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Introduction

s “Estudios de la exploracion de Marte” a Spanish research group on Mars
Studies.

e Scientific support for instruments in missions to Mars.
e Exploitation of data from space missions. Data mining.
e Modelling.

e Formation: PhD students.

s International collaborations with other groups, within ESA, IKI, FMI. ..

* Some results on the retrieval of information
* on Mars Ionosphere from MARSIS %
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Introduction ' Tomography for sighal analysis

‘Dust devils are ‘convective vortices generated due to Tomograms are strictly positive probability den-
surface heating, * thereby generating convective sities and provide ‘a full characterization of the
plumes of rising air with a pressure variation inside. signal. Tomograms are obtained-by projecting a
-Some of these vortices obtain horizontal wind speeds given signal f(t) over. the eigenvector set of a

large enough for dust particles to be lifted off the B . L i
surface, and into the vortex and thus becoming dust linear operator B(a). “The tme;freguency. tomo

devils. - For this sfudy, the .pressure data used are gram is defined in the fplIOV\{ing way. .
those obtained:directly by NASA’s Phoenix spacecraft. : '

We propose a new technique called’ Adapted Tomo-
graphy, which is based on using an operator with the
shape of the event we want to extract, and this will be

identified as the component of the signal we want. This Usi h . v defined B
produces a localized accumulation of energy where sing the preylous'y efined operators (U,V_)

Martian atmospheric dust dynamics:
modeling and numerical computations

Velasco M.P.l, Usero D.2, Jiménez S.l, Viazquez-Poletti J .L.3, Vazquez L.2

(Authors thank the special support from the MINECO of Spain, projects ESP2016-79135-R, TIN2015-65469-P.)

1 Introduction 3 Extension to 3D problem and numerical computation

The scattering of the solar radiation by dust aerosols has a direct effect on both surface and atmospheric The 1D model can be extended to full 3D:
heating rates, which are also basic drivers of atmospheric dynamics, and this fact affects the behavior 8% T(a+1) 20 Po 20

f the Martian atmosphere [1]. z = s+ +tes—5 |, €(0,1)U(L,2), 10
of the Martian atmosphere [1] e 23 <(1f‘)"'2+(2<')0“)+(')f‘)3“) a € (0,1)U(1,2) (10)

Under different Martian atmospheric scenarios, the measure of the amount of solar radiation at the ith an initial val b d bound diti iven b
Martian surface will be useful to gain some insight into the following issues: AT T (BT O TR 77 0 sy GRITA TATOS (e Ly

1) UV irradiation levels at the bottom of the Martian atmosphere to use them as an habitability index.

lim (A, %) =0, A>0,

2) Incoming shortwave radiation and solar heating at the surface. (12|00 .

) ) . o(0%,7) = g(@), TeR, (11)
3) Relative local index of dust in the atmosphere. 9

?—A;(/\. @) =0 (additional condition when 1 < o < 2),
. . . e . . € A=0

2 Modeling of the propagation of radiation in a medium
The attenuation of solar rad.iation t.raversing the atmosphere is modeled by the Lambert-Beer-Bouguer where 7 — (z,y, =), and coefficients ¢;, j — 1,2,3, taken as constants, correspond to possible
law, where the aerosol optical thickness plays a fundamental role. Angstrm law [2] expresses the nimtenning alaore the thenn mnntial dieantinmn Tlha ionitind meabila of 2\ vaner amsennamad fam fnntanan
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/Mars Express and MARSIS

m The first ESA mission to another planet.

s Launched, June 2, 2003, from Baikonur on a Russian

Coto3/®peraTt rocket.
s Martian orbit on December 20, 2003.
s May 4-10, 2005, deployment of MARSIS antenna.

n July 2005—present, nominal science observations.

logo, www.esa.int]

s MARSIS: Mars Advanced Radar Subsurface and Tonospheric Sounding. [1]

e Primary goal: to probe for water below the surface of the planet.

e Secondary goal: to measure the response of the ionosphere.
AIS mode: Active Ionospheric Sounding.
Effective sounding of the ionosphere from the height of the spacecraft until

\ the region with maximum density of the plasma. /
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Ionosphere and ionograms

[Magnetosphere, www.esa.int|

N

Ionosphere

e plasma (electrons,
ionized atoms  or
molecules. ..) around
the planet.

e DBoundary between
lower atmosphere and
the Solar wind.

e Two layers: M2
produced by  the
Solar EUV photons
(A ~ 10nm—124nm),
M1  produced by
soft X-ray photons
(A ~ 0.2nm—10nm).

