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Energy depot model
The energy depot model [1] consists of active
Brownian particles which can take energy from
the medium, store it into an internal energy de-
pot, and convert it to kinetic energy. The fol-
lowing Langevin equation describes motion of a
particle with mass m, position r and velocity v
and friction coefficient γ(v) in the model.

v̇ = −γ(v)v − 1

m
∇U(r) + F(t)

γ(v) = γ0 −
q0d2

c+ d2v2

Model parameters
q0 = Rate of energy absorbed from the environ-
ment.
c = Rate of energy dissipation.
d(v2) = d2v

2 = Kinetic energy conversion rate.

Studied systems
2D suspension of N = 2000 particles in a square
box of area A = L2 with periodic boundary con-
ditions and surface fraction φ = N π σ2

4A .

1. Point particles with no interaction be-
tween them

2. Repulsive disks of radius σ. The repulsive
interaction between the particles is imple-
mented via a WCA potential

We have chosen to fix d2, c and study the system
in a range of values of q0 and φ.

Results: No interactions

System Dynamics

Two regimes [2];

1. When γ(v) > 0 the motion is damped,
meaning that the particles behave as a self-
persistent Brownian motion.

2. When γ(v) < 0 we have negative fric-
tion, and the motion of the slow parti-
cles is pumped as if the particles had an
additional source of energy. This is how
we achieve active motion through negative
friction.This supercritical pumping means
we have Dsupercritical

r >> Dnoactivity
r and

we also have that Dr ∝ q20

Results: Interactions

Velocity alignment phase transition

The system present two different phases

1. disordered: No flocks or velocity alignment.

2. ordered: Flocks of particles appear alongside with velocity alignment.

To characterise the phase transition we study the velocity polarization ⟨|P(t)|⟩ =〈∣∣∣ 1
N

∑N
k=1 exp (iθk(t))

∣∣∣〉
t

where θ is the angle formed by the particle’s velocity.

a)Left: Mean polar order parameter as a function of q0 parameter for the studied volume fractions
φ. b)Top right: Snapshot of a system of φ = 0.2 and q0 = 5. c)Bottom right: Snapshot of a system
of φ = 0.2 and q0 = 10.
Finite Size Scaling analysis for φ = 0.3 We study the polarisation (left) and the Binder cumulant
UL (right).

System Dynamics
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The motion of the system has
two timescales.
At short times, the motion of
all particles is ballistic.
At long timescales, the motion
depends on the transition.
If the flocks have not formed,
the motion is diffusive, and
MSD ∼ t.
When the flocks form at q0
large enough, at long times
the system is superdiffusive
and MSD ∼ t2.

Ongoing work
• Understand the structural origin of the phase transition.

• Study the stochastic thermodynamics of a system of interacting disks.
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