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Introduction: Asteroid (4) Vesta, the largest aster-

oid with an intact basaltic surface, has been intensively 
observed by Dawn [1]. Early in its one-year long or-
bital observation of Vesta, Dawn’s Visible and Infra-
red Mapping Spectrometer (VIR) obtained data cover-
ing the whole illuminated surface of this asteroid at 
~700 m/pixel covering the wavelength range 0.4 to 
1.07 µm  (visible detector) and 1.02 to 5.1 µm (near-
infrared detector) [2]. Here we report the results of a 
detailed photometric analysis of Vesta with these data 
from 0.4 µm to 3.5 µm wavelength. The photometric 
properties of this asteroid in several visible wave-
lengths have been studied from the Framing Camera 
images and reported earlier [3]. 

Data and modeling: The data we used were ac-
quired at ~2700 km altitude. We applied the same cali-
bration as described in [2], and used the shape model 
of Vesta derived from the high-resolution Framing 
Camera images [4] to calculate the local scattering 
geometry at each VIR pixel. The data cover the whole 
range of incidence angle (i) and emission angle (e) 
combinations, and phase angles (α) from ~10º to ~80º. 
Due to the obliquity of Vesta, northern high-latitudes 
>~30º were in darkness during this mission phase. 

We adopted a five parameter version of the Hapke 
model [5], with the single-scattering albedo (SSA), an 
asymmetry factor (g) for the single-term Henyey-
Greenstein phase function, the macroscopic roughness 
(θ), and the amplitude (B0) and width (h) of the shad-
ow-hiding opposition effect (SHOE). We did not use 
the anisotropic multiple scattering form [6] as the fit 
returned worse residuals than using the simple iso-
tropic multiple scattering form. The lack of data at 
phase angles <10º does not allow us to constrain the 
opposition effect, and therefore it is not necessary to 
include the complicated form with the coherent 
backscattering opposition effect. It is not necessary to 
use a double-term HG phase function due to the lack of 
data at phase angles >80º. The reliable modeling of 
surface porosity replies on strong multiple scattering, 
based on the Hapke model in [7]. The moderate albedo 
of Vesta results in ~20% multiple scattering, and does 
not allow us to effectively constrain the porosity. The 

model fit was performed in a least χ2 sense. We 
searched the minimum χ2 starting from more than 100 
randomly generated initial parameters to ensure that 
the global minimum is reached. 

In addition to the Hapke model, we also fitted the 
data with the purely empirical Minnaert model, where 
the bidirectional reflectance of a surface is described 
by r(i,e,α) = A010

−0.4βα cosk (α ) (i)cosk (α )−1(e) , 
where A0 the normal albedo, β is the phase slope in 
mag/deg, k(α) = k0 + bα  is a linear function of 
phase angle with a slope b and k0 at zero phase angle. 
We calculate the model parameters by fitting the re-
flectances within each 5º phase angle bin, and then fit 
the log-linear and linear functions of A(α) and k(α) 
along phase angle. 

Hapke parameters: The best-fit Hapke parameters 
are plotted in Fig. 1. We assumed a value of 1.7 for B0 
as derived from the FC data in the visible wavelengths 
[3], and fitted all other four parameters. Overall the 
model RMS (root-mean-square) residual is between 5-
7%, slightly higher than those derived from FC. The 
scatter plots of modeled I/F and measurement do not 
show any systematic trend with scattering geometry. 

SSA: The SSAs derived from VIR in the visible 
channel agree with those derived from FC, and the 
values derived from VIR visible and NIR channels 
agree in terms of the wavelength trend. The overall 
shape of the SSA spectrum resembles that of the re-
flectance spectrum of Vesta previously observed from 
the ground, showing the characteristic 1- and 2-µm 
bands. The SSA ranges from ~0.6 to ~0.8 in the NIR. 

Roughness: The photometric roughness parameter 
of Vesta is between 10º and 20º, and shows obvious 
correlation with SSA where lower roughness corre-
sponds to higher SSA. This correlation is consistent 
with laboratory studies that demonstrated that rough-
ness is determined by the smallest scale size that casts 
shadows [8]. When the SSA is higher, stronger multi-
ple scattering washes out the smallest-scale interparti-
cle shadows, resulting in lower apparent roughness. 

g: The values of the asymmetry factor of the single-
particle phase function derived from the VIS channel 

2343.pdf44th Lunar and Planetary Science Conference (2013)



are systematically more isotropic than those derived 
from FC, but showing a similar overall trend with 
wavelength outside of the 1-µm band. The reason for 
the discrepancy is still under investigation. The overall 
shape of the g spectrum shows slight trend of more 
backscattering at longer wavelengths. However, no 
obvious correlation is evident between the g-parameter 
and 1- and 2-µm mafic band. 

h: The width of the opposition effect cannot be well 
constrained due to the lack of data at low phase angles 
well within the opposition effect. Our results show a 
slight decreasing trend of h with wavelength similar to 
that observed for Eros [9], indicating that the opposi-
tion effect likely depends on wavelength.  One has to 
be cautious, though, that the coupling effects between 
g and h might be one reason causing the discrepancy 
between FC results and VIR results in both parameters, 
and our interpretations may not be robust. 

Geometric albedo: The spectrum of geometric al-
bedo is consistent with previous ground-based obser-
vations, showing the characteristic mafic bands at 1- 
and 2-µm. The agreement between VIR VIS and FC is 
within 20%. 

Bond albedo: Bond albedo is probably the best-
measured quantity because it is dominated by the 
phase function of Vesta at moderate phase angles (30º-
60º), where our data have good coverage and quality. 
Based on the best-fit Bond albedos from all VIR bands 
from 0.4 to 3.5 µm, the bolometric Bond albedo of 
Vesta is calculated to be 0.20. The uncertainty is com-
pletely determined by the photometric calibration of 
VIR, 10%. 

Minnaert model: The Minnaert model results are 
shown in Fig. 2. The spectrum of normal albedo of 
Vesta resembles that of the geometric albedo spectrum, 
and the previous observations from the ground. The 
phase function of Vesta shows steeper slopes within 
the 1- and 2-µm mafic bands, consistent with stronger 
bands at higher phase angle as previously observed 
from the ground for Vesta and laboratory measure-
ments of HED meteorites [10]. There is a slight overall 
trend of shallower slope at longer wavelength, con-
sistent with the general phase reddening of Vesta and 
HEDs (higher phase slope at higher phase angle). 

The Minnaert k parameters extrapolated to zero 
phase angle are all within a narrow range of 0.53 and 
0.56, showing a slight correlation with wavelength. 
The results are consistent with the parameters derived 
from FC within the error bars. The phase slopes of 
Minnaert k parameter, however, are not consistent with 
those derived from FC. The interpretation of the wave-
length dependence of Minnaert k parameter is not 
clear. 
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Fig. 1. Hapke model parameters of Vesta derived from Dawn 
VIR data. Green symbols are from the visible channel, and red 
symbols are from IR channel. The black symbols in the visible 
wavelengths are from FC data [3]. 

Fig. 2. Minnaert parameters of Vesta derived from Dawn VIR 
data. Green symbols are for visible channel, and red symbols are 
for the IR channel. The blue symbols in the visible wavelengths 
are from FC data [3]. 
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