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Fig. 1. Experimental setup: (a) Hexbug motor; (b) identification card, white dots used to extract the coordinate; (c¢) complex of

a) hexbug &3k ;

b) LI A, A TR, B AR HA B A0 () hexbug Thik 5 4

TR SRR DRI IR 55

hexbug motor and “” structure; (d) experiment field (the white color denotes the plum flower border); (e)—(g) the initial struc-

ture of dimer, trimer and tetramer.
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Fig. 2. Structures and trajectories of three dimers. (a) 2-1, 2-2, 2-3 denote three kinds of arrangements. Yellow arrow is the self-pro-

pelled orientation. ® means clockwise rotation, ® counterclockwise. (b) 2-1 trajectory; (c) 2-2 trajectory; (d) 2-3 trajectory.
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Fig. 3. (a) MSDs for 2-1, 2-2, 2-3 configurations and their MSADs (b), the inset is mean angle displacement (MAD); (c) angular ve-

locity distribution, where points are the experimental data, lines correspond to Gaussian fitting.
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Fig. 4. Structures and trajectories of three trimers. (a) 3-1, 3-2, 3-3, 3-4 denote four kinds of arrangements. Yellow arrow is the self-

propelled orientation. ® means clockwise rotation, ® counterclockwise. (b) 3-1 trajectory; (c) 3-2 trajectory; (d) 3-3 trajectory;

(e) 3-4 trajectory.
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Fig. 5. (a) MSDs for 4-1, 4-2, 4-3, 4-4 configurations; (b) MSADs for four configurations, where the inset is mean angle displace-

ment; (c) angular velocity probability distributions and their Gaussian fittings; (d) curvature probability distributions and their

Gaussian fittings.
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SN, SR AR

* 2 MEEREIESEIE

Table 2.  Gaussian fitting parameter value of angular ve-

locity.
i 3-1F471 3-3H R 3-4f5 %Y
s e 1.01 0.68 1.96
Wk 0.28 0.16 0.24

N T RGEX PUR R BT R R S s s i 22 5, T
BT OO ph AR AT LR T R A A0k

_ |x/yl/ _ y/$,/|

oyt "

Hrp
¥ = (z(t+ At) —x) /AL, (11)
y'=(y(t+At) —y) /At (12)
@ = (« (t+ At) —2')/At, (13)
y' = (t+ A1) —y) /At (14)
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o ARG i, FBA I, o 2005 1.30. 4-2 HHE 0 < £ <
Table 3.  Gaussian fitting value of curvature.
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RUFE R A B ROBE AR TH R I A8, F5 A8 AT RERY
SRR 2-2 M RUAR, 2 T A e K
H 3K sh 1Ak s, MRS IR SE R % 4-5 F AL
fE0 < t<1.3sh, BBV, a N 181, Z
Ji MSD EIHRIRA, X2 W T HAEMA iz 5).

PR T IR R A AR (N 7(b)).
ML 7(b) YRR, 33X A B 2 DUAE E 10 £ 3
EATHESE 1. X AR R AR B Al 1.96, 1.54,
1.79, 1.79, 1.45 rad/s. 4-1 ¥R B K, X2
HTAEX AR B B R, 4-2 F ALY £
B /DN, W, EAEENE, 435 44
FaRL ) FA R RE A, LA A B AR
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X TG Y 1) # SR A, AL 7(c). 4-1 A9 B

% %

4

—75 —120 —100 —120 ~105
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Bl 6 PR FSERAK R KGZ ST (a) 4-1, 4-2, 4-3, 4-4, 4-5 R FORA AL, B A ET Sy F HESE ) O 1), 2R RS M R SR bR T
WERE T ). @ FoRIAT B ERE, © Fon Wi mEIERE. (b) 4-1 BB BIHIE; () 4-2 B ; (d) 4-3 BB BN HIE; (o) 4-4 BYIE B
s (f) 4-5 13z ST

Fig. 6. Structures and trajectories of five tetramers: (a) 4-1, 4-2, 4-3, 4-4, 4-5 denote five kinds of arrangements. Yellow arrow is the
self-propelled orientation. ® means clockwise rotation, ® counterclockwise. (b) 4-1 trajectory; (c) 4-2 trajectory; (d) 4-3 trajectory;
(e) 4-4 trajectory; (f) 4-5 trajectory.
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Fig. 7. (a) MSDs for five structures and (b) their MSADs. The inset is mean angle displacement. (c¢) Angular velocity distributions

for five structures.
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Fig. 8. Two different structures of four polymers which are

instable.
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Abstract

In recent years, active matter has attracted tremendous research interest. Active matter displays many
phenomena, such as super-diffusion, huge fluctuation and collective motion. The shape of active agent plays a
critical role in the self-assembly of active matter. Understanding the oligomers’ dynamics of active agents is the
first step to study the self-assembly of massive agents. Here, we design a self-properlling particle with the “+”
shape using the Hexbug robot and investigate the dynamics of oligomers composed of these particles. To track
the position of particles, the top of the particles is marked by black cards with white dots in the center. We find
that these particles can agglomerate together to form stable oligomers consisting of two, three, or four particles.
We study the dynamics by analyzing the trajectory, mean-square displacement, angular velocity, angular
velocity distribution and the curvature distribution. We find that the dynamics can be divided into two types.
One is the combination of eccentric rotation with small circular radius and irregular translation, which occurs in
the system with the zero resultant force and nonzero torque. The other is the eccentric rotation with a large
circular radius, which appears in the system in which both the resultant force and torque are not zero. In
addition, we find that the translational dynamics of oligomers displays a super diffusion on a short time scale,
influenced by the confirguration of oligomers. Further, the larger torque and the smaller moment of inertia
result in the bigger angle speed of oligomers. Moreover, we investigate the curvature distribution of the trimer

and find that the faster the angle speed of the trimer, the bigger its curvature is.

Keywords: self-properlled particle, “1” shape granule, oligomers, anomalous dynamics
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