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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



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: Adaptive dynamics, controlling quantum 
dynamics

V. Lecture 5: Numerical approaches to adaptive quantum 
dynamics



Lecture 3: Learning Goals

Monitored Quantum Dynamics

Understand the role of random local measurements on the 
dynamics of quantum many body systems 

This produces novel dynamical phases and phase transitions in the 
entanglement structure.

We will understand the universality classes discovered, their 
stability, and the role of symmetries. We will also discuss several 
extensions including projector only models, long range interactions, 
and free fermions.

The models commonly used will also be presented



Measuring Quantum 
Many Body Systems

As discussed in Lecture 2.

To build a fully working quantum computer, error 
correction is essential, making mid circuit 

measurements a necessity.

Measurements produce a non-linear effect on the 
wavefunction, its projective nature collapses the 

wavefunction and makes the evolution non-unitary.



Measuring Quantum 
Many Body Systems

Is entangling unitary dynamics stable to a small but non-
zero local measurement rate?

A central question of the talk:



Measuring Quantum 
Many Body Systems

Is entangling unitary dynamics stable to a small but non-
zero local measurement rate?

A central question of the talk:

YES!

Li, Chen, Fisher PRB (2018); PRB (2019)
Skinner, Ruhman, Nahum PRX (2019) Vasseur, Potter, You, Ludwig PRB (2018)



Measuring Quantum 
Many Body Systems

Is entangling unitary dynamics stable to a small but non-
zero local measurement rate?

YES!

the competition between entangling dynamics and 
disentangling measurements drives a 

phase transition in the dynamics of the entanglement
Li, Chen, Fisher PRB (2018); PRB (2019)
Skinner, Ruhman, Nahum PRX (2019) Vasseur, Potter, You, Ludwig PRB (2018)

A central question of the talk:



Measuring Quantum 
Many Body Systems

Consider replacing local measurements with gate errors

Indicative of  a “quantum computer” (i.e. unitary time 
evolution) with each gate having a finite error rate ⌘
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Measuring Quantum 
Many Body Systems

Consider replacing local measurements with gate errors

Indicative of  a “quantum computer” (i.e. unitary time 
evolution) with each gate having a finite error rate ⌘
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error rate
classical quantum coherent

⌘c
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Really a crossover 



Outline

| (t)i ! Pm
i | (t)i

h (t)|Pm
i | (t)i
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I. Motivation

II. Measurement Induced Transition (MIT)
• Models
• Controlled limits
• Numerical solution for qubits

III. Extensions
• Weak measurements
• Projector only models
• Free fermions

IV. Stability of the MIPT
• Presence of symmetry
• Static and temporal perturbations



Quantum Circuits

Want to construct the simplest model that captures the 
competition between entangling gates 
and collapsing the state with measurements



Quantum Circuits

Want to construct the simplest model that captures the 
competition between entangling gates 
and collapsing the state with measurements

2-qubit gate

most “generic” quantum gate
is a random U(4) matrix
(i.e. a Haar radom gate)

Cannot be simulated with classical efficiency 

Ui,i+1
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| (t)i = U(t, t� 1)U(t� 1, t� 2) · · ·U(2, 1)U(1, 0)| 0i
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Quantum Circuits

Want to construct the simplest model that captures the 
competition between entangling gates 
and collapsing the state with measurements

2-qudit gate

A “semiclassical” limit
taking the local Hilbert space

Analytically tractable

Ui,i+1

<latexit sha1_base64="CebzZQj8fyiYOlJ1CHlbP7Usmk0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBUMpuKeix6MVjBbettEvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCx0qPfz9glu/Cm/XLFrbpzoFXi5aQCOZr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM0PnqIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdB1kTCapoZIsFkUpRyZGs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/zyKmnVql69Wr+vVxo3eRxFOIFTOAcPrqABd9AEHwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP/v8j+E=</latexit>

| (t)i = U(t, t� 1)U(t� 1, t� 2) · · ·U(2, 1)U(1, 0)| 0i

<latexit sha1_base64="bxsr+r+3BWMKok/Y05GgGF7w5P0="></latexit>

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>



Quantum Circuits

Want to construct the simplest model that captures the 
competition between entangling gates 
and collapsing the state with measurements

2-qubit Clifford gate
Stabilizer circuits: take
gates from the Clifford group
that act on stabilizer states

CAN be simulated with classical efficiency! 
(akin to a distinct and non-trivial semiclassical limit)

Ui,i+1
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Gottesman–Knill theorem

Quantum Computation and Quantum Information, Chuang and Nielsen



Quantum Circuits
2-qubit Clifford gate

Stabilizer circuits: take gates from the Clifford 
group, generated by Hadamard H, Phase P, and 
CNOT gates 

Ui,i+1
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modulo 2 addition

Quantum Computation and Quantum Information, Chuang and Nielsen



Quantum Circuits
2-qubit Clifford gate

Stabilizer circuits: take gates from the Clifford 
group, generated by Hadamard H, Phase P, and 
CNOT gates 

Ui,i+1
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modulo 2 addition

That act on stabilizer states, which are 
generated by acting on  with gates from 
the Clifford group.

|0⟩⊗L

Quantum Computation and Quantum Information, Chuang and Nielsen

These states can be represented as Pauli strings 

Member of the 
Pauli group  on L qubits𝒫L



Quantum Circuits
2-qubit Clifford gate

Stabilizer circuits: take gates from the Clifford 
group, generated by Hadamard H, Phase P, and 
CNOT gates 

Ui,i+1
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modulo 2 addition

That act on stabilizer states, which are 
generated by acting on  with gates from 
the Clifford group.

|0⟩⊗L

Quantum Computation and Quantum Information, Chuang and Nielsen

Gottesman–Knill 
theorem: a polynomially 
efficient algorithm exists 
to simulate this dynamics.

These states can be represented as Pauli strings 

Member of the 
Pauli group  on L qubits𝒫L



Quantum Circuits
2-qubit Clifford gate

Stabilizer circuits: take gates from the Clifford 
group, generated by Hadamard H, Phase P, and 
CNOT gates 

Ui,i+1
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modulo 2 addition

That act on stabilizer states, which are 
generated by acting on  with gates from 
the Clifford group.

|0⟩⊗L

Quantum Computation and Quantum Information, Chuang and Nielsen

Gottesman–Knill 
theorem: a polynomially 
efficient algorithm exists 
to simulate this dynamics.

These states can be represented as Pauli strings 

Member of the 
Pauli group  on L qubits𝒫LFor depth t, L qubits, 

and n measurements 
# of operations ∼ O(tL + nL2)



Quantum Circuits

Want to construct the simplest model that captures the 
competition between entangling gates 
and collapsing the state with measurements

2-qubit dual unitary gate
Unitary in space and time

Has analytical tractability in some cases

Ui,i+1
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Monitored Quantum Circuits

Intersperse 
local measurements

in the circuit
with probability p

competition between entangling gates 
and collapsing the state with measurements



measure
with probability  

Sz
i
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<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

For a projective (strong) measurement:
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<latexit sha1_base64="2Z7PQ7bAJuzMSO7XmQE7QKtQlQA=">AAACGnicbZBNS8MwGMdTX+d8q3r0UhzCRDbaMdDLYOjF40T3AmstaZZuYUlbklSYpZ/Di1/FiwdFvIkXv43p1oNuPhDy5/d/HpLn70WUCGma39rS8srq2npho7i5tb2zq+/td0QYc4TbKKQh73lQYEoC3JZEUtyLOIbMo7jrjS8zv3uPuSBhcCsnEXYYHAbEJwhKhVzdunHJ3UPDFjFzE5Zil7UUYA3b5xAlVprU0nJGktO0kt2VE1cvmVVzWsaisHJRAnm1XP3THoQoZjiQiEIh+pYZSSeBXBJEcVq0Y4EjiMZwiPtKBpBh4STT1VLjWJGB4YdcnUAaU/p7IoFMiAnzVCeDciTmvQz+5/Vj6Z87CQmiWOIAzR7yY2rI0MhyMgaEYyTpRAmIOFF/NdAIqlCkSrOoQrDmV14UnVrVqlfr1/VS8yKPowAOwREoAwucgSa4Ai3QBgg8gmfwCt60J+1Fe9c+Zq1LWj5zAP6U9vUDqO6glw==</latexit>

Project onto spin up w/ probability:
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<latexit sha1_base64="cgcYFgLsXOi0d/nynDrsRyUjCJ4=">AAACEXicbVDLSgMxFM3UV62vUZdugkWomzJTCroRim5cVrAP6Iwlk2ba0CQzJBmhDvMLbvwVNy4UcevOnX9j2s5CWw8EDuecy809Qcyo0o7zbRVWVtfWN4qbpa3tnd09e/+graJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvpr6nXsiFY3ErZ7ExOdoKGhIMdJG6tuVZp/epV7MM3gBvVAinLpZWssqrtGgp+iQI5N4OO3bZafqzACXiZuTMsjR7Ntf3iDCCSdCY4aU6rlOrP0USU0xI1nJSxSJER6jIekZKhAnyk9nF2XwxCgDGEbSPKHhTP09kSKu1IQHJsmRHqlFbyr+5/USHZ77KRVxoonA80VhwqCO4LQeOKCSYM0mhiAsqfkrxCNkatGmxJIpwV08eZm0a1W3Xq3f1MuNy7yOIjgCx6ACXHAGGuAaNEELYPAInsEreLOerBfr3fqYRwtWPnMI/sD6/AEnr5yZ</latexit>

Update wave function 
post measurement

| (t)i ! Pm
i | (t)i

h (t)|Pm
i | (t)i

<latexit sha1_base64="Hpu3O5cQO2cHSWNJdOjwn9D5Fm4="></latexit>

h (t)|P+
i | (t)i

<latexit sha1_base64="68coddNwcSibTK/RtQqIacpm2ls=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsCCWRgi6LblxGsA9oYphMJ+3QySTMTITS9hPc+CtuXCji1qU7/8ZpGkFbD1w4c869zL0nSBiVyrK+jMLS8srqWnG9tLG5tb1j7u41ZZwKTBo4ZrFoB0gSRjlpKKoYaSeCoChgpBUMrqZ+654ISWN+q4YJ8SLU4zSkGCkt+eaxyxDvMQJdR9KKOoFw7Nyd+nT883ZF5vtm2apaGeAisXNSBjkc3/x0uzFOI8IVZkjKjm0lyhshoShmZFJyU0kShAeoRzqachQR6Y2ygybwSCtdGMZCF1cwU39PjFAk5TAKdGeEVF/Oe1PxP6+TqvDCG1GepIpwPPsoTBlUMZymA7tUEKzYUBOEBdW7QtxHAmGlMyzpEOz5kxdJ86xq16q1m1q5fpnHUQQH4BBUgA3OQR1cAwc0AAYP4Am8gFfj0Xg23oz3WWvByGf2wR8YH99iLpuP</latexit>
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Intersperse 
local measurements
of      in the circuit
with probability p
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<latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit>

<latexit sha1_base64="p+Xo2HDViJWOq4haDzBdiOyJJdk=">AAACG3icbVA7T8MwGHR4lvIKMLJEVEhloEoqXgtSBQtjEfQhtaFyXKe16tiR7VCVKP+Dhb/CwgBCTEgM/BvcJgO0nGTpfPed7O+8kBKpbPvbmJtfWFxazq3kV9fWNzbNre265JFAuIY45aLpQYkpYbimiKK4GQoMA4/ihje4HPuNeywk4exWjULsBrDHiE8QVFrqmOWbDrl7OG/7AqLYSeJyUqxqJW5HIRSCD5PD9NrlQ5YKBx2zYJfsCaxZ4mSkADJUO+anjqMowEwhCqVsOXao3BgKRRDFSb4dSRxCNIA93NKUwQBLN57sllj7WulaPhf6MGVN1N+JGAZSjgJPTwZQ9eW0Nxb/81qR8s/cmLAwUpih9CE/opbi1rgoq0sERoqONIFIEP1XC/WhrknpOvO6BGd65VlSL5eck9Lx9VGhcpHVkQO7YA8UgQNOQQVcgSqoAQQewTN4BW/Gk/FivBsf6eickWV2wB8YXz8tWKIp</latexit>
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Intersperse 
local measurements
of      in the circuit
with probability p

Sz
i

<latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit>

<latexit sha1_base64="p+Xo2HDViJWOq4haDzBdiOyJJdk=">AAACG3icbVA7T8MwGHR4lvIKMLJEVEhloEoqXgtSBQtjEfQhtaFyXKe16tiR7VCVKP+Dhb/CwgBCTEgM/BvcJgO0nGTpfPed7O+8kBKpbPvbmJtfWFxazq3kV9fWNzbNre265JFAuIY45aLpQYkpYbimiKK4GQoMA4/ihje4HPuNeywk4exWjULsBrDHiE8QVFrqmOWbDrl7OG/7AqLYSeJyUqxqJW5HIRSCD5PD9NrlQ5YKBx2zYJfsCaxZ4mSkADJUO+anjqMowEwhCqVsOXao3BgKRRDFSb4dSRxCNIA93NKUwQBLN57sllj7WulaPhf6MGVN1N+JGAZSjgJPTwZQ9eW0Nxb/81qR8s/cmLAwUpih9CE/opbi1rgoq0sERoqONIFIEP1XC/WhrknpOvO6BGd65VlSL5eck9Lx9VGhcpHVkQO7YA8UgQNOQQVcgSqoAQQewTN4BW/Gk/FivBsf6eickWV2wB8YXz8tWKIp</latexit>
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Kraus operator, product of the operators across sitesKmt

<latexit sha1_base64="8uRpRQndW5ZocelsytytS7C5ttQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj0InipYD+gDWGz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzXiLJTLR3ZAaLoXiLRQoeTfVnMah5J1wfDvzO09cG5GoR5yk3I/pUIlIMIpW6twHeRzgNKhU3Zo7B1klXkGqUKAZVL76g4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepojE3fj4/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0bWfC5VmyBVbLIoySTAhs9/JQGjOUE4soUwLeythI6opQ5tQ2YbgLb+8StqXNa9eqz/Uq42bIo4SnMIZXIAHV9CAO2hCCxiM4Rle4c1JnRfn3flYtK45xcwJ/IHz+QN26o+p</latexit>

Intersperse 
local measurements
of      in the circuit
with probability p

Sz
i

<latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit>

Dynamics is non-unitary!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

m = (~m1, ~m2, . . . , ~mt)

<latexit sha1_base64="VPjMhbpHDiSIKyZpZnrEz1W06O4=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoUOpMKehGKLpxWcE+oC0lk2ba0GRmSO4UytDPcOOvuHGhiNvu/BvTh6KtBwIn59x7k3u8SHANjvNppdbWNza30tuZnd29/QP78Kimw1hRVqWhCFXDI5oJHrAqcBCsESlGpCdY3RvcTv36kCnNw+ABRhFrS9ILuM8pASN17Iuk5flYjvE1zrWGjCZy3HHz36yYb3VD0D93OO/YWafgzIBXibsgWbRApWNPzAgaSxYAFUTrputE0E6IAk4FG2dasWYRoQPSY01DAyKZbiezxcb4zChd7IfKnADwTP3dkRCp9Uh6plIS6Otlbyr+5zVj8K/aCQ+iGFhA5w/5scAQ4mlKuMsVoyBGhhCquPkrpn2iCAWTZcaE4C6vvEpqxYJbKpTuS9nyzSKONDpBpyiHXHSJyugOVVAVUfSIntErerOerBfr3fqYl6asRc8x+gNr8gWcE5+K</latexit>

measurement history

<latexit sha1_base64="p+Xo2HDViJWOq4haDzBdiOyJJdk=">AAACG3icbVA7T8MwGHR4lvIKMLJEVEhloEoqXgtSBQtjEfQhtaFyXKe16tiR7VCVKP+Dhb/CwgBCTEgM/BvcJgO0nGTpfPed7O+8kBKpbPvbmJtfWFxazq3kV9fWNzbNre265JFAuIY45aLpQYkpYbimiKK4GQoMA4/ihje4HPuNeywk4exWjULsBrDHiE8QVFrqmOWbDrl7OG/7AqLYSeJyUqxqJW5HIRSCD5PD9NrlQ5YKBx2zYJfsCaxZ4mSkADJUO+anjqMowEwhCqVsOXao3BgKRRDFSb4dSRxCNIA93NKUwQBLN57sllj7WulaPhf6MGVN1N+JGAZSjgJPTwZQ9eW0Nxb/81qR8s/cmLAwUpih9CE/opbi1rgoq0sERoqONIFIEP1XC/WhrknpOvO6BGd65VlSL5eck9Lx9VGhcpHVkQO7YA8UgQNOQQVcgSqoAQQewTN4BW/Gk/FivBsf6eickWV2wB8YXz8tWKIp</latexit>

Sz
i =

1

2
(P "

i � P #
i )

<latexit sha1_base64="pR2lHn/4UQ6RbVm+7bPlz41U9/g=">AAACGXicbVA5T8MwGHXKVcoVYGSxqJAYqipBXGMFC2OR6CE1oXJcp7XqOJHtUFVR/gYLf4WFAYQYYeLf4DQZoOVJlp7fd9jveRGjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88XVW7zwQIWnI79Q0Im6Ahpz6FCOlpb5pOYkTIDXy/MROa7DZp/eJE0dIiHCS1vLrIJzwXIBO2jerVt2aAS4SuyBVUKDZNz/1AhwHhCvMkJQ924qUmyChKGYkrTixJBHCYzQkPU05Coh0k5mzFB5pZQD9UOjDFZypvycSFEg5DTzdmbmQ87VM/K/Wi5V/6SaUR7EiHOcP+TGDKoRZTHBABcGKTTVBWFD9V4hHSCCsdJgVHYI9b3mRtE/q9nn97Pa02rgq4iiDA3AIjoENLkAD3IAmaAEMHsEzeAVvxpPxYrwbH3lryShm9sEfGF8/pnGhWw==</latexit>

{1, P "
i , P

#
i }

Monitored Quantum Circuits



x

x
x x

Kraus operator, product of the operators across sitesKmt

<latexit sha1_base64="8uRpRQndW5ZocelsytytS7C5ttQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Fj0InipYD+gDWGz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjtkkyzXiLJTLR3ZAaLoXiLRQoeTfVnMah5J1wfDvzO09cG5GoR5yk3I/pUIlIMIpW6twHeRzgNKhU3Zo7B1klXkGqUKAZVL76g4RlMVfIJDWm57kp+jnVKJjk03I/MzylbEyHvGepojE3fj4/d0rOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/vF6G0bWfC5VmyBVbLIoySTAhs9/JQGjOUE4soUwLeythI6opQ5tQ2YbgLb+8StqXNa9eqz/Uq42bIo4SnMIZXIAHV9CAO2hCCxiM4Rle4c1JnRfn3flYtK45xcwJ/IHz+QN26o+p</latexit>

Intersperse 
local measurements
of      in the circuit
with probability p

Sz
i

<latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit>

Observables depend on the measurement history h (t)|O| (t)i ⌘ Om(t)

<latexit sha1_base64="2bQt9Om4FCd3SktjLEH8DYJWrpY="></latexit>

Dynamics is non-unitary!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

<latexit sha1_base64="pR2lHn/4UQ6RbVm+7bPlz41U9/g=">AAACGXicbVA5T8MwGHXKVcoVYGSxqJAYqipBXGMFC2OR6CE1oXJcp7XqOJHtUFVR/gYLf4WFAYQYYeLf4DQZoOVJlp7fd9jveRGjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88XVW7zwQIWnI79Q0Im6Ahpz6FCOlpb5pOYkTIDXy/MROa7DZp/eJE0dIiHCS1vLrIJzwXIBO2jerVt2aAS4SuyBVUKDZNz/1AhwHhCvMkJQ924qUmyChKGYkrTixJBHCYzQkPU05Coh0k5mzFB5pZQD9UOjDFZypvycSFEg5DTzdmbmQ87VM/K/Wi5V/6SaUR7EiHOcP+TGDKoRZTHBABcGKTTVBWFD9V4hHSCCsdJgVHYI9b3mRtE/q9nn97Pa02rgq4iiDA3AIjoENLkAD3IAmaAEMHsEzeAVvxpPxYrwbH3lryShm9sEfGF8/pnGhWw==</latexit>

{1, P "
i , P

#
i }

<latexit sha1_base64="p+Xo2HDViJWOq4haDzBdiOyJJdk=">AAACG3icbVA7T8MwGHR4lvIKMLJEVEhloEoqXgtSBQtjEfQhtaFyXKe16tiR7VCVKP+Dhb/CwgBCTEgM/BvcJgO0nGTpfPed7O+8kBKpbPvbmJtfWFxazq3kV9fWNzbNre265JFAuIY45aLpQYkpYbimiKK4GQoMA4/ihje4HPuNeywk4exWjULsBrDHiE8QVFrqmOWbDrl7OG/7AqLYSeJyUqxqJW5HIRSCD5PD9NrlQ5YKBx2zYJfsCaxZ4mSkADJUO+anjqMowEwhCqVsOXao3BgKRRDFSb4dSRxCNIA93NKUwQBLN57sllj7WulaPhf6MGVN1N+JGAZSjgJPTwZQ9eW0Nxb/81qR8s/cmLAwUpih9CE/opbi1rgoq0sERoqONIFIEP1XC/WhrknpOvO6BGd65VlSL5eck9Lx9VGhcpHVkQO7YA8UgQNOQQVcgSqoAQQewTN4BW/Gk/FivBsf6eickWV2wB8YXz8tWKIp</latexit>

Sz
i =

1

2
(P "

i � P #
i )
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x

x
x x

Intersperse 
local measurements
of      in the circuit
with probability p

Sz
i

<latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit><latexit sha1_base64="Re8eygUZwBaq1YB2f3b/IGwZT70=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoY9lsp+3SzSbsboQa+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTATXxnW/ncLS8srqWnG9tLG5tb1T3t2713GqGPosFrFqhlSj4BJ9w43AZqKQRqHARji8mviNR1Sax/LOjBIMItqXvMcZNVbybzv84alTrrhVdwqySLycVCBHvVP+andjlkYoDRNU65bnJibIqDKcCRyX2qnGhLIh7WPLUkkj1EE2PXZMjqzSJb1Y2ZKGTNXfExmNtB5Foe2MqBnoeW8i/ue1UtM7DzIuk9SgZLNFvVQQE5PJ56TLFTIjRpZQpri9lbABVZQZm0/JhuDNv7xI/JPqRdW7Oa3ULvM0inAAh3AMHpxBDa6hDj4w4PAMr/DmSOfFeXc+Zq0FJ5/Zhz9wPn8AKO6Ocw==</latexit>

Averages over the Born probability

Dynamics is non-unitary!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

<latexit sha1_base64="p+Xo2HDViJWOq4haDzBdiOyJJdk=">AAACG3icbVA7T8MwGHR4lvIKMLJEVEhloEoqXgtSBQtjEfQhtaFyXKe16tiR7VCVKP+Dhb/CwgBCTEgM/BvcJgO0nGTpfPed7O+8kBKpbPvbmJtfWFxazq3kV9fWNzbNre265JFAuIY45aLpQYkpYbimiKK4GQoMA4/ihje4HPuNeywk4exWjULsBrDHiE8QVFrqmOWbDrl7OG/7AqLYSeJyUqxqJW5HIRSCD5PD9NrlQ5YKBx2zYJfsCaxZ4mSkADJUO+anjqMowEwhCqVsOXao3BgKRRDFSb4dSRxCNIA93NKUwQBLN57sllj7WulaPhf6MGVN1N+JGAZSjgJPTwZQ9eW0Nxb/81qR8s/cmLAwUpih9CE/opbi1rgoq0sERoqONIFIEP1XC/WhrknpOvO6BGd65VlSL5eck9Lx9VGhcpHVkQO7YA8UgQNOQQVcgSqoAQQewTN4BW/Gk/FivBsf6eickWV2wB8YXz8tWKIp</latexit>

Sz
i =

1

2
(P "

i � P #
i )

<latexit sha1_base64="3FNd39467SjOUm7QTToNUtYaqJ8="></latexit>

pm = ||KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i||2

<latexit sha1_base64="o0SdP41fP+kNMPC4RSpWpaVg8ac="></latexit>

hOi =
X

m

pmOm h (t)|O| (t)i ⌘ Om(t)

<latexit sha1_base64="2bQt9Om4FCd3SktjLEH8DYJWrpY="></latexit>

Monitored Quantum Circuits



Measurement Transition

volume law p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement



Measurement Transition

volume law p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

Does the volume law 
phase survive a finite p?

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement



Measurement Transition

volume law area law

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

Li, Chen, Fisher PRB (2018); PRB (2019)
Skinner, Ruhman, Nahum PRX (2019)

YES!

Vasseur, Potter, You, Ludwig PRB (2018)
 Choi, Bao, Qi, Altman, PRL (2020)

volume law p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>
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Replica trick

Analytic continuation in ,
subtle business
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Cardy, J. Phys. A (1992)



Controlled Limits: n=0

The fully quantum limit has Haar random gates
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In this case Renyi dependence is important
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Taking n=0 allows for a controlled calculation
through a “minimal cut” 



Skinner, Ruhman, Nahum PRX (2019)

Taking n=0 allows for a controlled calculation
through a “minimal cut” 

S0 = log2 N
<latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit>

N=Number of non-zero 
eigenvalues of the 

reduced density matrix

= the number of bonds one must cut to separate  
the sub-region at the physical legs at the end

Controlled Limits: n=0

Hartley entropy
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Taking n=0 allows for a controlled calculation
through a “minimal cut” 

Controlled Limits: n=0

S0 = log2 N
<latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhG OtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit>

N=Number of non-zero 
eigenvalues of the 

reduced density matrix

Hartley entropy

Maps exactly to percolation on 
the square lattice

= the number of bonds one must cut to separate  
the sub-region at the physical legs at the end
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S0 = log2 N
<latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit> Maps exactly to percolation

S0 ⇠ A logL
<latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit>

A = (1/2)
p
3/⇡

<latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit>

Cardy arXiv:math-ph/0103018 (2001)

Controlled Limits: n=0
pc = 1/2

<latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit>

⌫ = 4/3
<latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit>

z = 1
<latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit>



Skinner, Ruhman, Nahum PRX (2019)

S0 = log2 N
<latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit> Maps exactly to percolation

pc = 1/2
<latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit>

⌫ = 4/3
<latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit>

S0 ⇠ A logL
<latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit>

A = (1/2)
p
3/⇡

<latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit>

Cardy arXiv:math-ph/0103018 (2001)

Controlled Limits: n=0

z = 1
<latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit>



Skinner, Ruhman, Nahum PRX (2019)

S0 = log2 N
<latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit><latexit sha1_base64="xTDlnTfBNr0k6Hx/f9mwXhN8MjM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFUA9C0YsnqejaQrsu2TRtQ7PJkmSVsvR/ePGg4tUf481/Y9ruQVsfDDzem2FmXpRwpo3rfjsLi0vLK6uFteL6xubWdmln917LVBHqE8mlakZYU84E9Q0znDYTRXEccdqIBpdjv/FIlWZS3JlhQoMY9wTrMoKNlR5uQxedozaXvbCKrsNS2a24E6B54uWkDDnqYemr3ZEkjakwhGOtW56bmCDDyjDC6ajYTjVNMBngHm1ZKnBMdZBNrh6hQ6t0UFcqW8Kgifp7IsOx1sM4sp0xNn09643F/7xWarqnQcZEkhoqyHRRN+XISDSOAHWYosTwoSWYKGZvRaSPFSbGBlW0IXizL88Tv1o5q3g3x+XaRZ5GAfbhAI7AgxOowRXUwQcCCp7hFd6cJ+fFeXc+pq0LTj6zB3/gfP4An0uQ1g==</latexit> Maps exactly to percolation

S0 ⇠ A logL
<latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit><latexit sha1_base64="o5znSpuspNOHrpcKHeX4NiD1V88=">AAAB+XicbVDLSsNAFJ3UV62vVJduBovgqiQiqLuqGxcuKhpbaEKYTKft0HmEmYlSYj/FjQsVt/6JO//GaZuFVg9cOJxzL/fek6SMauN5X05pYXFpeaW8Wllb39jccqvbd1pmCpMASyZVO0GaMCpIYKhhpJ0qgnjCSCsZXkz81j1Rmkpxa0YpiTjqC9qjGBkrxW71JvZgqCmHZzBksg+vYrfm1b0p4F/iF6QGCjRj9zPsSpxxIgxmSOuO76UmypEyFDMyroSZJinCQ9QnHUsF4kRH+fT0Mdy3Shf2pLIlDJyqPydyxLUe8cR2cmQGet6biP95ncz0TqKcijQzRODZol7GoJFwkgPsUkWwYSNLEFbU3grxACmEjU2rYkPw51/+S4LD+mndvz6qNc6LNMpgF+yBA+CDY9AAl6AJAoDBA3gCL+DVeXSenTfnfdZacoqZHfALzsc3asaSWw==</latexit>

A = (1/2)
p
3/⇡

<latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit><latexit sha1_base64="c8LgFjLTwA9KywSdi3P741nJtKo=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCvbRJFdSDUPXisYKxhSaUzXbTLt1s4u5GCKH+FS8eVLz6R7z5b9y2OWjrg4HHezPMzPNjRqWyrG+jsLS8srpWXC9tbG5t75i7e/cySgQmDo5YJDo+koRRThxFFSOdWBAU+oy0/dH1xG8/EiFpxO9UGhMvRANOA4qR0lLPLF9eVO1648iVD0Jlx+O6G9OeWbFq1hRwkdg5qYAcrZ755fYjnISEK8yQlF3bipWXIaEoZmRcchNJYoRHaEC6mnIUEull0+PH8FArfRhEQhdXcKr+nshQKGUa+rozRGoo572J+J/XTVRw5mWUx4kiHM8WBQmDKoKTJGCfCoIVSzVBWFB9K8RDJBBWOq+SDsGef3mROI3aec2+Pak0r/I0imAfHIAqsMEpaIIb0AIOwCAFz+AVvBlPxovxbnzMWgtGPlMGf2B8/gAUHpNT</latexit>

Cardy arXiv:math-ph/0103018 (2001)

Controlled Limits: n=0

S0(pc, L) ⇠ ↵ logL+ f [(p� pc)L
1/⌫ ]

<latexit sha1_base64="P9RR+8MKwZoYGj7i5CdZXxohHGE="></latexit><latexit sha1_base64="P9RR+8MKwZoYGj7i5CdZXxohHGE="></latexit><latexit sha1_base64="P9RR+8MKwZoYGj7i5CdZXxohHGE="></latexit><latexit sha1_base64="P9RR+8MKwZoYGj7i5CdZXxohHGE="></latexit>

pc = 1/2
<latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit><latexit sha1_base64="G4UUi58fM7lvkL2y1ToAoDKVMrI=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU90tBfUgFL14rODaSruUbJptQ5PskmSFsvRXePGg4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFldW19Y3iZmlre2d3r7x/8KDjVBHqk5jHqh1iTTmT1DfMcNpOFMUi5LQVjm6mfuuJKs1ieW/GCQ0EHkgWMYKNlR6THkFXyDur9coVt+rOgJaJl5MK5Gj2yl/dfkxSQaUhHGvd8dzEBBlWhhFOJ6VuqmmCyQgPaMdSiQXVQTY7eIJOrNJHUaxsSYNm6u+JDAutxyK0nQKboV70puJ/Xic10UWQMZmkhkoyXxSlHJkYTb9HfaYoMXxsCSaK2VsRGWKFibEZlWwI3uLLy8SvVS+r3l290rjO0yjCERzDKXhwDg24hSb4QEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ATn2juk=</latexit>

⌫ = 4/3
<latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit><latexit sha1_base64="VH8HQHqgjQUb57d1mQKyBEKcgjU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4qokW1INQ9OKxgrGFtpTNdtIu3WzC7kYooT/CiwcVr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz321laXlldWy9sFDe3tnd2S3v7jzpOFUOfxSJWzYBqFFyib7gR2EwU0igQ2AiGtxO/8YRK81g+mFGCnYj2JQ85o8ZKjbZMr6un591S2a24U5BF4uWkDDnq3dJXuxezNEJpmKBatzw3MZ2MKsOZwHGxnWpMKBvSPrYslTRC3cmm547JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif14rNeFlJ+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXin1WuKt59tVy7ydMowCEcwQl4cAE1uIM6+MBgCM/wCm9O4rw4787HrHXJyWcO4A+czx+leo6m</latexit>

z = 1
<latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit><latexit sha1_base64="fDPPYfIUFwErBWCyAZYe7aBPiNA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22227dLMJuxOhhv4ELx5UvPqPvPlv3LY5aOuDgcd7M8zMCxMpDLrut1NYWl5ZXSuulzY2t7Z3yrt7DyZONeM+i2WsmyE1XArFfRQoeTPRnEah5I1weD3xG49cGxGrexwlPIhoX4meYBStdPd06XXKFbfqTkEWiZeTCuSod8pf7W7M0ogrZJIa0/LcBIOMahRM8nGpnRqeUDakfd6yVNGImyCbnjomR1bpkl6sbSkkU/X3REYjY0ZRaDsjigMz703E/7xWir3zIBMqSZErNlvUSyXBmEz+Jl2hOUM5soQyLeythA2opgxtOiUbgjf/8iLxT6oXVe/2tFK7ytMowgEcwjF4cAY1uIE6+MCgD8/wCm+OdF6cd+dj1lpw8pl9+APn8wdI941U</latexit>



Skinner, Ruhman, Nahum PRX (2019)Jian, You, Vasseur, Ludwig PRB (2020)

Controlled Limits:

Vasseur, Potter, You, Ludwig PRB (2018)

Maps to a bond percolation problem in D=d+1 

unitaries build a connected 
network in space-time

Controlled Limits: Large 
Local Hilbert Space

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>

or <latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0 are equivalent!



Skinner, Ruhman, Nahum PRX (2019)Jian, You, Vasseur, Ludwig PRB (2020)
Vasseur, Potter, You, Ludwig PRB (2018)

Maps to a bond percolation problem in D=d+1 

measurements “cut”
it apart

x
x

xx

x
x

x x

Controlled Limits: Large 
Local Hilbert Space

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>

or <latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0 are equivalent!

Controlled Limits:



volume law area law

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement

connected network 

x
x

x x

disconnected network 

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>

x
x

x xx x x
xx xx

x x

x

xx
x

Sn(L, t ! 1) ⇠ L

<latexit sha1_base64="i4nSW6DSr699mIOsDyPj1aPitPM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVpCRS0GXRjYsuKtoHNCFMppN26GQSZm6UUrp146+4caGIW//AnX/j9LHQ1gMXDufcy733hKngGhzn21paXlldW89t5De3tnd27b39hk4yRVmdJiJRrZBoJrhkdeAgWCtVjMShYM2wfzX2m/dMaZ7IOxikzI9JV/KIUwJGCmx8G8hi9RQ8xbs9IEolD9jjMoLBiad5jKuBXXBKzgR4kbgzUkAz1AL7y+skNIuZBCqI1m3XScEfEgWcCjbKe5lmKaF90mVtQyWJmfaHk09G+NgoHRwlypQEPFF/TwxJrPUgDk1nTKCn572x+J/XziC68IdcphkwSaeLokxgSPA4FtzhilEQA0MIVdzcimmPKELBhJc3IbjzLy+SxlnJLZfKN+VC5XIWRw4doiNURC46RxV0jWqojih6RM/oFb1ZT9aL9W59TFuXrNnMAfoD6/MHotSZqw==</latexit>

Sn(L, t ! 1) ⇠ const

<latexit sha1_base64="8UUGrWqWE6BPUhS+/7rn9csovJA=">AAACFnicbVDJSgNBEO1xjXGLevTSGAQFDTMS0GPQiwcPEc0CmRB6Oj1JYy9Dd40ShnyFF3/FiwdFvIo3/8bOcnB7UPB4r4qqelEiuAXf//RmZufmFxZzS/nlldW19cLGZt3q1FBWo1po04yIZYIrVgMOgjUTw4iMBGtEN2cjv3HLjOVaXcMgYW1JeorHnBJwUqdweNVRexcHEBre6wMxRt/hkKsYBvuh5RKHkkDfyIxqZWHYKRT9kj8G/kuCKSmiKaqdwkfY1TSVTAEVxNpW4CfQzogBTgUb5sPUsoTQG9JjLUcVkcy2s/FbQ7zrlC6OtXGlAI/V7xMZkdYOZOQ6R1fa395I/M9rpRCftDOukhSYopNFcSowaDzKCHe5YRTEwBFCDXe3YtonhlBwSeZdCMHvl/+S+lEpKJfKl+Vi5XQaRw5tox20hwJ0jCroHFVRDVF0jx7RM3rxHrwn79V7m7TOeNOZLfQD3vsX7aqf5Q==</latexit>

Skinner, Ruhman, Nahum PRX (2019)Jian, You, Vasseur, Ludwig PRB (2020)

Controlled Limits: Large 
Local Hilbert Space

or
<latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0Controlled Limits:



volume law area law

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement

This predicts the 
transition is in the 
bond-percolation
universality class

p = pc

<latexit sha1_base64="Z9Vgknw/tS/rPg63pEDStOTe40U=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8lV0p6EUoevFYwW0L7VKyabYNzWZDkhXK0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmRUpwYz3vG62tb2xubZd2yrt7+weHlaPjlkkzTVlAU5HqTkQME1yywHIrWEdpRpJIsHY0vpv57SemDU/lo50oFiZkKHnMKbFOCtSN6tN+perVvDnwKvELUoUCzX7lqzdIaZYwaakgxnR9T9kwJ9pyKti03MsMU4SOyZB1HZUkYSbM58dO8blTBjhOtStp8Vz9PZGTxJhJErnOhNiRWfZm4n9eN7PxdZhzqTLLJF0sijOBbYpnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqs+fVa/aFebdwWcZTgFM7gAny4ggbcQxMCoMDhGV7hDUn0gt7Rx6J1DRUzJ/AH6PMHoBqOkg==</latexit>

x

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

Sn(L, t ! 1) ⇠ logL

<latexit sha1_base64="BvRPfSpmsYc92+lN8XxhyR66Yh8=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCIIGFXAloGbSxSRDQPyIYwO5lNhszOLDN3lRDyBTb+io2FIrbWdv6Nk0ehiQcuHM65l3vvCWLBDbjut5NaWV1b30hvZra2d3b3svsHdaMSTVmNKqF0MyCGCS5ZDTgI1ow1I1EgWCMYXE38xj3Thit5B8OYtSPSkzzklICVOtn8bUcWKqfga97rA9FaPfhchjA8wb7hEfaF6uFKJ5tzi+4UeJl4c5JDc1Q72S+/q2gSMQlUEGNanhtDe0Q0cCrYOOMnhsWEDkiPtSyVJGKmPZq+M8Z5q3RxqLQtCXiq/p4YkciYYRTYzohA3yx6E/E/r5VAeNEecRknwCSdLQoTgUHhSTa4yzWjIIaWEKq5vRXTPtGEgk0wY0PwFl9eJvWzolcqlm5KufLlPI40OkLHqIA8dI7K6BpVUQ1R9Iie0St6c56cF+fd+Zi1ppz5zCH6A+fzB0IIm5s=</latexit>

Introduction to Percolation Theory
Stauffer and Aharony

Controlled Limits: Large 
Local Hilbert Space

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

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>

or
<latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0Controlled Limits:



volume law area law

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement

x

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

⇠ ⇠ |p� pc|�⌫

<latexit sha1_base64="xBXDdX46ugCHnNakFljcPEL/1BI=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gENy2JFHRZdOOygn1AE8NkOmmHzkzCzEQsacFfceNCEbd+hzv/xmmbhbYeuHA4517uvSdMGFXacb6twsrq2vpGcbO0tb2zu2fvH7RUnEpMmjhmseyESBFGBWlqqhnpJJIgHjLSDofXU7/9QKSisbjTo4T4HPUFjShG2kiBfeQ9Uk9RPk4qSYDH91nFE+kksMtO1ZkBLhM3J2WQoxHYX14vxiknQmOGlOq6TqL9DElNMSOTkpcqkiA8RH3SNVQgTpSfzc6fwFOj9GAUS1NCw5n6eyJDXKkRD00nR3qgFr2p+J/XTXV06WdUJKkmAs8XRSmDOobTLGCPSoI1GxmCsKTmVogHSCKsTWIlE4K7+PIyaZ1X3Vq1dlsr16/yOIrgGJyAM+CCC1AHN6ABmgCDDDyDV/BmPVkv1rv1MW8tWPnMIfgD6/MHpbuV7w==</latexit>

⇠t ⇠ ⇠

<latexit sha1_base64="N+EGCrKogHss6ZfMWVSoCvLU+W8=">AAAB83icbZBNS8NAEIYnftb6VfXoZbEInkoiBT0WvXisYD+gCWWz3bZLd5OwOxFL6N/w4kERr/4Zb/4bN20O2vrCwsM7M8zsGyZSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7obUcCki3kKBkncTzakKJe+Ek9u83nnk2og4esBpwgNFR5EYCkbRWr7/JProG6FyqFTdmjsXWQWvgCoUavYrX/4gZqniETJJjel5boJBRjUKJvms7KeGJ5RN6Ij3LEZUcRNk85tn5Nw6AzKMtX0Rkrn7eyKjypipCm2nojg2y7Xc/K/WS3F4HWQiSlLkEVssGqaSYEzyAMhAaM5QTi1QpoW9lbAx1ZShjalsQ/CWv7wK7cuaV6/V7+vVxk0RRwlO4QwuwIMraMAdNKEFDBJ4hld4c1LnxXl3Phata04xcwJ/5Hz+AGMjkes=</latexit>

z = 1

<latexit sha1_base64="SOTFvijGMo6M+bpKs35M/RKkcCs=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIUvXisaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWun+68nqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NTp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7QheIsvL5PmecWrVqp31XLtOo+jAMdwAmfgwQXU4Bbq0AAGA3iGV3hzpPPivDsf89YVJ585gj9wPn8A3UmNhw==</latexit>

emergent Lorentz
invariance!

⇠

<latexit sha1_base64="1N4AVvlGh/MGndOHKR94QWughok=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0GXRjcsK9gFNKJPJTTt08mBmopaYT3HjQhG3fok7/8ZpmoW2HrhwOOfeuXOPl3AmlWV9G5W19Y3Nrep2bWd3b//ArB/2ZJwKCl0a81gMPCKBswi6iikOg0QACT0OfW96Pff79yAki6M7NUvADck4YgGjRGlpZNYzp3gkE+Dn2Hlk+chsWE2rAF4ldkkaqERnZH45fkzTECJFOZFyaFuJcjMiFKMc8pqTSkgInZIxDDWNSAjSzYqtOT7Vio+DWOiKFC7U3xMZCaWchZ7uDImayGVvLv7nDVMVXLoZi5JUQUQXi4KUYxXjeQ7YZwKo4jNNCBVM/xXTCRGEKp1WTYdgL5+8SnrnTbvVbN22Gu2rMo4qOkYn6AzZ6AK10Q3qoC6i6AE9o1f0ZjwZL8a78bForRjlzBH6A+PzB9PXlF8=</latexit>

⌫ = 4/3

<latexit sha1_base64="tTlLh9LiYP0wUyjEcJnYQ95jJh8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4qokG9CIUvXisYD+gDWWznbRLN5uwuxFK6Y/w4kERr/4eb/4bt20O2vpg4PHeDDPzwlRwbVz321lZXVvf2CxsFbd3dvf2SweHDZ1kimGdJSJRrZBqFFxi3XAjsJUqpHEosBkO76Z+8wmV5ol8NKMUg5j2JY84o8ZKzY7Mbvzzy26p7FbcGcgy8XJShhy1bumr00tYFqM0TFCt256bmmBMleFM4KTYyTSmlA1pH9uWShqjDsazcyfk1Co9EiXKljRkpv6eGNNY61Ec2s6YmoFe9Kbif147M9F1MOYyzQxKNl8UZYKYhEx/Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/x5WXSuKh4fsV/8MvV2zyOAhzDCZyBB1dQhXuoQR0YDOEZXuHNSZ0X5935mLeuOPnMEfyB8/kDOwmO2Q==</latexit>

This predicts the 
transition is in the 
bond-percolation
universality class

Introduction to Percolation Theory
Stauffer and Aharony

Controlled Limits: Large 
Local Hilbert Space

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

p = pc

<latexit sha1_base64="Z9Vgknw/tS/rPg63pEDStOTe40U=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8lV0p6EUoevFYwW0L7VKyabYNzWZDkhXK0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmRUpwYz3vG62tb2xubZd2yrt7+weHlaPjlkkzTVlAU5HqTkQME1yywHIrWEdpRpJIsHY0vpv57SemDU/lo50oFiZkKHnMKbFOCtSN6tN+perVvDnwKvELUoUCzX7lqzdIaZYwaakgxnR9T9kwJ9pyKti03MsMU4SOyZB1HZUkYSbM58dO8blTBjhOtStp8Vz9PZGTxJhJErnOhNiRWfZm4n9eN7PxdZhzqTLLJF0sijOBbYpnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqs+fVa/aFebdwWcZTgFM7gAny4ggbcQxMCoMDhGV7hDUn0gt7Rx6J1DRUzJ/AH6PMHoBqOkg==</latexit>

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>

or
<latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0Controlled Limits:



volume law area law

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

p
<latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit><latexit sha1_base64="sa3XKU6W0cCRxW+vAd2sBJl5xKI=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaaa9SdWvuDGSZeAWpQoFGr/LV7Scsi1EaJqjWHc9NTZBTZTgTOCl3M40pZSM6wI6lksaog3x26IScWqVPokTZkobM1N8TOY21Hseh7YypGepFbyr+53UyE10FOZdpZlCy+aIoE8QkZPo16XOFzIixJZQpbm8lbEgVZcZmU7YheIsvLxP/vHZd85oX1fpNkUYJjuEEzsCDS6jDHTTABwYIz/AKb86j8+K8Ox/z1hWnmDmCP3A+fwBIh4zI</latexit>

0

<latexit sha1_base64="E0H4qpcBLSd+MHc3raGLKiTivB4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBe1+Muw==</latexit>

1

<latexit sha1_base64="RSOBfsC0h9n0lPM3VbiR0pceZig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WrXWrFXqt3kcRTiDc7gED66hDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBfOOMvA==</latexit>

wave function
collapse
no entanglement

This predicts the critical 
point described by a 

logarithmic
conformal field theory

has a central charge
c = 0

<latexit sha1_base64="lhF5hKgWOP5h/tK0IaXGw8s1Bao=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6YFdu/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrourVqrX7WqV+k8dRhBM4hXPw4BLqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx+4u41v</latexit>

x

<latexit sha1_base64="iVBDhzQ/C2qpjAOYJm0i4GlIvKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f6H+NAw==</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

This predicts the 
transition is in the 
bond-percolation
universality class

Introduction to Percolation Theory
Stauffer and Aharony

Controlled Limits: Large 
Local Hilbert Space

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

p = pc

<latexit sha1_base64="Z9Vgknw/tS/rPg63pEDStOTe40U=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8lV0p6EUoevFYwW0L7VKyabYNzWZDkhXK0t/gxYMiXv1B3vw3pu0etPXBwOO9GWbmRUpwYz3vG62tb2xubZd2yrt7+weHlaPjlkkzTVlAU5HqTkQME1yywHIrWEdpRpJIsHY0vpv57SemDU/lo50oFiZkKHnMKbFOCtSN6tN+perVvDnwKvELUoUCzX7lqzdIaZYwaakgxnR9T9kwJ9pyKti03MsMU4SOyZB1HZUkYSbM58dO8blTBjhOtStp8Vz9PZGTxJhJErnOhNiRWfZm4n9eN7PxdZhzqTLLJF0sijOBbYpnn+MB14xaMXGEUM3drZiOiCbUunzKLgR/+eVV0rqs+fVa/aFebdwWcZTgFM7gAny4ggbcQxMCoMDhGV7hDUn0gt7Rx6J1DRUzJ/AH6PMHoBqOkg==</latexit>

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>

or
<latexit sha1_base64="SmXWj8/V5mQ8IwEvNMRurncoXDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh6MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0OqDgcd7M8zMCxLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7uWV2y9X3Ko7B/lLvJxUIEejX/7sDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUpOrDIgYaxsSUPm6s+JjEZaT6LAdkbUjPSyNxP/87qpCS/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWX/5LWWdWrVWt355X6dR5HEY7gGE7Bgwuowy00oAkMhvAEL/DqCOfZeXPeF60FJ585hF9wPr4BysmNfg==</latexit>

n = 0Controlled Limits:



Controlled Limits: 
Stabilizers

Numerics on stabilizer circuits can simulate the circuit
in polynomial time (but is it really quantum?) 

Li, Chen, Fisher PRB (2018)

choose from the Clifford group

converts a Pauli string to a Pauli string — NO superpositions of Pauli 
strings are generated



Li, Chen, Fisher PRB (2018)

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

Numerics on stabilizer circuits can simulate the circuit
in polynomial time (but is it really quantum?) 

Controlled Limits: 
Stabilizers

t ! 1

<latexit sha1_base64="NCRir9zdfC5oiTSUzmq8hIK7VAc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIp6LHoxWMF+wFtKJvtpl262Q27EyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8MBHcgOd9O2vrG5tb26Wd8u7e/sGhe3TcNirVlLWoEkp3Q2KY4JK1gINg3UQzEoeCdcLJzczvPDBtuJL3kCUsiMlI8ohTAlYauBXoaz4aA9FaPeI+lxFkA7fq1bw58CrxC1JFBZoD96s/VDSNmQQqiDE930sgyIkGTgWblvupYQmhEzJiPUsliZkJ8vnxU3xmlSGOlLYlAc/V3xM5iY3J4tB2xgTGZtmbif95vRSiqyDnMkmBSbpYFKUCg8KzJPCQa0ZBZJYQqrm9FdMx0YSCzatsQ/CXX14l7YuaX6/V7+rVxnURRwmdoFN0jnx0iRroFjVRC1GUoWf0it6cJ+fFeXc+Fq1rTjFTQX/gfP4ASGCVLw==</latexit>

S ⇠ L

<latexit sha1_base64="gBJRiiNQtMlC2oZ7tTEYrJT0fi4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh6LXjx4qGg/oF1KNs22oUk2JFmhLP0RXjwo4tXf481/Y9ruQVsfDDzem2FmXqQ4M9b3v73C2vrG5lZxu7Szu7d/UD48apkk1YQ2ScIT3YmwoZxJ2rTMctpRmmIRcdqOxjczv/1EtWGJfLQTRUOBh5LFjGDrpPZDzzCB7vrlil/150CrJMhJBXI0+uWv3iAhqaDSEo6N6Qa+smGGtWWE02mplxqqMBnjIe06KrGgJszm507RmVMGKE60K2nRXP09kWFhzERErlNgOzLL3kz8z+umNr4KMyZVaqkki0VxypFN0Ox3NGCaEssnjmCimbsVkRHWmFiXUMmFECy/vEpaF9WgVq3d1yr16zyOIpzAKZxDAJdQh1toQBMIjOEZXuHNU96L9+59LFoLXj5zDH/gff4At6CPKw==</latexit>

S ⇠ const

<latexit sha1_base64="ncAsp3/IlOfpyVAhbfWqeCkwe7Y=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjBV0W3bisaB/QGUomzbSheQxJRqhD8VfcuFDErf/hzr8x085CWw8EDufcyz05UcKoNp737ZRWVtfWN8qbla3tnd09d/+grWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onG17nfeSBKUynuzSQhIUdDQWOKkbFS3z26CzTlMODIjBTPsBTaTPtu1at5M8Bl4hekCgo0++5XMJA45UQYzJDWPd9LTJghZShmZFoJUk0ShMdoSHqWCsSJDrNZ+ik8tcoAxlLZJwycqb83MsS1nvDITuYp9aKXi/95vdTEl2FGRZIaIvD8UJwyaCTMq4ADqgg2bGIJworarBCPkELY2MIqtgR/8cvLpH1e8+u1+m292rgq6iiDY3ACzoAPLkAD3IAmaAEMHsEzeAVvzpPz4rw7H/PRklPsHII/cD5/AP1YlZY=</latexit>

volume law

area law



Li, Chen, Fisher PRB (2018)

At pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit>

Numerics on stabilizer circuits can simulate the circuit
in polynomial time (but is it really quantum?) 

Controlled Limits: 
Stabilizers

A ⇡ 1.6 > Aperc ⇡ 0.55
<latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit>

pc ⇡ 0.15
<latexit sha1_base64="VhMegA1aK2NRRGGXEVybyBSHJJg=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrinorevFYwbWFdlmyabYNzSYhyRbL0n/ixYOKV3+KN/+NabsHbX0w8Hhvhpl5iWRUG9//diorq2vrG9XN2tb2zu6eu3/wqEWuMAmxYEK1E6QJo5yEhhpG2lIRlCWMtJLh7dRvjYjSVPAHM5YkylCf05RiZKwUu66MMewiKZV4gr4XXMRu3ff8GeAyCUpSByWasfvV7QmcZ4QbzJDWncCXJiqQMhQzMql1c00kwkPUJx1LOcqIjorZ5RN4YpUeTIWyxQ2cqb8nCpRpPc4S25khM9CL3lT8z+vkJr2KCsplbgjH80VpzqARcBoD7FFFsGFjSxBW1N4K8QAphI0Nq2ZDCBZfXibhmXftBffn9cZNmUYVHIFjcAoCcAka4A40QQgwGIFn8ArenMJ5cd6dj3lrxSlnDsEfOJ8/PkmSSw==</latexit><latexit sha1_base64="VhMegA1aK2NRRGGXEVybyBSHJJg=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrinorevFYwbWFdlmyabYNzSYhyRbL0n/ixYOKV3+KN/+NabsHbX0w8Hhvhpl5iWRUG9//diorq2vrG9XN2tb2zu6eu3/wqEWuMAmxYEK1E6QJo5yEhhpG2lIRlCWMtJLh7dRvjYjSVPAHM5YkylCf05RiZKwUu66MMewiKZV4gr4XXMRu3ff8GeAyCUpSByWasfvV7QmcZ4QbzJDWncCXJiqQMhQzMql1c00kwkPUJx1LOcqIjorZ5RN4YpUeTIWyxQ2cqb8nCpRpPc4S25khM9CL3lT8z+vkJr2KCsplbgjH80VpzqARcBoD7FFFsGFjSxBW1N4K8QAphI0Nq2ZDCBZfXibhmXftBffn9cZNmUYVHIFjcAoCcAka4A40QQgwGIFn8ArenMJ5cd6dj3lrxSlnDsEfOJ8/PkmSSw==</latexit><latexit sha1_base64="VhMegA1aK2NRRGGXEVybyBSHJJg=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrinorevFYwbWFdlmyabYNzSYhyRbL0n/ixYOKV3+KN/+NabsHbX0w8Hhvhpl5iWRUG9//diorq2vrG9XN2tb2zu6eu3/wqEWuMAmxYEK1E6QJo5yEhhpG2lIRlCWMtJLh7dRvjYjSVPAHM5YkylCf05RiZKwUu66MMewiKZV4gr4XXMRu3ff8GeAyCUpSByWasfvV7QmcZ4QbzJDWncCXJiqQMhQzMql1c00kwkPUJx1LOcqIjorZ5RN4YpUeTIWyxQ2cqb8nCpRpPc4S25khM9CL3lT8z+vkJr2KCsplbgjH80VpzqARcBoD7FFFsGFjSxBW1N4K8QAphI0Nq2ZDCBZfXibhmXftBffn9cZNmUYVHIFjcAoCcAka4A40QQgwGIFn8ArenMJ5cd6dj3lrxSlnDsEfOJ8/PkmSSw==</latexit><latexit sha1_base64="VhMegA1aK2NRRGGXEVybyBSHJJg=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrinorevFYwbWFdlmyabYNzSYhyRbL0n/ixYOKV3+KN/+NabsHbX0w8Hhvhpl5iWRUG9//diorq2vrG9XN2tb2zu6eu3/wqEWuMAmxYEK1E6QJo5yEhhpG2lIRlCWMtJLh7dRvjYjSVPAHM5YkylCf05RiZKwUu66MMewiKZV4gr4XXMRu3ff8GeAyCUpSByWasfvV7QmcZ4QbzJDWncCXJiqQMhQzMql1c00kwkPUJx1LOcqIjorZ5RN4YpUeTIWyxQ2cqb8nCpRpPc4S25khM9CL3lT8z+vkJr2KCsplbgjH80VpzqARcBoD7FFFsGFjSxBW1N4K8QAphI0Nq2ZDCBZfXibhmXftBffn9cZNmUYVHIFjcAoCcAka4A40QQgwGIFn8ArenMJ5cd6dj3lrxSlnDsEfOJ8/PkmSSw==</latexit>

pc
<latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit><latexit sha1_base64="tOC/YuTTHs8w9+HBAnLAxw3N4qE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzSbsToQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKIecJzyIKYDJSLBKFrpPu2xXrXm1t0ZyDLxClKDAs1e9avbT1gWc4VMUmM6nptikFONgkk+qXQzw1PKRnTAO5YqGnMT5LNTJ+TEKn0SJdqWQjJTf0/kNDZmHIe2M6Y4NIveVPzP62QYXQa5UGmGXLH5oiiTBBMy/Zv0heYM5dgSyrSwtxI2pJoytOlUbAje4svLxD+rX9W9u/Na47pIowxHcAyn4MEFNOAWmuADgwE8wyu8OdJ5cd6dj3lrySlmDuEPnM8fuOONng==</latexit> Sn ⇠ A logL

<latexit sha1_base64="LB7lEhjFzsHUdSXOEObBElXIsVM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0GXVjQsXFe0DmhAm00k7dB5hZqKU2k9x40IRt36JO//GaZuFth64cDjnXu69J04Z1cbzvp3Cyura+kZxs7S1vbO755b3W1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDX12w9EaSrFvRmlJOSoL2hCMTJWitzyXSRgoCmHFzBgsg9vIrfiVb0Z4DLxc1IBORqR+xX0JM44EQYzpHXX91ITjpEyFDMyKQWZJinCQ9QnXUsF4kSH49npE3hslR5MpLIlDJypvyfGiGs94rHt5MgM9KI3Ff/zuplJzsMxFWlmiMDzRUnGoJFwmgPsUUWwYSNLEFbU3grxACmEjU2rZEPwF19eJq3Tql+r1m5rlfplHkcRHIIjcAJ8cAbq4Bo0QBNg8AiewSt4c56cF+fd+Zi3Fpx85gD8gfP5A2T6ksw=</latexit>

t ! 1

<latexit sha1_base64="NCRir9zdfC5oiTSUzmq8hIK7VAc=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIp6LHoxWMF+wFtKJvtpl262Q27EyWE+le8eFDEqz/Em//GbZuDtj4YeLw3w8y8MBHcgOd9O2vrG5tb26Wd8u7e/sGhe3TcNirVlLWoEkp3Q2KY4JK1gINg3UQzEoeCdcLJzczvPDBtuJL3kCUsiMlI8ohTAlYauBXoaz4aA9FaPeI+lxFkA7fq1bw58CrxC1JFBZoD96s/VDSNmQQqiDE930sgyIkGTgWblvupYQmhEzJiPUsliZkJ8vnxU3xmlSGOlLYlAc/V3xM5iY3J4tB2xgTGZtmbif95vRSiqyDnMkmBSbpYFKUCg8KzJPCQa0ZBZJYQqrm9FdMx0YSCzatsQ/CXX14l7YuaX6/V7+rVxnURRwmdoFN0jnx0iRroFjVRC1GUoWf0it6cJ+fFeXc+Fq1rTjFTQX/gfP4ASGCVLw==</latexit>



Fully Quantum 
Measurement Transition

Consider q=2
Haar Gates Have to use numerics

Does the fully quantum problem belong to a 
different universality class?

i.e. random U(4) matrices

Gates are represented as sparse matrices in many body Hilbert 
space, use sparse matrix-vector operations to perform time 
evolution. Measurements are efficient, project and normalize.



