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Status of the SELENE satellites

2007.09.14 Launched from Tanegashima Space Center
2007.10.31 Start acquiring 4-way Doppler data
2008.07.23 One of four reaction wheels of Main satellite failed
(AMD interval 12h — 6h)
2008.10.31 End of nominal mission
2008.12.26 Another wheel went out of order
— put into thruster control mode
2009.01.30 The last 4-way Doppler data acquisition with
3 reaction wheels turned on

2009.02.12 Rstar (relay sub-satellite) crashed into the Moon
because of its natural orbital evolution

2009.06.10 Controlled crash of the Main satellite

2009.06.29 The last tracking of Vstar (VLBI sub-satellite)



Data and analysis setting for

SELENE Gravity Model version h (SGM100h)
Tracking data

« SELENE:2007.10.20~2008.12.26 & 2009.01.30
Doppler + range (no VLBI data)
* Historical: LO I-V, A15/16ss, Clementine,
LP nominal mission, SMART-1

Setting
NASA GSFC GEODYN Il & SOLVE system

Expanded up to degree and order 100

Ephemeris: DE421

A Kaula-type constraint of 3.6x10%/n?

Solar radiation pressure model
SELENE Main: box + wing

SELENE R/Vstar and other satellites :
cannonball

 Mean arc length of Rstar = 2.6 days
« VLBI data not included

For more detail, see Matsumoto et al., JGR Planets, in press.
This model is available online at SELENE Level 2 Database.



4-way Doppler data coverage
achieved during the lifetime of Rstar

071031-090130

White solid line indicates the boundary between the near-side and the far-side
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Topography-gravity correspondence

Dirichlet-Jackson

Hertzsprung

Mendeleev

Planck
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Free air gravity anomaly differences

SGM100h-LP100K SGM100h-SGM90d

Far S|de<—|—> Near S|de

_ | — I, Gl
-300 -200 -1 00 O 1 OO 200 300 -300 -200 -100 O 1 OO 200 300
Min: -495mGal Min: -313mGal
Max: 544mGal Max: 355mGal
RMS: RMS:
near-side 46mGal near-side 43mGal
far-side 96mGal far-side 67mGal

global 76mGal global 57mGal



Gravity anomaly errors from the full covariance matrix

Max : 95 mGal
LP100K Nearside: 25 mGal

o Farside : 55 mGal

B 30°

60°

—-60 =
Far side Near side
| — ——— 1"6a
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SGM90d Max : 75 mGal _

Nearside: 20 mGal
- Farside : 33 mGal

SGM100h

Max : 62 mGal
Nearside: 26 mGal
Farside : 35 mGal



RMS degree variances

1. Abpriori constraint power error |
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10°4
i factor 3.1

RMS degree variance
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Selenopotential degree

SGM100h gives more than one order of magnitude smaller
formal errors with respect to LP100K for degrees 7-39.



Coefficient differences
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The coefficient differences agree with the formal errors within a range of
3 sigmas for n > 8, but there are larger deviations for the lower-degree
terms. In particular, discrepancies exceeding 10 sigmas occur at
degrees 2 and 3.




Low-degree coefficients

Which model is better?

Moments of inertia can be used as an index of
coefficient accuracy of J, and C.,.

Principal moments of inertia A, B, C(A<B<C)
can be calculated using gravity coefficients J,
and C,,, and libration parameters beta and
gamma which come from Lunar Laser Ranging
analysis.

This constitutes an over-determined system,
with four constraints on three parameters.

Provided that the libration parameters are
accurate enough, better J, and C,, should result
In better self-consistency.
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Four different solutions for the three principal moments of inertia.
Error bars are based on five times formal error.



