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Abstract. THW filter photometry of comet Halley was carried out on seven
nights during pre-perihelion period and on six nights during post-perihelion
period using the 40 cm telescope at the Vainu Bappu Observatory, Kavalur
as a part of the Indian Halley Observation Program. The pre-perihelion
observations show large amplitude fluctuations in the emission fluxes, super-
imposed on the general trend of their slow increase with the decreasing Ry,.
The respective abundances of the CN, C;, CO*, C; and H,O* molecules
contained in a cylinder of diameter 86 arcsec in the line of sight through
the comet have also been estimated. Their individual emission strengths
are very low due perhaps to the comet’s several approaches to the sun.

Key words : filter photometry—comet Halley

1. Introduction

Narrow band photoelectric observations of comet Halley were carried out as part
of the Indian Halley Observation Program (IHOP) within the International Halley
Watch (IHW) photometry and polarimetry net. The observations were done on
three different occasions, between 1985 December 26 and 1986 April 16, covering
seven nights during the pre-perihelion and six nights during the post-perihelion
periods of the comet. We report here the results of the photometric observations
viz., the fluxes in the emission bands as well as in the continuum, and the corres-
ponding molecular abundances.

2. The observations

All the observations were made using the 40 cm reflector at the Vainu Bappu
Observatory, Kavalur. A conventional single channel photometer consisting of a
refrigerated EMI 9658B tube was mounted at the Cassegrain focus (f/12) of the
telescope, and the recording was done with the standard pulse counting system.
An entrance diaphragm of 2mm diameter equivalent to a projected sky area of
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86 arcsec was used all through the observations. The comet was observed on
seven nights during the pre-perihelion, from 1985 December 26 to 1986 January 1
and on six nights during post-prehelion period between 1986 March 5 and April 16.
In addition, observations were made on several other nights which, however, had
to be rejected because of a variety of reasons. The dates of the useful observa-
tions and the associated details are given in table 1.

Table 1. Ephemeris of comet Halley (Yeomans 1981)

Date A r Phase Magnitude
1985-86 in a.u. in a.u. angle (g) (my)
UT
Dec 26.59 1.05 1.10 54.6 5.6
27.59 1.07 1.09 54.5 5.6
28.61 1.09 1.07 / 54.4 5.6
29.59 1.11 1.06 54.2 5.5
30.58 1.13 1.04 54.0 55
31.58 1.15 1.03 53.7 5.4
Jan 01.58 1.17 1.01 53.4 5.4
Mar 05.99 1.16 0.79 57.6 5.0
06.99 1.14 0.80 58.7 5.0
07.99 1.11 0.81 59.7 5.0
12.98 0.69 0.88 63.8 4.9
Apr 14.82 0.44 1.39 23.1 43
15.80 0.45 1.41 21.9 4.4

We used the interference filters, supplied by the IHW photometry net, to isolate
the emission bands of CN (3871), C;(4060), CO*(4260), C,(5140), H,0~*(7000), as
well as the continuum regions at 3650, 4845 and 6840A. Each observation through
a given filter typically consisted of several integrations at the rate of 1s-duration
on the comet followed by similar sky measurements. The mean of these integra-
tions was adopted as a single observation at the corresponding mean epoch after
deducting the respective sky values. One sequence of such single observations
through all the above mentioned filters constituted one set of observations. At
least three such sets were obtained on every possible night by placing the brightest
region (approximately the centre of the coma) at the centre of the entrance dia-
phragm. Further, a minimum of two standard stars were observed in the same
manner at different zenith distances, which provided the coefficients of the
atmospheric extinction. After correcting for these extinction effects, each obser-
vation of the comet was transformed to the IHW magnitude, with the help of the
instrumental constants obtained from the observations of several THW standard
stars. Then, the mean of these standard magnitudes of the comet corresponding
to a given filter was adopted as the value for that night for that filter band. The
errors in these magnitudes, which are expected to be primarily due to the photometric
uncertainties, are found to be in the range of 0.05 mag to 0.15 mag, with very few
of the values reaching upto 0.20 mag. Hidden in this estimated error are the
intrinsic short time variations in the monochromatic brightness of the cometary
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coma, although such variations would possibly be averaged out in the large
entrance aperture used by us.

The observations through all the filters were obtained during the post-perihelion
period, while only those through the filters of CN(3871), C,(5140) and of the
continua at 3650 and 4845A could give useful data during the pre-perihelion
period. The standardized magnitudes of the comet were then transformed to the
absolute flux values using the flux transformation equations of A’Hearn (1986).
These values which are good to about 59/ are presented in table 2.

