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THE ELEVENTH MOSCOW
SOLAR SYSTEM SYMPOSIUM
11M-S3

SPACE RESEARCH INSTITUTE
MOSCOW, RUSSIA
October 5-9, 2020

Starting from 2010, the Space Research Institute holds annual
international symposia on Solar system exploration. Main topics of
these symposiainclude wide range of problems related to formation and
evolution of Solar system, planetary systems of other stars; exploration
of Solar system planets, their moons, small bodies; interplanetary
environment, astrobiology problems. Experimental planetary studies,
science instruments and preparation for space missions are also
considered at these symposia.

The Eleventh Moscow international Solar System Symposium (11M-S3)
will be held from October 5 till 9, 2020.

Subject matter of this symposium will cover many problems of the
Solar system science with the central topic “Moon, Mars and Venus
research”. This topic relates to scientific problems of several missions:
«Mars Express», «Venus Express», the missions under development in
Russia: “Luna-Glob”, “Luna-Resource”, “ExoMars ”.

THE FOLLOWING SESSIONS WILL BE HELD DURING THE
SYMPOSIUM:

e Session: MARS

e Session: VENUS

e Session: MOON AND MERCURY

e Session: GIANT PLANETS

e Session: SMALL BODIES (INCLUDING COSMIC DUST)

e Session: EXTRASOLAR PLANETS

e Session: ASTROBIOLOGY

e Session: SOLAR WIND INTERACTIONS WITH PLANETS
AND SMALL BODIES

In light of COVID-19 travel restrictions the Symposium will be held both
«face-to- face» and «virtual» formats.

For all «face-to- face» participants in Space Research Institute (IKl) the
masks as well as social distancing will still be obligatory!

Space Research Institute holds this symposium with

participation of the following organizations:

eRussian Foundation for Basic Research, Russia

eVernadsky Institute of Geochemistry and Analytical
Chemistry, Russia

eBrown University, USA

Symposium website: https://ms2020.cosmos.ru
Contact email address: ms2020@cosmos.ru

Meponpusmue npogooumcs npu ¢puHaHcosol nodoepicke
Pocculickoli akademuu HayK,

Pocculicko2o poHOa hyHOaMeHMAsbHbIX UcCAedo8aHul, npoekm
Ne20-02-22024
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11M-S*SCIENTIFIC PROGRAM

Lev ZELENYI
session 1. MARS

Opening Remarks

convener: Oleg KORABLEV

conference hall, second floor

10.00-10.15

11MS3-MS-01

11MS3-MS-02

11MS3-MS-03

11MS3-MS-04

11MS3-MS-05

11MS3-MS-06

11MS3-MS-07

11MS3-MS-08

11MS3-MS-09

11MS3-MS-10

11MS3-MS-11

Nikolay ABRAMOV Ground testing of

et al

Sergei
NIKIFOROV et al

Alexey
MALAKHOV et al

Pascal
ROSENBLATT et al

Jordanka
SEMKOVA et al

Maria-Paz
ZORZANO et al

Dmitrij TITOV et al

Salvador JIMENEZ
et al

Luis VAZQUEZ

Marina DiAZ
MICHELENA et al

Anatoliy PAVLOV
et al

the landing platform
television system of the
ExoMars-2020 spacecraft

Water content in the
Martian subsurface
along the NASA MSL
traverse by neutron
measurements

Local water-rich areas
in equatorial region of
Mars as seen by FREND
neutron spectrometer

Measurements of Mars’
CO2 seasonal mass
deposits at polar caps:

a comparison between
gravity and Neutron flux
data

Radiation environment
in the interplanetary
space and Mars’ orbit
according FREND’s Liulin-
MO dosimeter aboard
ExoMars TGO data

Comparison of space
weather on Mars and
Earth, towards a global
monitoring: a feasibility
study for ExoMars, using
InSight and MSL

Mars Express science
highlights and future plans

Solar wind at Mars
and magnetic field
interactions

From Space and
Radiation to New
Materials

Drone magnetometry:
a new approach to
study present and
past conditions in the
planetary bodies

Combination of methane
spontaneous emission
and ion-molecular
reactions as a possible
way to explain the
variations of methane
concentration in Martian
atmosphere

10.15-10.30

10.30-10.45

10:45-11:00

11.00-11:15

11.15-11.30

11.30-11.45

12.15-12:30

12.30-12.45

12.45-13.00

13:00-13:15

13:15-13:30



11MS3-MS-12

11MS3-MS-13

11MS3-MS-14

11MS3-MS-15

11MS3-MS-16

11MS3-MS-17

11MS3-MS-18

11MS3-MS-19

11MS3-MS-20

11MS3-MS-21

11MS3-MS-22

11MS3-MS-23

11MS3-MS-24

Valery
SHEMATOVICH
and E.S.
KALINICHEVA

Boris IVANOV

Pavel VLASOV
et al

Denis BELYAEV
et al

Alexander
TROKHIMOVSKIY
etal

Vladimir
Krasnopolsky

Mikhail IVANOV
and H. HIESINGER

Jessica FLAHAUT
et al

James W. HEAD
and Lionel WILSON

James W. HEAD
et al

James L. DICKSON
et al

Benjamin
BOATWRIGHT
and James

W. HEAD

Ashley PALUMBO
and James
W. HEAD

Atmospheric escape of
atomic oxygen during
the auroral events at
Mars

Martian dust activation
due to air shock waves
from small impacts

Diurnal and seasonal
evolution of Martian
atmospheric thermal
structure from ACS-
TIRVIM experiment
onboard TGO ExoMars

