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<latexit sha1_base64="M7cdqjX5VEGP3f386fazwKKKzRQ=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiKiboSiG5cV7AOaUCbT23boZBJmJkJJu3Xjr7hxoYhb/8Cdf+MkzUJbD1zu4Zx7mbkniDlT2nG+raXlldW19dJGeXNre2fX3ttvqiiRFBo04pFsB0QBZwIammkO7VgCCQMOrWB0k/mtB5CKReJej2PwQzIQrM8o0Ubq2tiTwwhf4YlXV8yTRAw4eDxvOJMmXbviVJ0ceJG4BamgAvWu/eX1IpqEIDTlRKmO68TaT4nUjHKYlr1EQUzoiAygY6ggISg/zS+Z4mOj9HA/kqaExrn6eyMloVLjMDCTIdFDNe9l4n9eJ9H9Sz9lIk40CDp7qJ9wrCOcxYJ7TALVfGwIoZKZv2I6JJJQbcIrmxDc+ZMXSfO06p5X3buzSu26iKOEDtEROkEuukA1dIvqqIEoekTP6BW9WU/Wi/VufcxGl6xi5wD9gfX5A/GZmd8=</latexit>

⇢ = | ih |

Expected properties:

1.  Coarse-grained entropy
<latexit sha1_base64="CdPTw8hPSQhgJbsikDl9c86pqoU=">AAACG3icbVDLSgMxFM3UV62vUZdugq2gmzJTRN0IogtdVrRW6JRyJ820oclkSDJiGeY/3Pgrblwo4kpw4d+Y1i58HQgczrmP3BMmnGnjeR9OYWp6ZnauOF9aWFxaXnFX1660TBWhDSK5VNchaMpZTBuGGU6vE0VBhJw2w8HJyG/eUKWZjC/NMKFtAb2YRYyAsVLHrV10skAJTCQoTXN8iINIAcn8PNs9zQMRytsM7MDKdtADIWCnknfcslf1xsB/iT8hZTRBveO+BV1JUkFjQzho3fK9xLTtWMMIp3kpSDVNgAygR1uWxiCobmfj23K8ZZUujqSyLzZ4rH7vyEBoPRShrRRg+vq3NxL/81qpiQ7aGYuT1NCYfC2KUo6NxKOgcJcpSgwfWgJEMftXTPpgszE2zpINwf998l9yVav6e1X/fLd8dDyJo4g20CbaRj7aR0foDNVRAxF0hx7QE3p27p1H58V5/SotOJOedfQDzvsnGoWg0w==</latexit>

Scoarse =
1

4G
area(�)“ ”

2. Isometric transition
<latexit sha1_base64="IhRjMK9viEkPblQwTA+gEP8Pjus=">AAACFXicbVDLSgMxFM34rPU16tJNsAgupMyIqLgqFqXLCn1BZxgyaaYNTTJDkhHK0J9w46+4caGIW8Gdf2PazkJbDwQO59zLzTlhwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XBYnfjtByIVjUVDjxLic9QXNKIYaSMF9mnrGmYeRgzWxkHmSQ5v7xpj6Ol4Tq4aObBLTtmZAi4SNyclkKMe2F9eL8YpJ0JjhpTquk6i/QxJTTEj46KXKpIgPER90jVUIE6Un01TjeGxUXowiqV5QsOp+nsjQ1ypEQ/NJEd6oOa9ifif1011dOVnVCSpJgLPDkUpgybzpCLYo5JgzUaGICyp+SvEAyQR1qbIoinBnY+8SFpnZfei7N6flyo3eR0FcAiOwAlwwSWogBqogybA4BE8g1fwZj1ZL9a79TEbXbLynQPwB9bnDyFKnZA=</latexit>

V : HEFT ! HCFT

Pure-state black hole



A map is called isometric when
<latexit sha1_base64="gWOwF43P6A7P0LBbZSt430kAl2Y=">AAACFHicbVDLSsNAFJ34rPUVdSO4GSyCq5KIqBuh6MZlBZsWmlhmJpN06GQSZiZCCfUz/AK3+gXuxK17P8D/cNpmoa0HLhzOuZd778EZZ0o7zpe1sLi0vLJaWauub2xubds7u55Kc0loi6Q8lR2MFOVM0JZmmtNOJilKMKdtPLge++0HKhVLxZ0eZjRIUCxYxAjSRurZ+969H6I4phJ68BL6CdJ9jAt31LNrTt2ZAM4TtyQ1UKLZs7/9MCV5QoUmHCnVdZ1MBwWSmhFOR1U/VzRDZIBi2jVUoISqoJh8MIJHRglhlEpTQsOJ+nuiQIlSwwSbzvGFatYbi/96GKc8nFmuo4ugYCLLNRVkujvKOdQpHCcEQyYp0XxoCCKSmfMh6SOJiDY5Vk0u7mwK88Q7qbtndff2tNa4KhOqgANwCI6BC85BA9yAJmgBAh7BM3gBr9aT9Wa9Wx/T1gWrnNkDf2B9/gANCJ3t</latexit>

V †V = 1

<latexit sha1_base64="a4HfobvumlYIBnR05HK14KnKxZ4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquiHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1ifVZ9O++WKW3MzoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVUYkG1n2YHT9GJVQYojJQtaVCm/p5IsdB6IgLbKbAZ6UVvJv7ndRMTXvkpk3FiqCTzRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFpnNe+i5t2dV+rXeRxFOIJjqIIHl1CHW2hAEwgIeIZXeHOU8+K8Ox/z1oKTzxzCHzifPzmnkAg=</latexit>

�i(x)

<latexit sha1_base64="uQCKNWn/fZVmTtj4uxOUw8kR0vc=">AAACJXicbVDLSsNAFJ34rPVVdelmsAi6KYmIuiyK0mXFvqCpZTK5aYdOMmFmIpSQb/Az/AK3+gXuRHDlyv9w+lho64ELh3Pu5d57vJgzpW3701pYXFpeWc2t5dc3Nre2Czu7DSUSSaFOBRey5REFnEVQ10xzaMUSSOhxaHqDq5HffACpmIhqehhDJyS9iAWMEm2kbuE4dSnhuJJ1U1eG+PqmlmG318Nwn95NJCqIVJBl3ULRLtlj4HniTEkRTVHtFr5dX9AkhEhTTpRqO3asOymRmlEOWd5NFMSEDkgP2oZGJATVSccvZfjQKD4OhDQVaTxWf0+kJFRqGHqmMyS6r2a9kfiv53mC+zPLdXDRSVkUJxoiOtkdJBxrgUeRYZ9JoJoPDSFUMnM+pn0iCdUm2LzJxZlNYZ40TkrOWcm5PS2WL6cJ5dA+OkBHyEHnqIwqqIrqiKJH9Ixe0Kv1ZL1Z79bHpHXBms7soT+wvn4AESSlWw==</latexit>

HEFT � eScoarse

The holographic map is isometric outside the horizon, and non-isometric inside.



?<latexit sha1_base64="vgwfvmcUX/no1T0SpXl/DZQ+BJ4=">AAACDXicbVDLSsNAFJ3UV62vVJduBovgqiQi6rLoxmUF+4AmlMlk0g6dR5iZKCX2G/wCt/oF7sSt3+AH+B9O2yy09cCFwzn3ci4nShnVxvO+nNLK6tr6RnmzsrW9s7vnVvfbWmYKkxaWTKpuhDRhVJCWoYaRbqoI4hEjnWh0PfU790RpKsWdGack5GggaEIxMlbqu9XHoKlpoJAYMAIDTXnfrXl1bwa4TPyC1ECBZt/9DmKJM06EwQxp3fO91IQ5UoZiRiaVINMkRXiEBqRnqUCc6DCfvT6Bx1aJYSKVHWHgTP19kSOu9ZhHdpMjM9SL3lT814siyeKFcJNchjkVaWaIwPPsJGPQSDitBsZUEWzY2BKEFbXvQzxECmFjC6zYXvzFFpZJ+7Tun9f927Na46poqAwOwRE4AT64AA1wA5qgBTB4AM/gBbw6T86b8+58zFdLTnFzAP7A+fwBE6qb5Q==</latexit>

| i ⇠

Geometry as a random tensor network
[Hayden et al 2016]

