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Collaboration on in-situ measurements of electromagnetic

waves in space plasmas

Institute of Atmospheric Physics, Czech Academy of Sciences Ondrej Santolikty kus 4y ryvs)

Measurements of electromagnetic waves in space
plasmas are an important tool for our understanding of
physical processes in this environment. Arase, with its
sophisticated onboard instrumentation, can be used as a
state-of-the-art tool for investigation of these processes in the
Earth’s magnetosphere. Collaboration of the Department of
Space Physics, Institute of Atmospheric Physics of the Czech
Academy of Sciences with the Arase team on this subject
started well before the launch of Arase and continues up to
present. During our regular visits to the Nagoya University and
Kanazawa University and during visits of the colleagues from
different Japanese institutions to Prague, we had many fruitful
discussions on diverse subjects related to measurements of
electromagnetic waves in space.

Our collaboration initially started during the design phase
of the project, when we discussed onboard analysis of signals
from magnetic and electric antennas, leading to determination
of crucial parameters describing polarization and propagation
properties of measured waves. We then continued to work
together on interpretation of measurements in terms of wave
vectors, Poynting vectors, planarity, and coherency estimators
of the wave fields. As an example of our common results, inter-
calibrated measurements of intense whistlers by Arase and
Van Allen Probes can be given. This work has been recently
published in Journal of Geophysical Research: Space Physics.

Inter-calibration of data from different spacecraft missions
is necessary for combining their measurements in empirical
models or in case studies. We showed results collected
during a close conjunction of the Van Allen Probes and Arase.
(An example is shown in Figure 1.) The inter-calibration
was based on a fortuitous case of common observations of
strong whistlers at frequencies between a few hundred hertz
and 10 kHz, which were generated by the same lightning
strokes and which propagated along very similar paths to the
two spacecraft. Measured amplitudes of the magnetic field
fluctuations were the same within ~149% precision of our
analysis, corresponding to 1.2 dB. Electric field measurements
showed twice larger amplitudes on Arase compared to
Van Allen Probes but they started to match within ~33%
precision (2.5 dB) once the newest results on the interface
of the antennas to the surrounding plasma were included in
the calibration procedures. Ray tracing simulations helped
us to build a consistent scenario of wave propagation to
both spacecraft. We thus successfully inter-calibrated the
polarization and propagation parameters obtained from
multicomponent measurements. We also succeed in linking
the spacecraft observations to localizations of lightning
return strokes by two different ground based networks which
independently verified the correctness of the Universal Time
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Figure 1: Observations of strong whistlers by (a,b) the Van Allen Probe B
and (c,d) Arase on August 14, 2017. (a,c) : total power spectral density of
magnetic field fluctuations obtained as the trace of the magnetic spectral
matrix; (b,d) : angle between the spectral estimate of the Poynting vector
and the vector of the background magnetic field.

tags of waveform measurements by both spacecraft missions,
with an uncertainty better than 10 ms.

We are looking forward to our future collaboration on the
Arase mission during the current solar cycle 25, part of which
will be also covered by simultaneous measurements of the
European Cluster mission, on which we actively participate.
During our approach to the anticipated maximum of this
cycle, and later on, during the anticipated declining phase, we
can expect observations of many events of strongly amplified
electromagnetic waves. These events have established links
to dangerous phenomena leading to particle acceleration
in the Earth’s magnetosphere, and to potential risks for
telecommunication spacecraft in the heart of the outer Van
Allen belt. Our goal for future collaboration on analysis of data
from the Arase mission is to contribute to our understanding
of these fascinating natural processes.

Reference: Santolik, O., Miyoshi, Y., Kolmasova, I, Matsuda, S.,
Hospodarsky, G. B, Hartley, D. P, et al. (2021) . Inter-calibrated
Measurements of Intense Whistlers by Arase and Van Allen
Probes. Journal of Geophysical Research: Space Physics, 126,
e2021JA029700. https://doi.org/10.1029/2021JA029700
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(https.//www.isee.nagoya-u.ac.jp/news/research-results/2021/20210713.html)
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Collaboration Between the Arase and Van Allen Probe (NASA)

Mission Teams

Determining the physical mechanisms that produce
electron flux enhancements in the Earth’s radiation belts is
one of the most important unresolved questions in inner
magnetospheric physics. This was emphasized as the
primary mission-level science question for both the Arase
and Van Allen Probes missions. To address these types of
questions and to enable joint science between the two
missions, it is imperative that the electron measurements be
carefully cross calibrated with one another to ensure a high
degree of confidence in both datasets. This involves careful
consideration of the particle instruments’ behavior during
on-orbit operation and detailed computer modeling of the
instruments’ characteristics.

The MagEIS (Van Allen Probes) and HEP/XEP (Arase)
instrument teams collaborated
closely since the launch of

Figure 1. Members of the MagElIS
and HEP/XEP instrument teams
engaged in a lively discussion at
the 2017 Fall AGU Meeting.

