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Abstract: Quantum systems typically reach thermal equilibrium rather quickly when coupled to an external thermal environment. The usua way of
bounding the speed of this process is by estimating the spectral gap of the dissipative generator. However, the gap, by itself, does not alwaysyield a
reasonable estimate for the thermalization time in many-body systems: without further structure, a uniform lower bound on it only constraints the
thermalization time to be polynomially growing with system size. In this talk, we will discuss that for all 2-loca models with commuting
Hamiltonians, the thermalization time that one can estimate from the gap isin fact much smaller than direct estimates suggest: at most logarithmic in
the system size. Thisyields the so-called rapid mixing of dissipative dynamics. We will show this result by proving that a finite gap directly implies
alower bound on the modified logarithmic Sobolev inequality (ML SI) for the class of models we consider. The result is particularly relevant for 1D
systems, for which we can prove rapid thermalization with a constant decay rate, giving a qualitative improvement over all previous results. It also
applies to hypercubic lattices, graphs with exponential growth rate, and trees with sufficiently fast decaying correlations in the Gibbs state. This has
consequences for the rate of thermalization towards Gibbs states, and aso for their relevant Wasserstein distances and transportation cost
inequalities.
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INTRODUCTION AND MOTIVATION

MOTIVATION: OPEN QUANTUM MANY-BODY SYSTEMS

Open quantum many-body system.

No experiment can be executed at zero temperature or be completely
shielded from noise.

@ Finite lattice A cC Z%.

@ Hilbert space associated to A is

Ha = ®u:eA He.

@ Density matrices: Sy := S(Ha) =
{pa € Ba : pa > 0 and tr[pa] = 1}.

E

@ Dynamics of S is dissipative!

@ The continuous-time evolution of a state on S is given by a q. Markov semigroup
(Markovian approximation).
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INTRODUCTION AND MOTIVATION

QUANTUM MARKOV SEMIGROUP / DISSIPATIVE QUANTUM EVOLUTION

QUANTUM MARKOV SEMIGROUP

A quantum Markov semigroup is a 1-parameter continuous semigroup {7:},-, of
completely positive, trace preserving (CPTP) maps (a.k.a. quantum channels) in Sj.

y

Semigroup:
o TioTs = Tie.
o Top=1.

d
aﬁ:ﬂOﬁA:ﬁAOﬂ.

QMS GENERATOR

The infinitesimal generator £a of the previous semigroup of quantum channels is
usually called Liouvillian, or Lindbladian.

d
Ti=e"“r & Ly = E'ﬁ |+=o0-

For pa € Sa, La(pa) = —i[Ha,pal + 3. Lr(pa) GKLS equation.
kEA
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INTRODUCTION AND MOTIVATION

MIXING OF DISSIPATIVE QUANTUM SYSTEMS

Mixing < Convergence

PrRIMITIVE QMS

We assume that {7;}1320 has a unique full-rank invariant state which we denote by ox.

DETAILED BALANCE CONDITION

We also assume that the quantum Markov process studied is reversible, i.e., it
satisfies the detailed balance condition w.r.t. ¢ = oa:

| (F £2(9)), = (LA (P, 8},

for every f,g € Ba and Hermitian, where

Ui, =1z o e

Notation: p: := T:(p).

pa — pi i= Ti(pa) = ™4 (
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INTRODUCTION AND MOTIVATION

MIXING TIME

@ Under the previous conditions, there is always convergence to oa.
e How fast does convergence happen?

Note Too(pa) := oa for every pa.

MIXING TIME

We define the mixing time of {7;} by

e — min{t >0: sup ||Te(pa) — Toolpa)ll; < 6}.

PAESA
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INTRODUCTION AND MOTIVATION

RAPID MIXING

MIXING TIME
We define the mixing time of {7;} by

tmix(€) =mind t >0: sup |jpt—oall; <e
PAESA

Recall: pt := Ti(pA), oA = Too(pa).

RAPID MIXING

We say that £ satisfies rapid mixing if

sup |[|pz — oall; < poly(|A])e™ 7.
PAESA

tmix(€) ~ poly log(|Af).

