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Black Hole Evaporation

Due to the equivalence principle, an infalling observer 
will see the smooth spacetime near the horizon

Infalling observer

Entangled particle pairs

entangled particle pairs across the horizon  



Black Hole Evaporation

Only a partner of the entangled pair can be seen.

Entangled particle pairs

→Thermal radiation emitted from the horizon

”Hawking radiation”

From the outside:



Black Hole Evaporation
Due to Hawking radiation BH loses its mass

<latexit sha1_base64="TpsZjJp2kyH7N1yHju7OOUQx6Xc=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BL3qLYB6YrKF3MpsMmZ1dZmaFsOQvvHhQxKt/482/cfI4aGJBQ1HVTXdXkAiujet+O0vLK6tr67mN/ObW9s5uYW+/ruNUUVajsYhVM0DNBJesZrgRrJkohlEgWCMYXI/9xhNTmsfy3gwT5kfYkzzkFI2VHrI2RUFuR4+nnULRLbkTkEXizUgRZqh2Cl/tbkzTiElDBWrd8tzE+Bkqw6lgo3w71SxBOsAea1kqMWLazyYXj8ixVbokjJUtachE/T2RYaT1MApsZ4Smr+e9sfif10pNeOlnXCapYZJOF4WpICYm4/dJlytGjRhaglRxeyuhfVRIjQ0pb0Pw5l9eJPVyyTsvle/OipWrWRw5OIQjOAEPLqACN1CFGlCQ8Ayv8OZo58V5dz6mrUvObOYA/sD5/AHPHpBb</latexit>

I+



Black Hole Evaporation
Due to Hawking radiation BH loses its mass



Black Hole Evaporation
Due to Hawking radiation BH loses its mass

Eventually there only remains thermal radiation



Black Hole Information Paradox

The entropy of Hawking radiation probes the amount of 
information of the BH interior lost from an outside observer

<latexit sha1_base64="Qq9ORAEWNm10uSG5dY88QVoJS54=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm0sEzEXSJYwOzmbjJm9MDMrhJAnsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/apzX71EqHke3epCgF9JuxAPOqDZW5aadyzsFZyKyCO4M8hcf9nny/mWX27nPVidmaYiRZoIq1XSdRHtDKjVnAkd2K1WYUNanXWwajGiIyhtOBh2RI+N0SBBL8yJNJu7vjiENlRqEvqkMqe6p+Wxs/pc1Ux2ceUMeJanGiE0/ClJBdEzGW5MOl8i0GBigTHIzK2E9KinT5ja2OYI7v/Ii1IoF96RQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/DoGQGg==</latexit>

R
<latexit sha1_base64="wfpD2c3jlqcPbbZy65HHL0GXpmk=">AAAB63icbVDLSsNAFL2pr1pfVZduhhahIpSkC3VZdOOyPvqANpTJdNIOnUnCzEQIob/gRkERt/6Qu/6Nk7YLbT1w4XDOvdx7jxdxprRtT63c2vrG5lZ+u7Czu7d/UDw8aqkwloQ2SchD2fGwopwFtKmZ5rQTSYqFx2nbG99kfvuJSsXC4FEnEXUFHgbMZwTrTHqo3J/1i2W7as+AVomzIOV6qXf+Oq0njX7xuzcISSxooAnHSnUdO9JuiqVmhNNJoRcrGmEyxkPaNTTAgio3nd06QadGGSA/lKYCjWbq74kUC6US4ZlOgfVILXuZ+J/XjbV/5aYsiGJNAzJf5Mcc6RBlj6MBk5RonhiCiWTmVkRGWGKiTTwFE4Kz/PIqadWqzkW1dmfSuIY58nACJaiAA5dQh1toQBMIjOAZ3uDdEtaL9WF9zltz1mLmGP7A+voBMo+Qqg==</latexit>

S(R)

Time

Entropy

It keep growing until BH is fully evaporated

Time

(∵ Hawking radiation is entangled with the BH interior)



Black Hole Information Paradox

It causes the information paradox!

<latexit sha1_base64="Qq9ORAEWNm10uSG5dY88QVoJS54=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm0sEzEXSJYwOzmbjJm9MDMrhJAnsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/apzX71EqHke3epCgF9JuxAPOqDZW5aadyzsFZyKyCO4M8hcf9nny/mWX27nPVidmaYiRZoIq1XSdRHtDKjVnAkd2K1WYUNanXWwajGiIyhtOBh2RI+N0SBBL8yJNJu7vjiENlRqEvqkMqe6p+Wxs/pc1Ux2ceUMeJanGiE0/ClJBdEzGW5MOl8i0GBigTHIzK2E9KinT5ja2OYI7v/Ii1IoF96RQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/DoGQGg==</latexit>

R
<latexit sha1_base64="wfpD2c3jlqcPbbZy65HHL0GXpmk=">AAAB63icbVDLSsNAFL2pr1pfVZduhhahIpSkC3VZdOOyPvqANpTJdNIOnUnCzEQIob/gRkERt/6Qu/6Nk7YLbT1w4XDOvdx7jxdxprRtT63c2vrG5lZ+u7Czu7d/UDw8aqkwloQ2SchD2fGwopwFtKmZ5rQTSYqFx2nbG99kfvuJSsXC4FEnEXUFHgbMZwTrTHqo3J/1i2W7as+AVomzIOV6qXf+Oq0njX7xuzcISSxooAnHSnUdO9JuiqVmhNNJoRcrGmEyxkPaNTTAgio3nd06QadGGSA/lKYCjWbq74kUC6US4ZlOgfVILXuZ+J/XjbV/5aYsiGJNAzJf5Mcc6RBlj6MBk5RonhiCiWTmVkRGWGKiTTwFE4Kz/PIqadWqzkW1dmfSuIY58nACJaiAA5dQh1toQBMIjOAZ3uDdEtaL9WF9zltz1mLmGP7A+voBMo+Qqg==</latexit>

S(R)

Time

Entropy
Time

The maximum amount of information inside the BH is given by
<latexit sha1_base64="uE7qqjE7FNq+Vdj60APvS54gjeY=">AAACC3icbVDLSgMxFM3UV62vqks3oUVwVWZKUTdKW0GLC6loH9AZhkyaaUMzD5KMUIbZu3HtX7hxURG3/oA7/8b0sdDWA4GTc+69yT1OyKiQuv6tpZaWV1bX0uuZjc2t7Z3s7l5TBBHHpIEDFvC2gwRh1CcNSSUj7ZAT5DmMtJzBxdhvPRAuaODfy2FILA/1fOpSjKSS7Gzuzo5N7sFqLTkzXY5wPLlW1IwkiUtX9k1iZ/N6QZ8ALhJjRvLl88vS86hyXbezX2Y3wJFHfIkZEqJj6KG0YsQlxYwkGTMSJER4gHqko6iPPCKseLJLAg+V0oVuwNXxJZyovzti5Akx9BxV6SHZF/PeWPzP60TSPbVi6oeRJD6ePuRGDMoAjoOBXcoJlmyoCMKcqr9C3EcqEaniy6gQjPmVF0mzWDCOC8VblUYVTJEGByAHjoABTkAZ1EAdNAAGj+AFjMCb9qS9au/ax7Q0pc169sEfaJ8/OPydew==</latexit>

SBH =
Area

4GN

<latexit sha1_base64="I+WWEd6ne47H1hLQZi/tGNa6f6k=">AAAB8XicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNoZYhNikTNA9MljA7mU2GzMwuM7NCWPIXNhaK2Ip/4RfY2fgtTh6FJh64cDjnXu69J4g508Z1v5yV1bX1jc3MVnZ7Z3dvP3dw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5P/OY9VZpF8taMYuoL3JcsZAQbK93ddNOOEqhcGXdzebfgToGWiTcn+dJx7Zu9lz+q3dxnpxeRRFBpCMdatz03Nn6KlWGE03G2k2gaYzLEfdq2VGJBtZ9OLx6jM6v0UBgpW9Kgqfp7IsVC65EIbKfAZqAXvYn4n9dOTHjlp0zGiaGSzBaFCUcmQpP3UY8pSgwfWYKJYvZWRAZYYWJsSFkbgrf48jJpFAveRaFYs2mUYYYMnMApnIMHl1CCClShDgQkPMATPDvaeXRenNdZ64oznzmCP3DefgDTL5QR</latexit>

SBH

ALLOWED

NOT 
ALLOWED

At late times, the black hole does not have enough d.o.f to be 
entangled with Hawking radiation→ mixed state

Contradicts with unitarity!



Page Curve

Entropy of Hawing radiation should obey the Page curve

<latexit sha1_base64="Qq9ORAEWNm10uSG5dY88QVoJS54=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm0sEzEXSJYwOzmbjJm9MDMrhJAnsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/apzX71EqHke3epCgF9JuxAPOqDZW5aadyzsFZyKyCO4M8hcf9nny/mWX27nPVidmaYiRZoIq1XSdRHtDKjVnAkd2K1WYUNanXWwajGiIyhtOBh2RI+N0SBBL8yJNJu7vjiENlRqEvqkMqe6p+Wxs/pc1Ux2ceUMeJanGiE0/ClJBdEzGW5MOl8i0GBigTHIzK2E9KinT5ja2OYI7v/Ii1IoF96RQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/DoGQGg==</latexit>

R <latexit sha1_base64="wfpD2c3jlqcPbbZy65HHL0GXpmk=">AAAB63icbVDLSsNAFL2pr1pfVZduhhahIpSkC3VZdOOyPvqANpTJdNIOnUnCzEQIob/gRkERt/6Qu/6Nk7YLbT1w4XDOvdx7jxdxprRtT63c2vrG5lZ+u7Czu7d/UDw8aqkwloQ2SchD2fGwopwFtKmZ5rQTSYqFx2nbG99kfvuJSsXC4FEnEXUFHgbMZwTrTHqo3J/1i2W7as+AVomzIOV6qXf+Oq0njX7xuzcISSxooAnHSnUdO9JuiqVmhNNJoRcrGmEyxkPaNTTAgio3nd06QadGGSA/lKYCjWbq74kUC6US4ZlOgfVILXuZ+J/XjbV/5aYsiGJNAzJf5Mcc6RBlj6MBk5RonhiCiWTmVkRGWGKiTTwFE4Kz/PIqadWqzkW1dmfSuIY58nACJaiAA5dQh1toQBMIjOAZ3uDdEtaL9WF9zltz1mLmGP7A+voBMo+Qqg==</latexit>

S(R)

Time

EntropyTime
<latexit sha1_base64="I+WWEd6ne47H1hLQZi/tGNa6f6k=">AAAB8XicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNoZYhNikTNA9MljA7mU2GzMwuM7NCWPIXNhaK2Ip/4RfY2fgtTh6FJh64cDjnXu69J4g508Z1v5yV1bX1jc3MVnZ7Z3dvP3dw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5P/OY9VZpF8taMYuoL3JcsZAQbK93ddNOOEqhcGXdzebfgToGWiTcn+dJx7Zu9lz+q3dxnpxeRRFBpCMdatz03Nn6KlWGE03G2k2gaYzLEfdq2VGJBtZ9OLx6jM6v0UBgpW9Kgqfp7IsVC65EIbKfAZqAXvYn4n9dOTHjlp0zGiaGSzBaFCUcmQpP3UY8pSgwfWYKJYvZWRAZYYWJsSFkbgrf48jJpFAveRaFYs2mUYYYMnMApnIMHl1CCClShDgQkPMATPDvaeXRenNdZ64oznzmCP3DefgDTL5QR</latexit>

SBH

ALLOWED

NOT 
ALLOWED

Unitarity→ Late radiation should be entangled with early radiation

Equivalence principle→Radiation should be entangled with BH interior
Contradiction!



Talk Plan

1. Brief intro of Entanglement entropy

3. Holographic entanglement entropy and subregion duality 

2. Holographic principle 

4. Recent developments in black hole information paradox

5. Gravitational replica calculation



Entanglement Entropy

A AcAc

space

→reduced density matrix

<latexit sha1_base64="xketVV2H2pNp+w0h/zlTFBrbCvc=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRkVdSMU3bisYB/QGUomzbShmWRIMkKZdufGX3HjQhG3/oI7/8bMdBbaeuByD+fcS3JPEDOqtON8WwuLS8srq6W18vrG5ta2vbPbVCKRmDSwYEK2A6QIo5w0NNWMtGNJUBQw0gqGN5nfeiBSUcHv9SgmfoT6nIYUI22krn3gyYG4Gnt1RT2JeJ8Rj+UNZtK4a1ecqpMDzhO3IBVQoN61v7yewElEuMYMKdVxnVj7KZKaYkYmZS9RJEZ4iPqkYyhHEVF+mt8xgUdG6cFQSFNcw1z9vZGiSKlRFJjJCOmBmvUy8T+vk+jw0k8pjxNNOJ4+FCYMagGzUGCPSoI1GxmCsKTmrxAPkERYm+jKJgR39uR50jypuufV07uzSu26iKME9sEhOAYuuAA1cAvqoAEweATP4BW8WU/Wi/VufUxHF6xiZw/8gfX5Azy6mY0=</latexit>

⇢ = | ih |
<latexit sha1_base64="zg/B0XvSBLu2L37dIeMhS7VG8eE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRUTdCqxuXFewDmhgm00k7dDIJMxOhhODGX3HjQhG3foU7/8ZpmoW2HrhwOOde7r3HjxmVyrK+jdLC4tLySnm1sra+sbllbu+0ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrid+54EISSN+p8YxcUM04DSgGCkteeaeI4aR17hMHRFCJTIvbdzjLBfNqlWzcsB5YhekCgo0PfPL6Uc4CQlXmCEpe7YVKzdFQlHMSFZxEklihEdoQHqachQS6ab5Cxk81EofBpHQxRXM1d8TKQqlHIe+7gyRGspZbyL+5/USFVy4KeVxogjH00VBwqCK4CQP2KeCYMXGmiAsqL4V4iESCCudWkWHYM++PE/axzX7rHZye1qtXxVxlME+OABHwAbnoA5uQBO0AAaP4Bm8gjfjyXgx3o2PaWvJKGZ2wR8Ynz9TL5dm</latexit>

⇢A = trAc⇢

only contains information inside A

How much amount of information is inside A ? →”Entanglement entropy”
<latexit sha1_base64="bfYr0rUm24FZc9Bw+Nlz48613rw=">AAACBnicbZDLSgMxFIYzXmu9jboUIVgEN5YZFXUjtLpxWdFeoDMMmTTThmaSIckIZejKja/ixoUibn0Gd76NaTsLbf0h8PGfczg5f5gwqrTjfFtz8wuLS8uFleLq2vrGpr213VAilZjUsWBCtkKkCKOc1DXVjLQSSVAcMtIM+9ejevOBSEUFv9eDhPgx6nIaUYy0sQJ77y6oXh5lnoyhlkNP9kRQ9ZjoTiiwS07ZGQvOgptDCeSqBfaX1xE4jQnXmCGl2q6TaD9DUlPMyLDopYokCPdRl7QNchQT5WfjM4bwwDgdGAlpHtdw7P6eyFCs1CAOTWeMdE9N10bmf7V2qqMLP6M8STXheLIoShnUAo4ygR0qCdZsYABhSc1fIe4hibA2yRVNCO70ybPQOC67Z+WT29NS5SqPowB2wT44BC44BxVwA2qgDjB4BM/gFbxZT9aL9W59TFrnrHxmB/yR9fkDkuOYkw==</latexit>

