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ABSTRACT

We have made detailed observations of Jovian decimetric radiation (DIM) from relativistic electrons in
the Jovian radiation belt by using the Kashima 34 m antenna to seek the existence of DIM short-term
variations. In these observations, the sky tipping method was used to correct the terrestrial atmospheric
extinction effect. We also evaluated the background radio sources noise, which has caused serious problems
in previous observations. As a result we showed for the first time that the Jovian synchrotron radiation
has variations in intensity over a period of a few days. We then developed a model of Jovian synchrotron
radiation based on the empirical models of Jovian magnetic field and the distribution of particles in the
Jovian radiation belt derived from direct measurements made by past spacecraft. By comparing this model
with the results of observations, we clarified that when the Jovian synchrotron radiation intensity is in-
creasing, the spatial distribution of electrons in the Jovian radiation belt changes in such a way that the
electrons concentrate at Jupiter's magnetic equatorial plane. Next, we developed and numerically tested a
computer code relating to the transport of particles in the Jovian radiation belt. We showed that the ob-
served flux increase of Jovian synchrotron radiation for a few days can be explained by a scenario in
which the radial diffusion coefficient of electrons in the radiation belt increases. Furthermore, we per-
formed a comparative analysis with the solar F10.7 observed on the earth during the same period, and we
showed the possibility that this increase in the radial diffusion coefficient arises from heating of the

Jovian ionosphere by solar UV/EUV radiation during the observation period.
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1. Introduction

The giant planet, Jupiter has the most active and
huge magnetosphere in our solar system. Jupiter has a
strong magnetic field and rotates at high speed. It emits
radio waves at a variety of wavelengths (see, e.g. Refer-
ence (1)), and it is known that the non-thermal emis-
sions in the decimeter band (DIM; 0.1-10 GHz) are caused
by synchrotron radiation from relativistic electrons in
the Jovian radiation belt. In the four decades that have
passed since the existence of Jovian synchrotron radia-
tion was first identified in the 1950s®, observations of
various parameters such as the total flux and polariza-
tion have clarified the basic properties of DIM (see Refer-
ences (3) and (4)). In recent years, the emission regions
have been imaged by interferometry observations, allow-
ing tomography techniques to be applied to inferring the
three-dimensional structure of the emission source (see,
e.g. Reference (5)), thereby providing large amounts of
data to help clarify the electromagnetic environment in
the Jovian inner magnetosphere where it is difficult to
make in-situ measurements with spacecraft.

Of these observations, the temporal variation of DIM
intensity directly reflects increases and decreases in the
flux of relativistic electrons in the Jovian radiation belt,
which are the source of DIM, and their variations in
their distribution. This provides important information
for clarifying the temporal variation of particles in the
Jovian radiation belt—i.e. the physical processes involved

in their generation, acceleration and dissipation. The
characteristics of temporal variations in the DIM inten-
sity have so far been found to exist variations on two
time scales. One is associated with Jupiter’s 10-hour rota-
tional period, whereby the intensity exhibits a sinusoidal
variation (‘beaming curve’) at each rotation of the
planet. This has been explained in terms of a beaming ef-
fect originating from a concentration of the relativistic
electrons that produce synchrotron radiation in Jupiter’
s magnetic equatorial plane, and from changes in Jupite
r's magnetic latitude as seen from the earth during each
rotation of Jupiter due to the planet’s rotational and
magnetic axes being inclined relative to each other®. The
other is a long-term variation—identified by patrol obser-
vations performed roughly once per month by NASA
JPL in the US since the 1970s—whereby the DIM inten-
sity varies by about 20% every 11 years or so®.

