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(a) Introduction

* Active matter (AM) is an assembly of self-
propelled particles, which consume energy from
the surroundings to move. They are intrinsically

non-equilibrium systems which violate time-
reversal symmetry.
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M.C. Marchetti, J.F. Joanny, S. Ramaswamy et al., Rev. Mod. Phys.
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* Nematic liquid crystals are an assembly of rod-
shaped particles which have properties
iIntermediate to those of liquids (no positional
order) and crystals (orientational order).
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P.G. de Gennes and J. Prost, The Physics of Liquid Crystals,
International Series of Monographs on Physics 83, OUP (1993).



 Living liquid crystals (LLCs) are nematic LCs with
active particles. They have potential applications
In micro-fluidic devices and synthetic systems
which model mobile cells in a medium.

» Experiments on bacillus subtilis in NLCs show
novel phenomenology.
R 7 we (a) Picture of defect pair in NLCs.
“7/  (b) Bacteria migrate to defects.
(d) Director channels bacteria.

S. Zhou, A. Sokolov, O.D. Lavrentovich and
|.S. Aranson, PNAS 11, 1265 (2014);

C. Peng, T. Turiv, Y. Guo, Q.-H. Wei and
O.D. Lavrentovich, Science 354, 882 (2016).



(b) Modeling of Living Liquid Crystals
A. Vats, P.K. Yadav, V. Banerjee and S. Puri, Phys. Rev. E 108, 024701 (2023).

* Landau-de Gennes free energy for NLCs
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* Free energy for AM

Polarization vector (P) and density
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* Proposed free energy for LLCs
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+ Kinetic equations for LLCs in dimensionless variables
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(c) Coupled Kinetics and Phase Diagrams

 Three cases of interest

Case 1: LC intrinsically disordered (-), AM intrinsically ordered
Case 2: LC intrinsically ordered (+), AM intrinsically disordered
Case 3: LC intrinsically ordered (+), AM intrinsically ordered

» Stationary or fixed point (FP) solutions

+Q% — (@5 +05R2Q + e PP~ BIY) =0,
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(90 — [P*[*) P} + co(Q}, Pf + Q1 P5) =0,
(90 — [P**)P5 + co(Qia PY — Q11 P5) =0,

Rotational invariance

Q1y =rgeos2f. Qy =rgsm20; P =rpcos, Fy=rpsinf.




Cases

FP solutions

(@11, Qla, PL, P}) = (rg,0,7p,0)

Case 1
(I' > T, pp—1p; Z)

rg = —213(1 + @)a;? + al/3(21/33)1

-rgp = corg + |go|

ay = 27|golco + v/ (27]g0lc0)? + 4(3 — 3c3)3

Case 2

(I < T, po=pz)

ro =231+ @)a;? + a1 (21/33)1

IQP — (:*ﬂ-rQ B |q':'l

a1 = —27|golco + +/(27]g0lc0)? + 4(3 — 3¢5)?

Case 3
(' < I, =g}

rg = 2”3(1 + r'.‘%)ul 13 UB(QI’;SB)

r4, = corg + |go|

a1 = 27|goleo + v/ (27|g0|co)? + 4(3 — 3c3)3

TABLE 1. FP solutions for Cases 1-3.

Examine linear stability of FPs to get the phase diagrams.
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Case 2: Case 3:

AM disordered AM ordered
LC ordered T>T, LC ordered T>T.
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FIG. 3. Phase diagram for (a) Case 2 T < T..pp = p-; and (b) Case & T < T..py = pS
showing different phases: disordered (v ), chimera (M), soliton plus chimera (), and ordered (4).
The phase boundaries shown by the dotted and dashed lines are obtained analytically in SII. The

smear indicates the corresponding numerical phase boundary for the chimera — ordered transition.
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FIG. 2. Morphology snapshots of the active field (top row) and nematic field (bottom row) for Case

Z2withT < T,,pp = p_ = 0.48 and ¢y = 0.1. The arrows in the active morphologies correspond
to the polarization field in the high density regions (p > 0.6), and denote the direction of motion

of the active field. The S-field is normalized by (d) Sm = 2.104, (e) & = 2.066, (f) S5 = 2.0737

respectively.



(d) Conclusion

* We have formulated a Ginzburg-Landau
model of living liquid crystals (LLCs),
where the two components are treated on
equal footing.

* The active particles align parallel to the
nematic liquid crystals in our model, but
one can also model AM at an arbitrary
angle to LCs.

* We have studied the phase diagram and
kinetics of this model. The ordered
component can drag the disordered
component into chimera and 2-dimensional
soliton states.