SA = �tr⇢A log ⇢A

Total system is pure→
<latexit sha1_base64="Kcu/G0UAM7Jv/tkbupDrbjgS3DY=">AAAB+HicbVDJSgNBEK2JW4xLRj16aQyCpzCjol6ERC8eI5oFknHo6fQkTXoWehHikC/x4kERr36KN//GznLQxAcFj/eqqKoXpJxJ5TjfVm5peWV1Lb9e2Njc2i7aO7sNmWhBaJ0kPBGtAEvKWUzriilOW6mgOAo4bQaD67HffKRCsiS+V8OUehHuxSxkBCsj+Xbxzs+qHaJTVH0go0vHt0tO2ZkALRJ3RkowQ823vzrdhOiIxopwLGXbdVLlZVgoRjgdFTpa0hSTAe7RtqExjqj0ssnhI3RolC4KE2EqVmii/p7IcCTlMApMZ4RVX857Y/E/r61VeOFlLE61ojGZLgo1RypB4xRQlwlKFB8agolg5lZE+lhgokxWBROCO//yImkcl92z8sntaalyNYsjD/twAEfgwjlU4AZqUAcCGp7hFd6sJ+vFerc+pq05azazB39gff4Al3qSZw==</latexit>

SA[Ac = 0

Entropy of Hawking radiation can be computed as entanglement entropy

density matrix



Entanglement Entropy
Example: Thermofield double state

A Ac
system 1 system 2

<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>

| TFDi =
1p
Z

X

E

e��E/2|Ei1 ⌦ |Ei2

<latexit sha1_base64="hR0Z85Y5mgHIm6aD4UcJwv2hlEY="></latexit>

⇢A = trA| TFDih TFD|

=
e��H

Z

reduced density matrix: thermal density matrix

<latexit sha1_base64="g/y4z4iIr2y1czUw4wkaZGmtnWQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KoqBeh6sVjpfYD2hA220m7dDcJuxuhhPpXvHhQxKs/xJv/xm2bg1YfDDzem2FmXpBwprTjfFmFpeWV1bXiemljc2t7x97da6k4lRSaNOax7AREAWcRNDXTHDqJBCICDu1gdDP12w8gFYujez1OwBNkELGQUaKN5Nvlhn912fCznhRYD0EKwie+XXGqzgz4L3FzUkE56r792evHNBUQacqJUl3XSbSXEakZ5TAp9VIFCaEjMoCuoRERoLxsdvwEHxqlj8NYmoo0nqk/JzIilBqLwHQKoodq0ZuK/3ndVIcXXsaiJNUQ0fmiMOVYx3iaBO4zCVTzsSGESmZuxXRIJKHa5FUyIbiLL/8lreOqe1Y9uTut1K7zOIpoHx2gI+Sic1RDt6iOmoiiMXpCL+jVerSerTfrfd5asPKZMvoF6+MbULKUkw==</latexit>

SA = SthermalEntanglement entropy becomes the thermal entropy



AdS/CFT correspondence
AdS/CFT correspondence:
Information of quantum gravity in AdS is 
encoded in the boundary system (CFT) at infinity

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB
<latexit sha1_base64="6NQr7Trw7TnvDoAE2LV2mSQoVeY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAhuLImKuix1YZct2Ac0MUymk3boTBJnJkIJ+Qo3/oobF4q4FXf+jdO0grYeGDiccy537vFjRqWyrC9jYXFpeWW1sFZc39jc2jZ3dlsySgQmTRyxSHR8JAmjIWkqqhjpxIIg7jPS9odXY799T4SkUXijRjFxOeqHNKAYKS155nHqYMRgLbtNHcFh4zrzclJN2DBzJOXkDv5EvKpnlqyylQPOE3tKSmCKumd+Or0IJ5yECjMkZde2YuWmSCiKGcmKTiJJjPAQ9UlX0xBxIt00PyuDh1rpwSAS+oUK5urviRRxKUfc10mO1EDOemPxP6+bqODSTWkYJ4qEeLIoSBhUERx3BHtUEKzYSBOEBdV/hXiABMJKN1nUJdizJ8+T1knZPi+fNs5Kleq0jgLYBwfgCNjgAlRADdRBE2DwAJ7AC3g1Ho1n4814n0QXjOnMHvgD4+MbrgCfEg==</latexit>

H
QG
Bulk ' HB

Boundary system is defined on
<latexit sha1_base64="jPP1R5fDrK/4NLgl+E5o3uffDU4=">AAACCnicbVDLSsNAFJ34rPUVdelmtAhuLImKuiy6cVkffUATy2QyaYdOJmFmIpSQtRt/xY0LRdz6Be78GydtBG09cOFwzr3ce48XMyqVZX0ZM7Nz8wuLpaXy8srq2rq5sdmUUSIwaeCIRaLtIUkY5aShqGKkHQuCQo+Rlje4yP3WPRGSRvxWDWPihqjHaUAxUlrqmjtOiFTf89Kb7C71D+zMUTQkEv7I11nXrFhVawQ4TeyCVECBetf8dPwIJyHhCjMkZce2YuWmSCiKGcnKTiJJjPAA9UhHU470PjcdvZLBPa34MIiELq7gSP09kaJQymHo6c78Qjnp5eJ/XidRwZmbUh4ninA8XhQkDKoI5rlAnwqCFRtqgrCg+laI+0ggrHR6ZR2CPfnyNGkeVu2T6tHVcaV2XsRRAttgF+wDG5yCGrgEddAAGDyAJ/ACXo1H49l4M97HrTNGMbMF/sD4+AaeYprc</latexit>

Sd�1 ⇥ R

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

AdS

AdS



Ryu-Takayanagi formula:

Holographic Entanglement Entropy

<latexit sha1_base64="9sJLdW98P5KvqnuSDXzjb2HWhI4="></latexit>

SA = ext�A

Area(�A)

4GN

Entanglement entropy can be calculated by the area 
of the extremal surface anchored at

<latexit sha1_base64="wTsmHKeqpWR2afYTyz6MyhEkSAs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9VLx4r2A9slzKbZtvQbHZJskIp/RdePCji1X/jzX9jtt2DVh8EHu/NTGZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbjK/9ciU5rG8N+OE+REOJA85RWOlh26CynAU5KpXrrhVdwbyl3g5qUCOeq/82e3HNI2YNFSg1h3PTYw/yeZRwaalbqpZgnSEA9axVGLEtD+ZbTwlR1bpkzBW9klDZurPjglGWo+jwFZGaIZ60cvE/7xOasJLf8Jlkhom6fyjMBXExCQ7n/S5YtSIsSVIFbe7EjpEhdTYkEo2BG/x5L+keVL1zqund2eV2nUeRxEO4BCOwYMLqMEt1KEBFCQ8wQu8Otp5dt6c93lpwcl79uEXnI9vH2SQkA==</latexit>

@AA

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A



Holographic Entanglement Entropy
Example: Thermofield double state

<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>

| TFDi =
1p
Z

X

E

e��E/2|Ei1 ⌦ |Ei2

AAc

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2



Holographic Entanglement Entropy
Example: Thermofield double state

<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>

| TFDi =
1p
Z

X

E

e��E/2|Ei1 ⌦ |Ei2

AAc

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2



Holographic Entanglement Entropy

<latexit sha1_base64="We++AVufC1/0Qx9CTBOHK+kY0KU=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZnRom4KbV3YlVRqH9ApQybNtKHJzJBkhDLMb7jxV9y4UMSlrvwb08dCWw8EDufcw809bsioVKb5baRWVtfWN9Kbma3tnd297P5BSwaRwKSJAxaIjoskYdQnTUUVI51QEMRdRtru6Hritx+IkDTw79U4JD2OBj71KEZKS07WbDiVku0JhOPYFhxWdDjJ2wPEOXIqp0lcvHFuk1LDmbrVWuJkc2bBnAIuE2tOcmCOupP9tPsBjjjxFWZIyq5lhqoXI6EoZiTJ2JEkIcIjNCBdTX3EiezF08sSeKKVPvQCoZ+v4FT9nYgRl3LMXT3JkRrKRW8i/ud1I+Vd9WLqh5EiPp4t8iIGVQAnNcE+FQQrNtYEYUH1XyEeIl2T0mVmdAnW4snLpHVWsC4K53fFXLk6ryMNjsAxyAMLXIIyqIE6aAIMHsEzeAVvxpPxYrwbH7PRlDHPHII/ML5+ABbAn7s=</latexit>

SA =
Area(�A)

4GN
= SBH

Entanglement entropy= Black hole entropy

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A : surface enclosing the BH horizon

Example: Thermofield double state
<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>

| TFDi =
1p
Z

X

E

e��E/2|Ei1 ⌦ |Ei2

AAc

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A



Holographic Entanglement Entropy

<latexit sha1_base64="We++AVufC1/0Qx9CTBOHK+kY0KU=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZnRom4KbV3YlVRqH9ApQybNtKHJzJBkhDLMb7jxV9y4UMSlrvwb08dCWw8EDufcw809bsioVKb5baRWVtfWN9Kbma3tnd297P5BSwaRwKSJAxaIjoskYdQnTUUVI51QEMRdRtru6Hritx+IkDTw79U4JD2OBj71KEZKS07WbDiVku0JhOPYFhxWdDjJ2wPEOXIqp0lcvHFuk1LDmbrVWuJkc2bBnAIuE2tOcmCOupP9tPsBjjjxFWZIyq5lhqoXI6EoZiTJ2JEkIcIjNCBdTX3EiezF08sSeKKVPvQCoZ+v4FT9nYgRl3LMXT3JkRrKRW8i/ud1I+Vd9WLqh5EiPp4t8iIGVQAnNcE+FQQrNtYEYUH1XyEeIl2T0mVmdAnW4snLpHVWsC4K53fFXLk6ryMNjsAxyAMLXIIyqIE6aAIMHsEzeAVvxpPxYrwbH7PRlDHPHII/ML5+ABbAn7s=</latexit>

SA =
Area(�A)

4GN
= SBH

Entanglement entropy= Black hole entropy

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A : surface enclosing the BH horizon

Example: Thermofield double state
<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>

| TFDi =
1p
Z

X

E

e��E/2|Ei1 ⌦ |Ei2

AAc

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A

A A A



Holographic Entanglement Entropy

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A

AAc

Ac A

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A

<latexit sha1_base64="We++AVufC1/0Qx9CTBOHK+kY0KU=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZnRom4KbV3YlVRqH9ApQybNtKHJzJBkhDLMb7jxV9y4UMSlrvwb08dCWw8EDufcw809bsioVKb5baRWVtfWN9Kbma3tnd297P5BSwaRwKSJAxaIjoskYdQnTUUVI51QEMRdRtru6Hritx+IkDTw79U4JD2OBj71KEZKS07WbDiVku0JhOPYFhxWdDjJ2wPEOXIqp0lcvHFuk1LDmbrVWuJkc2bBnAIuE2tOcmCOupP9tPsBjjjxFWZIyq5lhqoXI6EoZiTJ2JEkIcIjNCBdTX3EiezF08sSeKKVPvQCoZ+v4FT9nYgRl3LMXT3JkRrKRW8i/ud1I+Vd9WLqh5EiPp4t8iIGVQAnNcE+FQQrNtYEYUH1XyEeIl2T0mVmdAnW4snLpHVWsC4K53fFXLk6ryMNjsAxyAMLXIIyqIE6aAIMHsEzeAVvxpPxYrwbH7PRlDHPHII/ML5+ABbAn7s=</latexit>

SA =
Area(�A)

4GN
= SBH

Entanglement entropy= Black hole entropy

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A : surface enclosing the BH horizon

Example: Thermofield double state
<latexit sha1_base64="dUGfoEdsln7tr130wBmcxvCAgiM="></latexit>
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Subregion duality
Which part of the bulk is encoded in which part of the boundary system?

Subregion duality
A part of the bdy system: A encodes the information 
of the bulk region called entanglement wedge of A

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A
A

<latexit sha1_base64="r97OzvyFvDDBlp1ih5eDEqFNfQ4=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7Kroh6rXjxWtB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemHCmjed9O4Wl5ZXVteJ6aWNza3vH3d1r6DhVhNZJzGPVCrGmnElaN8xw2koUxSLktBkObyZ+84kqzWL5YEYJDQTuSxYxgo2VWp171he4e9V1y17FmwItEj8nZchR67pfnV5MUkGlIRxr3fa9xAQZVoYRTselTqppgskQ92nbUokF1UE2vXeMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFlkDGZpIZKMlsUpRyZGE2eRz2mKDF8ZAkmitlbERlghYmxEZVsCP78y4ukcVLxzyund2fl6nUeRxEO4BCOwYcLqMIt1KAOBDg8wyu8OY/Oi/PufMxaC04+sw9/4Hz+AK9hj78=</latexit>

⌃A

TFD case: A encodes the information outside BH

Entanglement wedge of A:  
bulk region enclosed by A and    <latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

AAc

<latexit sha1_base64="RNtDYitjyRAo62AAFQlRpZpgd7c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDc/JvHLFrtpzoFXi5KQCOVpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwY2bMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RzUXWuqpd3tUq9kcdRhBM4hXNw4Brq0IQWtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx/pSJIj</latexit>

HB1

<latexit sha1_base64="J9ysfmwwliuD8PW+05qC+9jQJvA=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqqMdSLz1WsB/QxrDZbtqlm03Y3Sgl5H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5fsyZ0rb9bRXW1jc2t4rbpZ3dvf2D8uFRR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmdx+pVCwS93oaUzfEI8ECRrA20kM6IJijZualDa+WeeWKXbXnQKvEyUkFcrS88tdgGJEkpEITjpXqO3as3RRLzQinWWmQKBpjMsEj2jdU4JAqN51fnaEzowxREElTQqO5+nsixaFS09A3nSHWY7XszcT/vH6igxs3ZSJONBVksShIONIRmkWAhkxSovnUEEwkM7ciMsYSE22CKpkQnOWXV0mnVnWuqhd3l5V6I4+jCCdwCufgwDXUoQktaAMBCc/wCm/Wk/VivVsfi9aClc8cwx9Ynz/qzZIk</latexit>

HB2

<latexit sha1_base64="gUe+yxy5n0WktjmU+QL+LhvMXSg=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lURFPVa9eKxgP6ANZbLdtEt3N3F3I5TQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFCWfaeN63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QtSUM0nrhhlOW4miKEJOm+HwduI3n6jSLJYPZpTQQGBfsogRNFZqdfooBHavu6WyV/GmcBeJn5My5Kh1S1+dXkxSQaUhHLVu+15iggyVYYTTcbGTapogGWKfti2VKKgOsum9Y/fYKj03ipUtadyp+nsiQ6H1SIS2U6AZ6HlvIv7ntVMTXQUZk0lqqCSzRVHKXRO7k+fdHlOUGD6yBIli9laXDFAhMTaiog3Bn395kTROK/5F5ez+vFy9yeMowCEcwQn4cAlVuIMa1IEAh2d4hTfn0Xlx3p2PWeuSk88cwB84nz/LEY/R</latexit>�A
<latexit sha1_base64="r97OzvyFvDDBlp1ih5eDEqFNfQ4=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7Kroh6rXjxWtB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemHCmjed9O4Wl5ZXVteJ6aWNza3vH3d1r6DhVhNZJzGPVCrGmnElaN8xw2koUxSLktBkObyZ+84kqzWL5YEYJDQTuSxYxgo2VWp171he4e9V1y17FmwItEj8nZchR67pfnV5MUkGlIRxr3fa9xAQZVoYRTselTqppgskQ92nbUokF1UE2vXeMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFlkDGZpIZKMlsUpRyZGE2eRz2mKDF8ZAkmitlbERlghYmxEZVsCP78y4ukcVLxzyund2fl6nUeRxEO4BCOwYcLqMIt1KAOBDg8wyu8OY/Oi/PufMxaC04+sw9/4Hz+AK9hj78=</latexit>

⌃A

<latexit sha1_base64="r97OzvyFvDDBlp1ih5eDEqFNfQ4=">AAAB73icbVBNSwMxEJ2tX7V+rXr0EiyCp7Kroh6rXjxWtB/QLiWbZtvQJLsmWaEs/RNePCji1b/jzX9j2u5BWx8MPN6bYWZemHCmjed9O4Wl5ZXVteJ6aWNza3vH3d1r6DhVhNZJzGPVCrGmnElaN8xw2koUxSLktBkObyZ+84kqzWL5YEYJDQTuSxYxgo2VWp171he4e9V1y17FmwItEj8nZchR67pfnV5MUkGlIRxr3fa9xAQZVoYRTselTqppgskQ92nbUokF1UE2vXeMjqzSQ1GsbEmDpurviQwLrUcitJ0Cm4Ge9ybif147NdFlkDGZpIZKMlsUpRyZGE2eRz2mKDF8ZAkmitlbERlghYmxEZVsCP78y4ukcVLxzyund2fl6nUeRxEO4BCOwYcLqMIt1KAOBDg8wyu8OY/Oi/PufMxaC04+sw9/4Hz+AK9hj78=</latexit>

⌃A



Recent developments
Penington, Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19

AdS Black hole formed by the gravitational collapse: 
Hawking radiation is reflected at bdy and absorbed by BH 

→ never evaporate!



