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T AR R P A PR R AP, 2 3 (R )3 A7 AE 23 [RIBKVE I, 3 TR
B FRIAIFBOREA YN, 2w fh 5 PR S A ARE T, Bl e e 7

(Extensile) & & =A% fh A fa 2 1 (Bend instability), ZEYXZE%AY (Contractile)

R ZrA E AR E Y (Splay instability ). XS8R Fa 5 Mt — 3 S A 37 H

RE, FFRAEmT AR AL R A 172 B AN SRR RN REE AR A I
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TR R A AR, ok, l A BRI £ EAR LTS5, +1/2 SREELEIG RN )
YERIS REP~ A9 Wk sh R 3RS Ae e 1, Hisahid i B & S ER i, Al
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AT IR RS R 25, WA R TR A AL SR BN 71547 e A R B R
[2527]
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RAHE AT ) T A KA AT LT R 55D, H E sk 2 AT B 1 1
FET5 AR E, A R R TR Bz sy W . CAWHIURY], fERERRE
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A FERH Keville 1 Ho 55 A S H B AL HIEP 21 2 K SEHE k=~ 1.65 1
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IR RSP AV O o 2 s RO AT 2805 B P AR A2 U AE 11010 SE36 I
FErH S FEPHOTAT 19 TTO AR ) ftin 38 BT UL 90 (1 S i 37
2.2 Il 5 L 3 5 W ok~ - 1%

AW FURARERRL T AT B e (PSS) H A Hin H g (STS) I
{72 SONIR S ELPS P ANz R AR T Ec i, ERRL T B A F 37
FAR S, AT E R PSS & (] 1(a). MH R E 5, BEEkk 1A
K STS & (B 1(b))e TEZRE T, KT R P, 107717 JFA R P47
T ERIREER T RAEMLCY. B, 5400 s BAE R — AN,
IRENAERRL T Se s 0T [ R AEES) . TR, Ab T ANEEE STS A MBI 178

iR R DN R B sh i, S S5 R Isa) YRR IR . AR S 26 H

Ec~2.1V/umo AHE TR U7 i i dt AT 4%, Fdr, 7 i B by iR Hads

ﬁﬁﬁﬁ Ep i%%’ ﬁ“'fg EE:I:%B'EE)EH EQ%% (j&ﬂﬂﬁqﬁ Eo= 0)s ﬂzﬁﬂz*j%ﬁ/gé%ig’/f?

ANENIA PSS 5 STS BFICIRAS 2 18] B #% 4t .

(@) _ -

E -
T\
A

Parallel Spinless State Unstable Spinning Transversal State

K1 BEBR B e b TAEAS R AN 7 58 B R PR /R BB (a)E < E. P47 0 H g
A (PSS); (b) E> E-WAREM M HES (STS), Ky KAhsetiy )y mdta).
Fig. 1 Schematic of the states of ellipsoidal Quincke particles under various applied
electric field strengths. (a) Parallel spinless state (PSS) for £ < E..(b) Unstable
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spinning transversal state (STS) for £ > E., where the long axis of the particle

precesses around the direction of the electric field.
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fEEHEY (E=23E) WET, MiEkEwik R 23Rz )15 5k

RAHHIE (B 2(a)) . K7 AT, RIy 5 B BR 5 8% A BRI A7

HOE 5 R (B 2(d) fTH, RS R RS A BT [ ) — 2k,



HiZ— B TIAAE S AV A KRR, (R R BB = R A S . fERFEE Y
BN, R e P PO R R, 5 U A TR T B A P AT (H R
Ji TR E S FF R BCPAT & o AEBIRES N, K738 3h 7 TR Xk A Ja 2Rt i R A4
RO, FEORLTIss a2 IR, JFIZ N R X I8 N T AR IE RS R 1) 2h 2 [ %
Gik o UK SRAT VIO ST Y (Ep=2.3E., Eg=0, f~130Hz) I, KR
BN TTFAT NRAE R ERA . matr (B 2(e) &, R B AR H
BAMIMAIZ KR L. 2RI A (& 2(F)), Ry~ 7 [ i B — 2L,
RUE R PR RTE IR Rl sh . BRI RN, I TT I 3% e e A 0T
A [0 SR B 25 4 R0 55 R M, T RSUAR SE — BRI P S5 o

