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Introduction
O What is Active Matter ?

Active matter = any collection of self-propelled objects

Janus particle

I. Buttinoni, et al., (2015) Taken at Nagoya public aquarium



Introduction

O Modeling of Active Matter

M Mostly active particles are modeled as straight swimmers

e v ZJIO (cos ¢, sin ¢)

-—-iActive B ESnE———
75 (t) = pF™ + voe(¢;(t))
inferaction SMQ

$;(t) = V2D, (t)

noise J

[ ABP performs almost straight motion for the time scale 1/D



Introduction
O Chiral Active Matte

[ Most active objects can’t go straight!

A walking guy who can’t see anything draws a circular trajectory
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Introduction

O Chiral Active Matte

[ Chiral active matter:

A collection of swimmers whose motion don’t have mirror symmetry

Marine algae

M. Huang et al.,(2021)

L-shaped particle
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Introduction

O Chiral Active Matter

[ Collective phenomenon we’re interested in here:

Density fluctuations in chiral active fluids

Marine algae

M. Huang et al.,(2021)

L-shaped particle

y [um]

(a)

5um L+

Au coating

20 -10 0 10

X [pm]

F. Kiimmel et al. (2013)




Introduction

O Fluctuations in Active Matter: Giant Number Fluctuations (GNF)

& Number fluctuation AN = \/{(N — (N))2)

M GNF: X <>a
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with 8 = 4a — 2

with a > 0.5 (in equilibrium systems, o = (0.5 )

Increases in
density fluctuations!
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Introduction
O Fluctuations in Active Matter: Giant Number Fluctuations (GNF)

& Number fluctuation AN = \/<(N — (N))2)
M GNF: AN « (N)® with a > 0.5 (in equilibrium systems, o = 0.5 )

Increases in
density fluctuations!

.. B. Zhang et al.(2022) ]




Introduction

O Large Fluctuations in Non-equilibrium Systems

[ Large fluctuations are abundant in systems out of equilibrium

Temperature gradient Steady shear flow
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Introduction

O Hyperuniformity in 20 Chiral Active Fluid

Q. What about 2D chiral active fluids?

A. They show hyperuniformity, not GNF " ¢f.) GNF means |
1
S e
M Hyperuniformity (HU): S(g) « ¢” with v > 0 (@) o q”

- Vv

$ Anomalous suppressmn of density quctuatlons (opposﬂe to GNF!)
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Introduction
O A Numerical Study on Hyperuniformity in 20 Chiral Active Fluid

[M HU in chiral active fluids has been observed numerically

~— Chiral active Brownian particles {—

75 (t) = pF;™ 4 voe(g;(t))

interaction self-propelling

;(t) = Q+ V2Dn;(t)
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Introduction

O Summary of Backgrounds

[ Most active matter systems (w/o chirality) show increases in density
fluctuations at large scales

[ 2D chiral active fluids exhibit the suppression of density fluctuations
called hyperuniformity (observed numerically & experimentally)

O Questions

Q. Can we theoretically understand hyperuniformity in 2D chiral active

- fluids from a microscopic point of view?

Q. What about density fluctuations in 3D chiral active fluid?

R

$ Emergence of a singular correlation
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Theory for HU in 2D Chiral Active Fluid
O Fluctuating Hydrodynamic Equations




Theory for HU in 2D Chiral Active Fluid
O Flutuating I-lydroynamic Equatos ‘ ‘ ‘

Oip(r,t) = =V - J(r,1) !

e - (13

J(r,t) = —uVP(r,t)+ vp(r,t)

)—Dp( t) +Q x p(r,t) +/Dp(r,t)X(r,t) |

Linearization: | l'_' ; Assumption: |

' r 1
p(r,t) = p+dp(r,t) 1§ 3 f:-' LBt~ av&o(r,t

p(ra t) — - 5p(’l", t) ' z X_l =0 6P/8p‘p(r):p .




Theory for HU in 2D Chiral Active Fluid

O Static Structure Factor

O:0p(r,t) = bV28p(r,t) — voV - p(r, )

0:0p(r,t) = —Dép(r,t) + Q X op(r,t) + / DpX(r

: 2 D + bg?
& Static structure factor: 5(q) = — <\5p q,t=0)]2)=29. g ]
Qb 02 + (D + bg?)?
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[ We succeeded in deriving HU in 2D chiral active fluids!
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