Decoupling of a diamagnetic
plasma blob from background
magnetic field and plasma
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Echim and Lemaire (2002)

e Liouville theorem for f
o Naxwell's equations for B and E

o localized plasmoid — excess of momentum fux density:

APy = MalANaVaVa + Maftad (VaVa) + AT
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—2000 Q 2000
FIG. 12, (Color) Elactnie field components paralla]l to the magnetie fisld, i
it WVime Top panel: the fromt half of the plasma is mmde the temsiton
regmon. Bottom pansl: the whole plazma has passed the tansiion rezion
Positrve fields are doected fo the lower might.

Hurtig, Brenning, Raadu.,(2003)
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|.'1J'.|_'__,"1.ll'!_" 1. Intensified unfiltered OOD TV LIy of the G release 20 & after the release {alrcrall
127Y. The edge of the ion clowd s not at the release point (marked with cross) but has “skidded”
18 km along the orbit track

Delamere et al., 1996
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Kinetic treatment of 2D sheared flows

e stationary Vlasov equation for plasma state:

A fa A fa o dA, OAs] Ofa

Y dy . z  Ma [11'!" ( ay ) e dz | Ov,
Ja [r'_‘:i"i’ (E?_ili.)' A £,

— — P . —
Mea | QY ! a1y vy,

4% (0% E'i:-‘;li' r'-:i'fa B

Mg \ Oz Oz | duv,

e Ampere equation for the non-vanishing component of the magnetic potential, Ay, z):
iy o
A, 8°A,

Ay? i Bz?

= —poje(y, z)

e quasinentrality equation for the electric potential, @(y., z)

Y qana(®,A;) = 0
° Echim, 2004
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Constants of motion and adiabatic invariants

e steady state problem — the total energy, H, is a constant of motion:

1
H= Emc. (vi + vf, + ﬂf) + qa®(y. 2)

e T ignorable variable — the canonical momentum, pg 18 a constant of motion:

Dr = Moy + G dL(y, z)

e amooth variations with ¥ and z — the magnetic moment, g, is an adiabatic invariant:

Mo [{vz — Ugo)® + vf,]
2B

#:
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Viasov Solution

f-:r'f‘H=p:t:.-|u':' — Q&l{pxjfal{‘hr=pmj+Q&E(?—Jx}fﬂ2(?{~ﬁxj

where
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fa1(H, pz) arl (QTTK_:Tﬂl) cXp i K:Tﬂl)
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‘ i My z H — p. Vo + %—rnﬂﬁz
: = N —— —
fﬂE{H. p:r:j' ' (ETTETQE) ExXp ﬁ‘Tﬂg

Echim & Lemaire (2005)
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Decoupling of plasma and field in 2D sheared layer
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Jalpe,pt, H) = ga(Pz) far(Pepty H) + ha(P:) Ffor(pe,pt, )

where the following functions were defined at ¢y =0

IS L

. Tl 4 _H—_u_-:'-"i:—-i-m:._'-"l:lz
..irn-:E {Pr. |'-'!'-H_:' = P'"ﬂ-:EI:: — 1]

Cr A Tna/

go (Px) = nsgn{ga)(pz — gaAn )| + 9 [—zgm{ga) (Pr — GaAzz)]
big (p=) = nsgn{ga)(Pz — @A)l — 7sgn{ga)(pz — gaAn )]

with 17 the Heaviside step function and sgn the signuom function

Echim, Lemaire, Roth (2005)
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Summary

e Experimental and laboratory evidence for
“anomalous” transport/skidding/ cross-B
motion

o Stationary Kkinetic solutions found for cross-
B transport with shear of perp velocity In
the direction of B-field

e Decoupling by a parallel component of the
electric field
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