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ABSTRACT
Mars Orbiting Plasma Surveyor (MOPS) is a
microsatellite mission focused on studies of the near Mars environment and the planet - solar wind
interaction. The recent findings by the ESA Mars
Express mission further highlighted the complexity of
the processes taking place at the planet resulting from
the solar wind interaction that strongly affect the
planet's atmosphere. However, despite many previous
Martian missions carrying different types of space
plasma experiments, a comprehensive investigation
including simultaneous measurements of particles,
fields, and waves has never been performed.

the consequences for the planet (see review [1]). In
particular, we have observed that the scavenging of
planetary ions may have resulted in the removal of ~1 m
of surface water over 4.5 billion years [2]. More
detailed studies [3], which take into account the
variability of the ionosphere through planetary history,
give a much higher (~30 m) equivalent depth of water,
which has escaped due to the solar wind interaction
process. The initial results from Mars Express confirm
these findings and even show that solar wind may reach
much lower altitudes (~330 km) than was thought
before [4].

We consider a spinning spacecraft of a wet mass of 76.1
kg with a 9.7 kg payload, which can “hitchhike” on
another platform until Mars orbit insertion, and then be
released into a suitable orbit. The spacecraft design is
based on the experience gained in very successful
Swedish space plasma missions, Viking, Freja, Astrid-1,
and Astrid-2. In the present mission design, the MOPS
spacecraft is equipped with its own 1m high gain
antenna for direct communication with the Earth. The
payload includes a wave experiment with wire booms,
magnetometer with a rigid boom, Langmuir probes,
electron and ion energy spectrometers and an ion mass
analyzer. An energetic neutral atom imager and an UV
photometer may complete the core payload. One of the
proposed scenarios is piggy - backing on the Russian
Phobos - Grunt mission to be launched to Mars in 2011.

The solar wind induced atmospheric escape occur
through three main channels, ion pick – up, bulk
thermal plasma removal and sputtering. While the first
channel is more or less investigated both theoretically
and experimentally, the two other remain mainly
theoretical ideas because up to now no suitable plasma
investigations have been conducted at Mars. However,
bulk escape and sputtering are the most efficient in
removing heavy molecules such as CO2 [5] and are thus
critical for the carbon dioxide atmospheric content
variation which, in turn, is of great important for
understanding water evolution on Mars. Apart from the
solar wind induced escape mechanisms, in operation at
Mars there is Jeans escape (affects mainly hydrogen and
deuterium) and non-thermal photochemical escape. The
relative contribution of these processes to the overall
atmospheric evolution is still unclear because all
estimations are based mainly on models, which, because
of complex feedbacks in the near Mars space, are still
quite limited. Table 1 provides a summary of the escape
mechanisms at Mars and their relative importance.

1. SOLAR WIND –MARS INTERACTION AND
IMPACT ON THE ATMOSPHERE
Near-Mars space is strikingly different from near-Earth
space because of the absence of a substantial intrinsic
magnetic field of Mars. Without the magnetic cavity of
a magnetosphere to shield the upper atmosphere from
the on-coming solar wind, Mars is subject to comet-like
atmosphere erosion processes and solar-wind-induced
current systems that have no terrestrial counterparts.
From both previous missions to Mars (especially the
Phobos-2 mission) and experience gained in orbit
around similarly weakly magnetized Venus on the
Pioneer Venus Orbiter, basic ideas were developed how
the Mars upper atmosphere and solar wind interact and

On a planet such as Earth with a global protecting
magnetic field and a magnetosphere, the solar wind
energy still reaches low altitudes in the polar regions.
The loss of ions from Earth’s ionosphere is quite well
understood. Energy of solar wind origin drives largescale currents closing in the ionosphere and
electromagnetic waves such as Alfvén waves
propagating to low altitudes. The transmitted energy
causes large-scale electric fields giving rise to particle
acceleration along the ambient magnetic field, providing
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particles a velocity well above the escape one. In
addition, various waves in the plasma cause
energisation in the direction perpendicular to the
ambient magnetic field, increasing the gyro-radius and
the speed of the particles. Subsequent motion in the
diverging magnetic field will convert perpendicular
motion to parallel, again resulting in outflowing
particles at energies well above the escape velocity.
Mars has no global magnetic field, but the solar wind
penetrating to low altitudes causes some boundaries and
current systems resembling those of a magnetized
planet. Also, local strong magnetic fields reaching
several hundred kilometres above the surface
complicate the picture and may cause a type of minimagnetosphere [6] Therefore one can expect that some
of the plasma escape processes can be similar to the
terrestrial ones, but there should be also significant
differences.

resulting in increasing ionization rates and UV
emissions.

