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Quantum Extremal Surface formula (=Ryu-Takayanagi)

bdy entanglement  ↔   bulk geometry

<latexit sha1_base64="yOu/MYT98m94ntd+A6YLF6CW9DQ="></latexit>

S(B) =
Area(@b)

4GN
+ Sbulk(b)

entanglement wedge of
<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B

Quantum gravity - AdS/CFT -

• How does spacetime geometry emerge?

• Fate of information inside a black hole?

QES formula may be “proved’’ through  Euclidean gravity path-integral  
                                                                                [Lewkowycz-Maldacena, Almheiri-Hartman-Maldacena-Shagoulian-Tajdini,…..]

Q

<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B



Path-Integral v.s. Operator Algebra
¡ NOT CLEAR! :  Why does path-integral know correct answers in quantum gravity??

Gravity path-integral 
=“magical black box” 
   that only gives correct answers QES formula,  Page curve…

[Lewkowycz-Maldacena]   [Almheiri-Hartman-Maldacena-Shagoulian-Tajdini]

What's inside the black box？
→ Operator algebra as a complementary approach



KNOWN: vN algebra for a local subregion becomes “Type III”

Operator Algebra for QFT in a Subregion
Entanglement entropy →Operator algebra in a local subregion A

von Neumann algebra : algebra of observables (i.e. self-adjoint operators)

¡ NO trace, density matrices or entropies!

A



Is there a “natural” way to improve the subregion algebra of a QFT 
 from Type III to Type II  without violating any local properties?

Q

We ususally take a lattice cut-off  by hand
<latexit sha1_base64="c40w8/yqneRW5Z1sdqJ5e7sLNXo="></latexit>

S(A) /
Area(@A)

✏d�2
+ · · · (d>2, vacuum)

→violates local properties of QFTs!

→Due to infinite amount of entanglement near the edge of A

A

KNOWN: vN algebra for a local subregion becomes “Type III”

⭕ trace, density matrices and entropies



Recent Arguments by Witten
Type III vN algebra                also appears for a large N CFT above

<latexit sha1_base64="tgmLP1Qc7YuVzISaNIeq/KIg+hU=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4GrI1E5bd0U3XVboCzqlZNK0Dc08SDJCGWbjr7hxoYhbP8Odf2OmraCiB0IO59zLvfd4EWdSIfRh5NbWNza38tuFnd29/QPz8Kgjw1gQ2iYhD0XPw5JyFtC2YorTXiQo9j1Ou97sJvO7d1RIFgYtNY/owMeTgI0ZwUpLQ/PE9UI+knNff0lrmLjCh41mmg7NIrKQfVVBDkRW6RLVqrYm5ZLjOAjaFlqgCFZoDs13dxSS2KeBIhxL2bdRpAYJFooRTtOCG0saYTLDE9rXNMA+lYNkcUAKz7UyguNQ6BcouFC/dyTYl9mOutLHaip/e5n4l9eP1bg2SFgQxYoGZDloHHOoQpilAUdMUKL4XBNMBNO7QjLFAhOlMyvoEL4uhf+TTsmyK5ZzWy7Wr1dx5MEpOAMXwAZVUAcN0ARtQEAKHsATeDbujUfjxXhdluaMVc8x+AHj7RN+1ZcD</latexit>

THP

[Leutheusser-Liu]
<latexit sha1_base64="5DfRMnQ6jYOx+7uhLH+u2lygr0A=">AAACCHicdVDLSsNAFJ34rPVVdenCwSK4kJC0tdVd1Y3LKvYBbQmTyaQdOpmEmYlQQpZu/BU3LhRx6ye482+ctBVU9MIwh3Pu5Z573IhRqSzrw5ibX1hcWs6t5FfX1jc2C1vbLRnGApMmDlkoOi6ShFFOmooqRjqRIChwGWm7o4tMb98SIWnIb9Q4Iv0ADTj1KUZKU05hr+eGzJPjQH9JL0BqiBFLzlInuT6CVpo6haJlVislu1SDlmlNKgN2pVw+hfaMKYJZNZzCe88LcRwQrjBDUnZtK1L9BAlFMSNpvhdLEiE8QgPS1ZCjgMh+MjkkhQea8aAfCv24ghP2+0SCApl51Z2ZVflby8i/tG6s/JN+QnkUK8LxdJEfM6hCmKUCPSoIVmysAcKCaq8QD5FAWOns8jqEr0vh/6BVMu2qeXxVKdbPZ3HkwC7YB4fABjVQB5egAZoAgzvwAJ7As3FvPBovxuu0dc6YzeyAH2W8fQJeBJo0</latexit>

AR,0

This new algebra becomes Type II∞! 

