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Lecture Series Overview

Quantum dynamics in the pre fault tolerant era

Lecture 1: From Classical and quantum chaos to thermalization in 
isolated quantum systems

Lecture 2: Analog and digital quantum simulators from unitary 
dynamics to midcircuit measurements.

Lecture 3: Monitored quantum dynamics in random quantum 
circuits

Lecture 4: Adaptive quantum circuits and control induced phase 
transitions

Lecture 5: Open quantum dynamics software tutorial



Advertising Lecture 5
Lecture 5: Open quantum dynamics software tutorial

https://github.com/hainingpan/QuantumCircuitsMPS.jl



Lecture Series, 
learning goals

I. Lecture 1: Classical and Quantum Chaos, from single 
particle to many-body

II. Lecture 2: Quantum platforms

III. Lecture 3: Entanglement phases and phase transitions 
driven by interplay of unitary and projective evolution.

IV. Lecture 4: Controlling chaos in classical and quantum 
systems.

V. Lecture 5: Numerical approaches to adaptive quantum 
dynamics



Lecture 4: Learning Goals

Adaptive Quantum Dynamics

Understand how to control classical chaos. Apply to control several 
quintessential chaotic systems.

Quantize this procedure to find a route to controlling quantum 
dynamics.

We will understand the universality classes discovered, their 
interplay with the measurement induced phase transition, and the 
role of quantum fluctuations.

Experimental data on trapped ions and superconducting qubits will 
be presented.
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I. Motivation
• Controlling classical chaos
• Examples of classical control transitions

II. Quantum Control Induced Transition
• Control with an Exact Dark State
• Controlling the quantum top
• Controlling the Bernoulli map

III. Realization across circuits
• IBM’s quantum computer
• Accessing Quantum fluctuations
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Superconducting qubits
Neutral atoms

Lecture 2: We reviewed each of these systems in detail.

Quantum Platforms of 
Today
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M. Kozuma group

J. Martinis groupM. Endres group

Cold atomic gases

C. Monroe group

Trapped ions

Superconducting qubits
Neutral atoms

Lecture 2: We reviewed each of these systems in detail.
Lecture 3: The role of measurements in their dynamics. 

Quantum Platforms of 
Today

Today (Lecture 4): How can we control and manipulate quantum systems?

Lets start by controlling classical systems!



Unpredictability of 
Chaos

Classical Chaos: unpredictable deterministic evolution of 
the classical equations of motion.

Feldman, Chaos and Fractals an Elementary Introduction, (2012)

In lecture 1 we reviewed chaotic dynamics in maps and 
Hamiltonian dynamics

Single particle models

Kicked rotor

Bernoulli mapLogistic map

Kicked top

Many-body models
Heisenberg spin chain

d-dimensional hyper cubic spin models



Unpredictability of 
Chaos

Classical Chaos: unpredictable deterministic evolution of 
the classical equations of motion.

Feldman, Chaos and Fractals an Elementary Introduction, (2012)

In lecture 1 we reviewed chaotic dynamics in maps and 
Hamiltonian dynamics

Single particle models

Kicked rotor

Bernoulli mapLogistic map

Kicked top

Many-body models
Heisenberg spin chain

d-dimensional hyper cubic spin models

Lets control each of the 
models highlighted below!



Cannot generically control 
chaos……

We have to exploit structure to control the dynamics.

Generic quantum evolution cannot be controlled or error 
corrected (without exponential resources)

Exploit classical chaotic structure to control some 
quantum systems.



How do we control Chaos?
To control classical chaos, have to exploit its underlying 
structure.
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Chaotic dynamics has a dense set of unstable periodic orbits
(ie each chaotic attractor)
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How do we control Chaos?
To control classical chaos, have to exploit its underlying 
structure.

Use monitoring and feedback to “push”
the system onto a chosen unstable orbit

Bowen, Trans. Am. Math. Soc. 154, 977 (1971)

Chaotic dynamics has a dense set of unstable periodic orbits
(ie each chaotic attractor)

C. Grebogi, E. Ott, and J. A. Yorke, PRA 37, 1711 (1988)
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that are destroyed by any perturbation

Continuous monitoring

delayed feedback stochastic feedback



Applications of controlling 
Chaos I.

Designing trajectories of space craft travel 
(“chaotic targeting”)

Koon et al, Chaos (2000)

Touring the moons of Jupiter



Applications of controlling 
Chaos I.

Designing trajectories of space craft travel 
(“chaotic targeting”)

Moon

Earth

Macau and Grebogi, Royal Society (2006)

Koon et al, Chaos (2000)

Touring the moons of Jupiter
From earth to the moon

Both trajectories minimize fuel usage along the trip



Overcoming heart arrhythmias

Applications of controlling 
Chaos II.



Overcoming heart arrhythmias

Applications of controlling 
Chaos II.

Chaotic heartbeat



Controlling the Bernoulli 
(doubling) Map

<latexit sha1_base64="vthuI2NHWWlvatLURmUFRxdGqW0=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoKGWmSHUjFN24rGAf0BmGTJq2oUlmSDLSMvQX3Pgrblwo4tadO//GTNuFtp4QOJxzL/feE8aMKu0431ZuZXVtfSO/Wdja3tnds/cPmipKJCYNHLFItkOkCKOCNDTVjLRjSRAPGWmFw5vMbz0QqWgk7vU4Jj5HfUF7FCNtpMAujYJUnLqTqwocBQJ6Z9mDHkd6IHnKo+5kqkE3sItO2ZkCLhN3Topgjnpgf3ndCCecCI0ZUqrjOrH2UyQ1xYxMCl6iSIzwEPVJx1CBOFF+Or1oAk+M0oW9SJovNJyqvztSxJUa89BUZquqRS8T//M6ie5d+ikVcaKJwLNBvYRBHcEsHtilkmDNxoYgLKnZFeIBkghrE2LBhOAunrxMmpWyWy1X786Ltet5HHlwBI5BCbjgAtTALaiDBsDgETyDV/BmPVkv1rv1MSvNWfOeQ/AH1ucP3ZSbKQ==</latexit>

xn+1 = 2xn mod 1 <latexit sha1_base64="ibWhG3SfkVesaOxKQVpn5erNKHc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EokWKoI1lBC8JJEfY2+wlS/Z2j909MRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/O/PYjVZpJ8WAmCQ1iPBQsYgQbK/lu/anu9csVt+rOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5LWRdWrVWv3l5XGTR5HEU7gFM7BgytowB00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/JCY4I</latexit>

0 < x < 1

Starting from an irrational number, this map is chaotic



Controlling the Bernoulli 
(doubling) Map
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0 < x < 1

Starting from an irrational number, this map is chaotic

The rational numbers yield periodic orbits
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Controlling the Bernoulli 
(doubling) Map
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xn+1 = 2xn mod 1 <latexit sha1_base64="ibWhG3SfkVesaOxKQVpn5erNKHc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EokWKoI1lBC8JJEfY2+wlS/Z2j909MRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/O/PYjVZpJ8WAmCQ1iPBQsYgQbK/lu/anu9csVt+rOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5LWRdWrVWv3l5XGTR5HEU7gFM7BgytowB00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/JCY4I</latexit>

0 < x < 1

Starting from an irrational number, this map is chaotic

The rational numbers yield periodic orbits

hence, these sets of rationals are all unstable orbits of the map

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

But, the irrationals are dense on the number line: 



Controlling the Bernoulli 
(doubling) Map

Now lets design the control protocol:
with strength a

if 

define the control map
<latexit sha1_base64="NdEiKgvibLVAf2YDNPmzPLIYT3I=">AAACD3icbVDLSgMxFM3UV62vqks3waJUimVGpLoRim5cVrAPaMchk6ZtbCYzJBlpGeYP3Pgrblwo4tatO//GTDsLbT0QOJxzLrn3uAGjUpnmt5FZWFxaXsmu5tbWNza38ts7DemHApM69pkvWi6ShFFO6ooqRlqBIMhzGWm6w6vEbz4QIanPb9U4ILaH+pz2KEZKS07+cOREvGTFF0XrGB2NnPu7qOMhNRBe5AuXqjguoZGjgwWzbE4A54mVkgJIUXPyX52uj0OPcIUZkrJtmYGyIyQUxYzEuU4oSYDwEPVJW1OOPCLtaHJPDA+00oU9X+jHFZyovyci5Ek59lydTHaVs14i/ue1Q9U7tyPKg1ARjqcf9UIGlQ+TcmCXCoIVG2uCsKB6V4gHSCCsdIU5XYI1e/I8aZyUrUq5cnNaqF6mdWTBHtgHRWCBM1AF16AG6gCDR/AMXsGb8WS8GO/GxzSaMdKZXfAHxucPrhecfQ==</latexit>

xn+1 = (1� a)xorbit
j + axn

Neighborhood of 
<latexit sha1_base64="PVAvdn26F46puFlvvimci6Pnt5E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KolIdVl047KCfUAbw2Q6acfOI8xMxBqCv+LGhSJu/Q93/o2TNgttPTBwOOde7pkTxpQo7brf1sLi0vLKammtvL6xubVt7+y2lEgkwk0kqJCdECpMCcdNTTTFnVhiyEKK2+HoMvfb91gqIviNHsfYZ3DASUQQ1EYK7P2H4O427TGoh5KlQoZEZ1lgV9yqO4EzT7yCVECBRmB/9foCJQxzjShUquu5sfZTKDVBFGflXqJwDNEIDnDXUA4ZVn46SZ85R0bpO5GQ5nHtTNTfGylkSo1ZaCbzmGrWy8X/vG6io3M/JTxONOZoeihKqKOFk1fh9InESNOxIRBJYrI6aAglRNoUVjYleLNfnietk6pXq9auTyv1i6KOEjgAh+AYeOAM1MEVaIAmQOARPINX8GY9WS/Wu/UxHV2wip098AfW5w+7XpYS</latexit>

xorbit
j



Controlling the Bernoulli 
(doubling) Map

0 11/3 2/3

Lets consider
<latexit sha1_base64="l/Hl5o7nBd6esVHry+SpLkb4/gQ=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpU1aqW6EohuXFewDmhgm00k7djIJMxNpCfkJN/6KGxeKuBXc+TdO2i609cDA4ZxzmXuPF1EipGl+a0vLK6tr67mN/ObW9s6uvrffEmHMEW6ikIa840GBKWG4KYmkuBNxDAOP4rY3vMr89gPmgoTsVo4j7ASwz4hPEJRKcvXiyL2/S+wAygEPkpB7RKbphZ1Y5WqxUq7aGR+5popZdurqBbNkTmAsEmtGCmCGhqt/2b0QxQFmElEoRNcyI+kkkEuCKE7zdixwBNEQ9nFXUQYDLJxkclVqHCulZ/ghV49JY6L+nkhgIMQ48FQyW1/Me5n4n9eNpX/uJIRFscQMTT/yY2rI0MgqMnqEYyTpWBGIOFG7GmgAOURSFZlXJVjzJy+SVqVk1Uq1m9NC/XJWRw4cgiNwAixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mEaXtNnMAfgD7fMHkOieag==</latexit>

xorbit
j = {1/3, 2/3} = {x0, x1}

Now lets design the control protocol:
with strength a

if 
<latexit sha1_base64="NdEiKgvibLVAf2YDNPmzPLIYT3I=">AAACD3icbVDLSgMxFM3UV62vqks3waJUimVGpLoRim5cVrAPaMchk6ZtbCYzJBlpGeYP3Pgrblwo4tatO//GTDsLbT0QOJxzLrn3uAGjUpnmt5FZWFxaXsmu5tbWNza38ts7DemHApM69pkvWi6ShFFO6ooqRlqBIMhzGWm6w6vEbz4QIanPb9U4ILaH+pz2KEZKS07+cOREvGTFF0XrGB2NnPu7qOMhNRBe5AuXqjguoZGjgwWzbE4A54mVkgJIUXPyX52uj0OPcIUZkrJtmYGyIyQUxYzEuU4oSYDwEPVJW1OOPCLtaHJPDA+00oU9X+jHFZyovyci5Ek59lydTHaVs14i/ue1Q9U7tyPKg1ARjqcf9UIGlQ+TcmCXCoIVG2uCsKB6V4gHSCCsdIU5XYI1e/I8aZyUrUq5cnNaqF6mdWTBHtgHRWCBM1AF16AG6gCDR/AMXsGb8WS8GO/GxzSaMdKZXfAHxucPrhecfQ==</latexit>

xn+1 = (1� a)xorbit
j + axn

Neighborhood of 
<latexit sha1_base64="PVAvdn26F46puFlvvimci6Pnt5E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KolIdVl047KCfUAbw2Q6acfOI8xMxBqCv+LGhSJu/Q93/o2TNgttPTBwOOde7pkTxpQo7brf1sLi0vLKammtvL6xubVt7+y2lEgkwk0kqJCdECpMCcdNTTTFnVhiyEKK2+HoMvfb91gqIviNHsfYZ3DASUQQ1EYK7P2H4O427TGoh5KlQoZEZ1lgV9yqO4EzT7yCVECBRmB/9foCJQxzjShUquu5sfZTKDVBFGflXqJwDNEIDnDXUA4ZVn46SZ85R0bpO5GQ5nHtTNTfGylkSo1ZaCbzmGrWy8X/vG6io3M/JTxONOZoeihKqKOFk1fh9InESNOxIRBJYrI6aAglRNoUVjYleLNfnietk6pXq9auTyv1i6KOEjgAh+AYeOAM1MEVaIAmQOARPINX8GY9WS/Wu/UxHV2wip098AfW5w+7XpYS</latexit>

xorbit
j

<latexit sha1_base64="wT53NOAg1ureBzbPVNhItz61rCY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgtSkSBVPRT14rGA/oA1hs922SzebsLsplNB/4sWDIl79J978N27bHLT6YODx3gwz84KYM6Ud58vKrayurW/kNwtb2zu7e/b+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweh25rfGVCoWiUc9iakX4oFgfUawNpJv2907yjX2neuSc+aeV059u+iUnTnQX+JmpAgZ6r792e1FJAmp0IRjpTquE2svxVIzwum00E0UjTEZ4QHtGCpwSJWXzi+fohOj9FA/kqaERnP150SKQ6UmYWA6Q6yHatmbif95nUT3r7yUiTjRVJDFon7CkY7QLAbUY5ISzSeGYCKZuRWRIZaYaBNWwYTgLr/8lzQrZbdarj5cFGs3WRx5OIJjKIELl1CDe6hDAwiM4Qle4NVKrWfrzXpftOasbOYQfsH6+AaC35Gk</latexit>

�0 : (0, 1/2)
<latexit sha1_base64="npkHJQ6s8FkP0caNpFulFj3CrSk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgtSkSBVPRT14rGA/oA1hs922SzebsLsplNB/4sWDIl79J978N27bHLT6YODx3gwz84KYM6Ud58vKrayurW/kNwtb2zu7e/b+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweh25rfGVCoWiUc9iakX4oFgfUawNpJv2907yjX23euSe145c099u+iUnTnQX+JmpAgZ6r792e1FJAmp0IRjpTquE2svxVIzwum00E0UjTEZ4QHtGCpwSJWXzi+fohOj9FA/kqaERnP150SKQ6UmYWA6Q6yHatmbif95nUT3r7yUiTjRVJDFon7CkY7QLAbUY5ISzSeGYCKZuRWRIZaYaBNWwYTgLr/8lzQrZbdarj5cFGs3WRx5OIJjKIELl1CDe6hDAwiM4Qle4NVKrWfrzXpftOasbOYQfsH6+AaF/JGm</latexit>

�1 : (1/2, 1)

define the control map



Controlling the Bernoulli 
(doubling) Map

0 11/3 2/3
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Now lets design the control protocol:
with strength a

if 

define the control map
<latexit sha1_base64="NdEiKgvibLVAf2YDNPmzPLIYT3I=">AAACD3icbVDLSgMxFM3UV62vqks3waJUimVGpLoRim5cVrAPaMchk6ZtbCYzJBlpGeYP3Pgrblwo4tatO//GTDsLbT0QOJxzLrn3uAGjUpnmt5FZWFxaXsmu5tbWNza38ts7DemHApM69pkvWi6ShFFO6ooqRlqBIMhzGWm6w6vEbz4QIanPb9U4ILaH+pz2KEZKS07+cOREvGTFF0XrGB2NnPu7qOMhNRBe5AuXqjguoZGjgwWzbE4A54mVkgJIUXPyX52uj0OPcIUZkrJtmYGyIyQUxYzEuU4oSYDwEPVJW1OOPCLtaHJPDA+00oU9X+jHFZyovyci5Ek59lydTHaVs14i/ue1Q9U7tyPKg1ARjqcf9UIGlQ+TcmCXCoIVG2uCsKB6V4gHSCCsdIU5XYI1e/I8aZyUrUq5cnNaqF6mdWTBHtgHRWCBM1AF16AG6gCDR/AMXsGb8WS8GO/GxzSaMdKZXfAHxucPrhecfQ==</latexit>

xn+1 = (1� a)xorbit
j + axn

Neighborhood of 
<latexit sha1_base64="PVAvdn26F46puFlvvimci6Pnt5E=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KolIdVl047KCfUAbw2Q6acfOI8xMxBqCv+LGhSJu/Q93/o2TNgttPTBwOOde7pkTxpQo7brf1sLi0vLKammtvL6xubVt7+y2lEgkwk0kqJCdECpMCcdNTTTFnVhiyEKK2+HoMvfb91gqIviNHsfYZ3DASUQQ1EYK7P2H4O427TGoh5KlQoZEZ1lgV9yqO4EzT7yCVECBRmB/9foCJQxzjShUquu5sfZTKDVBFGflXqJwDNEIDnDXUA4ZVn46SZ85R0bpO5GQ5nHtTNTfGylkSo1ZaCbzmGrWy8X/vG6io3M/JTxONOZoeihKqKOFk1fh9InESNOxIRBJYrI6aAglRNoUVjYleLNfnietk6pXq9auTyv1i6KOEjgAh+AYeOAM1MEVaIAmQOARPINX8GY9WS/Wu/UxHV2wip098AfW5w+7XpYS</latexit>

xorbit
j

Lets consider
<latexit sha1_base64="l/Hl5o7nBd6esVHry+SpLkb4/gQ=">AAACFXicbVDLSsNAFJ34rPUVdekmWAQXpU1aqW6EohuXFewDmhgm00k7djIJMxNpCfkJN/6KGxeKuBXc+TdO2i609cDA4ZxzmXuPF1EipGl+a0vLK6tr67mN/ObW9s6uvrffEmHMEW6ikIa840GBKWG4KYmkuBNxDAOP4rY3vMr89gPmgoTsVo4j7ASwz4hPEJRKcvXiyL2/S+wAygEPkpB7RKbphZ1Y5WqxUq7aGR+5popZdurqBbNkTmAsEmtGCmCGhqt/2b0QxQFmElEoRNcyI+kkkEuCKE7zdixwBNEQ9nFXUQYDLJxkclVqHCulZ/ghV49JY6L+nkhgIMQ48FQyW1/Me5n4n9eNpX/uJIRFscQMTT/yY2rI0MgqMnqEYyTpWBGIOFG7GmgAOURSFZlXJVjzJy+SVqVk1Uq1m9NC/XJWRw4cgiNwAixwBurgGjRAEyDwCJ7BK3jTnrQX7V37mEaXtNnMAfgD7fMHkOieag==</latexit>

xorbit
j = {1/3, 2/3} = {x0, x1}

<latexit sha1_base64="wT53NOAg1ureBzbPVNhItz61rCY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgtSkSBVPRT14rGA/oA1hs922SzebsLsplNB/4sWDIl79J978N27bHLT6YODx3gwz84KYM6Ud58vKrayurW/kNwtb2zu7e/b+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweh25rfGVCoWiUc9iakX4oFgfUawNpJv2907yjX2neuSc+aeV059u+iUnTnQX+JmpAgZ6r792e1FJAmp0IRjpTquE2svxVIzwum00E0UjTEZ4QHtGCpwSJWXzi+fohOj9FA/kqaERnP150SKQ6UmYWA6Q6yHatmbif95nUT3r7yUiTjRVJDFon7CkY7QLAbUY5ISzSeGYCKZuRWRIZaYaBNWwYTgLr/8lzQrZbdarj5cFGs3WRx5OIJjKIELl1CDe6hDAwiM4Qle4NVKrWfrzXpftOasbOYQfsH6+AaC35Gk</latexit>

�0 : (0, 1/2)
<latexit sha1_base64="npkHJQ6s8FkP0caNpFulFj3CrSk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahgtSkSBVPRT14rGA/oA1hs922SzebsLsplNB/4sWDIl79J978N27bHLT6YODx3gwz84KYM6Ud58vKrayurW/kNwtb2zu7e/b+QVNFiSS0QSIeyXaAFeVM0IZmmtN2LCkOA05bweh25rfGVCoWiUc9iakX4oFgfUawNpJv2907yjX23euSe145c099u+iUnTnQX+JmpAgZ6r792e1FJAmp0IRjpTquE2svxVIzwum00E0UjTEZ4QHtGCpwSJWXzi+fohOj9FA/kqaERnP150SKQ6UmYWA6Q6yHatmbif95nUT3r7yUiTjRVJDFon7CkY7QLAbUY5ISzSeGYCKZuRWRIZaYaBNWwYTgLr/8lzQrZbdarj5cFGs3WRx5OIJjKIELl1CDe6hDAwiM4Qle4NVKrWfrzXpftOasbOYQfsH6+AaF/JGm</latexit>

�1 : (1/2, 1)



Controlling the Bernoulli 
(doubling) Map

<latexit sha1_base64="vthuI2NHWWlvatLURmUFRxdGqW0=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoKGWmSHUjFN24rGAf0BmGTJq2oUlmSDLSMvQX3Pgrblwo4tadO//GTNuFtp4QOJxzL/feE8aMKu0431ZuZXVtfSO/Wdja3tnds/cPmipKJCYNHLFItkOkCKOCNDTVjLRjSRAPGWmFw5vMbz0QqWgk7vU4Jj5HfUF7FCNtpMAujYJUnLqTqwocBQJ6Z9mDHkd6IHnKo+5kqkE3sItO2ZkCLhN3Topgjnpgf3ndCCecCI0ZUqrjOrH2UyQ1xYxMCl6iSIzwEPVJx1CBOFF+Or1oAk+M0oW9SJovNJyqvztSxJUa89BUZquqRS8T//M6ie5d+ikVcaKJwLNBvYRBHcEsHtilkmDNxoYgLKnZFeIBkghrE2LBhOAunrxMmpWyWy1X786Ltet5HHlwBI5BCbjgAtTALaiDBsDgETyDV/BmPVkv1rv1MSvNWfOeQ/AH1ucP3ZSbKQ==</latexit>

xn+1 = 2xn mod 1 <latexit sha1_base64="ibWhG3SfkVesaOxKQVpn5erNKHc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EokWKoI1lBC8JJEfY2+wlS/Z2j909MRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/O/PYjVZpJ8WAmCQ1iPBQsYgQbK/lu/anu9csVt+rOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5LWRdWrVWv3l5XGTR5HEU7gFM7BgytowB00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/JCY4I</latexit>

0 < x < 1

if 
<latexit sha1_base64="NdEiKgvibLVAf2YDNPmzPLIYT3I=">AAACD3icbVDLSgMxFM3UV62vqks3waJUimVGpLoRim5cVrAPaMchk6ZtbCYzJBlpGeYP3Pgrblwo4tatO//GTDsLbT0QOJxzLrn3uAGjUpnmt5FZWFxaXsmu5tbWNza38ts7DemHApM69pkvWi6ShFFO6ooqRlqBIMhzGWm6w6vEbz4QIanPb9U4ILaH+pz2KEZKS07+cOREvGTFF0XrGB2NnPu7qOMhNRBe5AuXqjguoZGjgwWzbE4A54mVkgJIUXPyX52uj0OPcIUZkrJtmYGyIyQUxYzEuU4oSYDwEPVJW1OOPCLtaHJPDA+00oU9X+jHFZyovyci5Ek59lydTHaVs14i/ue1Q9U7tyPKg1ARjqcf9UIGlQ+TcmCXCoIVG2uCsKB6V4gHSCCsdIU5XYI1e/I8aZyUrUq5cnNaqF6mdWTBHtgHRWCBM1AF16AG6gCDR/AMXsGb8WS8GO/GxzSaMdKZXfAHxucPrhecfQ==</latexit>

xn+1 = (1� a)xorbit
j + axn

Control map

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B Bernoulli map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Controlling the Bernoulli 
(doubling) Map

<latexit sha1_base64="vthuI2NHWWlvatLURmUFRxdGqW0=">AAACEXicbVDLSgMxFM3UV62vUZdugkUoKGWmSHUjFN24rGAf0BmGTJq2oUlmSDLSMvQX3Pgrblwo4tadO//GTNuFtp4QOJxzL/feE8aMKu0431ZuZXVtfSO/Wdja3tnds/cPmipKJCYNHLFItkOkCKOCNDTVjLRjSRAPGWmFw5vMbz0QqWgk7vU4Jj5HfUF7FCNtpMAujYJUnLqTqwocBQJ6Z9mDHkd6IHnKo+5kqkE3sItO2ZkCLhN3Topgjnpgf3ndCCecCI0ZUqrjOrH2UyQ1xYxMCl6iSIzwEPVJx1CBOFF+Or1oAk+M0oW9SJovNJyqvztSxJUa89BUZquqRS8T//M6ie5d+ikVcaKJwLNBvYRBHcEsHtilkmDNxoYgLKnZFeIBkghrE2LBhOAunrxMmpWyWy1X786Ltet5HHlwBI5BCbjgAtTALaiDBsDgETyDV/BmPVkv1rv1MSvNWfOeQ/AH1ucP3ZSbKQ==</latexit>

xn+1 = 2xn mod 1 <latexit sha1_base64="ibWhG3SfkVesaOxKQVpn5erNKHc=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EokWKoI1lBC8JJEfY2+wlS/Z2j909MRz5DTYWitj6g+z8N26SKzTxwcDjvRlm5oUJZ9q47rdTWFvf2Nwqbpd2dvf2D8qHRy0tU0WoTySXqhNiTTkT1DfMcNpJFMVxyGk7HN/O/PYjVZpJ8WAmCQ1iPBQsYgQbK/lu/anu9csVt+rOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7BSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6DjIkkNVSQxaIo5chINPscDZiixPCJJZgoZm9FZIQVJsbmU7IheMsvr5LWRdWrVWv3l5XGTR5HEU7gFM7BgytowB00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w/JCY4I</latexit>

0 < x < 1

if 
<latexit sha1_base64="NdEiKgvibLVAf2YDNPmzPLIYT3I=">AAACD3icbVDLSgMxFM3UV62vqks3waJUimVGpLoRim5cVrAPaMchk6ZtbCYzJBlpGeYP3Pgrblwo4tatO//GTDsLbT0QOJxzLrn3uAGjUpnmt5FZWFxaXsmu5tbWNza38ts7DemHApM69pkvWi6ShFFO6ooqRlqBIMhzGWm6w6vEbz4QIanPb9U4ILaH+pz2KEZKS07+cOREvGTFF0XrGB2NnPu7qOMhNRBe5AuXqjguoZGjgwWzbE4A54mVkgJIUXPyX52uj0OPcIUZkrJtmYGyIyQUxYzEuU4oSYDwEPVJW1OOPCLtaHJPDA+00oU9X+jHFZyovyci5Ek59lydTHaVs14i/ue1Q9U7tyPKg1ARjqcf9UIGlQ+TcmCXCoIVG2uCsKB6V4gHSCCsdIU5XYI1e/I8aZyUrUq5cnNaqF6mdWTBHtgHRWCBM1AF16AG6gCDR/AMXsGb8WS8GO/GxzSaMdKZXfAHxucPrhecfQ==</latexit>

xn+1 = (1� a)xorbit
j + axn

Apply Bernoulli map with probability

Now put this together stochastically applying one or 
the other map

Control map

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B Bernoulli map

Apply Control map with probability

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Controlling the Bernoulli 
(doubling) Map

To understand the phase diagram lets go through this stochastic process.

Write the number  in binary representation: x x =
∞

∑
j=1

yj2−j

For simplicity control onto xj = 0

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Controlling the Bernoulli 
(doubling) Map

To understand the phase diagram lets go through this stochastic process.

Write the number  in binary representation: x x =
∞

∑
j=1

yj2−j

For simplicity control onto xj = 0

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

B(x) =
∞

∑
j=1

yj2−( j−1) =
∞

∑
j=1

yj+12−j

The Bernoulli map  mod 1 has the action:B(x) = xn+1 = 2xn



Controlling the Bernoulli 
(doubling) Map

To understand the phase diagram lets go through this stochastic process.

Write the number  in binary representation: x x =
∞

∑
j=1

yj2−j

For simplicity control onto xj = 0

The control map  with  taking  has the actionC(x) = ax |a | < 1 a = 2−n

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

C(x) =
∞

∑
j=1

yj2−( j+n) =
∞

∑
j=1+n

yj−n2−j

B(x) =
∞

∑
j=1

yj2−( j−1) =
∞

∑
j=1

yj+12−j

The Bernoulli map  mod 1 has the action:B(x) = xn+1 = 2xn



Controlling the Bernoulli 
(doubling) Map

The Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

To find when a bit string’s chaos begins, consider the first domain wall (FDW)

x =
∞

∑
j=1

yj2−j



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

To find when a bit string’s chaos begins, consider the first domain wall (FDW)

A periodic orbit will have a repeating decimal expansion  for yj = yj+N N ≥ 1

When this pattern *first* breaks for an irrational number we call the first 
domain wall.

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

To find when a bit string’s chaos begins, consider the first domain wall (FDW)

A periodic orbit will have a repeating decimal expansion  for yj = yj+N N ≥ 1

When this pattern *first* breaks for an irrational number we call the first 
domain wall.

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

To find when a bit string’s chaos begins, consider the first domain wall (FDW)

A periodic orbit will have a repeating decimal expansion  for yj = yj+N N ≥ 1

When this pattern *first* breaks for an irrational number we call the first 
domain wall.

The Control map acts with probability  and moves the domain wall to the 
Right by  as 

p
n yN → yN−n

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The velocity of the first domain wall

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

The Control map acts with probability  and moves the domain wall to the 
Right by  as 

p
n yN → yN−n

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1

vdw = np − (1 − p) = −
log(a)
log(2)

p − (1 − p)



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The velocity of the first domain wall

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

The Control map acts with probability  and moves the domain wall to the 
Right by  as 

p
n yN → yN−n

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1

Chaos= FDW keeps moving to the left

Control= FDW keeps moving to the right

vdw = np − (1 − p) = −
log(a)
log(2)

p − (1 − p)



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The velocity of the first domain wall

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

vdw = np − (1 − p) = −
log(a)
log(2)

p − (1 − p)

The Control map acts with probability  and moves the domain wall to the 
Right by  as 

p
n yN → yN−n

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1

Chaos= FDW keeps moving to the left

Control= FDW keeps moving to the right

Critical point⇒vdw = 0



Controlling the Bernoulli 
(doubling) Map

Antoniou, Basios, and Bosco,  Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998). Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The velocity of the first domain wall

x =
∞

∑
j=1

yj2−jThe Bernoulli map has the action: B(x) =
∞

∑
j=1

yj+12−j

Control map has the action  C(x) =
∞

∑
j=1+n

yj−n2−j

vdw = np − (1 − p) = −
log(a)
log(2)

p − (1 − p)

The Control map acts with probability  and moves the domain wall to the 
Right by  as 

p
n yN → yN−n

The Bernoulli map acts with probability  and moves the domain wall to 
the Left by one 

1 − p
yN → yN+1

Chaos= FDW keeps moving to the left

Control= FDW keeps moving to the right

Critical point⇒vdw = 0

pc =
log(2)

log(2) − log(a)



Dynamical Phase Diagram of 
Bernoulli+Control 

Apply Bernoulli map with probability

Apply Control map with probability
Antoniou, V. Basios, and F. Bosco,  
Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998).

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

Find a transition when
<latexit sha1_base64="2unQpFYhHIaqm7cibHBT4WTczAA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItG6EohuXFexD2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E49uZ33miSrNYPphJQn2Bh5JFjGBjpcc+t9EQX7uDcsWtunOgVeLlpAI5moPyVz+MSSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5gtP0ZlVQhTFyj5p0Fz9PZFhofVEBDYpsBnpZW8m/uf1UhNd+RmTSWqoJIuPopQjE6PZ9ShkihLDJ5ZgopjdFZERVpgY21HJluAtn7xK2hdVr1at3V9WGjd5HUU4gVM4Bw/q0IA7aEILCAh4hld4c5Tz4rw7H4towclnjuEPnM8fNTOQCQ==</latexit>

� = 0
<latexit sha1_base64="RTONjLDjCCCoJf1aGg0OK0zdVY4=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSFYqBKECmMFC2OR6ENqQuQ4TmvVcSLbQa3SLiz8CgsDCLHyD2z8DW6bAVqOZOnonHt0fY+fMCqVZX0bC4tLyyurhbXi+sbm1ra5s9uQcSowqeOYxaLlI0kY5aSuqGKklQiCIp+Rpt+7HvvNByIkjfmdGiTEjVCH05BipLTkmQfD/rHHT/seHzqSRpDcZw7T8QBBNfLMklW2JoDzxM5JCeSoeeaXE8Q4jQhXmCEp27aVKDdDQlHMyKjopJIkCPdQh7Q15Sgi0s0mV4zgkVYCGMZCP67gRP2dyFAk5SDy9WSEVFfOemPxP6+dqvDSzShPUkU4ni4KUwZVDMeVwIAKghUbaIKwoPqvEHeRQFjp4oq6BHv25HnSOCvblXLl9rxUvcrrKIB9cAhOgA0uQBXcgBqoAwwewTN4BW/Gk/FivBsf09EFI8/sgT8wPn8ASfSYdQ==</latexit>

|x0
n � xn| ⇠ e�t

<latexit sha1_base64="BGRtibPoOGRTigCbZlvSBp6k8jY=">AAACJnicbVDLSsNAFJ34rPUVdekmWIQWsSRFqptC0Y3LCvYBTQiTybQdOsmEmYlQQr7Gjb/ixkVFxJ2f4iTNQlsPDBzOOZe593gRJUKa5pe2tr6xubVd2inv7u0fHOpHxz3BYo5wFzHK+MCDAlMS4q4kkuJBxDEMPIr73vQu8/tPmAvCwkc5i7ATwHFIRgRBqSRXb9lUhX3YqlqXkZvYAZQTHiRIcpqmNZuycbVRu1hxcgPWXL1i1s0cxiqxClIBBTquPrd9huIAhxJRKMTQMiPpJJBLgihOy3YscATRFI7xUNEQBlg4SX5mapwrxTdGjKsXSiNXf08kMBBiFngqmS0rlr1M/M8bxnJ04yQkjGKJQ7T4aBRTQzIj68zwCcdI0pkiEHGidjXQBHKIpGq2rEqwlk9eJb1G3WrWmw9XlfZtUUcJnIIzUAUWuAZtcA86oAsQeAavYA7etRftTfvQPhfRNa2YOQF/oH3/AN9Xpg8=</latexit>

� = (1� pctrl) log(2) + pctrl log(a)

λ = − log(2)vdw



Dynamical Phase Diagram of 
Bernoulli+Control 
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Apply Bernoulli map with probability

Apply Control map with probability

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

<latexit sha1_base64="Bx8kfbJtXjeqkwnfq6vfLY4uMqs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItK6k6MZlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GtJ2Fth4IHM45l9x7goQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbmd56o0iyWD2aSUF/goWQRI9hY6bHPbTTE1+6gXHGr7hxolXg5qUCO5qD81Q9jkgoqDeFY657nJsbPsDKMcDot9VNNE0zGeEh7lkosqPaz+cJTdGaVEEWxsk8aNFd/T2RYaD0RgU0KbEZ62ZuJ/3m91ERXfsZkkhoqyeKjKOXIxGh2PQqZosTwiSWYKGZ3RWSEFSbGdlSyJXjLJ6+S9kXVq1Vr95eVxk1eRxFO4BTOwYM6NOAOmtACAgKe4RXeHOW8OO/OxyJacPKZY/gD5/MHNriQCg==</latexit>

� > 0

<latexit sha1_base64="CuaCJHJCaQ2DCMAWJHprVy+7SRk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC5cFN24rGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2G+NodlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5roys+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6y0rjJ6yjCCZzCOXhQhwbcQRNaQEDAM7zCm6OcF+fd+VhEC04+cwx/4Hz+ADOukAg=</latexit>

� < 0

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

Antoniou, V. Basios, and F. Bosco,  
Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998).

