Hunting
Habitable
Shadows
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Our first generation
of planet hunting
Instruments gave us
numbers
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Could any be habitable?




Current instruments yields < 3 planet properties:

Planet radius

N Planet mass

Amount of radiation from
star
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B Transit
B Radial velocity
B Other

2014
PAONRS

2016

2017

96% exoplanets
found by either the
radial velocity or
transit technique



Radial velocity
or
Doppler wobble

Orbit with planet
causes the star to
wobble, causing a
periodic shift in
wavelength




Radial velocity
or
Doppler wobble

Transit
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Orbit with planet
causes the star to
wobble, causing a
periodic shift in
wavelength

Dip in light as planet
crosses our line of
sight to the star



Typically, < 2 planet properties:

Planet radius

Planet (minimum) mass
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m sin (I) = mass m sin (i) << mass

Amount of radiation
from star
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Venus from JAXA’s Akatsuki
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None of these
measurable properties
directly relate to surface
conditions




NASA GSFC

Our next generation of instruments aim at
atmospheric composition



Atmospheric composition
glves opacity variations
with frequency.

Measured planet size
INncreases at opaque
frequencies
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Hydrogen Chloride
100 ppb
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Villanueva, NASA/GSFC
(simulated Mars JWST detection)

Atmospheric spectra
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Sagan et al, Nature 1993



Earth-sized planet
k. o,
&d % Secondary
atmosphere

Primary
atmosphere

longer orbit

Long observation times,
few targets only

With a lifetime ~5.5 years for the JWST, how do we choose the handful of
Earth-sized targets for observations?
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Rank by most interesting target for habitability

... without knowing any surface properties

Priority




Easiest to recognise Earth-like life
(water & carbon-based chemistry)

Needs to be detectable
(surface water needed)

How much insolation does an Earth-like
planet need?

“Habitable Zone”



Ts(K)

400
800
1200
1600
2000

Atmosphere becomes opaque to
IR as water vapour increases

Water in the upper atmosphere is
lost through photo-evaporation

Moist greenhouse limit

1D climate models, Kopparapu et al, 2013 & Kasting et al, 1993

Carbon-silicate feedback cycle
falls as CO, condenses.

Dense CO2 atmosphere gives a
high planet albedo due to
Rayleigh scattering.

Maximum greenhouse limit



Based on empirical data that Venus & Mars
once had surface liquid water 1 - 3.8 Gyrs ago

Habitable zone

(Kopparapu et al, 2013)
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Habitable zones around binary star systems
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Kepler 453b multi-component system: KIC 4150611

http://astro.twam.info/hz/ (Muller & Haghighipour, 2014)



Limitations of the HZ

(a.k.a. 101 ways to die in the HZ)






‘ HZ location depends only on the star
Any planet can sit inside the HZ

Only for an Earth-like planet is this location connected with supporting
liguid surface water.



But if you form in an Earth-like location...

.. aren’t you likely to be Earth-like?
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Our Solar System suggests ‘yes’ ... but exoplanets tell a different story.



While we lack detail about individual
planets...

Size and orbits of >3,500
planets enables statistics ®

Revealed a lot about planet formation
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Hot Jupiters:

First planets found
around Sun-like stars

Gas giants on very
close-in orbits




Inner
gas:
+torque
outer gas:
-torque

2 arm wake excited at

Lindblad resonances . .
Type | migration

Sum of torques typically
causes inward motion of
the planet




Planet grows, angular
momentum exchange with
the gas increases

And a gap around the
planet forms

Inward motion due to
viscous gas flow into gap

Type Il migration



Planet can form beyond
the ice line.

Migrate inwards to become
a hot Jupiter.