Add (dual to ) ADM Hamiltonian           to                :
<latexit sha1_base64="cP6anbWi+Jew5qiZmhGZMyovfyc=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExoCpBvMYCC2NB9CE1UeQ4TmvVcSLbQaqijCz8CgsDCLHyCWz8DU6bAVquZPnonHt1zz1+wqhUlvVtzM0vLC4tV1aqq2vrG5vm1nZbxqnApIVjFouujyRhlJOWooqRbiIIinxGOv7wutA7D0RIGvN7NUqIG6E+pyHFSGnKM/ccP2aBHEX6y5wIqQFGLLvMvezuCFp57pk1q26NC84CuwQ1UFbTM7+cIMZpRLjCDEnZs61EuRkSimJG8qqTSpIgPER90tOQo4hINxsfksMDzQQwjIV+XMEx+3siQ5EsvOrOwqqc1gryP62XqvDCzShPUkU4niwKUwZVDItUYEAFwYqNNEBYUO0V4gESCCudXVWHYE+fPAvax3X7rH56e1JrXJVxVMAu2AeHwAbnoAFuQBO0AAaP4Bm8gjfjyXgx3o2PSeucUc7sgD9lfP4AIUGaCg==</latexit>

AR,0

<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR

: gravity d.o.f, which does not exist in QFT on a fixed AdS background
<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR

generates “time-shift” (physical mode in quantum gravity) on the bdy

⇔dual to an AdS black hole

<latexit sha1_base64="DkRefhIdgZJlvxatwamctwEZK3M="></latexit>

AR = AR,0 o RhR

“crossed product”

[proof by Takesaki, Acta Mathematica 131 (73) 249]

<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR

(Similar to semi-direct product, an operation of         generates a group of automorphism of A ) 
<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR



In Our Case of QFT in a Subregion…

Can we add (one-sided) modular Hamiltonian to the subregion algebra??
Q

 NO!: (one-sided) modular Hamiltonian          does not exist
            in a QFT in a subregion R due to the divergence
            from the edge of the subregion!

<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR

<latexit sha1_base64="xkV8CNSoKhcMpzdRhQRb2DabIv8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4Ckmpbb0VvXhsxX5AG8pmu2nXbjZhdyOU0l/gxYMiXv1J3vw3btoIKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vU79xTqVgkbvU0pl6IR4IFjGBtpObNoFB07Fq17Dgl5NjOAikpX7jVCnIzpQgZGoPCe38YkSSkQhOOleq5Tqy9GZaaEU7n+X6iaIzJBI9oz1CBQ6q82eLQOTo1yhAFkTQlNFqo3ydmOFRqGvqmM8R6rH57qfiX10t0UPNmTMSJpoIsFwUJRzpC6ddoyCQlmk8NwUQycysiYywx0SabvAnh61P0P2mXbLdinzfLxfplFkcOjuEEzsCFKtThGhrQAgIUHuAJnq0769F6sV6XrStWNnMEP2C9fQL1L40Q</latexit>

R
<latexit sha1_base64="xAU4nyJiGLFd3l5RltvMirZeVMQ=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6YdO3VXdOPCRQv2Ae1QMmmmjc1khiQjlKFf4MaFIm79JHf+jelDUNEDFw7n3Mu99wQJZ0oj9GGtrK6tb2zmtvLbO7t7+4WDw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/HVzG/fU6lYLG71JKF+hIeChYxgbaTGTb9QRDZyL8qoApFd9rxq2TWk4rklx4GOjeYogiXq/cJ7bxCTNKJCE46V6joo0X6GpWaE02m+lyqaYDLGQ9o1VOCIKj+bHzqFp0YZwDCWpoSGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKoYzj7Gg6YpETziSGYSGZuhWSEJSbaZJM3IXx9Cv8nrZLtVOzzhlusXS7jyIFjcALOgAM8UAPXoA6agAAKHsATeLburEfrxXpdtK5Yy5kj8APW2ycTgI0l</latexit>

L

<latexit sha1_base64="ksIf4HsCFjXBWw8K34Ue7wKFSm8=">AAAB+3icbVA7T8MwGHTKq5RXKCOLRYXEVCWI11jBwlgQfUhtFDmO01p17Mh2EFWUv8LCAEKs/BE2/g1OmwFaTrJ8uvs++XxBwqjSjvNtVVZW19Y3qpu1re2d3T17v95VIpWYdLBgQvYDpAijnHQ01Yz0E0lQHDDSCyY3hd97JFJRwR/0NCFejEacRhQjbSTfrg8DwUI1jc2VZWP/Ps99u+E0nRngMnFL0gAl2r79NQwFTmPCNWZIqYHrJNrLkNQUM5LXhqkiCcITNCIDQzmKifKyWfYcHhslhJGQ5nANZ+rvjQzFqohnJmOkx2rRK8T/vEGqoysvozxJNeF4/lCUMqgFLIqAIZUEazY1BGFJTVaIx0girE1dNVOCu/jlZdI9bboXzfO7s0bruqyjCg7BETgBLrgELXAL2qADMHgCz+AVvFm59WK9Wx/z0YpV7hyAP7A+fwDouJUF</latexit>

hR

Need a completely new strategy to get Type II!



