GEOPHYSICAL RESEARCH LETTERS, VOL. 25, NO.15, PAGES 3027-3030, AUGUST 1, 1998

Auroral kilometric radiation and the auroral electrojet
index for the January 1997 magnetic cloud event

W. S. Kurth,! T. Murata,? G. Lu,3 D. A. Gurnett,! and H. Matusmoto*

Abstract. Auroral kilometric radiation (AKR) obser-
vations by Polar and Geotail are compared with the
auroral electrojet index for the January 1997 magnetic
cloud event. These two-spacecraft measurements are
complementary in covering the AKR emission cones
throughout the event and, together, reasonably repre-
sent the auroral electrojet Ag index. We point out,
however, limitations of both the AKR index and the
Ag index in providing truly global measurements of sub-
storm activity.

1. Introduction

A correlation between auroral kilometric radiation
and magnetic disturbances (as characterized by K, ) was
first demonstrated by Benediktov et al. [1968] and a di-
rect relationship between AKR and auroral substorm
activity was shown by Gurnett [1974] and Voots et al.
[1977]. However, its use as an index in the study of
magnetic substorms or related events in magnetospheric
physics has been limited [Murata et al., 1997; Kurth and
Gurnett, 1998]. Some of the earliest studies of this radio
emission in the frequency range of a few hundred kHz
demonstrated a direct relationship between AKR emis-
sion and discrete aurora [Gurnett, 1974; Kurth et al.,
1975] and the cyclotron maser instability has been in-
voked as the generation mechanism [Wu and Lee, 1979]
operating on auroral field lines at distances of ~ 2 to 4
Rg. Voots et al. [1977]) demonstrated a good correla-
tion between the intensity of AKR at 178 kHz and Ag.
Murata et al. [1997] developed an index based on the
AKR intensity as measured by Geotail integrated over
frequency range of 50 to 800 kHz. Kurth and Gurnett
[1998] developed a similar index using the integrated
power flux of AKR in the same frequency range as ob-
served by the Polar plasma wave instrument. The fre-
quency range of 50 to 800 kHz covers most of the AKR
spectrum, although the emission does exceed both of
these limits on rare occasions. Given that the studies
of Voots et al. [1977] and Murata et al. [1997] showed
reasonable correlations between AKR power flux and
magnetic indices such as Ag and K, it follows that inte-
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grating over the entire AKR spectrum for such an index
would more accurately capture the full power emitted
in the radio regime. This is especially important since
the frequency of peak of the AKR spectrum is known
to vary with magnetic activity [Kaiser and Alezander,
1977] and since the AKR spectrum varies greatly in
bandwidth with time.

In this paper, we compare the Geotail AKR index,
the Polar AKR integrated power flux, and Ag for the
time period of January 10-11, 1997, when a coronal
mass ejection (CME) originating on January 6 inter-
acted with the terrestrial magnetosphere [Carlowicz,
1997; Peredo et al., 1997]. The purpose of this paper is
twofold. First, since this event has attracted the atten-
tion of the International Solar Terrestrial Physics com-
munity, the combined availability of multi-spacecraft
observations of AKR in addition to Ag may be use-
ful in other studies of this particular event by providing
global information on the level of auroral substorm ac-
tivity. Second, we demonstrate that the correlation of
these three data sets is not perfect; each has its own
limitations. The differences between the AKR obser-
vations can be explained primarily by existing and on-
going studies of the beaming characteristics of AKR.
Observations are from the plasma wave instruments on
Polar [Gurnett et al., 1995] and Geotail [Matsumoto et
al., 1994].

2. Observations ,

The event of interest as described by Carlowicz [1997]
was driven by a coronal mass ejection first observed
by SOHO at 1730 UT on January 6, 1997. The re-
sulting magnetic cloud reached Earth on January 10,
1997, resulting in a peak in auroral activity at 1100 UT.
The magnetosphere was compressed by a large pressure
pulse at the end of the magnetic cloud on January 11.
Since the primary effects on the terrestrial magneto-
sphere were observed during January 10-11, we concen-
trate on this period.

