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New peculiarities of cometary outburst activity
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Abstract

The results of investigations of visual light curves, brightness outburst activity and photometrical evolution of some comets are pre-
sented. The peculiarities of brightness outbursts distribution on heliocentric distance, of temporal variations of outburst activity, out-
bursts correlation with sudden changes of power law coefficient and outbursts relation with precision positions of comets are discussed.

The new phenomena found by authors must be taken into account when a mechanism of the cometary outburst activity is developed.
� 2006 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The cometary brightness outburst activity was studied
for more than 150 years, but the physical mechanism of
outbursts is not known until now. More than 10 different
physical mechanisms of brightness outbursts were pro-
posed. But none of these mechanisms can fully explain all
phenomena which are observed during brightness out-
bursts. Therefore the investigations of peculiarities of com-
etary brightness outburst activity are important hitherto.

As a result of their long-term study of the photometrical
behavior and outburst activity of comets, authors revealed
the new observational peculiarities of brightness outbursts,
which are presented in this paper.
2. Peculiarity of the outbursts distribution on heliocentric

distances

The short-period comets give a unique opportunity to
study the evolution of their brightness during several
appearances. Authors constructed and studied the light
curves of one of such comets – a comet 10P/Tempel 2 dur-
0273-1177/$30 � 2006 COSPAR. Published by Elsevier Ltd. All rights reserv

doi:10.1016/j.asr.2006.04.028

* Corresponding author. Tel.: +38 057 700 53 49.
E-mail address: filonenko@astron.kharkov.ua (V.S. Filonenko).
ing its three different appearances: 1967, 1983 and 1988
(Fig. 1). As a result of the analysis of photometrical evolu-
tion of this comet, it has been found that its brightness out-
bursts were occurring at the same heliocentric distances
during the several appearances of the comet (Churyumov
and Filonenko, 1992a,b). Later on Kidger (1993) found a
similar peculiarity of the outburst activity of comet P/Met-
calf–Brewington.

Is this phenomenon typical only for these comets or for
comets on the whole? To answer this question, the authors
studied 180 brightness outbursts of 129 comets observed
during 1847–1975. The distribution of these outbursts on
heliocentric distance is shown in Fig. 2. The general
appearance of this distribution reflects a well known fact
(Hughes, 1975, 1990): most of the outbursts occur at 1.0–
1.5 A.U. from the Sun. This is a result of observational
selection. For heliocentric distances r < 1 A.U. the decrease
in the number of outbursts is a result of the restriction of
comets visibility by the dawn cone. For r > 2.5 A.U. the
number of outbursts is decreasing as a consequence of
the increase in heliocentric distance [r = 2.5–3.0 A.U. is
an upper limit of visual visibility of comets (Vodopianova,
1935)]. On the distances r > 3 A.U. only the outbursts of
comet P/Schwassmann–Wachmann 1 (which orbit has a
small eccentricity) are observed routinely. Also only single
powerful outbursts of some comets (e.g. 1P/Halley,
ed.
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Table 1
Heliocentric distances r0 where brightness outbursts of most of comets
have observed (under Fig. 2)

r0 (A.U.) a

0.275 0.30
0.375 0.40
0.525 0.35
0.650 0.55
0.775 0.13
0.925 0.008
1.025 0.015
1.175 0.07
1.325 0.25
1.625 0.27
1.825 0.21
1.925 0.28
2.025 0.03
2.125 0.24
2.400 0.02
2.625 0.015
2.875 0.001

Notes: a-probability of randomness of this outbursts maximum in Fig. 2
(calculated with v2-criterion).

Fig. 1. Light curves of comet 10P/Tempel 2 for three different appearanc-
es. The vertical arrows indicate the light curve maxima and minima
occurring at the same comet heliocentric distances.
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Hale–Bopp) were observed at such large distances. There-
fore only the region r < 3 A.U. was studied.

As it turns out (Fig. 2) the outbursts distribution dis-
plays thinner structures: narrow large maxima of the num-
ber of outbursts at certain heliocentric distances are
separated by narrow minima. The three statistical criteri-
ons (Pirson’s, Kolmogorov’s and von Mises’s) have been
used for all distribution as a whole and locally for each
maximum. It has been shown that the detected distribution
structure is statistically significant with a probability higher
than 0.97 (Churyumov and Filonenko, 1997). Thus it has
been shown that brightness outbursts of comets occur with
higher probability at certain heliocentric distances. The val-
ues of these distances are given in Table 1.
3. Quasi-periodicity of cometary brightness outburst activity

On the basis of visual estimations of the cometary inte-
grated brightness, the authors constructed the light curves
of 27 comets; these brightnesses were retrieved from the
Fig. 2. Distribution of 180 brightness outbursts as a function of the
heliocentric distance.
International Comet Quarterly archive, archive of Comet
Section of British Astronomical Association and from
other Internet sources. About 280 brightness outbursts of
these comets have been revealed as a result of the study
of these light curves.

