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MOTIVATION

Simulation of systems in
thermal equilibrium

Analysis of
thermalization in nature

Can we say anything about Does nature always
the difficulty of simulating a prepare “‘easy states”
state, just from the state! efficiently?
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MOTIVATION

Main structural theorem:

" Rate of convergence ™

<«

\\Correlations in Gibbs state /

Characterizes the
- thermodynamically trivial phase
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SET TING

Finite lattice system

Finite local dimension —
—_—
Bounded, local and S
commuting Hamiltonian
—_— —_—
—_—
Hi= ) hz [hz,hy]=0, VZ)Y e
ZecA
AC e e e e
8H —_——
Global Gibbs state: p X € A IEVEYEDER DL
Non-commutative ]Lp spaces.: .
—_— - Def: Gibbs samplers are
- 1/9 1/92 . primitive semigroups with
(f:9)p = trlp / fT'O / 9] Lp inner product Gibbs state as unique
Hpr = tr[ ,01/2pf,01/2p\p] ]Lp norm stationary state
Py e oy
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GIBBS SAMPLERS

Davies generators

Finite system weakly coupled
to a markovian thermal bath

Ai {Sa(])( )SL(])(UJ)})
ACA Jump operators: between
eigenstates of H
Properties: Completely positive Local (same localrty as H)

Locally reversible: (f, La(9))p = {(LA(f),9),
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GIBBS SAMPLERS

Heat-bath generators

La(f) =) EL(f)—f
local projection onto Gibbs ke A
state

E?(f) = trx[ye fv)]

[} is a conditional expectation Vi = (tr[p]) 2 pt/?

Only depends on properties
of the state.

Properties: Completely positive Local (same locality as H)
Locally reversible: s = VEAl), o)
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RELAXATION TIME

We want to estimate how Trace norm bound: ||€t£(¢) —pllh <€
rapidly the sampler —> ok
converges to the Gibbs state Mixing time: T > log(| |p)\ H/e)

o] = e

Reduces to estimating the

oy inf
gap fEAA

where Wity = || Jf = EZ(f)H%,p
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CLUSTERING

Def: weak clustering I

Cov(f,g) < C|’f”lp‘lg@)e—d(zﬁzg)/f
Cov(f,g) = (f — <f>pag T <g>p>p

different norm

Def: strong clustering |

Covaus(E(f), En(f)) < cllfI13 e (ANB)/¢

COVAUB(fa 9) = <f = EA(f),g Ty EB(9)>P
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DLRTHEORY (CLASSICAL)
A

T — —_—
— —_—
—
—_— o
—_— SR
—
*—90—90— 9 9 o909
—_—— —— — — — —
—_—
weak clustering i ~
/ \ - Equivalence breaks
down for quantum
strong local - systems!

<= ,distinguishability

N _clustering
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MAIN THEOREM

e — ——————

—_—

~ [ is gapped

~__
\\
~
\\
N
\\
A\
. . Z b\
A

\ L satisfies strong clustering /

/
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PROOF OUTLINE

Prop: If the Gibbs state satisfies strong clustering,

Covaus(Ea(f),Es(f)) <€llfll5,
then
(1 +¢)(Vara(f) + Varp(f))

VaI'AuB(f) <

Assume w(ANB)~vVL w(A)~w(B)~L can eliminate this term by
avgraging
Varaup(f) < (14 ¢€)(Vara(f) + Varp(f))
< (U4 O s —Lalils - A7
<(1+ e))\;l’lB((f, —Laus(f))p

Thuswe get:  A(2L) =~ A(L) since € < ce
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PROOF OUTLINE

Map Liouvillian onto FF Hamiltonian

iy Commuting Gibbs Sampler |Frustration-free Hamiltonian |
| ‘State Gibbs state p Ground state | )
‘Dynamics |Reversible Liouvillians £ |Hamiltonian H
%Projcctors Conditional Expectations E |Ground state projectors P
?Gap Spectral gap of £ Spectral gap of I
! Framework | L., spaces Hilbert spaces

Can invoke the .

theory of FF gaped iy
Hamiltonians

By constructing an
approximate projector

it 1s not difficult to show that
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MAIN THEOREM
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~ [ is gapped
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APPLICATIONS

In | D strong and weak clustering are equivalent

Boundaries can be

' A B AN
: removed in | D

In D Gibbs samplers are always gappea

One can use MPS methods in 1D

Beyond a universal critical temperature Gibbs
samplers are gapped

Note: cannot use Araki’s result!
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OUTLOOR

Consider what this means for topolo
at non-zero temperature

oical order

Extend the results -

0 get Log-Sobolev

bol

Nnds

VWhat can we say about the non-

commuting case!
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