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Black Hole Information Paradox

Temperature

<latexit sha1_base64="djazw31G+jzJ/OWMP5xaHYW9iNY=">AAACB3icbVBNS8MwGE7n15xfVY+CBIfgabQy0Ysw58EdJ7oPWEtJs3QLS9qSpMIovXnxr3jxoIhX/4I3/41Zt4NuPhB48jzv+ybv48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaMhaSmqGOnGgiDuM9LxR9cTv/NAhKRReK/GMXE5GoQ0oBgpLXnm4Z2XOoLDeiO7dAKBcH670iOytHqTeWbZqlg54CKxZ6QMZmh65pfTj3DCSagwQ1L2bCtWboqEopiRrOQkksQIj9CA9DQNESfSTfM9MnislT4MIqFPqGCu/u5IEZdyzH1dyZEaynlvIv7n9RIVXLgpDeNEkRBPHwoSBlUEJ6HAPhUEKzbWBGFB9V8hHiKdhtLRlXQI9vzKi6R9WrHPKtZttVyrz+IoggNwBE6ADc5BDTRAE7QABo/gGbyCN+PJeDHejY9pacGY9eyDPzA+fwAsB5je</latexit>

SBH =
Area

4G

<latexit sha1_base64="fozl/8alCSwKwCbhwytIAxeO7Gs=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7Irih6LXnqs0C9olyWbpm1okl2SrFKX/hIvHhTx6k/x5r8xbfegrQ8GHu/NMDMvSjjTxvO+nbX1jc2t7cJOcXdv/6DkHh61dJwqQpsk5rHqRFhTziRtGmY47SSKYhFx2o7GdzO//UCVZrFsmElCA4GHkg0YwcZKoVtqhFlPCVTDj2Mmh9PQLXsVbw60SvyclCFHPXS/ev2YpIJKQzjWuut7iQkyrAwjnE6LvVTTBJMxHtKupRILqoNsfvgUnVmljwaxsiUNmqu/JzIstJ6IyHYKbEZ62ZuJ/3nd1AxugozJJDVUksWiQcqRidEsBdRnihLDJ5Zgopi9FZERVpgYm1XRhuAvv7xKWhcV/6ri3V+Wq7d5HAU4gVM4Bx+uoQo1qEMTCKTwDK/w5jw5L86787FoXXPymWP4A+fzB6QWkxQ=</latexit>

THawking

Entropy



Black Hole Information Paradox

Temperature
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SBH =
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THawking

Entropy

→Black Hole Thermally Radiates



The entropy of Hawking radiation

Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad



The entropy of Hawking radiation

Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH



Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad

BH becomes too small to
 be entangled with the radiation!

Pure states evolves 
to the mixed state 

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH



Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad

BH becomes too small to
 be entangled with the radiation!

Pure states evolves 
to the mixed state 

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH



Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH

Unitary time-evolution
→Page curve

<latexit sha1_base64="Nc6kUBus2fqHW/1u4GqwbUpjpkA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/N7M68MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBOO72Z+54lrIxL1iJOUBzEdKhEJRtFKPvZzX8ekSYd82q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNraP9yxVNOYmyOc7T8mZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swuglyodIMuWKLj6JMEkzILAAyEJozlBNLKNPC7krYiGrK0MZUsSF4yyevkvZF3buquw+XtcZtEUcZTuAUzsGDa2jAPTShBQxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwDpMJGZ</latexit>

tPage



Thermal

<latexit sha1_base64="aS0k1o+b7VUBWhGnLP6+JCuzEPc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A/oLiWbZtvQJBuSbKEs/RtePCji1T/jzX9j2u5Bqw8GHu/NMDMvVpwZ6/tfXmltfWNzq7xd2dnd2z+oHh61TZppQlsk5anuxthQziRtWWY57SpNsYg57cTju7nfmVBtWCof7VTRSOChZAkj2DoptP081ALRCVazfrXm1/0F0F8SFKQGBZr96mc4SEkmqLSEY2N6ga9slGNtGeF0VgkzQxUmYzykPUclFtRE+eLmGTpzygAlqXYlLVqoPydyLIyZith1CmxHZtWbi/95vcwmN1HOpMoslWS5KMk4simaB4AGTFNi+dQRTDRztyIywhoT62KquBCC1Zf/kvZFPbiq+w+XtcZtEUcZTuAUziGAa2jAPTShBQQUPMELvHqZ9+y9ee/L1pJXzBzDL3gf3zENkcg=</latexit>

tevap

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH

Unitary time-evolution
→Page curve

<latexit sha1_base64="Nc6kUBus2fqHW/1u4GqwbUpjpkA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/N7M68MJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1LDpVC8hQIl76aa0ziUvBOO72Z+54lrIxL1iJOUBzEdKhEJRtFKPvZzX8ekSYd82q/W3Lo7B1klXkFqUKDZr375g4RlMVfIJDWm57kpBjnVKJjk04qfGZ5SNraP9yxVNOYmyOc7T8mZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif18swuglyodIMuWKLj6JMEkzILAAyEJozlBNLKNPC7krYiGrK0MZUsSF4yyevkvZF3buquw+XtcZtEUcZTuAUzsGDa2jAPTShBQxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwDpMJGZ</latexit>

tPage

How to get the unitary Page curve?



Information paradox in an evaporating AdS BH coupled to Bath

AdS 
Gravity+CFT

Flat
CFT

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



AdS 
Gravity+CFT

Flat
CFT

R

Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19
Information paradox in an evaporating AdS BH coupled to Bath



R

Hawking’s calculation
<latexit sha1_base64="2poghMFaT0DIAO+x6aZ7AnqE9GA=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKkKZEUU3QtFNl7XaC7S1ZNK0DU0yQ5JRyjAP4cZXceNCEbcu3Pk2ptNZaOuBwMf/n0PO+b2AUaUd59vKLCwuLa9kV3Nr6xubW/b2Tl35ocSkhn3my6aHFGFUkJqmmpFmIAniHiMNb3Q18Rv3RCrqi1s9DkiHo4GgfYqRNlLXPrrpRm3JYRX14ruEyuhhRMUgvkgdjrQmMi5UD7t23ik6ScF5cFPIg7QqXfur3fNxyInQmCGlWq4T6E6EpKaYkTjXDhUJEB6hAWkZFIgT1YmSo2J4YJQe7PvSPKFhov6eiBBXasw902lWHKpZbyL+57VC3T/vRFQEoSYCTz/qhwxqH04Sgj0qCdZsbABhSc2uEA+RRNjEoHImBHf25HmoHxfd06JzfZIvXaZxZMEe2AcF4IIzUAJlUAE1gMEjeAav4M16sl6sd+tj2pqx0pld8Keszx9j7J5l</latexit>

SHawking

Rad
= Smatter(R)

AdS 
Gravity+CFT

Flat
CFT

Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19
Information paradox in an evaporating AdS BH coupled to Bath



AdS 
Gravity+CFT

Flat
CFT

RI

<latexit sha1_base64="H00n/JHhoftGyZwrRWx9bQEVbXQ="></latexit>

SRad = min extI


Area(@I)

4GN
+ Smatter(I [R)

�Island formula

I: island = BH interior belong to Hawking radiation
∂I: quantum extremal surface (QES)

Penington, Almheiri-Engelhardt-Marolf-Maxfield (AEMM) ‘19
Information paradox in an evaporating AdS BH coupled to Bath



Replica wormhole “explains” the island formula Almheiri-Maldacena-Hartman-Shaghoulian-Tajdini
Penington-Stanford-Shenker-Yang  ‘19