Two possible mechanisms have been proposed to ex-
plain this long-term variation. One is that the flux of
electrons in the Jovian radiation belt varies with varia-
tions in the solar 1l-year cycle, causing the DIM inten-
sity to change®®. The other is that the apparent
radiation intensity changes according to changes in the
angle between Jupiter’s rotational axis and the ecliptic
plane during the revolution of Jupiter (which has a 12-
year period)“®,

It is still unclear whether or not short-term DIM
flux variations ranging in length from a few days to a
few weeks are present. (However, only when comet Shoe-
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maker-Levy 9 (SL-9) crashed into Jupiter in July 1994,
the radio intensity was found to increase unusually for a
short period™.) Possible reasons why short-term varia-
tions in the DIM intensity have not been identified by
observation include the fact that hardly any continuous
observations of radio intensity over periods of a few
days, and the fact that the DIM radio intensity varia-
tions are very weak (just a few Jy), which makes it dif-
ficult to ascertain whether any observed radio intensity
variations are caused by variations in the DIM intensity
or by other effects such as temporal fluctuations in the
receiver sensitivity or mixing with background radio
waves from the galaxy (see Reference (3)). So far,
Gerard™®" has reported the existence of short-term tem-
poral variations in DIM based on observations made with
the Nancay radio telescope in France, and has suggested
that there is a significant correlation between the inten-
sity of the solar radio flux at a wavelength of 10.7 cm
(the F10.7 flux) and the DIM flux. On the other hand,
based on observations made with the Deep Space Network
(DSN) radio telescope in the US, Klein™ ™ has suggested
that there are no significant short-term intensity varia-
tions in DIM that exceed the observation errors. Re-
cently, based on the results of observations made after
the SL-9 impact, a number of groups have reported the
existence of short-term intensity fluctuations in DIM
that are not associated with the SL-9 impact® ®,

The origin of the relativistic electrons in the Jovian
radiation belt is thought to be electrons from the solar
wind being transported from the outer magnetosphere to
the inner magnetosphere by an adiabatic acceleration
process called radial diffusion. Since the particle trans-
port is a diffusion process, it is thought that even if the
electron flux in the outer magnetosphere fluctuates with
a short period, the flux of transported relativistic elec-
trons into the inner magnetosphere (the DIM radiation
region) will only fluctuate very gradually. A theoretical
study has suggested that if short-term variations are as-
sumed to exist in the DIM intensity, then temporal
variations in the radio intensity must either be caused by
sharp changes of electron flux inside the Jovian radiation
belt, or by temporal changes in the radial diffusion coef-
ficient. The physical processes that could give rise to
such variations are still not understood, so the identifica-
tion of short-term DIM intensity variations should pro-
vide valuable information for studies of the electro-
magnetic environment in the inner Jovian magneto-
sphere.

To clarify the particle dynamics in the Jovian radia-
tion belt, our group is using some of largest radio tele-
scopes in Japan to observe the temporal variations in
DIM intensity in numerous frequency bands, and also is
independently developing a radio telescope specifically for
observing the Jovian synchrotron radiation®. We are
also developing a Jovian synchrotron radiation model and
a numerical computation code for the transport of elec-
trons in the radiation belt, which should help us to clar-
ify the physical processes involved in the distribution and
transport of electrons in the Jovian radiation belt based
on DIM observations. In sections 2 and 3 of this paper,

we present the results of our observations of short-term
temporal variations in DIM intensity using the 34 m an-
tenna at the CRL Kashima Space Research Center. And
in section 4, we discuss the results of our consideration
of the dynamics of relativistic electrons that give rise to
short-term variations in DIM intensity with model calcu-
lations.

2. Observations

In this study, we used the 34 m dish antenna of the
CRL Kashima Space Research Center to observe DIM at
a frequency of 2290 MHz. This frequency principally cor-
responds to the synchrotron radiation from electrons
with energy of about 20 MeV in the central radiation re-
gion (about 1.7 times Jovian radii). The observations
were performed over a five-hour period on each observa-
tion day (November 12-14, 16-18, 23 and 24, 1996).

