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Φ(j)Equilibrium properties

Ex: Ising Davies generator (weak coupling to a bath)

Heat bath (local loss+recovery w.r.t.       )

Glauber dynamics

Out-of-equilibrium properties

Question: How do equilibrium properties of the system influence its thermalization?

Quantum lattice systems in and out of equilibrium
?
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Clustering of 
correlations

SDPI

Rapid mixing

Spectral gap

High Temperature

Equilibrium Out-of-equilibrium (ex: Glauber dynamics)

High Temperature

[Stroock & Zegarlinski 1992]

Thermalization times in classical lattice systems

tmix = O(polylog |⇤|)
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[Dobrushin & Schlosman 1987]
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Rapid mixing
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Equilibrium Out-of-equilibrium

[Kastoryano & Brandao 2016]
(commuting Hamiltonians)

Thermalization times in quantum lattice systems

- Non-interacting case 
- Graph states [Kastoryano,

Reeb & Wolf 2012]
- Heat bath stab. Hamiltonian 
at high T [Kastoryano & 

Temme 2015]
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First unconditional proof of decay in relative entropy for quantum lattice systems at high T.

Main result

Theorem (informal): Given the Gibbs state of a local commuting Hamiltonian , there exists a
local quantum Markov semigroup converging to exponentially fast in relative entropy distance if

(i) is classical for .

(ii) is a nearest neighbour Hamiltonian, for .
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Modified logarithmic Sobolev inequality 

: semigroup of quantum channels on             ,              

Assume detailed balance                                                           , 

Entropic convergence:

Relative entropy distance to Entropy production linear in      : 

: MLSI constant                                                  

(etL)t�0

<latexit sha1_base64="2C2vgRaihaUljksR0cxgVqy70/8=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqpiRSsMuCGxcuKtgHtDFMpjft0MmDmYlQQhZu/BU3LhRx60e482+ctFlo64GBM+fcy733eDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfY9I4CyEjmKKQz8WQAKPQ8+bXuV+7wGEZFF4p2YxOAEZh8xnlCgtuWalBvepGgZETSjh6U2Wnbv6PwZsZa5ZterWHHiV2AWpogJt1/wajiKaBBAqyomUA9uKlZMSoRjlkJWHiYSY0CkZw0DTkAQgnXR+RIbPtDLCfiT0CxWeq787UhJIOQs8XZlvK5e9XPzPGyTKbzopC+NEQUgXg/yEYxXhPBE8YgKo4jNNCBVM74rphAhClc6trEOwl09eJd2Lut2oN24b1VaziKOEKugU1ZCNLlELXaM26iCKHtEzekVvxpPxYrwbH4vSNaPoOUF/YHz+AHeJl/M=</latexit>

B(H)

<latexit sha1_base64="BxRZwnTWBvZKfWWsJPQ7V2ACPSs=">AAACAXicbZDLSsNAFIZP6q3WW9SN4CZYhLopiRTssuimywr2Am0ok+mkHTqZhJmJUELc+CpuXCji1rdw59s4aYNo6w8DH/85hznn9yJGpbLtL6Owtr6xuVXcLu3s7u0fmIdHHRnGApM2Dlkoeh6ShFFO2ooqRnqRICjwGOl605us3r0nQtKQ36lZRNwAjTn1KUZKW0PzZBAgNcGIJddp5Yeb6cXQLNtVey5rFZwcypCrNTQ/B6MQxwHhCjMkZd+xI+UmSCiKGUlLg1iSCOEpGpO+Ro4CIt1kfkFqnWtnZPmh0I8ra+7+nkhQIOUs8HRntqNcrmXmf7V+rPy6m1AexYpwvPjIj5mlQiuLwxpRQbBiMw0IC6p3tfAECYSVDq2kQ3CWT16FzmXVqVVrt7Vyo57HUYRTOIMKOHAFDWhCC9qA4QGe4AVejUfj2Xgz3hetBSOfOYY/Mj6+AV9Vls8=</latexit>

etL(⇢) ! E(⇢), t ! 1

<latexit sha1_base64="0Rc5q7SP/wQxHsVMPC75aYGh0Og=">AAACFnicbVDLSgMxFM3UV62vqks3wSJU0DIjBbssiODCRQX7gM5YMmmmDc1khuSOMAz9Cjf+ihsXirgVd/6N6WOh1QOBk3PuJTnHjwXXYNtfVm5peWV1Lb9e2Njc2t4p7u61dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/uji4nfvmdK80jeQhozLyQDyQNOCRipVzxldxm4IYEhJSK7Ho/LrhpGxy5E+HJGTzCYm8tlAGmvWLIr9hT4L3HmpITmaPSKn24/oknIJFBBtO46dgxeRhRwKti44CaaxYSOyIB1DZUkZNrLprHG+MgofRxEyhwJeKr+3MhIqHUa+mZyEkAvehPxP6+bQFDzMi7jBJiks4eCRGATetIR7nPFKIjUEEIVN3/FdEgUoWCaLJgSnMXIf0nrrOJUK9Wbaqlem9eRRwfoEJWRg85RHV2hBmoiih7QE3pBr9aj9Wy9We+z0Zw139lHv2B9fAPjPJ8o</latexit>

E : B(H) ! Ker(L)

<latexit sha1_base64="HV6NB9GRFlToBulGb94NObw3qEg=">AAACJnicbVBdSwJBFJ21L7Mvq8deliTQF9kNIQkCKQKhHgzyA1yR2fGqg7M7y8xsIMv+ml76K730YET01k9pViVMO3DhcM693HuPGzAqlWV9Gam19Y3NrfR2Zmd3b/8ge3jUkDwUBOqEMy5aLpbAqA91RRWDViAAey6Dpju6SfzmEwhJuf+oxgF0PDzwaZ8SrLTUzV7dXjoeVkOCWXQd5395NS44ipsOD0BgxYWPPYjuQCy03MeFbjZnFa0pzFViz0kOzVHrZidOj5PQA18RhqVs21agOhEWihIGccYJJQSYjPAA2pomW2Unmr4Zm2da6Zl9LnT5ypyqixMR9qQce67uTG6Uy14i/ue1Q9UvdyLqB6ECn8wW9UNm6gCSzMweFUAUG2uCiaD6VpMMscBE6WQzOgR7+eVV0jgv2qVi6aGUq5TncaTRCTpFeWSjC1RBVVRDdUTQM3pFE/RuvBhvxofxOWtNGfOZY/QHxvcPi3qmbQ==</latexit>

)

<latexit sha1_base64="mnADio/XAPfV4S8s6Q0u04nXBbM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSsMeCF49V7AekoWy2m3bpZjfsTpRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WNza3tneJuaW//4PCofHzSNirTlLWoEkp3I2KY4JK1kKNg3VQzkkSCdaLxzdzvPDJtuJIPOElZmJCh5DGnBK0U9O75cIREa/XUL1e8qreAu078nFQgR7Nf/uoNFM0SJpEKYkzgeymGU6KRU8FmpV5mWEromAxZYKkkCTPhdHHyzL2wysCNlbYl0V2ovyemJDFmkkS2MyE4MqveXPzPCzKM6+GUyzRDJulyUZwJF5U7/98dcM0oioklhGpub3XpiGhC0aZUsiH4qy+vk/ZV1a9Va3e1SqOex1GEMziHS/DhGhpwC01oAQUFz/AKbw46L86787FsLTj5zCn8gfP5A5BfkWo=</latexit>

8⇢ 2 D(H), D(etL(⇢)kE(⇢))  e�↵ t D(⇢kE(⇢))

<latexit sha1_base64="WCX28TLdXE6Uo10hxMaJznFUUlM="></latexit>

↵D(⇢kE(⇢))  EPL(⇢) := � d

dt

����
t=0

D(etL(⇢)kE(⇢)) ⌘ �Tr[L(⇢)(ln(⇢)� ln(�))]

<latexit sha1_base64="JDoL1gXRYMzrvD6tzLmgI+8DGfw="></latexit>

L(�) = 0

<latexit sha1_base64="Gx4z//5gYxgQOJf9owyUKiOO3Hw=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKdiNUHDjwkUF+4AmlMl02g6dTMLMRCih4K+4caGIW7/DnX/jpM1CWw8MHM65l3vmBDFnSjvOt1VYW9/Y3Cpul3Z29/YP7MOjtooSSWiLRDyS3QArypmgLc00p91YUhwGnHaCyU3mdx6pVCwSD3oaUz/EI8GGjGBtpL594oVYjwnm6d2s4ik2CvHFtdO3y07VmQOtEjcnZcjR7Ntf3iAiSUiFJhwr1XOdWPsplpoRTmclL1E0xmSCR7RnqMAhVX46jz9D50YZoGEkzRMazdXfGykOlZqGgZnMwqplLxP/83qJHtb9lIk40VSQxaFhwpGOUNYFGjBJieZTQzCRzGRFZIwlJto0VjIluMtfXiXty6pbq9bua+VGPa+jCKdwBhVw4QoacAtNaAGBFJ7hFd6sJ+vFerc+FqMFK985hj+wPn8AdGeVHw==</latexit>

