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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
Hin = ®;r.e!\ Hew

@ Density matrices: Sy := S(Ha) =
{par € 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 Sx. |

Y

Semigroup:
°© ToTs = Tets.
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
T =2 o LA = E'ﬁ lt=0-

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

PriMITIVE QMS

We assume that {7¢},, has a unique full-rank invariant state which we denote by 0. |

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:

| (> La(9)), = (LR(1), 9),

for every f,g € Ba and Hermitian, where

(o=t fr P go ] .

Notation: p: := T:(p).
pa — pr == 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) := o for every pa.

MIXING TIME _

We define the mixing time of {7;} by

buse(e) = min{t > 03 sup [[Ti(oa) ~ Teolpn)l, < €},

PAESA
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INTRODUCTION AND MOTIVATION

RAPID MIXING

MIXING TIME

We define the mixing time of {7;} by

tmix(€) =mindt > 0: sup |pt—oall; <€
PAESA

Recall: pt := Te(pA), oA = Toc(pa)-

RAPID MIXING

We say that £ satisfies rapid mixing if

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

tmix(€) ~ poly log(|A]).

PA—
i

poly(jA|)e™"
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INTRODUCTION AND MOTIVATION

APPLICATIONS TO QUANTUM INFORMATION/QUANTUM COMPUTING

Rapid mixing

sup ||T3(p) — oll1 < 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
guantum device that simulates the effect of the thermal bath.

e 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

N >
sup [ Ty(p) — ol < poly(|A[)e™* - )
PES(HA) Error correction Self-correction

Mixing time: () = 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: Output 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 e e
o 5 S DECAY OF CORRELATIONS

MODIFIED LOGARITHMIC SOBOLEV INEQUALITY (MLSI)

Recall: p; := Tz (p).

Master equation:
Oepe = 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 7 )].

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

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

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORRELATIONS e — = Fesie
L, S T DECAY OF CORRELATIONS

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

V= fmp = tr[La(pa)(og pa —logoa)]
PAESA 2D(palloa)

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

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

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

lpe — oally < V2D {pallon) e=*A)" < /2108 (1fomm) e~ E0",

For thermal states oa = e ?# /tr[e P#],

Omin ~ 1/exp(|A|). llps—oall, <poly(|A])e= 7

Rapid mixing

MLSI = Rapid mixing.

Using the spectral gap (Kastoryano-Temme ’13):

loe = oall, < V/IGmm e XERE,
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ING TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INE( B
AY O ORRELAT S

QUANTUM SPIN SYSTEMS

el Modified Logarithmic Saobolev Inequality (MLSI

. D(Tu(p)lle) < D{pllo) e~22(E)

i ot Relati : D = tr[p(logp — X
Rapid mixing elative entropy: D(p||a) := tr[o(logn — loga)]

sup [[Ti(e) — ol < poly(|Ae™ e
S(Ha) \

pE
Mixing time: 7(€) = O(polylog(|A])) Poincaré Inequality
. Var,(Ti(p)) < Var,(p) e 22Dt

Variance; Var, (p) := tr[(p'/%0)?] — tr[pa]?

‘Slower” mixing
up IT:(p) — olls < exp(v/]A])e %
A

PES(H

o Ar Gibbsstate
ixil i + 7(e) = O(H/|A g=_—___ ofalocal,
Mlxlng time: 7(€) (V/IA]) trle= 24| commuting
Hamiltonian

Notation: A CC Z? lattice Mixing time of the semigroup {Tn}:zﬂ

T, i
{Zi}t=0 Quantum Markov semigroup e)=mindt>0: sup ||Ti(p)—cli<e
L Inf. generator (Lindbladian) PES(Hap)
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NG TIME AND MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES / A . o
? ORRELATIONS

QUANTUM SPIN SYSTEMS

MLSI

Thermalization T Decay of correlations

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

sup || Ti(p) — ol < poly(JA])e™™
PES(HaA)

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

Péincaré it

- Vaz,(Ti(g)) < Va, (p) 00"