K 2 MER B e b 1A AN R F 32 3K Eh 26 A T IS 24Ty () Bt (E=23E0)
TR ERIERES LS RE: (b)miEk iy (E,=2.3E., E=0,
f=130Hz) T IEEHI KRR BEE R E: ()%t Ri(b) Ri&RE [t ah s (d)X () R 5~
FETT AR, BRI TT ) ()0 B(b) KR Y, B RO R REE R,
PR SRR SR AR R TR T [ 5 ()0 I (c) PR~ 18 B2 J77 TR R2 I, B 3R s L T T o
FrR: 100 pmo
Fig. 2 Dynamical behavior of ellipsoidal Quincke particles under different electric
field driving conditions. (a) Local aggregation and disordered dynamic clusters formed
under a DC electric field (E=2.3E.). (b) Large-scale vortices induced by a
high-frequency square-wave electric field (£,=2.3E., E,=0, ~130Hz). (c) Local
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directed flow corresponding to (b). (d) Color map of particle velocity directions
corresponding to (a), where colors indicate the velocity direction. (e) Velocity field
corresponding to (b), where the background color represents the velocity magnitude,
and the solid black arrows indicate the streamline directions. (f) Color map of particle
velocity directions corresponding to (c), with colors indicating the velocity direction.

Scale bar: 100 pm.
3.2 A A I 25 SRR

N E R AEAN A SR A 26 T R A I 22 (B A R L R Is a8tk LSRR

FPRESE, Ao il ik S 1 R A (] SRR PR M G PRI [R] [ SRR PR Cr B R 4

VL B4 p. FERIGER E (B 3@), B PR R C Bk T R

SRR, FURFE ORI A SE DU BT B, 2 WA 38 IS A7 76 JT P 2 TR AR S
MHZ R, fEZRBHWEN T, C AR R R RRER w5 E B 220855,
DLB AR R ST T KRS AR . 2R TS5y (B 3() HTEREA
REANAFFEE. £EREZISIT (B 3 Eializ), p EH&~E TR
K (£50.25), HBERTIRIZAERS), RPERERLTIRATFRE, 82
SE WA R 7 R — 8k . AR,  FOEER ) OCERR AL G (B 3(b) PRSI,
PLBAER R T2 2Bk Z R, M AERE I ()58 L RS o TR LI 1EAC
THIEE T (B 3R MG IR, p [EIERA VM F YRR RKE (4

0.92) Hk sk, LRSI T R A RA 7 - R, Cagmih (B 3(b)),
UKL Ia 3 B S R st . 48 ORI 3, W ELE HiZ sk 1 Tk & R
H A KR AR St S I8 sl Fralbk, X BT Reu AR IR g 3R A

1.0

(a}‘on, LT Sy

(b)w"-o---'--‘-y A (©)

- 08 |

08|
[ ] ; L
10} - 07
& ., Gt ! 08}
» \
(X113

w0} N | 04}
. n

A et S | 03
. | ; 3 reesseesttosee eeoone,,
0z}

107 N N " " " M i " N N L s
10" 10° 10° 10° 10’ 107 0 100 200 300 400 500 600
Ar(um) At(ms) At(ms)

B 3 AR L AR ST AR 2R ORI R B S A TR PP S B R L () 3 B2 23 T SR IR B8

7



0 Crs (D) FERT ] FOCERBREL Cs ()R RRIET 2 & p BER A . o,
Pl R s B A I IREh 45 R, 6 it 2 RO i T I HL 7 IR B 45 R
Fig. 3 Comparison of correlation functions and polar order parameters under different
electric field driving modes. (a) Velocity-velocity spatial correlation function C.. (b)
Velocity autocorrelation function C:. (c) Time evolution of the global polar order
parameter p. The orange curves correspond to the DC electric field, while the blue

curves represent the alternating electric field.
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(b) =y FR I ORI Sk T e b & BB IR B9 AL . Sk 3R b i s gy 1), ki
THEREANFR kE: a6 k>1.6). W (1.6>k>1.1. 4 (k<1.1),

