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Solar system age

The age is determined due to meteorite studies.
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No uranium in CAk Pb-Ph

See detailait http://www.geo.cornell.edu/geology/classes/Ge0656/656n0tes03/656%2003Lecture09.pdf

http://www.psrd.hawaii.edu/Sept02/Al26clock.html



Short livedsotops

Nuclear Species Daughter Reference Half-life (Myr) Mass Fraction
Be ' : 53 days (8 x 10719)
10Be J 1.5 (~ 10713)
2671 0.72 3.8 x 107
361 ‘ 5 0.30 8.8 x 10710
NCa 0.10 1.1 x 10712
**Mn BCr > 3.7 4.0 x 10710
“Fe UNi “OFe 1.5 1.1 x107?
107pd ‘ 6.5 9.0 x 1014
182 8.9 1.0 x 1071

1001.5444



Two approaches complete each other

http://www.psrd.hawaii.edu/Sept02/isotopicAges.html

Pb-Pb isochrons

Efremovka CAl E49
Age = 4567.17 £ 0.70 Ma
MSWD =0.88

Efremovka CAl E60
Age = 45674 £ 1.1 Ma
MSWD = 1,09

Acfer 059 chondrules
Age = 4564 66 £ 0.63 Ma
MSWD =0.51
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204Pb1206pb

{from Amelin &f. al., Science, 2002)
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Supernova vs. evolved star

Time SN overproducé&®e in comparison witPPAl.

Thus, the exact origin is not known, yet.

It seems that F&0 has been formed due to a SN
(on larger time scale), and-26 ¢ appeared from
wind of a neatby evolved star.

Distribution of smalb 2 Ré Qa 2NbAGa | faz2 Lidz
on properties of the solar cluster (see 1001.5444).

Modelof lHc Gf 23AaGA0¢ o0& | aiaStt
A dense envelope is continuously enriched 126\l
1pc and the Sun is formed from this material.
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Constraints on the solar cluster

Solar System Property Implication Fraction

Mass of Sun M, > 1M, 0.12
Solar Metallicity 4 > L 0.25
Single Star (not binary) 0.30
Giant Planets (successfully formed) 0.20
Ordered Planetary Orbits N < 10 0.67
Supernova Enrichment N > 103 0.50
Sedna-Producing Encounter 103 < N <104 0.16
Sufficient Supernova Ejecta d <0.3 pc 0.14
Solar Nebula Survives Supernova d > 0.1 pc 0.95
Supernova Ejecta and Survival 0.1 pc <d<0.3pc 0.09
FUV Radiation Affects Solar Nebula Gy > 2000 0.50
Solar Nebula Survives Radiation Go < 107 0.80

1001.5444



Supernova influence on tl80Sys

Distance 0.1%).4 pc ———r—Trrr

=== Shortly after impact.

=== 100 days after impact.
- heating (dust melting) Post impact.

- enrichment
- blast wave
- stripping

- tilting

Difficulties in explaining all data
in one framework with a single S
(in particular, difficult to explain
the abundance of A27).

1802.04360



Minimum mass solar nebula

Desch (2007), Hir = 0.04, a=4-10"* :
time=0 ----- ]
t =500 Jup. orbits ——
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0903.5077 Zhang et al. (20171705.04746 Naturdstronomy v. 1



Different variants of the MMSN

%(r) = 1700(r/1 AU)—3/2 ' % ~ 50500(r/1AU) ~* 1% g.cm 2

) = 1.9125 x 10 4(r 1NV=3/2 A AU 2 Y > —1g,./ \—2.168 )
3(r) =1.9125 x 1077 (r /1 AU) Mg.AU 2:(r) = 343( f,/0.5) (/10 AU) AU Descl2007
._ N9 18 o Planets at initial position:

. Yo (r —  3493(- Ty —2.168 r C 2 .
Hayashi 1981 | o(r) 343(r/10AU) g.cm N the NICE model
Normalized by the estimate
of Jupiter formation 1.55<r<7 AU
(mass of solids = 15 Earth masses) Important: nebula parameters might allow
proper regime oplanetary migration@03.5077).

