Why do PIC Simulations Get Noisy?
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Never believe anything

until you run 1it.



Why do PIC simulations

eventually become noisy?



cd SPETSC _DIR/src/ts/tutorials/hamiltonian
make ex?2
./ex2 —-options_file siam.opts

siam.opts: pastebin.com/wVcMhQ15


https://pastebin.com/wVcMhQ15
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Collisionless Vlasov-Poisson



Collisionless Vlasov-Poisson
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Landau Damping

On a periodic domain [0, 47|, perturb the density with
o cos(kx)

We measure the decay of the induced electric field for the
case k = 1/2 and « = 0.01 (Finn et al. 2023).



Continuum Simulation
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DG/FFT simulation from (Zhou, Guo, and Shu 2001)
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72K Particle Run
160X x 450V Grid



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}




Particle Advection




Perturbed Particle Advection




Simplified Particle Advection




Perturbed Simplified Particle Advection
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Simple Particle Exchange



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}



Averaging
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Averaging
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Averaging
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Averaging
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Resampling
We remap particles by projecting the particle weight

M Ur — M pWp
to the continuum and back, using conservative projection

(Pusztay, Knepley, and Adams 2022).

This algorithm is also used in XGC1 (Mollén et al. 2021).



Resampling
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Resampling

Electron Electric Field
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Resampling

Conserving more moments results in more “noise”.

Resampling on a coarser grid reduces noise without
changing the decay rate or frequency.

We can choose the remap interval and coarsening factor,
but results start to worsen at some level.



Resampling
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Resampling
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Resampling

80 x 225 grid, 20 x 56 resample
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Resampling

80 x 225 grid, 20 x 56 resample
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Resampling

80 x 225 grid, 20 x 56 resample
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Resampling

80 x 225 grid, 20 x 56 resample
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Resampling with Different Ratios

Coarsening factors 4 and 2
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Resampling with Different Ratios

Coarsening factors 4 and 2
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Resampling with Different Ratios

Coarsening factors 4 and 2
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Resampling with Different Ratios

Coarsening factors 4 and 2
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Resampling with Different Ratios

Coarsening factors 4 and 2
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Path Forward

Questions:
» How do we choose the remap space?

» How do we choose the remap interval?

» How do we choose the remap resolution?

Initial experiments are in (Adams et al. 2025).
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