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Stella – Proposal submitted to ESA’s call for M & F class mission
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ESA has 3 mission classes:
L – Large:
Cost: ~ 1500 MEUR
Next L-class missions are:
JUICE (L1, April 2023)
Athena (L2, 2034)
LISA (L3, 2037)

M – Medium:
Decided: Solar Orbiter (M1, 2020), Euclid 
(M2, 2023) PLATO (M3, 2026), Ariel (M4, 
2029), Envision (M5, 2031)
Next M-class launch opportunity: ~ 2037
Cost: < 550 MEUR

F – Fast/Flexi:
Comet Interceptor (joint launch w. Ariel)

Boundary conditions for M-class missions

Stella was proposed as M7. This 
call was the only option to contribute 
to an ISP. 

In line with ISP’s astronomically 
constrained launch window in 2036-
2037.

Challenge: Different ESA-NASA 
time scales (Voyage 2050 - decadal)
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Programmatic background
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Big Questions:

● What are we made of?
● Where are we going?
● Influence of ISM on solar system?
● History and future of solar system?

Science case for Stella
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Measure composition of VLISM gas, i.e., 
the neutral component:

● IBEX & IMAP measure “filtered” gas
● Pickup ions measure “filtered”2 particles
● ACRs are “filtered”3 particles
● Some species can not be measured 

inside heliosphere, e.g., C – key for life!
● Isotopic ratios to provide information 

about (galactic) evolution of matter

What is the composition of the VLISM gas?

NGMS flight unit for Luna-Resurs
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Plasma Science System (PSS):

● Birth & evolution of interstellar & inner-source PUIs
● Acceleration processes and pressure balances in solar 

wind and at the heliospheric boundaries
● Establish nature and structure of heliopause, ribbon,…
● How are the heliospheric boundaries affected by solar 

& heliospheric activity/dynamics?
● Determine extent and impact of solar disturbances on 

VLISM

How is the heliosphere upheld and how does it change from Sun 
to VLISM?

PAS on Solar 
Orbiter (Owen et 
al., 2020)
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Cosmic Ray Spectrometer (CRS):

● Understand nature and detailed origin of GCRs
● Establish exact nature of heliospheric shielding against GCRs
● Establish how far solar disturbances reach into the VLISM
● Composition of “Cosmic Voyagers” (i.e., GCRs) 

● - Isotopic composition of GCR
● - Abundance of Li-Be-B

● Pitch-angle distributions
● AHEPaM as demo model

Origin and role of GCRs in solar system and beyond

HET-EPT on Solar Orbiter 
(Rodriguez-Pacheco et 
al., 2020)
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Cosmic Ray Spectrometer (CRS):

● Geometry factor > 2 cm2 sr
● 7-8 kg, 7 W
● Composition H to Sn, Dm/m < 10% likely 

not sufficient to separate relevant isotopes.
● 10 MeV/nuc – 1 GeV/nuc for ions
● 1 – 10 MeV electrons
● Cadence: Weekly

But HET on Solar Orbiter does NOT resolve 
energy up to 1 GeV!

Origin and role of GCRs in solar system and beyond, cont’d
Solar Orbiter HET values:
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Lyman-a spectrometer (LyS):

● Understand filtration and hydrogen wall
● Properties of hydrogen populations
● Velocity distribution of hydrogen 
● Number density, bulk velocity & temperature in 

VLISM

How does the local ISM become structured when it meets the 
heliosphere?

McClintock et al., Space Sci. Rev., 
195, 75-124, (2015)
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Radio Science (RS):

● Explore gravitation at scale of 
solar sytem

● Are there deviations from 1/r2?
● Never tested beyond 50 au
● Determine acceleration of S/C
● Measure two-way range to an 

accuracy of 20 cm at integration 
times of 100s of seconds.

● Gravitational signals from TNOs?

● No HW needed, use radio signal!

Are there deviations from the gravity law on an interstellar scale?
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Model Stella payload (i.e., potential European payload provision)
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ESA’s contributions are from industrial 
partners. We proposed three large 
contributions:
● Communication system:

● - 5m dish on ISP with radio system
● European deep space communication 

facility:
● - flexible, scalable DSN augmentation

● Contribution to ISP operations:
● - operations of European payload
● - increase ISP science return
● - operate radio science experiment

Critical ESA contributions
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mtex antenna technology (GER) is the sole 
prime to develop a production-ready design 
and produce a prototype 18m antenna for 
the US National Radio Astronomy 
Observatory (NRAO) Very Large Array 
(ngVLA) facility. 

Thales/Alenia (FRA/IT) and Schwartz 
Hautmont (ESP) are involved in the 
development of the new 35m DSA 
antenna.

European deep space communication facility

https://public.nrao.edu

Apollo complex @ 
Goldstone DSCC 35m 
antennae

Artistic view of the 
NRAO ngVLA of 18m 
dishes

https://public.nrao.edu/
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1)Develop qualification 
procedures for missions with 
50-year lifetime!

2)Studies of using integrated X/Ka 
band deep space transponders. 
Such will be flown on NASA’s 
VERITAS mission to Venus, 
developed by Italian Space 
Agency. Already at high TRL.

3)Studies of a European deep space 
communication facility 
architecture. This would also be 
needed for missions to the icy 
giants and outer solar system

Required technology tevelopments

50 cts

If Stella is selected,... these studies should be kicked off in 
2023/2014 to ensure completion by end of phase 0/A
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Europe has demonstrated experience with 
long-lasting missions:
SOHO, Cluster, Ulysses, XMM-Newton, 
Integral, Gaia, Mars Express, etc. 

Propose joint ESA/NASA science/payload 
reviews every 10 years

Transfer of knowledge from generation to 
generation by networking existing 
programs into a virtual Interstellar Probe 
Institute (IPI) following the ISSI model.

Sustainability of interstellar research in Europe
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Schedule leading up to launch is/could be realistic
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Stella: proposal for ESA’s M7:

If selected for further studies:
● More detailed proposal due 2022-07-15
● Phase 0 pre-studies would start in 2023
● M7 mission selection in 2026
● M7 mission adoption in 2028
● Stella definition phase starts 2027, well 

aligned with NASA’s PPBE process in 
2027.

● Phase A would start in 2028
● Launch in 2036/2037 (constrained by 

JGAM constellation)

Stella near-term schedule considerations

?
?
?
?
?
?
?



2022-03-30 stella 20

● Stella is a possible European contribution to a NASA-led Interstellar Probe.
● Proposed to ESA as an M-class mission; cost cap 550 MEUR (cost to ESA)
● Two options proposed: 

● - core: instruments & ISP communication system, incl. 5m HGA
● - full: Augmentation of ESA’s deep-space communication facility with 35m or 18m dishes  

 & contribution to ISP operations
● Instrument contributions funded by member states. Proposed instrument placeholders!
● Strong role of ESA needed to ensure 50+ year flawless operation of instruments.

Stella – summary & conclusions

● Unique challenges also for science teams! Will require 
rethinking of how we handle successions...

● Programmatic difficulties remain, especially the critical gap 
between ESA & NASA schedules

● In the mean time: Stella at Cospar, IAC, AGU, etc.
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