Table 1. Escape mechanisms at Mars

• Understand in detail the mechanisms directly
causing the ion escape

Escape
Mechanism
Solar wind induced
Ion pick-up (O+)

Rate,
1025/s

Comment

~1 - 2

Bulk escape
Sputtering (CO2)
Photochemical
O

Up to 30
0.4 - 2

Phobos-2
measurements
Estimations in [3]
Models

0.5 – 1.0

C

0.2 – 1.0

N

30

Jeans (H)

12

2. PRIMARY SCIENTIFIC OBJECTIVES FOR A
SPACE PLASMA MISSION TO MARS
Studies of the atmospheric evolution is critical for
understanding the habitability of Mars in the past.
Therefore a space plasma mission must be focused on
studies of the impact on the atmosphere of the solar
wind interaction and should ideally result in reliable
models allowing extrapolation of the currently
measured quantities to past times. The primary
scientific objectives of MOPS are to:
• Identify the major plasma processes transferring
energy from the solar wind to the Martian
ionosphere and atmosphere, powering the escape
mechanisms of Martian volatiles.

• Measure ion escape rates, and identify the major
escaping ion species over as wide as possible solar
wind conditions
• Investigate the influence of interplanetary conditions
on the escape processes.
3. OVERVIEW OF PLASMA MEASUREMENTS
AT MARS

Dissociative
recombination
(models)
Photodissociation
(models)
Dissociative
recombination
(models)
Thermal escape based
on measurements

Table 2 gives an overview of plasma measurements at
Mars since the beginning of Mars exploration. For the
initial period until the Viking mission only missions
accomplished at least partially their objectives are
listed. After Viking all missions are shown. The
successful missions are in bold. As seen from the table,
despite an impressive number of missions carrying
plasma instrumentations there have not been (1) any
comprehensive plasma investigations conducted and (2)
any studies of waves performed. Whereas the Phobos-2
mission indeed carried a full set of plasma instruments,
it had limited operational time, not a suitable orbit
(circular at 9905 km height), and not fully functional
experiments. MGS is missing an ion instrument, while
Mars Express a magnetometer. None of the missions
have a wave experiment onboard. Moreover, currently
MGS is deep inside the solar wind obstacle and Mars
Express has limited coverage in eclipse because of
power system problems.

Another problem of the solar wind - atmosphere
coupling that has not been explored experimentally
concerns the energetic consequences for the Martian
atmosphere of the lack of a significant Martian dipole
field. [7] concluded from MGS measurements that 5 nT
is an upper limit to the surface field related to an
intrinsic dipole. Kinetic and test-particle models of the
Mars-solar wind interaction ([8]; [9]) have suggested
that solar wind absorption by the Martian atmosphere
may be an important energy source for the upper
atmosphere. The ENAs generated as a product of the
solar - wind interaction further enhance the deposition
of solar wind energy [10]. According to the models,
some of the solar wind ions (mainly protons and alphas)
directly impact Mars' upper atmosphere near its exobase
(at ~180 km altitude) because their gyroradii are too
large to behave as a deflected "fluid" in the subsolar
magnetosheath [11] or because they are partially
thermalized by the bow shock [9]. Thus, solar wind
energy is "directly" deposited into the upper atmosphere
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Table 2. Overview of plasma measurements at Mars
Mission (Launch)

B-field

Electrons*

Ions*

X
X

Waves and Efield
-

Mariner 4 (1964)
Mars 2,3,5 (1971-1973)
Viking 1/2 (1975)
Phobos – 1 (1988)
Phobos – 2 (1988)
Mars Observer (1992)
Mars – 96 (1996)
Nozomi (1998)
MGS (1998)
Mars Express (2003)

