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How to characterize rocky Exoplanets: Ideas & Challenges

Lisa Kaltenegger, Cornell University

The discovery of more than 4500 extrasolar planets has
revolutionized our understanding of how planetary systems
form and given us a first glimpse into the large diversity of
these new worlds. Most of these exoplanets (70%) have
been discovered with the transit method, where the planet
blocks part of the light from the star from our view with sur-
veys from the ground as well as space missions like NASA’s
Kepler [1] and TESS (Transiting Exoplanet Survey Satellite)
[2]-[5].

But while most extrasolar planets are hot planets orbiting
close to their host star and have a large gas envelop, the
first few dozen exoplanets e.g. [6]-[8] are small enough to
be rocky like Earth e.g. [9], [10] and orbit in the so-called
Habitable Zone (HZ) [11] of their host stars. Those exoplan-
ets point to a large group of yet undiscovered planets that
could potentially allow for liquid water on their surface.

The HZ is used as a concept that helps guide observations.
It identifies the orbital distance region around one or multi-
ple stars where liquid water could be stable on a rocky plan-
et’s surface similar to Earth (see e.g., [11]-[18]).

New estimates of the number of rocky planets in the HZ
place it from 0.58 +0.73/-0.33 to 0.88 +1.28/-0.51 planets
per star [19] for the empirical HZ. The limits of the Empirical
HZ are set by the flux a young Mars and a young Venus
received when there is no more evidence for liquid water on
their surfaces [11]. The inner limit is not well known because
of the lack of reliable geological surface history for Venus
beyond 1 billion years ago.

Encoded in the planet’s emergent and transmission spec-
tra is information on the chemical makeup of a planet’s at-
mosphere (e.g. review

planets soon. Thus, observing Earth could have classified it
as a living world since the great oxidation event for a billion
years already [27]-[29], through the buildup of oxygen in the
presence of a reducing gas [30]-[35].

The presence or absence of spectral features will indicate
similarities or differences between the atmospheres of ter-
restrial exoplanets and that of Earth, and their astrobiologi-
cal potential (see e.g. [10], [32], [36]).

However, a comprehensive suite of tools will be needed
to characterize habitable planets and moons because the
mere detection of a rocky body in the HZ does not guaran-
tee that a planet is habitable. It is relatively straightforward
to remotely ascertain that Earth is a habitable planet, with
oceans, a greenhouse atmosphere, global geochemical
cycles, and life — if one has data with arbitrarily high sig-
nal-to-noise ratio (SNR) and spatial and spectral resolution.
The interpretation of observations of exoplanets with limited
SNR and spectral resolution as well as no spatial resolution,
as envisioned for the first-generation instruments, will be far
more challenging and implies that we will need to gather
information on a planet’s environment to understand what
we will see at different wavelengths.

But what if we turn the question around and ask which stars
in the solar neighborhood hold a vantage point to see Earth
as a transiting exoplanet [37]-[40] and could identify its vi-
brant biosphere since early human civilizations [41]?

Evaluating the kinematics propagated through time using
ESA's Gaia Mission early Data Release 3 (eDR3) [42] al-
lows us to identify the stars with this special vantage point.
2034 stars in the Gaia Catalog of Nearby Stars (GCNS)[43]
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are in this so called Earth transit zone (ETZ) [39] in a time
window of +/-5'000 years (data available at htips:/github.
com/jfaherty17/ETZ). 313 objects were in the ETZ in the
past, 319 will enter the ETZ in the future, and 1402 have
been in the ETZ for some time. Among these stars are 7
known exoplanet hosts that hold the vantage point to see
Earth transit, including Ross-128, which saw Earth transit in
the past, Teegarden's Star, and Trappist-1, which will start
to see Earth transit in 29 and 1642 years, respectively. Giv-
en that Earth began transmitting radio waves into the solar
neighborhood about 100 years ago [44], we found that hu-
man-made radio waves have swept over 75 of the closest
stars (within 30 pc) on our list already.

The search for rocky planets has already revealed a fasci-
nating diversity of worlds, and with the upcoming generation
of telescopes like the JWST (launch 2021) and the ELTs
(ELT observation to start in 2027), we will be able to explore
such worlds remotely. We can probe for signs of life, push-
ing the limit of technical capabilities. Any information we col-
lect on habitability is embedded in a context that allows us
to interpret what we find. To search for signs of life, we need
to understand how an observed atmosphere physically and
chemically works. Observations of rocky exoplanets will give
us insights into these fundamental questions, improving our
understanding of how habitable worlds function and giving
us a first glimpse onto other potentially habitable worlds.
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