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To estimate the age of the icy satellites in the outer solar system
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Jupiter’s satellites system

The Largest moon
The 3" largest moon

Relative size in between the moons and planet are NOT in scale.
Images credit: NASA




Saturn’s satellites system
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Uranus’ satellites system
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To estimate the age of the icy satellites in the outer solar system

Constrain the

evolutionary timescale ﬁMimas r A ¢ _
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.Enceladus
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Enceladus




Geysers




Geysers

30-40 km
thick ice shell?




To estimate the age of the icy satellites in the outer solar system

Images credit: NASA




2) Technique of ages estimation

Method 1: Radiometric dating of the in-situ samples

Images credit: Trasutoya




Method 2:

Crater densities on the surface

[1lustration on the formation
of impact craters.

Images credit: NASA




Method 2: Crater densities on the
surface

Younger surface: Older‘surface: -
Lunar Mare Lunar Highkland

Images credit: NASA and irasutoya




Craters’ size-frequency distribution

Crater chronological model
[ Size v.s. Density]
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Craters’ size-frequency distribution Crater chronological model
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Craters’ size-frequency distribution
[ Size v.s. Density]
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Cumulative crater frequency (km2)
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Craters’ size-frequency distribution Crater chronological model
[ Size v.s. Density] [ Age v.s. Density ]
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Astronauts' size is disproportionate to the moon's size.

Crater chronological model
[ Age v.s. Density |
| I I I

Different labels are the
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Craters’ size-frequency distribution

Crater chronological model
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3) Problems 1n thée studies of Outer Solar System

Inner Solar System Outer Solar System

v Returned samples (moon) NO returned sample
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Images credit: NASA




Aim:

1) Construct the crater chronology of outer solar system
2) Determine ages of the icy regular satellites of the giant planets

Method: Computer simulation

& 4
Mimas (Ariel @,

: : e B
Analytical calculation ® .. CUmbriel

Crater studies m q";‘“"s {*‘%ﬁ Gtania
hea ~

v Jupiter (Ganymede and Callisto)
v Saturn (Mimas, Enceladus, Tethys, Dione, Rhea)
v Uranus (Miranda, Ariel, Umbriel, Titania, and Oberon)

Images credit: NASA and Shoemaker




Assumption:

1) Satellites formed with giant planets
2) Satellites has no surface activities since their formation
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Mimas (Ariel @,

9

%iranda A .
Calculate: Q... - CUmbriel
ethys Gtania

Expected crater density &h ¢
ea

crater density that the satellites would have been if there is
no surface activities since their crust solidified.

Images credit: NASA




Evolution of the solar system according to Nice Model
1) Giant planets migrated

11) Planetesimals scattered
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Evolution of the solar system according to Nice Model
1) Giant planets migration at 4.5 Ga
i1) Planetesimals scattered
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Migration began Video up till here From 0 to 100 Myr, (time frame resolution: 625 kyr)




Evolution of the solar system according to Nice Model
1) Giant planets migration at 4.5 Ga

i1) Planetesimals scattered

Orbital eccentricity

1 1 & L
2500 3000 15 20 25
Semi-major axis (AU)

Video up till here From 0 to 100 Myr, (time frame resolution: 625 kyr)




I e Chronclone of the iov reonlar catellite. M
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I e Chronclone of the iov reonlar catellite. N
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N(D>20km) Cumulative crater densities [10 km™]
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N(D>20km) Cumulative crater densities [10 km™]
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N(D>20km) Cumulative crater densities [10 km™]

Crater ChI’OHOlO,QV of the i icy regular satelhte
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N(D>20km) Cumulative crater densities [10 km™]
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Surfaces are ancient

Most heavily cratered
surfaces >4.3 Ga

Enceladus, ~ 3.8 Ga
Mimas ~4.0. Ga
Miranda ~ 4.1 Ga
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1) First update in crater chronology since two decades ago.

2) Comprehensive studies of the Outer Solar System bring insight to answer
question related to the Inner Solar System.
The Galilean satellites (Moons of Jupiter)
3) Help the future space mission:
NASA’s Clipper mission — Europa
ESA’s JUICE mission — Ganymede

Europa Ganymede
Callisto

Images credit: [rasutoya & NASA
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1) The impact in the outer solar system happened much more rapid.

2) Surface ages : *
Most satellites are ancient, ~4.3 Ga ég ~
- . S
Small and close-in satellites ~ 3.8 to 4.1 Ga.
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