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探査機 「かぐや」が見た月	


加藤　學、JAXA「かぐや」サイエンスマネージャー	

2011.9.14	
 

ロンチ2007-9-14T10:31:01JST 
＠JAXA種子島宇宙センター	
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Outline of Kaguya (SELENE) Mission 

  Spacecraft configuration:   
      Main orbiter Kaguya,  
　　 Relay satellite (Rstar) Okina,  
　　 and VRAD satellite (Vstar) Ouna 
  Mission period : 1 year nominal and 

extended 
  Orbits :  Polar orbit   i= 90 [deg] 

  Main orbiter :  100 km x 100 km, circular  
        Vstar : 100 km x 800 km, elliptical 

   Rstar : 100 km x 2400 km, elliptical 
  Mass: Total 3020 kg, wet 
　　Science instruments: ca. 300 kg 
     Sub-satellites: ca. 50 kg each 
  14 Science instruments onboard 
  Launch by H2A No.13 rocket from TNSC 

2006.10.13 
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Mission Profile from Launch to Nominal 
Observation Orbits 

Phasing orbit should be applied for enhancing reliability of the insertion: 
2.5 cycles of Earth-Moon orbit 
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マグマオーシャン	
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斜長岩	
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月の起源�

Newton�
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月の二分性	
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「かぐや」観測機器、めざす月の科学	
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Kaguya (SELENE) Mission Objectives 

 Global survey of the Moon 
    Composition, 3D-Topography, Gravity, 

Magnetic Field, Lunar environment      
 Technology development for future lunar 

exploration 
    Lunar insertion, Orbital correction 

maneuver, Telecommunication  
 Public outreach of the lunar exploration 
    Broadcasting High-Definition TV movie of 

the Earth-rise/lunar surface 
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Kaguya (SELENE) Science Mission and Instruments  
X-ray Spectrometer (XRS) �

Global mapping of Al, Si, Mg, Fe distribution using 100 cm2 CCD, spatial resolution 20 
km, Energy range 0.7-8 keV, 5μm Be film, Solar X-ray monitor�

Gamma-ray Spectrometer (GRS) �
Global mapping of U, Th, K, major elements, distribution using 250 cm3 large pure Ge 
crystal, Spatial resolution 160 km, Energy range 0.1-10 MeV�

Multi-band Imager (MI) �
UV-VIS-NIR CCD & InGaAs imager, spectral bandwidth from0.4 to 1.6 microns, 9 
bands filters, spectral resolution 20-30 nm, spatial resolution 20-60 m �

Spectral Profiler (SP) �
Continuous spectral profile ranging from 0.5 to 2.6 microns, spectral resolution 6-8 
nm, spatial resolution 500 m �

Terrain Camera (TC) � High resolution stereo camera, spatial resolution 10 m �

Lunar Radar Sounder (LRS) �
Mapping of subsurface structure using active sounding, frequency 5 MHz, echo 
observation range 5 km, resolution 75 m, Detection of radio waves (10k-30MHz) 
from the Sun, the Earth, Jupiter, and other planets �

Laser Altimeter (LALT) �
Nd:YAG laser altimeter, 100 mJ output power, height resolution 5 m, spatial 

resolution 1600 m with pulse rate 1 Hz, Beam divergence 3 mrad�

Differential VLBI�
Radio Source (VRAD) �

Differential VLBI observation from ground stations, selenodesy and gravitational 
field, onboard two sub-satellites, 3 S-bands and 1 X-band�

Relay Satellite Transponder 
(RSAT) �

Far-side gravimetry using 4 way range rate measurement from ground station to 
orbiter via relay satellite, perilune 100 km, apolune 2400 km in altitude, Doppler 
accuracy 1 mm/s �

Lunar Magnetometer (LMAG) � Magnetic field measurement using flux-gate type magnetometer, accuracy 0.5 nT �

Charged Particle Spectrometer 
(CPS) �

Measurement of high-energy particles, 1-14 MeV(LPD), 2-240 MeV(HID), alpha 
particle detector, 4-6.5 MeV�

Plasma Analyzer (PACE) � Charged particle energy, angle and composition measurement, 5 eV/q – 28 keV/q�

Radio Science (RS) � Detection of the tenuous lunar ionosphere using S and X-band carriers �

Plasma Imager (UPI) � Observation of terrestrial plasmasphere from lunar orbit, XUV(304A) to VIS�

