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Abstract mode waves have a close relation to the cold ion com-
position. Therefore, we can utilize plasma waves as
plasma diagnostics tool. Our study plays a role in the

The Earth’'s magnetosphere is one of most importafiscovery of inner magnetospheric physics.

topics in terrestrial space physics, and particularly im-

portant is the magnetosphere inside a fewshell,

called the Earth’s “inner magnetosphere.” This in-

ner magnetosphere has a unique structure, particulé}Iy EMIC Waves

a unique spatial particle population. In the present

study, we focused on electromagnetic ion cyclotron

(EMIC) waves to discuss cold ion composition in thElectromagnetic ion cyclotron (EMIC) waves play an

inner magnetosphere. The propagation characteristiggortant role in inner magnetospheric physics. They

of EMIC waves have a close relation to the cold ioffe excited by the cyclotron instability of anisotropic
composition. Therefore, we can utilize plasma wavegergetic ions (with energies of tens of ke\Qofn-

as plasma diagnostics tool. We clarified major aMé@ll, 1965,Kozyra et al., 1984]. Propagation prop-

minor ion composition and distribution in the innegrties of plasma wave, especially those of an ion cy-

magnetosphere analyzing characteristic frequencie§tgfron mode wave, strongly depends on the low-
typical EMIC waves and ion cyclotron whistler wave§nergy ion composition. If there exist two species of
observed by the Akebono satellite (e.g., crossover fféajor ions, H and He, the dispersion relation of
quency and bi-ion hybrid frequency). For example, & EMIC wave in cold plasma theory is represented
was determined that a certain amountMfQ = 2 as shown in Figure 1. The coarsely hatched region
ions (alpha particles or deuterons) existanside 2.4 corresponds to the region of left-handed polarization
in the local dayside and inside 3.0 in the local nigh@nd the finely hatched region corresponds to the re-
side. Finally, we proposed techniques of plasma walien of right-handed polarization. The relative ion
analyses and specifications of data products for nex@nstituents are H80.0% and He:20.0%.

generation plasma wave measurements by scientific 10

satellites. Scientific output is expected to increase be- )

cause of the use of wave power spectra and phase in-
formation of observed waveforms.

0.8

1 General Introduction 0.6

+
I
G
The Earth’s magnetosphere is one of most importanB

region of terrestrial space physics, especially, the mag-
netosphere inside a felv shell is called “the Earth’s

inner magnetosphere”. Energy range of inner magne- ' T \\\\\\\\\\\W
tospheric particles is from “cold™(a few eV) to “rel- 02| \\\\\\
ospheric particles is from “cold’~(a few eV) to “re \\\\HE\

0.4

+
ativistic” (~ a few tens MeV). Excitation and propaga- \ D _8\\\\_\j\}\\_\\\ Hi. 80;%’
tion properties of plasma wave strongly depend on en- \ 9 =90 ——— He®: 20%
ergetic and cold plasma particles, respectively. 0 I
0 0.4 0.8 1.2
In this study, we aim to establish a new method of ion Vak/QH+

composition estimation. A way of estimating cold ion

composition is particularly important due to the limiFigure 1. Dispersion curve of an electromagnetic ion
tations of particle observation. We focus on the varigyclotron mode wave. The relative ion constituents are
tions of plasma wave properties, particularly those Bf :80.0% and He:20.0%.

