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Magnetically assisted trapping of passive colloids by active dipolar chain
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We investigate a trapping mechanism for passive Brownian particles based on mixtures with self-propelled
dipolar colloids. Active dipoles, whose magnetic moment is oriented perpendicularly to their propulsion direc-
tion, spontaneously form dynamic chains that collapse into clusters through dipole-dipole interactions. These
transient structures efficiently capture nearby passive particles, forming dense phases at relatively low global
packing fractions. Using Brownian dynamics simulations, we analyze how the capture efficiency depends on
the Péclet number (Pe) and dipolar interaction strength (λ). We demonstrate that an external magnetic field,
applied briefly to align the active dipoles, significantly enhances trapping efficiency, with capture fractions
exceeding 50% under optimal conditions. Our results reveal a nontrivial competition between activity and dipolar
forces, governed by the ratio λ/Pe, and offer insights into designing self-organized trapping strategies for passive
colloids.

DOI: 10.1103/lfch-5drf

I. INTRODUCTION

Active systems, characterized by their ability to extract
energy from their environment and convert it into motion
[1], can self-organize into configurations that are unattain-
able in equilibrium conditions [2]. Originally observed in
biological contexts [3–5], such behavior has since also been
extensively investigated using artificial self-propelled parti-
cles, both experimentally [6–8] and through numerical and
theoretical approaches [9–12]. One of the most striking col-
lective phenomena emerging from activity is motility-induced
phase separation (MIPS) [13]. While MIPS can arise solely
from activity and steric interactions among spherical particles
[14–16], the collective dynamics of the particles can be altered
by considering additional features such as noncircular par-
ticles [17,18], phoretic interactions [19–21], local alignment
[22–24], or self-alignment mechanisms [25,26].

Dipolar interactions between active colloids are of partic-
ular interest, due to the specific collective properties they can
exhibit [27]. They may come from electrostatic imbalance,
induced dipoles or permanent dipoles, collectively leading to
a variety of possible configurations [28–32], such as chains,
rings, or clusters. This can also be modified by tuning these
interactions, for example, by shifting the position of the dipole
[33], by having induced dipoles perpendicular to the self-
propulsion [34], or by introducing additional traits such as
chirality [35]. Another advantage of magnetic dipoles, in the
optics of external control of active systems, is their response
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to external magnetic fields. This has been shown to have
significant impact on the organization and the dynamics of the
system [36,37].

Complex collective behaviors also stem from interaction
between population of particles with varying characteristics,
which will form mixtures [38]. This is already observed when
considering simple differences, as in active-passive mixtures
where MIPS occur with passive particles trapped in dense
phases [39–43], but other effects may arise, such as the demix-
ing of chiral active particles due to different chiral orientations
[44,45]. By varying multiple characteristics, even more dif-
ferent collective phenomena may occur [27,46–50]. It is also
possible to induce clustering of passive particles by observing
active-passive mixtures and designing the active particles to
be flexible and elongated, such as bucklebots [51] or wormlike
structures [52].

This line of research is not only of fundamental interest
but also relevant for practical applications. Inert contaminants,
such as microplastics suspended in aqueous environments,
can be effectively modeled as passive particles in a viscous
medium. Developing self-organized strategies to trap such
particles using active agents could open new avenues in
solvent purification and environmental remediation [53,54].
However, activity alone is not always sufficient to achieve
efficient trapping of passive components, particularly at the
low concentrations required for spontaneous MIPS formation
in mixed systems [40].

In this work, we investigate how dipolar interactions
among active particles can assist in the formation of functional
structures capable of efficiently capturing passive particles,
even at low packing fractions. By characterizing the formation
mechanisms, internal structure, and dynamics of these active-
passive aggregates, we aim to identify robust and spontaneous
trapping strategies.

The remainder of the paper is organized as follows. Sec-
tion II introduces the model and key parameters used in the
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simulations. In Sec. III, we present the trapping results under
various conditions, with the aim of optimizing capture effi-
ciency. Section IV offers a detailed analysis of how activity
and dipole-dipole interactions shape the observed dynamics.
Finally, Sec. V summarizes the main findings and discusses
potential future directions.