PA—
\,p

TA
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INTRODUCTION AND MOTIVATION

APPLICATIONS TO QUANTUM INFORMATION/QUANTUM COMPUTING

Rapid mixing

sup [|Ty(p) — ollx < poly(|A[)e™*
PES(HA)

What are the implications Mixing time: (€) = O(polylog(IA])

of rapid mixing?

“Negative” point of view:

@ Quantum properties that hold in the ground state but not in the Gibbs state are
suppressed too fast for them to be of any reasonable use.

1

“Positive” point of view:

@ Thermal states with short mixing time can be constructed efficiently with a
quantum device that simulates the effect of the thermal bath.

o This has important implications as a self-studying open problem as well as in
optimization problems via simulated annealing type algorithms.
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INTRODUCTION AND MOTIVATION

APPLICATIONS TO QUANTUM INFORMATION/QUANTUM COMPUTING

If rapid mixing, no error correction:

Rald mixin Easy tmix ~ log(n) tmix ~ poly(n) tmix ~ exp(n) Hard

—— P
suj Ty(p) — o1 < poly(|A|)e
pes(g,\) 1T:(e) Il < poly(IAl) Error correction Self-correction

Mixing time: 7(c) = O(polylog(/A])) Efficient prediction Topological order Quantum memories
Speed-up for SDP solvers

Main applications or consequences:

@ Robust and efficient preparation of topologically ordered phases of matter via
dissipation.

@ Design of more efficient quantum error-correcting codes optimized for correlated
Markovian noise models.
Stability against local perturbations (Cubitt, Lucia, Michalakis, Pérez-Garcia ‘15)
Area law for mutual information (Brandao, Cubitt, Lucia, Michalakis, Pérez-Garcfa ’15)
Gaussian concentration inequalities (Lipschitz observables) (C., Rouzé, S. Franca ’20)
Finite blocklength refinement of quantum Stein lemma (C., Rouzé, Stilck Franca ’20)

Quantum annealers: OQutput an energy closed to that of the fixed point after short
time (C., Rouzé, Stilck Franca ’20)

Preparation Gibbs states: Existence of local quantum circuits with logarithmic
depth to prepare the Gibbs state (C., Rouzé, Stilck Franca ’20)

Establish the absence of dissipative phase transitions (Bardet, C., Gao, Lucia,

Pérez-Garcia, Rouzé '21)

Examples of interacting SPT phases with decoherence time growing logarithmically

with the system size for thermal noise (Bardet, C., Gao, Lucia, Pérez-Garcia, Rouzé "21)
And many more. ..
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MIXING TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS e = zsm peeets
! DECAY OF CORRELATIONS

MODIFIED LOGARITHMIC SOBOLEV INEQUALITY (MLSI)

Recall: p; := T (p).

Master equation:
Bepe = La(pe)-

Relative entropy of p: and oa:

D(pt|loa) = tr[p:(log pr — logoa)].
Differentiating:

9:D(pillow) = tr[La(pe) (log p: — log aa)].

Lower bound for the derivative of D(p¢||oa) in terms of
itself:

2aD(pelloa) < — trlLa(pr) (log pr — log on)]-
Modified logarithmic Sobolev inequality
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MIXING TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS S = = e
! DECAY OF CORRELATIONS

MODIFIED LOGARITHMIC SOBOLEV INEQUALITY
MLSI CONSTANT
The MLSI constant of £ is defined as:

T — tr[La(pa)(log pa —logaa)]
PAESA 2D(palloa)

If lim inf a(LA) > 0:
A Zd

D(pt||oa) < D(pa||oa)e 2ot

and Pinsker’s inequality (%W —a||? < D(pl|o) for || A, := tr[|A|])

loe = all, < v/ZD(pallon) e *EN ¢ < /ZTog(1/omm) e~ )1,

For thermal states oa = e °¥ /trle  #¥], Rapid mixing
omin ~ 1/exp(|A]). llos—oally <poly(|A])e™*

MLSI = Rapid mixing.

