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Abstract

The relativistic electron energy in few MeV range, trapped in the Jovian magnetosphere emit electromagnetic
waves in wide radio frequency domain which escapes the generation region and propagates towards the Earth’s
atmosphere. The flux density of the emission is a function of the electron distribution (spatial and angular), the energy
spectrum of the electron, the magnetic field strength and configuration. The measured spectral power density of high
energetic electrons and its distribution with frequency can be used to find out the distribution of relativistic electrons
in the inner magnetosphere having the range L =3 Jovian radius. In present communication the variation of radiated
power per electron with energy through the synchrotron radiation process have been shown and discussed. The
simulated flux density is compared with corresponding recent emitted radio spectrum data available from Cassinni
flyby. The investigation enables us to explain the mechanism and characteristic properties of Jovian magnetosphere.

J

Introduction

In 1950%, radio emissions from the Jupiter were recorded in two
frequency bands referred as decametric (DAM) and decimetric (DIM).
The observed decametric emissions were sporadic in character, and
confined to frequencies less than 40 MHz [1] and are attributed to
electron cyclotron maser emissions, emitted by keV electrons in the
Jupiter’s auroral region. The non-thermal decimetric radiation was
first detected by ground-based radio telescopes in the late 1950’s and
later attributed to synchrotron radiation from relativistic electrons
trapped in the tilted dipole field of the Jovian magnetosphere [2-4].
It has been proposed that the emissions originated from the Jupiter’s
inner radiation belt (L, < 4). The generation region is supposed to be
located near the magnetic equator and the high magnetic latitudes [5].
Analyzing features of the observed decametric bursts, Warwick [6]
suggested that the source of decametric emission is outside the planet
and the magnetic field helps in focusing these radiations [5]. Singh et
al.[7] studied the detailed features of synchrotron radiation using the
Pioneer-10 data for electrons and magnetic field. Using tilted magnetic
field geometry, they have schematically shown the reception of Jupiter’s
emissions on the surface of the Earth. De Pater [8] presented a schematic
representation of wave-spectrum observed from the Jupiter displaying
the intensity and frequency range from a few MHz up to a few tens
GHz. The same is redrawn in Figure 1. It is shown that at frequencies > 5
GHz, thermal emissions dominate total emissions. However, still there
is a significant contribution from the planet’s synchrotron radiation.
The contribution from the thermal emission and synchrotron emission
can be separated by measuring polarization/imaging the planet at high
angular resolution [9, 10]. Synchrotron radiation between 74 MHz
and 15 GHz has been imaged by using telescope array [11]. Using the
Cassini spacecraft data, Bolton et al. [12] presented the observation of
synchrotron radiation at 13.8 GHz, which confirms the presence of
electrons with energies up to 50 MeV or may be more. The observation
by Very Large Array at still higher frequencies implies the presence of
electrons with energies > 100 MeV de Pater and Kloosterman [10, 13]
presented the observations of the synchrotron radiation from Jupiter
obtained in July 2004 with the Very Large Array at a frequency of 15
GHz. The recent analysis and understanding of the Jovian synchrotron
radio emission with a radiation-belt model is presented by Santos-
Costa and Bolton [13]. Recently Ezoe et al. [14] reported the discovery
of diffused hard (1-5 keV) X-ray emissions around Jupiter in a deep