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

Find a transition when
<latexit sha1_base64="2unQpFYhHIaqm7cibHBT4WTczAA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItG6EohuXFexD2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E49uZ33miSrNYPphJQn2Bh5JFjGBjpcc+t9EQX7uDcsWtunOgVeLlpAI5moPyVz+MSSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5gtP0ZlVQhTFyj5p0Fz9PZFhofVEBDYpsBnpZW8m/uf1UhNd+RmTSWqoJIuPopQjE6PZ9ShkihLDJ5ZgopjdFZERVpgY21HJluAtn7xK2hdVr1at3V9WGjd5HUU4gVM4Bw/q0IA7aEILCAh4hld4c5Tz4rw7H4towclnjuEPnM8fNTOQCQ==</latexit>

� = 0
<latexit sha1_base64="RTONjLDjCCCoJf1aGg0OK0zdVY4=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSFYqBKECmMFC2OR6ENqQuQ4TmvVcSLbQa3SLiz8CgsDCLHyD2z8DW6bAVqOZOnonHt0fY+fMCqVZX0bC4tLyyurhbXi+sbm1ra5s9uQcSowqeOYxaLlI0kY5aSuqGKklQiCIp+Rpt+7HvvNByIkjfmdGiTEjVCH05BipLTkmQfD/rHHT/seHzqSRpDcZw7T8QBBNfLMklW2JoDzxM5JCeSoeeaXE8Q4jQhXmCEp27aVKDdDQlHMyKjopJIkCPdQh7Q15Sgi0s0mV4zgkVYCGMZCP67gRP2dyFAk5SDy9WSEVFfOemPxP6+dqvDSzShPUkU4ni4KUwZVDMeVwIAKghUbaIKwoPqvEHeRQFjp4oq6BHv25HnSOCvblXLl9rxUvcrrKIB9cAhOgA0uQBXcgBqoAwwewTN4BW/Gk/FivBsf09EFI8/sgT8wPn8ASfSYdQ==</latexit>

|x0
n � xn| ⇠ e�t

<latexit sha1_base64="BGRtibPoOGRTigCbZlvSBp6k8jY=">AAACJnicbVDLSsNAFJ34rPUVdekmWIQWsSRFqptC0Y3LCvYBTQiTybQdOsmEmYlQQr7Gjb/ixkVFxJ2f4iTNQlsPDBzOOZe593gRJUKa5pe2tr6xubVd2inv7u0fHOpHxz3BYo5wFzHK+MCDAlMS4q4kkuJBxDEMPIr73vQu8/tPmAvCwkc5i7ATwHFIRgRBqSRXb9lUhX3YqlqXkZvYAZQTHiRIcpqmNZuycbVRu1hxcgPWXL1i1s0cxiqxClIBBTquPrd9huIAhxJRKMTQMiPpJJBLgihOy3YscATRFI7xUNEQBlg4SX5mapwrxTdGjKsXSiNXf08kMBBiFngqmS0rlr1M/M8bxnJ04yQkjGKJQ7T4aBRTQzIj68zwCcdI0pkiEHGidjXQBHKIpGq2rEqwlk9eJb1G3WrWmw9XlfZtUUcJnIIzUAUWuAZtcA86oAsQeAavYA7etRftTfvQPhfRNa2YOQF/oH3/AN9Xpg8=</latexit>

� = (1� pctrl) log(2) + pctrl log(a)

λ = − log(2)vdw



Dynamical Phase Diagram of 
Bernoulli+Control 
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<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Antoniou, V. Basios, and F. Bosco,  
Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998).

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

control 
phase

chaotic
phase

<latexit sha1_base64="Bx8kfbJtXjeqkwnfq6vfLY4uMqs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItK6k6MZlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GtJ2Fth4IHM45l9x7goQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbmd56o0iyWD2aSUF/goWQRI9hY6bHPbTTE1+6gXHGr7hxolXg5qUCO5qD81Q9jkgoqDeFY657nJsbPsDKMcDot9VNNE0zGeEh7lkosqPaz+cJTdGaVEEWxsk8aNFd/T2RYaD0RgU0KbEZ62ZuJ/3m91ERXfsZkkhoqyeKjKOXIxGh2PQqZosTwiSWYKGZ3RWSEFSbGdlSyJXjLJ6+S9kXVq1Vr95eVxk1eRxFO4BTOwYM6NOAOmtACAgKe4RXeHOW8OO/OxyJacPKZY/gD5/MHNriQCg==</latexit>

� > 0

<latexit sha1_base64="CuaCJHJCaQ2DCMAWJHprVy+7SRk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC5cFN24rGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2G+NodlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5roys+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6y0rjJ6yjCCZzCOXhQhwbcQRNaQEDAM7zCm6OcF+fd+VhEC04+cwx/4Hz+ADOukAg=</latexit>

� < 0

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

Find a transition when
<latexit sha1_base64="2unQpFYhHIaqm7cibHBT4WTczAA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItG6EohuXFexD2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E49uZ33miSrNYPphJQn2Bh5JFjGBjpcc+t9EQX7uDcsWtunOgVeLlpAI5moPyVz+MSSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5gtP0ZlVQhTFyj5p0Fz9PZFhofVEBDYpsBnpZW8m/uf1UhNd+RmTSWqoJIuPopQjE6PZ9ShkihLDJ5ZgopjdFZERVpgY21HJluAtn7xK2hdVr1at3V9WGjd5HUU4gVM4Bw/q0IA7aEILCAh4hld4c5Tz4rw7H4towclnjuEPnM8fNTOQCQ==</latexit>

� = 0
<latexit sha1_base64="RTONjLDjCCCoJf1aGg0OK0zdVY4=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSFYqBKECmMFC2OR6ENqQuQ4TmvVcSLbQa3SLiz8CgsDCLHyD2z8DW6bAVqOZOnonHt0fY+fMCqVZX0bC4tLyyurhbXi+sbm1ra5s9uQcSowqeOYxaLlI0kY5aSuqGKklQiCIp+Rpt+7HvvNByIkjfmdGiTEjVCH05BipLTkmQfD/rHHT/seHzqSRpDcZw7T8QBBNfLMklW2JoDzxM5JCeSoeeaXE8Q4jQhXmCEp27aVKDdDQlHMyKjopJIkCPdQh7Q15Sgi0s0mV4zgkVYCGMZCP67gRP2dyFAk5SDy9WSEVFfOemPxP6+dqvDSzShPUkU4ni4KUwZVDMeVwIAKghUbaIKwoPqvEHeRQFjp4oq6BHv25HnSOCvblXLl9rxUvcrrKIB9cAhOgA0uQBXcgBqoAwwewTN4BW/Gk/FivBsf09EFI8/sgT8wPn8ASfSYdQ==</latexit>

|x0
n � xn| ⇠ e�t

<latexit sha1_base64="BGRtibPoOGRTigCbZlvSBp6k8jY=">AAACJnicbVDLSsNAFJ34rPUVdekmWIQWsSRFqptC0Y3LCvYBTQiTybQdOsmEmYlQQr7Gjb/ixkVFxJ2f4iTNQlsPDBzOOZe593gRJUKa5pe2tr6xubVd2inv7u0fHOpHxz3BYo5wFzHK+MCDAlMS4q4kkuJBxDEMPIr73vQu8/tPmAvCwkc5i7ATwHFIRgRBqSRXb9lUhX3YqlqXkZvYAZQTHiRIcpqmNZuycbVRu1hxcgPWXL1i1s0cxiqxClIBBTquPrd9huIAhxJRKMTQMiPpJJBLgihOy3YscATRFI7xUNEQBlg4SX5mapwrxTdGjKsXSiNXf08kMBBiFngqmS0rlr1M/M8bxnJ04yQkjGKJQ7T4aBRTQzIj68zwCcdI0pkiEHGidjXQBHKIpGq2rEqwlk9eJb1G3WrWmw9XlfZtUUcJnIIzUAUWuAZtcA86oAsQeAavYA7etRftTfvQPhfRNa2YOQF/oH3/AN9Xpg8=</latexit>

� = (1� pctrl) log(2) + pctrl log(a)

λ = − log(2)vdw



Dynamical Phase Diagram of 
Bernoulli+Control 
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Apply Bernoulli map with probability

Apply Control map with probability

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
Antoniou, V. Basios, and F. Bosco,  
Int. J. Bifurcation Chaos 06, 1563 (1996) & (1998).

<latexit sha1_base64="NyHPVUVlO6gTN6ogtLJ2PdsLuH0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4hkUcCGzI7NDAyO7uZmTUhG77AiweN8eonefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzDRGP6QjyYecUWOlRq1fLLlldwGyTryMlCBDvV/86g0iloQoDRNU667nxsZPqTKcCZwVeonGmLIJHWHXUklD1H66OHRGLqwyIMNI2ZKGLNTfEykNtZ6Gge0MqRnrVW8u/ud1EzO89VMu48SgZMtFw0QQE5H512TAFTIjppZQpri9lbAxVZQZm03BhuCtvrxOWldlr1KuNK5L1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJfzjNE=</latexit>

B

control 
phase

chaotic
phase

<latexit sha1_base64="Bx8kfbJtXjeqkwnfq6vfLY4uMqs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItK6k6MZlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GtJ2Fth4IHM45l9x7goQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QBrypmkLcMMp91EUSwCTjvB+Hbmd56o0iyWD2aSUF/goWQRI9hY6bHPbTTE1+6gXHGr7hxolXg5qUCO5qD81Q9jkgoqDeFY657nJsbPsDKMcDot9VNNE0zGeEh7lkosqPaz+cJTdGaVEEWxsk8aNFd/T2RYaD0RgU0KbEZ62ZuJ/3m91ERXfsZkkhoqyeKjKOXIxGh2PQqZosTwiSWYKGZ3RWSEFSbGdlSyJXjLJ6+S9kXVq1Vr95eVxk1eRxFO4BTOwYM6NOAOmtACAgKe4RXeHOW8OO/OxyJacPKZY/gD5/MHNriQCg==</latexit>

� > 0

<latexit sha1_base64="CuaCJHJCaQ2DCMAWJHprVy+7SRk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC5cFN24rGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32uY2G+NodlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5roys+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6y0rjJ6yjCCZzCOXhQhwbcQRNaQEDAM7zCm6OcF+fd+VhEC04+cwx/4Hz+ADOukAg=</latexit>

� < 0

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="Mj4DZAZsmefxLgvNE8VPHIUQf7Y=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMevEYwTwgWULvZJIMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRVmDRiJS7QA1E1yyhuFGsHasGIaBYK1gfDvzW09MaR7JBzOJmR/iUPIBp2is1I57KZ2W8bxXLLkVdw6ySryMlCBDvVf86vYjmoRMGipQ647nxsZPURlOBZsWuolmMdIxDlnHUokh0346v3dKzqzSJ4NI2ZKGzNXfEymGWk/CwHaGaEZ62ZuJ/3mdxAyu/ZTLODFM0sWiQSKIicjsedLnilEjJpYgVdzeSugIFVJjIyrYELzll1dJ86LiVSvV+8tS7SaLIw8ncApl8OAKanAHdWgABQHP8ApvzqPz4rw7H4vWnJPNHMMfOJ8/l3GPsQ==</latexit>

pc(a)

Find a transition when
<latexit sha1_base64="2unQpFYhHIaqm7cibHBT4WTczAA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItG6EohuXFexD2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YW2nogcDjnXHLvCRLOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdQOsKWeStgwznHYTRbEIOO0E49uZ33miSrNYPphJQn2Bh5JFjGBjpcc+t9EQX7uDcsWtunOgVeLlpAI5moPyVz+MSSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5gtP0ZlVQhTFyj5p0Fz9PZFhofVEBDYpsBnpZW8m/uf1UhNd+RmTSWqoJIuPopQjE6PZ9ShkihLDJ5ZgopjdFZERVpgY21HJluAtn7xK2hdVr1at3V9WGjd5HUU4gVM4Bw/q0IA7aEILCAh4hld4c5Tz4rw7H4towclnjuEPnM8fNTOQCQ==</latexit>

� = 0
<latexit sha1_base64="RTONjLDjCCCoJf1aGg0OK0zdVY4=">AAACBXicbVC7TsMwFHV4lvIKMMJgUSFYqBKECmMFC2OR6ENqQuQ4TmvVcSLbQa3SLiz8CgsDCLHyD2z8DW6bAVqOZOnonHt0fY+fMCqVZX0bC4tLyyurhbXi+sbm1ra5s9uQcSowqeOYxaLlI0kY5aSuqGKklQiCIp+Rpt+7HvvNByIkjfmdGiTEjVCH05BipLTkmQfD/rHHT/seHzqSRpDcZw7T8QBBNfLMklW2JoDzxM5JCeSoeeaXE8Q4jQhXmCEp27aVKDdDQlHMyKjopJIkCPdQh7Q15Sgi0s0mV4zgkVYCGMZCP67gRP2dyFAk5SDy9WSEVFfOemPxP6+dqvDSzShPUkU4ni4KUwZVDMeVwIAKghUbaIKwoPqvEHeRQFjp4oq6BHv25HnSOCvblXLl9rxUvcrrKIB9cAhOgA0uQBXcgBqoAwwewTN4BW/Gk/FivBsf09EFI8/sgT8wPn8ASfSYdQ==</latexit>

|x0
n � xn| ⇠ e�t

<latexit sha1_base64="BGRtibPoOGRTigCbZlvSBp6k8jY=">AAACJnicbVDLSsNAFJ34rPUVdekmWIQWsSRFqptC0Y3LCvYBTQiTybQdOsmEmYlQQr7Gjb/ixkVFxJ2f4iTNQlsPDBzOOZe593gRJUKa5pe2tr6xubVd2inv7u0fHOpHxz3BYo5wFzHK+MCDAlMS4q4kkuJBxDEMPIr73vQu8/tPmAvCwkc5i7ATwHFIRgRBqSRXb9lUhX3YqlqXkZvYAZQTHiRIcpqmNZuycbVRu1hxcgPWXL1i1s0cxiqxClIBBTquPrd9huIAhxJRKMTQMiPpJJBLgihOy3YscATRFI7xUNEQBlg4SX5mapwrxTdGjKsXSiNXf08kMBBiFngqmS0rlr1M/M8bxnJ04yQkjGKJQ7T4aBRTQzIj68zwCcdI0pkiEHGidjXQBHKIpGq2rEqwlk9eJb1G3WrWmw9XlfZtUUcJnIIzUAUWuAZtcA86oAsQeAavYA7etRftTfvQPhfRNa2YOQF/oH3/AN9Xpg8=</latexit>

� = (1� pctrl) log(2) + pctrl log(a)

λ = − log(2)vdw



Classical Control transition: 
Recipe

How do we control chaos?

Google 

Classical Chaos: exponential
Sensitivity to initial conditions

Wikipedia

<latexit sha1_base64="73EpkEi8zQB2dooz0o1Jf8YBbtc="></latexit>

||x(t)� x0(t)|| ⇠ et�Lyapunov



Classical Control transition: 
Recipe

How do we control chaos?

Take a chaotic dynamical system.

Identify an unstable orbit: an orbit that 
is stable under the chaotic dynamics but 
any infinitesimal perturbation will drive 
the system out of the orbit.

Google 

Classical Chaos: exponential
Sensitivity to initial conditions Wikipedia

<latexit sha1_base64="73EpkEi8zQB2dooz0o1Jf8YBbtc="></latexit>

||x(t)� x0(t)|| ⇠ et�Lyapunov



Classical Control transition: 
Recipe

How do we control chaos?

Design a control protocol: 
Interleave operations that push the 
dynamical system onto a specified 
unstable orbit.

Google 

Take a chaotic dynamical system.

Identify an unstable orbit: an orbit that 
is stable under the chaotic dynamics but 
any infinitesimal perturbation will drive 
the system out of the orbit.

Wikipedia



Lets now apply this  
to the Kicked Top

Recall from Lecture 1

Kicked top
z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993)

Conserved angular 
momentum

<latexit sha1_base64="7TPR3/XfT12eUyZQOJqku4pt72o=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkoiUt0IRTfSVQX7gCaEyXTSTjOZhJmJUEJ2bvwVNy4UcesvuPNvnD4W2nrgwuGce7n3Hj9hVCrL+jYKS8srq2vF9dLG5tb2jrm715JxKjBp4pjFouMjSRjlpKmoYqSTCIIin5G2H96M/fYDEZLG/F6NEuJGqM9pQDFSWvLMQyere/S07g2d/Io6JJGUaT2jwzCve6Fnlq2KNQFcJPaMlMEMDc/8cnoxTiPCFWZIyq5tJcrNkFAUM5KXnFSSBOEQ9UlXU44iIt1s8kcOj7XSg0EsdHEFJ+rviQxFUo4iX3dGSA3kvDcW//O6qQou3YzyJFWE4+miIGVQxXAcCuxRQbBiI00QFlTfCvEACYSVjq6kQ7DnX14krbOKXa1U787LtetZHEVwAI7ACbDBBaiBW9AATYDBI3gGr+DNeDJejHfjY9paMGYz++APjM8fKqyZiA==</latexit>

{Ji, Jj} = iωijkJk
<latexit sha1_base64="JpXPvD5ev/9jZXf48+qIVySOjWY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCBwm7QaIXIegleIpgHpCNYXYymwyZfTAzq4R1P8WLB0W8+iXe/BsnyR40saChqOqmu8uNOJPKsr6N3Mrq2vpGfrOwtb2zu2cW91syjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vp377gQrJwuBOTSLa8/EwYB4jWGmpbxadJHFcD92k95XTupNeWn2zZJWtGdAysTNSggyNvvnlDEIS+zRQhGMpu7YVqV6ChWKE07TgxJJGmIzxkHY1DbBPZS+ZnZ6iY60MkBcKXYFCM/X3RIJ9KSe+qzt9rEZy0ZuK/3ndWHkXvYQFUaxoQOaLvJgjFaJpDmjABCWKTzTBRDB9KyIjLDBROq2CDsFefHmZtCplu1qu3p6ValdZHHk4hCM4ARvOoQZ1aEATCDzCM7zCm/FkvBjvxse8NWdkMwfwB8bnD73rkwc=</latexit>

{J2
, H} = 0

<latexit sha1_base64="zlePQ/81iZ0MFOzeilXLWB/ymSo=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuJA2EaluhKIbcVWpvUAbwmQ6aYdOLsxMpGkobnwVNy4UcetTuPNtnLRZaOsPAx//OYcz53dCRoU0jG9tYXFpeWU1t5Zf39jc2tZ3dhsiiDgmdRywgLccJAijPqlLKhlphZwgz2Gk6Qyu03rzgXBBA/9exiGxPNTzqUsxksqy9f3h5a09LNVOYKwgTmGkYFSq2XrBKBoTwXkwMyiATFVb/+p0Axx5xJeYISHaphFKK0FcUszION+JBAkRHqAeaSv0kUeElUxOGMMj5XShG3D1fAkn7u+JBHlCxJ6jOj0k+2K2lpr/1dqRdC+shPphJImPp4vciEEZwDQP2KWcYMliBQhzqv4KcR9xhKVKLa9CMGdPnofGadEsF8t3Z4XKVRZHDhyAQ3AMTHAOKuAGVEEdYPAInsEreNOetBftXfuYti5o2cwe+CPt8wcZs5VW</latexit>

x = Jx/S, y = Jy/S, z = Jz/SClassical 
limit

Equation of Motion

<latexit sha1_base64="U/OX7uxb7VI4KVp6G10p0zn4B5Y="></latexit>

dJ

dt
= {J, H} = →J↑ ωH

ωJ



Lets now apply this  
to the Kicked Top

Recall from Lecture 1

Kicked top
z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993)

Conserved angular 
momentum

<latexit sha1_base64="7TPR3/XfT12eUyZQOJqku4pt72o=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkoiUt0IRTfSVQX7gCaEyXTSTjOZhJmJUEJ2bvwVNy4UcesvuPNvnD4W2nrgwuGce7n3Hj9hVCrL+jYKS8srq2vF9dLG5tb2jrm715JxKjBp4pjFouMjSRjlpKmoYqSTCIIin5G2H96M/fYDEZLG/F6NEuJGqM9pQDFSWvLMQyere/S07g2d/Io6JJGUaT2jwzCve6Fnlq2KNQFcJPaMlMEMDc/8cnoxTiPCFWZIyq5tJcrNkFAUM5KXnFSSBOEQ9UlXU44iIt1s8kcOj7XSg0EsdHEFJ+rviQxFUo4iX3dGSA3kvDcW//O6qQou3YzyJFWE4+miIGVQxXAcCuxRQbBiI00QFlTfCvEACYSVjq6kQ7DnX14krbOKXa1U787LtetZHEVwAI7ACbDBBaiBW9AATYDBI3gGr+DNeDJejHfjY9paMGYz++APjM8fKqyZiA==</latexit>

{Ji, Jj} = iωijkJk
<latexit sha1_base64="JpXPvD5ev/9jZXf48+qIVySOjWY=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyCBwm7QaIXIegleIpgHpCNYXYymwyZfTAzq4R1P8WLB0W8+iXe/BsnyR40saChqOqmu8uNOJPKsr6N3Mrq2vpGfrOwtb2zu2cW91syjAWhTRLyUHRcLClnAW0qpjjtRIJi3+W07Y6vp377gQrJwuBOTSLa8/EwYB4jWGmpbxadJHFcD92k95XTupNeWn2zZJWtGdAysTNSggyNvvnlDEIS+zRQhGMpu7YVqV6ChWKE07TgxJJGmIzxkHY1DbBPZS+ZnZ6iY60MkBcKXYFCM/X3RIJ9KSe+qzt9rEZy0ZuK/3ndWHkXvYQFUaxoQOaLvJgjFaJpDmjABCWKTzTBRDB9KyIjLDBROq2CDsFefHmZtCplu1qu3p6ValdZHHk4hCM4ARvOoQZ1aEATCDzCM7zCm/FkvBjvxse8NWdkMwfwB8bnD73rkwc=</latexit>

{J2
, H} = 0

<latexit sha1_base64="6hlzitAwilmlJYLtyX4nFbJcsqM=">AAACDHicbVDLSgMxFM34rPVVdekmWIRKocyIVDdC0Y3LCvYB7TBk0kwbmkmGJCMdh36AG3/FjQtF3PoB7vwb03YW2nogcO4593Jzjx8xqrRtf1tLyyura+u5jfzm1vbObmFvv6lELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6TlD68nfuueSEUFv9NJRNwQ9TkNKEbaSF6hOPJSXnbGlw8e72KhSsORx0/KiakU5bPKdNkVewq4SJyMFEGGulf46vYEjkPCNWZIqY5jR9pNkdQUMzLOd2NFIoSHqE86hnIUEuWm02PG8NgoPRgIaR7XcKr+nkhRqFQS+qYzRHqg5r2J+J/XiXVw4aaUR7EmHM8WBTGDWsBJMrBHJcGaJYYgLKn5K8QDJBHWJr+8CcGZP3mRNE8rTrVSvT0r1q6yOHLgEByBEnDAOaiBG1AHDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8f7RWa6w==</latexit>

xn+1 = zn cos(kxn) + yn sin(kxn)
<latexit sha1_base64="3rQV11GyboDDBIeNmw6sOUWNt60=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoFEsiUt0IRTcuK9gHtCFMppN26GQSZiZiDP0BN/6KGxeKuHXvzr9x2mahrQcGzj3nXu7c40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhldjv3VHhKQhv1VJRJwA9Tn1KUZKS655kLgpL9uji+MHl3cl5aXhvcuPyomucCinlWsWrYo1AZwndkaKIEPdNb+6vRDHAeEKMyRlx7Yi5aRIKIoZGRW6sSQRwkPUJx1NOQqIdNLJNSN4qJUe9EOhH1dwov6eSFEgZRJ4ujNAaiBnvbH4n9eJlX/upJRHsSIcTxf5MYMqhONoYI8KghVLNEFYUP1XiAdIIKx0gAUdgj178jxpnlTsaqV6c1qsXWZx5MEe2AclYIMzUAPXoA4aAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx9gIZsj</latexit>

yn+1 = →zn sin(kxn) + yn cos(kxn)
<latexit sha1_base64="GzdGK/Yi61ssIwvPD4eGYohI78Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEsiUr0IRS8eK9gPaEPYbDft0s0m7G7EGvI3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rYKS8srq2vF9dLG5tb2Tnl3r6WiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3Qz8dsPVCoWiXs9jqkb4oFgASNYG6n35KXixMmuTh894ZUrdtWeAi0SJycVyNHwyl+9fkSSkApNOFaq69ixdlMsNSOcZqVeomiMyQgPaNdQgUOq3HR6c4aOjNJHQSRNCY2m6u+JFIdKjUPfdIZYD9W8NxH/87qJDi7dlIk40VSQ2aIg4UhHaBIA6jNJieZjQzCRzNyKyBBLTLSJqWRCcOZfXiSts6pTq9buziv16zyOIhzAIRyDAxdQh1toQBMIxPAMr/BmJdaL9W59zFoLVj6zD39gff4AYwqRRw==</latexit>zn+1 = →xn

<latexit sha1_base64="zlePQ/81iZ0MFOzeilXLWB/ymSo=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuJA2EaluhKIbcVWpvUAbwmQ6aYdOLsxMpGkobnwVNy4UcetTuPNtnLRZaOsPAx//OYcz53dCRoU0jG9tYXFpeWU1t5Zf39jc2tZ3dhsiiDgmdRywgLccJAijPqlLKhlphZwgz2Gk6Qyu03rzgXBBA/9exiGxPNTzqUsxksqy9f3h5a09LNVOYKwgTmGkYFSq2XrBKBoTwXkwMyiATFVb/+p0Axx5xJeYISHaphFKK0FcUszION+JBAkRHqAeaSv0kUeElUxOGMMj5XShG3D1fAkn7u+JBHlCxJ6jOj0k+2K2lpr/1dqRdC+shPphJImPp4vciEEZwDQP2KWcYMliBQhzqv4KcR9xhKVKLa9CMGdPnofGadEsF8t3Z4XKVRZHDhyAQ3AMTHAOKuAGVEEdYPAInsEreNOetBftXfuYti5o2cwe+CPt8wcZs5VW</latexit>

x = Jx/S, y = Jy/S, z = Jz/SClassical 
limit

Equation of Motion

<latexit sha1_base64="U/OX7uxb7VI4KVp6G10p0zn4B5Y="></latexit>

dJ

dt
= {J, H} = →J↑ ωH

ωJ

<latexit sha1_base64="PuzVDt3ZYIrOjbpgTbpa4kZpdd4=">AAACBXicbVDLSgMxFL1TX7W+qi51ESxCRSgzItWNUHTjsoJ9QDsMmTTThmYyQ5IRyjAbN/6KGxeKuPUf3Pk3pg9QqwcunJxzL7n3+DFnStv2p5VbWFxaXsmvFtbWNza3its7TRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35w6ux37qjUrFI3OpRTN0Q9wULGMHaSF5xP+36AZKZl4pjJ7sIyt/v7MgrluyKPQH6S5wZKcEMda/40e1FJAmp0IRjpTqOHWs3xVIzwmlW6CaKxpgMcZ92DBU4pMpNJ1dk6NAoPRRE0pTQaKL+nEhxqNQo9E1niPVAzXtj8T+vk+jg3E2ZiBNNBZl+FCQc6QiNI0E9JinRfGQIJpKZXREZYImJNsEVTAjO/Ml/SfOk4lQr1ZvTUu1yFkce9uAAyuDAGdTgGurQAAL38AjP8GI9WE/Wq/U2bc1Zs5ld+AXr/QuZEpgE</latexit>

rn+1 = f(rn)

<latexit sha1_base64="EwD0ps/KZwjqVHTN7mp5wgPDkIo=">AAACAHicbVDLSsNAFL2pr1pfVRcu3AwWoYKURKS6EYpuXFawD2hDmEwn7dDJJMxMxBi68VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Grst+6oVCwStzqNqRvivmABI1gbySvuZV0/QHLkiYvyvSeOU1MPnjjyiiW7Yk+A/hJnRkowQ90rfnZ7EUlCKjThWKmOY8fazbDUjHA6KnQTRWNMhrhPO4YKHFLlZpMHRujQKD0URNKU0Gii/pzIcKhUGvqmM8R6oOa9sfif10l0cO5mTMSJpoJMFwUJRzpC4zRQj0lKNE8NwUQycysiAywx0SazggnBmX/5L2meVJxqpXpzWqpdzuLIwz4cQBkcOIMaXEMdGkBgBE/wAq/Wo/VsvVnv09acNZvZhV+wPr4BpNeVzw==</latexit>

rn = (xn, yn, zn)



First find unstable fixed points 
Of the Kicked Top

Recall from Lecture 1

fixed points of the map
<latexit sha1_base64="wI876GUYMmCwd0rYNSq4wKLqNQ0=">AAAB+HicbVBNS8NAEJ34WetHox69LBZBEEoiUr0IRS8eK9gPaEPYbDft0s0m7G6kNfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO822trK6tb2wWtorbO7t7JXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHg79VuPVCoWiwc9TqgX4b5gISNYG8m3SyM/E2fu5HrkC1OOb5edijMDWiZuTsqQo+7bX91eTNKICk04VqrjOon2Miw1I5xOit1U0QSTIe7TjqECR1R52ezwCToxSg+FsTQlNJqpvycyHCk1jgLTGWE9UIveVPzP66Q6vPIyJpJUU0Hmi8KUIx2jaQqoxyQlmo8NwUQycysiAywx0SarognBXXx5mTTPK261Ur2/KNdu8jgKcATHcAouXEIN7qAODSCQwjO8wpv1ZL1Y79bHvHXFymcO4Q+szx/8pJKr</latexit>xn+1 = xn = x0

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)
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<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)



First find unstable fixed points 
Of the Kicked Top

Recall from Lecture 1

fixed points of the map
<latexit sha1_base64="wI876GUYMmCwd0rYNSq4wKLqNQ0=">AAAB+HicbVBNS8NAEJ34WetHox69LBZBEEoiUr0IRS8eK9gPaEPYbDft0s0m7G6kNfSXePGgiFd/ijf/jds2B219MPB4b4aZeUHCmdKO822trK6tb2wWtorbO7t7JXv/oKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHg79VuPVCoWiwc9TqgX4b5gISNYG8m3SyM/E2fu5HrkC1OOb5edijMDWiZuTsqQo+7bX91eTNKICk04VqrjOon2Miw1I5xOit1U0QSTIe7TjqECR1R52ezwCToxSg+FsTQlNJqpvycyHCk1jgLTGWE9UIveVPzP66Q6vPIyJpJUU0Hmi8KUIx2jaQqoxyQlmo8NwUQycysiAywx0SarognBXXx5mTTPK261Ur2/KNdu8jgKcATHcAouXEIN7qAODSCQwjO8wpv1ZL1Y79bHvHXFymcO4Q+szx/8pJKr</latexit>xn+1 = xn = x0

<latexit sha1_base64="UJIT/sXeXmnBN7aU4ot4ZO+/JXs=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURqV6EohePFewHtCFstpt26WYTdzdiDf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF5P/NYDlYrF4k6PEupFuC9YyAjWRmo/+c7lyaPv+HbZqThToEXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LpuNRNFU0wGeI+7RgqcESVl03vHaMjo/RQGEtTQqOp+nsiw5FSoygwnRHWAzXvTcT/vE6qwwsvYyJJNRVktihMOdIxmjyPekxSovnIEEwkM7ciMsASE20iKpkQ3PmXF0nztOJWK9Xbs3LtKo+jCAdwCMfgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAM6PTw==</latexit>z0 = →x0
<latexit sha1_base64="6Ub9LTcYMw3/BH56Mm4KdNw5am4=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqAhlRqS6EYpuXFawF+gMQybNtKGZZEgy4lC6dOOruHGhiFsfwZ1vY9rOQqs/BL785xyS84cJo0o7zpdVWFhcWl4prpbW1jc2t+ztnZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLya1Nt3RCoq+K3OEuLHqM9pRDHSxgrs/SxwLu4Dx1OUV4YGjo6N42GhZrfALjtVZyr4F9wcyiBXI7A/vZ7AaUy4xgwp1XWdRPsjJDXFjIxLXqpIgvAQ9UnXIEcxUf5ousgYHhqnByMhzeEaTt2fEyMUK5XFoemMkR6o+drE/K/WTXV07o8oT1JNOJ49FKUMagEnqcAelQRrlhlAWFLzV4gHSCKsTXYlE4I7v/JfaJ1U3Vq1dnNarl/mcRTBHjgAFeCCM1AH16ABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+CXrI9vPiiYOA==</latexit>

y0 = x0 sin(kx0) + y0 cos(kx0)
<latexit sha1_base64="DUdBpzx2SfGqcllxE81qXzh0jhM=">AAACF3icbZBNS8MwGMdTX+d8q3r0UhzCdrBrh0wvg6EXjxPcC6ylpFm6haVpSVJxlH0LL34VLx4U8ao3v41Z14Nu/iHwy/95HpLn78eUCGlZ39rK6tr6xmZhq7i9s7u3rx8cdkSUcITbKKIR7/lQYEoYbksiKe7FHMPQp7jrj69n9e495oJE7E5OYuyGcMhIQBCUyvJ0c+JZ1QfPajiCsPJYUaVats8cFIn5rdJQLDOu1iqeXrJMK5OxDHYOJZCr5elfziBCSYiZRBQK0betWLop5JIgiqdFJxE4hmgMh7ivkMEQCzfN9poap8oZGEHE1WHSyNzfEykMhZiEvuoMoRyJxdrM/K/WT2Rw6aaExYnEDM0fChJqyMiYhWQMCMdI0okCiDhRfzXQCHKIpIqyqEKwF1dehk7NtOtm/fa81LzK4yiAY3ACysAGF6AJbkALtAECj+AZvII37Ul70d61j3nripbPHIE/0j5/APKRnKs=</latexit>

y0/x0 = sin(kx0)/(1→ cos(kx0)) = cot(kx0/2)

<latexit sha1_base64="OOH/LYPqEf8lVtyRYOvAG9rW5UA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEEoSRFqhuh6MZlBfuANobJdNIOnUzCzESMof6KGxeKuPVD3Pk3TtIstPXAXA7n3Mu9c7yIUaks69tYWl5ZXVsvbZQ3t7Z3ds29/Y4MY4FJG4csFD0PScIoJ21FFSO9SBAUeIx0vclV5nfviZA05LcqiYgToBGnPsVIack1Kw+udVc/SfL6mNUL2zWrVs3KAReJXZAqKNByza/BMMRxQLjCDEnZt61IOSkSimJGpuVBLEmE8ASNSF9TjgIinTQ/fgqPtDKEfij04wrm6u+JFAVSJoGnOwOkxnLey8T/vH6s/HMnpTyKFeF4tsiPGVQhzJKAQyoIVizRBGFB9a0Qj5FAWOm8yjoEe/7Li6RTr9mNWuPmtNq8LOIogQNwCI6BDc5AE1yDFmgDDBLwDF7Bm/FkvBjvxsesdckoZirgD4zPH+M1kwA=</latexit>

x2
0 + y20 + z20 = 1

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

Linearize about  to find the unstable fixed pointsx0
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<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)



Recall from Lecture 1
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<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

Linearize about  to find the 
unstable fixed points

x0

Eigenvalues
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1 &

First find unstable fixed points 
Of the Kicked Top



Recall from Lecture 1
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<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Kus, Haake, and Eckhart, ZfPB Cond. Matt (1993) Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

