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Overview

• Motivation - why do a large scale programme observing Venus?


• The Project - what data is being taken, what needs to be done


• The Team - current team members and organisation


• Data already being taken - first glimpses



Venus surface 
from Venera 9



Venus - Earth’s Evil Twin

• Similar size and mass to Earth but very different characteristics


• Surface of Venus very hot ~730K, very high pressure, ~ 90 bar


• Very thick atmosphere dominated by CO2


• Runaway greenhouse effect leads to high temperatures


• But thick atmosphere leads to complex structure and chemistry



Venus in UV 
from 

AKATSUKI



Anomalies in Venus’ Atmosphere

• Various unexplained aspects of Venus’ atmosphere include:


• Unknown UV absorber (see AKATSUKI images)


• Presence of O2 at ~10 ppm in clouds


• Large particles of unknown composition in cloud layers


• Vertical abundances of SO2 and H2O unexplained

Bains et al., 2021
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Figure 3: Left: Image of Venus from the AKATSUKI UV imager, using two channels, 3650Å in or-
ange, which tracks SO2, and 2830Å in blue, which tracks the unknown absorber. Note the highly
complex structure of the unknown absorber. Right: A schematic diagram of the vertical structure of
the atmosphere of Venus (from Seager et al., 2021).

of Venus so significant. PH3 has previously been detected in the atmospheres of three other planets
- Jupiter, Saturn and Earth (see Weisstein & Serabyn (1996) and references therein). In gas giants,
phosphine is produced in the deepest atmospheric layers where the temperature and pressure is high
enough for the formation to be thermodynamically favoured. The PH3 seen in Jupiter and Saturn is
thought to account for nearly the entire phosphorous content of these atmospheres (Visscher et al.
2006). Some of this material is then dredged up to the upper atmosphere by convection currents,
where it can be detected (Noll & Marley 1997). This is not the situation on Earth, where phosphine
production is highly disfavoured. In fact, life is the sole source of phosphine on Earth, whether as a
result of industrial chemistry processes or through as-yet poorly understood biological processes in a
number of di↵erent anaerobic environments (Sousa-Silva et al., 2020). Phosphine production on rocky
terrestrial planets is in fact so disfavoured that it has been suggested as a biosignature gas for exoplanets
(Sousa-Silva et al., 2020 and references therein).

However, the discovery of phosphine in the atmosphere of Venus cannot, on its own be taken as
evidence for life. Before that can happen we must eliminate all other potential sources of PH3. Extensive
analysis of non-biological routes to the formation of phosphine on Venus was undertaken in Bains et
al (2020) which analysed potential thermodynamic, photochemical, surface, and sub-surface routes to
its production, as well as lightning, volcanism and injection from impactors. They concluded that all
potential sources of phosphine fell short of the observed levels by many orders of magnitude.

This leaves us in the uncomfortable position of having no way to explain the presence of phosphine
without either invoking unknown chemical processes or the presence of life, though the life hypothesis
itself has its own problems since it would require life to exist in a profoundly hostile environment . As a
first step in addressing this problem, we here propose a long term programme of monitoring observations
of phosphine and several other species: HDO, SO, HCO+ and SO2 (see Fig. 5 and Tech Case). We
already know that the abundance of several of these species in the atmosphere of Venus varies with time,
but we do not know the degree to which phosphine varies with time, or if any variation is correlated with
other species or with other factors such as orbital phase. Correlations, or anticorrelations, between other
species and the abundance of phosphine could provide clues to the chemical, or biochemical, processes
that produce phosphine.

These observations will also provide useful legacy information on the variability of other molecular
species. The same dataset will also provide higher S/N observations of the line wings of phosphine,
thanks to the improved stability of the ’Ū’ū receiver over RxA and our multiple observations. This will

Seager et al 2021
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Figure 1: The Phosphine 1.123mm 1-0 line as detected by ALMA (left) and JCMT with RxA (right) in
the latest processing (Greaves et al., 2021a). The black lines indicate the level of SO2 absorption derived
from simultaneous (ALMA) and near-simultaneous observations. As can be seen the PH3 detections
are clear and the SO2 contamination is minimal. See Greaves et al., (2021a) for details.