Suzuku X-ray imaging spectrometer data. Horne et al. [15] suggest that
gyro-resonant electron acceleration is an important part of a multi-
step process to produce Jupiter’s synchrotron radiation. They further
suggested that the Gyroresonant acceleration is most effective between
6 and 12 Jovian radii and provides the missing step in the production
of intense synchrotron radiation from Jupiter. Recently Tsuchiya et al.
[16] studied the total flux density of Jupiter’s synchrotron radiation
at 325 MHz with the Iitate Planetary Radio Telescope to investigate
short-term variations in Jupiter’s radiation belt with a time scale of a
few days to a month. They reported that total flux density showed a
series of short-term increases and subsequent decreases. De Pater [8]
suggested that the Jupiter’s synchrotron radiation is concentrated near
the magnetic equator, with two weaker rings of emissions at higher
latitudes. Measurements of flux density of Jovian radio spectrum in
September 1998 are found to decrease at lower frequencies as compared
to that of June 1994 [10]. This has been suggested to be due to pitch
angle scattering, coulomb scattering, and energy degradation by dust
particle etc. Since these processes are relatively more effective for the
low-energy electrons. The charged particles present in the presence of
the Jupiter’s magnetic field are accelerated by the plasma waves present
in the medium. The mapping of distribution of synchrotron emission
may provide an understanding of highly energetic electron distribution
in the region of radiation belt provided magnetic field structure is
known. The synchrotron radiation received at the Earth’s surface is
a consequence of the combined effects of several factors such as the
beaming effect, polarization and rocking effect due to the Jovian + 100
tilted axis. It has been an important tool for understanding the magnetic
field and relativistic electron population in the inner (1.2-3.5 Jovian
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Figure 1: The observed radio spectrum from Jupiter exhibiting frequency from
a few MHz up to a few tens GHz (de Pater, 2004).

radii) Jovian magnetosphere. The Jovian’s synchrotron radiation is seen
at the Earth above the galactic noise level due to its strong magnetic
field (4.28 gauss at the equator) and the typical magnetic field strength
at Jupiter’s surface ranges from 2-14 gauss. The observed equatorial and
high-latitude emission has been modeled with a combination of an
anisotropic and isotropic electron population trapped in the Jupiter’s
inner radiation belt [17, 18]. Such modeling studies may also provide
new information about high order magnetic moments of the Jovian
magnetic field. These waves have been used as a non-destructive probe
of the inner magnetosphere because the received signal did not have
significant deformation while propagating from the Jupiter’s surface to
the Earth’s surface.

Thorne [19] developed a theoretical model of the synchrotron
radiation with a dipole magnetic field and calculated the total power
in the synchrotron radiation over the entire dipole field. Westfold [20]
investigated the polarization and spectral distribution of the synchrotron
radiation and showed that degree of polarization increases with
frequency which is in conformity with observation. De Pater [21,22]
presented a model calculations of Jupiter’s synchrotron radiation based
on the radio data and systematically analyzed the high energy electron’s
distributed in the Jupiter’s inner magnetosphere and also the east-west
asymmetry in the radiation belt as a function of Jovian longitude. Xiao
and Thorne [23] studied the synchrotron radiation by using a bi-model
loss cone distribution function and explained the radiation intensity,
which peaks both at the equator and at high latitudes. Divine and
Garret [24] estimated the charged particle flux from the observed radio
emissions intensity spectrum which is sole estimation of radiation dose
for Jupiter flyby and orbiter mission. It provides a quantitative model
of charged particles between 1 eV and several MeV based primarily on
in-situ data returned from the pioneer and Voyager flybys of Jupiter.
The in-situ data were supplemented by the Earth based radio telescope
observations of synchrotron emission and theoretical conditions.
Divine and Garret [24] model for energetic electrons in the inner Jovian

magnetosphere has the ability to reproduce the observed pattern of
synchrotron radiation. Levin et al. [25] compared the DG model with
synchrotron emission observations and showed that DG model did
not accurately describe the high-energy (>1 MeV) electron population
present in the Jupiter’s inner radiation belt (< 4 R]). Levin et al. [25]
has constructed a computer model to simulate synchrotron emission
from relativistic electrons trapped in the Jupiter’s magnetic field. They
suggested that higher order terms in the magnetic field coupled with
relativistic beaming effects of synchrotron radiation, are primarily
responsible for the observed rotational asymmetry.

In this paper, using recent data, we have computed synchrotron-
radiated power from electrons present in the Jovian magnetosphere.
Earlier the studies had been done for the low frequency and the high
frequency separately but we have taken the long-range trends in
terms of energy emitted by the gyrating electrons interacting with the
magnetic field. This energy range varies from a few keV to hundreds
of MeV. Section 2 discusses briefly theoretical formulation and
properties of synchrotron radiation mechanism. Computational results
are presented in section 3. Discussion of the results and conclusion of
the present chapter is given in section 4. The computational results of
flux density have been plotted with frequency for various energies and
compared with the recently observed radio spectrum. For the sake
of comparative study we have also presented the earlier theoretical
spectrum and observed spectrum along with our theoretical results and
recent observed spectrum so as to have realistic interpretation of the
measured decametric (DAM) power spectrum.

