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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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correlations

Entropic
convergence

Rapid mixing

Spectral gap

High Temperature

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

High Temperature

[Stroock & Zegarlinski 1992]
Static/dynamic 
phase transition equivalence

Thermalization times in classical lattice systems

tmix = O(polylog |⇤|)
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[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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Phase transition?

[Harrow, Mehraban & Soleimanifar 2019]
High Temperature



Entropic convergence: why care?

- Provide a neat proof of equivalence between static and dynamical phase transition

- Entropic convergence implies sharp finite sample size bounds on the limitations for the basic task of
discrimination of two Gibbs states [Beigi, Datta, CR 2018]

- Limitations of optimization algorithms on noisy quantum devices were found for a variety of noise
models using entropic convergence [Stilck França, Garcia-Patron 2020]



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

Main result

8⇢ 2 D(H⇤), D(⇢tk�⇤)  e�↵ t D(⇢k�⇤)
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⇤

<latexit sha1_base64="r6LwVZeeY16nroJWVLxci56ggE4="></latexit>

↵ 6= fct(|⇤|)

<latexit sha1_base64="WNSmAdkgjHK2Wp+IgbZqnSZVNBg=">AAACEHicbVC7TiMxFPWwPMMrLCWNRYSAJppB0UKJRLMFBUgkIGWi6I5zh1h47JF9Z6VoyCfQ8Cs0W4AQ7Zbb8Tc4j4LXkSwdnXMfvifJlXQUhq/BzI/ZufmFxaXK8srq2np142fLmcIKbAqjjL1KwKGSGpskSeFVbhGyROFlcnMy8i//oHXS6Asa5NjJ4FrLVAogL3WruzGovA+xRh6bHC2QsRoyLFNBw73b+NSP6sHtfrdaC+vhGPwriaakxqY461b/xz0jigw1CQXOtaMwp04JlqRQOKzEhcMcxA1cY9vT0U7XKccHDfmOV3o8NdY/TXysvu8oIXNukCW+MgPqu8/eSPzOaxeUHnVKqfOCUIvJorRQnAwfpcN70qIgNfAEhJX+r1z0wYIgn2HFhxB9PvkraR3Uo0a9cd6oHf+axrHIttg222MRO2TH7Dc7Y00m2B17YI/sKbgP/gbPwcukdCaY9myyDwj+vQFal51h</latexit>

Given the Gibbs state �⇤ of a local commuting Hamiltonian H⇤, there ex-

ists a local quantum Markov semigroup converging to �⇤ exponentially fast in

relative entropy distance if

i H⇤ is classical for � < �c ;

ii H⇤ is a nearest neighbour Hamiltonian, for � < �c ;

iii ⇤ is 1D.
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↵D(⇢kEC(⇢))  EPLC (⇢) := � d

dt
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D(etLC (⇢)kEC(⇢)) ⌘ �Tr[LC(⇢)(ln(⇢)� ln(�⇤))]
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Modified logarithmic Sobolev inequality 

: semigroup of quantum channels on               , ,              

Assume detailed balance                                                                 , 

Entropic convergence:

Modified logarithmic Sobolev inequality 

Relative entropy distance to Entropy production linear in        : 

: MLSI constant                                                  

)
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(etL⇤)t�0

<latexit sha1_base64="pdCZBTpXdPwLkJ24uOvC/CAqbPc=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIp2GXBjYsuKtgHtDFMJjft0MmDmYlQQj7Ajb/ixoUibv0Ad/6NkzYLbT0wcDjnXObe48acSWWa38ba+sbm1nZpp7y7t39wWDk67skoERS6NOKRGLhEAmchdBVTHAaxABK4HPru9Dr3+w8gJIvCOzWLwQ7IOGQ+o0RpyalUa3CfqlFA1IQSnrYzZ9TW0x7JLhytjwGbmU6ZdXMOvEqsglRRgY5T+Rp5EU0CCBXlRMqhZcbKTolQjHLIyqNEQkzolIxhqGlIApB2Oj8mw+da8bAfCf1Chefq74mUBFLOAlcn863lspeL/3nDRPlNO2VhnCgI6eIjP+FYRThvBntMAFV8pgmhguldMZ0QQajS/ZV1Cdbyyaukd1m3GvXGbaPaahZ1lNApOkM1ZKEr1EI3qIO6iKJH9Ixe0ZvxZLwY78bHIrpmFDMn6A+Mzx+FZ5s/</latexit>

B(H⇤)