Figure 2: Demonstration of approximate data quality expected in one observing day. Red histogram:
co-add of ⇠30 mins of integration in band 1/2 weather (July 2020), similar in depth to our proposed
60 mins in band 4/5 weather. Black dashed curve: 15 ppb model from our radiative transfer code.

Phosphine - a new anomaly
• Discovery of PH3 J=1-0 line in data 

from JCMT with ALMA confirmation 
added another anomaly to 
atmospheric data for Venus


• Confirmed by archival PVO mass spec


• Origin of PH3 is unclear, but it cannot 
come from conventional chemical 
processes (Bains et al., 2020), 
including volcanoes (Bains et al., 2021)


• Where does it come from?
Greaves et al., 2022

ALMA JCMT



temperatures and the concomitant evaporation of liquids),
the bacteria sporulate, preserving themselves as desiccated
spores. Once reaching the stable, long-lived stagnant lower
haze layer ‘‘depot,’’ the spores remain dormant until the life
cycle can begin again. In this section, we describe each step
in more detail.

3.1. Step 1: Desiccated spores populate the lower
Venus atmosphere haze layer, a depot of hibernating
microbial life

Venus has a lower haze layer of relatively low mass
and unknown composition (Titov et al., 2018), such that

FIG. 1. Hypothetical life cycle of the Venusian microorganisms. Top panel: Cloud cover on Venus is permanent and
continuous, with the middle and lower cloud layers at temperatures that are suitable for life. Bottom panel: Proposed life cycle.
The numbers correspond to steps in the life cycle as described in the main text. (1) Desiccated spores (black blobs) persist in
the lower haze. (2) Updraft of spores transports them up to the habitable layer. (3) Spores act as CCN, and once surrounded by
liquid (with necessary chemicals dissolved) germinate and become metabolically active. (4) Metabolically active microbes
(dashed blobs) grow and divide within liquid droplets (solid circles). The liquid droplets grow by coagulation. (5) The droplets
reach a size large enough to gravitationally settle down out of the atmosphere; higher temperatures and droplet evaporation
trigger cell division and sporulation. The spores are small enough to withstand further downward sedimentation, remaining
suspended in the lower haze layer ‘‘depot.’’ CCN, cloud condensation nuclei. Color images are available online.

6 SEAGER ET AL.

We Don’t Know

• Origin of PH3 is unclear


• Requires unknown chemistry


• Or possibly life!


• But the life hypothesis is very 
far from proven

Seager et al 2021



JCMT-Venus
• What is needed is more information 

on PH3 and its relationship to other 
chemical species in the atmosphere 
of Venus


• Levels of SO2, H2O (via HDO), other 
species, albedo etc. vary with time


• Indicates that a long term 
monitoring programme may provide 
indications of the chemistry that 
produces PH3
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Figure 4: Left: The variation of S02 abundance in the atmosphere of Venus (Rimmer, private commu-
nication). Right: The long-term variation of the UV albedo of Venus and the (possibly correlated?)
change in the atmospheric circulation speed (Imai, private communication).

Figure 5: Left: Simulation of ’Ū’ū wideband spectrum of HDO, PH3 and SO2 (spectral components
from left to right). The assumed abundances are PH3: 10 ppb, SO2: 5 ppb (>80 km only), HDO:
25 ppb. These abundances are all towards the lower end of the respective estimated ranges based on
previous JCMT data. Right: A simulation (in red) of 1 ppb of H2SO4 (sulphuric acid vapour) detected
from our co-added LP data, compared to the limit from Sandor et al. (2010: black histogram) for a
similar H2SO4 transition. Sulphuric acid is a major component of the clouds but the vapour phase has
not been detected, with wildly di↵erent models, e.g 10 ppb (Zhang 2012) or 10�5 ppb (Krasnopolsky
2012) in the literature. This legacy data is simulated for the 267.2498 GHz transition listed in Table T1
in the technical case.

Rimmer et al. in prep
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Imai et al.