Recent developments
Penington, Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19

Attaching a flat space to AdS: 
Hawking radiation escapes into the flat region

→an evaporating AdS black hole!Flat
No Gravity

AdS
Gravity



Recent developments
Penington, Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19

Attaching a flat space to AdS: 
Hawking radiation escapes into the flat region

→an evaporating AdS black hole!

The bdy system can be decomposed:

Region R can collects the Hawking radiation 
→       plays a role of d.o.f. of  Hawking radiation<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR
<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The bdy system

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

<latexit sha1_base64="OK0e7QwXCUuje9ttRmoK9hMh3Fg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF49g5JHAhswODYzMzm5mZk3Ihi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3n1BpHskHM47RD+lA8j5n1Fipdt8tltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6dF+fd+Zi35pxs5hD+wPn8Aa89jN4=</latexit>

R

<latexit sha1_base64="rbSpZ8mSkeMqGcSKw5Okf2NNILA=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlU1GWpmy6r2Ac0IUym03boZCbMTIQSsnTjr7hxoYhbP8Gdf+O0DaitBy4czrmXe+8JY0aVdpwvq7C0vLK6VlwvbWxube/Yu3stJRKJSRMLJmQnRIowyklTU81IJ5YERSEj7XB0PfHb90QqKvidHsfEj9CA0z7FSBspsA9TDyMG61mQ1jJPaBoR9SPdZoFddirOFHCRuDkpgxyNwP70egInEeEaM6RU13Vi7adIaooZyUpeokiM8AgNSNdQjsxCP50+ksFjo/RgX0hTXMOp+nsiRZFS4yg0nRHSQzXvTcT/vG6i+1d+SnmcaMLxbFE/YVALOEkF9qgkWLOxIQhLam6FeIgkwtpkVzIhuPMvL5LWacW9qJzdnJertTyOIjgAR+AEuOASVEEdNEATYPAAnsALeLUerWfrzXqftRasfGYf/IH18Q3x55nw</latexit>

HB ⌦HR

<latexit sha1_base64="pQ9bgqfpB/okY4Gd1YH0rB22c3Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeCF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXu0VS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+hMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd12+rF+VKtUsjjycwCmcgwc3UIF7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJb9jM4=</latexit>

B
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<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The bdy system

Which part of the bulk is encoded in a part of the 
boundary system B?

A part of the bdy system: B encodes the information  
of the bulk region called entanglement wedge of B

<latexit sha1_base64="i6C1IqToICIPH5xRMII9k98Lmgc="></latexit>

SB = min ext
�B


Area(�B)

4GN
+ Smatter(⌃B)

�
(Generalized Ryu-Takayanagi formula)

<latexit sha1_base64="aVNHFEwIkaDa/R7uOuweZmhjtLc=">AAAB73icbVDLSgNBEJz1GeMr6lGRwSB4Crs5qMcQLx4TMA9IltA7mU2GzMyuM7NCWHL0B7x4UMSrf5Dv8OY3+BNOHgdNLGgoqrrp7gpizrRx3S9nZXVtfWMzs5Xd3tnd288dHNZ1lChCayTikWoGoClnktYMM5w2Y0VBBJw2gsHNxG88UKVZJO/MMKa+gJ5kISNgrNRs90AI6JQ7ubxbcKfAy8Sbk3zpZFz9fjwdVzq5z3Y3Iomg0hAOWrc8NzZ+Csowwuko2040jYEMoEdblkoQVPvp9N4RPrdKF4eRsiUNnqq/J1IQWg9FYDsFmL5e9Cbif14rMeG1nzIZJ4ZKMlsUJhybCE+ex12mKDF8aAkQxeytmPRBATE2oqwNwVt8eZnUiwXvslCs2jTKaIYMOkZn6AJ56AqV0C2qoBoiiKMn9IJenXvn2Xlz3metK8585gj9gfPxA7lCk3g=</latexit>�B : quantum extremal surface (QES)
<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

Subregion duality

Bulk matter entanglement entropy

<latexit sha1_base64="STUWmc/sUjYFHzI1ADGdIOxFitA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLTduyy1I3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaD6fXC795TqVgsbvUsoX6Ex4KFjGBtpFZjWCwh20PlsutCZJdRterUDHE9VHE96NhoiRJYozksvg9GMUkjKjThWKm+gxLtZ1hqRjidFwapogkmUzymfUMFjqjys+Whc3hhlBEMY2lKaLhUv09kOFJqFgWmM8J6on57C/Evr5/qsOZnTCSppoKsFoUphzqGi6/hiElKNJ8Zgolk5lZIJlhiok02BRPC16fwf9Jxbcezy61Kqd5Yx5EHZ+AcXAIHXIE6uAFN0AYEUPAAnsCzdWc9Wi/W66o1Z61nTsEPWG+f6r2NCA==</latexit>

B

<latexit sha1_base64="AetHzbERh9C44q7ClYP+oYHg4VI=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4Gmba6YzLUjcuK9oHtEPJpJk2NMmMSUYopT/hxoUibv0dd/6N6UNQ0QMXDufcy733RCmjSjvOh5VbW9/Y3MpvF3Z29/YPiodHLZVkEpMmTlgiOxFShFFBmppqRjqpJIhHjLSj8eXcb98TqWgibvUkJSFHQ0FjipE2Uqd3Q4cc9ev9Ysmxy4Hv+x507ErV9Z2qIZ7vBZUAurazQAms0OgX33uDBGecCI0ZUqrrOqkOp0hqihmZFXqZIinCYzQkXUMF4kSF08W9M3hmlAGME2lKaLhQv09MEVdqwiPTyZEeqd/eXPzL62Y6vginVKSZJgIvF8UZgzqB8+fhgEqCNZsYgrCk5laIR0girE1EBRPC16fwf9Iq265vV669Uq2+iiMPTsApOAcuCEANXIEGaAIMGHgAT+DZurMerRfrddmas1Yzx+AHrLdPJ5mQEg==</latexit>

⌃B<latexit sha1_base64="hlKDXIQnK3HLungethSyfvUbtlc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgacl2q7a3Ui8eK1hbaJeSTbNtaJJdk6xQSv+EFw+KePXvePPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2DWx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8WXmt++p0iyWN2aS0EDgoWQRI9hYqdMbYiFwv9EvlpB7Vq76NQSRW/ZR1a9kBCHk16DnojlKYIlmv/jeG8QkFVQawrHWXQ8lJphiZRjhdFbopZommIzxkHYtlVhQHUzn987giVUGMIqVLWngXP0+McVC64kIbafAZqR/e5n4l9dNTVQNpkwmqaGSLBZFKYcmhtnzcMAUJYZPLMFEMXsrJCOsMDE2ooIN4etT+D+5LbveuetfV0r1xjKOPDgCx+AUeOAC1MEVaIIWIICDB/AEnp0759F5cV4XrTlnOXMIfsB5+wQlR5AP</latexit>�B
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<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The bdy system

<latexit sha1_base64="i6C1IqToICIPH5xRMII9k98Lmgc="></latexit>

SB = min ext
�B


Area(�B)

4GN
+ Smatter(⌃B)

�
(Generalized Ryu-Takayanagi formula)

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

At early times,

<latexit sha1_base64="STUWmc/sUjYFHzI1ADGdIOxFitA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLTduyy1I3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaD6fXC795TqVgsbvUsoX6Ex4KFjGBtpFZjWCwh20PlsutCZJdRterUDHE9VHE96NhoiRJYozksvg9GMUkjKjThWKm+gxLtZ1hqRjidFwapogkmUzymfUMFjqjys+Whc3hhlBEMY2lKaLhUv09kOFJqFgWmM8J6on57C/Evr5/qsOZnTCSppoKsFoUphzqGi6/hiElKNJ8Zgolk5lZIJlhiok02BRPC16fwf9Jxbcezy61Kqd5Yx5EHZ+AcXAIHXIE6uAFN0AYEUPAAnsCzdWc9Wi/W66o1Z61nTsEPWG+f6r2NCA==</latexit>

B

<latexit sha1_base64="AetHzbERh9C44q7ClYP+oYHg4VI=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4Gmba6YzLUjcuK9oHtEPJpJk2NMmMSUYopT/hxoUibv0dd/6N6UNQ0QMXDufcy733RCmjSjvOh5VbW9/Y3MpvF3Z29/YPiodHLZVkEpMmTlgiOxFShFFBmppqRjqpJIhHjLSj8eXcb98TqWgibvUkJSFHQ0FjipE2Uqd3Q4cc9ev9Ysmxy4Hv+x507ErV9Z2qIZ7vBZUAurazQAms0OgX33uDBGecCI0ZUqrrOqkOp0hqihmZFXqZIinCYzQkXUMF4kSF08W9M3hmlAGME2lKaLhQv09MEVdqwiPTyZEeqd/eXPzL62Y6vginVKSZJgIvF8UZgzqB8+fhgEqCNZsYgrCk5laIR0girE1EBRPC16fwf9Iq265vV669Uq2+iiMPTsApOAcuCEANXIEGaAIMGHgAT+DZurMerRfrddmas1Yzx+AHrLdPJ5mQEg==</latexit>

⌃B

No non-trivial QES→　　　　 
      describes the entire bulk region

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB
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<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The bdy system

<latexit sha1_base64="i6C1IqToICIPH5xRMII9k98Lmgc="></latexit>

SB = min ext
�B


Area(�B)

4GN
+ Smatter(⌃B)

�
(Generalized Ryu-Takayanagi formula)

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

At Late times when the paradox arises:

Non-trivial QES exists near the horizon, 
a large part of the BH interior does not belong 
to the EW of B!

<latexit sha1_base64="STUWmc/sUjYFHzI1ADGdIOxFitA=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLTduyy1I3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8ptbG5t7+R3C3v7B4dHxeOTjopTSWibxDyWvQArypmgbc00p71EUhwFnHaD6fXC795TqVgsbvUsoX6Ex4KFjGBtpFZjWCwh20PlsutCZJdRterUDHE9VHE96NhoiRJYozksvg9GMUkjKjThWKm+gxLtZ1hqRjidFwapogkmUzymfUMFjqjys+Whc3hhlBEMY2lKaLhUv09kOFJqFgWmM8J6on57C/Evr5/qsOZnTCSppoKsFoUphzqGi6/hiElKNJ8Zgolk5lZIJlhiok02BRPC16fwf9Jxbcezy61Kqd5Yx5EHZ+AcXAIHXIE6uAFN0AYEUPAAnsCzdWc9Wi/W66o1Z61nTsEPWG+f6r2NCA==</latexit>

B

<latexit sha1_base64="AetHzbERh9C44q7ClYP+oYHg4VI=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4Gmba6YzLUjcuK9oHtEPJpJk2NMmMSUYopT/hxoUibv0dd/6N6UNQ0QMXDufcy733RCmjSjvOh5VbW9/Y3MpvF3Z29/YPiodHLZVkEpMmTlgiOxFShFFBmppqRjqpJIhHjLSj8eXcb98TqWgibvUkJSFHQ0FjipE2Uqd3Q4cc9ev9Ysmxy4Hv+x507ErV9Z2qIZ7vBZUAurazQAms0OgX33uDBGecCI0ZUqrrOqkOp0hqihmZFXqZIinCYzQkXUMF4kSF08W9M3hmlAGME2lKaLhQv09MEVdqwiPTyZEeqd/eXPzL62Y6vginVKSZJgIvF8UZgzqB8+fhgEqCNZsYgrCk5laIR0girE1EBRPC16fwf9Iq265vV669Uq2+iiMPTsApOAcuCEANXIEGaAIMGHgAT+DZurMerRfrddmas1Yzx+AHrLdPJ5mQEg==</latexit>

⌃B<latexit sha1_base64="hlKDXIQnK3HLungethSyfvUbtlc=">AAAB73icdVBNSwMxEM3Wr1q/qh69BIvgacl2q7a3Ui8eK1hbaJeSTbNtaJJdk6xQSv+EFw+KePXvePPfmG0rqOiDgcd7M8zMCxPOtEHow8mtrK6tb+Q3C1vbO7t7xf2DWx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8WXmt++p0iyWN2aS0EDgoWQRI9hYqdMbYiFwv9EvlpB7Vq76NQSRW/ZR1a9kBCHk16DnojlKYIlmv/jeG8QkFVQawrHWXQ8lJphiZRjhdFbopZommIzxkHYtlVhQHUzn987giVUGMIqVLWngXP0+McVC64kIbafAZqR/e5n4l9dNTVQNpkwmqaGSLBZFKYcmhtnzcMAUJYZPLMFEMXsrJCOsMDE2ooIN4etT+D+5LbveuetfV0r1xjKOPDgCx+AUeOAC1MEVaIIWIICDB/AEnp0759F5cV4XrTlnOXMIfsB5+wQlR5AP</latexit>�B
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<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The bdy system

