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Based on a long-distance Coulomb interaction of charged
particles in the potential U(r) = k/r;, the plasma kinetic
equations always meet the divergence because
Rutherford differential cross section
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has a singularity at mAv = 0 here u is reduced mass
and g is the relative velocity of charged particles.
Usually, a cutoff variable should be introduced in order
to remove the singularity. The traditional way is to make
a cutoff either on impact parameter b [1] or scattering
angle 0 [2]. A third cutoff variable Av was introduced
for removing the singularity [3] [4].

This presentation will compare the differences of the
three kinds of cutoff variables, including impact
parameter b, scattering angle 6 and velocity change Av.
It is shown that the singularity at Av = 0 cannot be
removed by a cutoff on small scattering angle (6 <
6.in) unless the relative velocity g is constant. However,
in plasma physics, g can vary from zero to infinite due to
varied field particle velocity vy even if the test particle
velocity v is a constant. Obviously, the singularity still
exists at g = 0 after the cutoff on 6,,;, made. The
cutoff on scattering angle 6 < 6,,;, can not remove the
weak collision events with both smaller g and larger 6.
In fact, scattering angle 6 has already been proved
mathematically to be an incorrect cutoff variable [5].
Similarly, the singularity at Av = 0 cannot be removed
by a cutoff on large impact parameter b (b = by )
unless g is constant. Obviously, the singularity still exists
at g = 0 after the cutoffon b,,,, made. The cutoff on
impact parameter b > b,,,, cannot remove the weak
collision with smaller g and smaller b.

Recently, we claim the impact parameter b is an incorrect
cutoff variable. The traditional practice of making the
cutoff on small impact parameter b < b,,,;, is a total
mistake. Small impact parameter is not the reason of
divergence as Landau once pointed out [2] ‘if the exact
formulae are used, then there would, of course, be no
divergence at small b’. Landau’s predication is proved by
our exact mathematical calculation [6].

The velocity change Av is so far the only correct cutoff
variable that is mathematically proved [4].

Consider a test particle o in a collection of f particles
with a Maxwellian distribution, the nth order Fokker-
Planck coefficients are defined as the integral (Av™) =
[ avhf, (17[;, Tﬁ)gasianquodvﬁ. With the cutoff on
Av = AV, the exact form for arbitrary order of
Fokker-Planck coefficients can be derived as
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Where the set of functions qr(lk) is defined as
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The energy transfer moments are defined as
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where € = (1/2)m,(v? — v?) for a test particle.

By using the cutoff Av > Av,,;,, the nth order of the
transfer moments can be derived as
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where C} is the binomial coefficient.
The energy equilibrium time and Coulomb logarithm are
defined and based on the energy transfer rate,
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The arbitrary high order of energy transfer rate can be
derived by the cutoff Av > Av,,;,, as
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Where @ = ngngvg,m(mgk/2ukpTp)?, €=
4Pk (Tg — Ty) /mgmg.

References

[1] L. D. Landau, Phys. Z. Sowjetunion 10, 154 (1936).
[2] Rosenbluth, MacDonald and Judd, Phys. Rev. 107, 1
(1957).

[3]Y. B. Chang and D. Li, Phys. Rev. E, 3999 (1996).
[4] Y. B. Chang and L. A. Viehland, AIP Advances 1,
032128(2011).

[5]Y. B. Chang, Phys. Plasmas 10, 4645, 2003.

[6] Y. B. Chang, and D. Li, Plasma Res. Express 2
025003 (2020).



