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Abstract

Through analysis of the extensive catalog of the Nancay Decameter Array, from
1978 to 2020, we demonstrate that the effect of the variation of the Jovicentric
declination of the Earth on the visibility of Jovian decametric radio emissions by
ground-based instruments is combined with the effects of variation of the Earth-
Jupiter distance and of Jupiter’s elongation. Therefore, these superimposed effects
must be considered and removed for the study of the pure effect of the declination

on the emissions’ visibility.
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1 Introduction

The Jovian decametric (DAM) radio emissions are the only known type of non-thermal
planetary radiation that can be detected by ground-based radio instruments because of
their high frequencies, up to 40 MHz, that overcome the cut-off frequency of the terrestrial
ionosphere. For this reason, the Jovian DAM emissions were the first clue of the existence
of a magnetic field and magnetosphere at Jupiter, and have been continuously observed
by ground-based instruments for decades. One factor that is long known to affect the
visibility of the Jovian DAM emissions by ground-based instruments, besides the cut-off
frequency of the terrestrial ionosphere limiting the minimum observed frequency, is the
variation of the Jovicentric declination of the Earth (Dg), i.e., the sub-Earth Jovicentric
latitude. It has been observed that, as Dg varies, the distribution of each component of the
Jovian DAM emissions as a function of the longitude and of Io orbital phase changes, for
instance, in amplitude and in width. This could result from the position of the radiation
beaming cones, (cyclotron maser instability cones Wu & Lee, [1979) relative to the observer
that becomes more or less visible as the declination changes (Carr et al., [1970; Boudjada
& Leblanc, 1992; [Leblanc et al., [1993; |Garcia, [1996; [Imai et al., 2011, and references
therein). Advances in the study of Jovian DAM radiation generation and in simulations
of their visibility have improved the understanding of the observation constraints and,
consequently, of the geometry of the radiation beaming cones, which are most probably
oblate cones centered in Jovian magnetic field lines (Galopeau & Boudjada, 2016; Louis
et al., 2017)). In this context, the comprehension of the declination effect on the Jovian
DAM emission visibility could contribute to validate and possibly improve the beaming
cone morphology.

However, although some aspects of the effect of the variation of Dg have been observed
and studied, a real and clear relation between it and the visibility of Jovian DAM emis-
sions is still an open question that might be answered through a long-term, multidecadal
study of the emissions variability with Dg. The radio observation of Jupiter by the
Nangay Decameter Array (NDA) since 1978 provides an extensive database of Jovian
DAM emissions (Lamy et al. 2017)), which in turn allows in-depth studies of the Jovian
DAM components (Zarka et al. 2017; Marques et al., 2017; [Zarka et al., 2018; |Jacome
et al., 2022) and enables the study of their long-term variability.

A surprising behavior of the daily observations of Jupiter by the NDA and of the detected
Jovian DAM emissions is that the majority of them are distributed in clusters around
specific values of Dg, such as —3°, —1.5°, 0°, 2° and 3.5°, with just a relatively few cases
occurring between these clusters, as shown in the histogram of Figure [Th. This type of
distribution is even clearer for the emissions, which seems to indicate that the visibility
of the emissions is favoured when the declination is around those values. However, more
intriguing than that is the conservation of the clustered distribution when analyzing the
ratio of the number of emissions to the number of observations for each bin of declination,
showed in the panel b. It suggests that the occurrence of observations of Jupiter with
no emission detection is less frequent around the declination values of —3°, —1.5°, 0°,
2° and 3.5°. The same inference may be deduced from the distribution of the emissions’
occurrence probability, shown in Figure[Ild. The probability was calculated from the ratio
of the sum of the duration of the emissions to the sum of the duration of the observations
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for each 0.25° of declination. The distribution of the total duration of the emissions and
of the observations found in each 0.25° bin is shown in panel c.

If one considers the variation of the declination in time, shown in Figure [2| it can be
noted that the Earth spends more time in Dg around —3°, —1.5°, 0°, 2° and 3.5°, which
could explain the higher amount of observations and detected emissions around these
values. But what about the detection probability? We would expect it to present an
approximately flat distribution in declination if detection depended only on the amount of
time that the Earth spends around declination values more favourable to Jovian emissions’
observation. As we still observe a modulation vs. Dpg of the occurrence probability, this
means that other factors must also affect the detection of Jovian DAM emissions.
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Figure 1: (a) Number of observations (black) and detected emissions (red) found in intervals of
0.25° of the jovicentric declination of the Earth. (b) Ratio of the number of emissions to the number of
observations in each bin of the histogram in panel a. (c) The sum of duration, in hours, of the observations
(black) and of the emissions (red) found in each 0.25° bin. (d) Emissions’ occurrence probability (%),
calculated from the ratio of the sum of duration of the emissions to the sum of duration of the observations
for each interval of declination.
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Figure 2: Daily variation of the Jovicentric declination of the Earth, from Jan. Sth, 1978 to Dec.
31st, 2020.

In this work, we identify two other factors of the relative motion between the Earth and
Jupiter that also affect the visibility of the Jovian DAM emissions and are combined
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with the Dpg effect: the variation of the distance between the Earth and Jupiter and the
variation of Jupiter’s elongation, both sketched in Figure [3]

2 Method

We use the extensive digital catalog of the NDA, which comprises all the observations of
Jupiter by the array from January 3, 1978 to December 31, 2020, with all the detected
emissions in this period (Lamy et al.; 2017; Marques et al., 2017). We have plotted the
distributions of all the observations of Jupiter by the NDA, all the Jovian DAM emissions
catalogued and the occurrence probability of the emissions as a function of Dg versus the
Earth-Jupiter distance (Figure 4)) and of Dg versus Jupiter’s elongation (Figure [5)).