Ū’ū - the new receiver
• The new Ū’ū receiver with ACSIS 

allows observations over a wide band, 
covering PH3, SO2, HDO and other 
lines of interest


• Sensitivity and stability better than 
RxA - especially important when 
observing weak absorption against a 
very bright source


• With enough S/N hope to recover PH3 
line wings & thus altitude distribution
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Ū’ū - the new receiver
RxA baseline ripples and drifts

 

It is of vital importance, to combine the ~30h of integration into a final spectrum, that the noise integrates 

down as (time)1/2. From 19 observations (~5h elapsed time) in July 2020, we expected a reduction in rms 

of a factor of у4.5 in the co-add when compared to a single mean-elevation observation. In fact, the 

measured rms has decreased by a factor of 5.2 – with this better than expected noise-reduction being 

attributable to some further cancellation of ripples (see Figure T2, right). We are therefore confident that 

our LP data taken with the same calibration and reduction strategy will integrate down satisfactorily. 

To process our LP observations, our current `Ū`ū reduction script can be easily modified. The main 

difference expected in the data is more periods of the broad sinusoid (step-1 above), across a 1860 MHz 

passband rather than the previously-used passband of 250 MHz. This is expected to make the fitting and 

removal more accurate for the new wideband data. 

Strategy 

There are 79 days when Venus is suitably large to observe in 22A-24B. We expect band 4/5 conditions for 

~30% of Period 1 (Feb) and 40% of Periods 2 and 3 (July/Sep), based on the incidences shown in the LP 

call. Hence over Periods 1, 2 and 3 (Table 2), we expect ~6+12+12 suitable days, or ~30 days in total. With 

an elapsed time of ~3h per day (2h of observation plus calibration, ~1h of telescope overheads), the 

programme duration is expected to be ~90h.  

Our project is ephemeris-limited, i.e. constrained to when Venus subtends a large angle – but in the event 

of prolonged band 4/5 weather, we could make good use of additional time. For requirement (a), for 

example, a continuous period with ~30 observing days could help variability analysis, and would benefit 

from conditions at the telescope being more contant than when comparing different months. An extreme 

case could be ~75% of available time being band 4/5 weather, such as was seen in August 2018 (JCMT 

weather pages). The maximum time our programme could use is then ~180h, i.e. ~3h * 0.75 *79 days.   

In Periods 1 and 3 (Table T2), Venus is a morning object, and so much of the observing could be in extended 

observing (EO), at times 07:30-10:30 HST.  

• The new Ū’ū receiver with ACSIS 
allows observations over a wide band, 
covering PH3, SO2, HDO and other 
lines of interest


• Sensitivity and stability better than 
RxA - especially important when 
observing weak absorption against a 
very bright source


• With enough S/N hope to recover PH3 
line wings & thus altitude distribution



Ū’ū - the new receiver

240 sec integration (using N1U0, N1U1), we predict TA*(rms) of 122 mK per 0.488 MHz spectral channel, 

compared to 58 mK from the ITC. Our technical requirements are based around this prediction; the 

calculation result shown from Hedwig only indicates total elapsed time.   

We chose this integration time per observation, as it has been verified in the July 2020 ǭŪǭū observations. 

These data were obtained with equal calibration and observation times, as is now recommended 

(www.eaobservatory.org/jcmt/instrumentation/heterodyne/calibration/strong-continuum-het/). Thus, a 

4-minute beam-switched observation of Venus requires an additional 4 minutes on calibration loads, to 

avoid the rms achieved being calibration-limited. 

Performance 

We aim to obtain 15 of these short observations per observing session. This adds up to 2 hours of 

observation (15 x 8 mins), while with overheads, total times per session are expected to be ~3h. 

In one observation, the predicted noise in line:continuum is 122 mK / 185 K, i.e. l:c(rms) = 6.6e-4 after 8 

minutes of integration. After 15 observations in one session, we expect to be able to often detect the PH3 

1-0 line. For example, averaging 15 spectra plus binning spectrally by a factor of 2 (to 1.1 km/s), the per-

session rms-l:c will be 1.2e-4 (= 6.6e-4 / я30). For a PH3 line such as observed in 2017 or 2020, with l:c at 

line-minimum around -2.5e-4, this noise level gives a 3.5 sigma detection per session, when integrated 

over the spectrum (with ~5 channels at 50-100% of line-minimum). Non-detections are equally important 

for requirement (a), while of course some detections may be stronger. Detecting temporal variations will 

use period analysis, which can handle both marginal detections and upper limits.  

