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• ESA's JUICE mission explores Jupiter system
• Launch 2022. Arrival 2030. How old will you be?

• JUICE adresses icy moons and Jovian magnetosphere

• Plasma Environment Package measures particles of 
various energies in all charge states.

• Magnetometer and plasma wave instruments go together

Messages
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JUICE, JUpiter ICy moons Explorer
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ESA/SRE(2011)18
December 2011

Assessment Study Report

JUICE
Exploring the emergence of

habitable worlds around gas giants

European Space Agency

Exploring the emergence of habitable worlds around gas giants

Key science 
Characterise Ganymede, Europa and 
Callisto as planetary objects and 
potential habitats 
Explore the Jupiter system as an 
archetype for gas giants
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• Launch in 2022, arrival 2030. Cruise in 7.6 years
• End of mission Jun 2033 planned. 11 years operations.

JUICE timeline
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JUICE instruments
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P.L. INSTRUMENT PRINCIPAL INVESTIGATOR 
JANUS Camera P. Palumbo, Università degli Studi di Napoli 

"Parthenope"  
MAJIS Visible-IR 

spectrometer 
Y. Langevin, Institut d'Astrophysique Spatiale 

UVS UV spectrometer R. Gladstone, Southwest Research Institute  

SWI Sub-mm wave 
instrument 

P. Hartogh, Max-Planck-Institut für Sonnen–
systemforschung  

GALA Laser altimeter H. Hussmann, DLR Institute of Planetary 
Research  

RIME Ice penetrating radar L. Bruzzone, Università degli Studi di Trento  

J-MAG Magnetometer M. Dougherty, Imperial College London  

PEP Plasma package S. Barabash, Swedish Institute of Space 
Physics, Kiruna  

RPWI Radio and plasma 
wave investigation 

J.-E. Wahlund, Swedish Institute of Space 
Physics, Uppsala  

3GM Radio science  
experiment 

L. Iess, Sapienza Università di Roma  

PRIDE VLBI radio science L. Gurvits, Joint Institute for VLBI in Europe  

In 
situ
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• PI: Stas Barabash  
Swedish Institute of Space 
Physics, Kiruna

• Co-PI: Peter Wurz 
University of Bern

• 20 PI/Co-I institutes from 
12 countries (including 
JAXA/ISAS)

PEP configuration
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Courtesy of Barabash
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• Magnetospheric Ganymede
• Complex Ganymede–magnetosphere 

interaction
• Ganymede’s exosphere and surface 

composition
• Ganymede’s interior

• Inert Callisto
• Callisto–magnetosphere interaction
• Callisto exosphere

Main science objectives
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• Moons as plasma source
• Release materials from the Europa 

surface and alternation of its 
exosphere and surface

• Io and Europa neutral and plasma tori 
• Rotating Jovian magnetosphere

• Plasma transport, heating, and 
acceleration

• Understanding the magnetodisk

Main science questions
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N.M. Schneider, J.T. Trauger 
Catalina Obs.

Credit: Max-Planck Institute for Solar System Research
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• JNA, a highly innovative 
sensor measuring energetic 
neutral atoms (ENAs)
• Nearly identical to flight-tested 

and successful ly operated 
instruments (Chandrayaan-1, a 
flight unit for BepiColombo 
delivered)

• Key performance parameters
• Energy range: 10–3200 eV
• Angular resolution: 7° x 10° 

JNA: Deep Japanese Contribution
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• Ganymede imaging
• precipitating flux at surface, open-close 

line, magnetospheric ion–surface 
interaction (sputtering & scattering)

• Europa/Callisto–surface interaction
• Io torus imaging [Futaana et al. 2015]

JNA sciences
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see also 遊星人、2015年2月号 p. 113–

PEP
Particle Environment Package for JUICE. Executive Summary 

PEP delivers a revolutionary 3D 
view of the invisible Jovian plasma 
system in a single investigation.

PEP consists of three units with elegant, 
modular design hosting sensors and 
electronics, and well-defined, minimal 
interfaces to the spacecraft 

Combines remote global imaging with         
in-situ measurements, obtaining 3D 
plasma flows in less than 10s, and first-
ever gas mass spectroscopy at the icy 
moons;

Uses mutual shielding, single to triple 
coincidence detection schemes in all 
sensors for operation in the harsh Jovian 
environment;

TRL≥6 building on direct flight & team 
heritage from Galileo, Cassini, Juno, Mars 
Express (ASPERA-3), Venus Express 
(ASPERA-4), Rosetta, SOHO, New 
Horizons, Chandrayaan-1, IMAGE, & RBSP.

Team includes world leaders on the outer 
planets and leading (uropean and $meri- 
can proYiders oI space hardware.

