
IFESTOS
We are officially going to hell.



Our SOlar SySTEm

2*SchEmaTic nOT TO ScalE



ThE JupiTEr SySTEm

3*SchEmaTic nOT TO ScalE
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IO clOSEup

4*SchEmaTic nOT TO ScalE

ExOSphErE

𝑆𝑂ଶ

𝑆𝑂

𝑆

𝑂

𝑁𝑎𝐶𝑙

𝑆𝑂?

How are molecules 
transported from the 
inside to the exosphere?  



IO clOSEup

5*SchEmaTic nOT TO ScalE

uV

JupiTEr‘S
magnETic
FiEld linES



uV

plaSma TOruS

JupiTEr‘S
magnETic
FiEld linES IO clOSEup

6*SchEmaTic nOT TO ScalE

How do ions 
escaping from the 
exosphere interact 
with the plasma 
torus?



7*SchEmaTic nOT TO ScalE

SOlar Wind

What happens in the 
plasma boundary 
layers in the inner 
magnetosphere?

How does this affect 
the magnetopause 
and the interaction 
with the solar wind?

JupiTEr‘S
magnETOSphErE



analOguE ExOplanET SySTEm

8*SchEmaTic nOT TO ScalE

Can Io-Jupiter system 
tidal forces help us 
understand other 
analogue exoplanetary 
systems ?

rOcky planET

m-dWarF STar
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N

vJ

Io

IO plaSma TOruS

9

TOp ViEW

*SchEmaTic nOT TO ScalE

SOlar Wind



JupiTEr: prEViOuS and OngOing miSSiOnS

Pioneer's 

Voyager's 

Galileo 

Cassini

Juno 

JUICE * 

Europa Clipper *
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BuT WhaT dO WE WanT
TO STudy ExacTly?
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rQ4

rQ3

rQ2

rQ1
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What are the fundamental acceleration and loss mechanisms in the 
Jovian magnetosphere near Io's orbit?

What mechanisms/dynamics govern the physical interactions at 
Jupiter's magnetosphere?

What are the internal processes and structures of Io?

What does Io's tidal heating, exosphere, and torus reveal about 
the interior state, volcanism, and mass loss in close-in exoplanet 
systems?



SciEncE TracEaBiliTy maTrix (STm)  philOSOphy
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Research 
question 1

Mission
Objective 1

Mission 
Objective 2

Science
Objective 1.1

Science
Objective 1.2

Science
Objective 2.1

Science
Objective 2.2

Observation req...

Observation req...

Observation req...

Observation req...

Observation req...

Observation req...

Observation req...
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Observation req...

Observation req...

Observation req...

Observation req...

Observation req...

Observation req...

Observation req...

Instrument req ...

Instrument req ...

Instrument req ...

Mission 
requirement 1

Mission 
requirement 2

Mission 
requirement 1

Mission 
requirement 2

Instr. Req. from 
other MO 

Other obs. Req.
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SO1.2: 
Identify kinetic processes 

that heat, accelerate,
transport and remove Io-

sourced plasma in Jupiter’s 
inner magnetosphere.

SO1.3: 
Quantify ionisation,
pickup and transfer

of mass and energy from 
Io’s environment into the 

plasma torus.

ALMA; NASA

mO1 Determine how Io supplies plasma to Jupiter’s inner magnetosphere and 
how the resulting plasma torus is structured, transported, heated, 
accelerated and lost.

SO1.1: 
Determine 3D structure 

and temporal evolution of 
the Io plasma torus.
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OR1.1.1: Characterize the 
evolution of plasma torus over 

various timescales

OR1.1.2:Characterize the 
radial, vertical, and azimuthal 
variations of Io's plasma torus 

at different longitudes and 
local times

OR1.1.3: Resolve the structure and 
dynamics of the Io plasma torus from 

local kinetic scales, through the Io kinetic 
region, to the global torus

OR1.2.1: Study mechanisms of inner 
magnetosphere and radiation belt 

generation in Jovian system

OR1.2.2: Investigate the influence of 
sputtering and thermal desorption 

processes on the plasma loss on Io.

OR1.2.3: Study Io as the source 
of the plasma torus

OR1.3.1: Characterize how Io-
sourced plasma and neutral 

material propagate through the 
Jovian system.

mO1



SO2.2: 
Characterise signatures of energy 

conversion processes in the 
inner Jovian current sheet (e.g. 

magnetic reconnection).

Krishan Khurana; Fran Bagenal & Steve Bartlett

SO2.1: 
Determine structure and 

variability of plasma boundaries 
in Io interaction

region with the inner 
magnetosphere.

mO2 Characterise the spatial and temporal dynamics of Jupiter’s plasma 
boundaries and current sheets in the planet's inner magnetosphere.

Krishan Khurana; Fran Bagenal & Steve Bartlett 17
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OR2.1.1: Characterize the temporal 
and spatial movements of the 

fluids.

