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SPECTROPHOTOMETRY OF COMET AUSTIN (1982g)
DURING POST-PERIHELION PERIOD

P.S. GORAYA,B.S.RAUTELA,andB. B. SANWAL
Uttar Pradesh State Observatory, Manora Peak, Naini Tal, India

(Received 30 September, 1983)

Abstract. Spectrum scans have been obtained of the head of Comet Austin on six nights at helio-
centric distances (r) from 0.70 to 0.87 AU. The useful spectral region is AA330-750 nm. Strong
emission features of CN (388 nm) and Swan band sequence of C, (474, 516, and 563 nm) were
identified. Weak emission features of CH + C,(436 nm), C,(600 nm), CN(420 nm) and CH + C,(405
nm) have also been found present. There is a change in the ratio of CN(388nm) to C,(516 nm)
emission strength with increasing heliocentric distance. An estimate of the CN and C, abundances
has been made and their production rates have been derived. The continuum of the comet is strongly
reddened with reference to Sun. The continuum matches the scattered continuum of solar radiation
according to A? law (Mie scattering) closely.

1. Introduction

In order to properly understand the nuclear structure of comets, it will be necessary to
explain, quantitatively, the evaporation processes leading to the production of radicals,
that are observed in cometary comae. The abundances of molecules and their production
rates help us to understand the nature of the nucleus. Ideally, the abundance and the
production rate of a given type of cometary molecule can be derived from ‘mono-
chromatic’ observations in the light of an emission band due to particular molecule under
consideration. Besides; the colour of the continuum of the coma in the visible region is not
still clear. The colour depends on the size and nature of the particles responsible for scat-
tering and absorbing the continuum radiation from the comae of comets. Spectrophoto-
metric observations of the coma of a comet provide an opportunity to study both; its
continuum and emission spectrum. We have, therefore, carried out a continuous scanning
on the emission features as well as the continuum in the spectrum of Comet Austin in the
visible region.

The comet was also observed by McCracken and Brown (1982). The spectrograms of
Comet Austin, obtained by them, on August 19.06 UT showed emissions by CN, C,, C;,
CH, and [OI]. Also, they noticed a weak continuum. Their observations refer to near
perihelion period. Later on they again obtained spectrograms on August 26.06 UT, and
confirmed the earlier reported emissions. In addition, emissions at OH and NH were also
observed from the head of the comet.

2. Observations
The comet was observed on six nights, (basic parameters are given in Table I) at helio-

centric distances from 0.70 to 0.87 AU, with spectrum scanner, mounted at the Cassegrain
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TABLEI
Basic data of Comet Austin (1982g)
Radius of the Area of the sky at
Date circular region in distance A admitted
September, 1982 A r sky at distance A through diaphragm
aT) (AU) (AU) my (km) x 10* (km?) x 108
5.6 0.94 0.70 6.35 1.46 6.69
8.6 1.02 0.73 6.60 1.58 7.88
9.6 1.05 0.74 6.75 1.63 8.35
18.6 1.27 0.83 7.70 1.97 12.22
20.6 1.32 0.86 7.90 2.05 13.20
21.6 1.34 0.87 8.00 2.08 13.60
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Absolute flux distributions of the head of Comet Austin (1982g) on various dates, normalised
to A500 nm. The normalisation point is shown by a bigger dot.
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focus (f/13) of the 104-cm reflector. The image has a scale of 15 arcsec mm™' at the
cassegrain focus of the reflector. A circular diaphragm of 3 mm corresponding to 45 arc
sec as projected on the sky and centred on the nucleus was used. The exit slot of 50A
band pass, in the first order, was used. The scanner consists of a Hilger and Watts mono-
chromator giving a dispersion of 70 A mm™ in the first order. A cooled (— 20°C)EMI
9658 B photomultiplier has been used as a detector and standard d.c. techniques were
employed for recording. Scans of the neighbouring sky taken before and after each scan
of the comet enabled elimination of the contribution by the background sky. During each
night, about five to six scans of the comet were taken, out of which three or four good
scans were averaged.

Along with the comet, the standard star « Lyr. was observed for calibration purpose.
One late type star u Her (G5IV) was also observed to serve as comparison star. The
observations were corrected for atmospheric extinction and were reduced to absolute
values. The absolute values of the fluxes thus obtained correspond to Tug et al. (1977)
calibration of a Lyr. The absolute flux distributions of the comet, normalised to A500 nm
are shown in Figure 1. Since the observations were made near horizon, at large zenith
angles, so the error due to large vaue of atmospheric extinction may be of the order of
0.20 mag. in absolute values.