RR
<latexit sha1_base64="J4VmgiiQbqK3wN7z26DyD7kvVyY=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSouix6MVjFfsBTQyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9MBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseqERDPBJWsCB8E6iWIkCgVrh6Prid9+ZErzWN7DOGF+RAaS9zklYKTAPsw8FWFQuaeGcXD3UPN0mmgGgV1xqs4UeJG4BamgAo3A/vJ6MU0jJoEKonXXdRLwM6KAU8HyspdqlhA6IgPWNVSSiGk/mz6Q4xOj9HA/VqYk4Kn6eyIjkdbjKDSdEYGhnvcm4n9eN4X+pZ9xmaTAJJ0t6qcCQ4wnaeAeV4yCGBtCqOLmVkyHRBEKJrOyCcGdf3mRtGpV97zq3J5V6ldFHCV0hI7RKXLRBaqjG9RATURRjp7RK3qznqwX6936mLUuWcXMAfoD6/MHD3+WtA==</latexit>

tr⇢2R �

<latexit sha1_base64="3q0RydU2qRbs/BScI316AhwsvSE="></latexit>

S(R) = �tr⇢R log ⇢R = �@ntr⇢
n
R|n!1

Replica wormhole: wormhole sol. of Einstein eq. that connects different replica sheets



Replica wormhole “explains” the island formula Almheiri-Maldacena-Hartman-Shaghoulian-Tajdini
Penington-Stanford-Shenker-Yang  ‘19

RIR I
<latexit sha1_base64="J4VmgiiQbqK3wN7z26DyD7kvVyY=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSouix6MVjFfsBTQyb7bZdutmE3YlQQi7+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9MBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseqERDPBJWsCB8E6iWIkCgVrh6Prid9+ZErzWN7DOGF+RAaS9zklYKTAPsw8FWFQuaeGcXD3UPN0mmgGgV1xqs4UeJG4BamgAo3A/vJ6MU0jJoEKonXXdRLwM6KAU8HyspdqlhA6IgPWNVSSiGk/mz6Q4xOj9HA/VqYk4Kn6eyIjkdbjKDSdEYGhnvcm4n9eN4X+pZ9xmaTAJJ0t6qcCQ4wnaeAeV4yCGBtCqOLmVkyHRBEKJrOyCcGdf3mRtGpV97zq3J5V6ldFHCV0hI7RKXLRBaqjG9RATURRjp7RK3qznqwX6936mLUuWcXMAfoD6/MHD3+WtA==</latexit>

tr⇢2R �
Replica wormhole

<latexit sha1_base64="3q0RydU2qRbs/BScI316AhwsvSE="></latexit>

S(R) = �tr⇢R log ⇢R = �@ntr⇢
n
R|n!1

Replica wormhole: wormhole sol. of Einstein eq. that connects different replica sheets



The derivation is formal: relies on Euclidean method
not clear for evaporating BHs where there’s actually  information loss!

Our Goal

Derive the island formula and Page curve for BHs that form by collapse 
and then evaporate by using the gravitational path integral



Construction of evaporating BH from the Euclidean path-integral 

Replica wormholes  and derivation of the island (QES condition)

PLAN

Background geometry (n=1)

Replica geometry (n=1+ε)Part II.

Part I.



How to apply gravitational path integral techniques to evaporating black holes？

Background geometry (n=1)Part I.

AEMM: Joining quench

No time-reflection symmetry 
→ geometry has no real Euclidean continuation

Gluing gravity to a flat region in Euclidean 
signature is highly non-local due to 

   “the conformal welding problem”

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



Eternal AdS black hole coupled to bath

AdS2
 JT gravity+CFT2

Flat
 CFT2

Flat
 CFT2

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t
<latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

<latexit sha1_base64="e0MY+zgZEBhhn0mn5/OMqPLwaos=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnt/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDG43j</latexit>

x(t)

Dynamics of JT gravity→ Schwarzian action for gluing map:

Eternal BH + External non-gravitational system at same temperature
<latexit sha1_base64="e0MY+zgZEBhhn0mn5/OMqPLwaos=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnt/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDG43j</latexit>

x(t)



Euclidean path-integral from                    to 
<latexit sha1_base64="1XrF5G2Uiz0k+eLpctKqf7ZS9JE=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoPgxXV2kxg9CEERPEYwD0hCmJ1MkiGzD2Z6hbDkN7x4UMSrP+PNv3E2RlDRgoaiqpvuLi+SQgMh71ZmYXFpeSW7mltb39jcym/vNHQYK8brLJShanlUcykCXgcBkrcixanvSd70xpep37zjSoswuIVJxLs+HQZiIBgFI3Wgd3V+1PE40GO3ly8Q2624J6UKJnbRrRSJk5JyuXhWxo5NZiigOWq9/FunH7LY5wEwSbVuOySCbkIVCCb5NNeJNY8oG9MhbxsaUJ/rbjK7eYoPjNLHg1CZCgDP1O8TCfW1nvie6fQpjPRvLxX/8toxDE67iQiiGHjAPhcNYokhxGkAuC8UZyAnhlCmhLkVsxFVlIGJKWdC+PoU/08aru2UbXJTKlQv5nFk0R7aR4fIQRVURdeohuqIoQjdo0f0ZMXWg/VsvXy2Zqz5zC76Aev1AyF7kRs=</latexit>

tE = ��/2
<latexit sha1_base64="EwrtF41MnOYjsUAWsrHRvUaSmTU=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4Cpu0NXoQiiJ4rGDaQhvKZrttl242YXcjlNDf4MWDIl79Qd78N27aCir6YODx3gwz88KEM6UR+rCWlldW19YLG8XNre2d3dLeflPFqSTUJzGPZTvEinImqK+Z5rSdSIqjkNNWOL7K/dY9lYrF4k5PEhpEeCjYgBGsjeTr3vUF6pXKyHY997TqQWRXXK+CnJzUapXzGnRsNEMZLNDold67/ZikERWacKxUx0GJDjIsNSOcTovdVNEEkzEe0o6hAkdUBdns2Ck8NkofDmJpSmg4U79PZDhSahKFpjPCeqR+e7n4l9dJ9eAsyJhIUk0FmS8apBzqGOafwz6TlGg+MQQTycytkIywxESbfIomhK9P4f+k6dpOzUa31XL9chFHARyCI3ACHOCBOrgBDeADAhh4AE/g2RLWo/Vivc5bl6zFzAH4AevtE4G5jn8=</latexit>

tE = 0

Eternal AdS black hole coupled to bath

Lorentzian time

Flat
 CFT2

Euclidean time

AdS2
 JT gravity+CFT2



Evaporating one side of the eternal black hole

Flat
 CFT2

Euclidean time

Lorentzian timeAdS2
 JT gravity+CFT2

Lorentzian time

Conformal dim:

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

Insert a primary operator during Euclidean path-integral near                      
<latexit sha1_base64="98g7ZRcRFHJ+SfrOkqJ1GW841Sc=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1iEChKSvqy7ohuXFawtNCFMppN26OTBzEQooeCvuHGhiFu/w51/4yStoKIHLpw5517m3uPFjAppmh9aYWl5ZXWtuF7a2Nza3tF3925FlHBMujhiEe97SBBGQ9KVVDLSjzlBgcdIz5tcZn7vjnBBo/BGTmPiBGgUUp9iJJXk6geVsWvHgp7aHuLpeJY/Tly9bBqNestqNqEitVbVrGekWjtvmNAyzBxlsEDH1d/tYYSTgIQSMyTEwDJj6aSIS4oZmZXsRJAY4QkakYGiIQqIcNJ8/Rk8VsoQ+hFXFUqYq98nUhQIMQ081RkgORa/vUz8yxsk0m85KQ3jRJIQzz/yEwZlBLMs4JBygiWbKoIwp2pXiMeIIyxVYiUVwtel8H9yWzWshmFe18vti0UcRXAIjkAFWOAMtMEV6IAuwCAFD+AJPGv32qP2or3OWwvaYmYf/ID29gk/WpWx</latexit>

(h , h̄ )

