
Fig. 1.  The temporal response of the OH 
emission after the Deep Impact encounter, the 
points are the observations and the solid line 
is a two-step Haser model with the rate con-
stants for kp and kd of 8 x10-5 and 3.0 x 10-6 s-

1, respectively.  
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On July 4, 2005 the Deep Impact spacecraft sent a 

man made projectile into a comet (Comet 9P/Tempel 1) for 
the first time. The material released from the comet and its 
interaction with solar radiation was observed using the Keck 
telescope with the high-resolution echelle spectrograph on 
Mauna Kea.  Excellent high-resolution spectra of the emis-
sions from O(1S), OH, CN, C2, C3, NH, and NH2 radicals 
were measured.  All of these emissions were previously ob-
served from this comet before the impact but we have de-
vised a method to separate the emission due to the impact 
from those that were present before the event and thus derive 
the temporal behavior of this emission.  This is the first time 
in the history of astronomy that an astronomical event initi-
ated by man could be followed in real time.  It required the 
use of a NASA mission and the ability to use the Keck tele-
scope with it large light gathering power, spatial and spectral 

resolution to achieve this.  Using this information the time 
dependence of the changes in the emission spectra of Comet 
9P/Tempel 1 after Deep Impact are derived.  Typical exam-
ples of the results and the models used to fit them are shown 
in Figs. 1 and 2.  In cases like H2O shown in Fig.1, the model 
is a simple Haser two-step model involving the photodisso-
ciation of the parent H2O and daughter OH.  The rate con-
stant for the OH radical is as accurate as the solar flux since 
the cross section for photodissociation is based upon the 
predissociation lifetimes of the excited state that can be 
measured easily to within 10%.[1],[2] The curve shown in 
the figure will fit the observed points with a rate constant for 
the photodissociation of water of 8 x 10-5 s-1, which is in the 
high range of the reported rate constant for the photodisso-
ciation of H2O.[3]  This value is for photodissociation of 
H2O at 1.51 AU for a quiet sun, which is at least a factor of 3 
higher than the largest value reported in the literature.[ 3],[4] 

Many of the radicals require more complicated 
models such as a two-step Haser model for CN with a delay 

of 2800 s as shown in Fig.2.  In the case of some of the radi-
cals the known rate constants provide a reasonable fit to the 
observed data but in others they do not.  This can be solved 
in part by using a more complicated model that incorporates 
a second source of radicals that begins production 2700 s 
after impact.  This second source is interpreted as the expo-
sure of fresh ice buried beneath the surface of the comet as 
the dust thrown up by the impact dissipates.  In the case of 
the CN radical both the prompt and delayed emission can be 
fitted with a two-step Haser model that uses the same rate 

constants for the kp and kd of 1 x 10-5 and 3 x 10-6 s-1, respec-
tively for both of them.  Since this was derived for a comet at 
1.51 AU the rate constants should be multiplied by 2.28 to 
compare with the 1 AU rate constants for the possible parents 
of CN. This means that HCN, C2N2 and HC2CN are all pos-
sible parents of CN. 

All of the observed emissions except OH and C3 
need both a prompt and delayed emission in order to fit the 
observed temporal emission after the Deep Impact event. 
This is consistent with a model of the comet nucleus that 
consists of a layer of dust that thermally insulates a deeper 
layer with more ice and dust.  The upper layer slowly allows 
gas to percolate up to surface.  If the flow rate is high enough 
it lifts off some of the dust and if not the gas escapes into the 
coma where it is dissociates into the observed radicals. 

This and other implications of the results of model-
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