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Abstract. In this study, we report on the occurrence of so-
lar Type III radio bursts recorded by radio and plasma wave
experiment (RPWS) experiment onboard Cassini spacecraft.
This instrument is designed to investigate the Saturn’s plasma
environment and sub-auroral radio missions. RPWS/Cassini
experiment allows to measure electric field over a frequency
range from 1 Hz to 16 MHz (Gurnett et al., 2004). The es-
sential observed emission is associated to the Saturnian Kilo-
metric Radiation (SKR) which is generated in the sub-auroral
regions of the magnetosphere. The capability of this exper-
iment leads to detect Solar Type III radio bursts recorded
during the increase phase of the solar activity, i.e. January
2008 to December 2014. Hence we have found more than
300 Type III solar bursts when the distance of Cassini to the
Sun was about 10 AU. Observational parameters like the time
occurrence, the emission frequency and the relative inten-
sity are considered in this analysis. Those features lead us
to characterize the detection conditions and to estimate the
occurrence variabilities of Type III bursts.

1 Introduction

The solar Type III radio bursts are generated by fast electron
streams following opened magnetic field lines. Those elec-
trons are considered to be ejected in the impulsive phase of
a solar flare or solar-like event (Melrose, 1970). Langmuir
waves in the solar corona and the interplanetary medium,
which can be further converted to electromagnetic waves at
the local plasma frequency, and/or its harmonic. It should be
mentioned that the harmonic emission can better escape to

the receiver in the interplanetary space than the fundamen-
tal one. Those radio bursts allow the remote sensing of the
plasma environment in the vicinity of the Sun. A simple way
to estimate the plasma frequency is to use the well-known
relation between the electron density d. (cm~>) and the lo-
cal plasma frequency f;, (kHz),i.e. d. ~9 fpl/ 2, Type III ob-
served frequency f, is supposed to be equal to the local
plasma frequency or to one of its harmonics. Type III ra-
dio bursts can be observed at a large range of frequencies
using ground based and space-borne observatories. They be-
gin at a few hundred of megahertz and rapidly drift to low
frequencies (i.e. about 30kHz) which can be only observed
from space. This drift from high to low frequencies when the
time increases is directly related to the electron density de-
crease from the solar corona to the interplanetary medium.
Heliospheric density models are derived from magnetohy-
drostatic equations (e.g., Mann et al., 1999) and also from
empirical models based on Type III burst average speed along
the Archimedean spiral (Leblanc et al., 1998), or on the esti-
mation of the Type III frequency drift rates (e.g. Boudjada et
al., 2006). Stereoscopic observations have allowed to localize
the source regions and study the directivity of the emission
beams related to Type III bursts. Dulk et al. (1996) showed
that 68 % solar bursts are observed by Wind and Ulysses
spacecraft with a minimum of about 50 % when Ulysses was
close to the ecliptic and nearly directly behind the Sun. Us-
ing the observations from the same satellites, Bonnin et al.
(2008) investigated the directivity of solar Type III bursts at
the hectometric and kilometric wavelengths. Authors found
that the full angular width of the diagram in longitude at
the maximum/10 level is about 190° in the frequency range
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940-740kHz, and increases to nearly 360° at 104-80 kHz.
Boudjada et al. (2014) assumed the emission diagram as a
hollow cone with a variable opening angle depending on the
radiation frequency. Authors showed that the opening angle
should be of about 90° at the decametric wavelengths.

In the Sect. 2 of this paper we focus to observational as-
pects of solar Type III burst at Saturn’s orbit particularly the
spectral pattern, the occurrence, the intensity variation and
the frequency bandwidth. In Sect. 3, we discuss our main re-
sults and combined them to previous investigations. A sum-
mary and future perspectives are given in Sect. 4.

