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Research Topics
<M agnetospheric Observations>
GEOTAIL spacecraft has been operated since 1992, The Plasma Wave Instrument (PWI) is

continuously collecting spectrum data and high time-resolution waveform data. It is expected to be in a
good condition & least until the next long eclipse in 2009. The 24 hour plots of the observed wave

spectrum data have been opened in the PWI web site http:/Awwwrish.kyoto-uac.jp/gtlpwi, and

http://www.stp.isas.jaxajp/geotail. Further, 2005, the PWI team has started to open the
accessto al of 2 hour plots of the observed spectra Onecan easily access the PWI 2 hour plots through
the above web page.

The role of the PWI Principal Investigator has been taken over from Professor emeritus of Kyoto
Univ. H. Masumato, who isthe current president of Kyoto University to Dr. H. Kojima of Kyoto Univ.

Nagayama et al. [2008] analyzed the frequency sweep rates of rising chorus emissions. They
performed the statistical andysis of chorus emissons observed by WFC onboard GEOTAIL from
October 1992 to December 2007. Figure 1 shows the andytical results: (a) amplitudes vs. L values, and
(b) frequency sweep rates vs. L values. Both chorus amplitudes and frequency sweep rates become
smaller as the L-value becomes larger. This indicates that the frequency sweep rate would become large
& the chorus wave amplitude grows, which is consistent with the simulation results reported by

Hikishima & al. [20083a, b; 2009a].
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Figure 1: The amplitudes and frequency sweep rates of the chorus emissions depending on the L-value.

The mechanism for formation of the Eath’s radiation belt has been an outstanding issue for
uilization of the geospace environment. Kasahara et al. (2009) presented a typicd magnetic storm
event which occurred from 9 to 19 October, 1990, in which there is a clear correlaion among
continuous injection of hot dectrons, generation of chorus, geomagnetic AE activity (all for ~8 days)
and the accderation of electrons torelativistic energies. They dso show ed the frequency charecteristics
of chorus dements that are important for non-linear wave particle interactions. They propcsed a
following scenario to explain the observations. the continuous injection of hot dectrons associated with



the continuous AE activity. The hot dectrons with Tperp/Tpaa > 1 temperature anisotropies excite
whistler-mode chorus waves Thechorws interacts with energetic electrons accelerating them to MeV

energies forming aflux of ¢ Killer dectrons’ in the outer radiation bdt.
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Knowledge of the characteistics of wire antennas in space plasmas used as sensors for electric field
observations by sientific satellites in geospace is necessary to determine the absolute intensity and the
phase of the electric field waves, because the observation data for the dectric fields are available as
voltage signals.

Akebono satellite was launched in 1989 to observe electromagnetic waves in geospace.  Higashi &
d. [2008] analyzed the data acquired from 1989 to 1995 for the antenna impedance measured by the
vector impedance measuring instrument (VIP) for the electric field sensors onboard Akebono saellite
It wasfoundthat the resistance component of the antennaimpedance has the frequency dependence.

By correcting the data of the antennaimpedance measurement in consideration of the secular change
of VIPR theresistance values became normal as shown in Figure 3 [Kamei and Higashi, 2008].
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Figure 3: Correction of theresistancecomponent of the antenna impedance
(Left: Beforecorrection, Right: After correction)