Island formula：

<latexit sha1_base64="TGhwUc4tZ5IvZ/ANs0oFPaks7uc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GOplx4rWFtoQtlsN+3SzW7Y3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uHRo5apIrRDJJeqF2JNORO0Y5jhtJcoiuOQ0244uZv53SeqNJPiwUwTGsR4JFjECDZW8jOfYI5a+SBr5oNqza27c6BV4hWkBgXag+qXP5QkjakwhGOt+56bmCDDyjDCaV7xU00TTCZ4RPuWChxTHWTzm3N0ZpUhiqSyJQyaq78nMhxrPY1D2xljM9bL3kz8z+unJroNMiaS1FBBFouilCMj0SwANGSKEsOnlmCimL0VkTFWmBgbU8WG4C2/vEoeL+redf3y/qrWaBZxlOEETuEcPLiBBrSgDR0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDvASRfw==</latexit>

HB

From the consistency, the BH interior is encoded in 
<latexit sha1_base64="JQzUsf7eU7qiLZQ1yZD0oYr6jfw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRS49V7Ac0oWy2m3bpZjfsboQS8je8eFDEq3/Gm//GbZuDVh8MPN6bYWZemHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0ntzO/+0iVZlI8mGlCgxiPBIsYwcZKfuYTzFEzH2T3+aBac+vuHOgv8QpSgwKtQfXTH0qSxlQYwrHWfc9NTJBhZRjhNK/4qaYJJhM8on1LBY6pDrL5zTk6scoQRVLZEgbN1Z8TGY61nsah7YyxGetlbyb+5/VTE10HGRNJaqggi0VRypGRaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZf/ks6Z3Xvsn5+d1Fr3BRxlOEIjuEUPLiCBjShBW0gkMATvMCrkzrPzpvzvmgtOcXMIfyC8/EN1FSRjw==</latexit>

HR

The entanglement wedge of R is          !      
<latexit sha1_base64="uxSbyx6Lz/cx3Vb4bs2lGMVebf8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4Krsq6rHoRW9V7Ae0S8mm2TY0yYYkK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63t7S8srq2Xtgobm5t7+yW9vYbJkk1oXWS8ES3ImwoZ5LWLbOctpSmWEScNqPhzcRvPlFtWCIf7UjRUOC+ZDEj2Dqp+dAhqUJ33VLZr/hToEUS5KQMOWrd0lenl5BUUGkJx8a0A1/ZMMPaMsLpuNhJDVWYDHGfth2VWFATZtNzx+jYKT0UJ9qVtGiq/p7IsDBmJCLXKbAdmHlvIv7ntVMbX4UZkyq1VJLZojjlyCZo8jvqMU2J5SNHMNHM3YrIAGtMrEuo6EII5l9eJI3TSnBRObs/L1ev8zgKcAhHcAIBXEIVbqEGdSAwhGd4hTdPeS/eu/cxa13y8pkD+APv8wewRo8n</latexit>

R [ I
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="/kjhwA0CoSN0lKVWUVK9YkbBkdQ=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPQ08ik3gLetFbAmaBZAg9nZ6kTc9Cd48QhnyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vpr57XsmFY+jWz1JmBeSYcQDTok2UuOmXyhi28UV160ibJfxRdmtGFJysVN1kWPjOYqwRL1feO8NYpqGLNJUEKW6Dk60lxGpORVsmu+liiWEjsmQdQ2NSMiUl80PnaJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8rqpDqpexqMk1Syii0VBKpCO0exrNOCSUS0mhhAqubkV0RGRhGqTTd6E8PUp+p+0Srbj2uXGebF2uYwjB8dwAmfgQAVqcA11aAIFBg/wBM/WnfVovVivi9YVazlzBD9gvX0CG2mNKQ==</latexit>

I
“Island”

<latexit sha1_base64="5AdisFAGbssT+eDcovA6vZrONbQ="></latexit>

SR = min ext
I


Area(@I)

4GN
+ Smatter(R [ I)

�



Penington, Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19

Recent developments

Time

Entropy
<latexit sha1_base64="I+WWEd6ne47H1hLQZi/tGNa6f6k=">AAAB8XicbVC7SgNBFL3rM8ZXVLCxGQyCVdhNoZYhNikTNA9MljA7mU2GzMwuM7NCWPIXNhaK2Ip/4RfY2fgtTh6FJh64cDjnXu69J4g508Z1v5yV1bX1jc3MVnZ7Z3dvP3dw2NBRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5P/OY9VZpF8taMYuoL3JcsZAQbK93ddNOOEqhcGXdzebfgToGWiTcn+dJx7Zu9lz+q3dxnpxeRRFBpCMdatz03Nn6KlWGE03G2k2gaYzLEfdq2VGJBtZ9OLx6jM6v0UBgpW9Kgqfp7IsVC65EIbKfAZqAXvYn4n9dOTHjlp0zGiaGSzBaFCUcmQpP3UY8pSgwfWYKJYvZWRAZYYWJsSFkbgrf48jJpFAveRaFYs2mUYYYMnMApnIMHl1CCClShDgQkPMATPDvaeXRenNdZ64oznzmCP3DefgDTL5QR</latexit>

SBH

At Late times, the island becomes a part of Hawking 
radiation, which leads to the unitary Page curve

<latexit sha1_base64="5AdisFAGbssT+eDcovA6vZrONbQ="></latexit>

SR = min ext
I


Area(@I)

4GN
+ Smatter(R [ I)

�

<latexit sha1_base64="HEPaYF7FO3B1+czCVoTdpTqUMPw=">AAAB6nicbVC7SgNBFL3rM8ZXVLCxGQyCVdhVUMsQG8vEmAckS5idzCZDZmaXmVkhLPkEGwtFbG39C7/AzsZvcfIoNPHAhcM593LvPUHMmTau++UsLa+srq1nNrKbW9s7u7m9/bqOEkVojUQ8Us0Aa8qZpDXDDKfNWFEsAk4bweB67DfuqdIskndmGFNf4J5kISPYWKla7dx2cnm34E6AFok3I/niYeWbvZc+yp3cZ7sbkURQaQjHWrc8NzZ+ipVhhNNRtp1oGmMywD3aslRiQbWfTk4doROrdFEYKVvSoIn6eyLFQuuhCGynwKav572x+J/XSkx45adMxomhkkwXhQlHJkLjv1GXKUoMH1qCiWL2VkT6WGFibDpZG4I3//IiqZ8VvIvCecWmUYIpMnAEx3AKHlxCEW6gDDUg0IMHeIJnhzuPzovzOm1dcmYzB/AHztsP5ouRQQ==</latexit>

SR

<latexit sha1_base64="YNFRASyfgBZRs5dyYSFGsmRtuTc=">AAAB+nicbVDLSgMxFM34rPU11aWb0CJUhDKjoC6LblzWRx/QGYZMmrahSWZIMsow9i/cunGhiFu/xF3/xvSx0NYDgcM593JPThgzqrTjjKyl5ZXVtfXcRn5za3tn1y7sNVSUSEzqOGKRbIVIEUYFqWuqGWnFkiAeMtIMB1djv/lApKKRuNdpTHyOeoJ2KUbaSIFduAsyT3LIkdZEDsu3R4FdcirOBHCRuDNSqha94+dRNa0F9rfXiXDCidCYIaXarhNrP0NSU8zIMO8lisQID1CPtA0ViBPlZ5PoQ3holA7sRtI8oeFE/b2RIa5UykMzaSL21bw3Fv/z2onuXvgZFXGiicDTQ92EQR3BcQ+wQyXBmqWGICypyQpxH0mETQ0qb0pw57+8SBonFfescnpj2rgEU+TAASiCMnDBOaiCa1ADdYDBI3gBb+DderJerQ/rczq6ZM129sEfWF8/sdKWnQ==</latexit>

Smatter(R)
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="/kjhwA0CoSN0lKVWUVK9YkbBkdQ=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPQ08ik3gLetFbAmaBZAg9nZ6kTc9Cd48QhnyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vpr57XsmFY+jWz1JmBeSYcQDTok2UuOmXyhi28UV160ibJfxRdmtGFJysVN1kWPjOYqwRL1feO8NYpqGLNJUEKW6Dk60lxGpORVsmu+liiWEjsmQdQ2NSMiUl80PnaJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8rqpDqpexqMk1Syii0VBKpCO0exrNOCSUS0mhhAqubkV0RGRhGqTTd6E8PUp+p+0Srbj2uXGebF2uYwjB8dwAmfgQAVqcA11aAIFBg/wBM/WnfVovVivi9YVazlzBD9gvX0CG2mNKQ==</latexit>

I



Replica calculation in a gravitational system

The replica calculation of an entanglement entropy  amounts to computing 
the replica partition function: <latexit sha1_base64="vX2GK6oxSAtse5PM502Uhg/kjGo=">AAAB/XicbVC7SgNBFJ2Nrxhf8dHZDAlCqrCbwtgIQRvLKOaB2bjMTmaTIbMzy8ysEJfgh9jYWChi6zfY2ol+jJNHoYkHLhzOuZd77/EjRpW27U8rtbC4tLySXs2srW9sbmW3d+pKxBKTGhZMyKaPFGGUk5qmmpFmJAkKfUYafv905DduiFRU8Es9iEg7RF1OA4qRNpKX3bvy+HHiyhBqOXRlT3gX10bO20V7DDhPnCnJV3KF76/y+33Vy364HYHjkHCNGVKq5diRbidIaooZGWbcWJEI4T7qkpahHIVEtZPx9UN4YJQODIQ0xTUcq78nEhQqNQh90xki3VOz3kj8z2vFOjhqJ5RHsSYcTxYFMYNawFEUsEMlwZoNDEFYUnMrxD0kEdYmsIwJwZl9eZ7US0XnsFg6N2mcgAnSYB/kQAE4oAwq4AxUQQ1gcAsewBN4tu6sR+vFep20pqzpzC74A+vtB523mRE=</latexit>

Zn = tr⇢nR

The goal: perform the replica calculation for the entropy of Hawking       
               radiation and derive the island formula

<latexit sha1_base64="HE6tVcryjotPqUWhZjnDhEXQNnU="></latexit>

SR = �trR⇢̂R log ⇢̂R

= (1� n@n)Zn|n=1

<latexit sha1_base64="DUpNYDruQJyMha/ENx/p34IxihE=">AAACE3icbVDLSsNAFJ34rPVVdelmsAjioiRF1I1QdOOyFvuAJoTJdNIMnTyYuRFKyD+48VfcuFDErRt3/o3TNgttPTBw7jn3cuceLxFcgWl+G0vLK6tr66WN8ubW9s5uZW+/o+JUUtamsYhlzyOKCR6xNnAQrJdIRkJPsK43upn43QcmFY+jexgnzAnJMOI+pwS05FZO7YBAZssgzt3Wle1LQqeV28ozTUIMMi9qt1I1a+YUeJFYBamiAk238mUPYpqGLAIqiFJ9y0zAyYgETgXLy3aqWELoiAxZX9OIhEw52fSmHB9rZYD9WOoXAZ6qvycyEio1Dj3dGRII1Lw3Ef/z+in4l07GoyQFFtHZIj8VGGI8CQgPuGQUxFgTQiXXf8U0IDoX0DGWdQjW/MmLpFOvWee1+t1ZtXFdxFFCh+gInSALXaAGukVN1EYUPaJn9IrejCfjxXg3PmatS0Yxc4D+wPj8AaXcn0c=</latexit>

⇢̂R =
⇢R
tr⇢R

Replica trick:

↑can be computed using the path-integral

KG-Hartman-Tajdini  (see also Almheiri-Hartman-Maldacena-Shagoulian-Tajdini )



Path-integral in QFT
<latexit sha1_base64="UyCTuRDN1oIyUoIK2of4gORg14Y=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9iNoB6DXjwmYB6QLGF2MpuMzs4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9cyUYTWiORSNQOsKWeC1gwznDZjRXEUcNoI7q/HfuOBKs2kuDWDmPoR7gkWMoKNlertuM86pU6+4BbdCdAi8WakUD4cVb8fj0aVTv6z3ZUkiagwhGOtW54bGz/FyjDC6TDXTjSNMbnHPdqyVOCIaj+dXDtEJ1bpolAqW8Kgifp7IsWR1oMosJ0RNn09743F/7xWYsJLP2UiTgwVZLooTDgyEo1fR12mKDF8YAkmitlbEeljhYmxAeVsCN78y4ukXip658Wzqk3jCqbIwgEcwyl4cAFluIEK1IDAHTzBC7w60nl23pz3aWvGmc3swx84Hz8sZZKT</latexit>

�2
<latexit sha1_base64="/QWuHi0TThMmCCb2zpoHfbcOao0="></latexit>

h�2(x)|e�⌧H |�2(x)i =
Z

�(⌧)=�2

�(0)=�1

D� e�IE [�] =

<latexit sha1_base64="PJblPjAL2ejr5xklPR/npKg3pi0=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMgroRi25cVrAXaIeSSTNtaJIZkoxQhr6CGxeKuBOfxb0b8W3MtF1o6w+Bj/8/h5xzwoQzbTzv21lYXFpeWS2suesbm1vbxZ3duo5TRWiNxDxWzRBrypmkNcMMp81EUSxCThvh4DrPG/dUaRbLOzNMaCBwT7KIEWxyq21w2imWvLI3FpoHfwqlyw/3Inn7cqud4me7G5NUUGkIx1q3fC8xQYaVYYTTkdtONU0wGeAebVmUWFAdZONZR+jQOl0Uxco+adDY/d2RYaH1UIS2UmDT17NZbv6XtVITnQcZk0lqqCSTj6KUIxOjfHHUZYoSw4cWMFHMzopIHytMjD2Pa4/gz648D/Xjsn9aPrn1SpUrmKgA+3AAR+DDGVTgBqpQAwJ9eIAneHaE8+i8OK+T0gVn2rMHf+S8/wCDUJGN</latexit>⌧

<latexit sha1_base64="Z+SKmKzZHT/YerovIG/TDAqsupA=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9hVUI9BLx4TMA9IljA7mU3GzM4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9MyUYRWieRSNQKsKWeCVg0znDZiRXEUcFoP+jdjv/5AlWZS3JlBTP0IdwULGcHGSrVW3GNtr50vuEV3ArRIvBkplA5Hle/Ho1G5nf9sdSRJIioM4VjrpufGxk+xMoxwOsy1Ek1jTPq4S5uWChxR7aeTa4foxCodFEplSxg0UX9PpDjSehAFtjPCpqfnvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHrqMMUJYYPLMFEMXsrIj2sMDE2oJwNwZt/eZHUzoreRfG8YtO4himycADHcAoeXEIJbqEMVSBwD0/wAq+OdJ6dN+d92ppxZjP78AfOxw8q4ZKS</latexit>

�1
“number”

