
 1

 

Field:  
Physics incl. High-energy and Astrophysics 

 
Session Topic: 

Granular Dynamics 
 

Speaker: 
Takahiro Hatano, The University of Tokyo 

 

The jamming transition: a new kind of phase transition? 
 
1. Introduction: fluidization and solidification of granular materials 
 Granular materials such as sand, sugar, salt, or cereal grains are so mundane that we 
might be arrogant to think that we understand them all. The truth is quite opposite; very 
little is known from the viewpoint of fundamental physics. The most illustrating 
phenomenon is the fluidization/solidification. Granular materials at rest are generally 
firm and solid, while they can flow under a certain applied force such as gravity. Let us 
think about landslides. A slope that is firm and solid can be somehow unstable and 
collapse, but we cannot predict when and how landslides occur. Such fluidization/ 
solidification reminds us of melting/crystallization, which is a phase transition that we 
can understand from the principles of thermodynamics. However, the nature of the ‘phase 
transition’ in granular media cannot be understood in the framework of conventional 
thermodynamics. As Pierre-Gilles de Gennes stated 10 years ago [1], “The distinction 
between rolling and frozen grains is crucial. It is reminiscent of a phase transition”, “but 
there is as yet no consensus on the description of these two states.” 
 
2. The jamming transition 
Recently, a concept that may give the answer to this question is found. This is a 

well-defined phase transition, at which a granular material acquires/looses the rigidity 
[2]. That is, a material resists a certain amount of force to remain still, although 
somewhat deformed. A static system acquires/looses the rigidity above/below a certain 
density. This phase transition is referred to as the jamming transition. Recent 
experiments and simulations reveal the peculiar nature of the jamming transition in 
contrast to conventional thermodynamic phase transitions, i.e., melting / crystallization. 
The essential points are: 
(a) A granular system does not acquire any crystalline order upon solidification so that 

the configuration of each grain remains random even in the solid phase. 
(b) The correlation length and the relaxation time that characterize the particle 

dynamics seem to diverge at the jamming transition point. 
 The former clearly distinguishes the jamming transition from thermodynamic phase 
transitions, which essentially involve the changes in symmetry, while the latter is an 
essential character of a certain class of thermodynamic phase transitions. This peculiar 
nature of the jamming transition is indeed perplexing. Interestingly, however, there is a 
thermodynamic phenomenon that bears these two points in common; i.e., the glass 
transitions. 
 
3. The jamming and glass transitions 
 Roughly speaking, a glass transition is a phenomenon that the dynamics of a liquid 
slows down as the temperature decreases (or the density increases) with nearly no 
changes in structural properties [3]. This leads to a dramatic increase of the viscosity by 
more than twelve orders of magnitude. The long-standing problem in statistical physics is 
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whether this dramatic but continuous change is due to a thermodynamic phase transition, 
or a mere kinetic crossover without any singularity. However, after the discovery of the 
jamming transition, one can immediately notice that glass transitions are very similar to 
the jamming transition in terms of the freezing of random structures. 
 Quite interestingly, massive experiments and simulations in the last decade reveal 

that there exists the growing correlation length, which may be responsible for the 
slowing-down of dynamics [4]. Indeed, this length is defined in the same manner as that 
in the jamming transition. However, the quantitative properties of these length and time 
scales, which are essential for us to understand the origin of the jamming and glass 
transitions, are not clear at this point. The speaker obtained some results on this subject 
[5], which will be elaborated in this talk; i.e., it has been confirmed that the length and 
time scales diverge at the jamming transition by the power of the control parameters and 
some exponents that describe these power-law divergences are common to the jamming 
and glass transitions. These results advocate the close relation between the two 
transitions. 
 
4. The concept of universality: granular matter and a superconductor 
 The growing length and time scales at the jamming transition leads to a simplified 
description of mechanical properties of dense particulate systems. As an example, a 
scaling law that describes rheology (the relation between shear stress and shear rate) is 
explained in relation to the growing correlation length. 
Quite recently, the same scaling law is found in the current-voltage relation in a model 

for a class of superconductors [6]. In this model, the configuration of magnetic vortices is 
randomly frozen at the superconducting transition, which may correspond to the freezing 
of random configuration of particles at the jamming transition.  
 
Conclusion 
 The jamming transition, which is the acquisition of rigidity above a certain density, is 
closely related to a long-standing problem in statistical physics: the glass transition. The 
key concept is the correlation length and the relaxation time, which diverge at the 
jamming transition point. Some exponents that describe this divergence are estimated to 
advocate the close relation between the two transitions. In other words, the structural 
freezing at glass transitions is dominated by the jamming transition. The same relation is 
found in a model for a superconductor, in which magnetic vortices are randomly frozen in 
the superconducting phase. This indicates the jamming transition is universal in the 
sense that it dominates a wide class of phenomena in which the ingredients are randomly 
frozen instead of ordering. 
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