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Introduction: A long term observational campaign of 
comet 9P/Tempel 1 was established using the Spitzer 
Space Telescope (SST) IR Spectrometer instrument at 
low resolution over the  5 - 35 um wavelength range, 
coordinated with on-board low spatial resolution 16 
um peakup camera images. Good characterization of 
the nucleus, pre-impact ambient coma, and the ejecta 
were obtained. We report here on the results of the 
SST observations, the new materials found in the 
ejecta excavated from the comet's interior, and the 
resulting implications for the proto-solar nebula at the 
time of the comet's formation. 
 
Pre-encounter. Initial SST/IRS observations of the 
bare, inactive nucleus were conducted in late March 
2004 and of the dust emission in to the coma and the 
expected dust hazard to the DI spacecraft in late Feb-
ruary, 2005. The March 2004 results found a 3.3 +.- 
0.3 km nucleus at 3.7 AU from the Sun with axial ratio 
> 1.8 : 1 and low thermal inertia (< 50 MKS units) 
rotating with period of 41 +/0 1.5 hrs [1]. The spec-
trum of the nucleus was very well-fit by the Standard 
Thermal Model [2]. 
 
Once inside the ice line, the 2005 pre-impact meas-
urements found a comet dominated by emission from 
the surrounding coma, with relatively smooth, feature-
less spectrum, indicative of large (mean radius > 
100um) particles, optically thick in the 8 - 13 um sili-
cate emission bands, with a minimal silicate emission 
feature, < 20% of the underlying continuum, and 245 
K equivalent greybody temperature (Figure 1). The 
kind of dust seems "typical", on the order of 10 - 100 
um. By late 2005, a smooth coma extending through-
out the PU camera FOV is evident, and its flow into 
space typical, first in all directions, then pushed back 
by the pressure of the Sun’s light backwards into the 
comet’s tail. These results are consistent with meas-
urements of dust release observed for the comet from 
previous apparitions [3], and for the ensemble average 
of JFC family comets [4],[5],[6]. 
 
At Encounter. Measurement of  the effects of the DI 
encounter on the comet's dust were made in July - 
August 2005. The first measurements possible before 
impact, when the comet first entered the Spitzer observ-
ing window, were undertaken on 2 July 2004. Follow-
ing observations were obtained for 17 hours, until 16 
Aug 2005, spaced in time by multiples of 41 hours (the 
nuclear rotation rate), and biased for overlap with night-
time observing opportunities in Hawaii and Chile.  

At impact, things changed dramatically (Figure 1) 
[7]. Lightcurves of the comet's continuum after im-
pact on 4 July 4 2005 UT (at 16 um and within a 10-
arcsec wide aperture) shows a sharp, doubly inflected 
rise to a total post-impact excess of 25% over the 
course of two hours from the time of DI impact at 
05:52 UT. The outburst coincided with the wave of 
ejected dust that was excavated by the shockwave of 
the impact as seen by the DI flyby spacecraft. 
 
The scattering efficiency of the coma increased 
enormously, concomitant with a bluening of the scat-
tered spectrum [8], indicative of the release of large 
amounts of small, sub-micron dust. The exact nature 
of the impact particle size distribution is pending 
detailed modeling of mid-IR spectra of the ejecta 
(Lisse et al. 2006), but it is already clear from simple 
preliminary models that the range of dust particle 
sizes is much smaller than pre-impact. The observed 
change in the dust can be ascribed to breakup of the 
large, relatively fragile fractal cometary dust grains 
found pre-impact into their individual component 
subunits, ~0.1 - 1.0 um radius in size.  

 
The ejecta spectral signatures were detected from the 
time of impact through at least 41 hours afterwards, 
but by 121 hours after impact all spectral signatures 
above the pre-impact levels were absent. Spectro-
scopic chemical analysis of the ejected material at 23 
hours before impact and 0.6 hours after impact shows 
a remarkable change in the outflowing material, with 
chemical signatures more pronounced than those 
found in the spectra of the extraordinarily active 
comet Hale-Bopp or of the young dusty disk system 
HD100546 (Figures 1,2) [9],[10] .  
 
The 5-to-35 um spectra of the comet taken 45 min-
utes after impact show a flux density of about 1 Jy 
due to the ejecta on top of the ambient coma signal of 
about 4 Jy. Silicate emission features indicative of a 
crystalline olivine and pyroxene were seen in the 9 to 
37 um region of the spectrum, superimposed on a 
325-K continuum. The silicate emission bands in the 
8 to 13 um range were ~500% of the continuum. 
From the relative linestrengths of the bands, amor-
phous silicates and phyllosilicates must be present as 
well, at the 10 - 20% level. The spectral signature of 
PAHs at 6.8, 7.7 and 11.3 um is small compared to 
the silicate emission, but detectable. Features due to 
water ice, carbonates, and amorphous carbon emis-
sion materials were detected in the 5.8 to 8.0 um reg- 
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Figure 1 - Spitzer 5 - 35 µm spectra of Tempel 1. 
Left : From bottom to top, spectrum of the ambient 
coma, taken 23 hrs before impact; spectrum of the 
ejecta at 0.67h after impact; ISO spectrum of C/Hale-
Bopp (after [9]). Note the logarithmic scale.  
 
gion. New emission features at 27 - 29 um attributed 
to metal sulfides were also found.  
 
The overall temperature of the outflowing material 
appears to be very mild for such a violent event, 
about 340 degrees Kelvin, similar to the temperatures 
measured for the surface of the nucleus and small, 
semi-absorbing dust grains in the Sun's radiation field 
at 1.5 AU. There is simply not enough kinetic energy 
delivered by the impactor  - approximately 2x107 
kJoules  - to heat the approximately 107 kg of mate-
rial released by the impact more than a few degrees 
Kelvin. Thus the temperature excursions due to the 
impact are too low to alter the bulk of the ejected 
dusty materials – temperatures of > 1000 K are re-
quired to anneal silicates - and the observed material 
is thermally unaltered. Pressure excursions for the 
bulk of the ejected material were small as well [11], 
due to a combination of low tensile strength, high 
porosity, and low surface gravity. Thus Spitzer was 
directly measuring pristine cometary material from 
inside the comet, material that has been locked away 
since the beginnings of the solar system.  
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Figure 2 - Spitzer Tempel 1 ejecta spectra (bottom) 
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