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Abstract Magnetospheric Line Radiation (MLR) is a type of whistler mode electromagnetic wave
phenomenon observed in the inner magnetosphere at frequencies of a few kilohertz, that is characterized

by a frequency modulation of the wave intensity. Although such events are quite regularly observed by
ground-based stations and low-altitude spacecraft, their observations in the equatorial region at larger radial
distances (i.e., close to tentative source regions) are extremely limited, likely due to the generally low frequency
resolution of available measurements. A systematic search for MLR in continuous intervals of high-resolution
multicomponent wave data obtained by the Van Allen Probes spacecraft detects 15 events. They occur primarily
on the dayside at frequencies between about 1 and 5 kHz, propagating with oblique wave normals away from
the geomagnetic equator. For one event, simultaneous ground-based observations are available, providing

limits on the spatial extent of the event: it does not extend beyond the high-density plasmasphere region. An
electrostatic wave at a frequency corresponding to the modulation frequency of MLR is observed in three
events. This is likely linked to the event formation mechanism and has not been observed before. Our results
can lead to an understanding of the formation mechanism of MLR.

1. Introduction

The intensity of whistler mode electromagnetic waves observed in the Earth's inner magnetosphere at frequencies
between about 1 and 8 kHz sometimes peaks at rather well defined equidistant frequencies. These frequencies
may slowly change with time, and the corresponding frequency-time spectrograms are thus formed by a system
of several equidistant intense lines, either constant in frequency or slowly drifting. Such events are generally
called Line Radiation (LR). Two different basic types of LR can be distinguished (Némec et al., 2007a; Rodger
et al., 1995).

One type of LR event is characterized by narrow spectral lines with a frequency separation corresponding to the
base frequency of electric power systems. Such events, called Power Line Harmonic Radiation (PLHR), can be
linked to electromagnetic radiation from electric power systems on the ground, and their formation and proper-
ties are reasonably understood (Némec et al., 2006, 2007b, 2008). The second type of event, with broader spec-
tral lines and frequency spacing not corresponding to the power system frequency (Matthews & Yearby, 1981;
Rodger et al., 1999), is called Magnetospheric Line Radiation (MLR). Although MLR events have been observed
by ground-based stations (Manninen, 2005; Rodger et al., 2000a, 2000b) and satellites (Bell et al., 1982; Némec,
Parrot, et al., 2009) for a few decades, their origin has not been yet adequately explained. It has been suggested
that they might be generated by an interaction between a wave of a carrier frequency and an additional wave with
a frequency equal to the MLR frequency spacing (Némec, Parrot, & Santolik, 2012).

During periods of enhanced geomagnetic activity, MLR events tend to be observed at lower L-shells (Bezdé¢kova
et al., 2015), and their frequency spacing increases (Bezdekova et al., 2019), possibly due to the movement of the
source region to lower radial distances and related increase of characteristic frequencies. Simultaneous observa-
tions by three different spacecraft (Némec, Santolik, et al., 2012) and by a spacecraft and a ground-based station
(Némec, Raita, et al., 2009; Parrot et al., 2007) reveal that, during an event, the same wave pattern is observed
over a rather large area. However, MLR propagation properties cannot be clearly determined, principally because
any observations at larger radial distances are extremely sparse, likely due to lack of spacecraft measurements
with a sufficient frequency resolution.
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static wave with a frequency corresponding to the MLR frequency spacing
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= presented in Section 3 and discussed in Section 4. Finally, Section 5 contains
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2. Data
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The Van Allen Probes (formerly Radiation Belt Storm Probes (RBSP))
mission (2012-2019) consisted of two identical spacecraft with nearly the

Figure 1. Frequency-time spectrogram of power spectral density of magnetic ~ same low-inclination orbits. The perigee and apogee of the orbits were about
field fluctuations measured by the ground-based station Kannuslehto on 11 1.1 and 6 R, respectively. The spacecraft were generally within about 20°

April 2017. Magnetospheric Line Radiation event lasting for nearly the entire  from the geomagnetic equator. Multicomponent electromagnetic wave meas-

plotted time interval can be seen. The white bars at the top mark the time
intervals when Radiation Belt Storm Probes A high-resolution burst mode

measurements were available.

urements at frequencies up to 12 kHz were performed by the Waves instru-
ment of the Electric and Magnetic Field Instrument Suite and Integrated
Science (EMFISIS) suite (Kletzing et al., 2013). Survey mode spectra organ-
ized in 65 frequency bins do not have a sufficient frequency resolution to
identify and analyze narrowband emissions such as MLR. Occasionally active continuous burst mode measure-
ments are thus used in the present paper. These provide waveforms of all six electromagnetic field components
sampled at 35 kHz over a duration of about 5.968 s, followed by about 0.032 s long data gap. The total duration of
a single burst mode interval is thus about 6 s. However, the burst mode is at times active for several consecutive
intervals, resulting in longer, nearly continuous burst mode data.