ion cyclotron mode waves observed by wave instru-

ments onboard scientific satellites. As we mentiondd is well known, EMIC waves in plasmas are usually
before, the propagation characteristics of ion cyclotréeft-handed polarized. However, in multiple compo-
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nent plasma, the dispersion relation of EMIC waves g, , VLF/ELF-E 1989-04-15T05-58-00

divides into two branches with fllerent characteris- _ ., | [dBmV/" ’{é‘gﬂzl
tics. In Figure 1, the dispersion relation is separatecgw 0 _40
into a H mode (u/Qu+ > 0.35 |k ) and a Hé mode goc‘o | 60
(w/Qn+ < 0.25 |kseo). With decreasing frequency of guo‘o i 80
the H" mode EMIC wave, the polarization gradually £ o ~100
changes from left-handed to linear and finally to right- o -120
handed. The frequency at which the EMIC wave be-UT 6:10:30 6:14:40 6:18:50 [abmmss]
comes linearly polarized is known as the “crossoverwa. 1.8 1.8 1.8
frequency” (ur). The crossover frequency can be the-ar 16,081 {6180 {455 {:i]
oretically obtained by solving the equatiopz = n,. ™" "%° 1528 2356 laeg]
as follows: Figure 2. Electric field wave spectrogram of ELF emissions
1 A observed on April 15, 1989.
) + Qo . =0. (1)
I U R7R

As shown in the figure, a band of emission was com-
monly observed around 30-60 Hz, and the emission
exhibited a sudden decrease in intensity O+
3 Akebono Satdllite along the trajectory of Akebono across the magnetic
equator within+15 degrees of magnetic latitude. Ac-
cording to our analysis, a crossover frequency ex-
The Akebono satellite, one of Japan’s science spap#s above the characteristic lower cffifcand these
crafts, has successfully observed the auroral regeMIC waves have left-handed polarization in the
and inner magnetosphere for over 25 years sinceHtgher-frequency parts, while the polarization gradu-
launch in February, 1989. Long-term observation dagfly changes to linear and finally to right-handed in
collected by the Akebono satellite cover two cycles @ie lower-frequency parts of the waves. It was demon-
solar activity, providing valuable information on innestrated that these events follow the linear theory of
magnetospheric physics. The ELF receiver is a subMIC waves with multiple ion constituents. We have
system of the VLF instrument onboard Akebono. Thgso noted that another band of EMIC waves were si-

ELF receiver operates in two modes: ELF-NARROWultaneously observed belows®+ on April 15 and
mode, which measures waveforms below 50 Hz fen April 25, 1989.

one component of the electric field and three com-
ponents of the magnetic field, and ELF-WIDE mod&omparing the variations in the Dst index with the
which measures waveforms below 100 Hz for ongne when EMIC waves were observed with their char-
component of the electric and magnetic fieldénjura  acteristic lower cutfy, the waves were repeatedly ob-
et al., 1990]. lon cyclotron wave observations wergerved within half a day after sudden decreases in
reported near the geomagnetic equator by the ELF p&st. Although stormy conditions existed, such as an
ceiver Kasahara et al., 1992]. increase in the Dst index t6130 nT, the character-
istic lower cutdtfs of each event were stable at just
above (BQy+. We studied the dispersion relation
) ) . of EMIC waves under the condition of multiple ion
4 EMIC waves suggesting minor ion species and demonstrated that the lower fEuibthe
existence EMIC wave can be explained when the inner magneto-
sphere consists of a few percent alpha particles {He
or deuterons (D).
Figure 2 shows electric field wave spectrum below
60 Hz measured by the ELF receiver from 06:11:Me can clearly explain the lower ciufmf the EMIC
to 06:18:50 UT on April 15, 1989. Thick dashedvave just above 8Qy+. When we assume three types
line in the spectrogram indicaté€¥,.-, whereQ; de- of ions H", He", and Hé™ in the plasma, the dis-
notes the local cyclotron frequency of ion speciggrsion relation of the EMIC wave is shown in Fig-
“i”. Thin dashed line in the spectrogram indicatage 3. The relative ion constituents are :iA8.0%,
“0.5Qu+". He":20.0%, and H&":2.0%. We also superposed a
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dispersion curve, represented by a chain line, whith 1on Cyclotron Whistler Waves Ob-

corresponds to the perpendicular branch of an EMIC  garyed by the ELF Receiver
wave with constituents H88.0%, He&:10.0%, and

He™*:2.0%.

