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Brightness Profiles in the Neutral Coma of Comet Bennett (1970 I1)

A. H. DELSEMME and J. L. MOREAU Department of Physics and Astronomy. The University of

Toledo, Toledo, Ohio, USA

Brightness profiles of C, and CN have been measured from spectra of Comet Bennett (1970 II). Scale lengths are
deduced from the decay of these radicals and for the decay of their parent molecules, at different heliocentric
distances r. Reduced to 1 AU, the scale length of CN is found to be 10%-15::2-93km_and that of C,, 104-80£9-03km,
both varying with r?; the scale length of the CN parent molecule is 10*-7 =°-'km, and that of the C, parent molecule,
104-3£0-1km; both grow with increasing r, but probably less quickly than the square law. The results would also be
consistent with a halo of vaporizing grains of radius 1042 +°-2km at 1 AU, varying in proportion with r.

It has been established (Yoss 1953, Miller 1967)
that in the cometary head, the light emitted by the
neutral radicals shows essentially circular isophotes.
The brightness profile from the nucleus outwards
is hence the major feature to observe and explain.
Different techniques have been used to study these
brightness profiles in monochromatic light. Photo-
electric photometry with properly chosen filters
(Schmidt and van Woerden 1957, O’Dell and
Osterbrock 1962, Vanysek and Tremko 1964,
Vanysek 1969) has two basic limitations, (a) in
spatial resolution, because of the rather larger
entrance pupil of the photometer (often one arc
minute or more), and (b) in spectral purity, because
of the rather large transmission wings of the filters
used, often extending over a range of more than
one hundred Angstroms. Photographic plates ex-
posed through properly chosen filters (Miller 1961,
1967, Ishida and Kosai 1970, 1971) have the same
spectral contamination problems, and objective-
prism photographs (Vanysek and Zacek 1967) have
poor spatial resolution because of short focal
lengths. Even Malaise’s (1968) cometary photo-
meter, in spite of its specific design, keeps the basic
spatial limitation of photometry: on the bright
comet Bennett, it was mostly used with a 14-arc-sec
stop (Malaise, personal communication).

The best data for the study of the inner coma
seem therefore still to have been obtained by
microdensitometry of large-dispersion spectra
(Malaise 1966), for the following reasons: (a) the
spatial resolution can easily reach 2 arc sec for a
well-guided spectrum; and (b) the spectral resolu-
tion can simultaneously reach one Angstrom or less;
this is particularly important in the inner coma,

where the brightness ratio of the continuum-
versus-discrete emissions is much larger than else-
where.

This techmque has never been extended to the
outer coma, probably because of the long exposure
times required. Therefore, observational profiles
not only covering a large spatial range, but also
reaching high spatial and spectral resolutions in the
inner coma, have not been obtained so far. This
type of profile is needed for comparison with
brightness models of the cometary head (Haser
1957), in particular to measure the scale length of
the exponential decay of unobservable parent
molecules into light emitters, simultaneously with
that of the light emitters into unobservable frag-
ments. In order to obtain such a profile, different
results were combined at least once into a compo-
site curve (Miller 1967), which was compared
with theory with difficulty (Delsemme and Miller
1971a).

A modification of the technique using spectra
is reported and used here. It provided photometric
profiles of C, and CN, for the first time from spectra
extending into the outer coma. A sequence of 81
spectra of Comet Bennett (1970 II) has been
obtained during 15 nights from 30 March to 7 May
1970, with the Cassegrain spectrograph of the 40-in
Ritter telescope of the University of Toledo. The
spectra were usually recorded in groups of four or
five during the same night, on the same plate, with
exposure times typically in the following pro-
gression: 20 sec, 1 min, 3 min, 10 min and 30 min.
The sequence was repeated twice whenever the
observing conditions permitted. The image intensi-
fier allowed these very short exposure times for a
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dispersion of 90 A/mm in the first order. The
shortest exposures showed the continuum and the
discrete emissions in the central part of the coma,
and the longest exposures showed the extent of the
C, and of the CN profiles up to and sometimes
even farther than 10° km from the nucleus. This
procedure was needed because the characteristic
curves of the spectroscopic plates used (103 a0
and II aO) do not effectively cover much more than
a factor of ten, whereas the brightness falls off by
much more than that at large distances from the
nucleus. Each spectrum was therefore used only in
the range where the density was at its best, that
is, in the straight part of its characteristic curve
whenever possible, and the large overlapping of the
ranges allowed an easy connection from the shortest
to the longest exposures.

