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For many asteroids, the only observations we have 
are photometric lightcurves. The observed disk-integ-
rated brightness depends on the properties of the sur-
face regolith, the shape and orientation of the asteroid, 
and on the location of the asteroid in the Solar System 
relative to the Sun and the Earth.  Accurate modeling 
of all the effects which affect the observed brightness 
is vitally important when trying to learn about the as-
teroid's properties from the observations.

Traditionally, the Lambertian and Lommel-Seeliger 
scattering laws have been used to model the light-scat-
tering  properties  of  the  asteroid  surface.  Typically  a 
weighted  average  of  the  two are  chosen.  Neither  of 
these is a truly realistic model for real regoliths, which 
consist of packed grains of various mineral materials. 
The structure of the regolith causes a shadowing effect 
which darkens the surface outside of opposition geo-
metry.  Additionally,  the small-scale  properties  of  the 
surface cause a phase-dependent behaviour through ef-
fects such as coherent backscattering [1].

We are studying the direct problem of computing 
lightcurves, using a scattering law derived from light 
scattering simulation which take into account these ef-
fects.  Our  scattering  law  is  Lommel-Seeliger  rein-
forced with a shadowing function and a phase function. 

The shadowing function is computed by a ray-tra-
cing  code  utilizing  our  regolith  simulation  [2].  The 
simulated  medium  consists  of  a  large  number  of 
spheres,  packed into a volume with a given packing 
density.  Additional  macro-scale  surface  roughness  is 
introduced by clipping the volume with a two-dimen-
sional  random field with  the  desired  statistical  topo-
graphy.

We use a phase function derived from photometry 
of lunar mare surfaces [3, 4]. A data set of multi-angu-
lar photometry has been derived from photographs of 
the lunar surface taken by the SMART-1 spacecraft in 
2004–2006. Using similar ray-tracing simulations, the 
shadowing function was reduced out of the data and 
the phase  dependence  separated.  We take  this  phase 
function  to  be  applicable  to  C-type  asteroids  which 
have low albedos.

Figures 1 and 2 show simulated light curves for a 
convex asteroid shape model, using observational geo-
metries borrowed from real observations of asteroid 21 
Lutetia. The lightcurves are calculated using the Lam-
bertian and Lommel-Seeliger scattering laws in addi-
tion to our model.

We are in the process of comparing these scattering 
laws over a range of different asteroid shapes, observa-
tional geometries and surface parameters.

Figure  1:  Simulated  lightcurves  at  phase  angle 
15.5°.

Figure  2:  Lightcurves  at  phase  angle  1.8°.  Our 
model  approaches  the  Lommel-Seeliger  law  at  low 
phase angles.
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