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Let me start with 
some key ideas or 
topics we are 
interested in…



1

Integrability-to-chaos transition in 
quantum mechanics

Many-body systems without clear 
semiclassical limit
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Integrability-to-chaos transition



How can we gauge such a transition in 
quantum mechanics?
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80’/90’ Quantum chaos or quantum manifestations 
of classical chaos

Distributions of eigenenergies: connection with RMT

Bohigas et al 1982
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• How can we gauge such a transition in 
quantum mechanics?

• How can we connect spectral statistics 
with some dynamical properties? (mean 
value of some operator)
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I want to know some quantum 
chaos measure of this chain
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Can I learn something from this small system?
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I want to control this system

3



I want to control this system
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I am a good experimentalist so I can isolate my chain
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Can  we characterize such an ‘small’ environment?
What is the relation with the control?

The environment of the system that I want to 
control is the remainder of the chain
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Main idea of our work





Long time of the purity (Quantum
chaos meter and relation with control).



Chaotic
System

Environment

• Short times
• Non-chaotic environments

90’ Chaos and decoherence Zurek, Paz, Pattanayak and others



log(P)

time

Lyapunov decay



Questions: 
• Can small environment tell something about 

the case of big environment?
• What is the effect of this small environment to 

the system?
• What is the relation with control?
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Nearest neighbor distribution

sn=En+1- En

s

P(s)



r distribution:

*) The distribution of min(1/r, r) has the advantage of not requiring an energy unfolding

**)The mean value min(1/r,r) attains a minimum IP ≈ 0.386 when the statistics is
Poissonian and IWD ≈ 0.586 when is Wigner-Dyson. Therefore, we can define the quantity:

⌘ ⌘ min(1/r, r)� IP
IWD � IP

sn=En+1- En

sn+1=En+2- En+1
rn=sn+1/sn

being the ratio between the 
two nearest neighbor 

min(1/rn, rn)

⌘ = 1

⌘ = 0 Integrable

chaotic



Spectral Chaos 
measure

NH=8

NH=16384

for h L= 14 spins (D= 16384) was selected and only the odd subspace was 
taken into account (Deven≈8192)



Important: no symmetry considerations
were taken into account for the analysis
of the purity!!!



What is the dependence of the 
results with the temperature?



L=6



Universality?



Ising with 
tilted 

magnetic 
field
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Heisenberg 
with random 

magnetic 
field
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is a set of random variables at each site,
uniformly distributed in the interval [-h,h]





Perturbed 
XXZ model

H(�) = H0 + �H1
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y
k+2 + µŜ
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Average over different realizations vs a single realization

50 different
realizations
of random
initial pure
state

dispersion



Different sensing setups

Neglecting
the intrinsic
Hamiltonian
of the probe

Including the intrinsic Hamiltonian
of the probe but the initial state of
the environment isa random
superposition of states in the
computational basis



Control





external control
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Protocols:

| (0)i = |0i | targi = |1i

| targi =
1p
2
(|00i+ |11i)2)

1)

| (0)i = |00i

The initial state is random for each spin of the 
system and only one realization was considered.



✏(t)

t T

update the field iteratively by using 
information about the gradient of J(e)

Algorithms to find e(t)

✏0(t) ✏1(t) ✏n(t)
seed



L=9

L=6

Protocol 1

Protocol 2



Are other quantities that give the 
integrability-to-chaos transition in small systems?



OTOCS: out-of-time-order correlators
Larkin and Ovchinnikov 69 Maldacena et al 2016
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Ât, B̂
i��

<latexit sha1_base64="z+jM2jtif5/bxqctXMFGvWXqD9s="></latexit><latexit sha1_base64="z+jM2jtif5/bxqctXMFGvWXqD9s="></latexit><latexit sha1_base64="z+jM2jtif5/bxqctXMFGvWXqD9s="></latexit><latexit sha1_base64="z+jM2jtif5/bxqctXMFGvWXqD9s="></latexit>

=

⌧⌧���
h
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Ô
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OTOCS: out of time ordered correlators

• Spread of quantum information or information scrambling

• Irreversibility (Loschmidt echo)

• Thermalization

• Bound to chaos � < 2⇡kBT/~
<latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zOkCKfqlvB5/Gcga1BUjTQf7dcA=">AAAB0nicbVBNS8NAFHypXzVWrWcvi0XwVBIv6k3w4rGCsYU2lM32pV262YTdF6GE3sWDCP4t/4D/xm3tQVvnNG9mDm8mKZS0FARfXm1re2d3r77vHzT8w6PjZuPJ5qURGIlc5aaXcItKaoxIksJeYZBnicJuMr1b+N1nNFbm+pFmBcYZH2uZSsHJSZ1hsxW0gyXYJglXpAUrDJufg1Euygw1CcWt7YdBQXHFDUmhcO4PSosFF1M+xr6jmmdo42r55pydp7lhNEG2vH9nK55ZO8sSl8k4Tey6txD/8/olpddxJXVREmrhIs5LS8UoZ4u2bCQNClIzR7gw0n3JxIQbLsht4rv24XrXTRJdtm/a4UMAdTiFM7iAEK7gFu6hAxEIGMErfHiJ9+K9/YxU81ZrncAfeO/fxU2HqA==</latexit><latexit sha1_base64="fQ8L+CslBJYjRYYis8b9I8OU3mg="></latexit><latexit sha1_base64="fQ8L+CslBJYjRYYis8b9I8OU3mg="></latexit><latexit sha1_base64="/uRYd9SP59vFvUFzUQu5oYvwGdo="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit><latexit sha1_base64="zohx13OQO1ddbsKSa5RtPK+iRu0="></latexit>





Integrable system Non-integrable system



OTOC long-time measures

We consider the experiment
window!!!! 



# of the Hilbert space: 16



# of the Hilbert space: 4096





Final remarks
• Long time regime of d the purity

describes the integrability-to-chaos transition.

• Small systems has information about the
integrability-to-chaos transition. Why?

Schiulaz, M., Távora, M., & Santos, L. F. Quantum Sci. Technol. 3 (2018)
G. Zisling, L. F. Santos,2 and Y. Bar Lev, Arxiv (2020)

• It is better to control quantum systems with
‘integral’ local environment.
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D= 16384

Sensitivity of standard indicators to the dimension of Hilbert space



What is the connection with equilibration?



P(t) = Tr
⇥
⇢̃2(t)

⇤

~r = (rx, ry, rz)

ri(t) = Tr (�i⇢̃(t))

P(t) = 1/2(1 + |~r(t)|2)

⇢̃ = 1/2(I + ~r.~�)



lim
t!1

Tr
⇣
⇢̃(t) bO

⌘
= Tr

⇣
⇢̃1 bO

⌘
8 bO 2 A

A = {I,�x,�y,�z}

⇢̃1 =
I

2 Tr (�i⇢̃1) = 08i 2 {x, y, z}

P1 = 1/2





�(P ) =
p

hP (t)2i � hP (t)i2Fluctuations of P