<latexit sha1_base64="EwrtF41MnOYjsUAWsrHRvUaSmTU=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4Cpu0NXoQiiJ4rGDaQhvKZrttl242YXcjlNDf4MWDIl79Qd78N27aCir6YODx3gwz88KEM6UR+rCWlldW19YLG8XNre2d3dLeflPFqSTUJzGPZTvEinImqK+Z5rSdSIqjkNNWOL7K/dY9lYrF4k5PEhpEeCjYgBGsjeTr3vUF6pXKyHY997TqQWRXXK+CnJzUapXzGnRsNEMZLNDold67/ZikERWacKxUx0GJDjIsNSOcTovdVNEEkzEe0o6hAkdUBdns2Ck8NkofDmJpSmg4U79PZDhSahKFpjPCeqR+e7n4l9dJ9eAsyJhIUk0FmS8apBzqGOafwz6TlGg+MQQTycytkIywxESbfIomhK9P4f+k6dpOzUa31XL9chFHARyCI3ACHOCBOrgBDeADAhh4AE/g2RLWo/Vivc5bl6zFzAH4AevtE4G5jn8=</latexit>

tE = 0



Evaporating one side of the eternal black hole

Shockwave with                  injected from the flat region

Flat
 CFT2

AdS2
 JT gravity+CFT2

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

Einstein equation for         → need to compute the matter stress tensor

<latexit sha1_base64="Tv7G+K+v5LrtweQv9oWX/Y7EY8U=">AAAB/HicdVDLSsNAFJ3UV62vapduBovgKiRpa3RXFMFlBfuAppTJdNIOnSTDzEQIof6KGxeKuPVD3Pk3TtoKKnpg4Mw593LvPT5nVCrL+jAKK6tr6xvFzdLW9s7uXnn/oCPjRGDSxjGLRc9HkjAakbaiipEeFwSFPiNdf3qZ+907IiSNo1uVcjII0TiiAcVIaWlYrlx5XFKPi5irGE6G+W9Yrlqm4zqndRdaZs1xa5adk0ajdt6AtmnNUQVLtIbld28U4yQkkcIMSdm3La4GGRKKYkZmJS+RhCM8RWPS1zRCIZGDbL78DB5rZQSDWOgXKThXv3dkKJQyDX1dGSI1kb+9XPzL6ycqOBtkNOKJIhFeDAoSBvWdeRJwRAXBiqWaICyo3hXiCRIIK51XSYfwdSn8n3Qc026Y1k292rxYxlEEh+AInAAbuKAJrkELtAEGKXgAT+DZuDcejRfjdVFaMJY9FfADxtsnScGVMw==</latexit>

E / h 

<latexit sha1_base64="BqddnAvIEMMIC+8ZYqNSlQSDqqQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5CkjdFd0Y3LCvYBbSiT6aQdOpOEmYlYQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwKpVlfRiFldW19Y3iZmlre2d3r7x/0JZxKjBp4ZjFohsgSRiNSEtRxUg3EQTxgJFOMLnK/c4dEZLG0a2aJsTnaBTRkGKkcum+qk4H5YplOp5zVvegZdYcr2bZOXHd2oULbdOaowKWaA7K7/1hjFNOIoUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYR4kT62fzWGTzRyhCGsdAVKThXv09kiEs55YHu5EiN5W8vF//yeqkKz/2MRkmqSIQXi8KUQRXD/HE4pIJgxaaaICyovhXiMRIIKx1PSYfw9Sn8n7Qd03ZN66ZeaVwu4yiCI3AMqsAGHmiAa9AELYDBGDyAJ/BscOPReDFeF60FYzlzCH7AePsE7hiOLQ==</latexit>

x(t)



Naive non-holomorphic extension                   gives conformally non-flat metric<latexit sha1_base64="VieXw2lDDGX5RXnpAahAk/2KvGQ=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0WoICFJG6MLoejGZQX7gLaWyXTSDp08mJmoIfQ/3LhQxK3/4s6/cdJWUNEDFw7n3Mu997gRo0IaxoeWW1hcWl7JrxbW1jc2t4rbO00RxhyTBg5ZyNsuEoTRgDQklYy0I06Q7zLScscXmd+6JVzQMLiWSUR6PhoG1KMYSSXd3J955eSo6yKeJpPDfrFk6JZjHVcdaOgVy6kYZkZsu3JqQ1M3piiBOer94nt3EOLYJ4HEDAnRMY1I9lLEJcWMTArdWJAI4TEako6iAfKJ6KXTqyfwQCkD6IVcVSDhVP0+kSJfiMR3VaeP5Ej89jLxL68TS++kl9IgiiUJ8GyRFzMoQ5hFAAeUEyxZogjCnKpbIR4hjrBUQRVUCF+fwv9J09JNWzeuqqXa+TyOPNgD+6AMTOCAGrgEddAAGHDwAJ7As3anPWov2uusNafNZ3bBD2hvn04ekmc=</latexit>

x = f(y, ȳ)

Conformal welding problem

<latexit sha1_base64="34KbKzdTXqAPIEXPZYNe7GY3vZU=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBhZSZouhGKLpxWcFeoNOWTOaMDc0kQ5IRyrQv4cZXceNCEbeCO9/G9LJQ6w+Bj/+cw8n5g4QzbVz3y1lYXFpeWc2t5dc3Nre2Czu7dS1TRaFGJZeqGRANnAmoGWY4NBMFJA44NIL+1bjeuAelmRS3ZpBAOyZ3gkWMEmOtbuE41J1yN/NVjGVqNAthdOFHitBsGA6GnfIo8yHRjEthuVsouiV3IjwP3gyKaKZqt/Dph5KmMQhDOdG65bmJaWdEGUY5jPJ+qiEhtE/uoGVRkBh0O5tcNcKH1glxJJV9wuCJ+3MiI7HWgziwnTExPf23Njb/q7VSE523MyaS1ICg00VRyrGReBwRDpkCavjAAqGK2b9i2iM2E2ODzNsQvL8nz0O9XPJOS+7NSbFyOYsjh/bRATpCHjpDFXSNqqiGKHpAT+gFvTqPzrPz5rxPWxec2cwe+iXn4xvrZJ/t</latexit>

ds2outside =
|dy|2

✏2

Bath system

<latexit sha1_base64="y98GmGaeACERO3DTkllnN0UBNJg=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSKroRim5cVrAPaNoymUzaoZNJmJlIS8iPuPFX3LhQxIUb8W+ctllo64ELZ865l7n3uBGjUlnWt5FbWV1b38hvFra2d3b3zP2DpgxjgUkDhywUbRdJwignDUUVI+1IEBS4jLTc0c3Ubz0QIWnI79UkIt0ADTj1KUZKS32z6slepZ84IoCUS+qR9MrxBcJJ1Rt7jotEMk7TpGSfjbPHaa+S9s2iVbZmgMvEzkgRZKj3zU/HC3EcEK4wQ1J2bCtS3QQJRTEjacGJJYkQHqEB6WjKUUBkN5ldl8ITrXjQD4UuruBM/T2RoEDKSeDqzgCpoVz0puJ/XidW/mU3oTyKFeF4/pEfM6hCOI0KelQQrNhEE4QF1btCPEQ6HKUDLegQ7 MWTl0mzUrbPy9ZdtVi7zuLIgyNwDErABhegBm5BHTQABo/gGbyCN+PJeDHejY95a87IZg7BHxhfPzqbop4=</latexit>

