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Relationship of topside ionospheric ion outflows to auroral 
forms and precipitation, plasma waves, and convection 
observed by Polar 

M. Hirahara, 1'2'3'4 J. L. Horwitz, 1 T. E. Moore, 2,5 G. A. Germany, 1 J. E Spann, 2 
W. K. Peterson, 6 E.G. Shelley, 6 M. O. Chandler, 2 B. L. Giles, 2 P. D. Craven, 2 
C. J. Pollock, 7 D. A. Gurnett, • J. S. Pickett, • A.M. Persoon, • J. D. Scudder, • 
N. C. Maynard, 9 F. S. Mozer, lø M. J. Brittnacher, TM and T. Nagai 12 

Abstract. The POLAR satellite often observes upflowing ionospheric ions (UFIs) in and 
near the auroral oval on southern perigee (•5000 km altitude) passes. We present the 
UFI features observed by the thermal ion dynamics experiment (TIDE) and the toroidal 
imaging mass angle spectrograph (TIMAS) in the dusk-dawn sector under two different 
geomagnetic activity conditions in order to elicit their relationships with auroral forms, 
wave emissions, and convection pattern from additional POLAR instruments. During 
the active interval, the ultraviolet imager (UVI) observed a bright discrete aurora on the 
duskside after the substorm onset and then observed a small isolated aurora form and 

diffuse auroras on the dawnside during the recovery phase. The UFIs showed clear 
conic distributions when the plasma wave instrument (PWI) detected strong broadband 
wave emissions below • 10 kHz, while no significant auroral activities were observed 
by UVI. At higher latitudes, the low-energy'UFI conics gradually changed to the polar 
wind component with decreasing intensity of the broadband emissions. V-shaped auroral 
kilometric radiation (AKR) signatures observed above •200 kHz by PWI coincided with 
the region where the discrete aurora and the UFI beams were detected. The latitude of these 
features was lower than that of the UFI conics. During the observations of the UFI beams 
and conics, the lower-frequency fluctuations observed by the electric field instrument were 
also enhanced, and the convection directions exhibited large fluctuations. It is evident that 
large electrostatic potential drops produced the precipitating electrons and discrete auroras, 
the UFI beams, and the AKR, which is also supported by the energetic plasma data from 
HYDRA. Since the intense broadband emissions were also observed with the UFIs, the 
ionospheric ions could be energized transversely before or during the parallel acceleration 
due to the potential drops. 

1. Introduction 

Over the past 2 decades, a number of observational surveys 
have demonstrated that the ionosphere is a significant plasma 
source for the Earth's magnetosphere [e.g., Ghielmetti et al., 
1979; Johnson, 1979; Balsiger et al., 1980; Horwitz, 1982; 

Shelley et al., 1982; Waite et al., 1985; Moore et al., 1985; 
Chappell et al., 1987; Pollock et al., 1990]. The accelera- 
tion processes injecting ionospheric ions into the magneto- 
sphere include auroral parallel electrostatic potential drops, 
wave-particle interactions, and ambipolar electric fields [e.g., 
Hultqvist et al., 1988; Chang et al., 1986; Andrd et al., 1990; 
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Crew et al., 1990; Hultqvist, 1996; Banks and Holzer, 1968; 
Nagai et al., 1984; Lockwood et al., 1985; Chandler et al., 
1991; Abe et al., 1993a, b]. These processes lead to es- 
caping ion flows observed by polar-orbiting satellites and 
sounding rockets which may be classified as field-aligned 
upward flowing ion (UFI) beams, transversely accelerated 
ions (TAIs) and/or UFI conics, and the polar wind. 

It has been demonstrated that the ejected flux of the out- 
flowing ionospheric ions energized by the auroral processes 
increases during active periods [e.g., Yau et al., 1984, 1985; 
Kondo et al., 1990]. Corresponding enhancements of iono- 
spheric ion content have been found in the magnetotail, and 
the clear correlations of the heavy ion flux and density with 
the geomagnetic activity have been revealed by many works 
[e.g., Peterson et al., 1981; Sharp et al., 1981, 1982; Young 
et al., 1982; Lennartsson et al., 1985]. 

Polar-orbiting satellite data have also revealed detailed 
characteristics and processes, forming discrete electron pre- 
cipitation accelerated by parallel electrostatic potential drops 
[e.g., Frank and Ackerson, 1971; Bosqued et al., 1986]. 
The ionospheric ions are evidently accelerated upward in 
the field-aligned direction by the same potential drops [e.g., 
Coilin et al., 1981; Reiff et al., 1988; Lundin and Hultqvist, 
1989; Lu et al., 1992]. 

The process(es) generating the TAIs and the UFI conics 
have also been investigated intensively from both theoretical 
and observational perspectives. Simultaneous observations 
of UFIs or TAIs and enhanced low-frequency plasma waves, 
suggesting a relationship, were reported by a number of au- 
thors [e.g., Kintner and Gorney, 1984; Moore et al., 1986; 
Kintner et al., 1989; Andrd et al., 1987, 1988; Peterson et al., 
1988; Chen et al., 1990; Erlandson et al., 1994; Norqvist et 
al., 1996; Kintner et al., 1996]. Liu et al. [1994a] proposed 
that field-aligned currents are associated with low-energy 
conics, but not with low-energy beams. Also, Liu et al. 
[1994b] showed a correlation of UFI signatures with con- 
vection reversals on the basis of the DE 1 observations on 

the nightside and suggested that the convection reversal it- 
self could provide a free energy source for the perpendicular 
heating of the UFI conics. Moore et al. [1996] recently 
presented sounding rocket observations of low-energy ions 
and electric fields to examine the perpendicular energization 
of O + in an auroral arc. These studies have indicated that 

the perpendicular energization of the ionospheric ions is as- 
sociated with the wave activity, field-aligned currents, and 
plasma convection features. The fine-scale correlations of 
the UFI conics with some of the features described above 

were examined in some of the previous works. However, 
more comprehensive results are needed to examine general 
relationships of the conics to the auroral environment. 

It is important to also investigate the relationships of UFIs 
to characteristics of nearby auroral forms. The global fea- 
tures of auroral forms, such as brightness, type (diffuse or 
discrete), and spatial distribution, vary drastically according 
to geomagnetic activity level [e.g., Akasoku, 1963, 1964; 
Craven and Frank, 1985, 1987; Elphinstone and Hearn, 
1992, 1993, and references therein]. Recently, Elphinstone 
et al. [1995a] and Henderson et al. [1996] investigated the 
detailed global auroral features on the basis of Viking im- 
age data. From the viewpoint of the global supply processes 

of the ionospheric ions from the auroral and polar regions 
into the magnetosphere, the relationships of the UFI conics 
and beams, and the polar wind, to the auroral forms and 
the associated parallel electrostatic potential drop should be 
examined further using comprehensive spacecraft observa- 
tions. 

On the basis of measurements of energetic and thermal 
plasma, auroral images, and wave emissions, Horwitz et al. 
[ 1992] showed the comprehensive observations made by DE 
1 to discuss the outflowing O + components in the polar cap 
magnetosphere. Yamamoto et al. [1993] studied auroral 
images, plasma features, and electric and magnetic field data 
observed by Akebono in the nightside auroral region during 
active times. They demonstrated that the conic signatures 
were located in higher latitudes than the bright emissions 
from the discrete auroras. In their results, the inverted-V 
electrons carrying the majority of the upward field-aligned 
currents were coincident with the discrete auroras and the 

convection reversal, and the UFI beams were often observed 
with the inverted-V electrons. These charged particles were 
concluded to have been accelerated by the parallel potential 
drops above and below the satellite, while neither high- nor 
low-frequency wave activity was evident. In the Akebono 
results, the convection reversal is colocated with the bright 
auroral forms associated with the inverted V structures of 
electrons and ions. 

