
La phosphine sur Vénus: 
Une brève histoire

qui en dit long

Thérèse Encrenaz

LERMA, 27 novembre 2020

1/20



Un bref résumé des divers épisodes (1)
• 14/09/2020 : Annonce de la découverte de la phosphine PH3 sur 

Vénus, avec implication possible d’une vie au niveau des nuages (J. 
Greaves et al., U. Cardiff, UK ) (Nature Astronomy, G2020a)
• Une raie millimétrique observée avec le JCMT (Maunakea Observatory) et 

ALMA (Chili)
• Abondance de PH3: 20 ppbv au-dessus des nuages (PH3/CO2 = 2 10-8)
• -> Emballement médiatique immédiat
• Mais…..
• -> Fort scepticisme de la communauté des radioastronomes!

• 1-3/10/2020: Appels publics à la prudence de 2 exobiologistes (Hervé 
Cottin et Louis d’Hendecourt)
• La détection de PH3 n’est pas prouvée (une seule raie spectrale observée)
• Quand bien même ce serait PH3, rien ne prouve que l’origine est biogénique

• 14/10/2020 : Publication dans A&A d’une limite supérieure de PH3
dans l’infrarouge, 4 fois inférieure à la valeur millimétrique (E2020)
• Mesure faite à 10 microns à Maunakea Observatory (TEXES/IRTF)
• -> PH3 < 5 ppbv
• J. Greaves et 2 co-auteurs (qui ont initié la recherche) font partie des auteurs…!
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Un bref résumé des divers épisodes (2)
- 21-30/10/2020: 3 articles publiés sur ArXiv contestent la détection de 
G2020

I. Snellen et al. (Leiden)
G. Villanueva et al. (NASA-GSC) 
M. Thompson (U. Hertordshire, UK)

- 17/11/2020: Nouvel article de J. Greaves (G2020b, ArXiv)
Nouveau traitement des données ALMA suite à une recalibration: -> PH3 = 1 ppbv
(jusqu’à 5  ppbv localement sur le disque)
Du coup, les résultats JCMT et ALMA sont incohérents -> les auteurs suggèrent une 
variation temporelle….

- En cours : Une analyse des données de l’instrument infrarouge de Venus 
Express ne détecte pas de trace de phosphine entre 2006 et 2010.

Prochaine étape : session spéciale de l’Assemblée Générale de 
l’American Geophysical Union le 11 décembre 2020 
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Pourquoi une telle agitation autour de la phosphine?

• La phosphine PH3 (gaz hautement toxique) 
est absente de l’atmosphère terrestre

• Sa présence n’est pas attendue dans 
l’atmosphère oxydante des planètes 
telluriques Terre: O2; Mars et Vénus: CO2)

• En revanche PH3 a été détecté sur Jupiter et 
Saturne (atmosphères riches en hydrogène)

• On ne connait aucun modèle 
photochimique capable d’expliquer la 
présence de phosphine (même au niveau du 
ppbv) dans les atmosphères oxydantes

• D’où la conclusion (hâtive) de G2020a: cela 
pourrait être des micro-organismes vivants 
au niveau des nuages?

• Cependant, aucun scénario n’existe à ce jour 
pour appuyer cette hypothèse
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Extended Data Fig. 7 | Chemical pathways and energies are illustrated. Upper panel: Reaction network used to predict maximum possible photochemical 
production rate for phosphine. Continuous lines are reactions for which kinetic data for the phosphorus species is known. Dotted lines are reactions for 
which kinetic data for the analogous nitrogen species is known, and was used here. Phosphorus species are shown in blue, reacting radicals in black. Lower 
panel: Heat map showing that phosphine production is not thermodynamically favored. The plot shows how many reaction/condition combinations there 
are with given Gibbs free energy as a function of altitude. Y-axis is height above the surface (altitude, in km); columns are bins of data in X, the Gibbs 
Free Energy (ΔG: -100 to +1240!kJ!mol-1; 20!kJ!mol-1 bins). Brighter-colored cells indicate more reactions for a given range of ΔG. There are no reactions 
occurring in the range where processes would be energetically favorable, i.e. there are no reactions/conditions where ΔG is negative and energy is 
released.
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L’idée d’une vie possible au niveau des nuages 
de Vénus n’est pas nouvelle

• L’atmosphère de Vénus: des 
conditions infernales (T = 730 
K, P = 97 bars)
• Des nuages d’acide sulfurique 

entre 40 et 60 km
• L’hypothèse d’une vie au 

niveau des nuages de Vénus (-
20°C -> 50°C), sous forme de 
micro-organismes est ancienne 
(Sagan, 1970)
• Cependant, elle reste sans 

justification scientifique à ce 
jour

material at the higher altitudes would then likely be partly or
fully degraded through photochemical means, where the
resulting organic products could be recycled through the
cloud layer, potentially serving as carbon sources for any
cloud-based biology. Such a scenario would be consistent
with the conclusions of Knollenberg and Hunten (1980) that
there is a source for the smaller particles in the upper cloud
layer. Alternatively, Venus’ clouds could have been seeded
by interplanetary exchange of rocks (harboring terrestrial

bacteria or the building blocks of life) resulting from large
impacts on Earth (Melosh, 1988; Grinspoon and Bullock,
2007; Gao et al., 2014).

7. Conclusions and Future Studies

Our comparative analyses support the blended hypotheses
that terrestrial-type biology can survive within and contrib-
ute to the spectral signatures of Venus’ clouds (Fig. 9). To