1.0 ’7 «9‘ 0 T
6 =90 . . . :
N It is well known that lightning whistler waves are

N20% He* it o )

0% He” \\\x caused by lightning discharge; these waves propa-
gate along geomagnetic field lines as R-mode plasma
waves of less than several tens kHz. lon cyclotron
whistler waves, which are EMIC mode waves, have

a close relation to lightning whistlers.

0.8

.

0.6

Figure 4 represents a schematic diagram of the prop-
agation mechanism of an ion cyclotron whistler wave.
We assumed that a lightning whistler in the R-mode
TTTTR10% He' | ?  branch is generated in the ionosphere and propagates
T along the geomagnetic field line toward the opposite
hemisphere. The bottom six panels show the time
variation of the spectrum pattern when we assume
that an R-mode lightning whistler wave is completely
0 0 0.4 0.8 1.2 converted into an L-mode ion cyclotron wave at the
crossover frequency as the wave propagates along the
Va IdQH"’ geomagnetic field line. Blue solid lines denote uncon-
verted R-mode lightning whistlers. The wave energy
Figure 3. Dispersion curve of an electromagnetic 4§ the frequency range, which is represented by the

cyclotron mode wave. The relative ion constituents age, . : ;
H*78.0%, HE'20.0%. and HE":2.0%. We also super?ﬁaht blue dashed lines, was already converted into an

posed a dispersion curve represented by a chain line, th'éﬁmde ion cyclotron mode wave.

corresponds to the perpendicular branch of an EMIC wave _ )
with constituents F:88.0%, H&:10.0%, and H&":2.0%. A converted L-mode ion cyclotron whistler changes

its spectrum pattern as it propagates along the ge-

omagnetic field line because its group velocity de-

creases when the wave frequency approaches the lo-
As shown in the figure, a new stop band n@ag++ = cal ion cyclotron frequency. As the wave approaches
0.5Q4+ appears. The dispersion of thet Hiranch the geomagnetic equator, the intensity of the back-
is separated into two branches: & Hranch and a ground magnetic fieldB| becomes relatively weak.
He"* branch. The upper cufibof the He* branch Consequently, local ion cyclotrof)() and crossover
approache®++. On the other hand, the lower ctito frequencies ;) become relatively lower than those
of the H" branch becomes slightly higher theq-+~. in the high-latitude region. In other words, a light-
w1 is basically unrelated to the Fieoncentration. In ning whistler waves are converted into ion cyclotron
fact, we confirmed that the variation in,;; is within whistler waves from higher to lower frequencies. As
0.01Q4+, even though the Hé concentration variesshown in the dispersion relation (Figure 1), the upper
by several percent. In such conditions, another bdidit frequency of each ion band EMIC approaches
of the EMIC wave observed on April 15 belows®y+ each ion cyclotron frequency and cannot propagate
can also be explained by the fact that they are EMf@rther when the wave frequency becomes larger than
waves of the H&" or D* branch caused by the existhe local cyclotron frequency. Hence, the asymptotic
tence of such minor ions. We suggest that the EMf2quency of an ion cyclotron whistler denotes the fre-
waves that have a lower cufqust above Qg+ pro- quency just below that of the local ion cyclotron. This
vide evidence for the existence of minor ions with cyrocess explains formation of the characteristic spec-
clotron frequencies of.8Qy-. trum delay (from “A’ to “F").
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_______ o f“ Figure 5. (top) Electric field spectrogram of tMyQ = 2
N B ) 1 : .
D} TE} clocd ion and H mode cyclotron whistlers observed on May 15,

1989. (bottom) Schematic diagram of the wave.

