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Abstract. We study the Jovian hectometric (HOM) emis- 1 Introduction

sions recorded by the RPWS (Radio and Plasma Wave Sci-

ence) experiment onboard the Cassini spacecraft during it3.1 lo plasma torus

Jupiter flyby. We analyze the attenuation band associated

with the intensity extinction of HOM radiation. This phe- lo is the innermost of the four large Galilean satellites of
nomenon is interpreted as a refraction effect of the JovianJupiter and the most volcanically active body in the solar sys-
hectometric emission inside the lo plasma torus. This attentem. This volcanic activity provides lo with a fluctuating 5O
uation band was regularly observed during periods of moreatmosphere where important fractions are lost in the form of
than 5 months, from the beginning of October 2000 to theneutral oxygen and sulfur atoms. These materials form ex-
end of March 2001. We estimate for this period the varia-tended clouds along lo’s orbit, and over time are ionized by
tion of the electron density versus the central meridian lon-two main processes: electron impact and charge exchange re-
gitude (CML). We find a clear local time dependence. Henceactions. The ionized components are rapidly accelerated un-
the electron density was not higher thaf & 10* cm 2 dur- der the effect of the Jovian magnetic field. These ions form a
ing 2 months, when the spacecraft approached the planging-like structure known as lo plasma torus whose electron
on the dayside. In the late afternoon and evening sectorsjensity is about 2000 cni (Steffl et al., 2004a).

the electron density increases t& % 10°cm~2 and reach

a higher value at some specific occasions. Additionally, wel.2 Plasma and UV observations of the lo torus

show that ultraviolet and hectometric wavelength observa-

tions have common features related to the morphology of thédver the past 30 years the lo plasma torus has been observed
lo plasma torus. The maxima of enhancements/attenuationgemotely from ground-based stations and from experiments
of UV/HOM observations occur close to the longitudes of onboard spacecraft. Prior to the Voyager mission, ground-
the tip of the magnetic dipole in the southern hemispherebased optical observations of the region near lo and its or-
(20° CML) and in the northern hemisphere (2GDML), re-  bit have revealed the presence of neutral sodium and ionized
spectively. This is a significant indication about the impor- sulfur (Kupo et al, 1976). Those first observations certainly
tance of the Jovian magnetic field as a physical parameter ifinark the discovery of the plasma torus at lo which has been
the coupling process between Jupiter and the lo satellite. ~ confirmed by Voyager 1 when it approached Jupiter to a pe-
riapsis distance of 4.8R;. The observations of the Voyager-

1 plasma science instrument found three components in the
lo torus: the cold inner torus, a “ribbon” just inside the lo’s
orbit, and the warm outer torus. The cold {eV) and hot
(~30eV) parts of the torus have electron density peaks of
about 18cm=3 and 2x 103cm™3 at ~5.3 and~ 6 Ry, re-
spectively. At a radial location which varies between 5.6

Keywords. Magnetospheric physics (planetary magneto-
spheres)

