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Abstract. The current version of the IAU Meteor Data Centre catalogue of photographic orbits
comprising the orbital and geophysical data of 4581 meteors is applied for a more representative
search of the mean orbits of bolide meteor streams among photographic meteors. We have made
the search based on a computerized stream search procedure utilizing the Southworth-Hawkins
D-criterion. The results are compared with the previous similar analysis made by Porubcan &
Gavajdova (1994).
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1. Introduction

Porubcan & Gavajdovd (1994) published a list of fireball meteoroid streams compiled
from the TAU Meteor Data Centre catalogue of photographic orbits (Lindblad 1991)
based on a set of 1028 fireballs (M, < —3™). They found 30 fireball streams among
known meteoroid streams of which 23 streams belong to regular streams listed in Cook
(1973) or Kronk (1988) including their northern and southern branches and further they
found additional 19 new fireball streams. As an subsidiary result of their analysis was that
less than a half (46%) of the fireball population belongs to meteoroid streams population.

In our present analysis we have searched for potential fireball streams utilizing an
updated version of the IAU MDC catalogue (Lindblad, Neslusan, Porubcan, et al. (2004))
of precise photographic meteor orbits summarizing a total of 4581 meteors. The catalogue
contains a total of 1541 bolides having the (M,, < —3™), i.e. additional 513 bolides with
respect to the previous search made by Porubéan & Gavajdova (1994). This means a
substantial increase of data which can enable to define more precise mean orbits of the
streams and detect additional members of some minor streams or associations.

Statistics of data available for analysis is summarized in Table 1, which lists the num-
bers of bolides observed in individual months of the year. As evident, the most numer-
ous data are from August (Perseids) followed by data from autumn months, October,
November and December. Table 1 shows an inhomogeneous distribution of observations
throughout the year resulting from obervational campaigns carried out predominantly
during the activity of major meteor showers. The last column of Table 1 lists the num-
ber of meteors without an estimate of brightness being available. The largest number
of such observations is from January (Quadrantids), August (Perseids) and December
(Geminids).

Of the 4581 photographic meteors listed in the current version of the IAU MDC cata-
logue, 1563 meteors are without an estimation of the brightness (Mpy,). Therefore, only
1541 bolides with M, < —3™ could be selected from the catalogue. Table 2 shows the
statistics of various brightness groups of fireballs listed in the catalogue.
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Table 1. The numbers of bolides recorded in individual months. The first column gives number
of meteors brighter (or equal) -3™, while the second one gives number of bolides, according
commonly used brightness limit (-4™). The third column contains meteors fainter than -3™.
The last column lists the number of meteors having no magnitude estimation - there are “no
data” on their brightness available.

Months M,n, < —=3™ My, < —4™ My, > —3™ no data

Jan 82 80 63 79
Feb 63 61 37 54
Mar 65 60 73 26
Apr 69 62 91 27
May 62 56 64 60
Jun 47 40 81 51
Jul 106 76 102 73
Aug 524 354 408 460
Sep 93 73 99 140
Oct 171 147 143 147
Nov 130 115 76 110
Dec 129 107 240 336
SUM 1541 1231 1477 1563

Table 2. The numbers of bolides recorded up to other limits of the absolute photographic
magnitude Mp.

Mpy, limit  Number

My, < —5™ 997
My, < —7" 693
My < —9™ 369
My, < —11" 128

2. Analysis

We have made a search for new members of the streams from the updated list of bolides
in order to derive more precise mean orbits of the streams.

The analysis was based on a computerized stream search procedure utilizing the
Southworth-Hawkins D-criterion (Southworth & Hawkins 1963) and an iteration pro-
cedure (Porub¢an & Gavajdova 1994). For the analysis a limiting value of D < 0.20 was
applied. This value is stricter than the value applied by Porubcan & Gavajdovd (1994)
in their search for fireball streams, where they have set D < 0.25 for the whole set of
data.

The results obtained in our search are listed in Table 3 and 4, where the arithmetic
mean values of the orbital elements together with the geocentric radiants and geocentric
velocities are presented. The last two columns list the number of individual members of
the streams obtained by Porubcan & Gavajdové (1994) and in this analysis, respectively.
The largest increase of stream members is for the Perseids and Geminids as the best
monitored meteor streams by almost all photographic observational campaigns.

The investigation has shown that some ecliptic low-inclination and dispersed streams
(as Taurids) cannot be separated distinctly from the background and that some of their
members appear also in smaller streams active either parallel or close to these streams. To
separate them unequivocally the limiting D value has to be lower and carefully selected
for each stream individually.
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Table 3. Mean orbital parameters, geocentric velocity (in km/s) and radiants of the known
meteoroid streams derived from bolides of My, < —3™. In some cases, * denotes the showers,
where a lower limit D < 0.15 had to be applied for the separation of the stream.

