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Introduction:  Asteroid 4 Vesta has been done
various observations.  McCord et al. [1] obtained the
first modern extended-visible spectrum of 4 Vesta in
the range from 0.3 to 1.1 µm, and showed that the
surface of Vesta has a composition similar to that of
certain basaltic achondrites.  It was noted that visible
and near infrared reflectance spectrum of Vesta is
unique among the main-belt asteroids larger than 50
km and is closely matched with three subclasses of
basaltic achondries: howardites, eucrites, and
diogenites (HED) [e.g., 2]. The geometric albedo of
Vesta [e.g., 3] is not contradictory to the visible
reflectivities of HED meteorites [e.g., 4]. Radar
observation of Vesta is probably a consequence of
Vesta’s relatively strong basaltic surface [5]. The
mean density of Vesta [6 (3.9-4.1g/cc)] is larger than
ones of HED meteorites [7 (3.1-3.4 g/cc)]. Small
asteroids with Vesta-like spectrum are found around
Vesta orbit [8] and near-Earth orbit [9].  These
researches have strengthened the suggestion that
asteroid Vesta is the parent body of the HED
meteorites and a differentiated object.
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Figure 1. Combined spectrum of 4 Vesta using data
of Bell [10] (filled cycles), Lebofsky [11] (cross
squares), and Feierberg [12] (open diamonds).

Basaltic rocks formed in a reducing condition
such as in vacuum have no hydrated and/or
hydroxylated materials, but a result of combining its
reflectance spectra in K band [10] and L band [11,
12] regions imply that Vesta has absorption features
to originate in OH and/or H2O-bearing and
hydrocarbon (Fig. 1). However, the result includes
large uncertainty due to non-uniform surface of Vesta
and independently obtained each data. In order to
confirm whether Vesta has any 3-µm feature or not,
simultaneous and continuous spectroscopic
observation of Vesta from 2.5 µm to 3.0 µm are
required. Therefore, we have conducted such new 3-
µm observations of Vesta.

Observations:  We observed asteroid 4 Vesta on
March 1st and 2nd in 2003 using the Cooled Grating
Spectrometer 4 (CGS4) spectrometer onboard the
United Kingdom 3.8-m Infrared Telescope (UKIRT)
on Mauna Kea, Hawaii. We used three grating
settings with 1.88-2.52µm, 2.38-3.02µm, and 2.88-
3.52µm. The 40 lines/mm grating of CGS4 was used
with a 4-pixel wide slits (a scale of 2.44 arcsec). The
wavelength resolution of all observations is 0.01µm.
The spectroscopic standard star of the observations is
HD115383, which is a solar analogue star [13].

Thermal radiation of asteroids in the main-belt
affects their observations at longer wavelengths than
3-µm. Therefore we subtracted thermal flux from
observed spectra. The contribution of thermal
radiation to the total fluxes was less than 0.2 percents
at 3.0 µm.

The details of observations and calculation are
given in Hasegawa et al. [14].

Results: A mean spectra of Vesta at wavelengths
between 1.88 and 3.52 µm are shown in Figure 2.
Spectra on March 1st and 2nd covered Vesta
longitudes between 245˚ and 325, and 125˚ and 215˚,
respectively.

The ratio of absorption depth in the 2-µm region
for pyroxene on March 1st to one on March 2nd is
1.05±0.04. K band spectra of Vesta on March 1st and
2nd were obtained at longitudes 280˚ and 180˚,
respectively. On the other hand, top curve (0.03-0.05)
and bottom curve (0.66-0.74) in Figure 3 of Gaffey
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[15] covered Vesta longitude about 280-290˚ and
about 150-180˚, respectively. The 2-µm band depth
ratio of top curve divided by bottom curve is about
1.10. The ratio of the 2-µm band feature based on our
data was consistent with one of Gaffey’s data.

Presence of absorption for hydrocarbon of past-
combined spectra did not become clear (Fig. 1), but
UKIRT observations on March 1st and 2nd indicate
that the hydrocarbon features were not detected in Ls
band spectra of Vesta (Fig. 2).

The KL band spectrum on March 1st did not have
enough precision to determine whether 3-µm
absorption feature for hydrated and/or hydroxylated
mineral are present on surface of Vesta or not.
However, it can be said that the KL band spectrum on
March 2nd indicates 3-µm absorption features at about
1% level due to having enough SNR. This implies
that ~0.1wt% water exists on Vesta surface at
longitudes between 155˚ and 195˚ (Salisabury [16],
Starukhina [17]).

Discussion: The presence of hydrated and/or
hydroxylated mineral on Vesta seems not consistent
with the hypothesis that 4 Vesta is igneous and/or
volcanic body.  Our result indicates that there are
processes that produce the mineral after
differentiation. Several explanations can be given as
follows: (1) solar wind implantation; (2) hyper
velocity impact (large-impactors); (3) accumulation
of interplanetary dust. The details of (1) and (2)
hypothesis are given by Hasegawa et al. [14].

Interplanetary dust band was discovered by IRAS,
and dust bands on Koronis, Eos, and Themis families
were identified by [e.g., 18]. Most members of Eos
and Themis families are K-Type and C-type,
respectively [19, 20]. In particularly, Eos asteroids
have been linked to CO/CV carbonaceous chondrites.
Absorption of 3 micron may have been given by the
dust particles which were granted to Vesta surface.

However, no more conclusive determination for
origin of a 3-µm feature can be done due to not to
obtain our spectra in all area, poor telluric
transmission in 2.55-2.82 µm region, and low spatial
resolution. Firstly, it is expected to obtain 3-µm
spectra in all Vesta’s surface. In order to avoid
atmospheric absorption and to raise the precision of
3-µm spectroscopy, it is necessary to obtain spectrum
of Vesta by an airborne-based telescope such as
FLITECAM/SOFIA [21]. Dawn mission [22] that has
been selected as the ninth Discovery Mission plans to
go to Vesta and 1 Ceres. A mapping spectrometer in
the range from 0.3 to 5.0 µm will be aboard on Dawn
spacecraft. A mapping spectrometer in the 2.4-5.0
µm may focus on the exploration of Ceres’s surface,
but it would be useful for tracing the origin of
hydrated and/or hydroxylated minerals on Vesta’s
surface.
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Figure 2. Average spectra of 4 Vesta without thermal
radiation components. Black lines and Red lines
indicate spectra on on March 1st, 2003 and March 2nd,
2003, respectively.

Conclusions: The existence of a 3-µm absorption
feature at about the 1% level on the surface of 4
Vesta at longitudes between 155° and 195° were
detected by simultaneous spectroscopic observations.
This result indicates that OH and/or H2O-bearing
minerals are present in this region of Vesta; the
sources are plausibly solar wind implantation,
fragments of carbonaceous chondrite impactors, or
piles of interplanetaly dust particles.
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