLmBf6QGXxVrrgZsU=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiSlqMuiG3dWsA9oQplMJ+3QmUmYmQglZO/GX3HjQhG3/oA7/8ZJm4W2HrhwOOde7r0niBlV2nG+rdLa+sbmVnm7srO7t39gHx51VZRITDo4YpHsB0gRRgXpaKoZ6ceSIB4w0gum17nfeyBS0Ujc61lMfI7GgoYUI22koV2dDD2O9AQjlt5mHiNKKcqhF0qEU5yljWY2tGtO3ZkDrhK3IDVQoD20v7xRhBNOhMYMKTVwnVj7KZKaYkayipcoEiM8RWMyMFQgTpSfzn/J4KlRRjCMpCmh4Vz9PZEirtSMB6Yzv1ste7n4nzdIdHjpp1TEiSYCLxaFCYM6gnkwcEQlwZrNDEFYUnMrxBNkYtAmvooJwV1+eZV0G3X3vN68a9ZaV0UcZXACquAMuOACtMANaIMOwOARPINX8GY9WS/Wu/WxaC1Zxcwx+APr8we0T5t5</latexit>

hO . c

24



hO(u0
, ū
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<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡
<latexit sha1_base64="DmD8UqSvYAnzEQgMnaxkI/Feklo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+fKmm4peueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/oJ6OlA==</latexit>

l > ⇡

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>

z
<latexit sha1_base64="G4NrL4+FchmdNAyoq1HYtt9oFXI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOejjQQ=</latexit>

w

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>

�

<latexit sha1_base64="TXuDgWiIUAs83Uguip/RZv9ckfc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZA2zk04yZHZ2mZlV4pKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tLyyupZfL2xsbm3vFHf36jpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMYXk/8xgMqzSN5Z0Yx+iHtS97jjBorNZ4u8T59HHeKJbfsTkEWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgeNCO9EYUzakfWxZKmmI2k+n547JkVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnoXfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjEyrYELz5lxdJ/aTsnZVPb09LlassjjwcwCEcgwfnUIEbqEINGAzhGV7hzYmdF+fd+Zi15pxsZh/+wPn8AYJUj7I=</latexit>

z = e
w

Figure 3: The setup for the evolution of the entanglement entropy on the complex plane

(left) and on the cylinder (right). On the complex plane, the two heavy operators are placed

on the real axis, while the twist operators are placed on a circle centered around the origin,

symmetrically along the real axis; on the cylinder, the two heavy operators are placed verti-

cally, while the twist operators are placed on a time slice, here we illustrate on ⌧ = 0 slice.
{fig:EEmoving}

entanglement entropy, let us first take a look at the crossratio by substituting the above

coordinates

⌘ =

Ä
�r cosh ⇢ + e

il
2 sinh ⇢

ä Ä
� cosh ⇢ + e

il
2 r sinh ⇢

ä
Ä
sinh ⇢ � e

il
2 r cosh ⇢

ä Ä
r sinh ⇢ � e

il
2 cosh ⇢

ä . (79)

It can be further decomposed into the real value and the imaginary one, given as

Re(⌘) =
1

4

�
�2

�
r
2 + 1

�
r cos

�
l
2

�
sinh(4⇢) + r

2 cos l(cosh(4⇢) + 3) +
�
r
4 + 4r

2 + 1
�
sinh2(2⇢)

�

AA⇤
,

Im(⌘) = �
r
�
r sin l cosh(2⇢) �

�
r
2 + 1

�
sin

�
l
2

�
sinh(2⇢)

