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Abstract

We developed the onboard processing software for the
Plasma Wave Experiment (PWE) onboard Arase, and
established strategies of EMIC wave observation. We
measure 64/256 Hz sampling electric field waveform by
Electric Field Detector (EFD), and 1024 Hz sampling
electric/magnetic field waveforms by Waveform Capture
(WFC). We successfully obtained EMIC waves along the
orbit by using these observation modes depending on the
region. 166 EMIC waves were observed during 9 months
(from March to November 2017), and approximately 37%
of observed EMIC waves showed fine rising-tone struc-
tures (similar to that of Pcl pearl pulsations observed by
ground magnetometer observations). We performed sta-
tistical analyses of observed EMIC waves, and found that
the occurrence probability of unstructured EMIC waves is
clearly high around dusk-side, while that of fine-structured
EMIC waves (Pcl pearl pulsations) is high around noon.
This suggests that the generation and/or propagation mech-
anism of these two types EMIC waves are different.

1 Introduction

The wave-particle interaction process has an important role
for the electron acceleration and loss in the terrestrial in-
ner magnetosphere. Particularly, the significant loss of rela-
tivistic electron and energetic ion precipitation due to elec-
tromagnetic ion cyclotron (EMIC) waves is a remarkable
process [1, 2, 3, 4, 5]. Statistical analyses of EMIC waves
around radiation belts have been performed by using data
obtained by the Van Allen probes, and they clarified lo-
cal time dependence of EMIC waves in the inner magne-
tosphere [6, 7]. The Arase satellite was launched on De-
cember 20, 2016 to understand dynamics around the Van
Allen radiation belt such as particle acceleration, loss mech-
anisms, and the dynamic evolution of space storms in the
context of cross-energy and cross-regional coupling [8, 9].
The Plasma Wave Experiment (PWE) is one of the scientific
instruments onboard the Arase satellite and measures the
electric field and magnetic field in the inner magnetosphere

[10]. A great advantage of Arase’s observation is its lati-
tudinal coverage. Because the orbital inclination of Arase
is 31 degrees, the satellite has many chances to observe not
only around the geomagnetic equatorial region but around
mid-latitude region. In this paper, we introduce our strat-
egy of EMIC waves observation by PWE onboard Arase,
and its initial results.

2 Specification of Arase/PWE for EMIC
Waves Observation

The PWE covers frequency range from DC to 10 MHz
for electric field, and from a few Hz to 100 kHz for mag-
netic field by the following receivers: Electric Field Detec-
tor (EFD) [11] for the measurement of electric field from
DC to 256 Hz, Waveform Capture/Onboard Frequency An-
alyzer (WFC/OFA) [12] for the measurement of electric
field and magnetic field from a few Hz to 20 kHz, and the
High Frequency Analyzer (HFA) [13] for the measurement
of electric field from 10 kHz to 10 MHz and magnetic field
from 10 to 100 kHz. For EMIC wave observation, low-rate
(64/256 Hz) electric field waveform obtained by EFD and
mid-rate electric and magnetic field waveforms obtained by
WEFC/OFA are important. Low-rate (64/256 Hz) magnetic
field waveform is observed by the Magnetic Field Experi-
ment (MGF) [17]. We can analyze EMIC waves by com-
bining the electric and magnetic field waveforms obtained
by EFD and MGF.

The WFC measures waveforms of two-electric and three-
magnetic field components. The typical frequency range
of EMIC waves are below the local proton cyclotron fre-
quency (f.y+) and corresponds to a range from a few Hz to
several hundred Hz in the inner magnetosphere [14, 15, 16].
Since the original sampling-rate of WFC (65536 Hz) is too
high to observed EMIC waves, we installed a special oper-
ation mode for EMIC waves observation. The “EMIC burst
mode” measures electric and magnetic field waveform data
at a low sampling rate (1024 samples/s). Since the pro-
ton cyclotron frequency along the orbit of Arase is typically
below 300 Hz, EMIC burst mode is sufficient for the mag-
netosonic wave measurement. The amount of data is 1/64



of original waveform, hence we can obtain waveforms for
long periods. This is enabled by the down-sampling tech-
nique realized by a combination of decimation filters. We
perform 1/64 decimation of observed waveforms by using
the cascaded decimation filter as shown in Figure 1.
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Figure 1. A block diagram of the cascaded decimation fil-
ter.

3 Observation Strategy

Figure 2 shows the strategy of EMIC wave observation by
PWE. Since the proton cyclotron frequency (fy+) along the
orbit of Arase varies from few Hz to few hundred Hz, we
organize nominal operation plan for the EMIC wave obser-
vation as follows [10]:

* When the Arase satellite is located outside of the
plasmapause (L>4), we change the sampling fre-
quency of EFD to 64 Hz in cooperation with the MGF
to focus on EMIC waves less than 30 Hz.

* When the Arase satellite is located in the plasmasphere
(L<4) where ion cyclotron frequency exceeds 30 Hz,
we change the sampling frequency of EFD to 256 Hz
to cover ion mode waves. The MGF will also measure
magnetic waveforms sampled at 256 Hz.