Linearize about  to find the 
unstable fixed points

x0

Eigenvalues
<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1 &

Becomes unstable when
<latexit sha1_base64="8yyDsKC23KrS0v/UASNjNxx+ONs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqulOpFKHrxWMF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/O/PYTVZpJ8WAmMfUjPBQsZAQbK7VG5fH5tdcvltyKOwdaJV5GSpCh0S9+9QaSJBEVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSwWOqPbT+bVTdGaVAQqlsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia88lMm4sRQQRaLwoQjI9HsdTRgihLDJ5Zgopi9FZERVpgYG1DBhuAtv7xKWhcVr1ap3VdL9ZssjjycwCmUwYNLqMMdNKAJBB7hGV7hzZHOi/PufCxac042cwx/4Hz+AFJgjlM=</latexit>

h(k) = 1
<latexit sha1_base64="8V8S3SGh/ZMw6O/obzPjp/fx31M=">AAAB9XicbVBNT8JAEJ3iF+IX6tHLRmKCF2wJQS8mRC8eMZGPBCrZLlvYsN02u1uVNPwPLx40xqv/xZv/xgV6UPAlk7y8N5OZeV7EmdK2/W1lVlbX1jeym7mt7Z3dvfz+QVOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3uh66rceqFQsFHd6HFE3wAPBfEawNtJ9VzFRHD317LPy6aXTyxfskj0DWiZOSgqQot7Lf3X7IYkDKjThWKmOY0faTbDUjHA6yXVjRSNMRnhAO4YKHFDlJrOrJ+jEKH3kh9KU0Gim/p5IcKDUOPBMZ4D1UC16U/E/rxNr/8JNmIhiTQWZL/JjjnSIphGgPpOUaD42BBPJzK2IDLHERJugciYEZ/HlZdIsl5xqqXpbKdSu0jiycATHUAQHzqEGN1CHBhCQ8Ayv8GY9Wi/Wu/Uxb81Y6cwh/IH1+QOZZZFJ</latexit>

sin(kx0/2) = 1

<latexit sha1_base64="dkiMNknO6Nmn8iDzzc6unCb7uBI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU7tbpHoRil48VrAf0F1KNs22odlsSLJiKf0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v53c2vrG5lZ+u7Czu7d/UDw8aukkVYQ2ScIT1QmxppwJ2jTMcNqRiuI45LQdjm5nfvuRKs0S8WDGkgYxHggWMYKNlfzRU8+tVK99ySrVXrHklt050CrxMlKCDI1e8cvvJySNqTCEY627nitNMMHKMMLptOCnmkpMRnhAu5YKHFMdTOY3T9GZVfooSpQtYdBc/T0xwbHW4zi0nTE2Q73szcT/vG5qoqtgwoRMDRVksShKOTIJmgWA+kxRYvjYEkwUs7ciMsQKE2NjKtgQvOWXV0mrWvZq5dr9Ral+k8WRhxM4hXPw4BLqcAcNaAIBCc/wCm9O6rw4787HojXnZDPH8AfO5w9nrZCj</latexit>

kx0/2 = ω/2
<latexit sha1_base64="y/Nc7JEdBJVjEjH92hyTHwv5nww=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqheh6MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut7O0vLK6tp7byG9ube/sFvb2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw+uJ33ykSrNI3plRTH2B+5KFjGBjpfunrvtQvvROy91C0S25U6BF4mWkCBlq3cJXpxeRRFBpCMdatz03Nn6KlWGE03G+k2gaYzLEfdq2VGJBtZ9ODx6jY6v0UBgpW9Kgqfp7IsVC65EIbKfAZqDnvYn4n9dOTHjhp0zGiaGSzBaFCUcmQpPvUY8pSgwfWYKJYvZWRAZYYWJsRnkbgjf/8iJplEtepVS5PStWr7I4cnAIR3ACHpxDFW6gBnUgIOAZXuHNUc6L8+58zFqXnGzmAP7A+fwBCYWPRQ==</latexit>

x2
0 = 1/2

<latexit sha1_base64="X8dAjoRHHiYLBJTrEX35ZXcQawM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaSE6kYounFZwT6gCWEynbRDJ8k4MxFL6MKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPyBmVyra/jZXVtfWNzdJWeXtnd2/fPDhsyzQTmLRwylLRDZEkjCakpahipMsFQXHISCccXU39zj0RkqbJrRpz4sdokNCIYqS0FJiVUYAvPHknVF6beJx6iHORPkDXct3ArNqWPQNcJk5BqqBAMzC/vH6Ks5gkCjMkZc+xufJzJBTFjEzKXiYJR3iEBqSnaYJiIv189sQEnmilD6NU6EoUnKm/J3IUSzmOQ90ZIzWUi95U/M/rZSo693Oa8EyRBM8XRRmDKoXTRGCfCoIVG2uCsKD6VoiHSCCsdG5lHYKz+PIyadcsp27Vb9xq47KIowQq4BicAgecgQa4Bk3QAhg8gmfwCt6MJ+PFeDc+5q0rRjFzBP7A+PwB1nyXkw==</latexit>

kc =
→
2ω ↑ 4.44

For  we have found that  is unstable fixed pointk > kc x0

First find unstable fixed points 
Of the Kicked Top



Define a control map for  
to the Kicked Top
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<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

For  we have found 
that  is an unstable fixed point

k > kc
x0

Lets define the control map to push the top 
towards the unstable fixe point on the sphere

<latexit sha1_base64="UJIT/sXeXmnBN7aU4ot4ZO+/JXs=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURqV6EohePFewHtCFstpt26WYTdzdiDf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF5P/NYDlYrF4k6PEupFuC9YyAjWRmo/+c7lyaPv+HbZqThToEXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LpuNRNFU0wGeI+7RgqcESVl03vHaMjo/RQGEtTQqOp+nsiw5FSoygwnRHWAzXvTcT/vE6qwwsvYyJJNRVktihMOdIxmjyPekxSovnIEEwkM7ciMsASE20iKpkQ3PmXF0nztOJWK9Xbs3LtKo+jCAdwCMfgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAM6PTw==</latexit>z0 = →x0

<latexit sha1_base64="6Ub9LTcYMw3/BH56Mm4KdNw5am4=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqAhlRqS6EYpuXFawF+gMQybNtKGZZEgy4lC6dOOruHGhiFsfwZ1vY9rOQqs/BL785xyS84cJo0o7zpdVWFhcWl4prpbW1jc2t+ztnZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLya1Nt3RCoq+K3OEuLHqM9pRDHSxgrs/SxwLu4Dx1OUV4YGjo6N42GhZrfALjtVZyr4F9wcyiBXI7A/vZ7AaUy4xgwp1XWdRPsjJDXFjIxLXqpIgvAQ9UnXIEcxUf5ousgYHhqnByMhzeEaTt2fEyMUK5XFoemMkR6o+drE/K/WTXV07o8oT1JNOJ49FKUMagEnqcAelQRrlhlAWFLzV4gHSCKsTXYlE4I7v/JfaJ1U3Vq1dnNarl/mcRTBHjgAFeCCM1AH16ABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+CXrI9vPiiYOA==</latexit>

y0 = x0 sin(kx0) + y0 cos(kx0)
<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0)



Define a control map for  
to the Kicked Top

z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

For  we have found 
that  is an unstable fixed point

k > kc
x0

Lets define the control map to push the top 
towards the unstable fixe point on the sphere

<latexit sha1_base64="UJIT/sXeXmnBN7aU4ot4ZO+/JXs=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURqV6EohePFewHtCFstpt26WYTdzdiDf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF5P/NYDlYrF4k6PEupFuC9YyAjWRmo/+c7lyaPv+HbZqThToEXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LpuNRNFU0wGeI+7RgqcESVl03vHaMjo/RQGEtTQqOp+nsiw5FSoygwnRHWAzXvTcT/vE6qwwsvYyJJNRVktihMOdIxmjyPekxSovnIEEwkM7ciMsASE20iKpkQ3PmXF0nztOJWK9Xbs3LtKo+jCAdwCMfgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAM6PTw==</latexit>z0 = →x0

<latexit sha1_base64="6Ub9LTcYMw3/BH56Mm4KdNw5am4=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqAhlRqS6EYpuXFawF+gMQybNtKGZZEgy4lC6dOOruHGhiFsfwZ1vY9rOQqs/BL785xyS84cJo0o7zpdVWFhcWl4prpbW1jc2t+ztnZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLya1Nt3RCoq+K3OEuLHqM9pRDHSxgrs/SxwLu4Dx1OUV4YGjo6N42GhZrfALjtVZyr4F9wcyiBXI7A/vZ7AaUy4xgwp1XWdRPsjJDXFjIxLXqpIgvAQ9UnXIEcxUf5ousgYHhqnByMhzeEaTt2fEyMUK5XFoemMkR6o+drE/K/WTXV07o8oT1JNOJ49FKUMagEnqcAelQRrlhlAWFLzV4gHSCKsTXYlE4I7v/JfaJ1U3Vq1dnNarl/mcRTBHjgAFeCCM1AH16ABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+CXrI9vPiiYOA==</latexit>

y0 = x0 sin(kx0) + y0 cos(kx0)
<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0)



Model for Chaos and Control  
in the Kicked Top

Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

Can now define the model

<latexit sha1_base64="6hlzitAwilmlJYLtyX4nFbJcsqM=">AAACDHicbVDLSgMxFM34rPVVdekmWIRKocyIVDdC0Y3LCvYB7TBk0kwbmkmGJCMdh36AG3/FjQtF3PoB7vwb03YW2nogcO4593Jzjx8xqrRtf1tLyyura+u5jfzm1vbObmFvv6lELDFpYMGEbPtIEUY5aWiqGWlHkqDQZ6TlD68nfuueSEUFv9NJRNwQ9TkNKEbaSF6hOPJSXnbGlw8e72KhSsORx0/KiakU5bPKdNkVewq4SJyMFEGGulf46vYEjkPCNWZIqY5jR9pNkdQUMzLOd2NFIoSHqE86hnIUEuWm02PG8NgoPRgIaR7XcKr+nkhRqFQS+qYzRHqg5r2J+J/XiXVw4aaUR7EmHM8WBTGDWsBJMrBHJcGaJYYgLKn5K8QDJBHWJr+8CcGZP3mRNE8rTrVSvT0r1q6yOHLgEByBEnDAOaiBG1AHDYDBI3gGr+DNerJerHfrY9a6ZGUzB+APrM8f7RWa6w==</latexit>

xn+1 = zn cos(kxn) + yn sin(kxn)
<latexit sha1_base64="3rQV11GyboDDBIeNmw6sOUWNt60=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoFEsiUt0IRTcuK9gHtCFMppN26GQSZiZiDP0BN/6KGxeKuHXvzr9x2mahrQcGzj3nXu7c40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaOcNBRVjLQjQVDgMdLyhldjv3VHhKQhv1VJRJwA9Tn1KUZKS655kLgpL9uji+MHl3cl5aXhvcuPyomucCinlWsWrYo1AZwndkaKIEPdNb+6vRDHAeEKMyRlx7Yi5aRIKIoZGRW6sSQRwkPUJx1NOQqIdNLJNSN4qJUe9EOhH1dwov6eSFEgZRJ4ujNAaiBnvbH4n9eJlX/upJRHsSIcTxf5MYMqhONoYI8KghVLNEFYUP1XiAdIIKx0gAUdgj178jxpnlTsaqV6c1qsXWZx5MEe2AclYIMzUAPXoA4aAINH8AxewZvxZLwY78bHtDVnZDO74A+Mzx9gIZsj</latexit>

yn+1 = →zn sin(kxn) + yn cos(kxn)
<latexit sha1_base64="GzdGK/Yi61ssIwvPD4eGYohI78Q=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEsiUr0IRS8eK9gPaEPYbDft0s0m7G7EGvI3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMPD/mTGnb/rYKS8srq2vF9dLG5tb2Tnl3r6WiRBLaJBGPZMfHinImaFMzzWknlhSHPqdtf3Qz8dsPVCoWiXs9jqkb4oFgASNYG6n35KXixMmuTh894ZUrdtWeAi0SJycVyNHwyl+9fkSSkApNOFaq69ixdlMsNSOcZqVeomiMyQgPaNdQgUOq3HR6c4aOjNJHQSRNCY2m6u+JFIdKjUPfdIZYD9W8NxH/87qJDi7dlIk40VSQ2aIg4UhHaBIA6jNJieZjQzCRzNyKyBBLTLSJqWRCcOZfXiSts6pTq9buziv16zyOIhzAIRyDAxdQh1toQBMIxPAMr/BmJdaL9W59zFoLVj6zD39gff4AYwqRRw==</latexit>zn+1 = →xn

Apply the kicked top dynamics with probability 1 − p

Apply the control map with probability p

<latexit sha1_base64="7gOCzM1Jh/ImtqlUDVzp0R71wsY=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFaBHKjEh1IxTduKxgL9CWkkkzbWgmMyRnhDIU3Pgqblwo4taXcOfbmLaDaOsPgY//nMPJ+b1IcA2O82VllpZXVtey67mNza3tHXt3r67DWFFWo6EIVdMjmgkuWQ04CNaMFCOBJ1jDG15P6o17pjQP5R2MItYJSF9yn1MCxuraB34haXs+VuMCFIuXP3ziFrt23ik5U+FFcFPIo1TVrv3Z7oU0DpgEKojWLdeJoJMQBZwKNs61Y80iQoekz1oGJQmY7iTTG8b42Dg97IfKPAl46v6eSEig9SjwTGdAYKDnaxPzv1orBv+ik3AZxcAknS3yY4EhxJNAcI8rRkGMDBCquPkrpgOiCAUTW86E4M6fvAj105JbLpVvz/KVqzSOLDpER6iAXHSOKugGVVENUfSAntALerUerWfrzXqftWasdGYf/ZH18Q0oRJXw</latexit>

f(r(t)) = r(t+ 1)

(Switch from  to )n t

<latexit sha1_base64="LXfASj+mqghXIDuYM9ssyYkc8oc=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFaBHKjEh1IxTduKxgL9AOJZNm2tBMZkjOCGUouPFV3LhQxK0v4c63Mb0g2vpD4OM/53Byfj8WXIPjfFmZpeWV1bXsem5jc2t7x97dq+soUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB9fjeuOeKc0jeQfDmHkh6UkecErAWB37oFdI236A1agAxeLlD5+4xY6dd0rORHgR3Bnk0UzVjv3Z7kY0CZkEKojWLdeJwUuJAk4FG+XaiWYxoQPSYy2DkoRMe+nkhhE+Nk4XB5EyTwKeuL8nUhJqPQx90xkS6Ov52tj8r9ZKILjwUi7jBJik00VBIjBEeBwI7nLFKIihAUIVN3/FtE8UoWBiy5kQ3PmTF6F+WnLLpfLtWb5yNYsjiw7RESogF52jCrpBVVRDFD2gJ/SCXq1H69l6s96nrRlrNrOP/sj6+AYp4ZXx</latexit>

g(r(t)) = r(t+ 1)

<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0)
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Determine the phase diagram by computing the Lyapunov 
exponent

Linearize about the fixed point
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Linearize about the fixed point

Has 2 eigenvalues  (due to the norm)
but only the dominant one matters

λl(k)

Phase Diagram for Chaos and  
Control in the Kicked Top

Leading Lyapunov 
of kicked top
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Phase Diagram for Chaos and  
Control in the Kicked Top

A given realization at time , with  control maps and  kicked top mapsT N T − N
<latexit sha1_base64="rBikshaB1HfTDYiSa8LEJa15Tdc="></latexit>

|up(t)| = |u(0)|(1→ p)T→N |ω(k)|T→N |a|NpN
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Phase Diagram for Chaos and  
Control in the Kicked Top

A given realization at time , with  control maps and  kicked top mapsT N T − N

To compute the Lyapunov exponent , we average the log 
of this over the binomial distribution, which yields

μ(k)

<latexit sha1_base64="8SoA+oDXKT6YhzXwigvWkKjjPGk="></latexit>

→log |up(t)|
|u(0)| ↑p =

T∑

N=0

(
T
N

)
log

|up(t)|
|u(0)| = T log |ω(k)|(1↓ p) + T |a|p
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Phase Diagram for Chaos and  
Control in the Kicked Top

A given realization at time , with  control maps and  kicked top mapsT N T − N

To compute the Lyapunov exponent , we average the log 
of this over the binomial distribution, which yields

μ(k)

<latexit sha1_base64="U279xn5uZO0LTZF7rmRhKfNa7SU="></latexit>

µ(k) → lim
T→↑

1

T
↑log |u(t)|

|u(0)| ↓ = log |ω(k)|(1↔ p) + |a|p
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Control in the Kicked Top

<latexit sha1_base64="U279xn5uZO0LTZF7rmRhKfNa7SU="></latexit>

µ(k) → lim
T→↑

1

T
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Transition between chaos and control occurs when μ(k) = 0
Probe the transition via the Lyapunov 
and the deviation from the fixed point



Phase Diagram for Chaos and  
Control in the Kicked Top

<latexit sha1_base64="U279xn5uZO0LTZF7rmRhKfNa7SU="></latexit>

µ(k) → lim
T→↑

1

T
↑log |u(t)|

|u(0)| ↓ = log |ω(k)|(1↔ p) + |a|p

Transition between chaos and control occurs when μ(k) = 0
Probe the transition via the Lyapunov 
and the deviation from the fixed point

Prasad, et al, Kulkarni, JHP, et al, arXiv (2026)

<latexit sha1_base64="X8dAjoRHHiYLBJTrEX35ZXcQawM=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFchaSE6kYounFZwT6gCWEynbRDJ8k4MxFL6MKNv+LGhSJu/Qh3/o3TNgttPXDhcM693HtPyBmVyra/jZXVtfWNzdJWeXtnd2/fPDhsyzQTmLRwylLRDZEkjCakpahipMsFQXHISCccXU39zj0RkqbJrRpz4sdokNCIYqS0FJiVUYAvPHknVF6beJx6iHORPkDXct3ArNqWPQNcJk5BqqBAMzC/vH6Ks5gkCjMkZc+xufJzJBTFjEzKXiYJR3iEBqSnaYJiIv189sQEnmilD6NU6EoUnKm/J3IUSzmOQ90ZIzWUi95U/M/rZSo693Oa8EyRBM8XRRmDKoXTRGCfCoIVG2uCsKD6VoiHSCCsdG5lHYKz+PIyadcsp27Vb9xq47KIowQq4BicAgecgQa4Bk3QAhg8gmfwCt6MJ+PFeDc+5q0rRjFzBP7A+PwB1nyXkw==</latexit>

kc =
→
2ω ↑ 4.44



extend this paradigm to control  
many body classical chaos

Shmalo, Pixley, Kulkarni, Gopalakrishnan, Huse, arXiv (2026)

Heisenberg spin chain
<latexit sha1_base64="sJEYeTFGCXtOlUTJ4ktIydkqwW4="></latexit>

H = �J

LX

i=1

�
S
x
i S

x
i+1 + S

y
i S

y
i+1 + S

z
i S

z
i+1

�

<latexit sha1_base64="tsa5Hb3nb4MlQistRb0YBOk5BQI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmockS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz/z2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo7tpn/XLFb/qz4H+kiAnFcjR6Jc/ewNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKTpwyQLHSrqRFc/XnRIaFMRMRuU6B7cgsezPxP6+b2vgyzJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88l/SOqsGtWrt9rxSv8rjKMIRHMMpBHABdbiBBjSBgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENePGQNg==</latexit>

Si[O(3) vector.      ]

Lets control the Heisenberg spin chain
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Si[O(3) vector.      ]

Dynamics is chaotic
<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj .

Lets control the Heisenberg spin chain



extend this paradigm to control  
many body classical chaos

Shmalo, Pixley, Kulkarni, Gopalakrishnan, Huse, arXiv (2026)

Lets control the Heisenberg spin chain
<latexit sha1_base64="sJEYeTFGCXtOlUTJ4ktIydkqwW4="></latexit>
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LX
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�

<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj .

Control the chaotic dynamics: 
Find an unstable fixed point of the map

For the spiral 
<latexit sha1_base64="JbSq/C1bT6/IkKDdfjMb+3w9EcY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqhuh6MZlRfuAJobJZNKOnUzCzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89fsKoVJb1bZQWFpeWV8qrlbX1jc0tc3unLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDn2Ow9ESBrzWzVKiBuhPqchxUhpyTP3nVAgnAWZ44fwJvfu76w8CxyF0vzc8syqVbMmgPPELkgVFGh65pcTxDiNCFeYISl7tpUoN0NCUcxIXnFSSRKEh6hPeppyFBHpZpMvcniolQCGsdDFFZyovycyFEk5inzdGSE1kLPeWPzP66UqPHMzypNUEY6ni8KUQRXDcSQwoIJgxUaaICyovhXiAdKxKB1cRYdgz748T9rHNbteq1+fVBsXRRxlsAcOwBGwwSlogCvQBC2AwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD1BSmHc=</latexit>

dS0
j

d⌧
= 0

<latexit sha1_base64="tsa5Hb3nb4MlQistRb0YBOk5BQI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmockS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz/z2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo7tpn/XLFb/qz4H+kiAnFcjR6Jc/ewNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKTpwyQLHSrqRFc/XnRIaFMRMRuU6B7cgsezPxP6+b2vgyzJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88l/SOqsGtWrt9rxSv8rjKMIRHMMpBHABdbiBBjSBgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENePGQNg==</latexit>

Si[O(3) vector.      ]

<latexit sha1_base64="q9+sTxTOpt+w4KzOc/spOSK0l88=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFc1Zki1Y1QdONKKtgHdMYhk2batJlMSDJKGfspblwo4tYvceffmD4W2nrgwuGce7n3nlAwqrTjfFtLyyura+u5jfzm1vbOrl3Ya6gklZjUccIS2QqRIoxyUtdUM9ISkqA4ZKQZDq7GfvOBSEUTfqeHgvgx6nIaUYy0kQK74IkeDfr3zkXZExT2T24Cu+iUnAngInFnpAhmqAX2l9dJcBoTrjFDSrVdR2g/Q1JTzMgo76WKCIQHqEvahnIUE+Vnk9NH8MgoHRgl0hTXcKL+nshQrNQwDk1njHRPzXtj8T+vnero3M8oF6kmHE8XRSmDOoHjHGCHSoI1GxqCsKTmVoh7SCKsTVp5E4I7//IiaZRLbqVUuT0tVi9nceTAATgEx8AFZ6AKrkEN1AEGj+AZvII368l6sd6tj2nrkjWb2Qd/YH3+ALEHkv8=</latexit>

�0
j = 2⇡j/N

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Small deviations:
<latexit sha1_base64="DiMJM/wtJU42ePt07/zU5V3ByiU=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJQZkepGKLpxWcE+oDMOmTTTxmYeJBmhDN258VfcuFDErb/gzr8xbWehrQdCTs65l5t7/IQzqSzr2ygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb8wdXYbz1QIVkc3aphQt0Q9yIWMIKVljxz30n6zLu/QNP7zjp2upQrnL89s2xVrAnQPLFzUoYcdc/8croxSUMaKcKxlB3bSpSbYaEY4XRUclJJE0wGuEc7mkY4pNLNJnuM0KFWuiiIhT6RQhP1d0eGQymHoa8rQ6z6ctYbi/95nVQF527GoiRVNCLTQUHKkYrROBTUZYISxYeaYCKY/isifSwwUTq6kg7Bnl15njRPKna1Ur05Ldcu8ziKsAcHcAQ2nEENrqEODSDwCM/wCm/Gk/FivBsf09KCkffswh8Ynz/boJiw</latexit>

�j = �0
j + ��j

<latexit sha1_base64="x0b85p3GThNaqELB9JbiM4JYzg0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzItWNUHTjsoJ9QDsOmcydNjbzIMkIZSj4K25cKOLW73Dn35hpZ6HVAwkn59zLvTlewplUlvVllBYWl5ZXyquVtfWNzS1ze6ct41RQaNGYx6LrEQmcRdBSTHHoJgJI6HHoeKOr3O88gJAsjm7VOAEnJIOIBYwSpSXX3JPu/QXW15113PeBK5I/XLNq1awp8F9iF6SKCjRd87PvxzQNIVKUEyl7tpUoJyNCMcphUumnEhJCR2QAPU0jEoJ0sun6E3yoFR8HsdAnUniq/uzISCjlOPR0ZUjUUM57ufif10tVcO5kLEpSBRGdDQpSjlWM8yywzwRQxceaECqY3hXTIRGEKp1YRYdgz3/5L2mf1Ox6rX5zWm1cFnGU0T46QEfIRmeoga5RE7UQRRl6Qi/o1Xg0no03431WWjKKnl30C8bHN+3NlNg=</latexit>

sj = s0j + �sj

Change coordinates



extend this paradigm to control  
many body classical chaos

Lets control the Heisenberg spin chain
<latexit sha1_base64="sJEYeTFGCXtOlUTJ4ktIydkqwW4="></latexit>
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<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj .

Control the chaotic dynamics: 
Find an unstable fixed point of the map

<latexit sha1_base64="tsa5Hb3nb4MlQistRb0YBOk5BQI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmockS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxpfz/z2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo7tpn/XLFb/qz4H+kiAnFcjR6Jc/ewNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKTpwyQLHSrqRFc/XnRIaFMRMRuU6B7cgsezPxP6+b2vgyzJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88l/SOqsGtWrt9rxSv8rjKMIRHMMpBHABdbiBBjSBgIAneIFXT3vP3pv3vmgtePnMIfyC9/ENePGQNg==</latexit>

Si[O(3) vector.      ]

<latexit sha1_base64="q9+sTxTOpt+w4KzOc/spOSK0l88=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFc1Zki1Y1QdONKKtgHdMYhk2batJlMSDJKGfspblwo4tYvceffmD4W2nrgwuGce7n3nlAwqrTjfFtLyyura+u5jfzm1vbOrl3Ya6gklZjUccIS2QqRIoxyUtdUM9ISkqA4ZKQZDq7GfvOBSEUTfqeHgvgx6nIaUYy0kQK74IkeDfr3zkXZExT2T24Cu+iUnAngInFnpAhmqAX2l9dJcBoTrjFDSrVdR2g/Q1JTzMgo76WKCIQHqEvahnIUE+Vnk9NH8MgoHRgl0hTXcKL+nshQrNQwDk1njHRPzXtj8T+vnero3M8oF6kmHE8XRSmDOoHjHGCHSoI1GxqCsKTmVoh7SCKsTVp5E4I7//IiaZRLbqVUuT0tVi9nceTAATgEx8AFZ6AKrkEN1AEGj+AZvII368l6sd6tj2nrkjWb2Qd/YH3+ALEHkv8=</latexit>

�0
j = 2⇡j/N

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

<latexit sha1_base64="JbSq/C1bT6/IkKDdfjMb+3w9EcY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlEqhuh6MZlRfuAJobJZNKOnUzCzEQoIRs3/oobF4q49R/c+TdO2yy09cCFwzn3cu89fsKoVJb1bZQWFpeWV8qrlbX1jc0tc3unLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDn2Ow9ESBrzWzVKiBuhPqchxUhpyTP3nVAgnAWZ44fwJvfu76w8CxyF0vzc8syqVbMmgPPELkgVFGh65pcTxDiNCFeYISl7tpUoN0NCUcxIXnFSSRKEh6hPeppyFBHpZpMvcniolQCGsdDFFZyovycyFEk5inzdGSE1kLPeWPzP66UqPHMzypNUEY6ni8KUQRXDcSQwoIJgxUaaICyovhXiAdKxKB1cRYdgz748T9rHNbteq1+fVBsXRRxlsAcOwBGwwSlogCvQBC2AwSN4Bq/gzXgyXox342PaWjKKmV3wB8bnD1BSmHc=</latexit>

dS0
j

d⌧
= 0

Small deviations:
<latexit sha1_base64="DiMJM/wtJU42ePt07/zU5V3ByiU=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJQZkepGKLpxWcE+oDMOmTTTxmYeJBmhDN258VfcuFDErb/gzr8xbWehrQdCTs65l5t7/IQzqSzr2ygsLC4trxRXS2vrG5tb5vZOU8apILRBYh6Lto8l5SyiDcUUp+1EUBz6nLb8wdXYbz1QIVkc3aphQt0Q9yIWMIKVljxz30n6zLu/QNP7zjp2upQrnL89s2xVrAnQPLFzUoYcdc/8croxSUMaKcKxlB3bSpSbYaEY4XRUclJJE0wGuEc7mkY4pNLNJnuM0KFWuiiIhT6RQhP1d0eGQymHoa8rQ6z6ctYbi/95nVQF527GoiRVNCLTQUHKkYrROBTUZYISxYeaYCKY/isifSwwUTq6kg7Bnl15njRPKna1Ur05Ldcu8ziKsAcHcAQ2nEENrqEODSDwCM/wCm/Gk/FivBsf09KCkffswh8Ynz/boJiw</latexit>

�j = �0
j + ��j

<latexit sha1_base64="x0b85p3GThNaqELB9JbiM4JYzg0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEQSgzItWNUHTjsoJ9QDsOmcydNjbzIMkIZSj4K25cKOLW73Dn35hpZ6HVAwkn59zLvTlewplUlvVllBYWl5ZXyquVtfWNzS1ze6ct41RQaNGYx6LrEQmcRdBSTHHoJgJI6HHoeKOr3O88gJAsjm7VOAEnJIOIBYwSpSXX3JPu/QXW15113PeBK5I/XLNq1awp8F9iF6SKCjRd87PvxzQNIVKUEyl7tpUoJyNCMcphUumnEhJCR2QAPU0jEoJ0sun6E3yoFR8HsdAnUniq/uzISCjlOPR0ZUjUUM57ufif10tVcO5kLEpSBRGdDQpSjlWM8yywzwRQxceaECqY3hXTIRGEKp1YRYdgz3/5L2mf1Ox6rX5zWm1cFnGU0T46QEfIRmeoga5RE7UQRRl6Qi/o1Xg0no03431WWjKKnl30C8bHN+3NlNg=</latexit>

sj = s0j + �sj

Unstable to leading order (unless N=2 or 4)Any spiral will do but N=4 is special

For the spiral 



<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj .

Control the chaotic dynamics with strength a: 
Control onto the spiral at all sites at once (global control)

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

*one* time step= chaotic time evolution up to 1/J and 
then a control operation (pushes the system towards 
the fixed point)

Chaotic dynamics
Evolve the system following 

Up to a time
<latexit sha1_base64="0bSUTm3ExSFaTjDptLvJmS0aRKg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi1YtQFEQ8VbAf2Iay2W7apZtN2J0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX4suEbH+bZyS8srq2v59cLG5tb2TnF3r6GjRFFWp5GIVMsnmgkuWR05CtaKFSOhL1jTH15P/OYTU5pH8gFHMfNC0pc84JSgkR47SJLuzaV7ctctlpyyM4W9SNyMlCBDrVv86vQimoRMIhVE67brxOilRCGngo0LnUSzmNAh6bO2oZKETHvp9OKxfWSUnh1EypREe6r+nkhJqPUo9E1nSHCg572J+J/XTjC48FIu4wSZpLNFQSJsjOzJ+3aPK0ZRjAwhVHFzq00HRBGKJqSCCcGdf3mRNE7LbqVcuT8rVa+yOPJwAIdwDC6cQxVuoQZ1oCDhGV7hzdLWi/Vufcxac1Y2sw9/YH3+AGjVkBs=</latexit>

⌧F = 1/J

Chaos

1

Control ?????

<latexit sha1_base64="ozR/ITOYZeitl3c+xFLPkz8llRY="></latexit>

Sj(⌧
0) !

(1� a)S0
j + aSj(⌧F )

|(1� a)S0
j + aSj(⌧F )|

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a

Shmalo, Pixley, Kulkarni, Gopalakrishnan, Huse, arXiv (2026)

Put them together:Chaos and 
control compete 



Control the chaotic dynamics with strength a: 
Control onto the spiral at all sites at once (global control)

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaotic dynamics
Evolve the system following 

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

*one* time step= chaotic time evolution up to 1/J and 
then a control operation (pushes the system towards 
the fixed point)

<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj . Up to a time

<latexit sha1_base64="0bSUTm3ExSFaTjDptLvJmS0aRKg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi1YtQFEQ8VbAf2Iay2W7apZtN2J0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX4suEbH+bZyS8srq2v59cLG5tb2TnF3r6GjRFFWp5GIVMsnmgkuWR05CtaKFSOhL1jTH15P/OYTU5pH8gFHMfNC0pc84JSgkR47SJLuzaV7ctctlpyyM4W9SNyMlCBDrVv86vQimoRMIhVE67brxOilRCGngo0LnUSzmNAh6bO2oZKETHvp9OKxfWSUnh1EypREe6r+nkhJqPUo9E1nSHCg572J+J/XTjC48FIu4wSZpLNFQSJsjOzJ+3aPK0ZRjAwhVHFzq00HRBGKJqSCCcGdf3mRNE7LbqVcuT8rVa+yOPJwAIdwDC6cQxVuoQZ1oCDhGV7hzdLWi/Vufcxac1Y2sw9/YH3+AGjVkBs=</latexit>

⌧F = 1/J

Put them together:Chaos and 
control compete 

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a

<latexit sha1_base64="ozR/ITOYZeitl3c+xFLPkz8llRY="></latexit>

Sj(⌧
0) !

(1� a)S0
j + aSj(⌧F )

|(1� a)S0
j + aSj(⌧F )|

Shmalo, Pixley, Kulkarni, Gopalakrishnan, Huse, arXiv (2026)



Put them together:Chaos and 
control compete 

Control the chaotic dynamics with strength a: 
Control onto the spiral at all sites at once (global control)

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaotic dynamics
Evolve the system following 

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a

*one* time step= chaotic time evolution up to 1/J and 
then a control operation (pushes the system towards 
the fixed point)

<latexit sha1_base64="nmfGdHzXgOzfcoqWsdWt6fLNELs="></latexit>

dSj

d⌧
= �J(Sj�1 + Sj+1)⇥ Sj . Up to a time

<latexit sha1_base64="0bSUTm3ExSFaTjDptLvJmS0aRKg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi1YtQFEQ8VbAf2Iay2W7apZtN2J0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX4suEbH+bZyS8srq2v59cLG5tb2TnF3r6GjRFFWp5GIVMsnmgkuWR05CtaKFSOhL1jTH15P/OYTU5pH8gFHMfNC0pc84JSgkR47SJLuzaV7ctctlpyyM4W9SNyMlCBDrVv86vQimoRMIhVE67brxOilRCGngo0LnUSzmNAh6bO2oZKETHvp9OKxfWSUnh1EypREe6r+nkhJqPUo9E1nSHCg572J+J/XTjC48FIu4wSZpLNFQSJsjOzJ+3aPK0ZRjAwhVHFzq00HRBGKJqSCCcGdf3mRNE7LbqVcuT8rVa+yOPJwAIdwDC6cQxVuoQZ1oCDhGV7hzdLWi/Vufcxac1Y2sw9/YH3+AGjVkBs=</latexit>

⌧F = 1/J

<latexit sha1_base64="ozR/ITOYZeitl3c+xFLPkz8llRY="></latexit>

Sj(⌧
0) !

(1� a)S0
j + aSj(⌧F )

|(1� a)S0
j + aSj(⌧F )|



<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a

We can define the activity of the dynamics from its 
deviation from the target (unstable) fixed point.

