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2. Résumé de la thématique du minicolloque : 
 
Collective movements are observed across scales from bacteria at the micron scale [1] to fish schools at the 
kilometer scales [2]. Coordinated motion emerges spontaneously at a scale larger than the local interactions 
between individuals. The ubiquity of this phenomenon raises interesting interdisciplinary questions [3] from 
statistical physics [4, 5] and hydrodynamics [6] to ethology, biology, sociology and now even robotics. At the 
scale of animals, the collective behavior based on individual agents with limited cognitive skills give rise to 
collective intelligence that has now become of interest to the field of artificial intelligence. On the modeling 
side, very simple rules can give rise in silico to collective effects: for instance, the alignment with close 
neighbors of particles moving at a constant absolute velocity give rise to a phase transition to a self-ordered 
motion [7]. While in vivo, very diverse interactions between individuals and with the physical environment 
(2D/3D, in liquid or in air, etc.) are the ingredients of collective dynamical patterns. 
Various communities work on collective motion of active particles [8], driven either by the interest for a 
specific system (pedestrians, animals, bacteria, robots, etc.) or by the fundamental understanding of generic 
toy models, and using experimental, numerical or theoretical approaches.  
 

Keywords: physics of living matter, active matter, complex systems, statistical physics, hydrodynamics 
 
References 

1. “The 2020 motile active matter roadmap” Gompper et al. J. Phys.: Condens. Matter (2020) 
2. “From behavioural analyses to models of collective motion in fish schools” Lopez, Gautrais, Couzin, 

Theraulaz et al. Interface Focus (2012) 
3. “Collective motion” Vicsek et Zafeiris Physics report (2012) 
4. “Dynamic scaling in natural swarms” Cavagna, Conti,Creato, Del Castello, Giardina, Grigera, Melillo, Parisi, 

et Viale, Nature Physics (2017) 
5. "Generalized thermodynamics of Motility-Induced Phase Separation: Phase equilibria, Laplace pressure, 

and change of ensembles", Solon, Stenhammar, Cates, Kafri et Tailleur, New Journal of Physics (2018)  
6. “Simple phalanx pattern leads to energy saving in cohesive fish schooling” Ashraf, Bradshaw, Ha, Halloy, 

Godoy-Diana et Thiria PNAS (2017) 
7. “Novel Type of Phase Transition in a System of Self-Driven Particles” Vicsek, Czirok, Ben-Jacob, Cohen et 

Shochet Phys. Rev. Let. (1995) 
8. “Active Particles in Complex and Crowded Environments” Bechinger, Leonardo, Löwen, Reihhardt, Volpe 

et Volpe. Review of Modern Physics (2016) 
 

 


