NAINExSS STG ISSI EON [

Viadimir Almpetum ( C UA/GSF C ) & T he Dream Team

Danchi, Glocer, Gronoff, Hebrard, Khazanov, Usmanov, Dong, France, Lloyd, S0]ka,
Del Genio, Jackman, Llemohn, Mlynzcak Zank Kobayashz, Carpenter, Rabm, Chen

* USNO Scientific Colloquium, 01/26/17




ARE WE ALONE IN T HE UNI VERSE 2

HOW COMMONIS LIFE9

. USNO Scientific Colloguium, 01/26/17




USNO Scientific Colloguium, 01/26/17




.HOW To F ind a quhet'thb-itd.ble Wlth 'L'ife'? e

. How dtd ltfe form and evolve on early Earth ? -
;o -~ Search for ltfe in the Umverse starts at
| our OWH planet aml the Solar System |
- 'f_ What is the role of a host star on the origin and' -
-evolution of llfe on exoplanets? o |
. How can'life be detected G
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_ thek
End oflLHlT i

Hadean Proterozoic

Rise of Oxygen -

Multicellular life evolves AN Eukariotes

“Hadean ’? from Hades, the 'Gifeek gbd .ofthé'ﬁ,hdérwbﬂdi i
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T Tau phase

Faint Ekplo,Sive' Su?_n.'__
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Freezing point of water
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to present value
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" Earth and Mars are lcy balls -
Earth and Mars should not be habltable

Faint Young Sun pamdox
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Twet al.2015 .. -
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Longltudmal surface magnetlc field from Stokes Vand / LSD proflles for a number of
hlgh-g sepctral Imes . : : : :

@ solar like
@ youngsuns
¢ H-J hosts
m early-dM
e Sun

A TTauri

-0.655 +0.045
<IBI> «t @ solar like

@ young suns
¥ H-J hosts
m carly-dM

Correlation between age t and rotation perlod Prot for the stars lndlcatmg that the non-
accreting stars-follow the Skumanich law (t ~ P, 2

-
-
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IBEX Satellite Finds bon-Like Structure At Edge Of Heliosphere

ScienceDaily (Oct. 16, 2009) — The invisible
structures of space are becoming less so, as
scientists look out to the far edges of the solar wind
bubble that separates our solar system from the
interstellar cloud through which it flies. Using the
High Energy Neutral Atom Imager, led by Los
Alamos National Laboratory, the NASA Interstellar
Boundary Explorer (IBEX) mission has sent back
data that indicates a "noodle soup" of solar material
has accumulated at the outer fringes of the

heliosphere bubble. Voyagers 1 and 2 reached the termination shock in

2005 and 2007, respectively, taking point
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Typically about 10% of CME klnetlc energy goes mto SEPs
- Similar to flare energy - . :

Expect Ground Level Enhancement events (GLEs) are assoc:ated with energetlc CMEs
.  USNO Scwntlf ic Colloqutum, 01/26/17




* . Giant spots, flare and CME event
“ Most severe SW event in history
. .Lasted Eight days long.
- Aurorae at equatorial latitudes
- Global telegraph rietwork disrupted, .
- . operators suffered electric shocks
*  Magnetometers. driven off scale
. Energyin CME ~2x 10> erg '
Frequency 250 events/d 4 Gyr ago
L« ~1 per:300 yr today!
2 What to eXpect? '

Ey.=2x103erg=0.1E,,,
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- Photometry: stellar bfightness
changes caused by transmng
- terrestrial planets

Varidbilz_’ty range in Mmag

Mon_itafin o 15 0, 000 stars at 30 min
- cadence for 4 years! '

; Ové_r, 4000 planet candidates "

- And a very surprising discovery of
superflares on host stars

e
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55257.8 55258

VIR

55250 55260
Barycentric Julian Date (BJD) — 2400000 [day]

Superﬂares E>1 033 ergs from K-M stars
L ANME~EZ
R~01 d'atE ~5x1034ergs Lk
R~ 25 d:! at Et~ 5 X 1033erg Super Carrlngton events'
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-1 Rsun to 3 AU (Alrapetum & Usmanov 201 6)

X5 ﬂare d()mmated XEUV from young Suns and red dwarfs
Alrapetzan etal. 201 7 ‘

—
-
|
.,
=)
©
=
£
-~
| T
1=
w
§
w
[
g
=

Flux (in ergs/cm?/s/A)
S—_Ml

Faster, denser and hotter}.vind
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370 %'of..l"hé earlyEakth fS ‘magne_i‘ic.' ﬁ-éld opén-s up -
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Aimpetiaﬁ, Glocer,‘D_dn'chi 201 5; '201 6 '
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~ Sources  vs  Sinks

Outgassing jl(volcanic-'l-.t'ecton'ic)- s Solar Weather.

b

Michail & Sverjensky’ Nature 2014
Airapetian et al. Nature Geoscience 2016

. Solar Wind,'XU V, Precipitating
~ particles SEP"
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' Proxima b at 0.05 AU
L= 10%ergls -

Kepler-186f Kepler-186 System
bcd e

Solar System

Mercury
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T, he dominant molecule

e Extremely hard to dissociate
. Triple bonds: 1 0 eV/atom
o vs 5. 2 eV/atom for 0