'Y Variance: Var,(p) := tr[(p*/%¢)?] — tr[po]?
“Slower” mixing -

sup ||Ti(p) — olls < exp(v/|Al)e™*
PES(Ha)

; o 6u Gibbs state

Mixing time: 7(¢) = O(+/|A]) o= 2 ofalocal,
trfe=aH] commuting

Hamiltonian

Mixing ti Uf{Tt}r.?O Notions: [.(A: B):= D(cag|oa @ as)
TE)= mi"{f =0 i ,“Tﬂfﬂ’ =0l 5} H uoufllll(?uus:‘tr[(aw SRR e
A

peS(
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MIXING TIME, FUNCTIONAL INEQUALITIES AND

TIME AND MODIFIED LOGARITHMIC SOBOLEV INE
OF CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

MOTIVATION

Describe the correlation properties of Gibbs states of local Hamiltonians.

© Hamiltonian: Hy = Hq + Hp + Hsaupyec + Hoa + Hsp ,
o Gibbs state: o5 (8) = e AHA /Trle=AHA] .

¢ := dist(A, B)

Angela Capel (Eberhard Karls Universitdt Tiibingen)

Questions:

For non-commuting Hamiltonians:

eABHAUB ~ eA.ﬁHA e‘ﬂHB ?

i~

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

treaupye[oal i= (04) gup 7
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N ODIFIED L MIC SOBQLEV QUALITIES
OF CORRELATIONS

MIXING TIME, FUNCTIONAL INEQUALITIES AND CORREL!/

DECAY OF CORRELATIONS ON (GIBBS STATE

3 different forms of decay of correlations.

OPERATOR CORRELATION
Covo(A : B):= sup [tr[O4 ® Op(ocap — 04 Q@ oB)||
loall=llOsl=1

MUTUAL INFORMATION

Io(A: B):=D(oaglloa ® o)
for D(pl|o) = Tr[p(logp — logo)]

MIXING CONDITION

lh(caB)lloo = HUZl/z ® UglfchBJZI/z ® 0,51/2 - ]1AB||OO

Relation:

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

< nglm ® Ugl/ngBU;L/z ®o_§1/2 _ ]1ABH _
o0
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} AND MODIFIED LOGARITHMIC SOBOLEV
OF CORRELATIONS

MIXING TIME, FUNCTIONAL INEQUALITIES AND

QUANTUM SPIN SYSTEMS

Thermalization MLS! Decay of correlations

. D(Ti(p) o) < D(plja) e~

Rel. entropy: D(plle) := tr[p(loge — logo)]
sup || Ty(p) — ol < poly(JA)e ™ Cubitt et al."13
PES(Ha) . I,(A: B) < Ko 14AB)

Mutual information

Mixing time: 7(¢) = O(polylog(|A|))

e“(p) =3 o

- Var,(Ti(p)) < Varo(p) e=2* 20"

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

|T2(p) — ollx < exp(+/]A])e™2

sup |
PES(Ha)

Mixing time: 7(g) = O(v/|Al)

. Covy(A: B) € Ke A E)

Mixing time of {T}},0 Notions: I,(A:B):=D(oaslloa®ecs) ot Gibbs state
B b . g g 't - g=— of a local,

7(z) = mi].{.' >0: sup [Tilp) —ol: < e} Cove(A: B) = e qutr;(ﬂms — 04 ®0p)04 ® Og]| trfe="#] commuting
PESTHA) At Hamiltonian]
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DIFIED LOGARITHMIC SOBOLEV IN

MIXING TIME, FUNCTIONAL INEQUALITIES AND il
OF CORRELATIONS

QUANTUM SPIN SYSTEMS

— Decay of correlations

. DE(R)o) < Dlpllo) e

Thermalization

This project

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

Rapid mixing > 4 ixing conditi

;168"‘!1?[: ]HT.(.D) —ally < poly(|A])e™ N |loanosl ®apl — 1] < Ke 1AB)
o A

Mixing time: () = O(polylog(JA|)) ‘

Cetal.'13

Mutual information
. L(A:B) < Ke viA8)

Poincaré Inequality

“Slower” mixing - Var,(T:(p)) < Var,(p) =221t ‘
swp  17:(0) ~ ol < exp(ADe™" Variance: Var, (p) := tr[(¢"/26)7] — trlpo]?

