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Fig. 1. Schematic diagram of time-delayed feedback. When
7=0, 2()=Kp; when 7 — oo and 0(t—7)>0(¢),
2(t) =0; when 7 —>o00 and 6(t—71)<6(t), 2(t) =
2Kp, .
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i (a)Kp=0,w=0; (b)Kp =10.0, 7 =10.0, w =0
(¢) Kp=10.0,7=10.0,w=2.2; (d) Kp = 10.0, 7 = 10.0,
w=42. K ST B R vo =2.5, Dy =0.001, ¢ =0.5

Fig. 2. The snapshots of mixture of CCW particles (red)
and CW nparticles (blue): (a) Kp =0,w =0; (b)Kp =
10.0,7 =10.0,w =0; (¢) K = 10.0,7 = 10.0,w = 2.2;
(d) Kg, = 10.0,7 = 10.0,w = 4.2. The other parameters
are vg = 2.5, Dg = 0.001, and ¢ = 0.5.
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Fig. 3. (a) The ratio of the particle number in maximum
cluster of CW particles and CCW particles to the total
number of particles respectively as a function of w. The
pointsa,b,c,d arecorresponding toFig. 2(a),Fig. 2(b),Fig. 2(c),
Fig. 2(d), respectively; (b) relative radial distribution func-
tion gap(r) for different value of w at t =2 x 10%. The
first non-trivial root (marked by circles) denotes the cluster
size of the single particle species. The other parameters are
vo =2.5, Dy=0.001, ¢=05, Kg=100, and
7 =10.0.
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Fig. 4. (a) The effective diffusion coefficient D of CCW and
CW particles as a function of w for different Ky, and 7;
(b) the separation coefficient S as a function of w for differ-
ent Ky and 7. The other parameters are wvg = 2.5,
Dy =0.001, and ¢ =0.5.
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Fig. 5. The effective diffusion coefficient D of CCW and CW particles as a function of Kp, at (a) 7=0.01, (b) 7=1.0, and
(¢) 7=10.0; (d) the separation coefficient S as a function of Kp, for different 7. The other parameters are w = 2.1, vg = 2.5,

Dp =0.001, and ¢ = 0.5.
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Fig. 6. The effective diffusion coefficient D of CCW and CW particles as a function of 7 at (a) Ky = 1.0, (b) K =2.5, and
(¢) K =10.0; (d) the separation coefficient S as a function of 7 for different Ky, . The other parameters are w = 2.1, vg = 2.5,

Dy =0.001, and ¢ = 0.5.

TR EAER T, el CCW ki3 Hitd {2
KRB 4 beﬁEj(HﬂL (Kp =10.0), A Rk 5 1)
D B RG] 7 3 I S R R 0, JETE T = LI
AR R IO R 8 B (WAL 6(c)). T LARRE N
T 1) fEr < 1, CW kL FAEAMIN S AE T
T i 4t i 2 3B 2 hy 3 o e e, I L R (ELAR
K, FrLABFR F4 8UES JL-F--8 0; 2) 76 7 > 1A,
CCW HiF3Z M B A/ HI PR e, Hp 322
K BRI A EAE R 1, CW R ORRE R B A
W, PEUR R BOAAE, I CCW R T # L
CW P8R AR FEAAE. I 6(d)nl kB, 708 &
S r BEG I NIt T > USREEAE. H
Ky = 1.0,2.50F, SPfi 7 ZZ 1230, 1 Kg = 10.0
B, s B RCR B B S 1E T = 1IR3 8R IS KB ik
i, XH5E 5d) &8 8. XZEHRr> 10,
CCW ki F¥ H 58 4 th AR 7 2Ly CW kLT3
.

HEARE Ky M7 {6 T, CCW B+ Fl CW K+
IR TR EL D oy e A S WG shd i R 4L
Do 7 . B 7(a)—R&l 7(c) "L

B, AR HUREL D W Do Sesf R, RN, gk
K, HE— DB —AIEAE, 55 Dy — coli,
D — 0. XS THf Do 3 R rp, FEAMIN R 5
BT, R 0 MRS Do Se St i, 2490
lJG A B EEAR /NI, Do 2 LT85, 2490 il
Ji B ff TR EE AR K, Do B4 T AT L Z0ms . Y
Dy — coltf, KiF-5¢ 4t Do ¥5 i, FiF A 3K 3N
O AR, BTl D — 0. K 7(d) W LA H, 438
ZH S BEHE B P HER B Do i 15 0 T 298 526 Dk
K =10.0, 7= 10.0 i S BURKAE, 1% -5 /i #1045
R—E Y Dy — O}, Fesh ¥ HUR BT L2,
It S ik KH.

