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We successfully acquired JKL’M’ (1.2–4.7 μm; [1]) spectrophotometry 
of three sub-km near-Earth asteroid radar targets during 2013. Thermal 
emission measurements in L’ and M’ were taken in order to 
characterize the sizes and thermal properties of the target asteroids.

Thermal characterization is informative about the particle size and 
degree of consolidation of the asteroid regolith.  In addition, it is 
important to hazard analysis and trajectory predictions.  In general, the 
greatest uncertainties in trajectory prediction for small near-Earth 
objects stems from uncertainties in the non-gravitational accelerations, 
such as the Yarkovsky effect, which are strongly dependent on the 
thermal properties of the asteroids. 

Refectance in J and K was also measured to aid in separating the 
thermal from the refected fux in L’. In addition, we used the J band as 
a reference flter to characterize the rotational variability in the 
asteroid lightcurves during the thermal observations.

Asteroid (163249) 2002 GT was observed using NIRI on Gemini 
North [2]. Numerous coordinating observations of this asteroid were 
made as part of a campaign to characterize it in advance of a potential 
spacecraft encounter (e.g. [3]) which resulted in a rotation period of 
3.77 h and an S-complex spectral classifcation (likely Sq or Q, [4, 5, 6]). 
The H magnitude was determined to be H=18.63 ± 0.04 and the R-
band magnitude slope parameter to be G=0.18 ± 0.02 (formal errors; 
real errors up to 2x higher (P. Pravec, pers. comm.)).

Potentially hazardous asteroids (277475) 2005 WK4 and (137126) 
1999 CF9 were observed with NSFCam2 on the IRTF [7] and were 
also successfully measured from the Goldstone and/or Arecibo radar 
observatories. Radar imaging of 2005 WK4 shows a spheroidal shape 
and a diameter of 250 ± ≈20 m. SpeX data indicate that both 2005 
WK4 and 1999 CF9 are also S-complex objects. Further analysis of 
these data is in progress.

Future Work

The IRTF pointing is suffciently stable for NSFCam2 M' frames to be stacked “blindly” (without 
detecting the source in individual frames) over a few minutes based on the pointing information stored 
in the FITS headers T3OSURA and T3OSUDec.  

Top left:   Nine standard-star FITS fles (each representing one dither step) have been coadded.   Each 
fle represented the coaddition of ten 0.445s frames; the frst and last dithers were separated by three 
minutes.   The PSF of the stack was broadened by about 25% over the PSF of the individual images.

Co-addition over approximately 5 dither positions (again spanning 3 minutes) was successful with data 
taken during high rates of nonsidereal tracking without guiding.  (Unlike SpeX, NSFCam does not 
support on-axis guiding.)   The remaining images in this fgure show “blind” co-additions of fve groups 
each containing 4 or 5 dither positions on a fainter source, near-Earth asteroid 2005 WK4.    Each dither 
position contained 10 x 0.445s frames.    

Gemini/NIRI data in M' can be blindly stacked over longer periods.   We were successful in combining 
NIRI M' dithers of 2002 GT taken over a 14-minute span in wall clock time.

Co-addition in M' (How deep can IRTF/NSFCam go?)

NIRI photometry of 2002 GT, 2013-06-13

 Photometry in J

-  Reduction of the remaining 2002 GT and 2005 WK4 data
-  Reduction of the 1999 CF9 data
-  Thermophysical modeling, constrained by the available 
complementary observations in radar, refectance spectroscopy 
(e.g. SpeX data, see fgure below), and visible photometry.   This 
will enable quantitative thermal inertia values to be derived from 
our data.
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