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m Many Studies Violate Kirchhoff's Law @l Impact on Estimates of D and p,

Asteroid Thermal Modeling

pace telescopes that use mal Model (NEATM) that incorpo- It has been common practice in A more correct method solves for Incorporating Kirchhoft s law into the  a synthetic data set of asteroid obser-
short-wavelength infrared (IR)  rates Kirchhoff’s law and correctly many previous asteroid studies, in- emissivity in the short-wave IRbands ~ NEATM could have significant ef- vations, using models that enforced or
bands observe light from as- accounts for the presence of reflected ~ cluding the NEOWISE studies' '°,to (W1 and W2) and then uses Kirch- fects on the best estimates of asteroid ~ violated Kirchhoft's law. Resulting es-
teroids that is a mixture of reflected sunlight. Monte Carlo simulations set the emissivity € to a constantval-  hoft’s law to estimate the albedo. In diameters and IR albedos from ob- timates of diameter D and short-wave
sunlight and thermal emission. Kirch- ~ were run on a synthetic data set of ue and to solve for the IR albedop ..  long-wave IR bands (W3 and W4), servational data. To explore the mag-  emissivity € , show that enforcing
hoft’s law of thermal radiation applies 33,000 asteroids having properties This approach is incorrect, however,  the emissivity can be setto a constant ~ nitude and direction of these effects, Kirchhofl's law reduces error in these
and has important implications. Pre- identical to those in NEOWISE ob- because it violates Kirchhoft's law ot~ value ot 0.9, which implies an albedo Monte Carlo trials were performed on  estimates by a factor of 10 or more.
vious asteroid studies, including the servations. The results show that the thermal radiation. at those wavelengths ot 0.1.
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p (A' ) ¢ (A 1 Enforcing Kirchhoff's law dramatically affects estimates of both asteroid diameters (above left) and albedo/emissivity
(above right, below left and right). The effect on diameters is illustrated by histograms and confidence intervals of D_/D, the
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4 T a G ratio of estimated to known diameters for the synthetic asteroid data. With Kirchhoff's law (red distribution), errors in diame-
M I : : : : Fobs(A, @, Tys, Tao) = e(1) F —,a,1 ) +pQ) Via (e Fsun(4) ter estimat tric and low. In contrast 10x as large and skewed toward overestimation b tional
o axwells e uathnS are tlme_lnvarlant obs\“Y Y, Tasy Tao) — > 2 NEATM » AU2 7.2 Sun er estimates are Ssymmetric and low. In contrast, errors are >1Ux as large and skewed toward overestimation by a conventiona
q 4 AU 1o Tas a5 model that violates Kirchhoff's law (blue distribution), especially when observations are limited to the W1and W2 bands (table).
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