Nadir Unit
(UBe, Switzerland)

JNA

JEI
JDC

JoEE
NIM

JDC: Jovian Dynamics & Composition JEI: Jovian Electrons & Ions JoEE: Jovian Energetic Electrons

Instantaneous 3D flow of ion plasma 
and composition to understand the 
magnetoshpere and magnetosphere-moon 
interactions

Instantaneous 3D electron plasma at 
unprecedented high energy resolution 
to probe the mysteries of the moons’ 
aurorae and ionization of iogenic gas

Sub-second pitch-angle distributions of 
energetic electrons to probe acceleration 
mechanisms, magnetic field topology 
and boundaries
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JENI: Jovian Energetic Neutrals & Ions JNA: Jovian Neutrals Analyzer NIM: Neutral Ion Mass Spectrometer

Global imaging of Europa/Io tori and 
magnetosphere combined with high-
resolution energetic ion measurements

Mapping weathering of the icy moons 
and imaging the Io torus

First-ever direct sampling of the 
exospheres of Europa, Ganymede, and 
Callisto

Io
Europa

Zenith Unit
(IRF, Sweden)

JDC
JEIJoEE

326 mm

441 mm

JENI
(APL, USA)

219 mm

JUICE Spacecraft

This proposal contains no ITAR controlled technical data and shall be made available in full for internal assessment, if required, to 
the National Aeronautics and Space Administration (NASA) and the Japan Aerospace Exploration Agency (JAXA) 

However, it is known that the central plane (peak density along a
magnetic field line) of the plasma torus is located at the centrifugal
equator (Hill et al., 1974; Bagenal and Sullivan, 1981), which is
between the Jovian equator plane and magnetic equator plane. The
maximum separation between the centrifugal equator and mag-
netic equator is !3.21 (Hill et al., 1974). Therefore, we assumed the
tilt of dipole axis to be 6.41 to emulate the centrifugal equator
instead of using the actual tilt of !9.61 above. Indeed, the change in
the tilt angle of the dipole axis does not impact on the morphologic
views of the following results.

The total density of plasma-torus ions at the magnetic equator,
nL(r), was taken from Divine and Garrett (1983) but slightly
simplified inside the Io distance (Fig. 2b). Fig. 2b also indicate
values of other existing models: Bagenal (1994), based on Voyager
1 data later validated by Galileo data; and Bagenal and Delamere
(2011) based on Galileo data. These models provide slightly higher
values especially in the inner region, but anyway, less than a factor
of 10 of the present model. Away from the equator, we modified the
density by the scale height of H, exp -(z/H)2, adopting Hill and
Michel (1976) and other authors (e.g. Bagenal, 1994; Bagenal and
Delamere, 2011). Here, z is the distance from the centrifugal equator
along the field line and H (Rj) is 0.64" (Ti(eV)/Ai(amu))1/2. We
assumed the bulk plasma to flow azimuthally with the corotation

velocity and the thermal speed, vth, corresponding to 70 eV for all
species (Kivelson et al., 2004). For Oþ , this value corresponds to vth
!5.5 km/s. The assumed temperature of 70 eV is slightly higher
than the data obtained from Voyager 1 PLS and Galileo PLS by a
factor of 2–3 (see Fig. 3 in Bagenal and Delamere, 2011), while the
difference in thermal velocity is less significant (√2–√3). We
assume that the velocity distribution function is an isotropic
Maxwellian. This assumption significantly underestimates the
high-energy portion of the velocity distribution.

We also require cross-section models for the charge-exchange
reactions. There are three main neutral components (S, O, H, and
their compounds) and their ions (Snþ , Onþ , and Hþ). Table 1
provides a list of the expected charge-exchange cross sections
(Johnson and Strobel, 1982; McGrath and Johnson, 1989) for a relative
velocity of !60 km s-1. The typical cross section for charge exchange
is !(1–50)"10–16 cm2 in this energy range. Rather large deviations
in cross-section values have been reported in some cases. In such
cases, we use the lowest quantities, resulting in an underestimation
of the LENA production. We consider only the charge exchange

Fig. 2. (a) Plasma density employed in the plasma-torus model in the same format
as Fig. 1a. (b) The plasma density at the centrifugal equator as a function of the
distance from the Jovian center. For comparison, two models (Bagenal, 1994;
Bagenal and Delamere, 2011) are shown.

Fig. 3. The expected oxygen and sulfur LENA images for an energy of 210 eV and
420 eV. The spacecraft was located at 23.3 Rj at a latitude of 6.51 north from the
Jovian equatorial plane as an example. The spacecraft-Io–Jupiter line is nearly co-
aligned in the projection plane (Jupiter equatorial plane). The open circle at the
origin is Jupiter (to scale). The thin gray curves are Jupiter’s magnetic field lines for
L¼10. The location of Io at the time of observation is indicated by the filled circle in
front of Jupiter, but it is not to scale; the real size of Io is considerably smaller. The
magnetic field line of Jupiter that crosses the body of Io is represented by the white
curve. The dotted white circle corresponds to the Io orbit. The sensor’s field of view
(see Table 2), which is used for Fig. 5, is indicated by the gray dotted rectangle.

Y. Futaana et al. / Planetary and Space Science 108 (2015) 41–5344

Futaana et al. 2015

Expected low energy ENA from Ganymede 
derived from the precipitating bulk plasma to the surface 
using a MHD model [Jia et al., 2009]

Expected low energy 
ENA from Io torus

Futaana et al. in Preparation
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• With 6 sensors, PEP measures 3D plasma distributions for 
the full range of energy with 9 orders of magnitude.

PEP: Plasma Environment Package
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Courtesy of Barabash
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• ESA's JUICE mission explores Jupiter system
• Launch 2022. Arrival 2030. How old will you be?

• JUICE studies icy moons and Jovian magnetosphere

• Plasma Environment Package measures particles of 
various energies in all charge states.

• Magnetometer and plasma wave instruments go together

Messages
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