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Abstract
We present here a model of the nucleus of Jupiter-
family comet (JFC) 22P/Kopff and its activity, based
on a quasi-3D thermal modeling approach. The basic
model and its variations were fitted to the dust activ-
ity observed on 22P/Kopff, and analyzed through the
Finson-Probstein dust-dynamical modeling technique.
Combining the existing observations and two distinct
modeling approaches gives insight into the structure
of the sub-surface layers of the nucleus and ability to
constrain some of the unknown internal physical char-
acteristics.

1. Introduction
Comet 22P/Kopff has been observed extensively on
different occasions and has had several close ap-
proaches to Jupiter, setting its current orbit as a JFC
with a period of 6.45 yr, perihelion distance of 1.58
AU and a low inclination [5]. It presents coma activ-
ity, even before perihelion [5, 6], and a dust trail, dis-
tinguishable as an extended feature in both optical and
IR measurements [4]. Observations suggest a nucleus
of radius RN = 1.89 ± 0.16 and low thermal inertia
I ≤ 30 J/K/m2/s1/2 [3], albedo of pV = 0.042±0.006
[5] and a rotation period of ∼ 13 hr [6].

2. Dust-Dynamical Modeling
Past observations of 22P/Kopff were used to make
deep composite images to search for dust activity. One
of the data sets (Jan. 1992) was taken post-perihelion
and displayed a distinct tail feature and directed emis-
sion. This was modeled using a modified F-P method
[1, 2], where dust grains are dragged off the nucleus
by entraining gas flow to within a few nuclear radii,
where they are decoupled from the gas. By computing
the trajectories of dust grains ejected from the nucleus
at a certain velocity, the scattered light from the dis-
tribution of emitted particles can be added up to pro-

duce a synthetic tail. This is compared to the surface
brightness derived from the real data. The data is then
inverted and information about the grain size distri-
bution, ejection velocity and onset and cessation of
activity is obtained. The best-fit model for the latter
data set corresponds to 715 days post-perihelion and
required emission near the south pole of the nucleus,
with the southern rotation pole located at RA = 270◦

and DEC = −50◦. The contour plots for the data
and the model are shown in Fig. 1. The onset of parti-
cle emission for the jet was modeled to begin T − 200
days pre-perihelion and continue until T + 500 days.
The detached dust tail suggests that there was very lit-
tle recent (relative to perihelion) emission. The par-
ticle sizes range between 300-3000µm. However, it
should be noted that if particles smaller than 300µm
were ejected 500 days before perihelion, they would
have traveled so far from the nucleus, that by the time
observations were made they would have cleared the
image’s field of view.

Figure 1: Top: Median combined composite image of
comet 22P/Kopff, from Jan. 6, 1992. Note that the tail
is disconnected from the nucleus. Bottom-left: Con-
tour plot for the median combined composite image.
Bottom-right: Contour plot of the best-fit model.

3. Thermal Evolution Modeling
Thermal evolution models of the nucleus of 22P/Kopff
were calculated, by means of a quasi-3D code [7, 8]
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that calculates the coupled heat transfer and gas flow
within a porous medium, accounting for diurnal and
latitudinal variations, but neglecting lateral heat con-
duction. We focused on the location of the directed
emission, as derived from the dust-dynamical mod-
eling. The nucleus model is assumed spherical, ini-
tially homogeneous and composed of amorphous wa-
ter ice (at the initial stage), occluded gas species (CO,
CO2 and HCN) and a dust component (grains of sili-
cates and minerals). In order to investigate the effect
of some key parameters on the dust activity emanat-
ing from the nucleus, we vary the parameters control-
ling the composition and structure of the nucleus. We
ran each variant through an evolution of ∼100 yr and
recorded of both the internal evolution and external ac-
tivity. Fig. 2 presents the production rates of dust, as a
function of days relative to perihelion, for the two best-
fit models and best-fit orbits. The two models differ by
the properties of ejected grains and bulk thermal con-
ductivity. An immediate distinction is that none of the
orbits reproduce exactly the dust emission. However,
considering the large number of free parameters in a
full thermo-chemical simulation [7], we do not expect
a complete reconstruction of the dust behavior. The
leading parameters for our determination are the onset
and cessation times and the extended production rate
in the close vicinity of the perihelion passage.

Figure 2: Dust production rates of the two best-fit
models and orbits per model: Run4 with early orbits
(left) and Run1 with later orbits (right).

4. Summary and Conclusions
We explored several internal configurations for the nu-
cleus of 22P/Kopff, in order to match its observed un-
usual dust activity around perihelion. An outstanding
result from the dust-dynamical modeling was that ac-
tivity is connected with a localized region on the south-
ern hemisphere. If the comet nucleus is evolved and
is not a newcomer to the JFC population (i.e., Run1
model), we can conclude that it’s bulk thermal con-
ductivity is reduced, due to porosity distribution in the

sub-surface. We can also note that the largest grains
have probably been emitted at or very near perihelion,
indicating possible two sources of activity: Strong gas
flow at perihelion to blow-off the large grains and a
more prolonged source, accounting for the extended
post-perihelion grain distribution. These can be con-
nected to sublimation (water or other volatiles) at dif-
ferent sub-surface depths and result from the stratified
structure inherent to thermally evolved comets.

Acknowledgements
This material is based upon work supported by the Na-
tional Aeronautics and Space Administration through
the NASA Astrobiology Institute under Cooperative
Agreement No. NNA09DA77A issued through the
Office of Space Science.

References
[1] Farnham, T. L.: PhD Thesis, University of Hawai’i,

1996.

[2] Finson, M. and Probstein, R.: A theory of dust comets.
1. Model and equations, ApJ, Vol. 154, pp. 327-380,
1968.

[3] Groussin, O., Lamy, P. L., Toth, I., Kelley, M., Fer-
nandez, Y., A’Hearn, M F., Campins, H., Licandro, J.,
Lisse, C., Lowry, S. C., Meech, K. J. and Snodgrass, C.:
The size and thermal properties of the nucleus of Comet
22P/Kopff, Icarus, Vol. 199, pp. 568-570, 2009.

[4] Ishiguro, M., Watanabe, J., Usui, F., Tanigawa, T., Ki-
noshita, D., Suzuki, J., Nakamura, R., Ueno, M. and
Mukai, T. : First Detection of an Optical Dust Trail along
the Orbit of 22P/Kopff, ApJL, Vol. 572, pp. L117-L120,
2002.

[5] Lamy, P. L., Toth, I., Jorda, L., and Groussin, O.,
A’Hearn, M. F. and Weaver, H. A.: The Nucleus of Comet
22P/Kopff and Its Inner Coma, Icarus, Vol. 156, pp. 442-
455, 2002.

[6] Lowry, S. C. and Weissman, P. R.: CCD observations of
distant comets from Palomar and Steward Observatories,
Icarus, Vol. 164, pp. 492-503, 2003.

[7] Prialnik, D., Benkhoff, J. and Podolak, M.: Modeling
the structure and activity of comet nuclei, Comets II, pp.
359-387, 2004.

[8] Sarid, G., Prialnik, D., Meech, K. J., Pittichova J.
and Farnham, T. L.: Thermal Evolution and Activity of
Comet 9P/Tempel 1 and Simulation of a Deep Impact,
PASP, Vol. 117, pp. 796-809, 2005.