Considering that the identification of MLR events generally requires longer time intervals to properly distinguish
the events, only data formed by at least 15 consecutive burst mode subintervals (i.e., at least 90 s nearly continu-
ous burst mode data) are considered. Altogether, as many as 6,803 such time intervals occurred during the entire
duration of the Van Allen Probes mission. For each of them, we plotted a frequency-time spectrogram of the
power spectral density of magnetic field fluctuations and visually checked for the presence of MLR. Altogether,
15 MLR events were identified. This would correspond to an occurrence rate of about 0.2%, if the analyzed set
of measurements was randomly distributed. However, this is hardly the case, as the burst mode time intervals are
acquired primarily at large L-shells (Némec et al., 2022). Indeed, nearly 70% of the analyzed burst mode time
intervals were measured at L > 4 and nearly 40% at L > 5.

In addition to the EMFISIS electromagnetic wave measurements, local plasma number density data obtained
from the upper hybrid frequency (Kurth et al., 2015) are used. Finally, simultaneous two-component horizontal
magnetic field measurements with a sampling frequency of 78,125 Hz performed by the ground-based station
Kannuslehto (67.74°N, 26.27°E, L = 5.5) operated by the Sodankyld Geophysical Observatory in Finland are
used for one of the events (Manninen, 2005).

3. Results

One of the identified MLR events is observed not only by the Van Allen Probes spacecraft but also by the
Kannuslehto station. This is advantageous, as the long-lasting ground-based observations can reveal the temporal
evolution and duration of the event, which is not possible using spacecraft measurements with a very limited
duration. The corresponding frequency-time spectrogram measured by the Kannuslehto station is shown in
Figure 1. The data were obtained on 11 April 2017. The MLR event lasts for essentially the entire plotted time
interval (13:00-14:10 UT), that is, more than 1 hour. Note that magnetic local time (MLT) of Kannuslehto is
about +3 hr from UT. Also note that the fixed-frequency lines are due to PLHR and the result of filtering them
out of the spectrum, and they are not part of the MLR spectrum. The white bars at the top of the plot mark the two
subintervals for which the burst mode data measured by RBSP A are available. The spacecraft MLTs during these
two time intervals are about 16.1 and 16.6 hr, respectively, that is, similar to the MLT of Kannuslehto. However,
detailed frequency-time spectrograms plotted for these two time intervals reveal that the MLR event is observed
by the RBSP A spacecraft only during the first time interval.
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Figure 2. Data obtained on 11 April 2017 during the time interval marked by the first white bar in Figure 1. The left column
shows frequency-time plots and the right column shows the corresponding frequency dependences (i.e., averaged over the
time). (a) Power spectral density of magnetic field fluctuations measured by the Kannuslehto station. (b) Power spectral
density of magnetic field fluctuations measured by Radiation Belt Storm Probes (RBSP) A. (c) Ellipticity of magnetic field
fluctuations determined from the RBSP A measurements. (d) Wave normal angle determined from RBSP A measurements.
(e) Parallel component of the Poynting vector normalized by the standard deviation (¢) determined from the RBSP A
measurements.

Frequency-time plots and frequency dependences corresponding to the Kannuslehto and RBSP A measurements
during the first time interval marked in Figure 1 are shown in Figure 2. The left column shows frequency-time
plots of individual wave properties, and the right column shows the corresponding frequency dependences (i.e.,
the frequency-time plots averaged over time). Figures 2a and 2b show the power spectral density of magnetic field
fluctuations measured by the Kannuslehto station and by RBSP A, respectively. Figures 2c—2e depict selected
wave properties determined using the multicomponent RBSP A measurements. The signed ellipticity of magnetic
field fluctuations and the wave normal angle calculated using the singular value decomposition method (Santolik
et al., 2002, 2003) are shown in Figures 2c and 2d, respectively. The obtained ellipticity values close to 1 corre-
spond to right-handed nearly circularly polarized waves. The wave normal angles are about 40°. Figure 2e depicts
the values of the parallel component of the Poynting flux normalized by its experimental uncertainty (Santolik
et al., 2001). The obtained negative values correspond to the wave propagation opposite to the ambient magnetic
field, that is, southward. Given that the RBSP A spacecraft is, at the time of the observation, located at negative
magnetic latitudes, this corresponds to the wave propagation away from the magnetic equator.

