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A B ST RA CT . Theaurorais powered by a downward flux of electromagnetic

energy that also heats the ionosphere, generates many kinds of plasma waves, as well as
accelerates electrons and ions. The amount of the incoming energy that is transferred into
the kinetic energy of escaping ionospheric ionsisrelatively small. Energy istransferred to
lons in two ways: Perpendicular to the local magnetic field by interactions with plasma
waves, and Parallel to the local magnetic field by electrostatic acceleration process and
the magnetic mirror force. Seasonal modulation of ions and electrons energized parallel to
the local magnetic field in the evening auroral zone have been reported by severd
observers. We report here an investigation into the relative occurrence of ion beams (i.e.
ions flowing upward and parallel to the local magnetic field) and ion conics (i.e. ions
flowing upward but with asignificant pitch angle). Our observations are from three years
of datafrom the Polar/TIMAS energetic mass spectrometer. Data obtained near perigee
(6,000-8,000km altitude) were analyzed in the energy range from 15 eV/eto 33 keV/e.
We find that the seasonal variation in outflowing ion beams is complemented by an
opposite phase seasonal variation inion conics. The net result isthat the upflowing flux
carried by the sum of beams and conics is independent of season.

This suggests

1. That a constant fraction of theincoming auroral energy istransferred to
lonsin the form of beams and conics and

2: That the flux of out flowing ionsin the energy range sampled isindependent
of season.



The auroraisthe
source of
outflowing ions

What arethe
Drocesses in
and above

the aurora

that extract and
energize ions?




lonospheric
process below
~500 km impart
energies ~1 eV

| Energiesof 10 eV are
S required for Oxygento escape

Energies of 1-10 keV upward
flowing ions are often
observed above ~ 1 RE
(6000 km) altitude.




lon Beamn
Hybrid Conic \
S Xg
’ 7
f’f .-
E'V “
l‘éy‘

Transverse
Heating

Potential Structure

N lon Feeder

W Ferp, ¥

Beam resolved by Polar/TIMAS

Energy Is added by plasma
processes to escaping
thermal 1ons

Parallel to the local magnetic
field forming ion beams

Perpendicular to the local
magnetic field forming
i On Conl CS I(')I+ 15:01:51 May 5, 1997 |

YsxB B BT

V Parllg, 2

Conicresolved by Polar/TIMAS



Thereisawel documented seasonal variation
IN the occurrence of 10N beams [collin et a. GRL, 1998]

Beam Event Occurrence %

12 MLT
12 MLT

Polar/TIMAS observations at ~ 1 R atitude
What isthe corresponding variation in ion conics?

What does this new information tell us about ion extraction
from the ionosphere and transport to the magnetosphere?



rorpengeeears — Polar/ TIMAS observations of
' the outflowing fluX (not event

occurrence frequency) of ion
beams and conics by species
and season

March ‘96 - October ‘98

550 < INVL < 90°

6,000 < Altitude < 8,000 km

15eV <E/q< 33 keV
6 month sampleintervals

Therelatively small variations
IN successive summer and
winter data are the result of
solar and geomagnetic
variations
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Flow In units of Fraction (per cent)

23 -
season Mmass 10 lons/s of Fluence
Beam Conic Beam or Fluence| Beam Conic Beam or

Conic Conic
Summer H* 3.3 5.9 9.1 194 17.0 304 46.7
o 4.1 13.3 17.2 29 14.0 45.8 59.1
He" 0.16 0.25 0.4 3.7 4.3 6.7 11.0
Winter H* 6.8 4.9 11.4 23.1 29.4 21.1 49.3
o" 6.2 7.8 13.9 30.4 20.3 25.8 45.6
He* 2.1 1.3 3.3 8.5 24.7 15.0 39.0

We expect more O* outflow In summer.

The average solar and magnetic activities during the summer and
winter accumulations were different.

We make afirst order normalization of the data base using

relations derived independently by Yau and Collin from
DE -1 energetic ion mass spectrometer data.

The correction isin theright direction!, but relatively small.