Figure 4. Schematic diagram of the mechanism of ion cy-

clotron whistler wave generation. The bottom six panels ) )
show the time variation of the spectrum pattern. a H" cyclotron whistler (shown as (B) in the bottom

panel of Figure 5) was simultaneously observed above
0.5Qy

+ .
local

5.1 Case studies of M/Q = 2 ion cyclotron

whistlers We examine ion concentrations during the event. As

shown in equation (1) in the previous section, the

crossover frequencies of ion cyclotron mode waves are
The top panel of Figure 5 shows the electric field wawdosely related to the ion concentration ratio in plasma.
spectrum below 80 Hz measured by the ELF receiveés a general rule, if there amp(> 2) types of ions,
from 04:57:47 to 04:57:51 UT on May 15, 1989. Therossover frequencies appear gn~1) ion branches.
bottom panel of Figure 5 shows a schematic diagrdfor example, when we consider three types of ions
of the wave. Thick dashed lines and chain lines (H*, M/Q = 2 ion, and Hé) to explain the generation
the panels indicaté!H%a and Qor respectively, of M/Q = 2ion cyclotron whistlers, two crossover fre-
whereQ; ., denotes the local cyclotron frequency ajuencies @¢r1 andwero) appear on the Hbranch and
ion species i” along the trajectory. Thin dashed lineshe M/Q = 2 ion branch, respectively. Then we can
indicate “Q5 QHE,cm”' establish two equations by substitutingy1 and wer2

in equation (1). In addition, the total ion concentration
This event was observed when Akebono was orhigtio 3}, A; equals 1, i.e.Ay+ + Avyo=2 + Ager = 1.
ing from the southern to the northern hemisphefde ion massr(y), electron massnf), and electron
in the altitude region around 4200 km on the dayyclotron frequency @) in equation (1) are known
side. As shown in Figure 5, a lightning electroparameters in the equation. If we can determine two
whistler (shown as (O) in the bottom panel of Figurerossover frequencies1 andw¢r2) by observation,
5) was observed around 10-56 Hz from 04:57:48 we can completely estimate the unique concentration
04:57:49 UT. Furthermore, a/Q = 2 ion cyclotron of ions (An+, Am/o=2, Aner) by solving the simultane-
whistler (shown as (A) in the bottom panel of Figeus equations.
ure 5) was simultaneously observed around 46-56 Hz.
This M/Q = 2 ion cyclotron whistler had an asympWe estimated the ion concentration from the crossover
totic frequency approaching.EDQHﬁml. In addition, frequency of anM/Q = 2 ion cyclotron whistler ob-
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served at 04:57:45 UT on May 15, 1989 (shown as (B)2 Statistical study of ion cyclotron
in the bottom panel of Figure 5). The existence of such  whistlers

crossover frequency suggests that soiwQ = 2

ions” and “heavier ions thaM/Q = 2” were present

along the trajectory. Estimation was based on the fol-

lowing assumptions: We analyzed the waveform data observed by the
ELF receiver in both ELF-WIDE and ELF-NARROW
e There were three types of ions {HD*, He"). modes during a six-year, seven-month period from

March 1989 to September 1995. We detected 845 H

e The He concentration was in the range 10—20%and ion cyclotron whistlers, 938l/Q = 2 ion band
(the typical range for He concentration in the ion cyclotron whistlers, and 1888 Meband ion cy-
plasmasphere_pmaire et al., 1998]). clotron whistlers by visual inspection during the study