The locations of the RBSP A spacecraft and the Kannuslehto station at the time of the observation are depicted
in Figure 3a. Note that as they are located essentially in the same magnetic meridian (MLT of 16.1-16.6 and
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Figure 3. (a) Locations of the Radiation Belt Storm Probes (RBSP) A
spacecraft at the time of the event from Figure 1 are shown by the black
squares. The location at the time marked by the first white bar in Figure 1,
corresponding to the time from Figure 2 when the event was observed by the
spacecraft, is shown by the thicker square. The location at the time marked

by the second white bar in Figure 1, when the event was no longer observed
by the spacecraft, is shown by the thinner square. The blue cross shows the
location of the Kannuslehto station. Magnetic field lines are shown by the
black curves. (b) In situ measured plasma number density as a function of
L-shell. The L-shells corresponding to the two time intervals with the RBSP A
burst mode data available are shown by the solid and dashed vertical red lines,

respectively.

2017/04/11

4 5 6
L

16.2-16.6 hr, respectively), only the meridional view is shown. The location
of the Kannuslehto station is shown by the blue cross. The location of the
RBSP A spacecraft at the time of the measurements from Figure 2 is shown
by the thick square symbol. The location of the RBSP A spacecraft at the
second time interval marked in Figure 1, when the MLR event is no longer
detected by the spacecraft, is shown by the thinner square symbol. The thin
curves show the magnetic field lines. It can be seen that the spacecraft L-shell
at the second time interval is about 0.5 larger than during the first time inter-
val. Figure 3b shows the in-situ measured plasma densities around the obser-
vation time as a function of L-shell. The solid and dashed vertical red lines
mark the L-shells of the RBSP spacecraft at the times corresponding to the
thick and thinner square symbols, respectively. Although the density profile
lacks a sharp well-pronounced plasmapause, a plasmapause-like density
gradient is seen between L-shells of about 4.5 and 5.0. During the second
time interval, when the MLR event is no longer observable, the spacecraft is
located outside of the density gradient, and the density is thus significantly
lower than during the first time interval (by a factor of about 3). Therefore,
the event does not extend beyond the high-density plasmasphere region.

Locations of the 15 identified MLR events projected along the magnetic field
lines to the equatorial plane are shown in Figure 4a. It can be seen that the
events are observed in a wide interval of L-shells between 2 and 6, but mostly
at L-shells between about 4 and 5, primarily on the dayside. Frequencies of
the identified MLR events are analyzed in Figure 4b. For each frequency, the
number of MLR events spanning that particular frequency is depicted. The
event frequencies are mostly between 1 and 4 kHz, but some may extend up
to about 7 kHz.

Multicomponent wave observations of MLR events at larger radial distances
provide a unique opportunity to analyze the wave propagation closer to the
tentative source regions than ever possible before. For each of the events, we
manually select the corresponding frequency-time interval. Additionally, an

event-specific intensity threshold is used to select only elementary frequency-time subintervals corresponding to

the event line structure. Finally, the median value of a given propagation parameter is calculated in order to get

a single propagation parameter value for each of the events. The results obtained for the polar angles of the wave

and Poynting vector directions are shown in Figure 5.

The format of Figures 5a and 5b is the same. Each square symbol corresponds to one MLR event. The abscissa
shows the geomagnetic latitude, and the ordinate shows the polar angles of the wave and Poynting vector directions.