In Morioka et a. (2008), the dynamica behavior of auroral kilometric radiation (AKR) is
investigated in connection with aurord paticle accderation & substorm onsets using
high-time-resolution wave spectrograms provided by Polar/PWI electric fidd observaions. AKR
develops explosively at altitudes above apreexisting low-altitude AKR source & substorm onsets. This
“AKR breskup" suggests an abrupt formation of a new field-aligned acceleration region above the
preexisting acceleration region. The formation of the nev acceleration region is completed in a very
short time (amplitude increases 10,000 times in 30 seconds), suggesting that the explosive development
is corfined to alocalized region. AKR breakups are usudly preceded (1-3 minutes) by the appearance
and/or gradual enhancement of the low-altitude AKR. This means that the explosive formation of the
high-altitude €electric field takes place in the course of the growing low-altitude acceleration. The
development of the low-altitude acceleraion region is thus a necessary condition for the ignition of the
high-altitude bursty acceleraion. The dH/dt component from a search-coil magnetometer at ground
shows that a few minutes prior to substorm orsets, the quasi-DC component begins a negative
excursion that is nearly synchronized with the start of the gradud enhancement of the low-dtitude
AKR, indicaing a precursor-like behavior for the substorm. This negative variation of dH/dt suggests
an exponertially increasing ionospheric current induced by the upwad fidd-aligned current. At
substam onsets, the decrease in the quasi-DC variation of dH/dt further accelerates, indicaing a
sudden reinforcement of thefield-digned current.
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Figure 4. Relationship between global aurora activity and AKR development around a
substorm onset. Upper pands: Polar/UVI images in dark hemisphere on 3 April 1996
showing an auroral breakup around 15:35 UT (image €). The small horizontal
rectangles under images indicate exposure times. Lowe pand: a-t diagram indicating
AKR breakup at 15:35 UT dter gradual enhancement of the low-altitude AKR.

Moriokaet al. (2009) describes the onset process of auroral substorms in connection with the verticd
evolution of auroral particle acceleration, on the basis of auroral kilometric radiation (AKR) dynamics.
We show that the auroral acceleraion process at substorm orset basically consists of two stages: (1)
gppearancelintensfication of a low-altitude acceleration region at 4000-5000 km accompanied by
initial brightening and (2) kreakout of high-atitude field-aligned acceleration above the pre-existing
low-altitude accderation region & 6000-12 000 km, which is followed by auroral breakup and
poleward expansion. It is also reveded that this two-stage evolution of auroral acceleration corresponds
to the two-step reinforcement of field-aligned current.
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Figure 5. Schematic illugtrations of time sequence for substorm on 3 April 1996.
Vertical axes for UV aurora, Pi2, and AKR in each panel correspond to ectivity,
amplitude, and altitude, respectivdy. Horizontal arrows indicae time tolerance
for determining start time of each substorm step.

Miyoshi & al.(2008) showed for thefirst time evidence tha electromagnetic ion cyclotron (EMIC)
waves can causethe loss of relativistic electrons into the atmaosphere. The process has been predicted
theordically since 1970°s, but it has not been confirmed yet. Their conjunction observation from
ground and satellite showed coincident precipitation of ions with energies of ters of KeV and of
relativistic electrons into an isolaed proton aurora. The coincident precipitation was produced by
wave-particle interactions with EMIC waves near the plasmapause. The numerical calculation on the
diffusion coefficients supported that the observed EMIC waves caused coincident precipitation of both
ions inthe ring current and rdativistic electrons in the outer radiation belt.
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Figure 6 : (l€ft) Photograph of isolated proton aurora in the southern sky of
Athabasca, Canada, on September 5, 2005. Coincidence precipitations of both tens
kev ions and relativistic electrons wee olserved indde this aurora (right)
Waveform of EMIC waves observed at Athabasca, when the isolated proton aurora
was observed. Bottom panel indicates the power spectral density of EMIC waves.

Helium-band EMIC waves aresignificantly detected.



Kitamura et a. (2008) have stdtisticdly studied meridional electron density distributions above 45
degree invariant latitude during geomagneticdly quiet periods using the dectron density data obtained
from plasma waves olserved by the Akebono satellite from March 1989 to February 1991 near solar
maximum, in an atitude range of 274-10,500 km. They havefound the largest seasonal variation and
solar zenith angle (SZA) dependence of the dectron dersity at an altitude of 2000 km with a factor of
50 in the trough, aurord and polar cap regions. Theseasonal vaiation and SZA dependence are smaller,
about a factor of 5-10, above 5000 km Day-night asymmetries in each season are smdler than the
seasonal variation. The scale height is larger in the dayside than in the nightside in each season. These
results indicate that photoionization processes in the ionosphere strongly control electron density
distributions up toat least 5000 kmin the trough, auroral, and polar cap regions.
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Figure 7: Electron density distribution models in a region o ILAT>45 degree in an
atitude range of 1000-10500 km. Meridional electron density distribution
modds fitted by the sum of exponential and power law functions in the (a)
summer, (c) equinox, and (6 winter seasons. The number of orbit passesin each
bin are shown in the (b) summer, (d) equinox, and (f) winter seasors. The dipole
magnetic field lines & ILAT of 45, 60, 70, and 80 degree are shown in each
panel.