L

<latexit sha1_base64="3J9iEWT6MoERn3MX3jtqMiwNhjU=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQKdllw48JFBfuANpTJdNIOnUzCzI1QQj/DjQtF3Po17vwbJ20W2npg4HDOvcy5J0ikMOi6387G5tb2zm5pr7x/cHh0XDk57Zg41Yy3WSxj3Quo4VIo3kaBkvcSzWkUSN4Npre5333i2ohYPeIs4X5Ex0qEglG0Un8QUZwwKrP7+bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+oRsEkn5cHqeEJZVM65n1LFY248bNF5Dm5tMqIhLG2TyFZqL83MhoZM4sCO5lHNKteLv7n9VMMG34mVJIiV2z5UZhKgjHJ7ycjoTlDObOEMi1sVsImVFOGtqWyLcFbPXmddK5rXr1Wf6hXm42ijhKcwwVcgQc30IQ7aEEbGMTwDK/w5qDz4rw7H8vRDafYOYM/cD5/AIBJkV8=</latexit>

Ker(L)

<latexit sha1_base64="tqr+EzMYrWX09rAs1S3/8zxwvnQ=">AAACCHicbVBNS8NAEN34WetX1KMHg0Wol5JIwR4LXgQ9VLAf0ISy2U7apZts2N0IJeToxb/ixYMiXv0J3vw3btoctPXBwOO9GWbm+TGjUtn2t7Gyura+sVnaKm/v7O7tmweHHckTQaBNOOOi52MJjEbQVlQx6MUCcOgz6PqTq9zvPoCQlEf3ahqDF+JRRANKsNLSwDxxeQwCKy4iHEJ6AyKruiFWY4JZepudD8yKXbNnsJaJU5AKKtAamF/ukJMkhEgRhqXsO3asvBQLRQmDrOwmEmJMJngEfU3zrdJLZ49k1plWhlbAha5IWTP190SKQymnoa878xvlopeL/3n9RAUNL6VRnCiIyHxRkDBLcStPxRpSAUSxqSaYCKpvtcgYC0yUzq6sQ3AWX14mnYuaU6/V7+qVZqOIo4SO0SmqIgddoia6Ri3URgQ9omf0it6MJ+PFeDc+5q0rRjFzhP7A+PwBZH6aLA==</latexit>

EPLA+LB = EPLA +EPLB

<latexit sha1_base64="xvlBZVHZ03FLzRgeJuIn+tuPAiI=">AAACXHichVFdS8MwFE3r1H04rQq++FIcgjAYrQzcizAngg8+THAfsJaSZtkWljYlSYVR+id924t/RdOtD3MTdiFwcs653JsTP6JESMtaavpB4fDouFgqV06qp2fG+UVfsJgj3EOMMj70ocCUhLgniaR4GHEMA5/igT9/zvTBJ+aCsPBDLiLsBnAakglBUCrKM4TDIsyhZDyEAU5euqmXOAGUMwRp8pZ6T/XNWyd93OdP63scndQzalbDWpW5C+wc1EBeXc/4csYMxQEOJaJQiJFtRdJNIJcEUZyWnVjgCKI5nOKRgtlc4SarcFLzVjFjc8K4OqE0V+xmRwIDIRaBr5zZlmJby8j/tFEsJy03IWEUSxyi9aBJTE3JzCxpc0w4RpIuFICIE7WriWaQQyTVf5RVCPb2k3dB/75hNxvN92at3crjKIJrcAPugA0eQBu8gi7oAQSW4EcraiXtWy/oFb26tupa3nMJ/pR+9QthSbkQ</latexit>

m

<latexit sha1_base64="ndIvlt/dgdbOj1A/fl7Ge0p2TzQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRSsMeCF48V7Ac0oWw2m3bpZnfZ3VhK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIsmoNp737ZS2tnd298r7lYPDo+OT6ulZV4tMYdLBggnVj5AmjHLSMdQw0peKoDRipBdN7hZ+74koTQV/NDNJwhSNOE0oRsZKQdCRsZhypJSYDqs1r+4t4W4SvyA1KNAeVr+CWOAsJdxghrQe+J40YY6UoZiReSXINJEIT9CIDCzlKCU6zJc3z90rq8RuIpQtbtyl+nsiR6nWszSynSkyY73uLcT/vEFmkmaYUy4zQzheLUoy5hrhLgJwY6oINmxmCcKK2ltdPEYKYWNjqtgQ/PWXN0n3pu436o2HRq3VLOIowwVcwjX4cAstuIc2dACDhGd4hTcnc16cd+dj1Vpyiplz+APn8wd66pHz</latexit>

d

dt

����
t=0

<latexit sha1_base64="eXMW2Qcq6sIck3djLYIGvjvaJAk=">AAACCHicbVDLSsNAFJ3UV62vqEsXBovgKiQS0I1QcOOygn1AE8JkMmmHTh7M3AglZunGX3HjQhG3foI7/8Zpm4W2HrhwOOde7r0nyDiTYFnfWm1ldW19o77Z2Nre2d3T9w+6Ms0FoR2S8lT0AywpZwntAANO+5mgOA447QXj66nfu6dCsjS5g0lGvRgPExYxgkFJvn7schqB6UYCkyIsixBKV7DhCB78Aq6s0teblmnNYCwTuyJNVKHt619umJI8pgkQjqUc2FYGXoEFMMJp2XBzSTNMxnhIB4omOKbSK2aPlMapUkIjSoWqBIyZ+nuiwLGUkzhQnTGGkVz0puJ/3iCH6NIrWJLlQBMyXxTl3IDUmKZihExQAnyiCCaCqVsNMsIqE1DZNVQI9uLLy6R7btqO6dw6zZZTxVFHR+gEnSEbXaAWukFt1EEEPaJn9IretCftRXvXPuatNa2aOUR/oH3+ALdSmmE=</latexit>

↵1(L)

<latexit sha1_base64="CW2aWDelNVzDnR4Q4E5e9fwXVr0=">AAAB/nicbVDLSsNAFJ3UV62vqLhyEyxC3ZREArosuHHhooJ9QBPCzXTSDp1MwsxEKKHgr7hxoYhbv8Odf+OkzUJbDwwczrmXe+aEKaNS2fa3UVlb39jcqm7Xdnb39g/Mw6OuTDKBSQcnLBH9ECRhlJOOooqRfioIxCEjvXByU/i9RyIkTfiDmqbEj2HEaUQxKC0F5okHLB1D4DS8GNQYA8vvZheBWbeb9hzWKnFKUkcl2oH55Q0TnMWEK8xAyoFjp8rPQSiKGZnVvEySFPAERmSgKYeYSD+fx59Z51oZWlEi9OPKmqu/N3KIpZzGoZ4sMsplrxD/8waZiq79nPI0U4TjxaEoY5ZKrKILa0gFwYpNNQEsqM5q4TEIwEo3VtMlOMtfXiXdy6bjNt17t95yyzqq6BSdoQZy0BVqoVvURh2EUY6e0St6M56MF+Pd+FiMVoxy5xj9gfH5A5MmlTM=</latexit>



Tensorization property (classical systems):

Not known for quantum systems. For tensor products of depolarizing channels [Beigi, Datta & CR 2018]

… Consequence of SSA!

Complete MLSI constant [Junge, Gao & Laracuente 2019]

[Junge, Laracuente & CR 2019] For classical evolutions over quantum systems:

In this talk, we assume for all finite dimensional generators. 

Non-interacting lattice systems (i.i.d. case)

↵1(LA ⌦ idB + idA ⌦LB) = min{↵1(LA),↵1(LB)}

<latexit sha1_base64="Dd5DKsRpdteXTASQBKob+XR84g0="></latexit>

etL�j = e�t⇢+ (1� e�t)�j

<latexit sha1_base64="ytBPwKJvqNDcmUEDbw+N6lGCBCA=">AAACInicbVDLSsNAFJ34rPUVdekmWISKtCRSUBdC0Y0LFxXsA5oYJtNpO3byYOZGKCHf4sZfceNCUVeCH+OkraCtBwbOnHMvM+d4EWcSTPNTm5tfWFxazq3kV9fWNzb1re2GDGNBaJ2EPBQtD0vKWUDrwIDTViQo9j1Om97gIvOb91RIFgY3MIyo4+NewLqMYFCSq5/S2wRsH0OfYJ5cpW5iS9bzsXuXpmfKK0Fqi354WLRK49vBj+/qBbNsjmDMEmtCCmiCmqu/252QxD4NgHAsZdsyI3ASLIARTtO8HUsaYTLAPdpWNMA+lU4yipga+0rpGN1QqBOAMVJ/byTYl3Loe2oyCyOnvUz8z2vH0D1xEhZEMdCAjB/qxtyA0Mj6MjpMUAJ8qAgmgqm/GqSPBSagWs2rEqzpyLOkcVS2KuXKdaVQPZ/UkUO7aA8VkYWOURVdohqqI4Ie0BN6Qa/ao/asvWkf49E5bbKzg/5A+/oGb0ukzA==</latexit>

)

<latexit sha1_base64="n+4W8kOrObE1+/20wd/v1iocDDM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF49V7Ae0oWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4PxzcxvP3JthIofcJJwP6LDWISCUbRSt3cvhiOkWqunfrniVt05yCrxclKBHI1++as3UCyNeIxMUmO6npugn1GNgkk+LfVSwxPKxnTIu5bGNOLGz+YnT8mZVQYkVNpWjGSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzEScp8pgtFoWpJKjI7H8yEJozlBNLKNPC3krYiGrK0KZUsiF4yy+vktZF1atVa3e1Sv06j6MIJ3AK5+DBJdThFhrQBAYKnuEV3hx0Xpx352PRWnDymWP4A+fzB5NhkXQ=</latexit>