<latexit sha1_base64="ECX61avWaJWRbwhRmAHY+TkFefo="></latexit>

Sdi↵(t) =
1

L

X

i

|Si(t)� S0
i | ⌘

1

L

X

i

�Si(t)

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)
<latexit sha1_base64="vUVPXZd3czuiYGrUFwdS53nP2RU=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSkepKim5cVrQPaEOYTCbt0JlJmJkIJWbhr7hxoYhbf8Odf+OkzUJbDwwczrmXe+b4MSVS2fa3UVpaXlldK69XNja3tnfM3b2OjBKBcBtFNBI9H0pMCcdtRRTFvVhgyHyKu/74Ove7D1hIEvF7NYmxy+CQk5AgqLTkmQd3XjpgUI0ESwMShllWUyeXtmdW7bo9hbVInIJUQYGWZ34NggglDHOFKJSy79ixclMoFEEUZ5VBInEM0RgOcV9TDhmWbjrNn1nHWgmsMBL6cWVN1d8bKWRSTpivJ/Ooct7Lxf+8fqLCCzclPE4U5mh2KEyopSIrL8MKiMBI0YkmEAmis1poBAVESldW0SU4819eJJ3TutOoN27Pqs2roo4yOARHoAYccA6a4Aa0QBsg8AiewSt4M56MF+Pd+JiNloxiZx/8gfH5A7DXleU=</latexit>

Sdi↵(t) > 0Chaos

Control
<latexit sha1_base64="cob4ki+U4Ee1qef9hGKP9otkl70=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVMSkepGKLpxWdE+oA1hMpm0Q2cmYWYilJiFv+LGhSJu/Q13/o2TNgttPTBwOOde7pnjx5RIZdvfRmlpeWV1rbxe2djc2t4xd/c6MkoEwm0U0Uj0fCgxJRy3FVEU92KBIfMp7vrj69zvPmAhScTv1STGLoNDTkKCoNKSZx7ceemAQTUSLA1IGGZZTZ1c2p5Ztev2FNYicQpSBQVanvk1CCKUMMwVolDKvmPHyk2hUARRnFUGicQxRGM4xH1NOWRYuuk0f2YdayWwwkjox5U1VX9vpJBJOWG+nsyjynkvF//z+okKL9yU8DhRmKPZoTChloqsvAwrIAIjRSeaQCSIzmqhERQQKV1ZRZfgzH95kXRO606j3rg9qzavijrK4BAcgRpwwDloghvQAm2AwCN4Bq/gzXgyXox342M2WjKKnX3wB8bnD69SleQ=</latexit>

Sdi↵(t) = 0

Control

Shmalo, Pixley, Kulkarni, Gopalakrishnan, Huse, arXiv (2026)

Removing Energy Conservation 
And solitons



<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a
<latexit sha1_base64="ECX61avWaJWRbwhRmAHY+TkFefo="></latexit>

Sdi↵(t) =
1

L

X

i

|Si(t)� S0
i | ⌘

1

L

X

i

�Si(t)

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

But near the 
transition 
“soliton like” 
solutions form

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)
<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)

Control Soliton

Removing Energy Conservation 
And solitons



<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a
<latexit sha1_base64="ECX61avWaJWRbwhRmAHY+TkFefo="></latexit>

Sdi↵(t) =
1

L

X

i

|Si(t)� S0
i | ⌘

1

L

X

i

�Si(t)

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
Remove the solitons by randomizing the chaotic 
evolution without destroying the spiral fixed point:

<latexit sha1_base64="PRYvPqZBb89ygDLdLORA7h1aRFo="></latexit>

H = �
LX

i=1

�
Jx(t)S

x
i S

x
i+1 + Jy(t)S

y
i S

y
i+1 + JzS

z
i S

z
i+1

� <latexit sha1_base64="uHiweaRNomK1eFT8ZBmDViQjv/M=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdCNdVbAP6AxDJk3b0CQTkoxYh/6GGxeKuPVn3Pk3ZtpZaOuBC4dz7uXeeyLJqDau++0UVlbX1jeKm6Wt7Z3dvfL+QVvHicKkhWMWq26ENGFUkJahhpGuVATxiJFONL7J/M4DUZrG4t5MJAk4Ggo6oBgZK/mN8PHKlxw2wqdSWK64VXcGuEy8nFRAjmZY/vL7MU44EQYzpHXPc6UJUqQMxYxMS36iiUR4jIakZ6lAnOggnd08hSdW6cNBrGwJA2fq74kUca0nPLKdHJmRXvQy8T+vl5jBZZBSIRNDBJ4vGiQMmhhmAcA+VQQbNrEEYUXtrRCPkELY2JiyELzFl5dJ+6zq1aq1u/NK/TqPowiOwDE4BR64AHVwC5qgBTCQ4Bm8gjcncV6cd+dj3lpw8plD8AfO5w/G/ZDh</latexit>

Jx = ±Jz

Each time step

<latexit sha1_base64="eiXGEv80AsfCsNcPO75mqMXSRK0=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdCNdVbAP6AxDJs20oUkmJBlhLP0NNy4UcevPuPNvzLSz0OqBC4dz7uXeeyLJqDau++WUVlbX1jfKm5Wt7Z3dver+QVcnqcKkgxOWqH6ENGFUkI6hhpG+VATxiJFeNLnJ/d4DUZom4t5kkgQcjQSNKUbGSn4rzK58yWErfKyE1Zpbd+eAf4lXkBoo0A6rn/4wwSknwmCGtB54rjTBFClDMSOzip9qIhGeoBEZWCoQJzqYzm+ewROrDGGcKFvCwLn6c2KKuNYZj2wnR2asl71c/M8bpCa+DKZUyNQQgReL4pRBk8A8ADikimDDMksQVtTeCvEYKYSNjSkPwVt++S/pntW9Rr1xd15rXhdxlMEROAanwAMXoAluQRt0AAYSPIEX8OqkzrPz5rwvWktOMXMIfsH5+AbIipDi</latexit>

Jy = ±Jz

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)
<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)

Control Soliton

Removing Energy Conservation 
And solitons

But near the 
transition 
“soliton like” 
solutions form



Removing Energy Conservation 
And solitons

<latexit sha1_base64="VC3QRrTc1NW0g9pSIeaYBWdNRdc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCOYByRpmJ73JmNnZZWZWCEs+wosHRbz6Pd78GyePgyYWNBRV3XR3BYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8wmV5rG8N6ME/Yj2JQ85o8ZKTd19fHCv3G6x5JbdKcgy8eakBHPUusWvTi9maYTSMEG1bntuYvyMKsOZwHGhk2pMKBvSPrYtlTRC7WfTc8fkxCo9EsbKljRkqv6eyGik9SgKbGdEzUAvehPxP6+dmvDSz7hMUoOSzRaFqSAmJpPfSY8rZEaMLKFMcXsrYQOqKDM2oYINwVt8eZk0zspepVy5Oy9Vr+dx5OEIjuEUPLiAKtxCDerAYAjP8ApvTuK8OO/Ox6w158xnDuEPnM8fdOWPAg==</latexit>

s0j = 0

Chaos

1

Control ?????

<latexit sha1_base64="4UKhcAfGZG8b1zFXEiU6MNyjRPI=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZMi1Y1QdOOygn1AE8NkOmmnnUyGmUmhhP6JGxeKuPVP3Pk3TtsstPXAhcM593LvPaFgVGnH+bYKa+sbm1vF7dLO7t7+gX141FJJKjFp4oQlshMiRRjlpKmpZqQjJEFxyEg7HN3N/PaYSEUT/qgngvgx6nMaUYy0kQLb9sSABsMn58YTFA4vqoFddirOHHCVuDkpgxyNwP7yeglOY8I1ZkiprusI7WdIaooZmZa8VBGB8Aj1SddQjmKi/Gx++RSeGaUHo0Sa4hrO1d8TGYqVmsSh6YyRHqhlbyb+53VTHV37GeUi1YTjxaIoZVAncBYD7FFJsGYTQxCW1NwK8QBJhLUJq2RCcJdfXiWtasWtVWoPl+X6bR5HEZyAU3AOXHAF6uAeNEATYDAGz+AVvFmZ9WK9Wx+L1oKVzxyDP7A+fwARH5Kn</latexit>

�0
j = ⇡j/2

<latexit sha1_base64="BWANdvDm230gpkCBRD9KCf1wLns=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoiUj0WvXisYGuhDWWzmbRLN5uwuxFqyC/x4kERr/4Ub/4bt2kO2vpg4PHezM7O8xPOlHacb6uytr6xuVXdru3s7u3X7YPDnopTSaFLYx7Lvk8UcCagq5nm0E8kkMjn8OBPb+b+wyNIxWJxr2cJeBEZCxYySrSRRnY9GxaPZBKCHJN8ZDecplMArxK3JA1UojOyv4ZBTNMIhKacKDVwnUR7GZGaUQ55bZgqSAidkjEMDBUkAuVlxc4cnxolwGEsTQmNC/X3REYipWaRbzojoidq2ZuL/3mDVIdXXsZEkmoQdLEoTDnWMZ6ngAMmgWo+M4RQycxfMZ0QSag2WdVMCO7yyaukd950W83W3UWjfV3GUUXH6ASdIRddoja6RR3URRSl6Bm9ojfryXqx3q2PRWvFKmeO0B9Ynz8wxpNz</latexit>a
<latexit sha1_base64="ECX61avWaJWRbwhRmAHY+TkFefo="></latexit>

Sdi↵(t) =
1

L

X

i

|Si(t)� S0
i | ⌘

1

L

X

i

�Si(t)

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x
Remove the solitons by randomizing the chaotic 
evolution without destroying the spiral fixed point:

<latexit sha1_base64="PRYvPqZBb89ygDLdLORA7h1aRFo="></latexit>

H = �
LX

i=1

�
Jx(t)S

x
i S

x
i+1 + Jy(t)S

y
i S

y
i+1 + JzS

z
i S

z
i+1

� <latexit sha1_base64="uHiweaRNomK1eFT8ZBmDViQjv/M=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdCNdVbAP6AxDJk3b0CQTkoxYh/6GGxeKuPVn3Pk3ZtpZaOuBC4dz7uXeeyLJqDau++0UVlbX1jeKm6Wt7Z3dvfL+QVvHicKkhWMWq26ENGFUkJahhpGuVATxiJFONL7J/M4DUZrG4t5MJAk4Ggo6oBgZK/mN8PHKlxw2wqdSWK64VXcGuEy8nFRAjmZY/vL7MU44EQYzpHXPc6UJUqQMxYxMS36iiUR4jIakZ6lAnOggnd08hSdW6cNBrGwJA2fq74kUca0nPLKdHJmRXvQy8T+vl5jBZZBSIRNDBJ4vGiQMmhhmAcA+VQQbNrEEYUXtrRCPkELY2JiyELzFl5dJ+6zq1aq1u/NK/TqPowiOwDE4BR64AHVwC5qgBTCQ4Bm8gjcncV6cd+dj3lpw8plD8AfO5w/G/ZDh</latexit>

Jx = ±Jz

Each time step

<latexit sha1_base64="eiXGEv80AsfCsNcPO75mqMXSRK0=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdCNdVbAP6AxDJs20oUkmJBlhLP0NNy4UcevPuPNvzLSz0OqBC4dz7uXeeyLJqDau++WUVlbX1jfKm5Wt7Z3dver+QVcnqcKkgxOWqH6ENGFUkI6hhpG+VATxiJFeNLnJ/d4DUZom4t5kkgQcjQSNKUbGSn4rzK58yWErfKyE1Zpbd+eAf4lXkBoo0A6rn/4wwSknwmCGtB54rjTBFClDMSOzip9qIhGeoBEZWCoQJzqYzm+ewROrDGGcKFvCwLn6c2KKuNYZj2wnR2asl71c/M8bpCa+DKZUyNQQgReL4pRBk8A8ADikimDDMksQVtTeCvEYKYSNjSkPwVt++S/pntW9Rr1xd15rXhdxlMEROAanwAMXoAluQRt0AAYSPIEX8OqkzrPz5rwvWktOMXMIfsH5+AbIipDi</latexit>

Jy = ±Jz

<latexit sha1_base64="+9QwL/stFpSI0gnjxXocR988ZmI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR6qYkItVl0Y3LivYBTSmTyaQdOnkwcyOWkI2/4saFIm79DHf+jZM2C209cOFwzr3ce48bC67Asr6NpeWV1bX10kZ5c2t7Z9fc22+rKJGUtWgkItl1iWKCh6wFHATrxpKRwBWs446vc7/zwKTiUXgPk5j1AzIMuc8pAS0NzEPHYwIIdgICI0pEepcNHqtwOjArVs2aAi8SuyAVVKA5ML8cL6JJwEKggijVs60Y+imRwKlgWdlJFIsJHZMh62kakoCpfjp9IMMnWvGwH0ldIeCp+nsiJYFSk8DVnfmdat7Lxf+8XgL+ZT/lYZwAC+lskZ8IDBHO08Ael4yCmGhCqOT6VkxHRBIKOrOyDsGef3mRtM9qdr1Wvz2vNK6KOEroCB2jKrLRBWqgG9RELURRhp7RK3oznowX4934mLUuGcXMAfoD4/MHUuSWPw==</latexit>

�Sx(t)

Control Soliton

Control

But near the 
transition 
“soliton like” 
solutions form



Directed Percolation ‘like’ 
Transition in the Activity



Directed Percolation ‘like’ 
Transition in the Activity

Activity undergoes a continuous transition



Directed Percolation ‘like’ 
Transition in the Activity

Activity undergoes a continuous transition Lyapunov exponent jumps!



We have extended this idea to a wide array of classically chaotic systems

Kicked rotor

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

✓

Increasing strength of control

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qaCUIhWQnOR7h5dpXXypNDyvOJY="></latexit>

HKR =
p
2

2
+ k cos(x)

+1X

n=�1
�(t� nT )

Poincare 
sections

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="XWUsP81ADnYwQ2Kj1VddkNYYegw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOHkgmljQUFR1090VJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVaa9YcsvuDOSHeMukBAvUesXPbj9maYTSMEG17nhuYvyMKsOZwEmhm2pMKBvRAXYslTRC7WezQyfkzCp9EsbKljRkpv6eyGik9TgKbGdEzVAve1PxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m4INYeXlVdK8KHuVcqV+WareLOLIwwmcwjl4cAVVuIMaNIABwhO8wKvz4Dw7b877vDXnLGaO4Q+cj2/IXYzx</latexit>a<latexit sha1_base64="tKmI9M5r8+hr5AKfZsL46GHarR0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB6DXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOHkgmljQUFR1090VJFIYdN0vJ7e2vrG5ld8u7Ozu7R8UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrpnvZYr1hyy+4M5Id4y6QEC9R7xc9uP2ZpxBUySY3peG6CfkY1Cib5pNBNDU8oG9EB71iqaMSNn81OnZAzq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx7U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsCGsvLxKmhdlr1Ku3F2WateLOPJwAqdwDh5UoQa3UIcGMBjAE7zAqyOdZ+fNeZ+35pzFzDH8gfPxDTlujcc=</latexit>ac

Classical Hamiltonian Control  
transition:Summary 

Same procedure works for the kicked rotor!



Kicked top

Kicked rotor

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

✓

z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

<latexit sha1_base64="0gtj9+JvdQVNxBlRPiGyhvQdNqM="></latexit>

HKT = ↵Jy +
kJ

2
z

2j

1X

n=�1
�(t� nT )

<latexit sha1_base64="/2M3skxWGeOaMdK5pau7oMNnsQc=">AAACDHicbZDLSsNAFIYnXmu9RV26GQxCRSyJSHVZdOOygr1AU8rJdNKMnVyYmSil9AHc+CpuXCji1gdw59s4SbvQ1h8GPv5zDmfO7yWcSWXb38bC4tLyymphrbi+sbm1be7sNmScCkLrJOaxaHkgKWcRrSumOG0lgkLocdr0BldZvXlPhWRxdKuGCe2E0I+YzwgobXVNy00C5grWDxQIET/gknMCR5nZvcPHGHIyLbts58Lz4EzBQlPVuuaX24tJGtJIEQ5Sth07UZ0RCMUIp+Oim0qaABlAn7Y1RhBS2Rnlx4zxoXZ62I+FfpHCuft7YgShlMPQ050hqEDO1jLzv1o7Vf5FZ8SiJFU0IpNFfsqxinGWDO4xQYniQw1ABNN/xSQAAUTp/Io6BGf25HlonJadSrlyc2ZVL6dxFNA+OkAl5KBzVEXXqIbqiKBH9Ixe0ZvxZLwY78bHpHXBmM7soT8yPn8ABz2aVQ==</latexit>

� ! (1� a)�j + a�
<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qaCUIhWQnOR7h5dpXXypNDyvOJY="></latexit>

HKR =
p
2

2
+ k cos(x)

+1X

n=�1
�(t� nT )

Poincare 
sections

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

Location 
on sphere

<latexit sha1_base64="XWUsP81ADnYwQ2Kj1VddkNYYegw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOHkgmljQUFR1090VJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVaa9YcsvuDOSHeMukBAvUesXPbj9maYTSMEG17nhuYvyMKsOZwEmhm2pMKBvRAXYslTRC7WezQyfkzCp9EsbKljRkpv6eyGik9TgKbGdEzVAve1PxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m4INYeXlVdK8KHuVcqV+WareLOLIwwmcwjl4cAVVuIMaNIABwhO8wKvz4Dw7b877vDXnLGaO4Q+cj2/IXYzx</latexit>a<latexit sha1_base64="tKmI9M5r8+hr5AKfZsL46GHarR0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB6DXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOHkgmljQUFR1090VJFIYdN0vJ7e2vrG5ld8u7Ozu7R8UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrpnvZYr1hyy+4M5Id4y6QEC9R7xc9uP2ZpxBUySY3peG6CfkY1Cib5pNBNDU8oG9EB71iqaMSNn81OnZAzq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx7U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsCGsvLxKmhdlr1Ku3F2WateLOPJwAqdwDh5UoQa3UIcGMBjAE7zAqyOdZ+fNeZ+35pzFzDH8gfPxDTlujcc=</latexit>ac
Increasing strength of control

We have extended this idea to a wide array of classically chaotic systems

Classical Hamiltonian Control  
transition:Summary 



Classical Hamiltonian Control  
transition:Summary 

Kicked top

Kicked rotor

<latexit sha1_base64="5bCyd0gYv8CeZMXZW/avxKBuZUk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9XDEkPTLFa/qzeGuEj8nFcjR6Je/egNF05hJpIIY0/W9BIOMaORUsGmplxqWEDomQ9a1VJKYmSCbXzt1z6wycCOlbUl05+rviYzExkzi0HbGBEdm2ZuJ/3ndFKPrIOMySZFJulgUpcJF5c5edwdcM4piYgmhmttbXToimlC0AZVsCP7yy6ukdVH1a9Xa/WWlfpPHUYQTOIVz8OEK6nAHDWgChUd4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/p4mPMw==</latexit>

✓

z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)

<latexit sha1_base64="0gtj9+JvdQVNxBlRPiGyhvQdNqM="></latexit>

HKT = ↵Jy +
kJ

2
z

2j

1X

n=�1
�(t� nT )

<latexit sha1_base64="/2M3skxWGeOaMdK5pau7oMNnsQc=">AAACDHicbZDLSsNAFIYnXmu9RV26GQxCRSyJSHVZdOOygr1AU8rJdNKMnVyYmSil9AHc+CpuXCji1gdw59s4SbvQ1h8GPv5zDmfO7yWcSWXb38bC4tLyymphrbi+sbm1be7sNmScCkLrJOaxaHkgKWcRrSumOG0lgkLocdr0BldZvXlPhWRxdKuGCe2E0I+YzwgobXVNy00C5grWDxQIET/gknMCR5nZvcPHGHIyLbts58Lz4EzBQlPVuuaX24tJGtJIEQ5Sth07UZ0RCMUIp+Oim0qaABlAn7Y1RhBS2Rnlx4zxoXZ62I+FfpHCuft7YgShlMPQ050hqEDO1jLzv1o7Vf5FZ8SiJFU0IpNFfsqxinGWDO4xQYniQw1ABNN/xSQAAUTp/Io6BGf25HlonJadSrlyc2ZVL6dxFNA+OkAl5KBzVEXXqIbqiKBH9Ixe0ZvxZLwY78bHpHXBmM7soT8yPn8ABz2aVQ==</latexit>

� ! (1� a)�j + a�
<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qaCUIhWQnOR7h5dpXXypNDyvOJY="></latexit>

HKR =
p
2

2
+ k cos(x)

+1X

n=�1
�(t� nT )

Poincare 
sections

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

<latexit sha1_base64="s+l0BXAnbJ4ILuUIA6yEHwMMbsQ=">AAACBHicbVDLSgNBEJyNrxhfqx5zGQxCRAy7ItFj0IvHCOYBSQi9k9lkzOzOMDOrhJCDF3/FiwdFvPoR3vwbJ4+DJhY0FFXddHcFkjNtPO/bSS0tr6yupdczG5tb2zvu7l5Vi0QRWiGCC1UPQFPOYloxzHBal4pCFHBaC/pXY792T5VmIr41A0lbEXRjFjICxkptNyubinV7BpQSDzjvn8CRbN/hYwxYtt2cV/AmwIvEn5EcmqHcdr+aHUGSiMaGcNC64XvStIagDCOcjjLNRFMJpA9d2rA0hojq1nDyxAgfWqWDQ6FsxQZP1N8TQ4i0HkSB7YzA9PS8Nxb/8xqJCS9aQxbLxNCYTBeFCcdG4HEiuMMUJYYPLAGimL0Vkx4oIMbmlrEh+PMvL5LqacEvFoo3Z7nS5SyONMqiA5RHPjpHJXSNyqiCCHpEz+gVvTlPzovz7nxMW1PObGYf/YHz+QNaPJae</latexit>

p ! (1� a)pj + ap

<latexit sha1_base64="qpm6DLfPjcFK7U1pbaHHxQ/wyAs=">AAACEnicbZC7SgNBFIZnvcZ4i1raDAYhIoZdkWgZtLGMYC6QLOHsZDYZM3th5qwSQp7BxlexsVDE1srOt3GSbKGJPwx8/Occzpzfi6XQaNvf1sLi0vLKamYtu76xubWd29mt6ShRjFdZJCPV8EBzKUJeRYGSN2LFIfAkr3v9q3G9fs+VFlF4i4OYuwF0Q+ELBmisdu6ohT2O0FKi20NQKnqgBecEUrt9R48ppJzL20V7IjoPTgp5kqrSzn21OhFLAh4ik6B107FjdIegUDDJR9lWonkMrA9d3jQYQsC1O5ycNKKHxulQP1LmhUgn7u+JIQRaDwLPdAaAPT1bG5v/1ZoJ+hfuUIRxgjxk00V+IilGdJwP7QjFGcqBAWBKmL9S1gMFDE2KWROCM3vyPNROi06pWLo5y5cv0zgyZJ8ckAJxyDkpk2tSIVXCyCN5Jq/kzXqyXqx362PaumClM3vkj6zPHwY1nRA=</latexit>

✓ ! (1� a)✓j + a✓

Location 
on sphere

<latexit sha1_base64="ZQGf28vQ9gScRr9rCi/ZrY8/0qA=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0UUxJKIVDdC0U1xVdE+oAlhMp20QyeZMDMRSsgnuPFX3LhQxK1Ld/6N0zaIVg9cOHPOvcy9x48ZlcqyPo3C3PzC4lJxubSyura+YW5utSRPBCZNzBkXHR9JwmhEmooqRjqxICj0GWn7w8ux374jQlIe3apRTNwQ9SMaUIyUljxzv35+dOXIJPQoTB0/gDeZRx3c4+r7mdJDO/PMslWxJoB/iZ2TMsjR8MwPp8dxEpJIYYak7NpWrNwUCUUxI1nJSSSJER6iPulqGqGQSDedHJTBPa30YMCFrkjBifpzIkWhlKPQ150hUgM5643F/7xuooIzN6VRnCgS4elHQcKg4nCcDuxRQbBiI00QFlTvCvEACYSVzrCkQ7BnT/5LWscVu1qpXp+Uaxd5HEWwA3bBAbDBKaiBOmiAJsDgHjyCZ/BiPBhPxqvxNm0tGPnMNvgF4/0LAt2b+Q==</latexit>

H = �J

X

i

Si · Si+1

Interacting spin chain

<latexit sha1_base64="XWUsP81ADnYwQ2Kj1VddkNYYegw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TMA9IljA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOHkgmljQUFR1090VJIJr47pfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVaa9YcsvuDOSHeMukBAvUesXPbj9maYTSMEG17nhuYvyMKsOZwEmhm2pMKBvRAXYslTRC7WezQyfkzCp9EsbKljRkpv6eyGik9TgKbGdEzVAve1PxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m4INYeXlVdK8KHuVcqV+WareLOLIwwmcwjl4cAVVuIMaNIABwhO8wKvz4Dw7b877vDXnLGaO4Q+cj2/IXYzx</latexit>a<latexit sha1_base64="tKmI9M5r8+hr5AKfZsL46GHarR0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJB6DXjxGNA9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOHkgmljQUFR1090VJFIYdN0vJ7e2vrG5ld8u7Ozu7R8UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrpnvZYr1hyy+4M5Id4y6QEC9R7xc9uP2ZpxBUySY3peG6CfkY1Cib5pNBNDU8oG9EB71iqaMSNn81OnZAzq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx7U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsCGsvLxKmhdlr1Ku3F2WateLOPJwAqdwDh5UoQa3UIcGMBjAE7zAqyOdZ+fNeZ+35pzFzDH8gfPxDTlujcc=</latexit>ac
Increasing strength of control

We have extended this idea to a wide array of classically chaotic systems



Can this be transferred to the 
quantum regime?

Clear demonstrations of successfully controlling 
classical chaos from the large to the small.

Central question of this talk:

Can we utilize classical control protocols (i.e. based on 
unstable orbits of classical dynamics) to control
quantum systems?

Applications to: “solving” open quantum system 
dynamics, state preparation, quantum error correction
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I. Motivation
• Controlling classical chaos
• Examples of classical control transitions

II. Quantum Control Induced Transition
• Control with an Exact Dark State
• Controlling the quantum top
• Controlling the Bernoulli map

III. Realization across circuits
• IBM’s quantum computer
• Accessing Quantum fluctuations



Examples of Quantum 
Control Transitions

Embed dark states approximately (via a classical construction) or exactly (after 
the quantum model is constructed) into the unitary dynamics. 

All models require a combination of measurement and feedback.

Do these transitions retain quantum fluctuations?

Controlling the kicked 
quantum top

Prasad, Chakraborty, Iadecola, Kulkarni, 
Pixley, Ganeshan, Wilson arXiv (2026)

O’dea, Morningstar, 
Gopalakrishnan, Khemani, PRB (2024) Piroli, Li, Vasseur, Nahum, PRB (2024)

Iadecola, Ganeshan,
 Pixley, Wilson PRL (2023)



Examples of Quantum 
Control Transitions

Embed dark states approximately (via a classical construction) or exactly (after 
the quantum model is constructed) into the unitary dynamics. 

All models require a combination of measurement and feedback.

Do these transitions retain quantum fluctuations?

Controlling the kicked 
quantum top

Prasad, Chakraborty, Iadecola, Kulkarni, 
Pixley, Ganeshan, Wilson arXiv (2026)

Iadecola, Ganeshan,
 Pixley, Wilson PRL (2023) O’dea, Morningstar, 

Gopalakrishnan, Khemani, PRB (2024) Piroli, Li, Vasseur, Nahum, PRB (2024)
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Controlling quantum systems in general is too difficult.

Take inspiration from the classical success:
Can we “embed” stochastic control into a quantum system?
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Controlling Quantum 
Many-Body Systems

Controlling quantum systems in general is too difficult.

Take inspiration from the classical success:
Can we “embed” stochastic control into a quantum system?

Step 1: First we choose quantum dynamics that have an 
analog of an unstable fixed point

Embed a dark state into the dynamics: Doesn’t evolve under 
the unitary dynamics 

<latexit sha1_base64="7QfUY07x98Dj3Y/yMdcu+fzFhxA=">AAACJ3icbVBNS8NAEN3Ur1q/oh69LBbBU0lEqhelqAePFUxbaELYbLft0s0m7G6EEvNvvPhXvAgqokf/iZs2B237YODx3gwz84KYUaks69soLS2vrK6V1ysbm1vbO+buXktGicDEwRGLRCdAkjDKiaOoYqQTC4LCgJF2MLrO/fYDEZJG/F6NY+KFaMBpn2KktOSblw58dJuS+qkbIjUUYXqDxCjLoCsQHzACLxb7he2bVatmTQDniV2QKijQ9M03txfhJCRcYYak7NpWrLwUCUUxI1nFTSSJER6hAelqylFIpJdO/szgkVZ6sB8JXVzBifp3IkWhlOMw0J35sXLWy8VFXjdR/XMvpTxOFOF4uqifMKgimIcGe1QQrNhYE4QF1bdCPEQCYaWjregQ7NmX50nrpGbXa/W702rjqoijDA7AITgGNjgDDXALmsABGDyBF/AOPoxn49X4NL6mrSWjmNkH/2D8/AIJq6dS</latexit>

U | Darki = | Darki

Choose the generator of the unitary dynamics so that
it has a dark state (either exactly or approximately from a classical limit)



Controlling Quantum 
Many-Body Systems

Controlling quantum systems in general is too difficult.

Take inspiration from the classical success:
Can we “embed” stochastic control into a quantum system?

Step 2: We need a way to determine how “far” we are from 
the fixed point (locally) and then push the system towards 
the dark state. 



Controlling Quantum 
Many-Body Systems

Controlling quantum systems in general is too difficult.

Take inspiration from the classical success:
Can we “embed” stochastic control into a quantum system?

We can determine where we are through a  
measurement and then can use feed back through a 
unitary operation to, push the system onto the dark state

Step 2: We need a way to determine how “far” we are from 
the fixed point (locally) and then push the system towards 
the dark state. 



Quantum Control 
Transitions

First controlling single particle quantum chaotic systems.
Quantum Kicked Top

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Prasad, Chakraborty, Iadecola, Kulkarni, 
Pixley, Ganeshan, Wilson arXiv (2026)

We will then describe controlling the quantum Bernoulli 
model, which will become a quantum many-body system 
upon quantization.

These are both examples of embedding classical chaos and 
control into a quantum system, have approximate dark 
states.

We first, briefly describe the approach to embedded dark 
states exactly.



Quantum Control Transitions: 
Exact Dark States

We first, briefly describe the approach to embedded dark 
states exactly.

O’dea, Morningstar, Gopalakrishnan, Khemani PRB (2024)

<latexit sha1_base64="VWunPzHpVyShAumgNOm+bmgklWY=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCoJTESvUiFL14rGDaQhPCZrtpl26yYXcjlJCbF/+KFw+KePUvePPfuG1z0OqDgcd7M8zMCxJGpbKsL6O0sLi0vFJeraytb2xumds7bclTgYmDOeOiGyBJGI2Jo6hipJsIgqKAkU4wup74nXsiJOXxnRonxIvQIKYhxUhpyTf3HT+jJ/TYzi9tlycslVArdVfRiMh67ptVq2ZNAf8SuyBVUKDlm59un+M0IrHCDEnZs61EeRkSimJG8oqbSpIgPEID0tM0RnqNl03/yOGhVvow5EJXrOBU/TmRoUjKcRTozgipoZz3JuJ/Xi9V4YWX0ThJFYnxbFGYMqg4nIQC+1QQrNhYE4QF1bdCPEQCYaWjq+gQ7PmX/5L2ac1u1Bq3Z9XmVRFHGeyBA3AEbHAOmuAGtIADMHgAT+AFvBqPxrPxZrzPWktGMbMLfsH4+Aas9JiV</latexit>

Ui,i+1 = 1→ U3→3

<latexit sha1_base64="AWJN/f8mmNudCcG1i/GatnTTA4I="></latexit>

UD(ω,ε) =





1 0 0 0
0 a b c
0 b→ e f
0 c→ f→ i



 .

Sierant and Thurkeshi, PRL (2023) — Clifford circuit

<latexit sha1_base64="ZKsrfG7d5AO+yd9DX6h/vLhAx44=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZEqhuhqKDLCvYBnVLupGkbmskMSUYp036SGz9FNwqKuPUrTNtZaNsDgcM593Jzjh9xprTjvFuZpeWV1bXsem5jc2t7x97dq6owloRWSMhDWfdBUc4ErWimOa1HkkLgc1rz+1djv/ZApWKhuNeDiDYD6ArWYQS0kVr2zdCLFGslXgC6J4PkGmR/NPIkiC6n+AIPvTgCKcNHvIC0Q63S0ZaddwrOBHieuCnJoxTllv1i1kkcUKEJB6UarhPpZgJSM8LpKOfFikZA+tClDUMFBFQ1k0ngET4ySht3Qmme0Hii/t1IIFBqEPhmcpxLzXpjcZHXiHXnvJkwEcWaCjI91Ik51iEet4fbTFKi+cAQIJKZv2LSAwlEm45zpgR3NvI8qZ4U3GKheHeaL12mdWTRATpEx8hFZ6iEblEZVRBBT+gVfaBP69l6s76s7+loxkp39tE/WD+/hXmrsw==</latexit>

|ωDark→ = | ↑↑↑ . . . →

Feedback: if down is 
measured correct to up with 
probability , pushes the 
dynamics onto the dark state

pf



Quantum Control Transitions: 
Exact Dark States

We first, briefly describe the approach to embedded dark 
states exactly.

O’dea, Morningstar, Gopalakrishnan, Khemani PRB (2024)

<latexit sha1_base64="VWunPzHpVyShAumgNOm+bmgklWY=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCoJTESvUiFL14rGDaQhPCZrtpl26yYXcjlJCbF/+KFw+KePUvePPfuG1z0OqDgcd7M8zMCxJGpbKsL6O0sLi0vFJeraytb2xumds7bclTgYmDOeOiGyBJGI2Jo6hipJsIgqKAkU4wup74nXsiJOXxnRonxIvQIKYhxUhpyTf3HT+jJ/TYzi9tlycslVArdVfRiMh67ptVq2ZNAf8SuyBVUKDlm59un+M0IrHCDEnZs61EeRkSimJG8oqbSpIgPEID0tM0RnqNl03/yOGhVvow5EJXrOBU/TmRoUjKcRTozgipoZz3JuJ/Xi9V4YWX0ThJFYnxbFGYMqg4nIQC+1QQrNhYE4QF1bdCPEQCYaWjq+gQ7PmX/5L2ac1u1Bq3Z9XmVRFHGeyBA3AEbHAOmuAGtIADMHgAT+AFvBqPxrPxZrzPWktGMbMLfsH4+Aas9JiV</latexit>

Ui,i+1 = 1→ U3→3

<latexit sha1_base64="AWJN/f8mmNudCcG1i/GatnTTA4I="></latexit>

UD(ω,ε) =





1 0 0 0
0 a b c
0 b→ e f
0 c→ f→ i



 .

Sierant and Thurkeshi, PRL (2023) — Clifford circuit

<latexit sha1_base64="ZKsrfG7d5AO+yd9DX6h/vLhAx44=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZEqhuhqKDLCvYBnVLupGkbmskMSUYp036SGz9FNwqKuPUrTNtZaNsDgcM593Jzjh9xprTjvFuZpeWV1bXsem5jc2t7x97dq6owloRWSMhDWfdBUc4ErWimOa1HkkLgc1rz+1djv/ZApWKhuNeDiDYD6ArWYQS0kVr2zdCLFGslXgC6J4PkGmR/NPIkiC6n+AIPvTgCKcNHvIC0Q63S0ZaddwrOBHieuCnJoxTllv1i1kkcUKEJB6UarhPpZgJSM8LpKOfFikZA+tClDUMFBFQ1k0ngET4ySht3Qmme0Hii/t1IIFBqEPhmcpxLzXpjcZHXiHXnvJkwEcWaCjI91Ik51iEet4fbTFKi+cAQIJKZv2LSAwlEm45zpgR3NvI8qZ4U3GKheHeaL12mdWTRATpEx8hFZ6iEblEZVRBBT+gVfaBP69l6s76s7+loxkp39tE/WD+/hXmrsw==</latexit>

|ωDark→ = | ↑↑↑ . . . →

Feedback: if down is 
measured correct to up with 
probability , pushes the 
dynamics onto the dark state

pf



Quantum Control Transitions: 
Exact Dark States

We first, briefly describe the approach to embedded dark 
states exactly.

O’dea, Morningstar, Gopalakrishnan, Khemani PRB (2024)

<latexit sha1_base64="VWunPzHpVyShAumgNOm+bmgklWY=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCoJTESvUiFL14rGDaQhPCZrtpl26yYXcjlJCbF/+KFw+KePUvePPfuG1z0OqDgcd7M8zMCxJGpbKsL6O0sLi0vFJeraytb2xumds7bclTgYmDOeOiGyBJGI2Jo6hipJsIgqKAkU4wup74nXsiJOXxnRonxIvQIKYhxUhpyTf3HT+jJ/TYzi9tlycslVArdVfRiMh67ptVq2ZNAf8SuyBVUKDlm59un+M0IrHCDEnZs61EeRkSimJG8oqbSpIgPEID0tM0RnqNl03/yOGhVvow5EJXrOBU/TmRoUjKcRTozgipoZz3JuJ/Xi9V4YWX0ThJFYnxbFGYMqg4nIQC+1QQrNhYE4QF1bdCPEQCYaWjq+gQ7PmX/5L2ac1u1Bq3Z9XmVRFHGeyBA3AEbHAOmuAGtIADMHgAT+AFvBqPxrPxZrzPWktGMbMLfsH4+Aas9JiV</latexit>

Ui,i+1 = 1→ U3→3

<latexit sha1_base64="AWJN/f8mmNudCcG1i/GatnTTA4I="></latexit>

UD(ω,ε) =





1 0 0 0
0 a b c
0 b→ e f
0 c→ f→ i



 .

Absorbing state 
transition separates 
from the entanglement 
transition.

