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Lunar Surfaces
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The Lunar Magma Ocean
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2-way Doppler8lE

Near-side | » Far-side

2-way RR (Doppler) for main satellite
2 mm/s accuracy

JAXA

GN
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2-way RR (Doppler) for Rstar
0.2 mm/s accuracy

JAXA
UDSC-64m



4-way Doppler JAIE

Near-side <« i » Far-side

First direct observation of
Far-side gravity

4-way RR (Doppler) for main satellite by way of Rstar
JAXA 1 mm/s accuracy

UDSC-64m




FEXIVLBI HITE

Near-side <« i » Far-side

Differential VLBI between Rstar and Vstar
Antenna switching every 120sec

1 mm accuracy as doubly differenced
1-way range

VLBI stations
(VERA, Shanghai, Urumqi, Hobart, Wetzel)
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Laser Altimetry Satelli
atellite

Orbit

Laser

Moon




Laser Altimetry Satelli
atellite

Orbit

T = time from laser emission to
detection of reflected signal.

Laser

H=1% cT

Moon
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Bouguer anomaly ~ Crustl densiy =280 kg m

Smooth crust-mantle boundary inside FHT and SPAT
Impact structures in FHT far-side are supported by lithosphere.

- mGal
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Mascon basins

v Y\ LOS [Muller and Sjogren, 1968]
W\ Detailed study by GLGM-2 [Zuber et al., 1994] and
i LP165P [Konopliv et al., 2001]

topography;
plateau shape with sharp shoulder
(b) Basaltic eruption (mare): Source depth = 200 — 300 km
[Taylor, 1975]
(c) Rim undistinguished in gravity
(d) Weak negative ring of (AQ)ga
() (AQ)ea ~ (AQ)g (Crisium, Nectaris, Smythii) or (AgQ)ga <
(AQ)g (Serenitatis, Imbrium)

Mare Imbrium



Farside basins: Concentric structure

The Hertzsprung basinlOUter rng
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0
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Outer ring: Topographic rim
Inner ring: Topographic depression
Central high: Density anomalies in the
interior
Type | and Il basins (>300km in diameter)
depending on the magnitude of central high:

Namiki et al. 2009




Classification: Major impact basins with gravity

signatures
The Korolev basin
o ; Gravity anoma ke, miEal I I it I 10
- =ET,

Type | basin N A
2 WY N A
(AQ)ra ~ (AQ)g = O/ VA E "o f
Concentrated but weak central : \ £
gravity high E""*ﬂ“' 1" 5

Central topography + 400 | )

Mare volcanism rare
-ﬁuu—'jl:l =20 -IICI 1.'II llﬂ mu
- Latitude, degree
Ty(gg)e I I(Sob8ao'os/0)l E‘(Ag) 0 The I-IIcrusprulng basin | ]
Fa ~ (OU- B 200 | A ,

Relatively large central high N N °
Central topography + & | .
Associated with mare basalts £ ol h E
g‘ =200 + I ":;

E 300 | 2

400 F 1
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Lunar Global Shape and Polar
Topography Derived from Kaguya-LALT

Laser Altimetry

W Ardd, " 5 Tazawa” W. Moda,' ¥. khihara” §. Goossem,” 5. Sacaki’® M. Kawano,”
Shum®

1. Kamiya," H. Otake,” ]. Oberst™ €.

& ghokal emar tepograpkic map with 2 spatial replution of finer than 0.5 degres has been
derimed wxing daty froem the Lmer alfimeter (LALT) on board #he Japanese lunar explorer
Selmological and Engineering Exploser {SABNE or Kagua]l. In oomgarison with the previows
Urified Lowrar Coaviradl Netwok: JLALCN 200 5) moded, the new map reveals unbizoed laror
topagraphy for wales finer fan a few hunded iflometers. Spherical hasmomic anal yois of ghobal
l-lpgqim:bh forr e Moo, Easth, Mars, and Verme suggets ut fostatic compernsation i the

prewaifing Fthegpheric suppost medamiom a birge scale. Howeve, Smple rigid suppost iz
suggesied to dominate for the Moan, Ve, and Mas for smaller scales, winich may indicte a
drier Fithaphere fhan on Earth, expecially for the Moon and Verns.

