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Introduction: Throughout the 1.5 years of hovering 
phase of the Hayabusa2 spacecraft, the different instru-
ment performed global characterization of asteroid 
Ryugu’s surface ([1],[2],[3]). The global near-infrared 
(NIR) spectral results from the NIRS3 instrument show 
a very homogeneous surface in the near-infrared, with a 
very low albedo (< 2% on average) on the overall sur-
face and a homogeneous 2.72 um absorption feature, 
both in depth and position, attributed to the presence of 
phyllosilicate on the entire asteroid. At the scale of the 
NIRS3 observations (between roughly 40 m and a few 
10s of cm), the surface of Ryugu appears quite homoge-
neous and it is hard with the global campaign dataset of 
July 2018 [3] to identify spectrally different regions. We 
propose with this work, to combine all NIRS3 observa-
tions to look for consistently spectrally different loca-
tions at the surface of Ryugu. To do so, we use the com-
plete NIRS3 near-infrared spectral dataset acquired dur-
ing the proximity phase to detect brighter areas at the 
surface of Ryugu based on the albedo at 2 um (see 
[4],[5] for details). To understand the origin of the bright 
detected areas, they are then analyzed with the different 
orbital instruments to extract their surface properties:  
(1) Spectral -- with NIRS3 (near-infrared slope/albedo 

and 2.72 µm band depth) and ONC spectral images 
(visible slope/albedo); 

(2) Physical -- with the thermal imaging spectrometer 
TIR (thermal inertia) [6]; 

(3) Contextual -- with ONC visible images. 
 
Methodology: For this analysis, we combined the over-
all available NIRS3 dataset to study the properties of the 
surface of Ryugu and to smooth out possible calibration 

bias or residual.  To show the variability in terms of al-
bedo at the surface of the asteroid, we calculated an av-
erage albedo for each location by projecting onto a grid 
of 64 pixel/° each spectrum and averaging all individual 
albedo values (individual NIRS3 spectrum). The albedo 
value is calculated from the reflectance level at 2 µm for 
each spectrum (referred to as NIR albedo hereafter). For 
each of the 42 NIRS3 observations used (up until Feb-
ruary 2019), we extracted the brightest spectra based on 
their albedo at 2 µm. Several tests were performed to 
fixed the number of spectra to extract (between 10 and 
100 per observation).  
 
Results: Based on this analysis, we detected 18 clusters 
on the equatorial ridge that were consistently bright ei-
ther presenting a large number of brightest spectra 
and/or a large number of NIRS3 observations (up to 16 
for one of the cluster). Also, 9 clusters were detected at 
higher latitudes. The cluster size ranges from 42 m2 to 5 
m2. We extracted the information listed above, the pre-
liminary results are discussed here.  
NIR results -- For each of the clusters, we computed an 
average albedo, average NIR slope (calculated from 2 to 
2.2 µm) and calculated an average 2.72 µm band depth 
based on individual value for each spectrum included in 
the bright area. The results are summarized on Figure 1. 
At the global scale, there is no correlation between the 
albedo and the band depth at 2.72 µm as well as the 
slope and the band depth at 2.72 µm. However, we ob-
serve an anti-correlation between the albedo and the 
slope which most likely might be due to surface weath-
ering. We found that globally the bright clusters display 
similar NIR slope, higher NIR albedo and shallower 
band depth than average Ryugu. Additionally, we found 

Figure 1 - (a) NIR albedo with respect to the NIR slope. (b) Band depth at 2.72 um with respect to the NIR slope. (c) Band 
depth at 2.72 um with respect to the NIR albedo. Red crosses corresponds to equatorial latitude clusters. Green crosses 

correspond to high latitude clusters. 
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that the clusters at higher latitudes, the largest bright ar-
eas identified, present higher albedo than the rest of the 
bright clusters.  
VIS results -- For each of the clusters, we search for the 
corresponding location on Ryugu to extract the context 
images using the ONC dataset. Using the global map-
ping data, we found four different surface types for the 
clusters. For the 18 clusters detected on the equatorial 
ridge, three of the identified clusters fall onto large boul-
ders (see Figure 2, #3). Three other are found on the 
rims of Urashima crater (the largest identified at 
Ryugu’s surface [7], see Fig. 2, #4). Four clusters are 
found at the bottom of craters, on rather smooth terrains 
([7], Fig. 2, #7). And the 8 remaining clusters are quite 
large (> 20 x 20 m2) and do not appear to include large 
boulders at this scale (Fig. 2, #2). Further investigations 
will be carried out for the smallest clusters to extract 
higher resolution images.  
Additionally, with the ONC filters, we were able to ex-
tract spectral information. We found an anti-correlation 
with the NIR albedo and the VIS albedo (ONC v-band). 
However, no trend was found for the VIS slope (ONC 
b-band / ONC x-band). These observations, combined 
with the NIR results, might suggest a difference in po-
rosity for the different bright areas detected.  

TIR results -- For each of the bright clusters we ex-
tracted the average thermal inertia (TI) obtained with 
the TIR instrument. We found that the majority of the 
equatorial bright clusters present higher thermal inertia 
than the average Ryugu (> 200 TI, [6]). By opposition, 
the majority of the high latitude clusters present lower 
thermal inertia (< 200 TI). However, it is possible that 
these observations fall within the uncertainties of the 
TIR instrument as the variation are still quite limited 
(from ~150 to ~300 TI depending on the clusters).  
 
Conclusion: Preliminary results of the multi-instru-
mental analysis of bright areas detected at the surface of 
Ryugu are presented here. Different types of clusters 
were highlighted. Based on the NIR and TIR wave-
length ranges, 2 categories (high latitude + high albedo 
+ low TI and equatorial latitude + lower albedo + high 
TI) were identified. The visible camera ONC enabled 
the classification of the equatorial clusters into four cat-
egories (Fig. 2). These results indicate different surface 
properties for the detected bright areas. One candidate 
could be the porosity that impacts both the TI and al-
bedo in the VIS/NIR. Experimental work is on-going at 
Tohoku University, to characterize these effects and ap-
ply it to our study.  
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Figure 2 - ONC context images to 
illustrate the four cluster types. 
#2 -- Large clusters/no large 
boulders. 
#3 -- Large boulder. 
#4 -- Rims of Urashima crater. 
#7 -- Bottom of craters. 
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