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Introduction:  The X-ray florescence spectrometer 

or XRS onboard Hayabusa has observed the first X-ray 
emission off the surface of lunar farside on May 17 in 
2004, just before the Earth swing-by. The data indi-
cates that the overall average composition of lunar far-
side is consistent with anorthosetic crust. We report the 
observation results as well as the configuration of ob-
servation. We also present the instrumentation and 
performance of the XRS. 

Hayabusa Mission:  The Hayabusa (MUSES-C) is 
a Japanese engineering experiment mission that has 
been launched on May 9 in 2003 from Kagoshima 
Space Center by the M-V-5 launch vehicle. It will ar-
rive a near earth asteroid 25143 Itokawa (renamed 
from the former 1998SF36) in the summer of 2005, 
perform scientific observation of the asteroid, collect 
samples from the uppermost surface of asteroid, and 
return them back to the Earth in summer of 2007.  

The key mission objectives are technology demon-
strations for sample-return from the asteroid including 
(1) mission operation with ion propulsion system, (2) 
autonomous optical navigation to approach and de-
scend to the surface of asteroid, (3) sample collection 
of the asteroid surface materials under the condition of 
micro-gravity, and (4) direct and high velocity Earth 
re-entry of the capsule that holds asteroid sample from 
the interplanetary orbit. 

Hayabusa Scientific Instrument: Although it is 
primarily an engineering mission, the Hayabusa still 
has great scientific significance. In addition to the 
sampling system for the very first sample return from 
asteroids, it has scientific instruments for remote sens-
ing such as XRS (X-ray fluorescence spectrometer) 
that determine major elemental composition of the as-
teroid surface, NIRS (Near Infrared Spectrometer) that 
characterize mineralogy of the asteroid surface, ONC-
T (a narrow angle imager with 8-band filter wheel) that 
image the surface feature and geomorphology of the 
asteroid as well as multiband reflectance spectral in-
formation, ONC-W (a wide angle imager) that ob-
serves overall feature of the asteroid mainly for naviga-
tion, and LIDAR (laser ranging to the surface) that 
measure the precise altitude off the surface and detect 
surface roughness. Minerva (a surface robotic rover) 
will be deployed to the surface and conduct macro im-
agery of surface conditions and geology as well as 
temperature measurement of the surface. 

XRS Science and Instrument: The XRS is a CCD-
based X-ray spectrometer for remote XRF spectrome-
try. As was proven during the Apollo 15 and 16 mis-
sions, major elemental composition can be determined 
through remote XRF method for atmosphere-free 
planetary surfaces (e.g., Adler and Trombka, 1977). 
Solar X-rays irradiate planetary surface to excite each 
atom of the uppermost surface materials. Immediately 
those atoms settle to the ground state and X-rays char-
acteristic of major elements are illuminated off the sur-
face. However, intensity and spectral profiles of solar 
X-rays varies time to time, which affects those of XRF 
off the planetary surfaces as well. Therefore major 
elemental composition can be mapped from the orbit-
ing altitude with remote XRF spectrometry, together 
with concurrent monitoring of solar X-rays. 

Scientific objectives of the XRS are to determine 
surface major elemental composition of the asteroid 
and classify the asteroid into a corresponding meteor-
itic type. The result highly contributes to link asteroid 
taxonomy by reflectance spectrum to meteorites. The 
XRS will also observe surface variation of elemental 
composition and estimate the surface microscopic 
roughness by use of particle size effect (Okada et al., 
2000) 

For that purpose, the XRS adopts new technologies 
such as charge-coupled devices for higher energy reso-
lution, ultra-thin beryllium window for better transpar-
ency of soft X-rays and extend energy detection range 
of lower energy. It mounts a standard sample plate to 
calibrate XRF excited by solar X-rays (Okada et al., 
2004).  

Scientific Observation during Earth Swing-by: 
Main observation phase of the Hayabusa will be 
planned during the asteroid rendezvous phase, each 
instrument has been operated for its function and per-
formance test during the cruising phase, especially 
around the earth swing-by, a gravity assist for space-
craft acceleration on May 19 in 2004.  