Upper mesospheric
water on Mars as
measured by ACS TGO
solar occultations

First detection of HCl in
the atmosphere of Mars
by ACS TGO

Photochemistry of HCl in
the Martian Atmosphere

Topographic
characteristics and
chronology of the Uzboi-
Ladon fluvial system on
Mars

Identification and
characterization of new
feldspar-bearing rocks
in the walls of Valles
Marineris, Mars

Sulfates on Mars: a
pyroclastic airfall model
for origin, emplacement,
and initial alteration of
Valles Marineris interior
layered deposits

Geologic and
climatologic history

of early Mars: Recent
developments,
unknowns and directions
for the next decade

The formation of young
Gullies on Mars by the
melting and boiling of
water at high obliquity

Mars Crater Modification
in the Late Noachian:
Evidence for Cold-Based
Crater Wall Glaciation
and Endorheic Basin
Formation

Large impact basin-
related climatic and
surface effects on Mars:
Argyre basin as a case
study

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.30-16.45

16.45-17.00

17.00-17.15

17:15-17:45

17.45-18.00

18:00-18:15

18:15-18:30



11MS3- MS-PS-01

11MS3- MS-PS-02

11MS3- MS-PS-03

11MS3- MS-PS-04

11MS3- MS-PS-05

11MS3- MS-PS-06

11MS3- MS-PS-07

11MS3- MS-PS-08

11MS3- MS-PS-09

11MS3- MS-PS-10

11MS3- MS-PS-11

11MS3- MS-PS-12

POSTER SESSION , session MARS

ONLINE DISCUSSION

Elizaveta
FEDOROVA et al

Ekaterina
STARICHENKO
et al

Anton SALNIKOV
et al

Tamara GUDKOVA
et al

Elena
PODOBNAYA et al

Vincent PAYET
et al

Marie BARTHEZ
et al

Gen ITO et al

Jose Luis
VAZQUEZ-
POLETTI et al

Maria Pilar
VELASCO et al

Imant
VINOGRADOV
et al

Kirill
ZAKHARCHENKO
et al

Analysis of H20
transmission spectra in
the Martian atmosphere
as measured by the ACS-
TIRVIM solar occultations

Gravity wave activity in
the Martian atmosphere
at altitudes 10 - 160 km
from ACS/TGO solar
occultations

Analysis of the magnetic
field data of Mars

Effect of third- and
higher-order tide on the
estimate of dissipative
factor for Mars

Fresh Martian impact
clusters

Automated denoising for
mineral indentification
on hyperspectral data

VNIR Spectroscopic
analysis of analogue
feldspathic rocks as

a reference for the
interpretation of Mars
data

Mineral mapping in
Altiplano-Puna volcanic
complex for Mars analog
study

Advances in cloud
computing for Mars data
processing

Mathematical advances
in fractional models for
the Martian atmospheric
dust dynamics

Martian multichannel
diode laser spectrometer
experiment for the
ExoMars-2022 lander
mission: M-DLS
instrument fabrication
and laboratory
calibration results

Diamond Detectors of
Space Radiation: the
Ways to counter the
Polarization Effect

18.30-19.00



session 2. ASTROBIOLOGY 10.00-12.00
conveners: Elena VOROBYOVA,
Oleg KOTSYURBENKO

conference hall, second floor

11MS3-AB-01  Richard B. Life in ice: implications ~ 10.00-10.15
HOOVER to life on the Moon
and small Solar System
bodies
11MS3-AB-02  Maxim ZAITSEV On the formation and 10.15-10.30
etal transformation of organic
matter in the Solar
System

11MS3-AB-03  Peter WURZ etal A novel and compact 10.30-10.45
laser desorption — mass
spectrometry system for
sensitive in situ detection
of amino acids on
extraterrestrial surfaces

11MS3-AB-04 Sergey BULAT etal New microbial finds in 10.45-11.00
the subglacial antarctic

lake Vostok
11MS3-AB-05 Nikita DEMIDOV Sources of materials 11.00-11.15
et al for the western delta

of Jezero crater
(Mars), astrobiological

implication
11MS3-AB-06  Zohreh The effect of cosmic 11.15-11.30
ASHRAFZADEH rays on the human
et al hippocampus

POSTER SESSION , session ASTROBIOLOGY

ONLINE DISCUSSION 12.00-12.20

11MS3-AB-PS-1  Vladimir The stability of enzymes
CHEPTSOV et al to the effect of ionizing
radiation under
simulated extraterrestrial

conditions
11MS3-AB-PS-2 Elizaveta Resistance of DT57C
SUKHOVA et al bacteriophage to
irradiation by high-energy
electrons

