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Abstract 

BepiColombo is an interdisciplinary mission to 
explore the planet Mercury through a partnership 
between ESA and Japan’s Aerospace Exploration 
Agency (JAXA). From their dedicated orbits two 
spacecraft, the ESA provided Mercury Planetary 
Orbiter (MPO) and the JAXA provided Mercury 
Magnetospheric Orbiter (MMO), will be studying the 
planet and its environment. Both spacecraft of 
BepiColombo will be launched together in summer 
2015. The mission will address a comprehensive set 
of scientific questions in order to study the planet, its 
evolution and its surrounding environment. A suite of 
state-of-art scientific instruments, flying on the two 
spacecraft, allow a wide range of scientific questions 
to be addressed like understanding of the origin and 
evolution of a planet close to its parent star, the 
detailed study of Mercury's figure, its interior 
structure and composition, the investigation of the 
interior dynamics and origin of Mercury’s magnetic 
field. Further science goals are trying to understand 
exo- and endogenic surface modifications, cratering, 
tectonics, and volcanism. The composition, origin 
and dynamics of Mercury's exosphere and Mercury’s 
magnetosphere will be addressed by combined 
measurements of both spacecraft. Last but not least 
scientist believe that they can use the BepiColombo 
also as a laboratory to test Einstein's theory of 
general relativity, by performing high accurate 
positioning measurements of the spacecraft. All in all 
measurements performed by the instruments on 
BepiColombo will provide clues on the origin and 
formation of terrestrial planets and help to answer 
fundamental questions like: “How do Earth-like 
planets form and evolve in the Universe?” 

1. Introduction 
Mercury is a small planet compared to the Earth and 
difficult to observe from the Earth, due to its close 
proximity to the bright Sun. For an in-depth study of 
the planet and its environment, it is therefore 
necessary to operate a spacecraft equipped with 
scientific instrumentation around the planet. On the 

other hand the thermal and radiation environment 
close to the Sun and close to the hottest planet in the 
solar system is extremely aggressive, which makes 
this mission technically very challenging. 

The BepiColombo mission will provide a rare 
opportunity to collect multi-point measurements in a 
planetary environment. This will be particularly 
important at Mercury because of short temporal and 
spatial scales in the Mercury’s environment.   

2. Spacecraft Testing 
In order to ensure the science and technical 
performance of the spacecraft intense on-ground 
testing has to be performed.  The environment around 
Mercury imposes strong requirements on the 
spacecraft design, particularly to all elements that are 
exposed to Sun and Mercury, such as the solar array, 
mechanisms, antennas, multi-layer insulation, 
thermal coatings and radiator.   

Recently, Thermal Structural Models (STM) of the 
two BepiColombo spacecraft have been tested in 
ESA’s Large Space Simulator capable of reproducing 
Mercury’s thermal environment. Both MMO and 
MPO have survived the simulated conditions when 
operation in orbit around the planet. The MMO will 
be covered by a sunshield during cruise to be kept 
cool during its six-year cruise to Mercury. During the 
tests the two spacecraft and the sunshield withstood 
temperatures higher than 350°C. Once at Mercury, 
most of the Sun’s heat (direct or reflected heat from 
the planet) will be prevented from entering 
BepiColombo by special thermal blankets. They 
consist of multiple layers including a white ceramic 
outer layer and several metallic layers to reflect as 
much heat as possible back into space. The 
performance of the thermal blankets were also 
measured and analyzed during the tests.  

3. MPO and MMO  
The BepiColombo MPO accommodates eleven 
scientific instruments (Table 1).  The MPO will take 
scientific measurements in all parts of the orbit 
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throughout the Mercury year, implying that most of 
the apertures of the remote sensing instruments are 
continuously nadir pointing.  

The BepiColombo MMO is a spin-stabilized space-
craft after it is separated from the MPO following the 
Mercury orbit insertion. The MMO is optimized for 
in situ plasma and electromagnetic fields and waves 
measurements in Mercury orbit. The nominal spin 
rate is 15!rpm (spin period of 4!s) due to the scientific 
requirements. The MMO has an octagonal shape and 
will carry five advanced scientific experiments. (table 
2.) 

Table 1: The MPO will carry a highly sophisticated 
suit of eleven instruments. 

 Instrument Science Objective 

 BepiColombo 
Laser Altimeter 
(BELA)  
 

Characterise the topography and 
surface morphology of Mercury. 

Mercury Orbiter 
Radio Science 
Experiment 
(MORE)  

Determine the gravity field of 
Mercury as well as the size and 
physical state of its core. 

Italian Spring 
Accelerometer 
(ISA)  

 

The objectives of ISA are strongly 
connected with those of the MORE 
experiment. Together the 
experiments can give information on 
Mercury’s interior structure as well 
as test Einstein’s theory of the 
General Relativity. 

Mercury 
Magnetometer 
(MERMAG-MAG) 

Detailed description of Mercury’s 
planetary magnetic field and its 
source, to better understand the 
origin, evolution and current state of 
the planetary interior, as well as the 
interaction between Mercury’s 
magnetosphere with the planet’s 
itself and with the solar wind. 

Mercury Thermal 
Infrared 
Spectrometer 
(MERTIS) 

Will provide detailed information 
about the mineralogical composition 
of Mercury’s surface layer. Will 
provide global temperature maps. 

Mercury Gamma 
ray and Neutron 
Spectrometer 
(MGNS) 

Determine the elemental 
compositions of the surface and 
subsurface of Mercury, and will 
determine the regional distribution 
of volatile depositions on the polar 
areas which are permanently 
shadowed from the Sun 

Mercury Imaging 
X-ray 
Spectrometer 
(MIXS) 

Use X-ray fluorescence analysis 
method to produce a global map of 
the surface atomic composition at 
high spatial resolution  

Probing of 
Hermean 
Exosphere by 
Ultraviolet 
Spectroscopy 
(PHEBUS) 

The spectrometer is devoted to the 
characterisation of Mercury’s 
exosphere composition and 
dynamics. It will also search for 
surface ice layers in permanently 
shadowed regions of high-latitude 
craters. 

Search for 
Exosphere 
Refilling and 
Emitted Neutral 
Abundances 
(SERENA) 

Study the gaseous interaction 
between surface, exosphere, 
magnetosphere and solar wind. 

Spectrometers and 
Imagers for MPO 
BepiColombo 
Integrated 
Observatory 
System (SYMBIO-
SYS) 

Will provide global, high resolution, 
and IR imaging of the surface. 
Examine the surface geology, 
volcanism, global tectonics, surface 
age and composition, and 
geophysics. 

Solar Intensity X-
ray Spectrometer 
(SIXS) 

Perform measurements of X-rays 
and particles of solar origin at high 
time resolution and a very wide field 
of view. 

 

Table 2: The MMO will carry five advanced 
scientific experiments. 

Instrument Science Objective 

 Mercury 
Magnetometer 
(MERMAG-MGF)  

Provide a detailed description of 
Mercury’s magnetosphere and of its 
interaction with the planetary 
magnetic field and the solar wind. 

Mercury Plasma 
Particle 
Experiment 
(MPPE) 

Study low- and high-energetic 
particles in the magnetosphere. 

Mercury Plasma 
Wave Instrument 
(PWI)  

Will make a detailed analysis of the 
structure and dynamics of the 
magnetosphere. 

Mercury Sodium 
Atmospheric 
Spectral Imager 
(MSASI) 

Measure the abundance, distribution, 
and dynamics of sodium in 
Mercury’s exosphere. 

Mercury Dust 
Monitor (MDM) 

Study the distribution of 
interplanetary dust in the orbit of 
Mercury. 