�

AA⇤
,

(Re(⌘))2 + (Im(⌘))2 = 1 , A =
Ä
sinh ⇢ � e

il
2 r cosh ⇢

ä Ä
r sinh ⇢ � e

il
2 cosh ⇢

ä
, (80)

where we see that the crossratio ⌘ always lies on the unit circle centered around the origin

and moves anticlockwise towards ⌘ = 1 as ⇢ increases to 1. There are situations that the

crossratio ⌘ crosses the branch cut at ⌘ = �1, a necessary condition is that its imaginary

part goes to zero, which means

cos(l/2) =
1 + r

2

2r
tanh(2⇢) . (81){eq:crossingtime}{eq:crossingtime}

It is obvious that this equation can only be satisfied when 0 < l  ⇡, as ⇢ � 0. In fact, once

we map the setup to the cylinder (shown on the right side of fig. 3), such a crossing of the

branch cut can be understood holographically in terms of two geodesic, one is �O connecting

the two operators O through the bulk where the conical singularity locates, and the other is

the HRT geodesic connecting the two twist operators ��. Initially when ⇢ = 0, the conical

singularity �O is located at the coordinate center of AdS; as ⇢ increases, �O is moving towards

the boundary and crosses �� at the moment when eq. (81) is fulfilled; finally it shrinks to a
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<latexit sha1_base64="cpfTJkS0aJuavDxr5AjVR4A92n8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuiXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH1veM+Q==</latexit>

l

Unit circle

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>

�

<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O
<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l

<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡
<latexit sha1_base64="DmD8UqSvYAnzEQgMnaxkI/Feklo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+fKmm4peueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/oJ6OlA==</latexit>

l > ⇡

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>

z
<latexit sha1_base64="G4NrL4+FchmdNAyoq1HYtt9oFXI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOejjQQ=</latexit>
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Figure 3: The setup for the evolution of the entanglement entropy on the complex plane

(left) and on the cylinder (right). On the complex plane, the two heavy operators are placed

on the real axis, while the twist operators are placed on a circle centered around the origin,

symmetrically along the real axis; on the cylinder, the two heavy operators are placed verti-

cally, while the twist operators are placed on a time slice, here we illustrate on ⌧ = 0 slice.
{fig:EEmoving}

entanglement entropy, let us first take a look at the crossratio by substituting the above

coordinates

⌘ =

Ä
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It can be further decomposed into the real value and the imaginary one, given as
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where we see that the crossratio ⌘ always lies on the unit circle centered around the origin

and moves anticlockwise towards ⌘ = 1 as ⇢ increases to 1. There are situations that the

crossratio ⌘ crosses the branch cut at ⌘ = �1, a necessary condition is that its imaginary

part goes to zero, which means

cos(l/2) =
1 + r

2

2r
tanh(2⇢) . (81){eq:crossingtime}{eq:crossingtime}

It is obvious that this equation can only be satisfied when 0 < l  ⇡, as ⇢ � 0. In fact, once

we map the setup to the cylinder (shown on the right side of fig. 3), such a crossing of the

branch cut can be understood holographically in terms of two geodesic, one is �O connecting

the two operators O through the bulk where the conical singularity locates, and the other is

the HRT geodesic connecting the two twist operators ��. Initially when ⇢ = 0, the conical

singularity �O is located at the coordinate center of AdS; as ⇢ increases, �O is moving towards

the boundary and crosses �� at the moment when eq. (81) is fulfilled; finally it shrinks to a
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<latexit sha1_base64="FqKI70Hk+nGomlcPnsQx5qS3/sM=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGRF0W3bisYB/QGUomzUxDk8yQZIQ69EvcuFDErZ/izr8xbWehrQcu93DOveTmhCln2rjut1NaW9/Y3CpvV3Z29/artYPDjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+Hbmdx+p0iyRD2aS0kDgWLKIEWysNKhVEfJjLAQe+JrFttXqbsOdA60SryB1KNAa1L78YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM8Pn6JTqwxRlChb0qC5+nsjx0LriQjtpMBmpJe9mfif189MdB3kTKaZoZIsHooyjkyCZimgIVOUGD6xBBPF7K2IjLDCxNisKjYEb/nLq6Rz3vAuGxf3F/XmTRFHGY7hBM7Agytowh20oA0EMniGV3hznpwX5935WIyWnGLnCP7A+fwBCQ6StQ==</latexit>��

<latexit sha1_base64="fInxg+JkCHWgn6TFSpch9zjmtA4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QLGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUrtTo3XCIl991iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n907IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/ST4WKE+SKzRf1E0kwItPnSU9ozlCOLaFMC3srYUOqKUMbUcGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCrdQgzowkPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDYF+PjA==</latexit>