Main Idea
• Demonstrate our strategy in CFT2 on Minkowski space (& its AdS dual)

• Our strategy can be applied to generic QFTs in any dimensions

<latexit sha1_base64="YXcCTkjN1xR/kDi9RTVSfGEW1rQ="></latexit>

ST T̄ = � 1

2⇤

Z �
T↵�T

↵� � T �2
�

�

Strategy:        -deform the original CFT
<latexit sha1_base64="y6PeOvcweoY0JPonoSjZLTU4GSo=">AAAB/3icdVBLS8NAGNzUV62vqODFy2IRPIWkra3eil48VuhDaELZbDbt0s2D3Y1QYg7+FS8eFPHq3/Dmv3HTRlDRgWWHme9jZ8eNGRXSND+00tLyyupaeb2ysbm1vaPv7vVFlHBMejhiEb9xkSCMhqQnqWTkJuYEBS4jA3d6mfuDW8IFjcKunMXECdA4pD7FSCpppB/YbsQ8MQvUlXah7SKedrNspFdNo9moWbUWNA1zjpxYjXr9HFqFUgUFOiP93fYinAQklJghIYaWGUsnRVxSzEhWsRNBYoSnaEyGioYoIMJJ5/kzeKwUD/oRVyeUcK5+30hRIPKIajJAciJ+e7n4lzdMpH/mpDSME0lCvHjITxiUEczLgB7lBEs2UwRhTlVWiCeIIyxVZRVVwtdP4f+kXzOspnF63ai2L4o6yuAQHIETYIEWaIMr0AE9gMEdeABP4Fm71x61F+11MVrSip198APa2ye8QpaX</latexit>

T T̄

Why is the subregion algebra uplifted to Type II with entropies?



<latexit sha1_base64="YXcCTkjN1xR/kDi9RTVSfGEW1rQ="></latexit>

ST T̄ = � 1

2⇤

Z �
T↵�T

↵� � T �2
�

�
Strategy:        -deform the original CFT

<latexit sha1_base64="y6PeOvcweoY0JPonoSjZLTU4GSo=">AAAB/3icdVBLS8NAGNzUV62vqODFy2IRPIWkra3eil48VuhDaELZbDbt0s2D3Y1QYg7+FS8eFPHq3/Dmv3HTRlDRgWWHme9jZ8eNGRXSND+00tLyyupaeb2ysbm1vaPv7vVFlHBMejhiEb9xkSCMhqQnqWTkJuYEBS4jA3d6mfuDW8IFjcKunMXECdA4pD7FSCpppB/YbsQ8MQvUlXah7SKedrNspFdNo9moWbUWNA1zjpxYjXr9HFqFUgUFOiP93fYinAQklJghIYaWGUsnRVxSzEhWsRNBYoSnaEyGioYoIMJJ5/kzeKwUD/oRVyeUcK5+30hRIPKIajJAciJ+e7n4lzdMpH/mpDSME0lCvHjITxiUEczLgB7lBEs2UwRhTlVWiCeIIyxVZRVVwtdP4f+kXzOspnF63ai2L4o6yuAQHIETYIEWaIMr0AE9gMEdeABP4Fm71x61F+11MVrSip198APa2ye8QpaX</latexit>

T T̄

        -deformation pushes AdS bdy toword the bulk interior
<latexit sha1_base64="y6PeOvcweoY0JPonoSjZLTU4GSo=">AAAB/3icdVBLS8NAGNzUV62vqODFy2IRPIWkra3eil48VuhDaELZbDbt0s2D3Y1QYg7+FS8eFPHq3/Dmv3HTRlDRgWWHme9jZ8eNGRXSND+00tLyyupaeb2ysbm1vaPv7vVFlHBMejhiEb9xkSCMhqQnqWTkJuYEBS4jA3d6mfuDW8IFjcKunMXECdA4pD7FSCpppB/YbsQ8MQvUlXah7SKedrNspFdNo9moWbUWNA1zjpxYjXr9HFqFUgUFOiP93fYinAQklJghIYaWGUsnRVxSzEhWsRNBYoSnaEyGioYoIMJJ5/kzeKwUD/oRVyeUcK5+30hRIPKIajJAciJ+e7n4lzdMpH/mpDSME0lCvHjITxiUEczLgB7lBEs2UwRhTlVWiCeIIyxVZRVVwtdP4f+kXzOspnF63ai2L4o6yuAQHIETYIEWaIMr0AE9gMEdeABP4Fm71x61F+11MVrSip198APa2ye8QpaX</latexit>

T T̄

<latexit sha1_base64="FeWJq33Qj2FnFHx6W3YEl3ZAuzI=">AAAB+XicbVDLSgMxFL1TX7W+Rl26GSyCqzIjvjZC0Y3LCvYB7VAymUwbmkmGJFOoQ//EjQtF3Pon7vwbM+0stPVAyOGce8nJCRJGlXbdb6u0srq2vlHerGxt7+zu2fsHLSVSiUkTCyZkJ0CKMMpJU1PNSCeRBMUBI+1gdJf77TGRigr+qCcJ8WM04DSiGGkj9W27FwgWqklsruzpxp327apbc2dwlolXkCoUaPTtr14ocBoTrjFDSnU9N9F+hqSmmJFppZcqkiA8QgPSNZSjmCg/myWfOidGCZ1ISHO4dmbq740MxSoPZyZjpIdq0cvF/7xuqqNrP6M8STXheP5QlDJHCyevwQmpJFiziSEIS2qyOniIJMLalFUxJXiLX14mrbOad1m7eDiv1m+LOspwBMdwCh5cQR3uoQFNwDCGZ3iFNyuzXqx362M+WrKKnUP4A+vzB8xlk8c=</latexit>