moededg of te hnar shape and o

pography s fundumendal for cor onde-
K.—ﬂiguflritni stmcire and
surfuce evolobon of ge Mom. However, L
wopogmphic mapping of the Moon had bean
the Apallo 5 1o IT spacecmft for limied ams
elow thedr near-aqoenrial arbis (7). Moe =
comthy, lsser altimese— omighe Clamentine ot ined
topogEphic dat covering abm oet the entire Sood
Pl Agfiven Basin (7). Tis oovenge did nat s
beyand S laimde owing 1o the elliptic ot of
the: spacerraft, and she spatial resohrtion i 30 o
60 lem {3 A full sopograpiic map, incloding the
polar regions, ULCN 3005, ans poodoced nsimg
photngmmmenic salysis of Clementine images
comibired with dsa frmm hisionical contm] points
mh]ﬂmﬁﬂ}ﬂmﬂulhmnhﬂlﬁh
sufler from large emos. Rader o
pograply from Exd molodes g do= to hmi-
tations of vieeing and illemination comditions,
whose affacss am special ly evideant in de polar
regioms (5, 4.

The LALT on board @e Japanese hamar ex-
plorer Kagaya (SELENE) is designad o measoe
dhistnices io dhe homar sorface from ghe altinds
of 1080 o 7). LALT mensoes de distmce: from
the spacecmft b the sarfice of the Moon by mm-
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gamet {Crdoped N YAG) laser palses every
second. The beam divergence i (.4 millradian,
esuliing in the laser s pot size on e hmar sor-
face of typimlly 40 m fiom the crbiter altimde
af 100 kom. T explodt ghe insmoment 's nominal
mng: mwloton of | m, #e nge do e ol
ibmed for dhenmal variations of e imermal dode
freqomcy md the ineroment delay. The s
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lappin g pasts, showing that e radia] adbiter
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postioning e ompatad weing Sie mot sam
squars over he radial, along-track, and aross-
tmdk dimations) & fond o be 50 m Thas,
the radial iopographic emor onginaed from ghe
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Farside Gravity Field of the Moon
from Four-Way Doppler Measurements
of SELENE (Kaguya)

Moriyuki Mamiki, " Takakiro i-u.’ Kaji u_--. Iides Hanada,” Hirotomeo Neda”
Sander Goossens,” .nﬂg—,‘!ﬁ r.-—-i, Karuyeshi Asari” Sei-itsy Turuta,”
Yoshiaki lshikara,” Cfinghuri Liu, Fupuirico Kikechi,” Todhiski Ishikawa,” Sho Srsali,”
Chiaki Aoshima,” Kesuke Kuresawa * Seifi Sugit,® Tadedi Takana”

The furside gravity fidd of #he Moon & mprowed from the rading daty of the Selenolegical
and Enginesring Explorer {SELEKE] wia arelay subratelliie. The new gravity fidd medel revenks #at
the farside has negative ancmaly rings unfile posithe anomalies on the narside. Sevaral basing
have bage cantml gawity highs, Hlkely due fo super- metatic, dymamic uplift of the mantle. Ofher
basins with ighs are axeciated with mare fl, implying baxalt esuption faciitted by develaped
faults. Basin topagraphy and mante uplift on e beide are supporied by a figid Fthephere,
whemas bagins on the nearside deformed substinfially with esuption. Variable siyles of
mmlhwﬂmwmmﬂmihﬂm
on the nmrside was more exersie Tan previowsty considessd.
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topogmphy mnd anosial duckness of de  fmides aleo differ in dedr chemical compositian

Mdoom differed om the near md fumides { 1) Posi-
' Fig. L kouwway Daoier =

(24}.'lln:hm:gl e 2 corsaquence of smym-
metnc afa primardial magma coean
(#. Hem, we pesent genvity data of ge fumide
o SELENE (K g )i 2}, ukich belm msohe
e arign of s dichodomy.

