S THE SEARCH FOR LIFE AS WE (DON’T) KNOW IT

Credit: Scientific American, Vol

298, No. 4 (April 2008), pp_48_5;5 jjpetkow@mit.edu Janusz J. Petkowski, MIT



What is Astrobiology?

Astrobiology: interdisciplinary scientific field
concerned with the origins, early evolution,
distribution, and future of life in the universe.
Astrobiology considers the question of whether
extraterrestrial life exists, and if it does, how humans
can detect it.

Where do we even start?

Let’s find (habitable) planets first!

Birth’C / \
i rl\m n Orbit » = Y Tides\
( ! \ 4
e d Orbital |
Location \/ Evol -
A ® volution \
— " (il

Il Composition
& Structure

agnetic

!‘LJ1 _/

| S Stellar f = = = ! y Pllmllr\ il : Cirkiita
Q-:u-'..:;:n-__ Effects wﬂﬂ_ System \
A &, ' f f \J Sibling
Q- ppanions @ Planets
panions) 1
A ——

pectra Liquid
Energy Surface
Distribution Water

6

Planetary
Properties

Surface
,
- - Magnetic
ST . Field
/ Structure Interior
/
-~
ectonic

Density I Internal :
. J\_ Evol. Regime

Modified from Meadows, Barnes AbSciCon 2015



ﬂ.-‘;"\-.

e 3 - & _F
L wF- o
i, gt R PP s e
5 u e - 2
et B =in - 3 T
ko TR | . E
g .‘_ N B i
- - - ' .
- - - :
PRy ot Ry
AR SR L Pl
.__r T e 'y b
1 -l. r
e g, e T - A
Sy 1‘?"_..._ e " -|
: b
o e B

o] e T N i AP LR o b e ;
e Tl TS e y o - e ity =kl
.

: 3 e :
Egf e pe T S g
L S - I .l. ?'1 .l. .rl . . | |
. | o'y : :
..-_"- - el i
-‘.l. ... : -I-1.
=
Li
| "
i
. )
I
A
L
i
L}
el
1, |

Credit: Sara Seager



Animafiorrcredit NASA " ©5 f B b T D e it SR B S Bredit Sara Seager







Earth is

100 times smaller

300,000 times less massive
10,000,000,000 times fainter
" pthan the sun

Habitable world: a planet that is about Earth size, receives about the same amount

ceaner of energy from its star that Earth does from the Sun, and has liquid water



Earth/ TRAPPIST-1

Planet-star area ratio ~1/100
Atmosphere to star ~1/10,000

Earth/Sun
Planet-star area ratio ~1/10,000
Atmosphere to star ~1/50,000,000

Credit: Sara Seager
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Planet Detection

i>ee © ©
_10; ! i:: . Exoplanets are diverse with a
f ) range of planet size, mass,
0 and orbits
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Credit: A. Romero-Wolf Credit: Sara Seager



Exoplanet Transmission
Spectroscopy

starlight gets filtered through the
planet’'s atmosphere

The problems is that only a tiny
fraction of the star's light goes
through the planet's
atmosphere.

absarption line spectrum

Credit: http://www.stellarplanet.co.uk/2011/10/
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Today we use the Hubble Space
Telescope to study hot giant
exoplanet atmospheres

4]

Credit: Sara Seager



In the near future we will use the
James Webb Space Telescope to
push down to small rocky
exoplanet atmospheres

<=3 . -

The James Webb Space Telescope.

Astronomers will study atmospheres of small rocky GSFC 4/24/2017
exoplanets. NASA/ESA/CSA. Prime contractor Northrup https://jwst.nasa.gov/

Grumman Corporation.

Credit: Sara Seager
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Oxygen remains the
favored biosignhature
gas

Oxygen should not be in
the atmosphere unless it
Is continually produced

Credit: Sara Seager




Methane, nitrous
oxide and other
simple gases are
byproducts of
microbial energy
extraction

Prone to false
positives

Credit: Sara Seager




Yet life produces
more complex
molecules, most
for unspecified
reasons

Credit: Sara Seager




Life on Earth
produces

thousands of
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Credit: Sara Seager
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gases may be very
different on other

worlds.

