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Earth twin and life detection...
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Exoplanet Science is about

« Howdo planets form'a d evolve-’?

 |s there life elsewhere ? _
Understandmg the orlgm prevalence and nature of Ilfe
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Giant planets, tracers of planetary
formation
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Kepler, Eta Earth measurement...
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What do we know about small planets?

M, (Mg)

Figure: D. Jontof-Hutter



Haywood et al. 2017
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TRAPPIST-1 System

Inner Solar System
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Table 1| Three-body resonances of TRAPPIST-1.
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P1 P2

p _(p+9

(=4.6,-0.3) x10=>
(=5.2,+4.5)%x10->
(=19, +1.9) x104
(=14, +11) %104
(-6.0,+0.2) x10-°

q 1
+ P—3(day )

¢ =ph—(p+q)A2+gh3

(176°,178°)
(47°,50°)
(=154°, =142°)
(=79°, =72°)
(176.5°,177.5°)

The transit times are used to track the ¢ angles of each set of three adjacent planets over
the dataset, assuming low eccentricities such that transits occur at a phase angle 4 =90°".
The ranges of three-body frequency and angle given encompass the changes—most likely
librations—seen during the observations.
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Life for astronomers
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Figure Credit: Hasler/Meadows/Domagal-Goldman

Meadows, 2016, submitted
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Life on Earth is
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50 years of attempted simplifications of the problem !

. . . membrane L .
There is no pomt 18 Darwinian evolution

genetics or metabolism needs informational
without compartments. molecules.

So membranes or So a nucleic acid (RNA)
coacervates must have must have come first.
come first.
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metabolism

You can’t make or You need building
replicate anything blocks and energy.
without catalysts. So metabolism must
So proteins must have come first.

have come first.



“Universal life” model

Twenty standard Amino Acids

Nonpolar, aliphatic R groups
COO cCOO COO
C—H HN—-C-H H,N—C—H
H CH, CH

cH, CH,

Glycine Alanine Valine

COO OO OO0
C—H H,N—C—H  H;N—C—H
CH, CH, H—C—CH,
v_,(lf_l\l CH, CH,
CH, CH, S CH.
CH,4

Leucine Methionine [2oleucine

Polar, uncharged R groups
COO OO0
H,N—C—H H,N—C—H H,N
CH.OH H—C—OH
CH,

Threoaine

—C—H
CH.

CH,
HN O

Asparagine Glutamine

Aromatic R groups
COO COO
HN—~C—H  HgN-—C HN

CH. CH,

OH

Phenylalanine Tyrosine Tryptophan

Positively charged R groups
CO0 CoOo
C—H H,N—C—H
CH, CH,
CH, CH.
CH, CH,
CH, NH
'NH C—NH,
NH,

Arganine Histiding

Negatively charged R groups

CcCOO COO
H,N (".‘ H H,N—C—H
é:nz CH,
(|700 CH,

COO

Aspartate Glutamate
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This process needs HCN, water light and
components_ formed by meteoritic impacts,
volcanoes and surface chemistry

produces

“amino-acids used by Iife”
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M\ NC  CN NC  CN NC/_\—O
N =0 H,S H N/_\CN

. S AN _ J|HeN
H,N-CN
i -on [ Key
JNH NC/_>—NH2 “— NC/_>fOH
HA NC CN

chl} H,S
= hv, CUCN/HCN

HA H,S HA S S HA S HS HON HA CN HCN
N/_>fCN ND—/( N/_\—/( >—N/_\—< —~ ﬁ\—< ,
A =heat in HCONH,

NH,

= hv, CuCN/H,S

Patel et al..." Nature Chemistry 7, no. 4 (2015): 301-307.
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Amazonian chemical weathering rate derived
from stony meteorite finds at Meridiani
Planum on Mars
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Dark vs light chemistry

254 nm -

HCN + 2. ~ v S04
dark Aminom :thanesulfonate
HCN
|
_ H,S
Hog,s/kso3 HN CN 7 e poa :::/\I/'O
Aminomethanedisulfonate Glycine nitrile Glycolonitrile H
Glycoaldehyde
HoS \ dark
S

NH,
2-Hydroxythioacetamide

Rimmer, P. et al. submitted to Science advances
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