3. Emission Bands and Flux Ratios

The spectra of the comet on various dates are plotted in Figure 1 to identify various
spectral features. The spectral ragne is AA330-650nm. Strong emission features of CN
(388 nm) and Swan band sequence of C, (474, 516, and 563 nm) can easily be identified.
The C, (516 nm) band sequence is the strongest in the whole spectrum. Because this sys-
tem is very strong, its intensity is easily determined accurately and we have used it for
normalisation. Emissions at C, (474nm) and C, (563 nm) are of comparable strength.
Beside these strong features, weak emission features of CH + C5 (405 nm), CN (420 nm),
CH+ C, (430nm) and C, (600nm) are also present in the spectrum. Strong emission of
CN (388 nm) was merged with weak emissions of CH + C;3 (405 nm). All these features
are indicated by vertical arrows corresponding to the wavelength positions of each
emission. Very weak trace of Na (590 nm) was found present only during first night on
September 5. On other nights, Na was found absent. This agrees with the expected value
of r for the disappearance of sodium emission (Bappu and Sivaraman, 1969). In order to
measure fluxes in the emission bands, the continuum in the spectrum was located by
selecting wavelength regions free of emission lines. The area of the strong emission bands
was measured and converted into the total flux. The observed fluxes were reduced to a
standard geocentric distance (A = 1.0 AU), to study its variation with heliocentric dis-
tance (r). These reduced fluxes for strong bands of C, (474nm), C, (516 nm), C,
(563 nm), and CN (388 nm) are plotted in Figure 2. The intensities of the band sequences
relative to that of C, (516 nm) are listed in Table II. The observed flux of the C, (516 nm)
band sequence is given in the second column. The total luminosity (L) for C, (516 nm)
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Fig. 2. The reduced flux of the CN and C, emission bands as a function of heliocentric distance.
The straight lines have been fitted by eye.

band sequence is given in the last column of Table Il. The emission band flux ratios are
comparable to those obtained for Comet Kohoutek by Babu (1974), A’Hearns (1975),
Sivaraman et al. (1979), and for Comet West by A’Hearn et al. (1980), for the same
range of heliocentric distance. It is clear from Table II that the relative fluxes of C,
(474 nm) and C, (563 nm) are constant, whereas that of CN (388 nm) increases as the
heliocentric distance is increased. Many comets have shown this type of behaviour.

4. Abundances of CN and C, Molecules

The total number of molecules (V) of CN and C, contained in a cylinder of diameter
45arcsec in the line of sight and extending through the comet, have been computed
using the relation (cf. O’Dell and Osterbrock, 1962):
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me

ne*fpp(v,r)’

where L = the luminosity of respective band;
m, = the mass of an electron;
the charge of an electron;
the vibrational transition probability;
f = the oscillator strength; and
p(v,r) = the solar radiation density at frequency v, at a heliocentric dis-
tancer.

The values of f, p, and p(v, r) used in our calculations are those used earlier (Goraya
et al., 1982). Total number of molecules thus obtained are listed in Table III, along with
the values of f, p, and p(v, r).

T o
i

TABLE III
Number of CN and C, molecules
pv,r)
Band f p (ergcm™3) log N
CN (AV =0) 0.0342 0.9200 4.214 X 10720772 30.28
388 nm
C,(avV=+1) 0.0089 0.2409 7.140 X 1072072 30.80
474 nm
C,(aVr=0) 0.0243 0.7335 6.445 x 107%°r72 30.30
516 nm
C,aV=—-1) 0.0071 0.2142 8.390 x 107%0r"2 30.56
563 nm

5. Production Rates of CN and C, Molecules

In order to derive production rates, Q, of CN and C, molecules, we assume that the only
excitation processes possible in the coma are those induced by solar radiation. Collisions
within the coma and excitation by solar wind particles are neglected. For resonance
scattering and resonance fluorescence, the luminosity is related to the total number of
atoms or molecules, N, through the emission rate factor (Barth, 1969) g by .

L =gN
in terms of lite time, 7, we have
N  4nA*F
Q=—-= ,
T 8T
where A = the comet-earth distance;
F = the observed flux from the comet;
7 = thelife time of the scattering species; and
g = the probability that a solar photon will be resonantly scattered or

produced by resonance fluorescence.
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TABLE IV
Production rates of CN and C, molecules.
Date log 0 (C,)

September, 1982 logr log Q@ (CN) AV =+1 AV =0 AV =—1
umn (AU) (388 nm) (474 nm) (516 nm) (563 nm)
5.6 — 0.155 26.310 26.821 26.712 26.775"