period. Spatial distributions of Hband (a and d),

Figure 6 shows the relationship between the iden- M/Q = 2 ion band (b and e), and Héand (c and f)
centration (horizontal axis) and thd/Q = 2 ion con- ion cyclotron whistler waves observed by the Akebono
centration (vertical axis) for a crossover frequency &ftellite. The top three panels (a, b, and c) and the bot-
M/Q = 2 ion band of 45.6 Hz (red line). Furthermordom three panels (d, e, and f) represent local dayside
we show the error range lying between the gray dott€—18 MLT) and local nightside (18-06 MLT) obser-
lines at 45.0 Hz and 46.3 Hz, which is derived from thétion, respectively.
errors in crossover frequency determination caused by
the resolution of fast Fourier transform analysis. Fér comparison of the spatial occurrence distributions
example, the concentration 8/Q = 2 ions is esti- Of local day- and nightside events revealed some im-
mated to be 9.41-12.6% when we assume aleieel portant features, as are shown in Figure 7. The region
of 20.0%. Note that the concentration of His gen- in which H" band ion cyclotron whistler waves were
erally suggested to be 10-20%, and'Hé 20% is at not observed near the equator was wider in the local
the upper bound of the typical ion concentration. Thi¥ghtside than that in the local dayside (Figures 7a and
suggests that the actual concentrationMyfQ = 2 7d). ForM/Q = 2 ion cyclotron whistler waves (Fig-
ions is lower than 12.6%. It should also be noted thidites 7b and 7e), occurrence frequency was higher near
the red line in Figure 6 crosses the horizontal axisth€e equatorial region in the local nightside than that
He* concentration of 9.95-10.95%; this suggests tHatthe local dayside. Furthermore, the region wherein
a value of more than 9.95% of Halong the trajectory M/Q = 2 ion cyclotron whistlers were observed was
is a requirement for consistency with the observatiglistributed in a widet. shell range in the local night-
of M/Q = 2 ion cyclotron whistlers. side than that in the local dayside. This fact sug-
gests that the spatial occurrence distributions of these

two band events are nearly exclusive. For local day-

020 Q. .=114Hz side,M/Q = 2 ion cyclotron whistlers were observed
W . w“i\ aroundL from 1.6 to 2.4. Conversely, for local night-
3 015 @0 side, they were observed aroubhdhside 2.3.
o
0 0.10 ! We estimated the ion combination by considering
g the minimum conditions necessary for ion cyclotron
< 005 ! whistler generation. We assumed that certain amounts
< of H* and H€& can exist anywhere in the plasmasphere
e [Lemaireet al., 1998]. In Figure 8, we show estimated
0.00 010 015 090 M/Q = 2 ion distributions in schematic diagrams. Left
AtHe") and right panels show that in local day- and night-

side, respectively. The region whek/Q = 2 ion
Figure 6. Relationship between the Heoncentration (hor- CYClOtron whistlers were observed (Figures 7b and 7e)
izontal axis) and the/Q = 2 ion concentration (vertical undoubtedly indicates existence of a certain amount of

axis) for a crossover frequency of tMyQ = 2 ion band of M/Q = 2 ions (blue shaded regions in Figure 8). The
45.6 Hz (red line). guestion is whetheM/Q = 2 ions exist or not in the

other regions.
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Figure 7. Spatial distributions of‘Hband (a and d)M/Q = 2 ion band (b and e), and Hdand (c and f) ion cyclotron
whistler waves observed by the Akebono satellite. The togetpanels (a, b, and c¢) and the bottom three panels (d, e, and
f) represent local dayside (06—18 MLT) and local nightsit®<06 MLT) observation, respectively.

H* band ion cyclotron whistlers were frequently oht.7Re (Figures 7c or 7f), however, show the occur-
served except in the equatorial region (Figures 7arence frequency oM/Q = 2 ion band ion cyclotron
7d). As previously mentioned, almost Md/Q = 2 whistlers to be quite low (Figures 7b or 7¢e). In this sit-
ion band ion cyclotron whistler was observed at thistion, we cannot determine whethd/Q = 2 ions
region (Figures 7b or 7e), nor was an*H®and ion cy- exist in this region because when an*Heand ion
clotron whistler (Figures 7c or 7f). In the existence afyclotron whistler is generated along a geomagnetic
a certain amount d1/Q = 2 ions,M/Q = 2 ion band field line, anM/Q = 2 ion cyclotron whistler rarely
ion cyclotron whistlers should be observed. Howeveyenerates along the same geomagnetic field line (pink
in fact, they were not observed. Hence, almost sbaded regions in Figure 8). This is an ambiguous
M/Q = 2 ions near this regionfiect wave genera-point in our estimation. Even so, the present result
tion and propagation (gray shaded regions in Figyseovided new findings of minor ion distribution in the
8). plasmasphere.