Life on Earth

produces
thousands of

molecules albeit
In tiny quantities

C

P F Cl

Credit: Sara Seager
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Credit: Sara Seager



...50 that we can
be prepared to
search for and
identify
biosighature
gases of any kind

Seager, Bains,
Petkowski, June 2016
Figure: J. Petkowska

Aviw Lithend, [re. g pedlinkens
wiaratliebertpub.comfast

Credit: Sara Seager




Earth’s Atmosphere Inventory Anthopogenic  Noble Gases

T R Y = (' - x J z x .
N, 80% 0, 20% CO,400ppm  H,01% CH, 1.7 ppm

Ar 9300 ppm
CH,CCl, CCl,F, 300 ppt

> =B =@ (‘%Q .\. 160 ppt : : Y

H, 0.55 ppm N,0320ppb CO125ppb 0,~10ppb HCI~10 pbb
Ne 18 ppm
:}‘? '%. = » . cal, CCI5F 180 ppt I

Isoprene  Ethane Benzene  Nitric Oxides 30-300 ppt
~1 ppb ~0.2 ppb ~0.1 ppb He 5.2 ppm
-
i b,
>+ f\. - ‘\(' '
i ' CHCIF, 59 ppt _
HNO CH.Cl  OCS 500 ppt CF, 69 ppt -
3 3 PP H,S 30 ppt 4 02 pPp Kr 1.1 ppm

0.04-4 ppb 610 ppt

About a dozen more molecules...

Xe 87 ppb

Seager, Bains, Petkowski

Astrobiology 2016 C,Cl5F; 30 ppt



Assessment of Biosignature Potential of Volatile Gases
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Assessment of Biosignature Potential of Volatile Gases

Sousa-Silva, (...), Petkowski et al, Astrobiology, 2020



What is Phosphine?

Phosphine is the simplest gas containing
phosphorus — with a molecular formula of PH,

Phosphine is common on giant planets like
Jupiter and Saturn (made in deep layers of the
atmosphere)

On Earth phosphine is a biosignature (or
technosignature) that is exclusively associated
with anaerobic (oxygen-fee) life

Phosphine is extremely toxic to O,-dependent
life

p



Simulated Atmospheric Spectra with
Phosphine
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Sousa-Silva, Seager et al. 2020 Wavelength (um)

PH; has strong

1 distinguishable

spectral

TH features

Theoretical transmission spectrum fora 10 Mg, ., 1.75 Rg,.., planet with a 1 bar atmosphere composed of 0% H, and 10% N,

PH; can accumulate in PH; has no known
an anoxic atmosphere false positives

Ranjan et al., in prep.

Credit: Sara Seager



Modern Earth CO,-Rich H,-Dominated

N,, O,, H,0, N,, CO,, H,O H,, CH,, H,0O
some CO, some N,
A
High UV x x x
Low UV x X J

Atmosphere Type from Oxidized to Reduced

Credit: Sara Seager



What if we looked for PH,
much closer to Earth?




What it we looked for PH;
much closer to Earth? VenusBasic Facts

Venus Atmosphere Basic Facts

Main Venus
atmosphere
composition

CO;3-96.5%; N2 - 3.5%

Mass 0.82 Earths
Radius 0.95 Earths
Surface gravity 0.9q

Distance from the Sun (km)

108 million (152 million for Earth)

Temperate cloud
deck - altitude range
(km)

48-60 km

Spacecraft travel time (months)

3-4

Year length (days)

225

Temperate cloud
deck - temp. range

©

80°C (at 48 km) - 0°C (at 60 km)

Day length (one rotation on its
axis)

243 Earth days (in the opposite
direction)

Temperate cloud
deck - pressure range
(bar)

2 (at 48 km) - 0.4 (at 60 km)

Temperature on the surface
(C/F)

465/900 (hottest planet in the Solar
System)

Surface pressure (bar)

92

Hydrogen depletion
(ratio of D to H)

The ratio is ~100 times higher than elsewhere in
the Solar System - i.e. Venus is very H-depleted.

Wind speeds (km/h)

400

Credit: JAXA/AKATSUKI

Atmospheric superrotation
(days)

4 Earth days




JCMT and ALMA Observations of PH
on VVenus




Phosphine on Venus
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Distribution of PH, In the atmosphere

of Venus

Altitude [km]

100

80 :
i Temperate zone

40 -

20 :

Upper haze .

