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Réflecteurs lunaires de nouvelle génération:

Une application spatiale du Temps-Fréquence
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ÅLunar laser Ranging & Applications

ÅNext Generation of Lunar Laser Reflectors: Moonlight

ÅTime transfer in Lunar Orbit

Outline
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Satellite & Lunar Laser Ranging principle: ToF

Å Measurement of the time of flight of laser 

pulses:

Å Reference points:

ï Ground : the cross of the telescope axes

ï Space : the center of mass of the satellite

Measured distance: [300km ï380 000 km]

Accuracy < 10 mm

Precision ~ few mm
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Most recent LLR scientific outcomes
Å Structure Lunaire:

ï 2019:  lôaccumulation des donn®es LLR depuis plus de 50 ans a permis en 2019 de 

trancher en faveur dôun noyau liquide de 381±12 km de rayon avec une précision 

inégalée par les autres méthodes géophysiques appliquées à la Lune (Viswanathan, V., 

Rambaux, N., Fienga, A., Laskar, J. & Gastineau, M. Observational constraint on the 

radius and oblateness of the lunar core-mantle boundary. Geophys. Res. Lett. 46, 7295ï

7303 (2019))

ï 2021: Les données montrent un taux de rotation lunaire non synchrone 

supplémentaire de 1,0 ± 0,4 mas/an qui est suspecté provenir d'effets non modélisés à 

très longue période de la libration physique en longitude. (Williams, J. G., & Boggs, D. H. 

(2021). Testing the motion of lunar retroreflectors. Journal of Geophysical Research: 

Planets, 126, e2021JE006920)

ï 2023:  Mise en ®vidence dôun noyau solide dôenviron 500 km de diam¯tre, soit 

environ 15 % de la taille de la Lune. Il est compos® dôun m®tal dont la densit® est proche 

de celle du fer. Lôexistence de ce dernier a pu °tre prouv®e en combinant des donn®es 

provenant de différentes missions spatiales et celles de télémétrie laser-Lune. Briaud, A., 

Ganino, C., Fienga, A. et al. The lunar solid inner core and the mantle overturn. Nature

617, 743ï746 (2023).

Å Physique fondamentale: Relativité générale

ï 2017-2019 Invariance de Lorentz par le LLR: La qualité et la quantité de ces données 

offrent une pr®cision de 100 sup®rieure ¨ celle obtenue par dôautres m®thodes (A. 

Bourgoin et al. Lorentz Symmetry Violations from Matter-Gravity Couplings with Lunar 

Laser Ranging, Physical Review Letters (2017) - Constraining velocity-dependent 

Lorentz and violations using lunar laser ranging A Bourgoin,S Bouquillon, A Hees, C Le 

Poncin-Lafitte, QG Bailey, ... Physical Review D 103 (6), 0640552021)

ï 2023 :Nouveau test de la violation possible de l'équivalence des masses 

gravitationnelles passive et active (άὥ/άὴ), pour l'aluminium (Al) et le fer (Fe), en 

utilisant les données LLR. Une nouvelle limite de 3,9×10-14 est environ 100 fois 

meilleure que le dernier test de ce type réalisé en 1986 (Vishwa Vijay Singh, Jürgen 

Müller, Liliane Biskupek, Eva Hackmann, and Claus Lämmerzahl Phys. Rev. Lett. 131, 

021401 2023)

Å Rotation de la Terre:

ï 2022 Vishwa Vijay Singh, Liliane Biskupek, Jürgen Müller, Mingyue Zhang, Earth rotation 

parameter estimation from LLR, Advances in Space Research, Volume 70, Issue 8, 2022, 

Pages 2383-2398
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Next Generation of Lunar Laser Reflectors
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NGLR-1 Blue Ghost March 02, 2025

ÅMost precise robotic landing

ÅReflector NGLR-1: Collaboration INFN 

(Frascati, Italy), Maryland University (USA)

ÅLocalisation depuis lôObservatoire de Calern

de Blue Ghost NGLR le 03/03/2025 mars à 

11h 38 minutes et 26 secondes TU à ~90 m de 

sa position attendue
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Moonlight: MoonLIGHT (Moon Laser Instrumentation for 

General relativity/geophysics High-accuracy Tests)

Å Under the agency's "Moonlight" initiative, ESA is exploring with industry the 

necessary technical solutions along with delivery models for the provision of 

lunar telecommunication and navigation services.

Å Moonlight will be a constellation of five lunar satellites (one for high data rate 

communications and four for navigation), launched into space and carried by 

space tug from Earthôs orbit to the Moonôs. The constellation will connect to 

Earth via three dedicated ground stations, creating a data network spanning 

up to 400 000 km.

Å The MoonLIGHT retroreflector can reduce Earth-Moon laser range error 

thanks to its next-generation compact design. The single, larger reflector with 

a front face 100 mm in diameter can improve accuracy to within millimeters.
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ÅMoonLIGHT + MPaC:

ïNGLR Reflector

ïPointing Actuator (MPAc) hardware 

ÅTo the Reiner Gamma swirl on the 

Moon, with a Commercial Lunar 

Payload Service (CLPS)

ÅNASA selected a Nova-C (Intuitive 

Machines) mission for CLPS

ÅThe launch of IM-3 is expected to take 

place in first half 2026

MoonLIGHT + MPaC

Muccino, M.; Montanari, M.; Lauretani, R.; Remujo Castro, A.; Rubino, L.; Denni, U.; Rodriquez, R.; Salvatori, L.; Tibuzzi, M.; Filomena, L.; et al. 