Shower q a e i w Q 0 Vy R.A. Dec

E
z

Quadrantids 0.977 3.122 0.686 72.3 170.7 284.8 95.5 41.5 231.2 48.6
Leonids-Ursids  0.843  2.309 0.634 4.0 232.0 345.7 217.8 14.4 150.4 22.7
Virginids 0.387 4.246 0.914 3.8 286.5 348.5 275.0 31.0 178.1 4.4
7 Virginids 0.618 2.257 0.728 4.8 264.6 16.9 281.5 21.5 195.8 0.8
o Leonids (S) 0.754 1.968 0.620 4.5 68.8 197.1 266.0 16.5 181.5 -10.7
Lyrids 0.925 66.509 0.986 79.8 212.8 32.7 245.5 47.0 272.8 33.7
a Scorpiids 0.324 2.546 0.872 9.7 117.3 237.5 354.8 31.0 247.1 -28.7
0 Ophiuch. (N) 0.566 2.367 0.761 4.5 2714 922 3.6 229 2724 -17.3
0 Ophiuch. (S) 0.657 1.949 0.660 2.7 83.0 2854 84 189 2824 -27.3
¢ Aquarids (N) 0.238 3.599 0.929 5.8 306.6 130.0 76.6 34.4 327.5 -9.3
a Capricor. (N) 0.589 2.427 0.758 8.2 268.3 128.1 36.5 22.5 307.3 -8.1
a Capricor. (S) 0.519 2.149 0.762 4.0 97.2 327.0 64.3 23.2 334.0 -15.6
0 Aquarids (N) 0.085 3.002 0.971 20.0 329.3 136.9 106.2 40.7 342.7 -1.1

[
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0 Aquarids (S) 0.095 3.206 0.969 26.5 147.3 313.1 100.5 40.6 344.4 -15.2 10 11
Perseids 0.951 27.396 0.965 112.9 151.1 138.7 289.9 59.2 46.0 57.9 193 *230
Perseids-2 0.911  1.995 0.542 108.3 135.6 137.2 272.8 53.1 45.0 573 6 4
x Cygnids 0.983 3.535 0.721 32.7 200.0 141.6 341.7 21.6 279.5 50.8 13 21
Sept. Perseids  0.734 -44.510 1.016 140.6 242.4 166.9 49.4 65.6 47.4 39.0 3
Piscids (S) 0.544 3.314 0.844 2.2 90.0 12.2 102.3 244 120 24 6

Andromedids 0.611  2.550 0.760 5.5 264.2 1899 94.2 21.3 4.0 10..2
Andromedids-2 0.760 2.409 0.679 14.2 245.1 207.9 93.0 181 3.9 31.8
Oct. Draconids 0.993 2.338 0.575 22.9 180.6 203.0 23.6 15.4 278.5 48.2

Taurids (N) 0.332  2.071 0.839 2.8 297.3 222.8 160.1 28.8 53.1 214 *11

— =
O N NWot W
—
\o}

Taurids (S) 0.364 2.232 0.836 5.0 112.8 43.6 156.4 28.2 53.7 14.7 *27
Orionids 0.578 27.478 0.978 163.7 81.2 27.8 109.0 66.7 94.5 156 12 17
Leonids 0.985 7.641 0.894 162.6 174.5 236.0 50.6 70.6 153.8 21.7 5 9
o Hydrids 0.261 76.920 0.994 128.1 1183 77.4 195.7 59.2 126.2 2.0 4 2

x Orionids (N) 0.430 2.143 0.798 2.5 285.5 255.8 181.3 26.1 83.1 258 7 *4
x Orionids (S) 0.529 2.215 0.761 5.0 94.0 753 1694 23.4 776 166 6 *5
Geminids 0.138 1.375 0.899 24.1 324.6 261.7 226.3 34.7 113.2 32.3 19 38

Fig. 1 shows the distribution of the radiants (right ascension and declination) of all
bolides and the mean stream radiants listed in Tables 3 and 4, respectively.

3. Discussion

Based on the updated version of the IAU MDC catalogue of photographic orbit, we
have derived more precise orbits of fireball meteor streams (meteors with the absolute
photographic magnitude M,, < —3™) by applying a limiting value of D < 0.20 to all
the streams. The search has shown that each stream has to be analyzed individually and
equal limiting value of D can be used only as a first approximation.

The statistics of meteors in the catalogue shows that the distribution of meteors all
over the year is not homogeneous, while the Perseids are by far the richest stream in the
majority of the photographic catalogues. This fact is due to a selection effect caused by
observations carried out predominantly in the summer months. Eliminating the Perseids,
the distribution of fireballs in the IAU MDC catalogue is more homogeneous. For the
majority of the known meteor streams an increase in the shower numbers is recorded
(see Table 3). On the contrary, in some cases a decrease in the number of members is
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Table 4. Mean orbital parameters, geocentric velocity and radiants of minor bolide streams and
their number Ni, as stated by Porubcan & Gavajdova (1994), and number Nz resulting from
our analysis.

