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The goal of Astrobiology is to understand the
origin of life and explore its existence elsewhere
in the universe.



Thé only type of life known to us fs the life on Earth

The only life-harboring (habitable) planet known to
us is Earth

We can only detect Earthly life

A habitable planet is a planet exactly similar to Earth,
capable of developmg and mamtammg Earthly life
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What is the origin of Earth’s water?

Molokini Crater, Maui




Formation of a Planetary System

'
. d) Coagulation of dust grains

to cm-sized objects and
the formation of km-sized
bodies

e) Collisional growth of km-sized
bodies to Moon-to Mars-sized
objects (planetary embryos)

#/ /) f) Big impacts and the formation
iy of giant and terrestrial planets




Origin of Earth’s Water

Because the building blocks of Earth are too close to the Sun to hold water, it would
be natural to assume that water must have been added to Earth after its formation by
collisions of objects originated from the regions beyond the snow line. However,
calculations do not support that idea.

Water was delivered to Earth by large asteroids close
and interior to the snow line

Hydrogen-Helium gas envelope

Accreting planetesimals of
rock and ice

Protosun

Accreting rocky Snow line
JERSENINELS
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Energy comes from the Sun
BUT

Earth is surrounded by atmosphere




B

Planet’s atmosphere is the

medium where the stellar

radiation i1s first received and

the process of conversion -

from insolation to V\MW”
equilibrium temperature

occurs.




Thin/moderate atmosphere with
H,0/CO,/N, composition
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Out-gassing during the cooling process




CO, Cycle

a4 N

Greenhouse Effect

Uniform Temperature

- J

Plate Tectonics




Magnetic Field

LiQuiD

ourer core 4 5o e | Protection against harmful radiations

Charged particles

from sun enter earth’s

magnetic field
Protons trapped in
inner radiation belts

South
Pole Electrons trapped in
outer radiation belts




The Earth system:

everything is coupled

Atmosphere ~ " Life

A

| |

Plate tectonicsand |«——»
volcanism Hydrosphere
is responsible for
> Core
moderates |  conyection
deterr*nines
Geomagnetism

Stevenson 2007



How do we search for and identify a habitable
extrasolar planet?

We need a gauge, a standard that allows us to assess the
capability of a planet in developing and maintaining Earthly life.

1

That gauge is called HABITABLE ZONE (HZ)

The definition of the HZ

1) can only be based on the current state of life on Earth, and that
Earth is the only known habitable planet,

2) must be quantitative, meaning that it must contain items that can
be measured and their quantities can be used to assess habitability.



New Kepler Planet Candidates
AsofJuly 23,2015
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Total = 4,696 Orbital Period in Days




Kepler HZ Working Group
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 HABITABLE Z0NE

UsthiRRt - oo gold

The HZ is an annulus around a star where a rocky planet with a
CO,/H,0O/N, atmosphere, sufficiently large water content (such as
on Earth), and similar geodynamical properties can host liquid
water permanently on its solid surface




Runaway GH
Optimistic HZ

Conservative HZ

200% 175% 150% 125% . 100% 75%
Starlight on planet relative to sunlight on Earth
. ks

Conservative Estimate of the HZ

Inner edge (Moist/runaway greenhouse limit): All surface water is evaporated, lost
by photodissociation and escape of hydrogen to space. (For Sun~0.97-0.99 AU)

Outer edge (Maximum Greenhouse limit): The maximum greenhouse effect of a
CO, dominated atmosphere (for Sun ~1.68 AU)

Optimistic Estimate of the HZ

Inner edge (Recent Venus limit): Empirical estimate based on the observation that
Venus has already lost its water prior to ~ 1 Gyr ago (For Sun ~ 0.75 AU,)

Outer edge (Early Mars limit): Empirical estimate based on the inferred presence of
liguid water on Mars’ surface at or before 3.8 Gyr. (For Sun ~ 1.76 AU)




