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Abstract 
Simulations of the dust environment around the 
Jovian icy moons are used to model the formation of 
exospheres by means of meteoritic impact 
vaporization occurring on their surfaces. 

1. Introduction 
GALILEO probe and the Hubble Space Telescope 
found evidence for tenuous exospheres around the 
Jovian moons Ganymede, Callisto and Europa. The 
composition of those thin atmospheres gravitationally 
bounded around the moons is largely unknown and 
their characterization would help to understand the 
mass and energy exchange between the Moons and 
the Jovian magnetosphere. 

Moons’ surfaces are exposed to various physical 
processes that contribute to the formation of their 
exospheres, like radiolysis, thermal desorption, 
plasma sputtering and micro-meteorite impacts. In 
the present work, we focus on the exosphere’s 
formation by means of the the Jovian moons’ impact 
by dust particles, coming both from the 
Interplanetary environment and impact-generated 
dust ejecta coming from the satellites. 

2. Dust environment models 
Models covering two distinct dust particle 
populations pervading the Jovian system are 
presented.  

2.1. The Interplanetary Meteoroid 
Environment Model (IMEM) 

Primary interplanetary dust impacts are simulated 
using the prediction of the Interplanetary 
Micrometeoroid Environment Model (IMEM) 
computed at Jupiter’s Hill radius, taking into account 
gravitational focusing by the planet.  

IMEM is a dynamical evolutionary model built by [1] 
for ESA. This model starts from the orbital elements 
of known sources of interplanetary dust: comets and 
asteroids. The model assumes rotational symmetry 
around ecliptic pole. IMEM states an applicable 
distance range from 0.1 to 5.0 AU - from Mercury to 
Jupiter and beyond - and an applicable mass range 
from 10-18 to 1g. IMEM has no restriction with 
respect to ecliptic latitudes. 

 
 
Figure 1: Orbital distributions of interplanetary dust 

particles in the ESA meteoroid model [1] 

Using the IMEM model, the flux of interplanetary 
impactors for all mass ranges above 10-12 kg, 
expected at the Hill’s radius of Jupiter, is computed. 
Inside the Hill’s radius, we apply a formulation of 
gravitation focusing as described in [2] in order to 
estimate the increase in volume number density and 
speed (resulting in an increase of the flux) of the 
interplanetary grains as function of the radial distance 
to Jupiter. We convert the mass distribution, grain 
speed and particle flux to infer the kinetic energy flux 
entering the Jovian system from the interplanetary 
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space. This kinetic energy flux is distributed 
isotropically on the moons surface, once corrected 
for the gravitational focusing, and is the primary 
energy source for producing secondary ejectas. 
 

2.2. The Jovian Micrometeoroid 
Environment Model (JMEM) 

Impacts of dust particles coming from the Galilean 
moons (impact generated dust ejectas) and evolving 
dynamically in the Jovian system are simulated using 
the Jovian Micrometeoroid Environment Model 
(JMEM). JMEM has been built for ESA by [3] to 
provide an estimate of the micro-meteoroid fluences 
(integrated flux) of dust impacting the ESA JUICE 
spacecraft [4] along its trajectory in the Jovian 
system. 

 
Figure 2: Distribution of the particles for all grain 

sizes larger than 0.3 micron, as obtained with JMEM 
model. 

The primary source of dust in the Jovian system is 
the sputtering of the major icy moons by 
hypervelocity impacts of dust coming from the 
interplanetary space. The ejected particles that have 
sufficient velocity to escape the moon’s gravity are 
injected into the Jovian system and their trajectories 
evolve under the action of various forces: Lorentz 
forces, radiation pressure including Poyting 
Robertson drag, solar and moons gravity, plasma 
drag, and gravitational effects due to Jupiter non-
sphericity. The particles dynamical evolution is 
computed and their distribution of orbital elements is 
stored, providing a volume number density and 
velocity of particles across the Jovian System that 
can be used to compute a flux of impactors on any 
body which trajectory is given.  
  
 

3. Exosphere formation 
The interactions of both interplanetary dust particles 
and moon’s secondary ejectas with the moons’ 
surface lead to a transfer of their kinetic energy into 
various phenomena, like fracturing, melting and 
evaporating refractory and volatile material that 
assist the exosphere formation. Considering water ice 
as the main component of the icy moons surface, we 
compute the total vapor released and analyze the 
contribution of the different dust populations. 
According to [5], a single meteoroid impact is 
assumed to generate a vapor cloud with a mass given 
by: 
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where is !"    the mass of the impact-induced vapor 
cloud, !"   is the mass of the impactor, !"    is the 
impactor’s velocity, !"   is the evaporation heat of the 

target, and !   is a modelling factor.  

The total vapor mass is computed by considering the 
mass and velocity distributions coming from the dust 
populations described in Section 2. The result will be 
a total collision-induced production rate distribution 
as a function of impactor masses and velocities [6], 
which permits to assess the contribution of the 
different dust populations to the exosphere formation. 
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