z = 0

<latexit sha1_base64="2TQrqhLO42Le8fbVJeCivgxpHEU=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFI9CG1oXIcp7Xq2JHtgErU/2BhACFW/oWNv8FpO0DLkSwfnXOvfHyChDNtXPfbKSwtr6yuFddLG5tb2zvl3b2mlqkitEEkl6odYE05E7RhmOG0nSiK44DTVjC8zv3WA1WaSXFnRgn1Y9wXLGIEGyvddwPJQz2K7ZU9jXvlilt1J0CLxJuRCsxQ75W/uqEkaUyFIRxr3fHcxPgZVoYRTselbqppgskQ92nHUoFjqv1sknqMjqwSokgqe4RBE/X3RoZjnUezkzE2Az3v5eJ/Xic10aWfMZGkhgoyfShKOTIS5RWgkClKDB9ZgoliNisiA6wwMbaoki3Bm//yImmeVL3z6tntaaV2NaujCAdwCMfgwQXU4Abq0AACCp7hFd6cR+fFeXc+pqMFZ7azD3/gfP4AWZaTFQ==</latexit>z
<latexit sha1_base64="2TQrqhLO42Le8fbVJeCivgxpHEU=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFI9CG1oXIcp7Xq2JHtgErU/2BhACFW/oWNv8FpO0DLkSwfnXOvfHyChDNtXPfbKSwtr6yuFddLG5tb2zvl3b2mlqkitEEkl6odYE05E7RhmOG0nSiK44DTVjC8zv3WA1WaSXFnRgn1Y9wXLGIEGyvddwPJQz2K7ZU9jXvlilt1J0CLxJuRCsxQ75W/uqEkaUyFIRxr3fHcxPgZVoYRTselbqppgskQ92nHUoFjqv1sknqMjqwSokgqe4RBE/X3RoZjnUezkzE2Az3v5eJ/Xic10aWfMZGkhgoyfShKOTIS5RWgkClKDB9ZgoliNisiA6wwMbaoki3Bm//yImmeVL3z6tntaaV2NaujCAdwCMfgwQXU4Abq0AACCp7hFd6cR+fFeXc+pqMFZ7azD3/gfP4AWZaTFQ==</latexit>z

<latexit sha1_base64="ELGnB56j+Oq/G0wG0k5IQtkJvVQ=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCeC1IFSyMRaIPqYkqx3Faq44d2Q5SibLwKywMIMTKZ7DxNzhtBmg5kuWjc+7VvfcECaNKO863tbC4tLyyWlmrrm9sbm3bO7ttJVKJSQsLJmQ3QIowyklLU81IN5EExQEjnWB0U/idByIVFfxejxPix2jAaUQx0kbq2/teIFioxrH5sscrjySKMsHzvl1z6s4EcJ64JamBEs2+/eWFAqcx4RozpFTPdRLtZ0hqihnJq16qSILwCA1Iz1COYqL8bHJADo+MEsJISPO4hhP1d0eGYlXsaCpjpIdq1ivE/7xeqqNLP6M8STXheDooShnUAhZpwJBKgjUbG4KwpGZXiIdIIqxNZlUTgjt78jxpn9Td8/rZ3WmtcV3GUQEH4BAcAxdcgAa4BU3QAhjk4Bm8gjfryXqx3q2PaemCVfbsgT+wPn8AzVGXMw==</latexit>z = ✏

divergence of entropy 
from infinity of AdS

       -deform
<latexit sha1_base64="y6PeOvcweoY0JPonoSjZLTU4GSo=">AAAB/3icdVBLS8NAGNzUV62vqODFy2IRPIWkra3eil48VuhDaELZbDbt0s2D3Y1QYg7+FS8eFPHq3/Dmv3HTRlDRgWWHme9jZ8eNGRXSND+00tLyyupaeb2ysbm1vaPv7vVFlHBMejhiEb9xkSCMhqQnqWTkJuYEBS4jA3d6mfuDW8IFjcKunMXECdA4pD7FSCpppB/YbsQ8MQvUlXah7SKedrNspFdNo9moWbUWNA1zjpxYjXr9HFqFUgUFOiP93fYinAQklJghIYaWGUsnRVxSzEhWsRNBYoSnaEyGioYoIMJJ5/kzeKwUD/oRVyeUcK5+30hRIPKIajJAciJ+e7n4lzdMpH/mpDSME0lCvHjITxiUEczLgB7lBEs2UwRhTlVWiCeIIyxVZRVVwtdP4f+kXzOspnF63ai2L4o6yuAQHIETYIEWaIMr0AE9gMEdeABP4Fm71x61F+11MVrSip198APa2ye8QpaX</latexit>

T T̄

→removes divergence coming from infinity of AdS!

