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Introduction:  Recent comet flyby missions ena-

bled detailed studies of the photometric properties of 
several cometary nuclei from disk-resolved images, 
allowing some initial comparisons among different 
nuclei, including 9P/Tempel 1, 19P/Borrelly, and 
81P/Wild 2 [1,2,3].  All of them are Jupiter Family 
Comets, presumably sharing similar dynamical charac-
teristics although there may be differences in their dy-
namical ages on their present orbits.  All of them have 
similar activity levels in terms of integrated dust and 
volatile production rates [4]. 

Two recent comet flyby missions, the Deep Impact 
eXtended Investigation (DIXI) and Stardust-NExT 
(NExT), expanded the pool of sampled cometary nu-
clei in their unique ways.  DIXI targeted a hyperactive 
comet, 103P/Hartley 2, which is ~20 times smaller 
than 9P, 19P, and 81P, but has a similar production 
rate [5].  NExT returned to 9P one comet year after 
Deep Impact (DI) spacecraft visited the comet, allow-
ing determination of changes on the surface due to 
sublimation and cometary evolution [6].  Detailed 
studies of the photometric properties of these two 
cometary nuclei allow us to draw important conclu-
sions about cometary nucleus photometry in general. 

103P/Hartley 2:  The DI spacecraft flew past 103P 
at a distance of ~700 km, collecting images throughout 
the flyby reaching the best scale of ~7 m/pix through 
its Medium-Resolution Instrument clear filter, and it 
also obtained several sets of visible color images at a 
scale of ~70 m/pix.  The range of observed phase an-
gles was from ~80º to ~95º.  Hapke modeling of disk-
resolved data from the clear filter images returns a 
single-scattering albedo (SSA) of ~0.036, an asym-
metry factor of -0.48 for the Henyey-Greenstein phase 
function, and a roughness parameter of ~15º, assuming 
an amplitude parameter of 1.0 and a width parameter 
of 0.01 for the opposition effect.  These disk-averaged 
photometric parameters are similar to those of 9P and 
81P.  The overall model scatter is ~10%, suggesting 
both a good model fit and small photometric variations 
on 103P.  The model results in a geometric albedo of 
~0.050 and a Bond albedo of ~0.013.  Based on these 
modeled parameters, the albedo variations across 
103P’s nucleus is ~15% FWHM, except for a small 
area near the terminator visible in inbound images 
where the albedo is more than 2x the average albedo.  

Color ratio maps show a generally small color varia-
tion with ~12% FWHM, except for the area with high 
albedo, where the color is much bluer than the sur-
rounding area.  This near-terminator area coincides 
with DIXI near-IR water ice absorption detections [7]. 

9P/Tempel 1:  The Stardust spacecraft approached 
this comet at a phase angle of ~80º, arrived at the min-
imum encounter distance of ~175 km at a phase angle 
of ~16º, and departed to a phase angle of ~95º.  The 
timing and the geometry of the flyby allowed us to 
image both the same side of the nucleus seen by DI 
and a new terrain that was invisible to DI.  Photometric 
modeling suggested that the disk-averaged photometric 
properties of this nucleus have not changed from those 
modeled before using the DI data.  The photometric 
properties of the terrain invisible to DI are the same as 
those of the rest of the 9P nucleus.  On the other hand, 
comparing the DI images and the NExT images, there 
are obvious small-scale changes at some places on the 
nucleus, suggesting a surface that is actively changing 
from one apparition to the next on the meter-scale. 

Implications on cometary nucleus photometry:  
The similar disk-averaged photometric properties 
among several cometary nuclei, especially the highly 
active comet 103P, suggest that comet photometric 
properties are independent of the activity level, gross 
geomorphology, or evolutionary state of the nucleus, 
possibly arguing for similar microstructure on all.  On 
the other hand, volatile sublimation activity on comets 
actively resurfaces the nuclei on relatively short time 
scale, as suggested by the return of NExT to 9P.  
Therefore, volatile sublimation on comets is likely to 
shape the photometric properties of cometary nuclei, 
possibly on a relatively short time scale.  The low al-
bedo may result from the refractory, possibly organic-
rich deposit left on the surface after sublimation of the 
volatiles.  The texture on the surface is dominated by 
the sublimation activity, which is similar on all comets 
and results in similar photometric properties. 
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