Consider the tripartite mutual information

Kitaev and Preskill PRL (2006) Levin and Wen PRL (2006)

Scaling of the entanglement entropy spoiled by the logL 
for small L

New approach to the 
Critical Properties

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)



Boundary 
segments 
all cancel

Bulk segments 
contribute

Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Minimal cut picture for n = 0

<latexit sha1_base64="frzR+6rI6IftYib8sCShbBoYdtQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFcSElUqhuh6EZ3FewD2hAm02k7dDIJMxMhhPgrblwo4tYPceffOGmz0NYDA4dz7uWeOX7EqFS2/W0sLa+srq2XNsqbW9s7u+befluGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/uQm9zuPREga8geVRMQN0IjTIcVIackzK/0AqTFGLL3LvPTshF/ZmWdW7Zo9hbVInIJUoUDTM7/6gxDHAeEKMyRlz7Ej5aZIKIoZycr9WJII4QkakZ6mHAVEuuk0fGYdaWVgDUOhH1fWVP29kaJAyiTw9WQeVc57ufif14vV8NJNKY9iRTieHRrGzFKhlTdhDaggWLFEE4QF1VktPEYCYaX7KusSnPkvL5L2ac2p1+r359XGdVFHCQ7gEI7BgQtowC00oQUYEniGV3gznowX4934mI0uGcVOBf7A+PwBMSWUfA==</latexit>I3,n=0



Boundary 
segments 
all cancel

Bulk segments 
contribute

Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Minimal cut picture for n = 0

In the volume law phase, a ≈ b ≈ c ≈ d

<latexit sha1_base64="frzR+6rI6IftYib8sCShbBoYdtQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFcSElUqhuh6EZ3FewD2hAm02k7dDIJMxMhhPgrblwo4tYPceffOGmz0NYDA4dz7uWeOX7EqFS2/W0sLa+srq2XNsqbW9s7u+befluGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/uQm9zuPREga8geVRMQN0IjTIcVIackzK/0AqTFGLL3LvPTshF/ZmWdW7Zo9hbVInIJUoUDTM7/6gxDHAeEKMyRlz7Ej5aZIKIoZycr9WJII4QkakZ6mHAVEuuk0fGYdaWVgDUOhH1fWVP29kaJAyiTw9WQeVc57ufif14vV8NJNKY9iRTieHRrGzFKhlTdhDaggWLFEE4QF1VktPEYCYaX7KusSnPkvL5L2ac2p1+r359XGdVFHCQ7gEI7BgQtowC00oQUYEniGV3gznowX4934mI0uGcVOBf7A+PwBMSWUfA==</latexit>I3,n=0

<latexit sha1_base64="3Of58d28LELvawaPKIrIQW1NNOo=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyChYa7KNFGCNpoF8F8QC6Euc0mWbK3d+zuieG4zsa/YmOhiK1/wc5/4ya5QqMPBh7vzTAzzws5U9q2v6zM3PzC4lJ2Obeyura+kd/cqqsgkoTWSMAD2fRAUc4ErWmmOW2GkoLvcdrwhpdjv3FHpWKBuNWjkLZ96AvWYwS0kTr5XdcHPSDA4+ukEx8finM7cSEMZXCPj0rQyRfsoj0B/kuclBRQimon/+l2AxL5VGjCQamWY4e6HYPUjHCa5NxI0RDIEPq0ZagAn6p2PPkjwftG6eJeIE0JjSfqz4kYfKVGvmc6x1erWW8s/ue1It07a8dMhJGmgkwX9SKOdYDHoeAuk5RoPjIEiGTmVkwGIIFoE13OhODMvvyX1EtFp1ws35wUKhdpHFm0g/bQAXLQKaqgK1RFNUTQA3pCL+jVerSerTfrfdqasdKZbfQL1sc3/Y2YwA==</latexit>I3,n=0 → ↑2a



Boundary 
segments 
all cancel

Bulk segments 
contribute

Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Minimal cut picture for n = 0

In the volume law phase, a ≈ b ≈ c ≈ d

<latexit sha1_base64="frzR+6rI6IftYib8sCShbBoYdtQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFcSElUqhuh6EZ3FewD2hAm02k7dDIJMxMhhPgrblwo4tYPceffOGmz0NYDA4dz7uWeOX7EqFS2/W0sLa+srq2XNsqbW9s7u+befluGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/uQm9zuPREga8geVRMQN0IjTIcVIackzK/0AqTFGLL3LvPTshF/ZmWdW7Zo9hbVInIJUoUDTM7/6gxDHAeEKMyRlz7Ej5aZIKIoZycr9WJII4QkakZ6mHAVEuuk0fGYdaWVgDUOhH1fWVP29kaJAyiTw9WQeVc57ufif14vV8NJNKY9iRTieHRrGzFKhlTdhDaggWLFEE4QF1VktPEYCYaX7KusSnPkvL5L2ac2p1+r359XGdVFHCQ7gEI7BgQtowC00oQUYEniGV3gznowX4934mI0uGcVOBf7A+PwBMSWUfA==</latexit>I3,n=0

<latexit sha1_base64="3Of58d28LELvawaPKIrIQW1NNOo=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyChYa7KNFGCNpoF8F8QC6Euc0mWbK3d+zuieG4zsa/YmOhiK1/wc5/4ya5QqMPBh7vzTAzzws5U9q2v6zM3PzC4lJ2Obeyura+kd/cqqsgkoTWSMAD2fRAUc4ErWmmOW2GkoLvcdrwhpdjv3FHpWKBuNWjkLZ96AvWYwS0kTr5XdcHPSDA4+ukEx8finM7cSEMZXCPj0rQyRfsoj0B/kuclBRQimon/+l2AxL5VGjCQamWY4e6HYPUjHCa5NxI0RDIEPq0ZagAn6p2PPkjwftG6eJeIE0JjSfqz4kYfKVGvmc6x1erWW8s/ue1It07a8dMhJGmgkwX9SKOdYDHoeAuk5RoPjIEiGTmVkwGIIFoE13OhODMvvyX1EtFp1ws35wUKhdpHFm0g/bQAXLQKaqgK1RFNUTQA3pCL+jVerSerTfrfdqasdKZbfQL1sc3/Y2YwA==</latexit>I3,n=0 → ↑2a

In the are law phase, a ≈ b ≈ c ≈ d = 0
<latexit sha1_base64="LYcNkxncUIDjhTL80oMcxSxd1kA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKoVDdC0Y3uKtgHNCFMppN26GQSZiZiCdm48VfcuFDErf/gzr9x0mahrQcuHM65l3vv8WNGpbKsb2NufmFxabm0Ul5dW9/YNLe2WzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h1e5374nQtKI36lRTNwQ9TkNKEZKS56554RIDTBi6U3mpSdH/MLKHBTHInqAlmdWrKo1BpwldkEqoEDDM7+cXoSTkHCFGZKya1uxclMkFMWMZGUnkSRGeIj6pKspRyGRbjr+IoMHWunBIBK6uIJj9fdEikIpR6GvO/Ob5bSXi/953UQF525KeZwowvFkUZAwqCKYRwJ7VBCs2EgThAXVt0I8QAJhpYMr6xDs6ZdnSeu4ateqtdvTSv2yiKMEdsE+OAQ2OAN1cA0aoAkweATP4BW8GU/Gi/FufExa54xiZgf8gfH5A8QCmBw=</latexit>I3,n=0 → 0



Boundary 
segments 
all cancel

Bulk segments 
contribute

Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Minimal cut picture for n = 0

In the volume law phase, a ≈ b ≈ c ≈ d

<latexit sha1_base64="frzR+6rI6IftYib8sCShbBoYdtQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFcSElUqhuh6EZ3FewD2hAm02k7dDIJMxMhhPgrblwo4tYPceffOGmz0NYDA4dz7uWeOX7EqFS2/W0sLa+srq2XNsqbW9s7u+befluGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/uQm9zuPREga8geVRMQN0IjTIcVIackzK/0AqTFGLL3LvPTshF/ZmWdW7Zo9hbVInIJUoUDTM7/6gxDHAeEKMyRlz7Ej5aZIKIoZycr9WJII4QkakZ6mHAVEuuk0fGYdaWVgDUOhH1fWVP29kaJAyiTw9WQeVc57ufif14vV8NJNKY9iRTieHRrGzFKhlTdhDaggWLFEE4QF1VktPEYCYaX7KusSnPkvL5L2ac2p1+r359XGdVFHCQ7gEI7BgQtowC00oQUYEniGV3gznowX4934mI0uGcVOBf7A+PwBMSWUfA==</latexit>I3,n=0

<latexit sha1_base64="3Of58d28LELvawaPKIrIQW1NNOo=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyChYa7KNFGCNpoF8F8QC6Euc0mWbK3d+zuieG4zsa/YmOhiK1/wc5/4ya5QqMPBh7vzTAzzws5U9q2v6zM3PzC4lJ2Obeyura+kd/cqqsgkoTWSMAD2fRAUc4ErWmmOW2GkoLvcdrwhpdjv3FHpWKBuNWjkLZ96AvWYwS0kTr5XdcHPSDA4+ukEx8finM7cSEMZXCPj0rQyRfsoj0B/kuclBRQimon/+l2AxL5VGjCQamWY4e6HYPUjHCa5NxI0RDIEPq0ZagAn6p2PPkjwftG6eJeIE0JjSfqz4kYfKVGvmc6x1erWW8s/ue1It07a8dMhJGmgkwX9SKOdYDHoeAuk5RoPjIEiGTmVkwGIIFoE13OhODMvvyX1EtFp1ws35wUKhdpHFm0g/bQAXLQKaqgK1RFNUTQA3pCL+jVerSerTfrfdqasdKZbfQL1sc3/Y2YwA==</latexit>I3,n=0 → ↑2a

In the are law phase, a ≈ b ≈ c ≈ d = 0

At the critical point , bulk contribution is O(1)

<latexit sha1_base64="LYcNkxncUIDjhTL80oMcxSxd1kA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKoVDdC0Y3uKtgHNCFMppN26GQSZiZiCdm48VfcuFDErf/gzr9x0mahrQcuHM65l3vv8WNGpbKsb2NufmFxabm0Ul5dW9/YNLe2WzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h1e5374nQtKI36lRTNwQ9TkNKEZKS56554RIDTBi6U3mpSdH/MLKHBTHInqAlmdWrKo1BpwldkEqoEDDM7+cXoSTkHCFGZKya1uxclMkFMWMZGUnkSRGeIj6pKspRyGRbjr+IoMHWunBIBK6uIJj9fdEikIpR6GvO/Ob5bSXi/953UQF525KeZwowvFkUZAwqCKYRwJ7VBCs2EgThAXVt0I8QAJhpYMr6xDs6ZdnSeu4ateqtdvTSv2yiKMEdsE+OAQ2OAN1cA0aoAkweATP4BW8GU/Gi/FufExa54xiZgf8gfH5A8QCmBw=</latexit>I3,n=0 → 0

<latexit sha1_base64="r+1jxVxIDkf0g6++6zElnZxH+k8=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKUhKV6kYoutFdBfuAJpTJdNoOncyEmYlYQr7Bjb/ixoUibl2582+cpF1o64ELh3Pu5d57gohRpR3n25qbX1hcWi6sFFfX1jc27a3thhKxxKSOBROyFSBFGOWkrqlmpBVJgsKAkWYwvMr85j2Rigp+p0cR8UPU57RHMdJG6tiHXoj0ACOW3KSd5OSIXziph6JIigeYWzJMsOBKpx275JSdHHCWuBNSAhPUOvaX1xU4DgnXmCGl2q4TaT9BUlPMSFr0YkUihIeoT9qGchQS5Sf5SyncN0oX9oQ0xTXM1d8TCQqVGoWB6cyuVNNeJv7ntWPdO/cTyqNYE47Hi3oxg1rALB/YpZJgzUaGICypuRXiAZIIa5Ni0YTgTr88SxrHZbdSrtyelqqXkzgKYBfsgQPggjNQBdegBuoAg0fwDF7Bm/VkvVjv1se4dc6azOyAP7A+fwAn7J5y</latexit>I3,n=0 → const



Boundary 
segments 
all cancel

Bulk segments 
contribute

Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Minimal cut picture for n = 0

In the volume law phase, a ≈ b ≈ c ≈ d

<latexit sha1_base64="frzR+6rI6IftYib8sCShbBoYdtQ=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFcSElUqhuh6EZ3FewD2hAm02k7dDIJMxMhhPgrblwo4tYPceffOGmz0NYDA4dz7uWeOX7EqFS2/W0sLa+srq2XNsqbW9s7u+befluGscCkhUMWiq6PJGGUk5aiipFuJAgKfEY6/uQm9zuPREga8geVRMQN0IjTIcVIackzK/0AqTFGLL3LvPTshF/ZmWdW7Zo9hbVInIJUoUDTM7/6gxDHAeEKMyRlz7Ej5aZIKIoZycr9WJII4QkakZ6mHAVEuuk0fGYdaWVgDUOhH1fWVP29kaJAyiTw9WQeVc57ufif14vV8NJNKY9iRTieHRrGzFKhlTdhDaggWLFEE4QF1VktPEYCYaX7KusSnPkvL5L2ac2p1+r359XGdVFHCQ7gEI7BgQtowC00oQUYEniGV3gznowX4934mI0uGcVOBf7A+PwBMSWUfA==</latexit>I3,n=0

<latexit sha1_base64="3Of58d28LELvawaPKIrIQW1NNOo=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyChYa7KNFGCNpoF8F8QC6Euc0mWbK3d+zuieG4zsa/YmOhiK1/wc5/4ya5QqMPBh7vzTAzzws5U9q2v6zM3PzC4lJ2Obeyura+kd/cqqsgkoTWSMAD2fRAUc4ErWmmOW2GkoLvcdrwhpdjv3FHpWKBuNWjkLZ96AvWYwS0kTr5XdcHPSDA4+ukEx8finM7cSEMZXCPj0rQyRfsoj0B/kuclBRQimon/+l2AxL5VGjCQamWY4e6HYPUjHCa5NxI0RDIEPq0ZagAn6p2PPkjwftG6eJeIE0JjSfqz4kYfKVGvmc6x1erWW8s/ue1It07a8dMhJGmgkwX9SKOdYDHoeAuk5RoPjIEiGTmVkwGIIFoE13OhODMvvyX1EtFp1ws35wUKhdpHFm0g/bQAXLQKaqgK1RFNUTQA3pCL+jVerSerTfrfdqasdKZbfQL1sc3/Y2YwA==</latexit>I3,n=0 → ↑2a

In the are law phase, a ≈ b ≈ c ≈ d = 0

At the critical point , bulk contribution is O(1)

<latexit sha1_base64="LYcNkxncUIDjhTL80oMcxSxd1kA=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKoVDdC0Y3uKtgHNCFMppN26GQSZiZiCdm48VfcuFDErf/gzr9x0mahrQcuHM65l3vv8WNGpbKsb2NufmFxabm0Ul5dW9/YNLe2WzJKBCZNHLFIdHwkCaOcNBVVjHRiQVDoM9L2h1e5374nQtKI36lRTNwQ9TkNKEZKS56554RIDTBi6U3mpSdH/MLKHBTHInqAlmdWrKo1BpwldkEqoEDDM7+cXoSTkHCFGZKya1uxclMkFMWMZGUnkSRGeIj6pKspRyGRbjr+IoMHWunBIBK6uIJj9fdEikIpR6GvO/Ob5bSXi/953UQF525KeZwowvFkUZAwqCKYRwJ7VBCs2EgThAXVt0I8QAJhpYMr6xDs6ZdnSeu4ateqtdvTSv2yiKMEdsE+OAQ2OAN1cA0aoAkweATP4BW8GU/Gi/FufExa54xiZgf8gfH5A8QCmBw=</latexit>I3,n=0 → 0

<latexit sha1_base64="r+1jxVxIDkf0g6++6zElnZxH+k8=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKUhKV6kYoutFdBfuAJpTJdNoOncyEmYlYQr7Bjb/ixoUibl2582+cpF1o64ELh3Pu5d57gohRpR3n25qbX1hcWi6sFFfX1jc27a3thhKxxKSOBROyFSBFGOWkrqlmpBVJgsKAkWYwvMr85j2Rigp+p0cR8UPU57RHMdJG6tiHXoj0ACOW3KSd5OSIXziph6JIigeYWzJMsOBKpx275JSdHHCWuBNSAhPUOvaX1xU4DgnXmCGl2q4TaT9BUlPMSFr0YkUihIeoT9qGchQS5Sf5SyncN0oX9oQ0xTXM1d8TCQqVGoWB6cyuVNNeJv7ntWPdO/cTyqNYE47Hi3oxg1rALB/YpZJgzUaGICypuRXiAZIIa5Ni0YTgTr88SxrHZbdSrtyelqqXkzgKYBfsgQPggjNQBdegBuoAg0fwDF7Bm/VkvVjv1se4dc6azOyAP7A+fwAn7J5y</latexit>I3,n=0 → const
<latexit sha1_base64="///LpoIJNTBHI8H+GeQ9FZAhhn0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJVKoboehGdxXsA5oQJtNJO3QyCTMToYS48VfcuFDErX/hzr9x0mahrQcuHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o+vc7zwQIWnE79U4Jm6IBpwGFCOlJc/cc0Kkhhix9Dbz0tNjfmllDiPQ8syqVbMmgPPELkgVFGh65pfTj3ASEq4wQ1L2bCtWboqEopiRrOIkksQIj9CA9DTlKCTSTScfZPBQK30YREIXV3Ci/p5IUSjlOPR1Z36vnPVy8T+vl6jgwk0pjxNFOJ4uChIGVQTzOGCfCoIVG2uCsKD6VoiHSCCsdGgVHYI9+/I8aZ/U7HqtfndWbVwVcZTBPjgAR8AG56ABbkATtAAGj+AZvII348l4Md6Nj2lryShmdsEfGJ8/U2OWKw==</latexit>I3,n=0 → 0



Tripartite Mutual 
Information

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Cancels the logL at criticality!



Tripartite Mutual 
Information

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

Cancels the logL at criticality!



Tripartite Mutual 
Information

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

pc ⇡ 0.17
<latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit>

pc ⇡ 0.154
<latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit>

Cancels the logL at criticality!



Tripartite Mutual 
Information

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

pc ⇡ 0.17
<latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit>

pc ⇡ 0.154
<latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit>



Tripartite Mutual 
Information

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

pc ⇡ 0.17
<latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit><latexit sha1_base64="XwI8ER0nc3hiXfbhEuGoq1LhZiY=">AAAB+HicbVBNSwMxEM3Wr1q/Vj16CRbB07IrQvVW9OKxgmsL7bJk02wbmk1Cki2Wpf/EiwcVr/4Ub/4b03YP2vpg4PHeDDPzEsmoNr7/7VTW1jc2t6rbtZ3dvf0D9/DoUYtcYRJiwYTqJEgTRjkJDTWMdKQiKEsYaSej25nfHhOlqeAPZiJJlKEBpynFyFgpdl0ZY9hDUirxBH0vaMRu3ff8OeAqCUpSByVasfvV6wucZ4QbzJDW3cCXJiqQMhQzMq31ck0kwiM0IF1LOcqIjor55VN4ZpU+TIWyxQ2cq78nCpRpPckS25khM9TL3kz8z+vmJr2KCsplbgjHi0VpzqARcBYD7FNFsGETSxBW1N4K8RAphI0Nq2ZDCJZfXiXhhXftBfeX9eZNmUYVnIBTcA4C0ABNcAdaIAQYjMEzeAVvTuG8OO/Ox6K14pQzx+APnM8fQU+STQ==</latexit>

pc ⇡ 0.154
<latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit><latexit sha1_base64="/+meb4KVQ3u/xWio4/6LXl0FHoY=">AAAB+XicbVA9T8MwEHXKVylfKYwsFhUSU5QgELBVsDAWidBKbRQ5rtNadWzLdoCq9KewMABi5Z+w8W9w2wzQ8qSTnt670929RDKqje9/O6Wl5ZXVtfJ6ZWNza3vHre7eaZErTEIsmFCtBGnCKCehoYaRllQEZQkjzWRwNfGb90RpKvitGUoSZajHaUoxMlaK3aqMMewgKZV4hL4XnJ7Ebs33/CngIgkKUgMFGrH71ekKnGeEG8yQ1u3AlyYaIWUoZmRc6eSaSIQHqEfalnKUER2NpqeP4aFVujAVyhY3cKr+nhihTOthltjODJm+nvcm4n9eOzfpeTSiXOaGcDxblOYMGgEnOcAuVQQbNrQEYUXtrRD3kULY2LQqNoRg/uVFEh57F15wc1KrXxZplME+OABHIABnoA6uQQOEAIMH8AxewZvz5Lw4787HrLXkFDN74A+czx+3MZKJ</latexit>

S1  Sn  n

n� 1
S1

<latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit>

n > 1
<latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit>

pc(n) = pc
<latexit sha1_base64="nyH+bgV84c6gyve6k5PK40gFGOY=">AAAB8nicbZDNSgMxFIXv1L9a/0ZdugkWoW7KjAjqQii6cVnBsYV2KJk004ZmMiHJCGXoa7hxoeLWp3Hn25i2s9DWA4GPc+/l3pxIcqaN5307pZXVtfWN8mZla3tnd8/dP3jUaaYIDUjKU9WOsKacCRoYZjhtS0VxEnHaika303rriSrNUvFgxpKGCR4IFjOCjbW6skdq4hRdIws9t+rVvZnQMvgFVKFQs+d+dfspyRIqDOFY647vSRPmWBlGOJ1UupmmEpMRHtCORYETqsN8dvMEnVinj+JU2ScMmrm/J3KcaD1OItuZYDPUi7Wp+V+tk5n4MsyZkJmhgswXxRlHJkXTAFCfKUoMH1vARDF7KyJDrDAxNqaKDcFf/PIyBGf1q7p/f15t3BRplOEIjqEGPlxAA+6gCQEQkPAMr/DmZM6L8+58zFtLTjFzCH/kfP4AxQyQZg==</latexit><latexit sha1_base64="nyH+bgV84c6gyve6k5PK40gFGOY=">AAAB8nicbZDNSgMxFIXv1L9a/0ZdugkWoW7KjAjqQii6cVnBsYV2KJk004ZmMiHJCGXoa7hxoeLWp3Hn25i2s9DWA4GPc+/l3pxIcqaN5307pZXVtfWN8mZla3tnd8/dP3jUaaYIDUjKU9WOsKacCRoYZjhtS0VxEnHaika303rriSrNUvFgxpKGCR4IFjOCjbW6skdq4hRdIws9t+rVvZnQMvgFVKFQs+d+dfspyRIqDOFY647vSRPmWBlGOJ1UupmmEpMRHtCORYETqsN8dvMEnVinj+JU2ScMmrm/J3KcaD1OItuZYDPUi7Wp+V+tk5n4MsyZkJmhgswXxRlHJkXTAFCfKUoMH1vARDF7KyJDrDAxNqaKDcFf/PIyBGf1q7p/f15t3BRplOEIjqEGPlxAA+6gCQEQkPAMr/DmZM6L8+58zFtLTjFzCH/kfP4AxQyQZg==</latexit><latexit sha1_base64="nyH+bgV84c6gyve6k5PK40gFGOY=">AAAB8nicbZDNSgMxFIXv1L9a/0ZdugkWoW7KjAjqQii6cVnBsYV2KJk004ZmMiHJCGXoa7hxoeLWp3Hn25i2s9DWA4GPc+/l3pxIcqaN5307pZXVtfWN8mZla3tnd8/dP3jUaaYIDUjKU9WOsKacCRoYZjhtS0VxEnHaika303rriSrNUvFgxpKGCR4IFjOCjbW6skdq4hRdIws9t+rVvZnQMvgFVKFQs+d+dfspyRIqDOFY647vSRPmWBlGOJ1UupmmEpMRHtCORYETqsN8dvMEnVinj+JU2ScMmrm/J3KcaD1OItuZYDPUi7Wp+V+tk5n4MsyZkJmhgswXxRlHJkXTAFCfKUoMH1vARDF7KyJDrDAxNqaKDcFf/PIyBGf1q7p/f15t3BRplOEIjqEGPlxAA+6gCQEQkPAMr/DmZM6L8+58zFtLTjFzCH/kfP4AxQyQZg==</latexit><latexit sha1_base64="nyH+bgV84c6gyve6k5PK40gFGOY=">AAAB8nicbZDNSgMxFIXv1L9a/0ZdugkWoW7KjAjqQii6cVnBsYV2KJk004ZmMiHJCGXoa7hxoeLWp3Hn25i2s9DWA4GPc+/l3pxIcqaN5307pZXVtfWN8mZla3tnd8/dP3jUaaYIDUjKU9WOsKacCRoYZjhtS0VxEnHaika303rriSrNUvFgxpKGCR4IFjOCjbW6skdq4hRdIws9t+rVvZnQMvgFVKFQs+d+dfspyRIqDOFY647vSRPmWBlGOJ1UupmmEpMRHtCORYETqsN8dvMEnVinj+JU2ScMmrm/J3KcaD1OItuZYDPUi7Wp+V+tk5n4MsyZkJmhgswXxRlHJkXTAFCfKUoMH1vARDF7KyJDrDAxNqaKDcFf/PIyBGf1q7p/f15t3BRplOEIjqEGPlxAA+6gCQEQkPAMr/DmZM6L8+58zFtLTjFzCH/kfP4AxQyQZg==</latexit>



Scaling Collapse

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)



Scaling Collapse for 
different n

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits



Scaling Collapse for 
different n

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP arXiv (2019)

S1  Sn  n

n� 1
S1

<latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit><latexit sha1_base64="nsUrSyLIT398JFQWXFgI1to5Zho=">AAACIXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MVQXcbevE4mXODdZQ0S7ewNK1JKozQz+LFr+LFg8pu4pcx3XrQzQeBx3vvxy+/FySMSuU4X1ZpZXVtfaO8Wdna3tnds/cPHmScCkzaOGax6AZIEkY5aSuqGOkmgqAoYKQTjG9yv/NEhKQxv1eThPQjNOQ0pBgpI/l2veVrL0JqJCLtUR6qSZZBj5FH2PL5nHihQFjzTPMzN8vj85hvV52aMwNcJm5BqqBA07en3iDGaUS4wgxJ2XOdRPU1EopiRrKKl0qSIDxGQ9IzlKOIyL6enZjBE6MMYBgL87iCM/X3hEaRlJMoMMn8Grno5eJ/Xi9V4VVfU56kinA8XxSmDKoY5n3BARUEKzYxBGFBzV8hHiHTiDKtVkwJ7uLJy6R9XqvX3LuLauO6aKMMjsAxOAUuuAQNcAuaoA0weAav4B18WC/Wm/VpTefRklXMHII/sL5/AEVBpPQ=</latexit>

⇠1/⇠n ! const
<latexit sha1_base64="PrCearNndk4fhQBH4RTRNUiPVlg=">AAACFXicbVBNSwMxEM36WetX1aOXYBG8WHdFUG9FLx4rWFvolpJNs21oNlmSWbUs+yu8+Fe8eFDxKnjz35hte9DWB4GX92aYmRfEghtw3W9nbn5hcWm5sFJcXVvf2Cxtbd8alWjK6lQJpZsBMUxwyerAQbBmrBmJAsEaweAy9xt3TBuu5A0MY9aOSE/ykFMCVuqUDv0H3kl9LkMYZkf5R2Jf814fiNbqHvsRgb6OUqqkgaxTKrsVdwQ8S7wJKaMJap3Sl99VNImYBCqIMS3PjaGdEg2cCpYV/cSwmNAB6bGWpZJEzLTT0VkZ3rdKF4dK2ycBj9TfHSmJjBlGga3MtzTTXi7+57USCM/aKZdxAkzS8aAwERgUzjPCXa4ZBTG0hFDN7a6Y9okmFGySRRuCN33yLKkfV84r3vVJuXoxSaOAdtEeOkAeOkVVdIVqqI4oekTP6BW9OU/Oi/PufIxL55xJzw76A+fzB5cxoH0=</latexit><latexit sha1_base64="PrCearNndk4fhQBH4RTRNUiPVlg=">AAACFXicbVBNSwMxEM36WetX1aOXYBG8WHdFUG9FLx4rWFvolpJNs21oNlmSWbUs+yu8+Fe8eFDxKnjz35hte9DWB4GX92aYmRfEghtw3W9nbn5hcWm5sFJcXVvf2Cxtbd8alWjK6lQJpZsBMUxwyerAQbBmrBmJAsEaweAy9xt3TBuu5A0MY9aOSE/ykFMCVuqUDv0H3kl9LkMYZkf5R2Jf814fiNbqHvsRgb6OUqqkgaxTKrsVdwQ8S7wJKaMJap3Sl99VNImYBCqIMS3PjaGdEg2cCpYV/cSwmNAB6bGWpZJEzLTT0VkZ3rdKF4dK2ycBj9TfHSmJjBlGga3MtzTTXi7+57USCM/aKZdxAkzS8aAwERgUzjPCXa4ZBTG0hFDN7a6Y9okmFGySRRuCN33yLKkfV84r3vVJuXoxSaOAdtEeOkAeOkVVdIVqqI4oekTP6BW9OU/Oi/PufIxL55xJzw76A+fzB5cxoH0=</latexit><latexit sha1_base64="PrCearNndk4fhQBH4RTRNUiPVlg=">AAACFXicbVBNSwMxEM36WetX1aOXYBG8WHdFUG9FLx4rWFvolpJNs21oNlmSWbUs+yu8+Fe8eFDxKnjz35hte9DWB4GX92aYmRfEghtw3W9nbn5hcWm5sFJcXVvf2Cxtbd8alWjK6lQJpZsBMUxwyerAQbBmrBmJAsEaweAy9xt3TBuu5A0MY9aOSE/ykFMCVuqUDv0H3kl9LkMYZkf5R2Jf814fiNbqHvsRgb6OUqqkgaxTKrsVdwQ8S7wJKaMJap3Sl99VNImYBCqIMS3PjaGdEg2cCpYV/cSwmNAB6bGWpZJEzLTT0VkZ3rdKF4dK2ycBj9TfHSmJjBlGga3MtzTTXi7+57USCM/aKZdxAkzS8aAwERgUzjPCXa4ZBTG0hFDN7a6Y9okmFGySRRuCN33yLKkfV84r3vVJuXoxSaOAdtEeOkAeOkVVdIVqqI4oekTP6BW9OU/Oi/PufIxL55xJzw76A+fzB5cxoH0=</latexit><latexit sha1_base64="PrCearNndk4fhQBH4RTRNUiPVlg=">AAACFXicbVBNSwMxEM36WetX1aOXYBG8WHdFUG9FLx4rWFvolpJNs21oNlmSWbUs+yu8+Fe8eFDxKnjz35hte9DWB4GX92aYmRfEghtw3W9nbn5hcWm5sFJcXVvf2Cxtbd8alWjK6lQJpZsBMUxwyerAQbBmrBmJAsEaweAy9xt3TBuu5A0MY9aOSE/ykFMCVuqUDv0H3kl9LkMYZkf5R2Jf814fiNbqHvsRgb6OUqqkgaxTKrsVdwQ8S7wJKaMJap3Sl99VNImYBCqIMS3PjaGdEg2cCpYV/cSwmNAB6bGWpZJEzLTT0VkZ3rdKF4dK2ycBj9TfHSmJjBlGga3MtzTTXi7+57USCM/aKZdxAkzS8aAwERgUzjPCXa4ZBTG0hFDN7a6Y9okmFGySRRuCN33yLKkfV84r3vVJuXoxSaOAdtEeOkAeOkVVdIVqqI4oekTP6BW9OU/Oi/PufIxL55xJzw76A+fzB5cxoH0=</latexit>

⇠n ⇠ |p� pc|�⌫n
<latexit sha1_base64="5fy2T1r+bouTtptJQwY7MAOWvbM=">AAACA3icbVA9T8MwEHXKVylfAcYuFhUSS6sEIQFbBQtjkQit1JTIcZ3WquNYtoOo0g4s/BUWBkCs/Ak2/g1umwFannTS03t3ursXCkaVdpxvq7C0vLK6VlwvbWxube/Yu3u3KkklJh5OWCJbIVKEUU48TTUjLSEJikNGmuHgcuI374lUNOE3eihIJ0Y9TiOKkTZSYJf9Bxpw6Csaw5GoigCP7rKqz9OAjwO74tScKeAicXNSATkagf3ldxOcxoRrzJBSbdcRupMhqSlmZFzyU0UEwgPUI21DOYqJ6mTTJ8bw0ChdGCXSFNdwqv6eyFCs1DAOTWeMdF/NexPxP6+d6uisk1EuUk04ni2KUgZ1AieJwC6VBGs2NARhSc2tEPeRRFib3EomBHf+5UXiHdfOa+71SaV+kadRBGVwAI6AC05BHVyBBvAABo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP+PIl9I=</latexit><latexit sha1_base64="5fy2T1r+bouTtptJQwY7MAOWvbM=">AAACA3icbVA9T8MwEHXKVylfAcYuFhUSS6sEIQFbBQtjkQit1JTIcZ3WquNYtoOo0g4s/BUWBkCs/Ak2/g1umwFannTS03t3ursXCkaVdpxvq7C0vLK6VlwvbWxube/Yu3u3KkklJh5OWCJbIVKEUU48TTUjLSEJikNGmuHgcuI374lUNOE3eihIJ0Y9TiOKkTZSYJf9Bxpw6Csaw5GoigCP7rKqz9OAjwO74tScKeAicXNSATkagf3ldxOcxoRrzJBSbdcRupMhqSlmZFzyU0UEwgPUI21DOYqJ6mTTJ8bw0ChdGCXSFNdwqv6eyFCs1DAOTWeMdF/NexPxP6+d6uisk1EuUk04ni2KUgZ1AieJwC6VBGs2NARhSc2tEPeRRFib3EomBHf+5UXiHdfOa+71SaV+kadRBGVwAI6AC05BHVyBBvAABo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP+PIl9I=</latexit><latexit sha1_base64="5fy2T1r+bouTtptJQwY7MAOWvbM=">AAACA3icbVA9T8MwEHXKVylfAcYuFhUSS6sEIQFbBQtjkQit1JTIcZ3WquNYtoOo0g4s/BUWBkCs/Ak2/g1umwFannTS03t3ursXCkaVdpxvq7C0vLK6VlwvbWxube/Yu3u3KkklJh5OWCJbIVKEUU48TTUjLSEJikNGmuHgcuI374lUNOE3eihIJ0Y9TiOKkTZSYJf9Bxpw6Csaw5GoigCP7rKqz9OAjwO74tScKeAicXNSATkagf3ldxOcxoRrzJBSbdcRupMhqSlmZFzyU0UEwgPUI21DOYqJ6mTTJ8bw0ChdGCXSFNdwqv6eyFCs1DAOTWeMdF/NexPxP6+d6uisk1EuUk04ni2KUgZ1AieJwC6VBGs2NARhSc2tEPeRRFib3EomBHf+5UXiHdfOa+71SaV+kadRBGVwAI6AC05BHVyBBvAABo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP+PIl9I=</latexit><latexit sha1_base64="5fy2T1r+bouTtptJQwY7MAOWvbM=">AAACA3icbVA9T8MwEHXKVylfAcYuFhUSS6sEIQFbBQtjkQit1JTIcZ3WquNYtoOo0g4s/BUWBkCs/Ak2/g1umwFannTS03t3ursXCkaVdpxvq7C0vLK6VlwvbWxube/Yu3u3KkklJh5OWCJbIVKEUU48TTUjLSEJikNGmuHgcuI374lUNOE3eihIJ0Y9TiOKkTZSYJf9Bxpw6Csaw5GoigCP7rKqz9OAjwO74tScKeAicXNSATkagf3ldxOcxoRrzJBSbdcRupMhqSlmZFzyU0UEwgPUI21DOYqJ6mTTJ8bw0ChdGCXSFNdwqv6eyFCs1DAOTWeMdF/NexPxP6+d6uisk1EuUk04ni2KUgZ1AieJwC6VBGs2NARhSc2tEPeRRFib3EomBHf+5UXiHdfOa+71SaV+kadRBGVwAI6AC05BHVyBBvAABo/gGbyCN+vJerHerY9Za8HKZ/bBH1ifP+PIl9I=</latexit>

⌫n = ⌫
<latexit sha1_base64="8lwpvzUajVYvYWjPogkjeZKaZe4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoB6EohePFVxb2C4lm2bb0GyyJLNCWfozvHhQ8eq/8ea/MdvuQVsfhDzem2FmXpQKbsB1v53Kyura+kZ1s7a1vbO7V98/eDQq05T5VAmluxExTHDJfOAgWDfVjCSRYJ1ofFv4nSemDVfyASYpCxMylDzmlICVgp7M+hJf4+KvN9ymOwNeJl5JGqhEu1//6g0UzRImgQpiTOC5KYQ50cCpYNNaLzMsJXRMhiywVJKEmTCfrTzFJ1YZ4Fhp+yTgmfq7IyeJMZMkspUJgZFZ9ArxPy/IIL4Mcy7TDJik80FxJjAoXNyPB1wzCmJiCaGa210xHRFNKNiUajYEb/HkZeKfNa+a3v15o3VTplFFR+gYnSIPXaAWukNt5COKFHpGr+jNAefFeXc+5qUVp+w5RH/gfP4A24aQhA==</latexit><latexit sha1_base64="8lwpvzUajVYvYWjPogkjeZKaZe4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoB6EohePFVxb2C4lm2bb0GyyJLNCWfozvHhQ8eq/8ea/MdvuQVsfhDzem2FmXpQKbsB1v53Kyura+kZ1s7a1vbO7V98/eDQq05T5VAmluxExTHDJfOAgWDfVjCSRYJ1ofFv4nSemDVfyASYpCxMylDzmlICVgp7M+hJf4+KvN9ymOwNeJl5JGqhEu1//6g0UzRImgQpiTOC5KYQ50cCpYNNaLzMsJXRMhiywVJKEmTCfrTzFJ1YZ4Fhp+yTgmfq7IyeJMZMkspUJgZFZ9ArxPy/IIL4Mcy7TDJik80FxJjAoXNyPB1wzCmJiCaGa210xHRFNKNiUajYEb/HkZeKfNa+a3v15o3VTplFFR+gYnSIPXaAWukNt5COKFHpGr+jNAefFeXc+5qUVp+w5RH/gfP4A24aQhA==</latexit><latexit sha1_base64="8lwpvzUajVYvYWjPogkjeZKaZe4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoB6EohePFVxb2C4lm2bb0GyyJLNCWfozvHhQ8eq/8ea/MdvuQVsfhDzem2FmXpQKbsB1v53Kyura+kZ1s7a1vbO7V98/eDQq05T5VAmluxExTHDJfOAgWDfVjCSRYJ1ofFv4nSemDVfyASYpCxMylDzmlICVgp7M+hJf4+KvN9ymOwNeJl5JGqhEu1//6g0UzRImgQpiTOC5KYQ50cCpYNNaLzMsJXRMhiywVJKEmTCfrTzFJ1YZ4Fhp+yTgmfq7IyeJMZMkspUJgZFZ9ArxPy/IIL4Mcy7TDJik80FxJjAoXNyPB1wzCmJiCaGa210xHRFNKNiUajYEb/HkZeKfNa+a3v15o3VTplFFR+gYnSIPXaAWukNt5COKFHpGr+jNAefFeXc+5qUVp+w5RH/gfP4A24aQhA==</latexit><latexit sha1_base64="8lwpvzUajVYvYWjPogkjeZKaZe4=">AAAB8XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoB6EohePFVxb2C4lm2bb0GyyJLNCWfozvHhQ8eq/8ea/MdvuQVsfhDzem2FmXpQKbsB1v53Kyura+kZ1s7a1vbO7V98/eDQq05T5VAmluxExTHDJfOAgWDfVjCSRYJ1ofFv4nSemDVfyASYpCxMylDzmlICVgp7M+hJf4+KvN9ymOwNeJl5JGqhEu1//6g0UzRImgQpiTOC5KYQ50cCpYNNaLzMsJXRMhiywVJKEmTCfrTzFJ1YZ4Fhp+yTgmfq7IyeJMZMkspUJgZFZ9ArxPy/IIL4Mcy7TDJik80FxJjAoXNyPB1wzCmJiCaGa210xHRFNKNiUajYEb/HkZeKfNa+a3v15o3VTplFFR+gYnSIPXaAWukNt5COKFHpGr+jNAefFeXc+5qUVp+w5RH/gfP4A24aQhA==</latexit>

n > 1
<latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit><latexit sha1_base64="PAViWJNKYKrC1Z5++yIiqpNa8lg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S9OKxorGFNpTNdtMu3WzC7kQooT/BiwcVr/4jb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpLyyura+X1ysbm1vZOdXfvwSSZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWOrqd+65FrIxJ1j+OUBzEdKBEJRtFKd+rS61Vrbt2dgfwlXkFqUKDZq352+wnLYq6QSWpMx3NTDHKqUTDJJ5VuZnhK2YgOeMdSRWNugnx26oQcWaVPokTbUkhm6s+JnMbGjOPQdsYUh2bRm4r/eZ0Mo/MgFyrNkCs2XxRlkmBCpn+TvtCcoRxbQpkW9lbChlRThjadig3BW3z5L/FP6hd17/a01rgq0ijDARzCMXhwBg24gSb4wGAAT/ACr450np03533eWnKKmX34BefjGzg/jUk=</latexit>



Scaling Collapse

n = 1
<latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit><latexit sha1_base64="N0KktA8tIv6Ga+Xt80cRByeM/n4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW2lA22027dLMJuxOhhP4ELx5UvPqPvPlv3LY5aPXBwOO9GWbmhakUBl33yyktLa+srpXXKxubW9s71d29B5NkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up76rUeujUjUPY5THsR0oEQkGEUr3alLr1etuXV3BvKXeAWpQYFmr/rZ7Scsi7lCJqkxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyZJU+iRJtSyGZqT8nchobM45D2xlTHJpFbyr+53UyjM6DXKg0Q67YfFGUSYIJmf5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/Hlv8Q/qV/UvdvTWuOqSKMMB3AIx+DBGTTgBprgA4MBPMELvDrSeXbenPd5a8kpZvbhF5yPbza7jUg=</latexit>

Compare with Clifford Circuits

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)⌫P = 4/3

<latexit sha1_base64="kl6y8kvYn+zaVhN+yIPnzijE8u0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU93VBb0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL0w408Z1v53Cyura+kZxs7S1vbO7V94/aOo4VYQ2SMxj1Q6xppxJ2jDMcNpOFMUi5LQVjm6nfuuJKs1i+WDGCQ0EHkgWMYKNlR67Mu3Vr/2zi1654lbdGdAy8XJSgRz1Xvmr249JKqg0hGOtO56bmCDDyjDC6aTUTTVNMBnhAe1YKrGgOshmB0/QiVX6KIqVLWnQTP09kWGh9ViEtlNgM9SL3lT8z+ukJroKMiaT1FBJ5ouilCMTo+n3qM8UJYaPLcFEMXsrIkOsMDE2o5INwVt8eZk0z6ueX/Xv/UrtJo+jCEdwDKfgwSXU4A7q0AACAp7hFd4c5bw4787HvLXg5DOH8AfO5w+Tz4+c</latexit>



Order Parameter

Gullans and Huse PRL (2020)

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

“order parameter” = S1(⇢R)
<latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit>

reduced density matrix of ancilla

Gullans and Huse PRL (2020)
Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

“order parameter” = S1(⇢R)
<latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit>

vanishes in the area law phase
remains entangled in the volume law phase

Gullans and Huse PRL (2020)
Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

“order parameter” = S1(⇢R)
<latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit>

vanishes

remains 
entangled 

p > pc
<latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit>

p < pc
<latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit>



Order Parameter
Use the order parameter to determine pc

“order parameter” = S1(⇢R)
<latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit>

vanishes

remains 
entangled 

p > pc
<latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit>

p < pc
<latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit>

t = 2L

<latexit sha1_base64="8L192wZTF/ez+6HqfSp/pAvTRIU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5CIDZC0MbCIoL5gOQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8bN5QpNfDDweG+GmXlBzJk2rvvtFDY2t7Z3irulvf2Dw6Py8UlHR4kitE0iHqlegDXlTNK2YYbTXqwoFgGn3WB6u/C7T1RpFslHM4upL/BYspARbDLpunY/LFfcqpsBrRMvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUSC6r9NLt1ji6sMkJhpGxJgzL190SKhdYzEdhOgc1Er3oL8T+vn5jwyk+ZjBNDJVkuChOOTIQWj6MRU5QYPrMEE8XsrYhMsMLE2HhKNgRv9eV10qlVvXq1/lCvNG/yOIpwBudwCR40oAl30II2EJjAM7zCmyOcF+fd+Vi2Fpx85hT+wPn8AW6zjdg=</latexit>

near pc
S1(⇢R) ⇠ F ((p� pc)L

1/⌫ , t/Lz)

<latexit sha1_base64="DS6ag6W4uIKHcMJE7yGbPRa78Bc="></latexit>



Order Parameter
Use the order parameter to determine pc

“order parameter” = S1(⇢R)
<latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit><latexit sha1_base64="cN8tpFgf3+5U7MMEncfxLpKMg7I=">AAAB8XicbVBNS8NAEN34WetX1aOXxSLUS0lEUG9FLx7rR2whDWGz3bZLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5cSq4Adf9dpaWV1bX1ksb5c2t7Z3dyt7+o1GZpsynSijdjolhgkvmAwfB2qlmJIkFa8XD64nfemLacCUfYJSyMCF9yXucErBScB95tY4eqOjuJKpU3bo7BV4kXkGqqEAzqnx1uopmCZNABTEm8NwUwpxo4FSwcbmTGZYSOiR9FlgqScJMmE9PHuNjq3RxT2lbEvBU/T2Rk8SYURLbzoTAwMx7E/E/L8igdxHmXKYZMElni3qZwKDw5H/c5ZpRECNLCNXc3orpgGhCwaZUtiF48y8vEv+0fln3bs+qjasijRI6REeohjx0jhroBjWRjyhS6Bm9ojcHnBfn3fmYtS45xcwB+gPn8wd7+5BG</latexit>

vanishes

remains 
entangled 

p > pc
<latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit><latexit sha1_base64="1A0GxnpE6pjKlrh7Vpbb4adnPYk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb1I0YvHCq4ttEvJptk2NMmGJCuUpb/BiwcVr/4hb/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo0kzTWhIUp7qdowN5UzS0DLLaVtpikXMaSse3U791hPVhqXywY4VjQQeSJYwgq2TQnWteqRXrfl1fwa0TIKC1KBAs1f96vZTkgkqLeHYmE7gKxvlWFtGOJ1UupmhCpMRHtCOoxILaqJ8duwEnTilj5JUu5IWzdTfEzkWxoxF7DoFtkOz6E3F/7xOZpPLKGdSZZZKMl+UZBzZFE0/R32mKbF87AgmmrlbERlijYl1+VRcCMHiy8skPKtf1YP781rjpkijDEdwDKcQwAU04A6aEAIBBs/wCm+e9F68d+9j3lryiplD+APv8wcMVY5g</latexit>

p < pc
<latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit><latexit sha1_base64="aDWZx3Es7Ll9II00rafxIgjugvU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQQUPRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8JSY5e</latexit>

t = 2L

<latexit sha1_base64="8L192wZTF/ez+6HqfSp/pAvTRIU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5CIDZC0MbCIoL5gOQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8bN5QpNfDDweG+GmXlBzJk2rvvtFDY2t7Z3irulvf2Dw6Py8UlHR4kitE0iHqlegDXlTNK2YYbTXqwoFgGn3WB6u/C7T1RpFslHM4upL/BYspARbDLpunY/LFfcqpsBrRMvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUSC6r9NLt1ji6sMkJhpGxJgzL190SKhdYzEdhOgc1Er3oL8T+vn5jwyk+ZjBNDJVkuChOOTIQWj6MRU5QYPrMEE8XsrYhMsMLE2HhKNgRv9eV10qlVvXq1/lCvNG/yOIpwBudwCR40oAl30II2EJjAM7zCmyOcF+fd+Vi2Fpx85hT+wPn8AW6zjdg=</latexit>

pc = 0.17(1)

<latexit sha1_base64="Vz6ieXzGJnsC5wcFcZ+ssUorNts=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXpZdKdSLUPTisYL9gHYp2TTbhmazIckKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz80LJmTae9+0UNja3tneKu6W9/YPDo/LxSVsnqSK0RRKeqG6INeVM0JZhhtOuVBTHIaedcHI39ztPVGmWiEczlTSI8UiwiBFsrNSXA3LjuX4dVf3LQbniud4CaJ34OalAjuag/NUfJiSNqTCEY617vidNkGFlGOF0VuqnmkpMJnhEe5YKHFMdZIubZ+jCKkMUJcqWMGih/p7IcKz1NA5tZ4zNWK96c/E/r5ea6DrImJCpoYIsF0UpRyZB8wDQkClKDJ9agoli9lZExlhhYmxMJRuCv/ryOmlfuX7NrT3UKo3bPI4inME5VMGHOjTgHprQAgISnuEV3pzUeXHenY9la8HJZ07hD5zPHyoOj9A=</latexit>

near pc
S1(⇢R) ⇠ F ((p� pc)L

1/⌫ , t/Lz)

<latexit sha1_base64="DS6ag6W4uIKHcMJE7yGbPRa78Bc="></latexit>



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

p = pc
<latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit>

At the transition

S1(⇢R) ⇠ f(t/Lz)

<latexit sha1_base64="xDkgn1Z9HDHxA6iDemViJpI5DuY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEdlMTKeiy6MaFi/roA5oYJtNJO3SSCTMToYbixl9x40IRt36FO//GaZuFth64cDjnXu69x48Zlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNCVPBCYNzBkXbR9JwmhEGooqRtqxICj0GWn5g/Ox37onQlIe3aphTNwQ9SIaUIyUljxz78azS47oc++6DB1JQxiU1NHl3UPZM4tWxZoAzhM7I0WQoe6ZX06X4yQkkcIMSdmxrVi5KRKKYkZGBSeRJEZ4gHqko2mEQiLddPLCCB5qpQsDLnRFCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVnLopjeJEkQhPFwUJg4rDcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njSPK3a1Ur2qFmtnWRx5sA8OQAnY4ATUwAWogwbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzB4b6lZk=</latexit>



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

p = pc
<latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit>

At the transition

S1(⇢R) ⇠ f(t/Lz)

<latexit sha1_base64="xDkgn1Z9HDHxA6iDemViJpI5DuY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEdlMTKeiy6MaFi/roA5oYJtNJO3SSCTMToYbixl9x40IRt36FO//GaZuFth64cDjnXu69x48Zlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNCVPBCYNzBkXbR9JwmhEGooqRtqxICj0GWn5g/Ox37onQlIe3aphTNwQ9SIaUIyUljxz78azS47oc++6DB1JQxiU1NHl3UPZM4tWxZoAzhM7I0WQoe6ZX06X4yQkkcIMSdmxrVi5KRKKYkZGBSeRJEZ4gHqko2mEQiLddPLCCB5qpQsDLnRFCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVnLopjeJEkQhPFwUJg4rDcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njSPK3a1Ur2qFmtnWRx5sA8OQAnY4ATUwAWogwbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzB4b6lZk=</latexit>



Order Parameter

Ã = (r, t0)
<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle one ancilla qubit in a 
Bell state

and track its 
entanglement entropy

| 0i =
1p
2
(| *#i � | +"i)

<latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit><latexit sha1_base64="rdgvuD11kqa03raEpIS1jxS6bfc="></latexit>

p = pc
<latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit>

At the transition

S1(⇢R) ⇠ f(t/Lz)

<latexit sha1_base64="xDkgn1Z9HDHxA6iDemViJpI5DuY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEdlMTKeiy6MaFi/roA5oYJtNJO3SSCTMToYbixl9x40IRt36FO//GaZuFth64cDjnXu69x48Zlcqyvo3cwuLS8kp+tbC2vrG5ZW7vNCVPBCYNzBkXbR9JwmhEGooqRtqxICj0GWn5g/Ox37onQlIe3aphTNwQ9SIaUIyUljxz78azS47oc++6DB1JQxiU1NHl3UPZM4tWxZoAzhM7I0WQoe6ZX06X4yQkkcIMSdmxrVi5KRKKYkZGBSeRJEZ4gHqko2mEQiLddPLCCB5qpQsDLnRFCk7U3xMpCqUchr7uDJHqy1lvLP7ndRIVnLopjeJEkQhPFwUJg4rDcR6wSwXBig01QVhQfSvEfSQQVjq1gg7Bnn15njSPK3a1Ur2qFmtnWRx5sA8OQAnY4ATUwAWogwbA4BE8g1fwZjwZL8a78TFtzRnZzC74A+PzB4b6lZk=</latexit>



Order Parameter: 
“Correlation Function”

B̃ = (r0, t0)
<latexit sha1_base64="a0CZRKiyUWAyI6oB2Hz0/kS/D1w=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxiBSmJCOpCKHXjsoKxhTaEyWTaDp08mLkRaij+ihsXKm79EHf+jdM2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuWVu79yrOJWUOTQWsWz5RDHBI+YAB8FaiWQk9AVr+oPrsd98YFLxOLqDYcLckPQi3uWUgJY8c68DXAQM1/EVrsijEwyedeyZZatqTYDniZ2TMsrR8MyvThDTNGQRUEGUattWAm5GJHAq2KjUSRVLCB2QHmtrGpGQKTebXD/Ch1oJcDeWuiLAE/X3REZCpYahrztDAn01643F/7x2Ct0LN+NRkgKL6HRRNxUYYjyOAgdcMgpiqAmhkutbMe0TSSjowEo6BHv25XninFYvq/btWblWz9Moon10gCrIRueohm5QAzmIokf0jF7Rm/FkvBjvxse0tWDkM7voD4zPH2ptks0=</latexit><latexit sha1_base64="a0CZRKiyUWAyI6oB2Hz0/kS/D1w=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxiBSmJCOpCKHXjsoKxhTaEyWTaDp08mLkRaij+ihsXKm79EHf+jdM2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuWVu79yrOJWUOTQWsWz5RDHBI+YAB8FaiWQk9AVr+oPrsd98YFLxOLqDYcLckPQi3uWUgJY8c68DXAQM1/EVrsijEwyedeyZZatqTYDniZ2TMsrR8MyvThDTNGQRUEGUattWAm5GJHAq2KjUSRVLCB2QHmtrGpGQKTebXD/Ch1oJcDeWuiLAE/X3REZCpYahrztDAn01643F/7x2Ct0LN+NRkgKL6HRRNxUYYjyOAgdcMgpiqAmhkutbMe0TSSjowEo6BHv25XninFYvq/btWblWz9Moon10gCrIRueohm5QAzmIokf0jF7Rm/FkvBjvxse0tWDkM7voD4zPH2ptks0=</latexit><latexit sha1_base64="a0CZRKiyUWAyI6oB2Hz0/kS/D1w=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxiBSmJCOpCKHXjsoKxhTaEyWTaDp08mLkRaij+ihsXKm79EHf+jdM2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuWVu79yrOJWUOTQWsWz5RDHBI+YAB8FaiWQk9AVr+oPrsd98YFLxOLqDYcLckPQi3uWUgJY8c68DXAQM1/EVrsijEwyedeyZZatqTYDniZ2TMsrR8MyvThDTNGQRUEGUattWAm5GJHAq2KjUSRVLCB2QHmtrGpGQKTebXD/Ch1oJcDeWuiLAE/X3REZCpYahrztDAn01643F/7x2Ct0LN+NRkgKL6HRRNxUYYjyOAgdcMgpiqAmhkutbMe0TSSjowEo6BHv25XninFYvq/btWblWz9Moon10gCrIRueohm5QAzmIokf0jF7Rm/FkvBjvxse0tWDkM7voD4zPH2ptks0=</latexit><latexit sha1_base64="a0CZRKiyUWAyI6oB2Hz0/kS/D1w=">AAAB/HicbVDLSsNAFJ3UV62v+Ni5GSxiBSmJCOpCKHXjsoKxhTaEyWTaDp08mLkRaij+ihsXKm79EHf+jdM2C209cOFwzr3ce4+fCK7Asr6NwsLi0vJKcbW0tr6xuWVu79yrOJWUOTQWsWz5RDHBI+YAB8FaiWQk9AVr+oPrsd98YFLxOLqDYcLckPQi3uWUgJY8c68DXAQM1/EVrsijEwyedeyZZatqTYDniZ2TMsrR8MyvThDTNGQRUEGUattWAm5GJHAq2KjUSRVLCB2QHmtrGpGQKTebXD/Ch1oJcDeWuiLAE/X3REZCpYahrztDAn01643F/7x2Ct0LN+NRkgKL6HRRNxUYYjyOAgdcMgpiqAmhkutbMe0TSSjowEo6BHv25XninFYvq/btWblWz9Moon10gCrIRueohm5QAzmIokf0jF7Rm/FkvBjvxse0tWDkM7voD4zPH2ptks0=</latexit>Ã = (r, t0)

<latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit><latexit sha1_base64="Yc/VnL9zdTmsHF97UuZQ95SE8NA=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSxCBSmJCOpBqHrxWMHYQhvCZrNpl24+2J0IJdS/4sWDilf/iDf/jds2B219MPB4b4aZeX4quALL+jZKS8srq2vl9crG5tb2jrm796CSTFLm0EQksuMTxQSPmQMcBOukkpHIF6ztD28mfvuRScWT+B5GKXMj0o95yCkBLXlmtQdcBAxf4Utcl8cYPOvIM2tWw5oCLxK7IDVUoOWZX70goVnEYqCCKNW1rRTcnEjgVLBxpZcplhI6JH3W1TQmEVNuPj1+jA+1EuAwkbpiwFP190ROIqVGka87IwIDNe9NxP+8bgbhuZvzOM2AxXS2KMwEhgRPksABl4yCGGlCqOT6VkwHRBIKOq+KDsGef3mROCeNi4Z9d1prXhdplNE+OkB1ZKMz1ES3qIUcRNEIPaNX9GY8GS/Gu/Exay0ZxUwV/YHx+QMD85Kb</latexit>

Entangle two ancilla qubits and track their mutual information

Gullans and Huse PRL (2020)
Zabalo, Gullans, Wilson, Gopalakrishnan, Huse, JHP PRB(R) (2020)

C(r � r0; t� t0) = I1(Ã, B̃) = S1(Ã) + S1(B̃)� S1(Ã [ B̃)

<latexit sha1_base64="9GIkjPVdGrmGey1CmwbJT6EhfYE="></latexit>



Order Parameter: 
“Correlation Function”

Entangle two ancilla qubits and track their mutual information

p = pc
<latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit>

C(r � r0; t� t0) = I1(Ã, B̃) = S1(Ã) + S1(B̃)� S1(Ã [ B̃)

<latexit sha1_base64="9GIkjPVdGrmGey1CmwbJT6EhfYE="></latexit>

C(r � r0; t� t0) ⇠
1

|r � r0|⌘ g((t� t0)/L)

<latexit sha1_base64="2IUOEpblMv+DjtdgQCwA6rjuWi4=">AAACHnicbVDLSsNAFJ3Ud31FXboZLGJdWBOpKLgR3bhwoWAf0MQymU7aoZMHMzdCSfMlbvwVNy4UEVzp3zhpu/B1YOBwzrncuceLBVdgWZ9GYWp6ZnZufqG4uLS8smqurddVlEjKajQSkWx6RDHBQ1YDDoI1Y8lI4AnW8Prnud+4Y1LxKLyBQczcgHRD7nNKQEtt8/C8LPfkzgnsQdvadRQPsONLQlM7S4e5M7xNHQYky7rl8ji0f7nbNktWxRoB/yX2hJTQBFdt893pRDQJWAhUEKVathWDmxIJnAqWFZ1EsZjQPumylqYhCZhy09F5Gd7WSgf7kdQvBDxSv0+kJFBqEHg6GRDoqd9eLv7ntRLwj92Uh3ECLKTjRX4iMEQ47wp3uGQUxEATQiXXf8W0R3Q7oBst6hLs3yf/JfWDil2tVK+rpdOzSR3zaBNtoTKy0RE6RRfoCtUQRffoET2jF+PBeDJejbdxtGBMZjbQDxgfXwPaoJE=</latexit>



Order Parameter: 
“Correlation Function”

Entangle two ancilla qubits and track their mutual information

p = pc
<latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit><latexit sha1_base64="NmMXpv5gR9WyhXOIlDVUSg7EhZ4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0IRS8eK7i20C4lm2bb0CQbkqxQlv4GLx5UvPqHvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHjybNNKEhSXmq2zE2lDNJQ8ssp22lKRYxp614dDv1W09UG5bKBztWNBJ4IFnCCLZOCtW16pFetebX/RnQMgkKUoMCzV71q9tPSSaotIRjYzqBr2yUY20Z4XRS6WaGKkxGeEA7jkosqIny2bETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//M6mU0uo5xJlVkqyXxRknFkUzT9HPWZpsTysSOYaOZuRWSINSbW5VNxIQSLLy+T8Kx+VQ/uz2uNmyKNMhzBMZxCABfQgDtoQggEGDzDK7x50nvx3r2PeWvJK2YO4Q+8zx8Kz45f</latexit>

⌘P = 5/24 ⇡ 0.21
<latexit sha1_base64="jKj/X1zCjlX62B3OXllPrFlvJvg=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETzEpFfUgFL14rGBsoQlhs920SzfJsrsRSyh48a948aDi1V/hzX/jts1BWx8MPN6bYWZeyBmVyra/jdLC4tLySnm1sra+sbllbu/cyTQTmLg4Zaloh0gSRhPiKqoYaXNBUBwy0goHV2O/dU+EpGlyq4ac+DHqJTSiGCktBeaeRxQKmvACnhzX6tBDnIv0AdpWzQnMqm3ZE8B54hSkCgo0A/PL66Y4i0miMENSdhybKz9HQlHMyKjiZZJwhAeoRzqaJigm0s8nP4zgoVa6MEqFrkTBifp7IkexlMM41J0xUn05643F/7xOpqIzP6cJzxRJ8HRRlDGoUjgOBHapIFixoSYIC6pvhbiPBMJKx1bRITizL88Tt2adW85Nvdq4LNIog31wAI6AA05BA1yDJnABBo/gGbyCN+PJeDHejY9pa8koZnbBHxifP3JnlQY=</latexit><latexit sha1_base64="jKj/X1zCjlX62B3OXllPrFlvJvg=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETzEpFfUgFL14rGBsoQlhs920SzfJsrsRSyh48a948aDi1V/hzX/jts1BWx8MPN6bYWZeyBmVyra/jdLC4tLySnm1sra+sbllbu/cyTQTmLg4Zaloh0gSRhPiKqoYaXNBUBwy0goHV2O/dU+EpGlyq4ac+DHqJTSiGCktBeaeRxQKmvACnhzX6tBDnIv0AdpWzQnMqm3ZE8B54hSkCgo0A/PL66Y4i0miMENSdhybKz9HQlHMyKjiZZJwhAeoRzqaJigm0s8nP4zgoVa6MEqFrkTBifp7IkexlMM41J0xUn05643F/7xOpqIzP6cJzxRJ8HRRlDGoUjgOBHapIFixoSYIC6pvhbiPBMJKx1bRITizL88Tt2adW85Nvdq4LNIog31wAI6AA05BA1yDJnABBo/gGbyCN+PJeDHejY9pa8koZnbBHxifP3JnlQY=</latexit><latexit sha1_base64="jKj/X1zCjlX62B3OXllPrFlvJvg=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETzEpFfUgFL14rGBsoQlhs920SzfJsrsRSyh48a948aDi1V/hzX/jts1BWx8MPN6bYWZeyBmVyra/jdLC4tLySnm1sra+sbllbu/cyTQTmLg4Zaloh0gSRhPiKqoYaXNBUBwy0goHV2O/dU+EpGlyq4ac+DHqJTSiGCktBeaeRxQKmvACnhzX6tBDnIv0AdpWzQnMqm3ZE8B54hSkCgo0A/PL66Y4i0miMENSdhybKz9HQlHMyKjiZZJwhAeoRzqaJigm0s8nP4zgoVa6MEqFrkTBifp7IkexlMM41J0xUn05643F/7xOpqIzP6cJzxRJ8HRRlDGoUjgOBHapIFixoSYIC6pvhbiPBMJKx1bRITizL88Tt2adW85Nvdq4LNIog31wAI6AA05BA1yDJnABBo/gGbyCN+PJeDHejY9pa8koZnbBHxifP3JnlQY=</latexit><latexit sha1_base64="jKj/X1zCjlX62B3OXllPrFlvJvg=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETzEpFfUgFL14rGBsoQlhs920SzfJsrsRSyh48a948aDi1V/hzX/jts1BWx8MPN6bYWZeyBmVyra/jdLC4tLySnm1sra+sbllbu/cyTQTmLg4Zaloh0gSRhPiKqoYaXNBUBwy0goHV2O/dU+EpGlyq4ac+DHqJTSiGCktBeaeRxQKmvACnhzX6tBDnIv0AdpWzQnMqm3ZE8B54hSkCgo0A/PL66Y4i0miMENSdhybKz9HQlHMyKjiZZJwhAeoRzqaJigm0s8nP4zgoVa6MEqFrkTBifp7IkexlMM41J0xUn05643F/7xOpqIzP6cJzxRJ8HRRlDGoUjgOBHapIFixoSYIC6pvhbiPBMJKx1bRITizL88Tt2adW85Nvdq4LNIog31wAI6AA05BA1yDJnABBo/gGbyCN+PJeDHejY9pa8koZnbBHxifP3JnlQY=</latexit>

Clifford Haar

C(r � r0; t� t0) ⇠
1

|r � r0|⌘ g((t� t0)/L)

<latexit sha1_base64="2IUOEpblMv+DjtdgQCwA6rjuWi4=">AAACHnicbVDLSsNAFJ3Ud31FXboZLGJdWBOpKLgR3bhwoWAf0MQymU7aoZMHMzdCSfMlbvwVNy4UEVzp3zhpu/B1YOBwzrncuceLBVdgWZ9GYWp6ZnZufqG4uLS8smqurddVlEjKajQSkWx6RDHBQ1YDDoI1Y8lI4AnW8Prnud+4Y1LxKLyBQczcgHRD7nNKQEtt8/C8LPfkzgnsQdvadRQPsONLQlM7S4e5M7xNHQYky7rl8ji0f7nbNktWxRoB/yX2hJTQBFdt893pRDQJWAhUEKVathWDmxIJnAqWFZ1EsZjQPumylqYhCZhy09F5Gd7WSgf7kdQvBDxSv0+kJFBqEHg6GRDoqd9eLv7ntRLwj92Uh3ECLKTjRX4iMEQ47wp3uGQUxEATQiXXf8W0R3Q7oBst6hLs3yf/JfWDil2tVK+rpdOzSR3zaBNtoTKy0RE6RRfoCtUQRffoET2jF+PBeDJejbdxtGBMZjbQDxgfXwPaoJE=</latexit>

|r � r0| = L/2

<latexit sha1_base64="d0RQ9NTdDGGRTu4EQHeVTkEuyxY=">AAAB8XicbVA9SwNBEJ2LXzF+JGppsxhEG+NdCGgjBG0sLCKYD0yOsLfZS5bs7R27e0K45F/YWChi67+x89+4Sa7QxAcDj/dmmJnnRZwpbdvfVmZldW19I7uZ29re2c0X9vYbKowloXUS8lC2PKwoZ4LWNdOctiJJceBx2vSGN1O/+USlYqF40KOIugHuC+YzgrWRHsfyTJ6Mr+7Oy91C0S7ZM6Bl4qSkCClq3cJXpxeSOKBCE46Vajt2pN0ES80Ip5NcJ1Y0wmSI+7RtqMABVW4yu3iCjo3SQ34oTQmNZurviQQHSo0Cz3QGWA/UojcV//PasfYv3YSJKNZUkPkiP+ZIh2j6PuoxSYnmI0MwkczcisgAS0y0CSlnQnAWX14mjXLJqZQq95Vi9TqNIwuHcASn4MAFVOEWalAHAgKe4RXeLGW9WO/Wx7w1Y6UzB/AH1ucPQrGP/w==</latexit>

C(r � r0; t� t0) = I1(Ã, B̃) = S1(Ã) + S1(B̃)� S1(Ã [ B̃)

<latexit sha1_base64="9GIkjPVdGrmGey1CmwbJT6EhfYE="></latexit>



Critical Properties 
Summary

Critical exponents for both Clifford and Haar gates 
are very close to percolation (Lorentz invariant)

Renyi dependence of the entanglement entropy?