↵1

⇣X

j

Lj ⌦ idjc
⌘
� 1

<latexit sha1_base64="6lLgwKsMD6uhTuNByMKP1Ve2Y3Q="></latexit>

↵1,c(L) > 0

<latexit sha1_base64="AwAL37fgJYcCSCn5O5pjR511WL4=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWoICWRgq6k6MaFiwr2AU0IN9NJO3TyYGYilJCFG3/FjQtF3PoR7vwbJ20W2nrgwuGce7n3Hi9mVEjT/NZKK6tr6xvlzcrW9s7unr5/0BVRwjHp4IhFvO+BIIyGpCOpZKQfcwKBx0jPm1znfu+BcEGj8F5OY+IEMAqpTzFIJbl61QYWj8FNrVOc1e0A5BgDS2+zk0vT1Wtmw5zBWCZWQWqoQNvVv+xhhJOAhBIzEGJgmbF0UuCSYkayip0IEgOewIgMFA0hIMJJZ09kxrFShoYfcVWhNGbq74kUAiGmgac68yvFopeL/3mDRPoXTkrDOJEkxPNFfsIMGRl5IsaQcoIlmyoCmFN1q4HHwAFLlVtFhWAtvrxMumcNq9lo3jVrrasijjKqoiNURxY6Ry10g9qogzB6RM/oFb1pT9qL9q59zFtLWjFziP5A+/wBouuXcg==</latexit>

↵1,c(L) := inf
j2N

↵1(L⌦ idj)

<latexit sha1_base64="JtPsjIYSLaiQKNVrk57vj4CebEM="></latexit>

↵1,c(L) > 0

<latexit sha1_base64="l7Q/hSXbDTeO0wT791ttgglMQWE=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWoICWRgl1JwY0LFxXsA5oQbqaTdujkwcxEKCELN/6KGxeKuPUj3Pk3TtostPXAhcM593LvPV7MqJCm+a2V1tY3NrfK25Wd3b39A/3wqCeihGPSxRGL+MADQRgNSVdSycgg5gQCj5G+N73O/f4D4YJG4b2cxcQJYBxSn2KQSnL1qg0snoCbWuc4q9sByAkGlt5mZ1emq9fMhjmHsUqsgtRQgY6rf9mjCCcBCSVmIMTQMmPppMAlxYxkFTsRJAY8hTEZKhpCQISTzp/IjFOljAw/4qpCaczV3xMpBELMAk915leKZS8X//OGifRbTkrDOJEkxItFfsIMGRl5IsaIcoIlmykCmFN1q4EnwAFLlVtFhWAtv7xKehcNq9lo3jVr7VYRRxlV0QmqIwtdoja6QR3URRg9omf0it60J+1Fe9c+Fq0lrZg5Rn+gff4An+mXaA==</latexit>



Tensorization from Strong subadditivity of entropy [Lieb & Ruskai 1973]:

Defining by                                  the infinite time limit of the evolution restricted to region C,

For classical systems, the above commutation relation corresponds to             .

[Cesi 2000] [Bardet Capel CR 2020]  

related to correlations in the Gibbs state,     related to entanglement between                and                   , and
coherences in boundary for    . 
Strong approximate tensorization of relative entropy: 

Approaching non i.i.d. case via entropy inequalities

⇢

<latexit sha1_base64="Fdq/pBdQAm8TKQXW2FdxWAXUqV4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKwBwDXjxGMA9IljA7mU2GzGOZmRXCkl/w4kERr/6QN//G2WQPmljQUFR1090VJZwZ6/vfXmlre2d3r7xfOTg8Oj6pnp51jUo1oR2iuNL9CBvKmaQdyyyn/URTLCJOe9HsLvd7T1QbpuSjnSc0FHgiWcwItrk01FM1qtb8ur8E2iRBQWpQoD2qfg3HiqSCSks4NmYQ+IkNM6wtI5wuKsPU0ASTGZ7QgaMSC2rCbHnrAl05ZYxipV1Ji5bq74kMC2PmInKdAtupWfdy8T9vkNq4GWZMJqmlkqwWxSlHVqH8cTRmmhLL545gopm7FZEp1phYF0/FhRCsv7xJujf1oFFvPDRqrWYRRxku4BKuIYBbaME9tKEDBKbwDK/w5gnvxXv3PlatJa+YOYc/8D5/AB7wjkQ=</latexit>

etLdepol

<latexit sha1_base64="nY8tK/GsWD/BWuNNES82O7bdSY4=">AAACEHicbVA9SwNBEN3zM8avU0ubwyBahTsJaBm0sbCIYD4gOcPeZpIs2bs9dueEcNxPsPGv2FgoYmtp579xL0mhiQ8GHu/NMDMviAXX6Lrf1tLyyuraemGjuLm1vbNr7+03tEwUgzqTQqpWQDUIHkEdOQpoxQpoGAhoBqOr3G8+gNJcRnc4jsEP6SDifc4oGqlrn8B9ip2Q4pBRkd5k3bQjY1AUpYpoCGkPYimyLOvaJbfsTuAsEm9GSmSGWtf+6vQkS0KIkAmqddtzY/RTqpAzAVmxk2iIKRvRAbQNzZdpP508lDnHRuk5falMRehM1N8TKQ21HoeB6cxP1/NeLv7ntRPsX/gpj+IEIWLTRf1EOCidPB2nxxUwFGNDKFPc3OqwIVWUocmwaELw5l9eJI2zslcpV24rperlLI4COSRH5JR45JxUyTWpkTph5JE8k1fyZj1ZL9a79TFtXbJmMwfkD6zPH1K+nq0=</latexit>

⇢ABC

<latexit sha1_base64="PsaKLZW64H/WgTlJWvpfr7A65YY=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgh5re/FYwX5gu5Rsmm1Ds8mSZIWy9F948aCIV/+NN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wbWZ+94kqzaR4MLOY+hEeCxYygo2VHgdqIofpbaM5H5YrbtVdAK0TLycVyNEalr8GI0mSiApDONa677mx8VOsDCOczkuDRNMYkyke076lAkdU++ni4jm6sMoIhVLZEgYt1N8TKY60nkWB7YywmehVLxP/8/qJCW/8lIk4MVSQ5aIw4chIlL2PRkxRYvjMEkwUs7ciMsEKE2NDKtkQvNWX10nnqurVqrX7WqXeyOMowhmcwyV4cA11uIMWtIGAgGd4hTdHOy/Ou/OxbC04+cwp/IHz+QNC65Cn</latexit>

IA
dA

⌦ ⇢BC

<latexit sha1_base64="4ymB2Oo3cLd4CbU7DjZu2nJ/j00=">AAACE3icbVDLSsNAFJ3UV62vqEs3wSKIi5JIQZd9bHRXwT6gCWEynbRDJ5kwMxHKkH9w46+4caGIWzfu/BsnbRbaeuDC4Zx7ufeeIKFESNv+Nkpr6xubW+Xtys7u3v6BeXjUEyzlCHcRo4wPAigwJTHuSiIpHiQcwyiguB9M27nff8BcEBbfy1mCvQiOYxISBKWWfPPCDTlEyo2gnASBus181cwyNfKbmcskibBw+YT5qtXOfLNq1+w5rFXiFKQKCnR888sdMZRGOJaIQiGGjp1IT0EuCaI4q7ipwAlEUzjGQ01jqLd5av5TZp1pZWSFjOuKpTVXf08oGAkxiwLdmd8ulr1c/M8bpjK89hSJk1TiGC0WhSm1JLPygKwR4RhJOtMEIk70rRaaQB2S1DFWdAjO8surpHdZc+q1+l292mgVcZTBCTgF58ABV6ABbkAHdAECj+AZvII348l4Md6Nj0VryShmjsEfGJ8/u8SfUw==</latexit>

EC := lim
t!1

etLC

<latexit sha1_base64="9BdbPYUjJzORP/SCGPEFkY5z1is=">AAACEnicbVDLSgMxFM34rPVVdekmWATdlBkpKIJQLIILFxXsAzp1yKSZNjSTGZI7QhnmG9z4K25cKOLWlTv/xvSx0NYDgZNz7uXee/xYcA22/W0tLC4tr6zm1vLrG5tb24Wd3YaOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf1Ad+c0HpjSP5B0MY9YJSU/ygFMCRvIKx1de9fzCFTz0UnAhcrkMYIgzdm++IYE+JSK9ybxq5hWKdskeA88TZ0qKaIqaV/hyuxFNQiaBCqJ127Fj6KREAaeCZXk30SwmdEB6rG2oJCHTnXR8UoYPjdLFQaTMk4DH6u+OlIRaD0PfVI621LPeSPzPaycQnHVSLuMEmKSTQUEiMER4lA/ucsUoiKEhhCpudsW0TxShYFLMmxCc2ZPnSeOk5JRL5dtysXI5jSOH9tEBOkIOOkUVdI1qqI4oekTP6BW9WU/Wi/VufUxKF6xpzx76A+vzB+B1nkM=</latexit>