Theoretical Formalism

The gyrating charged particles radiate electromagnetic energy
through the cyclotron process that, at high energy (relativistic) is
known as synchrotron process. Schwinger [26] computed the radiated
power via the rate at which the particle does work on the field of which
it is the source. In this field components are not required and hence
information about the polarization of the wave is not available. Westfold
[20] derived electric field components from a relativistic gyrating
charged particle and studied polarization and radiated power variation
with frequency and other parameters of charged particles and medium.

The radiation from a single electron is totally polarized with the
electric vector parallel to the radius of curvature of the orbit and in the
case of an ultra- relativistic energy; the wave field is effectively restricted
to a narrow cone of angular dimensions of the order of [26,20,27]

7 =J1— p? where B=v/c,V isthe velocity of charged particle. (1)

The electric field vector in this cone takes all directions transverse
to the direction of emission. The method of Westfold [20] is pursued
to evaluate the electric field by evaluating the trajectory of charged
particle executing helical motion. Then Poynting vector is evaluated
and averaged over gyration period to obtain average radiated power.
The relativistic equation of motion of a charged particle having charge e
and mass m in a uniform magnetic field B is written as

d m ﬁ
dt 1-p

This equation, using angular gyro frequency @, =e/m+/1- > B,

can be separated in to parallel and perpendicular components as

— i, @)

B =0
BL =- 0y XBL

This shows that the motion of a uniform velocity along the
magnetic field line and an uniform circular motion of radius 8 ¢/ o,

Hydrol Current Res
ISSN: 2157-7587 HYCR, an open access journal

Volume 7 « Issue 1+ 1000218



Citation: Singh S, Singh AK, Singh RP (2015) Modeling Jupiter’s Synchrotron Emission from Relativistic Electron Trapped in Jovian Magnetosphere.

Hydrol Current Res 7: 218. doi:10.4172/2157-7587.1000218

Page 3 of 7

with the angular velocity -, about the direction of 3,. Taking the
origin of the co-ordinates as the projection from the initial position of
the electron on to the axis of the helix and & as the constant angle
between 3 and B, , the equations of trajectory reduces to
L i[(f COS @t + ] sin @, 1) sin & + ko, t cosa] (3)
c oy
Here, [, ], and k forma right handed orthogonal system of unit
vectors such that I is in the direction of the initial position and k is in
the direction of B, . Differentiating equation (3), the electron velocity is

given by Westfold [20].
y=pcsina (~isin @, t+jcos w, 1) +kcos a (4)

The acceleration is always along the principle normal to the

trajectory. The radius of curvature has the constant value /3 ¢/ (w, sina)

. The electric and magnetic vectors £ and B at the point ‘s’and 1nstant

‘t’ are given in terms of position 7] (t ) of the retarded time t' by

the relation Westfold [20]

5 _kecix[(i-f)xf]

4R (1-p'n)

where [ isthepermeabilityoffreespace, 7i = R(+') / R, ' =5,/ c

,t'=t—R(t")/ cand R(t")=r —r(¢") The null directions of the fields are
where

and Ezlﬁxb: (5)
c

i=p+ Z'%

Equation (5) shows that the field vectors would be large when both
X' is close to unity and @ the angle between 4’ and 71 is small. For a
charged particle executing a periodic motion, the wave field spectrum
would consist of a superposition of harmonics of the fundamental
frequency o, / 2z .To calculate the average radiated power at any point,
we consider 71 in the plane containing 5, and initial velocity of the
charge. Following Westfold [20] which uses modified Bessel functions
and its recurrence relations, the n™ harmonic electric field E, and
characteristics of polarization ellipse L_are written as

Hecoy

E, = 7@(?(!”&711 *)7‘{1 +¥ K, 3[7(1 +y )Y
(6) 437%r
+iw(? +y?) K, (x] jcosa —ksina} where x=3 (;{ +y )m
sin
and
L= ) K ()

v Ko )

where K, (x) and K, (x) are modified Bessel functions of argument
x. The electrlc field and polarization are the function of the angle
between the direction of observation 71 and the closest generator of the
cone containing the directions of motion § . Bessel functions K, ,, (x)and