2 Observational features of Solar Type III radio burst

In this work we investigate solar Type III bursts recorded
by the radio and plasma wave experiment (RPWS) onboard
Cassini spacecraft. This instrument was designed to study
the Saturn’s plasma environment and sub-auroral radio mis-
sions. RPWS/Cassini experiment allowed to measure elec-
tric field over a frequency range from 1 Hz to 16 MHz (Gur-
nett et al., 2004). We consider in this analysis the observa-
tions of the high frequency receiver (HFR) which is part of
the Cassini/RPWS experiment. The temporal resolution was
32 seconds and the spectral one was Af/f =5 % (Kurth et
al., 2005). The usually observed emission is associated to the
Saturnian Kilometric Radiation (SKR) which is generated in
the sub-auroral regions of the magnetosphere. We consider
solar bursts recorded by RPWS experiment in the time in-
terval from the beginning of the year 2008 to the end of the
year 2014. From the Type III spectral profile, we derive the
observational parameters, i.e. the time and the correspond-
ing frequency (inkHz) and intensity level (dB). Those pa-
rameters are combined to the Cassini positions (distance to
the Sun in AU, latitude, longitude) expressed in the heliocen-
tric system. Figure 1 displays dynamic spectrum recorded
by RPWS experiment on 11 October 2013. The horizon-
tal and vertical axes indicate, respectively, the observation
time (in hours) and the frequency logarithmic scale (in kHz).
Cassini spacecraft was at a distance of about 9.86 AU with
heliographic coordinate of 223° longitude and 2.38° latitude.
The magnetospheric emission mainly appears at 10:45 UT
in the frequency range between 8 and 100kHz. The solar
burst starts at 08:25 UT and ends at 10:00 UT and covers
a larger bandwidth from about 16 MHz and down to about
50kHz. In Fig. 1, one can distinguish the solar bursts from
SKR emissions. However the lower frequency of Type III is
mainly overlapped by the SKR emissions. This means that
we use the upper part of the RPWS frequency bandwidth,
i.e. 1-16 MHz , to distinguish the solar burst. The relative
intensity is principally indicated by red, green and blue col-
ors corresponding to 25dB (strong), 13dB (medium) and
3 dB (low) levels. The background level is about 5 dB. Hence
the core part of the solar burst is saturated (25 dB) between
80kHz and 1 MHz, and then decreases to an intensity level
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Figure 1. Dynamic spectrum of Solar Type III radio burst recorded
by RPWS experiment on 11 October 2013. Solar burst is followed
by Saturnian Kilometric Radiation (SKR). The intense and weak
emissions correspond, respectively, to red and blue colors.

of about 13 dB. In the range 2-3 MHz, the Type III intensity
is very close to the background level. Generally the weak-
est intensity is recorded in the frequency range between 5
and 16 MHz. The frequency drift rate is found to be de-
pendent on the frequency bandwidth, i.e. —260, —0.2 and
—0.003kHzs~! in the bandwidths 5-0.4, 0.4-0.2, and 0.2—
0.08 MHz.

2.1 Type III occurrence

We have considered the daily dynamic spectra recorded by
RPWS experiment from 1 January 2008 to 31 December
2014. This period covers more than 2550 d. We have found
in this time interval a total of 325 Type III bursts occurring in
the frequency range between 50kHz and 16 MHz. The oc-
currence probability of Type III burst is shown in Fig. 2,
each bin corresponding to one observation day (i.e. 24 h).
We note an absence of solar burst from the beginning of the
year 2008 to the middle of the year 2010. The first Type III
was recorded on 25 July 2010, several months after the solar
activity minimum in August 2008. Later on the solar bursts
were regularly observed as shown in Fig. 2. However we re-
mark a clear modulation of the occurrence with two minima
around December-2010/January-2011 and May/June 2013
followed, respectively, with two maxima at about December—
2011/January—2012 and January 2014. The modulation pe-
riod seems to be nearly equal to two years.