EA � EB = EB � EA = EA[B

<latexit sha1_base64="Y9s/olTlh1onaR/yVOFVSz412bI=">AAACDnicbVDLSgMxFL1TX7W+Rl26CZaCqzIjBd0IbaXgsoJ9QDsMmTTThmYeJBmhDP0CN/6KGxeKuHXtzr8xbUfQ1gMXzj3nXpJ7vJgzqSzry8itrW9sbuW3Czu7e/sH5uFRW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88fXM79xTIVkU3qlJTJ0AD0PmM4KVllyz1HBrfcIEQQ23fqXrp6npJtVWEqP61DWLVtmaA60SOyNFyNB0zc/+ICJJQENFOJayZ1uxclIsFCOcTgv9RNIYkzEe0p6mIQ6odNL5OVNU0soA+ZHQFSo0V39vpDiQchJ4ejLAaiSXvZn4n9dLlH/ppCyME0VDsnjITzhSEZplgwZMUKL4RBNMBNN/RWSEBSZKJ1jQIdjLJ6+S9nnZrpQrt5VitZ7FkYcTOIUzsOECqnADTWgBgQd4ghd4NR6NZ+PNeF+M5oxs5xj+wPj4BjASmlE=</latexit>

D(⇢kEA[B(⇢))  D(⇢kEA(⇢)) +D(⇢kEB(⇢))

<latexit sha1_base64="8qaWcJV9dmT7YxInyUBZjGKz4XQ=">AAACLHicbZDLSsNAFIYnXmu9RV26GSxCi1ASKeiyFwWXFewFmhAm00k7dHJhZiKU2Ady46sI4sIibn0Op2mg2npg4Of7z+HM+d2IUSENY6qtrW9sbm3ndvK7e/sHh/rRcVuEMcekhUMW8q6LBGE0IC1JJSPdiBPku4x03FFj5nceCRc0DB7kOCK2jwYB9ShGUiFHb9wULT4MradbJ6lZOI5gfZKSUsliBC7cWkYvFqieIUcvGGUjLbgqzEwUQFZNR3+z+iGOfRJIzJAQPdOIpJ0gLilmZJK3YkEihEdoQHpKBsgnwk7SYyfwXJE+9EKuXiBhSn9PJMgXYuy7qtNHciiWvRn8z+vF0ru2ExpEsSQBni/yYgZlCGfJwT7lBEs2VgJhTtVfIR4ijrBU+eZVCObyyauifVk2K+XKfaVQrWdx5MApOANFYIIrUAV3oAlaAINn8Ao+wFR70d61T+1r3rqmZTMn4E9p3z/q1KWO</latexit>

,

<latexit sha1_base64="RHAdSR+APQEEsLoKy+Utziw6qbc=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOAloGbSwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t925ZBJoPR0C0Vo99t+JVvTnwKvFzUkE5Gn33qzdQNI2ZBCqIMV3fSyDIiAZOBZuWeqlhCaFjMmRdSyWJmQmy+eFTfGqVAY6UtiUBz9XfExmJjZnEoe2MCYzMsjcT//O6KUSXQcZlkgKTdLEoSgUGhWcp4AHXjIKYWEKo5vZWTEdEEwo2q5INwV9+eZW0zqt+rVq7q1XqV3kcRXSMTtAZ8tEFqqMb1EBNRFGKntErenOenBfn3flYtBacfOYI/YHz+QM6fJN4</latexit>

A

<latexit sha1_base64="yUlGKlz+rGILJ18bPtwAz3SsXyU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeqF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5nW/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfpPHUYQTOIVz8OAS6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8flSOMzA==</latexit>

B

<latexit sha1_base64="6RwZViRKvARv/lwx8FRXEgYTCfk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9FjqxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrA9KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1e8aqXarJZr9TyOApzDBVyBBzdQg3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBlqeMzQ==</latexit>

D(⇢kEA[B(⇢))  c
⇥
D(⇢kEA(⇢)) +D(⇢kEB(⇢))

⇤
+ q

<latexit sha1_base64="V9YntigPmgre30Uy7ZKdtEW96Oc="></latexit>

T = 1

<latexit sha1_base64="HD0Exu9WUWOvmvExkuGtkr4L888=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9CIUvXis0C9oQ9lsN+3SzSbuToRQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb24Wd4u7e/sFh6ei4ZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38389hPXRsSqgVnC/YgOlQgFo2ilTuOmJ1SIWb9UdivuHGSVeDkpQ456v/TVG8QsjbhCJqkxXc9N0J9QjYJJPi32UsMTysZ0yLuWKhpx40/m907JuVUGJIy1LYVkrv6emNDImCwKbGdEcWSWvZn4n9dNMbz2J0IlKXLFFovCVBKMyex5MhCaM5SZJZRpYW8lbEQ1ZWgjKtoQvOWXV0nrsuJVK9WHarl2m8dRgFM4gwvw4ApqcA91aAIDCc/wCm/Oo/PivDsfi9Y1J585gT9wPn8A7eCP6A==</latexit>

T < 1

<latexit sha1_base64="Jf1O5MmpCgBFWANLsZNFtf4IWNM=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswp0EtLAI2lhGyBckR9jb7CVL9vbO3TnhCPkTNhaK2Pp37Pw3bpIrNPHBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWDcwS7kd0qEQoGEUrdRo3PaFCzPqlsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugv6EahRM8mmxlxqeUDamQ961VNGIG38yv3dKzq0yIGGsbSkkc/X3xIRGxmRRYDsjiiOz7M3E/7xuiuG1PxEqSZErtlgUppJgTGbPk4HQnKHMLKFMC3srYSOqKUMbUdGG4C2/vEpalxWvWqk+VMu12zyOApzCGVyAB1dQg3uoQxMYSHiGV3hzHp0X5935WLSuOfnMCfyB8/kD7FaP5w==</latexit>

c

<latexit sha1_base64="VqI/+O+ArSPErS9xsNHzCSapCy8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0kkoMeCF48t2FZoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fiko5NMMWyzRCTqIaQaBZfYNtwIfEgV0jgU2A0nt3O/+4RK80Tem2mKQUxHkkecUWOlFhtUa27dXYCsE68gNSjQHFS/+sOEZTFKwwTVuue5qQlyqgxnAmeVfqYxpWxCR9izVNIYdZAvDp2RC6sMSZQoW9KQhfp7Iqex1tM4tJ0xNWO96s3F/7xeZqKbIOcyzQxKtlwUZYKYhMy/JkOukBkxtYQyxe2thI2poszYbCo2BG/15XXSuap7ft1v+bWGX8RRhjM4h0vw4BoacAdNaAMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/EdYzg</latexit>

q

<latexit sha1_base64="3WbbwDjX2pmc4NxnW3tN/kj5XQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48t2FZoQ9lsJ+3azSbuboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84RK81jemUmCfkSHkoecUWOl5mO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+RmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1VrzVqlfp3HUYQTOIVz8OAS6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f3eOM/A==</latexit>

A [B

<latexit sha1_base64="hVRBBS40jJAk1eJ6v/jXN8brLr0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI8xXjxGMA9IljA7mU2GzM4O8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KJGfa+P63V9jY3NreKe6W9vYPDo/KxydtnVpFaIukPFXdCGvKmaAtwwynXakoTiJOO9Hkbu53nqjSLBWPZippmOCRYDEj2Dipc9snVqLGoFzxq/4CaJ0EOalAjuag/NUfpsQmVBjCsda9wJcmzLAyjHA6K/WtphKTCR7RnqMCJ1SH2eLcGbpwyhDFqXIlDFqovycynGg9TSLXmWAz1qveXPzP61kT34QZE9IaKshyUWw5Mima/46GTFFi+NQRTBRztyIyxgoT4xIquRCC1ZfXSfuqGtSqtYdapd7I4yjCGZzDJQRwDXW4hya0gMAEnuEV3jzpvXjv3seyteDlM6fwB97nD4sqjw4=</latexit>

(A [B)c

<latexit sha1_base64="wM8vydYWPLE1s2dv4M6lgzsgNZI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKQY+1XjxWsB+wXUs2zbah2WRJZoWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dtbWNza3tgs7xd29/YPD0tFx26hUU9aiSijdDYlhgkvWAg6CdRPNSBwK1gnHtzO/88S04Uo+wCRhQUyGkkecErCSX7np0TTBjYtH2i+V3ao7B14lXk7KKEezX/rqDRRNYyaBCmKM77kJBBnRwKlg02IvNSwhdEyGzLdUkpiZIJufPMXnVhngSGlbEvBc/T2RkdiYSRzazpjAyCx7M/E/z08hug4yLpMUmKSLRVEqMCg8+x8PuGYUxMQSQjW3t2I6IppQsCkVbQje8surpH1Z9WrV2n2tXG/kcRTQKTpDFeShK1RHd6iJWogihZ7RK3pzwHlx3p2PReuak8+coD9wPn8Ax3GQSA==</latexit>

D(⇢k⇢C ⌦ IAB

dAB
)  D(⇢k⇢AC ⌦ IB

dB
) +D(⇢k⇢BC ⌦ IA

dA
)