Published by Copernicus Publications on behalf of the European Geosciences Union.
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and 5.9R;, the ribbon has peak densities on the order ofemission observed in the frequency range between 300 kHz
3x 10°cm~2 (Bagenal and Sullivari981). and 3 MHz Kaiser, 1977). The Voyager mission to the giant
The measurements of electron density were performed bylanets provided further detailed information on the spectral
the plasma wave subsystem instruments on Galileo spacegroperties of the Jovian radio emissions, in particular the hec-
craft during its pass through the torus on December 1995tometric (HOM) wavelength emissions. The Planetary Ra-
The Galileo observations have found different results fromdio Astronomy (PRA) experiment onboard Voyager space-
those of Voyager 1; in particular, between 7.8 and®,9  craft detected Jovian emissions in its low-frequency band,
Galileo observed density enhancement by approximately avhich extends from 1.2 to 1326 kHz. HOM was found to
factor 2 (Gurnett et al., 1996). Shortly after crossing lo’s be strongly modulated by the rotation of the planet, with
orbit, the density profile dropped sharply and remained atpeaks of about 100 % occurrence probability near 100 and
low values suggesting that the “ribbon” region was either ab-33(° in CML. This radiation is mostly observed at frequen-
sent or much farther from Jupiter than usuda@enal et aJ.  cies between about 500 and 1300 kHz with excursions both
1997). above and below these limits (Barrow and Desch, 1989). Fur-
Kriger et al.(2003 reported an increase by 2-3 times ther investigations based on the Galileo mission to Jupiter
in dust emission rate from lo during Galileo’s G28 or- showed that the upper frequency of HOM may be as high
bit from July to December 2000. Similar short-term (e.g., as 5.6 MHz Galopeau and Boudjad20095. The polariza-
few months) variations have been reportedBrpwn and  tion of HOM emissions was widely investigated by Ortega-
Bouchez(1997%, who found an increase of 30% in torus Molina and Lecacheux (1991). Their findings strongly indi-
mass. The origins of these variations were attributed tocated that this emission is predominantly right-hand polar-
changes in l0’s volcanic activity. A detailed analysis of such ized when observed from the Jovian northern hemisphere and
short-term variations associated with the lo torus was perdeft-hand polarized when observed from the southern hemi-
formed by the Ultraviolet Imaging Spectrograph, UVEs¢ sphere. The polarization measurements suggested that the
posito et al,2004), onboard the Cassini spacecraft, from Oc- HOM emission is generated by the cyclotron maser instabil-
tober 2000 to March 2001. The broad spectral range, highty (Wu and Lee, 1979) in the R-X mode from high-latitude
spectral resolution (compared to Voyager), and temporal covsource regions in both hemispher&alopeau et al2004).
erage of the UVIS experiment resulted in the creation of a On the basis of the Voyager observations, Warwick et
unique and rich data set of the lo plasma torus in the ultravi-al. (1979) were able to construct a plasma density contour
olet. map of the lo plasma torus. The Voyager 1 approach pro-
In a series of four papers Steffl et al. (2004a, b, 2006 andvided direct in situ measurements within a Jovicentric dis-
2008) analyzed the temporal, radial and azimuthal variationgance of 4.R;. The authors determined the electron densi-
of the lo plasma torus during the Cassini encounter withties from the radio data (PRA experiment) obtained on both
Jupiter. The observed radial profile of the electron columninbound and outbound legs of the spacecraft trajectory on
density was well matched by assuming that the local electrorb March 1979, between 06:00 and 16:00 SET (spacecraft
number density profile was proportional 10> from 6.0  event time). The Voyager PRE observations recorded a dis-
to 7.8Rj andr~12 outside of 7.8R;. The slope of the elec- tinct narrow band of emission at the local electron upper
tron (_jensny derived from UV spectra was found to be almosthypyrid frequencyfyn = f2+ f2, where the cyclotron fre-
identical to the slope of the model Bagenal(1994 based quency,f. (MHz) = 2.8 B (Gauss), can be estimated from the

on Voyager observations. Steffl et al. (2006) analyzed the reliocal magnetic field and the plasma frequengy= 9v/Ne
ative variations of electron density and electron temperatur " '

. -~ . U llows determining the local densitye (in cm3). The
V.V'th .CML (central me ridian Iongﬂyde). The'average varia- spacecraft traversed the outer torus in the mid-afternoon in-
tion in electron density, observed in the period from 10 Oc-

tober to 14 November 2000, was found anti-correlated Withbound and late evening outbound. Voyager 1 moved through

the average variation in electron temperature. The electrortlhe inner torus near closest approach. This spacecraft tra-
. . Co jectory gave the opportunity to draw contours of constant
density reached a maximum value near°l60IL, while the J y e PP y

lectron temperature h minimum value neaf Tl density in a meridional plane by assuming the torus to be
electron temperature has a um vajue nea ' symmetric both azimuthally and about the magnetic equator.

Hence the authors constructed a plasma density contour map
of the lo plasma torus whose 500cfcontour extended
from inside 5Rj to nearly 8R; in the equatorial plane and

ver 1R; above and below the plane. Extrapolations sug-
5ested a maximum electron density in the plane of above
33500 cnm3 near 5.6R;.

1.3 Attenuation of Jovian hectometric emissions by the
lo plasma torus

Radio emissions from Jupiter have been observed on Eart
for nearly 6 decades, since the discovery of the Jovian dec

metric (DAM) radiation (10-40 MHz) bfurke and Franklin The PRA .
. X t onboard the V 1 ft re-
(19595. Space observations have provided, at lower fre- © experiment onboard e Voyager = spacecrart re

quencies (less than 5MHz), the possibility of avoiding the vealed the presence of “drifting gaps” in the Jovian hectomet-

) . . i ) _ ric radio emission spectrum. Lecacheux (1981) attempted to
ionospheric opacity and detecting the Jovian hectometric
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explain the origin of such HOM spectral features. The author ¢

simulated the radio wave propagation in the vicinity of the & 'x /
lo plasma torus. He showed that the origin of the “drift- & i T 1
ing gaps” was due to refraction of HOM emissions in the ° ko H :

lo torus plasma. Additionally, another model has been sug-
gested by Gurnett et al. (1998) where the extinction of the
HOM emission is caused by coherent scattering from short
wavelength density fluctuations or shallow-angle reflection
from field-aligned density irregularities near the lo L shell.

