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The Impact of Stealth CMEs on Martian Topside Ionosphere
Smitha V. Thampi1*, C. Krishnaprasad1 and T. K. Pant1
1

Space Physics Laboratory, VSSC, Thiruvananthapuram, Kerala, India 695022
*smitha.v.thampi@gmail.com

Solar cycle 24 is one of the weakest solar cycles recorded, but surprisingly the declining
phase of it had a few slow CMEs which evolved without any low coronal signature and are
hence classified as a stealth CMEs. One of such events occurred in October 2016. This was a
weak coronal mass ejection (CME) launched on 2016 October 8 without obvious signatures
in the low corona produced a relatively intense geomagnetic storm at Earth (Dst = -104 nT).
The CME was actually bracketed between the slow wind and a high speed stream which
enhanced the magnetic field inside the CME and gave rise to the unexpected geomagnetic
storm. Another such eruption happened in August 2018, which was also responsible for an
intense geomagnetic storm at Earth (Dst = -176 nT). Though the impact of these space
weather events on the terrestrial ionosphere has been reported, their propagation beyond 1 au
and the response of Martian plasma environment have not been studied so far. We analyzed
the data from Sun-Earth L1 point as well as from the Martian orbit (near 1.5 au) to study the
characteristics of these stealth CMEs. The observations near Mars are from the instruments
onboard Mars Atmosphere and Volatile EvolutioN (MAVEN) mission. The observations
show that these stealth CMEs have significant impact on the topside ionosphere and
ionopause regions of Mars.
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Spatio-temporal characteristics of the He bulge in the Martian Upper Atmosphere
Neha Gupta1, and N. Venkateswara Rao1
1

National Atmospheric Research Laboratory, Gadanki, India
* Corresponding author (nvrao@narl.gov.in)

We study the spatio-temporal characteristics of the Helium (He) bulge in the Martian
thermosphere using He densities measured by the Neutral Gas and Ion Mass Spectrometer
(NGIMS) aboard the Mars Atmosphere Volatile EvolutioN (MAVEN) mission. The results
show a clear latitudinal, seasonal and local time asymmetries in Ls 0⁰ , 90⁰ and 270⁰ .
These asymmetries show that within a particular season, nighttime winter polar
densities are higher than the night time summer polar densities. This polar asymmetry is
observed to be stronger in Ls 270⁰ than in Ls 90⁰ . Furthermore, seasonal comparison
shows that northern winter densities are larger than southern winter densities. A sudden
southern polar region enhancement in post-dusk hours is observed in all seasons with a
maximum at Ls 90⁰ . The observed He densities are compared with those simulated by a
global circulation model (GCM). The comparison shows that the observed spatio-temporal
variabilities agree moderately with the simulated ones and there are notable differences we
well. The maximum difference is observed during perihelion. The post dusk anomaly is
observed to be significantly underpredicted by the model. We propose that these
discrepancies are predominantly attributable to the winds incorporated in the MGITM model
which deviate to large extent from the measured ones. In addition, it is likely that the effects
of global dust storms on the middle and upper atmosphere are not fully captured by the GCM.
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Recurrent Space Weather Events at Mars
C. Krishnaprasad1*, S. V. Thampi1, A. Bhardwaj2, C. O. Lee3, K. K. Kumar1, T. K. Pant1
1

Space Physics Laboratory, VSSC, Thiruvananthapuram 695022, India
2
Physical Research Laboratory, Ahmedabad 380009, India
3
Space Sciences Laboratory, University of California, Berkeley, CA 94720, USA
*kpchirakkil@gmail.com

The period from August 1 to November 15, 2016 in the declining phase of solar cycle 24 was
characterized by the presence of Corotating Interaction Regions (CIRs) in the heliosphere. In
this study we show the recurrent energetic electron and proton enhancements observed near
Earth (1 AU) and Mars (1.43–1.38 AU) during this period [1]. The observations near Earth
use data from instruments onboard Advanced Composition Explorer (ACE), Solar and
Heliospheric Observatory (SOHO), and Solar Dynamics Observatory (SDO). The
observations near Mars are from Solar Energetic Particle (SEP), Solar Wind Ion Analyzer
(SWIA), and Magnetometer (MAG) instruments onboard Mars Atmosphere and Volatile
EvolutioN (MAVEN) and Mars Advanced Radar for Subsurface and Ionospheric Sounding
(MARSIS) onboard Mars Express (MEX). During this period, the energetic electron fluxes
observed near Earth and Mars showed prominent periodic enhancements over four solar
rotations, with major periodicities of ∼27 days and ∼13 days. Periodic radar
blackouts/weakening of radar signals at Mars were observed by the MARSIS and are
associated with these solar energetic electron enhancements [2]. During this period, a weak
CME and a high-speed-stream-related interplanetary shock interacted with the CIR and
enhanced the energetic proton fluxes near 1.4 AU, causing ∼27 day periodicity in proton
fluxes to be significantly diminished near 1.4 AU. These observations are unique because of
the recurring nature of electron enhancements seen at two vantage points, and the
corresponding observations of radio blackouts seen at Mars. These observations are
significant in the context of space weather at Mars.
References: [1] Krishnaprasad, C. et al. (2020), ApJ, 902(1), 13. [2] Sànchez-Cano, B. et al.
(2019), JGRA, 124(6), 4556-4568.
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How do we understand dust in the Martian atmosphere?
Varun Sheel, Ashimananda Modak and Shefali Uttam
Physical Research Laboratory, Ahmedabad
varun@prl.res.in

The study of dust in the Martian atmosphere has become important in the last few years, not
only scientifically, but pragmatically due to its hazards to landers and rovers. There are some
aspects of the dust cycle that we have understood and some that we still need to understand.
In my presentation, I will talk on two particular aspects – effect of dust on the atmosphere
and (ii) aspects of dust loading in the atmosphere.
We have found correlation of ozone with dust, retrieved from SPICAM observations. In
southern tropical latitudes, the columnar ozone is seen to increase during a Martian year with
global dust storm. With the objective, that heterogeneous chemistry may be responsible for
such a correlation, we have studied the role of heterogeneous chemistry on dust in
determining production of ozone, by developing a 1D photochemical model. This produces
ozone profile which is in better agreement with the SPICAM observation than simulations
with homogeneous phase chemistry.
Dust devils are believed to be an important source of dust loading in the atmosphere of Mars.
Dust lifting and simulation of dust devils are still challenging issues. I will present a
numerical simulation of dust distribution within a dust devil.
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Response of the Martian ionospheric peak to the Planet Encircling Dust Event
of June 2018
Vrinda Mukundan1, Smitha V. Thampi2, Anil Bhardwaj3, Xiaohua Fang4
1

National Center for Earth Science Studies, Trivandrum, India
Space Physics Laboratory, Vikram Sarabhai Space Center, Trivandrum, India
3
Physical Research Laboratory, Ahmedabad, India
4
Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, USA.
2

*Corresponding Author E-mail: vrindamukundan88@gmail.com

Global dust storm events are known to affect the Martian ionospheric peak by causing an
enhancement in the ionospheric peak altitude. Using a one-dimensional photochemical
model, we studied the impact of the global or the planet encircling dust event, that originated
in the northern hemisphere, in June 2018 on the Martian ionospheric peak of the southern
hemisphere where only limited measurements are available. The Mars Atmosphere Volatile
Evolution Mission (MAVEN) measured neutral density profiles for the gases CO2, N2, O, and
CO, were extrapolated from 160 km down to 100 km using a multi-component
approximation. This extrapolated atmosphere along with MAVEN EUVM measured solar
flux were used as model input and the chemistry of the major ions, O2+, CO2+, and O was
simulated for seven orbits chosen from seven selected days in June 2018. The ion profiles
thus obtained were added together to get the electron density profile. The study showed that
the storm event caused an enhancement of the ionospheric peak altitude by ∼7–10 km in the
dawn region. This calculated enhancement is in line with the observations of MAVEN and
Mars Express mission. The observed behavior in the extrapolated neutral atmosphere and ion
production rate also agrees with the previous one-dimensional model study of storm impact
on the Martian ionospheric peak by Wang and Nielsen (2003) [1]. Our calculations showed
that there is a time delay in the response of the ionospheric peak altitude of the southern
hemisphere to the storm event that originated in the mid latitude region of northern
hemisphere. It took approximately 22–26 days for the ionospheric peak of the equatorial and
mid-latitude region of the southern hemisphere to show an enhancement of ∼10 km.
References: [1] Wang J. S. and Nielsen E. (2003) PSS, 51, 329 – 338.
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MOM and MAVEN Observations of the Effects of the 2018 Planet‐ Encircling Dust
Event on the Martian Thermospheric Densities
N. Venkateswara Rao*1, Neha Gupta1, and Umesh R. Kadhane2
1

National Atmospheric Research Laboratory, Gadanki, Tirupati, India
2
Department of Physics, IIST, Trivandrum, India
*Corresponding author E mail: nvrao@narl.gov.in

Response of the Martian upper thermosphere to the lower atmospheric dust activity is
studied using unique observations made together by the Mars Orbiter Mission (MOM) and
the Mars Atmosphere and Volatile Evolution (MAVEN) spacecraft. The Mars Exospheric
Neutral Composition Analyzer (MENCA)/MOM and the Neutral Gas and Ion Mass
Spectrometer (NGIMS)/MAVEN have simultaneously (on the same day) measured the
neutral densities in the Martian thermosphere on 5, 8, 10, 13, 16, and 29 June 2018. The
measurement period falls in the onset and progression time of the planet‐ encircling dust
event (PEDE) in the Mars lower atmosphere. During this time, the inbound trajectories of
MAVEN and MOM spacecraft occurred on the dawnside and duskside, respectively. Using
these observations, we found that thermospheric densities both on the dawnside and duskside
are enhanced associated with the onset and growth of PEDE‐ 2018. The enhancement,
however, is more on the duskside than on the dawn, showing the dawn‐ dusk asymmetry.
The densities on the duskside reach their maximum on 29 June 2018, close to the time of
peak dust activity. These results are explained by considering the local time asymmetries in
radiative heating of the lower atmosphere and subsequent expansion of the thermosphere due
to PEDE‐ 2018. Furthermore, O/CO2 ratios below 220‐ km altitude become one on the
dawnside, whereas they are always <0.2 at the dusk. This indicates that radiative cooling is
more effective on the dawnside than the duskside.
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Water ice clouds observations over Olympus Mons using the Mars Color Camera and
Mars Climate Sounder
Bijay Kumar Guha, and Jagabandhu Panda*
Department of Earth and Atmospheric Sciences, National Institute of Technology Rourkela, Odisha –
769008, India
*Corresponding Author E-mail: pandaj@nitrkl.ac.in

Abstract: The volcanic clouds form by the vertical motion induced over the mountain’s
slope in the presence of thermally-driven flow, gravity wave, or barrier uplift in a
comparatively dusty and moist environment [1]. Observational studies suggest the
appearance of these clouds over all primary volcanos such as Olympus Mons. The presence
of thick volcanic clouds represents the vertical transport of dust and water ice at significantly
higher altitudes during the aphelion season [3]. The vertical transport induced by the
volcanoes may help in forming the detached aerosol haze layer in the middle atmosphere [2].
The strong vertical transport is found to be associated with rigorous horizontal transport in
the mid-troposphere that suggests the impact of mountain induced flow on regional to global
scales [4]. Thus, the volcanic regions offer an exciting opportunity to explore the dynamical
and meteorological aspects of the orographic clouds and their interaction with the water
cycle, which is crucial for understanding the Martian climate system [5].
The present study used the observations from Mars Color Camera (MCC) onboard Mars
Orbiter Mission and Mars Climate Sounder (MCS) onboard Mars Reconnaissance Orbiter for
investigating the water ice cloud appearance over Olympus Mons volcano. The MCC images
suggest the presence of a cloud patch over Olympus Mons within the aphelion period.
Analysis of MCC images indicates that the data comprising only the blue band (band-3)
pixels is more precise for indicating the water ice cloud appearance. The cloud area estimated
over the Olympus Mons from the MCC images is ~1.44-1.8 ×105 km2. During all those days
of MCC observations over Olympus Mons, the MCS water ice extinction profile shows
higher values than the yearly average, indicating the peak phase of cloud appearance. The
daytime and nighttime maxima are confined within the 25 – 32 km and 15 – 32 km altitude
range, which suggests the presence of thicker clouds at relatively higher altitudes or ‘deep
clouds’ during the daytime. The seasonal variation indicates thick and consistent water ice
clouds (at ~20 – 35 km altitudes) during LS = 35 – 150°. However, the 2nd half (LS = 180 –
360°) is comparatively cloud-free, though high altitude thin clouds scattered around ~30 – 50
km are observed. Low temperature (<180 K) up to LS = 150° satisfied the criteria for thick
water ice cloud appearance at a low level (20 – 35 km), and temperature above 200 K after LS
= 180° opposes the same. The consistent cloud properties during the 1st half of the year are
mostly following the pattern of the aphelion cloud cycle. Whereas, during the 2nd half, the
appearance of high-altitude haze clouds are found associated with an enhanced daytime dustladen vertical transport above 40 km altitude, and leads to higher cloud vertical depth with
low opacity.
References: [1] Benson, J. L. et al. (2003) Icarus, 165(1), 34–52. [2] Heavens, N. G. et al.
(2015) Geophys. Res. Lett., 42(10), 3730-3738. [3] Michaels, T. I. et al. (2006) Geophys. Res.
Lett., 33 (16), L16201. [4] Rafkin, S. C. R. et al. (2002) Nature, 419, 697–699. [5] Tamppari
et al. (2008) Planet. Space Sci., 56(2008), 227-245.
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Variation of composition of Martian atmosphere during solar quiet and disturbed
periods
Praveen Kumar Basuvaraj, Kamsali Nagaraja and SC Chakravarty
Department of Physics, Bangalore University, Bengaluru, India
Email: kamsalinagaraj@bub.ernet.in
Mars exospheric neutral composition analyzer of mars orbiter mission measures the neutral
upper atmospheric constituents of mars. Martian lower atmosphere predominated by carbon
dioxide photo-dissociates to atomic oxygen. The variations indicate that O2 and CO2 respond
in a similar manner during quiet and disturbed solar activity periods. However, for O the
variation shows relatively higher values with reference to CO2 during solar quiet period
which is reversed during the disturbed period particularly at lower altitudes. The altitudes of
MOM during March 2015 were above 350 km that shows linear trend in atmospheric
compositions whereas the thermosphere/exosphere observation of NGIMS shows an
exponential trend. In order to explore the anomalous pressure enhancements of CO2 and O,
the change in pressures with respect to time and altitude were observed during 21-27
December and 18-27 December 2014. It is observed that CO2 started increasing anomalously
from 22 December and reached 2 peaks by 24 December at ~275 km and ~295 km, atomic
oxygen started increasing from 19 December and reached one strong peak around 275 km
between 22 to 23 December and height range of the effect of pressure increase for CO2
continued above 360 km but for O it tapered at 330 km. The details are presented in detail.
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A study on the characteristic features of the V1 layer of the Venus ionosphere using
Akatsuki measurements.
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Abstract: The source of V1 layer of the Venus ionosphere is as enigmatic as its very existence
itself. Discovered, for the first time by the radio occultation experiment (VeRA) onboard
Venus Express, it is known to exist at about 125 km altitude and has been surmised to be
caused by soft X-ray emissions [1]. A characteristic feature of this ionospheric layer as well
as consensus on its source, however, is yet to emerge mostly because of the lack of
observation opportunities. In this context, radio occultation measurements of the Venus
ionosphere using Akatsuki measurements assume significance as these not only add to the
data base but also give measurements from the low latitude regions which have remained less
explored during previous missions due to satellite trajectory [2].
In this paper, we study the characteristics of V1 layer using some thirty radio occultation
measurements done since 2016 both at UDSC in Japan, and IDSN in India [2]. Only those
measurements were considered where the ionosphere was in the sunlit side and solar zenith
angle was less than 85 degrees. In all we got twenty-five profiles satisfying these conditions.
We get several profiles from the low latitude regions of the Venus ionosphere giving some
interesting features of the V1 layer. Interestingly, distinct V1 layers were not visible in many
cases. While in some profiles it appeared as a ledge, there were a few examples too when a
very distinct peak was also visible. The origin for such features has been explored using an
in-house developed one-dimensional photochemical model for the Venusian ionosphere
(1DPCM) [3]. Though both the peak V1 layer height and density get neatly reproduced in the
model, in most of the cases we note the model V1 layer appears only as a shoulder. A
detailed comparison of the model and Akatsuki derived altitude profiles of the Venus
ionosphere under varying solar conditions would be provided and reasons for the occurrence
of V1 layers of varying characteristics would be discussed.
References:
[1] Girazian, Z., Withers, P., Häusler, B., Pätzold, M., Tellmann, S. and Peter, K., 2015.
Characterization of the lower layer in the dayside Venus ionosphere and comparisons with
Mars. Planetary and Space Science, 117, pp.146-158. [2] Imamura, T., Ando, H., Tellmann,
S., Pätzold, M., Häusler, B., Yamazaki, A., Sato, T.M., Noguchi, K., Futaana, Y.,
Oschlisniok, J. and Limaye, S., 2017. Initial performance of the radio occultation experiment
in the Venus orbiter mission Akatsuki. Earth, Planets and Space, 69(1), pp.1-11.[3] Ambili,
K.M., Babu, S.S. and Choudhary, R.K., 2019. On the relative roles of the neutral density and
photo chemistry on the solar zenith angle variations in the V2 layer characteristics of the
Venus ionosphere under different solar activity conditions. Icarus, 321, pp.661-670.
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Current Status of Venus Lightning Research
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In principle, techniques of lightning detection from space can be broadly classified as i)
Optical based detections [1], ii) Electromagnetic wave detections [2], and iii) Gamma-Ray
based detections [3]. The search for Venusian lightning has taken place over all three of these
domains [4,5,6], and repeated observations have been reported only in the electromagnetic
domain. No positive detection from an orbiter has been observed in the other two domains. In
the Pioneer Venus Orbiter era, the lack of optical observations and varied interpretations of
impulsive bursts resulting from slow electronics casts doubt on the existence of Venus
lightning, despite Venera Lander observations of impulsive bursts in Venus atmosphere [7].
Venus Express Magnetometer gave conclusive evidence of the observed low-frequency
waves to be of atmospheric origin [8]. However, few theoretical works discredit the source to
be intracloud discharges due to the lack of an efficient mechanism to enable cloud particles to
acquire charge and produce fields exceeding breakdown fields [9].
As a result of the controversial evidence provided by spacecraft observations and
theoretical studies, Venusian Lightning's existence is still a debated topic in the Venus
community. In this work, we condense the 50-year long research of Venus lightning,
highlight both the critical science results of each mission and the controversies that followed,
and briefly describe the current research activities to address these controversies. Future
Venus missions and payloads onboard capable of studying Venusian lightning will also be
highlighted [10,11,12].
References: [1] Boccippio et al. (2000), J. of App. Metero. and Clim. 39 (12), 2231-2248.
[2] Kelley et al. (1990), GRL, 17, 2221-2224. [3] Lefeuvre et al. (2008), SSR, 137, 301–315.
[4] Taylor e. al. (1979), Nature, 279, 614-616. [5] Lorenz et al. (2019), GRL, 46, 7955-7961.
[6] Lorenz R. D. and Lawrence D. J. (2015), PSS, 109, 129-134. [7] Ksanfomaliti L. V.
(1980), Nature, 284, 244-246. [8] Russell et al. (2008), JGR, 113 (E5). [9] Michael et al.
(2009), JGR, 114 (E4). [10] Zasova L. (2020), 18th VEXAG. [11] Witasse O. (2020), 18th
VEXAG. [12] Pabari et al. (2018), 49th LPSC.
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Analogue research in Astrobiology: Implications for delineating prebiotically relevant
processes
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The fundamental step of protocell formation is considered central to the emergence of
cellular life on the early Earth1. The two processes that are thought to have driven the early
stages of protocell formation are the formation and self-assembly of membranous systems
(that forms the cell’s boundary), and the formation of informational and functional polymers
(that power the cell’s functions). The former would have been assembled from prebiotically
relevant amphiphiles while the latter would have resulted from the oligomerization of
monomers like nucleotides and amino acids. The starting monomers pertinent to these
processes would have coexisted in the prebiotic soup, making it highly likely that these
events would have occurred concurrently on the prebiotic Earth. Therefore, it is crucial to
delineate a common niche that could facilitate the occurrence of both of the aforesaid
processes. Terrestrial geothermal pools and hot springs are considered prebiotically relevant
geological niches where life would have chemically originated2. Nonetheless, how such
terrestrial geothermal niches could support both membrane assembly and oligomer synthesis
has been discerned by mainly undertaking ‘simulated’ experiments in the lab. However, how
these processes might advent in “realistic” conditions (as against “buffered” lab conditions), a
concept with vital importance for discerning the transition from chemistry to biology, has
only gained recent traction. In two studies published from the lab3, 4, we used alkaline hot
spring water samples from planetary analogue sites in Ladakh5, to systemically understand
both these events as they have direct implications for the emergence of the first cells on the
early Earth. In addition to sharing the results from these studies, I will also highlight the
significance that these prebiotic chemistry observations have for habitability related aspects
on Earth-like planets.
References: [1] Szostak J. W., Bartel D. P. and Luisi P.L. (2001) Nature, 409, 387–390.
[2] Damer B. and Deamer D. (2015) Life, 5, 872–887. [3] Joshi M. P., Samanta A., Tripathy
G. R. and Rajamani S. (2017) Life, 7, 1–14. [4] Dagar S., Sarkar S. S. and Rajamani S. (2020)
RNA (CSHPL), 26, 1–38. [5] Pandey S., Clarke J., Nema P., Bonaccorsi R., Som, S., Sharma,
M. Phadtiyal B, Rajamani S..... (2019). Intl. Journal of Astrobiology, 19:1,78–98 .
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Benzene (C6H6) ice has been observed in the Titan’s stratosphere [1], and benzonitrile
(C6H5CN) is a possible constituent in the benzene and nitrogen-rich environment of Titan’s
atmosphere [2]. The energetic processing of such aromatic molecules can synthesize large
and complex aromatic molecules such as the Polycyclic Aromatic Hydrocarbons (PAHs). Todate a number of laboratory experiments have reported the formation of complex organics
from the energetic processing of aromatic molecules [3- 6]. In particular, Scanning Electron
Microscopy (SEM) micrographs of the residues resulting from irradiated benzene ices are
found to contain geometrically shaped particles [6]. Therefore, by employing electron
microscopes, we can understand the physical nature of the dust leftover from the aromatic
molecule irradiation.
In the present investigation, we subjected benzonitrile ice made at 4 K to vacuum ultraviolet
(9 eV) radiation. After irradiation, the ice was warmed to room temperature, which left a
brownish residue on the Potassium Bromide (KBr) substrate. The VUV spectrum of the
residue is observed to have characteristic aromatic signature. The residue is then transferred
to a quantifoil grid for High-Resolution Transmission Electron Microscope (HR- TEM)
imaging. HR-TEM micrographs revealed the presence of graphene in the residue. This result
suggests that N-graphene could be present in benzene and nitrogen-rich icy clouds of Titan.
The high masses observed by the Cassini plasma spectrometer in Titan’s atmosphere could be
attributed to the presence of N-graphene along with tholins [7].
References
[1] Vinatier S. et al. (2018) Icarus, 310, 89. [2] Loison J. C. et al. (2019) Icarus 329, 55. [3]
Strazzulla G. et al. (1991) A&A, 241, 310. [4] Callahan M. P. et al. (2013) Icarus, 226, 1201.
[5] James R. et al. (2019) RSC Adv. 9 (10), 5453. [6] Rahul K. K. et al. (2020) Spectrochim.
Acta A, 231, 117797. [7] Rahul K. K. et al. (2020) arXiv:2008.10011.
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Dispatching astronautsvia distinct missions for exploring Mars is a colossal move
for attainment of a salient objective of astrobiology, especially the quest for
evidence of ancient microbial-life,bio-pigments,bio-signatures along with the
existence of bio-mineralization[1]. The instruments for analysis can be employed are
fluorescent map, WATSONinstrument, XRF and Raman Spectroscopy. In quest for
concrete evidence of existence of life along with habitable geologicalniches present in Mars in the distant future [2]. Violacein pigment is serving
as renowned target biomarkers and stepping stone for exploring Mars through
distinct exobiological space exploration.The ultimate objective of this analysis is to
assimilate constituents of Mars through distinct instrument predecessor, including
fluorescence and Raman Spectroscopy [3].
Keywords:
Violacein;Bio-signature;Bio-pigments;
Raman
Spectroscopy

Figure 1: Optimized Molecular Structure of Violacein
References
[1] Schwieterman and E.W. (2018) Astrobiology, 18(6), 663-708 [2] Szocik, K., Wójtowicz,
T.,
& Baran, L. (2017) Space Policy, 42, 31-36. [3]
Khan, A., Liebske, C., Rozel, A.,
Rivoldini,
A., Nimmo, F., Connolly, J. A. D., ... & Giardini, D. (2018) Journal of Geophysical Research:
Planets, 123(2), 575-611.
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Impacts are prevalent in the solar system and have played a profound role in the evolution of
the solar system bodies. The delivery of prebiotic compounds through impact events is one of
the crucial steps in developing habitable conditions on a planetary surface and is therefore
significant in our understanding of the origins of life on Earth or elsewhere. Previous studies
have reported the role of the impact process in the abiotic synthesis of building blocks of life
such as amino acids [1,2] and peptides [3,4]. Here, we present the synthesis of complex
structures in the ejecta of simulated impacts carried out in the laboratory on an icy mixture of
amino acids. Various batches of amino acid mixtures (glycine, glutamine, glycine &
glutamine) within water ice targets, mimicking the icy bodies (140 K), were prepared and
impacted over impact speed of approximately 5 km s-1 using the light gas gun facility at the
University of Kent. A pressure of 10’s of gigapascals is achieved with a very short time scale
as expected to be achieved in impact-induced shock conditions. After the impact, the ejected
material from the target was collected and analysed. When this ejecta was subjected to a
Scanning Electron Microscope (SEM), they revealed ordered structures with interesting
morphology consisting of dendritic patterns. Figure 1 shows SEM micrographs of the ejecta
from glutamine and water ice target.