Using the spectral gap (Kastoryano-Temme ’13):
o = 7ally < 3/Uomin e ER",
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E AND MODIFIED LOGARITEMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INE( LITIES AND CORRELATIONS =
. RELATIONS

QUANTUM SPIN SYSTEMS

Modified Logarithmic Sobolev Inequality (MLSI

. D(Ty(p)llo) < D(pllo) e=22(O)

Kastoryano-Temme, ‘13

Relative entropy: D(p||o) = tx[p(logp — loga)]

Rapid mixing
sup || Ti(p) — ol < poly(|A])e " Kastoryano-Temme, ‘13
S(Ha)

Mixing time: 7(€) = O(polylog(JAl)) Poincaré Inequality

. Var,(Ti(p)) < Var,(p) e 2o(A0)*

pE

Variance; Var, (p) := tr[(p'/%¢)?] — tr[pa]?

‘Slower” mixing

sup || Ti(p) — oy < exp(v/|A])e™*
pES(HaA)

o-@H Gibbsstate
. , = Al g=_  ofalocal,
Mixing time: () = O(v/|A]) tefe7H] commuting

Hamiltonian

Notation: A CC Z¢ lattice Mixing time of the semigroup {Tt}tgﬂ

iy 7
{T:}t>0 Quantum Markov semigroup 7(e)=minst>0: sup ||Ti(p)—ol <e
L Inf. generator (Lindbladian) pES(Ha)
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- - oA . o UL AND MODIFIED LOGARITHMIC SOBOLEV INEQUALT
MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS 3 RELATIONS
. ) {RELATIONS

QUANTUM SPIN SYSTEMS

Thermalization T s Decay of correlations

KT’13

Y Rel. entropy: D(p||o) := tr[p(loge — loga)]
Rapid mixing /

sup || Ty(p) — olli < poly(|Al)e~™
pES(3A)

Mixing time: 7(g) = O(polylog(|A[))

PRiari it

- Var,(T;(p)) < Var,(p) e~ 220"

Variance: Var, (p) := tr[(p*/%0)?] - tr[pe]?
“Slower” mixing /

sup || Ti(p) —ollx < exp(v/]A])e™*
PES(Ha)

_ sy Gibbs state

hd of a local,

Mixing time: T(£) = O(v/|Al) oot by
tefe=#H] commuting
Hamiltonian

Mixing ti Uf{ﬂ}t)_n Notions: ,(A: B) := D(oag|oa®or)
T(e) = min{t >0: &:\[15‘ )llﬂ(y) —ols < 5‘} Covo(A: B) := \IOAI?IlIlgnHSI‘”[(GAB —04®0p)04® 0]
” A
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—_ . R c P 2 RITEMIC SOBOLEV I JALITIES
MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

MOTIVATION

Describe the correlation properties of Gibbs states of local Hamiltonians.

© Hamiltonian: Hy = Ha + Hp + Hsaup)c + Hoa + Hap ,
o Gibbs state: o5 (8) = e #HA /Trle=BHA] .

Questions:

For non-commuting Hamiltonians:

e BHAUB g ¢ BHA o—BHp 9

tracloa] @ trpefon] i= (oa) , ® (0a) 5 ~

treaupye[oal i= (04) 4up 7
¢ := dist(A, B)
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3 TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS 2
: )
: DECAY OF CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

3 different forms of decay of correlations.

OPERATOR CORRELATION

Blovs AREBE= sup [tr[O4 ® Op(ocap — 04 @ oB)||
loall=llOsl=1

MUTUAL INFORMATION

I;(A: B) := D(caglloa ® oB)
for D(pl|lo) = Tr[p(logp — logo)]

MIXING CONDITION

Ih(eaB)lle = [[02"? ® 05" *0upo,* 805

Relation:

1
- Cove(A: B)?2 < I,(A: B)

< H0_21/2 ® 05 2 0apoc 2 @ogt/? — ]lABH
oQ
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NG TIN A DIFIED LOGARITEMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS ¥
. OF CORRELATIONS

QUANTUM SPIN SYSTEMS

Thermalization MLS! Decay of correlations

- D(Ti(p)|lo) < D(p]|) e
KT'13

o - - Rel. entropy: D(p||o) := tr[p(logp — loge)]

sup || Te(p) — oy < poly(|A])e " Cubitt et al."13
PES(Ha) . I,(A: B) < Ke ™MAB)

Mixing time: 7(¢) = O(polylog(|A|))

Bolar6] it

- Var,(Ti(p)) < Varg(p) e 2200

P51 Variance: Var, (p) := tr[(p/20)?] — tr[po]?
“Slower” mixing m/

sup [ Ti(p) —ollx < exp(v/[A])e=*
ES(3,

PES(Ha)

