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Technique: Multi-Particle Collision Dynamics ( EMBO -

Traditional MPCD

e Particle-based algorithm for
moderate Péclet numbers.

Each point-like particle ¢ has
1. position T;

2. velocity v;

3. mass m;

Each cell has

1. population N,

2. centre of mass velocity Ucm

3. (moment of inertia [ )

Advantages

e Finite temperature

e No explicit pair-wise interactions
o Point-like particles

e Highly parallelizable
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Example: Mean-Field MPCD-MD Debye-Hiickelk EMBO raon

Free-Draining Mobility

e Lo :U/E:QCH/CCH is
independent of length
and conformation

e Counterion clouds (Ap)
screen both
o electrostatics
o hydrodynamics

o = Monomer (-) = Cloud of counterions (+)

UNIVERSITY OF
i Blectrophoresis: When hydrodynamics matter, TNS,

Hickey, Slater & Harden, Colloid Interface , 17(2), 2012, 5 OXFORD
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+ Simulations of the free-solution electrophoresis of
polyelectrolytes with a finite Debye length using the

Debye-Hiickel approximation, Hickey, TNS, Harden & Slater,
PRL, 109(9), 2012.
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Proposal: Active MPCD (ER,'BO Fellow
)

Collision Operator
Passive Fluids

e MPCD collisions are artificial operations
that stochastically exchange velocities while
conserving energy and momentum

Active Fluids
e Active materials convert chemical potential
energy to spontaneously drive dynamics

e MPCD collision operations can be conceived
that lead to various classes of active matter |

\ UNIVERSITY OF
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Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

e Particle interactions align e cmmmmmmmmmmmm—————- A
velocities

® In the Vicsek model this is a
rotation with noise and a constant
speed Qact

® In active polar MPCD this is a
relaxation to a prescribed speed:

av. cell noise
om (t)
et EEA0)

+ 7 |Qact
oo (@) ‘

Figure: Polar flocking transition

activity

UNIVERSITY OF

OXFORD




-
Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

e Particle interactions align e cmmmmmmmmmmmm—————- A
velocities

® In the Vicsek model this is a

rotation with noise and a constant
speed Qact

® In active polar MPCD this is a

n n
. .
L] L]
L] L]
L] L]
relaxation to a prescribed speed: . ( 9_ ) .
n n
. .
L] L]
L] L]

av. cell noise
om (t)
et EEA0)

+ 7 |Qact
oo (@) ‘

Figure: Polar flocking transition

activity

UNIVERSITY OF

OXFORD




Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

® Particle interactions align

velocities 10
. L. _H 100 x 20
® In the Vicsek model this is a
rotation with noise and a constant ~ os
speed Qact g
. . . ~
® In active polar MPCD this is a —
. . - 06
relaxation to a prescribed speed: =
=
c g T 5«
== <1 N. 13}
~—~ YCm. <
noise ZJ : S;
A e 02
av. cell noise
oM (t -
# — T (t) 00

+7 |
act g 0.5 0.6 0.7 0.8 0.9 1.0 11

[vom ()] Activity, et

activity
Figure: Polar flocking transition

UNIVERSITY OF

OXFORD



Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

® Particle interactions align

velocities 10
. .. _H 200 % 40
® In the Vicsek model this is a
rotation with noise and a constant ~ os
speed Qact g
. . . ~
® In active polar MPCD this is a —
. . - 06
relaxation to a prescribed speed: =
=
c g T 5«
== <1 N. 13}
~—~ YCm. <
noise ZJ : S;
N——— > 02
av. cell noise
oM (t -
# — T (t) 00

+7 |
act g 0.5 0.6 0.7 0.8 0.9 1.0 11

[vom ()] Activity, et

activity
Figure: Polar flocking transition

UNIVERSITY OF

OXFORD



Dry Active Polar MPCD

(ENBO ..
S

Vicsek-like Andersen Collision

® Particle interactions align
velocities

® In the Vicsek model this is a
rotation with noise and a constant
speed Qact

® In active polar MPCD this is a
relaxation to a prescribed speed:

av. cell noise
dom () )

+ 7 |Qact
oo (@) ‘

activity

1.0

0.8

/ae\(‘t

0.0

4 500 x 100

0.5 0.6 0.7 L. 0.8 0.9 1.0 11
Activity, et

Figure: Polar flocking transition

UNIVERSITY OF

OXFORD



Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

® Particle interactions align

velocities 10
. L 4 100x20
e In the Vicsek model this is a £ 200 x40
rotation with noise and a constant o os|[E® 500 x 100
speed Qact g
. . . ~
® In active polar MPCD this is a —
. . .- 06
relaxation to a prescribed speed: =
)
c g T 5«
= = i )
Ne e
~~ 2 Cm <
noise —_——— > 02
av. cell noise
om (t)
B L (t) 0.0