II. MODEL

Our system consists in N colloids that we model as disks of
diameter σ that are placed randomly in a fluid bath of viscosity
η. These colloids form two separate populations because of
their differing properties; Na colloids are active Brownian
particles with a central magnetic dipole, and Np colloids are
passive Brownian particles. Due to their characteristics, active
disks are called active dipoles. Providing that inertial effects
can be neglected, the system dynamics can be described by
the following stochastic differential equations:

ṙi = vin̂i +
√

2DT ξT − ∇iU (ri, θi )

3πησ
, (1)

θ̇i =
√

2DR ξR − ∂θiU (ri, θi )

πησ 3
+ MB,i

πησ 3
, (2)

where ri is the disk’s position, θi its orientation with n̂i =
(cos θi, sin θi )T , and vi its self-propulsion velocity with vi =
v0 for active dipoles and vi = 0 for passive colloids. Pa-
rameters DT and DR denote the translational and rotational
diffusion coefficients, respectively, and ξT and ξR correspond
to Gaussian white noises with unit variance and zero mean.
The persistence time is therefore defined as τ = 1/DR. The
interaction potential U (ri, θi ) is given by

U (ri, θi ) =
N∑

j �=i

(
uWCA(|ri j |) + udd (ri j, θi, θ j )

)
, (3)

with ri j = ri − r j . The first term corresponds to the short-
ranged and repulsive Weeks-Chandler-Andersen (WCA) po-
tential,

uWCA(ri j ) =
{

4ε
((

σ
ri j

)12 + (
σ
ri j

)6) + ε if ri j < 21/6σ

0 otherwise
(4)

with ε the energy scale of the contacts. The second term
corresponds to the magnetic dipole-dipole interaction,

udd (ri j, θi, θ j ) = μ0

4π

μi · μ j − 3(μi · r̂i j )(μ j · r̂i j )

r3
i j

(5)

μi = μi(cos(θi + δi ), sin(θi + δi ))
T , (6)

where μ0 is the vacuum permeability, μi the magnetic dipole
moment with μi = μ for active dipoles and μi = 0 for passive
colloids, and δi is the angle between μi and n̂i which will be
fixed to 0 or to π/2. An external magnetic field B may also
be applied to the entire system. The corresponding magnetic
torque exerted on the dipoles (and thus the disks) is given by

MB,i = −μi · B. (7)

The intensity of the external magnetic field can also be ex-
pressed by the adimensional number B′ =

√
4πσ 3/μ0kBT B.

The global dynamics of the system will be mainly de-
termined by the activity and the dipole-dipole interactions.
Therefore, the Péclet number Pe and the magnetic dipolar
adimensional number λ are relevant to estimate the behavior
of the system. They are defined as

Pe = 2v0

σDr
, (8)

λ = μ0

4π

μ2

σ 3kBT
(9)

with the different parameters chosen from the active popula-
tion of colloids.

III. RESULTS

A. Numerical simulations

Brownian dynamics simulations, using the Euler-
Maruyama method implemented in our own C + + code,
were conducted to investigate this model. The random
Gaussian white noise was generated by a permuted
congruential generator algorithm, using the C + +
implementation from the PCG library [55]. A total of
Na = 1000 active dipoles and Np = 1000 passive colloids are
randomly placed in a 2D squared box of length L = 125σ

before the dynamics are evaluated with periodic boundary
conditions. Each population constantly has a packing fraction
φ of 0.05, defined as φi = Niπσ 2/4L2. The dipoles have their
orientation shifted by π/2 compared to the direction of the
self-propulsion.

The general protocol for each simulation is the same: the
colloids are randomly placed in the box, a magnetic field
B = B0ex may be applied for a duration of tB before being
turned off, and the colloids are left to move freely during 19τ .
Only three parameters may vary across the simulations: the
self-propulsion velocity v0 and the magnetic dipole moment
amplitude μ of the active dipoles, and the duration tB during
which the magnetic field is turned on. The magnitude of the
external magnetic field is kept constant throughout simula-
tions with B′ = 70.
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FIG. 1. Representation of (a) parallel and (d) perpendicular ac-
tive dipoles. The orientation of each particle, and therefore the
direction of the self-propulsion, is represented by the internal black
line of each disk. Parallel active dipoles form (b) chains moving
along their direction, that may collapse in (c) rotating spirals. Perpen-
dicular active dipoles form (e) small chains moving perpendicularly
to their longitudinal axis, that may collapse in (f) clusters.
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FIG. 2. (a) Various snapshots illustrating the evolution of structures formed by the active dipoles (colored in blue) over time, with passive
colloids colored in gray if free and black if captured at the end of the process. (b) Final snapshot of the simulation for which the capture fraction
is 0.148. (c) Coarsening of active structures after long times. (d) Capture fraction histogram depending on adimensional numbers Pe and λ.
Each data point is averaged over 20 simulations.