Path-integral with one open cut defines a quantum state

<latexit sha1_base64="Vq1WAmWY9Zlve8/9EYiTqy45vtM=">AAACEHicbVDLSgNBEJyNrxhfUY9ehgRREMOugnoRgl5yjGAekI1hdtJJhszOLjOzQtjkE7yIf+LFgyJePXrL3zh5CJpY0FBUddPd5YWcKW3bQyuxsLi0vJJcTa2tb2xupbd3yiqIJIUSDXggqx5RwJmAkmaaQzWUQHyPQ8XrXo/8yj1IxQJxq3sh1H3SFqzFKNFGaqQP+m5RMVcS0eZwCXfxsatJhAuDvht2WMP5cRrprJ2zx8DzxJmSbD7jHj0N871iI/3lNgMa+SA05USpmmOHuh4TqRnlMEi5kYKQ0C5pQ81QQXxQ9Xj80ADvG6WJW4E0JTQeq78nYuIr1fM90+kT3VGz3kj8z6tFunVRj5kIIw2CTha1Io51gEfp4CaTQDXvGUKoZOZWTDtEEqpNhikTgjP78jwpn+Scs9zpjUnjCk2QRHsogw6Rg85RHhVQEZUQRQ/oGb2iN+vRerHerY9Ja8KazuyiP7A+vwHLiqAL</latexit>

| i = e�⌧H |�1i =
<latexit sha1_base64="PJblPjAL2ejr5xklPR/npKg3pi0=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMgroRi25cVrAXaIeSSTNtaJIZkoxQhr6CGxeKuBOfxb0b8W3MtF1o6w+Bj/8/h5xzwoQzbTzv21lYXFpeWS2suesbm1vbxZ3duo5TRWiNxDxWzRBrypmkNcMMp81EUSxCThvh4DrPG/dUaRbLOzNMaCBwT7KIEWxyq21w2imWvLI3FpoHfwqlyw/3Inn7cqud4me7G5NUUGkIx1q3fC8xQYaVYYTTkdtONU0wGeAebVmUWFAdZONZR+jQOl0Uxco+adDY/d2RYaH1UIS2UmDT17NZbv6XtVITnQcZk0lqqCSTj6KUIxOjfHHUZYoSw4cWMFHMzopIHytMjD2Pa4/gz648D/Xjsn9aPrn1SpUrmKgA+3AAR+DDGVTgBqpQAwJ9eIAneHaE8+i8OK+T0gVn2rMHf+S8/wCDUJGN</latexit>⌧

<latexit sha1_base64="Z+SKmKzZHT/YerovIG/TDAqsupA=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9hVUI9BLx4TMA9IljA7mU3GzM4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9MyUYRWieRSNQKsKWeCVg0znDZiRXEUcFoP+jdjv/5AlWZS3JlBTP0IdwULGcHGSrVW3GNtr50vuEV3ArRIvBkplA5Hle/Ho1G5nf9sdSRJIioM4VjrpufGxk+xMoxwOsy1Ek1jTPq4S5uWChxR7aeTa4foxCodFEplSxg0UX9PpDjSehAFtjPCpqfnvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHrqMMUJYYPLMFEMXsrIj2sMDE2oJwNwZt/eZHUzoreRfG8YtO4himycADHcAoeXEIJbqEMVSBwD0/wAq+OdJ6dN+d92ppxZjP78AfOxw8q4ZKS</latexit>

�1
“state”

b.c. unspecified <latexit sha1_base64="YkwvS4EMA++wYoLMp5eEz9PU6oY="></latexit>

 [�2] = h�1| i = h�1|e�⌧H |�1i
Wave functional

<latexit sha1_base64="4h1EZ9n6c4wd86ME5PcRlE7YZiU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZBfUiBr14TMAskAyhp1OTtOlZ6O4RQ8gTePGgiFd9GO9exLexsxw08YeGj/+voqvKTwRX2nG+rczC4tLySnbVXlvf2NzKbe9UVZxKhhUWi1jWfapQ8AgrmmuB9UQiDX2BNb93NcprdygVj6Mb3U/QC2kn4gFnVBurfN/K5Z2CMxaZB3cK+YsP+zx5/7JLrdxnsx2zNMRIM0GVarhOor0BlZozgUO7mSpMKOvRDjYMRjRE5Q3Ggw7JgXHaJIileZEmY/d3x4CGSvVD31SGVHfVbDYy/8saqQ7OvAGPklRjxCYfBakgOiajrUmbS2Ra9A1QJrmZlbAulZRpcxvbHMGdXXkeqkcF96RwXHbyxUuYKAt7sA+H4MIpFOEaSlABBggP8ATP1q31aL1Yr5PSjDXt2YU/st5+AEhrkEE=</latexit>x



Path-integral in QFT

Path-integral with two open cuts defines an operator

<latexit sha1_base64="Vq1WAmWY9Zlve8/9EYiTqy45vtM=">AAACEHicbVDLSgNBEJyNrxhfUY9ehgRREMOugnoRgl5yjGAekI1hdtJJhszOLjOzQtjkE7yIf+LFgyJePXrL3zh5CJpY0FBUddPd5YWcKW3bQyuxsLi0vJJcTa2tb2xupbd3yiqIJIUSDXggqx5RwJmAkmaaQzWUQHyPQ8XrXo/8yj1IxQJxq3sh1H3SFqzFKNFGaqQP+m5RMVcS0eZwCXfxsatJhAuDvht2WMP5cRrprJ2zx8DzxJmSbD7jHj0N871iI/3lNgMa+SA05USpmmOHuh4TqRnlMEi5kYKQ0C5pQ81QQXxQ9Xj80ADvG6WJW4E0JTQeq78nYuIr1fM90+kT3VGz3kj8z6tFunVRj5kIIw2CTha1Io51gEfp4CaTQDXvGUKoZOZWTDtEEqpNhikTgjP78jwpn+Scs9zpjUnjCk2QRHsogw6Rg85RHhVQEZUQRQ/oGb2iN+vRerHerY9Ja8KazuyiP7A+vwHLiqAL</latexit>

| i = e�⌧H |�1i =
<latexit sha1_base64="PJblPjAL2ejr5xklPR/npKg3pi0=">AAAB63icbZDLSgMxFIbPeK3jrerSTbAIrsqMgroRi25cVrAXaIeSSTNtaJIZkoxQhr6CGxeKuBOfxb0b8W3MtF1o6w+Bj/8/h5xzwoQzbTzv21lYXFpeWS2suesbm1vbxZ3duo5TRWiNxDxWzRBrypmkNcMMp81EUSxCThvh4DrPG/dUaRbLOzNMaCBwT7KIEWxyq21w2imWvLI3FpoHfwqlyw/3Inn7cqud4me7G5NUUGkIx1q3fC8xQYaVYYTTkdtONU0wGeAebVmUWFAdZONZR+jQOl0Uxco+adDY/d2RYaH1UIS2UmDT17NZbv6XtVITnQcZk0lqqCSTj6KUIxOjfHHUZYoSw4cWMFHMzopIHytMjD2Pa4/gz648D/Xjsn9aPrn1SpUrmKgA+3AAR+DDGVTgBqpQAwJ9eIAneHaE8+i8OK+T0gVn2rMHf+S8/wCDUJGN</latexit>⌧

<latexit sha1_base64="Z+SKmKzZHT/YerovIG/TDAqsupA=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9hVUI9BLx4TMA9IljA7mU3GzM4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9MyUYRWieRSNQKsKWeCVg0znDZiRXEUcFoP+jdjv/5AlWZS3JlBTP0IdwULGcHGSrVW3GNtr50vuEV3ArRIvBkplA5Hle/Ho1G5nf9sdSRJIioM4VjrpufGxk+xMoxwOsy1Ek1jTPq4S5uWChxR7aeTa4foxCodFEplSxg0UX9PpDjSehAFtjPCpqfnvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHrqMMUJYYPLMFEMXsrIj2sMDE2oJwNwZt/eZHUzoreRfG8YtO4himycADHcAoeXEIJbqEMVSBwD0/wAq+OdJ6dN+d92ppxZjP78AfOxw8q4ZKS</latexit>

�1
“state”

b.c. unspecified

<latexit sha1_base64="f3l/OPLT7iWfQaCpekTTlqM6y5Y=">AAACCHicbVDLSsNAFJ34rPUVdenCoUUQhJIoqJtC0Y3LCvYBTSiT6aQdOpmEmYkQ0i7duPYv3LhQxK2f4K5/4yTtQlsPXO7hnHuZuceLGJXKsibG0vLK6tp6YaO4ubW9s2vu7TdlGAtMGjhkoWh7SBJGOWkoqhhpR4KgwGOk5Q1vMr/1QISkIb9XSUTcAPU59SlGSktd88gRg7A6cuqSOgLxPiMOyxvMpFG1a5atipUDLhJ7Rsq1knP6PKkl9a757fRCHAeEK8yQlB3bipSbIqEoZmRcdGJJIoSHqE86mnIUEOmm+SFjeKyVHvRDoYsrmKu/N1IUSJkEnp4MkBrIeS8T//M6sfKv3JTyKFaE4+lDfsygCmGWCuxRQbBiiSYIC6r/CvEACYSVzq6oQ7DnT14kzbOKfVE5v9NpXIMpCuAQlMAJsMElqIFbUAcNgMEjeAFv4N14Ml6ND+NzOrpkzHYOwB8YXz/kwpzf</latexit>

⇢ = | ih | =
“operator”

density matrix:

<latexit sha1_base64="Z+SKmKzZHT/YerovIG/TDAqsupA=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9hVUI9BLx4TMA9IljA7mU3GzM4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9MyUYRWieRSNQKsKWeCVg0znDZiRXEUcFoP+jdjv/5AlWZS3JlBTP0IdwULGcHGSrVW3GNtr50vuEV3ArRIvBkplA5Hle/Ho1G5nf9sdSRJIioM4VjrpufGxk+xMoxwOsy1Ek1jTPq4S5uWChxR7aeTa4foxCodFEplSxg0UX9PpDjSehAFtjPCpqfnvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHrqMMUJYYPLMFEMXsrIj2sMDE2oJwNwZt/eZHUzoreRfG8YtO4himycADHcAoeXEIJbqEMVSBwD0/wAq+OdJ6dN+d92ppxZjP78AfOxw8q4ZKS</latexit>

�1

<latexit sha1_base64="Z+SKmKzZHT/YerovIG/TDAqsupA=">AAAB7XicbVDLSgNBEOyNrxhfUY+KDAbBU9hVUI9BLx4TMA9IljA7mU3GzM4sM7NCWHL07sWDIl79hXyHN7/Bn3DyOGhiQUNR1U13VxBzpo3rfjmZpeWV1bXsem5jc2t7J7+7V9MyUYRWieRSNQKsKWeCVg0znDZiRXEUcFoP+jdjv/5AlWZS3JlBTP0IdwULGcHGSrVW3GNtr50vuEV3ArRIvBkplA5Hle/Ho1G5nf9sdSRJIioM4VjrpufGxk+xMoxwOsy1Ek1jTPq4S5uWChxR7aeTa4foxCodFEplSxg0UX9PpDjSehAFtjPCpqfnvbH4n9dMTHjlp0zEiaGCTBeFCUdGovHrqMMUJYYPLMFEMXsrIj2sMDE2oJwNwZt/eZHUzoreRfG8YtO4himycADHcAoeXEIJbqEMVSBwD0/wAq+OdJ6dN+d92ppxZjP78AfOxw8q4ZKS</latexit>

�1

cuts



Path-integral in QFT
reduced density matrix:

<latexit sha1_base64="1A1uOMSW7eO011HZ0TynLT4OWZc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC1CRSiJgnqsevFYwX5IE8tmu2mXbjZhdyOE0F+hBw+KePXneOu/cdt60NYHA4/3ZpiZ58ecKW3bYyu3tLyyupZfL2xsbm3vFHf3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh9cTv/VIpWKRuNNpTL0Q9wULGMHaSPduPGCVywdy1C2W7ao9BVokzg8p10ru8fO4lta7xS+3F5EkpEITjpXqOHasvQxLzQino4KbKBpjMsR92jFU4JAqL5sePEKHRumhIJKmhEZT9fdEhkOl0tA3nSHWAzXvTcT/vE6igwsvYyJONBVktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzvzLi6R5UnXOqqe3Jo0rmCEPB1CCCjhwDjW4gTo0gEAIT/AKb5a0Xqx362PWmrN+ZvbhD6zPb/Xwktc=</latexit>

�(Ac)

<latexit sha1_base64="1A1uOMSW7eO011HZ0TynLT4OWZc=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LC1CRSiJgnqsevFYwX5IE8tmu2mXbjZhdyOE0F+hBw+KePXneOu/cdt60NYHA4/3ZpiZ58ecKW3bYyu3tLyyupZfL2xsbm3vFHf3mipKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryh9cTv/VIpWKRuNNpTL0Q9wULGMHaSPduPGCVywdy1C2W7ao9BVokzg8p10ru8fO4lta7xS+3F5EkpEITjpXqOHasvQxLzQino4KbKBpjMsR92jFU4JAqL5sePEKHRumhIJKmhEZT9fdEhkOl0tA3nSHWAzXvTcT/vE6igwsvYyJONBVktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzvzLi6R5UnXOqqe3Jo0rmCEPB1CCCjhwDjW4gTo0gEAIT/AKb5a0Xqx362PWmrN+ZvbhD6zPb/Xwktc=</latexit>

�(Ac)

cuts<latexit sha1_base64="pSED6CCK4gyeWcTASZj4t5M8joU="></latexit>

⇢A = trAc⇢ =

Z
D�(Ac)

<latexit sha1_base64="3lpS/2R4eSnXOFEOKGZmJBln69g=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdBbURozaWCZgLJEuYnZxNxszOLjOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VZWFxaXsmu2mvrG5tbue2dqopTSbFCYx7LekAUciawopnmWE8kkijgWAt616O8do9SsVjc6n6CfkQ6goWMEm2s8mUrl3cL7ljOPHhTyF982OfJ+5ddauU+m+2YphEKTTlRquG5ifYHRGpGOQ7tZqowIbRHOtgwKEiEyh+MBx06B8ZpO2EszRPaGbu/OwYkUqofBaYyIrqrZrOR+V/WSHV45g+YSFKNgk4+ClPu6NgZbe20mUSqed8AoZKZWR3aJZJQbW5jmyN4syvPQ/Wo4J0UjstuvngFE2VhD/bhEDw4hSLcQAkqQAHhAZ7g2bqzHq0X63VSmrGmPbvwR9bbD/UAkAo=</latexit>

A

cuts
<latexit sha1_base64="3lpS/2R4eSnXOFEOKGZmJBln69g=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdBbURozaWCZgLJEuYnZxNxszOLjOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VZWFxaXsmu2mvrG5tbue2dqopTSbFCYx7LekAUciawopnmWE8kkijgWAt616O8do9SsVjc6n6CfkQ6goWMEm2s8mUrl3cL7ljOPHhTyF982OfJ+5ddauU+m+2YphEKTTlRquG5ifYHRGpGOQ7tZqowIbRHOtgwKEiEyh+MBx06B8ZpO2EszRPaGbu/OwYkUqofBaYyIrqrZrOR+V/WSHV45g+YSFKNgk4+ClPu6NgZbe20mUSqed8AoZKZWR3aJZJQbW5jmyN4syvPQ/Wo4J0UjstuvngFE2VhD/bhEDw4hSLcQAkqQAHhAZ7g2bqzHq0X63VSmrGmPbvwR9bbD/UAkAo=</latexit>