A ray tracing study carried out by Menietti et al. (2003) in- 1
vestigated the source location of the attenuation lanes. The £ ,.; ‘/

(Degree)

Magnetic Latitude

combination of Galileo and Cassini observations at numer- - '
ous frequencies allowed the authors to find that the attenu-
ation occurred at subauroral regions along a magnetic field
flux tube which interacts with lo. The location of the atten- Figure 1. variation of Cassini orbital parameters versus the DOY
uation as derived by the ray-tracing technique gives supporiuring the Jupiter flyby. The investigated period is from 1 Octo-
to the model suggested by Gurnett et al. (1998). Boudjadaer 2000 (DOY 265) to 31 March 2001 (DOY 090), and the clos-
et al. (2011) investigated the attenuation band recorded byst approach to the planet was on 27 December 2001. The distance
the Cassini/RPWS (Radio and Plasma Wave Science) expebetween Jupiter and the spacecraft (expressed in Jovian radii), the
iment from 20 November 2000 to 13 January 2001. The audmagnetic latitude (in degrees) and local time (in hours) are shown,
thors showed regular and systematic observations of the atespectively, in the top, middle and bottom panels.
tenuation band suggesting that the plasma medium at the ori-
gin of these features is steady and stable. The lo torus may be, . .
considered as the most probable plasma medium where th§|stapce to the planet. We derive the cqrrequndmg electron
HOM emission is refracted through its ray path propagation. ensity versus LT time intervals. We dlscu_ss in Sect. 4 our
Boudjada et al. (2011) suggested that the Lecacheux modé?s_u“s and compare them to previous ra_ld|o and UV obser-
is more adapted to explain the attenuation frequency band. vations .recorded from ground—bgsed.stanons and spacecratft.
Other contributions characterized the spectral features the main outcomgs are summarized in Sect. 5 and future per-
HOM *“drifting gaps” (also called attenuation lanes, attenua-SPectives are outlined.
tion bands, and lanes of decreased emission) using the Voy-
ager data (Gre_en_ etal., 1992_; Higgins et_al., 1995, 1998) an% Data analysis
also further missions to Jupiter like Galileo (Gurnett et al.,

1998; Boudjada et al., 2001; Menietti et al., 2001, 2003) andrhe data used in this paper were obtained by the Cassini
Cassini (Menietti et al., 2003; Boudjada et al., 2011). Thosegpacecraft's RPWS experiment (Gurnett et al., 2004) during
investigations found the following attenuation band charac-jig Jupiter flyby between 1 October 2000 and 31 March 2001.
teristics: The RPWS experiment is designed to measure the electric
a. morphological aspects which showed that the lanesand magnetic fields of radio emissions and plasma waves
are at least semi-permanent features of HOM emissiorfiCross a broad range of frequencies. The electric field mea-
(Higgins et al., 1995), surements are recorded by three nearly orthogonal antennas
] . ] . o o over a frequency range from 1 Hz to 16 MHz. We focus on
b. its relationship to the lo volcanic activity (Menietti et he RPWS observations recorded by the high-frequency re-
al., 2001) and ceiver (hereafter HFR) in the range between 100kHz and
c. the regular and systematic observations of this phe-16-125 MHz. We concentrate on the intensity extinction of

nomenon suggest that the plasma medium at the origiﬁhe Jovian HOM emission which occurs, on average, be-
of the HOM extinction is steady and stable (Boudjada tWeen 300kHz and 5 MHz.

etal., 2011). - .
) 2.1 Cassini flyby of Jupiter
The aim of this paper is to investigate the refraction of the

Jovian hectometric emissions by the lo torus leading to defigure 1 summarizes the main orbital parameters of the
riving the electron density in the lo plasma torus during the Cassini spacecraft before, during, and after the close ap-
Cassini's Jupiter flyby. In the next section we describe theproach to Jupiter. The two upper panels show the variation
method we use to estimate the attenuation frequency from thef the distance (expressed in Jovian rat}j and the satellite

dynamic spectra recorded by the Cassini/RPWS experimenmagnetic latitude versus the day of the year — DOY. In the
In Sect. 3 we select three main intervals of the Cassini tra-beginning of October 2000, the spacecraft moved towards
jectory taking into consideration the local time (LT) and the the southern hemisphere of the planet with variable magnetic

280 300 340 360 20 80

320 40 60
DOY (2000) DOY (2001)
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Figure 2. Dynamic spectrum recorded by the Cassini RPWS experiment on 29 December 2000. The Jovian DAM and HOM emissions
principally occur in the frequency ranges of 16-8 MHz and 3000-100 kHz, respectively. The horizontal dashed line (at 3 MHz) indicates
the common way to recognize the upper frequency of Jovian HOM emissions. The attenuation band appears as incomplete sinusoid trace
occurring when the northern and southern magnetic field axes are toward the observer (i.e., Cassini spacecraft). Both traces cross each oth
in the equatorial plane of the planet (e.g., 03:30, 08:00, 12:45, 18:00 and 23:30 UT).