<latexit sha1_base64="FE9fqo9dXSkBsCbVccoVCZkYrcM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0Wom5JIwS6LbrpwUcE+oA1hMpm0QyeTMDMRSsjWjb/ixoUibv0Dd/6NkzaIth4YOJxz7517jxczKpVlfRmltfWNza3ydmVnd2//wDw86skoEZh0ccQiMfCQJIxy0lVUMTKIBUGhx0jfm17nfv+eCEkjfqdmMXFCNOY0oBgpLbkmHIVITTBi6VVW++HtzB3d6CE+OnfNqlW35oCrxC5IFRTouObnyI9wEhKuMENSDm0rVk6KhKKYkawySiSJEZ6iMRlqylFIpJPOL8ngmVZ8GERCP67gXP3dkaJQylno6cp8V7ns5eJ/3jBRQdNJKY8TRThefBQkDKoI5rFAnwqCFZtpgrCgeleIJ0ggrHR4FR2CvXzyKuld1O1GvXHbqLaaRRxlcAJOQQ3Y4BK0QBt0QBdg8ACewAt4NR6NZ+PNeF+Uloyi5xj8gfHxDWT7mhs=</latexit>

LC

<latexit sha1_base64="sgFXl6E3yBEYopqbh18nW9H/Jq4=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWakYJeFbly4qGAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdPOQlsPBA7n3Ms9OX4suDaO840KW9s7u3vF/dLB4dHxSfn0rKOjRFHWppGIVM8nmgkuWdtwI1gvVoyEvmBdf9rM/O6MKc0j+WjmMfNCMpY84JQYK3mDkJgJJSK9Xwybw3LFqTpL4E3i5qQCOVrD8tdgFNEkZNJQQbTuu05svJQow6lgi9Ig0SwmdErGrG+pJCHTXroMvcBXVhnhIFL2SYOX6u+NlIRaz0PfTmYh9bqXif95/cQEdS/lMk4Mk3R1KEgENhHOGsAjrhg1Ym4JoYrbrJhOiCLU2J5KtgR3/cubpHNTdWvV2kOt0qjndRThAi7hGly4hQbcQQvaQOEJnuEV3tAMvaB39LEaLaB85xz+AH3+AMklkhU=</latexit>

etLC (⇢) ! EC(⇢), t ! 1

<latexit sha1_base64="xVQBzKKwi6XS2liopG9knnfWH0w=">AAACGnicbVDLSgMxFM34rPU16tJNsAgVpMxIwS4LRXDhooJ9QKcOmTTThmYyQ3JHKEO/w42/4saFIu7EjX9j+lho64HAuefey805QSK4Bsf5tlZW19Y3NnNb+e2d3b19++CwqeNUUdagsYhVOyCaCS5ZAzgI1k4UI1EgWCsY1ib91gNTmsfyDkYJ60akL3nIKQEj+bbL7jPwIgIDSkR2M/Zr46KnBvGZBzG+8muz4hyDqT0uQxj5dsEpOVPgZeLOSQHNUfftT68X0zRiEqggWndcJ4FuRhRwKtg476WaJYQOSZ91DJUkYrqbTa2N8alRejiMlXkS8FT9vZGRSOtRFJjJiQm92JuI//U6KYSVbsZlkgKTdHYoTAU2tic54R5XjIIYGUKo4uavmA6IIhRMmnkTgrtoeZk0L0puuVS+LReqlXkcOXSMTlARuegSVdE1qqMGougRPaNX9GY9WS/Wu/UxG12x5jtH6A+srx+lMaCU</latexit>

EC : B(H⇤) ! Ker(LC)

<latexit sha1_base64="JZQyjCyFdRvM0xKNbKnxoeNL+Qg="></latexit>

E⇤(⇢) = �⇤

<latexit sha1_base64="QKm9NFCjv3DoJWPsf2Byi1Ak8Mc=">AAACB3icbVDLSgMxFM34rPU16lKQYBHqpsxIwW6EggguXFSwD+gMQyaTtqGZZEgyQhm6c+OvuHGhiFt/wZ1/Y9qOoK0HAodzzuXmnjBhVGnH+bKWlldW19YLG8XNre2dXXtvv6VEKjFpYsGE7IRIEUY5aWqqGekkkqA4ZKQdDi8nfvueSEUFv9OjhPgx6nPaoxhpIwX20VXg3Zh4hMqeHIjTC0/Rfox+xMAuORVnCrhI3JyUQI5GYH96kcBpTLjGDCnVdZ1E+xmSmmJGxkUvVSRBeIj6pGsoRzFRfja9YwxPjBLBnpDmcQ2n6u+JDMVKjeLQJGOkB2rem4j/ed1U92p+RnmSasLxbFEvZVALOCkFRlQSrNnIEIQlNX+FeIAkwtpUVzQluPMnL5LWWcWtVqq31VK9ltdRAIfgGJSBC85BHVyDBmgCDB7AE3gBr9aj9Wy9We+z6JKVzxyAP7A+vgHsMpix</latexit>

