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[Ionospheric lon outflow in the high Iatitude]

v'lonospheric ion is considered as one of the important
sources of magnetospheric plasma.

http://www.stelab.nagoy

v'A number of studies have shown that s
- nl/Newsletter40clr.pdf
the composition and the amount of
the ion outflow depend on
the solar activity, the season,
and the geomagnetic disturbance.

v'The composition is mainly
the proton and the oxygen ion.

v'However, there were no studies which showed the
storm-phase dependence of the ion outflow. 2
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"lon upflow is triggered mainly by two drivers. é\
v'Electric field enhancement (Joule heating)
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/" Dpataset )\ The IMAGE spacecraft
2000/06 — 2001/12 -Polar orbit

IMAGE/LENA *Perigee ~2000km

*Apogee 8Re http://lena.gsfc.

http://lena.gsfc.nasa.gov/ nasa.gov/

SYM-H index *lspin  120seconds _
running average The LENA Low-Energy Neutral Atom) imager

. ith 80min time window | v’A fraction of ion outflow in the magnetosphere
- re converted into ENA Energetic neutral atom
ACE/SWEPAM . v
via the charge exchange process.

(shifted to the magnetopause) ] ] _
S e~ vMomentums and kinetic energies
are not changed by the charge
exchange process.

/" We can investigate the time variation of
lon outflow In a short time scale (<1hour)
by using data acquired by IMAGE/LENA,

N which can detect ENA in a low energy. y
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*Energy range: 10eV~a few keV
*Time resolution(2D) : 120seconds (1spin period)

Mass range: 1-20amu (mainly hydrogen and oxygen)
Angular coverage:
360° (azimuth) X 90° (polar) in 45 x 12 pixels
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Target We selected 29 magnetic storms
with SYM-H min<-80nT in the
period of 2000/06-2001/12.

The main phase and the
recovery phase were defined

as the figures shown below.

We examine the statistical
signature of storm-time ion
outflow and reveal the difference
between those during the main
phase and the recovery phase.

Main phase  Recovery phase
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During storm main phase,
Sporadic ENA emission enhancements
were accompanied by the shocks.
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. Spatial distribution of the dwelling time of
Statistical StUdy the IMAGE spacecraft in SM coordinates

Position of the IMAGE spacecraft | MAGE_legth of stay 2001
1 Geocentric distance

4. 5Re-8.5Re near apogee
i GMLAT>60°

1 The IMAGE spacecraft should
stay inside the magnetosphere.

— Magnetopause model:
[Shue et al., 1998]

1 ENA counts summed over the angular
sectors covering the region of
geocentric altitude < 2Re

1 ENA counts were normalized at r=6Re
with assumption that they were
generated at r=2.2Re. [Khan et al., 2003]
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LENA count (>3count) VS. SYM-H
Different signatures can be found between two phases.

The average value of LENA counts during the recovery phase
was increased rather smoothly with decreases of the SYM-H index,
while those during the main phase showed overall increase
with some bumps and dents.

AVERAGE] 2 KConsidering the transit
i 'oc HAVERAGE] - . s . time of ENA, LENA
3 Y- . count is corresponding
25N to the SYM-H index

before 6minutes
\ )

LENA H+0 COUNT
ULENA H:O COUNT .

“ Average of SYW-H (1)~ Average of SYM-H (nT)

Main phase Recovery phase
r = -0.396 (data point 377) r =-0.474 (data point 939)




How frequently is the LENA count accompanied
by an enhancement of solar wind dynamic pressure?

Analysis
We examined the relation

between the LENA count and the enhancement of solar wind
dynamic pressure acquired by ACE/SWEPAM.

When the LENA count is larger than a given threshold level,
how much is the occurrence probability of that preceded by SW dynamic

pressure enhancements within 20min?

Definition of
an enhancement of
solar wind dynamic pressure:

/

An Increase more than 4nPa
within 128 seconds

The data are shifted to
the location of Magnetopause

Count
Enhancement

Solar Wind
Dynamic
Pressure

leas than 128 seconds




Similar analysis using the SYM-H index,
Instead of solar wind dynamic pressure

Analysis
The enhancements of SW dynamic pressure
are usually accompanied by those of the SYM-H index.

Thus, we used the SYM-H index instead of
the SW dynamic pressure in Analysis

Definition of
an enhancement of
the SYM-H index

An Increase more than 10nT
within 2 minutes




Result: The occurrence probabilities of the LENA count

accompanied by SW dynamic pressure enhancements are higher
during the main phase than those during the recovery phase.

Ratios of data with

Results of analysis a enhancement of the SW Pd
M ] h during the main phase
In [ Threshold value)
ain pnase BN (Theshold val
The dependence on All data [ECIAVA 3495
the enhancement of solar wind >3 count 15.7% 337
dynamic pressure was increased | [N
with the rise of the threshold leve!| |[ESES— 23.1% =
- 40 counts 45 5% 33
60% 80%  100%
Recovery phase i Bl
There was much weaker relation data
between the LENA count and Y 1 .50 o
solar wind dynamic pressure. 7 4% .
_ 6.3%
In analysis 9
5.8% C

we also obtained the same results.




“Comparison after removing the LENA data with"
the SW dynamic pressure enhancements

We could see a lot of LENA counts in a large amount
during the recovery phase, while there aren’t large counts

\_ during the main phase.

J

We removed the LENA data with the SW dynamic
pressure enhancements identified by previous analyses.
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the ENA emission shows high values

LStorm recovery phase }
at the beginning of the SYM-H recovery.

