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1. Plasma waves and interplanetary dust in the solar wind: new measurements of the Time Domain
Sampler module within the Radio and Plasma Waves instrument onboard Solar Orbiter.

The Radio and Plasma Waves instrument, including the Time Domain Sampler, has been measuring
electromagnetic phenomena in the solar wind nearly continuously since the start of Solar Orbiter in
February 2020. Data from the Czech instrument, obtained at a range of heliocentric distances, resulted in
several studies of high frequency waves in the solar wind plasma and a study of interplanetary dust,
deriving for the first time the average radial velocity of dust grains.
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Wave emission observed by the Time Domain Sampler of the Radio and Plasma Waves instrument
onboard Solar Orbiter: (a) blue bars show the occurrence rate of intense waves below 20 kHz, over-
plotted orange line representing the distance from the Sun; (b) distribution of observed wave frequencies
with their observed minimum-maximum range, orange and yellow lines respectively represent modelled
electron and proton plasma frequencies; (c) averaged maxima of wave amplitudes with their range.
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2. Multipoint measurements of whistler-mode waves in the Earth’s magetosphere: hiss originating in
whistlers

Measurements of electromagnetic waves in space plasmas are an important tool for our understanding
of physical processes in this environment. We used multi-point measurements of electromagnetic field
fluctuations by the Cluster space fleet to discuss sources of plasmaspheric hiss. Our case study shows
hiss which was triggered in the dayside outer plasmasphere by unducted whistlers emitted from strong
lightning strokes. Spectral properties of magnetospherically reflecting whistlers and hiss strongly depend
on geographical location of the source. We also showed results collected during a close conjunction of
the Van Allen Probes and Arase spacecraft. 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.
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Observations of strong whistlers by the Van Allen Probe B spacecraft. Top: total power spectral density of
magnetic field fluctuations obtained as the trace of the magnetic spectral matrix; bottom: angle
between the spectral estimate of the Poynting vector and the vector of the background magnetic field.
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3. The Faraday rotation effect in Saturn Kilometric Radiation observed by the Cassini spacecraft

Non-thermal radio emissions from Saturn, known as Saturn Kilometric Radiation (SKR), were analyzed
for the Faraday rotation effect detected in Cassini RPWS High Frequency Receiver (HFR) observations.
This phenomenon, which mainly affects the lower-frequency part of SKR below 200 kHz, is characterized
by a rotation of the semi-major axis of the SKR polarization ellipse as a function of frequency during
wave propagation through a birefringent plasma medium. Faraday rotation was found in 4.1% of all HFR
data recorded by Cassini above 20 degrees northern and southern magnetic latitude, from mid-2004 to
late 2017. A statistical visibility analysis has shown that elliptically polarized SKR from the dawn source
regions, when beamed toward high latitudes into the noon and afternoon local time sectors, is most
likely to experience Faraday rotation along the ray path. The necessary conditions for Faraday rotation
were discussed in terms of birefringent media and sharp plasma density gradients, where SKR (mostly R-
X mode) gets split into the two circularly polarized modes R-X and L-O. By means of a case study we also
demonstrated how Faraday rotation provides an estimate for the average plasma density along the ray
path.
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4. Measurability of the nonlinear response of electron distribution function to chorus emissions in the
Earth's radiation belt

The whistler-mode chorus waves are known to have a major impact on the dynamics of the Earth’s
outer radiation belt, causing acceleration and loss of energetic electrons. In this paper we focused on
the possibility of analyzing the nonlinear properties of chorus through measurements of perturbations
in the hot electron velocity distribution caused by interaction with the waves. We used a recently
developed model of a single rising-tone chorus element with a subpacket structure and employed
backward-in-time test particle simulations to obtain the perturbed electron distribution. We then
analyzed the character and magnitude of these perturbations and assessed their measurability.

It was found that the nonlinear interaction of chorus subpackets with electrons causes the creation of
stripes of increased and decreased phase space density. These stripes are initially aligned to resonance
velocity curves, but become distorted due to the adiabatic motion of the electrons, and their structure
further becomes less clear as the frequency of the chorus riser increases. On the front of the
perturbation region, a prominent decrease in phase space density, associated with the electromagnetic
electron hole, can be observed. We calculated the particle fluxes in our simulation and estimated the
particle counts which could be measured by the state-of-art electrostatic analyzers on spacecraft. We
concluded that no recent particle instrument has the necessary pitch angle resolution and geometric
factor to make a significant observation. A new instrument with improved angular resolution is needed
to measure the perturbations predicted by our simulations. A successful observation would confirm the
validity of previous theoretical predictions, and it could also partially reconcile two major theories of
chorus growth, the nonlinear growth theory and the backward-wave oscillator theory.

