
primarily on theoretical models. The
relationship between the coma’s
composition and the nucleus composition
is also uncertain. Even if the coma is
formed by material from the nucleus,
there are several physical and chemical
processes that rapidly affect the
material ejected from the nucleus.

The DI mission was designed to have
much of the mission-critical science
done from Earth-based telescopes. An
unprecedented worldwide coordinated
campaign was organised. Many
observatories around the world and in
space observed the comet before, during

and after the impact, to follow the
effects of the event and its evolution. 

The Roque de Los Muchachos
Observatory (ORM) played a
substantial role in this campaign.
Starting in 2000, photometric
observations performed during several
runs by Tozzi and Licandro with the
3.6-m Italian Telescopio Nazionale
Galileo (TNG) were used together with
others worldwide, to understand the
rotational properties of the comet. From
March to June 2005 the comet activity
was also tracked by our group with
the TNG by means of imaging and

The Deep Impact Event as Seen from the Roque de Los
Muchachos Observatory
Javier Licandro (ING and IAC)

At 05:44:36 UT on July 4th, 2005
the Deep Impact (DI) spacecraft
collided with comet Tempel1,

producing an impact of 19GJ of kinetic
energy and excavating a crater shaped
by gravity. DI consisted in two
spacecrafts: an impactor, weighting
364kg; and a flyby spacecraft for
observing the impact and relaying data
from the impactor. The main goal of
the mission was to study the interior
and outer layers of a comet. Until the
impact, very little was known of the
internal structure and the physical
evolution of the outer layers of a comet
nucleus. Most of what we know relies
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estimates of the jet power in black
hole X-ray binaries.

This profitable technique has potential
for constraining the jet power
associated with other BHXBs if further
jet-blown nebulae are identified. With
the confirmation of this jet-ISM
interaction associated with Cyg X–1,
it is clear not only that there may be
an undiscovered population of jet-blown
bremsstrahlung nebulae associated
with BHXBs, but also that these
nebulae may easily be found with
simple wide-field red-optical imaging.
To this end, we have been awarded 4
nights with the INT WFC in October
2005 and 3 nights in the southern
hemisphere on the ESO/MPI 2.2m
WFI in February 2006, to search the
fields of ~20 known Galactic BHXBs.

The power in the jets of persistent
BHXBs such as Cyg X–1 are orders of
magnitude larger than those of
transients, which spend the majority
of their lifetimes in quiescence.
However, Cyg X–1 is short lived, and
the [power × lifetime] product, and
therefore the expected luminosity of
shocked ISM gas, is comparable to
the older quiescent sources. Essentially,
the apparent magnitude of the thermal
shell of a jet-blown nebula is highly
dependent on the distance, the Galactic

dust extinction towards the source and
the local density of the ISM
surrounding the BHXB. Given these
constraints and the existing estimates
for these variables for Galactic BHXBs
(where known), nebulae associated
with ≤20 BHXBs may be visible with
the INT and ESO/MPI 2.2m telescopes
during the observing runs.

In addition to searching for more jet-
ISM interactions, follow-up
observations of the Cyg X–1 nebula,
for example optical spectra using the
WHT, may also confirm the presence
of emission lines and their flux, will
further constrain the power of the jets
and the nature of the composition of
the nebula. Eventually, accurate
high-resolution spectroscopy will reveal
the temperature and velocity
distribution of the shocked shell. ¤
References:
Burbidge, G. R., 1959, ApJ, 129, 849.
Fender, R. P., 2001, MNRAS, 322, 31.
Fender, R. P., Belloni, T. M., Gallo, E., 2004,

MNRAS, 355, 1105.
Gallo, E., Fender, R. P., Kaiser, C., Russell,

D. M., Morganti, R., Oosterloo, T. A.,
Heinz, S., 2005, Nature, 436, 819.

Kaiser, C. R., Gunn, K. F., Brocksopp, C.,
Sokoloski, J. L., 2004, ApJ, 612, 332.

