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How will we know?
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All light comes from a single point

Reflected light or transmission?

Cassini from Saturn



The solar system as a benchmark for
exoplanet characterization

Measuring globally-integrated reflected
light from solar system objects--> Proxy
for the detection of direct light from
exoplanets

Measuring the transmission spectrum of
solar system planets -> Proxy for
transiting planets atmospheric
characterization




The Ea,rthshine on the moon
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The spectrum of an inhabited planet

Reflectance spectra VIS+ZJ+HK
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Simultaneous presence of:
- Water

These three gases cannot co-exist in
- Ozone (Oxigen)

e the atmosphere of a planet without the
- Carbon Dioxide presence of life.
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The terrestrial vegetation can
be detected although the signal
is small ...
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Cloud—Free Vegetation

Montafies-Rodriguez et al ApJ, 2006



Earth atmospheric polarization signal

I I

et al (2014) This work
— Sterzik et al. 2012 ]
0O  Bazzon et al. 2013: highlands 4

¢  Bazzon et al. 2013: mare

I —
Miles-Paez

X 2-3 continuum

L | L
1.2
Wavelength (




Eclipses as proxies for
transits

© Daniel Lopez
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Earth’s Transmission Spectrum
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Different eclipses probe different atmospheric
paths
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- spectrum from this work
- spectrum from P09
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Yang et al, Astrobiology, 2014



HARPS-S: An eclipse
proved using RV data

RM Effect:

T = : ‘ | Lambda
dependent !!
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Gaudi & Winn 2007,ApJ



Using the Rossiter-McLaughlin effect to
observe the transmission spectrum of
Earth’s atmosphere
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A real Farth + Moon

5 January 2014






Transit of Venus - 6 June 2012







The June 6h 2012 Transit of Venus
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1ssion spectrum
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wransmission spectrum
upiter
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gbransmission spectrum
'of Jupiter

Jupiter transmission
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The Archean Earth:
the purple planet

Extrasolar planets are expected to exhibit a wide range of
evolutionary stages, as the Earth did




The Archean Earth

Studied Period

[ ]

1 Ga-0.6 Ga 500 Ma Current Earth

Earth Formation 1st Rise of 2nd Rise of
02

First Life Forms - First Land Plants

Studied Period

The Earth has been inhabited for at least 85% of its history

We focused on Earth 3000 million years ago, when the atmospheric
composition was very different from today’s and the Sun was ~20% less
bright

To study the possibility of detecting primitive life forms



Purple bacteria

One of the first life forms that colonized our planet.
Can inhabit both aquatic and terrestrial environments
Anoxygenic photosynthesis

Can survive 1n extreme conditions

Color: red, brown or purple




Laboratory measurements

Rhodobacter Sphaeroides (NASA’ s Ames
Research Center)

Rhodobacter Sphaeroides
(Department of Microbiology.
University of La Laguna)




Laboratory measurements
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Laboratory measurements

PURPLE BACTERIA
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Sanroma et al, ApJ, 2014



Rotational variability

Cloud free atmosphere Cloudy atmosphere

Reflectance
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Purple bacteria in coastal areas: most likely scenario

Purple bacteria readily detectable in the cloud-free case and still visible in

the cloudy case

Only biomarker Sanroma et al, ApJ, 2014