<latexit sha1_base64="s1NpX1AtjdN7oyx/adQtD9JVLeg=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4A2lMlk0g6dzISZiVBC/QK3+gXuxK3/4gf4H07aLLT1wIXDOfdyLidIONPGdb+c0srq2vpGebOytb2zu1fdP2hrmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOOb3O88UqWZFA9mklA/xkPBIkawsdJ9PxtUa27dnQEtE68gNSjQHFS/+6EkaUyFIRxr3fPcxPgZVoYRTqeVfqppgskYD2nPUoFjqv1s9ukUnVglRJFUdoRBM/X3RYZjrSdxYDdjbEZ60cvFf70gkDxcCDfRlZ8xkaSGCjLPjlKOjER5EyhkihLDJ5Zgoph9H5ERVpgY21fF9uIttrBM2md176Lu3Z3XGtdFQ2U4gmM4BQ8uoQG30IQWEIjgGV7g1Xly3px352O+WnKKm0P4A+fzBwiLlVc=</latexit> {

isometric

<latexit sha1_base64="s1NpX1AtjdN7oyx/adQtD9JVLeg=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4A2lMlk0g6dzISZiVBC/QK3+gXuxK3/4gf4H07aLLT1wIXDOfdyLidIONPGdb+c0srq2vpGebOytb2zu1fdP2hrmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOOb3O88UqWZFA9mklA/xkPBIkawsdJ9PxtUa27dnQEtE68gNSjQHFS/+6EkaUyFIRxr3fPcxPgZVoYRTqeVfqppgskYD2nPUoFjqv1s9ukUnVglRJFUdoRBM/X3RYZjrSdxYDdjbEZ60cvFf70gkDxcCDfRlZ8xkaSGCjLPjlKOjER5EyhkihLDJ5Zgoph9H5ERVpgY21fF9uIttrBM2md176Lu3Z3XGtdFQ2U4gmM4BQ8uoQG30IQWEIjgGV7g1Xly3px352O+WnKKm0P4A+fzBwiLlVc=</latexit> {
co-isometric

<latexit sha1_base64="s1NpX1AtjdN7oyx/adQtD9JVLeg=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4A2lMlk0g6dzISZiVBC/QK3+gXuxK3/4gf4H07aLLT1wIXDOfdyLidIONPGdb+c0srq2vpGebOytb2zu1fdP2hrmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOOb3O88UqWZFA9mklA/xkPBIkawsdJ9PxtUa27dnQEtE68gNSjQHFS/+6EkaUyFIRxr3fPcxPgZVoYRTqeVfqppgskYD2nPUoFjqv1s9ukUnVglRJFUdoRBM/X3RYZjrSdxYDdjbEZ60cvFf70gkDxcCDfRlZ8xkaSGCjLPjlKOjER5EyhkihLDJ5Zgoph9H5ERVpgY21fF9uIttrBM2md176Lu3Z3XGtdFQ2U4gmM4BQ8uoQG30IQWEIjgGV7g1Xly3px352O+WnKKm0P4A+fzBwiLlVc=</latexit> {
isometric

<latexit sha1_base64="B4Pfl61AcPls1vd/y3ElxG4Q2No=">AAACKnicbZDLSsNAFIYn9VbrLerSzWARXIVERMVV0U2XFewFmhAmk0k7dCYJMxOhhLyFj+ETuNUncFfc6ns4bbPQ1AMDP/9/DufMF6SMSmXbM6O2tr6xuVXfbuzs7u0fmIdHPZlkApMuTlgiBgGShNGYdBVVjAxSQRAPGOkHk/t53n8iQtIkflTTlHgcjWIaUYyUtnzT6t3C3MWIwXbh567gUHLEWAFdlVSCgI4K32zalr0ouCqcUjRBWR3f/HbDBGecxAozJOXQsVPl5UgoihkpGm4mSYrwBI3IUMsYcSK9fPGvAp5pJ4RRIvSLFVy4vydyxKWc8kB3cqTGsprNzX+zIEhYWFmuohsvp3GaKRLj5e4oY1BjmHODIRUEKzbVAmFB9fkQj5FAWGm6Dc3FqVJYFb0Ly7mynIfLZuuuJFQHJ+AUnAMHXIMWaIMO6AIMnsEreAPvxovxYcyMz2VrzShnjsGfMr5+AJRNpx8=</latexit>

V : Hsmall ! Hbig is approximately isometric.A random map

[Swingle ’12]



Outline

Explain these features of pure-state black holes from the dual CFT (mostly in 2d).

Goal

I.   CFT states as random tensor networks

II.   Isometric transition

III.   Comments and conclusions

Basic point:  

Subtle breakdown of the identity block approximation in the black hole interior.



Bulk theory: 3d gravity + massive particles

Conjecture: Dual to an average over 2d CFTs with

1.  Cardy density of states

2. 3-point coefficients satisfying the eigenstate thermalization hypothesis 
(ETH) in the form:

<latexit sha1_base64="X1zg8FRQ19u6WkxnFHPERNtLH3A="></latexit>

cijk = hi|Oj |ki
= Tijk|C0(hi, hj , hk)|

random with zero mean and unit variance

known; from the Virasoro identity block
[Collier, Maloney, Maxfield, Tsiares ’19]

[Chandra, Collier, TH, Maloney ’22]
building on [Saad, Shenker, Stanford ’19], [Saad ’19], [Cotler, Jensen ’20], [Belin, de Boer ’20]



Evidence

x, x̄ x0, x̄0

(�, �̄) (�0, �̄0)

<latexit sha1_base64="kH2jfWrLlTTInQqVCRoDk/77g1s=">AAACEXicbVDLSsNAFL3xWesrKq7cDBbBVUmkqBuh6EKXFewD2hAmk2k7dJIJMxOhhH6FX+BWv8CduPUL/AD/w0mbhbYeuHA451zu5QQJZ0o7zpe1tLyyurZe2ihvbm3v7Np7+y0lUklokwguZCfAinIW06ZmmtNOIimOAk7bwegm99uPVCom4gc9TqgX4UHM+oxgbSTfPrxCPWEC+X5269dQPhPfrjhVZwq0SNyCVKBAw7e/e6EgaURjTThWqus6ifYyLDUjnE7KvVTRBJMRHtCuoTGOqPKy6fsTdGKUEPWFNBNrNFV/b2Q4UmocBSYZYT1U814u/usFgeDh3HHdv/QyFieppjGZ3e6nHGmB8npQyCQlmo8NwUQy8z4iQywx0abEsunFnW9hkbTOqu551b2vVerXRUMlOIJjOAUXLqAOd9CAJhDI4Ble4NV6st6sd+tjFl2yip0D+APr8wdmUJx4</latexit>

= G4G4

<latexit sha1_base64="DVxUgQXygyfX/qpEi4CoI3rzQXo=">AAACDnicbVDLSsNAFL3xWesr1qWbwSK6KomIuhGKblxWsA/ahjKZTNuhk0yYmYgl9B/8Arf6Be7Erb/gB/gfTtostPXAhcM553Ivx485U9pxvqyl5ZXVtfXCRnFza3tn194rNZRIJKF1IriQLR8ryllE65ppTluxpDj0OW36o5vMbz5QqZiI7vU4pl6IBxHrM4K1kXp26Qp1hQlk+2kbtY/RpGeXnYozBVokbk7KkKPWs7+7gSBJSCNNOFaq4zqx9lIsNSOcTordRNEYkxEe0I6hEQ6p8tLp7xN0ZJQA9YU0E2k0VX9vpDhUahz6JhliPVTzXib+6/m+4MHccd2/9FIWxYmmEZnd7iccaYGyblDAJCWajw3BRDLzPiJDLDHRpsGi6cWdb2GRNE4r7nnFvTsrV6/zhgpwAIdwAi5cQBVuoQZ1IPAIz/ACr9aT9Wa9Wx+z6JKV7+zDH1ifP4oRm4E=</latexit>

= ZZ 0

<latexit sha1_base64="ig8QGO2eIOvaIf8MwWIC5RiaUCY=">AAACEnicbVDLSsNAFJ34rPUVFdy4GSyCq5KIVJdFF7qsYB/QhDCZTNqhk5kwMxFK7F/4BW71C9yJW3/AD/A/nLRZaOuBgcM55869nDBlVGnH+bKWlldW19YrG9XNre2dXXtvv6NEJjFpY8GE7IVIEUY5aWuqGemlkqAkZKQbjq4Lv/tApKKC3+txSvwEDTiNKUbaSIF96KksVURDT5hY8Ut+EzQmgV1z6s4UcJG4JamBEq3A/vYigbOEcI0ZUqrvOqn2cyQ1xYxMql6mSIrwCA1I31COEqL8fHr/BJ4YJYKxkOZxDafq74kcJUqNk9AkE6SHat4rxH+9MBQsmluu40s/pzzNNOF4tjvOGNQCFv3AiEqCNRsbgrCk5nyIh0girE2LVdOLO9/CIumc1d1G3b07rzWvyoYq4Agcg1PgggvQBLegBdoAg0fwDF7Aq/VkvVnv1scsumSVMwfgD6zPH0ZCni0=</latexit>

� G6

etc.



