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BACKGROUND 



ÅSimulation of irradiation of various targets with 
high-intensity laser pulses 

ÅTool for theoretical research 

ÅCompact particle sources for medicine 

ÅGeneration of radiation with unique properties 

ÅWidely used particle-in-cell method (PIC) 

Å3D PIC simulation requires parallel computing: 

Å108 ς 1010 cells 

Å108 ς 1010 particles 

Å103 ς 106 cores 

Laser Plasma Simulation. Research Area 
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ÅTwo main sets of data: 

ÅParticle ensemble (electrons, ions) 

ÅElectromagnetic field, 
defined on a regular grid 

ÅNo direct Particle-Particle interaction 

ÅSpatially local particle-grid 
interactions 

ÅEach simulated particle 
(macro particle) corresponds to 
a cloud of real particles 

ÅCharge distribution in a cloud is 
defined by a particle form factor 

Particle -in -Cell Method  

4 

Particle 
(r, v, q, m) 

B 

E 



Basic Computational Loop 
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Field interpolation 
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Field solver 
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Current deposition 
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ÅEPOCH (University of Warwick) 

ÅOSIRIS (IST, UCLA) 

ÅPIConGPU (HZDR) 

ÅSMILEI (CNRS) 

ÅVLPL (HHU) 

ÅWarpX (LBNL) 

ÅΧ 

In Russia: 

ÅCodes developed by Keldysh Institute of Applied 
Mathematics, ICM&MG SB RAS, FRC ICT, UNN & IAP 
w!{Χ 

 

Software  
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OUR TEAM AND SOFTWARE 
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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 
Igor Surmin, engineer, UNN 
Kirill Tarakanov, master student, UNN 
Anastasiia  Arisova , student, UNN  

Arkady Gonoskov, PhD,  
Univ. of Gothenburg, UNN 

Evgeny Efimenko, Research 
Scientist, Inst. of Appl. Phys. 

Iosif Meyerov, PhD., vice-
head of the dep., 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§szl· Veisz, PhD., Prof. 
Umea Univ., Sweden 
 



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

ÅDeveloped in UNN and IAP RAS since 2010 

ÅMulti-level infrastructure 

ÅOptimized computational core 

ÅExtendable with modules 

ÅVisualization tools 

ÅWide set of numerical schemes and extensions for 
additional physical effects 

ÅSupport for Intel Xeon Phi and modern manycore CPUs 

PICADOR Code 
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Numerical Schemes and Extensions  
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ÅCIC, TSC particle form factors 

ÅBoris and Vay particle pushers 

ÅYee grid 

ÅFDTD and NDF field solvers 

ÅCurrent deposition schemes with 
and without charge conservation 

ÅAbsorbing boundary conditions 

ÅBoundary pulse generators 

ÅMoving frame 

ÅIonization 

ÅQED-PIC, resampling 

 



PIC-MDK Interface  
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ÅLevels of parallelism in the Particle-in-Cell method: 

ÅDistributed memory: spatial domain decomposition, 
load balancing (rectilinear load balancing), MPI 

ÅShared memory: OpenMP + custom load balancing 

ÅSIMD: loop vectorization, intrinsic functions 

ÅTypical parameters for PICADOR: 

Å1 ς 256 nodes 

Å16 ς 96 CPU cores, 68 ς 72 for Xeon Phi 

Å256- or 512-bit vector width 

ÅOverall 16 ς 4096 cores 

 
 

 

Parallelism  
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UNIFORM DISTRIBUTION OF PARTICLES. 
PERFORMANCE AND SCALING EFFICIENCY 



Scaling on Distributed Memory  

Problem: laser wakefield acceleration 
 

Parameters: 512Ҏ512Ҏ512 grid, 1015 mln. particles, TSC form factor 
 



Scaling on Shared Memory 

Simulation: frozen plasma benchmark 
 

Parameters: 40Ҏ40Ҏ40 grid, 3.2 mln. particles, CIC form factor 
 


