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Setting the Stage

Goal: use AdS/CFT to investigate the physics of quantum BHs

AdS/CFT relates gravity (often in AdS) to unitary field theory (often CFT)

Advantages: recent progress in low-D models (AdS3/CFT2, SYK,…)  
Analytical and numerical control leads to conceptual insights: RMT/ETH type 
ideas linked to bulk physics

Disadvantages: we are not in flat space, and yet we are in low-D; however, 
analogs exist for many interesting questions.

Thermalization ➛ BH formation (& evaporation)



The models

AdS3/CFT2 at large central charge

Large-c sparse-spectrum (…) theories 

Virasoro identity block (~ classical gravity) receives perturbative and non-
perturbative corrections (~ controlled by GN)

nAdS2/nCFT1 at ‘large NSYK’ [ log dim (H) ]

Canonical example: SYK or similar disorder theories 

Maximally chaotic quantum system governed by Diff(S1)/SL(2) at  
low energies ➛ universal Schwarzian sector



Classical & quantum Lyapunov

Classical chaos: sensitivity to initial conditions

[Larkin, Ovchinnikov 1969]
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[Maldacena, Shenker, Stanford](⇢ operator growth in chaotic systems)



Quantum thermalisation

Classical thermalization: ergodicity & chaos

Quantum thermalization: Eigenstate Thermalisation Hypothesis

v.s.

hm|O|ni = Omc(E)�mn + e�S(E)/2f(E,!)Rmn

A generic excited state will then thermalise by dephasing
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expectation value 
of non-extensive operator

dephasing: 
 spectral chaos

on average thermal 
up to exponential in S

[Deutsch; Srednicki,…]



Comments
ETH is a modern take on spectral chaos à la Wigner/Dyson 

• RMT is the canonical example of a system satisfying ETH:  
Wigner/Dyson spectral statistics 

• Cf. integrable model: Poisson statistics, no thermalisation 

• Very-late time physics (t ➛ ∞, more precisely                     )  

Quantum Lyapunov (quantum Butterfly effect) 

• Need semiclassical parameter (    ,1/N, …) 

• Relevant timescale: ‘scrambling’ time

~
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A priori these two notions of chaos are unrelated
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holographic lamp posts



SYK: a holographer’s guinea pig
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random disorder model with all-to-all couplings (complex fermions)

solvable in large-N expansion and @ finite N (exact diagonalization)

bulk dual includes a gravity sector (“The Schwarzian”) 

[Sachdev & Ye, Kitaev,…]



numerical results



Finite N - results on eigenstates
Solve SYK in exact diagonalization

We find (numerically) that indeed ETH applies in SYK

hm|O|ni = Omc(E)�mn + e�S(E)/2f(E,!)Rmn

O = n̂k (for some site k)

[JS & Vielma]

Off-diagonals: entropically suppressed with deviations from RMT 
(Thouless physics) [also: Garcia-Garcia & Verbaarschot; Altlands, Bagrets]

[Fu, Sachdev; JS & Vielma,…]



Scrambling in eigenstates

Compare OTOC in eigenstates to thermal result

[JS & M. Vielma, 2017]

OTOC indistinguishable from thermal up to scrambling time:

�ETH

L
=

2⇡

�(E)
Conjecture: 9



From states to operators

Scrambling tied to growth of Heisenberg operator

[Parker, Cao, Avdoshkin, Scaffidi, Altman, 2019]

eiHt
Oe�iHt
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Size of operator ⇄ Complexity

Krylov complexity: measure size in a canonical basis:

|On) / | [H, [H, [ . . . ,O])
<latexit sha1_base64="HC6Vs1Ogr9WqlfuoxMInmCRGceI="></latexit><latexit sha1_base64="HC6Vs1Ogr9WqlfuoxMInmCRGceI="></latexit><latexit sha1_base64="HC6Vs1Ogr9WqlfuoxMInmCRGceI="></latexit><latexit sha1_base64="HC6Vs1Ogr9WqlfuoxMInmCRGceI="></latexit>

With respect to the inner product (O1|O2) = Tr
h
O

†
1O2

i

<latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="GsS1hVNcDJLfMMPXtrKVrkQlUSE=">AAACMHicbVA9SwNBEJ3z2xg12tosiqBNuLPRRhBs7IxiVMidYW8zd1nc+2B3Tghn/peNf8LOxsZCEX+Emxj8ig8W3ry3w8y8MFfSkOs+OhOTU9Mzs3PzlYXq4tJybaV6brJCC2yKTGX6MuQGlUyxSZIUXuYaeRIqvAivDwf+xQ1qI7P0jHo5BgmPUxlJwclK7drpVukLrthxv+2xW/ZV7LBttm9LnbAz3We+woha37Z35Xd4HKP+2eFrGXcpaNc23Lo7BBsn3ohswAiNdu3B72SiSDAlobgxLc/NKSi5JikU9it+YTDn4prH2LI05QmaoBze3mebVumwKNP2pcSG6s+OkifG9JLQ/kw4dc1fbyD+57UKivaCUqZ5QZiKz0FRoRhlbBAk60iNglTPEi60tLsy0eWaC7JxV2wI3t+Tx8n5Tt1z696JC3OwBuuwBR7swgEcQQOaIOAOnuAFXp1759l5+4xrwhnltgq/4Lx/AFe9qec=</latexit><latexit sha1_base64="GsS1hVNcDJLfMMPXtrKVrkQlUSE=">AAACMHicbVA9SwNBEJ3z2xg12tosiqBNuLPRRhBs7IxiVMidYW8zd1nc+2B3Tghn/peNf8LOxsZCEX+Emxj8ig8W3ry3w8y8MFfSkOs+OhOTU9Mzs3PzlYXq4tJybaV6brJCC2yKTGX6MuQGlUyxSZIUXuYaeRIqvAivDwf+xQ1qI7P0jHo5BgmPUxlJwclK7drpVukLrthxv+2xW/ZV7LBttm9LnbAz3We+woha37Z35Xd4HKP+2eFrGXcpaNc23Lo7BBsn3ohswAiNdu3B72SiSDAlobgxLc/NKSi5JikU9it+YTDn4prH2LI05QmaoBze3mebVumwKNP2pcSG6s+OkifG9JLQ/kw4dc1fbyD+57UKivaCUqZ5QZiKz0FRoRhlbBAk60iNglTPEi60tLsy0eWaC7JxV2wI3t+Tx8n5Tt1z696JC3OwBuuwBR7swgEcQQOaIOAOnuAFXp1759l5+4xrwhnltgq/4Lx/AFe9qec=</latexit><latexit sha1_base64="32K3gK5+dFbLF+xZhlZ+RQC9noY="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit><latexit sha1_base64="bEXydRFiE70oxgYfVi0+DgY31/o="></latexit>

Orthonormalizing              ⟹   Lanczos coefficients  |On)
<latexit sha1_base64="DbuAJlTiWVOqxD9PplyhM2yNE2U=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoOgl7Argh6DXrwZwTwgWcPsZDYZMju7zPQqYc1/ePGgiFf/xZt/4+Rx0MSChqKqm+6uIJHCoOt+O7ml5ZXVtfx6YWNza3unuLtXN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMrsZ+44FrI2J1h8OE+xHtKREKRtFK908kazMqyc2oo8hJp1hyy+4EZJF4M1KCGaqd4le7G7M04gqZpMa0PDdBP6MaBZN8VGinhieUDWiPtyxVNOLGzyZXj8iRVbokjLUthWSi/p7IaGTMMApsZ0Sxb+a9sfif10oxvPAzoZIUuWLTRWEqCcZkHAHpCs0ZyqEllGlhbyWsTzVlaIMq2BC8+ZcXSf207Lll7/asVLmcxZGHAziEY/DgHCpwDVWoAQMNz/AKb86j8+K8Ox/T1pwzm9mHP3A+fwA7oJGr</latexit><latexit sha1_base64="DbuAJlTiWVOqxD9PplyhM2yNE2U=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoOgl7Argh6DXrwZwTwgWcPsZDYZMju7zPQqYc1/ePGgiFf/xZt/4+Rx0MSChqKqm+6uIJHCoOt+O7ml5ZXVtfx6YWNza3unuLtXN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMrsZ+44FrI2J1h8OE+xHtKREKRtFK908kazMqyc2oo8hJp1hyy+4EZJF4M1KCGaqd4le7G7M04gqZpMa0PDdBP6MaBZN8VGinhieUDWiPtyxVNOLGzyZXj8iRVbokjLUthWSi/p7IaGTMMApsZ0Sxb+a9sfif10oxvPAzoZIUuWLTRWEqCcZkHAHpCs0ZyqEllGlhbyWsTzVlaIMq2BC8+ZcXSf207Lll7/asVLmcxZGHAziEY/DgHCpwDVWoAQMNz/AKb86j8+K8Ox/T1pwzm9mHP3A+fwA7oJGr</latexit><latexit sha1_base64="DbuAJlTiWVOqxD9PplyhM2yNE2U=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoOgl7Argh6DXrwZwTwgWcPsZDYZMju7zPQqYc1/ePGgiFf/xZt/4+Rx0MSChqKqm+6uIJHCoOt+O7ml5ZXVtfx6YWNza3unuLtXN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMrsZ+44FrI2J1h8OE+xHtKREKRtFK908kazMqyc2oo8hJp1hyy+4EZJF4M1KCGaqd4le7G7M04gqZpMa0PDdBP6MaBZN8VGinhieUDWiPtyxVNOLGzyZXj8iRVbokjLUthWSi/p7IaGTMMApsZ0Sxb+a9sfif10oxvPAzoZIUuWLTRWEqCcZkHAHpCs0ZyqEllGlhbyWsTzVlaIMq2BC8+ZcXSf207Lll7/asVLmcxZGHAziEY/DgHCpwDVWoAQMNz/AKb86j8+K8Ox/T1pwzm9mHP3A+fwA7oJGr</latexit><latexit sha1_base64="DbuAJlTiWVOqxD9PplyhM2yNE2U=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoOgl7Argh6DXrwZwTwgWcPsZDYZMju7zPQqYc1/ePGgiFf/xZt/4+Rx0MSChqKqm+6uIJHCoOt+O7ml5ZXVtfx6YWNza3unuLtXN3GqGa+xWMa6GVDDpVC8hgIlbyaa0yiQvBEMrsZ+44FrI2J1h8OE+xHtKREKRtFK908kazMqyc2oo8hJp1hyy+4EZJF4M1KCGaqd4le7G7M04gqZpMa0PDdBP6MaBZN8VGinhieUDWiPtyxVNOLGzyZXj8iRVbokjLUthWSi/p7IaGTMMApsZ0Sxb+a9sfif10oxvPAzoZIUuWLTRWEqCcZkHAHpCs0ZyqEllGlhbyWsTzVlaIMq2BC8+ZcXSf207Lll7/asVLmcxZGHAziEY/DgHCpwDVWoAQMNz/AKb86j8+K8Ox/T1pwzm9mHP3A+fwA7oJGr</latexit>

bn
<latexit sha1_base64="u1kjCiqeLy5mPIbp9TE4zlwiaxk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9hH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUagjcc=</latexit><latexit sha1_base64="u1kjCiqeLy5mPIbp9TE4zlwiaxk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9hH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUagjcc=</latexit><latexit sha1_base64="u1kjCiqeLy5mPIbp9TE4zlwiaxk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9hH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUagjcc=</latexit><latexit sha1_base64="u1kjCiqeLy5mPIbp9TE4zlwiaxk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9hH3Zd6tezZuDrBK/IFUo0Oi7X71BwrIYpWGCat31vdQEOVWGM4HTSi/TmFI2pkPsWippjDrI56dOyZlVBiRKlC1pyFz9PZHTWOtJHNrOmJqRXvZm4n9eNzPRdZBzmWYGJVssijJBTEJmf5MBV8iMmFhCmeL2VsJGVFFmbDoVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8AUagjcc=</latexit>

Conjecture: bn ⇠ ↵n
<latexit sha1_base64="3F5rKDiRqWjiKrKy9KSTJIfScOY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIoMeiF48V7Ae0oUy2m3bpZhN2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gXDls6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//cCU5rG8N5OE+REOJQ85RWOlfrkS9CXpaR6RHopkhMRqVbfmzkFWiZeTKuRo9MtfvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetaKjFi2s/mp0/JqVUGJIyVLWnIXP09kWGk9SQKbGeEZqSXvZn4n9dNTXjlZ1wmqWGSLhaFqSAmJrMcyIArRo2YWIJUcXsroSNUSI1Nq2RD8JZfXiWt85rn1ry7i2r9Oo+jCMdwAmfgwSXU4RYa0AQKj/AMr/DmPDkvzrvzsWgtOPnMEfyB8/kDRoWTWQ==</latexit><latexit sha1_base64="3F5rKDiRqWjiKrKy9KSTJIfScOY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIoMeiF48V7Ae0oUy2m3bpZhN2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gXDls6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//cCU5rG8N5OE+REOJQ85RWOlfrkS9CXpaR6RHopkhMRqVbfmzkFWiZeTKuRo9MtfvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetaKjFi2s/mp0/JqVUGJIyVLWnIXP09kWGk9SQKbGeEZqSXvZn4n9dNTXjlZ1wmqWGSLhaFqSAmJrMcyIArRo2YWIJUcXsroSNUSI1Nq2RD8JZfXiWt85rn1ry7i2r9Oo+jCMdwAmfgwSXU4RYa0AQKj/AMr/DmPDkvzrvzsWgtOPnMEfyB8/kDRoWTWQ==</latexit><latexit sha1_base64="3F5rKDiRqWjiKrKy9KSTJIfScOY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIoMeiF48V7Ae0oUy2m3bpZhN2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gXDls6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//cCU5rG8N5OE+REOJQ85RWOlfrkS9CXpaR6RHopkhMRqVbfmzkFWiZeTKuRo9MtfvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetaKjFi2s/mp0/JqVUGJIyVLWnIXP09kWGk9SQKbGeEZqSXvZn4n9dNTXjlZ1wmqWGSLhaFqSAmJrMcyIArRo2YWIJUcXsroSNUSI1Nq2RD8JZfXiWt85rn1ry7i2r9Oo+jCMdwAmfgwSXU4RYa0AQKj/AMr/DmPDkvzrvzsWgtOPnMEfyB8/kDRoWTWQ==</latexit><latexit sha1_base64="3F5rKDiRqWjiKrKy9KSTJIfScOY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIoMeiF48V7Ae0oUy2m3bpZhN2N0qJ/SlePCji1V/izX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gXDls6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//cCU5rG8N5OE+REOJQ85RWOlfrkS9CXpaR6RHopkhMRqVbfmzkFWiZeTKuRo9MtfvUFM04hJQwVq3fXcxPgZKsOpYNNSL9UsQTrGIetaKjFi2s/mp0/JqVUGJIyVLWnIXP09kWGk9SQKbGeEZqSXvZn4n9dNTXjlZ1wmqWGSLhaFqSAmJrMcyIArRo2YWIJUcXsroSNUSI1Nq2RD8JZfXiWt85rn1ry7i2r9Oo+jCMdwAmfgwSXU4RYa0AQKj/AMr/DmPDkvzrvzsWgtOPnMEfyB8/kDRoWTWQ==</latexit>

in chaotic systems with �L  2↵
<latexit sha1_base64="1EaZgGxoTXEi4r/wLWY0f9IcnpA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXRjQsXFewDmhBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dtFtp6YOBwzrncOyfMOFPacb6tldW19Y3NylZ1e2d3b98+OOyoNJeEtknKU9kLQVHOBG1rpjntZZJCEnLaDUc3U7/7SKViqXjQ44z6CQwEixkBbaTAPva4CUcQ3GGPU9zwgGdDCOyaU3dmwMvELUkNlWgF9pcXpSRPqNCEg1J918m0X4DUjHA6qXq5ohmQEQxo31ABCVV+MTt/gs+MEuE4leYJjWfq74kCEqXGSWiSCeihWvSm4n9eP9fxlV8wkeWaCjJfFOcc6xRPu8ARk5RoPjYEiGTmVkyGIIFo01jVlOAufnmZdBp116m79xe15nVZRwWdoFN0jlx0iZroFrVQGxFUoGf0it6sJ+vFerc+5tEVq5w5Qn9gff4AEt2U5g==</latexit><latexit sha1_base64="1EaZgGxoTXEi4r/wLWY0f9IcnpA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXRjQsXFewDmhBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dtFtp6YOBwzrncOyfMOFPacb6tldW19Y3NylZ1e2d3b98+OOyoNJeEtknKU9kLQVHOBG1rpjntZZJCEnLaDUc3U7/7SKViqXjQ44z6CQwEixkBbaTAPva4CUcQ3GGPU9zwgGdDCOyaU3dmwMvELUkNlWgF9pcXpSRPqNCEg1J918m0X4DUjHA6qXq5ohmQEQxo31ABCVV+MTt/gs+MEuE4leYJjWfq74kCEqXGSWiSCeihWvSm4n9eP9fxlV8wkeWaCjJfFOcc6xRPu8ARk5RoPjYEiGTmVkyGIIFo01jVlOAufnmZdBp116m79xe15nVZRwWdoFN0jlx0iZroFrVQGxFUoGf0it6sJ+vFerc+5tEVq5w5Qn9gff4AEt2U5g==</latexit><latexit sha1_base64="1EaZgGxoTXEi4r/wLWY0f9IcnpA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXRjQsXFewDmhBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dtFtp6YOBwzrncOyfMOFPacb6tldW19Y3NylZ1e2d3b98+OOyoNJeEtknKU9kLQVHOBG1rpjntZZJCEnLaDUc3U7/7SKViqXjQ44z6CQwEixkBbaTAPva4CUcQ3GGPU9zwgGdDCOyaU3dmwMvELUkNlWgF9pcXpSRPqNCEg1J918m0X4DUjHA6qXq5ohmQEQxo31ABCVV+MTt/gs+MEuE4leYJjWfq74kCEqXGSWiSCeihWvSm4n9eP9fxlV8wkeWaCjJfFOcc6xRPu8ARk5RoPjYEiGTmVkyGIIFo01jVlOAufnmZdBp116m79xe15nVZRwWdoFN0jlx0iZroFrVQGxFUoGf0it6sJ+vFerc+5tEVq5w5Qn9gff4AEt2U5g==</latexit><latexit sha1_base64="1EaZgGxoTXEi4r/wLWY0f9IcnpA=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRF0GXRjQsXFewDmhBuJpN26GQSZiZCCQV/xY0LRdz6He78G6dtFtp6YOBwzrncOyfMOFPacb6tldW19Y3NylZ1e2d3b98+OOyoNJeEtknKU9kLQVHOBG1rpjntZZJCEnLaDUc3U7/7SKViqXjQ44z6CQwEixkBbaTAPva4CUcQ3GGPU9zwgGdDCOyaU3dmwMvELUkNlWgF9pcXpSRPqNCEg1J918m0X4DUjHA6qXq5ohmQEQxo31ABCVV+MTt/gs+MEuE4leYJjWfq74kCEqXGSWiSCeihWvSm4n9eP9fxlV8wkeWaCjJfFOcc6xRPu8ARk5RoPjYEiGTmVkyGIIFo01jVlOAufnmZdBp116m79xe15nVZRwWdoFN0jlx0iZroFrVQGxFUoGf0it6sJ+vFerc+5tEVq5w5Qn9gff4AEt2U5g==</latexit>

(equality for maximally chaotic systems)



Operator Chaos in SYK
[JS, , E Rabinovici, A. Sanchez-Garrido, R. Shir]

In thermodynamic limit: 

Lanczos sequence in ED for SYK:

bn ⇠ J n
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[Parker et al.]