He" band ion cyclotron whistlers were frequentlyn summary, it was determined that a certain amount of
observed at an altitude region below approximatel/Q = 2 ions exist at. inside 2.4 in the local dayside
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a)DAYSDE & b) NIGHT SIDE _ o
$ S Table 1. Data products and their specification in MODE A.

Data Specification
Power spectrum (E) 4 Hz x 8 bit x 92 point x 1ch
Power spectrum (B) 4 Hz x 8 bit x 92 point x 1ch
Total amount 5.88 kbps

/
Bom W
O S

@]

SO
:f?' L M/@=2lions,
i

4 exist

MODE B is one of our proposed data products. It ob-
serves wave power spectra of electric and magnetic
~h \ﬁ ~5h fields, phase dierence, and axial ratio between any
b two components of the observed magnetic field (Table
2). Before phase flierence and axial ratio calculation,
coordinate transformation is applied to the observed
magnetic field waveform. Instead of increasing the

number of types of data product, the frequency reso-
Figure 8. Schematic diagrams of estimatd@Q = 2 ion |ution of each data product is reduced.
distributions. Left and right panels show that in local day-

and nightside, respectively. Blue shaded regions indicate
the regions wherd1/Q = 2 ions exist. Gray shaded re-Table 2. Data products and their specification in MODE B.
gions indicate the regions where iyQ = 2 ions exist. Data

Pink shaded regions indicate the regions where we cann@,er spectrum (E
determine whethel/Q = 2 ions exist.

Specification
4 Hz x 8 bit x 46 point x 1ch
Power spectrum (B) 4 Hz x 8 bit x 46 point x 1ch
Phase dierence (B)| 4 Hz x 8 bit x 46 point x 1 comp
and inside 3.0 in the local nightside. The generation AXialratio (B) | 4 Hz x 8 bit x 46 point x 1 comp
conditions of H band ion cyclotron whistler waves  Total amount 5.88 kbps
are closely related to those df/Q = 2 ion band ion
cyclotron whistler waves. Such/Q = 2 ions ap-
peared to be D of ionospheric origin because the relMODE C is our second proposed data product. It ob-
ative occurrence frequency of obserédQ = 2 ion Serves one component of the electric field wave spec-
cyclotron whistlers was higher near the ldwshell re- trum and the spectral matrix of the observed magnetic
gion than that near the highshell region. field wave (Table 3). The spectral matrix contains the
full phase information of the observed field wave. In
addition, we can apply coordinate transformation us-
ing an observed spectral matrix after the raw data is
6 Proposal for Future Satdlite Mis- transmitted to the ground. Therefore, onboard coordi-
. nate transformation is not required in this observation
sion mode. Hence, total calculation cost will be reduced by
operating in this mode. This mode provides various

physical data; however, frequency resolution should be

We propose techniques of plasma wave analyses g@flreased to satisfy the data capacity of the telemetry.
specifications of data products for next-generation

plasma wave measurements by scientific satellites.

Scientific output is expected to increase pecause. of Ilh le 3. Data products and their specification in MODE C.
use of wave power spectra and phase information 0

observed waveforms. Data Specification
Power spectrum (E) 4 Hz x 8 bit x 46 point x 1ch
The traditional data product is shown in Table 1SpPectral matrix (B)| 4 Hz x 8 bit x 23 point x 6 comp
(MODE A). One component of electric and magnetic  Total amount 5.88 kbps
field wave spectra are observed by MODE A. One
spectrum is observed every 0.25 seconds. Frequency
components of observed wave spectra are explainedMy evaluate the computation cost required to operate
92 logarithmically spaced frequency bins. each mode. Figure 9 represents the comparison of
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computation time required to operate each mode on thinutes). It has been found that EMIC waves which
computer. Computation time represented in the figurad characteristic cufiofrequency just above half of

