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Thermalization of quantum spin systems: From 'weak’ inequalities to strong results
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= Davies thermalization is a Markovian model for thermalization of
spin lattice systems where every lattice point individually couples
weakly to the heat bath at temperature 371
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= This dynamic drives the system to its thermal state, also called the
Gibbs state: p; =% o3.

= Questions:
1. How fast does this happen? — tyix(€) := inf{t > 0||p; — o||: < €}
And how does this mixing time scale in system size N7
2. What is the relation to the locality structure of the system Hamiltonian/ its Z
Gibbs state? <> Notions of clustering in the Gibbs state
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= Consider systems on D-dim hypercubic lattices A ¢ Z” with
geometrically-local, commuting, uniformly bounded Hamiltonians:
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Figure 1. The first layer of a suitable covering of the D-dimensional sublattice
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Main Results ll. Proof idea and tools
Let ([-L, L|P, Hy, 3) be a commuting and geometrically-local Clustering (4)
gquantum spin systems on the D-dimensional lattice. Then strong

local indistinguishability of the Gibbs state implies that the asso- {L P a Way fo exfench focal 4o
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1. Theorem 1: [Rapid thermalization from sLI & Gap] P vmalzano
are rapidly mixing, i.e. [|e"£%(p) — o||; < € for lL lL T requires some opp ascumphion
t > tmix(€) = 0(10g(N)D, log 6_1) (2) weak TC (7) weak MLSI (6)| o commen fool 4o prove
when the local gap of the Davies generators A(L%), for on exdomsie ek Il I 1 rapid dhermaliz adion
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2. Theorem 2: |Quasi-rapid Wasserstein mixing from sLlI| / Aflovencas Theorem 2 Theorem 1
satisfy quasi-rapid Wasserstein mixing, i.e. Wi(et£x(p), o) < eN
fOr . o . o
t > twl(E) _ C’)(exp(po:_y log log(N)), log 6—1)7 (3) = Derive a weak approximate tensorization statement
when assuming any strictly positive local gap A(£L%Y) > 0. We D(p||o™) < 3" D(p||Ec. (p)) + € (5)
have set N := |\ a,i |

= Derive a weak modified logarithmic Sobolev inequality
D\
D(p|lo™) < O ((log Ne ) ) EPA(p) + € (6)
= Extend a weak transport cost inequality to D—dimensions fom e

l. Strong Local indistinguishability (sLI)

Global thermalization results rely on
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the whole lattice [3-5]. Such argu- ’
ments need a notion of spacial clus- ° - _ _ _
tering, i.e. stability of the Gibbs . - Applications and Conclusion
state in some region of interest A to ~ > - | | |
changes of the Hamiltonian 'far away’ ’ ’ = Efficient preparation of Gibbs states of geom-local commuting
C. To quantify this we find the no- ° . -Hamiltonians that satisty sLI and a polynomial gap
tion of strong local indistinguishabil- e = Efficient estimation of local observables through W;-decay
ity very useful. IR I under much weaker assumption of gap
| Figure 2. A region A shielded * Efficient estimation of quantum partition functions of such
= In 1D systems of form (1) it | . | - d mixi
. . . . from a large region by aring 7, systems via rapid mixing
mplies rapid mixing at any as in the definition of sLI (4). = No go results of such systems as guantum memory devices
temperature 8 > 0 [1]. N
e N 3 Hx] /on'x)w.am «Vﬁ@/
Definition: /% d'éﬁc.[@ - OZQ.CCIVMS . Outlook:
Dmax(aﬁBC( OﬁB) < Kmax{|A|, |C|}" exp ( dist( ’C)) (4) = Rapid mixing of non GNS-symmetric and non-commuting Lindblad generators
/ & q of [/] — efficient preparation and sampling of very general class of Gibbs
(Dmay(g'k) ”Z’f}”T gs | states.
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