7 Prebzotlc chemtstry needs
| to break N,->2N:
VUV emission at A< 1 00 nm
(early Sun, M dwarfts) |
nghtnmg dlscharge ,
Energetlc partzcles (e, p)

USNO Scientiﬁc Colloqut;um, 01/26/17
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fCH, = 100 ppm fN,O =1 ppm
fCH4 = 100 ppm
Present-day temperature

w
o
o

S/Sg = 0.94
Present-day temperature

Altitude [km]

Water freezes

Surface temperature (K)
Surface temperature (K)

Water freezes

107 10° 107 100 10° 100 10 10° 10° 100 10° 1 10 1000 10000
C°"Ce"tmt'°"[""b] N,O mixing ratio (ppmv) ' CO5, volume mixing ratio (ppmv)

co, alehe'- d'o'es"n"otﬁ ’sbl&e ih'e- problem
N,0 is 300 x more potent that Co,

Shielded by SO, and H S (240 nm) il
FYS paradox can be resolved at > 1 0 ppmv.
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Young Sun




SEP event
e

XUV * - ‘;
™

N,, CO,, CH,, H,O

Dissociation Ionization
CO,CN,NH, NO,, N+, O*, CO*, NO+,

OH, NHO§ 203 OH*

Nitrous Oxide, N,O
Hydrogen Cyanide, HCN
Acetonitrile, CH;CN
Formaldehyde CHzO

a ¢

‘ 4 l |4 f I AA‘ /] 4
Formamide, CH3NO

Cytosine, Guanirs, Adenine, Uracil

Phosphates -> Nucleotides
0

Short oligomers -> ribozymes
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HARVARD
Origins of Life

Biochemistry

Synthetic
Chemistry

Astronomy Origin of Life
/ Planetary Theory
Science

Origin of Earth
9j17 Jo uibLio

PREBIOTIC
REACTION » RNA MECH(;;!\IISMS MOLECULAR
NETWORKS SYNTHESIS / EVOLUTION
ACTIVATION REPLIACTION
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| 4"'.Glycme m Alanme ‘?To

Protons are 1 06 tzmes more efﬁc ient!

N,: 0.5 bar

*CH,: 0-0.5 bar %

CO,: 0-0.5 bar
(balance)

Spark discharge

Proton irradiation
W \IrPadiation

CH, Mixing Ratio / %




H,0 )

CO, * HCN — H""N

1,0

}iO-

;'4 formanmede
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NM,

JL@

J

N, electrical discharge,
(,l {. ultraviolet imadiation

Y nbose-borate

. WO H
' base, catalytic o
HOCHCHO
HCHO ———— 2@
‘ Kim et al. (2011) 0.
B Unlike in water, where H OH
Shydrolysis is the most
Msignificant background  COy1 pli drop
reaction, the most CYaporation;
significant background  formamids
reaction in formamade  Devomes
is formylation. ' oy

Key:
in the atmosphere

in the aquifer
in the desert

Benner et al. 2012 -

Y'___>-

. reviewed i Saladino et al. (2004)
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- versus .

Lifé is a self sustammgchemwal
system capable of evolution

- USNO Scientific Colloquium, 01/26/1 7 -




HCN + H 0 --> NH CHO formamlde
R lrmdlatlon forms amino aczds, nucleobases
Llfe is a chemtcal sollton. i '

; _Life- Cookies

USNO Scientific Colloguium, 01/26/17




Diffuse Clouds

‘2 | Planetary Nebulae

CH,OHCHO

Star Formation

/ Cloud Dispersion

Evolved Stars Protoplanetary Disks
/ Other Solar
4 Systems

A
/-

Meteorites
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Not ltfe, but physzco—chemtcal condtttons supporttng life -
' 0 As We Know It

. Rocky planet wzth a surface ltquul water ( CHZ)
- Plate tectontcs wzth suductton i
-'Presence of a planetary magnettc fi eld

Stabtltty of complex carbon molecules

| CHNOPS and a range of metals (Fe, Mn) fo butld |
£ ,molecules and act as. catalysts . . . .

Presence of energy sources to drtve bio processes and' =
evolutton or redox reacttons in the crust | '

USNO Scientiﬁc Colloquium, 01/26/1 7




¥ Long ltfe expectancy ( > 1 Gyr)
v Be lamtnoas enough the planet doesn t have to be too
close - - W

e stars wzth M < 0 5M o (]W) wzll ttdally lock

e XE U V/wznd ﬂax and atmosphertc loss |

v Have high metalltctty o |

oV Special constraints-on a btnary system | ,
v “Chtld » planet needs an emottonally stable parent -

”'

- Mid aged G—K stars are the best parents

USNO Scie, f ¢ Collo oqujum,; ‘0126017
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.. Earth aﬁa_log.s"wit'hih BZ
e ,REZ,7OO/NIRS’pec_A -

Dlrect Imagm g |
Young Earths “pregnant” wzth life
N0-2945 7.9 pum, |
- HCN -3 and 14. 3,um ‘
Beacons of sze Earth twins:
- NO - 53,umat100 TW .
OHat 100 TWatl 6 andZ,um‘
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.Extension of FKSI
Four2.5m
telescopes
- Boom ~ 25 m
- IWA~20 (\/5) mas
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