Fig. 4 Dynamical processes of velocity alignment for typical particles during the
evolution from a disordered to a locally ordered state. (a-b) Overall motion trajectories
of particles within 300 ms, where line segments represent tracked trajectories, colors
indicate velocity magnitude. Scale bar is 20 um.(a) Alignment via two-dimensional
in-plane rotation. (b) Alignment via three-dimensional flipping. (c-d) Enlarged views
of local trajectories corresponding to (a) and (b), respectively, along with the evolution
of the particle aspect ratio k£ over time. Arrows indicate the direction of particle motion,
and the particle colors represent different & values: red (k> 1.6), blue (1.6 > k> 1.1),

and green (k< 1.1).
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EEMBURA T P s (0 f=5Hz) 44T, Sz E R Rk, )
LTSRS A, (RN 0 I 1a] BRI BB, sk T R IR E
B JE @2 (B S(a))e X FPRESE AU 2 i A5 BORL- 18 3 5 18 AN W B9
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T E i Jm 2% P E) A RS 200 2% R 32 3l i sl K QB ImRL1 R 1 i
EAAH A 3, T8 T AT — B B i Oy micis . il 2 RIS, AR E
2: 2RI TR w2 O FBEN LA, R R P P T % AR
HN, KRTRPUSES TR X BB TP E. KSR DIESE (B 50), &
BT FL 37 2 2 A T EERORL T T, S TR IR IR, NEMH
ZER I YERF IR AL T ORBES AT -

K5 MRS, ARSI 7 KSR SR R sh i 5 5 7 1)
()24 f=5Hz I, HIIFE A AR R P0E S E T ), I E g n i
B fi23); (b)% /=80 Hz I, 200 ms WK FHIFIESEEZ 7M. F5R: 60 um
Fig. 5 Trajectories and velocity directions of a single particle under AC electric field
with the same voltage but different frequencies. (a) Trajectory and velocity direction of
the particle during a half-cycle when the electric field is on at f= 5 Hz, exhibiting
circular motion with a well-defined chirality. (b) Trajectory and velocity direction
within 200 ms at /= 80 Hz. Scale bar: 60 um.
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Fig. 6 Dynamical phase diagram of the ellipsoidal Quincke system under a periodic

electric field (E;=0). The horizontal axis represents the frequency of the periodic
electric field, £, and the vertical axis denotes the normalized peak electric field strength,
E,/E.. The differently colored regions indicate the three macroscopic phases exhibited
by the system under various parameter combinations: yellow for the homogeneous

disordered phase, blue for the static phase, and purple for the flocking phase.
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Large—scale collective behavior in systems of

. . . *
ellipsoidal Quincke rollers

Liu Lin Wu Jie Song Chen Chen Kang 1 Tian Wen-De } Zhang Tian-Huif

(Center for Soft Condensed Matter Physics and Interdisciplinary Research & School of Physical

Science and Technology, Soochow University, Suzhou, 215006, China)

The emergence of collective motion is a key self-organization
phenomenon in non-equilibrium active matter. For rod-like particles,
when the propulsion direction is perpendicular to the long axis, velocity
alignment becomes dynamically difficult, and the underlying mechanisms
remain largely unexplored. Here, we study an ellipsoidal Quincke roller
system propelled along the short axis (perpendicular to the long axis). We
show that, under high-frequency periodic electric fields, the particles can
align their velocities through flipping and rotation, and form large-scale,
stable macroscopic vortices. The high-frequency driving maintains
directional propulsion while reducing particle activity and suppressing
chiral precession. In this regime, particles can switch between the parallel
spinless state and the spinning transversal state, enabling orientation
adjustment via flipping. The periodic switching-off of the electric field
allows unrelaxed dipolar interactions to reorient particle dipoles, leading
to local alignment of propulsion directions. Meanwhile, the interruption of
the field suppresses the accumulation of chiral precession, enhancing the
stability of collective motion. Our results reveal a distinct alignment
mechanism in transversely driven active systems and provide a model
system to explore defect dynamics in nematic phases under non-collinear
driving.

Keywords: Quincke roller, flipping,chirality, collective motion
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