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1. Propagation of equatorial noise to low altitudes: Decoupling from the magnetosonic mode
Equatorial noise (often phenomenologically described as magnetosonic waves in the literature) is a
natural electromagnetic emission, which is generated by instability of ion distributions and which
can interact with electrons in the Van Allen radiation belts. We used multicomponent
electromagnetic measurements of the DEMETER spacecraft to investigate if equatorial noise
propagates inward down to the Earth. Analysis of a selected event recorded under disturbed
geomagnetic conditions showed that equatorial noise can be observed at an altitude of 700 km,
while propagating radially downward as a superposition of spectral lines from different distant
sources observed at frequencies both below and above the local proton cyclotron frequency.
Changes in the local ion composition encountered by the waves during their inward propagation
disconnect the identified wave mode from the low-frequency magnetosonic mode. The local ion
composition also induces a cutoff which prevents the waves from propagating down to the ground.
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(Figure below) Example of the burst-mode observations of the DEMETER spacecraft on 12 April 2005.
Frequency-time plots of (a) the sum of the power-spectral densities of three orthogonal electric field
components, (b) the sum of the power-spectral densities of three orthogonal magnetic field
components, (c) the ellipticity of the magnetic field polarization with a sign corresponding to the
sense of polarization, (d) the ellipticity of the electric field polarization with a sign corresponding to
the sense of polarization, (e) the angle between the wave vector and the background magnetic field,
(f) azimuth of the wave vector with respect to the outward direction, positive eastward, (g) the angle
between the Poynting vector and the background magnetic field, and (h) azimuth of the Poynting
vector with respect to the outward direction. A color scale is given on the right-hand side of each
plot. . The local proton cyclotron frequency is given by a black solid line in each plot. Time is given in
UT on the bottom, as well as the geomagnetic latitude of the spacecraft.

2. Poynting vector and wave vector directions of equatorial chorus
We presented new results on wave vectors and Poynting vectors of chorus rising and falling tones
on the basis of 6 years of THEMIS (Time History of Events and Macroscale Interactions during
Substorms) observations. The majority of wave vectors was closely aligned with the direction of the
ambient magnetic field (B0). Oblique wave vectors were confined to the magnetic meridional plane,
pointing away from Earth. Poynting vectors were found to be almost parallel to B0.
We showed, for the first time, that slightly oblique Poynting vectors were directed away from Earth
for rising tones and toward Earth for falling tones. For the majority of lower band chorus elements,
the mutual orientation between Poynting vectors and wave vectors was explained by whistler mode
dispersion in a homogeneous collisionless cold plasma. Upper band chorus required inclusion of
collisional processes or taking into account azimuthal anisotropies in the propagation medium.
Upper band chorus required inclusion of collisional processes or taking into account azimuthal
anisotropies in the propagation medium. The latitudinal extension of the equatorial source region
was limited to ±6° around the B0 minimum or approximately ±5000 km along magnetic field lines.
We found increasing Poynting flux and focusing of Poynting vectors on the B0 direction with
increasing latitude. Also, wave vectors became most often more field aligned. A smaller group of
chorus generated with very oblique wave normals tended to stay close to the whistler mode
resonance cone. This suggested that close to the equatorial source region (within ∼20° latitude), a
wave guidance mechanism was relevant, for example, in ducts of depleted or enhanced plasma
density.
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Poynting vector directions in the [x, y] plane of the FAC system. Panels are organized with regard to
(a, c) rising tone chorus and (b, d) falling tone chorus and with regard to Poynting flux propagating
(a, b) along the direction of B0 or (c, d) against the direction of B0. Count rates, i.e., the number of
chorus elements per bin (0.1 × 0.1), are coded in rainbow colors.

3. Subionospheric propagation and peak currents of preliminary breakdown pulses before
negative cloud-to-ground lightning discharges
We analyzed broadband electromagnetic measurements of pulse sequences occurring prior to first
return strokes of negative cloud-to-ground lightning flashes. Signals generated by lightning
discharges were recorded close to the thunderstorm by a magnetic field receiver and traveled up to
600km to three distant electric field receivers. We found that amplitudes of observed preliminary

breakdown pulses, as well as amplitudes of the corresponding return strokes, were attenuated
approximately by 2 dB/100km when propagating in the Earth-ionosphere waveguide over
mountainous terrain. Propagation simulations showed that there is a significant contribution of the
sky wave signals in the waveforms observed beyond 500 km from their source. The estimated peak
currents of the largest preliminary breakdown pulses reached over 60 kA. Such current pulses
propagating through in-cloud lightning leader channels in a strong electric field may be able to
initiate terrestrial gamma ray flashes.

