arXiv:gr-qc/0607031 v1 7 Jul 2006

The impact of the errors in the inclinations on the recent LAGEOS-LAGEOS II Lense- Thirring test

Lorenzo Iorio Viale Unità di Italia 68, 70125 Bari, Italy tel./fax 0039 080 5443144 e-mail: lorenzo.iorio@libero.it

Abstract

The latest test of the general relativistic gravitomagnetic Lense- Thirring effect in the gravitational field of the Earth was performed by analyzing a suitable linear combination of the nodes Ω of the LAGEOS and LAGEOS II satellites. In this note we show that the errors in their inclinations i, assumed to be 0.5 milliarcseconds, couple with the classical even zonal node precessions yielding a further contribution of 9% to the total error budget. This bias must be added to all the previously obtained estimates which mainly accounted for the impact of the even zonal harmonics J_ℓ and their secular variations J̇_ℓ only. In the most optimistic case, the total error now amounts to 19%, while, in more conservative scenarios, it gets close to about 30%.

Keywords: general relativity; Lense-Thirring effect; LAGEOS satellites; inclination

1 Introduction

The latest test (Ciufolini and Pavlis 2004) of the Lense-Thirring effect (Lense and Thirring 1918) recently performed in the Earth’s gravitational field by analyzing the laser-ranging data to the LAGEOS and LAGEOS II satellites, whose orbital parameters are listed in Table 1, raised a lively debate on the realistic total accuracy reached. Ciufolini and Pavlis (2004) claimed a total 5% error at 1-sigma, while Iorio (2005; 2006) argued that it maybe of the order of 15-20%.

The adopted observable is the following combination of the residuals δΩ̇_{obs} of the rates of the nodes^1 of LAGEOS and LAGEOS II (Iorio and

1The idea of using only the nodes of the LAGEOS satellites to de-couple the Lense-

Table 1: Orbital parameters of the existing LAGEOS and LAGEOS II satellites and their Lense-Thirring node precessions. The semimajor axes a are in km, the eccentricities e are adimensional, the inclinations to the Earth’s equator i are in deg and the relativistic precessions are in milliarcseconds per year (mas yr^{−1}).

Satellite a (km) e i (deg) Ω̇_{LT} (mas yr^{−1}) LAGEOS 12270 0.0045 110 31 LAGEOS II 12163 0.0135 52.64 31.5

Morea 2004) δΩ̇^{LAGEOS} obs + c_1δΩ̇^{LAGEOS II} obs ∼ μ_{LT}S_{LT}, (1)

where c_1 ∼ 0.546, S_{LT} = 48.1 mas yr^{−1} is the slope of the secular trend according to general relativity, and μ_{LT} is equal to 1 in Einsteinian theory and 0 in Newtonian mechanics. The combination of eq. (1) has been built up in order to cancel out the first even zonal harmonic coefficient J_2 of the multipolar expansion of the Newtonian part of the terrestrial gravitational potential, along with its time-varying part which also includes its secular variations J̇_2. Up to now, the controversy about the total error budget was mainly focused on the reliable evaluation of the impact of the remaining uncancelled higher-degree even zonal harmonics J_4, J_6, ... along with their secular variations J̇_4, J̇_6 (Ciufolini and Pavlis 2005; Iorio 2005; 2006; Lucchesi 2005).

2 The impact of the errors in the inclination

Another source of systematic error which was always neglected in the previously cited works is given by the cross-coupling between the classical precessions due to the even zonal harmonics and the uncertainties in our knowledge of the satellites’ inclinations (Ciufolini et al. 1997). For the sake of clarity, let us focus on J_2: the classical node precession induced by it is

Ω̇_{J2} = −3 2 ( R a )_2 n cos iJ_2 (1 − e^2)^2

, (2)

Thirring effect from J2 was proposed in Ries et al. (2003) in the context of the expected improvements in our knowledge of the Earth’s gravity field from the dedicated GRACE mission. The linear combination approach was adopted for the first time by Ciufolini (1996) for his early, less precise tests with the nodes of the LAGEOS satellites and the perigee of LAGEOS II (Ciufolini et al. 1998).

where n = √ GM/a^3 is the Keplerian mean motion and R is the Earth’s mean equatorial radius. The node orbital residuals δΩ̇_{obs} account not only for the mismodelling in J_2, whose cancellation is the goal of eq. (1), but also for the uncertainty in i which yields

δΩ̇_i ≡

∂Ω̇_{J2} ∂i δi = 3 2 ( R a )_2 n sin iJ_2 (1 − e^2)^2 δi. (3) The mismodelled precessions of eq. (3) are not cancelled out by the combination of eq. (1). The total error is, thus, conservatively evaluated as δμ_i ≤ | |δΩ̇^{LAGEOS} i | | + | |c1δΩ̇^{LAGEOS II} i | | . (4)

By assuming δi_{obs} ∼ δr_{obs}/a = 0.5 mas with δr_{obs} ∼ 3 cm (in root-mean-square sense) for both the LAGEOS satellites, a bias of 4.5 mas yr^{−1} is obtained from eq. (4) at 1-sigma level. It amounts to about^2 9% of the Lense-Thirring effect.

3 Conclusions

This further contribution to the total error budget must be added to all the previous estimates which accounted only for the impact of δJ̇_ℓ and/or δJ_ℓ, ℓ = 4, 6, ... (Ciufolini and Pavlis 2005; Iorio 2005; 2006; Lucchesi 2005). In the most favorable case, i.e. a ∼10% gravitational bias mainly due to δJ_ℓ only (Ciufolini and Pavlis 2005; Lucchesi 2005), the total systematic error becomes, thus, 19%. If, instead, the estimates by Iorio (2006) of the gravitational error are used, which emphasize the impact of δJ̇_ℓ, the total systematic error becomes close to 30%.

Acknowledgments

I gratefully thank D Lucchesi for helpful discussions about the inclinations of the LAGEOS satellites.

References

Ciufolini I 1996 Il Nuovo Cimento A 109 1709

2If, instead, a root-sum-square calculation is performed, δμi = √( δΩ̇^{LAGEOS} i )_2 + ( c1δΩ̇^{LAGEOS II} i )_2

amounts to 6% of the Lense-Thirring effect.

Ciufolini I, Chieppa F, Lucchesi D, Vespe F 1997 Class. Quantum Grav. 14 2701 Ciufolini I, Pavlis EC, Chieppa F, Fernandes-Vieira E, Pérez- Mercader J 1998 Science 279 2100 Ciufolini I and Pavlis E C 2004 Nature 431 958 Ciufolini I and Pavlis E C 2005 N. Astron. 10 636 Iorio L 2005 N. Astron. 10 603 Iorio L 2006 J. of Geodesy 80 128 Iorio L and Morea A 2004 Gen. Rel. Grav. 36 1321 Lense J and Thirring H 1918 Phys. Z. 19 156 translated and discussed by Mashhoon B, Hehl F W and Theiss D S 1984 Gen. Relativ. Grav. 16 711 reprinted in: 2003 Nonlinear Gravitodynamics ed Ruffini R J and Sigismondi C (Singapore: World Scientific) pp 349–388 Lucchesi D 2005 Int. J. Mod. Phys. D 14 1989 Ries J C, Eanes R J, Tapley B D, Peterson G E 2003 in: Proc. 13th Int. Laser Ranging Workshop, NASA CP 2003-212248 ed Noomen R, Klosko S, Noll C, Pearlman M (NASA Goddard, Greenbelt) http://cddisa.gsfc.nasa.gov/lw13/lw proceedings.html#science