CRRES dectric field data during substorms have been analyzed by Nishimura et al. (2008) to
investigate intense electric fields in the inner magnetosphere asociated with dipolarizations. Substorm
injections during 13:00 - 15:00 UT on 7 March 1991 exhibit many large-scale electric fields and
short-duration electric field spikes. Large-scde electric fields with durations of 1 min areidentified as
spatial structures associated with the region 1 field-aligned currents. Amplitudes of electric fields reach
30 mV/m with a high corrdation with variations of the magnetic field, and the Poynting fluxes are
directed toward the ionosphere with magnitudes of more than 0.5 mwW/m’. 16-Hz high-resolution data
show intense electric field spikes with amplitudes of 100 mV/m? with durations of 1 s. Most of the
spikes are dectromagnetic with Poynting fluxes of 0.1 mW/m directed toward the ionosphere. The
dectric field spikes ae identified as right-handed whistler waves with a sze of 1000 km with
frequencies just below the ion cyclotron frequency. A nealy smultaneous measurement by the
DMSP-F9 satellte shows intense plasma flows with duraions of 1 s and invertedV electron
precipitation. An estimation of the wave and particle energy fluxes shows that about half of the
Poynting flux of the dectric field spikes is consumed accelerating auroral paticles, and 1% of the
Poynting flux drives the fast plasma flows at the ionosphere. It is suggested that the electromagnetic
spikes provide sufficient energy for auroral particle acceleration.

1315 UT on March 7, 1991
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Figure 8 CRRES field and particle data between 13 and 15 UT on 7 March 1991.
Figures a-c and d-e show low-pass filtered magnetic and electric field data. Figure 2f
shows the high-resolution electric field with a period of less than 20s. Figures g and
h shaw the electron and ion energy flux. Theintense electric fields labeled as Aand B,

and the spikes «, f,and ¥ have been andyzed by Nishimura et al. (2008).



Shiraishi et a. developed a nautomatic analyzer to measure the lower cut-off frequency of
Continuum Radiation (CR), which has been used to estimate an dectron density around the Geotail
spacecraft.  So far, the lowe cutoff frequency is detected by human's eyes, it takes a long time to
obtain the lower cut-off frequency, and it is difficult to avoid subjective factas. In there study, they
introduce a new scheme to detect the lower cut-df frequency of CR in signd analysis as shown in
Figure 9. An example of suchan analysis result is shownin Figure 10,
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Fig.9 A new sheme to detect the lower cutoff frequency of CR. Examples of
binarization process applied to modd spedra: (8 A model spectrum which have a
sequence of 1 away from the remarked frequency. (b) A model spectrum

which have asequenceof 1 in the vicinity of the remarked frequercy.

Fig.10 Detected cut-off frequencies at 10:00 UT — 12:00 Jan. 15, 1995.

