TJARRZAERAD HER
fIEOLEL—2

FMAfFER
REITIEKE

R.A. Craddock/Icarus 211 (2011) 1150-1161

Landis 2002, 2009

Tidal forces strip a moon from an
asteroid during close passage of Mars
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Mean orbital elements referred to the local Laplace planes

Epoch 1950 Jan. 1.00 TT
Solution: MAROSO

EIRICEFLY RHELLY

Sat.

Phobos

a
(km)
9376. 0.0151 150.057 91.05
Deimos 23458. 0.0002 260.729 325.329 1.788

S

n P P,
(deg/day)  (days)  (yr)
7.784 1128.8447569 0.3189 1.1316 22617 317.671 52.893 0.009 5
4525 285.1618790 1.2624 27.3703 54.5367 316.657 53.529 0.889 5

RA.
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[
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1.075

deg)

|

Semi-major Axis (mean valuw

a http://ssd.jpl.nasa.gov/?sat_elem
e Eccentricity (mean value)

w  Argument of periapsis (mean value)

M  Mean anomaly (mean value)

i Inclination with respect to the reference plane: ecliptic, ICRF, or local Laplace (mean value)

node Longitude of the ascending node (mean value) measured from the node of the reference plane on the ICRF equator

n Longitude rate (mean value)

P Sidereal period (mean value)
Argument of periapsis precession period (mean value)

P,,,4. Longitude of the ascending node precession period (mean value)

Martian System

Sat. GM Mean radius | Mean density Magnitude Geometric
(km3/sec?2) (km) (g/cm3) VoorR Albedo

Phobos | 0.0007112+0.0000010 | [4] | 11.1+0.15 | [5]1| 1.872+0.076 114+0.2|[6]1]10.071+0.012 | [6]

Deimos | 0.0000985+0.0000024 | [4] | 6.2+0.18 | [5]| 1.471+0.166|12.45+0.05|[6]]0.068+0.007 | [7]

http://ssd.jpl.nasa.gov/?sat_phys_par
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Table 1 Shape (best-fit

ellipsoid), volume, mass and Phobos Deimos

density of Phobos and Deimos,

from (1) Willner et al. (2010), Radius (in km) 13.0 x 11.39 x9.07 (1) 7.5x6.1 x5.2(3)
(2) Rosenblatt et al. (2008), 3)  volume (in km3) 5748 + / — 190 (1) 1017 + / — 130 (3)

Thomas (1993), (4) Jacobson

: 16 _ _
(2010, (5) This study Mass (in 1010 kg)  1.06 + / —0.03 (2) 0.151 + / — 0.003 (4)

Density (in g/cm>) 1.85+ / — 0.07 (5) 1.48 4/ —0.22(5)

Rosenblatt (2011)

Fig. 1 Recent images of the Martian moons from current Mars orbiting spacecraft. (1a) Phobos from
Mars Express High Stereoscopic Resolution Camera (courtesy DLR/ESA); (1b) Phobos and (1¢) Deimos
from Mars Reconnaissance Orbiter High-Resolution Imaging Science Experiment (Thomas et al. 2010)
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Figure 3 | The compositional mass distribution throughout the asteroid by a letter in the key. The horizontal line at 10'® kg is the limit of the work from

belt out to the Trojans. The grey background is the total mass within each the 1980s>*°. The upper portion of the plot remains consistent with that work,
0.02-AU bin. Each colour represents a unique spectral class of asteroid, denoted ~ but immense detail is now revealed at the lower mass range'”.
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[Murchie & Erard 1996]
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[Giuranna et. al. 2011]

» Mars Reconnaissance Orbiter{& &k D CRISM(The Compact
Reconnaissance Imaging Spectrometer for Mars)D-7T—42Tl&. 7+
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[Fraeman+2013]
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FIELFEATEL

DA T—2TIL, D&,
[Pajola+2014]

8



MR RITER - R

= K f#73e
RERIIMHKRDLIIZHERENKEZLD T, 7€k
DEXRERIIH--EEZEZLDNBERTHS,

Dones & Tremaine 1993

KEREDIL—32Z2RTEEXERNH-DIXEALH,

iRk &R

- BERIL—E&KY, BELEHETS

FEDBRBIZH-T-ELHERETN S,

- FEAIL—ZL. BELLTESZR

iz h ot =moonlets HS N E ) HEA4

;JJ»J:OT*E'»E-FL&T-W&M.\*)
%o

. Y
g ¥ Lo r o, 4 "..
dd k 2 11 Fgl A double, blq impact crater located a 405N2225E rth or Archeon
ra oc e. Althou gh the origin f h ll iptic l impact craters on Mars is uncertain,
Ch pp l ow an d Herrick (2008) determine d that h f these par lar
is bes pl ned by the impac f f rmer M orbit gg moonlet.
tim d Phob

P llymay uch moonlet wemorb
d eimos are the only two surviving objec



Spy . BUEOMIERH
Fq ﬁ W %*E Eﬁ - zsenblatt & Charnoz (2012)
ILLVSELVRochefR5R=2.5R,,, . CHITA) A NEMAREE RS,

- RREIMAE
> TE2Y2Y DOifAETEa—R(Charnoz+ 2010, 2011)Z B L TS,
> BIALAXTYT T, Roche[RRDH -H =B EIF1{E DmoonletIZ%5
95,
> moonlets(IB2EN. HBEH, KEDHAHIZKDENEEILESHE
BEZY 5, > R TIARREBEICHET S LT ATRE,
> FARAEGLERYININEBLTLADTKEL \moonletFE KU1
[ZEBIAATLD, > IARR, FAEADEE (XBT TS,

- SMEIM R
> REMSEWN-OITEI ALNHEND T, HHRMGHMBREREICEK
HREMBERLTHS
> TORRZEWALTRBELSE, T4RR, FAERZERIF B SIS
BDINFARFERIIFRET DD, MADBEHRShDH LT,

S&. JUEFLGRARDZENH D, 10




y(m) x 10’

Sp . BUEOMIEH 2
Fq ﬁ m %*E Eﬁ . gron, Genda, & Ida (2015)
AT AN KB BN EA BB DOSPHETE

2 T T T 2 T T
t=0 t=0.4hr

| | = | apeurLEEEEOKE(S

o | | manmE RECA 5%
1 L & /Si'.)(-}-f:o

- R | SRATUMUSONTEERD
= e m e IR F AL REMICR RS
2 t=l'th.r.'.f.; | 2'.t=_"“‘f“r B NE5ABDEEIE, 12/ 94

T 100 s 1 D1-4%I2ESERED o=,

f iR R L DL B R EEEN TR
| i TADICBDEREEOABAH
L HEh>55_EhbHhhoT=,

x (m) x 10’ x (m) x 10’

Fig. 2. Snapshots of an SPH simulation during the impact and disk formation. Ejected particles are shown in black and disk particles are shown in red. The blue particles are
considered part of the planet. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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