David Russell (davidr@phys.soton.ac.uk)

index; a > 0.2 (a is defined such that
the monochromatic flux Fν scales as
ν a). This implies an emission
mechanism with a flat spectrum, such
as bremsstrahlung, plus excess flux
possibly due to line emission, as
expected in the case of radiative shock.
The spectrum is inconsistent with that
of optically thin synchrotron radiation,
where α ≈–0.7.  This, therefore, is the
first discovery of a thermal shell of
gas that is shocked by its interaction
with a jet of a Galactic black hole
(Gallo et al., 2005).

The optical-radio spectrum of the
nebula acts as an effective jet
calorimeter, and, also for the first time,
allows an estimate of the [power ×
lifetime] product of the jets from
radio–optical measurements, which is
independent of the uncertainties
associated with their spectrum and
radiative efficiency. We calculated that
to account for the observed broadband
spectrum of the shocked gas, the
power carried by the jet of Cyg X–1,
averaged over its lifetime, is ~9×1035

≤ Pjet ≤ 1037 erg s–1. Taking into
account the contribution of the counter
jet, the total power in the jets is then
f ~0.06–1 × the bolometric X-ray
luminosity of the system. This
significantly overshoots all previous
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Figure 1. First row: Sequence of calibrated near-infrared J-images of the dust coma
of comet Tempel 1 obtained with LIRIS at WHT. Notice the changes in the images
from July 3rd (pre-impact) to July 4th (taken 16 hours after the impact). Second row:
Post-impact J-images processed to show only the dust ejected by the impact. Each
image has been divided by the pre-impact one obtained on July 3rd. The evolution
of the ejecta cloud is clearly seen (see text). Third row: Same as 2nd row shown in
a different flux scale.  

Figure 2. Sequences of processed post-impact R-band images as in 2nd row of Fig. 1.
Images were obtained with ALFOSC at NOT. The rainbow scale goes from 1.0 in violet,
to 1.5 in red. Notice that on July 9th the image is almost identical to that of July 3rd.

images in particular in the R and J
bands (see Fig. 1 and 2). At these
wavelengths the images were sampling
the reflected sunlight by the dust in
the coma. Our spectra also show that
the gas contribution was very low in
particular in the near infrared. Some
preliminary conclusions about the
dust cloud ejecta can be derived from
our data: 

1. The dust ejected by the impact
formed a semi-circular expanding
cloud that extended from position
angles (PA) 145° to 325°.

2. Assuming an albedo typical of
cometary grain size, the f lux of the
dust ejecta allowed us to estimate
that the total mass of dust ejected

was ~106 kg (equivalent to about
10 hours of normal comet activity). 

3. The orientation of the ejecta proves
that the impact happened below
the orbital plane of the comet.

4. The position of the leading edge of
the dust cloud present on the July
4th images show that it expanded
outward at a projected speed of
about 200±20 ms–1 (though varying
with azimuth).

5. In the following days the shape of
the cloud changed because of the
effect of solar radiation pressure
that moved the dust particles to the
tail of the comet (PA=110°). The
maximum projected distance in the
sunward direction, achieved on
July 7th, was 30,000 km. By July

spectroscopic studies every month. But
the interesting part of the game started
on July 2nd. From July 2nd to July
10th a campaign involving the three
largest telescopes of the ORM, the
William Herschel (WHT), the TNG and
the Nordic Optical Telescope (NOT)
was driven by our group. LIRIS at the
WHT  was used from July 3rd to 7th
to obtain near infrared images in the
J and K bands and near infrared
spectra. DOLORES at TNG was used
from July 2nd to 9th to obtain broad-
band images and low-resolution spectra
in the visible spectral range. NICS at
TNG was used from July 8th to 10th
to obtain near infrared images. SARG
at TNG was used from July 3rd to 5th
to obtain high resolution spectra in
the visible range. ALFOSC at the NOT
was used from July 3rd to 10th to
obtain deep broad-band images and
low-resolution spectra in the visible.
Also another group lead by Stephen
Lowry (QUB) used the INT and the
Liverpool Telescope to follow the
activity of the comet from July 1st to
7th (see article elsewhere in this issue).
The five largest telescopes of the ORM
were used simultaneously to track an
astronomical experiment in an
unprecedented way.