Sierant and Thurkeshi, PRL (2023) — Clifford circuit

Directed percolation 

<latexit sha1_base64="ZKsrfG7d5AO+yd9DX6h/vLhAx44=">AAACMHicbVDLSgMxFM3UV62vUZdugkVwVWZEqhuhqKDLCvYBnVLupGkbmskMSUYp036SGz9FNwqKuPUrTNtZaNsDgcM593Jzjh9xprTjvFuZpeWV1bXsem5jc2t7x97dq6owloRWSMhDWfdBUc4ErWimOa1HkkLgc1rz+1djv/ZApWKhuNeDiDYD6ArWYQS0kVr2zdCLFGslXgC6J4PkGmR/NPIkiC6n+AIPvTgCKcNHvIC0Q6 3S0ZaddwrOBHieuCnJoxTllv1i1kkcUKEJB6UarhPpZgJSM8LpKOfFikZA+tClDUMFBFQ1k0ngET4ySht3Qmme0Hii/t1IIFBqEPhmcpxLzXpjcZHXiHXnvJkwEcWaCjI91Ik51iEet4fbTFKi+cAQIJKZv2LSAwlEm45zpgR3NvI8qZ4U3GKheHeaL12mdWTRATpEx8hFZ6iEblEZVRBBT+gVfaBP69l6s76s7+loxkp39tE/WD+/hXmrsw==</latexit>

|ωDark→ = | ↑↑↑ . . . →



Controlling the Quantum 
Kicked Top

First controlling single particle quantum chaotic systems.
Quantum Kicked Top Prasad, Chakraborty, Iadecola, Kulkarni, 

Pixley, Ganeshan, Wilson arXiv (2026)

Lecture 1
<latexit sha1_base64="0+U4puPDx97OYpt6FmIYIXMTjSU="></latexit>

ĤKT = ωĴy +
kĴ

2
z

2S

→∑

n=↑→
ε(t→ nT )

<latexit sha1_base64="csHM20HaQto6NWHaLT4DLEfr4rI="></latexit>

ÛKT = e→iωĴyT e→ikĴ2
z/(2S)

Quantum chaotic dynamics

<latexit sha1_base64="/7cKRPVE1caRP+ovu8C8ayBG3IM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpFZVXw7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3xUK80b/M4inAG51AFD66hCffQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBRr6NwQ==</latexit>

P (s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

COE random matrix level states



Controlling the Quantum 
Kicked Top

First controlling single particle quantum chaotic systems.
Quantum Kicked Top Prasad, Chakraborty, Iadecola, Kulkarni, 

Pixley, Ganeshan, Wilson arXiv (2026)

Lecture 1
<latexit sha1_base64="0+U4puPDx97OYpt6FmIYIXMTjSU="></latexit>

ĤKT = ωĴy +
kĴ

2
z

2S

→∑

n=↑→
ε(t→ nT )

<latexit sha1_base64="csHM20HaQto6NWHaLT4DLEfr4rI="></latexit>

ÛKT = e→iωĴyT e→ikĴ2
z/(2S)

For  we have found that  is an unstable fixed pointk > kc x0

<latexit sha1_base64="UJIT/sXeXmnBN7aU4ot4ZO+/JXs=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURqV6EohePFewHtCFstpt26WYTdzdiDf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF5P/NYDlYrF4k6PEupFuC9YyAjWRmo/+c7lyaPv+HbZqThToEXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LpuNRNFU0wGeI+7RgqcESVl03vHaMjo/RQGEtTQqOp+nsiw5FSoygwnRHWAzXvTcT/vE6qwwsvYyJJNRVktihMOdIxmjyPekxSovnIEEwkM7ciMsASE20iKpkQ3PmXF0nztOJWK9Xbs3LtKo+jCAdwCMfgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAM6PTw==</latexit>z0 = →x0

<latexit sha1_base64="6Ub9LTcYMw3/BH56Mm4KdNw5am4=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqAhlRqS6EYpuXFawF+gMQybNtKGZZEgy4lC6dOOruHGhiFsfwZ1vY9rOQqs/BL785xyS84cJo0o7zpdVWFhcWl4prpbW1jc2t+ztnZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLya1Nt3RCoq+K3OEuLHqM9pRDHSxgrs/SxwLu4Dx1OUV4YGjo6N42GhZrfALjtVZyr4F9wcyiBXI7A/vZ7AaUy4xgwp1XWdRPsjJDXFjIxLXqpIgvAQ9UnXIEcxUf5ousgYHhqnByMhzeEaTt2fEyMUK5XFoemMkR6o+drE/K/WTXV07o8oT1JNOJ49FKUMagEnqcAelQRrlhlAWFLzV4gHSCKsTXYlE4I7v/JfaJ1U3Vq1dnNarl/mcRTBHjgAFeCCM1AH16ABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+CXrI9vPiiYOA==</latexit>

y0 = x0 sin(kx0) + y0 cos(kx0)

Control Dynamics
<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0) Convenient to rotate the 
spin operators such that r0 = ̂z

Quantum chaotic dynamics



Controlling the Quantum 
Kicked Top

First controlling single particle quantum chaotic systems.
Quantum Kicked Top Prasad, Chakraborty, Iadecola, Kulkarni, 

Pixley, Ganeshan, Wilson arXiv (2026)

For  we have found that  is an unstable fixed pointk > kc x0

<latexit sha1_base64="UJIT/sXeXmnBN7aU4ot4ZO+/JXs=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBbBiyURqV6EohePFewHtCFstpt26WYTdzdiDf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBwprTjfFuFpeWV1bXiemljc2t7x97da6o4lYQ2SMxj2Q6wopwJ2tBMc9pOJMVRwGkrGF5P/NYDlYrF4k6PEupFuC9YyAjWRmo/+c7lyaPv+HbZqThToEXi5qQMOeq+/dXtxSSNqNCEY6U6rpNoL8NSM8LpuNRNFU0wGeI+7RgqcESVl03vHaMjo/RQGEtTQqOp+nsiw5FSoygwnRHWAzXvTcT/vE6qwwsvYyJJNRVktihMOdIxmjyPekxSovnIEEwkM7ciMsASE20iKpkQ3PmXF0nztOJWK9Xbs3LtKo+jCAdwCMfgwjnU4Abq0AACHJ7hFd6se+vFerc+Zq0FK5/Zhz+wPn8AAM6PTw==</latexit>z0 = →x0

<latexit sha1_base64="6Ub9LTcYMw3/BH56Mm4KdNw5am4=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqAhlRqS6EYpuXFawF+gMQybNtKGZZEgy4lC6dOOruHGhiFsfwZ1vY9rOQqs/BL785xyS84cJo0o7zpdVWFhcWl4prpbW1jc2t+ztnZYSqcSkiQUTshMiRRjlpKmpZqSTSILikJF2OLya1Nt3RCoq+K3OEuLHqM9pRDHSxgrs/SxwLu4Dx1OUV4YGjo6N42GhZrfALjtVZyr4F9wcyiBXI7A/vZ7AaUy4xgwp1XWdRPsjJDXFjIxLXqpIgvAQ9UnXIEcxUf5ousgYHhqnByMhzeEaTt2fEyMUK5XFoemMkR6o+drE/K/WTXV07o8oT1JNOJ49FKUMagEnqcAelQRrlhlAWFLzV4gHSCKsTXYlE4I7v/JfaJ1U3Vq1dnNarl/mcRTBHjgAFeCCM1AH16ABmgCDB/AEXsCr9Wg9W2/W+6y1YOUzu+CXrI9vPiiYOA==</latexit>

y0 = x0 sin(kx0) + y0 cos(kx0)

Control Dynamics
<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0) Convenient to rotate the 
spin operators such that r0 = ̂z

Now introduce an ancillary quantum top  and couple them and time evolveŜa

Initial state, 
maximal S 
for the ancilla



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

For  we have found that  is an unstable fixed pointk > kc x0Control Dynamics

<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0)
Convenient to rotate the 
spin operators such that r0 = ̂z

Now introduce an ancillary quantum top  and couple them and time evolveŜa

Initial state, 
maximal S 
for the ancilla

We then measure
the ancilla, and reset 
it to maximal spin S



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

For  we have found that  is an unstable fixed pointk > kc x0Control Dynamics

<latexit sha1_base64="LLteY5ibtUtkD/4UinhRJ3+Z90o=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEHKRKS6EYpuXFawD2hDmEwn7dDJJMxMxBiy8VfcuFDErZ/hzr9x+lho9cCFwzn3cu89fsyZ0gh9WYWFxaXlleJqaW19Y3PL3t5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXY399h2VikXiVqcxdUM8ECxgBGsjefZe1vMDKHMPXVTuPXScmnrw0JFnl1EVTQD/EmdGymCGhmd/9voRSUIqNOFYqa6DYu1mWGpGOM1LvUTRGJMRHtCuoQKHVLnZ5IEcHhqlD4NImhIaTtSfExkOlUpD33SGWA/VvDcW//O6iQ7O3YyJONFUkOmiIOFQR3CcBuwzSYnmqSGYSGZuhWSIJSbaZFYyITjzL/8lrZOqU6vWbk7L9ctZHEWwDw5ABTjgDNTBNWiAJiAgB0/gBbxaj9az9Wa9T1sL1mxmF/yC9fENJeKU1w==</latexit>

r0 = (x0, y0, z0)
Convenient to rotate the 
spin operators such that r0 = ̂z

Measurements are given by the Krauss operators after we trace out the ancilla



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Control Dynamics
Apply with 
probability p

<latexit sha1_base64="csHM20HaQto6NWHaLT4DLEfr4rI="></latexit>

ÛKT = e→iωĴyT e→ikĴ2
z/(2S)Quantum chaotic dynamics

Apply with probability 1 − p



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Control Dynamics
Apply with 
probability p

<latexit sha1_base64="csHM20HaQto6NWHaLT4DLEfr4rI="></latexit>

ÛKT = e→iωĴyT e→ikĴ2
z/(2S)Quantum chaotic dynamics

Apply with probability 1 − p

Quantum activity
Relevant
Quantities

FidelityTransverse quantum 
fluctuations
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Quantum activity
Relevant
Quantities

FidelityTransverse quantum 
fluctuations



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Quantum activity
Relevant
Quantities

FidelityTransverse quantum 
fluctuations



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Absence of an entangling phase

Recall the ancillary from Lecture 3

Monitored quantum circuit



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Absence of an entangling phase

Recall the ancillary from Lecture 3

Now couple it to the kicked top
z

yx
Stab

le

Unstable

<latexit sha1_base64="Wqd6vrKsucNURmnat2v7ZLltRU4=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AE8pmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzIvIUPKAUwJG8qouhAzIhZuE/Lxfrtg1ew68SpycVFCOZr/85Q5imkZMAhVE655jJ+BlRAGngk1LbqpZQuiIDFnPUEkipr1sfvQUnxllgINYmZKA5+rviYxEWk8i33RGBEK97M3E/7xeCsGNl3GZpMAkXSwKUoEhxrME8IArRkFMDCFUcXMrpiFRhILJqWRCcJZfXiXty5pTr9UfriqN2zyOIjpBp6iKHHSNGugeNVELUfSEntErerPG1ov1bn0sWgtWPnOM/sD6/AHvOpGT</latexit>

(✓,�)
Put them in 
a bell pair

Ancilla just purifies, 
never entangles!

Monitored quantum circuit



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Absence of an entangling phase

We can also compute the entanglement of the quantum kicked top by 
decomposing the big S spin into several spin-1/2s

Basis of  eigenstatesJz

We can now make a partial trace
 in this space of states



Controlling the Quantum 
Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Absence of an entangling phase

We can also compute the entanglement of the quantum kicked top by 
decomposing the big S spin into several spin-1/2s

Basis of  eigenstatesJz

We can now make a partial trace
 in this space of states



Summary: Controlling the 
Quantum Kicked Top

Prasad, Chakraborty, Iadecola, Kulkarni, Pixley, Ganeshan, Wilson arXiv (2026)

Found the absence of an entangling phase, cannot encode a 
qubit of information into the adaptive quantum kicked top.

Successfully embedded a control transition into the quantum 
kicked top.

Note, a consequence of our results is that the classical limit 
 and the long time limit  don’t commute. S → ∞ t → ∞
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I. Motivation
• Controlling classical chaos
• Examples of classical control transitions

II. Quantum Control Induced Transition
• Control with an Exact Dark State
• Controlling the quantum top
• Controlling the Bernoulli map

III. Realization across circuits
• IBM’s quantum computer
• Accessing Quantum fluctuations

Maybe time for a break?



Quantum Control Transition  
in the Bernoulli map

Lets represent the 
number using binary

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Apply Bernoulli map  mod 1 with probabilityxn+1 = 2xn

Apply Control map with probabilityxn+1 = (1 − a)xorbit
j + axn



Quantum Control Transition  
in the Bernoulli map

Lets represent the 
number using binary

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The basis of the quantum system can 
then be represented with a series of qubits

Apply Bernoulli map  mod 1 with probabilityxn+1 = 2xn

Apply Control map with probabilityxn+1 = (1 − a)xorbit
j + axn



Quantum Control Transition  
in the Bernoulli map

Lets represent the 
number using binary

The model can be written as a quantum 
circuit! The control map quantization 
requires measurement and feedback

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The basis of the quantum system can 
then be represented with a series of qubits

Apply Bernoulli map  mod 1 with probabilityxn+1 = 2xn

Apply Control map with probabilityxn+1 = (1 − a)xorbit
j + axn



Quantizing the 
Bernoulli map

on the infinite bit string

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system



Quantizing the 
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Translation (with periodic bcs)

on the infinite bit string

Consider the state of the quantum system

Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Quantizing the 
Bernoulli map

Translation (with periodic bcs)

“scrambling operation”

on the infinite bit string

Consider the state of the quantum system

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Classical model: 3-site random 
permutation  on the last 3 qubits



Quantizing the 
Bernoulli map

Translation (with periodic bcs)

“scrambling operation”

on the infinite bit string

Consider the state of the quantum system

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Quantum model: 2-site Haar random 
unitary choose to act on the last 2 qubits

Classical model: 3-site random 
permutation  on the last 3 qubits



Quantizing the Control 
map: Neel state

if 
<latexit sha1_base64="+0Pp9Pcy5yYjH0YNQFGpAuLw7eg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQWhnSlGXRTcuK9gHtMOQSTNtbCYZkoy2lOLGX3HjQhG3foU7/8a0nYW2HrhwOOde7r0niBlV2nG+rczS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1cRv3BOpqOC3ehgTL0JdTkOKkTaSbx8MYFvSbk8jKcUDHBRL8BQO/LtiybfzTsGZAi4SNyV5kKLq21/tjsBJRLjGDCnVcp1YeyMkNcWMjHPtRJEY4T7qkpahHEVEeaPpC2N4bJQODIU0xTWcqr8nRihSahgFpjNCuqfmvYn4n9dKdHjhjSiPE004ni0KEwa1gJM8YIdKgjUbGoKwpOZWiHtIIqxNajkTgjv/8iKplwruWaF8U85XLtM4suAQHIET4IJzUAHXoApqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx8WfpXx</latexit>

x ! x/2 + xj/2

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system

<latexit sha1_base64="l6143R1UeRAukdbKCYdLMLYLPHc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90tfl2EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxko9vvLNar1xxq+4MaJl4OalAjkav/NXtS5LGVBjCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiwVOKY6yGbHTtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6DrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmnWqt5l9eLhvFK/zeMowhEcwyl4cAV1uIcG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AGW343m</latexit>

a = 1/2

Lets start with controlling onto the two Neel states
<latexit sha1_base64="OC9fxmkN7aecydYb5+aP76Y9njE=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUT8ughFLx4r2A9oQtlsJ+3azSbsbsQS+ze8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IOFMacf5thYWl5ZXVgtrxfWNza3t0s5uQ8WppFinMY9lKyAKORNY10xzbCUSSRRwbAaD67HffECpWCzu9DBBPyI9wUJGiTaS9/TYufckET2Ol51S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk5pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGFnzGRpBoFnS4KU27r2B4HYHeZRKr50BBCJTO32rRPJKHaxFQ0IbizL8+TxnHFPauc3p6Uq1d5HAXYhwM4AhfOoQo3UIM6UEjgGV7hzUqtF+vd+pi2Llj5zB78gfX5AzAAkcs=</latexit>

|xji = {                                         ,
                                          }



Break into 2 steps

if 
<latexit sha1_base64="+0Pp9Pcy5yYjH0YNQFGpAuLw7eg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQWhnSlGXRTcuK9gHtMOQSTNtbCYZkoy2lOLGX3HjQhG3foU7/8a0nYW2HrhwOOde7r0niBlV2nG+rczS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1cRv3BOpqOC3ehgTL0JdTkOKkTaSbx8MYFvSbk8jKcUDHBRL8BQO/LtiybfzTsGZAi4SNyV5kKLq21/tjsBJRLjGDCnVcp1YeyMkNcWMjHPtRJEY4T7qkpahHEVEeaPpC2N4bJQODIU0xTWcqr8nRihSahgFpjNCuqfmvYn4n9dKdHjhjSiPE004ni0KEwa1gJM8YIdKgjUbGoKwpOZWiHtIIqxNajkTgjv/8iKplwruWaF8U85XLtM4suAQHIET4IJzUAHXoApqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx8WfpXx</latexit>

x ! x/2 + xj/2

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system

<latexit sha1_base64="l6143R1UeRAukdbKCYdLMLYLPHc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90tfl2EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxko9vvLNar1xxq+4MaJl4OalAjkav/NXtS5LGVBjCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiwVOKY6yGbHTtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6DrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmnWqt5l9eLhvFK/zeMowhEcwyl4cAV1uIcG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AGW343m</latexit>

a = 1/2

<latexit sha1_base64="OC9fxmkN7aecydYb5+aP76Y9njE=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8lUT8ughFLx4r2A9oQtlsJ+3azSbsbsQS+ze8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IOFMacf5thYWl5ZXVgtrxfWNza3t0s5uQ8WppFinMY9lKyAKORNY10xzbCUSSRRwbAaD67HffECpWCzu9DBBPyI9wUJGiTaS9/TYufckET2Ol51S2ak4E9jzxM1JGXLUOqUvrxvTNEKhKSdKtV0n0X5GpGaU46jopQoTQgekh21DBYlQ+dnk5pF9aJSuHcbSlND2RP09kZFIqWEUmM6I6L6a9cbif1471eGFnzGRpBoFnS4KU27r2B4HYHeZRKr50BBCJTO32rRPJKHaxFQ0IbizL8+TxnHFPauc3p6Uq1d5HAXYhwM4AhfOoQo3UIM6UEjgGV7hzUqtF+vd+pi2Llj5zB78gfX5AzAAkcs=</latexit>

|xji = {                                         ,
                                          }

Lets start with controlling onto the two Neel states

Quantizing the Control 
map: Neel state



Break into 2 steps

if 

measurement
+feedback!

<latexit sha1_base64="+0Pp9Pcy5yYjH0YNQFGpAuLw7eg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQWhnSlGXRTcuK9gHtMOQSTNtbCYZkoy2lOLGX3HjQhG3foU7/8a0nYW2HrhwOOde7r0niBlV2nG+rczS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1cRv3BOpqOC3ehgTL0JdTkOKkTaSbx8MYFvSbk8jKcUDHBRL8BQO/LtiybfzTsGZAi4SNyV5kKLq21/tjsBJRLjGDCnVcp1YeyMkNcWMjHPtRJEY4T7qkpahHEVEeaPpC2N4bJQODIU0xTWcqr8nRihSahgFpjNCuqfmvYn4n9dKdHjhjSiPE004ni0KEwa1gJM8YIdKgjUbGoKwpOZWiHtIIqxNajkTgjv/8iKplwruWaF8U85XLtM4suAQHIET4IJzUAHXoApqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx8WfpXx</latexit>

x ! x/2 + xj/2

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system

<latexit sha1_base64="l6143R1UeRAukdbKCYdLMLYLPHc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90tfl2EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxko9vvLNar1xxq+4MaJl4OalAjkav/NXtS5LGVBjCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiwVOKY6yGbHTtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6DrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmnWqt5l9eLhvFK/zeMowhEcwyl4cAV1uIcG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AGW343m</latexit>

a = 1/2

Quantizing the Control 
map: Neel state



Break into 2 steps

if 

controlled “adder”

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system

<latexit sha1_base64="l6143R1UeRAukdbKCYdLMLYLPHc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90tfl2EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxko9vvLNar1xxq+4MaJl4OalAjkav/NXtS5LGVBjCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiwVOKY6yGbHTtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6DrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmnWqt5l9eLhvFK/zeMowhEcwyl4cAV1uIcG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AGW343m</latexit>

a = 1/2
<latexit sha1_base64="+0Pp9Pcy5yYjH0YNQFGpAuLw7eg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQWhnSlGXRTcuK9gHtMOQSTNtbCYZkoy2lOLGX3HjQhG3foU7/8a0nYW2HrhwOOde7r0niBlV2nG+rczS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1cRv3BOpqOC3ehgTL0JdTkOKkTaSbx8MYFvSbk8jKcUDHBRL8BQO/LtiybfzTsGZAi4SNyV5kKLq21/tjsBJRLjGDCnVcp1YeyMkNcWMjHPtRJEY4T7qkpahHEVEeaPpC2N4bJQODIU0xTWcqr8nRihSahgFpjNCuqfmvYn4n9dKdHjhjSiPE004ni0KEwa1gJM8YIdKgjUbGoKwpOZWiHtIIqxNajkTgjv/8iKplwruWaF8U85XLtM4suAQHIET4IJzUAHXoApqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx8WfpXx</latexit>

x ! x/2 + xj/2

Quantizing the Control 
map: Neel state



Break into 2 steps

if 

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Consider the state of the quantum system

<latexit sha1_base64="l6143R1UeRAukdbKCYdLMLYLPHc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU90tfl2EohePFdy20C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0d3Ubz1RpZkUj2ac0CDGA8EiRrCxko9vvLNar1xxq+4MaJl4OalAjkav/NXtS5LGVBjCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiwVOKY6yGbHTtCJVfooksqWMGim/p7IcKz1OA5tZ4zNUC96U/E/r5Oa6DrImEhSQwWZL4pSjoxE089RnylKDB9bgoli9lZEhlhhYmw+JRuCt/jyMmnWqt5l9eLhvFK/zeMowhEcwyl4cAV1uIcG+ECAwTO8wpsjnBfn3fmYtxacfOYQ/sD5/AGW343m</latexit>

a = 1/2
<latexit sha1_base64="+0Pp9Pcy5yYjH0YNQFGpAuLw7eg=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQWhnSlGXRTcuK9gHtMOQSTNtbCYZkoy2lOLGX3HjQhG3foU7/8a0nYW2HrhwOOde7r0niBlV2nG+rczS8srqWnY9t7G5tb1j7+7VlUgkJjUsmJDNACnCKCc1TTUjzVgSFAWMNIL+1cRv3BOpqOC3ehgTL0JdTkOKkTaSbx8MYFvSbk8jKcUDHBRL8BQO/LtiybfzTsGZAi4SNyV5kKLq21/tjsBJRLjGDCnVcp1YeyMkNcWMjHPtRJEY4T7qkpahHEVEeaPpC2N4bJQODIU0xTWcqr8nRihSahgFpjNCuqfmvYn4n9dKdHjhjSiPE004ni0KEwa1gJM8YIdKgjUbGoKwpOZWiHtIIqxNajkTgjv/8iKplwruWaF8U85XLtM4suAQHIET4IJzUAHXoApqAINH8AxewZv1ZL1Y79bHrDVjpTP74A+szx8WfpXx</latexit>

x ! x/2 + xj/2

Quantum realization of this adder is global!

<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=

has to act on all the qubits

Quantizing the Control 
map: Neel state



Lets represent the 
number using binary

The model can be written as an adaptive quantum 
circuit! The control map quantization 
requires measurement and GLOBAL feedback

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The basis of the quantum system can 
then be represented with a series of qubits

Quantum Control (onto the 
Neel state) Transition

Very simple “error correction”



Quantum Control (onto 
Neel state) Transition

Local order parameter

Clear signature of the transition!

Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Local order parameter

Clear signature of the transition!

Entanglement entropy

Area law at the transition!

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Quantum Control (onto 
Neel state) Transition



Local order parameter

Clear signature of the transition!

Entanglement entropy

Area law at the transition!

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Quantum Control (onto 
Neel state) Transition



Iadecola, Ganeshan, JHP, Wilson PRL (2023)

<latexit sha1_base64="GBQkhgCHKxl7TltScwLG9gtGVYE=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclYz4WhbduKxgH9AOJZOmbWgmMyR3hDJ258ZfceNCEbf+gjv/xkw7C209yYXDufeQ3BPEUhgg5NtZWFxaXlktrBXXNza3tt2d3bqJEs14jUUy0s2AGi6F4jUQIHkz1pyGgeSNYHid9Rv3XBsRqTsYxdwPaV+JnmAUrNRxDx6INz3Z9QjB7W4EBrc1VX3JO26JlMkEeJ54OSmhHNWO+2X9LAm5AiapMS2PxOCnVINgko+L7cTwmLIh7fOWpYqG3PjpZI8xPrJKF/cibUsBnqi/HSkNjRmFgZ0MKQzMbC8T/+u1Euhd+qlQcQJcselDvURiiHAWCu4KzRnIkSWUaWH/itmAasrARle0IXizK8+T+knZOy+f3Z6WKld5HAW0jw7RMfLQBaqgG1RFNcTQI3pGr+jNeXJenHfnYzq64OSePfQHzucPKPSWYA==</latexit>

|010101011011100 . . . i
Controlled Uncontrolled

Becomes a wave packet 
in the quantum limit

First domain wall

Brighter color = larger entanglement entropy
Red line = avg. location of 1st  domain wall 

Single trajectories

Quantum Control (onto Neel 
state) Transition: Dynamics



Entanglement entropy
dynamics at the transition

Diffusive growth

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The transition is diffusive, 
random walk universality class

Brighter color = larger entanglement entropy
Red line = avg. location of 1st  domain wall 

Single trajectories

Quantum Control (onto Neel 
state) Transition: Dynamics



Structure of Classical 
Chaos in the Wavefunction

Decompose the wavefunction in terms of the fixed 
point overlap <latexit sha1_base64="bYElCdqdzS3jg2GzFumC90SvIC0="></latexit>

| (t)i =
X

j2xj

aj |xji+
X

x 6=xj

bx|xi

<latexit sha1_base64="XYM0gpfus236BODoqymSRIScH38="></latexit>

f(x) = lim
t!1

|hx| (t)i|2Bit string distribution in the steady state



Structure of Classical 
Chaos in the Wavefunction

Decompose the wavefunction in terms of the fixed 
point overlap

<latexit sha1_base64="XYM0gpfus236BODoqymSRIScH38="></latexit>

f(x) = lim
t!1

|hx| (t)i|2Bit string distribution in the steady state

<latexit sha1_base64="bYElCdqdzS3jg2GzFumC90SvIC0="></latexit>

| (t)i =
X

j2xj

aj |xji+
X

x 6=xj

bx|xi

<latexit sha1_base64="U2gU+MJy88b15PAKYkRt73KnJvg="></latexit>

p > pctrl

<latexit sha1_base64="Ell3RGTuBZIJnPj+47PlHaGnGW8="></latexit>p = pctrl

<latexit sha1_base64="kEkVrQ1vShsOfO+4p8UTWTorONE="></latexit>

p < pctrl
Classical Quantum

<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x <latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x
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Structure of Classical 
Chaos in the Wavefunction

<latexit sha1_base64="XYM0gpfus236BODoqymSRIScH38="></latexit>

f(x) = lim
t!1

|hx| (t)i|2
<latexit sha1_base64="bYElCdqdzS3jg2GzFumC90SvIC0=">AAADhnicbVJdb9owFHXJPlj2Ubo97sUbQgINIZjWdS+T0Dppe6iqTiotEokix9yAwXEy2ymgkH+1P7O9bj9kTsgDBa4S+eicc+3r6+vHnCnd7f4+qlgPHj56XH1iP332/MVx7eTljYoSSWFAIx7JoU8UcCZgoJnmMIwlkNDncOvPz3P99g6kYpG41qsY3JBMBAsYJdpQXu1y7cSKNXXLkURMOODP2FFJ6KUz7DCB8dKbZcSbrc 1aOt5t9KUj4Gch+95yvSxFr1bvdrpF4H3QK0EdlXHlnVSwM45oEoLQlBOlRr1urN2USM0oh8x2EgUxoXMygZGBgoSg2uM7FqsCuumyaEKGG0Yd4yCS5hcaF+x2dkpCpVahb5wh0VO1q+Vk2/fDdv5JMgfdzimpAnUoZZTo4JObMhEnGgTdnB8kHOsI543GYyaBar4ygFDJzHUwnRJJqDbPYTeKwJdgajYZNApjZrqvp4B94NECL5ie4iFckGsYvrEb28UWtcRAM0Mr0ITzkDCR31o1v7IJ06p9YZ5XtNJzwpkv2SHjNwkw33YUYTsSBCxMOSERY6eZOiBUIiE/EjscAt3Mdjyt+x7JJlPd2jWN9jca7XrcAxu5mY3NTPV2J2gf3Lzv9D52Tn98qPe/lNNVRa/RW9REPXSG+ug7ukIDRNEv9Af9Rf+sqtWxTq2zjbVyVOa8QvfC6v8HixYk2Q==</latexit>

| (t)i =
X

j2xj

aj |xji+
X

x 6=xj

bx|xi

<latexit sha1_base64="U2gU+MJy88b15PAKYkRt73KnJvg="></latexit>

p > pctrl

<latexit sha1_base64="Ell3RGTuBZIJnPj+47PlHaGnGW8="></latexit>p = pctrl

<latexit sha1_base64="kEkVrQ1vShsOfO+4p8UTWTorONE="></latexit>

p < pctrl

<latexit sha1_base64="EBWiluTnOgaASeFicNJI99b8Y2Y=">AAACAnicbVA7T8MwGHTKq5RXgAmxWFRITFVS8RorWBiLRB9SEyLHdVq3dhLZDlKVViz8FRYGEGLlV7Dxb3DaDNBykqXT3X22v/NjRqWyrG+jsLS8srpWXC9tbG5t75i7e00ZJQKTBo5YJNo+koTRkDQUVYy0Y0EQ9xlp+cPrzG89ECFpFN6pUUxcjnohDShGSkueeeDIhHsD6EQ6lV2SjpE3GN9XJ55ZtirWFHCR2Dkpgxx1z/ xyuhFOOAkVZkjKjm3Fyk2RUBQzMik5iSQxwkPUIx1NQ8SJdNPpChN4rJUuDCKhT6jgVP09kSIu5Yj7OsmR6st5LxP/8zqJCi7dlIZxokiIZw8FCYMqglkfsEsFwYqNNEFYUP1XiPtIIKx0ayVdgj2/8iJpViv2eeXs9rRcu8rrKIJDcAROgA0uQA3cgDpoAAwewTN4BW/Gk/FivBsfs2jByGf2wR8Ynz/K0Jez</latexit>X

j

|aj |2

<latexit sha1_base64="vrSIt3tYb9+wC3aRW5DrHf8xV/Q=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZ8bUsunFZwT6gU0omTdvQJDMkd4QyduGvuHGhiFt/w51/Y6adhbYeCBzOuZd7csJYcAOe9+0UlpZXVteK66WNza3tHXd3r2GiRFNWp5GIdCskhgmuWB04CNaKNSMyFKwZjm4yv/nAtOGRuodxzDqSDBTvc0rASl33IDBc4kASGGqZ0kgZIAomXbfsVbwp8CLxc1JGOWpd9yvoRTSRTAEVxJi278XQSYkGTgWblILEsJjQERmwtqWKSGY66TT/BB9bpYf7kbZPAZ6qvzdSIo0Zy9BOZkHNvJeJ/3ntBPpXnZSrOAGm6OxQPxEYIpyVgXtcMwpibAmhmtusmA6JJhRsZSVbgj//5UXSOK34F5Xzu7Ny9Tqvo4gO0RE6QT66RFV0i2qojih6RM/oFb05T86L8+58zEYLTr6zj/7A+fwBxrKWnQ==</latexit>⇠ constant

<latexit sha1_base64="oWu5LVZTcXs5GGN5U4dT/nkEya4=">AAAB8XicbVC7TgMxENwLrxBeAUoaiwiJKtxFvMoIGgqKIJGHSI7I5/gSK7bvZPuQolP+goYChGj5Gzr+Bie5AhJGWmk0s6vdnSDmTBvX/XZyS8srq2v59cLG5tb2TnF3r6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLye+M0nqjSL5L0ZxdQXuC9ZyAg2VnroaCaQd1J5vO0WS27ZnQItEi8jJchQ6xa/Or2IJIJKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pRILqv10evEYHVmlh8JI2ZIGTdXfEykWWo9EYDsFNgM9703E/7x2YsJLP2UyTgyVZLYoTDgyEZq8j3pMUWL4yBJMFLO3IjLAChNjQyrYELz5lxdJo1L2zstnd6el6lUWRx4O4BCOwYMLqMIN1KAOBCQ8wyu8Odp5cd6dj1lrzslm9uEPnM8fHLeP6Q==</latexit>

⇠ 1/2L

<latexit sha1_base64="Zp4VXrrL2W3EUr3iAKTayGqwh9U=">AAAB73icbVDLSgNBEOyNrxhfqx69DAbBU9wVX8egFw8eIpgHJEuYncwmQ2Zm15lZISz5CS8eFPHq73jzb5wke9DEgoaiqpvurjDhTBvP+3YKS8srq2vF9dLG5tb2jru719Bxqgitk5jHqhViTTmTtG6Y4bSVKIpFyGkzHN5M/OYTVZrF8sGMEhoI3JcsYgQbK7U6mgnkn9x13bJX8aZAi8TPSRly1LruV6cXk1RQaQjHWrd9LzFBhpVhhNNxqZNqmmAyxH3atlRiQXWQTe8doyOr9FAUK1vSoKn6eyLDQuuRCG2nwGag572J+J/XTk10FWRMJqmhkswWRSlHJkaT51GPKUoMH1mCiWL2VkQGWGFibEQlG4I///IiaZxW/IvK+f1ZuXqdx1GEAziEY/DhEqpwCzWoAwEOz/AKb86j8+K8Ox+z1oKTz+zDHzifP/Nnj0U=</latexit>

⇠ 1/L



Summary: Quantum 
Control Transition

Here, the control and 
entanglement transitions 
coincide.

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Is this fundamental?



Summary: Quantum 
Control Transition

Here, the control and 
entanglement transitions 
coincide.

Can we “pull” them apart?

Can we construct stabilizer models to reach 
larger system sizes?

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Is this fundamental?



