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Conclusions:

• When a liquid is cooled down to its glass 
transition temperature, particle motion slows 
down enormously and becomes highly 
cooperative : The more the system becomes 
glassy, the more the relaxation requires
cooperative rearrangements of a large number 
of particles.

• Experimental and theoretical investigations as 
well as simulation results on dynamical 
heterogeneities strongly support the presence of 
cooperatively rearranging regions of growing 
size.
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Cooperativity in   
supercooled liquids

How can this take place without any apparent 
connection to structural changes?

Inherent structures

Schematic illustration from:
Supercooled liquids and the glass transition, 
P.G. Debenedetti and Frank H. Stillinger,  Nature 410, 259 (2001)

• The time evolution of 
the system samples 
the basins, or groups 
of such basins, on a 
relatively short time 
scale.

Where are cooperative dynamics 
associated to dynamical heterogeneities?

• Alternative description of the dynamics: In the 
supercooled regime the presence of local minima, 
or inherent structures (IS),  produces complex 
trajectories in the potential energy landscape.

• Transitions between 
different groups of basins 
separated by major energy 
barriers take a much longer 
time and imply a slow, aging 
process, during which the 
system is out-of-equilibrium. 

A novel   
perspective

• Three different,  well established model systems for supercooled liquids [2]:
a) The three-dimensional (3D) binary Lennard-Jones mixture [3].
b) The 3D soft spheres binary mixture [4].
c) The 2D soft spheres binary mixture [5].

• Density or pressure  fixed, onset of the glassy dynamics upon cooling.

• System configuration at 
temperature T,

• At high T, large intensities and uncorrelated directions: IS changes 
dominated by thermal fluctuations,at low T, mismatch field correlated in 
intensity and directions.

• First simple characterization based on  mean length of 
the mismatch vectors and participation ratio (fraction of 
particles participating to the rearrangements).

• For sufficiently small values of γ, the relative intensity of the mismatch field shows a 
rsteep decreaase with temperature. ∏ increases from 10% to 40%-60% upon cooling.

• At high T, the local changes induced by our procedure to the IS are  
dominated by thermal fluctuations. 
• At the onset of the supercooled regime of the dynamics, onset of correlations 
in magnitude and directions of the mismatch vectors.

• Two different deformations of amplitude γ varying between 10-4 and 1.0 
i) Spatially modulated shear deformation 
ii) Homogenous shear

High T Low  T

• Nonequilibrium thermodynamics description of 
supercooled liquids [1]:  The response of a glassy 
system to an applied deformation is related to the 
corresponding change of its IS. 

• Key-concept: Hindrance to affine deformation. 
The typical linear size of non-affinely deforming 
regions becomes larger upon approaching the 
glass transition.

Our procedure

• IS of the deformed system

• Small deformation of the IS, 

• Mismatch field 

• Procedure implemented  in numerical simulations.
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The response of IS to deformation displays a qualitative 
change at the onset of the cooperative dynamics.

• C(r ), average degree of correlation between the mismatch vectors of particles i 
and j separated by a distance r, increases at the onset of the cooperative dynamics

• The distribution of values for pair of particles 
separated by a distance r ± dr widens strongly at 
the low temperatures.

Strikingly 
similar to what 
observed for 
averaged 
dynamics and 
fluctuations 
around this 
average (DH). 

• The onset of cooperative dynamics in supercooled liquids corresponds to the growth of correlated and 
heterogeneous domains in the non-affine deformations of the IS. Cooperativity and heterogeneity here 
observed in a static quantity!
• These domains are strongly evocative of cooperative rearranging regions (CRR) observed in the 
dynamics. We suggest that they are the IS counterpart of CRR. If so, they would deliver a static correlation 
length significantly growing in the supercooled regime!
• In the amorphous solid regime, spatial correlations of the non-affine displacement field gives the typical  
lengthscale l0 of elastic heterogeneities; recently l0 has been found to be of the order of CRR size [7]. Our 
results strongly support this connection and may be seen as its precursor.