Recently, detailed examinations of auroral structures for 
the late stages of substorms were shown by Elphinstone et 
al. [1995b, c]. The ion energy spectra and the auroral 
images indicated that some signatures of the UFI conics at 
the poleward edge of the auroral oval existed together with 
the most poleward discrete aurora arc in the nightside sector 
of 2100-0300 MLT. They also concluded that the inverted- 
V events occurred in the main UV oval at lower latitudes 
than the discrete aurora. The convection reversal observed 

on the dawnside did not coincide with the discrete auroras, 
which differs from the premidnight observations reported by 
Yamamoto et al. [ 1993]. The image data used in these studies 
were useful for examining the global distributions of aurora. 
However, further investigations are needed to establish more 
definite relations between UFIs and auroral features which 

drastically vary in space and time. 
Moreover, it is well known that the high-frequency elec- 

tromagnetic plasma wave emissions are related to discrete 
electron precipitation events and auroral arcs. Benson and 
Calvert [ 1979] and Green et al. [ 1979] reported the correla- 
tion of auroral kilometric radiation (AKR) with the inverted- 
V electrons, rather than with plasma sheet electrons. The 
relation between the AKR and the highly structured precipi- 
tating electrons accelerated by parallel electrostatic potential 
drop was also confirmed on the basis of the ISIS 1 and Viking 
data in greater detail [Benson et al., 1980; Ungstrup et al., 
1990]. Menietti et al. [1993] presented fine structure re- 
lationships seen in the AKR and plasma observations with 
DE 1 data. Huff et al. [1988], on the other hand, studied 
the correlation of the AKR signatures with auroral formation 
and demonstrated a strong correlation between the location 
of the AKR source regions and the regions of bright auroral 
optical emissions. 

Although each of these studies is important to discuss the 
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Plate 1. Chromograms for low-energy H + and O + ions observed by TIDE on the (a) duskside and 
(b) dawnside southern perigee pass on July 25, 1996: PES chromograms showing energy-time (E-t) 
spectrograms consisting of energy-polar angle bins and PSE chromograms showing variations of the 
angular distributions. The scales of the ion energy and flux are logarithmic. See the text about the 
chromogram format. At the bottom of the chromograms, universal time (UT, in hours and minutes), 
magnetic local time (MLT, in hours), invariant latitude (ILAT, in degrees), magnetic latitude (MLAT, in 
degrees), and geocentric altitude (ALT., in kilometers) of POLAR are shown. The red and blue underlines 
near the abscissas indicate the intervals of the UFI beam (red) and conic (blue) signatures. The velocity 
distributions during the intervals indicated by downward arrows at the top are shown in Plates 2 and 5. 

ionospheric supply process(es) which might be related to the 
other phenomena, there have been few studies comprehen- 
dvely reporting the relation of the low-energy upflowing ions 
(UFIs) with both auroral and plasma wave emissions on the 
basis of the simultaneous observations by instruments with 
high sensitivity and time/spatial resolution. In particular, 
there have been few plasma instruments capable of measur- 
ing thermal and suprathermal ions with high time resolution 
and fully three-dimensional angular coverage. The recently 
launched POLAR mission achieves high-quality ion mea- 
surements with newly developed technique for the study of 
upgoing ionospheric ions. POLAR also produces images 

of auroral emissions with high-time resolution and high- 
performance filters in ultraviolet, visible, and X. ray wave- 
lengths. This paper is devoted to the examination of the UFI 
signatures and their relationships to fine-scale auroral fea- 
tures, wave emissions, and convection patterns on the basis 
of observations by the POLAR satellite. 

2. Instrumentation and Data Display 
In this paper, we will present comprehensive plasma, field, 

and auroral imaging observations during two intervals ob- 
tained by several instruments on the POLAR satellite within 
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Plate 2. Velocity distribution functions of the low-energy H + and O + conics and beams observed by 
TIDE and TIMAS on the duskside. The plane of the two-dimensional cuts of the distributions contains 
the magnetic field. 

the southern hemisphere near the perigee (~5000 km). The 
focus is on low-energy ions measured by the Thermal Ion 
Dynamics Experiment (TIDE [Moore et al., 1995]) which 
has seven identical sensors, each of which consists of two 
segments: an energy analyzer using an electrostatic mirror 
and a retarding potential analyzer, and a mass spectrometer 
employing a time-of-flight technique. By the combination of 
the wide polar angle (157.5 ø ) covered by the seven channels 
and the satellite spin angle divided into 32 sectors, the instru- 
ment measures fully three-dimensional velocity distributions 
of major ion species (H + , He 2+ , He +, O + , and some molec- 
ular ions) in the magnetosphere with good angular resolution 
(11.25øx22.5ø). The energy range f•r this study is 0.1-300 
eV, which is divided into 16 steps on a logarithmic scale, 
although the full energy coverage is 0.1-450 eV/q. The time 
resolution is 6 s, which is the spin period. 

We present the TIDE data here through several versions of 
a new data display format, "chromograms." The horizontal 
axis of each chromogram is observation time (UT; univer- 
sal time in hours and minutes). The "PES" (polar angle in 
abscissa, energy in ordinate, spin angle in color code) chro- 
mogram, as seen at the top of Plate 1, shows the polar angle 
and energy distributions of the ion flux in the horizontal and 

the vertical axes, respectively, in each bin separated by white 
tick marks. The flux range is from 103 to 106 eV/(s sr cm 2 
eV), as indicated by a vertical brightness bar on the right 
hand of the chromograms. The spin angle information is 
color coded, as shown by a color wheel on the left hand of 
the PES chromograms. 

The "PSE" (polar angle in abscissa, spin angle in ordinate, 
energy in color code) chromogram shows the time variation 
of the polar and spin angles, expressing energy and ion flux 
with a color code on the left hand and a brightness level on 
the right hand, respectively. It should be noted that lower- 
energy (0.1-3 eV/q) and higher-energy (30-300 eV/q) ions 
are depicted with red and blue, respectively. Yellow plus and 
minus symbols in each bin show the magnetically parallel 
and antiparallel directions, respectively, and cross symbols 
indicate the direction of the satellite ram motion. 

Typical UFI conics would show relatively wide spreads 
in the energy and angular axes in PES chromograms and 
large circular distributions with a hole at the center around 
yellow plus marks in PSE chromograms, and UFI beams 
should be seen as thin and short stripes in a narrow energy 
range in the PES chromograms and as small closed dots at 
yellow plus marks in the PSE chromograms. Low-energy 
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Plate 3. Five successive auroral images observed on the 
(a) duskside and (b) dawnside by UVI on July 25, 1996. 
The exposure time and the type of filter used then are given 
below each image. The values of MLT and MLAT are also 
shown near the rim of each image. A cross mark in each of 
images indicates the footpoint of satellite at the start time of 
exposure. 

polar wind component would be measured near the satellite 
ram direction (yellow cross marks) due to the fast satellite 

color variation from blue to red indicates that the energy of 
the upgoing low-energy ionospheric ions changed from ,,,50 
to ,•3 eV/q, corresponding to a change from conics to polar 
wind. The precipitating energetic ions with isotropic pitch 
angle distributions are shown with gray or white in the PES 
chromograms. 

It is also important to compare the thermal ion data from 
TIDE with higher-energy ion composition measurement by 
the Toroidal Imaging Mass Angle Spectrograph (TIMAS 
[Shelley et al., 1995]). For the TIMAS data used in this pa- 
per, the energy range of the fully three-dimensional energy 
spectra ofH + and O + are 15 eV/q to 22 keV/q divided into 28 
logarithmically spaced steps separated into two interleaving 
groups of 14 steps, although the full energy coverage is 15 
eV/q to 33 keV/q. The two groups are sampled on successive 
spins. The intrinsic angular resolution is 11.25øx 11.25 ø. 
The limited telemetry band width requires onboard process- 
ing into data products that are averaged over different regions 
of the mass-energy-angle space covered by the instrument. 
Data from the medium resolution distribution with 6 s, 14 en- 
ergy steps, and 22 x 22 degree resolution are presented here. 
The high-energy ion and electron data are provided from 
the HYDRA experiment [Scudder et al., 1995]. The energy 
range of the ion and electron data shown here is ,,,20 eV/q 
to ,,,,20 keV/q. TIMAS and HYDRA cover full pitch angle 
ranges by the wide field of views and the spin motion as well 
as TIDE. We present velocity distribution contour plots from 
TIMAS in addition to the omnidirectional E-t spcctrograms 
from TIMAS and HYDRA. 