ds2inside =
4dxdx̄

(1� xx̄)2

The gravity and the bath region have different coordinates

→We want to cover the whole region by a single coordinate  

Gravity system
<latexit sha1_base64="PWNxdC21zFJM/N6qOM0LZSzwFvE=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahgpSkKHoRil48VrAf0May2W7apZtN2N2oIfR/ePGgiFf/izf/jds2B219MPB4b4aZeV7EmdK2/W3llpZXVtfy64WNza3tneLuXlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh64rceqFQsFHc6iagb4IFgPiNYG+n+6dIvJyddD8s0GR/3iiW7Yk+BFomTkRJkqPeKX91+SOKACk04Vqrj2JF2Uyw1I5yOC91Y0QiTER7QjqECB1S56fTqMToySh/5oTQlNJqqvydSHCiVBJ7pDLAeqnlvIv7ndWLtX7gpE1GsqSCzRX7MkQ7RJALUZ5ISzRNDMJHM3IrIEEtMtAmqYEJw5l9eJM1qxTmr2LenpdpVFkceDuAQyuDAOdTgBurQAAISnuEV3qxH68V6tz5mrTkrm9mHP7A+fwDjEpId</latexit>

x = f(y, ȳ)
<latexit sha1_base64="OsG8TysMLVjrBbgGTct89rGC2po="></latexit>

ds2whole /(@f @̄f̄ + @̄f@f̄)dydȳ

+ @f@f̄dydy + @̄f @̄f̄dȳdȳ

Gravity+Bath system

diagonal components

<latexit sha1_base64="e0MY+zgZEBhhn0mn5/OMqPLwaos=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnt/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDG43j</latexit>

x(t)

conformally flat part



<latexit sha1_base64="tNGxP79xZ0zgjH/LaPi1Wnxg1dQ="></latexit>

Tyy = (F 0(ey))2Tzz �
c

24
{F (ey), y}

Gravity+Bath
<latexit sha1_base64="e0MY+zgZEBhhn0mn5/OMqPLwaos=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnt/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDG43j</latexit>

x(t)
<latexit sha1_base64="4WgJ1tcGFW2fToooSW7NJWl5j2c=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKohchKIjHCOYByRpmJ73JkNmHM7NCXPITXjwo4tXf8ebfOEn2oIkFDUVVN91dXiy40rb9bS0sLi2vrObW8usbm1vbhZ3duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENrsZ+4xGl4lF4p4cxugHthdznjGojNZ8urkt4PzzqFIp22Z6AzBMnI0XIUO0UvtrdiCUBhpoJqlTLsWPtplRqzgSO8u1EYUzZgPawZWhIA1RuOrl3RA6N0iV+JE2FmkzU3xMpDZQaBp7pDKjuq1lvLP7ntRLtn7spD+NEY8imi/xEEB2R8fOkyyUyLYaGUCa5uZWwPpWUaRNR3oTgzL48T+rHZee0bN+eFCuXWRw52IcDKIEDZ1CBG6hCDRgIeIZXeLMerBfr3fqYti5Y2cwe/IH1+QMWqo9Y</latexit>

z = F (ey)

<latexit sha1_base64="JTPF2dJp8c2TmFjmXxmVuNYzKPY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquKHoRih70WMF+QLuUbJptY7PJkmTFuvQ/ePGgiFf/jzf/jWm7B60+GHi8N8PMvCDmTBvX/XJyC4tLyyv51cLa+sbmVnF7p6FlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDC8nfvOeKs2kuDWjmPoR7gsWMoKNlRqP51flh8NuseRW3CnQX+JlpAQZat3iZ6cnSRJRYQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlTgiGo/nV47RgdW6aFQKlvCoKn6cyLFkdajKLCdETYDPe9NxP+8dmLCMz9lIk4MFWS2KEw4MhJNXkc9pigxfGQJJorZWxEZYIWJsQEVbAje/Mt/SeOo4p1U3JvjUvUiiyMPe7APZfDgFKpwDTWoA4E7eIIXeHWk8+y8Oe+z1pyTzezCLzgf36DvjoE=</latexit>

z = G(x)

<latexit sha1_base64="91/qfSJAbzoXLdenie8oHL+XHrM=">AAACDnicbZDLSsNAFIYn9VbrLerSTbAUKmhJiqIboejGnRXsBZq0TCaTduhkEmYmQhvyBG58FTcuFHHr2p1v47TNQlt/GPj4zzmcOb8bUSKkaX5ruaXlldW1/HphY3Nre0ff3WuKMOYIN1BIQ952ocCUMNyQRFLcjjiGgUtxyx1eT+qtB8wFCdm9HEXYCWCfEZ8gKJXV00ue6FYv7dsA92E3Oamm5fGx7UKejNMjb+xl2NOLZsWcylgEK4MiyFTv6V+2F6I4wEwiCoXoWGYknQRySRDFacGOBY4gGsI+7ihkMMDCSabnpEZJOZ7hh1w9Jo2p+3sigYEQo8BVnQGUAzFfm5j/1Tqx9C+chLAolpih2SI/poYMjUk2hkc4RpKOFEDEifqrgQaQQyRVggUVgjV/8iI0qxXrrGLenRZrV1kceXAADkEZWOAc1MANqIMGQOARPINX8KY9aS/au/Yxa81p2cw++CPt8wfSf5v+</latexit>

ds2 = ⌦�2(z, z̄)dzdz̄

Conformally flat

<latexit sha1_base64="ganqoeSGjxoiFFy9Ig3LLDrR5Ms=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0Wom5KIohuhKKjLCvYBbQyTyaQdOpmEmYkYYtdu/BU3LhRx6xe482+cPha19cCFM+fcy9x7vJhRqSzrx8jNzS8sLuWXCyura+sb5uZWXUaJwKSGIxaJpockYZSTmqKKkWYsCAo9Rhpe72LgN+6JkDTityqNiROiDqcBxUhpyTV3L0vkLj14dLO2CKHnp/2zq9LD5Ns1i1bZGgLOEntMimCMqmt+t/0IJyHhCjMkZcu2YuVkSCiKGekX2okkMcI91CEtTTkKiXSy4Sl9uK8VHwaR0MUVHKqTExkKpUxDT3eGSHXltDcQ//NaiQpOnYzyOFGE49FHQcKgiuAgF+hTQbBiqSYIC6p3hbiLBMJKp1fQIdjTJ8+S+mHZPi5bN0fFyvk4jjzYAXugBGxwAirgGlRBDWDwBF7AG3g3no1X48P4HLXmjPHMNvgD4+sXLg+Z8w==</latexit>

F (ey)|bdy = G(x)|bdy

For given        , look for a new covering coordinate defined by holomorphic maps

with matching condition at the interface

→         non-locally depends on

<latexit sha1_base64="JTPF2dJp8c2TmFjmXxmVuNYzKPY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquKHoRih70WMF+QLuUbJptY7PJkmTFuvQ/ePGgiFf/jzf/jWm7B60+GHi8N8PMvCDmTBvX/XJyC4tLyyv51cLa+sbmVnF7p6FlogitE8mlagVYU84ErRtmOG3FiuIo4LQZDC8nfvOeKs2kuDWjmPoR7gsWMoKNlRqP51flh8NuseRW3CnQX+JlpAQZat3iZ6cnSRJRYQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlTgiGo/nV47RgdW6aFQKlvCoKn6cyLFkdajKLCdETYDPe9NxP+8dmLCMz9lIk4MFWS2KEw4MhJNXkc9pigxfGQJJorZWxEZYIWJsQEVbAje/Mt/SeOo4p1U3JvjUvUiiyMPe7APZfDgFKpwDTWoA4E7eIIXeHWk8+y8Oe+z1pyTzezCLzgf36DvjoE=</latexit>

z = G(x)

