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• Active matter systems are composed by particles that can 
gain energy from their environment and can auto-propel.

• Self-propulsion strongly affects the diffusion and the 
aggregation properties of these systems. 

Active Matter

• Auto-propulsion is quantified by the Péclet number.
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• Active systems range from biological extracts to groups of 
animals, and exist at different length scales and time scales.



• An experimental realization of colloidal self-propelled 
particles.

Active Matter
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• We are interested in the mesoscopic scale.

• In this regime, the interactions are comparable with the 
typical energy scales of the environment.

• light ON → chemical reactions take place, and particles begin 
to move.

mesoscopic

J. Palacci et al, Science, 2013

• light OFF → no chemical reactions occur, and particles are 
“passive”.



A.Ghosh et al, Nano Today, 2020
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Active Matter: application to drug delivery 7
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8Phase transitions in 2D

LIQUID PHASE HEXATIC PHASE SOLID PHASE 

Bond-orientational order

Translational order

short-ranged
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• In passive systems, phase transitions are described by the Kosterlitz-Thouless-Halperin-Nelson (KTHNY) theory.  

Pair correlations

𝜙



9Active Brownian Particle model

RESULTS

THE MODEL

• The setup is a two-dimensional system of Active Brownian Particles (ABP) 
in a box with periodic boundary conditions.

𝛾 ሶ𝒓𝑖 𝑡 = −𝜵𝑈 + 𝑭𝒂,𝑖+𝝃𝒊 𝑡

ሶ𝜃𝑖 = 2𝐷𝜃𝜂𝒊

auto-propulsion

Gaussian noises

repulsive interaction

Digregorio et al, Phys. Rev. Lett. 121, 098003
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• From phase diagram 𝜙 − 𝑃𝑒:
 activity destabilizes the ordered phases.
 at higher densities, a solid active phase exists for any 𝑃𝑒. 
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•  At fixed activity 𝑃𝑒 = 10:
 at 𝜙 = 0.795 a phase transition in the orientation correlations occurs.
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in a box with periodic boundary conditions.

𝛾 ሶ𝒓𝑖 𝑡 = −𝜵𝑈 + 𝑭𝒂,𝑖+𝝃𝒊 𝑡

ሶ𝜃𝑖 = 2𝐷𝜃𝜂𝒊

auto-propulsion

Gaussian noises
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Digregorio et al, Phys. Rev. Lett. 121, 098003

• From phase diagram 𝜙 − 𝑃𝑒:
 activity destabilizes the ordered phases.
 at higher densities, a solid active phase exists for any 𝑃𝑒. 

•  At fixed activity 𝑃𝑒 = 10:
 at 𝜙 = 0.795 a phase transition in the orientation correlations occurs.    
 at 𝜙 = 0.830 a phase transition in the positional correlations occurs. 



13Active Brownian Particle under shearshear

We want to characterize:

• the phase diagram of the system. 
• the role played by shear in the exponents of the phase transition.

AIM OF OUR WORK

THE MODEL

ሶ𝜃𝑖 = 2𝐷𝜃𝜂𝒊

auto-propulsion

Gaussian noise

repulsive interaction shear

𝛾 ሶ𝒓𝑖 𝑡 = −𝜵𝑈 + 𝑭𝒂,𝑖 + ሶ𝛾𝒆𝒙𝑦𝒊 + 𝝃𝒊 𝑡

• We generalize the ABP model introducing in the equation a velocity profile 
linearly growing with the height.



14Active Brownian Particle under shearshear

To characterize the phase of the system, the following must be evaluated
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Conclusions and future studies 18

• Is there an interplay between activity and shear?

• Does the shear modify the critical exponents of the KTHNY theory? If so, in which way?

• How do defects behave under shear? Does their density change in different parts of the 
phase diagram?

WHAT IS NEXT?

RESULTS SUMMARY

• The global hexatic order showed a rearranging tendency of the system.

• From the structure factor, a periodic behaviour of the system and the 
typical correlation length were found.

• The presence of the shear seems to “liquify” the system.

• We determined the phase diagram for ABP under shear at a fixed  𝑃𝑒.



Thank you for your 
attention!
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