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ABSTRACT

IUE observations of Comet Bradfield (1979%) made from 10 January 1980 to
3 March 1980 permit a detailed study of water production for this comet.
Brightness measurements are presented for all three water dissociation
products, H, O, and OH, and comparisons are made with model predictions. The
heliocentric variation of the water production rate is derived.

INTRODUCTION

Recent observations of Comet Bradfield (1979%) have convincingly demon-
strated the advantages of the IUE for the study of comets. In particular,
these IUE observations allow an in-depth study of the production of water,
the presumed primary constituent of the cometary nucleus, as all three water
dissociation products, H, O, and OH, were observed simultaneously. The ex-
cellent pointing capability of the instrument and the ability to obtain
spatial imaging within the 10" x 20" aperture allowed us to map the bright-
ness across the coma for each species at a resolution of ~1000 km, thus
facilitating comparisons with model predictions. Comet Bradfield was observed
at least once a week from 10 January 1980 to 3 March 1980 enabling us to
follow the variation in the water production rate as the comet's heliocen-
tric distance increased from 0.71 a.u. to 1.53 a.u. This provided another
important insight into the nature of cometary phenomena.

MODEL

A radial outflow model (ref. 1) was used to interpret the data and to
calculate water production rates. This is a spherically symmetric model °
which assumes that all species flow radially outward from the nucleus with a
constant speed. The outflow velocities and characteristic lifetimes against
destruction for the given atoms or molecules are the input parameters and the
model then gives the density of the species as a function of distance from
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the nucleus. Densities are converted to column densities which are then
related to surface brightness, assuming resonant scattering or resonance
fluorescence to be the only important excitation mechanism for ultraviolet
emission. : .

Figure 1 shows a comparison of model and observation for OH. The labels-
A and B refer to the same model but using different input parameters for V4.0
and Tgg. A more exact model (ref. 2), taking into account the spatial 2
distribution of the dissociation fragments, gives essentially the same fit 1o
the data. The derived OH production rate, QOH’ depends on the chosen input
parameters. It was obtained from the absolute OH brightness measurement
using an excitation factor for resonance fluorescence (g-factor) calculated
by A'Hearn et al. (ref. 3). Unfortunately, brightness data at projected
distances >105 km are needed to choose between the two curves shown.

DISCUSSION

The study of the OH (and presemably Ho0) production rate vs. heliocen-
tric distance shown in Fig. 2 produced some interesting and rather surprising
results., It is usually assumed that this variation has an r~? dependence,
based on the concept that the comet's absorption of solar radiation controls
the vaporization of gas from the nucleus. Our result that the production
rate decreases as r~3:7 is in disagreement with this assumption and is also
quite different from the results derived from OAO-2 observations of Comets
Bennett (1970 II) and Tago-Sato-Kosaka (1969 IX) (refs. 4, 5).

While the OH emission is optically thin, this is not the case for the la
emission of atomic hydrogen. An approximate radiative transfer calculation
is used (ref. 6) to relate the measured surface brightness to column density
for comparison with the model. Since our measurements are confined to
regions relatively close to the nucleus we neglect radiation pressure. The
data, shown in Fig. 3, are in reasonably good agreement with predictions
based on the derived Qpy values.

In principle we can use oxygen to distinguish between models A and B
because 0 will be twice as abundant when Toy is half as large. However, the
oxygen problem is complicated by other factors. First, it is difficult to
calculate an accurate g-factor as the cometary absorption wavelength is
doppler-shifted into a steeply-sloped portion of the corresponding solar
line (ref. 7). Also, since the absorption takes place from a 3P term, it is
necessary to know the relative populations of the fine structure levels of
the ground state. Finally, it appears that the oxygen emission is barely
optically thick. ‘

Nevertheless, some qualitative information about the source of the
oxygen may be obtained from an examination of the spatial variation of the
oxygen, both from offset exposures and from variation within the aperture
itself. Oxygen produced from a second dissociation:
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H,0 + hv ~ OH + H
OH + hv > 0 + H

leads to an integrated column density which is independent of projected
distance near the nucleus. The data, however, show a variation in brightness
near the nucleus indicating a direct dissociation source of oxygen. Two
possibilities immediately come to mind. Oxygen in the ground state may be
produced from direct photodissociation of Hy0 via the reactions:

H,0 + hv » O[(!D) or (1S)] + Ha
o[(!D) or (18)] » 0(3P) + hv.

The presence in our spectra of the "trans-auroral" oxygen line at 2972 )
suggests that such a process may play a role in oxygen production. If this
photodissociation channel operates at a 10% efficiency level (ref. 2) (with
90% of the H,0 dissociating into OH + H) then the agreement between model
predictions and the data is much better than for the case when only a second
dissociation is considered (see Fig. 4). The other possibility is a source
of O which is not water. Likely candidates are CO and COz. An estimate of
their importance may be obtained by reference to the carbon emission lines
also present in the spectrum.

CONCLUSION

The data presented here represent a small sub-set of all the Comet
Bradfield observations containing spatial information about the water dis-
sociation products. Continuation of this analysis with the remaining data
should serve to place further constraints on water production models for
comets.
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Fig. 1. Comparison of the OH (0,0) band brightness profile with a radial
outflow model using the parameters defined in the insert. Data from three
exposures are shown as rectangular boxes, the horizontal size being the
projected length of the spectrograph slit on the comet and the vertical
size the measurement uncertainty.
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Fig. 2. Brightness of the OH (0,0) band as a function of heliocentric
distance. Also shown is the derived OH production rate using model A.
Model B reduces the production rate by a factor of two for each measure-
ment but leaves the slope unchanged.
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Fig. 3. The two curves show the predicted HI Lo brightness as a function of
heliocentric distance using models A and B and Hy0 production rates derived
from the OH measurements. The plotted points represent the measured .
values. The dots include a subtraction of geocoronal La while the x's do
not.
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Fig. 4. Comparison of the 0(1302 X) brightness profile with model pre-
dictions. All three curves have been normalized to the observed average
brightness obtained with the aperture centered on the nucleus. Curves A
and B are the same.-as in Fig. 1 and assume a 10% branching ratio for
direct production of 0. Curve C is for zero branching and is the same
for both models.
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