The three events observed at L-shells lower than three are shown in blue. The wave normal angles depicted in

Figure 5a are mostly less than 45°, and they do not exhibit any clear dependence on the geomagnetic latitude. On
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Figure 4. (a) Locations of identified magnetospheric line radiation events projected along dipolar magnetic field lines to the
equatorial plane. (b) Histogram of ranges of frequencies over which the identified events are seen.
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Figure 5. Median propagation parameters of individual events. The events observed at L < 3 are shown by the blue squares,
all other events are shown by the black squares. (a) Wave normal angle as a function of the geomagnetic latitude. (b) Polar
angle of the Poynting vector as a function of the geomagnetic latitude.

the other hand, the Poynting vector directions, which allow us to distinguish the propagation along/opposite the
ambient magnetic field, reveal a difference between the propagation directions northward and southward of the
geomagnetic equator. While the polar angles of Poynting vector directions southward of the geomagnetic equator
tend to be larger than 135°, corresponding to the propagation opposite to the ambient magnetic field, the polar
angles of Poynting vector directions northward of the geomagnetic equator tend to be lower than 45°, correspond-
ing to the propagation along the ambient magnetic field. This corresponds to the wave propagation away from
the geomagnetic equator, indicating that the wave source is located at the equator. Note that the polar angle of the
Poynting vector of the event observed at the geomagnetic latitude of about 10° is close to about 130°, correspond-
ing to the southward wave propagation. This event apparently violates the aforementioned trend of propagation
away from the geomagnetic equator. However, it is noteworthy that this particular event was observed at a rather
low L-shell (L = 2.1). The events at lower L-shells possibly do not propagate directly from the source, but they
might have undergone a magnetospheric reflection. This may possibly explain this particular event, similarly
as, for example, in the case of quasiperiodic emissions (Némec et al., 2014) and plasmaspheric hiss (Bortnik
et al., 2008; Hartley et al., 2018).

Previously available ground-based and low-altitude spacecraft observations of MLR events did not allow an
experimental confirmation/rejection of the hypothesis of the events being formed due to the interaction with a
wave with a frequency corresponding to the frequency spacing (Némec, Parrot, & Santolik, 2012). The reason is
that this hypothetical wave would not propagate down to low altitudes. On the other hand, the Van Allen Probes
observations at larger radial distances might be eventually suitable for its detection. We thus check for the pres-
ence of a wave at a frequency corresponding to the MLR frequency spacing in all the 15 analyzed MLR events.
Both the power spectral density of magnetic field fluctuations and the power spectral density of electric field
fluctuations are investigated for this purpose. While no particular signature is found in the magnetic field data,
electric field data for three of the events reveal increased wave intensities at the corresponding frequencies. An
example of one such event is shown in Figure 6.

Figure 6a shows a frequency-time spectrogram of the power spectral density of electric field fluctuations in the
frequency-time interval corresponding to the MLR event measured by RBSP B on 29 April 2018 between 15:36
and 15:47 UT (MLT about 5.4-5.6 hr). The frequency spectrum calculated over the time interval marked by
the vertical white dashed lines, when the event line structure is particularly well pronounced, is shown on the
right-hand side. The four horizontal blue lines mark the frequencies of the most intense spectral peaks (1,337.0,
1,381.5, 1,426, and 1,470.5 Hz). Figure 6b uses the same format as Figure 6a but with an expanded frequency
axis to show the power spectral density of electric field fluctuations at lower frequencies, only up to 250 Hz. An
increased intensity at the frequency of about 45 Hz, corresponding to the frequency spacing of the MLR event,
can be seen. The frequency spread of this spectral peak at 45 Hz is also similar to the frequency bandwidth of
the individual MLR lines, which is about 10-20 Hz. Moreover, the time variation of the wave intensity at a
frequency of about 45 Hz corresponds to the time variation of the wave intensity at MLR frequencies. Specifi-
cally, it peaks between about 15:36 and 15:39 UT, followed by a gap between about 15:39 and 15:42 UT, with
a subsequent peak between about 15:42 and 15:44 UT, and only comparatively low intensities afterward. The
corresponding frequency spectrum obtained for the time interval marked by the white vertical dashed lines is
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Figure 6. Data obtained by Radiation Belt Storm Probes B on 29 April 2018. The left column shows frequency-time
spectrograms of power spectral density of electric field fluctuations and the right column shows the corresponding frequency
spectra. (a) Frequencies between 1,100 and 1,600 Hz, where the Magnetospheric Line Radiation (MLR) event is observed.
(b) Frequencies between 0 and 250 Hz, revealing a wave at a frequency corresponding to the frequency spacing of the MLR
event.

shown on the right-hand side. The frequency of the spectral peak, marked by the horizontal blue line, corre-
sponds to the frequency spacing of the spectral peaks in Figure 6a (44.5 Hz). Note that the local proton cyclotron
frequency and the lower hybrid frequency are about 4 and 172 Hz, respectively. The observed wave frequency
thus does not correspond to either of them. The observed wave might possibly be a lower hybrid drift wave (Liu
et al., 2021; Ouyang et al., 2022), which occurs at times at frequencies well below the lower hybrid frequency
(Blecki et al., 1988; Carter et al., 2002).

