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Fnerenaz et al. (2012; 2013; 2016; 2019; 2020)
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Id Venus diameter Dayside llluminated fraction (m = Spatial resolution Observation date
[arcsec] morning terminator is seen inside the  [arcsec] (major (Observatory name)
apparent disk, e = evening terminator) axis x minor axis)
1 22.0 0.53m 4.1x4.1 2009-06-12 (PdBI)
2 18.7 0.62 m 55x5.2 2006-04-22 (NMA)
3 21.9 053¢ 50x4.4 2007-06-02 (NMA)
4 24.2 0.50 e 49x4.5 2004-04-01 (NMA)
5 29.2 042e 54 x2.3 2005-11-16 (NMA)
6 40.3 0.27e 53x3.0 2005-12-08 (NMA)

Parameters for non-orographic GWs in the GCM

Id Horizontal wavelength [km] Phase speed [m/s] EP-flux [kg m™s2] Launch altitude [km]
(min — max) (min — max)

T2 300 -6000 1-111 0.005 ~55

T6 50-1000 1-61 0.005 ~55

Kobs 50-600 1-61 0.005 ~55
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Phosphine gas in the cloud decks of Venus
T — AT CF RIS - KxbFET/L (B LHIER)

I Jane S. Greaves ©' =, Anita M. S. Richards ¥ 3 William Bains*
David L. Clements® Sara Seager (43" |Janusz J. Petkowski Clara Sousa-Silva®%, Sukrit Ranjan?,

Emily Di sbek-Maunder?, Helen J. rraser™, Annabel Cartwrizii, Ingo Mueller-Wodarg ©°,

Zhuchang Zhan, Per Friberg(©™, lain Coulsoii?, F'lisa Lee™” and Jim Hoge™
BEREZA (R VA FANAFOY—FFR (FICRAKE)

Measurements of trace gases in planetary atmospheres help us explore chemical conditions different to those on Earth. Our
nearest neighbour, Venus, has cloud decks that are temperate but hyperacidic. Here we report the apparent presence of phos-
phine (PH,) gas in Venus's atmosphere, where any phosphorus should be in oxidized forms. Single-line millimetre-waveband
spectral detections (quality up to ~156) from the JCMT and ALMA telescopes have no other plausible identification. Atmospheric

Paul B. Rimmer |‘-6-7,Hideo Sagawa 8

PH, at ~20 ppb abundance is inf . .
ph;tochemical pathways, with Author contributions

surface, or from lightning, volcz J.S.G. and A.M.S.R. analysed telescope data; H.S. developed a radiative transfer model;
or, by analogy with biological |

sought, while in situ cloud and 5 J.J.P. and W.B. worked out chemical kinetics and thermodynamics calculations; P.B.R.,
S.R., J.J.P, W.B. and S.S. worked on photochemistry; C.S.-S provided spectroscopic
expertise and line parameter analysis; A.C., D.L.C., E.D.-M., H.].E,, C.S.-S., S.S., LM.-W.
and Z.Z. contributed expertise in astrochemistry, astrobiology, planetary science and
coding; PE, 1.C,, E.L. and J.H. designed, made and processed observations at the JCMT.

J.S.G., AM.S.R., WB, ].J.P, D.L.C.,, S.S. and P.B.R. wrote the paper.
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Phosphine as a Biosignature Gas
In Exoplanet Atmospheres

Clara Sousa-Silva," Sara Seager, ® Sukrit Ranjan,* Janusz Jurand Petkowski,' Zhuchang Zhan,
Renyu Hu>® and William Bains’
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PLANETARY SCIENCE

Life in the Clouds of Yenus?

WariLe the surfase conditions of Venus make the hype-
thesis of life there implavsible, the clouds of Venus are &
different story altogether. As was pointed out some
vears ago!, water, carbun dioxide and sunlight—the
prerequisites for photosynthesis—are plentiful in the
vicinity of the eiouds. Sinecs then, good additionsl evidence
has hLeen provided that the clouds are composed of ice
crystals st their tops®3, and it seems likely that there are
water droplets toward their bottomst.  Independent
avidense for water vapour alsc exisig®. The temperature
at the cloud tops is about 210° K, and at the cloud bottoms
is probably at least 260-284° K {refs. 4 and 6}, Almo-
spheric pressure at this temperature level is sbout 1 atm.”.
The observed planetary albedo falls steeply in the vielet
and ultra-vielet?, which aceounts for the pale lemon yellow
goleur of Venus. The albedo decline would not be expectad
for pure ice pariicles, and must therefore be caused by some
contaminant., IDrust, ozone, U0, and other pases may
possibly explain these data but, whatever the explanation,
the ultra-violet flux below the clouds is likely to be low.
If sroall amounts of minerals are stirred up to the clouds
from the surface, it is by no means difficult to imagine sn
indigenous biology in the clouds of Venus, What follows
is one such specaiation.
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No phosphine in the atmosphere of Venus

Villanueva G.L., Cordiner, M., Irwin P., de Pater 1., Butler B., Gurwell M., Milam S.N., Nixon
C. A., Luszcz-Cook S. H., Wilson C., Kofman V., Liuzz1 G., Fagg1 S., Fauchez T., Lipp1 M.,
Cosentino R., Thelen A. E., Moullet A., Hartogh P., Molter E.M., Charnley S., Amey G.N.,
Mandell A.M, Biver N., Vandaele A.C., de Kleer K. R., Kopparapu R.

Submitted on October 26™ 2020 to Nature Astronomy as a “Matters Arising” article
Submitted on October 21°' 2020 to Jane Greaves and Luca Maltagliati1 (Nature Astronomy editor)
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