MoonLIGHT and MPAc: The European SpaceAgencyôsNext-Generation Lunar Laser Retroreflector for NASAôsCLPS/PRISM1A (CP-11) 

Mission. Remote Sens. 2025, 17, 813. https://doi.org/10.3390/rs17050813 

MoonLIGHT

https://en.wikipedia.org/wiki/Intuitive_Machines
https://en.wikipedia.org/wiki/Commercial_Lunar_Payload_Services
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Å Commercial Lunar Communication Relay Satellite (part of 

Moonlight) 

Å Orbit delivery through NASA-led CLPS CS-3 program

Å Will perform data relay operation for the first US lander on the far 

side (LuSEENight)

Å Will host two hosted paylods:
ï A GNSS receiver

ï A radiation monitor

ï A Laser retroreflector

Å Launch: Q4 2025

Å Exploitation: Q1 2026 ïQ3 2034

Lunar Pathfinder
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New Scientific Objectives of Lunar Laser Ranging

ÅAll previous fundamental

physics tests but 10 to 100 

better !

ÅMoon-Earth binary system is

resonnant to gravitational waves

in the µHz regime
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References frames
NGLR-1 en 2025 

Millimetric performances

SLR for ITRF:

Å Soon millimetric precision

on LLR (laser update 

2025)

Å Stability < 2.5mm/year

Moon reference frame :  ME Reference 

Frame 

Å Mean direction toward the Earth for 

the X axis 

Å Mean rotation direction for the Z axis 

Å Both are directly measured by LLR

Journal of Geodesy (2019) 93:2293ï2313 

https://doi.org/10.1007/s00190-019-01307-0
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ÅMillimetric precision from target :

ïMillimetric precision from the laser: ~100ps laser 

pulse -> 10 ps + khz repetition rate

ïTime Base : New Hydrogen Maser for 2027

ïEvent Timer: Mhz sub picosecond event timer

ÅActive R&D research:

ïTiming jitter free detection by parametric down 

conversion of single photon

New Lunar targets = New Challenges @ Lunar

Laser Ranging station

MéO 2025: Laser 7ps kHz, 750kú
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Time transfer in Lunar Orbit
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Passive vs Active LRR

Measurement of the time of flight of laser pulses: 2 recorded dates

Two-way measurement: 

400km (ToF=2.7 ms) to 400 000 km 

(ToF=2.4s)

Accuracy < 10 mm

Precision ~ mm

Passive Retro-Reflector

Ὀ
ὧȢЎὝ

ς

Event 

timer
ȹT= datereturn - datestart

On ground

In space

Performances of the ground time scale required: 

Accuracy on the date: better than 100 ns /UTC

Accuracy on the clock frequency: better than ~ 

10-12

Satellite

Ground time 

scalelaser fire echo detection from

the passive-LRR

r

t
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Passive vs Active LRR 

Measurement of the time of flight of laser pulses: 3 recorded dates

Event timer

ȹT= datereturn - datestart

On ground

In space

Active Retro-Reflector

dateboard

the relative time offset 

between on-board and ground time :

Event timer

Satellite time 

scale

Ground time 

scale
laser fire echo detection

from the passive-

LRR

echo detection

from the active-

LRR

r

t

A-LRR allows single-photon dating and 

then: 

- Ground to space time-scale offset 

determination

- One-way measurement

- Ground to ground time transfer
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ÅScience and application with A-LRR

ÅTime & frequency transfer and clock

synchronization between ground & 

space

ÅInterplanetary laser ranging

ÅFundamental physics (Einsteinôs

gravitational redshift, Time variations 

of fundamental constants,Dark matter

searches)

ÅChronometric geodesy

ÅLaser communication and Quantum 

communication

ÅNavigation

Active Laser Retro-Reflector & Transponder

Past :

- LASSO (1989-1992) 2way asynchronous

- Messenger (2005) 2x1way asynchronous

- MOLA-MGS (2005) 1way

- LRO (2009-2014) 1way

- T2L2 (2008-2018) 2way asynchronous

- Hayabusa2 (2015;2020) 1way ; 2x 1way synchronous

On-going :

- CSS-LTT (2022, underway) 2way asynchronous

- ACES-ELT (2025) 2way asynchronous

- DRO-A (2025) 

Up-coming:

- GALA-JUICE (2026)

- NovaMoon-Argonaut (2031)
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Outputs from past experience: CNES-T2L2

Performances obtained: 

- 10 ps stability @ 1000 s  for Ground-Space & Ground-Ground time transfer

- Uncertainty below 150 ps [E. Samain et al., 2015, Metrologia]

- Agreement between T2L2 and GPS-CV better than 240 ps [P. Exertier et al. 

2016, Metrologia]

- Agreement between T2L2 and IPPP in cv with a standard deviation below 100 

ps [J. Leute et al. 2018]

- Agreement between T2L2 and GPS PPP in non cv at 1 ns level [E. Samain et 

al., 2018] 

- Impact of the radiation (SAA) on the USO frequency behaviour [A. Belli et al., 

Advanced in spaces research, 2015]
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NASA-LRO description

Active-LRR:
The Earth uplink signal is detected by the 

LR telescope mounted on the HGA, and 

sent to LOLA channel 1 for processing via 

the fiber optic bundle

Real-time LOLA receive signal count website seen at 

the ground station during operation. 

LRO
Laser Station


