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LIFE is European-led, but has a global footprint

‘
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Global distribution of >400 LIFE team members and supporters
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Why is LIFE needed?
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First steps are taken by JWST and Ariel

Planet-to-star flux (ppm)

Zieba et al.(2023)
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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)



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

futu re science mission .thermal emission of a temper?te 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




Challenges for the
direct detection
of terrestrial
exoplanets

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

2
...high contrast performance:
the planet is orders of
magnitude fainter than the star

3
...high sensitivity:
terrestrial planets are
intrinsically extremely faint

1078

10°°

10—10

Flux(Wm2 pm™)

10~-11

10722

T l]]ll]] T T L

1010
reflected
light

Hofl Jupiter

107

1 l]lllll 1

thermal
emission

l]l

lllll

M star

108
reflected
light

Hot Jupiter

108
thermal
emission

paal

llll

Jupiter

cf. Kaltenegger 2017

1
Wavelength (um)

10

50

1
Wavelength (um)

10

50



Large facilities are needed to directly detect rocky exoplanets
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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 ym
(requirement)/~4-18.5 pm (goal) with
a spectral resolution of R=2A/8A ~ 100

4 collector i 1beam combiner
spacecraft - - | spacecraft
]
®
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&
o
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Artist impression of LIFE concept (credit: LIFE mission)



Heritage

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
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InveStlgatlng Emission spectra of terrestrial planets in our Solar System
other worlds

. garth
LIFE's wavelength range is

chosen to cover the peak of the 2000 -
thermal emission of temperate
terrestrial planets
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InVGStlgatlng Our Solar System as seen with LIFE from 10 pc distance
other worlds

e LIFE'swavelengthrangeis Jupiter —
chosen to cover the peak of the
thermal emission of temperate
terrestrial planets

e This wavelength range features
absorption bands of major
atmospheric constituents
including molecules that are
only present because biological
activity such as ozone (0O3),
methane (CH,) and nitrous oxide
(N0)

2040-01-01

Figure credit: Ph. Huber



Exoplanet detection yield estimates - providing context
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I Check-out LIFE-related paper series! )