Emperical relationships for Global 1on Outflow
can be used to normalize the Polar data set to
standard solar and geomagnetic condiditions

Fo+ = 8.5 x 1023 exp[0.013 F,, ] exp[0.54 Kp],
F.+ = 1.0 x 10% exp[0.23 Kp],
F..+ = 1.3x 102 exp[0.012 F,, -] exp[0.29 Kp]

These emperical relations for ion outflow were derived from the two
Independent analyses of DE 1 databy Yau et a. [1988] and Collin
et al. [1989]. They relate the expected hemispherical outflow of
suprathermal ionsin units of sto the geomagnetic state parameters
Fo- (the 10.7 cm solar radio flux index) and Kp (the three hourly

global index of geomagnetic activity)



Normalization Procedure

Jn(invl,mlt,mass,season) =Jo(invl,mlt,mass,season) x
exp[ Kpe(mass) x (Kpave - <Kg(invl,mlt,season)>) | x
exp[ Fyg7e(mass) X (Fygzave - <Fyo/(invl,mit,season)> |

Where:
Jo and Jn are the measured and normalized fluxes
Kpav = 2 and F, ;5 e = 87 are the average values of these indices
over the full range of time and position sampled
<Kg(invl,mlt,season)> and <F,,/(invl,mlt,season)> are the average
values over the more limited region of space and time
Kpe @nd F - @re mass dependent constants derived from ~10 years of
DE -1 ion outflow data by Y au and Collin (peterson et al., JGR 2001]
H® O He'
Kee | 0.23 0.54 0.29
Fio7¢ | 0.00 0.13 0.12
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(15ev - 33 keV)



Normalized Summer/Winter Ratios

Beam Conic Bm or Cn Fluence
H" | 049 1.26 0.81 0.84
o" | 0.79 2.07 1.5 1.13
He® | 0.09 0.22 0.12 0.5

e Seasonal variationsin O and Het outflow have been
reported and are consistent with:
— Seasonal variationsin Solar illumination in the case of O

— The strong summer/winter variation of ionospheric density in
the case of He"

* Repeatable Seasonal variationsin global H*
outflow have not previously been reported,
but are consistent with modulation of the H*
escape rate by charge exchange with O*



Nor malized global outflow in units of 1023 jons/s

Mass Beam Conic Bm or Cn Fluence

Summer| H 3.3 5.9 9.1 19.5
O+ 4.4 14.1 18.3 31.2

H" "+ 0" 7.7 20 27.4  40.7
He" 0.17 0.26 0.4 3.9

Winter | H" 6.7 4.7 11.2 23.1
o} 5.6 6.8 12.2 27.7
H"+0" 12.3 115 234 40.8
He" 2 1.2 3.3 7.8

 Theseasonal variationsof H* and O*
normalized global outflow are out of
phase and approximately cancel each
other



What do the strong seasonal variations in the
relative escaping flux of H* and O* 1on beams
and 1on conics tell us?

Beam ConicBm or Cn
H" 049 1.3 0.81
O [|0.79 2.1 1.5
He" | 0.09 0.2 0.12

A larger fraction of upflowing H* and O* ion flux Is
carried by Beams in the Summer, and Conicsin the
Winter and

We also find a systematic relationship between
the magnitudes of these variations.



Unexpected relationship between the summer
and winter flux of 1on beams and conics found
IN the Polar/ TIMAS data set

We define the ratio of ratios of outflowing fluxes of beams and conics:

Ratio = (summer beam/winter beam)/ (summer conic/winter conic)

ThisRatio Is mass independent!

H* 0.39
O" 0.38
He" 0.39

This means, for all species:
Summer bean intensity ~0.4 x winter beam intensity x
(sm/wn conic ratio)



e Collin et d. found the freguency of occurrence

of summer beamsin alimited mit invl region was
about 30% that of the winter beams.

* \Wereport here ageneral relation for the escaping
lon flux of all ionospheric species for both beams
and conics that appliesto global outflow

e Therelationship does not apply to limited mit and
invl regions.



Conclusions

The seasonal variations of H* and O* outflow ar e out
of phase and approximately cancel each other.

Thenormalized global flux of out flowing major ions
In the energy range sampled isindependent of season.

Normalized H* and O* escape fluxes ar e always flux
limited

The systematic seasonal variation of outflowing fluxes
associated with 1on beams and conicsreflectsthe
variation of processes acting on theionospheric

sour ce

Extraction and Energization (above ~10eV) of
lonospheric ions are physically separate processes.