The first aim of the campaign was to
study the dust ejected by the impact
by using the high S/N images obtained
in the visible and near-IR, and the
spectra in the near-IR where there are
many features due to gas emission. The
evolution of the intensity and colour
of the dust gives important information
on the size of the ejected grains, like
their size distribution and ejection
velocities. The second aim of the
campaign is to measure possible
variations of the gas emission by means
of visible spectroscopy, to detect any
possible new activity in case the
impactor penetrated deep enough to
meet the fresh ices below the dust
mantle. This would evaporate part of
them and expose ices to the sun-light
generating a new active area.

The impact produced an ejecta cloud
of dust easily seen in our images. The
wonderful atmospheric conditions (all
nights were photometric, and the
seeing was as good as 0.4arcsec)
allowed us to obtain a set of excellent



comet before, during, and after the
impact. This was an unprecedented
coordinated observational campaign,
which included over 550 whole or
partial nights of observation using 73
ground-based telescopes at 35
observatories. The Deep Impact
mission was designed to have much of
the mission-critical science done from
Earth-based telescopes. These facilities
would observe the comet’s evolution
in wavelength regimes and timescales
inaccessible to the spacecraft (The

Deep Impact Observing at the Isaac
Newton Telescope
Stephen C. Lowry1, Andrew J. Coates2, Alan Fitzsimmons1,
Geraint H. Jones3 and Carey M. Lisse4

1: Queen’s University Belfast, UK; 2: Mullard Space Science Laboratory, University
College London, UK; 3: Max-Planck-Institut für Sonnensystemforschung, Katlenburg-
Lindau, Germany; 4: Johns Hopkins University Applied Physics Laboratory, MD, USA.

On July 3rd, 2005 the NASA
Deep Impact impactor probe
successfully separated from its

mother craft onto a trajectory that
would plunge the probe into the
nucleus of comet 9P/Tempel1 at a
velocity of 10kms–1. Impact occurred at
05:52 UT on July 4th, and the world
looked on in amazement as the first
spectacular images of the impact were
received at Earth*. Meanwhile,
observatories around the world and
in space were closely monitoring the
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Figure 3. Sequences of R-band images obtained with ALFOSC at NOT processed
with a Laplacian filtering technique to detect dust structures. Dust jets appear as
black straight jets close to the nucleus, dust shells appear as white curved structures.
Filtering was optimised to detect the white shell on the right. This shell indicates the
day-by-day expansion of the border of the dust cloud ejecta.

9th most of the ejected dust was
moved to the coma and the
comet looked like as in the pre-
impact phase. The ejected dust is
diluted in the comet tail.

The study of the structures of the
dust coma in high S/N images (Fig. 3)
provided also very interesting results:

1. The comet presented some dust
structures in the pre-impact
phase that indicate that the
nucleus had some particularly
active regions. 

2. These structures remained after
the impact, thus these active
regions were not affected. 

3. The new structures observed
after the impact on July 4th
rapidly disappeared and none
remained at a high S/N level
after a few days.

In conclusion, the ORM campaign
showed that the impact was an
impulsive event that affected the
dust mantle of the comet. A large
amount of dust was ejected into the
coma in a very short time. In no
more than 5 days this dust dissipated.
Also, if the impactor reached the
fresh-ices below the dust mantle, it
did not excavate enough to expose a
sufficient amount of ices to create a
new region sufficiently active to be
easily detected.

Further studies of the dust and gas
properties will be done. The images
will be analysed with the help of
Monte-Carlo modelling techniques
to derive the dust grain size
distribution and ejected velocities.
Visible and infrared spectra will
be analysed to determine the gas
production rates and the colour of
the comet dust.

The scientific team was composed
by Javier Licandro (ING and IAC),
Miquel Serra Ricart (IAC), Julia de
León Cruz (IAC), Noemí Pinilla
Alonso (TNG and IAC), M. Teresa
Capria (INAF), Rafael Barrena
(IAC), Mischa Schrimer (ING), Luisa
Lara-López (IAA), and Gian Paolo
Tozzi (INAF, Oss. di Arcetri). ¤

Javier Licandro (licandro@ing.iac.es)


