institutCurie

Chiral active nematics in a channel

Daniel Pearce, Carles Blanch Mercader,
Victor Yashunsky, Luca Giomi



Chirality
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Human fibrosarcoma cells




Observe net flows
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Average flow is fastest at the
boundary
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The cells are generally elongated



Generally ordered at the boundary
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Describing a liquid crystal

Volume element of nematic material

A

n(r) = —n(r)

Order parameter: §

Q;; = Slnan; — 0i5/4]
S = trQ*




Free energy of a liquid crystal

_ y k _
F = /dA %trCf + %(trQ2)2 +w
_ ]{ - Elastic bending constant ]
V@ =0 VQ #0
s=1 :“;-7.52.-—;*[//5:-:\\\\\
=== /=

\

S=0

2
-
g

Physics of Liquid Crystals, De Gennes & Proost



Dynamical equation for Qij
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Also need to describe the flow
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What form should the active stress
take?
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The system appears to be chiral




Liquid crystal also has chiral character




Modify the active stress to capture
chirality
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This controls the degree of chirality

U% = aQi;j + 7€k

a=1_0




2 Boundary conditions
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Simulate these equations on a
computer
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Recreates the flow and nematic profile
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Why does this lead to boundary flows?
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What controls the boundary width?



The angle of the cells near the
boundary depends on the chiral stress




What about the topological defects?

@@

...........

+1/2 defect



Defects are aligned near the
boundaries




Why are the defects tilted?
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We see this in the defects

...........




.....

/1

BN '
EEEN 1
A
. 1

NNNNN
NNNNN
NNNNN
NNNNN
NNNNN
NNNNN
NNNNN
NSNNNN
NSNNNN
NNNNN
NSNS\
~SNSNSN N

L

—— NN\
—— — N,
[ P
= 2 P
=’ 7/
R
PR
T,
r, 7Y/
r, 77/
s, 77/
s, P77/
sl Y/
rE AL

.......

©),
Or
| (=)

E

-

'L
'S
77777

AN

~\
/
7

~
—
—r

_______

NANNNNNNNNNNNNNN=A L2222 7272272 27227277
NANNANNNNNNNNNNSNS=r s s/ o 22772777777
NNNNNNNNNNNNSNS ==, P AP 2 777777
NN NN NNNSNNSNSSNS S SN o P P P P PSS
e e o oy o ey ey oy ey ey e s o e e i S o o R S o o g g

forces

S NN
~~X\
\\\\

What happens at the boundaries?
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But the defects are chiral

Elastic forces

Flow alighment
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Observe this directly

Average orientation
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Can detect defects in the experiments




Observe chiral flows around the
defects
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Observe the same results




Conclusions

e Human fibrosarcoma cells exhibit chiral active
behaviour

* This can be understood using the framework of
active nematics
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