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Introduction: The JAXA’s Hayabusa2 spacecraft 

explored Cb-type near-Earth asteroid (162173) Ryugu 
including two touchdown operations for sample 
acquisition [1, 2] to investigate the origin and history of 
the carbonaceous asteroid in the context of the Solar 
System evolution [3]. 

The spacecraft returned its reentry capsule in the 
Woomera Prohibited Area, South Australia on 
December 6, 2020. The sample container [4, 5] inside 
the reentry capsule was opened in the Hayabusa2 clean 
chamber system [6] on December 14, 2020, and 
particles collected from the first touchdown site were 
found in the sample catcher (a canister to store the 
sample inside the sample container) on December 15, 
2020. During the preparation operation of the sample 
container opening from December 8 to 11, two 
millimeter-sized particles with a black hue were found 
in the gap between the sample container and its lid [7]. 
Detailed mineralogical and petrological investigation of 
these grains (called Q (questionable) particles) showed 
that Q particles (Q001 and Q002) have the same 
characteristics as Ryugu particles and are distinct from 
CI chondrites [7]. This suggests that Q particles were 
expelled from the sample catcher before closing the 
sample container lid in space. The presence of the 
Ryugu particles expelled from the sample catcher may 
have affected the sealing ability of the container [6].  

In this study we further continue to characterize sub-
millimeter-sized particles collected from the swabs and 
wipers used to clean the gap between the sample 
container and its lid to identify what those particles are 
and if there were more Ryugu particles between the gap. 
Abundance, size, material type, and their mechanical 
properties will also provide useful information to find a 
cause(s) of a small amount of air leak into the sample 
container [8] and to design the container sealing 
mechanism in future sample return missions. 

Experimental: The gap between the container and 
the lid, outside of the container sealing face, was wiped 
with plastic swabs and dry wipers in the clean room at 
ISAS, JAXA on December 10, 2020. The swabs and 
wipers, kept in sealed aluminum bags in the clean room 
after cleaning, were examined in the clean room, and 
~250 sub-millimeter sized particles were identified by 
naked eye.  

The particles were individually picked up by 
electrostatic adhesion using a tungsten carbide needle 
and were fixed on two cupper plates using a small 
amount of glue following the procedure developed for 
micrometeorites [9]. The particles were then observed 
under a stereomicroscope at ISAS, JAXA and by a 
scanning electron microscope (JEOL JCM-7000) at U. 
Tokyo. The area analysis of chemical compositions of 
the particles were also made by energy dispersive 
spectroscopy (EDS) equipped with JCM-7000. 

Results: Among 247 particles, we found 194 
particles show textural features resembling Ryugu 
particles. Many of such particles have hexagonal iron 
sulfides and framboidal iron oxide (most likely 
magnetite) (Fig. 1). Their elemental compositions are 
within the range of those determined by multiple area 
analyses of Q001 particles in most cases (Fig. 2). 
Exceptions reflect heterogeneous distribution of 
minerals such as sulfides, magnetite, and carbonates. 
Textural, mineralogical, and chemical similarities to 
Ryugu sample led us to conclude that these sub-
millimeter particles found on the swabs and wipers are 
also Ryugu particles that were expelled from the sample 
catcher in space before the container closing.  

The other 53 particles show no similarity to Ryugu 
particles (Fig. 3). They are aluminum metal, stainless 
steel, carbonaceous materials (fibers in some cases), and 
most likely dessert sand, where the capsule landed. 
These are thus contaminants from the capsule, the 
landing location, the temporal laboratory space built in 
Woomera, and the clean room at ISAS, JAXA.  

Implication: The presence of tiny but numerous 
Ryugu particles outside the sealing face indicates that 
some of such particle may have been present in the 
metal sealing edge of the sample container. 194 Ryugu 
particles in the gap (~38 cm2 in area) suggests the 
average grain number density of ~5 cm–2, corresponding 
to ~10 sub-mm-sized particles at the container sealing 
face ~1 mm in width (2p×2.7 [cm] ×0.1 [cm] ×5 [cm–

2]). Although such particles should have been wiped 
away by an aluminum sweeping foil before the 
container closing [5], those particles may have become 
the cause of a small amount of air leak (~2.5 Pa/h) [8]. 
However, we note that the minor leak of the container 
resulted in the exposure of grains to ~30-40 Pa of air for 
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~30 hours, corresponding to the exposure to the 1-atm 
air for 30-40 seconds. This amount of leak did not 
seriously damage to the Ryugu particles as shown in the 
preliminary examination [e.g., 10-15]. Detailed 
observation of the container sealing face is planned to 
find the cause of minor leakage. 

The contaminants found in the swabs and wipers 
have not been found obviously in the analysis of Ryugu 
samples that were stored in the sealed sample container 
[e.g., 10-15]. This shows that the metal sealing system 
of the sample container worked as planned [4, 5] to 
minimize particle contamination. 
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Fig. 1. Back scattered electron images of (possibly) 
Ryugu particles found from the swabs and wipers that 
used to clean the gap between the Hayabusa2 sample 
container and its lid. 
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Fig. 2. Elemental compositions of (possibly) Ryugu 
particles (blue curves) compared with the range of area 
analyses of Q0001 shown in gray [7]. 
 

 
 
Fig. 3. An aluminum metal particle (contaminant) found 
on the swabs and the wipers. 
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