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A few models to mimic active particles:

ri=—uV,®+v;

(a) Run-and-tumble particle

V.=V, 0, o=+1,—1

(b) Active Brownian particle
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(c) Active Ornstein-Uhlenbeck particle
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Single RTP in a harmonic potential:
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dt (2)
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Model and observables:
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Mean-squared displacement. Displacement distribution of the
Ay(t) = hm <[$l(t+t0) . ﬂiz(to)} > bulk tracer:
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Two-point correlations:
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Equations of motion and definitions:
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In Fourier space:
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Mean-squared displacement:

Ag(t) = Cpa(t) =
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Different time regimes:
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Also, (pvo)™! = /K.
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with Deg = v2/2a.
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Due to boundary pinning, tagged particle i _ a=10 _
dynamics will be different as one approaches = [ k=10
from bulk to boundary. a | .
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P(dz (1)
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Evolution of distribution: P(dxp/2,t),

0T n/2(t) =

Tn/2(t) — n/2(0).
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Excess kurtosis:
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Kurtosis and deviations from a Gaussian:

B e
i a=001, k=10 — ]
) C 1.0, 1.0 — ]
n I 100, 003 ]
] L 50.100, 005 —
oL v ~ ) E
o :
LA 11 ]
—1 . -
L N =128 4
o il o aaid ol ol aied ]
w2 Wt 107 [ 104

f IJ{ I)f'.lII Nf2 I:. I l‘|:|

10t
t

20—

10!

- 1

F (e} TR | pp—

I [LiE —

o = i) oA

k=005 001 —

0n2 ——
10
| i

pd

o
S (t) /1

ballistic

]
! a = 50.0, k = 0.05 (b)
15 —
.
S0 -
= .
t= 0.0 —a—
0 B . g
0.1 0.05 0 0.05 0.1
O:r_.\.-;z
T
- L) t = 002 ——
" k= .05 .
p— = [LiH Nl —
= ) G —
= k=10 nE —
.ﬂ'
w2l B -
=
o,
1 .

b

1

N
S alt)ft

ballistic

12 Pdxya(t))

—— ] :
s a=110 k=11 {f)
0! .
e -
U a
2 2
N ' ] I T
(g)
[
Wk 3
[ -
|_”—3 i PR R R R T M i
—hh —1.3 0.3 1N

0 _
A palt) /12

diffusive

W T — e
E a=0101, E=1.0 (dJ 3
PR 1L -
ol F E
= ]
= A J
)
=1t B 3
~ F E
102 | E
10
—1.2 1.2
wt T e
()
— oy = (.01
= k=10 4
=,
=1 e = 200 ——— -
- S00,0
= L0 ———
= FO D ——
LR
||:-|—:l. ! M s o 4 ¢ | v 4 s 4 0 4 &
—2) — 10 0 10 20

Senp(t) /04

sub-diffsive q



Equal-time correlations:
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Two-time correlations:
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 Diffusive spreading of auto-correlation for higher «

* The exponent changes as the activity increases.
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Summary

We have obtained a closed-form expression for MSD and correlations for a linear chain
of RTPs.

From the MSD, depepnding upon the choice of time scales as well as their separations
(persistence time o and the interaction time k~!), one can get various behavior.
However, the late time t > o ', k™" sub-diffusive behavior is quite generic.

The scaling of the two-point static correlation for displacement as well as for stretch
shows signature of activity. For large & or in large N limit they converge to the
equilibrium-like behavior.

The decay ofthe autocorrelation for the stretch variable for the active case is faster than
the diffusive behavior.

The evolution of the probability distributions show non-Gaussian at early (t<a *,k™')
times which is also reflected by +ve or -ve values of kurtosis.

Can be observed for other active particle models as well. 12
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A few earlier Works:

* Considered Rouse model with telegraphic noise

* Variance and two-point correlations in terms of the sum of modes
- Considered Tk < Ta < Tn

* Showed a ballistic to super-diffusive to SFD crosovers.

* Obtained scaling forms for two-point as well as auto-correlations.

_ _ _ _ Recent interests in
* WCA type of interaction among the active particles. collective behavior in

active lattice gas models
as well (microscopic as

» Tagged particle dynamics shows crossover from ballistic to well as hydrodynamics).
14

* Interaction time-scale depends upon density of particles

a single-file-diffusion.
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