But this misses (by construction)  the majority of post-scrambling dynamics



analytical results



Spectrum & methods @ large N

On ⇠ c†i@
2n+1ci
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discrete tower of statescontinuum: Schwarzian

hn = 2�+ 1 + 2n+ ✏m
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Schwarzian  
~ monodromy method 

Liouville between branes

ETH

Limit of conformal 
six-pt functions 
OPE coeffs.

ETH (?)

2D BH

[P. Nayak, JS & Vielma]



Large - N: the conformal sector

Theory of the         operators is a CFT [Gross, Rosenhaus]On
<latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="RfXLspt5uYREuN8KAKJEmh2nZzI=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOPOCrYV26HcSTNtaCYzJHeEMvQt3LhQxEdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW64aPFUpeYxQiuU1KJFkpR4zIzAJFKiE41vZnnnWRgrU/1Ak0yECQ61jCVHctZT0eOo2N20r/u1ut/w52LrECyhDks1+7Wv3iDleSI0cYXWdgM/o7BAQ5IrMa30cisy5GMciq5DjYmwYTGfeMrOnDNgcWrc0cTm7u8XBSbWTpLI3UyQRnY1m5n/Zd2c4quwkDrLSWi++CjOFaOUzdZnA2kEJzVxgNxINyvjIzTIyZVUcSUEqyuvQ/uiEfiN4N6HMpzAKZxDAJdwDbfQhBZw0PACb/DuWe/V+1jUVfKWvR3DH3mfPwIgj0I=</latexit><latexit sha1_base64="RfXLspt5uYREuN8KAKJEmh2nZzI=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOPOCrYV26HcSTNtaCYzJHeEMvQt3LhQxEdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW64aPFUpeYxQiuU1KJFkpR4zIzAJFKiE41vZnnnWRgrU/1Ak0yECQ61jCVHctZT0eOo2N20r/u1ut/w52LrECyhDks1+7Wv3iDleSI0cYXWdgM/o7BAQ5IrMa30cisy5GMciq5DjYmwYTGfeMrOnDNgcWrc0cTm7u8XBSbWTpLI3UyQRnY1m5n/Zd2c4quwkDrLSWi++CjOFaOUzdZnA2kEJzVxgNxINyvjIzTIyZVUcSUEqyuvQ/uiEfiN4N6HMpzAKZxDAJdwDbfQhBZw0PACb/DuWe/V+1jUVfKWvR3DH3mfPwIgj0I=</latexit><latexit sha1_base64="ZURmNH/+GW3IUp5QReR3ziLwdDI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHoxZsV7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqKGvRWMSqG6BmgkvWMtwI1k0UwygQrBNMbnK/88SU5rF8MNOE+RGOJA85RWOlx6xPUZC72UAOqjW37s5BVolXkBoUaA6qX/1hTNOISUMFat3z3MT4GSrDqWCzSj/VLEE6wRHrWSoxYtrP5hfPyJlVhiSMlS1pyFz9PZFhpPU0CmxnhGasl71c/M/rpSa88jMuk9QwSReLwlQQE5P8fTLkilEjppYgVdzeSugYFVJjQ6rYELzll1dJ+6LuuXXv3q01ros4ynACp3AOHlxCA26hCS2gIOEZXuHN0c6L8+58LFpLTjFzDH/gfP4AO96Qmg==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit>

Thus we can relate statements about ETH to 3-pt function

hOnOkOmi ⇠ hEn|Ok|Emi := cnkm
<latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit>

The OPE coefficients satisfy

cnkm = O(Ē)�mn +O(e�S)
<latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit>

in the limit (“middle-weight operators”)n,m � k ⇠ O(1)
<latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit>

[P. Nayak, JS & Vielma]



Large - N: the Schwarzian sector

At low-energy break conformal symmetry. Leading soft-mode physics

We can construct this path integral by reducing from 2D

| �� |
<latexit sha1_base64="Uwl4cF92FxhWQYi9GE+tCTw5A+Y=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6LLoxmUF+4AmlMn0ph06mYSZiVDSrtz4K25cKOLWb3Dn3zhps9DWA5d7OOdeZu4JEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHYxucr/9AFKxWNzrcQJ+RAaChYwSbaSefTzBXkMx7EkiBhywx4uei5OeXXVqzgx4mbgFqaICjZ795fVjmkYgNOVEqa7rJNrPiNSMcphWvFRBQuiIDKBrqCARKD+bnTHFp0bp4zCWpoTGM/X3RkYipcZRYCYjoodq0cvF/7xuqsMrP2MiSTUIOn8oTDnWMc4zwX0mgWo+NoRQycxfMR0SSag2yVVMCO7iycukdV5znZp7d1GtXxdxlNEROkFnyEWXqI5uUQM1EUWP6Bm9ojfryXqx3q2P+WjJKnYO0R9Ynz/hwJgZ</latexit><latexit sha1_base64="Uwl4cF92FxhWQYi9GE+tCTw5A+Y=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6LLoxmUF+4AmlMn0ph06mYSZiVDSrtz4K25cKOLWb3Dn3zhps9DWA5d7OOdeZu4JEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHYxucr/9AFKxWNzrcQJ+RAaChYwSbaSefTzBXkMx7EkiBhywx4uei5OeXXVqzgx4mbgFqaICjZ795fVjmkYgNOVEqa7rJNrPiNSMcphWvFRBQuiIDKBrqCARKD+bnTHFp0bp4zCWpoTGM/X3RkYipcZRYCYjoodq0cvF/7xuqsMrP2MiSTUIOn8oTDnWMc4zwX0mgWo+NoRQycxfMR0SSag2yVVMCO7iycukdV5znZp7d1GtXxdxlNEROkFnyEWXqI5uUQM1EUWP6Bm9ojfryXqx3q2P+WjJKnYO0R9Ynz/hwJgZ</latexit><latexit sha1_base64="Uwl4cF92FxhWQYi9GE+tCTw5A+Y=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6LLoxmUF+4AmlMn0ph06mYSZiVDSrtz4K25cKOLWb3Dn3zhps9DWA5d7OOdeZu4JEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHYxucr/9AFKxWNzrcQJ+RAaChYwSbaSefTzBXkMx7EkiBhywx4uei5OeXXVqzgx4mbgFqaICjZ795fVjmkYgNOVEqa7rJNrPiNSMcphWvFRBQuiIDKBrqCARKD+bnTHFp0bp4zCWpoTGM/X3RkYipcZRYCYjoodq0cvF/7xuqsMrP2MiSTUIOn8oTDnWMc4zwX0mgWo+NoRQycxfMR0SSag2yVVMCO7iycukdV5znZp7d1GtXxdxlNEROkFnyEWXqI5uUQM1EUWP6Bm9ojfryXqx3q2P+WjJKnYO0R9Ynz/hwJgZ</latexit><latexit sha1_base64="Uwl4cF92FxhWQYi9GE+tCTw5A+Y=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiQi6LLoxmUF+4AmlMn0ph06mYSZiVDSrtz4K25cKOLWb3Dn3zhps9DWA5d7OOdeZu4JEs6Udpxvq7Syura+Ud6sbG3v7O7Z+wctFaeSQpPGPJadgCjgTEBTM82hk0ggUcChHYxucr/9AFKxWNzrcQJ+RAaChYwSbaSefTzBXkMx7EkiBhywx4uei5OeXXVqzgx4mbgFqaICjZ795fVjmkYgNOVEqa7rJNrPiNSMcphWvFRBQuiIDKBrqCARKD+bnTHFp0bp4zCWpoTGM/X3RkYipcZRYCYjoodq0cvF/7xuqsMrP2MiSTUIOn8oTDnWMc4zwX0mgWo+NoRQycxfMR0SSag2yVVMCO7iycukdV5znZp7d1GtXxdxlNEROkFnyEWXqI5uUQM1EUWP6Bm9ojfryXqx3q2P+WjJKnYO0R9Ynz/hwJgZ</latexit>

f(⌧c)
<latexit sha1_base64="vcE7enhPQQgAuD+uicqyFraU2Xk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZbtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY38789hPXRsTRA04S7is6jEQoGEUrPYbVHtK0z8775Ypbc+cgq8TLSQVyNPrlr94gZqniETJJjel6boJ+RjUKJvm01EsNTygb0yHvWhpRxY2fzQ+ekjOrDEgYa1sRkrn6eyKjypiJCmynojgyy95M/M/rphhe+5mIkhR5xBaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S1kXNc2ve/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDH7+P8w==</latexit><latexit sha1_base64="vcE7enhPQQgAuD+uicqyFraU2Xk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZbtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY38789hPXRsTRA04S7is6jEQoGEUrPYbVHtK0z8775Ypbc+cgq8TLSQVyNPrlr94gZqniETJJjel6boJ+RjUKJvm01EsNTygb0yHvWhpRxY2fzQ+ekjOrDEgYa1sRkrn6eyKjypiJCmynojgyy95M/M/rphhe+5mIkhR5xBaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S1kXNc2ve/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDH7+P8w==</latexit><latexit sha1_base64="vcE7enhPQQgAuD+uicqyFraU2Xk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZbtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY38789hPXRsTRA04S7is6jEQoGEUrPYbVHtK0z8775Ypbc+cgq8TLSQVyNPrlr94gZqniETJJjel6boJ+RjUKJvm01EsNTygb0yHvWhpRxY2fzQ+ekjOrDEgYa1sRkrn6eyKjypiJCmynojgyy95M/M/rphhe+5mIkhR5xBaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S1kXNc2ve/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDH7+P8w==</latexit><latexit sha1_base64="vcE7enhPQQgAuD+uicqyFraU2Xk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZbtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY38789hPXRsTRA04S7is6jEQoGEUrPYbVHtK0z8775Ypbc+cgq8TLSQVyNPrlr94gZqniETJJjel6boJ+RjUKJvm01EsNTygb0yHvWhpRxY2fzQ+ekjOrDEgYa1sRkrn6eyKjypiJCmynojgyy95M/M/rphhe+5mIkhR5xBaLwlQSjMnsezIQmjOUE0so08LeStiIasrQZlSyIXjLL6+S1kXNc2ve/WWlfpPHUYQTOIUqeHAFdbiDBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDH7+P8w==</latexit>
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Figure 1: We obtain results on Schwarzian correlation functions by taking an appropriate

limit of 2D Liouville theory with boundary conditions, or equivalently (as shown on the left)

with the corresponding boundary states (details in section 2.3). The full cylinder is obtained

when we implement the ZZ boundary condition via a doubling trick, allowing us to extend

the field periodically. The resulting theory on the torus is then reduced to one dimension and

gives rise to correlation functions in the Schwarzian theory with respect to the pure-state

density operator ⇢ = � �� �.

in [17,38], but we extend it here to include more general boundary conditions that allow us

to deal with a general class of pure states. In section 3 we then analyze the semiclassical

limit of the correlation functions of interest and in particular provide a general proof that the

heavy pure states of interest scramble as e�ciently as the thermal ensemble, a result we refer

to as extended ETH. Finally, section 4 makes full use of the construction of the Schwarzian

theory in terms of boundary Liouville CFT to write down exact quantum expressions for the

various pure-state expectation values considered in section 3. We also demonstrate that the

exact expressions agree with semiclassics when expanded in that limit. We finally discuss

our results and provide a perspective on open issues in the Conclusions section.

1.1 Summary of results

One of the main goals of this work is to establish results for correlation functions in pure

states

Tr �⇢ O`1(⌧1, ⌧
′

1)�O`n
(⌧n, ⌧ ′n)� , ⇢ = � �� � (1.2)

where � � is either an eigenstate of the Schwarzian theory

H �E(k)� = k2

2C
�E(k)� , (1.3)

or a pure coherent state of the type

�Er� ∼ erV �E� (1.4)

4
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Liouville
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path integral
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1 Introduction

The Schwarzian theory, namely the theory defined by the path integral

� Dµ(f)eC ∫ {f(⌧),⌧}d⌧ (1.1)

where {f ; ⌧} is the Schwarzian derivative and Dµ(f) is the appropriate measure on Di↵(S1),
plays a key role in various di↵erent recent developments in low-dimensional holography. It

appears as the low-energy description [1] of the SYK model [2, 3], as well as related tensor

models [4–6]. It can also be shown [7–10] to arise in two-dimensional gravity theories, notably

in the JT model [11,12]. Furthermore it allows one to establish results on thermal properties

of eigenstates and more general pure states in 2D CFT [13–21]. In all these situations the

appearance of the Schwarzian is intimately related to conformal (Virasoro) symmetry and

2
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Working with eigenstates in CFT2

z
Insert a primary operator at the origin

prepare eigenstate
on cylinder

|h, h̄i := Oh,h̄(0)|0i
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Oh,h̄
<latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit><latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit><latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit>

This allows us to compute

[T Anous, JS]

Let us now consider our second holographic lamp post: 
sparse-spectrum CFT2 [HKS,…]

hh, h̄|Q|h0h0i = hn|Q|n0i
<latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="k5Z26YdYIBCXBqgxn4oQX+QUbDw="></latexit><latexit sha1_base64="k5Z26YdYIBCXBqgxn4oQX+QUbDw="></latexit><latexit sha1_base64="Wkr8MzbzYcBpqDpciXYfVRflhs4="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit><latexit sha1_base64="TfmbHcpVdSpmwxX/H7bpN6sq+k8="></latexit>



A little Cardy-ology  

Conformal correlators obey tensor transformation laws

hO(z1)O(z2) · · · i = (w0)
h1 (w0)

h2
· · · hO(w(z1))O(w(z2)) · · · i

<latexit sha1_base64="6J+OMZ6acNdp3n3iLGD9ggy4Nbo="></latexit><latexit sha1_base64="6J+OMZ6acNdp3n3iLGD9ggy4Nbo="></latexit><latexit sha1_base64="6J+OMZ6acNdp3n3iLGD9ggy4Nbo="></latexit>

z

�
<latexit sha1_base64="NljbNfGnqkq5jNqqrXJedR6LVG0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20psMmZ1dZnqFsOQbvHhQ8eoPefNv3DyE+CpoKKq66e4KEiUtue6HU1haXlldK66XNja3tnfKu3t3Nk6NQE/EKjatgFtUUqNHkhS2EoM8ChQ2g+HVxG/eo7Ey1rc0StCPeF/LUApOueR1AiTeLVdqVXcK5v4iX1YF5mh0y++dXizSCDUJxa1t19yE/IwbkkLhuNRJLSZcDHkf2znVPELrZ9Njx+woV3osjE1emthUXZzIeGTtKAryzojTwP70JuJfXjul8NzPpE5SQi1mi8JUMYrZ5HPWkwYFqVFOuDAyv5WJATdcUJ5PaTGE/4l3Ur2oujenlfrlPI0iHMAhHEMNzqAO19AADwRIeIAneHa08+i8OK+z1oIzn9mHb3DePgEx5Y54</latexit><latexit sha1_base64="NljbNfGnqkq5jNqqrXJedR6LVG0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20psMmZ1dZnqFsOQbvHhQ8eoPefNv3DyE+CpoKKq66e4KEiUtue6HU1haXlldK66XNja3tnfKu3t3Nk6NQE/EKjatgFtUUqNHkhS2EoM8ChQ2g+HVxG/eo7Ey1rc0StCPeF/LUApOueR1AiTeLVdqVXcK5v4iX1YF5mh0y++dXizSCDUJxa1t19yE/IwbkkLhuNRJLSZcDHkf2znVPELrZ9Njx+woV3osjE1emthUXZzIeGTtKAryzojTwP70JuJfXjul8NzPpE5SQi1mi8JUMYrZ5HPWkwYFqVFOuDAyv5WJATdcUJ5PaTGE/4l3Ur2oujenlfrlPI0iHMAhHEMNzqAO19AADwRIeIAneHa08+i8OK+z1oIzn9mHb3DePgEx5Y54</latexit><latexit sha1_base64="NljbNfGnqkq5jNqqrXJedR6LVG0=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF20psMmZ1dZnqFsOQbvHhQ8eoPefNv3DyE+CpoKKq66e4KEiUtue6HU1haXlldK66XNja3tnfKu3t3Nk6NQE/EKjatgFtUUqNHkhS2EoM8ChQ2g+HVxG/eo7Ey1rc0StCPeF/LUApOueR1AiTeLVdqVXcK5v4iX1YF5mh0y++dXizSCDUJxa1t19yE/IwbkkLhuNRJLSZcDHkf2znVPELrZ9Njx+woV3osjE1emthUXZzIeGTtKAryzojTwP70JuJfXjul8NzPpE5SQi1mi8JUMYrZ5HPWkwYFqVFOuDAyv5WJATdcUJ5PaTGE/4l3Ur2oujenlfrlPI0iHMAhHEMNzqAO19AADwRIeIAneHa08+i8OK+z1oIzn9mHb3DePgEx5Y54</latexit>

