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3.Main key findings
Active Granular Nematics

Phase diagram in (ϕ-ℓ) plane  G2(r)

Mean square displacement ⟨Δr2⟩
Phase with periodic ordering  and distribution 
function of orientation of rods P(θ)
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1. Introduction

•Active systems in nature

Ant Trail[1]Ant Trail[1] Flock of birds[2]Ant Trail[1] Flock of birds[2] School of Fish[3]

•Active systems in lab:
–Microtubule bundles

: - by Renay San Miguel, Georgia Institute of Technology

–Granular polar system

: - Kumar, Soni, Sood, SR, Nat Comm 2014

2. Active Granular

Nematic System

•Experimental
setup 

: - A. K. Sood lab

• Simulation model

Simulation model is an exact imitation of the experimental
system

– 3D simulation model

–Taken into account vertically vibrating plates with
spacing w = 1.2 mm.

–Particles follow rigid body dynamics

– Interaction: inelastic collision

– length of simulation box is 83.73 mm

–Dimensionless parameter � = a⌦2/g = 7.0, where g =
gravitational acceleration, ⌦ = angular frequency a =
amplitude of the vibrations, respectively.

–The length ` of the rod varies from 2.5 mm to 4.5 mm.

3. Order Parameter and

Correlation Functions

•Order parameter S

S =
q
hcos 2✓i2 + hsin 2✓i2

✓ is the angle of the rod with
reference axis and bracket
stand for the average over all
the rods of the system

0  S  1

•Nematic order parameter correlation function G2(r)

G2(r) = hcos [2(✓i � ✓j)]ir
where hi represents an av-
erage over all pairs of rods
separated by the distance r,
and ✓i and ✓j are the orien-
tational angles of the rods of
such a pair with respect to
reference axis.

0  G2(r)  1

•Autocorrelation function of orientation C2(t)

C2(t) = hcos [2(✓t � ✓0)]i
where hi represents an aver-
age over all the particles, and
here ✓t and ✓0 are the orien-
tational angles of the same
rod with respect to reference
axis at time t and 0 respec-
tively.

0  C2(t)  1

•Mean square displacement (MSD)

�r2(t) =

*
1

N

NX

i=1

✓
ri(t + t0)� ri(t0)

◆2
+

t0

where h...it0 implies averaging over multiple realizations
in steady steady state, where summation over i is over
number of particle, N is total number of particles,ri(t+
t0) and ri(t0) are position of ith particle at time (t + t0)
and t0 respectively.

5. Results

•Order parameter vs time
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•Order parameter S vs area fraction � and phase diagram in
�� ` plane

0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8

0.5

0.6

0.7

0.8

2.5 3 3.5 4 4.5

Ordered

Disordered

0 0.2 0.4 0.6 0.8 10 0.2 0.4 0.6 0.8 1

hS
i t

�

`
=
4.
5
m
m

`
=
4.
0
m
m

`
=
3.
5
m
m

` =
3.0

mm

` = 2.5 m
m

�

` (mm)

•Nematic order parameter correlation function G2(r)
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– Steady-state configuration for ` = 4.5 mm, � = 0.85 and
distribution function P (✓) of the orientation of rods
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•Translational mean square displacement h�r2i
–For isotropic phase of small rod with ` = 2.5 mm
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–For nematic phase along the nematic alignment direction
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–For nematic phase normal to the nematic alignment
direction
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•Autocorrelation Function C2(t)
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7. Conclusion

• Isotropic phase
(`,�) "���*)���
(`,�) #

Nematic phase

•Longer rods exhibit a lower critical area fraction for the
isotropic to nematic transition, while shorter rods have
a higher critical area fraction.

•From G2(r) Long range alignment is found for the ne-
matic phase.

•A phase with a periodic ordering profile was observed
for ` = 4.5 mm and above � = 0.80.

• In the isotropic phase, the translational di↵usivity of
rods increases with concentration, while in the nematic
phase, it increases along the alignment direction up to
� = 0.80, beyond which it declines due to frozen dynam-
ics; however, the di↵usion constant perpendicular to the
alignment direction decreases with increasing �.

•From C2(t) Long lived alignment is observed in the ne-
matic phase.

8. Future Prospects

• Study of topological defects in this neamtic medium.

•Other structural properities such as structure factor, self
intermediate scattering function.

•Dynamics of other entities such as motile rod, chiral ring
in the granular nematic medium.
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– Steady-state configuration for ` = 4.5 mm, � = 0.85 and
distribution function P (✓) of the orientation of rods
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•Translational mean square displacement h�r2i
–For isotropic phase of small rod with ` = 2.5 mm
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–For nematic phase along the nematic alignment direction
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–For nematic phase normal to the nematic alignment
direction
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•Autocorrelation Function C2(t)
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Nematic phase
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– Steady-state configuration for ` = 4.5 mm, � = 0.85 and
distribution function P (✓) of the orientation of rods

0

3

6

9

12

15

18

�80 �40 0 40 80

�

P
(✓
)
(⇥

10
�
3 )

✓ (�)

0.85
0.75
0.45

•Translational mean square displacement h�r2i
–For isotropic phase of small rod with ` = 2.5 mm
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–For nematic phase along the nematic alignment direction
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–For nematic phase normal to the nematic alignment
direction
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•Autocorrelation Function C2(t)
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7. Conclusion

• Isotropic phase
(`,�) "���*)���
(`,�) #

Nematic phase

•Longer rods exhibit a lower critical area fraction for the
isotropic to nematic transition, while shorter rods have
a higher critical area fraction.

•From G2(r) Long range alignment is found for the ne-
matic phase.

•A phase with a periodic ordering profile was observed
for ` = 4.5 mm and above � = 0.80.

• In the isotropic phase, the translational di↵usivity of
rods increases with concentration, while in the nematic
phase, it increases along the alignment direction up to
� = 0.80, beyond which it declines due to frozen dynam-
ics; however, the di↵usion constant perpendicular to the
alignment direction decreases with increasing �.

•From C2(t) Long lived alignment is observed in the ne-
matic phase.

8. Future Prospects

• Study of topological defects in this neamtic medium.

•Other structural properities such as structure factor, self
intermediate scattering function.

•Dynamics of other entities such as motile rod, chiral ring
in the granular nematic medium.
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