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Introduction: Images obtained with the Deep Im-
pact Flyby spacecraft's Medium-Resolution Instrument 
(MRI) and High-Resolution Instrument  (HRI) during 
the  EPOXI  mission's  closest  approach  to  comet 
103P/Hartley 2  reveal  the  existence  of  numerous 
highly collimated, active, filamentary structures eman-
ating from the nucleus. Remarkably, several filaments 
also exhibited strong activity on the night-side of the 
nucleus. The resolution of larger jet-like features into 
bundles of such filamentary structures was first recog-
nized on comet 1P/Halley with the  Giotto HMC cam-
era [1, 2]. Although the past two decades have seen ex-
tensive  analytical  and  numerical  work  to  model  the 
physical processes controlling filament and/or jet out-
gassing [4,  5,  6,  7,  8],  new physical  constraints  im-
posed by the recent observations of Hartley 2’s surface 
and inner coma merit revisiting this problem and ap-
plying appropriate dimensional and topographic con-
trols to numerical hydrocode calculations. 
     Background: Outgassing from cometary nuclei has 
been observed to occur in a wide variety of styles, in-
cluding diffuse sublimation through large surface areas 
[3], fan-shaped emission structures, and persistent, col-
limated, jet-like features. The conditions under which 
highly collimated jets may form and the mechanisms 
by which  these  discrete  outflows are  sustained have 
been of particular challenge to model effectively. Nu-
merical methods for modeling cometary activity often 
take a more global approach [4, 5] whereas many of 
the analytical or numerical studies dedicated to model-
ing jetting feature dynamics are confined to 1-D [6, 7]. 
In light of the images obtained by the EPOXI mission 
to Hartley 2, many of the global, larger-scale studies of 
cometary activity do not include sufficient resolution 
to explore the very fine-scale activity (filaments with 
bases on the order of 10-40 m) seen on Hartley 2.

Most recently [8], it has been suggested that the ef-
fusion of super-volatiles (e.g. CO, CO2) through diffus-
ive pathways within the nucleus' subsurface and then 
the  subsequent  interaction  of  these  volatiles  with  a 
comet's ambient H2O atmosphere will achieve jet col-
limation consistent with observations of comet nuclei 
(6-10° cone angle). In order to explore this proposed 
mechanism more fully,  and  to incorporate  data from 
EPOXI in the modeling constraints, we are conducting 
a numerical study of jet formation using CALE [9], a 
2-D  Arbitrary  Lagrangian  Eulerian  hydrodynamical 
code  developed  by  Lawrence  Livermore  National 
Laboratory (LLNL).

    Numerical Approach:  In the past, there has been 
considerable debate in the literature, e.g., [7, 10], over 
the role of cometary nucleus topography or structural 
heterogeneity in controlling jet  formation and evolu-
tion. However, as the resolution of spacecraft CCD im-
agers has improved, the case for a structural origin of 
collimated features has been strengthened. The setup 
for our numerical studies is based loosely on the qualit-
ative model for  the evolution of a vent  suggested in 
[11],  where a  structural  weakness within the comet's 
dusty mantle leads to a slumping of warm material into 
underlying frozen volatiles and a resulting activation of 
the jet. While the 1-D steady-state analytic model em-
ployed by [7] was based on a similar idea, simulations 
using CALE are capable of tracking the first-order 2-D 
temporal evolution of such a feature. Such work rep-
resents a first step in developing a full 3-D numerical 
model.  Parametric  studies  using  initial  conditions as 
constrained by EPOXI observations of Hartley 2’s sur-
face  [see  12]  will  provide  insight  into  possible  pro-
cesses driving the formation, collimation, and persist-
ence of fine-scale cometary jet features.
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