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LIFE is European-led, but has a global footprint 

3Global distribution of >400 LIFE team members and supporters
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Why is LIFE needed?
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(1) Atmospheric diversity

(2) Habitability

(3) Biosignatures



First steps are taken by JWST and Ariel
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“A long term scientific objective is to characterize the 
whole range of exoplanets, including, of course, 
potentially habitable ones.  ARIEL would act as a 
pathfinder for future, even more ambitious campaigns.“ 

ARIEL Assessment Study Report (Yellow Book)

Zieba et al. (2023)



A candidate theme for a future ESA L-class missions
ESA Voyage 2050 - European roadmap for future space exploration

“Therefore, launching a Large mission enabling the 
characterisation of the atmosphere of temperate 
exoplanets in the mid-infrared should be a top priority 
for ESA within the Voyage 2050 timeframe.”

“This would give ESA and the European community the 
opportunity to solidify its leadership in the field of 
exoplanets, […]”

“Being the first to measure a spectrum of the direct 
thermal emission of a temperate exoplanet in the mid 
infrared would be an outstanding breakthrough that 
could lead to yet again another paradigm-shifting 
discovery.”

ESA Senior Committee Report; June 2021

https://www.cosmos.esa.int/web/voyage-2050

https://www.cosmos.esa.int/web/voyage-2050




Challenges for the 
direct detection 
of terrestrial 
exoplanets
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…high contrast performance:
the planet is orders of 
magnitude fainter than the star
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cf. Kaltenegger 2017

…high spatial resolution:
the planet-star separation is 
extremely small

1

…high sensitivity:
terrestrial planets are 
intrinsically extremely faint 
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Large facilities are needed to directly detect rocky exoplanets
Synergies between different upcoming missions and ground-based telescopes 

Reflected light (UV - NIR) Thermal emission (MIR)
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Image credit: NASA's Goddard Space Flight Center Conceptual Image Lab, LIFE Initiative, ESO, TMT, GMT
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The LIFE mission
• LIFE is a space-based formation-

flying nulling interferometer 

• It consists of 4 collector spacecraft 
in a rectangular array and a central 
beam combiner spacecraft above the 
array

• The  separation between the 
collectors can be freely adjusted to 
optimize the performance for each 
nearby star

• Like the James Webb Space 
Telescope, LIFE will orbit around 
Lagrange Point 2 

• The mission lifetime will be 5-6 years

• LIFE covers the mid-infrared 
wavelength range between ~6-16 μm 
(requirement) /~4-18.5 μm (goal) with 
a spectral resolution of R = λ/δλ ~ 100

1 beam combiner 
spacecraft 

4 collector 
spacecraft

Artist impression of LIFE concept (credit: LIFE mission)
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Heritage
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Space based nulling-
interferometry for exoplanet 
science is not a new idea. 
However,

● Our knowledge about 
exoplanets has significantly 
increased with hundreds of 
terrestrial planets waiting to 
be discovered

● Tremendous progress was 
made in several key 
technologies

NASA TPF-I study

ESA Darwin Study



Investigating 
other worlds

● LIFE’s wavelength range is 
chosen to cover the peak of the 
thermal emission of temperate 
terrestrial planets 

● This wavelength range features 
absorption bands of major 
atmospheric constituents 
including molecules that are 
only present because biological 
activity such as ozone (O3), 
methane (CH4) and nitrous oxide 
(N2O)

1

2

4

Emission spectra of terrestrial planets in our Solar System

Figure credit: B. Konrad
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Our Solar System as seen with LIFE from 10 pc distance

Figure credit: Ph. Huber
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Exoplanet detection yield estimates – providing context
Assuming an initial search phase of the mission of 2.5 years

15Quanz et al. A&A 664, A21 (2022)
cf. Kammerer et al. (2022)



Check-out LIFE-related paper series!



