The Influence of dimension
on the equilibration process
of East-like models
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The East model on Z°

e Spin Nx € {0,1} at each vertex of
Zd

 With rate 1 to each spin a new
value is proposed from the
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Motivations

 The 1D model (East model) prototype for a
constrained system with glassy dynamics
(broad spectrum of relaxation times, dynamic
heterogeneities, slow relaxation,....)

* [he d-dimensional version plays a key role in
realistic models for glass formers (D. Chandler,
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Some facts

* The zeros are the facilitating spins.
* The infinite volume process Is always ergodic.

e Detalled balance w.r.t. the trivial product law
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Boundary conditions

B =Frozen O

—-rozen 1

Maximal boundary
conditions SRR
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Only the spin at x=0

can initially flip

Colored sites

updated sites.
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General Observations

e Trel(Z9 = Relaxation/
physics literature )

—quilibration Time (T in the

e East model on Z9 less constrained than an

infinite array of 71D East models.
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Theorem LetV be alxL box. Then
TEast (L) < min(v) S TEast(QL)

— “rel

Consider a directed spanning tree ST
T of\/ rooted at the orlgln o

._..,. o




The East model on the spanning tree Is
more constrained than on V

4
Trel(v) S Trel(ST)

Theorem (Cancrini, M., Roberto, Toninelli 2009)

- Ta(ST) < Trast(longest branch)
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Some heuristics about T,e(z°)

* Interesting case: low density of facilitating sites (B >>1)

 Mean equilibrium distance L. between zeros is

fipia = 9 ( B/ d
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Relaxation time for d="1

Theorem [CFM, 2013] Let L=2". Then

T — 65”><n!2_(3), b ot
East( )/\ 652/210g2 LZ@B.

* exp(Pn) is the usual Arrhenius term with n being the
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Remarks

e Saturation at the equilibrium scale Lc = eB

In the physics literature (Evans-Sollich) only the
energy barrier was considered.

* The formula also proves tlme scale separatlon

e
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Back to Ty (Z%)

Using Lc ~ Exp(B/d),
the quasi-one dimensional assumption gives

2d—1 )

2
Trel(Zd) = 65 (2d2 T
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Theorem [CFM 2014]

AS ﬁ—boo
Trel(Zd) iz 652/2d10g2 o rel(Z)l/d

Conclusion: dimensional effects are important.

Proof.
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The Knight
Chain:

With rate 1 each
block (e.g. A) Is
refreshed with
equilibrium iff

there is a vacancy




The Knight Chain
consists of 3 iIndependent
coples of the

East-like block chain . .... .. .
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Two key results

Recall that c(B)= eB/ (1+eB).

Step 1. Crrel(}{night Chaln) T Trel(Zd; Beff)
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 Thus we obtain the RG inequality

Trel(Zd; 6) S f(f, 6) X Tfel(zd; Beff) (*)

with an explicit f(¢; 3)




Boundary/bulk effects on the
relaxation time Iin finite volume

For simplicity consider a box V of side L. =eb/d.
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Persistence |imes

Setting: L
» At t=0 only one vacancy. o R

 Minimal boundary conditions.
e T(v):= Mean Survival Time of the initial zero at v.

Main Question:

does the asymptotics as 8 — oo of the persistence

time only depends on ||v|[1 ?




Two different cases: - (A)
m e
H o o
* [n case (A) the origin S
must send a wave of 0’s i
along the x-axis to ISR L AT

remove the initial @




heorem.

= the
f lvlly € (271, 2] with n=0(1) as B—, then
° Vil :

T(v)=efn

= (AT
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Remarks

* In d=1 (East model), up to the equilibrium
scale L the relaxation time, mixing time and
persistence time have ratios in [a,1/a] for
some universal constant a independent of

B

e False in higher dimensions. The persistence
time along the diagonal is much shorter than
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Beyond the equilibrium scale
at fixed temperature

Run the dynamics at inverse temperature (3 on Zo°
starting from e.g. an infinite temperature configuration.

Theorem. The time dependent
density of the vacancies c(t) = ¢
as t = oo (with a stretched exp
bound)

Not known for other
KCM’s |
Theorem. Fix a box of side L. Then

the Mixing Time scales like L as
L oo,
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In particular the set & of the
visited sites up to time' t
grows “linearly” in t

Problem #1:
prove a “shape theorem®:
St/t > S as t—oo .

d=1 v

_ Shape Th. (O. Blondel '13)
Problem #2: Gaussian Fluctuations (Ganguly,

compute the boundary Lubetzky, M. '14)
fluctuations
around the limiting shape .
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