In order to reduce the computational time required for these
simulations, each colloid is linked to a square cell in the 2D
space to only consider contacts and dipolar interactions with
other particles already determined to be potential neighbors.
While having no impact on the results for the calculation of
contacts, since the cut off for WCA potential is at 21/6σ ,
this cut off has an impact on the dynamics resulting from
dipole-dipole interactions. A compromise between accuracy
and efficiency was chosen to set the size of the cells to al-
ways consider dipole-dipole interactions up to 1/100th of the
maximum interaction between touching colloids with aligned
dipoles.

B. Structures of active dipoles

Active dipoles have a tendency to form chains of particles
wandering through the 2D space. If the dipolar interactions are
strong enough compared to the Brownian noise, these struc-
tures are stable until a perturbation makes the chain collapse
on themselves. This perturbation is usually caused by the

collision with active dipoles, especially with higher packing
fractions of particles.

These phenomena happen whether the dipoles are oriented
parallel or perpendicular to the propulsion. However, the way
active dipoles are organized inside these structures is different,
which leads to additional ways to cause the collapse of the
chains, as shown in Fig. 1.

On one hand, parallel active dipoles form chains that move
along the direction of the dipoles [30,31]. When perturbed,
these chains may form spinning spirals that can become chains
again over time. Particles are rarely completely stopped in
the low packing fraction systems, forming chains that evolve
continuously in size and shape.

On the other hand, perpendicular dipoles may form chains
moving perpendicularly to their longitudinal axis. However,
these structures are less stable compared to chains of active
particles with parallel dipoles. They will quickly form clusters
with other chains and particles, which are extremely stable
comparatively. With time, such structures may grow bigger

FIG. 3. Representation of the capture of passive particles by dipolar active particles with a magnetic field, with Pe = 68, λ = 283, B′ = 70,
and φa = φp = 0.05. (a)–(c) Chains of active dipoles growing with time passing, sweeping passive particles. (a) Active dipoles have their dipole
(white) aligning with the magnetic field, forcing their orientation to self-propel downwards (red). (d)–(f) Once the magnetic field is turned off,
chains bend and fuse while capturing passive colloids in bigger structures. (f) Final snapshot of a simulation with captured passive colloids
in black, leading to a capture fraction of 0.571. (g) Capture fraction histogram depending on adimensional numbers Pe and λ, after a uniform
magnetic field is turned on for a duration tB = τ . Each data point is averaged over 20 simulations.
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and more passive, because the propulsion of the colloids tend
to cancel each other out.

C. Trapping with active dipoles

Creating dense phases of passive colloids is possible
through MIPS in mixtures of active and passive colloids. Yet
this phenomenon is only observed at relatively high packing
fractions [39,40]. Using perpendicular active dipoles instead
of nonmagnetic active colloids may be a solution to form these
dense phases of passive particles due to the collective behavior
of these specific active dipoles.

Indeed, perpendicular active dipoles may collapse on each
other due to collision with each other, but also by colliding
with passive particles. Due to their ability to form small
chains moving perpendicularly to their longitudinal axis, ac-
tive dipoles can collect passive particles and trap them once
they collide with other actives particles or chains. This leads
to some passive particles being trapped in clusters formed by
active dipoles, illustrated in Fig. 2.

These small structures also have a tendency to rearrange
and fuse with each other, organizing as multiple layers of
active dipoles pushing each other. Over time, they grow and
coarsen by fusing with neighboring clusters, becoming less
active as a whole and reducing the frequency of these events,
until only big passive structures remain, as can be seen in
Fig. 2(c). These bigger structures present a lot of defects due
to the interplay between the activity and dipolar interactions

The efficiency of such a protocol is presented in Fig. 2(d).
The capture fraction is the fraction of passive particles cap-
tured inside a structure of active dipoles at the end of the
protocol. Averaged over multiple simulations, it becomes a
measure of the probability that passive particle is captured
after such a process. It is measured by calculating the fraction
of passive particles that are in a structure encircled by active
dipoles, as highlighted in black in Fig. 2(b), and averaged over
20 simulations. This is determined numerically by imposing
a constant velocity to all active particles in four successive
and different directions while calculating the dynamics of
the passive particles due to contacts. A passive particle is
considered captured if it followed the movements of the active
ones in all four directions.