Figure 1 SEM micrographs of ejecta after impact from glutamine-water ice target show (a)
dendritic pattern with several branching (b) high magnification image of branching pattern,
and (c) spherical assembly.
The tendency of amino acid towards the formation of complex macroscale structure provides
evidence for the evolution of the building blocks of life under impact-shock conditions.
Compositional analysis shows the presence of a long peptide chain in the ejecta. Further
experimental investigations are being carried out, which will provide significant elucidation
of our understanding of the role played by complex molecules and impact events in the
origins of life.
References
[1] Bar-Nun A., et al. (1970) Science, 168, 470. [2] Martins Z. et al. (2013) Nature
Geoscience, 6, 1045. [3] Sugahara H. and Mimura K. (2014) Geochemical Journal, 48(1), 51.
[4] Sugahara, H. and K. Mimura (2015) Icarus, 257, 103.
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Juventae Chasma is a depression northeast of the Valles Marineris trough system that hosts
four occurrences of light-toned, layered rock. It occurs in a complex geological setting and is
a product of a unique merger of a Martian chaotic terrain depression and an extensional
(tectonic) chasm. The chaotic terrain component resulted from the expulsion of liquid water
along pre-existing planes of weakness that resulted from a WNW-ENE compression that
dates back to the Early Hesperian. The chasm component is the result of a NE-SW extension
that occurred during the Middle to Late Amazonian.
Previous studies suggested that the light-toned, mound-forming materials, stratified at < 2 m
scale, are younger than the chasm. We present detailed observations that argue in favour of
an older age. These light-toned materials, interpreted as sedimentary rock, were possibly
deposited in craters or depressions that were filled, buried, lithified, and then exposed when
Juventae Chasma formed. A dark-toned material that was previously interpreted to be
interstratified with the light-toned layers is found to be a secondary accumulation deposited
after the light-toned rocks were lithified and exposed. Three of the four light-toned rock
occurrences preserve meter-scale cross bedding, interpreted as aeolian sandstone; the other
contains thin (sub-meter), nearly flat-lying strata interpreted as low-energy aeolian or
lacustrine. Early Hesperian compressional events are recorded in the light-toned rocks as
joints. Moreover, we also find bedding joints that formed in the light-toned rocks when they
were exhumed from the subsurface. As they appear to pre-date the opening of Juventae
Chasma, these sedimentary rocks are important records of the planet’s early (Noachian)
history.
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New insights into the glacial activity within Erebus Montes, Mars
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Lobate debris apron (LDA) and lineated valley fill (LVF) are the glacial landforms in the
Mars’ mid-latitudes substantiating extensive glaciation during the Late Amazonian [1].
Detailed investigation of these landforms distributed at different latitudes is imperative
because different areas have responded to climate change in different ways. In this study, we
examine the previously undocumented Erebus Montes region in the northern mid-latitudes to
infer new insights on the history of extensive glaciation. LDA/LVF landforms show convexup, steep terminus profiles consistent with typical down-gradient flow characteristics, and
integrated flow patterns akin to the glacial landforms reported along the dichotomy boundary.
Evidence for a broad piedmont-like lobe, down-gradient flow within a possible obliqueimpact crater, and infilled craters, suggest focused localized flow and glaciation. Lobate
flows emanating from small alcoves are not observed, which likely suggests that glaciation
was not facilitated by the alcove microclimatic conditions. Ridges, brain-terrain textures,
ring-mold craters and expanded craters collectively suggest degradation/modification of
LDA/LVF surfaces by loss of near subsurface ice. Radar observations do not provide
substantial evidence for the presence of extant water ice beneath LDA/LVF flow units. The
LDA/LVF landforms examined here are consistent with the cold-based glacial behavior morphological observations supports existence of the sublimation process in the region. A
best-fit age of 30 Ma is estimated for the LDA/LVF surfaces, although we suggest that a
broad age of ~10-100 Ma better represent the recent glacial periods in this region. Together,
our findings support the evidence for extensive debris-covered glacial landsystems in the
northern mid-latitudes.
References: [1] Sinha R. K. and Murty S. V. S. (2013) Planet. Space Sci., 86, 10-32.
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The preserved evidences of water on Mars will help to understand the past hydrological
history of the planet. These preserved evidences include: 1) fluvial deposits such as alluvial
fans/deltas 2) water associated minerals such as phyllosilicates, carbonates, etc. Alluvial fans
are discrete landforms created by accumulation of loose sediments transported by water [1].
Alluvial fans on Mars provide better and definite evidences for liquid water flowing on the
surface and also provides information about the hydrologic conditions at the time of their
formation. In addition, the hydrologic conditions can be addressed through preserved
mineralogy of the region.
In this work, we focused on impact craters located in the north-west of the Hellas basin in the
southern highlands of Mars. Two unnamed craters (UC1 located at 21.88˚S,36.91˚E and UC2
located at 22.57˚S,36.08˚E) of diameters ~85 km and ~40 km respectively are analysed in
detail. Both craters, UC1 and UC2 are superposed by another impact craters SUC1 (diameter
~30 km) and SUC2 (diameter ~25km) respectively. We used Mars Reconnaissance Orbiter
(MRO)-Context Camera (CTX) and High Resolution Imaging Science Experiment (HiRISE)
images for geomorphological mapping. MRO-Compact Reconnaissance Imaging
Spectrometer for Mars (CRISM) is used for mineralogical analysis and CTX – Digital
Elevation Model (DEM) and Mars Global Surveyor (MGS) - Mars Orbiter Laser Altimeter
(MOLA) are used for topographical analysis. We observed that the superposed crater (SUC1)
hosts ~9 alluvial fans and their associated channels are observed over the wall of SUC1. The
western rim of this superposed crater is breached and formed an alluvial fan A of area ~30
km2. Within this crater, some of the fans are eroded, while the others have preserved inverted
channels over them. For the chronological analysis, we counted the superposed craters over
the breached channel associated fan located in SUC1 and the Cumulative Size Frequency
Distribution (CSFD) plot of the fan suggests an age of 1.5 Ga. The estimated age suggests
that it was formed in the Amazonian period. Previous studies [2,3] suggest precipitation/snow
deposits during the Amazonian period could be the potential source for the water. We used
MRO-CRISM L and S band spectral datasets to analyse mineralogy over the alluvial fans,
SUC2 and the surrounding region. We observed spectral signatures over the wall of crater
UC1 and floor of crater SUC2 that show absorptions pertaining to hydrated minerals. Further
study is ongoing to decipher the nature of the mineral and the environmental conditions
which favored the mineral formation. Overall, this study identified evidences for water
involved activities through fluvial deposits and hydrated minerals in the northwest of Hellas
basin, which is having implication for understanding the hydrological and climatic history of
Mars.
References: [1] M. Moore and D. Howard(2005), AGU, 110, E4. [2] J.A. Grant and S.A.
Wilson (2011) 42nd LPSC, 2048. [3] Carr, M. H. (1996), Water on Mars, 229p. Oxford Univ.
Press, NY.
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In the present work, detailed study of the theatre-headed valleys in the Valles Marineris
region is carried out, and based on the observations, the formative mechanism of these
theater-headed valleys is proposed. Theater-headed valleys, which are common on Mars, are
considered to be formed by aqueous action—either from waterfall erosion including
megafloods [1, 2] or groundwater sapping [3, 4]. Theater-headed valleys in the Valles
Marineris region continued to form for a long period of time ranging from late-Hesperian to
early-Amazonian. Understanding the formation of these features would help to better
constrain the palaeoclimatic and hydrological conditions on early Mars when liquid water
was thermodynamically unstable on the surface.
The wall rocks of Valles Marineris comprises of a heterogeneous sequence of rocks that
display varying mechanical strengths and porosity [5, 6]. The mechanical stratification and
high porosity would facilitate the percolation of groundwater. Features such as rampart
craters and pit-crater chains are observed in the vicinity of the theater-headed valleys, which
indicate the presence of subsurface volatiles [7, 8, 9] that was prone to collapse in case of an
impact, marsquakes or magmatic intrusions. Relative estimation of the subsurface ice/volatile
content from interpolation of the ejecta mobility index suggests that there were a few major
pockets of subsurface volatiles, most of which were coincident with areas of dense theaterheaded valley development. These theater-headed valleys are also observed to follow the
existing zones of structural weaknesses. In Echus Chasma, Ius Chasma, and Ganges Chasma,
these valleys display correlation with the existing faults on the plateau region, while in
Juventae Chasma, these valleys follow the chasm forming faults [10]. Also, at certain
locations, the theater-headed valleys show mass-wasting features such as debris flow rock
glaciers, and rock avalanches at their mouth. These mass-wasting processes aid in widening
the theater-headed valleys. The accumulated debris at the mouth of these valleys could be
removed by various agents such as the seeped groundwater, snowmelt generated through the
snow deposited at valleys heads, or eolian action and mass wasting. Based on above
discussed inferences, a conceptual model for the formation of theater-headed valleys
particularly in the Valles Marineris region is proposed that suggest that structural control and
strong-over-weak topography were prime factors in carving these valleys, and the source of
water was likely groundwater along with snowmelt.
References: [1] Lamb, Michael P. et al. (2006). J. Geophys. Res. Planets 111.E7. [2]
Lamb, Michael P., et al. (2008). Science 320.5879: 1067-1070. [3] Dunne, T., (1980). Prog.
Phys. Geogr. 4, 211–239. [4] Laity, M. and Malin, M.C. (1985). Geol. Soc. Am. Bull. 96,
203–217. [5] Beyer, R.A. and McEwen, A.S. (2005). Icarus 179, 1–23. [6] Bandfield, J.L. et
al. (2013). Icarus 222, 188–199. [7] Barlow, N.G. (2004). GRL. 31.5. [8] Barlow, N.G.
(2005). Spec. Pap. Geol. Soc. Am. 384, 433–442. [9] Kirchoff, M.R. and Grimm, R.E. (2018).
J. Geophys. Res. Planets 123, 131–144. [10] Sarkar, R. et al. (2019). Icarus 333, 199–233.
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Studies of past depositional environments on Mars depict its history through volcanic and
sedimentary systems, especially related to the involvement of water. The Mangala Fossa
region is well known to have experienced multiple episodes of water in over-land flow, a
very compelling part of Mars’ early history. We use results from the active SHARAD
instrument on Mars Reconnaissance Orbiter to identify two regions, at Mangala Fossa Rim
and a nearby unnamed crater, that have experienced flooding that brought in sedimentary
materials. We use standard radar analysis techniques to determine that the material beneath
the surface is consistent with sedimentary deposits rather than the expected lava flows. These
results are significant because it adds another layer of complexity to the already complex,
highly studied region and provides compelling evidence that water moved large volumes of
sediment at the time of formation. Additionally, the unnamed crater is the first on the planet
to have a confirmed subsurface detection of lithic material by radar, and we identify two
subsurface reflections that provide details to determine one of the layers is sediment rather
than lava.
References:
[1] Campbell, B. A., and M. K. Shepard (2003), Coherent and incoherent components in near‐ nadir
radar scattering: Applications to radar sounding of Mars, J. Geophys. Res., 108(E12), 5132,
doi:10.1029/2003JE002164.
[2] Carter, L. M., Campbell, B. A., Holt, J. W., Phillips, R. J., Putzig, N. E., Mattei, S., Seu, R.,
Okubo, C. H., and Egan, A. F. (2009). Dielectric properties of lava flows west of Ascraeus Mons,
Mars. Geophys. Res. Lett., 36, L23204. doi:10.1029/2009GL041234.
[3] Head, J. W., Marchant, D. R., and Ghatan, G. J. (2004). Glacial deposits on the rim of a
Hesperian-Amazonian outflow channel source trough: Mangala Valles, Mars. Geophys. Res.
Lett.,31,L10701, doi:10.1029/2004GL020294
[4] Lalich, D.E., Holt, J.W., Smith, I.B., (2019), Radar Reflectivity as a Proxy for the Dust Content of
Individual Layers in the Martian North Polar Layered Deposits. Journal of Geophysical Research:
Planets 124, 1690–1703. https://doi.org/10.1029/2018JE005787
[5] Leask, H. J., Wilson, L., and Mitchell K. L. (2007). Formation of Mangala Fossa, the source of the
Mangala Valles, Mars: Morphological development as a result of volcano-cryosphere interactions.
J. Geophys. Res., 112, E02011, doi:10.1029/2005JE002644.
[6] Lalich, D.E., Holt, J.W., Smith, I.B., (2019), Radar Reflectivity as a Proxy for the Dust Content of
Individual Layers in the Martian North Polar Layered Deposits. Journal of Geophysical Research:
Planets 124, 1690–1703. https://doi.org/10.1029/2018JE005787
[7] Morgan, G.A., Campbell, B.A., Carter, L. M., Plaut, J. J. 2015. Evidence for the episodic erosion
of the Medusae Fossae Formation preserved within the youngest volcanic province on Mars.
Geophys. Res. Lett. 42, 7336-7342, https:// doi.org/10.1002/2015GL065017
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The spatial distribution of hydrated minerals, particularly phyllosilicates, can provide
insight into the geologic processes, particularly in the Noachian period, on Mars as well as
the paleoclimatic conditions and the Eh-Ph conditions[1]. Previous studies involving martian
phyllosilicates have been localised. The lack of a comprehensive global study raises a
question about the spatial and temporal relationship between these deposits and the processes
responsible for their formation. The established spectral parameters for mapping the metalOH (e.g. Mg-OH, Al-OH) vibrational features of phyllosilicates from orbital hyperspectral
images are based on band depths, band centres and band ratios in the 2.0-3.0μm range[2-7].
These parameters have two major limitations: (1) they do not account for the shifts in the
band centres because of replacements of the metal ions by the other ions of similar ionic radii
and charges, which would lead to subtle changes in the metal-OH bond lengths and
vibrational frequencies; and (2) they do not take into account the presence of spectral noise in
the SWIR bands of orbital hyperspectral data (e.g., CRISM’s SNR is four times lower for
wavelengths >2.7μm) [8-10]. In the paper, we present our progress in understanding the
geochemical and environmental conditions that led to the formation of phyllosilicates across
equatorial Mars. A fuzzy-inference-system based algorithm is developed and used for
accounting for spectral shifts in the band centres of metal-OH features, and we propose new
spectral parameters based on VNIR bands, which typically have higher SNR.
References: [1] Craddock, R. A. et. al (2002) JGR 107( E11), 5111 [2] Carter, J et. al.
(2013), JGR Planets, 118, 831-858 [3] Poulet, F. et. al. (2005) Nature 438, 623–627 [4]
Bishop, J. L. et. al. (2008) Science 08: 830-833 [5] McKeown, N. K. et. al. (2009) JGR 114,
E00D10 [6] Mustard, J. et. al. (2008) Nature 454, 305–309 [7] Ehlmann, B. L., et al. (2009)
JGR, 114, E00D08 [8] Viviano-Beck, C. E., et al. (2014) JGR Planets, 119, 1403–1431 [9]
Pelkey, S. M., et al. (2007) JGR, 112, E08S14 [10] Murchie, S., et al. (2007) JGR, 112,
E05S03
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Martian chemical provinces were derived using Mars Odyssey Gamma and neutron
spectroscopy (GRS) with different techniques, to decode the aqueous alteration, the evolution
of volcanic provinces like Elysium, the provenance of sedimentary units like the Medusae
Fossae formation, and even the possibility of super-eruptions on Mars [1-3]. However, the
sensitivity of those chemical provinces to new maps with more data remains unknown.
Furthermore, some elements, such as the map of Sulfur, were unavailable when the original
chemical provinces were derived. Accordingly, we consolidate the three semi-independent
GIS-based chemical province delineating methods using the latest geochemical maps to
update the decade-old chemical provinces and interpret new provinces that are revealed.
These chemically distinct provinces shed light on the major geological processes responsible
for their formation, and the processes that influence the Martian surface. Three provinces are
explored in detail: Lunae Planum (depleted in K, Th and H2O), Medusae Fossae (volatiles
enriched: Cl, S, H2O with Fe) and Acidalia Planitia (enriched in K, Th with Al depletion),
implying possible flood basalt events that straddle the deepest strata of Mariner Valley, to
determine the source of possible global ashfall units, and to consider the relative roles of
igneous versus aqueous environments in a major transition zone, i.e., the topographic
dichotomy boundary, from highlands to lowlands of Mars. Initial results indicate that
depletion of K and Th in Lunae Planum is substantially aligned with other Hesperian aged
volcanic regions, mainly the nearby Thaumasia Planum volcanic province. The enriched
volatiles in the Medusae Fossae region indicates volcanic emissions as large pyroclastic
deposits. Whereas, the enrichment of absolute abundances of K and Th with Al depletion in
Acidalia Planitia region is more representative of variations in melt generation with a low
degree of partial melt.

References:
[1] Karunatillake et al., (2009), JGR, 114. [2] Taylor et al., (2010), Geology, 38, 183-186. [3]
Gasnault et al., (2010), Icarus, 226-247.
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Planetary exploration has geared up since past few decades in order to search for past/present life outside our
world and to meet requirement of the dwindling resources on Earth itself. Seeing Mars as one of the prior
candidates for the space activities, makes it utmost necessary to acquire knowledge about the water situation on
the red planet. In this study, we try to quantify the presence and temporal variation of dry ice and water ice
mounds in Korolev and Louth Crater for different Martian seasons using Compact Reconnaissance Imaging
Spectrometer (CRISM) onboard NASA’s Mars Reconnaissance Orbiter (MRO) which is orbiting Earth’s nearest
sibling since March 10, 2006. Louth crater, having a diameter of 36 km is located at 70.2°N, 103.2°E, which
hosts an ice mound of ~10km diameter and up to ~250 m thick. Being the most equatorward, it is the warmest
perennial surface ice on the planet. Thus, its position makes it potentially sensitive to ongoing climate change.
On the other hand, Korolev is 2.6° poleward of Louth, we expect less ablation/greater accumulation compared
to Louth. Additionally, Korolev (72.8°N, 164.5°E) having a diameter of 83 km, holds the largest ice mound of
60 km in diameter and up to ~ 2 km thick. We processed the CRISM data for the mentioned study regions using
CRISM Analysis toolkit for different Martian seasons. We found some interesting behavior of the H 2O index.
We believe that these changes might be due to effects of atmospheric phenomena, for instance, during the spring
and summer in the North, there is quite a bit of dust as CO 2 ice disappears and at other times cloud may interfere
the observations. Comparative higher values of H2O index signifies larger ice grain size over different seasons.
In addition to this, we try to generate ICE browse products to differentiate H 2O ice from CO2 ice. More
repetitive and very high resolution from High Resolution Imaging Spectrometer Experiment (HiRISE) and
Context Camera (CTX) images can cover a greater detail of the geomorphological features over these regions.
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The Chalk Hills of Salem in southern India is famous for the occurrence of magnesite in
association with serpentinized ultramafic rocks [1]. The ultramafic rocks comprise dunite,
wehrlite, and olivine clinopyroxenite in association with alkaline rocks. We characterize the
olivine, serpentine, and magnesite minerals from this complex using hyperspectral, Laser
Raman, and FTIR techniques. Serpentine polymorphs are distinguished using Raman
spectroscopy. Samples with intense Raman peaks at 682 cm-1, 371 cm-1, 228 cm-1 and weak
peaks at 635 cm-1 and 1040 cm-1 are identified as antigorite. A few samples are identified as
lizardite and chrysotile based on the Raman shift at 230 cm-1, 390 cm-1, 620 cm-1, and 690
cm-1. The peaks near 230 cm-1, 380 cm-1, 680 cm-1, and 1080 cm-1are formed because of O-HO vibration, symmetric stretching of SiO4, Si-O-Si symmetric vibration, and asymmetrical
stretching of Si-O, respectively. Magnesite samples are characterized by the most prominent
peak at 1096 cm-1 and another peak at 326 cm-1. FTIR spectra from the serpentine samples
are characterized by the absorption feature at 3680 cm-1 indicative of antigorite, formed due
to hydroxyl stretching. Diagnostic absorption features of magnesite are observed at 748 cm-1,
877 cm-1, 1427 cm-1, 1826 cm-1, and 2358 cm-1. VNIR spectra got from all the serpentine
samples have a narrow and strong absorption feature at 1.4 μm and a deep feature at 2.35 μm.
Broad and strong features at 1.4 μm, 2.3 μm, and 2.5 μm are seen in magnesite samples. A
similar mineral association has been identified from the Noachian crust of the Nili Fossae
region and the Claritas region on Mars [2], [3]. The olivine and serpentine association in Lost
City hydrothermal field, Mid Atlantic ridge; Rikhabhdev lineament, Rajasthan, India; Gros
Morne National Park, Pilbara, Australia, etc. were already identified as terrestrial analogue
locations for Nili Fossae region on Mars [4], [5], [6]. We consider the olivine-serpentinemagnesite association of Salem Ultramafic complex in southern India as a terrestrial analogue
site for the similar mineral association on Mars. The magnesite occurrence in association with
serpentinized ultramafic rocks could serve as potential terrestrial analogue sites to understand
the geological process that might have operated on Mars during its past and calibration of
instruments to be placed in future missions to Mars.
References: [1]Jayabal et al. (2011) JISRS 39(4) [1] Ehlmann et al. (2010) GRL, 37(6)
[2] Viviano-Beck et al. (2017) Icarus, 284, 43-58 [3] Amadore et al. (2017) Astrobiology, 17,
1138-1160 [4] Jain et al. (2012) 43rd LPSC, 1474 [5] Brown et al., (2010) EPSL 297(1-2),
174-182
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On Mars comprehensive evidence is present for the water related activities like hydrated
minerals, fans/deltas and channels. Such fluvial related features are also present on the Earth.
This common feature brings the need for the analog study, which is indeed required to
understand the past environmental conditions on Mars. Though Mars hosts strong evidence
for fluvial activities on the surface and has high CO2 in the atmosphere, there are very few
regions where carbonates are reported like Nili Fosaae [1]. This lack of carbonates is
puzzling and still remains as an open question. But, on Earth, carbonates are deposited as
marine/lacustrine precipitates and evaporites, whereas different clays are formed due to
different environmental conditions. These types of carbonate deposits have high
morphologic, organic, and isotopic biosignature preservation potential [2]. The impact craters
on Mars exposed the buried such mineralogical assemblage and the detection of layered
minerals like clays and carbonates are typical examples for the environmental changes.
In southern India, there are few regions which are already proposed as potential mars
analogue sites [3]. Identification of new sites, indeed helps to understand the environmental
condition and the same condition might have prevailed on Mars. One such analogue site is
the Kunnam region, located within Cauvery basin, Tiruchirapalli, Tamilnadu. This region
hosts diverse fluvial activities, presence of clay-carbonates mineralogical assemblage and
diverse fossils. In this meeting we will discuss the Kunnam formation as a potential Martian
analogue site for future explorations.
Reference:
[1] Brown et al. (2010), Earth and Planetary Science Letters, 297, 174-182, [2] Cady et al.
(2003) Astrobiology, 3(2), 351-68. [3] Singh et al. (2017), Geological journal, 53(5), 16851697.
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Abstract: Venus is the most Earth-like planet in our solar system, however the surface and
subsurface processes and the geologic evolution are poorly constrained because of complexities
and technical challenges in accessing the surface through the thick Venusian atmosphere.
Despite limited data and information available from ground-based and space-based telescopes
and few spacecraft missions, the surface and subsurface geology are widely studied in order to
understand its thermal emissivity, their composition and associated minerals that are key to
understanding the ongoing debate of active geologic processes on Venus. Therefore, we plan to
study the surface brightness/reflectivity and emissivity variation in order to understand the
composition and their processes using ground-based telescopic data and available inflight data.
The radiometric brightness measurements have shown a reduced emission at decimeter
wavelengths (beyond ~6 cm) [1]. Further, radiative transfer based simulations predict the
presence of a two-layer regolith medium, i.e., an upper layer of basalt with dielectric constant 4.5
+ j0.1 and a bottom layer having dielectric constant with an imaginary component of the order of
two. This has led to the speculation of the presence of a subsurface layer composed of
semiconducting minerals. Evidence to this is seen through the presence of high radar reflective
(or low emissive) highland regions. The semiconductor model and the ferroelectric model are
two of the widely accepted models [2] trying to explain the high reflectivity. However, the
mineralogical aspect of the region is still debated and unknown. The Magellan SAR-based
observations have mapped almost the entire surface of the planet in 12.6 cm wavelength but the
radar is hardly sensitive to the mineral composition. In-situ measurements by landers like the
Soviet Venera and the NASA Vega landers were limited to certain localized regions. In this
regard, spectral imaging and the discovery of the atmospheric spectral window near 1 μm have
opened up a vista of opportunities to study the surface composition ([3] and references within).
Multispectral data from VIRTIS instrument onboard Venus Express operating in the wavelength
range ~0.25-5.0 µm was found incredibly suitable to study the surface composition and the
emissivity particularly using the atmospheric windows at 1.02, 1.10, and 1.18 µm [4]. The
knowledge about these minerals is essential to understand the crustal formation and history of
the Venusian surface. Two of the highland regions on the Venusian crust are the Ovda Regio and
the Maxwell Montes. While Ovda is consistent with the ferroelectric model with a likely
presence of ferroelectric minerals, Maxwell Montes is more consistent with semiconductor
model. Ovda regio is particularly interesting because it is the largest crustal plateau on Venus
and therefore we selected it as a case study.VIRTIS data (near 1 μm) from Venus Express and
the Magellan topography data (at 12.6 cm) are used to map the emissivity variation. The 1-μm
window is best suited because of the tentative presence of FeO and the associated mafic minerals
[3]. Detailed results about its composition, morphology and the geologic processes are planned
to present in detail.
References:
[1] Mohan, N. et al.. Monthly Notices of the Royal Astronomical Society 487. 4(2019): 48194826. [2] Treiman, A. et al. Icarus 280. (2016): 172 - 182. [3] Helbert, J.. et. al. (2021). Science
Advances, 7(3). [4] Kappel, D. et al. Icarus 265. (2016): 42 - 62.
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Aditya Solar Wind Particle Experiment (ASPEX) encompasses a suite of instruments for the
measurement of particle flux from different directions with energy range spanning from
100eV to 5MeV/n. To cover the entire energy range, ASPEX is configured as two separate
subsystems, Solar Wind Ion Spectrometer (SWIS) which measures ion flux from 100eV 20keV and Supra-thermal & Energetic Particle Spectrometer (STEPS) for energy beyond
5keV/n up to 5 MeV/n.
Apart from carrying out systematic and continuous in-situ measurement of particle fluxes at
low and intermediate energies, SWIS aims to study the anisotropy in the solar wind by having
differential measurements in angle and energy. These measurements will be important in the
investigation of the solar wind and interplanetary processes that, in turn, are necessary to
evaluate their impact on the Earth. Mass resolved measurements of proton and alpha particles
enables to estimate the variations in the alpha-to-proton ratio over a wide energy range and
directions. This will be useful not only in understanding the variations in He abundance in
solar wind in greater detail but also in evaluating the efficacy of this compositional flag at
different energies.
SWIS comprises of two top-hat analysers (THAs) having FOVs aligned to the ecliptic plane
and perpendicular to it. The geometry of the THAs allows a full 360 x 3 degree FOV in each
plane which is essential to meet the scientific requirement mentioned earlier. A complete
instrument simulation to optimize various design parameters and to estimate the final ion
beam geometry was performed in COMSOL software. The results from these simulations
along with some experimental results from engineering model will be presented to
demonstrate the capability of the SWIS instrument. Both the THAs use micro-channel plate
detectors for particle detection. Mass and directional information of the incoming particles
are inferred from their position on the resistive anode used after detector. The resistive anode
for both the THAs are developed in-house and the front-end-electronics has now been tuned
to obtain the desired performance in terms of mass separation and flux measurements. To
provide bias to various electrodes and the detectors used in SWIS, a separate package for HV
power supply has been developed and successfully tested. The results from end-to-end testing
of all the modules for the engineering model of SWIS instrument will be presented.
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Abstract: The Solar corona is a complex region where high temperatures, plasma and
magnetic fluxes are intimately linked. Solar wind which influences the space-weather events
near earth also originates in this region. However, given the harsh conditions at corona in-situ
measurements are challenging. The next most reliable tool for study of coronal dynamics and
properties of solar wind is through remote sensing of radio signals transmitted by spacecrafts
during their solar occultation trajectory.
In the present work we analyze the residual Doppler frequency and signal-power data
recorded using the radio occultation experiment conducted onboard Indian MOM spacecraft
during May-June 2015. MOM S-band downlink radio signals were recorded at Indian IDSN
Bangalore. The Doppler frequency residual fluctuations were analyzed to study the effect of
plasma turbulence in solar corona medium and its implication on solar wind velocities. The
data sets belong to period during Solar cycle #24 maxima, applicable to lower-middle
heliographic latitudes and heliocentric distances ranging between 4-20 Rʘ i.e. corresponding
to the coronal region where primarily slow solar winds originate and get accelerated. Our
preliminary analysis of turbulence power spectrum at lower heliocentric distance (<10 R ʘ),
revealed the flattening at lower frequency regions, with spectral index: α ~ 0.3-0.5, which
corresponds to solar wind acceleration region. For farther heliocentric distances, the curve
steepens with spectral index α ~ 0.7-0.8, which lies closer to value 2/3 indicative of
developed Kolmogorov-type turbulence spectrum. Another interesting observation was that
higher-heliolatitude spectra were flatter (lower α) compared to lower-heliolatitude spectra.
The findings are consistent with earlier results reported by other spacecrafts [1] [2]. This is
the first study that utilizes the radio-sounding data provided by Indian MOM spacecraft, to
substantiate our understanding of Solar Coronal dynamics and turbulence of solar wind,
which has immense relevance in predicting and monitoring space weather events.
[1] Efimov A.I. et al. (2005) Advances in Space Research, 36. 1448-1453.
[2] Paetzold, M., Karl, J., & Bird, M. K. (1996), Astronomy and Astrophysics, v.316,
p.449-456
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Many aspects of the origin, acceleration and anisotropy of supra-thermal and energetic
particles in the interplanetary medium are poorly understood till date. These particles (energy
ranging from a few tens of keVs to a few tens of MeVs) are originated during solar flares,
during the passage of interplanetary coronal mass ejections (ICME) or corotation interaction
regions (CIR), through the heliosphere and also produced by the terrestrial bow shock. Since
the properties of ICME, CIR etc. can change with heliocentric distances because of possible
interplanetary modulations, the properties and spatio-temporal distributions of supra-thermal
and energetic particles can vary. Therefore, it is important to have measurements of energetic
particles from a number of vantage points. In view of this, observations from the first
Lagrangian point (L1) of the Sun-Earth system and from the Martian orbit are important.
These measurements can provide critical insights on the space weather processes closer to the
Earth and the Mars.
Keeping these aspects in mind, Aditya Solar wind & Particle EXperiment (ASPEX)
experiment and Energetic Ion Spectrometer (EIS) have been selected to fly onboard AdityaL1 mission and Future Indian Mars Mission respectively. Aditya-L1 mission is the first
Indian mission for the study of the Sun from the Sun-Earth L1 point where ASPEX will make
the in-situ, multidirectional measurements of the slow & fast solar wind, supra-thermal
particles and solar energetic particles in the energy range of 100 eV to 5 MeV/n using its two
sub-systems: Solar Wind & Ion Spectrometer (SWIS) and the Supra Thermal & Energetic
Particle Spectrometer (STEPS). The STEPS subsystem uses customized Si-PIN detector and
plastic scintillator in the E-E configuration mode for energy measurement and identification
of the species (H+ and He++) from six directions. EIS is targeted to measure the high energy
particles from the Martian orbit and measurements during cruise phase from Earth to Mars
are also planned to quantify these particles in the interplanetary medium. EIS is the improved
version of the STEPS-ASPEX payload. In this talk, overall configuration of the STEPS &
EIS instruments will be presented. Payload configuration, status and laboratory results will
also be discussed.
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Probing the magnetic field of coronal loops using microwave and hard X-ray emissions
during flare observed by SOXS mission
Sneha Chaudhari1, Rajmal Jain2, Arun K. Awasthi3, Tusharkumar Bhatt1 and Dipali Burud1
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Abstract
We present study of 10 M-class solar flares observed by the Solar X-ray
Spectrometer (SOXS) mission during 2004-2008. SOXS mission was flown
onboard GSAT-2 Indian spacecraft in May 2003 and worked satisfactorily until
April 2011([1],[2],[3]). SOXS was equipped with two solid-state semiconductor
detectors namely Si and CZT. The dynamic energy range of CZT was 4-56 keV
which enabled covering soft and hard X-rays from solar flares. We analyzed the
temporal and spectral mode observations, recorded by SOXS along with low
and high frequency radio emission ranging between 100 MHz and 80 GHz. Our
results unambiguously show that microwave ( 1GHz) and hard X-ray emission
( 20 keV) was originated from non-thermal electrons while the soft X-ray
counterpart and low -frequency radio emission ( 1GHz) was of thermal origin
([4],[5]). The overlay of intensity contour of the X-ray emitting coronal loops
on the magnetic field topology reveal the source region of microwave emission
to be cospatial to strong magnetic field site. We estimate the coronal magnetic
field strength from microwave observations and present their time variation.
[1] Jain R. et al., (2005), Sol. Phys., 227, 89
[2] Jain, R. et al., (2006), Journal of Astrophysics and Astronomy, 27, 175
[3] Jain, R., Aggarwal, M., & Sharma, R. (2008), Journal of Astrophysics and
Astronomy, 29, 125
[4] Jain, R. (1993), Bulletin of the Astronomical Society of India, 21, 103
[5] Awasthi, A. K., Jain, R., Gadhiya, P. D., et al. (2014), MNRAS, 437, 2249
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Modelling the Impact of Magnetic Storms on Planetary Environments
Souvik Roy1*, Dibyendu Nandy1,2
1
Center of Excellence in Space Sciences India (CESSI), Indian Institute of Science Education
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2
Department of Physical Sciences, Indian Institute of Science Education and Research
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*E-mail: sr18rs037@iiserkol.ac.in

Abstract: Coronal mass ejections (CMEs), large scale transient eruptions observed in the
Sun, are thought to also be spawned by other magnetically active stars. The magnetic flux
ropes intrinsic to these storms, and associated high speed plasma ejecta perturb planetary
environments creating hazardous conditions. To understand the physics of CME impact and
consequent perturbations in planetary environments, we use 3D compressible
magnetohydrodynamic simulation of a star-planet module (CESSI-SPIM) developed at
CESSI, IISER Kolkata based on the PLUTO code architecture.
We explore
magnetohydrodynamic processes such as the formation of a bow-shock, magnetopause,
magnetotail, planet-bound current sheets and atmospheric mass loss as a consequence of
magnetic-storm-planetary interactions. Specifically, we utilize a realistic, twisted flux rope
model for our CME, which leads to interesting dynamics related to helicity injection into the
magnetosphere. Such studies will help us understand how energetic magnetic storms from
host stars impact magnetospheres and atmospheres with implications for planetary and
exoplanetary habitability.

