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Abstract. We consider the origin of a circular polarizatiormain emission and had a considerably higher degree of circular
which was observed in the great arc in the lo-A decametpolarization than the other part of the burst. For this spectral
storm of Nov.2, 1988. Our consideration is based on the modehture the average degrees of polarization werg| = 0.95
of the origin of a decametric emission polarization employingnd(r;) ~ 0.2 versus(r.) ~ —0.76 and(r,) ~ 0.66 in another
the idea of moderate linear mode coupling. We show thatpart of the storm.
reasonable explanation of the polarization of the great arc is The origin of the elliptical polarization of DAM emission
possible if the emission is generated in the instantaneous lo fisbstudied in a number of articles (e.g. Warwick 1970; Goertz
tube (IFT). We conclude that the plasma density in IFT is afp974; Lecacheux 1988; Lecacheux et al. 1991; Melrose & Dulk
proximately three times greater than the one in the vicinity @091; Shaposhnikov et al. 1997). All of them consider the ori-
IFT. At the heights corresponding to tB8 MHz electron gy- gin of the elliptical polarization as a result of the violation of
rofrequency level, we estimate the plasma density in IFT to bee geometrical optics approximation in the Jovian magneto-
N 2 1.9 cm™3, whereas outside the tube itAd6 =~ 0.7 cm~3.  sphere. These studies can be divided in two groups. The first
group (Lecacheux 1988; Lecacheux etal. 1991; Melrose & Dulk
Key words: polarization — planets and satellites: individuali991) assumes that violation of the geometrical optics approx-
Jupiter — radio continuum: solar system imation took place already in the emission source itself, and
the original polarization has been retained from the emission
source to the observer. In this case, the observed polarization
) ellipticity is only determined by the anglz between the mag-
1. Introduction netic field lines and the direction of the ray path at the emission

Jovian decametric (DAM) radio emission essentially appedi@int: This theory may explain the origin of the elliptical po-
to be elliptically polarized. The recent observations made 'gfization and gives a means to find quite precisely the location
Nana@y Radio Astronomy Observatory, France (Lecacheux Qfthe source. Howgver, |'F has a number of serious drawbacks.
al. 1991; Dulk et al. 1992, 1994) show that this emissid0iE; For example, following this model Leblanc et al: (1994) four_1d
elliptically-polarized at all frequencies in the measured range gt @ number of the lo-C events (the average circular polariza-
10 t038 MHz. The ellipticity of the emission polarization (ratiotion (") &~ —0.67) were generated in the magnetic tubes which
of polarization ellipse axes) varies weakly from storm to stori{ere in front of the instantaneous lo flux tube (IFT) at a distance
and average values of the ellipticity can be considered as spe§figPoutl0®. Thisrequires lo to extend its influence upstrea.m of
signatures of the “source” to be distinguished in the centtR€ satellite. Another group of the papers (Warwick 1970; Go-
meridian longitude (CML) and lo phase diagram. For exampl%rtz 1974; Shaposhnikov et al. 1997) assumes that the violation
at frequencies neat0 MHz the average degrees of linear of the geometrical optics approximation can take place outside
and circular, polarization arer) ~ 0.87 and(r.) ~ —0.49 the emission source and some change of the polarization ellip-

for the emission from the lo-B “source”, while for lo-A it is ficity occurs along the way. In the detailed polarization model
(r1) ~ 0.66 and(r.) ~ —0.72; for 10-C (r)) ~ 0.74 and(r¢) ~ of Shaposhnikov et al. (1997) there is no hard relation between
—0.67 (Dulk et al. 1994). The minus sign corresponds to tHB€ ellipticity of the observed emission and the angleThe
right-hand polarization. Moreover, during an emission storm tg@served ellipticity of the emission polarization is determined
ellipticity is approximately constant as a function of frequendjy tWo parameters: anglé and, mainly, the magnetospheric
and time. There are only afew exceptions to this rule. LecachdtlgSma densityV; in the transitional region (TR) where the po-
etal. (1991) have studied the spectral feature, which looked [#&iZation of electromagnetic modes is essentially elliptical. The
a great arc in the lo-A event which occurred on 1988 Nov.§econd parameteY; involved in this consideration permits us

They found that the spectral feature was superimposed on {pévoid the drawbacks mentioned above. However, including
the second parameter in the model makes it impossible to find