For requirement (b), the rms of all the co-added observations is expected to be rms(l:c) = 2.2e-5 from all 

the LP data. Figure T1 demonstrates the resulting clear distinction at this noise level between models 

where PH3 is, or is not, present in the clouds.  

Figure T2 – Recovery of line profiles. The upper spectrum has 10 ppb of PH3 at altitudes 75-100 km, i.e. 
only above the cloud top. The lower wider spectrum is for 10 ppb at 55-100 km, i.e. PH3 also present in the 
clouds. The red bar is rms from 30 days co-added; there are ≈1000 spectral channels across the line wings.  

• The new Ū’ū receiver with ACSIS 
allows observations over a wide band, 
covering PH3, SO2, HDO and other 
lines of interest


• Sensitivity and stability better than 
RxA - especially important when 
observing weak absorption against a 
very bright source


• With enough S/N hope to recover PH3 
line wings & thus altitude distribution Red bar indicates S/N after 30 days of 

morning observations



Other Lines of Interest

• Lines from other species also 
appear in the Ū’ū broad band


• We will look for detections and 
monitor their variation


• Possibility of discovering other, 
unexpected species

Technical Case – Overview 

The science requirements involve: 

(a) monitoring variability of several molecules, 

(b) establishing an accurate line profile for PH3 1-0. 

The primary target, the PH3 1-0 line, has been detected with both RxA3 (2017) and ǭŪǭū (2020). The 
line:continuum ratios at line-minimum (l:c) were approximately -2.5e-4, and the FWHM of the line was 5+ 
km/s. Transitions of SO2 and HDO at nearby frequencies are easier to detect than PH3. A high-J SO2 line 
offset by +1.3 km/s from PH3 1-0, is a weak contaminant (<10% in 2017: Greaves et al. 2021d), and a strong 
low-J SO2 line can be used to continually monitor this.  

Frequency set-up 

For both requirements (a) and (b), we choose to cover ideally all transitions in one spectral window, to 
avoid any possible signal mis-matches between multiple sub-bands. The 1860 MHz band can cover lines 
of all the species of primary interest (and others: Table 1), with a band centre at 266.9 GHz. This is near 
but not at the PH3 1-0 frequency, avoiding any possible correlator symmetry issues.  

Table T1 – Line Selection. * denotes transition of primary interest (science-critical and of high intrinsic 

strength). Other transitions are of secondary interest for C,S,P chemistry, if the species is abundant enough 

for detection. Transitions are from energy levels <100 cm-1 and have log(strength) >-5 (JPL spectral 

catalogue); only two of seven similar in-band H2SO4 transitions are listed, for clarity.  

PO2 13(12)-12(11)    266.0556 GHz 
PO2 13(13)-12(11)    266.1131 GHz 
*HDO 2(2,0)-3(1,3)    266.1611 GHz  
*PH3 1-0     266.9445 GHz 
SO 4(3) - 3(4)     267.1979 GHz 
H2SO4 26(24,3)-25(23,3)   267.2498 GHz 
OCS 2(2)-1(1)     267.5302 GHz 
*SO2 13(3,11)-13(2,12)    267.5374 GHz 
HCO+ 4-3     267.5575 GHz 
H2SO4 26(25,2)-25(24,2)    267.6304 GHz 

The 0.488 MHz resolution of this wideband mode corresponds to 0.55 km/s channels at 267 GHz, which 
gives 10+ spectral channels across the PH3 1-0 line at half-minimum. This resolution also separates the 
weak (J=31 energy-level) SO2 contaminant-line from PH3 1-0 by >2 spectral channels. Our earlier JCMT 
RxA3 and ǭŪǭū data were taken at higher spectral resolution, but this had no particular advantage as the 
data were then binned to 1.1 km/s channels to inspect the phosphine lines.  



