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e�Ĥ/T /Z

⇤

part of a large (closed) system %̂C ⇡

quantum quench

C

tr\C
⇥
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e�Ĥ/T /Z

⇤

t!1��! tr\C
⇥
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: |hÂB̂i�hÂihB̂i|kÂkkB̂k  Nze�L/⇠ A BL

Equivalence of Statistical Mechanical Ensembles for Non-Critical Quantum Systems 
Brandão, Cramer, arxiv:1502.03263

for those with S(%̂k⌧̂)
✏2 + ld . (✏2N)

1
d+1

ln(N)

for which states   ,  
(and which  ) isl

%̂

aLocal Closeness – A Lemma

?



l
l

N = nd

C

⌧̂

k%̂C � ⌧̂Cktr  ✏

Equivalence of Statistical Mechanical Ensembles for Non-Critical Quantum Systems 
Brandão, Cramer, arxiv:1502.03263
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: |hÂB̂i�hÂihB̂i|kÂkkB̂k  Nze�L/⇠ A BL

Quantum Substate Theorem 
Lemma 
Pinsker’s inequality 
Super-additivity
k⌧̂C1···CM � ⌧̂C1 ⌦ · · ·⌦ ⌧̂C1k 

PM
j=2 cov(

ˆA1 · · · ˆAj�1, ˆAj)

S(%̂k⌧̂)
✏2 + ld . (✏2N)

1
d+1

ln(N)
for those with

for which states   ,  
(and which  ) isl

%̂

Jain, Radhakrishnan, Sen (2009); Jain, Nayak (2011)

Datta, Renner (2009); Brandão, Plenio (2010); Brandão, Horodecki (2012)

aLocal Closeness – A Lemma

?



l
l

N = nd

C

⌧̂

k%̂C � ⌧̂Cktr  ✏

Equivalence of Statistical Mechanical Ensembles for Non-Critical Quantum Systems 
Brandão, Cramer, arxiv:1502.03263
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: |hÂB̂i�hÂihB̂i|kÂkkB̂k  Nze�L/⇠ Ĥi
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= e�Ĥ/T /Zcanonical state ⌧̂

which states    are locally thermal?%̂

The Rate of Convergence in the Quantum Central Limit Theorem: Application



l
l

C

a

k%̂C � ⌧̂Cktr  ✏ ?
for which states   , (and which  ) isl%̂
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FT (%̂) . FT (⌧̂) + T ✏
2(✏2N)

1
d+1

ln(N)

⌧̂ , l



l
l

C

aSufficient Conditions for Local Thermalization: Summary

k%̂C � ⌧̂Cktr  ✏ ?
for which states    is%̂
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Geometry irrelevant 
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transl. inv., thermodynamic limit: entropic condition 
on initial state implies thermalization
Mueller, Adlam, Masanes, Wiebe, Thermalization and canonical typicality 
in translation-invariant quantum lattice systems (2013)

most Hamiltonians that are unitarily 
equivalent to a local Hamiltonian lead to 
fast thermalization*
Cramer, Thermalization under randomized local Hamiltonians (2012)

QBE non-t.i., 
finite size