We obtain 3 minutes’ continuous waveforms of two-electric
and three-magnetic field components every 12 minutes by
WEC/EMIC burst mode. We operate the EMIC burst mode
in the entire region along the orbit except when we operate
the other burst mode (each mode is exclusively operated).

4 EMIC waves observed by Arase/PWE

We surveyed waveform data obtained by PWE onboard
Arase for 9 months (from March to November 2017), and
found that 166 EMIC waves were observed during the

L>4
EFD, MGF: 64 Hz

EMIC burst mode

EFD, MGF: 256 HZ 3 min/12 min

Figure 2. The overview of the strategy of EMIC wave ob-
servation by Arase/PWE.

period. Figure 3 is electric field dynamic power spec-
trum observed on 8 September 2017. Gray solid lines in
the figure indicate local proton (fg+), helium (fy.+), and
oxygen(fo+) ion cyclotron frequency calculated from the
DC magnetic field measurement by MGF. EMIC waves
were observed during the period from 2 to 10 Hz. A clear
gap around helium ion cyclotron frequency (fy.+) can be
explained by the linear theory of ion cyclotron mode waves.

10°
Ny 10°
2= z
&L 1025
~ v ()]
w s =
=0 e
a g 10" —
&
(I 106
L
MLT
MLAT
hhmm 1200
2017 Sep 08

Figure 3. Electric field dynamic power spectrum of un-
structured EMIC waves observed by Arase/PWE on 8§
September 2017.

Figure 4 shows the electric field dynamic power spectrum
of the other example of EMIC waves observed by PWE on-
board Arase on 13 November 2017. The EMIC wave was
observed during the period from 0.5 to 1 Hz (below the oxy-
gen ion cyclotron frequency). The EMIC wave had a fine
rising-tone structure (similar to that of Pc1 pearl pulsations
observed by ground radio observations). Approximately
37% of observed EMIC waves obtained by the PWE has
such fine structures.

5 Statistical Analyses

Figure 5 shows magnetic local time dependence of un-
structured EMIC waves (red line) and fine-structured EMIC
waves (blue line) observed by Arase/PWE during the pe-
riod. Occurrence probability is normalized to spacecraft
dwell time. We found that the occurrence probability of
unstructured EMIC waves is clearly high around dusk-side.
This is consistent with the previous satellite observation
(e.g. AMPTE/CCE observation [18]) and well-recognized
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Figure 4. Electric field dynamic power spectrum of fine-
structured EMIC waves observed by Arase/PWE on 13
November 2017.

theory of drift path of fresh ring current ions. On the
other hand, occurrence probability of fine-structured EMIC
waves (Pcl pearl pulsations) is high around noon region.
This suggests that the generation and/or propagation mech-
anism of these two types EMIC waves are different.
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Figure 5. Magnetic local time dependence of unstructured
EMIC waves (red line) and fine-structured EMIC waves
(blue line) observed by Arase/PWE. Occurrence probabil-
ity is normalized to spacecraft dwell time.

Figure 6 shows spatial distributions of fine-structured
EMIC waves (left) and that of unstructured EMIC waves
(right) observed by Arase/PWE. Occurrence probabilities
were normalized to spacecraft dwell time. We found that
the spatial distribution of the fine-structured EMIC waves is
greatly different from that of the unstructured EMIC waves.

1. Fine-structured EMIC waves (Pcl pearl pulsations)
were observed around a specified L-shell (approxi-
mately L =3-4). This suggests that the fine-structured
EMIC waves propagate along the geomagnetic field
line near the plasmapause.

2. Occurrence probability of the fine-structured EMIC
waves was relatively low around geomagnetic equato-
rial region compare to that of the unstructured EMIC
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Figure 6. Spatial distributions of fine-structured EMIC
waves (left) and that of unstructured EMIC waves (right)
observed by Arase/PWE. Occurrence probabilities are nor-
malized to spacecraft dwell time.

waves. This trend is consistent with the Van Allen
probes observation reported by Paulson et al. (2017).

3. The spatial distribution of the fine-structured EMIC
waves showed a clear latitudinal dependence. Occur-
rence probability was relatively high around the low-
altitude or high-latitude region. This suggests that the
formation of such fine-structures of EMIC waves is re-
lated to the effect of wave propagation.

6 Summary

We presented onboard signal processing techniques and ob-
servation strategies of Arase/PWE for the EMIC waves ob-
servation. We successfully obtained 166 EMIC waves dur-
ing first 9 months after the satellite was launched. Our sta-
tistical analyses showed that the spatial distributions of the
unstructured EMIC waves and that of the fine-structured
EMIC waves were greatly different. Occurrence proba-
bility of the fine-structured EMIC waves had a clear peak
around noon. We also showed the spatial distribution of the
fine-structured EMIC waves, and found that they were ob-
served around a specified L-shell (approximately L =3-4).
The wide latitudinal coverage of Arase’s orbit enabled this
unique analysis. Further studies (e.g. investigation of Kp
dependence) are necessary to clarify the variation of EMIC
waves distribution.
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