Ū’ū can do it
• 30 minute test integration in 

Band 1/2 conditions in July 
2020 successfully recover 
PH3


• Sensitivity comparable to 1 
hour of integration in band 
4/5


• Black curve: 15 ppb PH3 
from radiative transfer model
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Figure 1: The Phosphine 1.123mm 1-0 line as detected by ALMA (left) and JCMT with RxA (right) in
the latest processing (Greaves et al., 2021a). The black lines indicate the level of SO2 absorption derived
from simultaneous (ALMA) and near-simultaneous observations. As can be seen the PH3 detections
are clear and the SO2 contamination is minimal. See Greaves et al., (2021a) for details.

Figure 2: Demonstration of approximate data quality expected in one observing day. Red histogram:
co-add of ⇠30 mins of integration in band 1/2 weather (July 2020), similar in depth to our proposed
60 mins in band 4/5 weather. Black dashed curve: 15 ppb model from our radiative transfer code.



When can we observe?
• Venus is a moving target


• Size changes with relative 
positions of Earth and Venus


• Want to have JCMT beam filled by 
Venus


• 3 periods in next 3 years


• Awarded 200 hours of time


• Morning twilight observing using 
extended observing time

Observing dates 

Weak lines are very hard to detect if Venus underfills the telescope beam. We choose observation dates 
when Venus' diameter is 36+ arcsec, up to its maximum in the period of 58 arcsec. With the approximate 
area-relation for beam-filling factor, ηb у Aplanet/(Aplanet + Abeam), ηb is then у0.8-0.9 for the `Ū`ū beamsize 
of 18 arcsec at 267 GHz.  We assume 0.85 as representative of ηb below.  

It may be advisable to avoid times when Venus is close to the Sun, to prevent excessive heating of the 
dish. Solar separations <15 degrees also result in Venus-velocities of < 5 km/s with respect to terrestrial. 
This in principle could prevent separating Earth and Venus contributions to the spectra, although in 
practice any terrestrial signals are highly removed by beam-switching. To avoid any issues of attribution 
of phosphine to Venus, we have removed a 3 week period failing these criteria. Remaining observation 
dates in 22A-24B are in Table T2.  

Table T2 - Observation dates. Venus' synodic period (location the same with respect to Earth) is 1.7 years, 
hence there are only two periods when Venus is sufficiently large in 22A-24B: early-2022 and mid-2023. 

Period 1 20 days  1-20 Feb 2022 
Period 2 29 days  6 Jul - 3 Aug 2023 
Period 3 30 days  24 Aug - 22 Sep 2023 

Sensitivity 

We calculate sensitivities using standard heterodyne formulae (adapted from het_guide.pdf at 
http://docs.eao.hawaii.edu) for Tsys and TA*(rms), checking where possible against the heterodyne ITC. 
Venus acts as an additional large load, so that the ITC always under-estimates noise in Venus spectra. The 
required additional term in the Tsys expression is the unattenuated continuum load due to the planet, 
which can be written TA*(Venus)/[ηtel exp(-tau0(267GHz)*sec Z)], where ηtel is telescope efficiency 
(assumed у0.9 in A-band), tau0 is zenith opacity, and Z is zenith distance. TA*(rms) is then proportional to 
Tsys and obtained using the standard single sideband formula with the ACSIS backend degredation factor. 

We verified our adjusted Tsys formula using single sub-scan (~1 min) data taken from the `Ū`ū observations 
of PH3 1-0 made in band-1 weather in July 2020. For example, the ITC predicts TA*(rms) of 160 mK for a 
sub-scan taken at 55 degrees elevation, tau0(225GHz) of 0.047, spectral resolution of 0.0305 MHz and 
extracting a single polarization. When we process this sub-scan (#44, 30/7/21, N1U1) the measured 
TA*(rms) is 400 mK, the same as predicted by our formula. The extra Venus-load added to Tsys was 183 K 
in this case ʹ raising the total Tsys from that recorded in the observation header by a factor of 2.5.  

For band 4/5 observations, Tsys will not be increased by such a large factor, because the Tsky load is more 
dominant in poorer weather. We assume here our observations will typically have tau0(225GHz) of 0.2 
(band 4/5 boundary) and elevation ~ 60 degrees. In this case, the Venus continuum is TA* = 185 K (for 
beam-filling factor of 0.85), and system temperature is increased by a factor of 2.1, to Tsys у 525 K. For a 



What needs to be done?
• Rapid data validation - was each observing block successful?