Consider the CFT state

<latexit sha1_base64="T6AXJa3WzgYvCYM7uJJ/u9zQfxM=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFXbisaB/QDiWTybShmWRIMkIZil/gVr/Anbj1W/wA/8O0nYW2HrhwOOdezuUECWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctLVNFaJNILlUnwJpyJmjTMMNpJ1EUxwGn7WB0PfXbj1RpJsWDGSfUj/FAsIgRbKx0f9Ov9csVt+rOgJaJl5MK5Gj0y9+9UJI0psIQjrXuem5i/Awrwwink1Iv1TTBZIQHtGupwDHVfjZ7dYJOrBKiSCo7wqCZ+vsiw7HW4ziwmzE2Q73oTcV/vSCQPFwIN9GlnzGRpIYKMs+OUo6MRNMqUMgUJYaPLcFEMfs+IkOsMDG2sJLtxVtsYZm0alXvvOrdnVXqV3lDRTiCYzgFDy6gDrfQgCYQGMAzvMCr8+S8Oe/Ox3y14OQ3h/AHzucPKuGVXw==</latexit>

D2

<latexit sha1_base64="3nm4WW2EEDi9N5Tek6on/f3XQ3g=">AAACAXicbVDLSsNAFL3xWeur6tJNsAiuSiKiLotuXFawD2hDmUym7dDJTJi5EUroyi9wq1/gTtz6JX6A/+GkzUJbD1w4nHMv53LCRHCDnvflrKyurW9slrbK2zu7e/uVg8OWUammrEmVULoTEsMEl6yJHAXrJJqROBSsHY5vc7/9yLThSj7gJGFBTIaSDzglaKV2D3nMTLlfqXo1bwZ3mfgFqUKBRr/y3YsUTWMmkQpiTNf3EgwyopFTwablXmpYQuiYDFnXUklsSpDN3p26p1aJ3IHSdiS6M/X3RUZiYyZxaDdjgiOz6OXiv14YKhEthOPgOsi4TFJkks6zB6lwUbl5HW7ENaMoJpYQqrl936UjoglFW1rei7/YwjJpndf8y5p/f1Gt3xQNleAYTuAMfLiCOtxBA5pAYQzP8AKvzpPz5rw7H/PVFae4OYI/cD5/AHpIlzo=</latexit>⇥

<latexit sha1_base64="3nm4WW2EEDi9N5Tek6on/f3XQ3g=">AAACAXicbVDLSsNAFL3xWeur6tJNsAiuSiKiLotuXFawD2hDmUym7dDJTJi5EUroyi9wq1/gTtz6JX6A/+GkzUJbD1w4nHMv53LCRHCDnvflrKyurW9slrbK2zu7e/uVg8OWUammrEmVULoTEsMEl6yJHAXrJJqROBSsHY5vc7/9yLThSj7gJGFBTIaSDzglaKV2D3nMTLlfqXo1bwZ3mfgFqUKBRr/y3YsUTWMmkQpiTNf3EgwyopFTwablXmpYQuiYDFnXUklsSpDN3p26p1aJ3IHSdiS6M/X3RUZiYyZxaDdjgiOz6OXiv14YKhEthOPgOsi4TFJkks6zB6lwUbl5HW7ENaMoJpYQqrl936UjoglFW1rei7/YwjJpndf8y5p/f1Gt3xQNleAYTuAMfLiCOtxBA5pAYQzP8AKvzpPz5rw7H/PVFae4OYI/cD5/AHpIlzo=</latexit>⇥

<latexit sha1_base64="3nm4WW2EEDi9N5Tek6on/f3XQ3g=">AAACAXicbVDLSsNAFL3xWeur6tJNsAiuSiKiLotuXFawD2hDmUym7dDJTJi5EUroyi9wq1/gTtz6JX6A/+GkzUJbD1w4nHMv53LCRHCDnvflrKyurW9slrbK2zu7e/uVg8OWUammrEmVULoTEsMEl6yJHAXrJJqROBSsHY5vc7/9yLThSj7gJGFBTIaSDzglaKV2D3nMTLlfqXo1bwZ3mfgFqUKBRr/y3YsUTWMmkQpiTNf3EgwyopFTwablXmpYQuiYDFnXUklsSpDN3p26p1aJ3IHSdiS6M/X3RUZiYyZxaDdjgiOz6OXiv14YKhEthOPgOsi4TFJkks6zB6lwUbl5HW7ENaMoJpYQqrl936UjoglFW1rei7/YwjJpndf8y5p/f1Gt3xQNleAYTuAMfLiCOtxBA5pAYQzP8AKvzpPz5rw7H/PVFae4OYI/cD5/AHpIlzo=</latexit>⇥

<latexit sha1_base64="qUiaD2Qb2vGmlmcLJQ4XIS5+a0A=">AAACDHicbZDPSsNAEMYn9V+t/6IevSwWwVNJSlEPHopePFawtdCGstls2qWbTdjdFErIK/gEXvUJvIlX38EH8D3ctjlo6wcDH9/MMMPPTzhT2nG+rNLa+sbmVnm7srO7t39gHx51VJxKQtsk5rHs+lhRzgRta6Y57SaS4sjn9NEf3876jxMqFYvFg54m1IvwULCQEaxNNLDtEbpG/VBikpE8qzfygV11as5caNW4halCodbA/u4HMUkjKjThWKme6yTay7DUjHCaV/qpogkmYzykPWMFjqjysvnnOTozSYDCWJoSGs3T3xsZjpSaRr6ZjLAeqeXeLPy35/sxD5aO6/DKy5hIUk0FWdwOU450jGZkUMAkJZpPjcFEMvM+IiNsyGjDr2K4uMsUVk2nXnMvau59o9q8KQiV4QRO4RxcuIQm3EEL2kBgAs/wAq/Wk/VmvVsfi9GSVewcwx9Znz86LZrS</latexit>

h <
c

24

Bulk dual:

<latexit sha1_base64="YlaZjkRnd2mz/HLHOZT4ghy6JNE=">AAACGnicbVDLSsNAFJ34rPUVdSnIYBFclURE3QhFNy4r2Ac0oUwmN+3QySTMTIQSu/Mz/AK3+gXuxK0bP8D/cNp0oa0HLvdwzr3cmROknCntOF/WwuLS8spqaa28vrG5tW3v7DZVkkkKDZrwRLYDooAzAQ3NNId2KoHEAYdWMLge+617kIol4k4PU/Bj0hMsYpRoI3XtA48T0eOAvbpi+KFoniy0S9y1K07VmQDPE3dKKmiKetf+9sKEZjEITTlRquM6qfZzIjWjHEZlL1OQEjogPegYKkgMys8n/xjhI6OEOEqkKaHxRP29kZNYqWEcmMmY6L6a9cbiv14QJDycOa6jCz9nIs00CFrcjjKOdYLHOeGQSaCaDw0hVDLzfEz7RBKqTZplk4s7m8I8aZ5U3bOqe3taqV1NEyqhfXSIjpGLzlEN3aA6aiCKHtEzekGv1pP1Zr1bH8XogjXd2UN/YH3+AAXZn/Y=</latexit>

h | i =

<latexit sha1_base64="iR1+G1fUdDC6HKkyHOiwSc6pvLw="></latexit>

ds2 = d⇢2 + cosh2⇢ d⌃2
hyp

<latexit sha1_base64="3nm4WW2EEDi9N5Tek6on/f3XQ3g=">AAACAXicbVDLSsNAFL3xWeur6tJNsAiuSiKiLotuXFawD2hDmUym7dDJTJi5EUroyi9wq1/gTtz6JX6A/+GkzUJbD1w4nHMv53LCRHCDnvflrKyurW9slrbK2zu7e/uVg8OWUammrEmVULoTEsMEl6yJHAXrJJqROBSsHY5vc7/9yLThSj7gJGFBTIaSDzglaKV2D3nMTLlfqXo1bwZ3mfgFqUKBRr/y3YsUTWMmkQpiTNf3EgwyopFTwablXmpYQuiYDFnXUklsSpDN3p26p1aJ3IHSdiS6M/X3RUZiYyZxaDdjgiOz6OXiv14YKhEthOPgOsi4TFJkks6zB6lwUbl5HW7ENaMoJpYQqrl936UjoglFW1rei7/YwjJpndf8y5p/f1Gt3xQNleAYTuAMfLiCOtxBA5pAYQzP8AKvzpPz5rw7H/PVFae4OYI/cD5/AHpIlzo=</latexit>⇥

<latexit sha1_base64="WRsRUyKVQ19exoJ9WeBu7ZxOtlk=">AAACI3icbZDLSsNAFIYnXmu9RV26GSyii1ISERVXxYJ0WaE3aEKYTCbt2MkkzEyEEvIIPoZP4FafwJ24ceHS93B6WWjrgYGf/z9nzsznJ4xKZVmfxtLyyuraemGjuLm1vbNr7u23ZZwKTFo4ZrHo+kgSRjlpKaoY6SaCoMhnpOMPa+O880CEpDFvqlFC3Aj1OQ0pRkpbnnnSvoZORsv3ZSeIlXRy6KgYZg5GDNZzL3NEBGu3zdwzS1bFmhRcFPZMlMCsGp75rS/EaUS4wgxJ2bOtRLkZEopiRvKik0qSIDxEfdLTkqOISDebfCiHx9oJYBgLfbiCE/f3RIYiKUeRrzsjpAZyPhub/2a+H7NgbrkKr9yM8iRVhOPp7jBlUGMYA4MBFQQrNtICYUH18yEeIIGw0liLmos9T2FRtM8q9kXFvjsvVW9mhArgEByBU2CDS1AFddAALYDBI3gGL+DVeDLejHfjY9q6ZMxmDsCfMr5+AC1/o74=</latexit>

V : {i, j, . . . } ! HCFT

<latexit sha1_base64="lW1yJL780UQLsUor4LLDX6+IgJ0=">AAACI3icbZC7TsMwFIadcivlFmBksagQ7VIlFQIWpAILY5HoRWqiyHGc1tRxIttBVKGPwGPwBKzwBGyIhYGR98C9DNByJEuf/v8cH/v3E0alsqxPI7ewuLS8kl8trK1vbG6Z2ztNGacCkwaOWSzaPpKEUU4aiipG2okgKPIZafn9y5HfuiNC0pjfqEFC3Ah1OQ0pRkpLnnno1CWFZ/Dco6V7zy5ruNVQLTtBrCR8sByBeJcRzyxaFWtccB7sKRTBtOqe+a1vwGlEuMIMSdmxrUS5GRKKYkaGBSeVJEG4j7qko5GjiEg3G39oCA+0EsAwFvpwBcfq74kMRVIOIl93Rkj15Kw3Ev/1fD9mwcxyFZ66GeVJqgjHk91hyqCK4SgwGFBBsGIDDQgLqp8PcQ8JhJWOtaBzsWdTmIdmtWIfV+zro2LtYppQHuyBfVACNjgBNXAF6qABMHgEz+AFvBpPxpvxbnxMWnPGdGYX/Cnj6weE2qLF</latexit>

 = Ai(x1)Aj(x2) . . . |0i



Spatial geometry



We will rewrite this CFT state as a random tensor network.