�S

<latexit sha1_base64="yJYPtlFepW+MPh/sU+UZk9Fq2sA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSinosevFYwX5AE8pmu2mWbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPOlLbtb6uwsbm1vVPcLe3tHxwelY9POipOJaFtEvNY9nysKGeCtjXTnPYSSXHkc9r1x3dzvzuhUrFYPOppQr0IjwQLGMHaSJ6rsQhRte7KML4clCt2zV4ArRMnJxXI0RqUv9xhTNKICk04Vqrv2In2Miw1I5zOSm6qaILJGI9o31CBI6q8bHH0DF0YZYiCWJoSGi3U3xMZjpSaRr7pjLAO1ao3F//z+qkObryMiSTVVJDloiDlSMdongAaMkmJ5lNDMJHM3IpIiCUm2uRUMiE4qy+vk0695lzVGg+NSvM2j6MIZ3AOVXDgGppwDy1oA4EneIZXeLMm1ov1bn0sWwtWPnMKf2B9/gCRspFU</latexit>

tanh(2⇢)

<latexit sha1_base64="EumG3O1f9USJluCx6hG3dJmY5mw="></latexit>

c

3
ln

✓
sin(⇡↵� ↵ l/2)

↵ sin(⇡ � l/2)

◆

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

Passing the branch cut

<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡

[Caputa, Ge ’22] 



<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l
<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�
<latexit sha1_base64="Tf3PlK9QbRKbAHbII39kI8Wz3A4=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIp6rLoxp0V7AOaEG6mk3boTBJmJmIJ+RU3LhRx64+482+ctFlo64GBwzn3cs+cIGFUKtv+Nipr6xubW9Xt2s7u3v6BeVjvyTgVmHRxzGIxCEASRiPSVVQxMkgEAR4w0g+mN4XffyRC0jh6ULOEeBzGEQ0pBqUl36y7Y+AcfJeDmmBg2V3umw27ac9hrRKnJA1UouObX+4oxiknkcIMpBw6dqK8DISimJG85qaSJICnMCZDTSPgRHrZPHtunWplZIWx0C9S1lz9vZEBl3LGAz1ZRJTLXiH+5w1TFV55GY2SVJEILw6FKbNUbBVFWCMqCFZspglgQXVWC09AAFa6rpouwVn+8irpnTedi2brvtVoX5d1VNExOkFnyEGXqI1uUQd1EUZP6Bm9ojcjN16Md+NjMVoxyp0j9AfG5w9SM5Sj</latexit>�O

<latexit sha1_base64="d+iyKcAirE6Te/qfhbR+m91qv7E=">AAACAHicbVBNS8NAEN34WetX1IMHL8EieCqJFPVY9OKxgv2AJoTJdpMu3U3C7kYoIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRekjEpl29/Gyura+sZmbau+vbO7t28eHPZkkglMujhhiRgEIAmjMekqqhgZpIIADxjpB5Pb0u8/EiFpEj+oaUo8DlFMQ4pBack3j90IOAff5aDGGFjuShpxKHyzYTftGaxl4lSkgSp0fPPLHSU44yRWmIGUQ8dOlZeDUBQzUtTdTJIU8AQiMtQ0Bk6kl88eKKwzrYysMBG6YmXN1N8TOXAppzzQneWdctErxf+8YabCay+ncZopEuP5ojBjlkqsMg1rRAXBik01ASyovtXCYxCAlc6srkNwFl9eJr2LpnPZbN23Gu2bKo4aOkGn6Bw56Aq10R3qoC7CqEDP6BW9GU/Gi/FufMxbV4xq5gj9gfH5A2oLlvM=</latexit>��

Figure 5: Bulk interpretation in terms of geodesic crossing. The blue dashed geodesic con-

necting the two operators O is �O while the green one connecting the two twist operators

is ��. When the two operators O are moving towards each other, the blue geodesic shrinks,

crossing the green one at the moment when the cross-ratio crosses the branch cut at ⌘ = �1.