2.2 Intensity level versus Type III Observed frequency
We consider in Fig. 3 the variation of the intensity level ver-
sus the Type III burst frequencies. One can see a clear de-

crease of the intensity from about 20 to 3 dB when the fre-
quency increases from about 90 khz to 10 MHz. This is in
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Figure 2. Occurrence of Solar Type III radio bursts versus day of
the year (DOY) starting from 1 January 2010.
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Figure 3. Variation of the intensity level versus the Type III ob-
served frequency.

concordance with Type III burst displays in Fig. 1. Hence the
higher frequencies of the burst between 2MHz and 16 MHz
are weaker than lower frequencies. Also, one note a large
spread of values depending on the frequency. This effect may
be estimated by taking into consideration the interval be-
tween the maximum and the minimum of the intensity level
for a given frequency. We find that, on average, this interval
is 8, 13 and 10dB when the Type III frequency is, respec-
tively, 1, 2 and 5 MHz. Above 2 MHz, the scattering points
suggest a real difficulty to estimate the intensity level of the
Type III solar bursts.

2.3 Frequency occurrence probability
The recorded Solar Type III bursts are principally found to
occur at frequency below 3 MHz, as shown in Fig. 4. The

kilometric and hectometric solar bursts are dominant and cor-
respond to more than 70 % of the total recorded Type III
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Figure 4. Occurrence of Solar Type III frequency bandwidth.

bursts. The frequency occurrence displays in Fig. 4 indicate
the statistical distribution of the observed frequency derived
from the Type III spectral profiles. The used bin is equal
to 500kHz (i.e. 0.5 MHz), the frequency is given in loga-
rithmic scale. The frequency occurrence increases, reach a
maximum and then decreases, respectively, in the intervals
100kHz-1 MHz, 1-2.5MHz and 2.5-16 MHz. The notice-
able decrease of the occurrence at high frequency is clearly
related to the low intensity level of Solar Type III bursts as
one can deduce when combining Figs. 3 and 4. The maxi-
mum (i.e. 1-2.5 MHz) may be due to absence of Saturnian
Kilometric Radiation above 1 MHz. This means that part of
Solar bursts can’t be detected when they are overlapped to
SKR emissions.

3 Discussion

RPWS/Cassini experiment capabilities have allowed the de-
tection of more than 300 Solar Type III radio bursts. Those
are covering a large frequency range between 100 kHz and
16 MHz. Hereafter we emphasize on the main results, the
Type III burst occurrence for the investigated period (i.e. Jan-
uary 2008 to December 2014) and corresponding source lo-
cations in the Solar corona and the interplanetary medium.

3.1 Detection of Type III bursts at 10 AU

In this sub-section, we emphasize on the variability of the
Type III occurrence. This occurrence variability is depend-
ing on the detection conditions associated to the reception
system (i.e. antenna and receivers of Cassini/RWPS experi-
ment), and the position and the distance of the observer (i.e.
Cassini spacecraft) with regard to the Type III source re-
gions. Hence detection conditions of Solar Type III bursts are
found to exhibit minima and maxima of occurrence (Fig. 2).
Several parameters may be considered to explain such vari-
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able occurrences. First parameter is the solar activity which
reached its minimum in August 2008 until a maximum in
the end of 2014. During two years (i.e. 2008 and 2009) no
Type III bursts were recorded by RPWS experiment, and the
first bursts appeared in the middle of 2010. Second parameter
is the distance of about 10 AU which separates the Sun from
Cassini spacecraft. It is evident that the Type III radio flux
is decreasing with the distance if we suppose an isotropic
propagation. Third parameter is related to the previous one
where the propagation is depending on the source location
and the way electron beams are following opened solar mag-
netic field where the trajectory is a Parker spiral.

We compare our results with the one by Zhang et al. (2018)
who investigated Type III bursts recorded by the Nancgay De-
cameter Array (Aubier et al., 2000) in the period from 2012
to 2017. Those observations concern the frequency range
from 10 to 80 MHz. Despite a different frequency bandwidth
coverage, it is interesting to find similar occurrence variation
of Type III bursts. In the first panel of Fig. 5 of Zhang et
al. (2018) one see clearly minima and maxima particularly
from 2012 to 2014 during the growth of the solar activity.
Our investigations show similar behavior (i.e. Fig. 2) but al-
terations may be due to frequency bandwidths and observers
(i.e. ground-based and space observations.

