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A small chronology of the world

13,7 Gyr  Big bang; formation of the elements H and He

13,4 Gyr  First stars and galaxies; first supernova explosions produce the
heavy el ements (C, N, O, Si, Fe, &)

12 Gyr  Formation of the milky way

,067 Gyr  Formation of the solar system; at this point in time the interstellar
medium has been enriched with 1% heavy elements

4,5 Gyr  Formation of the earth and the moon
4,45 Gyr  Layer structure of the earth

4,4 Gyr  Solid earth crust

4,2 Gyr  Early ocean

4 Gyr  Plate tectonics
>35Gyr Earthos magnetic field

>3,5 Gyr  Origin of life
2,3 Gyr  Formation of oxygen-rich atmosphere; formation of ozone
1Gyr fFr eeuxtto of i nner earth core
0 Gyr Today
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|. What a model of planetary-system formation has to explain

a. The architecture of our Solar System
o Terrestrial planets in the inner system, gas giants in the
outer system
0 The occurrence of an asteroid belt between the terrestrial
and gaseous planet region
o Kuiper belt
o Oort cloud



The planets of the solar system




Terrestrial vs. gaseous planets
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07_LectureOutlines/07_LectureOutlines/comparative_planetology.html

Asteroid belt, Kuiper belt

"Oort cloud .

e, e Jupiter
asteroid belt —:=

‘Neptune

ot Kuiper beli_' .

3. Swarms of asteroids and comets populate the solar system.
Asteroids are concentrated in the asteroid belt, and comets
populate the regions known as the Kuiper belt and the Oort cloud.

Copyright © 2008 Pearson Education, Inc., publishing as Pearsen Addison-Wesley.



Oort cloud

<

orbit of Oort cloud
omet entering inner
solar system

Neptune’s orbit

Kuiper belt: -5
"« Extends from about
30-50 AU - -

» About 100,000 comets
more than 100 km

across
. *_ e Comets orbit in the
" Oort cloud: o A same plane and
« Extends out to about 50,000 AU direction as planets
» Contains about a trillion comets o
» Comet orbits have random tilts and AN
~ eccentricities:

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.



(a)  Canup 2004 - (b)

. What a model of

planetary-system formation | &
has to explain .

b. The existence and |
formation scenario of | AR
the Moon o (c) (@)

Kokubo et
al. 2000




. What a model of planetary-system formation has to explain

c. The architecture of other solar systems
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@ Solar System planets
® Planets inferred from debris disk structures
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A Planets from imaging studies



|. What a model of planetary-system formation has to explain

d. The gaseous-disk lifetime constraint

Maximum lifetime of protoplanetary disks 107 years
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|. What a model of planetary-system formation has to

e. Meteoritic constraints

© E. Zinner, Washington University, St. Louis, Missouri (USA)

explain
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. What a model of planetary-system formation has to explain
f. Debris disks

HD. 53143 : - HD 139664

http://upload.wikimedia.org/wikipedia/commons/3/3a/Kuiper_belt_remote.jpg



. What a model of planetary-system formation has to explain

g. The late heavy bombardment

1 020

Koeberl 2006
Nectaris (3.90 Ga)

. Extrapolated
Moon
Accretion

——— Imbritum (3.85 Ga)

- Orientale (3.82 Ga?)
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|. What a model of planetary-system formation has to explain

h The stablllty over Gyrs
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Fig. 1a and h. Numerical integration of the averaged equations of motion of the solar system 10 Gyr backward and 15 Gyr forward. For
each planet, the maximum value obtained over intervals of 10 Myr for the eccentricity (a) and inclination {in degrees) from the fixed ecliptic
J2000 (b) are plotted versus time. For clarity of the figures, Mercury, Venus and the Earth are plotted separately from Mars, Jupiter, Satum,
Uranus and Neptune. The large planets behavior is so regular that all the curves of maximum eccentricity and inclination appear as straight
lings. On the contrary the corresponding curves of the inner planets show very large and irregular variations, which attest to their diffusion
in the chaolic zone,



1.
Observational constraints



lI. Observational constraints

a. Solar System has disk shape

Inclination

Inclination Inclination Inclination
MName o . ) 3]
to ecliptic to Sun's equator|to invariable plane

Mercury 7.01° 3.38° 6.34°

Venus 3.39° 3.86° 2.19°
Terrestrials

Earth 0° 7.1556° 1.57°

Mars 1.85° 5.65° 1.67°

Jupiter 1.31° 6.09° 0.32°

Saturn 2.49° 5.51° 0.93°
Gas giants

Uranus 0.77° 6.48° 1.02°

Neptune| 1.77° 6.43° 0.72°

http://en.wikipedia.org/wiki/Inclination#cite _note-meanplane-2



lI. Observational constraints

b. Co-formation of Sun and planets
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Depietion

The sun and the planets of our A c—e U
solar system formed at the same e
time and from the same material

reservoir: ?

w Elementary abundances

w Age of the meteorites =
age of the sun

SOLAR  ATMOSPHERE

w Parallel angular momentum of T
sun and planets il
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Observational constraints

b. Co-formation of Sun and planets

The sun and the planets of our
solar system formed at the same
time and from the same material
reservoir.

wW

wW

Elementary abundances

Age of the meteorites =
age of the sun

Parallel angular momentum of
sun and planets

Radiometric dating:
Material Age

Earth (Zircon, Australia) 4.40 Gyr

Moon (highland rocks) 4.1-4.4 Gyr
Meteorite (oldest from Mars) 4.5 Gyr
Meteorite (chondrules) 4.564 Gyr
Meteorite (CAl) 4.567 Gyr

Age determination of the sun (evolutionary
models and helioseismology data):

Authors Age
Guenther & Demarque 1997 ~ 45N0.1 Gyr
Bonnano, Schlattl & Paterno 2002  4.57N0.11 Gyr
Houdek & Gough 2007 4.68N0.02 Gyr




Parant cloud

II. Observational constraints ¢
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Molecular clouds IV:
dust and gas