1

(z1 � z2)2h1
<latexit sha1_base64="NHt/Os2X0Y03ouOVrlgekBFRWfE=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EixCPViSIqi3ohePFYwttDVstpt26WYTdjdCGwJe/CtePKh49Vd489+4bXPQ6oOBx3szzMzzY0alsu0vo7CwuLS8Ulwtra1vbG6Z2zu3MkoEJi6OWCRaPpKEUU5cRRUjrVgQFPqMNP3h5cRv3hMhacRv1Cgm3RD1OQ0oRkpLnrnXCQTCqZOllbHnHI+92tFdWht4TpZ5Ztmu2lNYf4mTkzLkaHjmZ6cX4SQkXGGGpGw7dqy6KRKKYkayUieRJEZ4iPqkrSlHIZHddPpDZh1qpWcFkdDFlTVVf06kKJRyFPq6M0RqIOe9ifif105UcNZNKY8TRTieLQoSZqnImgRi9aggWLGRJggLqm+18ADpUJSOraRDcOZf/kvcWvW8al+flOsXeRpF2IcDqIADp1CHK2iACxge4Ale4NV4NJ6NN+N91low8pld+AXj4xsH0Zau</latexit><latexit sha1_base64="NHt/Os2X0Y03ouOVrlgekBFRWfE=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EixCPViSIqi3ohePFYwttDVstpt26WYTdjdCGwJe/CtePKh49Vd489+4bXPQ6oOBx3szzMzzY0alsu0vo7CwuLS8Ulwtra1vbG6Z2zu3MkoEJi6OWCRaPpKEUU5cRRUjrVgQFPqMNP3h5cRv3hMhacRv1Cgm3RD1OQ0oRkpLnrnXCQTCqZOllbHnHI+92tFdWht4TpZ5Ztmu2lNYf4mTkzLkaHjmZ6cX4SQkXGGGpGw7dqy6KRKKYkayUieRJEZ4iPqkrSlHIZHddPpDZh1qpWcFkdDFlTVVf06kKJRyFPq6M0RqIOe9ifif105UcNZNKY8TRTieLQoSZqnImgRi9aggWLGRJggLqm+18ADpUJSOraRDcOZf/kvcWvW8al+flOsXeRpF2IcDqIADp1CHK2iACxge4Ale4NV4NJ6NN+N91low8pld+AXj4xsH0Zau</latexit><latexit sha1_base64="NHt/Os2X0Y03ouOVrlgekBFRWfE=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EixCPViSIqi3ohePFYwttDVstpt26WYTdjdCGwJe/CtePKh49Vd489+4bXPQ6oOBx3szzMzzY0alsu0vo7CwuLS8Ulwtra1vbG6Z2zu3MkoEJi6OWCRaPpKEUU5cRRUjrVgQFPqMNP3h5cRv3hMhacRv1Cgm3RD1OQ0oRkpLnrnXCQTCqZOllbHnHI+92tFdWht4TpZ5Ztmu2lNYf4mTkzLkaHjmZ6cX4SQkXGGGpGw7dqy6KRKKYkayUieRJEZ4iPqkrSlHIZHddPpDZh1qpWcFkdDFlTVVf06kKJRyFPq6M0RqIOe9ifif105UcNZNKY8TRTieLQoSZqnImgRi9aggWLGRJggLqm+18ADpUJSOraRDcOZf/kvcWvW8al+flOsXeRpF2IcDqIADp1CHK2iACxge4Ale4NV4NJ6NN+N91low8pld+AXj4xsH0Zau</latexit>

✓
⇡

�

◆2h 1
⇣
sinh

h
⇡
� (x12 + i⌧12)

i⌘2h

<latexit sha1_base64="RAJKa70+/6IyTPNF0FWERUKu1Hw="></latexit><latexit sha1_base64="RAJKa70+/6IyTPNF0FWERUKu1Hw="></latexit><latexit sha1_base64="RAJKa70+/6IyTPNF0FWERUKu1Hw="></latexit>

z = e
2⇡
� (x+i⌧)

<latexit sha1_base64="tYfNLD1EtkA3AaLTUYF3H4MIhl0=">AAACDnicbVA9SwNBEN2L3/ErammzGJSIEC4iqIUg2lgqGBPInWFvM5cs7n2wOyfG4/6BjX/FxkLF1trOf+MmXqGJDwYe780wM8+LpdBo219WYWJyanpmdq44v7C4tFxaWb3SUaI41HkkI9X0mAYpQqijQAnNWAELPAkN7+Z04DduQWkRhZfYj8ENWDcUvuAMjdQubd3TIwrXqeMrxtNdJxZZ6niALKOVO7pDhYMs2c7apbJdtYeg46SWkzLJcd4ufTqdiCcBhMgl07pVs2N0U6ZQcAlZ0Uk0xIzfsC60DA1ZANpNh/9kdNMoHepHylSIdKj+nkhZoHU/8ExnwLCnR72B+J/XStA/cFMRxglCyH8W+YmkGNFBOLQjFHCUfUMYV8LcSnmPmWTQRFg0IdRGXx4n9d3qYdW+2Csfn+RpzJJ1skEqpEb2yTE5I+ekTjh5IE/khbxaj9az9Wa9/7QWrHxmjfyB9fENn7mbVg==</latexit><latexit sha1_base64="tYfNLD1EtkA3AaLTUYF3H4MIhl0=">AAACDnicbVA9SwNBEN2L3/ErammzGJSIEC4iqIUg2lgqGBPInWFvM5cs7n2wOyfG4/6BjX/FxkLF1trOf+MmXqGJDwYe780wM8+LpdBo219WYWJyanpmdq44v7C4tFxaWb3SUaI41HkkI9X0mAYpQqijQAnNWAELPAkN7+Z04DduQWkRhZfYj8ENWDcUvuAMjdQubd3TIwrXqeMrxtNdJxZZ6niALKOVO7pDhYMs2c7apbJdtYeg46SWkzLJcd4ufTqdiCcBhMgl07pVs2N0U6ZQcAlZ0Uk0xIzfsC60DA1ZANpNh/9kdNMoHepHylSIdKj+nkhZoHU/8ExnwLCnR72B+J/XStA/cFMRxglCyH8W+YmkGNFBOLQjFHCUfUMYV8LcSnmPmWTQRFg0IdRGXx4n9d3qYdW+2Csfn+RpzJJ1skEqpEb2yTE5I+ekTjh5IE/khbxaj9az9Wa9/7QWrHxmjfyB9fENn7mbVg==</latexit><latexit sha1_base64="tYfNLD1EtkA3AaLTUYF3H4MIhl0=">AAACDnicbVA9SwNBEN2L3/ErammzGJSIEC4iqIUg2lgqGBPInWFvM5cs7n2wOyfG4/6BjX/FxkLF1trOf+MmXqGJDwYe780wM8+LpdBo219WYWJyanpmdq44v7C4tFxaWb3SUaI41HkkI9X0mAYpQqijQAnNWAELPAkN7+Z04DduQWkRhZfYj8ENWDcUvuAMjdQubd3TIwrXqeMrxtNdJxZZ6niALKOVO7pDhYMs2c7apbJdtYeg46SWkzLJcd4ufTqdiCcBhMgl07pVs2N0U6ZQcAlZ0Uk0xIzfsC60DA1ZANpNh/9kdNMoHepHylSIdKj+nkhZoHU/8ExnwLCnR72B+J/XStA/cFMRxglCyH8W+YmkGNFBOLQjFHCUfUMYV8LcSnmPmWTQRFg0IdRGXx4n9d3qYdW+2Csfn+RpzJJ1skEqpEb2yTE5I+ekTjh5IE/khbxaj9az9Wa9/7QWrHxmjfyB9fENn7mbVg==</latexit>

= thermal 2pt function!

Can use this to map plane to periodically identified strip



Eigenstate geometry
Schematically, for                                  ,  we have

Heavy states 
that make the geometry

Light operators 
(the non-extensive ones)

z(w)
<latexit sha1_base64="Pa3fS5LtDJcYGQatJjPd0mhKcu0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3U3Y3Sg19C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+64EqzWJ5Z8YJDQQeSBYxgk0uPdUeT3qVqlt3p0CLxCtIFQo0e5Wvbj8mqaDSEI617nhuYoIMK8MIp5NyN9U0wWSEB7RjqcSC6iCb3jpBx1bpoyhWtqRBU/X3RIaF1mMR2k6BzVDPe7n4n9dJTXQRZEwmqaGSzBZFKUcmRvnjqM8UJYaPLcFEMXsrIkOsMDE2nrINwZt/eZH4p/XLunt7Vm1cFWmU4BCOoAYenEMDbqAJPhAYwjO8wpsjnBfn3fmYtS45xcwB/IHz+QP2no23</latexit><latexit sha1_base64="Pa3fS5LtDJcYGQatJjPd0mhKcu0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3U3Y3Sg19C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+64EqzWJ5Z8YJDQQeSBYxgk0uPdUeT3qVqlt3p0CLxCtIFQo0e5Wvbj8mqaDSEI617nhuYoIMK8MIp5NyN9U0wWSEB7RjqcSC6iCb3jpBx1bpoyhWtqRBU/X3RIaF1mMR2k6BzVDPe7n4n9dJTXQRZEwmqaGSzBZFKUcmRvnjqM8UJYaPLcFEMXsrIkOsMDE2nrINwZt/eZH4p/XLunt7Vm1cFWmU4BCOoAYenEMDbqAJPhAYwjO8wpsjnBfn3fmYtS45xcwB/IHz+QP2no23</latexit><latexit sha1_base64="Pa3fS5LtDJcYGQatJjPd0mhKcu0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSLUS0lEUG9FLx4rGFtoQ9lsN+3S3U3Y3Sg19C948aDi1V/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW//XsepItQnMY9VO8Saciapb5jhtJ0oikXIaSscXed+64EqzWJ5Z8YJDQQeSBYxgk0uPdUeT3qVqlt3p0CLxCtIFQo0e5Wvbj8mqaDSEI617nhuYoIMK8MIp5NyN9U0wWSEB7RjqcSC6iCb3jpBx1bpoyhWtqRBU/X3RIaF1mMR2k6BzVDPe7n4n9dJTXQRZEwmqaGSzBZFKUcmRvnjqM8UJYaPLcFEMXsrIkOsMDE2nrINwZt/eZH4p/XLunt7Vm1cFWmU4BCOoAYenEMDbqAJPhAYwjO8wpsjnBfn3fmYtS45xcwB/IHz+QP2no23</latexit>

z w
<latexit sha1_base64="VX6spFr9y7k2umIQgu2H6urD4gg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Sgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9SyozO</latexit><latexit sha1_base64="VX6spFr9y7k2umIQgu2H6urD4gg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Sgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9SyozO</latexit><latexit sha1_base64="VX6spFr9y7k2umIQgu2H6urD4gg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx5bMLbQhrLZTtq1m03Y3Sgl9Bd48aDi1b/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH9wr+NUMfRYLGLVDqhGwSV6hhuB7UQhjQKBrWB0M/Vbj6g0j+WdGSfoR3QgecgZNVZqPvXKFbfqzkCWSS0nFcjR6JW/uv2YpRFKwwTVulNzE+NnVBnOBE5K3VRjQtmIDrBjqaQRaj+bHTohJ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1ISXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2ZRsCLXFl5eJd1a9qrrN80r9Ok+jCEdwDKdQgwuowy00wAMGCM/wCm/Og/PivDsf89aCk88cwh84nz9SyozO</latexit>

such that

Idea: Casimir energy of w-geometry takes care of heavy states

hh|Q(z1) · · · QnL |hi
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T̃ (w) = "TL(w)
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Thermal eigenstates
heavy states approximate thermal ensemble up to exponential corrections
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By applying this to a basis of light operators we have the statement

2D holographic CFT satisfy an extended version of ETH

True for id domination Non-id contributions 
 get corrected

[T Anous, JS]

TrHQc |EihE| = TrHQc e
��H +O(e�c)
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Quantum butterfly [T Anous, JS]

Corollary: 4-pt OTOC of        ⇨  given by single “papillon” exchange:

�h(E) =
2⇡

�
= |↵|

<latexit sha1_base64="vMgn30i93lHVohO6W0eprEXgQDM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpCRFUBdCUQSXFYwtNKXcTCfN0MmDmYlQ0vyEG3/FjQsVty7c+TdOHwttPTBwOOdc7tzjJZxJZVnfxsLi0vLKamGtuL6xubVt7uzeyzgVhDok5rFoeiApZxF1FFOcNhNBIfQ4bXj9q5HfeKBCsji6U4OEtkPoRcxnBJSWOuaxy3W4C52gfH2EL7DrCyBZ1U1YnrkeVZBrcegCTwIYdsySVbHGwPPEnpISmqLeMb/cbkzSkEaKcJCyZVuJamcgFCOc5kU3lTQB0ocebWkaQUhlOxtfleNDrXSxHwv9IoXH6u+JDEIpB6GnkyGoQM56I/E/r5Uq/6ydsShJFY3IZJGfcqxiPKoId5mgRPGBJkAE03/FJADdi9JFFnUJ9uzJ88SpVs4r1u1JqXY5baOA9tEBKiMbnaIaukF15CCCHtEzekVvxpPxYrwbH5PogjGd2UN/YHz+AFsanes=</latexit><latexit sha1_base64="vMgn30i93lHVohO6W0eprEXgQDM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpCRFUBdCUQSXFYwtNKXcTCfN0MmDmYlQ0vyEG3/FjQsVty7c+TdOHwttPTBwOOdc7tzjJZxJZVnfxsLi0vLKamGtuL6xubVt7uzeyzgVhDok5rFoeiApZxF1FFOcNhNBIfQ4bXj9q5HfeKBCsji6U4OEtkPoRcxnBJSWOuaxy3W4C52gfH2EL7DrCyBZ1U1YnrkeVZBrcegCTwIYdsySVbHGwPPEnpISmqLeMb/cbkzSkEaKcJCyZVuJamcgFCOc5kU3lTQB0ocebWkaQUhlOxtfleNDrXSxHwv9IoXH6u+JDEIpB6GnkyGoQM56I/E/r5Uq/6ydsShJFY3IZJGfcqxiPKoId5mgRPGBJkAE03/FJADdi9JFFnUJ9uzJ88SpVs4r1u1JqXY5baOA9tEBKiMbnaIaukF15CCCHtEzekVvxpPxYrwbH5PogjGd2UN/YHz+AFsanes=</latexit><latexit sha1_base64="vMgn30i93lHVohO6W0eprEXgQDM=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpCRFUBdCUQSXFYwtNKXcTCfN0MmDmYlQ0vyEG3/FjQsVty7c+TdOHwttPTBwOOdc7tzjJZxJZVnfxsLi0vLKamGtuL6xubVt7uzeyzgVhDok5rFoeiApZxF1FFOcNhNBIfQ4bXj9q5HfeKBCsji6U4OEtkPoRcxnBJSWOuaxy3W4C52gfH2EL7DrCyBZ1U1YnrkeVZBrcegCTwIYdsySVbHGwPPEnpISmqLeMb/cbkzSkEaKcJCyZVuJamcgFCOc5kU3lTQB0ocebWkaQUhlOxtfleNDrXSxHwv9IoXH6u+JDEIpB6GnkyGoQM56I/E/r5Uq/6ydsShJFY3IZJGfcqxiPKoId5mgRPGBJkAE03/FJADdi9JFFnUJ9uzJ88SpVs4r1u1JqXY5baOA9tEBKiMbnaIaukF15CCCHtEzekVvxpPxYrwbH5PogjGd2UN/YHz+AFsanes=</latexit>

Q
<latexit sha1_base64="8nNjXfMbJMi+X3RdAxs1tub7DL8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rEF+yHtUrJptg1NskuSFcrSX+HFgyJe/Tne/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOiXXSY9anRODmrDyoVL2aNwdeJX5BqlCgMah89YcxTSVTlgpiTM/3EhtkRFtOBZuV+6lhCaETMmI9RxWRzATZ/OAZPnfKEEexdqUsnqu/JzIijZnK0HVKYsdm2cvF/7xeaqObIOMqSS1TdLEoSgW2Mc6/x0OuGbVi6gihmrtbMR0TTah1GeUh+Msvr5L2Zc33an7zqlq/LeIowSmcwQX4cA11uIcGtICChGd4hTek0Qt6Rx+L1jVUzJzAH6DPH/A6j9M=</latexit><latexit sha1_base64="8nNjXfMbJMi+X3RdAxs1tub7DL8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rEF+yHtUrJptg1NskuSFcrSX+HFgyJe/Tne/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOiXXSY9anRODmrDyoVL2aNwdeJX5BqlCgMah89YcxTSVTlgpiTM/3EhtkRFtOBZuV+6lhCaETMmI9RxWRzATZ/OAZPnfKEEexdqUsnqu/JzIijZnK0HVKYsdm2cvF/7xeaqObIOMqSS1TdLEoSgW2Mc6/x0OuGbVi6gihmrtbMR0TTah1GeUh+Msvr5L2Zc33an7zqlq/LeIowSmcwQX4cA11uIcGtICChGd4hTek0Qt6Rx+L1jVUzJzAH6DPH/A6j9M=</latexit><latexit sha1_base64="8nNjXfMbJMi+X3RdAxs1tub7DL8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rEF+yHtUrJptg1NskuSFcrSX+HFgyJe/Tne/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOiXXSY9anRODmrDyoVL2aNwdeJX5BqlCgMah89YcxTSVTlgpiTM/3EhtkRFtOBZuV+6lhCaETMmI9RxWRzATZ/OAZPnfKEEexdqUsnqu/JzIijZnK0HVKYsdm2cvF/7xeaqObIOMqSS1TdLEoSgW2Mc6/x0OuGbVi6gihmrtbMR0TTah1GeUh+Msvr5L2Zc33an7zqlq/LeIowSmcwQX4cA11uIcGtICChGd4hTek0Qt6Rx+L1jVUzJzAH6DPH/A6j9M=</latexit><latexit sha1_base64="8nNjXfMbJMi+X3RdAxs1tub7DL8=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj04rEF+yHtUrJptg1NskuSFcrSX+HFgyJe/Tne/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOiXXSY9anRODmrDyoVL2aNwdeJX5BqlCgMah89YcxTSVTlgpiTM/3EhtkRFtOBZuV+6lhCaETMmI9RxWRzATZ/OAZPnfKEEexdqUsnqu/JzIijZnK0HVKYsdm2cvF/7xeaqObIOMqSS1TdLEoSgW2Mc6/x0OuGbVi6gihmrtbMR0TTah1GeUh+Msvr5L2Zc33an7zqlq/LeIowSmcwQX4cA11uIcGtICChGd4hTek0Qt6Rx+L1jVUzJzAH6DPH/A6j9M=</latexit>