<Jupiter Observations>

In Kimura et a. (2008), Ulysses had a “distant encounte” with Jupiter in February 2004. The
spacecraft passed from north to south, and it observed Jovian radio waves from high to low latitudes
(from +80° to +10°) for fev months during its encounter. In this study, we present a stdisticd



investigation of the occurrerce characteristics of Jovian quasi-periodic bursts, wsing spectral data from
the unified radio and plasmawave experiment (URAP) onboard Ulysses. The laitudinal distribution of
quasi-periodic bursts is derived for the first time. The andysis suggested that the bursts can be roughly
categorized into two types: one having periods shorter than 30 min and one with periods longer than 30
min, which is consistent with the results of the previous andysis of daa from Ulysses’ first Jovian
flyby [MacDowdl, R.J, Kaser, M.L., Desch, M.D., Farrell, W.M., Hess, RA., Stone, R.G, 1993.
Quasi-periodic Jovian radio bursts: observations from the Ulysses radio and plesma wave. Experiment.
Planet. Space <ci. 41, 1059 1072]. It is dso suggested that the groups of quasi-periodic bursts shoved a
dependence on the Jovian longitude of the sub-solar point, which means that these burst groups are
triggered during aparticular rotational phase of the planet. Mgos of the occurrence probability of these
quasi-periodic bursts dso showed a unigue CML/MLAT dependence. We performed a 3D ray tracing
analysis of the quasi-periodic burst emission to learn more about the source distribution. The results
suggest that the longitudinal distribution of the occurrence probability depends on therotational phase
The source region of quasi-periodic bursts seems to be located at an atitude between 0.4 and 1.4 Rj
abovethe polar cg region (L>30).
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Figure 11. A map of occurrence probability of the QP burst groups. (8 The horizontal axis
in each panel indicates the CML of Ulysses. The upper panel showsthe CML distribution
of the probability of the QP burst groups. The lower panel is the CML vs. the magnetic
latitude mgp of the occurrerce probability. The color indicates the occurrence probability.
The black regions correspond to the lack of observaion, whereas the blue regions
indicate the lowest probability. (b) has a similar format to that of (a), but the horizontal
axis is the sub solar longitude (SSL).

In Kimuraet al. (2008b),Ulysses had a “distant encounter” with Jupiter when it waswithin 0.8 AU of
the planet during February, 2004. The passage of the spacecraft was from north to south, and
observations of the Jovian radio waves were carried out for afew montts from high to low laitudes
(+80° to +10°) of Jupiter. The statistical study perfamed during this “distant encounte” event provided
the occurrence characteristics of the Jovian broadband kilometric radigion (bKOM), including the
high-latitude component as follows: (1) the emission intensity of bKOM was found to have a sinusoidd
dependence with respect to the central meridian longitude (CML), showing a broad peak at ~180°, (2)
bKOM was preferably observed in the magnetic latitudinal range from ~+30° to +90°, and the emission
intensities a the high laitudes were found to be two times larger than that at the equaorial region, and
(3) the emission intensity was controlled possibly by the sub solar longitude (SSL) of Jupiter. The
intensity had a sharp peak around SSL ~210°. A 3D ray tracing approach was goplied to the bKOM in



order to examine the source distribution. It was suggested that: (1) the R-X mode waves generated
through the Cyclotron Maser I nstability process would be unable to reproduce the intense high- latitude
component of the bKOM, (2) the L-O mode, which was assumed to be generaed at frequencies near
the local plasma frequency, was considered to be the dominant mode for past and present observations
a mid- and high-latitudinal regions, and (3) the high-latitude component of bKOM was found to havea
source dtitude of 0.9 1.5 Rj (Rj: Jovian radii), and to be distributed along magnetic field lines having
L>10.
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Figure 12. Intensity map of the bKOM. Horizontal axis in Fig. (a) indicates the CML
of Ulysses as seen from Jupiter. Uppe panel of Fg. (8 shows CML distribution of
the average intensity. Lower panel of Fig. (a) depicts CML vs. magndic laitude
mg of the average intensity. The color contours show integraed dectric field
intensity from 40-45 kHz. Thewhite lines show the level of 0.035 mV/m. Fg. (b)

is dmost similar in format to that of Fig. (&), but for the horizontal axis, which
shows the SSL.