<latexit sha1_base64="wbfNACwR05zYNavZhS3qAGHK+Pg="></latexit>

`

<latexit sha1_base64="JQ5xaguZa3hNVDGguQvWXQRQeO8=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokE9Fjw4rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLE8GNdd1vZ2Nza3tnt7JX3T84PDqunZx2TJxqhm0Wi1j3QmpQcIVty63AXqKRylBgN5zeFX73CbXhsXq0swQDSceKR5xRW0gDFGJYq7sNdwGyTryS1KFEa1j7GoxilkpUlglqTN9zExtkVFvOBM6rg9RgQtmUjrGfU0UlmiBb3Donl7kyIlGs81KWLNTfExmVxsxkmHdKaidm1SvE/7x+aqPbIOMqSS0qtlwUpYLYmBSPkxHXyKyY5YQyzfNbCZtQTZnN46nmIXirL6+TznXD8xv+g19v+mUcFTiHC7gCD26gCffQgjYwmMAzvMKbI50X5935WLZuOOXMGfyB8/kDC3aONA==</latexit>

q = 0, c ⇠ 1 +  e�` ) ↵1(L⇤) > 0

<latexit sha1_base64="KrqS2AqXU0X6Mer25Gu6QqHcv0w="></latexit>



Removing quantum properties: peeling out

Intuition:

Example:           classical state,  classical Glauber dynamics, 1D nearest neighbour interactions:

Classical state

⌧decoherence, ⌧entanglement << ⌧thermalization

<latexit sha1_base64="FgyAXVfrjw4wJQdzVtqmci9UcJ4="></latexit>

�⇤

<latexit sha1_base64="mriQ5cSF1kYyv0B5cShMVrfvO5M=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EiyCp7IrBXssePHgoYJthe5astlsG5pklySrlKX/w4sHRbz6X7z5b0zbPWjrQGCYecN7mTDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqKuTTBHaIQlP1H2INeVM0o5hhtP7VFEsQk574fhq5vceqdIskXdmktJA4KFkMSPYWOnB12wo8MC/sYkID6o1t+7OgVaJV5AaFGgPql9+lJBMUGkIx1r3PTc1QY6VYYTTacXPNE0xGeMh7VsqsaA6yOdXT9GZVSIUJ8o+adBc/Z3IsdB6IkI7KbAZ6WVvJv7n9TMTN4OcyTQzVJLFojjjyCRoVgGKmKLE8IklmChmb0VkhBUmxhZVsSV4y19eJd2LuteoN24btVazqKMMJ3AK5+DBJbTgGtrQAQIKnuEV3pwn58V5dz4WoyWnyBzDHzifP2ctkmw=</latexit>

L⇤

<latexit sha1_base64="qS0s/6nZrvtZVwVQaDDo6firDro=">AAAB/HicbVDLSsNAFJ3UV62vapduBovgqiRSsMuCGxddVLAPaEK4mUzaoZMHMxMhhPorblwo4tYPceffOGmz0NYDA4dz7+GeOV7CmVSm+W1UtrZ3dveq+7WDw6Pjk/rp2VDGqSB0QGIei7EHknIW0YFiitNxIiiEHqcjb35bzEePVEgWRw8qS6gTwjRiASOgtOTWG3YIakaA572Fa/e00Qe33jRb5hJ4k1glaaISfbf+ZfsxSUMaKcJByollJsrJQShGOF3U7FTSBMgcpnSiaQQhlU6+DL/Al1rxcRAL/SKFl+pvRw6hlFno6c0iqlyfFeJ/s0mqgo6TsyhJFY3I6lCQcqxiXDSBfSYoUTzTBIhgOismMxBAlO6rpkuw1r+8SYbXLavdat+3m91OWUcVnaMLdIUsdIO66A710QARlKFn9IrejCfjxXg3PlarFaP0NNAfGJ8/1LyU3A==</latexit>

EA(⇢) =
X

!@A

Tr[h!@A|⇢|!@Ai] |!@Aih!@A|⌦ �!@A
A

<latexit sha1_base64="R9eNPNa6/q5lG6BXdSy0XoRtvWk="></latexit>

D(⇢k�⇤) = D(⇢kEA(⇢)) +D(EA(⇢)k�⇤) (Chain rule)

<latexit sha1_base64="Cj3ST3B95zOTXNVh9OPZHiyqzTY="></latexit>

⇤ = A [ @A

<latexit sha1_base64="vZRhifA2Ve4vdBrv0sb8MJmJ768=">AAACAnicbVDNS8MwHE39nPOr6km8BIfgabQycBdhw4sHDxPcB6xlpGm6haVpSFJhlOHFf8WLB0W8+ld4878x3XrQzQeBx3vvl+T3AsGo0o7zba2srq1vbJa2yts7u3v79sFhRyWpxKSNE5bIXoAUYZSTtqaakZ6QBMUBI91gfJ373QciFU34vZ4I4sdoyGlEMdJGGtjH3q0Jh+gKNj2cCugJJDVFDDYHdsWpOjPAZeIWpAIKtAb2lxcmOI0J15ghpfquI7Sf5fdhRqZlL1VEIDxGQ9I3lKOYKD+brTCFZ0YJYZRIc7iGM/X3RIZipSZxYJIx0iO16OXif14/1VHdzygXqSYczx+KUgZ1AvM+YEglwZpNDEFYUvNXiEdIIqxNa2VTgru48jLpXFTdWrV2V6s06kUdJXACTsE5cMElaIAb0AJtgMEjeAav4M16sl6sd+tjHl2xipkj8AfW5w+pXZZL</latexit>

A

<latexit sha1_base64="1aA39UIdAk8/xr1YjVt8wPxOnbA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4CjMyoMeIF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4tgXB4UPN6roqpemEph0HU/nMLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHV1O/dc+1EYm6w3HKg5gOlIgEo2il28tSr1zxqu4MxP1FvqwKLFDvld+7/YRlMVfIJDWm47kpBjnVKJjkk1I3MzylbEQHvGOpojE3QT67dEJOrNInUaJtKSQz9ftETmNjxnFoO2OKQ/PTm4p/eZ0Mo4sgFyrNkCs2XxRlkmBCpm+TvtCcoRxbQpkW9lbChlRThjacpRD+J82zqudX/Ru/UvMXcRThCI7hFDw4hxpcQx0awCCCB3iCZ2fkPDovzuu8teAsZg5hCc7bJ8a6jNM=</latexit>

@A

<latexit sha1_base64="EddOpEZ52+WyVb0jqG03KzIB3Zw=">AAAB83icbVDLSgMxFM3UVx1fVZdugkVwNWTqiO2u4sZlBfuAzlAyaaYNzWSGJCOUob/hxoUibv0Zd/6NmbaIWg9cOJxzb3LvCVPOlEbo0yqtrW9sbpW37Z3dvf2DyuFRRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Kbwuw9UKpaIez1NaRDjkWARI1gbyfdTLDXDHNrX9qBSRY7rNly3DpGDLlDjsgZdB83xTapgidag8uEPE5LFVGjCsVJ9F6U6yIsXCacz288UTTGZ4BHtGypwTFWQz3eewTOjDGGUSFNCw7n6cyLHsVLTODSdMdZj9dcrxP+8fqajepAzkWaaCrL4KMo41AksAoBDJinRfGoIJpKZXSEZY4mJNjEVIaycvEo6Ncf1HO/Oqza9ZRxlcAJOwTlwwRVoglvQAm1AQAoewTN4sTLryXq13hatJWs5cwx+wXr/AsYykNI=</latexit>



Pinched MLSI

Cf: 1D chain, nearest neighbour interactions

Definition (Pinched MLSI):

Question: Is independent of the lattice size? 

A

<latexit sha1_base64="1aA39UIdAk8/xr1YjVt8wPxOnbA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4CjMyoMeIF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4tgXB4UPN6roqpemEph0HU/nMLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHV1O/dc+1EYm6w3HKg5gOlIgEo2il28tSr1zxqu4MxP1FvqwKLFDvld+7/YRlMVfIJDWm47kpBjnVKJjkk1I3MzylbEQHvGOpojE3QT67dEJOrNInUaJtKSQz9ftETmNjxnFoO2OKQ/PTm4p/eZ0Mo4sgFyrNkCs2XxRlkmBCpm+TvtCcoRxbQpkW9lbChlRThjacpRD+J82zqudX/Ru/UvMXcRThCI7hFDw4hxpcQx0awCCCB3iCZ2fkPDovzuu8teAsZg5hCc7bJ8a6jNM=</latexit>

@A

<latexit sha1_base64="EddOpEZ52+WyVb0jqG03KzIB3Zw=">AAAB83icbVDLSgMxFM3UVx1fVZdugkVwNWTqiO2u4sZlBfuAzlAyaaYNzWSGJCOUob/hxoUibv0Zd/6NmbaIWg9cOJxzb3LvCVPOlEbo0yqtrW9sbpW37Z3dvf2DyuFRRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Kbwuw9UKpaIez1NaRDjkWARI1gbyfdTLDXDHNrX9qBSRY7rNly3DpGDLlDjsgZdB83xTapgidag8uEPE5LFVGjCsVJ9F6U6yIsXCacz288UTTGZ4BHtGypwTFWQz3eewTOjDGGUSFNCw7n6cyLHsVLTODSdMdZj9dcrxP+8fqajepAzkWaaCrL4KMo41AksAoBDJinRfGoIJpKZXSEZY4mJNjEVIaycvEo6Ncf1HO/Oqza9ZRxlcAJOwTlwwRVoglvQAm1AQAoewTN4sTLryXq13hatJWs5cwx+wXr/AsYykNI=</latexit>