For the present study, 39 spectra from five
nights were selected that met the following criteria:
they were all well guided on the center of the slit;
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FIG. 1. Photometric profiles of the C, (0-0) band,
showing behaviour of log of brightness B versus log
of distance R from the nucleus. The line marked
s is sunwards and that marked ¢ is anti-sunwards.
In the remaining cases s and a profiles are identical.
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FIG. 2. Photometric profiles of the CN (0-0) band
showing behaviour of log of brightness B versus log
of distance R from the nucleus. The line marked
s is sunwards and that a is anti-sunwards.

they were in sharp focus; they did not show any
vignetting of the molecular bands to be studied;
they had no fog due to an image intensifier flash;
and they had a calibration edge. As the spectro-
graph slit was aligned along the radius-vector to
the sun, the two brightness profiles that have
always been measured were sunwards and opposite
to the sun. When two sequences of spectra were
taken during the same night, the reproducibility
of the two composite profiles (usually taken half
an hour apart) was such that no deviation was
observed that was larger than the width of the lines
as drawn in Figures 1 and 2.

Through the courtesy of Dr H. W. Dodson-
Prince, the microdensitometer of the McMath
Hulbert Observatory in Pontiac, Michigan, was
used; in order to have good spatial and spectral
resolutions, the scanning spot was reduced to a
square of 30 um. This was selected as the best
compromise with the background noise. Cross-
sections of the C, (0-0) band and of the CN(0-0)
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band were recorded on each individual spectrum, at
various distances from the nucleus; that is, along a
number of lines parallel to the dispersion and
15 um apart. For accurate measurement of these
small displacements, a gear was added to the
densitometer thanks to Dr O. C. Mohler’s ingenuity
and courtesy. Approximately 1200 cross-sections
of the bands were transformed, through the
characteristic curve of each photographic plate,
into arbitrary brightness units, and each provided
one point in a brightness curve.

As the ranges of the individual brightness curves
were all overlapping, by design, the composite
brightness curve was constructed by a translation
of each individual curve until coincidence of the
overlapping parts. This procedure was judged
safer than the use of the ratio of the exposure
times, which should have been corrected by the
differential seeing condition and atmospheric
absorption. The composite profiles are shown in
Figure 1 for C, and in Figure 2 for CN. The indi-
vidual points are not shown, to avoid blurring the
diagrams, but their standard deviation was about
twice the thickness of the line used for the profiles
in Figures 1 and 2. Results for C, are lost for
31 March because of vignetting. When two profiles
are given, s stands for sunwards and a for anti-
sunwards. When (for C,) one profile only is given
for a particular day, this means that the two profiles
a and s are identical. When they were not identical,
an average profile (not shown) was also computed
by assuming that the distortion was due to a
repulsive acceleration from the sun.

All the profiles were then compared with Haser’s
model by the procedure of the logarithmic bright-

ness gradient, described in detail in Delsemme and
Miller (1971a), and the use of their Table III,
p. 1267. The profiles were also compared with the
model of the halo of vaporizing icy grains, also
described by Delsemme and Miller. Unfortunately
the fitting is equally good in both cases, and our
observational material does not allow the choice of
which model is best. Table 1 lists the parameters
of Haser’s model giving the best fit with the
observations. The errors give the accuracy of the
fitting to the model; they are not an assessment of
all the possible errors.