Table 2. Observed fluxes in comet Halley
Date L.og Log Log Log Log Log Log Log

1985-86 FCont(aGBD) FCN(aan) FC3(4060) FCO+(4260) Font(asas) Feasran F contlssan) FH20+(7000)
uT

Dec 2659 —10.93 —8.84 — — 1143 —8.54 — —
2759 —10.98 —8.67 — — —1142 —845 — —
28.61 —10.93 —8.56 — — —1137  —8.33 — —
2959 —10.94 —8.63 =~ — — —11.34 —8.39 — —_
30.58 —10.95 —8.78 — — —1144 —8.40 — —
31.58 —11.20 —8.91 — —  —11.55 —8.60 — —

Jan 01.58 —1115 —8.57 — — —1125 —8.29 — —

Mar 0599 —10.93 —7.77 —834 —901 —1045 —7.80 —10.53  —9.09
06.99 —10.81 —7.78 —8.64 — 934 —10.36 —7.72 —1043 —
07.99 —11.06 —7.66 —827 — 9.36. —1045 —7.73 —10.47 —9.85
1298 —11.06 —7.97 —8.72 —1038 —10.69 —7.95 —10.79 —

Apr 14.82 —11.29 —888 —9.29 — —11.11 —8.67 —I11.18 —10.28
1580 --11.36 —8.60 —871 — 1049 —10.99 —8.46 —11.11 —

. Log F) = log of total flux in ergs cm~2 s~* in the emission band at » and ergs cm=2 st
A71 in the continuum band at A.

3. Results

Flux variations

The fluxes corresponding to.the various emission and continuum locations (at A =
1.0 AU) are plotted in figures 1 and 2 against the dates of observation as well as
the respective heliocentric distances R,. The pre-perihelion observations (figure 1)
show a large amplitude fluctuation superimposed on a general trend of the slow
increase in the brightness with decreasing R,. Unfortunately our data are insuffi-
cient to determine any periodicity of these fluctuations.

During the post-perihelion period (figure 2), fluxes are higher during 1986 March
than those in April showing a general decrease with increasing Ry,. However, the
fluxes of CN and C, on 1986 April 15.8, are higher than those measured on the
previous night, thus showing an increasing trend in a shorter time scale. A similar
upward trend is also seen inthe observations of Millis & Schleicher (1986, their
figure 1) during the same period. We do not attempt to compare our measure-
ments of the absolute fluxes with theirs, but would be satisfied with emphasizing
the similarity in the trend. An identical trend can be noticed in our flux measures
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Figure 1. The fluxes (at A =°1.0 AU) corresponding to the emission features of CN and C; as
well as the continuum at 4845A of comet Halley are shown against the dates of observation and
the respective heliocentric distances Ry of the comet during its pre-perihelion period.

of C; and also the continuum at 4845A, giving a clear indication of the sporadic
increase in the total output (gas and dust) by the comet. The demonstration of
the existence of the large amplitude flare-like sporadic variations in the output of

- the comet over a long base-line of time by Sterken ef al. (1987) prevents us

from fitting a linear relationship between our 1986 March and April observaions
in the traditional way.
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Figure 2. The fluxes (at A = 1.0 AU) corresporgding to the emission features of CN, C;, CO+,
C. and H,0+* as well as the continuum at 4845A of comet Halley are shown against the dates of
observation and the respective heliocentric distances Rn of the comet during its post-perihelion
period.

Moleculc_zr abundances

We have estimated the total number of molecules (M) of each of the species i.e.,
CN, C;, CO*, C; and H,0Ot contained in a cylinder of diameter 86 arcsec in the
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line of sight and extending through the comet, using the relation for the resonance
flourescence mechanism, given in Sivaraman et al. (1987).
The following formulae were used for estimating the total number of molecules.

log Mcox = log Fox + 2log r A + 39.938 (at Ry = —26 km s-1)
+ 39.923 (at Ry = -+23 km s-1)
log Mc, = log Fo, + 21log r A + 39.262
log Mco+ == log Fco+ + 2logr A + 40.890
log Mc, = log Fe, + 2 log r A + 39.800
log Mur,o+ = log Fryot+ + 2logr A 4 38.972.
The results are presented in table 3.

Table 3. Total! number of molecules in the observed column of comet Halley

Date ' Log M
1985-86 Rin _—
UT 10* km CN (3871) C,y(4060) CO* (4260) C:(5140y H,0O*(7000)
Dec 26.59 6.54 31.22 — — 31.38 —
27.59 6.67 31.40 — — 31.48 —
28.61 6.79 31.51 — — 31.60 —
29.59 6.92 31.45 — — 31.55 —
30.58 7.04 31.29 — — 31.54 —
31.58 7.17 31.17 — — 31.34 —
Jan 0158 7.29 31.50 — — 31.65 —
Mar 05.99 7.23 32.08 30.85 31.80 31.92 29.81
06.99 7.11 32.07 30.54 31.47 32.00 —
07.99 6.92 32.18 30.90 31.44 31.98 29.03
12.98 6.17 31.85 30.42 30.39 31.73 —
Apr 14.82 2.74 30.64 29.55 — 30.70 28.27
15.80 2.80 30.95 30.16 30.01 30.95 —

R is the projected diameter of the 86 arcsec diaphragm on the comet at the geocentric
distance of observation.

We are tempted to make a comparison of the total number of molecules obtain-
ed by us for comet Halley with those of comet West observed through a much
smaller diaphragm of 25.9 arcsec (Sivaraman er al. 1979), at similar heliocentric
distances. A similarity can be noticed in the respective magnitudes of the two
comets. That is, in order to have similar strengths of the emission features as that
of comet West, a much larger area had to be covered in the coma of comet Halley.
This indicates that the density of the constituents in the coma of comet Halley is
much less than that in comet West which can perhaps be related to several appari-
tions of comet Halley as against the possible first appearance of comet West.
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