IPSC-2021

Page 30

Study of Phase Relationship of Sunspot Numbers with F 10.7 cm
Solar Radio-Fluxand Coronal Index using Wavelet-Transform
Technique
1
1
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2
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Abstract
In this work advanced wavelet based techniques such as Continuous Wavelet transform
(CWT), Cross Wavelet Transform (XWT) and Cross-Recurrence Plot’s (CRP) are used to
study the phase relationship between Sunspot numbers, solar radio flux at 10.7cm Coronal
index. All the parameters were analyzed for complete solar cycle 23 and ascending phase of
solar cycle 24 (i.e. time span 1 January 1996-31 December 2013) on the basis of daily and
monthly count. We have identified the essential characteristic of solar cycle maxima and
found the asynchronous behaviors between the parameter analyzed. Our results are in
agreement with the previous findings and suggested that the solar activity maxima occur at
least twice during a cycle: first, near the end of the increasing activity phase and then in the
early beginning years of the declining phase. It was also found that odd and even numbered
Solar Cycles(i.e. solar cycle 23 and 24) are essentially not in phase and have a phase
difference of two months. The sunspot number shows significant phase relation of 27 days
with solar radio-flux and coronal index (CI) corresponding to one solar rotation, during the
maximum phase of the cycles. It suggests that the magnetic field system originated in the
photosphere in form of active regions and their evaluations are inadequately coupled in the
entire solar cycle.
Keywords: Sunspot number,F10.7 cm Solar Radio-Flux, Coronal Index, Cross-recurrence
plots and wavelet transform technique.
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Polarimetric Analysis of South polar crater of the Lunar Surface using L-band SAR
data of Chandrayaan-2
Shashi Kumar1*, Shashwati Singh2, Shefali Agarwal1, Prakash Chauhan1
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Abstract: The present study explores the potential of fully polarimetric L-band quad-pol
SAR data of Chandrayaan-2 mission for the polarimetry-based characterization of the lunar
south polar crater. The strip of the L-band data is acquired for a location near the Cabeus
crater. The Sinclair decomposition-based scattering for the data (Fig. 1a) shows the
dominance of volume scattering from the lunar regolith (circled in green color), which is
coming due to the multiple scattering of L-band from the subsurface elements. The craters
encircled in yellow indicate dominance of double-bounce scattering and the craters encircled
in red show the dominance of volumetric scattering. An opposite scattering mechanism is
visible for the craters of different locations within the same image. Previous studies showed
that model-based decomposition shows a variation in scattering elements according to the
selection of modeling approach [1]. So, in this work, the roll invariant polarimetric
parameters of eigenvector-eigenvalue based decomposition were selected for the
interpretation of the crater near the South Pole (circled in red color). It could be observed
from Fig. 1 (b) &(c) that for most of the locations, a higher range (near to 0.8) of entropy is
obtained and the alpha angle is showing a range of 20 ° to 60°. Further analysis of
polarimetric parameters with a modeling approach is required to understand the nature of
scattering from the surface and subsurface of lunar regolith.

(b) Entropy(H)

(c) Alpha (α)

(a) Coverage of L-band SAR on Google Moon. Sinclair
decomposition-based color composite image of the L-band SAR
data in which surface scattering in blue color, volume scattering
is represented in the green color, and double-bounce scattering in
red color

Fig.1. Polarimetric decomposition of L-band PolSAR data

References:
[1] M. E. Bhanu Prakash and S. Kumar, “PolInSAR decorrelation-based decomposition modelling
of spaceborne multifrequency SAR data,” Int. J. Remote Sens., vol. 42, no. 4, pp. 1398–1419, 2021.
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Mare Tranquillitatis region observed by CLASS on board Chandrayaan-2
Netra S Pillai1*, S. Narendranath1,, K. Vadodariya1, Radhakrishna V.1
1
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Mare Tranquillitatis is a pre-Nectarian basin of basaltic mineralogy. Multiple
emplacement events during its long evolutionary history have led to compositional
variabilities within the basin. Studying these variations will help in piecing together the
chronology of these volcanic events and help in understanding the evolution of the
underlying magma plume.
Chandrayaan-2 Large Area Soft X-ray Spectrometer (CLASS), currently in a 100 km
polar circular orbit around the Moon measures the flourescent X-rays excited from the
regolith during solar flares. Increased solar activity in November 2020 led to CLASS
measuring characteristic X-rays of major rock forming elements like Oxygen, Magnesium,
Aluminium, Silicon, Calcium, Titanium and Iron at best spatial resolution of 12.5 km x 12.5
km. We will present the compositional diversity of the region at the highest spatial scales
from X-ray fluorescence spectroscopy.
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Estimation of Lunar Dielectric Constant from Chandrayaan-1 and Chandrayaan-2
Hybrid-pol Datasets
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Estimation of dielectric constant is vital for understanding contributions from the material distribution over the lunar surface.
The dielectric constant of the lunar surface has been determined using both bistatic and monostatic radar measurements in
the past. Bistatic radar measurements rely on the Brewster's angle for oblique incidence for inferring the real part of the
dielectric constant. On the other hand, mathematical models can be used to determine the dielectric constant for a monostatic
configuration. One such model is the Campbell's model, widely used for determining surface dielectric constant for the
moon. Although introduced for full-polarimetric datasets, the model has been applied to hybrid-polarimetric datasets too,
using an approximation.
With the recent release of high resolution Chandrayaan-2 data, it is possible to obtain more accurate results for the electric
properties of the moon's surface. Chandrayaan-2 mission provides synthetic aperture radar data in both the full-pol and
hybrid-pol modes for both L and S-band. With this view, a comparison between the surface dielectric constants obtained by
using Chandrayaan-1 and Chandrayaan-2 data using the Campbell's model has been performed.

References:
[1] G. R. Olheoft, D. W Strangway (1975) EPSL,24 394-404.
[2] G. L. Tyler, (1968), JGR (1896-1977), 73 (24), 7609-7620.
[3] B. A. Campbell, J. A. Grant, T. Maxwell (2002), LPSC XXXIII 1616.
[4] Fa W., Wieczorek M. A. (2012), Icarus, 2018(2), 771-787.
[5] O. P. N. Calla, Shubhra Mathur, Monika Jangid, (2013) LMIPE V, 3007.
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Hematite detection in the high latitudes of the Moon using Chandrayaan-1 HySI data
Neha Panwar, Tanu Singh, Neeraj Srivastava*, Megha Bhatt, Anil Bhardwaj
Physical Research Laboratory, Ahmedabad
sneerajprl@gmail.com

Hematite (Fe2O3) is a common alteration product of iron-bearing minerals that form as a
result of oxidation. Hematite shows three diagnostic absorptions centered at ~0.53μm,
~0.66μm, and ~0.85μm. The discovery of hematite at the high latitudes of the Moon (>60°)
was made using data of the Moon Mineralogical Mapper (M3) [1] onboard Chandrayaan-1
[2]. The hematite rich regions were mainly identified from the characteristic 0.85μm band
and were mapped using the Integrated Band Depth (IBD) approach. The M3 spectra from
these regions show clear absorptions near ~0.85μm and a possible absorption near ~ 0.66μm,
indicating the presence of hematite. The uncertainty in the calibration of M3 data at shorter
wavelengths [3] made the verification of the presence of absorption at lower wavelengths
difficult. The Hyper Spectral Imager (HySI) from Chandrayaan-1 mapped the lunar surface in
the spectral range of 421–964 nm in 64 contiguous bands with a spectral bandwidth better
than 20 nm [2]. The HySI data is used in this study for the first time to confirm the presence
of hematite at the lunar high latitudes by observing all the three diagnostic absorption features
of hematite.
References:
[1] Li S. et al. (2020) Science, 6(36). eaba1940 [2] Kumar A. S. K. (2009) Current Science,
96(4), 496–499. [3] Green R. (2011) JGR, 116. E00G19
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Compositional Variability Mapping of Transition zone between Serenitatis and Tranquillitatis
Basin using Moon Minerology Mapper (M3) of Chandrayaan-1 & Clementine UVVIS Data
Abinandhan S [1], Kumaresan P R [2], Saravanavel J [3]
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Abstract
Moon Minerology Mapper (M3) onboard Chandrayaan- 1, provide Hyperspectral data having
high spatial resolution of 140 m and 85 continuous spectral bands of Electromagnetic Spectrum from
430nm to 3000nm. The study is aimed to understand the Mineralogical and Compositional diversity
of the selected regions in Mare Serenitatis and Tranquillitatis basins. The Integrated Band Depth
(IBD) parameter is defined for characterizing the band depths for 1 & 2 μm absorption feature in
order to capture the spectral variations related to mafic minerals, soil maturity and space weathering.
Optical Maturity (OMAT) estimation are very much helpful in identifying the compositional variation
present in the selected Mare basins (Nettles et al. 2011). Reflectance Spectra of Fresh Craters from the
basins are analyzed to study the nature and location of the spectral absorption features. This spectrum
of fresh crater is useful in identification of mineral units such as olivine, pyroxene, basalt etc.
Clementine UVVIS multispectral data, acquires image of lunar surface using Ultra Violet,
Visible (UVVIS) and Near Infrared (NIR) spectral region with a spatial resolution of 100-200m and
have 5 spectral bands each at specific wavelength. The color composite image generated using band
ratio technique as 750/415 nm bands for red channel, 415/750 nm bands for blue channel and
750/1000 nm bands for green channel. The concentration maps of Iron (Fe) and Titanium (Ti)
abundance prepared based on the algorithm (Lucey et al. 2000). Ti Concentration map revealed that
systematically low to medium Ti abundance in Mare Serenitatis and particularly high Ti in Mare
Tranquillitatis. Iron abundance map, revealed that high content of Fe in Mare Serenitatis and
Tranquillitatis and low Fe content in the western part of Tranquillitatis basin. Such maps will be of
great utility in a variety of lunar studies.
(a)

(b)

Fig: (a) Optical Maturity Map represents the sampled area to
obtain reflectance spectra. (b) Continuum removed reflectance
spectra, clearly revealed that the most immature craters
(denoted in white color spectra) have strong absorption feature
near 1 m, whereas the matured craters have week absorption
feature. Also, the spectral profile discriminates the minerology
of the study area

References
[1] Lucey, P.G., Blewett, D.T., Jolliff, B.L., (2000). Lunar
Iron and Titanium Abundance Algorithm based on final
processing of Clementine Ultraviolet-Visible Images.
Journal of Geophysical Research: Planets, 105(E8), 20297-20305.
[2] Nettles, J.W., Staid, M., Besse, S., Boardman, J., Clark, R.N., et al., (2011). Optical Maturity
variation in Lunar Spectra as measured by Moon Minerology Mapper data. Journal of Geophysical
Research, Vol. 116, E00G17.
[3] Tompkins, S., Pieters. C.M., (1999). Minerology of the lunar crust: Result from Clementine.
Meteoritics& Planetary Science, 34(1), 25-41.
[4] Cheek, L.C., Pieters, C.M., Boardman, J.W., Clark, R.N., Head, J.W Isaacson, P.J., (2011).
Goldschmidt crater and the moon’s north polar region: Results from Moon Minerology Mapper (M3).
Journal of Geophysical Research: Planets, 116(E6).
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Lunar Surface Thermophysical Behaviour – Present Understanding and Future
Implications
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Knowledge of lunar heat flow provides us an insight into its geophysical characterization and
thermal evolution. Recent observations from missions such as Chandrayaan-1, Lunar
reconnaissance orbiter (LRO) and GRAIL have completely changed the current perception
about the lunar heat flow and thermophysical behavior. Reports of deep moon quakes (>500
km), observations of surface shrinkage (Graben), reports about young volcanism dry granular
flows, and mass movements point towards the possible existence of accumulated internal
heat, may at finite subsurface pockets of the Moon. Also, significant to mention at this point
are the recent observations of distinct thermophysical behavior of morphologically distinct
lunar terranes with significant variations in lunar day-night temperatures. If the global heat
flow of the Moon is planned to be estimated in future either by in situ investigations or
through remote sensing observations or numerical modeling, a clear understanding of lunar
surface and near-surface thermophysical behavior and a fair knowledge of the equilibrium
boundary between external and internal heat fluxes is necessary. However, the understanding
of lunar surface thermophysical behavior is not straight forward and has several
interdependencies and therefore a systematic and numerous detailed in-depth investigation
are necessary. Even after numerous efforts carried out for several decades, very little is
known and thus necessitates the planning of a series of geophysical experiments on the Moon
in near future. Present understanding of lunar surface and sub-surface thermophysical
behavior, current attempts in this direction and their future implications are discussed.
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Multiple Evidences for Modification of Central Peaks in Lunar Complex Craters:
Implications for Determining the Subsurface Mineralogy
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Satadru Bhattacharya3
1

2

Department of Earth Sciences, Indian Institute of Technology Kanpur, UP 208016
Institute of Earth and Space Exploration/ Department of Earth Sciences, University of Western
Ontario, London, Canada
3
Space Application Center, ISRO, Ahmedabad, Gujarat
*Corresponding Author E-mail: (deepdpes@gmail.com)

Central peaks in complex craters are believed to represent the exposures of deep-seated
material that is otherwise not accessible. They have been extensively used to decipher the
mineralogical variations in the lunar crust with depth [e.g. 1, 2, 3, 4, 5]. The utility of central
peaks as probes to understand the subsurface composition heavily rests on the assumption
that the central peaks are (largely) pristine. However, recent studies have indicated that
central peaks may not be as pristine as previously thought [6, 7, 8].
We have been carrying out a global survey of central peaks on the Moon to
understand the nature and extent of modifications using morphological and spectral data from
multiple missions. We have found multiple evidences for central peak modification at a
number of craters and are currently determining their influence on the inferred mineralogy.
The results from this global survey would be presented.
Acknowledgement: This research has been funded by ISRO through the Space
Technology Cell (STC), IIT Kanpur.
References: [1] Pieters C. M. (1986) Rev. Geophys, 24, 557-578. [2] Tompkins S. and
Pieters C.M. (1999) Met. Planet. Sci, 34, 25-41 [3] Cahill J.T.S. et al. (2009) JGR Planets,
114, E09001, doi:10.1029/2008JE003282. [4] Song E. et al. (2015) JGR Planets, 118, 689–
707, doi:10.1002/jgre.20065 [5] Lemelin M. et al. (2015) JGR Planets, 120,
doi:10.1002/2014 JE004778 [6] Ohtake et al. (2008) Nature, 461, 236-240 [7] Dhingra R.D.
et al. (2014) 45th LPSC, Abstract# 1754 [8] Dhingra D. et al. (2017) Icarus, 283, 268-281
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First results of polarimetric observations of the Reiner Gamma swirl using EMPOL of
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Swirls range from large groupings of many complex loops and ribbons to a single isolated
feature covering tens to hundreds of kilometers [e.g., 1-2]. These features are of specific
interest because their origin is still unknown. Swirls are commonly assumed to have formed
due to magnetic shielding of the surface from the solar wind [e.g., 3]. Another plausible
mechanism proposed is resurfacing due to one or multiple cometary impacts [e.g., 4, 5].
Reiner Gamma with a fully evolved structure of high-albedo curved lines extended across an
area of about 200 km2 is a unique swirl that can be observed using the ground based
telescopic facilities. The polarimetric observations of Reiner Gamma were obtained at the
Mount Abu IR Observatory using the electron multiplying CCD based optical imaging
polarimeter (EMPOL) developed in-house [6]. In this work, we will present first results
obtained from the polarimetric observations of Reiner Gamma. Our approach is to compare
regolith properties of Reiner Gamma with the fresh craters Kepler and Aristarchus. Our
attempt is to derive regolith physical properties in order to understand alteration processes
inside and outside Reiner Gamma. We found that the grain size and roughness values of fresh
craters; Aristarchus and Kepler and their ray systems do not differ significantly from the
surrounding mare surface. Whereas, we observed differences in grain sizes and roughness
within the Reiner Gamma swirl structure indicating the presence of surface alteration
processes that might have disrupted the regolith microstructure on the swirl. These findings
are consistent with an external mechanism of swirl formation by interaction between the
regolith and cometary matter [4, 5].
References: [1] Hood L. et al. (1979) Science 204, 53-57. [2] Blewett, D. T. et al. (2011)
JGR 116, E02002. [3] Bamford, R. A. et al., (2016) Astrophys. J. 830(2). [4] Shevchenko, V.
V. (1993) Astron. Rep. 37(3), 314-319. [5] Pinet, P. et al., (2000) J. Geophys. Res. 105(E4),
9457-9475. [6] Ganesh S. et al. (2020) Proc. SPIE 11447, Ground-based and Airborne
Instrumentation for Astronomy VIII, 114479E.
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Role of impact-induced heating in early lunar-core formation
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The most plausible hypothesis for lunar formation is Giant Impact [1]. The event happened late in
accretionary history and thus depriving the Moon from short-lived radionuclides [2-3]. Despite the
absence of a major heat source and low metallic fraction, it got stratified into core-mantle-crust
structure [4]. This makes the process of lunar core formation distinct from the processes that led to
core-formation in other terrestrial planets. Recently, we developed a novel numerical code in Python
to model thermal evolution and metal segregation of the Moon. In this work, we studied the role of
the impact-induced heating on early lunar core formation using this novel code. We have varied the
initial temperature of accreting moonlets, Tini in range of 1700-2100 K and efficiency of impactinduced heating, h-parameter in range of 0.0-0.5.

Figure 1. The extent of lunar core formation for various combinations of Tini and h-parameter.
Here the different lines show distinct value of h whereas different panels represent distinct Tini.
Fig 1 shows the extent of lunar core formation in distinct scenarios. The metal rich content moves
several hundred km towards center in panel a for Tini = 1700 K, however does not form thin metallic
shell for h ≤ 0.1. Panel b shows that a thin metallic shell forms along with a metal-rich shell even at
no impact-induced heating (i.e. h = 0) for Tini = 1800 K, however a higher h = 0.5 results into
enhanced thickness of metallic shell. A thick metallic shell forms along with a metal-rich shell with h
= 0.0 for Tini = 1900 K, however a higher h = 0.5 results into enhanced thickness (>200 km) of
metallic shell. Panel d shows that an incomplete metallic core forms along with a metallic shell with h
= 0.0 for Tini = 2000 K, whereas a higher h = 0.5 results into slightly larger metallic core with inward
movement of metallic shell. An incomplete metallic core forms along with a thin metallic shell in
panel e with h = 0.0 for Tini = 2100 K, whereas a higher h ≥ 0.3 results into complete metallic core
formation. In summary, our models suggest that impact-induced heating cannot be the main
contributor for lunar-core formation although it contributed towards progressing the process of early
lunar-core formation.
References: [1] Salmon, J. and Canup, R. M. (2014) Philos. Trans. R. Soc. A, 372. [2] Touboul M.
(2007) Nature, 450, 1206-1209. [3] Sahijpal, S. and Goyal, V. (2018) MAPS, 53, 2193–2211. [4]
Williams, J. G. et al. (2014) JGR, 119, 1546–1578.
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Secondary craters are formed due to ejected fragments during impact process. They need to
be separated from primary craters to reduce uncertainty in age determination of planetary
surfaces through CSFD method. Analysis of secondary craters also provides insights into
impact characteristics of parent crater. The secondary craters can be distinguished from the
primary one on the basis of their shape, depth and density1. They are present in the form of
clusters and chains; have irregular shape more or less close to elliptical shape and are
shallower than primary craters of comparable diameter. They also exhibit interference
features such as septa and mounds2. The distinctiveness of secondary craters makes machine
learning a potential tool for their identification. Machine learning algorithms have relative
strength over rule-based methods for performing classification when the objects undergoing
classification are separable under distinct features. The algorithms are trained using these
features which are manually or automatedly extracted. This study explores use of machine
learning algorithms for distinguishing secondary craters from primary ones. The approach is
implemented as a binary classification problem with two classes as primary/secondary crater.
The prosed approach is implemented in two phases: identification and extraction of features
and training/testing machine learning models on these features.
The features for quantifying the discrimination are identified as Shape: Eccentricity,
irregularity and rim integrity; Depth: Standard deviation of rim elevation and depth-todiameter ratio; Density: Spatial distribution patterns of secondary craters
The features of shape and depth are calculated using morphometric parameters measured
through an in-house development program3. The primary craters were found to exhibit lower
eccentricity, irregularity whereas higher rim integrity values. The standard deviation of rim
elevation and depth-to-diameter ratio for secondary craters is higher than that of primary
craters of same diameter. The quantitative values of shape and depth features spans over a
range varying as per diameter of the crater. The features were extracted for
1000(diameter>20km) with primary craters as positive sample and secondary craters as
negative samples. Different machine learning algorithms were trained and performance was
compared wherein the random forest classifier was found to perform best on validating with
manually detected craters.
References:
1.
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Highly siderophile elements (HSE: Re, Os, Ir, Ru, Pt, Rh, Au and Pd) are important
geochemical tracers for understanding the formation and early evolution of planetary bodies.
The absolute and relative abundances of the highly siderophile elements directly reflect the
mantle and core segregation processes. While the current estimates of HSE in the lunar
interior are >20 times less than for the Earth's primitive mantle, their amount is still large
when compared with the
models of HSE abundance in
the lunar interior [1, 2, 3] (Fig
1).
Unlike
moderately
siderophile elements, metalsilicate equilibration at highpressure
and
temperature
cannot account for the elevated
and
chondritic
relative
abundance of the HSE in the
lunar mantle [4]. Although the
late addition of materials (late Fig. 1. Baseline distributions of HSEs in the Earth, Moon, Mars and IVB
accretion) to the lunar interior magmatic iron. The pattern does not match with the model prediction of silicate
seems to be the most promising composition after core formation [2,3].
mechanism to explain this
overabundance, it still needs an explanation as the amount and timing of added materials are
yet poorly understood [5]. Furthermore, the lack of bonafide mantle sample for the Moon
requires values to be estimated using derived melts sampled as mare basalts, pyroclastic glass
beads and crustal rocks, in contrast to the Earth [1].
In particular, it is crucial to gain an alternative perspective from Apollo mission samples
collected in the Procellarum KREEP Terrane of the Moon, making our understanding of the
Moon potentially biased [6]. The diversity of the lunar meteorites is comprehensible from the
fact that the oldest and youngest mare basalt reported to date is from the lunar meteorite
collection [7]. The possible resulting biases in the interpretation of the HSEs can only be
removed by analyzing more samples. Thus, there is a constant need to explore new samples
to help predict the range of HSEs in the lunar mantle.
References:
[1] Day, J.M.D., Pearson, D.G. and Taylor, L.A., 2007. Science, 315(5809), pp.217-219.
[2] Mann, U., Frost, D.J., Rubie, D.C., Becker, H. and Audétat, A., 2012. Geochimica et
Cosmochimica Acta, 84, pp.593-613.
[3] Day, J.M.D., 2013. Chemical Geology, 341, pp.50-74.
[4] Jones, J.H. and Drake, M.J., 1986. Nature, 322(6076), pp.221-228.
[5] Walker, R.J., 2016. Geochemical perspectives, 5(1), p.1.
[6] Shearer, C.K. and Borg, L.E., 2006. Geochemistry, 66(3), pp.163-185.
[7] Tartèse, R et al., 2019. Space Science Reviews, 215(8), p.54.
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Abstract
Chromite [(Fe ) (Cr )2O4] is a member of the spinel group of minerals and is believed to be
formed in the early stages of crystallization of a mafic-ultramafic magma. Previous
researchers have well studied terrestrial chromite deposits in southern India for understanding
their genetic mechanisms and tectonic settings. The present study focuses on Comparative
Chemical and Spectral characterization of Chromites in Nuggihalli Schist Belt (NSB),
Western Dharwar Craton (Southern India). Understanding the chemical and spectral
characteristics of terrestrial chromites would facilitate the identification and interpretation of
the remotely observed lunar spinel deposits. The work also attempts to the spectral
characterization of chromite associated minerals such as Magnetite, Magnesite, Serpentine,
and Asbestos in the study area. NSB is a prominent linear belt of medium to high-grade
schists extending for a strike length of 50 km in an NNW-SSE trend. The NSB is reported to
have diverse occurrences of chromites in association with mafic and ultra-mafic suites.
Chromite in NSB occurs as thin layers, pod shapes, massive forms, folded forms, Lense
shaped stringers, vertical bodies, and sigmoidal bodies. Based on the petrographic analysis of
chromite samples, eight different textural variants were observed. These include spotted,
clotted, disseminated, cumulus, deformed, occluded silicate, late-stage accumulation, and
network type. Various chemical and spectral analyses such as XRD, VNIR Spectroscopy,
Laser Raman Spectroscopy, and FTIR Spectroscopy were performed on different textural
variants of Chromites. Chromite textures are sensitive to spectral properties. While observing
XRD, FTIR, Laser-Raman, and VNIR spectroscopy, some characterization of textural
variants also found. Chromite exhibit characteristic absorption of 2000 nm indicating the
presence of Cr3+, and the same absorption feature is missing in some textural variants
indicating low content of Chromite, high-grade chromites representing their Cr3+ band in
1900-2000 nm range, and all medium graded chromites are exhibit the same in 2000-2100
nm further indicates that the shifting of band position rightward with the decrease in
chromium content or grade of chromite. Lunar spinel reported from various source rocks
shows a wide range of chemical variation in which some compositions show similarity to
NSB chromium spinels. The results from the present study would be useful for remote
sensing observation of similar lunar spinels.
2+
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Ion density distribution in the inner coma of peculiar compositional comet
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Abstract : The recent observations show that comet C/2016 R2 (Pan-Starrs) has a unique and
peculiar composition when compared with several other comets observed at 2.8 au heliocentric
distance. This comet is rich in N2 and CO and is depleted of H2O, HCN, and C2, which is unusual and
makes this comet a unique case among the comets observed so far [1,2,3]. Assuming solar resonance
fluorescence is the only excitation source, the observed ionic emission intensity ratios are used to
constrain the corresponding neutral abundances in this comet[1,2]. We developed a physico-chemical
model to study the ion density distribution in the inner coma of this comet by accounting for photon
and electron impact ionization of neutrals, charge exchange and proton transfer reactions between
ions and neutrals, and electron–ion thermal recombination reactions. Our calculations show that CO2+
and CO+ are the major ions in the inner coma, and close to the surface of nucleus CH3OH+, CH3OH2+,
and O2+ are also important ions (see Figure 1). By considering various excitation sources, we also
studied the emission mechanisms of different excited states of CO+, CO2+, N2+, and H2O+. We found
that the photon and electron impact ionization and excitation of corresponding neutrals significantly
contribute to the observed ionic emissions for radial distances smaller than 300 km and at larger
distances, solar resonance fluorescence is the major excitation source. Our modelled ion emission
intensity ratios are consistent with the ground-based observations. Based on the modelled emission
processes, we suggest that the observed ion emission intensity ratios can be used to derive the neutral
composition in the cometary coma only when the ion densities are significantly controlled by photon
and photoelectron impact ionization of neutrals rather than by the ion–neutral chemistry.
Figure 1 : The modelled
density profiles for different
ions in the coma of comet
C/2016 R2 at 2.8 au
heliocentric distance using a
CO production rate of 1.1 ×
1029
s−1. The relative
abundances of other species
viz., H2O, CO2, N2, CH3OH,
CH4, O2, and NH3 are taken
as 0.3%, 18%, 7%, 1.1%,
0.6%, 1%, and 0.01%,
respectively, with respect to
CO production rate.
References:
[1] Opitom C. et al., 2019,
A&A, 624, A64
[2]
Biver N. et al., 2018, A&A, 619, A127
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Abstract: Comets show a general diversity in terms of their volatile composition, but in
most cases it is seen that H2O is the dominant parent volatile. The next important volatiles in
terms of abundance are CO and CO2; trace amounts of other species such as CH4, CH3OH,
O2, and NH3 are also present. The observed mixing ratio of any volatile with respect to water
varies significantly from one comet to another. In this work, we aim to study how the
chemistry and dynamics of the cometary coma gets altered when we change the abundances
of the major parent volatiles.
Parent volatiles sublimating from the cometary nucleus undergo photolytic reactions due
to the solar UV radiation field, resulting in the formation of secondary neutral and ionic
species and photoelectrons. Active chemistry occurs in the coma, and some of the chemical
reactions taking place are ion-neutral rearrangement, charge exchange, dissociative
recombination, electron impact dissociation and radiative de-excitation. For our study of the
coma, we have constructed a multifluid model based on the principles of conservation of
number density, mass, momentum, and energy. We treat the neutrals, ions and electrons in
the coma as three separate fluids. Apart from chemical reactions, we have also considered the
exchange of energy between the three fluids due to elastic and inelastic collisions. Numerical
integration of the conservation equations is done to obtain the radial profile of the
temperature, velocity, and number densities of the different species. The model results show
that when the parent volatile composition changes, there is significant alteration in the coma
chemistry and dynamics.
References:
[1] Rodgers S. D. and Charnley S. B. (2002), Mon. Not. R. Astron. Soc., 330, 660-674. [2]
Bockelée-Morvan D. et al. (2004), Comets II, 391-423.
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Interstellar dust is an essential ingredient of matter in the galaxies. The dust grains
contribute significantly to almost every physicochemical process occurring in any
astrophysical environment. The general structure of the dust is taken as carbonaceous or
silicate core depending upon the C-rich or O-rich stellar environment respectively, in which it
is formed, subsequently covered with the icy mantle of water or CO2 like molecules [1]. In
this work, we made an attempt to study the evolution of the general composition of the
Galactic dust particularly in the Solar neighborhood. In order to perform this, we evolved the
Solar neighborhood in terms of time and Galaxy in terms of its radial distance from the center
of our Milky-Way at the time of Solar system formation. We have considered 22 major grains
based on the abundance and volatility of 12 major constituent elements of grains.
Subsequently, we distributed the grains in 5 basis components and estimated their probable
normalized mass fraction based on a free condensed mass fraction parameter whose value is
chosen with a constraint of observed total dust to gas mass ratio of the Milky-Way[2,3].

