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Introduction:  The Japanese lunar polar orbiter 
SELENE (KAGUYA), which consists of a Main Or-
biter and two small satellites (Relay Satellite and 
VRAD Satellite), was launched from Tanegashima 
Space Center on Sep. 14, 2007[1]. 

The main orbiter carries a gamma ray spectrometer 
(GRS) that has a large volume germanium semicon-
ductor detector of 252cc as the main detector and bis-
muth-germanate and plastic scintillators as an active 
shielding [2]. With the highest energy resolution, the 
GRS will provide the concentrations of the major ele-
ments of the material of the lunar surface, Mg, Al, Si, 
Ti, Ca, Fe, natural radioactive elements tells history of 
heat of the moon, K, Th, and U, and also will possibly 
exhibit the existence of water, in which one is very 
interested from the viewpoint of future lunar utilization.  

The primary mission of SELENE is scheduled for 
about 10 months and the extension of the mission pe-
riod is planned, too. In the mission, the GRS will pro-
vide elemental maps of lunar surface with respect to 
elements described above.  

In this presentation, the current status of the GRS 
observation and early observation data are shown. 

Instrumentation:  The Ge detector which is used 
by SELENE GRS can lead to identification of many 
elements and quantification with high sensitivity be-
cause of its superior energy resolution. The Ge detec-
tor is, however, necessary to be cooled down to cryo-
genic temperature; therefore we have adopted a Stir-
ling cryocooler developed for space use [3]. The space 
cryocooler has been fully qualified from the viewpoint 
of tolerance to vibration in launch, long-term use in 
space environment and low vibration level by itself. In 
ground test, the flight model of the GRS showed an 
energy resolution of 3.0 keV (FWHM) at 1.33MeV as 
designed [3]. Further detail about instrumentation of 
the GRS, see references [2] and [3]. 

Current status:  SELENE was injected in lunar 
orbit on Oct. 4, 2007, via its phasing orbit to the moon. 
After injection into circular orbit at 100 km altitude of 
approximately two hours periodicity, the GRS as well 
as the other onboard scientific instruments passed 
through a health check and a function check, it was 
shifted to its regular observation on Dec. 21, 2007.   

In the regular observation mode, the high voltage 
applied to a Ge detector was 3.1 kV as of the begin-
ning of Jan. 2008. The light outputs from a BGO scin-
tillator and a plastic scintillator are read out by PMT 
applied high voltage, and the signal is provided for the 
anti-coincidence detector of the Ge detector.  Prior to 
the regular observation, the Ge detector was cooled 
down to below 90 K in lunar orbit for the first time, 
eventually to be 75 K, the driving voltage was 14V. 
The cooling speed and the achieved temperature were 
as expected. 

From a viewpoint of the stability of the signal gain, 
the temperatures of the detectors and the electronics 
are preferred to be stable. Sensor subsystem GRD of 
GRS on the nadir side panel, however, is susceptible to 
periodic heat input by lunar albedo. So far the check-
out operation the HK data of the GRS showed the sta-
bility of the temperature of the sensor subsystem. 

In the middle of Nov. 2007 when the beta angle 
was 40 deg, the temperature of the radiator, on which 
the cryocooler is attached, varied by 20 deg C around 
0 deg C by temperature difference of the sunny side 
and the dark side of the moon. Nevertheless the tem-
perature of the Ge detector was kept 75 K with preci-
sion to 0.5 deg C. In spite of the periodic heat input, 
the temperatures of baseplate of GRD, on which the 
detectors, the preamplifiers and high voltage supplies 
are placed, were well controlled by a heater to be 
about 0 deg C with precision to several degrees.  

While the beta angle changes, the heat input varies. 
In the beginning of Jan. 2008 when the beta angle was 
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90 deg and SELENE was in the lowest temperature 
environment, the driving voltage of the cryocooler was 
lowered to 13 V so that the temperature of Ge detector 
kept 75 K. The driving voltage has only to be changed 
little by little in response to the beta angle. 

Initial Observation data:
The lunar gamma ray spectra shown in Fig. 1 and 

Fig. 2 were accumulated over regular observation data 
from Dec. 14 to 17, 2007. The GRS provide with 
gamma-ray spectra of two different energy ranges. 
Fig.1 and Fig.2 show gamma-ray spectra in high en-
ergy range, 0 to 12 MeV (Low gain data) and low en-
ergy range, 0 to 3 MeV (High gain data in), respec-
tively. High gain data shows the same gamma-ray 
events as ones in the energy range of 0 to 3 MeV of 
Low gain data, the measurement precision of gamma 
ray energy of High gain data is about four times as 
high as Low gain data. The energy threshold of these 
spectra is around 100keV. Those spectra were meas-
ured with anti-coincidence of BGO and plastic scintil-
lators. 

Real measurement time for the spectra is about 74 
hours and the dead time in the measurement was about 
22 %. On Dec. 14, SELENE went over a circular orbit 
of longitude 55 deg to -125 deg at about an altitude of 
100 km from lunar surface by a period of about 2 
hours. 

With the GRS, gamma ray spectra are collected 
every 17 seconds and are accumulated to be one as 
shown in Fig.1 and Fig.2. The gain of gamma-ray en-
ergy can be variable mainly due to temperature de-
pendence of electronics. Accordingly the individual 
spectra are routinely corrected before summing when 
the temperature environment changes. 

In the period when the spectra were measured, 
however, as long as the peak position of 511 keV an-
nihilation gamma ray is monitored every 2 minutes, its 
position was very stable with precision to about 0.4 
keV (1 ADC channel in high gain spectrum), so the 
correction to the signal gain was not applied when 
accumulating. The other data corrections that should 
applied to spectra before accumulating are the correc-
tion to spacecraft altitude variation and the correction 
to cosmic ray flux variation, although not applied to 
the spectra in Fig.1 and Fig.2, yet. 

As of preparing this abstract, only few observation 
data has been done with low level data processing. As 
the data processing is progressed, differences in 
gamma-ray spectra among lunar regions will be shown.  

The spectra include not only gamma rays induced 
by high-energy cosmic rays in lunar surface materials 
but also gamma rays from GRD itself and the ambient 
materials of the spacecraft body as background gamma 
rays. With the individual spectra from different lunar 
regions, evaluation of the instrumental backgrounds 
will be possible because Fe and Th contents are known 
to be small in the highlands but Ca and the Al, in con-
trast, are relatively low in the maria.  
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Fig.1. Gamma-ray Spectrum from “Low gain” data 
measured by SELENE GRS, ranging energy up to 
about 12MeV.  
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Fig.2. Gamma-ray Spectrum from “High gain” data 
measured by SELENE GRS, ranging energy up to 
about 3MeV. 
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