High Definition TV System � Public Outreach�
12 
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Kaguya (SELENE) Configuration  
before separation of sub-satellites 

13 



SE
Le

no
lo

gi
ca

l a
nd

 E
N

gi
ne

er
in

g 
Ex

pl
or

er
 

JAXA 
Ground  
Network 

Earth 

JAXA 
UDSC - 64m 

Moon 

RSAT: 4 - way Doppler measurement using  R elay  Sat ellite Transponder 

X - band down - link 
for 4way - Dopp  

S - band forward - link 
for 4way - Dopp 

S - band down - link 
for 2wayRARR 

S - band for 2wayRARR 

S - band up - link for 
4way - Dopp / 2wayRARR 

RSAT - 1 
on Rstar 

Orbiter 
in the  near side 

Dopp = Doppler measurement (ranging rate) 
RARR = ranging and ranging rate (Doppler) 

RSAT - 2 
on Orbiter 
in the  far side 

The first direct determination  
of the  far side garavity field 

UDSC 

S - band return - link 
for 4way - Dopp 
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Published  Kaguya Science 1.	

  GRS: First Results of High Performance Ge Gamma-Ray Spectrometer Onboard Lunar Orbiter  SELENE (KAGUYA), 
Hasebe et al., J. Phys. Soc. Jpn. 78 (2009) Suppl. A, 18-25/ Germanium Gamma-Ray Spectrometer on SELENE(KAGUYA),  
N. Yamashita et al., J. Phys. Soc. Jpn. 78 (2009) Suppl. A,  153-156/ Radioactive  element U distribution in addition to Th  
and  K distributions, Karouji et al., Adv. Geosci. 19(2010), 43-56. /Uranium on the Moon: The Global Distribution and U/Th  
Ratio, Yamashita et al., GRL 37(2010)  L10201. /Determining the Absolute Abundances of Natural Radioactive Elements on 
the Lunar Surface by Kaguya Gamma-ray Spectrometer, Kobayashi, S. et al., Space Sci. Rev. 154 (2010), 193-218./ Lunar 
Gamma-Ray Observation by Kaguya GRS,  N. Hasebe et al.,  Adv. Geosci. 19 (2010) 57-68./ Neutron production in the lunar 
subsurface from alpha particles in galactic cosmic rays , Ohta et al., EPS 63 (2011) 25-35.	

 MI: The global distribution of pure anorthosite  on the Moon, M. Ohtake et al., Nature  461(2009), 236-241. /
Characterization of Multiband Imager aboard SELENE: Pre-flight and inflight radiometric calibration, Kodama et al., Space 
Sci. Rev. 152(2010) 79-102./ Deriving the absolute reflectance of lunar surface using SELENE (Kaguya) Multiband Imager 
data , Ohtake et al., Space Sci. Rev. 154 (2010)  57-77. 
 SP: Discoveries on the lithology of lunar crater central peaks by SELENE Spectral Profiler, Matsunaga et al., GRL 35 
(2008), L23201./　Ultramafic impact melt sheet beneath the South Pole-Aitken  basin on the Moon, R. Nakamura, et al., GRL 
36 (2009), L22202. /Possible mantle origin of olivine around lunar impact basins detected  by SELENE, Yamamoto et al., 
Nature Geosci. 3(2010)  533-536. / The widespread occurrence of high-calcium pyroxene in bright-ray craters on the Moon 
and implications for lunar-crust composition, Ogawa et al., GRL 38 (2011) in press. 
 TC: Lack of exposed ice inside  lunar south pole Shackleton, Haruyama et al., Science 322  (2008), 938-939./ Volcanic 
history of lunar far side revealed by Terrain Camera on SELENE,  Haruyama et al., Science 323(2009), 905- 908. /Formation 
age of the lunar crater Giordano Bruno, Morota et al., MePS 44(2009), 1115-1120./ Mare Volcanism in the Lunar Farside  
Moscoviense Region: Implication for Lateral Variation in Magma Production of the Moon, Morota et al., GRL 36, L21202./ 
Possible lunar lava tube skylight observed by SELENE cameras, Haruyama et al., GRL 36(2009), L21206. /Timing and 
duration of mare volcanism in the central region of the northern farside of the Moon, Morota et al.,  EPS 63(2011) , 5-13. /
Timing and characteristics of the latest mare eruption on the Moon, Morota et al., EPSL 302(2011), 255-266. 
  LRS: Lunar radar sounder observation and founding of subsurface strata below the nearside lunar maria, Ono et al., 
Science 323(2009), 909-911./ Distribution of the subsurface  reflectors of the western nearside maria observed from Kaguya 
with Lunar Radar Sounder, Oshigami et al., GRL 36 (2009), L18202./ Detectability of subsurface interfaces in lunar maria by 
the LRS /SELENE sounding radar: influence of mineralogical composition, Pommerol et al., GRL37 (2010), L03201. / The 
Lunar Radar Sounder (LRS) onboard the Kaguya (SELENE) spacecraft, Ono et al., Space Sci. Rev. 154(2010) 145-192./ 
Electrostatic solitary waves associated with magnetic anomalies and wake boundary of the Moon observed by KAGUYA, 
Hashimoto et al., GRL 37 (2010)  L19204./ Lunar ionosphere exploration method using auroral kilometric radiation, Goto et 
al., EPS 63 (2011) 47-56.  
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Published Kaguya Science 2.	

