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Introduction

Boundaries are a generic features in physical systems and arise in a number of situations, with 
effects that are probed by physical quantities such as partition and correlations functions. 

In 2d CFT for instance the presence of a boundary gives additional contributions, which depends 
on the choice of boundary conditions, to the thermodynamic and entanglement entropy 

STH =
c⇡

3�
L+ sB

<latexit sha1_base64="j6hiI4QAuPRoVVsQX45m059Gi/E=">AAACG3icbVDJSgNBEO2JW4xb1KOXwiAIQpiJEb0IIV5y8BAxG2TC0NPpSZr0LHT3CGGY//Dir3jxoIgnwYN/Y2c5aOKDgsd7VVTVcyPOpDLNbyOzsrq2vpHdzG1t7+zu5fcPWjKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtjm4mfvuBCsnCoKHGEe35eBAwjxGstOTkS/dO0qilcA1gewKThNgRS5NzsF2qMKS3cAYgncT2sRoSzKGaOvmCWTSngGVizUkBzVF38p92PySxTwNFOJaya5mR6iVYKEY4TXN2LGmEyQgPaFfTAPtU9pLpbymcaKUPXih0BQqm6u+JBPtSjn1Xd05OlIveRPzP68bKu+olLIhiRQMyW+TFHFQIk6CgzwQlio81wUQwfSuQIdYRKR1nTodgLb68TFqlolUuXtyVC5XqPI4sOkLH6BRZ6BJVUA3VURMR9Iie0St6M56MF+Pd+Ji1Zoz5zCH6A+PrBzaDn64=</latexit>

SEE =
c

6
log

`

✏
+ sB

<latexit sha1_base64="teUCEb8WIXX2Yqy1vE48fHncO44="></latexit>

When some dynamics is injected into a system, boundary conditions can significantly alter the 
dynamics and lead to different effects depending on the choice of boundary conditions. 

where next to the usual terms there is a contribution from the boundary entropy associated with 
the corresponding boundary state  
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2d Holographic BCFTs:

AdS + braneBCFT
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Q: How boundary effects can influence the dynamics of entanglement?

Dynamics induced by a particular class of spatially inhomogenous quenches: 
Möbius and SSD Hamiltonian quenches 
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Setup: 2D CFT on a Strip
CFT in 1+1 dimensions on an interval of length L, with different conformal boundary conditions 
at the two ends of the interval
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minimal or higher-energy

Boundary Condition Changing 
operator 
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Entanglement Entropy
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twist operator 

As opposed to the case with homogeneous BCs, this is not fixed by conformal invariance
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Can be computed as a correlator of twist operators

Entanglement entropy of a subinterval adjacent to one of the boundaries 
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Holographic BCFTs

To make further progress we specialize to BCFTs that should allow for a holographic dual

Analogous to a four point function in the full complex plane. Two relevant expansions:
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<latexit sha1_base64="IKS8t+IBJiU8RikxBwiU9ZpB1FI=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdiehFiPHiMYJ5QLIss5PZZMjsg5lZJa75FC8eFPHql3jzb5wke9DEgoaiqpvuLi/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe+u17KiSLwjs1jqkT4EHIfEaw0pJrFhHqxZK56VV9Un68tE6Qa5asijUDWiZ2RkqQoeGaX71+RJ KAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXU1DHFDppLPTJ+hYK33kR0JXqNBM/T2R4kDKceDpzgCroVz0puJ/XjdR/oWTsjBOFA3JfJGfcKQiNM0B9ZmgRPGxJpgIpm9FZIgFJkqnVdAh2IsvL5PWacWuVs5uq6VaPYsjD4dwBGWw4RxqcAMNaAKBB3iGV3gznowX4934mLfmjGzmAP7A+PwB4U6Sdw==</latexit>

 AB(z = 1)

<latexit sha1_base64="WgoZYAmbf/qedPchEbyNSD9ZBHM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtGNUOvGZQX7gCaEyXTSDp1MwsxEiLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/up74nXsiJI34nUpj4oZowGlAMVJa8swDCJ1YUi+7aowrD5cO5YFKT6Bnlq2qNQVcJHZOyiBH0zO/nH6Ek5BwhRmSsmdbsXIzJBTFjIxLTiJJjPAIDUhPU45CIt1sev8YHmulD4NI6OIKTtXfExkKpUxDX3eGSA3lvDcR//N6iQou3IzyOFGE49miIGFQRXASBuxTQbBiqSYIC6pvhXiIBMJKR1bSIdjzLy+S9mnVrlXPbmvleiOPowgOwRGoABucgzq4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB39gfP4AR3+U/w==</latexit>

�n(e
i⇡�
L )

<latexit sha1_base64="HUZJBTUv3huPNviRGZZ7iENdZXU=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpUqgCMZKLAwMRaIPqQmV4zqtVduJbAepivIDLPwKCwMIsbKz8Te4bQZoOdKVjs65V/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6uJ334gUtFI3OlxTHyOBoKGFCNtpJ595DWGtCcqBN6nXigRTiGFXmxK0QFHWXqTZSc9u+xUnSngInFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp9JsMHhulD8NImhIaTtXfEyniSo15YDo50kM1703E/7xuosNLP6UiTjQReLYoTBjUEZxEA/tUEqzZ2BCEJTW3QjxEJhNtAiyZENz5lxdJ67Tq1qrnt7Vy/SyPowgOwCGoABdcgDq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AbcybIQ==</latexit>

 AB(z = 0)

<latexit sha1_base64="IKS8t+IBJiU8RikxBwiU9ZpB1FI=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdiehFiPHiMYJ5QLIss5PZZMjsg5lZJa75FC8eFPHql3jzb5wke9DEgoaiqpvuLi/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe+u17KiSLwjs1jqkT4EHIfEaw0pJrFhHqxZK56VV9Un68tE6Qa5asijUDWiZ2RkqQoeGaX71+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXU1DHFDppLPTJ+hYK33kR0JXqNBM/T2R4kDKceDpzgCroVz0puJ/XjdR/oWTsjBOFA3JfJGfcKQiNM0B9ZmgRPGxJpgIpm9FZIgFJkqnVdAh2IsvL5PWacWuVs5uq6VaPYsjD4dwBGWw4RxqcAMNaAKBB3iGV3gznowX4934mLfmjGzmAP7A+PwB4U6Sdw==</latexit>