The Earth-Jupiter distance, which varies from ~ 4.0 AU to 6.5 AU, can affect the intensity
of the detected emissions, with the less intense ones being detected only at shortest
distances. Jupiter’s elongation affects the minimum frequency of the detected emissions,
with emissions with lower frequency (e.g., freq. < 25 MHz) being detected only when the
planets are close to opposition (i.e., when Jupiter is observed in the Earth’s night-side
sky), due to the increased radio interference in the day side that limit the visibility of low
frequencies.

Figure |3| shows a sketch of the Earth and Jupiter and the distance (R) and Jupiter’s
elongation (). R is the distance between the planets at the meridian transit of Jupiter
for each observation, given in the NDA catalog. 6 is the angle between the Sun and
Jupiter, observed from the Earth, with # — 0° indicating that the planets are close to
conjunction; and § — +180°, that the planets are close to opposition. Jupiter’s elongation
was collected for each day from January 1st, 1978 to December 31, 2020, from NASA’s
Horizons System[]

Figure 3: Sketch (not to scale) of the Earth (in blue) and Jupiter (in orange) on their orbits, with
the distance (R) and Jupiter’s elongation (0). When 68 = 0°, the planets are in conjunction, and when
0 = +180°, they are in opposition.

3 Results

Figure {4] shows distributions of all the observations of Jupiter by the NDA, from 1978 to
2020 (panel a), of all the detected Jovian DAM emissions (panel b) and of the occurrence

'https://ssd.jpl.nasa.gov/horizons/app.html
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probability of those emissions (panel ¢) as a function of Dg and of the Earth-Jupiter
distance. It is observed that, for distances shorter than 5.5 AU, the observations occur
around Dg values of —3°, —1.5°, 0°, 2° and 3.5°, which explains why the majority of the
observations accumulate around those values. However, for longer distances, observations
occur over the entire Dg range. We also note that the observations are quite homoge-
neously distributed in distance, with only a smooth increase in number (panel a) around
the shortest (~ 4.25 AU) and the longest (~ 6.25 AU) distances.
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Figure 4: Distributions of all the observations of Jupiter (a) by the Nancay Decameter Array, from
1978 to 2020; of all the detected Jovian DAM emissions (b); and of the emissions’ occurrence probability
(c), as a function of the jovicentric declination of the Earth and of the Earth-Jupiter distance.

The distribution of the emissions (panel b of Figure {4)), on the other hand, shows that
although emissions are detected over the entire distance range, they accumulate at the
shortest distances, which indicates that the emissions detection is favoured by the shortest
distance between the Earth and Jupiter. As a consequence, the emissions’ occurrence
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probability (panel ¢) is higher at the shortest distances, as observed in Figure .

In summary, although Jupiter is observed by the NDA over the entire Earth-Jupiter
distance range, most of the emissions are detected when this distance is shortest, which
always coincides with Dg values around —3°, —1.5°, 0°, 2° and 3.5°.

Figure [5| shows distributions of all the observations of Jupiter by the NDA, from 1978 to
2020 (panel a), of all the detected Jovian DAM emissions (panel b) and of the occurrence
probability of those emissions (panel ¢) as a function of Dg and of Jupiter’s elongation. In
panel a, we see that the observations are homogeneously distributed over the entire range
of the elongation angle. The emissions visibility (panel b), however, is favoured when the
planets are close to opposition (6 — £180°). Otherwise, only a few emissions are detected,
most probably the ones with the highest frequencies. As the planets opposition coincides
with Dg values around —3°, —1.5°, 0°, 2° and 3.5°, this explains why the emissions and
their higher occurrence probability accumulate around those values.

In summary, although Jupiter is observed by the NDA over the entire range of the planet’s
elongation, most of the emissions are detected when it is around opposition with the Earth,
which always coincides with Dg values around —3°, —1.5°, 0°, 2° and 3.5°.

4 Conclusions and perspectives

We have presented an initial analysis of the effect of the variation of Jovicentric declination
of the Earth on the detection of Jovian DAM emissions by ground-based instruments such
as the Nancay Decameter Array. We have demonstrated that the detection of emissions is
favoured when the planets are close to opposition (f — +180°) and the distance between
the planets is smallest (less than 5.5 AU), which both coincide with Dg around —3°,
—1.5°, 0°, 2° and 3.5°. Therefore, the Dg effect is actually combined with the effect of
the variation of the distance and of Jupiter’s elongation. Our first conclusion is that the
results of all past studies of the Dg effect (e.g., |[Barrow, 1981) are unreliable because
the effects of the Earth-Jupiter distance and of Jupiter’s elongation associated with it
were not identified and thus not corrected. In order to study and understand the real
declination effect, those other superimposed effects must be removed by adequate data
selections.

For the next step, we intend to remove the effect of the distance and of Jupiter’s elongation
by selecting emissions whose observation is not limited by distance or radio interference,
i.e., emissions that can be detected over the entire ranges of Earth-Jupiter distance (~4—
6.5 AU) and of Jupiter’s elongation (from opposition to conjunction). Then, we will study
the pure Dg effect on the Jovian DAM emissions visibility.

The results will be compared to simulations of the emissions’ dynamic spectra, with
ExPRES (Louis et al. 2019), in order to interpret them.
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Figure 5: Distributions of all the observations of Jupiter (a) by the Nangay Decameter Array, from
1978 to 2020; of all the detected Jovian DAM emissions (b); and of the emissions’ occurrence probability
(c), as a function of the jovicentric declination of the Earth and of Jupiter’s elongation.
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