4. Discussion

MLR is not yet a well understood phenomenon occurring in the Earth's inner magnetosphere. The identification of
the line structure of MLR events requires a sufficiently high frequency resolution, that is, a frequency resolution
generally better than the frequency separation of MLR spectral lines (about 100 Hz). Such high-resolution meas-
urements are only sporadically performed by spacecraft operating at larger radial distances. Consequently, most
MLR observations up to now have been performed either by ground-based or low-altitude spacecraft. Although
such observations are very beneficial, they are intrinsically affected by the magnetospheric wave propagation
from the hypothetical source region to the observation point and, in the case of a ground-based station, also by
the propagation in the Earth-ionosphere waveguide. This complicates the mapping of the event occurrence and,
at the same time, prevents the identification of possible low frequency waves responsible for the MLR frequency
modulation (Némec, Parrot, & Santolik, 2012). The high-resolution multicomponent measurements performed
by the EMFISIS Waves instruments on board the Van Allen Probes close to the geomagnetic equator at larger
radial distances overcome this issue. Limiting the analysis to only reasonably long (at least 90 s) burst mode data
intervals reduces considerably the amount of data to be analyzed. However, as many as 15 MLR events are iden-
tified in total, which is sufficient to reveal their basic properties.

The events occur primarily on the dayside, with only three events identified during the nighttime hours. This
seems to be quite consistent with the event occurrence as observed by the low-altitude spacecraft, which was
found to be about 1.4-1.7 times higher during the day than during the night (Bezd€kova et al., 2015; Némec,
Parrot, et al., 2009). The frequencies of the RBSP events also correspond to the low-altitude spacecraft observa-
tions. Given that MLR is observed mainly in the daytime magnetosphere, it is tempting to relate its occurrence
to specific solar wind parameters. Although the set of only 15 events, which are analyzed in the present paper,
is insufficient for such a study, Bezd€kova et al. (2015) found, based on more frequent MLR observations by
the DEMETER spacecraft, that MLR occurs more often after periods of enhanced geomagnetic activity, being
statistically related to specific solar wind parameters. In particular, the mean solar wind speed was shown to
be about 50 km/s above average approximately 1 day before MLR events, the mean proton density was found
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to decrease around the times of the events, and the primarily negative interplanetary magnetic field B_ before
the events sharply increases at the event times. We note, however, that all these variations are rather small as
compared to the global variability of the solar wind parameters, and they are identifiable and statistically signif-
icant only due to a large number of analyzed events (more than 1,000).

Most events are observed at L-shells between about 4 and 5, that is, not too far from a typical plasmapause
location. The low number of events at L < 4 is possibly related to the poor burst mode data coverage of that
region. This might also explain why the perceived event occurrence of about 0.2% is much lower than the event
occurrence of about 2% determined using low-altitude spacecraft data (Bezd€kova et al., 2015; Némec, Parrot,
et al., 2009). Additionally, the events at lower altitudes are possibly further spread in space due to unducted prop-
agation and ionospheric reflections, similar to quasiperiodic emissions in the same frequency range (Hanzelka
et al., 2017; Hayosh et al., 2016). The in-situ measured densities at the times of the events range between about
60 and 2,350 cm ™3, with an average value of about 580 cm . Out of the eight events for which the plasmapause
is well identifiable, seven events are observed inside the plasmasphere. The density profiles in the remaining
seven events are rather smooth, similar to the situation depicted in Figure 3, and the plasmapause location cannot
be determined. The importance of the plasma number densities for the event occurrence is further indicated by
the analysis of conjugate observations performed by the Kannuslehto station. While the ground-based station
observed the event continuously for the entire analyzed time interval, RBSP A observed the event only during the
first burst mode interval, when it was located in a region with a comparatively larger density. The MLR event was
no longer observed by RBSP A during the second burst mode interval when the spacecraft L-shell was by about
0.5 larger and the local plasma density was lower (about 300 vs. 100 cm~3, respectively).