 LALT: Illumination conditions at the lunar polar regions by KAGUYA  (SELENE)  laser altimeter, Noda et al., Geophys. 
Res. Lett. 35 (2008),  L24203 / , Lunar global   shape and polar topography derived from KAGUYA-LALT laser altimetry, 
Araki et al., Science 323 (2009),  897-899. /Accuracy assessment of lunar topography models, H.S. Fok et al., EPS 63 (2011) 
15-23.  
RSAT: Far side gravity field of the Moon from four-way Doppler measurements of   SELENE (Kaguya ) ), Namiki et al., 
Science 323(2009), 909-911. / Crustal thickness of the Moon: Implications for farside basin structures, Ishihara et al., GRL 
36, L19202./ An improved lunar gravity field model from SELENE and historical tracking data: revealing the farside gravity 
features, Matsumoto et al., J. Geophys. R es.115(2010), E06007. / Ground compatibility tests for gravity measurement of 
SELENE: Accuracies of two-and four-way Doppler and range measurements, Namiki et al., Space Sci. Rev. 154 (2010) 
103-121./ Effect of Phase Pattern of Antennas Onboard Flying Spin Satellites on Doppler Measurements for Lunar Gravity 
Field, Q. Liu et al., IEEE Trans., Aerospace Electron. Syst.,  47(2010) 405-419. /Anomalous Moscoviense basin: Single 
oblique impact or double impact origin?, Ishihara et al., GRL 38(2011) L03201. 
 VRAD: Pico-second accuracy VLBI of the twe-subsatellites of  SELENE (Kaguya) using multi-frequency and same beam 
method,  Kikuchi et al., Radio Sci. 44(2009), RS2008. / Overview of differential VLBI observations of lunar orbiters in 
SELENE(Kaguya) for precise orbit determination and lunar gravity field study, Hanada et al., Space Sci. Rev. 154(2010) 
123-144. / Same-beam VLBI observations of SELENE (KAGUYA) for improving lunar gravity field model,  Q. Liu et al., 
Radio Sci. 45 (2010) RS2004.  
 PACE: Solar wind proton reflection at the lunar surface: Low energy ion measurement by MAP-PACE onboard SELENE 
(KAGUYA), Saito et al., Geophys. Res. Lett. 35 (2008), L24205.　/First direct detection  of ions originating from the Moon 
by MAP-PACE IMA onboard   SELENE (KAGUYA), Yokota et al., GRL 36(2009), L38185. / Solar-wind proton access deep 
into the near-Moon wake, Nishino et al., GRL 36 (2009), L16103./Pairwise energy gain-loss feature of solar wind protons in 
the near-Moon wake, Nishino et al., GRL 36(2009), L12108./First in situ observation of the Moon-originating ions in the 
Earth’s Magnetosphere by MAP-PACE on SELENE (KAGUYA), Tanaka et al., GRL 36(2009), L22106. /Effect of the solar 
wind proton entry into the deepest lunar wake, Nishino et al., GRL 37(2010), L12106. / In-flight Performance and Initial 
Results of PlasmaEnergy Angle and Composition Experiment (PACE)on SELENE(Kaguya), Saito et al., Space Sci. Rev. 154
(2010)  265-303. / Interaction between terrestrial plasma sheet electrons and the lunar surface: SELENE (Kaguya), 
observations,  Y. Harada et al., GRL 37 (2010), L19202/ New views of the lunar plasma environment , J.S. Halekas  et al., 
Planet. Space Sci. 59 (2011) in press. / Anomalous deformation of the Earth's bow shock in the lunar wake: Joint 
measurement by Chang'E-1 and SELENE, Nishino et al., Planet. Space Sci. 59 (2011), 378-386. 
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Published Kaguya Science 3. 	

