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Asymmetric impacting on the Moon and its dependence on Asymmetric impacting on the Moon and its dependence on debiaseddebiased NEA modelsNEA models
Takashi Ito (Takashi Ito (CfCACfCA, National Astronomical Observatory, Tokyo, Japan), , National Astronomical Observatory, Tokyo, Japan), RenuRenu MalhotraMalhotra (LPL, The University of Arizona, Tucson, AZ)(LPL, The University of Arizona, Tucson, AZ)

Motivation: Rayed crater distribution on the MoonMotivation: Rayed crater distribution on the Moon Numerical integration [1]: Initial conditions and methodNumerical integration [1]: Initial conditions and method
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Apparent change of craterApparent change of crater
density on leading/trailingdensity on leading/trailing
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Horizontal shift of Horizontal shift of NN--DD relationrelation

Vertical shift of Vertical shift of NN--DD relationrelation
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ConclusionConclusion
Both Both debiaseddebiased models (A,B)models (A,B)
yield similar results in termsyield similar results in terms
of the of the crateringcratering asymmetryasymmetry
Weaker asymmetry than theWeaker asymmetry than the
actual rayed crater record,actual rayed crater record,
implying the existence ofimplying the existence of
more "slower" objectsmore "slower" objects
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Potential constraints onPotential constraints on
the origin of the projectilesthe origin of the projectiles

Morota & Furumoto (2003)
Bottke’s debiased model (2002)

Morbidelli’s debiased model (2006)
“Raw” NEAs  

Synchronized rotational &Synchronized rotational &
orbital motion of satellitesorbital motion of satellites
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Typically observed onTypically observed on
Galilean satellites of JupiterGalilean satellites of Jupiter
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apexapex

vvorbitorbitvvrelativerelative

< ~1 < ~1 GyrGyr

(1:1 commensurability)(1:1 commensurability)

Clementine 750nm Clementine 750nm basemapbasemap imagesimages

apexapex

DD > 5 km> 5 km

antapexantapex

re
la

tiv
e 

cr
at

er
 d

en
si

ty
re

la
tiv

e 
cr

at
er

 d
en

si
ty

1.01.0

1.21.2

1.41.4

1.61.6

1.81.8

2.02.0

Small Small vvrelativerelative

Strong asymmetryStrong asymmetry

(vs. (vs. vvorbitorbit ))

Large Large vvrelativerelative

Weak asymmetryWeak asymmetry

This poster This poster -- Confirmation ofConfirmation of
the lunar crater asymmetrythe lunar crater asymmetry
by numerical integrationsby numerical integrations

w/ w/ debiaseddebiased NEA populationsNEA populations
w/ steadyw/ steady--state NEA modelstate NEA model

See Ito & See Ito & MalhotraMalhotra (2006, (2006, Adv. Space Res.,Adv. Space Res.,
3838, 817, 817--825; 2010, 825; 2010, Astron. Astron. AstrophysAstrophys.,.,
519519, A63) for more detail, A63) for more detail
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SteadySteady--state NEA modelstate NEA model
In many previous studiesIn many previous studies

NNparticleparticle just decreasesjust decreases
vvimpactimpact distribution changesdistribution changes

along with orbit distribution changealong with orbit distribution change

NEA flux ~ constant over 3 NEA flux ~ constant over 3 GyrGyr
From lunar crater recordFrom lunar crater record
Constant supply of particlesConstant supply of particles

SteadySteady--state NEA fluxstate NEA flux
in numerical modelin numerical model
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Raw Raw NEAsNEAs have lower have lower vvimpactimpact
-- but still not consistentbut still not consistent
with the rayed crater recordwith the rayed crater record

Rayed crater data should beRayed crater data should be
updated (updated (KaguyaKaguya, ...), as, ...), as
well as the NEA orbital well as the NEA orbital disdis--
tributiontribution (Pan(Pan--STARRS, ...)STARRS, ...)

Also checkAlso check: Gallant : Gallant et al.et al. (2010, (2010, IcarusIcarus, , 202202,,
371371--382), Le 382), Le FeuvreFeuvre & & WieczorekWieczorek (2008, (2008, IcarusIcarus,,
197197, 291, 291--306), Werner & 306), Werner & MedvedevMedvedev (2010,(2010,
Earth Planet. Sci. Earth Planet. Sci. LettLett.,., 295295, 147, 147--158, 2010)158, 2010)
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