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Introduction

“Estudios de la exploración de Marte” a Spanish research group on Mars

Studies.

• Scientific support for instruments in missions to Mars.

• Exploitation of data from space missions. Data mining.

• Modelling.

• Formation: PhD students.

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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Mars Express and MARSIS

The first ESA mission to another planet.

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

rocket.

Martian orbit on December 20, 2003.

May 4–10, 2005, deployment of MARSIS antenna.

July 2005–present, nominal science observations.
[logo, www.esa.int]

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

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

• 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]

Ionosphere

• plasma (electrons,

ionized atoms or

molecules. . . ) around

the planet.

• Boundary between

lower atmosphere and

the Solar wind.

• Two layers: M2

produced by the

Solar EUV photons

(λ ∼ 10nm–124nm),

M1 produced by

soft X-ray photons

(λ ∼ 0.2nm–10nm).
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• 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]

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018
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[intensity of the radial magnetic field on Mars. JMARS - MAG/ER instrument results]
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Ionograms (see [3], and references therein)

[main

elements

in a iono-

gram.

MARSIS]
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Produced by the AIS mode with the radar sounding towards the planet

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

7.54s

Limitations:

• 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.

• This 40 min time-span is divided among the two modes: ∼10 min for AIS,

∼280 ionograms per orbit.

• 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]

• A time delay measures twice the time that it takes to a signal, travelling at the

speed of light c, to reach the point where it is reflected.

• The time delays depend on the depth the signal penetrates down and are, thus,

frequency dependent.

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

∆t(fw) =
2

c

∫ zsc

zrefl

dz√
1 − (fp(z)/fw)2

,

where fw is the frequency of the signal, zrefl and zsc the height where the

reflection takes places and that of the spacecraft, respectively, and fp is the

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

zrefl(fp) =
c

π

∫ π/2

α0

∆t (fp sinα) dα,

where the auxiliary variables α and α0 are such that

sinα =
fw

fp

, sinα0 =
fp(zsc)

fp

.

Different aspects have to be taken into consideration:

• Noise.

• Uncertainty on the height of the spacecraft.

• Precision of the measurements.

• 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].

[comparison of the data obtained with a numerical model of Mars atmosphere.[2]]
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The magnetic field can be obtained from the equations of the dynamics of the

electrons in the presence of the magnetic field near the antenna

[scheme of the movement of the electrons near MARSIS antenna.[2]]

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018
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From the Lorenz force and Newton second law we obtain [4]:

B =
m

e sinα

2π

T
.

where B is the modulus of the magnetic field, m and e, respectively, the mass

and the charge of the electron, T the period of the cyclotronic movement around

the antenna and α the angle with respect to the field (supposed to be 90◦).

[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

mentioned in Prof. Vázquez-Polletti et al. poster:
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Data from: 2005-175T18:19:27.689 to: 2011-365T23:16:02.529 (about 150,000

useful orbits)
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The measures depend on

the height of the orbit, as is

clearly seen in this zoomed

region
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Range of heights of the different orbits:
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The same image from data form the Mars Global Surveyor

Magnetometer/Electron Reflectometer (MAG/ER) (at h = 3793.4Km)
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The apparent dis-

crepancies come from

the different heights

at which the measure-

ments have been done.

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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Motion of a charged particle

• The non-relativistic motion of a charged particle in a magnetic dipole field is

usualy refered to as the Störmer Problem.

• Particles with an energy below some threshold value are trapped in the field

while more energetic particles can escape.

• Can be described by the two dimensional Hamiltonian system

H(ρ, z, ρ̇, ż) =
1

2

(
ρ̇2 + ż2

)2
+

1

2

(
1

ρ
− ρ

(ρ2 + z2)3/2

)2

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

? The numerical study: • critically dependent on the method used.

• Standard methods show variations in the value of the energy, that may alter

the actual boundedness/unboundedness of the solutions.

• Conservative and symplectic methods have been used to avoid this [5, 9].

• Avoid the cylindrical reduction and consider different field distributions [6, 7],

keeping discrete conservation laws.

MARS SCIENCE WORKSHOP “From Mars Express to Exomars”. ESAC (ESA), MADRID 2018 February 27th, 2018
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[Solutions in the general situation. Cartesian coordinates projected in cylindrical

coordinates.[6]]

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