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Abstract: The results of detailed spectral analyses and direction finding
for ELF data containing simultaneous hiss and chorus have been reported on
the basis of the data observed onboard GEOSl satellite in the outer magneto
sphere at a high geomagnetic latitude ( A '.::'. 25 °). A combination of the present
results with those from our previous equatorial studies, has yielded the
following findings: ( 1) Each chorus element has a tendency to be originated
from the hiss band and is asymptotic to the hiss band. ( 2) The intensity
and occurrence of chorus are closely correlated with the intensity of the
underlying hiss. (3) The hiss band exhibits some structures or wavelets (i.e.
monochromatic wave components with significant duration), and we notice
the existence of the causative wavelet at the foot of each chorus element.
(4) There is a tendency that the intensity of wavelet increases with decreasing
its duration. Furthermore, when we expect triggering chorus from a wavelet
near the upper edge of the hiss band, the duration of the wavelet increases
with decreasing its intenisty. (5) Very similar ¢ (azimuthal angle) values are
noticed for both the hiss and chorus, suggesting that both phenomena come
from the same source region. These observational facts might lead us to
conclude that a wavelet existing near the upper edge of the hiss band is able
to generate a chorus emission through coherent wave-particle interaction in
the outer magnetosphere as in the case of active VLF wave injection
experiments.

1.

Introduction

It is known that there are two different types of magnetospheric VLF /ELF
emissions; ( 1) unstructured hiss and (2) structured and discrete emissions (e.g.,
HELLIWELL, 1965; SAZHIN, 1982; HAYAKAWA et al., 1984, 1986a-c, 1990). How
ever, the fundamental problems including whether these two types of emissions
are essentially different or not and the link between the two, are still unsolved and
they require further investigation. The generation mechanism of spontaneous chorus
emissions has been studied experimentally by BURTON and HOLZER (1974),
GOLDSTEIN and TSURUTANI ( 1984) and HAYAKAWA et al. (1984), and theoretically
by NUNN (1974), BESPALOV and TRAKHTENGERTS (1974) and CURTIS (1978).
These studies have indicated that chorus is generated in terms of the Cyclotron
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instability by substorm-associated energetic electrons. In order to interpret banded
chorus, NUNN (1974, 1986) has made a computational study of nonlinear resonant
particle trajectories in the wave fields consisting of an array of closely spaced fre
quencies and wavenumbers, and he found that most of the energy goes into the
mode at one edge of the array and the nonlinear resonant particle excitation of
broad band signal causes spectral structuring to develop. His results might be
relevant to the discussion of the present paper. Then, being closely associated with
the generation of spontaneous chorus, there have been proposed two candidates as
the stimulus to trigger a chorus which seem to contradict with each other. The
first one is hiss which has so far been considered to be very incoherent and turbulent,
because the ground and satellite VLF/ELF measurements have indicated that chorus
is often accompanied by a background of hiss (BURTIS and HELLIWELL, 1976;
CoRNILLEAU-WEHRLIN et al., 1978; KooNs, 1981). The second possibility is power
line harmonics radiation (LUETTE et al., 1977, 1979) which is monochromatic and
coherent in nature. In order to investigate whether these two hypotheses are con
tradictory to each other, HATTORI et al. ( 1989, 1991a) have carried out extensive
study for VLF emission data indicating both chorus and hiss observed on GEOS 1
satellite with sophisticated signal analyses and direction finding, and have shown
that there exist wavelets which are monochromatic with sufficient duration even in
the hiss band, and such wavelets are responsible for triggering a chorus through a
coherent wave-particle interaction just like the second possibility of the power line
harmonic radiation. In this paper we will present further evidence of triggering
chorus emissions from the wavelets in the hiss band on the basis of the GEOS1
ELF observation in the off-equatorial region.
2.

Review of Our Previous Observation

HATTORI et al. ( 1991a) carried out some detailed analyses ( including the fine
structure analysis and direction finding) for VLF/ELF waveform data observed on
GEOS 1 satellite. They dealt with two events; one is on 21 July 1977 (near equatorial
observation at the geomagnetic latitude of 6.8 ° -8.5 ° ) and the other, 2 December
1977 at a higher geomagnetic latitude of 24 ° -23 ° . Important observational findings
were summarized in HATTORI et al. (1991a), and we ask the readers to refer to
their paper.
3.