OR2.1.2: Characterize the temporal 
and spatial movements of the ions.

OR2.1.3: Characterize the temporal 
and spatial movements of the 

electrons.

OR2.2.1: Detect the change in 
magnetic field topology and study 

magnetic reconnection

OR2.2.2: Resolve electron behaviour 
in the diffusion region to confirm 

active reconnection

OR2.2.3: Quantify energy conversion 
at the reconnection

OR2.3.1: Characterize the temporal 
and spatial change of the overall 

magnetic field

OR2.3.2: Characterize the UV spectra 
of the magnetic field layers

OR2.3.3: Study the bow shocks at 
the boundary layer 

mO2
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SO3.1: 
Constrain Io’s interior 

structure, tidal
deformation and spatial 

distribution of tidal
heat dissipation.

NASA/JPL

SO3.3: 
Characterise the 

composition, structure 
and temporal variability 

of Io’s exosphere. 

SO 3.2:
Characterise the spatial 

distribution and 
temporal variability of 
Io’s volcanic activity. 

mO3 Determine how Io's volcanic activity contributes to Io's exosphere and study 
Io's interior subsurface magma reservoirs.
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OR3.1.1: Map spatial 
distribution of sub-surface 

magma sources

OR3.1.3: Constrain the 
thermal properties of 

subsurface magma reservoirs

OR4.1.1: Correlate sub-
surface magma sources with 

volcanic centers

OR4.2.1: Map the spatial 
distribution of volcanoes

OR4.2.2: Characterize the 
activity state of Io's volcanoes

OR5.1.1: Map the spatial 
distribution of volcanic gas 

emissions

OR5.1.2: Characterise the 
composition and abundance of 

volcanic gases

OR5.2.1: Correlate volcanic 
gas emissions to exospheric 

gas distributions

mO3
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SO4.1: 
Quantify the relationship 

between Io’s tidal 
response, surface heat-

flow distribution and 
volcanic thermal output.

SO4.2:
Determine which unresolved 

ultraviolet and radio signatures 
trace mass loading, transport 

and loss inrotation-dominated 
plasma tori

[Park+2025; SwRI]

SO4.3: 
Determine which 

exospheric signatures trace
volcanic outgassing and 

escape from tidally heated
rocky bodies.

mO4 Study what Io’s tidal heating, exosphere, and torus can reveal on the
interior state, volcanism, and mass loss in close-in exoplanetary systems. 
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OR6.1.1: Measure the periodic 
motion and orbital-period 
vibration ("wobble") of Io's 

surface

OR6.1.2: Measure spacecraft 
trajectory perturbations to 
determine Io's gravity field

OR6.2.1: Characterize the 
density and composition of the 
torus material over space and 

time.

OR6.2.2: Determine the input 
and loss fluxes of torus 

material and its transport 
within the torus.

OR6.3.1: Characterize the 
composition, density, 

temperature, spatial structure 
and variability of Io's exosphere

OR6.3.2: Determine volatile 
supply/escape rates linking the 

exosphere to the torus

mO4



Summary – WhaT Will IFESTOS dEliVEr?
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1. Ifestos will trace the origin, evolution and fate of Io-sourced plasma.

2. Ifestos will reveal how magnetic fields, plasma boundaries and energy-
conversion processes shape Jupiter's inner magnetosphere.

3. Ifestos will connect Io's interior, volcanism and atmospheric mass supply.

4. Ifestos will establish Io as a benchmark for interpreting tidally heated planetary 
systems.



miSSiOn rEQuirEmEnTS
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MSN-CON-01

The S/C shall be operational in Jupiter and Io radiation environment for 
the mission lifetime

MSN-CON-02

The S/C shall be operational in temperatures for hot and cold case for the 
mission lifetime.

The S/C shall be compatible with Ariane 64 launch vehicle

MSN-ENV-01

MSN-ENV-02

The science orbit shall be in the constant view of the Sun



miSSiOn rEQuirEmEnTS

25

MSN-OPR-01

The LOS from S/C to Earth shall cross Io for radio occultation experiments

MSN-OPR-02

The remote sensing measurements shall cover a total of 10 % of Io's 
surface with resolution of 100 m on the span of mission lifetime

The UV measurements shall be made at a distance not closer than 3*RJ 
away from plasma torus for at least 10 hours per measurement

MSN-OPR-03

MSN-OPR-04

MSN-OPR-05

The gravity measurements shall be conducted during at least 4 Io flybys 
at an altitude of 500 km or less

The plasma measurements shall cover 80% of plasma torus from the top 
view within 10*RJ during the span of mission lifetime



miSSiOn rEQuirEmEnTS
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MSN-OPR-06

