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BACKGROUND




| aser Plasma Simulation. Research Area

A Simulation of irradiation of various targets with
hightintensity laser pulses

A Tool for theoretical research
A Compact particle sources for medicine
A Generation of radiation with unique properties
A Widely used particlén-cell method (PIC)
A 3D PIC simulation requires parallel computing:
A 108 ¢ 109 cells
A 108 ¢ 109 particles
A 103 ¢ 10° cores




Particle -in-Cell Method

A Two main sets of data .
_ _ Particle
A Particle ensembléelectrons ions) (r, v, g, m

A Electromagnetic field G 0

defined on a regular grid
A No direct ParticléParticle interaction

A Spatially local particlgrid p—

Interactions clo°|gc| G| |
A Each simulated particle tosloel =T o |
(macro particle) corresponds to | <.|© | {'oj ool ~

a cloud of real particles (,{f . ; Sc c,{:, "fB
istribution in a cloud is*— *——*—**_
A Charge distribution in a cloud is <

defined by a particle form factor E 4



Basic Computational Loop

Field interpolation
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Software

A EPOCHKUniversity ofWarwick)
A OSIRIS (IST, UCLA)

A PIConGP(HZDR)

A SMILEI (CNRS)

A VLPL (HHU)

A WarpX(LBNL)

A X

In Russia:

A Codes developed byeldyshnstitute of Applied
Mathematics, ICM&MG SB RARGCT UNN & IAP
w! { X



OUR TEAM AND SOFTWARE
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Arkady Gonoskov, PhD, Evgeny Efimenko, Research losif Meyerov, PhD., vice-
Univ. of Gothenburg, UNN Scientist, Inst. of Appl. Phys. head of the dep., UNN

Code developers, users

Sergey Bastrakov, PhD, HZDR (Germany) (lead
developer of PICADOR, 2010-2018)

Alexey Bashinov, researcher, IAP RAS

Tom Blackburn, PhD, researcher, Univ. of Gothenburg
Artem Korzhimanov, PhD, researcher, IAP RAS
Alexander Muraviev, researcher, |IAP RAS

Valentin Volokitin, PhD student, UNN (lead developer)
Elena Panova, master student, UNN

Alexander Panov, master student, UNN

Yury Rodimkov, master student, UNN

lgor Surmin, engineer, UNN

Kirill Tarakanov, master student, UNN

Anastasiia Arisova . student, UNN

Collaborators

Arkady Kim,

PhD., Prof., IAP RAS (Russia)
Mattias Marklund, PhD, Prof.,
Univ. of Gothenburg (Sweden)
Felix Mackenroth, PhD,
researcher, Max Planck
Institute for the Physics of
Complex Systems (Germany)
L 8 s Aeisz, PhD., Prof.
Umea Univ., Sweden



PICADOR Code

A Code for 3D plasma simulation based on the
particle-in-cell method

A Developed in UNN and IAP RAS s
A Multi-level infrastructure

A Optimized computational core

A Extendable with modules

A Visualization tools

A Wide set of numerical schemes and extensions for
additional physical effects

A Support for Intel XeofPhi and modermanycoreCPUs
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Numerical Schemes and Extensions

A CIC, TSC particle form factors — B
A Boris andvayparticle pushers il A, 5,
A Yee grid e
A FDTD and NDF field solvers 5" | 5"
A Current deposition schemes with |, B-

and without charge conservation |/ L5 e

A Absorbing boundary conditions
A Boundary pulse generators

A Moving frame

A lonization

A QEDPIC, resampling
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PIC-MDK Interface

Technical level
supercomputer resources

Coding level ‘ ‘ Numerical schemes, parallel

[ ELMIS ] [ PlCADOR ] implementation, optimization

Sergey Bastrakov, Anton Larin, Igor
Module level [

Surmin, losif Meyerov (UNN)
Evgeny Efimenko, Arkady Gonoskov (IAP)

Physical phenomena,
Module Development Kit (PIC-MDK) ]

description approaches,
data processing...

Radiation Quantized Perturbative Non-pertubative L Visualization . Synchrotron
lonization Collisions

reaction radiation reaction pair production pair production & Dataoutput emission
[ Alexey ] [ Arkady ] [ Arkady ] [ Evgeny J [ Artem ] [ Artem ][ Erik Wallin ]
Bashinov Gonoskov Muraviev Gonoskov Efimenko Korzhimanov Korzhimanov
Simulation level L. Numerical and
Scripting language physical setup

[ Inputfile #1 ][ Inputfile #2 ][ Inputfile #3 ]

Researcher #1 Researcher #2 Researcher #3

Problem #1 Problem #3 11
Problem #2




Parallelism

A Levels of parallelisnin the Particlein-Cell method:

A Distributed memory spatial domairdecomposition,
load balancing (rectilinear load balancingy)P!

A Shared memoryOpenMP+ custom load balancing
A SIMD:loop vectorization, intrinsic functions
A Typical parameters for PICADOR: '
LT
A1 ¢ 256 nodes g ',f o ,r',u"l
A 16 ¢ 96 CPU cores, 6872 for Xeon Phi Frr
. . 7y Lﬂ,r !
A 256- or 512bit vector width i
A Overall 16g 4096 cores ,f"',r",r",r"',u"
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UNIFORM DISTRIBUTION OF PARTICLES.
PERFORMANCE AND SCALING EFFICIENC




Scaling on Distributed Memory
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Problem: lasewakefieldacceleration
Parameters: 518512P512 grid, 101%nin. particles, TSC form factor



Scaling on Shared Memory

et fen——]

99% on CPU cores
78% on Xeon Phi cores

Intel Xeon Phi 5110P
e==0 27X |[ntel Xeon E5-2660

Simulation: frozen plasma benchmark
Parameters: 4B40P40 grid, 3.2nin. particles, CIC form factor