= 5.68 x 10 3(r/1AU) %168 M AU

In the classical MMSN mass of the disc is ~0.01 solar mass between 2 and 30 AU.



New MMSN model

Based on the Nice model

INtTIAL SoLAR SysTEM CONDITIONS

Mg = Mz 1,7

gas )
solids

ﬂ'f-_,“ga Fin o
: : : Planet (M) (AU)  (AU)
Gas/solid = 67 (i.e. solids = 1.5%)

Jupiter 1747 + 1075 445" 545
Saturn .oeeeveeenne. 1411 + 470 6.68 8.18
1032 + 91 9.70 115
843 + 124 128 14.2
2353 +336 159" 225

Initial positions: Jupiteg 5.45 AU, Saturg 8.18 AU; Neptune 11.5 AU; Uranusg 14.2 AU
Uranus and Neptune change places during migration!

Desch2007



Surface density

. . pr —1 I —2.168 i 2
(r) =343 (0.5_ (10 AU) g cm

N

. | ulf r 3.4537 .
(r.0)=1.93x10 112~ ( ) —
.‘(]L.dS(?'.l ) X ({}-5 10 AU gcm

Steep profile is achieved thanks to
photoevaporationof the outer parts of the disc
due to influence of a massive star.

Mass partly flows out to compensate losses.

Desch2007
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Comparison with the isolation mass

Vertical lineg; total amount of solids in each planet.

Planets collect almost all available solids
in their feeding zones.

Desch2007
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Long term evolution of the Solar system

1501.03101

On each plot the 19 curves represent intervals of 250 Myr.
Each curve is based on 1001 solutions

with very close initial conditions.

The variation of these curves reflects

the chaotic diffusion of the solutions

(Laskar 2008, see arXiv: 0802.3371).



Planetesimadiriven migration
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Nice Model

Early in solar system Ejected planetesimals (Oort cloud)

o:Hot" population Three papers in Nature in 2005:

Initial edge of
@: planetesimal

° - ® O gwarm

18 AU 30 AU 48 AU

“Hot” population Fou_r giant p|anet_5 +
® o o a disc ofplanetesimals

» with the mass 3M_,

out by Neptune 2:1 resonance ._ ! . :
Q \@ ; o © z “Cold”
Q @ ° ? population

Neptune !

A Planet migration
A Late heavy bombardment
A JupiterTroyans

Present day Planetesimals transiently pushed

stops at 3:2 Neptune  '2:1 Neptune
original edge resSonance resonance
(Pluto)
T 7 SN : 253 5
See Gomes, Jcarus 2003 and Levison & Morbidelli Nature -OO%T._\'imm o EART164 Spring 11




wikipedia.org

Planet migration in the Nice model

4107
Timea {yr)

Tsiganit al. 2005



Late heavy bombardment

Position of the disc gflanetesimals
determines the rate of planet migration.
‘W Thus, the time of 1:2 resonance crossing
Gas disk lifetime RSLISYRa 2y GKS LRardAiAzy 2F GKS |

JupiterSaturn
1:2 resonance
IS crossed at
~600900Myrs
after formation.
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While the gas disk is still existing not all particlg
can survive long enough.
Thus, the inner edge of thalanetesimalslisc
appears at ~146 AU.
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Revisiting the timeline of the LHB

asteroids (thin black curve),
comets (thin green curve),
leftover planetesimals (thick cyan curve).

HSE constraint HSE constraint

s Instability 4.5Myr ago/
1. If HSE indicate the amount of accreted matter,

then earlier results are confirmed:
cataclysmic LHB 3.96yrago

2. If HSE were transported to the core
(in the cases of Moon and Mars),
then all the data can be explained by
an accretion tail.

HSE highlysiderophileelements:
transition metalswhich tend

to sink into the core 35 4 . 35 4
becausehey dissolve readily imon. age of surface (Gy) age of surface (Gy)

Number of craters{(D>1km) per square kilometer
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https://en.wikipedia.org/wiki/Transition_element

Dynamics

LHB lasted
for ~100Myr

Gomes et al. 2005