FIG. 9. A schematic representation summarizing the ideas presented in this hypothesis paper regarding the potential for
microorganisms to survive in Venus’ lower clouds and contribute to the observed bulk spectra. In this scheme, the
approximate altitude and temperatures are shown on the left axis, the approximate pressure on the right axis, while the
surface topography represents an exaggerated perspective view of Venus. The cloud layer is depicted by a yellow-tinted
hazy region between an altitude of *47 and 72 km, where the varying opacities and thicknesses represent differences in
mass loading. The black dots within the cloud layer depict the sulfuric acid aerosols with diameters ranging from 0.2 mm
(which are found as high as 90 km) to 2.5 mm and to as large as 36mm (in smaller quantities) near the bottom of the cloud
layer (Knollenberg and Hunten, 1980); aerosols below the cloud base have also been reported by the Venera probes. The
hypothetical microbial contents of particles from the lower cloud layer are depicted in a magnified view using the dashed-
line callout bubble, which shows differing possible microbial morphologies. These microorganisms may potentially survive
by fixation of carbon dioxide (CO2) through the phototrophic or chemolithotrophic oxidation of iron and sulfur compounds,
and by a coupled iron-sulfur metabolism (depicted by the blue reaction scheme). The cloud-based microbial communities
may remain afloat through gravity waves (red wavy line), which propagate up, and are triggered by westward ambient flows
over the elevated topographies; gravity waves have been detected at the cloud tops in thermal infrared in the Akatsuki data
(Fukuhara et al., 2017). Additionally, the convective activity of the lower cloud region may persist on the night side, thereby
leading to opacity variations and differing thermal emissions through the cloud layer, as is observed in the near infrared in
the Akatsuki and Venus Express data. Consequently, the spectra of Venus may include contributions from the cloud-based
microorganisms, as is depicted by the dashed-line callout originating from the magnified view of the particles; the inset
spectral plot shows the albedo of Venus compiled from differing observations (red) and the sunlight absorption estimated by
a singular measurement on the dayside (at one location), as calculated from the difference between the VIRA cloud model
and the MESSENGER spectra (Perez-Hoyos et al., 2017). The absorption of sunlight may actually extend to much longer
wavelengths based on muted contrasts observed by the Akatsuki orbiter (Limaye et al., 2018), which is consistent with the
albedo variation with wavelength.

12 LIMAYE ET AL.Image radar (Magellan, 1992)

Une vision d’artiste
(Limaye et al. 2018)5/20



Les mystères de Vénus (1)
• Une planète qui tourne (très lentement) à l’envers

• Collision initiale? Evolution chaotique de l’obliquité? (Laskar)

• Une super-rotation longtemps mal comprise
• Au sol: 1 jour(V) = 243 jours(T): Au sommet des nuages: 1 jour(V) = 4 jours(T) 

• Origine: Marées thermiques (transport de l’énergie des pôles vers l’équateur)

• Deux régimes de circulation très différents
• Sous les nuages: circulation convective de Hadley (comme la Terre, mais 1 seule 

cellule/hémisphère)

• Au-dessus des nuages: circulation sub-solaire -> anti-solaire
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Mesosphere
H2O 1 – 3 ppm
SO2 10 – 1000 ppb

SO2 + hn -> SO + O
SO2 + O + hn -> SO3
SO3 + H2O -> H2SO4
-> condensation
& evaporation

Troposphere
H2O 30 ppm
SO2 150 ppm

100 km
160 K,
0.02 mbar

70 km
220 K, 
10 mbar

60 km 
230 K, 
0.15bar

50 km 
300 K, 
1 bar

Les mystères de Vénus (2)

- SO2 est diminué d’un facteur 1000 entre la troposphère et la 
mésosphère

- 1/5 du SO2 se combine à H2O pour former H2SO4
- -> où passe le reste???? Aérosols?7/20
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The ALMA data confirm the detection of absorption at the PH3 
1–0 wavelength. All line-centroid velocities are consistent with 
Venus’s velocity within −0.2 to +0.7 km s−1 (around 10% of the line 
width), with best measurement precision at ±0.3 km s−1 and sys-
tematics of ~0.1–0.7 km s−1 (Table 1). For this degree of coincidence 
of apparent velocity, any contaminating transition from another 
chemical species would have to coincide in rest wavelength with 
PH3 1–0 within ~10−6.

The data above represent the candidate discovery of PH3 on 
Venus. Because of the very high l:c ratio sensitivity required, we 
tested robustness through several routes. In particular, we analysed 
data from both facilities by a range of methods and estimated sys-
tematic uncertainties.

The JCMT and ALMA whole-planet spectra agree in line velocity 
and width, and are consistent in line depth after taking into account 
ALMA’s spatial filtering (hence, no temporal variation in PH3 abun-
dance needs to be invoked over 2017–2019). We considered ALMA’s 
maximum line loss, in the case of a PH3 distribution as uniform  
as the almost-smooth continuum (Extended Data Fig. 2). Comparing 
the ALMA continuum signals with/without baselines of <33 m in 
the data reduction, we found filtering losses varying from a net  
60% in our polar regions to 92% for our equatorial band. Correcting 
the whole-planet line signal by this method, the l:c ratio could  
rise from −0.9 × 10−4 to −4.9 × 10−4, values bracketing −2.5 × 10−4 
from the JCMT. Hence, the ALMA and JCMT lines differ by fac-
tors of at most two to three, with agreement possible if the PH3 is  
distributed on intermediate scales (between highly uniform and 
small patches).

Finally, for robustness, we considered the possibility of a ‘double 
false positive’, where a negative dip occurs in both datasets near the 
Venusian velocity. Comparing the data before the final processing 
step of polynomial fitting takes place, Fig. 3 shows that no other 
coincidences of absorption-line-like features occur in the JCMT 
and ALMA spectra.

Next, we examined whether transitions from gases other than 
PH3 might absorb at nearby wavelengths. The only plausible 
candidate (Supplementary Table 1) is a SO2 transition offset by 
+1.3 km s−1 in the reference frame of PH3 1–0. This is expected to 
produce a weak line in the cloud decks, with its lower quantum level 
at energy >600 K not being highly populated in <300 K gas. SO2 
absorptions from energy levels at ~100 K have been detected22, and 
we searched for one such transition in our simultaneous ALMA 
wideband data. We did not detect significant absorption (Fig. 4a). 
Given this observation, our radiative transfer model predicts what 
the maximum absorption from the ‘contaminant’ SO2 line would be, 
finding a weak l:c ratio, not deeper than −0.2 × 10−4 (Fig. 4b). SO2 
can contribute a maximum of <10% to the l:c ratio integrated over 
±5 km s−1 and shift the line centroid by <0.1 km s−1. These results 
are abundance and model independent. The contaminant SO2 line 
could only ‘mimic’ the PH3 feature while the wideband SO2 line 
remained undetected if the gas was more than twice as hot as mea-
sured in the upper clouds—that is, at temperatures found only at 
much lower altitudes than our data probe.