The observations of the radio intensities of DIM and
radio sources used for flux calibration were performed
using an azimuth scan method whereby the antenna was
made to move toward the azimuth centered on the target
radio source. As the result of a single scan, we obtained
an intensity output reflecting the beam pattern of the
antenna. We derived the DIM intensity relative to the
background by fitting this output to a Gaussian func-
tion, including the correction of antenna pointing errors
in the azimuth direction. During the observation period,
we also made observations in the elevation scan at hourly
intervals, and thereby evaluated the antenna pointing
error in the elevation angle direction. To convert the ob-
served DIM intensities into absolute values, we also ob-
served the intensities of the standard calibration radio
sources 3C286, 3C295, 3C48 and 3C309.1 at hourly inter-
vals during the observation period. The flux data of these
standard calibration radio sources were given from Ott et
al.®. We also calibrated the absorption effects by the
terrestrial atmosphere, which was ignored in almost all
previous DIM observations. The absorption effect of the
terrestrial atmosphere is given by exp(—7,sec(2)),
where 7, is the optical depth in the zenith direction, and
Z is the zenith angle®™. The system noise temperature of
an antenna with a zenith angle of Z is given by the fol-
lowing expression

T(2) = Text (1= =) T,,,

= Trxt+1y96c(2) Ty
where Ty 1s the noise temperature of the receiver, T, is

atm
the average temperature of the terrestrial atmosphere.
We therefore measured T, at a number of zenith angles
Z for a particular azimuth, and were able to determine
the optical depth 7, at the azimuth by fitting the results
to Bquation (1). This is known as the “sky tipping”
method, and is described in more detail in Reference (24).
For the observations made in this study, we repeated
these measurements every 2 hours and used the results to
compensate for the effects of absorption by terrestrial at-
mosphere in the observed DIM and calibration radio
source fluxes. To evaluate the receiver stability, we also
used the Y-factor method to derive the receiver noise
temperature and calibrate the receiver gain fluctuation




4.7 Observations of Short Term Variation of Jovian Synchrotron Radiation

due to temperature variation. We converted the DIM
fluxes obtained by the above procedure into values corre-
sponding to a Jupiter-earth distance of 4.04 AU, and we
then extracted just the Jovian synchrotron radiation
component by subtracting the intensity corresponding to
the thermal radiation component from the Jovian disk
(2.02 Jy at 2290 MHz)®.

In this study, since our objective is to extract the
short-term variation of DIM intensity, it is important to
evaluate the average intensity from the apparent inten-
sity variations associated with Jupiter’s rotation (beam-
ing curve). However, since our observations only lasted
for about b hours on each day, it was not possible to ac-
quire data spanning an entire Jovian day (10 hours). We
therefore derived the average DIM intensity over a
Jovian day by fitting the observed values to a reference
beaming curve. The following CML (System III central
meridian longitude) Fourier expansion series has been
proposed as a reference beaming curve™, and we adopted
this formula for this study.

S(CML) = A0[1+ él Alsin(i(CML+¢1))]

where S is the radio intensity at the CML at the time of
observation, and A, is the average radio intensity over a
Jovian day. A; and ¢; (1=1,2,3) are functions of D, (the
declination of the earth), and in this study we used em-
pirical values for the beaming curve at 2290 MHz®.

3. Results

Figure 1 shows the DIM flux (A4, in Equation (2))
on each observation day. The DIM flux increased from
November 13 to November 17, 1996, and on November 17
the flux was 14% higher than that on November 12.

During this observation period, Jupiter’s position in
the sky ranged between right ascensions of 19%°04™ to
19"14™ (J2000) and declinations of —22°55" to —22°44’
(J2000). If we assume that an unknown radio structure
exists in this region of the sky, then the antenna will de-
tect the radio flux variation of this background struc-
ture. Consequently, even if the DIM intensity is constant,
there will be an apparent fluctuation in the observed re-
sults. This mixing of background radio sources has
caused serious problems in past observations of DIM flux
variations, and is one of the reasons why it has so far
been difficult to identify DIM short-term flux variation.
Therefore, we made observations to evaluate this mixing
of background radiation. These observations were made
using the 64 m dish antenna at the Institute of Space
and Astronautical Science (ISAS), Usuda Deep Space
Center (UDSC), in October 1997, long after Jupiter had
moved away from its position when the observations
were made at Kashima (November 1996). Figure 1(b)
shows the results of these background observations,
which confirm that there are no significant background
radio structures in the region. We can thus conclude that
the DIM flux variations observed at Kashima originated
from variations in the intensity of the Jovian synchro-
tron radiation itself.