< KAGUYA (SELENE)>

The purposes d the Lunar Radar Sounder (LRS) on-board the Keguya (SELENE) spacecrdt are (1)
to perform radar sounding of the lunar subsurface structures which provide clues to understand the
origin and evolution of the Moon, and (2) to obsarve naturd radio waves fran the Earth, Sun, and
Jupiter and plasma waves associated with lunar wake and mini-magnetosphere due tocrustal magnetic
anomdy (Ono et a., 2008, Kumamoto & al., 2008, Kasahara et al., 2008).

LRS started the observation just after the extersion of dipole antennas on Oct. 29. Through the
operation from October 29, 2008 to September 10, 2008, 98 days worth d radar sounder data and 270
days worth of plesmawave data have been obtained.

Subsurface radar sounding of the Moon using LRS/SELENE

The Lunar Radar Sounde (LRS) on-board the Kaguya (SELENE) spacecraft started the lunar
surface and subsurfacesoundings since November 2007 in order to understand the origin and evolution
of the Moon. Kaguya is in circular orbit with an dtitude of 100 km and an inclination of 90 degrees.
Orbital period is about 2 hours. The LRS system transmits a radar signd modulated from 4 MHz to
6MHz with a pulse width of 200 microseconds and a peak powe of about 800 Watts. The range
resolution of LRS is 75 m in free space The pulse repetition frequency d pulse transmisson is 20Hz
After the operation for 10 month, the radar sounder observation covered dmost whole areaof the lunar



surface.

Ono et d. (2009) discovered prominent reflectors lying at the goparent depths of a few hundred
meters in the nearside maria of the Moon. The age of subsurfece layer can be deteemined by crater
chronology of outcrop region. The prominent echoes found in Mare Selenitatis are probably from
buried regolith layers accumulated during the depositional hiatus of mare basalts between 3.55 and 3.44
hillion years ago. The mare ridges in the southern part of Selenitatis basin were formed after 2.84

billion years ago, which suggests that global cooling probably dominated the tectonics after 2.84 billion
years ago.
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Fig. 13. Radargrams with obvious lunar subsurface echoes(red arrows). Observation ground
tracks are plotted on the lunar topographic map of the Moon.

<lonospheric Waves>

An Improved-COrion sounding rocket SRP-5 has been carried out. The rocket was launched from the
Poker Flat Research Range, Fairbanks, Alaska at 14:17 LT on January 10, 2009. The apex altitude is
about 98 km at 150 seconds after launch. The primay science objective of SRP-5 Project ISIS
(lonospheric Science and Inertial Sensing) is to measure the plasma density structure of the high
latitude D region ionosphere above Poker Flat Research Range. This will be accomplished using a
plasmaprobe, radio receivers, and othe sensors. The objective of TPU (ToyamaPrefecturd University)
radio receiver is the investigation of the electron density profile in the high latitude D region at daytime
The dectron density profile in the lowest ionosphere is estimated from the measuwred absorption of
three radio waves (257 kHz, 660 kHz and 820 kHz) transmitted from navigation and broadcast dations
near Fairbanks, Alaska.

Three signals were successfully observed from an altitude 0 km - 98 km during the ascent flight
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(Figure 14 and Figure 15). The approximate electron density profile can be deteemined from the
compaison between these experimentd results and propagation characteristics calculated by the full
wave method. Then the most probable electron density profile in the lowest ionosphere below 65 km
will be demonstraed in futurework.

Figure 14 Measurement results of three radio wave intensities, 257 kHz ((@) Lo and (b)
Hi), 660 kHz ((c) Lo and (d) Hi), and 820 kHz ((e) Lo and (f) Hi)

Figure 15 The spectrum from waveform mééﬁrer-nent of 257 kHz (top panel), 660 kHz
(midd e panel) and 820 kHz (bottom panel).

<BepiColombo>

The BepiColombo is the science mission to Mercury. It is the first collaborative science mission
between JAX A and ESA. The BepiColombo mission consists of two individual spacecraft called MPO
(Mercury Planetay Orbiter) and MMO (Mercury Magnetospheric Orbiter). Scientists in Japan and
Europe jointly proposed the plasma wave observation system called PWI (Plasma Wave | nvestigation)
in the response to the AO (Announce of Opportunity) for MMO. The Principal Investigator of PWI is
Prof. Hiroshi Masumoto in Kyoto University, Japan. After reviewing the PWI proposal, the MMO
Payload Review Committee in JAXA selected the PWI fa the science payload onboard MMO
spacecraft. The MMO launchis scheduled in 2014.