Renyi Entropies at 
Criticality

Renyi dependence of the entanglement entropy

Sn ⇠ ↵(n) logL
<latexit sha1_base64="DTt3KIBCbLLqA4Q+fcbKUclsV6o=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkIqi3ohcPHioaW2hC2Gw37dLdTdjdCCUUL/4VLx5UvPovvPlv3LY5aOuDgcd7M8zMi1JGlXacb6u0sLi0vFJeraytb2xu2ds79yrJJCYeTlgi2xFShFFBPE01I+1UEsQjRlrR4HLstx6IVDQRd3qYkoCjnqAxxUgbKbT3bkMBfUU59BFL+6gmjqDPkh68Du2qU3cmgPPELUgVFGiG9pffTXDGidCYIaU6rpPqIEdSU8zIqOJniqQID1CPdAwViBMV5JMXRvDQKF0YJ9KU0HCi/p7IEVdqyCPTyZHuq1lvLP7ndTIdnwU5FWmmicDTRXHGoE7gOA/YpZJgzYaGICypuRXiPpIIa5NaxYTgzr48T7zj+nndvTmpNi6KNMpgHxyAGnDBKWiAK9AEHsDgETyDV/BmPVkv1rv1MW0tWcXMLvgD6/MHiC6VyQ==</latexit><latexit sha1_base64="DTt3KIBCbLLqA4Q+fcbKUclsV6o=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkIqi3ohcPHioaW2hC2Gw37dLdTdjdCCUUL/4VLx5UvPovvPlv3LY5aOuDgcd7M8zMi1JGlXacb6u0sLi0vFJeraytb2xu2ds79yrJJCYeTlgi2xFShFFBPE01I+1UEsQjRlrR4HLstx6IVDQRd3qYkoCjnqAxxUgbKbT3bkMBfUU59BFL+6gmjqDPkh68Du2qU3cmgPPELUgVFGiG9pffTXDGidCYIaU6rpPqIEdSU8zIqOJniqQID1CPdAwViBMV5JMXRvDQKF0YJ9KU0HCi/p7IEVdqyCPTyZHuq1lvLP7ndTIdnwU5FWmmicDTRXHGoE7gOA/YpZJgzYaGICypuRXiPpIIa5NaxYTgzr48T7zj+nndvTmpNi6KNMpgHxyAGnDBKWiAK9AEHsDgETyDV/BmPVkv1rv1MW0tWcXMLvgD6/MHiC6VyQ==</latexit><latexit sha1_base64="DTt3KIBCbLLqA4Q+fcbKUclsV6o=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkIqi3ohcPHioaW2hC2Gw37dLdTdjdCCUUL/4VLx5UvPovvPlv3LY5aOuDgcd7M8zMi1JGlXacb6u0sLi0vFJeraytb2xu2ds79yrJJCYeTlgi2xFShFFBPE01I+1UEsQjRlrR4HLstx6IVDQRd3qYkoCjnqAxxUgbKbT3bkMBfUU59BFL+6gmjqDPkh68Du2qU3cmgPPELUgVFGiG9pffTXDGidCYIaU6rpPqIEdSU8zIqOJniqQID1CPdAwViBMV5JMXRvDQKF0YJ9KU0HCi/p7IEVdqyCPTyZHuq1lvLP7ndTIdnwU5FWmmicDTRXHGoE7gOA/YpZJgzYaGICypuRXiPpIIa5NaxYTgzr48T7zj+nndvTmpNi6KNMpgHxyAGnDBKWiAK9AEHsDgETyDV/BmPVkv1rv1MW0tWcXMLvgD6/MHiC6VyQ==</latexit><latexit sha1_base64="DTt3KIBCbLLqA4Q+fcbKUclsV6o=">AAACAXicbVBNS8NAEN3Ur1q/op7Ey2IR6qUkIqi3ohcPHioaW2hC2Gw37dLdTdjdCCUUL/4VLx5UvPovvPlv3LY5aOuDgcd7M8zMi1JGlXacb6u0sLi0vFJeraytb2xu2ds79yrJJCYeTlgi2xFShFFBPE01I+1UEsQjRlrR4HLstx6IVDQRd3qYkoCjnqAxxUgbKbT3bkMBfUU59BFL+6gmjqDPkh68Du2qU3cmgPPELUgVFGiG9pffTXDGidCYIaU6rpPqIEdSU8zIqOJniqQID1CPdAwViBMV5JMXRvDQKF0YJ9KU0HCi/p7IEVdqyCPTyZHuq1lvLP7ndTIdnwU5FWmmicDTRXHGoE7gOA/YpZJgzYaGICypuRXiPpIIa5NaxYTgzr48T7zj+nndvTmpNi6KNMpgHxyAGnDBKWiAK9AEHsDgETyDV/BmPVkv1rv1MW0tWcXMLvgD6/MHiC6VyQ==</latexit>

↵(n) = 0.7(1) + 1.0(1)/n
<latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit>

conventional (i.e unitary) CFT ↵ / (1 + 1/n)

<latexit sha1_base64="4nSdegBZkpJeZnpfx3upNVcOuNs=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyxCRagzUtBl0Y3LCvYBnaFk0kwbmklCkhHK2IW/4saFIm79DXf+jWk7C209cOFwzr3ce08kGdXG876dpeWV1bX1wkZxc2t7Z9fd229qkSpMGlgwodoR0oRRThqGGkbaUhGURIy0ouHNxG89EKWp4PdmJEmYoD6nMcXIWKnrHgaIyQGCgVRCGgHL/pl/zk+7bsmreFPAReLnpARy1LvuV9ATOE0IN5ghrTu+J02YIWUoZmRcDFJNJMJD1CcdSzlKiA6z6f1jeGKVHoyFssUNnKq/JzKUaD1KItuZIDPQ895E/M/rpCa+CjPKZWoIx7NFccqgfXQSBuxRRbBhI0sQVtTeCvEAKYSNjaxoQ/DnX14kzYuKX61U76ql2nUeRwEcgWNQBj64BDVwC+qgATB4BM/gFbw5T86L8+58zFqXnHzmAPyB8/kDz7iUqw==</latexit>

<latexit sha1_base64="sjoFTdBOfm6xMbU1fdwD7NPDXNM=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwNcyIra6kthuXFewD2mHIpJk2NJMJSUYsQ//Hjb/iQhc+cOt/mD4WtXogcDjnXnLuCQWjSrvuh5VbWV1b38hvFra2d3b37P2DpkpSiUkDJyyR7RApwignDU01I20hCYpDRlrhsDbxW/dEKprwOz0SxI9Rn9OIYqSNFNjV6yDrxkgPZJzVGI2iRPbGY9hFQsjkAXpOGV7BhRlBJF7wXadUCuyi67hTwL/Em5MimKMe2C/dXoLTmHCNGVKq47lC+xmSmmJGxoVuqohAeIj6pGMoRzFRfja9dQxPjNKDJqZ5XMOpuriRoVipURyayUlktexNxP+8TqqjSz+jXKSacDz7KEoZ1AmcFAd7VBKs2cgQhCU1WSEeIImwNvUWTAne8sl/SfPM8cpO+fa8WKnO68iDI3AMToEHLkAF3IA6aAAMHsEzeAPv1pP1an1aX7PRnDXfOQS/YH3/ALAPp04=</latexit>

ACli!ord → 1.6 > Aperc → 0.55



Critical Properties 
Summary

Critical exponents for both Clifford and Haar gates 
are very close to percolation

Haar Clifford Percolation

Accuracy of critical exponents doesn’t allow a conclusion 
on the nature of the universality class.

Is the transition in Haar random circuits simply percolation?

↵(n) = 0.7(1) + 1.0(1)/n
<latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit>

<latexit sha1_base64="K0DfO56OPsnE+IMjOrf8Wp+9a1U=">AAAB9XicbVC5TgMxEJ0NVwhXgJLGIkKiinYRVxmgoaAIghxSdom8jjex4rVXthcUrfIfNBQgRMu/0PE3OEcBCU8a6em9Gc3MCxPOtHHdbye3sLi0vJJfLaytb2xuFbd36lqmitAakVyqZog15UzQmmGG02aiKI5DThth/2rkNx6p0kyKezNIaBDjrmARI9hY6eHO1yxGF8jnsotu2sWSW3bHQPPEm5ISTFFtF7/8jiRpTIUhHGvd8tzEBBlWhhFOhwU/1TTBpI+7tGWpwDHVQTa+eogOrNJBkVS2hEFj9fdEhmOtB3FoO2NsenrWG4n/ea3UROdBxkSSGirIZFGUcmQkGkWAOkxRYvjAEkwUs7ci0sMKE2ODKtgQvNmX50n9qOydlk9uj0uVy2kcediDfTgED86gAtdQhRoQUPAMr/DmPDkvzrvzMWnNOdOZXfgD5/MHCYGRkw==</latexit>

S ⇠ A logL A ⇡ 1.6 > Aperc ⇡ 0.55
<latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit><latexit sha1_base64="xz7kkE9zqQSm0zR6E+4d3pyRen4=">AAACFnicbVDLSsNAFJ3UV62vqks3g0VwFRKxPjbS6sZlBWMLTQiT6aQdOkmGmYlYQv/Cjb/ixoWKW3Hn3zhpg2j1wIXDOfdy7z0BZ1Qqy/o0SnPzC4tL5eXKyura+kZ1c+tGJqnAxMEJS0QnQJIwGhNHUcVIhwuCooCRdjC8yP32LRGSJvG1GnHiRagf05BipLTkV80mdBHnIrmDtnkEz2DTz9wIqYGIMk4EHo+/fcus1/1qzTKtCeBfYhekBgq0/OqH20twGpFYYYak7NoWV16GhKKYkXHFTSXhCA9Rn3Q1jVFEpJdN/hrDPa30YJgIXbGCE/XnRIYiKUdRoDvzk+Wsl4v/ed1UhSdeRmOeKhLj6aIwZVAlMA8J9qggWLGRJggLqm+FeIAEwkpHWdEh2LMv/yXOgXlq2leHtcZ5kUYZ7IBdsA9scAwa4BK0gAMwuAeP4Bm8GA/Gk/FqvE1bS0Yxsw1+wXj/AqUjnfI=</latexit>

<latexit sha1_base64="rZD3m/XgcncQLLn6DTtGrjKtHQU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYogShwljowlgk+pDaKHIcp7VqJ5HtIKooOwu/wsIAQqz8ABt/g9NmgJYjWTo651753OMnjEpl29/Gyura+sZmZau6vbO7t28eHHZlnApMOjhmsej7SBJGI9JRVDHSTwRB3Gek509ahd+7J0LSOLpT04S4HI0iGlKMlJY8s3blZUOO1FjwrMVoGMYiyHM4REki4gfoWA3omXXbsmeAy8QpSR2UaHvm1zCIccpJpDBDUg4cO1FuhoSimJG8OkwlSRCeoBEZaBohTqSbzW7J4YlWAqhj6BcpOFN/b2SISznlvp4sYstFrxD/8wapCi/djEZJqkiE5x+FKYMqhkUxMKCCYMWmmiAsqM4K8RgJhJWur6pLcBZPXibdM8tpWI3b83rzuqyjAo5BDZwCB1yAJrgBbdABGDyCZ/AK3own48V4Nz7moytGuXME/sD4/AFSH5qT</latexit>

ACli!ord → 1.6

↵(n) = 0.7(1) + 1.0(1)/n
<latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit><latexit sha1_base64="Yrk13RC20a6EJcB5Wado9/g2T44=">AAACBXicbZDNSgMxFIXv1L9a/6ouRQgWoUUYZ0SoLoSiG5cVHFtoh5JJM21oJjMkGaGUrtz4Km5cqLj1Hdz5NqbtLLR6IfBxzr3c3BMknCntOF9WbmFxaXklv1pYW9/Y3Cpu79ypOJWEeiTmsWwGWFHOBPU005w2E0lxFHDaCAZXE79xT6VisbjVw4T6Ee4JFjKCtZE6xf025kkfl0UFXSDHrpbdCjpCru0YODZ+ybGdaaG/4GZQgqzqneJnuxuTNKJCE46VarlOov0RlpoRTseFdqpogskA92jLoMARVf5oesYYHRqli8JYmic0mqo/J0Y4UmoYBaYzwrqv5r2J+J/XSnV45o+YSFJNBZktClOOdIwmmaAuk5RoPjSAiWTmr4j0scREm+QKJgR3/uS/4J3Y57Z7c1qqXWZp5GEPDqAMLlShBtdQBw8IPMATvMCr9Wg9W2/W+6w1Z2Uzu/CrrI9v2z6Ubw==</latexit>



Characterizing the 
Confromal Field Theory

The field theory of the percolation transition is known as a
logarithmic conformal field theory (log-CFT for short).

Cardy, J. Phys. A (1992)

Cardy, J. Phys. A (2013)Cardy, and Jacobsen, NPB (1998);Jeng and Ludwig, NPB (2001);



Characterizing the 
Confromal Field Theory

The field theory of the percolation transition is known as a
logarithmic conformal field theory (log-CFT for short).

This replicated field theory is rather unusual:

It has a central charge c=0. 

Instead the log-CFT is characterized by a  
so-called effective central charge.

Cardy, J. Phys. A (1992)

Cardy, J. Phys. A (2013)Cardy, and Jacobsen, NPB (1998);Jeng and Ludwig, NPB (2001);



Characterizing the 
Confromal Field Theory

With an integer number of replicas r, the Free energy density
of a 1+1D CFT on a cylinder is given by

L

<latexit sha1_base64="+MhbbLUr44SkL/KALuo4vISj3hI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJe2Lqler1pq1Sv06j6MIJ3AK5+DBJdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6XPjNc=</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

f = F/A = fr �
⇡c(r)

6L2
+

dr
L4

+ . . .

<latexit sha1_base64="XMQ0ozKaFEOnqFENvMH5X+YEtUY="></latexit>

Cardy, J. Phys. A (2013)Cardy, and Jacobsen, NPB (1998);Jeng and Ludwig, NPB (2001);



Characterizing the 
Confromal Field Theory

With an integer number of replicas r, the Free energy density
of a 1+1D CFT on a cylinder is given by

L

<latexit sha1_base64="+MhbbLUr44SkL/KALuo4vISj3hI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJe2Lqler1pq1Sv06j6MIJ3AK5+DBJdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6XPjNc=</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

For a theory with c(0)=0, we look 
at an analogous quantity ceff

df

dr
|r=0 =

1

A

dF

dr
|r=0 = f 0

0 �
⇡ce↵
6L2

+
d00
L4

<latexit sha1_base64="CJ6sptHTW8bmadz7WHHeU1SWHew="></latexit>

ce↵ =
dc(r)

dr

���
r=0

<latexit sha1_base64="7diGCdJ6XGbyb/xYySJrxly/goA=">AAACF3icbVBLS8NAGNzUV62vqEcvi0Wol5BIQS+FUi8eK9gHNCFsNpt26ebB7kYoMf/Ci3/FiwdFvOrNf+OmzUFbB5YdZr6P3RkvYVRI0/zWKmvrG5tb1e3azu7e/oF+eNQXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296XfiDe8IFjaM7OUuIE6JxRAOKkVSSqxvYzewQyQkPMxIEed6yA45w5kPc4Oe5unlud+j4wc14y8xdvW4a5hxwlVglqYMSXVf/sv0YpyGJJGZIiJFlJtLJEJcUM5LX7FSQBOEpGpORohEKiXCyea4cninFh0HM1YkknKu/NzIUCjELPTVZRBDLXiH+541SGVw5GY2SVJIILx4KUgZlDIuSoE85wZLNFEGYU/VXiCdI9SJVlTVVgrUceZX0LwyraTRvm/V2p6yjCk7AKWgAC1yCNrgBXdADGDyCZ/AK3rQn7UV71z4WoxWt3DkGf6B9/gCWX6Ar</latexit>

f = F/A = fr �
⇡c(r)

6L2
+

dr
L4

+ . . .

<latexit sha1_base64="XMQ0ozKaFEOnqFENvMH5X+YEtUY="></latexit>

Cardy, J. Phys. A (2013)Cardy, and Jacobsen, NPB (1998);Jeng and Ludwig, NPB (2001);



Characterizing the 
Confromal Field Theory

L

<latexit sha1_base64="+MhbbLUr44SkL/KALuo4vISj3hI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIiARMDyRH2NnPJmr29Y3dPCEd+gY2FIrb+JDv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/LhUVvHqWLYYrGIVSegGgWX2DLcCOwkCmkUCHwIxjcz/+EJleaxvDeTBP2IDiUPOaPGSs27frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzQKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7Gsy4AqZERNLKFPc3krYiCrKjM2mZEPwll9eJe2Lqler1pq1Sv06j6MIJ3AK5+DBJdThFhrQAgYIz/AKb86j8+K8Ox+L1oKTzxzDHzifP6XPjNc=</latexit>

t

<latexit sha1_base64="oHGXHZo5G8TdNmPNtJfxRQRlOrM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1gNOE+xEdKREKRtFKTRyUK27VXYCsEy8nFcjRGJS/+sOYpRFXyCQ1pue5CfoZ1SiY5LNSPzU8oWxCR7xnqaIRN362OHRGLqwyJGGsbSkkC/X3REYjY6ZRYDsjimOz6s3F/7xeiuGNnwmVpMgVWy4KU0kwJvOvyVBozlBOLaFMC3srYWOqKUObTcmG4K2+vE7aV1WvVq01a5X6bR5HEc7gHC7Bg2uowz00oAUMODzDK7w5j86L8+58LFsLTj5zCn/gfP4A4m+M/w==</latexit>

Goal: Compute ceff 
at the measurement transition

df

dr
|r=0 =

1

A

dF

dr
|r=0 = f 0

0 �
⇡ce↵
6L2

+
d00
L4

<latexit sha1_base64="CJ6sptHTW8bmadz7WHHeU1SWHew="></latexit>

ce↵ =
dc(r)

dr

���
r=0

<latexit sha1_base64="7diGCdJ6XGbyb/xYySJrxly/goA=">AAACF3icbVBLS8NAGNzUV62vqEcvi0Wol5BIQS+FUi8eK9gHNCFsNpt26ebB7kYoMf/Ci3/FiwdFvOrNf+OmzUFbB5YdZr6P3RkvYVRI0/zWKmvrG5tb1e3azu7e/oF+eNQXccox6eGYxXzoIUEYjUhPUsnIMOEEhR4jA296XfiDe8IFjaM7OUuIE6JxRAOKkVSSqxvYzewQyQkPMxIEed6yA45w5kPc4Oe5unlud+j4wc14y8xdvW4a5hxwlVglqYMSXVf/sv0YpyGJJGZIiJFlJtLJEJcUM5LX7FSQBOEpGpORohEKiXCyea4cninFh0HM1YkknKu/NzIUCjELPTVZRBDLXiH+541SGVw5GY2SVJIILx4KUgZlDIuSoE85wZLNFEGYU/VXiCdI9SJVlTVVgrUceZX0LwyraTRvm/V2p6yjCk7AKWgAC1yCNrgBXdADGDyCZ/AK3rQn7UV71z4WoxWt3DkGf6B9/gCWX6Ar</latexit>

Cardy, J. Phys. A (2013)Cardy, and Jacobsen, NPB (1998);Jeng and Ludwig, NPB (2001);



Consider the reduced density matrix of the measurement 
environment (trace out the spin-degrees of freedom)

⇢E( 0) =
X

m

pm( 0)|mihm|

<latexit sha1_base64="kToala+e7oOTqhKkdrXsiTABGTo="></latexit>

pm( 0) = ||KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i||2

<latexit sha1_base64="YNiw0KmsvVjkgsHBze/POlV+s38="></latexit>

At late times, pm is independent of | 0i

<latexit sha1_base64="9T5eJ3E//afjwCdyhdig3ga2ORk=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9iVgB6DXjxGMA9IwjI76U2GzM4uM7NCXPMlXjwo4tVP8ebfOHkcNLGgoajqprsrTAXXxvO+nbX1jc2t7cJOcXdv/6DkHh41dZIphg2WiES1Q6pRcIkNw43AdqqQxqHAVji6mfqtB1SaJ/LejFPsxXQgecQZNVYK3NJTN9U88EhXUTkQGLhlr+LNQFaJvyBlWKAeuF/dfsKyGKVhgmrd8b3U9HKqDGcCJ8VupjGlbEQH2LFU0hh1L58dPiFnVumTKFG2pCEz9fdETmOtx3FoO2NqhnrZm4r/eZ3MRFe9nMs0MyjZfFGUCWISMk2B9LlCZsTYEsoUt7cSNqSKMmOzKtoQ/OWXV0nzouJXK9W7arl2vYijACdwCufgwyXU4Bbq0AAGGTzDK7w5j86L8+58zFvXnMXMMfyB8/kDaqeS8A==</latexit>

⇢E( 0) !
X

m

pm|mihm|

<latexit sha1_base64="UxRpB3UPANXx/GK7++TOjWesKok="></latexit>

From the Circuit to the 
CFT Free Energy



Connect with replicated field theory: Consider r replicas

The partition function of this replicated density matrix is then:

Z =
X

m

pr+1
m

<latexit sha1_base64="eAnwgFRnypODh2g7nHiwwvmk2y4=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRBKHMSEE3QtGNywr2gp1xyKSZNjTJDElGKMOs3fgqblwo4tYncOfbmF5Abf0h8PGfczg5f5gwqrTjfFmFhcWl5ZXiamltfWNzy97eaao4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDi5H9dY9kYrG4kYPE+Jz1BM0ohhpYwX2/u25p1IeZJkXRpDnefKDd5k8dvPALjsVZyw4D+4UymCqemB/et0Yp5wIjRlSquM6ifYzJDXFjOQlL1UkQXiAeqRjUCBOlJ+NT8nhoXG6MIqleULDsft7IkNcqSEPTSdHuq9mayPzv1on1dGZn1GRpJoIPFkUpQzqGI5ygV0qCdZsaABhSc1fIe4jibA26ZVMCO7syfPQPKm41Ur1ulquXUzjKII9cACOgAtOQQ1cgTpoAAwewBN4Aa/Wo/VsvVnvk9aCNZ3ZBX9kfXwDmv+a2A==</latexit>

(⇢E)
r+1 = (

X

m

pm|mihm|)r+1 =
X

m

pr+1
m |mihm|

<latexit sha1_base64="v+KNGYc0s9zDV4KVrVqdLq3k/ME="></latexit>

r ! 0

<latexit sha1_base64="7ebp5Ma1TwSVCNsPMyR4wsr69N8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VbCu0sWy2m3bpZhN2J5YS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMb6IaCGS6F4EwVK/pBoTqNA8nYwupn57SeujYjVPU4S7kd0oEQoGEUrPequFoMhUq3jMXF75Ypbdecgq8TLSQVyNHrlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWKpoxI2fza+ekjOr9EkYa1sKyVz9PZHRyJhJFNjOiOLQLHsz8T+vk2J45WdCJSlyxRaLwlQSjMksAtIXmjOUE0so08LeStiQasrQBlWyIXjLL6+S1kXVq1Vrd7VK/TqPowgncArn4MEl1OEWGtAEBhqe4RXenLHz4rw7H4vWgpPPHMMfOJ8/aUmSdA==</latexit>

Z ! 1

<latexit sha1_base64="VxUXB0Z45IiaOMdj6isgEPJadmA=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHYNiR6JXjxiIo8IK5kdBpgwu7OZ6ZWQDf/hxYPGePVfvPk3DrAHBSvppFLVne6uIJbCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMCrRjNeZkkq3Amq4FBGvo0DJW7HmNAwkbwajm5nffOLaCBXd4yTmfkgHkegLRtFKjw8dLQZDpFqrMfG6xZJbducgq8TLSAky1LrFr05PsSTkETJJjWl7box+SjUKJvm00EkMjykb0QFvWxrRkBs/nV89JWdW6ZG+0rYiJHP190RKQ2MmYWA7Q4pDs+zNxP+8doL9Kz8VUZwgj9hiUT+RBBWZRUB6QnOGcmIJZVrYWwkbUk0Z2qAKNgRv+eVV0rgoe5Vy5a5Sql5nceThBE7hHDy4hCrcQg3qwEDDM7zCmzN2Xpx352PRmnOymWP4A+fzB0U1kl0=</latexit>

immediately implies, c=0

From the Circuit to the 
CFT Free Energy



Z =
X

m

pr+1
m

<latexit sha1_base64="eAnwgFRnypODh2g7nHiwwvmk2y4=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRBKHMSEE3QtGNywr2gp1xyKSZNjTJDElGKMOs3fgqblwo4tYncOfbmF5Abf0h8PGfczg5f5gwqrTjfFmFhcWl5ZXiamltfWNzy97eaao4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDi5H9dY9kYrG4kYPE+Jz1BM0ohhpYwX2/u25p1IeZJkXRpDnefKDd5k8dvPALjsVZyw4D+4UymCqemB/et0Yp5wIjRlSquM6ifYzJDXFjOQlL1UkQXiAeqRjUCBOlJ+NT8nhoXG6MIqleULDsft7IkNcqSEPTSdHuq9mayPzv1on1dGZn1GRpJoIPFkUpQzqGI5ygV0qCdZsaABhSc1fIe4jibA26ZVMCO7syfPQPKm41Ur1ulquXUzjKII9cACOgAtOQQ1cgTpoAAwewBN4Aa/Wo/VsvVnvk9aCNZ3ZBX9kfXwDmv+a2A==</latexit>

F = � logZ = � log

 
X

m

pmer log pm

!
⇡ � log

 
X

m

pm(1 + r log pm)

!
⇡ �r

X

m

pm log pm

<latexit sha1_base64="+9eP6i6gjBhaw1M6fdyVjP9pOA0="></latexit>

in the physical limit r ! 0

<latexit sha1_base64="7ebp5Ma1TwSVCNsPMyR4wsr69N8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VbCu0sWy2m3bpZhN2J5YS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMb6IaCGS6F4EwVK/pBoTqNA8nYwupn57SeujYjVPU4S7kd0oEQoGEUrPequFoMhUq3jMXF75Ypbdecgq8TLSQVyNHrlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWKpoxI2fza+ekjOr9EkYa1sKyVz9PZHRyJhJFNjOiOLQLHsz8T+vk2J45WdCJSlyxRaLwlQSjMksAtIXmjOUE0so08LeStiQasrQBlWyIXjLL6+S1kXVq1Vrd7VK/TqPowgncArn4MEl1OEWGtAEBhqe4RXenLHz4rw7H4vWgpPPHMMfOJ8/aUmSdA==</latexit>

From the Circuit to the 
CFT Free Energy

Connect with replicated field theory: Consider r replicas



Z =
X

m

pr+1
m

<latexit sha1_base64="eAnwgFRnypODh2g7nHiwwvmk2y4=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRBKHMSEE3QtGNywr2gp1xyKSZNjTJDElGKMOs3fgqblwo4tYncOfbmF5Abf0h8PGfczg5f5gwqrTjfFmFhcWl5ZXiamltfWNzy97eaao4lZg0cMxi2Q6RIowK0tBUM9JOJEE8ZKQVDi5H9dY9kYrG4kYPE+Jz1BM0ohhpYwX2/u25p1IeZJkXRpDnefKDd5k8dvPALjsVZyw4D+4UymCqemB/et0Yp5wIjRlSquM6ifYzJDXFjOQlL1UkQXiAeqRjUCBOlJ+NT8nhoXG6MIqleULDsft7IkNcqSEPTSdHuq9mayPzv1on1dGZn1GRpJoIPFkUpQzqGI5ygV0qCdZsaABhSc1fIe4jibA26ZVMCO7syfPQPKm41Ur1ulquXUzjKII9cACOgAtOQQ1cgTpoAAwewBN4Aa/Wo/VsvVnvk9aCNZ3ZBX9kfXwDmv+a2A==</latexit>

F = � logZ = � log

 
X

m

pmer log pm

!
⇡ � log

 
X

m

pm(1 + r log pm)

!
⇡ �r

X

m

pm log pm

<latexit sha1_base64="+9eP6i6gjBhaw1M6fdyVjP9pOA0="></latexit>

F = � logZ = � log

 
X

m

pmer log pm

!
⇡ � log

 
X

m

pm(1 + r log pm)

!
⇡ �r

X

m

pm log pm

<latexit sha1_base64="+9eP6i6gjBhaw1M6fdyVjP9pOA0="></latexit>

in the physical limit r ! 0

<latexit sha1_base64="7ebp5Ma1TwSVCNsPMyR4wsr69N8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48VbCu0sWy2m3bpZhN2J5YS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMb6IaCGS6F4EwVK/pBoTqNA8nYwupn57SeujYjVPU4S7kd0oEQoGEUrPequFoMhUq3jMXF75Ypbdecgq8TLSQVyNHrlr24/ZmnEFTJJjel4boJ+RjUKJvm01E0NTygb0QHvWKpoxI2fza+ekjOr9EkYa1sKyVz9PZHRyJhJFNjOiOLQLHsz8T+vk2J45WdCJSlyxRaLwlQSjMksAtIXmjOUE0so08LeStiQasrQBlWyIXjLL6+S1kXVq1Vrd7VK/TqPowgncArn4MEl1OEWGtAEBhqe4RXenLHz4rw7H4vWgpPPHMMfOJ8/aUmSdA==</latexit>

dF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

entropy of the 
measurement record

From the Circuit to the 
CFT Free Energy

Connect with replicated field theory: Consider r replicas



dF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

entropy of the 
measurement record

df

dr
|r=0 =

1

A

dF

dr
|r=0 = f 0

0 �
⇡ce↵
6L2

+
d00
L4

<latexit sha1_base64="CJ6sptHTW8bmadz7WHHeU1SWHew="></latexit>

For a log-CFT

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

From the Circuit to the 
CFT Free Energy



Entropy of the 
Measurement Record

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

Entropy of the measurement recorddF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

dF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>



! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

Entropy of the measurement recorddF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

dF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

Entropy of the 
Measurement Record

S(⇢E) = �
X

m

hlog pmi = �
NmeasX

i=1

hlog p(mi|mi�1, . . . ,m1)i

<latexit sha1_base64="wEDWN8UYpprglFybaOfyzgxAbCw="></latexit>



! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

Entropy of the measurement recorddF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

dF

dr
|r=0 = �

X

m

pm log pm ⌘ S0(⇢E)

<latexit sha1_base64="anJpevnIIY1PV0exxgJsEOGbUJM="></latexit>

Estimated from the Born probabilities we 
compute as we run the circuit!

Entropy of the 
Measurement Record

S(⇢E) = �
X

m

hlog pmi = �
NmeasX

i=1

hlog p(mi|mi�1, . . . ,m1)i

<latexit sha1_base64="wEDWN8UYpprglFybaOfyzgxAbCw="></latexit>



! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

unknown anisotropy factor between space 
and time, model dependent

Area of the Cylinder



! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

unknown anisotropy factor between space 
and time, model dependent

Handle this 2 ways:
(1) Compute it directly (using conformal mappings, not covering).
(2) Choice a convenient set of gates with  α = 1

Area of the Cylinder

Use dual unitary gates:
Bertini, Kos, and Prosen, Phys. Rev. Lett. (2019) ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>



The effective central 
charge

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

computing S0 and A

cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>



The effective central 
charge

Haar random gates

pc = 0.170

<latexit sha1_base64="IIt4LcWQjnWRPD3/+SaQQPGornM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VnpMBuTac/2aNyhXPNdbAK0TPycVyNEclL/6w5ikgkpDONa653uJCTKsDCOczkr9VNMEkwke0Z6lEguqg2xx8AxdWGWIoljZkgYt1N8TGRZaT0VoOwU2Y73qzcX/vF5qonqQMZmkhkqyXBSlHJkYzb9HQ6YoMXxqCSaK2VsRGWOFibEZlWwI/urL66R95fpVt3pfrTRu8jiKcAbncAk+1KABd9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwAG1Y9A</latexit>

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

computing S0 and A

<latexit sha1_base64="61Xw/FD9/etRkd/ikGemtAoBkcE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKFBakCpaORaIPqSmV4zqtVTuJbAepijKy8CssDCDEyiew8Tc4bQZoOZLlo3Pu1b33eBGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98U3mtx+IkDQM7tQkIj2OhgH1KUZKS33zEPcTlyM1Ejwhvp+m9/Ur26qcuxGHtmWf9s2y/qaAi8 TJSRnkaPTNL3cQ4piTQGGGpOw6dqR6CRKKYkbSkhtLEiE8RkPS1TRAnMheMj0khcdaGUA/FPoFCk7V3x0J4lJOuKcrs53lvJeJ/3ndWPmXvYQGUaxIgGeD/JhBFcIsFTiggmDFJpogLKjeFeIREggrnV1Jh+DMn7xIWhXLqVrV27Ny7TqPowgOwBE4AQ64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4AsRWYdg==</latexit>

cHe! = 0.25± 0.03 cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>



The effective central 
charge

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

pc = 0.170

<latexit sha1_base64="IIt4LcWQjnWRPD3/+SaQQPGornM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VnpMBuTac/2aNyhXPNdbAK0TPycVyNEclL/6w5ikgkpDONa653uJCTKsDCOczkr9VNMEkwke0Z6lEguqg2xx8AxdWGWIoljZkgYt1N8TGRZaT0VoOwU2Y73qzcX/vF5qonqQMZmkhkqyXBSlHJkYzb9HQ6YoMXxqCSaK2VsRGWOFibEZlWwI/urL66R95fpVt3pfrTRu8jiKcAbncAk+1KABd9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwAG1Y9A</latexit>

random dual unitary gates

computing S0 only

Haar random gates

pc = 0.14

<latexit sha1_base64="V2ME72YbyK+GT0DQH+qSNGrS2w4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnCScD+iQyVCwShaqZP02bVb9Wr9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5vdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2PBkIzRnKiSWUaWFvJWxENWVoIyrZELzll1dJ68LmVa3d1yr1mzyOIpzAKZyDB5dQhztoQBMYSHiGV3hzHp0X5935WLQWnHzmGP7A+fwBklOPAw==</latexit>

<latexit sha1_base64="9ejkWGN1Z8SRFmB3MTTh22ivFtI=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFchaSU6kYo6sJlBdMWmhgm00k7dCYJMxOhhOzd+CtuXCji1h9w5984abvQ1gPDHM65l3vvCRJGpbKsb2NldW19Y7O0Vd7e2d3brxwcdmScCkwcHLNY9AIkCaMRcRRVjPQSQRAPGOkG46vC7z4QIWkc3alJQjyOhhENKUZKS36liv3M5UiNBM9IGOb5fXbt5BeWWW+4CYeWadX9Sk1/U8BlYs9JDczR9itf7iDGKSeRwgxJ2betRHkZEopiRvKym0qSIDxGQ9LXNEKcSC+b3pLDE60MYBgL/SIFp+rvjgxxKSc80JXF2nLRK8T/vH6qwnMvo1GSKhLh2aAwZVDFsAgGDqggWLGJJggLqneFeIQEwkrHV9Yh2IsnL5NO3bSbZvO2UWtdzuMogWNQBafABmegBW5AGzgAg0fwDF7Bm/FkvBjvxsesdMWY9xyBPzA+fwA5Dpnb</latexit>

cDU
e! = 0.24± 0.02

<latexit sha1_base64="61Xw/FD9/etRkd/ikGemtAoBkcE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKFBakCpaORaIPqSmV4zqtVTuJbAepijKy8CssDCDEyiew8Tc4bQZoOZLlo3Pu1b33eBGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98U3mtx+IkDQM7tQkIj2OhgH1KUZKS33zEPcTlyM1Ejwhvp+m9/Ur26qcuxGHtmWf9s2y/qaAi8 TJSRnkaPTNL3cQ4piTQGGGpOw6dqR6CRKKYkbSkhtLEiE8RkPS1TRAnMheMj0khcdaGUA/FPoFCk7V3x0J4lJOuKcrs53lvJeJ/3ndWPmXvYQGUaxIgGeD/JhBFcIsFTiggmDFJpogLKjeFeIREggrnV1Jh+DMn7xIWhXLqVrV27Ny7TqPowgOwBE4AQ64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4AsRWYdg==</latexit>

cHe! = 0.25± 0.03 cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>



The effective central 
charge

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

pc = 0.170

<latexit sha1_base64="IIt4LcWQjnWRPD3/+SaQQPGornM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VnpMBuTac/2aNyhXPNdbAK0TPycVyNEclL/6w5ikgkpDONa653uJCTKsDCOczkr9VNMEkwke0Z6lEguqg2xx8AxdWGWIoljZkgYt1N8TGRZaT0VoOwU2Y73qzcX/vF5qonqQMZmkhkqyXBSlHJkYzb9HQ6YoMXxqCSaK2VsRGWOFibEZlWwI/urL66R95fpVt3pfrTRu8jiKcAbncAk+1KABd9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwAG1Y9A</latexit>

pc = 0.1596

<latexit sha1_base64="OwebDOEAXqM2Npsg4DiEDxe/1X8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+DoIQS8eI5gHJkuYncwmg7Ozw8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13Vyg508bzvp3C0vLK6lpxvbSxubW9U97da+okVYQ2SMIT1Q6xppwJ2jDMcNqWiuI45LQVPt5M/NYTVZol4t6MJA1iPBAsYgQbKz3IHrnyXP/08qxXrniuNwVaJH5OKpCj3it/dfsJSWMqDOFY647vSRNkWBlGOB2XuqmmEpNHPKAdSwWOqQ6y6cVjdGSVPooSZUsYNFV/T2Q41noUh7Yzxmao572J+J/XSU10EWRMyNRQQWaLopQjk6DJ+6jPFCWGjyzBRDF7KyJDrDAxNqSSDcGff3mRNE9cv+pW76qV2nUeRxEO4BCOwYdzqMEt1KEBBAQ8wyu8Odp5cd6dj1lrwcln9uEPnM8fiqePhw==</latexit>

Haar random gates
Stabilizer circuits

computing S0 and A

cCe↵ = 0.37± 0.02

<latexit sha1_base64="eokMqWSIsxQvG8CGxD1FOKFWif8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQW6kYoduOygn1AE8NkOmmHziRhZiKUkJ0bf8WNC0Xc+gvu/BsnbRbaemCYwzn3cu89fsyoVJb1baysrq1vbJa2yts7u3v75sFhV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+pJX7vQciJI3COzWNicvRKKQBxUhpyTNPsJc6HKmx4CkJgiy7b11Z1YuGE3OratU8s6K/GeAysQtSAQXanvnlDCOccBIqzJCUA9uKlZsioShmJCs7iSQxwhM0IgNNQ8SJdNPZHRk808oQBpHQL1Rwpv7uSBGXcsp9XZmvLBe9XPzPGyQquHRTGsaJIiGeDwoSBlUE81DgkAqCFZtqgrCgeleIx0ggrHR0ZR2CvXjyMunWqna9Wr+tV5rXRRwlcAxOwTmwQQM0wQ1ogw7A4BE8g1fwZjwZL8a78TEvXTGKniPwB8bnD0sxmEU=</latexit>

<latexit sha1_base64="61Xw/FD9/etRkd/ikGemtAoBkcE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKFBakCpaORaIPqSmV4zqtVTuJbAepijKy8CssDCDEyiew8Tc4bQZoOZLlo3Pu1b33eBGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98U3mtx+IkDQM7tQkIj2OhgH1KUZKS33zEPcTlyM1Ejwhvp+m9/Ur26qcuxGHtmWf9s2y/qaAi8 TJSRnkaPTNL3cQ4piTQGGGpOw6dqR6CRKKYkbSkhtLEiE8RkPS1TRAnMheMj0khcdaGUA/FPoFCk7V3x0J4lJOuKcrs53lvJeJ/3ndWPmXvYQGUaxIgGeD/JhBFcIsFTiggmDFJpogLKjeFeIREggrnV1Jh+DMn7xIWhXLqVrV27Ny7TqPowgOwBE4AQ64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4AsRWYdg==</latexit>

cHe! = 0.25± 0.03 cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>



The effective central 
charge

! S0(⇢E)/A = f 0
0 �

⇡ce↵
6L2

+ . . .

<latexit sha1_base64="V2LQXOTGhDQZNiMaEi41lI3YcSE="></latexit>

pc = 0.170

<latexit sha1_base64="IIt4LcWQjnWRPD3/+SaQQPGornM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VnpMBuTac/2aNyhXPNdbAK0TPycVyNEclL/6w5ikgkpDONa653uJCTKsDCOczkr9VNMEkwke0Z6lEguqg2xx8AxdWGWIoljZkgYt1N8TGRZaT0VoOwU2Y73qzcX/vF5qonqQMZmkhkqyXBSlHJkYzb9HQ6YoMXxqCSaK2VsRGWOFibEZlWwI/urL66R95fpVt3pfrTRu8jiKcAbncAk+1KABd9CEFhAQ8Ayv8OYo58V5dz6WrQUnnzmFP3A+fwAG1Y9A</latexit>

pc = 0.1596

<latexit sha1_base64="OwebDOEAXqM2Npsg4DiEDxe/1X8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+DoIQS8eI5gHJkuYncwmg7Ozw8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13Vyg508bzvp3C0vLK6lpxvbSxubW9U97da+okVYQ2SMIT1Q6xppwJ2jDMcNqWiuI45LQVPt5M/NYTVZol4t6MJA1iPBAsYgQbKz3IHrnyXP/08qxXrniuNwVaJH5OKpCj3it/dfsJSWMqDOFY647vSRNkWBlGOB2XuqmmEpNHPKAdSwWOqQ6y6cVjdGSVPooSZUsYNFV/T2Q41noUh7Yzxmao572J+J/XSU10EWRMyNRQQWaLopQjk6DJ+6jPFCWGjyzBRDF7KyJDrDAxNqSSDcGff3mRNE9cv+pW76qV2nUeRxEO4BCOwYdzqMEt1KEBBAQ8wyu8Odp5cd6dj1lrwcln9uEPnM8fiqePhw==</latexit>

Haar random gates
Stabilizer circuits

computing S0 and A

Both Haar and Clifford are a distinct universality 
class from percolation! 3 Distinct log-CFTs

cCe↵ = 0.37± 0.02

<latexit sha1_base64="eokMqWSIsxQvG8CGxD1FOKFWif8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQW6kYoduOygn1AE8NkOmmHziRhZiKUkJ0bf8WNC0Xc+gvu/BsnbRbaemCYwzn3cu89fsyoVJb1baysrq1vbJa2yts7u3v75sFhV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+pJX7vQciJI3COzWNicvRKKQBxUhpyTNPsJc6HKmx4CkJgiy7b11Z1YuGE3OratU8s6K/GeAysQtSAQXanvnlDCOccBIqzJCUA9uKlZsioShmJCs7iSQxwhM0IgNNQ8SJdNPZHRk808oQBpHQL1Rwpv7uSBGXcsp9XZmvLBe9XPzPGyQquHRTGsaJIiGeDwoSBlUE81DgkAqCFZtqgrCgeleIx0ggrHR0ZR2CvXjyMunWqna9Wr+tV5rXRRwlcAxOwTmwQQM0wQ1ogw7A4BE8g1fwZjwZL8a78TEvXTGKniPwB8bnD0sxmEU=</latexit>

<latexit sha1_base64="61Xw/FD9/etRkd/ikGemtAoBkcE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKFBakCpaORaIPqSmV4zqtVTuJbAepijKy8CssDCDEyiew8Tc4bQZoOZLlo3Pu1b33eBGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98U3mtx+IkDQM7tQkIj2OhgH1KUZKS33zEPcTlyM1Ejwhvp+m9/Ur26qcuxGHtmWf9s2y/qaAi8TJSRnkaPTNL3cQ4piTQGGGpOw6dqR6CRKKYkbSkhtLEiE8RkPS1TRAnMheMj0khcdaGUA/FPoFCk7V3x0J4lJOuKcrs53lvJeJ/3ndWPmXvYQGUaxIgGeD/JhBFcIsFTiggmDFJpogLKjeFeIREggrnV1Jh+DMn7xIWhXLqVrV27Ny7TqPowgOwBE4AQ64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4AsRWYdg==</latexit>

cHe! = 0.25± 0.03cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>
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! S0(⇢E)/A = f 0
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6L2

+ . . .
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pc = 0.1596

<latexit sha1_base64="OwebDOEAXqM2Npsg4DiEDxe/1X8=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadmV+DoIQS8eI5gHJkuYncwmg7Ozw8ysEJb8hRcPinj1b7z5N06SPWhiQUNR1U13Vyg508bzvp3C0vLK6lpxvbSxubW9U97da+okVYQ2SMIT1Q6xppwJ2jDMcNqWiuI45LQVPt5M/NYTVZol4t6MJA1iPBAsYgQbKz3IHrnyXP/08qxXrniuNwVaJH5OKpCj3it/dfsJSWMqDOFY647vSRNkWBlGOB2XuqmmEpNHPKAdSwWOqQ6y6cVjdGSVPooSZUsYNFV/T2Q41noUh7Yzxmao572J+J/XSU10EWRMyNRQQWaLopQjk6DJ+6jPFCWGjyzBRDF7KyJDrDAxNqSSDcGff3mRNE9cv+pW76qV2nUeRxEO4BCOwYdzqMEt1KEBBAQ8wyu8Odp5cd6dj1lrwcln9uEPnM8fiqePhw==</latexit>

Haar random gates
Stabilizer circuits

computing S0 and A

Both Haar and Clifford are a distinct universality 
class from percolation! 3 Distinct log-CFTs

cCe↵ = 0.37± 0.02

<latexit sha1_base64="eokMqWSIsxQvG8CGxD1FOKFWif8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQW6kYoduOygn1AE8NkOmmHziRhZiKUkJ0bf8WNC0Xc+gvu/BsnbRbaemCYwzn3cu89fsyoVJb1baysrq1vbJa2yts7u3v75sFhV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+pJX7vQciJI3COzWNicvRKKQBxUhpyTNPsJc6HKmx4CkJgiy7b11Z1YuGE3OratU8s6K/GeAysQtSAQXanvnlDCOccBIqzJCUA9uKlZsioShmJCs7iSQxwhM0IgNNQ8SJdNPZHRk808oQBpHQL1Rwpv7uSBGXcsp9XZmvLBe9XPzPGyQquHRTGsaJIiGeDwoSBlUE81DgkAqCFZtqgrCgeleIx0ggrHR0ZR2CvXjyMunWqna9Wr+tV5rXRRwlcAxOwTmwQQM0wQ1ogw7A4BE8g1fwZjwZL8a78TEvXTGKniPwB8bnD0sxmEU=</latexit>

<latexit sha1_base64="61Xw/FD9/etRkd/ikGemtAoBkcE=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJKUoKFBakCpaORaIPqSmV4zqtVTuJbAepijKy8CssDCDEyiew8Tc4bQZoOZLlo3Pu1b33eBGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lgxjgUkThywUHQ9JwmhAmooqRjqRIIh7jLS98U3mtx+IkDQM7tQkIj2OhgH1KUZKS33zEPcTlyM1Ejwhvp+m9/Ur26qcuxGHtmWf9s2y/qaAi8TJSRnkaPTNL3cQ4piTQGGGpOw6dqR6CRKKYkbSkhtLEiE8RkPS1TRAnMheMj0khcdaGUA/FPoFCk7V3x0J4lJOuKcrs53lvJeJ/3ndWPmXvYQGUaxIgGeD/JhBFcIsFTiggmDFJpogLKjeFeIREggrnV1Jh+DMn7xIWhXLqVrV27Ny7TqPowgOwBE4AQ64ADVQBw3QBBg8gmfwCt6MJ+PFeDc+ZqUFI+/ZB39gfP4AsRWYdg==</latexit>

cHe! = 0.25± 0.03cd!1
e↵ =

5
p
3(1� �)

4⇡
⇡ 0.291

<latexit sha1_base64="eS+INgXB1B4J0mTZCnX90l0c/u0="></latexit>

Relevant perturbations decrease ceff

and “flow” to the general quantum limit



Characterizing the 
Confromal Field Theory

The log-CFT of the measurement driven transition can be 
characterized by its transfer matrix!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

T1

<latexit sha1_base64="wMxRSvcyafnnJ/gCkuCq79ycJDA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLoxmWFvqAdSia9bUMzmTHJFMrQ73DjQhG3fow7/8ZMOwttPRA4nHMv9+QEseDauO63s7G5tb2zW9gr7h8cHh2XTk5bOkoUwyaLRKQ6AdUouMSm4UZgJ1ZIw0BgO5jcZ357ikrzSDbMLEY/pCPJh5xRYyW/F1IzZlSkjXnf65fKbsVdgKwTLydlyFHvl756g4glIUrDBNW667mx8VOqDGcC58VeojGmbEJH2LVU0hC1ny5Cz8mlVQZkGCn7pCEL9fdGSkOtZ2FgJ7OQetXLxP+8bmKGt37KZZwYlGx5aJgIYiKSNUAGXCEzYmYJZYrbrISNqaLM2J6KtgRv9cvrpHVd8aqV6mO1XLvL6yjAOVzAFXhwAzV4gDo0gcETPMMrvDlT58V5dz6WoxtOvnMGf+B8/gC9F5IV</latexit>

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP PRL (2022)

Following the percolation literature of 
Jacobsen and Candy Nucl Phys B (1998)



Characterizing the 
Confromal Field Theory

The log-CFT of the measurement driven transition can be 
characterized by its transfer matrix!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

T1

<latexit sha1_base64="wMxRSvcyafnnJ/gCkuCq79ycJDA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLoxmWFvqAdSia9bUMzmTHJFMrQ73DjQhG3fow7/8ZMOwttPRA4nHMv9+QEseDauO63s7G5tb2zW9gr7h8cHh2XTk5bOkoUwyaLRKQ6AdUouMSm4UZgJ1ZIw0BgO5jcZ357ikrzSDbMLEY/pCPJh5xRYyW/F1IzZlSkjXnf65fKbsVdgKwTLydlyFHvl756g4glIUrDBNW667mx8VOqDGcC58VeojGmbEJH2LVU0hC1ny5Cz8mlVQZkGCn7pCEL9fdGSkOtZ2FgJ7OQetXLxP+8bmKGt37KZZwYlGx5aJgIYiKSNUAGXCEzYmYJZYrbrISNqaLM2J6KtgRv9cvrpHVd8aqV6mO1XLvL6yjAOVzAFXhwAzV4gDo0gcETPMMrvDlT58V5dz6WoxtOvnMGf+B8/gC9F5IV</latexit>

| m(t)i =
t/2Y

j=1

Tj | 0i/
p

pm( 0)

<latexit sha1_base64="4bygyWeWKz/GzbkWNt/AOcAU/V8="></latexit>

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP PRL (2022)

Following the percolation literature of 
Jacobsen and Candy Nucl Phys B (1998)



Characterizing the 
Confromal Field Theory

The log-CFT of the measurement driven transition can be 
characterized by its transfer matrix!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

T1

<latexit sha1_base64="wMxRSvcyafnnJ/gCkuCq79ycJDA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLoxmWFvqAdSia9bUMzmTHJFMrQ73DjQhG3fow7/8ZMOwttPRA4nHMv9+QEseDauO63s7G5tb2zW9gr7h8cHh2XTk5bOkoUwyaLRKQ6AdUouMSm4UZgJ1ZIw0BgO5jcZ357ikrzSDbMLEY/pCPJh5xRYyW/F1IzZlSkjXnf65fKbsVdgKwTLydlyFHvl756g4glIUrDBNW667mx8VOqDGcC58VeojGmbEJH2LVU0hC1ny5Cz8mlVQZkGCn7pCEL9fdGSkOtZ2FgJ7OQetXLxP+8bmKGt37KZZwYlGx5aJgIYiKSNUAGXCEzYmYJZYrbrISNqaLM2J6KtgRv9cvrpHVd8aqV6mO1XLvL6yjAOVzAFXhwAzV4gDo0gcETPMMrvDlT58V5dz6WoxtOvnMGf+B8/gC9F5IV</latexit>

| m(t)i =
t/2Y

j=1

Tj | 0i/
p

pm( 0)

<latexit sha1_base64="4bygyWeWKz/GzbkWNt/AOcAU/V8="></latexit>

Singular values of 
Y

j

Tj

<latexit sha1_base64="lBJ0CKUaQWG+PVH8+9IoShpTyOQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjBV0W3bis0Bd0hiGTSdu0mWRIMkIdir/ixoUibv0Pd/6NmXYW2nogcDjnXu7JCRNGlXacb6u0tr6xuVXeruzs7u0f2IdHHSVSiUkbCyZkL0SKMMpJW1PNSC+RBMUhI91wcpv73QciFRW8pacJ8WM05HRAMdJGCuwTL5EiCsZejPQII5a1ZsE4sKtOzZkDrhK3IFVQoBnYX14kcBoTrjFDSvVdJ9F+hqSmmJFZxUsVSRCeoCHpG8pRTJSfzdPP4LlRIjgQ0jyu4Vz9vZGhWKlpHJrJPKRa9nLxP6+f6sG1n1GepJpwvDg0SBnUAuZVwIhKgjWbGoKwpCYrxCMkEdamsIopwV3+8irpXNbceq1+X682boo6yuAUnIEL4IIr0AB3oAnaAINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx8PUJWf</latexit>

decay [�m
i (t)]2 = e�

m
i t

<latexit sha1_base64="j6Tt8SMRUGEaQK1WrYB08EocMeg=">AAACLHicbVBNSwMxEM36WetX1aOXYBHqpexKQS9CsRePFawK3W3JprNtMNldklmhLP1BXvwrgniwiFd/h+nHQasPAo/3ZiYzL0ylMOi6Y2dpeWV1bb2wUdzc2t7ZLe3t35ok0xxaPJGJvg+ZASliaKFACfepBqZCCXfhQ2Pi3z2CNiKJb3CYQqBYPxaR4Ayt1C01fAkRtn0j+op1RSf3FcNBGFE1quCJr0V/gEHnlF5QsJ60g3sLZTjqlspu1Z2C/iXenJTJHM1u6dXvJTxTECOXzJi256YY5Eyj4BJGRT8zkDL+wPrQtjRmCkyQT48d0WOr9GiUaPtipFP1Z0fOlDFDFdrKyY5m0ZuI/3ntDKPzIBdxmiHEfPZRlEmKCZ0kR3tCA0c5tIRxLeyulA+YZhxtvkUbgrd48l9ye1r1atXada1cv5zHUSCH5IhUiEfOSJ1ckSZpEU6eyAt5J2Pn2XlzPpzPWemSM+85IL/gfH0D8j6opg==</latexit>

�m
i < 0

<latexit sha1_base64="XI6Wv4xYCOKe6lhQrzPMjghkbxk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAkGhgoWxiLRh9SEyHGd1qrtRLaDVEVZ+BUWBhBi5TPY+BucNgO0HMnS0TnnyveeMGFUacf5tiorq2vrG9XN2tb2zu6evX/QVXEqMengmMWyHyJFGBWko6lmpJ9IgnjISC+c3BR+75FIRWNxr6cJ8TkaCRpRjLSRAvvIYyY8RAF9yDyO9DiMIM+vnMCuOw1nBrhM3JLUQYl2YH95wxinnAiNGVJq4DqJ9jMkNcWM5DUvVSRBeIJGZGCoQJwoP5sdkMNTowxhFEvzhIYz9fdEhrhSUx6aZLGjWvQK8T9vkOro0s+oSFJNBJ5/FKUM6hgWbcAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0j1vuM1G865Zb12XdVTBMTgBZ8AFF6AFbkEbdAAGOXgGr+DNerJerHfrYx6tWOXMIfgD6/MHUneWOg==</latexit>

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP PRL (2022)



Characterizing the 
Confromal Field Theory

The log-CFT of the measurement driven transition can be 
characterized by its transfer matrix!

| m(t)i = KmtU(t, t� 1) . . .Km2U(2, 1)Km1U(1, 0)| 0i/
p

pm( 0)

<latexit sha1_base64="mrEwUSFYlkhq4fHwpCnGSMt5ynI="></latexit>

T1

<latexit sha1_base64="wMxRSvcyafnnJ/gCkuCq79ycJDA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkp6LLoxmWFvqAdSia9bUMzmTHJFMrQ73DjQhG3fow7/8ZMOwttPRA4nHMv9+QEseDauO63s7G5tb2zW9gr7h8cHh2XTk5bOkoUwyaLRKQ6AdUouMSm4UZgJ1ZIw0BgO5jcZ357ikrzSDbMLEY/pCPJh5xRYyW/F1IzZlSkjXnf65fKbsVdgKwTLydlyFHvl756g4glIUrDBNW667mx8VOqDGcC58VeojGmbEJH2LVU0hC1ny5Cz8mlVQZkGCn7pCEL9fdGSkOtZ2FgJ7OQetXLxP+8bmKGt37KZZwYlGx5aJgIYiKSNUAGXCEzYmYJZYrbrISNqaLM2J6KtgRv9cvrpHVd8aqV6mO1XLvL6yjAOVzAFXhwAzV4gDo0gcETPMMrvDlT58V5dz6WoxtOvnMGf+B8/gC9F5IV</latexit>

| m(t)i =
t/2Y

j=1

Tj | 0i/
p

pm( 0)