K, (x) are real and positive. Equation (7) shows that the polarization
is elliptical with axes along parallel and perpendicular to the projection
of B, on the plane transverse to 7l . The energetic charged particle
moving along magnetic field executes periodic motion; hence the
radiated power is distributed among the harmonics of the fundamental
frequency. Applying Parseval’s theorem to the formula for the Poynting
vector, one obtains the average value of radiated flux density

27/ oy
<S>:w7 Jsd WhereS EXH
2
- Zn/u),,
- J'E dt
27r,uc °

- (g ®)
uc

The average flux density represents the average power flowing
normally through the unit surface elements at the given distance from
the origin. The average power radiated into the unit solid angle at
distance 7’ is obtained as

<P (ii)>== P(n)+Z<P(n)> )

The contrlbutlons of E_can be separated into components parallel
and perpendicular to the prOJectlon of B, in the plane normal to7i
which can be designated by the subscript 1 and 2. The mean power
radiated in the frequency band between f and f +d f could be written
as

<P, >:%\/§pe2 cf, SinaF" (fi)
and

<P, >:%\/§pe2 cf, Sina F? (fi)

(10)
<Pf>df:M
H
where <P, >=<P" >+<P? >
Sina eB
Je =3V uo 72’fH0:

2 7z m . Considering magnetic field B, in
gauss and radlatlng charged particle to be an electron, we obtain

<P, >=2.34x107B SinaF(i) Wm~Hz .

SN0\ 4z and £y, = 2.80B, Mz

f =4.20B,

Thus an electron of relativistic energy E, moving in magnetic field
B having pitch angle & radiates power in synchrotron mode which is
given by

P(f,E,B,a)=2.34XIO’ZjBSina(i) T K, (x)dx (11)

c [/1L.E
where . =4.20y° BSina MHz, y =1+

mc’
E is the kinetic energy of the electron, m is the mass of electron and

c is the velocity of light. The above equation can be used to evaluate
power radiated from an electron of given energy and moving in the
presence of magnetic field. If radiating volume contains a large number
of electrons having different energy, then the total radiated power will be
the sum of radiation from all the electrons while summing the radiation
it is assumed that the radiated power from electrons of different energy
is in the same direction. Within these assumptions, the total power

radiated from the radiating electron flux N(E,a) m™ sec™ is written
asin wm?Hz" sec™
£, /2
P(foL)= defP(Ef B,a)N(E,a)da (12)

Where ¢ is the magnetlc latitude, L, is the McILwain parameter.
Knowing the model of Jovian magnetosphere specifies the ambient

magnetic field value.

The total radiated flux to be received on the ground neglecting the
absorption loss during the propagation of wave from the Jupiter to the
Earth is given by

P(f)= jde W Hz! (13)

where R is the distance between radiating region and reception

point, R=4.0 A.U. (Astronomical Unit) which is 6 x 10" m as taken
in our theoretical computation while the experimental value of R is
observed to be 4.04 A.U [9] dV is the volume element and V is the
velocity of charged particle.
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Computational Results

In order to explain the observed power received on the surface of
the Earth and onboard spacecraft emitted from Jovian magnetosphere
it is essential to know the density, energy and pitch angle distribution of
radiating particles as well as magnetic field variation in the generation
region. The magnetic field variation in the Jovian magnetosphere is
assumed to be dipolar in nature [28]. The dipole magnetic field variation
with latitude is Baumjohann and Treumann [29]. 5