Ker(LC)

<latexit sha1_base64="k4qv7oetKo4IaWWvykzpbri/GqM=">AAACCnicbVBNS8NAEN3Ur1q/oh69RItQLyWRgj0WehH0UMF+QFPKZjtpl26yYXcjlJCzF/+KFw+KePUXePPfuGlz0NYHA4/3ZpiZ50WMSmXb30ZhbX1jc6u4XdrZ3ds/MA+POpLHgkCbcMZFz8MSGA2hrahi0IsE4MBj0PWmzczvPoCQlIf3ahbBIMDjkPqUYKWloXnq8ggEVlyEOIDkBkRacQOsJgSz5DYdNi+GZtmu2nNYq8TJSRnlaA3NL3fESRxAqAjDUvYdO1KDBAtFCYO05MYSIkymeAx9TbO9cpDMX0mtc62MLJ8LXaGy5urviQQHUs4CT3dmV8plLxP/8/qx8uuDhIZRrCAki0V+zCzFrSwXa0QFEMVmmmAiqL7VIhMsMFE6vZIOwVl+eZV0LqtOrVq7q5Ub9TyOIjpBZ6iCHHSFGugatVAbEfSIntErejOejBfj3fhYtBaMfOYY/YHx+QO94Jri</latexit>

Lj(�⇤) = 08j

<latexit sha1_base64="BSXbS0WswDaMNHdF4wIMhewVCUI=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSBEkbArAdMIARuLFBHMA7LLcnd2kkwy+2BmVghL/sHGX7GxUMTWxs6/cTZJodEDA4dz7mPu8WLOpDLNLyO3srq2vpHfLGxt7+zuFfcP2jJKBKEtEvFIdD2QlLOQthRTnHZjQSHwOO144+vM79xTIVkU3qlJTJ0ABiHrMwJKS27xzA5ADQnwtDF1R2VbskEArt3QE3w4vTLtc7sfCeAcj9xiyayYM+C/xFqQElqg6RY/bT8iSUBDRThI2bPMWDkpCMUIp9OCnUgaAxnDgPY0DSGg0klnN03xiVZ8rHfrFyo8U392pBBIOQk8XZldIJe9TPzP6yWqX3NSFsaJoiGZL+onHKsIZwFhnwlKFJ9oAkQw/VdMhiCAKB1jQYdgLZ/8l7QvKla1Ur2tluq1RRx5dISOURlZ6BLV0Q1qohYi6AE9oRf0ajwaz8ab8T4vzRmLnkP0C8bHNyLPnaQ=</latexit>

↵(L⇤)

<latexit sha1_base64="hCe06b+RigrI9iZ4xRR8TfuV4Bc=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWom5JIQJcFNy66qGAf0IRwM5m0QycPZiZCCV248VfcuFDErR/hzr9x0mahrQcGDufcw9x7/JRRIU3zW6tsbG5t71R3a3v7B4dH+vFJXyQZx6SHE5bwoQ+CMBqTnqSSkWHKCUQ+IwN/elP4gwfCBU3iezlLiRvBOKYhxSCV5Ol1B1g6gaYTgZxgYHln7jkdlQ/gwtMbZstcwFgnVkkaqETX07+cIMFZRGKJGQgxssxUujlwSTEj85qTCZICnsKYjBSNISLCzRdHzI1zpQRGmHD1Ymks1N+JHCIhZpGvJotdxapXiP95o0yG125O4zSTJMbLj8KMGTIxikaMgHKCJZspAphTtauBJ8ABS9VbTZVgrZ68TvqXLctu2Xd2o22XdVRRHZ2hJrLQFWqjW9RFPYTRI3pGr+hNe9JetHftYzla0crMKfoD7fMHVxqX2w==</latexit>