<latexit sha1_base64="4bygyWeWKz/GzbkWNt/AOcAU/V8="></latexit>

Singular values of 
Y

j

Tj

<latexit sha1_base64="lBJ0CKUaQWG+PVH8+9IoShpTyOQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjBV0W3bis0Bd0hiGTSdu0mWRIMkIdir/ixoUibv0Pd/6NmXYW2nogcDjnXu7JCRNGlXacb6u0tr6xuVXeruzs7u0f2IdHHSVSiUkbCyZkL0SKMMpJW1PNSC+RBMUhI91wcpv73QciFRW8pacJ8WM05HRAMdJGCuwTL5EiCsZejPQII5a1ZsE4sKtOzZkDrhK3IFVQoBnYX14kcBoTrjFDSvVdJ9F+hqSmmJFZxUsVSRCeoCHpG8pRTJSfzdPP4LlRIjgQ0jyu4Vz9vZGhWKlpHJrJPKRa9nLxP6+f6sG1n1GepJpwvDg0SBnUAuZVwIhKgjWbGoKwpCYrxCMkEdamsIopwV3+8irpXNbceq1+X682boo6yuAUnIEL4IIr0AB3oAnaAINH8AxewZv1ZL1Y79bHYrRkFTvH4A+szx8PUJWf</latexit>

decay [�m
i (t)]2 = e�

m
i t

<latexit sha1_base64="j6Tt8SMRUGEaQK1WrYB08EocMeg=">AAACLHicbVBNSwMxEM36WetX1aOXYBHqpexKQS9CsRePFawK3W3JprNtMNldklmhLP1BXvwrgniwiFd/h+nHQasPAo/3ZiYzL0ylMOi6Y2dpeWV1bb2wUdzc2t7ZLe3t35ok0xxaPJGJvg+ZASliaKFACfepBqZCCXfhQ2Pi3z2CNiKJb3CYQqBYPxaR4Ayt1C01fAkRtn0j+op1RSf3FcNBGFE1quCJr0V/gEHnlF5QsJ60g3sLZTjqlspu1Z2C/iXenJTJHM1u6dXvJTxTECOXzJi256YY5Eyj4BJGRT8zkDL+wPrQtjRmCkyQT48d0WOr9GiUaPtipFP1Z0fOlDFDFdrKyY5m0ZuI/3ntDKPzIBdxmiHEfPZRlEmKCZ0kR3tCA0c5tIRxLeyulA+YZhxtvkUbgrd48l9ye1r1atXada1cv5zHUSCH5IhUiEfOSJ1ckSZpEU6eyAt5J2Pn2XlzPpzPWemSM+85IL/gfH0D8j6opg==</latexit>

allowing us to obtain the 
Lyapunov exponents

�i =
X

m

pm�m
i

<latexit sha1_base64="T1b2h8RZ38eijlU9xKqoU208ADA=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp2I1QdOOygn1AE8NkMmmHziRhZiKUkF9x46+4caFId+LPOG1D1dYDA4dzzuXOPX7CqFSW9WmU1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjAakbaiipFeIgjiPiNdf3Qz9buPREgaR/dqnBCXo0FEQ4qR0pJnNhymwwHyKLyCjky5l2WOH0Ke58kPXYQeFpJnVq2aNQNcJXZBqqBAyzMnThDjlJNIYYak7NtWotwMCUUxI3nFSSVJEB6hAelrGiFOpJvNLszhmVYCGMZCv0jBmfp7IkNcyjH3dZIjNZTL3lT8z+unKmy4GY2SVJEIzxeFKYMqhtO6YEAFwYqNNUFYUP1XiIdIIKx0qRVdgr188irpXNTseq1+V682r4s6yuAEnIJzYINL0AS3oAXaAIMn8ALewLvxbLwaH8ZkHi0Zxcwx+APj6xvCvaSJ</latexit>

�m
i < 0

<latexit sha1_base64="XI6Wv4xYCOKe6lhQrzPMjghkbxk=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAkGhgoWxiLRh9SEyHGd1qrtRLaDVEVZ+BUWBhBi5TPY+BucNgO0HMnS0TnnyveeMGFUacf5tiorq2vrG9XN2tb2zu6evX/QVXEqMengmMWyHyJFGBWko6lmpJ9IgnjISC+c3BR+75FIRWNxr6cJ8TkaCRpRjLSRAvvIYyY8RAF9yDyO9DiMIM+vnMCuOw1nBrhM3JLUQYl2YH95wxinnAiNGVJq4DqJ9jMkNcWM5DUvVSRBeIJGZGCoQJwoP5sdkMNTowxhFEvzhIYz9fdEhrhSUx6aZLGjWvQK8T9vkOro0s+oSFJNBJ5/FKUM6hgWbcAhlQRrNjUEYUnNrhCPkURYm85qpgR38eRl0j1vuM1G865Zb12XdVTBMTgBZ8AFF6AFbkEbdAAGOXgGr+DNerJerHfrYx6tWOXMIfgD6/MHUneWOg==</latexit>

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP PRL (2022)



Characterizing the 
Confromal Field Theory

The log-CFT of the measurement driven transition can be 
characterized by its transfer matrix!
allowing us to obtain the 

Lyapunov exponents �i =
X

m

pm�m
i

<latexit sha1_base64="T1b2h8RZ38eijlU9xKqoU208ADA=">AAACIXicbVDLSsNAFJ3UV62vqEs3g0VwVRIp2I1QdOOygn1AE8NkMmmHziRhZiKUkF9x46+4caFId+LPOG1D1dYDA4dzzuXOPX7CqFSW9WmU1tY3NrfK25Wd3b39A/PwqCPjVGDSxjGLRc9HkjAakbaiipFeIgjiPiNdf3Qz9buPREgaR/dqnBCXo0FEQ4qR0pJnNhymwwHyKLyCjky5l2WOH0Ke58kPXYQeFpJnVq2aNQNcJXZBqqBAyzMnThDjlJNIYYak7NtWotwMCUUxI3nFSSVJEB6hAelrGiFOpJvNLszhmVYCGMZCv0jBmfp7IkNcyjH3dZIjNZTL3lT8z+unKmy4GY2SVJEIzxeFKYMqhtO6YEAFwYqNNUFYUP1XiIdIIKx0qRVdgr188irpXNTseq1+V682r4s6yuAEnIJzYINL0AS3oAXaAIMn8ALewLvxbLwaH8ZkHi0Zxcwx+APj6xvCvaSJ</latexit>

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

The scaling dimensions xi of operators can be 
extracted from the generalized free energies fi(L)
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typ typ typ



Characterizing the 
Confromal Field Theory

The scaling dimensions xi of operators can be 
extracted from the generalized free energies fi(L)

typ typ typ

x1 = ⌘/2

<latexit sha1_base64="e5lKgWlGQT8wjHqPmOXEwoWcfwE=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8xd0Q0IsQ9OIxgnlgsoTZyWwyZHZ2mekVQ8hfePGgiFf/xpt/4yTZgyYWNBRV3XR3BYkUBl3321lZXVvf2Mxt5bd3dvf2CweHDROnmvE6i2WsWwE1XArF6yhQ8laiOY0CyZvB8GbqNx+5NiJW9zhKuB/RvhKhYBSt9PDU9a46HOl5uVsouiV3BrJMvIwUIUOtW/jq9GKWRlwhk9SYtucm6I+pRsEkn+Q7qeEJZUPa521LFY248ceziyfk1Co9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfR90hOaM5QjSyjTwt5K2IBqytCGlLcheIsvL5NGueRVSpW7SrF6ncWRg2M4gTPw4AKqcAs1qAMDBc/wCm+OcV6cd+dj3rriZDNH8AfO5w9115Ah</latexit>

⌘/2 ⇡ 0.125

<latexit sha1_base64="JZlJdNtqNEOsjlvsETNvWOHzzr0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKialosuiG5cV7AOaUCbTSTt0MhNmJmII9VfcuFDErR/izr9x2mahrQcuHM65l3vvCRNGlXbdb6u0tr6xuVXeruzs7u0f2IdHHSVSiUkbCyZkL0SKMMpJW1PNSC+RBMUhI91wcjPzuw9EKir4vc4SEsRoxGlEMdJGGthVn2h0XvdRkkjxCF3Hq18M7JrruHPAVeIVpAYKtAb2lz8UOI0J15ghpfqem+ggR1JTzMi04qeKJAhP0Ij0DeUoJirI58dP4alRhjAS0hTXcK7+nshRrFQWh6YzRnqslr2Z+J/XT3V0FeSUJ6kmHC8WRSmDWsBZEnBIJcGaZYYgLKm5FeIxkghrk1fFhOAtv7xKOnXHaziNu0ateV3EUQbH4AScAQ9cgia4BS3QBhhk4Bm8gjfryXqx3q2PRWvJKmaq4A+szx+dNJNz</latexit>

Our previous estimate



Distribution of Correlation 
functions

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP arXiv:2107.03393

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

In the percolation and Clifford limits

lnGm
j (t) = t(�m

j � �m
0 )

<latexit sha1_base64="iQyNnRSkr6VTTJxu6jUUJa1WiaM="></latexit>

Gm
j (t) ⇠ 1

txj

<latexit sha1_base64="QgoFsW4P1xeSH4Xs1jJo1JYGL8o=">AAACGnicbVBNSwMxFMzWr1q/Vj16CRZBL2VXCnosetBjBVuFbrtk06zGJrtL8lYsYX+HF/+KFw+KeBMv/hvT2oNWBwLDzBte3kSZ4Bo879MpzczOzS+UFytLyyura+76RlunuaKsRVORqsuIaCZ4wlrAQbDLTDEiI8EuosHxyL+4ZUrzNDmHYca6klwlPOaUgJVC1w9Sa4/S5iS86RkTRDGWRbELe0WgucRBrAg1fmGgZ+7Cm6II3apX88bAf4k/IVU0QTN034N+SnPJEqCCaN3xvQy6hijgVLCiEuSaZYQOyBXrWJoQyXTXjE8r8I5V+jhOlX0J4LH6M2GI1HooIzspCVzraW8k/ud1cogPu4YnWQ4sod+L4lxgSPGoJ9znilEQQ0sIVdz+FdNrYrsA22bFluBPn/yXtPdrfr1WP6tXG0eTOspoC22jXeSjA9RAp6iJWoiie/SIntGL8+A8Oa/O2/doyZlkNtEvOB9f8JSiEQ==</latexit>

Correlation functions have fractal scaling dimensions

[Gm
j (t)]n ⇠ 1

tn⇤xj

<latexit sha1_base64="JMutl1fymd1fhipz/M0kKOB8tDY=">AAACIHicbVDLSgMxFM34tr6qLt0Ei6AuyowUdCm60KWCbYXOdMikGY0mmSG5I5Ywn+LGX3HjQhHd6deY1i58HQgczrmHm3uSXHADvv/ujY1PTE5Nz8xW5uYXFpeqyystkxWasibNRKbPE2KY4Io1gYNg57lmRCaCtZPrw4HfvmHa8EydQT9nkSQXiqecEnBSXN0NM2cP0rZzFF91rQ2TFMuy3IStqKvK0HCJw1QTaoPSQteq7dv4qizjas2v+0PgvyQYkRoa4SSuvoW9jBaSKaCCGNMJ/BwiSzRwKlhZCQvDckKvyQXrOKqIZCaywwNLvOGUHk4z7Z4CPFS/JyyRxvRl4iYlgUvz2xuI/3mdAtK9yHKVF8AU/VqUFgJDhgdt4R7XjILoO0Ko5u6vmF4S1wa4TiuuhOD3yX9Ja6ceNOqN00Zt/2BUxwxaQ+toEwVoF+2jY3SCmoiiO/SAntCzd+89ei/e69fomDfKrKIf8D4+AXm+pGk=</latexit>

NOT multifractal!

This is an artifact of these semiclassical limits!



Distribution of Correlation 
functions

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP arXiv:2107.03393

t � L

<latexit sha1_base64="nMr7TCP9W1MJ0RFZtX4WCs0pOyY=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4koGXQxsIigvmA5Ah7m73Lmr3bY3dOCCH/wcZCEVv/j53/xk1yhSY+GHi8N8PMvCCVwqDrfjuFtfWNza3idmlnd2//oHx41DIq04w3mZJKdwJquBQJb6JAyTup5jQOJG8Ho5uZ337i2giVPOA45X5Mo0SEglG0Ugt7UUTu+uWKW3XnIKvEy0kFcjT65a/eQLEs5gkySY3pem6K/oRqFEzyaamXGZ5SNqIR71qa0JgbfzK/dkrOrDIgodK2EiRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mwyt/IpI0Q56wxaIwkwQVmb1OBkJzhnJsCWVa2FsJG1JNGdqASjYEb/nlVdK6qHq1au2+Vqlf53EU4QRO4Rw8uIQ63EIDmsDgEZ7hFd4c5bw4787HorXg5DPH8AfO5w8IYo7H</latexit>

Keeping the full quantum nature of the gates

Is the distribution of correlation 
functions multi-fractal?

lnGm
1 (t) = t(�m

1 � �m
0 )

<latexit sha1_base64="gSw3v3oMLRhjuBbNCc2rQHPq0zg=">AAACK3icbVDLSgMxFM34rPVVdekmWIS6sMxIQTdCqQtdVrAP6NQhk2Y0mMkMyR2hDP0fN/6KC134wK3/YaYd8VEPBA7n3JvkHD8WXINtv1ozs3PzC4uFpeLyyuraemljs62jRFHWopGIVNcnmgkuWQs4CNaNFSOhL1jHvznJ/M4tU5pH8gKGMeuH5ErygFMCRvJKDVdIfHqZuiGBaz9Iw9HIcyqwdwwVV5hrBsRzLtPU9QNsrP0vzf7W9rxS2a7aY+Bp4uSkjHI0vdKjO4hoEjIJVBCte44dQz8lCjgVbFR0E81iQm/IFesZKknIdD8dZx3hXaMMcBApcyTgsfpzIyWh1sPQN5NZJP3Xy8T/vF4CwVE/5TJOgEk6eShIBIYIZ8XhAVeMghgaQqji5q+YXhNFKJh6i6YE52/kadI+qDq1au28Vq438joKaBvtoApy0CGqozPURC1E0R16QM/oxbq3nqw3630yOmPlO1voF6yPT/i6p4c=</latexit>

[Gm
1 (t)]n ⇠ 1

tx1(n)

<latexit sha1_base64="IOEkddsn9KVCo8vIsFyGiJVxFfI=">AAACIXicbVDLSgMxFM34tr6qLt0Ei9BuyowUdCm60KWCtUJnOmTSjAaTzJDcEUuYX3Hjr7hxoYg78WdMHwutHggczrmHm3uSXHADvv/pzczOzS8sLi1XVlbX1jeqm1tXJis0ZW2aiUxfJ8QwwRVrAwfBrnPNiEwE6yR3J0O/c8+04Zm6hEHOIkluFE85JeCkuHoYZs4epm33NA561oZJimVZ1qER9VQZGi5xmGpCbVBa6NmHOKirRlnG1Zrf9EfAf0kwITU0wXlc/Qj7GS0kU0AFMaYb+DlElmjgVLCyEhaG5YTekRvWdVQRyUxkRxeWeM8pfZxm2j0FeKT+TFgijRnIxE1KArdm2huK/3ndAtLDyHKVF8AUHS9KC4Ehw8O6cJ9rRkEMHCFUc/dXTG+JqwNcqRVXQjB98l9ytd8MWs3WRat2dDypYwntoF1URwE6QEfoDJ2jNqLoET2jV/TmPXkv3rv3MR6d8SaZbfQL3tc3OGGkKA==</latexit>

i.e. is              non-linear in n ???x1(n)

<latexit sha1_base64="cCxNyur95UP7jszEkLjMdTyh6D4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6LSPJYPZpKgH9Gh5CFn1Fip/dT3KvKC9Etlt+rOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+bnTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCRRuCt/zyKmldVr1atXZfK9dv8jgKcApnUAEPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wf5So6u</latexit>



Distribution of Correlation 
functions

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP arXiv:2107.03393

Is the distribution of correlation 
functions multi-fractal?

[Gm
1 (t)]n ⇠ 1

tx1(n)

<latexit sha1_base64="IOEkddsn9KVCo8vIsFyGiJVxFfI=">AAACIXicbVDLSgMxFM34tr6qLt0Ei9BuyowUdCm60KWCtUJnOmTSjAaTzJDcEUuYX3Hjr7hxoYg78WdMHwutHggczrmHm3uSXHADvv/pzczOzS8sLi1XVlbX1jeqm1tXJis0ZW2aiUxfJ8QwwRVrAwfBrnPNiEwE6yR3J0O/c8+04Zm6hEHOIkluFE85JeCkuHoYZs4epm33NA561oZJimVZ1qER9VQZGi5xmGpCbVBa6NmHOKirRlnG1Zrf9EfAf0kwITU0wXlc/Qj7GS0kU0AFMaYb+DlElmjgVLCyEhaG5YTekRvWdVQRyUxkRxeWeM8pfZxm2j0FeKT+TFgijRnIxE1KArdm2huK/3ndAtLDyHKVF8AUHS9KC4Ehw8O6cJ9rRkEMHCFUc/dXTG+JqwNcqRVXQjB98l9ytd8MWs3WRat2dDypYwntoF1URwE6QEfoDJ2jNqLoET2jV/TmPXkv3rv3MR6d8SaZbfQL3tc3OGGkKA==</latexit>

i.e. is              non-linear in n ???x1(n)

<latexit sha1_base64="cCxNyur95UP7jszEkLjMdTyh6D4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6LSPJYPZpKgH9Gh5CFn1Fip/dT3KvKC9Etlt+rOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+bnTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCRRuCt/zyKmldVr1atXZfK9dv8jgKcApnUAEPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wf5So6u</latexit>

x1(n) = nx(1)
1 +

n2

2!
x(2)
1 + . . .

<latexit sha1_base64="FaFAYapJSpgzRCXnaz+Q3/W2rdU=">AAACIXicbZDLSsNAFIYnXmu9RV26GS1Ci1CSULAboejGZQV7gTYtk+mkHTqZhJmJWEJexY2v4saFIt2JL+O0zUJbDwx8/P85nDm/FzEqlWV9GWvrG5tb27md/O7e/sGheXTclGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3vp35rUciJA35g5pExA3QkFOfYqS01DerT327yEvwGnKosZcU7VIKL2HXFwgnvOekiXOWZpazsNggVLJvFqyyNS+4CnYGBZBVvW9Ou4MQxwHhCjMkZce2IuUmSCiKGUnz3ViSCOExGpKORo4CIt1kfmEKL7QygH4o9OMKztXfEwkKpJwEnu4MkBrJZW8m/ud1YuVX3YTyKFaE48UiP2ZQhXAWFxxQQbBiEw0IC6r/CvEI6WyUDjWvQ7CXT16FplO2K+XKfaVQu8niyIFTcA6KwAZXoAbuQB00AAbP4BW8gw/jxXgzPo3ponXNyGZOwJ8yvn8AngCgJg==</latexit>

can compute via cumulants 
ki of logGm

1

<latexit sha1_base64="OcPGjx7gKWdZ9HqadivxMo5j6Do=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRhS4r2Ae0MUymk3boPMLMRCwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPlDCqjed9O6W19Y3NrfJ2ZWd3b//APax2tEwVJm0smVS9CGnCqCBtQw0jvUQRxCNGutHkeuZ3H4nSVIp7M01IwNFI0JhiZKwUutUBkyN4E/oPWTaIYsjzPHRrXt2bA64SvyA1UKAVul+DocQpJ8JghrTu+15iggwpQzEjeWWQapIgPEEj0rdUIE50kM1vz+GpVYYwlsqWMHCu/p7IENd6yiPbyZEZ62VvJv7n9VMTXwYZFUlqiMCLRXHKoJFwFgQcUkWwYVNLEFbU3grxGCmEjY2rYkPwl19eJZ3zut+oN+4ateZVEUcZHIMTcAZ8cAGa4Ba0QBtg8ASewSt4c3LnxXl3PhatJaeYOQJ/4Hz+AE3Ok/o=</latexit>

ki/tL ⇠ �2⇡x(i)
1 /L2

<latexit sha1_base64="zm2Bjoj69fpFVRsKHl9qLcHUFo4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF7ZJKeiy6MZFFxXsA5o0TKbTduhMEmYmYgndufFX3LhQxK2/4M6/cdpmoa0HLhzOuZd77/EjRqWyrG8js7K6tr6R3cxtbe/s7pn7B00ZxgKTBg5ZKNo+koTRgDQUVYy0I0EQ9xlp+aPrqd+6J0LSMLhT44i4HA0C2qcYKS155vHIoyVVcyTl8LzsRBQ+eHY3KdCzSanWLXtm3ipaM8BlYqckD1LUPfPL6YU45iRQmCEpO7YVKTdBQlHMyCTnxJJECI/QgHQ0DRAn0k1mf0zgqVZ6sB8KXYGCM/X3RIK4lGPu606O1FAuelPxP68Tq/6lm9AgihUJ8HxRP2ZQhXAaCuxRQbBiY00QFlTfCvEQCYSVji6nQ7AXX14mzXLRrhQrt5V89SqNIwuOwAkoABtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+5q0ZI505BH9gfP4ANYGXnA==</latexit>



Distribution of Correlation 
functions

Zabalo, Gullans, Wilson, Vasseur, Ludwig, Gopalakrishnan, Huse, JHP arXiv:2107.03393

Is the distribution of correlation 
functions multi-fractal?

[Gm
1 (t)]n ⇠ 1

tx1(n)

<latexit sha1_base64="IOEkddsn9KVCo8vIsFyGiJVxFfI=">AAACIXicbVDLSgMxFM34tr6qLt0Ei9BuyowUdCm60KWCtUJnOmTSjAaTzJDcEUuYX3Hjr7hxoYg78WdMHwutHggczrmHm3uSXHADvv/pzczOzS8sLi1XVlbX1jeqm1tXJis0ZW2aiUxfJ8QwwRVrAwfBrnPNiEwE6yR3J0O/c8+04Zm6hEHOIkluFE85JeCkuHoYZs4epm33NA561oZJimVZ1qER9VQZGi5xmGpCbVBa6NmHOKirRlnG1Zrf9EfAf0kwITU0wXlc/Qj7GS0kU0AFMaYb+DlElmjgVLCyEhaG5YTekRvWdVQRyUxkRxeWeM8pfZxm2j0FeKT+TFgijRnIxE1KArdm2huK/3ndAtLDyHKVF8AUHS9KC4Ehw8O6cJ9rRkEMHCFUc/dXTG+JqwNcqRVXQjB98l9ytd8MWs3WRat2dDypYwntoF1URwE6QEfoDJ2jNqLoET2jV/TmPXkv3rv3MR6d8SaZbfQL3tc3OGGkKA==</latexit>

i.e. is              non-linear in n ???x1(n)

<latexit sha1_base64="cCxNyur95UP7jszEkLjMdTyh6D4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6LSPJYPZpKgH9Gh5CFn1Fip/dT3KvKC9Etlt+rOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+bnTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCRRuCt/zyKmldVr1atXZfK9dv8jgKcApnUAEPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaF1z8pkT+APn8wf5So6u</latexit>

x1(n) = nx(1)
1 +

n2

2!
x(2)
1 + . . .

<latexit sha1_base64="FaFAYapJSpgzRCXnaz+Q3/W2rdU=">AAACIXicbZDLSsNAFIYnXmu9RV26GS1Ci1CSULAboejGZQV7gTYtk+mkHTqZhJmJWEJexY2v4saFIt2JL+O0zUJbDwx8/P85nDm/FzEqlWV9GWvrG5tb27md/O7e/sGheXTclGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3vp35rUciJA35g5pExA3QkFOfYqS01DerT327yEvwGnKosZcU7VIKL2HXFwgnvOekiXOWZpazsNggVLJvFqyyNS+4CnYGBZBVvW9Ou4MQxwHhCjMkZce2IuUmSCiKGUnz3ViSCOExGpKORo4CIt1kfmEKL7QygH4o9OMKztXfEwkKpJwEnu4MkBrJZW8m/ud1YuVX3YTyKFaE48UiP2ZQhXAWFxxQQbBiEw0IC6r/CvEI6WyUDjWvQ7CXT16FplO2K+XKfaVQu8niyIFTcA6KwAZXoAbuQB00AAbP4BW8gw/jxXgzPo3ponXNyGZOwJ8yvn8AngCgJg==</latexit>

x1(n) = 0.122n+ 0.145
n2

2!
+ . . .

<latexit sha1_base64="/AdBZ5I5YeYvmxn73cgOSYyrfEM=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2gRKkKZGSq6EYpuXFawF+iMJZNm2tBMMiQZsQx9Dje+ihsXirgTN76N6WWh1R8CP/85h5PzhQmjSjvOl5VbWFxaXsmvFtbWNza37O2dhhKpxKSOBROyFSJFGOWkrqlmpJVIguKQkWY4uBzXm3dEKir4jR4mJIhRj9OIYqRN1LHd+45b4kfwHDpl1/Mgh/B4bCsn0I8kwhm/9UaZtz8ysc+6QquOXXTKzkTwr3FnpghmqnXsD78rcBoTrjFDSrVdJ9FBhqSmmJFRwU8VSRAeoB5pG8tRTFSQTU4bwUOTdGEkpHlcw0n6cyJDsVLDODSdMdJ9NV8bh//V2qmOzoKM8iTVhOPpoihlUAs45gS7VBKs2dAYhCU1f4W4jwwRbWgWDAR3/uS/puEZkOXKdaVYvZjhyIM9cABKwAWnoAquQA3UAQYP4Am8gFfr0Xq23qz3aWvOms3sgl+yPr8BUgycKg==</latexit>

multifractal!
ki/tL ⇠ �2⇡x(i)

1 /L2

<latexit sha1_base64="zm2Bjoj69fpFVRsKHl9qLcHUFo4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF7ZJKeiy6MZFFxXsA5o0TKbTduhMEmYmYgndufFX3LhQxK2/4M6/cdpmoa0HLhzOuZd77/EjRqWyrG8js7K6tr6R3cxtbe/s7pn7B00ZxgKTBg5ZKNo+koTRgDQUVYy0I0EQ9xlp+aPrqd+6J0LSMLhT44i4HA0C2qcYKS155vHIoyVVcyTl8LzsRBQ+eHY3KdCzSanWLXtm3ipaM8BlYqckD1LUPfPL6YU45iRQmCEpO7YVKTdBQlHMyCTnxJJECI/QgHQ0DRAn0k1mf0zgqVZ6sB8KXYGCM/X3RIK4lGPu606O1FAuelPxP68Tq/6lm9AgihUJ8HxRP2ZQhXAaCuxRQbBiY00QFlTfCvEQCYSVji6nQ7AXX14mzXLRrhQrt5V89SqNIwuOwAkoABtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+5q0ZI505BH9gfP4ANYGXnA==</latexit>

can compute via cumulants 
ki of logGm

1

<latexit sha1_base64="OcPGjx7gKWdZ9HqadivxMo5j6Do=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS0GXRhS4r2Ae0MUymk3boPMLMRCwhv+LGhSJu/RF3/o3TNgttPXDhcM693HtPlDCqjed9O6W19Y3NrfJ2ZWd3b//APax2tEwVJm0smVS9CGnCqCBtQw0jvUQRxCNGutHkeuZ3H4nSVIp7M01IwNFI0JhiZKwUutUBkyN4E/oPWTaIYsjzPHRrXt2bA64SvyA1UKAVul+DocQpJ8JghrTu+15iggwpQzEjeWWQapIgPEEj0rdUIE50kM1vz+GpVYYwlsqWMHCu/p7IENd6yiPbyZEZ62VvJv7n9VMTXwYZFUlqiMCLRXHKoJFwFgQcUkWwYVNLEFbU3grxGCmEjY2rYkPwl19eJZ3zut+oN+4ateZVEUcZHIMTcAZ8cAGa4Ba0QBtg8ASewSt4c3LnxXl3PhatJaeYOQJ/4Hz+AE3Ok/o=</latexit>



Distribution of Correlation 
functions

Is the distribution of correlation 
functions multi-fractal?

[Gm
1 (t)]n ⇠ 1

tx1(n)

<latexit sha1_base64="IOEkddsn9KVCo8vIsFyGiJVxFfI=">AAACIXicbVDLSgMxFM34tr6qLt0Ei9BuyowUdCm60KWCtUJnOmTSjAaTzJDcEUuYX3Hjr7hxoYg78WdMHwutHggczrmHm3uSXHADvv/pzczOzS8sLi1XVlbX1jeqm1tXJis0ZW2aiUxfJ8QwwRVrAwfBrnPNiEwE6yR3J0O/c8+04Zm6hEHOIkluFE85JeCkuHoYZs4epm33NA561oZJimVZ1qER9VQZGi5xmGpCbVBa6NmHOKirRlnG1Zrf9EfAf0kwITU0wXlc/Qj7GS0kU0AFMaYb+DlElmjgVLCyEhaG5YTekRvWdVQRyUxkRxeWeM8pfZxm2j0FeKT+TFgijRnIxE1KArdm2huK/3ndAtLDyHKVF8AUHS9KC4Ehw8O6cJ9rRkEMHCFUc/dXTG+JqwNcqRVXQjB98l9ytd8MWs3WRat2dDypYwntoF1URwE6QEfoDJ2jNqLoET2jV/TmPXkv3rv3MR6d8SaZbfQL3tc3OGGkKA==</latexit>

Multifractal nature should appear as universal 
scaling of the distribution of Y (t) ⌘ � lnGm

1 (t)

<latexit sha1_base64="sL6Dh4lEQmk1Spz9YojLBWilDQY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqwpJIQZdFF7qsYB/SxDCZTtqhk0mcmRRKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJz47RERkkb8Vo1j4oaoz2lAMVJa8szSXUUdQ4c8JHQET6DDOLzy7Ps0dfwAhlmmXc8sW1VrCrhI7JyUQY6GZ345vQgnIeEKMyRl17Zi5aZIKIoZyYpOIkmM8BD1SVdTjkIi3XT6SwaPtNKDQSR0cQWn6u+JFIVSjkNfd4ZIDeS8NxH/87qJCs7dlPI4UYTj2aIgYVBFcBIM7FFBsGJjTRAWVN8K8QAJhJWOr6hDsOdfXiSt06pdq9ZuauX6RR5HARyCEqgAG5yBOrgGDdAEGDyCZ/AK3own48V4Nz5mrUtGPnMA/sD4/AEFMZko</latexit>

P [Y (t)] ⇠
✓
2⇡↵t

L

◆�1/2

exp


�2⇡↵t

L
H

✓
Y (t)

2⇡↵t/L

◆�

<latexit sha1_base64="92MFuCG9FpJYjBQL1oDqdr/hxu0="></latexit>

universal scaling function



Distribution of Correlation 
functions

Is the distribution of correlation 
functions multi-fractal?

[Gm
1 (t)]n ⇠ 1

tx1(n)

<latexit sha1_base64="IOEkddsn9KVCo8vIsFyGiJVxFfI=">AAACIXicbVDLSgMxFM34tr6qLt0Ei9BuyowUdCm60KWCtUJnOmTSjAaTzJDcEUuYX3Hjr7hxoYg78WdMHwutHggczrmHm3uSXHADvv/pzczOzS8sLi1XVlbX1jeqm1tXJis0ZW2aiUxfJ8QwwRVrAwfBrnPNiEwE6yR3J0O/c8+04Zm6hEHOIkluFE85JeCkuHoYZs4epm33NA561oZJimVZ1qER9VQZGi5xmGpCbVBa6NmHOKirRlnG1Zrf9EfAf0kwITU0wXlc/Qj7GS0kU0AFMaYb+DlElmjgVLCyEhaG5YTekRvWdVQRyUxkRxeWeM8pfZxm2j0FeKT+TFgijRnIxE1KArdm2huK/3ndAtLDyHKVF8AUHS9KC4Ehw8O6cJ9rRkEMHCFUc/dXTG+JqwNcqRVXQjB98l9ytd8MWs3WRat2dDypYwntoF1URwE6QEfoDJ2jNqLoET2jV/TmPXkv3rv3MR6d8SaZbfQL3tc3OGGkKA==</latexit>

Multifractal nature should appear as universal 
scaling of the distribution of Y (t) ⌘ � lnGm

1 (t)

<latexit sha1_base64="sL6Dh4lEQmk1Spz9YojLBWilDQY=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqwpJIQZdFF7qsYB/SxDCZTtqhk0mcmRRKyN6Nv+LGhSJu/QF3/o3TNgttPXDhcM693HuPHzMqlWV9G0vLK6tr64WN4ubW9s6uubffklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJz47RERkkb8Vo1j4oaoz2lAMVJa8szSXUUdQ4c8JHQET6DDOLzy7Ps0dfwAhlmmXc8sW1VrCrhI7JyUQY6GZ345vQgnIeEKMyRl17Zi5aZIKIoZyYpOIkmM8BD1SVdTjkIi3XT6SwaPtNKDQSR0cQWn6u+JFIVSjkNfd4ZIDeS8NxH/87qJCs7dlPI4UYTj2aIgYVBFcBIM7FFBsGJjTRAWVN8K8QAJhJWOr6hDsOdfXiSt06pdq9ZuauX6RR5HARyCEqgAG5yBOrgGDdAEGDyCZ/AK3own48V4Nz5mrUtGPnMA/sD4/AEFMZko</latexit>

P [Y (t)] ⇠
✓
2⇡↵t

L

◆�1/2

exp


�2⇡↵t

L
H

✓
Y (t)

2⇡↵t/L

◆�

<latexit sha1_base64="92MFuCG9FpJYjBQL1oDqdr/hxu0="></latexit>

universal scaling function
L = 8 ! 18, t = 24L

<latexit sha1_base64="yl7P+nZrgsCQ2LJuCkI3NpKaH9A=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmyoDdCEU3LrqoYB/QDiWTpm1oJjMkd4QyFPwVNy4Ucet3uPNvTNtZaOuBwMk593LvPUEsuAbH+bZya+sbm1v57cLO7t7+gX141NRRoihr0EhEqh0QzQSXrAEcBGvHipEwEKwVjG9nfuuRKc0j+QCTmPkhGUo+4JSAkXr2SQ1f40oXIuxWLjGYT9nDtZ5ddErOHHiVuBkpogz1nv3V7Uc0CZkEKojWHdeJwU+JAk4Fmxa6iWYxoWMyZB1DJQmZ9tP5+lN8bpQ+HkTKPAl4rv7uSEmo9SQMTGVIYKSXvZn4n9dJYFDxUy7jBJiki0GDRGBz7SwL3OeKURATQwhV3OyK6YgoQsEkVjAhuMsnr5JmueR6Je/eK1Zvsjjy6BSdoQvkoitURXeojhqIohQ9o1f0Zj1ZL9a79bEozVlZzzH6A+vzBxkKklw=</latexit>

t = 3L ! 24L,L = 16

<latexit sha1_base64="cr43AcgJAFFRfiaStZ/kNn5RSUQ=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQLCTsxkVthKCNRYoI5gHJEmYns8mQ2Qczd4WwpvBXbCwUsfU37PwbJ8kWmnhg4Mw593LvPV4suALL+jZyS8srq2v59cLG5tb2jrm711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG95M/OYDk4pH4T2MYuYGpB9yn1MCWuqaB4Cv8FkVdyDCZad6iqv6b593zaJVsqbAi8TOSBFlqHXNr04voknAQqCCKNW2rRjclEjgVLBxoZMoFhM6JH3W1jQkAVNuOt1/jI+10sN+JPULAU/V3x0pCZQaBZ6uDAgM1Lw3Ef/z2gn4l27KwzgBFtLZID8RWB87CQP3uGQUxEgTQiXXu2I6IJJQ0JEVdAj2/MmLpFEu2U7JuXOKlessjjw6REfoBNnoAlXQLaqhOqLoET2jV/RmPBkvxrvxMSvNGVnPPvoD4/MHraySqw==</latexit>

multifractal!



Summary so far
Have identified 3 log-CFTs: 
Percolation
Clifford transition
Haar transition

Quantitative Distinction: Critical exponents all look rather 
similar, effective central charge can tell them apart.

Qualitative distinction: Only the Haar transition is multifractal



Summary so far
Have identified 3 log-CFTs: 
Percolation
Clifford transition
Haar transition

Quantitative Distinction: Critical exponents all look rather 
similar, effective central charge can tell them apart.

Qualitative distinction: Only the Haar transition is multifractal

But entanglement takes exponential resources, 
Can this be seen in experiment?



Skinner, Ruhman, Nahum PRX (2019)

Unusual phase transition, takes place in the information,
spatial correlation functions averaged over measurement 

outcomes do not see it!

Now you see it, now you don’t (Post 
Selection Problem)



Skinner, Ruhman, Nahum PRX (2019)

C(x, y) = EmCm(x, y)

<latexit sha1_base64="IJG3a2/5rXuetVdYVH9zx9T6KkY=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCWRgm6EYhFcVrAPaEKYTCft0MmDmYlYQj7Cjb/ixoUibl2482+cpAG1emDgcM65zL3HjRgV0jA+tdLC4tLySnm1sra+sbmlb+90RRhzTDo4ZCHvu0gQRgPSkVQy0o84Qb7LSM+dtDK/d0u4oGFwI6cRsX00CqhHMZJKcvSjVu3ueHp4bvlIjl03uUydJLFcD/pp2vqmecjRq0bdyAH/ErMgVVCg7egf1jDEsU8CiRkSYmAakbQTxCXFjKQVKxYkQniCRmSgaIB8IuwkPyqFB0oZQi/k6gUS5urPiQT5Qkx9VyWz3cW8l4n/eYNYemd2QoMoliTAs4+8mEEZwqwhOKScYMmmiiDMqdoV4jHiCEvVY0WVYM6f/Jd0T+pmo964blSbF0UdZbAH9kENmOAUNMEVaIMOwOAePIJn8KI9aE/aq/Y2i5a0YmYX/IL2/gW/3p4G</latexit>

avg. over 
measurement 

outcomesC(x, y) = Tr (⇢avSz(x)Sz(y))

<latexit sha1_base64="7vLlcTca3DeIcu+AF4M/2+hSI1Q="></latexit>

m = (~m1, ~m2, . . . , ~mt)

<latexit sha1_base64="VPjMhbpHDiSIKyZpZnrEz1W06O4=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoUOpMKehGKLpxWcE+oC0lk2ba0GRmSO4UytDPcOOvuHGhiNvu/BvTh6KtBwIn59x7k3u8SHANjvNppdbWNza30tuZnd29/QP78Kimw1hRVqWhCFXDI5oJHrAqcBCsESlGpCdY3RvcTv36kCnNw+ABRhFrS9ILuM8pASN17Iuk5flYjvE1zrWGjCZy3HHz36yYb3VD0D93OO/YWafgzIBXibsgWbRApWNPzAgaSxYAFUTrputE0E6IAk4FG2dasWYRoQPSY01DAyKZbiezxcb4zChd7IfKnADwTP3dkRCp9Uh6plIS6Otlbyr+5zVj8K/aCQ+iGFhA5w/5scAQ4mlKuMsVoyBGhhCquPkrpn2iCAWTZcaE4C6vvEpqxYJbKpTuS9nyzSKONDpBpyiHXHSJyugOVVAVUfSIntErerOerBfr3fqYl6asRc8x+gNr8gWcE5+K</latexit>

at late times
will approach the infinite temperature 

Gibbs ensemble for any p

m = (~m1, ~m2, . . . , ~mt)

<latexit sha1_base64="VPjMhbpHDiSIKyZpZnrEz1W06O4=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoUOpMKehGKLpxWcE+oC0lk2ba0GRmSO4UytDPcOOvuHGhiNvu/BvTh6KtBwIn59x7k3u8SHANjvNppdbWNza30tuZnd29/QP78Kimw1hRVqWhCFXDI5oJHrAqcBCsESlGpCdY3RvcTv36kCnNw+ABRhFrS9ILuM8pASN17Iuk5flYjvE1zrWGjCZy3HHz36yYb3VD0D93OO/YWafgzIBXibsgWbRApWNPzAgaSxYAFUTrputE0E6IAk4FG2dasWYRoQPSY01DAyKZbiezxcb4zChd7IfKnADwTP3dkRCp9Uh6plIS6Otlbyr+5zVj8K/aCQ+iGFhA5w/5scAQ4mlKuMsVoyBGhhCquPkrpn2iCAWTZcaE4C6vvEpqxYJbKpTuS9nyzSKONDpBpyiHXHSJyugOVVAVUfSIntErerOerBfr3fqYl6asRc8x+gNr8gWcE5+K</latexit>

Cm(x, y) = h m(t)|Sz(x)Sz(y)| m(t)i

<latexit sha1_base64="J9C0mMxSgg3Ad3HMEhmxs1wYuZE=">AAACO3icbVBLTwIxGOz6RHyhHr00EhNIDNk1JHoxIXLxiA8eCYukW7rQ0O1u2q5hXfhfXvwT3rx48aAxXr1bYA8ITtJmMvNN2m+cgFGpTPPVWFpeWV1bT22kN7e2d3Yze/s16YcCkyr2mS8aDpKEUU6qiipGGoEgyHMYqTv98tivPxAhqc/vVBSQloe6nLoUI6Wlduam3I5j23GhNxrlBidR/sJmiHcZgXZF0hlP5Ye394+5QX 58R3k4XPChLSbJdiZrFswJ4CKxEpIFCSrtzIvd8XHoEa4wQ1I2LTNQrRgJRTEjo7QdShIg3Edd0tSUI4/IVjzZfQSPtdKBri/04QpO1NlEjDwpI8/Rkx5SPTnvjcX/vGao3PNWTHkQKsLx9CE3ZFD5cFwk7FBBsGKRJggLqv8KcQ8JhJWuO61LsOZXXiS104JVLBSvi9nSZVJHChyCI5ADFjgDJXAFKqAKMHgCb+ADfBrPxrvxZXxPR5eMJHMA/sD4+QW+MK1T</latexit>

measurement record

Unusual phase transition, takes place in the information,
spatial correlation functions averaged over measurement 

outcomes do not see it!

<latexit sha1_base64="PqYf/WJ0bJQal7PTqt5mG8j5jw8="></latexit>

⇢av =
1

2L

X

m

| m(t)ih m(t)|

Now you see it, now you don’t (Post 
Selection Problem)



Skinner, Ruhman, Nahum PRX (2019)

C(x, y) = EmCm(x, y)

<latexit sha1_base64="IJG3a2/5rXuetVdYVH9zx9T6KkY=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCWRgm6EYhFcVrAPaEKYTCft0MmDmYlYQj7Cjb/ixoUibl2482+cpAG1emDgcM65zL3HjRgV0jA+tdLC4tLySnm1sra+sbmlb+90RRhzTDo4ZCHvu0gQRgPSkVQy0o84Qb7LSM+dtDK/d0u4oGFwI6cRsX00CqhHMZJKcvSjVu3ueHp4bvlIjl03uUydJLFcD/pp2vqmecjRq0bdyAH/ErMgVVCg7egf1jDEsU8CiRkSYmAakbQTxCXFjKQVKxYkQniCRmSgaIB8IuwkPyqFB0oZQi/k6gUS5urPiQT5Qkx9VyWz3cW8l4n/eYNYemd2QoMoliTAs4+8mEEZwqwhOKScYMmmiiDMqdoV4jHiCEvVY0WVYM6f/Jd0T+pmo964blSbF0UdZbAH9kENmOAUNMEVaIMOwOAePIJn8KI9aE/aq/Y2i5a0YmYX/IL2/gW/3p4G</latexit>

avg. over 
measurement 

outcomes

m = (~m1, ~m2, . . . , ~mt)

<latexit sha1_base64="VPjMhbpHDiSIKyZpZnrEz1W06O4=">AAACGHicbVDLSgMxFM3UV62vUZdugkWoUOpMKehGKLpxWcE+oC0lk2ba0GRmSO4UytDPcOOvuHGhiNvu/BvTh6KtBwIn59x7k3u8SHANjvNppdbWNza30tuZnd29/QP78Kimw1hRVqWhCFXDI5oJHrAqcBCsESlGpCdY3RvcTv36kCnNw+ABRhFrS9ILuM8pASN17Iuk5flYjvE1zrWGjCZy3HHz36yYb3VD0D93OO/YWafgzIBXibsgWbRApWNPzAgaSxYAFUTrputE0E6IAk4FG2dasWYRoQPSY01DAyKZbiezxcb4zChd7IfKnADwTP3dkRCp9Uh6plIS6Otlbyr+5zVj8K/aCQ+iGFhA5w/5scAQ4mlKuMsVoyBGhhCquPkrpn2iCAWTZcaE4C6vvEpqxYJbKpTuS9nyzSKONDpBpyiHXHSJyugOVVAVUfSIntErerOerBfr3fqYl6asRc8x+gNr8gWcE5+K</latexit>

For correlations to “witness” the transition must 
construct non-linear averages over the 
measurement outcomes e.g.

C2(x, y) = Em

⇥
Cm(x, y)2

⇤
� [EmCm(x, y)]2

<latexit sha1_base64="BXXtQRZ2moJ3Wp5hlLqX1qHfC/U=">AAACWXicbVFbS8MwGE2rzjlv0z36EhyCgo52DPRFEIfg4wR3gbUbaZZuwfRC8lUcpX/SB0H8Kz6YbQV12weBw7mQfCdeLLgCy/o0zI3NrcJ2cae0u7d/cFg+Ou6oKJGUtWkkItnziGKCh6wNHATrxZKRwBOs6700Z3r3lUnFo/AZpjFzAzIOuc8pAU0Ny3FzUD9/u5xe3DoBgYnnpQ/ZME0dz8dBljmC+dBv/hJz66DuSD6egH u10NcllzN5YlAflqtWzZoPXgV2Dqoon9aw/O6MIpoELAQqiFJ924rBTYkETgXLSk6iWEzoCxmzvoYhCZhy03kzGT7TzAj7kdQnBDxn/yZSEig1DTztnC2hlrUZuU7rJ+DfuCkP4wRYSBcX+YnAEOFZzXjEJaMgphoQKrl+K6YTIgkF/RklXYK9vPIq6NRrdqPWeGpU7+7zOoroBJ2ic2Sja3SHHlELtRFFH+jb2DIKxpdpmEWztLCaRp6poH9jVn4ASGO0xQ==</latexit>

m = (~m1, ~m2, . . . , ~mt)
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Cm(x, y) = h m(t)|Sz(x)Sz(y)| m(t)i
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measurement record

Unusual phase transition, takes place in the information,
spatial correlation functions averaged over measurement 

outcomes do not see it!

<latexit sha1_base64="Bjt2DtJMG1ri3nI0HWAj8TLoNiw="></latexit>

SE = �EmTrA(⇢
m
A log ⇢mA )

<latexit sha1_base64="mi53LhO5+CpAhBTObsV+L5FEd78="></latexit>

⇢mA = Tr (| m(t)ih m(t)|)

Now you see it, now you don’t (Post 
Selection Problem)



Experimental Data
Experiments on trapped ions and superconducting qubits have seen 
signatures of the two phases using a great deal of post-selection

Koh, Sun, Motta, Minnich, Nat. Phys (2023)

IBM

Noel et al Nat. Phys. (2022)

Monroe group



Experimental Data

Google

Google used a short depth circuit but lots of qubits, to probe a version 
of this transition at finite time. Bao, Block, Altman PRL (2024)

Google Quantum AI and Collaborators, Nature (2023)

Kamakari et al PRL (2025)

IBM
Cross entropy benchmark



Outline

| (t)i ! Pm
i | (t)i

h (t)|Pm
i | (t)i

<latexit sha1_base64="Hpu3O5cQO2cHSWNJdOjwn9D5Fm4="></latexit>

I. Motivation

II. Measurement Induced Transition (MIT)
• Models
• Controlled limits
• Numerical solution for qubits

III. Extensions
• Weak measurements
• Projector only models
• Free fermions

IV. Stability of the MIPT
• Presence of symmetry
• Static and temporal perturbations

Time for a break?



Extensions
Transfer matrix description can be generalized to only probe boundary 
operators



Extensions
Transfer matrix description can be generalized to only probe boundary 
operators

Very demanding simulations, over 1 million samples/data point

Sn ⇠ A logL

<latexit sha1_base64="LB7lEhjFzsHUdSXOEObBElXIsVM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRS0GXVjQsXFe0DmhAm00k7dB5hZqKU2k9x40IRt36JO//GaZuFth64cDjnXu69J04Z1cbzvp3Cyura+kZxs7S1vbO755b3W1pmCpMmlkyqTow0YVSQpqGGkU6qCOIxI+14eDX12w9EaSrFvRmlJOSoL2hCMTJWitzyXSRgoCmHFzBgsg9vIrfiVb0Z4DLxc1IBORqR+xX0JM44EQYzpHXX91ITjpEyFDMyKQWZJinCQ9QnXUsF4kSH49npE3hslR5MpLIlDJypvyfGiGs94rHt5MgM9KI3Ff/zuplJzsMxFWlmiMDzRUnGoJFwmgPsUUWwYSNLEFbU3grxACmEjU2rZEPwF19eJq3Tql+r1m5rlfplHkcRHIIjcAJ8cAbq4Bo0QBNg8AiewSt4c56cF+fd+Zi3Fpx85gD8gfP5A2T6ksw=</latexit>

Coefficient of the log is the scaling dimension of a boundary operator.



Extensions
Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians.

Tang and Zhu, PRR (2020)

U(�t) = e�i�tH

<latexit sha1_base64="pBsjBNv356DcidR/nxwd3M2JwBc=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAYhHgwzEtCLEPSSYwSzQBJDT6eSNOlZ6K4RwpCLF3/FiwdFvPoP3vwbO4ugiQ8KXr9XRVc9L5JCo+N8Waml5ZXVtfR6ZmNza3vH3t2r6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emje4Hvu1e1BahMEtDiNo+awXiK7gDI3Utg8ruWYHJDKKJ5dwl5yKnyctjdp21sk7E9BF4s5IlsxQbtufzU7IYx8C5JJp3XCdCFsJUyi4hFGmGWuIGB+wHjQMDZgPupVMrhjRY6N0aDdUpgKkE/X3RMJ8rYe+Zzp9hn09743F/7xGjN2LViKCKEYI+PSjbiwphnQcCe0IBRzl0BDGlTC7Ut5ninE0wWVMCO78yYukepZ3C/nCTSFbvJrFkSYH5IjkiEvOSZGUSJlUCCcP5Im8kFfr0Xq23qz3aWvKms3skz+wPr4BkhuXWg==</latexit>



Extensions

Relaxing projective measurements to weak measurements.

Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians.

Tang and Zhu, PRR (2020)

U(�t) = e�i�tH
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Szyniszewski, Romito, Schomerus, PRB (2019) Aziz, Chakraborty, JHP PRB (2024)
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Relaxing projective measurements to weak measurements.
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Relaxing projective measurements to weak measurements.

Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians.

Tang and Zhu, PRR (2020)

U(�t) = e�i�tH
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xtyp
1 = ω/2



Extensions

Relaxing projective measurements to weak measurements.

Models with fully non-commuting projective dynamics.

Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians. U(�t) = e�i�tH
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Szyniszewski, Romito, Schomerus, PRB (2019) Aziz, Chakraborty, JHP PRB (2024)

Tang and Zhu, PRR (2020)

Ippoliti, Gullans, Gopalakrishnan, Huse, Khemani, PRX (2021)
Lang and Büchler, PRB (2020)
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Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians.
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Extensions

Relaxing projective measurements to weak measurements.

Models with fully non-commuting projective dynamics.

Long-range interactions remove the separation from volume law to area 
law: the transition then appears as a purification transition.

mixed pure
pc
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Circuits (are of course) not essential: Unitary time evolution from 
chaotic many-body Hamiltonians. U(�t) = e�i�tH
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Gullans and Huse, PRX (2020)

Szyniszewski, Romito, Schomerus, PRB (2019)

Tang and Zhu, PRR (2020)

Ippoliti, Gullans, Gopalakrishnan, Huse, Khemani, PRX (2021)
Lang and Büchler, PRB (2020)



Extensions
Higher dimensions (Stabilizer simulations confirm percolation like transition in any d+1)

Sierant, Schiro, Lewenstein, Turkeshi, PRB (2022)
O. Lunt, M. Szyniszewski, and A. Pal, PRB (2021)

Turkeshi, Fazio, Pal, PRB (2021)



Extensions

Free fermions: Turned out to be a subtle and difficult problem

Higher dimensions (Stabilizer simulations confirm percolation like transition in any d+1)

Sierant, Schiro, Lewenstein, Turkeshi, PRB (2022)
O. Lunt, M. Szyniszewski, and A. Pal, PRB (2021)

Turkeshi, Fazio, Pal, PRB (2021)

Entanglement d-dimensional monitored free fermions 
Localization in (d+1)-dimensional unitary disordered fermions

→

The ten fold way can now be used!



Extensions

Instability of MBL

Measurement induced localization (Zeno effect) is incompatible with 
disorder induced localization.

Ippoliti, Gullans, Gopalakrishnan, Huse, Khemani, PRX (2021)

Tang, Kattel, Pal, Yuzbashyan, JHP arXiv (2026)

Sun, Trigueros, Tang, Heyl, PRB (2025)



Extensions

Instability of MBL

Measurement induced localization (Zeno effect) is incompatible with 
disorder induced localization.

Ippoliti, Gullans, Gopalakrishnan, Huse, Khemani, PRX (2021)

Tang, Kattel, Pal, Yuzbashyan, JHP arXiv (2026)

Sun, Trigueros, Tang, Heyl, PRB (2025)



Extensions (NOT 
Covered)

Measurement induced transition observable on trees without 
postselection.

Tensor network transitions and the post selection transition

Mean field limits on non-trivial graphs/all to all connectivity
Levi and Clark, PRB (2022)Vasseur, Potter, You, Ludwig PRB (2019)

Feng, Cote, Kourtis, Skinner, Comm. Phys. (2026)

Data from 
trapped ions

Nambi, et al, arXiv (2026)

Nahum, Roy, Skinner, 
Ruhman PRX Quantum (2021)

Lopez-Piqueres, Ware, 
Vasseur PRB (2020)



Outline

| (t)i ! Pm
i | (t)i

h (t)|Pm
i | (t)i
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I. Motivation

II. Measurement Induced Transition (MIT)
• Models
• Controlled limits
• Numerical solution for qubits

III. Extensions
• Weak measurements
• Projector only models
• Free fermions

IV. Stability of the MIPT
• Presence of symmetry
• Static and temporal perturbations



Relevant Perturbations

We now consider modifications to the circuit dynamics that 
fundamentally alter the problem.

Enforcing continuous symmetries in the hybrid dynamics

Including static and temporal perturbations



Charge sharpening 
transition

U(1) Conserving monitored dynamics

Area lawVolume law

Sharpening transition

Agrawal, Zabalo, Chen, Wilson, Potter, JHP, Gopalakrishnan, Vasseur PRX (2022)

Gates and measurements 
preserve the symmetry



Charge sharpening 
transition: Models

Ui,i+1 Ui,i+1 =

2

664

ei�0 0 0 0
0 0
0 0
0 0 0 ei�1

3

775
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U(1) Conserving monitored dynamics: Qubits



Charge sharpening 
transition: Models

Ui,i+1 Ui,i+1 =
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Q = Sz
tot + L/2

U(1) Conserving monitored dynamics: Qubits

U(1) Conserving monitored dynamics: Qudits
Local Hilbert space

<latexit sha1_base64="XHnujXYnEI8zboFsayzpodBMTAg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9lsNu3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/ERwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVzyeaCS5ZGzgI1ksUI5EvWNef3Mz87gNTmsfyHrKEeREZSR5ySsBIQ7saDBQfjYEoFT/iAZchZEO75tSdOfAqcQtSQwVaQ/trEMQ0jZgEKojWfddJwMuJAk4Fm1YGqWYJoRMyYn1DJYmY9vL58VN8apQAh7EyJQHP1d8TOYm0ziLfdEYExnrZm4n/ef0Uwisv5zJJgUm6WBSmAkOMZ0nggCtGQWSGEKq4uRXTMVGEgsmrYkJwl19eJZ3zutuoN+4uas3rIo4yOkYn6Ay56BI10S1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+ADBMlSM=</latexit>

d ! 1



Charge sharpening 
transition

U(1) Conserving monitored dynamics

Area lawVolume law

Sharpening transition

Agrawal, Zabalo, Chen, Wilson, Potter, JHP, Gopalakrishnan, Vasseur PRX (2022)

<latexit sha1_base64="aHL3VRnCqqKLH0TqLm+nziALNoI=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUnE10YounFZ0T6gqWEynbZDZ5IwcyPU0KUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufcePxJcg21/W7m5+YXFpfxyYWV1bX2juLlV12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPLlO/cc+U5mFwC8OItSXpBbzLKQEjecXdm7sHL3Elgb6SCYQwGp27OpYex6nDvWLJLttj4FniZKSEMlS94pfbCWksWQBUEK1bjh1BOyEKOBVsVHBjzSJCB6THWoYGRDLdTsaPjPC+UTq4GypTAeCx+nsiIVLrofRNZ3qxnvZS8T+vFUP3rJ3wIIqBBXSyqBsLDCFOU8EdrhgFMTSEUMXNrZj2iSIUTHYFE4Iz/fIsqR+WnZPy8fVRqXKRxZFHO2gPHSAHnaIKukJVVEMUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+ALRlmmo=</latexit>

Sz
tot =

X

i

Sz
i

<latexit sha1_base64="e6AjwmLzFyAzHy+rwLLd5YtUYYE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAqCEHeDr0YI2lhYJGgekMQwO5kkQ2YfzNwV4rI/YOOv2FgoYmtv5984m2yhiQcuHM65l3vvcQLBFVjWtzEzOze/sJhZyi6vrK6tmxubVeWHkrIK9YUv6w5RTHCPVYCDYPVAMuI6gtWcwWXi1+6ZVNz3bmEYsJZLeh7vckpAS21zt+kS6FMionKMz/HN3UM7GknSjcCHOD64Piy0zZyVt0bA08ROSQ6lKLXNr2bHp6HLPKCCKNWwrQBaEZHAqWBxthkqFhA6ID3W0NQjLlOtaPRNjPe00sFdX+ryAI/U3xMRcZUauo7uTA5Vk14i/uc1QuietSLuBSEwj44XdUOBwcdJNLjDJaMghpoQKrm+FdM+kYSCDjCrQ7AnX54m1ULePskfl49yxYs0jgzaRjtoH9noFBXRFSqhCqLoET2jV/RmPBkvxrvxMW6dMdKZLfQHxucPNOWbpw==</latexit>

Q = Sz
tot + L/2

Consider the variance 
of the charge

<latexit sha1_base64="M9RsijUGe6q3BdLr4PcX2Tij5UA="></latexit>

| initiali =
X

m,Sz
tot

a
Sz
tot

m |Sz
tot,mi



Charge sharpening 
transition

U(1) Conserving monitored dynamics

Agrawal, Zabalo, Chen, Wilson, Potter, JHP, Gopalakrishnan, Vasseur PRX (2022)

<latexit sha1_base64="aHL3VRnCqqKLH0TqLm+nziALNoI=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUnE10YounFZ0T6gqWEynbZDZ5IwcyPU0KUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufcePxJcg21/W7m5+YXFpfxyYWV1bX2juLlV12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPLlO/cc+U5mFwC8OItSXpBbzLKQEjecXdm7sHL3Elgb6SCYQwGp27OpYex6nDvWLJLttj4FniZKSEMlS94pfbCWksWQBUEK1bjh1BOyEKOBVsVHBjzSJCB6THWoYGRDLdTsaPjPC+UTq4GypTAeCx+nsiIVLrofRNZ3qxnvZS8T+vFUP3rJ3wIIqBBXSyqBsLDCFOU8EdrhgFMTSEUMXNrZj2iSIUTHYFE4Iz/fIsqR+WnZPy8fVRqXKRxZFHO2gPHSAHnaIKukJVVEMUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+ALRlmmo=</latexit>

Sz
tot =

X

i

Sz
i

<latexit sha1_base64="e6AjwmLzFyAzHy+rwLLd5YtUYYE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAqCEHeDr0YI2lhYJGgekMQwO5kkQ2YfzNwV4rI/YOOv2FgoYmtv5984m2yhiQcuHM65l3vvcQLBFVjWtzEzOze/sJhZyi6vrK6tmxubVeWHkrIK9YUv6w5RTHCPVYCDYPVAMuI6gtWcwWXi1+6ZVNz3bmEYsJZLeh7vckpAS21zt+kS6FMionKMz/HN3UM7GknSjcCHOD64Piy0zZyVt0bA08ROSQ6lKLXNr2bHp6HLPKCCKNWwrQBaEZHAqWBxthkqFhA6ID3W0NQjLlOtaPRNjPe00sFdX+ryAI/U3xMRcZUauo7uTA5Vk14i/uc1QuietSLuBSEwj44XdUOBwcdJNLjDJaMghpoQKrm+FdM+kYSCDjCrQ7AnX54m1ULePskfl49yxYs0jgzaRjtoH9noFBXRFSqhCqLoET2jV/RmPBkvxrvxMW6dMdKZLfQHxucPNOWbpw==</latexit>

Q = Sz
tot + L/2

Consider the variance 
of the charge

<latexit sha1_base64="M9RsijUGe6q3BdLr4PcX2Tij5UA="></latexit>

| initiali =
X

m,Sz
tot

a
Sz
tot

m |Sz
tot,mi

charge fuzzy
<latexit sha1_base64="i7OVLaYfek+frhQCKYulQjXliCY=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRAuLoI1lBPMByRH2NnvJkr29ze6eEI78CRsLRWz9O3b+GzfJFZr4YODx3gwz80LJmTae9+0U1tY3NreK26Wd3b39g/LhUVMnqSK0QRKeqHaINeVM0IZhhtO2VBTHIaetcHQ381tPVGmWiEczkTSI8UCwiBFsrNSWN7KXdd1pr+x6FW8OtEr8nLiQo94rf3X7CUljKgzhWOuO70kTZFgZRjidlrqpphKTER7QjqUCx1QH2fzeKTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQ7HnUZ4oSwyeWYKKYvRWRIVaYGBtRyYbgL7+8SpoXFb9aqT5curXbPI4inMApnIMPV1CDe6hDAwhweIZXeHPGzovz7nwsWgtOPnMMf+B8/gC31I/H</latexit>

p < p#

<latexit sha1_base64="GNwW4h+/r6CH49AwBz/5EwdAsMc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDEBwOP92aYmRfEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjTjdRbJSLcCargUitdRoOStWHMaBpI3g9HN1G8+cW1EpB5xHHM/pAMl+oJRtNIDXt11iyW37M5AlomXkRJkqHWLX51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nZ06ISdW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhM/yY9oTlDObaEMi3srYQNqaYMbToFG4K3+PIyaZyVvUq5cn9eql5nceThCI7hFDy4gCrcQg3qwGAAz/AKb450Xpx352PemnOymUP4A+fzB/5djaA=</latexit>

t = L

<latexit sha1_base64="md4NF+0ztU8bOeHsJtkuufTDNaY="></latexit>

| finali =
X

m,Sz
tot

a
Sz
tot

m (t)|Sz
tot,mi

Still spread 
across sectors!