E

B(p,L,) = B,(1+3sin’ p)'” / cos’ p where B0 =%

where B, is the equatorial magnetic field on the Jupiter’s surface
and L is the Mcllwain shell parameter. For the computational work we
have taken the variation of equatorial surface magnetic field as modeled
to range from 2-14 gauss [30]. The L]-Value variation is taken from 1.35
to 3. The detailed pitch angle distribution and its variation is not known
properly, so we have assumed for simplicity that the pitch angle of the
radiating electrons to be near to 90°. This approximation is taken in
view of the numerical computations of Singh [27], where they have
shown that the radiated power does not in general change appreciably
for changes in pitch angle by + 20° in the vicinity of 90°. They have
shown that an increase in pitch angle leads to an increase in radiated
power, which becomes maximum for & = 90" . This shows that an
electron spiraling along magnetic field will have the maximum radiated
power at the mirror point. Thus electrons with small pitch angle will
have maximum radiated power at high latitudes where as electrons with
pitch angle close to 90° will radiate maximum power in the equatorial
region. The radiation is confined equatorially in the region between
1.35and 3.5R " with higher latitude lobes residing on field lines at 2.5 <
L <35 The earlier observational results show that the radiated power
contains major portions coming from the equatorial region [8]. Using
equation (11) the power radiated by a single electron as a function of
electron energy and radiated frequency from a location (which specifies
the magnetic field) is evaluated. The computed results for L =15 and
¢ =0 (equator) is shown in Figure 2. They are shown for discrete
frequencies between 30 MHz and 100 MHz and electron energy is varied
from 0.2 MeV to 100 MeV. 1t is clearly seen that the radiated power
increases as the energy of the radiating electron increases showing a

10 . T
(=] .25
T ot
=
[=
=
o
i el
=1}
o
T
g
o -27
= 107¢
i / — Freg=30 MHz
= Fregq=50 MHz
£ — - Freq=70 MHz
10k — Freg=90 MHz |4
— Freq=100 MHz
1™ ' '
107 10° Energy in Met 10/ 10°

Figure 2: Theoretically computed radio spectrum between radiated power per
electron with energy for different frequencies at equator and L=1.5.

peak around 2-3 MeV and then decreases. The rate of increase is large
as compared to the rate of decrease in radiated power .It is interesting
to note also that below 2-3 MeV energy, the radiated power decreases
with an increase in frequency whereas above this energy the same
increases with frequency. However, the rate of decrease is so small that
the spectrum almost appears more like a flat spectrum.

As the electron moves along dipolar magnetic field lines away from
the equatorial zone towards the surface of Jupiter, the magnetic field
increases. Figures 3a and 3b consecutively shows the electrons from the
place defined by L= 1.5 and 9 = 0", 15" 1t is seen that the radiated
power from electrons having energy in the range 50 MeV -100 MeV is
approximately same at 300 GHz. The pattern of variation remains the
same as depicted in Figures 4a and 4b also, when L -value increases the

Radiated Power Per Electron W/Hz

107 F E
10-25 Energye=50MeV
Energy=70MeV
L=15phi=0 | | Energy=80MeV
— Energy=100 MeV
10'29 1 " 1aal 2l 2l T
10’ 10° 10° 10° 10° 10°

Frequency in MHz

Figure 3 (a): Theoretically computed radio spectrum between radiated power
per electron with frequency for different energy at different parameters.

Radiated Power Per Electron W/Hz
>
1

o Energye=50MeV b
Energy=70MeV 1

L=1.5, phi=15 Energy=80MeV
Energy=100 MeV
10'27 IEERRRIT] IR RRIT] FETETRTRIT ] IEETRRRIT] IR IR REIT]
10' 10° 10’ 10* 10° 10° 10

Frequency in MHz

Figure 3 (b): Theoretically computed radio spectrum between radiated power
per electron with frequency for different energy at different latitude.
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equatorial magnetic field decreases. To understand the role of magnetic
field on the radiated spectrum (both power radiated and frequency
range) we have also computed power radiated from single electron
located at L, =3.5 and ¢ = 0°,15° . The results are shown in Figures
4a and 4b.

The power radiated from energetic electrons as it moves along
the field line is computed for different L-values and ¢ . The results are
not shown because nature of variation remains almost the same. The
radiated power maximizes from the higher latitudes as compared to
the lower latitudes. However, the rate of increase varies with frequency

Energye=100MeV
10-30 Energy=50MeV
Energy=70MeV
Energy=80MeV

Radiated Power Per Electron W/Hz

L=3.5, phi=0

10- 1 . 2 3 4 5
10 10 10 10 10

Frequency in MHz

Figure 4 (a): Theoretically computed radio spectrum between radiated power
per electron with frequency for different energy at equator and L=3.5.