 AB(z = 1)

<latexit sha1_base64="WgoZYAmbf/qedPchEbyNSD9ZBHM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtGNUOvGZQX7gCaEyXTSDp1MwsxEiLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/up74nXsiJI34nUpj4oZowGlAMVJa8swDCJ1YUi+7aowrD5cO5YFKT6Bnlq2qNQVcJHZOyiBH0zO/nH6Ek5BwhRmSsmdbsXIzJBTFjIxLTiJJjPAIDUhPU45CIt1sev8YHmulD4NI6OIKTtXfExkKpUxDX3eGSA3lvDcR//N6iQou3IzyOFGE49miIGFQRXASBuxTQbBiqSYIC6pvhXiIBMJKR1bSIdjzLy+S9mnVrlXPbmvleiOPowgOwRGoABucgzq4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB39gfP4AR3+U/w==</latexit>

�n(e
i⇡�
L )

<latexit sha1_base64="HUZJBTUv3huPNviRGZZ7iENdZXU=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpUqgCMZKLAwMRaIPqQmV4zqtVduJbAepivIDLPwKCwMIsbKz8Te4bQZoOdKVjs65V/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6uJ334gUtFI3OlxTHyOBoKGFCNtpJ595DWGtCcqBN6nXigRTiGFXmxK0QFHWXqTZSc9u+xUnSngInFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp9JsMHhulD8NImhIaTtXfEyniSo15YDo50kM1703E/7xuosNLP6UiTjQReLYoTBjUEZxEA/tUEqzZ2BCEJTW3QjxEJhNtAiyZENz5lxdJ67Tq1qrnt7Vy/SyPowgOwCGoABdcgDq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AbcybIQ==</latexit>

=
X

p

<latexit sha1_base64="5aMWWl6O+Cx1p7b97nh4rm0T4ps=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoheh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66fG6a1LZy5JJr1zxqt4MeJn4OalAjnqv/NXtxzSVTFkqiDEd30tskBFtORVsUuqmhiWEjsiAdRxVRDITZLODJ/jEKX0cxdqVsnim/p7IiDRmLEPXKYkdmkVvKv7ndVIbXQUZV0lqmaLzRVEqsI3x9Hvc55pRK8aOEKq5uxXTIdGEWpdRyYXgL768TJpnVf+8enF/Xqnd5HEU4QiO4RR8uIQa3EEdGkBBwjO8whvS6AW9o495awHlM4fwB+jzBwakkJE=</latexit>

=
X

p

<latexit sha1_base64="5aMWWl6O+Cx1p7b97nh4rm0T4ps=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoheh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66fG6a1LZy5JJr1zxqt4MeJn4OalAjnqv/NXtxzSVTFkqiDEd30tskBFtORVsUuqmhiWEjsiAdRxVRDITZLODJ/jEKX0cxdqVsnim/p7IiDRmLEPXKYkdmkVvKv7ndVIbXQUZV0lqmaLzRVEqsI3x9Hvc55pRK8aOEKq5uxXTIdGEWpdRyYXgL768TJpnVf+8enF/Xqnd5HEU4QiO4RR8uIQa3EEdGkBBwjO8whvS6AW9o495awHlM4fwB+jzBwakkJE=</latexit>

 p,B

<latexit sha1_base64="DvW3FMAfi1igFqTX3Y7JDgdH6BQ=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix1IvHCvYD26Vk02wbms2GJCuUpf/CiwdFvPpvvPlvTLd70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek9u533miSrNYPJippH6ER4KFjGBjpce+1GyQyovGbFCuuFU3A1olXk4qkKM5KH/1hzFJIioM4VjrnudK46dYGUY4nZX6iaYSkwke0Z6lAkdU+2l28QydWWWIwljZEgZl6u+JFEdaT6PAdkbYjPWyNxf/83qJCW/8lAmZGCrIYlGYcGRiNH8fDZmixPCpJZgoZm9FZIwVJsaGVLIheMsvr5L2ZdWrVa/ua5V6I4+jCCdwCufgwTXU4Q6a0AICAp7hFd4c7bw4787HorXg5DPH8AfO5w9sopDD</latexit>

 p,A

<latexit sha1_base64="YxrWImnTxkBeMvp5SQveP7ZLSBg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix6sVjBfuB7VKyabYNzWZDkhXKsv/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut1NYWV1b3yhulra2d3b3yvsHLR0nitAmiXmsOgHWlDNBm4YZTjtSURwFnLaD8e3Ubz9RpVksHsxEUj/CQ8FCRrCx0mNPatZP5dl11i9X3Ko7A1omXk4qkKPRL3/1BjFJIioM4VjrrudK46dYGUY4zUq9RFOJyRgPaddSgSOq/XR2cYZOrDJAYaxsCYNm6u+JFEdaT6LAdkbYjPSiNxX/87qJCa/8lAmZGCrIfFGYcGRiNH0fDZiixPCJJZgoZm9FZIQVJsaGVLIheIsvL5PWedWrVS/ua5X6TR5HEY7gGE7Bg0uowx00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx9rHZDC</latexit>

Depends on all the details of the CFT



Holographic BCFTs

To make further progress we specialize to BCFTs that should allow for a holographic dual

For holographic CFTs 

Large central charge c ≫ 1

Sparse spectrum of low-dimension operators

Dominant contribution to the computation of the entanglement entropy 
comes from the exchange of the stress tensor and its conformal family

Analogous to a four point function in the full complex plane. Two relevant expansions:

[Lewellen92]

h AB |�n(w, w̄)| ABi =
����
@z

@w

����
2hn

h AB(0)�n(z, z̄)| AB(1)iUHP

<latexit sha1_base64="nJc/oboS4bZGVcontRRp4dTTzvI="></latexit>

 AB(z = 0)

