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INTERNATIONAL/PRIVATE-PUBLIC MULTI-MISSION PAYLOAD
AGREEMENTS FOR NEW-GENERATION LUNAR LASER RETROREFLECTORS

Since the 1970 LLR to the CCRs supplied almost all significant tests of General Relativity. In the 1970s Apollo LLR arrays contributed to a negligible fraction of the ranging error budget. Now
because of the lunar librations and the improvement of ground stations, Apollo CCR arrays dominate the error budget. To overcome this limitation, the SCF _Lab (at INFN-Frascati) and the
University of Maryland (Pl of Apollo reflectors) have developed new type of CCR: MoonLIGHT-2, a single, large retroreflector unaffected by librations, thus improving the space segment
contribution to the overall accuracy of GR tests with respect to old Apollo/Lunokohd arrays. Before launches in the the framework of the GLXP INFN is characterizing the thermal behavior and
the optical properties of the payload at the SCF _Lab and also studying the expected GR test improvement with the PEP SW in collaboration with the CfA. INFN-Padova works at ASI-MLRO on
improved ground station instrumentation for LLR measurements ond instrument installations. MoonLIGHT is also proposed for the Resource Prospector mission in formulation within NASA.

In addition, INRRI is an INFN project for a new type of miniaturized CCR array designed to use lander or rover on the Moon and other rocky solar system bodies as long time fixed point for
geodesy and GR tests. INRRI has been qualified for ESA ExoMars EDM mission. Using the PEP SW INFN is studying the expected improvement in GR tests using Mars as a test body and a
network of INRRIs. The latter is approved for two other Martian missions (NASA Mars 2020 Rover & InSight 2018 lander) and proposed for CNSA’s Chang’E-4 (far side) and for GLXP missions.
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1) Quasi-static load and ‘peel’ test on each CCR

3) Dynamic load (at SERMS s.r.l.)
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Sine/random environment:

* Shock along the three axes (sine/random) with
vibration characteristics determined by Proton Rocket.

Pyroshock test:

* Reproduction of rocket stage

separations.

 Limit characteristics determined
by mission profile.
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* Phoenix

e Viking 1/2

* Curiosity
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® Opportunity

Preliminary results

Time variation of Gravitational constant X5.6 X334

Parametrized Post-Newtonian [3 xX2.4 X9.9

Paper published on international peer review journal:
* Journal of Applied Mathematics and Physics, 2015, 3, 218-227, “Advanced Laser Retroreflectors for Astrophysics and Space of General Relativity” [submitted]
* MetroAerospace 2015 (Benevento 2015), “Laser ranging positioning metrology for Galileo and the Moon”, DOl of Mars”
* "INRRI-EDM/2016: the first laser retroreflector on the surface of Mars" for Advances in Space ResearchAdvances in Space 10.1109/MetroAeroSpace.2015.7180630

Science”

Research, 2017, Vol. 59, 645-655

Paper submitted on international peer review journal:

* “Test of General Relativity using Lunar Laser Ranging Data and the Planetary Ephemeris” [to be submitted]

* Vulcano Workshop 2016, “Gravity Session”, “Experimental gravity tests in the solar system”

PUBLICATIONS

* “Fourteenth Marcel Grossmann Meeting” (Rome 2015), “Next-generation Laser Retroreflectors for Precision Tests

* AOGS 2015 in Singapore 06/2015. title: “Next-Generation Laser Retroreflectors for Lunar Science and Exploration”

* Congresso Nazionale di Scienze Planetarie, Bornio 02/2016. “INRRI-EDM/2016: the first laser retroreflector on the surface

* 19th International Workshop on Laser Ranging 2014 (Annapolis, USA), “Test of general relativity using lunar laser ranging Posters:
* LNF Mini-Workshop Series: Fundamental and Quantum Physics with Lasers , Frascati 2014, title: “SCF_Lab: TEST OF

data and the planetary ephemeris program (PEP)”

* International Conference on Space Optics 2014 (Tenerife, Spain), Next-Generation Laser Retroreflectors for GNSS, Solar
System Exploration, Geodesy, Gravitational Physics and Earth Observation

GENERAL RELATIVITY USING LUNAR LASER RANGING DATA AND THE PLANETARY EPHEMERIS PROGRAM”
* ASI, Workshop Componentistica 01/2016. title:” INRRI-EDM/2016: The first laser retroreflector payload on Mars”

AMO = Air Mass 0
APOLLO = Apache Point Observatory Lunar Laser ranging Operation

ASI =

Agenzia Spaziale Italiana

CCR = Cube Corner Retroflector
CfA = Center for Astrophysics

FFDP = Far Field Diffraction Pattern
GLXP = Google Lunar X Prize

GR =

General Relativity

ILRS = International Laser Ranging Service

IR = InfraRed

INFN = Istituto Nazionale di Fisica Nucleare

INRRI = INstrument for landing-Roving laser ranging/altimetry Retroreflector
Investigations

LLR = Lunar Laser Ranging

MLRO = Matera Laser Ranging Observatory

PEP = Planetary Ephemeris Program

SERMS = Studio degli Effetti delle Radiazioni sui Materiali per lo Spazio
SCF/SCF-G= Satellite/lunar/GNSS laser ranging/altimetry and Cube/microsat
Characterization Facilities / SCF Galileo optimized

SCF_Lab = Satellite/lunar/GNSS laser ranging/altimetry and Cube/microsat
Characterization Facilities Laboratory

MoonLIGHT = Moon Laser Instrumentation for General relativity High-accuracy Tests

The MoonLIGHT-2 Collaboration.
MoonLIGHT-2 is an approved experiment of INFN-CSN2
(Commissione Scientifica Nazionale n. 2)

Poster Authors: SCF_Lab Research Group:
http://www.Inf.infn.it/esforimenti/etrusco/