<latexit sha1_base64="XVeDJ22la9sIhQfdYldpX8KPkzg=">AAACJXicbVDLSsNAFJ34rPUVdelmsCi6KUkt6kaounFZwT6gCWEymbRDJ5MwMxFK2m/wM/wCt/oF7kRw5cr/cNpmoa0HDhzOuZc7c/yEUaks69NYWFxaXlktrBXXNza3ts2d3aaMU4FJA8csFm0fScIoJw1FFSPtRBAU+Yy0/P7NOG89ECFpzO/VICFuhLqchhQjpS3PPBk6dUkdgXiXEXh0Ca+8quapZkXThkMrDz2zZJWtCeC8sHNRAjnqnvntBDFOI8IVZkjKjm0lys2QUBQzMio6qSQJwn3UJR0tOYqIdLPJl0bwUDsBDGOhyRWcuL83MhRJOYh8PRkh1ZOz2dj8N/P9mAUzx1V44WaUJ6kiHE9vhymDKobjymBABcGKDbRAWFD9fIh7SCCsdLFF3Ys928K8aFbK9lnZvquWatd5QwWwDw7AMbDBOaiBW1AHDYDBI3gGL+DVeDLejHfjYzq6YOQ7e+APjK8fLn6i/g==</latexit>

| i = A4A3A2A1|0i

<latexit sha1_base64="F1ReX2Xc1T/arH28CfJJbCFTa5c="></latexit>

=
X

p,q,r

c12pc3pqc4qr |B|2 |ri

primaries Virasoro OPE block

Now use: Large-c + Saddlepoint truncation + ETH



<latexit sha1_base64="+Byo0DtJH7wtZlYKNKqaAwjeucA=">AAACEnicbVDLSsNAFJ3UV62vqODGzWARxEVJRNRl0Y3LCvYBTQiTyaQdOpkJMxOxpP0Lv8CtfoE7cesP+AH+h9M2C209cOFwzr2cywlTRpV2nC+rtLS8srpWXq9sbG5t79i7ey0lMolJEwsmZCdEijDKSVNTzUgnlQQlISPtcHAz8dsPRCoq+L0epsRPUI/TmGKkjRTYByOvoagnEe8xEpxCD6WpFI+BXXVqzhRwkbgFqYICjcD+9iKBs4RwjRlSqus6qfZzJDXFjIwrXqZIivAA9UjXUI4Sovx8+v8YHhslgrGQZriGU/X3RY4SpYZJaDYTpPtq3puI/3phKFg0F67jKz+nPM004XiWHWcMagEn/cCISoI1GxqCsKTmfYj7SCKsTYsV04s738IiaZ3V3Iuae3derV8XDZXBITgCJ8AFl6AObkEDNAEGI/AMXsCr9WS9We/Wx2y1ZBU3++APrM8f4uCd8Q==</latexit>

| i⇤ ⇡

<latexit sha1_base64="yKnBRUajssLNhz3VmH2A8JnoWoc=">AAACBHicbVDLSgMxFL3js9ZX1aWbYBFclRkRdSMU3bis0Be2Q8lkMm1oJhmTjFCGbv0Ct/oF7sSt/+EH+B+m7Sy09cCFwzn3ci4nSDjTxnW/nKXlldW19cJGcXNre2e3tLff1DJVhDaI5FK1A6wpZ4I2DDOcthNFcRxw2gqGNxO/9UiVZlLUzSihfoz7gkWMYGOle3SF6r0seVDjXqnsVtwp0CLxclKGHLVe6bsbSpLGVBjCsdYdz02Mn2FlGOF0XOymmiaYDHGfdiwVOKbaz6Yfj9GxVUIUSWVHGDRVf19kONZ6FAd2M8ZmoOe9ifivFwSSh3PhJrr0MyaS1FBBZtlRypGRaNIICpmixPCRJZgoZt9HZIAVJsb2VrS9ePMtLJLmacU7r3h3Z+Xqdd5QAQ7hCE7Agwuowi3UoAEEBDzDC7w6T86b8+58zFaXnPzmAP7A+fwBb4GYSw==</latexit>

= Tpqr

<latexit sha1_base64="P6CCGjQFvxynDfasXLZdR/ql0xY="></latexit>

= OPE block⇥ (C0 factors)

Single lines = 
<latexit sha1_base64="qCMx9+Xo2oEVGMbU4D8tqzFLqIo=">AAACFHicbVDLSsNAFJ3UV62vqBvBzWARXJVERF0W3XRZwT6gCWEymbRDZzJhZiKUED/DL3CrX+BO3Lr3A/wPp20W2nrgwuGce7n3njBlVGnH+bIqK6tr6xvVzdrW9s7unr1/0FUik5h0sGBC9kOkCKMJ6WiqGemnkiAeMtILx7dTv/dApKIiudeTlPgcDRMaU4y0kQL7KPcwYrBVBLknOUwl5UhSoorArjsNZwa4TNyS1EGJdmB/e5HAGSeJxgwpNXCdVPs5kppiRoqalymSIjxGQzIwNEGcKD+ffVDAU6NEMBbSVKLhTP09kSOu1ISHppMjPVKL3lT81wtDwaKF5Tq+9nOapJkmCZ7vjjMGtYDThGBEJcGaTQxBWFJzPsQjJBHWJseaycVdTGGZdM8b7mXDvbuoN2/KhKrgGJyAM+CCK9AELdAGHYDBI3gGL+DVerLerHfrY95ascqZQ/AH1ucPvgSe9w==</latexit>

Hprimaries

Double lines = 
<latexit sha1_base64="7gUdaUQYFpgbab3RtKOFJbOhwds=">AAACDnicbVDLSsNAFJ3UV62vWJduBovgqiQi6rJYkC4r9AVNCJPJpB06mQkzE7GE/oNf4Fa/wJ249Rf8AP/DaZuFVg9cOJxzL+dywpRRpR3n0yqtrW9sbpW3Kzu7e/sH9mG1p0QmMeliwYQchEgRRjnpaqoZGaSSoCRkpB9OmnO/f0+kooJ39DQlfoJGnMYUI22kwK7mHkYMtmZB7skENm87s8CuOXVnAfiXuAWpgQLtwP7yIoGzhHCNGVJq6Dqp9nMkNcWMzCpepkiK8ASNyNBQjhKi/Hzx+wyeGiWCsZBmuIYL9edFjhKlpkloNhOkx2rVm4v/emEoWLQSruNrP6c8zTTheJkdZwxqAefdwIhKgjWbGoKwpOZ9iMdIIqxNgxXTi7vawl/SO6+7l3X37qLWuCkaKoNjcALOgAuuQAO0QBt0AQYP4Ak8gxfr0Xq13qz35WrJKm6OwC9YH98EI5vM</latexit>

HCFT



Claim: This tensor network discretizes the radial direction in the bulk.

I.e., it has the following properties:

1.
<latexit sha1_base64="olPcfLnOsJaMdWZaZkhtk8slIBA="></latexit>

⇤h | i⇤ = e�Sbulk

2. <latexit sha1_base64="9hxgS3eqDr1zV+kW49f77BLl1v4="></latexit>

bond dimensions = exp (Area/4)

3. Probes undergo isometric transition at the horizon



The isometric transition
The tensor network realizes/extends a proposal made in 

[Verlinde, Verlinde ’12]
[Goel, Lam, Turiaci, H. Verlinde ’18]
[H. Verlinde et. al, talk at Banff ’21]

Take one operator to be a light probe:

<latexit sha1_base64="DXpeMR/i7YGcsTcy6lKDy4F0qw8=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczOziZjZneWmV4hhFz8Aq/6Bd7Eq3/iB/gfTpI9aGJBQ1HVTTUVpFIYdN0vp7Cyura+UdwsbW3v7O6V9w+aRmWa8QZTUul2QA2XIuENFCh5O9WcxoHkrWB4M/Vbj1wboZJ7HKXcj2k/EZFgFK3U7KKIuemVK27VnYEsEy8nFchR75W/u6FiWcwTZJIa0/HcFP0x1SiY5JNSNzM8pWxI+7xjaUJtiD+efTshJ1YJSaS0nQTJTP19MaaxMaM4sJsxxYFZ9Kbiv14QKBkuhGN05Y9FkmbIEzbPjjJJUJFpGyQUmjOUI0so08K+T9iAasrQdlayvXiLLSyT5lnVu6h6d+eV2nXeUBGO4BhOwYNLqMEt1KEBDB7gGV7g1Xly3px352O+WnDym0P4A+fzB0LjlyY=</latexit>⇥
<latexit sha1_base64="XLCRHO/7OvnPRrJezsZiyVkvEMs=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUFWwttKJPJpBk6mQkzE6GEgl/gVr/Anbj1V/wA/8NJm4W2HrhwOOdezuUEKWfauO6XU1lZXVvfqG7WtrZ3dvfq+wddLTNFaIdILlUvwJpyJmjHMMNpL1UUJwGnD8H4pvAfHqnSTIp7M0mpn+CRYBEj2BTSII3ZsN5wm+4MaJl4JWlAifaw/j0IJckSKgzhWOu+56bGz7EyjHA6rQ0yTVNMxnhE+5YKnFDt57Nfp+jEKiGKpLIjDJqpvy9ynGg9SQK7mWAT60WvEP/1gkDycCHcRFd+zkSaGSrIPDvKODISFV2gkClKDJ9Ygoli9n1EYqwwMbaxmu3FW2xhmXTPmt5F07s7b7Suy4aqcATHcAoeXEILbqENHSAQwzO8wKvz5Lw5787HfLXilDeH8AfO5w+PWJYx</latexit>

�

<latexit sha1_base64="dWjHqSIkG4im3edejzK2IRKvAL0="></latexit>

| i = O(x)Ai(x1)Aj(x2)|0i

<latexit sha1_base64="UrQyPRWTkPJ446d+D1XSczjBpqc=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtWNy4r2Ae0w5DJZNq0mWRIMkIp3fgFbvUL3Ilb/8QP8D9M21lo9cCFwzn3ci4nTDnTxnU/ncLK6tr6RnGztLW9s7tX3j9oaZkpQptEcqk6IdaUM0GbhhlOO6miOAk5bYejm5nffqBKMynuzTilfoL7gsWMYGOlVj1g9WAYlCtu1Z0D/SVeTiqQoxGUv3qRJFlChSEca9313NT4E6wMI5xOS71M0xSTEe7TrqUCJ1T7k/m3U3RilQjFUtkRBs3VnxcTnGg9TkK7mWAz0MveTPzXC0PJo6VwE1/5EybSzFBBFtlxxpGRaNYGipiixPCxJZgoZt9HZIAVJsZ2VrK9eMst/CWts6p3UfXuziu167yhIhzBMZyCB5dQg1toQBMIDOEJnuHFeXRenTfnfbFacPKbQ/gF5+Mbl36Wuw==</latexit>

AiAj
<latexit sha1_base64="buy1L5edoOfIFuVjb10bzVUiEeE=">AAACAnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxp0V7APaUCaTSTt0MhNmJkIJ3fkFbvUL3Ilbf8QP8D+ctFlo64ELh3Pu5VxOkHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q1jJVhLaI5FJ1A6wpZ4K2DDOcdhNFcRxw2gnGN7nfeaRKMykezCShfoyHgkWMYGOlbtYnmKO76aBac+vuDGiZeAWpQYHmoPrdDyVJYyoM4Vjrnucmxs+wMoxwOq30U00TTMZ4SHuWChxT7Wezf6foxCohiqSyIwyaqb8vMhxrPYkDuxljM9KLXi7+6wWB5OFCuImu/IyJJDVUkHl2lHJkJMr7QCFTlBg+sQQTxez7iIywwsTY1iq2F2+xhWXSPqt7F3Xv/rzWuC4aKsMRHMMpeHAJDbiFJrSAAIdneIFX58l5c96dj/lqySluDuEPnM8fS66Xrw==</latexit>

O

In a random tensor network, the isometric/non-isometric behavior of the code is 
determined entirely by the dimensions of the bonds.

[Hayden et al., ’16]



<latexit sha1_base64="521HxQBZsHcAve38ZfGBD0D5mW8=">AAACC3icbVBLSgNBFOyJvxg/GXXppjEILkKYEVE3QtCNywjmA8kw9PR0kib9Gbt7hDDkCJ7ArZ7Anbj1EB7Ae9hJZqGJBQ+KqveoR0UJo9p43pdTWFldW98obpa2tnd2y+7efkvLVGHSxJJJ1YmQJowK0jTUMNJJFEE8YqQdjW6mfvuRKE2luDfjhAQcDQTtU4yMlUK3DK9gT6c8zJLqQ1VNQrfi1bwZ4DLxc1IBORqh+92LJU45EQYzpHXX9xITZEgZihmZlHqpJgnCIzQgXUsF4kQH2ezxCTy2Sgz7UtkRBs7U3xcZ4lqPeWQ3OTJDvehNxX+9KJIsXgg3/csgoyJJDRF4nt1PGTQSTouBMVUEGza2BGFF7fsQD5FC2Nj6SrYXf7GFZdI6rfnnNf/urFK/zhsqgkNwBE6ADy5AHdyCBmgCDFLwDF7Aq/PkvDnvzsd8teDkNwfgD5zPH25AmmM=</latexit>

=
X

p,q,r

<latexit sha1_base64="cDcVWPwBGIsvqh8i+hsdFa6Hgmg=">AAACRHicbZDLSgMxFIYz3q23qks3wSK4KjMi6rLqxp0K9gKdWs5kTsdgJjMkGaEMfSUfwydw40J37tyJWzFTi2jrD4GP/5yTk/xBKrg2rvvkTE3PzM7NLyyWlpZXVtfK6xsNnWSKYZ0lIlGtADQKLrFuuBHYShVCHAhsBrenRb15h0rzRF6ZfoqdGCLJe5yBsVa3fOYLkJFAetz1rv0QogiV5b0fzn0Ggp4PJoyiq5jy1fCCbrniVt2h6CR4I6iQkS665Vc/TFgWozRMgNZtz01NJwdlOBM4KPmZxhTYLUTYtighRt3Jhz8e0B3rhLSXKHukoUP390QOsdb9OLCdMZgbPV4rzH9rQZCIcGy56R11ci7TzKBk37t7maAmoUWiNOQKmRF9C8AUt8+n7AYUMGNzL9lcvPEUJqGxV/UOqt7lfqV2MkpogWyRbbJLPHJIauSMXJA6YeSePJJn8uI8OG/Ou/Px3TrljGY2yR85n1+dabBp</latexit>

hA†
1A

†
2O

†
OA2A1i

<latexit sha1_base64="H1O3tZwBIkoe/7/sxlknes+Uz7E=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdVNy4r2ge0Q8lkMm1oJhmSjFCG4he41S9wJ279Fj/A/zBtZ6GtBy4czrmXczlBwpk2rvvlFFZW19Y3ipulre2d3b3y/kFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTP32I1WaSfFgxgn1YzwQLGIEGyvdX/W9frniVt0Z0DLxclKBHI1++bsXSpLGVBjCsdZdz02Mn2FlGOF0UuqlmiaYjPCAdi0VOKbaz2avTtCJVUIUSWVHGDRTf19kONZ6HAd2M8ZmqBe9qfivFwSShwvhJrr0MyaS1FBB5tlRypGRaFoFCpmixPCxJZgoZt9HZIgVJsYWVrK9eIstLJPWWdWrVb2780r9Om+oCEdwDKfgwQXU4RYa0AQCA3iGF3h1npw35935mK8WnPzmEP7A+fwBJH+VWw==</latexit>

A1
<latexit sha1_base64="H1O3tZwBIkoe/7/sxlknes+Uz7E=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdVNy4r2ge0Q8lkMm1oJhmSjFCG4he41S9wJ279Fj/A/zBtZ6GtBy4czrmXczlBwpk2rvvlFFZW19Y3ipulre2d3b3y/kFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTP32I1WaSfFgxgn1YzwQLGIEGyvdX/W9frniVt0Z0DLxclKBHI1++bsXSpLGVBjCsdZdz02Mn2FlGOF0UuqlmiaYjPCAdi0VOKbaz2avTtCJVUIUSWVHGDRTf19kONZ6HAd2M8ZmqBe9qfivFwSShwvhJrr0MyaS1FBB5tlRypGRaFoFCpmixPCxJZgoZt9HZIgVJsYWVrK9eIstLJPWWdWrVb2780r9Om+oCEdwDKfgwQXU4RYa0AQCA3iGF3h1npw35935mK8WnPzmEP7A+fwBJH+VWw==</latexit>

A1

<latexit sha1_base64="LTy3dm6TnbOW+5cIY5vidXcORWw=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdVNy4r2ge0Q8lkMm1oJhmSjFCG4he41S9wJ279Fj/A/zBtZ6GtBy4czrmXczlBwpk2rvvlFFZW19Y3ipulre2d3b3y/kFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTP32I1WaSfFgxgn1YzwQLGIEGyvdX/Vr/XLFrbozoGXi5aQCORr98ncvlCSNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n81enaATq4QoksqOMGim/r7IcKz1OA7sZozNUC96U/FfLwgkDxfCTXTpZ0wkqaGCzLOjlCMj0bQKFDJFieFjSzBRzL6PyBArTIwtrGR78RZbWCatWtU7r3p3Z5X6dd5QEY7gGE7Bgwuowy00oAkEBvAML/DqPDlvzrvzMV8tOPnNIfyB8/kDJhaVXA==</latexit>