Fig 1. Temporal and spatial evolution of the normalized mass distribution of distinct
dust grain basis components. The panel ‘a’ represents the temporal evolution of the
distribution of grain at a distance of 8-10 kpc from the Galactic centre i.e. Solar
neighborhood. The panel ‘b’ represents the spatial distribution at a time of Solar system
formation ~ 4.5 Gyr ago.
This is perhaps a novel attempt to compute the evolution of the composition of dust in the
evolving Galaxy in a very generalized way. Fig 1 shows that the mass of the icy mantle part
of the dust decreases, and that of the silicate core part increases with the temporal evolution
in the Solar neighborhood. The decrease in icy dust mass and increase in
silicate/carbonaceous dust mass is also predicted, as we move from the inner annular rings to
the outer annular rings of the Galaxy for the time of the Solar system formation. The
increased silicate dust mass in the temporal evolution can be understood on the basis of
enrichment of heavier and refractory elements in the ISM with the stellar nucleosynthesis
inside the successive generations of stars.
References: [1] Draine B. T. (2003) ARA&A, 41, 1, 241–289. [2] Giannetti A. et al.
(2017) A&A, 606, L12, 1–14. [3] Gupta A. & Sahijpal S. (2020). MNRAS, 494, 3, 4149–4167.
IPSC-2021

Page 46

Cometary Dust Particles: reliable relics from the Solar Protoplanetary phase
Prithish Halder1*, Shashikiran Ganesh1**
1

Astronomy & Astrophysics Division, Physical Research Laboratory, Ahmedabad 380009, India
*prithish@prl.res.in, **shashi@prl.res.in

Abstract: Comet dust particles are some of the well-preserved materials in our solar
system, which can be considered as the primordial relics from the solar protoplanetary phase.
In this work we introduce a comet dust model based on the morphology of dust particles
measured by the Rosetta/MIDAS (Mannel et al. 2019) instrument. The model incorporates a
mixture of Hierarchical aggregates (HA) with high porosity, Fluffy Solids (FS) of moderate
porosity and Solid particles with low porosity, all having inhomogeneous mixtures of silicate
minerals and carbonaceous compounds. The flexibility of the model in terms of given
physical parameters allows us to obtain best fit results for observed polarization and the
wavelength dependence of polarization, with the phase at the time of the observations, for
both the short period and long period comets. The model results indicate (Halder & Ganesh,
2021) that short period comets possess high amount of low porosity solid particles due to
frequent weathering from solar radiation, while the long period comets may possess higher
percentage of loose or fluffy particles, retaining the morphology from the early solar
protoplanetary phase. Finally, we discuss some of the recent polarimetric observations of
several protoplanetary disks (Tazaki et al. 2019) and explain how we can extrapolate the
existing comet dust model to the dust in the protoplanetary disk in order to build a more
generalized model for the evolution of dust in the Solar System.

References:
[1] Halder P. and Ganesh S. (2021) MNRAS, 501, 1766-1781. [2] Tazaki et al. (2019)
MNRAS, 485, 4951. [3] Mannel et al. (2019) A&A, 630, A26.
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Interplanetary Dust Particles (IDPs) are originated from the asteroid belt and their orbits
are evolved over the geological time duration. Smaller particles are swept away by the solar
wind, while the bigger ones travel inward towards Sun. Such particles spiraling in in the solar
system may encounter various planets like Mars, Earth and Venus. If the particles are
captured by a planet, they are ablated within the atmosphere of the planet, giving rise to metal
ion layer around 80-110 km altitude. In the past, few observations like GORID and Pegasus
[1, 2] of IDP were made around Earth and a flux model was suggested by Grun et al. [2]. In
addition, a flux model [3] was suggested for the IDP flux at Mars. Observation in the inner
solar system were provided by many missions like Ulysses, Galileo, IKAROS, Cassini and
New Horizon [4-8]. The current status of the IDP observations in the inner solar system and
also, few models for the IDP flux will be presented. Also, an impact ionization dust detector,
VODEX for future Venus orbiter will be discussed briefly.

References: [1] Drolshagen et al. (1999), ASR, 23 (1), 123-133. [2] Grun et al. (1985),
Icarus, 62, 244-272, 1985. [3] Pabari, J. P. and Bhalodi, P. J. (2017), Icarus, 288, 1-9. [4]
Online (2021). http://science.nasa.gov/missions/ulysses/ [5] Kruger et al. (2009), Icarus, 203,
198-213. [6] Hirai et al. (2014), PSS, 100, 87-97. [7] Srama et al. (2004), SSR, 114, 465-518.
[8] Horanyi et al. (2009), New Horizons, Springer.
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Dust grains that formed in the stellar winds of
evolved stars (such as red giant branch- RGB
and asymptotic giant branch-AGB stars) and in
the ejecta of nova and supernova explosions
before the formation of our solar system are
known as presolar grains. Various types of
presolar grains (such as carbides, nitrides, oxides
and silicates) carry signatures of nucleosynthetic
processes in the form of their highly anomalous
isotopic compositions. Multi-element isotopic
data of these tiny stardust grains provide insights
into the nucleosynthesis of their parent stars and Figure 1: Mg isotopic compositions of
presolar silicates from this study. Errors are
the galactic chemical evolution (GCE). Presolar 1σ. Dotted line represent roughly the GCE
silicates from group 1 formed in low-mass AGB trend.
stars with close-to-solar metallicity [1], and the
Mg and Si isotopic data of these grains mainly reflect the GCE [2]. However, the Mg and Si
isotopic data of presolar silicates measured using duoplasmatron O-source on the NanoSIMS
generally suffer from dilution due to the surrounding normal matrix grains and hence such
grain data are not very useful in understanding the GCE. The new Hyperion II RF plasma Oprimary ion source for the NanoSIMS has been utilized for the high resolution Mg and Si
isotopic measurements on presolar silicates [3,4,5].
The O, Mg and Si isotopic data of one group 1 silicate from our study is similar to the
Category A grains [3] and show the GCE effect. The lower-than-solar Mg-isotopic
compositions of another silicate reflect the starting composition of the parent star due to the
heterogeneous mixing of supernova ejecta into the interstellar medium (ISM) [6]. The 25Mgenrichment observed for a group 1 silicate NWA 801_19 may suggest an origin in a
supernova with H-ingestion [7] or a super-AGB star [5]. The close-to-normal isotopic
compositions of several group 1 silicates indicate the effect of isotope exchange in the ISM or
the parent bodies of Isheyevo and NWA 801 meteorites.
References: [1] Nittler L. R. et al. (1997) ApJ, 483(1), 475. [2] Kodolányi J. et al. (2014)
GCA, 140, 577-605. [3] Hoppe P. et al. (2018) ApJ, 869(1), p.47. [4] Leitner, J. et al. (2019)
MetSoc 82nd, Abstract #6356. [5] Verdier-Paoletti M.J. et al. (2019) MetSoc 82nd, Abstract
#6433. [6] Leitner J., et al. (2019) LPS 50th, Abstract #2090. [7] Leitner, J. and Hoppe, P.
(2019) Nature Astronomy, 3(8), pp.725-729.
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The traces of various Short-lived radionuclides (SLRs), 26Al, 36Cl, 41Ca, 53Mn, and 60Fe are
found in the Solar System [2]. The measurements show an excess of the daughter products of
these SLRs (τ < 10 Myr), in various meteoritic phases. The abundance of SLRs acts as a
crucial constraint to understand the formation of the Solar system. The formation of the Solar
system occurred during the evolution of the Milky Way Galaxy ~4.56 Gyr ago at a distance
of 8-10 kpc from the galactic center.
The Galactic Chemical Evolution (GCE) simulations are performed to explain the
abundance trends of SLRs, 26Al, 36Cl, 41Ca, 53Mn and 60Fe in the Galaxy and Solar
neighbourhood [2,3]. The GCE models predict the average abundance evolution of SLRs, for
the eight annular rings from 2 to 18 kpc over the Galactic time-scale [1,2]. The Solar
neighbourhood is simulated in terms of various stellar clusters in the galactic region of 8-10
kpc at ~ 9 Gyr. In one of these stellar clusters, the formation of the Solar System occurred.
The ratios of the SLRs with their stable isotope are computed. These predicted values are
compared to the observed values available for the Solar System. The predictions suggest that
26
Al and 41Ca are contributed by a Wolf-Rayet (WR) star from a nearby stellar cluster.
Whereas, SNII from another stellar cluster contaminated the pre-solar molecular cloud with
56
Fe and 53Mn.
References:
[1] Sahijpal, S., & Kaur, T., (2018), MNRAS, 481(4), 5350-5369. [2] Kaur, T. and Sahijpal,
S., (2019), MNRAS, 490(2), 1620-1637. [3] Kaur T., Sahijpal S., 2019, in 50th Lunar &
Planet. Sci. Conf., id. 1932
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Abstract
It is widely known that all magnetized planets are the obstacle to the flow of solar wind and
as a result solar wind is compressed on the dayside while the magnetic reconnection occurs
on the night side at the magnetopause. The Saturn’s magnetosphere also acts as an obstacle to
the solar wind flow. We noticed corotating magnetic reconnection (Jackman et al., 2007; Guo
et al., 2018) occurs in the magnetosheath noticed on 8th April, 2011 by magnetometer
(Doughetry et al., 2004) on board cassini spacecraft between 49.4Rs to 48.7Rs at 0.4˚ latitude.
In addition of this, a single sharp line is observed during 00:34 UT to 00:53 UT on 10th April,
2011 by electron spectrometer (ELS) of Cassini Plasma Spectrometer (CAPS) (Young et al.,
2004) on board cassini spacecraft at 45.8Rs at 0.4˚ latitude. We have studied temporal and
spectral analysis of electron prepared from ELS data and noticed 2-order increase in intensity
of electron energies for 0.6 eV–28.75 keV (0.6-10 eV are Photoelectrons). We also noticed 2order increase in intensity of ion energies starts from 200-5keV and peaks at 600-800eV
observed by ion mass spectrometer single (IMS-SNG) data. The magnetometer data was
fluctuating between 0.52-1.54nT during this period. From this line, we noticed that
magnetosheath starts connecting with magnetopause of Saturn through magnetic turbulence
region fluctuating between 0.52 - 3.17nT. We concluded that injection of solar wind starts
from this boundary which connects magnetosheath to the magnetopause (20Rs-27Rs).
Reference:
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Yao, Z. H., Coates, A. J., Ray, L. C., Rae, I. J., Grodent, D., Jones, G. H. et al.: 2017,
Corotating magnetic reconnection site in Saturn’s magnetosphere. Astrophys. J. Lett. 25
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NAVA payload: Identification of the array detector and recent developments on
front-end and processing electronics
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Physical Research Laboratory, Ahmedabad
The oxygen airglow emissions at wavelengths 557.7 nm (green line) and 630.0 nm (red
line) are regularly monitored at the Earth but these emissions were not detected in the
CO2 -rich atmosphere of Venus by the earlier and even the present ongoing missions that
include Venera 9/10 and Akatsuki. An airglow photometer payload NAVA (Narrow-band
oxygen Airglow detection in Venusian Atmosphere), that has been selected to fly onboard the orbiter of the proposed Indian Venus mission, is designed to detect the OI
557.nm and the OI 630.nm emissions by limiting the spectral bandwidth (to enhance
SNR) and field of view (to capture even small scale spatial variations in the emission).
NAVA has the potential not only to detect these emissions but to bring out the spatiotemporal variations in these emissions that can help in understanding several unresolved
scientific issues. These include the sustenance of nightside ionosphere, ionization hole
structures, and day-to-night transport of atmospheric species. In recent times, progress has
been made in identifying the detector (CMOS CAPELLA – CIS120) to be used in NAVA
based on extensive modeling exercise of SNR. In addition, initial progress has been made
in terms of the development of the front-end electronics for the C650 CMOS chip that
was readily available in our laboratory. Not only the front-end electronics, but also the
processing electronics, and ground checkout system for this detector chip have been
designed and developed. The initial results obtained through this set-up and the rationale
for selecting CMOS CAPELLA – CIS120 detector chip will be presented in this talk.
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Langmuir Probe and Electric Field Experiment (LPEX) aims to investigate the Electron
density, electron temperature and electric fields in ionosphere and exospheric regions of
Mars. The experiment has two parts 1) Langmuir Probe (LP) and Electric Field (EF) which
deals with a design of measurement of precise very low orders of currents and potentials
respectively works on the principle of photoelectric effect, where in a biased probe is
immersed in plasma and with respect to the biasing an electron or ion current is measured. In
case of Martian plasma (Ne~= 10cc -105 cc) the obtained current after optimizing instrument
varies in order of nA’s.
The LP electronics has three major components 1) Low current electrometer with automatic
gain amplifier 2) Adjustable sweep and fixed bias generator 3) Processing and power
electronics. We have designed and developed an Engineering Model (EM) of the
Electrometer which can measure currents from 10-11A to 10+6 A using an automatic gain
control technique with 6 orders of varying gains. The electrometer takes care of leakage,
grounding and guarding issues which can lead to errors in measurements. A sweep bias
varying between -50V to +50 V is also designed in which the time step and ramp slope can
be programmed using a FPGA. The aspects of design and development will be presented.
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Abstract: Dielectric permittivity (ɛ) is a property of a material that dictates the electrical
behavior of that material. The dielectric property of the material varies when excited with a
time varying electric field and is a function of the frequency of the applied electric field.
Materials undergo dielectric relaxation over a comparatively narrower band of frequencies
and this phenomenon can be used to characterize them. Water/water-ice has a distinctive
signature of dielectric relaxation in sub- kHz frequencies. Measurement of surface and
subsurface bulk dielectric permittivity for planetary bodies is quite involved and challenging.
Waveguides, coaxial, cavities, resonance etc. are some of the techniques to measure dielectric
permittivity in lab environments and terrestrial applications. Impedance based measurement
techniques find applications in planetary exploration experiments. One such technique is
Mutual Impedance Probe (MIP) technique.
At PRL, we are working on developing a technique for detection and quantification of
water-ice on Moon. Characterisation of water-ice content in various sand samples and few
lunar analog samples has been done using capacitance based technique of the LCR meter as
shown in Fig. 1. Variation of dielectric constant as function of volume fraction of water-ice
content has been obtained using coaxial cable method (reflection based) by employing Vector
Network Analyzer. The design of a quadrapolar probe is underway and the initial tests by
exciting the probe with time varying voltage signal are being conducted. An overall block
diagram of the end-to-end detection technique has been arrived at and some of the electronic
subsystems are being designed and tested. All the results from the above experiments and
important outcomes from the developmental activities will be discussed.

References:
[1] R. Grard (1990) Meas. Sci. Technol. 1 295-301
[2] R. Trautner, R. Grard (2002) Proc. ESLAB 36 symposium, ESTEC, ESA SP-514
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Design and Testing of X-Band Radio Occultation Transmitter and Receiver for future
Mars Mission
S. Jitarwal*, J. P. Pabari, V. Sheel, S. Nambiar and Rashmi
Physical Research Laboratory (Ahmedabad – 380009)
*Email: sonam@prl.res.in

Radio occultation is one of the major applications of radio science in space missions and
played a central role in determining the vertical structures of planetary atmospheres [1]. The
radio occultation experiment is carried out with an orbiter, where the spacecraft receives
radio waves from a tracking station on the earth in case of receiver mode (and otherwise, in
case of a transmitter mode). The radio waves sequentially pass through the neutral
atmosphere and planetary ionosphere before re-emerging in reverse sequence. When the
trajectory of the spacecraft takes it behind the planet seen from Earth, there is occultation by
the planet’s atmosphere. During an occultation event, the refractive index of the gases in the
ionosphere and atmosphere alter the characteristics of the propagating radio wave [2]. In
conducting such observations, the geometry and other experimental conditions must be
controlled so that the only significant unknown factors are the properties of the medium along
the radio path. Radio occultation experiment rely on the extreme frequency stability of both
the on-board radio wave source and the recording system at ground [3].
In this work, we present the design, implementation and testing of Single X-Band
Transmitter and also, the Receiver using multiplier chain and using double down conversion
method, respectively. For the transmitter case, the signal to be transmitted is generated and
tested in the laboratory. For the receiver case, the testing results give the idea of received
frequency in both the in-phase and quadrature-phase outputs with appropriate power level.

References: [1] T. Imamura et al. (2008), E&PS, 63,493-501[2] M. Patzold et. al. (2016),
PSS, 127,44-90 [3] M. Patzold et al. (2009), ESA SP,217-245.
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Development of Dynamic Feedback Instrumentation for Optimizing Drilling
Performance on Lunar South Pole Terrain with varying Slope
Nilay Awasthi1*, Dr. Siddharth Pandey2
1,2
Amity University Mumbai
* Corresponding Author E-mail: neil.awasthi39@gmail.com
Drilling is a critical technology requirement for subsurface exploration of planetary surfaces.
Lunar and Mars missions in the past have had on-board drilling systems to collect samples
from few millimetres to meters below the surface and conduct on-board analysis. Drilling in
space requires specific emphasis on parameters such as power consumption, Rate of
Penetration, Weight on Bit. For drilling in the Lunar south polar environment, one
engineering challenge faced is while drilling in crater terrain with varying slope. This is
since, drilling on a slope leads to various other critical situations like bit walk, bit wear and
drastic reduction in weight on bit applied, due to inclination. This work focuses on
developing a feedback control instrumentation to dynamically modelling the drilling
parameters in accordance to the slope inclination. A mathematical model is designed which is
dependent upon the inclination of the terrain. The model is designed to work in three modesLow, Medium, High. The modes of working are divided to work for a particular range of
slope. Each mode is structured with optimized values of Rate of Penetration and Weight on
Bit, to drill efficiently. Further, the work proposes an optimized version of Rotary Percussive
Drilling Technique i.e. Rotary Conditional Percussive Technique. The comparative study of
power consumption of Rotary Percussive and Rotary Conditional Study is shown. This initial
piece of study serves to develop a dynamic feedback data acquisition system for a proposed
lunar drill test rig. Drilling in outer space is challenging and a lot remains to be worked out.
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Review of sublimation rates, thermal modeling, and design factors for integrated heat
probe lunar drill for the sampling of subsurface ice in the lunar south pole
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In 2008, the Chandrayan-1 mission detected the presence of water in the lunar poles, and
recently, NASA's SOFIA discovered water on the sunlit surface of the Moon. Lunar drilling
activities are critical to extract lunar water and also to address the key knowledge gaps for
Lunar Exploration Roadmap. In our research, we have looked at the different aspects of a
lunar drill to develop a drill for the subsurface ice in the permanently shadowed regions
(PSR) of the Moon.
To collect the in-situ samples at the poles, the drill should be designed such that there is
minimal volatile sample loss due to vaporization. Excessive dissipation of heat into the
regolith while drilling and coring might lead to sublimation of ice before it is processed or
quantified. A two-dimensional model of water vapor pressure at varying depths in lunar
regolith was obtained for a constant homogeneous temperature. NU-LHT 2M is a lunar
highland simulant similar to the regolith in the south poles in bulk material. The vapor
pressure solely depended on the concentration gradient of pure water and was used to get the
sublimation rates of subsurface ice. Thus, studying sublimation rates of pure water ice at
various temperatures in PSRs holds a vital role in the thermal design of drilling and thermal
mining. Jinsheng et al.'s numerical thermal modeling algorithm was implemented in python
to analyze ice sublimation due to heat generated in the drill by considering conduction and
radiation. A geometrical correction coefficient due to model simplification was obtained after
comparing the 3D model simulation to the 1D python framework. Heat source modeling has
also been implemented, including two steps: calculating total heat generated while drilling
and then the partition of the generated heat into the drill and the regolith. The transient
thermal distribution model code of the drill has been verified with the experimental results of
the authors, but the heat generation code is yet to be verified due to lack of experimental
results. Measuring the amount of heat flowing out of a planetary body gives insight into its
composition and evolution history. From all the missions that included a heat probe, only two
missions, Apollo 15 and 17(human missions), successfully took the measurements. Until
now, all the heat probes were either fixed on a lander or were emplaced by the astronauts (in
Apollo missions), which made their measurements highly local. So, a possibility to integrate
a heat probe with a drill was looked at. With this, numerous heat flux measurements can be
taken, availing the rover's mobility so that a global heat map of the Moon can be made.
Various factors that constraint the measurement methods were looked at. Thermal
simulations were performed to get insights into the effect of heat sources in the lunar regolith.
The knowledge acquired regarding the various aspects of the lunar drill will be crucial for the
development of an indigenous lunar drill. The next step will be to set up a vacuum chamber
housing the lunar regolith, replicating the lunar conditions for the experimental validation of
the research carried out.
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Quantitative Assessment of Errors in the Radio Occultation profiling
Keshav R. Tripathi*, R.K. Choudhary
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Radio occultation experiments is known for profiling of planetary atmosphere with high
accuracy and a better altitude resolution. Accuracy of results however depends upon
uncertainty in observed frequency at ground station and robustness of retrieval algorithm.
Uncertainty in frequency measurements is due to phase noise and thermal noise of the
system. Major source of phase noise is the value of Allan deviation of oscillator and
perturbation of interplanetary medium along the path of the radio signal, whereas the thermal
noise is on the account of signal to noise ratio (SNR) of the measurements. The value of SNR
depends upon, space loss, defocusing loss and absorption of power due to atmosphere.
Second part of the error budget links to the uncertainty in the retrieval algorithm for inverting
frequency residuals to the physical parameters. There are three majors steps in the retrieval
algorithm. First step is the calculation of bending angle, which is controlled by the gradient in
refractive index of atmosphere. If there are fluctuations in refractive gradient, they lead to
multi path uncertainty. Second step is to calculate refractive index from the bending angle
using Abel transformation, which relate to the homogeneity and spherical symmetry of the
atmosphere. The assumption of homogeneity and spherical symmetry may not be always true.
Third Step is the calculation of density profile, which relay to the correct guess of
atmospheric composition, defining the magnitude of neutral density and temperature. In this
paper we will talk about all the possibilities of error and then quantify the range of error
propagates in the retrieval of atmospheric profile. These values will be very useful for the
upcoming Indian planetary missions.
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Laser-induced breakdown spectroscopy (LIBS) study of
impactites and related rocks from Lonar Crater, India - An Ideal
terrestrial analogue
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Abstract
The Lonar crater, Buldhana district, Maharastra (19.9759° N, 76.5066° E) is one of the
youngest and best-preserved meteoritic impact craters on Earth. Impactites and ejecta
deposits from the Lonar crater are predominantly tholeiitic in composition, similar to a major
portion of target rocks on Mars, Moon and other planetary bodies in the Solar System.
In the present study, laser-induced breakdown spectroscopy (LIBS) technique was used to
characterize the Lonar impact melt, melt spherules, suevite, target rock and soil samples. The
spectral lines of suevite, impact melt, target rock and melt spherule indicate the presence of
H, N, O, Na, Mg, Al, Si, Ca, K, Mn, Ti, Fe, Cr, Co, Ni, and Ba (Figure 1). These analyzed
elements include light as well as heavy elements unlike conventional routine chemical
analysis methods. The LIBS data, coupled with principal component analysis (PCA) and
partial least square regression (PLS-R) have yielded correct discrimination and classification
of the various samples based on their elemental concentrations. The planetary missions like
as Chem-Cam on Mars and the Chandhyran-2 Mission on Moon had adopted LIBS as one of
the onboard sensors.
Results PLS-R demonstrates the capability of LIBS as an alternative technique for
quantification of Lonar soil. The predicted results from PLS-R were in good agreement with
the result obtained by ICP-MS. PLS regression in the multi-elemental domain exhibits the
competency of LIBS as an excellent technique for quantifying the Lonar soil as well.

Figure 1spectra of
target rock and
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Spacecraft Autonomous Navigation with Space bodies as targets for planetary missions
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The Spacecraft orbit determination for navigation of the present Space missions is
carried out through RF tracking at various mission control centers. These ground based
centers monitor the Spacecraft’s position, record the accumulated error over a period of time
and generate commands from ground to fire the chemical thrusters to bring the spacecraft
back to its intended orbit position. The future trend in Spacecraft navigation is increasing
towards building autonomy on-board. The autonomous spacecraft navigation uses the data
from its on-board navigation sensor system to determine its orbit, predict its future trajectory
and make the necessary course corrections in real time. To achieve autonomy in Navigation
fix on- board, one method widely explored is to capture images of space bodies, viz. planets,
moons, asteroids and sequence of observations of inertial direction using stars in the
background. This study explores different methods of navigation in near or terminal phases
and mid-course phases of Geo-stationary, inter-planetary and deep space missions.
Navigation vector in near/terminal phases are computed using a combination of Earth sensor
and Star sensor measurements, occultation of Stars by a central planet body or images of
central planets or moons. For mid-course phases, Spacecraft Control Toolbox, developed by
Princeton Satellite Systems is considered as baseline for navigation fix using various space
targets. Kalman Filters are used for ensuring continuous and accurate updates after removing
statistical noises and other inaccuracies. Presently, the position accuracies aimed for, are in
the range of ±2 Kms in near phase and ±10 Kms in mid-course phases and velocity
accuracies are ±1 m/sec and ±0.1km/sec respectively. An integrated navigation sensor with
algorithms to handle near/terminal and mid-course phases provides a promising solution for
GEO, inter-planetary and deep space missions.