⇠<latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit>hO Wt V Wt V Oi
<latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit>
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<latexit sha1_base64="RVLmiJJ8pSKME7icAVut2MdAiZM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBiyURQY9FLx4r2A9oYtlsJ+3S3STsboQS8ge8+Fe8eFDEq3dv/hu3aQ/a+mDg8d4MM/OChDOlHefbKi0tr6yuldcrG5tb2zv27l5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSefeQpJrAXSkIzN89UjgsB7rNT5hGeDAnWec+uOjWnAF4k7oxU0QyNnv3l9WOaCog05USprusk2s+I1IxyyCteqiAhdEQG0DU0IgKUnxXf5PjYKH0cxtJUpHGh/p7IiFBqLALTKYgeqnlvIv7ndVMdXvoZi5JUQ0Sni8KUYx3jSTS4zyRQzceGECqZuRXTITHJaBNgxYTgzr+8SFpnNdepubfn1frVLI4yOkCH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFtLVmzmX30B9bnDxoym5A=</latexit><latexit sha1_base64="RVLmiJJ8pSKME7icAVut2MdAiZM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBiyURQY9FLx4r2A9oYtlsJ+3S3STsboQS8ge8+Fe8eFDEq3dv/hu3aQ/a+mDg8d4MM/OChDOlHefbKi0tr6yuldcrG5tb2zv27l5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSefeQpJrAXSkIzN89UjgsB7rNT5hGeDAnWec+uOjWnAF4k7oxU0QyNnv3l9WOaCog05USprusk2s+I1IxyyCteqiAhdEQG0DU0IgKUnxXf5PjYKH0cxtJUpHGh/p7IiFBqLALTKYgeqnlvIv7ndVMdXvoZi5JUQ0Sni8KUYx3jSTS4zyRQzceGECqZuRXTITHJaBNgxYTgzr+8SFpnNdepubfn1frVLI4yOkCH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFtLVmzmX30B9bnDxoym5A=</latexit><latexit sha1_base64="RVLmiJJ8pSKME7icAVut2MdAiZM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBiyURQY9FLx4r2A9oYtlsJ+3S3STsboQS8ge8+Fe8eFDEq3dv/hu3aQ/a+mDg8d4MM/OChDOlHefbKi0tr6yuldcrG5tb2zv27l5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSefeQpJrAXSkIzN89UjgsB7rNT5hGeDAnWec+uOjWnAF4k7oxU0QyNnv3l9WOaCog05USprusk2s+I1IxyyCteqiAhdEQG0DU0IgKUnxXf5PjYKH0cxtJUpHGh/p7IiFBqLALTKYgeqnlvIv7ndVMdXvoZi5JUQ0Sni8KUYx3jSTS4zyRQzceGECqZuRXTITHJaBNgxYTgzr+8SFpnNdepubfn1frVLI4yOkCH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFtLVmzmX30B9bnDxoym5A=</latexit><latexit sha1_base64="RVLmiJJ8pSKME7icAVut2MdAiZM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LFbBiyURQY9FLx4r2A9oYtlsJ+3S3STsboQS8ge8+Fe8eFDEq3dv/hu3aQ/a+mDg8d4MM/OChDOlHefbKi0tr6yuldcrG5tb2zv27l5Lxamk0KQxj2UnIAo4i6CpmebQSSQQEXBoB6Prid9+AKlYHN3pcQK+IIOIhYwSbaSefeQpJrAXSkIzN89UjgsB7rNT5hGeDAnWec+uOjWnAF4k7oxU0QyNnv3l9WOaCog05USprusk2s+I1IxyyCteqiAhdEQG0DU0IgKUnxXf5PjYKH0cxtJUpHGh/p7IiFBqLALTKYgeqnlvIv7ndVMdXvoZi5JUQ0Sni8KUYx3jSTS4zyRQzceGECqZuRXTITHJaBNgxYTgzr+8SFpnNdepubfn1frVLI4yOkCH6AS56ALV0Q1qoCai6BE9o1f0Zj1ZL9a79TFtLVmzmX30B9bnDxoym5A=</latexit>

Wt
<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit>

Wt
<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit> V

<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>

V
<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>
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<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit> +
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Figure 1: Application of our main result (1.4) to the butterfly e↵ect (‘scrambling’) in heavy states, i.e.
an out-of-time-order “HHLLLL” correlation function. As indicated in purple, the e↵ect of the heavy
insertions can be interpreted as dressing the propagator, s�1, of the leading mode, the “scramblon” [26],
exchanged between the light operators on the second sheet by the exponential factor s�1 = e�i↵t. In
the ergodic phase, ↵ = i|↵|, this leads to maximal scrambling, while in the non-ergodic phase, ↵ = |↵|,
this results in an oscillatory OTOC. The bulk interpretation of the scramblon picture is a single
graviton exchange in the heavy background. Full details of the calculation summarized here can be
found in section 4 below.

to obtain (1.4), relying on 1/c scalings of the Virasoro generators when computing blocks of the

form HHLL. . .L, whereas we prove this statement using the monodromy method. An important open

problem is to determine the timescale at which the identity block domination breaks down in a given

correlation function, in any given CFT. A natural candidate in sparse large-c theories is the scrambling

time t⇤ itself.

A scrambling phase transition

As we have already remarked, the thermality result (1.4) is valid only for heavy enough states, specif-

ically above the microcanonical BTZ threshold. For such states the system behaves e↵ectively ergod-

ically, the holographic interpretation being that these pure states act as if there were a bulk horizon

causing the exponential Lyapunov behavior. However, below threshold this is not the case, and thus

one might naturally expect the exponential Lyapunov growth to be absent. Below we show that indeed

this is the case, and the scrambling four-point function transitions to an oscillatory behavior. We have

just used our bulk intuition for this transition, which makes it very natural, but it is important to

emphasize that it is very non-trivial from the boundary theory point of view: we have uncovered a

sharp transition in chaotic behavior that signals that the many-body system under consideration goes

from an ergodic phase to a non-ergodic phase. In the discussion section we comment further on our

findings, and comment on its relation to other non-ergodic phases violating ETH, such as many-body

localized (MBL) systems.

At finite temperature, decaying OTOCs arise due to the exchange of a reparametrization mode

or ‘scramblon’ in the Regge correlator (see e.g. [22–25]). As depicted in figure 1, our results imply

that a similar scramblon is responsible for the decay or oscillation of OTO correlators in eigenstates,

depending on whether the eigenstate is above or below the BTZ threshold.

Holographic bulk reconstruction and black holes

Statements of the kind (1.4) are intimately related to a number of recent developments surrounding the

holographic understanding of black holes and their microstates and attempts to address the firewall

paradox raised in [27]. For example the authors of [28] point out that if statements of the type (1.4) &
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With quantum Lyapunov exponent

There is a phase transition to a non-ergodic phase with oscillatory OTOC



Phases of scrambling [T Anous, JS]

[Nayak, JS, Vielma]CFT2 & SYK: Universal description in terms of Diff(S1)

z ZZ FZZT𝛼

hE↵| · · · |E↵i
<latexit sha1_base64="chV28t+R7waz6jhFhPItRIjEhW0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGBF0WRXBZwT6gM5Q7adqGZpIhyQhl2n9w46+4caGIWzfu/BvTB6KtBwKHc87l5p4o4Uwbz/tyckvLK6tr+fXCxubW9o67u1fTMlWEVonkUjUi0JQzQauGGU4biaIQR5zWo/7V2K/fU6WZFHdmkNAwhq5gHUbAWKnlngQcRJdTfN0KgCc9GOKAtKXRePgjBWoSablFr+RNgBeJPyNFNEOl5X4GbUnSmApDOGjd9L3EhBkowwino0KQapoA6UOXNi0VEFMdZpObRvjIKm3ckco+YfBE/T2RQaz1II5sMgbT0/PeWPzPa6amcxFmTCSpoYJMF3VSjo3E44JwmylKDB9YAkQx+1dMeqCAGFtjwZbgz5+8SGqnJd8r+bdnxfLlrI48OkCH6Bj56ByV0Q2qoCoi6AE9oRf06jw6z86b8z6N5pzZzD76A+fjG4hDnfA=</latexit><latexit sha1_base64="chV28t+R7waz6jhFhPItRIjEhW0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGBF0WRXBZwT6gM5Q7adqGZpIhyQhl2n9w46+4caGIWzfu/BvTB6KtBwKHc87l5p4o4Uwbz/tyckvLK6tr+fXCxubW9o67u1fTMlWEVonkUjUi0JQzQauGGU4biaIQR5zWo/7V2K/fU6WZFHdmkNAwhq5gHUbAWKnlngQcRJdTfN0KgCc9GOKAtKXRePgjBWoSablFr+RNgBeJPyNFNEOl5X4GbUnSmApDOGjd9L3EhBkowwino0KQapoA6UOXNi0VEFMdZpObRvjIKm3ckco+YfBE/T2RQaz1II5sMgbT0/PeWPzPa6amcxFmTCSpoYJMF3VSjo3E44JwmylKDB9YAkQx+1dMeqCAGFtjwZbgz5+8SGqnJd8r+bdnxfLlrI48OkCH6Bj56ByV0Q2qoCoi6AE9oRf06jw6z86b8z6N5pzZzD76A+fjG4hDnfA=</latexit><latexit sha1_base64="chV28t+R7waz6jhFhPItRIjEhW0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGBF0WRXBZwT6gM5Q7adqGZpIhyQhl2n9w46+4caGIWzfu/BvTB6KtBwKHc87l5p4o4Uwbz/tyckvLK6tr+fXCxubW9o67u1fTMlWEVonkUjUi0JQzQauGGU4biaIQR5zWo/7V2K/fU6WZFHdmkNAwhq5gHUbAWKnlngQcRJdTfN0KgCc9GOKAtKXRePgjBWoSablFr+RNgBeJPyNFNEOl5X4GbUnSmApDOGjd9L3EhBkowwino0KQapoA6UOXNi0VEFMdZpObRvjIKm3ckco+YfBE/T2RQaz1II5sMgbT0/PeWPzPa6amcxFmTCSpoYJMF3VSjo3E44JwmylKDB9YAkQx+1dMeqCAGFtjwZbgz5+8SGqnJd8r+bdnxfLlrI48OkCH6Bj56ByV0Q2qoCoi6AE9oRf06jw6z86b8z6N5pzZzD76A+fjG4hDnfA=</latexit><latexit sha1_base64="chV28t+R7waz6jhFhPItRIjEhW0=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQF2VGBF0WRXBZwT6gM5Q7adqGZpIhyQhl2n9w46+4caGIWzfu/BvTB6KtBwKHc87l5p4o4Uwbz/tyckvLK6tr+fXCxubW9o67u1fTMlWEVonkUjUi0JQzQauGGU4biaIQR5zWo/7V2K/fU6WZFHdmkNAwhq5gHUbAWKnlngQcRJdTfN0KgCc9GOKAtKXRePgjBWoSablFr+RNgBeJPyNFNEOl5X4GbUnSmApDOGjd9L3EhBkowwino0KQapoA6UOXNi0VEFMdZpObRvjIKm3ckco+YfBE/T2RQaz1II5sMgbT0/PeWPzPa6amcxFmTCSpoYJMF3VSjo3E44JwmylKDB9YAkQx+1dMeqCAGFtjwZbgz5+8SGqnJd8r+bdnxfLlrI48OkCH6Bj56ByV0Q2qoCoi6AE9oRf06jw6z86b8z6N5pzZzD76A+fjG4hDnfA=</latexit>

TrMS1 = �2 cosh⇡↵
<latexit sha1_base64="nRnUBwpdNOqEWgwOuPH5VyYQi0k=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6EYounEjVOwLmhgm00kzdCYJMxOhhHyBG3/FjQtF3Lp25984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7aKG9ube/smnv7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o6uJ330gQtI4aqlxQlyOhhENKEZKS55ZzRzBYUvkN152d2/n8AKe1KGDYxlCJ6HQQSwJkWdWrJo1BVwkdkEqoEDTM7+cQYxTTiKFGZKyb1uJcjMkFMWM5GUnlSRBeISGpK9phDiRbjZ9J4dVrQxgEAtdkYJT9fdEhriUY+7rTo5UKOe9ifif109VcO5mNEpSRSI8WxSkDKoYTrKBAyoIVmysCcKC6lshDpFAWOkEyzoEe/7lRdKp12yrZt+eVhqXRRwlcAiOwDGwwRlogGvQBG2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH61cmpg=</latexit><latexit sha1_base64="nRnUBwpdNOqEWgwOuPH5VyYQi0k=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6EYounEjVOwLmhgm00kzdCYJMxOhhHyBG3/FjQtF3Lp25984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7aKG9ube/smnv7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o6uJ330gQtI4aqlxQlyOhhENKEZKS55ZzRzBYUvkN152d2/n8AKe1KGDYxlCJ6HQQSwJkWdWrJo1BVwkdkEqoEDTM7+cQYxTTiKFGZKyb1uJcjMkFMWM5GUnlSRBeISGpK9phDiRbjZ9J4dVrQxgEAtdkYJT9fdEhriUY+7rTo5UKOe9ifif109VcO5mNEpSRSI8WxSkDKoYTrKBAyoIVmysCcKC6lshDpFAWOkEyzoEe/7lRdKp12yrZt+eVhqXRRwlcAiOwDGwwRlogGvQBG2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH61cmpg=</latexit><latexit sha1_base64="nRnUBwpdNOqEWgwOuPH5VyYQi0k=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6EYounEjVOwLmhgm00kzdCYJMxOhhHyBG3/FjQtF3Lp25984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7aKG9ube/smnv7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o6uJ330gQtI4aqlxQlyOhhENKEZKS55ZzRzBYUvkN152d2/n8AKe1KGDYxlCJ6HQQSwJkWdWrJo1BVwkdkEqoEDTM7+cQYxTTiKFGZKyb1uJcjMkFMWM5GUnlSRBeISGpK9phDiRbjZ9J4dVrQxgEAtdkYJT9fdEhriUY+7rTo5UKOe9ifif109VcO5mNEpSRSI8WxSkDKoYTrKBAyoIVmysCcKC6lshDpFAWOkEyzoEe/7lRdKp12yrZt+eVhqXRRwlcAiOwDGwwRlogGvQBG2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH61cmpg=</latexit><latexit sha1_base64="nRnUBwpdNOqEWgwOuPH5VyYQi0k=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJIi6EYounEjVOwLmhgm00kzdCYJMxOhhHyBG3/FjQtF3Lp25984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7aKG9ube/smnv7HRmnApM2jlksej6ShNGItBVVjPQSQRD3Gen6o6uJ330gQtI4aqlxQlyOhhENKEZKS55ZzRzBYUvkN152d2/n8AKe1KGDYxlCJ6HQQSwJkWdWrJo1BVwkdkEqoEDTM7+cQYxTTiKFGZKyb1uJcjMkFMWM5GUnlSRBeISGpK9phDiRbjZ9J4dVrQxgEAtdkYJT9fdEhriUY+7rTo5UKOe9ifif109VcO5mNEpSRSI8WxSkDKoYTrKBAyoIVmysCcKC6lshDpFAWOkEyzoEe/7lRdKp12yrZt+eVhqXRRwlcAiOwDGwwRlogGvQBG2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH61cmpg=</latexit>

Oh,h̄
<latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit><latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit><latexit sha1_base64="OCa45KRzCQ6th5hZeQPY76/rcfI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICUVQb0VvXizgrGFJoTJdtMs3XywuxFCiH/FiwcVr/4Rb/4bt20O2vpg4PHeDDPz/JQzqSzr21haXlldW69t1De3tnd2zb39B5lkglCbJDwRfR8k5SymtmKK034qKEQ+pz1/fD3xe49USJbE9ypPqRvBKGYBI6C05JmNwiHA8W3pFeGJ44PAYemZTatlTYEXSbsiTVSh65lfzjAhWURjRThIOWhbqXILEIoRTsu6k0maAhnDiA40jSGi0i2mx5f4SCtDHCRCV6zwVP09UUAkZR75ujMCFcp5byL+5w0yFVy4BYvTTNGYzBYFGccqwZMk8JAJShTPNQEimL4VkxAEEKXzqusQ2vMvLxL7tHXZsu7Omp2rKo0aOkCH6Bi10TnqoBvURTYiKEfP6BW9GU/Gi/FufMxal4xqpoH+wPj8AXeUlDM=</latexit>

Monodromy classified according to coadjoint orbits of Diff(S1)

Sparse CFT2 Schwarzian
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Quantum butterfly transition [T Anous, JS]