The S/C shall cross the torus every orbit for at least 30 orbits

MSN-OPR-07

All the data shall be downlinked before end of primary mission lifetime

The S/C shall be in an orbit that is in resonance with Io's orbit

MSN-OPR-08

MSN-OPR-09

The S/C shall cross the torus every orbit for at least 6 months



WhaT dOES IFESTOS nEEd FOr ThiS?
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• Ifestos will map the torus from above and below → polar orbit

• Ifestos will cross the torus at least 30 times, over 6 months, and preferably 
longer, to study spatial and temporal variations of the torus

• Ifestos will flyby Io closer than 500 km at least 4 times to measure/map >= 10% 
of its surface, interior, and exosphere



hOW dO WE mEaSurE ThiS? 
Introduction into the Instrument Suite

28



IFESTOS SEnSOr SuiTE
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ISP
In-Situ Plasma RMP

Remote Plasma

IOS
Io Sensing

VIRIS
Visual and Near Infra Red 

Imaging Spectrometer

TIRM
Thermal Infra Red Imager

WAC
Wide Angle Camera

RADMON
Radiation Monitor

UVS
Ultra Violet Spectrometer

ENAI
Energetic neutral atom 

and ion imager

RPW
Radio and Plasma Wave 

Instrument

ENAI
Energetic neutral atom 

and ion imager

ED
Electron Detector

MAG
Magnetometer

RSE
Radio Science 
Experiments

RSE
Radio Science 
Experiments

MAG
Magnetometer

MAG
Magnetometer



magnETOmETErS (mag)
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• 2 tri-axial fluxgate magnetometers + 1 scalar 
magnetometer

• Mounted on a 10.6 m magnetically clean boom

• Measures: Bx ,By ,Bz and ∣B∣

• Range: ±8400 (nominal), ±150.000 nT extended, 

• Survey mode: 32 vectors/s

• Burst mode: 128 vectors/s

Map the magnetic field structure and variability of 
Jupiter-Io system

5 -150 - +60 °C (FGM)
-150 - +50 °C (scalar)

JUNO-MAG 

TRL TEMPERATURE HERITAGE

(Connerney et al. (2017)



EnErgETic nEuTral aTOm and iOn imagEr (EnaI)

3131

(https://www.jhuapl.edu/destinations/instrum
ents/joeejeni (Johns Hopkins University – APL))

• 3x ENAI

• 2 operating modes: ENA imaging and ion imaging

o ENA imaging

o In-situ energetic ion measurement

• Range: 0.5 keV – 300 keV for ENAs
0.5 keV – 5 MeV for ions

• Resolution: ∆E/E ≤ 30 %

• 3 sensor heads for wide simultaneous angular coverage

→ Energy-, direction-, and mass-resolved ENA and ion flux

→ Global maps of charge exchange emissions5 -20 - +50 °C
JUICE PEP-
JENI heritage 

TRL TEMPERATURE HERITAGE



radiO and plaSma WaVE InSTrumEnT (rpW)
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SCM-RPW: triaxial search coil magnetometer

magnetic field vector

LP-RPW: 4 Langmuir probes in tetrahedral 
configuration

 plasma density and electric wave components

HF-RPW: High-Frequency Radio Antennas

 density, temperature and high frequency 
variations of ionized fluid

EBOX-RPW: RPW Central Electronic Body

(Wahlund et al., 2024)

5
-50 - +70 °C (SCM)
-160 - +100 °C (HF, LP)
-20 - +55 °C (EBOX)

JUICE RPWI, JUNO 
HFR heritage 

TRL TEMPERATURE HERITAGE



ElEcTrOn dETEcTOr (Ed)
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• 3x ED

• range: 28 keV – 2 MeV

• Energy resolution: ∆E/E 20 %

• 3 detectors for 3D picture

 Reconstruct full phase space 
distribution (PSD)

 Derive from PSD: Pitch-angle distributions, 
Velocity and energy distributions, Bulk 
velocity Number density, Temperature, 
Pressure tensor

(https://www.jhuapl.edu/destinations/instruments/joe
ejeni (Johns Hopkins University – APL))

6 -20 - +50 °C
JUICE PEP-JoEE
heritage 

TRL TEMPERATURE HERITAGE



ulTraViOlET SpEcTrOgraph (uV)
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• Coverage: 60 – 140 nm

• Spectral resolution: 0.5 nm

• SNR >= 10 per 0.16º spatial 
sample per 20 min. map (band-
integrated)

 Produce spectral map of 
plasma torus over space and time

(Juice Red Book (ESA/SRE, 2014))

6 +19 - +21 °C
JUICE UVS 
heritage 

TRL TEMPERATURE HERITAGE



radiO SciEncE ExpErimEnT (rSE)

3535

(Shapira et al. 2016)

Dedicated use: KaT + USO

KaT: Coherent Ka/Ka Doppler and ranging → gravity 
field, tidal response and interior structure.