Radiated Power Per Electron W/Hz

ok Energye=50MeV | {
Energy=70MeV ‘
L=35, phi=15 Energy=80MeV
"""""" Energy=100 MeV
10-29 Ll Ll L0 a ol Ll AR R
10 10° 10° 10° 10° 10°

Frequency in MHz

Figure 4 (b): Theoretically computed radio spectrum between radiated power per
electron with frequency for different energy at some magnetic latitude and L=3.5.

as well as energy of the electron. The power radiated from energetic
electrons as it moves along the field line is computed for different
L-values and @ . The results are not shown because nature of variation
remains almost the same. The radiated power maximizes from the
higher latitudes as compared to the lower latitudes. However, the rate of
increase varies with frequency as well as energy of the electron.

The synchrotron power radiated by an electron in the entire energy
range is minimum at the geomagnetic equator and increases rapidly as
electron moves away from the equatorial region. For constant magnetic
field, the radiated synchrotron power varies with electron energy
and becomes maximum for certain electron energy. The synchrotron
radiation from an electron is in the form of electromagnetic pulses
radiated along the instantaneous velocity vector and lasts for very
short duration. The radiated pulse along certain direction are
separated byAT =27 /w,,, @y is the gyro frequency [27]. If the
gyrofrequency of the medium is high, the time interval is small and
more electromagnetic pulses are radiated per second. For example at
L=3 and ¢=0°,®, =20450x 27, AT =4.88x 10~ Sec and ¢=30",
@, =4.5x10°x 27 ;and AT =2.22x 10" sec. Thus the number of
pulses at some latitude is quite large as compared to the equatorial value.
This leads to the conclusion that the cyclotron radiated power increases
with increasing magnetic field. This supports present computational
results. In evaluating the equation, one requires either the measured
electron energy spectrum or a model for the same. Singh et al. [7]
prepared the flux variation of mildly relativistic electrons with L,-value
on the basis of available measurements. They have considered the energy
range 40 keV<E<5 MeV. de Pater (2004) has modeled the latitude
and energy distribution of Jupiter’s electron flux, where the constants
have been chosen to fit the observed synchrotron radiation spectrum.
Xiao and Thorne [23] considered bi-model electron distribution to
explain observed peaks in the radiation intensity both at the equator
and at high latitude. In the present computation, we have considered
the synchrotron radiation by an electron is many times more effective
in the high latitude as compared to the synchrotron radiation by the
electron in the equatorial region.

Some more computational plots taking the variation of radiated
power per electron with latitude for different frequencies has been done
to understand the dynamics of the gyrating electrons. To see the effect
of emitted frequency we have computed synchrotron radiated power
per electron from Jupiter at a different frequency and varying other
parameters which is shown in Figures 5a and 5b. From this Figure we
observed that the synchrotron-radiated power per electron is minimum
for equator then increases with latitude and shows a maximum value
at 30" and then decreases gradually to minimum at 60°.From both the
From the Figure 5 we observed that the radiated power per electron
decreases gradually with increasing the emitted frequency for fixed
energy and L -value. The plots for different frequency are evenly spaced
and show maxima at 30° geomagnetic latitude. The total radiated flux
to be received on the ground from the Jupiter to the Earth have been
computed for different frequencies and shown in Figure 6 for energies
100 MeV and 200 MeV. To compare our theoretically computed results
with the observed radio spectrum we have included some old and
recent experimental power frequency spectra for observed deccametric
emission which is shown in Figure 6. The Figure shows that the nature
of experimental observation of Smith and Desch [31, 32] as well as
recent experimental observations of Imke De Pater and Bolton et al.
[8, 9] are consistent with our computed synchrotron flux. In the Figure
6 we have also included the theoretically computed synchrotron flux
by Singh et al. [7]. After comparing our results we found that our
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Figure 5 (a): Computed radio spectrum between radiated power per electron
with Latitude for different frequencies and at a fixed energy at equator and L=2.
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Figure 5 (b): Computed radio spectrum between radiated power per electron
with Latitude for different energies and at a fixed frequency L=2.

computed flux density are much more comparable with the recent
observed spectrum, of Imke de Pater and Bolton et al.[12,9] whereas
the computation results of Singh et al.[7] compares well with the old
observations of Desch and Carr [32] and Smith et al. [31]. Only there
is less than one order of discrepancy in recently observed flux density
and our computed flux density, otherwise both nature and range of
computed flux density compares well with the observed spectrum.