Harmonic order

Contribution measures
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Correlation between gravity and topography
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Distribution of VLBI stations for SELENE
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Antenna time
allocated for
SELENE VLBI
observations in
extended mission
period (Nov. 2008 -
June 2009)

Hobart and Urumaji
stations participated in
the last international
observation in Feb.
2009, just before the
end of Rstar’s lifetime.
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Same-beam differential VLBI

¢ (Sl—SZ)(t )

Correlation phase

(PR(gl_gg)(t )' (PV(Sl_Sz)(t ) S,

R: Rstar, V: Vstar

S1,S2: VLBI stations Rstar period 4 hours

Vstar period 2.5 hours
inclination 90deg

Antenna beam

+ correlator

In the same-beam VLBI Influences of the

Rstar and Vstar are receiver, References
simultaneously observed E> atmosphere and Liu et al., IEICE, 2006

when the separation angle ionosphere are kl.iféﬁletﬁ?vsg);gesifs 2008
IS smaller than the beam nearly canceled.

width
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overlap differences [m]

2-way Doppler and range have line-of-sight sensitivity.
VLBI data add plane-of-sky sensitivity and can help to
Improve orbit determination for Rstar and Vstar.
Rstar total overlaps
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overlap differences [m]

Vstar total overlaps
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Data fit [cm]

3.6

VLBI residual levels with different data weight

VLBI data fit
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overlap differences [m]

Rstar total overlaps
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residual [m]

5cm

An example of the same-beam VLBI residuals
VLBI data Welght =1 cm, 4 VERA stations, 6 baselines
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Error spectrum of the new gravity model
which includes the S-band same-beam VLBI data
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Differences between SGM100h and
the VLBI-included model

Far sigde

Near side

j j mGal
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Farside gravity filed is affected through 4-way Doppler measurements
for which Rstar orbit serves as a reference.



Correlation
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Does VLBI model improve the
correlation with topography?
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overlap differences [m]
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Summary 1/2

Historical tracking data + SELENE range & Doppler data

— SGM100h model which is available at SELENE
Level 2 database.

Farside gravity errors are drastically reduced.

SGM100h produces a correlation with SELENE-derived
topography as high as about 0.9, through degree 70.

The gravity coefficients below degree and order 70 are
now determined by real observations with contribution
factors larger than 80 percent.



Summary 2/2

« VLBI data improve orbits of R/Vstar, and thus

Improve the gravity field, especially over the far
side.

 Orbit consistency for low lunar orbits also
Improves with this model.

* Improvements in lower degree coefficients are
modest at this moment.
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SGM100h farside

Selenoid
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Localized RMS degree variances
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Solutions without a priori constraint

RMS degree variance
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With the farside data coverage achieved, even with a small data gap still
remaining in the northern hemi-sphere, it is possible to obtain a realistic
gravity expansion up to degree and order 70 without any a priori constraint.



Elliptical signature of the South Pole-Aitken Basin

Gravity anomaly [mGal]
=
Topography [km]
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An example of time-wise data coverage of SELENE tracking data

Time—wise data coverage
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Observation mode

Same-beam  ©ld method
@S-band

Rstar

Switching

New method

Same-beam

From March 2008
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Qinghui LIU et. al
Adv. Space Res, 2007

New method:

Period of same-beam
observations
becomes long



Summary of tracking data used for SGM100h (SELENE Gravity Model)

Satellite Data type Amount  Arc length Data weight
Far side SELENE 4-way Doppler 67,786 2.33days 1mm/s
SELENE Main Doppler UDSC 1 mm/s
1,786,771 12 hours *
Doppler GN 2 mm/s
Range 62,438 5m
SELENE Rstar Doppler 159,269 2.33days 1mm/s
Range 150,470 om
SELENE Vstar Doppler 42,852 2.4days 1mm/s
Range 35,386 5Sm
Near side LO I-V Doppler 12 hours 4.5 mm/s
A15/16ss Doppler 8 hours 4.5 mm/s
Clementine Doppler 3 mm/s
2 days (Pomonkey 10
mm/s)
6,301,236
Range 4m
LP nominal mission Doppler 2 days 2 mm/s
Range 4m
SMART-1 Doppler 15 hours 10 mm/s

* 6 hours after 2009.07.23



SGM90d and SGM100h
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Far-side comparison between
SGM90d and SGM100h
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SGM90d

Namiki et al. (2009)
based on 5-month of SELENE data
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Matsumoto et al. (submitted to JGR)
based on 14-month of SELENE data
plus historical data