�C D(EA(⇢)kEC � EA(⇢))  EPLC (⇢)

<latexit sha1_base64="HQMe/Y404rOU6HAPt7oUhDJ5qwU="></latexit>

�⇤

<latexit sha1_base64="0c1Kr8YWLOOzUhusV8/D0wzeFg8=">AAAB9XicbVBNSwMxFMzWr1q/qh69BIvgqexKwR4LXjx4qGBbobuWt9lsG5pklySrlKX/w4sHRbz6X7z5b0zbPWjrQGCYecN7mTDlTBvX/XZKa+sbm1vl7crO7t7+QfXwqKuTTBHaIQlP1H0ImnImaccww+l9qiiIkNNeOL6a+b1HqjRL5J2ZpDQQMJQsZgSMlR78IQgBA//GJiIYVGtu3Z0DrxKvIDVUoD2ofvlRQjJBpSEctO57bmqCHJRhhNNpxc80TYGMYUj7lkoQVAf5/OopPrNKhONE2ScNnqu/EzkIrScitJMCzEgvezPxP6+fmbgZ5EymmaGSLBbFGccmwbMKcMQUJYZPLAGimL0VkxEoIMYWVbEleMtfXiXdi7rXqDduG7VWs6ijjE7QKTpHHrpELXSN2qiDCFLoGb2iN+fJeXHenY/FaMkpMsfoD5zPH1FJkl4=</latexit>

C

<latexit sha1_base64="BWzsNJhJalGAY56CQD7lp8kIpYo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI+FXjy2YFuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzro5TxbDDYhGrh4BqFFxix3Aj8CFRSKNAYC+YNhd+7wmV5rG8N7ME/YiOJQ85o8ZK7eawXHGr7hJkk3g5qUCO1rD8NRjFLI1QGiao1n3PTYyfUWU4EzgvDVKNCWVTOsa+pZJGqP1seeicXFllRMJY2ZKGLNXfExmNtJ5Fge2MqJnodW8h/uf1UxPW/YzLJDUo2WpRmApiYrL4moy4QmbEzBLKFLe3EjahijJjsynZELz1lzdJ96bq1aq1dq3SqOdxFOECLuEaPLiFBtxBCzrAAOEZXuHNeXRenHfnY9VacPKZc/gD5/MHlSmMxA==</latexit>

D(⇢kE⇤(⇢)) = D(⇢kEA(⇢)) +D(EA(⇢)kE⇤(⇢)) (Chain rule)

 ↵c(LA⇤)�1 EPLA(⇢) + �⇤
�1 EPL⇤(⇢) (CMLSI + Pinched MLSI)


�
↵c(LA⇤)�1 + �⇤

�1
�
EPL⇤(⇢) (linearity of EP)

<latexit sha1_base64="zcSBtKY1DzV1MPEneIqtw6GPPBY="></latexit>



Controlling the Pinched MLSI constant via decay of correlations
�C D(⇢AkEC(⇢A))  EPLC (⇢) , ⇢A := EA(⇢)

<latexit sha1_base64="dy7DQu71rI6nfJb9AoOVFaUJbR0="></latexit>

Pinched MLSI:

[Dobrushin & Schlosman 1987] Gibbs measures satisfy a decay of correlations in 1D or below  

[Cesi 2001] For all classical state , for                                      large enough  

Since        is classical, we can iterate        :

�c

<latexit sha1_base64="p87gbHkn/y+PRB0jD2k0p+rmLjA=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHgxWME84BkCbOT3mTI7IOZXiEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q4gVdKQ6347G5tb2zu7pb3y/sHh0XHl5LRtkkwLbIlEJbobcINKxtgiSQq7qUYeBQo7weRu7neeUBuZxI80TdGP+CiWoRScrNTpB0h8IAaVqltzF2DrxCtIFQo0B5Wv/jARWYQxCcWN6XluSn7ONUmhcFbuZwZTLiZ8hD1LYx6h8fPFuTN2aZUhCxNtKya2UH9P5DwyZhoFtjPiNDar3lz8z+tlFN76uYzTjDAWy0VhphglbP47G0qNgtTUEi60tLcyMeaaC7IJlW0I3urL66R9XfPqtfpDvdqoF3GU4Bwu4Ao8uIEG3EMTWiBgAs/wCm9O6rw4787HsnXDKWbO4A+czx82NY9z</latexit>

p

<latexit sha1_base64="B7mXcVQAbyU5pfgN+53IaQhnwh8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSKxmWK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asK6n3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNiUbgrf+8ibp3FS9WrXWqlUa9TyOIlzAJVyDB7fQgHtoQhsYIDzDK7w5j86L8+58rFoLTj5zDn/gfP4A2V2M8Q==</latexit>

⇢A

<latexit sha1_base64="5VQBx89D92k+rf0ej4T8XRti8aI=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKwR4rXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdl+P1eBmUK54VW8BvE78nFQgR3NQ/uoPFU1jJi0VxJie7yU2yIi2nAo2K/VTwxJCJ2TEeo5KEjMTZItrZ/jCKUMcKe1KWrxQf09kJDZmGoeuMyZ2bFa9ufif10ttVA8yLpPUMkmXi6JUYKvw/HU85JpRK6aOEKq5uxXTMdGEWhdQyYXgr768TtpXVb9Wrd3XKo16HkcRzuAcLsGHa2jAHTShBRQe4Rle4Q0p9ILe0ceytYDymVP4A/T5A17+jvg=</latexit>

(?)

<latexit sha1_base64="CgOuk8pFf5EU3C7HGZe0a8ypCtE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBXssePFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ylsbe/s7hX3SweHR8cn5dOzjolTzXibxTLWvYAaLoXibRQoeS/RnEaB5N1gerfwu09cGxGrR5wl3I/oWIlQMIpW6lYHBqm+HpYrbs1dgmwSLycVyNEalr8Go5ilEVfIJDWm77kJ+hnVKJjk89IgNTyhbErHvG+pohE3frY8d06urDIiYaxtKSRL9fdERiNjZlFgOyOKE7PuLcT/vH6KYcPPhEpS5IqtFoWpJBiTxe9kJDRnKGeWUKaFvZWwCdWUoU2oZEPw1l/eJJ2bmlev1R/qlWYjj6MIF3AJVfDgFppwDy1oA4MpPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP7iDjyQ=</latexit>

(?)

<latexit sha1_base64="CgOuk8pFf5EU3C7HGZe0a8ypCtE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoiBXssePFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ylsbe/s7hX3SweHR8cn5dOzjolTzXibxTLWvYAaLoXibRQoeS/RnEaB5N1gerfwu09cGxGrR5wl3I/oWIlQMIpW6lYHBqm+HpYrbs1dgmwSLycVyNEalr8Go5ilEVfIJDWm77kJ+hnVKJjk89IgNTyhbErHvG+pohE3frY8d06urDIiYaxtKSRL9fdERiNjZlFgOyOKE7PuLcT/vH6KYcPPhEpS5IqtFoWpJBiTxe9kJDRnKGeWUKaFvZWwCdWUoU2oZEPw1l/eJJ2bmlev1R/qlWYjj6MIF3AJVfDgFppwDy1oA4MpPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP7iDjyQ=</latexit>

dist(Cc, Dc) ⌘ `

<latexit sha1_base64="WeBfC7QR1vjJWscmFCHUHUPMKXo=">AAACEHicbVDLSgMxFM3UV62vUZdugkWsIGVGCnZZqAuXFewDOm3JpLdtaGYyJplCGfoJbvwVNy4UcevSnX9j+lho64HA4Zx7ObnHjzhT2nG+rdTa+sbmVno7s7O7t39gHx7VlIglhSoVXMiGTxRwFkJVM82hEUkggc+h7g/LU78+AqmYCO/1OIJWQPoh6zFKtJE69rknIpBECxmSAJKuSZzkym16edOmFx48xGyEPeC8Y2edvDMDXiXugmTRApWO/eV1BY0DCDXlRKmm60S6lRCpGeUwyXixgojQIelD09Bpumols4Mm+MwoXdwT0rxQ45n6eyMhgVLjwDeTAdEDtexNxf+8Zqx7xVbCwijWENJ5UC/mWAs8bQd3mQSq+dgQQiUzf8V0QCSh2nSYMSW4yyevktpV3i3kC3eFbKm4qCONTtApyiEXXaMSukUVVEUUPaJn9IrerCfrxXq3PuajKWuxc4z+wPr8AdGxnQg=</latexit>

D(pkEC[D(p))  (1 + e�`)
⇥
D(pkEC(p)) +D(pkED(p))

⇤

<latexit sha1_base64="3Y+9xYZ5c7N+JhUAmLFZU8fVcpg="></latexit>

D(⇢AkE⇤(⇢A))  (1 +K)
2NX

j=1

D(⇢AkEC(N)
j

(⇢A))

