B (eFN) 21—+ —X3
Erl2248H178, HIIXXA.

B & EIEESELENE-20D
AU —5RIFE(LLR)GTEl [MEHkREE]

mAEE. RISEAIEE OV b

LUNAR LASER RANGING SCEINCE  wmodified from

Gusev 2010
Lunar Laser Ranging
Lunar laser ranging
: _ (LLR) for 40 year

Laser Ranges between observatories on the Earth

and retroreflectors on the Moon started by Apollo
in 1969 and continue to the present

McDonald 2.7 m m 5 reflectors are ranged:

— Apollo 11, 14 & 15 sites
— Lunokhod 1 & 2 Rover

m Historically LLR conducted
primarily from 3 observatories
— McDonald (Texas, USA)
— OCA (Grasse, France)
— Haleakala (Hawaii, USA)

m New LLR stations:
— Apache Point (NM, USA)
— Matera (Matera, Italy)
— South Africa, former OCA {

LLR equipment

i
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LLRD3E:R

AmEKEHA ©  Apollo11, 14,15; Luna 17,21
Hh EEBIMEES 0 NICTOSLRAEEX(1.5m)

Iy J b7 0 FFHEKNAON)AIPLT
HEF (QAEFT) .
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SELENE-2 (2016
RS R RE o)
~EMEREICBE T SRR~ s T4 —:~1000kg
* ytﬁ/\ﬁh)‘7 ALIS = . ﬁfﬂ“*&%& ~10°kg
SRS SIP y 4 S + B—/X—:~100kg
s NET3rhAS HDTV g

~AAELICRET HHER~

o [RE RS LBSS

- REHRBTEEH R HFP
- AEHIFEEEE LEMS

« $VLBIFEKR iVLBI

« L—HRIEERYIL 242 LLR
o L3RS ZEHAIZE (RFR)
. FEREEE LMS

- |
G REREORY b BRHBE

LLRRST I —F

[NAOJIKR] E%EEH_'j(P D. ARG,
EcXARR. BEH—. BHE®. EHEX.
WMAERSE. PD

[NAOJEE] FILEA, EEE—
[NAOINTD 1] E=EfEHE. KBE
[NAOJRE L] HHE—

[N | CT] EFHME (Sub-PD . HIEE

[—%X] KITERE

G BE))
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LLROY A T2 X

s RN NFERR - ARHEE (&)
o —MEAR T 14 3R SR ARELE

+ WBEKBE ¥R, HBKELY

+ AB%&. A ->ARTEE

it FENEEHER (BIFEOSLREZFIH)

ETEE
NICT/NEHDSIRERFH D L —HH N ER{IE L THRFED LIRRFELA LD
2=V ERE - BERET O, LLREVAINAIRETH 5 & 2 EAF L = Ebg
T, BRELRRZREL AT LAORRETV. LLROEEEHAZORT 5,
=8 - EAFE

2010 XET. —ERER SR ZEE(E

2011 HE

2011-13 AmRBSRER

2014-15 WE

2016 ERERERER (Fzyv o 7T M)




SELENE-2f8%5 #THLLRAX 5K
(CCR)

REGAT  ECITREBEIRNEMN?

BT B—FRFHTLAM?,;, T)VXLhKRA—HN7
KREEZ: 7/RO1, 158 Y HEOFWVEHD
BiE . REROMEEME. REF. EHER

JEZMERE ¢ Code-VIZ & B H&ET

Dihedral Angle Offset : Otsubo et al., 2010

ECISRET REH?

: Data Contribution (~77%)

Schickard Tycho(43.4S,11.1W)
(44.3S, 55.3W)

MIRFEEN D JHERIE
DO FEIREE
#ZEARE (EEEAE) [mas]

At ( 206) =— 1.01.6
At ( 365) =  4.1+1.8
At (1095) = —26.75.9
BEAR [mas]
Al (27.6) =  7.5+1.0
Ao ( cnst) = — 264+5.0

(Williams et al., 2001)

MEBFEENREDT=:
ALSIMNSTEHRLBENT=
(%92000km) H#h &5

~

v
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BAT: B—FRFH?2TLAMN?