<latexit sha1_base64="4WgJ1tcGFW2fToooSW7NJWl5j2c=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKohchKIjHCOYByRpmJ73JkNmHM7NCXPITXjwo4tXf8ebfOEn2oIkFDUVVN91dXiy40rb9bS0sLi2vrObW8usbm1vbhZ3duooSybDGIhHJpkcVCh5iTXMtsBlLpIEnsOENrsZ+4xGl4lF4p4cxugHthdznjGojNZ8urkt4PzzqFIp22Z6AzBMnI0XIUO0UvtrdiCUBhpoJqlTLsWPtplRqzgSO8u1EYUzZgPawZWhIA1RuOrl3RA6N0iV+JE2FmkzU3xMpDZQaBp7pDKjuq1lvLP7ntRLtn7spD+NEY8imi/xEEB2R8fOkyyUyLYaGUCa5uZWwPpWUaRNR3oTgzL48T+rHZee0bN+eFCuXWRw52IcDKIEDZ1CBG6hCDRgIeIZXeLMerBfr3fqYti5Y2cwe/IH1+QMWqo9Y</latexit>

z = F (ey)Bath:
Gravity:

Conformal welding problem

<latexit sha1_base64="BqddnAvIEMMIC+8ZYqNSlQSDqqQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5CkjdFd0Y3LCvYBbSiT6aQdOpOEmYlYQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwKpVlfRiFldW19Y3iZmlre2d3r7x/0JZxKjBp4ZjFohsgSRiNSEtRxUg3EQTxgJFOMLnK/c4dEZLG0a2aJsTnaBTRkGKkcum+qk4H5YplOp5zVvegZdYcr2bZOXHd2oULbdOaowKWaA7K7/1hjFNOIoUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYR4kT62fzWGTzRyhCGsdAVKThXv09kiEs55YHu5EiN5W8vF//yeqkKz/2MRkmqSIQXi8KUQRXD/HE4pIJgxaaaICyovhXiMRIIKx1PSYfw9Sn8n7Qd03ZN66ZeaVwu4yiCI3AMqsAGHmiAa9AELYDBGDyAJ/BscOPReDFeF60FYzlzCH7AePsE7hiOLQ==</latexit>

x(t)

<latexit sha1_base64="BqddnAvIEMMIC+8ZYqNSlQSDqqQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5CkjdFd0Y3LCvYBbSiT6aQdOpOEmYlYQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwKpVlfRiFldW19Y3iZmlre2d3r7x/0JZxKjBp4ZjFohsgSRiNSEtRxUg3EQTxgJFOMLnK/c4dEZLG0a2aJsTnaBTRkGKkcum+qk4H5YplOp5zVvegZdYcr2bZOXHd2oULbdOaowKWaA7K7/1hjFNOIoUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYR4kT62fzWGTzRyhCGsdAVKThXv09kiEs55YHu5EiN5W8vF//yeqkKz/2MRkmqSIQXi8KUQRXD/HE4pIJgxaaaICyovhXiMRIIKx1PSYfw9Sn8n7Qd03ZN66ZeaVwu4yiCI3AMqsAGHmiAa9AELYDBGDyAJ/BscOPReDFeF60FYzlzCH7AePsE7hiOLQ==</latexit>

x(t)

<latexit sha1_base64="NLJQgwtcPSCLcOSozb2Z8Ltsi60=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwIWGSNkZ3RUFdVrS20IYymU7aoZMHMxOhhH6CGxeKuPWL3Pk3TtoKKnrgwuGce7n3Hj/hTCqEPozCwuLS8kpxtbS2vrG5Vd7euZNxKghtkpjHou1jSTmLaFMxxWk7ERSHPqctf3Se+617KiSLo1s1TqgX4kHEAkaw0tLNxdFlr1xBpu3axzUXIrNqu1Vk5cRxqqcOtEw0RQXM0eiV37v9mKQhjRThWMqOhRLlZVgoRjidlLqppAkmIzygHU0jHFLpZdNTJ/BAK30YxEJXpOBU/T6R4VDKcejrzhCrofzt5eJfXidVwYmXsShJFY3IbFGQcqhimP8N+0xQovhYE0wE07dCMsQCE6XTKekQvj6F/5M727QcE13XKvWzeRxFsAf2wSGwgAvq4Ao0QBMQMAAP4Ak8G9x4NF6M11lrwZjP7IIfMN4+Af+djZ8=</latexit>

F,G



<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

Hawking radiation

Shockwave   +    Thermal flux

Equation of motion for         :
<latexit sha1_base64="BqddnAvIEMMIC+8ZYqNSlQSDqqQ=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5CkjdFd0Y3LCvYBbSiT6aQdOpOEmYlYQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwKpVlfRiFldW19Y3iZmlre2d3r7x/0JZxKjBp4ZjFohsgSRiNSEtRxUg3EQTxgJFOMLnK/c4dEZLG0a2aJsTnaBTRkGKkcum+qk4H5YplOp5zVvegZdYcr2bZOXHd2oULbdOaowKWaA7K7/1hjFNOIoUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYR4kT62fzWGTzRyhCGsdAVKThXv09kiEs55YHu5EiN5W8vF//yeqkKz/2MRkmqSIQXi8KUQRXD/HE4pIJgxaaaICyovhXiMRIIKx1PSYfw9Sn8n7Qd03ZN66ZeaVwu4yiCI3AMqsAGHmiAa9AELYDBGDyAJ/BscOPReDFeF60FYzlzCH7AePsE7hiOLQ==</latexit>

x(t)

Non-trivial solution on a Schwinger-Keldysh contour!

<latexit sha1_base64="dV/4w2AoTKkU5H6sincBAwUoHs8=">AAACFnicbVDLSgMxFM3UV62vqks3wSJUtGVGFN0IRTcuK/QFnVoymUwbmnmQ3BHLMF/hxl9x40IRt+LOvzF9LLT1cAOHc+7l5h4nElyBaX4bmYXFpeWV7GpubX1jcyu/vdNQYSwpq9NQhLLlEMUED1gdOAjWiiQjviNY0xlcj/zmPZOKh0ENhhHr+KQXcI9TAlrq5ku2JwlN3DRxIbUT/FCEw2Ow08taNxneHelKS2Na0pV28wWzbI6B54k1JQU0RbWb/7LdkMY+C4AKolTbMiPoJEQCp4KlOTtWLCJ0QHqsrWlAfKY6yfisFB9oxcVeKPULAI/V3xMJ8ZUa+o7u9An01aw3Ev/z2jF4F52EB1EMLKCTRV4sMIR4lBF2uWQUxFATQiXXf8W0T3ROoJPM6RCs2ZPnSeOkbJ2VzdvTQuVqGkcW7aF9VEQWOkcVdIOqqI4oekTP6BW9GU/Gi/FufExaM8Z0Zhf9gfH5A7Qsnw4=</latexit>

d

dt
{x(t), t} = Ty+y+ � Ty�y�

Local stress tensor & E.O.M!

<latexit sha1_base64="al7vwjofzD9w0CC+zab7YoKYLMs=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEobYkouimUHTjsoJ9QJuUyXTSDp1MwsxEbEPBX3HjQhG3foc7/8Zpm4W2HrhwOOde7r3HixiVyrK+jczS8srqWnY9t7G5tb1j7u7VZRgLTGo4ZKFoekgSRjmpKaoYaUaCoMBjpOENbiZ+44EISUN+r4YRcQLU49SnGCktdcyDkVsoEzcZuoXxaRuO3GL50S12zLxVsqaAi8ROSR6kqHbMr3Y3xHFAuMIMSdmyrUg5CRKKYkbGuXYsSYTwAPVIS1OOAiKdZHr+GB5rpQv9UOjiCk7V3xMJCqQcBp7uDJDqy3lvIv7ntWLlXzkJ5VGsCMezRX7MoArhJAvYpYJgxYaaICyovhXiPhIIK51YTodgz7+8SOpnJfuiZN2d5yvXaRxZcAiOwAmwwSWogFtQBTWAQQKewSt4M56MF+Pd+Ji1Zox0Zh/8gfH5A1EAlGs=</latexit>

z+ = ey
+

, z� = x�

<latexit sha1_base64="lRNjh0/z0KTHf0mlOTGi5huUM2s="></latexit>

Ty+y+ = E �(y
� � L)� c

24⇡
{ey

+

, y+}

<latexit sha1_base64="EktSItLtqJLlcpU9I49gmyi4t1A=">AAACEnicbVDLSgMxFM3UV62vUZdugkVowZaZUtGNUHTjskJf0BmHTJppQzMPkow4DPMNbvwVNy4UcevKnX9j+lho6yG5HM65l+QeN2JUSMP41nIrq2vrG/nNwtb2zu6evn/QEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113fD3xu/eECxoGLZlExPbRMKAexUgqydHLLSdN7irqZJcVy+MIpzhLa3UropmVPpSUUT5VxcocvWhUjSngMjHnpAjmaDr6lzUIceyTQGKGhOibRiTtFHFJMSNZwYoFiRAeoyHpKxognwg7na6UwROlDKAXcnUDCafq74kU+UIkvqs6fSRHYtGbiP95/Vh6F3ZKgyiWJMCzh7yYQRnCST5wQDnBkiWKIMyp+ivEI6RykSrFggrBXFx5mXRqVfOsatzWi42reRx5cASOQQmY4Bw0wA1ogjbA4BE8g1fwpj1pL9q79jFrzWnzmUPwB9rnD+W+nPk=</latexit>