Figure 1 shows the observations of AKR for January
10-11, 1997, from Geotail (bottom panel) and Polar (top
panel) using spectrograms with similar linear frequency
scales up to 800 kHz. In each case, the intensity of
AKR is plotted by the use of a false color scheme, how-
ever, since the spacecraft are at different and varying
distances with respect to the source, we have made no
attempt to try to normalize the amplitude scales with
respect to each other or as a function of distance for
a given platform. We do compare these data sets in a
quantitative fashion below, however. The observations
from the two spacecraft are similar for much of the latter
portion of the plotted interval, but differ in significant
ways. For example, prior to about 1800 UT on January
10, Geotail observes only weak, low-frequency emissions
in contrast to Polar. Later on January 10 the frequency
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Figure 1. Frequency-time spectrograms showing the

Polar (top) and Geotail (bottom) observations of auro-
ral kilometric radiation for January 10-11, 1997. The
three intervals in the Polar spectrogram where a white
contour is superimposed on the spectrogram are perigee
passes; the contour gives the electron cyclotron fre-
quency.

extent of AKR as oberved by Geotail increases with
time; the opposite is generally true for the Polar obser-
vations. Also, Polar periodically drops into the plas-
masphere or lies close enough to the plasmapause to be
in a shadow zone for AKR. On the other hand, other
features appear somewhat similar. The paucity of emis-
sion near mid-morning of January 11 is common to both
data sets as is the intensification shortly after noon on
this day.

The differences can be explained by the positions of
the spacecraft with respect to Earth. Early on January
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10, Geotail is on the dayside at low latitudes where ear-
lier studies have shown a shadow zone for AKR [Green
et al., 1977]. Near the bottom of the Polar spectro-
gram, near 0800 on January 10, and near 0200 and

- 1900 on January 11, we have superimposed the elec-

tron cyclotron frequency to indicate times when Polar
approaches perigee and is likely to either be directly
in the plasmasphere or close enough to it and at low
enough latitudes to be in an AKR shadow zone. Below
we elaborate further on the specific times when each
spacecraft is properly positioned to detect AKR.

Murata et al. [1997] have defined an AKR index
which is the result of integrating the power flux of AKR
emissions in the frequency range of 50 to 800 kHz, di-
viding by the 750-kHz bandwidth, and normalizing to
25 Rg. They use units of dBV/m/Hz'/2. Specifically,
the Geotail index is defined by

€ = 2010g10-r1 + E(r)dBV/m/vHz
0

where r is the radial distance to Geotail, ¢ is 25 Rg,

and E(r) is the square root of the integrated power flux

from 50 to 800 kHz divided by 750 kHz. -

Kurth and Gurnett [1998] use a similar scheme with
which to indicate the magnitude of the AKR emissions.
They integrate the power flux from 50 to 800 kHz and
normalize to 9 Rg. Neither group attempts to remove
the contribution from type III solar bursts, but these are
not important in the time interval plotted here. Also,
plasma waves such as upper hybrid resonance bands and
the shadow zone near the plasmasphere make the AKR,
integrated power flux unreliable in the low altitude re-
gions. The Polar AKR integrated power flux is defined
as

N
Pr = (§§—E-)2 ZM P(f:)Af(f:)

where P(f;) is the power flux in W/m?Hz measured in
channel ¢, Af(f;) is the portion of the spectrum in Hz
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Figure 2. The auroral electrojet index (bottom), integrated AKR power flux from Polar (middle) and the Geotail
AKR index for the January 10-11 interval. The hatched regions represent times when one of the spacecraft is
outside of the nominal 178-kHz emission cone and when the integrated power flux is not expected to accurately

represent AKR activity, in general.
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Figure 3. The Polar integrated power flux (dots) from Figure 2 and the Geotail AKR index converted into
similar units and normalized for direct, quantitative comparisons. Again, the hatched intervals indicate times
when either Polar or Geotail is not within the nominal AKR emission cone.

represented by channel ¢, and r is the radial distance
of Polar in Earth radii. M and N are Polar sweep fre-

quency receiver channel numbers covering the frequency

range from 50 to 800 kHz.

Motivated by the work of Voots et al. [1977], we
have plotted in Figure 2 the Geotail AKR index, the
Polar AKR integrated power flux, and the log of the
Ag index for the period January 10-11, 1997. Based
on the work of Green et al. [1977] and Voots et al.
[1977], we have hatched those intervals in Figure 2 when
Geotail or Polar are not within the 178-kHz emission
cone. The hatched intervals should not be regarded in
an absolute sense, however. AKR is observed albeit
weakly by Geotail for most of the period from about
0900 to 1820 on January 10, even though it is not within
the nominal emission cone. Also, Polar observes AKR
near 0400 and 2200 on January 10, even though it is not
within the emission cone. It is entirely likely that the
impinging coronal ejecta distorts the magnetosphere in
such a way as to significantly change the AKR emission
cone, temporarily. :