Quantum Control (onto the 
Ferromagnet) Transition

Lets represent the 
number using binary

The basis of the quantum system can 
then be represented with a series of qubits

Now lets consider controlling onto the ferromagnet

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Pan, Iadecola, Ganeshan, JHP PRB (2024)

With L qubits
<latexit sha1_base64="zEHbyTLFZTqpwZurfSEyyVVoZg4=">AAACI3icbVDLSgMxFM3UV62vUZdugkVwVWZEqghC0Y0LFxXsAzrDkEkzbWgmMyQZaZn2X9z4K25cKMWNC//FtB1FWw8ETs659yb3+DGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29uowSgUkNRywSTR9JwignNUUVI81YEBT6jDT83vXEbzwQIWnE79UgJm6IOpwGFCOlJc+8GPY9yxGIdxiBl3BolX5uDopjEfW1Bi3otCMlIbS8W/jte2ZRV08BF4mdkSLIUPXMsZ6Ck5BwhRmSsmVbsXJTJBTFjIwKTiJJjHAPdUhLU45CIt10uuMIHmmlDYNI6MMVnKq/O1IUSjkIfV0ZItWV895E/M9rJSo4d1PK40QRjmcPBQmDKoKTwGCbCoIVG2iCsKD6rxB3kUBY6VgLOgR7fuVFUj8p2eVS+e60WLnK4siDA3AIjoENzkAF3IAqqAEMHsEzeAVvxpPxYoyN91lpzsh69sEfGJ9faVqiRg==</latexit>

|x0i = |0.0i ⇡ |00 . . . 0Li

Truncating the bit string



Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Make quantum

Pan, Iadecola, Ganeshan, JHP PRB (2024)

The basis of the quantum system can 
then be represented with a series of qubits

Now lets consider controlling onto the ferromagnet
<latexit sha1_base64="445Ipk3C8Vl5C03DsvN1MWWrzG8=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWZEqhuh6MaFiwr2Ae0wZNLbNjSTGZKMWNr+iBt/xY0LRVy4Ef/GtB3Bth4InJxz703uCWLOlHacbyuztLyyupZdz21sbm3v2Lt7VRUlkkKFRjyS9YAo4ExARTPNoR5LIGHAoRb0rsZ+7R6kYpG40/0YvJB0BGszSrSRfPt0+OA7TUlEhwO+wEOnMHPDDm62Iq0wdvwb/Ov4dt7UTYAXiZuSPEpR9u1PM4UmIQhNOVGq4Tqx9gZEakY5jHLNREFMaI90oGGoICEobzDZboSPjNLC7UiaIzSeqH87BiRUqh8GpjIkuqvmvbH4n9dIdPvcGzARJxoEnT7UTjjWER5HhVtMAtW8bwihkpm/YtolklBtAs2ZENz5lRdJ9aTgFgvF29N86TKNI4sO0CE6Ri46QyV0jcqogih6RM/oFb1ZT9aL9W59TEszVtqzj2Zgff0A5o+fUQ==</latexit>

|x0i = |0.0i = |00 . . . 0Li With L qubits

Then apply Haar random quantum gate
Or random stabilizer gate on bLb1

<latexit sha1_base64="b/tIgoAkrL7noglYTPJQxr6EoZk=">AAACKXicbVDLSgMxFM34rPU16tJNsAiuykyR6rLoxoWLCvYBbRkyaaYNzWSG5I5Sxv6OG3/FjYKibv0R03YUbT0QcnLuuUnu8WPBNTjOu7WwuLS8sppby69vbG5t2zu7dR0lirIajUSkmj7RTHDJasBBsGasGAl9wRr+4Hxcb9wwpXkkr2EYs05IepIHnBIwkmdX7nzPbXcj0Nj3LnFbEdkTzOy81weiVHSLjaOEf1wTmzl9Wz274BSdCfA8cTNSQBmqnv1sLqJJyCRQQbRuuU4MnZQo4FSwUb6daBYTOiA91jJUkpDpTjqZdIQPjdLFQaTMkoAn6u+OlIRaD0PfOEMCfT1bG4v/1VoJBKedlMs4ASbp9KEgERgiPI4Nd7liFMTQEEIVN3/FtE8UoWDCzZsQ3NmR50m9VHTLxfLVcaFylsWRQ/voAB0hF52gCrpAVVRDFN2jR/SCXq0H68l6sz6m1gUr69lDf2B9fgG0RKWs</latexit>

|b1 . . . bLi ! |b2b1 . . . bLb1i

Quantum Control (onto the 
Ferromagnet) Transition



Make quantum

Pan, Iadecola, Ganeshan, JHP PRB (2024)

The basis of the quantum system can 
then be represented with a series of qubits

Now lets consider controlling onto the ferromagnet
<latexit sha1_base64="445Ipk3C8Vl5C03DsvN1MWWrzG8=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWZEqhuh6MaFiwr2Ae0wZNLbNjSTGZKMWNr+iBt/xY0LRVy4Ef/GtB3Bth4InJxz703uCWLOlHacbyuztLyyupZdz21sbm3v2Lt7VRUlkkKFRjyS9YAo4ExARTPNoR5LIGHAoRb0rsZ+7R6kYpG40/0YvJB0BGszSrSRfPt0+OA7TUlEhwO+wEOnMHPDDm62Iq0wdvwb/Ov4dt7UTYAXiZuSPEpR9u1PM4UmIQhNOVGq4Tqx9gZEakY5jHLNREFMaI90oGGoICEobzDZboSPjNLC7UiaIzSeqH87BiRUqh8GpjIkuqvmvbH4n9dIdPvcGzARJxoEnT7UTjjWER5HhVtMAtW8bwihkpm/YtolklBtAs2ZENz5lRdJ9aTgFgvF29N86TKNI4sO0CE6Ri46QyV0jcqogih6RM/oFb1ZT9aL9W59TEszVtqzj2Zgff0A5o+fUQ==</latexit>

|x0i = |0.0i = |00 . . . 0Li With L qubits

Measure bL (L-th part of x) 
If we measure up, 
flip the qubit down, 
then translate all by 1 digit

<latexit sha1_base64="O6/mKSU1BTvfmB3QQHMLVOylR58=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwY5kRqS5cFN246KKCfUBbhkyatqGZzJDcUcq0P+PGX3HjwiKCK3/F9CHU1gshh3POvck9fiS4Bsf5slIrq2vrG+nNzNb2zu6evX9Q0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOr3bsd69ZEpzUP5AP2INQPSkbzNKQFDefb1wPfcRisEjX2viBuKyI5g5uadLhClwic8cOYsSfHMHf7aPDvr5JxJ4WXgzkAWzark2SMzh8YBk0AF0bruOhE0E6KAU8GGmUasWURoj3RY3UBJAqabyWTLIT4xTAu3Q2WOBDxh5zsSEmjdD3zjDAh09aI2Jv/T6jG0r5oJl1EMTNLpQ+1YYAjxODLc4opREH0DCFXc/BXTLlGEggk2Y0JwF1deBpXznJvP5e8vsoWbWRxpdISO0Sly0SUqoDtUQmVE0TN6Re9oZL1Yb9aH9Tm1pqxZzyH6U9b3D63tpMU=</latexit>

|b1 . . . bLi ! |0b1 . . . bL�1i

Quantum Control (onto the 
Ferromagnet) Transition

<latexit sha1_base64="Fl7w3nhAEB5ppNzRy0FWiaMQ0u0=">AAAB+XicbVBNTwIxEO36ifi16tFLIzHxhLvEoEeiF4+YyEcCG9ItBRq67aadRciGf+LFg8Z49Z94899YYA8KvmSSl/dmMjMvjAU34Hnfztr6xubWdm4nv7u3f3DoHh3XjUo0ZTWqhNLNkBgmuGQ14CBYM9aMRKFgjXB4N/MbI6YNV/IRJjELItKXvMcpASt1XHfc1rw/AKK1esLjy1LHLXhFbw68SvyMFFCGasf9ancVTSImgQpiTMv3YghSooFTwab5dmJYTOiQ9FnLUkkiZoJ0fvkUn1uli3tK25KA5+rviZRExkyi0HZGBAZm2ZuJ/3mtBHo3QcplnACTdLGolwgMCs9iwF2uGQUxsYRQze2tmA6IJhRsWHkbgr/88iqpl4p+uVh+uCpUbrM4cugUnaEL5KNrVEH3qIpqiKIRekav6M1JnRfn3flYtK452cwJ+gPn8wdBqJNs</latexit>

x ! x/2
<latexit sha1_base64="Cj1JlfKXTGaZrXqde4ywqr/2RTc=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EohePFdy20C4lm2bb2GyyJFmxLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/0NQyVYT6RHKp2iHWlDNBfcMMp+1EURyHnLbC0c3Ubz1SpZkU92ac0CDGA8EiRrCxkv/Ue7hye+WKW3VnQMvEy0kFcjR65a9uX5I0psIQjrXueG5iggwrwwink1I31TTBZIQHtGOpwDHVQTY7doJOrNJHkVS2hEEz9fdEhmOtx3FoO2NshnrRm4r/eZ3URJdBxkSSGirIfFGUcmQkmn6O+kxRYvjYEkwUs7ciMsQKE2PzKdkQvMWXl0nzrOrVqrW780r9Oo+jCEdwDKfgwQXU4RYa4AMBBs/wCm+OcF6cd+dj3lpw8plD+APn8wdXeo5l</latexit>

xj = 0
<latexit sha1_base64="fOSaimjh6WRyA9eKSOV8QpvJRE8=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqe4WqV6EohePFdy20C4lm2bb0Gx2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UaFtfWNza3idmlnd2//oHx41NJxqijzaCxi1QmIZoJL5hluBOskipEoEKwdjO9mfvuJKc1j+WgmCfMjMpQ85JQYK3nkxr2o9csVp+rMgVeJm5MK5Gj2y1+9QUzTiElDBdG66zqJ8TOiDKeCTUu9VLOE0DEZsq6lkkRM+9n82Ck+s8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrz2My6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n5INwV1+eZW0alW3Xq0/XFYat3kcRTiBUzgHF66gAffQBA8ocHiGV3hDEr2gd/SxaC2gfOYY/gB9/gCXMY3n</latexit>

a = 1/2



Lets represent the 
number using binary

The model can be written as an adaptive  
quantum circuit! The control map quantization 
requires measurement and LOCAL feedback

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The basis of the quantum system can 
then be represented with a series of qubits
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Quantum Control (onto the 
Ferromagnet) Transition



Local Adder and the 
ferromagnetic fixed point

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i

�z
i

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Recall Lecture 3:

Tripartite mutual information is 
ideal to probe the measurement 
induced phase transition.

Data for different sizes ( ) will 
cross.

L



Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="rs/hkjl6VrOtRxqdLiqlfVmoBkA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiS+l0U3uhAq9AVtCJPppB06mQwzE7GE+ituXCji1g9x5984bbPQ1gMXDufcy733hIJRpV332yosLa+srhXXSxubW9s79u5eUyWpxKSBE5bIdogUYZSThqaakbaQBMUhI61weD3xWw9EKprwuh4J4seoz2lEMdJGCuyyCLK721p93EVCyOQRus5JYFdcx50CLhIvJxWQoxbYX91egtOYcI0ZUqrjuUL7GZKaYkbGpW6qiEB4iPqkYyhHMVF+Nj1+DA+N0oNRIk1xDafq74kMxUqN4tB0xkgP1Lw3Ef/zOqmOLv2McpFqwvFsUZQyqBM4SQL2qCRYs5EhCEtqboV4gCTC2uRVMiF48y8vkuax4507Z/enlepVHkcR7IMDcAQ8cAGq4AbUQANgMALP4BW8WU/Wi/VufcxaC1Y+UwZ/YH3+AJ1clBs=</latexit>

pMIPT ⇡ 0.3
<latexit sha1_base64="BK/AYsQDIUfkhWK2QpWfq8bHPP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyHxvSy60YVQoS9oQphMJ+3QyWSYmYglFPwVNy4Ucet3uPNvnD4W2nrgwuGce7n3nkgwqrTrfluFhcWl5ZXiamltfWNzy97eaag0k5jUccpS2YqQIoxyUtdUM9ISkqAkYqQZ9a9HfvOBSEVTXtMDQYIEdTmNKUbaSKG95/MszO9uq7Whj4SQ6SP0nJPQLruOOwacJ96UlMEU1dD+8jspzhLCNWZIqbbnCh3kSGqKGRmW/EwRgXAfdUnbUI4SooJ8fP4QHhqlA+NUmuIajtXfEzlKlBokkelMkO6pWW8k/ue1Mx1fBjnlItOE48miOGNQp3CUBexQSbBmA0MQltTcCnEPSYS1SaxkQvBmX54njWPHO3fO7k/LlatpHEWwDw7AEfDABaiAG1AFdYBBDp7BK3iznqwX6936mLQWrOnMLvgD6/MHMsCU/w==</latexit>

⌫MIPT ⇡ 1.3

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Recall Lecture 3:



Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="rs/hkjl6VrOtRxqdLiqlfVmoBkA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiS+l0U3uhAq9AVtCJPppB06mQwzE7GE+ituXCji1g9x5984bbPQ1gMXDufcy733hIJRpV332yosLa+srhXXSxubW9s79u5eUyWpxKSBE5bIdogUYZSThqaakbaQBMUhI61weD3xWw9EKprwuh4J4seoz2lEMdJGCuyyCLK721p93EVCyOQRus5JYFdcx50CLhIvJxWQoxbYX91egtOYcI0ZUqrjuUL7GZKaYkbGpW6qiEB4iPqkYyhHMVF+Nj1+DA+N0oNRIk1xDafq74kMxUqN4tB0xkgP1Lw3Ef/zOqmOLv2McpFqwvFsUZQyqBM4SQL2qCRYs5EhCEtqboV4gCTC2uRVMiF48y8vkuax4507Z/enlepVHkcR7IMDcAQ8cAGq4AbUQANgMALP4BW8WU/Wi/VufcxaC1Y+UwZ/YH3+AJ1clBs=</latexit>

pMIPT ⇡ 0.3
<latexit sha1_base64="BK/AYsQDIUfkhWK2QpWfq8bHPP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyHxvSy60YVQoS9oQphMJ+3QyWSYmYglFPwVNy4Ucet3uPNvnD4W2nrgwuGce7n3nkgwqrTrfluFhcWl5ZXiamltfWNzy97eaag0k5jUccpS2YqQIoxyUtdUM9ISkqAkYqQZ9a9HfvOBSEVTXtMDQYIEdTmNKUbaSKG95/MszO9uq7Whj4SQ6SP0nJPQLruOOwacJ96UlMEU1dD+8jspzhLCNWZIqbbnCh3kSGqKGRmW/EwRgXAfdUnbUI4SooJ8fP4QHhqlA+NUmuIajtXfEzlKlBokkelMkO6pWW8k/ue1Mx1fBjnlItOE48miOGNQp3CUBexQSbBmA0MQltTcCnEPSYS1SaxkQvBmX54njWPHO3fO7k/LlatpHEWwDw7AEfDABaiAG1AFdYBBDp7BK3iznqwX6936mLQWrOnMLvgD6/MHMsCU/w==</latexit>

⌫MIPT ⇡ 1.3

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local

<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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L

X

i

�z
i

volume 
law

area 
law unentangled

control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="J94lZL9i1G3xqHaXmlimJGavTyk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIWklOpGKLrRhVChL2hDmEwn7dCZJMxMhBLqxl9x40IRt/6FO//GSZuFth64cDjnXu69x48Zlcq2v43Cyura+kZxs7S1vbO7Z+4ftGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj68zv/NAhKRR2FSTmLgcDUMaUIyUljzzKPbSPkdqJHh6d9toTqeXtlWp1UqeWbYtewa4TJyclEGOhmd+9QcRTjgJFWZIyp5jx8pNkVAUMzIt9RNJYoTHaEh6moaIE+mmsw+m8FQrAxhEQleo4Ez9PZEiLuWE+7ozO1Yuepn4n9dLVHDhpjSME0VCPF8UJAyqCGZxwAEVBCs20QRhQfWtEI+QQFjp0LIQnMWXl0m7Yjk1q3pfLdev8jiK4BicgDPggHNQBzegAVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH71ylcU=</latexit>

pMIPT = 0.266
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5



Controlled Limits: Local Adder and  
the ferromagnetic fixed point

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local

B

B

|0i
B

B

B
|0i

B

B
|0i

B

B

B
|0i

B
|0i

|0i
|0i

B
|0i

B
|0i

t

Recall, lecture 3: Controlled limits, by moving 
away from Haar random gates



Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Recall, lecture 3: Controlled limits, by moving 
away from Haar random gates

Stabilizer circuits CAN be 
simulated with classical 
efficiency! 

Gottesman–Knill theorem

2-qubit Clifford gates

Controlled Limits: Local Adder and  
the ferromagnetic fixed point



Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Recall, lecture 3: Controlled limits, by moving 
away from Haar random gates

2-qudit gate
A “semiclassical” limit
taking the local Hilbert space

Analytically tractable

q ! 1

<latexit sha1_base64="7PT28YwZ4brsZyLhIh0rjW3MqGU=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIQY9FLx4r2A9oQtlsN+3SzSbuTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXM/87gNTmsfyDrKE+REZSR5ySsBIA7t67yk+GgNRKn7EHpchZAO75tSdOfAqcQtSQwVaA/vLG8Y0jZgEKojWfddJwM+JAk4Fm1a8VLOE0AkZsb6hkkRM+/n8+Ck+NcoQh7EyJQHP1d8TOYm0zqLAdEYExnrZm4n/ef0Uwks/5zJJgUm6WBSmAkOMZ0ngIVeMgsgMIVRxcyumY6IIBZNXxYTgLr+8SjrndbdRb9w2as2rIo4yOkYn6Ay56AI10Q1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+AEOelSw=</latexit>

Stabilizer circuits CAN be 
simulated with classical 
efficiency! 

Gottesman–Knill theorem

2-qubit Clifford gates

Controlled Limits: Local Adder and  
the ferromagnetic fixed point



Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local
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Recall, lecture 3: Controlled limits, by moving 
away from Haar random gates

2-qudit gate
A “semiclassical” limit
taking the local Hilbert space

Analytically tractable

q ! 1

<latexit sha1_base64="7PT28YwZ4brsZyLhIh0rjW3MqGU=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIQY9FLx4r2A9oQtlsN+3SzSbuTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXM/87gNTmsfyDrKE+REZSR5ySsBIA7t67yk+GgNRKn7EHpchZAO75tSdOfAqcQtSQwVaA/vLG8Y0jZgEKojWfddJwM+JAk4Fm1a8VLOE0AkZsb6hkkRM+/n8+Ck+NcoQh7EyJQHP1d8TOYm0zqLAdEYExnrZm4n/ef0Uwks/5zJJgUm6WBSmAkOMZ0ngIVeMgsgMIVRxcyumY6IIBZNXxYTgLr+8SjrndbdRb9w2as2rIo4yOkYn6Ay56AI10Q1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+AEOelSw=</latexit>

Stabilizer circuits CAN be 
simulated with classical 
efficiency! 

Gottesman–Knill theorem

2-qubit Clifford gates

n=0 Renyis

Controlled Limits: Local Adder and  
the ferromagnetic fixed point



Controlled Limits: Stabilizer 
Control Transition

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)

2-qubit Clifford gates



Control transition remains at 
<latexit sha1_base64="maYjf4I+9kl9nOr4ygsO85UtdUQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqW6EohuXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6NmXYW2nog5HDOvdx7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoKNlR77Mrn2qq5bH5Qrrv0zoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNUYkG1n84XnqEzqwxRGCn7pEFz9XdHioXWUxHYSoHNWC97mfif10tMeOWnTMaJoZIsBoUJRyZC2fVoyBQlhk8twUQxuysiY6wwMTajkg3BWz55lbQvql69WruvVRo3eRxFOIFTOAcPLqEBd9CEFhAQ8Ayv8OYo58V5dz4WpQUn7zmGP3A+fwAZ3Y9O</latexit>

⌫ = 1.006
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5
<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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2-qubit Clifford gates

Controlled Limits: Stabilizer 
Control Transition

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)



Entanglement dynamics 
is diffusive and
agrees with small sizes

<latexit sha1_base64="mxCEFI+m4fDqRi4fP1VO+/Tvijo="></latexit>

z = 2.07(8)

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i
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i

Control transition remains at 
<latexit sha1_base64="maYjf4I+9kl9nOr4ygsO85UtdUQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqW6EohuXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6NmXYW2nog5HDOvdx7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoKNlR77Mrn2qq5bH5Qrrv0zoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNUYkG1n84XnqEzqwxRGCn7pEFz9XdHioXWUxHYSoHNWC97mfif10tMeOWnTMaJoZIsBoUJRyZC2fVoyBQlhk8twUQxuysiY6wwMTajkg3BWz55lbQvql69WruvVRo3eRxFOIFTOAcPLqEBd9CEFhAQ8Ayv8OYo58V5dz4WpQUn7zmGP3A+fwAZ3Y9O</latexit>

⌫ = 1.006
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5
<latexit sha1_base64="m9IYIdA+Zr18qsqrB+lKTzo1kUY="></latexit>
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2-qubit Clifford gates

Controlled Limits: Stabilizer 
Control Transition

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)



Entanglement transition splits off

<latexit sha1_base64="J94lZL9i1G3xqHaXmlimJGavTyk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIWklOpGKLrRhVChL2hDmEwn7dCZJMxMhBLqxl9x40IRt/6FO//GSZuFth64cDjnXu69x48Zlcq2v43Cyura+kZxs7S1vbO7Z+4ftGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj68zv/NAhKRR2FSTmLgcDUMaUIyUljzzKPbSPkdqJHh6d9toTqeXtlWp1UqeWbYtewa4TJyclEGOhmd+9QcRTjgJFWZIyp5jx8pNkVAUMzIt9RNJYoTHaEh6moaIE+mmsw+m8FQrAxhEQleo4Ez9PZEiLuWE+7ozO1Yuepn4n9dLVHDhpjSME0VCPF8UJAyqCGZxwAEVBCs20QRhQfWtEI+QQFjp0LIQnMWXl0m7Yjk1q3pfLdev8jiK4BicgDPggHNQBzegAVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH71ylcU=</latexit>

pMIPT = 0.266
<latexit sha1_base64="7vj3r863xB/52aXa4tb1I/7UcTY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgKiSlPjZC0Y0uhAp9QVvKZDpph04mYWZSKKF/4saFIm79E3f+jdM2C209cOFwzr3ce48fc6a0635bubX1jc2t/HZhZ3dv/8A+PGqoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x/dzfzmmErFIlHTk5h2QzwQLGAEayP1bLsjkl76+FCtTW+Q55TKPbvoOu4caJV4GSlChmrP/ur0I5KEVGjCsVJtz411N8VSM8LptNBJFI0xGeEBbRsqcEhVN51fPkVnRumjIJKmhEZz9fdEikOlJqFvOkOsh2rZm4n/ee1EB9fdlIk40VSQxaIg4UhHaBYD6jNJieYTQzCRzNyKyBBLTLQJq2BC8JZfXiWNkuNdOhdP5WLlNosjDydwCufgwRVU4B6qUAcCY3iGV3izUuvFerc+Fq05K5s5hj+wPn8AgC6SRw==</latexit>

⌫MIPT = 1.24

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5
<latexit sha1_base64="QDmmOv2nR3LbiSkMhNkKNNK7FWE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi1Y1Q7EZ3FfqCNoTJdNoOnUzCzKRQQv/EjQtF3Pon7vwbJ20WWj1wuYdz7mXunCDmTGnH+bIKa+sbm1vF7dLO7t7+gX141FZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKlnfmdKpWKRaOpZTL0QjwQbMoK1kXzb7ovET+sPjeb81q04TtW3y47pGdBf4uakDDkavv3ZH0QkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuLp+jM6MM0DCSpoRGC/XnRopDpWZhYCZDrMdq1cvE/7xeooc3XspEnGgqyPKhYcKRjlAWAxowSYnmM0MwkczcisgYS0y0CatkQnBXv/yXtC8qbrVy9XhZrt3lcRThBE7hHFy4hhrcQwNaQGAKT/ACr1ZqPVtv1vtytGDlO8fwC9bHN4kfkk0=</latexit>

⌫CIPT = 1.006

2-qubit Clifford gates

Controlled Limits: Stabilizer 
Control Transition

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)



Controlled Limits: Large  
Local Hilbert space 

Make contact with large local Hilbert space limit of the 
monitored circuit problem as well.

Alloca, LeMaire, Iadecola, Wilson PRE (2024) Piroli, Li, Vasseur, Nahum PRB (2023)
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Apply the measurement and reset with probability p

Apply a measurement and NO reset with probability q
(With , similar to lecture 3 but is an adaptive circuit)p = 0

Alloca, LeMaire, Iadecola, Wilson PRE (2024)

Make contact with large local Hilbert space limit of the 
monitored circuit problem as well.

Piroli, Li, Vasseur, Nahum PRB (2023)
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monitored circuit problem as well.

lecture 3

Now this Q-state Potts is defined on 
a stochastically defined graph.
Solve stat mech model numerically!
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Controlled Limits: Large  
Local Hilbert space 

Apply the measurement and reset with probability p

Apply a measurement and NO reset with probability q
(With , similar to lecture 3 but is an adaptive circuit)p = 0

Alloca, LeMaire, Iadecola, Wilson PRE (2024)

lecture 3
Now this Q-state Potts is defined on a 
stochastically defined graph.
Solve stat mech model numerically!
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Controlled Limits:  Renyi 
Entropy 

n = 0

In the  limit we can use min-cut and simulate the 
zeroth Renyi entropy

n = 0

Alloca, LeMaire, Iadecola, Wilson PRE (2024) Pan, Iadecola, Ganeshan, Wilson, Pixley PRB (2024)
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Full simulation

n = 0



Summary Control 
Transitions

Summary: Whether the transitions coincide or not depends 
on if the control operation is local or global

Qubits with global control operations, or , or q → ∞ n = 0

volume 
law area 

law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Pan, et al to appear (2024) Sierant and Turkeshi ACTA PHYSICA POLONICA A (2023)



Summary: Whether the transitions coincide or not depends 
on if the control operation is local or global

volume 
law

area 
law unentangled

control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="J94lZL9i1G3xqHaXmlimJGavTyk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIWklOpGKLrRhVChL2hDmEwn7dCZJMxMhBLqxl9x40IRt/6FO//GSZuFth64cDjnXu69x48Zlcq2v43Cyura+kZxs7S1vbO7Z+4ftGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj68zv/NAhKRR2FSTmLgcDUMaUIyUljzzKPbSPkdqJHh6d9toTqeXtlWp1UqeWbYtewa4TJyclEGOhmd+9QcRTjgJFWZIyp5jx8pNkVAUMzIt9RNJYoTHaEh6moaIE+mmsw+m8FQrAxhEQleo4Ez9PZEiLuWE+7ozO1Yuepn4n9dLVHDhpjSME0VCPF8UJAyqCGZxwAEVBCs20QRhQfWtEI+QQFjp0LIQnMWXl0m7Yjk1q3pfLdev8jiK4BicgDPggHNQBzegAVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH71ylcU=</latexit>

pMIPT = 0.266
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

Local control operations, qubits and stabilizers

Qubits with global control operations, or , or q → ∞ n = 0

volume 
law area 

law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Pan, et al to appear (2024) Sierant and Turkeshi ACTA PHYSICA POLONICA A (2023)

Summary Control 
Transitions
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I. Motivation
• Controlling classical chaos
• Examples of classical control transitions

II. Quantum Control Induced Transition
• Control with an Exact Dark State
• Controlling the quantum top
• Controlling the Bernoulli map

III. Realization across circuits
• IBM’s quantum computer
• Accessing Quantum fluctuations



Data on IBM’s Quantum 
Computer

2/2021

Midcircuit measurements and resets pose a significant challenge for timing 
and classical data processing. Out of reach when we first conceived of this 
idea in 2022.

Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Data on IBM’s Quantum 
Computer

2/2021

Midcircuit measurements and resets pose a significant challenge for timing 
and classical data processing. Out of reach when we first conceived of this 
idea in 2022.

Rutgers P&A Colloquium, 
November 2022 Barbara Jones, IBM



Data on IBM’s Quantum 
Computer

Feedback is NOT 
yet accessible, till now!

Luke Govia

Maika Takita 

2/2021

Midcircuit measurements and 
resets pose a significant 
challenge for timing and 
classical data processing.

Barbara Jones

Superconducting qubits



Data on IBM’s Quantum 
Computer

But feedback is NOT 
yet accessible, till now!

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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<latexit sha1_base64="/UTU8iqXosdFnylUtSpUPCHzIy4=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxIneEoCXRxsICE0ESuJC9ZQ427O2du3smhPAnbCw0xta/Y+e/cYErFHzJJC/vzWRmXpAIro3rfju5tfWNza38dmFnd2//oHh41NJxqhg2WSxi1Q6oRsElNg03AtuJQhoFAh+C0fXMf3hCpXks7804QT+iA8lDzqixUvuWdAWSSrVXLLlldw6ySryMlCBDo1f86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/N4pObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU146U+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVtCplr1au3VVL9assjjycwCmcgwcXUIcbaEATGAh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AXV6jvQ=</latexit>

L  24
<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2



Data on IBM’s Quantum 
Computer

But feedback is NOT 
yet accessible, till now!

Experiment (first real go)
<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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<latexit sha1_base64="/UTU8iqXosdFnylUtSpUPCHzIy4=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxIneEoCXRxsICE0ESuJC9ZQ427O2du3smhPAnbCw0xta/Y+e/cYErFHzJJC/vzWRmXpAIro3rfju5tfWNza38dmFnd2//oHh41NJxqhg2WSxi1Q6oRsElNg03AtuJQhoFAh+C0fXMf3hCpXks7804QT+iA8lDzqixUvuWdAWSSrVXLLlldw6ySryMlCBDo1f86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/N4pObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU146U+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVtCplr1au3VVL9assjjycwCmcgwcXUIcbaEATGAh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AXV6jvQ=</latexit>

L  24
<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2
<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2



Data on IBM’s Quantum 
Computer

Quantum computer: Fez w/ 156 qubits

Experiment (improved)
With no error mitigation<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i

�z
i

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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Control

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2

Theory (in the steady state)

But feedback is NOT 
yet accessible, till now!

<latexit sha1_base64="eBL/QMBF34vgAMEi0wwJsOF70I4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mV0nosevFYwX5Au5Zsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWwyyXMfa8Nyxa26C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE46V1WvXq3f1yrNmzyOIpzBOVyCBw1owh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AFFiNoA==</latexit>

104 Shots
(Quantum 
averages)

<latexit sha1_base64="/UTU8iqXosdFnylUtSpUPCHzIy4=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmIzGxIneEoCXRxsICE0ESuJC9ZQ427O2du3smhPAnbCw0xta/Y+e/cYErFHzJJC/vzWRmXpAIro3rfju5tfWNza38dmFnd2//oHh41NJxqhg2WSxi1Q6oRsElNg03AtuJQhoFAh+C0fXMf3hCpXks7804QT+iA8lDzqixUvuWdAWSSrVXLLlldw6ySryMlCBDo1f86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/N4pObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU146U+4TFKDki0WhakgJiaz50mfK2RGjC2hTHF7K2FDqigzNqKCDcFbfnmVtCplr1au3VVL9assjjycwCmcgwcXUIcbaEATGAh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AXV6jvQ=</latexit>

L  24
<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2



Data on IBM’s Quantum 
Computer

Quantum computer: Fez w/ 156 qubits

Experiment (improved)
With no error mitigation

Theory To compare with experiment 
use matrix product states
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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L
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i

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X
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i

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2

<latexit sha1_base64="eBL/QMBF34vgAMEi0wwJsOF70I4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mV0nosevFYwX5Au5Zsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWwyyXMfa8Nyxa26C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE46V1WvXq3f1yrNmzyOIpzBOVyCBw1owh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AFFiNoA==</latexit>

104 Shots
(Quantum 
averages)

<latexit sha1_base64="Q4JKA8+G0qk/YG/1HoYCzyD8y1A=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIigvmA3BH2NnPJkt27Y3dPCCF/w8ZCEVv/jJ3/xk1yhSY+GHi8N8PMvDAVXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKWTTDFsskQkqhNSjYLH2DTcCOykCqkMBbbD0e3Mbz+h0jyJH804xUDSQcwjzqixkn/vC9Rac0ku3V654lbdOcgq8XJSgRyNXvnL7ycskxgbJqjWXc9NTTChynAmcFryM40pZSM6wK6lMZWog8n85ik5s0qfRImyFRsyV39PTKjUeixD2ympGeplbyb+53UzE10HEx6nmcGYLRZFmSAmIbMASJ8rZEaMLaFMcXsrYUOqKDM2ppINwVt+eZW0LqperVp7uKzUb/I4inACp3AOHlxBHe6gAU1gkMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDNpKRKQ==</latexit>

L . 40



Data on IBM’s Quantum 
Computer

Quantum computer: Fez w/ 156 qubits

Experiment (improved)
With no error mitigation

Theory To compare with experiment 
use matrix product states
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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Classical computational 
complexity depends on 

<latexit sha1_base64="eBL/QMBF34vgAMEi0wwJsOF70I4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mV0nosevFYwX5Au5Zsmm1Dk+ySZIWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Dbzu09UaRbJBzOLqS/wWLKQEWwyyXMfa8Nyxa26C6B14uWkAjlaw/LXYBSRRFBpCMda9z03Nn6KlWGE03lpkGgaYzLFY9q3VGJBtZ8ubp2jC6uMUBgpW9Kghfp7IsVC65kIbKfAZqJXvUz8z+snJrz2UybjxFBJlovChCMToexxNGKKEsNnlmCimL0VkQlWmBgbT8mG4K2+vE46V1WvXq3f1yrNmzyOIpzBOVyCBw1owh20oA0EJvAMr/DmCOfFeXc+lq0FJ585hT9wPn8AFFiNoA==</latexit>

104 Shots
(Quantum 
averages)

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2



Data on IBM’s Quantum 
Computer

Put it together!
<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2
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<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVew I4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i
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i

Theory
Experiment
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Data on IBM’s Quantum 
Computer

Critical properties in the steady state

<latexit sha1_base64="L7wDsN6r9KgqACTBVfxmh4Q7GY8=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUy7IrtepBKHrxWMF+QLuUbJptQ7PZkGSFUvo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3nfTsrq2vrG5u5rfz2zu7efuHgsKGTVBFaJwlPVCvEmnImaN0ww2lLKorjkNNmOLyb+s0nqjRLxKMZSRrEuC9YxAg2VurILrnx3PL1Rck/6xaKnuvNgJaJn5EiZKh1C1+dXkLSmApDONa67XvSBGOsDCOcTvKdVFOJyRD3adtSgWOqg/Hs5gk6tUoPRYmyJQyaqb8nxjjWehSHtjPGZqAXvan4n9dOTXQVjJmQqaGCzBdFKUcmQdMAUI8pSgwfWYKJYvZWRAZYYWJsTHkbgr/48jJpnLt+xa08lIvV2yyOHBzDCZTAh0uowj3UoA4EJDzDK7w5qfPivDsf89YVJ5s5gj9wPn8AUxiP7g==</latexit>

pc = 0.495(1)
<latexit sha1_base64="Ys/I3Y9C2FEV+tkD/Rk1dNgd1Cg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyEpWr0IRS8eK9gPSEPZbDft0s1u2N0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeWHCqNKu+20V1tY3NreK26Wd3b39g/LhUVuJVGLSwoIJ2Q2RIoxy0tJUM9JNJEFxyEgnHN/N/M4TkYoK/qgnCQliNOQ0ohhpI/k9nt54jntZrZ33yxXXceewV4mXkwrkaPbLX72BwGlMuMYMKeV7bqKDDElNMSPTUi9VJEF4jIbEN5SjmKggm588tc+MMrAjIU1xbc/V3xMZipWaxKHpjJEeqWVvJv7n+amOroOM8iTVhOPFoihlthb27H97QCXBmk0MQVhSc6uNR0girE1KJROCt/zyKmnXHK/u1B8uKo3bPI4inMApVMGDK2jAPTShBRgEPMMrvFnaerHerY9Fa8HKZ47hD6zPH+W6j7Y=</latexit>

⌫ = 1.05(2)
<latexit sha1_base64="/TjztuPzCZfwD0/CbzP6qpcEykU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkIitdWDUPTisYL9gDaUzXbTLt1s4u6mUEp/hxcPinj1x3jz37htc9DWBwOP92aYmefHnCntON9WZm19Y3Mru53b2d3bP8gfHjVUlEhC6yTikWz5WFHOBK1rpjltxZLi0Oe06Q/vZn5zRKVikXjU45h6Ie4LFjCCtZG8uEtuHLt0XaoUL8+7+YJjO3OgVeKmpAApat38V6cXkSSkQh OOlWq7Tqy9CZaaEU6nuU6iaIzJEPdp21CBQ6q8yfzoKTozSg8FkTQlNJqrvycmOFRqHPqmM8R6oJa9mfif1050cOVNmIgTTQVZLAoSjnSEZgmgHpOUaD42BBPJzK2IDLDERJucciYEd/nlVdK4sN2yXX4oFaq3aRxZOIFTKIILFajCPdSgDgSe4Ble4c0aWS/Wu/WxaM1Y6cwx/IH1+QPTDpAy</latexit>

pc = 0.4947(5)
<latexit sha1_base64="Ys/I3Y9C2FEV+tkD/Rk1dNgd1Cg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyEpWr0IRS8eK9gPSEPZbDft0s1u2N0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeWHCqNKu+20V1tY3NreK26Wd3b39g/LhUVuJVGLSwoIJ2Q2RIoxy0tJUM9JNJEFxyEgnHN/N/M4TkYoK/qgnCQliNOQ0ohhpI/k9nt54jntZrZ33yxXXceewV4mXkwrkaPbLX72BwGlMuMYMKeV7bqKDDElNMSPTUi9VJEF4jIbEN5SjmKggm588tc+MMrAjIU1xbc/V3xMZipWaxKHpjJEeqWVvJv7n+amOroOM8iTVhOPFoihlthb27H97QCXBmk0MQVhSc6uNR0girE1KJROCt/zyKmnXHK/u1B8uKo3bPI4inMApVMGDK2jAPTShBRgEPMMrvFnaerHerY9Fa8HKZ47hD6zPH+W6j7Y=</latexit>

⌫ = 1.05(2)

Matrix product state simulations 
(on a classical computer)

Experimental data from IBM’s 
quantum computer Fez 

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVew I4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
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i

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i

�z
i

<latexit sha1_base64="dYrYOxNhVhlXXsMDwaidCKaLGyg=">AAACCXicbVC7TsMwFHXKq5RXgJHFokIqAyVBqDBWsDAwFIk+pCZEjuu0Vh0nsh2kKsrKwq+wMIAQK3/Axt/gtBmgcKQrHZ1zr+69x48ZlcqyvozSwuLS8kp5tbK2vrG5ZW7vdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6Trjy9zv3tPhKQRv1WTmLghGnIaUIyUljwT1mIvdUKkRiJMsRIsy45iDx9e36X2scOTzDOrVt2aAv4ldkGqoEDLMz+dQYSTkHCFGZKyb1uxclMkFMWMZBUnkSRGeIyGpK8pRyGRbjr9JIMHWhnAIBK6uIJT9edEikIpJ6GvO/Ob5byXi/95/UQF525KeZwowvFsUZAwqCKYxwIHVBCs2EQThAXVt0I8QgJhpcOr6BDs+Zf/ks5J3W7UGzen1eZFEUcZ7IF9UAM2OANNcAVaoA0weABP4AW8Go/Gs/FmvM9aS0Yxswt+wfj4BoxPmkA=</latexit>

(pctrl � pc)L
1/⌫

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
1

L

X

i

�z
i

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2

Theory
Experiment

<latexit sha1_base64="ycbO0jzJDk1+Tt+cUoRdeR1MiSU="></latexit>

hOi ⇠ f(L1/⌫(pc � pctrl))
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Data on IBM’s Quantum 
Computer