C ✓ ⇤, LC =
X

j2C

Lj

<latexit sha1_base64="mVsp4MewyvzjJmKO7JTTpFSGRrI=">AAACJnicbVDLSgMxFM3UV62vqks3wSK4KGVGCnZTKHTjoosK9gGdMmTS2zZtJjMmGaEM/Ro3/oobFxURd36K6WOhrQcCh3POJfceP+JMadv+slJb2zu7e+n9zMHh0fFJ9vSsqcJYUmjQkIey7RMFnAloaKY5tCMJJPA5tPxxde63nkAqFooHPYmgG5CBYH1GiTaSly1XXRX7CjQ8Yrdm5nok7+bdgOghJTypTb1q2SQCLxm5TODq9Lc18rI5u2AvgDeJsyI5tELdy87cXkjjAISmnCjVcexIdxMiNaMcphk3VhAROiYD6BgqSACqmyzOnOIro/RwP5TmCY0X6u+JhARKTQLfJOdLqnVvLv7ndWLdL3UTJqJYg6DLj/oxxzrE885wj0mgmk8MIVQysyumQyIJ1abZjCnBWT95kzRvCk6xULwv5iqlVR1pdIEu0TVy0C2qoDtURw1E0TN6RTP0br1Yb9aH9bmMpqzVzDn6A+v7Bxnypio=</latexit>

8⇢ 2 D(H), D(etLC (⇢)kEC(⇢))  e�↵ t D(⇢kEC(⇢))

<latexit sha1_base64="ZjMp3f7WIJfMqLVYMkbab72CE6c="></latexit>



Tensorization property (classical systems):

Does not hold for quantum systems [Brannan, Gao & Junge 2020] 

Complete MLSI (CMLSI) constant [Gao, Junge & Laracuente 2019]

CMLSI satisfies tensorization

[Gao & CR 2021] [Gao, Junge & Li 2021] for finite matrix algebras.

Non-interacting lattice systems

↵c(L) := inf
j2N

↵(L⌦ idj)

<latexit sha1_base64="kbnyRnu9ctFCXXkre8oBwHfS7xM="></latexit>

↵c(L) > 0

<latexit sha1_base64="uaATZvheAR3p2JF1k73F3oVcwS4=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRgl1JwY0LFxXsA5oQbqbTdujkwcxEKCG48VfcuFDErV/hzr9x0mahrQcuHM65l3vv8WPOpLKsb2NldW19Y7O0Vd7e2d3bNw8OOzJKBKFtEvFI9HyQlLOQthVTnPZiQSHwOe36k+vc7z5QIVkU3qtpTN0ARiEbMgJKS5557ACPx+ClJKs6AagxAZ7eZudXlmdWrJo1A14mdkEqqEDLM7+cQUSSgIaKcJCyb1uxclMQihFOs7KTSBoDmcCI9jUNIaDSTWcvZPhMKwM8jISuUOGZ+nsihUDKaeDrzvxKuejl4n9eP1HDhpuyME4UDcl80TDhWEU4zwMPmKBE8akmQATTt2IyBgFE6dTKOgR78eVl0rmo2fVa/a5eaTaKOEroBJ2iKrLRJWqiG9RCbUTQI3pGr+jNeDJejHfjY966YhQzR+gPjM8fu6iW9w==</latexit>

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

<latexit sha1_base64="FYgevF3ZXhAQrgukFd0CY2FjS3I="></latexit>



Tensorization (depolarizing semigroup) 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             .

Approaching interacting case via entropy inequalities

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>

T = 1

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



Tensorization (depolarizing semigroup) 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]   

related to correlations in the Gibbs state

Approaching interacting case via entropy inequalities

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>

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>

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>

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

⇤

<latexit sha1_base64="KQnMOS273hFyKHKyNy57ItD8mA0="></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>

c ⇠ 1 +  e�` ) ↵(L⇤) > 0

<latexit sha1_base64="qft5JAnKbHUwb8nk4PRHHrPJMKQ="></latexit>



Tensorization (depolarizing semigroup) 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 interacting case via entropy inequalities

⇢

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

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>

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>

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

⇤
+q

<latexit sha1_base64="ZEJin7raK4oCrigGwEU/hDmaMlk="></latexit>

q

<latexit sha1_base64="Ri4O+N73L7zcDfhp7Pi3QZREWfM=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRIp6LLoxmUF+4A2lMnkth06eThzIy0hv+LGhSJu/RF3/o3TNAttPXDhcM69c+ceLxZcoW1/G6WNza3tnfJuZW//4PDIPK52VJRIBm0WiUj2PKpA8BDayFFAL5ZAA09A15veLvzuE0jFo/AB5zG4AR2HfMQZRS0NzeoAYYb5O6kEP0sfs6FZs+t2DmudOAWpkQKtofk18COWBBAiE1SpvmPH6KZUImcCssogURBTNqVj6Gsa0gCUm+Y7M+tcK741iqSuEK1c/T2R0kCpeeDpzoDiRK16C/E/r5/g6NpNeRgnCCFbLholwsLIWgRh+VwCQzHXhDLJ9V8tNqGSMtRxVXQIzurJ66RzWXca9cZ9o9a8KeIok1NyRi6IQ65Ik9yRFmkTRmbkmbySNyMzXox342PZWjKKmRPyB8bnD0p5lUI=</latexit>