11MS3-AB-PS-3 Andrey BELOV et al Microbial communities
of Novaya Zemlya
permafrost:
physiological properties
and astrobiological

implication

POSTER SESSION,
session SOLAR WIND INTERACTIONS
WITH PLANETS AND SMALL BODIES

convener: Oleg VAISBERG
ONLINE DISCUSSION

11MS3-SW-PS-01 Valery Efficiency of charge
SHEMATOVICH exchange between
and D.V. BISIKALO solar wind protons and
the extended hydrogen
corona of Mars



11MS3-SW-PS-02 Vladimir GUBENKO Solar wind interaction
and with the Earth’s high-

I.A. KIRILLOVCH latitude ionosphere
during geomagnetic
storm in june 2015 by the
radio occultation data

11MS3-SW-PS-03 Natalia BULATOVA On the movement of
ensembles of objects
by the spatio-temporal

technology
11MS3-SW-PS-04 llia The influence of the
MIROSHNICHENKO parent star Lya radiation
et al on absorption in the

Ha line of the hot
atmospheres HD189733b
AND HD 209458b

11MS3-SW-PS-05 Tatiana Dusty plasma processes
MOROZOVA and associated with meteor
Sergey POPEL showers in the Earth’s
atmosphere

11MS3-SW-PS-06 Rico FAUSCH etal CHESS — constellation
of CubeSats: analyzing
the drivers of the Earth’s
exosphere with MS and
GNSS

11MS3-SW-PS-07 Igor MINAEV et al Neutrino Telescope and
the Sun

session 3. GIANT PLANETS
convener: Scott BOLTON

conference hall, second floor

11MS3-GP-01  Michel BLANC et al Science goals and 14.00-14.20
mission objectives for
the future exploration
of ice giants systems - a
Horizon 2061 perspective

11MS3-GP-02  Michel BLANC A preliminary study 14.20-14.40
et al of MIT coupling at
Jupiter based on Juno
observations and
modelling tools

11MS3-GP-03  Yohai KASPI et al Comparison of the deep 14.40-15.00
atmospheric dynamics
of Jupiter and Saturn
in light of the Juno
and Cassini gravity

measurements
11MS3-GP-04  Alessandro MURA Infrared observations 15.00-15.20
et al of Jupiter’s aurorae and
atmosphere
11MS3-GP-05 Leigh N. FLETCHER Jupiter’s temperate belt/ 15.20-15.40
et al zone contrasts at depth
revealed by Juno
11MS3-GP-06  Tatiana Peculiar movement of a  15.40-16.00
SALNIKOVA and S. pair of Saturn satellites

STEPANOV

11MS3-GP-07 Scott BOLTON and Overview of Juno results 16.20-16.40
the Juno Science at Jupiter
Team



11MS3-GP-08

11MS3-GP-09

11MS3-GP-10

11MS3-GP-11

11MS3-GP-12

11MS3-GP-13

Scott BOLTON and
the Juno MWR
Team

Jack CONNERNEY
et al

Philip VALEK et al

Steven LEVIN and
the Juno MWR
Team

Steven LEVIN and
the Juno MWR
Team

Heidi BECKER et al

The depth of Jupiter’s 16.40-17.00

storms

Juno’s exploration of 17.00-17.20
Jupiter’s magnetic field

and magnetosphere
In situ observations
above the Jovian

ionosphere by Juno
JADE-I

Latest results from
the Juno Microwave
Radiometer at Jupiter

The global abundance
of water in Jupiter’s
atmosphere: a progress
report

Observations of Jupiter’s
atmosphere by Juno’s
Stellar Reference Unit

17.20-17.40

17.40-18.00

18.00-18.20

18.20-18.40

POSTER SESSION , session Giant Planets

ONLINE DISCUSSION

18.40-19.00

11MS3-GP-PS-1

11MS3-GP-PS-2

11MS3-GP-PS-3

Anna DUNAEVA
et al

Victor KRONROD
et al

Petr LYSENKO et al

Carbon dioxide clathrates
in the Titan interiors

Thermal evolution of
rocky cores of the icy
giant satellites

Some interesting features
of the methane and
ammonia absorption
bands behavior on
Jupiter



session 4. MOON AND MERCURY
conveners: Igor MITROFANOV, Maxim LITVAK

11MS3-MN-01

11MS3-MN-02

11MS3-MN-03

11MS3-MN-04

11MS3-MN-05

11MS3-MN-06

11MS3-MN-07

11MS3-MN-08

11MS3-MN-09

11MS3-MN-10

11MS3-MN-11

11MS3-MN-12

11MS3-MN-13

11MS3-MN-14

11MS3-MN-15

conference hall, second floor

Johannes
BENKHOFF

Alexander
KOZYREV et al

Ekaterina

FEOKTISTOVA et al

Igor MITROFANOV

Maxim LITVAK

Lev ZELENYI et al

Alexander
BASILEVSKY et al

Marine JOULAUD
et al

Anatoly
PETRUKOVICH
et al

Vladislav
TRETYAKOV et al

David HEATHER
et al

Artem NOSOV
et al

Tatiana TOMILINA
et al

Anton SANIN et al

James W.HEAD
et al

Update on BepiColombo 10.00-10.20
and first results from
measurements during

cruise

First results of the 10.20-10.40
monitoring of cosmic

gamma-ray bursts by

the MGNS instrument

onboard ESA BepiColombo

mission to Mercury

Compilation of a
new global catalog of
Mercury’s craters

Human and Robotic
Lunar Exploration

The reconnaissance of
lunar resources

10.40-11.00

11.00-11.20

11.20-11.40

Dust and dusty plasmas  12.00-12.20
at the Moon. Challenges
of modeling and
measurements

