
WATER ICE ON TEMPEL 1:  BEFORE, DURING, AND AFTER THE IMPACT EVENT.  J. M. Sunshine1,
M. F. A’Hearn2, O. Groussin2, L. M. Feaga2, J.-Y. Li2, P. H. Schultz3, and the Deep Impact Science Team, 1Science
Applications International Corporation (SAIC), Chantilly, VA, USA (sunshinej@saic.com), 2Department of
Astronomy, University of Maryland, College Park, MD, USA, 3Department of Geological Sciences, Brown
University, Providence, RI, USA.

Introduction:  On July 4, 2005, NASA’s Deep
Impact mission successfully executed an impact
experiment on the surface of the comet 9P/Tempel 1
[1].  The fly-by spacecraft included two visible color
imagers (medium- and high-resolution; MRI and
HRI) and a near-infrared (IR) spectrometer [2].  The
nucleus was observed prior to impact and the ejecta
were monitored for 15 mins. after impact and then
later (~45 mins. after impact) during look-back
observations after impact [1].  Water ice was detected
and mapped in all three phases of observations.  We
present the identification, spatial distribution, and
particle size of water ice [3] and trace its path during
impact and in relation to the comet’s structure.

Instruments:  Deep Impact’s fly-by spacecraft
includes three complementary instruments, MRI,
HRI, IR.  In addition, the impactor spacecraft
included its own imager (ITS).  The highest spatial
resolution data and morphologic information (pre-
impact) are provided by ITS.  MRI includes 7 filters
(2 broad, 100 nm, and 5 narrow, 5-10 nm, optimized
for gas emission), while HRI has 7 broad band filters
at a spatial resolution five times greater the MRI [2].
Although the HRI data are out of focus [1], data from
both visible instruments can be used to define color
units at high spatial resolution.  The IR spectrometer,
which produces spectra from 1.08 to 4.5 µm (R~200-
900) at the same spatial resolution as the MRI [2],
can then be used to identify the composition for
various materials expected to occur in comets [4].

Water Ice Exposed on the Surface:  Prior to
impact, the Deep Impact instruments observed the
sunlit half of the nucleus. Three anomalously colored
areas, covering a total of 0.5 km2 in high spatial
resolution images (Fig. 1), are found to include water
ice based on their IR spectra (see [3]).  This is the
first direct detection of water ice exposed on the
surface of a cometary nucleus.  Spectrally, these
regions are less red-sloped than the average nucleus
and include diagnostic water ice absorptions at both
1.5 and 2.0 µm.  The spectra are well modeled as a
mixture of 3-6% 10-50 µm size ice particles and 94-
97% nominal nucleus material.

Ice in Ejecta:  After the shocked vapor phase
passes [1], ejecta mechanically excavated from the
interior of the comet are observed (see Fig. 2).  IR
spectra reveal two components in these ejecta:  bright

dust and water ice.  Water ice is detectable
immediately (at 0.7 secs integration).  The presence
of water ice in the ejecta is, itself, an indication that
there was little to no chemical alteration due to the
impact.  The distribution of the dust is seen in images
reconstructed from IR scans over the impact site at
2.0 µm.  The ice component is mapped based on the
depth of the absorption band near 3.0 µm.
Comparison of these two images reveals that the ice
is confined to the center of the ejecta and distinctly
absent from the up-range materials.  Absorption
modeling (Fig. 3) shows that the ejected water ice is
crystalline and has particle sizes of 1-10 µm, smaller
than the water ice detected on the surface.

Ice during Look-Back Imaging: Images
reconstructed from IR scans collected as the fly-by
looked back on the ejecta also include 3.0 µm
absorptions due to water ice.  The fact that these ice
absorptions are detectable 45 minutes after impact is
consistent with ice particles that have sizes on the
order of the wavelength of the ice absorptions (i.e. 1-
5 µm).  Such particles are highly inefficient radiators
and thus have lifetimes on the order of hours [5].

Discussion:  As we compare the distribution of
ice derived from the IR spectra with visible imagery,
in conjunction with the cratering physics [6, 7] we
will well continue to constrain the depth of origin and
extent of the ice components.  These results can then
be compared to changes in water emission to trace
the sublimation path of the ice grains and to better
understand the relationship between coma
constituents and comet interiors.  For example, the
total area of exposed water ice (Fig. 1) produces
significantly less water than the observed ambient
outgassing, which thus likely has source regions
below the surface.
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Figure 1: HRI visible (16 m/pixel) and IR spectra of water ice (120 m/pixel) exposed on the surface of comet 9/P
Tempel 1.  Areas of ice are identified in the maps from color ratios for the visible and from 2.0 µm absorptions for
the infrared data.  The IR scan only covers part of the nucleus (see dashed outline).  The data were normalized to the
region outlined by the red box.  Figure modified from [3].

Figure 2:  Ice in ejecta.  Top:  MRI context image, red
line indicates the size of the IR slit.  Middle:  2.0 µm
image generated from IR scan.  Bottom:  Map of the
depth of 3.0 µm ice absorption (white is deeper, i.e.,
indicates more ice).

Figure 3:  Spectra of ejecta compared to
models that include various particle sizes of
water ice.  The best fit is to 1-10 µm size
water ice particles.
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