Hyperbolic orbit (𝝰 ∈ iℝ): chaotic “papillon” exchange

⇠<latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit><latexit sha1_base64="kc5c6gsEtZKPcNR7LcXBcFcl9w8=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOpZ7jsV2t+3Z+DrJKgIDUo0OxXv3qDmKUSlWWCGtMN/MSGGdWWM4GzSi81mFA2oSPsOqqoRBNm81tn5MwpAzKMtStlyVz9PZFRacxURq5TUjs2y14u/ud1Uzu8DjOuktSiYotFw1QQG5P8cTLgGpkVU0co09zdStiYasqsi6fiQgiWX14l7Yt64NeD+8ta46aIowwncArnEMAVNOAOmtACBmN4hld486T34r17H4vWklfMHMMfeJ8/H6+ORw==</latexit>hO Wt V Wt V Oi
<latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit><latexit sha1_base64="FLo30XjQcp9el6D7gwbwJmh3Wcc=">AAACKnicbZDLSgMxFIYz3q23qks3wSK4KGVGBF162bhTwV6gKSWTnmmDmcyQnBHK0Odx46u4caGIWx/EdKygrQcSPv7/HJLzh6mSFn3/3ZubX1hcWl5ZLa2tb2xulbd3GjbJjIC6SFRiWiG3oKSGOkpU0EoN8DhU0AzvL8d+8wGMlYm+w2EKnZj3tYyk4OikbvmcKYiQKa77CmjOBFf0esSqzS6yKm3Qgtw9ph+XMiP7A2SmGOqWK37NL4rOQjCBCpnUTbf8wnqJyGLQKBS3th34KXZyblAKBaMSyyykXNzzPrQdah6D7eTFqiN64JQejRLjjkZaqL8nch5bO4xD1xlzHNhpbyz+57UzjE47udRphqDF90NRpigmdJwb7UkDAtXQARdGur9SMeCGC3TpllwIwfTKs9A4qgV+Lbg9rpxdTOJYIXtknxySgJyQM3JFbkidCPJInskrefOevBfv3fv4bp3zJjO75E95n1/OAKWo</latexit>
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<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit>

Wt
<latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit><latexit sha1_base64="Fnwi+ZHJMV/ddiUtvYe83bVeBrQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpod3Hvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT72jcI=</latexit> V

<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>

V
<latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="sUG5qrSQx7xGRxzjkHy31xbCSZQ=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9keVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fn4GLhw==</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit><latexit sha1_base64="P7mc3gjcRrgVSL+Zc8k+RhpIZFI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AsrGM2g==</latexit>
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Figure 1: Application of our main result (1.4) to the butterfly e↵ect (‘scrambling’) in heavy states, i.e.
an out-of-time-order “HHLLLL” correlation function. As indicated in purple, the e↵ect of the heavy
insertions can be interpreted as dressing the propagator, s�1, of the leading mode, the “scramblon” [26],
exchanged between the light operators on the second sheet by the exponential factor s�1 = e�i↵t. In
the ergodic phase, ↵ = i|↵|, this leads to maximal scrambling, while in the non-ergodic phase, ↵ = |↵|,
this results in an oscillatory OTOC. The bulk interpretation of the scramblon picture is a single
graviton exchange in the heavy background. Full details of the calculation summarized here can be
found in section 4 below.

to obtain (1.4), relying on 1/c scalings of the Virasoro generators when computing blocks of the

form HHLL. . .L, whereas we prove this statement using the monodromy method. An important open

problem is to determine the timescale at which the identity block domination breaks down in a given

correlation function, in any given CFT. A natural candidate in sparse large-c theories is the scrambling

time t⇤ itself.

A scrambling phase transition

As we have already remarked, the thermality result (1.4) is valid only for heavy enough states, specif-

ically above the microcanonical BTZ threshold. For such states the system behaves e↵ectively ergod-

ically, the holographic interpretation being that these pure states act as if there were a bulk horizon

causing the exponential Lyapunov behavior. However, below threshold this is not the case, and thus

one might naturally expect the exponential Lyapunov growth to be absent. Below we show that indeed

this is the case, and the scrambling four-point function transitions to an oscillatory behavior. We have

just used our bulk intuition for this transition, which makes it very natural, but it is important to

emphasize that it is very non-trivial from the boundary theory point of view: we have uncovered a

sharp transition in chaotic behavior that signals that the many-body system under consideration goes

from an ergodic phase to a non-ergodic phase. In the discussion section we comment further on our

findings, and comment on its relation to other non-ergodic phases violating ETH, such as many-body

localized (MBL) systems.

At finite temperature, decaying OTOCs arise due to the exchange of a reparametrization mode

or ‘scramblon’ in the Regge correlator (see e.g. [22–25]). As depicted in figure 1, our results imply

that a similar scramblon is responsible for the decay or oscillation of OTO correlators in eigenstates,

depending on whether the eigenstate is above or below the BTZ threshold.

Holographic bulk reconstruction and black holes

Statements of the kind (1.4) are intimately related to a number of recent developments surrounding the

holographic understanding of black holes and their microstates and attempts to address the firewall

paradox raised in [27]. For example the authors of [28] point out that if statements of the type (1.4) &

4

 

T
F

I
hhE↵|WtVWtV |E↵ii

<latexit sha1_base64="gvKh2eGMbAvBI6jTnExTjopQ85Q=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwVWZE0J1FEVxWsA/olOFOmrahmcyQZIQy7ee48VfciCjSrV9i2hlQWw8k93DuuST3BDFnSjvO1CqsrK6tbxQ3S1vbO7t79v5BQ0WJJLROIh7JVgCKciZoXTPNaSuWFMKA02YwvJn1m49UKhaJBz2KaSeEvmA9RkAbybevPA6iz2le8K3vAY8HgMe46WvcyO7xj+7JzJhX3y47FWcOvEzcnJRRjppvv3ndiCQhFZpwUKrtOrHupCA1I5xOSl6iaAxkCH3aNlRASFUnnS86wSdG6eJeJM0RGs/V3xMphEqNwsA4Q9ADtdibif/12onuXXZSJuJEU0Gyh3oJxzrCs9Rwl0lKNB8ZAkQy81dMBiCBaJNtyYTgLq68TBpnFdepuPfn5ep1HkcRHaFjdIpcdIGq6A7VUB0R9IRe0Dv6sJ6tV+vTmmbWgpXPHKI/sL6+AWNhpY0=</latexit><latexit sha1_base64="gvKh2eGMbAvBI6jTnExTjopQ85Q=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwVWZE0J1FEVxWsA/olOFOmrahmcyQZIQy7ee48VfciCjSrV9i2hlQWw8k93DuuST3BDFnSjvO1CqsrK6tbxQ3S1vbO7t79v5BQ0WJJLROIh7JVgCKciZoXTPNaSuWFMKA02YwvJn1m49UKhaJBz2KaSeEvmA9RkAbybevPA6iz2le8K3vAY8HgMe46WvcyO7xj+7JzJhX3y47FWcOvEzcnJRRjppvv3ndiCQhFZpwUKrtOrHupCA1I5xOSl6iaAxkCH3aNlRASFUnnS86wSdG6eJeJM0RGs/V3xMphEqNwsA4Q9ADtdibif/12onuXXZSJuJEU0Gyh3oJxzrCs9Rwl0lKNB8ZAkQy81dMBiCBaJNtyYTgLq68TBpnFdepuPfn5ep1HkcRHaFjdIpcdIGq6A7VUB0R9IRe0Dv6sJ6tV+vTmmbWgpXPHKI/sL6+AWNhpY0=</latexit><latexit sha1_base64="gvKh2eGMbAvBI6jTnExTjopQ85Q=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwVWZE0J1FEVxWsA/olOFOmrahmcyQZIQy7ee48VfciCjSrV9i2hlQWw8k93DuuST3BDFnSjvO1CqsrK6tbxQ3S1vbO7t79v5BQ0WJJLROIh7JVgCKciZoXTPNaSuWFMKA02YwvJn1m49UKhaJBz2KaSeEvmA9RkAbybevPA6iz2le8K3vAY8HgMe46WvcyO7xj+7JzJhX3y47FWcOvEzcnJRRjppvv3ndiCQhFZpwUKrtOrHupCA1I5xOSl6iaAxkCH3aNlRASFUnnS86wSdG6eJeJM0RGs/V3xMphEqNwsA4Q9ADtdibif/12onuXXZSJuJEU0Gyh3oJxzrCs9Rwl0lKNB8ZAkQy81dMBiCBaJNtyYTgLq68TBpnFdepuPfn5ep1HkcRHaFjdIpcdIGq6A7VUB0R9IRe0Dv6sJ6tV+vTmmbWgpXPHKI/sL6+AWNhpY0=</latexit><latexit sha1_base64="gvKh2eGMbAvBI6jTnExTjopQ85Q=">AAACKHicbVDLSgMxFM3UV62vUZdugkVwVWZE0J1FEVxWsA/olOFOmrahmcyQZIQy7ee48VfciCjSrV9i2hlQWw8k93DuuST3BDFnSjvO1CqsrK6tbxQ3S1vbO7t79v5BQ0WJJLROIh7JVgCKciZoXTPNaSuWFMKA02YwvJn1m49UKhaJBz2KaSeEvmA9RkAbybevPA6iz2le8K3vAY8HgMe46WvcyO7xj+7JzJhX3y47FWcOvEzcnJRRjppvv3ndiCQhFZpwUKrtOrHupCA1I5xOSl6iaAxkCH3aNlRASFUnnS86wSdG6eJeJM0RGs/V3xMphEqNwsA4Q9ADtdibif/12onuXXZSJuJEU0Gyh3oJxzrCs9Rwl0lKNB8ZAkQy81dMBiCBaJNtyYTgLq68TBpnFdepuPfn5ep1HkcRHaFjdIpcdIGq6A7VUB0R9IRe0Dv6sJ6tV+vTmmbWgpXPHKI/sL6+AWNhpY0=</latexit>

hE↵|WtVWtV |E↵i
<latexit sha1_base64="LwrmkA+xdPaBB2F5ZJ8qZeAqFCY=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyowIuiyK4LKCfUCnDHfSTBuayQxJRijTfocbf8WNC0XciRv/xrQzoLYeSDiccy7JPUHCmdKO82UtLa+srq2XNsqbW9s7u/beflPFqSS0QWIey3YAinImaEMzzWk7kRSigNNWMLya+q17KhWLxZ0eJbQbQV+wkBHQRvJt1+Mg+pzia98DngwAj3HL17iZ3+Mf3ZN50LcrTtWZAS8StyAVVKDu2x9eLyZpRIUmHJTquE6iuxlIzQink7KXKpoAGUKfdgwVEFHVzWarTfCxUXo4jKU5QuOZ+nsig0ipURSYZAR6oOa9qfif10l1eNHNmEhSTQXJHwpTjnWMpz3hHpOUaD4yBIhk5q+YDEAC0abNsinBnV95kTRPq65TdW/PKrXLoo4SOkRH6AS56BzV0A2qowYi6AE9oRf0aj1az9ab9Z5Hl6xi5gD9gfX5DaaHn10=</latexit><latexit sha1_base64="LwrmkA+xdPaBB2F5ZJ8qZeAqFCY=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyowIuiyK4LKCfUCnDHfSTBuayQxJRijTfocbf8WNC0XciRv/xrQzoLYeSDiccy7JPUHCmdKO82UtLa+srq2XNsqbW9s7u/beflPFqSS0QWIey3YAinImaEMzzWk7kRSigNNWMLya+q17KhWLxZ0eJbQbQV+wkBHQRvJt1+Mg+pzia98DngwAj3HL17iZ3+Mf3ZN50LcrTtWZAS8StyAVVKDu2x9eLyZpRIUmHJTquE6iuxlIzQink7KXKpoAGUKfdgwVEFHVzWarTfCxUXo4jKU5QuOZ+nsig0ipURSYZAR6oOa9qfif10l1eNHNmEhSTQXJHwpTjnWMpz3hHpOUaD4yBIhk5q+YDEAC0abNsinBnV95kTRPq65TdW/PKrXLoo4SOkRH6AS56BzV0A2qowYi6AE9oRf0aj1az9ab9Z5Hl6xi5gD9gfX5DaaHn10=</latexit><latexit sha1_base64="LwrmkA+xdPaBB2F5ZJ8qZeAqFCY=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyowIuiyK4LKCfUCnDHfSTBuayQxJRijTfocbf8WNC0XciRv/xrQzoLYeSDiccy7JPUHCmdKO82UtLa+srq2XNsqbW9s7u/beflPFqSS0QWIey3YAinImaEMzzWk7kRSigNNWMLya+q17KhWLxZ0eJbQbQV+wkBHQRvJt1+Mg+pzia98DngwAj3HL17iZ3+Mf3ZN50LcrTtWZAS8StyAVVKDu2x9eLyZpRIUmHJTquE6iuxlIzQink7KXKpoAGUKfdgwVEFHVzWarTfCxUXo4jKU5QuOZ+nsig0ipURSYZAR6oOa9qfif10l1eNHNmEhSTQXJHwpTjnWMpz3hHpOUaD4yBIhk5q+YDEAC0abNsinBnV95kTRPq65TdW/PKrXLoo4SOkRH6AS56BzV0A2qowYi6AE9oRf0aj1az9ab9Z5Hl6xi5gD9gfX5DaaHn10=</latexit><latexit sha1_base64="LwrmkA+xdPaBB2F5ZJ8qZeAqFCY=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyowIuiyK4LKCfUCnDHfSTBuayQxJRijTfocbf8WNC0XciRv/xrQzoLYeSDiccy7JPUHCmdKO82UtLa+srq2XNsqbW9s7u/beflPFqSS0QWIey3YAinImaEMzzWk7kRSigNNWMLya+q17KhWLxZ0eJbQbQV+wkBHQRvJt1+Mg+pzia98DngwAj3HL17iZ3+Mf3ZN50LcrTtWZAS8StyAVVKDu2x9eLyZpRIUmHJTquE6iuxlIzQink7KXKpoAGUKfdgwVEFHVzWarTfCxUXo4jKU5QuOZ+nsig0ipURSYZAR6oOa9qfif10l1eNHNmEhSTQXJHwpTjnWMpz3hHpOUaD4yBIhk5q+YDEAC0abNsinBnV95kTRPq65TdW/PKrXLoo4SOkRH6AS56BzV0A2qowYi6AE9oRf0aj1az9ab9Z5Hl6xi5gD9gfX5DaaHn10=</latexit>

[P Nayak, JS, M Vielma]

Elliptic orbit (𝝰 ∈ ℝ): non-ergodic oscillatory OTOC

with maximal Lyapunov �E =
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Parabolic orbit: universal critical transition?



Complexity growth
Similar ideas allow one to compute the growth rate of the Lanczos sequence. 

Start with moments of Liouvillian superoperator:

bn ⇠ ⇡T
p

n(n� 1)
<latexit sha1_base64="FIuORhhCb//6ePbmqOlUokZxRfY=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaLUBeWRARdFt24rNAbNCFMptN26GQSZyZCCd248VXcuFDEre/gzrdx2mah1R8GPv5zDmfOHyacKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdkKsKGeCNjXTnHYSSXEUctoOR9fTevueSsVi0dDjhPoRHgjWZwRrYwX2YRgI5CkWIS9hqGHwTupMVMSpezIJ7LJTdWZCf8HNoQy56oH96fVikkZUaMKxUl3XSbSfYakZ4XRS8lJFE0xGeEC7BgWOqPKz2RUTdGycHurH0jyh0cz9OZHhSKlxFJrOCOuhWqxNzf9q3VT3L/2MiSTVVJD5on7KkY7RNBLUY5ISzccGMJHM/BWRIZaYaBNcyYTgLp78F1pnVdepurfn5dpVHkcRDuAIKuDCBdTgBurQBAIP8AQv8Go9Ws/Wm/U+by1Y+cw+/JL18Q2DYZdJ</latexit><latexit sha1_base64="FIuORhhCb//6ePbmqOlUokZxRfY=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaLUBeWRARdFt24rNAbNCFMptN26GQSZyZCCd248VXcuFDEre/gzrdx2mah1R8GPv5zDmfOHyacKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdkKsKGeCNjXTnHYSSXEUctoOR9fTevueSsVi0dDjhPoRHgjWZwRrYwX2YRgI5CkWIS9hqGHwTupMVMSpezIJ7LJTdWZCf8HNoQy56oH96fVikkZUaMKxUl3XSbSfYakZ4XRS8lJFE0xGeEC7BgWOqPKz2RUTdGycHurH0jyh0cz9OZHhSKlxFJrOCOuhWqxNzf9q3VT3L/2MiSTVVJD5on7KkY7RNBLUY5ISzccGMJHM/BWRIZaYaBNcyYTgLp78F1pnVdepurfn5dpVHkcRDuAIKuDCBdTgBurQBAIP8AQv8Go9Ws/Wm/U+by1Y+cw+/JL18Q2DYZdJ</latexit><latexit sha1_base64="FIuORhhCb//6ePbmqOlUokZxRfY=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaLUBeWRARdFt24rNAbNCFMptN26GQSZyZCCd248VXcuFDEre/gzrdx2mah1R8GPv5zDmfOHyacKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdkKsKGeCNjXTnHYSSXEUctoOR9fTevueSsVi0dDjhPoRHgjWZwRrYwX2YRgI5CkWIS9hqGHwTupMVMSpezIJ7LJTdWZCf8HNoQy56oH96fVikkZUaMKxUl3XSbSfYakZ4XRS8lJFE0xGeEC7BgWOqPKz2RUTdGycHurH0jyh0cz9OZHhSKlxFJrOCOuhWqxNzf9q3VT3L/2MiSTVVJD5on7KkY7RNBLUY5ISzccGMJHM/BWRIZaYaBNcyYTgLp78F1pnVdepurfn5dpVHkcRDuAIKuDCBdTgBurQBAIP8AQv8Go9Ws/Wm/U+by1Y+cw+/JL18Q2DYZdJ</latexit><latexit sha1_base64="FIuORhhCb//6ePbmqOlUokZxRfY=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaLUBeWRARdFt24rNAbNCFMptN26GQSZyZCCd248VXcuFDEre/gzrdx2mah1R8GPv5zDmfOHyacKe04X1ZhaXllda24XtrY3NresXf3WipOJaFNEvNYdkKsKGeCNjXTnHYSSXEUctoOR9fTevueSsVi0dDjhPoRHgjWZwRrYwX2YRgI5CkWIS9hqGHwTupMVMSpezIJ7LJTdWZCf8HNoQy56oH96fVikkZUaMKxUl3XSbSfYakZ4XRS8lJFE0xGeEC7BgWOqPKz2RUTdGycHurH0jyh0cz9OZHhSKlxFJrOCOuhWqxNzf9q3VT3L/2MiSTVVJD5on7KkY7RNBLUY5ISzccGMJHM/BWRIZaYaBNcyYTgLp78F1pnVdepurfn5dpVHkcRDuAIKuDCBdTgBurQBAIP8AQv8Go9Ws/Wm/U+by1Y+cw+/JL18Q2DYZdJ</latexit>