removed

Holographic Interpretation



Coupling Gravity to CFT
<latexit sha1_base64="y6PeOvcweoY0JPonoSjZLTU4GSo=">AAAB/3icdVBLS8NAGNzUV62vqODFy2IRPIWkra3eil48VuhDaELZbDbt0s2D3Y1QYg7+FS8eFPHq3/Dmv3HTRlDRgWWHme9jZ8eNGRXSND+00tLyyupaeb2ysbm1vaPv7vVFlHBMejhiEb9xkSCMhqQnqWTkJuYEBS4jA3d6mfuDW8IFjcKunMXECdA4pD7FSCpppB/YbsQ8MQvUlXah7SKedrNspFdNo9moWbUWNA1zjpxYjXr9HFqFUgUFOiP93fYinAQklJghIYaWGUsnRVxSzEhWsRNBYoSnaEyGioYoIMJJ5/kzeKwUD/oRVyeUcK5+30hRIPKIajJAciJ+e7n4lzdMpH/mpDSME0lCvHjITxiUEczLgB7lBEs2UwRhTlVWiCeIIyxVZRVVwtdP4f+kXzOspnF63ai2L4o6yuAQHIETYIEWaIMr0AE9gMEdeABP4Fm71x61F+11MVrSip198APa2ye8QpaX</latexit>

T T̄       -deformation Coupling  flat limit of  JT gravity
Equivalent[Dubovsky-Gorbenko-Mirbabayi]

Flat, CFT

<latexit sha1_base64="xkV8CNSoKhcMpzdRhQRb2DabIv8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4Ckmpbb0VvXhsxX5AG8pmu2nXbjZhdyOU0l/gxYMiXv1J3vw3btoIKvpg4PHeDDPz/JgzpR3nw1pZXVvf2Mxt5bd3dvf2CweHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k6vU79xTqVgkbvU0pl6IR4IFjGBtpObNoFB07Fq17Dgl5NjOAikpX7jVCnIzpQgZGoPCe38YkSSkQhOOleq5Tqy9GZaaEU7n+X6iaIzJBI9oz1CBQ6q82eLQOTo1yhAFkTQlNFqo3ydmOFRqGvqmM8R6rH57qfiX10t0UPNmTMSJpoIsFwUJRzpC6ddoyCQlmk8NwUQycysiYywx0SabvAnh61P0P2mXbLdinzfLxfplFkcOjuEEzsCFKtThGhrQAgIUHuAJnq0769F6sV6XrStWNnMEP2C9fQL1L40Q</latexit>

R

AdS2 bdy

AdS2, CFT+Gravity

<latexit sha1_base64="xAU4nyJiGLFd3l5RltvMirZeVMQ=">AAAB6HicdVDLSgMxFM34rPVVdekmWARXQ6YdO3VXdOPCRQv2Ae1QMmmmjc1khiQjlKFf4MaFIm79JHf+jelDUNEDFw7n3Mu99wQJZ0oj9GGtrK6tb2zmtvLbO7t7+4WDw5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g/HVzG/fU6lYLG71JKF+hIeChYxgbaTGTb9QRDZyL8qoApFd9rxq2TWk4rklx4GOjeYogiXq/cJ7bxCTNKJCE46V6joo0X6GpWaE02m+lyqaYDLGQ9o1VOCIKj+bHzqFp0YZwDCWpoSGc/X7RIYjpSZRYDojrEfqtzcT//K6qQ6rfsZEkmoqyGJRmHKoYzj7Gg6YpETziSGYSGZuhWSEJSbaZJM3IXx9Cv8nrZLtVOzzhlusXS7jyIFjcALOgAM8UAPXoA6agAAKHsATeLburEfrxXpdtK5Yy5kj8APW2ycTgI0l</latexit>

L

2d dilaton gravity that describes AdS2JT gravity with finite    :
<latexit sha1_base64="uBkqGpwHRAh8wpFdfz/HC3Vne9M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpF26uwm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTDjTxvO+ndLK6tr6RnmzsrW9s7tX3T941HGqKLZozGPVCYlGziS2DDMcO4lCIkKO7XB8m/vtJ1SaxfLBTBIMBBlKFjFKTC71kPN+tebVvRncZeIXpAYFmv3qV28Q01SgNJQTrbu+l5ggI8owynFa6aUaE0LHZIhdSyURqINsduvUPbHKwI1iZUsad6b+nsiI0HoiQtspiBnpRS8X//O6qYmug4zJJDUo6XxRlHLXxG7+uDtgCqnhE0sIVcze6tIRUYQaG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzhvDjvzse8teQUM4fwB87nDxCmjkU=</latexit>

`

dilaton AdS radius

<latexit sha1_base64="zKQKo6PHUdK7CophSffAesddgdY="></latexit>

SJT =

Z

bulk
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✓
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✓
K � 1

`

◆

We study vN algebra with finite    , 
         and then take flat limit

<latexit sha1_base64="leQm3Rs8LtcrEZ73s6JhBPLy28U=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCWI11jBwlgk+pCaqHKc29aqE0e2A6pCP4WFAYRY+RI2/ganzQAtR7J8dM698vEJEs6Udpxvq7Syura+Ud6sbG3v7O7Z1f22Eqmk0KKCC9kNiALOYmhppjl0EwkkCjh0gvFN7nceQCom4ns9ScCPyDBmA0aJNlLfrnqB4KGaRObKPOB82rdrTt2ZAS8TtyA1VKDZt7+8UNA0glhTTpTquU6i/YxIzSiHacVLFSSEjskQeobGJALlZ7PoU3xslBAPhDQn1nim/t7ISKTydGYyInqkFr1c/M/rpXpw5WcsTlINMZ0/NEg51gLnPeCQSaCaTwwhVDKTFdMRkYRq01bFlOAufnmZtE/r7kX9/O6s1rgu6iijQ3SETpCLLlED3aImaiGKHtEzekVv1pP1Yr1bH/PRklXsHKA/sD5/AAZFlIM=</latexit>

