7.2 Lunar Laser Ranging

7.2.1 Introduction

Lunar laser ranging (LLR) continues to be a modern and exotic form of astrometry.  It accurately measures the round-trip travel time for a laser pulse that is emitted from an observing station on the Earth and returns, after being reflected off of a retroreflector array on the surface of the Moon.  The analysis of this constantly changing distance, using several observatories on the Earth and several retroreflectors on the Moon, provides for a diversity of terrestrial, lunar, solar system, and relativistic science [Bender, et al 1973; Mulholland, 1980; Dickey, et al 1994].  But, even after almost 35 years of routine operation, LLR is still a non-trivial and technically challenging task.  Signal loss, caused mainly caused by the inverse 4th power of the Earth-Moon distance but also the result of optical and electronic inefficiencies in the observing equipment, requires the detection of single photoelectron events.  With the present laser firing rate of 10 hertz, at a station like the MLRS, fewer than 25 photoelectrons/minute are routinely detected.  Timing precision is measured in ten’s of picoseconds with the total range accuracy being about an order of magnitude larger.  Were the moon to be just 25% farther from the Earth than it is, this experiment probably could not be performed with present equipment.  It is quite exciting to realize that it is more than a trillion times more difficult to range to the Moon than it is to range to Topex-Poseidon.  Even though there are several tens of highly efficient artificial satellite ranging stations around the world, only two of them have the capability of ranging to the Moon.  One of them is located in the United States, at McDonald Observatory.  The other is in the south of France, near Nice, at the Observatoire de la Cote d’Azur.  A third station, the MLRO, in Matera, Italy is on the verge of becoming operational.

The data that is gathered by the LLR stations form a foundation upon which a large number of astronomical disciplines rely.  They provide a valuable multi-disciplinary analytical tool, the benefits of which are registered in such areas as the solid Earth sciences, geodesy and geodynamics, Solar System ephemerides, terrestrial and celestial fundamental reference frames, lunar physics, general relativity and gravitational theory.  They contribute to our knowledge of the precession of the Earth’s spin axis, the 18.6 year lunar induced nutation, polar motion and Earth rotation, the determination of the Earth’s obliquity to the ecliptic, the intersection of the celestial equator and the ecliptic (the equinox), lunar and solar solid body tides, lunar tidal deceleration, lunar physical and free librations, as well as energy dissipation in the lunar interior.  They determine Earth station and lunar surface retroreflector location and motion, the Earth-Moon mass ratio, lunar and terrestrial gravity harmonics and Love numbers, relativistic geodesic precession and the strong equivalence principle of general relativity.
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