Thermal
plasma
-

ENAs

Comment / Results

X
X

Ion mass
composition*
-

X

-

X
X
X
X
X

X
X
X
X
X

X
?
X
-

X
X

Plasma probe failed
Basic ideas on the type of interaction
Main domains of the near – Mars space
Ionospheric profile during entry and descend
Mars not reached
Limited (3 months) operations
Mars not reached
Mars not reached
Mars not reached
400 km circular orbit
Limited operations in the eclipse

X
X
X
X
X
X
-

X
Only E-field
X
X
-

X
X
X
X
X
X
X

* hot plasma, solar wind, particle energy > few eV

sensing experiments unless dedicated attitudes
(spinning) or spinning platforms are provided.

4. PLASMA PACKAGES AND ASSOCIATED
SPACECRAFT REQUIREMENTS
Since there are several possible mechanisms for the ion
escape it is essential to study the phenomenon with as a
complete plasma package as possible so that also, for
example, wave-induced particle acceleration can be
detected. To characterized the global dynamics of the
Martian induced magnetosphere separating temporal
and spatial variations an energetic neutral atom imager
is required. Additional instrumentation with the
capability to characterize the local plasma as well as
more remote plasma distributions is desirable. As a
minimum plasma package should include the following
set of instruments:

Table 3. Platform requirements specific for plasma
measurements
Instrument
Magnetometer
Wave
experiment
Particle detectors

Langmuir probes

• Magnetometer to measure 3 components of the
magnetic field
• Wave experiment to measure plasma waves and
electric fields
• Electron spectrometer to measure electron
distribution functions
• Ion spectrometer to measure ion distribution
functions including the solar wind
• Ion mass analyzer to measure ion compositions (can
replace ion spectrometer)
• Langmuir probe for thermal plasma density and
velocity measurements
• Energetic Neutral Atom (ENA) imager

5.

Platform requirements
Magnetic cleanliness program
Rigid booms 1 – 3 m
2 – 4 booms, 10 – 20 m.
Spinning platforms for wire booms
Spinning platforms
Conductive MLI
Spacecraft potential control or
monitoring
Short stiff booms

MOPS. MISSION OVERVIEW

To overcome the difficulties of typical platforms
dedicated to planetological studies, complete
investigations of the near – Mars space and fulfill the
scientific objectives specified above we propose a small
spacecraft optimized for plasma measurements. The
total wet mass is about the mass of two “planetary
instruments” on 3-axis stabilized platforms dedicated to
remote sensing, i.e., small enough to piggyback on
another mission delivering the satellite to Mars. A
payload of 10 kg is sufficient to address the scientific
objectives. The reasonably low altitude orbit that is
required leads to a spacecraft in the 50-80 kg class,
depending on the degree of autonomy. Here we discuss
an example spacecraft in this class, with its own
communication capability, which has a total mass of
76.1 kg.

Additionally plasma packages may include:
• Thermal plasma analyzer to measure electrons and
ions with energies < 10 eV
• Ion trap to measure absolute particle fluxes
• Retarding potential analyzer to measure ionospheric
plasma
• Satellite potential control device
• Energetic charged particle detector
• FUV / EUV imager

The spacecraft MOPS (Mars Orbiting Plasma Surveyor,
Fig. 1 shows a general view) would be separated from
the carrying (mother) ship after Mars orbit insertion and
perform then a Hohmann transfer placing it on a
working orbit with an apocenter height of 10000 km
that is lower than usual apocenter of transfer orbits
(approx. 100 000 km). The pericenter height of 200 –
500 km, well inside the typical solar wind obstacle is
sufficient for the proposed mission scientific objectives.
The inclination is not critical but polar orbits with the
pericenter ascending node close to the ecliptic would be
ideal because allow to investigate asymmetries in the

The associated platform requirements specific for
plasma measurements are given in Table 3. The
requirements given in the table are often very difficult
or impossible to combine with the requirements of
remote sensing planetary instruments. Therefore
comprehensive plasma investigations are impossible to
conduct from typical satellites developed for remote
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ion tailwards outflow associated with the interplanetary
electrical field pointed, under normal conditions, to the
ecliptic North.

