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Context? - (1) Ongoing NASA decadal survey; (2) ESA Voyage 2050 process:
(3) Significant heritage from earlier studies on ESA and NASA side (“Darwin” and “TPF-I")

Goal for today! - (1) Get the word out that the LIFE initiative exists; (2) Bring you

up to speed, where we are and what we do; (3) Trigger your interest in the project and
invite you to participate!
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Spectroscopy is key and upcoming MIR characterisation
missions will focus on hot / warm transiting exoplanets

“A long term scientific ‘ .. N
objective is to Ty
characterize the whole '
range of exoplanets,
including, of course,
potentially habitable
. e Ones. ARIEL would act
3 ORIGINS & S8 as a pathfinder for
P
Space Telescope \ .
future, even more
ambitious campaigns.“

ARIEL Assessment Study
Report (Yellow Book)

| Image credit: NASA; ESA / UCL; NASA Mission Concept Study Report (OST)




The next step: a direct detection / spectroscopy mission
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(1) Atmospheric diversity - total planet yield in search phase

Exoplanets detected with SNR > 10 during 2.5-year search phase

. Quanz et al. in prep.; cf. Kammerer & Quanz 2018; Quanz et al 2018
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26 (SNR 10) / 46 planets (SNR 5) with R =[0.5, 1.5] R and S = [0.35, 1.75] Sg

Quanz et al. in prep.; cf. Kammerer & Quanz 2018; Quanz et al 2018



(1) Atmospheric diversity - total planet yield in search phase

LIFESim: A new simulator tool to create mock observations
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High SNR example: 1.5 Rearth, 10 pc, Terr=300 K, ~50 h on-source

Ottiger, Quanz et al. (in prep.)



(1) Atmospheric diversity - total planet yield in search phase

Signal extraction of multi-planet systems and basic parameter from single epoch
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1 Rearth, 10 pc, 0.8, 1.0 & 1.2AU, 3 zodis, ~35 h on-source

Ottiger, Quanz et al. (in prep.)




(1) Atmospheric diversity - total planet yield in search phase

Signal extraction of multi-planet systems and basic parameter from single epoch

T and R estimate for 3 Earth sized planets

: True Value
: True Value
: True Value
wla

Astrometric error:

Radius error: s 1.0 ‘ oS +/- 0.02 AU

+/- 0.35 Rearth +/-2°

Temperature error:
+/- 50 K

Ottiger, Quanz et al. (in prep.)




(2) Frequency of “habitable” planets - how rare is Earth?

Focus on terrestrial exoplanets (R = 0.5-1.5 R®) in habitable zone (So= 0.35 - 1.75 S@)

Hypothesis Ho: “50% of such planets provide conditions for liquid water”
How constraining is a null-result (i.e., not a single planet provides these conditions)?
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(3) Atmospheric characterization potential and biosignatures
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(3) Atmospheric characterization potential and biosignatures

Retrieval study of an Earth-twin

Retrieval of atmospheric abundances and planetary parameter:
Thermal emission vs. Reflected light

Biosignatures Ha%itabilify
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SNR=20  Smislr
R=100
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(Feng et al. 2018)
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Based on earlier retrievals from M. Line See also, Tremblay et al. 2020 for results for MIR transit spectroscopy




(3) Atmospheric characterization potential and biosignatures
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Based on models from Rugheimer & Kaltenegger 2018, Rugheimer et al. 2015; Planet images from LUVOIR Final Study Report (2019)




Other communities will appreciate such a mission
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Interested? - There are lots of opportunities to contribute!
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Summary

Free-flying mid-infrared (nulling) interferometer to detect
thermal emission of (terrestrial) exoplanets

Wavelength range: ~3 - 20 um (tbc)

Spectral resolution: R ~ 20 - 100 (tbc)

Total mission lifetime (requirement) 5-6 years:
- search phase

- characterization phase

- other science

Expected detection yield of hundreds of exoplanets

Unique science potential for atmospheric characterization

Image credit:NASA Ames/JPL-Caltech/T. Pyle




