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Voyage 2050:  A Community Driven Process

Voyage 2050 in numbers

• From 2019-2021
• SPC approved in June 2021
• 97 Voyage 2050 White Papers 
• Involvement of over 2000 scientists
• Full breadth of ESA’s Science Program



Voyage 2050

From temperate 
exoplanets to the Milky 

Way

New physical probes of 
the early Universe

Icy Moons of the giant 
planets

A. Recommend three science themes for three Large missions during Voyage 2050 timeframe, 
which starts after launching LISA and NewAthena (Cosmic Vision). 

B. Identify potential high-impact science themes that could be implemented through Medium 
missions during the plan’s timespan. 

C. Identify compelling science themes where the technology not sufficiently mature for 
implementation before 2050. 



Voyage 2050 in the Worldwide Landscape
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▪ Capacity for scientific breakthrough.

▪ Could the science be done before Voyage 2050 timeframe?

▪ Is the required technology development feasible? 

▪ Is there at least one conceptually feasible and affordable mission?



Move beyond discovery into characterisation.

Astrobiological interest – largest moons and Enceladus 

liquid water, energy, complex chemistry…

• Habitability: characterise interior and subsurface 

oceans.

• Search for biosignatures and evidence of prebiotic 

chemistry.

No expected major technological challenges: can build 

on JUICE heritage

Moons of the Giant Planets

Cassini/Huygens deep oceans/water layers inside moons.  
Possible hydrothermal vents from Enceladus’ ocean.

Credit: NASA/JPL/Space Science Institute



From Temperate Exo-planets to the Milky Way

Fundamental questions of our local 
Galactic Environment: How many exo-
planets might be habitable?  How did 
our Milky Way Galaxy form?

Two scientific areas timely for Voyage 
2050, where Europe has or could take 
the lead, and where space needed for 
breakthrough:

• Characterisation of temperate 

exo-planets

• Gaia-like mission in the near 

infrared

Credit: ESO/M. Kornmesser

Credit: ESA/Gaia/DPAC



From Temperate Exo-planets to the Milky Way

Credit: ESO/M. Kornmesser

CHEOPS, JWST, Ariel will make progress on characterising and 
understanding diversity of warm/hot planets.  

How common are colder, terrestrial planets with “habitable” 

surface conditions? 

Mid-infrared is optimum to measure radius and temperature of 

the planet to test whether planet is habitable:

➢ Radius => density => is it rocky?

➢ Temperature structure => Can it host liquid water?

➢ Signatures of important molecules 

ESA Large Mission:  could be first to 

measure spectrum of thermal emission 

of a temperate exoplanet.  

Tim Lichtenberg talk 
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From Temperate Exo-planets to the Milky Way

Linking star formation scales to the large scale 
dynamics of galaxies  - key for solving galaxy 
formation.

• GAIA transformational – dynamics of ~2 

Billion stars in MW and beyond, but did not 

penetrate obscured regions:  

➢ youngest stars and star forming regions

➢ dynamically complex central regions –

imprints of early formation

➢ spiral arms
Post-Gaia space astrometry 

in near-infrared to explore 

the Milky Way in regions 

unreachable for Gaia.  Retain 

ESA leadership in key field.



New Physical Probes of the Early Universe

Credit: NAOJ

How did the Universe begin? How did the first cosmic structures and black holes form and evolve?
Aim to understand earliest stages of Universe: structure formation, earliest galaxies, stars, and primordial 
black holes:

➢ Gravitational waves 
➢ High-precision spectroscopy

Bruno Maffei and Jonathan 
Aumont talks



New Physical Probes of 

the Early Universe
High-precision spectroscopy
Measure distortions in the black-body spectrum of 
CMB produced by:
• recombination lines from H and He formation (1 

part in 1 billion) -> how the Universe became 
transparent

• Growth of first structures: damping of sound 
waves through plasma – distorts spectrum (1 
part in 100 million) -> amplitude of small-scale 
structure

➢ Needs absolutely calibrated spectrograph, which 
Planck did not carry

Builds on ESA leadership with Planck



New Physical Probes of 

the Early Universe

Gravitational waves
• Unobstructed view – weak interaction with 

matter: waves travel through space without 
scattering or absorption 

LIGO/VIRGO – deca–to-kilohertz GW bands –

binary black hole mergers
LISA – millihertz regime – supermassive black 
holes, intermediate redshifts

• Mission dedicated to decihertz or microhertz 
to study growth of cosmic structures – peer 
back to earliest moments of the Universe.

• First black hole seeds, first quasars, GW 
background

• Build on ESA leadership with LISA, at new 
frequencies to add “color” to gravitational 
wave sky.



Voyage 2050 M-class Themes Relevant to this Meeting

Could any of these be candidates for the ESA M8 Call?



• Overview of status of European 
astronomy as of 2022  & 
recommendations for next 
decade.

• Prioritized ground and space 
facilities with expected first 
light by 2035

• Expert panels with community 
consultation 

ASTRONET Roadmap 

2022-2035

Credit: ASTRONET



• Points out shortcomings of having no FIR mission on the horizon

• Replacement for SPICA and/or  support for PRIMA features prominently in several 
science cases, examples:

- Key FIR line diagnostics for low redshift galaxies 

- Accurate disk masses in proto-planetary disks from HD

- Dust masses for low mass, early galaxies

ASTRONET Roadmap 2022-2035: FIR/Submm 

Outlook Beyond 2035

Credit: ASTRONETTed Bergin’s PRIMA talk 



• Voyage 2050 Recommendations not limited by ideas, but resources

• Trade-off between dreaming big and staying within realistic global funding 
envelopes

• Lessons learned from SPICA – too big to fit into M-class envelope, yet was it too 
incremental relative to Herschel? Does PRIMA address this issue?

• In challenging funding environment, need “killer” science cases for expensive space 
(and ground-based) facilities.  Will the science still be breakthrough in 25-30 years?

Concluding Thoughts



Thank you Thijs!

Extragalactic Molecules, Green Bank 1981