Charge sharpening 
transition

U(1) Conserving monitored dynamics

Agrawal, Zabalo, Chen, Wilson, Potter, JHP, Gopalakrishnan, Vasseur PRX (2022)

<latexit sha1_base64="aHL3VRnCqqKLH0TqLm+nziALNoI=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUnE10YounFZ0T6gqWEynbZDZ5IwcyPU0KUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufcePxJcg21/W7m5+YXFpfxyYWV1bX2juLlV12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPLlO/cc+U5mFwC8OItSXpBbzLKQEjecXdm7sHL3Elgb6SCYQwGp27OpYex6nDvWLJLttj4FniZKSEMlS94pfbCWksWQBUEK1bjh1BOyEKOBVsVHBjzSJCB6THWoYGRDLdTsaPjPC+UTq4GypTAeCx+nsiIVLrofRNZ3qxnvZS8T+vFUP3rJ3wIIqBBXSyqBsLDCFOU8EdrhgFMTSEUMXNrZj2iSIUTHYFE4Iz/fIsqR+WnZPy8fVRqXKRxZFHO2gPHSAHnaIKukJVVEMUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+ALRlmmo=</latexit>

Sz
tot =

X

i

Sz
i

<latexit sha1_base64="e6AjwmLzFyAzHy+rwLLd5YtUYYE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAqCEHeDr0YI2lhYJGgekMQwO5kkQ2YfzNwV4rI/YOOv2FgoYmtv5984m2yhiQcuHM65l3vvcQLBFVjWtzEzOze/sJhZyi6vrK6tmxubVeWHkrIK9YUv6w5RTHCPVYCDYPVAMuI6gtWcwWXi1+6ZVNz3bmEYsJZLeh7vckpAS21zt+kS6FMionKMz/HN3UM7GknSjcCHOD64Piy0zZyVt0bA08ROSQ6lKLXNr2bHp6HLPKCCKNWwrQBaEZHAqWBxthkqFhA6ID3W0NQjLlOtaPRNjPe00sFdX+ryAI/U3xMRcZUauo7uTA5Vk14i/uc1QuietSLuBSEwj44XdUOBwcdJNLjDJaMghpoQKrm+FdM+kYSCDjCrQ7AnX54m1ULePskfl49yxYs0jgzaRjtoH9noFBXRFSqhCqLoET2jV/RmPBkvxrvxMW6dMdKZLfQHxucPNOWbpw==</latexit>

Q = Sz
tot + L/2

Consider the variance 
of the charge

<latexit sha1_base64="M9RsijUGe6q3BdLr4PcX2Tij5UA="></latexit>

| initiali =
X

m,Sz
tot

a
Sz
tot

m |Sz
tot,mi

charge fuzzy
<latexit sha1_base64="i7OVLaYfek+frhQCKYulQjXliCY=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRAuLoI1lBPMByRH2NnvJkr29ze6eEI78CRsLRWz9O3b+GzfJFZr4YODx3gwz80LJmTae9+0U1tY3NreK26Wd3b39g/LhUVMnqSK0QRKeqHaINeVM0IZhhtO2VBTHIaetcHQ381tPVGmWiEczkTSI8UCwiBFsrNSWN7KXdd1pr+x6FW8OtEr8nLiQo94rf3X7CUljKgzhWOuO70kTZFgZRjidlrqpphKTER7QjqUCx1QH2fzeKTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQ7HnUZ4oSwyeWYKKYvRWRIVaYGBtRyYbgL7+8SpoXFb9aqT5curXbPI4inMApnIMPV1CDe6hDAwhweIZXeHPGzovz7nwsWgtOPnMMf+B8/gC31I/H</latexit>

p < p#

<latexit sha1_base64="GNwW4h+/r6CH49AwBz/5EwdAsMc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDEBwOP92aYmRfEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjTjdRbJSLcCargUitdRoOStWHMaBpI3g9HN1G8+cW1EpB5xHHM/pAMl+oJRtNIDXt11iyW37M5AlomXkRJkqHWLX51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nZ06ISdW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhM/yY9oTlDObaEMi3srYQNqaYMbToFG4K3+PIyaZyVvUq5cn9eql5nceThCI7hFDy4gCrcQg3qwGAAz/AKb450Xpx352PemnOymUP4A+fzB/5djaA=</latexit>

t = L

charge sharp
<latexit sha1_base64="gRG9IIkSOZlwyy2N0zT5BmJDp+4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS6Cp7IrUj1J0YvHCvYD2qVk02wbms2mSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF0rOtPG8b6ewtr6xuVXcLu3s7u0flA+PmjpJFaENkvBEtUOsKWeCNgwznLalojgOOW2Fo7uZ33qiSrNEPJqJpEGMB4JFjGBjpba8kb2s6057ZdereHOgVeLnxIUc9V75q9tPSBpTYQjHWnd8T5ogw8owwum01E01lZiM8IB2LBU4pjrI5vdO0ZlV+ihKlC1h0Fz9PZHhWOtJHNrOGJuhXvZm4n9eJzXRdZAxIVNDBVksilKOTIJmz6M+U5QYPrEEE8XsrYgMscLE2IhKNgR/+eVV0ryo+NVK9eHSrd3mcRThBE7hHHy4ghrcQx0aQIDDM7zCmzN2Xpx352PRWnDymWP4A+fzB7roj8k=</latexit>

p > p#

<latexit sha1_base64="md4NF+0ztU8bOeHsJtkuufTDNaY="></latexit>

| finali =
X

m,Sz
tot

a
Sz
tot

m (t)|Sz
tot,mi

Chakraborty, Chen, Zabalo, Wilson, JHP, PRB (2024)

<latexit sha1_base64="TX2eIO8otDPxRXZsUIz13yN1XS4="></latexit>

P (Q, L) =

✓
L
Q

◆
/2L�1

Still spread 
across sectors!

Most likely

<latexit sha1_base64="B8d3ID9Go+70CztHnsh2kSxjljw="></latexit>

| finali ⇡
X

m

a
Sz
tot=0

m (t)|Sz
tot = 0,mi

Dynamics 
projects into one 

conserving 
sector!



Charge sharpening 
transition

U(1) Conserving monitored dynamics
<latexit sha1_base64="aHL3VRnCqqKLH0TqLm+nziALNoI=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUnE10YounFZ0T6gqWEynbZDZ5IwcyPU0KUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufcePxJcg21/W7m5+YXFpfxyYWV1bX2juLlV12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPLlO/cc+U5mFwC8OItSXpBbzLKQEjecXdm7sHL3Elgb6SCYQwGp27OpYex6nDvWLJLttj4FniZKSEMlS94pfbCWksWQBUEK1bjh1BOyEKOBVsVHBjzSJCB6THWoYGRDLdTsaPjPC+UTq4GypTAeCx+nsiIVLrofRNZ3qxnvZS8T+vFUP3rJ3wIIqBBXSyqBsLDCFOU8EdrhgFMTSEUMXNrZj2iSIUTHYFE4Iz/fIsqR+WnZPy8fVRqXKRxZFHO2gPHSAHnaIKukJVVEMUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+ALRlmmo=</latexit>

Sz
tot =

X

i

Sz
i

<latexit sha1_base64="e6AjwmLzFyAzHy+rwLLd5YtUYYE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAqCEHeDr0YI2lhYJGgekMQwO5kkQ2YfzNwV4rI/YOOv2FgoYmtv5984m2yhiQcuHM65l3vvcQLBFVjWtzEzOze/sJhZyi6vrK6tmxubVeWHkrIK9YUv6w5RTHCPVYCDYPVAMuI6gtWcwWXi1+6ZVNz3bmEYsJZLeh7vckpAS21zt+kS6FMionKMz/HN3UM7GknSjcCHOD64Piy0zZyVt0bA08ROSQ6lKLXNr2bHp6HLPKCCKNWwrQBaEZHAqWBxthkqFhA6ID3W0NQjLlOtaPRNjPe00sFdX+ryAI/U3xMRcZUauo7uTA5Vk14i/uc1QuietSLuBSEwj44XdUOBwcdJNLjDJaMghpoQKrm+FdM+kYSCDjCrQ7AnX54m1ULePskfl49yxYs0jgzaRjtoH9noFBXRFSqhCqLoET2jV/RmPBkvxrvxMW6dMdKZLfQHxucPNOWbpw==</latexit>

Q = Sz
tot + L/2

Consider the variance 
of the charge

<latexit sha1_base64="M9RsijUGe6q3BdLr4PcX2Tij5UA="></latexit>

| initiali =
X

m,Sz
tot

a
Sz
tot

m |Sz
tot,mi

charge fuzzy
<latexit sha1_base64="i7OVLaYfek+frhQCKYulQjXliCY=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRAuLoI1lBPMByRH2NnvJkr29ze6eEI78CRsLRWz9O3b+GzfJFZr4YODx3gwz80LJmTae9+0U1tY3NreK26Wd3b39g/LhUVMnqSK0QRKeqHaINeVM0IZhhtO2VBTHIaetcHQ381tPVGmWiEczkTSI8UCwiBFsrNSWN7KXdd1pr+x6FW8OtEr8nLiQo94rf3X7CUljKgzhWOuO70kTZFgZRjidlrqpphKTER7QjqUCx1QH2fzeKTqzSh9FibIlDJqrvycyHGs9iUPbGWMz1MveTPzP66Qmug4yJmRqqCCLRVHKkUnQ7HnUZ4oSwyeWYKKYvRWRIVaYGBtRyYbgL7+8SpoXFb9aqT5curXbPI4inMApnIMPV1CDe6hDAwhweIZXeHPGzovz7nwsWgtOPnMMf+B8/gC31I/H</latexit>

p < p#

<latexit sha1_base64="GNwW4h+/r6CH49AwBz/5EwdAsMc=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eoo0QtLGwiGg+IDnC3maTLNnbO3bnhHDkJ9hYKGLrL7Lz37hJrtDEBwOP92aYmRfEUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomSjTjdRbJSLcCargUitdRoOStWHMaBpI3g9HN1G8+cW1EpB5xHHM/pAMl+oJRtNIDXt11iyW37M5AlomXkRJkqHWLX51exJKQK2SSGtP23Bj9lGoUTPJJoZMYHlM2ogPetlTRkBs/nZ06ISdW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhM/yY9oTlDObaEMi3srYQNqaYMbToFG4K3+PIyaZyVvUq5cn9eql5nceThCI7hFDy4gCrcQg3qwGAAz/AKb450Xpx352PemnOymUP4A+fzB/5djaA=</latexit>

t = L

charge sharp
<latexit sha1_base64="gRG9IIkSOZlwyy2N0zT5BmJDp+4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CS6Cp7IrUj1J0YvHCvYD2qVk02wbms2mSVYoS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF0rOtPG8b6ewtr6xuVXcLu3s7u0flA+PmjpJFaENkvBEtUOsKWeCNgwznLalojgOOW2Fo7uZ33qiSrNEPJqJpEGMB4JFjGBjpba8kb2s6057ZdereHOgVeLnxIUc9V75q9tPSBpTYQjHWnd8T5ogw8owwum01E01lZiM8IB2LBU4pjrI5vdO0ZlV+ihKlC1h0Fz9PZHhWOtJHNrOGJuhXvZm4n9eJzXRdZAxIVNDBVksilKOTIJmz6M+U5QYPrEEE8XsrYgMscLE2IhKNgR/+eVV0ryo+NVK9eHSrd3mcRThBE7hHHy4ghrcQx0aQIDDM7zCmzN2Xpx352PRWnDymWP4A+fzB7roj8k=</latexit>

p > p#

<latexit sha1_base64="md4NF+0ztU8bOeHsJtkuufTDNaY="></latexit>

| finali =
X

m,Sz
tot

a
Sz
tot

m (t)|Sz
tot,mi

Still spread 
across sectors!

Dynamics 
projects into one 

conserving 
sector!

charge critical
<latexit sha1_base64="LHbfNhTvstlbhjvSnYfxImj1394=">AAAB+HicbVDLSgMxFM3UV62Pjrp0ExwEV2VGpLosunFZwT6gHYZMmmlDM0lIMmId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbXz/2ymtrW9sbpW3Kzu7e/tV9+CwrUWmMGlhwYTqxkgTRjlpGWoY6UpFUBoz0onHNzO/80CUpoLfm4kkYYqGnCYUI2OlyK3KPpJSiUcoo7zvTSPX82v+HHCVBAXxQIFm5H71BwJnKeEGM6R1L/ClCXOkDMWMTCv9TBOJ8BgNSc9SjlKiw3x++BSeWmUAE6FscQPn6u+JHKVaT9LYdqbIjPSyNxP/83qZSa7CnHKZGcLxYlGSMWgEnKUAB1QRbNjEEoQVtbdCPEIKYWOzqtgQguWXV0n7vBbUa/W7C69xXcRRBsfgBJyBAFyCBrgFTdACGGTgGbyCN+fJeXHenY9Fa8kpZo7AHzifP6Slkxg=</latexit>p ⇡ p#

<latexit sha1_base64="B8d3ID9Go+70CztHnsh2kSxjljw="></latexit>

| finali ⇡
X

m

a
Sz
tot=0

m (t)|Sz
tot = 0,mi

<latexit sha1_base64="T7VWIlx2Vg8TqIqxAcuphMPf8LI="></latexit>

| finali ⇡
X

m

a
Sz
tot=0

m (t)|Sz
tot = 0,mi+

X

m

a
Sz
tot=±1

m (t)|Sz
tot = ±1,mi

OR

<latexit sha1_base64="B8d3ID9Go+70CztHnsh2kSxjljw="></latexit>

| finali ⇡
X

m

a
Sz
tot=0

m (t)|Sz
tot = 0,mi

<latexit sha1_base64="zfi1hCD6JjGZANDe7Wfx3rjb738=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuGoEeiF48Y5ZHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJaPZpygH9GB5CFn1Fjpwbuo9Iolt+zOQVaJl5ESZKj3il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/9CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmZdmrlqv3lVLtJosjDydwCufgwRXU4A7q0AAGA3iGV3hzhPPivDsfi9ack80cwx84nz9epY03</latexit>

1/4



Including a U(1)  
Conservation law 

The problem is greatly enriched by adding a continuous 
symmetry that is maintained by the measurements.

Agrawal, Zabalo, Chen, Wilson, Potter, JHP, Gopalakrishnan, Vasseur PRX (2022)

Novel sharpening transition within the volume law phase

Conserved quantity
<latexit sha1_base64="aHL3VRnCqqKLH0TqLm+nziALNoI=">AAACCHicbVDLSsNAFJ3UV62vqksXDhbBVUnE10YounFZ0T6gqWEynbZDZ5IwcyPU0KUbf8WNC0Xc+gnu/BsnbRbaeuDC4Zx7ufcePxJcg21/W7m5+YXFpfxyYWV1bX2juLlV12GsKKvRUISq6RPNBA9YDTgI1owUI9IXrOEPLlO/cc+U5mFwC8OItSXpBbzLKQEjecXdm7sHL3Elgb6SCYQwGp27OpYex6nDvWLJLttj4FniZKSEMlS94pfbCWksWQBUEK1bjh1BOyEKOBVsVHBjzSJCB6THWoYGRDLdTsaPjPC+UTq4GypTAeCx+nsiIVLrofRNZ3qxnvZS8T+vFUP3rJ3wIIqBBXSyqBsLDCFOU8EdrhgFMTSEUMXNrZj2iSIUTHYFE4Iz/fIsqR+WnZPy8fVRqXKRxZFHO2gPHSAHnaIKukJVVEMUPaJn9IrerCfrxXq3PiatOSub2UZ/YH3+ALRlmmo=</latexit>

Sz
tot =

X

i

Sz
i

“Charge”
<latexit sha1_base64="e6AjwmLzFyAzHy+rwLLd5YtUYYE=">AAACDXicbVC7SgNBFJ31GeNr1dJmMAqCEHeDr0YI2lhYJGgekMQwO5kkQ2YfzNwV4rI/YOOv2FgoYmtv5984m2yhiQcuHM65l3vvcQLBFVjWtzEzOze/sJhZyi6vrK6tmxubVeWHkrIK9YUv6w5RTHCPVYCDYPVAMuI6gtWcwWXi1+6ZVNz3bmEYsJZLeh7vckpAS21zt+kS6FMionKMz/HN3UM7GknSjcCHOD64Piy0zZyVt0bA08ROSQ6lKLXNr2bHp6HLPKCCKNWwrQBaEZHAqWBxthkqFhA6ID3W0NQjLlOtaPRNjPe00sFdX+ryAI/U3xMRcZUauo7uTA5Vk14i/uc1QuietSLuBSEwj44XdUOBwcdJNLjDJaMghpoQKrm+FdM+kYSCDjCrQ7AnX54m1ULePskfl49yxYs0jgzaRjtoH9noFBXRFSqhCqLoET2jV/RmPBkvxrvxMW6dMdKZLfQHxucPNOWbpw==</latexit>

Q = Sz
tot + L/2

Consider the variance 
of the charge

Area lawVolume law

charge fuzzy charge critical charge sharp



Charge sharpening 
transition: Universality

<latexit sha1_base64="LHbfNhTvstlbhjvSnYfxImj1394=">AAAB+HicbVDLSgMxFM3UV62Pjrp0ExwEV2VGpLosunFZwT6gHYZMmmlDM0lIMmId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbXz/2ymtrW9sbpW3Kzu7e/tV9+CwrUWmMGlhwYTqxkgTRjlpGWoY6UpFUBoz0onHNzO/80CUpoLfm4kkYYqGnCYUI2OlyK3KPpJSiUcoo7zvTSPX82v+HHCVBAXxQIFm5H71BwJnKeEGM6R1L/ClCXOkDMWMTCv9TBOJ8BgNSc9SjlKiw3x++BSeWmUAE6FscQPn6u+JHKVaT9LYdqbIjPSyNxP/83qZSa7CnHKZGcLxYlGSMWgEnKUAB1QRbNjEEoQVtbdCPEIKYWOzqtgQguWXV0n7vBbUa/W7C69xXcRRBsfgBJyBAFyCBrgFTdACGGTgGbyCN+fJeXHenY9Fa8kpZo7AHzifP6Slkxg=</latexit>p ⇡ p#

String 
order parameter

Charge Sharpening in 1D quantum circuits is akin to a
Berzinski-Kosterlitz-Thouless (BKT) Transition

Local Hilbert space
<latexit sha1_base64="XHnujXYnEI8zboFsayzpodBMTAg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9lsNu3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/ERwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVzyeaCS5ZGzgI1ksUI5EvWNef3Mz87gNTmsfyHrKEeREZSR5ySsBIQ7saDBQfjYEoFT/iAZchZEO75tSdOfAqcQtSQwVaQ/trEMQ0jZgEKojWfddJwMuJAk4Fm1YGqWYJoRMyYn1DJYmY9vL58VN8apQAh7EyJQHP1d8TOYm0ziLfdEYExnrZm4n/ef0Uwisv5zJJgUm6WBSmAkOMZ0nggCtGQWSGEKq4uRXTMVGEgsmrYkJwl19eJZ3zutuoN+4uas3rIo4yOkYn6Ay56BI10S1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+ADBMlSM=</latexit>

d ! 1

Qudits

Barratt, Agrawal, Gopalakrishnan, Huse, Vasseur, Potter PRL (2022)



Charge sharpening 
transition: Universality

<latexit sha1_base64="LHbfNhTvstlbhjvSnYfxImj1394=">AAAB+HicbVDLSgMxFM3UV62Pjrp0ExwEV2VGpLosunFZwT6gHYZMmmlDM0lIMmId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbXz/2ymtrW9sbpW3Kzu7e/tV9+CwrUWmMGlhwYTqxkgTRjlpGWoY6UpFUBoz0onHNzO/80CUpoLfm4kkYYqGnCYUI2OlyK3KPpJSiUcoo7zvTSPX82v+HHCVBAXxQIFm5H71BwJnKeEGM6R1L/ClCXOkDMWMTCv9TBOJ8BgNSc9SjlKiw3x++BSeWmUAE6FscQPn6u+JHKVaT9LYdqbIjPSyNxP/83qZSa7CnHKZGcLxYlGSMWgEnKUAB1QRbNjEEoQVtbdCPEIKYWOzqtgQguWXV0n7vBbUa/W7C69xXcRRBsfgBJyBAFyCBrgFTdACGGTgGbyCN+fJeXHenY9Fa8kpZo7AHzifP6Slkxg=</latexit>p ⇡ p#

String 
order parameter

Charge Sharpening in 1D quantum circuits is akin to a
Berzinski-Kosterlitz-Thouless (BKT) Transition

Jump in the putative stiffness 
at the sharpening transition

Local Hilbert space
<latexit sha1_base64="XHnujXYnEI8zboFsayzpodBMTAg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9lsNu3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/ERwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVzyeaCS5ZGzgI1ksUI5EvWNef3Mz87gNTmsfyHrKEeREZSR5ySsBIQ7saDBQfjYEoFT/iAZchZEO75tSdOfAqcQtSQwVaQ/trEMQ0jZgEKojWfddJwMuJAk4Fm1YGqWYJoRMyYn1DJYmY9vL58VN8apQAh7EyJQHP1d8TOYm0ziLfdEYExnrZm4n/ef0Uwisv5zJJgUm6WBSmAkOMZ0nggCtGQWSGEKq4uRXTMVGEgsmrYkJwl19eJZ3zutuoN+4uas3rIo4yOkYn6Ay56BI10S1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+ADBMlSM=</latexit>

d ! 1

QubitsQudits

Chakraborty, Chen, Zabalo, Wilson, JHP, PRB (2024)

Barratt, Agrawal, Gopalakrishnan, Huse, Vasseur, Potter PRL (2022)



Charge sharpening 
transition: Universality

<latexit sha1_base64="LHbfNhTvstlbhjvSnYfxImj1394=">AAAB+HicbVDLSgMxFM3UV62Pjrp0ExwEV2VGpLosunFZwT6gHYZMmmlDM0lIMmId+iVuXCji1k9x59+YtrPQ1gMXDufcy733xJJRbXz/2ymtrW9sbpW3Kzu7e/tV9+CwrUWmMGlhwYTqxkgTRjlpGWoY6UpFUBoz0onHNzO/80CUpoLfm4kkYYqGnCYUI2OlyK3KPpJSiUcoo7zvTSPX82v+HHCVBAXxQIFm5H71BwJnKeEGM6R1L/ClCXOkDMWMTCv9TBOJ8BgNSc9SjlKiw3x++BSeWmUAE6FscQPn6u+JHKVaT9LYdqbIjPSyNxP/83qZSa7CnHKZGcLxYlGSMWgEnKUAB1QRbNjEEoQVtbdCPEIKYWOzqtgQguWXV0n7vBbUa/W7C69xXcRRBsfgBJyBAFyCBrgFTdACGGTgGbyCN+fJeXHenY9Fa8kpZo7AHzifP6Slkxg=</latexit>p ⇡ p#

String 
order parameter

Charge Sharpening in 1D quantum circuits is akin to a
Berzinski-Kosterlitz-Thouless (BKT) Transition

Jump in the putative stiffness 
at the sharpening transition

Local Hilbert space
<latexit sha1_base64="XHnujXYnEI8zboFsayzpodBMTAg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVI9FLx4r2A9oQ9lsNu3SzSbsTpQQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/ERwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo+NUUdamsYhVzyeaCS5ZGzgI1ksUI5EvWNef3Mz87gNTmsfyHrKEeREZSR5ySsBIQ7saDBQfjYEoFT/iAZchZEO75tSdOfAqcQtSQwVaQ/trEMQ0jZgEKojWfddJwMuJAk4Fm1YGqWYJoRMyYn1DJYmY9vL58VN8apQAh7EyJQHP1d8TOYm0ziLfdEYExnrZm4n/ef0Uwisv5zJJgUm6WBSmAkOMZ0nggCtGQWSGEKq4uRXTMVGEgsmrYkJwl19eJZ3zutuoN+4uas3rIo4yOkYn6Ay56BI10S1qoTaiKEPP6BW9WU/Wi/VufSxaS1YxU0V/YH3+ADBMlSM=</latexit>

d ! 1

QubitsQudits

Chakraborty, Chen, Zabalo, Wilson, JHP, PRB (2024)

Barratt, Agrawal, Gopalakrishnan, Huse, Vasseur, Potter PRL (2022)

Interesting questions related to breaking particle hole symmetry

Ha, Pandey, Gopalakrishnan, Huse, PRB (2024)



Charge sharpening is a Weak to Strong 
Symmetry Breaking transition (SWSSB)

Generalization to non-equilibrium phases of matter with a local order 
parameter description.

Density matrix evolution of a mixed state

Strong Symmetry 

Symmetry generator 

Weak Symmetry 

Lessa, Ma, Zhang, Bi, Cheng, Wang PRX Quantum (2025)Lee, Jiang, Xu PRX Quantum (2023)

Ogunnaike, Feldmeier, and Lee PRL (2023)



Generalization to non-equilibrium phases of matter with a local order 
parameter description.

Density matrix evolution of a mixed state

Strong Symmetry 

Symmetry generator 

Weak Symmetry 

Fidelity Correlator
Renyi-2 correlator

Detected through 

Lessa, Ma, Zhang, Bi, Cheng, Wang PRX Quantum (2025)Lee, Jiang, Xu PRX Quantum (2023)

Ogunnaike, Feldmeier, and Lee PRL (2023)

Charge sharpening is a Weak to Strong 
Symmetry Breaking transition (SWSSB)



Spontaneous Symmetry Breaking in 
mixed states and Charge Sharpening

How about weak and strong 
symmetries for pure states?

<latexit sha1_base64="VMziO50oA903T5orXxw4BlB0H3w=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDKZ3rRDJ5MwMxFK2qUbf8WNC0Xc+gnu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7yZD++GnmJYp4koscBezzvRht17JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JAxPjFKF4exNCU0nqq/NzISKTWMAjMZEd1X895E/M9rpzq89DMmklSDoLOHwpRjHeNJKrjLJFDNh4YQKpn5K6Z9IgnVJruiCcGdP3mRNM7KbqVcuTsvVa/zOAroEB2jU+SiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx2x0ycp3DtAfWJ8/ABeZ+g==</latexit>

⇢ = | ih |

Consider a state with a U(1) symmetry at all times

e.g. particle number conservation, with conserved charge
<latexit sha1_base64="q033xhyCah0QrdlWfZ2+V7Db56Y=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSqzeiSBr9UtmtuHOQVeLlpAw56v3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5tdOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88TOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyraELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AAlujss=</latexit>

Q̂

Tang, Kattel, Pixley arXiv (2026)

Gopalakrishnan, McCulloch, Vasseur, PRX (2026)

Zerba, Gopalakrishnan, Knap, arXiv (2025)

Lee arXiv (2026)



Spontaneous Symmetry Breaking in 
mixed states and Charge Sharpening

How about weak and strong 
symmetries for pure states?

<latexit sha1_base64="VMziO50oA903T5orXxw4BlB0H3w=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDKZ3rRDJ5MwMxFK2qUbf8WNC0Xc+gnu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7yZD++GnmJYp4koscBezzvRht17JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JAxPjFKF4exNCU0nqq/NzISKTWMAjMZEd1X895E/M9rpzq89DMmklSDoLOHwpRjHeNJKrjLJFDNh4YQKpn5K6Z9IgnVJruiCcGdP3mRNM7KbqVcuTsvVa/zOAroEB2jU+SiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx2x0ycp3DtAfWJ8/ABeZ+g==</latexit>

⇢ = | ih |

Consider a state with a U(1) symmetry at all times

e.g. particle number conservation, with conserved charge
<latexit sha1_base64="HXTqxa/50JbhmXOtWRDqQPz8ChI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmZEqhuh6MZVqWAf0BmHTJq2oUlmSDJCmfYj3Pgrblwo4taFO//GtJ2Fth64l8M595LcE8aMKu0439bC4tLyympuLb++sbm1be/s1lWUSExqOGKRbIZIEUYFqWmqGWnGkiAeMtII+9djv/FApKKRuNODmPgcdQXtUIy0kQL7eOjFinoSiS4j8BJ6KuFBykcQjft9BQ4rJzyzA7vgFJ0J4DxxM1IAGaqB/eW1I5xwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSoETw0Sht2ImlKaDhRf2+kiCs14KGZ5Ej31Kw3Fv/zWonuXPgpFXGiicDThzoJgzqC44Rgm0qCNRsYgrCk5q8Q95BEWJsc8yYEd/bkeVI/LbqlYun2rFC+yuLIgX1wAI6AC85BGdyAKqgBDB7BM3gFb9aT9WK9Wx/T0QUr29kDf2B9/gCrTZ6Y</latexit>

| i =
X

m

aNm|N,miState with a definite particle number

<latexit sha1_base64="q033xhyCah0QrdlWfZ2+V7Db56Y=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSqzeiSBr9UtmtuHOQVeLlpAw56v3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5tdOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88TOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyraELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AAlujss=</latexit>

Q̂
<latexit sha1_base64="PJPpwJ4iLUiXyhzhN3Aq5OcohpM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdC0Y2r0oJ9QGcomTTThiaZIckIZezajb/ixoUibv0Cd/6NaTuL2nrgwsk595J7TxAzqrTj/FhLyyura+u5jfzm1vbOrr2331BRIjGp44hFshUgRRgVpK6pZqQVS4J4wEgzGNyO/eYDkYpG4l4PY+Jz1BM0pBhpI3XsI6+PNKzBx8oZ9yQSPUbgNazMPDt2wSk6E8BF4makADJUO/a3141wwonQmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QNFYgT5aeTU0bwxChdGEbSlNBwos5OpIgrNeSB6eRI99W8Nxb/89qJDq/8lIo40UTg6UdhwqCO4DgX2KWSYM2GhiAsqdkV4j6SCGuTXt6E4M6fvEga50W3VCzVLgrlmyyOHDgEx+AUuOASlMEdqII6wOAJvIA38G49W6/Wh/U5bV2yspkD8AfW1y9GMZll</latexit>

Q̂|N,mi = N |N,mi
<latexit sha1_base64="v0WAEyOgF5uLUqjiWJkF30Xx+ps=">AAACEHicbVA9SwNBEN3zM8avU0ubxSBaSLgTURtBtLEKCp4GcjHsbSbJkr29Y3dOCGd+go1/xcZCEVtLO/+Nm5gifjwYeLw3w8y8KJXCoOd9OhOTU9Mzs4W54vzC4tKyu7J6ZZJMcwh4IhNdjZgBKRQEKFBCNdXA4kjCddQ9HfjXt6CNSNQl9lKox6ytREtwhlZquFvBXWUnDjVTbQn0iMJNLkLsALJGpT9mNdySV/aGoH+JPyIlMsJ5w/0ImwnPYlDIJTOm5nsp1nOmUXAJ/WKYGUgZ77I21CxVLAZTz4cP9emmVZq0lWhbCulQHZ/IWWxML45sZ8ywY357A/E/r5Zh67CeC5VmCIp/L2plkmJCB+nQptDAUfYsYVwLeyvlHaYZR5th0Ybg/375L7naLfv75f2LvdLxySiOAlknG2Sb+OSAHJMzck4Cwsk9eSTP5MV5cJ6cV+ftu3XCGc2skR9w3r8APjCcwQ==</latexit>

U |N,mi = ei✓N |N,mi

Charge is sharp

<latexit sha1_base64="/zAKEQxsIpNq90ou1Boxdt4prK0=">AAACL3icbVDNS8MwHE3n15xfVY9egkPw4miHTC/CUBCPG7gPWLuRZukWlqYlSYXR7T/y4r+yi4giXv0vbLse5rYHgZf33o/k95yAUakM40PLbWxube/kdwt7+weHR/rxSVP6ocCkgX3mi7aDJGGUk4aiipF2IAjyHEZazugh8VsvREjq82c1DojtoQGnLsVIxVJPf7QY4gNGoBVIOrGGSMF6tzxJbpZInas1iUW/W74zCj29aJSMFHCVmBkpggy1nj6z+j4OPcIVZkjKj mkEyo6QUBQzMi1YoSQBwiM0IJ2YcuQRaUfpvlN4ESt96PoiPlzBVF2ciJAn5dhz4qSH1FAue4m4zuuEyr21I8qDUBGO5w+5IYPKh0l5sE8FwYqNY4KwoPFfIR4igbCKK05KMJdXXiXNcsmslCr162L1PqsjD87AObgEJrgBVfAEaqABMHgFM/AJvrQ37V371n7m0ZyWzZyCf9B+/wCdqqli</latexit>

h |Q̂2| i � h |Q̂| i2 = 0

Tang, Kattel, Pixley arXiv (2026)

Gopalakrishnan, McCulloch, Vasseur, PRX (2026)

Zerba, Gopalakrishnan, Knap, arXiv (2025)

Lee arXiv (2026)



Spontaneous Symmetry Breaking in 
mixed states and Charge Sharpening

How about weak and strong 
symmetries for pure states?

<latexit sha1_base64="VMziO50oA903T5orXxw4BlB0H3w=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDKZ3rRDJ5MwMxFK2qUbf8WNC0Xc+gnu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7yZD++GnmJYp4koscBezzvRht17JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JAxPjFKF4exNCU0nqq/NzISKTWMAjMZEd1X895E/M9rpzq89DMmklSDoLOHwpRjHeNJKrjLJFDNh4YQKpn5K6Z9IgnVJruiCcGdP3mRNM7KbqVcuTsvVa/zOAroEB2jU+SiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx2x0ycp3DtAfWJ8/ABeZ+g==</latexit>

⇢ = | ih |

Consider a state with a U(1) symmetry at all times

e.g. particle number conservation, with conserved charge
<latexit sha1_base64="HXTqxa/50JbhmXOtWRDqQPz8ChI=">AAACFHicbVDLSgMxFM34rPU16tJNsAiCUmZEqhuh6MZVqWAf0BmHTJq2oUlmSDJCmfYj3Pgrblwo4taFO//GtJ2Fth64l8M595LcE8aMKu0439bC4tLyympuLb++sbm1be/s1lWUSExqOGKRbIZIEUYFqWmqGWnGkiAeMtII+9djv/FApKKRuNODmPgcdQXtUIy0kQL7eOjFinoSiS4j8BJ6KuFBykcQjft9BQ4rJzyzA7vgFJ0J4DxxM1IAGaqB/eW1I5xwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSoETw0Sht2ImlKaDhRf2+kiCs14KGZ5Ej31Kw3Fv/zWonuXPgpFXGiicDThzoJgzqC44Rgm0qCNRsYgrCk5q8Q95BEWJsc8yYEd/bkeVI/LbqlYun2rFC+yuLIgX1wAI6AC85BGdyAKqgBDB7BM3gFb9aT9WK9Wx/T0QUr29kDf2B9/gCrTZ6Y</latexit>

| i =
X

m

aNm|N,miState with a definite particle number

<latexit sha1_base64="q033xhyCah0QrdlWfZ2+V7Db56Y=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSqzeiSBr9UtmtuHOQVeLlpAw56v3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5tdOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88TOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyraELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AAlujss=</latexit>

Q̂

<latexit sha1_base64="/zAKEQxsIpNq90ou1Boxdt4prK0=">AAACL3icbVDNS8MwHE3n15xfVY9egkPw4miHTC/CUBCPG7gPWLuRZukWlqYlSYXR7T/y4r+yi4giXv0vbLse5rYHgZf33o/k95yAUakM40PLbWxube/kdwt7+weHR/rxSVP6ocCkgX3mi7aDJGGUk4aiipF2IAjyHEZazugh8VsvREjq82c1DojtoQGnLsVIxVJPf7QY4gNGoBVIOrGGSMF6tzxJbpZInas1iUW/W74zCj29aJSMFHCVmBkpggy1nj6z+j4OPcIVZkjKj mkEyo6QUBQzMi1YoSQBwiM0IJ2YcuQRaUfpvlN4ESt96PoiPlzBVF2ciJAn5dhz4qSH1FAue4m4zuuEyr21I8qDUBGO5w+5IYPKh0l5sE8FwYqNY4KwoPFfIR4igbCKK05KMJdXXiXNcsmslCr162L1PqsjD87AObgEJrgBVfAEaqABMHgFM/AJvrQ37V371n7m0ZyWzZyCf9B+/wCdqqli</latexit>

h |Q̂2| i � h |Q̂| i2 = 0 Charge is sharp
<latexit sha1_base64="GMu4paSIwEL1JMVZ8z4dkBLEFUU="></latexit>

U | i =
X

m

aNmei✓N |N,mi = ei✓N | i Strong symmetry
<latexit sha1_base64="ak+i6m5YEu28mgWO5VhYYHYsOMQ=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKtyJRBshaGMlEbwkkIthbzNJlux9sDsnhCPY+FdsLBSx9VfY+W/cS1Jo4oOBx3szzMzzYyk02va3tbC4tLyymlvLr29sbm0XdnZrOkoUB5dHMlINn2mQIgQXBUpoxApY4Euo+4OrzK8/gNIiCu9wGEMrYL1QdAVnaKR2Yd/1VD+iFxTuU+FhH5C1b0aZ1i4U7ZI9Bp0nzpQUyRTVduHL60Q8CSBELpnWTceOsZUyhYJLGOW9REPM+ID1oGloyALQrXT8wogeGaVDu5EyFSIdq78nUhZoPQx80xkw7OtZLxP/85oJds9bqQjjBCHkk0XdRFKMaJYH7QgFHOXQEMaVMLdS3meKcTSp5U0IzuzL86R2UnLKpfLtabFyOY0jRw7IITkmDjkjFXJNqsQlnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPEk5cP</latexit>

U⇢ = ei✓N⇢

<latexit sha1_base64="PJPpwJ4iLUiXyhzhN3Aq5OcohpM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdC0Y2r0oJ9QGcomTTThiaZIckIZezajb/ixoUibv0Cd/6NaTuL2nrgwsk595J7TxAzqrTj/FhLyyura+u5jfzm1vbOrr2331BRIjGp44hFshUgRRgVpK6pZqQVS4J4wEgzGNyO/eYDkYpG4l4PY+Jz1BM0pBhpI3XsI6+PNKzBx8oZ9yQSPUbgNazMPDt2wSk6E8BF4makADJUO/a3141wwonQmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QNFYgT5aeTU0bwxChdGEbSlNBwos5OpIgrNeSB6eRI99W8Nxb/89qJDq/8lIo40UTg6UdhwqCO4DgX2KWSYM2GhiAsqdkV4j6SCGuTXt6E4M6fvEga50W3VCzVLgrlmyyOHDgEx+AUuOASlMEdqII6wOAJvIA38G49W6/Wh/U5bV2yspkD8AfW1y9GMZll</latexit>

Q̂|N,mi = N |N,mi
<latexit sha1_base64="v0WAEyOgF5uLUqjiWJkF30Xx+ps=">AAACEHicbVA9SwNBEN3zM8avU0ubxSBaSLgTURtBtLEKCp4GcjHsbSbJkr29Y3dOCGd+go1/xcZCEVtLO/+Nm5gifjwYeLw3w8y8KJXCoOd9OhOTU9Mzs4W54vzC4tKyu7J6ZZJMcwh4IhNdjZgBKRQEKFBCNdXA4kjCddQ9HfjXt6CNSNQl9lKox6ytREtwhlZquFvBXWUnDjVTbQn0iMJNLkLsALJGpT9mNdySV/aGoH+JPyIlMsJ5w/0ImwnPYlDIJTOm5nsp1nOmUXAJ/WKYGUgZ77I21CxVLAZTz4cP9emmVZq0lWhbCulQHZ/IWWxML45sZ8ywY357A/E/r5Zh67CeC5VmCIp/L2plkmJCB+nQptDAUfYsYVwLeyvlHaYZR5th0Ybg/375L7naLfv75f2LvdLxySiOAlknG2Sb+OSAHJMzck4Cwsk9eSTP5MV5cJ6cV+ftu3XCGc2skR9w3r8APjCcwQ==</latexit>

U |N,mi = ei✓N |N,mi

Tang, Kattel, Pixley arXiv (2026)

Gopalakrishnan, McCulloch, Vasseur, PRX (2026)

Zerba, Gopalakrishnan, Knap, arXiv (2025)

Lee arXiv (2026)



Spontaneous Symmetry Breaking in 
mixed states and Charge Sharpening

How about weak and strong 
symmetries for pure states?

<latexit sha1_base64="VMziO50oA903T5orXxw4BlB0H3w=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDKZ3rRDJ5MwMxFK2qUbf8WNC0Xc+gnu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7yZD++GnmJYp4koscBezzvRht17JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JAxPjFKF4exNCU0nqq/NzISKTWMAjMZEd1X895E/M9rpzq89DMmklSDoLOHwpRjHeNJKrjLJFDNh4YQKpn5K6Z9IgnVJruiCcGdP3mRNM7KbqVcuTsvVa/zOAroEB2jU+SiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx2x0ycp3DtAfWJ8/ABeZ+g==</latexit>

⇢ = | ih |

Consider a state with a U(1) symmetry at all times

e.g. particle number conservation, with conserved charge

State without a definite particle number

<latexit sha1_base64="q033xhyCah0QrdlWfZ2+V7Db56Y=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSqzeiSBr9UtmtuHOQVeLlpAw56v3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5tdOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88TOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyraELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AAlujss=</latexit>

Q̂

Charge is fuzzy
<latexit sha1_base64="qhYP83bFPJ/J6zYQmT3HekRXbD4=">AAACNHicbVDLTgIxFO3gC/GFunTTSEzcSGaIQZdENyZuIJFHwgDplAs0dDpj2zEhAx/lxg9xY0xcaIxbv8EZmAUCJ2lyes65ae9xfM6UNs13I7W2vrG5ld7O7Ozu7R9kD49qygskhSr1uCcbDlHAmYCqZppDw5dAXIdD3Rnexn79CaRinnjQIx9aLukL1mOU6EjqZO9tTkSfA7Z9xcb2gGhcaRfG8c2WU+diRWLebxewLeARm5lONmfmzSnwMrESkkMJyp3sq931aOCC0JQTpZqW6etWSKRmlMMkYwcKfEKHpA/NiArigmqF06Un+CxSurjnyegIjafq/ERIXKVGrhMlXaIHatGLxVVeM9C961bIhB9oEHT2UC/gWHs4bhB3mQSq+SgihEoW/RXTAZGE6qjnuARrceVlUivkrWK+WLnMlW6SOtLoBJ2ic2ShK1RCd6iMqoiiZ/SGPtGX8WJ8GN/GzyyaMpKZY/QPxu8fW/+rNw==</latexit>

h |Q̂2| i � h |Q̂| i2 6= 0

<latexit sha1_base64="PJPpwJ4iLUiXyhzhN3Aq5OcohpM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdC0Y2r0oJ9QGcomTTThiaZIckIZezajb/ixoUibv0Cd/6NaTuL2nrgwsk595J7TxAzqrTj/FhLyyura+u5jfzm1vbOrr2331BRIjGp44hFshUgRRgVpK6pZqQVS4J4wEgzGNyO/eYDkYpG4l4PY+Jz1BM0pBhpI3XsI6+PNKzBx8oZ9yQSPUbgNazMPDt2wSk6E8BF4makADJUO/a3141wwonQmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QNFYgT5aeTU0bwxChdGEbSlNBwos5OpIgrNeSB6eRI99W8Nxb/89qJDq/8lIo40UTg6UdhwqCO4DgX2KWSYM2GhiAsqdkV4j6SCGuTXt6E4M6fvEga50W3VCzVLgrlmyyOHDgEx+AUuOASlMEdqII6wOAJvIA38G49W6/Wh/U5bV2yspkD8AfW1y9GMZll</latexit>

Q̂|N,mi = N |N,mi
<latexit sha1_base64="v0WAEyOgF5uLUqjiWJkF30Xx+ps=">AAACEHicbVA9SwNBEN3zM8avU0ubxSBaSLgTURtBtLEKCp4GcjHsbSbJkr29Y3dOCGd+go1/xcZCEVtLO/+Nm5gifjwYeLw3w8y8KJXCoOd9OhOTU9Mzs4W54vzC4tKyu7J6ZZJMcwh4IhNdjZgBKRQEKFBCNdXA4kjCddQ9HfjXt6CNSNQl9lKox6ytREtwhlZquFvBXWUnDjVTbQn0iMJNLkLsALJGpT9mNdySV/aGoH+JPyIlMsJ5w/0ImwnPYlDIJTOm5nsp1nOmUXAJ/WKYGUgZ77I21CxVLAZTz4cP9emmVZq0lWhbCulQHZ/IWWxML45sZ8ywY357A/E/r5Zh67CeC5VmCIp/L2plkmJCB+nQptDAUfYsYVwLeyvlHaYZR5th0Ybg/375L7naLfv75f2LvdLxySiOAlknG2Sb+OSAHJMzck4Cwsk9eSTP5MV5cJ6cV+ftu3XCGc2skR9w3r8APjCcwQ==</latexit>

U |N,mi = ei✓N |N,mi

<latexit sha1_base64="Tj/XhkFf3IjsDqGGGrV98AnPK/k="></latexit>

⇢ = | ih | =
X

N,m,l

aNm(aNl )⇤|N,mihN, l|

<latexit sha1_base64="9fzdNf07SrtNc1LZQPXb2NyG4aE=">AAACFnicbVBLSwMxGMz6rPVV9eglWAQPWnZFqheh6MVTqWAf0K1LNs22oUl2SbJC2e6v8OJf8eJBEa/izX9j2u5BWwcCk5n5SL7xI0aVtu1va2FxaXllNbeWX9/Y3Nou7Ow2VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vQH12O/+UCkoqG408OIdDjqCRpQjLSRvMLJyI0UdSUSPUbgJXRVzL2kesxTiLyEp/dVODK3LOAVinbJngDOEycjRZCh5hW+3G6IY06Exgwp1XbsSHcSJDXFjKR5N1YkQniAeqRtqECcqE4yWSuFh0bpwiCU5ggNJ+rviQRxpYbcN0mOdF/NemPxP68d6+Cik1ARxZoIPH0oiBnUIRx3BLtUEqzZ0BCEJTV/hbiPJMLaNJk3JTizK8+TxmnJKZfKt2fFylVWRw7sgwNwBBxwDirgBtRAHWDwCJ7BK3iznqwX6936mEYXrGxmD/yB9fkDycCfJg==</latexit>

| i =
X

N,m

aNm|N,mi

Tang, Kattel, Pixley arXiv (2026)

Gopalakrishnan, McCulloch, Vasseur, PRX (2026)

Zerba, Gopalakrishnan, Knap, arXiv (2025)

Lee arXiv (2026)



Spontaneous Symmetry Breaking in 
mixed states and Charge Sharpening

How about weak and strong 
symmetries for pure states?

<latexit sha1_base64="VMziO50oA903T5orXxw4BlB0H3w=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdSMU3bisYB/QhDKZ3rRDJ5MwMxFK2qUbf8WNC0Xc+gnu/BunbRbaeuByD+fcy8w9QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WppFCnMY9lKyAKOBNQ10xzaCUSSBRwaAaDm4nffACpWCzu9TABPyI9wUJGiTZSxz7yZD++GnmJYp4koscBezzvRht17JJTdqbAi8TNSQnlqHXsL68b0zQCoSknSrVdJ9F+RqRmlMO46KUKEkIHpAdtQwWJQPnZ9JAxPjFKF4exNCU0nqq/NzISKTWMAjMZEd1X895E/M9rpzq89DMmklSDoLOHwpRjHeNJKrjLJFDNh4YQKpn5K6Z9IgnVJruiCcGdP3mRNM7KbqVcuTsvVa/zOAroEB2jU+SiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx2x0ycp3DtAfWJ8/ABeZ+g==</latexit>

⇢ = | ih |

Consider a state with a U(1) symmetry at all times

e.g. particle number conservation, with conserved charge

State without a definite particle number

<latexit sha1_base64="q033xhyCah0QrdlWfZ2+V7Db56Y=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBC/4MXD4p49f9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSqzeiSBr9UtmtuHOQVeLlpAw56v3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LVU04sbP5tdOyblVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88TOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyraELzll1dJ67LiVSvVxlW5dpvHUYBTOIML8OAaanAPdWgCg0d4hld4c2LnxXl3Phata04+cwJ/4Hz+AAlujss=</latexit>

Q̂

Charge is fuzzy
<latexit sha1_base64="qhYP83bFPJ/J6zYQmT3HekRXbD4=">AAACNHicbVDLTgIxFO3gC/GFunTTSEzcSGaIQZdENyZuIJFHwgDplAs0dDpj2zEhAx/lxg9xY0xcaIxbv8EZmAUCJ2lyes65ae9xfM6UNs13I7W2vrG5ld7O7Ozu7R9kD49qygskhSr1uCcbDlHAmYCqZppDw5dAXIdD3Rnexn79CaRinnjQIx9aLukL1mOU6EjqZO9tTkSfA7Z9xcb2gGhcaRfG8c2WU+diRWLebxewLeARm5lONmfmzSnwMrESkkMJyp3sq931aOCC0JQTpZqW6etWSKRmlMMkYwcKfEKHpA/NiArigmqF06Un+CxSurjnyegIjafq/ERIXKVGrhMlXaIHatGLxVVeM9C961bIhB9oEHT2UC/gWHs4bhB3mQSq+SgihEoW/RXTAZGE6qjnuARrceVlUivkrWK+WLnMlW6SOtLoBJ2ic2ShK1RCd6iMqoiiZ/SGPtGX8WJ8GN/GzyyaMpKZY/QPxu8fW/+rNw==</latexit>

h |Q̂2| i � h |Q̂| i2 6= 0

<latexit sha1_base64="PJPpwJ4iLUiXyhzhN3Aq5OcohpM=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdC0Y2r0oJ9QGcomTTThiaZIckIZezajb/ixoUibv0Cd/6NaTuL2nrgwsk595J7TxAzqrTj/FhLyyura+u5jfzm1vbOrr2331BRIjGp44hFshUgRRgVpK6pZqQVS4J4wEgzGNyO/eYDkYpG4l4PY+Jz1BM0pBhpI3XsI6+PNKzBx8oZ9yQSPUbgNazMPDt2wSk6E8BF4makADJUO/a3141wwonQmCGl2q4Taz9FUlPMyCjvJYrECA9Qj7QNFYgT5aeTU0bwxChdGEbSlNBwos5OpIgrNeSB6eRI99W8Nxb/89qJDq/8lIo40UTg6UdhwqCO4DgX2KWSYM2GhiAsqdkV4j6SCGuTXt6E4M6fvEga50W3VCzVLgrlmyyOHDgEx+AUuOASlMEdqII6wOAJvIA38G49W6/Wh/U5bV2yspkD8AfW1y9GMZll</latexit>

Q̂|N,mi = N |N,mi
<latexit sha1_base64="v0WAEyOgF5uLUqjiWJkF30Xx+ps=">AAACEHicbVA9SwNBEN3zM8avU0ubxSBaSLgTURtBtLEKCp4GcjHsbSbJkr29Y3dOCGd+go1/xcZCEVtLO/+Nm5gifjwYeLw3w8y8KJXCoOd9OhOTU9Mzs4W54vzC4tKyu7J6ZZJMcwh4IhNdjZgBKRQEKFBCNdXA4kjCddQ9HfjXt6CNSNQl9lKox6ytREtwhlZquFvBXWUnDjVTbQn0iMJNLkLsALJGpT9mNdySV/aGoH+JPyIlMsJ5w/0ImwnPYlDIJTOm5nsp1nOmUXAJ/WKYGUgZ77I21CxVLAZTz4cP9emmVZq0lWhbCulQHZ/IWWxML45sZ8ywY357A/E/r5Zh67CeC5VmCIp/L2plkmJCB+nQptDAUfYsYVwLeyvlHaYZR5th0Ybg/375L7naLfv75f2LvdLxySiOAlknG2Sb+OSAHJMzck4Cwsk9eSTP5MV5cJ6cV+ftu3XCGc2skR9w3r8APjCcwQ==</latexit>

U |N,mi = ei✓N |N,mi

<latexit sha1_base64="ot/XR9ZR/z0jG3S0y/gHg7F0OzE="></latexit>

U | i =
X

N,m

ei✓NaNm|N,mi 6= ei✓| i

<latexit sha1_base64="Tj/XhkFf3IjsDqGGGrV98AnPK/k="></latexit>

⇢ = | ih | =
X

N,m,l

aNm(aNl )⇤|N,mihN, l|

<latexit sha1_base64="qbvz1rLYCWctm29aE14FDyXeGdU="></latexit>

U⇢U † =
X

N,m,l

aNmei✓N (aNl ei✓N )⇤|N,mihN, l| = ⇢

Weak symmetry

<latexit sha1_base64="9fzdNf07SrtNc1LZQPXb2NyG4aE=">AAACFnicbVBLSwMxGMz6rPVV9eglWAQPWnZFqheh6MVTqWAf0K1LNs22oUl2SbJC2e6v8OJf8eJBEa/izX9j2u5BWwcCk5n5SL7xI0aVtu1va2FxaXllNbeWX9/Y3Nou7Ow2VBhLTOo4ZKFs+UgRRgWpa6oZaUWSIO4z0vQH12O/+UCkoqG408OIdDjqCRpQjLSRvMLJyI0UdSUSPUbgJXRVzL2kesxTiLyEp/dVODK3LOAVinbJngDOEycjRZCh5hW+3G6IY06Exgwp1XbsSHcSJDXFjKR5N1YkQniAeqRtqECcqE4yWSuFh0bpwiCU5ggNJ+rviQRxpYbcN0mOdF/NemPxP68d6+Cik1ARxZoIPH0oiBnUIRx3BLtUEqzZ0BCEJTV/hbiPJMLaNJk3JTizK8+TxmnJKZfKt2fFylVWRw7sgwNwBBxwDirgBtRAHWDwCJ7BK3iznqwX6936mEYXrGxmD/yB9fkDycCfJg==</latexit>

| i =
X

N,m

aNm|N,mi

Tang, Kattel, Pixley arXiv (2026)

Gopalakrishnan, McCulloch, Vasseur, PRX (2026)

Zerba, Gopalakrishnan, Knap, arXiv (2025) Lee arXiv (2026)



Relevant Perturbations

We now consider modifications to the circuit dynamics that 
fundamentally alter the problem.

Enforcing continuous symmetries in the hybrid dynamics

Including static and temporal perturbations

Work on continuous non-Abelian symmetries not discussed, Majidy et al PRB (2023)



Is the Transition Stable 
to static Disorder?

How do we understand the stability of the measurement 
induced transition in the presence of static disorder?

Apply the Harris criteria: For the fixed point to remain stable 
it MUST satisfy <latexit sha1_base64="WdSuSVEnGkFfrMHPcEDNGeTx2ok=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkp6rHoxWMF+wFJKJvNpl262Q27G6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0TJXhLaJ5FL1IqwpZ4K2DTOc9jJFcRpx2o1GdzO/+0SVZlI8mnFGwxQPBEsYwcZKfiByFAwoql/G/UrVrblzoFXiFaQKBVr9ylcQS5KnVBjCsda+52YmnGBlGOF0Wg5yTTNMRnhAfUsFTqkOJ/OTp+jcKjFKpLIlDJqrvycmONV6nEa2M8VmqJe9mfif5+cmuQknTGS5oYIsFiU5R0ai2f8oZooSw8eWYKKYvRWRIVaYGJtS2YbgLb+8Sjr1mndVazw0qs3bIo4SnMIZXIAH19CEe2hBGwhIeIZXeHOM8+K8Ox+L1jWnmDmBP3A+fwDnQ5Bd</latexit>

⌫ � 2/d

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)
Maximilian Russ/Guido Burkard

All solid state qubit realizations 
have some form of static disorder.



Is the Transition Stable 
to static Disorder?

How do we understand the stability of the measurement 
induced transition in the presence of static disorder?

Apply the Harris criteria: For the fixed point to remain stable 
it MUST satisfy <latexit sha1_base64="WdSuSVEnGkFfrMHPcEDNGeTx2ok=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkp6rHoxWMF+wFJKJvNpl262Q27G6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0TJXhLaJ5FL1IqwpZ4K2DTOc9jJFcRpx2o1GdzO/+0SVZlI8mnFGwxQPBEsYwcZKfiByFAwoql/G/UrVrblzoFXiFaQKBVr9ylcQS5KnVBjCsda+52YmnGBlGOF0Wg5yTTNMRnhAfUsFTqkOJ/OTp+jcKjFKpLIlDJqrvycmONV6nEa2M8VmqJe9mfif5+cmuQknTGS5oYIsFiU5R0ai2f8oZooSw8eWYKKYvRWRIVaYGJtS2YbgLb+8Sjr1mndVazw0qs3bIo4SnMIZXIAH19CEe2hBGwhIeIZXeHOM8+K8Ox+L1jWnmDmBP3A+fwDnQ5Bd</latexit>

⌫ � 2/d
<latexit sha1_base64="EnDFVAr1KnZdNbGFCrbdYLt8r2I=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwFRIt6rLoxmUF+4AmlMl00g6dTIZ5iDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JBaNK+/63s7K6tr6xWdoqb+/s7lXc/YOWyozEpIkzlslOjBRhlJOmppqRjpAEpTEj7Xh0M/XbD0QqmvF7PRYkStGA04RipK3UcyshNzBEQsjsEQbeec+t+p4/A1wmQUGqoECj536F/QyblHCNGVKqG/hCRzmSmmJGJuXQKCIQHqEB6VrKUUpUlM8On8ATq/RhkklbXMOZ+nsiR6lS4zS2nSnSQ7XoTcX/vK7RyVWUUy6MJhzPFyWGQZ3BaQqwTyXBmo0tQVhSeyvEQyQR1jarsg0hWHx5mbTOvODCq93VqvXrIo4SOALH4BQE4BLUwS1ogCbAwIBn8ArenCfnxXl3PuatK04xcwj+wPn8AXYOklE=</latexit>

⌫ ⇡ 1.3

Thus, the transition should be unstable!

Where does it flow to?  

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)
Maximilian Russ/Guido Burkard

All solid state qubit realizations 
have some form of static disorder.