The PWI investigates plasmalradio waves and DC electric fidd in Mercury magnetosphere. It
consigts of Wwo components of receivers, twosets of electric field sensors, two kinds of magnetic field
sensors, and the antenna impedance measurement system.

The development and tests of the BBMs have been done by each PWI component team and the PWI
has passed the Prdiminary Design Revien by JAXA, which was conducted in Cctober, 2007. After tha,
the PWI team has moved to the phese of the development of the Engineering model (EM). Thefirst EM
tests of the PWI have been condwcted from August to November, 2008 in Kyoto university. The tests
have been conducted for both of the andogue parts and digital parts Up to now, the PWI team has not
found any serious problems. The second EM tests will start from April, 2009 in Kyoto university. After
the second EM tests, the PWI will attend the EM system integration tests in JAXA, which is scheduled
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in June, 2009.
<Polar Observations>

Oz&ki et al. [2008g andyzed the simultaneous ground-satellite observation of VLF waves in
Antarctica, and discussed quantitaively the VLF penetration charecteristics down through the polar
ionosphere.

Oz&ki et al. [2008b] estimated the polar ionospheric VLF exit point by using observation and
full-wave caculaion results to consder the effects of the magnetized ionosphere and of the
Earth-ionosphere waveguide propagation.  Firstly, to find the digtinct exit point, they theordically
calculaed the spatia distributions of the wave intensity and the polarization on the ground fa VLF
whistler mode waves coming down from the magnetized ionosphere. Then, they compared the
calculated results with the observed daa to evaluate the plausible locations of the exit point for the
aurord hissevents. Their resultsshowed that the direction of the exit point for auroral hiss was found
to be consistent with a bright aurora region, but the estimated exit point was located a few hundred
kilometers equatorward of the associated aurora. Thus, they suggested tha the ray paths for the
aurord hiss could be different from the directions of the geomagnetic field lines for aurora particle
precipitation.

Sato et al. (2008) have ingtalled an Auroral Radio Spectrograph (ARS) system at Husafdl station in
Iceland in order to study the generation and propagation processes of MF auroral radio emissions,
referred to as auroral roar and MF burst, in the poar ionosphere. In late 2006, the ARS detected one
aurord roar and Wwo MF bursts, which were identified as left-handed polarized waves. Results of data
analysis, including other auroral data and particle spectraobserved by the DM SP satdlite, suggest that
the MF bursts are generated by electronswith an average energy of severd keV associated with aurord
breakup. On the othe hand, the auroral roar is generated as upper hybrid waves by relatively
low-energy electrons over the observation site and propagates downward, being converted into L-O
mode electromagnetic waves
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Figure 16: Dynamic spectraof LH (panel (8)) and RH (panel (b)) components of ARS
data recorded 2121-2125 UT on September 23 2006. The MF burst appeared at
212310 UT only in the LH component spectrum. The panel (c) shows a series of
427.8 nm auroral images recorded by the Conjugae Auroral Imager (CAl) instrument
located at the Husafell station.
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<UL F waves>

Miyoshi & al. (2008) used a unique set of ground and satdlite observations to show evidence that
left-hand polarised electromagnetic ion cyclotron (EMIC) waves near the plasmapause can precipitate
relativistic dectrons and lower-energy ions (with energies of tens of keV) at the same time into an
isolated proton aurora. They backed up this interpretaion by estimating the pitch angle diffusion
coefficients for their event. Thdr study clarified that ions with energies of tens of keV affect the
evolution o frelativistic electrons in the radiation belts via cyclotron resonance with EMIC waves.