Direct communication with the Earth as in the present
MOPS configuration requires ground-based antennas
with a diameter of at least 35 m. Several candidate
stations are considered including Japanese, Russian, and
ESA DSN (Deep Space Network) stations.
6.

PAYLOAD

The MOPS payload includes a complete plasma
package to measure magnetic and electric fields and
waves as well as electron and ion distribution functions
in the hot plasma range (> 10 eV – 20…30 keV). The
ion spectrometer is optimized for solar wind
measurements and the ion mass spectrometer for plasma
composition measurements. Since the characterization
of the escape rate is a primary scientific objective there
are two ion mass spectrometers using different mass
identification techniques, providing redundancy as well
as inter-calibration possibilities. The thermal plasma is
monitored by two Langmuir probes on 50 cm rigid
booms as well as one mounted on a 10 m long wire
boom. DC and AC electric fields are recorded by two
sets of double-probe antennas mounted orthogonally in
the spin plane. The double-probes also monitor the
spacecraft potential. The DC and low-frequency
magnetic field is measured by a boom-mounted fluxgate magnetometer. An energetic neutral imager is also
added to the payload with the total weight 2.0 kg. It can
be removed or descoped to allow accommodation of an
FUV or/and EUV imager/photometer to image possible
auroral activity associated with the Martian magnetic
anomalies [12] or/and monitor the solar EUV to
characterize conditions of the Martian upper atmosphere
crucial for any landing missions. Auroral activity may
also be associated with wave emissions related to the
acceleration regions, possibly facilitating remote
sensing of regions where downward electron
acceleration and upward ion acceleration take place
(e.g., [13]). An UV spectrometer would also be very
useful for obtaining exospheric profiles as well as
detecting fast neutral components originating from
atmospheric sputtering and thus, in an indirect way
contribute to the estimation of the escape related to this
channel. The payload uses a dedicated Central
Processing Unit (CPU). Table 4 gives a summary of the
MOPS payload.

Fig. 1. MOPS (Mars Orbiting Plasma Surveyor)
MOPS in the present design communicates directly with
the Earth via X – band which is also used for orbit
determination (accuracy ~10 km). However, mission
scenarios with communication via the mother ship or
other Mars orbiting relaying satellites are also feasible.
In this case, it is required that MOPS and the
mothership are in reasonably similar orbits (separations
of 100’s of km rather than 1000’s.). The orbit
determination can be made by MOPS by calculating its
own orbit relative to the known orbit of the mother ship.
This can be performed with different types of sensors,
which provide the angle and range between MOPS and
the mothership. A simple version of such a system can
consist of an on-board camera to provide the angular
information relative to on-board star trackers, and a
simple transponder to provide the range information.
With such a system, the inaccuracies in the orbit
determination can be reduced to 100’s of meters.
MOPS is a spinner with a high gain antenna (HGA)
constantly pointing towards the Earth. The total wet
mass is 76.1 kg and the dry mass 60.0 kg with 9.7 kg
payload. The required life time is 1 Martian year (687
days) to sample densely the region at Mars below 1000
km and the distant tail up 10 000 km. Of particular
importance are science operations in eclipse because the
central plasma sheet is believed to be a very efficient
channel for ion escape.

Table 4. MOPS payload
Sensor
DC electric field
Magnetic field
Thermal plasma
Electron spectrometer
Ion spectrometer
Ion mass spectrometer
CPU
ENA imager
Total

Configuration
4 wire booms, 20 m tip-to-tip
Fluxgate on one rigid 1 m radial boom
2 Langmuir probes on 50 cm rigid booms
1 Langmuir probe on 10 m wire boom
Top-hat ESA
Same as electron spectrometer
2 identical sensors, 0.5 kg each
2 identical sensors

4

Mass, kg
3.0
1.0
0.2
0.5
0.5
0.5
1.0
1.0
2.0
9.7

Comments
Bepi Colombo / MMO design
Mounted on solar panels
Contra balance the magnetometer boom
Mars Express design: 0.3 kg
Bepi Colombo / MPO design
Optional
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7.