<
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e Stronly influenced by both the Solar wind (including SZA) and the crustal
magnetic field on the planet (see [2], and references therein).

[representation of the response of the ionosphere to direct Solar irradiance. www.esa.int]
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'Crustal magnetic field and its projection from the planet. www.esa.int]
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lintensity of the radial magnetic field on Mars. JMARS - MAG/ER instrument results]
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onograms (see |3|, and references therein)
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s Produced by the AIS mode with the radar sounding towards the planet

m The echos received back are represented versus the carrier frequency.

= The total time span for a ionogram is 1.26s, and an ionogram is recorded every
7.94s

Limitations:

e Mars Express has a highly excentrical elliptic orbit around Mars with a
periapsis of 295Km and an apoapsis of 11000Km. Due to signal to noise ratio,
AIS is only effective for heights below 1200Km, ~ 40 min.

e This 40 min time-span is divided among the two modes: ~10 min for AIS,
~280 ionograms per orbit.

e Not all the ionograms recorded collect data with the information necessary to
deduce the vertical electron profile nor the intensity of magnetic field at the
spaceraft height.

- /
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/ * No trace of a magnetic field can be detected at spacecraft height\
(even if there is one there) unless a cloud of electrons surrounds the
antenna, since the intensity of the field is inferred from the cyclotron
movements induced by the electrical field of the antenna on the electrons.

Modelling: [2]

e A time delay measures twice the time that it takes to a signal, travelling at the
speed of light ¢, to reach the point where it is reflected.

e The time delays depend on the depth the signal penetrates down and are, thus,
frequency dependent.

e Integrating over that distance (converting velocities into frequencies) we have:

2 [sc dz
At(fw) — - y
¢ /ﬂ V= (fo(2)/ f)’

where f,, is the frequency of the signal, z,.4 and z,. the height where the
reflection takes places and that of the spacecratt, respectively, and f,, is the

Kplasma frequency. /
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This corresponds to Abel’s integral equation, with solution formaly given by:

C 7'('/2
Zreft (fp) = _/ At (fpsina) da,
T Jag
where the auxiliary variables a and «ag are such that
w . ZSC
SinQ = — , SIN Qg = M.
Io Io

Different aspects have to be taken into consideration:
e Noise.
e Uncertainty on the height of the spacecraft.
e Precision of the measurements.

e Retrieval of values from the ionograms.

- /
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/As a result the electronic density at the different heights can be estimated, giving\
the vertical electron profile for a given orbit |2].
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K lcomparison of the data obtained with a numerical model of Mars atmosphere.|2]] /

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018



S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . .

14/27

-~

electrons in the presence of the magnetic field near the antenna

The magnetic field can be obtained from the equations of the dynamics of the
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[scheme of the movement of the electrons near MARSIS antenna.|2]]
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/From the Lorenz force and Newton second law we obtain [4]:

B:m27r

esinae T

where B is the modulus of the magnetic field, m and e, respectively, the mass
and the charge of the electron, 7" the period of the cyclotronic movement around
the antenna and « the angle with respect to the field (supposed to be 90°).
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B for two different orbits of Mars Express as a function of the Solar Zenital Angle.[2]]

First results:

Our aim is to process all ionograms from MARSIS in an automatic way as

Kmentioned in Prof. Vazquez-Polletti et al. poster: /
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Paralle] Tasks

Optimization of Martian and Venusian planetary image processing
through cloud computing

\v' 'w UNIVERSIDAD AUTONOMA VRN
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MARSIS image processing ‘"Il
- 'A\
4l

yare
“‘ MARSIS ionosphere study files

Input .dat files: 9,761 (92GB, currently) ‘

2,553 > 4.8MB

MARSIS
Mars Advanced Radar for Subsurface and lonosphere Sounding

Low frequency, pulse-limited radar sounder and altimeter used on ESA Mars Express (since 2,025 6.8MB
2005) 1,352 > 22MB

lonosphere study icforce | & L Images/.dat file:

\—v—, s asam s ma
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Data from: 2005-175T18:19:27.689 to: 2011-365T23:16:02.529 (about 150,000
useful orbits)

g0
&0
40

20

20
.40
.60

. -B0

0 50 100 150 200 250 300 350

<

/

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018



S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . . 18/27

4 )

0
-10
-20
200
180 20
iig The measures depend on
120 -40 the height of the orbit, as is
100 c . .
80 50 clearly seen in this zoomed
60
40 region
20 -60
0
-70
-80
-90
140 160 180 200 220 240

- /

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018




S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . . 19/27

4 )

Range of heights of the different orbits:

80
600

60
550

40
500

20
450

E 0

400

-20
350

-40
300

.60
250

-80

0 50 100 150 200 250 300 350

- /

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018




S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . . 20/27

4 N

The same image from data form the Mars Global Surveyor
Magnetometer/Electron Reflectometer (MAG/ER) (at h = 3793.4Km)
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s The apparent dis-
crepancies come ifrom
the different heights
at which the measure-
ments have been done.
m We are, presently,
working on a way
to estimate the ra-
dial magnetic field at
a given altitude from
MARSIS data.

