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Session 1: Surface Science and Exploration 

Geological Evidence for the History of Venus' Atmosphere and the “Great Climate Transition” 

 

J. W. Head1, L. Wilson1,2, M. A. Ivanov3 & R. Wordsworth4.  
1Brown Univ., Providence RI, USA, 2Lancaster Univ., Lancaster, UK, 3Vernadsky Institute, Moscow, 

Russia, 4Harvard Univ., Cambridge MA, USA. (James_Head@brown.edu) 

 

The nature of the geologically recent runaway greenhouse Venus atmosphere, its relation to Venus 

geologic and geodynamic history, and why it is so different from that of the Earth, are all questions that 

have perplexed planetary scientists since the early Space Age [1]. A number of recent studies have 

focused on forward-modeling of the origin and evolution of the Venus atmosphere with the current 

atmosphere as the end-product, defining and assessing the nature and abundance of volatiles derived 

from the interior and from space, their influence on the atmosphere and interaction with the surface, 

and the rates of their loss to space [2-4]. Several forward models have found that more Earth-like 

clement conditions [2], with oceans and an N2-dominant atmosphere [3-4], may have existed into the 

last ~20% of the history of Venus (Fig. 1), the age of the oldest observed geologic units [5], the tesserae 

[6], and the global volcanic plains that followed [7].   

Critical to the assessment of these models is the role of volcanism, the primary process of transfer of 

volatiles from the Venus mantle to the surface and atmosphere. In this study, we use the current 

atmosphere as a baseline and work backward in time, assessing the nature and magnitude of the major 

phases of volcanism revealed in the geological record [5], their style and magnitude of volatile output 

[7], and the candidate effects of their volatile release on the observed atmosphere. The atmospheric 

pressure of the current Venus atmosphere (93 bars) is sufficient to significantly inhibit the exsolution 

of key volatile species during effusive eruptions [8-9] and to preclude explosive volcanic activity that 

could deliver exsolved volatiles high into the atmosphere, except in extreme cases where the volatile 

content exceeds several wt% [9].   

We specifically address the following questions: 1. Does the eruption of the total volume of extrusive 

deposits observed on Venus contribute significantly to the current atmosphere? 2. How does the volume 

of the most recent phase of volcanism (lobate plains; large shield volcanoes) affect the interpretation 

that observed atmosphere SO2 levels are related to current ongoing volcanism? 3. Could the period of 

near-global volcanic resurfacing (psh, rp1,2) have produced the current atmosphere? 4. Do the 

characteristics of the oldest units (tesserae) shed any light on whether the current atmosphere largely 

predates the observed geologic record (dating from sometime in the first 80% of Venus history) or was 

produced during the last 20% of the history of Venus? Addressing these questions provides a framework 

on which to define the array of evolutionary pathways that Venus and Earth might have followed, refine 

further the future questions and approaches to the exploration of Venus, and assist in the interpretation 

of the dozens of new Venus-like exoplanets.   

The Magellan mission provided global image coverage that enabled identification of geologic units 

and their stratigraphic relationships, the construction of a global geologic map [5], assessments of the 

nature and role of volcanism [7] and tectonism [10] with time, and estimates of the absolute timescale 

of these events [13]. The observed geological record provides an estimate of the nature of volcanic 

units, their areal coverage, their stratigraphic relationships and thicknesses, and estimates of the time 

scale of their emplacement. A summary of the key data for volcanism is presented in [7], their Fig. 26 

and Table 5, Table 1 here.  

We converted the volumes of the main volcanic units [7; Table 1] to lava/magma masses using a 

density of 3000 kg m-3. Next, we chose the upper value where there is a choice of 2 possible thicknesses, 

and added the contributions from all of the units ("total eruptives" in Table 1); summing the values of 

mailto:James_Head@brown.edu
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the "total eruptives" gives the absolute upper limit estimate of the mass of documented volcanics that 

could contribute to the atmosphere, 7.335  1020 kg. We then compare this with the current mass of the 

Venus atmosphere (4.8  1020 kg). We find that in order to make the current atmosphere from the above 

volcanics, the magma would have to consist of 65.4% by mass volatiles, which is, of course, impossible. 

We conclude that the grand total of the currently documented volcanics can not have produced other 

than a very small fraction of the current atmosphere. 

Exsolution of volatiles during volcanic eruptions is significantly dependent on surface atmospheric 

pressure [8-9]. As a specific example, we next looked at the contributions of SO2 to the current 

atmosphere. The current SO2 content of the 4.8  1020 kg atmosphere is 150 ppm, so there is a mass of 

7.2  1016 kg in the atmosphere. Gaillard and Scaillet [3; their Fig. 3] shows that the amount of S 

released from their typical basalt, even if it is decompressed to the lowest Venus surface pressure, 40 

bars in the highest terrains, is only ~1.6% of the assumed inventory, 1000 ppm, i.e., 16 ppm of S. SO2 

has a molecular mass of 64, double that of S, so this represents 32 ppm of SO2. The total erupted 

volcanic mass is 7.335  1020 kg; 32 ppm of that is 2.35  1016 kg. In summary, the total mass of all 

volcanics could have released 2.35  1016 kg of the current 7.2  1016 kg, i.e. 32.6% of the current SO2 

in the atmosphere. Taking only the recent volcanism total amount (pl, 1.365  1020 kg) shows that this 

is only 18.6% of the grand total. We conclude that it is highly unlikely that a significant amount of SO2 

is being constantly supplied to the atmosphere by recent volcanic activity, particularly in the period of 

eruption of pl emplacement, representing the vast majority of the total observed geological record. 

Discussion and Conclusions:  On the basis of these data and simple calculations we present the 

following findings and explore their implications for the climate history of Venus: 1. The current high 

atmospheric pressure severely inhibits the degassing of mantle-derived S, H2O and CO2 brought to the 

surface by volcanism and its contribution to the atmosphere [8-9]. 2. The current high atmospheric 

pressure severely inhibits plinian explosive eruptions that can deliver volatiles directly into the 

atmosphere on Earth and in Mars-like low-atmosphere density environments [9].  3. The total volume 

of lava erupted in the stratigraphically youngest period of the observed record (pl, rift-related, volcanic 

edifices) is insufficient to account for the current abundance of SO2 in the atmosphere; thus, it seems 

highly unlikely that current and recently ongoing volcanism could be maintaining the currently 

observed ‘elevated’ levels of SO2 in the atmosphere [11]. 4. The total volume of lava erupted in the 

period of global volcanic resurfacing (psh, rp1, rp2) is insufficient to produce the CO2 atmosphere 

observed today, even if the ambient atmospheric pressure at that time was only 50% of what it is today. 

Therefore, a very significant part of the current CO2 atmosphere must have been inherited from a time 

prior to the observed geologic record, sometime in the first ~80% of Venus history. 5. The amount of 

water degassed to the atmosphere during the period of global volcanic resurfacing would have been 

minimal, even if the atmospheric pressure was only 10% of what it is today.  Therefore, the current low 

atmospheric water content may be an inherent characteristic of the ambient atmosphere and not 

necessarily require enhanced loss rates to space in at least the last 20% of Venus history.  6. Because of 

the fundamental effect of atmospheric pressure on the quantity of volatiles that will be degassed, varying 

the nature of the mantle melts over a wide range of magma compositions and mantle fO2 has minimal 

influence on the outcome.   7. If the period of global volcanic resurfacing was insufficient to produce 

the current atmosphere, then it seems unlikely that the immediately preceding period of tessera 

deformation could have occurred in the presence of a more clement, Earth-like atmosphere and climate 

with an active surface water cycle [12]. Higher resolution documentation of any types of atmospheric 

erosion patterns in the tessera terrain will be a critical test. 8. The current Venus atmosphere may be a 

“fossil atmosphere”, largely inherited from a previous epoch in Venus history, and if so, may provide 

significant insight into the conditions during the first 80% of Venus history.  9. If episodic periods of 

global volcanic resurfacing (such as seen in the observed recent geologic record) were responsible for 
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building up the “fossil atmosphere”, then assuming an initial 1 bar atmosphere, more than 90 similar 

global volcanic resurfacing periods would be required to produce the currently observed CO2 

atmosphere. 10. A critical question is: What was the atmospheric pressure/water content/solar insolation 

‘tipping point’ that led to the general stabilization of this “fossil atmosphere”?  

On the basis of these preliminary conclusions, we are now exploring 1) volatile contributions with 

time, using the range of estimates for volumes [7], the several suggested time-scales for the observed 

geologic record [13], and the pressure-dependence of volatile exsolution and speciation [8], 2) an 

updated model for the ascent and eruption of magma under different surface pressures, using the lunar 

end-member as a baseline [14], 3) a wider range of mantle compositions and fO2 [15], 4) a wider range 

of candidate fluxes in individual eruptions, 5) improving the definition of parameter space for the 

occurrence and nature of explosive eruptions and the nature, interaction and dispersal of volatiles and 

tephra, and 6) assessing the predictions of these sets of results for the fate of the volatile species that 

are produced during eruptions (interaction with both the surface [15] and existing atmosphere). 

 

References: 1. Taylor et al., 2018, SSR, 214, 34; 2. Bullock & Grinspoon, 1996, JGR, 101, 7521; 3. 

Way et al., 2016, GRL, 43, 8376; 4. Way & Del Genio, 2020, JGR, 125; 5. Ivanov & Head, 2011, PSS, 

59, 1559; 6. Ivanov & Head, 1996, JGR, 101, 14861; 7. Ivanov & Head, 2013, PSS, 84, 66; 8. Gaillard 

& Scaillet, 2014, EPSL 403, 307; 9. Head & Wilson, 1986, JGR 91, 9407; 10. Ivanov & Head, 2015, 

PSS, 113, 10; 11. Esposito, 1984, Science 223, 1072; 12. Khawja et al., 2020, Nat. Comm., 11, 5789; 

13. Kreslavsky et al., 2015, Icarus 250, 438; 14. Wilson & Head, 2018, GRL 45, 5852; 15. Zolotov, 

2018, Rev. Min. Geochem. 84, 351. 

             
Fig. 1. Possible climate history (Way and Del Genio, 2020).  Table  1.  
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Development of Remote Seismology Methods for Venus Exploration 

 

Siddharth Krishnamoorthy1, Daniel Bowman2, Emalee Hough3, Zach Yap3, Léo Martire1, John 

Wilding4, Jamey Jacob3, Brian Elbing3, Attila Komjathy1, James Cutts1, Jennifer Jackson4, Raphaël 

Garcia5, David Mimoun5, Michael Pauken1, and Quentin Brissaud6 
1 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 2 Sandia National 

Laboratories, Albuquerque, NM 3 Oklahoma State University, Stillwater, OK 4 Seismological 

Laboratory, California Institute of Technology, Pasadena, CA 5 Institut Supérieur de l’Aéronautique et 

de l’Espace (ISAE-SUPAERO), Toulouse, France 6 Norwegian Seismic Array (NORSAR), Oslo, 

Norway 

 

Seismology has been crucial for the understanding of the interior structures of the Earth, Moon, 

and Mars. Detailed knowledge of the interior structures of terrestrial planetary bodies is an integral part 

of understanding the formation of the inner solar system. On Venus, high surface temperature and 

pressure present a difficult technological challenge to traditional seismology. In recent years, balloon 

and orbiter-based seismology through the study of low-frequency seismo-acoustic signals (infrasound) 

has gained acceptance as a viable way to study seismic activity on Venus. Balloon-based barometers 

and orbiter-based airglow cameras have the potential to detect and characterize atmospheric waves 

launched by venusquakes and volcanic eruptions while offering substantially longer instrument 

lifetimes as compared to the landed instruments in a harsh environment (> 460°C, ~90 atm). A balloon 

and/or orbiter-based investigation of Venus tectonic and volcanic activity can also serve as a pathfinder 

for highly-targeted missions involving long-lived surface seismometers in the future. In addition, 

auxiliary data collected to discriminate seismic infrasound from other naturally occurring sources can 

contribute valuable in-situ data to study important atmospheric science questions on Venus. 

Our presentation will discuss the development of balloon and orbiter-based seismology for Venus 

exploration, including the detection artificial and natural earthquakes from freely-floating high-altitude 

balloons, sensor miniaturization efforts, and signal processing advances. We will also provide 

perspectives on the challenges facing the implementation of these techniques in Venus exploration and 

our plans to address these challenges.  
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Design of a Subsurface Sounder for future Indian Venus Mission  

 

Swati Shukla, Dharmendra Pandey, Gaurav Seth, D. Putrevu, J Rao, Pankaj K Nath, Rakesh Bhan, 

Ch. V. N. Rao 

Space Applications Centre, ISRO 

Email: swatiduggal@sac.isro.gov.in, dputrevu@sac.isro.gov.in 

 

As the Venusian surface is dominated by volcanic terrain, subsurface exploration is essential to 

characterize the primordial crust, buried basins, stratigraphy of lava flows and estimate their thickness 

to understand the rate of resurfacing on Venus and its linkage to volcanism. An orbital surface 

penetrating radar will be extremely useful for exploration of subsurface features, which are completely 

unknown and unexplored. The low frequency radar sounder will be able to map the vertical structure 

(dielectric interfaces) and properties of various geological units including (possible) active volcanic 

hotspots and lava flows. This space-borne radar sounder instrument can be complementary to a higher 

frequency SAR data by characterizing the shallow subsurface stratigraphy in the volcanic terrains for 

better understanding the geologic evolution of Venus.  