A

<latexit sha1_base64="zToBUiPZHxNwvLR6fGgcYrd/Zj0=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZBfUSDHrxmIBZIBlCT6cmadOz0N0jhJAn8OJBEa/6MN69iG9jZzlo4g8NH/9fRVeVnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/epzX71EqHke3epCgF9JuxAPOqDZWpdjO5Z2CMxFZBHcG+csPu5i8f9nldu6z1YlZGmKkmaBKNV0n0d6QSs2ZwJHdShUmlPVpF5sGIxqi8oaTQUfkyDgdEsTSvEiTifu7Y0hDpQahbypDqntqPhub/2XNVAcX3pBHSaoxYtOPglQQHZPx1qTDJTItBgYok9zMSliPSsq0uY1tjuDOr7wItZOCe1Y4rTj50hVMlYUDOIRjcOEcSnADZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/7vCQBg==</latexit>=

<latexit sha1_base64="4h1EZ9n6c4wd86ME5PcRlE7YZiU=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZBfUiBr14TMAskAyhp1OTtOlZ6O4RQ8gTePGgiFd9GO9exLexsxw08YeGj/+voqvKTwRX2nG+rczC4tLySnbVXlvf2NzKbe9UVZxKhhUWi1jWfapQ8AgrmmuB9UQiDX2BNb93NcprdygVj6Mb3U/QC2kn4gFnVBurfN/K5Z2CMxaZB3cK+YsP+zx5/7JLrdxnsx2zNMRIM0GVarhOor0BlZozgUO7mSpMKOvRDjYMRjRE5Q3Ggw7JgXHaJIileZEmY/d3x4CGSvVD31SGVHfVbDYy/8saqQ7OvAGPklRjxCYfBakgOiajrUmbS2Ra9A1QJrmZlbAulZRpcxvbHMGdXXkeqkcF96RwXHbyxUuYKAt7sA+H4MIpFOEaSlABBggP8ATP1q31aL1Yr5PSjDXt2YU/st5+AEhrkEE=</latexit>x

AAc



Path-integral in QFT

<latexit sha1_base64="Q8eKyNk8aqrypXBgx1Z2HnMchXQ="></latexit>

⇢2A =

Z
D�1(x) ⇢A|�1(x)ih�1(x)|⇢A =

<latexit sha1_base64="MhnVtrAnidGG5LtQ3vLQKID9jpk=">AAAB8HicbVDLSsNAFL2pr1pfVZduhhahIpREQV0W3bisYB/ShDKZTtqhM0mYmYgh9Ct04UIRt36Ou/6N08dCWw9cOJxzL/fe48ecKW3bYyu3srq2vpHfLGxt7+zuFfcPmipKJKENEvFItn2sKGchbWimOW3HkmLhc9ryhzcTv/VIpWJReK/TmHoC90MWMIK1kR7ceMC6TuXppFss21V7CrRMnDkp10ru6cu4lta7xW+3F5FE0FATjpXqOHasvQxLzQino4KbKBpjMsR92jE0xIIqL5sePELHRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzuLLy6R5VnUuqud3Jo1rmCEPR1CCCjhwCTW4hTo0gICAZ3iDd0tar9aH9TlrzVnzmUP4A+vrB/9dkt0=</latexit>

�1(x)

<latexit sha1_base64="MhnVtrAnidGG5LtQ3vLQKID9jpk=">AAAB8HicbVDLSsNAFL2pr1pfVZduhhahIpREQV0W3bisYB/ShDKZTtqhM0mYmYgh9Ct04UIRt36Ou/6N08dCWw9cOJxzL/fe48ecKW3bYyu3srq2vpHfLGxt7+zuFfcPmipKJKENEvFItn2sKGchbWimOW3HkmLhc9ryhzcTv/VIpWJReK/TmHoC90MWMIK1kR7ceMC6TuXppFss21V7CrRMnDkp10ru6cu4lta7xW+3F5FE0FATjpXqOHasvQxLzQino4KbKBpjMsR92jE0xIIqL5sePELHRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzuLLy6R5VnUuqud3Jo1rmCEPR1CCCjhwCTW4hTo0gICAZ3iDd0tar9aH9TlrzVnzmUP4A+vrB/9dkt0=</latexit>

�1(x)

<latexit sha1_base64="8q6jIEWWcmCp/KWef3ZIATAemlM=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFhVSWaIExGNrBQyMRaIPqYkix3Vaq44T2Q6ihH4EMwsDCLHyKWx8BP+A+xig5UiWjs65V/f4BAmjUtn2l5FbWFxaXsmvFtbWNzaL5tZ2Q8apwKSOYxaLVoAkYZSTuqKKkVYiCIoCRppB/2LkN2+JkDTmN2qQEC9CXU5DipHSkm8WXcoVvHSTHvWd8t2Bb5Zsyx4DzhNnSkrVinVcefh+rPnmp9uJcRoRrjBDUrYdO1FehoSimJFhwU0lSRDuoy5pa8pRRKSXjYMP4b5WOjCMhX46xlj9vZGhSMpBFOjJCKmenPVG4n9eO1XhmZdRnqSKcDw5FKYMqhiOWoAdKghWbKAJwoLqrBD3kEBY6a4KugRn9svzpHFoOSfW0bVu4xxMkAe7YA+UgQNOQRVcgRqoAwxS8ARewKtxbzwbb8b7ZDRnTHd2wB8YHz+U5JVh</latexit>Z
D�1(x)

Insert “1”
<latexit sha1_base64="hhQmRqnHJ8rk49A3buiyox8FXCk=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0Wom5JoUTdCURcuK9gHNCFMptN26GQSZiZiif0RN/6KGxeKuHAj/o3TNPhovTDM4ZxzufceP2JUKsv6NHJz8wuLS/nlwsrq2vqGubnVkGEsMKnjkIWi5SNJGOWkrqhipBUJggKfkaY/OB/rzRsiJA35tRpGxA1Qj9MuxUhpyjMr9qlDuYIXTtSnnl263b/7Ro5AvMeIw9IP/jg8s2iVrbTgLLAzUARZ1Tzz3emEOA4IV5ghKdu2FSk3QUJRzMio4MSSRAgPUI+0NeQoINJN0utGcE8zHdgNhX5605T93ZGgQMph4GtngFRfTmtj8j+tHavuiZtQHsWKcDwZ1I0ZVCEcRwU7VBCs2FADhAXVu0LcRwJhpQMt6BDs6ZNnQeOgbB+VD68qxepZFkce7IBdUAI2OAZVcAlqoA4wuAeP4Bm8GA/Gk/FqvE2sOSPr2QZ/yvj4AkWYoNI=</latexit>

1 =

Z
D�1(x)|�1(x)ih�1(x)|



Path-integral in QFT

<latexit sha1_base64="CrQ0QjowgfChQ3OZMQBPaqzQ8NE="></latexit>

tr⇢2A =

Z
D�2(x) h�2(x)|⇢2A|�2(x)i =

Z
D�2(x)

<latexit sha1_base64="iEg9kJNmMf3DtjJw7wKr/itor1A=">AAAB8HicbVDLSsNAFL3xWeur6tLN0CJUhJJUUJdFNy4r2Ic0oUymk3boTBJmJmII/QpduFDErZ/jrn/j9LHQ1gMXDufcy733+DFnStv22FpZXVvf2Mxt5bd3dvf2CweHTRUlktAGiXgk2z5WlLOQNjTTnLZjSbHwOW35w5uJ33qkUrEovNdpTD2B+yELGMHaSA9uPGDdavnptFso2RV7CrRMnDkp1Yru2cu4lta7hW+3F5FE0FATjpXqOHasvQxLzQino7ybKBpjMsR92jE0xIIqL5sePEInRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZ5U0IzuLLy6RZrTgXlfM7k8Y1zJCDYyhCGRy4hBrcQh0aQEDAM7zBuyWtV+vD+py1rljzmSP4A+vrBwDzkt4=</latexit>

�2(x)

<latexit sha1_base64="iEg9kJNmMf3DtjJw7wKr/itor1A=">AAAB8HicbVDLSsNAFL3xWeur6tLN0CJUhJJUUJdFNy4r2Ic0oUymk3boTBJmJmII/QpduFDErZ/jrn/j9LHQ1gMXDufcy733+DFnStv22FpZXVvf2Mxt5bd3dvf2CweHTRUlktAGiXgk2z5WlLOQNjTTnLZjSbHwOW35w5uJ33qkUrEovNdpTD2B+yELGMHaSA9uPGDdavnptFso2RV7CrRMnDkp1Yru2cu4lta7hW+3F5FE0FATjpXqOHasvQxLzQino7ybKBpjMsR92jE0xIIqL5sePEInRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZ5U0IzuLLy6RZrTgXlfM7k8Y1zJCDYyhCGRy4hBrcQh0aQEDAM7zBuyWtV+vD+py1rljzmSP4A+vrBwDzkt4=</latexit>

�2(x)

<latexit sha1_base64="MhnVtrAnidGG5LtQ3vLQKID9jpk=">AAAB8HicbVDLSsNAFL2pr1pfVZduhhahIpREQV0W3bisYB/ShDKZTtqhM0mYmYgh9Ct04UIRt36Ou/6N08dCWw9cOJxzL/fe48ecKW3bYyu3srq2vpHfLGxt7+zuFfcPmipKJKENEvFItn2sKGchbWimOW3HkmLhc9ryhzcTv/VIpWJReK/TmHoC90MWMIK1kR7ceMC6TuXppFss21V7CrRMnDkp10ru6cu4lta7xW+3F5FE0FATjpXqOHasvQxLzQino4KbKBpjMsR92jE0xIIqL5sePELHRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzuLLy6R5VnUuqud3Jo1rmCEPR1CCCjhwCTW4hTo0gICAZ3iDd0tar9aH9TlrzVnzmUP4A+vrB/9dkt0=</latexit>

�1(x)

<latexit sha1_base64="MhnVtrAnidGG5LtQ3vLQKID9jpk=">AAAB8HicbVDLSsNAFL2pr1pfVZduhhahIpREQV0W3bisYB/ShDKZTtqhM0mYmYgh9Ct04UIRt36Ou/6N08dCWw9cOJxzL/fe48ecKW3bYyu3srq2vpHfLGxt7+zuFfcPmipKJKENEvFItn2sKGchbWimOW3HkmLhc9ryhzcTv/VIpWJReK/TmHoC90MWMIK1kR7ceMC6TuXppFss21V7CrRMnDkp10ru6cu4lta7xW+3F5FE0FATjpXqOHasvQxLzQino4KbKBpjMsR92jE0xIIqL5sePELHRumhIJKmQo2m6u+JDAulUuGbToH1QC16E/E/r5Po4MrLWBgnmoZktihIONIRmnyPekxSonlqCCaSmVsRGWCJiTYZFUwIzuLLy6R5VnUuqud3Jo1rmCEPR1CCCjhwCTW4hTo0gICAZ3iDd0tar9aH9TlrzVnzmUP4A+vrB/9dkt0=</latexit>

�1(x)



Path-integral in QFT
<latexit sha1_base64="+aA6eFkU2Gak3ugWnRa8dnYlQIU=">AAAB/XicbVC7SgNBFJ2Nrxhf8dHZDAlCqrCrYGyEqI1lBPPA7LrMTibJkJnZZWZWiEvwQ2xsLBSx9Rts7UQ/xsmj0MQDFw7n3Mu99wQRo0rb9qeVmptfWFxKL2dWVtfWN7KbWzUVxhKTKg5ZKBsBUoRRQaqaakYakSSIB4zUg97Z0K/fEKloKC51PyIeRx1B2xQjbSQ/u3Pli+PElRxqOXBlN/RPro2ct4v2CHCWOBOSL+cK31+l9/uKn/1wWyGOOREaM6RU07Ej7SVIaooZGWTcWJEI4R7qkKahAnGivGR0/QDuGaUF26E0JTQcqb8nEsSV6vPAdHKku2raG4r/ec1Yt4+8hIoo1kTg8aJ2zKAO4TAK2KKSYM36hiAsqbkV4i6SCGsTWMaE4Ey/PEtq+0XnsHhwYdI4BWOkwS7IgQJwQAmUwTmogCrA4BY8gCfwbN1Zj9aL9TpuTVmTmW3wB9bbD4QjmQE=</latexit>

Zn = tr⇢nA can also be computed by n-copies of the original geometry 

branch point
=conical excess →metric singular<latexit sha1_base64="TjUncUTEUaxPdaHGAnRyGCWJBe8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM7QIXZVEwbopVN24rGAf2MQwmU7aoZNJmJkIJRT8D1duXCji1l9w6070Y5w+Ftp64MLhnHu59x4/ZlQqy/o0MguLS8sr2dXc2vrG5pa5vdOQUSIwqeOIRaLlI0kY5aSuqGKkFQuCQp+Rpt8/H/nNWyIkjfiVGsTEDVGX04BipLTkmXvXHq+kjgihEkNH9CLv9IZXPLNglawx4Dyxp6RQzRe/v8rv9zXP/HA6EU5CwhVmSMq2bcXKTZFQFDMyzDmJJDHCfdQlbU05Col00/H5Q3iglQ4MIqGLKzhWf0+kKJRyEPq6M0SqJ2e9kfif105UcOKmlMeJIhxPFgUJgyqCoyxghwqCFRtogrCg+laIe0ggrHRiOR2CPfvyPGkcluzj0tGlTuMMTJAF+yAPisAGZVAFF6AG6gCDFDyAJ/Bs3BmPxovxOmnNGNOZXfAHxtsPDX2ZSA==</latexit>

Zn = tr⇢nA = <latexit sha1_base64="zToBUiPZHxNwvLR6fGgcYrd/Zj0=">AAAB6HicbZDJSgNBEIZr4hbHLerRS2MQPIUZBfUSDHrxmIBZIBlCT6cmadOz0N0jhJAn8OJBEa/6MN69iG9jZzlo4g8NH/9fRVeVnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/epzX71EqHke3epCgF9JuxAPOqDZWpdjO5Z2CMxFZBHcG+csPu5i8f9nldu6z1YlZGmKkmaBKNV0n0d6QSs2ZwJHdShUmlPVpF5sGIxqi8oaTQUfkyDgdEsTSvEiTifu7Y0hDpQahbypDqntqPhub/2XNVAcX3pBHSaoxYtOPglQQHZPx1qTDJTItBgYok9zMSliPSsq0uY1tjuDOr7wItZOCe1Y4rTj50hVMlYUDOIRjcOEcSnADZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/7vCQBg==</latexit>=

<latexit sha1_base64="xVCkxga2ez8CgKDdybJ9KdkKZVY="></latexit>

SA = �trA⇢A log ⇢A

= (1� n@n)Zn|n=1



Path-integral in Gravity
We compute the entanglement entropy in a system with gravity

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

Gravity
AdS

No Gravity
Flat

Difference from QFT:

1. Geometry should satisfy the Einstein eq.
→branch-point becomes smooth

2. Need to consider various geometries that     
    satisfies the b.c.



Path-integral in Gravity
Prepare an evaporating BH using the Euclidean path-integral