<latexit sha1_base64="IKS8t+IBJiU8RikxBwiU9ZpB1FI=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdiehFiPHiMYJ5QLIss5PZZMjsg5lZJa75FC8eFPHql3jzb5wke9DEgoaiqpvuLi/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe+u17KiSLwjs1jqkT4EHIfEaw0pJrFhHqxZK56VV9Un68tE6Qa5asijUDWiZ2RkqQoeGaX71+RJ KAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXU1DHFDppLPTJ+hYK33kR0JXqNBM/T2R4kDKceDpzgCroVz0puJ/XjdR/oWTsjBOFA3JfJGfcKQiNM0B9ZmgRPGxJpgIpm9FZIgFJkqnVdAh2IsvL5PWacWuVs5uq6VaPYsjD4dwBGWw4RxqcAMNaAKBB3iGV3gznowX4934mLfmjGzmAP7A+PwB4U6Sdw==</latexit>

 AB(z = 1)

<latexit sha1_base64="WgoZYAmbf/qedPchEbyNSD9ZBHM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtGNUOvGZQX7gCaEyXTSDp1MwsxEiLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/up74nXsiJI34nUpj4oZowGlAMVJa8swDCJ1YUi+7aowrD5cO5YFKT6Bnlq2qNQVcJHZOyiBH0zO/nH6Ek5BwhRmSsmdbsXIzJBTFjIxLTiJJjPAIDUhPU45CIt1sev8YHmulD4NI6OIKTtXfExkKpUxDX3eGSA3lvDcR//N6iQou3IzyOFGE49miIGFQRXASBuxTQbBiqSYIC6pvhXiIBMJKR1bSIdjzLy+S9mnVrlXPbmvleiOPowgOwRGoABucgzq4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB39gfP4AR3+U/w==</latexit>

�n(e
i⇡�
L )

<latexit sha1_base64="HUZJBTUv3huPNviRGZZ7iENdZXU=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpUqgCMZKLAwMRaIPqQmV4zqtVduJbAepivIDLPwKCwMIsbKz8Te4bQZoOdKVjs65V/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6uJ334gUtFI3OlxTHyOBoKGFCNtpJ595DWGtCcqBN6nXigRTiGFXmxK0QFHWXqTZSc9u+xUnSngInFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp9JsMHhulD8NImhIaTtXfEyniSo15YDo50kM1703E/7xuosNLP6UiTjQReLYoTBjUEZxEA/tUEqzZ2BCEJTW3QjxEJhNtAiyZENz5lxdJ67Tq1qrnt7Vy/SyPowgOwCGoABdcgDq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AbcybIQ==</latexit>

 AB(z = 0)

<latexit sha1_base64="IKS8t+IBJiU8RikxBwiU9ZpB1FI=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdiehFiPHiMYJ5QLIss5PZZMjsg5lZJa75FC8eFPHql3jzb5wke9DEgoaiqpvuLi/mTCrL+jZyK6tr6xv5zcLW9s7unlncb8koEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qe+u17KiSLwjs1jqkT4EHIfEaw0pJrFhHqxZK56VV9Un68tE6Qa5asijUDWiZ2RkqQoeGaX71+RJKAhopwLGXXtmLlpFgoRjidFHqJpDEmIzygXU1DHFDppLPTJ+hYK33kR0JXqNBM/T2R4kDKceDpzgCroVz0puJ/XjdR/oWTsjBOFA3JfJGfcKQiNM0B9ZmgRPGxJpgIpm9FZIgFJkqnVdAh2IsvL5PWacWuVs5uq6VaPYsjD4dwBGWw4RxqcAMNaAKBB3iGV3gznowX4934mLfmjGzmAP7A+PwB4U6Sdw==</latexit>

 AB(z = 1)

<latexit sha1_base64="WgoZYAmbf/qedPchEbyNSD9ZBHM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkUtGNUOvGZQX7gCaEyXTSDp1MwsxEiLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/up74nXsiJI34nUpj4oZowGlAMVJa8swDCJ1YUi+7aowrD5cO5YFKT6Bnlq2qNQVcJHZOyiBH0zO/nH6Ek5BwhRmSsmdbsXIzJBTFjIxLTiJJjPAIDUhPU45CIt1sev8YHmulD4NI6OIKTtXfExkKpUxDX3eGSA3lvDcR//N6iQou3IzyOFGE49miIGFQRXASBuxTQbBiqSYIC6pvhXiIBMJKR1bSIdjzLy+S9mnVrlXPbmvleiOPowgOwRGoABucgzq4AU3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB39gfP4AR3+U/w==</latexit>

�n(e
i⇡�
L )

<latexit sha1_base64="HUZJBTUv3huPNviRGZZ7iENdZXU=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpUqgCMZKLAwMRaIPqQmV4zqtVduJbAepivIDLPwKCwMIsbKz8Te4bQZoOdKVjs65V/feE8SMKu0431ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo6uJ334gUtFI3OlxTHyOBoKGFCNtpJ595DWGtCcqBN6nXigRTiGFXmxK0QFHWXqTZSc9u+xUnSngInFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp9JsMHhulD8NImhIaTtXfEyniSo15YDo50kM1703E/7xuosNLP6UiTjQReLYoTBjUEZxEA/tUEqzZ2BCEJTW3QjxEJhNtAiyZENz5lxdJ67Tq1qrnt7Vy/SyPowgOwCGoABdcgDq4Bg3QBBg8gmfwCt6sJ+vFerc+Zq0FK5/ZB39gff4AbcybIQ==</latexit>

=
X

p

<latexit sha1_base64="5aMWWl6O+Cx1p7b97nh4rm0T4ps=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoheh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66fG6a1LZy5JJr1zxqt4MeJn4OalAjnqv/NXtxzSVTFkqiDEd30tskBFtORVsUuqmhiWEjsiAdRxVRDITZLODJ/jEKX0cxdqVsnim/p7IiDRmLEPXKYkdmkVvKv7ndVIbXQUZV0lqmaLzRVEqsI3x9Hvc55pRK8aOEKq5uxXTIdGEWpdRyYXgL768TJpnVf+8enF/Xqnd5HEU4QiO4RR8uIQa3EEdGkBBwjO8whvS6AW9o495awHlM4fwB+jzBwakkJE=</latexit>

