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Introduction

Solid nucleus

Gaseous envelope

A theory for the formation
of Giant Planets has to be 
able to account for the
two well differentiated
components that have in 
their structure: 

a solid nucleus
a gaseous envelope

Core instability model



The Core Instability Model

According to this model, planetary
formation is a two steps process: 

1. Firstly, by planetesimals accretion, a 
solid core forms (in a way similar to the
formation of terrestrial planets).

2. When the core mass reaches few times 
the Earth mass (~ 10 M⊕) it begins to
be able to gravitationally bound part of
the neighbouring gas. This gives rise to
the formation of an extended gaseous
envelope, characteristic of these
planets.

(Armitage 2007)

Embrión



Conditions for a considering a model as satisfactory:

• The formation of giant planets has to be completed before the dissipation
of the protoplanetary disk. Observations have revealed an upper limit for
the mean lifetime for such disks of τ < 107 years.
• The final core mass of each planets should be in agreement with current
estimations.



Our model for the calculation of the formation of giant planets is described
in Benvenuto & Brunini (2005); Fortier et al. (2007, 2009)

numerical solution of the differential equations of planetary (the same for
stellar) evolution (→ self-consistent treatment of core growth and the
structure of the gaseous envelope of the planet)

time-dependent accretion rate for solids, which corresponds to the
oligarchic growth regime (→ coupled to the structure equations)

interaction between incoming planetesimals and the gaseous envelope
(→ energy exchange)

size distribution for planetesimals
initial conditions compatible with the Nice modelo

no rotation, no magnetic field
1 D model on a circular orbit of constant radius
isolated formation, disk evolution ignored
inert nucleus
the end of gaseous accretion is not computed but assumed



Jupiter Formation

Σ0 = 15 g cm-2 (~ 5 Minimum Mass Solar Nebula

21 M⊕

25 M⊕

29 M⊕

Reducing planetesimals
radii implies:

shortening formation
timescales

increasing core mass

(Fortier et al 2009)



New ingredients of our model

• Kokubo & Ida (2000) found that the size distribution of a 
planetesimals population corresponds to a power law.

2        ( 3, 2)nmdm mα α+∝ ∈ − −∫
Discretization of the size distribution for α = -2,5

9 species with radius of:  rp =  0.03 km (0.78)
(fraction of the total        rp =  0.08 km (0.17) 
mass in parenthesis)      rp =  0.23 km (4×10-2)

rp =  0.63 km (8×10-3)
rp =  1.70 km (2×10-3)
rp =  4.70 km (4×10-4)
rp =  13.0 km (8×10-5) 
rp =  36.0 km (2×10-5)
rp =  100. km (4×10-6)



• Desch (2007) computed a density profile for the solar nebula compatible 
with the Nice model, finding

0    con  2,168pa p−Σ = Σ =

We consider that Σ0 = 11 g cm-2 at aJ= 5,5 UA.

• The Nice model (Tsiganis et al. 2005): initially, the outer planets  
formed a more compact system. After formation they migrated towards 
their respective present positions (Jupiter inwards, the others 
outwards).

Semiaxes: aJ= 5,5  UA 
aS= 8,3  UA
aU= 14  UA
aN= 11  UA

In 50% of their simulations, Tsiganis et al.(2005) found 
that Uranus and Neptune exchanged orbital order during 
their migration.



Formation of the four giant planets in less than 107 years
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(Benvenuto et al. 2009)



Evolution of the surface density and the accretion rate for Jupiter

For α=-2.5 most of the solids mass is in 
the planetesimals of 30 - 100 m. When
they are depleted, the accretion of
larger planetesimals does not increase
the core mass significantly but delays
the onset of the runaway gas.

We have limited the solids accretion in 
order to simulate effects not considered
in the depletion of the feeding zone
(e.g. the presence of other planets).



Other cases in which the formation of the four giant planets occurs
in less than 10 million years:

α = -2.5 considering 7 sizes for the accreted planetesimals
rp

min = 0.1 km rp
max = 100 km

Formation time 
[My]

Core Mass
[M⊕]

Jupiter 0,8 11,6

Saturn 2,6 10,4

Uranus 10,0 9,6

Neptune 5,0 10,0



α = -2.25 considering 9 sizes for the accreted planetesimals
rp

min = 0.03 km rp
max = 100 km

Formation Time 
[My]

Core Mass
[M⊕]

Jupiter 2,4 8,7

Saturn 3,0 9,8

Uranus 7,5 9,0

Neptune 4,3 9,4



Conclusions
The core instability model is a possible scenario to account for the timely

formation of the four giant planets of the Solar System, even in the case of
adopting the oligarchich growth regime for the accretion of solids. Adopting
the Nice model we find that the core masses are in agreement with current
estimations.

It is of crucial importance that the planetesimales follow a power-law size
distribution in which the smaller are the most abundant (most of the
accreted mass corresponds to planetesimals with radii between 30 and 100 
m).