“Vacuum state”
<latexit sha1_base64="oy4b/Jwfr3aidA7vp2b1FxxlYXg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4sSQq6kUoevFYwX5AE8pmu2mXbjZhd1YIoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBNbjut7O0vLK6tl7aKG9ube/sVvb2WzoxirImTUSiOiHRTHDJmsBBsE6qGIlDwdrh6G7it5+Y0jyRj5ClLIjJQPKIUwJW8n0g5ubU5zKCrFepujV3CrxIvIJUUYFGr/Ll9xNqYiaBCqJ113NTCHKigFPBxmXfaJYSOiID1rVUkpjpIJ/ePMbHVunjKFG2JOCp+nsiJ7HWWRzazpjAUM97E/E/r2sgug5yLlMDTNLZosgIDAmeBID7XDEKIrOEUMXtrZgOiSIUbExlG4I3//IiaZ3VvMva+cNFtX5bxFFCh+gInSAPXaE6ukcN1EQUpegZvaI3xzgvzrvzMWtdcoqZA/QHzucP1T+RkA==</latexit>⌧ = �1

<latexit sha1_base64="4tBD9j1AeYxj8wRdAqpebslAqT8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomKehGKXjxWsB/QhrLZbtq1m2zYnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkMbyd+84lrI1T8gKOE+xHtxyIUjKKVGh2k6bXbLZXdijsFWSReTsqQo9YtfXV6iqURj5FJakzbcxP0M6pRMMnHxU5qeELZkPZ529KYRtz42fTaMTm2So+EStuKkUzV3xMZjYwZRYHtjCgOzLw3Ef/z2imGV34m4iRFHrPZojCVBBWZvE56QnOGcmQJZVrYWwkbUE0Z2oCKNgRv/uVF0jiteBeVs/vzcvUmj6MAh3AEJ+DBJVThDmpQBwaP8Ayv8OYo58V5dz5mrUtOPnMAf+B8/gAWa47R</latexit>

⌧ = 0



Path-integral in Gravity
Prepare an evaporating BH using the Euclidean path-integral

Evaporating BH 
<latexit sha1_base64="oy4b/Jwfr3aidA7vp2b1FxxlYXg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4sSQq6kUoevFYwX5AE8pmu2mXbjZhd1YIoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBNbjut7O0vLK6tl7aKG9ube/sVvb2WzoxirImTUSiOiHRTHDJmsBBsE6qGIlDwdrh6G7it5+Y0jyRj5ClLIjJQPKIUwJW8n0g5ubU5zKCrFepujV3CrxIvIJUUYFGr/Ll9xNqYiaBCqJ113NTCHKigFPBxmXfaJYSOiID1rVUkpjpIJ/ePMbHVunjKFG2JOCp+nsiJ7HWWRzazpjAUM97E/E/r2sgug5yLlMDTNLZosgIDAmeBID7XDEKIrOEUMXtrZgOiSIUbExlG4I3//IiaZ3VvMva+cNFtX5bxFFCh+gInSAPXaE6ukcN1EQUpegZvaI3xzgvzrvzMWtdcoqZA/QHzucP1T+RkA==</latexit>⌧ = �1

<latexit sha1_base64="4tBD9j1AeYxj8wRdAqpebslAqT8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomKehGKXjxWsB/QhrLZbtq1m2zYnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkMbyd+84lrI1T8gKOE+xHtxyIUjKKVGh2k6bXbLZXdijsFWSReTsqQo9YtfXV6iqURj5FJakzbcxP0M6pRMMnHxU5qeELZkPZ529KYRtz42fTaMTm2So+EStuKkUzV3xMZjYwZRYHtjCgOzLw3Ef/z2imGV34m4iRFHrPZojCVBBWZvE56QnOGcmQJZVrYWwkbUE0Z2oCKNgRv/uVF0jiteBeVs/vzcvUmj6MAh3AEJ+DBJVThDmpQBwaP8Ayv8OYo58V5dz5mrUtOPnMAf+B8/gAWa47R</latexit>

⌧ = 0

Insert a local operator during path-integral

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

→creates a matter shockwave after  
   Lorentzian time-evolution 



Path-integral in Gravity
Prepare an evaporating BH using the Euclidean path-integral

Evaporating BH 
<latexit sha1_base64="oy4b/Jwfr3aidA7vp2b1FxxlYXg=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4sSQq6kUoevFYwX5AE8pmu2mXbjZhd1YIoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBNbjut7O0vLK6tl7aKG9ube/sVvb2WzoxirImTUSiOiHRTHDJmsBBsE6qGIlDwdrh6G7it5+Y0jyRj5ClLIjJQPKIUwJW8n0g5ubU5zKCrFepujV3CrxIvIJUUYFGr/Ll9xNqYiaBCqJ113NTCHKigFPBxmXfaJYSOiID1rVUkpjpIJ/ePMbHVunjKFG2JOCp+nsiJ7HWWRzazpjAUM97E/E/r2sgug5yLlMDTNLZosgIDAmeBID7XDEKIrOEUMXtrZgOiSIUbExlG4I3//IiaZ3VvMva+cNFtX5bxFFCh+gInSAPXaE6ukcN1EQUpegZvaI3xzgvzrvzMWtdcoqZA/QHzucP1T+RkA==</latexit>⌧ = �1

<latexit sha1_base64="4tBD9j1AeYxj8wRdAqpebslAqT8=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KomKehGKXjxWsB/QhrLZbtq1m2zYnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkMbyd+84lrI1T8gKOE+xHtxyIUjKKVGh2k6bXbLZXdijsFWSReTsqQo9YtfXV6iqURj5FJakzbcxP0M6pRMMnHxU5qeELZkPZ529KYRtz42fTaMTm2So+EStuKkUzV3xMZjYwZRYHtjCgOzLw3Ef/z2imGV34m4iRFHrPZojCVBBWZvE56QnOGcmQJZVrYWwkbUE0Z2oCKNgRv/uVF0jiteBeVs/vzcvUmj6MAh3AEJ+DBJVThDmpQBwaP8Ayv8OYo58V5dz5mrUtOPnMAf+B8/gAWa47R</latexit>

⌧ = 0

Insert a local operator during path-integral

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

→creates a matter shockwave after  
   Lorentzian time-evolution 

In Lorentzian regime, an evaporating BH is 
created by the ”gravitational collapse”



Path-integral in Gravity

Gravity No Gravity

<latexit sha1_base64="RP8pFMetiGntjr0sEz6u19U1LQQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6sWCe1YoVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7p6QBQ==</latexit>=

<latexit sha1_base64="TBNTdRnse1ZpzjOWYkRdW9EoI+E=">AAAB+HicbVC7SgNBFJ31GeMjq5aKDAbBKuymUBshaGOZgHlgNoTZyWwyZB7LzKwQl5R+hY2FIrZW+Q47v8GfcPIoNPHAhcM593LvPWHMqDae9+UsLa+srq1nNrKbW9s7OXd3r6ZlojCpYsmkaoRIE0YFqRpqGGnEiiAeMlIP+9djv35PlKZS3JpBTFocdQWNKEbGSm03d3eZBopDo+AwUD3ZdvNewZsALhJ/RvKlw1Hl+/FoVG67n0FH4oQTYTBDWjd9LzatFClDMSPDbJBoEiPcR13StFQgTnQrnRw+hCdW6cBIKlvCwIn6eyJFXOsBD20nR6an572x+J/XTEx00UqpiBNDBJ4uihIGjYTjFGCHKoING1iCsKL2Voh7SCFsbFZZG4I///IiqRUL/lmhWLFpXIEpMuAAHINT4INzUAI3oAyqAIMEPIEX8Oo8OM/Om/M+bV1yZjP74A+cjx840JaE</latexit>

Z = tr⇢

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 ??
Integrate over geometries

<latexit sha1_base64="NcnYEOD9BA7lw9cUUnrMIRqfaNg="></latexit>

=

Z

@M=fixed
Dgµ⌫D� e�Igrav[g]�Imatter[g,�]

Flat



Path-integral in Gravity

Gravity No Gravity

<latexit sha1_base64="RP8pFMetiGntjr0sEz6u19U1LQQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6sWCe1YoVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7p6QBQ==</latexit>=

<latexit sha1_base64="TBNTdRnse1ZpzjOWYkRdW9EoI+E=">AAAB+HicbVC7SgNBFJ31GeMjq5aKDAbBKuymUBshaGOZgHlgNoTZyWwyZB7LzKwQl5R+hY2FIrZW+Q47v8GfcPIoNPHAhcM593LvPWHMqDae9+UsLa+srq1nNrKbW9s7OXd3r6ZlojCpYsmkaoRIE0YFqRpqGGnEiiAeMlIP+9djv35PlKZS3JpBTFocdQWNKEbGSm03d3eZBopDo+AwUD3ZdvNewZsALhJ/RvKlw1Hl+/FoVG67n0FH4oQTYTBDWjd9LzatFClDMSPDbJBoEiPcR13StFQgTnQrnRw+hCdW6cBIKlvCwIn6eyJFXOsBD20nR6an572x+J/XTEx00UqpiBNDBJ4uihIGjYTjFGCHKoING1iCsKL2Voh7SCFsbFZZG4I///IiqRUL/lmhWLFpXIEpMuAAHINT4INzUAI3oAyqAIMEPIEX8Oo8OM/Om/M+bV1yZjP74A+cjx840JaE</latexit>

Z = tr⇢

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 ??
Integrate over geometries

<latexit sha1_base64="NcnYEOD9BA7lw9cUUnrMIRqfaNg="></latexit>

=

Z

@M=fixed
Dgµ⌫D� e�Igrav[g]�Imatter[g,�]

Flat

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 
<latexit sha1_base64="g3rfFGg1U6VUab6eBZ/+t33EiNk=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8UgWIXdFGojBm0sI5gLJEuYncwmQ2ZnhplZMSx5CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOZFkVBvf/3ZyS8srq2v5dXdjc2t7p7C7V9ciVZjUsGBCNSOkCaOc1Aw1jDSlIiiJGGlEg6tx3rgjSlPBb81QkjBBPU5jipGxVqONpFTivlMo+iV/Im8RghkULz7cc/n25VY7hc92V+A0IdxghrRuBb40YYaUoZiRkdtONZEID1CPtCxylBAdZpNxR96RdbpeLJR93HgT93dHhhKth0lkKxNk+no+G5v/Za3UxGdhRrlMDeF4+lGcMs8Ib7y716WKYMOGFhBW1M7q4T5SCBt7IdceIZhfeRHq5VJwUirf+MXKJUyVhwM4hGMI4BQqcA1VqAGGATzAEzw70nl0XpzXaWnOmfXswx857z/1M5L6</latexit>⇡

Saddle point 
 approximation Fill in with a geometry that solves Einstein eq.

After analytic continuation, we obtain 
the Lorentzian evaporating black hole



Replica Calculation in Gravity

<latexit sha1_base64="PZhevtw7XxqkovEBbGu+Tg9Dd74=">AAAB/nicbVDLSsNAFJ34rPUVFVduhhahq5JkYd0IRTcuq9gHNjFMppN26EwSZiZCCQX/w5UbF4q49RfcuhP9GKePhbYeuHA4517uvSdIGJXKsj6NhcWl5ZXV3Fp+fWNza9vc2W3IOBWY1HHMYtEKkCSMRqSuqGKklQiCeMBIM+ifjfzmLRGSxtGVGiTE46gb0ZBipLTkm/vXvnOSuYJDJeDQFb3Yv7xxfLNola0x4Dyxp6RYLZS+vyrv9zXf/HA7MU45iRRmSMq2bSXKy5BQFDMyzLupJAnCfdQlbU0jxIn0svH5Q3iolQ4MY6ErUnCs/p7IEJdywAPdyZHqyVlvJP7ntVMVHnsZjZJUkQhPFoUpgyqGoyxghwqCFRtogrCg+laIe0ggrHRieR2CPfvyPGk4Zfuo7FzoNE7BBDlwAAqgBGxQAVVwDmqgDjDIwAN4As/GnfFovBivk9YFYzqzB/7AePsBPoiYww==</latexit>

Z2 = tr⇢2R
<latexit sha1_base64="RP8pFMetiGntjr0sEz6u19U1LQQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6sWCe1YoVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7p6QBQ==</latexit>=

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 ??

Integrate over geometries

Flat

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 ??
Flat

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

The replica calculation of the entropy of Hawking radiation     amounts to 
computing the replica partition function: <latexit sha1_base64="vX2GK6oxSAtse5PM502Uhg/kjGo=">AAAB/XicbVC7SgNBFJ2Nrxhf8dHZDAlCqrCbwtgIQRvLKOaB2bjMTmaTIbMzy8ysEJfgh9jYWChi6zfY2ol+jJNHoYkHLhzOuZd77/EjRpW27U8rtbC4tLySXs2srW9sbmW3d+pKxBKTGhZMyKaPFGGUk5qmmpFmJAkKfUYafv905DduiFRU8Es9iEg7RF1OA4qRNpKX3bvy+HHiyhBqOXRlT3gX10bO20V7DDhPnCnJV3KF76/y+33Vy364HYHjkHCNGVKq5diRbidIaooZGWbcWJEI4T7qkpahHIVEtZPx9UN4YJQODIQ0xTUcq78nEhQqNQh90xki3VOz3kj8z2vFOjhqJ5RHsSYcTxYFMYNawFEUsEMlwZoNDEFYUnMrxD0kEdYmsIwJwZl9eZ7US0XnsFg6N2mcgAnSYB/kQAE4oAwq4AxUQQ1gcAsewBN4tu6sR+vFep20pqzpzC74A+vtB523mRE=</latexit>

Zn = tr⇢nR

<latexit sha1_base64="BVJJm7Wk7rGXteoqx3ZxgVnsGwg=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNoZYhNpaJMQ9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eH1xG/eM6V5JO/MKGZeSPqSB5wSY6VarXvbzeWdgjMFXibunORLx9Vv/l7+qHRzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPJSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTSKBfeiUKzaNMowQwZO4BTOwYVLKMENVKAOFPrwAE/wjAR6RC/odda6guYzR/AH6O0H5jmRQA==</latexit>

SR



Replica Calculation in Gravity

<latexit sha1_base64="PZhevtw7XxqkovEBbGu+Tg9Dd74=">AAAB/nicbVDLSsNAFJ34rPUVFVduhhahq5JkYd0IRTcuq9gHNjFMppN26EwSZiZCCQX/w5UbF4q49RfcuhP9GKePhbYeuHA4517uvSdIGJXKsj6NhcWl5ZXV3Fp+fWNza9vc2W3IOBWY1HHMYtEKkCSMRqSuqGKklQiCeMBIM+ifjfzmLRGSxtGVGiTE46gb0ZBipLTkm/vXvnOSuYJDJeDQFb3Yv7xxfLNola0x4Dyxp6RYLZS+vyrv9zXf/HA7MU45iRRmSMq2bSXKy5BQFDMyzLupJAnCfdQlbU0jxIn0svH5Q3iolQ4MY6ErUnCs/p7IEJdywAPdyZHqyVlvJP7ntVMVHnsZjZJUkQhPFoUpgyqGoyxghwqCFRtogrCg+laIe0ggrHRieR2CPfvyPGk4Zfuo7FzoNE7BBDlwAAqgBGxQAVVwDmqgDjDIwAN4As/GnfFovBivk9YFYzqzB/7AePsBPoiYww==</latexit>