50 years of Lunokhod-1:
past, present and future

of planetary rovers

Candidate landing sites and
possible traverses at the
South Pole of the Moon for
the LUVMI-X rover

12.20-12.40

12.40-13.00

Russian Luna-26 orbiter 14.00-14.20
mission: science and

implementation
Overview of Luna-27
science instruments

ESA’s PROSPECT
payload on Luna-27:
Development Status

Lunar rover and soil
intake system for Luna-28

Technology of 3D printing 15.20-15.40
on the Moon

14.20-14.40

14.40-15.00

15.00-15.20

The concept of gamma-  15.40-16.00
ray spectrometer with

tagged charged particles

of galactic cosmic ray

for lunar resource

investigations

Volcanically-Induced 16.20-16.40
Transient Atmospheres

on the Moon:

Assessment of Duration,

Significance and

Contributions to Polar

Volatile Traps



11MS3-MN-16

11MS3-MN-17

11MS3-MN-18

11MS3-MN-19

11MS3-MN-PS-1

11MS3-MN-PS-2

11MS3-MN-PS-3

11MS3-MN-PS-4

11MS3-MN-PS-5

11MS3-MN-PS-6

11MS3-MN-PS-7

11MS3-MN-PS-8

11MS3-MN-PS-9

Nicolas BOTT et al

Yugi QIAN et al

Jingyi ZHANG et al

Carle PIETERS et al

POSTER SESSION , session MOON AND MERCURY
ONLINE DISCUSSION

Alexander GUSEV
et al

Ekaterina
KRONROD et al

Jun CHU et al

Gennady
KOCHEMASOV

Le QIAO et al

Sergei IPATOV et al

Alexander
BASILEVSKY and
G.G. MICHAEL

Ekaterina
GRISHAKINA and
Mikhail IVANOV

Ekaterina
FEOKTISTOVA and
Sergei IPATOV

11MS3-MN-PS-10 Alexandr

KRASILNIKOV et al

Unveiling the
mineralogical
composition of lunar
farside mare basalts

Young Mare Basalts in
the Chang’e-5 Landing
Region, Northern
Oceanus Procellarum

The Origin of the
Lunar Procellarum
KREEP Terrane (PKT):
Stratigraphic Evidence
and Implications for
Lunar Geological and
Thermal Evolution

Why Go Forward to the
Moon? Because It Is an
Integral Part of the Earth-
Moon System

Geological exploration
of the Moon: strategies,
concepts, approaches

Calculation of internal
structure and physical
properties of the
lowermost lunar mantle
from geophysical and
geochemical data

Chronology of volcanism
in the Moscoviense basin

Swirls as intergrowths of
light magnesian silicates
(predominantly enstatite)
and native iron

Hyginus Crater

and Graben: Dike
Emplacement and
Evolution, Magmatic
Foam Extrusions, and
Irregular Mare Patches

Estimates of the number
of near-Earth objects
based on the number

of lunar craters formed
during the last billion
years

Morphology and age of
lunar crater Ina

Rock abundance in the
Plaskett lunar crater

Depths of the
Copernicans craters
located on lunar maria
and highlands

Estimates of the model
thickness of the crater
ejecta in the South Polar
region of the Moon

16.40-17.00

17.00-17.20

17.20-17.40

17.40-18.00

18.00-19.00



11MS3-MN-PS-11

11MS3-MN-PS-12

11MS3-MN-PS-13

11MS3-MN-PS-14

11MS3-MN-PS-15

11MS3-MN-PS-16

11MS3-MN-PS-17

11MS3-MN-PS-18

11MS3-MN-PS-19

11MS3-MN-PS-20

11MS3-MN-PS-21

Nikolay SLODARZH
et al

Azariy
BARENBAUM and
Michael SHPEKIN

Svetlana
PUGACHEVA et al

Nadezhda
CHUJKOVA et al

Valerii BURMIN

Nikita
POPANDOPULO
et al

Imant
VINOGRADOV et al

Sergei KULIKOV
et al

Alexander KOSOV
et al

Boris EPISHIN and
Michael SHPEKIN

Gennady
KOCHEMASOV

Morhometric features of
craters in the southern
polar region of the Moon

Problem of «South Pole-
Aitken» basin formation

The proposed landing
site for the Luna-25
mission in the south pole
region of the Moon

Evolution of the Moon
and possible dynamics of
its interior

The optimal arrangement
of seismic stations on

the Moon for recording
moonquakes

Study of the Dynamic
Structure of the Near—
Lunar Orbital Space

Diode laser spectroscopy
sensor DLS-L of the

GC-L instrument for the
Luna-Resource (Luna-
27) mission: scientific
targets, design options
and future perspectives