A2

<latexit sha1_base64="LTy3dm6TnbOW+5cIY5vidXcORWw=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdVNy4r2ge0Q8lkMm1oJhmSjFCG4he41S9wJ279Fj/A/zBtZ6GtBy4czrmXczlBwpk2rvvlFFZW19Y3ipulre2d3b3y/kFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdTP32I1WaSfFgxgn1YzwQLGIEGyvdX/Vr/XLFrbozoGXi5aQCORr98ncvlCSNqTCEY627npsYP8PKMMLppNRLNU0wGeEB7VoqcEy1n81enaATq4QoksqOMGim/r7IcKz1OA7sZozNUC96U/FfLwgkDxfCTXTpZ0wkqaGCzLOjlCMj0bQKFDJFieFjSzBRzL6PyBArTIwtrGR78RZbWCatWtU7r3p3Z5X6dd5QEY7gGE7Bgwuowy00oAkEBvAML/DqPDlvzrvzMV8tOPnNIfyB8/kDJhaVXA==</latexit>

A2
<latexit sha1_base64="buy1L5edoOfIFuVjb10bzVUiEeE=">AAACAnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxp0V7APaUCaTSTt0MhNmJkIJ3fkFbvUL3Ilbf8QP8D+ctFlo64ELh3Pu5VxOkHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q1jJVhLaI5FJ1A6wpZ4K2DDOcdhNFcRxw2gnGN7nfeaRKMykezCShfoyHgkWMYGOlbtYnmKO76aBac+vuDGiZeAWpQYHmoPrdDyVJYyoM4Vjrnucmxs+wMoxwOq30U00TTMZ4SHuWChxT7Wezf6foxCohiqSyIwyaqb8vMhxrPYkDuxljM9KLXi7+6wWB5OFCuImu/IyJJDVUkHl2lHJkJMr7QCFTlBg+sQQTxez7iIywwsTY1iq2F2+xhWXSPqt7F3Xv/rzWuC4aKsMRHMMpeHAJDbiFJrSAAIdneIFX58l5c96dj/lqySluDuEPnM8fS66Xrw==</latexit>

O
<latexit sha1_base64="buy1L5edoOfIFuVjb10bzVUiEeE=">AAACAnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxp0V7APaUCaTSTt0MhNmJkIJ3fkFbvUL3Ilbf8QP8D+ctFlo64ELh3Pu5VxOkHCmjet+OaWV1bX1jfJmZWt7Z3evun/Q1jJVhLaI5FJ1A6wpZ4K2DDOcdhNFcRxw2gnGN7nfeaRKMykezCShfoyHgkWMYGOlbtYnmKO76aBac+vuDGiZeAWpQYHmoPrdDyVJYyoM4Vjrnucmxs+wMoxwOq30U00TTMZ4SHuWChxT7Wezf6foxCohiqSyIwyaqb8vMhxrPYkDuxljM9KLXi7+6wWB5OFCuImu/IyJJDVUkHl2lHJkJMr7QCFTlBg+sQQTxez7iIywwsTY1iq2F2+xhWXSPqt7F3Xv/rzWuC4aKsMRHMMpeHAJDbiFJrSAAIdneIFX58l5c96dj/lqySluDuEPnM8fS66Xrw==</latexit>

O

<latexit sha1_base64="4YdKoUgowm0/OP7NZPPcn/oK418=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047IF+4A2lMnkph06mQkzE6GEfoFb/QJ34taP8QP8D6dtFlo9cOFwzr2cywlTzrTxvE+ntLa+sblV3q7s7O7tH1QPjzpaZopim0ouVS8kGjkT2DbMcOylCkkScuyGk7u5331EpZkUD2aaYpCQkWAxo8RYqZUOqzWv7i3g/iV+QWpQoDmsfg0iSbMEhaGcaN33vdQEOVGGUY6zyiDTmBI6ISPsWypIgjrIF4/O3DOrRG4slR1h3IX68yInidbTJLSbCTFjverNxX+9MJQ8Wgk38U2QM5FmBgVdZscZd41050W4EVNIDZ9aQqhi9n2Xjoki1Ni6KrYXf7WFv6RzUfev6n7rsta4LRoqwwmcwjn4cA0NuIcmtIECwhM8w4szc16dN+d9uVpyiptj+AXn4xs/aJTm</latexit>p <latexit sha1_base64="EMoJBC76QKdBdfWKb4UA1wF1dF8=">AAAB+3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqMegF48JmAckS5id7U2GzM6sM7NCCPkCr/oF3sSrH+MH+B9Okj1oYkFDUdVNNRWmnGnjeV9OYW19Y3OruF3a2d3bPygfHrW0zBTFJpVcqk5INHImsGmY4dhJFZIk5NgOR3czv/2ESjMpHsw4xSAhA8FiRomxUuOxX654VW8Od5X4OalAjnq//N2LJM0SFIZyonXX91ITTIgyjHKclnqZxpTQERlg11JBEtTBZP7o1D2zSuTGUtkRxp2rvy8mJNF6nIR2MyFmqJe9mfivF4aSR0vhJr4JJkykmUFBF9lxxl0j3VkRbsQUUsPHlhCqmH3fpUOiCDW2rpLtxV9uYZW0Lqr+VdVvXFZqt3lDRTiBUzgHH66hBvdQhyZQQHiGF3h1ps6b8+58LFYLTn5zDH/gfP4AQP+U5w==</latexit>q <latexit sha1_base64="0FwEytHDI0EPMHE5jHa3wjOZSAc=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047IF+4A2lMnkph06mQkzE6GEfoFb/QJ34taP8QP8D6dtFlo9cOFwzr2cywlTzrTxvE+ntLa+sblV3q7s7O7tH1QPjzpaZopim0ouVS8kGjkT2DbMcOylCkkScuyGk7u5331EpZkUD2aaYpCQkWAxo8RYqaWG1ZpX9xZw/xK/IDUo0BxWvwaRpFmCwlBOtO77XmqCnCjDKMdZZZBpTAmdkBH2LRUkQR3ki0dn7plVIjeWyo4w7kL9eZGTROtpEtrNhJixXvXm4r9eGEoerYSb+CbImUgzg4Ius+OMu0a68yLciCmkhk8tIVQx+75Lx0QRamxdFduLv9rCX9K5qPtXdb91WWvcFg2V4QRO4Rx8uIYG3EMT2kAB4Qme4cWZOa/Om/O+XC05xc0x/ILz8Q1ClpTo</latexit>r

Therefore the CFT makes the following prediction:

The holographic map is isometric iff, at the saddlepoint,
<latexit sha1_base64="trX5vPY8AXjNJ0K9cifDea48SY4=">AAACD3icbVDLSsNAFJ34rPUV7dLNYBHaTUlE1GVRBJcV7QPaECaTSTt0MklnJkII/Qi/wK1+gTtx6yf4Af6HkzYLbT1w4dxz7uVejhczKpVlfRkrq2vrG5ulrfL2zu7evnlw2JFRIjBp44hFouchSRjlpK2oYqQXC4JCj5GuN77O/e4jEZJG/EGlMXFCNOQ0oBgpLblm5b5248Z1CAeMTGDeTOquWbUa1gxwmdgFqYICLdf8HvgRTkLCFWZIyr5txcrJkFAUMzItDxJJYoTHaEj6mnIUEulks+en8EQrPgwioYsrOFN/b2QolDINPT0ZIjWSi14u/ut5XsT8heMquHQyyuNEEY7nt4OEQRXBPBzoU0GwYqkmCAuq34d4hATCSkdY1rnYiyksk85pwz5v2Hdn1eZVkVAJHIFjUAM2uABNcAtaoA0wSMEzeAGvxpPxZrwbH/PRFaPYqYA/MD5/AHaYmso=</latexit>

S(Ep)  S(Eq)

Crucially: Primary energies, not total

If the map is non-isometric then the Virasoro identity approximation 
<latexit sha1_base64="jKoevn9hyENzijc1WYtKPgda5x4="></latexit>

O
†
O ⇡ 1Vir

must break down.  

But this breakdown can be detected only in complicated superpositions.



We must show that the transition occurs exactly when the particle crosses the 
apparent horizon.

