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• The Large-N expansion of OTOC are ladders

• Only valid at

(Early-time limit) . ≪ ln 2
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Question: How to distinguish two different types of errors? 
Incoherent: coupling to the environment 
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H̃ = H + ωH

Coherent: Imperfection of Hamiltonian 
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Loschmidt echo
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Setup: To explore the distinct signatures of coherent and 
incoherent errors, we consider a multi-round time-reversed 
protocol. 

Perturbation theory

<latexit sha1_base64="gsq7/nVn/fScSJ8UHp86B8jXGF4="></latexit>

ω0 →(I + εO)

ωn =
(
e
L→H̃

t
e
LHt

)n
[ω0]

Tr (ωnO) ↑Tr(O2)Fn(t)

OTOC and Quantum Chaos

Fudan University

1
2#!

| %"# & , %!$ |% = ) −#
!
⟨ %"# & %!$%"# & %!$⟩.

• The average size is the first moment

OTOC

Scramblons

• Exponential growth is chaos!

Both       and        form OTOC with O  
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Butterfly effect

Perturbation analysis: To second order, the Loschmidt echo     
receives the contribution from 
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Coherent errors form       OTOC 
Incoherent errors form       OTOC  

This analysis is true at early time regime 
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SYK model and scramblon theory

OTOC

In scramblon theory, we have 

OTOC 

Coherent Incoherent 

For incoherent error, scramblon calculation gives 
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For coherent error, scramblon calculation gives 

Example: SYK numerics 
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Fn(t)c =Fn2(t)I at early time, Fn(t)c = Fn(t)I at late time,