latitude between-6 and+13° at a distance of about 12@). note an enhancement of the edges of the attenuation band ob-
The closest approach was on 30 December 2000 at a distanserved at three time intervals 01:00-05:00, 06:30—09:00 and
of 137Rjand magnetic latitude from10 to+9°. Intheend  10:00-14:00 UT. The outline of the attenuation band on the
of March 2001, the Cassini spacecraft was at a distance oflynamic spectrum appears as an incomplete sinusoid.

more than 120®; with magnetic latitude betweer6 and During a full Jovian rotation one observes a succession of
—14°. The LT variation of the spacecraft versus the DOY is two incomplete sinusoids associated with the northern and
displayed in the bottom panel of Fig. 1. In the investigated southern hemispheres. These sinusoids cross each other at
period the spacecraft approached and left, respectively, thabout 03:30, 08:00, 12:45, 18:00 and 23:30 UT as displayed
morning/noon (i.e., 10:40-13:00LT) and late evening (i.e.,in Fig. 2. These intersections correspond to periods when the
19:30-21:30LT) sectors of the planet. During the closest apspacecraft is in the Jovian magnetic equator plane, i.e., the
proach the spacecraft LT range changed in 10 days fronspacecraft magnitude latitude is almost equal to zero. Ac-
about 13:30 to 19:00LT. Gaps in the data occurred at thecording to Lecacheux model (1981) we alternatively observe
beginning of February (from 1 to 4) and also partial gaps ofthe extinction by the lo torus in the Jovian hectometric emis-
more than 12 h took place at the end of the year 2000 (20, 21sion emitted from the southern or northern hemisphere, re-

22, 25, and 26 December) and on 28 February 2001. spectively, when the magnetic latitude has a negative or a
positive value. The main phenomenological aspects of the
2.2 Overview of the attenuation band attenuation bands, as observed by the Cassini/RPWS experi-

ment, have been described in Boudjada et al. (2011).
The Jovian radio emissions were regularly and daily
recorded. The observations were displayed in the dynami@.3 The selected LT time interval
spectrum, i.e., intensity variation versus the frequency and
the time. Figure 2 shows a typical dynamic spectrumThe attenuation band was continuously detected during more
recorded 1 day before the closest approach to the planethan 5 months, from the beginning of October 2000 to the
The Jovian hectometric emission principally occurred in theend of March 2001, corresponding to more than 400 Jo-
frequency range from 100 kHz to about 3 MHz. HOM emis- vian rotations. The intensity levels of the center and the edge
sions are modulated by the planetary rotations (of about 10 hparts of the HOM attenuation band are found to be, on av-
which occur in the time intervals 02:30-12:30 UT and 12:30—erage, of about 3 and 15 dB, respectively, as can be seen in
22:30 UT. Typical attenuation bands are seen in Fig. 2. WeFig. 2. We derive from the dynamic spectra the observational

Ann. Geophys., 32, 1119+128 2014 www.ann-geophys.net/32/1119/2014/
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parameters where the extinction of the Jovian hectometric g |
emission occurs: the observation time, the center frequency | a '
(called hereafter attenuation band frequency) and the cen-
tral meridian longitude. First, we use a cursor procedure to
select and to save the observation time, the frequency andE
the intensity level of the attenuation band. Second, we de- & &10°
rive the central meridian longitude (from the spacecraft or- |
bital positions with regard to Jupiter) related to the observa-
tion time. This leads us to study the variation of the atten-
uation band frequency versus the CML, as shown in Fig. 3.
We note that the HOM intensity extinction occurred, on av-
erage, in the frequency range between 500 kHz and 3.5 MHz.
However we also observe that the attenuation of HOM emis-
sions can reach frequencies of up to 8/10 MHz which corre-
sponds to less than 1 % of the total points considered in this ,
study. Another important characteristic is the clear overlap- 810"
ping, at the equatorial plane, of the extinction of HOM emis- & '
sions coming from the southern and northern hemispheres, &
as shown in Fig. 2. The overlapping is observed at two
CML interval longitudes, between 80-11@nd 270-300
CMLs. In the first interval we observe that the frequency
of the HOM intensity extinction coming from the south- : S : ;
ern/northern hemisphere is decreasing/increasing versus the g% 7 7 :-s-' g
central meridian longitude. In the second longitude interval B N bl
we find that the frequency of the HOM attenuation band B o ovua it 00 O (s R Ol i
coming from the southern/northern hemisphere is increas- 1-10'[ T T T T T T T T T
ing/decreasing against the CML. We distinguish in Fig. 2 be-

tween both hemispheres by using the criteria suggested by 4.;q/
Ortega-Molina and Lecacheux (1991). HOM radiation emit- -
ted by the northern hemisphere is mainly right-hand circular
polarized and occurred in the CML range between 60 and
330, and the southern hemisphere is mainly left-hand circu-
lar polarized and occurred in the CML ranges 330-23%id
0-6C. The previous investigation was based on the sense of
radio wave polarization (right- and left-hand circular polar-
izations) as recorded by the PRA experiment onboard Voy-
ager spacecraft.