8.6 —0.137 26.184 26.520 26.422 26.621
9.6 —0.131 26.108 26.466 26.337 26.540

- 18.6 —0.081 25.400 25.682 25.638 25.842
20.6 — 0.066 25.372 25.580 25.553 25.792
21.6 —0.061 25.396 25.525 25.468 25.763
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Fig. 3. The production rates of CN (388 nm) and C, (474, 516, and 563 nm) molecules as a func-
tion of heliocentric distance. The straight lines have been fitted by eye.
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The values of 7 used in our calculations are those obtained by Bappu et al. (1980), and of
g-factors are those used by Newburn et al. (1978). The production rates of CN and C,
molecules are listed in Table IV. The g-factors and life times may be uncertain by as
much as + 50%, producing the same order of uncertainty in production rates. The derived
values of production rates are comparable with those of Comet Kohoutek (1973f),
Comet Enke (1977XI), Comet Kohler (1977m) and Comet Bradfield (19791) reported by
A’Hearn and Millis (1980), during the same heliocentric distance range. The ratio of the
production rate of CN to the production rate of C; (Q¢n/Qc,) is found to be equal to
0.45 £ 0.05, which is of the same order as given by A’Hearn et al. (1979) for Comets
P/d’Arrest (1976¢), P/Enke (1977), and P/Chernykh (19771), in the same range of helio-
centric distance. A plot of the variation of production rates of CN and C,, with helio-
centric distance is shown in Figure 3. A correlation between production rates of CN
and C, is also shown in Figure 4. It is clear from Figure 4 that the points lie on a straight
line, implying a constant ratio of production rates at different heliocentric distances.

1 ] 1 1 T 1 |
264+
262+
m
T 260
||
z
© 258}
<}
3
4 256}
254
i | 1 [ 1 | 1

26:0 262 264 266 268 270 272
LOG Q(Cp) [§']

Fig. 4. Correlation between production rates of CN and C, molecules. The straight line has been
fitted by eye.
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6. Continuum Energy Distribution

Optical observations of the continuum radiation from comets can be used to infer the
physical properties of solid particles. The wavelength dependence of the scattered light
is an indicator of the size of the scattering particles.

The colour of the continuum radiation from the coma in the visible part of the spec-
trum is not clear. In previous studies, some comets were known to have had a pure reflec-
tion continuum; in the sense that the continuum spectra were unreddened with respect to
that of the Sun (Arpigny, 1965; Gebel, 1970; Ney, 1974; Ney and Merrill, 1976; and
Goraya et al., 1982); whereas some others were found to produce continuum matching
those of the late type stars around G8 (Walker, 1958; Bappu and Sinvhal, 1960; Vanysek,
1960; Babu, 1974; and Kharitonov and Rebristyi, 1974). However, several spectrophoto-
metric studies have indicated that the continuum is considerably reddened with respect
to the Sun, (Chalonge and Bloch, 1966; Johnson et al., 1971; Liller, 1960; Babu and
Saxena, 1972; Stokes, 1972; Vanysek, 1974; and Bappu et al., 1980). The continuum was
probably due to the scattering of sunlight by solid particles in the comae of those comets.

In an effort to study the continuum of Comet Austin in the present study, the con-
tinuum energy distributions have been obtained independently by taking the line-free
regions and using o Lyr. as a standard star. The absolute magnitudes of continuum energy
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Fig. 5. Continuum energy distribution curves of Comet Austin, compared with those of u Her, Sun
and solar light scattered according to A% law. All curves are normalised to A500 nm and the Balmer
discontinuity is smoothed out.
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distributions normalized to wavelength A500 nm are given in Table V. A plot of these is
shown in Figure 5, together with those of Sun and the solar light scattered according to
A% law (Mie scattering). The energy curve of a late type star u Her (G5IV) has also been
plotted in the same figure for comparison. It is clear from the figure that the continuum
of the comet deviate strongly from that of the Sun;in the sense that comet continuum is
reddened strongly as compared to that of Sun. The curve of the solar light scattered
according to A? law matches very closely with that of the comet.

The most interesting feature to be noted from comet energy distribution curves, is that
they show an increase in reddening with increasing values of heliocentric distance. Many
cometary continuum had shown this type of variation (Babu and Saxena, 1972; Vanysek,
1974; Sivaraman et al., 1979; and Bappu et al., 1980). The increase in reddening with dis-
tance from the Sun can be explained in terms of typical particle sizes. Since our con-
tinuum measurements, which show this characteristic, can at best be interpreted in terms
of the optical scattering; we hope that the continuum may be due to the scattering of
sunlight by icy particles with rough and porous surfaces of diameters of the order of 0.25
to 5u. When such is the case, the scattering coefficient will be proportional to A%, so that
the continuum will follow the A? curve.
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