Send offprint requests 1&.E. Shaposhnikov the location of the emission source by the polarization obser-
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* 3. The origin of the emission polarization in the event of
November 2, 1988

High ellipticity of the observed DAM emission forces us to as-
sume both that the emission is generated almost perpendicular
to the planetary magnetic field lines in the emission source and
the geometrical optics approximation is no longer valid where
the polarization of electromagnetic modes is elliptical. Under
these conditions, the variation of the polarization along the emis-
sion way is described by the following equation (Zheleznyakov,
1995):

dp
— = (PP-1)+ =P (1)
where P(n) is a function related to the emission polarization
Fig. 1. Dynamic spectrum of the flux density of the lo-A emission og|lipticity 7" by the equation
1988 Nov. 2. The great arc is indicated by the arrow

P—z(\/1+q2—q)

vational data. None of the papers discusses the origin of the , + p (m_ q) ’
time variations of the ellipticity during the burst similar to those
observed in the lo-A event of Nov.2. 1988 function @ is the ratio of the rate of change of polarization of

In the present study, in order to explain the time featuresibie electromagnetic modes to the rate of change of the phase
emission polarization, we develop the model of the origin of tidlifference between the modes,
elliptical polarization suggested by Shaposhnikov et al. (1997).
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In addition, we show that the observed polarization feature @f= : 57
the great arc gives us the possibility both to locate quite precisely 2mf (nx = no)(1 +¢%)
the position of the emission source and to estimate the levekpis the coordinate associated with coordinat@long the ray
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2. The event of November 2, 1988 n= 4 + ) arctangq,

The lo-A event was observed on Nov. 2,1988 for approximaté]y,o is the refractive index of eXtraordinary (X) and Ordinary (0)
3 hours at the Naay (France) observatory. The observatiofodes, and the parametgis defined as
results were published in the paper of Lecacheux et al. (1991). e sin2 0
. . . Be SIN
During the event, the central meridian longitud&\( L) ranged ¢ = ———.
from C'M L = 189° t0294°, and the lo phasey(,) ranged from 2f cos 0
~ 233° to 1, ~ 257°. Fig. 1 (Fig. 4a in Lecacheux et al. 1991)Gyrofrequencyg. and the angle between the direction of prop-
shows the dynamic spectrum of the flux density of the event. Tagation and the magnetic field linésn Eq. (5) are functions
spectral feature discussed in the present article extends fromdahepace. The parameterdetermines the polarization of the
highest frequency of the burst (more th&ihMHZz) to approxi- electromagnetic modes and the limits of validity of the quasi-
mately27 MHz at the dynamic spectrum. At a fixed frequenciongitudinal > < 1) and quasitranversg? > 1) description
the spectral feature is about 5 minutes long. The emission in tifeelectromagnetic wave propagation within the condition of
spectral feature and the emission which precedes itimmediatedyidity of the geometrical optics approximation.
have an essentially higher degree of the circular polarization From Eq. (1) itis easily seen that both the generation condi-
than any other part of the storm. Lecacheux et al. (1991) foution at the emission point and the variation of functi@ralong
that the average degrees of the circular and linear polarizattbe emission ray determine completely the observed emission
of the emission in the feature welke.)| < 0.95and(r;) ~ 0.2, polarization. According to the advanced theory of the linear
respectively, while in the remaining part of the burst they weraode coupling (Zheleznyakov 1995), variation of the function
(re) ~ —0.76 and (r;) ~ 0.66. Along the spectral feature the@ within the transitional region (TR) exerts appreciable influ-
ellipticity of the polarization varies weakly with frequency. Thignce on the observed polarization. In the articles of the first
is usual for the polarization observations of the Jovian decamgteup (see Sect. 1) it is assumed that functjpis much greater
ric radio emission (Lecacheux et al. 1991; Dulk et al. 1998han unity,Q > 1, along the part of the emission ray within the
1994). Lecacheux et al. (1991) assume that this spectral featimeian magnetosphere including the source itself and its TR. We
is a great arc. This type of fine structure was noted for the fieste not interested in the part of the emission way within the lo
time on the Jovian emission dynamic spectra of Boischot et plasma torus and the Earth’s ionosphere where the inverse in-
(1981). equality,Q < 1,isvalid. Here, the conditions of the geometrical

(5)
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Fig. 3. The tracks (dashed lines) of the source emitting at a fixed fre-
guency and the associated transitional region (schematic view from
above the north pole). Asterisks and solid circles show positions of the
Fig. 2. The degree of circular polarization as a function of plasma emission source and of the transitional region, respectively, at different
density in the transitional region for different values of angeand times,¢; throught,.

for a fixed frequency { = 30 MHz;, g¢s is the value of parameterat
the emission point).

