
OTOCs quantify operator growth (scrambling)

Summary

Motivation:

 Out-of-time-order correlators (OTOCs) quantify operator spreading

 OTOCs are a new tool for characterizing dynamics of quantum manybody systems

 Connection to quantum gravity: Black holes are the “fastest scramblers”

Central goals:

 Devise protocols for measuring OTOCs experimentally

 Understand how OTOCs can reveal quantum chaos in semi-classical regimes

 Use OTOCs for detecting higher order correlations and entanglement
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OTOCs in a three-mode bosonic system

Time-reversal with trapped ions

OTOCs quantify coherence and entanglement

Spin-changing collision dynamics in rubidium

Readout protocol

Possible experimental realization with rubidium BEC

Time-reversal through Hamiltonian engineering
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Multiple quantum coherences

[NMR: Pines group 1980s]
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Measure initial state overlap:
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 Interactions mediated 
by phonons, reversible

Spin rotations: MW 
coupling

Gärttner et al. Nat. Phys. 13, 781 (2017)

Gärttner, Hauke, Rey, Phys. Rev. Lett. 120, 
040402 (2018)]
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Husimi distributions Parameters: 𝑁 = 100, 𝑟 = 0.15, 𝑡 = 10

Class. integrable

OTOCs 𝐶 𝑡 =  𝜌0 𝑡 ,  𝜌0(0) 2  𝜌0 =  𝑁0/𝑁

𝑁 = 104
Truncated 
Wigner

Rb BEC

Single spatial mode
𝐹 = 1

𝐹 = 2

𝑔 < 0

𝑔 > 0
g: Spin-changing collisions

opposite sign in F=2

q: Quadratic Zeeman effect

(and MW dressing)

r: rf drive

prepare measureevolve evolve backrotate

𝑒−𝑖𝐻𝑡|  𝜓0 𝑒−𝑖𝐴𝜙 𝑒𝑖𝐻𝑡 𝐵

𝐵|  𝜓0 = Λ|  𝜓0 eigenstate

Protocol yields: 𝑒𝑖𝐴 𝑡 𝜙𝐵𝑒−𝑖𝐴 𝑡 𝜙

≡ Λ + 𝜙2Γ𝐵
(2)

An thus:

𝐶 𝑡 = 𝐴 𝑡 , 𝐵(0) 2 = −2ΛΓ𝐵
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+ Γ
𝐵2
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Assume

= Λ + 𝜙2 𝐴(𝑡)𝐵𝐴(𝑡) − Λ 𝐴2(𝑡)

q and r freely tunable

Similar sequence for engineering −  𝐻

Preliminary results: XXX model
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Implementation: Rydberg spin system.
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