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A. Introduction B. Methodology C. Simulations

Lunar Laser Ranging involves precise millimeter-level tracking of | |How does tracking surface reflectors help understand interior structure? « LLR covariance matrix with 150 parameters.
five retroreflectors on the near-side lunar surface. « Fractional uncertainty from calibrated error-covariance (VCE)!"!
Monitoring the rotation of a body gives us clues to understanding its interior structure. i.e. a moon with a fluid core  Simulated data from Grasse (G), Apache Point (A) and
rotates differently from one with a solid core. Angular momentum is exchanged between the layers of the Moon as it HartRAO (S) with 1 hour per day (~10 min per normal point)
rotates and orbits around the Earth. with a precision of ~7 mm in 1-way range.
« Two new retroreflectors — near Crisium crater (upcoming CLPS
Euler-Liouville equation for (a) the Moon and (b) the fluid core : lander) and South Pole (Artemis lander).
* Degree-2 order-2 shape of the lunar CMB is assumed to be 5
d external 1, :Moment of inertia of the Moon, Moon’s core times larger than a relaxed core within a non-hydrostatic
d_t(IQ T Ica)c) +0 X (IQ T Ica)c) =T (a) Q, o, :Angular velocity of the Moon, fluid core (relative) Iithosphere [5,6]
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=] - the Artemis program will strengthen detection and reduce data span 1.0+ | | —
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< 1970 1980 1990 2000 2010 2020 * Lunar evolution: At first order, CMB equatorial ellipticity and Ekman number would help determine the cooperative agreement. The LLR (real and simulated) data were
Time [year] threshold for the development of elliptical instabilities in the lunar core. The former particularly influences the orocessed using a triaxial core model developed in the INPOP
Fig. 3: LLR post-fit residuals (1-way light time). growth rate of such instabilities — a mechanism to power lunar dynamos in the pastl®. planetary and lunar ephemerisl® and GINS software. The
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Red - Model with a spherical fluid core; core nutation (FCN) and induce a new proper mode (analogous to the Chandler Wobble). It would also help acknowledge LLR observers and their five decades of accurate
Green - Model with a triaxial fluid corel®!. confirm the current relaxed state of the lunar corels!. measurements, archived at http://polac.obspm.fr

51st Lunar and Planetary Science Conference, The Woodlands, Texas, USA — March 19t 2020; Exploring the Moon from Core to Crust X vishnu.viswanathan@nasa.gov