Notice that when the spacecraft are in good position
to observe AKR, they provide a good indication of in-
creased magnetic activity as indicated by the Ag index.
According to Zhao and Hoeksema [1997], the CME orig-
inated from a disappearing solar filament between about
1300 and 1500 UT on January 6. The Wind spacecraft
observed a shock at 0100 on January 10 and a magnetic
cloud between 0500 on January 10 and 0400 on January
11. This cloud contained continuous southward inter-
planetary magnetic fields for about 12 hours [Peredo et
al., 1997] which triggered a geomagnetic storm at about
0600 on January 10. Neither Geotail or Polar was well
situated to see the onset of this storm, but increased
AKR power was observed by Polar beginning at about
0330 on January 10 and both spacecraft saw increased
AKR emission in the interval from about 0930 to 1130.
Once Polar entered the AKR emission cone shortly af-
ter 0900 on January 10, the observed AKR power flux
was elevated and qualitatively tracked the Ag index un-
til after it left the nominal AKR emission cone near

2200 on this day. The Geotail observations after 1820
were elevated and generally featureless until about 0130
on January 11 when there was a dramatic increase in
AKR power. All three indicators Geotail, Polar, and
Ag show very quiet conditions between about 0230 and
about 1000 on January 11. This quiet period probably
is due to the northward-directed IMF during the latter
half of the magnetic cloud passage [Peredo et al., 1997].
The cloud is followed by a large pressure pulse [Peredo
et al., 1997] which evidently results in the large sub-
storm beginning around 1000 on January 11. This is
seen by all three indicators in Figure 2, but less clearly
in the Polar record. The magnetic activity (according
to Ag) tapered off during the remainder of January 11
and was limited by a series of small substorms; AKR
activity was apparent throughout the remainder of the
day.

Given that the Geotail and Polar investigators have
chosen nearly identical integrals of power flux as the
bases of their respective indices, but have expressed the
results in different units, we can convert the Geotail in-
dex into the Polar units of integrated power flux in order
to more quantitatively compare the Polar and Geotail
AKR observations in Figure 3. Basically, we have con-
verted the Geotail index to Vm~'Hz~1/2, squared it,
multipled by 750 kHz, and re-normalized the result to 9
Rg. During most intervals when both spacecraft are in
the AKR emission cone (non-hatched intervals), the in-
tegrated power fluxes from the two spacecraft are quan-
titatively very similar, such as between 1800 and 1930
UT and near 2130 UT on January 10 and near 0900,
between 1330 and 1600 UT, and near 2100 on January
11. However, there are periods when both spacecraft
are evidently in good position to observe AKR, but the
integrated power fluxes are significantly different. For
example, the power flux observed by Geotail is greater
near 1800 on January 10, near the intense substorm cen-
tered near 1200 UT on January 11, and also near 2330
on this day. There is no clear indication by comparing
the spectrograms in Figure 1 for 1800 on January 10
why there should be a significant difference. However
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for the two differences noted on January 11, it appears
the emission seen at Geotail is most intense at higher
frequencies, contrary to what is observed by Polar. Such
a difference might be surprising given the Green et al.
[1977] and Green and Gallagher [1985] results that the
beaming patterns of AKR between 56 kHz and 178 kHz
are filled cones centered on auroral field lines near 70
degrees invariant latitude with lower frequency waves
resulting in cones with smaller half-angles. However,
Benson and Calvert [1979] and Calvert [1981] both ar-
gue that the emission cone may be hollow at higher and
lower frequencies. More recent studies by Murata et al.
[1998] indicate that AKR is not seen much above 500
kHz at high magnetic latitudes. Hence these differences
may be due to hollow emission cones at both high and
low frequencies.

3. Conclusions

Auroral kilometric radiation provides a good indica-
tion of magnetic activity associated with the magnetic
cloud event of January 10-11, 1997. While both Geo-
tail and Polar were in poor position to observe the on-
set of the interaction early on January 10, the later
measurements of the integrated AKR power flux show
the extended magnetic activity associated with the pro-
longed southward IMF as well as very quiet conditions
associated with the northward IMF during the latter
portion of the interaction. The AKR also reflects the
intense substorm activity associated with the pressure
pulse following the cloud on January 11. Observations
of the integrated power flux of auroral kilometric ra-
diation are consistent with the Ag index provided the
spacecraft is within the AKR emission cone. It is clear,
though, that a single spacecraft in Earth orbit spends
considerable time outside of the nominal AKR emis-
sion cone and that multiple observation platforms im-
prove the coverage of the radio emissions. Differences
observed between the two satellites appear to be re-
lated to hollow AKR emission cones at extremely high
and low frequencies.
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