E-field booms (x 4)

PLATFORM DESIGN

Langmuir probe
wire boom

The platform design builds on the experience the
Swedish Space Corporation (SSC) accumulated from
the very successful national small missions for space
plasma physics research, namely, Viking (launched
1986), Freja (1992), Astrid-1 (1995), and Astrid-2
(1998) (for the overview of the small Swedish missions
see [14]). The needed experience in developing
planetary probes was accumulated by SSC as a main
contractor, in the frame of the platform development for
the ESA SMART – 1 mission.

Ion spectrometer
Electron
spectrometer

Magnetometer
Boom

The MOPS platform includes the usual subsystems in a
highly packaged configuration: Attitude and Orbit
Control System (AOCS), Power system, TT&C
(Tracking, Telemetry, and Command) [15].

Langmuir probe booms (x 2)

AOCS provides ΔV = 456 m/s needed for the Hohmann
transfer (assuming a parking orbit provided by PhobosGrunt) as well as 3700 Ns for attitude corrections to
cover initial detumbling, spin-up, precession control due
to disturbances and constant Earth pointing for HGA.
In the present design it is based on a solid-state rocket
for the orbit maneuver and liquid propane attitude
thrusters. Slit-type Sun sensor and a star camera
provides attitude determination.

Fig. 2. MOPS layout with scientific instrument
identified.

The power system includes 182 Wh Li-ion batteries and
triple – junction (3-J) GaAs solar panels generating
115W of power (37° off-pointing configuration). The
power system is dimensioned to cover at least 2h eclipse
science operations.
TT&C consists of a 1 m HGA and a low gain antenna
(LGA) with half-power-beam-width greater than 37° to
cover all occurring Sun – Earth angular separations.
With a 2 W RF output power and X – band downlink to
a 35 m ground station, the bit rate varies between 1.3
and 5.2 kbps depending on the Mars – Earth distance.
This is sufficient for the proposed investigation.
8.

PLATFORM LAYOUT

Fig. 2 shows MOPS layout with the scientific
instrument identified. Fig. 3 shows the deployed and
stowed configurations. The spacecraft envelope in the
stowed configuration is a cube with a side of 70 cm
excluding the HGA. The solar array area is 62 x 62 cm2
per each panel. The wire boom length is 20 m tip-to-tip.
Table 5 gives a summary of the mass budget.
Table 5. MOPS mass budget
Position
Payload

Mass, kg
9.7

Spacecraft dry mass inc. payload
Margin (5%)
Total dry
Propellant (ΔV+ACS) (N2H4 based)

57.1
2.9
60.0
16.1

Total wet mass

76.1

Fig. 3. MOPS in deployed and stowed configurations,
respectively.
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9.

FLIGHT OPPORTUNITIES

connection to the Mars-solar wind interaction, J .
Geophys. Res., 106, 5617 - 5634, 2001.

The MOPS design presented here was adopted for a
flight opportunity, which may exist in the frame of the
Russian Phobos sample return mission Phobos – Grunt
to be launched in 2011. The mission was selected as an
example and the MOPS design is flexible enough to be
adopted for other flight opportunities. MOPS may be of
particular interest for an aeronomy / plasma mission to
Mars because two satellites would provide mutual
monitoring of the upstream solar wind conditions
resolving one of the main problems of plasma
measurements at Mars, namely, how the Mars
environment responds to changes in the solar wind
conditions. This issue is of fundamental importance for
the extrapolation of the present measurements to the
past to understand the evolutionary impact of the solar
wind interaction on the Martian atmosphere.

12. Bertaux, J.-L.,, F. Leblanc, O. Witasse, E.
Quemerais, J. Lilensten, S. A. Stern, B. Sandel, and O.
Korablev, Discovery of an aurora on Mars, Nature 435,
790-794, 2005.
13. Blomberg, L. G., J. A. Cumnock, and A. I. Eriksson,
The Martian plasma environment: electric field and
Langmuir probe diagnostics, IEEE Trans. Plasma Sci.,
31, 1232, 2003.
14. Marklund G., M. André, R. Lundin and S. Grahn,
The Swedish small satellite program for space plasma
investigations, Space Sci. Rev., 111, 377, 2004.
15. Rathsman, P.,, The Mars Orbiting Plasma Surveyor
(MOPS). A Pre-Phase A Technical Study, Swedish
Space Corporation, SDI011-1, 2005.
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