saturation: 2�L = ↵
<latexit sha1_base64="q3EIHnvcwJGqH4KCDNv0chU3n9w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6EYounHhooJ9QBPCzWTSDp1MwsxEqKX4K25cKOLW/3Dn3zhts9DWAwOHc87l3jlhxpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LpbkktElSnspOCIpyJmhTM81pJ5MUkpDTdji4nvjtByoVS8W9HmbUT6AnWMwIaCMF9mENe9zEIwhu8SX2gGd9COyKU3WmwIvELUgFFWgE9pcXpSRPqNCEg1Jd18m0PwKpGeF0XPZyRTMgA+jRrqECEqr80fT6MT4xSoTjVJonNJ6qvydGkCg1TEKTTED31bw3Ef/zurmOL/wRE1muqSCzRXHOsU7xpAocMUmJ5kNDgEhmbsWkDxKINoWVTQnu/JcXSatWdZ2qe3dWqV8VdZTQETpGp8hF56iOblADNRFBj+gZvaI368l6sd6tj1l0ySpmDtAfWJ8/o4eUDA==</latexit><latexit sha1_base64="q3EIHnvcwJGqH4KCDNv0chU3n9w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6EYounHhooJ9QBPCzWTSDp1MwsxEqKX4K25cKOLW/3Dn3zhts9DWAwOHc87l3jlhxpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LpbkktElSnspOCIpyJmhTM81pJ5MUkpDTdji4nvjtByoVS8W9HmbUT6AnWMwIaCMF9mENe9zEIwhu8SX2gGd9COyKU3WmwIvELUgFFWgE9pcXpSRPqNCEg1Jd18m0PwKpGeF0XPZyRTMgA+jRrqECEqr80fT6MT4xSoTjVJonNJ6qvydGkCg1TEKTTED31bw3Ef/zurmOL/wRE1muqSCzRXHOsU7xpAocMUmJ5kNDgEhmbsWkDxKINoWVTQnu/JcXSatWdZ2qe3dWqV8VdZTQETpGp8hF56iOblADNRFBj+gZvaI368l6sd6tj1l0ySpmDtAfWJ8/o4eUDA==</latexit><latexit sha1_base64="q3EIHnvcwJGqH4KCDNv0chU3n9w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6EYounHhooJ9QBPCzWTSDp1MwsxEqKX4K25cKOLW/3Dn3zhts9DWAwOHc87l3jlhxpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LpbkktElSnspOCIpyJmhTM81pJ5MUkpDTdji4nvjtByoVS8W9HmbUT6AnWMwIaCMF9mENe9zEIwhu8SX2gGd9COyKU3WmwIvELUgFFWgE9pcXpSRPqNCEg1Jd18m0PwKpGeF0XPZyRTMgA+jRrqECEqr80fT6MT4xSoTjVJonNJ6qvydGkCg1TEKTTED31bw3Ef/zurmOL/wRE1muqSCzRXHOsU7xpAocMUmJ5kNDgEhmbsWkDxKINoWVTQnu/JcXSatWdZ2qe3dWqV8VdZTQETpGp8hF56iOblADNRFBj+gZvaI368l6sd6tj1l0ySpmDtAfWJ8/o4eUDA==</latexit><latexit sha1_base64="q3EIHnvcwJGqH4KCDNv0chU3n9w=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZIi6EYounHhooJ9QBPCzWTSDp1MwsxEqKX4K25cKOLW/3Dn3zhts9DWAwOHc87l3jlhxpnSjvNtLS2vrK6tlzbKm1vbO7v23n5LpbkktElSnspOCIpyJmhTM81pJ5MUkpDTdji4nvjtByoVS8W9HmbUT6AnWMwIaCMF9mENe9zEIwhu8SX2gGd9COyKU3WmwIvELUgFFWgE9pcXpSRPqNCEg1Jd18m0PwKpGeF0XPZyRTMgA+jRrqECEqr80fT6MT4xSoTjVJonNJ6qvydGkCg1TEKTTED31bw3Ef/zurmOL/wRE1muqSCzRXHOsU7xpAocMUmJ5kNDgEhmbsWkDxKINoWVTQnu/JcXSatWdZ2qe3dWqV8VdZTQETpGp8hF56iOblADNRFBj+gZvaI368l6sd6tj1l0ySpmDtAfWJ8/o4eUDA==</latexit>

[A Saha, JS, M Vielma, M Visser]

µ2n := (O|L
2n
|O)

<latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3JY5H4B70cT1llxme2qsLga88WE=">AAACEHicbZDNSgMxFIXv1L9aq45u3QSLUDdlphtFEAQ3LgQr2B9oa8mkaRuayQxJRijTeQ83voobF4q4cufbmE4H0dYDgY9zEm7u8ULOlHacLyu3srq2vpHfLGwVt3d27b1iQwWRJLROAh7IlocV5UzQumaa01YoKfY9Tpve+HKWNx+oVCwQd3oS0q6Ph4INGMHaWD272vGjXlwVCTo7R2UUdwjm6CZB0wyvk/s0nf5Exz275FScVGgZ3AxKkKnWsz87/YBEPhWacKxU23VC3Y2x1IxwmhQ6kaIhJmM8pG2DAvtUdeN0twQdGaePBoE0R2iUur9fxNhXauJ75qaP9UgtZjPzv6wd6cFpN2YijDQVZD5oEHGkAzQrCvWZpETziQFMJDN/RWSEJSba1FkwJbiLKy9Do1pxnYp760AeDuAQyuDCCVzAFdSgDgQe4Rle4c16sl6s93ldOSvrbR/+yPr4BryBnbo=</latexit><latexit sha1_base64="3JY5H4B70cT1llxme2qsLga88WE=">AAACEHicbZDNSgMxFIXv1L9aq45u3QSLUDdlphtFEAQ3LgQr2B9oa8mkaRuayQxJRijTeQ83voobF4q4cufbmE4H0dYDgY9zEm7u8ULOlHacLyu3srq2vpHfLGwVt3d27b1iQwWRJLROAh7IlocV5UzQumaa01YoKfY9Tpve+HKWNx+oVCwQd3oS0q6Ph4INGMHaWD272vGjXlwVCTo7R2UUdwjm6CZB0wyvk/s0nf5Exz275FScVGgZ3AxKkKnWsz87/YBEPhWacKxU23VC3Y2x1IxwmhQ6kaIhJmM8pG2DAvtUdeN0twQdGaePBoE0R2iUur9fxNhXauJ75qaP9UgtZjPzv6wd6cFpN2YijDQVZD5oEHGkAzQrCvWZpETziQFMJDN/RWSEJSba1FkwJbiLKy9Do1pxnYp760AeDuAQyuDCCVzAFdSgDgQe4Rle4c16sl6s93ldOSvrbR/+yPr4BryBnbo=</latexit><latexit sha1_base64="JW3icqmz1AhDHPYfUHw+QCy1GjQ=">AAACG3icbZDLSsNAFIYnXmu9RV26GSxC3ZSkG0UQim5cCFawF2hjmEwn7dDJJMxMhJLmPdz4Km5cKOJKcOHbOE2DaOuBgY//P4cz5/ciRqWyrC9jYXFpeWW1sFZc39jc2jZ3dpsyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oYXE791T4SkIb9Vo4g4Aepz6lOMlJZcs9oNYjep8hSensEyTLoYMXidwnGOV+ld5o5/rCPXLFkVKys4D3YOJZBX3TU/ur0QxwHhCjMkZce2IuUkSCiKGUmL3ViSCOEh6pOORo4CIp0kuy2Fh1rpQT8U+nEFM/X3RIICKUeBpzsDpAZy1puI/3mdWPknTkJ5FCvC8XSRHzOoQjgJCvaoIFixkQaEBdV/hXiABMJKx1nUIdizJ89Ds1qxrYp9Y5Vq53kcBbAPDkAZ2OAY1MAlqIMGwOABPIEX8Go8Gs/Gm/E+bV0w8pk98KeMz2+PuJ88</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit><latexit sha1_base64="yWvPc7vN2Ezi0VPBm03c6To/JCU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWAR6qYkRVAEoejGhWAFe4Emlsl02g6dTMLMRChp3sONr+LGhSKuBBe+jdM0iLYeGPj4/3M4c34vZFQqy/oycguLS8sr+dXC2vrG5pa5vdOQQSQwqeOABaLlIUkY5aSuqGKkFQqCfI+Rpje8mPjNeyIkDfitGoXE9VGf0x7FSGmpY1YcP+rEFZ7A0zNYgrGDEYPXCRxneJXcpe74xzrsmEWrbKUF58HOoAiyqnXMD6cb4MgnXGGGpGzbVqjcGAlFMSNJwYkkCREeoj5pa+TIJ9KN09sSeKCVLuwFQj+uYKr+noiRL+XI93Snj9RAznoT8T+vHaneiRtTHkaKcDxd1IsYVAGcBAW7VBCs2EgDwoLqv0I8QAJhpeMs6BDs2ZPnoVEp21bZvjkqVs+zOPJgD+yDErDBMaiCS1ADdYDBA3gCL+DVeDSejTfjfdqaM7KZXfCnjM9vkPifQA==</latexit>

Then a recursive algorithm exists, based on the relation
2n commutators with H

b21 · · · b2n = det(µi+j)0i,jn
<latexit sha1_base64="tkFK70jnopRGfrmjXirNoJIHctM=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6AoZaYouhFENy4r2Fro1CGTudW0mcyQ3BHK0C9x46+4caGI4Er/xvSx8HUg5OSce7m5J0ylMOi6n87E5NT0zOzcfGFhcWl5pbi6VjdJpjnUeCIT3QiZASkU1FCghEaqgcWhhKuwezbwr+5AG5GoS+yl0IrZjRJtwRlaKSgehIF3XaE+jxI0NAyUfRxTPwKk236cBbnY7fR3gtz1JVCx1xlcqh8US27ZHYL+Jd6YlMgY1aD47kcJz2JQyCUzpum5KbZyplFwCf2CnxlIGe+yG2haqlgMppUP1+vTLatEtJ1oexTSofq9I2exMb04tJUxw1vz2xuI/3nNDNtHrVyoNENQfDSonUmKCR1kRSOhgaPsWcK4FvavlN8yzTjaRAs2BO/3yn9JvVL23LJ3sV86OR3HMUc2yCbZJh45JCfknFRJjXByTx7JM3lxHpwn59V5G5VOOOOedfIDzscXsRqgXw==</latexit><latexit sha1_base64="tkFK70jnopRGfrmjXirNoJIHctM=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6AoZaYouhFENy4r2Fro1CGTudW0mcyQ3BHK0C9x46+4caGI4Er/xvSx8HUg5OSce7m5J0ylMOi6n87E5NT0zOzcfGFhcWl5pbi6VjdJpjnUeCIT3QiZASkU1FCghEaqgcWhhKuwezbwr+5AG5GoS+yl0IrZjRJtwRlaKSgehIF3XaE+jxI0NAyUfRxTPwKk236cBbnY7fR3gtz1JVCx1xlcqh8US27ZHYL+Jd6YlMgY1aD47kcJz2JQyCUzpum5KbZyplFwCf2CnxlIGe+yG2haqlgMppUP1+vTLatEtJ1oexTSofq9I2exMb04tJUxw1vz2xuI/3nNDNtHrVyoNENQfDSonUmKCR1kRSOhgaPsWcK4FvavlN8yzTjaRAs2BO/3yn9JvVL23LJ3sV86OR3HMUc2yCbZJh45JCfknFRJjXByTx7JM3lxHpwn59V5G5VOOOOedfIDzscXsRqgXw==</latexit><latexit sha1_base64="tkFK70jnopRGfrmjXirNoJIHctM=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6AoZaYouhFENy4r2Fro1CGTudW0mcyQ3BHK0C9x46+4caGI4Er/xvSx8HUg5OSce7m5J0ylMOi6n87E5NT0zOzcfGFhcWl5pbi6VjdJpjnUeCIT3QiZASkU1FCghEaqgcWhhKuwezbwr+5AG5GoS+yl0IrZjRJtwRlaKSgehIF3XaE+jxI0NAyUfRxTPwKk236cBbnY7fR3gtz1JVCx1xlcqh8US27ZHYL+Jd6YlMgY1aD47kcJz2JQyCUzpum5KbZyplFwCf2CnxlIGe+yG2haqlgMppUP1+vTLatEtJ1oexTSofq9I2exMb04tJUxw1vz2xuI/3nNDNtHrVyoNENQfDSonUmKCR1kRSOhgaPsWcK4FvavlN8yzTjaRAs2BO/3yn9JvVL23LJ3sV86OR3HMUc2yCbZJh45JCfknFRJjXByTx7JM3lxHpwn59V5G5VOOOOedfIDzscXsRqgXw==</latexit><latexit sha1_base64="tkFK70jnopRGfrmjXirNoJIHctM=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6AoZaYouhFENy4r2Fro1CGTudW0mcyQ3BHK0C9x46+4caGI4Er/xvSx8HUg5OSce7m5J0ylMOi6n87E5NT0zOzcfGFhcWl5pbi6VjdJpjnUeCIT3QiZASkU1FCghEaqgcWhhKuwezbwr+5AG5GoS+yl0IrZjRJtwRlaKSgehIF3XaE+jxI0NAyUfRxTPwKk236cBbnY7fR3gtz1JVCx1xlcqh8US27ZHYL+Jd6YlMgY1aD47kcJz2JQyCUzpum5KbZyplFwCf2CnxlIGe+yG2haqlgMppUP1+vTLatEtJ1oexTSofq9I2exMb04tJUxw1vz2xuI/3nNDNtHrVyoNENQfDSonUmKCR1kRSOhgaPsWcK4FvavlN8yzTjaRAs2BO/3yn9JvVL23LJ3sV86OR3HMUc2yCbZJh45JCfknFRJjXByTx7JM3lxHpwn59V5G5VOOOOedfIDzscXsRqgXw==</latexit>

For large-c, sparse spectrum 2D CFT:



Summary

SYK & CFT2: solvable models of strongly-correlated many-body systems. 
Interesting in their own right & have a bulk dual  
 
Correlations in individual eigenstates are exponentially close to thermal 
ones, with non-perturbative corrections → extended ETH 

(At subleading order find GGE for primary state) 
 
Eigenstate scramble as fast as the thermal ensemble  
→ e.g.typical states contain (much of) BH interior 

Oscillatory OTOC → non-ergodic phases 

Krylov complexity growth another measure of maximal chaos 

Timescales?

[de Boer et al.]

[Dymarski et al.  
Maloney et al. ]



Chaotic time scales

tT . eN
<latexit sha1_base64="1kgVc1OLHiM9/vA5c5ASyQLfsYs=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHZF0GPRiyep0C9o1yWbzrahSXZJskqp/SlePCji1V/izX9j2u5BWx8MPN6bYWZelHKmjed9Oyura+sbm4Wt4vbO7t6+Wzpo6iRTFBo04YlqR0QDZxIahhkO7VQBERGHVjS8nvqtB1CaJbJuRikEgvQlixklxkqhWzJhHXc5aK2ZwBjub0O37FW8GfAy8XNSRjlqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh46lkgjQwXh2+gSfWKWH40TZkgbP1N8TYyK0HonIdgpiBnrRm4r/eZ3MxJfBmMk0MyDpfFGccWwSPM0B95gCavjIEkIVs7diOiCKUGPTKtoQ/MWXl0nzrOJ7Ff/uvFy9yuMooCN0jE6Rjy5QFd2gGmogih7RM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gAvVpNJ</latexit><latexit sha1_base64="1kgVc1OLHiM9/vA5c5ASyQLfsYs=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHZF0GPRiyep0C9o1yWbzrahSXZJskqp/SlePCji1V/izX9j2u5BWx8MPN6bYWZelHKmjed9Oyura+sbm4Wt4vbO7t6+Wzpo6iRTFBo04YlqR0QDZxIahhkO7VQBERGHVjS8nvqtB1CaJbJuRikEgvQlixklxkqhWzJhHXc5aK2ZwBjub0O37FW8GfAy8XNSRjlqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh46lkgjQwXh2+gSfWKWH40TZkgbP1N8TYyK0HonIdgpiBnrRm4r/eZ3MxJfBmMk0MyDpfFGccWwSPM0B95gCavjIEkIVs7diOiCKUGPTKtoQ/MWXl0nzrOJ7Ff/uvFy9yuMooCN0jE6Rjy5QFd2gGmogih7RM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gAvVpNJ</latexit><latexit sha1_base64="1kgVc1OLHiM9/vA5c5ASyQLfsYs=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHZF0GPRiyep0C9o1yWbzrahSXZJskqp/SlePCji1V/izX9j2u5BWx8MPN6bYWZelHKmjed9Oyura+sbm4Wt4vbO7t6+Wzpo6iRTFBo04YlqR0QDZxIahhkO7VQBERGHVjS8nvqtB1CaJbJuRikEgvQlixklxkqhWzJhHXc5aK2ZwBjub0O37FW8GfAy8XNSRjlqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh46lkgjQwXh2+gSfWKWH40TZkgbP1N8TYyK0HonIdgpiBnrRm4r/eZ3MxJfBmMk0MyDpfFGccWwSPM0B95gCavjIEkIVs7diOiCKUGPTKtoQ/MWXl0nzrOJ7Ff/uvFy9yuMooCN0jE6Rjy5QFd2gGmogih7RM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gAvVpNJ</latexit><latexit sha1_base64="1kgVc1OLHiM9/vA5c5ASyQLfsYs=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHZF0GPRiyep0C9o1yWbzrahSXZJskqp/SlePCji1V/izX9j2u5BWx8MPN6bYWZelHKmjed9Oyura+sbm4Wt4vbO7t6+Wzpo6iRTFBo04YlqR0QDZxIahhkO7VQBERGHVjS8nvqtB1CaJbJuRikEgvQlixklxkqhWzJhHXc5aK2ZwBjub0O37FW8GfAy8XNSRjlqofvV7SU0EyAN5UTrju+lJhgTZRjlMCl2Mw0poUPSh46lkgjQwXh2+gSfWKWH40TZkgbP1N8TYyK0HonIdgpiBnrRm4r/eZ3MxJfBmMk0MyDpfFGccWwSPM0B95gCavjIEkIVs7diOiCKUGPTKtoQ/MWXl0nzrOJ7Ff/uvFy9yuMooCN0jE6Rjy5QFd2gGmogih7RM3pFb86T8+K8Ox/z1hUnnzlEf+B8/gAvVpNJ</latexit>

