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Thanks to Prof. Finlayson-Pitts & Prof. Bullock for
organizing.

Some definitions:

Exoplanet: a planet that exists outside of the solar system
(mass range: ~0.05 to ~3000/%, . .;)

Biosignature: an object, substance, and/or pattern whose
origin specifically requires a biological agent®

*Kiang et al., 2018; Des Marais & Walter, 1999; Des Marais et al., 2008 - Astrobiology



Difficult

...but we’re good at it now!

>3800 exoplanets found since 1995, and the rate of discovery
is accelerating.

Direct imaging of exoplanets possible in some circumstances
(hot, very young, very bright, high separation)

Vast majority detected through indirect methods, by NASA’s
Kepler (and now TESS) and ground-based Doppler-
spectroscopes.

Characterization of atmospheres possible in some
circumstances (see above) .
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time (hrs + JD 2451751.0)

Transit photometry Doppler spectroscopy”
e.g. Kepler, CoRoT, TESS e.g. HARPS, HIRES

*image credit: Hannah Wakeford



>>> Finding Exoplanets
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Voyager One’s ‘Pale Blue Dot’
(1990)

Earth in <1 pixel.

Sagan et al. (1993) - 4

search for life on Earth from
the Galileo spacecraft
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>>> The Pale Blue Living Dot
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>>> EB: a brief history

ASTROBIOLOGY

Volume 2, Number 2, 2002
© Mary Ann Liebert, Inc.

Research Paper

Remote Sensing of Planetary Properties and
Biosignatures on Extrasolar Terrestrial Planets

DAVID J. DES MARAIS,! MARTIN O. HARWIT,? KENNETH W. JUCKS,?
JAMES F. KASTING,* DOUGLAS N.C. LIN,? JONATHAN [ LUNINE?®
JEAN SCHNEIDER,” SARA SEAGER,® WESLEY A. TRAUB,?
and NEVILLE ]. WOOLF®

ABSTRACT

The major goals of NASA's Terrestrial Planet Finder (TPF) and the European Space Agency’s
Darwin missions are to detect terrestrial-sized extrasolar planets directly and to seek spec-
troscopic evidence of habitable conditions and life. Here we recommend wavelength ranges



>>> EB: a brief

history
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In 2016, a joint NExSS/NASA Astrobiology Program Exoplanet

Biosignatures ‘Workshop Without Walls’ (EBWwW) was organized with
three goals in mind:

State of the Science Review: what are known remotely-observable

biosignatures, the processes that produce them, and their known non-biological sources?

Advancing the Science of Biosignatures: How can we develop a more

comprehensive conceptual framework for identifying additional biosignatures and their
possible abiotic mimics?

Confidence Standards for Biosignature Observation and

Interpretation: What paradigm informed by both scientists and technologists could
establish confidence standards for biosignature detection?



>>> Source material
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>>> Source material
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An overview of the past,
present, and future of research

on remotely detectable ApT—

EEdice? -

biosignatures.

Contributors from astrophysics,
planetary science, Earth
science, heliophysics.

Supporting NASA goals, 2020
Astrophysics Decadal Review.

https://www.liebertpub.com/toc/ast/18/6
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Kiang et al. 2018 - Exoplanet Biosignatures (EB): At the Dawn of a New Era of
Planetary Observations.

Schweiterman et al. 2018 - EB: A Review of Remotely Detectable Signs of Life

Meadows et al. 2018 - EB: Understanding Oxygen as a Biosignature in the Context
of Its Environment

Catling et al. 2018 - EB: A Framework for Their Assessment
Fujii et al. 2018 - EB: Observational Prospects

Walker et al. 2018 - EB: Future Directions

https://www.liebertpub.com/toc/ast/18/6



>>> 15 years of biosignature research
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>>> 15 years of biosignature research
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H escape

>>> 0, & CH, reassessment
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>>> 0, & CH, reassessment
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Earth-like

>>> 0, & CH, reassessment
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>>> 0, & CH, reassessment
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>>> A Bayesian Biosignatures Framework
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Stellar parameters,
planetary system data,
exoplanet characteristics

Data

Transmission, emission,
or reflectance spectra
from an exoplanet, and
derived quantities

biosignature?