+7 |
act g 0.5 0.6 0.7 0.8 0.9 1.0 11

[vom ()] Activity, et

activity
Figure: Polar flocking transition

UNIVERSITY OF

OXFORD



-
Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

® Particle interactions align
velocities

® In the Vicsek model this is a
rotation with noise and a constant
speed Qact

® In active polar MPCD this is a
relaxation to a prescribed speed:

=— ¢ 225 ma;
== i —_—
noise ———

av. cell noise
dom () )

+ 7 |Qact
oo (@) ‘

activity

Figure: Flocking coexistence

UNIVERSITY OF

OXFORD



-
Dry Active Polar MPCD (ER/'BO Fellow
S

Vicsek-like Andersen Collision

® Particle interactions align
velocities

® In the Vicsek model this is a
rotation with noise and a constant
speed Qact

® In active polar MPCD this is a
relaxation to a prescribed speed:

=— ¢ 225 ma;
== i —_—
noise ———

av. cell noise
dom () )

+ 7 |Qact
oo (@) ‘

activity

Figure: Flocking coexistence

UNIVERSITY OF

OXFORD



Dry Active Apolar MPCD (ER/'BO Fellow
S

Chaté-like Andersen Collision

e Particles align along orientation, e cmmmmmmmmmmmm—————- A
rather than vector

N .
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where 7 of each cell is the primary
eigenvector of

1
Q= —

(disoi — o)
= d-—1 =/ N¢ Figure: Nematic ordering transition

and S is the eigenvalue (flocking scalar

order parameter)
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Chaté-like Andersen Collision
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Dry Active Dipolar MPCD (ER/'BO Fellow
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Nematic Multi-Particle Collision Dynamics ( EMBO -

Traditional MPCD

Each point-like particle ¢ has
1. position @;

2. velocity v;

3. mass m;

Each cell has

1. population N,

2. centre of mass velocity Uem

3. (moment of inertia / )
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Nematic Multi-Particle Collision Dynamics ( EMBO -

Traditional MPCD Nematic MPCD

Each point-like particle ¢ has Each must additionally have

1. position @; 1. orientation u;

2. velocity v; 2. molecular potential U

3. mass m; 3. rotational coefficient égr

Each cell has 4. tumbling parameter A

1. population N, Each cell must have

2. centre of mass velocity Uem 1. order parameter g

3. (moment of inertia I ) 1.1 scalar order parameter S
—c y 1.2 director 7
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s ' OXFORD



EMBO -

Nematic Multi-Particle Collision Dynamics

Momentum Collision Operation

U; (t + (Sf) = UcMm (t) + = .\: 04
Ne - ;
i} SV g o E
== & -= 4 (1Veh) <7 3
—~ Zj € m; —c 2
noise: MB-dist e e [ cction to conserve ang mom =

av. cell noise

Spvv(l. [v]
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Nematic Multi-Particle Collision Dynamics EMBO -

Momentum Collision Operation

Fel

U; (t + (Sf) = UcMm (t) + =
Ne g
- 05 ¢ mig; 1 e »
3 71[\/7.4» (l ~5Li) X 7
—~ Zj € m; —c
noise: MB-dist e e [ cction to conserve ang mom
av. cell noise

S])vv(l. [v]

Orientation Collision Operation

i@ (t + 6t) = i7: (BU, S, 1),

" where 7j; is a random orientation drawn from the
equilibrium probability distribution

US dpUuSs -
fori = exp <% {d(ﬁ i)? — 1]> o exp ( dB, i ni)

Lo

Orientation, @ - 7i
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Nematic Multi-Particle Collision Dynamics ( EMBO -

&
ﬂg&

v 4

Figure: Isotropic S~ 0; U < kgT
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Figure: Nematic S~ 1; U > kT
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Isotropic-Nematic Transition (ER/'BO Fellow
)

Figure: Isotropic phase (U < kgT) v ——

12 of 32



Isotropic-Nematic Transition (ER/'BO Fellow
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Figure: Nematic phase (note: topological defects) ——
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Isotropic-Nematic Transition (ETWBO Fellow
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Coupling Velocity and Orientation Fields ( EMBO -

Torque acting on nematogens:

1. from the collision operation

2. from an external magnetic field

3. from shear
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Coupling Velocity and Orientation Fields ( EMBO -

Torque acting on nematogens:

1.

from the collision operation
Teol = ERCeol = Er [T x BEcol]

from an external magnetic field

from shear

13 of 32
shendr

torque T = &£ rQ

rotational friction coefficient
~ gLt

Er~ 31n(0L/R>

angular velocity QO=adxi

tumbling parameter
A=p"-1)/(p*+1)

e &1 phenomenological

hydrodynamic susceptibility
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Coupling Velocity and Orientation Fields EMBO -.iow

