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The LIFE initiative seeks to develop the scientific context, the technology, and a
roadmap for an ambitious mid-infrared space mission that investigates the
atmospheric properties of a large sample of terrestrial exoplanets.

LIFE's primary mission objective:

Determining the occurrence rate of life - as we now it - on nearby exoplanets



First steps are taken by JWST and Ariel
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“Along 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)



The LIFE mission
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e ...isaspace-based formation-
flying mid-infrared (nulling)
interferometerin L2 with a
nominal mission lifetime of at
least b years

®

e ...consists of 4 collector
spacecraft separated by tens to
hundreds of meters and a beam |
combiner spacecraft ! -

e ..will survey hundreds of nearby \/
stars within 25 parsec, discover 60-600 m

hundreds of new exoplanets, i |
and investigate the é LIFE

atmospheres of dozens of them

10-100 m
\

Artist impression of LIFE concept (credit: LIFE initiative)

Quanz et al. 2022 (arXiv2101075000)


https://ui.adsabs.harvard.edu/

InveStlgatlng Emission spectra of terrestrial planets in our Solar System
other worlds
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Investigating Reconstructed LIFE image of Solar System analogat10pe
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 biosignatures such as
ozone (03), methane (CH,) and
nitrous oxide (N,0)
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Kaltenegger 2017, Matsuo et al. (submitted)



| LIFE: Exoplanet Detection Yield Estimates

Detection yield comparison
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e [Expected detectionyields are similar to

large future NASA flagship concepts

e Monte Carlo simulations based on Kepler

statistics (SAG13) and stars within ~20 pc

2 scenarios:

Maximizing total number of planets vs.
maximizing rocky planets in habitable zone



https://ui.adsabs.harvard.edu/

| LIFE provides unprecedented discovery potential
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LIFE provides unprecedented discovery potential
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LIFE is a characterization mission from day 1

LIFE discovery space vs. known exoplanets within 10 pc
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https://ui.adsabs.harvard.edu/

Exoplanet characterization: the mid-infrared advantage

In contrast to a reflected light mission, LIFE will...

&E ...directly constrain the pressure-temperature structure of exoplanet atmospheres

;@i ...access(multiple) atmospheric absorption bands of major molecules such as H,0, CO,, and CO as well
as collision induced absorption from N, and O,

}' ...search for numerous atmospheric biosignatures in the context of terrestrial exoplanets and gas
: dominated Super-Earths(e.qg., Oz and CH,, but also N,0O, PHz, NHz, and CcHy)

@ ...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 n



| Biosignature detection: the mid-infrared advantage
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‘ LIFE-related paper series is a growing success
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V. Diagnostic potential of a mid-infrared space interferometer for studying
Earth analogs

Eleonora Alei' 20, Bjorn S. Konrad!-2®, Daniel Angé:rl‘nausenl'z‘3 , John Lee Grenfell, Paul Molliere’,
Sascha P. Quanz'-?®, Sarah Rugheimer®®, Fabian Wunderlich*, and the LIFE Collaboration*

A&A 668, A52 (2022)
https://doi.org/10.1051/0004-6361/202243846 I?t ronomy

©J. Kammerer et al. 2022 Astrophysics

Large Interferometer For Exoplanets (LIFE)
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IX. Assessing the impact of clouds on atmospheric retrievals at mid-infrared
wavelengths with a Venus-twin exoplanet™
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Recent progress and ongoing efforts increase technological readiness

New mid-infrared testbench under construction at
Olalelel=npteng(Ullilalefs ETH Zurich to demonstrate interferometric nulling
under realistic conditions

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

Credit: Cvetojevic et al. 2022

Input MMI Section Output
Waveguides Waveguides

KIDs (Kinetic Inductance Detectors) show excellent U OREr TGS Various space missions aim to demonstrate high-
performance at sub-mm and near-infrared e e precision fo'rmat|on,fly|ng performance in the coming
wavelengths and close-in on mid-infrared regime years including ESA’s Proba 3

Low-noise
detectors

Credit: Pieter de Visser / SRON Credit: ESA




LIFE: a candidate theme for a future ESA L-class missions

“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, [...]"

Voyage 2050 sets

Sail: ESA ChOOSES “Being the first to measure a spectrum of the direct

future SCience mission thermal emission of a temperate exoplanet in the mid

th infrared would be an outstanding breakthrough that

emes 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

LIFE: a unique opportunity for Europe to lead the way...

JWST Ariel « No call for proposals anytime soon
(2021) (2029) « Wealready had 3 F/M-class missions
\
[ |
F3 - mission F4-mission M8 - mission

(~2037-2039) (~2040-2043) (~2045-2048)

2020 2030

LIFE
F2 - mission M7 - mission L5
(~2030-2031) (~2037) (204X)

\ J
|

« Calls are already closed
* No exoplanet mission candidate

CHEOPS
(2019)
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...for the next Copernican revolution with es,t ed _parft_hei's .
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Coordinated efforts will provide a holistic view of Earth-analogs
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Image credit: NASA, LIFE Initiative, ESO, TMT, GMT



| Join the global LIFE initiative!

e LIFE isaEuropean-led but globalinitiative fora Collaborations with Collaborations with
large future exoplanet mission! NASA/JPL/Goddard on Japan/JAXA in context of
science and synergies with their SILVIA mission and
e Thescience theme has beenrecognized as a future missions other relevant technologies

potential candidate for an L-class mission within , | —

ESA’s Science Programme ; "* R,

e R&Dfor critical components/ sub-systems s My
starting to ramp up, and we are working towards
a mission concept study with our academic and
industry partners (kick-off 2024)

e LIFEisnotaclosed-club; collaborations/
contributions / partnerships at various levels are
more than welcome! ;

e Moreinformation: ;

o www.life-space-mission.com
o Signup for newsletter: life@phys.ethz.ch
o Followus: @LIFE_telescope 19

Global distribution of LIFE team members and supporters
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Thank you
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From Source to Detection
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Signal Simulation

Double Bracewell nulling
interferometer; there are 2
constructive and 2
destructive outputs

In one branch, a p/2 phase
shift isintroduced to enable
the difference map

Phase Chopping between
Outputs 3 & 4 makes
instrument less susceptible
to perturbation

Assume fundamental noise
limit (ideal instrument)

Differential transmission map

ADec [mas]
Transmission [norm.]

-100

100 -100 100

—100

0
ARA [mas]

0
ARA [mas]

Difference map is antisymmetric wrt central point and filters out point-
symmetric emission, but offset planet signal remains

Array rotation (on timescales of 16 - 20 h) will lead to a virtual path of the
exoplanet emission through the difference map
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https://ui.adsabs.harvard.edu/abs/2022arXiv220300471D/abstract

Earth-twin retrieval studies to determine

characterization potential

Lowest Quality Input: R=20, S/N=5

Highest Quality Input: R =100, S/N =20
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Heritage

Space based (MIR, nulling)
interferometry 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
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