The nontrivial test

<latexit sha1_base64="DXpeMR/i7YGcsTcy6lKDy4F0qw8=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJczOziZjZneWmV4hhFz8Aq/6Bd7Eq3/iB/gfTpI9aGJBQ1HVTTUVpFIYdN0vp7Cyura+UdwsbW3v7O6V9w+aRmWa8QZTUul2QA2XIuENFCh5O9WcxoHkrWB4M/Vbj1wboZJ7HKXcj2k/EZFgFK3U7KKIuemVK27VnYEsEy8nFchR75W/u6FiWcwTZJIa0/HcFP0x1SiY5JNSNzM8pWxI+7xjaUJtiD+efTshJ1YJSaS0nQTJTP19MaaxMaM4sJsxxYFZ9Kbiv14QKBkuhGN05Y9FkmbIEzbPjjJJUJFpGyQUmjOUI0so08K+T9iAasrQdlayvXiLLSyT5lnVu6h6d+eV2nXeUBGO4BhOwYNLqMEt1KEBDB7gGV7g1Xly3px352O+WnDym0P4A+fzB0LjlyY=</latexit>⇥
<latexit sha1_base64="XLCRHO/7OvnPRrJezsZiyVkvEMs=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUFWwttKJPJpBk6mQkzE6GEgl/gVr/Anbj1V/wA/8NJm4W2HrhwOOdezuUEKWfauO6XU1lZXVvfqG7WtrZ3dvfq+wddLTNFaIdILlUvwJpyJmjHMMNpL1UUJwGnD8H4pvAfHqnSTIp7M0mpn+CRYBEj2BTSII3ZsN5wm+4MaJl4JWlAifaw/j0IJckSKgzhWOu+56bGz7EyjHA6rQ0yTVNMxnhE+5YKnFDt57Nfp+jEKiGKpLIjDJqpvy9ynGg9SQK7mWAT60WvEP/1gkDycCHcRFd+zkSaGSrIPDvKODISFV2gkClKDJ9Ygoli9n1EYqwwMbaxmu3FW2xhmXTPmt5F07s7b7Suy4aqcATHcAoeXEILbqENHSAQwzO8wKvz5Lw5787HfLXilDeH8AfO5w+PWJYx</latexit>

�

Sketch of the calculation

Bulk geometry
<latexit sha1_base64="/yprn+HBXxla38rUWaUDpwPyfJ0=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBHqpsyIqMuiG5cV+oJ2KJlMpg3NJEOSEWop+AVu9QvciVt/xQ/wP8y0s9DWAxcO59zLuZwg4Uwb1/1yVlbX1jc2C1vF7Z3dvf3SwWFLy1QR2iSSS9UJsKacCdo0zHDaSRTFccBpOxjdZn77gSrNpGiYcUL9GA8EixjBJpMalcezfqnsVt0Z0DLxclKGHPV+6bsXSpLGVBjCsdZdz02MP8HKMMLptNhLNU0wGeEB7VoqcEy1P5n9OkWnVglRJJUdYdBM/X0xwbHW4ziwmzE2Q73oZeK/XhBIHi6Em+janzCRpIYKMs+OUo6MRFkXKGSKEsPHlmCimH0fkSFWmBjbWNH24i22sExa51XvsurdX5RrN3lDBTiGE6iAB1dQgzuoQxMIDOEZXuDVeXLenHfnY7664uQ3R/AHzucPxmGVsw==</latexit>

T (z)==> 
==> Fuchsian equation; monodromies

<latexit sha1_base64="CwKCHu2KVKF/vwuTuItyFhw5NWw=">AAACFXicbVDLSgMxFM3UV62vUVfiJliEClJmiqjLohsXCvXRB7RlSDJpG5rJDElGKEPxM/wCt/oF7sStaz/A/zDTzkKrBy4czrmXe+/BEWdKO86nlZubX1hcyi8XVlbX1jfsza2GCmNJaJ2EPJQtjBTlTNC6ZprTViQpCjCnTTw8T/3mPZWKheJOjyLaDVBfsB4jSBvJs3euPAY7TMDa7WWpctgJkB5gnNyMDzy76JSdCeBf4makCDLUPPur44ckDqjQhCOl2q4T6W6CpGaE03GhEysaITJEfdo2VKCAqm4yeWEM943iw14oTQkNJ+rPiQQFSo0CbDrTE9Wsl4r/ehiH3J9Zrnun3YSJKNZUkOnuXsyhDmEaEfSZpETzkSGISGbOh2SAJCLaBFkwubizKfwljUrZPS6710fF6lmWUB7sgj1QAi44AVVwAWqgDgh4AE/gGbxYj9ar9Wa9T1tzVjazDX7B+vgG9aKd0Q==</latexit>

Mi 2 PSL(2,R)

==> Saddlepoint weights in the conformal block



It works.

Conclude
If the dual particle is inside the horizon, then the code is non-isometric.

Aside

In the analytic bootstrap, we often consider limits where
<latexit sha1_base64="xQf9NfwXWsD3XkXFFJbwxKXpGzc=">AAACKHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMevFmBBMD2Rh6ZifJkNmdZWZWDEt+ws/wC7zqF3iTXAX/w9kkgiYWNBRV3XR3kVhwbVx35OQWFpeWV/KrhbX1jc2t4vZOXctEUVajUkjVIKCZ4BGrGW4Ea8SKQUgEuyP9y8y/e2BKcxndmkHMWiF0I97hFIyV2sWj1Kcg8PXw3g+g22UK/wjYhzhW8hH7IZgeIak3bBdLbtkdA88Tb0pKaIpqu/jlB5ImIYsMFaB103Nj00pBGU4FGxb8RLMYaB+6rGlpBCHTrXT81RAfWCXAHalsRQaP1d8TKYRaD0JiO7ML9ayXif96hEgRzCw3nfNWyqM4MSyik92dRGAjcZYaDrhi1IiBJUAVt+dj2gMF1NhsCzYXbzaFeVI/LnunZe/mpFS5mCaUR3toHx0iD52hCrpCVVRDFD2hF/SK3pxn5935cEaT1pwzndlFf+B8fgOZY6ao</latexit>

O
†
O ⇡ 1

Are there other situations, besides black hole interiors, where there is an 
entropic reason this cannot hold inside superpositions?

Do non-holographic CFTs have an isometric transition?



Comments and Conclusion



Wormholes

Coarse-grained states

<latexit sha1_base64="tqRegzisCYP5Edc4YDQlUMHktRs=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6kYounFZwT6gCWUymbRDJzNxZiKU0A/wC9zqF7gTt36GH+B/OG2z0OqBC4dz7uVcTphypo3rfjqlpeWV1bXyemVjc2t7p7q719YyU4S2iORSdUOsKWeCtgwznHZTRXESctoJR9dTv/NAlWZS3JlxSoMEDwSLGcHGSoEfYpX7aign6BL1qzW37s6A/hKvIDUo0OxXv/xIkiyhwhCOte55bmqCHCvDCKeTip9pmmIywgPas1TghOognz09QUdWiVAslR1h0Ez9eZHjROtxEtrNBJuhXvSm4r9eGEoeLYSb+CLImUgzQwWZZ8cZR0aiaSkoYooSw8eWYKKYfR+RIVaYGFtdxfbiLbbwl7RP6t5Z3bs9rTWuiobKcACHcAwenEMDbqAJLSBwD0/wDC/Oo/PqvDnv89WSU9zswy84H9/U15mZ</latexit>

⇢̄ =
<latexit sha1_base64="4YdKoUgowm0/OP7NZPPcn/oK418=">AAAB+3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047IF+4A2lMnkph06mQkzE6GEfoFb/QJ34taP8QP8D6dtFlo9cOFwzr2cywlTzrTxvE+ntLa+sblV3q7s7O7tH1QPjzpaZopim0ouVS8kGjkT2DbMcOylCkkScuyGk7u5331EpZkUD2aaYpCQkWAxo8RYqZUOqzWv7i3g/iV+QWpQoDmsfg0iSbMEhaGcaN33vdQEOVGGUY6zyiDTmBI6ISPsWypIgjrIF4/O3DOrRG4slR1h3IX68yInidbTJLSbCTFjverNxX+9MJQ8Wgk38U2QM5FmBgVdZscZd41050W4EVNIDZ9aQqhi9n2Xjoki1Ni6KrYXf7WFv6RzUfev6n7rsta4LRoqwwmcwjn4cA0NuIcmtIECwhM8w4szc16dN+d9uVpyiptj+AXn4xs/aJTm</latexit>p

<latexit sha1_base64="vvKAz7FF0B7YEd2dG9B2c6b2Hkw=">AAAB/HicbVDLSgMxFL1TX7W+qi7dBIvoqsxIUZdFNy6r2Ae0Q8lkMm1oJhmSjFCG+gVu9QvciVv/xQ/wP0zbWWjrgQuHc+7lXE6QcKaN6345hZXVtfWN4mZpa3tnd6+8f9DSMlWENonkUnUCrClngjYNM5x2EkVxHHDaDkY3U7/9SJVmUjyYcUL9GA8EixjBxkr3yWm/XHGr7gxomXg5qUCORr/83QslSWMqDOFY667nJsbPsDKMcDop9VJNE0xGeEC7lgocU+1ns08n6MQqIYqksiMMmqm/LzIcaz2OA7sZYzPUi95U/NcLAsnDhXATXfkZE0lqqCDz7CjlyEg0bQKFTFFi+NgSTBSz7yMyxAoTY/sq2V68xRaWSeu86l1UvbtapX6dN1SEIziGM/DgEupwCw1oAoEInuEFXp0n5815dz7mqwUnvzmEP3A+fwCi0JUX</latexit>