We are unable to find another chemical species (known in cur-
rent databases23–26) besides PH3 that can explain the observed fea-
tures. We conclude that the candidate detection of PH3 is robust, for 
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Fig. 1 | Spectra of PH3 1–0 in Venus’s atmosphere as observed with the JCMT. Axes are l:c ratio against Doppler-shifted velocity referenced to the PH3 
wavelength. Left: the least and most conservative solutions after fitting and removing spectral ripple (see ‘JCMT data reduction’ in Methods), with the 
residual line present inside velocity ranges of |v|!=!8!km!s−1 (solid, black) and |v|!=!2!km!s−1 (dashed, orange). The data have been binned for clarity into 
histograms (that is, bars denoting averages) on the x axis; representative 1σ error bars are 0.46!×!10−4 in l:c ratio per 3.5!km!s−1 spectral bin. Error bars 
indicate the dispersion within each channel from 140 co-added input spectra; channel-to-channel dispersion is higher by ~40%, attributable to residual 
ripple, and contributing to the range of signal-to-noise ratio (Table 1). Right: the adopted mid-range solution with |v|!=!5!km!s−1 (histogram), overlaid with 
our model for 20!ppb abundance by volume. The solid red curve shows this model after processing with the same spectral fitting as used for the data. The 
line wings and continuum slope have thus been removed from the original model (bottom dashed red curve). As the spectral fitting forces the line wings 
towards zero, only the range ±10!km!s−1 around Venus’s velocity was used in line characterization (Table 1).
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four main reasons. First, the absorption has been seen, at compa-
rable line depth, with two independent facilities; second, line mea-
surements are consistent under varied and independent processing 
methods; third, overlap of spectra from the two facilities shows no 
other such consistent negative features; and fourth, there is no other 
known reasonable candidate transition for the absorption other 
than PH3.

The few km s−1 widths of the PH3 spectra are typical of absorp-
tions from the upper atmosphere of Venus22. Inversion techniques27 
can convert line profiles into a vertical molecular distribution, but 

this is challenging here due to uncertainties in PH3 line dilution 
and pressure broadening. As the continuum against which we see 
absorption28 arises at altitudes of ~53–61 km (Extended Data Fig. 2), 
in the middle/upper cloud deck layers17, the PH3 molecules observed 
must be at least this high up. Here the clouds are ‘temperate’, at up 
to ~30 °C, and with pressures up to ~0.5 bar (ref. 29). However, PH3 
could form at lower (warmer) altitudes and then diffuse upwards.

PH3 is detected most strongly at mid-latitudes and is not detected 
at the poles (Table 1). The equatorial zone appears to absorb more 
weakly than mid-latitudes, but equatorial and mid-latitude values 
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outside |v|!=!5!km!s−1 in these spectra, and only this range was used in characterization (Table 1 and ‘ALMA data reduction’ in Methods).
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Les mesures millimétriques : PH3 @ 267 GHz (G2020a)

JCMT, Juin 2017                                     ALMA, Mars 2019

Disk-integrated Polar

Mid-latitudes

Equator
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Ce qui fait débat:
- L’analyse de G2020a utilise un polynome de degré 12 pour éliminer les 
oscillations du continu (les « ripples »)
- Les lignes de base < 30 m sont supprimées « pour diminuer le bruit »



TEXES @ IRTF
NASA Infrared Telescope Facility, 
Maunakea Observatory, Hawaii

TEXAS Echelon Cross Echelle Spectrograph
(5 – 25 µm, R = 8 104 @ 7 µm)

Campagne d’observation de Vénus (2012->)
- Objectif: étudier les cycles de l’eau et du soufre 
par la cartographie de SO2 et HDO (proxy de H2O) 
au sommet des nuages  -> étude des variations 
spatio-temporelles
- Observations à différentes longueurs d’onde 
pour sonder différents niveaux
7, 10, 12, 18 µm)
- 13 campagnes entre 2012 et 2019

Les mesures infrarouges (E2020)

Long-term variations	of	H2O	and	SO2 – 2012	– 2017
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Où rechercher PH3 dans l’infrarouge thermique?

!
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Une émission non-LTE est visible au limbe, côté jour

Center

W limb

E limb (dayside)

S pole

N pole

La  bande 2n2 – n2 de CO2 @ 955 cm-1 (10.5 µm) 
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Encrenaz et al. A&A, 643, L5 (octobre 2020)6/9
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Absence de PH3 sur le disque de Vénus

CO2 line depth
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CO2 line depth
-0.05   0.00     0.05    0.10.   0.15     0.20  

PH3/ CO2 line depth ratio                      
-0.05   0.00     0.05    0.10.   0.15     0.20  

L’abondance de PH3 est déduite du rapport de profondeur des raies 
(PH3/CO2)  < 0.05 en tout point de la planète ->  PH3 < 5 ppbv partout 

<--------artefact  ---------->
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Peut-on réconcilier les mesures infrarouges et millimétriques? 
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Cloud deck

Can we reconcile the IR & mm measurements ?

Where does the radiation comes from?

Millimeter heterodyne spectroscopy (R = 106)

Line emission region (FWHM = a few MHz) 

Infrared HR spectroscopy (R = 8 104) – Line emission region

IR continuum emission

------- Millimeter continuum emission

Temperature profile

- La raie millimétrique (très étroite) est formée à z > 70 km
- La raie infrarouge est formée à 60 km
- La phosphine est censée se former dans les nuages -> Contradiction

PH3 = 20 ppbv (G2020a,b-JCMT)

PH3 < 5 ppbv (E2020)
Formation of PH3 (Greaves 2020a,b)
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Suite à G2020, la contestation s’organise
• I. Snellen et al. (Leiden) ArXiv:2020.09761, soumis à Science 

(21/10/2020)
• Les données ALMA de G2020a ne montrent pas la phosphine

• G. Villanueva et al. (NASA/GSFC), ArXiv:2020.14305, soumis 
à Nature Astronomy, 28/10/2020)
• La raie du JCMT de G2020 est due à SO2 et non PH3
• Les données ALMA ne monrent pas la phosphine
• Le modèle photochimique de PH3 est en contradiction avec la raie 

soi-disant observée

• M. Thompson (Hertordshire, UK), AeXiv:2020.15188v1, 
soumis à MNRAS (30/10/2020)
• Les données du JCMT de G2020a ne montrent pas la phosphine
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1. Snellen et al.

