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Introduction: In the past decade, about 200 aster-
oid shape models were derived by the lightcurve inver-
sion method developed by [1] and [2]. This technique 
makes only use of disk-integrated photometry of aster-
oids to derive a three dimensional  shape models ap-
proximated by convex polyhedrons. These shape mod-
els are not scaled in size because we do not possess an 
accurate  measurement  of  their  absolute  photometry 
and their albedo.

By combining resolved direct images of asteroids 
collected with Adaptive optics (AO) systems with the 
LC shape model we can infer the size of an asteroid. 
By scaling the shape model to fit the estimated size on 
the resolved asteroid, we are able to derive the equiva-
lent diameter Deq (diameter of a sphere of the same vol-
ume as  the scaled  shape  model).  In  a  few cases  for 
which the mass of the asteroid in known, the density 
can be as well estimated.  Additionally, as shown in 
[3], AO observations allow to remove the uncertainty 
between  two  possible  mirror  solutions  derived  from 
lightcurve  inversion  method,  and  can  also  identify 
large surface non-convexities (e.g. bilobated shape of 
216 Kleopatra in [4]).

Adaptive  optic  observations: We  used  W.M. 
Keck AO images [5] recorded within a campaign of 
observation aiming at identifying and studying multi-
ple asteroid systems [3]. The data, collected between 
2003 and 2010 with near-infrared NIRC-2 camera in 
H, FeII or K filter (between 1.5 and 2.2 μm) reach an 
angular resolution between 40 and 55 milli-arcsec. To 
improve their sharpness  and determine the silhouette 
(two  dimensional  projection  of  the  shape  onto  the 
plane perpendicular to the line connecting the observer 
and the center of the asteroid), all images were decon-
volved using AIDA deconvolution algorithm described 
in [3] and [6]. 

Model: We define the fundamental plane that pass-
es through the center of the asteroid and is perpendicu-
lar to the line connecting the observer and the center of 
the asteroid, and also the coordinate system (ξ,  η) on 
the fundamental plane in the same way as in [7]. We 
derive the asteroid silhouette with coordinates (ξj, ηj)AO 

directly from the AO observations. The convex hull of 
projected  vertices  (only  both  illuminated  by the Sun 
and visible from the Earth) of the convex polyhedron 
onto the fundamental plane represents a silhouette of 
the model given by the coordinates (ξi,  ηi)m which is 
calculated from our 3D shape model at the time of the 

AO observations.  To  determine  the  true  size  of  the 
model, we minimize the difference between these two 
silhouettes. While the AO silhouette remains fixed in 
size, the dimension of the model silhouette is parame-
terized by three free parameters: scale  c and an offset 
(ξ0, η0) as described in detail in [7].

Results: We present the equivalent diameters  Deq 

for three asteroids: (15) Eunomia, (40) Harmonia and 
(45) Eugenia. We have collected 14 disk-resolved ob-
servations with Keck AO for Eugenia and two obser-
vations for both Eunomia and Harmonia. All available 
AO observations for each asteroid were simultaneous-
ly used in the size optimization process. We adopted a 
mass estimate for Eunomia and Eugenia from the liter-
ature and computed their corresponding average densi-
ties.

Resolved  AO  images  from  Keck  telescope  are 
available  for  ~20  additional  main-belt  asteroids,  for 
which convex shape models from lightcurve inversion 
were previously derived. Scaling the sizes of these as-
teroids is the goal of our future work.
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