  LMAG: Plasmoid formation for multiple onset substorms: observations of  the Japanese Lunar Mission “Kaguya”, 
Nagai et al.,  Ann. Geophys 27 (2009), 59- 64, 2009./Thermal core-mantle coupling in an early lunar dynamo: Implications 
for a global magnetic field and magnetosphere of the early Moon, Takahashi et al., GRL 36(2009), L24202./In-orbit 
calibration of the lunar magnetometer onboard SELENE (KAGUYA) , F. Takahashi, et al., Earth Planets Space, 61 (2009) 
1269-1274. / Lunar magnetic field observation and initial global mapping of lunar  magnetic anomalies by MAP-LMAG 
onboard SELENE (KAGUYA), Tsunakawa et al., Space Sci. Rev. 154(2010) 219-251./ Magnetic Cleanliness Program 
Under Control of Electromagnetic Compatibility for the SELENE (KAGUYA) Spacecraft, Matsushima et al., Space Sci. 
Rev. 154(2010) 253-564./ Non-monochromatic whistler waves detected by Kaguya on the dayside surface of the moon, 
Nakagawa et al., EPS 63 (2011) 37-46.  
 RS: Studying the Lunar Ionosphere with SELENE Radio Science Experiment, Imamura et al., Space Sci. Rev. 154 (2010) 
305-316. 
 UPI: First optical observation of the Moon’s sodium exosphere from   the lunar orbiter SELENE (Kaguya), Kagitani et 
al., Earth Planets Space  61(2009), 1025-1029./ The Upper Atmosphere and Plasma Imager/the Telescope of Visible Light 
(UPI/TVIS) onboard the Kaguya spacecraft, Taguchi et al., EPS 61 (2009) 17-23. / Variation in lunar sodium  exosphere  
measured from lunar orbiter  SELENE(Kaguya) ,  Kagitani et al., Planet. Space Sci. 58(2010) 1660-1664./ Plasmaspheric 
EUV images seen from lunar orbit: Initial results of the extreme ultraviolet telescope on board the Kaguya spacecraft, 
Yoshikawa et al., J. Geophys. Res. 115 (2010) A04217./ Conjunction study of plasmapause location using ground‐based 
magnetometers, IMAGE‐EUV, and Kaguya‐TEX data, Obana et al., J. Geophys. Res. 115 (2010) A06208. /First sequential 
images of the plasmasphere from the meridian perspective observed by KAGUYA, Murakami et al., EPS 62 (2010) e9-e12. 
 HDTV: High Definition Television System on board Lunar Explorer KAGUYA(SELENE) and Imaging of the Moon and 
the Earth, Yamazaki et al., Space Sci. Rev. 154 (2010) 21-56. 
 SOAC: Data Processing at KAGUYA Operation and Analysis Center, Hoshino et al., Space Sci. Rev. 154 (2010) 
317-342. 
  The Kaguya Mission Overview, Kato et al., Space Sci. Rev. 154 (2010) 3-19. 

  Pre-launch studies: Earth Planets Space 60 (2008), 241-444. / Adv. Space Res. 42 (2008), 259-346. 
  Proc. 26th  Inter. Space Tech. Sci.,  Trans.  Japan Soc. Aeronaut. Space Sci.  Aerospace Tech. Japan  7 (2009) on line. 
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HDTV Earth Views in May 9, 2008	


HDTV Crescent Earth in Jan. 27, 2008	
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目的地別速度増分	


地　　表	


低地球軌道（３００ｋｍ）	


静止軌道	


月面	


火星	


36000ｋｍ	


38万ｋｍ	


5600万ｋｍ	


太陽系脱出	


7.9km/s	


9.2km/s	
 0.1km/s	


4.2km/s	
 1.7km/s	


5.9km/s	
 2.4km/s	


6.5km/s	
 4.5km/s	


16.7km/s	
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ロンチ、2007-9-14 T10:31:01 日本標準時 