<latexit sha1_base64="CW0PmPSJTSGoiHvLD6VEpS8cZ6g="></latexit>

C(i+1)
2j�1

<latexit sha1_base64="PGn3qhcqpx1W0VvvC72KtZ3GHgw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BItQEUtSCvZY6MVjBfsBbQyb7aZd3WzC7qZQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZ58eMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujJKBCYdHLFI9H0kCaOcdBRVjPRjQVDoM9Lzn1pzvzclQtKI36tZTNwQjTkNKEZKS55ptry09njtZA9phV45l5lnlu2qvYC1TpyclCFH2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclKw0SSGOEnNCYDTTkKiXTTxeWZdaGVkRVEQhdX1kL9PZGiUMpZ6OvOEKmJXPXm4n/eIFFBw00pjxNFOF4uChJmqciax2CNqCBYsZkmCAuqb7XwBAmElQ6rpENwVl9eJ91a1alX63f1crORx1GEMziHCjhwA024hTZ0AMMUnuEV3ozUeDHejY9la8HIZ07hD4zPH4zIkkg=</latexit>

C(i+1)
2j

<latexit sha1_base64="oTuIUTz68XqIH0D7+SOQWd9FCaY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkFOyx0IvHCvYD2rRstpt27WYTdjdKCfkfXjwo4tX/4s1/47bNQasPBh7vzTAzz4s4U9q2v6zcxubW9k5+t7C3f3B4VDw+6agwloS2SchD2fOwopwJ2tZMc9qLJMWBx2nXmzUXfveBSsVCcafnEXUDPBHMZwRrIw2bo6R6nw6TMrtyLtNRsWRX7CXQX+JkpAQZWqPi52AckjigQhOOleo7dqTdBEvNCKdpYRArGmEywxPaN1TggCo3WV6dogujjJEfSlNCo6X6cyLBgVLzwDOdAdZTte4txP+8fqz9upswEcWaCrJa5Mcc6RAtIkBjJinRfG4IJpKZWxGZYomJNkEVTAjO+st/SadacWqV2m2t1KhnceThDM6hDA5cQwNuoAVtICDhCV7g1Xq0nq03633VmrOymVP4BevjGzWCkaU=</latexit>

C(i)
j =

<latexit sha1_base64="S80v3rEd9BYEpwBBG4c+zN22mz0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiAXsRCr14rGA/oI1ls920azebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk46KEklom0Q8kj0fK8qZoG3NNKe9WFIc+px2/Wlz7nefqFQsEvd6FlMvxGPBAkawNtKgOUwfs4e0yi6zm2G5YtfsBdA6cXJSgRytYflrMIpIElKhCcdK9R071l6KpWaE06w0SBSNMZniMe0bKnBIlZcubs7QhVFGKIikKaHRQv09keJQqVnom84Q64la9ebif14/0UHdS5mIE00FWS4KEo50hOYBoBGTlGg+MwQTycytiEywxESbmEomBGf15XXSuao5bs29cyuNeh5HEc7gHKrgwDU04BZa0AYCMTzDK7xZifVivVsfy9aClc+cwh9Ynz9p/ZFA</latexit>

A

<latexit sha1_base64="1aA39UIdAk8/xr1YjVt8wPxOnbA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4CjMyoMeIF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4tgXB4UPN6roqpemEph0HU/nMLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHV1O/dc+1EYm6w3HKg5gOlIgEo2il28tSr1zxqu4MxP1FvqwKLFDvld+7/YRlMVfIJDWm47kpBjnVKJjkk1I3MzylbEQHvGOpojE3QT67dEJOrNInUaJtKSQz9ftETmNjxnFoO2OKQ/PTm4p/eZ0Mo4sgFyrNkCs2XxRlkmBCpm+TvtCcoRxbQpkW9lbChlRThjacpRD+J82zqudX/Ru/UvMXcRThCI7hFDw4hxpcQx0awCCCB3iCZ2fkPDovzuu8teAsZg5hCc7bJ8a6jNM=</latexit>

@A

<latexit sha1_base64="EddOpEZ52+WyVb0jqG03KzIB3Zw=">AAAB83icbVDLSgMxFM3UVx1fVZdugkVwNWTqiO2u4sZlBfuAzlAyaaYNzWSGJCOUob/hxoUibv0Zd/6NmbaIWg9cOJxzb3LvCVPOlEbo0yqtrW9sbpW37Z3dvf2DyuFRRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Kbwuw9UKpaIez1NaRDjkWARI1gbyfdTLDXDHNrX9qBSRY7rNly3DpGDLlDjsgZdB83xTapgidag8uEPE5LFVGjCsVJ9F6U6yIsXCacz288UTTGZ4BHtGypwTFWQz3eewTOjDGGUSFNCw7n6cyLHsVLTODSdMdZj9dcrxP+8fqajepAzkWaaCrL4KMo41AksAoBDJinRfGoIJpKZXSEZY4mJNjEVIaycvEo6Ncf1HO/Oqza9ZRxlcAJOwTlwwRVoglvQAm1AQAoewTN4sTLryXq13hatJWs5cwx+wXr/AsYykNI=</latexit>

kE!@C[D
C � E!@C[D

D � E!@C[D
C[D : L1(�!@C[D

C[D ) ! L1k  c |C [D| e� dist(Cc,Dc)/⇠

<latexit sha1_base64="MaofeFCajdAT40mqcnJkTIIEwlc="></latexit>



Bounding the Pinched MLSI constant
�C D(⇢AkEC(⇢A))  EPLC (⇢) , ⇢A := EA(⇢)

<latexit sha1_base64="dy7DQu71rI6nfJb9AoOVFaUJbR0="></latexit>

Pinched MLSI:

We proved:

Proof of                            : Since                            , 

D(⇢AkE⇤(⇢A))  (1 +K)
2NX

j=1

D(⇢AkEC(N)
j

(⇢A))

<latexit sha1_base64="CW0PmPSJTSGoiHvLD6VEpS8cZ6g="></latexit>

[EC , EA] = 0

<latexit sha1_base64="Gv0OsRXpGnGQpQe7UwgOCdfu94I=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBg5RECvYiVErBYwX7AWkIm+2mXbrZhN2JUEJ/hhcPinj113jz37htc9DWBwOP92aYmRckgmuw7W+rsLG5tb1T3C3t7R8cHpWPT7o6ThVlHRqLWPUDopngknWAg2D9RDESBYL1gklz7veemNI8lo8wTZgXkZHkIacEjOS6Lb951fLvvFvbL1fsqr0AXidOTiooR9svfw2GMU0jJoEKorXr2Al4GVHAqWCz0iDVLCF0QkbMNVSSiGkvW5w8wxdGGeIwVqYk4IX6eyIjkdbTKDCdEYGxXvXm4n+em0JY9zIukxSYpMtFYSowxHj+Px5yxSiIqSGEKm5uxXRMFKFgUiqZEJzVl9dJ97rq1Kq1h1qlUc/jKKIzdI4ukYNuUAPdozbqIIpi9Ixe0ZsF1ov1bn0sWwtWPnOK/sD6/AFpjJAC</latexit>

C(i+1)
2j�1

<latexit sha1_base64="PGn3qhcqpx1W0VvvC72KtZ3GHgw=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69BItQEUtSCvZY6MVjBfsBbQyb7aZd3WzC7qZQQv6JFw+KePWfePPfuG1z0NYHA4/3ZpiZ58eMSmXb30ZhY3Nre6e4W9rbPzg8Mo9PujJKBCYdHLFI9H0kCaOcdBRVjPRjQVDoM9Lzn1pzvzclQtKI36tZTNwQjTkNKEZKS55ptry09njtZA9phV45l5lnlu2qvYC1TpyclCFH2zO/hqMIJyHhCjMk5cCxY+WmSCiKGclKw0SSGOEnNCYDTTkKiXTTxeWZdaGVkRVEQhdX1kL9PZGiUMpZ6OvOEKmJXPXm4n/eIFFBw00pjxNFOF4uChJmqciax2CNqCBYsZkmCAuqb7XwBAmElQ6rpENwVl9eJ91a1alX63f1crORx1GEMziHCjhwA024hTZ0AMMUnuEV3ozUeDHejY9la8HIZ07hD4zPH4zIkkg=</latexit>

C(i+1)
2j

<latexit sha1_base64="oTuIUTz68XqIH0D7+SOQWd9FCaY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahIpSkFOyx0IvHCvYD2rRstpt27WYTdjdKCfkfXjwo4tX/4s1/47bNQasPBh7vzTAzz4s4U9q2v6zcxubW9k5+t7C3f3B4VDw+6agwloS2SchD2fOwopwJ2tZMc9qLJMWBx2nXmzUXfveBSsVCcafnEXUDPBHMZwRrIw2bo6R6nw6TMrtyLtNRsWRX7CXQX+JkpAQZWqPi52AckjigQhOOleo7dqTdBEvNCKdpYRArGmEywxPaN1TggCo3WV6dogujjJEfSlNCo6X6cyLBgVLzwDOdAdZTte4txP+8fqz9upswEcWaCrJa5Mcc6RAtIkBjJinRfG4IJpKZWxGZYomJNkEVTAjO+st/SadacWqV2m2t1KhnceThDM6hDA5cQwNuoAVtICDhCV7g1Xq0nq03633VmrOymVP4BevjGzWCkaU=</latexit>