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�

<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O
<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l

<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡
<latexit sha1_base64="DmD8UqSvYAnzEQgMnaxkI/Feklo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+fKmm4peueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/oJ6OlA==</latexit>

l > ⇡

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
<latexit sha1_base64="G4NrL4+FchmdNAyoq1HYtt9oFXI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOejjQQ=</latexit>w

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="akt2346eXejTDW0OaZEq5TABZN0=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF29WsLaQhrLZbtulm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bMJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6SGS6F4CwVK3kk0p1EoeTsc3+R++4lrI2L1gJOEBxEdKjEQjKKV/G5EccSozO6mvWrNrbszkGXiFaQGBZq96le3H7M04gqZpMb4nptgkFGNgkk+rXRTwxPKxnTIfUsVjbgJslnkKTmxSp8MYm2fQjJTf29kNDJmEoV2Mo9oFr1c/M/zUxxcBZlQSYpcsflHg1QSjEl+P+kLzRnKiSWUaWGzEjaimjK0LVVsCd7iycvk8azuXdTd+/Na47qoowxHcAyn4MElNOAWmtACBjE8wyu8Oei8OO/Ox3y05BQ7h/AHzucPhzqRag==</latexit>

O

<latexit sha1_base64="x4Rn7yYp2o17zzM2rUoHiTIo8Vc=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczO9iZDZh/OzAbCku/w4kERr36MN//GyWYPmljQUFR1T0+XlwiutG1/W6W19Y3NrfJ2ZWd3b/+genjUVnEqGbZYLGLZ9ahCwSNsaa4FdhOJNPQEdrzx3dzvTFAqHkePepqgG9JhxAPOqDaS289fyCT6MyIG1Zpdt3OQVeIUpAYFmoPqV9+PWRpipJmgSvUcO9FuRqXmTOCs0k8VJpSN6RB7hkY0ROVm+coZOTOKT4JYmoo0ydXfExkNlZqGnukMqR6pZW8u/uf1Uh3cuBmPklRjxBaLglQQHZN5AsTnEpkWU0Mok9z8lbARlZRpk1PFhOAsn7xK2hd156puP1zWGrdFHGU4gVM4BweuoQH30IQWMHiCZ3iFN2tivVjv1seitWQVM8fwB9bnD/nhkjs=</latexit>

l<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>�̃

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�

<latexit sha1_base64="TXuDgWiIUAs83Uguip/RZv9ckfc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjBPOAZA2zk04yZHZ2mZlV4pKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tLyyupZfL2xsbm3vFHf36jpKFMMai0SkmgHVKLjEmuFGYDNWSMNAYCMYXk/8xgMqzSN5Z0Yx+iHtS97jjBorNZ4u8T59HHeKJbfsTkEWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgeNCO9EYUzakfWxZKmmI2k+n547JkVW6pBcpW9KQqfp7IqWh1qMwsJ0hNQM9703E/7xWYnoXfsplnBiUbLaolwhiIjL5nXS5QmbEyBLKFLe3EjagijJjEyrYELz5lxdJ/aTsnZVPb09LlassjjwcwCEcgwfnUIEbqEINGAzhGV7hzYmdF+fd+Zi15pxsZh/+wPn8AYJUj7I=</latexit>

z = ew

<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃
<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�
<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃

<latexit sha1_base64="FqKI70Hk+nGomlcPnsQx5qS3/sM=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGRF0W3bisYB/QGUomzUxDk8yQZIQ69EvcuFDErZ/izr8xbWehrQcu93DOveTmhCln2rjut1NaW9/Y3CpvV3Z29/artYPDjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+Hbmdx+p0iyRD2aS0kDgWLKIEWysNKhVEfJjLAQe+JrFttXqbsOdA60SryB1KNAa1L78YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM8Pn6JTqwxRlChb0qC5+nsjx0LriQjtpMBmpJe9mfif189MdB3kTKaZoZIsHooyjkyCZimgIVOUGD6xBBPF7K2IjLDCxNisKjYEb/nLq6Rz3vAuGxf3F/XmTRFHGY7hBM7Agytowh20oA0EMniGV3hznpwX5935WIyWnGLnCP7A+fwBCQ6StQ==</latexit>��

<latexit sha1_base64="FqKI70Hk+nGomlcPnsQx5qS3/sM=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGRF0W3bisYB/QGUomzUxDk8yQZIQ69EvcuFDErZ/izr8xbWehrQcu93DOveTmhCln2rjut1NaW9/Y3CpvV3Z29/artYPDjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+Hbmdx+p0iyRD2aS0kDgWLKIEWysNKhVEfJjLAQe+JrFttXqbsOdA60SryB1KNAa1L78YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM8Pn6JTqwxRlChb0qC5+nsjx0LriQjtpMBmpJe9mfif189MdB3kTKaZoZIsHooyjkyCZimgIVOUGD6xBBPF7K2IjLDCxNisKjYEb/nLq6Rz3vAuGxf3F/XmTRFHGY7hBM7Agytowh20oA0EMniGV3hznpwX5935WIyWnGLnCP7A+fwBCQ6StQ==</latexit>��

Figure 6: On a given time slice, the conical singularity is moving towards the AdS boundary.

It intersects with the geodesic �� for the interval l < ⇡ at a certain moment, while moving

away from �� for l > ⇡.

the entanglement entropy. With the reparametrization in terms of the phase, the di↵erence

in the entanglement entropy is simply given by,

�S(⌘) =
c

3
ln

����
1

↵

sin(↵�⌘

2
)

sin �⌘

2

���� , (5.14)

which decreases monotonically with ↵ and increases monotonically with �⌘ in the range

0 < ↵ < 1 and 0 < �⌘ < ⇡. This simply tells us that �S(⌘) � 0 is non-negative. To

understand the evolution in more details, we need to distinguish the two cases, l < ⇡ and

l > ⇡. For the case l < ⇡, initially, �⌘ = �l, combining with the vacuum entanglement

entropy on the cylinder

Scyl. vac.(l) =
c

3
ln

✓
2 sin(l/2)

✏UV

◆
, (5.15)
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Such a kink can also be understood in terms of crossing of 

geodesics 

Understanding in three ways 

• Crossing the branch cut 

• Kink in the EE 

• Crossing of two geodesics



Result for l > π
[Caputa, Ge ’22] 

<latexit sha1_base64="DM44Gad3mi3sKjt1M+HYw39AIu8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqIVF0MYygpcEkiPsbfaSJXt7x+6cEEJ+g42FIrb+IDv/jZvkCk18MPB4b4aZeWEqhUHX/XYKa+sbm1vF7dLO7t7+QfnwqGmSTDPus0Qmuh1Sw6VQ3EeBkrdTzWkcSt4KR3czv/XEtRGJesRxyoOYDpSIBKNoJV/edFPRK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi6l1Waw+1Sv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB52QjpI=</latexit>

l < ⇡

<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃
<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�

<latexit sha1_base64="FqKI70Hk+nGomlcPnsQx5qS3/sM=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGRF0W3bisYB/QGUomzUxDk8yQZIQ69EvcuFDErZ/izr8xbWehrQcu93DOveTmhCln2rjut1NaW9/Y3CpvV3Z29/artYPDjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+Hbmdx+p0iyRD2aS0kDgWLKIEWysNKhVEfJjLAQe+JrFttXqbsOdA60SryB1KNAa1L78YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM8Pn6JTqwxRlChb0qC5+nsjx0LriQjtpMBmpJe9mfif189MdB3kTKaZoZIsHooyjkyCZimgIVOUGD6xBBPF7K2IjLDCxNisKjYEb/nLq6Rz3vAuGxf3F/XmTRFHGY7hBM7Agytowh20oA0EMniGV3hznpwX5935WIyWnGLnCP7A+fwBCQ6StQ==</latexit>��

<latexit sha1_base64="fInxg+JkCHWgn6TFSpch9zjmtA4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QLGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUrtTo3XCIl991iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n907IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/ST4WKE+SKzRf1E0kwItPnSU9ozlCOLaFMC3srYUOqKUMbUcGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCrdQgzowkPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDYF+PjA==</latexit>

�S

<latexit sha1_base64="fhEFKYK0RKQPsCCXB/6ufJ7UO3w="></latexit>

c

3
ln

✓
sin(↵ l/2)

↵ sin(l/2)

