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• Homogeneous cooling state (HCS)

• Velocity fluctuations as order parameter 

• Order parameter dynamics, normal and 
ordered phases

• Thermodynamic analogy, second order 
transition

• Critical dynamics 

• Stationary state velocity distribution
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HEAVY PARTICLE
IN A GRANULAR FLUID
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COLLISIONAL COOLING 

Time dependence through mean speeds
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HOMOGENEOUS COOLING STATE 
(HCS)

Order parameter dynamics
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NORMAL AND ORDERED PHASES

Estimate          (maximum entropy ensemble))(),(* φφγ n

( ) 2/1* 1)( φφγ +=

** )()()( ξ
φ
φ

φγφ =−≡
s

s
ss

nhAHCS :

( ) 2/31)( φφ +=n

0 .0 0 .1 0 .2 0 .3 0 .4
0 .0

0 .2

0 .4

0 .6

0 .8

1 .0

1 .2

0
0

0

_

ξ *

A (φ )  h = 1 0 -2 ,1 0 -3 ,0
ξ *= 0 .9 ,1 ,1 .1

_

 

 A

φ



• Unique positive solution for finite

• for                         (normal)

• for                         (ordered)
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THERMODYNAMIC ANALOGY
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Landau-like free energy  near critical point
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SUSCEPTIBILITIES
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CRITICAL SLOWING
Ginzburg-Landau dynamics
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VELOCITY DISTRIBUTION

(asymptotic analysis of the Enskog-Lorentz
kinetic equation)
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Critical point: 0=δ
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DIFFUSION
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Mean square displacement:
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