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“Universality” of Schwarzian Theory

✓ 2D JT gravity on the nearly-AdS2 ✓ String worldsheet  models
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✓ SYK(-like) models
[Maldacena, Stanford], … [Maldacena, Stanford, Yang], … [de Boer, Llabres, Pedraza, Vegh] 

[Murata],[Banerjee, Kundu, Poojary]
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Large c Expansion
✴ Including measure in path integral 

✴ Large c (=1/g2) expansion: 
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Feynman Diagrams
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Cancellation of Divergences
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Quantum Chaos
✴ (Classical) Butterfly Effect: The sensitivity of the system to the 

initial condition 

✴ Quantum version 
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Quantum Chaos

✴ The out-of-time-ordered correlator (OTOC)  

✴ Bound on Chaos [Maldacena, Shenker, Stanford, 1503.01409] 
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Out-of-time-ordered Correlator

Speed up the exponential growth
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Lyapunov Exponent
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Chaotic/Integrable Transition
[Banerjee, Altman], [Garcia-Garcia, Loureiro, Romero-Bermudez, Tezuka], [Nosaka, Rosa, JY], [Maldacena, Qi]

H = Jijkl�i�j�k�l + iKkl�k�l
<latexit sha1_base64="soe2OwbeOSGO9VogtRBqfS+DAR8="></latexit>

Lyapunov Exponent
from [Garcia-Garcia, Loureiro, Romero-Bermudez, Tezuka]

(averaged) r-parameter
[Nosaka, Rosa, JY]

⌧
min(Ei+1 � Ei, Ei+2 � Ei+1)

max(Ei+1 � Ei, Ei+2 � Ei+1)

�

<latexit sha1_base64="x0pXXMpHwUffy2rLuXtxZq6V0Q4="></latexit>



K I A S

 General Effective Action
✴ Reparametrization symmetry 

✴ Lyapunov exponent: 
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❖ Broken to SL(2) ❖ Broken to U(1)

Stability Condition [E. Witten, 1988]
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Future Works

✴ Relation to 6j symbol of SL(2) 

✴ Generalization to W3 algebra 

✴ Higher dimensional generalization 

✴ Generalization to de Sitter space

[P. Narayan, JY, 1903.08761]