Upper_cl.oud k

Lower-haze

Surface haze

e siniuis il

e —
- :"-M.gwf_-

OB . B s TEL T A g S lF . T . e

0
Bains et al 2020

-100

-45

60

220

Temperature [°C] Pressure [bar] 90

10+
10
10

107

10

45

80 -
20 ppb of PH,

70 - &f

40 —

00 02 04 06 08 1.0
Normalized weighting function [arb. unit]

Greaves et al 2020




Distribution of PH, In the atmosphere
of Venus
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s the detection real?

 Phosphine line absorption has been seen, at
comparable line depth, with two independent
facilities - JCMT and ALMA

 Phosphine line measurements are consistent under
varied and independent processing methods

 Overlap of spectra from the two facilities (JCMT
and ALMA) shows no other such consistent
negative features

« There is no other known reasonable candidate
transition for the absorption other than phosphine

Credit: JAXA/AKATSUKI Credit: Joanna Petkowska



s the detection real?

Astronomy & Astrophysics manuscript no. venus-ph3-v12
October 16, 2020

©ESO 2020

LerTER TO THE EDITOR

A stringent upper limit of the PH; abundance at the cloud top of
Venus

T. Encrenaz', T. K. Greathouse?, E. Marcq®, T. Widemann', B. Bézard', T. Fouchet!, R. Giles”, H. Sagawa®, I.
Greaves®, and C. Sousa-Silva®
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Astronomy & Astrophysics manuscript no. alma_venus
October 19, 2020

©ESO 2020}

Re-analysis of the 267-GHz ALMA observations of Venus

No statistically significant detection of phosphine*

L.A.G. Snellen' L. Guzman-Ramirez' M.R. Hogerheijde'-?> A.P.S. Hygate! FES. van der Tak™>*

Matters Arising (Submitted to Nature, Matters Arising, 9/22/2020)

Is Phosphine in the Mass Spectra from Venus’ Clouds?

Rakesh Mogull*; Sanjay S. LimayeZ; M. J. Way34; Jaime A. Cordova Jr.°

Color Scheme
blue = PH; and fragments
yellow = H,5 and fragments
red =H,0, and fragments
gray = NO and fragments
purple = CH, and fragments
orange =0,
clear = Cl isotopes
green = potential mixture (PH, & H,5)
dark gray = potential mixture 0, and PH)
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What Process Makes PH, on Venus?




PH, on Jupiter and Saturn

Credit: Wikipedia



What Process Makes PH, on Venus?

- NlAt ahiatieaallhh/D

Submitted to Astrobiology - Special Collection: Venus

Phosphine on Venus Cannot be Explained by
Conventional Processes

William Bains™ ™", Janusz J. Petkowski" ™", Sara Seager’*>, Sukrit Ranjan'®, Clara Sousa-
Silva®?, Paul B. Rimmer?®, Zhuchang Zhan!, Jane S. Greaves’, Anita M. S. Richards®
themluuyndmlus. . - ' o
Reaction between ,l'_ S
all atmospheric gas _ o
species Chemical processes i
calculated from rock chemistry




What Process Makes PH, on Venus?

« Not abiotically?

... but not biologically either?

Thermodynamically But physically ... ??
possible...
80 — 100% Sulfuric
acid
- e 1000s of times
as acid as

battery acid
e 100 times drier
than the driest
place on Earth
 Smashes up
biological
molecules

Credit: William Bains




Life in the clouds of Venus?

While we cannot rule out life as a source of phosphine
on Venus, the hypothesis that phosphine is produced
by life cannot a priori be favored over the hypothesis
of unknown photochemistry or unknown atmospheric
chemistry. All seem equally unlikely, and hence all call
for further investigation.




Breakthrough Initiatives is
sponsoring an MiT-led
‘study of a mission to Venus
to search for signs of life
and even life itself

~ | MEDIUM MISSION: INSPIRED BY
| RUSSIAN “VEGA” BALLOON MISSION | |
MODEL. GEOFFREY A. LANDIS e



http://www.speculoos.uliege.be/cms/c_4259452/en/speculoos
http://www.cfa.harvard.edu/MEarth/Welcome.html
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