_.
cla"

Frequency rang

6410%}

410°}

Frequency rang

610° -+ ..

Frequency range (Hz)

200
2.4 Method of data investigation Central Meridian Longitude {Degree)

An important feature of the HOM intensity extinction is its
repeatability. The hectometric attenuation frequency can b
modeled by two incomplete sinusoids; each one is due to thg

Figure 3. Attenuation band frequency (Hz) versus the CML. The
op, middle and bottom panels correspond, respectively, to the three
T time intervals: 10:40-13:00LT, 13:30-19:00LT, and 19:30—
1:30LT. The red and green sinusoidal curves correspond to the fit-

extinction of HOM emission Coming from one hemisph_ere. ting of the attenuation frequency bands related, respectively, to the
After we proceed to the estimation of the electron density iNnorthern and southern hemispheres. The two maximum frequencies

the lo torus, we suppose that the refraction occurs when thet 20 CML (green vertical line) and 180CML (red vertical line)

plasma frequency of the lo torus is equal to the attenuatedhown in the bottom panel are connected, respectively, to the time
frequency of the Jovian hectometric emission. This leads usvhen the tip of the Jovian magnetic axis, in the northern or southern

to derive the electron density using the well-known relation- hemisphere, is tilted toward the observer.
ship

fo=9VNe, (1)

where f, and Ne are the plasma frequency (in kHz) and the
electron density (in crm?).
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3 Electron density as inferred from HOM 9 January 2001. On both dates, the distance to the planet was

refraction effect about 185Rj. The points in the middle panel of Fig. 3 have
been recorded during the afternoon sector, and they corre-

Figure 3 shows the variation of the frequency of the HOM spond to about 13 % of the total measured points. The HOM

intensity extinction versus the central meridian longitude forintensity extinction principally concerns the radiation emit-

the three selected LT intervals. This separation leads us tted from the northern hemisphere, and much less from the

characterize how the HOM emission is attenuated taking intasouthern hemisphere. The intensity attenuation is only ob-

consideration the geometric configurations of Cassini spaceserved in the CML interval between 50 and 34Blinimum

craft with regards to the Sun and to Jupiter. Three regionsaand maximum frequencies were recorded at 180 and 200

of the Jovian magnetosphere — the morning, the afternoolCML, and may be associated, respectively, with the north-

and the evening sectors — are covered. The corresponding aérn and southern hemispheres. The electron density of the

tenuation bands of the HOM emissions are displayed in thdo plasma torus in the afternoon sector is estimated at about

three panels of Fig. 3 corresponding to the selected intervald.5x 10° cm~3, a factor of 2 higher than in the previous sec-

10:40-13:00 LT (top panel), 13:30-19:00 LT (middle panel), tors (late morning and early afternoon).

and 19:30-21:30 (bottom panel). After this LT division, we

proceed to the fitting of the attenuation frequency band ver3.3 Evening sector

sus the central meridian longitude by sinusoid curves. The

red and green sinusoidal modulations in Fig. 3 correspond tdn the period from 10 January to 31 March 2001, the lo-

the fitting of the frequency attenuation bands related, respeceal time of the Cassini spacecraft varies between 19:30 and

tively, to the northern and southern hemispheres. 21:30LT. The distance to Jupiter increases from about®00
to more than 110®;. Nearly 40 % of the total amount of
3.1 Late morning and early afternoon sectors points has been recorded in the evening sector. In the bot-