Ultra Stable Oscillator (USO): quartz crystal 
resonator + highly stable double oven → TEC and 
ionospheric electron density.

6 -20 - +65 °C (KaT)
-30 - +60 °C (USO)

JUICE 3GM 
heritage 

TRL TEMPERATURE HERITAGE



VIS nIr ImagIng SpEcTrOmETEr (VIrIS) 
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Instrument Main Specs:

• Spectral range : 0.5 - 5.5 μm
• Spatial resolution: 75 m/pixel at 

500 km distance

Function: Surface Composition, 
Atmosphere Composition

(Juice Red Book (ESA/SRE, 2014))

6 < -184 °C
JUICE MAJIS 
heritage 

TRL TEMPERATURE HERITAGE



ThErmal inFrarEd ImagEr (TIrm)
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(Helbert et al. 2022)

Instrument Main Specs :
- 625 m/pixel at 500km 

bolometer (2-16μm)
- 9.4 km/pixel radiometer at 

500km (8-40μm)
- Uncooled sensor

Function : Thermal Mapping 
of the surface.

37

5 -20 °C
TMAP-IVO 
MERTIS heritage 

TRL TEMPERATURE HERITAGE



WIdE anglE camEra (Wac)
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Instrument Main Specs:
• Spectral range: 400 - 1100 nm visible and 

near UV
• Spatial resolution: 108 m/pixel at 500 km
• distance
• FOV of 26° x 26°
• Coverage per passage: 4% at 500km
• Pointing: 41 arcsec

Function: Surface Morphology, Spatial and 
temporal distribution of volcanoes, global 
mapping

(WAC design from university of Arizona)

5 -174 °C
IVO-WAC 
heritage 

TRL TEMPERATURE HERITAGE



radIaTIOn mOnITOr (radEm)
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• Electron energy range: 0.3 to 40 
MeV

• Proton energy range: 5 to 250 
MeV

 direction-resolved fluxes and 
energy spectra of electrons, 
protons, and heavy ions

(Hajdas et al., 2025)

6 -40 - +50 °C
JUICE-RADEM 
heritage 

TRL TEMPERATURE HERITAGE
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priOriTymain OBJEcTiVEpackagEInSTrumEnT

ThresholdMagnetic mapping of torus and surrounding 
environment

RMP, ISP, 
IOSMAG

ThresholdNeutral atom detection (outside torus) and 
ion detection (inside torus)

RMP, ISPENAI

ThresholdTorus mappingRMPUVS

ThresholdPlasma characterizationISPRPW

ThresholdIo and torus radio occultation, Io gravity 
mappingRMP, IOSRSE

ThresholdIo detailed thermal and volcanic 
characterisationIOSTIRM

GoalIo surface spectral characterisation and 
thermal mappingIOSVIRIS

GoalIo imagingIOSWAC

BreakthroughElectron density and distributionISPED



InSTrumEnT SuiTE diFFErEncE TO OThEr miSSiOnS
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IFESTOS
IVO

(prOpOSEd)
JunOJuIcE

Io-Jupiter systemIoJupiter
Ganymede, 

Europa, Callisto
FOcuS

PrimarySecondarySecondaryNot an objective
IO plaSma 

TOruS and 

magnETOSphErE

SecondaryPrimarySecondaryNot an objective
IO inTEriOr, 

VOlcaniSm, 

ExOSphErE

SecondarySecondaryNot an objectiveNot an objective
ExOplanET 

SySTEm 

analOguES

≥4 fly-bys <500 km
~10 fly-bys at 200-

500 km
2 fly-bys at ~1500 

km
No fly-bys IO accESS



hOW dO WE gET TO ThE
JOVian SySTEm?
Insight into transfer and insertion orbit strategy

42



SElEcTiOn OF FlyBy SEQuEncE
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OrBiTS TO JupiTEr: EVEEJ
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Departure Date: 13/10/2037
Arrival Date: 22/09/2044
C3 : . 11.28 km²/s²
Vinf at arrival: 5986.16 m/s

[1] European Space Agency, Juice: Playing Pinball with Jupiter's Moons, European Space Operations 
Centre, https://esoc.esa.int/juice-playing-pinball-jupiters-moons, accessed 20 July 2026.

Delta V [m/s]Segment
3360.48Earth Departure
2.11DSM
693.18JOI
≈ 500 [1]Jov Sys DV
0.69EOL



chOicE OF FlyBy rESOnancE
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JOVian OrBiT

46



47



cOVEragE aT alTiTudE = 500 km
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cOVEragE aT alTiTudE = 2000 km

49
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miTigaTiOn STraTEgy: 
2nd launch WindOW

51
[1] European Space Agency, Juice: Playing Pinball with Jupiter's Moons, European Space Operations 
Centre, https://esoc.esa.int/juice-playing-pinball-jupiters-moons, accessed 20 July 2026.