Exoplanet photometry

= Prior knowledge
‘Exo-Earth System’
models Theory & Data: Ease
that life originates and
With biospheres and persists on a habitable
abiotic false positives exoplanet

Data: All factors that
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P(life | context)
P(no life | context)
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Posterior probability
P(life | data, context)

The probability that the hypothesis
of life on an exoplanet is true given
the observational data and context
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>>2 Future PrO Spe cts Exoplanet Direct Imaging in the Optical and Near—infrared
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>>2 Future PrO Spe cts Exoplanet Direct Imaging in the Optical and Near—infrared
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Exoplanet

Missions
Identification of " " to

begin with JWST (2020-) and the GMT, | . - @mﬁds
TMT, ELTs (2020s-). : P + Telescope

Habitable Exoplanet Imager

Follow up of biosignatures detections
starts with next-generation

flagship telescopes: Origins
Space Telescope (0ST), the Habitable |Hwreiciniuumrsys——
Exoplanet Observatory (HabEz), the

. e
W. M. Keck Observatory Large Binocular

NN-EXPLORE

"...it is probably not unreasonable to expect the

Large uv/ Dptical/ IR Surveyor detection of the atmospheric signatures of a few
(LUVOIR) . potentially habitable planets to come
,..." ushering in a "...golden era of

comparative planetology of terrestrial planets"
Walker et al. 2018; Fijii et al. 2018 - Astrobiology



Where does UCI fit in?

Expertise relevant to exoplanet
biosignature detection?

Interdepartmental/interdisciplinary
collaborations?

General UC benefits - Keck time,
extensive network, labor pool

Shields Center for Exoplanet Science
and Interdisciplinary Education
(SCECIE) in Department of Physics and
Astronomy.
Expertise in exoplanet
detection, comparative
planetology, climatology.
Part of NExXSS research
coordination network.

Cosmology, galactic
archaeology/evolution, high-energy
physics
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>>> Technosignatures®

TechnOSignature Search can only be .' Search can be
_ ‘= done in the far future done now
Axes of Merit

Search is costly | Searchis cheap

With so many potential Search has no Search has many
technosignatures to look AnGlaFyRensnts ancilafnenchlts
for, how do we compare '

thiiso Short-lived Long-lived

OR Ambiguous Unambiguous
Given finite resources,

what do we prioritize? High Extrapolation Low Extrapolation

from Earth 2000 from Earth 2000
Tech Tech

Scientific

inspfred_,by_--- - Contrived/Specific Inevitable

Non-detectable Detectable
Can't be | m |

- | .
avoided Information-Poor Information-Rich

Best Idea‘s"’

S. Sheikh, with input by D. Kipping, A. Frank, S. Walker




Low frequency radiation in the 1.4 and 1.7 GHZ range, known as
the ‘cosmic watering hole’ as it covers the natural
frequencies of the hydroxyl radical and hydrogen, has been
proposed as a possible frequency to start looking! and
broadcasting .

Infrared to ultraviolet radiation, including laser emissions.
Intentional directed attempts at communication, or
pollution/infrared excess from light sail propulsion (e.g. The
Planetary Soctiety’s LightSail I and II). Chromatic cloaking to
intentionally swamp the transmission spectrum of a planet to
obscure evidence of oxygen, pollutants, & bio- or
technosignatures?.

On orbit mirrors for planetary terraforming e.g. Venus?, or in
response to climate change , or to direct stellar radiation for
power generation. We could find them when the planet is in
transit. Other structures include the hypothetical Dyson
sphere - a hypothetical means of capturing the entire
radiative output of the star for power generation® - requires
highly advanced technology.

Kipping & Teachey (2016) - MNRAS; “Birch (1991) - J. British Interplan. Soc.;
SZackrisson et al. (2018) - ApJ.; “Silagadze (2008) - Acta Astron.; 5Lin et al.
(2014) - ApJ.; SStevens et al. (2017) - Int. J. Astrobiology

Neutrinos propagate through space and rarely interact with normal
matter. Advanced technology could hypothetically leveraging this
property to communicate over astronomical distances®.

Industrially-produced complex molecules emitted into the
atmospheres of planets would produce complex band-structures in
spectroscopic surveys. Could be emitted unintentionally e.g.
Chlorofluorocarbons(CFCs) in the Earth's atmosphere®.

Evidence of war, particularly high-energy ordinance like nuclear
weaponry could result in temporary bursts of luminosity on order
of a billionth that of the Sun per second, and leave behind heavy
isotopes in the atmosphere detectable by spectroscopy® .

Spacecraft sent as probes to distant star systems, or those
served other purposes but also had onboard storage containing
data pertaining to contact with ETI e.g. NASA’s Voyager I & II.
Discovering extraterrestrial artifacts, fossils, in the Solar
System
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