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What? - LIFE was kicked-off in 2018 to develop the science,  technology, and a roadmap 
for an ambitious space mission to directly detect and characterize dozens of temperate, 
terrestrial exoplanets at mid-infrared wavelength (i.e., the planets’ thermal emission) 

Exoplanet imaging today
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Why? - The scientific potential is really(!) compelling and none of the currently planned 
missions / concepts / projects (on ground or in space) will provide comparable data
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What? - LIFE was kicked-off in 2018 to develop the science,  technology, and a roadmap 
for an ambitious space mission to directly detect and characterize dozens of temperate, 
terrestrial exoplanets at mid-infrared wavelength (i.e., the planets’ thermal emission) 

Why? - The scientific potential is really(!) compelling and none of the currently planned 
missions / concepts / projects (on ground or in space) will provide comparable data

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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Image credit: ESO/M. Kornmesser - http://www.eso.org/public/images/eso1204a/

(1) Atmospheric diversity

(2) Habitability

(3) Biosignatures

Exoplanet imaging today

b (6 MJup)
c (7 MJup)

d (7 MJup)

e (7 MJup)

Gomez-Gonzalez et al. 2017

Jupiter’s 
orbit

20 AU

2



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

“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)

Spectroscopy is key and upcoming MIR characterisation 
missions will focus on hot / warm transiting exoplanets

Under 
considera

tion
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  The next step: a direct detection / spectroscopy mission  

Image credit: NASA/NOAA; NASA/NOAA GOES Project; NASA

Reflected light (UV - NIR) Thermal emission (MIR)

Exoplanet imaging today

b (6 MJup)
c (7 MJup)

d (7 MJup)

e (7 MJup)

Gomez-Gonzalez et al. 2017

Jupiter’s 
orbit

20 AU

2



Total planet yield

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

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

Exoplanets detected with SNR > 10 during 2.5-year search phase 
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  (1) Atmospheric diversity - total planet yield in search phase

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

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

26 (SNR 10) / 46 planets (SNR 5) with R = [0.5, 1.5] R   and S = [0.35, 1.75] S     ⊕ ⊕
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Total planet yield

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

Ottiger, Quanz et al. (in prep.)

LIFESim: A new simulator tool to create mock observations 

A&A proofs: manuscript no. output

Fig. 8. SNR map for simulated measurement. The planet is correctly
detected in the upper right, with an obtained SNR of 8.2.

100 mas from the center in the upper right corner. The estimated
SNR of 8.2 is only slightly higher than the predicted SNR of 7.7.

Even though in this example the planet position was found,
the SNR (per wavelength bin) is too low to get even approxi-
mately correct results for the estimated flux per bin. Because of
that another example is included here in Fig. 9 for a planet with
Rp = 1.5 R⊕, Tp = 300 K, and 200 000 s integration time. The es-
timated fluxes match the original values with ≤ 25 % error in the
high-SNR range between 6 µm and 18 µm, which is quite good,
as no assumptions about the shape of the flux distribution were
made a priory (except for positivity).

The signal extraction described here is of no particular value
at the moment, but might help to check results obtained as de-
scribed in Sec. 2 or to study effects of asymmetric astrophysical
noise sources or detector (instability) noise.
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Fig. 9. Top: SNR map for simulated measurement for second planet
(Rp = 1.5 R⊕, Tp = 300 K and t = 200 000 s). The planet is correctly de-
tected in the upper right, with an obtained SNR of 45. The side lobes on
the lower left are due to the anti-symmetric transmission map. Bottom:
The estimated flux per wavelength bin compared to the original flux of
the planet, as well as estimated SNR per bin.
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High SNR example: 1.5 REarth, 10 pc, Teff=300 K, ~50 h on-source
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Total planet yield

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

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

1 REarth, 10 pc, 0.8, 1.0 & 1.2AU, 3 zodis, ~35 h on-source 
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Total planet yield

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

For the faintest  
signal w/ SNR ~ 5 

Radius error: 
+/- 0.35 REarth

Temperature error: 
+/- 50 K

Astrometric error: 
+/- 0.02 AU 

+/- 2o

Ottiger, Quanz et al. (in prep.)
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Atmospheric characterization of terrestrial exoplanets – habitability, biosignatures and diversity

Figure 4: Statistical motivation for proposed science objectives: In case 30 (=requirement) / 50 (=goal)
exoplanets with radii between 0.5 and 1.5 R⊕ and receiving between 0.35 and 1.7 times the insolation of
the Earth are investigated with high-quality thermal emission spectra not a single exoplanet supports
conditions that allow for the existence of liquid water in its surface, then the hypothesis that...

