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Introduction:  With thousands of confirmed ex-

oplanets exhibiting an impressive range of physical 
properties, we now have a tantalizing sample of terres-
trial mass worlds which could be harboring some form 
of extraterrestrial life. The key to confirming life-signs 
on any exoplanet lies in designing, launching and op-
erating space missions supported by an army of pre-
cursor ground-based observations. Right now, we are 
in the discovery stage – the critical era in which we 
survey the skies both near and far one star at a time 
and by the thousands to identify the best targets for 
future scrutiny. Before we know it we will have a rich 
list of the nearest exoplanetary systems like Trap-
pist[1], Proxima[2] and Tau Ceti[3] to focus all of our 
attention on to study their atmospheres and search for 
biomarkers. For this review talk, I will present a conti-
nent neutral overview of ground and space-based ob-
servatories which will be devoted to searching for life 
outside of our solar system. I’ll break it down to four 
phases: Discovery, Reconnaissance, Characterization 
and LIFE!  

 
Discovery: Because we are deep in discovery 

mode with Kepler, K2, high-contrast direct imaging, 
and ground-based RV and transit programs (to name a 
few) I will review the census of known exoplanets as it 
relates to habitability. I will emphasize those systems 
best suited for follow-up and outline what parts of pa-
rameter space future planet search programs like Gaia, 
TESS, Plato, CHEOPS and the next generation of <1 
m/s RV instruments will explore.  

 
Reconnaissance: To be able to confidently explore 

the atmospheres of habitable planets we will need to 
know whether these systems have additional planets or 
a debris disk as well as the properties of the host star 
itself. This is one area where ground-based telescopes 
will make a significant contribution. For instance, be-
fore and after the discovery phase, we will need to 
know the distance, metallicity, spectral type and radius 
of the star to high precision to place sufficient con-
straints on the mass, density and habitability of an exo-
life candidate. We will need to thoroughly sample the 
intrinsic variability of the photosphere of the star to be 
sensitive to Earth-mass planets via RV measurements 
and even more so for those transiting planets for which 
we will be devoting a large amount of telescope time 
for the intense reflected light transit spectroscopy 
needed to conclusively identify biomarkers. I will re-

view the state of observing programs involved in these 
types of measurements.  

 
Characterization: In the not so distant future, 

there will be a suite of missions and ground-based tele-
scopes which will be able to characterize the atmos-
pheres of directly-imaged or transiting Earth-mass, 
habitable planets. On the ground, we will have to look 
toward the 20 to 40 meter telescopes which are devel-
oping science programs to study the atmospheres of 
habitable planets around nearby M dwarfs with, for 
instance, infrared Doppler transit spectroscopy [4]. The 
TMT, GMT and ELT telescopes are designing sophis-
ticated instruments with terrestrial planet atmospheric 
characterization in mind. In space, we all look forward 
to the successful launch of JWST which has a near- 
and mid-infrared spectrographs (NIRSpec & MIRI) 
with the sensitivity to study the atmospheres of transit-
ing M dwarf planets, however, it’s uncertain as to 
whether there will be enough devoted mission time to 
reach the SNR needed to identify multiple bio-
markers. Other more specialized telescopes like the 
newly selected FINESSE[5] mission might achieve 
sufficient sensitivity via transmission spectroscopy to 
probe the atmospheres of select habitable M dwarf 
planets. We might have to focus our attention on direct 
imaging missions such as the New Worlds Telescope 
which will be a direct imaging mission that uses a sep-
arate starshade to block the light from the host star. I 
will discuss the telescope & instrument combinations 
with the best hope of providing us the spectra neces-
sary to search for all of the molecular biomarkers 
needed to confidently confirm life on an exoplanet.  

 
LIFE! Will we find life? Your guess is as good as 

mine. It will take the combined efforts of an armada of 
facilities, hundreds of hours of observing time, many 
PhD’s worth of analysis and some clever and out of the 
box thinking to guarantee that we will forever change 
our place in the Universe in our lifetime. I plan on 
providing this meeting a fresh review of the substantial 
engineering and observational efforts to accomplish 
the quintessential scientific discovery – aliens. 
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