tom panel of Fig. 3 we show the frequency maxima of the
The HOM intensity extinction as shown in the top panel of HOM intensity attenuation observed when the central merid-
Fig. 3 was recorded from 1 October to 20 December 2000ian longitudes are equal to about 20 and °18bhose two
During this period the distance of the spacecraft decreases réengitudes correspond to the moment where the magnetic
spectively from 1180 to 1883, when the local time changes axis of the planet is oriented towards the observer, i.e., the
from 10:40 to 13:00 LT. Of the total amounts of points, 47 % Cassini spacecraft, and corresponding respectively to the lon-
have been observed in this LT interval. The HOM attenua-gitudes of the southern and northern magnetic axes. We note
tion occurs, on average, between 500 kHz and 3 MHz. Thehat the attenuation frequency “cutoff” at around 3 MHz, as
particular feature of this time interval is the quasi-systematicobserved in the late morning and early afternoon sectors,
“cutoff” of the HOM emission at about 3 MHz. From the si- is quasi-absent in this LT interval. The maximum frequen-
nusoidal curves we find two maximum attenuation frequen-cies of the HOM extinctions coming from the southern and
cies on the order of 2400 kHz have been observed at 20 andorthern hemispheres are, on average, on the order of 3.0 and
180> CML, and two minima of about 850 and 700 kHz have 2.5 MHz, as shown in Fig. 3 (bottom panel). Sometimes the
been recorded at 0 and 2Z0CGML. Those maxima/minima  attenuation may reach a frequency as high as 8 MHz, partic-
at CMLs of 20/180 and 200/0 are associated with the at- ularly close to the orientation axis of the magnetic field in
tenuation emission coming, respectively, from the southerrthe northern hemisphere. The electron densities at the origin
and northern hemispheres. The corresponding electron deref the HOM extinctions in the southern and in the northern
sities are found to be 7 x 10* cm~3 at the maxima, and less hemispheres are, on average, on the order df £10* and
by one order of magnitude at the minima. Those values pro8.0 x 10* cm3.
vide the average variation of the HOM extinction frequen-
cies versus the central meridian longitude. However we find3.4 Averaged electron density in the lo plasma torus
a noteworthy attenuation of HOM emissions between 5 and
3 MHz, respectively, when the CML range varies from 180 to We summarize in Table 1 the main outcomes of our analysis.
270C. This particular feature is only observed in the case ofWe indicate in the columns of Table 1: (a) the central merid-
the northern hemisphere, and close to the inclination of thaan longitude (CML), (b) the fitted frequencies for the north-

northern magnetic field axis. ern and southern hemispheres (second and third columns),
(c) the electron density of the lo plasma torus (fourth and
3.2 Afternoon sector fifth columns), (d) the local time intervals and (e) the cor-

responding figure. The value of the electron density seems
The close approach to the planet occurs in this inter-to be overall in the order of 10* cm=3. The extinction of
val on 30 December 2000 around 16:00LT and at a dis-the Jovian hectometric emissions occurs in the frequency
tance of 137R;. The LT interval varies between 13:30 and range between 470kHz and up 3.5 MHz. However we note,
19:00LT starting from 21 December 2000 and ending onfirst, a particular enhancement close to the position of the

Ann. Geophys., 32, 1119+128 2014 www.ann-geophys.net/32/1119/2014/
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Table 1.Estimation of the electron density in the lo plasma torus during three local time intervals: 10:40-13:00 LT (i.e., LT1), 13:30-19:00 LT
(i.e., LT2), and 19:30-21:30 LT (i.e., LT3). For each hemisphere (north or south depending on the source location of the Jovian hectometric
emissions) we give the variation of CML versus the attenuation band frequency, and the corresponding electron density in the lo plasma torus
that is at the origin of the HOM extinction.

Freq. Freq. Ne Ne
MHz MHz  108cm3  103cm3
CML Northern Southern Northern Southern
degrees Hemisphere Hemisphere Hemisphere Hemisphere LT Figure 3
0 0.85 2.37 8.9 69.2 10:40-13:00 top panel
60 1.23 221 18.7 60.6
120 2.00 1.40 49.0 24.0
180 2.40 0.72 69.5 6.50
240 2.00 0.90 49.0 9.5
300 1.23 1.70 18.7 35.6
0 0.95 2.30 11.4 66.4 13:30-19:00 middle panel
60 1.61 2.15 32.0 57.3
120 2.90 1.26 104.0 19.6
180 3.54 0.53 155.3 3.45
240 2.90 0.70 104.0 6.0
300 1.60 1.60 32.0 31.2
0 0.66 2.95 5.4 108.0 19:30-21:30 bottom panel
60 1.13 2.76 16.0 94.2
120 2.10 1.70 53.7 36.0
180 2.56 0.85 81.0 9.0
240 2.10 1.05 53.7 13.45
300 1.15 2.10 16.0 54.30

magnetic field axis in the northern and southern hemispheresnvestigated period covers nearly 6 months before, during,
Secondly, the local effect is clearly seen when combiningand after the Cassini flyby of Jupiter. We derive the HOM
the day- ¢~ 12:00 LT) and nightside~ 20:00 LT) sectors, in  Jovian frequencies which have been attenuated by the lo
particular for the southern hemisphere. Hence, we find thaplasma torus. Those “cut-off” frequencies are found to be
the extinction in the HOM intensity occurs at frequencies higher in the late afternoon and evening sectors of the planet.
lower than 3 MHz on the dayside and higher in the later af-We estimate the corresponding electron density in the lo
ternoon and evening sectors, principally. Also, the maximumtorus using the well-known relationship between the plasma
frequency of the attenuation band was observed in the LTdrequency and the electron density. Hereafter we discuss our
interval (i.e., afternoon sector) with a corresponding electronmain results and reconsider the electron density measure-
density of about B x 10°cm~3 when the central meridian ments performed during the Voyager flyby of Jupiter, and
longitude was about 180Beside those fitted electron densi- analyze the common features between the radio and the UV
ties, we find that the frequency attenuation can reach higheobservations of the lo plasma torus.