[1] N. Nagarajan, M. Seetharama Bhat, K Kasturirangan(1991) “A Novel Autonomous Orbit
Determination System using Earth Sensors (Scanner)”, Acta Astronautica, Vol.25, No.2 pp 77
– 84.
[2] S.Padmasree, et.al (2009), “Star Tracker with Autonomous Navigation for Inter Planetary
Missions”, POSTER, International conference on Low cost planetary missions-8.
[3] Joseph Mueller, Gary Pajer and Michael Paluszek(2010), Princeton Satellite Systems
“Optical Navigation System”, AIAA.
[4] G.Nagendra Rao, et.al (2011), “Low-cost APS star trackers for attitude sensing and
navigation”, 9th Annual IAA Low-cost Planetary Missions Conference-9.
[5] Joseph Mueller, Gary Pajer and Michael Paluszek(2013), “Integrated Communications
and Optical Navigation System”, Progress in Flight Dynamics, GNC, and Avionics 6 81-96.
[6] Vinod Kumar,et.al.(2015), "Kinematic Navigation of Geostationary Satellites Formation
Using Indian Regional Navigation Satellites Observables," Journal of Guidance, Control,
and Dynamics, Vol. 38, issue 9, pp. 1856-186.
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Low thrust transfer has been an area of interest for researchers for the past few decades since
low-thrust spacecraft can deliver a greater payload fraction for a given space mission
compared to chemical-propulsion spacecraft. The trade-off is higher flight duration. Lowthrust trajectory design is an optimization problem to determine a minimum-propellant or
maximum-payload trajectory from starting orbit to a destination orbit. The trajectory
sequence can include thrusting arcs and coasting arcs. These optimization problems are
computationally intensive since the thrusting arcs consists of a number of segments which
have to be integrated numerically to obtain an optimal thrust-angle sequence. Initial trajectory
is determined using a low-fidelity model and refined further using medium- and high-fidelity
models. The “low-fidelity” models generally consist of analytical expressions so that the
trajectory can be obtained quickly and are very useful for preliminary mission analysis and
trade-off studies.
This paper is based on the analytical method given by Kluever, 2015 to obtain nearoptimal coplanar low-thrust interplanetary transfers. The method assumes the trajectory with
thrust-coast-thrust sequence and solar-electric propulsion (SEP) which is based on the
principle of inverse-square power loss. This method is used for computation of trajectory
metrics namely ∆V, transfer angle, coast angle and flight duration for given initial and final
radii, initial power and spacecraft mass, specific impulse and efficiency. Since the transfer
angle is known, departure and arrival dates can be estimated. In the present paper, Kluever’s
method is used to obtain ∆V and flight duration for Mars, Venus and various asteroids. The
trajectory metrics mentioned above can be obtained from average thrust acceleration which is
average of initial and final thrust accelerations. The average thrust acceleration is function of
the efficiency ( ), the specific Impulse ( ), initial power
and the initial spacecraft mass
and hence it varies for different thrusters. This paper presents a detailed analysis of
optimal values of trajectory metrics for both inner and outer transfers. The study also aims to
identify the grey areas where the analytical method fails to give expected solutions.
References: [1] Kluever, C. A. (2015). Efficient Computation of Optimal Interplanetary
Trajectories Using Solar Electric Propulsion. JOURNAL OF GUIDANCE, CONTROL, AND
DYNAMICS , Vol. 38, No. 5. [2] Kluever, C. A. (1997). Optimal Low-Thrust Interplanetary
Trajectories by Direct Method Techniques. THE JOURNAL OF THE ASTRONAUTICAL
SCIENCES , Vol. 45, No. 3, pp 247-262.
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Cosmogenic radioisotopes in surface dust collected from asteroids
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Four dust samples from three asteroids (Itokawa, Ryugu, and Bennu) have been collected
by Hayabusa-1, 2 and OSRIS-REx missions respectively. The dust, while on asteroid
surface, is exposed to Galactic Cosmic Rays and Solar Energetic Particles. We have
calculated the production rates of gamma emitting cosmogenic radioisotopes (Na-22, Al-26
and Co-60) which survive decay during the return cruise [2]. The expected counting rates
in the gamma- gamma coincidence spectrometer set up in Torino [3] for assumed
carbonaceous composition, depth range, variation in GCR flux with heliocentric distance
and modulation due to solar cycle [4]. The expected counting rates of Al-26 in 100 g
dust of Bennu are 43 counts per day (cpd) in normal mode (background 14 cpd) and 20
cpd in coincidence mode (background 0.5 cpd). Thus a month’s counting will yield Al-26
activity to precision better than 5%. It has been suggested [5] that Bennu acquired NEO
orbit ~1.75 M.Y. ago and if there were any recent impacts near Nightingale sampling site,
the radioisotopes, Al-26 may be useful in dating such events.
[1] Lauretta, D.S. and OSIRIS-Rex TAG Team (2021) 52nd Lunar and Planet. Sci. Conf.
Abstract #2097. [2] Bhandari, N. et al. (1993) Geochim. Cosmochim. Acta 57, 2361-2375.
[3] Colombetti, P., et al. (2013), Nucl. Instrum. Methods in Phys. Res. A, 718, 140.[4]
Bhandari, N. et al. (1993) Meteoritics 29, 443-444. [5] Della Gustina, et al. (2020) Science
10.1126/science.abc3660.
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Dwarf planet Ceres: Inner or outer solar system origin?
Guneshwar Thangjam
National Institute of Science Education and Research, NISER, HBNI, Bhubaneswar, 752050, India
*E-mail: thangjam@niser.ac.in

Ceres is the largest asteroid (diameter ~950 km) and the only dwarf planet in the inner
solar system located at a mean solar distance of ~2.8 AU [1]. This body bears important
scientific clues to understand the geologic formation and evolution of planetary bodies during
the early solar system history [1-3]. Ceres was explored between 2015 and 2018 by NASA’s
Dawn spacecraft, which carried three scientific instruments, the two Framing Cameras (FC),
the Visible and Infrared Spectrometer (VIR), and the Gamma Ray and Neutron Detector
(GRaND) [4]. Ceres is found to be a unique object, which experienced global aqueous
alteration resulting in a chemically evolved and volatile-rich (water-ice-rich) body [1-2, 5]. In
addition, intriguing processes like cryovolcanism, seasonal water-ice cycles, and the
appearance of potential haze clouds and exosphere have been reported [2, 6-8]. However, one
of the main questions concerning its origin remains unresolved: either Ceres formed in the
inner solar system at its present location or in the outer solar system and then migrated to its
present location. Given the important implications and significance of this unresolved
question, we present here our approach to investigate and resolve this issue.
A detailed analysis is in progress using both spectral data from Dawn (VIR and FC data).
An integrated data processing and inter-calibration of these both complementary instruments
is in progress. The FC obtained imagery using one panchromatic and 7 color filters (covering
the wavelength range of 0.4-1.0 µm), while VIR operated in the ranges 0.3-1.0 µm and 1.05.0 µm. FC data is used for geologic mapping and also for constraining surface composition,
while VIR data is used for analyzing the surface composition by detecting spectral absorption
features.
Acknowledgement: The work is being carried out under Max Planck India Partner Group,
and it is funded by Max Planck Society, Germany. Data available from NASA/PDS and
spectral library from RELAB (Brown University, USA), C-TAPE (University of Winnipeg,
Canada) and USGS, USA are used. Thanks to the above mentioned institutes/facilities.
References: [1]. Russell C. T. et al. 2016, Science, 353, 1008. [2]. McSween, H. S. et al.
2017, Meteoritics and Planetary Science, 53, 9, 1793. [3] De Sanctis M.C., et al. 2015,
Nature, 528, 241. [4] Russell, C. T. and Raymond, C.A. 2011, Space Science Reviews,
163, 3. [5] Combe J.-Ph., et al. 2016, Science 353 (6303), id.aaf3010. [6] Nathues A. et al.
2015, Nature, 528, 237. [7] Raponi A. et al. 2018, Science Advances, 4, 3, eaao3757. [8]
Thangjam G. et al. 2016, Astrophys. J. Lett. 833, L25.
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Anatomy of Iron meteorite: Understanding core of a differentiated asteroid
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Iron meteorites are thought to be originated from the core of a planetary embryo. The
study of iron meteorites, therefore lead to understand the unique mineralogy and events of the
early days of the solar system and the processes occurred in deep interior of the differentiated
asteroid. Iron and stony iron also provide the best possible analogue materials likely to be
found in the deep interior of Earth and other terrestrial planets. Without studying iron
meteorites, thereof, our chance to examine the core of a differentiated asteroid is almost none.
However, asteroidal collisions help to strip off the mantle and expose the metallic core of
differentiated planetesimals and finally the broken pieces of asteroid fall on the surface of
Earth in the form of iron meteorite. The iron meteorite constitutes ~7% of the meteorite falls
and based on remote visible and near-infrared spectroscopy, iron meteorites are consistent
with M-type asteroid of the Main Asteroid belt. Apart from Earth, the occurrences of iron
meteorite are only reported from planet Mars (Heat Shield rock). The high resolution
microscopy of iron meteorite aids to understand formation mechanism of fine-scale
microstructures formed due to solid-state transformation. Further, impacts on parent body
asteroid often produce numerous microstructures, e.g. Neumann lamellae/ band, Ɛ-kamacite,
spheroidised taenite and degenerated plessite. Electron Backscattered Diffraction technique
is now widely used to measure the crystallographic texture, in depth study on orientation of
face centered cubic (fcc) taenite, body centered cubic (bcc) kamacite and bcc martensite. This
will imply the identification of orientation relationship, reaction path and identification of any
late imprints of shock metamorphic features. Thus laboratory studies of irons are prerequisite
and will be extremely useful to interpret future mission data especially appropriate for the
first ever exploration to metallic world “Psyche” planned to visit the metal-rich asteroid 16
Psyche in 2022.
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The presence of water in the solar system has been identified either in the form of aqueous
alteration products in meteorites or as water-ice and OH ions in planetary bodies. The largest
asteroid and the only known dwarf planet Ceres (~950 km in diameter) in the asteroid belt
represents a unique example, with evidence of water-ice, organics, phyllosilicates and also
Mg, Na carbonates on its surface [1]. Spectroscopic data from the Dawn spacecraft suggests
that this asteroid is spectrally similar to carbonaceous chondrites [2]. However, the
absorptions at 3.05 – 3.1 m and 3.4 – 3.9 m are unique to Ceres and have not been
observed together in any asteroid or carbonaceous chondrite [2-4]. These spectral features are
respectively attributed to the formation of ammonium ions and sodium carbonates on the
surface of Ceres [3-4].
The presence of ammonium ion on Ceres is significant because (a) in the solar system,
nitrogen is only present as ammonia ice or as part of amino acids in carbonaceous chondrites
and (b) ammonia ice represents an unstable form of nitrogen at the location of Ceres [2, 5-6].
Hence, the formation of ammonium phyllosilicates on Ceres suggests unique alteration
processes and also implies that Ceres could have migrated from the outer solar system during
planetary migration [2]. However, the formation of ammonium on Ceres is poorly
constrained geochemically and its presence is only studied based on spectroscopic data. In the
absence of any meteorites/samples from this asteroid, the carbonaceous chondrites can be
used as analogs to understand alteration processes on the surface of Ceres [2]. Among the
carbonaceous chondrites, the CI and CM chondrites show maximum degree of aqueous
alteration [7]. In addition, the presence of N bearing organic matter, including amino acids, in
CM chondrites suggests possible links to the formation of ammonium ions on Ceres [6-7].
Jbilet Winselwan, the fourth largest CM chondrite is an impact
breccia and shows two distinct lithologies: lithology-I with
chondrule:matrix ratio of 45:55 and lithology-II with
chondrule:matrix ratio of 25:75 [8-9]. Hence, this chondrite is
an ideal sample to understand the effects of varying degrees of
aqueous alteration on different minerals.
In this study, a thin section of Jbilet CM chondrite has been
studied using a Zeiss Sigma FE-SEM to characterize the
aqueous alteration products. Preliminary investigations using
Fig. 1. BSE image, showing the
petrographic microscope and back-scattered images show that texture of lithology-II of Jbilet CM
this sample comprises of the lithology-II of Jbilet, based on chondrite. The chondrule in this
the chondrule:matrix ratio. Detailed petrographic and image is surrounded by a finegrained rim, which is typical of CM
geochemical analyses is in progress, with the objective of chondrites
understanding the alteration processes in Jbilet as analogues
of similar processes on the surface of Ceres.
References: [1] Castillo-Rogez et al. (2018) MPS, 53(9), 1820-1843. [2] McSween et al.
(2018) MPS 53(9), 1793-1804. [3] De Sanctis et al. (2015) Nature, 528(7581), 241-244
[4] De Sanctis et al. (2016) Nature, 536(7614), 54-57. [5] Brown (2012) Annu. Rev. Earth
Planet. Sci., 40, 467-494. [6] Monroe and Pizzarello (2011) GCA, 75, 7585-7595. [7] Rubin
et al. (2007) GCA, 71, 2361-2382. [8] Friend et al. (2018) MPS, 53(12), 2470-2491. [9] King
et al. (2019) MPS, 54(3), 521-543.
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Introduction: Carbonaceous chondrites are primitive in nature and hence plays an important
role to understand the origin and evolution of the solar system. In carbonaceous chondrite
CM type of meteorites are important to understand the role both aqueous and thermal
alteration processes. The alteration processes in CM type meteorite produces secondary
minerals like phyllosilicates, carbonates are produced [1]. During alteration the anhydrite
silicates phase altered to phyllosilicates while the Fe-Ni grains altered to PCP (poorly
characterised phase) [2]. Mukundpura is a CM2 type of meteorite fell in Jaipur, India on June
2017. In Mukundpura the silicates phases altered to hydrated minerals [3,4]. The present
study is focused on the alteration of Fe-Ni and Fe-Ni-S metal phases.
Methodology: Nine thick section has been prepared for the study. Mosaic BSE images are
prepared using JEOL IT300, SEM with operating voltage of 15 keV and 500pA. Qualitative
analysis and X-ray maps of Fe, Ni, Co, S, Al, Na, Si, Mg, Cr and P are generated using
OXFORD, EDX at 20 keV. The qualitative analysis of these section of are carried out using
Cameca SX100 with operating voltage of 15 keV at 15nA.
Result and Discussion: From the BSE image it was found that there is a large variation in
sizes (few microns to hundreds of micron) of Fe-Ni and Fe-Ni-S metal phases. In the present
study we have focused on grain size >20 µm. In Mukundpura unaltered metal phases as well
partially to completely altered metal phases have been observed. We have found kamacite
(Fe0.95Ni0.5), troilite (Fe(1-x)Sx), pentlandite (Fe, Ni)9S8. The unaltered kamcite phases are with
average value of Fe 93.2 wt %, Ni 6.0 wt% Cr 0.4 wt % and Co 0.2 wt %. The unaltered
pentlandite with average composition of Fe 37.8 wt %, Ni 30.1 wt %, S 31.3 wt % and Co 1.0
wt%. varies from 93.2 to 94.1 from The troilite grains are with average composition Fe 62.6
wt %, S 35.8 wt %, Ni 0.4 wt % Cr and Co 0.1 wt% each. The alteration of metal grain can be
well identified by the presence of Phyllosilicate rings or PCP around them. In the alteration
phase of different metal grains large variation of Si and Mg has been observed. In the altered
phase the concentration of Si in different grains varies from 0.9 to ~ 8 wt % and Mg varies
from 0.7 to ~7 wt %. The concentration of Al in these altered phase is found to be low (<2 wt
%). From the morphology and chemical data, it can be inferred that the interaction of metal
grain with the aqueous fluid results the replacement of Fe with Si and Mg to form the Poorly
characterised phase (PCP). The presence of partially to complete alteration of metal grains
also indicates the different stages in alteration processes.
Reference:
[1] Rubin et al. (2007) GCA, 71: 2361-2382 [2] Palmer E.E. and Lauretta D.S. (2019) MAPS
46, 1587–1607 [3] Panda D.K. et. al. 2018 LPICo 81 (2067), 6270, [4] Panda D.K et al. 2019,
LPICo 82 (2157), 6420,
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Mössbauer Spectroscopic study of Mukundpura CM2 carbonaceous Chondrite at 30 K
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Abstract: Mukundpura (CM2) meteorite is an exceptionally interesting carbonaceous
chondrite [1-2]. To understand its parent body processes, we have studied its Mössbauer
spectrum at low temperature of 30K, because the complications from electron delocalization
and magnetic ordering at lower temperatures in serpentine group of minerals, present
abundantly in this meteorite, are minimal. For this reason the site occupancies and relative
proportions of Fe2+ ions and Fe3+ ions can be determined with a better confidence. We find
that iron rich anhydrous silicates must have suffered aggressive aqueous alteration on the
parent asteroid, which are almost completely transformed into mineral cronstedtite. The
other interesting result is the absence of the sulphur containing mineral tochilinite even
though this meteorite contains ~3.4 wt% sulphur. This observation indicates that most of the
sulphur is in the form of organic compounds.

References:
[1] Tripathi R. P., Dixit A. Bhandari N. (2018), Current Science, 114, 214-217.
[2] Rudraswami N. G., Naik A. K., Tripathi R. P., Bhandari N., Karapurkar S. G., Prasad
M. S., Babu E. V. S. S. K., Sarathi V. (2019), Geoscience Frontiers, 10, 495-504.
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Fine-grained rims (FGRs) in Mukundpura CM2: Implications for in situ parent body
alteration
Shivani Baliyan* and Dwijesh Ray
Physical Research Laboratory, Ahmedabad 380009, India
*

Corresponding Author E-mail:shivanib@prl.res.in

Fine-grained materials occur as rims around various coarse grained components, such
as calcium aluminium rich inclusions (CAIs), chondrules and isolated mineral fragments, in
CM, CV, CO and EC chondrites [1,2,3]. Fine-grained rims (FGRs) contain secondary
minerals formed due to aqueous alteration of anhydrous precursor phases. However, the
origin and modification of FGRs is poorly understood. Debate currently exists whether the
alteration of FGR occurred in nebular condition or in the parent body setting. Nevertheless,
FGR is important for shedding light on the chemistry and accretion history of chondritic
material in the early solar system. In this study, we will discuss mode of occurrences and
chemistry of FGR of Mukundpura CM2, a recent fall in India.
Mukundpura (CM2) is a phyllosilicate-rich carbonaceous chondrite [4, 5]. The finegrained rims around the coarse grained objects (chondrule, CAI and isolated mineral
fragment) are quite common and suffered compaction (impact) along with the enclosed
objects. The FGR appears continuous, phyllosilicate-rich and can clearly be distinguished
from the enclosed objects and the meteorite matrix. FGRs are homogeneous in composition
and apparently less porous (compact) as compared to the highly porous matrix. The diameter
of FGR is positively correlated with the diameters of enclosed objects i.e. smaller objects are
surrounded by thin layer of FGR while larger objects are surrounded by broad, thick rims.
The width of FGRs is observed to be in a range of 1.5µm to greater than 120 µm. The FGR
typically display sharp boundaries with the enclosed object while gradational or rather diffuse
contacts are more common with the meteorite matrix. FGRs often show radial cracks
extending between object-rim and rim-matrix interfaces. Occasionally, opaque layers of
either magnetites or Fe-Ni sulfides occur at chondrule-rim boundaries, which belong to the
enclosed object. Electron microprobe analyses show that matrix and rims are overall
homogeneous, however, rims are significantly depleted in Ca as compared to the matrix. This
probably explains the absence of carbonate in the rims while preferentially precipitated in the
matrix. However, the transport mechanism between enclosed object to matrix is least
understood. Overall, the mode of occurrence, mineralogical and chemical evidences are
consistent with formation of FGR in the nebular condition and their modification is
compatible with in situ aqueous alteration on the parent body. Further study is in progress to
decode the origin and modification of FGRs in the Mukundpura meteorite.
References: [1] Scott et al. (1984) GCA, 48:1741-1757. [2]Metzler et al. (1992) GCA,
56:2873-2897. [3] Tomeoka and Tanimura, (2000) GCA, 64:1971-1988. [4] Ray D. and
Shukla A.D. (2018) PSS, 151, 149-154. [5] Baliyan S. et al. (2020) Geochemistry, in press.
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We conduct N-body simulations to study the formation and subsequent evolution of rings
around small bodies starting from an initial cloud that resembles a moonlet placed within the
Roche distance. The small body is assumed to be spherical with density in its typical range
and diameter of 15 km. The moonlet is assumed to be a collection of uniformly sized, hard,
spherical particles held together by mutual gravity. We use the software REBOUND
developed by [1] to conduct our studies. We begin our simulations by placing a moonlet in a
circular Keplerian orbit around the central body. We find that within a few hundred orbits the
moonlet disintegrates due to the tidal stresses created by the central gravity field and forms an
axisymmetric structure. During this initial stage, ringlets are observed as done by [2], but the
ringlets disappear as the ring expands radially over time. We vary parameters such as the
moonlet mass, the location of disintegration and the particle radius and contrast the results
after a few hundred orbits. The rings continue to spread due to the viscous stress created by
Keplerian shearing as observed in earlier works [3]. In order to study the long term behaviour
of the expanding rings we switch to a depth averaged 1-D hydrodynamic theory formulated
by [4]. The radial mass distributions obtained from REBOUND simulations is used as initial
conditions in the hydrodynamic theory. We find that the independent of the location of
disintegration, a moonlet of a given mass always forms rings with the same surface density,
given long enough time. This observation constrains the width of the rings to the initial mass
as the spreading slows down over time. Hence knowing the surface density of a ring, its age
can be estimated. Alternatively, assuming that a ring of observed width is old enough, the
total mass of a ring can be estimated. Our estimates of the total mass of Saturn's rings show
excellent match with the previously available estimates.

Figure 1: An artist’s impression of the twin ringlets of Chariklo

References: [1] Rein et. al Astronomy & Astrophysics 537 (2012): A128. [2] Leinhardt,
Zoë M., et al. MNRAS 424.2 (2012): 1419-1431. [3] Goldreich, P., et al. Annual review of
astronomy and astrophysics 20.1 (1982): 249-283. [4] Salmon, J. et. Al (2010). Icarus,
209(2), 771-785.
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Abstract:
Silicon carbide is an interesting presolar grain because it can exist in different forms of
polytypes and provide an understanding of the origin and evolution of the solar system.
Raman spectroscopic technique was adopted in the present study to determine the polytype
distribution of SiC grains present in the Murray carbonaceous chondrite meteorite. The
presolar SiC grains were extracted from Murray meteorite using the standard isolation
method and dispersed on a high purity gold mount. Raman spectra were acquired using
Hybrid Scan Molecular Microscope (HSCMM_21) integrated with Scanning Electron
Microscope (SEM) (JEOL IT300) and micro Raman spectrometer. Raman spectral
measurements were obtained for both synthetic and meteoritic samples for better justification.
In the present study, 26 well resolved SiC presolar grains were chosen from the SEM image
and the Raman spectra were recorded in the wavenumber region from 500 to 1500 cm-1. The
grains were classified based on the wavenumber and full width half maximum of the Raman
peaks. It was observed that most of the Raman peaks of SiC were lying in the range from 790
to 800 cm-1. The Raman TO features of these presolar SiC grains showed a consistency with
the Raman TO frequencies for the 3C polytype with a slight shifting to lower wavenumbers.
A few grains were shifted to much lower wavenumbers (in the region around 6H and 15R),
which indicate the 3C-SiC polytypes with abundant stacking faults leading to other polytypes
in a particular region.
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Basement deep impact event as evidenced from a melt rock at Lonar Impact Crater,
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The Lonar Impact Crater is a simple bowl-shaped meteorite impact crater, emplaced
in the 65 Ma old Deccan tholeiitic flood basalts that forms a potential analogue to
extraterrestrial planetary objects with basaltic crust [1]. Besides being studied for many of its
geological aspects, the involvement of Archean basement rock, the extension of Peninsular
Gneissic Complex (PGC) in the Lonar meteorite impact is highly debatable. A few studies
have recognized the presence of basement rocks in the impact melt rocks through trace
element and isotope studies [2, 3]. But the present study provides a robust evidence of the
involvement of Archean basement rocks in the Lonar impact event through the study of an
impact melt-bearing basaltic rock from the crater. Thus it will redefine the nature and extend
of the meteorite impact at Lonar. Impact-melt bearing rock, collected from the ejecta layer of
the crater thus formed the subject of this study, which was further subjected to petrographical,
mineralogical, geochemical and geochronological studies.
The dark colored, aphanitic melt-bearing rock has many vesicles and smooth glassy
blobs within a rugged, slaggy outer surface. Plagioclase and discrete quartz shows shockinduced features like conversion to diaplectic glass and well-developed planar deformation
features (PDF). Laser Raman spectroscopy revealed the presence of cristobalite. The
geochemical studies manifest the trend of the target rock as well as the melt rock in the major
and trace element contents, but at the same time the melt rock being more fractionated like
the basement PGC. The U-Pb zircon geochronology provided a Mesoarchean age (3.0 to 3.1
Ga) similar to PGC. The highly variable REE contents of zircons mostly fall in the
transitional trend between magmatic and hydrothermal zircons with majority occupying the
magmatic field. These evidences along with the geomorphological parameters like the depth
to diameter ratio of the transient Lonar crater are strong evidences supporting the
involvement of Archean basement rocks (PGC) in the Lonar impact event.

Figure
showing
the
graphical
representation of the complete impact
event at Lonar.
References:
[1] Fredriksson, K. et al. (1973) Science, 180(4088), 862-864. [2] Chakrabarti, R. and Basu,
A. R. (2006) EPSL, 247(3-4), 197-211. [3] Schulz, T. et al. (2016) MaPS, 51(7), 1323-1339.
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Abstract: The Carbon content in meteorites varies up to 5% by weight as both organic and
inorganic forms. The insoluble fraction of this macromolecular organic matter is a “kerogen like”
material, commonly referred to as Insoluble Organic Matter (IOM) composing ~60-70% of the total
organic matter. A widely debated question in the study of IOM is where and how did these from? Are
they from the cold depths of the Interstellar medium (extremely low temperature environments 1030K) or from the outer solar nebula (beyond 40 AU) [1, references therein.]?
Previous studies have shown that for IOM to be of solar origin there is a need for efficient
mechanism(s) to make and crosslink small PAHs [1].Among the most discussed mechanisms are 1)
irradiation of simple aliphatic moieties in ices , but they do not produce IOM like material [2] and 2)
direct formation of IOM from the solar nebula at higher temperatures, consequently requiring a long
duration in the disk’s lifetime [3], in which case we expect to see the abundances of IOM to vary with
accretion time which does not seem to be the case [4]. Moreover, the high temperature environments
would be very close to the Sun, this contradicts the observations that the refractory C-abundances are
higher in the outer solar system objects [1]. The possibility of an interstellar origin is not very
promising either because even though there are similarities in IR spectra of the CH stretch regions of
the diffused ISM dust and meteoritic IOM, the diffused ISM does not contain significant O in the
form of OH or CO (carboxyl) and hence is not a good match. Furthermore, the very solar like C
isotopic composition of IOM is unlike the ISM dust that are said to be formed in the outflows of Cstars [5,6,7] thus having a very anomalous C-isotopic composition [8] and very light H and N [9]
Finally, there is a hybrid model which involves alteration of interstellar formaldehyde within the
planetesimals [10,11,12] which have yielded quite striking results. A diverse range of functional
groups and their abundances are observed within these organics which are said to be a result of the
variety of alteration processes like thermal or aqueous or thermally assisted aqueous alterations
[13,14,1]. These modifications either took place in the forming environments or during the various
stages of its incorporation into the chondritic parent body or later when resting within the parent body
interiors. The chondritic IOM being analyzed today is thus a result of the sequence of alterations that
have had occurred on the parent body
In this study, we have selected a suite of different meteorite samples with varying classifications
and petrological types (1-6) and chemically processed them to extract IOM. These were subjected to
an ongoing multi-technique analysis involving Fourier Transform Infra-Red spectroscopy (FTIR), Xray Absorption Near Edge Spectroscopy (XANES), Laser Raman etc. to study their composition,
structures, functional group abundances in order to find clues about their formation
histories/chemistry.
References: [1] Alexander C.M. O’D. et al. (2017) Chemie der Erde, 77, 227–256. [2]Nuevo M. et
al. (2011). ASR, 48, 1126–1135.[3] Morgan Jr. et al. (1991). Science 252, 109–112. [4] Alexander
C.M. O’D. et al. (2007) GCA, 71, 4380–4403. [5] Pendleton Y.J. and Allamandola L.J. (2002). ApJS,
138, 75–98.[6] Kwok S. et al. (2004) Nature 430, 985–991. [7] Kwok S. and Zhang Y. (2011) Nature
479, 80–83. [8] Lambert, D.L. et al. (1986). ApJS ,62, 373–425. [9] Iben Jr. I. and Renzini A. (1983)
ARAA. 21, 271–342. [10] Cody et al. (2011). PNAS, 108,19171–19176. [11] Kebukawa Y. et al.,
(2013) ApJ, 771, 19. [12] Kebukawa Y. and Cody G.D. (2015) Icarus, 248, 412–423. [13] Oba Y. and
Naraoka H. (2006) MAPS, 41(8), 1175-1181. [14] Le Guillou C. and Brearley A. (2014) GCA, 131,
344–367.
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Introduction: The recent planetary exploration missions by ISRO have gained tremendous
excitement in the planetary sciences. The advancements in remote sensing and in-situ
experiments on the orbiter/lander/rover are remarkable, for getting the information on various
physical and chemical properties and understanding surface geology of the object. The next
important and logical step ahead will be the sample return from planetary bodies like, Moon,
Mars, asteroids and comets. Such a sample return mission will offer opportunities to analyze
samples in terrestrial laboratories with state-of-art analytical techniques and equipment in
order to advance our knowledge of the interior of the objects in unprecedented detail. The
main scientific interest will be to collect samples from depths at specific locations. It is also
proposed to collect the IDP’s in space on the Space Station and brought them back on the
Earth. By studying the returned sample in the laboratory using high end instruments, various
scientific objectives like age determination, isotopic ratios, in-depth petrology, mineralogy
etc. can be achieved. Such studies are essential to understand the solar system formation in
general and specifically for understanding the evaluation and modification processes of the
targeted planetary body.
Need for curation: An immediate requirement of a dedicated facility will arise for these
unique extraterrestrial samples for their 1) retrieval, 2) curation, 3) processing.
For decades, there has been continuous progress in studying the meteorites at PRL using
various state-of-the art instruments with expertise. Various instruments like ion probes [1],
noble gas mass spectrometer [2], EPMA [3], gamma counting [4] etc. in PRL have yielded
important scientific results over the decades. This benefits in the availability of experimental
facilities for the analysis of returned samples. However, the curation and processing facilities
of the returned samples is lacking. The pristine samples, returned samples and meteorites,
needs to be handled with utmost care to avoid all types of contamination, even interaction
with the atmosphere can lead to contamination. For this purpose, we propose a dedicated
facility for returned samples and meteorite at PRL.
Sample return required setting up various facilities, like sample retrieval facility, risk
assessment, sample subdivision facility, preparation of aliquots for characterization. The
sample curation is the most important step towards protecting and storing the samples in its
pristine form for both current and future studies. Development of the sample curation facility
requires dedicated team and setting up world class facilities like ultra-high clean rooms (class
10/100), low temperature facilities, inert gas or nitrogen environmental storages etc. Storing
the precise information about the samples/subsamples and documentation in various forms
such as digital forms, written documents etc. will also be an important task of this facility.
This will be a nodal facility to connect various researchers and institutions across the country
and globe, to open up a wide range of studied to be performed on the samples. A plan of
development of such a facility will be proposed and discussed in detail.
References: [1] Mishra R. K. and Marhas K. K. (2019) Nature Astronomy, 3, 498-505.
[2] Mahajan R. R. (2020) Meteoritics & Planetary Science, 55, 2141-2156 [3] Ray D. and
Shukla A. D. (2017) Planetary and Space Science, 151, 149-154 [4] Bhandari et al. (2002)
Meteoritics & Planetary Science, 37, 549-563.
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The planet Mars is believed to have once hosted a global magnetosphere billions of years
ago due to dynamo action in its interior. The magnetic field provided shielding to the Martian
atmosphere and protected it from the wrath of strong winds from the young active Sun. As its
core convection was gradually depleted, Mars lost its magnetosphere and its atmosphere was
exposed to the bombarding solar wind particles leading to its erosion. Present-day Mars is
devoid of an intrinsic global magnetosphere except localized regions of crustal fields, and
hosts a very thin atmosphere.
We present results of three dimensional compressible magnetohydrodynamic (MHD)
simulations of the solar wind interaction with Mars, using the Star Planet Interaction Module
(CESSI-SPIM) developed at CESSI, IISER Kolkata [1]. The mechanisms that lead to the
formation of an imposed magnetosphere around a non-magnetized planet, are discussed
vividly along with consequences of weak dipole fields on the star planet interaction process
[2]. We also study the effect of varying wind strength on atmospheric loss rates which is
important from the perspective of planetary habitability. The results are found to be in
agreement with observational data from Mars missions such as Mars Global Surveyor (MGS)
and Mars Atmosphere and Volatile EvolutioN (MAVEN). The study is relevant for the
exploration and detection of planets (and moons) in the solar and exoplanetary systems.
References:
[1] Das S. B. et al. (2019) Astrophys. J., 877(2), 80.
[2] Basak A. and Nandy D. (2021) Mon. Notices Royal Astron. Soc., accepted.
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Dust has a strong impact on the atmosphere's thermal and dynamical state, thus affecting the
climate and environment of Mars (Gierasch and Goody, 1972; Pollack et al., 1979; Whelley
and Greeley, 2008). Hence, it is important to study about the processes that can entrain dust
into the atmosphere and to quantify the subsequent dust flux and loading in the atmosphere.
In this work, we model the spatial distribution of dust concentration within a steady state
Martian dust devil. We numerically solve the equations of motion for dust particles to
determine their velocity inside the dust devil and consequently determine the dust distribution
using the continuity equation. Our results indicate that major particle load (~1400 cm-3) in the
steady state dust devil is near the surface and at the boundary of the vortex leading to a sand
skirt, which is consistent with observations. The dust number density decreases as we move
in the vertical direction, with lighter particles lifting to higher heights. Then, we use this
vertically decreasing particle distribution inside the vortex to determine the electric field
generation within a dust devil in the Martian atmosphere. We observe that in such a charge
distribution, the maximum magnitude of the electric field is ~5.5

−1

, whereas when we

determine the electric field for dipole-like configuration we obtain the maximum electric field
to be ~20

−1

. A dipolar vertical charge distribution cannot be realized within an

atmospheric dust devil. Thus, the chances of detecting lightning within dust devil in the
Martian atmosphere becomes sparse.

References:
Gierasch, P. J., & Goody, R. M. (1972). The effect of dust on the temperature of the Martian atmosphere. Journal of the
Atmospheric Sciences, 29(2), 400–402.
Pollack, J. B., Colburn, D. S., Flasar, F. M., Kahn, R., Carlston, C., & Pidek, D. (1979). Properties and effects of dust
particles suspended in the Martian atmosphere. Journal of Geophysical Research: Solid Earth, 84(B6), 2929–2945.
Whelley, P. L., & Greeley, R. (2008). The distribution of dust devil activity on Mars. Journal of Geophysical Research:
Planets, 113(E7).
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Abstract: Dust is present within the atmosphere of Mars as a constant background haze.
Also, Interplanetary Dust Particles (IDPs) enter the Martian atmosphere from outside, after
getting originated from the asteroid belt. It is less probable that the IDP contribute in the
atmospheric dust, since it is ablated in the atmosphere while coming down. The other dust is
the surface dust which may be loaded in the atmosphere through the dust storms or devils. A
swirling column of wind and dust may occur during the southern hemisphere summer. The
tracks left behind by the passage of dust storm may be visible as dark streaks against the
higher albedo surface. The near-surface atmospheric vortices that are visible due to the
particles, which are lifted from the ground and entrain in a vertical, upwardly-spiraling
column of air. Dust devil activity on Mars is highly variable between regions and seasons.
The largest ones can reach heights of 8 kilometers, much taller than dust devils on Earth. This
paper explores the mathematical modelling of dust whirl using Maxwell like gravitational
equations using MATLAB. This shall help us to predict the energy source of the dust storm.
References: Use the brief numbered style common in many abstracts, e.g., [1], [2], etc.
References should then appear in numerical order in the reference list, and should use the
following abbreviated style:
[1] Heavens et al. (2019) Journal Of The Atmospheric Sciences, 76, 3299-3326.
[2] Farrell et al. (2003) Geophysical Research Letters, 30, 2-1-4
[3] Pabari J P and Bhalodi P J, Icarus 288 (2017) 1–9
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Dayglow occurs due to the interaction of solar radiation with Martian atmosphere. It
helps us to understand the upper atmosphere, its composition, temperature and dynamics. The
Cameron band (170-270 nm) arises due to the transition from the excited (a3π) state to the
ground (X1Σ+) state of Carbon Monoxide (CO). We have calculated the photoelectron fluxes,
emission rates and limb intensity of CO (a3π) bands between altitudes 90 km and 200 km
using Analytical Yield Spectrum (AYS) approach based on Monte Carlo. We have compared
our model results with observations of Spectroscopy for the Investigation of the
Characteristics of the Atmosphere of Mars (SPICAM) onboard Mars Express (MEX) and
Imaging Ultraviolet Spectrograph (IUVS) onboard Mars Atmosphere and Volatile Evolution
(MAVEN), at nearly same aerophysical conditions in MY35. The simulated limb intensities
of CO Cameron bands are in agreement with both observations within the uncertainties of the
measurements.
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Introduction: The Ionosphere of earth as well as other planets exhibits variation of density
with altitude forming multiple stratifications. The detail structure of the ionospheric
stratification can be studied only using ionospheric sounders. Ground based ionospheric
sounders in the HF band are basically sweep frequency RADAR which are the oldest
ionospheric remote sensing instrument. Vast chunk of ionosphere knowledge of the earth’s
have been contributed by studies utilizing ionosondes. Modern digital ionosonde are much
powerful and capable than the older ones in terms of extracting ionospheric information from
the sounding data (Kalita et al, 2019). The vertical density profile of the ionosphere can only
be obtained by inversion of the ionogram which is the basic data output of the ionosonde
(Wang et al., 2009). An ionogram is a plot of received power (usually color coded in modern
ionosondes) shown as a function of the sounding frequency and altitude. The altitude is
calculated from the time delay of the received/reflected echo assuming velocity of
propagation of light. To obtain the real height of reflection due to the pulse retardation caused
by finite refractive index of the plasma, the ionogram data is numerically fitted to test profiles
called inversion. The inversion requires sophisticated algorithms which uses different
methods like polynomial analysis or laminar analysis etc. The ionograms recorded by top side
planetary sounders like MARSIS present additional challenges due to spacecraft-local plasma
frequency(Sanchez-Cano etal.,2012). In view of the future need of planetary ionospheric
data, inversion of the topside sounder ionograms using automated tools becomes a necessity.
Abstract: For near real time and large scale use of ionospheric vertical profile information by
scientific the community, the ionogram inversion need to be easy and time saving. A digital
image processing based autoscaling software was developed for this purpose and tested on
hundreds of earth and few planetary ionograms. The algorithm, working of the software and
the test results are presented in this report. The software is found to be robust, easy to use and
relatively accurate for earth’s ionosphere. The software is a generalized package as it takes
only an image as input, and therefore, can work with ionograms recorded by any commercial
or in-house ionosonde after few customization by the user. Such a hardware independent
package should be extremely handy for the scientific community.
References:
[1]Wang, X.‐ D., Wang, J.‐ S., Nielsen, E., and Zou, H. (2009), “Hook” structure in
MARSIS
ionogramand
its
interpretation, Geophys.
Res.
Lett., 36,
L13103,
doi:10.1029/2009GL038844.
[2] Sanchez-Cano, Beatriz & Witasse, Olivier & Herraiz, M. & Radicella, Sandro & Bauer, J.
& Blelly, P.-L & Rodríguez-Caderot, G.. (2012). Retrieval of ionospheric profiles from the
Mars Express MARSIS experiment data and comparison with radio-occultation data.
Geoscientific Instrumentation, Methods and Data Systems Discussions. 2. 10.5194/gid-2-872012.
[3] Kalita, B. R., Nath, S. J., Bhuyan, P. K., Khandare, A., & Kulkarni, A. (2019).
SAMEERDU‐ digital ionosonde: Brief system description and initial results from a low
latitude location Dibrugarh. Radio Science, 54, 1142– 1155.
https://doi.org/10.1029/2019RS006813
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The radio occultation experiments performed by orbiters have been widely used in the
exploration of planetary atmospheres. In Venus atmosphere, the attenuation of microwave
signals are used to estimate the sulphuric acid vapor mixing ratio and liquid sulphuric acid
content in cloud regions [1]. However, the radio occultation experiments performed in the
Martian atmosphere do not produce significant attenuation in the S and X band signals. In
addition, it is reported that the vertical propagation of electromagnetic radiation in the Kaband frequencies are attenuated by two major atmospheric components: (i) Dust and (ii)
Cloud [2]. Thus, a possibility for a unique scientific opportunity for future Martian radio
science experiments has been put forward.
An investigation of the signal attenuation due to different sources is investigated at X and
Ka bands using reported values of physical properties, electrical properties and particle size
distributions. A comparative study is performed with Earth radio science meteorology
network in light of future opportunities for establishing Martian radio science meteorology
network. Leveraging the techniques of single and dual frequency radio occultation, and recent
advances in development of small satellite constellations [3, 4] can provide a better
understanding of Martian atmospheric aerosol transport and accurate prediction of dust storm
events. They are crucial for designing future entry, descent and landing events. A technology
demonstration for Ka-band radio occultation in a future Mars orbiter mission can test the
method and obtain new data of scientific interest.

[1] Cimino J. (1982) Icarus, 51, pp. 334-357. [2] Ho C. et al. (2002) JPL Publication 02-5.
[3] Nann I. et al. (2005) Proc. 4th Int. Workshop on Satellite Constellation and Formation
Flying [4] Moeller G. et al. (2019), Ninth International Conference on Mars 2019, 6399.
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Abstract
In the Martian thermosphere, the densities of the neutral species decrease gradually with an
increase in altitude. Superimposed on this gradual variation, there are perturbations of various
scales that are due to forcings from above and below. Forcings from below include the
planetary waves, thermal tides, and gravity waves (GWs) that are generated in the lower
atmosphere and propagate upward into the thermosphere. Previous studies have shown that
the GWs are ubiquitous in the Martian thermosphere. Here, we study the effect of the lower
atmospheric dust activity on the GW activity in the Martian thermosphere. For this purpose,
we chose the Planet-Encircling Dust Event (PEDE) that occurred during June-October 2018.
Ar densities measured by Neutral Gas and Ion Mass Spectrometer/Mars Atmosphere and
Volatile Evolution (NGIMS/MAVEN) during Martian years 33 and 34 are used in the present
study. The amplitudes and wavelengths of the GWs are extracted from Ar density
perturbations in the inbound segment of the MAVEN orbit. The results of the present study
show that the amplitudes of the GWs during non-dust periods predominantly lie between 5%
and 10% and are mostly less than 30% of the background densities. The horizontal
wavelengths are between 50 km and 300 km with peak wavelengths of 100–130 km. GW
amplitudes show a significant diurnal variation with larger amplitudes during nighttime and
smaller amplitudes during daytime. In addition, the GW amplitudes negatively correlate with
the background temperatures indicating the role of convective instability in the saturation of
the GWs. During PEDE-2018, however, the GW amplitudes are larger and the wavelengths
are smaller than those during non-dust periods. As a result, the typical diurnal variation of
GW amplitudes is not apparent during PEDE-2018 and the GW amplitudes do not show any
significant correlation with the background temperatures. It is proposed that the PEDE-2018
led to changes in the circulation of the mesosphere and lower thermosphere, so that the
modified circulation enhanced the upward propagation/reduced the filtering of GWs leading
to their enhancement in the upper thermosphere.
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Lightning has been studied on Earth for many years and it is well understood in terms
of its initiation, propagation in the ionospheric cavity and detection. However, the lightning is
yet to be understood for other planets like Mars and Venus. On Earth, it occurs in water ice
clouds at altitudes of about 10 km above the surface, while the mechanism and location of
lightning initiation are quite different on Mars. Dust storms prevail on Mars mostly during
southern hemisphere summer where the planet is near to the periapsis. Such storms lift dust
particles from the Martian surface, creating rotation of the particles due to hot air rising
above, surrounded by the cold air. It gives rise to friction and triboelectric effect among the
dust particles in motion, which subsequently causes charge transfer to occur. Vertical winds
inside a convective dust storm will separate the oppositely charged grains in such a way that a
downward directed electric dipole is created inside the dust storm [1]. These dust storms
along with the surface, atmosphere, and ionosphere, creates an electric circuit on Mars.
Sufficient tribo-charging can lead to a catastrophic local breakdown inside the storm.
Shorting out the electric circuit, the local breakdown can possibly trigger lightning near the
vicinity of the storm on Mars. Further, the dust storms load dust particles in the atmosphere
of Mars. Electrical discharge through the Schumann Resonance (SR) was studied by Ruf et
al. [2] from the ground-based observations. Other works include the observable SR [3] and
search for SR using InSight magnetometer observations [4].
In the present work, we have studied conductivity profiles of the Martian atmosphere
during the normal condition without the dust and also, during the presence of dust in the
atmosphere. Dust loading from the storms can affect conductivity profile. Considering the
atmospheric parameters, SR profiles are further derived. The SR conveys a possibility of
lightning on Mars, near the surface. Effect of the dust and the conductivity on SR modes is
analyzed to understand likeliness of the Martian lightning.
References:
[1] Farrell, W. M. and Desch, M. D. (2001), JGR, 106, 7591-7595. [2] Ruf et al. (2009),
GRL, 36(13). [3] Haider et al. (2019), ASR, 63, 2260-2266. [4] Yu et al. (2020), EPSC2020541, 14.
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Pioneer Venus Orbiter (PVO)[1] was inserted into Venus orbit and the Orbiter Electric Field
Instrument detected impulsive noise bursts with wave frequencies less than the electron
plasma frequency [2][3] ie, High-frequency upstream waves (30 kHz). The data obtained [4]
was extensively investigated for the phenomena of Lightning on Venus.It was subjected to
mathematical methods. Kurtosis was calculated for different sets of data from three different
regimes, namely Earth (Terrestrial Lightning), Venus and Van de graphgenerator. Kurtosis
for Normal distribution is equal to 3 and for Non-normal distribution it deviates away from 3.
The data from Earth Lightning and Van de graph Lightning have been shown to successfully
encode the correlations in the data obtained from PVO. There was not a very good match
among the data from different regimes.The Kurtosis has also been shown to correspond to the
Probability Distribution function, especially for these parameters. Special focus was laid on
relating the available lightning data to some Probability distribution function. Also emphasis
was to determine the extent of deviation from various distribution functions.
References: [1] Taylor, H. A. Jr., H. C. Brinton, T. C. G. Wagner, B. H. Blackwell, G. R.
Cordier January (1980) IEEE Transactions On Geoscience And Remote Sensing, Vol. Ge-18,
No. 1, pp. 44-49. [2] Russell C. T.(1991) Space Science Reviews , Planetary Lightning,
Vol. 55, pp. 317–356. [3] Scarf F L, Russell C. T. (1990)Adv. Space Res. Evidence for
Lightning on Venus, Vol. 10, (pp. (5)125—15)136.[4] https://www.nssl.noaa.gov/
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We study the characteristics of photoelectrons in the Martian upper atmosphere during solar
flares using photoelectron spectra measured by the solar wind electron analyzer (SWEA)
onboard the Mars Atmosphere Volatile EvolutioN (MAVEN) spacecraft. In particular, we
focus on the 20-30 eV photoelectrons and the 500 eV Auger electrons. The electrons are
observed to extend to high altitudes during both the M- and X-class solar flares. They are
observed to a maximum altitude of ~970 km towards the terminator region. The flux of these
electrons is maximum for orbital segments that are in their inbound when the peak of the flare
occurred. In addition, the high-altitude electrons are observed on the orbital segments that are
closer to the planet than the one away from. These high-altitude electrons are compared with
the magnetic fields measured by the Magnetometer on MAVEN. Based on the comparison,it
is proposed that these are electrons produced on the dayside ionosphere and transported
towards nightside by the magnetic fields that straddle across the terminator. These results are
discussed in the light of the current understanding on the photoelectrons and their transport.
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A complex, Paleoproterozoic Dhala impact structure (N25°17'59.7" - E78°08'3.1") occurs
in the Archaean basement of the Bundelkhand craton in north-central India [1]. It is one of
the oldest terrestrial impact structures, hitherto. The impactites of the Dhala structure are
relatively well preserved despite its old age, significant erosion, and post-impact tectonothermal events in the area. The pervasive tens of km long quartz ridges (NNE-SSW)
dissected by NW-SE-trending tholeiitic dykes and ~E-W-oriented Bundelkhand Tectonic
Zone constitute three regional scale pre-impact fabric elements in the study area. However,
the role of these tectonic elements with respect to the shape of Dhala structure has not been
investigated as yet. The exposed shape of the impact structure is difficult to ascertain due to
extensive alluvium cover and the poorly exposed low-lying monomict breccia outcrops in
general, especially in the eastern and south-eastern parts of the structure. To address this
issue, field mapping of monomict breccia outcrops (201) has been carried out [2] and
orientations of various fabric elements observed are also measured.
Present field mapping data suggest that the outcrops of monomict breccia usually occur in
the outermost annular region occupying nearly 43 km2 area. However, the exposed surface
area of the monomict breccia unit is only ~5 km2 occurring as variably elevated outcrops
(300 ± 5 to 330 ± 5 m) that are extensively fractured and brecciated. These monomict breccia
outcrops disposed around the Dhala central elevated area (CEA) suggests a nearly
rectangular shape (Figure 1; [2]) developed during final stages of impact cratering. Here, we
propose that the final shape of Dhala structure is prominently controlled by the two preexisting regional-scale fabric elements (NNE-SSW-trending quartz ridges and NW-SEtrending mafic dykes) based on our fabric data analyses. Similar studies for well-preserved
young terrestrial impact structures and some extraterrestrial structures are known but this is
the first report for a Palaeoproterozoic terrestrial impact structure.
Figure 1. An annular distribution of
the 201 (labelled 0 to 200) monomict
beccia outcrops and eight impact melt
breccia (IMB) bodies exposed around
the central elevated area at Dhala
impact structure [2].
References: [1] Pati J. K. et al.
(2008a) Meteoritics & Planetary
Science, 43, 1383-1398. [2] Singh A.
K. et al. (2021) Earth Surface
Processes
and
Landforms,
(Submitted; under 2nd review).
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The planet Mars is known for its long-lasting volcanic history from Noachian to the
Amazonian period [1]. The Elysium Mons region on Mars hosts evidence for Amazonian
volcanic activities, particularly the Cerberus Fossae region which is located in the east of
Elysium Mons. However, we are limited with the lava deposits that are visible on the surface,
and evidence of subsurface lava deposits in this region is still unexplored. Therefore, it is
indeed important to explore the subsurface lava deposits, which are hindered below the
surface and preserved pristine evidence for the volcanic history of Mars. Exploring the
subsurface lava deposits will lead to improving the volcanic history of Mars. We used Highresolution imaging science experiment (HiRISE) images, which are having a spatial
resolution of ~25cm/pixel [2], for the photo-geological analysis. Along with HiRISE, we
used Shallow Radar (SHARAD) data for the subsurface analysis, which is having a vertical
resolution of ~15m in the free space and ~10m in the subsurface with a penetration capacity
up to ~1km [3]. Additionally, we used HiRISE and CTX digital elevation models (DEMs) for
the topographical analysis, which are generated using the MarsSI tool [4].
In this study, we investigated two modified unnamed craters (located at 9.5°N,161.9°E and
8.5°N,164.2°E), which have been cut through by the Cerberus Fossae. We observed that the
rim of the two craters is breached from multiple sides and the floor of the craters is covered
with lava deposits. The fossae that passed through the crater exposed the cross-section of the
floor, which displays multiple layers or stratigraphy in the HiRISE images. The thickness of
these layers varies from few tens of meters to hundreds of meters. We observed that the first
~40 m thick deposit, which contains multiple layers, is distinct from the underlying hundreds
of meters thick deposit. The overlying deposit is showing a light tone in HiRISE images,
whereas the underlying deposit is showing a relatively dark tone. Also, the SHARAD
analysis of multiple tracks passing over this region displays a reflector. We interpreted that
the reflector is possibly due to the interface between the ~40 m thick deposit and underlying
hundreds of meters thick deposit. We estimated the permittivity of the overlying deposit
using the two way travel time of the radar and considering the interface depth as ~40 m. The
average permittivity value is determined as ~9.8, which indicates the presence of lava deposit
[5] in this region. The cross-section from HiRISE reveals multiple lava deposits, which
suggest multiple volcanic events have happened in this region. Additionally, we determined
the age of the uppermost lava layer using the crater size-frequency distribution. The estimated
age tends to ~2.7 Myr, which corresponds to the late Amazonian epoch. Overall, we
substantiate late Amazonian lava deposits in the Cerberus Fossae region on Mars which are
identified using HiRISE and SHARAD analysis. Thus, we conclude that the Elysium Mons
region on Mars undergone multiple volcanic events extended up to the Cerberus Fossae
region during the Late Amazonian period and presumably would have continued over a large
period.
References: [1] Carr M.H. and Head J.W. (2010) EPSL, 294, 185-203. [2] McEwen A.S.
et al. (2007) JGR, 112, E05S02. [3] Seu R. et al. (2007) JGR, 112, E05S05. [4] QuantinNataf C. et al. (2018) PSS, 150,157-170. [5] Simon M.N. et al. (2014) JGR, 119, 2291-2299.
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Polycyclic Aromatic Hydrocarbon (PAH) molecules are assumed to be a potential carrier for
the well-known 3 to 20 µm Aromatic Infrared Emission (AIE) Bands [1]. It is also assumed
that almost 20 % of the cosmic carbon are locked up in the Interstellar PAHs having the
typical size of more than 50 carbon atoms [2- 3]. The formation mechanism of interstellar
PAH is still under debate, especially the formation pathways starting from the basic units of
PAH like Anthracene, naphthalene, and their mixtures. Most of the carbonaceous materials
are assumed to form in the circumstellar envelope of the Asymptotic Giant Branch (AGB)
stars via gas-phase condensations processes [4] and is considered to follow multi-step
formation pathway. Shock processing of smaller PAHs leading to the formation of larger
PAHs is least explored to-date, to the best of our knowledge.
We used the High Intensity Shock Tube for Astrochemistry (HISTA) in PRL to understand
the emergence of larger PAHs under simulated Interstellar shock conditions. Using HISTA
the samples of naphthalene, anthracene and mixture of naphthalene & anthracene are
subjected to very high temperatures, ~ 8000 K for about 2 ms (~ 6 Mach). The shocked
samples are then collected for further analysis using InfraRed (IR) / Raman spectroscopy and
High Resolution – Transmission Electron Microscopy (HR-TEM). IR spectra showed new
peaks corresponding to the presence of newer PAHs in the shocked samples. In this meeting
the results from the shock processing of PAHs and its implications will be discussed.
References
[1] Allamandola et al. (1985), APJL,290,L25 [2] Duley et al. (2006), Faraday Discuss. 133,
415–425 [3] Tielens (2008) Annu. Rev. Astron. Astrophys. 46, 289–337. [4] Hanning and
Salama (1998), Science , 282, 5397.
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The Sittampundi Anorthosite Complex (SAC) in southern India has drawn significant
geological importance in recent years for the presence of conformable horizons of chromitite
layers in association with highly calcic anorthosites and clinopyroxenites [1]. The present
study focuses on understanding the spectrochemical characteristics of chromium spinels (Crspinel) in the SAC using various spectroscopic techniques (Laser Raman, hyperspectral,
FTIR) combined with Electron Probe Micro Analysis (EPMA). The study also attempts to
compare the spectral-compositional relationship of SAC Cr-spinels with those of the
compositionally similar lunar spinels in Sinus Aestuum [2, 3]. The SAC Cr-spinels exhibit
composition ranging between Al-chromite and Cr-spinel. The Cr2O3 content in Cr-spinels
ranges from ~32-37 wt% and Cr# [(Cr/Cr+Al)] is in the 0.44 to 0.53 range. The Laser Raman
spectra of Cr-spinels show a prominent A1g peak with a longward shift (~705-714 cm-1) and
are likely to be caused by the substitution of Al3+ in the spinel structure. The A1g peak
position near 705 cm-1 in the spectra might be the result of the coexistence of (Mg, Fe) in the
tetrahedral site and (Al, Cr) in the octahedral site, respectively. The broader and stronger 2
µm band position in the hyperspectral data is at relatively shorter wavelengths than the
typical Cr-spinels owing to the enhanced Al content (Al2O3 ~25 wt%) in the SAC samples. A
linear relationship is observed between the 2 µm band position and Cr/Al abundances, in
which the band center shifts longward with increasing Cr2O3 and Cr# abundances while a
shortward shift is observed with enhanced Al2O3 content. While comparing our results with
the Fe- and Cr-bearing spinel spectra from Sinus Aestumm on the Moon, the bands at 0.49
µm, 0.55 µm, and 0.59 µm are unidentified in the Sinus Aestuum spectra [2]. The bands at 1
µm and 2 µm are common to both SAC and Sinus Aestuum spinels. However, the SAC Crspinels show 2 µm band position at relatively shorter wavelengths (<2.1 µm) due to high Al3+
content whereas the 2 µm band center is slightly longward (>2 µm) in Sinus Aestuum
composition [2, 3]. Based on the results from the present study, Fe- and Al-rich Cr-spinels in
SAC are considered as probable terrestrial analogues for compositionally similar lunar spinel
compositions. Furthermore, the spectrochemical characteristics of SAC Cr-spinels can be
used as a reference for remote identification of lunar spinels and retrieving their
compositional ranges from the reflectance spectra.
References:
[1] Subramaniam A. P. (1956) Geological Society of America Bulletin, 67, 317-390. [2]
Weitz C. M. et al. (2017) JGR: Planets, 122, 2013-2033. [3] Yamamoto S. et al. (2013) GR
Lett., 40 4549-4554.
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Synthetic Aperture Radar SAR with its high sensitivity to target dielectric constant, look
angle and polarization–dependent target backscatter has been a potential tool for analysing
the backscatter signatures and polarimetric scattering mechanisms from various lunar
features . ISRO’s Chandrayaan-1 carrying Mini-SAR Fore-Runner (MRFFR) and
Chandrayaan-2 carrying Dual Frequency SAR –DFSAR as the orbiting payloads have
provided immensely useful radar data for studying the lunar impact craters , the icy
polar regions and permanently shadowed regions. . Both the above SAR sensors have the SBand as the operating frequency and with longer wavelengths of the order of 12.6 cm which
facilitates
higher penetration depths . The Dual Frequency L& S SAR with full-quad
polarization capability is deployed in Chandrayaan-2 which have better penetration in L
band.The orbiting MiniSAR payloads enabled imaging of the shadowed regions multiple
times thereby providing comprehensive lunar datasets for analysis, archival and gallery.
This study is aimed at the polarimetric processing of Mini-SAR hybrid polarimetric data
and DFSAR for derivation of the decisive polarimetric parameters which can be used to
characterise the lunar regolith . The m-chi and Freeman-Durden Polarimetric decomposition
techniques are implemented in order to understand scattering characteristics of the South
Pole Atkeins basin ,the Oceanus regions and the impact craters.
As an extended analysis , pseudo-quad pol covariance matrix is constructed from the hybrid
pol data using polarimetric scattering models which might be correlated with the Dual L-S
SAR data from Chandrayaan-2. In-house developed software is used for carrying out the
above study of the lunar landscape.
Hybrid Polarimetric Processing And Quad Pol processing Methodology
The fundamental data product obtained from the SAR is the complex target vector of the
backscattered field with the relative phase information intact The scattering matrix elements
are then used for the derivation of the four Stokes vectors -S1, S2, S3 and S4 of the scattered
wave (Stokes, 1852, Raney, 2007; Cloude et al., 2012) . This is because of the fact that it has
been proven that the Stokes parameters characterise partially polarized waves not by their
phases and amplitude but by their power terms.
For the full-pol data ,the coherence and covariance –T3 and C3 matrices are constructed .
The coherent Pauli and Three-component Freeman –Durden decomposition is carried out
for target area analysis.
This study has been carried out in the following manner:
1.In-house software modules are developed for Polarimetric processing of MRFFR hybrid
polarimetric data in order to derive the degree of polarization, Poincare ellipticity angle,
circular pol ratio and the complex correlation coefficient, for prominent lunar features. The
Mare and Crater region are analyzed using their backscatter intensities and polarimetric
signatures .
2.m-chi decomposition technique has been implemented for the South Pole Aitken - SPA
basin and the oceanus regions.
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3. Analysis and implementation of compact polarimetric scattering models and reconstruction
technique for conversion of CTLR to pseudo-quad polarimetric data and derivation of quad
pol components for the above features using in-house developed software.
4. In-house software modules are developed for .Full polarimetric processing of DFSAR data
of Chandrayaan-2 and polarimetric decompositions
5. Quantitative analysis of the polarimetric signatures of the lunar regions using hybrid Pol
and quad pol data.

