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Particle In Cell (PIC)
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charge simulation
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e HITACHI SRI1000 KEK super computer
System A

® GPU(Teslal060)
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Electron Gun for KEK cERL

e Q=80 pC (max)

® 0r=0.5mm

® ot=10-20 ps

® Ez=7 MV/m V=500 kV




PIC solver in KEK-System A
3D Poisson solver

® Boundary condition in free space, @(00)=0.

® Green function

G(r) = —

T
® Potential




Implementation
® Make Green function table
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® Calculate p array from macro particles
distribution

Pi, g,k




Integration, convolution

1

1
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® Direct summation
® Range of the suffix: i=|,Nx, i-i"=1-Nx,Nx-|

® Since G.jk=Gi;k, the G table size can be
NxNyN-.




Solver using FFT

G(k) = /G(r) exp(tk - r)dr

p(k) = /p(r) exp(tk - r)dr

® Convolution
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Discrete space
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Shifted Green function
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Potential of Gaussian Charge distribution
with Or=Imm
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GPGPU

GPGPU - General Purpose computing on Graphical
Processor Unit

W< DO DERE CUDA(NVIDIA) , ATI Stream(ATI),
OpenCL

My machine: Core i7 PC with NVIDIA Tesla 1060 (500k
yen). £

NVIDIA Tesla, 240 PU/GPU, 4GB memory "\

Tesla performance 0.933TFlops/single precision and
78GFlops/double precision. KEK supercomputer
SR11000, 0.13TFlops/Node.
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® 3D particle-particle interaction

® Based on a Demo code: Fast N-Body
Simulation with CUDA (L. Nyland, M.
Harris, J. Prins, NVIDIA SDK)
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Reference frame
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Lorentz transformation
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Equation of motion in the
reference frame

Ne/ne

o 2 122 Tij
AVin = —nerec’Aty1 = Vi/e ; (|riz]? 4+ €2)3/2

ne : charge in a macro particle

® Particle motion is assumed to be non-relativistic
in the reference frame.




o L'(Vi)

Expression of L(V)
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