• Data reduction and analysis


• Ideally have several independent methods for baseline removal and line 
detection/extraction


• Atmospheric modelling incorporating PH3 generation mechanisms and 
allowing for time variation of the other species being observed


• Interaction with other Venus projects eg. AKATSUKI, JUICE, future 
missions from eg. NASA, ESA and RocketLabs


• Outreach and engagement



The Current Team pt. 1
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other molecules in the atmosphere of Venus whose absorption lines will be observed simultaneously in
the PH3 passband. These molecules include HDO, SO, HCO+, and SO2 and H2SO4 (see Fig. 5).
The actual observing time requested for this project is modest in comparison to the usual length of a
large programme, but since we require consistent observations over a long period of time we have been
advised that submission of a large programme is the appropriate route.

While our primary goal is to use any relationships between phosphine and the other molecules we are
monitoring to provide insights into the origin of phosphine, mm observations of molecular absorption
lines in general are a powerful tool for understanding multiple aspects of the atmosphere of Venus,
including the interactions between radiation, dynamics and chemistry. Among our targeted species,
SOx (i.e. SO and SO2) are among the most important species in the Venusian atmosphere which take
part in cloud formation and the greenhouse e↵ect. Their abundance is known to vary on both short
and long timescales (see Fig. 4). The long timescale variability has been considered as a tracer of
volcanic degassing, but this has yet to be confirmed. The short timescale variation is more puzzling:
both chemistry and dynamics should be responsible for this variation. Previous JCMT observations have
provided several important findings with respect to this topic: for example, Sandor et al. (2007, 2010)
found a correlation between SO and SO2 variation during the day, but not at night. Analysis of the line
wings of these same species has determined their vertical distribution, indicating an as-yet unknown in
situ generation mechanism for SO2 in the upper atmosphere.

Recently, the possible presence of a 10-year scale variation in the albedo of the Venus cloud layer at
UV wavelengths was pointed out after concatenating the data from two Venus orbiter missions (ESA’s
Venus Express and the Japanese AKATSUKI). The variation is as large as 40% - which is more than
enough to change the climate of planet. And, although the relation with the UV albedo variation
is not yet confirmed, the speed of the atmospheric circulation on Venus also shows a decadal scale
variability (see Fig. 4). The UV albedo of Venus’ clouds is attributed to the abundance of SOx and
an ’unknown UV absorber’. Therefore, continuous monitoring of SOx abundances is key to observing
possible climate changes on Venus. The observations proposed here will be especially useful as they
will be taken while the Japanese AKATSUKI mission is operating in orbit around Venus. AKATSUKI
carries a UV camera which observes the UV albedo on the dayside hemisphere of Venus. Our JCMT
observations will provide SOx abundances in the nightside hemisphere, which are highly complementary
to AKATSUKI UV observations. It is also worth noting that the ESA JUICE mission will fly by Venus
in October 2023. JUICE has a submm heterodyne instrument, SWI, presenting a very rare opportunity
of coordinating submm observations from a very short distance (JUICE - very high spatial resolution,
but with limited mapping coverage) and from the ground (JCMT - capable of a global mapping).

Both raw and processed data from this project will be made available to the community in a timely
fashion, with major releases timed to be as helpful as possible with AKATSUKI and JUICE observations.
We are already in preliminary discussions with the JUICE team, and have well established links to the
AKATSUKI team.

Project Management

At this stage of the project the main members of the team are as follows:

• Dr David L. Clements, Imperial College London (UK) - project manager, data reduction and
analysis, JUICE liaison, UK PI

• Prof Jane Greaves, Cardi↵ University (UK) - project scientist, data reduction and analysis, line
modelling

• Dr Masataka Imai, Kyoto Sangyo University (Japan) - Venus atmosphere modelling, AKATSUKI
liaison, Japanese PI

• Dr Kitiyanee Asanok, NARIT (Thailand) - molecular line astronomy, Thai PI
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• Prof Gerald Schieven, Herzberg Institute (Canada) - data analysis, planetary atmosphere mod-
elling, Canadian PI