=
X

p

<latexit sha1_base64="5aMWWl6O+Cx1p7b97nh4rm0T4ps=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoheh6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q66fG6a1LZy5JJr1zxqt4MeJn4OalAjnqv/NXtxzSVTFkqiDEd30tskBFtORVsUuqmhiWEjsiAdRxVRDITZLODJ/jEKX0cxdqVsnim/p7IiDRmLEPXKYkdmkVvKv7ndVIbXQUZV0lqmaLzRVEqsI3x9Hvc55pRK8aOEKq5uxXTIdGEWpdRyYXgL768TJpnVf+8enF/Xqnd5HEU4QiO4RR8uIQa3EEdGkBBwjO8whvS6AW9o495awHlM4fwB+jzBwakkJE=</latexit>

 p,B

<latexit sha1_base64="DvW3FMAfi1igFqTX3Y7JDgdH6BQ=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix1IvHCvYD26Vk02wbms2GJCuUpf/CiwdFvPpvvPlvTLd70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek9u533miSrNYPJippH6ER4KFjGBjpce+1GyQyovGbFCuuFU3A1olXk4qkKM5KH/1hzFJIioM4VjrnudK46dYGUY4nZX6iaYSkwke0Z6lAkdU+2l28QydWWWIwljZEgZl6u+JFEdaT6PAdkbYjPWyNxf/83qJCW/8lAmZGCrIYlGYcGRiNH8fDZmixPCpJZgoZm9FZIwVJsaGVLIheMsvr5L2ZdWrVa/ua5V6I4+jCCdwCufgwTXU4Q6a0AICAp7hFd4c7bw4787HorXg5DPH8AfO5w9sopDD</latexit>

 p,A

<latexit sha1_base64="YxrWImnTxkBeMvp5SQveP7ZLSBg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix6sVjBfuB7VKyabYNzWZDkhXKsv/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut1NYWV1b3yhulra2d3b3yvsHLR0nitAmiXmsOgHWlDNBm4YZTjtSURwFnLaD8e3Ubz9RpVksHsxEUj/CQ8FCRrCx0mNPatZP5dl11i9X3Ko7A1omXk4qkKPRL3/1BjFJIioM4VjrrudK46dYGUY4zUq9RFOJyRgPaddSgSOq/XR2cYZOrDJAYaxsCYNm6u+JFEdaT6LAdkbYjPSiNxX/87qJCa/8lAmZGCrIfFGYcGRiNH0fDZiixPCJJZgoZm9FZIQVJsaGVLIheIsvL5PWedWrVS/ua5X6TR5HEY7gGE7Bg0uowx00oAkEBDzDK7w52nlx3p2PeWvByWcO4Q+czx9rHZDC</latexit>

[FitzpatrickKaplanWalters14]

[Hartman14]

[AsplundBernamontiFGHartman14]

…

Depends on all the details of the CFT



Entanglement Entropy in HBCFTs

Retaining the universal contribution from the conformal family of the Identity the 
entanglement entropy is evaluated as the minimum between two contributions 

[FitzpatrickKaplanWalters’14]

bution. Here we shall notice that we expect each of the identity Virasoro contributions

to provide a good approximation to the full correlator only for some range of the pa-

rameters. When knowing the full correlator one would observe a smooth transition

connecting these regimes [62]. In our working approach, where we only retain two

competing saddles provided by the identity Virasoro block, we will instead observe a

sharp transition.

To evaluate the correlator, we then consider the explicit expression for the Virasoro

identity block at leading order in a large c expansion [50,55]

F0(1 � ⌘) = ⌘
(↵�1)hn

Å
1 � ⌘

↵

↵

ã�2hn

. (2.13)

Here

↵ =

…
1 �

24h 
c

, (2.14)

and hn is the conformal weight (2.7) of the twist operator �n. Notice that (2.13) is

only valid for hn/c ⌧ 1, i.e., for n close to one.

At leading order in the ⌘ ! 1 limit
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Taking this limit in (2.9) selects the identity contribution in the bulk to boundary

OPE of the bulk operator �n. This shows how the coe�cient C
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0 in (2.9) is related

to the expectation value of �n in the UHP with homogeneous boundary conditions A.
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where we are neglecting the regularization associated to the insertion of a twist oper-

ator, which will be restored in the final result for the entanglement entropy.

Approximating the full three-point function with the identity contribution in the

A-channel (2.9) then gives
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which via (2.8) in terms of the physical strip setup yields
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In the last expression we have used the fact that the twist insertion is at w = i�. In

the limit � ! 0 this result reproduces the result for a small entangling region adjacent

to the boundary at � = 0 [6], which is insensitive to boundary condition B.
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Entanglement Entropy in HBCFTs

The boundary entropy participates in determining the dominant saddle

Retaining the universal contribution from the conformal family of the Identity the 
entanglement entropy is evaluated as the minimum between two contributions 

[FitzpatrickKaplanWalters’14]
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Even for a small region adjacent one boundary, the entropy can “probe” the other boundary
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connecting these regimes [62]. In our working approach, where we only retain two

competing saddles provided by the identity Virasoro block, we will instead observe a

sharp transition.

To evaluate the correlator, we then consider the explicit expression for the Virasoro

identity block at leading order in a large c expansion [50,55]
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only valid for hn/c ⌧ 1, i.e., for n close to one.
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Taking this limit in (2.9) selects the identity contribution in the bulk to boundary
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where we are neglecting the regularization associated to the insertion of a twist oper-

ator, which will be restored in the final result for the entanglement entropy.

Approximating the full three-point function with the identity contribution in the
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which via (2.8) in terms of the physical strip setup yields

h AB|�n(w, w̄) | ABi ⇡ A�n

⇣
↵⇡

2L

⌘2hn
h
sin↵⇡

�

L

i�2hn

. (2.18)

In the last expression we have used the fact that the twist insertion is at w = i�. In

the limit � ! 0 this result reproduces the result for a small entangling region adjacent

to the boundary at � = 0 [6], which is insensitive to boundary condition B.
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Inhomogeneous Quench

Q: What happens when you give the system some dynamics?

