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The experiment




- e dilute granular medium + symmetric intruder

e dilute granular medium + asymmetric intruder

* moderately dense granular medium + perturbed
intruder

* high density granular medium + symmetric intruder




e dilute granular medium + asymmetric intruder

* moderately dense granular medium + perturbed
intruder

* high density granular medium + symmetric intruder




Brownian motion in a granular gas
(with dry friction)

Gnoli, Puglisi, Touchette, Europhys. Lett. 102, 14002 (2013)
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Diffusion limit Vi

The granular noise becomes Ornstein-Uhlenbeck
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e dilute granular medium + symmetric intruder

e dilute granular medium + asymmetric intruder

* moderately dense granular medium + perturbed
intruder

* high density granular medium + symmetric intruder
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Approaching “jamming”

Scalliet, Gnoli, Puglisi, Vulpiani, under review
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More dense, less hot




Mean square displacement:
from gas to dense liquid
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Caging appears at high density



Power spectrum of angular velocity
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In the gas phase: S(f)
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A simple model for caging

0(t) = w(t)
Iw(t) = —yw(t)— K[0(t) — 0o(t)] + vV27yTE(?)
Oo(t) = +/2Dog(t)

1 DOK2 -+ ’)/T(27Tf)2
Tyt (2rf)? + K — 1 (2mf)?)3

S(f) =



Decreasing “temperature”
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Superdiffusion at low “temperature”
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Modelling super-diffusion?
A model for long timescales

w(t) = wi(t) +wy(t)
Continuous time random walk for (Wg (t)
changing signs at random intervals of time ;,,,,
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Long times
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Conclusions

* A simple experiment: a tracer in a fluidized
granular medium
* The strongly shaken dilute regime is consistent
with a Ornstein-Uhlenbeck stochastic process
e At high density new phenomena emerge:
* Caging
* ~ f_l high frequency tails of the spectrum
 Superdiffusion at very low “temperatures”



