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Study of the HED/Space pasma e.m. dynamics: hot, collisionless,
flowing/expanding. Electron kinetics/electron MHD appears when flow

velocity is less then thermal velocity of plasma electrons.
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Three regimes on value of the magnetic field (plasma beta,
anomalous resistive and diamagnetic scales and giroradius)

® Nonmagnetized electrons  p >>p r (k,r., >>1)
and ions (Chapman “micro _,
magnetosphere”) — high N//) e -
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beta

® Magnetized electrons and
nonmagnetized ions (Hall
«minimagnetosphere»)

® Magnetized electrons and
ions (Dungy
“macromagnetosphere”) -
low beta
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Magnetic Reconnection Diffusion region formation.
Plasma flow expansion along and perependicular to magnetic field. Stationary (Space plasma) and

nonstationary (Laser/HED plasma).
There two problems: plasma flow expansion along and perpendicular to magnetic field. Stationary

(Space plasma) and nonstationary (Laser/HED plasma) flows

4 /@ s >
\

i "g v IO wwna 19542



Forced and Forceless 3D components (boundaries) in fields and currents:
from 1D (plane, cylindrical, spherical) to 3D. Linear, circular, elliptic
polarization. From 1D to 3D.
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Stationary Space plasma.

Sun-Earth Physics: Earth magnetosphere, separate solar streamer, streamer belt in solar wind
flow. Internal (quasiparticle) and external magnetosphere (hot flow initiated structure).
Nonrelativistic magnetic diffusion regions.
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Nonstationary HED plasma

without external magnetic field B,

Magnetic reconnection near vertical toroid (two vertical toroids) expansion.
Magnetic reconnection noise in laser plasma coronas.

® NI|F, Rochester -MIT, LULI

RCF stack

Figure 9: Principle of magnetic
field  probing by laser
accelerated proton beam.

(A) Experimental setup
Backlighter Hohlraum driven Imaging detector
implosion implesion 10cmx10cm
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Nonstationary source of space and laser plasma in magnetized
plasma with B .

® Formation of magnetic diffusion (diamagnetic) region and radiation of sonic and Alfven
waves (“Argus” experiment, solar flare magnetic cloud «CME») ILF RAN.




Nonstationary laser HED plasma experiments
(LULI, France and IAP RAS, Nizhny Novgorod) with external magnetic field B
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MHD to Vlasov/Maxwell? Hot regime.

Is a high beta special LSK — Large scale kinetic plasma description Magnetosphere —the effect
of Cherenkov

“radiation” by quasiparticle in the absorption and nontransparency of the e.m. fields —
anomalous skin effect.
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On the plasma resonance line with ,zero resonance frequency” . Outside line —
MHD, inside line — Vlasov/MHD electron kinetics. Magnetic Structures and
electronic diffusion region (DR) formation process is fully inside of the
resonance I|ne What is a power P of the process?

Here ¢=® 'characteristic time, » =k ' characteristic scale,
characreistic velocity. MHD limit w/kv,=v'/v,>>1.

w/k=v'<<v,
Kinetic limit o/kv, =v'/v, <<1

® Light (overcritical) and Dark (subcritical) e.m.
process
1 nl.n_z______raﬁia_ﬁoi{_': N \\‘:
0| o ® e 2
1% =;' DT(k’a))Zl_w—zgt(U),k)zo.
2 (ck)
g’ veam . 2,
/S nt =k w
" l,"g—e;\eration Re 8t (a), k) ” 1
Ime, (w,k)#0 e (k) 0
NS
0 :\0);\/ be,. 03\_1‘,/
_T beam ) 4
'd/ \ | h s;a k’mfs




Nonmagnetized flow (
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. Classical

plasma electrodynamics. Micromagnetosphere
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® Free particles in hot
collisionless plasma with VDF
f(v).

“Trapped” and “flyby” particles
in presence of the moving
dipole with velocity v'.

The “Internal magnetosphere” is
a “Quasi particle” as moving
magnetization in the “media”
having Magnetic Dipole and
Magnetic Toroid moments. The
“Outer Magnetosphere” is
inductive mode Cherenkov
excitation in media.

J: = Jtrapped + J flyby
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Vg 2> Veslpy (ko >>1)

“Thin” (anomalous skin ) and “thick™ (magnetic Debye)
scales for Large Scale Kinetic modeling

Anomalous skin scale
2

“Momentum” anisotropy
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Two families of elementary prescribed magnetization sources,
forming «quasiparticle» in plasma flow: magnetic dipole and
magnetic toroid
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Magnetosphere- «wave» package constructed from excited
quasiparalle;l and quasiperpendicular EM perturbations. Dissipative
«magnetotail and magnetopause», as effects of spatial dispersion in
hot flows of collissionless solar wind flow
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® Furie images ® Originals A=A, +A,
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First magnetic loop (dipole+ toroid) as transformer and generator of the constant current
(Vlasov analog of MHD generator). Second loop as a load- plasma low. Measuring the

impedance Z with R and L we can measure dimensionless parameters.
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3D electron magnetic diffusion region (DR) - result of inductive
interaction of the external flow, with the source with dipole and toroid
components.

Flow itself can be diamagnetic and resistive.
3D magnetic field in he DR has force and forceless components.

Forceless component appears with circular polarization, force
component appears with linear polarization.

Forceless components are due to mixing of the fields from dipole and
toroid components.

Power of the source interaction with flow is expressed via real part of
the impedance - resistance.

Resistance includes a negative component due to the forceless
component in magnetic field distribution.
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