In the range of values studied for the parameters Pe and
λ, there seems to be a peak efficiency of 0.25 by having the
strongest dipolar interactions possible, but a specific balance
for the activity is required to maximize the capture. Nonethe-
less, a vast majority of the passive colloids are not stuck
in dense phases, even in the best case. The chains quickly
collapse by fusing with each other, and once they do, they
are unable to capture more passive particles. We reach a state
where only a few particles have been captured and structures
of active passive particles have become inert.

D. Impact of magnetic field

One way to improve the efficiency of this protocol is to
create more stable chains. This can be done by applying an ex-
ternal magnetic field. When this field is applied, an additional
torque will affect each active dipole and they will collectively
have a tendency to orient themselves in one direction. The

FIG. 4. (a) Evolution of the average length of chains Lc pro-
jected to magnetic field direction for different values of λ and fixed
Pe = 96. (b) Evolution of the average length of chains Lc projected to
magnetic field direction over time rescaled by activity Pe for different
values of Pe and fixed λ = 200, with the same data over time not
rescaled by activity in the inset. (c) Capture fraction histogram de-
pending on adimensional numbers Pe and λ, after a uniform magnetic
field is turned on for a duration tB = 136

Pe τ . Each data point is averaged
over 20 simulations. The white line represents the stability criterion
(10) for n = 1 and the orange line for n → ∞.

structures observed change over time, and are depicted in
Fig. 3.

During the first phase, the magnetic field is turned on,
leading to all active dipoles to orient themselves and propel
in the same direction (a). They will also be attracted to other
active dipoles next to them, since they have similar orienta-
tions, forming small chains. With time (b), (c), these chains
grow bigger by fusing with others and start to sweep passive
particles along the way. These horizontal chains continuously
grow along their longitudinal axis and also create layered
structures by encountering slower chains in front of them, as
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seen in (c). After some time that depends on the characteristics
of the active dipoles, the structures reach sizes comparable
to the box, which causes unphysical simulations due to the
periodic boundaries. We ensured that the external magnetic
field was turned off before any chain could reach a size of half
of the length of the box.

When the magnetic field is turned off (d), the active dipoles
do not have the external orientational constraint, meaning that
they will start to change shape and rotate due to noise and
imbalance of self-propulsion across the structure. The chains
will become more round and start to collide with each other,
circling around passive colloids efficiently (e). This continu-
ously happens until the structures get big enough so that they
are mostly inert, and reach a final amount of particles captured
(f).

The addition of this external magnetic field phase leads to
a great increase in capture once it is turned off, as shown in
Fig. 3(g). Comparing the results to the same simulations with-
out magnetic field in Fig. 2(d), it becomes obvious that such
protocol greatly improves capture in all cases, but especially
for systems with high values of Pe and λ, for which capture
fractions reach more than 0.5 on average.

By increasing λ, chains and structure grow bigger and are
more stable, which is a positive contribution to the capture.
And by increasing Pe, the active dipoles interact faster with
the passive colloids, which also increases the number of pas-
sive colloids captured in the clusters in the same time frame.

Since the motivation for applying an external magnetic
field is to favor the formation of longer chains, we can study
how they grow for different values of Pe and λ. This can be
achieved by analyzing the evolution over time of the average
length Lc of each active dipole’s chain projected on B̂, as
shown in Fig. 4. By studying how λ affects this growth, we
observe two distinct regimes over time in Fig. 4(a). First,
for t < 0.1τ , chains tend to grow quickly, and the growth
depends monotonically on λ. This is the regime where the
growth is primarily driven by the random initial configuration
of the system, and particles being attracted to close neighbors,
which is directly facilitated by stronger dipolar interactions.
After this phase, chains are moving in the same direction and

(b) (c)(a) Simulations Simplified model Forces

FIG. 5. (a) Illustration of a chain of active dipoles sweeping pas-
sive particles highlighted in black, while other passive particles are
unaffected. (b) Simplest structure sweeping n = 3 layers of passive
colloids while the magnetic field is on. (c) Illustration of the forces
affecting the active dipole at the corner of the structure, which is
susceptible to be pushed away from the structure due to contacts. The
structure is stable if, for the active dipole on the edge of the chain,
the force Fdd ∝ λ is greater than the force due to the contact with the
passive colloid Fc ∝ n

n+2 Pe.

grow by fusing together. While stronger dipolar interactions
allow active dipoles to be more attracted to each other when
they are placed next to each other compared to their active
direction, they are also more strongly repelled when following
each other. Active chains become unable to grow by creating
temporary structures of multiple layers then reorganize in a
bigger chain. This can be seen in Fig. 4(a) as the growth is
improved by increasing λ, until we reach higher values such as
λ = 800 where the growth is hindered by dipolar interactions.
In this case, activity is not strong enough to overcome the
repulsion between chains following each other, and one of the
ways for chains to grow is removed.

