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Statistical physics of Active spins: the transition to collective motion
How flocks of birds and schools of fishes move together is a fundamental question in be-
havioral biology. For the past two decades, physicists have tried to answer this question by 
studying simple non-equilibrium models in which local decision rules may result in large-
scale collective motion. In 1995, Vicsek and co-workers introduced a paradigmatic model of 
the transition to collective motion [1] in which particles align noisily their direction of mo-
tion with that of their neighbors and step forward. This model indeed results in transtion 
from a disordered system (when the noise is large) to an ordered one when particles move 
coherently together.

Twenty years after its introduction, the progress on this model has been limited. We have 
thus decided to develop “a minimal model of the minimal model” by considering “Active 
spins”. Imagine particles on a lattice which all carry a spin S. These particles can both hop  
from sites to sites and align their spins with that of their local neighbors. If the hopping is 
biased in the direction of motion of the spins, this system can undergo a phase transition to-
ward collective motion [2]. At low temperature, the ferromagnetic order of the spins indeed 
result in a collective bias on large groups of particles

So far, only the Active Ising Model has been studied in any details [2] and more general 
types of spins should be looked at (Potts, Heisenberg, etc.). This is particularly interesting  
since we have shown the dimensionality of the order parameter to play a crucial role on the 
shape of flocks. Furthermore, real particles have finite sizes and the role of hard-core repul-
sion between the particles (as opposed to free diffusion) should be looked at. On indeed  
knowns that such repulsive forces suffice to generate a phase-separation in Active systems 
[3], and the interplay with the alignment rule could thus lead to rich phenomenology [4].

Figure. Top: At low enough temperature in the AIM, the spins align and a large band of 
particles start to migrate collectively. Bottom: In the Vicsek model, a similar phenomenon 
occurs but with an array of ordered bands.
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