`
<latexit sha1_base64="aM8o10bNET0YCjEHPhyCMb7T5RI=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCfUBnKJlMpg3NJENyRylDP8CNv+LGhSJu/QB3/o3pY6GtF0IO55zLvfeEqeAGXPfbKSwtr6yuFddLG5tb2zvl3b2mUZmmrEGVULodEsMEl6wBHARrp5qRJBSsFQ6ux3rrnmnDlbyDYcqChPQkjzklYKluueKHSkRmmNgv95kQvua9PhCt1QP2uYxhOLIut+pOCi8CbwYqaFb1bvnLjxTNEiaBCmJMx3NTCHKigVPBRiU/MywldEB6rGOhJAkzQT45ZoSPLBPhWGn7JOAJ+7sjJ4kZ72udCYG+mdfG5H9aJ4P4Msi5TDNgkk4HxZnAoPA4GRxxzSiIoQWEam53xbRPNKFg8yvZELz5kxdB86TqnVfPbk8rtatZHEV0gA7RMfLQBaqhG1RHDUTRI3pGr+jNeXJenHfnY2otOLOeffSnnM8fb0Wcgg==</latexit>

` ! 1 [same setup as “island outside the horizon” 
  by Almheiri-Mahajan-Maldacena’19]



Gravitationally Dressed Observables
• Dynamics of JT reduces to boundary time reparametrization

<latexit sha1_base64="3FfhzUd8kH0a/Nk/rJc0mwBAAPk="></latexit>

S@M =
�b

16⇡GN
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“Schwarzian action”

<latexit sha1_base64="1SiSF0w0rVmzQY7OwQjvTUZo/NM=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dM5GFgQ2aHBibM7K4zsyRkw1d48aAxXv0cb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D+o6yhRDGssEpFqBlSj4CHWDDcCm7FCKgOBjWB4O/UbI1SaR+GDGcfoS9oPeY8zaqz0mLQ1l/hERp1iyS27M5Bl4mWkBBmqneJXuxuxRGJomKBatzw3Nn5KleFM4KTQTjTGlA1pH1uWhlSi9tPZwRNyYpUu6UXKVmjITP09kVKp9VgGtlNSM9CL3lT8z2slpnftpzyME4Mhmy/qJYKYiEy/J12ukBkxtoQyxe2thA2ooszYjAo2BG/x5WVSPyt7l+WL+/NS5SaLIw9HcAyn4MEVVOAOqlADBhKe4RXeHOW8OO/Ox7w152Qzh/AHzucPwTOQZA==</latexit>u ' v <latexit sha1_base64="SGJexjB/8h17dXMT42h7hA65neM=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwVRLxtSy6cVnFPiANZTK9aYfOTOLMRAihn+HGhSJu/Rp3/o3TNgutHrhwOOde7r0nTDjTxnW/nNLS8srqWnm9srG5tb1T3d1r6zhVFFo05rHqhkQDZxJahhkO3UQBESGHTji+nvqdR1CaxfLeZAkEggwlixglxkp+1r/raSbgAbv9as2tuzPgv8QrSA0VaParn71BTFMB0lBOtPY9NzFBTpRhlMOk0ks1JISOyRB8SyURoIN8dvIEH1llgKNY2ZIGz9SfEzkRWmcitJ2CmJFe9Kbif56fmugyyJlMUgOSzhdFKccmxtP/8YApoIZnlhCqmL0V0xFRhBqbUsWG4C2+/Je0T+reef3s9rTWuCriKKMDdIiOkYcuUAPdoCZqIYpi9IRe0KtjnGfnzXmft5acYmYf/YLz8Q26YZDn</latexit>

yR ' 0

<latexit sha1_base64="0GMxTegesI6GfSIavhwkf7Q0LIY=">AAAB9HicbVDJTgJBEK3BDXFDPXrpSEwwKpkxbkeiF49IZElgmPQ0DXToWezuIZlM+A4vHjTGqx/jzb+xgTko+JJKXt6rSlU9N+RMKtP8NjJLyyura9n13Mbm1vZOfnevLoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8G7iN0ZUSBb4jyoOqe3hvs96jGClJbsYd06c6mncOXOqx06+YJbMKdAisVJSgBQVJ//V7gYk8qivCMdStiwzVHaChWKE03GuHUkaYjLEfdrS1McelXYyPXqMjrTSRb1A6PIVmqq/JxLsSRl7ru70sBrIeW8i/ue1ItW7sRPmh5GiPpkt6kUcqQBNEkBdJihRPNYEE8H0rYgMsMBE6ZxyOgRr/uVFUj8vWVely4eLQvk2jSMLB3AIRbDgGspwDxWoAYEneIZXeDNGxovxbnzMWjNGOrMPf2B8/gDuNpDr</latexit>