Figure 1: SPA Basin- (a)m-chi Decomposition (b) Intensity (c)Ellipticity (d) Circular
Pol Ratio,
This study is extended for studying the full-pol characterization of the lunar features using
Chandrayaan-2 Dual-Band SAR data.
8. REFERENCES
[1]. L- and S-band Polarimetric Synthetic Aperture Radar on Chandrayaan-2 mission
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Introduction: Lunar regolith and interior preserve the records of ancient activities of the
solar system. The top surface layer is full of mix such as solar wind implanted gases, solar
cosmic ray (SCR) interaction effects, impacted material in the form of micrometeorites,
meteorites and bolides of various types, origin and composition, galactic cosmic ray (GCR)
interaction effects and GCR produced isotopes, and so on. Part of the regolith contained the
material storing the records of these effects due to the manifestation of vertical mixing.
To gain insights into various aspects such as 1) lunar interior isotopic composition, 2)
inventory of the interior gases, 3) degassing gas load, 4) material with ancient solar wind
implanted gases, is feasible only if there is sample returned beyond certain depth. In general,
the GCR effect are observable up to 1.5m in the solid objects. Also, there will be regolith
mixing at various depths on the lunar surface. Therefore, keeping in mind the above aspects,
a lunar core sample up to 2m depth from the surface is essential.
Noble gases have specific isotopic ratios across the solar system reservoirs. E.g., Solar
wind, Earth’s atmosphere, chondritic Q-component, pre-solar grains etc. [1]. However, the
noble gas isotopic composition of the interior of Moon is unknown. Most of the samples from
Moon missions and lunar meteorites are rich in either solar wind or GCR [2], hindering the
deconvolution of the components for the identification of indigenous reservoirs. The very
specific purpose of the deeper sample, at the 2m depth location will be to identify the gas
reservoirs in the lunar interior via isotopic ratios of noble gases and nitrogen.
Nitrogen, either measured along noble gases or carbon in the mass spectrometry
techniques [3], provide an extra tool such as to identify the trapped nitrogen composition.
Nitrogen has very specific isotopic ratios in various reservoirs and thus helpful to look for
specific properties or processes. Nitrogen isotopic composition from the interior can also be
used for constraining the types of precursor materials of the planetary objects. This gives a
new handle to identify different types of building blocks of various planetary objects.
The knowledge of ancient solar wind composition will shade the light on the change in the
composition of solar wind with time. Although, it is tricky to distinguish between present
solar wind composition and ancient component (if any), future technological advancements
will be useful for this purpose. The progress of single detector in the mass spectrometry to
multiple detectors has advantage of measurements of miniscule sample gas amounts.
The measurements, such as cosmic ray effects, e.g., exposure ages, can also be used for
understanding of multiple exposure history, estimation of mixing depths and durations for
vertical movements of the fragments.
References: [2] Ott. U. (2015) Chemic der Erde, 74, 519-544. [2] Mahajan R. R. (2015)
Planetary & Space Science, 117, 24-34. [3] Mahajan R. R. (2020) Meteoritics & Planetary
Science 55, 5154-5156.
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Impact cratering is a fundamental geologic process that has shaped the planetary bodies
through time. Here, we present some preliminary results from morphological studies of
central peaks in lunar complex craters. The central peaks in complex craters are important
structures because they are believed to represent material uplifted from great depths [1][2],
located below the excavated cavity.
We aim to obtain insights into the formation of central peaks and understand the dominant
controls. In this context, we have used multi-resolution optical datasets to categorize the
central peaks based on various morphological differences. Based on the preliminary results
we have made the following salient observations:
a) Among the 33 craters with a central peak, most had a central peak as a centrally located
uplifted structure. However, there are potential candidate peaks which are showing wall
connections. This raises the question whether material below the crater rim can contribute to
the central peak material as well. The same is being investigated.
b) Another element of interest in the study is the effect of increasing crater diameter on the
location of the central peak with respect to the crater center. This difference of position
referred to as an ‘offset’ is catalogued both in sense of distance and direction. Initial trends
suggest that the central peak offset to crater diameter ratio is higher in the smaller craters as
compared to the larger craters (diameter >55 km).
c) With respect to the number of peaks, we have observed in the initial trend that 21% of the
craters have more than one coherent peak.
Understanding the central peak formation would provide important insights into the cratering
process, especially at the scale of complex craters.
References:
[1] R. B. Baldwin (1971) Phys. Earth Planet. Inter. vol. 4 pp. 167-179 [2] Milton et al.
(1972) J. Chem. Inf. Model., vol. 53, no. 9, pp. 1689–1699.
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Lunar pyroxene composition and thermometry in Mare Humorum- Understanding
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Abstract: Pyroxene is best suited mineral for remote geochemical study of basaltic
planetary bodies in the solar system because it is one of the major common rock-forming
minerals [1]. The optical properties of lunar sample indicate that the principal absorption
bands in visible and near infrared reflectance spectra arise from mineral pyroxene and other
associated minerals [2]. The dominant cations responsible for the band absorptions are Fe2+,
Ca2+, Mg2+ in their crystal lattice. Low calcium pyroxene is characterized by ~0.9 µm (Band
I) and ~1.9 µm (Band II) absorption features while high calcium pyroxene show ~1.05 µm
(Band I) and ~2.35 µm (Band II) absorption features [3]. Petrologists have long recognized
the potential of coexisting high calcium pyroxene and low calcium pyroxene to provide
thermometric information [4]. Thus, in this study we have focused on the spatial distribution
of Band I and II absorption in the Mare Humorum area of the nearside Moon. The spectral
variability of the Humorum area using Moon Mineralogy Mapper (M3) observations of the
Chandrayaan-1 mission will be discussed in detail. The mosaic of spectral parameters
including band center I and II, integrated band depth I and II will guide us to infer the trend in
variation of pyroxene distribution in terms of low and high calcium content. Our goal is to
examine the spectral variability along with geologic context of the Humorum basin, so that
the volcanic processes and geologic evolution of the basin can be understood.

References: [1] Klima, Rachel L., M. Darby Dyar, and Carlé M. Pieters (2011)
Meteoritics & Planetary Science 46.3: 379-395. [2] Adams, John B. JGR (1974) 79.32: 48294836. [3] Edward A. Cloutis (2002) JGR, VOL. 107, NO. E6, 5039. [4] Donald H. Lindsley
and David J. Andersen (1983) VOL. 88, SUPPLEMENTP, AGESA 887-A906.
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Abstract: There have been many studies regarding water-ice depositions on the lunar
surface [1], [2], [3]. Earlier, research was based on the Circular Polarization Ratio criterion
(CPR>1). However, It is quite challenging to identify water-ice deposits based on criterion
CPR>1 because it occurs in water-ice and the rough region both [4]. Therefore, it is
required to examine the CPR>1 laterally with other significant roughness parameters.
Hence, we aim to explore fractal dimensions for better textural classification along with
CPR. Further, the m-χ decomposition method was used to observe the dominant surface
scattering response in identifying possible water-ice region from CPR>1 and fractal-based
methods. First fractal dimension (D) was measured using Chandryaan-2 SAR data and
used to differentiate between the rough and smooth surface (possible water-ice) [5].
Further, the CPR analysis was done to identify the possible water-ice regions (smooth
region) using criterion CPR>1. The color-coded image of CPR is shown in Figure 1.
Further, comparative analysis of CPR and fractal-dimension provides more confidence
about the possible rough region or possible water-ice regions.
Following this, the m-χ decomposition method was used to identify dominant surface
scattering in the CPR>1 (smooth or rough region) and the fractalbased (smooth or rough) approach. The m-χ method gives
information about the surface dominant scattering [6]. These
dominant scatterings are of three types: volume (possible from
water-ice deposits), surface, and double-bounce scattering. The
in-depth analysis from dominant volume scattering in CPR>1
and identified regions from fractal dimension based method
shows that the CPR with fractal approach provides the better
possibility of identifying the water-ice deposits regions as
compared to using only CPR.

Figure. 1 CPR image
extracted
from
Chandryaan-2 SAR data.
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Datasets from Chandrayaan-1 X-ray Spectrometer (C1XS) and Moon Mineralogy Mapper
(M3) payloads on board Chandrayaan-1 mission can be utilised for deriving compositional
information of the lunar surface. C1XS obtains elemental evidences in weight percentage
based on XRF measurement. The inverse algorithm, ‘x2abundance’ is used for deriving
elemental abundances after having inputs of the background measurements, solar model and
the scattered model. The reflectance image of Moon Mineralogy Mapper can be processed
for various techniques based on which spectral information can be acquired for deducing
mineralogical inferences. But the results of C1XS and M3 cannot be synergised due to the
spatial resolution disparity among the datasets. In this work we have attempted to resample
the M3 data to C1XS resolution to achieve comparable results. The elemental data of C1XS
and mineralogical details from M3 were found in good corroboration. The spectra from the
resampled image is further investigated for band parameters using Modified Gaussian Model
(MGM), which will be used to procure elemental information with existing techniques.
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Spectroscopic studies of minerals on Earth and the moon will help establish a human base
for upcoming human and robotic missions to the moon. Lunar rocks do not have abundant
quartz, but breccia formation is the closest to the terrestrial sedimentary rocks [1]. The rock
fragments in a breccia can include Mare basalts and material from the lunar Highlands [2],
[3]. There is a high chance of elemental substitution in breccia [4]. This work reviews the
Raman spectra from terrestrial samples for characterizing minerals on the Lunar surface.
Spectral analysis shows that the peaks from Raman spectra alone plays a vital and additive
role in the characterization and identification of minerals with respect to lunar samples.
Spectra derived from Raman spectrometer for Seven sedimentary and metamorphic rock
samples; Slate, Quartzite, Reddish sandstone, Sandstone (heavy quartz minerals), Sandstone
(course-grained), Phyllite (iron), Schist were compared with their counterpart spectra of
Apollo returned samples (Apollo 11, 12, 14, and 15) available from the literature and few
standard spectra of minerals (including quartz, orthoclase (K-feldspar) and ilmenite.
It has been found that spectral features like Si-O-Si stretching in Raman spectra,
identification of impurities, and location of elemental substitution are the same for both
terrestrial and lunar samples in this work. The mineral composition of the samples considered
in this work is almost the same as rocks and minerals found in the Delhi Aravalli range and
other parts of Northern India. However, more field base study is needed. It also depends on,
that which part of a planetary body we want to explore, as most of the spectral features,
including breccia (elemental substitution), basalts, and silicates, are found similar.
References: [1] Heiken et al.,1991, Lunar Sourcebook. [2] Sarantos et al., 2012, J.
Geophys. Res. Sp. Phys., 117. [3] Albee 1971, Eos, Trans. Am. Geophys. Union, 52, IUGG
90-IUGG 100, 1971. [4] Pieters 1986, Rev. Geophys., 24, 557–578.
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The Orientale basin (diameter ~930 km) is the well preserved and youngest of the multi-ring basins
on the Moon and is an ideal example for the study of large impact basins and their ejecta distribution.
The continuous ejecta blanket of the basin extends to ~800 km [1] from the basin rim, which has
modified the surrounding area. The ejecta deposits of the Orientale basin, referred to as Hevelius
Formation [1], partially cover both the nearside and farside regions of the Moon. Fassett [2] first
mapped the Orientale ejecta and revealed they deposited within the pre-Orientale craters. We take up
a detailed study to investigate the Orientale ejecta distribution within the smaller craters and craters
beyond 1 diameter of Orientale. We used the high resolution Lunar Reconnaissance Orbiter (LRO)Narrow angle camera (NAC) images for identification, estimating the area/thickness of the ejecta
deposits. These estimates can provide new insights about the variation of the crustal thickness of the
Moon due to the ejecta of large impact basins.
Our approach towards the same is inspired from Fassett [2]. For the initial survey, we used Lunar
Reconnaissance Orbiter (LRO)- global Wide Angle Camera (WAC) mosaic which is having a spatial
resolution of ~100 meters/pixel. For the topographical analysis, we used Lunar Orbiter Laser
Altimeter (LOLA) data having a spatial resolution of ~100 meters and vertical accuracy of ~1 meter.
We used LRO-NAC images for the detailed photo-geological analysis in the one-diameter vicinity
from the rim of the Orientale basin. Additionally, we used Robbins Moon crater database [3] for the
rigorous inspection of thousands of craters having diameter larger than 20 km within the three-radii
boundary from the basin rim and ~1500 craters with diameters ranging between 5 and 20 km within
one-radius boundary from the basin rim. Of these, 467 craters (250 with diameter >20 km and 217
with diameter between 5 to 20 km) are partially filled by the Orientale ejecta. We have mapped 78
more craters additional to the 154 (diameter between 20 to 100km) that was mapped by Fassett [2].
We have identified the smallest surviving craters in different radial ranges from the basin rim since
they can provide information about the scale below which pre-existing craters were erased. The radial
variation of ejecta thickness is then expressed by a power function of the range (measured from the
center of Orientale), scaled by radius [4] (465 km). This power law description of the ejecta decay is
then integrated to obtain the volume of ejecta deposited in different regions and the volume obtained
is used to evaluate the location of the transient cavity’s rim crest for Orientale. Further detailed
investigations are ongoing over these craters to infer the effect of Orientale ejecta and the post
processes such as the modification of transient cavity.
References : [1] Morse, Zachary & Osinski, Gordon & Tornabene, Livio. (2017). New morphological
mapping and interpretation of ejecta deposits from Orientale Basin on the Moon. Icarus. 299.
10.1016/j.icarus.2017.08.010. [2] Fassett, C. I.,J. W. Head, D. E. Smith, M. T. Zuber, and G. A.
Neumann (2011), Thickness of proximal ejecta from the Orientale Basin from Lunar Orbiter Laser
Altimeter (LOLA) data: Implications for multi‐ ring basin formation, Geophys. Res. Lett., 38,
L17201, doi:10.1029/ 2011GL048502.[3] Robbins, S. J. (2018). A new global database of lunar
impact craters >1–2 km: 1. Crater locations and sizes, comparisons with published databases, and
global analysis. Journal of Geophysical Research: Planets, 124(4), pp. 871-892.
https://doi.org/10.1029/2018JE005592. [4] McGetchin, T. R., M. Settle, and J. W. Head (1973),
Radial thickness variation in impact crater ejecta, implication for lunar basin deposits, Earth Planet.
Sci. Lett., 20, 226–236, doi:10.1016/0012-821X(73)90162-3.
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Abstract: A group of anomalously smooth and extensive impact melt deposits were reported
near the antipode of Tycho crater based on LRO Diviner and LROC observations [1]. Based
on the morphological freshness, the smooth melt deposit seems to be very young (of late
Copernican age). The smooth melt deposit is not surrounding any small or large crater,
making the source crater identification non-trivial. Besides there are no craters of that young
age in the immediate vicinity which could be considered as a potential source. However,
earlier workers have identified some relatively far-off craters as a possible source [1].
In the ongoing study, we have analyzed those potential source craters in detail using variety
of criteria and are currently evaluating whether melt may be from one or more sources. Based
on our analysis, we have ruled out some craters and have identified a few potential craters for
further detailed study. Earlier workers have proposed that the impact melt was transported
from the Tycho crater to its antipode location [1, 2]. Our analysis suggests some other craters
as equal probable source of the smooth melt deposit. We will present the obtained evidences
and evaluate the likely source craters. This study could have important implications for
understanding the melt transportation dynamics during the formation of an impact crater.
References: [1] Robinson et al., Icarus 273 (2016) 121–134. [2] Paige et al. (2018) 49th
LPSC #2083. [3] Adler et al. (2019) 50th LPSC #2132.
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Abstract: Thomson crater on the lunar farside is an important location to study the MgSpinel occurrences due to strong spectral signatures as well as their widespread spatial
distribution.
In addition to the previously reported Mg-spinel occurrences at Thomson crater [1, 2, 3], we
have found spinel exposures beyond the Thomson crater which raises important questions
about the source(s) and spatial extent of Mg-Spinel in this region. We are evaluating various
possibilities in this regard which would not only have implications for origin of Mg-Spinel in
this region but also for several other locations on the Moon. These possibilities include MgSpinel excavation during multiple cratering events, potentially multiple formation episodes or
multiple modes of formation. We would present some evidences in this regard and discuss
their implications.
References: [1] Kaur et al. (2013a) 44th LPSC, #1547. [2] Pieters et al. (2014) American
Mineralogist 99, 1893-1910. [3] Sodha G. and D. Dhingra (2020) IPSC-2020, IPSC0158.
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The planet Mars is known for its long-lasting volcanic history from Noachian to the
Amazonian period [1]. The Elysium Mons region on Mars hosts evidence for Amazonian
volcanic activities, particularly the Cerberus Fossae region which is located in the east of
Elysium Mons. However, we are limited with the lava deposits that are visible on the surface,
and evidence of subsurface lava deposits in this region is still unexplored. Therefore, it is
indeed important to explore the subsurface lava deposits, which are hindered below the
surface and preserved pristine evidence for the volcanic history of Mars. Exploring the
subsurface lava deposits will lead to improving the volcanic history of Mars. We used Highresolution imaging science experiment (HiRISE) images, which are having a spatial
resolution of ~25cm/pixel [2], for the photo-geological analysis. Along with HiRISE, we
used Shallow Radar (SHARAD) data for the subsurface analysis, which is having a vertical
resolution of ~15m in the free space and ~10m in the subsurface with a penetration capacity
up to ~1km [3]. Additionally, we used HiRISE and CTX digital elevation models (DEMs) for
the topographical analysis, which are generated using the MarsSI tool [4].
In this study, we investigated two modified unnamed craters (located at 9.5°N,161.9°E and
8.5°N,164.2°E), which have been cut through by the Cerberus Fossae. We observed that the
rim of the two craters is breached from multiple sides and the floor of the craters is covered
with lava deposits. The fossae that passed through the crater exposed the cross-section of the
floor, which displays multiple layers or stratigraphy in the HiRISE images. The thickness of
these layers varies from few tens of meters to hundreds of meters. We observed that the first
~40 m thick deposit, which contains multiple layers, is distinct from the underlying hundreds
of meters thick deposit. The overlying deposit is showing a light tone in HiRISE images,
whereas the underlying deposit is showing a relatively dark tone. Also, the SHARAD
analysis of multiple tracks passing over this region displays a reflector. We interpreted that
the reflector is possibly due to the interface between the ~40 m thick deposit and underlying
hundreds of meters thick deposit. We estimated the permittivity of the overlying deposit
using the two way travel time of the radar and considering the interface depth as ~40 m. The
average permittivity value is determined as ~9.8, which indicates the presence of lava deposit
[5] in this region. The cross-section from HiRISE reveals multiple lava deposits, which
suggest multiple volcanic events have happened in this region. Additionally, we determined
the age of the uppermost lava layer using the crater size-frequency distribution. The estimated
age tends to ~2.7 Myr, which corresponds to the late Amazonian epoch. Overall, we
substantiate late Amazonian lava deposits in the Cerberus Fossae region on Mars which are
identified using HiRISE and SHARAD analysis. Thus, we conclude that the Elysium Mons
region on Mars undergone multiple volcanic events extended up to the Cerberus Fossae
region during the Late Amazonian period and presumably would have continued over a large
period.References: [1] Carr M.H. and Head J.W. (2010) EPSL, 294, 185-203. [2] McEwen
A.S. et al. (2007) JGR, 112, E05S02. [3] Seu R. et al. (2007) JGR, 112, E05S05. [4] QuantinNataf C. et al. (2018) PSS, 150,157-170. [5] Simon M.N. et al. (2014) JGR, 119, 2291-2299.
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Impact basins on the Moon aid in understanding the geological evolution of the lunar crust
[1]. Several buried/degraded basins on the Moon have been revealed using the Gravity
Recovery and Interior Laboratory (GRAIL) data [2]. The Pre-Nectarian aged Crüger-Sirsalis
Basin ~ 475 km in diameter and centered at -16.0° N, 293.0° E is one among them. The
geology of this basin is largely unknown because it is largely buried under the ejecta of the
Orientale, Grimaldi, and Humorum basins. In this study, we have unraveled the geology of
the Crüger-Sirsalis Basin using remote sensing datasets primarily acquired from
Chandrayaan-1 and Lunar Reconnaissance Orbiter (LRO) missions. We report the probable
presence of an inner depression ring (IDR) of diameter ~243 km for the first time, in addition
to the inner ring (IR, diameter ~425 km), and outer ring (OR, diameter ~475 km). We report
two new floor fractured craters and a new concentric crater, suggesting the presence of
shallow magmatic plutons in these regions. A new pyroclastic deposit has been identified
along the outer ring of the basin. The spectral study shows that the basin encompasses two
types of cryptomare. These two cryptomare units are compositionally distinct. The signatures
of pure anorthosite (PAN) and olivine have been found in the craters located along the rings
of the basin. This result supports the lunar magma ocean hypothesis [4]. Crater chronology
has revealed that the basin has experienced late phase volcanism (2.0- 1.4 Ga) in the mare
ponds Crüger, Lacus Aestatis, and Rocca-A. Synthesizing the findings from this study and
the earlier studies, a detailed geological map of the Crüger-Sirsalis Basin has been prepared
for the first time.
References:
[1] Shoemaker, E. M., and R. J. Hackman (1962), The Moon, 289–300. [2] Neumann,
G.A., et al. (2015), Sci Adv, 1(9): p. e1500852. [3] Orgel, C., et al. (2018), JGR. [4] Ohtake,
M., et al. (2009), Nature, 461, 236–240.
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The spatial and temporal diversities in lunar basaltic volcanism are best reflected in impact
craters containing volcanic deposits on their floors. A detailed investigation of the
topographic, morphologic, spectroscopic, and chronological characteristics of the Gerard Q
region of the moon was carried out using remotely sensed data from various orbiters such as
LROC Wide Angle Camera (WAC) global mosaic (~100m/px) and Kaguya-Selene DEM
(~7m/px) and Chandrayaan-1 Moon Mineralogy Mapper (M3) dataset (~240m/px) from
OP2C2 optical period. Gerard Q Inner is a 67 km diameter crater situated within another
impact crater, Gerard Q Outer (GQO), whose diameter is ~192 km, on the western margin of
Oceanus Procellarum. The formation of the Gerard Q complex is located on the transition
boundary between mare and highlands. It makes this crater a compelling site to be studied in
detail to unravel the lunar volcanic history. The geomorphic and spectral mapping was
carried out using ArcMap and ENVI image processing software.
SELENE topography data shows that GQO has a convex-up floor profile. Gerard Q Inner
belongs to class 3 floor-fractured craters as defined by [1]. The topography of GQI is
irregular, with many uplifted blocks within the crater. The central knob is broad, intersected
by fractures in W-NE, N-SE trends. The elevation along the GQI rim is varying, while the
inner knob is elevated more than the crater rim. About ~30% of the crater floor area is
flooded by mare basalts. There are two major crescent-shaped magma units on either side of
the central knob. The volcanic units are compartmentalized with respect to differences (~60
m) in elevation. M3 spectra collected from GQO shows low-Ca pyroxene diagnostic
absorptions with varying Mg content [2]. Clinopyroxenes are detected in the GQI basalts.
FeO abundance mapping [3] indicates high Fe content (wt%>20) in the mare units. CSFD
based model ages [4] derived for the western and eastern mare patches are ~3.36 Ga and
~2.22 Ga respectively. This hints that Gerard Q had been volcanically active for more than a
billion years, while the eastern mare eruption occurred during the last stages of lunar volcanic
activity.
References:
[1] Schultz P.H. (1976) Moon, 15, 241–273
[2] Klima R.L. et al. Meteorit. Planet. Sci., 46, 379–395
[3] Zhang W. (2014) Encyclopedia of Lunar Science. Springer, Cham.
[4] Neukum G. et al., (2001) Space Science Reviews, 96(1/4), 55–86
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We found evidence for critical internal heat values during significant geophysical

transitions in the inner solar system planetary bodies in association with volcanism. From the
rocky planet thermal evolution model, we could infer critical surface heat flux values during
peak phases (~1.2 W/m2) and cessation phases (~ 0.092 W/m2) of major volcanism in Earth,
Moon, Mars, Venus and Mercury. The above phases of volcanism are accompanied by
significant geophysical transitions like growth and decay of global planetary magnetic fields
which is likely to be related to systematic changes in core-mantle boundary heat flux values.
The above results suggest the that planets are possibly self-organised physical systems with
strong core-mantle-crust coupling. The implications of our model on the search for habitable
extrasolar planets will be also discussed.
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Recent studies on the densities of asteroids Itokawa (see Fig. 1) and Bennu show a high
bulk macro-porosity suggestive of a rubble-pile structure. In the aftermath of catastrophic
impacts, debris from the parent asteroid condenses due to their self-gravity to form such
objects with larger internal void spaces. Understanding the formation of minor planets from a
loose collection of grains will provide insights into the inner solar system formation
processes. Specifically, in the context of Near-Earth objects (NEO), it is important that we
understand their evolutionary history and life cycle to develop effective strategies for impact
avoidance. Numerical investigations on the shape and spin limits of rubble-piles were
performed by [1] using the discrete element method (DEM), and a theoretical study based on
continuum mechanics was done by [2]. The idea that reaccumulation could have happened
after an impact was first proposed by [3] and [4] suggested that rubble-pile formation is a
stochastic process with the fragments losing the memory of initial conditions. Our study
implements dilute and dense kinetic theories [5] to model the dynamics of a rotating particle
cloud collapsing due to self-gravity. An approximate volume averaged method based on the
classical method of moments was used to derive the balance equations. The transition
between the dilute and the dense regimes occurs when the cloud's volume fraction reaches
0.3. Once the cloud reaches the random close packing fraction of 0.56, we utilize a rigidperfectly plastic model to assess its further development. Simultaneously, DE simulations of
a polydisperse mixture of particles were performed with corresponding initial conditions in
the spin-shape parameter space, and the dynamical evolution of the cloud was followed. A
good match between theoretical results and simulations was observed below the spin rate
limit, beyond which there is mass shedding. This implies that the non-equilibrium dynamics
of self-gravitating, rotating particle clouds can be analyzed in a relatively straightforward
manner through volume averaging, even for randomly distributed discrete particles. Our
model provides one of the ways to reproduce the formation of rubble-pile asteroids and
understand their collisional origins.

Figure 2: Rubble pile asteroid Itokawa as seen by the Hayabusa
spacecraft (source: JAXA digital archives)

References: [1] Richardson D.C. et al. (2006)
Icarus, 173, 349-361. [2] Sharma I. et al. (2009)
Icarus, 200, 304-322. [3] Michel P. and Richardson D.
C. (2013) Astronomy & Astrophysics, 554. [4] Bagatin
A.C. et al. (2020) Icarus, 339. [5] Richman W. M.
(1989) J. Rheology, 33, 1293-1306
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Near-Earth asteroids have been the target of human exploration since 1996 when NASA had
launched the NEAR (Near Earth Asteroid Rendezvous) mission being the first ever to orbit a
minor planet. Since then, several others have visited and now even touched down on the surface
of asteroids to collect loose material or regolith. For example, OSIRIS-REx by NASA and
Hayabusa-2 by JAXA have acquired surface regolith from Bennu and Ryugu in 2020 and 2019
respectively. These two belong to the class of asteroids which are called rubble-piles described
to be an aggregation of loose granular material instead of being a single solid chunk of rock.
Additionally, they are top-shaped. Bennu, amongst all, has been recently observed to be active in
nature because of mass shedding events captured by the OSIRIS-REx camera. This serves as the
pretext for the current work. While primitive shapes like spheres, spheroids, and triaxial
ellipsoids have been studied, the top shape has not been. Here, we investigate the equilibrium
landscape of the latter and understand the dynamics of a single grain on the surface, which can to
an extent justify the mass shedding events that have been observed on Bennu. An imaginary top
is constructed by joining two cones base to base. The gravity field of this is calculated by
integrating the expression for that of a disc/circular lamina along the height of the top which
involves evaluating elliptic integrals of the first, second and third kinds. The top rotates with a
spin rate of . The effective acceleration is defined as the sum of gravitational and centrifugal
accelerations. Depending on the vanishing of the normal and downslope components of the
effective acceleration at different spin rates, the equilibrium landscape is sketched out. We define
equilibration and shedding points (EP, SP) on the surface of the top as locations where a single
frictional grain comes to rest and takes off from the surface, respectively. We find that the EP
moves downslope with increasing spin rate, reaches the equator i.e., the base of the individual
cones, at
. At this point the SP coincides with the EP. Beyond
the SP moves upslope
and reaches the pole/apex at infinite spin rate. We also discuss prograde and retrograde lift-off
velocities and the effect of the Coriolis force on the same. The understanding of single-particle
dynamics paves the way for studying the motion of bulk regolith in the form of landslides as
future work, which may further unfold interesting features of top shapes like, equatorial bulge
formation and spin evolution due to surface motion.

Fig. 1. Asteroid Bennu as
captured by the OSIRIS-REx
spacecraft and our model of the
same fusing two cones back to back.
The blue dot represents a particle on
the surface.
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Abstract: Asteroids, comets and meteorites, popularly called “minor planets”, “icy mud
balls” and “shooting stars”, can turn out to be a great help if we want to understand secrets of the
early solar system and then decode them, to know why the solar system is what it is at present,
and also learn more about beyond the solar system.
Although we know what asteroids, comets and meteorites are, we still know little about them
and their significance. But when it is about understanding the formation and evolution of the
solar system, solving secrets and decoding the unknown about the early solar system and
evolution of the planets and satellites, then it is where they can play an important role. Recent
studies and missions reveal how they can give significant clues for important and debatable
questions like the primary source of water on earth, impact craters being harbingers of death and
cradle of life, presence of organic compounds on earth and origin of life, presence of organic
matter in meteorites, alignment of the solar system, rate of star formation in the Milky Way, etc.
Hence, it is mandatory to investigate further and analyze them, go through the recent studies and
researches on them, examine important clues found from them regarding the early solar system
and its evolution, as well as evolution of earth and origin of life, and explore different ways to
decode their clues, for future studies and missions, to unveil all secrets and understand the solar
system, and perhaps beyond it.
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Abstract: Meteorites are pieces of rock samples which are coming from the outer space to the
surface of planets. Meteorites are the proxy which can tell us about early Solar system processes
and formation. They can be divided into two types, on the basis of the genesis: Chondrites
(undifferentiated) and Achondrites (differentiated). Further Chondrites can be subcategorized asOrdinary, Carbonaceous and Enstatite based on petrological properties. The ordinary chondrites
are the largest class of meteorites in our collection; it comprises almost 87% of available
meteorites. The group of H chondrites (high iron content, approx. 28%), L chondrites (low iron
content, approx. 22%) and LL chondrites (low iron and low metallic iron) are collectively known
as Ordinary chondrites [1].
Due to various impacts and collisions in the asteroidal body, several fragments are ejected as
meteoroids. Until their fall on the Earth as meteorites, as they are exposed to the cosmic rays.
During this process interaction of Galactic Cosmic Rays (GCR, energy in GeV range) with the
ejected material, resulting in the production of cosmogenic nuclides. So, we have calculated the
Cosmic ray exposure (CRE) ages using Neon isotopic abundances and latest production rate
formula of cosmogenic 21Ne [2, 3]. CRE age of meteorites is also known as Ejection age. We
discussed the CRE age history for H chondrites in earlier presentation [4]. In this work, we will
discuss about parent body and regolith evolution of L chondrites.
Usually when meteorite got ejected from asteroid parent body, it was in continuum exposure of
Solar wind (SW, energy in KeV range) and GCR, so it shows the signature of GCR or SW from
the implantation. Further, for finding of the trapped component in L chondrites we have used the
Ne three isotopic plot between 21Ne/22Ne and 20Ne/22Ne.
We use the CRE age histogram to understand the meteorite-parent body(ies) connection. We
propose, e.g., for L chondrites, there could be two scenarios as meteorites came from a single
parent body in multiple ejection events and or they are from more than one parent body.