Such an instrument was previously flown to Mars (Mars Advanced Radar for Subsurface and 

Ionospheric Sounding (MARSIS) and Shallow Radar(SHARAD)[1]), Moon(Lunar Radar Sounder 

(LRS)[2]) and planned in future in the RIME[3] mission for Jovian Moon and resulted in rich science. 

A similar mission is also under study for European Space Agency’s (ESA) EnVision mission [4] for 

Venus. However, such a radar has never flown to Venus yet and thus several scientific aspects are yet 

to be discovered.  

This paper presents a case study of an orbiter based Subsurface Sounding Radar for determining the 

structure and stratigraphy of surface/sub surface features as well as volcanic hot spots of Venus. It also 

describes the main science objectives of this mode, the performance evaluation under expected target 

conditions as well as the instrument design aspects. 

The proposed payload is designed to have both, a ground-penetrating radar mode as well as a mode 

for studying topside ionosphere. It is planned such that the two modes share the same hardware and can 

operate on time-sharing basis. With a horizontal Resolution of ~3km, it can be used for global coverage 

with moderate resolution and thus give an insight into the geology upto higher depths since this is the 

first GPR mission on Venus and we do not have much knowledge of the exact depths of interest in the 

planet.  

 

References:  

[1] T. Kobayashi et al., “GPR observation of the Moon from orbit: Kaguya Lunar Radar Sounder,” in 

Proceedings of the 15th International Conference on Ground Penetrating Radar. IEEE, 2014, pp. 

1037–1041. 

[2] E. Flamini et al., "Sounding Mars with SHARAD & MARSIS," 2007 4th International Workshop 

on, Advanced Ground Penetrating Radar, 2007, pp. 246-251, doi: 10.1109/AGPR.2007.386561. 

[3] L. Bruzzone et al., “Jupiter ICY Moon explorer (JUICE):Advances in the design of the radar for 

Icy Moons (RIME),” in 2015 IEEE International Geoscience and Remote Sensing Symposium 

(IGARSS). IEEE, 2015, pp. 1257–1260 

[4] L. Bruzzone et al., "Envision Mission to Venus: Subsurface Radar Sounding," IGARSS 2020 - 2020 

IEEE International Geoscience and Remote Sensing Symposium, 2020, pp. 5960-5963, doi: 

10.1109/IGARSS39084.2020.9324279. 
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Evidence for Present Day Volcanism on Venus: A Case Study of Idunn Mons 

 

Justin Filiberto1*, Piero D’Incecco2,3, Ivan López4,  D. A. Gorinov5, G. Komatsu6, and G. Di Achille2 

 
1Astromaterials Research and Exploration Science (ARES) Division (XI3), NASA Johnson Space 

Center, Houston, TX 77058 USA. 
2
National Institute for Astrophysics (INAF) - Astronomical 

Observatory of Abruzzo, Teramo, Italy. 3Arctic Planetary Science Institute (APSI), Rovaniemi, 

Finland. 4Departamento de Biología, Geología, Física y Química Inorgánica. Universidad Rey Juan 

Carlos, Madrid, Spain. 5Space Research Institute of the Russian Academy of Sciences, Moscow, 

Russia 6International Research School of Planetary Sciences, Università d'Annunzio, Pescara, Italy. 

 

*Corresponding Author E-mail: Justin.R.Filiberto@NASA.gov 

 

Idunn Mons in Imdr Regio on Venus is perhaps one of the best studied volcanoes on Venus in part 

due to having both radar and night-time emissivity data of the region [1-3]. Smrekar et al. [1] first 

presented night-time emissivity data of Idunn Mons from the VIRTIS instrument on Venus Express, 

which showed that some lava flows have high emissivity consistent with unweathered basalt. Smrekar 

et al. [1], based on known weathering rates at that time, suggested that the lava flows were less than 2.5 

million years old and possible as young as 250,000 years old. However, recent experimental work has 

shown that basaltic rocks and associated minerals in contact with the Venusian caustic atmosphere 

would react quickly to produce rinds of alteration materials coating the surface and obscure emissivity 

signatures of igneous minerals within a few to ~10,000 years [4-9]. These new experimentally derived 

weathering and oxidation rates were used to suggest that lava flows at Idunn Mons with unweathered 

signatures are quite young and Idunn Mons may be volcanically active today [4, 8]. Independent 

geologic mapping and related stratigraphic reconstruction over the study area is consistent with the 

experimental results [2, 10]. Considering all the available evidence, we have taken a comprehensive 

approach combining these recent experimental results with previous orbital night-time emissivity, as 

well as atmospheric measurements, to constrain the evolution of Idunn Mons [3,10]. Our results suggest 

that Idunn Mons is both volcanically and tectonically active today, and that volcanism and tectonic 

activity are likely related [11]. Venus being volcanically active has been suggested at other volcanic 

centers, as well [e.g. 12-17]. Therefore, we use Idunn Mons specifically as a case study of a potentially 

active volcano that may be detectable by the upcoming fleet of missions that will be arriving at Venus 

in the next decade.  

 

References: [1] Smrekar S.E. et al. (2010) Science, 328(5978), 605-608. [2] D'Incecco P. et al. (2017) 

Planet. & Space Sci., 136, 25-33. [3] D’Incecco P. et al. (2021) The Planet. Sci. Jour., 2(5), 215. [4] 

Filiberto J. et al. (2020) Science Advances, 6(1), eaax7445. [5] Teffeteller H. et al. (2022) Icarus, 

115085. [6] Berger G. (2019) Icarus, 329, 8-23. [7] Reid R. (2021) 52nd LPSC, 1293. [8] Cutler K. S. 

et al. (2020). The Planetary Science Journal, 1(1), 21. [9] Fegley, B. & Prinn, R. G. (1989) Nature, 

337(6202), 55-58. [10] López I. et al. (2022) Journal of Volcanology and Geothermal Research, 421, 

107428. [11] D’Incecco P. et al., (2020), EPSL, 546, 116410 [12] Shalygin E. V. et al. (2015). GRL, 

42(12), 4762-4769. [13] Esposito L. W. (1984). Science, 223(4640), 1072-1074. [14] Brossier J. (2022) 

GRL, 49(15), e2022GL099765. [15] Russell M. B. & Johnson C. L. (2021). JGR: Planets, 126(8), 

e2020JE006783. [16] Truong N. & Lunine J. I. (2021) Proceedings of the National Academy of 

Sciences, 118(29), e2021689118. [17] Gülcher A. J. et al. (2020). Nature Geoscience, 13(8), 547-554. 
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Venus is the key to understanding Earth-sized planets 

 

Richard C. Ghail1* 
1Earth Sciences, Royal Holloway, University of London, Egham, TW20 0EX, United Kingdom 

*Richard.Ghail@rhul.ac.uk 

 

Introduction: Venus has enjoyed a recent resurgence in interest, with at least four missions 

scheduled in the next decade, and a paradigm shift in our understanding. New discoveries and fresh 

insights are shedding light not so much on why Venus is so different to Earth, but on what the 

similarities between them reveal about Earth-sized planets (which I refer to as Tellurian, from the 

Roman Earth god, Tellus, equivalent to the Greek goddess Gaea) generally, and how they differ from 

smaller terrestrial planets like Mars and the Moon. 

Geology of Venus: Our understanding of Venus has been confounded by the peculiar distribution 

of its impact craters, which would seem to require the surface to be uniformly young (<1 Ga) despite 

the contradictory geomorphological evidence for a variety of geological units of different ages. The 

resolution to this paradox is that the high surface temperature inhibits extrusion, generating a locally 

mobile plutonic squishy lid [1] that results in both the globally random distribution of impact craters 

and the wide variety of geomorphic terrain types. Evidence for this behaviour is now recognised 

everywhere on Venus in the form of coronae and campus blocks in the plains, and their accreted 

orogenic remains in the highlands. A network of rift systems on the scale of oceanic spreading ridges 

is consistent with the global pattern of convection, as evinced by the geoid/topography ratio, but 

regional concentrations of volcanism resemble terrestrial supercontinent breakup and regional mantle 

overturns. This more complex and probably more realistic picture of Venus reveals a much more Earth-

like planet. 

Parallels with Earth: While these features may appear rather different to their terrestrial 

counterparts, there are strong reasons to infer genetic links between them. Venus appears to be in a state 

equivalent to the Proterozoic Earth or, perhaps, something similar to the breakup of Pangaea and the 

Cretaceous ‘superplume’. The key message is that Tellurian planets are complex, with the outcome of 

fundamental processes (like convection) highly contingent on initial conditions and external forcing. 

The Moon-forming impact is a good example: the result for Earth was a larger core and relative orbital 

stability; Venus either had no such impact, or its effects were different, perhaps causing its slow 

retrograde rotation. Earth narrowly avoided a runaway icehouse through volcanogenic gases; those 

same gases may have triggered a runaway greenhouse on Venus, or perhaps it never had oceans to begin 

with. 

Implications: While we can confidently model the intrinsic behaviour of Tellurian planets and thus 

say something about the nature of Earth-sized exoplanets, we cannot know the host of contingencies 

upon which the details of those outcomes depend. 

 

References: 

[1] Lourenço D. L. et al. (2020) Geochemistry, Geophysics, Geosystems, 21, e2019GC008756. 
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Venus Dynamics Tracer - exploring Venus with balloons 

 

Gabriella Stenberg Wieser 

Swedish Institute of Space Physics, Sweden 

 

Venus Dynamics Tracer (VdT) is a proposal for a multi-balloon mission to Venus that was 

submitted as a response to the ESA call for new M-class missions. This presentation discusses the 

science questions that could be addressed using two balloons at different altitudes in Venus atmosphere 

together with an orbiter. The main goal of VdT is to reveal how the atmospheric motion in the Venus 

atmosphere is driven by the energy originating from absorption of solar radiation. VdT achieves this by 

in situ measurements in two major regions where driving “motors” are located: Firstly, the cloud layer 

where visible light is absorbed and drives the vertical motions of the air. Secondly, the upper 

atmosphere where EUV is absorbed both by neutrals and ions and where energy and momentum are 

transferred between them. VdT combines the in situ measurements by two balloons at different altitudes 

in the atmosphere with in situ and remote sensing observations from an orbiter. The mission aims to 

answer the following questions: 1. What are the roles of the vertical and meridional circulation in 

maintaining major atmospheric dynamics near the clouds, including the superrotation? and 2. What is 

the global dynamics of ions and neutrals in the upper atmosphere? 

VdT has only 50 kg scientific payload but enables break-through science by a unique distribution of the 

payload: 40 kg on an orbiter and 5 kg each on two atmospheric balloons. The presentation describes 

and motivates the suggested payload. 
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Overview of Akatsuki: 11 Venusian years in orbit 

 

Takehiko Satoh1*, and Akatsuki Team 
1Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency 

3-1-1 Yoshinodai, Chuo-ku, Sagamihara, Kanagawa 252-5210 

*Corresponding Author E-mail: satoh@stp.isas.jaxa.jp 

 

Akatsuki, Japan’s first Venus orbiter, has been in the Venus’ orbit (as the only currently active 

orbiter) since its successful insertion in December 2015 [1]. To understand in depth the dynamics of 

Venusian atmosphere, in particular the mechanism of the super rotation, Akatsuki is equipped with 5 

onboard cameras (UVI, IR1, IR2, LIR, and LAC) as well as the Ultra-Stable Oscillator (USO) for radio 

science (RS), and was inserted to an elongated retrograde orbit near the equatorial plane. Although IR1 

and IR2 stopped working, due to malfunction of the shared control electronics (IR-AE), in December 

2016, other instruments as well as the spacecraft herself are all healthy as of this writing, continuously 

collecting the scientific data. 

The notable scientific achievements of Akatsuki include: (a) discovery of large and stationary 

gravity-wave features at the cloud top [2]; (b) discovery of equatorial jets in the middle-to-low cloud 

layers [3]; (c) unraveling the maintenance mechanism of the super rotation [4]; (d) first-ever 

measurements of the night-side winds at the cloud top [5]; (e) discovery of long-term changes in UV 

albedo [6]; but there are many more. 

We will present these results with implications to the future Venus mission. 