The UltraViolet Imager (UVI [Tort et al., 1995]) consists 
of five filters including a solar spectral filter, three mirrors, 
and a CCD system. UV1 can detect auroral emissions of the 
wavelength from 130 to 170 nm with four wavelength range•. 
The time resolution is 37 s, and the field ofview and the angu- 
lar resolution are a circular 8 ø and 0.03 ø, respectively. From 
the low-altitude p•ss near perigee, UVI provides images with 
spatial resolution sufficient tc invcsligate fine auroral struc- 
tures, although the area sampled in each image is somewhat 
restricted. The global coverage and spatial resolution are ap- 
proximately 980x963 km 2 and 4.9x4.3 km 2, respectively, 
at the altitude of I R•. 

The wave activities associated with some auroral phenom- 
ena seen in the TIDE and UVI data were obtained by the 
Plasma Wave Investigation (PWI [Gurnett et al., 1995]). We 
study the spectra observed by the sweep frequency receiver 
(SFR) and the multichannel analyzer (MCA), which are con- 
nected to a short (14 m), two-sphere electric antenna (E•) 
aligned along the spacecraft spin axis and a magnetic loop an- 
tenna with its axis oriented in the spacecraft spin plane. The 
frequency ranges of SFR are divided to five bands: 0.026- 
0.2, 0.2-1.6, 1.7-12.6, 13-100, 100-808 kHz. The time reso- 
lutions of SFR is 32 s/spectra in the logarithmic mode. The 
frequency range and resolution of MCA are 5.6 Hz to 311 
kHz and 20 channels on a logarithmic scale, respectively, for 
electric field measurements, and the time resolution is 1.3 

speed near the perigee and should be plotted with red (low ß s/spectra. The frequency range of the MCA data presented 
energy) in the PSE chromograms. in this paper is 5.6 - 100 kHz. 

In the case of Plate l a, the upward direction along the The data frommthe Electric Field Instrument (EFI [Har- 
magnetic field changed roughly from 150 ø to 200 ø of the vey et al., 1995]) on POLAR is useful for examining the 
spin angle, as seen in the PSE chromogram at the bottom. A plasma convection pattern and low-frequency fluctuations in 
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Plate 4. Simultaneous observations by PWI (top panel) and TIMAS (bottom two panels: H + and O +) on 
July 25, 1996. The PWI panel shows a frequency-time (f-t) spectrogram of the electric iield component 
observed by PWI-SFR. The ordinate shows the wave frequency (hertz) on logarithmic scale. The TIMAS 
data are energy-time (E-t) spectrograms. The ordinates are ion energies (keV/q) on logarithmic scale. 
The intensity of the wave emissions and the fluxes of ions are expressed in logarithmic scales, as shown 
in the color codes on the right hand of the spectrograms. The red and blue underlines near the abscissas 
are correspondent to the underlines in Plate 1, indicating the UFI beams (red) and conics (blue). The 
intervals indicated by two horizontal lines with arrows at the bottom are the same with those of the TIDE 
chromograms in Plate 1. The velocity distributions during the intervals indicated by upward arrows are 
shown in Plates 2 and 5. The orbital information is also displayed similarly to that of Plate 1. 
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Figure 1. Pi 2 pulsation data during 1800-2000 UT around the POLAR observations on July 25, 1996, 
obtained in Japanese ground magnetometer station, Kakioka (KAK). The first onset signature is seen at 
1847 UT, followed by second enhancement of the pulsation around 1907 UT when POLAR was in the 
high-latitude polar cap. During the POLAR crossing in the dawnside auroral oval, some small-amplitude 
pulsations were observed. 

the electric field. We present the dc component and high- 
time resolution data of electric fields measured by a short 
(14 m) and two long (100 and 130 m) sphere anntenas. We 
also consider the features of the low-frequency electric field 
fluctuations observed by EFI. 

The Pi 2 pulsation data from a ground magnetometer in the 
Kakioka station are shown to indicate ongoing geomagnetic 
activity. The key parameter data measured by the Magnetic 
Field Instrument (MFI [Lepping et al., 1995]) and the Solar 
Wind Experiment (SWE [Ogilvie et al., 1995]) on the Wind 
satellite are briefly described to indicate the IMF conditions 
before and during the POLAR observations presented here. 

3. Observations 

3.1. July 25, 1996, 1850-1930 UT: A Geomagnetically 
Active Interval 

The POLAR data on July 25, 1996, provide us with a 
unique opportunity to investigate the detailed features of the 
upflowing ionospheric ions and their relationship with the 
auroral activities, wave emissions, and convection observed 
in and near the duskside and the dawnside auroral oval near 

the perigee in the southern hemisphere during a geomagnet- 
ically active interval. The IMF Bz component was negative 
(•-4 nT), and the solar wind speed was approximately 385 
km/s until •1830 UT, according to the Wind observations 
upstream of • 187/i• from the Earth. Although the geomag- 
netic condition does not seem active (Kp=2+ during 1800- 
2100 UT), the Kakioka ground geomagnetic station located 
at the postmidnight sector (MLT=0300-0500) observed clear 
Pi 2 pulsations enhanced because of two successive substorm 
onsets during the POLAR observations, as plotted in Figure 
1. Injections of high-energy (~ 1 MeV) electrons were also 
seen in the geosynchronous satellite (GMS 4) data, although 
the enhancement of the flux was only by a factor of 2. 

Plate 1 shows two sets of PES (top two panels) and PSE 
(bottom two panels)chromograms of the H + and O + ions 
observed by TIDE on the (Plate l a) duskside and (Plate lb) 
dawnside. POLAR moved from the duskside at 1600-1700 

MLT to the dawnside at 0600-0700 MLT in the southern polar 
region. In the duskside auroral oval du!:ing 1855:50-1900:30 
UT, TIDE observed intense UFI beam and conic signatures 
in H + and O +, as shown by the red (beam) and blue (conics) 
horizontal lines near the abscissas (also see spectrograms and 
velocity distribution plots of higher-energy ions by TIMAS 

in Plates 4 and 5 to identify the UFI beam). It is obvious that 
the flux of the H + conics was larger than that of O +, while the 
O + peak energy was slightly higher than that of H +. Around 
1900 UT, the O + energy gradually decreased from several 
tens of eV to several eV with increasing latitude. During 
the conics, TIDE observed the low-energy (>•50 eV/q) tail 
of the velocity distributions of the energetic magnetospheric 
protons, which was rather isotropic, as seen in the H + chro- 
mogram. This is a useful feature in the TIDE chromograms 
for roughly identifying the auroral oval location. The high- 
energy UFI beams ofH + and O + ions were also observed by 
TIMAS before the duskside conic features, which are pre- 
sented in more detail later to examine the relationships with 
the auroral forms and high-frequency plasma wave activity. 