Z2 = tr⇢2R

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

The replica calculation of the entropy of Hawking radiation     amounts to 
computing the replica partition function: <latexit sha1_base64="vX2GK6oxSAtse5PM502Uhg/kjGo=">AAAB/XicbVC7SgNBFJ2Nrxhf8dHZDAlCqrCbwtgIQRvLKOaB2bjMTmaTIbMzy8ysEJfgh9jYWChi6zfY2ol+jJNHoYkHLhzOuZd77/EjRpW27U8rtbC4tLySXs2srW9sbmW3d+pKxBKTGhZMyKaPFGGUk5qmmpFmJAkKfUYafv905DduiFRU8Es9iEg7RF1OA4qRNpKX3bvy+HHiyhBqOXRlT3gX10bO20V7DDhPnCnJV3KF76/y+33Vy364HYHjkHCNGVKq5diRbidIaooZGWbcWJEI4T7qkpahHIVEtZPx9UN4YJQODIQ0xTUcq78nEhQqNQh90xki3VOz3kj8z2vFOjhqJ5RHsSYcTxYFMYNawFEUsEMlwZoNDEFYUnMrxD0kEdYmsIwJwZl9eZ7US0XnsFg6N2mcgAnSYB/kQAE4oAwq4AxUQQ1gcAsewBN4tu6sR+vFep20pqzpzC74A+vtB523mRE=</latexit>

Zn = tr⇢nR

<latexit sha1_base64="BVJJm7Wk7rGXteoqx3ZxgVnsGwg=">AAAB6nicbVC7SgNBFL3jM8ZXVLCxGQyCVdhNoZYhNpaJMQ9IljA7mU2GzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee/xYcG0c5wutrK6tb2xmtrLbO7t7+7mDw4aOEkVZnUYiUi2faCa4ZHXDjWCtWDES+oI1/eH1xG/eM6V5JO/MKGZeSPqSB5wSY6VarXvbzeWdgjMFXibunORLx9Vv/l7+qHRzn51eRJOQSUMF0brtOrHxUqIMp4KNs51Es5jQIemztqWShEx76fTUMT6zSg8HkbIlDZ6qvydSEmo9Cn3bGRIz0IveRPzPaycmuPJSLuPEMElni4JEYBPhyd+4xxWjRowsIVRxeyumA6IINTadrA3BXXx5mTSKBfeiUKzaNMowQwZO4BTOwYVLKMENVKAOFPrwAE/wjAR6RC/odda6guYzR/AH6O0H5jmRQA==</latexit>

SR

<latexit sha1_base64="5tN7BPFjqMy29LJJcZjo+qdP7EE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXRT0GvXhMwDwgCWF20puMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7/FhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHd1O/+YRK80g+mHGM3ZAOJA84o8ZKtbNeseSW3RnIMvEyUoIM1V7xq9OPWBKiNExQrdueG5tuSpXhTOCk0Ek0xpSN6ADblkoaou6ms0Mn5MQqfRJEypY0ZKb+nkhpqPU49G1nSM1QL3pT8T+vnZjgpptyGScGJZsvChJBTESmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyXvavyRe2yVLnN4sjDERzDKXhwDRW4hyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD3QhjLc=</latexit>

+

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

Wormhole saddle~Usual computation 
  on a fixed geometry

<latexit sha1_base64="g3rfFGg1U6VUab6eBZ/+t33EiNk=">AAAB7nicbZC7SgNBFIbPxltcb1FLm8UgWIXdFGojBm0sI5gLJEuYncwmQ2ZnhplZMSx5CBsLRSxsfBN7G/FtnFwKTfxh4OP/z2HOOZFkVBvf/3ZyS8srq2v5dXdjc2t7p7C7V9ciVZjUsGBCNSOkCaOc1Aw1jDSlIiiJGGlEg6tx3rgjSlPBb81QkjBBPU5jipGxVqONpFTivlMo+iV/Im8RghkULz7cc/n25VY7hc92V+A0IdxghrRuBb40YYaUoZiRkdtONZEID1CPtCxylBAdZpNxR96RdbpeLJR93HgT93dHhhKth0lkKxNk+no+G5v/Za3UxGdhRrlMDeF4+lGcMs8Ib7y716WKYMOGFhBW1M7q4T5SCBt7IdceIZhfeRHq5VJwUirf+MXKJUyVhwM4hGMI4BQqcA1VqAGGATzAEzw70nl0XpzXaWnOmfXswx857z/1M5L6</latexit>⇡



Replica Calculation in Gravity

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

Wormhole saddle

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R
<latexit sha1_base64="RP8pFMetiGntjr0sEz6u19U1LQQ=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGoTDNpYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1VInl3cKzlRkGdw55C8/7FL8/mVXOrnPdjdiSYChZoIq1XKdWHsplZozgWO7nSiMKRvSPrYMhjRA5aXTQcfkxDhd0oukeaEmU/d3R0oDpUaBbyoDqgdqMZuY/2WtRPcuvJSHcaIxZLOPeokgOiKTrUmXS2RajAxQJrmZlbABlZRpcxvbHMFdXHkZ6sWCe1YoVp18+QpmysIRHMMpuHAOZbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf7p6QBQ==</latexit>=

Dynamically emergent branch cut

metric is smooth at branch point

<latexit sha1_base64="F4mFwHwuUUhFqWLidaRZOK+/rz0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqSMckx6EVvCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVU9PxFcaYw/rMza+sbmVnY7t7O7t3+QPzxqqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vpr77XsmFY+jWz1JmBeSYcQDTok2UuOmny9gu4wrVRcjbJfwBXZdQ4plXHKLyLHxAgVYod7Pv/cGMU1DFmkqiFJdByfamxKpORVsluuliiWEjsmQdQ2NSMiUN10cOkNnRhmgIJamIo0W6veJKQmVmoS+6QyJHqnf3lz8y+umOqh6Ux4lqWYRXS4KUoF0jOZfowGXjGoxMYRQyc2tiI6IJFSbbHImhK9P0f+kVbSdsl1quIXa5SqOLJzAKZyDAxWowTXUoQkUGDzAEzxbd9aj9WK9Llsz1mrmGH7AevsE9daNDw==</latexit>

I



Replica Calculation in Gravity
Wormhole solution exists at any n

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 

<latexit sha1_base64="+ggMTnE4kbP/JfAojB5yDAyTLiY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFtol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmlldW19o7xZ2dre2d2r7h88miTVhLZIwhPdibChnEnassxy2lGaYhFx2o7Gt7nffqLasEQ+2ImiocBDyWJGsM2lnjKsX635dX8GtEyCgtSgQLNf/eoNEpIKKi3h2Jhu4CsbZlhbRjidVnqpoQqTMR7SrqMSC2rCbHbrFJ04ZYDiRLuSFs3U3xMZFsZMROQ6BbYjs+jl4n9eN7XxdZgxqVJLJZkvilOObILyx9GAaUosnziCiWbuVkRGWGNiXTwVF0Kw+PIyeTyrB5f18/uLWuOmiKMMR3AMpxDAFTTgDprQAgIjeIZXePOE9+K9ex/z1pJXzBzCH3ifPybbjlI=</latexit>

 Flat
<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R

<latexit sha1_base64="F4mFwHwuUUhFqWLidaRZOK+/rz0=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqSMckx6EVvCZgFkiH0dHqSNj0L3T1CCPkCLx4U8eonefNv7CyCij4oeLxXRVU9PxFcaYw/rMza+sbmVnY7t7O7t3+QPzxqqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vpr77XsmFY+jWz1JmBeSYcQDTok2UuOmny9gu4wrVRcjbJfwBXZdQ4plXHKLyLHxAgVYod7Pv/cGMU1DFmkqiFJdByfamxKpORVsluuliiWEjsmQdQ2NSMiUN10cOkNnRhmgIJamIo0W6veJKQmVmoS+6QyJHqnf3lz8y+umOqh6Ux4lqWYRXS4KUoF0jOZfowGXjGoxMYRQyc2tiI6IJFSbbHImhK9P0f+kVbSdsl1quIXa5SqOLJzAKZyDAxWowTXUoQkUGDzAEzxbd9aj9WK9Llsz1mrmGH7AevsE9daNDw==</latexit>

I
<latexit sha1_base64="PqEInc6t21HocwCz6rcHIGe2pLg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsyoqBuh6MZlFfvATh0yadqGZjJDckcoQ1du/BU3LhRx6ze4829M21lo64HLPZxzL8k9QSy4Bsf5tnJz8wuLS/nlwsrq2vqGvblV01GiKKvSSESqERDNBJesChwEa8SKkTAQrB70L0d+/YEpzSN5C4OYtULSlbzDKQEj+fbunS/PU0+FGNTQv/FUL7qXpusk1gx8u+iUnDHwLHEzUkQZKr795bUjmoRMAhVE66brxNBKiQJOBRsWvESzmNA+6bKmoZKETLfS8RlDvG+UNu5EypQEPFZ/b6Qk1HoQBmYyJNDT095I/M9rJtA5a6VcxgkwSScPdRKBIcKjTHCbK0ZBDAwhVHHzV0x7RBEKJrmCCcGdPnmW1A5L7knp6Pq4WL7I4sijHbSHDpCLTlEZXaEKqiKKHtEzekVv1pP1Yr1bH5PRnJXtbKM/sD5/AKsJmUU=</latexit>

Zn = trR⇢
n
R �

<latexit sha1_base64="tvCXmT+wIc3dkcNKC13+pLFJRXY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FL3qrYD+wXcpsmm1Ds9klyQql9F948aCIV/+NN/+N2XYPWn0QeLw3M5l5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwus781iNTmsfy3owT5kc4kDzkFI2VHroJKsNRkNteueJW3RnIX+LlpAI56r3yZ7cf0zRi0lCBWnc8NzH+JJtHBZuWuqlmCdIRDljHUokR0/5ktvGUHFmlT8JY2ScNmak/OyYYaT2OAlsZoRnqRS8T//M6qQkv/QmXSWqYpPOPwlQQE5PsfNLnilEjxpYgVdzuSugQFVJjQyrZELzFk/+S5knVO6+e3p1Vald5HEU4gEM4Bg8uoAY3UIcGUJDwBC/w6mjn2Xlz3uelBSfv2YdfcD6+ASuEkJg=</latexit>

@I

<latexit sha1_base64="8A65mOJWVwzP0cQ1xzwpmbb9Hag="></latexit>

' e�Igrav[g
(n)
wormhole]Zmatter[g

(n)
wormhole]

from the back reaction at <latexit sha1_base64="tvCXmT+wIc3dkcNKC13+pLFJRXY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FL3qrYD+wXcpsmm1Ds9klyQql9F948aCIV/+NN/+N2XYPWn0QeLw3M5l5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epoqxBYxGrdoCaCS5Zw3AjWDtRDKNAsFYwus781iNTmsfy3owT5kc4kDzkFI2VHroJKsNRkNteueJW3RnIX+LlpAI56r3yZ7cf0zRi0lCBWnc8NzH+JJtHBZuWuqlmCdIRDljHUokR0/5ktvGUHFmlT8JY2ScNmak/OyYYaT2OAlsZoRnqRS8T//M6qQkv/QmXSWqYpPOPwlQQE5PsfNLnilEjxpYgVdzuSugQFVJjQyrZELzFk/+S5knVO6+e3p1Vald5HEU4gEM4Bg8uoAY3UIcGUJDwBC/w6mjn2Xlz3uelBSfv2YdfcD6+ASuEkJg=</latexit>

@I

<latexit sha1_base64="0/YH+KgPmjUyJGNljJEmnjFBwCM="></latexit>

!
n!1

exp


�Igrav[g

n=1
saddle]� (n� 1)


Area(@I)

4GN
+ Smatter(R [ I)

��



Replica Calculation in Gravity
<latexit sha1_base64="HE6tVcryjotPqUWhZjnDhEXQNnU="></latexit>

SR = �trR⇢̂R log ⇢̂R

= (1� n@n)Zn|n=1

Matter entropy  
from the wormhole geometry

Back-reaction of the 
dynamical branch point

Einstein equation 
of the wormhole

<latexit sha1_base64="4UZaxt4PGvzTP6mTz8p6OLOEB00=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXjwmYhZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qqur5ieBKE/JhrayurW9s5rby2zu7e/uFg8OWilPJoMliEcuOTxUIHkFTcy2gk0igoS+g7Y+vZn77HqTicXSrJwl4IR1GPOCMaiM1bvqFIrFLjlspVTGx3apLSMmQMimfVwh2bDJHES1R7xfee4OYpSFEmgmqVNchifYyKjVnAqb5XqogoWxMh9A1NKIhKC+bHzrFp0YZ4CCWpiKN5+r3iYyGSk1C33SGVI/Ub28m/uV1Ux1ceBmPklRDxBaLglRgHePZ13jAJTAtJoZQJrm5FbMRlZRpk03ehPD1Kf6ftFzbqdilRrlYu1zGkUPH6ASdIQdVUQ1dozpqIoYAPaAn9GzdWY/Wi/W6aF2xljNH6Aest0/+7I0V</latexit>

R
<latexit sha1_base64="gP3InyoWTazb/21vKVoAsgg5OtI=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ88kJh6DXvSWgFkgGUJPpyZp07PQ3SOEIV/gxYMiXv0kb/6NnUVQ0QcFj/eqqKrnJ4IrTciHtbK6tr6xmdvKb+/s7u0XDg5bKk4lgyaLRSw7PlUgeARNzbWATiKBhr6Atj++mvnte5CKx9GtniTghXQY8YAzqo3UuOkXisQuOW6lVMXEdqsuISVDyqR8XiHYsckcRbREvV947w1iloYQaSaoUl2HJNrLqNScCZjme6mChLIxHULX0IiGoLxsfugUnxplgINYmoo0nqvfJzIaKjUJfdMZUj1Sv72Z+JfXTXVw4WU8SlINEVssClKBdYxnX+MBl8C0mBhCmeTmVsxGVFKmTTZ5E8LXp/h/0nJtp2KXGuVi7XIZRw4doxN0hhxURTV0jeqoiRgC9ICe0LN1Zz1aL9bronXFWs4coR+w3j4B8UiNDA==</latexit>

I
<latexit sha1_base64="/kjhwA0CoSN0lKVWUVK9YkbBkdQ=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPQ08ik3gLetFbAmaBZAg9nZ6kTc9Cd48QhnyBFw+KePWTvPk3dhZBRR8UPN6roqqenwiuNMYf1srq2vrGZm4rv72zu7dfODhsqTiVlDVpLGLZ8YligkesqbkWrJNIRkJfsLY/vpr57XsmFY+jWz1JmBeSYcQDTok2UuOmXyhi28UV160ibJfxRdmtGFJysVN1kWPjOYqwRL1feO8NYpqGLNJUEKW6Dk60lxGpORVsmu+liiWEjsmQdQ2NSMiUl80PnaJTowxQEEtTkUZz9ftERkKlJqFvOkOiR+q3NxP/8rqpDqpexqMk1Syii0VBKpCO0exrNOCSUS0mhhAqubkV0RGRhGqTTd6E8PUp+p+0Srbj2uXGebF2uYwjB8dwAmfgQAVqcA11aAIFBg/wBM/WnfVovVivi9YVazlzBD9gvX0CG2mNKQ==</latexit>

I

<latexit sha1_base64="5AdisFAGbssT+eDcovA6vZrONbQ="></latexit>

SR = min ext
I


Area(@I)

4GN
+ Smatter(R [ I)

�
Island formula is derived:


