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Microscopic Interactions
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Quasistatic response

Foams are isostatic at zero pressure

Grains need not be



Isostaticity: No static friction
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z = 2d contacts per particle

7 = 7j| = Ri + R;

7z < 2d contacts per particle

thus z- = 20



Isostaticity: No static friction
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Quasistatic response
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Quasistatic response
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G< 22

what is the spectrum of eigenvaluese
what is the density of states?
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Density of states
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"Cutting argument”

excess contacts ~ volume
Ny ~ (zc + Az)Ld

" cut contacts ~ surface areo
Ng ~ L%/¢

create zero modes if




Density of states
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Quasistatic response
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Quasistatic response
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Quasistatic response
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Frictionless jamming scenario

Shear modulus proportional to
crossover frequency in DOS

Crossover frequency vanishes
at isostatic point

—rictionless spheres (wet foams)
Isostatic at unjamming




Isostaticity: With static friction
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( + forque balance )

7z =2 d+1 contacts per particle

7 = 7j| = Ri + R;

7z < 2d contacts per particle

thus d+1 <z < 2d
atp =0



Isostaticity: With static friction
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Isostaticity: With static friction
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Quasistatic response with friction

G~

kl/Qw*

still true

DOS

1.0F

0.1

1.0+

G/K |

0.1k

01 10
Z- (d+1)

Somfai et al., PRE 2004



Quasistatic response with friction

G~ kl/Qw* still true

1.0F
* |
0.1
A

O
= 10}
D ;
IS GKK |
El e shrinks with u1 '
0.1k
B EE— > ;

l volume DO
fraction 0.1 1.0
Z- (d+1)

shifts left with y?

Somfai et al., PRE 2004



Quasistatic response with friction
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Frictional jJamming scenario

Shear modulus (still) proportional to
crossover frequency in DOS

Crossover frequency (still) vanishes aft
Isostatic point

But frictional spheres (grains)
hyperstatic at unjamming

Shear modulus has a jump




How does jamming differ for
(overdamped, viscous, wet) foams
and (massive, frictional) grainse
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Microscopic Interactions

wet foams grains

normal normal
elastic elastic

force force

normal tangential
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force
force (Hertz-Mindlin)
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Viscoelastic linear response
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Viscoelastic linear response

frequency w
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Viscoelastic linear response
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Viscoelastic linear response
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Storage and loss modul
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Storage and loss modul
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Viscoelastic linear response

’I\ drivilng frequency
(K +w B)|u) = o(w) L*|4)
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$,,= generalized eigenvalue of { K, B}



Viscoelastic linear response
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Density of states (DOS)
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Viscoelastic linear response
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Storage and loss modul
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Dynamical crifical scaling
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Dynamical crifical scaling
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Shear thinning In experiment
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Shear thinning In experiment
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Creep compliance
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Conclusions

anomalous slow modes near isostaticity
control response

frictionless/foams frictional/grains
necessarily isostatic not necessarily isostatic
atp =0 atp =0

vanishing G jumpin G

diverging viscosity



