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Introduction:  Jupiter’s decametric radio emis-

sions (DAM) have been observed since 1955, and it 
became the starting point to elucidate planetary mag-
netospheres.  However, their radiation mechanism has 
not yet been fully understood because the spatial in-
formation of the radio sources was not enough.  The 
highest spatial resolution obtained by the ground based 
VLBI (Very Long Baseline Interferometry) observa-
tions can not resolve the radio sources with the resolu-
tion of 1000 km at Jupiter [1], so that it has been im-
possible to inspect proposed models. 

Lunar Low Frequency Astronomy Telescope 
(LLFAST) is one of the candidate mission instruments 
which will be equipped on the Japan’s post 
SELENE/KAGUYA lunar explorer, hereafter we call 
its tentative name “SELENE-2”, which will be 
launched in the latter half of 2010's.  It is an on-orbit 
station of a space VLBI composed with decametric 
radio telescope on SELENE-2 and ground stations.  
The highest spatial resolution provided by the Moon-
Earth baseline interferometry is expected to shed light 
on the new science for the micro structures and beam-
ing of Jovian radio sources.  LLFAST is also regarded 
as the first step of on-orbit display for the interferome-
ter for the very low frequency, less than 10 MHz, radio 
wave observations on the lunar far side. 

Mechanism of Jovian Decametric Radio Emis-
sion:  Cassini and Wind stereoscopic observations of 
Jovian nonthermal radio emissions have suggested an 
existence of a conical-sheet beam structure as dis-
played in Figure 1 emitting cone [2].  Precise position-
ing of DAM sources by the modulation lanes methods 
have shown the angle of cone and the magnetic flux 
via Io to be about 60 degree [3].  However, the De 
(Jovicentric Declination of the Earth) effect suggests a 
part of the model of a Jupiter radio search-light beam 
as in Figure 1 [4].  Such micro structures in the Jupiter 
radio sources region also support a highly coherent 
source region [4].  This new model shows that the 
beam structure of Jupiter radio emissions, which is 
thought to be like a hollow-cone, has a narrow beam 
like a search-light, which can be explained by assum-
ing the three dimensional shapes of the radio sources 
expanding along the line of the magnetic field.  This 
model predicts the size of the coherent source region 

along the line of the magnetic field to be about 1 to 5 
km for each individual source frequency component.   

The highest spatial resolution of LLFAST observa-
tions will be about 20 km for 20-25 MHz source at 
Jupiter.  The structures of DAM sources with the ex-
pected size of 1 to 5 km can be confirmed by this spa-
tial resolution using fringe visibility analysis.  The 
positions of radio sources can also be estimated by the 
measurements of circular polarizations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  A scheme of search-light beam model and 
conical-sheet beam model of decametric radio emis-
sions from Jupiter-Io system (after Imai et al. [4]). 

 
 
System Configuration:  The interferometric sys-

tem of the LLFAST observations consists of lunar and 
ground stations for short-wave.  An orbiter of 
SELENE-2 equips the on-board systems of LLFAST 
which are composed with a cross-dipole antenna and 
inner instruments.  Figure 2 shows a conceptual block 
diagram of the LLFAST observation system and table 
1 summarizes the tentative characteristics of data ac-
quiring and ground stations.  The main beam of the 
cross-dipole antenna will be pointed toward Jupiter by 
three-axis thruster control of the orbiter.  The acquired 
signals are transmitted to the down-link stations by the 
communication and data handling sub-system of the 
orbiter.  All the acquired data including ground obser-
vations are executed correlation processes. 
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System Design:  On-orbit system of LLFAST is 
composed with the part of an antenna, duplicate sets of 
the analog equipments, the digital signal filtering, the 
recorder, and the frequency standard (Figure 2).  The 
analog equipments are subdivided into pre-amplifier, 
band-pass filter, and A/D converter. 

The antenna on the orbiter is 3.35-m tip-to-tip 
cross-dipole which will be optimized to observe at 20 
to 25 MHz. The antenna expansion mechanism is the 
stem methods which are adopted by the 30-m tip-to-tip 
antenna of the Lunar Radar Sounder (LRS) on 
SELENE/KAGUYA [5]. 

Signals received by the antenna will be amplified, 
filtered into 20 to 25 MHz at the VLBI mode, or 15 to 
25 MHz at the single dish mode, and then converted 
into digital signals at the analog equipment.  The digi-
tal equipment will make digital signal filtering by 
Digital Signal Processor (DSP) and Programmable 
Logic Device (PLD).  The signals will be sampled by 
60 MHz sampling mode with 8 bit, and 2 ch for po-
larimetry.   The typical observation duration for the 
Jovian radio burst is 3 hours a week.  Because of the 
limit of downlink data rate to be 200 kbps, we will 
extract burst features for time and frequency bands on 
the lunar stations.  The requirement for stability of 
frequency standard is 10-11 which has experienced on 
board. 

Ground stations for LLFAST mission have been 
arranged as internet VLBI (e-VLBI) observatory.  Ta-
ble 1 gives a list of candidate ground stations for 
LLFAST.  Four observatories are Japan’s domestic 
and three are in abroad.  To achieve more chance for 
observations, we are still calling to participate in our 
ground observation network. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  A conceptual block diagram of LLFAST. 

 

 
Table 1.  Tentative properties of data acquiring and 
ground stations for LLFAST observations. 

item characteristics 
on-orbit station; LLFAST 

antenna 3.35-m tip-to-tip cross-dipole antenna 
observation 
frequency 

20 ~ 25 MHz (VLBI) 
15 ~ 25 MHz (single dish) 

data 
sampling  60 MHz,  8 bit,  2 ch (polarization) 

candidate ground stations; e-VLBI network 
country site 

Japan 

Tohoku University Observatory 
Fukui University of Technology Observatory

NICT Kashima Observatory 
KNCT Agawa Observatory 

France Nancay Observatory 

USA University of Florida Radio Observatory 
Hawaii Observatory 
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