(A [B)c

<latexit sha1_base64="ViSBIq/wkbQOCqZpI1RWPtCM8d0=">AAACBXicbVC7SgNBFJ31GeMraqnFYBBiE3YlqGXUxjKCeUB2DbOTm2TI7IOZu2JY0tj4KzYWitj6D3b+jZNHoYkHLhzOuXfu3OPHUmi07W9rYXFpeWU1s5Zd39jc2s7t7NZ0lCgOVR7JSDV8pkGKEKooUEIjVsACX0Ld71+N/Po9KC2i8BYHMXgB64aiIzhDI7VyBy7CA47fSRW0h2nhwuVJTC+P7/iwlcvbRXsMOk+cKcmTKSqt3JfbjngSQIhcMq2bjh2jlzKFgksYZt1EQ8x4n3WhaWjIAtBeOt4+pEdGadNOpEyFSMfq74mUBVoPAt90Bgx7etYbif95zQQ7514qwjhBCPlkUSeRFCM6ioS2hQKOcmAI40qYv1LeY4pxNMFlTQjO7MnzpHZSdErF0k0pXz6dxpEh++SQFIhDzkiZXJMKqRJOHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8AXspmII=</latexit>

A [B

<latexit sha1_base64="Ap2Sa1ML4rH9TVo7xdnIlNYhmGc=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8EgeAq7EtRj1IvHCOYB2RBmJ51kyOyDmV4xLOvFX/HiQRGv/oU3/8ZJsgdNLGgoqrqnp8uLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0GCsOdR7KULU8pkGKAOooUEIrUsB8T0LTG11P/OY9KC3C4A7HEXR8NghEX3CGRuoWD1yEB5y+kyjopcmly+OIXqXdYsku21PQReJkpEQy1LrFL7cX8tiHALlkWrcdO8JOwhQKLiEtuLGGiPERG0Db0ID5oDvJdHNKj43So/1QmQqQTtXfEwnztR77nun0GQ71vDcR//PaMfYvOokIohgh4LNF/VhSDOkkDtoTCjjKsSGMK2H+SvmQKcbRhFYwITjzJy+SxmnZqZQrt5VS9SyLI08OyRE5IQ45J1VyQ2qkTjh5JM/klbxZT9aL9W59zFpzVjazT/7A+vwBIRSXSA==</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>

q = 0

<latexit sha1_base64="v2DBb8hs3KbRMZNx0Mz+2P2YGKg=">AAAB/3icbVDLSsNAFJ34rPEVFdy4CRbBVUmkoBuh4MZlBfuANpTJ5KYdOnk4cyOWmIW/4saFIm79DXf+jWmahbYeuHA45965c48bC67Qsr61peWV1bX1yoa+ubW9s2vs7bdVlEgGLRaJSHZdqkDwEFrIUUA3lkADV0DHHV9N/c49SMWj8BYnMTgBHYbc54xiLg2Mwz7CAxbvpBK8LL27tDJdHxhVq2YVMBeJXZIqKdEcGF99L2JJACEyQZXq2VaMTkolciYg0/uJgpiyMR1CL6chDUA5abE3M09yxTP9SOYVolmovydSGig1Cdy8M6A4UvPeVPzP6yXoXzgpD+MEIWSzRX4iTIzMaRimxyUwFJOcUCZ5/leTjaikDPPIpiHY8ycvkvZZza7X6jf1aqNexlEhR+SYnBKbnJMGuSZN0iKMPJJn8kretCftRXvXPmatS1o5c0D+QPv8Ab56ld0=</latexit>

c ⇠ 1 +  e�` ) ↵(L⇤) > 0

<latexit sha1_base64="qft5JAnKbHUwb8nk4PRHHrPJMKQ="></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>
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 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>



Conclusion
Our results:

- First unconditional proof of MLSI on quantum lattice systems for classical, nearest
neighbour commuting and 1D commuting Hamiltonians

Tools: 

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

- Introduction of Pinched MLSI to restrict the analysis to that exact class of states

Open problem: 

- Extending the result to k-local commuting Hamiltonians? [Gao & CR 2021]



Thank you for your attention!



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, CR 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>

e�� hi,i+1 =
X

`

X`
i,R ⌦X`

i+1,L

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

A[a,b] := B(Ha�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>