Critical properties in the steady state

<latexit sha1_base64="L7wDsN6r9KgqACTBVfxmh4Q7GY8=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUy7IrtepBKHrxWMF+QLuUbJptQ7PZkGSFUvo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvFBypo3nfTsrq2vrG5u5rfz2zu7efuHgsKGTVBFaJwlPVCvEmnImaN0ww2lLKorjkNNmOLyb+s0nqjRLxKMZSRrEuC9YxAg2VurILrnx3PL1Rck/6xaKnuvNgJaJn5EiZKh1C1+dXkLSmApDONa67XvSBGOsDCOcTvKdVFOJyRD3adtSgWOqg/Hs5gk6tUoPRYmyJQyaqb8nxjjWehSHtjPGZqAXvan4n9dOTXQVjJmQqaGCzBdFKUcmQdMAUI8pSgwfWYKJYvZWRAZYYWJsTHkbgr/48jJpnLt+xa08lIvV2yyOHBzDCZTAh0uowj3UoA4EJDzDK7w5qfPivDsf89YVJ5s5gj9wPn8AUxiP7g==</latexit>

pc = 0.495(1)
<latexit sha1_base64="Ys/I3Y9C2FEV+tkD/Rk1dNgd1Cg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyEpWr0IRS8eK9gPSEPZbDft0s1u2N0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeWHCqNKu+20V1tY3NreK26Wd3b39g/LhUVuJVGLSwoIJ2Q2RIoxy0tJUM9JNJEFxyEgnHN/N/M4TkYoK/qgnCQliNOQ0ohhpI/k9nt54jntZrZ33yxXXceewV4mXkwrkaPbLX72BwGlMuMYMKeV7bqKDDElNMSPTUi9VJEF4jIbEN5SjmKggm588tc+MMrAjIU1xbc/V3xMZipWaxKHpjJEeqWVvJv7n+amOroOM8iTVhOPFoihlthb27H97QCXBmk0MQVhSc6uNR0girE1KJROCt/zyKmnXHK/u1B8uKo3bPI4inMApVMGDK2jAPTShBRgEPMMrvFnaerHerY9Fa8HKZ47hD6zPH+W6j7Y=</latexit>

⌫ = 1.05(2)
<latexit sha1_base64="/TjztuPzCZfwD0/CbzP6qpcEykU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXkIitdWDUPTisYL9gDaUzXbTLt1s4u6mUEp/hxcPinj1x3jz37htc9DWBwOP92aYmefHnCntON9WZm19Y3Mru53b2d3bP8gfHjVUlEhC6yTikWz5WFHOBK1rpjltxZLi0Oe06Q/vZn5zRKVikXjU45h6Ie4LFjCCtZG8uEtuHLt0XaoUL8+7+YJjO3OgVeKmpAApat38V6cXkSSkQh OOlWq7Tqy9CZaaEU6nuU6iaIzJEPdp21CBQ6q8yfzoKTozSg8FkTQlNJqrvycmOFRqHPqmM8R6oJa9mfif1050cOVNmIgTTQVZLAoSjnSEZgmgHpOUaD42BBPJzK2IDLDERJucciYEd/nlVdK4sN2yXX4oFaq3aRxZOIFTKIILFajCPdSgDgSe4Ble4c0aWS/Wu/WxaM1Y6cwx/IH1+QPTDpAy</latexit>

pc = 0.4947(5)
<latexit sha1_base64="Ys/I3Y9C2FEV+tkD/Rk1dNgd1Cg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BItQLyEpWr0IRS8eK9gPSEPZbDft0s1u2N0IJfRnePGgiFd/jTf/jds2B219MPB4b4aZeWHCqNKu+20V1tY3NreK26Wd3b39g/LhUVuJVGLSwoIJ2Q2RIoxy0tJUM9JNJEFxyEgnHN/N/M4TkYoK/qgnCQliNOQ0ohhpI/k9nt54jntZrZ33yxXXceewV4mXkwrkaPbLX72BwGlMuMYMKeV7bqKDDElNMSPTUi9VJEF4jIbEN5SjmKggm588tc+MMrAjIU1xbc/V3xMZipWaxKHpjJEeqWVvJv7n+amOroOM8iTVhOPFoihlthb27H97QCXBmk0MQVhSc6uNR0girE1KJROCt/zyKmnXHK/u1B8uKo3bPI4inMApVMGDK2jAPTShBRgEPMMrvFnaerHerY9Fa8HKZ47hD6zPH+W6j7Y=</latexit>

⌫ = 1.05(2)

Matrix product state simulations 
(on a classical computer)

Experimental data from IBM’s 
quantum computer Fez 

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVew I4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
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X

i
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i

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>

Mz =
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L

X
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i

<latexit sha1_base64="dYrYOxNhVhlXXsMDwaidCKaLGyg=">AAACCXicbVC7TsMwFHXKq5RXgJHFokIqAyVBqDBWsDAwFIk+pCZEjuu0Vh0nsh2kKsrKwq+wMIAQK3/Axt/gtBmgcKQrHZ1zr+69x48ZlcqyvozSwuLS8kp5tbK2vrG5ZW7vdGSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6Trjy9zv3tPhKQRv1WTmLghGnIaUIyUljwT1mIvdUKkRiJMsRIsy45iDx9e36X2scOTzDOrVt2aAv4ldkGqoEDLMz+dQYSTkHCFGZKyb1uxclMkFMWMZBUnkSRGeIyGpK8pRyGRbjr9JIMHWhnAIBK6uIJT9edEikIpJ6GvO/Ob5byXi/95/UQF525KeZwowvFsUZAwqCKYxwIHVBCs2EQThAXVt0I8QgJhpcOr6BDs+Zf/ks5J3W7UGzen1eZFEUcZ7IF9UAM2OANNcAVaoA0weABP4AW8Go/Gs/FmvM9aS0Yxswt+wfj4BoxPmkA=</latexit>

(pctrl � pc)L
1/⌫

<latexit sha1_base64="gmpnvpbwbAzAq1ITytYadUdSaos=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5oUqW6EohsXLirYB7SxTKaTdujMJMxMhBLixl9x40IRt/6FO//GSZuFth64cDjnXu69x48YVdpxvq2FxaXlldXCWnF9Y3Nr297Zbaowlpg0cMhC2faRIowK0tBUM9KOJEHcZ6Tlj64yv/VApKKhuNPjiHgcDQQNKEbaSD17X/eSLkd6KHkSUIFYml7c3FdOKj275JSdCeA8cXNSAjnqPfur2w9xzInQmCGlOq4TaS9BUlPMSFrsxopECI/QgHQMFYgT5SWTD1J4ZJQ+DEJpSmg4UX9PJIgrNea+6cyOVbNeJv7ndWIdnHsJFVGsicDTRUHMoA5hFgfsU0mwZmNDEJbU3ArxEEmEtQmtaEJwZ1+eJ81K2a2Wq7enpdplHkcBHIBDcAxccAZq4BrUQQNg8AiewSt4s56sF+vd+pi2Llj5zB74A+vzB1mPltI=</latexit>

tfinal = L2/2

Theory
Experiment

Good agreement!

<latexit sha1_base64="pjbBhN1/2TmVG/5R3LroMET9uP4=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUakuhGKblwoVLAP6IxDJs20oUlmSDJCO8wHuPFX3LhQxK0f4M6/MW1noa0HAodzzuXmniBmVGnb/rYWFpeWV1YLa8X1jc2t7dLOblNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHA59lsPRCoaiTs9jInHUU/QkGKkjeSXyvDGH8Fz6IYS4dTJ0uvMVQn3KXQV7XHk0/uRSdkVewI4T5yclEGOul/6crsRTjgRGjOkVMexY+2lSGqKGcmKbqJIjPAA9UjHUIE4UV46OSaDh0bpwjCS5gkNJ+rviRRxpYY8MEmOdF/NemPxP6+T6PDMS6mIE00Eni4KEwZ1BMfNwC6VBGs2NARhSc1fIe4jU4s2/RVNCc7syfOkeVxxqpXq7Um5dpHXUQD74AAcAQecghq4AnXQABg8gmfwCt6sJ+vFerc+ptEFK5/ZA39gff4AzmOa4g==</latexit>
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<latexit sha1_base64="ycbO0jzJDk1+Tt+cUoRdeR1MiSU="></latexit>

hOi ⇠ f(L1/⌫(pc � pctrl))



Operations on the QC
IBM’s Fez

2qubit, 1qubit Error rates

Superconducting qubits



Operations on the QC

measurement+reset

2qubit unitary
IBM’s Fez

2qubit, 1qubit Error rates

Superconducting qubits



Control Transitions 
Robustness to Noise



Data on IBM’s Quantum 
Computer

Dynamics in each regime on the quantum computer, L=30
(Below are one realization of the circuit averaged over 104 shots) 

<latexit sha1_base64="ubZ7SiUXEWzGymmTNvf6OuYXEf0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUpDeeO5lv1rzXG8OtEr8gtSgQLNf/eoNJMkSKgzhWOuu76UmzLEyjHA6rfQyTVNMxnhIu5YKnFAd5vNjp+jMKgMUS2VLGDRXf0/kONF6kkS2M8FmpJe9mfif181MfB3mTKSZoYIsFsUZR0ai2edowBQlhk8swUQxeysiI6wwMTafig3BX355lbQuXL/u1h8ua43bIo4ynMApnIMPV9CAe2hCAAQYPMMrvDnCeXHenY9Fa8kpZo7hD5zPH64mjfY=</latexit>

p = 0.4
<latexit sha1_base64="FkoGB87IDH/xqM5tIFrSwVNOu58=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERqW6EohuXFewD2hAm00k7dGYSZiZCCQF/xY0LRdz6He78GydtFtp6YOBwzr3cMydMGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDSe3hd99JFLRWDzoaUJ8jkaCRhQjbaTAPkqCbMCRHkueYS1Znl+7TiOw667jzgCXiVeSOijRCuyvwTDGKSdCY4aU6ntuov0MSU0xI3ltkCqSIDxBI9I3VCBOlJ/N4ufw1ChDGMXSPKHhTP29kSGu1JSHZrJIqha9QvzP66c6uvIzKpJUE4Hnh6KUQR3Dogs4pJJgzaaGICypyQrxGEmEtWmsZkrwFr+8TDrnjtdwGvcX9eZNWUcVHIMTcAY8cAma4A60QBtgkIFn8ArerCfrxXq3PuajFavcOQR/YH3+AEgslbI=</latexit>

pctrl = 0.6
<latexit sha1_base64="LiYiKDoudu9PDqyYnYl/mX8n5vk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgKiSi1Y1QdOOygn1AG8JkOmmHzkzCzEQoIeCvuHGhiFu/w51/46TNQlsPDBzOuZd75oQJo0q77re1tLyyurZe2ahubm3v7Np7+20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wvFt4XceiVQ0Fg96khCfo6GgEcVIGymwD5Mg63OkR5JnWEuW59eucxHYNddxp4CLxCtJDZRoBvZXfxDjlBOhMUNK9Tw30X6GpKaYkbzaTxVJEB6jIekZKhAnys+m8XN4YpQBjGJpntBwqv7eyBBXasJDM1kkVfNeIf7n9VIdXfkZFUmqicCzQ1HKoI5h0QUcUEmwZhNDEJbUZIV4hCTC2jRWNSV4819eJO0zx6s79fvzWuOmrKMCjsAxOAUeuAQNcAeaoAUwyMAzeAVv1pP1Yr1bH7PRJavcOQB/YH3+AEaolbE=</latexit>
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Controlled Chaotic Critical 100 101 102 103

t

10°2

100
Ø Ø Øh

M
z(

t)i
°

hM
z(

0)
iØ Ø Ø

a

L = 10

L = 100

0.00 0.05tL°z

0.0

0.1

0.2

0 99t

1
14

15

i p = 0.4

°1 1hZi (t)i

100 101 102 103

t

10°9

10°3

va
r Q

[M
z]

(t)

b

L = 10

L = 100

0.0 0.1tL°z

0.00

0.04

f va
r Q

(t)

0 99t

1
14

15

i p = 0.5

°1 1hZi (t)i

100 101 102 103

t

20

22

24

26

28

210

E C
[E

Q
[¬

m
ax

]]

c

0 2t/L2

2

4

6

L = 30
L = 40
L = 50
L = 60

0 99t

1
14

15

i p = 0.6

°1 1hZi (t)i

p = 0
p = 0.3

p = 0.4
p = 0.5

p = 0.6

<latexit sha1_base64="gLyq7jPijullZ0SIjL7XgNxoPT0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokIqA1VSocJYwcJYJPoQTYgc12mtOk6wnUolygew8CssDCDEygew8Te4bQZoOZKlo3PO1fU9XsSoVKb5beSWlldW1/LrhY3Nre2d4u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre8HLit0dESBryGzWOiBOgPqc+xUhpyS2Wbl1qk/uYjqDtC4QTK02qadk6sSXtB8ildw/HOmVWzCngIrEyUgIZGm7xy+6FOA4IV5ghKbuWGSknQUJRzEhasGNJIoSHqE+6mnIUEOkk02NSeKSVHvRDoR9XcKr+nkhQIOU48HQyQGog572J+J/XjZV/7iSUR7EiHM8W+TGDKoSTZmCPCoIVG2uCsKD6rxAPkO5E6f4KugRr/uRF0qpWrFqldn1aql9kdeTBATgEZWCBM1AHV6ABmgCDR/AMXsGb8WS8GO/GxyyaM7KZffAHxucP4fia4w==</latexit>
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Data on IBM’s Quantum 
Computer

Dynamics in each regime on the quantum computer, L=30
(Below are one realization of the circuit averaged over 104 shots) 

<latexit sha1_base64="ubZ7SiUXEWzGymmTNvf6OuYXEf0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUpDeeO5lv1rzXG8OtEr8gtSgQLNf/eoNJMkSKgzhWOuu76UmzLEyjHA6rfQyTVNMxnhIu5YKnFAd5vNjp+jMKgMUS2VLGDRXf0/kONF6kkS2M8FmpJe9mfif181MfB3mTKSZoYIsFsUZR0ai2edowBQlhk8swUQxeysiI6wwMTafig3BX355lbQuXL/u1h8ua43bIo4ynMApnIMPV9CAe2hCAAQYPMMrvDnCeXHenY9Fa8kpZo7hD5zPH64mjfY=</latexit>

p = 0.4
<latexit sha1_base64="FkoGB87IDH/xqM5tIFrSwVNOu58=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERqW6EohuXFewD2hAm00k7dGYSZiZCCQF/xY0LRdz6He78GydtFtp6YOBwzr3cMydMGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDSe3hd99JFLRWDzoaUJ8jkaCRhQjbaTAPkqCbMCRHkueYS1Znl+7TiOw667jzgCXiVeSOijRCuyvwTDGKSdCY4aU6ntuov0MSU0xI3ltkCqSIDxBI9I3VCBOlJ/N4ufw1ChDGMXSPKHhTP29kSGu1JSHZrJIqha9QvzP66c6uvIzKpJUE4Hnh6KUQR3Dogs4pJJgzaaGICypyQrxGEmEtWmsZkrwFr+8TDrnjtdwGvcX9eZNWUcVHIMTcAY8cAma4A60QBtgkIFn8ArerCfrxXq3PuajFavcOQR/YH3+AEgslbI=</latexit>

pctrl = 0.6
<latexit sha1_base64="LiYiKDoudu9PDqyYnYl/mX8n5vk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgKiSi1Y1QdOOygn1AG8JkOmmHzkzCzEQoIeCvuHGhiFu/w51/46TNQlsPDBzOuZd75oQJo0q77re1tLyyurZe2ahubm3v7Np7+20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wvFt4XceiVQ0Fg96khCfo6GgEcVIGymwD5Mg63OkR5JnWEuW59eucxHYNddxp4CLxCtJDZRoBvZXfxDjlBOhMUNK9Tw30X6GpKaYkbzaTxVJEB6jIekZKhAnys+m8XN4YpQBjGJpntBwqv7eyBBXasJDM1kkVfNeIf7n9VIdXfkZFUmqicCzQ1HKoI5h0QUcUEmwZhNDEJbUZIV4hCTC2jRWNSV4819eJO0zx6s79fvzWuOmrKMCjsAxOAUeuAQNcAeaoAUwyMAzeAVv1pP1Yr1bH7PRJavcOQB/YH3+AEaolbE=</latexit>
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<latexit sha1_base64="gLyq7jPijullZ0SIjL7XgNxoPT0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokIqA1VSocJYwcJYJPoQTYgc12mtOk6wnUolygew8CssDCDEygew8Te4bQZoOZKlo3PO1fU9XsSoVKb5beSWlldW1/LrhY3Nre2d4u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre8HLit0dESBryGzWOiBOgPqc+xUhpyS2Wbl1qk/uYjqDtC4QTK02qadk6sSXtB8ildw/HOmVWzCngIrEyUgIZGm7xy+6FOA4IV5ghKbuWGSknQUJRzEhasGNJIoSHqE+6mnIUEOkk02NSeKSVHvRDoR9XcKr+nkhQIOU48HQyQGog572J+J/XjZV/7iSUR7EiHM8W+TGDKoSTZmCPCoIVG2uCsKD6rxAPkO5E6f4KugRr/uRF0qpWrFqldn1aql9kdeTBATgEZWCBM1AHV6ABmgCDR/AMXsGb8WS8GO/GxyyaM7KZffAHxucP4fia4w==</latexit>
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Chaotic dynamics 
randomizing all sites



Data on IBM’s Quantum 
Computer

<latexit sha1_base64="ubZ7SiUXEWzGymmTNvf6OuYXEf0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUpDeeO5lv1rzXG8OtEr8gtSgQLNf/eoNJMkSKgzhWOuu76UmzLEyjHA6rfQyTVNMxnhIu5YKnFAd5vNjp+jMKgMUS2VLGDRXf0/kONF6kkS2M8FmpJe9mfif181MfB3mTKSZoYIsFsUZR0ai2edowBQlhk8swUQxeysiI6wwMTafig3BX355lbQuXL/u1h8ua43bIo4ynMApnIMPV9CAe2hCAAQYPMMrvDnCeXHenY9Fa8kpZo7hD5zPH64mjfY=</latexit>

p = 0.4
<latexit sha1_base64="FkoGB87IDH/xqM5tIFrSwVNOu58=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERqW6EohuXFewD2hAm00k7dGYSZiZCCQF/xY0LRdz6He78GydtFtp6YOBwzr3cMydMGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDSe3hd99JFLRWDzoaUJ8jkaCRhQjbaTAPkqCbMCRHkueYS1Znl+7TiOw667jzgCXiVeSOijRCuyvwTDGKSdCY4aU6ntuov0MSU0xI3ltkCqSIDxBI9I3VCBOlJ/N4ufw1ChDGMXSPKHhTP29kSGu1JSHZrJIqha9QvzP66c6uvIzKpJUE4Hnh6KUQR3Dogs4pJJgzaaGICypyQrxGEmEtWmsZkrwFr+8TDrnjtdwGvcX9eZNWUcVHIMTcAY8cAma4A60QBtgkIFn8ArerCfrxXq3PuajFavcOQR/YH3+AEgslbI=</latexit>

pctrl = 0.6
<latexit sha1_base64="LiYiKDoudu9PDqyYnYl/mX8n5vk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgKiSi1Y1QdOOygn1AG8JkOmmHzkzCzEQoIeCvuHGhiFu/w51/46TNQlsPDBzOuZd75oQJo0q77re1tLyyurZe2ahubm3v7Np7+20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wvFt4XceiVQ0Fg96khCfo6GgEcVIGymwD5Mg63OkR5JnWEuW59eucxHYNddxp4CLxCtJDZRoBvZXfxDjlBOhMUNK9Tw30X6GpKaYkbzaTxVJEB6jIekZKhAnys+m8XN4YpQBjGJpntBwqv7eyBBXasJDM1kkVfNeIf7n9VIdXfkZFUmqicCzQ1HKoI5h0QUcUEmwZhNDEJbUZIV4hCTC2jRWNSV4819eJO0zx6s79fvzWuOmrKMCjsAxOAUeuAQNcAeaoAUwyMAzeAVv1pP1Yr1bH7PRJavcOQB/YH3+AEaolbE=</latexit>

pctrl = 0.5
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<latexit sha1_base64="gLyq7jPijullZ0SIjL7XgNxoPT0=">AAACDHicbVC7TsMwFHXKq5RXgZHFokIqA1VSocJYwcJYJPoQTYgc12mtOk6wnUolygew8CssDCDEygew8Te4bQZoOZKlo3PO1fU9XsSoVKb5beSWlldW1/LrhY3Nre2d4u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre8HLit0dESBryGzWOiBOgPqc+xUhpyS2Wbl1qk/uYjqDtC4QTK02qadk6sSXtB8ildw/HOmVWzCngIrEyUgIZGm7xy+6FOA4IV5ghKbuWGSknQUJRzEhasGNJIoSHqE+6mnIUEOkk02NSeKSVHvRDoR9XcKr+nkhQIOU48HQyQGog572J+J/XjZV/7iSUR7EiHM8W+TGDKoSTZmCPCoIVG2uCsKD6rxAPkO5E6f4KugRr/uRF0qpWrFqldn1aql9kdeTBATgEZWCBM1AHV6ABmgCDR/AMXsGb8WS8GO/GxyyaM7KZffAHxucP4fia4w==</latexit>
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“Wave front” is 
performing a 
random walk

Dynamics in each regime on the quantum computer, L=30
(Below are one realization of the circuit averaged over 104 shots) 



Data on IBM’s Quantum 
Computer

<latexit sha1_base64="ubZ7SiUXEWzGymmTNvf6OuYXEf0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqheh6MVjBdMW2lA22027dLMbdjdCCf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpRypo3nfTultfWNza3ydmVnd2//oHp41NIyU4QGRHKpOhHWlDNBA8MMp51UUZxEnLaj8d3Mbz9RpZkUj2aS0jDBQ8FiRrCxUpDeeO5lv1rzXG8OtEr8gtSgQLNf/eoNJMkSKgzhWOuu76UmzLEyjHA6rfQyTVNMxnhIu5YKnFAd5vNjp+jMKgMUS2VLGDRXf0/kONF6kkS2M8FmpJe9mfif181MfB3mTKSZoYIsFsUZR0ai2edowBQlhk8swUQxeysiI6wwMTafig3BX355lbQuXL/u1h8ua43bIo4ynMApnIMPV9CAe2hCAAQYPMMrvDnCeXHenY9Fa8kpZo7hD5zPH64mjfY=</latexit>

p = 0.4
<latexit sha1_base64="FkoGB87IDH/xqM5tIFrSwVNOu58=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyERqW6EohuXFewD2hAm00k7dGYSZiZCCQF/xY0LRdz6He78GydtFtp6YOBwzr3cMydMGFXadb+tysrq2vpGdbO2tb2zu2fvH3RUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDSe3hd99JFLRWDzoaUJ8jkaCRhQjbaTAPkqCbMCRHkueYS1Znl+7TiOw667jzgCXiVeSOijRCuyvwTDGKSdCY4aU6ntuov0MSU0xI3ltkCqSIDxBI9I3VCBOlJ/N4ufw1ChDGMXSPKHhTP29kSGu1JSHZrJIqha9QvzP66c6uvIzKpJUE4Hnh6KUQR3Dogs4pJJgzaaGICypyQrxGEmEtWmsZkrwFr+8TDrnjtdwGvcX9eZNWUcVHIMTcAY8cAma4A60QBtgkIFn8ArerCfrxXq3PuajFavcOQR/YH3+AEgslbI=</latexit>

pctrl = 0.6
<latexit sha1_base64="LiYiKDoudu9PDqyYnYl/mX8n5vk=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgKiSi1Y1QdOOygn1AG8JkOmmHzkzCzEQoIeCvuHGhiFu/w51/46TNQlsPDBzOuZd75oQJo0q77re1tLyyurZe2ahubm3v7Np7+20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wvFt4XceiVQ0Fg96khCfo6GgEcVIGymwD5Mg63OkR5JnWEuW59eucxHYNddxp4CLxCtJDZRoBvZXfxDjlBOhMUNK9Tw30X6GpKaYkbzaTxVJEB6jIekZKhAnys+m8XN4YpQBjGJpntBwqv7eyBBXasJDM1kkVfNeIf7n9VIdXfkZFUmqicCzQ1HKoI5h0QUcUEmwZhNDEJbUZIV4hCTC2jRWNSV4819eJO0zx6s79fvzWuOmrKMCjsAxOAUeuAQNcAeaoAUwyMAzeAVv1pP1Yr1bH7PRJavcOQB/YH3+AEaolbE=</latexit>
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Dynamics in each regime on the quantum computer, L=30
(Below are one realization of the circuit averaged over 104 shots) 
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Critical properties of the dynamics <latexit sha1_base64="DnEEVh7Uns/8jrSlgxISZsZJoU0=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyyCqzIjUt0IRTcuK9gHtMOQSTNtaJIJSUYow4C/4saFIm79Dnf+jZl2Ftp6IHA4517uyQklo9q47rdTWlldW98ob1a2tnd296r7Bx0dJwqTNo5ZrHoh0oRRQdqGGkZ6UhHEQ0a64eQ297uPRGkaiwczlcTnaCRoRDEyVgqqRzJIBxyZseIpNopl2bUMcFCtuXV3BrhMvILUQIFWUP0aDGOccCIMZkjrvudK46dIGYoZySqDRBOJ8ASNSN9SgTjRfjqLn8FTqwxhFCv7hIEz9fdGirjWUx7ayTypXvRy8T+vn5joyk+pkIkhAs8PRQmDJoZ5F3BIFcGGTS1BWFGbFeIxUggb21jFluAtfnmZdM7rXqPeuL+oNW+KOsrgGJyAM+CBS9AEd6AF2gCDFDyDV/DmPDkvzrvzMR8tOcXOIfgD5/MHOGSWUA==</latexit>pctrl = pc
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Apply finite size scaling to the critical point
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Apply finite size scaling to the critical point
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Numerical Evidence of Strong 
Quantum Fluctuations

Consider the quantum coherence of the wavefunction

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)
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Quantum Fluctuations at the 
Control transition

Can do more then averages:

Average over 
measurement outcomes

Circuits 
realizations

Variance over measurement outcomes and circuits

Averages over samples:

Measurement 
outcomes for 
this circuit
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| i = | C,mC i
Average over 
Circuits 
realizations

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)



Quantum Fluctuations at the 
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Average over 
measurement outcomes

Circuits 
realizations

Averages over samples:

Measurement 
outcomes for 
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Consider the variance of an observable O
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Can do more then averages:
Variance over measurement outcomes and circuits

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)
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Average over 
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Can break up the variance into two parts

Can do more then averages:
Variance over measurement outcomes and circuits

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)
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Can break up the variance into two parts

Circuit realizations
Classical fluctuation
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O = r̂ =
X

x

rx|xihx|

<latexit sha1_base64="uAlQkBKoCusy4cVB+b/ezwQbWi4=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidqgShwlKpgoWNItGH1ESR47qtVceJbAelSvsLLPwKCwMIsbKx8Te4aQZoOdLVPTrnXtn3+BGjUlnWt7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOj6ShFFOmooqRjqRICjwGWn7o+uZ334gQtKQ36txRNwADTjtU4yUljyzfFtzhkhBAWvQkXHgJVB4ySRxBOIDRhyWNZhMPLNkVawMcJnYOSmBHA3P/HJ6IY4DwhVmSMqubUXKTZFQFDMyLTqxJBHCIzQgXU05Coh00+yiKTzVSg/2Q6GLK5ipvzdSFEg5Dnw9GSA1lIveTPzP68aqf+mmlEexIhzPH+rHDKoQzuKBPSoIVmysCcKC6r9CPEQCYaVDLOoQ7MWTl0nrrGJXK9W781L9Ko+jAI7BCSgDG1yAOrgBDdAEGDyCZ/AK3own48V4Nz7moytGvnME/sD4/AHcC50X</latexit>

O = r̂ =
X

x

rx|xihx|

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)



Quantum Fluctuations at the 
Control transition

Average over 
measurement outcomes

Circuits 
realizations

Averages over samples:

Measurement 
outcomes for 
this circuit

<latexit sha1_base64="YWvrg26jUNajh6yeK/9wPgMlyDk=">AAACKHicbVDLSsNAFJ34rPUVdelmsAgupCQi1Y1Y7MZlBfuAJpTJdNIOnUzCzEQoMZ/jxl9xI6JIt36JkzQL23pg4My593DvPV7EqFSWNTVWVtfWNzZLW+Xtnd29ffPgsC3DWGDSwiELRddDkjDKSUtRxUg3EgQFHiMdb9zI6p0nIiQN+aOaRMQN0JBTn2KktNQ3b5+dSFJHID5kBN7A/NtPnACpEUYsaaTnieP5MEjnxDQtLH2zYlWtHHCZ2AWpgALNvvnhDEIcB4QrzJCUPduKlJsgoShmJC07sSQRwmM0JD1NOQqIdJP80BSeamUA/VDoxxXM1b+OBAVSTgJPd2a7ysVaJv5X68XKv3YTyqNYEY5ng/yYQRXCLDU4oIJgxSaaICyo3hXiERIIK51tWYdgL568TNoXVbtWrT1cVup3RRwlcAxOwBmwwRWog3vQBC2AwQt4A5/gy3g13o1vYzprXTEKzxGYg/HzC0qRqAA=</latexit>

| i = | C,mC i
Average over 
Circuits 
realizations

Using post selection can break up the variance into three parts

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)

<latexit sha1_base64="IAhryxqNWKeQYCGdd+Cf5a6HYuc="></latexit>

OM = h C,mC |O| C,mC i

Can do more then averages:
Variance over measurement outcomes and circuits



Quantum Fluctuations at the 
Control transition

Using post selection can break up the variance into three parts
<latexit sha1_base64="IAhryxqNWKeQYCGdd+Cf5a6HYuc="></latexit>

OM = h C,mC |O| C,mC i

time

Space

time

Space

Fluctuations from 
measurement 
outcomes Fluctuations from 

Wave function 
superpositions

<latexit sha1_base64="+D3xcb8ZBD1RKMCruXCJnplbn3c=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KhmR6kYounFZwT6gHUomvdOGZjJDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9fiy4NoR8O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNRZJCLV8qkGwSXUDTcCWrECGvoCmv7wZuo3H0BpHsl7M4rBC2lf8oAzaqzULZbGnVjzLukoKvsC8BUek04vMhoT7GaiTZEymQEvEzcjJZSh1i1+2StYEoI0TFCt2y6JjZdSZTgTMCl0Eg0xZUPah7alkoagvXS2zASfWKWHg0jZIw2eqb8nUhpqPQp9mwypGehFbyr+57UTE1x6KZdxYkCy+UNBIrCJ8LQZ3OMKmBEjSyhT3P4VswFVlBnbX8GW4C6uvEwaZ2W3Uq7cnZeq11kdeXSEjtEpctEFqqJbVEN1xNAjekav6M15cl6cd+djHs052cwh+gPn8wf8G5pR</latexit>

| 0i = |0 . . . 01i
<latexit sha1_base64="+D3xcb8ZBD1RKMCruXCJnplbn3c=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KhmR6kYounFZwT6gHUomvdOGZjJDkhHKtB/gxl9x40IRt36AO//GtJ2Fth4IHM45N8k9fiy4NoR8O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNRZJCLV8qkGwSXUDTcCWrECGvoCmv7wZuo3H0BpHsl7M4rBC2lf8oAzaqzULZbGnVjzLukoKvsC8BUek04vMhoT7GaiTZEymQEvEzcjJZSh1i1+2StYEoI0TFCt2y6JjZdSZTgTMCl0Eg0xZUPah7alkoagvXS2zASfWKWHg0jZIw2eqb8nUhpqPQp9mwypGehFbyr+57UTE1x6KZdxYkCy+UNBIrCJ8LQZ3OMKmBEjSyhT3P4VswFVlBnbX8GW4C6uvEwaZ2W3Uq7cnZeq11kdeXSEjtEpctEFqqJbVEN1xNAjekav6M15cl6cd+djHs052cwh+gPn8wf8G5pR</latexit>

| 0i = |0 . . . 01i

<latexit sha1_base64="uAlQkBKoCusy4cVB+b/ezwQbWi4=">AAACEXicbVC7TsMwFHV4lvIKMLJYVEidqgShwlKpgoWNItGH1ESR47qtVceJbAelSvsLLPwKCwMIsbKx8Te4aQZoOdLVPTrnXtn3+BGjUlnWt7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOj6ShFFOmooqRjqRICjwGWn7o+uZ334gQtKQ36txRNwADTjtU4yUljyzfFtzhkhBAWvQkXHgJVB4ySRxBOIDRhyWNZhMPLNkVawMcJnYOSmBHA3P/HJ6IY4DwhVmSMqubUXKTZFQFDMyLTqxJBHCIzQgXU05Coh00+yiKTzVSg/2Q6GLK5ipvzdSFEg5Dnw9GSA1lIveTPzP68aqf+mmlEexIhzPH+rHDKoQzuKBPSoIVmysCcKC6r9CPEQCYaVDLOoQ7MWTl0nrrGJXK9W781L9Ko+jAI7BCSgDG1yAOrgBDdAEGDyCZ/AK3own48V4Nz7moytGvnME/sD4/AHcC50X</latexit>

O = r̂ =
X

x

rx|xihx|

Pan, Iadecola, Stoudenmire, JHP arXiv (2025)



Data on IBM’s Quantum 
Computer

Can do more then averages:
Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L

X

x

�
z
x



Data on IBM’s Quantum 
Computer

Can do more then averages:
Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L

X

x

�
z
x

<latexit sha1_base64="AVVMnn09VrSpKNphiGt7+lsJ2B0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQtlsN+3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz87gNTmsfyHrKE+REZSR5ySsBIA7sKnuKjMRCl4kfscRlCNrBrTt2ZA68StyA1VKA1sL+8YUzTiEmggmjdd50E/Jwo4FSwacVLNUsInZAR6xsqScS0n8+Pn+JTowxxGCtTEvBc/T2Rk0jrLApMZ0RgrJe9mfif108hvPJzLpMUmKSLRWEqMMR4lgQecsUoiMwQQhU3t2I6JopQMHlVTAju8surpHNedxv1xt1FrXldxFFGx+gEnSEXXaImukUt1EYUZegZvaI368l6sd6tj0VrySpmqugPrM8fSayVMw==</latexit>

t ! 1

<latexit sha1_base64="347NcgvC+Q53N+KMPf1VVtHeZSo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KolIdSMU3bisYB/QhDCZTtuhM5MwMxFKyMaNv+LGhSJu/Qd3/o2TNAttPTBwOOfeO/eeMGZUacf5tpaWV1bX1isb1c2t7Z1de2+/o6JEYtLGEYtkL0SKMCpIW1PNSC+WBPGQkW44ucn97gORikbiXk9j4nM0EnRIMdJGCuwjLyQaBanHkR5LnmKGlDIuy7IrJ7BrTt0pABeJW5IaKNEK7C9vEOGEE6GLQX3XibWfIqkpZiSreokiMcITNCJ9QwXiRPlpcUUGT4wygMNImic0LNTfHSniSk15aCrzZdW8l4v/ef1EDy/9lIo40UTg2UfDhEEdwTwSOKCSYM2mhiAsqdkV4jGSCGsTXNWE4M6fvEg6Z3W3UW/cndea12UcFXAIjsEpcMEFaIJb0AJtgMEjeAav4M16sl6sd+tjVrpklT0H4A+szx9JHZkW</latexit>

�classical = 0



Data on IBM’s Quantum 
Computer

Can do more then averages:

Experiment
Theory

Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L

X

x

�
z
x

<latexit sha1_base64="AVVMnn09VrSpKNphiGt7+lsJ2B0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQtlsN+3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz87gNTmsfyHrKE+REZSR5ySsBIA7sKnuKjMRCl4kfscRlCNrBrTt2ZA68StyA1VKA1sL+8YUzTiEmggmjdd50E/Jwo4FSwacVLNUsInZAR6xsqScS0n8+Pn+JTowxxGCtTEvBc/T2Rk0jrLApMZ0RgrJe9mfif108hvPJzLpMUmKSLRWEqMMR4lgQecsUoiMwQQhU3t2I6JopQMHlVTAju8surpHNedxv1xt1FrXldxFFGx+gEnSEXXaImukUt1EYUZegZvaI368l6sd6tj0VrySpmqugPrM8fSayVMw==</latexit>

t ! 1

<latexit sha1_base64="347NcgvC+Q53N+KMPf1VVtHeZSo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KolIdSMU3bisYB/QhDCZTtuhM5MwMxFKyMaNv+LGhSJu/Qd3/o2TNAttPTBwOOfeO/eeMGZUacf5tpaWV1bX1isb1c2t7Z1de2+/o6JEYtLGEYtkL0SKMCpIW1PNSC+WBPGQkW44ucn97gORikbiXk9j4nM0EnRIMdJGCuwjLyQaBanHkR5LnmKGlDIuy7IrJ7BrTt0pABeJW5IaKNEK7C9vEOGEE6GLQX3XibWfIqkpZiSreokiMcITNCJ9QwXiRPlpcUUGT4wygMNImic0LNTfHSniSk15aCrzZdW8l4v/ef1EDy/9lIo40UTg2UfDhEEdwTwSOKCSYM2mhiAsqdkV4jGSCGsTXNWE4M6fvEg6Z3W3UW/cndea12UcFXAIjsEpcMEFaIJb0AJtgMEjeAav4M16sl6sd+tjVrpklT0H4A+szx9JHZkW</latexit>

