How do solar wind and
lonospheres Interact via
reconnection?




Short Answer

* Reconnected flux tubes pick
up ions from a gravity trap



First Encounter with Reconnection Region

Exit Reconnection Flux Transfer Reenter
osphere Region Event (FTE) Magnetosphere
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What produces the mass flux?
Vacuum Cleaner or Fountain®

Suction

F iy, e i

Pressure
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Fundamental Problem?

 How get enough of ion
velocity distribution up above
escape speed?

1. Lower escape speed




Observing Outflow Origins

' EISCAT Radar Discoveries

(5)104 K. Suvanto er al.

Non-thermal i+ velocity distributions
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Spectral Power Density, S(f)
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Fig. 1. Solid lines: a spectrum observed by Common Programme CP-4 and post L
integrated over a period of one minute (10:45:50-10:46:50 on 12 January, 1988)
Dashed lines: the best (a) Maxwellian and (b) non-Maxwellian fits.
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Energy Pathways

* Kinetic energy in electrons:

* Ambipolar potential drop ~
10-20 V reduces escape
velocity

 EM energy moving ions



Transversely Accelerated lons

Andre 1994 Fig 2a (O+).data Paterson—1989fig2.txt.data
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Natural TAl and STS hot ions have power law tails
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Generalized Jeans' Escape

g ©® Jeans’ ion escape in
- Lor2vess (@ 4000 km altitude) ., ambipolar’ Potentia|

Lor. > Vesg pr
-- Exp. > Vesa /

Exp. > Vesc / . h f I
- Exp.>Vesg 7 HAe with centritu ga
Max. > Vesc

Max. > Vesg S f
s

Strangeway [2005] fit

® Consider three
velocity forms
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Observed outflow => power law tails [Moore & Khazanov 2010]
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Hasegawa Hypothesis

VOLUME 54, NUMBER 24 PHYSICAL REVIEW LETTERS 17 JUNE 1985

Plasma Distribution Function in a Superthermal Radiation Field

Akira Hasegawa
AT&T Bell Laboratories, Murray Hill, New Jersey 07974

and

Kunioki Mima

 Assume presence of plasma | KumokiMima
turbulence

longer proportional to the friction coefficient. In this

Letter, we show that the proportionality constant is

. . then given by the square of the test-particle velocity in

. Ve|OC|ty dependent VelOC”:y the high-energy regime. This leads to a multiplicative

. 2 . . . .

: : —\/2 stochastic process” in the velocity-space diffusion, and

d lfoS|On O \% a power-law distribution function originates at the

high-energy tail. The overall distribution function

resembles the k distribution® which is often used to fit

SR - the particle distribution function observed in space
=> power law tails o

We consider the Fokker-Planck equation to describe

the evolution of the distribution function in the

Coulomb field>:
1 LOf
2D(v) v vy(v)fl, (1)
e What IS Or|g|n Of thbUlence? where the diffusion tensor is given by

D=D||I +DJ_(I_VV/U2).

2608
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Velocity Diffusion O ~ v?

Velocity Diffusion: Dvv ~ v2
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Velocity diffusion ~ v2 generates power law tail
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Classical physics generates plasma physics

WILSON: KINETIC MODELING OF Ot UPFLOWS IN THE F REGION IONOSPHERE
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..Cometary Pick Up lon Relaxation
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1
harge Transfer and iffusion 1

gl lonosphere: Large Va

B Energy

+Val Diffusion
Puhl 1993 ApJ flux tube convection into

A cometary ionosphere leads to

N non-thermal kappa-like
- distribution s
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Pick Up source of ubiquitous Kappa distrib’s?
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Pick Up A Solved Problem?

Pick Up lons in
limit of small V/Va

| here: L \%
* For flow speeds >> than Va

B Energy

pure pitch angle diffusion =>
bispherical shell

Diffusion

 What if flow speeds << Va7

e Spherical shell diffusion is
then transverse to B

e Just as observed for auroral

: => dicul
A perpendicular energy

diffusion

Isenberg&Vasquez 2007 Ap)
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An Outstanding Problem of
Space Plasma Physics

 How do pick up ions thermalize

» Does thermalizing turbulence create

» Pick-Up lon (PUI) physics is as

their pick up energy (where V > V1)

power law tails (Kappa
distributions) per Hasegawa?

fundamental as the auroral electron
bump-in-tail instability




