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Summary

● Active matter. Aggregation phenomena out of thermal equilibrium
● Active brownian particles
● Melting in 2D. Phase transitions in low-dimensional systems and 

KTHNY theory of topological phase transitions
● Phase diagram of active disks and dumbbells
● Conclusions and outlooks



Active matter



Active systems in nature

Birds flocking Fish schools Bacteria



In experiments

Janus particles

Buttinoni I., et al., Phys.Rev.Lett., 110 238301, (2013)
Ginot F., et al., Phys. Rev. X, 5 011004, (2015)

Polar disks

Dauchot O., et al. Phys. Rev. Lett., 105 098001, (2010)



Active brownian hard disks



The simplest model of active brownian disks

● Surface fraction: 

● Advective: Péclet number

● Diffusive:



Persistent BM and 
aggregation
● Self-propelled particles 

accumulate where they 
move more slowly.

● They may also slow down 
at high density. 

● Positive feedback which 
can lead to 
motility-induced phase 
separation (MIPS) 
between dense (ordered) 
and dilute (fluid/gas) 
phases

https://docs.google.com/file/d/1wHCrnLewkjMx6w5qzOW-cBfI-3dosW1Z/preview






?



Phase transitions in 2D
KTHN melting transitions



No crystals in 2D

Order-disorder transitions have long been known to have different properties at 
different space dimensionality (Peierls 1934, Landau 1937).



No crystals in 2D

Mermin-Wagner theorem (1966)

Continuous symmetries cannot be spontaneously  broken at 
finite temperatures with sufficiently short-range interactions in 
dimensions              .

Order-disorder transitions have long been known to have different properties at 
different space dimensionality (Peierls 1934, Landau 1937).



Does an equilibrium ordered phase exist for 2d 
system with short-range interactions?
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Does an equilibrium ordered phase exist for 2d 
system with short-range interactions?



Phase transitions in 2d short-range interacting 
particles: Halperin-Nelson



   LIQUID                      HEXATIC                          SOLID

Bond-orientational order             short-ranged                             quasi-long-ranged                                 long-ranged

Translational order                        short-ranged                                 short-ranged                                 quasi-long-ranged

Phase transitions in 2d short-range interacting 
particles: Halperin-Nelson



Phase diagram of hard disks



Phase diagram for active disks

Digregorio P., Levis D., Suma A., Cugliandolo L.F., Gonnella G., Pagonabarraga I., Phys. Rev. Lett., 121 098003 (2018)

● Coexistence at low Pes
● MIPS at high Pes

● Liquid-hexatic
transition

● Hexatic-crystal
transition



Pe=10



Liquid-hexatic transition

● Spatial correlations of local hexatic



Hexatic-solid transition

● Spatial correlations of disks positions

               maximum diffraction peak



Phase diagram for active dumbbells

Cugliandolo L.F., Digregorio P., Gonnella G., Suma A., Phys. Rev. Lett., 119 268002 (2017)



Next year

● Can the phase transitions between active 
phases be explained in term of structural 
properties?

● Do the out-of-equilibrium aggregation 
phenomena strongly depend on the 
underlying order?

● Which are the laws for the kinetics of the
clustering phenomena? Are they affected by 
the shape of the particles?
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Thank you!


