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Why do we car e about ion outflow
and It’ s spatial/temporal coherence?

 |ons contribute significantly to the rigidity of the
magnetosphere, especially in the plasma sheet and

boundary layer regions
« A significant and variable fraction of theionsin the
magnetosphere come from the ionosphere

* Travel timesfor O and He" from the ionosphere to
the plasma sheet are of the same order asthe time

between substorms
|sthere along time scale feedback from ion
outflow to magnetospheric dynamics?
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* |t has been difficult to explore the relevance of ionospheric
nlasmas to long time scale magnetospheric processes
Decause;

— Magnetospheric convection and long travel times from the

magnetosphere make it difficult to relate events in the ionosphere
with events in the plasma sheet and eguatorial magnetosphere.

— Thereisalmost no information available about the spatial
and tempor al coher ence of plasma escape from the
lonospher e

» Large scale magnetospheric models can provide a means to identify
and quantify feedback, if any, between ionospheric outflow and
geomagnetic storms and substorms.

— EXxistence of large scale coherent featuresin ion
outflow would significantly ssmplify including ion
outflow Into lar ge scale magnetospheric models.
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How coherent ision outflow?
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Hemispherical 1on Outflow Rates
as a Function of Season and Species
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Thereisvery little information about the spatial-
temporal variability of global ion outflow

Tung et al. find enhanced outflow associated with
H* conics near midnight in therecovery phase

of substorms. The observed fluxes, over

FAST Orbit 1309 limited MLT range can account
: K for asmall (<10 %) fraction of
the plasma sheet ion population
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Spatial and temporal variations of 1on outflow

o Spatial Variation

— Clearly defined maxima in outflow for Cusp/Cleft and
Midnight MLT Regions

— Suggestion (Tung et al., 2000) that the midnight MLT ion
outflow maximum iIs associated with substorms

« Temporal Variation
— Clearly resolved seasonal variation in He" outflow

— Clearly resolved variation in global outflow rates with
magnetic and solar activity captured in the DE 1 empirical
models

* No information is currently available on simultaneous spatial
and temporal variations (coherence) of ion outflow
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Questions

 |sthere any temporal coherence in ion outflow?

* Ision outflow proportional to solar wind power
Input over extensive or limited spatial scales?

— Can global ion outflow be characterized
Instantaneousdly by a single parameter ?

Therearecurrently three operating satellites
with mass spectrometers capable of monitoring

lon outflow

Akebono/SM S (1989), Polar/TIM AS(1996), and
FAST/TEAMS (1996)

Peterson et al., Paper SM51A-02, Spring AGU, 2001



Table 1: Orbit, Instrument, and Data parameters

Akebono Polar FAST
Energy 0-70 eV 15¢eV - leV -
Range 33 keV 12 keV
Altitude 275 - 2 - 400 -
Range 10,500 km 9 ReR 4000 km
Inclination 75° 90° 83°
Datainterval  8-16s 192 ¢ 5-20s
129
Data samples
Totd 916 1725 7306
Cusp* 0% 8% 31%
Polar Cap* 37% 63% 34%
Upward
o 85% 71% 48%
H' 50% 71% 16%
*Apogee
"Perigee
‘09-15 MLT

°Invl > 75° outside of cusp MLT range

Thefirst time all
three satellites were
operating during

a geomagnetic event
was In January, 1997

Wereport hereon thelack of spatial or temporal
coherence during the period January 9-12, 1997.
Coherence of 1on outflow, If it exists, must be on smaller
spatial or longer temporal scalesthan we considered
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FAST, Akebono, and Polar (note changein colors)
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We have considered:
e Sourceregions
 cusp (not Akebono)
e polar cap
e auroral zone

 Timedelay from 300 km
to observation point

e 1 10, 100 km/s

* notime delay

We have also compared
observed upward fluxes from
the fluxes predicted by the
Y au, 1988, empirical model
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lon outflow (m2s-2) vs A
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N e ‘ Plotting the datain log-
log format shows the

| B observed dependence
e s on A¢ IS consistent
D with the Yau et .
N e ) prediction, but ....they
are also consistent

, : with many other
exponents!

Why do we see more scatter .
in thisdata set when Yau et é
al. reported global coherence?

&
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The Aurora, and therefore upflowing
lons are dynamic in space and time.

 There arelarge scale features of the aurorathat are commonly seen in
long term average satellite data.

— Such as the Feldstein aurora oval and ljima and Potemrafield
aligned current patterns.

— These large scale features are not generally seen in high time
resolution data.

 Yaueta. examine average fluxesin INVL/MLT/ALT bins
accumulated over 18 month accumulation intervals Vs. 3 hr K, and 1
hr Az and D4, Indices. They found large scale features.

e Our data set used instantaneous measurements from large regions
(cusp, polar cap, auroral zone) Vs. 5 minute A¢ index. We did not
find the features reported by Yau et al.
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Conclusions:

 The data are consistent with no local correlation of 1on
outflow intensity with the global Ag parameter

 The data show that spatial and temporal variationsin
lon outflow are comparable to variationsin the
Intensity of precipitating electrons

 Thereisno quick and dirty way to include ion outflow
In large scale magnetospheric models by paramterizing
global outflow Instantaneously using asingle
parameter.

Inclusion of ion outflow effects in large scale models will require
some way to account for (parameterize) ion outflow.

— Possihilities include organizing ion outflow datain field-
aligned or boundary based coordinate systems.
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