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Introduction:  The discovery of Earth-sized plan-

ets in temperate orbits around nearby, low-mass stars 
ushers in a new era of Earth-sized exoplanet atmos-
pheric characterization [e.g. 1, 2, 3]. Transmission and 
emission (secondary eclipse) spectroscopy of these 
small transiting worlds with the upcoming James 
Webb Space Telescope (JWST) may offer a first 
glimpse into the lower atmospheres of extrasolar plan-
ets and a first opportunity to search for signs of habita-
bility and biosignatures beyond the Solar System. 
However, extending transmission and emission spec-
troscopy down to Earth-sized exoplanets will push the 
limits of JWST, and identifying optimal systems, 
measurements, and instruments to characterize potena-
tially habitable Earth-sized planets will enhance the 
overall science return from the mission.  

The TRAPPIST-1 System hosts seven tightly 
packed Earth-sized planets that transit an M8 star with 
a radius of about 12% that of the Sun [2, 3, 4]. The 
large transit and eclipse depths (for Earth-sized plan-
ets) makes the planets particularly observable and like-
ly to be one of JWST’s first exoplanet targets when it 
launches in 2018. A detailed atmospheric characteriza-
tion of all seven TRAPPIST-1 planets would tell a rich 
story of the formation, migration, and evolution of a 
set of planets spanning the habitable zone of their late 
M dwarf host.  

Defining key planetary characteristics and the best 
methods to detect them requires predictions for the 
most likely environmental state given our current 
knowledge of atmospheric climate and photochemis-
try. M dwarf planets may be highly evolved [5] and 
exhibit O2- or CO2- dominated atmospheres very dif-
ferent to the Earth’s [6]. Or they may be airless bodies, 
stripped of their primordial atmospheres [7]. To aid the 
search for indicators of M dwarf evolutionary process-
es we have used theoretical and instrument models to 
determine the observational characteristics of these 
environments [8], and explored the optimum observing 
strategies for studying these worlds using the JWST 
instrument simulator PandExo [9] and a custom MIRI 
imaging tool. With this suite, we considered transmis-
sion/emission spectroscopy using all the available in-
struments aboard JWST.  

Transmission vs. Emission: We find that JWST’s 
visible through MIR wavelength coverage in concert 
with the small radius and faint luminosity of the 
TRAPPIST-1 star makes secondary eclipse particularly 
viable beyond 5 µm for the innermost planets. Molecu-

lar absorption signals observed in secondary eclipse 
increase towards longer wavelengths as the planet-to-
star flux ratio increases. However, thermal and back-
ground noise also increase with wavelength, making 
the optimal choice of wavelength/instrument nontrivial 
and target dependent. For instance, planets with more 
extreme greenhouses are easier to characterize in sec-
ondary eclipse over transit observations. But windows 
into the atmosphere, if predicted and targeted, can be 
used to take advantage of strong greenhouse emission.  

The case for secondary eclipse of the Earth-sized 
TRAPPIST-1 planets will be strengthened if they have 
secondary, outgassed atmospheres with high mean 
molecular weights. Additionally, the temperate habita-
ble zone atmospheres may exhibit small scale heights 
that are particularly challenging to observe in transmis-
sion, even without condensates which would further 
obscure the atmospheric composition. However, under 
most circumstances, for wavelengths < 5 µm, trans-
mission remains optimal for detecting atomic and mo-
lecular transitions.  

JWST Observing Modes: We devise a hierar-
chical observing scheme to maximize information con-
tent in observations of the atmospheres of TRAPPIST-
1 planets while minimizing JWST time. MIRI second-
ary eclipse photometry in the 12.8 µm and 15 µm fil-
ters can be used to measure the dayside temperatue of 
the innermost planets, inferring the presense of an at-
mosphere, and searching for atmospheric CO2, in a 
relatively small number of eclipses. These initial re-
sults could be used to update hypotheses on the atmos-
pheric composition to decide if and how best to pro-
ceed with JWST observations of the TRAPPIST-1 
planets, including emission spectroscopy with 
MIRI/LRS and/or transmission spectroscopy with 
NIRISS and NIRSpec.  
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