POLAR-EFI July 25, 1996 1857:18.072-1857:18.940 UT 
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Figure 2. Examples of the electric and magnetic field 
data observed near the center of the inverted-V event and 

the discrete aurora. Top three panels show the E•: and E:/ 
components perpendicular to the magnetic field and the Ez 
component parallel to the magnetic field measured by the 
dipole anntenas. The magnetic field component observed by 
the search coil magnetometer also shown at the bottom. 
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The variations of the angular distributions of the upgoing vation, as shown in Plate 3a. The brightness of the duskside 
ionospheric ions (conics and polar wind) are depicted in the auroral form seems to gradually decrease according to the 
PSE-type chromograms. The chromograms show some ring- decrease of the amplitude of the Pi 2 pulsations after 1855 
like features with a hole at the center, which are signatures UT and/or the elapse time after the first onset at ,-,, 1842 UT. 
of conics, particularly near 1857:50 UT on the duskside. It also seems that the discrete aurora was located at slightly 
While the intense ion fluxes of the H + and O + conics were lower latitudes than the region with the UFI conics during 
observed around the upward direction parallel to the local 
magnetic field before ,-,, 1900 UT, the polar wind component 
after ,-,, 1902 UT was measured nearly in the ram direction. 
In the. PES chromograms on the duskside, the typical ener- 
gies of O + varied from ,-,,50 eV in the conic features during 
1857:30-1859:30 UT to a few eV in the polar wind compo- 
nent as rammed by the satellite motion after ,-, 1902 UT. The 
energy of the O + component observed by TIDE is consistent 
with the satellite-ram energy for O +, for the satellite speed 
of approximately 7 km/s near perigee. The energy and angu- 
lar characteristics of the low-energy upfiowing ionospheric 
ions gradually changed from the conic distribution at lower 
latitudes to the thermal upwelling ion component rammed by 
the satellite motion in the polar cap (,-, 1902-1916 UT). The 
polar wind consisted mainly of O + ions, although H + out- 
flow might exist at energies lower than those whose sampling 
was allowed by satellite potential of a few volts. 

Plate 2 shows the velocity distributions of the H + and 
O + conics and beams observed by TIMAS (Plate 2a) and 
TIDE (Plate 2b) on the duskside. In both types of plots, the 
right hand directions of the horizontal axes are the upward 
directions along the local magnetic field lines. During three 
successive intervals of the TIMAS observations, the H + and 
O + conics had conical angles of ,-,,30ø-50 ø, which are con- 
sistent with the TIDE results during the same period. On 
the other hand, a third example of TIDE measurement in 
Plate 2 suggests that there was a small electrostatic potential 
drop at 1859:14-1859:20 UT during the observations of the 
higher-latitude conics, indicating that the low-energy UFI 
beam could be a consequence of the parallel acceleration. 
Similar features showing alternating UFI conics and beams 
were often seen in the TIDE data. Most of them were in- 

stantaneously detected and embedded especially during the 
observation periods of the conics. 

Next, we present the spatial distribution of auroral forms 
observed by UVI with high spatial and time resolutions in 
order to consider the relationship with the upfiowing ion sig- 
natures (conics and beams). A bright auroral form can be 
seen at ,-,,73ø-75 ø in the UVI data during the duskside obser- 

POLAR UVI, EFI, TIMAS, TIDE,& PW1-MCA July 25, 1996 

• • no data 

.-> E 

c • 40 

•D ............................................. 0 

• • -40 

•-•..• ................. :::_'• ' . ..................... -:::<• •so 

..... :..;" :: ' '" .. 

.... , ....... :.:.:..:.:.:.:..x. . •<<• •--:-x ..... • • • • 
180:--:. .- ... - 

.. •.: •: '". • :::: •..:..:: 4.5-33 :: ." ::.:::. .... :' •:• ..... ' ........ •::' "•:: 
9o': ..'" ..•:' : ": :": .... •"": .:(k•V/•):::.'.::)•.:.::::::•:..•::.•::.:::. •':?:::•'• ..:::::.:':."5. 

: ::•:: ::. :: ':' :" ..... •:; :(.: :: . ..:': ..• U.D- .3 • •:: '::. ß •:.. :•:: :..': ::. ':'.... '.. '.:::•.'.:•.': 

0 + ':'5.•? L.. ::::::::::::::::::::: ======================== :::::::::::::::::::::::::::::::::::::::::::::::::::::::::: •*(::::::::::::::::::::::::::: •o 
•so :??::•:•?:•:::/:•:.•' :•'•::- ': ..... ß .... :•::"::'::• :• :75::":? :•":-'?•'::-.'•?-'::o 

.... ':' b: ":: • :('"". '?::•:::. :'..: •' • • .... :• 16-600..:•. :.: 4 "•: :'::• • • • .... -::" •::::•i ' 
ß :. ::: :•< ::•:•-:•'-':•:: :: :] • ?-:'?':• •.: :.. • ß :.:.•: ::... :.• . :,•:: ,. :..::::::•:• .... :•:::::.:::::::... 0 :•:•"•::•::-,:::',: , '"'" '::" ": ' .......... •:•'• ":'" :•'• ..... :•'i• 

•,,,• .... • .... • .... •,,•,• ,i 7 
ß 

. .... , .... , .... .... 

0 + o 
'' 'l .... I .... I .... i .... I'q 7 0 < 5 (eV/q) 6 

t[ 5 ß 5-50 (eV/q) 

.. o . ß 5 
.,.,.,, 4 ß -' ø-'•':--' ' ß ß 3 

lo 4 

Figure 3. POLAR data for the July 25 event. From the top, 
relative auroral luminosity at satellite footpoint on a linear 
scale, dc electric field spin-plane component along the satel- 
lite velocity vector, pitch angle-time (a-t) spectrograms of 
H + and O + sorted into three energy ranges (4.5-33 keV/q, 
0.6-4.5 keV/q, and 16-600 eV/q from the top in each subset), 
energy fluxes ofH + and O + integrated over the upward direc- 
tion (open circles for ions of <:5 eV/q, closed for 5-50 eV/q), 
and electric field components of plasma waves. The positive 
and negative values (millivolts per meter) in the dc electric 
fields roughly correspond the sunward and antisunward con- 
vection directions. The ordinate of six a-t, spectrograms is 
the pitch angle (0 ø- 180ø), and the energy fluxes are depicted 
by brightness shown in a right hand vertical bar. 
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Plate 5. Velocity distribution functions of the H + and O + 
beams observed by TIMAS, similar to Plate 2a, but for the 
UFI beams during the inverted-V signature. 

1857:40-1859:30 UT. Neither other discrete nor diffuse au- 

roras were evidently observed at latitudes higher than 68 ø, 
although auroral forms might be present at lower latitudes. 
It is possible that the main auroral oval composed of the dif- 
fuse auroras extended at • 10 ø lower latitude than the active 

auroral form (for example, see auroral images during the sub- 
storms shown by Yamamoto et al. [ 1993] and Elphinstone et 
al. [1995b]). 

From the top panel of Plate 4, a frequency-time (f-t) spec- 
trogram of the electric field component observed by PWI- 
SFR and energy-time (E-t) spectrograms of H + and O + ob- 
served by TIMAS are shown. The f-t and E-t spectrograms 
indicate electric field power spectral densities and energy 
fluxes of H + and O +, respectively. Blue horizontal lines 
near the abscissas indicate the conic observation intervals, 
and two thin lines with arrows at the bottom show the inter- 

val of the TIDE chromograms in Plate 1. Red lines indicate 
the interval during which the high-energy beam-like UFIs 
were observed by TIDE and TIMAS. The UFI conics during 
1857:40-1859:30 UT discussed in Plates I and 2 were asso- 
ciated with the enhanced auroral hiss emissions and broad- 
band electrostatic emissions observed by PWI in and near 
the auroral oval, •as indicated by the blue lines, while the 
lower-energy polar wind component existed in the polar cap 
with no significant wave activities after 1900 UT. The energy 
variation of the conics showed a correlalion with the lower- 

frequency (< • 10 kHz) wave emissions. The strong correla- 

tion between the UFI beams and conics and the occurrence 

of low-frequency auroral hiss emissions and broadband elec- 
trostatic emissions suggests that the ionospheric ions could 
be energized by interactions of ions with, for instance, ion 
cyclotron and lower hybrid waves, as proposed theoretically 
and observationally by many authors [e.g., Crew et al., 1990; 
Andrd et al., 1990; Norqvist et al., 1996, references therein]. 

