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Conclusions.  Using biased sampling techniques, we obtained high 
concentrations of LFS.  These appear to be correlated with the hardening of the 
rheological response. 
The localisation of the LFS is anti-correlated with non-affine displacements 
and mobility-triggering soft-spots, justifying the interpretation of the icosahedral 
LFS as the backbone of the solid structure of the considered glass former.

Mechanical Response of Local Motifs in Deeply Supercooled Liquids

AQS limit: the sample is sheared at T=0 and performs a succession of affine 
deformations and potential energy minimisations [3].

NVT SLLOD : thermal fluctuations are reintroduced via a deterministic thermostat, 
according to an imposed target velocity gradient (shear rate).

1. Long-lived icosahedra from transition path sampling

Locally Favoured Struc‐
tures (LFS) in supercooled liq‐
uids are local particle motifs 
that are energetically 
favourable and  linked to tran‐
sient short range order.

Sampling 
trajectories 
biased 
according to 
the time-
integrated 
fraction of 
icosahedral 
structures 13A 
for N=512 
particles.

2. Athermal Quasistatic Limit and SLLOD dynamics

[4] M. Falk and J. Langer, Phys. Rev. E 57, 7192 (1998).
[5] M. L. Manning and A. J. Liu, Phys. Rev. Lett. 107, 108302 (2011).

ERC project NANOPRS, Grant  PHYS  RQ8903. C.P. Royall is also supported by the Royal Society.

References & Acknowledgements
[1] G. Wahnström, Phys. Rev. A 44, 3752 (1991).
[2] T. Speck, A. Malins, and C. P. Royall, Phys. Rev. Lett. 109, 195703 (2012).
[3] C. Maloney and A. Lemaître, Phys. Rev. E 74, 016118 (2006).

We consider a simple binary mixture [1] 
where icosahedral LFS have been ob‐
served. We manage to obtain high 
concentrations of icosahedra  via 
Transition Path Sampling (TPS) [2].

4. Plasticity anti-correlates with icosahedral order3. Rigidity correlates with icosahedral order

increasing number of icosahedra  in the 
biasing umbrellas

T = 0
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The TPS umbrellas 
provide consistent 

ensembles of 
configurations 

characterised by 
large values of the 

concentration of 
icosahedra.

The AQS equations of 
motion are fully 
deterministic with a 
constant shear rate.

The potential 
energy per 
particles for 
different values 
of the strain 
illustrates the 
succession of 
plastic events.

Soft spots can be determined via a detailed analysis of 
the modes [5]. They anti-correlate with the location of 
the icosahedral clusters, suggesting that the plastic 
events mainly occur outside the icosahedra. 

The large majority of the soft spots is not 
localised into icosahedral regions, even when 
these occupy the most of the volume.

Introduction. We investigate the role that Locally Favoured Structures (LFS) play in the emergence of the solid-like behaviour of glassy systems in numerical simulations. To do so, 
we start from extremely cold configurations  (T~0.97Tg) and perform a shear experiment testing the low temperature regime of a set of rheological properties. We distinguish the 
more plastic and the more elastic regions and correlate them with the localisation of the LFS.
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LFS-rich phases can 
be interpreted as 
very cold samples. 
The corresponding 
temperature can be 
extrapolated from 
the icosahedra 
growth law 
determined via 
standard Molecular 
Dynamcis [2].

5. Long-lived vs short lived icosahedra 6. Shear localisation

The rigidity is mainly related to the icosahedra present in the initial configurations 
(ε1) and not to the ones emerging during the shear protocol (ε2). In fact, ε1 are more 
stable and they are associated to typically lower inherent state energies per particle.

While the low temperature initially optimises the fraction of icosahedra nε, the shearing 
protocol leads to a gradual fluidification.
This is strongly dependent on the initial fraction of icosahedra.
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The SLLOD equations 
of motion, coupling 
the shear rate 
(gradient of the 
velocity) to a 
deterministic heat bath

A simple, direct derivation and proof of the validity of the SLLOD
equations of motion for generalized homogeneous flows
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We present a simple and direct derivation of the SLLOD equations of motion for molecular
simulations of general homogeneous flows. We show that these equations of motion !1" generate the
correct particle trajectories, !2" conserve the total thermal momentum without requiring the center
of mass to be located at the origin, and !3" exactly generate the required energy dissipation. These
equations of motion are compared with the g-SLLOD and p-SLLOD equations of motion, which are
found to be deficient. Claims that the SLLOD equations of motion are incorrect for elongational
flows are critically examined and found to be invalid. It is confirmed that the SLLOD equations are,
in general, non-Hamiltonian. We derive a Hamiltonian from which they can be obtained in the
special case of a symmetric velocity gradient tensor. In this case, it is possible to perform a
canonical transformation that results in the well-known DOLLS tensor Hamiltonian. © 2006
American Institute of Physics. #DOI: 10.1063/1.2192775$

I. INTRODUCTION

The SLLOD equations of motion1 are the acknowledged
standard set of first order linear differential equations that
enable one to perform nonequilibrium molecular dynamics
!NEMD" simulations of homogeneous planar shear flow.
They have been implemented for simple and complex fluids
and have been central to some spectacularly successful stud-
ies of the shear rheology of fluids from first principles. The
SLLOD equations of motion are usually written in the form
of two first order differential equations:

ṙi =
pi

mi
+ ri · "u ,

!1"
ṗi = Fi

! − pi · "u ,

where mi, ri, and pi represent the mass, position, and thermal
momentum, respectively, of particle i, Fi

! represents the total
force due to intermolecular potentials of all other particles
on particle i, and "u represents the velocity gradient tensor.
A thermostating mechanism is also required in order for
these equations to generate a steady state, but the thermostats
are not the subject of this paper and will therefore be omit-
ted.

Simulations of elongational flow—a much more com-
plex flow geometry—were first performed in the mid-1980s
by Heyes2 who implemented a simple NEMD technique
based on deformation of the simulation cell for a Lennard-
Jones fluid, and then later by Evans and Heyes3 who imple-

mented the SLLOD equations of motion. Work in this field
then languished for several years because of the inherent
finiteness of the simulation caused by the contraction of at
least one of the lengths of the simulation box. This means
that more interesting and industrially relevant fluids, such as
alkanes or polymers, could not be studied due to their long
relaxation times compared with the short finite simulation
time available. In the mid-1990s Baranyai and Cummings4

and Todd and Daivis5 revived interest in this problem by
devising several new algorithms to simulate elongational
flows for longer or indefinite times. A solution to this prob-
lem was finally applied to molecular dynamics simulations
of planar elongational flow by Todd and Daivis,6 and inde-
pendently by Baranyai and Cummings,7 who implemented a
new set of periodic boundary conditions that allowed for
simulations of unrestricted duration. These boundary condi-
tions were based on the set of reproducible lattices derived
by Kraynik and Reinelt.8

At about this time, Tuckerman et al.9 suggested that the
SLLOD equations of motion were incorrect when applied to
elongational flow. They proposed an alternative set of equa-
tions given by

ṙi =
pi

mi
+ ri · "u ,

!2"
ṗi = Fi

! − pi · "u − miri · "u · "u ,

which they called the g-SLLOD !or “generalized” SLLOD"
equations. These equations differ from the original SLLOD
equations in that an additional term proportional to the par-
ticle position is included in the force equation. The additional
term is zero for shear flow but nonzero for elongation. Thus,
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order: shear-banding can be observed, 
with much larger mobility in the regions 
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