In Fig. 2, the Jovian synchrotron radiation intensity
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Fig. 1 (a) Daily average of DIM flux as observed by
the 34 m antenna at the CRL Kashima Space Re-
search Center in November 1996. (b) The results
of background radio intensity observations made
using the ISAS UDSC 64 m antenna in the re-
gion corresponding to Jupiter’s position in the
sky when the observations in (a) were made.
The parameter Aflux on the vertical axis shows
the difference in background radio intensity be-
tween the regions corresponding to the direction
of Jupiter and a direction offset from Jupiter in
the azimuth scan performed at Kashima.

observed on each day as shown in Fig. 1 is plotted
against the Jovian magnetic latitude as seen from the
earth. Due to the beaming effect, the peak radiation in-
tensity occurs when Jupiter’s magnetic equatorial plane
is oriented towards the earth (i.e., when magnetic lati-
tude is 0°) and the radiation intensity decreases when
higher latitudes are oriented towards the earth. However,
the shape of this curve was found to change from one
day to the next. On November 17, when the average ra-
diation intensity reached its highest value, there was a
particularly large difference between the radiation inten-
sity when the magnetic equatorial plane was oriented to-
wards the earth and higher latitudes are oriented
towards the earth.

In this study, to evaluate the changes in the shape of
this curve, we developed a model for calculating the
Jovian synchrotron radiation observed on the earth based
on the spatial distribution and energy spectrum of rela-
tivistic electrons in the Jovian radiation belt, and com-
pared this model with the observed results. The
synchrotron radiation intensity P(E, v) [W/Hz] at a fre-
quency v [MHz] due to an electron of energy E [MeV]
and pitch angle @ located in a background magnetic field
B [Gauss] is given by the following formula:

P(E, v) = 234X10 B sin aF(v/v,)

where v, [MHz] is the critical frequency, and F is the in-
tegral of the modified Bessel function K;,, which are ex-
pressed as follows (see, e.g., Reference (26)):

v, = 16.08£°B sin o

F(z) = xf;mKs/s(n)dﬁ ....................................... )

Accordingly, the radiation W(v) at a frequency v due to
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Fig. 2 The DIM beaming curve for Jupiter’s magnetic
latitude as seen from the earth. The points rep-
resent the observed DIM flux, and the broken
line shows the beaming curve obtained from the
Jovian synchrotron model by changing the pitch
angle distribution of electrons in the Jovian ra-
diation belt. In each figure, ¢ is a parameter for
the anisotropy of electrons in the radiation belt
used to reproduce the observed beaming curve,
which is estimated from model calculations.

all the particles in the Jovian radiation belt can be ex-
pressed as follows using the number of particles N(E, 7,
0, ¢) of energy E at a certain point in space (v, 6, @),
where 7, 8 and ¢ are the radius, longitude and latitude:

W)= [dE [ar [a6 [dpN(E. 7.6, ) P(E,v)

