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Abstract
Introduction
Rosetta is ESA’s new comet orbiter mission, launched
in March 2004 and currently en route to Jupiter-family
comet 67P/Churyumov-Gerasimenko. The probe will
rendezvous with the comet in 2014 and remain in orbit
around the nucleus for on-going detailed physical and
compositional analysis. Pre-encounter observations
of the target are important for characterization of the
heliocentric light-curve behaviour and the physical
properties of the nucleus, information that is critical
for mission planning. The nucleus was first charac-
terized using HST observations in 2003 (Lamy et al.
2006) and observed directly in May 2005 by ground
based telescopes (Lowry et al. 2006) when it was
at 5.6 AU from the Sun. An extensive database of
nucleus observations have since been acquired, not
only from large ground-based telescopes like the ESO
VLT (Tubiana et al. 2008 & 2011), but also from
Spitzer (Kelley et al. 2006 & 2009; Lamy et al. 2008).

Ground-Based Optical Campaign
We present our latest results from detailed observa-
tions carried out when the comet was near aphelion.
Three nights of optical imaging data were taken with
ESO’s 3.5m NTT at La Silla (Chile), between May
10–14, 2005 (Rh = 5.60 AU [aphelion = 5.71 AU], ∆
= 4.59 AU, α = 0.07-0.84◦). The data includes CCD
VRI–filter imaging taken with the EMMI instrument.
At the time of this first set of observations Lamy
and colleagues had observed the comet while in its
active stage with the HST in 2003 (Lamy et al. 2006)
and noted a rotation period just over 12 hrs. This
information was used to plan our observing strategy
for new observations at the NTT in May 2005. We
observed the comet during a 5 night period (with 1-
night intervals) to allow 100% of the rotational phase
to be covered. We cycled through the VRI filters the

duration of the run, and full rotational light-curves in
all three passbands were obtained, allowing detailed
inspection of surface colours at all rotational phases.
Analysis of the data was successful, and the rotational
signature of the nucleus was clearly detected at all
passbands with no sign of resolved coma or dust trail.
Selected key preliminary results from this data were
presented in Lowry et al. (2006) and Lamy et al.
(2007), and include: A Fourier analysis of the R-filter
light-curve gives a best-fit synodic rotation period
of 12.72 ± 0.05 hours. The observed brightness
range of 0.38 ± 0.04 magnitudes implies a projected
nucleus axial ratio of 1.42 ± 0.05. The mean R-filter
magnitude is 22.41 ± 0.03, which corresponds to
mean nucleus effective radius of 2.26 ± 0.03 km
(assuming an albedo and linear phase coefficient of
0.04 - although these values have since been updated
slightly, see Tubiana et al. 2008 & 2011; Kelley et
al. 2006 & 2009; Lamy et al. 2008). The projected
semi-axial dimensions are therefore 2.94 ± 0.15 and
2.07 ± 0.04 km. These observations were the first to
be taken of the comet at large heliocentric distances,
and showed that the nucleus was likely to be inactive
or close to inactive during the initial approach phase
of Rosetta. The comet was observed at opposition
with an average phase angle of just 0.46 degrees. Our
three nights of VRI-band imaging span a phase angle
range of 0.07-0.84 degrees, allowing the opposition
surge to be well characterised.

We shall present a more complete analysis of
this dataset, in conjunction with detailed analysis of
subsequent datasets taken at the NTT. These addi-
tional datasets include: Three nights of observation
in July 16–22, 2007 (the observational geometry is as
follows: Rh = 4.63 AU [inbound], ∆ = 3.72 AU, α
= 6.04-7.28◦). As with the May 2005 run, we incor-
porated an interval of 2 nights between each night on
the comet to ensure 100% coverage of the rotational
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phase, while making optimal use of the telescope. On
this occasion the rotational signature of the nucleus
was again clearly detected at all passbands. These
observations are particularly important as they were
taken around the same orbital position that the comet
is expected to be during the initial approach phase of
Rosetta. At the time of writing there was no indication
of resolved coma activity, but there is a slight offset in
mean absolute magnitude from night to night, which
may be consistent with varying total cross-sectional
area of material present at the comet, that could indi-
cated low-level activity. A preliminary mean R-filter
absolute magnitude of 15.35 ± 0.04 was observed
(‘Reduced’ magnitude R(1,1,α) = 15.80), along with
a colour index of (V-R) = 0.548 ± 0.050. As with
the May 2005 data, our photometry is completely
consistent with other ground based observations
and the phase curve from Tubiana et al. (2011). A
further 1/2-night of VRI-band data was acquired on
Sept. 13, 2007 (Rh = 4.40 AU [inbound], ∆ = 4.25
AU, α = 13.21◦). The aim here was to acquire a
partial lightcurve to measure the mean brightness at a
relatively large phase angle.

Figure 1: Processed deep optical R-band imaging
of 67P/Churyumov-Gerasimenko from ESO’s NTT.
Left: May 2005 - Rh =5.6 AU. Right: July 2007 -
Rh = 4.63 AU inbound. The comet appeared as a sharp
point source on both occasions with little evidence if
significant coma. This bodes well for Rosetta as the
onset of major activity should be observed during the
mission. Many Jupiter-family comets display vigorous
outgassing at these distances (eg. Lowry et al. 2010;
Fernández et al. 2008; Kelley et al. 2008; Bauer et al.
2010)

We combine these data with earlier observations
taken at the NTT on 26th February 2004 (Rh =
4.48 AU [outbound], ∆ = 3.96 AU, α = 11.45), and
23+27th April 2004 (Rh = 4.72 AU [outbound], ∆ =
3.72 AU, α = 1.12◦), for a completely independent

measurement of the phase darkening slope. However,
we go on to combine our data with all available
nucleus photometry on the comet to further constrain
not only the phase darkening behaviour, but also
its shape and rotational state. We will present our
latest analysis at the meeting. Finally, while the dust
trail has been observed at optical wavelengths (eg.
Agarwal et al. 2010; Tubiana et al. 2011), we see no
evidence in our data, due to the smaller telescope used.
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