◆

<latexit sha1_base64="34bkb01syozQj/ANuwzy1MW78LI=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoIDVpi7osunFZwT6gCWUynbRDJ5MwMxFKyIe48VfcuFDEjQvBv3HaZKGtBy6cOede5t7jRYxKZVnfRmFldW19o7hZ2tre2d0z9w86MowFJm0cslD0PCQJo5y0FVWM9CJBUOAx0vUmNzO/+0CEpCG/V9OIuAEacepTjJSWBmbd8QXCCU6TegodxiHMBEdSXnEQi8bIOXMiel47TZPsnQ7MslW15oDLxM5JGeRoDcxPZxjiOCBcYYak7NtWpNwECUUxI2nJiSWJEJ6gEelrylFApJvMj0vhiVaG0A+FLq7gXP09kaBAymng6c4AqbFc9Gbif14/Vv6Vm1AexYpwnH3kxwyqEM6SgkMqCFZsqgnCgupdIR4jHY7SeZZ0CPbiycukU6vaF9XGXaPcvM7jKIIjcAwqwAaXoAluQQu0AQaP4Bm8gjfjyXgx3o2PrLVg5DOH4A+Mrx9R96GH</latexit>

c

3
ln

sin(↵⇡/2)

↵

<latexit sha1_base64="yJYPtlFepW+MPh/sU+UZk9Fq2sA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSinosevFYwX5AE8pmu2mWbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPOlLbtb6uwsbm1vVPcLe3tHxwelY9POipOJaFtEvNY9nysKGeCtjXTnPYSSXHkc9r1x3dzvzuhUrFYPOppQr0IjwQLGMHaSJ6rsQhRte7KML4clCt2zV4ArRMnJxXI0RqUv9xhTNKICk04Vqrv2In2Miw1I5zOSm6qaILJGI9o31CBI6q8bHH0DF0YZYiCWJoSGi3U3xMZjpSaRr7pjLAO1ao3F//z+qkObryMiSTVVJDloiDlSMdongAaMkmJ5lNDMJHM3IpIiCUm2uRUMiE4qy+vk0695lzVGg+NSvM2j6MIZ3AOVXDgGppwDy1oA4EneIZXeLMm1ov1bn0sWwtWPnMKf2B9/gCRspFU</latexit>

tanh(2⇢)
<latexit sha1_base64="Pr1OJ0NIhguvR1pGF73HIn91Guo=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQEWoSirosunFZwT6giWUynbRDJ5kwMxFKyMKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oS54ITFqYMy66PpKE0Yi0FFWMdGNBUOgz0vHH11O/80CEpDy6U5OYeCEaRjSgGCkt9c2yGwiEU0dkqbh3Tu0MuphLWGVnzknfrFg1awa4TOycVECOZt/8cgccJyGJFGZIyp5txcpLkVAUM5KV3ESSGOExGpKephEKifTS2RMZPNbKAAZc6IoUnKm/J1IUSjkJfd0ZIjWSi95U/M/rJSq49FIaxYkiEZ4vChIGFYfTROCACoIVm2iCsKD6VohHSKeidG4lHYK9+PIyaTs1+7xWv61XGld5HEVQBkegCmxwARrgBjRBC2DwCJ7BK3gznowX4934mLcWjHzmEPyB8fkDcJCWqw==</latexit>

2r

r2 + 1
cos(l/2)

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DmD8UqSvYAnzEQgMnaxkI/Feklo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+fKmm4peueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/oJ6OlA==</latexit>

l > ⇡

<latexit sha1_base64="egPbPWtjWR7/Ozpezvo2t0aXlVs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHngWPKA==</latexit>�
<latexit sha1_base64="H+rdK22Prcst/Ve/obQjdVgMgao=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDabSbt0swm7E6GU/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvzKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3Q2ZACgUtFCihm2lgSSihE47uZn7nCbQRqXrEcQZBwgZKxIIztJLvo5AR+EYMEtav1ty6OwddJV5BaqRAs1/98qOU5wko5JIZ0/PcDIMJ0yi4hGnFzw1kjI/YAHqWKpaACSbzm6f0zCoRjVNtSyGdq78nJiwxZpyEtjNhODTL3kz8z+vlGN8EE6GyHEHxxaI4lxRTOguARkIDRzm2hHEt7K2UD5lmHG1MFRuCt/zyKmlf1L2ruvtwWWvcFnGUyQk5JefEI9ekQe5Jk7QIJxl5Jq/kzcmdF+fd+Vi0lpxi5pj8gfP5Az9hkdI=</latexit>

