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Introduction:  Spectrophotometry of the light scat-
tered and thermally re-emitted by cometary dust grains 
provides important information about the physical 
properties of the grains: their mineralogy and size dis-
tribution. Despite their bright appearance, comet grains 
are among the darkest materials known in the solar 
system, and are characterized by a reflectivity, or albe-
do, of a few percent. The strength and spectral shape of 
the reflected and re-emitted components of the light 
place important constraints on the grain properties. 

Observations:  Comet 103P/Hartley 2 was ob-
served on 22 October 2010 (UT) using NASA’s Infra-
red Telescope Facility (IRTF) and three different in-
struments. At the time of the observations the heliocen-
tric distance of the comet was 1.06 AU, and the geo-
centric distance was 0.12 AU. The Aerospace Corpora-
tion’s Broad-band Array Spectrograph System (BASS 
[1]) obtained spectrophotometry from 3-13 µm  using a 
3.4-arcsec diameter circular aperture. At the same 
time, images were obtained with the CCD guide cam-
era attached to the BASS photometer system, using the 
Blue Continuum “Hale-Bopp” filter [2], centered at a 
wavelength of 445 nm. The IRTF SpeX spectrograph 
[3] was used to obtain spectra from 0.8-5 µm. Between 
2.4-5 µm the data were obtained using the cross-
dispersed LXD echelle mode with a 0.8-arcsec slit, 
providing a spectral resolution of R~900. Coverage 
from 0.7-2.4 µm was obtained with the SpeX prism 
and a 3.0-arcsec slit. The mean UT times of the obser-
vations were: BASS 3-13 µm - 11:35;  CCD photome-
try - 12:22;  SpeX prism – 14:23; SpeX LXD – 14:26. 

Data Reductions: All four observational modes 
were corrected for telluric absorption and flux-
calibrated. The BASS infrared spectrophotometry was 
calibrated using observations of α Tau obtained within 
0.05 airmass of the comet. The CCD data of the comet 
and its calibration star (HD 37112) were extracted us-
ing a software aperture set to match the entrance aper-
ture of the BASS infrared spectrophotometer. Both sets 
of SpeX data were calibrated using an A0V star (HD 
31069). The resultant spectral energy distribution is 
shown in Fig. 1. Because the BASS infrared and CCD 
data, as well as the SpeX prism data, were obtained 
with similar apertures, no scaling of the data was ap-
plied; only the LXD (0.8-arcsec slit) was adjusted, so 
that it joined the BASS infrared data at 4.5-5 µm (3.4-
arcsec circular aperture). 

Extracting the Albedo:  There are many defini-
tions used to characterizing the relative reflectivity of 

cometary grains [4]. One common definition is the 
bolometric albedo, which uses the ratio of the scattered 
light to the sum of the scattered plus thermally-emitted 
light, and is a quantity that has been reported for nu-
merous comets [5,6]. Note that this definition of the 
albedo usually results in values that are larger than 
another commonly-used definition, the geometric al-
bedo. 

 
Fig. 1 – The spectral energy distribution of 
103P/Hartley 2, and the model used to extract the bo-
lometric albedo. The net thermal emission consists of 
carbonaceous and silicate grains (colored lines) with 
T=285 K, and a warmer blackbody (lower solid black 
line). 

For the purpose of estimating the net wavelength-
integrated scattered and thermal emission, 
103P/Hartley 2, the spectral energy distribution was 
modeled using a reddened solar spectrum that fit the 
scattered light component that dominates the data at 
wavelengths shorter than 2 µm, and a thermal grain 
model consisting of amorphous grains of silicates with 
roughly pyroxene and olivine composition, amorphous 
carbon grains, and crystalline olivine. For this model, 
the temperature of all grain types was set at T=285 K. 
An additional hotter component was required to repro-
duce the 3-8  µm emission. A Near Earth Asteroid 
Thermal Model (NEATM) of the nucleus suggests that 
it may account for 15% - 50% of this emission. The 
remainder may be due to a population of vary warm 
grains. 

The net energy of the scattered and thermally-
emitted light were then obtained by integrating over 
the flux density of each component, and the albedo 
obtained from the ratio of the net scattered light to the 
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sum of the two components. The resultant albedo was 
determined to be 0.052. 

Effects of Rotation on the Result: Due to the 
elongated shape of the nucleus and scattered distribu-
tion of outflow regions, the dust emission and scatter-
ing may change on time scales of a fraction of a rota-
tional period. However, the BASS infrared and CCD 
data were obtained only 1 hour apart, a time scale 
much shorted than the estimated rotational period of 
~17 hours. 

Comparison to Other Comets: For the majority 
of comets for which the bolometric albedo has been 
obtained at the phase angle of the Hartley 2 observa-
tions (54°), their measured values typically run 0.10-
0.25. Thus, the albedo of Hartley 2 is considerably 
lower than the bulk of comets measured so far. 

Generally, low albedos are associated with dust 
with large grain sizes or high abundances of carbona-
ceous material [and other dark, spectrally bland miner-
als]. With a silicate band strength approximately 15% 
over the underlying continuum level between 8-13 µm, 
which is fairly typical for ecliptic comets [7,8], the 
particle size distribution is unlikely to be skewed to-
ward very large grains, although more detailed model-
ing will be required for placing greater constraints on 
the grain size. 
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