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lhis mere rubbish, thinking
at present of the origin of life.

— Charles Darwin, letter to Joseph
Hooker (1863)

[.&] in some warm little

pond, with all sorts of
ammonia and phosphoric salts,
light, heat, electricity, etc., [.a]

— Charles Darwin, letter to Joseph
Hooker (1871)
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Habitable Zone

~ JUST RIGHT
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Planet size: 1-2x Earth

TOO COLD







Habitable Zone of Earths Solar System

Planets and orbits to scale | | olar SYStem



Venus Earth Mars



Venus

Average temperature: 500° C
Atmospheric pressure: 90 atm
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SPECTROSCOPIC EVIDENCE FOR VEGETATION ON MARS

WiLrLiam M. SINTON

Smithsonian Astrophysical Observatory
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ABSTRACT

A new test for the presence of vegetation on Mars depends on the fact that all organic molecules have
absorption bands in the vicinity of 3.4 u. These bands have been studied in the reflection spectrum of
terrestrial plants, and it is found that for most plants a doublet band appears which has a separation of
about 0.1 u and is centered about 3.46 u. Spectra of Mars taken during the 1956 opposition indicate the
probable presence of this band. This evidence and the well-known seasonal changes of the dark areas

make it extremely probable that vegetation in some form is present.

Martian plants possess a pigment that
1 absorbs the near infrared,

SCIence Using the 61-inch telescope of the
N2Q, Harvard College Observatory during

Vol 130, Issue 3384 . -
- e the 1956 opposition, I made a new test
06 November 1959 Furthel‘ EVldenCC Of for the presence of organic molecules
- on Mars (5). Organic molecules possess
Vegetatlon on Mars strong absorption bands at 3:5 o as a
result of the resonance of their carbon-
hydrogen bonds. It was found that in
The presence of large organic molecules is the plants tested this band was double,

9. g : . most likely as a result of interaction
indicated by recent infrared-spectroscopic tests. between a pair of hydrogen atoms

attached to the same carbon atom, as
e . occurs in paraffin molecules,

Willem M. Simon The results of the 1956 observations
indicated the presence of the band in
the light reflected from Mars, but they
left some doubt about the reality of the

There has long been evidence point-  (2). The region in which it is situated  absorption. Furthermore, the regions of
ing to the presence of vegetation on  has, however, been undergoing develop-  Mars which produced the absorption
Mars, Photographs taken by E. C. ment for many years. were not ascertained in this work. At
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Mars Express radar footprints
Mars south polar region (blue = brightest radar echo) Radar image of subsurface

e B Brightest radar echbes! ik 4
- Surface | suggest liquid water
South polar layered deposits
(ice and dust layers)

Orosei et al., Science (2018)
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Black Smokers & Hot Vent Creatures
at Endeavour Ridge (2190m)

8 October 2010:

Specially adapted tubeworms, scale worms
and limpets thrive in the

hot sulfide-laced waters of Grotto

«  Hydrothermal Vent.



Metallic Core Ice Covering

Rocky Interior Liquid Ocean Under Ice
H>O Layer
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Discovery of exoplanets since 1989 per year and by detection method (per August 215 2018)
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Most exoplanets have been discovered through transit
photometry, where the brightness of the parent star is

temporarily decreased as the exoplanet transits between
the star and Earth.
Distant star
(7))
O—v =
= ©
: ©
Exoplanet's A c
orbit @ , I 1 @®©
; b >
: I I ] O
4 : l ; -
IR A
g N : : /: i
S | .
sl >
Time

The two major discovery peaks in 2014 and 2016 are from
the Kepler space observatory, launched in 2009, and which
uses transit photometry as its main detection method.

Properties of exoplanets (solar system planets in white)
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Number of Stellar Systems

R The Periodic Table of Exoplanets
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Miniterrans Subterrans Terrans Superterrans Neptunians Jovians
(Mercury Size) (Mars Size) (Earth Size) (Super-Earths & Mini-Neptunes) (Neptune Size) (Jupiter Size)
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M; = Earth Mass, R, = Earth Radius CREDIT: PHL @ UPR Arecibo (phl.upr.edu) Jul 2018



Potentially Habitable Exoplanets

Ranked by Distance from Earth (light years)
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Artistic representations. Earth, Mars, Jupiter, and Neptune for scale. Distance from Earth is between brackets.

CREDIT: PHL @ UPR Arecibo (phl.upr.edu) Sep 4, 2019



/ Habitable Zone

/ | Period: 11.186 days

f : : " Minimum mass: 1.27 Earth masses
i Proxima b Orbit
i — Mercury’s Orbit Sun — —— Proxima Centauri

Mass: 0.12 solar masses
S Luminosity: 0.00155 solar luminosities |
Rotation period: 83 days
Temperature: 2800 Celsius
Distance to Earth: 4.23 light-years
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A search for life on Earth from the Galileo

spacecraft

Carl Sagan', W. Reid Thompson , Robert Carison’, Donald Gurnett’
& Charles Hord’

* Laboratory for Planetary Studies, Comell University, Ithaca, New York 14853, USA

t Atmospheric and Cometary Sciences Section, Jet Propulsion Laboratory, Pasadena, California 91109, USA
! Department of Physics and Astronomy, University of lowa, lowa City, lowa 52242-1479, USA

§ Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, Colarago 80309, USA
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In its December 1990 fly-by of Earth, the Gallleo spacecraft found evidence of abundant gaseous
oxygen, a widely distributed surface pigment with a sharp absorption edge Iin the red part of
the visible spectrum, and atmospheric methane in extreme thermodynamic disequilibrium;

together, these are strongly suggestive of life on Earth. Moreover, the presence of narrow-
band, pulsed, amplitude-modulated radio transmission seems uniquely attributable to intellig-
ence. These observations constitute a control experiment for the search for extraterrestrial life

by modern interplanetary spacecraft.

AT ranges varymng from ~100 km to ~100.000 km, spacecraft with which we are familiar, or present only marginally. The most
have now flown by more than 60 planets, satellites, comets and clementary test of these techrfigues—the detection of hife on Earth
asteroids, They have been equipped vanously with imaging sys- by such an instrumented fly-by spacecraft—had, until recently,
tems, photometric and spectrometric instruments extending from never been attempted.

ultravioket to kilometre wavelengths, magnetometers and charg- Galileo is a single-launch Jupiter orbiter and entry probe cur-
ed-particke detectors. In none of these encounters has compelling, rently in interplanctary space and scheduled to arnve in the Jupater
or even strongly suggestive, evidence for extraterrestnial hife been system in December 1995, It could not be sent directly to Jupiter;
found. For the Moon, Venus and Mars, orbiter and lander obser- instead, the mission incorporated two close gravitational assists
vations confirm the conclusion from fly-by spacecraft. Stll, extrat- at the Earth and one at Venus. This greatly lengthened the transit
errestrial life, if it exists, might be quite unlike the forms of life time, but it also permitted close observations of the Earth. The

NATURE - VOL 365 - 21 OCTOBER 1993 715




Secondary Eclipse
See planet thermal radiation
disappear and reappear

Primary Eclipse

Measure size of planet Leamn about atmospheric

See star's radiation circulation from thermal phase
transmitted through the curves

planet atmosphere

Figure by S. Seager



03 Ozone, produced
by plants, algae

H20 Liquid water

Intensity

Methane produced
by living organisms
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