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Research Focus: Soft Matter Theory

Many mechanical, dynamical and structural properties of materials remain poorly understood for reasons that are
independent of system-specific chemistry. Great advances in understanding these properties can be achieved through
coarse-grained and multiscale simulations that are computationally efficient enough to access experimentally relevant
spatiotemporal scales, but “chemically realistic” enough to capture the essential physics underlying the properties under
study. My research aims to explain poorly-understood behaviors of polymeric, glassy, and granular systems through
coarse-grained modeling and concomitant development of analytic theories. Generally I aim to do basic research on
topics that are of susbtantial practical interest.
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Generating Ultradense Jammed Ellipse Packings Using Biased SWAP
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ABSTRACT: Using a Lubachevsky−Stillinger-like growth algo-
rithm combined with biased SWAP Monte Carlo and transient
degrees of freedom, we generate ultradense disordered jammed
ellipse packings. For all aspect ratios α, these packings exhibit
significantly smaller intermediate-wavelength density fluctuations
and greater local nematic order than their less-dense counterparts.
The densest packings are disordered despite having packing fractions
ϕJ(α) that are within less than 0.5% of that of the monodisperse-
ellipse crystal [ϕxtal = π/(2√3) ≃ 0.9069] over the range 1.2 ≲ α ≲
1.45 and coordination numbers ZJ(α) that are within less than 0.5%
of isostaticity [Ziso = 6] over the range 1.2 ≲ α ≲ 2.6. Lower-α
packings are strongly fractionated and consist of polycrystals of
intermediate-size particles, with the largest and smallest particles
isolated at the grain boundaries. Higher-α packings are also fractionated, but in a qualitatively different fashion; they are composed
of increasingly large locally nematic domainsreminiscent of liquid glasses.

1. INTRODUCTION
Much attention has been paid over the past 20 years to jammed
packings of anisotropic particles and how they differ from those
formed by disks and spheres.1−18 In parallel, over the past
decade, the SWAP Monte Carlo algorithm19,20 has enabled
preparation of lower-T equilibrated supercooled liquids, more-
stable glasses, and denser disordered jammed packings than was
previously feasible.21−27 Recent work has shown that allowing
particles’ diameters to vary independently during sample
preparation provides additional transient degrees of freedom
(TDOF) which can be exploited to obtain even-stabler glasses
and even-denser packings.28−30

Surprisingly, however, the latter two developments have not
yet been exploited to shed light on the first topic.More generally,
very few simulation studies have attempted to determine how
jammed anisotropic-particle packings’ structure depends on
their preparation protocol, despite the great insights obtained
from comparable studies of disk and sphere packings23,31−33 and
the many open science questions raised by recent experimental
studies of anisotropic-particle (colloidal and small-molecule)
glasses with strongly preparation-protocol-dependent multiscale
structure.34−42

This combination of factors presents an opportunity to make
progress on multiple fronts by applying SWAP and TDOF
moves during the preparation of jammed anisotropic-particle
packings. Two-dimensional ellipses are perhaps the best shapes
with which to begin such an effort, since they are a

straightforward generalization of disks and their jamming
phenomenology for preparation protocols which mimic fast
compression has already been extensively studied.2−8 In this
paper, we show that adding a suitably biased SWAP algorithm
and aminimalistic implementation of TDOF to a Lubachevsky−
Stillinger (LS)-like particle-growth algorithm43 yields jammed
ellipse packings which are significantly denser than any
previously reported for all 1 < α ≤ 5. These packings’ multiscale
structure differs qualitatively from that of their less-dense
counterparts, in a nontrivial and strongly-α-dependent fashion.

2. METHODS
We recently performed a detailed characterization of jammed
ellipse packings’ structure5 over a much wider range of aspect
ratios (1 ≤ α ≤ 10) than had been considered in previous
studies.2−4,6−8 To understand the effects of particle dispersity,
we employed three different probability distributions for the
ellipses’ initial minor-axis lengths σ
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