 

References:  

[1] Nakamura M. et al. (2016) EPS, 68, 75. [2] Fukuhara T. et al. (2017) Nature Geoscience, 10, 85-

88. [3] Horinouchi T. et al. (2017) Nature Geoscience, 10, 646-651. [4] Horinouchi T. et al. (2020) 

Science, 368, 405-409. [5] Fukuya K. et al. (2020) Nature, 595, 511-515. [6] Lee Y. J. et al. (2020) 

Nature Communications, 11, 5720. 
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Machine Learning based approach to remove noise from VIRTIS data and its utilization for 

detection of sites of active volcanism on Venus 

 

Arya Pratap Singh*, Ananya Srivastava, Amit Shrivastava, Mamta Chauhan, and R.P. Singh 

Indian Institute of Remote Sensing, Indian Space Research Organization, Dehradun 

*Corresponding Author E-mail: aryachauhan7@gmail.com  

 

The Venusian atmosphere consists of CO2 (96.5%), and N2 (3.5%), with few to a few hundred parts 

per million (ppm) of sulfur-bearing trace gases, chlorine and carbon compounds and water vapour. Any 

active volcanoes would cause an anomaly in the atmospheric concentration of volatile components due 

to outgassing. We aim to analyze the spectral characteristics of gases present in the Venusian 

atmosphere at specific locations to detect their concentration anomalies that may indicate the possibility 

of active volcanism [1][2][3]. Based on a geological map by [4], two specific sites (Location A and B) 

were selected to narrow down the regions of the youngest volcanic units and the deformed oldest units 

The study utilized data from the Visible and Infrared Thermal Imaging Spectrometer (VIRTIS) 

instrument onboard Venus Express. It provides high-resolution hyperspectral spectra of the Venusian 

atmosphere in the 2-5 μm range and two channels that allow mapping of the minor constituents of the 

planet's deep atmosphere occurring in the region of the upper and lower clouds [5]. The data has a low 

signal-to-noise ratio (SNR). So, several noise removal algorithms like PCA, Laplacian Filters, 

Butterworth filters etc. [6] can be applied to enhance the features. Various machine learning approaches 

have proven to be of great advantage in terms of signal processing. Since the availability of pure spectra 

from the VIRTIS datasets is limited, a transfer learning-based machine learning approach can be 

utilized. The weights and biases of preliminary layers where low-level features such as peaks and dips 

can be extracted from the pre-trained models from spectral/signal-based data and transferred to the 

preliminary layers of the noise removal VIRTIS data-based neural networks. The architecture can retain 

the data-specific minerals of interest in the subsequent layers from VIRTIS. A traditional moving 

average-based noise removal was performed on the pixel of the VIRTIS dataset for the two locations to 

generate the results. Once the noise is removed, ANN-based architectures can be automated to perform 

per-pixel-based classification. Further, a comparative study of traditional noise removal techniques with 

advanced techniques such as Variational Autoencoder-based algorithms, Generative Adversarial 

Networks (GANs) etc. can be performed for the selection of an effective algorithm. The spectral 

signatures of VIRTIS data for two locations on Venus were compared. Location A (68.14°S, 22.79°W) 

belongs to the Bell Formation that constitutes lobate plains, occasionally disturbed smooth surfaces 

from the Altian period. These represent the youngest surfaces on the planet, therefore, could be 

volcanically active. Location B (60.78°S, 45.67°W) lies in the Fortuna Formation represents deformed 

tesserae structures and is the oldest unit on the surface of Venus, possibly volcanically dead. Both these 

regions were studied for observing the variability of absorption features (2-5 μm) for CO2 and SO2 as 

the relative abundance of both these gases is indicative of volcanic conditions there. 

 

Acknowledgements: Thanks to P. Drossart (CNRS/LESIA, Paris), G. Piccioni (INAF-IASF, 

Rome), the Principal Investigator(s) of the VIRTIS instrument (Venus Express) for providing datasets 

in the public domain (http://archives.esac.esa.int/psa). 
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Introduction: Characterization of various surface geomorphological features are essential to 

understand the geological evolution of Venus. In this endeavour, efforts have been made since the 60’s, 

using Earth-based radio telescopes and spacecraft-based missions [1]-[10]. However, such previous 

observations from Magellan were limited to single-pol SAR acquisitions obtained in coarse resolution, 

which limits our understanding about the processes behind the large radar backscatter variability 

observed from Venus surface. Hence, a polarimetric SAR with capability to image the Venus surface 

at high spatial resolutions [11] is essential in future Venus missions. The present study is focused on 

simulation of high-resolution fully-polarimetric SAR data using Chandrayaan-2 DFSAR data to explore 

the potential of polarimetric SAR in characterization of Venus surface features. 

Methodology: Full-pol L-band DFSAR data acquired over Tycho crater (43.31°S, 11.36°W) on the 

Moon, is used to simulate Magellan equivalent (resolution ~120m/pixel) and future Venus polarimetric 

SAR (Venus-SAR) equivalent (resolution ~30m/pixel) images (Fig. 1). 

Results: Tycho is a Copernican crater with prominent impact ejecta and melts. In Magellan 

equivalent single-pol SAR image, the impact melt is visible but the boundaries are diffused due to 

coarse resolution. Although, there is a clear distinction in the backscatter variations between regolith 

and ejecta field, backscatter variation within ejecta due to surface roughness are not prominent. It is 

interesting to note that, even in the single-pol Venus-SAR image, the impact melt boundary and other 

linear features could be prominently identified. Besides, the polarimetric modes of the Venus-SAR 

instrument adds more information that is essential for detailed characterization of different surface 

features. As evident from DFSAR polarimetric decomposed image in Figure 1: (A) The majority of the 

impact melt and surrounding ejecta appears to be extremely rough (decimetre to meter scale) and rocky 

such that it is leading to double bounce (Even) scattering; (B) The regolith present beyond the crater 

ejecta field is relatively smooth, and hence, surface scattering (Odd) is predominating; (C) Ejecta with 

moderate roughness (centimetre scale) leads to volume scattering of the radar signals; (D) Small craters 

are easily detectable which is important for age determination; (E) Distinct melt ponds and flow 

channels are associated with dominating surface scattering (Odd) due to smooth surface. 
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Fig. 1: left: Magellan equivalent single-pol SAR data of Tycho crater, Moon; middle: Venus-SAR 

equivalent single-pol SAR data of Tycho crater; right: Venus-SAR equivalent polarimetric decomposed 

SAR data of Tycho crater. 

Conclusion: Previous missions to Venus revealed a variety of geomorphological features such as 

volcanoes, rifts, and tesserae on Venus surface which are controlling the local geology of the planet. 

However, due to coarse resolution and lack of polarization information, these major structures are not 

characterized in detail [12]. Our radar data simulation results show significant potential of high-

resolution polarimetric SAR data compared to previous Venus surface imaging missions in mapping 

and characterization surface geological features. 
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Radio occultation observations of the Venusian atmosphere in JAXA's Akatsuki mission have 

provided information on the vertical structure of the atmosphere over broad latitude, longitude and local 

time regions [1,2]. The measured quantities are the atmospheric pressure, temperature, sulfuric acid 

vapor mixing ratio and electron density. Recent studies conducted using Akatsuki radio occultation data 

include: meridional thermal cross section [3], characteristics of gravity waves revealed by radio 

holographic analysis [4], radio scintillation analysis for short vertical scale waves, [5] fine vertical 

structures of the ionosphere, and solar corona [6]. Selected results on the Venusian neutral atmosphere 

will be introduced in the presentation. 
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J. Geophys. Res., 126, e2021JE006912. [5] Keshav R. et al. (2022) Geophys. Res. Lett. 49, 

e2022GL097824. [6] Chiba S. et al. (2022) Solar Physics, 297. 10.1007/s11207-022-01968-9.  
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A Proposal for Multi-Point Radio Occultation Measurements at Venus 

 

*Wing-Huen Ip 

Institute of Astronomy, National Central University, Taiwan  

*Corresponding Author E-mail: wingip@astro.ncu.edu.tw 

 

As ISRO is trailblazing the way to a new era of Venus exploration by launching the Shukrayaan-1 

Venus Orbiter in 2024/2025, a number of Venus missions will follow. These include the approved 

NASA projects, VERITAS (2028) and DAVINCI+ (2029) and the EnVision mission of ESA which 

launch date is in 2031. Potentially, there could also be a Chinese mission called VOICE for high-

resolution imaging of Venus' surface with a view to study its volcanism, that is to be launched in 2026. 

This fleet of Venus orbiters (that might be joined by Shukrayaan-2) will provide the unique opportunity 

of multipoint radio sounding of the three-dimensional  atmospheric and ionospheric structures of Venus 

and the corresponding space weather effects  by the formation of a global network of ground-based and 

inter-spacecraft radio observations. To pursue this possibility, it is proposed that an international or 

inter-agency working group be formed (if it has not been done) to prepare for this important radio 

science. 
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Radio Occultation Experiments at Venus: Considerations, Planning, Experiment Performance 
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The sounding of planetary atmosphere by radio waves exchanged between a spacecraft in orbit 

and a ground station antenna on Earth during occultation events (as seen from the Earth the spacecraft 

is going behind the planetary disk in the plane-of-sky) is a powerful tool in order to derive vertical 

profiles of temperature, pressure, neutral number and electron density over a certain altitude range. 

Several facts have to considered for a successful experiment and an optimal performance that is the 

analysis of the radio link budget based on the transmission power and the antenna size of the spacecraft 

radio subsystem which eventually defines the lowest altitude which can be accessed because the radio 

signal is strongly absorbed in the lower atmosphere of Venus, the radio link modes and recording modes 

in the ground station, the various processing steps from the recorded raw data to the final product which 

are the atmospheric profiles. 
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Venus lacks both an intrinsic magnetic field, such as Earth’s, and crustal magnetic fields, such 

as Mars’. Therefore, it is only its conductive ionosphere that interacts with the oncoming supersonic 

solar wind. This interaction creates an induced magnetosphere, dominated by planetary ions such as 

protons and oxygen ions, which is capable of preventing the solar wind from completely stripping away 

its thick atmosphere (see review in [1]).  

 

The interaction between the solar wind and the Venusian ionosphere creates different types of ion flows 

in the Venusian plasma environment. As the solar wind passes through the detached bow shock on the 

dayside of the planet, it gets slowed down, heated and deflected around the induced magnetosphere, 

and forms the magnetosheath [2-3]. Inside the magnetosheath exospheric planetary atoms are ionized, 

gets picked up by the solar wind and escapes the planet [4-5]. On the nightside, the induced 

magnetosphere is stretched and forms the induced magnetotail, in which planetary ions escape the 

planet, after they get energized by the energy transfer from the solar wind to the ionospheric ions [6-

10]. These different ion flows and the physical processes behind them are important to characterize in 

order to understand the interaction between the solar wind and Venus, and how this has affected the 

Venusian atmospheric evolution. 

 

Several missions have investigated the ion flows at Venus. The most recent orbiter was the Venus 

Express mission in 2006-2014 [11], which gave a detailed view of the planetary ions flows in the 

induced magnetosphere of Venus, through the use of the ASPERA-4 [12] and MAG [13] instruments. 

In this presentation, we will provide an overview of the results from these measurements, and what they 

tell us about the atmospheric evolution of Venus. In addition, we will show the recent measurements of 

the proton flows of the subsolar magnetosheath provided by BepiColombo during its 2nd Venus flyby 

in August 2021 [14], and how these are connected to the energy transfer from the solar wind to the 

escaping ionospheric ions. 
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Persson et al., 2018, 10.1029/2018JA026271; [9] Persson et al., 2020, 10.1029/2019JE006336; [10] 

Persson et al., 2021, 10.1029/2020GL091213; [11] Svedhem et al., 2007, 10.1016/j.pss.2007.01.013; 
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The Venus ionosphere is formed by the photoionization of the neutral atmosphere by solar EUV 

and X-ray radiations and, as a secondary effect, by photo-electron impact ionization at lower altitudes. 

In addition to the V2 layer, Venus is known to have the presence of a secondary layer of enhanced 

ionization at the lower height (~125 km) as well [1,2]. Measurements from earlier missions like Mariner 

5/10, Venera 9/10, and PVO, had shown pieces of evidence, albeit limited, for the existence of a layer 

of enhanced ionization at about 125 km. A more detailed study addressing the characteristic features of 

V1 layer such as peak altitude, peak density, and morphological changes with respect to SZA and solar 

activity better were done by Venus Express radio occultation (VeRa) observations [2]. Though, VeRa 

reported different types of V1 layer, no theoretical understanding has been developed so far which could 

explain the occurrence of different types. 

 

In this paper, using the radio science experiment onboard the Akatsuki spacecraft [3], and an in-house 

developed one-dimensional photochemical model (1D-PCM) [4], characteristic features of the V1 layer 

in Venus ionosphere, which peaks ~125 km, have been studied. The shape of a V1 layer is highly 

variable; it can appear from mere as a slope change below the V2 layer, to a clear prominent layer peak. 

We simulated the observations using 1D-PCM and found that the model solar X-ray flux at 1.5-3 nm 

and 5-10 nm bands need to be enhanced by a factor of 2-4 to reproduce a V1 layer. The model 

simulations also show that major ions below 135 km are O2+ and NO+, with O2+ increasing linearly up 

to   135 km, while NO+ peaks at around 127 km. Our analysis shows that for a case when the V1 layer 

appears as a slope change below the V2 layer, O2+ ions are the dominant ions, whereas the NO+ ions 

are the major ion when a clear V1 peak appears. When both the ion densities are comparable, the layer 

appears as a ledge. 
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The chemical compositions of the planetary atmosphere are predominantly connected to the 

formation mechanism of planets. Planet formation occurs during the evolution of low-mass protostars 

or Solar type systems and is thought to be formed in the protoplanetary disk. Observationally, signatures 

of planet formations, like gaps and rings, have been identified by ALMA ( Atacama Large Millimeter 

Array). The early atmosphere of Planets is directly linked with the chemical compositions of the natal 

protoplanetary disk. Understanding the early planetary composition requires a joint effort of 

astrophysics, astrochemistry, and planet formation physics. By an early atmosphere, we mean young 

systems of age less than 10 Myr. At that age, the young system has not passed through enough dynamic 

and chemical evolution to alter the chemical composition of the gas that accretes from the disk. Further 

processing of chemical compositions may or may not lead to habitable conditions like Earth or Venus. 