values of up to 8 MHz, which corresponds to a density of

about 8« 10° cm™3. This has been principally observed when 4.1 Comparison between Cassini and Voyager

the Cassini spacecraft was in the evening sector of the planet.  observations

It is important to compare our results with those observed by

Voyager spacecraft. Hereafter we mainly refer to the dynamic
4 Discussion spectrum as shown in Fig. 4, which is taken from Fig. 2

(top and bottom panels) of the paper of Lecacheux (1981).
We analyze the extinction of the Jovian hectometric emis-The total power and the polarization are displayed in the top
sions due to the lo plasma torus by assuming that the mai@nd bottom panels, respectively. The electron density mea-
attenuation effect of the Jovian HOM emission is related tosurements were recorded, on 5 March 1979, at two time in-
the lo torus, as suggested by Lecacheux (1981). We shouervals, 04:00-08:30 and 14:45-16:00 SET, when the Voy-
that such phenomena are regularly observed and recorded tager 1 orbit was above the equatorial plane. In those in-
the RPWS experiment onboard the Cassini spacecraft. Thiervals the spacecraft was very close to lo at a distance of
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Central Meridian Longitude (Degree)

Frequency (MHz)

Frequency (MHz)

Spacecraft Event Time (Hour)

Figure 4. Daily dynamic spectrum recorded on 5 March 1979, by the Planetary Radio Experiment onboard the Voyager-1 spacecraft. The

Voyager-1's closest approach was at about 12:00 spacecraft event time. The total power and the polarization are displayed in the top anc
bottom panels, respectively. We overlap to the Voyager dynamic spectrum two curves taken from the bottom panel of Fig. 3. The red and the
green curves indicate the variation of the HOM extinction-fitted frequencies related to the emissions coming from the northern and southern
hemispheres, respectively.

approximately 5.R;. At two occasions (i.e., 06:00-08:45 This is the case in the time interval between 00:00 and
and 14:45-16:00 SET) Warwick et al. (1979) estimated from12:00 SET. However after this time we note a reversal in po-
the upper hybrid frequency (below 500 kHz) the electronlarization when combining the Cassini HOM attenuation fre-
density of the lo plasma torus. Lecacheux (1981) used thesquency and the Voyager polarization measurements. Hence
electron density measurements and analyzed the influence ¢fie HOM RHC/LHC polarization of Voyager corresponds to
the lo torus on rays in the HOM frequency range. The au-the southern/northern HOM attenuation frequency of Cassini
thors found that the lo torus strongly refracts the rays belowin the interval time 13:00-19:00/20:00—24:00 SET. This re-
1 MHz around 200 CML. Higgins et al. (1995) showed us- versal of polarization in the low-frequency band of the PRA
ing Voyager/PRA observations that the HOM intensity ex- instrument has been reportedlbgblanc and Daignél 985,
tinction systematically occurred in the CML range from 120 and interpreted as a change in the antenna-source geometry
to 300 CML. This is in agreement with our investigations (Lecacheux and Ortega-Molind987).
of the Cassini observations. The HOM emission attenuation The combining of Voyager and Cassini observations al-
principally occurred between 100 and 30DML, as shown  lows us to find several similarities in the way the HOM emis-
in Fig. 3. This concerns the HOM radiation emitted from sion is refracted by the lo plasma torus. It is possible to
the northern hemisphere in particular at frequencies beloweconsider the estimation of the electron density in the lo
2 MHz. torus using the method applied in our paper. The averaged
In Fig. 4 we overlapped to the Voyager dynamic spec-attenuation frequency of about 1.2 MHz, observed at about
trum two curves taken from the bottom panel of Fig. 3. 12:00 SET on the Voyager dynamic spectrum, corresponds
The red and the green curves indicate the variation of theo a value of about- 6.0 x 10* cm~3. This is 1 order of mag-
HOM extinction-fitted frequencies related to the emissionsnitude higher than the electron densityd.5x 10° cm~3, de-
coming from the northern and southern hemispheres, refived from the upper hybrid frequency.
spectively. First we note in the total power panel a weak
attenuation Of HOM emiSSionS Coming from the SOUthern4.2 Comparison to Visible and uv Observations
hemisphere at two time intervals (03:00-06:00 and 15:00-
_20:00 SET). The extir_mtion of the HOM radiation generated; ;g interesting to address the dependence of the UV ob-
in the northern hemisphere appears between 06:00-14:00:ations on the central meridian longitude. Ground-based
and 21:00-24:00 SET. The Voyager right- and left-hand cir-

e ) i observations reported by Schneider and Trauger (1995)
cular (RHC/LHC) polarizations have respectively white and g,y ved clear intensity enhancements of SIl 6731 A emis-