is normalized using that of the traditional mode (Igroton cyclotron frequency (BQy-+) were frequently
beled “as usual” in Figure 9). Traditional mode indesbserved at an altitude region around a few thousand
pendently calculates the STFT of each component dmd by the Akebono satellite. These events have sug-
then applies averaging. MODE A outputs the sangested that the existence bf/Q = 2 ion at the local
data types as traditional mode; however, computatipaint and the propagation path of the wave. Our sta-
time is reduced by approximately half due to the otistical study suggested that upper limit of estimated
proposed FFT technigue. MODE B contains conM/Q = 2 ion composition is 4.6%.

putations of phase fierence and axial ratio, which

occupy approximately 5% of the entire computatioe have discussed ion cyclotron whistlers observed by
time. However, appropriate coordinate transformatioine Akebono satellite. We have surveyed frequency-
is necessary to derive phasdfdience and axial ratiotime spectra of observed electric and magnetic field
in any plane. Therefore, additional time is requireslave, and found that 3775 ion cyclotron whistler
to read satellite position data and to operate coordiaves were observed. Other than major ion",(H
nate transformation of observed data, which becontés", and O) band ion cyclotron whistlers, a lot of

a bottleneck. The computation time of MODE C is irminor ion M/Q = 2 ion andM/Q = 8 ion) band
creased by 10% over MODE A. As mentioned beformn cyclotron whistlers were observed by the receiver.
additional coordinate transformation is not necessariiis has been the clear evidence which suggests exis-
when we operate MODE C. Hence, the total comput#nce of such minor ions in the inner magnetosphere.
tion time of MODE C seems to be shorter than that B¥e have statistically studied observed ion cyclotron
MODE B. However, resolution of output is sacrificedvhistler waves, and clarify spatial distributions of their
when we operate MODE C. Considering whether tloecurrence frequencies. It has been found thatdd
selected mode satisfies the requirements of obsemgelotron whistler waves hardly observed around the

tion is necessary. equatorial region. Additionally, diurnal dependence of
M/Q = 2 ion distribution has found. It has been found
@1 FFT(EX) thatM/Q = 2 ions which can fiect wave propagation
A o2 ESE?; exists insideL ~ 2.5 on local day-side (06—-18 MLT)
D4 FFT(By) and insideL ~ 3.0 on local night-side (18-06 MLT).
s . @5 FFT(ez) Hence, it has been suggested that existence of density
2 ) enhancement process bf/Q = 2 ion on local night-
B8 compute phase diff&axial ratio Slde Innel’ magnetosphere
c 79 averaging(phase diff)
B 10 averaging(axial ratio) . .
11 compute spectrum matrix We have proposed new techniques and observation

modes for a new-generation onboard software wave
receiver. We have proposed two novel data products
. o o oe os . s and compared advantages and disadvantages of each
Computation time (normalized "as usual") data product. To reduce computation time, we have
_ ) S proposed new techniques of method of transforming
Figure 9. Comparison at computation time of each mOdSbserved data from time domain to frequency domain,
trigonometric function calculation, phaseffdrence
calculation, and averaging. We have evaluated com-
7 Summary putation time and accuracy of proposed techniques.
Finally, we have evaluated total computation time of
proposed observation modes. We have confirmed that
In the present study, we have focused on the EMike computation time of each mode satisfy limitation
wave and have investigated a new method of cold iefonboard processing unit.
composition estimation. We have introduced typical
EMIC waves observed by the Akebono satellite. These
EMIC waves were observed from a few Hz to a few
tens Hz (below local proton cyclotron frequern@y;+)
during duration of typical EMIC wave~( a few tens

usual
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