(y+R , y
�
R)

<latexit sha1_base64="fFE2pxnewa7AlcCT3YDo0tkPH8k=">AAAB8HicbVDLSsNAFJ34rPVVdekmWAQ3lkR8bYSiG5e12Ie0MUymk3bozCTM3Agh9CvcuFDErZ/jzr9x2mahrQcuHM65l3vvCWLONDjOt7WwuLS8slpYK65vbG5tl3Z2mzpKFKENEvFItQOsKWeSNoABp+1YUSwCTlvB8Gbst56o0iyS95DG1BO4L1nICAYjPYBfv0ofj/26Xyo7FWcCe564OSmjHDW/9NXtRSQRVALhWOuO68TgZVgBI5yOit1E0xiTIe7TjqESC6q9bHLwyD40Ss8OI2VKgj1Rf09kWGidisB0CgwDPeuNxf+8TgLhpZcxGSdAJZkuChNuQ2SPv7d7TFECPDUEE8XMrTYZYIUJmIyKJgR39uV50jypuOeVs7vTcvU6j6OA9tEBOkIuukBVdItqqIEIEugZvaI3S1kv1rv1MW1dsPKZPfQH1ucPFzSP9Q==</latexit>

tR = y�R

<latexit sha1_base64="hypH9eivO9hj7vR5FxSkUxi7GNo=">AAAB8HicbVDLSsNAFJ34rPVVdekmWARBKIn42ghFNy5rsQ9pY5hMJ+3QmUmYuRFC6Fe4caGIWz/HnX/jtM1CWw9cOJxzL/feE8ScaXCcb2thcWl5ZbWwVlzf2NzaLu3sNnWUKEIbJOKRagdYU84kbQADTtuxolgEnLaC4c3Ybz1RpVkk7yGNqSdwX7KQEQxGegC/fpU+Hvt1v1R2Ks4E9jxxc1JGOWp+6avbi0giqATCsdYd14nBy7ACRjgdFbuJpjEmQ9ynHUMlFlR72eTgkX1olJ4dRsqUBHui/p7IsNA6FYHpFBgGetYbi/95nQTCSy9jMk6ASjJdFCbchsgef2/3mKIEeGoIJoqZW20ywAoTMBkVTQju7MvzpHlScc8rZ3en5ep1HkcB7aMDdIRcdIGq6BbVUAMRJNAzekVvlrJerHfrY9q6YOUze+gPrM8fFCiP8w==</latexit>

tR = y+R

<latexit sha1_base64="9tNsju77Eh3bT70I3TPDisvRKkw=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJUkLIrfh2LXjxWcNtCu5Rsmm1Dk+ySZAtl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz321lZXVvf2CxsFbd3dvf2SweHDR2nilCfxDxWrRBrypmkvmGG01aiKBYhp81weD/1myOqNIvlkxknNBC4L1nECDZW8ivp+eisWyq7VXcGtEy8nJQhR71b+ur0YpIKKg3hWOu25yYmyLAyjHA6KXZSTRNMhrhP25ZKLKgOstmxE3RqlR6KYmVLGjRTf09kWGg9FqHtFNgM9KI3Ff/z2qmJboOMySQ1VJL5oijlyMRo+jnqMUWJ4WNLMFHM3orIACtMjM2naEPwFl9eJo2LqnddvXq8LNfu8jgKcAwnUAEPbqAGD1AHHwgweIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwDrwI4e</latexit>

(u, v)

<latexit sha1_base64="/MT36+B5a6qEvjKUif4uNXubMfk=">AAAB83icbVDLSsNAFL3xWeur6tJNsAgVoSTiayMU3bispS9oY5hMJ+3QySTMQyihv+HGhSJu/Rl3/o3TNgttPXDhcM693HtPkDAqleN8W0vLK6tr67mN/ObW9s5uYW+/KWMtMGngmMWiHSBJGOWkoahipJ0IgqKAkVYwvJv4rSciJI15XY0S4kWoz2lIMVJG6uqbul8rjR5P/dqJXyg6ZWcKe5G4GSlChqpf+Or2YqwjwhVmSMqO6yTKS5FQFDMyzne1JAnCQ9QnHUM5ioj00unNY/vYKD07jIUpruyp+nsiRZGUoygwnRFSAznvTcT/vI5W4bWXUp5oRTieLQo1s1VsTwKwe1QQrNjIEIQFNbfaeIAEwsrElDchuPMvL5LmWdm9LF88nBcrt1kcOTiEIyiBC1dQgXuoQgMwJPAMr/BmaevFerc+Zq1LVjZzAH9gff4Ah5GQtw==</latexit>

u = TR(y
+
R)