PLASMA DENSITY N (cM3)

the Jovian magnetic field influence only the position of TR at
the magnetosphere and will be taken into further consideration.
The degree of the circular polarization is calculated using the
optics approximation and the quasi-longitudinal propagation gadlowing equation (Shaposhnikov et al. 1997)
fulfilled, and the variation of the radiation polarization just man- AR
. . . L . . . ReT
ifests itself as the rotation of the polarization ellipse without any, = sin (2 arctan < 5 )) , (6)
change in the ellipticity. It is easily seen from Eqg. (1) that in the (1T =1+ [T +1)
case of) > 1 the solution of the transfer equation is indeperwhere¥eT is the real part of . Fig. 2 shows that the observed
dent of the condition along the emission way and is determineliipticity of the emission polarization is mainly determined by
by the initial conditions. It means that the observed polarizatitime level of plasma density within the TR. Some exceptions
ellipticity is determined by the angkg between the direction occur in the case when TR includes the emission source itself.
of emission and the magnetic field lines at the generation poilrtthis case the influence of the initial condition becomes slightly
Substituting|r.| & 0.95 into the expression for the degree ofjreater. As it is noted in the previous sections the emission in
circular polarization, which in this caseis ~ sin(2cosfs) the great arc has an essentially higher degree of the circular
(see, for details, Melrose & Dulk 1991), we find that this emigolarization than other parts of the bur8t,) < —0.95 versus
sion polarization could be observed if the emission generategab ~ —0.76. This means that the plasma density is about
anglesd, < 43° relative to the magnetic field lines. Howeverthree times greater at the transitional region associated with the
following Leblanc et al. (1994) it is easily shown that the desource of the great arc than at the transitional regions associated
cametric radiation emitted in the frequency band 27 — 35 Mhath the sources of the remaining part of the burst.
at angledd; < 43° cannot be observed by the ground-based To understand the reason of the sudden increase of the
observer. In this case the Earth is out of the emission beam.plasma density within TR we need to trace the variations of
Shaposhnikov et al. (1997) assume that inequélity> 1is TR location in the Jovian magnetosphere during the emission
violated in the decametric emission source and its TR. Withavent of Nov.2, 1988. Fig. 3 illustrates schematically the vari-
the TR the function) can reach magnitudes of the order ohtion of the position of the emission source emitting at fixed
or less than unity. In this case the observed ellipticity depenfilequencyf and the associated transitional region at different
on one more parameter: the level of the Jovian magnetosphéiites,t; throught,. The variation is due to the maotion of the
plasma densityV; in TR. Following Shaposhnikov et al. (1997)source together with the planet.
we calculate the dependence of the degree of circular polariza- Atthe emission ray the location of TR is determined from the
tion of the observed emission on the plasma density,for condition ofg ~ 1 (Shaposhnikov etal. 1997). From Eq. (5) itis
different values of the angle; and for a fixed emission fre- seen that the value of paramegellepends on angkbetween
quency (Fig. 2). To find the degree of polarization, we use tkiee direction of emission propagation and the local magnetic
transfer equation (1) and the simple symmetrical model of tfield lines. This angle, inturn, is determined by arfjlbetween
dipole magnetic field. We take into account also the frequentte direction of emission and the magnetic field lines at the
independence of the polarization ellipticity. Specific features efission point. Due both to the planetary rotation and the orbital
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motion of the lo, anglé, changes with time. The variation &f Fig. 4a shows the variation of parametem the sources
results in a change of both the mutual position of the source gridtted as a function of phase.,( of the active flux tube for
its TR and the location of TR in the magnetosphere. Moreoverfixed CML. The fixed CML corresponds to the moment in
there is a situation where TR envelops the emission point (tiime when the emission with a high degree of circular polariza-
t1 in Fig. 3). tion was observed in the event of Nov.2, 1988. For simplicity,
The direct way, namely, calculation of parametatong the we consider the sources which emit at a fixed frequency, e.g.
emission ray paths, requires the knowledge of the exact soufce- 30 MHz. Here and further on we will use the O4 model
position in the magnetosphere at every moment in time. Updb the planetary magnetic field. The O6 model as well as a
now the positions of the decametric sources are still not deariation of emission frequency fro@b MHz to 35 MHz give