Quench the system changing the Hamiltonian

 class of spatially inhomogeneous deformations of Hθ H0

2

L0 + L̄0 by a Möbius transformation.15 For this reason, we
will refer to the Hamiltonian defined through Eq.(1.5) as the
Möbius Hamiltonian, and we will call this kind of deforma-
tion as Möbius deformation. It is noted that for Möbius defor-
mation, one has a Möbius quantization that bridges the radial
quantization for the conventional case and the dipolar quan-
tization for the SSD case. One can refer to Ref.15 for more
details. Then ✓ = 0 corresponds to the uniform case, and
✓ ! 1 corresponds to the SSD limit. Within Möbius defor-
mation, one can find a Virasoro algebra which is the same as
Eq.(1.4), except that now  is not a continuous real index but it
has the expression  = n

cosh(2✓) , where n is an integer. In the
SSD limit ✓ ! 1,  becomes continuous, which results in a
continuous spectrum as observed by Ishibashi and Tada.13,14

A. Our motivation

Based on the introduction above, now let us state our moti-
vations in this work:

1. Given the continuous energy spectrum for a CFT with
SSD, how does it affect the non-equilibrium quantum
dynamics? To avoid any operator dependence, we will
study the entanglement evolution in quench dynamics.
It is interesting to see if there is any universal feature in
the entanglement evolution, and if yes, how it is related
with the continuous spectrum. As far as we know, there
is no work studying the entanglement property of a CFT
with SSD in the non-equilibrium case.

2. Since the Möbius Hamiltonian [see Eq.(1.5)] interpo-
lates between the uniform system and SSD system. It
is also interesting to study the quench dynamics gov-
erned by this Hamiltonian, and see how it behaves as
we approach the SSD limit.

3. There is much recent interest in studying the entangle-
ment property in CFT in curved spacetime (See, e.g.,
Refs.20–28.) One interesting setup is based on the in-
homogeneous Hamiltonian density.25 We hope that our
work will provide a nice setup and approach in this di-
rection.

The rest of this paper is organized as follows: In Sec.II, we
introduce our setup of quantum quench, and study the entan-
glement evolution after a quantum quench from a uniform sys-
tem to a SSD system. Then in Sec.III, we study the quench dy-
namics for the Möbius case, and see how it connects the uni-
form and SSD cases. In Sec.IV, we present some discussions
and conclude our work. In Appendix A, we introduce the lat-
tice model based on which we do numerical calculations. In
Appendix B, we interpret the SSD and Möbius Hamiltonian
as a CFT in curved spacetime.

II. ENTANGLEMENT EVOLUTION:

FIG. 1. For t < 0, we prepare our initial state as the ground state of a
uniform CFT with open boundary condition. From t = 0, we evolve
the initial state with a sine-square deformed Hamiltonian. The red
solid lines represent the strength of Hamiltonian density. The lattice
represents a microscopic model that may realize the CFT in IR limit.

QUENCH FROM UNIFORM TO SSD SYSTEMS

A. Setup

There are several interesting setups for quantum quenches,
such as the global quench,29–31 local quench,32–35 and inho-
mogeneous quantum quench.3622–25,37–41

Here, we consider a quantum quench from a uniform CFT
to a non-uniform CFT. As shown in Fig.1, we prepare our
initial state as the ground state |Gi of a uniform CFT on a fi-
nite space [0, L], with an open boundary condition. (The rea-
son we do not choose a periodic boundary condition (PBC)
is that, as mentioned in the introduction, a critical system
with a PBC shares the same ground state with the SSD sys-
tem, and no quench is expected to happen in this case. It
is noted, however, that there may be some difference in
the ground states at UV scale. We are not interested in
quantum quench in this case, the feature of which is non-
universal.) Then at t = 0, we switch the Hamiltonian to
the sine-square deformed one. Then the time dependent state
can be written as | (t)i = e�iHSSDt|Gi. The correlation
function of O(x1) · · ·O(xn) at time t can be expressed as
hG|eiHSSDtO(x1) · · ·O(xn)e�iHSSDt|Gi.

Throughout this work, to study the quench dynamics of a
sine-square deformed CFT, we are interested in the time evo-
lution of entanglement entropy for a subsystem A = [0, l].
The entanglement measure we use is the so-called Renyi en-
tropy

S(n)
A

(t) =
1

1� n
log tr [⇢n

A
(t)] , (2.1)

and the von-Neumann entropy

SA(t) = lim
n!1

S(n)
A

(t). (2.2)

The term tr(⇢n
A
) in S(n)

A
(t) is related with the single-point cor-

relation function of twist operator as follows:42

tr(⇢n
A
) = hG|eiHSSDtTn(x = l)e�iHSSDt|Gi, (2.3)
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Throughout this work, to study the quench dynamics of a
sine-square deformed CFT, we are interested in the time evo-
lution of entanglement entropy for a subsystem A = [0, l].
The entanglement measure we use is the so-called Renyi en-
tropy

S(n)
A

(t) =
1

1� n
log tr [⇢n

A
(t)] , (2.1)

and the von-Neumann entropy

SA(t) = lim
n!1

S(n)
A

(t). (2.2)

The term tr(⇢n
A
) in S(n)

A
(t) is related with the single-point cor-

relation function of twist operator as follows:42

tr(⇢n
A
) = hG|eiHSSDtTn(x = l)e�iHSSDt|Gi, (2.3)

| ABi
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non-trivial dynamics
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Möbius-like Hamiltonians

H±
k = ∫

L

0

dw
2π

[e±kπw/LT(w) + e∓kπw̄/LT̄(w̄)]

H0 = ∫
L

0
dσ Tττ(σ) = ∫

L

0

dw
2π

[T(w) + T̄(w̄)]

H✓ = H0 �
tanh(2✓)

2
(H+

k +H
�
k )
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H0 =

Z L

0
d� T⌧⌧ (�) =

Z L

0

dw

2⇡
[T (w) + T̄ (w̄)]
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strength of the 
deformation

Defined in terms of the                  SL(2,R) subalgebra of the full Virasoro{L0, L±k}
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Full class of deformed Hamiltonian constructed from the CFT stress tensor

H
±
k =

Z L

0

dw

2⇡
[e±k⇡w/L

T (w) + e
⌥k⇡w̄/L

T̄ (w̄)] ⇠ L±k
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d� 2 sin2
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⇡�

L

⌘
T⌧⌧ (�)
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L2 + L�2
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� c

24

◆
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Time Evolution

HSSD = ∫
L

0
dσ 2 sin2 ( πσ

L ) Tττ(σ)

The action of the Hamiltonian on a primary operator can be obtained explicitly and takes the form 
of a conformal transformation

the time  after the quench 
enters as a parameter 

tE

SSDz2tE =
⇡tE
L (z2 � 1) + z2

⇡tE
L (z2 � 1) + 1

,
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✓
@ztE
@z

◆hO
✓
@z̄tE
@z̄

◆h̄O

O(ztE , z̄tE ) .
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For post quench state


but with time dependent insertion

and analogous expressions hold for z̄tE and w̄tE .