Exoplanet characterization: the mid-infrared advantage
In contrast to exoplanet observations in reflected light in the optical/near-infrared, LIFE will…

● …directly constrain the pressure-temperature structure of exoplanet atmospheres

● …access (multiple) absorption bands of major atmospheric molecules such as H2O and CO2 as well as 
collision induced absorption from N2 and O2

…  …search for numerous atmospheric biosignatures in the context of terrestrial exoplanets and gas 
dominated Super-Earths (e.g.,  O3  and CH4, but also N2O, PH3, NH3, and C5H8)

● …constrain directly the effective temperature of exoplanets and provide access to their radii

● …deliver a higher detection yield during search phase as it is less affected by the orbital phase 
function of the exoplanets’ emission compared to reflected light missions

● …immediately start observing  already known small, temperate exoplanets around nearby M-stars

cf. Line, Quanz et al. (2019; decadal White Paper), Quanz et al. 2022, Dannert et al. 2022, Alei et al. 2022, Konrad et al. 2022 17
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Ongoing technology developments
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NOT EXHAUSTIVE

Ongoing efforts increase technological readiness (1/2)
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Mission 
requirements are 

being finalized

1

Preliminary optical 
concept is defined

2

Check out Glauser et al. 2024 

(SPIE) for description of current 

mission baseline; 

NOVA funding to look at optical 

design and cryogenic deformable 

mirrors (PI: van der Tak)
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Nulling interferometry 
cryogenic experiment Photonics

Low-noise 
detectors

Autonomous 
formation flying

New mid-infrared testbench under construction at 
ETH Zurich to demonstrate interferometric nulling 
under realistic conditions (NICE)

Major breakthroughs in astro-photonics for 
interferometric nulling at near-infrared wavelengths 
motivate mid-infrared applications as next step

KIDs (Kinetic Inductance Detectors) show excellent 
performance at sub-mm and near-infrared 
wavelengths and close-in on mid-infrared regime

Various experiments and  missions aim to 
demonstrate high-precision formation flying 
performance in the coming years

Credit: Pieter de Visser / SRON Credit: ESA

Credit: Cvetojevic et al. 2022 
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Ongoing efforts increase technological readiness (2/2)

A. Coarse Positioning
1. 3 axis wheels & base (X, Y, θZ)
2. 3 axis height adjustment 

(Z, θX, θY)
3. Shock absorbers
4. Goniometer (θX)
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D. Science instruments
13. Science telescope 
14. Tip Tilt, fibre injection
15. Science fibres, beam combiner, 

fringe tracking, & spectrograph

C. Interplatform distance metrology
10. Retroreflector
11. Interferometric lasers & sensors, 

time-of-flight sensor
12. Metrology fibres, beam 

combiner, & spectrograph

B. Angular Metrology
5. Deputy star-tracker camera
6. Chief star-tracker camera
7. Fibre laser gyroscope
8. Coarse metrology camera
9. Coarse metrology LEDs

NOT EXHAUSTIVE

SRON (PI: de Visser) 

colleagues received 

grant to continue 

development
Proba-3 launched; ongoing

efforts in Japan and Australia 

(SEIRIOS / SILVIA missions); 

grant for cubesat mission in US

Credit: ETH Zurich

Check out SPIE papers

Ranganathan et al. (2024)

Birbacher et al. (2024)
Grant at ETH to 

investigate materials and 

designs for fringe tracker, 

spatial filter, nulling chip 

Montesinos-Ballester et a. (2024)
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Outlook
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Aiming at a launch in 2040 we consider 3 development and funding stages 
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Stage 2: Maturation
2029 - 2033

Stage 3: Implementation
2034-2040

Launch

● Manufacturing / Integration of 
spacecraft

● Securing of launch opportunity
● Setting up of ground-segment, 

mission operations, and data 
center

● Conclusion of mission design
● Maturation and demonstration 

of sub-system performance, in 
particular formation flying, 
interferometric nulling 

Stage 1: Preparation
Today - 2028

Establish mission consortium

Develop fundraising strategy

Develop communication strategy

● Conclude mission concept study 
and development plan

● Demonstrate LIFE measuring 
principle in the lab

● Mature key technologies and 
investigate commercialization 
potential 
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Stage 1: Preparation
Today - 2028

Establish mission consortium

Develop fundraising strategy

Develop communication strategy

Study proposal will include:
• Refocused science case / objectives
• Mission requirements 
• Summary of current mission baseline 

architecture
• Work-packages to engage partners 
Next steps:
• Finish study proposal and define scope 

study
• Continue discussion with potential 

industry partners
Goal:
• Kick-off study in 2025
• Understand final mission 
• Identify technology gaps
• Develop implementation plan

● Conclude mission concept study 
and development plan

● Demonstrate LIFE measuring 
principle in the lab

● Mature key technologies and 
investigate commercialization 
potential 