. <“j < < <+ § <+
pi
b
4
» >l> 4 > § >
B—RF: EEEMICHF TLA: ERERICTH
L—HE—LDRDICAHLTH L—HE—LDLRDICAHTHE

REEOEFIFENLEN REEOERZENSD

RKEX 7RO, 15% LE S KRR

ST A
o, : Optical Cross Section
p :Reflectivity
A : CCR Aperture Area
A :Wavelength
n :~3(takinginto account Earth-Moon “aberration”)
4 (relative velocity = 0)

CCREMMTE R
A11 7 LA : D=17.64cm

(L=12.5cm)
100" O (D=3.8cm) = O (D=17.64cm)

Aig 7 LA ! D=25.44cm

(L=18.0cm)

[# &Y ] BEDCCR, JAXA
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=
CCREAE%.MLITES
X FrkktE

ERO—RHE
AoFaOyv I AT LA

CCROBYER L : TELID & EBEE

ELID & &5 (Electroforming) : KZM L=, B

ELID (Electrolytic Inprocess Dressing) |k

- rocess - B EREO TRAKICLY. WP
Electutyic Taprucoss Deesing. (407 00 S e 2

CCRG)EE %lf/E%_a_ %) f: &5 <iﬁ{‘/jutxr'|ﬂ://bl\ Etwl‘mnlﬁv?ﬁé'f/l?A

» > A
wE CKBUTNA RAR

TYEFEE: tionmEL ™ AV ATBE g 2 e

= 2=
Tty Frvs

== N |SEF—WAN ¥/
Eﬁlﬁﬁ /£ [ == 4N) ﬁq:] http://www.jst.go.jp/pr/info/infog6/zua.html

RO —AFREE R Erampe ofmisned

SO BEEIZ DL THRES - BB ==
FEDH E NI TIERBREEA
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Example of finished sample
of Stainless Steel for Master

BiE . REMERCCRDE HEF

D=20cm (L = 14.14 cm),

t=1cm, “"Cu” '
R 1 pmB R Gtz hig)

7
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BiE : RFEROMEEE. /REM()

AEEE

FARI7HORET—F
(NASA SP-330)£UBIR

Case-1(10-O)REBRTOT7ML g 150

Case-l OFREME
R RRE

-190°C~+34°C

Case-l DERBIRER
-250

HRRE BRI

—— MIRROR.T1001 —#—MIRRORT1011 MIRRORT1021 MIRROR.T1211 —%—MRRORT122] —8—MRRORT1231 ——MIRRORT1421
—— MIRROR.T1431 MIRRORT1441 MIRROR.T2001 MIRROR.T2011 MIRROR.T2021 MIRRORT2211 MIRROR.T2221

MIRROR.T2231 MIRRORT2421 ——MIRROR T2431 MIRROR.T2441 MIRROR.T3001 MIRRORT3011 MIRRORT3021
—— MIRRORT3211 —%— MIRRORT3221 MIRRORT3231 ——MRROR T3421 —— MIRRORT3431 ———MIRROR.T3441

43-6(1/4) Z5—BETOT74)L (Case-1:10cm A&, #HE 0° )

16
NEC

BE: REKROMERE. RE

(mm) (mm)
0.0000800 ¢ 0.0000800
0.0000700 0.0000700
0.0000600 0.0000600

0.0000500 0.0000500

0.0000400 0.0000400 z
0.0000300 0.0000300 if}ié;{i?iii

&
Z2E
0.0000200 0.0000200 i
0.0000100 0.0000100 o
0.0000000 0.0000000
-0.0000100 -0.0000100

L=7.07 cm (D=10cm), <3 nm QL=14.14 cm (D=20cm), <60 hm

NEC, 2010
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FEMEEE - Code-VIZ &K 5

L=14.14 cm (D=20cm), < 6onm

ccrtxml4l _hex_la 200mm ccr wit

Beam Intensity at Image Surface

(=)

Streal Ratio : 95.8 %
S AR B &, 2010

Dihedral Angle Offset : Otsubo et al., 2010

* Cancellation of Earth-Moon aberration
* Deform the diffraction pattern of the reflected laser beam

Uncoated 250 mm Coated 250 mm Hollow

0.25” dihedral Dihedral Angle Offset
angle

» Optimal dihedral angle for large retro
0.20 -- 0.25” (prism)

0.35” (hollow) [~300nm for
L=14cm]

10
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xEH
= SELENE-2(Z & % A m#H = EHA D #RET

=nlﬁi‘m,‘f—i * Aas/ >2000kmEEAL T LN AT, BB
AR D B—%FFand 5 —3@EE
W 7 D=17.64cm (A11) 7% LN L D=25.44cm (A1s)
Bl 8 ELD RUBEHE; — RS,
MLIOEW, B> FAOY I VR T A
—ZEf4(D=20cm, t=1cm) : 6onm(BZE ), ~100nm?( B E HZE )
FEMERE - AZHOBBINSCTES
Dihedral Angle Offset : ~300nm (0.35"” 78 O —#4; D=20cm)
BEBI L | KRETH

B HKABREIPLOWiIlliams KD HR— k Z2F T, ﬁﬁﬁ‘ ~DRE
%gg%«@%ké EHTWD, 9BICFEEZ1 252D f:ﬁﬁ)’ z
7T

# EEAIRICOWNTIE, NICT/NEFHODOSLRE (HF1.5m) EER
ta L. LLRBAIOEIRBRZEE L TV 5,
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