tH ⇠ O(1)eN
<latexit sha1_base64="NRcsIyqTMYBB++NDq9gRbE+GQ0I=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIuiy6KYrrWAf0MQwmU7aoTOTMDMRSqgbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXk389gORisbiTo8S4nPUFzSiGGkjBfaBDurQU5RDmHkYMXgzrrgn5P46sMtO1ZkCLhI3J2WQoxHYX14vxiknQmOGlOq6TqL9DElNMSPjkpcqkiA8RH3SNVQgTpSfTT8Yw2Oj9GAUS1NCw6n6eyJDXKkRD00nR3qg5r2J+J/XTXV04WdUJKkmAs8WRSmDOoaTOGCPSoI1GxmCsKTmVogHSCKsTWglE4I7//IiaZ1WXafq3p6Va5d5HEVwCI5ABbjgHNRAHTRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkD7xGVQQ==</latexit><latexit sha1_base64="NRcsIyqTMYBB++NDq9gRbE+GQ0I=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIuiy6KYrrWAf0MQwmU7aoTOTMDMRSqgbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXk389gORisbiTo8S4nPUFzSiGGkjBfaBDurQU5RDmHkYMXgzrrgn5P46sMtO1ZkCLhI3J2WQoxHYX14vxiknQmOGlOq6TqL9DElNMSPjkpcqkiA8RH3SNVQgTpSfTT8Yw2Oj9GAUS1NCw6n6eyJDXKkRD00nR3qg5r2J+J/XTXV04WdUJKkmAs8WRSmDOoaTOGCPSoI1GxmCsKTmVogHSCKsTWglE4I7//IiaZ1WXafq3p6Va5d5HEVwCI5ABbjgHNRAHTRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkD7xGVQQ==</latexit><latexit sha1_base64="NRcsIyqTMYBB++NDq9gRbE+GQ0I=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIuiy6KYrrWAf0MQwmU7aoTOTMDMRSqgbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXk389gORisbiTo8S4nPUFzSiGGkjBfaBDurQU5RDmHkYMXgzrrgn5P46sMtO1ZkCLhI3J2WQoxHYX14vxiknQmOGlOq6TqL9DElNMSPjkpcqkiA8RH3SNVQgTpSfTT8Yw2Oj9GAUS1NCw6n6eyJDXKkRD00nR3qg5r2J+J/XTXV04WdUJKkmAs8WRSmDOoaTOGCPSoI1GxmCsKTmVogHSCKsTWglE4I7//IiaZ1WXafq3p6Va5d5HEVwCI5ABbjgHNRAHTRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkD7xGVQQ==</latexit><latexit sha1_base64="NRcsIyqTMYBB++NDq9gRbE+GQ0I=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkIuiy6KYrrWAf0MQwmU7aoTOTMDMRSqgbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXk389gORisbiTo8S4nPUFzSiGGkjBfaBDurQU5RDmHkYMXgzrrgn5P46sMtO1ZkCLhI3J2WQoxHYX14vxiknQmOGlOq6TqL9DElNMSPjkpcqkiA8RH3SNVQgTpSfTT8Yw2Oj9GAUS1NCw6n6eyJDXKkRD00nR3qg5r2J+J/XTXV04WdUJKkmAs8WRSmDOoaTOGCPSoI1GxmCsKTmVogHSCKsTWglE4I7//IiaZ1WXafq3p6Va5d5HEVwCI5ABbjgHNRAHTRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yB9fkD7xGVQQ==</latexit>

level spacing � ⇠ (dimH)�1
⇠ e�N

<latexit sha1_base64="d1wetRcu+XE++QP/5dMzbpuHuys="></latexit><latexit sha1_base64="d1wetRcu+XE++QP/5dMzbpuHuys="></latexit><latexit sha1_base64="d1wetRcu+XE++QP/5dMzbpuHuys="></latexit><latexit sha1_base64="d1wetRcu+XE++QP/5dMzbpuHuys="></latexit>

ts
<latexit sha1_base64="xCZTbbNPWTf3JY4FXin2wqeM1WE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfum71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmgjd4=</latexit><latexit sha1_base64="xCZTbbNPWTf3JY4FXin2wqeM1WE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfum71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmgjd4=</latexit><latexit sha1_base64="xCZTbbNPWTf3JY4FXin2wqeM1WE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfum71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmgjd4=</latexit><latexit sha1_base64="xCZTbbNPWTf3JY4FXin2wqeM1WE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpAfum71a9mjcHWSV+QapQoNF3v3qDhGUxV8gkNabreykGOdUomOTTSi8zPKVsTIe8a6miMTdBPj91Ss6sMiBRom0pJHP190ROY2MmcWg7Y4ojs+zNxP+8bobRdZALlWbIFVssijJJMCGzv8lAaM5QTiyhTAt7K2EjqilDm07FhuAvv7xKWhc136v595fV+k0RRxlO4BTOwYcrqMMdNKAJDIbwDK/w5kjnxXl3PhatJaeYOYY/cD5/AGmgjd4=</latexit>

tE
<latexit sha1_base64="KulMKAGvl5c1YwyJebko2d+5G1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD9i/7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPyPojbA=</latexit><latexit sha1_base64="KulMKAGvl5c1YwyJebko2d+5G1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD9i/7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPyPojbA=</latexit><latexit sha1_base64="KulMKAGvl5c1YwyJebko2d+5G1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD9i/7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPyPojbA=</latexit><latexit sha1_base64="KulMKAGvl5c1YwyJebko2d+5G1c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiCB4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1iJOE+xEdKhEKRtFKD9i/7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVc+teveXlfp1HkcRTuAUzsGDGtThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPyPojbA=</latexit>

tT
<latexit sha1_base64="KXgv5KOv98HruKqZiTrgDWPP5Hk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK30iIPmoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8WpM3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/xMqCRFrthyUZhKgjGZ/02GQnOGcmoJZVrYWwkbU00Z2nRKNgRv9eV10r6qem7Ve7iu1G/zOIpwBudwCR7UoA730IAWMBjBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8ATqkjb8=</latexit><latexit sha1_base64="KXgv5KOv98HruKqZiTrgDWPP5Hk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK30iIPmoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8WpM3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/xMqCRFrthyUZhKgjGZ/02GQnOGcmoJZVrYWwkbU00Z2nRKNgRv9eV10r6qem7Ve7iu1G/zOIpwBudwCR7UoA730IAWMBjBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8ATqkjb8=</latexit><latexit sha1_base64="KXgv5KOv98HruKqZiTrgDWPP5Hk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK30iIPmoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8WpM3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/xMqCRFrthyUZhKgjGZ/02GQnOGcmoJZVrYWwkbU00Z2nRKNgRv9eV10r6qem7Ve7iu1G/zOIpwBudwCR7UoA730IAWMBjBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8ATqkjb8=</latexit><latexit sha1_base64="KXgv5KOv98HruKqZiTrgDWPP5Hk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ3dzvPHFtRKyaOE24H9GREqFgFK30iIPmoFxxq+4CZJ14OalAjsag/NUfxiyNuEImqTE9z03Qz6hGwSSflfqp4QllEzriPUsVjbjxs8WpM3JhlSEJY21LIVmovycyGhkzjQLbGVEcm1VvLv7n9VIMb/xMqCRFrthyUZhKgjGZ/02GQnOGcmoJZVrYWwkbU00Z2nRKNgRv9eV10r6qem7Ve7iu1G/zOIpwBudwCR7UoA730IAWMBjBM7zCmyOdF+fd+Vi2Fpx85hT+wPn8ATqkjb8=</latexit>

tH
<latexit sha1_base64="6at49svhuAr1cwK9Vdgf6s2MBD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKDzhoDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDerQgCa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDyh0jbM=</latexit><latexit sha1_base64="6at49svhuAr1cwK9Vdgf6s2MBD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKDzhoDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDerQgCa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDyh0jbM=</latexit><latexit sha1_base64="6at49svhuAr1cwK9Vdgf6s2MBD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKDzhoDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDerQgCa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDyh0jbM=</latexit><latexit sha1_base64="6at49svhuAr1cwK9Vdgf6s2MBD0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKDzhoDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqudWvfvrSv02j6MIZ3AOl+BBDerQgCa0gMEInuEV3hzpvDjvzseyteDkM6fwB87nDyh0jbM=</latexit>

Scrambling or ‘Lyapunov’ time: OTOC decay

Ehrenfest time: classical to quantum crossover
Thouless time: system becomes ergodic (RMT)
Heisenberg time (plateau): system becomes non-perturbative  
in eN<latexit sha1_base64="BerbzrEU7LH2j2hO2dCSS2GlIuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOle3y87ZUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bs7r9Su8jiKcATHcAoeXEANbqAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMZLY2p</latexit><latexit sha1_base64="BerbzrEU7LH2j2hO2dCSS2GlIuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOle3y87ZUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bs7r9Su8jiKcATHcAoeXEANbqAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMZLY2p</latexit><latexit sha1_base64="BerbzrEU7LH2j2hO2dCSS2GlIuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOle3y87ZUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bs7r9Su8jiKcATHcAoeXEANbqAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMZLY2p</latexit><latexit sha1_base64="BerbzrEU7LH2j2hO2dCSS2GlIuE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepaD+gjWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApG11O/9YRK81g+mHGCfkQHkoecUWOle3y87ZUrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/HlZdI8q3pu1bs7r9Su8jiKcATHcAoeXEANbqAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMZLY2p</latexit>

tE , ts ⇠ logN
<latexit sha1_base64="Tfsl1IJYS4JHErZH8ZlgmM3UjBc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISURQZdFEVxJBfuAJoTJdNIOnUnCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTwTU4zre1sLi0vLJaWiuvb2xubds7u02dZIqyBk1Eotoh0UzwmDWAg2DtVDEiQ8Fa4eBq7LcemNI8ie9hmDJfkl7MI04JGCmw9yG4PsEQaOxpLrEnkh6+DeyKU3UmwPPELUgFFagH9pfXTWgmWQxUEK07rpOCnxMFnAo2KnuZZimhA9JjHUNjIpn288n1I3xklC6OEmUqBjxRf0/kRGo9lKHplAT6etYbi/95nQyiCz/ncZoBi+l0UZQJDAkeR4G7XDEKYmgIoYqbWzHtE0UomMDKJgR39uV50jytuk7VvTur1C6LOEroAB2iY+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7R1wSpm9tAfWJ8/qWWUDg==</latexit><latexit sha1_base64="Tfsl1IJYS4JHErZH8ZlgmM3UjBc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISURQZdFEVxJBfuAJoTJdNIOnUnCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTwTU4zre1sLi0vLJaWiuvb2xubds7u02dZIqyBk1Eotoh0UzwmDWAg2DtVDEiQ8Fa4eBq7LcemNI8ie9hmDJfkl7MI04JGCmw9yG4PsEQaOxpLrEnkh6+DeyKU3UmwPPELUgFFagH9pfXTWgmWQxUEK07rpOCnxMFnAo2KnuZZimhA9JjHUNjIpn288n1I3xklC6OEmUqBjxRf0/kRGo9lKHplAT6etYbi/95nQyiCz/ncZoBi+l0UZQJDAkeR4G7XDEKYmgIoYqbWzHtE0UomMDKJgR39uV50jytuk7VvTur1C6LOEroAB2iY+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7R1wSpm9tAfWJ8/qWWUDg==</latexit><latexit sha1_base64="Tfsl1IJYS4JHErZH8ZlgmM3UjBc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISURQZdFEVxJBfuAJoTJdNIOnUnCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTwTU4zre1sLi0vLJaWiuvb2xubds7u02dZIqyBk1Eotoh0UzwmDWAg2DtVDEiQ8Fa4eBq7LcemNI8ie9hmDJfkl7MI04JGCmw9yG4PsEQaOxpLrEnkh6+DeyKU3UmwPPELUgFFagH9pfXTWgmWQxUEK07rpOCnxMFnAo2KnuZZimhA9JjHUNjIpn288n1I3xklC6OEmUqBjxRf0/kRGo9lKHplAT6etYbi/95nQyiCz/ncZoBi+l0UZQJDAkeR4G7XDEKYmgIoYqbWzHtE0UomMDKJgR39uV50jytuk7VvTur1C6LOEroAB2iY+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7R1wSpm9tAfWJ8/qWWUDg==</latexit><latexit sha1_base64="Tfsl1IJYS4JHErZH8ZlgmM3UjBc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISURQZdFEVxJBfuAJoTJdNIOnUnCzI1QQ/FX3LhQxK3/4c6/cdpmoa0HLhzOuZd77wlTwTU4zre1sLi0vLJaWiuvb2xubds7u02dZIqyBk1Eotoh0UzwmDWAg2DtVDEiQ8Fa4eBq7LcemNI8ie9hmDJfkl7MI04JGCmw9yG4PsEQaOxpLrEnkh6+DeyKU3UmwPPELUgFFagH9pfXTWgmWQxUEK07rpOCnxMFnAo2KnuZZimhA9JjHUNjIpn288n1I3xklC6OEmUqBjxRf0/kRGo9lKHplAT6etYbi/95nQyiCz/ncZoBi+l0UZQJDAkeR4G7XDEKYmgIoYqbWzHtE0UomMDKJgR39uV50jytuk7VvTur1C6LOEroAB2iY+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx7R1wSpm9tAfWJ8/qWWUDg==</latexit>

classical, chaotic  
universal

quantum, (RMT) chaotic, universalQuantum, non-universal  
terra incognita

Semi-classical gravity JT matrix model Non-pert. JT MM

Extended ETH?



thank you for your attention 



Large - N

at large-N, it is often useful to use bi-local effective action 
(q-body version of the model)
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<latexit sha1_base64="AJTI0dMFSvRPCGqUs27B7oE26ag=">AAACunicbVFba9swFJa9W5ddmrWPexELox3rgl0G3UMLZXvY2MPoaNMWItfIiuyISLYrHQ+C0I/c3vZvJjseNG0P6PCdy3duymopDETR3yB88PDR4ycbTwfPnr94uTl8tXVuqkYzPmGVrPRlRg2XouQTECD5Za05VZnkF9niSxu/+MW1EVV5BsuaJ4oWpcgFo+Bd6fA3yTVl9tTZHw4f4Q94ZcfO7jtLtMJn2pG9DsmqcETyHH ZJTTUIKlMCtGk5p6JQNLWtudeqHYeJFsUc3uH3NysSUQKedaxO7+Cu4PS+Al/Xzf+Tfb/yg117tR6/uu47JulwFI2jTvBdEPdghHo5SYd/yKxijeIlMEmNmcZRDYltV2SSuwFpDK8pW9CCTz0sqeImsd3pHX7rPTOcV9o/v1vnvcmwVBmzVJnPVBTm5nasdd4XmzaQf0qsKOsGeMlWjfJGYqhw+494JjRnIJceUKaFnxWzOfUXAv/bA3+E+PbKd8H5/jiOxvHPj6Pjz/05NtBr9AbtohgdoGP0DZ2gCWLBQZAEeVCEh2EWinCxSg2DnrON1iSEfxfo188=</latexit><latexit sha1_base64="AJTI0dMFSvRPCGqUs27B7oE26ag=">AAACunicbVFba9swFJa9W5ddmrWPexELox3rgl0G3UMLZXvY2MPoaNMWItfIiuyISLYrHQ+C0I/c3vZvJjseNG0P6PCdy3duymopDETR3yB88PDR4ycbTwfPnr94uTl8tXVuqkYzPmGVrPRlRg2XouQTECD5Za05VZnkF9niSxu/+MW1EVV5BsuaJ4oWpcgFo+Bd6fA3yTVl9tTZHw4f4Q94ZcfO7jtLtMJn2pG9DsmqcETyHH ZJTTUIKlMCtGk5p6JQNLWtudeqHYeJFsUc3uH3NysSUQKedaxO7+Cu4PS+Al/Xzf+Tfb/yg117tR6/uu47JulwFI2jTvBdEPdghHo5SYd/yKxijeIlMEmNmcZRDYltV2SSuwFpDK8pW9CCTz0sqeImsd3pHX7rPTOcV9o/v1vnvcmwVBmzVJnPVBTm5nasdd4XmzaQf0qsKOsGeMlWjfJGYqhw+494JjRnIJceUKaFnxWzOfUXAv/bA3+E+PbKd8H5/jiOxvHPj6Pjz/05NtBr9AbtohgdoGP0DZ2gCWLBQZAEeVCEh2EWinCxSg2DnrON1iSEfxfo188=</latexit><latexit sha1_base64="AJTI0dMFSvRPCGqUs27B7oE26ag=">AAACunicbVFba9swFJa9W5ddmrWPexELox3rgl0G3UMLZXvY2MPoaNMWItfIiuyISLYrHQ+C0I/c3vZvJjseNG0P6PCdy3duymopDETR3yB88PDR4ycbTwfPnr94uTl8tXVuqkYzPmGVrPRlRg2XouQTECD5Za05VZnkF9niSxu/+MW1EVV5BsuaJ4oWpcgFo+Bd6fA3yTVl9tTZHw4f4Q94ZcfO7jtLtMJn2pG9DsmqcETyHH ZJTTUIKlMCtGk5p6JQNLWtudeqHYeJFsUc3uH3NysSUQKedaxO7+Cu4PS+Al/Xzf+Tfb/yg117tR6/uu47JulwFI2jTvBdEPdghHo5SYd/yKxijeIlMEmNmcZRDYltV2SSuwFpDK8pW9CCTz0sqeImsd3pHX7rPTOcV9o/v1vnvcmwVBmzVJnPVBTm5nasdd4XmzaQf0qsKOsGeMlWjfJGYqhw+494JjRnIJceUKaFnxWzOfUXAv/bA3+E+PbKd8H5/jiOxvHPj6Pjz/05NtBr9AbtohgdoGP0DZ2gCWLBQZAEeVCEh2EWinCxSg2DnrON1iSEfxfo188=</latexit><latexit sha1_base64="AJTI0dMFSvRPCGqUs27B7oE26ag=">AAACunicbVFba9swFJa9W5ddmrWPexELox3rgl0G3UMLZXvY2MPoaNMWItfIiuyISLYrHQ+C0I/c3vZvJjseNG0P6PCdy3duymopDETR3yB88PDR4ycbTwfPnr94uTl8tXVuqkYzPmGVrPRlRg2XouQTECD5Za05VZnkF9niSxu/+MW1EVV5BsuaJ4oWpcgFo+Bd6fA3yTVl9tTZHw4f4Q94ZcfO7jtLtMJn2pG9DsmqcETyHH ZJTTUIKlMCtGk5p6JQNLWtudeqHYeJFsUc3uH3NysSUQKedaxO7+Cu4PS+Al/Xzf+Tfb/yg117tR6/uu47JulwFI2jTvBdEPdghHo5SYd/yKxijeIlMEmNmcZRDYltV2SSuwFpDK8pW9CCTz0sqeImsd3pHX7rPTOcV9o/v1vnvcmwVBmzVJnPVBTm5nasdd4XmzaQf0qsKOsGeMlWjfJGYqhw+494JjRnIJceUKaFnxWzOfUXAv/bA3+E+PbKd8H5/jiOxvHPj6Pjz/05NtBr9AbtohgdoGP0DZ2gCWLBQZAEeVCEh2EWinCxSg2DnrON1iSEfxfo188=</latexit>

we have introduced two Hubbard-Stratonovich fields, 𝝨, and G

deep IR is conformal, broken by 𝜷J correction.