Rateof SYM — H recovery 1—(SYM -H)/(SYM -H min)

(SYM-H min)=(the minimum of the SYM-H index in each storm

at the late stage
of recovery

(SYM-H=0)
Color scale
INn each bin

LENA count showed high

average of LENA count Auerage __
values when the SYM-H index
was large negative and the
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rate of SYM-H recovery
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Discussionl storm main phase

Most of the large ENA counts were accompanied by

the enhancement of the SW dynamic pressure.

3

-

The ion outflow may be generated
by the compression of magnetosphere
or the substorm triggered by an interplanetary shock.
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Some previous studies have shown |
the relation between the ion outflow R

and the solar wind dynamic pressure

POLAR/TIDE
(0.3eV-50eV)

DE-1/RIMS
(a few eV-50eV)

DE-1 1981-82 data (Saln
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0.1 1.0

Kinetic pressure (nmV ) (nPa)

OH up
W H net
1000 AO" up
[ 1O net

10.0

i T o DU N e e S e e e e S B Sy S S
E 3 sel
o =
=== 10 .
- = .
= i 1 b i " |.; N
= E 1 1 | 1k &
=z 4 50k ' I -! 1 L____.-*"."
= [ b Lt
28 3 T e
F__: .'_ I.l_._. ‘_F,_,-‘I"E-l. :| 1d
& (yy=1.2x10%x)"** 5 45 L
(R=0.76, excluding (¥s) =
g
= 40
(i |
; = cR=>=104
.1 ] _1 RO == 2 6%
Pricr Hour Standard Dieviation in > o
Solar Wind Dvnamic Pressure (nPa) T
hsz= (b0
[Moore et al., 1999]
L [ . T T T
i o2 4 i

[Pollock et al., 1988]

Loag SW Dvn Pressurne [nPa]

IPOLAR/TIDE

(0.3eV-50eV)
[Elliott et al.,

2001]

15




Discussion2 storm recovery phase

During the recovery phase, the ENA emissions showed the highest value at
the beginning of recovery phase and decreased with the SYM-H recovery.

The occurrence probability of LENA counts accompanied by the sudden
increase of the SW dynamic pressure was much lower.

P

During the recovery phase, there are the particular mechanisms
which increase the density or the speed of ion outflow.

Mechanism Source of Energy

Particle precipitation from

Increase in ' : the magnetosphere
the density of The ionospheric scale

the ion outflow height becomes larger. | gjactric field enhancement
i/r\l the ionosphere

Increase in lon outflows (upflows) are Various phenomena
the speed of |further accelerated over inside or outside of the
the ion outflow |the polar or auroral region. |/ magnetosphere

=
This phenomenon will not happen
because the electric field in the ionosphere is considered to
be weaker during the recovery phase than during the main phase. L




Discussion2 Recovery phase Mode |

Particle precipitation _ I
the precipitation of ring current ions |EEEEIEREETENEE
Into the ionosphere

v'Electromagnetic ion cyclotron

(EMIC) wave causes pitch angle
scattering into the loss cone,
and the ring current ions in the loss cone

precipitate into the ionosphere.
[Walt and Voss., 2001], [Jordanova et al., 2001]

v'Through the Coulomb collision with
precipitating ring current ions,

the thermal ions in the topside ionosphere
are heated.

vlons in energy less than a few keV
have the largest effect
on the topside ionosphere.

[Ishimoto et al., 1992]

v'However, it may also happen during the main phase..
[Ishimoto et al., 1992]




Discussion2 Recovery phase

Particle precipitation
the precipitation of plasmaspheric electrons heated by
Coulomb collisions with ring current ions

v'Electrons near the expanding plasmapause are heated by the
Coulomb collisions with ring current ions. These heated electrons
precipitate into the ionosphere. Kozyra et al., 1987]

v'This mechanism is considered to be responsible for
stable auroral red (SAR) arc in the sub-auroral region.

v'Ring current ions have the strongest effect Mode 12
when their speeds are comparable to
those of plasmaspheric thermal electrons. heating of electrons

via coulomb collisions

Liemohn et al-, 2000 lon outflowl] with ring current ions

e
Eeclectron =1V

— a few keV (proton)
50keV (oxygen) precipitation of

heated electrons




Discussion2 Recovery phase

Further acceleration of Model®)
the ion outflow (upflow) over

the polar or auroral region

Wave heating
Broad-band low-frequency wave

(1Hz-10kHz)
(i.e., ion cyclotron resonant heating)

lon outflow

Parallel electric field
Kinetic Alfvén wave
Double layer above the auroral region

lon outflows (ion upflows) are further accelerated,
If the mechanisms described above

\are effective particularly during the recovery phase, ¥




Discussion2 Recovery phase
The following three models can be proposed
to explain the observations during the recovery phase.
Increase In the density of ion outflow

Model the precipitation of ring current ions scattered
to the loss cone by EMIC waves.

Model  the precipitation of plasmaspheric electrons heated
by the Coulomb collisions with ring current ions.

Increase In the speed of ion outflow

Model :the further acceleration of ion outflows
over the polar or auroral region.

Mode (1) Mode | (2

lon owtflow

IFEGIDITa ,i._-|'| |_|f
wated electrons




Conclusions

1 During the storm main phase, most of ENA emissions from
the Earth direction are accompanied by enhancements of
the SW dynamic pressure.

1 During the recovery phase, the occurrence probability of
LENA counts accompanied by enhancements of the SW
dynamic pressure was much lower, in contrast to the main
phase.

1 ENA emissions in a large amount are frequently observed
at the beginning of the storm recovery phase.

1 The main mechanism responsible for the ion outflow during
the magnetic storms can be totally different between during
the main phase and during the recovery phase.
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