On the other hand, the broadband emissions were also in- 
tense for a few minutes before 1858 UT, and the EFI data also 
show that the most intense electric field fluctuations were lo- 

cated at lower latitudes than the conics. Figure 2 shows an 
example of. the lower-frequency electric and magnetic fields 
observed by EFI and the search coil magnetometer during the 
UFI beam event. It should be noted that the amplitudes of 
the electric field components perpendicular to the magnetic 
field were quite large (,-.,200-1500 mV/m) at the frequency 
of ,-., 100 Hz. The magnetic field components were relatively 
small (•0.1-0.3 nT) in the amplitudes, suggesting that these 
waves were mainly electrostatic, as discussed by Temerin et 
al. [1996]. The ionospheric ions could be significantly ener- 
gized in the perpendicular direction by these large amplitude 
waves also in the parallel potential drop as well as in the 
regions where the clear conics were observed. It is plausi- 
ble that the ionospheric ions were further accelerated by the 
parallel electrostatic potential drop, after or during the per- 
pendicular heating caused by the wave-particle interactions 
in the topside ionosphere. 

In the bottom two panels of Plate 4, the energetic ion 
composition data from TIMAS show the ion (H + and O +) 
"inverted-V" signatures with "hole" structures around 1857 
UT, •s indicated by the red lines. The peak energies of the 
H + and O + were comparable at several hundreds of eV/q, 
and the UFI beams coexisted with higher-energy diffuse H + 
signatures. It should be noted that the high-energy UFI beam 
region in the range ILAT=72ø-74 ø is nearly coincident with 
the bright auroral region. 

Plate 5 shows the distribution functions of the high-energy 
UFI beams observed by TIMAS for three successive mea- 
surements of the 6-s snapshots. The peaks of the UFI beams 
are obviously seen in the field-aligned direction at the veloc- 
ity ranges of •200-450 km/s and •70-120 km/s for the H + 
and O + ions, respectively. Just after these UFI beams were 
detected, TIDE and TIMAS began to detect the UFI conics, 
as shown in Plates 1 and 2. 

In the vicinity of the duskside auroral oval, the AKR sig- 
nature was observed at the high-frequency ranges at >200 
kHz, as shown at the top portion of Plate 4. The f-t spec- 
trogram also shows the double AKR emissions which were 
separate at the higher- (>•500 kHz) and lower- (<•400 
kHz) frequency ranges. These features are also continned in 
the magnetic field component data from the magnetic loop 
antenna (the data are not shown here). The AKR emission 
at the 1ower-.frequency range showed a clear V-shaped signa- 
ture, which implies that the satellite crossed or encountered 
the source field line at • 1857 UT, as discussed by Gurnett 
[1991 ]. The center of the V-shaped AKR emission was lo- 
cated at slightly lower latitudes than the conics in Plate 2, 
and existed in the region where the high-energy UFI beams 
and the discrete auroral forms were observed by TIMAS and 
UVI, respectively. 
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Plate 6. TIDE chromograms for H + and O + on the duskside on June 12, 1996, similar to Plate 1. The 
red and blue underlines indicate the UFI beams (red) and conics (blue). The velocity distributions during 
the intervals indicated by downward arrows at the top are shown in Plates 7 and 9. 

The above results from the plasma, image, and wave instru- 
ments indicate that the bright discrete aurora was produced 
by inverted-V electrons accelerated by the parallel electro- 
static potential drop at lower latitudes than the UFI conic 
signatures. When Ell existed not only above but also be- 
low the satellite altitude, the conics energized by the plasma 
waves at the ionospheric altitudes may have been acceler- 
ated further to higher energy ranges. It is realistic to expect 
that the ionospheric ion components were finally accelerated 
upward to the peak energy of several keV by the full par- 
allel electrostatic potential drop associated with the auroral 
structure. 

Figure 3 shows the correlations among the auroral lumi- 
nosity, electric field spin-plane component along the satellite 
velocity vector, upgoing ion fluxes, and wave emissions (the 
global convection pattern will be discussed in detail after we 
present the dawnside observations). A drop of the low-energy 
H + and O + fluxes integrated over <5 and 5-50 eV/q is seen 
during • 1856:30-1858 UT A similar feature can be found 
in the pitch angle-time (o-t) spectrograms of H + and O + 
of 16-600 eV/q. These features are due to the large parallel 
acceleration of the upgoing ions by an electrostatic potential 
drop below the satellite. During this period, high-energy ions 
(beams, also see Plate 5) were observed in the upward direc- 
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tion, as seen in the c•-t spectrograms for 0.6-4.5 keV/q O +, 
and the intense auroral emission was also recorded, as plot- 
ted in the top panel of Figure 3. Before and after this period, 
the low-energy (< 50 eV/q) ion fluxes were enhanced, which 
are consistent with the features in the c•-t spectrograms of 
the lowest-energy range. The flux enhancements of the high- 
and low-energy upgoing ions had a good correlation with the 
broadband wave emissions mainly of < I kHz frequencies 
in the bottom panel. Although the H + flux was generally 
larger than that for O +, only the O + component of <5 eV/q 
had significant fluxes for about five minutes after 1902 UT 
because the satellite ram motion was •ffective to detect the 

heavy ions of the polar wind component. It is reasonable 
that the O + component had no correlation with the wave 
emissions. Three c•-t spectrograms of H + indicate that the 
energetic magnetospheric proton component had isotropic 
distributions. 

The conics were clearly observed during the interval of 
1916:30-1921:30 UT in the dawnside region on the same 
POLAR pass, as presented in Plate lb. As is evident in the 
O + component in the PES and PSE chromograms, the upgo- 
ing ionospheric ion angular and energy features varied from 
signatures of the polar wind to conics. These latitudinal vari- 
ations were similar to those on the duskside. Compared with 
the duskside conics, the dawnside conics were more widely 
distributed in latitude (ILAT,-,,77.5ø-70ø), and the ion fluxes 
and energies were lower. The low-energy tail of the magne- 
tospheric proton precipitation was seen at the higher-energy 
range than the conics, also Similar to the duskside case. This 
component can be confirmed in the H + E-t spectrogram of 
TIMAS data in Plate 4. Unfortunately, the TIDE opera- 
tion mode changed to a safe mode at ILAT,-,,70 ø, prohibiting 
indications of outflowing ion signatures which might have 
existed at lower latitudes. 

The auroral activities on the dawnside had wide spatial 
distributions, as seen in the UVI images of Plate 3b, and 

that neither signific•ant perpendicular heating nor parallel ac- 
celeration of the ionospheric ions occurred at lower latitudes 
than ILAT,-,,70 ø in the main auroral oval. Although TIMAS 
observed the enhanced H + and O + fluxes at the low-energy 
range around 1922-1923 and 1925-1926 UT of ILAT<70 ø, 
as seen in the E-t spectrograms of Plate 4, we believe that 
these were diffuse ion components at lower latitudes in the 
plasma sheet. 

The AKR signature observed on the dawnside was differ- 
ent from that on the duskside. In particular, the maximum 
intensity of the dawnside AKR appears to be stronger than 
that on the duskside, as seen in the PWI plot of Plate 4. The 
magnetic field component measured by the loop antenna is 
consistent with these characteristics. The center of the AKR 

on the dawnside was located noticeably equatorward of the 
region where the clear conics and the intense broadband wave 
emissions were observed, and the characteristic frequency 
was >400 kHz. As contrasted with the correlations in the 

duskside observations, the dawnside dominant AKR emis- 
sion at lower latitudes was isolated from significant features 
found in the plasma, aurora, and electric field measurements. 
On the other hand, a small AKR signature during 1918-1920 
UT would be related to the isolated aurora because the AKR 

emission was observed simultaneously when the footpoint of 
the satellite was inside the isolated aurora, as seen in Plates 
3 and 4. 

The top panel of Figure 3 shvws that the intense emis- 
sions from the diffuse auroras on the dawnside were observed 

mainly at low latitudes after 192! UT while the conic sig- 
natures and flux enhancements had a good correlation with 
the broadband electrostatic emissions of <1 k Hz at higher 
latitudes during 1916:30-1921:30 UT. No ion beam nor conic 
signatures were found in the high-energy range (>0.6 keV/q) 
on the dawnside. 

