Rediscovery of the Lunokhod 1 Reflect !

\\hat it means on Lunar‘Rangilng Science
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Intro to APOLLO

| LO (Apache Point Observatory Lunar Laser-ranging

‘Operatlon) is a one-millimeter-capable lunar laser ranging (L
experiment using the 3.5 m telescope at Apache Point in
southern New Mexico 1P
Main goal is precision tests of gravity *

= Sf{rong equivalence principle

— time-rate-of-change of Newton’s G

— gravitdmagnetism, inverse square law, geodetic precession, etc.

Accomplish millimeter goal viaibig telescope, good atmospherie,
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The Reflector Positions

\

Three Apollo missions left
— Apollo 11: 100x 38 mm
— Apollg.A4: 100x.-38 mm
— Apollo ¥5:7300x 38 mm C
Two French-built reflectors

placed on rovers aboard the?éoviet
Luna 17 and Luna 21 landers

Lunokhod 1: 14 110 mmiCg

similar'in eross-section to thgl
arrays,
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retroreflector array ... Apollo 15
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The Lunokhod Reflectors

gular CCRs, 11 cm side length \
i , expect response equivalent to ~200 Apollo 3.8 cm CCRs
— between A11/A14 and A15
L2 was once seen to be to A15 in strength
Now L2 is 1/10t the strength of A15 ‘e

Expected L1to be comparable to L2 in strength, at be’st
— or maybe lack of return indicated.LL1 would be weaker than L2, if found
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Lunokhod 1 History
d 17 November, 1970
Operated on surface through September 1971

Parked during lunar nights; permitting ranging attempts

SOViels and French both got returns Decembqr\‘r970 during
lunar night N
— but.both failed in subsequent attempts, even after end of mission”

Americans (@at-McDonald-2:7 m) never convincingly found it

A 1976 report states that Soviets found L1 again in May 1974 |
= claimsregular obseryationsithereafter

in h’md%ﬁt, had;no char]ce of success
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Enter LRO

r Reconnaissance Orbiter ( ) helped in three ways:

" imaging (March 2010) found the rover and provided coordinates
(thanks to Mark Robinson & Jeff Plescia)

altimetry fixed the site radius (thanks to Greg Neumann)

— A CCR array on LRO prompted APOLLO to develO,g\a wide-gate
capability, making searches easier (thanks to Dave Smith & Xiaoli Sun
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+1.7349e3 LRO altimetry strips near L1 rover
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mparative Reflector Performance

Sun Angle Rate Factor A11 A14 A15 L1
at L1 (photons/shot)
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0.0894
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22°
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1.24
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32°

0.1770

1.06

3.33
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=38°

0.0864

1.12

0.56

3.32
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70

0.0116

1.19

0.61

3.20

2010-06-16

_45°

0.0426

2010-06-20

-16°

0.0077

2.34

1.88

The returh rate varies dramatically from night to night

Normalized to make A11+A14+A15 = 5.0 as per,1:1:3 ratio

Nellowsnambers — in dagight; numbers.—in the
_‘I,’I;,i,_s._,gqj‘r]. better in.the dark;ibut still usable in daylight, unlike L2

Sble e shows L1 as good as A11/A14] in dark

2010.07.21

A11

A14

A15

L1

L2

0.96

0.94

3.10

0.85

~
® .
.

0.46

NLSI Science Forum




- Good Parking

A common speculation wa
the Lunokhod 1 rover w
parked; the reflector not
earth ==

S —

If the rover azimuth were off

as much as 40°, no return wéuld
be possible
The fact that L1 is comparable to

the Apallo arrays indicates ¢
small azimuth offset |
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~ Location Determination
\

Range measurements at
allow us t
pinpoint the reflector locats

Each range measurement i
slice intersecting the moon i
“small” circle centered on thef®
sub-earth point >
For L1, the arcs cross at a
maximum of ~20°

Our observations through Jung
2040 are enough to constrain
the positidfi in‘selenographic  §
coordinates:to about
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Current Error Ellipse
|

| on a few months of
observation at a limited sampling of
librations, we have a decimeter-level
position determination |

Errorellipses are 1o, 20, 30

Lunar tidal deformation not
considered.in model for fit, so could
have 0.1 m systematic offsets, still

Best-fit position, in DE421 Principals
Axis coordinates:
oS 1734928.14
TN e .._ .. _\!‘, .‘

latitude offset (cm)

0 5
longitude offset (cm)
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Potential Impact on Science

irthest reflector from the
lunar center

Offers best leverage on libration
determination

— key for C.0.M. motion —

— also for study

Unlike Apollo reflectors, L1 (and L2)

offer latitude and longitude
libration sensitivity

More reflectors probe tidal
deformation

Reflector libration. | longitude -| latittide
sensmv sensitiv. [ sensitiv.
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ummary: Good News for LLR
| \
hod 1 is found, and good coordinates established
The reflector is in very good condition
A fifth reflector provides better probe of tidal deformatlon
L1 is particularly well-placed for libration determrnatlon
pbest lever arm

latitude .@1d longitude sensitivity.

key for translating reflector measurements into center-of-mass
measurements (thus tests ofigravity)

key for elucidating lupar interior

flectors have degraded with time; see me if
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