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Due to the inelasticity of their interactiongrarular media ag
characterized ¥ a coupling beteen their energ and their density:
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Natural tendency to agggate Anomalous transpdr emergence
which mg lead to clustering of anomalous transporelations
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A very simple experiment all@s to visualize this
couplingthe so-called Maxall Demon experiment
for grarular media (Schlichting et al.)

The Demon was inmduced ly
Maxwell in order to show the
statistical character of the second
law of thermodynamics
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In the case of grarlar mediano
need or a supernatural beinthe
system gets asymmetrig ltself




Different theoretical proachesand generalizations of the
original experiment:

* effusie goproach (Eggers)
* hydrodynamic pproach in a system without gvay (Brey et

al.)
* multi-compatments (\an DerWeele et al.)

* grain mixtues (Tizac and Baat)
* Ehrenfest urn models <=> [3uctuationsharacteristic times

(Lipowski et al.)

Eqggers:
Fi=F(pi)=pf ()

f(n)= Bpe BP
=> Otpr = —p1f(p1) + (1 —p1) f(1—p1)



This simple modelaproduces qualitately and quantitatiely the
main eatures of the transition betwen the symmetric and the
asymmetric phase

Moreover, it has been generalized succesgftdlmulti-compatment systems
Py =1 2paf (p1) + P2f (P2) + psf (Ps)
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However, the choice ér f(p)is not critical in oder to reproduce
gualitatiely the eatures of the bifucation.The main equirement is thaff
(p)Is a deceasing functiorof large p



Eggers gproach:no (ductuations

Lipowski et alproposed a stochastic urn modeahjxing
the properties of the Eggers dynamiesd that of the
Ehenest urn model

Original Ehenfest urn model Grarular urn model
=> Boltzmann pproach to ireversibility: => thermodynamic-|i& formalism
micro-reversibility vs maa-irreversibility for the phase transition
2R balls in tw urns: 2R balls in tw urns:
* pick a ball at random * pick a ball at random
* the ball changes urn * with probability f(N) the
ball changes urotherwise
nothing hapens.




Original Ehenfest urn model

urn phase space
X = (X1, Xj .0y X2R)

1l:urn 1
O:urn 2
Microscopic time eversiblility
(0,0,..,0)
1 1
2R 2R
(1,0,..,0)
1
1 (X) =
(X) = o5

Grarular urn model

urn phase space
X = (X1, Xj, .y X2R)

l:urn 1
O:urn 2
Microscopic timeirreversibility
(0,0,..,0)
f(2R) /(1)
2R 2R
(1,0, ..,0)
I x)! 1
1 f(R-—")
| (X)) = —
() !HR(I"Il))



In the Dllowing,we use a simpler expission é6r the escge probabillity:

f(N;) = e”zr

The probability in phase spa¢€X) and the pobabilityP(p) of obseving a poportionp = —

are therefore:

P(p) = L 2R o)+ @ p)In@! p)

A

We plot In p(x) and ln;_\fp)
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The Demon discriminates the phase space:

the phase transition is a typicala®r-disorder transition:

entropy (disoder phase) <=> eneng(order phase)

The system Is equivalent to a equilibrium systenthe canonical ensemblpwven
the association:

1
I (x) = ze! BH(x) 1A

H(x) < 2R pi1(x)(1— p1(x))

Thermodynamicdrmalism apliespartition function,free energ, average energ <H>...
Second oder transition at the critical poinA=2: <H> continuous at the transition
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Equilibrium phase transition methodspdy to this model.

Recenty, Bena et alveribed that therang-Lee zar theory Is valid:

the zeios of the patition function in the complex plane éf accunulate
to the real axis in the thermodynamic linBtR — oo
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Success of the method in a non-equilibrium system!



Three-compatment case

The previous methods alsopily to the three-compatment Demon experiment,
where one shavs that by similar methods:

1,
l(x) = € BH(x) A

H(x)! 3R (pr+p2" (p] +p5+ pip2))
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Asymmetric Demon experiment

The analog with an equilibrium phase transition can be enhangestbdying the
coupling of the system with an anisofric peld.

=> ferromagnetic-lik beha&iour,characterized ¥ hysteresis and a stmg metastability
In the previous modelghe enery is injected in the same wan each compament =>
the system is symmetric under the changp! (1" p)

By heating diffrently each ba, this symmety is bioken:a diferent escae
probability br each compament:

N 1 B (2R —N 1)

A
T1o(N1) = e 2" 15 (Ny)=e = =R

We deriwe the Dllowing canonical distribution:

p(X) = e (HOOFE (X))

/4
The original hamiltonian: H (x) < 2R p1(x)(1 — p:1(x))
Coupling with the asymmetric beldv(X) = ! 2R ep(X)
 A+B 2B
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p! 1/2 <=> magnetization
1/2|n=0 <=> spontaneous magnetizat



rtions

by

Ji

0.8

0.6

04

0.2 |

When the escpe [3ux Is that of Eggetthie Curie point is located at
B=1.Metastabilityhysteresis..There are two coefpbcients:

(pi) = DBipie BPi Bi=B(1+!) By=B(1-1)
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What is next?

Preliminay results hae shavn that the lysteretic
behaiour of the asymmetric Demon experiment Is
obsewable in gent-driven sinulations of the system

Experimental ealization??

* different vibration fequency
In each compament

* different height in each
compatment




Segegation & oscillations

* different species <=> diirent dissipation rates (inelasticity parametenssses,

diameters..)

* vertical segegation phenomenon eftts,such as Brazilut eflect <=> larger paticles

may be driven to the top

*Event-driven sinulations shw that the coupling of the horizontal Demon instability
with vertical segegation leads to a richer phenomenojog
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Qualitative modelwhich tries to relevant phenomena,

based upon the Eggers thgor
on
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