New Kepler Planet Candidates

We consider planets with radii ranging from 1 to 2 Earth-radii because
models of the interior of Earth suggest that planets of such radii may
develop similar tectonic activities as that in Earth.
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A total of 114 HZ candidates have been identified (all in optimistic HZ)
Of these candidates, 63 in the conservative HZ

Rocky planets (radius smaller than 2 Earth-radii)
29 in the optimistic HZ of which 20 are in the conservative HZ

A total of 8 Saturn- to Jupiter-sized planets identified in the optimistic HZ
Of these candidates, 4 are in the conservative HZ

HZ candidates with any radius in conservative HZ (Kane, Haghighipour et al 2016)

KOI Name Kepler Name P a R, Teor R, F, FPP
(days) (AU) (Ro) (K) (Ro) (Fa) (%)
K00433.02 328.23996 4+ 0.00036 0.917 11.244+0.85 5234+ 103 0.854+0.06 0.58=+0.13  0.270
K00518.03 Kepler-174 d = 247.35373 +0.00200 0.677 2.19+0.13 4880+ 126 0.62+0.03 0.434+0.09 0.005
KO00571.05 Kepler-186 f  129.94411 +0.00125 0.432 1.17+£0.08 3755+90 0.52+0.02 0.26 +0.04 15.840
K00701.04 Kepler-62 f 267.29099 4+ 0.00500 0.718 1.414+0.07 4925+70 0.644+0.02 0.42+0.05 0.122
K00841.04 269.29425 4+ 0.00423 0.812 3.094+0.34 5251 +105 0.824+0.05 0.69+0.15 0.161
K00854.01 56.05605 4+ 0.00025 0.226 2.05+0.24 3593+79 0.494+0.04 0.71+£0.18 0.005
K00868.01 235.99802 4+ 0.00038 0.613 11.00 £ 0.53 4245+85 0.66 +0.03 0.33£0.05 6.834
K00881.02 226.89047 £ 0.00110 0.668 4.68 +=0.56 5067 =102 0.754+0.04 0.75+0.14  0.240
K00902.01 83.92508 + 0.00014 0.304 5.04 £0.50 3960 £124 0.51+0.04 0.62+0.18 100.000
K00959.01 12.71379 £ 0.00000  0.049  2.31 £0.00 2661 +0 0.124£0.00 0.26 +0.00 100.000




A CATALOG OF KEPLER HABITABLE ZONE EXOPLANET CANDIDATES

STEPHEN R. KANE!, MICHELLE L. HILL!, JAMES F. KAsTING?, RAvi KUMAR KO_PPARAPU?’, ELISA V. QUINTANA?, THOMAS
BARCLAY*, NATALIE M. BATALHA?, WiLLIAM J. BoruckI®, DavID R. CIARDI’, NADER HAGHIGHIPOURG, NATALIE R.
HINKELY", LisA KALTENEGGER®, FRANCK SELsSIS™!?, GUILLERMO TORRES!

Detection of 20 Earth-sized planets in the HZ
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Galactic

Atmosphere

Courtesy of V. Meadows
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time

system/population robustness

From chemical to biological evolution
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[Ruiz-Mirazo, Briones, de la Escosura (2017) Open Biology]



system/population robustness

time

From chemical to biological evolution
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Origin of Life

We don’t know the
origin of life.
However, we know
that life has gone
through many paths
and bifurcations.

Many of these paths
were dead-ends
(unsustainable). Only

7777777777777 7777 2777777777777 7777777777 one pathway was

sustainable, and that
became the life as we
know it.
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Replication-first .
v, systems chemistry All basic molecules co-evolved from

> . .
Metabolism-first molecular heterogeneity the b(.agmnlng., for.mmg hejterogeneous,
pre-bio-chemical interaction networks.

controversy
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[Adapted from: De la Escosura, Briones & Ruiz-Mirazo (2015) J. Theor. Biol. 381]
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