p0<latexit sha1_base64="EMoJBC76QKdBdfWKb4UA1wF1dF8=">AAAB+3icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqMegF48JmAckS5id7U2GzM6sM7NCCPkCr/oF3sSrH+MH+B9Okj1oYkFDUdVNNRWmnGnjeV9OYW19Y3OruF3a2d3bPygfHrW0zBTFJpVcqk5INHImsGmY4dhJFZIk5NgOR3czv/2ESjMpHsw4xSAhA8FiRomxUuOxX654VW8Od5X4OalAjnq//N2LJM0SFIZyonXX91ITTIgyjHKclnqZxpTQERlg11JBEtTBZP7o1D2zSuTGUtkRxp2rvy8mJNF6nIR2MyFmqJe9mfivF4aSR0vhJr4JJkykmUFBF9lxxl0j3VkRbsQUUsPHlhCqmH3fpUOiCDW2rpLtxV9uYZW0Lqr+VdVvXFZqt3lDRTiBUzgHH66hBvdQhyZQQHiGF3h1ps6b8+58LFYLTn5zDH/gfP4AQP+U5w==</latexit>q
<latexit sha1_base64="IQt9vSW/wmzrOGeYtdBvseDla5Y=">AAAB/HicbVDLSgMxFL1TX7W+qi7dBIvoqsyIqMuiG5dV7APaoWQymTY0k4xJRihD/QK3+gXuxK3/4gf4H6btLLT1wIXDOfdyLidIONPGdb+cwtLyyupacb20sbm1vVPe3WtqmSpCG0RyqdoB1pQzQRuGGU7biaI4DjhtBcPrid96pEozKe7NKKF+jPuCRYxgY6W7h+NeueJW3SnQIvFyUoEc9V75uxtKksZUGMKx1h3PTYyfYWUY4XRc6qaaJpgMcZ92LBU4ptrPpp+O0ZFVQhRJZUcYNFV/X2Q41noUB3Yzxmag572J+K8XBJKHc+EmuvQzJpLUUEFm2VHKkZFo0gQKmaLE8JElmChm30dkgBUmxvZVsr148y0skuZp1TuverdnldpV3lARDuAQTsCDC6jBDdShAQQieIYXeHWenDfn3fmYrRac/GYf/sD5/AGkaJUY</latexit>

q0

<latexit sha1_base64="QRFRLA5MhEwbqHEXm+pfuIybVhM=">AAACBnicbVDLSsNAFJ3UV62vqks3g0V0VRIRdVl047KCfUATymRy0w6dZIaZiVBC936BW/0Cd+LW3/AD/A+nbRbaeuDC4Zx7OZcTSs60cd0vp7Syura+Ud6sbG3v7O5V9w/aWmSKQosKLlQ3JBo4S6FlmOHQlQpIEnLohKPbqd95BKWZSB/MWEKQkEHKYkaJsZLvR8AN6edSnk761Zpbd2fAy8QrSA0VaPar334kaJZAaignWvc8V5ogJ8owymFS8TMNktARGUDP0pQkoIN89vMEn1glwrFQdlKDZ+rvi5wkWo+T0G4mxAz1ojcV//XCUPBoIdzE10HOUpkZSOk8O844NgJPO8ERU0ANH1tCqGL2fUyHRBFqbHMV24u32MIyaZ/Xvcu6d39Ra9wUDZXRETpGZ8hDV6iB7lATtRBFEj2jF/TqPDlvzrvzMV8tOcXNIfoD5/MH0tCZqA==</latexit>

�pp0

<latexit sha1_base64="s1NpX1AtjdN7oyx/adQtD9JVLeg=">AAAB/HicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4A2lMlk0g6dzISZiVBC/QK3+gXuxK3/4gf4H07aLLT1wIXDOfdyLidIONPGdb+c0srq2vpGebOytb2zu1fdP2hrmSpCW0RyqboB1pQzQVuGGU67iaI4DjjtBOOb3O88UqWZFA9mklA/xkPBIkawsdJ9PxtUa27dnQEtE68gNSjQHFS/+6EkaUyFIRxr3fPcxPgZVoYRTqeVfqppgskYD2nPUoFjqv1s9ukUnVglRJFUdoRBM/X3RYZjrSdxYDdjbEZ60cvFf70gkDxcCDfRlZ8xkaSGCjLPjlKOjER5EyhkihLDJ5Zgoph9H5ERVpgY21fF9uIttrBM2md176Lu3Z3XGtdFQ2U4gmM4BQ8uoQG30IQWEIjgGV7g1Xly3px352O+WnKKm0P4A+fzBwiLlVc=</latexit> {
<latexit sha1_base64="5zdoj/mHrOQSVeP1w6P+ajVNE98=">AAACBHicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfWATysxk0g6dzISZiVBCt36BW/0Cd+LW//AD/A+nbRbaeuDC4Zx7OZeDU8608bwvp7Syura+Ud6sbG3v7O5V9w/aWmaK0BaRXKouRppyJmjLMMNpN1UUJZjTDh7dTP3OI1WaSXFvxikNEzQQLGYEGSs9BBipPFBDOelXa17dm8FdJn5BalCg2a9+B5EkWUKFIRxp3fO91IQ5UoYRTieVINM0RWSEBrRnqUAJ1WE++3jinlglcmOp7AjjztTfFzlKtB4n2G4myAz1ojcV//UwljxaCDfxVZgzkWaGCjLPjjPuGulOG3EjpigxfGwJIorZ910yRAoRY3ur2F78xRaWSfus7l/U/bvzWuO6aKgMR3AMp+DDJTTgFprQAgICnuEFXp0n5815dz7mqyWnuDmEP3A+fwCR5Zj+</latexit>

⇢̄



Come from gluing together multiple networks in a similar way.
Wormholes

x, x̄ x0, x̄0<latexit sha1_base64="CwReiNQU4brTVJtbcyr3/UgjMuY=">AAACDnicbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRhS4r2Ae0IUwm03boJBNmJmIJ/Qe/wK1+gTtx6y/4Af6HkzYLbT1w4XDOPdzLCRLOlHacL6u0srq2vlHerGxt7+zu2fvVthKpJLRFBBeyG2BFOYtpSzPNaTeRFEcBp51gfJ37nQcqFRPxvZ4k1IvwMGYDRrA2km9X+8LYeTq78c+Qmalv15y6MwNaJm5BalCg6dvf/VCQNKKxJhwr1XOdRHsZlpoRTqeVfqpogskYD2nP0BhHVHnZ7PcpOjZKiAZCmok1mqm/ExmOlJpEgdmMsB6pRS8X//WCQPBw4bgeXHoZi5NU05jMbw9SjrRAeTcoZJISzSeGYCKZeR+REZaYaNNgxfTiLrawTNqndfe87t6d1RpXRUNlOIQjOAEXLqABt9CEFhB4hGd4gVfryXqz3q2P+WrJKjIH8AfW5w8ihZvd</latexit>

G4G4

<latexit sha1_base64="htGJi/DwNtDQZQjQwOaakioPkYU=">AAACFnicbVDLSsNAFJ3UV62vqDvdDBbBhZSkiLoRim5cVrAPaGKZmUzboZNMmJmIJQT8DL/ArX6BO3Hr1g/wP5y2WWjrgQuHc+7l3ntwzJnSjvNlFRYWl5ZXiqultfWNzS17e6epRCIJbRDBhWxjpChnEW1opjltx5KiEHPawsOrsd+6p1IxEd3qUUz9EPUj1mMEaSN17b0L6IVYPKRaZt4x9DCSqScHIrurdu2yU3EmgPPEzUkZ5Kh37W8vECQJaaQJR0p1XCfWfoqkZoTTrOQlisaIDFGfdgyNUEiVn05+yOChUQLYE9JUpOFE/T2RolCpUYhNZ4j0QM16Y/FfD2PBg5nlunfupyyKE00jMt3dSzjUAo4zggGTlGg+MgQRycz5kAyQRESbJEsmF3c2hXnSrFbc04p7c1KuXeYJFcE+OABHwAVnoAauQR00AAGP4Bm8gFfryXqz3q2PaWvBymd2wR9Ynz+KY59U</latexit>

= tr ⇢̄2

<latexit sha1_base64="GQ1RT7dveHvU0DWVazMjauNVK1w=">AAAB+3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqBch6MVjAuYByRJmZ3uTIbM7y8ysEEK+wKt+gTfx6sf4Af6Hk2QPmljQUFR1U00FqeDauO6XU1hb39jcKm6Xdnb39g/Kh0ctLTPFsMmkkKoTUI2CJ9g03AjspAppHAhsB6P7md9+QqW5TB7NOEU/poOER5xRY6XGbb9ccavuHGSVeDmpQI56v/zdCyXLYkwME1Trruemxp9QZTgTOC31Mo0pZSM6wK6lCY1R+5P5o1NyZpWQRFLZSQyZq78vJjTWehwHdjOmZqiXvZn4rxcEUoRL4Sa68Sc8STODCVtkR5kgRpJZESTkCpkRY0soU9y+T9iQKsqMratke/GWW1glrYuqd1X1GpeV2l3eUBFO4BTOwYNrqMED1KEJDBCe4QVenanz5rw7H4vVgpPfHMMfOJ8/7kSUsw==</latexit>=

(*caveat: fixed-area)



Comments on higher dimensions

What should the tensor network look like in higher dimensions?

black hole microstates dressing by 
“low energy” operators

the end.

Similarly, to describe higher-dimensional gravity as an ensemble average, 
it seems necessary to first “factor out” the low energy theory. 

The low energy theory is not random; only the UV is averaged.