Introducing Static 
Disorder

Fix the measurement rate values to be static

Have a choice how to introduce the static perturbation, 
could have modified the gates

value of p is 
random in space, 
fixed in time

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Nahum, Ruhman, Huse PRB (2018)



Introducing Static 
Disorder

Fix the measurement rate values to be static
<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n <latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

value of p is 
random in space, 
fixed in time

amplify rare events
with tails to small/large p

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

<latexit sha1_base64="xznJYqaWDfnk4/8PL97aNOYWwm8=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EokWKoI1lBPMByRH2NnvJkr29Y3dODCE/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5nfuuRayNi9YDjhPsRHSgRCkbRSi23qntPVa9XLLlldw6ySryMlCBDvVf86vZjlkZcIZPUmI7nJuhPqEbBJJ8WuqnhCWUjOuAdSxWNuPEn83On5MwqfRLG2pZCMld/T0xoZMw4CmxnRHFolr2Z+J/XSTG89idCJSlyxRaLwlQSjMnsd9IXmjOUY0so08LeStiQasrQJlSwIXjLL6+S5kXZq5Qr95el2k0WRx5O4BTOwYMrqMEd1KEBDEbwDK/w5iTOi/PufCxac042cwx/4Hz+AFOCju0=</latexit>

0 < rx < 1

<latexit sha1_base64="y/HX2Xv0RrUyonOHTSE9MJjXMVo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrpXveeeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk+Z5xatWqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OZI58V5dz7mrStOPnMEf+B8/gBxuo3s</latexit>rx Random real number



Introducing Static 
Disorder

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

<latexit sha1_base64="w/5+bQX0McZBLTFK3ioh+lwOuWY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2A7VKyabYNzWZDkhXL0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjtk5SRWiLJDxR3RBrypmgLcMMp12pKI5DTjvh+Hbmdx6p0iwRD2YiaRDjoWARI9hYqdP0ZfXpPOiXK27NnQOtEi8nFcjR7Je/eoOEpDEVhnCste+50gQZVoYRTqelXqqpxGSMh9S3VOCY6iCbnztFZ1YZoChRtoRBc/X3RIZjrSdxaDtjbEZ62ZuJ/3l+aqLrIGNCpoYKslgUpRyZBM1+RwOmKDF8YgkmitlbERlhhYmxCZVsCN7yy6ukfVHzLmv1+3qlcZPHUYQTOIUqeHAFDbiDJrSAwBie4RXeHOm8OO/Ox6K14OQzx/AHzucPgnWPCg==</latexit>

P [p(x)]

<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

<latexit sha1_base64="zL+ZOBAVPWLIW+SQmg9n8IHQu9E=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5CIXxeh6MVjBdMW2lA22027dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v1FpZXVtfaO8Wdna3tndq+4fNHWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo7up33piSvNEPppxyoKYDCSPOCXGSr688ZyLXrXmOu4MeJl4BalBgUav+tXtJzSLmTRUEK07npuaICfKcCrYpNLNNEsJHZEB61gqScx0kM+OneATq/RxlChb0uCZ+nsiJ7HW4zi0nTExQ73oTcX/vE5mousg5zLNDJN0vijKBDYJnn6O+1wxasTYEkIVt7diOiSKUGPzqdgQvMWXl0nzzPEunfOH81r9toijDEdwDKfgwRXU4R4a4AMFDs/wCm9Iohf0jj7mrSVUzBzCH6DPH618jfQ=</latexit>

n = 1.5
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<latexit sha1_base64="ct8dze0T1nxSx8RVCVkHnO6oLuY=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU93Vol6EohePFewHdJeSTbNtaDYbkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL5ScaeO6305hZXVtfaO4Wdra3tndK+8ftHSSKkKbJOGJ6oRYU84EbRpmOO1IRXEcctoOR3dTv/1ElWaJeDRjSYMYDwSLGMHGSr4fYoUkukHe2UWvXHGr7gxomXg5qUCORq/85fcTksZUGMKx1l3PlSbIsDKMcDop+ammEpMRHtCupQLHVAfZ7OYJOrFKH0WJsiUMmqm/JzIcaz2OQ9sZYzPUi95U/M/rpia6DjImZGqoIPNFUcqRSdA0ANRnihLDx5Zgopi9FZEhVpgYG1PJhuAtvrxMWudV77Jae6hV6rd5HEU4gmM4BQ+uoA730IAmEJDwDK/w5qTOi/PufMxbC04+cwh/4Hz+ALTlkCw=</latexit>

p̄ = 1/3

amplify rare events
with tail to large p value of p is 

random in space, 
fixed in time

Fix the measurement rate values to be static
<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n <latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)



Finding the Infinite 
Randomness Fixed Point

V

Fix the measurement rate values to be static

Broad distribution near the transition cannot use the mean!

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Finding the Infinite 
Randomness Fixed Point

V

Fix the measurement rate values to be static

Broad distribution near the transition cannot use the mean!

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

volume law area law



Finding the Infinite 
Randomness Fixed Point

V

Fix the measurement rate values to be static

Broad distribution near the transition cannot use the mean!

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

volume law area law

L-dependence at I3=0 distinct in the two phases
<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwklIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]focus on



Finding the Infinite 
Randomness Fixed Point

Fix the measurement rate values to be static

Broad distribution near the transition cannot use the mean!

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]
<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwklIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Finding the Infinite 
Randomness Fixed Point

Fix the measurement rate values to be static

Broad distribution near the transition cannot use the mean!

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]
<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwklIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

 appears to saturate 
the bound

<latexit sha1_base64="WdSuSVEnGkFfrMHPcEDNGeTx2ok=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkp6rHoxWMF+wFJKJvNpl262Q27G6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyjjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0TJXhLaJ5FL1IqwpZ4K2DTOc9jJFcRpx2o1GdzO/+0SVZlI8mnFGwxQPBEsYwcZKfiByFAwoql/G/UrVrblzoFXiFaQKBVr9ylcQS5KnVBjCsda+52YmnGBlGOF0Wg5yTTNMRnhAfUsFTqkOJ/OTp+jcKjFKpLIlDJqrvycmONV6nEa2M8VmqJe9mfif5+cmuQknTGS5oYIsFiU5R0ai2f8oZooSw8eWYKKYvRWRIVaYGJtS2YbgLb+8Sjr1mndVazw0qs3bIo4SnMIZXIAH19CEe2hBGwhIeIZXeHOM8+K8Ox+L1jWnmDmBP3A+fwDnQ5Bd</latexit>

⌫ � 2/d



Phase Diagram and 
Griffith Effects

Rare regions dominate near the transition

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 
Volume law phase

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Rare regions of the measurement rate create Griffith effects, 
i.e. local regions that are in the “wrong” phase



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

red is p close to zero

blue is p close to one

Rare regions dominate near the transition
Volume law phase

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Rare regions of the measurement rate create Griffith effects, 
i.e. local regions that are in the “wrong” phase



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

rare region is locally in the 
area law phase
entanglement “bottleneck” 

red is p close to zero

blue is p close to one

Rare regions dominate near the transition
Volume law phase

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

rare region is locally in the 
area law phase
entanglement “bottleneck” 

<latexit sha1_base64="oB2pVqHG3UfvcDws7AqW1Nb/VyQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFc1USKuiy6cVnRPqCJZTKdtENnkjBzI8RQf8WNC0Xc+iHu/Bunj4W2HrhwOOde7r0nSATX4Djf1tLyyuraemGjuLm1vbNr7+03dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXDq7HfemBK8zi6gyxhviT9iIecEjBS1y55AVH4FnuaSwz3uXvyOOraZafiTIAXiTsjZTRDvWt/eb2YppJFQAXRuuM6Cfg5UcCpYKOil2qWEDokfdYxNCKSaT+fHD/CR0bp4TBWpiLAE/X3RE6k1pkMTKckMNDz3lj8z+ukEF74OY+SFFhEp4vCVGCI8TgJ3OOKURCZIYQqbm7FdEAUoWDyKpoQ3PmXF0nztOKeVao31XLtchZHAR2gQ3SMXHSOauga1VEDUZShZ/SK3qwn68V6tz6mrUvWbKaE/sD6/AFsqJP/</latexit>

S̄ ⇠ t1/z

red is p close to zero

blue is p close to one

non-ballistic entanglement propagation 

Rare regions dominate near the transition
Volume law phase

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

red is p close to zero

Rare regions dominate near the transition
Area law phase

blue is p close to one

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Rare regions of the measurement rate create Griffith effects, 
i.e. local regions that are in the “wrong” phase



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

red is p close to zero

blue is p close to one

Rare regions dominate near the transition
Area law phase

rare region is locally in the 
volume law phase
strongly entangled 
“bubble”

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Rare regions of the measurement rate create Griffith effects, 
i.e. local regions that are in the “wrong” phase



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

red is p close to zero

blue is p close to one

Rare regions dominate near the transition
Area law phase

rare region is locally in the 
volume law phase
strongly entangled 
“bubble”

probe via long purification time

coupling to 
ancilla qubit

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Phase Diagram and 
Griffith Effects

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

red is p close to zero

blue is p close to one

Rare regions dominate near the transition
Area law phase

rare region is locally in the 
volume law phase
strongly entangled 
“bubble”

probe via long purification time

coupling to 
ancilla qubit

time to purify
an ancilla qubit

<latexit sha1_base64="epjGaH0BzJOjit/s3McEngN61VI=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JIUY9FLx48VLAf0MQy2W7apZtN2N2INfSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCmdKO820VVlbX1jeKm6Wt7Z3dPXu/3FJxKgltkpjHshOAopwJ2tRMc9pJJIUo4LQdjK6mfvuBSsVicafHCfUjGAgWMgLaSD277AUgsachxZ5iEb65f+rZFafqzICXiZuTCsrR6NlfXj8maUSFJhyU6rpOov0MpGaE00nJSxVNgIxgQLuGCoio8rPZ7RN8bJQ+DmNpSmg8U39PZBApNY4C0xmBHqpFbyr+53VTHV74GRNJqqkg80VhyrGO8TQI3GeSEs3HhgCRzNyKyRAkEG3iKpkQ3MWXl0nrtOqeVWu3tUr9Mo+jiA7RETpBLjpHdXSNGqiJCHpEz+gVvVkT68V6tz7mrQUrnzlAf2B9/gAAF5PI</latexit>

⌧̄ ⇠ Lz



Infinite Randomness 
Fixed Point

Critical point

<latexit sha1_base64="RaXov8J34AIT2wAD4nhempZrYu4=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQQcKuBLURgjYWKSKaB2RDmJ3MJkNmZ9eZu0JYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77/EiwTXY9reVWlhcWl5Jr2bW1jc2t7LbOzUdxoqyKg1FqBoe0UxwyarAQbBGpBgJPMHqXv9q5NcfmNI8lHcwiFgrIF3JfU4JGKmd3Xc9ovBtvnwMFy6XPgyOXM0D7Op7BUl52M7m7II9Bp4nzpTk0BSVdvbL7YQ0DpgEKojWTceOoJUQBZwKNsy4sWYRoX3SZU1DJQmYbiXjR4b40Cgd7IfKlAQ8Vn9PJCTQehB4pjMg0NOz3kj8z2vG4J+3Ei6jGJikk0V+LDCEeJQK7nDFKIiBIYQqbm7FtEcUoWCyy5gQnNmX50ntpOCcFoo3xVzpchpHGu2hA5RHDjpDJXSNKqiKKHpEz+gVvVlP1ov1bn1MWlPWdGYX/YH1+QObh5kd</latexit>

S̄(L, t = 1) ⇠
p
L

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Infinite Randomness 
Fixed Point

Critical point

<latexit sha1_base64="+IKAgCaUcfyR1ywIp5OvoRU7phs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSAkIGFXgnoRgl48eIhoHpBdwuxkNhkyO7vM9ApLyM2Lv+LFgyJe/QVv/o2Tx0ETCxqKqm66u/xYcA22/W0tLC4tr6xm1rLrG5tb27md3bqOEkVZjUYiUk2faCa4ZDXgIFgzVoyEvmANv3818hsPTGkeyXtIY+aFpCt5wCkBI7VzB65PFL4r3Fy4XAaQHkPR1TzEroi6BSi2c3m7ZI+B54kzJXk0RbWd+3I7EU1CJoEKonXLsWPwBkQBp4INs26iWUxon3RZy1BJQqa9wfiPIT4ySgcHkTIlAY/V3xMDEmqdhr7pDAn09Kw3Ev/zWgkE596AyzgBJulkUZAIDBEehYI7XDEKIjWEUMXNrZj2iCIUTHRZE4Iz+/I8qZ+UnNNS+bacr1xO48igfXSICshBZ6iCrlEV1RBFj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AN0VmAw=</latexit>

S̄(L = 1, t) ⇠ log(t)
<latexit sha1_base64="RaXov8J34AIT2wAD4nhempZrYu4=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQQcKuBLURgjYWKSKaB2RDmJ3MJkNmZ9eZu0JYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77/EiwTXY9reVWlhcWl5Jr2bW1jc2t7LbOzUdxoqyKg1FqBoe0UxwyarAQbBGpBgJPMHqXv9q5NcfmNI8lHcwiFgrIF3JfU4JGKmd3Xc9ovBtvnwMFy6XPgyOXM0D7Op7BUl52M7m7II9Bp4nzpTk0BSVdvbL7YQ0DpgEKojWTceOoJUQBZwKNsy4sWYRoX3SZU1DJQmYbiXjR4b40Cgd7IfKlAQ8Vn9PJCTQehB4pjMg0NOz3kj8z2vG4J+3Ei6jGJikk0V+LDCEeJQK7nDFKIiBIYQqbm7FtEcUoWCyy5gQnNmX50ntpOCcFoo3xVzpchpHGu2hA5RHDjpDJXSNKqiKKHpEz+gVvVlP1ov1bn1MWlPWdGYX/YH1+QObh5kd</latexit>

S̄(L, t = 1) ⇠
p
L

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Infinite Randomness 
Fixed Point

Critical point

<latexit sha1_base64="+IKAgCaUcfyR1ywIp5OvoRU7phs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSAkIGFXgnoRgl48eIhoHpBdwuxkNhkyO7vM9ApLyM2Lv+LFgyJe/QVv/o2Tx0ETCxqKqm66u/xYcA22/W0tLC4tr6xm1rLrG5tb27md3bqOEkVZjUYiUk2faCa4ZDXgIFgzVoyEvmANv3818hsPTGkeyXtIY+aFpCt5wCkBI7VzB65PFL4r3Fy4XAaQHkPR1TzEroi6BSi2c3m7ZI+B54kzJXk0RbWd+3I7EU1CJoEKonXLsWPwBkQBp4INs26iWUxon3RZy1BJQqa9wfiPIT4ySgcHkTIlAY/V3xMDEmqdhr7pDAn09Kw3Ev/zWgkE596AyzgBJulkUZAIDBEehYI7XDEKIjWEUMXNrZj2iCIUTHRZE4Iz+/I8qZ+UnNNS+bacr1xO48igfXSICshBZ6iCrlEV1RBFj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AN0VmAw=</latexit>

S̄(L = 1, t) ⇠ log(t)

relaxation time

<latexit sha1_base64="QPK7UgAy5+6e1DdBi0JpoXqzxSo=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqMeiF48V7Ac0oWy2m3bpZhN2J0oM9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tkorq2vrG+XNytb2zu6evX/Q1nGqKGvRWMSqGxDNBJesBRwE6yaKkSgQrBOMr6d+554pzWN5B1nC/IgMJQ85JWCkvl199BQfjoAoFT9gj8sQsr5dc+rODHiZuAWpoQLNvv3lDWKaRkwCFUTrnusk4OdEAaeCTSpeqllC6JgMWc9QSSKm/Xx2/AQfG2WAw1iZkoBn6u+JnERaZ1FgOiMCI73oTcX/vF4K4aWfc5mkwCSdLwpTgSHG0yTwgCtGQWSGEKq4uRXTEVGEgsmrYkJwF19eJu3TunteP7s9qzWuijjK6BAdoRPkogvUQDeoiVqIogw9o1f0Zj1ZL9a79TFvLVnFTBX9gfX5A1KMlTc=</latexit>

z ! 1

<latexit sha1_base64="RaXov8J34AIT2wAD4nhempZrYu4=">AAACCHicbVC7SgNBFJ2NrxhfUUsLB4MQQcKuBLURgjYWKSKaB2RDmJ3MJkNmZ9eZu0JYUtr4KzYWitj6CXb+jZNHoYkHLhzOuZd77/EiwTXY9reVWlhcWl5Jr2bW1jc2t7LbOzUdxoqyKg1FqBoe0UxwyarAQbBGpBgJPMHqXv9q5NcfmNI8lHcwiFgrIF3JfU4JGKmd3Xc9ovBtvnwMFy6XPgyOXM0D7Op7BUl52M7m7II9Bp4nzpTk0BSVdvbL7YQ0DpgEKojWTceOoJUQBZwKNsy4sWYRoX3SZU1DJQmYbiXjR4b40Cgd7IfKlAQ8Vn9PJCTQehB4pjMg0NOz3kj8z2vG4J+3Ei6jGJikk0V+LDCEeJQK7nDFKIiBIYQqbm7FtEcUoWCyy5gQnNmX50ntpOCcFoo3xVzpchpHGu2hA5RHDjpDJXSNKqiKKHpEz+gVvVlP1ov1bn1MWlPWdGYX/YH1+QObh5kd</latexit>

S̄(L, t = 1) ⇠
p
L

<latexit sha1_base64="AYfA3sFpUQcUI18+bkFtf18CTfA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEcVESKeqy6MaFiwr2AU1aJtNJO3TycOZGKCHgr7hxoYhbv8Odf+O0zUJbD1w4nHMv997jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRvPTKpeBTewzhmbkAGIfc5JaClnnkA3VNH8QCzbkoc9SAhvc2ynlm2KtYUeJHYOSmjHPWe+eX0I5oELAQqiFId24rBTYkETgXLSk6iWEzoiAxYR9OQBEy56fT8DB9rpY/9SOoKAU/V3xMpCZQaB57uDAgM1bw3Ef/zOgn4l27KwzgBFtLZIj8RGCI8yQL3uWQUxFgTQiXXt2I6JJJQ0ImVdAj2/MuLpHlWsc8r1btquXaVx1FEh+gInSAbXaAaukF11EAUpegZvaI348l4Md6Nj1lrwchn9tEfGJ8/ac2VzQ==</latexit>

t⇤ ⇠ ea
p
L

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

Extract relaxation times
<latexit sha1_base64="4SssFa0On7p6ZB8yqDZg8K3CLHY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPUY9OIxonlAsobZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpBxzH3A/pQIm+YBStdI+PZ91iyS27M5Bl4mWkBBlq3eJXpxexJOQKmaTGtD03Rj+lGgWTfFLoJIbHlI3ogLctVTTkxk9np07IiVV6pB9pWwrJTP09kdLQmHEY2M6Q4tAselPxP6+dYP/KT4WKE+SKzRf1E0kwItO/SU9ozlCOLaFMC3srYUOqKUObTsGG4C2+vEwa52Xvoly5q5Sq11kceTiCYzgFDy6hCrdQgzowGMAzvMKbI50X5935mLfmnGzmEP7A+fwB/FaNnQ==</latexit>

t⇤



Infinite Randomness 
Fixed Point

Critical point Probe the diverging 
dynamic exponent

<latexit sha1_base64="bH/QdHWwADm6v/k1IgheZ0b8rjw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKxtEpQBYwVLIxFog+paSPHdVqrjmPZDqKk/QMWfoWFAYRYWdn4G9zHAC1HutLxOffK955AMKq043xbmaXlldW17HpuY3Nre8fe3aupOJGYVHHMYtkIkCKMclLVVDPSEJKgKGCkHvSvxn79jkhFY36rB4K0ItTlNKQYaSP59vGDp2gEvXva9oSik8dQFISPh+204PEEjuWRb+edojMBXCTujOTBDBXf/vI6MU4iwjVmSKmm6wjdSpHUFDMyynmJIgLhPuqSpqEcRUS10sk9I3hklA4MY2mKazhRf0+kKFJqEAWmM0K6p+a9sfif10x0eNFKKReJJhxPPwoTBnUMx+HADpUEazYwBGFJza4Q95BEWJsIcyYEd/7kRVI7LbpnxdJNKV++nMWRBQfgEJwAF5yDMrgGFVAFGDyCZ/AK3qwn68V6tz6mrRlrNrMP/sD6/AE2xpzI</latexit>

z ⇠ ⇠ ⇠ |p� pc|�⌫ 

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Infinite Randomness 
Fixed Point

Critical point

Ancilla qubit entanglement

Probe the diverging 
dynamic exponent

<latexit sha1_base64="bH/QdHWwADm6v/k1IgheZ0b8rjw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKxtEpQBYwVLIxFog+paSPHdVqrjmPZDqKk/QMWfoWFAYRYWdn4G9zHAC1HutLxOffK955AMKq043xbmaXlldW17HpuY3Nre8fe3aupOJGYVHHMYtkIkCKMclLVVDPSEJKgKGCkHvSvxn79jkhFY36rB4K0ItTlNKQYaSP59vGDp2gEvXva9oSik8dQFISPh+204PEEjuWRb+edojMBXCTujOTBDBXf/vI6MU4iwjVmSKmm6wjdSpHUFDMyynmJIgLhPuqSpqEcRUS10sk9I3hklA4MY2mKazhRf0+kKFJqEAWmM0K6p+a9sfif10x0eNFKKReJJhxPPwoTBnUMx+HADpUEazYwBGFJza4Q95BEWJsIcyYEd/7kRVI7LbpnxdJNKV++nMWRBQfgEJwAF5yDMrgGFVAFGDyCZ/AK3qwn68V6tz6mrRlrNrMP/sD6/AE2xpzI</latexit>

z ⇠ ⇠ ⇠ |p� pc|�⌫ 

coupling to 
ancilla qubit

<latexit sha1_base64="TU93KGbD5f+C46bcuuNcKGrIgfw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRom6EohuXFewD2hAm00k7dDIJMxOhhn6JGxeKuPVT3Pk3TtostPXA5R7OuZe5c4KEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHKb+91HKhWLxYOeJtSL8EiwkBGsjeTb1UGAJUquF80nvl1z6s4caJW4BalBgZZvfw2GMUkjKjThWKm+6yTay7DUjHA6qwxSRRNMJnhE+4YKHFHlZfPDZ+jUKEMUxtKU0Giu/t7IcKTUNArMZIT1WC17ufif1091eOVlTCSppoIsHgpTjnSM8hTQkElKNJ8agolk5lZExlhiok1WFROCu/zlVdI5r7sX9cZ9o9a8KeIowzGcwBm4cAlNuIMWtIFACs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/L7JKL</latexit>

p̄ = p̄c

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Infinite Randomness 
Fixed Point

Critical point

<latexit sha1_base64="iir4lCEYmR2hpRYzbiXuzIvGAvA=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQYhN3Jahl0MbCIkHzgOy6zE5mkyEzO8vMrBBCbPwVGwtFbP0LO//GSbKFRg9cOJxzL/feEyaMKu04X1ZuYXFpeSW/Wlhb39jcsrd3mkqkEpMGFkzIdogUYTQmDU01I+1EEsRDRlrh4HLit+6JVFTEt3qYEJ+jXkwjipE2UmDv3QR1T1EOo5LHRA/q4+s7L1H0KLCLTtmZAv4lbkaKIE MtsD+9rsApJ7HGDCnVcZ1E+yMkNcWMjAteqkiC8AD1SMfQGHGi/NH0gzE8NEoXRkKaijWcqj8nRogrNeSh6eRI99W8NxH/8zqpjs79EY2TVJMYzxZFKYNawEkcsEslwZoNDUFYUnMrxH0kEdYmtIIJwZ1/+S9pnpTd03KlXilWL7I48mAfHIAScMEZqIIrUAMNgMEDeAIv4NV6tJ6tN+t91pqzspld8AvWxzfKRJXW</latexit>

SQ ⇠ f(log t/L )
<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 

Probe the diverging 
dynamic exponent

<latexit sha1_base64="bH/QdHWwADm6v/k1IgheZ0b8rjw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKxtEpQBYwVLIxFog+paSPHdVqrjmPZDqKk/QMWfoWFAYRYWdn4G9zHAC1HutLxOffK955AMKq043xbmaXlldW17HpuY3Nre8fe3aupOJGYVHHMYtkIkCKMclLVVDPSEJKgKGCkHvSvxn79jkhFY36rB4K0ItTlNKQYaSP59vGDp2gEvXva9oSik8dQFISPh+204PEEjuWRb+edojMBXCTujOTBDBXf/vI6MU4iwjVmSKmm6wjdSpHUFDMyynmJIgLhPuqSpqEcRUS10sk9I3hklA4MY2mKazhRf0+kKFJqEAWmM0K6p+a9sfif10x0eNFKKReJJhxPPwoTBnUMx+HADpUEazYwBGFJza4Q95BEWJsIcyYEd/7kRVI7LbpnxdJNKV++nMWRBQfgEJwAF5yDMrgGFVAFGDyCZ/AK3qwn68V6tz6mrRlrNrMP/sD6/AE2xpzI</latexit>

z ⇠ ⇠ ⇠ |p� pc|�⌫ 

Activated dynamical scaling

coupling to 
ancilla qubit

Ancilla qubit entanglement
<latexit sha1_base64="TU93KGbD5f+C46bcuuNcKGrIgfw=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRom6EohuXFewD2hAm00k7dDIJMxOhhn6JGxeKuPVT3Pk3TtostPXA5R7OuZe5c4KEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKPiVBLaJjGPZS/AinImaFszzWkvkRRHAafdYHKb+91HKhWLxYOeJtSL8EiwkBGsjeTb1UGAJUquF80nvl1z6s4caJW4BalBgZZvfw2GMUkjKjThWKm+6yTay7DUjHA6qwxSRRNMJnhE+4YKHFHlZfPDZ+jUKEMUxtKU0Giu/t7IcKTUNArMZIT1WC17ufif1091eOVlTCSppoIsHgpTjnSM8hTQkElKNJ8agolk5lZExlhiok1WFROCu/zlVdI5r7sX9cZ9o9a8KeIowzGcwBm4cAlNuIMWtIFACs/wCm/Wk/VivVsfi9GSVewcwR9Ynz/L7JKL</latexit>

p̄ = p̄c

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)



Infinite Randomness 
Fixed Point

Critical point

Critical point well described by real space renormalization group (RSRG)

<latexit sha1_base64="bH/QdHWwADm6v/k1IgheZ0b8rjw=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKxtEpQBYwVLIxFog+paSPHdVqrjmPZDqKk/QMWfoWFAYRYWdn4G9zHAC1HutLxOffK955AMKq043xbmaXlldW17HpuY3Nre8fe3aupOJGYVHHMYtkIkCKMclLVVDPSEJKgKGCkHvSvxn79jkhFY36rB4K0ItTlNKQYaSP59vGDp2gEvXva9oSik8dQFISPh+204PEEjuWRb+edojMBXCTujOTBDBXf/vI6MU4iwjVmSKmm6wjdSpHUFDMyynmJIgLhPuqSpqEcRUS10sk9I3hklA4MY2mKazhRf0+kKFJqEAWmM0K6p+a9sfif10x0eNFKKReJJhxPPwoTBnUMx+HADpUEazYwBGFJza4Q95BEWJsIcyYEd/7kRVI7LbpnxdJNKV++nMWRBQfgEJwAF5yDMrgGFVAFGDyCZ/AK3qwn68V6tz6mrRlrNrMP/sD6/AE2xpzI</latexit>

z ⇠ ⇠ ⇠ |p� pc|�⌫ 

<latexit sha1_base64="fhFm8I6xPUYGo5KqvTL3b2pHT3E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUS9C0YvHCqYW2lA22027dLMJuxOhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySacZ9lshEt0NquBSK+yhQ8naqOY1DyR/D0e3Mf3zi2ohEPeA45UFMB0pEglG0kt9V2XWtV664VXcOskq8nFQgR7NX/ur2E5bFXCGT1JiO56YYTKhGwSSflrqZ4SllIzrgHUsVjbkJJvNjp+TMKn0SJdqWQjJXf09MaGzMOA5tZ0xxaJa9mfif18kwugomQqUZcsUWi6JMEkzI7HPSF5ozlGNLKNPC3krYkGrK0OZTsiF4yy+vklat6l1U6/f1SuMmj6MIJ3AK5+DBJTTgDprgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB1apjmM=</latexit>

⌫ = 2
<latexit sha1_base64="6ahQfmrz4dkRsPnOXdh46ye6B5I=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8xd0Q1IsQ9OIxgnlAsoTZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3k795hMqzWP5YEYJ+hHtSx5yRo2VWp1E82vvvNwtFN2SOwNZJl5GipCh1i18dXoxSyOUhgmqddtzE+OPqTKcCZzkO6nGhLIh7WPbUkkj1P54du+EnFqlR8JY2ZKGzNTfE2MaaT2KAtsZUTPQi95U/M9rpya88sdcJqlByeaLwlQQE5Pp86THFTIjRpZQpri9lbABVZQZG1HehuAtvrxMGuWSd1Gq3FeK1ZssjhwcwwmcgQeXUIU7qEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A/yUj0o=</latexit>

 = 1/2

Zabalo, Wilson, Gullans, Vasseur, Gopalakrishnan, Huse, JHP PRB (2023)

In the controlled limit of qudit gates with a q-size Hilbert space 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>

The problem maps to a Q-state Potts model with columnar disorder that 
admits an RSRG description in the replica limit Q —> 1.

RSRG Numerics



Infinite randomness in 
time?

<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t

Rotate space and time in the quantum circuit

Think of the gates etc as a tensor network



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

value of p is 
random in space, 
fixed in time

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x
<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

Piroli, Bertini, Cirac, Prosen PRB (2020)

Think of the circuit as a tensor network

Claeys, Henry, Vicary, Lamacraft, PRR (2022) 

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

value of p is 
random in space, 
fixed in time

value of p is NOW
random in time, 
fixed in space

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="8JTxa2SI1t+6Bk9kM2ZS396KmHA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvQXsquSPUiFL14rGA/oF1LNs22odlsSGaFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeYES3IDrfju5tfWNza38dmFnd2//oHh41DJxoilr0ljEuhMQwwSXrAkcBOsozUgUCNYOxrczv/3EtOGxfICJYn5EhpKHnBKwUk+VoXJd1n2oPMp+seRW3TnwKvEyUkIZGv3iV28Q0yRiEqggxnQ9V4GfEg2cCjYt9BLDFKFjMmRdSyWJmPHT+c1TfGaVAQ5jbUsCnqu/J1ISGTOJAtsZERiZZW8m/ud1Ewiv/JRLlQCTdLEoTASGGM8CwAOuGQUxsYRQze2tmI6IJhRsTAUbgrf88ippnVe9WrV2f1Gq32Rx5NEJOkVl5KFLVEd3qIGaiCKFntErenMS58V5dz4WrTknmzlGf+B8/gCr95DR</latexit>

p(t) = (rt)
n

Piroli, Bertini, Cirac, Prosen PRB (2020)

Think of the circuit as a tensor network <latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x

Claeys, Henry, Vicary, Lamacraft, PRR (2022) 



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

value of p is 
random in space, 
fixed in time

value of p is NOW
random in time, 
fixed in space

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="8JTxa2SI1t+6Bk9kM2ZS396KmHA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvQXsquSPUiFL14rGA/oF1LNs22odlsSGaFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeYES3IDrfju5tfWNza38dmFnd2//oHh41DJxoilr0ljEuhMQwwSXrAkcBOsozUgUCNYOxrczv/3EtOGxfICJYn5EhpKHnBKwUk+VoXJd1n2oPMp+seRW3TnwKvEyUkIZGv3iV28Q0yRiEqggxnQ9V4GfEg2cCjYt9BLDFKFjMmRdSyWJmPHT+c1TfGaVAQ5jbUsCnqu/J1ISGTOJAtsZERiZZW8m/ud1Ewiv/JRLlQCTdLEoTASGGM8CwAOuGQUxsYRQze2tmI6IJhRsTAUbgrf88ippnVe9WrV2f1Gq32Rx5NEJOkVl5KFLVEd3qIGaiCKFntErenMS58V5dz4WrTknmzlGf+B8/gCr95DR</latexit>

p(t) = (rt)
n

(Ignoring rotation on gates, 
dual unitary circuit limit 
leaves them unchanged)

Dual unitary limit

Piroli, Bertini, Cirac, Prosen PRB (2020)

Think of the circuit as a tensor network



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

value of p is 
random in space, 
fixed in time

value of p is NOW
random in time, 
fixed in space

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="8JTxa2SI1t+6Bk9kM2ZS396KmHA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvQXsquSPUiFL14rGA/oF1LNs22odlsSGaFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeYES3IDrfju5tfWNza38dmFnd2//oHh41DJxoilr0ljEuhMQwwSXrAkcBOsozUgUCNYOxrczv/3EtOGxfICJYn5EhpKHnBKwUk+VoXJd1n2oPMp+seRW3TnwKvEyUkIZGv3iV28Q0yRiEqggxnQ9V4GfEg2cCjYt9BLDFKFjMmRdSyWJmPHT+c1TfGaVAQ5jbUsCnqu/J1ISGTOJAtsZERiZZW8m/ud1Ewiv/JRLlQCTdLEoTASGGM8CwAOuGQUxsYRQze2tmI6IJhRsTAUbgrf88ippnVe9WrV2f1Gq32Rx5NEJOkVl5KFLVEd3qIGaiCKFntErenMS58V5dz4WrTknmzlGf+B8/gCr95DR</latexit>

p(t) = (rt)
n

Apply the idea of a space time rotation to the infinite 
randomness fixed point

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 
<latexit sha1_base64="JBrE7HKeVATeg2cOAfjUEd6dvWI=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSwz4mtZdOOygn1AZxwyadqGZjIhyQh1Wtz4K25cKOLWr3Dn35i2s9DWAxcO59zLvfeEglGlHefbys3NLywu5ZcLK6tr6xv25lZNxYnEpIpjFstGiBRhlJOqppqRhpAERSEj9bB3NfLr90QqGvNb3RfEj1CH0zbFSBspsHcePEUjOBBHIsCDu/TQ4wn0hKLDwC46JWcMOEvcjBRBhkpgf3mtGCcR4RozpFTTdYT2UyQ1xYwMC16iiEC4hzqkaShHEVF+On5hCPeN0oLtWJriGo7V3xMpipTqR6HpjJDuqmlvJP7nNRPdvvBTykWiCceTRe2EQR3DUR6wRSXBmvUNQVhScyvEXSQR1ia1ggnBnX55ltSOS+5Z6fTmpFi+zOLIg12wBw6AC85BGVyDCqgCDB7BM3gFb9aT9WK9Wx+T1pyVzWyDP7A+fwASs5c9</latexit>

z ⇠ |p� pc|+⌫ 
<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t
<latexit sha1_base64="naBRvEralovB7qyaufXCajTDbWA=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7grvo5BLx4jmAckIcxOZpMhszPLTK+SLAF/xYsHRbz6Hd78GyfJHjSxoKGo6qa7K4gFN+B5387C4tLyympuLb++sbm17e7sVo1KNGUVqoTS9YAYJrhkFeAgWD3WjESBYLWgfzP2aw9MG67kPQxi1opIV/KQUwJWarv7Q9wULATNuz0gWqtH7J8M227BK3oT4HniZ6SAMpTb7lezo2gSMQlUEGMavhdDKyUaOBVslG8mhsWE9kmXNSyVJGKmlU7OH+Ejq3RwqLQtCXii/p5ISWTMIApsZ0SgZ2a9sfif10ggvGqlXMYJMEmni8JEYFB4nAXucM0oiIElhGpub8W0RzShYBPL2xD82ZfnSfW06F8Uz+/OCqXrLI4cOkCH6Bj56BKV0C0qowqiKEXP6BW9OU/Oi/PufExbF5xsZg/9gfP5A9cElWs=</latexit>

z $ 1/z



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

value of p is 
random in space, 
fixed in time

value of p is NOW
random in time, 
fixed in space

<latexit sha1_base64="DGekRQcyqIStaoyIAvlbpOGZNXM=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbLIks2pd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7l7J3T9oGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHoeuq37pk2XMk7GCcsiMlA8ohTAlbquaVH3NV8MASitXrA0HPLXsWbAS8TPydllKPec7+6fUXTmEmgghjT8b0Egoxo4FSwSbGbGpYQOiID1rFUkpiZIJsdPsEnVunjSGlbEvBM/T2RkdiYcRzazpjA0Cx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgLuc80oiLElhGpub8V0SDShYLMq2hD8xZeXSfOs4lcr1dvzcu0qj6OAjtAxOkU+ukA1dIPqqIEoStEzekVvzpPz4rw7H/PWFSefOUR/4Hz+AKplkx0=</latexit>

x ! t
<latexit sha1_base64="tN44Of03caXkYcQbqqY7BYVQAH8=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKVI9FLx4r2A9ol5JNs21oNlmS2WpZ+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMCrVlNWpEkq3QmKY4JLVgYNgrUQzEoeCNcPh7dRvjpg2XMkHGCcsiElf8ohTAlbqui7gjub9ARCt1SM+f+q6Ja/szYCXiZ+TEspR67pfnZ6iacwkUEGMafteAkFGNHAq2KTYSQ1LCB2SPmtbKknMTJDNLp/gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dOIboOMi6TFJik80VRKjAoPI0B97hmFMTYEkI1t7diOiCaULBhFW0I/uLLy6RxUfYr5cr9Zal6k8dRQMfoBJ0hH12hKrpDNVRHFI3QM3pFb07mvDjvzse8dcXJZ47QHzifPxkVk1Q=</latexit>

t ! �x

<latexit sha1_base64="p1lA+SggYc+aMftQ2LHLHifyd+o=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIFaEmUtSLUPTisYL9gDaUzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/sFu29/aaKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/NHt1G89UqlYJB70OKZeiAeCBYxgbaSeXez6WKIYXbtnZXHqnvTsklNxZkDLxM1ICTLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46O3yCjo3SR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ6uvJSJONFUkPmiIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXX14mzfOKe1Gp3ldLtZssjjwcwhGUwYVLqMEd1KEBBBJ4hld4s56sF+vd+pi35qxs5gD+wPr8AdXXkUM=</latexit>

p̄ = 1/(n+ 1)

<latexit sha1_base64="H7fVAIep5h330IxnqiB9K7x2G7Q=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdKepFKHrxWMF+QLuWbJptQ7PZkGSlpfRvePGgiFf/jDf/jWm7B219MPB4b4aZeYHkTBvX/XYya+sbm1vZ7dzO7t7+Qf7wqKHjRBFaJzGPVSvAmnImaN0ww2lLKoqjgNNmMLyd+c0nqjSLxYMZS+pHuC9YyAg2VurI4qh0XVTdUelRdPMFt+zOgVaJl5ICpKh181+dXkySiApDONa67bnS+BOsDCOcTnOdRFOJyRD3adtSgSOq/cn85ik6s0oPhbGyJQyaq78nJjjSehwFtjPCZqCXvZn4n9dOTHjlT5iQiaGCLBaFCUcmRrMAUI8pSgwfW4KJYvZWRAZYYWJsTDkbgrf88ippnJe9i3LlvlKo3qRxZOEETqEIHlxCFe6gBnUgIOEZXuHNSZwX5935WLRmnHTmGP7A+fwBt6OQ1w==</latexit>

p(x) = (rx)
n

<latexit sha1_base64="8JTxa2SI1t+6Bk9kM2ZS396KmHA=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvQXsquSPUiFL14rGA/oF1LNs22odlsSGaFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeYES3IDrfju5tfWNza38dmFnd2//oHh41DJxoilr0ljEuhMQwwSXrAkcBOsozUgUCNYOxrczv/3EtOGxfICJYn5EhpKHnBKwUk+VoXJd1n2oPMp+seRW3TnwKvEyUkIZGv3iV28Q0yRiEqggxnQ9V4GfEg2cCjYt9BLDFKFjMmRdSyWJmPHT+c1TfGaVAQ5jbUsCnqu/J1ISGTOJAtsZERiZZW8m/ud1Ewiv/JRLlQCTdLEoTASGGM8CwAOuGQUxsYRQze2tmI6IJhRsTAUbgrf88ippnVe9WrV2f1Gq32Rx5NEJOkVl5KFLVEd3qIGaiCKFntErenMS58V5dz4WrTknmzlGf+B8/gCr95DR</latexit>

p(t) = (rt)
n

Apply the idea of a space time rotation to the infinite 
randomness fixed point

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 
<latexit sha1_base64="JBrE7HKeVATeg2cOAfjUEd6dvWI=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSwz4mtZdOOygn1AZxwyadqGZjIhyQh1Wtz4K25cKOLWr3Dn35i2s9DWAxcO59zLvfeEglGlHefbys3NLywu5ZcLK6tr6xv25lZNxYnEpIpjFstGiBRhlJOqppqRhpAERSEj9bB3NfLr90QqGvNb3RfEj1CH0zbFSBspsHcePEUjOBBHIsCDu/TQ4wn0hKLDwC46JWcMOEvcjBRBhkpgf3mtGCcR4RozpFTTdYT2UyQ1xYwMC16iiEC4hzqkaShHEVF+On5hCPeN0oLtWJriGo7V3xMpipTqR6HpjJDuqmlvJP7nNRPdvvBTykWiCceTRe2EQR3DUR6wRSXBmvUNQVhScyvEXSQR1ia1ggnBnX55ltSOS+5Z6fTmpFi+zOLIg12wBw6AC85BGVyDCqgCDB7BM3gFb9aT9WK9Wx+T1pyVzWyDP7A+fwASs5c9</latexit>

z ⇠ |p� pc|+⌫ 
<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t
<latexit sha1_base64="naBRvEralovB7qyaufXCajTDbWA=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7grvo5BLx4jmAckIcxOZpMhszPLTK+SLAF/xYsHRbz6Hd78GyfJHjSxoKGo6qa7K4gFN+B5387C4tLyympuLb++sbm17e7sVo1KNGUVqoTS9YAYJrhkFeAgWD3WjESBYLWgfzP2aw9MG67kPQxi1opIV/KQUwJWarv7Q9wULATNuz0gWqtH7J8M227BK3oT4HniZ6SAMpTb7lezo2gSMQlUEGMavhdDKyUaOBVslG8mhsWE9kmXNSyVJGKmlU7OH+Ejq3RwqLQtCXii/p5ISWTMIApsZ0SgZ2a9sfif10ggvGqlXMYJMEmni8JEYFB4nAXucM0oiIElhGpub8W0RzShYBPL2xD82ZfnSfW06F8Uz+/OCqXrLI4cOkCH6Bj56BKV0C0qowqiKEXP6BW9OU/Oi/PufExbF5xsZg/9gfP5A9cElWs=</latexit>

z $ 1/z
<latexit sha1_base64="KhXwaylCLKfGjFyb/wP8MLJ0a/E=">AAACAHicbZC7TsMwFIadcivlFmBgYLGokJiqBHEbK1gYi0QvUhMqx3Vaq3YS7BNEFWXhVVgYQIiVx2DjbXAvA7T8kqVP/zlHx+cPEsE1OM63VVhYXFpeKa6W1tY3Nrfs7Z2GjlNFWZ3GIlatgGgmeMTqwEGwVqIYkYFgzWBwNao3H5jSPI5uYZgwX5JexENOCRirY+8B9jSXmN1lxNC9gsx75HnesctOxRkLz4M7hTKaqtaxv7xuTFPJIqCCaN12nQT8jCjgVLC85KWaJYQOSI+1DUZEMu1n4wNyfGicLg5jZV4EeOz+nsiI1HooA9MpCfT1bG1k/ldrpxBe+BmPkhRYRCeLwlRgiPEoDdzlilEQQwOEKm7+immfKELBZFYyIbizJ89D47jinlVOb07K1ctpHEW0jw7QEXLROaqia1RDdURRjp7RK3qznqwX6936mLQWrOnMLvoj6/MHwiSWiw==</latexit>

t ⇠ ea
p
⇠Entanglement 

relaxation 
time scales

Suggests an 
ultra-fast dynamics!

<latexit sha1_base64="RVVphDa0mcrkZLCnCYMOaTv8PoA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjcsK9gFNDJPppB06yYSZG7GELtz4K25cKOLWj3Dn3zh9LLT1wIXDOfdy7z1hKrgGx/m2Ciura+sbxc3S1vbO7p69f9DSMlOUNakUUnVCopngCWsCB8E6qWIkDgVrh8Orid++Z0pzmdzCKGV+TPoJjzglYKTALsNd7qWaBx6QbIw9zWPsCdnH3gMP7IpTdabAy8SdkwqaoxHYX15P0ixmCVBBtO66Tgp+ThRwKti45GWapYQOSZ91DU1IzLSfT58Y42Oj9HAklakE8FT9PZGTWOtRHJrOmMBAL3oT8T+vm0F04ec8STNgCZ0tijKBQeJJIrjHFaMgRoYQqri5FdMBUYSCya1kQnAXX14mrdOqW6vWbs4q9ct5HEVURkfoBLnoHNXRNWqgJqLoET2jV/RmPVkv1rv1MWstWPOZQ/QH1ucPpwCYGw==</latexit>

t ⌧ ⇠ log ⇠



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

Apply the idea of a space time rotation to the infinite 
randomness fixed point

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 
<latexit sha1_base64="JBrE7HKeVATeg2cOAfjUEd6dvWI=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSwz4mtZdOOygn1AZxwyadqGZjIhyQh1Wtz4K25cKOLWr3Dn35i2s9DWAxcO59zLvfeEglGlHefbys3NLywu5ZcLK6tr6xv25lZNxYnEpIpjFstGiBRhlJOqppqRhpAERSEj9bB3NfLr90QqGvNb3RfEj1CH0zbFSBspsHcePEUjOBBHIsCDu/TQ4wn0hKLDwC46JWcMOEvcjBRBhkpgf3mtGCcR4RozpFTTdYT2UyQ1xYwMC16iiEC4hzqkaShHEVF+On5hCPeN0oLtWJriGo7V3xMpipTqR6HpjJDuqmlvJP7nNRPdvvBTykWiCceTRe2EQR3DUR6wRSXBmvUNQVhScyvEXSQR1ia1ggnBnX55ltSOS+5Z6fTmpFi+zOLIg12wBw6AC85BGVyDCqgCDB7BM3gFb9aT9WK9Wx+T1pyVzWyDP7A+fwASs5c9</latexit>

z ⇠ |p� pc|+⌫ 
<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t
<latexit sha1_base64="naBRvEralovB7qyaufXCajTDbWA=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7grvo5BLx4jmAckIcxOZpMhszPLTK+SLAF/xYsHRbz6Hd78GyfJHjSxoKGo6qa7K4gFN+B5387C4tLyympuLb++sbm17e7sVo1KNGUVqoTS9YAYJrhkFeAgWD3WjESBYLWgfzP2aw9MG67kPQxi1opIV/KQUwJWarv7Q9wULATNuz0gWqtH7J8M227BK3oT4HniZ6SAMpTb7lezo2gSMQlUEGMavhdDKyUaOBVslG8mhsWE9kmXNSyVJGKmlU7OH+Ejq3RwqLQtCXii/p5ISWTMIApsZ0SgZ2a9sfif10ggvGqlXMYJMEmni8JEYFB4nAXucM0oiIElhGpub8W0RzShYBPL2xD82ZfnSfW06F8Uz+/OCqXrLI4cOkCH6Bj56BKV0C0qowqiKEXP6BW9OU/Oi/PufExbF5xsZg/9gfP5A9cElWs=</latexit>

z $ 1/z
<latexit sha1_base64="KhXwaylCLKfGjFyb/wP8MLJ0a/E=">AAACAHicbZC7TsMwFIadcivlFmBgYLGokJiqBHEbK1gYi0QvUhMqx3Vaq3YS7BNEFWXhVVgYQIiVx2DjbXAvA7T8kqVP/zlHx+cPEsE1OM63VVhYXFpeKa6W1tY3Nrfs7Z2GjlNFWZ3GIlatgGgmeMTqwEGwVqIYkYFgzWBwNao3H5jSPI5uYZgwX5JexENOCRirY+8B9jSXmN1lxNC9gsx75HnesctOxRkLz4M7hTKaqtaxv7xuTFPJIqCCaN12nQT8jCjgVLC85KWaJYQOSI+1DUZEMu1n4wNyfGicLg5jZV4EeOz+nsiI1HooA9MpCfT1bG1k/ldrpxBe+BmPkhRYRCeLwlRgiPEoDdzlilEQQwOEKm7+immfKELBZFYyIbizJ89D47jinlVOb07K1ctpHEW0jw7QEXLROaqia1RDdURRjp7RK3qznqwX6936mLQWrOnMLvoj6/MHwiSWiw==</latexit>

t ⇠ ea
p
⇠Entanglement 

relaxation 
time scales

Suggests an 
ultra-fast dynamics!

<latexit sha1_base64="RVVphDa0mcrkZLCnCYMOaTv8PoA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjcsK9gFNDJPppB06yYSZG7GELtz4K25cKOLWj3Dn3zh9LLT1wIXDOfdy7z1hKrgGx/m2Ciura+sbxc3S1vbO7p69f9DSMlOUNakUUnVCopngCWsCB8E6qWIkDgVrh8Orid++Z0pzmdzCKGV+TPoJjzglYKTALsNd7qWaBx6QbIw9zWPsCdnH3gMP7IpTdabAy8SdkwqaoxHYX15P0ixmCVBBtO66Tgp+ThRwKti45GWapYQOSZ91DU1IzLSfT58Y42Oj9HAklakE8FT9PZGTWOtRHJrOmMBAL3oT8T+vm0F04ec8STNgCZ0tijKBQeJJIrjHFaMgRoYQqri5FdMBUYSCya1kQnAXX14mrdOqW6vWbs4q9ct5HEVURkfoBLnoHNXRNWqgJqLoET2jV/RmPVkv1rv1MWstWPOZQ/QH1ucPpwCYGw==</latexit>

t ⌧ ⇠ log ⇠

Generalized notion of Harris, spatio-temporal perturbation
<latexit sha1_base64="nq+J6NwYKavZQWfDSCdsSN1316Y=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe4GiR6DXjxGMA/ILmF2MpsMmZ1d5iHEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vppwp7brfTmFtfWNzq7hd2tnd2z8oHx61VWIkoS2S8ER2Q6woZ4K2NNOcdlNJcRxy2gnHtzO/80ilYol40JOUBjEeChYxgrWVfF8YhPwhRbWLp3654lbdOdAq8XJSgRzNfvnLHyTExFRowrFSPc9NdZBhqRnhdFryjaIpJmM8pD1LBY6pCrL5zVN0ZpUBihJpS2g0V39PZDhWahKHtjPGeqSWvZn4n9czOroOMiZSo6kgi0WR4UgnaBYAGjBJieYTSzCRzN6KyAhLTLSNqWRD8JZfXiXtWtWrV+v3l5XGTR5HEU7gFM7BgytowB00oQUEUniGV3hzjPPivDsfi9aCk88cwx84nz9hBZCf</latexit>

⌫ � 2/z

Vojta and Dickman, PRE (2016)



Apply a space-time 
rotation:

<latexit sha1_base64="vrrFqrAN+R2CWUrIPo3Kvek9AUI=">AAAB+XicjVDLSgNBEOz1GeNr1aOXwSB4irvi6xj04jGCeUASwuxkNhkyO7PM9EaSJX/ixYMiXv0Tb/6Nm8dBRcGChqKqmy4qiKWw6HkfzsLi0vLKam4tv76xubXt7uxWrU4M4xWmpTb1gFouheIVFCh5PTacRoHktaB/PfFrA26s0OoOhzFvRbSrRCgYxUxqu+6oaUS3h9QYfU/841HbLfhFbwryNynAHOW2+97saJZEXCGT1NqG78XYSqlBwSQf55uJ5TFlfdrljYwqGnHbSqfJx+QwUzok1CYbhWSqfr1IaWTtMAqyzYhiz/70JuJvXiPB8LKVChUnyBWbPQoTSVCTSQ2kIwxnKIcZocyILCthPWoow6ys/P9KqJ4U/fPi2e1poXQ1ryMH+3AAR+DDBZTgBspQAQYDeIAneHZS59F5cV5nqwvO/GYPvsF5+wRJ15Nx</latexit>

z ! 1/z

Apply the idea of a space time rotation to the infinite 
randomness fixed point

<latexit sha1_base64="sZEcqq0Ds3v7VKmnS7CJwFWdUmQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgENy0zUtRl0Y3LCvYBnXHIpJk2NJMJSUao0+LGX3HjQhG3foU7/8b0sdDWAxcO59zLvfeEglGlHefbyi0tr6yu5dcLG5tb2zv27l5DJanEpI4TlshWiBRhlJO6ppqRlpAExSEjzbB/Nfab90QqmvBbPRDEj1GX04hipI0U2AcPnqIxHIqSCPDwLit5PIWeUHQU2EWn7EwAF4k7I0UwQy2wv7xOgtOYcI0ZUqrtOkL7GZKaYkZGBS9VRCDcR13SNpSjmCg/m7wwgsdG6cAokaa4hhP190SGYqUGcWg6Y6R7at4bi/957VRHF35GuUg14Xi6KEoZ1Akc5wE7VBKs2cAQhCU1t0LcQxJhbVIrmBDc+ZcXSeO07J6VKzeVYvVyFkceHIIjcAJccA6q4BrUQB1g8AiewSt4s56sF+vd+pi25qzZzD74A+vzBxV7lz4=</latexit>

z ⇠ |p� pc|�⌫ 
<latexit sha1_base64="JBrE7HKeVATeg2cOAfjUEd6dvWI=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSwz4mtZdOOygn1AZxwyadqGZjIhyQh1Wtz4K25cKOLWr3Dn35i2s9DWAxcO59zLvfeEglGlHefbys3NLywu5ZcLK6tr6xv25lZNxYnEpIpjFstGiBRhlJOqppqRhpAERSEj9bB3NfLr90QqGvNb3RfEj1CH0zbFSBspsHcePEUjOBBHIsCDu/TQ4wn0hKLDwC46JWcMOEvcjBRBhkpgf3mtGCcR4RozpFTTdYT2UyQ1xYwMC16iiEC4hzqkaShHEVF+On5hCPeN0oLtWJriGo7V3xMpipTqR6HpjJDuqmlvJP7nNRPdvvBTykWiCceTRe2EQR3DUR6wRSXBmvUNQVhScyvEXSQR1ia1ggnBnX55ltSOS+5Z6fTmpFi+zOLIg12wBw6AC85BGVyDCqgCDB7BM3gFb9aT9WK9Wx+T1pyVzWyDP7A+fwASs5c9</latexit>

z ⇠ |p� pc|+⌫ 
<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t
<latexit sha1_base64="naBRvEralovB7qyaufXCajTDbWA=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7grvo5BLx4jmAckIcxOZpMhszPLTK+SLAF/xYsHRbz6Hd78GyfJHjSxoKGo6qa7K4gFN+B5387C4tLyympuLb++sbm17e7sVo1KNGUVqoTS9YAYJrhkFeAgWD3WjESBYLWgfzP2aw9MG67kPQxi1opIV/KQUwJWarv7Q9wULATNuz0gWqtH7J8M227BK3oT4HniZ6SAMpTb7lezo2gSMQlUEGMavhdDKyUaOBVslG8mhsWE9kmXNSyVJGKmlU7OH+Ejq3RwqLQtCXii/p5ISWTMIApsZ0SgZ2a9sfif10ggvGqlXMYJMEmni8JEYFB4nAXucM0oiIElhGpub8W0RzShYBPL2xD82ZfnSfW06F8Uz+/OCqXrLI4cOkCH6Bj56BKV0C0qowqiKEXP6BW9OU/Oi/PufExbF5xsZg/9gfP5A9cElWs=</latexit>

z $ 1/z
<latexit sha1_base64="KhXwaylCLKfGjFyb/wP8MLJ0a/E=">AAACAHicbZC7TsMwFIadcivlFmBgYLGokJiqBHEbK1gYi0QvUhMqx3Vaq3YS7BNEFWXhVVgYQIiVx2DjbXAvA7T8kqVP/zlHx+cPEsE1OM63VVhYXFpeKa6W1tY3Nrfs7Z2GjlNFWZ3GIlatgGgmeMTqwEGwVqIYkYFgzWBwNao3H5jSPI5uYZgwX5JexENOCRirY+8B9jSXmN1lxNC9gsx75HnesctOxRkLz4M7hTKaqtaxv7xuTFPJIqCCaN12nQT8jCjgVLC85KWaJYQOSI+1DUZEMu1n4wNyfGicLg5jZV4EeOz+nsiI1HooA9MpCfT1bG1k/ldrpxBe+BmPkhRYRCeLwlRgiPEoDdzlilEQQwOEKm7+immfKELBZFYyIbizJ89D47jinlVOb07K1ctpHEW0jw7QEXLROaqia1RDdURRjp7RK3qznqwX6936mLQWrOnMLvoj6/MHwiSWiw==</latexit>

t ⇠ ea
p
⇠Entanglement 

relaxation 
time scales

Suggests an 
ultra-fast dynamics!

<latexit sha1_base64="RVVphDa0mcrkZLCnCYMOaTv8PoA=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1WXRjcsK9gFNDJPppB06yYSZG7GELtz4K25cKOLWj3Dn3zh9LLT1wIXDOfdy7z1hKrgGx/m2Ciura+sbxc3S1vbO7p69f9DSMlOUNakUUnVCopngCWsCB8E6qWIkDgVrh8Orid++Z0pzmdzCKGV+TPoJjzglYKTALsNd7qWaBx6QbIw9zWPsCdnH3gMP7IpTdabAy8SdkwqaoxHYX15P0ixmCVBBtO66Tgp+ThRwKti45GWapYQOSZ91DU1IzLSfT58Y42Oj9HAklakE8FT9PZGTWOtRHJrOmMBAL3oT8T+vm0F04ec8STNgCZ0tijKBQeJJIrjHFaMgRoYQqri5FdMBUYSCya1kQnAXX14mrdOqW6vWbs4q9ct5HEVURkfoBLnoHNXRNWqgJqLoET2jV/RmPVkv1rv1MWstWPOZQ/QH1ucPpwCYGw==</latexit>

t ⌧ ⇠ log ⇠

Generalized notion of Harris, spatio-temporal perturbation
<latexit sha1_base64="nq+J6NwYKavZQWfDSCdsSN1316Y=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKe4GiR6DXjxGMA/ILmF2MpsMmZ1d5iHEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1090Vppwp7brfTmFtfWNzq7hd2tnd2z8oHx61VWIkoS2S8ER2Q6woZ4K2NNOcdlNJcRxy2gnHtzO/80ilYol40JOUBjEeChYxgrWVfF8YhPwhRbWLp3654lbdOdAq8XJSgRzNfvnLHyTExFRowrFSPc9NdZBhqRnhdFryjaIpJmM8pD1LBY6pCrL5zVN0ZpUBihJpS2g0V39PZDhWahKHtjPGeqSWvZn4n9czOroOMiZSo6kgi0WR4UgnaBYAGjBJieYTSzCRzN6KyAhLTLSNqWRD8JZfXiXtWtWrV+v3l5XGTR5HEU7gFM7BgytowB00oQUEUniGV3hzjPPivDsfi9aCk88cwx84nz9hBZCf</latexit>

⌫ � 2/z

Vojta and Dickman, PRE (2016)

Where does it flow to?



Phases of the temporal 
randomness model

What are the phases of the model now?
Is there a volume law phase at all? No!

<latexit sha1_base64="oB2pVqHG3UfvcDws7AqW1Nb/VyQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFc1USKuiy6cVnRPqCJZTKdtENnkjBzI8RQf8WNC0Xc+iHu/Bunj4W2HrhwOOde7r0nSATX4Djf1tLyyuraemGjuLm1vbNr7+03dZwqyho0FrFqB0QzwSPWAA6CtRPFiAwEawXDq7HfemBK8zi6gyxhviT9iIecEjBS1y55AVH4FnuaSwz3uXvyOOraZafiTIAXiTsjZTRDvWt/eb2YppJFQAXRuuM6Cfg5UcCpYKOil2qWEDokfdYxNCKSaT+fHD/CR0bp4TBWpiLAE/X3RE6k1pkMTKckMNDz3lj8z+ukEF74OY+SFFhEp4vCVGCI8TgJ3OOKURCZIYQqbm7FdEAUoWDyKpoQ3PmXF0nztOKeVao31XLtchZHAR2gQ3SMXHSOauga1VEDUZShZ/SK3qwn68V6tz6mrUvWbKaE/sD6/AFsqJP/</latexit>

S̄ ⇠ t1/z

Volume law phase 
with static disorder

<latexit sha1_base64="LLF/QoX9Cgcf7djL42HUbNyDOtI=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiovmA3BH2NnvJkt29c3cvEI78DhsLRWz9MXb+GzfJFRp9MPB4b4aZeWHCmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHQ989tjqjSL5YOZJDQQeCBZxAg2Vgr8ECt0j3zNBLrtlStu1Z0D/SVeTiqQo9Erf/r9mKSCSkM41rrruYkJMqwMI5xOS36qaYLJCA9o11KJBdVBNj96ik6s0kdRrGxJg+bqz4kMC60nIrSdApuhXvZm4n9eNzXRZZAxmaSGSrJYFKUcmRjNEkB9pigxfGIJJorZWxEZYoWJsTmVbAje8st/Seus6tWqtbvzSv0qj6MIR3AMp+DBBdThBhrQBAKP8AQv8OqMnWfnzXlftBacfOYQfsH5+AZqD5E8</latexit>

S̄ ⇠ L
<latexit sha1_base64="rW67MlS4pilch5uGPg1yFLH6bu4=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHbF1zHoxWME84BkCbOT2WTI7Mwy06suIf6KFw+KePVDvPk3TpI9aGJBQ1HVTXdXmAhuwPO+naXlldW19cJGcXNre2fX3dtvGJVqyupUCaVbITFMcMnqwEGwVqIZiUPBmuHweuI375k2XMk7yBIWxKQvecQpASt13dIj7ggWgeb9ARCt1QOGrlv2Kt4UeJH4OSmjHLWu+9XpKZrGTAIVxJi27yUQjIgGTgUbFzupYQmhQ9JnbUsliZkJRtPjx/jIKj0cKW1LAp6qvydGJDYmi0PbGRMYmHlvIv7ntVOILoMRl0kKTNLZoigVGBSeJIF7XDMKIrOEUM3trZgOiCYUbF5FG4I///IiaZxU/PPK2e1puXqVx1FAB+gQHSMfXaAqukE1VEcUZegZvaI358l5cd6dj1nrkpPPlNAfOJ8/4DyU7w==</latexit>

x $ t

Suggests that phase 
with temporal 
randomness

<latexit sha1_base64="0CbHdetqTOVdkRQPQW4o6Gzf45k=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiUj0WvXjwUNF+QBPLZrtpl242YXcjtKG/xIsHRbz6U7z5b9y2OWj1wcDjvRlm5gUJZ0o7zpdVWFldW98obpa2tnd2y/befkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehq5rcfqVQsFvd6nFA/wgPBQkawNlLPLnsBlugOeYpF6OZh0rMrTtWZA/0lbk4qkKPRsz+9fkzSiApNOFaq6zqJ9jMsNSOcTkteqmiCyQgPaNdQgSOq/Gx++BQdG6WPwliaEhrN1Z8TGY6UGkeB6YywHqplbyb+53VTHV74GRNJqqkgi0VhypGO0SwF1GeSEs3HhmAimbkVkSGWmGiTVcmE4C6//Je0TqturVq7PavUL/M4inAIR3ACLpxDHa6hAU0gkMITvMCrNbGerTfrfdFasPKZA/gF6+MbfASSWQ==</latexit>

S̄ ⇠ Lz
<latexit sha1_base64="VaMjIkwjccly9aENbqFdj6jv6zs=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2g/oLiWbZtvQJLsms4Wy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUU9aksYh1JySGCa5YEzgI1kk0IzIUrB2Obmd+e8y04bF6hEnCAkkGikecErBS4IdE4wfsGy4x9MoVt+rOgVeJl5MKytHolb/8fkxTyRRQQYzpem4CQUY0cCrYtOSnhiWEjsiAdS1VRDITZPOjp/jMKn0cxdqWAjxXf09kRBozkaHtlASGZtmbif953RSi6yDjKkmBKbpYFKUCQ4xnCeA+14yCmFhCqOb2VkyHRBMKNqeSDcFbfnmVtC6qXq1au7+s1G/yOIroBJ2ic+ShK1RHd6iBmoiiJ/SMXtGbM3ZenHfnY9FacPKZY/QHzucPpq+RZA==</latexit>

S̄ ⇠ t



Phases of the temporal 
randomness model

What are the phases of the model now?
Is there a volume law phase at all? No!