Ty�y� = � c

24⇡
{x(y�), y�}



<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

Evaporating one side of the eternal black hole

<latexit sha1_base64="YLfhBe9FszmzxEk3b8zhA2pZoh8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FL16EitYW2lA220m7dLMJuxuhhP4ELx4UxKt/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+Qfnw6FHHqWLYYrGIVSegGgWX2DLcCOwkCmkUCGwH4+uZ335CpXksH8wkQT+iQ8lDzqix0v1t3+2XK27VnYOsEi8nFcjR7Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/NT52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJLP+MySQ1KtlgUpoKYmMz+JgOukBkxsYQyxe2thI2ooszYdEo2BG/55VXSvqh6tarn3dUqjas8jyKcwCmcgwd1aMANNKEFDIbwDK/w5gjnxXl3PhatBSefOYY/cD5/AF8hja0=</latexit>

M0

<latexit sha1_base64="ptYlegE0khgm7ddvC8Ok8zVjKlU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WRfAiVLC20ISw2W7apZvNsrsRSujf8OJBQbz6Y7z5b9y2OWjrg4HHezPMzIskZ9q47rdTWlldW98ob1a2tnd296r7B486zRShbZLyVHUjrClngrYNM5x2paI4iTjtRKPrqd95okqzVDyYsaRBggeCxYxgYyX/LnTPbsLcl5pNwmrNrbszoGXiFaQGBVph9cvvpyRLqDCEY617nitNkGNlGOF0UvEzTSUmIzygPUsFTqgO8tnNE3RilT6KU2VLGDRTf0/kONF6nES2M8FmqBe9qfif18tMfBnkTMjMUEHmi+KMI5OiaQCozxQlho8twUQxeysiQ6wwMTamig3BW3x5mXTO616j7nn3jVrzqsijDEdwDKfgwQU04RZa0AYCEp7hFd6czHlx3p2PeWvJKWYO4Q+czx/3RpF2</latexit>

M0 + E 

<latexit sha1_base64="mrZcSQGLnOgfgwgcut5oul6jE10=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWML1hbaUDbbSbt2swm7E6GU/gIvHhTEq//Im//GbZuDtj4YeLw3w8y8MJXCkOd9O4W19Y3NreJ2aWd3b/+gfHj0YJJMc2zyRCa6HTKDUihskiCJ7VQji0OJrXB0O/NbT6iNSNQ9jVMMYjZQIhKckZUa1CtXvKo3h7tK/JxUIEe9V/7q9hOexaiIS2ZMx/dSCiZMk+ASp6VuZjBlfMQG2LFUsRhNMJkfOnXPrNJ3o0TbUuTO1d8TExYbM45D2xkzGpplbyb+53Uyiq6DiVBpRqj4YlGUSZcSd/a12xcaOcmxJYxrYW91+ZBpxslmU7Ih+Msvr5LWRdW/rPp+47JSu8nzKMIJnMI5+HAFNbiDOjSBA8IzvMKb8+i8OO/Ox6K14OQzx/AHzucPdkWNMQ==</latexit>

t

BH mass

Time-symmetric shockwave

EvaporationAn evaporating black hole created by shockwave,
decays into the original black hole 

Evaporation stops when it equilibrate with bath



Construction of evaporating BH from the Euclidean path-integral 

Replica wormholes  and derivation of the island (QES condition)

PLAN

Background geometry (n=1)

Replica geometry (n=1+ε)Part II.

Part I.



Island formula and Page curve

<latexit sha1_base64="H00n/JHhoftGyZwrRWx9bQEVbXQ="></latexit>

SRad = min extI


Area(@I)

4GN
+ Smatter(I [R)

�
Island formula

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

<latexit sha1_base64="kqBsS5D4Nhpt+iUjRvieAqYVyz8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpii5L3XRZ0T6gjWEynbRDZyZhZiKUUNz4K25cKOLWr3Dn3zhNs9DWAxfOPedeLvcEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsH4euZ3HohUNBJ3ehITj6OhoCHFSBvJt4+qt/dpX3JIBdUUsamfdfXG1LfLTsXJAJeJm5MyyNH07a/+IMIJJ0JjhpTquU6svRRJTTEj01I/USRGeIyGpGeoQJwoL81emMJTowxgGElTQsNM/b2RIq7UhAdmkiM9UoveTPzP6yU6vPJSKuJEE4Hnh8KEQR3BWR5wQCXBmk0MQViaDDDEIyQR1ia1kgnBXXx5mbSrFfei4tycl2v1PI4iOAYn4Ay44BLUQAM0QQtg8AiewSt4s56sF+vd+piPFqx85xD8gfX5A8JLlwU=</latexit>

2Sinitial

BH

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 
R RI

<latexit sha1_base64="cOGLw7xxWG1qMCuR9fyQ4yIMjtk=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRJRdFl047I++oA0lMlk0g6dzISZG6GEfoYbF4q49Wvc+TdO2yy09cCFwzn3cu89YSq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sjm6nfeWLacCUfYZyyICEDyWNOCVjJf+jnPZ3gexJN+tWaW3dnwMvEK0gNFWj2q1+9SNEsYRKoIMb4nptCkBMNnAo2qfQyw1JCR2TAfEslSZgJ8tnJE3xilQjHStuSgGfq74mcJMaMk9B2JgSGZtGbiv95fgbxVZBzmWbAJJ0vijOBQeHp/zjimlEQY0sI1dzeiumQaELBplSxIXiLLy+T9lndu6i7d+e1xnURRxkdoWN0ijx0iRroFjVRC1Gk0DN6RW8OOC/Ou/Mxby05xcwh+gPn8wfyIJEI</latexit>

SRad
<latexit sha1_base64="7DhdiRcVWfr6l3aWIRErnuQAyoE=">AAACAnicbVC7TsMwFHXKq5RXgAmxWFRITFWCQDBWsHQsjz6kNkSO47RWHSeyHVAVRSz8CgsDCLHyFWz8DW6aAVqOdKXjc+6V7z1ezKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90OfE790RIGvFbNY6JE6IBpwHFSGnJNfdu7tK+CGEDPYwoH2Ru/rpGfuaaVatm5YDzxC5IFRRouuZX349wEhKuMENS9mwrVk6KhKKYkazSTySJER6hAelpylFIpJPmJ2TwUCs+DCKhiyuYq78nUhRKOQ493RkiNZSz3kT8z+slKjh3UsrjRBGOpx8FCYMqgpM8oE8FwYqNNUFYUL0rxEMkEFY6tYoOwZ49eZ60j2v2ac26OqnWL4o4ymAfHIAjYIMzUAcN0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8AfG5w8cvZc/</latexit>