For later convenience, we write explicitly the form of the transformation in the SSD

case, obtained as the ✓ ! 1 limit. The result is conveniently written in terms of tE as

z
2
tE

=
⇡tE
L
(z2 � 1) + z

2

⇡tE
L
(z2 � 1) + 1

, (3.16)

or equivalently for the strip

wtE =
L

2⇡
log

ñ
⇡tE
L
(e

2⇡
L w

� 1) + e
2⇡
L w

⇡tE
L
(e

2⇡
L w

� 1) + 1

ô
. (3.17)

3.2 Entanglement entropy after the quench

The Euclidean post quench state is described by the density matrix

⇢(tE) = e
�H✓tE | ABi h AB| e

H✓tE . (3.18)

The entanglement entropy for the interval w 2 [0, �] in this state can be evaluated via

the one-point function of a replica twist operator

S
(n)
�

=
1

1 � n
log Tr⇢n

�
=

1

1 � n
log h AB| e

H✓tE�n(w = i�, w̄ = �i�)e�H✓tE | ABi ,

(3.19)

analytically continuing the result to n = 1 as in (2.6).

The evaluation of the time evolved one-point twist correlator in (3.19) can be re-

duced to the computation in the UHP discussed in section 2. Mapping to the UHP

and implementing the time evolution with (3.7) one gets

h AB| e
H✓tE�n(w, w̄)e

�H✓tE | ABi =

����
@ztE

@w

����
2hn

h AB(1)�n(ztE , z̄tE) BA(0)iUHP .

(3.20)

This is analogus to (2.8), with the crucial di↵erence that here we are considering a time

dependent state. This is reflected in the time dependent insertion point (ztE , z̄tE) for

the twist field and in the conformal factor, which is now the composition of the map

implementing the time dependence with the one relating the strip to the UHP.

Following the approach used in the time independent case, we will approximate

h AB(1)�n(ztE , z̄tE) BA(0)iUHP with the contribution coming from the identity Vira-

soro block in the two channels (2.9) and (2.10). After continuing to real time tE ! it,

the correlator will be evaluated as the dominant channel at each time t. The entangle-

ment entropy, is then obtained as the analytic continuation of (3.19) to n = 1.

16

S(tE) ⇠
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the evaluation of entanglement entropy reduces to the same computation performed for the initial state 



Entanglement Entropy Evolution

S(t) =
c

12
log ( 2L

πϵ )
2

(f 2(t) + sin2 ( 2πσ
L )) sin2 arctan

sin ( 2πσ
L )

f(t)

f(t) = �2⇡2t2

L2
+

✓
1 +

2⇡2t2

L2

◆
cos

✓
2⇡�

L

◆
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ei� =
f(t) + i sin
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L
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q

f(t)2 + sin2
�
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L

�
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Entanglement Entropy Evolution
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<latexit sha1_base64="09HpABj99JN0TtfkzBHMA5Iv5BQ=">AAACGnicbVA9SwNBEN3zM8avqKXNYBAiSLgLEdMIARsLCwWjgdwR9jZ7ZnHvg905IRz5HTb+FRsLRezExn/jXrxCEx8MPN6bYWaen0ih0ba/rLn5hcWl5dJKeXVtfWOzsrV9reNUMd5hsYxV16eaSxHxDgqUvJsoTkNf8hv/7jT3b+650iKOrnCUcC+kt5EIBKNopH7FgSs4AQA3UJRl4CYCEMbZObgs1kOoNcDFIUd6ADB2D+EQyv1K1a7bE8AscQpSJQUu+pUPdxCzNOQRMkm17jl2gl5GFQom+bjspponlN3RW94zNKIh1142eW0M+0YZQBArUxHCRP09kdFQ61Hom86Q4lBPe7n4n9dLMWh5mYiSFHnEfhYFqQSMIc8JBkJxhnJkCGVKmFuBDakJCU2aeQjO9Muz5LpRd5r1o8tmtd0q4iiRXbJHasQhx6RNzsgF6RBGHsgTeSGv1qP1bL1Z7z+tc1Yxs0P+wPr8BkJCnJ0=</latexit>

Continuing to real time               we obtain the general expressiontE ! it

<latexit sha1_base64="RiDFUI+KhLfWYEWWXfDKqRc8mIc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIxS4LIrisYB8wHUomzbShmcyQ3BFK6We4caGIW7/GnX9j2s5CWw8EDufcS+45YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikbZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3879zhPXRiTqEScpD2I6VCISjKKVfOzfkR4mRBDslytu1V2ArBMvJxXI0eyXv3qDhGUxV8gkNcb33BSDKdUomOSzUi8zPKVsTIfct1TRmJtgujh5Ri6sMiBRou1TSBbq740pjY2ZxKGdjCmOzKo3F//z/AyjejAVKs2QK7b8KMoksSHn+clAaM5QTiyhTAt7K2EjqilD21LJluCtRl4n7auqV6teP9QqjXpeRxHO4BwuwYMbaMA9NKEFDBJ4hld4c9B5cd6dj+Vowcl3TuEPnM8fIEuQeg==</latexit>

SSD Hamiltonian Möbius k=2 Hamiltonian

Q:  Can the quench dynamics change the dominant saddle?
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<latexit sha1_base64="k85N6S87G4PHr4CMbPwpN1ptng8=">AAACFXicbVDLSgMxFM3UV62vUZdugkVQkDKjFV0W3bisaFXoDCWTZmpoJhmSO0IZ5ifc+CtuXCjiVnDn35jWWfg6cOHknHvJvSdKBTfgeR9OZWp6ZnauOl9bWFxaXnFX1y6NyjRlHaqE0tcRMUxwyTrAQbDrVDOSRIJdRcOTsX91y7ThSl7AKGVhQgaSx5wSsFLP3T3fhh0cGJ7gINaE5rTI94tAqEH5hiIPWGq4ULLouXWv4U2A/xK/JHVUot1z34O+olnCJFBBjOn6XgphTjRwKlhRCzLDUkKHZMC6lkqSMBPmk6sKvGWVPo6VtiUBT9TvEzlJjBklke1MCNyY395Y/M/rZhAfhTmXaQZM0q+P4kxgUHgcEe5zzSiIkSWEam53xfSG2DDABlmzIfi/T/5LLvcafrNxcNast47LOKpoA22ibeSjQ9RCp6iNOoiiO/SAntCzc+88Oi/O61drxSln1tEPOG+f4UifVg==</latexit>

Evolution of each channel qualitatively similar to the universal case with a single boundary condition

Late time growth with no revivals compatible with an effective infinite length 
[WenWu18]

Dynamical phase transition induced by the quench

sA ⌧ sB

<latexit sha1_base64="ewCYdNkSoa8bRmVjy0XCccscMRk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WOtF48V7AekIWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4JK1gYNgvVQzkkSCdaPx3czvPjFtuJKPMElZkJCh5DGnBKzkm/AW94XAJmyG1Zpbd+fAq8QrSA0VaIXVr/5A0SxhEqggxviem0KQEw2cCjat9DPDUkLHZMh8SyVJmAny+clTfGaVAY6VtiUBz9XfEzlJjJkkke1MCIzMsjcT//P8DOKbIOcyzYBJulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6F3Xvsn71cFlrNIs4yugEnaJz5KFr1ED3qIXaiCKFntErenPAeXHenY9Fa8kpZo7RHzifPy3ekIs=</latexit>

sA � sB

<latexit sha1_base64="z+s9B8dUHC6Z13z3EcBi6r0w+ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOtF48V7AekIWy2m3TpZjfsboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KONMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WuCG0TyaXqRVhTzgRtG2Y47WWK4jTitBuN7mZ+94kqzaR4NOOMBilOBIsZwcZKvg5vUT9JkA6bYbXm1t050CrxClKDAq2w+tUfSJKnVBjCsda+52YmmGBlGOF0WunnmmaYjHBCfUsFTqkOJvOTp+jMKgMUS2VLGDRXf09McKr1OI1sZ4rNUC97M/E/z89NfBNMmMhyQwVZLIpzjoxEs//RgClKDB9bgoli9lZEhlhhYmxKFRuCt/zyKulc1L3L+tXDZa3RLOIowwmcwjl4cA0NuIcWtIGAhGd4hTfHOC/Ou/OxaC05xcwx/IHz+QMeiZCB</latexit>

0 < sA � sB < �s(�)

<latexit sha1_base64="vmt8pHuSWVM87NBR4JK7eV49Ofo=">AAACCXicbZC7TsMwFIadcivlFmBksaiQykCVoCIYGEphYCwSvUhtFDmu01q1nch2kKqoKwuvwsIAQqy8ARtvg9tmgJYj2fr0/+fIPn8QM6q043xbuaXlldW1/HphY3Nre8fe3WuqKJGYNHDEItkOkCKMCtLQVDPSjiVBPGCkFQyvJ37rgUhFI3GvRzHxOOoLGlKMtJF8GzrwEir/Cp6Yu2a4e0OYRlCVuor2OTr27aJTdqYFF8HNoAiyqvv2V7cX4YQToTFDSnVcJ9ZeiqSmmJFxoZsoEiM8RH3SMSgQJ8pLp5uM4ZFRejCMpDlCw6n6eyJFXKkRD0wnR3qg5r2J+J/XSXR44aVUxIkmAs8eChMGdQQnscAelQRrNjKAsKTmrxAPkERYm/AKJgR3fuVFaJ6W3Ur57K5SrNayOPLgAByCEnDBOaiCW1AHDYDBI3gGr+DNerJerHfrY9aas7KZffCnrM8fzP6XRg==</latexit>

The transition pattern is determined by relation between the boundary entropies: when the boundary 

degrees of freedom of A and B are close enough to each other a transition from A to B happens
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Figure 6: Plot of the entanglement entropy, rescaled by 12/c, with the initial value

subtracted. In all plots �/L = 0.15,↵ = 0.5 and ✓ = 0.3. From left to right 12
c
(sB �

sA) = �1,�2,�3. The dot-dashed lines correspond to channel A (red) and B (green)

when in their non-dominant phase. The solid line is the entanglement entropy. The

dominant channel is A in the left plot and B in the right plot. In the middle there is

a transition from channel A to B and back to A happening within each period.

Figure 7: Plot of the entanglement entropy with the initial value subtracted and

rescaled by 12/c. The plots are for �/L = 0.15,↵ = 0.5 and sB � sA = �
c

6 . ✓ =

0.3 (green), 0.9 (blue), 1.5 (red). The plot in terms of the physical time t displays an

evolution compatible with an e↵ective spatial size Le↵ ⇠ L cosh(2✓).

In fig. 7 we also report sample plots of the time dependence of the entanglement

entropy for di↵erent values of ✓.

One important di↵erence with respect to the SSD quench is the oscillatory character

of the dynamics that characterizes the Möbius case. When present, the transition

happens at times T ⇤ where

c

6
log

sin
�
↵

2 �✓(T
⇤)
�

sin
�
↵

2 (2⇡ � �✓(T ⇤))
� = sB � sA . (3.48)

As seen explicitly in the central panel of fig. 6, when a first transition from channel

A to channel B happens at a certain time T
⇤ this will be necessarily followed by a

transition back to channel A at a time ⇡ � T
⇤, and so forth for each period of the