<latexit sha1_base64="9a/nCJ4ROGeIWpMVv2b9XopS+K8=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GIIGFXJFoGbSxSRDQPyMYwO5lNhszOLjN3lRhS2/grNhaK2PoFdv6Nk0eh0QMXDufcy733+LHgGhzny0rNzS8sLqWXMyura+sb9uZWVUeJoqxCIxGpuk80E1yyCnAQrB4rRkJfsJrfOx/5tVumNI/kNfRj1gxJR/KAUwJGatm7V7nSIXiKd7pAlIrusMdlAP0D7Gke4tLNfcvOOnlnDPyXuFOSRVOUW/an145oEjIJVBCtG64TQ3NAFHAq2DDjJZrFhPZIhzUMlSRkujkYvzLE+0Zp4yBSpiTgsfpzYkBCrfuhbzpDAl09643E/7xGAsFpc8BlnACTdLIoSASGCI9ywW2uGAXRN4RQxc2tmHaJIhRMehkTgjv78l9SPcq7hXzh8jhbPJvGkUY7aA/lkItOUBFdoDKqIIoe0BN6Qa/Wo/VsvVnvk9aUNZ3ZRr9gfXwDEm+Z5A==</latexit>

S(L, t ! 1) ⇠ Lz



Temporal Griffith effects, 
sub-volume phase

Consider a single realization

<latexit sha1_base64="9a/nCJ4ROGeIWpMVv2b9XopS+K8=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GIIGFXJFoGbSxSRDQPyMYwO5lNhszOLjN3lRhS2/grNhaK2PoFdv6Nk0eh0QMXDufcy733+LHgGhzny0rNzS8sLqWXMyura+sb9uZWVUeJoqxCIxGpuk80E1yyCnAQrB4rRkJfsJrfOx/5tVumNI/kNfRj1gxJR/KAUwJGatm7V7nSIXiKd7pAlIrusMdlAP0D7Gke4tLNfcvOOnlnDPyXuFOSRVOUW/an145oEjIJVBCtG64TQ3NAFHAq2DDjJZrFhPZIhzUMlSRkujkYvzLE+0Zp4yBSpiTgsfpzYkBCrfuhbzpDAl09643E/7xGAsFpc8BlnACTdLIoSASGCI9ywW2uGAXRN4RQxc2tmHaJIhRMehkTgjv78l9SPcq7hXzh8jhbPJvGkUY7aA/lkItOUBFdoDKqIIoe0BN6Qa/Wo/VsvVnvk9aUNZ3ZRr9gfXwDEm+Z5A==</latexit>

S(L, t ! 1) ⇠ Lz

Saw tooth behavior: Can be understood 
as most p have p<pc, but on occasion 
p>pc and S drops significantly

<latexit sha1_base64="rU2dJRkwG0A9gynOCczBxl0EQh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6TP+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBO2o3V</latexit>pc

<latexit sha1_base64="RUw0ycTgmaDWfPxZ3e7ITsRdKhU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKVC9C0YsHDxXsB7RLyaZpG5tNliQrlKX/wYsHRbz6f7z5b0zbPWjrg4HHezPMzAtjwY3F+NvLrayurW/kNwtb2zu7e8X9g4ZRiaasTpVQuhUSwwSXrG65FawVa0aiULBmOLqZ+s0npg1X8sGOYxZEZCB5n1NindS4u/Ixxt1iCZfxDGiZ+BkpQYZat/jV6SmaRExaKogxbR/HNkiJtpwKNil0EsNiQkdkwNqOShIxE6SzayfoxCk91FfalbRopv6eSElkzDgKXWdE7NAselPxP6+d2P5lkHIZJ5ZJOl/UTwSyCk1fRz2uGbVi7AihmrtbER0STah1ARVcCP7iy8ukcVb2K+XK/Xmpep3FkYcjOIZT8OECqnALNagDhUd4hld485T34r17H/PWnJfNHMIfeJ8/5EyOCw==</latexit>

L = 1000



Temporal Griffith effects, 
sub-volume phase

Consider a single realization

<latexit sha1_base64="9a/nCJ4ROGeIWpMVv2b9XopS+K8=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GIIGFXJFoGbSxSRDQPyMYwO5lNhszOLjN3lRhS2/grNhaK2PoFdv6Nk0eh0QMXDufcy733+LHgGhzny0rNzS8sLqWXMyura+sb9uZWVUeJoqxCIxGpuk80E1yyCnAQrB4rRkJfsJrfOx/5tVumNI/kNfRj1gxJR/KAUwJGatm7V7nSIXiKd7pAlIrusMdlAP0D7Gke4tLNfcvOOnlnDPyXuFOSRVOUW/an145oEjIJVBCtG64TQ3NAFHAq2DDjJZrFhPZIhzUMlSRkujkYvzLE+0Zp4yBSpiTgsfpzYkBCrfuhbzpDAl09643E/7xGAsFpc8BlnACTdLIoSASGCI9ywW2uGAXRN4RQxc2tmHaJIhRMehkTgjv78l9SPcq7hXzh8jhbPJvGkUY7aA/lkItOUBFdoDKqIIoe0BN6Qa/Wo/VsvVnvk9aUNZ3ZRr9gfXwDEm+Z5A==</latexit>

S(L, t ! 1) ⇠ Lz

<latexit sha1_base64="RUw0ycTgmaDWfPxZ3e7ITsRdKhU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU8mKVC9C0YsHDxXsB7RLyaZpG5tNliQrlKX/wYsHRbz6f7z5b0zbPWjrg4HHezPMzAtjwY3F+NvLrayurW/kNwtb2zu7e8X9g4ZRiaasTpVQuhUSwwSXrG65FawVa0aiULBmOLqZ+s0npg1X8sGOYxZEZCB5n1NindS4u/Ixxt1iCZfxDGiZ+BkpQYZat/jV6SmaRExaKogxbR/HNkiJtpwKNil0EsNiQkdkwNqOShIxE6SzayfoxCk91FfalbRopv6eSElkzDgKXWdE7NAselPxP6+d2P5lkHIZJ5ZJOl/UTwSyCk1fRz2uGbVi7AihmrtbER0STah1ARVcCP7iy8ukcVb2K+XK/Xmpep3FkYcjOIZT8OECqnALNagDhUd4hld485T34r17H/PWnJfNHMIfeJ8/5EyOCw==</latexit>

L = 1000

<latexit sha1_base64="rU2dJRkwG0A9gynOCczBxl0EQh8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6TP+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBO2o3V</latexit>pc

Saw tooth behavior: Can be understood 
as most p have p<pc, but on occasion 
p>pc and S drops significantly



Locating the transition
<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]Tripartite mutual information has a broad distribution 

<latexit sha1_base64="dGftqL1YHmubdtFg6+cWDciAYw4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXoRil48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOx7czv/1ElWZSPJhJQoMYDwWLGMHGSq3k2nP9ar9c8VxvDrRK/JxUIEejX/7qDSRJYyoM4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWChxTHWTza6fozCoDFEllSxg0V39PZDjWehKHtjPGZqSXvZn4n9dNTXQVZEwkqaGCLBZFKUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwV9+eZW0Lly/5tbuq5X6TR5HEU7gFM7Bh0uowx00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AHqGOMQ==</latexit>

p = 0.14

Broad distribution near the 
transition cannot use the mean!



Locating the transition
<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]Tripartite mutual information has a broad distribution 
<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwk lIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]

Define critical exponents for this dynamical transition
<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL

<latexit sha1_base64="dGftqL1YHmubdtFg6+cWDciAYw4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbB07IrpXoRil48VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOx7czv/1ElWZSPJhJQoMYDwWLGMHGSq3k2nP9ar9c8VxvDrRK/JxUIEejX/7qDSRJYyoM4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWChxTHWTza6fozCoDFEllSxg0V39PZDjWehKHtjPGZqSXvZn4n9dNTXQVZEwkqaGCLBZFKUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwV9+eZW0Lly/5tbuq5X6TR5HEU7gFM7Bh0uowx00oAkEHuEZXuHNkc6L8+58LFoLTj5zDH/gfP4AHqGOMQ==</latexit>

p = 0.14

<latexit sha1_base64="maKW2Zh/yRoAgu8TnpMZq/fyOzQ=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCPCTsikSPQS8eI5gHZOMyO5kkQ2Znl5leMSy5efFXvHhQxKu/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDq7HfuGdK80jewjBm7ZD0JO9ySsBIvn3oPXAfsKd5iAtxMfbpyV1a9GTie0CSkW/nnZIzAV4k7ozk0QxV3/7yOhFNQiaBCqJ1y3ViaKdEAaeCjXJeollM6ID0WMtQSUKm2+nkjxE+NkoHdyNlSgKeqL8nUhJqPQwD0xkS6Ot5byz+57US6F60Uy7jBJik00XdRGCI8DgU3OGKURBDQwhV3NyKaZ8oQsFElzMhuPMvL5L6acktl8o3Z/nK5SyOLDpAR6iAXHSOKugaVVENUfSIntErerOerBfr3fqYtmas2cw++gPr8wfuDJi+</latexit>

⇠t ⇠ (p� pc)
�⌫⌧



Locating the transition

<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwk lIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]
<latexit sha1_base64="XPmPwbDvQeNpYazVyc39Q6hCJVM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiRa1I1QdKO7CvYBaQiT6bQdOpmEmYlYQn7FjQtF3Poj7vwbJ20W2npg4HDOvdwzJ4gZlcq2v43Syura+kZ5s7K1vbO7Z+5XOzJKBCZtHLFI9AIkCaOctBVVjPRiQVAYMNINJje5330kQtKIP6hpTLwQjTgdUoyUlnyz2nL7IVJjjFh6l/lnV7bnmzW7bs9gLROnIDUo0PLNr/4gwklIuMIMSek6dqy8FAlFMSNZpZ9IEiM8QSPiaspRSKSXzrJn1rFWBtYwEvpxZc3U3xspCqWchoGezHPKRS8X//PcRA0vvZTyOFGE4/mhYcIsFVl5EdaACoIVm2qCsKA6q4XHSCCsdF0VXYKz+OVl0jmtO+f1xn2j1rwu6ijDIRzBCThwAU24hRa0AcMTPMMrvBmZ8WK8Gx/z0ZJR7BzAHxifPzFhk+Y=</latexit>

P [I3 = 0]

Define critical exponents for this dynamical transition
<latexit sha1_base64="maKW2Zh/yRoAgu8TnpMZq/fyOzQ=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCPCTsikSPQS8eI5gHZOMyO5kkQ2Znl5leMSy5efFXvHhQxKu/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDq7HfuGdK80jewjBm7ZD0JO9ySsBIvn3oPXAfsKd5iAtxMfbpyV1a9GTie0CSkW/nnZIzAV4k7ozk0QxV3/7yOhFNQiaBCqJ1y3ViaKdEAaeCjXJeollM6ID0WMtQSUKm2+nkjxE+NkoHdyNlSgKeqL8nUhJqPQwD0xkS6Ot5byz+57US6F60Uy7jBJik00XdRGCI8DgU3OGKURBDQwhV3NyKaZ8oQsFElzMhuPMvL5L6acktl8o3Z/nK5SyOLDpAR6iAXHSOKugaVVENUfSIntErerOerBfr3fqYtmas2cw++gPr8wfuDJi+</latexit>

⇠t ⇠ (p� pc)
�⌫⌧

<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL

<latexit sha1_base64="fMISFSvnvnNzEiNkXfExNJNgu/U=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyXRoi6LbnRXwT4gCWEynbRDJ5MwM1FK6D+48VfcuFDErRt3/o2TNgvbeuDC4Zx7ufeeIGFUKsv6MUpLyyura+X1ysbm1vaOubvXlnEqMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wvM79zgMRksb8Xo0S4kWoz2lIMVJa8s0TN0JqgBHLbsf+GXQF7Q8UEiJ+hE1nxvN8s2rVrAngIrELUgUFmr757fZinEaEK8yQlI5tJcrLkFAUMzKuuKkkCcJD1CeOphxFRHrZ5KcxPNJKD4ax0MUVnKh/JzIUSTmKAt2ZXynnvVz8z3NSFV56GeVJqgjH00VhyqCKYR4Q7FFBsGIjTRAWVN8K8QAJhJWOsaJDsOdfXiTt05p9Xqvf1auNqyKOMjgAh+AY2OACNMANaIIWwOAJvIA38G48G6/Gh/E5bS0Zxcw+mIHx9Qsn8p5X</latexit>

I3 ! P [I3]Tripartite mutual information has a broad distribution 



Relaxation in the ancilla 
qubit at the transition

coupling to 
ancilla qubit

Directly test ultra-fast scaling ansatz
<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL

<latexit sha1_base64="maKW2Zh/yRoAgu8TnpMZq/fyOzQ=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCPCTsikSPQS8eI5gHZOMyO5kkQ2Znl5leMSy5efFXvHhQxKu/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDq7HfuGdK80jewjBm7ZD0JO9ySsBIvn3oPXAfsKd5iAtxMfbpyV1a9GTie0CSkW/nnZIzAV4k7ozk0QxV3/7yOhFNQiaBCqJ1y3ViaKdEAaeCjXJeollM6ID0WMtQSUKm2+nkjxE+NkoHdyNlSgKeqL8nUhJqPQwD0xkS6Ot5byz+57US6F60Uy7jBJik00XdRGCI8DgU3OGKURBDQwhV3NyKaZ8oQsFElzMhuPMvL5L6acktl8o3Z/nK5SyOLDpAR6iAXHSOKugaVVENUfSIntErerOerBfr3fqYtmas2cw++gPr8wfuDJi+</latexit>

⇠t ⇠ (p� pc)
�⌫⌧

Defn of exponents

<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL



Relaxation in the ancilla 
qubit at the transition

Matches infinite randomness and 
saturates a dynamical “Harris” bound

Does not match infinite randomness

coupling to 
ancilla qubit

Directly test ultra-fast scaling ansatz
<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL

<latexit sha1_base64="pjvWBKqPnDrSRp2OWt70wbeOGbs=">AAACC3icbVC7SgNBFJ31GeMramkzJAixibsi0TJoY2GRoHlANi6zk9lkyOyDmbtCWLa38VdsLBSx9Qfs/BsnyRaaeODC4Zx7ufceNxJcgWl+G0vLK6tr67mN/ObW9s5uYW+/pcJYUtakoQhlxyWKCR6wJnAQrBNJRnxXsLY7upr47QcmFQ+DOxhHrOeTQcA9TgloySkUb50GthX3sVeG+8SOFHcSG0icpie2CAf45tgplMyKOQVeJFZGSihD3Sl82f2Qxj4LgAqiVNcyI+glRAKngqV5O1YsInREBqyraUB8pnrJ9JcUH2mlj71Q6goAT9XfEwnxlRr7ru70CQzVvDcR//O6MXgXvYQHUQwsoLNFXiwwhHgSDO5zySiIsSaESq5vxXRIJKGg48vrEKz5lxdJ67RiVSvVxlmpdpnFkUOHqIjKyELnqIauUR01EUWP6Bm9ojfjyXgx3o2PWeuSkc0coD8wPn8A2rCaUQ==</latexit>

SQ ⇠ f(t ⌧ / logL)

<latexit sha1_base64="maKW2Zh/yRoAgu8TnpMZq/fyOzQ=">AAACB3icbVDLSgNBEJyNrxhfqx4FGQxCPCTsikSPQS8eI5gHZOMyO5kkQ2Znl5leMSy5efFXvHhQxKu/4M2/cfI4aGJBQ1HVTXdXEAuuwXG+rczS8srqWnY9t7G5tb1j7+7VdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDq7HfuGdK80jewjBm7ZD0JO9ySsBIvn3oPXAfsKd5iAtxMfbpyV1a9GTie0CSkW/nnZIzAV4k7ozk0QxV3/7yOhFNQiaBCqJ1y3ViaKdEAaeCjXJeollM6ID0WMtQSUKm2+nkjxE+NkoHdyNlSgKeqL8nUhJqPQwD0xkS6Ot5byz+57US6F60Uy7jBJik00XdRGCI8DgU3OGKURBDQwhV3NyKaZ8oQsFElzMhuPMvL5L6acktl8o3Z/nK5SyOLDpAR6iAXHSOKugaVVENUfSIntErerOerBfr3fqYtmas2cw++gPr8wfuDJi+</latexit>

⇠t ⇠ (p� pc)
�⌫⌧

Defn of exponents

<latexit sha1_base64="CovcAJKqO+dAKkTAtwqPVHt0t50=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURqS6Lbly4qGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaeuDC4Zx7ufeeMBVcg+N8W4Wl5ZXVteJ6aWNza3vH3t1r6iRTlDVoIhLVDolmgsesARwEa6eKERkK1goHV2O/9cCU5kl8B8OU+ZL0Yh5xSsBIgX0A97mXah54QLIR9jSX2BNJD98EdtmpOBPgReLOSBnNUA/sL6+b0EyyGKggWndcJwU/Jwo4FWxU8jLNUkIHpMc6hsZEMu3nkxdG+NgoXRwlylQMeKL+nsiJ1HooQ9MpCfT1vDcW//M6GUQXfs7jNAMW0+miKBMYEjzOA3e5YhTE0BBCFTe3YtonilAwqZVMCO78y4ukeVpxq5Xq7Vm5djmLo4gO0RE6QS46RzV0jeqogSh6RM/oFb1ZT9aL9W59TFsL1mxmH/2B9fkD29KXFg==</latexit>

t ⌧ ⇠ logL



Does this Imply we can 
send information faster?

Yes!

Couple a qubit into a critical 
monitored circuit, “inject a bit 
of information”

Compute the mutual information 

Find the        where 

<latexit sha1_base64="aqDWiqmeAsFHQEWk6L4r8tvLWcw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJ8bWsdaO7CvYBbQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c7yIUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAq9Vv3REga8js1iogToD6nPsVIack197oBUgOMWHIzdiulS/fhuHbkmkWrbE0A54mdkSLIUHfNr24vxHFAuMIMSdmxrUg5CRKKYkbGhW4sSYTwEPVJR1OOAiKdZJJ+DA+10oN+KPTjCk7U3xsJCqQcBZ6eTLPKWS8V//M6sfIvnITyKFaE4+khP2ZQhTCtAvaoIFixkSYIC6qzQjxAAmGlCyvoEuzZL8+TZqVsn5VPb0+K1VpWRx7sgwNQAjY4B1VwDeqgATB4BM/gFbwZT8aL8W58TEdzRrazC/7A+PwBHTiUXA==</latexit>

I2(Ax, B)
<latexit sha1_base64="8fOV7INTXtUa77y4DDXf04QsEwI=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICUpvpa1bnRXwT6gCWEynbZDJ5MwM1FL6NqNv+LGhSJu/QJ3/o2TNgutHrhwOOde7r3HjxiVyrK+jNzc/MLiUn65sLK6tr5hbm41ZRgLTBo4ZKFo+0gSRjlpKKoYaUeCoMBnpOUPL1K/dUuEpCG/UaOIuAHqc9qjGCkteeauEyA1wIglV2OvUjr37g9rB46g/YFCQoR30PLMolW2JoB/iZ2RIshQ98xPpxviOCBcYYak7NhWpNwECUUxI+OCE0sSITxEfdLRlKOASDeZvDKG+1rpwl4odHEFJ+rPiQQFUo4CX3emh8tZLxX/8zqx6p25CeVRrAjH00W9mEEVwjQX2KWCYMVGmiAsqL4V4gESCCudXkGHYM++/Jc0K2X7pHx8fVSs1rI48mAH7IESsMEpqIJLUAcNgMEDeAIv4NV4NJ6NN+N92pozsplt8AvGxzf+FZnT</latexit>

I2(Ax, B) ! 0<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

Call this <latexit sha1_base64="zDhDjF7qdgiO6k6PWs6aQNJq1Co=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5iddJIhs7PLzKwYlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HweuI3HlFpHskHM4rRD2lf8h5n1Fjp/qlz2ymW3LI7BVkkXkZKkKHaKX61uxFLQpSGCap1y3Nj46dUGc4EjgvtRGNM2ZD2sWWppCFqP52eOiZHVumSXqRsSUOm6u+JlIZaj8LAdobUDPS8NxH/81qJ6V36KZdxYlCy2aJeIoiJyORv0uUKmREjSyhT3N5K2IAqyoxNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6gCjVg0IdneIU3RzgvzrvzMWvNOdnMPvyB8/kDM1CNwg==</latexit>xI

Sang, Li, Hsieh, Yoshida, PRX Quantum (2023)

(Inject d qubits)



Compute the mutual information 

Find the        where 

<latexit sha1_base64="aqDWiqmeAsFHQEWk6L4r8tvLWcw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJ8bWsdaO7CvYBbQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c7yIUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAq9Vv3REga8js1iogToD6nPsVIack197oBUgOMWHIzdiulS/fhuHbkmkWrbE0A54mdkSLIUHfNr24vxHFAuMIMSdmxrUg5CRKKYkbGhW4sSYTwEPVJR1OOAiKdZJJ+DA+10oN+KPTjCk7U3xsJCqQcBZ6eTLPKWS8V//M6sfIvnITyKFaE4+khP2ZQhTCtAvaoIFixkSYIC6qzQjxAAmGlCyvoEuzZL8+TZqVsn5VPb0+K1VpWRx7sgwNQAjY4B1VwDeqgATB4BM/gFbwZT8aL8W58TEdzRrazC/7A+PwBHTiUXA==</latexit>

I2(Ax, B)
<latexit sha1_base64="8fOV7INTXtUa77y4DDXf04QsEwI=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICUpvpa1bnRXwT6gCWEynbZDJ5MwM1FL6NqNv+LGhSJu/QJ3/o2TNgutHrhwOOde7r3HjxiVyrK+jNzc/MLiUn65sLK6tr5hbm41ZRgLTBo4ZKFo+0gSRjlpKKoYaUeCoMBnpOUPL1K/dUuEpCG/UaOIuAHqc9qjGCkteeauEyA1wIglV2OvUjr37g9rB46g/YFCQoR30PLMolW2JoB/iZ2RIshQ98xPpxviOCBcYYak7NhWpNwECUUxI+OCE0sSITxEfdLRlKOASDeZvDKG+1rpwl4odHEFJ+rPiQQFUo4CX3emh8tZLxX/8zqx6p25CeVRrAjH00W9mEEVwjQX2KWCYMVGmiAsqL4V4gESCCudXkGHYM++/Jc0K2X7pHx8fVSs1rI48mAH7IESsMEpqIJLUAcNgMEDeAIv4NV4NJ6NN+N92pozsplt8AvGxzf+FZnT</latexit>

I2(Ax, B) ! 0<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

Call this <latexit sha1_base64="zDhDjF7qdgiO6k6PWs6aQNJq1Co=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5iddJIhs7PLzKwYlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HweuI3HlFpHskHM4rRD2lf8h5n1Fjp/qlz2ymW3LI7BVkkXkZKkKHaKX61uxFLQpSGCap1y3Nj46dUGc4EjgvtRGNM2ZD2sWWppCFqP52eOiZHVumSXqRsSUOm6u+JlIZaj8LAdobUDPS8NxH/81qJ6V36KZdxYlCy2aJeIoiJyORv0uUKmREjSyhT3N5K2IAqyoxNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6gCjVg0IdneIU3RzgvzrvzMWvNOdnMPvyB8/kDM1CNwg==</latexit>xI

MIPT

Infinite randomness

Ultra-fast

Does this Imply we can 
send information faster?

Yes!

Couple a qubit into a critical 
monitored circuit, “inject a bit 
of information”



Ultrafast information propagation!

Compute the mutual information 

Find the        where 

<latexit sha1_base64="aqDWiqmeAsFHQEWk6L4r8tvLWcw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJ8bWsdaO7CvYBbQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c7yIUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAq9Vv3REga8js1iogToD6nPsVIack197oBUgOMWHIzdiulS/fhuHbkmkWrbE0A54mdkSLIUHfNr24vxHFAuMIMSdmxrUg5CRKKYkbGhW4sSYTwEPVJR1OOAiKdZJJ+DA+10oN+KPTjCk7U3xsJCqQcBZ6eTLPKWS8V//M6sfIvnITyKFaE4+khP2ZQhTCtAvaoIFixkSYIC6qzQjxAAmGlCyvoEuzZL8+TZqVsn5VPb0+K1VpWRx7sgwNQAjY4B1VwDeqgATB4BM/gFbwZT8aL8W58TEdzRrazC/7A+PwBHTiUXA==</latexit>

I2(Ax, B)
<latexit sha1_base64="8fOV7INTXtUa77y4DDXf04QsEwI=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICUpvpa1bnRXwT6gCWEynbZDJ5MwM1FL6NqNv+LGhSJu/QJ3/o2TNgutHrhwOOde7r3HjxiVyrK+jNzc/MLiUn65sLK6tr5hbm41ZRgLTBo4ZKFo+0gSRjlpKKoYaUeCoMBnpOUPL1K/dUuEpCG/UaOIuAHqc9qjGCkteeauEyA1wIglV2OvUjr37g9rB46g/YFCQoR30PLMolW2JoB/iZ2RIshQ98xPpxviOCBcYYak7NhWpNwECUUxI+OCE0sSITxEfdLRlKOASDeZvDKG+1rpwl4odHEFJ+rPiQQFUo4CX3emh8tZLxX/8zqx6p25CeVRrAjH00W9mEEVwjQX2KWCYMVGmiAsqL4V4gESCCudXkGHYM++/Jc0K2X7pHx8fVSs1rI48mAH7IESsMEpqIJLUAcNgMEDeAIv4NV4NJ6NN+N92pozsplt8AvGxzf+FZnT</latexit>

I2(Ax, B) ! 0<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x

Call this <latexit sha1_base64="zDhDjF7qdgiO6k6PWs6aQNJq1Co=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5iddJIhs7PLzKwYlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HweuI3HlFpHskHM4rRD2lf8h5n1Fjp/qlz2ymW3LI7BVkkXkZKkKHaKX61uxFLQpSGCap1y3Nj46dUGc4EjgvtRGNM2ZD2sWWppCFqP52eOiZHVumSXqRsSUOm6u+JlIZaj8LAdobUDPS8NxH/81qJ6V36KZdxYlCy2aJeIoiJyORv0uUKmREjSyhT3N5K2IAqyoxNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6gCjVg0IdneIU3RzgvzrvzMWvNOdnMPvyB8/kDM1CNwg==</latexit>xI

<latexit sha1_base64="w+ZFeLeW8slasfjElzL/u9ktW7E=">AAACBHicbVC5TsNAEF1zhnAZKNOsiJCoIhtxlRE00AWJHFJsrPVmnayya1u7Y0RkpaDhV2goQIiWj6Djb9gcBSQ8aaSn92Y0My9MBdfgON/WwuLS8spqYa24vrG5tW3v7DZ0kinK6jQRiWqFRDPBY1YHDoK1UsWIDAVrhv3Lkd+8Z0rzJL6FQcp8SboxjzglYKTALsFd7qWaBx6QbIg9zSX2RNLFD8F1YJedijMGnifulJTRFLXA/vI6Cc0ki4EKonXbdVLwc6KAU8GGRS/TLCW0T7qsbWhMJNN+Pn5iiA+M0sFRokzFgMfq74mcSK0HMjSdkkBPz3oj8T+vnUF07uc8TjNgMZ0sijKBIcGjRHCHK0ZBDAwhVHFzK6Y9oggFk1vRhODOvjxPGkcV97RycnNcrl5M4yigEtpHh8hFZ6iKrlAN1RFFj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AHrZl/0=</latexit>

t ⌧ ⇠ log xI

Does this Imply we can 
send information faster?

Yes!

Couple a qubit into a critical 
monitored circuit, “inject a bit 
of information”

Ultra-fast



Comparison of the 3 
classes of MIPTs

Ultrafast

<latexit sha1_base64="w+ZFeLeW8slasfjElzL/u9ktW7E=">AAACBHicbVC5TsNAEF1zhnAZKNOsiJCoIhtxlRE00AWJHFJsrPVmnayya1u7Y0RkpaDhV2goQIiWj6Djb9gcBSQ8aaSn92Y0My9MBdfgON/WwuLS8spqYa24vrG5tW3v7DZ0kinK6jQRiWqFRDPBY1YHDoK1UsWIDAVrhv3Lkd+8Z0rzJL6FQcp8SboxjzglYKTALsFd7qWaBx6QbIg9zSX2RNLFD8F1YJedijMGnifulJTRFLXA/vI6Cc0ki4EKonXbdVLwc6KAU8GGRS/TLCW0T7qsbWhMJNN+Pn5iiA+M0sFRokzFgMfq74mcSK0HMjSdkkBPz3oj8T+vnUF07uc8TjNgMZ0sijKBIcGjRHCHK0ZBDAwhVHFzK6Y9oggFk1vRhODOvjxPGkcV97RycnNcrl5M4yigEtpHh8hFZ6iKrlAN1RFFj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AHrZl/0=</latexit>

t ⌧ ⇠ log xI

Compute the mutual information 

find the        where 

<latexit sha1_base64="aqDWiqmeAsFHQEWk6L4r8tvLWcw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJ8bWsdaO7CvYBbQiT6aQdOpmEmYlYQ/FX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c7yIUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3vAq9Vv3REga8js1iogToD6nPsVIack197oBUgOMWHIzdiulS/fhuHbkmkWrbE0A54mdkSLIUHfNr24vxHFAuMIMSdmxrUg5CRKKYkbGhW4sSYTwEPVJR1OOAiKdZJJ+DA+10oN+KPTjCk7U3xsJCqQcBZ6eTLPKWS8V//M6sfIvnITyKFaE4+khP2ZQhTCtAvaoIFixkSYIC6qzQjxAAmGlCyvoEuzZL8+TZqVsn5VPb0+K1VpWRx7sgwNQAjY4B1VwDeqgATB4BM/gFbwZT8aL8W58TEdzRrazC/7A+PwBHTiUXA==</latexit>

I2(Ax, B)
<latexit sha1_base64="8fOV7INTXtUa77y4DDXf04QsEwI=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoICUpvpa1bnRXwT6gCWEynbZDJ5MwM1FL6NqNv+LGhSJu/QJ3/o2TNgutHrhwOOde7r3HjxiVyrK+jNzc/MLiUn65sLK6tr5hbm41ZRgLTBo4ZKFo+0gSRjlpKKoYaUeCoMBnpOUPL1K/dUuEpCG/UaOIuAHqc9qjGCkteeauEyA1wIglV2OvUjr37g9rB46g/YFCQoR30PLMolW2JoB/iZ2RIshQ98xPpxviOCBcYYak7NhWpNwECUUxI+OCE0sSITxEfdLRlKOASDeZvDKG+1rpwl4odHEFJ+rPiQQFUo4CX3emh8tZLxX/8zqx6p25CeVRrAjH00W9mEEVwjQX2KWCYMVGmiAsqL4V4gESCCudXkGHYM++/Jc0K2X7pHx8fVSs1rI48mAH7IESsMEpqIJLUAcNgMEDeAIv4NV4NJ6NN+N92pozsplt8AvGxzf+FZnT</latexit>

I2(Ax, B) ! 0<latexit sha1_base64="ZwKkaJcdU3hHlnhMyVD4tdz55QM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZo1kwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOl5jQY=</latexit>x call this <latexit sha1_base64="zDhDjF7qdgiO6k6PWs6aQNJq1Co=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5iddJIhs7PLzKwYlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HweuI3HlFpHskHM4rRD2lf8h5n1Fjp/qlz2ymW3LI7BVkkXkZKkKHaKX61uxFLQpSGCap1y3Nj46dUGc4EjgvtRGNM2ZD2sWWppCFqP52eOiZHVumSXqRsSUOm6u+JlIZaj8LAdobUDPS8NxH/81qJ6V36KZdxYlCy2aJeIoiJyORv0uUKmREjSyhT3N5K2IAqyoxNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6gCjVg0IdneIU3RzgvzrvzMWvNOdnMPvyB8/kDM1CNwg==</latexit>xI

UltraslowLorentz invariant

<latexit sha1_base64="ZmI4GLQj0Io9Mw4RFRZ1tsJkjZs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ilNvaMiMhTv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/m5U3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZ/U4GQnOGcmIJZVrYWwkbUU0Z2oRKNgRv+eVV0rqoerVq7f6yUr/J4yjCCZzCOXhwBXW4gwY0gcEYnuEV3pzEeXHenY9Fa8HJZ47hD5zPHy51j3w=</latexit>

t ⇠ x

Temporal randomness Space-time randomness Static randomness

<latexit sha1_base64="BKvmULaC6KcZd78Kc2njctr6Dcc=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSkuiy6ceGign1AE8tkOmmHziPMTIQQ6q+4caGIWz/EnX/jtM1CWw9cOJxzL/feEyWMauN5387K6tr6xmZpq7y9s7u37x4ctrVMFSYtLJlU3QhpwqggLUMNI91EEcQjRjrR+Hrqdx6J0lSKe5MlJORoKGhMMTJW6ruVgMkhNIGmHN4+5EGi6aTvVr2aNwNcJn5BqqBAs+9+BQOJU06EwQxp3fO9xIQ5UoZiRiblINUkQXiMhqRnqUCc6DCfHT+BJ1YZwFgqW8LAmfp7Ikdc64xHtpMjM9KL3lT8z+ulJr4McyqS1BCB54vilEEj4TQJOKCKYMMySxBW1N4K8QgphI3Nq2xD8BdfXibts5pfr9XvzquNqyKOEjgCx+AU+OACNMANaIIWwCADz+AVvDlPzovz7nzMW1ecYqYC/sD5/AGD25S1</latexit>

log t ⇠ L 

<latexit sha1_base64="m50hQsPi8MfKEGuY/gRWLvS0w3s=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7IrUj0WvXisYD+gXUo2zbah2WRJskq79Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5YcKZNp737aytb2xubRd2irt7+wcl9/CoqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBWObmd+65EqzaR4MOOEBjEeCBYxgo2Vem5pgrqKDYYGKyWfkNdzy17FmwOtEj8nZchR77lf3b4kaUyFIRxr3fG9xAQZVoYRTqfFbqppgskID2jHUoFjqoNsfvgUnVmljyKpbAmD5urviQzHWo/j0HbG2Az1sjcT//M6qYmug4yJJDVUkMWiKOXISDRLAfWZosTwsSWYKGZvRWSIFSbGZlW0IfjLL6+S5kXFr1aq95fl2k0eRwFO4BTOwYcrqMEd1KEBBFJ4hld4cybOi/PufCxa15x85hj+wPn8AUZ5kts=</latexit>

z ! 0 <latexit sha1_base64="la6Y32hfoSxpjDA1cLy2erKl0N0=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIVJdFNy4r2Ac0oUymk3boZBJmbpS0FH/FjQtF3Pof7vwbp20W2nrgwuGce7n3niARXIPjfFuFldW19Y3iZmlre2d3z94/aOo4VZQ1aCxi1Q6IZoJL1gAOgrUTxUgUCNYKhjdTv/XAlOaxvIcsYX5E+pKHnBIwUtc+GmFP8f4AiFLxI/a4DCHr2mWn4syAl4mbkzLKUe/aX14vpmnEJFBBtO64TgL+mCjgVLBJyUs1Swgdkj7rGCpJxLQ/nl0/wadG6eEwVqYk4Jn6e2JMIq2zKDCdEYGBXvSm4n9eJ4Xwyh9zmaTAJJ0vClOBIcbTKHCPK0ZBZIYQqri5FdMBUYSCCaxkQnAXX14mzfOKW61U7y7Ktes8jiI6RifoDLnoEtXQLaqjBqJohJ7RK3qznqwX6936mLcWrHzmEP2B9fkDq5GVYw==</latexit>

z ! 1<latexit sha1_base64="rLxrUnsOM1z5Ii1WYGYMvJEVr+s=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHiOYByRJmJ5NkyOzsMtMrxCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5ybUSkHnAccz+kAyX6glG00v3TldctltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2KuXK3Xmpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8f3pWNiw==</latexit>

z = 1



• The measurement transition is a novel dynamical transition in the 
structure of the entanglement.

• The transition is described by a logarithmic CFT that is 
characterized by its effective central charge.

• Conservation laws, static, and dynamic perturbations 
fundamentally alter the dynamics.

Conclusions and Outlook

Thank you for your attention!

C(x, y) = Tr (⇢avSz(x)Sz(y))

<latexit sha1_base64="7vLlcTca3DeIcu+AF4M/2+hSI1Q="></latexit>

How do we overcome this argument?
at late times

will approach the infinite temperature 
Gibbs ensemble for any p<latexit sha1_base64="PqYf/WJ0bJQal7PTqt5mG8j5jw8="></latexit>

⇢av =
1

2L

X

m

| m(t)ih m(t)|



Conclusions and Outlook

Thank you for your attention!

How do we overcome this argument?

Now NOT equivalent to the 
infinite temperature Gibbs ensemble

Consider incorporating feedback from 
the measurement outcome

• The measurement transition is a novel dynamical transition in the 
structure of the entanglement.

• The transition is described by a logarithmic CFT that is 
characterized by its effective central charge.

• Conservation laws, static, and dynamic perturbations 
fundamentally alter the dynamics.



Collaborators

Rutgers
Sarang 

Gopalakrishnan

Aidan 
Zabalo

( ->Prudential)

Justin Wilson 

Princeton

Michael Gullans

Zabalo, et al PRB(R) (2020), PRL (2022)
Aziz, Chakraborty, JHP PRB (2024)

JQI, NIST

Andreas Ludwig
UCSB

David Huse

UGeneva
Romain Vasseur

LSU
MIPTs

Static & 
temporal 
disorder

Zabalo, et al PRB (2023); Shkolnik et al PRB (2023), 
Shkolnik et al PRB (2025)

Ahana Chakraborty
U(1) symmetry Agrawal, Zabalo, et al PRX (2022)

Chakraborty et al PRB (2024)

Gal Shkolnik

Hebrew 
University

Hebrew 
University

Snir Gazit

Pradip KattelYicheng 
Tang

SWSSB Tang, Kattel, JHP arXiv (2026)

MBL Tang, Kattel, Pal, 
Yuzbashyan, JHP arXiv (2026)

Kemal Aziz



Luck Criteria and the 
Wandering Exponent

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

wandering exponent

Luck, Journal of Stat. Phys. (1993)

Grimm and Baake, Journal of Stat. Phys. (1994)



Luck Criteria and the 
Wandering Exponent

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

wandering exponent
<latexit sha1_base64="hwlcTDwJlBURyJgEdG7b6YM2QFs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREiroRim5ctmAf0IQwmU7aoZNkmJlIS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7j88Zlcqyvo3c2vrG5lZ+u7Czu7d/YB4etWWcCExaOGax6PpIEkYj0lJUMdLlgqDQZ6Tjj25nfueBCEnj6F5NOHFDNIhoQDFSWvLMIi+PK/Aacs+CDo5luQnH8Aw6fEgrnlmyqtYccJXYGSmBDA3P/HL6MU5CEinMkJQ92+LKTZFQFDMyLTiJJBzhERqQnqYRCol00/kTU3iqlT4MYqErUnCu/p5IUSjlJPR1Z4jUUC57M/E/r5eo4MpNacQTRSK8WBQkDKoYzhKBfSoIVmyiCcKC6lshHiKBsNK5FXQI9vLLq6R9XrUvqrVmrVS/yeLIgyI4AWVgg0tQB3egAVoAg0fwDF7Bm/FkvBjvxseiNWdkM8fgD4zPH4SqlXo=</latexit>

p(x) = p0 cos(Qx+ �)
<latexit sha1_base64="PpxyTdMmj4mKEGXT/vlQG99mVJs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBHapNTHRii6cdmCfUATymQ6aYdOJnFmIpSQjb/ixoUibv0Md/6N0zYLrR64cDjnXu69x4sYlcqyvozc0vLK6lp+vbCxubW9Y+7utWUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjjW+mfueBCElDfqcmEXEDNOTUpxgpLfXNg2al6kQUXsFqpeTIe6GSs/TUPumbRatszQD/EjsjRZCh0Tc/nUGI44BwhRmSsmdbkXITJBTFjKQFJ5YkQniMhqSnKUcBkW4yeyCFx1oZQD8UuriCM/XnRIICKSeBpzsDpEZy0ZuK/3m9WPmXbkJ5FCvC8XyRHzOoQjhNAw6oIFixiSYIC6pvhXiEBMJKZ1bQIdiLL/8l7WrZPi/XmrVi/TqLIw8OwREoARtcgDq4BQ3QAhik4Am8gFfj0Xg23oz3eWvOyGb2wS8YH99lKZRf</latexit>

Q/2⇡ = 2/(
p
5 + 1)

<latexit sha1_base64="R631H3Q154JMSvLkGV9awwoNhhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortXsBGnrj9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL3Lau2hVqnf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+6Do8u</latexit>

� = 0 this is an irrelevant 
perturbation

Luck, Journal of Stat. Phys. (1993)

Grimm and Baake, Journal of Stat. Phys. (1994)



Luck Criteria and the 
Wandering Exponent

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

wandering exponent
<latexit sha1_base64="hwlcTDwJlBURyJgEdG7b6YM2QFs=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREiroRim5ctmAf0IQwmU7aoZNkmJlIS+jCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7j88Zlcqyvo3c2vrG5lZ+u7Czu7d/YB4etWWcCExaOGax6PpIEkYj0lJUMdLlgqDQZ6Tjj25nfueBCEnj6F5NOHFDNIhoQDFSWvLMIi+PK/Aacs+CDo5luQnH8Aw6fEgrnlmyqtYccJXYGSmBDA3P/HL6MU5CEinMkJQ92+LKTZFQFDMyLTiJJBzhERqQnqYRCol00/kTU3iqlT4MYqErUnCu/p5IUSjlJPR1Z4jUUC57M/E/r5eo4MpNacQTRSK8WBQkDKoYzhKBfSoIVmyiCcKC6lshHiKBsNK5FXQI9vLLq6R9XrUvqrVmrVS/yeLIgyI4AWVgg0tQB3egAVoAg0fwDF7Bm/FkvBjvxseiNWdkM8fgD4zPH4SqlXo=</latexit>

p(x) = p0 cos(Qx+ �)
<latexit sha1_base64="PpxyTdMmj4mKEGXT/vlQG99mVJs=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBHapNTHRii6cdmCfUATymQ6aYdOJnFmIpSQjb/ixoUibv0Md/6N0zYLrR64cDjnXu69x4sYlcqyvozc0vLK6lp+vbCxubW9Y+7utWUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjjW+mfueBCElDfqcmEXEDNOTUpxgpLfXNg2al6kQUXsFqpeTIe6GSs/TUPumbRatszQD/EjsjRZCh0Tc/nUGI44BwhRmSsmdbkXITJBTFjKQFJ5YkQniMhqSnKUcBkW4yeyCFx1oZQD8UuriCM/XnRIICKSeBpzsDpEZy0ZuK/3m9WPmXbkJ5FCvC8XyRHzOoQjhNAw6oIFixiSYIC6pvhXiEBMJKZ1bQIdiLL/8l7WrZPi/XmrVi/TqLIw8OwREoARtcgDq4BQ3QAhik4Am8gFfj0Xg23oz3eWvOyGb2wS8YH99lKZRf</latexit>

Q/2⇡ = 2/(
p
5 + 1)

<latexit sha1_base64="R631H3Q154JMSvLkGV9awwoNhhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortXsBGnrj9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL3Lau2hVqnf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+6Do8u</latexit>

� = 0 this is an irrelevant 
perturbation

Luck, Journal of Stat. Phys. (1993)

Grimm and Baake, Journal of Stat. Phys. (1994)

<latexit sha1_base64="C5XawWm5XDbOs8YiWeerE8jD3hA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9C0IvHiOYByRJmJ51kyOzsMjMrxCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zUdUmkfywYxj9EM6kLzPGTVWun+68rrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf1LP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukcVb2zsuVu0qpep3FkYcjOIZT8OACqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8f3fGNiQ==</latexit>

z = 1
<latexit sha1_base64="0dkqHIuJqVCaaRWXS5KFrN454kA=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUhK0W6EohtdCBX6EJoQJtNJO3QyCTMTsYRu3Pgrblwo4tZ/cOffOG2z0NYDFw7n3Mu99wQJo1LZ9rdRWFpeWV0rrpc2Nre2d8zdvbaMU4FJC8csFncBkoRRTlqKKkbuEkFQFDDSCYaXE79zT4SkMW+qUUK8CPU5DSlGSku+eejy1EVJIuIH6FiVGjyHWvGzm+tGc+ybZduyp4CLxMlJGeRo+OaX24txGhGuMENSdh07UV6GhKKYkXHJTSVJEB6iPulqylFEpJdNvxjDY630YBgLXVzBqfp7IkORlKMo0J0RUgM5703E/7xuqsKal1GepIpwPFsUpgyqGE4igT0qCFZspAnCgupbIR4ggbDSwZV0CM78y4ukXbGcU6t6Wy3XL/I4iuAAHIET4IAzUAdXoAFaAINH8AxewZvxZLwY78bHrLVg5DP74A+Mzx9dA5c3</latexit>

⌫ ⇡ 1.28 = ⌫MIPT



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Luck, Journal of Stat. Phys. (1993) Grimm and Baake, Journal of Stat. Phys. (1993)



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Fibonacci substitution rules
<latexit sha1_base64="L9SCQBqV2x8216uKAuUZYG4QhPE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPaUDbbbbt0swm7k0oJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemEhh0PO+ncLa+sbmVnG7tLO7t3/gHh41TJxqxusslrFuhdRwKRSvo0DJW4nmNAolb4aju5nfHHNtRKwecZLwIKIDJfqCUbRS13U90tFiMESqdfxEPL/rlr2KNwdZJX5OypCj1nW/Or2YpRFXyCQ1pu17CQYZ1SiY5NNSJzU8oWxEB7xtqaIRN0E2v3xKzqzSI/1Y21JI5urviYxGxkyi0HZGFIdm2ZuJ/3ntFPs3QSZUkiJXbLGon0qCMZnFQHpCc4ZyYgllWthbCRtSTRnasEo2BH/55VXSuKj4V5XLh8ty9TaPowgncArn4MM1VOEealAHBmN4hld4czLnxXl3PhatBSefOYY/cD5/AEZJkso=</latexit>

0 ! 01
<latexit sha1_base64="1SmTpLtFY6IIHsyFfH433cCPoKM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z93NN8OAKitXrEXt+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zqn9Rrd3VKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AdMkkpA=</latexit>

1 ! 0

<latexit sha1_base64="MLj1/wXkWWIsQRgQoI/9T5VKHeY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgxpKUom6EohuXldoHtCFMptN26GQSZiZiCfkVNy4UceuPuPNvnKZZaOuByz2ccy9z5/gRo1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/vR27ncfiZA05A9qFhE3QGNORxQjpSXPLLc8ft3yEn7upFmrpZ5Zsat2BmuVODmpQI6mZ34NhiGOA8IVZkjKvmNHyk2QUBQzkpYGsSQRwlM0Jn1NOQqIdJPs9tQ61crQGoVCF1dWpv7eSFAg5Szw9WSA1EQue3PxP68fq9GVm1AexYpwvHhoFDNLhdY8CGtIBcGKzTRBWFB9q4UnSCCsdFwlHYKz/OVV0qlVnYtq/b5eadzkcRThGE7gDBy4hAbcQRPagOEJnuEV3ozUeDHejY/FaMHId47gD4zPH937k7I=</latexit>

Sn = Sn�1Sn�2



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Fibonacci substitution rules
<latexit sha1_base64="L9SCQBqV2x8216uKAuUZYG4QhPE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPaUDbbbbt0swm7k0oJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemEhh0PO+ncLa+sbmVnG7tLO7t3/gHh41TJxqxusslrFuhdRwKRSvo0DJW4nmNAolb4aju5nfHHNtRKwecZLwIKIDJfqCUbRS13U90tFiMESqdfxEPL/rlr2KNwdZJX5OypCj1nW/Or2YpRFXyCQ1pu17CQYZ1SiY5NNSJzU8oWxEB7xtqaIRN0E2v3xKzqzSI/1Y21JI5urviYxGxkyi0HZGFIdm2ZuJ/3ntFPs3QSZUkiJXbLGon0qCMZnFQHpCc4ZyYgllWthbCRtSTRnasEo2BH/55VXSuKj4V5XLh8ty9TaPowgncArn4MM1VOEealAHBmN4hld4czLnxXl3PhatBSefOYY/cD5/AEZJkso=</latexit>

0 ! 01
<latexit sha1_base64="1SmTpLtFY6IIHsyFfH433cCPoKM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z93NN8OAKitXrEXt+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zqn9Rrd3VKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AdMkkpA=</latexit>

1 ! 0

represented as a 
substitution matrix

<latexit sha1_base64="hc2PsAVJ4CSNrZqo1KMLaIy08yQ=">AAACGnicbVBNS8NAEN3Urxq/oh69LBaLp5JIUY9FLx4r2FZoQtlsp+3SzSbsbsQS+ju8+Fe8eFDEm3jx37hpi2jrwC6P994wMy9MOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LG9DooAzAQ3NNIfbRAKJQg6tcHiZ6607kIrF4kaPEggi0hesxyjRhuo4nh9Cn4ksiYiW7H5sYw/jsvl8P4dljF1s+yC6P46OU3Ir7qTwIvBmoIRmVe84H343pmkEQlNOlGp7bqKDjEjNKIex7acKEkKHpA9tAwWJQAXZ5LQxPjJMF/diaZ7QeML+7shIpNQoCo3T7DdQ81pO/qe1U907DzImklSDoNNBvZRjHeM8J9xlEqjmIwMIlczsiumASEK1SdM2IXjzJy+C5knFO61Ur6ul2sUsjiI6QIfoGHnoDNXQFaqjBqLoAT2hF/RqPVrP1pv1PrUWrFnPPvpT1uc36aCdsQ==</latexit>✓
1 1
1 0

◆<latexit sha1_base64="koI8iYNdh5Ts4kH0FalJhMRD3ic="></latexit>✓
#0�(0) #0�(1)
#1�(0) #1�(1)

◆
=

<latexit sha1_base64="MLj1/wXkWWIsQRgQoI/9T5VKHeY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgxpKUom6EohuXldoHtCFMptN26GQSZiZiCfkVNy4UceuPuPNvnKZZaOuByz2ccy9z5/gRo1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckeGscCkjUMWip6PJGGUk7aiipFeJAgKfEa6/vR27ncfiZA05A9qFhE3QGNORxQjpSXPLLc8ft3yEn7upFmrpZ5Zsat2BmuVODmpQI6mZ34NhiGOA8IVZkjKvmNHyk2QUBQzkpYGsSQRwlM0Jn1NOQqIdJPs9tQ61crQGoVCF1dWpv7eSFAg5Szw9WSA1EQue3PxP68fq9GVm1AexYpwvHhoFDNLhdY8CGtIBcGKzTRBWFB9q4UnSCCsdFwlHYKz/OVV0qlVnYtq/b5eadzkcRThGE7gDBy4hAbcQRPagOEJnuEV3ozUeDHejY/FaMHId47gD4zPH937k7I=</latexit>

Sn = Sn�1Sn�2

Luck, Journal of Stat. Phys. (1993) Grimm and Baake, Journal of Stat. Phys. (1993)



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Fibonacci substitution rules
<latexit sha1_base64="L9SCQBqV2x8216uKAuUZYG4QhPE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPaUDbbbbt0swm7k0oJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemEhh0PO+ncLa+sbmVnG7tLO7t3/gHh41TJxqxusslrFuhdRwKRSvo0DJW4nmNAolb4aju5nfHHNtRKwecZLwIKIDJfqCUbRS13U90tFiMESqdfxEPL/rlr2KNwdZJX5OypCj1nW/Or2YpRFXyCQ1pu17CQYZ1SiY5NNSJzU8oWxEB7xtqaIRN0E2v3xKzqzSI/1Y21JI5urviYxGxkyi0HZGFIdm2ZuJ/3ntFPs3QSZUkiJXbLGon0qCMZnFQHpCc4ZyYgllWthbCRtSTRnasEo2BH/55VXSuKj4V5XLh8ty9TaPowgncArn4MM1VOEealAHBmN4hld4czLnxXl3PhatBSefOYY/cD5/AEZJkso=</latexit>

0 ! 01
<latexit sha1_base64="1SmTpLtFY6IIHsyFfH433cCPoKM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z93NN8OAKitXrEXt+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zqn9Rrd3VKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AdMkkpA=</latexit>

1 ! 0
number of 0s that get mapped to 0s

represented as a 
substitution matrix

<latexit sha1_base64="hc2PsAVJ4CSNrZqo1KMLaIy08yQ=">AAACGnicbVBNS8NAEN3Urxq/oh69LBaLp5JIUY9FLx4r2FZoQtlsp+3SzSbsbsQS+ju8+Fe8eFDEm3jx37hpi2jrwC6P994wMy9MOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LG9DooAzAQ3NNIfbRAKJQg6tcHiZ6607kIrF4kaPEggi0hesxyjRhuo4nh9Cn4ksiYiW7H5sYw/jsvl8P4dljF1s+yC6P46OU3Ir7qTwIvBmoIRmVe84H343pmkEQlNOlGp7bqKDjEjNKIex7acKEkKHpA9tAwWJQAXZ5LQxPjJMF/diaZ7QeML+7shIpNQoCo3T7DdQ81pO/qe1U907DzImklSDoNNBvZRjHeM8J9xlEqjmIwMIlczsiumASEK1SdM2IXjzJy+C5knFO61Ur6ul2sUsjiI6QIfoGHnoDNXQFaqjBqLoAT2hF/RqPVrP1pv1PrUWrFnPPvpT1uc36aCdsQ==</latexit>✓
1 1
1 0

◆<latexit sha1_base64="koI8iYNdh5Ts4kH0FalJhMRD3ic="></latexit>✓
#0�(0) #0�(1)
#1�(0) #1�(1)

◆
=

Luck, Journal of Stat. Phys. (1993) Grimm and Baake, Journal of Stat. Phys. (1993)



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Fibonacci substitution rules
<latexit sha1_base64="L9SCQBqV2x8216uKAuUZYG4QhPE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPaUDbbbbt0swm7k0oJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemEhh0PO+ncLa+sbmVnG7tLO7t3/gHh41TJxqxusslrFuhdRwKRSvo0DJW4nmNAolb4aju5nfHHNtRKwecZLwIKIDJfqCUbRS13U90tFiMESqdfxEPL/rlr2KNwdZJX5OypCj1nW/Or2YpRFXyCQ1pu17CQYZ1SiY5NNSJzU8oWxEB7xtqaIRN0E2v3xKzqzSI/1Y21JI5urviYxGxkyi0HZGFIdm2ZuJ/3ntFPs3QSZUkiJXbLGon0qCMZnFQHpCc4ZyYgllWthbCRtSTRnasEo2BH/55VXSuKj4V5XLh8ty9TaPowgncArn4MM1VOEealAHBmN4hld4czLnxXl3PhatBSefOYY/cD5/AEZJkso=</latexit>

0 ! 01
<latexit sha1_base64="1SmTpLtFY6IIHsyFfH433cCPoKM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z93NN8OAKitXrEXt+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zqn9Rrd3VKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AdMkkpA=</latexit>

1 ! 0
number of 0s that get mapped to 0s

represented as a 
substitution matrix

<latexit sha1_base64="hc2PsAVJ4CSNrZqo1KMLaIy08yQ=">AAACGnicbVBNS8NAEN3Urxq/oh69LBaLp5JIUY9FLx4r2FZoQtlsp+3SzSbsbsQS+ju8+Fe8eFDEm3jx37hpi2jrwC6P994wMy9MOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LG9DooAzAQ3NNIfbRAKJQg6tcHiZ6607kIrF4kaPEggi0hesxyjRhuo4nh9Cn4ksiYiW7H5sYw/jsvl8P4dljF1s+yC6P46OU3Ir7qTwIvBmoIRmVe84H343pmkEQlNOlGp7bqKDjEjNKIex7acKEkKHpA9tAwWJQAXZ5LQxPjJMF/diaZ7QeML+7shIpNQoCo3T7DdQ81pO/qe1U907DzImklSDoNNBvZRjHeM8J9xlEqjmIwMIlczsiumASEK1SdM2IXjzJy+C5knFO61Ur6ul2sUsjiI6QIfoGHnoDNXQFaqjBqLoAT2hF/RqPVrP1pv1PrUWrFnPPvpT1uc36aCdsQ==</latexit>✓
1 1
1 0

◆<latexit sha1_base64="koI8iYNdh5Ts4kH0FalJhMRD3ic="></latexit>✓
#0�(0) #0�(1)
#1�(0) #1�(1)

◆
=

substitution matrix 
eigenvalues

<latexit sha1_base64="KIh1Rq1ryKY6hb3b9H5vupl8ZKg=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglgSKerCRdGNywr2AW0Ik8m0HTqZhJmJUELBX3HjQhG3foc7/8ZpG0GrBwYO55zLvXOChDOlHefTKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQL8J9wXqMYG0k397rchMOsX+CLtE3P/btslNxpkB/iZuTMuSo+/ZHN4xJGlGhCcdKdVwn0V6GpWaE03GpmyqaYDLEfdoxVOCIKi+bnj9Gh0YJUS+W5gmNpurPiQxHSo2iwCQjrAdq3puI/3mdVPcuvIyJJNVUkNmiXsqRjtGkCxQySYnmI0MwkczcisgAS0y0aaxkSnDnv/yXNE8r7lmlelst167yOoqwDwdwBC6cQw1uoA4NIJDBIzzDi/VgPVmv1tssWrDymV34Bev9C4ZolJI=</latexit>

�� < �+



Quasiperiodic 
Structures

<latexit sha1_base64="SK7HCQMpFhdLuW7w6B2dfQuW1XE=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEerAkUtRj0YvHCvYDmlA220m7dLMJuxuhhF68+Fe8eFDEq//Bm//GbZuDVh8MPN6bYWZekHCmtON8WYWl5ZXVteJ6aWNza3vH3t1rqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0PfXb9yAVi8WdHifgR2QgWMgo0Ubq2YeeSLE3AOyFktDMnWT9invqBaDJyaRnl52qMwP+S9yclFGORs/+9PoxTSMQmnKiVNd1Eu1nRGpGOUxKXqogIXREBtA1VJAIlJ/NvpjgY6P0cRhLU0LjmfpzIiORUuMoMJ0R0UO16E3F/7xuqsNLP2MiSTUIOl8UphzrGE8jwX0mgWo+NoRQycytmA6JiUOb4EomBHfx5b+kdVZ1z6u121q5fpXHUUQH6AhVkIsuUB3doAZqIooe0BN6Qa/Wo/VsvVnv89aClc/so1+wPr4B8SGXlw==</latexit>

⌫ � 1

d(1� �)

Static Quasiperiodic perturbations are irrelevant if

control the wandering exponent 
via the quasiperiodic structure!

