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Introduction: VIRTIS is the Visible Infrared 

Thermal Imaging Spectrometer onboard the Rosetta 
orbiter, which is following comet 67P/Churyumov-
Gerasimenko on its way to the Sun [1]. The instrument 
is composed of two optical subsystems: the mapper 
(VIRTIS-M) with imaging capabilities (0.25-5.1 µm) 
and the high-resolution channel (VIRTIS-H), which is 
a punctual spectrometer (2.0-5.0 µm). Both the instru-
ments have extensively observed the comet and 
VIRTIS-M mapped a large part of the surface. A huge 
amount of spectra of the nucleus has been acquired 
under different illumination and observation geo-
metries. This induces photometric effects on the meas-
ured output that need to be estimated and minimized in 
order to decipher the intrinsic spectral variability of the 
surface. To achieve this goal, we calculated a pho-
tometric correction using data acquired by VIRTIS-M 
starting from August 2014, when the nucleus was 
largely resolved. 

Photometric model:  The dataset has been com-
pared to a reflectance model which links the photomet-
ric output to the surface albedo and geometry. Since 
the comet surface is extremely dark and the range of 
phase angles we investigated is limited (30°-55°) we 
adopted a semplified Hapke model equation, avoiding 
multiple scattering and the opposition effect [2]: 
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where I/F is the mesured signal, i, e and g are the 
incidence, emission and phase angles respectively, w is 
the surface single scattering albedo (SSA) and p(g) is 
the single particle phase function (SPPF). The SPPF 
has been modeled following [3]: 
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and b represent the asymmetry parameter.  
Method:  In Fig. 1a we report the I/F value at 550 

nm for all the investigated pixels as a function of the 
phase angle. The spread of the points at each phase 
angle value  is due to varying incidence and emission 
angles, as well as to unresolved shadowing and instru-
mental noise. If the points are corrected geometrically 
for the term 4(µ0+µ)/ µ0, we obtain the distribution of 
Fig.1b which represents the product wp(g). The points 
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Fig.1. a) I/F at 550 nm as a function of phase an-

gle. b) wp(g) at 550 nm as a function of phase angle. 
The curves marked with diamonds represent the aver-
age values of wp(g) (black) and the average plus 
(cyan) and minus (yellow) one standard deviation on 
bins of 1°. c) w at 550 nm as a function of the phase 
angle. Note that dependence on g has been eliminated. 

 
are then averaged in 1° bins obtaining the curves re-
ported in the plot. The cyan curve marked with dia-
monds represents the average plus the standard devia-
tion. We considered this quantity for the analysis, in-
stead of the average curve (black), in order to mini-
mize the effect of unresolved shadows that shift the 
output towards lower values. At each wavelength, the 
cyan curve is fitted with the term wp(g) determining w 
and b. Their spectral values are reported in Fig. 2. SSA 
exhibits a red spectral slope and a wide band at ~3 µm 
indicating the presence of organics [4]. The asymmetry 
parameter has a negative value, slightly depending on 
wavelength, indicating a back-scattering behavior. 
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Fig. 2. w (top panel) and b (bottom panel) vs. 

wavelength. Spectra have been cut beyond 3.9 µm be-
cause of thermal emission from the surface. Missing 
parts in the spectrum correspond to instrument spec-
tral filters junctions. Values computed at 550 nm for 
three other comets are reported for comparison [5], 
[6], [7]. 

Maps:  By means of applying Eq. 1 to the meas-
ured I/F for a given observation geometry (i,e,g), using 
the derived values of b, it is possible to extract w, that 
represents the intrinsic brightness of the surface. This 
allows mapping together acquisitions taken at different 
illumination conditions, as shown in Fig. 3, 4. It can be 
noted that the photometric correction provides a better 
match among the different acquisitions, with respect to 
uncorrected data, indicating that photometric effects 
have been minimized. 

Conclusion and future works:  We have pre-
sented a photometric correction computed from 
VIRTIS-M observation of comet 67P. The values we 
obtained for w and b are compatible with the ones de-
rived for other comets in the VIS range, such as Bor-
relly [5], Temple 1 [6], and Hartley 2 [7], characterized 
by low albedos and backscattering SPPF (Fig. 2). New 
observations taken at different geometries (very small 
and very large phase angles) will be included in the 
analysis in order to derive more constrained parame-
ters, accounting also for opposition effect and large-
scale roughness. 
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Fig. 3 Photometrically corrected acquisitions (w) 

projected onto 3D shape model of the comet.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Map of a portion of the comet produced 
from 5 different VIRTIS-M acquisitions. Top panel: 
uncorrected reflectance. Bottom panel: SSA derived 
after photometric correction. 
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