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Binary collision model

e Depending on the relative size of the parameters ry = distance of closest approach,
R = cyclotron radius, 0 = pitch of the helix, three regimes can be identified:

t: adiabatic EITLLITELITITLITTETLr-  dominates for a

tight helices 8 v strong magnetic field
R < 19,6 <rg /z'/ (R < shielding length X))
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stretched helices R
R < rg, 0 > 1o /Z.e/ B

c: weak magnetic field / . \\

Rutherford trajectories /Z./ .
R > rg R
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Drag force under LEIR conditions

e For comoving ions (v; 1 — 0)
the drag force vanishes
for symmetry reasons in BC.

e In LR also collective response
is included, but the drag is
overestimated as linearization
fails for v; | — 0.




A numerical solution of the Vlasov-Poisson equation, including non-linear response
and collectivity shows that the v; — 0 behavior of the linearized dielectric theory is

unrealistic.
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P VS, D

e In the limit of large magnetic fields (R < A, well established for HITRAP, ATRAP,

ATHENA) the electrons move along the field lines like beads on a wire.
e For comoving (v; — 0), positively charged ions (p) the drag vanishes for symmetry

reasons.
e For negatively charged ions (p) electrons are reflected. This cannot be accounted

for by linearization or in a perturbation treatment.
e p vs. p under HITRAP conditions in CTMC (Classical Trajectory Monte Carlo)

calculations of binary collisions (BC).
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Estimate of cooling time
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