Maeda et al. (2009) selected 19 cases in which the Cluster spececraft was located on the fidd line
running through the midpoint of two ground magnetomeer sations belonging to the CPMN
(Circum-pan Pacific Magnetometer Neawork), Tixie (TIK) and Chokurdakh (CHD), when TIK and
CHD observed ULF waves caused by field line resonence (FLR). Then, for the 19 cases, they
compaed the electron density (Ne) observed by the WHISPER (Waves of High frequency Sounder for
Probing the Electron density by Rdaxation) instrument onboard the Cluster satdlites with smultaneous
plasma mass density (rho) estimated from the FLR frequency observed by TIK and CHD, both
corrected tothe values on the magnetospheric equatorial plane along the same field line. As aresut, the
ratio of Neto rhofalled into aredlistic range for 150ut of the 19 events. It wasalso suggested that the
contribution of heavy ions tends toincrease when the magnetosphereis disturbed.

<Seismic BELF Emissions>

Oz&i et al. [2009] evaluaed amplitude of a current moment (created by a seismic activity) in the
conductive lithosphere from the view point of possible detection of radiated waves with sendgitivity of an
dectromagnetic sensor. They showed that if aseismic dipole source is larger than 1 kAm/Hz"? placed
a 10 km underground, we can detect it by a search coil magnetometer on the ground. However, even
for the 1 kAm/HZ"? dipole, we cannot observe it in the ionosphere.  To detect it in the ionosphere, the
current moment over 25 MAmM/HZ? in the conductive medium of 10 ° S/m is required, which would
not be a redlistic value. Thus, they suggested that the direct observation of the seismicrelated
dectromagnetic wavesin theionosphere would be quite difficult.

<Computer simulation>

The scattering process of energetic dectrons by resonant interactions with whistler-mode chorus
waves in the magnetosphere is examined in a self-consistent electromagnetic full-particle simulation
[Hikishima et a., 2009b]. The coheent whistler-mode rising chorus can effectively scatter the
energetic electrons through the cyclotron resonant interaction. With increasing the frequercy of rising
chorus, the distribution functions show asignificant deformation along the decreasing resonance
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Figure 17: Tempora variation of distribution function of energetic electrons. The white
curves aretheresonarce vdocities.
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velocity as shownwith the dapsed times (i) to (iii) in Figure 17. The scattering of resonant electrons
follows a nonlinear process. The nonlinear resonant interaction induces acceleration of trapped
dectrons and decelerdion of untrapped resonant electrons. The nonlinear behavior of resonant
dectrons would contribute to the dynamics of magnetospheric dectrons.

Katoh et al. (2008) have showed that in thesimulation of chorus generaion, someresonant electrors
ae rapidly energized by the processes of relativistic turning acceleration (RTA) and ultra-relativistic
aceleaation (URA). RTA and URA ae paticular forms of nonlinear wave trapping of resonant
dectrons by coherent whistler-mode waves and constitute viable mechanisms for the generation of
relativistic dectrons in the radiation belts of magnetized planets.
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Figure 18: (Top) A frection of
resonant electrons are
nonlinearly trapped by chorus
waves and ae dfectively
accderated.

& (Bottom) Wave peackets of
whistler-mode waves are
successively generated near the
magnetic equator, their
amplitudes increasing as they
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Amano and Hoshino (2008) investigated electron awceieraion mecriansin i mgn viacn number

collisionless perpendicular shocks in a weakly magndized plasma using two-dimensional
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particle-in-cell simulations. They observe strong electron
acceleration associded with large amplitude electrostatic
waves in the shock transition region. Multidimensional
effects as well as the sdf-consistent shock sructure are
essential for the strong dectron acceleration at high Mach
number shocks.

Figure 19: Snapshat of paticle phase-space plots
and compressiona  magnetic  field prdfile
averaged over the y-direction. Color represents
the logarithm of the particle count in each bin.
Note that the vertical scale of the electron energy
spectrum (the second panel from the bottom) is

shownon alogarithmic scale
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Saito et al.(2008) demonstrated two-dimensional electromagnetic particle-in-cdl simulations in
magnetized, homogeneous, collisionless electron-proton plasma to investigate the forward cascade of
whistler turbulence. The turbulence displays magnetic energy spectrathat are rdatively stegp functions
of wavenumber and ae anisotropic with more energy in directions relatively perpendicular to the
background magnetic field than at the same wavenumberspardlel to it, asshown in Figure.