= We are also
analysing the ex-
isting methods that
may provide the sign

of the field.
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otion of a charged particle

e The non-relativistic motion of a charged particle in a magnetic dipole field is
usualy refered to as the Stormer Problem.

e Particles with an energy below some threshold value are trapped in the field
while more energetic particles can escape.

e Can be described by the two dimensional Hamiltonian system

2
o Loz 11 P
2= 7+ 5 (5= ()

e Nonintegrable and open to show chaotic behaviour [9].

* The numerical study: e critically dependent on the method used.

e Standard methods show variations in the value of the energy, that may alter
the actual boundedness/unboundedness of the solutions.

e Conservative and symplectic methods have been used to avoid this |5, 9.

e Avoid the cylindrical reduction and consider different field distributions |6, 7],

\keeping discrete conservation laws.

\
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The degree of chaos of the solutions, both in the cylindrical reduction as well as

in the general formulation, is an open problem that we are presently studying.

References

[1] R. Orosei, R.L. Jordan, D.D. Morgan, M. Cartacci, A. Cicchetti, F. Duru, D.A. Gurnett, E.
Heggy, D.L. Kirchner, R. Noschese, W. Kofman, A. Masdea, J.J. Plaut, R. Seu, T.R. Watters, G.
Picardi. “Mars Advanced Radar for Subsurface and Ionospheric Sounding (MARSIS) after nine
years of operation: A summary”, Planetary and Space Science 112 (2015), 9-114.

2] M. Ramirez-Nicolas, B. Sanchez-Cano, O. Witasse, P.-L. Blelly, L. Vazquez. “The effect of the
induced magnetic field on the electron density vertical profile of the Mars’ ionosphere: A Mars

Express MARSIS radar data analysis and interpretation, a case study”, Planetary and Space
Science, 126 (2016) 49-62.

[3] Sanchez-Cano, B., Witasse, O., Herraiz, M., Radicella, S.M., Bauer, J., Blelly, P.-L.,
Rodriguez-Caderot, G. “Retrieval of ionospheric profiles from the Mars Express MARSIS

experiment data and comparison with radio occultation data”, Geoscientific Instrumentation,
Methods and Data System 1, 1, 77-84, 2012.

4] Akalin, F., Morgan, D.D., Gurnett, D.A., Kirchner, D.L., Brain, D.A., Modolo, R., Acuna, M.H.,
Espley, J.R. “Dayside induced magnetic field in the ionosphere of Mars”, Icarus 206, 104-111,

K 2010. j

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018




S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . . 25/27

4 N

[5] Vazquez, L., and Jiménez, S. “Motion of a charge in a magnetic dipole field I. Painlevé, Analysis

and a conservative numerical scheme”, Applied Mathematics and Computation 25, 207-217, 1988.

[6] Maria Ramirez-Nicolas, David Usero, Luis Vazquez, “Numerical studies of charged particles in a
magnetic field: Mars application”, Central European Journal of Physics, 12(8), 521-531, 2014.

7] M. Ramirez-Nicolas, D. Usero, M.P. Velasco, L. Vazquez, “Numerical study of a charged particle
in a general magnetic field”, International Journal of Pure and Applied Mathematics, 106 No.2,
401-414, 2016.

[8] Connerney et al., “The Global Magnetic Field of Mars and Implications for Crustal Evolution”,
Geophysical Research Letters, 28 (21), 4015-4018, 2001.
http://mgs — mager.gsfc.nasa.gov/publications/gria8.onnerney/

9] Rui Dilao and Rui Alves-Pires, Chaos in the Stérmer Problem., Progress in Nonlinear Differential
Equations and Their Applications, 75, 175—194, 2007.

- /

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018




S. Jiménez et al. Retrieval of an induced magnetic field in Mars ionosphere from Marsis data. . . 26/27

4 N

MUCHAS GRACIAS!

THANK YOU!

o /

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018