Further Evidence of Triggering Chorus from the Hiss Band

In order to obtain further evidence of the important implications summarized
in HATTORI et al. (1991a), we have also carried out similar kinds of analyses for
other events. In this paper we deal with the ELF data obtained by GEOS 1 satellite
in the outer magnetosphere at a high geomagnetic latitude (20 ° ). In the papers
of HATTORI et al. ( 1989, 1991a), the hiss band was in the frequency ragne of 0.5
to 1.0 kHz, but the present hiss event lies at a frequency lower than our previous
events; the frequency range for this ELF event is from 200 Hz to 500 Hz. We
have analysed two events; one on 20 June 1977, U.T. ::::: 17:00 and another, 19
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November 1977, U.T.::::: 6 h. For the first event we have observed only the hiss
band, while for the second event on 19 November 1977 we have found that chorus
seems to be triggered from the hiss band. Figure 1 shows the spectrogram of the
hiss event and Fig. 2 illustrates an example of the fine structure analysis for the
magnetic field observation of the hiss band with the resolution of 23 Hz in frequency
and 43 ms in time. This figure indicates apparently the existence of many structures
or wavelets ( monochromatic wave components) within the hiss band, which has so
far been considered to be quite incoherent and turbulent.
An example of the spectrogram on 19 November 1977 is illustrated in Fig. 3,
which shows that both hiss and chorus are present simultaneously. The high resolution
spectral analysis is carried out for some parts of Fig. 3 and the corresponding
contour maps are shown in Fig. 4. We see from this contour map that a chorus
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The spectrogram of hiss observed onboard GEOSJ satellite in the outer
magnetosphere. (after LEFEUVRE, F. et al. (1981): Fig. 3. J. Geophys. Res.,
86, 2359-2375.)
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element is probably triggered by a wavelet existing just at the foot of the corresponding
chorus. Although we show only one example, there are several other examples which
indicate similar phenomena. Hence, the example presented in this paper seems to
be rather universal though the frequency range is considerably lower than the previous
ones ( HATTORI et al., 1989, 1991a). Figure 5 is the summary plot on the relation
ship between the magnetic field intensity ( ../ 13,�) and the duration ( T) of wavelets
in the hiss band including the previous results of the VLF event ( HATTORI et al.,
1991a). This figure shows the observed intensity versus duration of the wavelets
existing in the hiss band, and white circles are for wavelets in the hiss band from
the previous VLF event. The average duration of wavelets in the hiss band on 2 1
July 1977 ( VLF event) ranges from 50 to 150 ms, and the average value is 70 ms.
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Fig. 3.

The spectrogram of the hiss-triggered chorus in the ELF
range observed onboard GEOSJ satellite in the outer
magnetosphere.
19/11/1977
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Fig. 4. An example of contour map of
fine structure analyses of the
ELF events. We can identify
the causative wavelet in the hiss
band and the corresponding
chorus element.
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The relationship between the intensity (\/B,,;.) of wavelets and
their duration (T). Full circles are the original wavelets which
have triggered chorus emissions, while hole circles indicate
wavelets which have not triggered chorus emissions, including
wavelets from the previous VLF analysis. Two 1,vavelets
marked by ELF are also shown in this figure. The thick full
line in this diagram indicates the threshold for triggering chorus.

Among these plots, those of full circles indicate that the wavelet is found to have
triggered a chorus. In Fig. 5, we have also plotted two examples ( including the
one in Fig. 4) of wavelets which have obviously triggered or excited chorus emissions.
They are plotted in Fig. 5 with full circles marked by ELF. As seen from Fig. 5,
the duration of wavelets is considerably longer than in the previous event on 21 July
(Fig. 5), but the intensity of wavelets is considerably smaller than in the previous
event on 21 July 1977.
Figure 5 strongly suggests that only the wavelet with a sufficient amount of
the product of intensity and duration is able to trigger a chorus. At first sight, there
is a tendency that the intensity of wavelet increases with decreasing its duration. But
the product of the intensity of the wavelet times its duration exceeds a threshold
value, and then it is expected that a chorus emission is triggered by such a wavelet
near the upper edge of the hiss band. The curve in Fig. 5 is the best fitted hyperbola
for the full circles indicating the events on 2 1 July 1977 and ELF events. When
this principle is applied to Fig. 5, there are some wavelets which seem to be able
to trigger a chorus emission. But they are found not to be near the upper edge of
hiss band, although they are within the hiss band.
Also, we have performed direction finding measurement for the ELF event as
well as for the VLF events. The results show again that the same �Ii values are
confirmed for both hiss and chorus, and this is again indicative that both hiss and
chorus come from the same source region.
4.

Discussion

We have presented further data indicating the possibility that a chorus
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generated by a wavelet (monochromatic wave component) near the upper edge of
the hiss band. First of all, the magnetospheric ELF hiss in the frequency range
(200-500 Hz) lower than the previous events (HATTORI et al. , 1989, 1991a), is
found again to include many structures or monochromatic wave components (we
call them "wavelets") within the hiss band, which seems to be a universal phenom
enon for the hiss and leads a further support to our previous finding. Extensive
spectral analyses such as done in this paper, have reconfirmed that a chorus element
is highly likely to be originated from a causative wavelet existing just at the foot
of the chorus element. Also, the chorus element is asymptotic to the hiss band; that
is, the initial d// dt of the chorus is nearly zero. The direction finding for the ELF
hiss-triggered chorus event in this paper has also yielded that the same ¢ (azimuthal
angle) values are obtained for both hiss and chorus, suggesting that both phenomena
come from the same region. From these considerations, it may be concluded that
a chorus is triggered from a wavelet existing near the upper edge of the hiss band
through a coherent wave-particle interaction just like in the case of active VLF
injection experiment ( HEL LIWELL et al. , 1986). Another important new finding in
this paper is found from Fig. 5, which indicates the presence of a threshold of
generating a chorus from a wavelet in the hiss band in the coordinates of the
intensity and duration of wavelets. The curve best fitted to all the full circles which
have triggered a chorus, is a hyperbola function given by the relationship J B u, =
240/ T, where B w is the magnetic field intensity in mr / Jfi 2 and T is the duration
in msec of the wavelet in the hiss band. The wavelets with the J
value above
this experimental threshold are able to excite a chorus, and this kind of empirical
formula has been derived for the first time. The two ELF points in Fig. 5 are
observed at high geomagnetic latitude and as the equatorial intensity must be
increased considerably so that these two points should be located at a little higher
value than the plotted values because other full circle dots are derived from the
near-equatorial observation. The mechanism of triggering a chorus from the wavelet
in the hiss band, is already proposed and discussed in HATTORI et al. (1989, 199 l a).
The important observational results are presented in the present paper, and
further detailed discussion on the mechanism of hiss-triggered chorus will be published
elsewhere ( HATTORI et al., 1991b).
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