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Non-thermal particle accelerations in space are one of central issues of space plasma and magnetospheric
physics. Charged particles trapped by the closed magnetic field of the planets are accelerated into relativistic
energies and form radiation belts. In Jupiter’s magnetosphere, intense radiations are stably trapped in the inner
magnetosphere. One of the outstanding questions on Jupiter’s radiation belt is what causes the time variability
in the radiation belt, particularly in the short-time scale of a few days to a month (e.g. Bolton et al. 2004).
Magnetospheric phenomena with such a time scale will be related to energy transfer processes from the sun
and the solar wind to the planetary atmospheres and magnetospheres. Although the short-term variation has
been actually identified by the previous radio observations of Jupiter’s synchrotron radiation (JSR) (Klein et
al. 1997, Miyoshi et al. 1999, Misawa and Morioka 2000, Galopeau and Gerard 2001, Bolton ef al. 2002),
mechanisms to cause the short-term change are not understood. The current theory shows that it is difficult
to account for the increase and the subsequent decrease in JSR on the short-time scale (de Pater and Goertz
1994). In order to clarify the cause of the short-term changes in the radiation belt, it is necessary to make
detailed observation of them. While the variability in the radiation belt on this time scale has been difficult
to observe by spacecraft, ground-based observations of JSR are the most useful tool for investigating it.

Based on these considerations, it is necessary to develop a radio telescope which has a high sensitivity
enough to observe the total radio flux and spectrum of JSR in low frequency ranges and to investigate the
origin of the short-term variations in Jupiter's radiation belt. For the purpose of this, litate Planetary Radio
Telescope (IPRT) which measures radio waves in the frequency range from 300 to 800 MHz was developed
at the litate observatory of Tohoku University (litate village, Fukushima prefecture, Japan; 37°42°N, 140°41’
E) (Misawa et al. 2001). JSR has mainly been observed in high frequency ranges above 1 GHz, except for
campaign-based observations, and only a few regular observations have been done below 1 GHz (Misawa and
Morioka 2000, Nomura 2007). Some previous observations suggested that observations of JSR at low frequen-
cies might reveal the time variable behavior in the radiation belt (Schardt and Goertz, 1983, de Pater er al.
2003). In addition, it is expected that the time variability of the radio spectrum including the low frequency
has important information on the physical process in the radiation belt (e.g. Bolton et al. 2004). It is therefore

expected that regular observations by IPRT provide us new information on the dynamic behavior of Jupiter’s
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radiation belt.

The purposes of this thesis are listed as follows:

1. Development of observation systems (radio telescope antenna and receivers) in order to enable the absolute
total flux measurement of JSR in low frequency ranges and evaluation of their performance.

2. Establish the observation method to extract the total flux density of JSR considering errors such as back-
ground confusions and instrumental instabilities, and continuous observation of JSR to identify the charac-
teristics of the short-term variations.

3. Investigation on origins of the short-term variation in Jupiter’s radiation belt by using a 2-dimensional ra-
dial diffusion model which includes fundamental physical processes on a radial transport and losses of the
trapped electrons.

IPRT is fully steerable offset paraboloid radio telescope.

The antenna of IPRT is composed of two separate rectangular sections whose total physical aperture area
is 1023 square meters and installed on an altitude-azimuth mount. Receiver systems at 325 and 785 MHz
were set up at IPRT in 2002 and 2006, respectively. The receiver system has a function to measure the sys-
tem gain and noise temperature, which compensates the long-term change in the receiver characteristics.

Developments of the primary feed antenna and the low noise amplifier (LNA) installed in the front-end re-
ceiver had been done by the previous studies (Watanabe et al. 2001, Kudo 2003, Misawa et al. 2003, Imai

et al. 2006). The performances of IPRT have been evaluated as follows:

e The aperture efficiencies of IPRT were evaluated to be about 65 and 40 ¥% for the 325 and 785 MHz
system, respectively, and typical system noise temperatures are 150 and 100 K at 325 and 785 MHz, re-
spectively. Based on these evaluation, the minimum detectable flux is confirmed to be 0.1Jy (1 Jy=10"
W m? Hz') under the receiver bandwidth of 10 MHz and integration time of 10 seconds.

e The pointing accuracy at 325 MHz is sufficiently good since the intensity fluctuation caused by the point-
ing error is at most ~1 %. The accuracy at 785 MHz is somewhat marginal since it will cause 3 - 8%
intensity fluctuations at the beam center. The intensity fluctuation caused by the pointing uncertainty was
actually confirmed to be < 1% at 325 MHz.

e The actual sensitivity of the receiving system was examined by the Allan test and found the typical sen-
sitivity of 0.4-0.5 Jy and the minimum of 0.2 Jy when the receiver was in stable states. It is known that
the total flux density of JSR varies between 3 and 6 Jy (e.g. Bolton et al. 2002). Therefore, it is con-
firmed that the sensitivity o% IPRT is suitable for detecting natural variations in JSR.