Space Science Applications Laboratory, The Aerospace Corporation

Seth Claudepierre and Mark Looper(+z 40— RreT—L/%—% JL—1%—)

Arase in 2017 to perform such work. This was first achieved
through informal gatherings at Fall AGU meetings between
the Arase and Van Allen Probes energetic particle teams
(Figure 1) . These meetings, where instrument cross
calibrations between the two missions were discussed in
great detail, were beneficial to both groups and have had
a lasting impact on the quality of the energetic particle
measurements from both missions. These activities also
led to coordinated science campaigns to improve cross
calibrations and to two week-long visits by the authors to
Nagoya University to further collaborate and dig deeper into
the intercalibration questions. Importantly, the results of this
work have enabled a number of important scientific studies
that would not have been possible using the particle data
only from one mission alone. Unlocking the mysteries of the
Earth’s radiation belt is truly an international effort and we
are forever grateful to the Arase team for their hard work on
these difficult problems. Our collaborative efforts and the
relationships established greatly enhanced the scientific
return from both missions.
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The Change in the Plasma Sheet Source
During a Large Storm Physics and Space Science Center, University of New Hampshire’ Lynn Kistler(y> #z5-)

Recent simulations [Glocer et al., 2020] have indicated
that the source of the nightside plasmasheet can change
substantially from solar wind to the ionospheric as a storm
develops. The source of the plasma sheet can be determined
from the composition. While both the solar wind and
ionospheric plasma sources contribute significant H', the solar
wind minor species consist of high charge state ions such
as He'" and O*°, while the ionospheric heavy ions are singly
charged. Both Arase and Magnetospheric Multiscale mission
(MMS) are able to measure He™, so He*" can be used as a
solar wind tracer. Comparing the He*"/H" ratio in the solar
wind with that in the plasma sheet allows us to determine the
fraction of the H" that comes from the ionosphere.

During a storm on Sept 7-9, 2017, the Arase apogee was
on the nightside, while MMS was coming inbound through
the nightside plasma sheet pre-storm, and outbound towards
the dawnside magnetosheath during the recovery phase.
Figure 1 summarizes the event. The top two panels show
the IMF Bz and the SYM-H index. There are two time periods
when IMF Bz turns strongly southward, indicated with orange
vertical lines, and both time periods correspond with a drop in
the Sym-H index, indicating storm main phase time periods.

The next three panels show the Arase H™ energy spectra
from MEP-i and LEP-i, and the H* and He*" densities. These
are followed by the MMS/HPCA H" energy spectrum and H*
and He™ densities. The bottom panel compares the He™/H"
ratio at MMS and Arase with that measured in the solar wind

by Wind/SWE. Prior to the first main phase, the agreement
between the three spacecraft is very good, indicating a
predominantly solar wind source for the plasma sheet. During
the first storm main phase, when Bz is negative, the He**/
H" measured by Arase is significantly lower than that in the
solar wind, indicating a strong ionospheric contribution to
the H".
magnetosheath, and so measures a solar wind population,
but Arase shows that the plasma sheet has transitioned back
to a predominantly solar wind source. During the second

During the recovery phase, MMS moves into the

southward Bz time period, Arase measures two additional
time periods with a strong ionospheric contribution.

These measurements have shown that during a
storm, the plasma sheet source changes dramatically from
predominantly solar wind to predominantly ionospheric, in
agreement with the Glocer et al. [2020] simulations. Arase
plays a key role in this study by providing the plasma sheet
composition during the storm main phases, when MMS is off
or in the magnetosheath.

Reference:

Glocer, A., Welling, D., Chappell, C. R., Toth, G., Fok, M.-C., Komar,
C., et al. (2020). A Case Study on the Origin of Near-Earth Plasma.
Journal of Geophysical Research (Space Physics), 125(1), e 28205.
http://doi.org/10.1029/2020JA028205

% also at Institute for Space-Earth Environmental Research, Nagoya
University
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Figure 1. Data during the Sept 7-8, 2017 geomagnetic storm.
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Collaboration between Japan and Taiwan

Institute of Astronomy and Astrophysics, Academia Sinica S hian g'YU Wan gerrav oY)

The Arase mission is an important science collaboration
between Japan and Taiwan. It is the first project in Taiwan
to develop a payload on a pure science satellite. The Arase
collaboration gave the Taiwanese space science community a
great opportunity to access the first-hand measurement data
from an advanced mission and develop a science payload
that has to survive under very high radiation conditions.

Luckily, we successfully grasped the opportunity and
turned it into a nice experience. The development of our
payload, the LEP-e (Low-Energy Particle Experiments
- Electron Analyzer), was on time, and it functioned as
expected. After the launch, our team worked with the Arase
team to operate the LEP-e according to the observation
schedule and modified the operational mode when
needed. The calibration of electron flux measured from
LEP-e was also carefully calibrated. Science-wise, Taiwanese
scientists have used the Arase data to study the electron
density variation respected to the wave and electric field
distribution to understand correlations between electrons in

the magnetosphere and the observed aurora. With the high
angular resolution of the LEP-g, the detailed physics between
aurora and electrons far from the earth was revealed.

As a partner, we are very pleased to see the LEP-e
instrument is still working properly after the launch for
five years. Furthermore, it is a great success that the whole
satellite is still in a healthy condition to provide precious
science data. | hope to see more science output of ERG data

from Taiwan, especially more science collaboration between
Japan and Taiwan.

Figure: A group photo taken at the 4th ERG Taiwan Workshop held in
January 2020.
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