Measurements of the
electric and magnetic
fields onboard the Luna-
26 spacecraft

Main features of Moon’s
radio beacon and
orbiter Ka-band receiver,
included into “Luna-
Resource-1" project

Sunrise, sunset and
culmination of stars
and bodies of the solar
system on the lunar sky

Trembling Moon causing
replenishment of its
atmosphere and regolith
layering



session 5. SMALL BODIES (including
cosmic dust)

conveners: Alexander BASILEVSKY,
Alexander ZAKHAROV

conference hall, second floor

11MS3-SB-01  Ekaterina The 10 micron 10.00-10.20
CHORNAVYA et al. silicate feature in the
Agglomerated Debris

Particles
11MS3-SB-02  Anton KOCHERGIN Blue color of 10.20-10.40
etal disintegrating comet
C/2019 Y4 (Atlas)
11MS3-SB-03  Evgenij ZUBKO Characterizing primordial 10.40-11.00
etal dust in comets:
Implication to C/2019 Y4
(ATLAS)
11MS3-SB-04  Evgeniya Study of the dynamic 11.00-11.20
BLINKOVA et al structure of Leo-Meo

regions of the near—earth
orbital space

11MS3-SB-05  Yuri SKOROV et al  Activity of (6478) Gault  11.20-11.40
during January 13 —
March, 28, 2019

11MS3-SB-06  Tatyana The dynamics research of 12.00-12.20
GALUSHINA and asteroids 3200 Phaethon
Oksana LETNER and 2007 PR10 under
the Yarkovsky effect
influence

11MS3-SB-07  Boris To the question of 12.20-12.40
KONDRATYEV and precession ring around
V.S. KORNOUKHOV dwarf planet Haumea
11MS3-SB-08  Vladimir BUSAREV Interstellar comet 21/ 12.40-13.00
etal Borisov: the dust
composition estimation

11MS3-SB-09  Vladimir BUSAREV Variability of the 14.00-14.20
etal reflectance spectra of (1)
Ceres and solar activity

11MS3-SB-10  Mikhail MAROV Protoplanetary disk at 14.20-14.40

etal the snowline: modeling
clusters of refractory and
ice particles
11MS3-SB-11  Mikhail MAROV Migration of 14.40-15.00

planetesimals to the

and Sergei IPATOV  Earth from the zone of
the outer asteroid belt

11MS3-SB-12 Tatiana Probabilistic analysis 15.00-15.20
SALNIKOVA of the cosmic masses
and Alexander accumulations in the
SAMOKHIN Solar system
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GROUND TESTING OF THE LANDING
PLATFORM TELEVISION SYSTEM
OF THE EXOMARS-2020 SPACECRAFT

N. F. Abramoy, Ya. D. Elyashev, I. V. Polyanskiy, S. A. Prokhorova
Space Research Institute of the Russian Academy of Sciences,
Moscow 117997, Russia

(abramov.n2@mail.ru)

KEYWORDS:
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The paper describes the ground testing of the landing platform television
system (TSPP-EM), designed as part of the complex of scientific instruments
of the ExoMars-2020 spacecraft. Design features of TSPP-EM as well as im-
aging stages are considered. Among the construction features it is import-
ant to note that the optical axes of all four cameras (CAM-O/EM) are spaced
by 90 degrees in the azimuthal plane. This makes it possible to completely
overview the horizon line due to the overlapping fields of view of the cam-
eras. The cameras are placed on the edges of the landing platform in close
proximity to the outer boundary on special brackets.

They are able to take still images or sequenced set of frames separately or si-
multaneously. The data collection unit (BSD/EM) provides imaging in several
modes, as well as collection, storage and subsequent transfer of the received
data to the spacecraft housekeeping systems for sending to the Earth.
BSD consists of two independent units: main and redundant, which may
be operated in spare or mirroring mode. The results of testing ot TSPP-EM
and calibration of four CAM-O/EM are given.
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WATER CONTENT IN THE MARTIAN SUBSURFACE
ALONG THE NASA MSL TRAVERSE BY NEUTRON
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D. Il Lisovl, A.B. Sanin®

Space Research Institute of the Russian Academy of Sciences,
Moscow 117997, Russia
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INTRODUCTION:

Passive neutron sensing onboard Martian rovers is an advanced technique
in planetary science. Such measurements provide investigations on hydrogen
abundances and elements with high thermal neutron absorption cross sec-
tions down to ~60 cm of subsurface [1]. The presence of hydrogen (mostly wa-
ter/ice) in subsurface significantly influences the neutron leakage spectrum
due moderation and thermalization through collisions with hydrogen nuclei.
As a result, the variations of neutron flux detected onboard in different ener-
gy bands correlate with subsurface hydrogen/water abundance.

Dynamic Albedo of Neutrons (DAN) is the first neutron spectrometer installed
on the NASA’s rover [2]. More than 7 years, NASA rover is successfully
traversing across Mars surface exploring Gale crater.

