lonosphere/Thermosphere/
Plasmasphere

Shigeto Watanabe
Hokkaido University



HINODE/XRT EUV: Extreme UltraViolet
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Absorption of Solar Radiation
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Photoionization by EUV
O+hi = 0" +e

O,+hi =0] +e
N, +hi = N +e

He+ hi — He" +¢

Radiative Recombination
O"+e—=0+hi

He® +e — He+ hi

H +e—=H+h

Electron-lon Recombination
NO"+e—=N+0O

O, +e—=0+0
NJ+e—=N+N

lon-Molecule Reactions
O"+N, = NO"+N
O"+0,—=>0+0;
O; +NO —= 0, +NO"
N;+O—=NO"+N
NJ+0, =N, +0;
H"+O—=H+0O"
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*Coupling between Atmosphere and Plasma is important for
the dynamics and photochemistry in the ionosphere/thermosphere.
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Planetary lonospheres
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The Earth’s plasmasphere is a torus of
cold (~1eV) and dense (~103cm-3) plasma
in the region of the inner
magnetosphere.

H* is the principal ion.with ~20% He"*........

plasmapause IMAGE He+ (30.4 nm)



=~ corotates with
—— the Earth.

Solar wind

-~ Magnetospheric

‘ convection
N

Magnetopause

Plasmaspheric erosion (plasma tail) is the result of
enhanced magnetospheric convection.




Corcuff et al., 1972
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Plasmapause

Carpenter and Park, 1973
L, =57-047K,

The location of the
plasmapause
depends on the
magnetospheric
disturbance.

Wave-like irregularity
in the plasmapause
results from transient,
localized processes
associated with
substorms.

Plasma is supplied
continuously from
ionosphere.
(Refilling)



Momentum Equation for lon and Electron

v,
P; o + P, (V//z “V,N,i==-V,p,+enk, -pg, —pv, (V//i - V//e)
Charge Neutrality ¥ Ambipolar Electric Field
V,p
m, <<m,, E, = -/
en,
P, Y +p(V// V//)V// V,p-p8, p=p; tp,

Force along Open Magnetic Field Line
or Closed Magnetic Field Line during Refilling.

*Pressure Gradient
Ambipolar Electric Field €



Boun

dary Condition: H+ density at 3000km altitude.
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w

Axford [1968] pointed out that the lighter ions must escape
from the earth by the flux of escaping photo-electrons with
energies greater than 2.4 eV, and suggested the ion escape
speed of ~10 km/sec.

This phenomenon is called ‘Polar Wind’.

The polar wind is important as a source of magnetospheric
plasma [Shelley et al., 1982; Moore et al., 1986; Chappell et
al., 1987].

Tail of the

Magnetopause Magnetosphere

s e S S e e

H+, He+ flow

A

Banks, 1972




Thermal lon Outflow
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Fig. 4. Parallel ion velocity of the polar wind in the dayside (06-18 MLT)
as a function of altitude, averaged over all Kp levels and all invariant
latitudes above 80°. See Figure 3 caption for explanation.
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invariant latitudes above 80". See Figure 3 caption for explanation.

Akebono/SMS

all ionospheric ions are flowing to Magnetosphere.



ANDRE ET AL.: ANDRE ET AL.: AURORAL ION ENERGIZATION
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Figure 1. Freja data from orbit 5972 (January 1, 1994) where the satellite passed an ion heating
region near midnight (event 1). Panel 1 and 2 show the count rates of Ot and H*, while panel
3 displays the corresponding pitch angles. Panel 4 displays count rates of downgoing electrons.
Panel 5 shows the electric field spectral density up to about 10 kHz, while panel 6 displays a
time series of the perpendicular electric field. Panel 7 shows the magnetic field spectral density
up to 60 Hz, while panel 8 displays a time series of the magnetic field. Panel 9 shows an estimate
of the density. Panel 10 displays magnetic perturbations in the geographic northward (solid)
and eastward (dashed) directions. Panel 11 contains the field-aligned current intensity calculated
using the magnetic perturbations shown in Panel 10. A positive field-aligned intensity represents
an upward current. Transversely heated O ions can be seen in panel 1 between 0433:30 and
0433:50 UT and also between 0435:20 and 0436:30 UT. There is a good correlation between waves
in panels 5 and 7 and ion energization in panel 1, as is further discussed in the text. See also
Figures 2 and 3.
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In Cusp/Aurora regions,
ions are heated perpendicular
to the local magnetic field line.

This is called TAI.
(Transversely Accelerated lon)

There is good correlation
between TAIl and
Electric/Magnetic field
variations.

(Low frequency waves)

Freja



Transversely Accelerated lon
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Outflow and Plasma wave

Akebono (EXOS-D)
Kasahara et al., 2000

Broadband Noise

12

(a) Kp< 2+ (b) 3— < Ko< 4+ (e) 5- < K,
Plate 6. (a-c) Kp dependence of the broadband noise at 5 Hz.
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@Acceleration by Cyclotron Resonance

lon Motion
av oB GMm . lon B
m =-U——-—7—5
dt s v
Lorentz force
Magnetic Moment (conserved)
- mvy,
H= 2B, < Waves
E
lon Energy <
d {1 1 1
—| =mv, + uB+GMm| —-—|[=0
ds | 2 vy F
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Correlation between Transversely Accelerated lon and
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Loss (ton/day)

F10.7

400
300

200 §

100

QNP O

‘ u.dld;“ﬂhj.h“l _.lLﬂ_JJ.d“l_xlu 10wl I I Tt IO T LIL.IJ huJ.lmu
990 1991 1992 1993 1994 1995 19946 1997 1988 1999 2000 2001 2002 2003 2004
Year

Total Oxygen Mass in Thermosphere

M, = dmr’mn, H = 3x10’ ton



1. KBTS XTHGRELTHOER R
2. BB E B E E
3. TS5 XARARTE



@®Heating
Dissociation
O,+hv—=0+0, N,+hv—=N+N, ...
Dissociative ionization
N,+hv—=N"+N+e, ...
lonization
O + hv(30.4nm) — O* + e + 276V, ...
Excitation
O+hv—0, ...
Excitation by Auroral Particle, Joule Heating

@®Heat Loss
Radiation cooling
NO, CO2
Molecular heating conduction
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Large Scale Travelling lonospheric Disturbances (LSTIDs)
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Jicomarca Vertical Backscatter at 3 meters
March 21, 1979
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Fig. 4.1. Range-time—intensity map displaying the backscatter power at 3-m wavelengths mea-
sured at Jicamarca, Peru. The gray scale is decibels above the thermal noise level. [After Kelley et
al. (1981). Reproduced with permission of the American Geophysical Union.]
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During Magnetic Storm

Plasma Outflow

fj //Particle Precipitation, Heat Flow
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The Earth’s Nighttime Equatorial
Anomaly Crests as Seen in 1356 A
Light - Photographed from the Moon
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density perturbations
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/ Evanescent Waves
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Fig. 4.23 The acoustic, evanescent, and gravity regimes of acoustic-gravity waves. The dashed
lines show the effect of neglecting gravity and compressibility respectively. (After J. C.
Gille, in Winds and Turbulence in Stratosphere, Mesosphere and Ionosphere, (ed.
Rawer). North-Holland, 1968. Elsevier Science Publishers)
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March 29 - April 1, 2001 Aurora
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Disturbance Main Phase

EUV Plasmapause Locations 26, 27 June 2001
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Recovery Phase

EUV Plasmapause Locations 27 June 2001
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Plasmaspheric Ion Composition Profiles
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Definition of Terms

Crenulations

Channel
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