Kl 8(a) £l THE K = 10.0, 7=10.00f, K
7 14 9 B vy, #9978 MSD = (| Ari())
REEFE ¢ B4k, RTLAE 1) 2o = OB, PP
KPR s, B MSD th 2ot 1
0.2) Yoy = 2.50F, COW R TPl i, MSD
Se4s i CW kL 119 MSD 5, CW Hi 11y MSD
1 3K Bl B v A1 A 8 RE w LR pea L I [7)
t B, LA CCW i 1) MSD R[] ¢ 36K

220501-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 22 (2020) 220501
L (b)
0.6 | 0.4
0.4
Q Q
0.2
oL . . . .
10-3 102 101 100 10! 102 102 101 100 10! 102
D, Dy
0.4
(c) (d)
—a CCW 0.75
- CW —& Kp=0
0.3 - Kp=25,7=1
—&— Ky =10, 7=10
0.60
Q 0.2F ©n
0.45
0.1F
0.30
O 1 1 1 1 I 1
102 10-1 100 10! 102 102 101 100 10! 102
D, Dy

B 7 7E (a) Kp = 0.0, (b) K = 2.5,7 = 1.0, (c) Ky = 10.0,7 = 10.0 i, CCW Hi T Fl CW i T- BB 3P B R % D Bli%% sh ™ ik
FEU Do 724k (d) TEARF Ko M r T, 3B R A S B MR B D M7k, KIS B E W w =21, vo =25, ¢ =05

Fig. 7. The effective diffusion coefficient D of CCW and CW particles as a function of Dy at (a) Kp = 0.0, (b)Kp =
2.5,7=1.0, and (c) Ky = 10.0,7 = 10.0; (d) the separation coefficient S as a function of Dy for different Kjp, and 7. The other
parameters are w = 2.1, vg = 2.5, and ¢ =0.5.
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Fig. 9. (a) The effective diffusion coefficient D of CCW and CW particles as a function of ¢; (b) the separation coefficient S as a
function of ¢. The other parameters are v9 = 2.5, Dy = 0.001, w = 2.1, Kg = 10.0, and 7 = 10.0.
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are vo = 2.5, Dp = 0.001, w = 2.1, Kg = 10.0, and 7 = 10.0.
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Abstract

Considering the periodic boundary conditions, a new prescription for separating binary mixtures of chiral
active particles by time-delayed feedback in a two-dimensional square box is proposed. We investigate the
angular velocity, the feedback intensity, the delayed time, the rotational diffusion coefficient, the self-propelled
speed and the packing fraction as functions of the effective diffusion coefficient and the separation coefficient
numerically by the extensive Brownian dynamics simulations. It is found that mixed chiral active particles be
separated without time-delayed feedback, but the dynamics of chiral active particles are different obviously and
mixed chiral particles can be separated when the time-delayed feedback is introduced. The particle
configuration (mixing or demixing) is determined by the dominant factor of particles’ diffusion. We can control
the extent to which the diffusion of counterclockwise (CCW) active particles is affected by the diffusion of
clockwise (CW) active particles adjusting the strength and the delayed time of the feedback. The response to
the feedback for different chiral particles show different behaviors under different system parameters. When the
feedback intensity is strong and the delayed time is long enough, the angular velocity of counterclockwise
particles is accelerated and the diffusion of which is dominated by the interactions between particles completely.
However, the angular speed of clockwise particles change little and the diffusion of which is determined by its
parameters and particle interactions jointly. In this case, the counterclockwise particles aggregate to form
clusters easily, and the clockwise particles diffuse quickly, therefore, the mixed chirality active particles are
separated. When the feedback intensity is weak and the delayed time is short, the chirality difference between
different chiral particles modulated by the feedback is smaller than the former case. The diffusions of
counterclockwise particles and clockwise particles are both determined by their parameters and particle
interactions, and the particles are mixed. Our findings provide novel strategies for the experimental pursuit of
separating mixed chiral active particles and could be applied practically in many biological circle swimmers,

such as autochemotactic particles, the bacteria in an external light field and sperm cells with vortex motion.
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