(a) Amplitudes of the RS pulses and (b) the corresponding dominant PBPs as a function of the
distance from the source lightning stroke. Measured values (dots) and nonlinear least squares fits
(lines) of the model are denoted by letters A–J and color coded from magenta to red according to the
increasing RS peak current reported by MÉTÉORAGE for the 10 cases.
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4. Spatial distribution of Langmuir waves observed upstream of Saturn’s bow shock by Cassini
We presented the spatial distribution and spectral properties of Langmuir waves observed upstream
of Saturn’s bow shock by the Cassini spacecraft. The entire 10 kHz wideband data set obtained
between June 2004 and December 2014 was analyzed using an automated procedure. Almost 106
waveform snapshots with intense narrowband emissions in the frequency range of 1–10 kHz were
detected. A typical wave spectrum exhibited a single intense peak (62% of all selected waveforms).
However, spectra with a superposition of two (25%) or more (13%) intense peaks were also observed.
Using magnetic field observations and a model of the bow shock, plasma wave activity across Saturn’s
foreshock was mapped. The plasma wave occurrence increased steeply behind the tangent magnetic
field line, i.e, the sunward foreshock boundary, and rose with increasing distance from the tangential
line into the downstream region. The single peak spectra were observed across the entire foreshock,
while more complicated spectra were more likely measured deeper inside the foreshock and closer to
the bow shock. We confirmed that the most intense waves occurred close to the tangent point and
that their intensity decreased both deeper in the foreshock and along the tangential line.

(top) Geometry of the Saturn’s electron foreshock (orange color) in KSO coordinates for an 90° angle
between the solar wind direction and interplanetary magnetic field (blue solid line). The gray dotted
line indicates the lower and upper limit of the bow shock position obtained by the Went et al. [2011]
model. The bow shock position used in the study is shown by the black solid line. The red cross defines
the position of the tangent point. (bottom) Results of the Langmuir wave survey for 2004 through
2014. (a) Number of WBR waveforms captured beyond the bow shock as a function of foreshock
position. (b) Overall occurrence rate of Langmuir waves observed outside Saturn’s bow shock as a
function of foreshock position.
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5. Propagation properties of quasiperiodic VLF emissions observed by the DEMETER spacecraft
Quasiperiodic (QP) emissions are electromagnetic waves in the frequency range of about 0.5–4 kHz
observed in the inner magnetosphere that exhibit a periodic time modulation of the wave intensity,
with modulation periods from a few seconds up to 10 min. We presented results of a detailed wave
analysis of nearly 200 events measured by the low-altitude Detection of Electro-Magnetic Emissions
Transmitted from Earthquake Regions (DEMETER) spacecraft. Upper frequency range of studied
emissions was limited to 1 kHz due to the sampling rate of the analyzed data. We found that QP
emissions propagated nearly field aligned at larger geomagnetic latitudes; they became more
oblique at midlatitudes and eventually perpendicular to the ambient magnetic field at the
geomagnetic equator and thus perpendicular to the Earth’s surface, allowing their downward
propagation through the ionosphere. The observed propagation pattern was consistent with the
source of missions located in the equatorial region at larger radial distances.

Frequency-time spectrogram of a QP event measured on 13 December 2006. (a, b) Power spectral
density of magnetic and electric field fluctuations, respectively.
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6. Cluster observations of reflected EMIC-triggered emission
On 19 March 2001, the Cluster fleet recorded an electromagnetic rising tone on the nightside of
the plasmasphere. The emission was found to propagate toward the Earth and toward the magnetic
equator at a group velocity of about 200 km/s. The Poynting vector was mainly oblique to the
background magnetic field and directed toward the Earth. The propagation angle became more
oblique with increasing magnetic latitude. Each rising tone was more field aligned for higher
frequencies. Comparing our results to previous ray tracing analysis we concluded that this emission
was a triggered electromagnetic ion cyclotron (EMIC) wave generated at the nightside plasmapause.
We detected the wave just after its reflection in the plasmasphere. The reflection made the tone
slope shallower. This process can contribute to the formation of pearl pulsations.

Field-aligned component of filtered magnetic waveforms observed by Cluster spacecraft around t0
for (a–c) three frequency ranges. Vertical dashed lines mark the waveform maximum recorded at
each spacecraft during the displayed time and frequency ranges.
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7. Interplanetary solar radio emissions associated with a coronal mass injection
Coronal mass ejections (CMEs) are large-scale eruptions of magnetized plasma that may cause
severe geomagnetic storms if Earth directed. We reported a rare instance with comprehensive in
situ and remote sensing observations of a CME combining white-light, radio, and plasma
measurements from four different vantage points. For the first time, we successfully applied a radio
direction-finding technique to an interplanetary type II burst detected by two identical widely
separated radio receivers. The derived locations of the type II and type III bursts were in general
agreement with the white-light CME reconstruction. We found that the radio emission arose from
the flanks of the CME and that it was most likely associated with the CME-driven shock. Our work
demonstrated the complementarity between radio triangulation and 3D reconstruction techniques
for space weather applications.

(a) Propagation analysis of radio measurements. Radio source locations of type II (circles) and type III
(squares) bursts for four time-frequency intervals in the XYHEEQ plane. Colors denote frequencies. The
cyan and green arrows indicate the CME propagation directions obtained by the GCS model and the
SSEF technique, respectively. The Sun is at (0, 0). (b) Positions of the spacecraft in the solar equatorial
plane on 2013 November 29. The purple and arrows indicate average directions of type II and type III
bursts, respectively. The cyan and green arrows indicate the CME propagation directions obtained by
the GCS model and the SSEF technique, respectively. Dotted–dashed lines show the CME half-width.
(c) Kinematics of the CME and radio sources between 2013 November 29 and December 1. Dotted
lines are linear fits.
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