• L’utilisation d’un polynôme de degré 12 introduit des 
fausses raies

• Reproduction des résultats de G2020 avec leurs hypothèses 
(polynôme de degré 12,lignes de base > 33m)

• Analyse avec un polynome de degré 3 -> pas de raie

• Analyse avec différentes lignes de base -> pas de raie

A&A proofs: manuscript no. alma_venus

Fig. 1. Reproduction of the ALMA line-spectrum as presented by
Greaves et al. 2020, with the original and reproduction in the left and
right panel respectively. This is after a 12th-order polynomial is removed
from the spectral baseline. The reproduced spectrum is scaled down ar-
tificially by a factor 12.8/16.1 to account for the di↵erent continuum
brightnesses used in the studies. In the reproduction, the line-feature
shows a small velocity o↵set, and the spectral baseline is somewhat
more noisy, but the overall signal-to-noise ratio of the two features is
similar.

tudes of the Venus disk at this frequency. These procedures were
subsequently altered to process the data for di↵erent baseline se-
lections, including all baselines, and baselines of >20 m and >50
m, corresponding to the first and third minimum of the visibility
amplitudes. Following GRB20, the Venus rest-frame frequency
of the PH3 1-0 transition was adopted to be 266.9445 GHz. The
spectral data were binned to velocity steps of 1.10 km sec�1.

3. Reproduction of the phosphine results

At the time of observations, the angular diameter of Venus was
15.3600 (GRB20). Since, for the >33 m selection, the spectral
data from the limb of the planet still show strong instrumental
ripples, data from within one major axis of the synthesised beam
(<1.16”) of the planet limb were excluded from analysis. The
continuum subtracted line data were summed over the planet
disk and divided by the summed continuum data to make the
continuum-normalised line-spectrum (l:c).

To further mitigate the e↵ects of the instrumental ripples and
obtain the flattest spectral baseline, GRB20 fitted a 12th-order
polynomial over a restricted passband of ±40 km s�1 around the
PH3 transition, interpolating across |v| < 5 km s�1. The central
region needs to be masked out, otherwise any line will also be re-
moved. This procedure was reproduced here. The disk-integrated
spectrum obtained by GRB20 is shown in the left panel of Fig-
ure 1 with our reproduction in the right panel. Since in this study
the continuum level of Venus is found at 12.8 Jy beam�1, while
it is stated as 16.1 Jy beam�1 in GRB20, the reproduced spec-
trum is artificially scaled down by a factor 12.8/16.1. The two
spectra appear similar, although the line feature is slightly o↵-
center in the reproduction. In addition, the reproduced signal is
stronger, but the spectrum is also more noisy. The signal-to-noise
ratio (SNR) is estimated by to be ⇠18 by measuring the peak
and standard deviation of the spectrum after applying a boxcar
smoothing over 7 velocity steps. This is very similar (15�) to
that presented by GRB20.

In general, removal of a 12th-order polynomial over a small
spectral range in this way has the e↵ect of removing noise struc-
tures and instrumental e↵ects. This can lead to severe overes-
timations of the significance of spectral features and artificial
results. To demonstrate this, a search by eye for other features

Fig. 2. The top two rows show parts of the final ALMA spectrum cen-
tred on the transition frequency of PH3 1 � 0 (top left) and five other
features, with superimposed the 12th-order polynomials fitted to the lo-
cal data. The bottom two rows show the same with these polynomials
removed. We find that now all these features appear at signal-to-noise
ratios above 10 within 60 km sec�1 of PH3. It shows that the procedure
followed by GRB20 is incorrect, and results in spurious, high signal-to-
noise lines.

Fig. 3. Resulting spectrum from the data analysis presented in this work,
before and after the removal of a 3rd order polynomial in the left and
right panel respectively. A feature near the PH3 1-0 transition is seen
at a signal-to-noise of ⇠2, below the common threshold of statistical
significance.

over the observed spectral range of |v| < 60 km s�1 was per-
formed and were subsequently treated with the same procedure.
The result is shown in Figure 2. It leads to at least five other
lines with an SNR>10, three in absorption and two in emission.
The SNR is estimated in the same way as for the feature near
the phosphine transition. No plausible assignments to the rest
frequencies of these features were found. It shows that the pro-
cedure followed by GRB20 is incorrect, and results in a spurious,
high signal-to-noise line.
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Snellen et al.: No statistically significant detection of phosphine

Fig. 4. Distribution of the spectral data points of the ALMA 267 GHz
observations (histogram) with the expected Gaussian distribution for the
measured standard-deviation of the data overplotted. The vertical dot-
ted lines indicate 1 and 2� limits. The data is clearly non-Gaussian,
showing a bimodal distribution, expected for a spectrum dominated by
systematics such as instrumental ripples. This means that low SNR sig-
nals can not be reliably linked to a false positive probability.

4. Independent Analysis

To independently assess the possible significance of a PH3 1-0
line in the ALMA data, the disk-averaged l:c spectrum, as shown
in the left panel of Figure 3, is fitted with a 3rd-order polynomial
to remove the low-frequency curvature of the spectral baseline.
This polynomial is removed from the spectrum as shown in the
right panel of Fig. 3. The central dip, identified by GRB20 as the
PH3 1-0 line, has an SNR of ⇠2. Without the polynomial fitting,
the SNR is ⇠1. In astronomy, features at such a low SNR are
generally not deemed statistically significant. Furthermore, as is
shown in Figure 4, the noise distribution in these data is highly
non-Gaussian, as expected for data dominated by systematic rip-
ples. In the absence of other noise factors, systematic e↵ects like
sinusoidal and sawtooth ripples can result in extremities at 1.5 �
2 times the standard deviation in the data. This implies that any
feature at such levels have no statistical meaning, because they
cannot be reliably linked to a false positive probability.

As described in Section 2, the ALMA data were calibrated,
processed and reduced also using di↵erent selections on baseline
length. The final disk-integrated l:c spectra are shown in Figure
5, with from top to bottom, for all data and for baselines >20
m, >33 m (as used for the main analysis), and >50 m. These
baseline-limits correspond to the first, second, and third minima
in the visibility amplitudes of the Venus disk for these observa-
tions. In this way, the influence of the adopted baseline limits on
the central feature in the spectrum is also assessed. The spectra
based on all data and on a >20 m cut-o↵ show a dip near zero
velocity, but at a level that is smaller than several other features
in the spectra (SNR1). The spectrum based on a >50 m cut-o↵
does not show a central feature. Only the spectrum based on the
>33 m cut-o↵ exhibits a dip at an SNR of ⇠2, implying that the
chosen >33 m ALMA baseline-limit has maximised any poten-
tial PH3 signal.

