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Melting in 2D



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



Phase transitions in 2d short-range interacting 
particles: Kosterlitz-Thouless-Halperin-Nelson
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Melting scenario for hard disks. Recent results

● First order phase transition between liquid and hexatic
● KTHN transition between hexatic and solid

Bernard P., Krauth W. F., Phys. Rev. Lett., 107 155704, (2015)
Dullens P.A., et al., Phys. Rev. Lett., 118 158001 (2017)
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Self-propelled (active) brownian disks

●  

● Surface fraction: 

● Péclet number:



Self-propelled dumbbells



● Ballistic short-time

● Diffusive long-time

Persistent
random walk



Active systems

Birds flocking Fish schools Bacteria



Motility-induced phase separation (MIPS)



Review of the results



DP, Levis D., Suma A., Cugliandolo L.F., Gonnella 
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Topological defects
MD simulations: 5122 particles on a rectangular box with Lx/Ly=2/

~103 runs lasting 96 hours on (parallel) 48 cpus
on Marconi-CINECA and Marenostrum-BSC (Barcelona)
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1st-order liq-hex

Pe=20
2nd-order liq-hex
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Clusters of defects
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Clusters of defects - PERCOLATION
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DP, Levis D., Suma A., Cugliandolo L.F., Gonnella G., Pagonabarraga I., Phys. Rev. Lett., 121 098003 (2018)

● Liquid-hexatic 
coexistence at low 
Pes

● MIPS at high Pes
● No coexistence in 

the middle !!
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● Spatial correlations of disks positions

               maximum diffraction peak
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