Relevant to these processes, I will discuss my ongoing work on the signature of planet formations and 

the renewed effort to search for phosphine in Venus as part of the ongoing JCMT-Venus legacy 

program. 
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Lightning discharges are the energetic manifestation of the microphysical and thermo-

dynamical processes occurring within clouds that reside in a planetary atmosphere. Lightning in the 

Venusian environment has been studied and shown link with the dust, volcanic eruption, atmospheric 

composition and other important secondary processes [1]. Temperatures on the surface of Venus 

approach 475 °C, and the atmospheric pressure is 93 times what is experienced here on Earth [2]. At 

the lower altitude of Venus, probes can use very low frequency measurements (VLF) to detect 

discharges and effect of lightning processes in the ionosphere. Factors like geographical preference and 

meteorological influence are to be considered to increase the probability of its detection. Various 

missions have been carried out to review factors like noise and optical emission from lightning thunder, 

using instruments such as seismometers, antennas and flash meters [3]. Ground based attempts were 

also made in the past by using telescopes and spectroscopy. Previous missions and study give majority 

of evidence towards regular electrical activity, although optical emissions are inconsistent with activity 

levels on Earth [4]. A solution for which is to study deeper by developing a laboratory setup where we 

can apply models of lightning distribution to test various hypotheses. This paper presents the scientific 

approach taken for emulation of Venusian lightning for laboratory measurement which shall be utilized 

to estimate electrical parameters and on-board equipment required for future planetary missions.  

 

Configuration Setup: The vacuum chamber shall be filled up with various gases in similar proportion 

to simulate Venusian environment or Earth Environment. The facility of Gas manifold system shall be 

set up which shall be useful for future planetary missions. The lightning event shall be recorded through 

PC interface through dipole antennas. The electrodes shall be fitted in within the vessel to create a 

channel within the chamber. The transparent holes shall be rendered by means of glass windows so that 

electrodes remains visible. The proposed chamber having Gas manifold system is illustrated in Figure 

1. The Figure 2 depicts the proposed gas manifold system. By means of creating Venusian like 

environment, the system shall undergo the tests for lightning measurement for future planetary 

missions. 

 
Figure 1: Setup for emulation of Venusian lightning and Detection 
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Figure 2: Setup of Gas Manifold system  
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In this paper, Whistler mode waves with Ac electric field in ionosphere of Venus have been studied. 

The linearity of the loss- cone distribution function is used to derive the dispersion relationship for 

Whistler mode waves. The derivation of perturbation distribution function, dispersion relation and 

growth rate was determined by using characteristics and dynamic methods. An analytical expression 

for the growth of a whistler wave propagating is obtained. The analysis shows that the temperature 

anisotropy, the increase of the Ac frequency, growth rate of the whistler wave increase with the 

significant change of the wave number. This result is of great significance for analysing the very low 

frequency radiation observed in ionosphere of Venus a wide frequency range. 

 

Keywords: Whistler mode waves, Ionosphere of Venus, Loss-con distribution function. 
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Terrestrial lightning is accompanied by MHz-frequency radio signals which are regularly observed 

from the ground, and which have also been observed by spacecraft. Although the link between lightning 

and this “sferic” radio emission is well-established at Earth, spacecraft equipped with sensitive radio 

instrumentation have not observed this emission during Venus flybys [1]. We present radio observations 

from the Parker Solar Probe (PSP) spacecraft, which has completed five Venus gravity assist maneuvers 

(VGAs) since launch [2]. We focus on the second VGA, where the PSP/FIELDS Radio Frequency 

Spectrometer (RFS) was set to "burst mode," recording radio spectra from 1.3 to 19.2 MHz at sub 

second cadence. As in the case of previous observations, no lightning signals were detected at MHz 

radio frequencies. This non-detection points towards significant differences between terrestrial 

lightning and possible lightning at Venus. We also discuss prospects for future observations during the 

remaining two PSP VGA maneuvers. 
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Lightning produces extremely low frequency (ELF) radio waves, known as whistler-mode 

waves, that tend to propagate along magnetic field lines to higher altitudes in the ionosphere. The dual 

fluxgate magnetometer onboard Venus Express (VEX) was able to detect ELF signals up to 64 Hz. 

From 2006 through 2014, Venus Express regularly observed lightning-generated whistler-mode waves 

in the ionosphere of Venus at low altitudes. In that time, there were ~17 cumulative hours of whistler-

mode observations. In some cases there was continuous activity for over two minutes, implying a 

connection to an electrical storm below. Although the detections were of comparable rates for solar 

minimum and solar maximum, ~5%, the distribution of the waves was significantly different. During 

solar minimum the waves were observed most often post-dawn, while in solar maximum the waves 

were mostly observed near midnight. For both periods, most signals were observed when the spacecraft 

was within 200-300 km altitude at a rate of ~7%. The median Poynting flux of the signals was 1.4 x 10-

9 W/m2 and the peak values occurred at low altitudes, suggesting a lightning source from below. 

Whistlers-mode waves may propagate significant distances in the ionosphere before detection, so the 

observation region may be 1000’s of kilometers from the source. Therefore, it must be emphasized that 

these observations alone do not tell us where the lightning itself is occurring. If a typical wave 

propagates between 30º and 60º around the planet from its source, then we calculate a global flash rate 

to be 320 s-1 - 1200 s-1. 

Pioneer Venus (PVO) was able to detect the electric component of lightning-generated waves 

at 100 and 700 Hz, but on the nightside and at lower latitudes in contrast to the North polar observations 

of VEX. The improved capability of VEX over PVO has greatly increased our knowledge of Venus 

lightning, albeit with limited geographic coverage. The study would be greatly improved with global 

observations at ~250 km altitude, where the majority of lightning whistlers-mode waves were detected. 

A magnetometer with twice the sampling rate of the VEX magnetometer would cover most of the 

bandwidth expected of field-guided whistlers. A more thorough ray tracing investigation could then 

provide the locations of the regions with the most active electrical storms.  
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Introduction: The cloud layers of Venus have been conjectured to be habitable to life forms for 

decades [1]. The possibility of life is due to the habitable temperatures in the cloud layers and several 

chemical anomalies such as unknown UV absorbers [2], unexpected abundances of O2 [3,4], SO2, H2O 

[5], and PH3 [6], the possible presence of NH3 [7], and the non-spherical shape of Mode 3 cloud particles 

[8]. A detailed analysis of the contents of the Venus cloud layers is a significant step towards explaining 

the anomalies and searching for signs of life and life itself. A sample return of the atmosphere and cloud 

particles enables use of state-of-the-art instruments and facilities on Earth, greatly increasing the 

chances of unambiguous detection of life.  

Sample Return Mission: We design a mission concept to return samples of the atmospheric gases, 

and liquid and solid particles of the cloud layers of Venus. Figure 1 shows the schematic of the mission 

architecture. In this study we focus on determining the feasibility and advancing the concepts of four 

crucial flight systems: Solid Sample Capture, Liquid Sample Capture, Aerial Platform, and Venus 

Ascent Vehicle (VAV). These flight systems have low Technology Readiness Level (TRL) for 

planetary exploration in general and pose several challenges for Venus’s environment in particular. The 

sample capture mechanisms are required to collect submicron size particles and preserve the integrity 

of the samples. The systems must be able to operate in the sulfuric acid environment of the clouds. The 

capture mechanisms must also be efficient enough to enable capture of up to 1 gram of sample from 

various altitudes within 5 to 10 days. The balloon platform carries the VAV and ascends slowly through 

the clouds to enable sample capture from various altitudes. The balloon must be able to control its ascent 

to provide sufficient time for collection. Once the samples are collected, they are transferred to the VAV 

in a Sample Canister. The balloon rises to the launch altitude and VAV is launched to a Low Venus 

Orbit. We perform several trade studies to design the VAV with the final goal of minimizing overall 

balloon and VAV mass. We also outline the technological challenges that need to be addressed to make 

the mission feasible.  
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Figure 1. Schematic of the mission architecture for Venus atmospheric sample return. After launch and cruise, 

the flight system separates into two components, the entry probe and the orbiter. The entry probe consists 

of a variable-altitude balloon operating between 45-60 km altitude above the surface. The balloon’s gondola 

contains the sample capture hardware, as well as the Venus ascent vehicle (VAV). After spending a few days 

capturing samples, the aerial platform will rise to a higher altitude (60 to 70 km), the ascent vehicle would 

launch and rendezvous with the orbiter, followed by return to Earth and sample container recovery.  
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Scientists have been speculating on Venus as a habitable world for over half a century, based on the 

Earth-surface-like temperature and pressure in Venus’ clouds at altitudes 48-60 km above the Venus 

surface. The controversial detection of phosphine gas in the atmosphere of Venus has renewed interest 

in both the Venus atmosphere in general and in the speculative possibility of life in the clouds. Any life 

would have to persist aloft indefinitely against downward gravitational settling, in order to avoid the 

destructively hot temperatures beneath the clouds. Recent computer models and lab-based experiments 

on the chemistry of sulfuric acid, Venus’ cloud particle composition, are changing the view on Venus 

as a potentially habitable planet, and motivate the series of Venus Life Finder Missions.  
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NASA has supported synergistic ground-based observations throughout the Akatsuki mission, 

mainly spectral image cubes to augment the spacecraft's IR1 and IR2 images. The spectral image cubes 

can help constrain cloud properties and map trace gas distributions. In addition, ground-based 

observations have contributed new results in three unexpected areas: daily cadence observations have 

revealed persistent cloud discontinuities with 4-5 day periods, spectra at 1.25 - 1.27 μm show oxygen 

airglow, and 5.1 μm images show thermal maps of Venus.  

 

Each of these observations cast light on a particular aspect of Venus's circulation. The sharp cloud 

discontinuities maintain their morphology over much longer periods than most of Venus's cloud 

patterns: ground-based imaging has shown the same discontinuity reappearing over a 16-day span. The 

oxygen airglow originates from an altitude around 95 km. The hourly and daily variation in airglow can 

be compared to current GCM models to help understand circulation in this region. Finally, the 5.1 μm 

images - after careful high-pass filtering - show thermal features due to mountain waves launched from 

the surface. We will show work-in-progress for each of these types of observations and prospects for 

future work. 
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Sulfur chemistry comprises an important chemical cycle in Venus’ atmosphere. Sulfur dioxide, the 

most abundant sulfur species, is transported from the lower atmosphere (below the clouds) to the middle 

atmosphere. On the dayside, sulfur dioxide is photo-dissociated by UV light and forms various sulfur 

species. These species are critical for the formation of Venus' haze and sulfuric acid clouds. Sulfur 

species are also transported to the nightside where atmospheric conditions are quite different than the 

dayside. Observations of sulfur oxides (SO2, SO, OCS, and H2SO4) in Venus’ mesosphere have 

generated controversy and great interest in the scientific community and may provide important insight 

into the on-going chemical evolution of Venus’ atmosphere, atmospheric dynamics, and possible 

volcanism. These observations revealed unexpected spatial patterns and spatial/temporal variability that 

have not yet been fully satisfactorily explained by models. One surprising discovery was an inversion 

layer in the upper mesosphere where the SO2 and SO mixing ratios are larger above 85 km than below.  

Water vapor is an important minor constituent in the Venusian atmosphere, and it potentially can 

be used as a trace species to characterize both atmospheric dynamics and photochemical cycles 

(including the sulfur oxidation cycle).  Krasnopolsky (2012) and Parkinson et al. (2015a) photochemical 

models indicate that spatial/temporal variations in chemistry at ~40 km in combination with variations 

in vertical transport may control the abundance of H2O above 70 km through the complex chemistry 

surrounding the formation and condensation of H2SO4. While SO2 shows very large temporal variability 

above the clouds, which is still largely unexplained (Vandaele et al., 2017a; Vandaele et al., 2017b), 

variations in H2O at these altitudes have been difficult to detect by instruments prior to Venus Express 

(VEx) (Chamberlain et al. (2020). Dynamical and chemical interpretations of the observed region are 

complex for multiple reasons. The middle atmosphere is known to be a dynamical transition region 

between the strong global zonal circulation of the cloud layer in the lower atmosphere to the subsolar 

to antisolar (SS-AS) flow higher in the thermosphere. Studying the spatial and temporal distribution, 

profile and abundance of water vapor in the middle atmosphere is therefore critical to the understanding 

and interpretation of both physical and chemical processes that occur. 

 

VTGCM Modeling. Multidimensional models (GCMs) are typically used to reproduce global wind 

tracers (thereby constraining wind magnitudes) and to characterize the variability of these circulation 

patterns. Spatially resolved maps of instantaneous upper atmosphere winds (such as those based on 

ground-based measurements) provide valuable but incomplete snapshots of atmospheric dynamics. 

They don't capture a sufficiently complete picture to reliably determine atmospheric conditions and are 

not necessarily representative of typical conditions. Consequently, they are difficult to interpret for 

comparisons with models. 