SHawking

Rad

<latexit sha1_base64="ETHUQhLo+zPJ63ZTvIIHfr2pKLU=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY+lXnqsaD+wXUo2zbahSXZJskJZ+i+8eFDEq//Gm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcjv3O09UaRbJBzONqS/wSLKQEWys9Hg/SPtKoHpjNihX3KqbAa0SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/TS7eIbOrDJEYaRsSYMy9fdEioXWUxHYToHNWC97c/E/r5eY8MZPmYwTQyVZLAoTjkyE5u+jIVOUGD61BBPF7K2IjLHCxNiQSjYEb/nlVdK+qHpXVffuslKr53EU4QRO4Rw8uIYaNKAJLSAg4Rle4c3Rzovz7nwsWgtOPnMMf+B8/gDzj5Bx</latexit>

SBH

RR



<latexit sha1_base64="3q0RydU2qRbs/BScI316AhwsvSE="></latexit>

S(R) = �tr⇢R log ⇢R = �@ntr⇢
n
R|n!1

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

RR
<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

RR

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="7DhdiRcVWfr6l3aWIRErnuQAyoE=">AAACAnicbVC7TsMwFHXKq5RXgAmxWFRITFWCQDBWsHQsjz6kNkSO47RWHSeyHVAVRSz8CgsDCLHyFWz8DW6aAVqOdKXjc+6V7z1ezKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90OfE790RIGvFbNY6JE6IBpwHFSGnJNfdu7tK+CGEDPYwoH2Ru/rpGfuaaVatm5YDzxC5IFRRouuZX349wEhKuMENS9mwrVk6KhKKYkazSTySJER6hAelpylFIpJPmJ2TwUCs+DCKhiyuYq78nUhRKOQ493RkiNZSz3kT8z+slKjh3UsrjRBGOpx8FCYMqgpM8oE8FwYqNNUFYUL0rxEMkEFY6tYoOwZ49eZ60j2v2ac26OqnWL4o4ymAfHIAjYIMzUAcN0AQtgMEjeAav4M14Ml6Md+Nj2loyipld8AfG5w8cvZc/</latexit>

SHawking

Rad

<latexit sha1_base64="5BKAW7XFlHsm5J+kDwHtw+X+J8g=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqJqUoQCMYKFsby6ENqQ+Q4TmvVjiPbQaqiSiz8CgsDCLHyE2z8DW6aAVqOZOn4nHuvfU+QMKq043xbpYXFpeWV8mplbX1jc8ve3mkpkUpMmlgwITsBUoTRmDQ11Yx0EkkQDxhpB8PLid9+IFJREd/pUUI8jvoxjShG2ki+vXd7n/Ukh20h+UAwMvbz6w0Kx75ddWpODjhP3IJUQYGGb3/1QoFTTmKNGVKq6zqJ9jIkNcVmcqWXKpIgPER90jU0RpwoL8t3GMNDo4QwEtKcWMNc/d2RIa7UiAemkiM9ULPeRPzP66Y6OvcyGiepJjGePhSlDGoBJ4HAkEqCNRsZgrCk5q8QD5BEWJvYKiYEd3bledI6rrmnNef6pFq/KOIog31wAI6AC85AHVyBBmgCDB7BM3gFb9aT9WK9Wx/T0pJV9OyCP7A+fwAVu5fN</latexit>

SWormhole
Rad

<latexit sha1_base64="aepUTfrjubKVEYNACN4AnlZBBRc=">AAAB7XicbVDLSgMxFL1TX7W+qi7dDBZBEMqMKLosunFZwT6gHUomzbSxmWRI7ghl6D+4caGIW//HnX9j2s5CWw8EDufcQ+49YSK4Qc/7dgorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrIEfB2olmJA4Fa4Wj26nfemLacCUfcJywICYDySNOCVqpedbtKzS9csWrejO4y8TPSQVy1HvlL5ujacwkUkGM6fhegkFGNHIq2KTUTQ1LCB2RAetYKknMTJDNtp24J1bpu5HS9kl0Z+rvREZiY8ZxaCdjgkOz6E3F/7xOitF1kHGZpMgknX8UpcJF5U5Pd/tcM4pibAmhmttdXTokmlC0BZVsCf7iycukeV71L6ve/UWldpPXUYQjOIZT8OEKanAHdWgAhUd4hld4c5Tz4rw7H/PRgpNnDuEPnM8fWbiO+w==</latexit>

+ . . .
<latexit sha1_base64="CVG5BOQk+DzxZY/1FIUKZs/Mp0I=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclaQouhGKblxWsQ9oYplMJ+3QeYSZiVJiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufeeKGFUG8/7dpaWV1bX1gsbxc2t7Z1dt7TX1DJVmDSwZFK1I6QJo4I0DDWMtBNFEI8YaUXDq4nfeiBKUynuzCghIUd9QWOKkbFS1y1lgeLQqHGgBrJ7e1+96Lplr+JNAReJn5MyyFHvul9BT+KUE2EwQ1p3fC8xYYaUoZiRcTFINUkQHqI+6VgqECc6zKanj+GRVXowlsqWMHCq/p7IENd6xCPbyZEZ6HlvIv7ndVITn4cZFUlqiMCzRXHKoJFwkgPsUUWwYSNLEFbU3grxACmEjU2raEPw519eJM1qxT+teDcn5dplHkcBHIBDcAx8cAZq4BrUQQNg8AiewSt4c56cF+fd+Zi1Ljn5zD74A+fzB9MZk7U=</latexit>

tr⇢2R =

Replica wormhole for an evaporating black hole



Replica wormhole for an evaporating black hole

<latexit sha1_base64="3q0RydU2qRbs/BScI316AhwsvSE="></latexit>

S(R) = �tr⇢R log ⇢R = �@ntr⇢
n
R|n!1

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

dynamical branch cut
<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

<latexit sha1_base64="ZUU0HxYHekvFsTPhYGjLFLjnzBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI4fjMU=</latexit>=
<latexit sha1_base64="Au6bwD2QpCFv6ri34L8x6IezSzc=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FSSouix6MVjFfsBTQyb7bZdupuE3YlQQr34V7x4UMSr/8Kb/8Ztm4O2Phh4vDfDzLwwEVyD43xbhaXlldW14nppY3Nre8fe3WvqOFWUNWgsYtUOiWaCR6wBHARrJ4oRGQrWCodXE7/1wJTmcXQHo4T5kvQj3uOUgJEC+yDzlMSgxp4axMHtfRV7Ok00g8AuOxVnCrxI3JyUUY56YH953ZimkkVABdG64zoJ+BlRwKlg45KXapYQOiR91jE0IpJpP5t+MMbHRuniXqxMRYCn6u+JjEitRzI0nZLAQM97E/E/r5NC78LPeJSkwCI6W9RLBYYYT+LAXa4YBTEyhFDFza2YDogiFExoJROCO//yImlWK+5Zxbk5Ldcu8ziK6BAdoRPkonNUQ9eojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH2wtlt4=</latexit>

tr⇢2R �

RR

IR R



Replica wormhole equation

Replica wormhole :
On-shell solution of the gluing function
on a Schwinger-Keldysh contour

E.O.M:
<latexit sha1_base64="m0zvSO/BaQGfBWOcj9c+BzNZuxk="></latexit>

@⌧{xn(⌧), ⌧}+
✓
1� 1

n2

◆
@⌧R(A;xn) = i(Tyy � Tȳȳ)

Twist operator insertion 
changes the welding solution

Stress tensor:

Additional contribution due to 
back-reaction of twist defect A

From twist operators
A & B

<latexit sha1_base64="dStBRyQpdxyCrrwYL9CyHB1uXN4="></latexit>

Tyy ⇠ Tn=1
yy + (n� 1)�T twist

yy (A,B;xn) + (n� 1)�Twelding
yy (xn)