Detailed wave analysis using multicomponent wave measurements reveals that the waves observed at L > 3 prop-
agate at oblique wave normals away from the geomagnetic equator. This represents a strong experimental indica-
tion that the waves are indeed generated at the equatorial region at larger radial distances, as has been suspected
but not really demonstrated so far. The propagation of events at lower L-shells may be more complicated, with
one of the identified events even propagating toward the geomagnetic equator. This can be, however, likely
explained by the magnetospheric reflection of the waves and their subsequent propagation back to the equator
at lower L-shells. The viability of such a propagation scheme for the waves of the studied frequencies has been
demonstrated by raytracing calculations (Némec et al., 2014).

The origin of the frequency modulation of MLR events is still unknown. Némec, Parrot, and Santolik (2012)
showed that individual lines cannot be explained as harmonics of the base frequency equal to the frequency
spacing. They suggested that the frequency modulation may result from an interaction between a wave of a
carrier frequency and an additional wave with a frequency equal to the frequency spacing. However, such a
hypothetical modulating wave would not propagate to low altitudes and it is thus in principle not detectable by
ground-based stations/low-altitude spacecraft even if it existed. Nevertheless, the RBSP observations performed
close to the equatorial plane at larger radial distances indeed reveal the existence of such a wave in three of the
analyzed events. It is observed exclusively in the electric field data, with no magnetic field counterpart, and
can be thus considered as (quasi-)electrostatic. In all three cases, the wave frequency corresponds well to the
observed MLR frequency spacing, and in the presented event it also exhibits a very similar time dependence. The
possibility of a whistler wave modulation by an electrostatic wave was considered by Kulkarni and Das (1975),
who suggested that the trapping of particles by the electrostatic wave could result in a series of resonances for the
whistler-mode, inducing the wave growth at a discrete set of frequencies. Alternatively, one may consider some
kind of a parametric interaction resulting in a periodic sideband structure (Main & Sotnikov, 2020; Sotnikov
et al., 1991). Note, nevertheless, that the bicoherence analysis (Graham et al., 2014; Lagoutte et al., 1989) does
not reveal any significant wave-wave interaction taking place. This may be due to the observations taking place
slightly away from the interaction region, where the wave phases are no more strictly interlocked. Alternatively,
one may consider the plasma effects on the performed electric field measurements, possibly biasing the phase
values (Hartley et al., 2022).

5. Conclusions

We used multicomponent continuous burst mode data obtained by the EMFISIS Waves instrument onboard the
Van Allen Probes spacecraft to systematically search for and investigate MLR events. Such observations at larger
radial distances close to the geomagnetic equator are rather unique, as most previous MLR observations come
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from low-altitude satellites and ground-based stations. Altogether, 15 MLR events were analyzed. Most of them
occurred on the dayside at frequencies between about 1 and 5 kHz. Detailed wave analysis revealed the propa-
gation at oblique wave normal angles away from the equatorial plane, suggesting that MLR is indeed generated
close to the geomagnetic equator. One of the events was simultaneously observed also by the ground-based
Kannuslehto station in Finland. While the event was readily observable by the station for a longer time period,
it was detected by RBSP only in one of the two intervals with the burst mode coverage. This imposes limits on
the spatial extent of the event, which does not seem to extend beyond the dense plasmasphere region. Finally,
electrostatic waves with frequencies corresponding to the MLR frequency spacing were identified in three events,
likely linked to the event formation mechanism.

Data Availability Statement

Van Allen Probes A and B data used in this paper can be accessed from the websites https://spdf.gsfc.nasa.gov/
pub/data/rbsp/rbspa/l2/emfisis/wfr/waveform/ and https://spdf.gsfc.nasa.gov/pub/data/rbsp/rbspb/12/emfisis/wit/
waveform/. The respective SPASE resource descriptions can be found at https://hpde.io/NASA/NumericalData/
RBSP/A/EMFISIS/WFR/L2/WAVEFORM/PT6S and https://hpde.io/NASA/NumericalData/RBSP/B/EMFISIS/
WEFR/L2/WAVEFORM/PTG6S, respectively (Kletzing, 2022a, 2022b).
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