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USE CASES

e Field Theories of complex and active fluids
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Active Turbulence

Lattice Boltzmann Methods
MPI

librium statistical models for self propelled particles and DNA

transcription
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Non equilibrium Phase transitions in Active Brownian
Particles

Polymer models to study transcription and dynamics in
Human Chromosomes

Molecular dynamics simulations
with implicit and explicit solvents
(LAMMPS+ CustomMulti Particle

collision Dyanamics Package)



PHASE FIELD THEORIES



liquid crystals
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Stem cells
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Landau-De Gennes Theory

Tensor order parameter
First order transition for orientational order
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DYNAMICAL EQUATIONS

Dynamical fields

- Nematic tensor QO - Velocity field v - Concentration field ¢

Advection relaxation for the tensor order parameter
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Navier Stokes equation for the velocity field
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Advection diffusion for concentration field
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Numerically solved via a hybrid Lattice Boltzmann Scheme



LATTICE BOLTZMANN MODELS

Based on phase-space discretisation form of the Boltzmann equation
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Mass and momentum density are defined as
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- The Equilibrium distribution functions are expanded up to a given order in the fluid

velocity
- The Navier Stokes equations can be formally derived from the Lattice Boltzmann

equation in the long wave length limit through Chapman-Enskog expansion

MPI Parallelization
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HPC facilities Cineca (Bologna), Recas (Bari), Archer2 (Edinburgh),

Snellius (Amsterdam)



Chiral liquid

— '

crystals confined in shells
=k

BABY SKYRMION

Increasing chirality or increasing R

G. Negro* et al. “Cholesteric Shells: two-dimensional blue fog and finite quasycrystals” In: Physical
Review Letters, 128 (2022)



ACTIVE TURBULENCE
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Jorn Dunkel, Sebastian Heidenreich, Knut Drescher, Henricus H. Wensink, Markus Bar, and Raymond

E. Goldstein Cascade or not cascade? Enerqy transfer and elastic effects in

Phys. Rev. Lett. 110, 228102 — Published 28 May 2013 active nematics
LN Carenza, L Biferale, G Gonnella

Europhysics Letters 132 (4), 44003 (2021)

Multiscale control of active emulsion dynamics
LN Carenza, L Biferale, G Gonnella

Physical Review Fluids 5 (1), 011302 (2020)



Planned Activity

Multi-Phase models Active Turbulence in 3D

a=0.0001

Defects tracking in 3D Active turbulence




Non-equilibrium statistical models for self propelled particles and DNA
transcription
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Molecular Dynamics Methods

LAMMPS is a classical molecular dynamics code with a focus on
materials modeling.

It's an acronym for Large-scale Atomic/Molecular Massively
Parallel Simulator.

It can be used with multiple CPUs and with a GPU

Scaled-size Polymer Chain Melt

100/ 100

% Bead-spring polymer melt with 100-mer chains and FENE bonds:
& =] jz *32,000 atoms for 100 timesteps
2 o e sreduced density 0.8442 (liquid)
. 50 *force cutoff of 2/(1/6) sigma
§ = e *neighbor skin = 0.4 sigma
N B Sead e zz *neighbors/atom =5 (within force cutoff)
~®~ Dual hex-core Xeon (0.549) 10 *NVE time integration

—@— Cray XT5 (2)
1 8 64 512 4096 16K 64K
Processors



Molecular Dynamics Methods

Active self-propelled particles

Active (with repulsion) Passive (with attraction)

- Micro and macro phase separation of
active systems

- Self-organization and dynamics of
active clusters

- Phase diagram

Hexatic
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Cugliandolo et al. PRL 119 (26), 268002 2017
Digregorio et al. PRL 121, 098003 2018

Caporusso et al. PRL 125 (17), 178004 2020




Planned Activity

Three control parameters Attraction Activity Density
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Typical Runs: 256 cores for 48 hours
30 exploratory runs
368640 core hours






POLYMER MODEL FOR GENE ORGANIZATION AND TRANSCRIPTIO

TU in a cluster e
v

@ ® ® Bindingsites (TU)

3Mbp-> 1000 beads (each 30nm in diameter->3Kbp)

Binders (TF) Weakly with all others

TFs SWITCH BETWEEN ACTIVE AND INACTIVE STATES
Rapid exchange of factors and polymerases between bound and
free states seen in photobleaching experiments

C. A. Brackley et al. Nat. Comm. (2021) MD SIMULATION
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Active Stress Tensor

(a[ + V- V)V —3 VA [O-]?CZSS 4 GCZCZ‘

VN

Dissipative/reactive term Non-Equilibrium terms
ClCt - C¢Qaﬂ gea'm/ Iu(¢Qyﬂ)

Force Dipoles
A Y
7\ Flagella

\

Extensile Contractile

Body



150000

120

120

110

100

90-

80-

70

60

50

40

30

20

10

120

80

100

[00)

10

Active Cholesteric Droplet:

50

100

40

20

-120
-110
- 100
90
80
70
.60
.50

.40
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Proceedings of National Academy of Science, 116 (2019)
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USE CASES (UNIBA)

Molecular Dynamics Methods

Model for lipid bilayers and ion channels

Coarse-grained

Typical Runs: 128 cores for 48 hours
A5 exploratory runs
276480 core hours