Astronomy & Astrophysics manuscript no. LIFE_paper_I_ACCEPTED ©ES0 2022 |
Astronomy & Astrophysics manuscript no. LIFE_paper_I_ACCEPTED ©ES0 2022 !
Astronomy & Astrophysics manuscript no. LIFE_paper_I_ACCEPTED ©ES0 2022 | m
1
Astronomy & Astrophysics manuscript no. LIFE_paper_I_ACCEPTED ©ES0 2022 | @
Astronomy & Astrophysics manuscript no. LIFE_paper_I_ACCEPTED ESO 2022
Y ophy: p pape
Astronomy & Astrophysics manuscript no. LIFE_paper__ACCEPTED ©ES0 2022
April 8,2022
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Large Interferometer For Exoplanets (LIFE):
1. Improved exoplanet detection yield esti for a large mid-infrared E3
space-interferometer mission ! §
Exanl i ith hacad 3 1l
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b pl e “University of Bern, Center for § d Habitability (CSH), Gesellschaftsstrasse 6 (GG
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o AW ABSTRACT s ten] CH-3012 Bern, Switzerland
b s Al Context. One of the long-term goals of exoplanet science is the atmospheric characterization of dozens of small exoplanets in order (o understand o spa
w} el R sif th} their diversity and search for habitable worlds and potential biosignatures. Achieving this goal requires a space mission of sufficient scale that can Sin dev pla ABSTRACT
¢ in 5¢ o m spatially separate the signals from exoplanets and their host stars and thus directly scrutinize the exoplanets and their atmospheres. ex plag . .
N I S hims, We seck to quantify the exoplanet detection asod MIR) mallin et measures the o K spas One of the long:term goals of exoplanet science is Uhe (atmospheric) charcterization of  large sauaple (>100) of
o W el A s thcrmal cmission of exoplancts. We study the impact of various parameters and compare the performance with that of large single-aperture usi reed tortetral plancts to astssthe potental habitabilty and overalldiversy. Hence it crucial to quaatitatively
d o uw s e mission concepts detecting cxoplanetsin reflected light . . u mar pace-based i nfrazed (MIR) wslin intesfeommeter, W tise Monte.Carlo sralations, bosed o the obsesved
a wl inf h 2 Methods. We have developed an instrument simulator that considers all major astrophysical noise sources and coupled it with Monte Carlo = Sin dev planet. population statistics from the Kepler mission, to quantify the number and properties of detectable exo-
of i w e A simulations of a synthetic exoplanet population around main-sequence stars within 20 pe. This allows us to quantify the number (and types) of o o planets (inel potentially habitable plancts) and wo comparo the results to those for  large apertuze optical/NIF
in) 5 exoplanets that our mission concept could detect. Considering single-visits only, two different scenarios to distribute 2.5 years of an initial search on Key space telescope. We investigate how changes in the underlying technical assumptions (sensitivity and spatial
d ¢ ! 3 » D = 3 lying iptions y and sp
K a W in} s phase among the stellar targets are discussed. Different apertures sizes and wavelength ranges are investigated. o usif resolution) impact the results and discuss scientific aspects that influence the choice for the wavelength
M W W c]  Resuts. An interferometer consisting of four 2 m apertures working in the 4-18.5 zm wavelength range with a total instrument throughput of o ! and spectral resolution. Finally, we discuss the advantages of detecting exoplanets at MIR, wavelengths, sun-
d cf in) 5% could detect up to ~550 exoplanets with radii between 0.5 and 6 R, with an integrated SNR>7. At least ~160 of the detected exoplanets of o Sin marize the current status of some key technologics, and describe what is needed in terms of further technology
[X a wl inf have radii <1.5 R,. Depending on the observing scenario, ~25-45 rocky exoplanets (objects with radii between 0.5 and 1.5 ,) orbiting within the pod b exo) development to pave the road for a spaco-based MIR nulling interferometer for exoplanet science
1 - o inf wl empirical habitable zone (éHZ) of their host stars are among the detections. With four times 3.5 m aperture size, the total number of detections can o { e exo Keywords: exoplancts, interferometry, space, high-spatial resolution, infrared, habitability
a] ¢| increase toupto =770, including ~60-80 rocky, eHZ planets. With four times 1 m aperture size, the maximum detection yield is =315 exoplanets, pr s
K a wl including <20 rocky, ¢HZ plancts. The vast majority of small, temperate exoplanets are detected around M dwarfs. The impact of changing the 5o HAS 1. INTRODUCTION
o 1 - o in]  wavelength range to 3-20 m or 6-17 um on the detection yield is negligible. of o Since the fint detection of & planct orbiting o o th o i 1095 the fiold of
. d Conclusions. A large spac sed MIR nulling interferometer will be able to directly detect hundreds of small, nearby exoplanets, tens of which P pla Sinoe the first detaction of & planet orbiting & main sequence star other than our Sun in 1995 the field of
s K : >based Mling interferometer le to detect hund : A son exoplanct science has been growing at & breathtaking specd: to date we know more than 5000 exoplancts and
a would be habitable world candidates. This shows that such a mission can compete with large single-aperture reflected light missions. Further or et candidatoe. The oo lining s orice of these sh{octe more detocted vin dodented lonp vorin surves
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4 . o 1] 7|  ofthe MIR regime compared to shorter wavelengths. P planct types as a function of their radius / mass, orbital period and also spectral type of the host star? ¢ For
1 ord some planets, transit spectroscapy and/or secondary eclipse spectroscopy measurements (primarily done from
it Key words. Telescopes — Techniques: interferometric  Infrared: planetary systems — Techniques: high angular resolution — Methods: numerical “hace with the Hubblo Space Tolescope and the Spitzer Space Telessope) provide mw,,,c(;‘ onstraints on the
| tr} 1 — Planets and satellites: detection — Planets and satellites: terrestrial planets atmospheric compaosition of these objects.>* With a few exceptions,™ up to now these investigations targeted
[t m so-called hot Jupiters, gas-giant planets on orbits with periods of a few days only, but with the upcoming launch
1 st of the James Webb Space Telescope (JWST) in 2020 some smaller planets, i.e., the low-hanging fruits with sizes
uf ) § possibly down to those of super-Earths or Earth.like planets, might come within reach of atmospheric detection
— 1 . m 1. Introduction (e.g., Bryson et al. 2021), thanks to transiting exoplanet discov- or even characterization studies.”
1if S ai " is _ cry missions such as Kepler (Borucki ct al. 2010) and Transiting Further author information (c-mail): saschi quanz@phys ethz.ch
“] ]  One of the major objectives of exoplanet science is the at - propianet Survey Satellite (TESS) (Ricker ct al. 2015) and on- i, oo org
— b mospheric characterization of a statistically relevant sample of i lone-term radial velocity (RV) surveys, we know that, sta-
1i *'“~l‘“ exoplanets. Specific =‘}‘\‘P"4 s will be on temperate terres- (igtically, planets with radii and masses comparable to or slightly
O wa }\):;‘n;s (o inestgate ! elhel: llhem are other wur;d»f.\,mx;r Jarger / higher than Earth and with shorter orbital periods are Optcatang sttty mageg v ackad o ol ) roc sk,
— ;9‘(13‘1 at may harbor lfe. While oscurence raes o Earth- yere sbundant (e.g., Mayor et al. 2011; Tuomi et al. 2019; Ku- G Coce: G577 T8 T8 18 - T 117112312051
ike planets around Solar-type stars are still somewhat uncertain ot & Matthews 2020; Bryson et al. 2021). Some major de- Proc.of SPIE Vo, 10701 1070111
— " Correspondence: sascha quanz @phys.cthz.ch. tections were even made within 20 pe from the Sun with both
| Asticle number, page 1 of 23




