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Motivation II: Coherent dynamics of large systems
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Motivation Ill: A new foundation for statistical mechanics
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“There is no line of argument proceding from
the laws of microscopic mechanics to macroscopic
phenomena that is generally regarded by physicists
as convincing in all respects.”

— E. T. Jaynes [2] (1957)

“Statistical physics [...] has not yet developed
a set of generally accepted formal axioms [...]"

— Jos Uffink [3] (2006)
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m Shallow but broad but overview:
J Eisert, M Friesdorf, and C Gogolin, Nature Physics, 11

(2014), 124-130

m In depth review:
C. Gogolin and J. Eisert (2015), arXiv: 1503.07538v1
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Equilibration

Theorem (Equilibration on average [12])

If H has non-degenerate energy gaps, then for every p(0) = |¢o) (o]
there exists a w® such that:

- 1 d2
D (pS(t),wS) < 2V deif
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[13] A. J. Short and T. C. Farrelly, New Journal of Physics, 14.1 (2012), 013063

[14] P. Reimann and M. Kastner, New Journal of Physics, 14.4 (2012), 043020
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Intuition: Dimension of supporting energy subspace
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Equilibration

Theorem (Equilibration on average [12])

If H has non-degenerate energy gaps, then for every p(0) = |¢o) (o]
there exists a w® such that:

- 1 d2
D (pS(t),wS) < 2V deif

= If d°F > d2% then p5(¢) equilibrates on average.
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Thermalization
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Thermalization is a complicated process

Thermalization implies:
Equilibration [10-15]
Subsystem initial state independence [16, 17]
Weak bath state dependence [18]
[ Diagonal form of the subsystem equilibrium state [19]
Thermal state w® = Trp[w] ~ 9}33(5) oc e P Hs [18, 20, 21]
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The setting

m Local Hamiltonian (spins or fermions)

H:=Zh)\
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The setting

-0-0-0
m Local Hamiltonian (spins or fermions) o-0-0-0
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The setting
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The setting

9-9-0-0-0-0-0-0
m Local Hamiltonian truncated to S C V -9-0-0-0
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The setting

|0
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m Local Hamiltonian truncated to S C V
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m Introduce buffer region

Trselgp(B)] ~ Trse[g(B)] ?



This can be made rigorous:

Generalized covariance

covy (A, A') = Tr[p" A pl™T A — Tr[p A] Tr[p A']

[22] M. Kliesch, C. Gogolin, M. J. Kastoryano, A. Riera, and J. Eisert (2013), arXiv: 1309.0816v2
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Generalized covariance

covy(A, A') = Telp" A p'~" A'] - Tr[p A] Tr[p A

Theorem (Truncation formula [22])
For any observable A = Ag® 1

TY[A gp(8)] — Tr .y / / covT 5y (Hop, A) dr ds,
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This can be made rigorous:

Generalized covariance
covT(A, A') = Tx[p" A p' =" A] - Tr[p A] Ta[p A’

exactly captures the response of local expectation values.

Theorem (Truncation formula [22])
For any observable A = Ag® 1

TY[A gp(8)] — Tr .y / / covT 5y (Hop, A) dr ds,

where g(s, ) is thermal state of H(s) .= H — (1 —s) Hyp .

[22] M. Kliesch, C. Gogolin, M. J. Kastoryano, A. Riera, and J. Eisert (2013), arXiv: 1309.0816v2
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Clustering of correlations

Theorem (Clustering of correlations at high temperature [22])
Let J := max) ||h)]|co, then for every 7 € [0,1] and 8 < 5*(J, )

|covg(5)(A, A <Ce d(A,A") /£(B J,a)

with o = a(€) the lattice animal constant.

[22] M. Kliesch, C. Gogolin, M. J. Kastoryano, A. Riera, and J. Eisert (2013), arXiv: 1309.0816v2
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Clustering of correlations

Theorem (Clustering of correlations at high temperature [22])
Let J := max) ||h)]|co, then for every 7 € [0,1] and 8 < 5*(J, )

|covg(5)(A, A <Ce d(A,A") /£(B J,a)

with o = a(€) the lattice animal constant.

= D (¢5(8),95°%(8)) < C" e USIBVE(B )

[22] M. Kliesch, C. Gogolin, M. J. Kastoryano, A. Riera, and J. Eisert (2013), arXiv: 1309.0816v2
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Implications

B < B (Ja) = D(g%(8), g55(8)) < € e~d(SOBE(B o)




Implications

B<B(J,a) = D(g5(8),g85(8)) < C' e USOBNE(3Ie)

Local stability of thermal states

g°(B) only depends exponentially weakly on far away terms of the
Hamiltonian.
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Implications

B<B(J,a) = D(g5(8),g85(8)) < C' e USOBNE(3Ie)

Local stability of thermal states

g°(B) only depends exponentially weakly on far away terms of the
Hamiltonian.

Classical simulability with cost independent of total system size

Local expectation values can be calculates with cost independent of the
total system size.




A universal bound on phase transitions

Universal critical temperature

The critical temperature
1 2
BT In((1++/1+4/a)/2)

upper bounds the physical critical temperatures of all possible models.
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A universal bound on phase transitions

Universal critical temperature

The critical temperature
1 2
BT In((1++/1+4/a)/2)

upper bounds the physical critical temperatures of all possible models.

Example: 2D square lattice (o < 4 e)
m The bound:
1/(8*J) = 2/ In((1+ /1 + 1/¢)/2) ~ 24.58

m [sing model (ferromagnetic, isotropic) phase transition at:

1/(BcJ) =2/ In(1 +/2) ~ 2.27
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Conclusions

m Ongoing program reconsidering the foundations of statistical
mechanics

m Well connected to exciting experiments

m Rigorous results on equilibration, thermalization, locality of
temperature, . ..
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