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Plasma simulation has greatly impacted on PBA research.
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Plasma Based Accelerator Research is 
 at the Forefront of Science
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The Quasi-Static PIC code
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Embeds a 2D PIC code inside a 3D PIC code

(x, y, z; t)

(x, y, ξ=ct-z, s=z)

Plasma: (x, y; ξ)

Beam: (x, y, ξ, s)

Quasi-Static Approximation*

∂s << ∂ξ

QuickPIC is a 3D parallel Quasi-Static PIC code, which is developed based on the framework UPIC.

https://gitee.com/bnu-plasma-astrophysics-sg/quick-pic-open-source
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https://github.com/UCLA-Plasma-Simulation-Group/QuickPIC-OpenSource


QuickPIC @ FACET
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Highly Nonlinear
Nonuniform
Asymmetric

Field Ionization
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QuickPIC @ FACET II



QuickPIC @ CEPC

 6

Design CEPC Plasma Injector
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QuickPIC @ CEPC

By courtesy of  
Xiaoning Wang (IHEP)



QuickPIC @ CEPC

Shiyu Zhou, Jianfei Hua, Weiming An, Warren B. Mori and Chan Joshi, Gao Jie, and Wei Lu*, “High efficiency uniform 
wakefield acceleration of a positron beam using stable asymmetric mode in a hollow channel plasma", PRL 2021



QuickPIC Open Source
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Classes
Object Oriented

Fortran 2003
https://github.com/UCLA-Plasma-Simulation-Group/QuickPIC-OpenSource

QuickPIC

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


Recent Development: Betatron Radiation
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Recent Development: Betatron Radiation



Recent Development: Field Ionization
Mesh Ionization Particle Ionization

Neutral Class is composed of several Part2d objects



Recent Development: Field Ionization

Particle Ionization
Mesh Ionization

Particle Ionization
Mesh Ionization



Recent Development: Field Ionization

�

Multiple Ionization 
for either Neutral 
Atoms or Ions



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 J. 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 with Azimuthal Fourier Decomposition

Plasma Particle Beam Particle (3D)



QPAD*: QuickPIC with Azimuthal Fourier Decomposition



QuickPIC QPAD(4 modes)

QPAD*: QuickPIC with Azimuthal Fourier Decomposition



Future Plan (QuickPIC and QPAD)
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Dynamic load balancing

Adaptive 2d and 3d time steps

Adding Modules for Radiation Reaction

Adding Modules for Spin 

Laser Module

Impact Ionization

Beam and Plasma Particle Tracking

Adaptive mesh refinement

Existing Modules which will be ported into open source QuickPIC.
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