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Introduction:  Comet missions are changing the 

paradigm for understanding comet activity, composi-
tion, and the formation of planetesimals in the pro-
toplanetary disk.  Prior to the comet 103P/Hartley 2 
EPOXI encounter, the prevailing view was that H2O-
ice sublimation controlled most comet activity[1].  For 
low albedos, H2O-ice sublimation begins ~6 AU, de-
veloping strongly at ~3 AU from the sun[2]. Other vola-
tiles trapped within H2O-ice are released from distant 
comets first entering the inner solar system when 
amorphous ice crystallizes. Differences in the amounts 
of minor parent/daughter photodissociation species are 
attributed to differences in formation location, temper-
ature and disk chemistry.  However, reconstructing the 
protoplanetary disk dynamics and chemistry consistent 
with observations hasn’t yet been achieved. 

     Stardust mission samples from 81P/Wild 2 
revolutionized our belief that comets formed in the 
outer nebula by showing that the refractory dust origi-
nated from both high and low-temperature regions in 
the protosolar nebula[3].  Recent dynamical models also 
suggest widespread planetesimal movement within the 
disk[4], and current models of disk chemistry require 
vertical and radial chemical gradients, complex tem-
perature-dependent chemistry and mixing, and ice-
condensation lines that move with time.  Protoplane-
tary disk observations show that the planet-forming 
zone chemical environment is extremely rich, with 
H2O and CO2 as likely tracers of planet formation[5]. 

The EPOXI encounter provided stunning images of 
a small nucleus with strong chemical heterogeneity and 
a swarm of icy chunks probably driven from the nucle-
us by jets of CO2

[6].  The EPOXI observing ground 
based campaign provided a long-term baseline of ob-
servations showing the brightening of the comet as it 
approached the sun.  The data were modeled with ice-
sublimation models that showed that H2O-ice sublima-
tion alone could not reproduce the light curve, but con-
sistent with the EPOXI observations, the addition of a 
late onset of CO2 outgassing from deep layers could[7]. 

New Observations:  When we compared the nu-
cleus sizes determined from the SEPPCoN survey[8] 
with the production rates determined from ground-
based spectroscopic surveys[9,10], we were able to com-

pute the fractional active surface areas (Fig. 1).  As 
expected from previous work (including the Deep Im-
pact in-situ mission[11]), most comets have small (few 
percent) effective H2O sublimation surface areas, how-
ever there are some comets, like 103P/Hartley 2 that 
have large active surface areas. These comets, like 
103P/Hartley 2, may be hyper-active, with CO2 ena-
bling escape of water-ice chunks near perihelion, in-
creasing the effective sublimation area. We have con-
tinued observations of this comet  in order to refine our 
activity models as it receeds from the sun.  In addition, 
we are undertaking a new observing program using 
facilities on Mauna Kea, in Chile, India and at Calar 
Alto with the aim of modeling the activity in comets 
with estimates for their CO2 abundance (from WISE, 
and Akari satellites) to test this hypothesis.  We will 
present our new data and models for 103P/Hartley 2. 

Figure 1 – Fractional active surface area for comets with 
known nucleus sizes and outgassing rates, showing that most 
comets have only a small fraction of their surfaces active.  
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