The time dependence of the ALMA spectrum is also investi-
gated by dividing the data in a first and second half. As expected,
these spectra based on half of the data are more noisy and pro-
vide no evidence for a high-SNR PH3 signal. In addition, the data
from Venus’ disk was angularly divided into four quadrants, NE,
NW, SW, and SE. These spectra are even more noisy and show
no candidate features for phosphine.

Fig. 5. The resulting spectrum for di↵erent ALMA baseline selections,
vertically o↵set for clarity, with from top to bottom; all data, >20 m,
>33 m, and >50 m baselines. These limits correspond to minima in
the visibility amplitudes. Only the spectrum based on the >33 m limit
exhibits a central dip at an SNR of ⇠2, implying that this chosen limit
has maximised any potential PH3 signal.

5. Conclusions

We find that the 267-GHz ALMA observations presented by
GRB20 provide no statistical evidence for phosphine in the at-
mosphere of Venus. The reported 15� detection of PH3 1 � 0 is
caused by a high-order polynomial fit that suppress the noise fea-
tures in the surrounding spectrum. The same procedure creates
a handful of other > 10� lines without plausible spectroscopic
assignments, both in emission and absorption, in the direct vicin-
ity of the phosphine 1-0 transition. Low-order spectral baseline
fitting shows a feature near the expected wavelength at a signal-
to-noise of only ⇠ 2. While this already in itself is not enough to
claim a statistical detection, the noise on the ALMA spectrum is
highly non-Gaussian, making any link to a false positive proba-
bility unreliable.

GRB20 provide several arguments to support the validity of
their identification of the PH3 feature, including comparison to
the JCMT data and a test at o↵set frequencies. Our analysis,
however, shows that at least a handful of spurious features can be
obtained with their method, and therefore conclude that the pre-
sented analysis does not provide a solid basis to infer the pres-
ence of PH3 in the Venus atmosphere.
Acknowledgements. We thank the authors of GRB20 for publicly sharing their
calibration and imaging scripts. Venus was observed under ALMA Director’s
Discretionary Time program 2018.A.0023.S. ALMA is a partnership of ESO
(representing its member states), NSF (USA) and NINS (Japan), together with
NRC (Canada), MOST and ASIAA (Taiwan), and KASI (Republic of Korea), in
cooporation with the Republic of Chile. The Joint ALMA Observatory is oper-
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2. Villanueva et al. (27 auteurs)

• Mêmes critiques que Snellen sur la méthode, de plus: 
• Il existe une raies de SO2 très proche de PH3

• La raie du JCMT est en fait SO2 (100 ppbv - plausible)
• La raie ALMA est un artefact lié à la méthode utilisée

• Le profil PH3 du modèle photochimique n’est pas 
cohérent avec l’observation de la raie millimétrique

 
Figure FS1: Left: Disk-integrated spectrum of Venus (including its limb) as constructed from 
the data used in G2020 (but without deleting short spacings). Polynomial fits (12th order) are 
superposed: “blue” trace is a fit to the entire spectrum, while “red” is a fit excluding the center 
-5 to + 5 km/s. Right: Spectra after subtracting the polynomial fits (red: subtracting red 
polynomial; blue: subtracting blue polynomial).  
 

 
Figure FS2: Comparison between models and ALMA data, as presented in Figure 4 of 
G2020, for the SO2 (J=133,11-132,12) transition at 267.537458 GHz and for the HDO (J=22,0-
31,3) transition at 266.161070 GHz. Left: Our independently processed ALMA data for the 
SO2 line, while “SO2 Greaves” is a synthetic spectrum modeled using their T/P (G2020 
Figure 8) and their SO2 profile (G2020 Figure 9), “SO2 reduced” is a model with reduced 
mesospheric SO2 levels (~10 ppb in the 70-90 km range) and comparable to those reported 
by 12. Right: Our independently processed ALMA data for a nearby HDO line presented, 
while “HDO model” is a synthetic spectrum as modeled using their T/P (their figure 8), a 
D/H of 20019, and plausible H2O abundances of ~60 ppbv in the mesosphere (70-100 km). 
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reactants). The free energy of reactions falls short by anywhere from 
10 to 400 kJ mol−1 (see ‘Potential pathways to PH3 production’ in 
Methods, Supplementary Information and Extended Data Fig. 7). 
In particular, we quantitatively rule out the hydrolysis of geologi-
cal or meteoritic phosphide as the source of Venusian PH3. We also 
rule out the formation of phosphorous acid (H3PO3). While phos-
phorous acid can disproportionate to PH3 on heating, its formation 
under Venus temperatures and pressures would require quite unre-
alistic conditions, such as an atmosphere composed almost entirely 
of hydrogen (for details, see Supplementary Information).

The lifetime of PH3 on Venus is key for understanding pro-
duction rates that would lead to accumulation of few-ppb con-
centrations. This lifetime will be much longer than on Earth, the 
atmosphere of which contains substantial molecular oxygen and its 
photochemically generated radicals. The lifetime above 80 km on 
Venus (in the mesosphere22) is consistently predicted by models 
to be <103 s, primarily due to high concentrations of radicals that 
react with, and destroy, PH3. Near the atmosphere’s base, the esti-
mated lifetime is ~108 s due to thermal decomposition (collisional 
destruction) mechanisms. Lifetimes are very poorly constrained at 
intermediate altitudes (<80 km), being dependent on abundances of 
trace radical species, especially chlorine. These lifetimes are uncer-
tain by orders of magnitude, but are substantially longer than the 
time for PH3 to be mixed from the surface to 80 km (<103 yr). The 
lifetime of PH3 in the atmosphere is thus no longer than 103 yr, either 
because it is destroyed more quickly or because it is transported to 
a region where it is rapidly destroyed (see ‘Photochemical model’ in 
Methods, Supplementary Information, Extended Data Figs. 8 and 9, 
and Supplementary Tables 2 and 3).