種子島宇宙センター 20 
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飛行経路�
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打ち上げから月軌道投入まで	
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HDTV画像１．遠ざかる地球	
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2007-10-5. 5:50:00 
Alt.: 1500 km 

2007-10-5. 6:00:00 
Alt.: 1200 km 

モニターカメラによる初めての月の姿	
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2007-10-05 06.10 UT, 高度800 km  

SOL-B,C 

HGA 
Pascal 

Hermite 

Rozhdestvensky 

Volta Desargues 

Coulomb 

Pythagoras 
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Camera FOV 

RSTAR 

RSTAR (おきな)の分離　10/9 

VSTAR 

Before separation After separation 

RSTAR 

VSTAR 
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高度100kmへ入った直後の月面 

South hemisphere 
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「かぐや」のイベント�
2007年	

9.14　打上げ	

9.19   1周目近地点通過	

9.29 　2周目近地点通過	

10.4　月（長楕円）軌道投入	

10.9　 リレー衛星「おきな」分離	

10.12　VRAD衛星「おうな」分離	

10.19　月円軌道投入	

10.28　LMAGマスト伸展	

10.29　LRSアンテナ伸展	

10.30　UPI展開	

11.1　 観測機器機能確認開始 
12.21　 定常観測開始	

2008年　　2.20   月食	

4.3　　ヨーアラウンド 
8.16　月食 
10.7　ヨーアラウンド 
10.31　定常観測終了 
11.1　　後期観測開始 
2009年　2.1　低高度観測開始 
2.12　おきな裏側に衝突 
6.11　かぐや制御落下 
6.29　おうな通信停止	
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レーザ高度計　LALT 
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レーザ高度計（LALT)　によるクレータ観測	


Theophilus 11.4S/26.4E, 110km 
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極域のLALT観測	
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4-ウェイ　ドップラー計測 
裏側の重力場計測	
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New Gravity Model, Resources	
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「おきな」を使った裏側重力場観測	


月裏側	
 月表側	
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Gravity Model Version Up, SGM100ｈ	


Matsumoto et al., 
JGR 115E, 2010	


Matsumoto et al., JGR115 (2010)	




SE
Le

no
lo

gi
ca

l a
nd

 E
N

gi
ne

er
in

g 
Ex

pl
or

er
 

表側と裏側の重力異常の比較	


アポロクレータ	

36.1S/151.8W、 直径537.0 km 

静かの海	

28.0N/17.5E、　直径707.0 km  

Namiki et al., 2008	
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地殻の厚み	
 Ishihara et al., 2009, GRL 36, L19202	


最大 :  110km 、ディリクレジャクソン　クレータの南縁  
(199.719E, 6.90625N) 
最小.: 0 km モスクワの海の下	


 地殻の密度： 2800 kg/m3、マントルの密度：3360 kg/m3、 玄武岩の密度：
3200kg/m3　と仮定して算出 	
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マルチバンドイメージャの特徴	


45 
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マルチバンドイメージャの初画像	


900,750,415 nm 擬カラー画像	
 750/1000 nm コンポジット画像 	

37N, 240E: オリエンタール盆地1000km東	


2007.11.3	
46 
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   月内部の“のぞき窓”、クレーター中央丘	


Antoniadi	


Copernicus	
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A: ジャクソンクレータ, 750nm 

B：クローズアップ 

C: カラーコンポジット 	

950nmR, 1050nmB,  

and 1250nmG 

D: クローズアップ	


マルチバンドイメー
ジャによる測定	


48 
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ジャクソン クレータのマルチバンド画像	


Color composite, 	

950nm:R, 1050nm:B,  
1250nm:G 
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A: ピタゴラスクレータの 	

カラーコンポジット	


B: ティコクレータの 	

カラーコンポジット	


C: ツォルコフスキークレータ
の 	


カラーコンポジット	


D: オリエンタールクレータ
内リングの 	


カラーコンポジット	


Ohtake et al., 2008 
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51 

Global distribution 
of rocks of  high 
plagioclase 
abundance	


Ohtake et al., Nature 461
(2009),  236-241	
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マルチバンドイメージャによる観測３．	


E.　B図中a-f点におけるマルチバンドスペクトル	
 Ohtake et al., 2008	
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South Pole-Aitken Lithology 2.	


53 MI color composite of  Poincare NE	


Uemoto et 
al., 2010	
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スペクトルプラファイラーの特徴	


回折格子による連続分光	
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Spectral Profiler SP 
Observation of Antoniadi 
Crater	


Matsunaga et al., 2008 



SE
Le

no
lo

gi
ca

l a
nd

 E
N

gi
ne

er
in

g 
Ex

pl
or

er
 

South Pole-Aitken lithology　1.	


57 

Nakamura et al., GRL 36(2009), L22202	


c.p. of Antoniadi crater: 
74.1wt%Opx+ 11.1%Ol+14.8%Aggl.	
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Nature Geosci. 3 (2010)	
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Mineralogy of fresh rayed craters in 
highlands	


60 

Giordano Bruno 
22 km dia. 
35.9N/102.8E	


Larmor Q 
22 km dia. 
28.6N/ 176.2E	


Ogawa et al., GRL38, in press	


HCP - LCP	
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HCP dominant craters	


61 

Blue plots: Type A 
Red plots: Type B 
Grey plots: Type B, Ejecta Blankets 
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ハイビジョンカメラHDTV 
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HDTVによる月面の
高精細撮影	
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 南極に上る“満地球”	


2008.4.5	
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 北極に沈む“満地球”	


2008.4.5	

プラスキットクレータ(直径109km）、ロジェストベンスキークレータ（直径177km）	
 67 
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地形カメラの特徴	


68 
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地形カメラTCの初画像	
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3次元地形画像	
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地形カメラ 3D 画像	


Dyson 
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地形カメラ（TC)の画像４．	


ナガオカクレータ	

19.4N,154.0E　D:46km	


3D	


Mosaic 

ナガオカ	


モスクワの海	


１２０E １７０E	


５０N 	


１０N	
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地形カメラの画像　5.	

アポロ15号着陸地点	

ハドレー谷	

26.17N/3.38E	

1971.7.30	

	


A15着陸前	
 着陸後	
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地形カメラの映像　５．	
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地形カメラの映像６．Apollo 17	


Taurus　Littrow　Valley　	
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ルナー・リコネッサンス・オービター	


76 

Apollo 11　Eagle in  
Mare Tranquillity	


Apollo 14 Antares in 
 Fra Mauro Basin	
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TCによるティコクレータの3次元映像 	


Haruyama et al., 2008	
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地形カメラによる裏側の海の観測	


地形カメラ高分解能映像を使ってクレータ年代測定が行われた地域 
A.  アントニアディAntoniadiクレータ、 
B.  モスクワの海Mare Moscoviense 
C.  B図中C領域のクローズアップ 
D.  同図中D領域のクローズアップ	
 Haruyama et al., 2008	
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地形カメラによる海の観測２．	


クレータ分布計測による形成年代決定 
A. アントニアディAntoniadiクレータ	


Ｂ．あぽろApollo N盆地 
C. モスクワMoscovienseの海	


Haruyama et al., 2008	
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地形カメラによる海の観測３．	


Haruyama et al., 2008	
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ジョルダーノ・ブルーノ　クレータ形成	


36N/103E, 22 km	

Morota et al., MePS 44 (2009), 1115 	




SE
Le

no
lo

gi
ca

l a
nd

 E
N

gi
ne

er
in

g 
Ex

pl
or

er
 

82 

モスクワの海の深さは？	


Morota et al., GRL 36, 
in press	
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83 

History of Mare Volcanism	

Morota et al., EPSL (2010)	


PKT, Heisinger et al.,  
2003	


PKT, this work	


Outside PKT,  
this work	
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Global Map of Mare Basalts and 
Formation Ages	


Morota et al., EPSL (2010)	
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レーダサウンダーLRSによる静かの海の地下構
造探査	


Ono et al., 2008 
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静かの海地下探査、拡大図	
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レーダサウンダーによる海の地下構造の測定	


Ono et al., 2008	
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雨の海　&　嵐の大洋	


90 

Oshigami et al., 
GRL 36, 2009, 
L18202.	
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Subsurface Interface detectability with TiO2 
content	


91 

Pommerol et al., 
GRL 37(2010), 
L03201	
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92 

ガンマ線分光計GRSによる元素測定	


月表面からのガンマ線・中性子線の放出メカニズム	


宇宙線	


熱・超熱中性
子	


高速中性子	


92 
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ガンマ線分光計GRSの構成	
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ガンマ線分光計による全球観測	


0 1000 2000 3000 4000 5000 6000 7000 8000

ガンマ線エネルギー [keV]

