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Abstract 

Near-Earth asteroid (8567) 1996 HW1 was observed 

spectroscopically at 1.9-4.0 microns during August-

October 2008 using the SpeX instrument at NASA's 

Infrared Telescope Facility (IRTF).  These spectra 

are being modeled using a new thermophysical 

program that accounts for the object's spin orientation 

and highly bifurcated shape as previously determined 

via inversion of radar images and lightcurve data [4].  

Our three observing dates included two broadside 

orientations and one nearly end-on view.  Modeling 

the asteroid's thermal emission using its estimated 

contact-binary shape yields significantly different 
predictions than modeling it as a sphere.  Radar 

observations indicate that a significant fraction of 

near-Earth asteroids may be contact binaries [1], and 

thus it follows that radiometric asteroid diameters 

derived from single sightings by, for example, the 

WISE satellite will have substantial uncertainties. 

1. Introduction 

On 12 September 2008 near-Earth asteroid (8567) 

1996 HW1 -- hereafter referred to as HW1 -- passed 

just 0.135 AU from Earth.  Radar and lightcurve data 

taken during this apparition have been analyzed to 

determine HW1's pole direction and to establish that 

the object is a double-lobed contact binary [4].  We 

also took advantage of this close approach to carry 

out infrared spectroscopy in order to constrain HW1's 

photometric and thermal properties.  Such data are 

often used to obtain radiometric diameter estimates, 
but in most cases the modeler makes the crude 

assumption that the asteroid is a sphere being 

illuminated and viewed within its equatorial plane.  

Thus HW1, which is highly elongated and bifurcated, 

is an important test case that can reveal the 

limitations of such assumptions.  

2. Observations 

We observed HW1 on 19 August, 1 September, and 1 

October 2008 at the NASA IRTF using the SpeX 

instrument [5], obtaining spectra between 0.8-2.5 

microns and 1.9-4.0 microns on each date.  The data 

were reduced using Spextool [2].  Both asteroid and 

solar standard star spectra were corrected for telluric 

absorption using a slightly modified version of the 

method of [6].  The spectra were then shifted and 
divided to obtain relative reflectance. 

3. Thermophysical Modeling 

A new software package, SHERMAN, was used to 

model our spectra.  SHERMAN takes as input an 

arbitrary shape and spin state plus ephemerides for 
the asteroid and the Sun during 10-20 rotations prior 

to each observation.  One also specifies the asteroid's 

optical scattering law, IR emissivity, and thermal 

inertia.  Multiple scattering and mutual heating can 

be turned on if desired.  SHERMAN iterates to solve 

for the diurnal thermal wave beneath each surface 

facet and produces the disk-integrated reflected and 

emitted spectra at each epoch. 

4. Results 

Figure 1 shows that our observations sampled HW1 

at both broadside and end-on orientations.  In 

addition to modeling the thermal emission using the 

actual shape and illumination/viewing geometry we 

also produced models in which we told SHERMAN 

that HW1 is a sphere illuminated and viewed at zero 

obliquity.  Results are shown in Fig. 2.  The model 

that uses actual shape/spin information makes 

distinctly different predictions than does the cruder 
model, yielding higher thermal flux for the two side-

on views but much lower flux for the end-on view.  

Our efforts to match the more realistic model to the 

data are still in progress and will be presented, but 

already it is clear that shape matters. 
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Figure 1: Modeled plane-of-sky optical (top row) and 

infrared (bottom) views of HW1 at the midpoint of 

observations on 19 August (left column), 

1 September (center) and 1 October 2008 (right).  

Each view is 5 km wide with north upward and east 

leftward.  The spin vector is denoted by an arrow. 

Radar observations imply that ~10% of near-Earth 

asteroids larger than 200 m are candidate contact 
binaries [1].  Given the existence of these bifurcated 

objects and of other elongated objects such as 1620 

Geographos [3], our results for HW1 imply that 

spherical models will produce skewed results for a 

significant fraction of near-Earth asteroids.  Large 

surveys, such as WISE, that only make a few 

measurements of each object will thus likely make 

reasonable estimates for populations but are likely to 

have significant diameter uncertainties for any one 

object.  As we continue to model our observations of 

HW1 and other asteroids we will continue to 

investigate how derived diameters depend on shape 
and other asteroid properties. 
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Figure 2: Comparison of the output of two different 

thermophysical models, one that uses HW1's actual 

shape and spin state and the other that assumes a 

sphere with equatorial illumination and viewing. 

References 

[1] Benner, L. A. M. et al.: Near-earth Asteroid 2005 CR37: 
Radar images and photometry of a candidate contact binary, 
Icarus, Vol. 182, pp. 474-481, 2006. 

[2] Cushing, M. C., Vacca, W. D., and Rayner, J. T.: 
Spextool: A spectral extraction package for SpeX, a 0.8-5.5 
micron cross-dispersed spectrograph, Publ. Astron. Soc. 
Pacific, Vol. 116, pp. 362-376, 2004. 

[3] Hudson, R. S., and Ostro, S. J.: Physical model of 
Asteroid 1620 Geographos from radar and optical data, 
Icarus, Vol. 140, pp. 369-378, 1999. 

[4] Magri, C., et al.: Radar and photometric observations 

and shape modeling of contact binary near-Earth Asteroid 
(8567) 1996 HW1, Icarus, in press, 2011. 

[5] Rayner, J. T., et al.: SpeX: A medium-resolution 0.8-
5.5 micron spectrograph and imager for the NASA Infrared 
Telescope Facility, Publ. Astron. Soc. Pacific, Vol. 115, pp. 
362-382, 2003. 

[6] Volquardsen, E. L., Rivkin, A. S., and Bus, S. J.: 
Composition of hydrated near-Earth object (100085) 1992 
UY4, Icarus, Vol. 187, pp. 464-468, 2007. 