<latexit sha1_base64="pcvupU6FnRaeSlIO8FTeohgqvaI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5K0MborunFZwT6gDWUynbRjJ5MwMxFL6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRJGpbKsD2NpeWV1bb2wUdzc2t7ZLe3tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC9zv31HhKQxv1GThPgRGnIaUoyUllr3fV5RJ/1S2TIdzzmtedAyq45XteycuG713IW2ac1QBgs0+qX33iDGaUS4wgxJ2bWtRPkZEopiRqbFXipJgvAYDUlXU44iIv1sdu0UHmtlAMNY6OIKztTvExmKpJxEge6MkBrJ314u/uV1UxWe+RnlSaoIx/NFYcqgimH+OhxQQbBiE00QFlTfCvEICYSVDqioQ/j6FP5PWo5pu6Z1XSvXLxZxFMAhOAIVYAMP1MEVaIAmwOAWPIAn8GzExqPxYrzOW5eMxcwB+AHj7RNydo8O</latexit>

xn(t)
<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

A B

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 
I R

<latexit sha1_base64="pcvupU6FnRaeSlIO8FTeohgqvaI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5K0MborunFZwT6gDWUynbRjJ5MwMxFL6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRJGpbKsD2NpeWV1bb2wUdzc2t7ZLe3tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC9zv31HhKQxv1GThPgRGnIaUoyUllr3fV5RJ/1S2TIdzzmtedAyq45XteycuG713IW2ac1QBgs0+qX33iDGaUS4wgxJ2bWtRPkZEopiRqbFXipJgvAYDUlXU44iIv1sdu0UHmtlAMNY6OIKztTvExmKpJxEge6MkBrJ314u/uV1UxWe+RnlSaoIx/NFYcqgimH+OhxQQbBiE00QFlTfCvEICYSVDqioQ/j6FP5PWo5pu6Z1XSvXLxZxFMAhOAIVYAMP1MEVaIAmwOAWPIAn8GzExqPxYrzOW5eMxcwB+AHj7RNydo8O</latexit>

xn(t)



<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 

A B

<latexit sha1_base64="bOoMxfu0a8t3L9NdzGC0saHeY5Y=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6KdqruiG5cV7APaoWTSTBuaZIYkI5TSX3DjQhG3/pA7/8ZMW0FFD1w4nHMv994TpYIbi9CHt7S8srq2Xtgobm5t7+yW9vabJsk0ZQ2aiES3I2KY4Io1LLeCtVPNiIwEa0Wj69xv3TNteKLu7DhloSQDxWNOic2lbmp4r1RGfvUSV4MAIh9jdBagnFQqqIoh9tEMZbBAvVd67/YTmkmmLBXEmA5GqQ0nRFtOBZsWu5lhKaEjMmAdRxWRzIST2a1TeOyUPowT7UpZOFO/T0yINGYsI9cpiR2a314u/uV1MhtfhBOu0swyReeL4kxAm8D8cdjnmlErxo4Qqrm7FdIh0YRaF0/RhfD1KfyfNE99HPjotlKuXS3iKIBDcAROAAbnoAZuQB00AAVD8ACewLMnvUfvxXudty55i5kD8APe2yd6Eo6I</latexit>

 Conformal Ward identity

<latexit sha1_base64="1H0mqJiByhYSRDfe2d5lkn/Ewkg="></latexit>

ResA
⇥
@⌧R(A;xn) + i�T twist(A,B;xn)

⇤
= 0

<latexit sha1_base64="3/Htnzj1jSGG9GayHVWmmPvjkHI=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVpUpQEYwtDDChItGH1FSR4zqtVceJbAepivIDLPwKCwMIsbKz8Tc4bQZoOZKlo3Puw/d4EaNSWda3UVhaXlldK66XNja3tnfM3b22DGOBSQuHLBRdD0nCKCctRRUj3UgQFHiMdLzxVeZ3HoiQNOT3ahKRfoCGnPoUI6Ul1zxyIiQURcxtOL5AOEkcEcCGHpFWGidpUrt2b1PXLFtVawq4SOyclEGOpmt+OYMQxwHhCjMkZc+2ItVPsk2YkbTkxJJECI/RkPQ05Sggsp9Mr0nhsVYG0A+FflzBqfq7I0GBlJPA05UBUiM572Xif14vVv5FP6E8ihXheLbIjxlUIcyigQMqCFZsognCguq/QjxCOhSlAyzpEOz5kxdJ+7Rqn1Wtu1q5fpnHUQQH4BBUgA3OQR3cgCZoAQwewTN4BW/Gk/FivBsfs9KCkffsgz8wPn8A54abbg==</latexit>

@A
Area(A)

4GN

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Laha3uQ75C5vSQ1ZnIigEkAkx14=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq7dXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl9eJs2zqndRde/PK7WbPI4iHMExnIIHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AH8AIz/</latexit>

= 0QES condition:

E.O.M:

Matter entropy from
replica wormhole

Back-reaction of the 
dynamical twist A

QES condition from replica wormhole equation

<latexit sha1_base64="H00n/JHhoftGyZwrRWx9bQEVbXQ="></latexit>

SRad = min extI


Area(@I)

4GN
+ Smatter(I [R)

�
Island formula

I R

<latexit sha1_base64="yA5MxFC9FazJPcQ2O9U/7EVLbVQ=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSElE0WUfIC4r9gVNCJPptB06mYSZiVBCF278FTcuFHHrR7jzb5y0WWjrgQuHc+7l3nv8iFGpLOvbWFldW9/YzG3lt3d29/bNg8O2DGOBSQuHLBRdH0nCKCctRRUj3UgQFPiMdPxxPfU7D0RIGvKmmkTEDdCQ0wHFSGnJMwtOhISiiHlVeO8ljghg/aY5LVXPaqeeWbTK1gxwmdgZKYIMDc/8cvohjgPCFWZIyp5tRcpN0gWYkWneiSWJEB6jIelpylFApJvMnpjCE6304SAUuriCM/X3RIICKSeBrzsDpEZy0UvF/7xerAbXbkJ5FCvC8XzRIGZQhTBNBPapIFixiSYIC6pvhXiEBMJK55bXIdiLLy+T9nnZvixbdxfFSi2LIwcK4BiUgA2uQAXcggZoAQwewTN4BW/Gk/FivBsf89YVI5s5An9gfP4AcdiWqA==</latexit>

@ASCFT(A,B)

Einstein equation
of replica wormhole

Look at the singularity at A

<latexit sha1_base64="pcvupU6FnRaeSlIO8FTeohgqvaI=">AAAB7XicdVDLSsNAFJ34rPVVdelmsAh1E5K0MborunFZwT6gDWUynbRjJ5MwMxFL6D+4caGIW//HnX/jpK2gogcuHM65l3vvCRJGpbKsD2NpeWV1bb2wUdzc2t7ZLe3tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjC9zv31HhKQxv1GThPgRGnIaUoyUllr3fV5RJ/1S2TIdzzmtedAyq45XteycuG713IW2ac1QBgs0+qX33iDGaUS4wgxJ2bWtRPkZEopiRqbFXipJgvAYDUlXU44iIv1sdu0UHmtlAMNY6OIKztTvExmKpJxEge6MkBrJ314u/uV1UxWe+RnlSaoIx/NFYcqgimH+OhxQQbBiE00QFlTfCvEICYSVDqioQ/j6FP5PWo5pu6Z1XSvXLxZxFMAhOAIVYAMP1MEVaIAmwOAWPIAn8GzExqPxYrzOW5eMxcwB+AHj7RNydo8O</latexit>

xn(t)



Constructed an evaporating BH from the Euclidean path-integral 

Replica wormhole equation gives the QES condition

Summary

Background geometry (n=1)

Replica geometry (n=1+ε)

We derived the “island formula” for an evaporating black hole from
    the gravitational path-integral

Solved the conformal welding problem on a Schwinger-Keldysh contour
and obtained a local E.O.M.


