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® Spacecraft configuration: »
Main orbiter Kaguya,
Relay satellite (Rstar) Okina,
and VRAD satellite (Vstar) Ouna s
® Mission period : 1 year nominal and (e ".,"".“_: =
extended = ; ;

® Orbits : Polar orbit 1= 90 [deg]
Main orbiter : 100 km x 100 km, 01rcu1ar

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

® [aunch by H2A No.13 rocket from TNSC
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Mission Profile from Launch to Nominal
Observation Orbits
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Phasing orbit should be applied for enhancing reliability of the insertion:
2.5 cycles of Earth-Moon orbit
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SELenological and ENgineering Explorer

Kaguya (SELENE) Mission Objectives

® Global survey of the Moon
Composition, 3D-Topography, Gravity,
Magnetic Field, Lunar environment

® Technology development for future lunar
exploration

Lunar 1nsertion, Orbital correction
maneuver, Telecommunication

® Public outreach of the lunar exploration

Broadcasting High-Definition TV movie of
the Earth-rise/lunar surface



Kaguya (SELENE) Science Mission and Instruments

8] X-ray Spectrometer (XRS)

Global mapping of Al, Si, Mg, Fe distribution using 100 em?2 CCD, spatial resolution 20
km, Energy range 0.7-8 keV, 5 4 m Be film, Solar X-ray monitor

\ Gamma-ray Spectrometer (GRS)

Global mapping of U, Th, K, major elements, distribution using 250 cm? 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 mdJ 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 12

High Definition TV System

Public Outreach



Kaguya (SELENE) Configuration

before separation of sub-satellites

Solar Cell Paddle

Sun Sensor

ALT gp  MI/TC




RSAT: 4 -way Doppler measurement using Relay Sat ellite Transponder "QL:NE

p"oiect

The first direct determination RSAT -1 S-band forward -link
of the far side garavity field
on Rstar for 4way -Dopp

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

S-band down -link

for 2wayRARR /
JAXA

UDSC -64m

Orbiter

in the near side

RSAT -2
on Orbiter

in the far side

X -band down -link
for 4way -Dopp

S -band for 2wayRARR
JAXA
Ground Dopp = Doppler measurement (ranging rate)
Network RARR = ranging and ranging rate (Doppler)




.  Published Kaguva 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., 4dv. 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), L.22202. /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, 1.21202./
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.
® LL.RS: 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./



P Published Kasuva Science 2.

O 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 Kasuva 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), L.24202./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.

ORS: 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 spacecratft,
Yoshikawa et al., J. Geophys. Res. 115 (2010) A04217./ Conjunction study of plasmapause location using ground-based
magnetometers, IMAGE-EUYV, 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.
O HDTYV: 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. 26" Inter. Space Tech. Sci., Trans. Japan Soc. Aeronaut. Space Sci. Aerospace Tech. Japan T (2009) on line.



HDTYV Crescent Earth in Jan. 27, 2008
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Lunar Shaded Topographic Map (~30. June, 2008)
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Near " Orbits of relay satellite Okina for Feb. 10
| and 20 with altitude lower than 20 km
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New Gravity Model, Resources

Satellite Data type Amount Arc Data weight
length
Far side SELENE 4-way Doppler 66.968 2.33 1 mm/s
days
SELENE Main Doppler UDSC 12 hours 1 mm/s
1,666,446
Doppler GN 2 mm/s
Range 60,884 5m
SELENE Rstar Doppler 137.146 2.33 1 mm/s
days
Range 129,333 5m
SELENE Vstar Doppler 42,852 24 days 1mm/s
Range 35,386 5m
Near side LO |-V Doppler 12 hours 4.5 mm/s
A15/16ss Doppler 8 hours 4.5 mm/s
Clementine Doppler 3 mm/s
2days (Pomonkey 10
3,861,375 mm’s)
Range 4m
LP nominal mission Doppler 2days 2mm/s
Range 4m
SMART-1 Doppler 15 hours 10 mm/s 39
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Matsumoto et al., JGR115 (2010)
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Distribution of major lunar basins
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Earth-based observation
data of DMD in Herschel Wavelength (nm)
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Figure 1. Distribution of the craters we analyzed in this study.
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Mineralogy of fresh rayed craters in
e ° | highlands

HCP - LCP

Giordano Bruno
22 km dia.
35.9N/102.8E

Larmor Q
22 km dia.
28.6N/ 176.2E

Ogawa et al., GRL38, in press
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Optic System of HDTV

TELE

Figure 3 Mounting location of HDTV
Table 1 Specification HDTV optics

Item

Telephoto

Wide-angle

Focal length

35 mm

10 mm

View angle

15.5 (H) x 8.7 (V),
17.8 (D)

50.1 (H) x 29.5 (V),
96.3 (D)

F number

F5.6 (fixed)

F5.6 (fixed)

ND filter

1/8

1

Dimensions

815 (L) x 60 (D)

1125 (L) x 60 (D)

Weight

260 g

330 g

Mounting
Angle

18.5 deg.

