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Introduction: Images of the asteroid (243) Ida cap-

tured by the Galileo spacecraft revealed the presence 
of a small satellite named Dactyl, unambiguously con-
firming the existence of multiple asteroids. The advent 
of high angular resolution imaging permitted the visual 
discovery of new binary, and even triple, asteroids [1]. 
About 75 systems have currently been imaged, and 
~170 other binaries are suspected based on lightcurve 
studies [2,3]. Formation scenarios for multiple asteroid 
systems include catastrophic collisions [4], fission via 
the YORP effect [5], and tidal disruption [6]. Satellite 
orbital parameters, size and shape of the components, 
surface properties, porosity, and material densities are 
needed to refine and evaluate these formation scenarios 
[7].  Two main questions in the study of multiple as-
teroids are: 

-  Are certain compositional classes more likely to 
form binary and multiple systems than other?  

-  Is there a link between the bulk density of a bi-
nary asteroid system and its taxonomic class? 

Instruments and Observations: Compositional 
characterization of asteroid surfaces is most robust 
when carried out over the widest possible wavelength 
range.  Different wavelength ranges are often sensitive 
to different aspects of composition, grain size, or sur-
face structure.  We use SpeX on the IRTF to measure 
near-infrared (0.8 to 2.5 µm) reflectance spectra of 
known binary asteroids. The current sample of observ-
able multiple asteroid systems is estimated to be ~80 
targets (V<17). For ~85% of these targets, no visible 
and NIR spectra can be found in the literature, so their 
taxonomic class remains unknown. The dominant ma-
fic minerals in terrestrial bodies (pyroxene, olivine, 
spinel) usually display very different spectral mor-
phologies in this wavelength region. SpeX excellent 
wavelength coverage (0.8- to 2.4-µm) – and a suffi-
cient signal-to-noise ratio (SNR) – should allow the 
acquisition of high-quality spectra.  

All observed targets, including the observation of 
38 multiple main-belt asteroids, three binary NEAs, 
one binary Jovian-Trojan asteroid from one night in 
Aug. 2008, two nights in Sep. and Nov. 2010, one 
night in Apr. 2011 and one night in March 2012 are 
listed in Table 1. Two additional nights of observations 
are scheduled in 2013A.  

Data reduction and Data Analysis: The spectra 
were processed following the procedure described in 
[7]. Data frames were taken in pairs with the object 

dithered along the slit. Subtraction of these pairs pro-
duces a first order removal of sky emission. The 
maximum on-chip integration time is 120 s to mini-
mize the effects of variability of the sky emission. For 
each frame we applied a linearity correction. Typically, 
multiple frames are taken with the maximum on-chip 
integration time and summed together during data re-
duction in order to increase the signal-to-noise ratio 
(S/N). Nearby solar analog stars were observed regu-
larly throughout the asteroid observations to ensure 
good correction of atmospheric absorption and solar 
spectral slope. We checked for the quality of each solar 
analog star by cross-comparison with each other. With 
SpeX, flat field images are obtained by illuminating an 
integrating sphere which is in a calibration box at-
tached to the spectrograph. This box also contains an 
argon lamp that is used for wavelength calibration. The 
final reflectance spectra of a few asteroids are pre-
sented in Fig. 1.  

We inferred the taxonomic class of these asteroids, 
using the webtool from [9] who developed an asteroid 
taxonomy with 24 classes based on principal compo-
nent analysis of spectral data spanning wavelengths 
from 0.45 to 2.45 µm. Table 1 shows that there is good 
agreement between the taxonomic classes which were 
determined from our 0.8 to 2.45 µm spectra and the 
taxonomic class determined from visible 0.44-0.92 µm 
spectra by [10] and [11]. 

We present an improved data analysis for all these 
asteroids by combining both visible and NIR spectra. 
Discussion: Our observations show that ~55% , ~17%, 
~14% and ~10% of these asteroids are members of the 
S-complex (excluding V-type), C-complex, V-type and 
X-complex, respectively. This result contrasts with the 
statistics from population of all asteroids (~17% S-
type, ~75% C-type, ~6% V-type) [12,18,19]. However, 
we cannot reject yet the possibility that our study is 
biased, since S-type asteroids have a higher albedo 
than C-type ones, so are significantly brighter. Conse-
quently,  the sample for 15<V<17 is still well-
underrepresented and a statistical study is needed to 
unbiased this result. 

The equivalent diameter of these multiple asteroids 
listed in Table 1 was determined from IRAS [13] or 
NEOWISE [14] photometric observations, from Spit-
zer/IRS [15], direct imaging [16], or assuming a geo-
metric albedo from the derived taxonomic class (6% 
for C-complex, 30% and 40% for S- and V- type aster-
oids respectively).  
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All large (Deq > 130 km) multiple asteroids with 
one or two distant moonlets (type T1) belong to the C- 
or X- complexes. By contrast, small (Deq < 20 km) 
multiple asteroids which were discovered mostly by 
lightcurve analysis [2] and labeled T3 (asynchronous 
close satellite with a size ratio of at least 1/20) or T2 
(close and similarly–sized binary asteroids) are mem-
bers of the S-complex (including V-type).  

To improve this preliminary statistical survey, we 
anticipate to have observed ¼ of known multiple aster-
oids by the end of 2013. To constrain the surface com-
positions of these asteroids, their reflectance spectra 
will be combined with mid-IR emissivity spectra col-
lected with Spitzer/IRS, and future SOFIA/FORCAST 
data. We will analyze them using a Hapke model that 
considers size grain distribution, composition, and 
space-weathering contamination to constrain the sur-
face composition. 
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Figure 1: Spex/IRTF 0.8-2.45 um spectra of sev-

eral small (Deq<20 km) multiple asteroids. The spectra 
were shifted by an arbitrary value of 0.4. Based on [9] 
taxonomic classification, all these asteroids belong to 
the S-complex. 

Table 1: List of 44 multiple asteroids observed with 
IRTF/SPEX in 2008-2012. Their taxonomic class is 
derived using our NIR observations combined with [8] 
classification. The equivalent diameter is derived using 
various sources including radiometric measurements 
[13,14], Spitzer/IRS [15], direct AO imaging [16], or 
using the absolute magnitude (H) of the asteroids with 
an approximated geometric albedo pv of 0.06 (C-
complex), 0.30 (S-type), 0.40 (V-type)  
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