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Introduction:  Precise measurements of gravity 

and rotation of planets as well as seismic measurement 
are important for the discussion on their deep interior. 
The Moon revolves around the Earth once in a month 
synchronously with its rotation.  It is tidally deformed 
by the Earth, which would excite irregular motion of 
the lunar rotation with small amplitude, which is called 
forced librations.  Additionally, free libration is excited 
by impacts, liquid core, and orbital resonance.  Dissi-
pation of the libration terms of lunar rotation may de-
pend on the interior structure of the Moon, especially 
the state of the core and lower mantle [1, 2].  Effect of 
tidal deformation can be detected by low-degree gravi-
ty change, although surface height change is as small 
as 10cm.    Long-term (> a few months) gravity meas-
urements can provide information of the lunar tidal 
deformation. One important scale of tidal deformation 
is degree 2 potential Love number k2, which could 
constrain the state of the core (solid or liquid) and vis-
cosity of the lower mantle of the Moon [3].   
 
    VLBI gravity measurement:   In KAGUYA 
(SELENE) mission, multi-frequency differential VLBI 
observations (S/X bands) are used for the precise de-
termination of orbits of satellites leading to increase in 
the accuracy of lunar gravity field [4].  However, the 
accuracy of low-order gravity and its change are lim-
ited.  The same-beam VLBI observation is only possi-
ble when the separation angle between the two radio 
sources is smaller than the beamwidth of the ground 
antennas. The relatively large shape of Rstar’s orbit 
(100 km x 2400 km) did not allow the same-beam ob-
servation all the time. 
   SELENE-2 is planed as a follow-on mission of 
KAGUYA. The spacecraft is to be launched in 2010's. 
SELENE-2 lands on the nearside of the Moon and in-
vestigates the surface and the interior of the moon.  In 
SELENE-2 mission, we will have VLBI radio (VRAD) 
sources both in the lander and the orbiter.  Vstar-like 
orbit (100 km x 800 km) will almost always keep the 
separation angle smaller than the S-band beamwidth of 
domestic VERA stations since one of the radio sources 
is fixed on the near-side lunar surface.   Also, for con-
tinuous tracking of the orbiter both by S and X bands, 
we started development of two-beam S/X receivers 
which will allow larger separation angle between radi-
osources. 

  The k2 is sensitive to the state of deep interior.  When 
the core radius is 350 km, k2 changes by about 5% be-
tween liquid and solid cores.  Using same-beam (or 
two-beam) multi-frequency VLBI observation of , we 
will determine orbits of the orbiter precisely, measure 
low-order gravity changes, and estimate k2 with uncer-
tainty below 1%.  If the core size is constrained by 
SELENE-2 seismometer, contributions of lower man-
tle and core on k2 would separated. 
 
    LLR:  We also propose a Lunar Laser Ranging 
(LLR) reflector on SELENE-2 lander.  Instead of con-
ventional corner cube reflector (CCR) array, we plan a 
larger single reflector in SELENE-2.  The new reflec-
tor should be somewhere in the southern hemisphere 
on the nearside Moon. With pre-existed reflectors, 
latitudinal component of lunar libration and its dissipa-
tion can be measured precisely.  The dissipation be-
tween the solid mantle and a fluid core was discussed.  
LLR observation has also provided information of 
moment of inertia and tidal Love number of the Moon.  
However, among LLR parameters, k2 and core oblate-
ness is coupled.  Once k2 is fixed, we can determine 
core oblateness, which would also constrain the core 
and lower mantle states. 
 
   ILOM (In-situ Lunar Orientation Measurement) 
 The ILOM is an experiment to measure the lunar 
physical librations on the Moon with a star-tracking 
small telescope [2].  Since observation of ILOM is 
independent of the distance between the Earth and the 
Moon, the effect of orbital motion is clearly separated 
from the observed data of lunar rotation.  This is the 
advantage of ILOM over the ground-based methods 
such as LLR and VLBI.  The crucial issue that should 
be overcome is the survival of lunar night and thermal 
effect of solar illumination on the zenith tube. 
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