
Atmospheric Composition of Hot Jupiters: Insights from 
the Giant Planets of the Solar System

D. Turrini (1), M. Barbieri (2), F. Altieri (1), D. Grassi (1), A. Adriani (1), G. Piccioni (1)

(1) Institute for Space Astrophysics and Planetology INAF-IAPS, Italy.
(2) CISAS, University of Padova, Italy.

Abstract

Ground and space based observational facilities are 
supplying  us  with  an  ever-increasing  number  of 
extrasolar  planets  and  planetary  systems.  As  a 
consequence, the focus in the exoplanetary quest for 
knowledge is starting to shift from their discovery to 
their characterization. However, our understanding of 
the  mechanisms  that  can  shape  the  atmospheric 
composition of extrasolar planets in general and Hot 
Jupiters  in particular  is  still  quite limited. Here  we 
illustrate two case studies based on processes studied 
in  the  Solar  System  where,  even  with  simple  toy 
models,  we  can  gain  a  better  insight  on  the  link 
between atmospheric composition and the history of 
giant planets.

1. Introduction

With  the  discovery  of  more  and  more  extrasolar 
planetary systems through ground-based and space-
based  observations  and  the  possibility  of  detecting 
Earth-like exoplanets becoming every day nearer, the 
focus  of  the  exoplanetary  quest  is  starting  to  shift 
from discovery  to  characterization.  The  exoplanets 
for which we possess information on the atmospheric 
composition are presently just a handful, all besides 
two  being  Hot  Jupiters  and  therefore  extremely 
different from the giant planets in our Solar System. 
The presence of CH4 molecules in the atmospheres of 
two of them, for example, rises the question about the 
source(s)  of  these  molecules:  are  they  primordial, 
captured from the surrounding environment while the 
planet was forming? Or are they the result of secular 
processes, like impact deliver, or of photo-chemical 
evolution under strong stellar insolation? While the 
wealth  of  orbital  configurations  of  exoplanetary 
systems  clearly  show  that  planetary  formation  can 
result in a wide range of outcomes, most of them not 
necessarily consistent with the picture derived from 

the observations of the Solar System, there are still 
lessons  that  we  can  learn  from  the  Solar  System. 
Here we will  discuss two of  these possible lessons 
using a pair of models we developed.

2. The Late Accretion of Jupiter

Since  the  Galileo  mission  probed  the  atmospheric 
composition of Jupiter, we know that the giant planet 
is characterized by a factor 2-4 enhancement of C, N, 
S and Ar, Kr and Xe [1,2]. The enrichment in noble 
gases has been suggested to be due to the accretion of 
nebular gas from a circumsolar disk in an advanced 
(H  and  He  depleted)  stage  of  evolution  [3].  To 
explain the C (and O, N, S) enrichment of Jupiter, a 
late accretion of planetesimals during the capture of 
the nebular gas has instead been suggested [1,4]. In 
the following we will focus on the latter mechanism 
in light of the recent results on the effects of Jupiter's 
formation  on  the  protoplanetary  disk  [5,6,7].  The 
setup we used in our model was similar to that of the 
previous investigation of  [8],  i.e.  we simulated the 
interaction  of  Jupiter  with  a  disk  of  2x104 test 
particles.  Instead of including all four giant planets 
we focused only on Jupiter.  Moreover,  we focused 
only on the first 2 Ma after the formation of the giant 
planet but we extended our disk of test particles from 
1  AU to  10  AU.  We found that  even  in  the  short 
timespan simulated, Jupiter could capture about 0.5 
Earth masses from the whole extension of our disk. 
About 30% of the captured mass originated from the 
region comprised between 1 AU and 4 AU, where we 
assumed  our  Snow Line.  If  we  compare  the  mass 
captured by Jupiter in our simple model with the one 
estimated by [9] to be delivered to the giant planet 
during the Late Heavy Bombardment, i.e. 0.15 Earth 
masses, we can immediately see how the role of the 
first  few  Ma  after  the  formation  of  the  planet  is 
important in influencing its atmospheric enrichment. 
Nevertheless,  the  values  we obtain  are  to  small  to 
justify the enrichment of  Jupiter  once we take into 
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account  the  effects  of  internal  convection  in 
homogenizing the interior composition of the planet. 
Our results, therefore, should be considered only the 
starting  point  for  future,  more  in-depth 
investigations.

3. Comets and secular delivery

Prompted  by the  recent  results  of  Herschel  linking 
the presence of water in Jupiter's stratosphere to the 
impact  of  comet  Shoemaker-Levy  9  [10],   as  our 
second  model,  we  studied  the  delivery  of  volatile 
elements  to  Hot  Jupiters  by  means  of  cometary 
impactors. We considered the planet HD 189733 b as 
our test case: orbital and physical parameters for star 
and planet were obtained from the Extrasolar Planets 
Encyclopaedia. As impactors, we considered the Sun-
grazing  comets  observed  by  SOHO:  their  orbital 
parameters were obtained from the JPL Small Bodies 
Database  Search  Engine.  Sun-grazing  comets 
observed by SOHO have too high orbital inclination: 
a  preliminary  estimate  gives  1  impact  every  200 
years.  Assuming  an  ecliptic  population  of  Sun-
grazing  comets,  a  preliminary  estimate  gives  1 
impact  every  20  years.  Even  if  the  model  is 
simplistic, the numbers we get compare well with the 
presently  observed  rate  of  impacts  on  Jupiter  (i.e. 
about 1 impact every 5 years). We tested whether this 
flux is capable of sustaining a stationary enrichment 
in  volatile  elements  in  the  atmosphere  of  the 
exoplanet.  To  do  so,  we  neglected  the  effects  of 
stellar  irradiation  and  the  mixing  due  to  internal 
convection and assumed that all impacting material 
would  mix  into  a  thin  atmospheric  shell  100  km 

thick.  What  we  found  is  that,  even  assuming 
relatively  large  impactors  whose  size  is  that 
estimated for comet Shoemaker-Levy 9 (about 5 km), 
such  a  low  impact  rate  would  not  be  enough  to 
sustain a stationary enrichment.

6. Summary and Conclusions

As mentioned,  the  case  studies  here  discussed  are 
based  on  models  and  should  be  regarded  as  more 
elaborated  back-of-the-envelope  calculations.  Even 
so, they serve well to illustrate how processes that are 
studied for the Solar System can provide us with a 
better  insight  on  the  mechanisms  that  shaped  the 
atmospheric compositions of the extrasolar planets.
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Fig. 1: Number of captured test particles vs. 
semimajor axis in our model of late accretion of 

Jupiter. The red area identifies particles coming from 
the inner Solar System, the blue area identifies 

particles from beyond the Snow Line.