As for the XRS, it has been observed some X-ray 
emitting bodies and X-ray cosmic backgrounds. But 
before the earth swing-by the XRS observes X-rays off 
the Moon and the Earth. Precise orbit determination 
before the swing-by requires the attitude control and 
avoidance from disturbance, so that the duration of 
scientific observation has been limited in several hours 
on May 16-18.  
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The first observation has been done on May 16 that 
points the Moon and the Earth with the solar phase 
angle of about 30 degree. The viewing diameter of the 
Moon is 0.2 degree, which is severe condition for the 
XRS since the Fields of view of the XRS is 3.5 degree 
by 3.5 degree and the contribution of CXB is more 
intense than that of the Moon.  

The second observation has been performed on 
May 17 that points the Moon. The viewing diameter of 
the Moon is about 0.6 degree, in which case the X-ray 
intensities of aluminum and silicon is estimated 
stronger than that of CXB and intense enough for de-
tection by integration of five minutes. Indeed, the XRS 
has detected the XRF peaks of the two major elements 
with more intense than the continuum of CXB. 

The Hayabusa approaches the Earth and the Moon 
system from the sunward direction and at that time the 
Moon is located inside of the earth’s orbit so that the 
XRS and the other instrument onboard Hayabusa ob-
served the farside of the Moon. Thus the XRS has ob-
serves the first X-rays off the farside of the Moon. 

Results of the X-rays of Lunar Farside: The XRS 
observes the X-rays off the lunar farside for about four 
hours on May 17 but the data obtained  only in the last 
30 minutes are effective for analysis. It is due to its 
instrumental problem that the XRS takes time for stabi-
lizing the output data partly because of its passive tem-
perature control just after the attitude change of space-
craft and partly because of its onboard data handling 
algorithm.  

We have analyzed the effective data by subtracting 
the backgrounds and extracting the X-rays off the 
Moon. Two peaks at around the energy of  1.49KeV 
and 1.74 KeV are remarkably obtained. Those energies 
are corresponding to Al-Kα and Si-Kα, respectively. 

For elemental analysis, numerical simulation has 
been conducted for typical anorthosetic material with 
the  solar activity at that time. The composition is as-
sumed as the ferroan anorthosite of a lunar meteorite 
whose origin is considered from lunar farside. Since 
the standard sample has not been irradiated by the sun 
due to limitation of the attitude of spacecraft, we have 
use the solar X-ray data by GOES satellites. According 
to our simulation, XRF peaks of Al and Si are two to 
three orders of magnitude more intense than the scat-
tering solar X-rays. The Moon covers only three per-
cent of  fields of view of the XRS. Then the combined 
X-ray spectrum of X-rays off the lunar farside and the 
typical CXB are estimated.  

We compared the results of observation with that of 
our simulation and found a good agreement for the 
intensities and intensity ratio of the two major elements. 
Then we have concluded that the overall surface of 

lunar farside consists of anorthosetic material. To make 
confirmation more accurately, analysis of XRF peak of 
Ca-Kα is quite important. Further analysis should be 
needed for extraction of Ca-Kα at 3.68KeVthat might 
be obtained with stacking all of the effective data.  

Concluding remarks: We have performed obser-
vation of X-rays off the lunar farside before the Earth 
swing-by and detected two XRF peaks of major ele-
ments of Al and Si, and have concluded that the overall 
average of the lunar farside consists of anorthosetic 
material, as have been inferred by the Clementine 
UVVIS multiband imagery and Lunar Prospector GRS 
observation as well as the analysis of lunar meteorites.  

This first X-ray observation of lunar farside by the 
Hayabusa XRS is the pilot  data, which will be soon 
followed by the first mapping observation with the D-
CIXS onboard ESA’s SMART-1 spacecraft from a 
large ecliptic lunar polar orbit (Grande et al., 2002).  

In a few years, the XRS onboard ISAS/JAXA’s 
SELENE will map lunar surface with less than 20km 
spatial resolution through remote XRF spectrometry 
from 100km polar circular orbit (Okada et al., 2002). 
Similar lunar orbiter missions with performing XRF 
spectrometry are also planned by Chinese Chang’e and 
Indian Chandrajaan-1.  
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