Departure Date: 06/06/2042
Arrival Date: 16/01/2046
C3 : . 11.28 km²/s²
Vinf at arrival: 7411.26 m/s

Delta V [m/s]Node
2863.13Earth Departure
7989.95DSM
807.99JOI
≈ 500 [1]Final Insertion



JunO and JuicE OrBiTS: hOW arE WE diFFErEnT?
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The New York Times (2016) 'NASA Juno mission to Jupiter', The New York Times, 28 June. Available at: 
https://www.nytimes.com/interactive/2016/06/28/science/space/nasa-juno-mission-to-jupiter.html (Accessed: 22 July 2026).

JunO



JunO and JuicE OrBiTS: hOW arE WE diFFErEnT?
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German Aerospace Center. (2023, April 13). The journey – from Earth to Jupiter in a roundabout way. DLR. https://www.dlr.de/en/research-
and-transfer/projects-and-missions/juice/the-journey-from-earth-to-jupiter-in-a-roundabout-way

JuIcE



WhEn dO WE WanT TO
OBSErVE WiTh Which
inSTrumEnT?
Concept of Operations

54



SpacEcraFT mOdES – miSSiOn OpEraTiOnS
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End of Life

Manouevre

Standby

Commissioning

LEOP
Safe Modes

Safe 
State

After LEOP and every
6 months on the way

Burn phases and 
insertions

Minor failure, 
planned
eclipse

Major failure, 
stabilize the 
spacecraft + 

restore a positive 
power balance

LEOP – Launch and Early Operations Phase

Survival 
State



SpacEcraFT mOdES – SciEncE OpEraTiOnS

Science Operations (SciOps)

Nominal Power State Low Power State + 
Downlinking

56

High Power State
Execute the most

demanding science 
observation 

sequences during
closest approach or 

critical flybys

Execute routine orbital 
science campaigns

Maintain essential 
science observations 

while minimizing payload
power consumption + 

downlinking phase



nOminal OrBiT
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Torus

N

vJx

> 30 orbits

Nominal Power State

Low Power State + 
Downlinking

High Power State



SciOpS IO FlyBy
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Torus

N

vJx Nominal Power State

Low Power State + 
Downlinking

High Power State

6 orbits



Torus

N

vJx

Torus

Orbit Plane

N

vJx

arriVal

59
IOS: Io Sensing | ISP: In-Situ Plasma | RMP: Remote Plasma | RADMON: Radiation Monitor

RADMON



Torus

N

vJx

Torus

Orbit Plane

N

vJx

60
RADMON

ISP

IOS: Io Sensing | ISP: In-Situ Plasma | RMP: Remote Plasma | RADMON: Radiation Monitor

TOruS crOSSing



Torus

N

vJx

IO FlyBy

61
RADMON

IOS: Io Sensing | ISP: In-Situ Plasma | RMP: Remote Plasma | RADMON: Radiation Monitor

Torus

Orbit Plane

N

vJx

ISP

IOS



kEy driVErS
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Radiation Environment Pointing accuracy for Wide Angle Camera
of 41 arcsec



radiaTiOn EnVirOnmEnT
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Electrons: >100MeV

Protons: >1GeV

GCR: nuclei mostly
hydrogen

Arrival at Jupiter: 2044
Solar maximum: 2046
High solar activity
→ more heliospheric protection against GCR

[De Angelis et al., 2003]



radiaTiOn EFFEcTS

64

Total Ionizing Dose (TID)

Single Event Effects
(Upset, Latch-Up,…)

Displacement Damage 
Dose

Simulation SPENVIS TID for 6 month in jovian orbit [Teuchert et. Team Blue, 2026]

0,01mm → 275400 krad
10 mm → 415,5 krad
20 mm → 217,9 krad
25 mm → 154,2 krad
30 mm → 107 krad



radiaTiOn ShiElding againST TId, SEE and ddd
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1. Shielding materials
• Separate aluminum shielding around 

units
• Tungsten/Tantalum slabs for area 

shielding 
• Overall aluminum shielding around 

entire system
• Multi-layered-Z-shielding against 

GCR
• Glass-layer on solar panels

2. Shielding through efficient placing

3. Radiation shielding margins for units
• No shielding inherited -> +100% of unit 

mass (where mass margin is already 
applied)

• Inherited shielding for JUICE/JUNO -> 
+25% of unit mass

• Philosophy based on UVS Instrument

4. Usage of rad-hard components
• Radiation testing to at least 150 krad
• RDM of 2 → shielding to survive 300 krad



hOW dO ThE
inSTrumEnTS SurViVE
in SpacE? 
Spacecraft platfrom design

66



STrucTural cOnSidEraTiOnS

• Spacecraft design is driven by two vertically stacked propellant tanks
within a central load bearing cylinder.

• Two radiation shielding vaults are built along the central cylinder, to 
protect sensitive electronics.