This allowed us to calculate the Jovian synchrotron ra-
diation flux, taking effects such as the spreading of radio
sources into account. Using these expressions, we calcu-
lated the synchrotron radiation observed on the earth at
an observation frequency of 2290 MHz, and in particular
we quantitatively evaluated the contribution of changes
in the spatial electron distribution to the DIM beaming
curve. This calculation requires information relating to
the magnetic field and particle distribution in the DIM
radiation region, and for this purpose we used the em-
pirical magnetic field model® and particle distribution
model® derived from the results of earlier in-situ obser-
vations made by the Pioneer spacecraft. Changes in the
shape of the curve are generally thought to reflect
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changes in the pitch angle distribution of relativistic elec-
trons. Therefore, in these model calculations, we assumed
that the distribution of pitch angles a,, in the magnetic
equatorial plane is given by sin’a,, and calculated the
synchrotron radiation flux observed on the earth while
varying the anisotropy parameter ¢ of the particle distri-
bution. In this way, we were able to derive the value of
q that best reproduced the observed curve. The broken
line in Figure 2 shows the curve obtained by model calcu-
lations that best fits the observed values. The anisotropy
q of the pitch angle distribution derived by comparing
the observations with the model calculations showed a
large change from 8 to 23 during the period of peak DIM
between November 13 and November 17, and then
changed back to 8 on November 18. This means that the
relativistic electrons in the Jovian radiation belt changed
their spatial structure so as to concentrate in the mag-
netic equatorial plane while the Jovian synchrotron ra-
diation is increasing.

4. Discussion

As stated in section 1, in the current theory relating
to relativistic electrons in the Jovian radiation belt,
short-term variations of DIM intensity over a time scale
of a few days must be caused either by an increase in the
relativistic particle flux within the Jovian radiation belt,
or by a temporal variation in the radial diffusion coeffi-
cient. Focusing on the latter of these possibilities, we
used numerical calculations to investigate whether or not
temporal changes in the diffusion coefficient are capable
of the observed temporal changes of DIM flux.

In this numerical calculation, we tracked the particle
transport in phase space by solving the Fokker-Planck
equation, which is widely used as a formula for express-
ing radial diffusion in planetary radiation belts (see, e.g.,
Reference (29)).

Q:in<DLL ﬂ>_ LS
ot oL\ L* oL =T

where f is the phase space density, ¢ is time, and L is a
parameter expressing the distance from the planet
(known as Mcllwain’s L). The second terms on the right
represent the particle dissipation process in the radial dif-
fusion process by evaluating it as a lifetime. 7, and
7, represent the dissipation processes due to interaction
with Jupiter's rings (L=1.7-1.8) and the satellite
Amalthea (L=2.4-2.7) respectively, of which the lifetime
for electrons at 20 MeV is 10° [s]". 7, is the process
whereby electrons lose their energy by emitting synchro-
tron radiation, and is given by 7, = 1/¢,B°E® [s]"0. Here,
¢, is equal to (2e")/(3mic’) where e is the elementary
charge, m, is the rest mass of an electron, and c is the
speed of light in vacuum. t, represents the process
whereby relativistic electrons are scattered by plasma
waves in the Jovian radiation belt and disappeared as
they precipitated from the magnetosphere into the atmos-
phere. From the results of the Pioneer and Voyager
spacecraft, it has been estimated that 7, = 4.6x10°E/L?
[S](ﬂl)).

In the actual calculation process, we first produced a
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Fig. 3 (a) The temporal variation of the diffusion coef-
ficient Dy, in the numerical radial diffusion cal-
culations. The horizontal axis shows the date of
observations at Kashima, and the vertical axis
shows the diffusion coefficient (with the steady-
state value normalized to unity). (b) The daily
variation of DIM flux observed at Kashima (cir-
cles) and the variation of calculated DIM flux
while varying the electron distribution in the
Jovian radiation belt (solid line).
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Fig. 4 (a) The DIM flux observed at Kashima (circles)
and the daily variation of solar F10.7 observed
on the earth (broken line). (b) The DIM flux
observed at Kashima (circles) and the F10.7 ad-
justed for Jupiter’s position based on the
positional relationship between the earth, the
sun and Jupiter in November 1996.