By comparing how the average length of chains evolves
over time for different values of Pe, as shown in the inset of
Fig. 4(b), we also see two different behaviors for short and
longer times. First, chains grow similarly, highlighting that
this first growth regime is mainly due to active dipoles being
attracted to close neighbors because of dipolar interactions.
After 0.1τ , the chains grow differently depending on Pe,
with faster active dipoles forming longer chains more quickly.
Since chains are primarily growing by fusing with each other,
activity facilitates it by making the chains explore more space
in the same amount of time. With this understanding of the
growth of chains in the second regime, we can understand
whether activity simply accelerates the effects by studying
how they grow if we rescale time with activity, as done in
Fig. 4(b). We now see that the initial regime, where dipo-
lar interactions dominate, differs since the scaling has been
done compared to the activity. This induces a shift in value
at shorter times, but we can also notice that chains grow at
rates more similar to each other for longer times. Scaling the
duration of the magnetic field to the activity by imposing
tB ∝ 1/Pe allows us to reduce the correlated effects of time
with Pe, and understand the effects of Pe and λ more directly
on the capture process.

Figure 4(c) is an additional capture fraction histogram, for
which the duration of the magnetic field is scaled to the ac-
tivity (tB = 136

Pe τ ). In this case, the specific regions of low and
high capture fraction are seen to have been altered compared
to Fig. 3(g).

For lower values of activity (Pe<50), capture fraction in-
creases with Pe. Several phenomena could explain this, such
as the increased relative importance of noise in low activity
systems or the inability of chains to push passive particles.
However, no definite conclusion can be made because another
phenomenon affects the results: the duration of the relaxation
phase after the magnetic field is turned off is not scaled to the
activity. This results in capture fractions sometimes evaluated
before structures become completely inert and unable to cap-
ture passive colloids.

For higher diffusive activity (Pe>50) and lower dipolar
interactions (λ < 300), the capture fraction depends on both λ

and Pe, with dipolar interactions improving the capture while
activity hinders it. This suggests that the capture depends on a
competition between both effects.

IV. DISCUSSION

The competition between activity and dipolar effects may
happen in either of the two phases of the protocol, but is
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more easily understandable when the magnetic field is turned
on. An argument based on the stability of the most simple
structure that sweeps passive particles can be made to evaluate
this competition, as illustrated in Fig. 5. This structure is com-
posed by a chain of n + 1 active dipoles pushing n(n + 1)/2
passive colloids organized on n layers. On one hand, the
dipolar interactions are what is holding the structure together.
On the other, the pyramid of passive particles are imposing
forces that tend to break the chains through contacts the faster
the structure is. The velocity of the structure can be evaluated
to be vstruct = 2

n+2v0 by assuming that it is only determined
by the self-propulsion of the active particles and the Stokes
friction of all particles. The contact force felt by an active
dipole at the edge of the structure can be recursively calculated
to be FC = n√

3
γ vstruct. In the limit case for stability, all forces

cancel out, and we obtain the relation Fdd = n
n+2

γ v0√
3

from

the horizontal projection, with Fdd = 6kBT
σ

λ the dipolar force
with the direct neighbor. Therefore, for such a structure to not
decay into its equivalent of n − 1 layers of passive colloids,
we get the criterion

λ >

√
3

12

n

n + 2
Pe (10)

which gives a linear relation between λ and Pe. Two cases are
of particular interest. If n = 1, this relation gives a criterion
for the stability of a chain pushing a single passive colloid. It
becomes λ <

√
3

36 Pe and indicates that no passive colloid can
be captured through this sweeping mechanism. If n → ∞, the
relation indicates whether the dipolar interactions are strong
enough to hold a structure of a pyramid of any number of
layers or not. This becomes λ >

√
3

12 Pe and indicates that
the structures will always stay stable during these sweeping
phases. The relation (10) gives an idea on how the phenomena
are driven through a competition between λ and Pe. These
two cases are highlighted in Fig. 4(c). While explaining under
which condition significant capture becomes possible, this
reasoning only gives an intuition on how both effects con-
tribute to the actual capture, and not an explanation on how
effective the capture is depending on Pe and λ.

