Determining distribution functions for one-
dimensional force-free current sheet equilibria
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/Current sheets ubiquitous in space plasmas

Often force-free -

Here: collisionless plasmas

How does one determine self-consistent
Qstribution functions for a given B field?

fAgQnetozheat

1D: only dependenton z (X, vy invariant)\
Magnetic field: B = [B(z), By(z), 0]

Force-free:J X B =0
= B;(z) + B;(z) = B} =constant

P,,(z) = constant /

A Known Example: Force-free Harris Sheet with B,, —» 0 as |z| — oo
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Given magnetic field
By(z) = 0 as |z| — oo!

Calculate A4 (z), Ay(z) (vector potential)

Determine P,;(Ay, Ay) = Pi(Ag) + P(Ay)

Assume
kg (HS' Px,s» py,s) X eXp(_ﬁsHs) gs(px,s» py,s)

(Neukirch at al., 2009)
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Solve integral equation for g.:

P, (Ax, Ay)
=C ff K(Ax; Ay; Px,s py,s)gs(px,s» py.s) dpx.sdPJ’-S

(Channell, 1976)
Obtain self-consistent DF: F;(Hs, Dy 5, Dy )

Problem: What if By, —» constant + 0 as [z| - o ?

By, B, and B?

1.5 1

1.0 -

0.5 1

0.0 1

—-1.0

I I I I
—4 -2 0 2 4

B field as above, except

B,(z) — const # 0 as |z| — oo! P; (Ax) only given implicitly!

How to solve integral equation if
LHS not known explicitly ?

Solution Method

Expand py s-dependent part of gsinto a series of O
orthogonal functions (here Hermite functions) »

Expansion coefficients: determined by Maclaurin series
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coefficients of P; (Ay) (using implicit differentiation) References:
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