Shower q a e 7 w Q T V, R.A. Dec Ni N
a Cancrids 0.482 1.160 0.582 7.2 113.0 124.1 237.1 19.3 135.7 6.2 3 3
[ Cancrids 0.800 2.115 0.614 4.1 59.9 136.1 196.0 14.8 120.0 109 3 5
Lynxids 0.966 1.925 0.493 6.9 202.4 343.4 185.9 8.9 124.7 493 3 4
March Cassiopeids 0.939 2.406 0.610 15.8 149.9 349.4 139.3 13.6 358.7 54.0 4 5
«a Coma Berenicids 0.858 2.532 0.660 9.9 229.5 23.2 252.7 154 189.9 208 5 7
~ Corvids 0.832 2.116 0.610 4.5 55.3 208.3 263.7 144 182.2 -13.2 5 9
0 Librids 0.508 2.623 0.808 10.1 276.4 49.8 326.2 25.9 233.8 -73 3 7
1 Ursa Maiorids 0.939 2.308 0.592 12.0 212.5 32.2 244.7 13.1 192.7 33.7 3 9
u Ursa Maiorids 0.977 2.154 0.546 8.8 198.7 48.2 247.0 10.5 186.5 32.0 3 8
A Aquilids 0.943 1.840 0.485 4.1 215.8 150.7 6.5 9.2 2904 -5.7 4 6
¢ Piscids 0.257 1.881 0.864 4.3 307.3 173.6 121.0 30.6 9.1 7.1 3 5
Sept. ¢ Aquarids 0.908 2.361 0.613 1.6 394 1.3 40.8 11.2 3284 -19.0 3 5
A Cygnids 0.947 2.532 0.626 11.2 206.7 202.7 49.5 12.1 321.7 238 3 7
a Taurids 0.792 2.205 0.641 3.0 60.0 85.3 145.3 149 67.9 148 4 12
Dec. Aurigids 0.665 2.153 0.692 7.2 257.7 270.7 168.5 19.5 85.5 355 5 5
7 Geminids (N) 0.385 1.446 0.734 4.0 296.4 272.8 209.2 24.5 108.3 26.5 4 4
7 Geminids (S) 0.536 2.036 0.733 4.6 94.2 100.8 195.0 22.8 104.1 16.7 6 6
Dec. 8 Perseids 0.929 2.238 0.584 4.9 208.5 275.5 124.1 10.3 39.9 352 3 8

revealed, mainly due to more rigorous limit for D (e.g. narrow Perseids-2, ¢ Hydrids,
both the x Orionids).

A representative stream search desires to take into account all the factors influencing
geometry of encounter of the potential meteoroid streams with the Earth, allowing for
the size and form of the radiant, its daily motion and dispersion of geocentric velocities
of the stream members.

It is apparent that these factors strongly influence the possibility of detection, especially
for meteoroid streams moving in low-inclination, typical asteroidal orbits and this affects
the posibility of detection of meteoroid streams of asteroidal origin.

The Earth approaching asteroids are moving in prograde orbits with low geocentric
velocities, then due to geometry of the encounter with the Earth their potential streams
will be dispersed and large radiant areas; they frequently split into several “sub-streams”
and this greatly hampers their detection and recognition as single meteoroid streams
(Kresdk 1968). Therefore the above factors have to be taken into account, at least in
a study or in the selection of meteoroid streams moving in low inclination short-period
orbits.

In a search for meteoroid stream and their parent bodies besides the orbital similarity
also the orbital evolution of both the parent body and of the members of the stream has
to be taken into account.

According to the principles of meteoroid stream formation (Babadzhanov 1996), meteor
showers can be produced also by parents which are, at present, on orbits at a distance
from the Earth’s orbit > 0.3 AU, but which crossed it in the past. Therefore a study also
of the orbital evolution of the stream members is desirable.

For comets as parent bodies of meteoroid streams, resonant binding of cometary dust
particles provides a new possibility in the field of meteoroid stream research. As recently
revealed, mean-motion resonance with Jupiter is responsible, at least in the Leonids and
the June Bootids, for dust trails evolution (e.g. Asher, Bailey & Emel’yanenko (1999),
Asher & Emel’yanenko (2002)). Also, a detailed study of dust filaments formation resulted
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Figure 1.
Up - Distribution of radiants («,d) of all 1541 bolides separated from the IAU MDC catalogue.
Down - Distribution of the mean radiants (a,0) of the streams listed in Table 3 and 4.

in successful predictions of enhanced activity of the Leonids starting from the last years of
the previous millennium (Asher 1999; Lyytinen 1999). At the same time, as during recent
returns of Leonids rich in bolides, especially in 1998, many new orbits were obtained, a
great increase in the number of Leonid orbits also in photographic catalogues is to be
expected rather soon.
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