steady-state particle distribution using the value of the
diffusion coefficient D;; =3.0X10 °L°R%™" derived from
the results of the Piloneer observation®. After producing
this steady-state distribution, we then changed the value
of the diffusion coefficient by a factor of 2.5 in a step-
wise function based on the hypothesis that the radial dif-
fusion process was intensified during the period from
November 13 to November 17, which is when a larger
DIM intensity was observed. Figure 3(a) shows the tem-
poral variation of the diffusion coefficient D,, given by
the model calculations. As the boundary conditions for f
in the model calculations, we used an external boundary

value derived from the energy spectrum at L=6 based on
the Pioneer observation®”, and we used an inner bound-
ary value of f=0 at L=1.3 based on the results of recent
observations made by the Galileo probe®®?,

Figure 3(b) shows the observed daily variation of
DIM intensity superposed the DIM intensity calculated
from the particle distribution obtained by computing the
temporal evolution of the particle distribution while vary-
ing D;,. In this figure, to compare the observed results
with the calculated results, the calculated DIM intensity
is normalized to the observed value for November 12. As
the figure shows, the observed increase in DIM intensity
is reproduced well in the calculated results. Thus, it is
shown that the increase in DIM intensity can be ex-
plained by a model where the diffusion coefficient of rela-
tivistic electrons increases.

The driving force for the radial transport of relativ-
istic electrons in a planetary radiation belt is generally
thought to be local fluctuations in the electromagnetic
field. In the terrestrial case, electromagnetic fields fluc-
tuations in the inner magnetosphere are dominated by
fluctuations arising from changes in the solar wind
rather than fluctuations arising from the dynamo electric
field of the terrestrial ionosphere. But since Jupiter has
a strong magnetic field of its own, it is thought that
changes in the solar wind will have a smaller effect on
electromagnetic field fluctuations in the inner magneto-
sphere, while fluctuations in the ionospheric dynamo elec-
tric field will dominate the production of electromagnetic
field fluctuations in the magnetosphere®™ . This iono-
spheric dynamo electric field originates from neutral
winds in the Jovian ionosphere, so if there is a change in
the neutral wind velocity we can expect increased electro-
magnetic field fluctuations in the Jovian magnetosphere
and changes in the diffusion coefficient. Our model calcu-
lations have shown that increasing the radial diffusion
coefficient by a factor of 2.5 can explain the observed
increase in DIM flux, and —based on Brice and
McDonough’s theory®™ —is can be deduced that the
steady-state diffusion coefficient can be increased by a
factor of 2.5 by changing the neutral wind velocity from
95 m/s to 150 m/s at ionospheric altitudes on the field
lines corresponding to L=2.

So what could be causing such a change in the neu-
tral wind velocity? Brice and McDonough®™ have pointed
out that if the solar UV/EUV flux increases, this will
promote the heating process in the Jovian ionosphere and
may cause the neutral wind velocity to change in the
1onosphere. The solar UV/EUV flux is known to have a
strong correlation with the solar F10.7, and it has been
predicted by Brice and McDonough® that a correlation
also exist between the solar F10.7 and the DIM flux. Fig-
ure 4(a) shows the DIM intensity during the period in
November 1996 and the F10.7 observed on the earth. 1996
was a period of low solar activity, and the F10.7 re-
mained more or less stable throughout the DIM observa-
tion period and the two previous solar rotation periods.
However, it was confirmed that the F10.7 increased for 9
days after the increase in DIM flux. During this period,
the solar activity region NOAA 7999 was moving around
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the surface of the sun at the same speed as the solar ro-
tation, and the results of observations such as those
made by the SOHO spacecraft and the Nobeyama radio
heliograph showed that intense radiation was being emit-
ted from this active region over a broad range of fre-
quencies. The data show that this active region was
facing towards the earth on November 25, 1996, when
there was a peak in the solar F10.7. Judging from the
other observation results, the large F10.7 flux observed
on the earth at the end of November 1996 was also
caused by radiation from this active region.

