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Introduction:  The DIXI portion of the EPOXI 

mission centered about a flyby of comet 103P/Hartley 
2 on 4 November 2010.  This comet is among a small 
subset of comets that are hyperactive in that their cal-
culated active fractions are of order 100% or more, 
contrary to the majority of comets for which the active 
fractions are of order 10% or less.  We will provide an 
overview of the results as an introduction to more de-
tailed talks in this session [1].  

The comet clearly “works”, i.e. drives its activity, 
differently from most comets, with gaseous CO2 being 
the primary driver rather than gaseous H2O.  The high 
CO2 abundance forces a re-examination of other data 
on volatiles (H2O, CO3, and CO) that suggests that our 
classical picture of where comets formed is incorrect. 

How Hartley 2 Works:  The activity of comet 
Hartley 2 is driven by gaseous CO2 escaping from be-
low the surface.  This activity in turn carries grains of 
frozen H2O into the coma where they subsequently 
sublimate to provide a significant fraction of the water 
released by the comet.  The icy grains extend up to >10 
cm in diameter and thousands of the largest individual 
grains are seen individually, some of which may be 
refractory while others are relatively pure H2O. 

Many of the largest grains have been tracked across 
tens of images to determine their 3-D positions and 
motions.  None have been observed beyond ~35 km 
from the nucleus, although there is some selection ef-
fect in the data.  Some, perhaps 10%, are moving at 
below the local escape velocity and therefore can re-
turn to the nucleus.  The only systematic direction to 
the velocities is a tailward component, without any 
obvious radial component.  This tailward motion oc-
curs both for grains very close to the nucleus, which 
might be entrained in the gas flow, and for grains rela-
tively far from the nucleus (>10 km). 

Nuclear Characteristics:  The bi-lobed nucleus is 
nearly axially symmetric, with a large end and a small 
end, separated by a waist of unusually smooth terrain.  
One of several possible explanations of the waist is 
that it is composed of grains that were traveling at less 
than escape velocity that have accumulated in the 
deepest potential well of the gravitational field.  The 
smaller lobe, roughly half the diameter of the larger 
lobe, is much more active than the larger lobe. 

The nucleus is rotating in an excited state, probably 
a long-axis mode.  The dominant period is precession 
of the long axis around the axis of maximum moment 
of inertia with a period that increased roughly from 16 
½ to 18 ½ hours over about 3 months.  Spin around the 

long axis has a period that is approximately 1.5x or 3x 
the precessional period.  Extrapolation backward im-
plies that the rotational state was unstable only a few 
orbital periods ago. 

H2O ice is visible on some parts of the surface, 
primarily in regions of rough topography in what is 
thought to be the morning hemisphere (the direction of 
the spin is not well constrained) and best seen on the 
larger lobe.  There are numerous jets emanating from 
areas in darkness, typically in what is thought to be just 
beyond the evening terminator and some of these jets 
show grains of frozen H2O.  The mass loss from the 
nucleus integrated over an orbital period was roughly 1 
½% of the total mass during the 1997 apparition and 
roughly ½% at the current apparition.  This rate corre-
sponds to an average loss of several meters of surface 
averaged over the entire nucleus at each apparition. 

The overall morphology of the surface is quite dif-
ferent from that of other nuclei of which we have 
close-up images, although many individual features on 
Hartley 2 can be seen on one or another of those com-
ets. 

Composition and Origins:  The CO2 abundance in 
the inner coma, relative to water, varies with rotation 
between 10% (large lobe sunward) and 20% (small 
lobe sunward) [1] while the CO abundance, at 0.2% 
when CO2 is 20%, is the lowest ever directly measured 
in a comet [2].  This triggered a re-examination of 
abundance ratios measured in other comets, which 
show very little correlation with measures of evolu-
tionary age as well as very little difference between 
Jupiter-family comets and others. 

We suggest that both Jupiter-family comets and 
comets arriving ultimately via the Oort cloud, or at 
least the larger cometesimals of which they consist, 
formed in substantially overlapping regions and were 
later separated dynamically.  Both origins scenarios 
and evolutionary scenarios explain many but not all of 
the observations of cometary nuclei but neither ex-
plains all the observations and the key challenge is to 
separate the two sources of differences. 
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