Mixing time: T(€) = O(v/|Al)

Covariance

. Covg(A: B) < Ke 148

Mixing time of {7} }+=¢ Notions: I,(A:B):=D(saslloa®os) ofiH  Gibbs state
= . N of alocal,
ITe(e) — ol < 6} Covg(A: B):= sup |tr[(caB — 04 ® ap)04 @ Op]| 4 trle=74] commuting

7(e) = min{". 0
I9al.lOsl<1 Hamiltonian

sup
PES(HA)
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NG TIN A DIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS ¥
. OF CORRELATIONS

QUANTUM SPIN SYSTEMS

MLSI

- D(Ty(p)llo) < Dipllo) e~ L)

Thermalization

Rel. entropy: D(p||o) := tr[p(logp — loga)]

sup || Ti(p) — oll1 < poly(JA[)e™™
S(Ha)

PE:

Mixing time: 7(<) = O(polylog(|A])) ‘

Cetal.'13

Mutual information

. I(A:B) < Ke 1448

Poincaré Inequality

“Slower” mixing . Var,(Ti(p)) < Var,(p)e 222Dt l
sup ||Ti(p) — alls < exp(y/JA])e™* : Variance: Var,(p) := tr[(p*/?a)?] — tr[po]?
i Covariance

ixing time: 7(¢) = O(/|A ‘
Mixing time: T(€) (V|A]) . Cova(A : B) < Ke~(A.8)

Mixing time of {7} };~0 Notions: [,(A: B):= D(oaglos®og) o—an Gibbs state
=2 o= of a local,

() = min{r >0: sup |[Ti(p) —alh < s} Covy(A: B) = sup  |trl(eap — 04 ®05)04 8 Op] trle~#H] commuting
PES(HA) 12allzlOBl2<1 Hamiltonian
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S . it . Fig £l RITEMIC SOBOLEV I JALITIES
MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

MOTIVATION

Describe the correlation properties of Gibbs states of local Hamiltonians.

© Hamiltonian: Hy = Ha + Hp + Hsaup)c + Hoa + Hsp ,
o Gibbs state: o (8) = e #HA /Trle=AHA] .

A

Questions:

For non-commuting Hamiltonians:

e BHAUB g ¢ BHA ¢—BHp 9

tracloa] @ trpefop] i= (oa) , ® (0a) 5 ~

treauye[oal i= (04) aup 7
¢ := dist(A, B)
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MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

3 different forms of decay of correlations.

OPERATOR CORRELATION

Blovo AR )= sup [tr[O4 ® Op(ocap — 04 @ oB)||
loall=llOsl=1

MUTUAL INFORMATION

I;(A: B) := D(caBlloa ® oB)
for D(pl|lo) = Tr[p(logp — logo)]

MIXING CONDITION

Ih(eaB)ll = [[02"? ® 05" *0upo,* @05

Relation:

1
5 Covs(A: B)?2 < I,(A:B)

< H0_21/2 ® 05 2 oapc 2 @ogt/? — ]lABH
oQ
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MIXING TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS
. OF CORRELATIONS

SETTING AND QUESTIONS

Given:

o Hj local (commuting) Hamiltonian +—  oa := % Gibbs state .

o L4 local Lindbladian with unique stationary state oa (La(oa) = 0).

Questions:

e Does £, have a positive, constant (or poly log) MLSI?

e How do correlations decay in oa between spatially separated regions?
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MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS

OBJECTIVE

MLSI CONSTANT

.o —tr[La(pa)(log ps —logoa)]
Lp)) o= f
ete st 2D(pn|[o)

What do we want to prove?

lim inf a(£a) > W(|A)) >0 (or =0 very “slowly”, like © (é))

poly log(|A[)

A

Can we prove something like
alla) > V(A a(La)>07

No, but we can prove
a(La) 2 Y(|A]) aa(La) >0.
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Mi G TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS .
. DECAY OF CORRELATIONS

CONDITIONAL MLSI CONSTANT

MLSI CONSTANT

The MLSI constant of Lo = ) Ly is defined by
kEA

—tr[La(pa)(log pa —logoa)]
2D(palloa)

CONDITIONAL MLSI CONSTANT
The conditional MLSI constant of L5 on A C A is defined by

. . —tr[La(pa)(log pa — logon)]
T f
sl 2D 4(pal|on)
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3 TIME AND MODIFIED LOGARITHMIC SOBOLEV D7 JALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS
: )
. OF CORRELATIONS

STRATEGY

Used in (C.-Lucia-Pérez Garcia ’18) and (Bardet-C.-Lucia-Pérez Garcia-Rouzé, ’19).