• Dr Supachai Awiphan, NARIT (Thailand) - planetary atmospheres

• Dr William Bains, Cardi↵ University (UK) - chemical modelling

• Dr Malcolm Currie EAO (EAO) - data reduction and analysis

• Dr Emily Drabek-Maunder, Royal Observatory Greenwich and Imperial College London (UK) -
data reduction and analysis, outreach and public engagement

• Prof Helen Fraser, Open University (UK) - chemical modelling, lab astrophysics

• Dr Steve Mairs, EAO (EAO) - data reduction and analysis

• Dr Ingo Mueller-Wodarg, Imperial College London (UK) - Venus upper atmosphere modelling

• Prof David Naylor, Lethbridge University (Canada) - data reduction and analysis

• Dr Anita Richards, Manchester University (UK) - data analysis, ALMA liaison

• Dr Paul Rimmer, Cambridge University (UK) - atmospheric chemistry modelling

• Dr Sirinrat Sithajan, NARIT (Thailand) - data analysis

• Dr Nahathai Tanakul, NARIT (Thailand) - data analysis

The overall project will be led by Dr David L Clements, the PI, with scientific leadership resting with
Prof Greaves, the Project Scientist.

The work of the project will be broken into separate packages as follows:

• Project management - oversight of the whole project, coordination of the team, meeting organisa-
tion, management of data releases and oversight of publications - leader Dr Clements, management
team including Prof Greaves, Prof Schieven, Dr Asanok, Dr Mairs, Dr Masataka Imai

• Data reduction and analysis - preparation of observing scripts, data reduction algorithm develop-
ment and implementation - leader Prof Greaves, team including Dr Clements, Prof Schieven, Dr
Drabek-Maunder, Dr Anita Richards, Prof Naylor, Dr Tanakul, Dr Sithajan, Dr Mairs, Dr Malcolm
Currie

• Liaison with other Venus projects relevant to this study - these include AKATSUKI and JUICE,
as well as ground based observations from ALMA and elsewhere - leader Prof Jane Greaves, team
including Dr Richards, Dr Clements, Dr Masataka Imai

• Venus atmospheric modelling - development of improved atmospheric and chemical models to aid
the interpretation of our results - leader Dr W. Bains, team including Dr Rimmer, Dr Mueller-
Wodarg, Prof Fraser, Dr Asanok, Dr Awiphan, Dr Masataka Imai

• Outreach and public engagement - the discovery of phosphine in the atmosphere of Venus was of
considerable public interest. Further coverage of our results will need coordinated outreach and
engagement activities to be provided by this group - leader Dr Drabek-Maunder, team including
Dr Clements, Prof Schieven, Prof Greaves, Dr Asanok, Dr Masataka Imai
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• Prof Gerald Schieven, Herzberg Institute (Canada) - data analysis, planetary atmosphere mod-
elling, Canadian PI

• Dr Supachai Awiphan, NARIT (Thailand) - planetary atmospheres

• Dr William Bains, Cardi↵ University (UK) - chemical modelling

• Dr Malcolm Currie EAO (EAO) - data reduction and analysis

• Dr Emily Drabek-Maunder, Royal Observatory Greenwich and Imperial College London (UK) -
data reduction and analysis, outreach and public engagement

• Prof Helen Fraser, Open University (UK) - chemical modelling, lab astrophysics

• Dr Steve Mairs, EAO (EAO) - data reduction and analysis

• Dr Ingo Mueller-Wodarg, Imperial College London (UK) - Venus upper atmosphere modelling

• Prof David Naylor, Lethbridge University (Canada) - data reduction and analysis

• Dr Anita Richards, Manchester University (UK) - data analysis, ALMA liaison

• Dr Paul Rimmer, Cambridge University (UK) - atmospheric chemistry modelling

• Dr Sirinrat Sithajan, NARIT (Thailand) - data analysis

• Dr Nahathai Tanakul, NARIT (Thailand) - data analysis

The overall project will be led by Dr David L Clements, the PI, with scientific leadership resting with
Prof Greaves, the Project Scientist.