Figure 20: Magnetic fluctuation energy spectrum
displaying the anisatropic turbulence Bottom and
= left axis ae wavenumbes pardlel and
B, perpendicular to the background magnetic fidd.

“E“{ The wavenumbers are normalized to electron
L3

-1

- inertial length. As shown in the figure 1, the
% fluctuating energy preferentially cascades to the
¥ perpendicular wavenumbers. Since obliquely

propagating whistler wave tends to have
Col e E electrostatic fluctuation, the whistlers
preferentially heat electrons pardlel to the
background magnetic field through Landau

resonance.
The anisotropic whistler turbulence i.._. . . . _ . ., e e —,—._.0ON

resonance, and heats them in directions both pardlel and perpendlcular to the background magnetic
field, with stronger heating in the paalel direction. They show that whistler tubulence evolves
preferentially to oblique propagation, and electrons gain more energy in the pardlel direction.

<Antenna Characteristics in Space Plasma>

Miyake and Usui (2008) studied effects of phaoelectron on the impedance charecteristics of an
dectric field antenna by performing the electromagnetic Particle-In-Cell simulations. They modded the
photodectron emission from the antenna surface and the antenna charging caused by the photodectron
emission. After an equilibrium solution of a photoelectron sheath prdfile is obtained, they examined the
antenna impedance. They confirmed that the impedance chaacteristics in the preserce of
photodectrons are well described by a parallel equivalent circuit consisting of the resistance and the
capacitance

Figure 7 shows the antenna conductance (inverse of theresistance) versus frequency for two cases of
the photoelectron flux. The conductance valueis greater for the case of the large photoelectron density.
An analytical derivation of the antenna conduction shows that the conduction value is determined by
the conduction current caused by the actual motion of photoelectrons. The result indicaed that the
antenna impedance can vary with the spacecrat spin, which causes the variation of the photoelectron
density around the antenna.

They also devdoped a simulation method of analyzing the behavior of the plasma-wave receiving by
an electric field antenna. The Langmuir or Whistler waves were set up as an initial condition, and the
waves propagate in the simulation region. As a prdiminary result, it was confirmed that the effective
length of a simple dipole coincides with the half of its physical length in absence of sheah and
photodectron effects. They aso confirmed that the effective length of MEFISTO aboard the
BepiColombo is roughly equal to the distance between two separated sensa elements, which are
deployed to the opposite directions.
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Figure 21: Antenna conductarce asfunction of frequency for thecases of large and
small photoelectron fluxes, whichis obtained by the Particle-In-Cell simulations.

Imechi et al. [2008] have analyzed the impedance of the electric dipole antenna which is placed in
the conductive medium such as spece plasmaat low frequencies. Their analysis is based on theresult
of Rheometry experiment to measure the relaionship beween the output voltage of a par of dipole
wire antennas and the intensity of the dectric field applied to them in water. They investigated the
eguivalent circuits of this experiment assuming the electric field to bevirtual power suppliers which are
connected in pardlel (see Figure 22), and found that the structure of the antenna including the
insulation coating around the antenna wire dfects the sensitivity a& very low freguencies when it is
connected to high impedance receivers.  Additionally they performed computer simulaion of the
distribution of electric potential around the antennawire, and clarified the differencein the distribution
depending on the structure of the antennas (Figure 23).
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Figure 22: Equivalert circuit of an antennawire, assuming the electric field to
be virtual power suppliers which are connected in parallel.
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Figure 23: Simulated distributions of electric potential.  The left figure shows the

case that the antenna wires have no insulation coating.  The right figure shows
the case tha they have insulaion coating on the side of the wires.
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