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Context:  Icy bodies hold a privileged place among 

the Solar System as they can help to better understand 
the emergence of life on Earth due to their respective 
subglacial oceans [1]. The three icy Galilean satellites, 
Europa, Ganymede and Callisto are among the most ex-
citing of them, with Europa being certainly the most ac-
tive geologically because of its very young surface age, 
5 x 107 years old, determined by its cratering density [2]. 
It is likely that a subglacial ocean should be the cause of 
this surface reprocessing and should leave some mark-
ers, such as salts [3], of its composition on the surface. 
In the next decade, Europa will be the scientific target 
of two ambitious space missions: the JUICE mission 
(ESA) and the Europa Clipper mission (NASA). In 
preparation of these missions, and more specifically of 
the infrared imaging spectrometer MAJIS of the JUICE 
mission [4], different ground-based campaigns on Eu-
ropa have been performed using two different, comple-
mentary, wavelength ranges of the SINFONI (SINgle 
Faint Object Near-infrared Investigation) instrument 
mounted on the VLT: the H+K band (1.45 – 2.45 µm) 
and the J band (1.1 – 1.4 µm). A recently published 
work based on the H+K data highlights that (i) im-
portant spatial correlations seem to exist between some 
geomporhological units and the surface composition 
and (ii) that chlorinated salts are necessary to adequately 
model a large majority of Europa’s spectra [5]. Here we 
present unpublished, new, results obtained through the 
analysis of the J band data and discuss their implications 
in terms of physical and chemical properties. 

 
The dataset:  The SINFONI instrument combines 

an adaptive optics module and an imaging spectrometer 
in the near-infrared. Observations were carried out near 
opposition to maximize the angular resolution. Thus, 
SINFONI’s spatial sampling of 12.5 x 12.5 milli-arcsec2 
allows to obtain a pixel corresponding approximately to 
an area of 40 x 40 km2 (the effective spatial resolution is 
about 150 x 150 km2) projected on the surface, hence 
easily resolving large-scale geomorphological units 
(named “Regio”) and some of the smaller ones like cra-
ters [6]. SINFONI’s spectral resolution in the J band is 
~2000. This very high spectral resolution is required to 
locate precisely the position of absorption features and 
so to trace back to chemical species engendering them. 
Because our previous results highlight that the salty spe-
cies are mostly located on the trailing hemisphere [5], 
the three observations we acquired in the J band pointed 

towards this specific hemisphere (180° – 360°W) and an 
area extending from 0°W to 75°W longitude (Figure 1). 
Some areas were observed twice to allow normalization 
between observations but also to obtain information on 
the influence of back scattering. Like our H+K data [5], 
each observation is composed by a mosaic of 5 overlap-
ping frames because the angular diameter of Europa was 
larger than SINFONI’s FoV (0.8 x 0.8 arcsec2). 

 
Figure 1. Europa’s visible map with the coverage (col-
ored areas) of each observation. Sub-terestrial points of 
each observation are represented by colored stars. 

 
Data reduction:  Following the J-band acquisition, 

a series of first processing steps need to be performed to 
get a 3D-cube for each piece of a mosaic. After these 
steps it quickly appears that a dozen of lines in the lower 
part of each 3D-cube present unexpected artifacts. 
These lines, corresponding to the leftmost part of the de-
tector of SINFONI, have been removed to prevent con-
tamination of the rest of the data before the mosaic re-
construction [5]. Once this reconstruction is completed, 
no correlation with geomorphological units, easily iden-
tifiable in the visible range, has been observed (Figure 
2a,b) suggesting that the surface is rather homogeneous 
in this range. Then, to get geometrically corrected re-
flectance spectra, photometric corrections have been ap-
plied. Unlike H+K data, the Lambertian model is not 
relevant at all because it clearly, i.e. visually, overcor-
rects pixels having angle values ≥ 30° with the sub-solar 
point (Figure 2c). Consequently, another photometric 
model has been implemented, namely the qualitative 
model of Oren-Nayar, which generalizes the Lambert’s 
law for rough surfaces by using the roughness as param-
eter [7]. Applying this model was shown to empirically 
yield the best photometric correction (up to angle values 
» 50°) insofar that few high inclinations residuals are 
found while surface structure is recovered (Figure 2d). 
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Figure 2. Europa’s phases in the visible at the time of 
acquisition (a), uncorrected reflectance at 1.25 µm (b), 
and corrected reflectance using the Lambert’s law (c) 
or the Oren-Nayar qualitative model (d). Dashed lines 
represent Europa’s rotational axis. 

 
Results & interpretations: The roughness parame-

ter (q) fitted in the Oren-Nayar qualitative model has the 
following values: q = 9° for the observation acquired 
April the 21st, q = 12° for the one acquired the 22nd, and 
q = 8° for the last one acquired the 26th. These values 
are consistent with the macroscopic smooth surface of 
Europa but, mostly, they are quantitavely in agreement 
with values obtained by previous studies using Hapke’s 
photometric function to analyze ground-based measure-
ments in the visible wavelength range [8,9]. Also, our 
results may suggest that a slight roughness dichotomy 
exists between the leading and the trailing orbital hemi-
spheres, the trailing one exhibiting a higher roughness 
in our results. This dichotomy could be due to the assy-
metric bombardment of energetic particles existing in 
the Jovian magnetosphere. However, the only slight var-
iation of roughness between observations (Dq ≤ 4°) and 
the lack of measuremements, especially for the leading 
hemisphere (Figure 1), do not allow us to confirm this. 

At 1.25 µm, and more generally over the whole 
wavelength range, correlations with geomorphological 
units easily identifiable, contrary to the data acquired in 
the H+K range [5]. However, at this level of analysis, 

three points can be highlighted: (i) a latitudinal effect 
seems to exist, at least for observations of the trailing 
hemisphere (21/04 and 22/04), (ii) highest reflectances 
are globally located on the equator, in the eastern area 
of Annwn Regio close to the apex of the trailing hemi-
sphere, and (iii) the lowest reflectance of the last obser-
vation is correlated to the icy area north to the Tara 
chaos; this is consistent with the highest abundance of 
water ice observed in the H+K range [5]. No particular 
variation is observed north to the crater Pwyll where the 
existence of plumes have been recently confirmed [10].  
Global mapping is required to go further in the analysis. 

In terms of spectral characteristics, the principal var-
iation lies in spectra’s curvature: spectra at the equator 
are less curved than those at higher latitudes and in icier 
region (Figure 3). This curvature is consistent with pre-
vious NIMS observations and suggest a mixture of H2O 
and H2SO4 [11]. Also, a weak, but clear, feature is ob-
served at ~1.31 µm. As this feature is only observed in 
specific areas, solar contamination can’t be the explana-
tion to its existence, thus making this feature a potential 
marker of the surface reprocessing. By the time of the 
meeting, linear spectral modeling using cryogenic end-
members similar to those used in [5] are scheduled to be 
performed to lift the veil about the nature of this feature. 

 
Figure 3. Two spectra of the 26/04/2017 measurement 
with their associated spectral ratio in black. The blue 
and the red spectra respectively correspond to the blu-
est and the redest areas of the Figure 2d. Dashed lines 
highlights the spectral feature at 1.315 µm. 
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