to be habitable, is a major scientific result and robustly quantifies the rareness of habitable planets.
A possible approach is to re-formulate this question in a hypothesis test in the following way: the
fraction of terrestrial exoplanets that reside in the empirical habitable zone around their host star
and are indeed habitable is X%. Here, the terms “terrestrial exoplanets” and “empirical habitable
zone” need to be clearly defined. In the following, “terrestrial exoplanets” are planets with a radius
Rplanet with 0.5R⊕ ≤ Rplanet ≤ 1.5R⊕ and the “empirical habitable zone” is the range where the
incoming stellar insolation S is in the range 0.35S⊕ ≤ S ≤ 1.75S⊕ with S⊕ being the solar constant,
i.e., the average insolation received at Earth. The radius range is defined on the small end by the size
of Mars, which is assumed to be the minimum planet size/mass that can retain an atmosphere, and
on the large end by the transition between rocky and gas dominated planets (Rogers, 2015; ?; Chen
& Kipping, 2017). The insolation range is defined by the so-called “Early Mars limit” at the outer
edge and “Recent Venus limit” at the inner edge (cf. Kaltenegger, 2017). For the radius and insolation
ranges considered here, 2 planets in the Solar System, Earth and Mars, qualify, and hence, in the Solar
System, the fraction of terrestrial exoplanets that reside in the empirical habitable zone around their
host star and are indeed habitable is X = 50%. In Figure 4 we show the significance with which a
certain value for X can be rejected in case 30 (blue line) or 50 (red line) planets were observed and
none of them turned out to be habitable. These numbers are based on Poisson statistics and assume
that the occurrence of habitable planets in the habitable zones over the past Gyr are uncorrelated
events. It shows that, if 30 planets are observed, X = 20% and X = 50% can be rejected with 3σ and
5σ, respectively. For 50 planets, X = 10% and X = 30% can be rejected with the same confidence
levels. These results suggest that, in case of a null-result, several tens of planets would be required in
order to derive statistically significant limits on the rareness of Earth.

As we will detail further below, at the moment we do not have a large enough sample of exoplanets
that fulfil the criteria and the question how to find this sample needs to be addressed. A possible
way would be that a mission that can address the objectives formulated above would be split in 2
phases, a search phase, aiming at detecting a sufficient number of planets in the above-mentioned
radius and insolation range, and a characterization phase where a sub-set of the detected planets
would be investigated in sufficient detail. It is important to mention that during the search phase
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Focus on terrestrial exoplanets (R = 0.5-1.5 R ) in habitable zone (S0= 0.35 - 1.75  S )

Hypothesis H0:   “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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Focus on terrestrial exoplanets (R = 0.5-1.5 R ) in habitable zone (S0= 0.35 - 1.75  S )

Hypothesis H0:   “20% 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

Konrad, Alei et al. (in prep.)

Retrieval study of an Earth-twin

Spectras for Venus, Earth and Mars and 
Spectras for Comparison (Spectras
Without Clouds)

Mars and Earth look good.
Venus does not. This is probably due to not considerieng clouds so 
far. 

0.1% H2O

Earth Spectrum for Different Water
Contents and Non-Uniform Distribution

The last image with the non uniform atmosphere looks very 
similar to the 0.1% H2O curve we will use the 0.1% Spectrum for 
the following retrievals

What  

spectral resolution,  
wavelength range 

and SNR  

is required 
in order to detect 
and quantify the  

abundance of 
biosignature gases?

Exoplanet imaging today
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0.4 - 1 micron
SNR = 20
R = 140
(Feng et al. 2018)

3 - 20 micron 
SNR = 20
R = 100

Based on earlier retrievals from M. Line

HabitabilityBiosignatures
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Retrieval study of an Earth-twin

Exoplanet imaging today
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See also, Tremblay et al. 2020 for results for MIR transit spectroscopy



Earth through time

Based on models from Rugheimer & Kaltenegger 2018, Rugheimer et al. 2015; Planet images from LUVOIR Final Study Report (2019) 
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Circumstellar	
Disks	

Star	Formation	&		
Stellar	Clusters	

Evolved		
Stars	

AGNs	

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

Science
WG 2

Technology
WG 4

Simulator
WG 3 

Project Office
WG 1 Advisory Board

Theme 1:
Planetary 
Diversity

Theme2:
Habitable 

planets

Theme 3: 
Bio-signatures

Other science

Proposed project structure

Exoplanet 
science

Target database

- AGN
- Disks
- Evolved stars
- Other?

Stellar 
properties / 

data

Planetary 
systems and 
constraints

Exozodi and
debris disks

www.life-space-mission.com
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        Summary 
Free-flying mid-infrared (nulling) interferometer to detect 
thermal emission of (terrestrial) exoplanets

Wavelength range: ~3 - 20 m (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

μ

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