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Emergence of habitable worlds around.the gas giants




The Jupiter icy moons family portrait
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—> Current cycle of ESA’s long-term planning
for Large, Medium and Small size missions

. > Addressing the questions raised by the

European scientific community in Astronomy,
Solar System exploration and fundamental
physics

2> JUICE: first L-class mission, selected in May 2012,
adopted in 2014

- JUICE evolved from former EJSM concept




e JUICE contribution to Cosmic Vision:
N ’7‘7=. Scientific themes ()

Emergence of habitable —
worlds around gas giants

Ganymede as a planetary object and
possible habitat

* Ocean and its relation to the deep interior

* Ice shell characterization

* Characterize the intrinsic and induced magnetic field
* Study surface (evolution, composition)

Europa’s recently active zone

* Characterize the composition of non-ice materials
* Separate contribution of endogenic sub-surface
chemistry and exogenic processes

* Search for liquid water

* Remote study of current activity

Callisto as a remnant of the early Jovian

system

* Characterize the outer shell and ocean

* Characterize the composition of non-ice materials
* Study of the past activity

C9CSCRATERO01
150 m/pxI

- GBCSVGRGAP01
950 m/pxI

Credits: NASA




e JUICE contribution to Cosmic Vision:
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Jupiter system as an
archetype for gas giants

Jovian Atmosphere
* Atmospheric structure, composition and
dynamics

* Coupling between troposphere, stratosphere and
thermosphere

Jovian Magnetosphere

*Largest object in the Solar System ]

*Global configuration and dynamics of Jupiter’s Credit: NASA/ESA/J. Clarke.
magnetodisc

* Giant particle accelerator A GIANT SYSTEM Acceleration

* Interactions between magnetospheric plasma IN ROTATION SliRifatadiations

and moons surfaces :

External
coupling

Jupiter
N

Jovian Satellite and Ring systems ‘ '
*Monitor the volcanic activity of lo lyencatr:?i;:al
*Physical and chemical properties of Jupiter’ s rings » peepling
*Small inner moons

*Irregular satellites

transfer of
momentum




The payload |

JANUS: Visible Camera System

Pl: Pasquale Palumbo, Parthenope University, Italy.

Co-PI: Ralf Jaumann, DLR, Germany

>7.5m/pixel
Multiband imaging, 340-1080 nm
Icy moon geology

lo activity monitoring and other moons observations

Jovian atmosphere dynamics

SWI: Sub-mm Wave Instrument
Pl: Paul Hartogh, MPS, Germany

600 and 1200 GHz
Jovian Stratosphere
Moon atmosphere
Atmospheric isotopes

MAJIS: Imaging VIS-NIR/IR Spectrograph

Pl: Yves Langevin, IAS, France
Co-PI: Guiseppe Piccioni, INAF, Italy

= 0.5-2.35 pm and 2.25-5.54 pm
®  75m/px (Ganymede)

=  Surface composition

=  Jovian atmosphere

GALA: Laser Altimeter
Pl: Hauke Hussmann, DLR, Germany

50m spot size

20.1 m accuracy

Shape and rotational state
Tidal deformation

Slopes, roughness, albedo

UVS: UV Imaging Spectrograph
Pl: Randy Gladstone, SwRI, USA

55-210 nm

0.04°-0.16°

Aurora and Airglow

Surface albedos

Stellar and Solar Occultation

RIME: Ice Penetrating Radar

Pl: Lorenzo Bruzzone, Trento, Italy
Co-PI: Jeff Plaut, JPL, USA

9 MHz

Penetration ~9 km
Vertical resolution 50 m
Subsurface investigations




The payload Il

JMAG: JUICE Magnetometer
Pl: Michele Dougherty, Imperial, UK

Dual Fluxgate and Scalar mag
#8000 nT range, 0.2 nT accuracy
Moon interior through induction
Dynamical plasma processes

3GM: Gravity, Geophysics, Galilean Moons

PI: Luciano less, Rome, Italy

Co-PIl: David J. Stevenson, CalTech, USA
]
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Ranging by radio tracking