References:
[1] Grady M. et al. (2014) Atlas of Meteorites [2] Dalcher N. et al. (2013) Meteorit. Panet. Sci.
48, 1841-1862 [3] Eugster O. et al. (1988) GCA 52, 1649-1662 [4] Kumar A. et al. (2020), Span
study of CRE ages in Ordinary chondrites, IPSC0055
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Lithium based materials are prominent electrode materials for small satellite applications
because of its high specific energy density and exceptional cycle life. However, the major
drawbacks of lithium materials are the narrow operating temperature and inadequate power
density which can be achievable with ultracapacitors / Supercapacitors through high power
density capacitors. In addition, the long cycle life and larger range of operating temperature are
the importance attributes of supercapacitors. This type of high power density assisted small
satellites is preferred to use in many applications permitting them to functionalize high- powerpay-loads. Nanostructured Transition metal oxide (TMO) is the potential material broadly
explored by scientific community for energy storage applications. In this work, Spinel type
Trimanganese tetra oxide nanoparticles (Mn3O4) nanoparticles were synthesized through simple
solvent assisted hydrothermal method. The structural characterization was analyzed through XRay Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR). The surface
morphology of the prepared samples was observed through Field Effect- Scanning Electron
Microscope (FE-SEM) and Transition Electron Microscope (TEM). The electrochemical
performances of the prepared samples were investigated through Cyclic Voltammetry (CV),
Chronopotentiometry

(CP)

and

Electrochemical

Impedance

Spectroscopy

(EIS).

Electrochemical analysis showed that Mn3O4 acts as a prominent electrode material for
supercapacitors in space applications.
Reference
[1] Gonzalez-Llorente, J., Lidtke, A.A., Hatanaka, K., Lakhdar, L., Fajardo,I., and Okuyama,
K.I., (2020) Acta Astronautica, 174, 294-305. [2] Shimizu, Tatsuo, and Craig Underwood,
(2013) Acta Astronautica 85,138-154. [3] Burke, Andrew (2000) Journal of Power sources 91,
37-50. [4] Noori, A., El-Kady,M.F., Rahmanifar, M.S., Kaner, R.B. and Mousavi, M.F., (2019)
Chemical Society Reviews, 48(5), 1272-1341.
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The Quadrupole Mass Spectrometer (QMS) is an instrument, which selectively filters ions of
a particular mass-to-charge (m/q) ratio by varying A.C. and D.C. voltages applied to 4 parallel
rods of circular cross-section. It does so by tuning its electric field in such a fashion that only
ions of a certain m/q have stable trajectories and successfully pass through the QMS whereas
other ions collide with the rods and are neutralized (unstable) [1]. The Neutral and Ion Mass
Spectrometer (NIMS) instrument is an in-house QMS designed at PRL. An important part of the
design and development of such a Quadrupole Mass Analyzer is computer simulation using
dedicated software. Simulation of the design of the QMS using exact parameters of the modeled
instrument helps one to accurately predict the ion trajectories and instrument performance during
actual flight. Instrument transmission efficiency, mass resolution, input geometry among others
are parameters of utmost importance if one wishes to understand behavior of the QMS
instrument during actual flight. Thus, we have used a dedicated software, SIMION 8.1 for
simulation of ion trajectories with an option for adjusting and integrating instrument design via
programming.
The input geometry of the particles (origin as ions in ionizer section and focusing through
focus plate and into the analyzer section) is modelled with different particle distributions, i.e.
pupil, conical with varying cone angle, spherical etc., to find the most accurate representation of
actual flying particles. The default model for the QMS has been simulated for 105 particles of
varying kinetic energies. The details of the simulation runs will be further elaborated. Another
batch of runs are carried out by modifying the geometry in the .GEM (geometry) file. All
parameters are accurately adjusted/modified by code for a case study of the actual flight
parameters of neutral & ion mass spectrometer. Trajectories of 104 particles of all major isotopes
of major species present in planetary atmospheres are simulated through the modified QMS and
data is logged. Transmission efficiency (in percentage) has also been calculated for each isotopic
specie. These results are significant as they tell us what are the instrument losses for a particular
specie and are in accordance to transmission efficiency curves generated experimentally [2]. The
present status of the simulation and its results will be discussed along with future plans.
References:
[1] Dawson, P.H (2013) Quadrupole mass spectrometry and its applications. Elsevier.
[2] Antony Joseph, M.J. et al. (2018) Rapid Communications in Mass Spectrometry, 32(9),677-685
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Interplanetary missions require the rechargeable batteries with unique life timeperformance characteristic need to be high specific energy, wide operating temperatures, and
safety performance. The Li-ion batteries have been the subject of interest that is being used as
common energy storage system for aerospace missions and electric vehicle applications. The Lirich NMC cathode materials are considered to be the most promising next generation electrode
materials for aerospace energy storage application due to its high energy density and safety
performance. In this work, the synthesis of Li-rich NMC cathode materials by solution
combustion reaction method and then, the structural and morphological characterizations have
been carried out by XRD, Raman, FE-SEM, and HR-TEM (EDX). The electrochemical
performance of electrode materials was also performed by cyclic voltammetry (CV), and
Galavanostatic charge and discharge (GCD) and Electrochemical impedance spectrum analysis.

References
[1] Yao Zhang, Wansen Zhang, Ruofei Wu (2017) ACS Omega 2, 7593-7599 [2] Peng Xiao,
Tingjian LV, Xueping Chen (2017) Scientific report, 7, 1408 [3] Jinlong Liu, Mengyan Hour, Jin
Yi (2014) Energy Enivron.sci., 7, 705 [4]
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Colin (2018) Journal of power sources 39, 527-532 [5] Hirofumi Kanoh, Xiaoping Yang, and
Kenta Ooi (2000) Chem.Mater., 12, 3271.
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The hunt for electrons led to the invention of mass spectrometers (MS). From measuring the mass of
atoms to demonstrating the existence of isotopes, mass spectrometry has made sizeable contributions. In
the latter half of the 20th century, scientists realized the range of possible mass spectrometry applications
[1]
. Technological advancements have miniaturized such instruments for in-situ observations, thus
allowing space missions to incorporate MS instruments. Different types of mass spectrometers have
flown on various inter-planetary missions, starting from Apollo 15/16 in 1971 to the present day.
Quadrupole Mass spectrometer (QMS) is one such mass spectrometer that first flew on the Pioneer Venus
Orbiter, 1978. Some of QMS's revolutionary contributions to planetary exploration science have been the
quantification of gas mixing ratios and isotopic abundances in Jupiter's and Titan's atmospheres;
measurements of exospheric ions, noble gases, and water eroded from the lunar surface; and
characterization of atmospheric gases in the Martian thermosphere[2].
A quadrupole mass spectrometer generally has three sub-assemblies: The Ionizer, Quadrupole mass
filter, and Detector sections. The Ioniser's job is to ensure the ionization of the incoming neutral gases, as
well as to deflect electrons from entering the instrument. The Quadrupole mass filter houses 4 rods placed
at 90-degree intervals on corners of a square (quadrilateral). A faraday cup and/or a CEM constitute the
Detector sub-assembly and ensure that the instrument can detect neutral or ionic species at medium and
low concentrations. To aid ISRO's journey in future planetary explorations, NIMS is a quadrupole mass
analyzer being developed at PRL. Apart from the mentioned sub-assemblies, NIMS has an integrated
front end electronics box to control all the above mentioned sub-assemblies and to process the
instrument's output. A coaxial design and choice of materials make NIMS compact and light-weight, a
prerequisite for any space-bound payload. NIMS has an operational mass range of 2-200 amu and a mass
resolution (m/m) better than 0.1 amu. These mentioned attributes dictate the dimensions of the
instrument. The instrument is enclosed inside a shield tube that provides a common ground for the
instrument and protects it from external radiations. NIMS shall function in two modes: a) The Neutral
Mode, which measures neutral species by passing them through an ionizer, and b) The Ion mode, which
measures the positively-charged ambient ions. NIMS's compositional measurements shall help us
understand the effects of interplanetary plasma and electromagnetic fields of a planetary atmosphere. The
current status and future plan for the mechanical development of NIMS shall be discussed.
References:
[1]
Anal.
Chem. 2008,
80,
15,
5678–5683,
Publication
Date:
July
31,
2008,
https://doi.org/10.1021/ac8013065
[2] Arevalo Jr, R., Ni, Z., & Danell, R. M. (2020). Mass spectrometry and planetary exploration: A brief
review and future projection. Journal of Mass Spectrometry, 55(1), e4454.
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Optical telecommunications have been the main application field driving the development of
integrated optics devices. Devices of interest in this field include power splitters, switches,
modulators,

wavelength

multiplexers/demultiplexer,

optical

cross-connects,

dispersion

compensators, gain equalizers, light sources and optical amplifier. Polymer waveguide
technology has a great potential for economic mass production of complex planar photonic
circuits that comply with the severe requirements imposed by applications in communication
systems. The advances in space laser communications offer the communication system designer
the flexibility to design very lightweight, high-bandwidth and low-cost communication payloads
for satellites. The advantages of the laser communication systems over the conventional RF
systems are:1. Smaller antenna size 2. Lower weight and power 3. Minimal integration impact on
the satellite. Electro-optic polymers may be combined with a variety of active or passive clad
materials such as polymers, inorganic materials, or organic/inorganic hybrids to fabricate a
variety of devices such as Mach-Zehnder modulators, phase modulators, directional couplers,
and micro-ring resonators. Organic polymers also offer exceptionally high electro-optic (EO)
coefficients, which is a very important factor in reducing the switching voltage. The indigenous
design and fabrication of polymeric electro-optic modulator (EOM) relevant to space
communication systems is being carried out in our laboratory including the identification of the
potential electro-optic chromophores with different functional groups utilizing the computational
facilities of Supercomputer of SRMIST High Performance Computer Cluster (HPCC).
References:
1. Timothy Van Eck (2010) Polymer modulators for RF photonics, pg. 203-230. [2] C. Zhang,
M. C. Oh, H. Zhang, W.H. Steier and L.R. Dalton (2001) Chem. Mater, 13, 3043.
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Abstract: Venus Radiation Environment Monitor (VeRad) is a shortlisted payload for the Venus
orbiter mission. It aims to measure the high energy particles entering into the Venus atmosphere
in the energy range of 100keV to 100MeV. It also aims to estimate the radiation dose around
Venus orbit and to study the effects of interaction of high energy particles with the Venus
atmosphere through correlated measurements from other companion experiments onboard Venus
orbiter, viz., neutral and ion mass spectrometer, Langmuir probe, RPA and Radio occultation
experiment, etc.
VeRad sensor package consists of stack of SiPIN and CsI(Tl) scintillator detectors of varied
thickness to cover the entire energy range of 100keV to 100MeV. Each detector is readout by an
independent chain of electronics. Each chain consists of charge sensitive pre-amplifier (CSPA),
Shaping amplifier, Event trigger generator, peak detector and ADC. Scintillator detectors are
readout with the help of silicon photomultipliers (SiPM). Front-End Electronics (FEE) of VeRad
includes Charge Sensitive Pre-Amplifier (CSPA) followed by shaping amplifier. When the high
energy particles interact with the detectors they generate charge in the detectors in proportion
with the amount of energy deposited in the detectors. FEE efficiently collects the charge
generated in the detectors using charge sensitive pre-amplifier (CSPA) and shape them into
voltage pulse for enhanced signal to noise ratio (SNR), better correlation with the incident
particle energy and further back-end processing.
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Silicon Drift Detectors (SDD) are often used in interplanetary mission as solid-state X-ray
detectors in different spectrometers. Due to their low capacitance, low leakage current and
reduced noise due to integrated FETs, they provide excellent resolution with high count rates.
One of the main parameters that dictates the performance of SDD is temperature of the device
and often Thermo-electric cooler (TEC) or Peltier is used to maintain the temperature of SDD
imbedded chip. SDD from KETEK has inbuilt thermistor which monitors the chip temperature
and a TEC for cooling the device. Often analog circuits are used to maintain the SDD at fixed
temperature but this doesn’t felicitates changing the set fixed temperature and hence a digital
control for cooling is required.
In our design we have chosen a look-up table based implementation in a Field Programmable
Gate Array (FPGA) to control the temperature of SDD. The temperature reading from the TEC is
monitored using Analog to digital convertor (ADC) and is given to the FPGA. FPGA also stores
the lookup table for temperature of the device with respect to the reading from ADC. Now based
on the user desired temperature and present temperature of chip the TEC current is either
increased or decreased through a FET so that the chip attains the required temperature. The user
can also change the desired temperature of the chip using telecommand from the ground and
further FPGA will regulate the TEC current to achieve the required temperature. With the
presented design we have achieved a resolution of 173 eV @5.9 KeV. In continuation to this we
plan to incorporate dynamic control such as PID to further improve the performance of X-ray
spectrometer.
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The Neutral and Ion Mass Spectrometer (NIMS) is an essential instrument to study the
Gaseous composition of atmosphere. NIMS effectively characterizes the neutral gases and
ambient ions by measuring the isotopic and molecular compositions of the upper atmosphere and
ionosphere. These compositional measurements are required to understand the effect of
interplanetary plasma and electromagnetic fields of atmosphere[1].
NIMS is based on the concept of quadrupole mass filter (Mass range: 2–200 amu and mass
resolution {M/M} >10). A quadrupole mass filter is a dynamic mass filter for positive and
negative ions. The mass scale is linear to the applied amplitude of the RF voltage(1-1600Vpp).
Mass resolution can be conveniently and electrically set by means of the ratio between the DC
voltage U and the high-frequency voltage amplitude V, which is typically maintained at ~1.168.
Frequency (2.76 MHz) of operation is kept constant throughout the measurement. Due to its
compact dimensions and light weight, NIMS is suitable both as pure residual gas analyzers and,
in higher-quality design, as sensors for gas analysis. NIMS can be programmed to either sweep
across a range of (m/q) ratios by varying RF and DC voltages accordingly, or allow only a
species of interest to pass, by tuning the instrument to a fixed (m/q). NIMS shall function in two
different modes viz. a) The Neutral Mode, which is used to measure neutral species by using
Electron impact ionization technique in ionizer section where neutrals are first confined and then
converted into ions and b) The Ion mode, where filament of the ionizer section is kept off, in
order to measure the positively-charged ambient ions[2] .
The instrument shall employ a faraday-cup and a CEM as detectors, where CEM needs to be
biased at -2.2kV to achieve appropriate gain for the detection of targeted species[3]. To enhance
the resolution and the throughput of the instrument, a feedback circuit is introduced for
continuous reception from output signals. The feedback circuit takes the input from the filament
control circuit which in-turn has dynamic sensitivity control of the NIMS. The bread-board
development of the electronics has been carried out like: Electronics for ionizer control, RF
scanning, HV circuit for CEM biasing, FPGA based processing electronics and LabVIEW based
data acquisition. The current status of the development, its preliminary results will be discussed
along with the next course of action.
References:
[1] Colin L. (1997) Encyclopedia of Planetary Science. Springer, Dordrecht. https://doi.org/10.1007/1-4020-4520-4_30
[2] Vaisberg O.L. (1997) Springer, Dordrecht. https://doi.org/10.1007/1-4020-4520-4_43
[3] National Research Council. (2003). New Frontiers in the Solar System: An Integrated Exploration Strategy. National
Academies
Press
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Abstract: The human race is bound to become a Spacefaring Civilization. Therefore it is
imperative that we need to gain a better understanding of phenomena occurring in the space
environment. Experiments conducted in Microgravity provide crucial insights into such
phenomena. Due to the strong gravity on Earth, many subtle processes are suppressed. But in
reduced gravity environments, which are simulated in Microgravity conditions, such processes
become prominent and tend to be counter-intuitive when compared to observations made on
Earth. This shows the importance of understanding physical phenomena in the microgravity
environment. Microgravity experiments can be carried out on different platforms such as Space
Stations, Parabolic flights, Drop Balloons, Sounding rockets and Drop Tubes/Towers. Of the
various methods used for obtaining microgravity conditions, drop towers offer ground based
microgravity platform. They provide a cost effective platform for doing short duration,
repeatable, high quality microgravity experiments [1].
Drop Tube/towers are long hollow shafts within which the capsule is allowed to undergo
free fall in a evacuated drag free environment. The major advantage of such a facility is
achieving a controlled microgravity for experiments. A drop tube has three main sections: The
headroom, which contains the release unit that holds the capsule; the mid-section is where the
free-fall occurs followed by the deceleration unit in the third section of the drop tube. The air
inside the drop tube is removed to reduce the drag experienced by the capsule, thus resulting in a
very good microgravity condition during the free fall. After release, followed by free fall, the
capsule is then brought to rest using styrofoam balls packed at the bottom of the drop tube.
The design and development details of this laboratory-based microgravity experimental
facility and results from preliminary experiments will be presented in this meeting.
Reference: [1] Nikhil, V. V., Nair, A., Niketh, P., Kumar, A., & Muruganandam, T. M. (2018).
The 2.5 s microgravity drop tower at national centre for combustion research and development
(NCCRD), Indian Institute of Technology Madras. Microgravity Science and Technology, 30(5),
663-673.
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The compact Remote Raman, Fluorescence and Lidar Multisensing instrument combines the
capabilities of surface Raman and laser induced fluorescence spectroscopy and backscatter lidar
into a single, versatile tool for planetary exploration. Operation of this instrument in remote
Raman-fluorescence mode and atmospheric lidar mode allows investigation of mineralogy,
biology, and fluorescent trace elements and biological materials in rocks, weathering processes
of planetary surfaces, polar ices and gas hydrates, as well as atmospheric aerosols distribution
and clouds profiling . Raman spectral analyses of terrestrial analog materials can provide a better
understanding geological and chemical material and processes on planetary surfaces such as that
of Mars. In the light of the focused information as presented above, the development of the proto
type Remote Raman and Laser Induced Fluorescence (RLIF) instrument for optimum
performances and demonstrate its capabilities in Remote sensing and generating analytical
information at the molecular level has been initiated and the indigenous design and fabrication of
the constituents of the compact remote Raman spectrometer are being developed in our
laboratory.

References:
1. Anupam

K. Misra , Tayro E. Acosta-Maeda, John N. Porter, Genesis Berlanga, Dalton
Muchow, Shiv K. Sharma , and Brian Chee, (2019) Applied Spectroscopy, 73(3), 320-328.
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Galileo mission, launched in 1989, reached Jupiter after several flybys around Earth and
Venus. Galileo Dust Detector System (DDS) onboard Galileo was an impact ionization detector,
aimed at studying the physical and dynamical properties of the interplanetary dust particles
(IDPs) as a function of distance to the Sun. During its journey, it measured dust flux in different
regions of interplanetary space like (a) between Earth and Venus, (b) between Earth and asteroid
belt, (c) within asteroid belt and (d) beyond asteroid belt up to Jupiter. This measurement gives
an opportunity to compare the dust flux in these regions and to get a peek at the flux distribution
with heliocentric distance.
In the present work, the data from Galileo is filtered to extract legitimate dust impacts around
Earth. Further, the physical properties like mass, velocity and flux are analyzed. A relation for
heliocentric dust flux distribution is derived based on the data.

References: [1] Grun E. et al. (1992), SSR, 60, 317-340. [2] Kruger H. et al. (2009),
ICARUS, 203, 198-213. [3] Grun E. et al. (1995), PSS, 43 (8), 953-969. [4] Divine N. (1993),
JGR, 98 (E9), 17029-17048.
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Currently, Additive Manufacturing technologies serve as the paramount technique to drive
resources for potential use in the construction of complex structures. The progress that additive
manufacturing has made in recent years is truly remarkable, considering that the various
techniques branching out from one common principle has not only made a difference in highly
technical sectors with very specific manufacturing requirements but have also paved the way to
manufacturing the most common objects, with consistent ease in manufacturing and effort. The
progress that science has made in regards to developing lunar habitats is quite extraordinary.[1]
However, the uncertainty in selecting the exact manufacturing technique to ensure an efficient
build with the desired reliability is still sought after.
Combining the capability of in-situ resource utilization with the growth in the availability of
astromaterials, the objective of printing a sample of soil possessing characteristics similar to that
of lunar soil is assessed. The technique developed could potentially be a stepping stone to the
very concept of space-based additive manufacturing, with emphasis on lunar soil printing. The
printability of the soil sample could help us assess the key characteristics that lunar soil could
possess for an additive manufacturing-based approach, thus laying the foundations for
developing lunar habitats. This paper reveals a comprehensive, additive manufacturing-based
approach using the binder jetting technique to print astromaterials, with a keen focus on
utilization for construction.
[1] Haym Benaroya (2017) REACH, 7-8,14-33

IPSC-2021

Page 118

Spectroscopy, polarization and dust modelling of short period comet
156P/Russel-Linear
Aravind K1,2*, Prithish Halder1*, Shashikiran Ganesh1*
1

2

Physical Research Laboratory, Ahmedabad - 380009, India
Indian Institute of Technology, Gandhinagar – 382355, India
*aravind.k@prl.res.in, prithish@prl.res.in, shashi@prl.res.in

Comets are minor bodies in the Solar system, made up of dust and ice. Since dust particles in
comets are part of the pristine materials that were present in our Solar system, during its
formation, they hold primordial signatures or chemical and physical processes that led to their
formation in the solar proto-planetary disk. The physical properties of the dust can be probed by
studying the electromagnetic scattering of sunlight by the cometary dust. The light received from
a comet, in the wavelength regime free of fluorescence emissions by gaseous molecules, are
solely due to the scattering of sunlight. Hence, the
light is observed to be polarized to some extent.
Studying the variation of degree of polarization,
with phase angle, can help us probe the size, shape
and composition of the dust particles present in the
comet. The degree of polarization also depends on
the wavelength of observation.
The study of cometary polarization using comet
dust models allows us to infer detailed information
on the intrinsic physical properties of cometary dust
particles. Comet dust model consider computer
generated dust particles having range of sizes,
porosity, roughness, aspect ratio, inhomogeneous
composition, and polydispersity. The computer Figure 1: Variation of polarization with phase
generated dust particles are used as scattering targets angle studied using comet dust model.
for light scattering simulations using the T-matrix
code, discrete dipole approximation (ddscat), etc., to extract the light scattering properties like
the degree of linear polarization [1]. The best fit agreement between the observed polarimetric
data and the simulated data reveals the properties of dust. Here, in this work, we mainly present
the results from polarization observation and dust modelling of a short period comet
156P/Russel-Linear. The observations have been carried out using the EMCCD based optical
polarimeter (EMPOL), developed in-house [2]. The comet was observed in sloan i filter at two
phase angles, 38.9o and 42.3o. The observed degree of polarization is consistent with the values
observed for other short period comets. The preliminary results from the dust model reveals
similarity of dust composition with that of 67P/CG (see Figure 1). We also have obtained the
optical spectrum of the comet in order to study the fluorescence emissions of the gaseous
molecules present in the comet. We will be discussing both spectra and polarization information
to get a full picture of the gas and dust in the comet.
References: [1] Halder & Ganesh (2021), MNRAS, 501, 1766. [2] Ganesh S. et al., 2020, SPIE,
11447, 114479E.
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Abstract: A Solar flare is an intense and sudden release of energy, which can have a significant impact
on the reliability of space-borne, and ground based technological systems. In order to protect these
systems from disturbances in the space environment, probabilistic flare models are still the main tools
employed in space environment services. Researchers Bobra and Couvidat [1] have implemented support
vector machines on the SDO/HMI vector magnetic field data for discriminating between flaring and nonflaring active regions and predicting M-and X-class solar flares. They also derived the 13 optimizing
features out of 25-feature data set, which play significant role in the prediction. Chang Liu et al. [2]
implemented Random Forest on the same SDO/HMI vector magnetic field data using same 13 features. In
this study, different machine learning algorithms have been applied to discover best result giving
algorithm in predicting the class of Solar flare on the SDO/HMI vector magnetic field data. The data are
categorized into five classes namely (B: weakest flare, C: weak flare, M: strong flare, X: strongest flare
and N: no flare). We have applied Logistic Regression, K-Nearest Neighbor (KNN), Support Vector
Machine, Decision tree, Random Forest, Adaptive Boosting and Gradient Boosting and performed
comparative evaluation of these algorithms with respect to different performance metrics viz. accuracy,
precision, recall and F-1 score to determine the most suitable algorithm among these for predicting the
class of Solar flare. The findings with respect to F-1 score are best reflected in the Figure 1. The flare
predictions are performed using parameters provided by the Space-weather HMI Active Region Patches
(SHARP) and related data products.
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Figure 1. F1-score of different algorithms for different classes of Solar Flare
After comparing the performance measures of all the algorithms and techniques presented in this paper,
we are able to conclude that Random Forest Classifier performs best for our imbalanced SDO/HMI vector
magnetic field dataset.
References:
[1] M. Bobra and S. Couvidat (2015) The Astrophysical Journal, 798(2).
[2] Chang Liu et al (2017) The Astrophysical Journal, 843, 104-118.
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Abstract:
Molecules are spread everywhere in the cosmos, where the differing local conditions end
up in different chemistries. Larger numberof molecules, whose number is incredibly upgrading,
have been observed in space [1]. The sunspot umbral spectra comprising of a superior number of
rotational lines of various diatomic species such as CN, CH, MgH, TiO, FeH, AlH, AlF, ZrO,
BF, BH, BeH, LaO, ScO, VO, YO etc., have been investigated by several researchers from
Rowland [2] to Alaviand Shayestech[3]. A high-resolution sunspot umbra spectrum recorded in
National Solar Observatory, Kitt Peak in the visible and infrared wave number range, was used
in the present study and it showed the existence of rotational lines of A 1Π – X 1Σ+ (0,0), (0,0),
(1,0), (1,1), (1,2),(1,3) and C 1Σ+– A 1Π (0,0), (1,1) bands system of AlDmolecule in the spectral
wave number range from 20755 cm-1 to 24407cm-1, after a careful search using suitable software.
By using line identification method, the chance coincidence was evaluated for the A1Π – X 1Σ+
and C 1Σ+– A 1Π bands system of AlD molecule. The number of chance of coincidences were
discussed along with the I- parameter values. The equivalent widths were estimated for the well
resolved rotational lines using triangle approximation method. The effective rotational
temperatures were also calculated for the bands (0,0), (0,1), (1,0),(1,2) and(1,3) of A 1Π – X 1Σ+,
(0,0) and (1,1) of C 1Σ+– A 1Π of AlD molecule. The rotational temperature values calculated for
these bands were found to be in the range 1131 to 2544 K. The obtained range of temperature
agrees well with the effective rotational temperature range reported for other diatomic molecules
in sunspot umbrae.
References:
[1]
Tennyson,J. 2003. “Molecules in Space in Handbook of Molecular Physics and Quantum
Chemistry”, John Wiley & Sons, Ltd., Chichester.
[2]
Rowland, H.A. 1895. Astrophys. J.1, 29.
[3]
Alavi, S.F. and Shayestech, A. 2018. Mon. Not. R. Astron. Soc.474, 2.
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ABSTRACT

The Sun influence on the earth can seen by the interplanetary magnetic field and the solar wind.
The magnetic field on the sun is the root cause of the emission structures and their variation. The
plasma from the Sun’s corona, called the solar wind rushes out in to interplanetary space, which
contain an imprint of the sun’s magnetic field. Mainly magnetic field of the Sun are responsible
for changes of environment of earth. A significant advance in space weather monitoring can be
achieved if CME’s and other solar wind features with a potentials impact on the near–earth
envirounment , are tracked with good enough angular and time resolution to determine their
characterstics and evolution while they propagate through the interplanetary medium. The
capability to track solar disturbances through interplanetary space, to determine the threedimensional structure of the solar wind in the inner heliosphere has been crucial component in
the development of any reliable space weather forecast system.
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ABSTRACT :

The role of neutral in a partially ionized collisional dusty plasma for the ionosphere has
been analyzed. The dispersion relation for the electrostatic wave using electron, ions, dust
particles, and neutrals has been derived, in the presence of strong collision among these
constituents. The continuity and momentum equation has been solved by assuming that the
perturbed electron and ion density varies almost similar to the perturbed plasma potential. The
dust perturbation has been obtained by considering the charge neutrality of first order. These
perturb quantities are the input for the dispersion relation. The instability condition is found to
be depending upon the neutral scale length. The Electrostatic wave propagates almost
perpendicular to the neutral wind direction. The simulated frequency is depend upon the
thermal velocity of the neutrals, gyrofrequency of ions, collision frequency between dust and
ions, and collision frequency between dust and neutrals. The real as well as imaginary part of
the wave frequency is depending upon the neutral scale length which also set the condition for
the instability to occur at ionospheric altitude.
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Abstract
Plasma ejected into outer space from the events like solar flares/CME hits the
Earth’s magnetosphere and such plasma causes variety of instabilities in the magnetosphere. One
such possible instability is Kelvin-Helmholtz Instability [KHI]. The KHI occurs in ionosphere,
magnetosphere, which causes climatic changes. In this paper, we have analysed KelvinHelmholtz Instability [KHI] with the influence of kinematic viscosity. We have derived the
dispersion relation which is a quadratic equation in angular frequency (ω) and wave vector (k).
The two roots were plotted using Mathematica and found one root is unstable. This real and
imaginary root was studied for various parameters. The variation of angular frequency and
growth rate of KH waves with respect to the angle, in which ambient coronal field make with
wave propagation direction is also studied by keeping the wave vector fixed. We found that the
angular frequency is almost insensitive to viscosity coefficient ratio variations. It is seen that as
we increase the angle ϕ (the angle which ambient coronal field make with wave propagation
direction), the damping switches over to growth for a limited range of ϕ. It is seen that the
viscosity results the damping of electromagnetic waves when the ambient coronal magnetic field
makes sufficiently small angles with the wave propagation direction. Also it is seen that the
growth /damping is very sensitive to the viscosity coefficient ratio y. It is higher for a large value
of y. This shows that KH waves show more tendencies to growth for oblique flare structures.
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