The regular observations of JSR have been started from 2003 with the 325 MHz system and 2007 with 785
MHz. In this thesis, observations with dual-frequency system in 2007 are described in detail. Jupiter and stan-
dard flux calibrators were observed with the drift scan method. Besides the observation of JSR itself, the ga-
lactic background flux just behind Jupiter was also observed in order to compensate the background confusion
by subtracting it from the observation data of JSR. From the ob§ervation, we found the results listed as fol-
lows:

e We established the observation method to extract the total flux density of JSR considering uncertainties
caused by the background confusions and instrumental instabilities.

e From the observation of JSR in 2007, It is found that the flux density of JSR at both frequencies showed

short-term increases and subsequent decrease with a time scale of several days and amplitude of +20 -
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30%.

e Comparison between the variability in JSR and the solar UV/EUV indices shows the positive correlation,
but the variations in JSR were preceded by those of the solar indices by several days. This time delays
are identified for the first time by the observation at IPRT.

¢ Some enhancements in JSR suggest the time response to changes in dynamic pressure of the solar wind.
This suggests the interesting possibility that the solar wind influence is responsible for short-term varia-
tions in JSR on time scales of a few days to a week.

Further continuous observations of JSR are needed to elucidate such a behavior observed at low frequencies.

The time variation in JSR is also investigated by using a two-dimensional numerical simulation based on
the radial diffusion model. The model includes fundamental physical processes in Jupiter’s radiation belt such
as the radial diffusion, energy degradation by the synchrotron radiation, and- several loss processes (sweeping
effects by satellites and rings, wave-particle interactions, and coulomb interactions with the thermal
magnetospheric electrons). Two kind of diffusion model are considered: the normal diffusion model in which
the radial diffusion coefficient is adopted from Goertz et al. (1979) and a fast diffusion model where the dif-
fusion coefficient is 10 times greater than the Goertz’s value. First of all, we tried to find equilibrium solu-
tions which were consistent with the empirical radiation belt model (Divine and Garrett 1983).

The factors in each loss rate were justified to bring the numerical results into correspondence with the em-
pirical model. Next, the time variability in the radiation belt and the synchrotron radiation were investigated
by using the equilibrium distribution as an initial condition. Two hypotheses were examined as possible
mechanisms to cause the intrinsic variation: (1) temporal changes in the radial diffusion rate associated with
the solar UV/EUV heating in Jupiter' thermosphere and (2) temporal change in external source strength. Re-
sults from the modeling study are listed as follows:

e We found reasonable radial profiles which matched those of the empirical model at four different electron
energies of 1, 5, 10, and 20 MeV for both normal and fast diffusion models.

e It was also found that an unadjustable disagreement between the numerical model and the empirical one
was appeared if the energy dependent loss rate by the Amalthea sweeping effect was introduced in the
numerical model. This implies that there is an unknown process which diminishes the strong energy de-
pendence in the satellite sweeping loss at the orbit of Amalthea.

¢ In the time dependent model, the quantitatively same results as Miyoshi ef al. (1999) and de Pater and
Goertz (1994) were found in the case of the normal diffusion model. However, the normal model did not
account for the fast decrease in JSR seen in the observation.

® In the case of the fast diffusion model, we found a suitable solution which accounted for not only the in-
crease and decrease in JSR on the short-time scale but the time delay of several days between the
UV/EUV indices and JSR. This suggests that the radiation belt of Jupiter is dominated by the radial dif-
fusion and the diffusion rates are much faster than it has previously been thought.

Finally, we examined a future observation plan of JSR by using a two-element interferometer which consists
of IPRT and a new radio telescope in order to investigate time variability in the structure of Jupiter's radiation
belt.
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