PES(Ha

Mixing time: 7(€) = O(V/|A])

varian

. Covg(A:B) <

Mixing time of {7} },~0 Notions: [, (4 : B) := D{oaglloa ®on) ot Gibbs state
> o= of a local,

7(e) = min{f =>0: sup ||Ti(p)—alh < 5} Covg(A: B) = sup [trl(eap — 04 ® 05)04 ® Op] trle~ 4] commuting
PES(HA) l2allz OB 2<1 Hamiltonian
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MIXING TIME, FUNCTIONAL INEQUALITIES AND

TN A MODIFIED LOGARITHMIC SOBOLEV I
OF CORRELATIONS

DECAY OF CORRELATIONS ON (GIBBS STATE

MOTIVATION

Describe the correlation properties of Gibbs states of local Hamiltonians.

© Hamiltonian: Hy = Hq + Hp + Hsaup)e + Hoa + Hsp ,
o Gibbs state: o5 (8) = e AHA [ Trle=AHA] .

9

<

]

J

I

9

- ]

.

J
.
.
I
=
I
4
A
9
¥
3
<4
3

9

¢ := dist(A, B)

Angela Capel (Eberhard Karls Universitdt Tiibingen)

Questions:

For non-commuting Hamiltonians:

e BHAUB g ¢ BHA o—BHp 9

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

treaupye[oal i= (04) 4up 7
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NG TIME AN JIFIED L RITHMIC SOBOLEV INEC
Y OF CORRELATIONS

MIXING TIME, FUNCTIONAL INEQUALITIES AN

DECAY OF CORRELATIONS ON (GIBBS STATE

3 different forms of decay of correlations.

OPERATOR CORRELATION
Covo(A : B):= sup [tr[O4 ® Op(ocap — 04 Q@ oB)||
loall=lOsl=1

MUTUAL INFORMATION

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

MIXING CONDITION

—1/2 —-1/2 —-1/2 —1/2
HO’A / Rop / CABO 4 / ®0’B/ —]1_45”0o

Relation:

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

& nglp ® 051/20}13621/2 ®o_§1/2 _ ]1ABH _
o0
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ODIFIED LOGARITHMIC SOBOQLEV INE
OF CORRELATIONS

MIXING TIME, FUNCTIONAL INEQUALITIES AND

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?

o How do correlations decay in o5 between spatially separated regions?

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

MIXING TIME, FUNCTIONAL INEQUALITIES AND ¢
i OF CORRELATIONS

OBJECTIVE

MLSI CONSTANT

olLa) = — tr[La(pa)(log pa — log o)

What do we want to prove?

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

poly log(|A[)

A

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

No, but we can prove
a(La) 2 Y(|A]) aa(La) > 0.

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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VMODIFIED LOGARITEMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND CC
? )
- % ATIONS

CONDITIONAL MLSI CONSTANT

MLSI CONSTANT

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

. . —tr[La(pa)(logpa —logoa)]
La) = inf
Gl 2D(pallon)

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

. . —tr[La(pa)(log pa —logon)]
L) = f
el Bl B 2D a(palloa)

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

MIXING TIME, FUNCTIONAL INEQUALITT
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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MODIFIED LOGARITHMIC SOBOLEV INEQUALITIES

MIXING TIME, FUNCTIONAL INEQUALITIES AND

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) [Das(palloa) + Dec(palloa)] ,

for pa,on € S(HaBc), where £(0arc) depends only on oapc and measures how far
cac is from o4 ® oc.

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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ODIFIED LOGARITHMIC SOBOLEV INEQ

MIXING TIME, FUNCTIONAL INEQUALITIES AND
CORRELATIONS

How DOES THE STRATEGY WORK?