This work will demonstrate scientific potential and results of passive neutron
technique for Martian subsurface local features, based on the DAN instru-
ment findings.
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LOCAL WATER-RICH AREAS IN EQUATORIAL
REGION OF MARS AS SEEN BY FREND
NEUTRON SPECTROMETER
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FREND [1] is a neutron telescope onboard ESA’s Trace Gas Orbiter [2], mapping
Mars for hydrogen content in the upper 1 m of regolith. It’s capable of map-
ping with high spatial resolution using its collimator module that narrows
the field of view significantly, allowing for 60-200 km pixel size on the sur-
face [1]. This size is comparable to local relief features or characteristic sizes
of landing ellipses. This allows FREND to significantly improve theknowledge
of Martian water resources compared to previous maps created with omnidi-
rectional detectors with characteristic pixel size of 550 km [3].

In this study we present latest findings of small but water-rich “oases”
close to equator identified by FREND. These are of particular interest since
it is known that water is not stable close to equator, so special conditions
need to be met in order to preserve it in the upper layer of the regolith [4].
These oases may be rich in remnants of past Martian life or signs of wet sub-
surface areas that can still preserve life. And of course, such locations are ex-
cellent resource providers for future exploration.
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MEASUREMENTS OF MARS’ CO,
SEASONAL MASS DEPOSITS AT POLAR
CAPS: A COMPARISON BETWEEN GRAVITY
AND NEUTRON FLUX DATA
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INTRODUCTION:

Mars’ frozen CO, completely sublimates at the northern cap in summer and
condensates at the southern cap (which is then in the winter season). The
seasonal variations of atmospheric pressure have been accurately measured
at Lander sites [1], providing the CO, seasonal cycle in the atmosphere. This
cycle has been accounted for by a Gfobal Circulation Model (GCM) providing
in turn predictions of the seasonal cycle of CO, deposits at polar caps [2, 3].
However, these deposits have not been monltored yet with high precision
unlike the atmospheric pressure variations. In this study, we investigate how
to improve the measurements of CO, mass deposits at the polar caps over
seasons. Two independent approaches based on the gravity changes and on
the Neutron flux variations are used. The results are then compared with the
Global Circulation Model (GCM) predictions.

IMPROVING SEASONAL GRAVITY VARIATION ESTIMATES WITH THE
TRACKING DATA OF ESA’S TRACE GAS ORBITER (TGO):

The CO, mass seasonal cycle is expected to produce detectable variations of
Mars’ grawty field. In turn, measurements of gravity changes should provide
direct measurements of the seasonal CO, mass budget. However, CO, mass
estimates at the polar caps, from gravity changes, show slight dlscrepanC|es
with the GCM predictions [4]. This mass budget shows a deficit of mass de-
posits at the South pole (winter season) and an excess of accumulation of
CO, ice at the North pole (fall season), which occurs sooner than predicted
by the GCM (Figure 1). However, this slight discrepancy is just at the limit of
the error bars on the seasonal mass budget estimates at the polar caps, pre-
venting a better constraint of GCM predictions of CO, deposits at the polar
caps [1]. This lack of resolution in the gravity changes solution is due to the
error of the reconstructed orbit of near-polar orbiters [5]. In addition, the
CO, ice polar caps extent needs to be monitored over the seasons to model
the CO, mass deposits with gravity changes. This monitoring of the polar caps
geometry uses Thermal Emissivity Spectrometer (TES) data’ which also suffer
from low-resolution [4].

A way to improve the time variable gravity field solution is to combine track-
ing data of orbiters with different inclinations. For the first time in the ex-
ploration of Mars, there are simultaneously in Mars orbit two near-polar
orbiters (ODY) and Mars Reconnaissance Orbiter (MRO), and one non-polar
orbiter (TGO) with an orbital inclination of 74 degrees. The even harmonics
signal on this non-polar orbit is expected to be 5 times larger than it is on
polar orbiters [5], thus allowing for improving the current gravity changes
solution from tracking data [e. g. 6-8].
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Fig. 1. Mars seasonal CO, mass budget derived from the seasonal variations of the
gravity field determined with Mars Global surveyor (MGS) and Mars Odyssey (ODY)
tracking data [4]. Red dots with error bars are time series determined every 5 days,
the black solid line is the best fit of annual and sub-annual variation, and the blue
dashed line corresponds to predictions from Global Circulation Model (GCM) simu-
lations [3]. L is the angular position of the Sun over the course of one Martian year
(Ly=0°at Northern Spring/Southern fall season)

Monitoring the seasonal variations of the polar caps CO, deposits from Neu-
tron flux data:

The high energy neutrons from cosmic rays regularly hit the surface of the
planet and penetrate into the soil. There, they interact with hydrogen (essen-
tially contained in water ice) and are re-emitted out of the soil. This re-emit-
ted flux is however absorbed by the CO, deposits at the polar caps, hence
the variations of the neutron flux measured by the HEND instrument reflect
the variations of the CO, deposits over the seasons [9-11]. Based on specific
calibration of the neutron flux, the surface density of the CO, deposits at the
polar caps can be derived. Then, the integration of the surface density over
the entire area of CO, deposits enables monitoring the polar caps mass at
a given time in the season [10, 11]. This approach has provided polar caps
mass estimates with a better resolution than gravity changes but it still shows
discrepancies with GCM predictions (Figure 2), which may result in part from
the calibration process from Neutron flux data of CO, deposits.
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Fig. 2. Comparison between CO, mass deposits estimates from HEND/ODY Neutron
flux data (blue and red dots with error bars) and predictions from GCMs [1]
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Here, we propose to (re-)process the Neutron flux data of the instrument
High Neutron Energy Detector (HEND) onboard ODY. The dataset is available
in the Planetary Data System (PDS) and covers almost 10 Martian years (since
2002). The goal is to produce maps of estimated CO, polar caps (both mass
and extent) with a spatial resolution of 5° in latitude and longitude and 15°in
solar longitude. The CO, mass estimates will then be compared, and eventu-
ally combined, with the improved gravity estimates.

FROM GRAVITY AND NEUTRON DATA TO ATMOSPHERIC PHYSICS:

The GCMs include a detailed representation of the condensation and subli-
mation in the seasonal polar caps based on the local energy balance [12]. Es-
timating this balance is however challenging: first, CO, ice, snow and clouds
can have exotic properties in the thermal infrared (hlgﬁly variable emissivity)
and in the visible (highly variable albedo). Second, the Martian high latitudes
ground is characterized by the presence of a high-thermal-inertia ice-rich lay-
er below a few centimeters of dry soil [13]. At seasonal scales, the hidden ice
layer is able to store a significant amount of heat during summer and release
it during fall and winter, hence significantly reducing the CO, condensation
rate [13]. Thus, the modeled CO, cycle is tuned by adjusting GCM parame-
ters such as the CO, ice varying aibedos and the depth of the subsurface-ice
rich layer [14]. For this purpose, the main dataset used is the seasonal at-
mospheric pressure variations measured by the Viking Landers which are
assumed to provide a proxy for the global atmospheric mass variations. The
seasonal variations of CO, in the atmosphere derived from the joint analysis
of ODY/HEND data and TGO/ODY/MRO tracking data will precisely monitor
the polar caps deposits’ mass variations, allowing in turn to assess the use
of the Viking pressure data points in the GCMs as a proxy for the global CO,
seasonal cycle.
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INTRODUCTION:

The dosimeter Liulin-MO [1] for measuring the radiation environment
onboard the ExoMars TGO is a module of the Fine Resolution Epithermal
Neutron Detector (FREND) [2].

In this work we present recent results from measurements of the charged
particle fluxes, dose rates and estimation of radiation quality factors and dose
equivalent rates at ExoMars TGO science orbit (circular orbit with 400 km
altitude, 74° inclination, 2 hours orbit period), provided by Liulin-MO do-
simeter since the beginning of science measurements in May 01, 2018.
Since now the dosimeter has measured the dosimetric parameters of the ga-
lactic cosmic rays (GCR). Solar particle events were not registered. The mea-
surements were taken during the declining and minimum of the Solar activity
in 24" Solar cycle.

Compared are the data obtained during the transit to Mars and in Mars sci-
ence orbit.

Investigated is the dependence of the flux distribution on Martian latitude
and longitude.

Compared are the time profiles of the charged particles and neutron
detections from Liulin-MO, FREND/TGO and HEND/Odyssey [3, 4] measured
in Mars science orbit.

METHODOLOGY AND MEASURED PARAMETERS:
FREND contains four *He counters for neutrons with energies from 0.4 eV
to 500eV, one stilbene-based scintilator for high energy neutrons
(up to 10 MeV) and the dosimetry module Liulin-MO. Liulin-MO consists
of two dosimetric telescopes arranged in two perpendicular directions.
The parameters, provided by Liulin-MO simultaneously for the two perpendic-
uIar dlrectlons have the following ranges: absorbed dose rate from 10~ Gy-h~
1t0 0.1 Gy- ht ; particle flux in the range 0-10*cm™s7% ; energy deposition
spectrum and coincidence energy deposition spectrum in the range 0.08—
190 MeV, LET spectra in water 0.13-177 keV/um.

RADIATION ENVIRONMENT DATA IN MARS’ SCIENCE ORBIT:

The fluxes and dose rates recorded in the perpendicular detectors B(A)
and D(C) of Liulin-MO and the count rates of Oulu neutron monitor
(http://cosmicrays.oulu.fi/) for the period from 1 May 2018 to 10 June 2020
are shown in Figure 1. An increase of all quantities — flux, dose rate and Oulu
count rate due to solar cycle modulation is observed. In this period in the two
perpendicular directions B(A) and D(C) the average values are: dose rate
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14.8+1.5/15.4+1.5 mGy-h™", planar flux 3.11/3.21 cm s, quality factor
Q 3.5%0.26, dose equivalent rate 1.61+0.33/1.66+0.34 mSv-d 2.

In TGO science orbit in May 2018 — July 2020, the flux is about 95 %, the dose
rate is about 86 %, the dose equivalent rate is 72 % of those in February —
March 2017 in high elliptic Mars orbit (practically in the free interplan-
etary space) — due to two competing effects: the Mars’ shadow of GCR
and the increase in GCR flux because of the decreased solar modulation.