<latexit sha1_base64="+RMhatan18XZTUIzOtLlLuv7ZWk=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiDEg2FG3C5C0IvHGLJBMg49nZ6kSc9Cd09gGPIbXjwo4tWf8ebf2EnmoIkPCh7vVVFVz404k8o0v43cyura+kZ+s7C1vbO7V9w/aMkwFoQ2SchD0XGxpJwFtKmY4rQTCYp9l9O2O7qf+u0xFZKFQUMlEbV9PAiYxwhWWuqNbxtOvZw8nTn1U6dYMivmDGiZWBkpQYaaU/zq9UMS+zRQhGMpu5YZKTvFQjHC6aTQiyWNMBnhAe1qGmCfSjud3TxBJ1rpIy8UugKFZurviRT7Uia+qzt9rIZy0ZuK/3ndWHk3dsqCKFY0IPNFXsyRCtE0ANRnghLFE00wEUzfisgQC0yUjqmgQ7AWX14mrfOKdVW5fLwoVe+yOPJwBMdQBguuoQoPUIMmEIjgGV7hzYiNF+Pd+Ji35oxs5hD+wPj8AYwukLo=</latexit>

v = TR(y
�
R)

<latexit sha1_base64="PAsGPsgkOU/YQ2HpUyO4HP5zVCM=">AAAB83icbVDLSgMxFM34rPVVdekmWIS6KTPia1l047KWvqAzDpk004YmmZBkhDL0N9y4UMStP+POvzFtZ6GtBy4czrmXe++JJKPauO63s7K6tr6xWdgqbu/s7u2XDg7bOkkVJi2csER1I6QJo4K0DDWMdKUiiEeMdKLR3dTvPBGlaSKaZixJwNFA0JhiZKzkN8NGZfzoSx42zsJS2a26M8Bl4uWkDHLUw9KX309wyokwmCGte54rTZAhZShmZFL0U00kwiM0ID1LBeJEB9ns5gk8tUofxomyJQycqb8nMsS1HvPIdnJkhnrRm4r/eb3UxDdBRoVMDRF4vihOGTQJnAYA+1QRbNjYEoQVtbdCPEQKYWNjKtoQvMWXl0n7vOpdVS8fLsq12zyOAjgGJ6ACPHANauAe1EELYCDBM3gFb07qvDjvzse8dcXJZ47AHzifPxQBkRM=</latexit>

TR(y
±
R)

Dynamical frame:
CFT+Gravity on AdS2

Reference frame:
Rinder wedge in Flat space

Bulk point

<latexit sha1_base64="vuD0tZlGM3Uj/ouLQoO+q71RiuQ=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RiXLJAMoafTkzTp6Rm6a4Qw5BO8eFDEq1/kzb+xk8xBow8KHu9VUVUvSKQw6LpfTmFpeWV1rbhe2tjc2t4p7+41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj66nfeuTaiFg94DjhfkQHSoSCUbTSPfbueuWKW3VnIH+Jl5MK5Kj3yp/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiFHVumTMNa2FJKZ+nMio5Ex4yiwnRHFoVn0puJ/XifF8NLPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl/+S5onVe+8enZ7Wqld5XEU4QAO4Rg8uIAa3EAdGsBgAE/wAq+OdJ6dN+d93lpw8pl9+AXn4xs63I3H</latexit>

tR
<latexit sha1_base64="mU3mb2l3zD/fJyXoRRfkRysOaFk=">AAAB73icbVDJSgNBEK1xjXGLevTSGIR4CTPidgx68RhDNkiGoafTkzTpWeyuEULIT3jxoIhXf8ebf2MnmYMmPih4vFdFVT0/kUKjbX9bK6tr6xubua389s7u3n7h4LCp41Qx3mCxjFXbp5pLEfEGCpS8nShOQ1/ylj+8m/qtJ660iKM6jhLuhrQfiUAwikZq171aCb3amVco2mV7BrJMnIwUIUPVK3x1ezFLQx4hk1TrjmMn6I6pQsEkn+S7qeYJZUPa5x1DIxpy7Y5n907IqVF6JIiVqQjJTP09Maah1qPQN50hxYFe9Kbif14nxeDGHYsoSZFHbL4oSCXBmEyfJz2hOEM5MoQyJcythA2oogxNRHkTgrP48jJpnpedq/Llw0WxcpvFkYNjOIESOHANFbiHKjSAgYRneIU369F6sd6tj3nripXNHMEfWJ8/AeKPTw==</latexit>
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TR

• Gravitatially-dressed observables are defined through   
     boundary time reparametrization modes

<latexit sha1_base64="1eR1wXZ85Xwf63IbI8Ln1D7KbGs="></latexit>
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Upshot
•  Dilaton at the edge (=“area operator”) ⇔ one-sided modular Hamiltonian 
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TR• Crossed product arises by quantizing reparametrization mode         

Crossed product ~ Hamiltonian constraint in the matter + gravity system

generator of  bdy “time-shift” generator of time-evolution of observables

• QES for a generic subregion is deirved by similar arguments by Witten et al.



Summary & Future Direction
• Subregion algebra may be uplifted from Type III to Type II with notion of entropies

• Full quantum level of quantum gravity: Type I 

• To resolve BH info paradox ⇔ How vN algebra is uplifted to Type I 

• Gravity path-integral somehow know its resolution
                                                                         (e.g., replica wormhole)

On the other hand….

Structure of vN algebra & Geometries in gravity path-integral ? 
(c.f. Zhencheng’s talk yesterday)
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