Discussions and Conclusion

In this study, we have computed several parameters for synchrotron
radiation emitted by the gyration of relativistic electrons trapped in

10- T T T T T
Desch & Carr, 1974
10
1+ 1
Singh.et.al 1975

T ?
T » Srriith et al., 1965
NE 1D L 4
3 Energy=200 MgV
5 Energy=100 MeY
£
St Thearetical Approach |
E
(TN

10t ]

Imke de Pater 2004
Bolton et. al.2002
10'28 IR ETTT R R A A R T TTT RN S A R R TT B S S I R R TT R R SN AR TITRE IR TR TT]
10" iy 10’ 10’ 10’ 10* 1’
Freq in MHz

Figure 6: The figure inculcates the various experimental and theoretically
computed flux density spectrums with frequency and could be seen with a
good correlation.

the inner Jovian magnetosphere. The most widely accepted theory
postulates that the relativistic electron originate in the solar wind or
in the outer Jovian magnetosphere and the diffuse inward by gaining
energy through the conservation of first and second adiabatic invariants
[33,34]. This accounts for 10 MeV electrons near the peak of synchrotron
zone. Our comparison of flux density is quite consistent with the recent
observed radio spectrum observed by Cassini fly-by over Jupiter [9]. We
see that the general nature of curve remains unchanged by changing the
flux of energetic electrons. The synthesis of these computations leads us
to conclude that the general shape of power spectra recorded by Cassini
fly-by is governed by the detailed nature of the energetic electron
spectrum. The maximum flux density of 102 W m Hz" lies around
frequency 1 GHz for energy 100 MeV and 2 GHz for 200 MeV, which is
in close consistency with observed radio spectrum. In fact one-to-one
correspondence of the measured power spectrum cannot be brought
about because of the lack of detailed energy spectrum and spatial
distribution of the energetic electrons in the Jovian ionosphere and
magnetosphere. The present theoretical work supports the observation
of Bolton and Imke de Pater [9, 12] Xiao and Thorne [23] by using a
bimodal loss cone distribution function has shown that the variance of
synchrotron radiation with latitude depends on the electron anisotropy;,
for low anisotropy, synchrotron radiation increases with latitude and
reaches a maximum at the particle mirror points: for high anisotropy, it
decreases with latitude and maximizes at the equator. Thus, his model
suggested explaining the radiation intensity, which peaks both at the
equator and at high latitudes. Warwick [35] has shown that the flux
density in the dynamic spectra of Jupiter exceeds 10* or even 102
Wm? Hz! at the frequency of 39 MHz is also not consistent with Desch
and Carr’s image of power spectrum. The general feature of computed
power spectrum is found to depend on the flux of relativistic electrons,
which are believed to be produced by the acceleration of electrons by To’
sheath. The orbital position of 7o’ influences the radiating electron flux
and thereby affects the radiated power flux [7]. Some more study related
to flux density could be done for higher energy < 20 MeV to see if the
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range of flux density changes to what extent to explain more clearly the
DAM power spectrum.

Efforts should be made to model radial diffusion at Jupiter’s which
produces accurately the synchrotron emission radio spectrum and also
the study of electron energization that are known to occur in Earth’s
magnetosphere accelerating the electron by wave particle interactions
and field aligned potential in auroral zone. The mechanisms, which
combine radial diffusive transport with wave particle interactions
such as recycling and magnetic pumping, could be proposed. The fast
interplanetary shock and Earth’s magnetosphere has been proposed as a
source of drift resonance acceleration to explain the sudden appearance
of relativistic electrons in terrestrial Van Allen radiation belts. A similar
process could exist at Jupiter although analogies between both are not
always appropriate. Thus, the inner radiation belts of Jupiter and Earth
both contain extremely high-energy electrons that require substantial
acceleration by the process other than adiabatic radial diffusion.
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