�̃
<latexit sha1_base64="FqKI70Hk+nGomlcPnsQx5qS3/sM=">AAAB+HicbVDLSgMxFL1TX7U+WnXpJlgEV2VGRF0W3bisYB/QGUomzUxDk8yQZIQ69EvcuFDErZ/izr8xbWehrQcu93DOveTmhCln2rjut1NaW9/Y3CpvV3Z29/artYPDjk4yRWibJDxRvRBrypmkbcMMp71UUSxCTrvh+Hbmdx+p0iyRD2aS0kDgWLKIEWysNKhVEfJjLAQe+JrFttXqbsOdA60SryB1KNAa1L78YUIyQaUhHGvd99zUBDlWhhFOpxU/0zTFZIxj2rdUYkF1kM8Pn6JTqwxRlChb0qC5+nsjx0LriQjtpMBmpJe9mfif189MdB3kTKaZoZIsHooyjkyCZimgIVOUGD6xBBPF7K2IjLDCxNisKjYEb/nLq6Rz3vAuGxf3F/XmTRFHGY7hBM7Agytowh20oA0EMniGV3hznpwX5935WIyWnGLnCP7A+fwBCQ6StQ==</latexit>��

<latexit sha1_base64="fInxg+JkCHWgn6TFSpch9zjmtA4=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXiMaB6QLGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUrtTo3XCIl991iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9n907IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/ST4WKE+SKzRf1E0kwItPnSU9ozlCOLaFMC3srYUOqKUMbUcGG4C2+vEwaZ2XvvFy5q5SqV1kceTiCYzgFDy6gCrdQgzowkPAMr/DmPDovzrvzMW/NOdnMIfyB8/kDYF+PjA==</latexit>

�S

<latexit sha1_base64="yJYPtlFepW+MPh/sU+UZk9Fq2sA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSinosevFYwX5AE8pmu2mWbjZxd1Moob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPOlLbtb6uwsbm1vVPcLe3tHxwelY9POipOJaFtEvNY9nysKGeCtjXTnPYSSXHkc9r1x3dzvzuhUrFYPOppQr0IjwQLGMHaSJ6rsQhRte7KML4clCt2zV4ArRMnJxXI0RqUv9xhTNKICk04Vqrv2In2Miw1I5zOSm6qaILJGI9o31CBI6q8bHH0DF0YZYiCWJoSGi3U3xMZjpSaRr7pjLAO1ao3F//z+qkObryMiSTVVJDloiDlSMdongAaMkmJ5lNDMJHM3IpIiCUm2uRUMiE4qy+vk0695lzVGg+NSvM2j6MIZ3AOVXDgGppwDy1oA4EneIZXeLMm1ov1bn0sWwtWPnMKf2B9/gCRspFU</latexit>

tanh(2⇢)

<latexit sha1_base64="EumG3O1f9USJluCx6hG3dJmY5mw="></latexit>

c

3
ln

✓
sin(⇡↵� ↵ l/2)

↵ sin(⇡ � l/2)

◆

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

There is no crossing, no kink as a result.



To summarize: 

As two operators are approaching each other, the entanglement 

for the subregion first increases, reaches the maximum and then 

decrease to the vacuum entanglement entropy. From gravity 

side, this can be understood in terms of the relative distance 

between the massive particle (classical matter) and the 

minimal surface. This explains the revival in the dynamics of 

the entanglement entropy. 



Future directions: 

• What is the real-time version ? Or how to understand in the 

Lorentzian signature? The timelike geodesic will be disanchored 

from the boundary; there will be new singularities when 

operators are null separated 

• If the conformal weight exceeds the BH threshold h>c/24, 

bouncing black hole, more precise solution has to be explored ? 



ありがとうございます！ 


