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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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SELENE-2f85 #THLLRAX 5K
(CCR)

RESGAT  ECITREBEIRNEMN?

BAT D B—RFHTLAN?  TURLAKRO—H?
KEX: 7/RO1,15& Y BROFWLEHD

BiE: REGKOMEEM. BREFM. EHEFR

FFMERE ¢ Code-VIZ & B 1&ET

Dihedral Angle Offset : Otsubo et al., 2010

S MIEFFEND HEE
ECIZHBBIAREN? 190/ HRX- 2

: Data Contribution (~77%) 9*;'-(0) #?% " '{k E.E‘:
#ZEARE (EEEAE) [mas]

— 1.0+1.6
4.1+1.8
—26.7¢5.9

At ( 206)
At ( 365)
At (1095)

BEAMR [mas]
Ao (27.6) 7.5+1.0
Ao ( cnst) = — 264+5.0

(Williams et al., 2001)

MEBERED,D: |
ALSIMNSTEHRBENT=
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Schickard Tycho(43.4S5,11.1W)
(44.3S, 55.3W)
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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)

CCREMMTEE
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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ELID & &5 (Electroforming) : KZM L=, HHF

ELID (Electrolytic Inprocess Dressing) |k
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Example of finished sample
of Stainless Steel for Master

BiE . REMERCCRDEHEF

D=20cm (L = 14.14 cm),

t=1cm, “Cu” '
R 1 pmBl R Gtz hig)
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BiE : RFEROMEEE. /REWM()

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: REROmMERE. 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 & 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 &, 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]
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