225 deg.

Field of view

15.5 deg x 8.8 deg

51.5 deg x 29.5 deg

Main object

Earth

Moon

Resoultion > 85m/pixel

' v-o 004 frame

Flgure 4 | Schematlc view of HDTV
images for WIDE and TELE.
1920piex| x 1080pixel

(wiyx) HDTV




Coverage (as of 26! Nov., 2008 )

« 128 movies and 141 still images are aqcuired
(corresponding to 229858 images in total).

 The data amounts to 1.37 TB after decompressmn

Fig. 6 Footprints of HDTV movies obtained.

(Wiwye HDTV
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Global Map of Mare Basalts and

Formation Ages

T. Morota et al / Earth and Planetary Science Letters xooc (2010 ) x00-x00x
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Raw Data Analysis Parameters

Ampitude {(diit)

Echo Power [dB)

384 | \i\lave, Form - Spacecraft Altitude [km] 100
i (19.6°E. 21.5°N) -
2%6 | Frequency (FMCW) [MHZ] 4-6
28 -
' Pulse Width [usec] 200
0
Range Resolution [m] 75
251 Apr.17, 2008 -
er | 20:07:18-20:07:19 Transmitter Peak Power [W] | 800
(Averaged 21 pulses) .
384 Pulse Repetition Rate [Hz] 20
0 512 1024 1536 2048
Time Step (0. 16usec unit) Horizontal Resolution [m] 76
Fourier
Transform
A-Sc'an : : : (19.7°E, 29-17*N) B-Scan/ Radargram
o B | €= Surface (19.6°E, 21.5°N) -
| echo
0 'n(—'Subsur‘face S .
20 K %M Apr.17,2008 Series of = ..o
B 20:07:18-20:07:19 . |
-30 ! Sl (Averaged 21 pulses) A-Scan é .
-40 | | !\ { \/I A . g 40
{ 1 . | v | '| " .
AU AT
-60 M l 1!' ' | | 20°N
0 2 4 6 g 10

Apparant Dapth (e=1) [km]




L—A YA —|RSIZEBEHIDEOH TIE
*%:W.K

n
m
W %

my
S
O
[}
¢

Ono ct al., 2008

| O
Qo
|
&
o
X
L
o
c
=
@
@
=
o
Z
L
ye
c
©
©
=
<L
&
o
c
Q
1
L
7)




Subsurface reflectors in Mare Serenitatis
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Subsurface Interface detectability with T10,
content

surface echo 42,3°N

Pommerol et al.,

T SR, GRL 37(2010),
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Uranium & Thorium
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Potassium distribution
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SELenological and ENgineering Explorer

(a) 100 km altitude (Kaguya)

Nearside

Farside

2.0-15-1.0-05 0.0 0.5

(b) 30 km altitude (RHO8)

Nearside _

-1.0-05 0.0 05 1.0 1.8

LP data (Richmond
& Hood, 2008)

Tsunakawa et
al., 2010
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Specifications of IMA
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Solar Wind Retlection over magnetic anomaly
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SW protons access into Moon wake
SELENE PACE and LMAG September 24, 2008 09:10-11:10 UT
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Nishino et al., GRL 36(2009), L12108
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LALT data
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Impact Time:
Impact point:

TC image of impact area

09.06.10 T18:25:08.368
65.521S5/80.418E



1.6 sec cycle time

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

| ENgir

18:25:09 UT | | ; : 18:25:12 UT




S Final telemetry of Kaguya/LALT
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SELenological and ENgineering Explorer

« 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

e Impact crater search using LROC-NAC 1mages
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Kaguya Maneuver for controlled infall
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The capabilities represented here are the notional
minimum systems and facilities that would be needed to
support continuous 6-month stays on the surface. This
level of buildup would provide infrastructure including

povg’er and life support for a crew of 4.

ineering Explorer

'Co_unesy Cornell University/Smithsonian Institution

»

SELenological and ENg

Crew/Cargo Lander
Solar Power Unit

Unpressurized Rover

Surface Mobility
Carrier

Habitation

Power Storage Unit
Logistics

ISRU Module

Pressurized Rover
(2027)