The second panel of Figure 3 shows the dc electric field 
spin-plane component along the satellite velocity vector for 

the auroral 'forms were mainly observed at lower latitudes estimating the convection pattern features. The positive and 
than 70 ø at 0600 MLT. The emissions of the main auroral negative values are consistent with sunward and antisunward 
oval around MLAT,-.,67 ø were relatively steady, while the convection for this dusk-dawn orbit. The convection was al- 
isolated aurora at MLAT,-,,69ø-70 ø rapidly became faint and most antisunward in the polar cap from ,-,, 1900 to ,-,, 1917 UT, 
finally vanished before POLAR crossed the region. Because although there was a small excursion in the sunward direction 
the dawnside observations were made mainly during the re- during ,-,, 1914-1916 UT. The steady sunward convection seen 
covery phase after two onset signatures, it is reasonable to at lower latitudes on both duskside and dawnside is consistent 
consider that the higher-latitude auroral emissions gradually with the typical pattern during southward IMF, as reported 
decreased during the activity. The higher-latitude aurora by Heppner and Maynard[1987]. During the periods of the 
seems small and transient in the POLAR image data. A sim- steady sunward convection, energetic magnetospheric pro- 
ilar type of double auroral oval was reported by Elphinstone tons with isotropic distributions were observed, as seen in 
et al. [ 1995b, c]. We consider that the main auroral oval was 
formed not by discrete arcs but by a diffuse type of aurora 
because no drastic fluctuations in the electric field data were 

seen corresponding to the lower-latitude auroral activity. 
Although the emissions of the dawnside plasma waves 

and the discrete auroras were somewhat weaker than those 

on the duskside, the spatial distribution of the auroral hiss 

the c•-t spectrograms. In the bright discrcte aurora and the 
UFI beam environment on the duskside during ,,,, ! 856-1858 
UT, the dc electric field component was drastically enhanced 
and variable, ran•ing between 40 and -40 mV/m. Follow- 
ing this highly structured vaiiation, u shorter-term positive 
enhancement was also seen during i 858-1859 UT. The high- 
energy UFI beams were associated with the first larger vari- 

emission and broadband electrostatic emission was wider and ation, and the UFI conics were mainly observed during and 
corresponded well to the conic signatures, as seen in Plate after the second enhancement of the electric field. It is likely 
4. The PWI data show that the broadband wave activity de- that the dominant convection flow reversal on the duskside 
creased before ,-,, 1922 UT at ILAT,-,,70 ø. The low-frequency occurred in the large parallel potential drop producing the 
electric field data from EFI also indicate no significant fluc- auroral emissions and the UFI beams. On the other hand, 
tuations after ,-,, 1921 UT. It therefore is logical to consider although the dawnside region also displayed a convection re- 
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versal region near 1918 UT, no enhancements in the electric 
field component could be measured. •his is consistent with 
the fact that the dawnside auroral oval near ,-,67 ø consisted 

primarily of diffuse auroras without discrete forms produced 
by a large electrostatic potential drop. Also, in the dawn- 
side region, the conics were observed in the vicinity of the 
convection reversal during 1916-1921 UT. 

3.2. June 12, 1996, 1420-1515 UT: A Geomagnetically 
Quiet Interval 

POLAR observed multiple conic signatures during a geo- 
magnetically quiet period on the southern duskside perigee 
pass on June 12, 1996, at 1420-1515 UT. The IMF was north- 
ward during this interval, with approximately IMF (B•:, B,•, 
B•)=(0, -2, +2) nT when we take the Wind-Earth time 
lag before the POLAR observations into account, according 
to the MFI and SWE data. No large geomagnetic distur- 
bances were seen in the frequency range of the Pi 2 pulsa- 
tions observed by the Kakioka ground magnetometer during 
the interval of 1400-1600 UT at the midnight meridian. The 
Kp index r•.nged from 1+ to l_ during the 1200-1800 UT 
interval. 

When POLAR crossed the auroral zone from lower lati- 

tudes to higher latitudes at MLT-.,2000-1830 and entered the 
polar cap, TIDE observed upflowing H + and O + conic sig- 
natures at ,-,1446, ,,,1450, ,,,1453, and ,-,1455 UT, as shown 
in the PES and PSE chromograms of Plate 6. It should be 
noted that the conics measured after ,-, 1452 UT were located 

at higher latitudes than -.,80 ø. The energies of the conics 
ranged from I eV to almost 1 keV, and the characteristic en- 
ergy of the O + was uniformly higher than that of H +, while 
the flux for O + was lower than that for H +, as for the event 
of July 25. During the first interval of the conics observation 

thin line with arrows near the abscissas indicate the repetitive 
conic observations, the high-energy beams, and the interval 
of the TIDE chromograms in Plate 6, respectively. In general, 
we observe correlations of the blue lines with other important 
auroral environment features, such as the broadband waves 
in the PWI data, the low-energy ion populations observed 
in the TIMAS and HYDRA data, and the discrete electron 

precipitation events in the HYDRA data. 
At the top of Plate 8, the PWI data show two types of wave 

activity: V-shaped bands of AKR emission at high frequen- 
cies (>200 kHz) and auroral hiss emissions and broadband 
electrostatic bursts at frequencies below 20 kHz. The interval 
1446-1448 UT seems to have slightly less intense broadband 
waves than the intervals for the other conics observed at 

higher latitudes, particularly at the frequency range above 
-., 100 Hz. This could be associated with the observation that 

the conic flux at -.,1447 UT was weaker than those of the 

higher-latitude conics. The EFI data also suggest that the 
amplitudes of the low-frequency electric field fluctuations 
were smaller during the first conic signatures than during 
the later cases, which is consistent with the higher-frequency 
PWI results. 

The high-energy UFI beams were clearly observed by 
TIMAS just before the diffuse magnetospheric proton precip- 
itation observed by TIDE at -., 1446 UT. During the interval of 
the UFI beams, HYDRA observed a clear electron inverted- 
V event, which corresponds to the interval of the red lines 
in Plate 8. Although the peak energies of the UFI beams 
were higher than the instrumental limit of TIDE, the TIMAS 
data indicate that the peak energies were nearly the same for 
both ion species. Plate 9 shows three examples of the distri- 
bution functions of the high-energy UFI beams observed by 
TIMAS. During the UFI beams and the invertcd-V electron 

approximately at 1446 UT, we can also see the significant structure, the parallel bulk velocity of the field-aligned ion 
flux of the diffuse components mainly consisting of H + at beams increased and then decreased, as seen in Plate 9. 
an energy range higher than •-,50 eV. The magnetospheric The AKR signature was observed only on the duskside, 
energetic protons precipitated in the vicinity of the region, while the broadband emissions were seen in both duskside 
similar to the previous event. In this event, the conics co- and dawnside auroral regions, as presented in the PWI plot. 
existing with the energetic diffuse protons had a fainter flux The dawnside auro. ral emissions detected by UVI were much 
than the conics observed at latitudes higher than 77 ø. This fainter than the multiple auroral forms on the duskside and 
aspect will be discussed later from a viewpoint of the wave seems to be a latitudinally broad diffuse auroral form, like 
activity seen in the PWI and EFI data. the lower-latitude auroral form in the dawnside case on July 