 SOx reactions have been added to the VTGCM (Zhang et al., 2012; Mills et al., 2021), and global 
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SO2 and SO distributions were calculated over ~70-110 km (appropriate to solar minimum conditions. 

Figure 1 illustrates the 1-D SO2 volume mixing ratio (VMR) profiles including a VTGCM profile at a 

single location (LAT = 67.5N and LT = 16). Figure 1 includes the recently published SPICAV-UV 

stellar occultation data (Evdokimova et al. 2020) and the recently revised SPICAV-UV solar occultation 

data (Belyaev et al. 2017). Compared to previous versions of the SPICAV-UV solar occultation data 

(Belyaev et al. 2012), the latest version agrees better with sub-mm observations (Sandor et al. 2010). 

Generally, SPICAV-UV finds larger SO2 abundances at night (stellar occultations) than at the 

terminator (solar occultations). This suggests a nighttime source of SO2 and is consistent with either 

oxidation of SO that has been transported to the night side and/or the evaporation of sulfuric acid or 

polysulfur aerosols (Zhang et al. 2012) in response to the higher temperatures observed near the 

antisolar point where the subsolar-to-antisolar flow converges. Both of these effects can be modeled 

with the VTGCM.  

The VTGCM simulated SO2 profile (solid black line) shown in Figure 1 is generally consistent with 

the observations and the observed inversion layer above 90 km (increasing SO2 VMR with increasing 

height). However, we see that the VTGCM model has an extra inversion layer below 90 km (i.e. this 

layer is consistent with the SOIR measurements shown in green). We speculate that the inclusion of 

VTGCM heating and cooling terms and dynamics to be the source of this feature, however, further study 

is required to understand the conditions creating this additional SO2 inversion layer. 
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The 4-day and 5-day waves observed at the cloud top in the Venusian atmosphere are expected to 

play important roles in the maintenance of the general circulation [1]. However, these waves have not 

reproduced in Venusian general circulation models (GCMs) so far, and their structures and excitation 

mechanisms remain poorly understood. Using an improved Venusian GCM, we succeeded in 

reproducing the planetary-scale 3.3-day and 5.8-day waves, which correspond to the 4-day and 5-day 

waves, respectively [2]. The three-dimensional structures of these waves consist of a Kelvin wave in 

low latitudes and one or two Rossby waves in mid- and high latitudes that are connected at the critical 

latitudes. This fact indicates that they are excited by the Rossby-Kelvin instability [3]. The Kelvin mode 

of the 3.3-day wave could be observed at the cloud top, while that of the 5.8-day wave cannot be 

observed due to the critical level. The mid-latitude Rossby mode of the 5.8-day wave is dominated by 

mid-latitude vortices symmetric about the equator at the cloud top. This result is quite consistent with 

the observations [4, 5]. The equatorward angular momentum flux induced by these waves could 

contribute to the Venusian atmospheric superrotation. The mid-latitude and high-latitude Rossby modes 

of the 5.8-day wave have baroclinic structures in the cloud layer inducing significant poleward heat 

flux. The planetary-scale structures symmetric about the equator observed in the Venusian atmosphere 

[6] could be explained by these waves. 

Recently, we also reproduced the thermal tides in the Venusian atmosphere in order to investigate 

how they were affected by the static stability in and above the upper cloud layer [7]. The results show 

that the vertical structure of the semidiurnal tide (with a zonal wavenumber of 2), which propagates 

vertically, is strongly affected by the static stability. The diurnal tide (with a zonal wavenumber of 1), 

which has an equivalent barotropic structure in 62–73 km altitudes, becomes weaker with the higher 

static stability, although its vertical structure is almost unchanged. The meridional angular momentum 

flux associated with the thermal tides is equatorward in low latitudes near the altitude where the 

equatorial zonal-mean zonal wind takes its maximum. This result is consistent with the recent Akatsuki 

UVI observations, suggesting that the thermal tides could contribute to the maintenance of the 

superrotation [8], though the zonal-mean meridional circulation remains almost unknown [9]. In the 

most realistic case, the zonal-mean zonal wind is effectively accelerated at rates of 0.2–0.5 m/s/day in 

low latitudes at altitudes of 52–76 km by both the meridional and vertical angular momentum transports. 

 

References: [1] Del Genio A. D. and Rossow W. B. (1990) JAS, 47, 293–318. [2] Takagi M. et al. 

(2022) JGR Planets, 127, e2021JE007164. [3] Iga S. and Matsuda Y. (2005) JAS, 62, 2514–2527. [4] 

Kouyama T. et al. (2012) PSS, 60, 207–216. [5] Imai M. et al. (2019) JGR Planets, 124, 2635–2659. 

[6] Sato T. M. et al. (2014) Icarus, 243, 386–399. [7] Suzuki A. et al. (2022) JGR Planets, 127, 

e2022JE007243. [8] Horinouchi T. et al. (2022) Science, 368, 405–409. [9] Fukuya K. et al. (2021) 

Nature, 595, 511–515. 
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We have developed Venusian GCM (general circulation model) named AFES-Venus (Atmospheric 

GCM for the Earth Simulator for Venus) [1], [2]. Furthermore, in order to make use of observations by 

the Venus Climate Orbiter “Akatsuki”, we have also developed the data assimilation system based on 

the LETKF (Local Ensemble Transform Kalman Filter) named ALEDAS-V (AFES-LETKF data 

assimilation system for Venus) [3] for the first time in the world. Here we will introduce important 

results of AFES-Venus and object analysis produced by ALEDAS-V with Akatsuki horizontal winds 

assimilation.  

AFES-Venus reproduced cold collar in the polar region [4] and planetary-scale streak structure 

observed by Akatsuki infrared camera [5]. A fully developed super-rotation [6] and spontaneous gravity 

wave radiation from thermal tides [7] are also obtained. Recently, by improving the profiles of static 

stability and solar heating, thermal tides [8] and planetary-scale short periods (Kelvin and Rossby) 

waves [9] consistent with observations are reproduced.  

Thermal tides are improved with the Venus Express horizontal winds test assimilation by 

ALEDAS-V [10]. Now, we have assimilated Akatsuki horizontal winds derived by cloud tracking of 

ultra-violet images. Then, the phases of thermal tides are improved to be consistent with recent radio 

occultation measurements (Fig.1). In addition, zonal mean zonal winds and temperature are also 

modified globally [11]. In the near future, we will release these assimilation results as the objective 

analysis of Venus. Finally, we have conducted several observing system simulation experiments for 

future Venus exploring missions, e.g., [12]. 

 
Fig. 1 Local time and latitudinal distributions of zonal winds (m s−1) associated with thermal tides 

(composite means) at the cloud-top (~70 km) level: (a) observation, (b) free run forecast and (c) 

analysis. Deviations from the zonal means of zonal winds are shown in (b,c). 
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Nature Comm., 7, 10398. [5] Kashimura H. et al. (2019) Nature Comm., 10, 23. [6] Sugimoto N. et al. 

(2019) GRL, 46, 1776–1784. [7] Sugimoto N. et al. (2021) Nature Comm., 12, 3682. [8] Suzuki A. et 
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We performed a unique Venus observation campaign to measure the disk brightness of Venus over 

a broad range of wavelengths in August and September 2020. The primary goal of the campaign is to 

investigate the absorption properties of the unknown absorber in the clouds. The secondary goal is to 

extract a disk mean SO2 gas abundance, whose absorption spectral feature is entangled with that of the 

unknown absorber at the ultraviolet (UV) wavelengths. A total of 3 spacecraft and 6 ground-based 

telescopes participated in this campaign, covering the 52 to 1700 nm wavelength range. After careful 

evaluation of the observational data, we focused on the data sets acquired by 4 facilities. We 

accomplished our primary goal by analyzing the reflectivity spectrum of the Venus disk over the 283-

800 nm wavelengths. Considerable absorption is present in the 350-450 nm range, for which we 

retrieved the corresponding optical depth by the unknown absorber. The result shows a consistent 

wavelength dependence of the relative optical depth with that at low latitudes during the Venus flyby 

by MESSENGER in 2007, which was expected because the overall disk reflectivity is dominated by 

low latitudes. Last, we summarize the experience obtained during this first campaign that should enable 

us to accomplish our second goal in future campaigns. 

 

#Venus Dayside Observation Team: Antonio Garcıá Muñoz, Atsushi Yamazaki, Eric Quémerais, 

Stefano Mottola, Stephan Hellmich, Thomas Granzer, Gilles Bergond, Martin Roth, Eulalia Gallego-

Cano, Jean-Yves Chaufray, Rozenn Robidel, Go Murakami, Kei Masunaga, Murat Kaplan, Orhan 

Erece, Ricardo Hueso, Petr Kabáth, Magdaléna Špoková, Agustıń Sánchez-Lavega, Myung-Jin Kim, 

Valeria Mangano, Kandis-Lea Jessup, Thomas Widemann, Ko-ichiro Sugiyama, Shigeto Watanabe, 

Manabu Yamada, Takehiko Satoh, Masato Nakamura, Masataka Imai, and Juan Cabrera 
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The atmosphere of Venus is mostly composed of CO2(~96%) and N2(~3.5%). It has three layers 

of thick clouds in the altitude range ~47-70 km. The materials needed to form clouds originate in 

volcanoes that eject SO2 and H2O into the atmosphere. These two gases combine with molecular oxygen 

photochemically dissociated from CO2 molecules by solar radiation at higher altitude to form H2SO4 

cloud layer and give the planet its pale yellow colour. For our work, we are studying SO2 absorption 

(190-230 nm) band in Venus’ upper mesosphere (85-110 km) with SPICAV-UV onboard Venus 

Express (VEX) which is capable of operating in both solar and stellar occultation modes. Transmittance 

(T) ~0.7544 is obtained with analysis of the dataset from solar occultation at the terminator by SPICAV 

during orbit 1024 . A descending trend of transmittance along the way to the lower altitudes  ( T = 

0.8670 at 109 km and T = 0.5334 at 88.5 km ) is observed indicating higher concentration of SO2 at the 

cloud tops. Some previous studies yield SO2 VMR of about 20-500 ppbv at altitude 66-80 km by 

SOIR(Belyaev et al.(2008,2012)), while 10-100 ppbv for 85-100 km by SPICAV UV(Beylaev et al. 

2012) at the terminator and 20-200 ppbv for 85-100 km by SPICAV UV stellar occultation at the 

nightside. 
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Lightning is observed in several planetary atmospheres in our solar system [1,2], but it’s 

existence in Venusian atmosphere is not yet unanimously accepted by the Venus science community. 

Efforts have been made to detect Venusian lightning in optical and electromagnetic domain, with a mix 

of positive and negative results [3]. This introductory talk summarizes common techniques of lightning 

detection and the analysis methods for identifying signatures of lightning generated whistlers. Case 

studies of identifying lightning generated whistlers in the Pioneer Venus Orbiter and Venus Express 

datasets is also presented.  

 

References: [1] Aglyamov et al (2021), JGR Planets, 80. [2] Dyudina et al (2013), Icarus, 226, 1020 – 

1037 [3] Lorenz (2018), Prog. In Earth and Plan. Sci, 5. 
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The characteristic features of different layers in the Venus ionosphere during the deep solar 

minimum of the solar cycle 24 have been studied using a Radio Science experiment onboard the 

Akatsuki spacecraft. Radio signals from the spacecraft were tracked at the Indian deep space network 

(IDSN), Bangalore; Usuda Deep Space Center (UDSC), Japan; and DLR Ground station, Weilheim, 

(WHM) Germany. The orbital geometry of the spacecraft provides rare opportunities to probe the 

Venusian ionosphere and atmosphere in the equatorial region at low solar zenith angles (SZA).  We 

have analyzed the received raw data till July 2022 and retrieved the electron density profile of the 

Venusian ionosphere.  

 

The detailed analysis suggest that the height of peak plasma density of the V2 layer (∼145 km)  

remains almost constant for the SZA ≤90 ◦ with the peak plasma density being the least among the 

published results. Features of the V1 layer (∼125 km) agree well with the Venus Express radio 

occultation  measurements. All three types of V1 layer were observed in Akatsuki observations. The V0 

layer (∼110 km) was observed in about 15% of cases and seen to occur irrespective of SZA and 

geographical constraints. Nighttime occurrences of plasma in the Venus ionosphere during this period 

were very limited.  As no discernible electron density is transported from the dayside to the night to be 

detected by radio signal during the profound solar minima,  its the solar activity condition which 

influences the ionospheric plasma in the night side. 
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Venus hosts more than 200 lava flow channels widely distributed on its surface [1]. These 

channels exhibit a diverse range of morphologic and topographic characteristics based upon which they 

have been classified primarily into four types: simple, complex, compound, and integrated channels [2]. 

Complex channels are readily discernible form of channels characterized by anastomosing or braided 

pattern, shallow depth, and flow deposits such as lobes, levees, and streamlined islands [1]. Global 

mapping has revealed that the equatorial regions consistent with high density of volcanic features (such 

as rifts and fractures) have remarkably high complex lava flow channel densities [1]. Despite this 

apparent spatial association, the control of crustal manifestation on the emplacement pattern of channels 

is not fully understood. For example, the consequence of rift and fracture formation over the preflow 

surfaces on the lengths, morphologies, and emplacement patterns of lava flow channels is not clear. 

