Slowing-down fj and collisions in GEM

e For alpha particles with distribution f(x, v, A,t) (A = v;/v) in the presence of a particle
source, annihilation due to charge exchange, slowing down, and pitch-angle scattering:
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e Alfvén waves are included in Vg, vy and A g by adding terms Vg1, vy and A H1—l.€.,

Vi =Vgo+ Vg,
Uy = UH1,
Air = Mmoo + g1

Since the zeroth-order Hamiltonian motion conserves energy, 0o = 0.

e Assume f = fy + 9f,
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e Assuming particles are loaded according to the distribution g, the weight equation is
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e The distribution g satisfies
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Particles should be loaded such that g(x;,v;,t) can be readily evaluated.

e Assume dg/g ~ df / f ~  not too small, the approximation g & gy is equivalent to adding
a O(6%) term in the gyrokinetic equation
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e If there are only pitch-angle scattering, no slowing down, g = const is an exact solution

dg dg . Og 0 of
Y vy Vegt+ g v -~
gp Vi VI gt Ay —vagr (1= Agy
Can g = const = gy be a rigorous solution by introducing an appropriate source term?
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Particles need to be randomly selected and removed.
e There are other subtle difficulties near the phase space boundaries.

e If we choose not to change velocity and to evaluate the slowing-down term directly
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then g can be a constant.

e With coarse-graining, Jf is constructed on v-grids. How to reduce noise?



Load a Slowing-down Distribution
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Collisions are implemented as (I'(t) Gaussian white noise)
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Equilibrium distribution
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for passing particles, (V,,) ~ ¥,
for trapped particles, (V,,) =~ —RoFP¢/q
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ny = 0.015ng, L, = 0.5, vp /vy = 20, vy /vy = 5.8.



