
ASTEROID  MODELS  DERIVED  FROM  THERMAL  INFRARED  DATA  AND  OPTICAL   
LIGHTCURVES.   J. Ďurech1,  M. Delbo2,  and B. Carry3,  1Astronomical Institute, Faculty of Mathematics and 
Physics,  Charles  University  in  Prague,  V  Holešovičkách  2,  18000  Prague  8,  Czech  Republic,  
e-mail: durech@sirrah.troja.mff.cuni.cz,  2UNS-CNRS-Observatoire de la Côte d'Azur,  Laboratoire  Lagrange,  BP 
4229, 06304 Nice cedex 04, France, 3European Space Astronomy Centre, ESA, P.O. Box 78, 28691 Villanueva de la 
Cañada, Madrid, Spain.

Introduction:  Physical properties of asteroids can 
be  derived  from  the  analysis  of  the  reflected  light 
scattered  by  their  surface  and  the  emitted  thermal 
radiation  in  the  infrared  (IR).  Optical  lightcurves 
contain information about the rotation state and  3-D 
shape of the asteroid but cannot resolve the size/albedo 
ambiguity.  On  the  other  hand,  thermal  IR 
measurements determine the size of the asteroid and its 
surface properties.

Traditionally,  the thermal properties of asteroids,  
their  size  and  albedo  were  derived  using  simplistic 
models assuming spherical non-rotating shapes. More 
recently,  the  convex  shapes  of  asteroids  from 
lightcurve inversion [1]  were combined with thermal 
IR to derive thermophysical parameters [2,3]. 

Methods:  We  developed  a  new  method  that 
combines  asteroid  photometry  in  the  optical  with 
thermal  IR  radiometry  to  derive  physical  models  of 
asteroids.  The  new  general  method  uses  the  same 
representation  as  the  standard  lightcurve  inversion
[1,4]  but  includes  both  data  types  at  once  and 
optimizes  all  the  relevant  physical  parameters:  3-D 
shape,  size,  spin  vector,  scattering  properties  of  the 
surface, surface roughness, albedo, and thermal inertia. 
By doing so,  the full  physical  model is  created in a 
single algorithm. 

The thermal emission is computed from the surface 
temperature,  solved using a 1-D heat diffusion in the 
sub-surface  layers.  We  use  realistic  illumination 
conditions at the surface following the thermophysical 
model of [5]. The same approach can be used also for 
non-convex   models  and  thermal  IR  data  can  be 
combined  with  disk-resolved  data  (adaptive  optics 
images  and  stellar  occultations).  We will  implement 
the  thermophysical  modelling  into  the  KOALA 
algorithm [6,7].

Results:  We  will  present  our  first  results, 
including the comparison of our model of (21) Lutetia 
with the 3-D shape and surface properties derived from 
data  acquired  during  the  ESA Rosetta  flyby  of  the 
asteroid [8,9]. We will also compare the size of some 
asteroids  derived with this  method with  independent 
sizes derived from stellar occultations [10]. 
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Figure 1: Comparison of the preliminary 3-D shape 
model of (21) Lutetia obtained with our new method 
(LC+IR), with the 3-D shape model [8] derived from 
images taken by the OSIRIS camera on-board ESA 
Rosetta during its flyby of the asteroid.
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