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Simple, fast diameter determination for NEO Surveyor
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ABSTRACT

The NEO Surveyor will observe millions of asteroids in two IR passbands, NC1 at 4-5.2 microns and NC2 at 6-10 microns.  Most objects will be only slightly brighter than the survey limit.  A moderate signal-to-noise ratio (SNR) in the NC2 channel implies a poor SNR in the NC1 channel for most Solar System objects, so a simple method for estimating diameters that only uses NC2 data is desirable.  We have developed a technique using the following ansatz: D = C*r*Delta*sqrt(Flux) with diameter D, coefficient C, heliocentric distance r, and observer distance Delta.

If the flux used is <Fbol>, an isotropically averaged bolometric flux, this formula is exact for spherical asteroids with no internal luminosity in circular orbits, with coefficient = sqrt(64*pi/Lsun).

While in principle a cloud of spacecraft could measure <Fbol> exactly, in practice one typically is extrapolated from one observation in a single passband at a single phase angle.  In the case of optical data measuring reflected light, this extrapolation depends on the albedo and the phase function at the phase angle of the observation.  For objects with small SNRs and small amounts of data, prior knowledge of probable albedos and phase functions has to be used, leading to diameter estimates typically spanning a factor of 2.5 to 3 uncertainty for 68% confidence.

In the case of infrared thermal emission data, the extrapolation from an NC2 flux to <Fbol> depends on the temperature distribution on the surface of the object. The uncertainty in the extrapolation is dominated by the thermal inertia, orientation of the polar axis, and rotational period of the object.  Current data suggests that all of these have prior probability distributions that vary with the diameter of the object. Sub-kilometer objects do not appear to have dusty surfaces and small thermal inertias.  Itokawa, Ryugu and Bennu all have rotational poles perpendicular to their orbits, while Eros and larger main belt objects do not.  Objects smaller than 200 meter diameter can spin much more rapidly than larger Main Belt bodies.  All of these trends lower the peak temperatures of smaller objects.  The overall effect of these changes makes the thermal emission of larger objects approximate the NEATM temperature distribution with small beaming parameters, while smaller objects have thermal emission that approximates the FRM.  Therefore C becomes a coefficient that is a weak function of diameter.  As in the optical case, C is also a strong function of phase angle.

We use a thermophysical model with thermal inertias, rotation poles, rotation periods, and albedos chosen from prior probability distributions to calculate both the median value and the 16th-84th percentile range of the coefficient.  We find that the diameter of an object can be estimated from one measurement in the NC2 passband to an accuracy of 25% or better for objects less than 4 AU from the Sun. At larger distances from the Sun the NC2 passband is too blue, and sees only the Wien tail of the thermal emission.
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