While volcanism is expected to be currently ongoing on Venus, it is imperative that a holistic 

investigation of lava flow channels is undertaken to help understand the volcanic activity that has played 

a pivotal role in Venus’ geological history. In this regard, Henwen Fluctus region (centered at 20.5° S, 

179.8° E) in the southern hemisphere of Venus has been investigated using the NASA Magellan radar 

images and altimetry data to infer the influence of crustal deformation on the emplacement pattern of 

the complex lava flow channels.    

 

Henwen Fluctus is a 240 000 km2 region of complex lava flow channels in the east of Atahensik Corona. 

The region is bounded by 1-3 km deep rifts from all the sides. It contains complex lava flow channels 

that exhibits typical morphological characteristic of terrestrial lava flow channels such as channel 

bifurcation and merging, formation of distributaries, small meanders, numerous overflows from 

channels, pahoehoe breakout from channels, flow around streamlined islands, and episodic 

emplacement of flow deposits. It is found that the lava flow channels initially originated from the north 

in the upslope (average gradient: 20°) along varied directions, but they eventually converged in the 

downslope region in the south. It is inferred that the topography of the region is such that it resembles 

a bowl-shaped basin-like depression, which confined the flow of lava channels from north to south by 

constraining its flow extent to remain within the basin-like depression. Topographic characteristic of 

the region suggest that the basin-like depression likely formed due to the extension-compression of 

crust from all the sides during the rift formation. The formation of rifts over the preflow surface 

characterized by varying topography likely compressed the crust of Henwen Fluctus region into a basin-

like depression within which lava flow channels were emplaced during a postdate epoch in the 

geological history of Venus. Such an emplacement flow pattern of complex lava flow channels has been 

also found on Earth, Mars, and Moon, which signifies that the modes by which lava flow channels were 

emplaced on Venus, could be consistent with the other terrestrial planets of our solar system. A detailed 

global investigation in the future will provide new insights into this significant geological aspect of lava 

flow channel emplacement on a volcanically active planet. 

 

References: [1] Komatsu G. et al. (1993) ICARUS, 102, 1-25. [2] Gulick V. C. (1991) 22nd LPSC, 

507-508. 
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Session 6: Venus-SW Interaction 

Solar wind interaction with Venus: An oxygen airglow perspective 
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Despite being termed as “Earth’s twin”, the interaction of solar wind with Venus are very 

different on many accounts. In contrast to the intrinsic magnetosphere of the Earth, Venus has an 

induced magnetosphere. The structure, dynamics and properties of this induced magnetosphere of 

Venus are characteristically different from its terrestrial counterpart on many accounts. Direct exposure 

to solar wind have been possibly altering the structure, composition and chemistry of the Venusian 

atmosphere over time. Based on the understanding obtained today in a better way, we can possibly re-

construct what happened in the past and what will be fate of Venus in absence of any planetary magnetic 

field. Therefore, although Venus has been explored for more than 55 years by various missions, it is 

still relevant today as many aspects of the solar wind-Venus interaction are not understood 

comprehensively. In this regard, the importance of oxygen green and red lines in the Venusian airgow 

emission in solving a few of these aspects will be presented in detail.  
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Mars and Venus do not have dipole magnetic field. The solar wind impacts directly with their 

ionospheres and upper atmospheres. There are different channels and routs, viz mass loading, pickup 

processes, polar winds and energization in plasma sheet through which the atmospheric ions can escape 

from the planets [1][3].  In the present paper we have calculated the escape flux and density of O+ in the 

exosphere of Venus and Mars using the polar wind acceleration process in presence of charge separation 

electric fields, which are calculated by using a quasi- neutrality condition. The total escape rate of O+ 

is estimated as 2-4 x1024 s-1 from Venus and Mars. These results are in close agreement with the 

measurements carried out in the magnetotail of these planets. There is no significant change in escape 

rates of O+ during solar minimum and maximum conditions. Recently, Suprathermal And Thermal Ion 

Composition Instrument (STATIC) onboard MAVEN has observed the escape flux of O+ in presence 

and absence of global dust storm of MY34[2]. In presence of dust storm the escape rates were increased 

by factor of 5-10 than that produced before and after the dust storm. The present calculation concludes 

that O+ ion in the magnetotail of Mars and Venus are mainly due to escape of oxygen ions from their 

ionospheres in presence of charge separation electric field. 

References: 

[1] Dubinin, E. et al. (2011). In The plasma environment of Venus, Mars, and Titan 173-211. 

[2] Rahmati, A., et al. JGR: Planets 123.5 (2018), 1192-1202 
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Probing the Venusian plasma and magnetic boundaries, and its topside ionosphere through an 
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Venus, with thick atmosphere and without a planetary magnetic field, acts as a natural 

laboratory for studying the fundamentals of tenuous plasma physics. Since Venus is closer to the Sun 

than the Earth and Mars, its radiation environment is relatively strong and has a distinct magnetic 

environment. Interaction between the solar wind, interplanetary magnetic fields, and the planet’s 

topside ionosphere leads to the formation ionopause and the induced magnetosphere. The solar 

energetic particles and the coronal mass ejections affect the Venusian ionosphere distinctly. Although 

data from previous missions to Venus, such as the Pioneer Venus Orbiter and Venus Express, have 

established the basic understanding of the Venusian ionosphere, its detailed picture is yet to emerge. 

Keeping this in mind, several spacecraft missions have been planned to visit the planet by the end of 

this decade. In this presentation, the development of a high-frequency radar technique for probing the 

topside ionosphere of Venus will be presented. Its potentiality to study the plasma and magnetic 

environment of Venus will be detailed. The optimization of the topside radar sounder technique for the 

Venusian ionosphere and its possible science enhancements will be discussed. 
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Venus has intrigued planetary scientists since the start of the space-era in 1960s. While Venus is 

nicknamed “Earth’s twin”, Venus has huge differences from the Earth. The space environment is 

significantly different, mainly because of the absence of an intrinsic magnetic field. The Venusian 

magnetosphere is formed by electric current in the ionosphere induced by the interaction with the solar 

wind (therefore, we call it an induced magneto-sphere). Various signatures have been measured by 

Venera and Mariner series in the 60s and 70s, and basic signatures of the space environment near Venus 

were revealed. Pioneer Venus Orbiter was launched in 1978 providing a huge dataset of the Venus 

environment, and our knowledges about the ionosphere and the far-tail were enhanced. In 2006, ESA's 

first Venus probe, Venus Express (VEX), was inserted into orbit. VEX made unique measurements in 

the near-Venus tail for >8 years until VEX consumed all its fuels. VEX was equipped with plasma 

instrument package, Analyser of Space Plasma and EneRgetic Atoms (ASPERA-4). ASPERA-4 has 

provided a huge amount of discoveries about the near-Venus space environment. In this presentation, 

we will review the findings of ASPERA-4 (Figure 1). 

 

 

Figure 1: New finding in the near-Venus space environment by VEX/ASPERA-4 together with MAG. 

The figure is adopted from [1], where a comprehensive review of VEX findings is found. 

References:  
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Although the planet Venus lacks a global intrinsic magnetosphere, it is surrounded by an 

imposed one formed by the draped solar wind magnetic field. But the question that still remains 

unanswered is - how has the evolving magnetic activity of the Sun affected the magnetic field topology 

and atmospheric loss of Venus since primeval times? In order to explore the answer to the above 

question, we model the impact of variability in the stellar wind magnetic field on Venus-like non-

magnetized and weakly magnetized (exo)planets using three dimensional magnetohydrodynamic 

simulations. Different topologies of the planetary space environment under sub- and super-Alfvénic 

stellar wind conditions are observed. Increasing the strength of the stellar wind magnetic field results 

in greater wind penetration and stellar magnetic field accumulation at the planetary day side region. We 

discuss the effect of the ambient magnetic field variation on Alfvén wings that form across the planet 

and its atmospheric mass loss rate. The results are relevant for understanding how changes in stellar 

magnetic activity modify the environments of Venus-like planets in the solar and exoplanetary systems. 
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Prospects for meteor astronomy at Venus 
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         Meteor astronomy employs the atmosphere of the Earth as a large area detector for 0.1-1000 mm 

meteoroids [1]. Monitoring the atmospheres of other planets for meteor activity [2] offers the 

opportunity to study the parent bodies of as yet undetected meteor showers, test ablation models on 

non-terrestrial and allows interplanetary spacecraft operators to mitigate the risk of meteoroid impact. 

Using numerical techniques to simulate single-body ablation in a Venus-like atmosphere [3, 4] we are 

able to show that Venusian meteors tend to be brighter but shorter-lived than terrestrial meteors and 

ablate at higher altitude, in a predominantly clear region of the atmosphere. We have complemented 

these simulations with a list of cometary bodies and known meteoroid streams that we consider to be 

prime candidates for producing significant meteor shower activity at Venus [5, 6]. These predictions 

may be used in developing future observational campaigns to be carried out either from the Earth or 

from Venus orbit. 

 

References: [1] Jenniskens, P. (2006) Meteor Showers and their Parent Comets, Cambridge University 

Press, Cambridge. [2] Christou A. A. et al (2019) In: Meteoroids: Sources of Meteors on Earth and 

Beyond, Cambridge University Press, 119-135. [3] Christou A. A. (2004) Icarus, 168, 23-33 [4] 

McAuliffe, J. P., Christou, A. A. (2006) Icarus, 180, 8-22 [5] Christou A. A. (2010) MNRAS, 402, 2759-

2770 [6] Christou, A. A., Vaubaillon, J. (2011) In: Proc. Meteoroids Conf, NASA/CP-2011-216469, 

p.26 
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Interplanetary Dust Particles (IDPs) are found everywhere in our solar system. The IDPs initiate 

their journey from a source like comet or Asteroid belt and, get affected by various forces. During their 

travel, they may be capture by a planet [1]. In the inner part of solar system, dust particles are affected 

by P-R drag [2] and other non-gravitational forces, making the evolution as a complex process. In the 

past, different spacecrafts have provided indirect or direct observations of IDP toward Venus [3-8], 

which help understanding flux variation in the solar system. Recently, Solar Orbiter [9] has given dust 

impact observations using Radio and Plasma Wave (RPW) instrument during inward and outward 

movement towards Sun. These observations are studied to understand interplanetary dust density 

variation between Earth and Venus and, the results are presented here. 

References: [1] Pabari et al., (2021), 52nd LPSC, LPI Contrib. No. 2548, #1430. [2] Gor'kavyi, N. 

N. et al. (1997), ApJ, 474, 496. [3] Stenborg, G. et al. (2021), ApJ, 910:157, 13. [4] Andersson, L. et al. 

(2015), Science, 350, 6261, aad0398. [5] Hirai, T. et al. (2014), PSS, 100, 87-97. [6] Hirai, T. et al. 

(2017), ASR, 59, 1450-1459. [7] Dietzel, H. et al. (1973), J. Phy. E: Sci. Inst., 6, 209-217. [8] Krueger, 

H. et al. (2010), GO-D-GDDS-5-DUST-V4.1, NASA PDS. [9] Zaslavsky, A. et al. (2021), A & A, 656, 

A30. 
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Introduction: Cosmic dust consists general term microscopic particles which exist in space. Cosmic 

dust particles can be further distinguished by their current locations and orbital properties: e. g. 

interstellar dust (ISD), interplanetary dust particle (IDP), dust cloud around planetary objects and dust 

in planetary ring systems. In this talk, we will focus on the parameters of IDP particles, their related in-

situ dust detectors developed by our group and the dust accelerator used in hypervelocity impact studies 

and detector calibrations. 

Interplanetary dust particles: Interplanetary dust particles are micron sized grains (up to 100 m) 

in orbit around the Sun. IDP is permanently replenished by dust ejected from cometary nuclei, the most 

pristine bodies in the solar system, and released from collisions in the asteroid and Kuiper belts. All 

surfaces of planetary objects can generate interplanetary dust particles by hypervelocity bombardments, 

outgassing and other process. The analysis of these particles is important to understand the process of 

the solar system formation. IDPs are considered to have significant collision hazard to spacecraft and 

their payload because of their hypervelocity speeds (up to 72 km/s) [1], which might damage vital 

components exposed to space or event the spacecraft. Accordingly, the protection against IDP impacts 

is one of the necessary steps in spacecraft design. 

In-situ dust detectors: A well designed dust detector onboard spacecraft will provide crucial 

information which is unavailable with remote astronomical methods. In order to achieve the scientific 

goals in interplanetary dust detection, the mass, speed, trajectory, charge and elements composition of 

individual dust particles must be determined simultaneously. Types of dust detectors often used in 

interplanetary space were: momentum sensors, penetration detectors, impact ionization detectors, 

capacitor discharge detectors and induced charge detectors [2].  

Dust accelerator facility: The hypervelocity dust experiments and detector calibrations can be 

carried out using dust accelerator facility. A 2 MV Van de Graaff dust accelerator is operated by the 

Institute of Space System at the University of Stuttgart (IRS, Stuttgart), as shown in Figure 1. To avoid 

sparking, the voltage generator is protected by a surrounding pressure tank. The dust accelerator facility 

enables the acceleration of micron- and submicron-sized electrically conductive dust powders to speeds 

between 1 and 100 km·s−1. Single grains can be selected with a well-defined speed and size range [3].  