C(i)
j =

<latexit sha1_base64="S80v3rEd9BYEpwBBG4c+zN22mz0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiAXsRCr14rGA/oI1ls920azebsLsRSsjf8OJBEa/+GW/+G7dtDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk46KEklom0Q8kj0fK8qZoG3NNKe9WFIc+px2/Wlz7nefqFQsEvd6FlMvxGPBAkawNtKgOUwfs4e0yi6zm2G5YtfsBdA6cXJSgRytYflrMIpIElKhCcdK9R071l6KpWaE06w0SBSNMZniMe0bKnBIlZcubs7QhVFGKIikKaHRQv09keJQqVnom84Q64la9ebif14/0UHdS5mIE00FWS4KEo50hOYBoBGTlGg+MwQTycytiEywxESbmEomBGf15XXSuao5bs29cyuNeh5HEc7gHKrgwDU04BZa0AYCMTzDK7xZifVivVsfy9aClc+cwh9Ynz9p/ZFA</latexit>

A

<latexit sha1_base64="1aA39UIdAk8/xr1YjVt8wPxOnbA=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4CjMyoMeIF49RzALJEHo6PUmTnp6hu0YIQ/7AiwdFvPpH3vwbO4tgXB4UPN6roqpemEph0HU/nMLK6tr6RnGztLW9s7tX3j9omiTTjDdYIhPdDqnhUijeQIGSt1PNaRxK3gpHV1O/dc+1EYm6w3HKg5gOlIgEo2il28tSr1zxqu4MxP1FvqwKLFDvld+7/YRlMVfIJDWm47kpBjnVKJjkk1I3MzylbEQHvGOpojE3QT67dEJOrNInUaJtKSQz9ftETmNjxnFoO2OKQ/PTm4p/eZ0Mo4sgFyrNkCs2XxRlkmBCpm+TvtCcoRxbQpkW9lbChlRThjacpRD+J82zqudX/Ru/UvMXcRThCI7hFDw4hxpcQx0awCCCB3iCZ2fkPDovzuu8teAsZg5hCc7bJ8a6jNM=</latexit>

@A

<latexit sha1_base64="EddOpEZ52+WyVb0jqG03KzIB3Zw=">AAAB83icbVDLSgMxFM3UVx1fVZdugkVwNWTqiO2u4sZlBfuAzlAyaaYNzWSGJCOUob/hxoUibv0Zd/6NmbaIWg9cOJxzb3LvCVPOlEbo0yqtrW9sbpW37Z3dvf2DyuFRRyWZJLRNEp7IXogV5UzQtmaa014qKY5DTrvh5Kbwuw9UKpaIez1NaRDjkWARI1gbyfdTLDXDHNrX9qBSRY7rNly3DpGDLlDjsgZdB83xTapgidag8uEPE5LFVGjCsVJ9F6U6yIsXCacz288UTTGZ4BHtGypwTFWQz3eewTOjDGGUSFNCw7n6cyLHsVLTODSdMdZj9dcrxP+8fqajepAzkWaaCrL4KMo41AksAoBDJinRfGoIJpKZXSEZY4mJNjEVIaycvEo6Ncf1HO/Oqza9ZRxlcAJOwTlwwRVoglvQAm1AQAoewTN4sTLryXq13hatJWs5cwx+wXr/AsYykNI=</latexit>

 ��1
C

2NX

j=1

EPL
C

(N)
j

(⇢)

 2 ��1
C EPL⇤(⇢)

 2↵c(LC)
�1 EPL⇤(⇢)

<latexit sha1_base64="2altl5IfRoRA0aNfXLwsc7P4CIY="></latexit>

D(⇢AkEC(⇢A)) = D(EA(⇢)kEA � EC(⇢))

 D(⇢kEC(⇢))

 ↵c(LC)
�1 EPLC (⇢)

<latexit sha1_base64="s1NCJ3xYHbaGoNgJKf2UV2b1Ymw="></latexit>

�C � ↵c(LC)

<latexit sha1_base64="z2PhiAf22FDDKbhUamsuk4V4u3I=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5JIwS4L3bhwUcE+oAnhZjpth84kYWYilNAPcOOvuHGhiFs/wJ1/46TNQlsPDBzOOZe59wQxZ0rb9rdV2Njc2t4p7pb29g8Oj8rHJ10VJZLQDol4JPsBKMpZSDuaaU77saQgAk57wbSV+b0HKhWLwns9i6knYByyESOgjeSXK+4YhAC/5Y4pdoHHE/BJ1RWgJwR4ejv3W5cmZdfsBfA6cXJSQTnafvnLHUYkETTUhINSA8eOtZeC1IxwOi+5iaIxkCmM6cDQEARVXro4Zo4vjDLEo0iaF2q8UH9PpCCUmonAJLMt1aqXif95g0SPGl7KwjjRNCTLj0YJxzrCWTN4yCQlms8MASKZ2RWTCUgg2vRXMiU4qyevk+5VzanX6nf1SrOR11FEZ+gcVZGDrlET3aA26iCCHtEzekVv1pP1Yr1bH8towcpnTtEfWJ8/7NSa4A==</latexit>



Nearest neighbour, commuting Hamiltonians

a-1 i i+1                    C=[a,b]   b+1
[Bravyi & Vyalyi 2005] 

, where (Schmidt decomposition) 

, 

- Refinement of [Harrow, Mehraban, Soleimanifar 2019] conditional decay of correlations.
- Refinement of [Bardet, Capel, R 2020] approximate tensorization of RE: 

- The argument for Glauber dynamics extends for the generator

e��H⇤ =
Y

j2⇤

e��hi,i+1

<latexit sha1_base64="H2uB0ckOTEOr/rpvKSH9LEGrR40=">AAACJ3icbVDLSsNAFJ34rPUVdelmsAiCWhIp6EYR3HThooLVQlPDZHJrx04mYWYilJC/ceOvuBFURJf+idOHotYDA4dzzuXOPUHCmdKO825NTE5Nz8wW5orzC4tLy/bK6oWKU0mhTmMey0ZAFHAmoK6Z5tBIJJAo4HAZdE/6/uUtSMVica57CbQici1Ym1GijeTbR3CV7XoBaOLtVH3v1EyGJD/0EhmHfnbjMYG/xO8k7vgZ22Hbbp77dskpOwPgceKOSAmNUPPtJy+MaRqB0JQTpZquk+hWRqRmlENe9FIFCaFdcg1NQwWJQLWywZ053jRKiNuxNE9oPFB/TmQkUqoXBSYZEd1Rf72++J/XTHX7oJUxkaQaBB0uaqcc6xj3S8Mhk0A17xlCqGTmr5h2iCRUm2qLpgT378nj5GKv7FbKlbNK6fhgVEcBraMNtIVctI+OURXVUB1RdIce0DN6se6tR+vVehtGJ6zRzBr6BevjE8K2pdg=</latexit>
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X

`

X`
i,R ⌦X`

i+1,L

<latexit sha1_base64="cIRxGzPmCBscZMQJkApkz1k2Pxo="></latexit>

A[a,b] := B(Ha�2)⌦Aa�1,L ⌦ I[a,b] ⌦Ab+1,R ⌦ B(H�b+2)

<latexit sha1_base64="RZfpZudAl7g1FL6Je2QuQN8y0Kg="></latexit>

E⇤
[a,b] : B(H⇤) ! A[a,b]

<latexit sha1_base64="vMyx1oiKAz7EZy63lhf43YI6L3o="></latexit>

8⇢ = EA(⇢), D(⇢kEC[D(⇢))  (1 +O(e�d(Cc,Dc)))
�
D(⇢kEC(⇢)) +D(⇢kED(⇢))

�

<latexit sha1_base64="OaVbnItI8H1bI/mofutjN2+XnXo="></latexit>

L⇤ =
X

j2⇤

Ej � id

<latexit sha1_base64="RxBcKsj9QXnTY7Uk6ZqXM9enl6Q=">AAACJXicbVDLSgMxFM3Ud31VXboJFsGNZUYKdqEgiOCiCwWrQqcMdzKpTZtJhiQjlGF+xo2/4saFRQRX/oqZOgtfBwKHc+7l5pww4Uwb1313KjOzc/MLi0vV5ZXVtfXaxua1lqkitEMkl+o2BE05E7RjmOH0NlEU4pDTm3B0Wvg391RpJsWVGSe0F8OdYH1GwFgpqB35MZgBAZ6188Bv28UIjn2dxkE29JkolRyfBcN9XyZUgZFKQEwzFuVBre423CnwX+KVpI5KXAS1iR9JksZUGMJB667nJqaXgTKMcJpX/VTTBMgI7mjX0uKO7mXTlDnetUqE+1LZJwyeqt83Moi1HsehnSwy6d9eIf7ndVPTb/UyJpLUUEG+DvVTjo3ERWU4YooSw8eWAFHM/hWTASggxhZbtSV4vyP/JdcHDa/ZaF426yetso5FtI120B7y0CE6QefoAnUQQQ/oCb2gifPoPDuvztvXaMUpd7bQDzgfn4flpn4=</latexit>



Discussion
Our results:

- First unconditional proof of MLSI on quantum systems for classical dynamics or NN commuting Hamiltonians

- Conditional versions of decay of correlations for commuting Gibbs states 

- Generalizations of SSA: approximate tensorization of the relative entropy for certain classes of states

Open problem: 

- Extending the result to k-local commuting Hamiltonians? 



Thank you for your attention!


