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Jamming Transition and Normal Modes of Deformable Particles

Kuniyasu Saitoh”

The jamming transition of soft particles has well been studied by physicists and the critical behavior of the
pressure, elastic moduli, and excess coordination number has been examined by numerous experiments and
simulations. In numerical studies of the jamming transition, molecular dynamics simulations play an important role in
extracting critical exponents and analyzing normal modes. In most numerical simulations, however, the particles are not
allowed to deform though real soft particles can be deformed by contacts with neighboring particles. Here, we
theoretically and numerically investigate the jamming transition of deformable particles. Employing the Morse-Witten
model, we derive the (extended) Hessian of soft deformable particles. We also use the Morse-Witten model for the
force law in molecular dynamics simulations and numerically demonstrate mechanically stable packings of deformable
particles. We find that the shear modulus and density of states of deformable particles are quantitatively different from

those of artificially undeformed particles.
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Fig. 1 (a) The shape of a deformable particle. The solid line represents Eq. (1)
while the dashed line indicates the initial (undeformed) particle shape. (b)
The relationship between the two angles, 0, ; and 0
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Fig. 2 Snapshots of (a) undeformed and (b) deformable particles

(@ (b)

Fig.3 Snapshots of deformable particles, where the initial
packing fraction is given by (a) 0.84, (b) 0.86, (c) 0.88, and
(d) 0.90
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Fig. 4 Double logarithmic plots of (a) the elastic energy E, (b) pressure p, (c) excess coordination number Az, and (d)

shear modulus G as functions of the mean overlap (J)
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Fig. 5 Normal
eigenfrequencies. The eigenfrequency is zero in (a) and (b)
whereas it is finite in (c¢) and (d). Here, each particle is
represented by the initial (undeformed) particle shape

(arrows) of the four
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Fig. 6 (a) Double logarithmic plots of the density of states D(w),
where the excess coordination number increases as
indicated by the horizontal arrow. (b) The density of states
plotted as a function of scaled eigenfrequency, where the
exponent is o = 0.75
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