Recent development on the quasi-
static PIC codes QuickPIC and QPAD
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Plasma simulation has greatly impacted on PBA research.





https://github.com/UCLA-Plasma-Simulation-Group/QuickPIC-OpenSource

QPAD*: QuickPIC with Azimuthal Fourier Decomposition

® Azimuthal decomposition is a technique to speed up the

simulation without much loss of accuracy. Some explicit PIC
codes (e.g. Calder, quasi-3D OSIRIS, FBPIC, PLARES-PIC) have

employed this algorithm to achieve 100x ~ 1000x speed-up.
® None of current quasi-static PIC codes has this feature.

® QPAD is a newly developed code based on part of the frame
work of open source QuickPIC.

Fei Li, Weiming An*,Viktor K. Decyk, Xinlu Xu, Mark |. Hogan,Warren B. Mori, et. al., "A quasi-
static particle-in-cell algorithm based on an azimuthal Fourier decomposition for highly
efficient simulations of plasma-based acceleration: QPAD”, Computer Physics Communications

261, 107784 (2021).



— QPAD QuickPIC
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drive beam: k0, = 0.14,k,0, = 0.48,A = 1.8,y = 20000
trailing beam: k, 0, = 0.14, k0, = 0.24,A =11y =
20000, kpAoge = 0.0375




| aser Module in QuickPIC

*Weiyu Meng et. al., in preparation.

Finite difference:

can be solved with Hypre*

*Falgout R D, Jones J E, Yang U M. Springer Berlin Heidelberg, 2006: 267-294.



| aser Module in QuickPIC

*Weiyu Meng et. al., in preparation.
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| aser Module in QPAD

*Fei Li,VWeiming An, Frank S.Tsung,Viktor K. Decyk,Warren B. Mori, JCP 470 | 11599 (2022).
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QuickPIC on GPU (GPU+MPI)

MP| + OpenMP
MPI + GPU
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*Victor K. Decyk et al, Particle-in-Cell algorithms for emerging computer architectures, Computer Physics Communications 185 (2014) 708-719.
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® 2D particle and field solver

functions completely on
GPU

® using CUDA-aware MPI,
GPU+MPI parallel simulation
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The explicit solver in QuickPIC/QPAD
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Known quantities ., J, B, E, P,y

Quantities
calculated before

solved with finite

difference method
*Wang, Tianhong, et al., Physical Review Accelerators and Beams 25.10 (2022): 104603.
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The explicit solver in QuickPIC/QPAD

algorithm design
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The explicit solver in QuickPIC/QPAD

® |n QPAD, we need to perform a Fourier expansion of the field

quantities.
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® The transverse magnetic field equation for each mode :

or: r or 72

? 10 (kx1)
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n=k—m

We use Hypre[l,2] to solve these linear equations.

[ 1] https://github.com/hypre-space/hypre/tags
[2] Falgout R D, Jones ] E,Yang U M. Springer Berlin Heidelberg, 2006: 267-294.
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QuickPIC/QPAD @ CEPC

Design CEPC Plasma Injector
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Fig. 1. CEPC layout. The blue one corresponds to the electron ring and the red one corresponds
to the positron ring. There are two interaction regions, two RF regions and four injection regions
in the collider.}




Find the Optimal Beam Loading

*Xiaoning Wang, et. al., Plasma Phys. Control. Fusion 64, 065007 (2022).
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The Object Function (A2, F(Ae2))

(A1, F(Ag1))
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—— Ng1=1.0,04,=0.2
Na2=0.8, 0212 = 0z1
— Ng3=0.6,0:t3 = Oz

Ada = Na1, Ozea = 2070

Nas = Ngz, Oz = 20,1

Nde = Ng3, Oz = 20,1

A¢ = ho + Iy Ag + ha0 g9 + haog + had + hs A3 + heA g0
+ hiAgo7 + hgAgd + h«)de + +h100240 7 + h11074d
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R = f(Ag, 0,4, 05¢,dge, Ae): 7%=0.99 at degree=2



Plasma-based Accelerator Optimization Framework

— particle(One-dimensional array)
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Thanks!
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