• Microvibrations will affect pointing, especially during:
• Solar Array Deployment
• Maneuvers (All types)

69



SaTElliTE BuS

• +Z axis is Nadir 
(IO) pointing

• -X axis is RAM 
pointing

• Bus is JUICE 
Heritage

• Stowed 
Configuration 
fits in Ariane 64 
fairing

[Selevicius, Dumitru et al., 2026]
70



InSTrumEnT placEmEnT

• UVS, VIRIS, WAC, TIRM on Nadir 
(IO) side

• ENAI/ED paired together 

• RADMON on Ram pointing

• LP-RPW on 4x 3 m Booms

• RSE placement independent

• MAG/RPW instruments are placed on 
the Magnetic Boom

71



ThErmal cOnSidEraTiOnS

• Instruments shall be off during Venus Flyby.

• The Solar Array (SA) shall be tilted to minimize heat load.

• All subsystems, including instruments, shall have a 
dedicated heater.

• The TIRM shall have a dedicated built-in radiator (-195 °C).
• Heritage : JUICE

70
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Hot Case

Flyby to Venus 

Tilted Solar Array

QIR

QDISS

HGA oriented to 
act as SunshieldDuring the so-called Venus Flyby phase of the interplanetary transfer

- when the spacecraft is less than 1.34 AU from the Sun
- This antenna also serves as a sunshield.

Survival mode

Commissioning

EPS Modes

JUICE Heritage
Max Temp of  SA 230°C

Optimized S/C 
Pointing
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Cold Case

Entering
Jupiter’s Orbit

Heaters for 
Electronics

MLI and Black 
Kapton

Survival mode

Commissioning

JUICE Heritage
Min Temp of -230°C

EPS Modes



aOcS: aTTiTudE and OrBiT cOnTrOl SySTEm

Driving requirements:

• The AOCS subsystem shall maintain 3-axis stabilization with a 
pointing accuracy of ≤ 41 arcsec

• The AOCS subsystem shall maintain a pointing stability of ≤ 41 
arcsec over the duration of Wide Angle Camera (WAC) exposure time.

AOCS components and layout are JUICE heritage

4x Reaction
Wheels 2x Sun Sensors

2 IMUs
(3-axis Gyro)

(Accelerometers)

1x Triple-head
Star Tracker

75



cOmpOnEnTS

RW:
Collins Aerospace 

RSI 68- 220/60 

Angular momentum
at angular speed:

68 Nms

Sun Sensor:
Redwire Space 

Digital Sun Sensor

Star tracker:
Sodren Hydra

IMU:
Honeywell MIMU 

v3.2

High frequency
spatial error @ 3σ:
3.4 (XY) / 27 arcsec

Range:
± 375 °/s 

FOV:
128° X 128°

Accuracy: ± 0.25°

Attitude determinationAttitude control

[Honeywell] [ESA][Redwire Space][RTX]

T
R
L
6

T
R
L
6

T
R
L
6

T
R
L
6
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prOpulSiOn archiTEcTurE

75

Jupiter Orbit Insertion

TCM IO impact 
targeting

Reaction wheel 
desaturation

Attitude stablization
during main engine 

burns
Attitude control

Spacecraft control thrusters: ArianeGroup S25 (23N): 12 + redundant 4 units

Main engine: ArianeGroup S400-15-class (425 N)



main EnginE

76

Nominal thrust: 425 N

I sp: 321 s 

Thrust range: 340 -
400 N

Oxidiser:
MON-3

Fuel: 
Monomethelhydrazine

ArianeGroup 400 N Bipropellant Apogee Motors



SEcOndary prOpulSiOn
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Nominal thrust: 23N

I sp: 295 s 

Thrust range: 18- 29 N

Oxidiser:
MON-3

Fuel: 
Monomethelhydrazine

ArianeGroup S25



prOpEllanT lOadEd and prESSurizaTiOn SySTEm

All thrusters supplied by a single bi-propellant system

Helium pressurant tanks (neccessary to keep the 
propulsion system at its operational pressure

MMH: 
998,8 Kg

MON-3: 
1648,02 Kg

Helium: 
7,44 Kg

https://link.springer.com/article/10.1007/s11214-026-01289-4 
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OBc - On BOard cOmpuTEr

DSI’s Science mass 
memory (SSMM) x2

1 TBit (EOL)

Data copied x3 to 
prevent errors by 

radiationNext Generation
On Board Computer 

(OBC NG)  x2

SPARC V8 
LEON FT 

processor x4

Source : Beyond Gravity

Source : DSI aerospace

Driving requirements: 
• The OBC subsystem shall work in a high-radiation enviroment
• The OBC subsystem shall store at least 1Tbit of data