Migration IS common

Major architect of
planetary systems
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Another Earth is expected to be in the HZ

But planets within the HZ are not all expected to
be like Earth



: /__f . TRAPPIST-1 planets are In
| . > resonance
24 15 9 6 4 3 2

orbits

NASA/JPL

Thought to happen
during migration




habitable zone

, ice line

If Trappist-1 planets formed beyond the ice line

Then they may be water worlds, with hundreds of oceans more water than Earth

Water worlds are not Earth-like

Are they habitable? —— Steve Dasch’s talk




Planet eccentricity > 0

Average eccentricity of
planets > 100 days / 1 au

e ~0.26

Solar System

Eccentricity

0.1 1 10 100 1000 10,000

Period [days]
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Exoplanets



Eccentric orbits or multi-star
systems cause planets to
move In & out of the HZ
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Eccentric orbits can also
tidally heat a planet

The planet is flexed as its
distance from the star changes

For a mildly eccentric orbit, the
most clement climate might be
just outside the HZ



Can life survive extreme seasons?

(’ ) ! Planet moves fast close to the star, so scorching summer is short

Vs Might be able to retain water

If < F >~ Fyy

(Williams & Pollard, 2002)

Life might hibernate during inhospitable spells
(Kane et al. 2012)




HZ around dim M-dwarf
stars I1Is much closer-in

Planets easier to detect

Young M-dwarf stars are rambunctious

On short orbits, planet formation Is swift

Planet may be sterilised




Could an Earth-sized moon be habitable?






The Habitability Index for Transiting Exoplanets (HITE)
@ Removes gas planets
from target selection

Wouldn’t rule out an
Earth-sized water
world
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(Barnes, Meadows & Evans, 2015)
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that variable interstellar medium density can affect the as-
trosphere of planetary systems, changing the level of shield-
ing to cosmic rays.

Exoplanets are often rated on the Earth Similarity In-
dex (ESI Schulze-Makuch et al. 2011), which measures the
similarity of a planet to Earth based on its radius, bulk den-
sity, escape velocity and surface temperature. In this work
we consider the host stars of ‘the most J-_Hrth like e3 pr]dIlFtH
defined by thla index, ag -

ets Catalogue'. To allovl,, . -
tfl]b bdfl]p]f, we limit ou mOSt Earth'llke eXOplanetS
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The emergence of “life as we know it” requires stars for two reasons. Stars are needed
to produce the heavy elements (carbon, oxygen and so on, up to iron) out of which rocky
planets and the molecules of life are made. Stars also provide a heat source for powering the
chemistry of life on the surface of their planets. Each star is surrounded by a habitable zone
where the surface temperature of a planpt allows liquid water to e:~.1at The approximate
distance of the habitab i i i

;:Dm ﬂ;‘} gt-:%lﬂf hlmllﬂ'?' ... habitable zone where the surface temperature of a
i il Dlanet allows liquid water to exist




that variable interstellar medium density can affect t
trosphere of planetary systems, changing the level of s
ing to cosmic rays.

Exoplanets are often rated on the Earth Similari
dex (ESI Schulze-Makuch et al. 2011), which measure
similarity of a planet to Earth based on its radius, bul
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'Second Earth' exoplanet found
just outside our Solar System

could harbour alien life

Proxima b has a temperature suitable for liguid water to exist |
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Earth 2.0: What we know about Kepler
452b, the most Earth-like planet ever
discovered

an Earth, slightly larger, could have liquid water on the surface and it's 1,400
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The Prospects for Life on TRAPPIST-1 Keep Getting
Better
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A_nuther Earth? THESE Five Exoplanets
That Are Quite Like Our Mother Earth!
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Space research is a fascinating field. Searching new planets and stars anc

galaxies, studying the existing ones, comparing two different celestial
bodies etc. are some of the interesting aspects of it. One of the fixation o
space scientists is searching planets similar to Mother Earth. Finding 2

planet and life (or even probability of life) on it has been a fetish since long

for these scientists The habitability of these olanets is calculated on thd
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Kepler-&442b is more habitable
ﬂmn Earth




Can we use a better term?

Temperate zone

High-priority zone

Hunting zone




We may be on the brink of finding life on another world
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But it's going to take all of us

The language of exoplanet
ranking metrics needs to change

And we don’t use the same jargon

Let’'s watch our language.
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Earth -size Is not Earth -like
but Earth -size Is Venus -size

The optimistic edges of the HZ are based on empirical data.

Why Is Venus so awful?