⇄   Liouville QMS = �C

Z
{f(⌧), t} d⌧

<latexit sha1_base64="EBtHG6sj+BfKwJN6fKwVtPOm9jI=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxChVoSEXQjFLtxWdFeoAllMp20QycXZk6EEvoSbnwVNy4UcSu4822ctFlo6w8DP985hznn92LBFVjWt7G0vLK6tl7YKG5ube/smnv7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW9UT2rtx+YVDwK72EcMzcgg5D7nBLQqGdW7vAVPq1jh4eAHcF8cFLslx0gyUlFE8kHQ3AmuJ+RnlmyqtZUeNHYuSmhXI2e+eX0I5oELAQqiFJd24rBTYkETgWbFJ1EsZjQERmwrrYhCZhy0+lVE3ysSR/7kdRPLzelvydSEig1DjzdGRAYqvlaBv+rdRPwL92Uh3ECLKSzj/xEYIhwFhHuc8koiLE2hEqud8V0SCShoIMs6hDs+ZMXTeusaltV+/a8VLvO4yigQ3SEyshGF6iGblADNRFFj+gZvaI348l4Md6Nj1nrkpHPHKA/Mj5/AGXfnSI=</latexit><latexit sha1_base64="EBtHG6sj+BfKwJN6fKwVtPOm9jI=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxChVoSEXQjFLtxWdFeoAllMp20QycXZk6EEvoSbnwVNy4UcSu4822ctFlo6w8DP985hznn92LBFVjWt7G0vLK6tl7YKG5ube/smnv7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW9UT2rtx+YVDwK72EcMzcgg5D7nBLQqGdW7vAVPq1jh4eAHcF8cFLslx0gyUlFE8kHQ3AmuJ+RnlmyqtZUeNHYuSmhXI2e+eX0I5oELAQqiFJd24rBTYkETgWbFJ1EsZjQERmwrrYhCZhy0+lVE3ysSR/7kdRPLzelvydSEig1DjzdGRAYqvlaBv+rdRPwL92Uh3ECLKSzj/xEYIhwFhHuc8koiLE2hEqud8V0SCShoIMs6hDs+ZMXTeusaltV+/a8VLvO4yigQ3SEyshGF6iGblADNRFFj+gZvaI348l4Md6Nj1nrkpHPHKA/Mj5/AGXfnSI=</latexit><latexit sha1_base64="EBtHG6sj+BfKwJN6fKwVtPOm9jI=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxChVoSEXQjFLtxWdFeoAllMp20QycXZk6EEvoSbnwVNy4UcSu4822ctFlo6w8DP985hznn92LBFVjWt7G0vLK6tl7YKG5ube/smnv7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW9UT2rtx+YVDwK72EcMzcgg5D7nBLQqGdW7vAVPq1jh4eAHcF8cFLslx0gyUlFE8kHQ3AmuJ+RnlmyqtZUeNHYuSmhXI2e+eX0I5oELAQqiFJd24rBTYkETgWbFJ1EsZjQERmwrrYhCZhy0+lVE3ysSR/7kdRPLzelvydSEig1DjzdGRAYqvlaBv+rdRPwL92Uh3ECLKSzj/xEYIhwFhHuc8koiLE2hEqud8V0SCShoIMs6hDs+ZMXTeusaltV+/a8VLvO4yigQ3SEyshGF6iGblADNRFFj+gZvaI348l4Md6Nj1nrkpHPHKA/Mj5/AGXfnSI=</latexit><latexit sha1_base64="EBtHG6sj+BfKwJN6fKwVtPOm9jI=">AAACFXicbZDLSsNAFIYnXmu9RV26GSxChVoSEXQjFLtxWdFeoAllMp20QycXZk6EEvoSbnwVNy4UcSu4822ctFlo6w8DP985hznn92LBFVjWt7G0vLK6tl7YKG5ube/smnv7LRUlkrImjUQkOx5RTPCQNYGDYJ1YMhJ4grW9UT2rtx+YVDwK72EcMzcgg5D7nBLQqGdW7vAVPq1jh4eAHcF8cFLslx0gyUlFE8kHQ3AmuJ+RnlmyqtZUeNHYuSmhXI2e+eX0I5oELAQqiFJd24rBTYkETgWbFJ1EsZjQERmwrrYhCZhy0+lVE3ysSR/7kdRPLzelvydSEig1DjzdGRAYqvlaBv+rdRPwL92Uh3ECLKSzj/xEYIhwFhHuc8koiLE2hEqud8V0SCShoIMs6hDs+ZMXTeusaltV+/a8VLvO4yigQ3SEyshGF6iGblADNRFFj+gZvaI348l4Md6Nj1nrkpHPHKA/Mj5/AGXfnSI=</latexit>

f 0(⌧) = e�(⌧)
<latexit sha1_base64="h7QLh6QRthvJbvn7viIFg4bRToc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotYNyURQTdC0Y3LCvYBTSyT6aQdOpmEmRuhhOLGX3HjQhG3foU7/8Zpm4W2Hrhw5px7mXtPkAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwG12O/+cCU5rG8g2HC/Ij0JA85JWCkjr0fHpc9IOkJvsTsPvOSPp++Rx275FScCfA8cXNSQjlqHfvL68Y0jZgEKojWbddJwM+IAk4FGxW9VLOE0AHpsbahkkRM+9nkhBE+MkoXh7EyJQFP1N8TGYm0HkaB6YwI9PWsNxb/89ophBd+xmWSApN0+lGYCgwxHueBu1wxCmJoCKGKm10x7RNFKJjUiiYEd/bkedI4rbhOxb09K1Wv8jgK6AAdojJy0TmqohtUQ3VE0SN6Rq/ozXqyXqx362PaumDlM3voD6zPHxjclfU=</latexit><latexit sha1_base64="h7QLh6QRthvJbvn7viIFg4bRToc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotYNyURQTdC0Y3LCvYBTSyT6aQdOpmEmRuhhOLGX3HjQhG3foU7/8Zpm4W2Hrhw5px7mXtPkAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwG12O/+cCU5rG8g2HC/Ij0JA85JWCkjr0fHpc9IOkJvsTsPvOSPp++Rx275FScCfA8cXNSQjlqHfvL68Y0jZgEKojWbddJwM+IAk4FGxW9VLOE0AHpsbahkkRM+9nkhBE+MkoXh7EyJQFP1N8TGYm0HkaB6YwI9PWsNxb/89ophBd+xmWSApN0+lGYCgwxHueBu1wxCmJoCKGKm10x7RNFKJjUiiYEd/bkedI4rbhOxb09K1Wv8jgK6AAdojJy0TmqohtUQ3VE0SN6Rq/ozXqyXqx362PaumDlM3voD6zPHxjclfU=</latexit><latexit sha1_base64="h7QLh6QRthvJbvn7viIFg4bRToc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotYNyURQTdC0Y3LCvYBTSyT6aQdOpmEmRuhhOLGX3HjQhG3foU7/8Zpm4W2Hrhw5px7mXtPkAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwG12O/+cCU5rG8g2HC/Ij0JA85JWCkjr0fHpc9IOkJvsTsPvOSPp++Rx275FScCfA8cXNSQjlqHfvL68Y0jZgEKojWbddJwM+IAk4FGxW9VLOE0AHpsbahkkRM+9nkhBE+MkoXh7EyJQFP1N8TGYm0HkaB6YwI9PWsNxb/89ophBd+xmWSApN0+lGYCgwxHueBu1wxCmJoCKGKm10x7RNFKJjUiiYEd/bkedI4rbhOxb09K1Wv8jgK6AAdojJy0TmqohtUQ3VE0SN6Rq/ozXqyXqx362PaumDlM3voD6zPHxjclfU=</latexit><latexit sha1_base64="h7QLh6QRthvJbvn7viIFg4bRToc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotYNyURQTdC0Y3LCvYBTSyT6aQdOpmEmRuhhOLGX3HjQhG3foU7/8Zpm4W2Hrhw5px7mXtPkAiuwXG+rYXFpeWV1cJacX1jc2vb3tlt6DhVlNVpLGLVCohmgktWBw6CtRLFSBQI1gwG12O/+cCU5rG8g2HC/Ij0JA85JWCkjr0fHpc9IOkJvsTsPvOSPp++Rx275FScCfA8cXNSQjlqHfvL68Y0jZgEKojWbddJwM+IAk4FGxW9VLOE0AHpsbahkkRM+9nkhBE+MkoXh7EyJQFP1N8TGYm0HkaB6YwI9PWsNxb/89ophBd+xmWSApN0+lGYCgwxHueBu1wxCmJoCKGKm10x7RNFKJjUiiYEd/bkedI4rbhOxb09K1Wv8jgK6AAdojJy0TmqohtUQ3VE0SN6Rq/ozXqyXqx362PaumDlM3voD6zPHxjclfU=</latexit>

[Sachdev; Parcollet & Georges; Kitaev; Jevicki, Suzuki, Yoon; Polchinski & Rosenhaus,…]

Schwarzian action; reformulate as Liouville quantum mechanics



Large - N: the conformal sector

Theory of the         operators is a CFT (with GFT limit) [Gross, Rosenhaus]On
<latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="RfXLspt5uYREuN8KAKJEmh2nZzI=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOPOCrYV26HcSTNtaCYzJHeEMvQt3LhQxEdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW64aPFUpeYxQiuU1KJFkpR4zIzAJFKiE41vZnnnWRgrU/1Ak0yECQ61jCVHctZT0eOo2N20r/u1ut/w52LrECyhDks1+7Wv3iDleSI0cYXWdgM/o7BAQ5IrMa30cisy5GMciq5DjYmwYTGfeMrOnDNgcWrc0cTm7u8XBSbWTpLI3UyQRnY1m5n/Zd2c4quwkDrLSWi++CjOFaOUzdZnA2kEJzVxgNxINyvjIzTIyZVUcSUEqyuvQ/uiEfiN4N6HMpzAKZxDAJdwDbfQhBZw0PACb/DuWe/V+1jUVfKWvR3DH3mfPwIgj0I=</latexit><latexit sha1_base64="RfXLspt5uYREuN8KAKJEmh2nZzI=">AAAB5nicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScOPOCrYV26HcSTNtaCYzJHeEMvQt3LhQxEdy59uY/iy09UDg45yE3HuiTElLvv/tlTY2t7Z3yruVver+wWHtqNq2aW64aPFUpeYxQiuU1KJFkpR4zIzAJFKiE41vZnnnWRgrU/1Ak0yECQ61jCVHctZT0eOo2N20r/u1ut/w52LrECyhDks1+7Wv3iDleSI0cYXWdgM/o7BAQ5IrMa30cisy5GMciq5DjYmwYTGfeMrOnDNgcWrc0cTm7u8XBSbWTpLI3UyQRnY1m5n/Zd2c4quwkDrLSWi++CjOFaOUzdZnA2kEJzVxgNxINyvjIzTIyZVUcSUEqyuvQ/uiEfiN4N6HMpzAKZxDAJdwDbfQhBZw0PACb/DuWe/V+1jUVfKWvR3DH3mfPwIgj0I=</latexit><latexit sha1_base64="ZURmNH/+GW3IUp5QReR3ziLwdDI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHoxZsV7Ae2oUy2m3bpZhN2N0IJ/RdePCji1X/jzX/jps1BWx8MPN6bYWZekAiujet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqKGvRWMSqG6BmgkvWMtwI1k0UwygQrBNMbnK/88SU5rF8MNOE+RGOJA85RWOlx6xPUZC72UAOqjW37s5BVolXkBoUaA6qX/1hTNOISUMFat3z3MT4GSrDqWCzSj/VLEE6wRHrWSoxYtrP5hfPyJlVhiSMlS1pyFz9PZFhpPU0CmxnhGasl71c/M/rpSa88jMuk9QwSReLwlQQE5P8fTLkilEjppYgVdzeSugYFVJjQ6rYELzll1dJ+6LuuXXv3q01ros4ynACp3AOHlxCA26hCS2gIOEZXuHN0c6L8+58LFpLTjFzDH/gfP4AO96Qmg==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit><latexit sha1_base64="HYteAg2ndEWB1PpAWnkadfkX3CY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF29WsB/YhjLZbtqlm03Y3Qgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvpn57SemNI/lg5kkzI9wKHnIKRorPWY9ioLcTfuyX664VXcOskq8nFQgR6Nf/uoNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Ss6sMiBhrGxJQ+bq74kMI60nUWA7IzQjvezNxP+8bmrCKz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PIqaV1UPbfq3V9W6td5HEU4gVM4Bw9qUIdbaEATKEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/PR6Qng==</latexit>

Thus we can relate statements about ETH to 3-pt function

hOnOkOmi ⇠ hEn|Ok|Emi := cnkm
<latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit><latexit sha1_base64="J/kPQygr19N5cgXwZGrU8QFb8oc="></latexit>

The OPE coefficients should then satisfy

cnkm = O(Ē)�mn +O(e�S)
<latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit><latexit sha1_base64="iwoO9CN0LJ6lG7kgLV6Q3K8j+lQ="></latexit>

in the limit (“middle-weight operators”)n,m � k ⇠ O(1)
<latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit><latexit sha1_base64="bXtGQbQaXiHUtlfaNIVhtwI6Rj0=">AAACA3icbVBNSwMxEJ2tX7V+Vb3pJViEClJ2RdBj0Ys3K9gP6C4lm6ZtaJJdkqxQloIX/4oXD4p49U9489+YtnvQ1gcDj/dmmJkXxpxp47rfTm5peWV1Lb9e2Njc2t4p7u41dJQoQusk4pFqhVhTziStG2Y4bcWKYhFy2gyH1xO/+UCVZpG8N6OYBgL3Jesxgo2VOsUDeSr8fh8NEfI1Eyj1Cebodlz2TjrFkltxp0CLxMtICTLUOsUvvxuRRFBpCMdatz03NkGKlWGE03HBTzSNMRniPm1bKrGgOkinP4zRsVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dOTO8ySJmME0MlmS3qJRyZCE0CQV2mKDF8ZAkmitlbERlghYmxsRVsCN78y4ukcVbx3Ip3d16qXmVx5OEQjqAMHlxAFW6gBnUg8AjP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/I5CV5Q==</latexit>



ETH in conformal sector

OPE coefficients can be deduced from fermion 6-pt functions

In the middleweight limit planar diagrams dominate. We find

hOmOkOni = g(E, d)⇥
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<latexit sha1_base64="DiqTEsslRQCAIlOOHDc9tyfZGsA="></latexit><latexit sha1_base64="DiqTEsslRQCAIlOOHDc9tyfZGsA="></latexit><latexit sha1_base64="DiqTEsslRQCAIlOOHDc9tyfZGsA="></latexit><latexit sha1_base64="DiqTEsslRQCAIlOOHDc9tyfZGsA="></latexit>

cnkm �! fk(E)�m,n + e�E ln 2R(E, d)
<latexit sha1_base64="M6FoZcrQCleguGZhfzE15NY8rTo="></latexit><latexit sha1_base64="M6FoZcrQCleguGZhfzE15NY8rTo="></latexit><latexit sha1_base64="M6FoZcrQCleguGZhfzE15NY8rTo="></latexit><latexit sha1_base64="M6FoZcrQCleguGZhfzE15NY8rTo="></latexit>

smooth function of E entropic suppression

conformal sector of SYK satisfies ETH

E is average energy and d is the difference. In the relevant limit (E ➛ ∞):

[Nayak, JS, Vielma]