 
Figure 1: 2 MV Van de Graaff dust accelerator facility 

 

References:  

[1] Grün E. et al. (1985) Icarus, 62, 244-272. [2] Li. Y. et al. (2014) ASR, 8(56), 1777-1783 [3] Mocker 

A. (2011), Rev. Sci Instrum., 82, 095111(1-8).  
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Fig. 3.7 Scatter in angular accuracy and QNR for different insertion points. The angular

accuracy was calculated from the position accuracies of the two planes (Plane A and Plane

B).

Fig. 3.8 Thedust accelerator facility used in theexperiments. TheVan deGraaff accelerator

stage(without pressure tank) at MPIK (right hand side) and theschematic representation of

aVan deGraaff accelerator with theparticleselection unit (PSU) system. After acceleration,

charged projectiles fly along the beam tube, passing the charge and velocity detectors, and

then arrive at the particle selection unit. When a suitable projectile arrives, the deflection

electrodes are temporarily grounded to allow an undisturbed flight pass towards the target

chamber.
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The space missions Solar Orbiter, Parker Solar Probe and STEREO explore at present the inner 

helio-sphere from Earth orbit to the corona of the Sun. Observations with the Parker Solar Probe and 

with Solar Orbiter could be explained with dust particles that form in the vicinity of the Sun and are 

expelled outward by radiation pressure. Our model calculations suggest that the dust has sizes  100 

nm and is influenced by solar radiations pressure and to smaller extend by Lorentz force acting on the 

charged dust in the solar magnetic field. The STEREO spacecraft observe in contrast a large fraction of 

interstellar dust. While all these space observations are based on measurements with antennas, it seems 

that distinctly different dust components are observed. Results from ongoing research are presented and 

its relevance for Venus and space missions to explore Venus. 

 

This work is supported by the Research Council of Norway (grant number 262941). 
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Venus Cannot Have a Satellite 
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On the basis of work of King and Innanen, the limiting direct and retrograde orbits around the 

planet Venus have been calculated. Synthesizing this concept with the concepts of synchronous orbit 

around the planet and the tidal drags acting within it, it is shown that Venus has not retained any 

satellite prograde or retrograde. 

Key words: Venus, Its Satellites? 
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Introduction: Several previous studies have shown that many of Venus's highlands have distinct 

radar properties - elevated values of radar reflectivity [e.g., 1] and low values of radar emissivity at their 

summits [2]. Maxwell Montes, the highest and steepest mountain range on Venus, has been a region of 

great interest due to the presence of complex tectonic structures as well as material properties. Unlike 

other highland terrain such as the Ovda Regio, the relationship between radar properties and elevation 

in Maxwell Montes is quite different such that it exhibits a “snow line,” across which radar backscatter 

increases sharply (and emissivities drop sharply) with increasing elevation [3, 4]. In this work, using 

the new Arecibo Observatory (AO) S-band radar maps of Venus, we seek to understand whether the 

local variations in Maxwell Montes radar echoes arise from changes in the surface reflectivity (via 

dielectric permittivity), or are more strongly linked to changes in the surface morphology (e.g., 

wavelength-scale rock population, volume scattering from mantling debris). Along with radar data, we 

utilized Altimetry and Emissivity data from the Magellan global topography data records (GTDR) and 

global emissivity data records (GEDR), to re-verify the sharp contrast of radar properties from the 

Maxwell Montes.  

If radar Circular Polarization Ratio (µC) is 

considered as a proxy for radar brightness, Maxwell 

exhibits a sharp contrast with respect to both 

emissivity and planetary radius (derived from 

altimetry) compared to other geologic features 

analyzed here, consistent with previous studies. 

However, the µC-only trends does not completely 

explain the high radar backscatter and associated 

scattering properties from the Maxwell region. So 

we compared the σOC - σSC (OC – Opposite sense 

Circular polarization, SC – Same sense Circular 

polarization) backscatter trends [e.g., 5] for regions 

within the Maxwell as well as for Maxwell and 

other features as shown in Figure 1. 

Our preliminary investigation suggests that 

several local variations in rock population (i.e., 

roughness) and effective electric permittivity exist 

within the radar-bright and radar-dark  regions of 

Maxwell Montes, and that there is a sharp contrast 

in the near-surface size-density distribution of 

wavelength-scale scatterers, particle shapes, and material (via permittivity) between Maxwell Montes 

and other landforms analyzed in this work.   

 

References: [1] Ford P.G. & Pettengill G.H. (1983) Science 220, 1379–1381. [2] Pettengill G.H. et 

al. (1992) JGR 97, 13091–13102. [3] Campbell B. et al. (1999) JGR 104, 1897–1916. [4] Treiman A.H. 

et al. (2016) Icarus 280, 172–182. [5] Virkki A.K. & Bhiravarasu S.S. (2019) JGR 124, 3025–3040.  

Figure 1: The mean values of 𝜎OC plotted against that of 𝜎SC 

for all regions analyzed in this work. The dark-red dotted 

line on the left and red dashed line on the right show the 

linear least square fit trends for all regions excluding 

Maxwell and only Maxwell region, respectively. The solid 

black line shows σOC=σSC trend. 
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Asteroid belt is a main source of Interplanetary Dust Particles (IDPs) in inner solar system. 

Occasionally, comets deliver dust particles near Venus due to sublimation of ice in the icy dust particles 

[1]. Over geological time scales, the IDPs evolve in the interplanetary space and, they may be captured 

by a planet [2] on their way due to local gravitational pull. These IDPs are affected by gravitational and 

non-gravitational forces in the solar system [3]. In the present work, we have studied the dependence 

of gravitational force, Poynting–Robertson force [3, 4] as well as the solar radiation force in a simplified 

linear system. A wider particle mass range from 10-21 to 10-1 kg [5] is considered in the interplanetary 

space with heliocentric distance from 0.5 to 1 AU. It is found that gravitational force dominates among 

the three forces during the evolution of IDPs. 

References: [1] Hiroshi et al. (2010), Earth, Planets and Space, 62, 57-61. [2] Pabari et al., (2021), 

52nd LPSC, LPI Contrib. No. 2548, #1430. [3] Gor'kavyi, N. N. et al. (1997), ApJ, 474, 496. [4] Mukai, 

T. and Yamamoto, T. (1982), Astron. Astrophys., 107, 97-100. [5] Grün, E. et al. (1985), Icarus, 62, 

244. 
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The sulfur chemistry in the atmosphere of Venus provides a natural laboratory to understand the 

effect of sulfur compounds on the exoplanetary atmosphere. However, the thick atmosphere of Venus 

prevents the observation of the abundance of sulfur compounds in its lower atmosphere (<47 km). The 

observed thermal profile and the possible observational constraints on the abundance above the cloud 

layers can help study the sulfur chemistry in the lower atmosphere of Venus. Therefore we have 

constructed a model of the Venus atmosphere to simulate its composition. We use a chemical network 

with around 100 chemical species made up of H-C-O-N-S-Ar elements. The species which are relevant 

in the context of Venus, such as SO2, SO3, SH, H2SO4, Sx (x = 1, 2, 3, 4, 8), OCS, H2O, H2S, CO, 

CO2, SNO, and NO, among others are considered in the network. The network is based on the Vulcan 

model [1], and we simulate the atmospheric composition from 0 to 112 km. The lower boundary 

conditions (at the surface) are the fixed mixing ratios for the species CO2, SO2, H2O, NO, and OCS. 

We have used the zero flux at the surface and the intermediate level (47 Km); we have used outgoing 

and incoming flux for H2SO4, H2O, Sx, CO, and CO2, which are taken from Krasnopolsky et al. (2007) 

[2]. In the upper boundary, the CO, O2, O, and N flux is taken from Krasnopolsky et al. (2012) [3]. In 

this work, we will report our first results on the atmospheric composition of Venus. 

References: 

[1] Tsai, S-M. et al., ‘A Comparative Study of Atmospheric Chemistry with VULCAN’, 2021, 

arxiv.org. [2] Krasnopolsky, V. A., ‘Chemical kinetic model for the lower atmosphere of Venus’, 2007, 
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55 
 

Ultraviolet  imaging of Venus atmosphere 

Sandhya K Nair, Tarun Kumar Pant, Madhusoodanan MS 

1Space Physics Laboratory, Vikram Sarabhai Space Centre, Thiruvananthapuram, India 

 2Amity University, Noida Camus, New Delhi, India 

 

Venus has high albedo than earth due to the presence of clouds. Unlike earth’s clouds which 

are formed due to the condensation of water vapour, Venus clouds are H2SO4 clouds are formed by 

photochemical reactions of SO2 and H2O near the cloud top altitude. Present study we have used the 

data from Akatsuki UV imager. The UVI takes ultraviolet images of the solar radiation reflected by the 

Venusian clouds with narrow bandpass filters centered at the 283 nm and 365 nm wavelengths.  The 

images obtained show similarities and differences between the two wavelengths. Comparison of the 

images would provide clues to the three-dimensional distributions of UV absorbers and clouds as well 

as cloud morphologies. 
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A detailed investigation on the Lighter-Than-Air systems for the Venusian atmosphere exploration 

is carried out in this study. Among the scientific goals presented in Venus Flagship Mission Study 

Report [1], meteorological, habitability, and atmosphere dynamics related objectives require flight in 

the upper atmosphere (40 km - 60 km) circumnavigating planet with the altitude excursions in different 

cloud layers, whereas for seismic activity related surface observations, station-keeping capability and 

flight in the lower atmosphere. Authors propose Balloon-based platforms for atmospheric studies in 

cloud layer and Solar powered autonomous Long Endurance Airships for station-keeping and low 

altitude flights. 

A Multidisciplinary Design Optimization (MDO) approach is taken with minimum system weight 

and maximum traverse area as objectives. The disciplines investigated are – Venus Environment (GCM 

Data), Heat Transfer, Aerodynamics, Aerostatics & Structures.  

   
a. Super-pressure Balloon b. Variable Volime Balloon c. Phase Change Balloon [2] 

Figure 1: Balloon Configurations for Venus Explorations 

Three configurations of Balloon systems for Venusian exploration, as shown in fig. 1 are designed 

considering their operational capabilities, first one being a super pressure balloon (SPB, fig. 1a.) to float 

at a desired altitude in cloud layer with limited altitude variation capability. The Payload to System 

Mass Ratio (PSMR) of such system varies from 0.89 to 0.74 based on the float altitude from 60 km to 

40 km respectively. The second configuration is a Variable Volume Balloon (fig. 1b.) with active 

buoyancy control with PSMR of 0.49 for traversing between 40 km to 60 km altitude band. The third 

configuration is a Dual Balloon system (fig. 1c.) with helium filled SPB as a primary balloon and 

secondary balloon is filled with phase change fluid (Water) [2]. The optimal PSMR for altitude 

traversing between 40 km to 60 km was obtained to be 0.38.  

In the ongoing study, Solar Hybrid Airship configurations are being designed with station-keeping 

capability and long duration mission requirements in mind. The platform shall carry out low altitude 

flight for seismic studies and release scientific balloons and dropsondes in the atmosphere. The station-

keeping locations considered for the mission design are previously identified Tesserae terrains on the 

planet’s surface. [3] 
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In the present paper the effect of cold electron beam on field aligned whistler mode wave in the 

presence of parallel DC field in the region of ionosphere of Venus. To derive the dispersion relationship 

for Whistler mode waves by using characteristics and dynamic methods. In this case the effect of the 

cold plasma injection and other plasma parameters had been discussed. An analytical expression for the 

growth of a whistler wave propagating is obtained. The analysis shows that the temperature anisotropy, 

the increase of the Dc electric field, growth rate of the whistler wave increase with the significant change 

of the wave number. 
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Determining the rate of occurrence and the intensity of lightning strokes in a planetary 

atmosphere is an important measurement in planetary atmospheres for both scientific and technical 

reasons [1]. Lightning is an electrical discharge of very short duration and it generates a big amount of 

energy when it occurs. When the electric field exceed its limit, breakdown occurs and initiate a lightning 

event. It emits the signal in electromagnetic wave as well as optical emissions form [2].  

Lightning Instrument for Venus (abbreviated as LIVE) Payload is a payload being developed 

for India’s maiden mission for Venusian exploration. This payload is designed to detect the lightning 

event in the electromagnetic spectrum through a dipole antenna which is geometrically configured as 

V-antenna. As per initial configuration design estimation the length of the V-antenna elements was 

worked out close to a meter. Further, to keep the antenna sufficiently beyond the plasma sheath and 

spacecraft potential effect, it was required to be kept away from the spacecraft by a distance of more 

than the calculated effective separation distance. For achieving this separation distance equipment, it is 

configured to be mounted through a boom onto the spacecraft. 

