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Abstract. The present paper summarizes the analysis of a set of 1028 photo-
graphic orbits of meteors with magnitudes brighter than -3. The analysis was
made separately for subsets of the meteors brighter than magnitude -3, -5, -7,
-9. Fireball streams were sought using the method of Southworth - Hawkins’
D-discriminant considering radiants, their daily motions, sizes and shapes of
the radiant areas. Most of the detected fireball streams belong to known me-
teor streams; a few of them were classified as new meteor streams. The mean
orbits, radiants, periods of activity and velocities of the streams are presented
in Tables 1-8.
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1. Introduction

The representation of very bright meteors, fireballs, in various meteor streams
varies and relates to the age of the stream. Relatively young streams (Leonids
1966, Lyrids 1982, etc.) consist predominantly of smaller meteoroids or faint
meteors, while older and more dispersed streams (Taurids) are know as streams
consisting mainly of brighter meteors. A stream comprising very bright meteors,
resulting from larger meteoroids, is considered to be a fireball stream.

Terenteva dealt with the problem of existence of fireball streams and has
analysed (1990) the orbits of 554 fireballs photographed by the American and
Canadian fireball networks. According to her results, 68% of the fireballs are
members of 78 streams, which is much larger than the percentage for standard
photographic meteors - 43% (Lindblad 1971).

The present paper aims to verify the reality of the existence of fireball
streams and also Terenteva is result on the basis of a statistically more sig-
nificant set of fireball orbits catalogued in the IAU Meteor Data Center in Lund
(Lindblad 1991). At the end of 1990, this set of precise photographic orbits
included more than 3500 meteors, brightness data being available for 2955 me-
teors.

In order to emphasize our results meteors with magnitude -3 were already
taken as fireballs. Consequently, in the first approximation 1028 fireballs were
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found in the Meteor Data Center catalogue. A search for fireball streams among
photographic meteors brighter than magnitude -3 was made in our previous
analysis (Porubéan and (GGavajdova 1994) and here we present a more detailed
stream search among various sets of fireballs brighter than magnitude -3, -5, -7

and -9.

2. Analysis

The analysis was based on a computerized stream-search (PorubZan and Gava-
jdova 1994). The stream-search procedure utilizing Southworth-Hawkins’ D-
criterion consist of several steps and was applied to each of the sets containing
fireballs in different intervals of magnitude.

Fireballs with the value of D<0.25 were taken to be possible members of
a stream. In most cases of searching for members of meteor showers a more
rigorous criterion (D<0.20) is commonly used. But in the analysis one also has
to consider the fact that a more appropriate limit of D depends on the size of
the set and the dispersion of the stream. Since fireball streams are probably
more dispersed than normal meteor streams, a larger value of D was used for
the analysed material.

The definitive mean orbits of streams were obtained by successive iterations.
Meteors which fulfil certain conditions were found for each meteor of the set -
the deviation of the radiant’s right ascension from the mean radiant is < £20°,
the deviation of the ascencion node from the mean value is < £20°. Owing to
this we have limited the streams’ period of activity to 30 days. Subsequently,
the similarity of the orbits was estimated with the aid of the D-criterion, the
mean orbit of the subset with meteors conforming to condition D<0.25 was
computed, and the calculation was repeated with regard to the new mean orbit.
The calculation was terminated only when the mean orbit from the last iteration
was 1dentical to the one from the previous iteration.

In the following step the radiants of the individual strearn members were
plotted, and fireballs with deviations in the right ascencion with regard to the
daily motion of the radiant larger than 4+20° and deviations in the ascencion
node larger than +15° were excluded from the stream. Fireballs occurring in
two or more streams simultaneously were included in the stream in which they
had the least value of D. In the final step of the procedure, the deviations in
velocity, size and shape of the radiant area with regard to the daily motion of
the radiant were considered. An association of at least 3 orbits satisfying the
above conditions was taken as a stream.

3. Results

Tables 1-8 show the results of the analysis of 1028 orbits of fireballs with absolute
photographic magnitudes <-3, <-5, <-7, resp. <-9, compiled from all photogra-
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phic catalogues. The tables contain the mean orbital parameters of the fireball
streams, the periods of their activity, their radiants, geocentric velocities and
numbers of the streams’ members.

Among the fireballs with magnitude M, <-3 (1028 members) 21 known
meteor streams including their nothern and southern branches were found. The
number of fireballs belonging to these streams is 395, i.e. they represent 38%
of the whole population (Table 1).An additional 13 fireball streams were found
(Table 2). However, in 8 cases with 3 members only. These streams contain
a total of 54 fireballs. On the basis of this we can conclude that, of the set
of fireballs with M, <-3, 449, i.e. 44% are members of streams. It should be
mentioned that the Perseids form a considerable part of this set; their members
number is 201. If the -Perseids are not taken into account, the percentage of
fireballs belonging to the streams decreases to 30%.

Among the fireballs with M,; <-5 (622 members), 12 known meteor streams
were distinguished, their members numbering 147. They represent 24% of the
whole population (Table 3). 8 fireball streams, not belonging to the known
meteor streams, were found among the set of fireballs with M, <-5 in 3 cases
with 3 members, and in 1 case with 2 members only (Table 4). The ”stream”
with 2 members was taken into account, because it has 3 members in the set
of the fireballs with M,; <-3. The unknown streams comprise a total of 33
members. Of the whole set of fireballs with My, <-5, 180, i.e. 29% are members
of the streams (known or unknown).

Among the set of fireballs with Mp, <-7 (420 members) 9 known streams
with 81 members (19%, Table 5) and 7 unknown streams with 27 members were
found (Table 6). However, in one case with 3 and in two cases with 2 members
only. Among this set of fireballs 108, i.e. 26% are members of the streams.

Among the set of fireballs with My, <-9 (221 members) 6 known streams
with 30 members (14%, Table 7) and only 1 unknown stream containing 4
fireballs were found (Table 8). Among this set of fireballs, 34, i.e. 15% are
members of streams.

Two unknown fireball streams belong to the group of most realistic - they
contain 5 members at least and the period of activity is not longer than 21 days
(in the set of fireballs with M, <-3). They are: ¥ Coma Berenicids, northern
and southern branch of 7 Geminids.

The results of the analysis show that a substantial part of the fireballs does
not form any special fireball streams, but that they are members of known
meteor streams.

Finally we can conclude that the degree of clustering of fireballs is substan-
tially lower than that found by Terenteva (68%). Our result is consistent with
Lindblad’s estimate of 43% for the ordinary photographic meteors (Lindblad,
1971) and with Halliday’s et al. (1990) estimate of 18% for the larger meteoroids
identified as sources of meteorites of at least 0.25 kg. We obtained 15% for the
set of fireballs with M, <-9.
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<-3 (a) and with

Mpp <-5 (b) found by the stream search, in equatorial coordinates: squares - members

Figure 1. Distribution of radiants of stream fireballs with My,

of known meteor streams; crosses - members of new fireball streams.
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Figure 2. Distribution of radiants of stream fireballs with My, <-7 (c) and with
Mpp <-9 (d) found by the stream search, in equatorial coordinates: squares - members
of known meteor streams; crosses - members of new fireball streams.
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