The govity fidd & a fimdumental pinsical
qqumitity for e sindy of the interm] smotme: and
e evahation of planstary hodies. The Moon o
the fi oif planeta T Im 1966, e
Luoma 10 mission began ghe sindy of @e grovity
fidd fom obsarved cobital motion of e smos
coft Itwas flloeed by Lomar Oobiter missions
{L¥) fioam Tio 'V and Apollo 15 and 16 sobesel-
ltiﬁ\li'lﬁn}ndmencﬂﬂyﬂ:m

ard LP Mdler and S jogren (7) discovesed large
positve gEvity ancenaliss called ™ mascons™ with.
of dhe Clamentine spaceanfl @ e loaver
degrees and secinrial s of the groviy field(8)
The lorer cincalar, polar arbit of LP inoeased e
spatia| meschation of dhe nearside gmovity fisld (0),
lﬂtlﬂm&&g&nﬂaﬂ:lmmﬂ

The: et impontant roblam. of e previoos
Tomar gmovity model s i dhe lack of directobsena.

Apalla glotal mappng missions aoch o Clam-
entine, Lonar Prepecior {(LP) and Small Mis-  residuabsin pos from 2347

bzl Dbty of Jagan, 212 Frbiganic, Minsees, O,
T (086L, nart. “agun Rir pu e Explioration My,
Toashoda Spuiere Cuitorr, 230 S g, T, bl 305
ASES, . nd, 253 Wb, (il

Eariiea, (il 27735510, oo Wihon Ul 7-24-1

UTan § Nowmber 0 2 §
. heia  UT an & Wowmber 2007

i P —— -
au&m.numnwmmm Sdid and open ymboks  §

g Aip e Explsaion f 300 Yiori i ], iinnhv'ﬂ:ﬁ'ui i
294500, . Wsird Arores: ity of Main drem E ?

2

2

b, R dahs T 7743500, g -
*h whom comegondece shodd be addeied Emafl
g . g e i



	スライド番号 1
	スライド番号 2
	Lunar Surfaces
	二分性
	月の二分性
	月のマグマオーシャン
	スライド番号 7
	厚さの不均質の原因
	マグマオーシャンから固化
	かぐや（SELENE)　　9月14日打上げ
	スライド番号 11
	スライド番号 12
	天文台�子衛星を使った重力測定と�レーザ高度計
	重力
	衛星による重力測定
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	VLBI　=>  惑星科学
	２つの衛星を複数のアンテナで
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	LALT概要
	Clementineのデータは間隔大
	レーザー高度計 LALT
	スライド番号 31
	「かぐや」は「月」へ
	スライド番号 33
	リレー衛星放出成功�Oct.9, 9:35JST
	スライド番号 35
	VLBIリレー衛星放出成功�Oct.12, 13:28JST
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41
	LALTで計測した月地形（表）
	LALTで計測した月地形（裏）
	スライド番号 44
	フリーエアー重力異常:  SGM75b
	重力異常（かぐやvsLP）比較　表
	重力異常（かぐやvsLP）比較　裏
	表と裏の重力の違い
	スライド番号 49
	レーザ高度計による地形（左が裏）
	スライド番号 51
	Video Time
	スライド番号 53
	Bouguer anomaly 
	Mascon basins
	Farside basins:  Concentric structure
	Classification:  Major impact basins with gravity signatures on the Moon.
	スライド番号 58
	月の表と裏
	Moho Depth
	Crustal Thickness
	Crustal thickness variation
	スライド番号 63
	スライド番号 64
	88度以北（以南）拡大図
	高度計の�観測点分布
	スライド番号 67
	「かぐや」衛星の最後
	月周回衛星「かぐや（SELENE）」の�月面落下予測日時・場所について
	スライド番号 70
	かぐや衝突の観測
	停波の確認　６/29 小笠原局
	「かぐや」サイエンス現状�
	スライド番号 74