Two consecutive examples of the velocity distribution 25. Below, we discuss some possible relationships of the 
functions of the low-energy H + and O + conics and beams auroral activity with the inverted-V electrons and the AKR 
observed by TIDE are presented i, Plate 7. The conic angle emissions. During this interval, unfortunately, the field of 
of the first H + example was in the range 300-40 ø, slightly view of UVI missed the exact footpoint of POLAR that was 
smaller than for/he cases on July 25, which presumably located at latitudes similar to the field of view but at •2000 
means that the dominant heating pe•,c.,•dicular to the mag- MLT. Nevertheless, the UVI images are still useful for inves- 
netic field occurred at lower altitudvs. A!.•o, the conic angle tigating the auroral environment in the vicinity of the UFI 
of O + was larger than that of H •-. The second example signatures. For studying the relationship of AKR intensity 
shows the low-energy beam-like UFIs observed in the next to auroral activity qualitatively, it is useful to infer the auro- 
sample (6 s). The parallel bulk velocities of the UFI beams ral luminosity near the footpoint from the UVI data through 
increased in both ion species, which was probably due to a extrapolating the auroral alignment, because the AKR would 
small parallel potential drop, if the Aœ was approximately propagate up and out from the vicinity of the auroral region 
the same for both H + and O +. TIDE frequently observes [Gurnett, 1991]. The UVI auroral images presented in Plate 
similar alternating occurrences of the conics and the beams 10 show at least two clear auroral forms in the UVI field of 
at low-energy ranges in such perigee passes. view, although the auroral luminosity was weak, which is 

Plate 8 shows the time spectra of PWI, TIMAS, and HY- consistent with the quiet geomagnetic condition. The auro- 
DRA from the top. The data format used in each panel is ras occurred intermittently and were restricted not only in 
similar to that of Plate 4. Blue and red horizontal lines, and a the latitudinal but also the longitudinal directions, while they 
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were almost spatially stable. The multiple forms were lo- 
cated in different MLT regions. Equatorward of the auroras, 
faint diffuse auroral activity was observed. 

Relating these measurements to the data from the plasma 
instruments, this region corresponds to intervals when signif- 
icant fluxes of high-energy electrons and ions were observed 
by TIMAS and HYDRA, as shown in Plate 8. This indicates 
that the intense inverted-V electrons observed by HYDRA 
produced the discrete auroras observed partially at the night- 
side edge of the field of view by UVI. On the other hand, 
no significant auroral emissions would be observed in the 
poleward regions to be colocated with the intense UFI conic 
fluxes, although the field of view of UVI did not entirely cover 
the exact footpoint of the satellite and the very high-latitude 
region (ILAT>82 ø) where the highest-latitude conics were 
observed. In other words, no auroral features detectable by 
UVI could be seen in the polar cap, which is different from 
the plasma signatures. 

In Plate 8, it should be noted that the lowest-frequency por- 
tion of the V-shaped AKR emission was located at slightly 
lower latitudes than the inverted-V electron event which 

should correspond to the discrete aurora (compare the red 
lines with the whole AKR signature). The ion signatures 

suggest that the parallel electrostatic •)otential drop was also 
present below the satellite altitude dunng the inverted-V elec- 
tron events. Broadband wave emissions were also enhanced 

especially in the region poleward of the AKR center, which 
might imply that the ionospheric ions could have been heated 
perpendicularly below the potential drop. The AKR emis- 
sion is more intense than that of the July 25 event. On the 
other hand, the geomagnetic activity was much lower in the 
present June 12 case than in the July 25 one. The auroral 
emission on the duskside was also weaker than for the bright 
discrete auroras seen on July 25. 

Figure 4 shows the dc electric field spin-plane component 
along the satellite velocity vector, pitch angle distributions of 
energetic ions, thermal/suprathermal ion fluxes, and electric 
field components of plasma waves from the top. Similar 
to the Jtily 25 event, a drop of low-energy (<50 eV/q) ion 
fluxes observed around •,, 1444 UT was due to the parallel 
acceleration, and the peak energies of the accelerated upgoing 
ion beams were beyond the upper energy limit of TIDE. At 
the same time, TIMAS observed the upgoing ions (beams, 
also see Plate 9) in the energy range of 0.6-4.5 keV/q, and 
then the flux enhancements due to the low-energy ion conics 
were repeatedly observed during 1445-1457 UT by TIDE. 
They are clearly seen also in the a-t spectrograms of the 
lowest energy range. These conic signatures were correlated 
well to the enhanced broadband wave emissions particularly 
of < 1 kHz, as shown in the bottom panel. The H + flux of 
<50 eV/q was significantly larger than that for O +, and the 
isotropic energetic protons were observed with the beam and 
conic signatures, which are similar to the features discussed 
in the July 25 event. 

As seen in the dc electric field component in the top panel 
of Figure 4, local flow reversals or significant distortions of 
Ihe convection pattern instantaneously occurred in the same 
regions where the conics were repetitively observed around 
1446-1447 UT in the auroral oval, and at •,, 1450, •,, 1453, and 
1454-1456 UT at higher latitudes. The detailed comparison 
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Figure 4. POLAR data for the June 12 event. Similar to 
Figure 3, but no auroral emission data. 

suggests that magnetospheric electron precipitation events 
were observed along the negative gradients of the electric 
field. The enhancements of the low-frequency electric field 
fluctuations (not shown here) were also correlated with all of 
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the conic features and the strong broadband wave emissions 
measured by PWI. The structured electric field poleward of 
the main convection reversal at 1444 UT and the discrete 

plasma features might be associated with the auroras. On the 
other hand, the large enhancements of the dc electric field 
components were observed probably during the auroral oval 
crossing. It is likely that the enhanced electric fields were 
associated with the inverted-V electrons, and the ionospheric 
ions would be accelerated upward in the parallel direction 
equatorward from the conics. 

4. Discussion 

The distinct conic signatures were observed by TIDE and 
TIMAS in conjunction not only with the broadband wave 
emissions by PWI but also with the bursty electron fea- 
tures observed by HYDRA. It is expected that the precip- 
itating suprathermal electrons carrying upward field-aligned 
currents generated the broadband emissions. In the TIDE 

The parallel electrostatic potential drop below the satellite 
could further accelerate the conics to form the beam-type 
UFIs or elevated UFI conics [Klurnpar et al., 1984; Miyake 
et al., 1996]. In this scenario, the first significant energization 
of the ionospheric ions is the perpendicular heating at low 
altitudes, and some of the conical ions may be able to gain 
the further energy from the parallel electric field at higher 
altitudes between the topside ionosphere and the satellite. 
In other words, the source region of the TAIs is not always 
colocated with the discrete high-energy electron precipitation 
produ•cing the auroral forms detectable from the POLAR 
satellite. The visible auroral emissions require additional 
processes precipitating the auroral electrons into the loss 
cone in the sharply field-aligned direction. 

The clear conic signatures were located at higher latitudes 
than the auroral arc in the duskside observations of the July 
25 event. During the transport of the low-energy upgoing 
ion conics from the topside ionosphere to the observation al- 
titude (POLAR perigee), the global convection would carry 

observations, we found the variable occurrence of the con- the ions from higher latitudes where they originated to lower 
ics and beams at relatively low energies. This indicates latitudes. However, because the ionospheric ions would be 
that there were sporadic small parallel electrostatic potential continuously accelerated transversely even above the PO- 
drops below the satellite also during the conic observations. 
The convection direction measured by EFI varied signifi- 
cantly in the region containing the ion conics and beams. 
The ionospheric outflows could conti,nuously be energized 
in the perpendicular direction through wave-particle interac- 
tion processes during the transport to higher altitudes and that 
the conics could be accelerated in the direction parallel to the 
magnetic field by the potential drops, as discussed by Miyake 
et al. [ 1993]. More detailed investigations of the bursty elec- 
tron precipitation events and their cause are required to reveal 
the generation mechanisms of the UFI conics and low-energy 
beams and the relations with the electron features. The fast 

three-dimensional electron measurements by HYDRA may 
provide more definite conclusions in the near future. Field- 
aligned currents which can be derived from the Magnetic 
Field Experiment (MFE) on POLAR would provide specific 
conclusions regarding the relation of the UFI signatures with 
the generation mechanism and the free energy source. 

Moore et al. [1996] recently studied the ionospheric ion 
heating in an auroral arc on the basis of the rocket observa- 
tions at altitudes below 620 km. They concluded that the O + 

LAR perigee by wave-particle interaction, the conic signa- 
tures observed by POLAR showed a good correlation with 
the broadband emissions at higher latitudes than the auroral 
arc. The bursty suprathermal electrons which may lead to the 
processes causing the UFI conics may be more widely spread 
than the more field-aligned energetic electron beams produc- 
ing the bright auroral forms. In the case shown in this paper, 
the suprathermal electrons were observed in the poleward 
auroral zone and in the polar cap, that is, at higher latitudes 
than the discrete (visible) auroral emissions produced by the 
energetic electron beams. 