A frequency of brightness outbursts was calculated for
each comet

m ¼ N
s
; ð1Þ

where N is the number of observed outbursts, s is the time
of uninterrupted observations of comet. The mean value of
this frequency for 27 comets is m = 1.03 ± 0.09 outbursts
per week.

This mean frequency corresponds to the mean period
T = 6.8d ± 0.6d that, probably, conforms to the most
steady four-sector structure of the interplanetary magnetic
field (Filonenko and Churyumov, 1997). Lukianyk and Fil-
onenko (1998) and Lukianyk (2000) analyzed our cata-
logue of cometary brightness outbursts, which contains
the information on 389 outbursts of 75 comets observed
between 1927 and 1989. It has been shown that 27% of
the outbursts from this catalogue occurred on the sector
boundaries of the interplanetary magnetic field. Sixty-five
percent of outbursts were beginning before the comet inter-
sected the sector boundaries. Possibly, the brightness fluc-
tuations of comets which occurred before reaching sector
boundary developed into an outburst during the comet
intersection of the sector boundary. Eighteen percent of
brightness outbursts occurred when comets crossed the
high-speed stream of the solar wind.

Thus the detected quasi-periodicity of outburst activity
is a new evidence of the correlation between brightness out-
bursts of comets and recurring corpuscular streams and
sector structure of the interplanetary magnetic field.
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However, in view of the dependence between outbursts
amplitude and their frequency (Fig. 3), we may assert that
only outbursts of small amplitude (A 6 0.m8) are the result
of the influence of solar activity. The outbursts of larger
amplitude probably have some another triggering mecha-
nism. It may explain, in particular, the conflicting results of
the investigations of the solar activity influence upon bright-
ness outbursts: the outbursts of large amplitude can correlate
or not with the index of solar activity for various comets, or
for one and the same comet but at different times.

4. Change of the photometrical parameter n: a new
peculiarity

The photometrical behavior of comets (light curve) is
usually approximated by equation
Fig. 3. Dependence of outburst amplitude on outburst frequency. A is the
amplitude, m is the frequency, R is the correlation coefficient.

Fig. 4. Light curve of comet
m1 ¼ H 0 þ 5 logðDÞ þ 2:5n logðrÞ; ð2Þ

where m1 is the observed visual magnitude of the comet, H0

is its absolute magnitude, i.e. the comet’s brightness at geo-
centric distance D = 1 A.U. and heliocentric distance
r = 1 A.U.

It is well known that the power-law coefficient n, which
determines how the comet’s brightness varies with helio-
centric distance, is not constant. Its value can suddenly
change. The causes of such variations are not sufficiently
clear. Filonenko and Churyumov (2003) showed that the
coefficient n changes symmetrically at perihelion for many
comets and that such change occurs in antiphase. Probably
it is a result of variations in chemical composition of the
parent substances with heliocentric distance.

For many comets the moments where sharp changes of
power-law coefficient occur coincide with brightness
outbursts. For examples the light curves of comet C/2001
A2 (LINEAR), C/2002 F1 (Utsunomiya) and 19P/Borrelly
are given in Figs. 4–6. These figures depict the observed
light curves (tag 1), the theoretical light curves constructed
with Eq. (2) without taking changes of n into account
(tag 2), and by taking into account these changes (tag 3).
The main information on the used observational data
and the calculated values of H0 and n are given in
Tables 2 and 3. As well seen in Figs. 4–6, the changes of
n [breaks in the lines (tag 3)] coincide with the brightness
outbursts.

It is debatable here what is the cause and what is the
consequence (the change in coefficient n provokes the
brightness outburst or the outburst induces the strong
change in n?). To answer this question additional investiga-
tions are apparently needed.
5. Accuracy of comet positions and cometary outbursts

activity

The authors analyzed the CCD observations of comet
C/2001 A2 (LINEAR) which have been carried out during
August 1–5, 2001 by F.P. Velichko at the 70-cm reflector of
C/2001 A2 (LINEAR).



Fig. 5. Light curve of comet C/2002 F1 (Utsunomiya).