3.2 Solar corona and interplanetary medium

We have considered in this study more than 300 Type III
bursts. We have shown that the dominant emission occurs
at frequency lower than 2.3 MHz (Fig. 4) which suggests
Type III source localized in the interplanetary medium.
Above 2.3 MHz, one note the lack of intense radio emission
in the high frequency part of the Type III bursts. Two ef-
fects should be considered for the interpretation of the fre-
quency occurrence. The first is associated to the emission
source linked to Type III burst. Opening angle of the radi-
ation cone is smaller at about 10 MHz and increases to more
than 180° at lower frequency around 100kHz. This means
that the detection of Type III at hight frequency is strongly
depending on the position of the observer (i.e. the space-
craft) with regard to the emission source, and to the dis-
tance between the observer and the source region. At low
frequency (= 500 kHz), stereoscopic observations leaded to
show simultaneously observation of Type III bursts by three
spacecraft (i.e. Wind, Ulysses and Cassini). Despite the dif-
ferent spacecraft locations, the spectral patterns were found
to be similar by Boudjada et al. (2014). Also recent LOFAR
investigations have shown the source regions in the solar
corona at high frequency of Type III solar bursts. Mann et
al. (2018) investigated dynamic imaging at decametric fre-
quencies with a time resolution of 1s. Using radio imaging
technique, the authors showed the spatial expansion of the
Type III source region when the frequency increases from
60.55 down to 30.08 MHz. Peculiarly, Mann et al. (2018)
found the source sizes increasing with propagation distance
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for decametric Type III bursts. At hectometric wavelengths,
the source size covers a larger space which lead a better de-
tections of Type III burst far from the Sun as investigated
in this paper. The second effect occurs along the ray path
propagation of the Solar burst. Refraction and scattering dis-
turb the wave propagation because of the presence of plasma
“anomalies”. Poquerusse and Mclntosh (1995) considered
both effects in their study of the probability of occurrence
of Type III during flares. Authors showed that in the case of
the refraction, rays are generally bent towards low density
regions. Thejappa et al. (2007) developed Monte Carlo sim-
ulation to study refraction and scattering effects associated,
respectively, to spatial variation of the solar wind density and
to random density fluctuations. Authors found that scatter-
ing effect is dominant at frequency of 120kHz. At higher
frequencies Thejappa and MacDowall (2008) showed com-
bined effect where only refraction can occur or both effects
(i.e. scattering and refraction). Authors concluded that such
effects are at the origin of the unusual behavior of the radio
emission of the quiet-Sun.

4 Conclusion

We have investigated the occurrence of Type III radio bursts
recorded by Cassini/RPWS experiment during seven years,
i.e. from 2008 to 2014. This occurrence is depending on the
detection conditions associated to the reception system (i.e.
Cassini/RWPS experiment), and also the position and the dis-
tance of the observer (i.e. Cassini spacecraft) with regard to
the source regions. We have shown that the solar activity
may play an important role in the detection of those solar
bursts. However, the type III occurrence is found to be vari-
able and exhibit maxima and minima of detections despite
the enhancement phase of the solar activity. The intensity
level is depending on the observed frequency where weak
Type III emission is recorded at high frequency (i.e. above
10MHz). The source regions of all those solar bursts are
not automatically associated to the solar corona. Hence the
dominant emission occurs at frequency lower than 2.3 MHz
which suggests Type III source localized in the interplane-
tary medium. In the near future, we will analyze the com-
mon Type III bursts simultaneously recorded by Cassini and
Wind. The aim will be the estimation of the opening angle
associated to the radiation cone of Type III radio bursts.

Data availability. The Cassini/RPWS data are available at The
Planetary Plasma Interactions (PPI) Node of the Planetary Data Sys-
tem (PDS) archives on http://www-pw.physics.uiowa.edu/pds/css/
(PDS/PPI, 2020).
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