Thanks to the insights obtained from relation (10), we can
investigate to what extent Pe and λ have separate effects on the
capture, and how much we can describe the system by λ/Pe.
This is explored in Fig. 6 by analyzing the system for different
values of λ and Pe that keep the ratio λ/Pe constant. Regard-
ing the chain growth in Fig. 6(a), we can see that compared
to the case of fixed Pe or fixed λ in Fig. 4(b), keeping λ/Pe
constant makes the growth over time collapse for the different
values of (Pe; λ). This shows that the first growth regime for
the chains does not exclusively depend on λ, but actually on
λ/Pe. This longer time behavior is still correctly rescaled by
the activity, meaning that all growth regimes exhibit similar
behavior thanks to the scaling of time by Pe, even for low
values of Pe where capture already decreases in Fig. 4(c).

Another aspect of the system that can be studied while the
external magnetic field is turned on is the fraction of passive
particles being swept by active chains. An example of swept
passive particles is illustrated in Fig. 5(a) by particles high-
lighted in black. It is determined numerically by evaluating
the number of passive particles moving with active dipoles

FIG. 6. Analysis of the system focusing on λ/Pe. Evolution of
the (a) average length of chains and (b) fraction of passive parti-
cles swept (as illustrated in Fig. 5) over time rescaled by activity,
for different activities Pe and dipole strength λ with λ/Pe = 2.08.
(c) Capture fraction of passive colloids depending on λ/Pe in log
scale for Pe >50, and fit to the saturating function C( λ

Pe ) = Cs(1 −
exp(−rs

λ

Pe )) with Cs = 0.441 and rs = 1.853.

inside clusters over the total amount of passive particles. This
is plotted in Fig. 6(b), and two important pieces of information
can be gleaned from it. First, the sweeping effect over time
is not linearly linked to activity by a simple rescaling by Pe.
However, we see that after this initial regime that depends
on λ/Pe, the sweeping fraction converges to a similar curve
for most of the values of (Pe; λ). Second, the curves that do
not converge to the others are reaching a plateau with a lower
sweeping fraction quickly, and are associated to low values of
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activity. This implies that, beyond the possible undervaluation
of capture fractions by evaluating the capture fraction before
the process is finished, low Pe does affect the process of
capture and a minimal value of Pe is required to do it most
efficiently.

Analyzing the capture fraction depending on λ/Pe, illus-
trated in Fig. 6(c), also makes it visually clear that variations
of Pe and λ do not affect the results significantly if their
ratio is kept constant when Pe is sufficiently big, and that the
capture process saturates. By fitting to a saturating exponential
function of the form Cs(1 − exp(−rs

λ
Pe )), we obtain values for

the maximum capture Cs and the characteristic rate rs. Both
parameters are then constant for Pe and λ, but may depend on
other parameters of the system which were kept fixed in this
study.

V. CONCLUSION

Finding ways to control passive particles without any
other characteristics than steric repulsion may be challenging,
especially at low packing fractions [39,40]. External agents,
through their activity and other properties, are one way of
achieving this objective [53,54]. As seen in this case, complex
active dipolar particles may act as sweeping agents for the pas-
sive colloids, but the sweeping and capture are done efficiently
only if the dipoles are perpendicular to the self-propulsion
direction.

While active perpendicular dipoles placed randomly are
able to create dense phases of passive colloids through this
sweeping effect, the efficiency can be further improved thanks

to protocols of external magnetic fields applied globally to the
system. A simple temporary activation of external magnetic
field is enough to greatly increase the sweeping of passive
colloids and their capture in dense phases.

To further improve this capture, an analysis about how the
active and dipolar properties of the active dipoles influence the
capture allows us to understand that dipolar interactions favor
this effect, while the activity disfavors it, reaching a saturating
plateau after a critical value of λ/Pe. However, lowering the
activity also increases the time scale for which these effects
are observed, preventing us to conclude on the all phenomena
happening for Pe < 50. This still allows us to find an optimal
region of parameters λ and Pe that maximizes the capture.

Studying such a mixture of active dipoles and passive
particles in 3D would not directly lead to a similar capture
of passive particles, because the active dipoles would still
only form moving strings [34]. To induce the self-assembly of
moving 2D planes in 3D, more complex active particles would
need to be designed and studied, for example by replacing the
dipoles of active particles by quadrupoles.
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