Decay of correlations

on the Gibbs state

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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NG TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS e
) 2
’ DECAY OF CORRELATIONS

QUASI—FACTORIZATION OF THE RELATIVE ENTROPY

QUASI-FACTORIZATION OF THE RELATIVE ENTROPY

Given A = ABC, it is an inequality of the form:

D(palloa) < &(oanc) [Dan(palloa) + Dec(palloa)]

for pa,on € S(HaBc), where £(0arc) depends only on oapc and measures how far
cac is from o4 ® oc.
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NG TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS
. OF CORRELATIONS

HOw DOES THE STRATEGY WORK?

We want to prove:

. —tr[La(pa)(logpa — logaa)) o —tr[Calpa)(log pa —logan)]
=)= i 2D(pal|oa) a('C’A) = III(‘AD QA ('C’A) >0 ()= Iy 2D a(palon)

After choosing , we prove the following;:

D(palloa) = Da(palloa) w(lAf) >0

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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OINT
1 by “RATORS IN 1D
ExAMPLES OF MLSI 2 AV ATORS

EXAMPLE: TENSOR PRODUCT FIXED POINT

(C.-Lucia-Pérez Garcfa ’18) E’A(PA) =, Z (Jﬂ: & pze — pA) heat-bath

(Beigi-Datta-Rouzé *18) TEA
D.(palloa) := D(palloa) — D(pze|loze)

orn = Q) oz, @

TEA

> “Dz(palloa)

TEA
T —tr[Lz(pa)(log pa — logon)]
i =y, s g Z

: ; 2D (mallea) 2aA- (Er )

TEA

< inf o~ (N —

- 21nf an (L )Z tr[L.(pa)(log pa — logoa)]
. zEA

» 1
~ 2inf aa

C )( tr[La(pa)(log pa —logaa)))
rEA

¥ < (—tr[£a(pa)(log pa — logon)]).
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3 TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

ATXING 5, FUNC AL INEQUALITIES AND CORRELATIONS e
MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS
! DEC OF CORRELATIONS

QUASI—FACTORIZATION OF THE RELATIVE ENTROPY

QUASI-FACTORIZATION OF THE RELATIVE ENTROPY

Given A = ABC, it is an inequality of the form:

D(palloa) < &(oanc) [Dan(palloa) + Dec(palloa)] ,

for pa,on € S(HaBc), where £(0arc) depends only on gapc and measures how far
cac is from o4 ® oc.
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TENSOR PRODUCT FIXED POINT
N TORS IN 1D
ExXAMPLES OF MLSI , DAV RS

DYNAMICS

—BH
Let oa = ﬁ be the Gibbs state of finite-range, commuting Hamiltonian.
rie

HEAT-BATH GENERATOR
The heat-bath generator is defined as:

1/2 —1/2 —-1/2 1/2
‘C’E(PA) 5= Z (O'A/ O'mc/ PxcO e / O'A/ _PA)
TEA

DAVIES GENERATOR

The Davies generator is given by:

L™ (X) := i[Hp, X] + D EREq):
rzeA

where the £ are defined in terms of the Fourier coefficients of the correlation functions in
the bath and the ones of the system couplings.

SCHMIDT GENERATOR
The Schmidt generator (Bravyi-Vyalyi '05) can be written as:
e =T (R e )
TEA

where the conditional expectations do not depend on system-bath couplings. a

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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TENSOR PRODUC ED POINT
TORS IN 1D
ExXAMPLES OF MLSI [0 RS

PREVIOUS RESULTS

Let us recall: For a(Lx) a MLSI constant,
ot — oall; < /210g(1/0min) e~ 2EM L,

Using the spectral gap A(La):

loe = ally < /T ommn e XERE,

SPECTRAL GAP FOR DAVIES AND HEAT-BATH (Kastoryano-Brandao, '16)

Let Ef’D be the heat-bath or Davies generator in 1D. Then, ﬁf’D has a positive
spectral gap, that is independent of the system size, for every temperature.

