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Introduction

POLAC is settled in the department of fundamental astronomy at Paris Observatory (DANOF) and works in cooperation with the LLR team of CERGA at Grasse, France. Its main goals are: to improve the analytical solutions of the orbital and rotational motions of the Moon, to determine the orientation of the dynamical frame and to produce universal time and variation of latitude series (UT0-UTC and VOL).

Background
For many years our team has been involved in celestial mechanics studies, especially in the development of analytical solutions of lunar and planetary motions in view of the publication of solar system bodies ephemerides. Since 1997, we cooperate with IERS in the determination of the dynamical celestial reference frame, and we now produce Earth rotation parameters.

Facilities

The computing equipment consists of individual microcomputers connected to the DANOF local network (UNIX system), the whole of the computer background being managed by the data processing department of Paris Observatory. The two operational LLR stations,  Grasse (France) and McDonald (Texas), send us directly their observations by e-mail.

Activities

Two kinds of analyses
· Global analyses of all the observations available since January 1972. They have allowed to fit several parameters of the lunar motions (including the tidal secular acceleration, parameters of the free libration, and parameters of the Earth-Moon barycenter motion), and the orientation parameters of the mean ecliptic of J2000.0 with respect to the mean Celestial Ephemeris Pole (MCEP) of J2000.0 and to the International Celestial Reference System (ICRS);

· Nightly analyses, using the results of the global analyses, for the determination of Earth orientation parameters. Values of UT0-UTC and VOL (variation of latitude) have been estimated since January 1995 using the observations of the two active LLR stations: McDonald (MLRS2) and Grasse (CERGA). 

The new Moon solution S2000

The previous solution, called here S1998, was ELP2000-96 that resulted from the improved analytical theory ELP2000-82B plus numerical complements (Chapront & Chapront-Touzé, 1997). The adopted solution of the libration was Moons' theory (1982, 1984) with analytical and numerical complements (Chapront et al., 1999a). 

On these bases, a new analysis has been performed using the LLR observations of McDonald and Grasse until 2000 with several improvements in the lunar ephemeredes (circulation and libration) and in the numerical precision of the model. In this new solution, called S2000, we have also introduced other changes such as the nutation model of the IERS Conventions 1996 instead of ZMOA 90 and a new distribution of the weights for the observations.

For both solutions S1998 and S2000, we used the method described in (Chapront et al., 1999b).

In Table 1 we put in evidence quantitatively the increase of precision on the residuals (RMS on the distance Station-Reflector). Clearly, in each group,  the recent observations have a greater weight than the oldest one. Hence the unknowns are sensibly determined with a better accuracy.

See file :   Chapront_7_tab_1.ps

In order to appreciate the global gain of precision of our new solution S2000 compared to S1998, we show the residuals in distance O – C for the observations made at Grasse between 1987 and 2000 with S2000 on Fig.1a and with S1998 on Fig.1b. We note for S2000 dispersion less important on the whole interval and a better fit for the two last years (in case of S1998 the solution was extrapolated). A comparable statement can be done with the observations made at McDonald.

See files :   Chapront_7_fig_1a.ps  and  Chapront_7_fig_1b.ps

Results of the global analyses: orientation of reference systems
We give here the last results obtained for the orientation of the inertial mean ecliptic of J2000.0 with respect to the frame tied to the mean Celestial Ephemeris Pole of J2000.0 (MCEP) and to the International Celestial Reference System (ICRS). 

The errors represent the formal uncertainties resulting from the least square adjustment. Realistic uncertainties can be estimated between five and ten times these values.
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Results of analyses by night : Earth orientation parameters  UT0-UTC and VOL.

These results are based on the analysis of a set of 3625 LLR observations (normal points) from Grasse (CERGA) and 1831 observations from McDonald (MLRS2) covering the time span from January 1995 till December 2000. The couples of values (UT0-UTC, VOL) are determined by station and by reflector for the mean date of each night of observation. Appolo 15 is the reflector that contributes for the major part to the determination. We have rejected the nights/reflector with less than 4 observations and those with just 4 observations over a span shorter than 1.5 hour. 

Over the time span 1995-2000, 460 values of (UT0-UTC, VOL) have been produced, 282 values from CERGA observations and 178 values from MLRS2 observations. Fig.2 shows the differences between the UT1-UTC deduced from POLAC values (UT0-UTC, VOL) and those edited by IERS (EOP Series C04). Over this time span, the RMS of the differences is 0.099ms for the CERGA observations and 0.115 ms for the MLRS2 observations. 

See file :   Chapront_7_fig_2.ps
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Futur Plans

We shall continue to develop the lunar solution and to produce regularly values of UT0‑UTC and VOL. We plan to introduce new improvements concerning the earth tides, and positions and motions of the LLR stations.










