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Selected Moons of the Solar System, with Earth for Scale
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Rocky Bodies in Solar System
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e.g. Machida+ (2006, 2008, 2010)
Klahr & Klay (2006), Ayliffe & Bate (2009)
Tanigawa+ (2012), Gressel+ (2013)
Szulagyi+ (2016), Szulagyi (2017)

Tanigawa et al. (2012)
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Tanigawa et al. (2012)
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Satellite Formation Models

* Minimum mass sub-nebula models

— hold whole material to form moons
e.g. Lunine & Stevenson (1982), Lissauer & Stewart (1993)

 Solid enhanced minimum mass model

— gas component reduced, laminar
Mosqueira & Estrada (2003ab), Estrada & Mosqueira (2006)

* Gas-starved disk model
— actively supplied viscously evolving disk

Canup & Ward (2002, 2006), Sasaki+ (2010), Ogihara+ (2012)



Satellite Formation Models

e Minimum mass sub-nebula models
 Solid enhanced minimum mass model

ey ¢ o W@ | o *  Forsimplicity: isolated system

e Gas-starved disk model

o i? o o @ o o In reality: embedded in gaseous disk



Moon Formation in Gas-starved Disk

Canup & Ward (2002, 2006)

inflow of gas and solids

a . ¢¢ ¢ ¢ interaction between
. disk and moons

Proto-satellites fall onto Jupiter



Moon Formation in Gas-starved Disk

Canup & Ward (2002, 2006)

“Survivors” became Galilean moons
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Batygin (2018), Batygin &Morbidelli (2020), Fujii+ (submitted) (Batygin 2018)
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Selected Moons of the Solar System, with Earth for Scale
Earth Mars
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C,: specific heat
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Ehe New Jork Times
Why Didn't Saturn Eat Titan, Its Biggest Moon?

New sirmdations cxplain how the ringed planet ended up with coe glace
moon thae domineers ita tiner sblings
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In chassical mythology, the titan Crones, who was reinterpretod by the
Romares as Saturn, devowrod Ms newborn chiidren to peevent a
peophesied coup. (He did not secceed, aad Zews became the king of the

pOods)

In planetary science, & sanilar soenario emerges whien scientists
recreate e ovolution of Sarge pianets Bke Saturn, which Bas a satellite
system deminated by one massve moon, THan Typically those

smulated planets either cat thetr ordital reting
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mOons survive inge adeithood, hke the four Galthean moons of Jepiter

How, then, ud Saturs end up with mussive Tian and » maddtitude of

tndor moons? Using & set of 08 etk food arnal
oy and Astrepiornics, & team of planetary scientists dentfiod

an explanation for how a moon ke Tian cogld have avelded straying
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Our ambition: to date supernova explosions

Example of supernova remnants

Tycho’s supernova in 1572

Kepler’s supernova in 1604

NASA/ESA/JHU/R.Sankrit & W.Blair

Vela Jr. in 2400-5100 years ago?

RX J1713

in 3937 8 »

Sano et al. (2017)

LT

Tackle dating of
unknown explosions!

Obtain more physical
properties (e.g. light curves)
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Hale-BoppZE2Z£ (C/1995 01) C/1769 P1MCometary diagrams
DTSRV - IRRTAI (Messier and Le Gouaz 1775)



1769F L FID3DDEHNEERR - R5Y

1. X)) L:F_-CO) 1 577&7(%*%0)%3&&& (=>) }':;gnrtlolif‘a arporé:tqun]nﬂioui
circa finem Nosemb,

2. PEIREICHB83I7TF/I\L—EEDEDCHK
3. VU PFNRED760FD/\L—EED5Ech &

1577TFEDEEDRYT v F Gemma (1578)

AT 2 FEZRBVWEHEEFE & DD 5 &R DECIRDEFR M ZIREE
= RIRTOT ST AILERR DTS +BEDKIZEEDEH S R E
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2. RXZH SEEFNDOEH
BEDRIGRKDERHTEI S -
FESD FOBHDEREETES?

KXIBR - XEHEDREDIFH S8 ¢
BE- - BER. 2. ML etc.

Meteor shower - & L

FESE_F DEHEFEV DT THER

XBCEDIE. FICIREFR DI,
B2 vithEDRARNetc.

= SECERSNTERIRRDOFNRE
BHhE [ SNTZEEHIE RS DFNRE

rl?kgravmg by Adolf VoIImy (1 889)



T—RRA9T 1 : HBRIE2LDFTE

700FFIDEHDI—0OVI/I\DEES

I (A o7) BEN. EFDILDID
BIfeNE o e FRWMEHNTLK 2364 ARl
[C. IEDEICEEHN RN, ZNIEEMLET
3y AiRE

EEHAWMNIZDIFLND?
2D DEMEA, B

7cd _ﬁﬂ:j'u_c (FEFOECSBERZIRILICAICRIE %93@1%171 @iﬁ’c}
(W/O EEEG) \*)-’I-) Nesbitt & Morrison (2009)




(5 D R P HIRREY

(BRESEBEFRDAAX—ITY)

vamli)

ﬂ%@\ﬁefﬁa< ﬂﬂﬁBWEE®£¢k$<—ﬂ
(TR HARER &)

INFETERELFECRITANSONTE
ELRDHRTFN+EET DEKRSOFNEELE

Murata, Ichikawa, Fujii et al., PASJ, 2021



3. BRZEHNSIRPNDEH

AP BEEZALE280FE N DIEBEREDZE1L

0.90 + ‘_
cesW
0.85 - nafly\
\! W\
.Iﬁl. 0.80 - ?‘e ,
I

g 0.75 A1 MH% 'll

0.70 1 | ' |

0.65 / --

ABREEES (1623-1894)
0.60 . : : : : : (FFEBEHENFZEOTWND
VTVQ\—@/J\,HH 1650 1700 17¢Jear1800 1850 1900

« BREMEVWE FREREINTLW YO VY- NRICEREIDZLIZR Z AL
« W, 1750FRIRICS0FE(FEDIBREFAD DFEANH O, ZDRIIBEREI LFEEO