A slight, but well expressed dependence of the flux distribution on Martian
latitude and longitude is observed. This effect is currently under investigation
as more statistics is necessary. The measured flux in TGO altitude consists
of the primary GCR flux and the albedo flux from the interaction of the prima-
ry GCR with the surface and Mars atmosphere. The comparison of the existing
flux data with the Mars topography shows that the lower fluxes in the north-
ern hemisphere correspond to the lower elevations there. We suppose
that the decrease of the flux in the northern part is due to a stronger atten-
uation of the albedo flux from the surface by Martian atmosphere there.
It was shown that in the southern hemisphere the lower fluxes registered
in the east and west part correspond to the increased crustal magnetic sources.

% flux BA & flux DC dose rate BA + dose rate DC

v

3
dose rate, [ Gy/h]

OULU count rate, [counts/s]

1.05 7.09 13.01 22,05 28.09 3.02 11.08

Year 2018 | Year 2019 | Year 2020

Fig. 1. Overview of GCR fluxes (top) and dose rates (middle) measured by Liulin-MO
in Mars science orbit and Oulu neutron monitor count rates (bottom) in the period
01.05.2018-10.06.2020

We have compared time profiles of particles and neutron detections from
Liulin-MO, FREND/TGO and HEND/Odyssey measured since May 2018. Similar
to FREND, HEND/Odyssey is a neutron spectrometer based on °H proportion-
al counters but with smaller sensitivity and without collimation a in FREND.
For the comparison with Liulin-MO we have selected FREND and HEND count
rates measured in >He detectors. The time profiles of GCR daily variations
measured by Liulin-MO and HEND demonstrate good correlation both on a
short time scale (days) and long term scale (months). The comparison be-
tween the normalised FREND total counts rate and HEND data accumulated
in the energy channels mostly populated with counts from Martian neutron
albedo also shows high correlation with each other both on short and long
term scales. The difference in the long term variations between the pro-
files of GCR and the neutron albedo might be addressed to how the solar
modulation changes directly the GCR flux and how it changes the emission
of the neutron albedo produced by interaction with a matter in the Martian
shallow subsurface.
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INTRODUCTION:

The Earth and Mars have different viewing sides of the Sun during most
of the year, and this changes with solar longitude throughout their orbit
around the star. Moreover, the Sun has a synodic rotation period of 26.24 days.
Depending on the elongation angle of Mars, an instrument operating on
its surface can, for instance, observe space weather perturbations caused
by the face of the Sun that will spin to Earth in 8-13 days, and the other
way around. We propose to establish a network of a set of long-term space
weather monitoring instruments operating on the surface and orbit of Mars
to provide a complementary view of space weather effects on Mars.

These coordinated studies may help to elucidate the impacts of space weath-
er on different planets and the interactions with their magnetosphere and at-
mospheres. This network will allow delivering early warnings to either Earth
or Mars during the onset of solar storms. Having a reliable space-weather
warning procedure will be critical to facilitate the safe and sustained future
human exploration of Mars.

FEASIBILITY STUDY:

In this work, we analyze the existing observations of three sensors that are al-
ready operating on Mars and compare them with some measurements
of space weather activity on Earth. In particular, to perform a feasibility anal-
ysis, we take the measurements of the UV sensor of REMS at night [1], search-
ing for UV excitation bands of the atmospheric molecules, and the measure-
ments of the RAD sensor [2], both operating on the Curiosity Rover at Crater
Gale (4.59° S, 137.44° E) since August 2012; and the magnetic field measure-
ments of the InSight lander [3], at Elysium Planitia (3.0° N, 154.7° E). These
data are publicly available at the Planetary Data System [4]. This kind of stud-
ies may be continued in the future by instruments on the ExoMars 2022 sur-
face platform and rover, such as the UV-sensors (in HABIT instrument) [5], the
magnetometer AMR (part of the METEO instrument), MAIGRET, and the do-
simeters of ADRON-EM and ADRON-RM and FREND on the Exomars Trace
Gas Orbiter, on-orbit around Mars [6, 7].

The following figures provide two comparisons of space weather signatures
as sensed by instruments based on Earth and Mars. In the case of magne-
tometer responses, we have applied a 9-day delay shift to the Martian mag-
netometer to account for the synodic rotation and elongation angle of Mars
at the moment of observation and compare with the measured Earth Ap in-
dex for those dates. This allows to compare delayed signals that serve as
precursors and prepare the procedures for early warning systems. In the case
of night-time sky aurora glow we can compare the UV measurements of dif-
ferent channels with the simultaneously measured particle doses that reach
the surface, this can be used to model particle cascades and excitation pro-
files through the atmosphere. This kind of analysis will be trained with the
currently existing observations to allow for its systematic real-time imple
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mentation with the future ExoMars observations and other Mars operating

missions.
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Fig. 1. Comparison of the Ap-index as measured on Earth with the magnetic perturba-
tions detected by InSight on Mars
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Fig. 2. Comparison of the average radiation values measured by channels B and E
of RAD with the night-time UV signals detected by the UV sensor of REMS. Both mea-
surements have been acquired by the Curiosity Rover on Mars
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