The work of the project will be broken into separate packages as follows:

• Project management - oversight of the whole project, coordination of the team, meeting organisa-
tion, management of data releases and oversight of publications - leader Dr Clements, management
team including Prof Greaves, Prof Schieven, Dr Asanok, Dr Mairs, Dr Masataka Imai

• Data reduction and analysis - preparation of observing scripts, data reduction algorithm develop-
ment and implementation - leader Prof Greaves, team including Dr Clements, Prof Schieven, Dr
Drabek-Maunder, Dr Anita Richards, Prof Naylor, Dr Tanakul, Dr Sithajan, Dr Mairs, Dr Malcolm
Currie

• Liaison with other Venus projects relevant to this study - these include AKATSUKI and JUICE,
as well as ground based observations from ALMA and elsewhere - leader Prof Jane Greaves, team
including Dr Richards, Dr Clements, Dr Masataka Imai

• Venus atmospheric modelling - development of improved atmospheric and chemical models to aid
the interpretation of our results - leader Dr W. Bains, team including Dr Rimmer, Dr Mueller-
Wodarg, Prof Fraser, Dr Asanok, Dr Awiphan, Dr Masataka Imai

• Outreach and public engagement - the discovery of phosphine in the atmosphere of Venus was of
considerable public interest. Further coverage of our results will need coordinated outreach and
engagement activities to be provided by this group - leader Dr Drabek-Maunder, team including
Dr Clements, Prof Schieven, Prof Greaves, Dr Asanok, Dr Masataka Imai

Your name here!



Organisation



Current Status

• The first Venus observing period is already upon us


• Data has been taken most mornings throughout February


• Have concentrated so far on rapid quality checks, optimisation of 
observing setup, and initial development & testing of reduction methods



First Observing Cycle

Time

Frequency

18 mornings of data, with two spectral windows -> 1800 MHz band

Y-axis shows time (detectors 0 & 1 are on alternate rows)

X-axis is spectral channel


This is already ~150x more information than we previously obtained

with RxA on Venus, as we have both more time and a wider passband


If we collapse down the time-axis, we see mainly

big stable ripples, due to reflected signals entering ACSIS


This spiky feature is terrestrial ozone

(more absorption is seen against Venus than blank sky)




A major strength of the survey is the depth 
of the data (45/200 hours taken so far) – we 
can see lines before any complex 
processing 


… so there may be unexpected discoveries: 
this line looks real, and is so far unidentified


There is a hint that the 
phosphine (PH3 1-0) line from 
Venus is seen without any 
additional processing! (not 
possible in any earlier dataset) 




Here we are looking at 
the smaller ripples (a 
median filter of the 
original data has been 
subtracted)


These narrow ripples are 
fairly stable, but 
comparable in brightness 
to lines we are looking for 
- not helpful


Frequency
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A method in development is to 

Fourier Transform the entire data

frame - then identify peaks (repeating 
patterns in frequency, or day-to-day).


An Inverse-Fourier-Transform then 
generates a model to subtract from 
the original “ripply” data.


This example shows some reduced 
ripple around the HDO feature … it 
worked!


(But we need more testing, to 
optimise choices in the FT-model – 
the method is new just in the last few 
weeks.)


Unexpected lines might also be 
missed by this method 

(here data-columns near the HDO line 
were “blanked” before running the 
FT).




This is a very preliminary result 
for phosphine, using the same 
method, and overlaid with a 
preliminary model – looks like a 
solid detection!


NB, the frequency-range shown 
here is ~5x as wide as previously 
possible, so we can start to test 
for phosphine at warm higher-
pressure layers of the 
atmosphere 




What’s Next
• First cycle observations completed


• Need to apply multiple methods to clean the spectra and identify lines


• Need to prepare for the next data collection cycles in 2023


• Better data quality analysis


• Possible observation optimisation


• Need to analyse and publish results from the completed campaign


• Need to work on improved atmospheric, chemical & radiative transfer models


• Compare our results with those from other missions and facilities  



JCMT-Venus

• By the end of this project we should have a much better idea of the 
chemistry and chemical variability in the clouds of Venus


• This includes a better understanding of PH3 and why it is there


• New insights into our nearest neighbour planet


• A clearer idea of whether chemistry or biochemistry is behind PH3 in 
Venus 


