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Thermal conductivity in weakly collisional plasma

Knudsen number:
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heat flux:
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Thermal conductivity in the solar wind
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Self-similar Kinetic Theory

Drift Kinetic Equation (|V| >> V.u):
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Self-similar Kinetic Theory

Drift Kinetic Equation (|V| >> V,):
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If Knudsen number v ~ f—”’ =constant, then for V >>1, can

reduce to an equation independent of x (8f =0)
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Self-similar Kinetic Theory

Drift Kinetic Equation (|V| >> V.u):
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Applicability

Three things to check before applying self-similar
theory:

» v(x) = constant?

» n, T, B, q, vary as power laws?

» Do electron distributions actually exhibit
self-similarity?



Applicability (1): v =constant?

v versus r (a; = —0.6)
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Applicability (2): Power Laws X oc r®X
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Applicability (3)

Avg. L and Il cuts binned by 7
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Numerical Solution: Langevin Equations

Self-similar kinetic equation with our linearized
collision operator is a 2nd order PDE of
Fokker-Planck type. Can be converted into an
equivalent set of stochastic differential equations:
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Langevin Simulations




eVDF Cuts

SVDF cut F* (unitless)
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» Comparison of
simulations (points) with

Helios eVDF cuts (lines),
ordered by ~y

» High level of agreement
in the core and strahl!

» Model response of the
detector: Convolution



Transition from Spitzer-Harm to Collisionless limit

Transition from SH to collisionless regimes

woW;

10° 4

=(2/3)Q

an/ 9o

1077 1072

107"
Amip/Ls = 2.6567

Counts (x norm)



Conclusions

» In the solar wind v ~constant, allowing
self-similar kinetic equation to be applied

» Can order eVDF profiles by . Average Helios
cuts match the results of simulations for core
and strahl electron populations, but not for the
halo population.

» Transition from Spitzer to collisionless regimes is
predicted.
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