We estimate the outgassing flux of PH3 needed to maintain 
~10 ppb levels, taking the column of PH3 derived from observa-
tions and dividing this by the chemical lifetime of PH3 in Venus’s 
atmosphere (Fig. 5). The total outgassing flux necessary to explain 
~10 ppb of PH3 is ~106–107 molecules cm−2 s−1 (shorter lifetimes 
would lead to higher flux requirements). Photochemically driven 
reactions in Venus’s atmosphere cannot produce PH3 at this rate. To 
generate PH3 from oxidized phosphorus species, photochemically 
generated radicals have to reduce the phosphorus by abstracting 
oxygen and adding hydrogen—requiring reactions predominantly 
with H, but also with O and OH radicals. Hydrogen radicals are rare 
in Venus’s atmosphere because of low concentrations of potential 

hydrogen sources (species such as H2O and H2S that are ultraviolet 
photolyzed to produce H radicals). We model a network of forward 
reactions (that is, from oxidized phosphorus species to PH3), not 
only as a conservative maximum possible production rate for PH3 
but also because many of the back-reaction rates are not known. We 
find that the reaction rates of H radicals with oxidized phosphorus 
species are too slow by factors of 104–106 under the temperatures 
and concentrations in the Venusian atmosphere (Fig. 5).

Energetic events are also not an effective route to making PH3. 
Lightning may occur on Venus, but at sub-Earth activity levels33. 
We find that PH3 production by Venusian lightning would fall 
short of few-ppb abundance by factors of 107 or more. Similarly, 
there would need to be >200 times as much volcanic activity on 
Venus as on Earth to inject enough PH3 into the atmosphere (up to 
~108 times, depending on assumptions about mantle rock chem-
istry). Orbiter topographical studies have suggested there are not 
many large, active, volcanic hotspots on Venus34. Meteoritic delivery 
adds at most a few tonnes of phosphorus per year (for Earth-like  
accretion of meteorites). Exotic processes such as large-scale tri-
bochemical (frictional) processes and solar wind protons also only 
generate PH3 in negligible quantities (W. Bains et al., manuscript 
in preparation, submitted to Astrobiology as ‘Phosphine on Venus 
cannot be explained by conventional processes'; also see Extended 
Data Fig. 10).

Discussion
If no known chemical process can explain PH3 within the upper 
atmosphere of Venus, then it must be produced by a process not 
previously considered plausible for Venusian conditions. This 
could be unknown photochemistry or geochemistry, or possibly 
life. Information is lacking—as an example, the photochemistry of 
Venusian cloud droplets is almost completely unknown. Hence a 
possible droplet-phase photochemical source for PH3 must be con-
sidered (even though PH3 is oxidized by sulfuric acid). Questions 
of why hypothetical organisms on Venus might make PH3 are also 
highly speculative (see ‘PH3 and hypotheses on Venusian life’ in 
Methods and Supplementary Information).

Quantitatively, we can note that the production rates of ~106–
107 molecules cm−2 s−1 inferred above are lower than the pro-
duction by some terrestrial ecologies, which make the gas10 at 
107–108 PH3 cm−2 s−1. Considering also distribution, the PH3 on 

100
a b

80

60

40He
igh

t (
km

)

20

0

100

80

60 Abiotic upper limit

ϕ(PH3) = 107 cm–2 s–1

40

20

0
10–30 10–26 10–22 10–18 10–14

Rate (s–1)
10–10 10–6 10–2 10–23 10–21 10–19 10–17 10–15

Mixing ratio
10–13 10–11 10–9 10–7

Formation
Destruction

Fig. 5 | Predicted maximum photochemical production of PH3 found to be insufficient to explain observations by more than four orders of magnitude. a, 
Upper limits of the predicted photochemical production rates of PH3 (excluding transport; red curve, s−1) compared with photochemical destruction rates 
(blue curve, s−1), including radicals and atoms (blue solid) and ignoring radicals and atoms (blue dashed), as a function of height (km). See kinetic network 
of Extended Data Fig. 7. b, Mixing ratio of PH3 as a function of atmospheric height (km), for a production flux (ϕ(PH3)) within the cloud layer (~55–65!km) 
of 107!cm−2!s−1 (solid curve), compared with the predicted steady-state abiotic upper limit (dashed curve). See kinetic network of Extended Data Fig. 7. 
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• Mêmes critiques que les précédents, mais pour les 
données du JCMT

3. Thompson

ARTICLESNATURE ASTRONOMY

The ALMA data confirm the detection of absorption at the PH3 
1–0 wavelength. All line-centroid velocities are consistent with 
Venus’s velocity within −0.2 to +0.7 km s−1 (around 10% of the line 
width), with best measurement precision at ±0.3 km s−1 and sys-
tematics of ~0.1–0.7 km s−1 (Table 1). For this degree of coincidence 
of apparent velocity, any contaminating transition from another 
chemical species would have to coincide in rest wavelength with 
PH3 1–0 within ~10−6.

The data above represent the candidate discovery of PH3 on 
Venus. Because of the very high l:c ratio sensitivity required, we 
tested robustness through several routes. In particular, we analysed 
data from both facilities by a range of methods and estimated sys-
tematic uncertainties.

The JCMT and ALMA whole-planet spectra agree in line velocity 
and width, and are consistent in line depth after taking into account 
ALMA’s spatial filtering (hence, no temporal variation in PH3 abun-
dance needs to be invoked over 2017–2019). We considered ALMA’s 
maximum line loss, in the case of a PH3 distribution as uniform  
as the almost-smooth continuum (Extended Data Fig. 2). Comparing 
the ALMA continuum signals with/without baselines of <33 m in 
the data reduction, we found filtering losses varying from a net  
60% in our polar regions to 92% for our equatorial band. Correcting 
the whole-planet line signal by this method, the l:c ratio could  
rise from −0.9 × 10−4 to −4.9 × 10−4, values bracketing −2.5 × 10−4 
from the JCMT. Hence, the ALMA and JCMT lines differ by fac-
tors of at most two to three, with agreement possible if the PH3 is  
distributed on intermediate scales (between highly uniform and 
small patches).

Finally, for robustness, we considered the possibility of a ‘double 
false positive’, where a negative dip occurs in both datasets near the 
Venusian velocity. Comparing the data before the final processing 
step of polynomial fitting takes place, Fig. 3 shows that no other 
coincidences of absorption-line-like features occur in the JCMT 
and ALMA spectra.