We want to prove:

a(fa) = inf — tr[La(pa)(log pa — logaa)] Q(EA) > \If(’Al) A (.CA) > 0 an(La) = inf —tr[Calpa)(log pa — logaa)]

PAES) 2D(pallea) PAESA 2D a(palloa)

After choosing , we prove the following;:

D(palloa) = Da(palloa) T(lAl) >0

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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E\\\TF’IFN m-' ML.HI u
EXAMPLE: TENSOR PRODUCT FIXED POINT
La(pa) = Z (0 ® pze — pa) heat-bath

(Beigi-Datta-Rouzé '18) TzEA
Dz (palloa) := D(palloa) — D(pae||oze)

of = &) o @

TEA

(C.-Lucia-Pérez Garcia ’18)

> Dz(palloa)

TEA
st ) Z —tr[L;(pa)(log pa — logon)]

ap{Ll) = E 2Dx(pallon]

z€EA 2(1/\([‘, )
< inf o~ (N i
- 211££QA (Cs )Z tr[Lz(pa)(log pa — log oa)]

R 1
= Sl an(ny ( Ealea)logen —logon))

< (—tr[La(pa)(log pa — logan)]) .

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

MIXING TIME, FUNCTIONAL INEQUALITIES AND

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) [Das(palloa) + Dec(pallon)]

for pa,on € S(HaBc), where £(0arc) depends only on oapc and measures how far
cac is from o4 ® oc.
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TENSOR PRODUCT FIXED POINT

ExaMPLES OF MLSI

DYNAMICS

—BH
Let op = Y—F[ﬁa——l;%\—] be the Gibbs state of finite-range, commuting Hamiltonian.
LT | e

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

1/2 —1/2 =1/2 1/2
£Ron) = 3 (X0 0ec0;0)" = pn)
TEA

DAVIES GENERATOR

The Davies generator is given by:

L™ (X) = i[Hp, X] + 3 EDeXy,
zeA

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:
Lyt () =3 (850 - X),
zEA

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

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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ExaMPLES OF MLSI

PREVIOUS RESULTS

Let us recall: For a(£) a MLSI constant,
ot — oall; € v/2108(1/0min) e *EA)E,

Using the spectral gap A(La):

loe = oall, < v/TGmin e >R,

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

Let Ef’D be the heat-bath or Davies generator in 1D. Then, [,f’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.

\
y

Angela Capel (Eberhard Karls Universitit Tiibingen) Gap implies rapid mixing for comm. Hamiltonians
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LES OF MLST

MAIN RESULT

Dynamical properties
(of the QMS)

Rapid mixing
-t
3o I7i(p) = ol < poly(Al)e™ (cLMPG15
Mixing time: tmix(¢) = O(polylog(|A]))
L

Angela Capel (Eberhard Karls Universitit Tiibingen)

1 j
2-rocAaL D

Static properties
{on the Gibbs state)

[KACR23] Mixing condition

leaser: ® o5t — 1| < Ke 1445 A NETTCHros

hY

[KACR23] Decay of mutual information
I, (A B) < Ke 1848

er's and Holder's

Decay of covariance inequaities
CoviNS(A: B) < Ke 74(4.8)

Gap implies rapid mixing for comm. Hamiltonians
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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) o(LR) =2 (n]AD)™Y) 4150
sufficiently small (e.g. b-ary trees).

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 8 < . = L% has a log-size MLSI.

, if the correlation length of the fixed point is

In all cases, LY satisfies rapid mixing.
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T N IES
ExaMPLES OF MLSI 2-LoCAL DAVIES GENER

INGREDIENTS OF THE PROOF

Proof of MLSI for Davies generators

" foRszi
f -
- ! [KACR23] !
Decay of covariance Flameribloiai 5
CoviN3(A: B) < K e 744:8)

qla — Lo clustering
o[BS 0 B3 B Lurgu) Lo [

< lC u Dl.'C E—wd(f’\.D,D'\,C-')

i [KACR23] i

Mixing condition
||5Aga;] 590’5' — 1| < Ker4AE)

AT b oy tree, 2 local H 6 < 6

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

_|_

Equivalence between dynamics:

D(pl| EX(p)) < D(pl|Ex (p)) < D(pll EX5(p))
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ExXAMPLES OF MLSI 2-L0CAL 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(pl||lo) = tr [plog(pl/za_lp1/2)] .

Thank you for your attention!
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