Exoplanet characterization: the mid-infrared advantage

In contrast to exoplanet observations in reflected light in the optical/near-infrared, LIFE will...

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

;@i ...access (multiple) absorption bands of major atmospheric molecules such as H,0 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.g., 0z and CH,, but also N,0, PHz, NHz, and CzHg)

@ ...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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Collectors / /\

Ongoing efforts increase technological readiness (1/2)
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Ongoing efforts increase technological readiness (2/2)

NOT EXHAUSTIVE

K
. New mid-infrared testbench under construction at Major breakthroughs in astro-photonics for
Nulling interferometry

& b0 i Experimen: ETH Zurich to demonstrate interferometric nulling Photonics interferometric nulling at near-infrared wavelengths
under realistic conditions (NICE) motivate mid-infrared applications as next step
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Aiming at alaunch in 2040 we consider 3 development and funding stages

Launch

Stage 3: Implementation

2034-2040
Stage 2: Maturation

2029 - 2033

Stage 1: Preparation
Today - 2028

Manufacturing / Integration of
spacecraft
e Conclusion of mission design e Securing of launch opportunity

e Maturationand demonstration o Segtting up of ground-segment
e (onclude mission concept stud ; : '
4 devel o P y of sub-system performance, in mission operations, and data
and development pian particular formation flying, center
e [emonstrate LIFE measuring interferometric nulling

principle in the lab

e Mature key technologies and
investigate commercialization
potential

Establish mission consortium

Develop fundraising strategy

Develop communication strategy ’



Aiming at alaunch in 2040 we consider 3 development and funding stages

Study proposal will include:

 Refocused science case / objectives

« Missionrequirements

« Summary of current mission baseline
architecture

 Work-packages to engage partners

Stage 1: Preparation
Today - 2028 beyondihe Solar

A concept study proposal NeXt, s,tePS: ,
\{ * Finish study proposal and define scope
study

« Continue discussion with potential

Conclude mission concept study industry partners

and development plan
Goal:

« Kick-off study in 2025

« Understand final mission

« |dentify technology gaps

« Develop implementation plan

Demonstrate LIFE measuring
principle in the lab

e Mature key technologies and
investigate commercialization
potential

Establish mission consortium
Develop fundraising strategy

Develop communication strategy