2 um/s range rate

20 cm range accuracy

Gravity fields and tidal deformation
Ephemerides

Bi-static and radio occultation experiments

PEP: Particle Environment Package =, N

PI: Stas Barabash, IRF-K, Sweden % o
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Co-PI: Peter Wurz, UBe, Switzerland

= Six sensor suite

= |ons, electrons, neutral gas (in-situ)

=  Remote ENA imaging of plasma
and torus

PRIDE: Planetary Radio Interferometer & v ‘
Doppler Experiment ¢ ¢

Pl: Leonid Gurvits, JIVE, EU/The Netherlands a '

= S/C state vector :
= Ephemerides o
=  Bi-static and radio occultation experiments

RPWI: Radio and Plasma Wave Investigation
Pl: Jan-Erik Wahlund, IRF-U, Sweden

Langmuir Probes

Search Coil Magnetometer

Tri-axial dipole antenna

E and B-fields

lon, electron and charged dust parameters

¢
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RADEM: Radiation Hard Electron monitor
Paul Scharrer Institue (CH), LIP (Portugal)

Electrons 0.3 - 40 MeV
Protons 5- 250 MeV
Ions (He, O) 0.1 - 10 MeV




Internal structure

Icy mantle

JMAG: magnetic ina

Silicates

Tidal deformation
3GM. gl'aVI y 4 Metallic core
GALA: altimetry (/
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Ganymede Auroral Band Oscillation
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Credits:{X.Jia.(Univ. Michigan)
and M. Kivelson (UCLA). e Wf:ngi,ud:?,egmim oo




3-axis stabilised

Launch mass ~5500 kg (instruments ~ 290 kg); Propellant~ 3000 kg
Solar array 85 m?2

Power ~850 W at Jupiter orbit insertion

Fixed High Gain Antenna and steerable Medium Gain Antenna (X, Ka)
Data Volume ~ 2.3 Gb per day (Malargle station as baseline)

SWI
JANUS GALA

PEP (nadir side)




May 2022

Transfer to Ganymede

7.4 years

Aug 2031-Sept 2032

Ganymede orbit insertion (GOI)

Sept 2032

Ganymede elliptical orbit/5000 km circular orbit

Sept 2032-Jan 2033

Ganymede 500 km Circular Orbit

Feb-June 2033

June 2033
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Venus FyBy 20231022

Earth Fyby 2024.09.0
Mors Py 20250210




12 CALLISTO @ 200-3500 km

Inclination
[deg]

Energy Q, High latitude Low energy Orbiting Ganymede
reduction o,
(54




Ganymede

GCO5000

Altitude Initial beta
[km] angle [deg]

GEO 200 (peri)
10000 (apo)

GCO500 500

Duration
[days]




Technical:

Operations:

Human,

knowledge
management

L










"E'@gn=.Hardware lll: radar boom and instruments

Radar antenna and s/c mock-up MAG b in th |
oom in therma

vacuum chamber

UV spectrometer (EM)
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(1) Science

RPWI: 1 co-PI and 6 co-Is
J-MAG: 1 co-I (also co-I on RPWI)

(2) Payload development

PRODEX for the payload development (in CZ) of:
- RPWI: Low voltage power supply (LVPS)
- RPWI: LF receiver electronics (LFR)

(3) Spacecraft industrial consortium

Company Frentech involved in --> Navigation camera, MAG boom and RIME
antenna

Company CSRC involved in--> Medium gain antenna

Company GL Electronics involved in--> Medium gain antenna

Company Serenum involved in--> Analysis support
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ESA Flagship mission: First ESA-led
mission to the outer solar system

First orbiter of a moon around
another planet

Launch May 2022

JUICE will characterise Jupiter’s
system, atmosphere and
magnetosphere over ~2.5 years

2 Europa / 15 Ganymede / 12 Callisto
LA

JUICE will then orbit and characterise
Ganymede for a further ~9 months