計
数
率
 (
任
意
単
位
)

かぐや GRS
ルナ・プロスペクター GRS

O

511

Fe

K

Th

Al
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Si
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Ti

U

Ca
O

Al

10-4

10-3

10-2

10-1

100

Hasebe et al., 2008	
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Uranium & Thorium distribution	


95 

Yamashita et al., 2010	
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Potassium distribution 	


96 
S. Kobayashi et al., SSR 154 (2010)	
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LMAG@100km vs LMAG@50km （Farside）�

97	


@100km�

@50km�
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98 

Maｇnetic Anomaly by Kaguya LMAG	


Tsunakawa et 
al., 2010	


LP data (Richmond 
& Hood, 2008)	
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Magnetic Anomaly Research	


100 Tsunakawa et al., 2010	


Reiner- gamma	


Max. 677nT@surface	
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Leibnitz crater swirl	
 Max. 99.6 nT@surface	
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Plasma Experiments　PACE　１．IMA 
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103 103 

Solar Wind Observation of Plasma Instrument	


Saito et al., 2008	
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Solar Wind Reflection over magnetic anomaly	
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Sputtering surface ions	
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Sputtering surface ions by PACE	


Yokota et al., GRL 36(2009), L38185	
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SW protons access into Moon wake	


Nishino et al., GRL 36(2009), L12108	
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「かぐや」による発見  	


  月裏側の重力異常 --- 二分性 
  月裏側の険しい地形 --- 二分性 
  南極、北極の地形 --- 日照率 
  裏側の火山活動　---　月の熱史  
  海の形成過程　---　月の熱史 
  広範囲な斜長岩の同定 --- マグマオ
ーシャン仮説を支持 

  ミニ磁気圏の発見　---　月のダイナモ 
 太陽風と月面の相互作用 
  全球表層物質の同定 108 
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109 

Altitudes in the extended mission phase	


５０ ±２０ｋｍ	


LALT data	




SE
Le

no
lo

gi
ca

l a
nd

 E
N

gi
ne

er
in

g 
Ex

pl
or

er
 

Low Altitude Images HDTV	


110 Clavius Crater: 58.8S/14.1W, 245 km dia.	


Rutherford	
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111 

2009.06.10   18:12 UT  
77S/261E, 25.4 km H	


(2)	


2009.06.10  18:13 UT 
79S/261E, 23.0km H	


2009.06.10  18:14 UT 
81S/261E, 20.7 km H	


2009.06.10  18:16 UT 
86S/262E,  16.2 km 	


2009.06.10  18:15 UT 
83S/261E,  18.4 km 	
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112 

Kaguya Impact on the Moon	


Impact Time:  09.06.10 T18:25:08.368 
Impact point: 65.521S/80.418E	


TC image of impact area	


Gill crater	


Gill B 
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113 

 「かぐや」による衝突発光  

113 

1.6 sec cycle time 

J. Bailey (UNSW) & S. Lee (AAO) 
3.9m Anglo Australia Telescope, IRIS-2 Infrared Camera 

18:25:09 UT  18:25:12 UT 

Physical Research Lab, Mt. Abu observatory in India 
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18:25:13	


Final telemetry of Kaguya/LALT 	


114 
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Identification of Kaguya Impact Crater	

•  Kaguya impacted near Gill-B crater rim at 

2009-6-10T18:25:08.386. 
•  Evidenced by termination of telecommunication 

signals, ground observations of impact flash 
•  Estimation of impact site and time using orbital 

estimation after deceleration deltaV and LALT 
topography data 

•  Press released the impact point 65.521S / 80.418E  
•  Impact crater search using LROC-NAC images 	
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Press-released Kaguya I.S.	


LROC/NAC M141751486R	

65.521S/ 80.418E	
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Kaguya Maneuver  for controlled infall 	


北極からの図

☆衝突

MOON MOON日
陰

軌道面垂直方向からの図

衛星進行方向X

X

X

太陽方向

太陽方向

地球方向

Apolune	


Deceleration: 2.5m/s	


impact	


Perilune	


Projection from North Pole	
Orbital Plane Projection	


Sun	
 Earth	


Shade	
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Kaguya Impact Crater	


LROC-NAC  M141751486R	
Center of crater (65.407S / 80.418E)	


250 m	
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落下の許容範囲	


119 
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２０２５年日本人宇宙飛行士月に立つ！！	


120 