MLSI FOR HEAT-BATH WITH TENSOR PRODUCT FIXED POINT (C.-Lucia-Pérez Garcia,
Beigi-Datta-Rouzé ’18)

Let £ be the heat-bath generator with tensor product fixed point. Then, it has a
positive MLSI constant.
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ExAaMPLES OF MLSI

MAIN RESULT

Dynamical properties
(of the QMS)

MLSI
(e < DOt ="

[KT16]

Rapid mixing

U IT(p) — allx < poly(|A])e™ TG

pe
Mixing time: tmix(¢) = O(polylog(|A[))
L&)

RSN Poincaré Inequality

Hrvﬁfm:_(‘n(p))_s Varf™S(p) z;.(c.)s

Angela Capel (Eberhard Karls Universitdt Tiibingen)

Static properties
(on the Gibbs state)

[KACR23] Mixing condition

loasez’ ® a5! — 1| < K e~ 1445

[BCPH22b]

[KACR23] Decay of mutual information
I,(A: B) < Ke 744B)

x‘ Pinsker's and Halder's
Decay of covariance inequatitios.
CovEN3(A: B) < Ke 1AB)

Gap implies rapid mixing for comm. Hamiltonians
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DIN'T
“RATORS IN 1D
ExaMPLES OF MLSI

MLSI FOR 2-COLORABLE GRAPHS

MLSI FOR 2-COLORABLE GRAPHS, (Alhambra-C.-Kochanowski-Rouzé, ’23)

Let A be a 2-colorable graph and £X be a Davies generator with unique fixed point
oa given by the Gibbs state of a commuting, finite-range, 2-local Hamiltonian. If:

i) The Lindbladian is gapped.
ii) The Gibbs state satisfies exponential decay of covariance.
Then, LY satisfies a MLSI with constant
1) a(£y) = Q(1)|a|-00, When A is a sub-exponential graph (e.g. hypercubic

lattice), or
2) a(LR) = ((n |A|)_1)|AHOO, if the correlation length of the fixed point is

sufficiently small (e.g. b-ary trees).

RAPID MIXING

i) A = Z is 1-dimensional, Hy is k-local and 8 > 0 = £X has a constant MLSI.

il) A= ZP is D-dimensional, Hy is 2-local and 8 < B« = LX has a constant MLSI.
iii) A =T, is an inf. b-ary tree, Hy is 2-local and 3 < . = L% has a log-size MLSI.

In all cases, LY satisfies rapid mixing.
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ExAaMPLES OF MLSI pvelel ENERATORS

INGREDIENTS OF THE PROOF

Proof of MLSI for Davies generators

[CR823]
3 + :

D — dim. lattice,2 — local Hy, 3 < B
~ MLSlindependentof [A|

s i [KACR23] | —
Decay of covariance B lweerbind

CoviNS(A : B) < Ke 4(A.B)
Ll — Loo clustering
L U0 B B L)+ Lot 1D chain, k — local Hy,8 > 0
7 sleunkeen\o) _ MLS!independent of |A|
Mixing condition
leasoy' @ 05! — 1] < K =14

i [KACR23] b-ary tree, 2 — local Ha,f < f.

_ MLSI log-dependent of [A|

The last part uses “divide and conquer” arguments for the relative entropy.

_|_

Equivalence between dynamics:

D(pl| EX(p)) < D(pl|Ex (p)) < D(pllEX5(p))
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R ORS IN 1D
ExaMPLES OF MLSI 2-L.OCAL DAVIES GENERATORS

OPEN PROBLEMS AND LINES OF RESEARCH
Open problems:

o Extend the chain of implications (in particular, decay of correlations = MLSI)
to k-local interactions.

Extension to specific models.

e 2D, quantum double models (positive spectral gap recently proven in (Lucia-Perez
Garcia-Perez Hernandez, '21) ).

Extension to non-commuting Hamiltonians.
Improve results of quasi-factorization for the relative entropy: More systems?

New functional inequalities for different quantities, such as the
Belavkin-Staszewski relative entropy:

Dgs(p|lo) = tr [plog(pl/zcr_lplfg)] )

Thank you for your attention!
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