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Introduction: Mascot, a Mobile Asteroid Surface 
Scout, will support JAXA’s Hayabusa 2 mission to 
investigate the C-type asteroid 1999 JU3 (1) that is 
expected to be a rubble-pile, with a size slightly larger 
than Itokawa. The German Aerospace Center (DLR) 
develops Mascot with contributions from CNES 
(France) (2). Main objective is to in-situ map the 
asteroid’s geomorphology, the intimate structure, 
texture and composition of the regolith (dust, soil and 
rocks), and the thermal, mechanical, and magnetic 
properties of the surface in order to provide ground 
truth for the orbiter remote measurements, support the 
selection of sampling sites, and provide context 
information for the returned samples. Mascot 
comprises a payload of four scientific instruments: 
camera, radiometer, magnetometer and hyperspectral 
microscope. 
C- and D-type asteroids hold clues to the origin of the 
solar system, the formation of planets, the origins of 
water and life on Earth, the protection of Earth from 
impacts, and resources for future human exploration. 
C- and D-types are dark and difficult to study from 
Earth, and have only been glimpsed by spacecraft. 
While results from recent missions (e.g., Hayabusa, 
NEAR (3, 4, 5)) have dramatically increased our 
understanding of asteroids, important questions 
remain. For example, characterizing the properties of 
asteroid regolith in-situ would deliver important 
ground truth for further understanding telescopic and 
orbital observations and samples of such asteroids. 
Measurement scenario: Mascot will descend and land 
on the asteroid and will change its position two times 
by hopping. This enables measurements during 
descent, at the landing and hopping positions #1-3, and 
during hopping. The first order scientific objectives for 
Mascot is to investigate at least at one position:  

• the geological context of the surface by 
descent imaging and far field imaging in-situ; 

• the global magnetization by magnetic field 
measurements during descent and any local 
magnetization at the landing positions; 

• the mineralogical composition and physical 
properties of the surface and near-surface 
material including minerals, organics and 
detection of possible, near–surface ices; 

• the surface thermal environment by 
measuring the asteroids surface temperature 
over the entire expected temperature range for 
a full day-night cycle; 

• the regolith thermophysical properties by 
determining the surface emissivity and 
surface thermal inertia; 

• the local morphology and in-situ structure and 
texture of the regolith including the rock size 
distribution and small-scale particle size 
distribution; 

• the context of the observations performed by 
the instruments onboard the main spacecraft 
and the in situ measurements performed by 
Mascot (‘cooperative observations’) and 
provide documentation and context of the 
samples and correlate the local context of the 
in situ analysis into the remotely sensed 
global context; 

• the body constitution on local and/or global 
scales and constrain surface and possibly sub-
surface physical properties; 

• the context of the sample collected and 
returned by the main spacecraft by qualifying 
its generic value and processed/pristine state 
and thus support the laboratory analysis by 
indicating potential alteration during cruise, 
atmospheric entry and impact phases.  

 

 
Artist‘s conception of HY-2 during sampling, also showing Mascot 
landed on the surface. CREDIT:JAXA/Akihiro Ikeshita. 
  
In addition to the main science objectives further 
science measurement can be performed by the lander’s 
engineering sensors that are supposed to monitor the 
housekeeping and/or provide the right measuring 
orientation/position of Mascot and by the scientific 
payload based on their given favourable observing 
conditions within the lander’s nominal operation mode 
(‘opportunity science’).  
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Mascot landing operations 
 
Instruments: The camera will provide ground truth for 
the orbital measurements of the Hayabusa-2 orbiter 
instruments and the in-situ Mascot sensor suite and to 
provide context of the undisturbed sampling sites. This 
is achieved by contributing to the determination of the 
structural, textural and compositional characteristics of 
the surface layer on scale lengths ranging from tens of 
meters to a fraction of a millimeter, by means of multi-
color imaging of the asteroid’s surface. The camera 
will operate both as descent and in-situ imager (both 
during day and night phases). Imaging will start shortly 
after the separation from the Hayabusa-2 mother S/C 
and images will be acquired until touchdown. The 
images will close the resolution gap between orbital 
and in situ imaging and allow for determining the 
landing site within the orbiter camera dataset. After 
touchdown, the camera will acquire wide angle images 
of the asteroid’s surface. Multispectral imaging during 
dark phases is achieved through an illumination device 
consisting of four arrays of monochromatic light 
emitting diodes working in 4 spectral bands that allow 
classifying and mapping compositional heterogeneity 
of the asteroid’s surface by the means of color ratios 
Image series at different sun angles over the course of 
a day will also contribute to the physical 
characterization of the asteroid surface properties by 
photometric analysis.  
The radiometer is a multispectral instrument which 
will measure the radiative flux emitted from the 
asteroid’s surface using thermopile sensors. Six 
individual filters will be employed to measure the flux 
in the wavelength bands between 5.5-7, 8-9.5, 9.5-
11.5, 13.5-15.5, 8-14, and 5-100 µm in order to 
determine the asteroid’s thermal inertia and to support 
mineralogical characterization.  
The magnetometer will measure the global magnetic 
field during descent and hopping phases either 
indicating a global magnetization of the asteroid or 
induction effects due to time-varying external 
magnetic fields. Furthermore, magnetic field vectors at 
the individual landing and hopping locations will be 
determined in order to characterize the magnetic 
properties of surface materials that will allow 
understanding the magnetic evolution of asteroidal 

bodies.  
The hyperspectral microscope will surface samples a 
few mm2 in size, with a resolution of 20 µm, as to their 
structure and composition. On each pixel, the spectrum 
is acquired from 0.9 to 3.5 µm, in more than 300 
contiguous spectral channels. The spectral range and 
resolution have been chosen so as to enable to retrieve 
the composition of the major and minor constituents 
present in each image element: most minerals, both 
pristine and altered, have diagnostic signatures in this 
domain, as well as most frosts and ices, and noticeably, 
organics. Thus a microscopic determination of the 
asteroidal surface composition is provided down to its 
grain scale, offering key clues to decipher its origin 
and evolution. The external window of the 
hyperspectral microscope is in direct contact with 
surface material. An illumination system, based on an 
acousto-optic tunable filter, provides a monochromatic 
enlightening of the sample through the window, and an 
image is acquired on a 2D infrared cooled detector, 
Repeating this sequence will build, in a few minutes, a 
3D (x,y,λ) image-cube of the sample.  

 

Hayabusa 2/Mascot combined measurement scenario. 
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