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Introduction: The Apollo asteroid (3200) Phaethon 

is notable for several reasons. It approaches closer to the 
Sun than any other named asteroid, and it is considered 
the parent body of the Geminids meteor shower in De-
cember. Phaethon is a B-type asteroid with an orbit that 
is more comet-like than most asteroids, and it has been 
observed at times to have a dust tail [1] as well as unex-
pected brightening [2]. Phaethon is categorized as a po-
tentially hazardous asteroid and is the target of the 
JAXA DESTINY+ mission [3]. 

Given wide interest in Phaethon, we carried out a se-
ries of observations with the SpeX instrument [4] at 
NASA’s Infrared Telescope Facility in order to measure 
the asteroid’s near-infrared spectrum on several dates. 
The spectra from these observations are being used as 
constraints in thermal models of Phaethon that utilize a 
shape model based on Arecibo radar observations, al-
lowing us to investigate the physical properties of Phae-
thon’s surface. Any one asteroid spectrum can be fit 
equally well with simple thermal models with many 
combinations of parameters. However, when multiple 
observations, particularly at a wide range of wave-
lengths, and a detailed shape are available, more robust 
solutions can be derived. 

Shape Model: Our preliminary shape model of 
Phaethon is shown in Figure 1 and is based on both radar 
and lightcurve data [5,6]. The pole is near ecliptic coor-
dinates (316,˗47) degrees, which is close to the pole of 
(318,-47) degrees found by [7]. The rotation is retro-
grade, and Earth was facing the northern hemisphere 
(facing south in direction of spin vector). The images 
are the principal axis views (positive on top, negative on 
bottom). The axis dimensions are 6.64´6.38´5.42 km. 

Infrared Observations: We observed Phaethon on 
four nights: December 6, 8, 12, and 15, 2017. We uti-
lized both prism (0.7-2.5 µm) and LXD-long (1.9-5.3 
µm) modes of the SpeX instrument at the IRTF, so we 
covered the entire range from 0.7-5.3 µm. This wave-
length coverage is particularly important as it spans the 
regime from being wholly reflected sunlight to domi-
nated by thermal emission, allowing us to model both 
the reflected and thermal emission components self-
consistently. Example spectra are shown in Figure 2. 

Thermophysical Model: For our project, we have 

developed a detailed thermophysical model known as 
SHERMAN. SHERMAN uses the detailed shape pro-
vided by the radar data to explain multiple observations 
of an asteroid at different viewing geometries. Using 
SHERMAN, we compute the local surface temperature 
for each facet on the asteroid model at the time of each 
thermal observation by following reflection and absorp-
tion during 10 previous rotations (more if the model has 
not converged), including self-shadowing, multiple 
scattering, and sub-scale roughness (following [8-10]) 
that affect the surface temperatures and thus the thermal 
emission. 

Preliminary Results: Figure 2 shows spectra for 
three dates and compares them to a simple NEATM-like 
thermal model (described in [11]) utilizing the thermal 
parameters determined by [12] using spectra from 0.4-
2.5 µm. As can be seen, the models do not match the 
spectra, generally being too hot at the longer wave-
lengths and particularly so for the earlier dates. Equally 
important, the difference in the December 6 and 8 mod-
els is much smaller than the difference in the spectra for 
those two dates. 

Although a different set of parameters could be de-
termined for each date, with small near-Earth asteroids 
such as Phaethon, the detailed shape, thermal inertia and 
surface roughness play increasingly important roles and 
simple relationships with effective diameter and albedo 
break down. The sub-Earth latitude was about 35° on 
December 8 and 8° degrees by December 15. This is 
consistent with the thermal measurements showing the 
December 6 and 8 spectra cooler than the models as on 
those dates we viewed more of the morning side. In con-
trast, the data used to infer the simple model parameters 
viewed closer to the equator and nearer local noon, so 
the observations were of an overall hotter surface. In-
cluding surface roughness as SHERMAN does will 
probably increase the relative difference between the 
model December 6 and 8 spectra, and will also give a 
better albedo value consistent with all of the available 
data. 

By utilizing the detailed shape and modeling the full 
spectral range from 0.7-5.3 µm, we can investigate the 
physical parameters more consistently and account for 
some of the variations that are “rolled up” in the 
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beaming parameter and geometry assumptions of the 
simpler models. Across the four nights there are differ-
ences in observational geometry and illumination across 
the surface that SHERMAN can handle appropriately. 
By considering all of these factors, the resulting thermo-
physical model will provide a detailed picture of the sur-
face properties of Phaethon and allow for investigation 
of the surface properties of this highly interesting object. 
We will present the thermophysical modeling results 
during the meeting. 
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Figure 1. Preliminary shape model of (3200) Phaethon 
based on radar and lightcurve data [5,6]. 
 
 

 
 
Figure 2. Simple, NEATM-like models utilizing the pa-
rameters determined by [12] (TI=0, h=1.7, pv=0.08) 
compared to SpeX data from three nights in December 
2017. The models are a poor match to the spectra at 
longer wavelengths.  
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