Next, we examined whether transitions from gases other than 
PH3 might absorb at nearby wavelengths. The only plausible 
candidate (Supplementary Table 1) is a SO2 transition offset by 
+1.3 km s−1 in the reference frame of PH3 1–0. This is expected to 
produce a weak line in the cloud decks, with its lower quantum level 
at energy >600 K not being highly populated in <300 K gas. SO2 
absorptions from energy levels at ~100 K have been detected22, and 
we searched for one such transition in our simultaneous ALMA 
wideband data. We did not detect significant absorption (Fig. 4a). 
Given this observation, our radiative transfer model predicts what 
the maximum absorption from the ‘contaminant’ SO2 line would be, 
finding a weak l:c ratio, not deeper than −0.2 × 10−4 (Fig. 4b). SO2 
can contribute a maximum of <10% to the l:c ratio integrated over 
±5 km s−1 and shift the line centroid by <0.1 km s−1. These results 
are abundance and model independent. The contaminant SO2 line 
could only ‘mimic’ the PH3 feature while the wideband SO2 line 
remained undetected if the gas was more than twice as hot as mea-
sured in the upper clouds—that is, at temperatures found only at 
much lower altitudes than our data probe.

We are unable to find another chemical species (known in cur-
rent databases23–26) besides PH3 that can explain the observed fea-
tures. We conclude that the candidate detection of PH3 is robust, for 
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Fig. 1 | Spectra of PH3 1–0 in Venus’s atmosphere as observed with the JCMT. Axes are l:c ratio against Doppler-shifted velocity referenced to the PH3 
wavelength. Left: the least and most conservative solutions after fitting and removing spectral ripple (see ‘JCMT data reduction’ in Methods), with the 
residual line present inside velocity ranges of |v|!=!8!km!s−1 (solid, black) and |v|!=!2!km!s−1 (dashed, orange). The data have been binned for clarity into 
histograms (that is, bars denoting averages) on the x axis; representative 1σ error bars are 0.46!×!10−4 in l:c ratio per 3.5!km!s−1 spectral bin. Error bars 
indicate the dispersion within each channel from 140 co-added input spectra; channel-to-channel dispersion is higher by ~40%, attributable to residual 
ripple, and contributing to the range of signal-to-noise ratio (Table 1). Right: the adopted mid-range solution with |v|!=!5!km!s−1 (histogram), overlaid with 
our model for 20!ppb abundance by volume. The solid red curve shows this model after processing with the same spectral fitting as used for the data. The 
line wings and continuum slope have thus been removed from the original model (bottom dashed red curve). As the spectral fitting forces the line wings 
towards zero, only the range ±10!km!s−1 around Venus’s velocity was used in line characterization (Table 1).
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steps are briefly given to illustrate our reanalysis. The aim is to follow
as closely as possible the steps carried out by Greaves et al. (2020)
by modifying the data reduction scripts supplied in that publication.
The raw data were obtained from the JCMT Science Archive as de-
scribed in Greaves et al. (2020) and are stored as time series spectral
datacubes calibrated on the T⇤

� scale. 512 channels were blanked
from the edges of each spectrum to remove noise present at the edge
of the passband. The top panel of Figure 1 shows a composite native
velocity-resolution (0.0347 km s�1 channels) spectrum obtained by
integrating the Venus spectra along the time axis and dividing by the
mean continuum value to obtain a line-to-continuum spectrum. The
bottom panel of Figure 1 shows the same spectrum with a 3rd-order
polynomial baseline fitted to and subtracted from the entire spectrum,
additionally rebinned to 3.5 km�1 channels to maintain a common
velocity resolution with Greaves et al. (2020). It must be noted that
these baseline-subtracted spectra should strictly be referred to as the
“line-to-continuum ratio � 1”, as they are zero-centred. However to
maintain consistency with Greaves et al. (2020) we will refer to these
spectra as line-to-continuum in the following text.

As Figure 1 shows, the JCMT spectra are a�ected by baseline
ripples, which are likely to be caused by reflections between the main
and cold-load dewar, an unidentified surface in the receiver cabin
and the well-known “JCMT 16-MHz ripple” caused by a standing
wave between the secondary mirror and the receiver cabin1. This
underlines the extreme di�culty of identifying faint spectral features
in the presence of a strong background continuum source.

2.1 Low order polynomial fits

The simplest way to identify a spectral line in a spectrum with a
complex baseline is to fit a low order polynomial to spectral channels
bracketing the suspected line position. Greaves et al. (2020) carried
out such a simple approach as an independent test of their high order
polynomial fits by integrating (or collapsing in JCMT parlance) the
time-series spectral cubes along the time axis and fitting a low order
polynomial. It is reported that the phosphine line was recovered with
a lower signal-to-noise-ratio than the higher order fitting approach
(Greaves et al. 2020).

The data reduction scripts presented by Greaves et al. (2020) were
modified to repeat this simple approach and investigate the signifi-
cance of the line recovery with a single low order polynomial. Poly-
nomials of 3rd and 4th-order were fitted to the spectrum shown in
the top panel of Figure 1. To investigate the e�ects of di�erent fit-
ting ranges these fits were carried out over varying width spectral
regions centred on the PH3 Venus rest-frame velocity. A line region
of |�E | = 5 km s�1 centred on the PH3 J=1–0 velocity was excluded
from the fit, following Greaves et al. (2020). The fitted spectra were
then rebinned to a common channel width of 3.5 km s�1.

Figure 2 shows the results of these polynomial fits. The line search
window of |�E | = 5 km s�1 that was excluded from the polynomial
fit is indicated by the central unshaded region in each plot. As can
be seen, the result of the fit is sensitive to both the velocity range of
channels used in the fitting process and the order of the polynomial
used. A low-significance single-channel line feature at the PH3 rest
frame Venus velocity (with SNR of 2.6) is only recovered with a
4th-order fit over our smallest velocity range (|�E |  30 km s�1).

However, the ability of a polynomial fitting routine to incorrectly
identify a negative or positive baseline deviation as a spectral line is

1 https://www.eaobservatory.org/jcmt/instrumentation/heterodyne/observing-
modes/

Figure 1. Top: Line-to-continuum spectrum of Venus obtained by integrating
the individual time-series spectra and dividing by the mean continuum level
of each spectrum. Bottom: the above line-to-continuum spectrum with a 3rd-
order polynomial subtracted and denoted as line-to-continuum ratio � 1. The
inset lower velocity resolution spectrum is the result of rebinning to 3.5 km s�1

channels. The dotted orange lines represent the ±1f standard deviation of
each 3.5 km s�1 channel, calculated from the spread of the values from the
individual spectra, revealing substantial dispersion within each channel over
time.

magnified by giving the routine fewer constraints and a higher de-
gree of freedom (e.g. a smaller velocity range and/or a higher order
fit; Snellen et al. 2020). As also noted by Snellen et al. (2020), the
non-Gaussian nature of the spectral noise makes line identifications
more di�cult. The usual approach of using the statistical I�score (or
signal-to-noise ratio) of the peak line temperature becomes meaning-
less when the noise spectrum does not follow a normal or Gaussian
distribution.

