
MANGA, A GAMMA-RAY AND NEUTRON SPECTROMETER FOR THE BEPICOLOMBO MISSION.  
C. d’Uston1, J.J. Thocaven1, N. Hasebe2, G. Klingelhöfer3, R. Gellert4, A. Chernenko5, P. Leleux6, O. Gasnault1, S. 
Maurice1, B. Pirard1, P. Mandrou1, D. Baratoux7, F. Poitrasson8, J. Brückner4, D.J. Lawrence9, S. Dunkin10, M. 
Grande10, M. Kobayashi2, M. Fujii2, T. Miyachi2, E. Shibamura11, T. Sugihara12, M. Kato13, T. Okada13.  
1CESR, CNRS/UPS, Toulouse, France (lionel.duston@cesr.fr), 2Waseda Univ., Tokyo, Japan, 3J. Gutenberg Univ., 
Mainz, Germany. 4MPI für Chemie, Mainz, Germany. 5Space Res. Inst., Moscow, Russia. 6CSR, UCL, Louvain-la-
Neuve, Belgium. 7LDTP, CNRS/UPS, Toulouse, France. 8LMTG, CNRS/UPS, Toulouse, France. 9LANL, Los Ala-
mos, NM, USA. 10RAL, Didcot, UK. 11Saitama College of Health, Saitama, Japan. 12JAMSTEC, Kanagawa, Japan. 
13JAXA, Kanagawa, Japan. 

 
Introduction: MANGA (Mercury Analysis of 

Neutrons and GAmma-rays), a neutron and gamma-ray 
spectrometer, has been proposed and pre-selected on 
the Mercury Planetary Orbiter (MPO) of the BepiCo-
lombo mission to planet Mercury. Bepicolombo is a 
joint ESA-JAXA mission scheduled for launch in 2012 
and arrival at Mercury in 2016. MPO, a three-axis-
stabilized spacecraft will have a nominal life of one 
year in a 400 km×1500 km polar orbit.  

Combined high-resolution gamma-ray spectrome-
ters and neutron spectrometers such as MANGA have 
already been implemented on several planetary explo-
ration missions (Mars Odyssey [1], Lunar Prospector 
[2] Messenger [3],  Selene [4]) and have become key 
instruments to determine and map elemental composi-
tion of planetary surfaces. The following presents an 
overview of the MANGA investigation in terms of 
scientific objectives, technical design and detection 
performances. 

 
Science objectives: Among the overall scientific 

objectives of the BepiColombo mission [5], the deter-
mination and mapping of the elemental composition of 
Mercury’s surface is of the highest priority.  

MANGA will be able to collect spectra of gamma-
rays between 100 keV and 10 MeV and to separately 
measure the intensities of thermal neutrons (energy < 
0.2 eV), epithermal neutrons (0.2 eV to 700 keV) and 
fast neutrons (700 keV to 8 MeV). Thanks to its high 
spectral resolution and high efficiency, MANGA will 
detect gamma-ray lines of most of the major elements 
(O, Si Fe, Ti, Mg, Al, Na, Ca) and of some minor or 
trace elements (H, C, S, U, Th, K) which make up the 
surface of Mercury. Data from the neutron spectrome-
ter will provide a support to gamma-ray measurements 
and will detect H, Sm + Gd, and the mean atomic mass 
of the surface . 
 The precise knowledge of global abundances of 
refractory elements such as Ca, Mg, Al, Ti, radioactive 
elements such as  K, Th and U, and their ratios will 
help to discriminate between various models of forma-
tion and evolution of the planet [6].  

Of equal importance as measurement goals, maps 
of abundances will reveal regional heterogeneities in 

the elemental composition of the Hermean surface. In 
particular, this will allow: 
• To characterize the broad geochemical regions of 

the Mercury surface; 
• To distinguish between exogenic (impact crater-

ing, formation of large basins,…) and endogenic 
(volcanism, early crustal evolution,…) modifica-
tions of the surface; 

• To identify the material that causes anomalous 
radar echoes in the polar regions; 

• To locate volatile components at the origin of 
Mercury’s exosphere. 

 
Instrument description: MANGA consists of 

three physical units. A gamma sensor head (GSH), a 
neutron sensor head (NSH) and a common electronic 
box (CEB). 

Gamma Sensor Head (GSH). The detection head 
(Fig.1) consists of a n-type high purity germanium 
crystal (6cm in diam. by 6cm in height) encapsulated in 
an aluminum canister; this detector is mounted in a 
cryostat for thermal insulation and actively cooled to 
<90 K by a small Stirling-cycle cryocooler. The cryo-
cooler cold finger is thermally coupled to the detector 
via a copper braid to allow mechanical de-coupling. 
The GSH also includes a preamplifier which consti-
tutes the first stage electronics.  

 
Fig.1. GSH layout 

The energy resolution of such a detector is more 
than 15 times better than any scintillator, and its sensi-
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tivity is well suited to fulfill the scientific require-
ments.  

In order to maintain the good energy resolution of 
the detector throughout the mission, annealing capacity 
is implemented to restore the germanium performances 
when the irradiation dose has produced too large a deg-
radation. 

Neutron Sensor Head (NSH). It is based on an ad-
vanced concept called “phoswich” (phosphor sand-
wich). It is a compact cylindrical assembly (∅105 mm 
× 150 mm) of two scintillitators and front-end electron-
ics, as shown on Fig.2. The first scintillator, a 10cm-
long cylinder of borated plastic (BC454) will detect 
epithermal and fast neutrons. The second scintillator is 
a 2 mm-thick sheet of 6Li loaded glass (GS20) that will 
essentially detect thermal neutrons. Both scintillators 
are read out by a common photomultiplier tube mated 
to the extremity of the plastic.  
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Fig.2. NSH layout 

Common Electronics Box (CEB). It contains the 
GSH cooler control electronics, the heater regulator, 
the high voltage power supplies, the analog signal 
processing electronics (amplifiers, ADCs) and FPGAs 
for digital signal processing. To optimize the use of 
S/C resources, DPU and DC/DC power units will pos-
sibly be shared with other instruments.  

Technical Resources. The MANGA instrument 
weighs 6.5 kg and requires 15.7 W of power. 
 

Detection performances: In planetary remote 
gamma-ray spectroscopy, beside the requirement on 
high energy resolution, two observation characteristics 
have to be optimized: a long observation time in order 
to maximize the S/N ratio, and a low altitude to get a 
good spatial resolution for mapping purposes. 

Figure 3 illustrates observation conditions (altitude 
and observation time) as a function of pixel latitude, 
for a one-year operation phase around Mercury. The 
surface of the planet is mapped by 648 10°-by-10° 
pixels and only the lower half of the orbit (altitudes 
lower than 860 km) is taken into account. The observa-

tion time per pixel varies from 4.8 hours at equator to 
6.3 hours at the poles. The mean altitude varies from ~ 
400 km (equator) to 816 km (poles).  

 
Fig.3. MANGA mapping capabilities (10°×10° pixels)  

Complementarity with Messenger/GRS. Although 
preceded by Messenger gamma-ray spectrometer, 
MANGA will provide new observations. Figure 4 
shows a comparison of the altitude in function of lati-
tude for Messenger and BepiColombo/MPO space-
craft: Messenger/GRS will essentially cover the north-
ern regions of Mercury while MANGA will equally 
cover both hemispheres. Due to the different orbit ex-
centricities and apocenter altitudes, Bepi-Colombo 
offers much more time for measurements below 800 
km altitude, and will allow to build a map of the entire 
planet 

 
   Fig.4. Messenger and BepiColombo MPO orbits 
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