EDAC software 
protocols

TRL 7
TRL 7 
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Heritage: ExoMars Rover, 
Hispasat 36W-1, JUICE



cOm - anTEnnaE

Medium gain 
antenna

Diameter: 0.5 m

Low gain 
antenna x2

High gain antenna
Diameter: 2.5 m
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cOm - FrEQuEncy BandS

T/C

X-band
Redundancy against

bad weather

Ka-band Downlink high speed 
science data

Multi-frequency to 
cancel plasma and 

atmospheric
interference on Earth

Housekeeping data
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Nominal Case



cOm - grOund STaTiOn

• ESTRACK deep space network
• Available for Ka and X band multifrequency

reception at the time of the mission

[ESA]
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daTa BudgET

Compressed 
volume per orbit 

(Gbit)

Volume per 
orbit 
(Gbit)

Data rate (bps)

4.029.50Total 
(flyby orbit)

2.755.00Total 
(non-flyby orbit)

83

Available storage per 
orbit: 1000 GbitSciOps Data Produced

Storage worst case 
(Gbit)

31

15



lInk BudgET

Link budget (Ka band)

7.78E+08Average distance (km)

48.7Transmitting Antenna
Gain (dBi)

60G/T (dB/K)

50Data rate (kbps)

300FSPL (dB)

1.1Margin (dB)

10.5Power (dBW)

8Comms window 
duration (h)

1.44Total data downlinked 
per window (GBit)

Link budget (X band)

7.78E+08Average distance (km)

44.7Transmitting Antenna 
Gain (dBi)

52.5G/T (dB/K)

50Data rate (kbps)

287FSPL (dB)

1.9Margin (dB)

14.4Power (dBW)

8Comms window 
duration (h)

1.44Total data downlinked 
per window (GBit)

84



pOWEr dEmand
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EpS OBc aOcS cOm pl TcS

Peak power (incl. margin):

LEOP:
Commissioning:
Standby/Cruise:
Safe:
Survival:
Maneuver:
EOL:

598,6 W
634,6 W
558 W
401,1 W
324,0 W
661,2 W
529,1 W

1075 W

Worst-case: all subsystems on maximum power

Nominal power (incl. margin): 892 W

rEaliSTic caSE: 
all subsystems work
according to subsystem
modes 



WOrST caSE pOWEr gEnEraTiOn
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Nominal-case scenario
(Nominal power 

+ Margins)

Worst-case 
scenario

(Peak power 
+ Margins)

8921075
Maximum EOL 

Power (W)*

88110Solar Arrays Surface 
(m2)

44Battery (kWh)

*Arrays can be tilted to modify solar power received

Battery sized
on worst case
scenario
7h eclipse in 
Safe Mode + 
40% Margin



OpTimizEd caSE pOWEr gEnEraTiOn
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Considered for mass budget

95m2 

5kWh

BuT

We can reduce the size 
of the arrays and 

increase battery to 
optimize total cost

Solar Panel Size

Battery Capacity



SOlar arrayS dEgradaTiOn
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plannEd
EOl TimE 
WindOW

pOWEr cappEd aT 1400W  By
TilTing SOlar panElS

667W 
threshold



pOWEr BudgET In (W) FOr SciEncEOpS mOdES
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incl,. 10% margin



maSS BudgET
and marginS

92

Mass incl. DMM [kg]Subsystem

360.00STR_TCS

215.71HAR_SCRW

101.19AOCS

197.73PROPSYS (tanks and thrusters)

690.24EPS

94.63COM

25.92OBC_PDH

295.98PL (incl. margin)

95.00Launch Adapter

2076.92NOMINAL DRY MASS AT LAUNCH

2492.30TOTAL DRY MASS AT LAUNCH

2866.15TOTAL SHIELDED DRY MASS AT LAUNCH

2646.82Propellant

7.40Pressurizer

2707.30TOTAL PROPELLANT MASS

5573.45LAUNCH MASS

System level margin of 20%

Radiation shielding margin 15% 
(according to experts and 
reserved for spot shielding)

Propellant Residuals of 2%

Design Maturity Margins on
Subsystem level

• 5%
• 10%
• 20%
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Deep Space Network 
ESTRACK

Data Center
Calibration and 

Evaluation

ESAC
Data Storage

uSEr SEgmEnT
Outreach to general 
public and Scientist 

community

Integrated timeline

launch SEgmEnT
Ariane 64

(mass max: 6900kg)

SpacE SEgmEnT

exchange

g
r

O
u

n
d

SE
g

m
En

T 

ESOC
Operations

Science ground segment



TEchnical
miSSiOn SchEdulE
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Q1 2029: Mission Definition Review

Q1 2028: Kick-Off

Q3 2037: Launch Q2 2044: Arrival Jovian System 

Q2 2043: Wake up Operations Team for Arrival

Q1 2045: Science Operations done

Tbd: Disposal (Crash into Io)