Non-parametric methods are an ideal way to investigate the sig-
nificance of measurements in a non-Gaussian sample, of which one
example is the bootstrap resampling procedure. This process was
used to analyse the significance of the recovered line feature in the
following way. A Python wrapper was written around the modified
Greaves et al. (2020) scripts to permit polynomial baseline fits to
be repeatedly carried out for di�erent |�E | = 30 km s�1 velocity
windows centred on each channel of the native-resolution Venus
spectrum. Within each window we identified the minimum value
within the central |�E | = 5 km s�1 line region excluded from the fit.

This approach is analogous to the non-parametric bootstrap
method, resampling velocity windows from the original raw spec-
trum and carrying out the same baseline-fitting and line-search ap-

MNRAS 000, 1–5 (2020)

G2020
Fenêtre de 8 km/s
Fenêtre de 2 km/s Thompson, 2020

Données 
Brutes

Filtrage
Par pol.
Degré 3
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After the full re-processing, including high-order bandpass self-calibration, we extracted new 
whole-planet spectra. Figure (f3) shows line:continuum for PH3 (red) and HDO (green; offset for 
clarity). No post-processing has been performed on these spectra, apart from dividing the line 
products by 13.77 Jy/beam, the estimated continuum signal (considered to be accurate to 
~10%). Overlaid is our PH3 radiative transfer model, scaled to 1 ppb. To simulate the effects of 
a bandpass solution of up to 12th-order, which may remove features more than ~20 km/s wide, 
we subtracted a 12th-order polynomial from the original model (interpolating across ±10 km/s; 
results in ~25% signal-loss at line-minimum).  

 

The whole-planet PH3 detection is now weaker but reasonably secure, with a line-integrated 
signal (over ±8 km/s) of 4.8σ. The centroid over the same velocity-span is at -0.6 ± 0.7 km/s. 

The faint feature is comparable in depth to our original ALMA limit of -2 10-5 for SO2; the re-
processed wideband data (used to set the SO2 upper limit of 10 ppb in G2020) are still being 
checked. Thus, we emphasise that there could be a contribution from SO2 (at +1.3 km/s), but 
the whole-planet feature appears to be too wide to be solely SO2. The FWHM is estimated at 
4.5 km/s, compared to ~2 km/s for mesospheric SO2 previously observed with ALMA5. The 
ALMA line-centroid here is discrepant with SO2 at the -2.7σ level (with the JCMT line being 
discrepant by -1.4σ, and similarly wide with FWHM ≥5 km/s).  

Figure (f3). New whole-planet spectra from the re-processed ALMA dataset (see text). 
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If our JCMT and ALMA observations had overlapped with the cloud-regions probed by TEXES5 
(but not prior millimetre observations), they could in principle trace layers with enough SO2 to 
produce the absorption depths we see. However, this is hard to motivate for two observations 
out of years of millimetre-monitoring, and could still not explain the centroid and line-width 
discrepancies.  

The overall reduction procedure appears robust, based on the HDO line (green histogram in 
Figure (f3)). From radiative transfer as described in G2020 and the deuteration scaling of ref. 4, 
the inferred H2O abundance is however only ~23 ppb, which is at the low end of from 
monitoring observations at similar frequencies7.   

Spectra for smaller areas of the planet are still very difficult to extract in this processing, due to 
low-level gradients across the planet. Our smoothed-bandpass reduction excluding baselines 
<33m is therefore also examined here; this is not the data product that is publicly archived. 
Residual ripples in our reduction were found to be much broader than the planetary lines, 
facilitating extraction of clean spectra. Hence only low-order polynomials are applied in a single 
post-processing step. 

The example spectrum in Figure (f4: left panel) was extracted from the region circled on the 
simultaneous continuum image (f4: right panel – square-root colour scale; annotated with 
pole-to-pole axis; planet 26% dark, on the right limb). The circle is 4 arcsec in diameter, smaller 
than the LAS of 4.3 arcsec, and so l:c should represent the true value. 

  

We selected this example where the net spectrum is relatively clean of artefacts across the 
passband – specifically, few offsets in signal-level that persist over a few km/s. This is not the 
only region with possible PH3 absorption, and we encourage exploration of the dataset.  

Figure (f4). Example PH3 spectrum, from the circled region superimposed on the continuum image. 

Dernières nouvelles (17/11): Nouveau traitement des 
données ALMA après recalibration (ArXiv, G2020b)

Disque entier: PH3 = 1 ppbv Variations de PH3 sur le disque:
Exemple avec PH3 = 5 ppbv

x
x

- Les données ALMA indiquent une abondance très faible de PH3 (à la limite du bruit!) 
- Elles pourraient s’expliquer par une petite raie de SO2 présente à la même fréquence

à La valeur de PH3 de 2017 est incompatible avec les mesures de 2015 et 2019
à Conclusion de G2020b: Il y a des variations temporelles par un facteur > 20!

à A suivre….!

PH3 1 ppbv

HDO 
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Les leçons à tirer…
• Dès qu’il s’agit de vie extraterrestre, il y a de la folie dans l’air…

• > Merci à Hervé Cottin et Louis d’Hendecourt qui ont tiré très tôt la 
sonnette d’alarme!

• D’autres papiers fantaisistes sont sortis en octobre:
• Détection tentative de PH3 par le spectro de masse de Pioneer Venus        

(NB: m(PH3) = m(H2S) = 34!)
• Annonce de détection de la glycine dans Vénus avec ALMA…!

• Problème possible de crédibilité d’ALMA…
• Nouvelle calibration: chute d’un facteur 20 de l’abondance de la 

phosphine!
• Dérive possible liée à l’accessibilité des toutes les archives 

astronomiques?
• Toute dernière nouvelle (sera présentée à l’AGU le 11 décembre):

• L’instrument SOIR (IR solar occultation) de Venus Express ne voit pas 
trace de PH3 entre 2006 et 2010 (< 1-2 ppbv)

• -> C’est peut-être vraiment la fin de l’histoire?
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