black colors in the bottom panel of Fig. 4. It is interesting gions versus CMLs. These authors found that longitudes
to note a good agreement between the Voyager HOM po15p _ cML < 210° are consistently~ 3—4 times brighter

larization measurements and the HOM attenuation CUIVeSinan at longitudes of 0< CML < 70°. Those two longitude
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intervals are in agreement with the maxima of attenuation5 Conclusions

frequency of the Jovian hectometric emission. The Cassini

flyby of Jupiter made available the observations of the 1oWe analyze in this work the intensity of extinction of the Jo-
torus by UVIS. The visible and UV observations, from Vian hectometric emissions as recorded by the RPWS exper-
ground and space, recorded the so-called ansa region definé@ent. This leads us to estimate the electron density in the lo
as the part of the torus subtended by the brightest row on th@lasma torus. We consider a period of about 6 months start-
detector, plus the two neighboring rows. This UV techniqueing at the beginning of October 2000 and finishing at the end
lead us to the analysis of images primarily associated with théf March 2001. First we show that the electron density of the
dawn and dusk sides of the torus. Steffl et al. (2006) provided?lasma torus is about 1 order of magnitude higher after the
temporal and azimuthal UV observations of the lo plasmaplanet encounter. A clear local time effect takes place when
torus. The authors showed that the long-term variations othe spacecraft approached the planet on the late-afternoon
torus parameters with CML, over the 45-day inbound period,sector of the planet. The HOM intensity attenuation was lim-
are relatively small. Enhancements of the relative electrorited to the frequency of 3 MHz. However, we note the jump
density had been observed in the interval 90°2ZBIL with  Of the attenuation frequency up to 4 MHz was seen at the
maxima around 160CML. It is essential to note a common closest approach and later, and sometimes higher, when the
dependence on CML if we combine the radio HOM attenu- Cassini spacecraft was in the late-evening sector of the Jo-
ation observations and the visible and UV ground and spac&ian magnetosphere. We find by reconsidering the Voyager
recordings. The enhancement/attenuation of UV/HOM in-observations that the electron density in the torus is one or-
tensities occurred approximately in the same CML intervals.der of magnitude higher than Voyager-measured in situ ob-
Hence, Schneider and Trauger (1995) and Steffl et al. (20063€rvations with the upper hybrid frequency. Additionally, we
reported UV intensity enhancements, respectively, in 150-show that optical and hectometric wavelength observations
210° CML and 90—270 CML, which are in agreement with have common features related to the “morphology” of the lo
and comparable to the radio HOM attenuation between 8@lasma torus. The maxima of enhancements/attenuations of
and 290 CML. A second interval between 0 and*7GML UV/HOM observations occur close to the longitudes of the
had been reported by Schneider and Trauger (1995), whickip of the magnetic dipole in the southern hemisphere (20
is nearly similar to the radio HOM attenuation between 300CML) and in the northern hemisphere (200ML), respec-

and 80 CML. We note the absence of this second interval tively. This dependence isa Significant indication about the
in Steffl et al. (2006) for the 45-day period, from 1 October importance of the Jovian magnetic field as a physical param-
to 14 November 2000. This can be explained by the Cassin€ter in the coupling process between Jupiter and o, in partic-
trajectory, which was above the Jovian magnetic equator atlar its effect on the latitudinal distributions of electrons and
positive latitudes and indicates that principally the 45-dayions. Future perspectives will place emphasis on the analysis

UV observations are associated with the intensity associate@f the relationship between the radio occultation of the Jo-
with the “northern” part of the lo plasma torus, i.e., localized Vian hectometric emissions and the motion of electrons and

above the Jovian equatorial plan. ions in the lo plasma torus. Future missions such as NASA's

It comes from the previous analysis that ultraviolet and Juno Bolton and the Juno Tearg00§ and/or ESA's JUICE
hectometric wavelength observations have common featureglUpiter Icy moons Explorer)rasset et al2013, planned
related to the “morphology” of the lo plasma torus. The UV to0 be launched in the next decade, can be used for the valida-
investigations allowed analyzing of the dynamics the plasmdion of our results.
torus at distances larger than R9 when the hectometric
study allows us to remove the so-called ribbon mainly be-

low 5.9 (R,). Despite the close but different parts OT the lo W. S. Kurth, principal investigator and co-investigator of the RPWS

plasma torus,_we show that enhancement/attenuatmn of th@xperiment onboard Cassini, for making the data available for this
electron density occurs nearly in the same CML intervals, k.

respectively, for optical and HOM observations. Those in-  Topical Editor E. Roussos thanks two anonymous referees for
tervals are found to be in relation with the longitudes of the their help in evaluating this paper.

northern and southern hemispheres. Specifically, the maxima

of enhancements/attenuations occur close to the longitudes
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