�classical = 0



Data on IBM’s Quantum 
Computer

Experiment
Theory

<latexit sha1_base64="J2EmoKTtYcaC+/dDIG3XBtcsn94=">AAACBXicdVDLSgNBEJyNrxhfUY96GAyCp7CRGL0IQS8eI5gHZJcwO+kkQ2YfzPQKYcnFi7/ixYMiXv0Hb/6Ns0mEGLSgobqqm5kuL5JCo21/WZml5ZXVtex6bmNza3snv7vX0GGsONR5KEPV8pgGKQKoo0AJrUgB8z0JTW94nfrNe1BahMEdjiJwfdYPRE9whkbq5A8dD5B1EhxAqEbjy1LRPqNO5FO7aJc7+YLpJ0j7BfJjFcgMtU7+0+mGPPYhQC6Z1u2SHaGbMIWCSxjnnFhDxPiQ9aFtaMB80G4yuWJMj43Spb1QmQqQTtT5jYT5Wo98z0z6DAd60UvFv7x2jL0LNxFBFCMEfPpQL5YUQ5pGQrtCAUc5MoRxJcxfKR8wxTia4HLzIfxPGqfFUqVYuS0XqlezOLLkgByRE1Ii56RKbkiN1AknD+SJvJBX69F6tt6s9+loxprt7JNfsD6+AQDalvU=</latexit>

�theory = 1.05± 0.04
<latexit sha1_base64="gQxlFOiYg4iSWnSR29MCWEYKHyo=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiuCozRaoboejGZQV7gXYYMumZNjSZGZKMWIYu3Pgqblwo4taHcOfbmF4QbT0Q8vH/55CcP0g4U9pxvqzcyura+kZ+s7C1vbO7Z+8fNFWcSgoNGvNYtgOigLMIGpppDu1EAhEBh1YwvJr4rTuQisXRrR4l4AnSj1jIKNFG8u1iNwBN/AzuE5DjC7fsVHA3Edgx4Nslc00L/4C7CCU0r7pvf3Z7MU0FRJpyolTHdRLtZURqRjmMC91UQULokPShYzAiApSXTZcY42Oj9HAYS3Mijafq74mMCKVGIjCdguiBWvQm4n9eJ9XhuZexKEk1RHT2UJhyrGM8SQT3mASq+cgAoZKZv2I6IJJQbXIrmBCWVl6GZqXsVsvVm9NS7XIeRx4V0RE6QS46QzV0jeqogSh6QE/oBb1aj9az9Wa9z1pz1nzmEP0p6+MbE4qWbw==</latexit>

�exper = 1.02± 0.02

Can do more then averages:
Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L

X

x

�
z
x

<latexit sha1_base64="AVVMnn09VrSpKNphiGt7+lsJ2B0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQtlsN+3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgkRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeY3Mz87gNTmsfyHrKE+REZSR5ySsBIA7sKnuKjMRCl4kfscRlCNrBrTt2ZA68StyA1VKA1sL+8YUzTiEmggmjdd50E/Jwo4FSwacVLNUsInZAR6xsqScS0n8+Pn+JTowxxGCtTEvBc/T2Rk0jrLApMZ0RgrJe9mfif108hvPJzLpMUmKSLRWEqMMR4lgQecsUoiMwQQhU3t2I6JopQMHlVTAju8surpHNedxv1xt1FrXldxFFGx+gEnSEXXaImukUt1EYUZegZvaI368l6sd6tj0VrySpmqugPrM8fSayVMw==</latexit>

t ! 1

<latexit sha1_base64="347NcgvC+Q53N+KMPf1VVtHeZSo=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KolIdSMU3bisYB/QhDCZTtuhM5MwMxFKyMaNv+LGhSJu/Qd3/o2TNAttPTBwOOfeO/eeMGZUacf5tpaWV1bX1isb1c2t7Z1de2+/o6JEYtLGEYtkL0SKMCpIW1PNSC+WBPGQkW44ucn97gORikbiXk9j4nM0EnRIMdJGCuwjLyQaBanHkR5LnmKGlDIuy7IrJ7BrTt0pABeJW5IaKNEK7C9vEOGEE6GLQX3XibWfIqkpZiSreokiMcITNCJ9QwXiRPlpcUUGT4wygMNImic0LNTfHSniSk15aCrzZdW8l4v/ef1EDy/9lIo40UTg2UfDhEEdwTwSOKCSYM2mhiAsqdkV4jGSCGsTXNWE4M6fvEg6Z3W3UW/cndea12UcFXAIjsEpcMEFaIJb0AJtgMEjeAav4M16sl6sd+tjVrpklT0H4A+szx9JHZkW</latexit>

�classical = 0



Data on IBM’s Quantum 
Computer

Can do more then averages:
Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L
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x
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Dynamics



Data on IBM’s Quantum 
Computer

Experiment
Theory

Can do more then averages:
Variance over measurement outcomes and circuits

Implement on experiment
<latexit sha1_base64="qU5/FlCF+bHuRoNy7gLQqt475Q4=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQTUlEqptC0Y0LxQr2AU0Mk+mkHTqThJmJtA39Bjf+ihsXirh15c6/cdpmoa0HLhzOuZd77/EiRqUyzW8js7C4tLySXc2trW9sbuW3d+oyjAUmNRyyUDQ9JAmjAakpqhhpRoIg7jHS8HoXY7/xQISkYXCnBhFxOOoE1KcYKS25+aObst1FCl67Q1iGti8QTqxRcjWyZczdPrQl7XDk9u+Hbr5gFs0J4DyxUlIAKapu/stuhzjmJFCYISlblhkpJ0FCUczIKGfHkkQI91CHtDQNECfSSSYvjeCBVtrQD4WuQMGJ+nsiQVzKAfd0J0eqK2e9sfif14qVf+YkNIhiRQI8XeTHDKoQjvOBbSoIVmygCcKC6lsh7iIdi9Ip5nQI1uzL86R+XLRKxdLtSaFynsaRBXtgHxwCC5yCCrgEVVADGDyCZ/AK3own48V4Nz6mrRkjndkFf2B8/gBsmJ1h</latexit>

O = M̂z =
1

L

X

x

�
z
x

Dynamics
Computational 
complexity

<latexit sha1_base64="/nUtlhu7qmeRFzRDD7wOQO8milM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXIWkSO1GKLpxWcE+oA1hMr1ph04ezEzEGrLxV9y4UMStn+HOv3H6QLT1wOUezrmXmXv8hDOpbPvLWFpeWV1bL2wUN7e2d3bNvf2mjFNBoUFjHou2TyRwFkFDMcWhnQggoc+h5Q+vxn7rDoRkcXSrRgm4IelHLGCUKC155uGDl8F9AiK/KFt2FXeTENuWXfbMkm4T4B/izJMSmqHumZ/dXkzTECJFOZGy49iJcjMiFKMc8mI3lZAQOiR96GgakRCkm00OyPGJVno4iIWuSOGJ+nsjI6GUo9DXkyFRAznvjcX/vE6qgqqbsShJFUR0+lCQcqxiPE4D95gAqvhIE0IF03/FdEAEoUpnVtQhLJy8SJply6lYlZuzUu1yFkcBHaFjdIocdI5q6BrVUQNRlKMn9IJejUfj2Xgz3qejS8Zs5wD9gfHxDSHTlNA=</latexit>

zexper = 2.08± 0.02

<latexit sha1_base64="HBiRObgDTcq1Rk1uMP5rvK5oa1Q=">AAACA3icdVDLSgMxFM34rPU16k43wSK4KjNVqhuh6MZlBfuAdhgyaaYNTTJDkhHGoeDGX3HjQhG3/oQ7/8ZMW6EVPRByOOde7r0niBlV2nG+rIXFpeWV1cJacX1jc2vb3tltqiiRmDRwxCLZDpAijArS0FQz0o4lQTxgpBUMr3K/dUekopG41WlMPI76goYUI20k396/9zM9IJFMRxeVsuO4sBtz6Bh24tsl1/w5xsI8+bFKYIq6b392exFOOBEaM6RUx3Vi7WVIaooZGRW7iSIxwkPUJx1DBeJEedn4hhE8MkoPhpE0T2g4Vmc7MsSVSnlgKjnSA/Xby8W/vE6iw3MvoyJONBF4MihMGNQRzAOBPSoJ1iw1BGFJza4QD5BEWJvYirMh/E+albJbLVdvTku1y2kcBXAADsExcMEZqIFrUAcNgMEDeAIv4NV6tJ6tN+t9UrpgTXv2wBysj2/nZZW/</latexit>

ztheory = 2.001± 0.003



• We identified a way to quantum systems following classical control 
of chaos.

• Control transitions may or may not coincide with the entanglement 
transition, depends on the structure of the feedback operation.

• Observed the Bernoulli control transition and critical properties on 
IBM’s quantum computer with 100 qubits finding good agreement 
with the theoretical estimate on 24 qubits.

• Quantum fluctuation estimates are most likely not “spoofed” by 
(dephasing) noise.

Conclusions and Outlook

Thank you for your attention!
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Noise Complicates identifying 
quantum fluctuations

Try to ensure our approach cannot be “fooled” with noise

Consider, dephasing noise channel



Noise Complicates identifying 
quantum fluctuations

Try to ensure our approach cannot be “fooled” with noise

Consider, dephasing noise channel (grey classical, red theory, blue experiment)

<latexit sha1_base64="Q6RxXib3QPtT9ZM07rRm8TNLEwQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi1YNCsRe9VegXtLFstpt26Waz7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMvEAwqrTrflu5ldW19Y38ZmFre2d3r7h/0FRxIjFp4JjFsh0gRRjlpKGpZqQtJEFRwEgrGFWnfuuRSEVjXtdjQfwIDTgNKUbaSA/i2nXOr0Qvrd7V6pNeseQ67gz2MvEyUoIMtV7xq9uPcRIRrjFDSnU8V2g/RVJTzMik0E0UEQiP0IB0DOUoIspPZ1dP7BOj9O0wlqa4tmfq74kURUqNo8B0RkgP1aI3Ff/zOokOL/2UcpFowvF8UZgwW8f2NAK7TyXBmo0NQVhSc6uNh0girE1QBROCt/jyMmmeOV7ZKd+flyo3WRx5OIJjOAUPLqACt1CDBmCQ8Ayv8GY9WS/Wu/Uxb81Z2cwh/IH1+QPsA5GD</latexit>

p = 0.4 < pCIPT
<latexit sha1_base64="PLOvhYMefGSQdR9EeF+QZRxS4wQ=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEq5dCsRe9VegXtLFstpt26SZZdjdKCf0fXjwo4tX/4s1/47bNQasPBh7vzTAzzxecKe04X1ZuZXVtfSO/Wdja3tndK+4ftFScSEKbJOax7PhYUc4i2tRMc9oRkuLQ57Ttj2szv/1ApWJx1NATQb0QDyMWMIK1ke5FxbEvKqKf1m7rjWm/WHJsZw70l7gZKUGGer/42RvEJAlppAnHSnVdR2gvxVIzwum00EsUFZiM8ZB2DY1wSJWXzq+eohOjDFAQS1ORRnP150SKQ6UmoW86Q6xHatmbif953UQHV17KIpFoGpHFoiDhSMdoFgEaMEmJ5hNDMJHM3IrICEtMtAmqYEJwl1/+S1pntlu2y3fnpep1FkcejuAYTsGFS6jCDdShCQQkPMELvFqP1rP1Zr0vWnNWNnMIv2B9fAPvHJGF</latexit>

p = 0.5 = pCIPT
<latexit sha1_base64="9JqNv2YVHIdbmTO3u+MyjQmQWU0=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqhel2IveKvQL2lg22027dJMsuxulhP4PLx4U8ep/8ea/cdvmoK0PBh7vzTAzzxecKe0431ZuZXVtfSO/Wdja3tndK+4fNFWcSEIbJOaxbPtYUc4i2tBMc9oWkuLQ57Tlj6pTv/VIpWJxVNdjQb0QDyIWMIK1kR7ElWOXr0Uvrd7V6pNeseTYzgxombgZKUGGWq/41e3HJAlppAnHSnVcR2gvxVIzwumk0E0UFZiM8IB2DI1wSJWXzq6eoBOj9FEQS1ORRjP190SKQ6XGoW86Q6yHatGbiv95nUQHl17KIpFoGpH5oiDhSMdoGgHqM0mJ5mNDMJHM3IrIEEtMtAmqYEJwF19eJs0z2y3b5fvzUuUmiyMPR3AMp+DCBVTgFmrQAAISnuEV3qwn68V6tz7mrTkrmzmEP7A+fwDyNZGH</latexit>

p = 0.6 > pCIPT



Noise Complicates identifying 
quantum fluctuations

Try to ensure our approach cannot be “fooled” with noise

Quantify difference in the distributions p(x), q(x)
via the Kullback-Leibler (KL) Divergence

Trajectories Fluctuations State Fluctuations Quantum (Traj+state)

Compare with dephasing noise channel (Theory)



Noise Complicates identifying 
quantum fluctuations

Try to ensure our approach cannot be “fooled” with noise

Quantify difference in the distributions p(x), q(x)
via the Kullback-Leibler (KL) Divergence

Compare with dephasing noise channel, theory, and experimental data



Local control in a 
Stabilizer Model

Actually straightforward to construct a stabilizer model 
from the quantum circuit with a local (identity) adder.

“scrambling operation”
REPLACE 2-qubit Haar random 
unitary with a 2-qubit Clifford gate 

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)

Replaced the adder
with identity.

All of this is 
a stabilizer 
operation 



Stabilizer Local 
Control Transition

Control transition remains at 
<latexit sha1_base64="maYjf4I+9kl9nOr4ygsO85UtdUQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqW6EohuXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6NmXYW2nog5HDOvdx7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoKNlR77Mrn2qq5bH5Qrrv0zoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNUYkG1n84XnqEzqwxRGCn7pEFz9XdHioXWUxHYSoHNWC97mfif10tMeOWnTMaJoZIsBoUJRyZC2fVoyBQlhk8twUQxuysiY6wwMTajkg3BWz55lbQvql69WruvVRo3eRxFOIFTOAcPLqEBd9CEFhAQ8Ayv8OYo58V5dz4WpQUn7zmGP3A+fwAZ3Y9O</latexit>

⌫ = 1.006
<latexit sha1_base64="U/oIKqjCG1NPu10YLkHb7n6nnMs=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIp6kYounEhWNE+oKlhMp20Q2eSMDMRasgPuPFX3LhQxK17d/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFufmFxaXicmlldW19w9zcasowFpg0cMhC0faQJIwGpKGoYqQdCYK4x0jLG55nfuueCEnD4FaNItLlqB9Qn2KktOSaew5HaoARg1fwFDq+QDix0+QydWTMXQpvXHr34Jplq2KNAWeJnZMyyFF3zS+nF+KYk0BhhqTs2FakugkSimJG0pITSxIhPER90tE0QJzIbjL+JoX7WulBPxS6AgXH6u+JBHEpR9zTndntctrLxP+8Tqz8k25CgyhWJMCTRX7MoAphFg3sUUGwYiNNEBZU3wrxAOlElA6wpEOwp1+eJc3Din1UqV5Xy7WzPI4i2AG74ADY4BjUwAWogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4A+PzB29tmy8=</latexit>

O =
1

L

X

i

Sz
i

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="jyo4sC3NX4+lXwrlYmWGHlojpeY=">AAACDnicbVC7TsMwFL0pr1JeAUYWi6oSU5UgXmMFCxtFog+piSrHdVurjhPZDlIV9QtY+BUWBhBiZWbjb3DSDFA4kqWjc+69vvcEMWdKO86XVVpaXlldK69XNja3tnfs3b22ihJJaItEPJLdACvKmaAtzTSn3VhSHAacdoLJVeZ37qlULBJ3ehpTP8QjwYaMYG2kvl3zImNn3anHsRhxirwQ6zHBHN0gT+bSrG9XnbqTA/0lbk GqUKDZtz+9QUSSkApNOFaq5zqx9lMsNSNmXsVLFI0xmeAR7RkqcEiVn+bnzFDNKAM0jKR5QqNc/dmR4lCpaRiYymxVtehl4n9eL9HDCz9lIk40FWT+0TDhSEcoywYNmKRE86khmEhmdkVkjCUm2iRYMSG4iyf/Je3juntWP709qTYuizjKcACHcAQunEMDrqEJLSDwAE/wAq/Wo/VsvVnv89KSVfTswy9YH9+FnZxo</latexit>

hOi

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)



Entanglement dynamics 
is diffusive and
agrees with small sizes

Control transition remains at 
<latexit sha1_base64="maYjf4I+9kl9nOr4ygsO85UtdUQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqW6EohuXFexD2qFk0kwbmmSGJCOUoV/hxoUibv0cd/6NmXYW2nog5HDOvdx7TxBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxmfueJKs0i+WCmMfUFHkkWMoKNlR77Mrn2qq5bH5Qrrv0zoFXi5aQCOZqD8ld/GJFEUGkIx1r3PDc2foqVYYTTWamfaBpjMsEj2rNUYkG1n84XnqEzqwxRGCn7pEFz9XdHioXWUxHYSoHNWC97mfif10tMeOWnTMaJoZIsBoUJRyZC2fVoyBQlhk8twUQxuysiY6wwMTajkg3BWz55lbQvql69WruvVRo3eRxFOIFTOAcPLqEBd9CEFhAQ8Ayv8OYo58V5dz4WpQUn7zmGP3A+fwAZ3Y9O</latexit>

⌫ = 1.006
<latexit sha1_base64="U/oIKqjCG1NPu10YLkHb7n6nnMs=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIp6kYounEhWNE+oKlhMp20Q2eSMDMRasgPuPFX3LhQxK17d/6NkzYLbT1w4XDOvdx7jxcxKpVlfRuFufmFxaXicmlldW19w9zcasowFpg0cMhC0faQJIwGpKGoYqQdCYK4x0jLG55nfuueCEnD4FaNItLlqB9Qn2KktOSaew5HaoARg1fwFDq+QDix0+QydWTMXQpvXHr34Jplq2KNAWeJnZMyyFF3zS+nF+KYk0BhhqTs2FakugkSimJG0pITSxIhPER90tE0QJzIbjL+JoX7WulBPxS6AgXH6u+JBHEpR9zTndntctrLxP+8Tqz8k25CgyhWJMCTRX7MoAphFg3sUUGwYiNNEBZU3wrxAOlElA6wpEOwp1+eJc3Din1UqV5Xy7WzPI4i2AG74ADY4BjUwAWogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4A+PzB29tmy8=</latexit>

O =
1

L

X

i

Sz
i

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="mxCEFI+m4fDqRi4fP1VO+/Tvijo="></latexit>

z = 2.07(8)

<latexit sha1_base64="jyo4sC3NX4+lXwrlYmWGHlojpeY=">AAACDnicbVC7TsMwFL0pr1JeAUYWi6oSU5UgXmMFCxtFog+piSrHdVurjhPZDlIV9QtY+BUWBhBiZWbjb3DSDFA4kqWjc+69vvcEMWdKO86XVVpaXlldK69XNja3tnfs3b22ihJJaItEPJLdACvKmaAtzTSn3VhSHAacdoLJVeZ37qlULBJ3ehpTP8QjwYaMYG2kvl3zImNn3anHsRhxirwQ6zHBHN0gT+bSrG9XnbqTA/0lbk GqUKDZtz+9QUSSkApNOFaq5zqx9lMsNSNmXsVLFI0xmeAR7RkqcEiVn+bnzFDNKAM0jKR5QqNc/dmR4lCpaRiYymxVtehl4n9eL9HDCz9lIk40FWT+0TDhSEcoywYNmKRE86khmEhmdkVkjCUm2iRYMSG4iyf/Je3juntWP709qTYuizjKcACHcAQunEMDrqEJLSDwAE/wAq/Wo/VsvVnv89KSVfTswy9YH9+FnZxo</latexit>

hOi

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)

Stabilizer Local 
Control Transition



Entanglement transition splits off

<latexit sha1_base64="J94lZL9i1G3xqHaXmlimJGavTyk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXIWklOpGKLrRhVChL2hDmEwn7dCZJMxMhBLqxl9x40IRt/6FO//GSZuFth64cDjnXu69x48Zlcq2v43Cyura+kZxs7S1vbO7Z+4ftGWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj68zv/NAhKRR2FSTmLgcDUMaUIyUljzzKPbSPkdqJHh6d9toTqeXtlWp1UqeWbYtewa4TJyclEGOhmd+9QcRTjgJFWZIyp5jx8pNkVAUMzIt9RNJYoTHaEh6moaIE+mmsw+m8FQrAxhEQleo4Ez9PZEiLuWE+7ozO1Yuepn4n9dLVHDhpjSME0VCPF8UJAyqCGZxwAEVBCs20QRhQfWtEI+QQFjp0LIQnMWXl0m7Yjk1q3pfLdev8jiK4BicgDPggHNQBzegAVoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH71ylcU=</latexit>

pMIPT = 0.266
<latexit sha1_base64="7vj3r863xB/52aXa4tb1I/7UcTY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgKiSlPjZC0Y0uhAp9QVvKZDpph04mYWZSKKF/4saFIm79E3f+jdM2C209cOFwzr3ce48fc6a0635bubX1jc2t/HZhZ3dv/8A+PGqoKJGE1knEI9nysaKcCVrXTHPaiiXFoc9p0x/dzfzmmErFIlHTk5h2QzwQLGAEayP1bLsjkl76+FCtTW+Q55TKPbvoOu4caJV4GSlChmrP/ur0I5KEVGjCsVJtz411N8VSM8LptNBJFI0xGeEBbRsqcEhVN51fPkVnRumjIJKmhEZz9fdEikOlJqFvOkOsh2rZm4n/ee1EB9fdlIk40VSQxaIg4UhHaBYD6jNJieYTQzCRzNyKyBBLTLQJq2BC8JZfXiWNkuNdOhdP5WLlNosjDydwCufgwRVU4B6qUAcCY3iGV3izUuvFerc+Fq05K5s5hj+wPn8AgC6SRw==</latexit>

⌫MIPT = 1.24

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5
<latexit sha1_base64="QDmmOv2nR3LbiSkMhNkKNNK7FWE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiSi1Y1Q7EZ3FfqCNoTJdNoOnUzCzKRQQv/EjQtF3Pon7vwbJ20WWj1wuYdz7mXunCDmTGnH+bIKa+sbm1vF7dLO7t7+gX141FZRIgltkYhHshtgRTkTtKWZ5rQbS4rDgNNOMKlnfmdKpWKRaOpZTL0QjwQbMoK1kXzb7ovET+sPjeb81q04TtW3y47pGdBf4uakDDkavv3ZH0QkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuLp+jM6MM0DCSpoRGC/XnRopDpWZhYCZDrMdq1cvE/7xeooc3XspEnGgqyPKhYcKRjlAWAxowSYnmM0MwkczcisgYS0y0CatkQnBXv/yXtC8qbrVy9XhZrt3lcRThBE7hHFy4hhrcQwNaQGAKT/ACr1ZqPVtv1vtytGDlO8fwC9bHN4kfkk0=</latexit>

⌫CIPT = 1.006

LeMaire, Alloca, JHP, Iadecola, Wilson PRB (2024)

Stabilizer Local 
Control Transition



Quantum Control 
Transition

Local order parameter

Clear signature of the transition!

Entanglement entropy

Area law at the transition!

Iadecola, Ganeshan, JHP, Wilson PRL (2023)



Quantum Control 
Transition

Local order parameter

Clear signature of the transition!

Entanglement entropy

Area law at the transition!

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT



Quantum Control 
Transition, Dynamics

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

<latexit sha1_base64="GBQkhgCHKxl7TltScwLG9gtGVYE=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclYz4WhbduKxgH9AOJZOmbWgmMyR3hDJ258ZfceNCEbf+gjv/xkw7C209yYXDufeQ3BPEUhgg5NtZWFxaXlktrBXXNza3tt2d3bqJEs14jUUy0s2AGi6F4jUQIHkz1pyGgeSNYHid9Rv3XBsRqTsYxdwPaV+JnmAUrNRxDx6INz3Z9QjB7W4EBrc1VX3JO26JlMkEeJ54OSmhHNWO+2X9LAm5AiapMS2PxOCnVINgko+L7cTwmLIh7fOWpYqG3PjpZI8xPrJKF/cibUsBnqi/HSkNjRmFgZ0MKQzMbC8T/+u1Euhd+qlQcQJcselDvURiiHAWCu4KzRnIkSWUaWH/itmAasrARle0IXizK8+T+knZOy+f3Z6WKld5HAW0jw7RMfLQBaqgG1RFNcTQI3pGr+jNeXJenHfnYzq64OSePfQHzucPKPSWYA==</latexit>

|010101011011100 . . . i
Controlled Uncontrolled

Becomes a wave packet 
in the quantum limit

First domain wall

Brighter color = larger entanglement entropy
Red line = avg. location of 1st  domain wall 

Single trajectories



Quantum Control 
Transition, Dynamics

Entanglement entropy
dynamics at the transition

Diffusive growth

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

Brighter color = larger entanglement entropy
Red line = avg. location of 1st  domain wall 

Single trajectories



Quantum Control 
Transition, Dynamics

Entanglement entropy
dynamics at the transition

Diffusive growth

Iadecola, Ganeshan, JHP, Wilson PRL (2023)

The transition is diffusive, very 
similar to the classical model

Brighter color = larger entanglement entropy
Red line = avg. location of 1st  domain wall 

Single trajectories



Summary: Quantum 
Control Transition

Here, the control and 
entanglement transitions 
coincide.

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Is this fundamental?



Summary: Quantum 
Control Transition

Here, the control and 
entanglement transitions 
coincide.

Can we “pull” them apart?

Can we construct stabilizer models to reach 
larger system sizes?

volume law area law
unentangled
control phase

<latexit sha1_base64="wG8Ixt50p5+ft/PdbSeogleZHQw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+LgIQS8eI5gHJEuYnUySMbMzy8ysEJb8gxcPinj1f7z5N84me9DEgoaiqpvurjDmTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKlloghtEMmlaodYU84EbRhmOG3HiuIo5LQVjm8zv/VElWZSPJhJTIMIDwUbMIKNlZrxteeel3rliud6M6Bl4uekAjnqvfJXty9JElFhCMdad3wvNkGKlWGE02mpm2gaYzLGQ9qxVOCI6iCdXTtFJ1bpo4FUtoRBM/X3RIojrSdRaDsjbEZ60cvE/7xOYgZXQcpEnBgqyHzRIOHISJS9jvpMUWL4xBJMFLO3IjLCChNjA8pC8BdfXibNM9e/cKv31UrtJo+jCEdwDKfgwyXU4A7q0AACj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8A5FqOCQ==</latexit>

p = 0.5
<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5<latexit sha1_base64="eQA8U3GN2Iq4nt+ETerQr12gbFk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIr41QdKMLoUJf0A5DJs20oUlmSDJCGcZfceNCEbd+iDv/xkw7C60eCBzOuZd7coKYUaUd58sqLS2vrK6V1ysbm1vbO/buXkdFicSkjSMWyV6AFGFUkLammpFeLAniASPdYHKd+90HIhWNREtPY+JxNBI0pBhpI/l29TL20wFHeix5enfbbGVZxbdrTt2ZAf4lbkFqoEDTtz8HwwgnnAiNGVKq7zqx9lIkNcWMZJVBokiM8ASNSN9QgThRXjoLn8FDowxhGEnzhIYz9edGirhSUx6YyTymWvRy8T+vn+jwwkupiBNNBJ4fChMGdQTzJuCQSoI1mxqCsKQmK8RjJBHWpq+8BHfxy39J57juntVP709qjauijjLYBwfgCLjgHDTADWiCNsBgCp7AC3i1Hq1n6816n4+WrGKnCn7B+vgGXKeUmA==</latexit>= pMIPT

Is this fundamental?



Local Adder and the 
ferromagnetic fixed point

Start with a simpler unstable fixed point, the single orbit ferromagnet

Replace the adder
with identity.

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local



Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

Start with a simpler unstable fixed point, the single orbit ferromagnet

Replace the adder
with identity.

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local



Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="rs/hkjl6VrOtRxqdLiqlfVmoBkA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiS+l0U3uhAq9AVtCJPppB06mQwzE7GE+ituXCji1g9x5984bbPQ1gMXDufcy733hIJRpV332yosLa+srhXXSxubW9s79u5eUyWpxKSBE5bIdogUYZSThqaakbaQBMUhI61weD3xWw9EKprwuh4J4seoz2lEMdJGCuyyCLK721p93EVCyOQRus5JYFdcx50CLhIvJxWQoxbYX91egtOYcI0ZUqrjuUL7GZKaYkbGpW6qiEB4iPqkYyhHMVF+Nj1+DA+N0oNRIk1xDafq74kMxUqN4tB0xkgP1Lw3Ef/zOqmOLv2McpFqwvFsUZQyqBM4SQL2qCRYs5EhCEtqboV4gCTC2uRVMiF48y8vkuax4507Z/enlepVHkcR7IMDcAQ8cAGq4AbUQANgMALP4BW8WU/Wi/VufcxaC1Y+UwZ/YH3+AJ1clBs=</latexit>

pMIPT ⇡ 0.3
<latexit sha1_base64="BK/AYsQDIUfkhWK2QpWfq8bHPP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyHxvSy60YVQoS9oQphMJ+3QyWSYmYglFPwVNy4Ucet3uPNvnD4W2nrgwuGce7n3nkgwqrTrfluFhcWl5ZXiamltfWNzy97eaag0k5jUccpS2YqQIoxyUtdUM9ISkqAkYqQZ9a9HfvOBSEVTXtMDQYIEdTmNKUbaSKG95/MszO9uq7Whj4SQ6SP0nJPQLruOOwacJ96UlMEU1dD+8jspzhLCNWZIqbbnCh3kSGqKGRmW/EwRgXAfdUnbUI4SooJ8fP4QHhqlA+NUmuIajtXfEzlKlBokkelMkO6pWW8k/ue1Mx1fBjnlItOE48miOGNQp3CUBexQSbBmA0MQltTcCnEPSYS1SaxkQvBmX54njWPHO3fO7k/LlatpHEWwDw7AEfDABaiAG1AFdYBBDp7BK3iznqwX6936mLQWrOnMLvgD6/MHMsCU/w==</latexit>

⌫MIPT ⇡ 1.3

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

Start with a simpler unstable fixed point, the single orbit ferromagnet

Replace the adder
with identity.

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local



Local Adder and the 
ferromagnetic fixed point

<latexit sha1_base64="Utox8VtXjN8fAkVRbM3mYxMsdO8=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BIfWyEYje6q9AXtCFMppN26EwSZiZCiVn4K25cKOLW33Dn3zhps9DWAwOHc+7lnjl+zKhUtv1tLC2vrK6tlzbKm1vbO7vm3n5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv64nvudByIkjcKmmsTE5WgY0oBipLTkmYexl/Y5UiPB0/pdo5ll17Z1XvbMim3ZU8BF4hSkAgo0PPOrP4hwwkmoMENS9hw7Vm6KhKKYkazcTySJER6jIelpGiJOpJtO82fwRCsDGERCv1DBqfp7I0Vcygn39WQeVc57ufif10tUcOWmNIwTRUI8OxQkDKoI5mXAARUEKzbRBGFBdVaIR0ggrHRleQnO/JcXSfvMci6s6n21Ursp6iiBI3AMToEDLkEN3IIGaAEMHsEzeAVvxpPxYrwbH7PRJaPYOQB/YHz+ALRilT4=</latexit>

pCIPT = 0.5

<latexit sha1_base64="qRELJKqhhZbvy7VcHqX7Q42AKN4=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHZJcxOZpMhszPrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uMOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBUOb6d+a0SVZlI8mHFCgxj3BYsYwcZKgS9S5OMkUfIJed1yxa26M6Bl4uWkAjnq3fKX35MkjakwhGOtO56bmCDDyjDC6aTkp5ommAxxn3YsFTimOshmR0/QiVV6KJLKljBopv6eyHCs9TgObWeMzUAvelPxP6+Tmug6yJhIUkMFmS+KUo6MRNMEUI8pSgwfW4KJYvZWRAZYYWJsTiUbgrf48jJpnlW9y+rF/XmldpPHUYQjOIZT8OAKanAHdWgAgUd4hld4c0bOi/PufMxbC04+cwh/4Hz+ABgkkaw=</latexit>

⌫ ⇡ 1

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

<latexit sha1_base64="rs/hkjl6VrOtRxqdLiqlfVmoBkA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiS+l0U3uhAq9AVtCJPppB06mQwzE7GE+ituXCji1g9x5984bbPQ1gMXDufcy733hIJRpV332yosLa+srhXXSxubW9s79u5eUyWpxKSBE5bIdogUYZSThqaakbaQBMUhI61weD3xWw9EKprwuh4J4seoz2lEMdJGCuyyCLK721p93EVCyOQRus5JYFdcx50CLhIvJxWQoxbYX91egtOYcI0ZUqrjuUL7GZKaYkbGpW6qiEB4iPqkYyhHMVF+Nj1+DA+N0oNRIk1xDafq74kMxUqN4tB0xkgP1Lw3Ef/zOqmOLv2McpFqwvFsUZQyqBM4SQL2qCRYs5EhCEtqboV4gCTC2uRVMiF48y8vkuax4507Z/enlepVHkcR7IMDcAQ8cAGq4AbUQANgMALP4BW8WU/Wi/VufcxaC1Y+UwZ/YH3+AJ1clBs=</latexit>

pMIPT ⇡ 0.3
<latexit sha1_base64="BK/AYsQDIUfkhWK2QpWfq8bHPP8=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyHxvSy60YVQoS9oQphMJ+3QyWSYmYglFPwVNy4Ucet3uPNvnD4W2nrgwuGce7n3nkgwqrTrfluFhcWl5ZXiamltfWNzy97eaag0k5jUccpS2YqQIoxyUtdUM9ISkqAkYqQZ9a9HfvOBSEVTXtMDQYIEdTmNKUbaSKG95/MszO9uq7Whj4SQ6SP0nJPQLruOOwacJ96UlMEU1dD+8jspzhLCNWZIqbbnCh3kSGqKGRmW/EwRgXAfdUnbUI4SooJ8fP4QHhqlA+NUmuIajtXfEzlKlBokkelMkO6pWW8k/ue1Mx1fBjnlItOE48miOGNQp3CUBexQSbBmA0MQltTcCnEPSYS1SaxkQvBmX54njWPHO3fO7k/LlatpHEWwDw7AEfDABaiAG1AFdYBBDp7BK3iznqwX6936mLQWrOnMLvgD6/MHMsCU/w==</latexit>

⌫MIPT ⇡ 1.3

Start with a simpler unstable fixed point, the single orbit ferromagnet

Replace the adder
with identity.

Now we are controlling 
onto the ferromagnetic state

<latexit sha1_base64="8d7gEpmk1z/PgoNoEDVkIEcckno=">AAAB/3icbVDLTgIxFL2DL8QXauLGTSMxcUVmDFGXRDcuMREkgQnplAs0dDqTtmNCBhb+ihsXGuPW33Dn39gBFgqepunJOfe2tyeIBdfGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFEM6ywSkWoGVKPgEuuGG4HNWCENA4EPwfAm8x8eUWkeyXszitEPaV/yHmfUWKlTPBq7JFvtbmR0dioq+wI7xZJbdqcgy8SbkxLMUesUv+wNLAlRGiao1i3PjY2fUmU4EzgptBONMWVD2seWpZKGqP10Ov+EnFqlS3qRslsaMlV/d6Q01HoUBrYypGagF71M/M9rJaZ35adcxolByWYP9RJBTESyMEiXK2RGjCyhTHE7K2EDqigzNrKCDcFb/PIyaZyXvYty5a5Sql7P48jDMZzAGXhwCVW4hRrUgcEYnuEV3pwn58V5dz5mpTln3nMIf+B8/gA5+5RX</latexit>

|000 . . . 0i Control map is now local

Transitions 
now split!

<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p



Stabilizer Model, with 
local adder

Actually straightforward to construct a stabilizer model 
from the quantum circuit with a local (identity) adder.

“scrambling operation”
REPLACE 2-qubit Haar random 
unitary with a 2-qubit Clifford gate 

LeMaire, Alloca, JHP, Iadecola, Wilson arXiv (2023)

Replaced the adder
with identity.

All of this is 
a stabilizer 
operation 