To meet the launch configuration stiffness and stowage requirements, a deployable V-antenna 

is configured. In this work the conceptual mechanical configuration design of a deployable antenna 

system for the LIVE payload shall be presented. Further the design philosophy for the deployable 

antenna system for this payload shall be discussed and the preliminary development plan shall be briefed 

in this work. 
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Lightning is a large electrical discharge of very short duration of the order of few tens of 

microseconds that occurs in a planetary atmosphere. Though the lightning on Earth is well studied, it is 

not yet fully understood in the case of Venus. In case of Earth, water clouds are responsible for the 

lightning to occur; while in case of Venus, Sulphuric acid is an important constituent of the atmospheric 

cloud, at heights from ~47 to 65 km [1]. On Earth, lightning flash is mostly detected as cloud-to-ground 

discharge and ~20 % of the events are cloud-to-cloud discharge type [2]. However, the cloud-to-cloud 

lightning is more likely to occur on Venus [3]. To understand the lightning on Venus in detail, a 

Lightning Instrument for VEnus (LIVE) is proposed for future Venus mission [4]. The captured signal 

by the instrument is processed further to obtain more information of the detected lightning event. We 

have captured this lightning pulse using LIVE at PRL during the Monsoon season. Further, we analyze 

the data using time-frequency localization technique of the captured lightning event. 

 

In this work, we present the design, development and testing results of two different configurations of 

Lightning instrument for future Venus orbiter mission in detail. 
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Habitability is the likelihood of a planet to host life evaluated under certain conditions. The 

critical Venusian factors include the high temperatures due to the greenhouse effect and its extrinsic 

magnetic field i.e. just 1/10th of the Earth, which rendered the planet hostile to life. However, Venus 

may have had water in the past and its extremely acidic atmosphere could be conducive to biosignatures 

and extremophiles like the chemolithotrophic microorganisms given the presence of ferrous and sulphur 

compounds. Few methods of detection include metal-microbial interactions and optical methods. 

Sample collection from Venusian clouds using a balloon aerobot and using currently available 

technology for modeling and simulation experiments are also being considered. Future missions such 

as Shukrayaan-1, VERITAS, EnVision, and Rocket Lab’s Venus Mission will visit the planet to assess 

its habitability over time.  

 

The review methodology included a rigorous literature review and bibliometric outlook (below figure) 

generated out of WoS-indexed articles related to habitability and the possibility of life on Venus. The 

details of the relevant articles were downloaded in a txt. file and fed on the VOSviewer bibliometric 

software and based on ‘the inclusion and exclusion’ criterion the bibliometry was generated. The 

bibliometry tries to show the deep interconnectedness between different keywords relevant to this work.  

It also shows the areas in which potential loopholes exist thereby directing future research. Some of 

them include solving the ambiguity related to PH3 on Venusian cloud decks, the formation of oceans 

on its floors, detecting ATP on Venus (a potential biomarker) using ATP bioluminescent assay, and 

using ShadowCam technology to detect water on Venus if any. In a nutshell, this review tries to 

summarize the main aspects related to habitability and the possibility of Life on Venus and points out 

loopholes with a few solutions that can direct future research in this scientific domain.  
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As a twin sister of earth, Venus is always interest of research & exploration. By studying Venus’s 

atmosphere scientist can understand how earth-like planet evolve and what condition can exist on earth-

like exoplanets. In order to understand Venusian atmosphere cloud plays major constrain which ranges 

from 48-70 km [1]. Thermal structure of this region is very important in order to understand global 

circulation. In order to properly understand Venusian atmosphere in-situ measurements & satellite 

remote sensing data plays major roll, which can further help to accurately model the atmospheric profile. 

In Venusian atmosphere region between 60km to 100km is known as mesosphere and is a transition 

region between the lower winds, which whip the cloud tops around the planet in four days, and the 

circulation of the upper atmosphere, which is driven by the influx of solar radiation. In order to 

understand Venusian general circulation this region is main interest of study.   

Here we present temperature, pressure & number density variation from Radio science data which aims 

to determine the vertical structure of the Venusian atmosphere using radio occultation technique, which 

is achieved by using Ultra-Stable Oscillator (USO) on board Akatsuki launched by JAXA (Japan 

Aerospace Exploration Agency) on May 21,2010 [2]. The measured quantities are the atmospheric 

pressure, temperature, molecular number density. Data contains total of 81 observed profile ranging 

over earth years 2016 to 2020, total of 26496 samples. Results include zonal & meridional-mean of 

temperature, pressure & Number density for altitude of 35km to around 100km above surface.  

Temperature, Pressure & Number density shows highest value of 448.9K, 523923.7 pa, 8.45E+25 

(1/cm3) at around altitude of 35Km.At altitude below 45 km temperature shows high values which is 

400K and above. As altitude increases the temperature, pressure & density shows drastic variation by 

decreasing the values. At geometric Altitude of 65 Km around latitude of 60 ֯ to 65 ֯ this observation 

depicts “cold collar – cold latitudinal band” in both hemispheres, which thought to be due to dynamics 

& latitudinal cold structures [3,4]. 

 
 [Latitude–height distributions of zonally and temporally averaged temperatures obtained from 

Akatsuki radio occultation measurements] 
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By means of understanding our own planet & how it will evolve in time, it is necessary to take 

a look at surrounding similar planets like mars, Venus and many more, in all of them Venus is 

considered to be most similar one by its shape, size, structure. It can help scientists to model earth’s 

climate. In order to properly understand Venusian atmosphere, models, in-situ measurements & remote 

sensing data are very crucial by means of their accuracy & predictability.     

The atmosphere of Venus has been observed for many decades by means of observations by European 

space agency Venus express orbiter and more recent Japanese mission Akatsuki. Also, some of the 

compiled & modelled data tool like VIRA (The Venus International Reference Atmosphere), Venus 

Gram (Venus Global Reference Atmospheric Model) & VCD (Venus Climate Database) plays 

important role in understanding Venusian atmosphere.  

In present study we have tried to compare modelled & compiled datasets with remotely observed 

satellite data to check reliability. Here we have used VIRA (compiled from pioneer & Venera mission), 

Venus Gram [4] (engineering model compiled of Pioneer Venus orbiter, probe data, Venera probe data, 

Venus, Venus II, The Planet Venus, and several journal articles) VCD (derived from IPSL Venus 

General circulation model) [1,2], radio occultation experiment (VeRA) onboard Venus Express [6] and 

Ultra-Stable Oscillator (USO) on board Akatsuki data [3]. Following study uses total of 32 profile of 

Venus express, around 159000 samples from 39km to 92 km altitude & 81 profile from Akatsuki radio 

science data, around 26496 samples from altitude of 35Km to 95Km. Corresponding modelled data was 

retrieved from Venus Gram, VIRA & Venus Climate dataset. Results contain variation of temperature 

with altitude over particular range of latitude from 0° to 30°,30° to 60°,60° to 90° and 0° to -30°,-30° to 

-60°,-60° to -90°. From results one can observe for most of the altitude region, satellite data & modelled 

data follows the same trend but for altitude below 50Km Venus express data shows wide variability 

from rest of the data. Also, in mesosphere from altitude 60km to 75km & above 85 Km VCD shows 

higher temperature sensitivity. Altitude range above 85Km shows more uncertainties in most of 

presented datasets for which reason is unknown.  

 

[Comparison of the mean temperature obtained from VIRA, Akatsuki RO, Venus Gram, VCD & Venus 

Express for latitude range of 0°–30°] 
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Interplanetary dust particles (IDPs) can be studied using an impact ionization dust detector [1]. 

Using this dust detector, we can determine various parameters like flux, mass and velocity of the IDPs. 

In order to study IDPs at Venusian environment, we at PRL and SAC are jointly developing a dust 

experiment payload as per interplanetary satellite mission requirements. 

Mechanical design of the proposed Dust Experiment Payload is one of the major aspects in the 

development cycle. In order to achieve the science objective, the mechanical design has to safeguard 

the detector and the associated electronics against the launch environment [2]. Major constraints for the 

mechanical design include Mass, Volume and stiffness requirement [3].  

CAD model has been developed with respect to the given constraints and Structural analysis has been 

carried out. Based on the simulation results, a structure model has been realized and is subjected for the 

stipulated dynamic loads to verify the adequacy of the design. In this paper, we will be discussing about 

the Design philosophy, Structural simulations and Vibration test results of the Dust Experiment 

payload, Structure model. 
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Interplanetary Dust Particles are nanometer to micrometer sized dust grain that originate from 

different sources, predominantly from asteroids and comets. These particles evolve under different 

forces that it experiences like gravitational force of Sun and planetary bodies, radiation pressure on 

interaction with solar radiation, Poynting-Robertson drag, Lorentz force due to motion under magnetic 

field etc. The combination of these different kind of forces decide the pathway of the particle and their 

inward or outward journey in the Solar system. Sometimes these particles also get trapped in resonance 

with planetary bodies during their journey and stay in an orbit for longer duration. Such a ring of dust 

in resonance with Venus have been recently detected by STEREO mission. In this work we carry out 

N-body integration using MATLAB and analyze dust particle’s evolution under different forces, 

especially in the neighborhood of Venus. 
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The Interplanetary Dust Particles (IDPs), also known as micrometeoroids, micrometeorites, and 

cosmic dust particles, are found everywhere in our solar system [1]. The major sources of these IDPs 

are asteroid collision and cometary sublimation. To understand the flux distribution and parameters i.e., 

mass, speed and count rate of these dust particles, an impact ionization dust detector is proposed for 

future Venus mission [2,3,4]. 

We aim to achieve detection of a wide range of particle mass and velocity. To get the required 

resolution in dust particle parameters, high-speed Analog to Digital Converters (ADCs) are used, which 

results in an increase in data rate [5]. To optimize the data rate, data processing algorithm is applied to 

process the data using Field Programming Gate Array (FPGA). Using the algorithm, the dust impact 

generated signals are identified and processed.  

 

References: [1] Grun E. et al. (1985), Icarus, 62, 244-272. [2] Pabari J. P. et al. (2021), COSPAR, 
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105452. [5] Sasaki S. et al. (2002), COSPAR, 15, 176-180. 
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Interplanetary Dust Particles (IDPs) are found everywhere in solar system. They are originated from 

Asteroid belt and also from comets [1]. IDPs travel at hypervelocity (> 1 km/s) and evolve over a long 

period of time. Such particles may be directly detected by a dust detector or indirectly by radio and 

plasma wave instrument. While, a wider range of particle mass from 10-21 to 10-1 kg [2] is usually 

considered in the modelling and analysis work, any instrument works in a limited mass range. The 

particles create impact charge whenever they strike the target plate of dust detector or the spacecraft 

body (in case of detection by radio and plasma wave instrument). Recently, Solar Orbiter [3, 4] observed 

dust impacts using Radio and Plasma Wave (RPW) instrument toward Venus. In this work, we have 

estimated a likely correlation between the IDP parameters from the observed impact signals by Solar 

Orbiter toward Venus. 

References: [1] Hiroshi et al. (2010), Earth, Planets and Space, 62, 57-61. [2] Grün, E. et al. (1985), 
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656, A18, 1-11. 
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The silicon pin detectors are widely used in high energy particle measurements. In one of the 

instruments proposed for the upcoming Venus Orbiter mission, it is proposed to use a stack of Si PIN 

detectors to measure the particle in the wider energy range. The Si PIN detector directly converts the 

incident particle energy into the electrical signal. In this work, we have developed the readout 

electronics for Si PIN detectors and characterized the detectors along with the electronics for the various 

parameters. 

We have procured the Si PIN detectors with various thickness ranging from 50 µm to 1500 µm to 

study their suitability in detecting the particles in the energy range of 20 keV to 100 MeV. Each detector 

has the active diameter of 17mm. We have characterized these detectors individually for the parameters 

such as low energy threshold, leakage current (0.8nA – 45nA) and performance measurement with 

temperature and the energy resolution (115keV – 25keV at 5.486MeV). These parameters were tested 

using X-ray and alpha sources at different energies. This experiment is carried out to evaluate their 

suitability to use in Venus Radiation environment monitor experiment proposed for the Venus orbiter 

mission. The design details and the characterization results will be presented in the conference. 
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Venus Solar Soft X-ray Spectrometer (VS3) is one of the payloads onboard the orbiter of the 

upcoming Venus mission. The primary objective of the instrument is to measure the solar flux around 

Venus in the soft X-ray region (energy range of 1 - 15 KeV) in order to understand the enhancement in 

in the electron density in the Venus atmosphere at around 127 km [1]. VS3 will give accurate 

information about the arrival of X-ray flares and using this measurement one can study its effects on 

the Venus atmosphere. The instrument will also study the variation in solar flux with time, which can 

be correlated with the measurements from other instruments such as Magnetometer, Mass spectrometer 

and Radio occultation experiments.  

The instrument uses state of the art Silicon Drift Detector (SDD) to cover the X-ray energy range of 1-

15 keV and provides a spectral resolution of better than 180 eV at 5.9 keV. VS3 incorporates a special 

moving mechanism to accommodate Be filter and calibration source in order cover the very wide range 

of intensities of X-rays during large solar flares and on-board calibration. The instrument will provide 

high cadence X-ray spectral measurements during wide range of Solar flare classes, which will be useful 

in modelling the solar coronal emission. The instrument will be very much similar to the Solar X-ray 

Monitor on-board the orbiter of the Chandrayaan 2 mission, with changes to adapt the Venusian 

atmosphere. Here, we will present the various design aspects of the instrument and the realisation plan. 
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