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Thermal radiometry of near-Earth asteroid 25143 
Itokawa has been conducted by using the tempera-
ture profile of the XRS onboard Hayabusa during 
the descent sequences for the touchdown to collect 
samples. It is useful to determine the temperature 
and thermal properties of the surface of Itokawa. 
Preliminary results show that the global averaged 
temperature in the daytime is 340 ± 10 K, consistent 
with relatively high thermal inertia observed by the 
Earth based thermal infrared observation by Mueller 
et al. (2005)[1]. While, the temperature of the sur-
face of Muses Sea, the touchdown site, is estimated 
as 310 ± 10K when observed just before the touch-
down. This low temperature indicates that the sur-
face of Muses Sea is dominantly covered with rocky, 
brecciated material and different from the sandy 
porous regolith like the Moon.   

 
Introduction: Physical properties of the uppermost 

surface such as thermal conductivity, latent heat, bulk 
density and porosity provide us information on the 
current surface conditions as well as the past processes 
that the celestial bodies have undergone. Those pa-
rameters can be constrained and sometimes determined 
through thermal infrared radiometry.  

Although no instrument is equipped onboard Hay-
abisa for that purpose, the XRS plays its role. The 
XRS[2] is a charge-coupled device(CCD) based X-
Ray fluorescence spectrometer. The CCD provides 
good energy resolution when cooled. Under such se-
vere mass and power limitations, the XRS has no stir-
ling cooler but its radiator for passive radiation cooling 
of the CCD chips. The radiator has proven good sensi-
tivity for thermal radiation in the laboratory and in 
space. Its performance and validity of its thermal de-
sign has been examined and calibrated by the compo-
nent thermal tests and system thermal vacuum tests. 
Then the radiator of the XRS is probably the most sen-
sitive thermal radiometer on the Hayabusa spacecraft. 

  Hayabusa (renamed from the MUSES-C) is a 
Japanese engineering mission for new technology 
demonstration of sample return from asteroids[3], but 
it still has high scientific significance including the 
remote observations and characterizations of the aster-
oid as well as the sample return of surface material [4]. 

The target asteroid is a near-earth asteroid 25143 
Itokawa, which has been characterized by ground 

based observations as an S(VI) class[5], 550m x 250m 
in shape[1, 6], and the rotation period of 12.1 hours[7]. 

In November 2005, two months after its arrival at 
Itokawa, Hayabusa has begun its trial of sample collec-
tions: rehearsal descents and two touchdowns to the 
surface of Itokawa. In these periods, thermal radiome-
try has been conducted by measuring temperature pro-
files of the radiator of the XRS.  

The temperature has been monitored at the radiator, 
all the five CCDs, and the preamplifier every 64 sec in 
the NIX_STAT packets. There is another data source, 
house-keeping data packets of the spacecraft, typically 
obtained in 128 sec interval. 

The position of Hayabusa was controlled along the 
Earth-to-Itokawa line, which is most suitable both for 
remote observations of Itokawa and for continuous 
communication to the Earth station. The phase angle, 
i.e., the angle between the Sun to the Earth asteroid to 
Hayabusa, is controlled within 5 to 10 degrees. The 
distance of Itokawa from the Sun is almost 0.95 AU. 

 
Thermal Radiometry of Itokawa:  Mueller et al. 

(2005) [1] have suggested from their ground based 
thermal infrared spectrometry that the surface of Ito-
kawa has intermediate thermal inertia between those of 
sandy regolith and monolithic rock. In their work, the 
disc-integrated thermal radiation of the asteroid has 
been observed in about 15 minutes interval. 

On the other hand, our thermal radiometry has been 
conducted every 64 sec through the descent, touch-
down, and ascent sequences for more than 1 rotation 
period. Although the sensor is not specialized for it, 
the XRS has been well calibrated for its thermal prop-
erties [8] and indeed has proven its performance by the 
temperature profile during the cruising phase. 

In this preliminary study, we used the data obtained 
during the descent for the first touchdown trial on No-
vember 19, 2005. The temperature profiles of the XRS 
radiator are shown in Fig.1. The temperature gradually 
increased as the descent of Hayabusa. At that time, the 
temperature almost reached the equilibrium between 
the thermal infrared radiation from Itokawa and emis-
sion from the radiator to space. When Hayabusa came 
closer within the distance less than half of the asteroid 
radius, the temperature was steeply growing up. (1) At 
21:00UTC, Hayabusa was nealy hovering at 25 to 30m 
altitude after detection of  hazardous sign, and reached 
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another equilibrium between radiation from the aster-
oid and emission from Hayabusa. (2) Hayabusa con-
ducted its first touchdown and  bouncing the surface. 
(3) Hayabusa conducted another touchdown in the day 
and kept staying on the surface of Itokawa for 40 min-
utes, revealing the gradual increase of temperature. (4) 
Hayabusa was escaped from the surface by Earth 
commands. During the escape, the temperature was 
rapidly decreasing. 

 
Thermal Properties of Itokawa:  At the first 

equilibrium, the surface averaged temperature of Ito-
kawa is calculated as 340±10 K when thermal emissiv-
ity of the surface is assumed as 0.92. The error is 
mainly caused by fitting and uncertainties such as the 
asteroid shape, effects of shadows, and the precise 
trajectory of spacecraft. However, the temperature is 
intermediate in comparison with the case with sandy 
regolith whose effective temperature was estimated 
more than 370K. While, the monolithic rock case 
shows very low temperature less than 290K. Therefore 
the thermal property of the surface , i.e., its thermal 
inertia, shows brecciated or gravel surfaces. 

During the second equilibrium before the touch-
down are shown. In this case, the temperature shows 
relatively low at 310 ±10K. This low temperature is 
still controversial but there are some possibilities con-
sidered as follows, (1) the touchdown site may be lo-
cated at the higher latitude than originally planned., (2) 
the maximum temperature of the touchdown site may 
be low because the area has higher thermal inertia than 

other areas, (3) the surface has not yet reached the 
maximum temperature of the day due to high thermal 
inertia of the asteroid, and (4) the temperature of 
Muses Sea is relatively low because it is a lowland 
inside the basin so that the length of daytime in a day 
is shorter than the other areas. Further study should be 
needed to improve the analysis. And the relationship 
of the thermal properties and the surface characteriza-
tion around the landing site is discussed in the other 
works[9]. 
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Fig.1 Temperature profile of the XRS radiator during the descent of the first touchdown. The temperature gradually increased as 
the descent of Hayabusa. At that time, the temperature almost reached the equilibrium. When Hayabusa came closer within the 
distance less than half of the asteroid radius, the temperature steeply grew up. (1) At 21:00UTC, Hayabusa was nealy hovering 
at 25 to 30m altitude after detection of  hazardous sign, and reached another equilibrium. (2) Hayabusa conducted its first 
touchdown and  bouncing the surface. (3) Hayabusa conducted another touchdown in this day and keep staying on the surface 
for  40 minutes. (4) Hayabusa was escaped from the surface by Earth commands. 
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