The fitting to the icy-grain model is consistent
with a halo of vaporizing grains given by log R =
4.840.2 (with R the halo radius in km at 1 AU)
shrinking in approximate proportion to the helio-
centric distance from 1.1 to 0.6 AU. The scale
lengths for CN or C, decay would remain practically
the same as in Table 1, whereas those for the
parent molecules become upper limits; in this
model, the lower limits are vanishing and the
parent molecules could be nonexistent. The size
of the icy halo is consistent with that found in
Comet Burnham (1960 II) (Delsemme and Miller
1971a,b). Unfortunately, as Comet Bennett was
a very dusty comet, the solar light reflected by the
possible icy-grain halo cannot be singled out as
for Comet Burnham (1960 II) (Delsemme and
Miller 1971b), because it would be much fainter
than the light reflected by the dust. However,
observations of the continuum of Comet Bennett
(Delsemme and Moreau 1971) are not inconsistent
with a mixture of dust and vaporizing grains of
ice.

Figures 3 and 4 show the dependence on helio-

TABLE 1
Scale lengths for molecules in the coma

Number CN C,
Dates r A of —logco —log ¢ —log ¢co —log ¢y

spectra (km) (km) (km) (km)
3.31.70 0.595 0.711 10 4.744+0.04 4.34+0.06 — —_
4.10.70 0.713 0.871 8 4.804+0.06 4.30+0.10 4.45+0.05 4.15+0.05
4.17.70 0.825 1.030 8 5.00+0.05 4.50+0.05 4.60+0.05 4.15+0.06
4.18.70 0.841 1.054 8 5.05+0.05 4.65+0.08 4.65+0.05 4,15+0.04
5. 5.70 1.118 1.459 5 5.25+0.05 4.65+0.08 4.95+0.05 4.35+0.04

r denotes heliocentric distance, A denotes geocentric distance of the comet, ¢; * is the scale length for dissociation
of the parent molecule into CN or C,, ¢yt is the scale length for the decay of CN or C, into unobservable

species.
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FIG. 3. Dependence on heliocentric distance of the
scale length of C, and of its parent.
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FIG. 4. Dependence on heliocentric distance of the
scale length of CN and of its parent.

centric distance of the scale lengths of CN, of C,,
and of their possible parents. The straight lines
represent a square law of the distance. The
observations fit rather well with such a law for the
decay of C,, as well as for that of CN, thus con-
firming the usual assumption that this decay is in-
duced in both cases by the solar flux of radiation
and, possibly, of particles. It also shows that
during the observations of Comet Bennett, there
was no wide fluctuation of that part of the solar
flux, in the far ultraviolet or in the solar wind, that
is effective to make radicals decay. For the parent
molecules either of CN or of C,, the dashed line
represents the square law of the distance (slope +2)
while the solid line is the proportional law (slope
+1). If the icy-halo model is used, the explanation
of the proportional law is given by the theory;
see Delsemme and Miller (1971b), Figure 5. The
proportional law fits the points somewhat better,
but these points are too much scattered to rule out
any value of the slope between +0.7 and 2.0 for the
CN parent, between +0.8 and +1.6 for the C,
parent. The instrumental resolving power does
not seem to influence our results much. Indeed,
the smallest of the scale lengths measured (—log
¢, = 4.15) corresponds to an angular size 21 arc sec,
and the square root of the sum of the squares of
the worse seeing disk radius (3 arc sec), guiding
error radius (3 arc sec), photographic diffusion radius
(2 arc sec), and microdensitometer spot half-width
(2 arc sec) gives a total convolution whose radius is
about 5arcsec. Hence fluctuations in the total
resolving power conceivably can give some
scattering in the results, but are unlikely to change
their order of magnitude.

The fact that an r? law is probably excluded for
the scale of the C, parents, and is not very likely
for that of the CN parents, seems to suggest,
either that the parents’ decay might not be linked
in a simple way to the solar flux, or that the icy-
grain model is correct. The present results seem
to have established rather good scale lengths for
the decay of CN and C,, and to have shown that
they vary as expected with a square law of the
heliocentric distance. They also seem to have
proved our point that, if properly used, if possible
with larger instruments and longer focal lengths, this
method is the best to study the photometric profiles
with enough spatial and spectral resolution.
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