Reference:

Hanzelka, M., Santolik, O., Omura, Y., & Kolmasova, I. (2021). Measurability of the nonlinear response
of electron distribution function to chorus emissions in the Earth's radiation belt. Journal of Geophysical
Research: Space Physics, 126, €2021JA029624. https://doi.org/10.1029/2021JA029624

a) b)
o 90
0.6 - 0.10 , los® = 125.5
10°
it 005 3 & ot
E 0.4 ’ “ é & l ... 10? X
o 0.00 % o2
73.1 =
0.2 -0.05% e
0.10 e
—u. 10!
0.0 . : - —
-0.4 -02 0.0 Ex [keV)

vy [e]

a) Perturbations of hot electron velocity distribution after interaction with a chorus element, as captured
at the magnetic equator right after the last subpacket. The plot shows a normalized difference between
the perturbed distribution and the initial distribution. b) Polar plot in energy-pitch angle space showing
the ratio Nreq/Nexp, where Nreq is the number of particles required to make a 1-sigma significant
measurement of the perturbations, and Nexp is the number of particles expected to be measured by an
electrostatic particle analyzer.



5. Occurrence of electromagnetic ion cyclotron waves in the magnetosphere according to their distance
to the magnetopause

Wave growth of electromagnetic ion cyclotron (EMIC) emissions observed in the outer magnetosphere is
mainly controlled by compression events resulting from solar wind dynamic pressure pulses. During such
events wave growth is expected to be maximum close to the magnetopause. In previous studies,
distribution of EMIC waves was analyzed according to their distance from the Earth, which is inadequate
for studying the magnetopause region. We mapped a data set of EMIC waves observed by the THEMIS
spacecraft according to their distance from a case-by-case modeled magnetopause. EMIC occurrence rate
was found to be maximum within two Earth radii from the magnetopause and then it linearly decreased
with the increasing distance, especially close to the local noon.
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6. Atmospheric electricity: A distinct negative leader propagation mode

We studied the atmospheric electricity phenomena from both small and large-scale perspectives. We
investigated in detail the propagation of evolving lightning discharge inside thunderclouds (Scholten et
al, 20213, b). We also introduced a new method for automated detection of atmospherics and tweek
atmospherics. This method can be used for monitoring of diurnal, nocturnal and seasonal variations of
the ionospheric D-layer (Maslej-Kresnakova et al, 2021).



We combined narrowband measurements made with the LOFAR (Low-Frequency Array) radio telescope,
an instrument primarily built for radio-astronomy observations and the broadband magnetic field data
recorded by the Shielded Loop Antenna with a Versatile Integrated Amplifier (SLAVIA) in order to
investigate propagation of negative lightning leaders. We observed that a negative in-cloud leader
rather suddenly changed, for a few milliseconds, into a mode where it radiated 100 times more very
high frequency (VHF) power and propagated faster than typical negative leaders. After this rapid
propagation mode, it spawned in a large number of more typical negative leaders. This rapid mode
occurred during the initial stage of all (25) lightning flashes we have mapped. For some flashes this
mode occurred also well after initiation and we showed one case where it was triggered twice, some
100 ms apart. We postulated that the rapid propagation mode was indicative of a small (order of 5 km?)
but dense charge pocket in vicinity of which lightning appeared to be exclusively initiated.
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a) Broadband magnetic field waveform, b) power recorded at a core station of LOFAR, c) propagation
velocity along the track indicated in light blue in the panel d, d) VHF sources localized by LOFAR. The
records started at 21:03:06.757 UTC on 19 April, 20189.
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7. Radio and plasma waves in the vicinity of Venus and whistler-mode waves in the solar wind.

On December 27, 2020, Solar Orbiter completed its first gravity assist maneuver of Venus. While this flyby
was performed to provide the spacecraft with sufficient velocity to get closer to the Sun and observe its
poles from progressively higher inclinations, the Radio and Plasma Wave (RPW) consortium, along with
other operational in-situ instruments, had the opportunity to perform high cadence measurements and
study the plasma properties in the induced magnetosphere of Venus (Hadid et al 2021). These
observations include the identification of a number of magnetospheric plasma wave modes,
measurements of the electron number densities computed using the quasi-thermal noise spectroscopy
technique and inferred from the probe-to-spacecraft potential, the observation of dust impact signatures,
kinetic solitary structures, and localized structures at the bow-shock, in addition to the validation of the
wave normal analysis on-board from the Low Frequency Receiver. Our contribution to the development
of algorithms for this module was also reflected by new results on the whistler mode waves in the solar
wind (Chust et al, 2021; Kretzschmar et al, 2021).
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Overview of the combined power spectral densities observed by Solar Orbiter’s radio and plasma wave
instrument during its first flyby at Venus. (a) The electric field spectrum, obtained by combining RPW
subsystems data from LFR, TDS and TNR. (b) The magnetic field spectrum, obtained by combining RPW
subsystems data from LFR and TDS. The electron cyclotron ( f.) and ion (f,) and electron plasma (fs)
frequencies are shown in black lines (f < foi < foe). The vertical dashed lines delimit different regions in the
induced magnetosphere of Venus.
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