Move away from smooth structures to discrete (e.g. Fibonacci “words”)

Fibonacci substitution rules
<latexit sha1_base64="L9SCQBqV2x8216uKAuUZYG4QhPE=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPRi8cK9gPaUDbbbbt0swm7k0oJ/SdePCji1X/izX/jts1BWx8MPN6bYWZemEhh0PO+ncLa+sbmVnG7tLO7t3/gHh41TJxqxusslrFuhdRwKRSvo0DJW4nmNAolb4aju5nfHHNtRKwecZLwIKIDJfqCUbRS13U90tFiMESqdfxEPL/rlr2KNwdZJX5OypCj1nW/Or2YpRFXyCQ1pu17CQYZ1SiY5NNSJzU8oWxEB7xtqaIRN0E2v3xKzqzSI/1Y21JI5urviYxGxkyi0HZGFIdm2ZuJ/3ntFPs3QSZUkiJXbLGon0qCMZnFQHpCc4ZyYgllWthbCRtSTRnasEo2BH/55VXSuKj4V5XLh8ty9TaPowgncArn4MM1VOEealAHBmN4hld4czLnxXl3PhatBSefOYY/cD5/AEZJkso=</latexit>

0 ! 01
<latexit sha1_base64="1SmTpLtFY6IIHsyFfH433cCPoKM=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdinZNNuGZpMlmVXq0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fjm5nffmDacCXvYZKwICZDySNOCVip75Z93NN8OAKitXrEXt+teFVvDrxK/JxUUI5G3/3qDRRNYyaBCmJM1/cSCDKigVPBpqVealhC6JgMWddSSWJmgmx++BSfWmWAI6VtScBz9fdERmJjJnFoO2MCI7PszcT/vG4K0VWQcZmkwCRdLIpSgUHhWQp4wDWjICaWEKq5vRXTEdGEgs2qZEPwl19eJa3zqn9Rrd3VKvXrPI4iOkYn6Az56BLV0S1qoCaiKEXP6BW9OU/Oi/PufCxaC04+c4T+wPn8AdMkkpA=</latexit>

1 ! 0
number of 0s that get mapped to 0s

represented as a 
substitution matrix

<latexit sha1_base64="hc2PsAVJ4CSNrZqo1KMLaIy08yQ=">AAACGnicbVBNS8NAEN3Urxq/oh69LBaLp5JIUY9FLx4r2FZoQtlsp+3SzSbsbsQS+ju8+Fe8eFDEm3jx37hpi2jrwC6P994wMy9MOFPadb+swtLyyupacd3e2Nza3nF295oqTiWFBo15LG9DooAzAQ3NNIfbRAKJQg6tcHiZ6607kIrF4kaPEggi0hesxyjRhuo4nh9Cn4ksiYiW7H5sYw/jsvl8P4dljF1s+yC6P46OU3Ir7qTwIvBmoIRmVe84H343pmkEQlNOlGp7bqKDjEjNKIex7acKEkKHpA9tAwWJQAXZ5LQxPjJMF/diaZ7QeML+7shIpNQoCo3T7DdQ81pO/qe1U907DzImklSDoNNBvZRjHeM8J9xlEqjmIwMIlczsiumASEK1SdM2IXjzJy+C5knFO61Ur6ul2sUsjiI6QIfoGHnoDNXQFaqjBqLoAT2hF/RqPVrP1pv1PrUWrFnPPvpT1uc36aCdsQ==</latexit>✓
1 1
1 0

◆<latexit sha1_base64="koI8iYNdh5Ts4kH0FalJhMRD3ic="></latexit>✓
#0�(0) #0�(1)
#1�(0) #1�(1)

◆
=

substitution matrix 
eigenvalues

<latexit sha1_base64="KIh1Rq1ryKY6hb3b9H5vupl8ZKg=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIglgSKerCRdGNywr2AW0Ik8m0HTqZhJmJUELBX3HjQhG3foc7/8ZpG0GrBwYO55zLvXOChDOlHefTKiwsLi2vFFdLa+sbm1v29k5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQL8J9wXqMYG0k397rchMOsX+CLtE3P/btslNxpkB/iZuTMuSo+/ZHN4xJGlGhCcdKdVwn0V6GpWaE03GpmyqaYDLEfdoxVOCIKi+bnj9Gh0YJUS+W5gmNpurPiQxHSo2iwCQjrAdq3puI/3mdVPcuvIyJJNVUkNmiXsqRjtGkCxQySYnmI0MwkczcisgAS0y0aaxkSnDnv/yXNE8r7lmlelst167yOoqwDwdwBC6cQw1uoA4NIJDBIzzDi/VgPVmv1tssWrDymV34Bev9C4ZolJI=</latexit>

�� < �+

controls the fluctuations

controls the inflation



Non-Pisot Quasiperiodic 
Structures

Non-Pisot structures defined by
<latexit sha1_base64="5EAHlP+cHz4UnZILeur6B2YSzPE=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgxjIjRV1J0Y3LCvYB7VAymUwbmslMk0yhTPsdblwo4taPceffmLaz0NYDgcM553JvjhdzprRtf1u5tfWNza38dmFnd2//oHh41FBRIgmtk4hHsuVhRTkTtK6Z5rQVS4pDj9OmN7if+c0RlYpF4kmPY+qGuCdYwAjWRnInHW6yPu5eTG6dbrFkl+050CpxMlKCDLVu8avjRyQJqdCEY6Xajh1rN8VSM8LptNBJFI0xGeAebRsqcEiVm86PnqIzo/goiKR5QqO5+nsixaFS49AzyRDrvlr2ZuJ/XjvRwY2bMhEnmgqyWBQkHOkIzRpAPpOUaD42BBPJzK2I9LHERJueCqYEZ/nLq6RxWXauypXHSql6l9WRhxM4hXNw4Bqq8AA1qAOBITzDK7xZI+vFerc+FtGclc0cwx9Ynz8os5G1</latexit>

|��| > 1 (Pisot                 )
<latexit sha1_base64="BAb1vpurQNOsdBYrCkKQWXzg2hQ=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHcWBIp6rLoxmUF+4A2hMnkph06mcSZiVLafoobF4q49Uvc+TdO2yy09cDA4ZxzuXdOkHKmtON8Wyura+sbm4Wt4vbO7t6+XTpoqiSTFBo04YlsB0QBZwIammkO7VQCiQMOrWBwM/VbjyAVS8S9HqbgxaQnWMQo0Uby7dK4y006JP6ZYfCAXd8uOxVnBrxM3JyUUY66b391w4RmMQhNOVGq4zqp9kZEakY5TIrdTEFK6ID0oGOoIDEobzQ7fYJPjBLiKJHmCY1n6u+JEYmVGsaBScZE99WiNxX/8zqZjq68ERNppkHQ+aIo41gneNoDDpkEqvnQEEIlM7di2ieSUG3aKpoS3MUvL5PmecW9qFTvquXadV5HAR2hY3SKXHSJaugW1VEDUfSEntErerPG1ov1bn3MoytWPnOI/sD6/AGRQpOO</latexit>

|��|  1

Strong fluctuations in non-Pisot structures

Count the number of “1s” 
(or 0s) in the “word” S

<latexit sha1_base64="YWwGV9H/vj6ikaiuZIXR20vfeSw=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBahXkoiRb0IRS+epKJpC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz37htc9DWBwOP92aYmRcknCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHN1G89UalYLB71OKF+hAeChYxgbSTv6q7ycNqzy07VmQEtEzcnZcjR6Nlf3X5M0ogKTThWquM6ifYzLDUjnE5K3VTRBJMRHtCOoQJHVPnZ7NgJOjFKH4WxNCU0mqm/JzIcKTWOAtMZYT1Ui95U/M/rpDq89DMmklRTQeaLwpQjHaPp56jPJCWajw3BRDJzKyJDLDHRJp+SCcFdfHmZNM+q7nm1dl8r16/zOIpwBMdQARcuoA630AAPCDB4hld4s4T1Yr1bH/PWgpXPHMIfWJ8/lL6N5A==</latexit>

= N(S)

consider a collection of 
words all of length L

Define a std. dev. over the set
of segments of length L

<latexit sha1_base64="p3ObGJ4xJ3g/9NoepPzAMuF2EF0="></latexit>

�L =

sX

s

N(s)2 � [
X

s

N(s)]2 ⇠ L�

<latexit sha1_base64="vnv1sfpnm46zsyHeH59cQU9NPwM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegFw8eIpiHJEuYncwmQ+axzMwKYclXePGgiFc/x5t/4yTZgyYWNBRV3XR3RQlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upn6rSeqDVPywY4TGgo8kCxmBFsnPXYNGwjcu0O9csWv+jOgZRLkpAI56r3yV7evSCqotIRjYzqBn9gww9oywumk1E0NTTAZ4QHtOCqxoCbMZgdP0IlT+ihW2pW0aKb+nsiwMGYsItcpsB2aRW8q/ud1UhtfhRmTSWqpJPNFccqRVWj6PeozTYnlY0cw0czdisgQa0ysy6jkQggWX14mzbNqcFE9vz+v1K7zOIpwBMdwCgFcQg1uoQ4NICDgGV7hzdPei/fufcxbC14+cwh/4H3+AEo4kBU=</latexit>�L random walk

Fibonacci 
<latexit sha1_base64="R631H3Q154JMSvLkGV9awwoNhhI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBfsBbSib7aRdutmE3Y1QQn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfy0UwS9CM6lDzkjBortXsBGnrj9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL3Lau2hVqnf5nEU4QRO4Rw8uII63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w+6Do8u</latexit>

� = 0



Summary of these Fixed 
Points 

Transition is controlled by the wandering exponent!
<latexit sha1_base64="TbCtHvFe+JrP7UV0NZvwDeI6owI=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEJIm7EpQy6CNhUVEc4HsEmYns8mQ2dll5qwQQhpfxcZCEVsfw863cZJsoYk/DHz85xzOnD9IBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1tN56ZErzWD7AKGF+RPqSh5wSMFbXProvAfaEwLdl7GkeGY77JSh37aJTcWbCy+BmUESZ6l37y+vFNI2YBCqI1h3XScAfEwWcCjYpeKlmCaFD0mcdg5JETPvj2QETfGqcHg5jZZ4EPHN/T4xJpPUoCkxnRGCgF2tT879aJ4Xw0h9zmaTAJJ0vClOBIcbTNHCPK0ZBjAwQqrj5K6YDoggFk1nBhOAunrwMzbOKe16p3lWLtassjjw6RieohFx0gWroBtVRA1E0Qc/oFb1ZT9aL9W59zFtzVjZziP7I+vwB8uuUug==</latexit>

S(t ⌧ L) ⇠ log(t)
<latexit sha1_base64="AaKqHK/7K8lUMU9dacgUdacdFVU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkIGFXgloGbSxSRDQPyMYwO5lNhszOLjN3lbDkG2z8FRsLRWyt7PwbJ49CEw9cOJxzL/fe40WCa7Dtbyu1tLyyupZez2xsbm3vZHf36jqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW8weXYb9wzpXkob2EYsXZAepL7nBIwUidbuMkDdhXv9YEoFT5gl0sfhse4UsCu5gGu3CWux4CMOtmcXbQnwIvEmZEcmqHayX653ZDGAZNABdG65dgRtBOigFPBRhk31iwidEB6rGWoJAHT7WTy0ggfGaWL/VCZkoAn6u+JhARaDwPPdAYE+nreG4v/ea0Y/PN2wmUUA5N0usiPBYYQj/PBXa4YBTE0hFDFza2Y9okiFEyKGROCM//yIqmfFJ3TYum6lCtfzOJIowN0iPLIQWeojK5QFdUQRY/oGb2iN+vJerHerY9pa8qazeyjP7A+fwC785zo</latexit>

S(t ! 1, L) ⇠ L�

<latexit sha1_base64="hKOuIl4LvfDg2AO5xJPaT5Gtmtg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv3AJpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2iHVKLjEhuFGYDtVSONQYCsc3k791hMqzRP5YEYpBjHtSx5xRo2VHv1U82s/REO75YpbdWcgy8TLSQVy1LvlL7+XsCxGaZigWnc8NzXBmCrDmcBJyc80ppQNaR87lkoaow7Gs4sn5MQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JBKNgRv8eVl0jyrehfV8/vzSu0mj6MIR3AMp+DBJdTgDurQAAYSnuEV3hztvDjvzse8teDkM4fwB87nD2xMkMQ=</latexit>

 = �
<latexit sha1_base64="2Zx4ysa+eIfAwXe+tQtlsfPuQcI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9WBNpKgXoejFYwX7AU0om+22XbrZhN2JUEN/iRcPinj1p3jz37htc9DWBwOP92aYmRfEgmtwnG8rt7K6tr6R3yxsbe/sFu29/aaOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ79VuPTGkeyQcYx8wPyUDyPqcEjNS1i55Mrt2zsnvqBQzISdcuORVnBrxM3IyUUIZ61/7yehFNQiaBCqJ1x3Vi8FOigFPBJgUv0SwmdEQGrGOoJCHTfjo7fIKPjdLD/UiZkoBn6u+JlIRaj8PAdIYEhnrRm4r/eZ0E+ld+ymWcAJN0vqifCAwRnqaAe1wxCmJsCKGKm1sxHRJFKJisCiYEd/HlZdI8r7gXlep9tVS7yeLIo0N0hMrIRZeohu5QHTUQRQl6Rq/ozXqyXqx362PemrOymQP0B9bnD6b4kc0=</latexit>

⌫ = 1/(1� �)

Activated dynamical scaling
<latexit sha1_base64="ClqGtpYnVgGZ4lbdNvspNFpLW5E=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MQxEOYkaAeg148eIhgFsgkoadTSZr0LHTXCGHMwV/x4kERr/6GN//GznLQxAcFj/eqqKrnx1JodJxvK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8wfXY7/2AEqLKLzHYQzNgPVC0RWcoZHa9gG2Tj0tAgqtlN+2Us8HZKNR2847BWcCukjcGcmTGcpt+8vrRDwJIEQumdYN14mxmTKFgksY5bxEQ8z4gPWgYWjIAtDNdHL/iB4bpUO7kTIVIp2ovydSFmg9DHzTGTDs63lvLP7nNRLsXjZTEcYJQsini7qJpBjRcRi0IxRwlENDGFfC3Ep5nynG0USWMyG48y8vkupZwT0vFO+K+dLVLI4sOSRH5IS45IKUyA0pkwrh5JE8k1fyZj1ZL9a79TFtzVizmX3yB9bnD+Ezlgk=</latexit>

t⇤ ⇠ ecL
�

Shkolnik, Vasseur, Huse, JHP, Gazit PRB (2023)

Flows to a fixed point 
that saturates the bound

<latexit sha1_base64="p3ObGJ4xJ3g/9NoepPzAMuF2EF0="></latexit>

�L =

sX

s

N(s)2 � [
X

s

N(s)]2 ⇠ L�

<latexit sha1_base64="n7WSdujKgozPuyKd8QZHTHVFTXA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzGpUl24KLpxWcE+oAllMr1ph04ezEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufceP+FMKtv+NgpLyyura8X10sbm1vaOubvXlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzhzcRvPYCQLI7u1SgBLyT9iAWMEqWlrnlgW5Uz7HKQUrIQuz4ogq+wc1rpmmXbsqfAi8TJSRnlqHfNL7cX0zSESFFOpOw4dqK8jAjFKIdxyU0lJIQOSR86mkYkBOll0xfG+FgrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBpZexKEkVRHS2KEg5VjGe5IF7TABVfKQJoYLpWzEdEEGo0qmVdAjO/MuLpFmxnKpVvTsv167zOIroEB2hE+SgC1RDt6iOGoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8ftT6VFQ==</latexit>

0.23 . � < 1/2



Summary of these Fixed 
Points 

Transition is controlled by the wandering exponent!
<latexit sha1_base64="TbCtHvFe+JrP7UV0NZvwDeI6owI=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEJIm7EpQy6CNhUVEc4HsEmYns8mQ2dll5qwQQhpfxcZCEVsfw863cZJsoYk/DHz85xzOnD9IBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1tN56ZErzWD7AKGF+RPqSh5wSMFbXProvAfaEwLdl7GkeGY77JSh37aJTcWbCy+BmUESZ6l37y+vFNI2YBCqI1h3XScAfEwWcCjYpeKlmCaFD0mcdg5JETPvj2QETfGqcHg5jZZ4EPHN/T4xJpPUoCkxnRGCgF2tT879aJ4Xw0h9zmaTAJJ0vClOBIcbTNHCPK0ZBjAwQqrj5K6YDoggFk1nBhOAunrwMzbOKe16p3lWLtassjjw6RieohFx0gWroBtVRA1E0Qc/oFb1ZT9aL9W59zFtzVjZziP7I+vwB8uuUug==</latexit>

S(t ⌧ L) ⇠ log(t)
<latexit sha1_base64="AaKqHK/7K8lUMU9dacgUdacdFVU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkIGFXgloGbSxSRDQPyMYwO5lNhszOLjN3lbDkG2z8FRsLRWyt7PwbJ49CEw9cOJxzL/fe40WCa7Dtbyu1tLyyupZez2xsbm3vZHf36jqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW8weXYb9wzpXkob2EYsXZAepL7nBIwUidbuMkDdhXv9YEoFT5gl0sfhse4UsCu5gGu3CWux4CMOtmcXbQnwIvEmZEcmqHayX653ZDGAZNABdG65dgRtBOigFPBRhk31iwidEB6rGWoJAHT7WTy0ggfGaWL/VCZkoAn6u+JhARaDwPPdAYE+nreG4v/ea0Y/PN2wmUUA5N0usiPBYYQj/PBXa4YBTE0hFDFza2Y9okiFEyKGROCM//yIqmfFJ3TYum6lCtfzOJIowN0iPLIQWeojK5QFdUQRY/oGb2iN+vJerHerY9pa8qazeyjP7A+fwC785zo</latexit>

S(t ! 1, L) ⇠ L�

Random

<latexit sha1_base64="hKOuIl4LvfDg2AO5xJPaT5Gtmtg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv3AJpTNdtIu3WzC7kYopf/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjrJFMMGS0Si2iHVKLjEhuFGYDtVSONQYCsc3k791hMqzRP5YEYpBjHtSx5xRo2VHv1U82s/REO75YpbdWcgy8TLSQVy1LvlL7+XsCxGaZigWnc8NzXBmCrDmcBJyc80ppQNaR87lkoaow7Gs4sn5MQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eJzPRVTDmMs0MSjZfFGWCmIRM3yc9rpAZMbKEMsXtrYQNqKLM2JBKNgRv8eVl0jyrehfV8/vzSu0mj6MIR3AMp+DBJdTgDurQAAYSnuEV3hztvDjvzse8teDkM4fwB87nD2xMkMQ=</latexit>

 = �
<latexit sha1_base64="2Zx4ysa+eIfAwXe+tQtlsfPuQcI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9WBNpKgXoejFYwX7AU0om+22XbrZhN2JUEN/iRcPinj1p3jz37htc9DWBwOP92aYmRfEgmtwnG8rt7K6tr6R3yxsbe/sFu29/aaOEkVZg0YiUu2AaCa4ZA3gIFg7VoyEgWCtYHQ79VuPTGkeyQcYx8wPyUDyPqcEjNS1i55Mrt2zsnvqBQzISdcuORVnBrxM3IyUUIZ61/7yehFNQiaBCqJ1x3Vi8FOigFPBJgUv0SwmdEQGrGOoJCHTfjo7fIKPjdLD/UiZkoBn6u+JlIRaj8PAdIYEhnrRm4r/eZ0E+ld+ymWcAJN0vqifCAwRnqaAe1wxCmJsCKGKm1sxHRJFKJisCiYEd/HlZdI8r7gXlep9tVS7yeLIo0N0hMrIRZeohu5QHTUQRQl6Rq/ozXqyXqx362PemrOymQP0B9bnD6b4kc0=</latexit>

⌫ = 1/(1� �)

<latexit sha1_base64="Wi+Mcg6HT9m3jkGE6MVoLKK2s2k=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqe6Wol6EohePFewHbJeSTbNtaDZZklmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53C2vrG5lZxu7Szu7d/UD48ahuVaspaVAmluyExTHDJWsBBsG6iGYlDwTrh+G7md56YNlzJR5gkLIjJUPKIUwJW8nshA4JvsHdR65crbtWdA68SLycVlKPZL3/1BoqmMZNABTHG99wEgoxo4FSwaamXGpYQOiZD5lsqScxMkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQcZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q5Vvctq/aFeadzmcRTRCTpF58hDV6iB7lETtRBFCj2jV/TmgPPivDsfi9aCk88coz9wPn8ATaiP+A==</latexit>

� = 1/2

Quasiperiodic, tunable 
<latexit sha1_base64="zDnWQpkgRBYf9JsWTeV741g5gzM=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVWLwBktF+uuFV3DrpKvJxUSI5Gv/zVG8Q8jUAhl8yYrucm6GdMo+ASpqVeaiBhfMyG0LVUsQiMn82vndIzqwxoGGtbCulc/T2RsciYSRTYzojhyCx7M/E/r5tieO1nQiUpguKLRWEqKcZ09jodCA0c5cQSxrWwt1I+YppxtAGVbAje8surpHVR9S6rtftapX6Tx1EkJ+SUnBOPXJE6uSMN0iScPJJn8krenNh5cd6dj0VrwclnjskfOJ8/HjeO1w==</latexit>

�

uncovered a whole 
family of universality 
classes controlled by 
the QP structure

Activated dynamical scaling
<latexit sha1_base64="ClqGtpYnVgGZ4lbdNvspNFpLW5E=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MQxEOYkaAeg148eIhgFsgkoadTSZr0LHTXCGHMwV/x4kERr/6GN//GznLQxAcFj/eqqKrnx1JodJxvK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8wfXY7/2AEqLKLzHYQzNgPVC0RWcoZHa9gG2Tj0tAgqtlN+2Us8HZKNR2847BWcCukjcGcmTGcpt+8vrRDwJIEQumdYN14mxmTKFgksY5bxEQ8z4gPWgYWjIAtDNdHL/iB4bpUO7kTIVIp2ovydSFmg9DHzTGTDs63lvLP7nNRLsXjZTEcYJQsini7qJpBjRcRi0IxRwlENDGFfC3Ep5nynG0USWMyG48y8vkupZwT0vFO+K+dLVLI4sOSRH5IS45IKUyA0pkwrh5JE8k1fyZj1ZL9a79TFtzVizmX3yB9bnD+Ezlgk=</latexit>

t⇤ ⇠ ecL
�

Shkolnik, Vasseur, Huse, JHP, Gazit PRB (2023)

Flows to a fixed point 
that saturates the bound

<latexit sha1_base64="p3ObGJ4xJ3g/9NoepPzAMuF2EF0="></latexit>

�L =

sX

s

N(s)2 � [
X

s

N(s)]2 ⇠ L�

<latexit sha1_base64="n7WSdujKgozPuyKd8QZHTHVFTXA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzGpUl24KLpxWcE+oAllMr1ph04ezEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufceP+FMKtv+NgpLyyura8X10sbm1vaOubvXlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzhzcRvPYCQLI7u1SgBLyT9iAWMEqWlrnlgW5Uz7HKQUrIQuz4ogq+wc1rpmmXbsqfAi8TJSRnlqHfNL7cX0zSESFFOpOw4dqK8jAjFKIdxyU0lJIQOSR86mkYkBOll0xfG+FgrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBpZexKEkVRHS2KEg5VjGe5IF7TABVfKQJoYLpWzEdEEGo0qmVdAjO/MuLpFmxnKpVvTsv167zOIroEB2hE+SgC1RDt6iOGoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8ftT6VFQ==</latexit>

0.23 . � < 1/2



Summary of these Fixed 
Points 

Transition is controlled by the wandering exponent!
<latexit sha1_base64="TbCtHvFe+JrP7UV0NZvwDeI6owI=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEJIm7EpQy6CNhUVEc4HsEmYns8mQ2dll5qwQQhpfxcZCEVsfw863cZJsoYk/DHz85xzOnD9IBNfgON9WbmV1bX0jv1nY2t7Z3bP3D5o6ThVlDRqLWLUDopngkjWAg2DtRDESBYK1guH1tN56ZErzWD7AKGF+RPqSh5wSMFbXProvAfaEwLdl7GkeGY77JSh37aJTcWbCy+BmUESZ6l37y+vFNI2YBCqI1h3XScAfEwWcCjYpeKlmCaFD0mcdg5JETPvj2QETfGqcHg5jZZ4EPHN/T4xJpPUoCkxnRGCgF2tT879aJ4Xw0h9zmaTAJJ0vClOBIcbTNHCPK0ZBjAwQqrj5K6YDoggFk1nBhOAunrwMzbOKe16p3lWLtassjjw6RieohFx0gWroBtVRA1E0Qc/oFb1ZT9aL9W59zFtzVjZziP7I+vwB8uuUug==</latexit>

S(t ⌧ L) ⇠ log(t)
<latexit sha1_base64="AaKqHK/7K8lUMU9dacgUdacdFVU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkIGFXgloGbSxSRDQPyMYwO5lNhszOLjN3lbDkG2z8FRsLRWyt7PwbJ49CEw9cOJxzL/fe40WCa7Dtbyu1tLyyupZez2xsbm3vZHf36jqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW8weXYb9wzpXkob2EYsXZAepL7nBIwUidbuMkDdhXv9YEoFT5gl0sfhse4UsCu5gGu3CWux4CMOtmcXbQnwIvEmZEcmqHayX653ZDGAZNABdG65dgRtBOigFPBRhk31iwidEB6rGWoJAHT7WTy0ggfGaWL/VCZkoAn6u+JhARaDwPPdAYE+nreG4v/ea0Y/PN2wmUUA5N0usiPBYYQj/PBXa4YBTE0hFDFza2Y9okiFEyKGROCM//yIqmfFJ3TYum6lCtfzOJIowN0iPLIQWeojK5QFdUQRY/oGb2iN+vJerHerY9pa8qazeyjP7A+fwC785zo</latexit>

S(t ! 1, L) ⇠ L�

Activated dynamical scaling

RG Flow: For 

this family of fixed points are unstable 
to disorder

MIPT, z=1

Infinite quasiperiodic 
fixed point, z~|p-pc|-β/(1-β)

Quasiperiodic 
strength

Disorder
strength

Infinite randomness
fixed point, z~1/|p-pc|

p

<latexit sha1_base64="ClqGtpYnVgGZ4lbdNvspNFpLW5E=">AAAB/3icbVDJSgNBEO2JW4zbqODFS2MQxEOYkaAeg148eIhgFsgkoadTSZr0LHTXCGHMwV/x4kERr/6GN//GznLQxAcFj/eqqKrnx1JodJxvK7O0vLK6ll3PbWxube/Yu3tVHSWKQ4VHMlJ1n2mQIoQKCpRQjxWwwJdQ8wfXY7/2AEqLKLzHYQzNgPVC0RWcoZHa9gG2Tj0tAgqtlN+2Us8HZKNR2847BWcCukjcGcmTGcpt+8vrRDwJIEQumdYN14mxmTKFgksY5bxEQ8z4gPWgYWjIAtDNdHL/iB4bpUO7kTIVIp2ovydSFmg9DHzTGTDs63lvLP7nNRLsXjZTEcYJQsini7qJpBjRcRi0IxRwlENDGFfC3Ep5nynG0USWMyG48y8vkupZwT0vFO+K+dLVLI4sOSRH5IS45IKUyA0pkwrh5JE8k1fyZj1ZL9a79TFtzVizmX3yB9bnD+Ezlgk=</latexit>

t⇤ ⇠ ecL
�

<latexit sha1_base64="n7WSdujKgozPuyKd8QZHTHVFTXA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzGpUl24KLpxWcE+oAllMr1ph04ezEyEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufceP+FMKtv+NgpLyyura8X10sbm1vaOubvXlHEqKDRozGPR9okEziJoKKY4tBMBJPQ5tPzhzcRvPYCQLI7u1SgBLyT9iAWMEqWlrnlgW5Uz7HKQUrIQuz4ogq+wc1rpmmXbsqfAi8TJSRnlqHfNL7cX0zSESFFOpOw4dqK8jAjFKIdxyU0lJIQOSR86mkYkBOll0xfG+FgrPRzEQlek8FT9PZGRUMpR6OvOkKiBnPcm4n9eJ1XBpZexKEkVRHS2KEg5VjGe5IF7TABVfKQJoYLpWzEdEEGo0qmVdAjO/MuLpFmxnKpVvTsv167zOIroEB2hE+SgC1RDt6iOGoiiR/SMXtGb8WS8GO/Gx6y1YOQz++gPjM8ftT6VFQ==</latexit>

0.23 . � < 1/2



Temporal Griffith effects, 
area law phase

Have to capture the growth of long range entanglement

Rare temporal event with low p

Entanglement develops 
across the chain



Temporal Griffith effects, 
area law phase

Starting from a product state find the earliest time where long range 
entanglement is generated, ie. find the time where                  (searching over cuts)                   

<latexit sha1_base64="YgJUnPD5VfEaQGNO45RXr2lIdiE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKV6rLoRncV7AOaUCbTm3boZBJnJkINxV9x40IRt/6HO//GaZuFth4YOJxzL/fMCRLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI395gNIxWJxp4cJ+BHpCRYySrSROva+FxHdp4RnN6POKfYE3GOnY5ecsjMBniduTkooR61jf3ndmKYRCE05UartOon2MyI1oxxGRS9VkBA6ID1oGypIBMrPJulH+MgoXRzG0jyh8UT9vZGRSKlhFJjJcVY1643F/7x2qsMLP2MiSTUIOj0UphzrGI+rwF0mgWo+NIRQyUxWTPtEEqpNYUVTgjv75XnSOCm7lXLl9qxUvczrKKADdIiOkYvOURVdoxqqI4oe0TN6RW/Wk/VivVsf09EFK9/ZQ39gff4AdjuUlw==</latexit>

I3 6= 0

<latexit sha1_base64="58hilftVSAn+jdK3p/1I4z8tz9c=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRITFWCUGGsYGFgKBJ9SE2IHNdprdpOZDtIJSoLv8LCAEKs/AUbf4PTZoCWI1k6Oufe63tPmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXuZ++55IRWNxq0cJ8TnqCxpRjLSRAntfB5nHkR5InhGhx2NPUQ6v7x4Cu+JUnQngPHELUgEFGoH95fVinHIzBTOkVNd1Eu1nSGqKGRmXvVSRBOEh6pOuoQJxovxscsEYHhmlB6NYmic0nKi/OzLElRrx0FTmy6pZLxf/87qpjs79jIok1UTg6UdRyqCOYR4H7FFJsGYjQxCW1OwK8QBJhLUJrWxCcGdPnietk6pbq9ZuTiv1iyKOEjgAh+AYuOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxLV2wip498AfW5w9gH5d+</latexit>

tent ⇠ Lz

Have to capture the growth of long range entanglement



Temporal Griffith effects, 
area law phase

<latexit sha1_base64="58hilftVSAn+jdK3p/1I4z8tz9c=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRITFWCUGGsYGFgKBJ9SE2IHNdprdpOZDtIJSoLv8LCAEKs/AUbf4PTZoCWI1k6Oufe63tPmDCqtON8WwuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXuZ++55IRWNxq0cJ8TnqCxpRjLSRAntfB5nHkR5InhGhx2NPUQ6v7x4Cu+JUnQngPHELUgEFGoH95fVinHIzBTOkVNd1Eu1nSGqKGRmXvVSRBOEh6pOuoQJxovxscsEYHhmlB6NYmic0nKi/OzLElRrx0FTmy6pZLxf/87qpjs79jIok1UTg6UdRyqCOYR4H7FFJsGYjQxCW1OwK8QBJhLUJrWxCcGdPnietk6pbq9ZuTiv1iyKOEjgAh+AYuOAM1MEVaIAmwOARPINX8GY9WS/Wu/UxLV2wip498AfW5w9gH5d+</latexit>

tent ⇠ Lz

Starting from a product state find the earliest time where long range 
entanglement is generated, ie. find the time where                   

<latexit sha1_base64="YgJUnPD5VfEaQGNO45RXr2lIdiE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKV6rLoRncV7AOaUCbTm3boZBJnJkINxV9x40IRt/6HO//GaZuFth4YOJxzL/fMCRLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXI395gNIxWJxp4cJ+BHpCRYySrSROva+FxHdp4RnN6POKfYE3GOnY5ecsjMBniduTkooR61jf3ndmKYRCE05UartOon2MyI1oxxGRS9VkBA6ID1oGypIBMrPJulH+MgoXRzG0jyh8UT9vZGRSKlhFJjJcVY1643F/7x2qsMLP2MiSTUIOj0UphzrGI+rwF0mgWo+NIRQyUxWTPtEEqpNYUVTgjv75XnSOCm7lXLl9qxUvczrKKADdIiOkYvOURVdoxqqI4oe0TN6RW/Wk/VivVsf09EFK9/ZQ39gff4AdjuUlw==</latexit>

I3 6= 0

<latexit sha1_base64="m50hQsPi8MfKEGuY/gRWLvS0w3s=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7IrUj0WvXisYD+gXUo2zbah2WRJskq79Jd48aCIV3+KN/+NabsHbX0w8Hhvhpl5YcKZNp737aytb2xubRd2irt7+wcl9/CoqWWqCG0QyaVqh1hTzgRtGGY4bSeK4jjktBWObmd+65EqzaR4MOOEBjEeCBYxgo2Vem5pgrqKDYYGKyWfkNdzy17FmwOtEj8nZchR77lf3b4kaUyFIRxr3fG9xAQZVoYRTqfFbqppgskID2jHUoFjqoNsfvgUnVmljyKpbAmD5urviQzHWo/j0HbG2Az1sjcT//M6qYmug4yJJDVUkMWiKOXISDRLAfWZosTwsSWYKGZvRWSIFSbGZlW0IfjLL6+S5kXFr1aq95fl2k0eRwFO4BTOwYcrqMEd1KEBBFJ4hld4cybOi/PufCxa15x85hj+wPn8AUZ5kts=</latexit>

z ! 0

Have to capture the growth of long range entanglement



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder

↵t = x0
0 =

L

2⇡
log x0

<latexit sha1_base64="bebAfYkpaQeseB2Iel3X0yiQ6oc=">AAACD3icbVDLSsNAFJ34rPUVdelmsPhYlaQUdFMounHhooJ9QBPCZDpph04mYWYilpA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19ZLG+XNre2dXXNvvyOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3yV+917IiSN+J2axMQN0ZDTgGKktOSZJw5i8QhBBRvwwbNOG04gEE5vsrTmxDRzWDTMdc+sWFVrCrhI7IJUQIGWZ345gwgnIeEKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV9TjkIi3XT6TwaPtTKAQSR0cQWn6u+JFIVSTkJfd4ZIjeS8l4v/ef1EBRduSnmcKMLxbFGQMKgimIcDB1QQrNhEE4QF1bdCPEI6EKUjLOsQ7PmXF0mnVrXr1fptvdK8LOIogUNwBM6ADc5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gAKJ5ts</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder

↵t = x0
0 =

L

2⇡
log x0

<latexit sha1_base64="bebAfYkpaQeseB2Iel3X0yiQ6oc=">AAACD3icbVDLSsNAFJ34rPUVdelmsPhYlaQUdFMounHhooJ9QBPCZDpph04mYWYilpA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19ZLG+XNre2dXXNvvyOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3yV+917IiSN+J2axMQN0ZDTgGKktOSZJw5i8QhBBRvwwbNOG04gEE5vsrTmxDRzWDTMdc+sWFVrCrhI7IJUQIGWZ345gwgnIeEKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV9TjkIi3XT6TwaPtTKAQSR0cQWn6u+JFIVSTkJfd4ZIjeS8l4v/ef1EBRduSnmcKMLxbFGQMKgimIcDB1QQrNhEE4QF1bdCPEI6EKUjLOsQ7PmXF0mnVrXr1fptvdK8LOIogUNwBM6ADc5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gAKJ5ts</latexit>

gAB ⇠ 1

22�

<latexit sha1_base64="sytayAlJkmTbxhkNYvn2A3R+KTE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlVCcZSGBiLRB9SEyrHdVqrdhLZDlJlZWbhV1gYQIiVL2Djb3DbDNBypCsdnXOv7r0nSBiVynG+rcLK6tr6RnGztLW9s7tn7x+0ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBOMr6Z+54EISePoTk0S4nM0jGhIMVJG6tvHw76+bGSepBx6oUBYu5mu3usq9K4JUyjL+nbZqTgzwG Xi5qQMcjT79pc3iHHKSaQwQ1L2XCdRvkZCUcxIVvJSSRKEx2hIeoZGiBPp69krGTw1ygCGsTAVKThTf09oxKWc8MB0cqRGctGbiv95vVSFF76mUZIqEuH5ojBlUMVwmgscUEGwYhNDEBbU3ArxCJlAlEmvZEJwF19eJu1qxa1Vare1cr2Rx1EER+AEnAEXnIM6uAFN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AKCgmjs=</latexit>

gBC ⇠ 1

|x0 � 1|2�

<latexit sha1_base64="6oR6z2PHcbJA6sHwwz+ipod9RRQ=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKwUCVVJRirloGxSPQhNSFyXKe16jiR7SCqNJ/Awq+wMIAQKyMbf4P7GKDlSFc6Oude3XuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf1id++54ISSN+q0YxcUPU5zSgGCkteeZp30tr9cyRNIROIBBO7SwdP3jWuT2+S8vQuSJMoSzzzK JVsqaAy8SekyKYo+GZX04vwklIuMIMSdm1rVi5KRKKYkaygpNIEiM8RH3S1ZSjkEg3nT6UwROt9GAQCV1cwan6eyJFoZSj0NedIVIDuehNxP+8bqKCSzelPE4U4Xi2KEgYVBGcpAN7VBCs2EgThAXVt0I8QDoWpTMs6BDsxZeXSatcsiulyk2lWK3N48iDI3AMzoANLkAVXIMGaAIMHsEzeAVvxpPxYrwbH7PWnDGfOQR/YHz+ABy7nKQ=</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder

gAB ⇠ 1

22�

<latexit sha1_base64="sytayAlJkmTbxhkNYvn2A3R+KTE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlVCcZSGBiLRB9SEyrHdVqrdhLZDlJlZWbhV1gYQIiVL2Djb3DbDNBypCsdnXOv7r0nSBiVynG+rcLK6tr6RnGztLW9s7tn7x+0ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBOMr6Z+54EISePoTk0S4nM0jGhIMVJG6tvHw76+bGSepBx6oUBYu5mu3usq9K4JUyjL+nbZqTgzwG Xi5qQMcjT79pc3iHHKSaQwQ1L2XCdRvkZCUcxIVvJSSRKEx2hIeoZGiBPp69krGTw1ygCGsTAVKThTf09oxKWc8MB0cqRGctGbiv95vVSFF76mUZIqEuH5ojBlUMVwmgscUEGwYhNDEBbU3ArxCJlAlEmvZEJwF19eJu1qxa1Vare1cr2Rx1EER+AEnAEXnIM6uAFN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AKCgmjs=</latexit>

gBC ⇠ 1

|x0 � 1|2�

<latexit sha1_base64="6oR6z2PHcbJA6sHwwz+ipod9RRQ=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKwUCVVJRirloGxSPQhNSFyXKe16jiR7SCqNJ/Awq+wMIAQKyMbf4P7GKDlSFc6Oude3XuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf1id++54ISSN+q0YxcUPU5zSgGCkteeZp30tr9cyRNIROIBBO7SwdP3jWuT2+S8vQuSJMoSzzzK JVsqaAy8SekyKYo+GZX04vwklIuMIMSdm1rVi5KRKKYkaygpNIEiM8RH3S1ZSjkEg3nT6UwROt9GAQCV1cwan6eyJFoZSj0NedIVIDuehNxP+8bqKCSzelPE4U4Xi2KEgYVBGcpAN7VBCs2EgThAXVt0I8QDoWpTMs6BDsxZeXSatcsiulyk2lWK3N48iDI3AMzoANLkAVXIMGaAIMHsEzeAVvxpPxYrwbH7PWnDGfOQR/YHz+ABy7nKQ=</latexit>

g0 ⌘ g(z01, z
0
2) =

����
@z01
@z1

����
�� ����

@z02
@z2

����
��

g(z1, z2)

<latexit sha1_base64="LJwW5fJPlXnSN+yOlh7T2fjIyUg="></latexit>

↵t = x0
0 =

L

2⇡
log x0

<latexit sha1_base64="bebAfYkpaQeseB2Iel3X0yiQ6oc=">AAACD3icbVDLSsNAFJ34rPUVdelmsPhYlaQUdFMounHhooJ9QBPCZDpph04mYWYilpA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19ZLG+XNre2dXXNvvyOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3yV+917IiSN+J2axMQN0ZDTgGKktOSZJw5i8QhBBRvwwbNOG04gEE5vsrTmxDRzWDTMdc+sWFVrCrhI7IJUQIGWZ345gwgnIeEKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV9TjkIi3XT6TwaPtTKAQSR0cQWn6u+JFIVSTkJfd4ZIjeS8l4v/ef1EBRduSnmcKMLxbFGQMKgimIcDB1QQrNhEE4QF1bdCPEI6EKUjLOsQ7PmXF0mnVrXr1fptvdK8LOIogUNwBM6ADc5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gAKJ5ts</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder

gAB ⇠ 1

22�

<latexit sha1_base64="sytayAlJkmTbxhkNYvn2A3R+KTE=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlVCcZSGBiLRB9SEyrHdVqrdhLZDlJlZWbhV1gYQIiVL2Djb3DbDNBypCsdnXOv7r0nSBiVynG+rcLK6tr6RnGztLW9s7tn7x+0ZZwKTFo4ZrHoBkgSRiPSUlQx0k0EQTxgpBOMr6Z+54EISePoTk0S4nM0jGhIMVJG6tvHw76+bGSepBx6oUBYu5mu3usq9K4JUyjL+nbZqTgzwGXi5qQMcjT79pc3iHHKSaQwQ1L2XCdRvkZCUcxIVvJSSRKEx2hIeoZGiBPp69krGTw1ygCGsTAVKThTf09oxKWc8MB0cqRGctGbiv95vVSFF76mUZIqEuH5ojBlUMVwmgscUEGwYhNDEBbU3ArxCJlAlEmvZEJwF19eJu1qxa1Vare1cr2Rx1EER+AEnAEXnIM6uAFN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AKCgmjs=</latexit>

gBC ⇠ 1

|x0 � 1|2�

<latexit sha1_base64="6oR6z2PHcbJA6sHwwz+ipod9RRQ=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKwUCVVJRirloGxSPQhNSFyXKe16jiR7SCqNJ/Awq+wMIAQKyMbf4P7GKDlSFc6Oude3XuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsf1id++54ISSN+q0YxcUPU5zSgGCkteeZp30tr9cyRNIROIBBO7SwdP3jWuT2+S8vQuSJMoSzzzKJVsqaAy8SekyKYo+GZX04vwklIuMIMSdm1rVi5KRKKYkaygpNIEiM8RH3S1ZSjkEg3nT6UwROt9GAQCV1cwan6eyJFoZSj0NedIVIDuehNxP+8bqKCSzelPE4U4Xi2KEgYVBGcpAN7VBCs2EgThAXVt0I8QDoWpTMs6BDsxZeXSatcsiulyk2lWK3N48iDI3AMzoANLkAVXIMGaAIMHsEzeAVvxpPxYrwbH7PWnDGfOQR/YHz+ABy7nKQ=</latexit>

g0BC ⇠
✓
2⇡x0

L

◆2� 1

|x0 � 1|2�

<latexit sha1_base64="+3SVSh0Y4iZtaqG6mgR0kCx4i+Q="></latexit>

g0AB ⇠
✓
2⇡

L

◆2� 1

22�

<latexit sha1_base64="bW9D1ZH3h9efARfbG5lNTcBDoYU="></latexit>

↵t = x0
0 =

L

2⇡
log x0

<latexit sha1_base64="bebAfYkpaQeseB2Iel3X0yiQ6oc=">AAACD3icbVDLSsNAFJ34rPUVdelmsPhYlaQUdFMounHhooJ9QBPCZDpph04mYWYilpA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19ZLG+XNre2dXXNvvyOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3yV+917IiSN+J2axMQN0ZDTgGKktOSZJw5i8QhBBRvwwbNOG04gEE5vsrTmxDRzWDTMdc+sWFVrCrhI7IJUQIGWZ345gwgnIeEKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV9TjkIi3XT6TwaPtTKAQSR0cQWn6u+JFIVSTkJfd4ZIjeS8l4v/ef1EBRduSnmcKMLxbFGQMKgimIcDB1QQrNhEE4QF1bdCPEI6EKUjLOsQ7PmXF0mnVrXr1fptvdK8LOIogUNwBM6ADc5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gAKJ5ts</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

conformal mapping from 
the plane to the cylinder

↵t = x0
0 =

L

2⇡
log x0

<latexit sha1_base64="bebAfYkpaQeseB2Iel3X0yiQ6oc=">AAACD3icbVDLSsNAFJ34rPUVdelmsPhYlaQUdFMounHhooJ9QBPCZDpph04mYWYilpA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19ZLG+XNre2dXXNvvyOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3yV+917IiSN+J2axMQN0ZDTgGKktOSZJw5i8QhBBRvwwbNOG04gEE5vsrTmxDRzWDTMdc+sWFVrCrhI7IJUQIGWZ345gwgnIeEKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV9TjkIi3XT6TwaPtTKAQSR0cQWn6u+JFIVSTkJfd4ZIjeS8l4v/ef1EBRduSnmcKMLxbFGQMKgimIcDB1QQrNhEE4QF1bdCPEI6EKUjLOsQ7PmXF0mnVrXr1fptvdK8LOIogUNwBM6ADc5BE1yDFmgDDB7BM3gFb8aT8WK8Gx+z1iWjmDkAf2B8/gAKJ5ts</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>

setting
= 1

<latexit sha1_base64="GeIVH55IxS5uMY3Rp0hhqR/ey0g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVa9Wrd3XKvWbPI4inMApnIMHl1CHO2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AH+eI0D</latexit>

eliminates dependence on �

<latexit sha1_base64="LEYYqrljUmE5sXAgu4RRBwEa3nA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiHjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVWr1bLpH2yxW36s5BVomXkwrkaPTLX71BzNKIK2SSGtP13AT9jGoUTPJpqZcanlA2pkPetVTRiBs/m187JWdWGZAw1rYUkrn6eyKjkTGTKLCdEcWRWfZm4n9eN8Xwys+ESlLkii0WhakkGJPZ62QgNGcoJ5ZQpoW9lbAR1ZShDahkQ/CWX14lrYuqV6vW7muV+nUeRxFO4BTOwYNLqMMdNKAJDB7hGV7hzYmdF+fd+Vi0Fpx85hj+wPn8AWLSjwM=</latexit>

Now must find the time,      where these 
correlation functions match!

↵t⇤ =
L

2⇡
log(3 +

p
8)

<latexit sha1_base64="6rfVpTjHtS5pRayIOV+okXhhRa0=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoMQFcJuDJiLEPTiwUME84BsDLOT2WTI7MOZXiEs+xde/BUvHhTxqjf/xkmyB40WNBRV3XR3OaHgCkzzy8gsLC4tr2RXc2vrG5tb+e2dpgoiSVmDBiKQbYcoJrjPGsBBsHYoGfEcwVrO6GLit+6ZVDzwb2Acsq5HBj53OSWgpV6+ZBMRDgmG2yN8hm1XEhpfJXEZ2yFPsC2CAS6eHNvqTkJcTQ57+YJZMqfAf4mVkgJKUe/lP+1+QCOP+UAFUapjmSF0YyKBU8GSnB0pFhI6IgPW0dQnHlPdePpXgg+00sduIHX5gKfqz4mYeEqNPUd3egSGat6biP95nQjcajfmfhgB8+lskRsJDAGehIT7XDIKYqwJoZLrWzEdEp0N6ChzOgRr/uW/pFkuWZVS5bpSqJ2ncWTRHtpHRWShU1RDl6iOGoiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+gXjI9vNeaeFw==</latexit>

t⇤

<latexit sha1_base64="EBV4S+iZ/h2hle4vLTCr3IM6/cc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIQY9FLx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7vHxvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLxqpXpXLdeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wf7ro2b</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

= 1

<latexit sha1_base64="GeIVH55IxS5uMY3Rp0hhqR/ey0g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVa9Wrd3XKvWbPI4inMApnIMHl1CHO2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AH+eI0D</latexit>

Now must find the time,      where these 
correlation functions match!

t⇤

<latexit sha1_base64="EBV4S+iZ/h2hle4vLTCr3IM6/cc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIQY9FLx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7vHxvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLxqpXpXLdeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wf7ro2b</latexit>

↵t⇤ =
L

2⇡
log(3 +

p
8)

<latexit sha1_base64="6rfVpTjHtS5pRayIOV+okXhhRa0=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoMQFcJuDJiLEPTiwUME84BsDLOT2WTI7MOZXiEs+xde/BUvHhTxqjf/xkmyB40WNBRV3XR3OaHgCkzzy8gsLC4tr2RXc2vrG5tb+e2dpgoiSVmDBiKQbYcoJrjPGsBBsHYoGfEcwVrO6GLit+6ZVDzwb2Acsq5HBj53OSWgpV6+ZBMRDgmG2yN8hm1XEhpfJXEZ2yFPsC2CAS6eHNvqTkJcTQ57+YJZMqfAf4mVkgJKUe/lP+1+QCOP+UAFUapjmSF0YyKBU8GSnB0pFhI6IgPW0dQnHlPdePpXgg+00sduIHX5gKfqz4mYeEqNPUd3egSGat6biP95nQjcajfmfhgB8+lskRsJDAGehIT7XDIKYqwJoZLrWzEdEp0N6ChzOgRr/uW/pFkuWZVS5bpSqJ2ncWTRHtpHRWShU1RDl6iOGoiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+gXjI9vNeaeFw==</latexit>

t⇤

<latexit sha1_base64="EBV4S+iZ/h2hle4vLTCr3IM6/cc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIQY9FLx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7vHxvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLxqpXpXLdeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wf7ro2b</latexit>



Area of the Cylinder
area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

= 1

<latexit sha1_base64="GeIVH55IxS5uMY3Rp0hhqR/ey0g=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVa9Wrd3XKvWbPI4inMApnIMHl1CHO2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AH+eI0D</latexit>

Now must find the time,      where these 
correlation functions match!

t⇤

<latexit sha1_base64="EBV4S+iZ/h2hle4vLTCr3IM6/cc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5JIQY9FLx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKV7vHxvFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLxqpXpXLdeu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wf7ro2b</latexit>

↵t⇤ =
L

2⇡
log(3 +

p
8)

<latexit sha1_base64="6rfVpTjHtS5pRayIOV+okXhhRa0=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoMQFcJuDJiLEPTiwUME84BsDLOT2WTI7MOZXiEs+xde/BUvHhTxqjf/xkmyB40WNBRV3XR3OaHgCkzzy8gsLC4tr2RXc2vrG5tb+e2dpgoiSVmDBiKQbYcoJrjPGsBBsHYoGfEcwVrO6GLit+6ZVDzwb2Acsq5HBj53OSWgpV6+ZBMRDgmG2yN8hm1XEhpfJXEZ2yFPsC2CAS6eHNvqTkJcTQ57+YJZMqfAf4mVkgJKUe/lP+1+QCOP+UAFUapjmSF0YyKBU8GSnB0pFhI6IgPW0dQnHlPdePpXgg+00sduIHX5gKfqz4mYeEqNPUd3egSGat6biP95nQjcajfmfhgB8+lskRsJDAGehIT7XDIKYqwJoZLrWzEdEp0N6ChzOgRr/uW/pFkuWZVS5bpSqJ2ncWTRHtpHRWShU1RDl6iOGoiiB/SEXtCr8Wg8G2/G+6w1Y6Qzu+gXjI9vNeaeFw==</latexit>



“Easy Way out”: Dual 
Unitaries

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Use unitary gates that act in the same 
manner in space and time.

Use dual unitary gates:

Bertini, Kos, and Prosen, Phys. Rev. Lett. (2019)

Handle this 2 ways:
(1) Compute it directly.
(2) Choice a convenient set of gates with ↵ = 1

<latexit sha1_base64="Td3lUS8gBD29i35fTHADaHNlMVA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoBeh6MVjBfsBbSiT7aZdutnE3Y1QQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKsqaNBax6gSomeCSNQ03gnUSxTAKBGsH49uZ335iSvNYPphJwvwIh5KHnKKxUqeHIhnhtdcvV9yqOwdZJV5OKpCj0S9/9QYxTSMmDRWodddzE+NnqAyngk1LvVSzBOkYh6xrqcSIaT+b3zslZ1YZkDBWtqQhc/X3RIaR1pMosJ0RmpFe9mbif143NeGVn3GZpIZJulgUpoKYmMyeJwOuGDViYglSxe2thI5QITU2opINwVt+eZW0LqperVq7r1XqN3kcRTiBUzgHDy6hDnfQgCZQEPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDg22PoQ==</latexit>



“Easy Way out”: Dual 
Unitaries

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Use dual unitary gates:

Bertini, Kos, and Prosen, Phys. Rev. Lett. (2019)

Order parameter dynamics

t = 2L

<latexit sha1_base64="8L192wZTF/ez+6HqfSp/pAvTRIU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5CIDZC0MbCIoL5gOQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8bN5QpNfDDweG+GmXlBzJk2rvvtFDY2t7Z3irulvf2Dw6Py8UlHR4kitE0iHqlegDXlTNK2YYbTXqwoFgGn3WB6u/C7T1RpFslHM4upL/BYspARbDLpunY/LFfcqpsBrRMvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUSC6r9NLt1ji6sMkJhpGxJgzL190SKhdYzEdhOgc1Er3oL8T+vn5jwyk+ZjBNDJVkuChOOTIQWj6MRU5QYPrMEE8XsrYhMsMLE2HhKNgRv9eV10qlVvXq1/lCvNG/yOIpwBudwCR40oAl30II2EJjAM7zCmyOcF+fd+Vi2Fpx85hT+wPn8AW6zjdg=</latexit>



“Easy Way out”: Dual 
Unitaries

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Use dual unitary gates:

Bertini, Kos, and Prosen, Phys. Rev. Lett. (2019)

pc = 0.14(1)

<latexit sha1_base64="YQrM9gXlv7x8JniHqR+MmP3C5qc=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBDiJexKQC9C0IvHCOYByRJmJ7PJkNnZYR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dkeRMG9//9tbWNza3tgs7xd29/YPD0tFxS6dWEdokKU9VJ8KaciZo0zDDaUcqipOI03Y0vpv57SeqNEvFo5lIGiZ4KFjMCDZO6sk+ufGrQQ1Vgot+qexX/TnQKglyUoYcjX7pqzdIiU2oMIRjrbuBL02YYWUY4XRa7FlNJSZjPKRdRwVOqA6z+c1TdO6UAYpT5UoYNFd/T2Q40XqSRK4zwWakl72Z+J/XtSa+DjMmpDVUkMWi2HJkUjQLAA2YosTwiSOYKOZuRWSEFSbGxVR0IQTLL6+S1qXLrFp7qJXrt3kcBTiFM6hAAFdQh3toQBMISHiGV3jzrPfivXsfi9Y1L585gT/wPn8AJXaPzQ==</latexit>

Order parameter dynamics

t = 2L

<latexit sha1_base64="8L192wZTF/ez+6HqfSp/pAvTRIU=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5CIDZC0MbCIoL5gOQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8bN5QpNfDDweG+GmXlBzJk2rvvtFDY2t7Z3irulvf2Dw6Py8UlHR4kitE0iHqlegDXlTNK2YYbTXqwoFgGn3WB6u/C7T1RpFslHM4upL/BYspARbDLpunY/LFfcqpsBrRMvJxXI0RqWvwajiCSCSkM41rrvubHxU6wMI5zOS4NE0xiTKR7TvqUSC6r9NLt1ji6sMkJhpGxJgzL190SKhdYzEdhOgc1Er3oL8T+vn5jwyk+ZjBNDJVkuChOOTIQWj6MRU5QYPrMEE8XsrYhMsMLE2HhKNgRv9eV10qlVvXq1/lCvNG/yOIpwBudwCR40oAl30II2EJjAM7zCmyOcF+fd+Vi2Fpx85hT+wPn8AW6zjdg=</latexit>



“Easy Way out”: Dual 
Unitaries

area of the cylinder of the log-CFT A = ↵tL

<latexit sha1_base64="+dmIoGnWTW7ks6jcmV6KOem22Ks=">AAAB83icbVA9SwNBEJ3zM8avqKXNYhCswp0EtBGiNhYWEcwH5I6wt9lLluzdLbtzQgj5GzYWitj6Z+z8N26SKzTxwcDjvRlm5oVKCoOu++2srK6tb2wWtorbO7t7+6WDw6ZJM814g6Uy1e2QGi5FwhsoUPK20pzGoeStcHg79VtPXBuRJo84UjyIaT8RkWAUreRfX/lUqgElSO67pbJbcWcgy8TLSRly1LulL7+XsizmCTJJjel4rsJgTDUKJvmk6GeGK8qGtM87liY05iYYz26ekFOr9EiUalsJkpn6e2JMY2NGcWg7Y4oDs+hNxf+8TobRZTAWicqQJ2y+KMokwZRMAyA9oTlDObKEMi3srYQNqKYMbUxFG4K3+PIyaZ5XvGql+lAt127yOApwDCdwBh5cQA3uoA4NYKDgGV7hzcmcF+fd+Zi3rjj5zBH8gfP5A767kNk=</latexit>

Use dual unitary gates:

Bertini, Kos, and Prosen, Phys. Rev. Lett. (2019)

g0AB

<latexit sha1_base64="S9fUXxvIBXJizxYB2TnUrs7kdiA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoMdaLx4rWFtoQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKV2sPzfnbTmPbLFbfqzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzslZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9nvZCA0ZygnllCmhb2VsBHVlKFNqGRD8JZfXiWPl1WvVq3d1yr1Rh5HEU7gFC7Agyuowx00oQUMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AvM+PLw==</latexit>

g0BC

<latexit sha1_base64="LIbzpxNPHeRsKQBUGdecILXIEyY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Fjai8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmjbnfeeLaiFg94jThfkRHSoSCUbRSZ3Q1yOqN2aBUdivuAmSdeDkpQ47moPTVH8YsjbhCJqkxPc9N0M+oRsEknxX7qeEJZRM64j1LFY248bPFuTNyaZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDO/8TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqEijYEb/XlddK+qXjVSvWhWq7V8zgKcA4XcA0e3EIN7qEJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w+/2o8x</latexit>

g0BC

<latexit sha1_base64="LIbzpxNPHeRsKQBUGdecILXIEyY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ6KokU9Fjai8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmjbnfeeLaiFg94jThfkRHSoSCUbRSZ3Q1yOqN2aBUdivuAmSdeDkpQ47moPTVH8YsjbhCJqkxPc9N0M+oRsEknxX7qeEJZRM64j1LFY248bPFuTNyaZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDO/8TKgkRa7YclGYSoIxmf9OhkJzhnJqCWVa2FsJG1NNGdqEijYEb/XlddK+qXjVSvWhWq7V8zgKcA4XcA0e3EIN7qEJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w+/2o8x</latexit>

↵ = 1.01(11)

<latexit sha1_base64="GQqcwYdQl8TcYAeSJbRaM/EFoLk=">AAAB+3icbVBNS8NAEN34WetXrEcvi0Wol5CVgl6EohePFewHtKFMtpt26WYTdjdiCf0rXjwo4tU/4s1/Y9LmoK0PBh7vzTAzz48F18Z1v6219Y3Nre3STnl3b//g0D6qtHWUKMpaNBKR6vqgmeCStQw3gnVjxSD0Bev4k9vc7zwypXkkH8w0Zl4II8kDTsFk0sCu9EHEY8DXmDguqRFyXh7YVddx58CrhBSkigo0B/ZXfxjRJGTSUAFa94gbGy8FZTgVbFbuJ5rFQCcwYr2MSgiZ9tL57TN8lilDHEQqK2nwXP09kUKo9TT0s84QzFgve7n4n9dLTHDlpVzGiWGSLhYFicAmwnkQeMgVo0ZMMwJU8exWTMeggJosrjwEsvzyKmlfOKTu1O/r1cZNEUcJnaBTVEMEXaIGukNN1EIUPaFn9IrerJn1Yr1bH4vWNauYOUZ/YH3+AOjPkcI=</latexit>



⇠ Ae�t/⌧equil +B

<latexit sha1_base64="gPmh8PS8y0x1UTlqk07ECkRPJTU=">AAACEHicbVDLSgNBEJyNrxhfqx69DAZREOOuBPSo8eIxglEhG8PspGMGZ3bXmV4hLPsJXvwVLx4U8erRm3/j5HHwVdBQVHXT3RUmUhj0vE+nMDE5NT1TnC3NzS8sLrnLK+cmTjWHBo9lrC9DZkCKCBooUMJlooGpUMJFeHM88C/uQBsRR2fYT6Cl2HUkuoIztFLb3QyMUPSIwlW2g7sBsrSdBYphT6sMblMh8zyn27TWdstexRuC/iX+mJTJGPW2+xF0Yp4qiJBLZkzT9xJsZUyj4BLyUpAaSBi/YdfQtDRiCkwrGz6U0w2rdGg31rYipEP1+0TGlDF9FdrOwa3mtzcQ//OaKXYPWpmIkhQh4qNF3VRSjOkgHdoRGjjKviWMa2FvpbzHNONoMyzZEPzfL/8l53sVv1qpnlbLh7VxHEWyRtbJFvHJPjkkJ6ROGoSTe/JInsmL8+A8Oa/O26i14IxnVskPOO9f+mCckA==</latexit>

Entropy of the 
Measurement Record

S(⇢E) = �
X

m

hlog pmi = �
NmeasX

i=1

hlog p(mi|mi�1, . . . ,m1)i

<latexit sha1_base64="wEDWN8UYpprglFybaOfyzgxAbCw="></latexit>



⇠ Ae�t/⌧equil +B

<latexit sha1_base64="gPmh8PS8y0x1UTlqk07ECkRPJTU=">AAACEHicbVDLSgNBEJyNrxhfqx69DAZREOOuBPSo8eIxglEhG8PspGMGZ3bXmV4hLPsJXvwVLx4U8erRm3/j5HHwVdBQVHXT3RUmUhj0vE+nMDE5NT1TnC3NzS8sLrnLK+cmTjWHBo9lrC9DZkCKCBooUMJlooGpUMJFeHM88C/uQBsRR2fYT6Cl2HUkuoIztFLb3QyMUPSIwlW2g7sBsrSdBYphT6sMblMh8zyn27TWdstexRuC/iX+mJTJGPW2+xF0Yp4qiJBLZkzT9xJsZUyj4BLyUpAaSBi/YdfQtDRiCkwrGz6U0w2rdGg31rYipEP1+0TGlDF9FdrOwa3mtzcQ//OaKXYPWpmIkhQh4qNF3VRSjOkgHdoRGjjKviWMa2FvpbzHNONoMyzZEPzfL/8l53sVv1qpnlbLh7VxHEWyRtbJFvHJPjkkJ6ROGoSTe/JInsmL8+A8Oa/O26i14IxnVskPOO9f+mCckA==</latexit>

Equilibration time to forget initial state
can now Monte Carlo sample the trajectories

Entropy of the 
Measurement Record

S(⇢E) = �
X

m

hlog pmi = �
NmeasX

i=1

hlog p(mi|mi�1, . . . ,m1)i

<latexit sha1_base64="wEDWN8UYpprglFybaOfyzgxAbCw="></latexit>