Torque acting on nematogens: * torque 7 = {r(2

1. from the collision operation e rotational friction coefficient
' = = _ — ~ g L*
Teol = ERCeol = Er [T x BEcol] §R = Fn(L/R)
2. from an external magnetic field e angular velocity Q=axi
Py =MxH= Xa (ﬁ - ﬁ) i@x H e tumbling parameter
(2 2
3. from shear A= (" -1)/ (" +1)
U= -w+ A (ﬁ -D — uuu : Q) e ¢y1 phenomenological
. o SN T hydrodynamic susceptibility
a1 = €r (leu X u)
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Torque acting on nematogens: * torque 7 = £rQ

1. from the collision operation * rotational friction coefficient
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2. from an external magnetic field e angular velocity Q=axi
Py =MxH= Xa (ﬁ - ﬁ) i@x H e tumbling parameter

3. from shear A= (" -1) /(" +1)
i = i - w+ A ( — wuu 2) e &1 phenomenological

D
. 3 hydrodynamic susceptibility
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Orientation— Velocity Coupling
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Coupling Velocity and Orientation Fields ( EMBO -

Torque acting on nematogens:

1.

from the collision operation

Teol = ERCeol = Er [T x BEcol]
from an external magnetic field
ﬁfzf\zxﬁzxu<ljl-ﬁ>ﬁ><ﬁ
from shear

=7 w+ (7 D uuu: D)
a1 = €r (§H1u><ﬁ>

Orientation— Velocity Coupling

0L = ot = [Tool + P + i 6t
reduces 6L in the collision operation
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e torque T = fRﬁ

e rotational friction coefficient
R FinL/m

e angular velocity O=adxi

e tumbling parameter
A= -1)/(p*+1)

e &1 phenomenological
hydrodynamic susceptibility
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Tumbling & Shear Alignment EMBO -.iow
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EMBO -
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Tumbling & Shear Alignment EMBO -.iow

Expect:
e If A > 1 then shear
aligning
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Tumbling & Shear Alignment EMBO -.iow
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EMBO -
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Conclusion

Recapitulation

e MPCD for active systems
o Vicsek-like dry, active polar fluid
e 15% order flocking transition
e Dense bands in dilute isotropic gas
o Chaté-like dry, active apolar fluid
e 1°' order nematic transition
e Dense threads in dilute isotropic
gas
o Dipolar active fluid
e Highly compressible
e MPCD for nematic liquid crystals
o Isotropic-nematic transition
o Topological defect dynamics
o Frank elastic coefficients
o Nematodynamics with backflow
o Tumbling and aligning
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Future work

e Precise determination of Frank
coefficients and Leslie viscosities

e Embed solutes within LC
e Determine if homogeneous densities
are possible in active dipolar MPCD

e Combine active dipolar and nematic
MPCD algorithms

o MPCD Active Gels
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Example: Mean-Field MPCD-MD Debye-Hiickelk EMBO raon
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Coupling Velocity and Orientation Fields ( EMBO -

Torque acting on nematogens:
1. from the collision operation
Tool = ErSleol = &R [@ x &Zcol]
2. from an external magnetic field
ﬁfzf\zxﬁzxu<ljl-ﬁ>ﬁ><ﬁ
3. from shear
=7 w+ (7 D uuu: D)

 — ¢rmn (ﬁ x ﬁ)

Orientation— Velocity Coupling

6L = 76t = [Trol + 71 + 7] 01

N¢ g

— T MGGy

E:&—LJN ¢ +([1
c mq/ —C

: [5& - 5@]) X 7

torque T = &£ rQ

rotational friction coefficient
§r R Fh(L/m

angular velocity QO=adxi
magnetization M

magnetic susceptibility
anisotropy . = X|| — XL
rate of strain 2D = E + ET
vorticity 2w = £ — ET
veloci_t‘y gradient tensor
E=Vv

tumbling parameter
A=p"-1)/(*+1)
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Tumbling & Shear Alignment EMBO -
SIS
N HIK 7

Figure: Strain Rate Component

Figure: Rotational Component
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Frank Elastic Coefficients (ER/'BO Fellow
)

\
= A |
fo@%ég -

Q%s

Figure: Splay Figure: Bend Figure: Twist

Free energy cost of deformation arises as difference in energy used in
Maier-Saupe distribution

$On going
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Figure: m = —1 Figure: m = +1 Figure: m = +1

Figure: m = —1/2 Figure: m = +1/2
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Confinement and Topological Defects EMBO -

Figure: Circular cavity with homeotropic BCs e ——
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Confinement and Topological Defects EMBO -

Figure: Square cavity with homeotropic BCs N ——
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Confinement and Topological Defects EMBO -

Figure: Cavity with core S GG
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Confinement and Topological Defects EMBO -

Figure: Hemispherical barrier Sy @6
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Confinement and Topological Defects EMBO -

Figure: Craighead-like geometry e ——
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