The TIMAS and HYDRA data on June 12 and July 25 
indicated that the discrete auroras were observed on closed 

field lines since the high-energy diffuse ion and electron 
features coexisted with the UFI beams and the inverted-V 

electron events. On the other hand, the conics were always 
located at the poleward boundary from the discrete features 
of auroras and UFIs, which may imply that the conics tend to 
occur in and near the open-closed boundary, like the plasma 
sheet boundary layer (PSBL). Observations from the Ake- 
bono satellite also show that the high-energy conics are more 

ions were preferentially energized to form the TAIs under often observedat tl•e poleward boundary of the plasma sheet, 
an arc produced by a potential drop > 10 kV, which is con- which is likely correspondent to tl•e PSBL. The POLAR re- 
sistent with the previous rocket results reported by Moore suits with respect to the general auroras and plasma charac- 
et al. [1986]. Before and during the significant perpendic- teristics on the duskside and dawnside are con,3istent with 
ular heating, the ionospheric ions would also be subject to the Akebono results in the premidnight meridian reported by 
the small upward acceleration by the ambipolar electric field Yarnamoto et al. [ 1993]. Although the beam-like UFIs were 
generated by escaping thermal electrons and photoelectrons. at times detected during intervals of conics, the peak energy 
Then, the polar wind component in the low-altitude aur0- was lower than that of the UFI beams in the discrete aurora, 
ral region, which were slightly accelerated by the ambipolar namely, in the large parallel electrostatic potential drop. 
electric field, could be converted to TAIs by wave-particle in- It is generally known that the center of the AKR feature 
teractions, and furthermore, portions of the TAIs or the UFI vith the lowest frequency has a good correlation with an 
conics would transform to UFI beams if the parallel potential inverted-V signature at the peak energy. The works by Ben- 
drop exists above the source region for the polar wind and the son and Calvert [ 1979] and Benson et al. [ 1980] concluded 
TAIs. The ionospheric ions in the auroral oval and the polar that the AKR signatures correlate with the inverted-V elec- 
cap therefore could be energized by single- or multiple-step trons with hole structures and that their intensity depends 
processes to form three types of upflowing ion distributions: on the electron density in the source region. In fact, ttuff 
polar wind, UFI conics, and UFI beams. et al. [1988] reported that the AKR source regions mapped 
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Plate 7. Velocity distribution functions of the low-energy H + and O + conics and beams observed by 
TIDE, similar to Plate 2b. 

to the portions of bright auroral forms. However, for the 
POLAR observations presented here, the AKR intensity was 
not always strongly correlated with the auroral brightness nor 
the geomagnetic activity. Our results also indicate that the 
center of the AKR signatures was located at slightly lower 
latitudes than the inverted-V electron structure and the UFI 

beam distribution. Recently, Menietti et al. [1993] demon- 
strated the close relation t,f the AKR with the electron and 

ion features accelerated by the parallel electrostatic potential 
drop observed by DE 1. For several cases, the centers of 
the intense AKR signatures were observed at slightly lower 
latitudes than the regions with the largest flux and cnergy of 
the inverted-V electrons, while the Viking observations pre- 
sented by Ungstrup et al. [ 1990] showed a colocation of the 
AKR center with the parallel potential drop. We conclude 
that our results from POLAR on June 12 are consistent with 

these DE 1 results and the events by Benson et al. [1980]. 
While Bahrisen et al. [1989] reported that the AKR sources 

were situated on the field lines threading the PSBL, the PO- 
LAR data on the duskside and dawnside sectors evidently 
show that the AKR sources were observed with the UFI 

beams and auroral forms on the closed field lines signifi- 
cantly equatorward of the PSBL. Also, in the cases shown 
in this paper, the large parallel electrostatic potential drops 
causing the intense AKR, high-energy UFI beams, and bright 
discrete auroras were apparently generated on the closed field 
lines equatorward ofthe PSBL on the duskside and dawnside. 

The convection directions fluctuate,d through the regions of 
the high-energy UFI beams and discrete auroras. In general, 
the convection reversal occurred in these discrete features. 

While the convection pattern was also complicated near the 
UFI conics at higher latitudes, the variations were smaller 
than those in the regions of the UFI beams and discrete 
auroras. These results suggest that the convection reversal 
basically occurs in the plasma sheet equatorward of the PSBL 
and that the PSBL embeds small distortions in the convec- 

tion pattern. The convection reversal and small distortions 
are associated with the high-energy UFI beams in the bright 
auroral form and the UFI conics without large parallel accel- 
eration, respectively. Since the broadband wave emissions 
were often observed in the UFI beams and auroras, the initial 

energization of the ionospheric ions before the formation of 
the UFI beams would be the heating perpendicular to the lo- 
cal magnetic field. After the perpendicular heating, the UFI 
conics generated at lower latitudes than the PSBL could be 
accelerated further at higher altitudes of a few thousands of 
kilometers by the large parallel electrostatic potential drop. 

5. Summary and Conclusions 

The POLAR observations represented here can be sum- 
marized as follows: 

1. The UFI conic signatures correlate well with the auroral 
hiss emissions and broadband electrostatic emissions and the 
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POLAR-PWI, TIMAS, HYDRA June 12, 1996 
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Plate 8. Simultaneous observations by PWI (top panel: f-t spectrogram of electric field component), 
TIMAS (middle two panels: H + and O + E-t spectrograms), HYDRA (bottom two panels: ion and electron 
E-t spectrograms) on June 12, 1996. The data display formats are similar to those of Plate 4. The red 
and blue underlines near the abscissas are correspondent to the underlines of the same types in Plate 6, 
indicating the UFI beams (red) and conics (blue). The interval indicated by a horizontal line with arrows 
at the bottom is the same interval as the TIDE chromograms in Plate 6. The velocity distributions during 
the intervals indicated by upward arrows are shown in Plates 7 and 9. 
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Plate 9. Velocity distribution functions of the H + and O + 
beams observed by TIMAS, similar to Plate 2a, but for the 
UFI beams during the inverted-V event on June 12, 1996. 

low-frequency electric field fluctuations observed by PWI 
and EFI, respectively. No significant auroral emissions were 
detected in the region with the conics. 

2. The UFI beams which were probably produced by 
parallel electric fields below the satellite were associated with 
bright discrete auroral signatures and intense AKR signatures 
observed over wide frequency ranges. 

3. The conics were often observed at higher latitudes than 
the beams, the auroral forms, and the center of the AKR 
signatures. The upgoing ionospheric ion energy and angular 
distribution gradually changed from the conic distributions 
to the polar wind components at higher latitudes in the polar 
cap. 

4. When the parallel electrostatic potential drop produced 
the auroral form, the ionospheric ions could be accelerated 
upward by the parallel electric field during or after the en- 
ergization perpendicular to the local magnetic field at low 
altitudes. 

As discussed in several previous papers, it is highly plau- 
sible that the low-frequency waves and/or fluctuations ob- 
served by PWI and EFI energize the ionospheric ions in the 
perpendicular direction to the local magnetic field. Never- 
theless, no significant auroral forms are correlated with the 
conic signatures avd the low-frequency wave activities. It is 
expected that auroral forms detectable by UVI are not nec- 
essarily related to the conics nor the processes producing 
the TAI. In the bright discrete auroral region, the parallel 
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Plate 10. Auroral images observed by UVI, similar to Plate 
3, but for the data on June 12, 1996. 

electrostatic potential drop accelerated the ionospheric low- 
energy UFI conics to the higher-energy field-aligned beams. 
The discrete auroral form, UFI beams, and high-frequency 
electromagnetic AKR were produced by the electrostatic po- 
tential drop, which could accelerate the conics further in the 
parallel direction. 
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