25

sA ⌧ sB

<latexit sha1_base64="ewCYdNkSoa8bRmVjy0XCccscMRk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WOtF48V7AekIWy2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4JK1gYNgvVQzkkSCdaPx3czvPjFtuJKPMElZkJCh5DGnBKzkm/AW94XAJmyG1Zpbd+fAq8QrSA0VaIXVr/5A0SxhEqggxviem0KQEw2cCjat9DPDUkLHZMh8SyVJmAny+clTfGaVAY6VtiUBz9XfEzlJjJkkke1MCIzMsjcT//P8DOKbIOcyzYBJulgUZwKDwrP/8YBrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6F3Xvsn71cFlrNIs4yugEnaJz5KFr1ED3qIXaiCKFntErenPAeXHenY9Fa8kpZo7RHzifPy3ekIs=</latexit>

sA � sB

<latexit sha1_base64="z+s9B8dUHC6Z13z3EcBi6r0w+ps=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOtF48V7AekIWy2m3TpZjfsboRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KONMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WuCG0TyaXqRVhTzgRtG2Y47WWK4jTitBuN7mZ+94kqzaR4NOOMBilOBIsZwcZKvg5vUT9JkA6bYbXm1t050CrxClKDAq2w+tUfSJKnVBjCsda+52YmmGBlGOF0WunnmmaYjHBCfUsFTqkOJvOTp+jMKgMUS2VLGDRXf09McKr1OI1sZ4rNUC97M/E/z89NfBNMmMhyQwVZLIpzjoxEs//RgClKDB9bgoli9lZEhlhhYmxKFRuCt/zyKulc1L3L+tXDZa3RLOIowwmcwjl4cA0NuIcWtIGAhGd4hTfHOC/Ou/OxaC05xcwx/IHz+QMeiZCB</latexit>

Dynamics compatible with a finite effective size 

Alternating pattern of dynamical phase transitions A-B-A over each period similarly 
determined by the boundary entropies

Leff ⇠ L cosh 2✓

<latexit sha1_base64="JloiA4q+3mZcNIanj+v2cxC4R48=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYhd0Q0TJoY5EignlANoTZyd1kyOyDmbtCWNLY+Cs2ForY+g92/o2TR6GJBy4czrmXe+/xEyk0Os63tbK6tr6xmdvKb+/s7u3bB4cNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9Ic3E7/5AEqLOLrHUQKdkPUjEQjO0Ehd+6TazSAIxp4WIa1Sj8d6QEvUwwEg69oFp+hMQZeJOycFMketa395vZinIUTIJdO67ToJdjKmUHAJ47yXakgYH7I+tA2NWAi6k02/GNMzo/RoECtTEdKp+nsiY6HWo9A3nSHDgV70JuJ/XjvF4KqTiShJESI+WxSkkmJMJ5HQnlDAUY4MYVwJcyvlA6YYRxNc3oTgLr68TBqlolsuXtyVC5XreRw5ckxOyTlxySWpkFtSI3XCySN5Jq/kzXqyXqx362PWumLNZ47IH1ifPzBCl70=</latexit>

Interpolates between the undeformed  and the SSD  case (θ = 0) (θ = ∞)

�̃s(�, ✓) < sA � sB < �s(�)

<latexit sha1_base64="THBZV3NVDQiHvB2QIslvQ/r9Dcg=">AAACJ3icbVDLSgMxFM34rPVVdekmWAQFLTOi6EKkVhcuK1gVOqXcSW/bYOZBckcopX/jxl9xI6iILv0T08dCqwcSDuecS3JPkChpyHU/nYnJqemZ2cxcdn5hcWk5t7J6beJUC6yIWMX6NgCDSkZYIUkKbxONEAYKb4K7s75/c4/ayDi6ok6CtRBakWxKAWSleu7EJ6kayP1zVATcbPlGtkLY4T61kWCbH3NTP+W79i5ZPhbbrufybsEdgP8l3ojk2Qjleu7Fb8QiDTEiocCYqucmVOuCJikU9rJ+ajABcQctrFoaQYim1h3s2eObVmnwZqztiYgP1J8TXQiN6YSBTYZAbTPu9cX/vGpKzaNaV0ZJShiJ4UPNVHGKeb803pAaBamOJSC0tH/log0aBNlqs7YEb3zlv+R6r+DtFw4u9/PF0qiODFtnG2yLeeyQFdkFK7MKE+yBPbFX9uY8Os/Ou/MxjE44o5k19gvO1zdYt6Ml</latexit>



Holographic Interpretation

For a holographic BCFT this has a dual geometric description 

sA,B =
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arctanhTA,B
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<latexit sha1_base64="FEvsdKzgQvRKBn8BOFlC8hZI6Jc="></latexit>

S =
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4GN
=

minArea{�A, �B}
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<latexit sha1_base64="qXd/lq86yAmxL9cOFLpUldWSP1M="></latexit>
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The post quench computation can be obtained extending the CFT map to a bulk diffeomorphism,

with some subtlety

[MiyajiMurdia22]
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Concluding Remarks

AdS geometry dual to the post-quench time dependent state?

In holographic BCFTs, there is a phase transition in the entanglement entropy induced by 
the inhomogeneous quench and linked to mixed boundary conditions. 


Does this phase transition distinguish holographic BCFTs from non-holographic ones?
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Figure 12: A pictorial representation of the quantum extremal surface in the double

holographic interpretation of our model. The RT surfaces of the AdS/BCFT setup

select the QES in the brane perspective. The phasesA and B are depicted respectively

on the left and on the right. In the B phase the QES selects a region which comprises

the entire AdS2 region associated withA and part of the interior of the AdS2 region

associated withB .

the interior of universeB.

Driving the system with a sequence of Hamiltonians

In our analysis we focused on quenching the system with one speciÞc Hamiltonian.

As discussed for instance in [77Ð80, 82, 97, 98] for the case of homogeneous boundary

conditions, having an entire class of deformed Hamiltonian and a periodic behaviour

allows for more complicated dynamical patterns. For Þnite! , the system exhibits a

periodic behaviour and gets revived to its initial state at the end of each period. One

can then drive the system with a di! erent Hamiltonian at the end of each time period

in a Floquet-like manner. The simplest case here would be an evolution governed by

two di! erent HamiltoniansHk1 and Hk2 at Þxed! , with n-cycles

U =
!
e! iH k 2 t2 e! iH k 1 t1

" n
(6.1)

whereHki drives the system for a periodti = 2L cosh(2! )
ki

.

Choosing appropriately the parameters of our setup, it would then be possible to

engineer a variety of situations. For instance one could have a dynamics where a phase

transition from phase A to B and back would happen for either, both or none the

evolution intervals associated withHk1 and Hk2 .
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Double holography: two different gravitational AdS2 spacetimes separated by a defect.

Quantum extremal surface dynamically jumping from one spacetime to the other



Thank you!