Fig. 6. Light curve of comet 19P/Borrelly.
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Astronomical Institute of Kharkov National University.
The telescope was used with a 375 · 242 pixel modified
CCD camera ST6UV (standard camera ST6 with TC241
chip) at the f/4 Newtonian focus. The image scale was
1007 · 2000 per 23 · 27 lm pixel, giving a field of view
48000 · 63000 on the side.

The astrometric measurements of comet have been per-
formed with ASTROMETRICA 3.2 package. For each
cometary image 12 reference stars were selected from
USNO-A2.0 and UCAC2 star catalogues. The 74 accurate
positions of comet C/2001 A2 have been obtained. The
aperture photometry of the central near-nuclear region
(about 4000 · 4000 km) of the comet was also carried out.

As is seen in Fig. 7, these CCD observations were car-
ried out during the moderately large brightness outburst
of the comet (amplitude � 0m5). The correlation between
the light curve and the brightness of the central near-nucle-
ar region and curve of changing (O–C) – the deviations of
the position of a comet from ephemeris places – has been
found (Fig. 8). Istomin et al. (1987) had found a similar
phenomenon from photographic observations of comet
1P/Halley in November 1985.



Table 2
Observational data of three comets

Comet Period of observations Number of observations

C/2001 A2 (LINEAR) 2001 March 12–2001 November 16 967
C/2002 F1 (Utsunomiya) 2002 March 21–2001 May 26 89
19P/Borrelly 2001 June 19–2002 March 19 146

Table 3
Photometrical parameters of three comets

Comet Pre-perihelion Post-perihelion

log(r) H0 n log(r) H0 n

C/2001 A2 (LINEAR) �0.1085 to 0.0726 7.m72 ± 0.m03 4.85 ± 0.16 �0.1095 to �0.0415 6.m98 ± 0.m23 0.6 ± 1.0
0.0676 to 0.1820 4.93 ± 0.61 18.7 ± 2.3 �0.0368 to 0.0666 7.46 ± 0.03 5.23 ± 0.34

0.0716 to 0.2498 7.34 ± 0.09 3.62 ± 0.22
0.2531 to 0.3169 4.1 ± 1.0 9.2 ± 1.5
0.3281 to 0.4576 14.1 ± 1.0 �2.9 ± 1.1

C/2002 F1 (Utsunomiya) �0.0496 to �0.1905 8.82 ± 0.15 3.6 ± 0.5 �0.3540 to �0.3450 7.9 ± 0.3 4.1 ± 0.5
�0.2021 to �0.3467 12.4 ± 0.3 9.8 ± 0.4 �0.3387 to �0.2344 10 ± 2 7 ± 2
�0.3521 to �0.3572 9.5 ± 0.2 5.2 ± 0.3 �0.1900 to �0.0382 6.9 ± 0.2 0.2 ± 0.6

19P/Borrelly 0.2240 to 0.1669 9.2 ± 2.3 2.5 ± 4.5 0.1363 to 0.2460 6.68 ± 0.21 7.4 ± 0.5
0.1669 to 0.1111 3.33 ± 0.68 16.9 ± 1.9 0.2460 to 0.3712 8.6 ± 0.5 4.2 ± 0.6

Fig. 7. Visual light curve of comet C/2001 A2 (LINEAR). Time interval
of our CCD observations is marked by vertical lines.

Fig. 8. CCD light curves of central near nucleus area of comet C/2001 A2
(LINEAR) (top) and variation of (O–C) (bottom). Solid line – R filter,
dotted line – V filter.
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An increase of the values of (O–C) at the moment of
maximum of brightness outburst is possibly the result of
the displacement of the cometary photometrical center
as a consequence of redistribution of image brightness.
The cometary activity (possibly it is a bright gas-dust
jet ejected from the cometary nucleus) might have pro-
voked it.

A reddening of the comet’s central region after outburst
(evident from the Fig. 9) confirms it also. The observed red-
dening is probably the result of the dispersion of the ejected
dust.



Fig. 9. Color index (V–R) of central near nucleus area of comet C/2001
A2 (LINEAR).
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6. Conclusion

Authors found the following novel peculiarities of com-
etary outburst activity:

1. The brightness outbursts of different comets, or during
different appearances of periodic comets, occur at the
same heliocentric distances.

2. The brightness outburst activity of comets shows a qua-
si-periodicity with mean period T = 6.8d ± 0.6d.

3. The moments of the abrupt changes of the exponent n of
heliocentric distance coincide with the brightness out-
bursts of comets.

4. During the brightness outbursts of comets the (O–C)
values are increasing.
Discovered peculiarities of cometary brightness outburst
activity must be taken into account when a mechanism of
the cometary outburst activity is developed.
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