Therefore, to explain the observed increases in ob-
served DIM flux, we established and investigated the va-
lidity of the following working hypothesis: If F10.7 radio
waves (i.e., UV/EUV radiation) with a large flux density
are radiated directionally within a certain solid angle
from an active region of comparatively small size, then
due to the difference in longitude of the earth and Jupi-
ter relative to the sun, intense F10.7 radio waves will be
radiated toward Jupiter before they are observed on the
earth. During the period of observations made at
Kashima in November 1996, the angle of longitude
formed by the earth, the sun and Jupiter changed from

Phase A

(o] enhanced DIM flux

> Jupiter
DIM oo ¢

F10.7 at earth

—t

time A B

Fig. 5 (Top) A schematic illustration of the positional
relationship between the earth, the sun and Ju-
piter when the Jovian DIM observations were
made at Kashima. The shaded region corre-
sponds to the radiation beam of solar F10.7
(UV/EUV). Phase A corresponds to the period
when increased DIM flux was observed at
Kashima, and Phase B corresponds to the period
when increased F10.7 flux was observed on the
earth. (Bottom) A schematic illustration of the
temporal relationship between DIM observations
in the earth and increases in the solar F10.7 as
predicted from the scenario in the above figure.
In Phase A, increased DIM flux is observed on
the earth when intense solar F10.7 radiation
(UV/EUYV) is directed toward Jupiter, and then
in Phase B, an increase in the F10.7 flux is ob-
served on the earth when the solar F10.7 radia-
tion (UV/EUV) is directed towards the earth.

116.5° to 128.4°, with Jupiter situated to the west of the
sun as seen from the earth. Accordingly, when F10.7
radio waves are emitted towards Jupiter, resulting in an
increase in DIM flux that is observed on the earth, it
will not yet be possible to observe the increased F10.7
flux on the earth. But when the active solar region sub-
sequently points towards the earth, the increased F10.7
radio intensity will be picked up by earth-based observa-
tions (see Fig. 5).

According to this hypothesis, an observer on the
earth should be able to detect a time delay between the
increase in DIM flux and the increase in solar F10.7
radio flux. The hypothesis can therefore be tested by de-
riving the temporal variation of F10.7 radio flux on Jupi-
ter from that observed on the earth, based on the
abovementioned phase relationship between the earth, the
sun and Jupiter, as shown in Fig. 4(b). As this figure
shows, there is a close correspondence between the in-
creased DIM intensity and the increased intensity of
F10.7 radio waves at Jupiter’s position. This suggests
that the increase in DIM intensity observed in November
1996 may be due to increased solar UV/EUV flux (which
was previously quiescent), thereby intensifying the radial
diffusion in the Jovian radiation belt.

5. Conclusion

In November 1996, we observed the Jovian synchro-
tron radiation using the 34 m antenna at the CRL
Kashima Space Research Center, and confirmed the exis-
tence of short-term flux increases with a period of a few
days, which have not been identified before. By evaluat-
ing the observed beaming curve based on model calcula-
tions, we have shown that this increased flux is
assoclated with relativistic electrons in the Jovian radia-
tion belt (which emit synchrotron radiation) changing
their spatial distribution so as to concentrate near the
magnetic equatorial plane. We have studied enhanced ra-
dial diffusion as a possible mechanism for the increase in
synchrotron radiation, and by examining numerical simu-
lation based on this scenario, we have shown that the ob-
served increase in synchrotron radiation can be explained
by increase in the radial diffusion coefficient. Considering
the phase relationship between the earth, the sun and Ju-
piter at the time of these observations, we also investi-
gated the temporal variation of the solar F10.7, which
suggested the possibility that Jupiter has been subjected
to intense solar UV/EUV radiation during the period of
synchrotron radiation enhancement. This supports the
scenario predicted by Brice and McDonough®, whereby
the process of radial diffusion in the Jovian radiation
belt is intensified due to the enhanced dynamo electric
field in the ionosphere by solar UV/EUV radiation. This
result indicates that in the Jovian magnetosphere, distur-
bances of the electromagnetic field that originate from
the planetary atmosphere affect the electromagnetic field
of the inner magnetosphere. Our research therefore sug-
gests that the coupling process between a planetary at-
mosphere and magnetosphere can make an 1mportant
contribution to the magnetospheric dynamics.
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