termined exactly. Besides, there is no sufficiently good plasmagligible differences in the numerical results. From Fig. 4a it
model for the Jovian low magnetosphere. Therefore, as the feah be seen that the required case (coincidence of the position
step, we define a magnetosphere region at the way of the erofghe emission source and corresponding TR) occurs when the
sion propagation where plasma density is likely to be enhancedurce of the highly circularly polarized emission is situated in
Then we find positions of the source with the transitional regidhe vicinity of the instantaneous lo flux tube. This conclusion
being located in this magnetosphere region at the time when iheonfirmed in Fig. 4b which shows variations of parameter
highly circularly polarized emission is observed. in the lo flux tube during the event under consideration. Again,
It is generally accepted that generation of the decametvie consider the source which emits3atMHz. From Fig. 4b it
emission occurs along the lo flux shells at the active magnescseen that the positions of TR and of the lo flux tube coincide
flux tubes. In general, the active flux tube is not the same as the~ 1) at the time when the great arc and the highly circularly
instantaneous lo flux tube. Note that the concept of the actpelarized emission are observed.
flux tube is the same as the concept of an active longitude pro- Thus, we conclude that in the event of Nov. 2, 1988 the
posed by Dulk et al. (1992). It is also generally accepted thaghly circularly polarized emission was observed attimes when
the sources emitting at different frequencijegare situated at both the emission source and its transitional region were in the
heights which correspond to different electron gyrofrequendy flux tube. From Fig. 4b, where the variation of the angle
levels fg. ~ f. The latter implies that the decametric sourcdsetween the direction to the remote observer and the magnetic
are located quite close to the planetary surface, within a féld lines in the source are also shown, it is seen that the angle
tenths of the Jovian radius. Shaposhnikov et al. (1997) hasebout); ~ 69° in the30 MHz emission source at those times
found that the positions of TR are at distances less than or egal5° < 6, < 70.5° for the sources emitting at frequencies
to half of the radius from the source. This estimation was oB5 MHz = f 2 25 MHz). Observations showthata high degree
tained for the simple dipole models of the planetary magneté€circular polarization occurs during a very short time interval
field. However, more realistic models of the magnetic field, Qébout 5 minutes). The short time interval of observation of
and 06, considered in place of the simple dipole one, leadtte circularly polarized emission implies that it is generated
negligible corrections. Near the emission source region, the @mnthe IFT within a very narrow angle range. For example, at
hanced density can be reasonably expected only at the lo fln& frequency offg. ~ 30 MHz the diagram beam is about
shells themselves. Here the density can be increased due to pa#r= 1° around the anglé ~ 69°. We can also conclude that
ticle precipitation from the lo plasma torus. Therefore, we cothe remaining part of the burst is generated in the active tubes
clude that the relevant situation occurs when the transitionethich are at a distance from the IFT (see Fig. 4a). We estimate
region is in the vicinity of the lo flux shells. In other wordsthe level of the magnetospheric plasma density whichis found as
we have to find the situation where the conditiongof 1is highasV 2 1.9 cm3 inthe IFT at the heights corresponding to
fulfilled in the vicinity of the source. the30 MHz gyrofrequency level. This plasma density provides
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the degree of circular polarization < —0.95. Outside of the and the magnetic field lines in the source. But on the other hand,
IFT the plasma density is lower. From ~ —0.65 one finds it is the weak dependence on the angle that allows us to under-
N ~0.7cm3, stand the observed stability of the emission polarization ellip-
ticity during almost the whole burst as a simple consequence of
4. Discussion the magnetospheric plasma density stability outside the IFT.
We show that the sudden increase in the circularly polarizégknowledgementsThis work has been supported by the Russian
component of the decametric emission in the event of Nov. Foundation of Fundamental Researches, Grants No 98-02-16238 and
1988 can be reasonably understood if the source of the hig& '25'18i44ab¥nthef%°mr:'ss'onr‘:gr;ntﬁ\:_rl‘_it'sorg (?](t’?\lpeg'igg the
circularly polarized emission is situated in the instantaneou strian Academy of sciences, and by » Grant o 9/ '
lo flux tube. This conclusion agrees quite well with the results
of other papers. Indeed, Lecacheux et al. (1991) propodeeferences
that the discussed emission belongs to the great arc. Rid]%e
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