EOL Operations

Operate more as long as
possibleQ1 2030: Preliminary Design Review

Q1 2032: Critical Design Review

Phase E

Every 6 months: Health-check S/C

2032-37: Instrument/Platform
development/verification



riSkS
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54321

1

RISK-SCH-012

RISK-SCH-02, 
RISK-SCH-03, 
RISK-BDG-01 

3

4

RISK-TEC-015

Severity/Impact

Li
ke

lih
oo

d/
Pr

ob
ab

ili
ty



riSkS
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Risk mitigationRISKIRPSDescription of impactDescription of riskRisk ID

Shielding for components which cannot be redundant 
and for redundant components as well, annealing 
process and switch to second satellite bus
OR spend time outside radiation belts OR reduce 
mission lifetime

2555
Destruction or 
malefunction of 
electronics and sensors

Radiation exposureRISK-TEC-01

multiple proposed transfer orbits1052

Launch window closes 
and transfer to Jupiter 
gets impossible or dV 
heavy

Launch gets delayedRISK-SCH-01

Early developement and multiple component selection933Delay of project

Component 
procurement not 
possible due to 
unavailability

RISK-SCH-02

Early developement and multiple component selection933Delay of projectLong-lead time 
components

RISK-SCH-03

Early developement and margins933Descope science 
Spent budget 
exceeds proposed 
budget

RISK-BDG-01



cOST BudgET
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Price [MIO EUR]Item

20Hardware payload and instruments

200Hardware platform

250Platform engineering 

117,5ESA project management  (25% of all the 
above mentioned)

74Mission operations

60Spacecraft operations

135Launcher

721.5TOTAL

1000.8TOTAL with 20% margin

Hardware

Operations

Engineering

Payload engineering and procurement done by ESA member states

Launcher



dEScOping

VIRIS
Visual and Near Infra Red 

Imaging Spectrometer

WAC
Wide Angle Camera

ED
Electron Detector

Reduce:
• Cost
• Development Time
• Mass

First instrument to descope

Last instrument to descope

98



arE yOu
cOming 
WiTh uS?
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Backup SlidES
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IO'S aTmOSphErE

Dayside

• Solar heating causes sulfur dioxide frost to 
sublimate

• Thin continuous atmosphere
• Atmosphere thicker around equator due to:

o Locations of volcanos
o More exposed to solar radiation - heating

Nightside

• SO2 gas from exosphere freezes to 
surface

• Only gas supplied by eruptions remains 
in small regions around volcanos

101



102

Source: Juice Red Book

JUICE PEP-JENI heritage

Energetic neutral atom and ion imagerENAI

(https://www.jhuapl.edu/destinations/instrum
ents/joeejeni (Johns Hopkins University – APL))
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Source: Juice Red Book

JUICE PEP-JENI heritage

Energetic neutral atom and ion imagerENAI

(https://www.jhuapl.edu/destinations/instrum
ents/joeejeni (Johns Hopkins University – APL))



daTa BudgET I
Duty basisCompressed volume 

per orbit (Gbit)
Volume per orbit 
(Gbit)

Compression factorData rate (bps)Instrument

One 10 h torus campaign per orbit0.5041.01228,000UVS

Flyby orbits only, 30 min window0.6752.741,500,000VIRIS

Flyby orbits only, 30 min window 0.120.363200,000TIRM

Continuous 0.721.4424,000MAG

Continuous outside 1.5 R_J 0.541.0823,000RPW

+/-2 h around a gravity flyby 0.631.2625,000ENAI

Continuous 0.001440.002882200RSE

Continuous, co-pointed with ENAI 0.015120.03270RADMON

Flyby orbits only, +/-20 min around CA 0.090.182500ED

10% of science data 0.36181.454600,000WAC

0.25---Housekeeping

4.029.5Total (flyby orbit)

2.755Total (non-flyby orbit)
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daTa BudgET II

Worst case flyby (X-band 
only)

Worst case non-flyby (X-
band only)

Flyby orbitNon-flyby orbit

50505050Downlink data rate 
(kbps)

8888Comms window 
duration (hours)

1.441.441.441.44Total downlink size 
available per comms 
window (Gbits)

4.322.884.322.88Total downlink size 
available per orbit 
(Gbit)

4.022.753.662.5Total downlink size 
required per orbit 
(Gbit)

1111Storage available (Tbit)

0.0310.0150.0310.015Storage required (Tbit)
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pOWEr FOr SciOpS

rESulTS in W 
including a 
10% margin
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pOWEr FIgurES



106

pOWEr FIgurES
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mOdE dEFiniTiOn: OnE ExamplE



launch pErFOrmancE arianE 6-4
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[ESA-SCI-F-MGT-MAN-002, page 11]



cOmmunicaTiOn capaBiliTiES during TranSFEr TO JupiTEr
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cOmmunicaTiOn capaBiliTiES during JOVian OrBiTS
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