DYNANICS AND SPATIAL SHAPE OF SHORT-PERIOD METEORDID STREAMG

P.3.Babadzhanov and Yu.V.0Obrubov
Astrophysical Institute of the Academy
of Sciences of Tajik S8R,

DBushanbe, 734670, USSR

ABSTRACT. At the early stage of evolution the meteoroid streams may be
tonsidered as elliptical rings of relatively small thickness. The influ-
ence of planetary perturbhations can essentially increase the stream
width and its thickness., As a result one stream may produce several
couples of meteor showers active in different seasons of the vyear. 22
short-period wmeteoroid streams under review may theoretically produce
104 meteor showere. The evistence ot &7 is confirmed by obeervations.

1. INTRODUCTION.

The overwhelming majority of nmeteor streams are penerally assuped
to be formed by the process of comestarv decay.The most effective procezs
for the release of solid particles from & cometary nucleus is thair
ejectien by sublimating gases when comets approach the Sun. Soms astero-
ids may also be progenitors pf meteorcid streams if we assume these
asteroids to form numerous small fragments duripg amutual collisions,
Irrespective of the source of meteoroid streams, the ejecticon velocitiss
of particles #fram a parent body seem to be relatively small - from
several m/s to | km/s. The ejection velocity of particles depends on the
size of the cometary nucleus, its physical-chemical properties and on
the distance from the Sun at ejection. The ejection velocity alsoe de-
pends - on various meteoroid properties. Immediately after release the
neteoroids are subjected to light pressure.

The effect of ejection velocity and light pressure produces the
initial dispersion of orbital elements of meteoroids. In this case the
semimajor axes and, perhaps, the eccentricities of meteoroids’ orbits
differ strongly. The difference in orbital orientation of meteoroids and
parent body is negligible. So, at the initial stage of evolution a mete-
oroid stream is very flat, narrow at perihelion and broad at aphelion.

Planetary perturbations, in the general case, change all the orbi-
tal elements of meteoreoids. Till the recent time when studing meteoroid
stream evolution the orbital elements of all meteoroids were assumed to
thange in the same manner as those of the mean stream orbit. Such an
approach caused the stream shape (or the initial dispersion of meteoroid
orbits) to be independent of time. However, planetary perturbations may
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eseentially increase the dispersion of the orbital elements of meteoro-
ids and, eventually, change the stream shape (Babadzhanov, Obrubov
1985, 1984, 1987 c),

In this paper we will show that the increase in dispersion of
orbital elements of short~period meteoroid streams leads to the activity
of several meteor showers produced by each stream.

2. DYNAMICS OF SHORT PERIOD METEOROID STREAMS.

In previous papers (Babadzhanov, Obrubov 1986,1987c) we showed that
due to gravitation of large planets the long-period variations in orbi-
tal elements of asteroid Phaethon ( a possible remnant of the Geminids’
progenitor) and of stream meteorcids with semimajor axes from 1 to 1,7
AU are satisfactorily described by the following integrals of motion
(Moiseev 1945; Lidov 1961):

(1-e%).cos®*i =Ci=const., {1
e?(0.4 - sin?i.sin?W) =C2=const., (2)

where e is eccentricity, i is inclination and W is the argument of
perihelion, C1 and €2 are constants which may be determined by the
observed orbital elements at a given time. For example, for FPhaethon
£1=0.18 and €2=0.27.

14 we add the condition of intersection of the meteorcid’'s orbit
with the Earth’'s orbit:

alt-e? ) = | + e.cos W (3)

to the formulae (1,2}, then, from numerous orbits determined by a, Ct,
and €2 one may now identify the Earth-crossing orbits (Babadzhanov,
Obrubov 1987 b,c). When the stream orbit lies in the ecliptic plane the
stream may produce two showers if perihelion distance g<! AU and only
one shower if q=*1 AU, If i=0 and a combined solution of equations (1-3}
gives only one value of e which the orbit may have during its evolu-
tion, then orbit may cross the Earth’'s one at four values of W.

2.1, Geminid stream,

Fig.! presents secular variations of e, i and radii-vectors at the
ascending (Ra) and descending (Rd) orbital nodes of Phaethan versus W.
As follows from equations (1-3) and Fig.! Phaethon’s orbhits, at which
intersection with Earth's orbit occurs,have approximately similar incli-
nations and eccentricities. However their positions in space differ
essentially., Each intersection may produce a stream radiant which di#-
fers essentially from the other ones.

Owing to the differences in the semimajor axes the variation rate
in orbital elements of the Geminid meteornids is different, The disper-
sion of orbits increases so that, eventually, after 20 000 yr it will
embrace all four possible intersections. Thus, if the dispersion in
meteoroid orbits is sufficiently large, and the arguments of perihelia
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of individual orbits cover a range from ¢°® to 340° then the stream pro-
duces four annual meteor showers. The Geminid meteoroid stream produces
the nighttime pre-perihelion Beminid and Canis Minorid showers as well

as the post-perihelion Daytime Sextantids and 6-Leanids. Among these
four showers three are surely observed (Babadzhanov, Obrubov 1985, 1986,
1987 a,c}.
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Fig.1 The dependence of the eccentricity, inclination and radii-vectors
at the orbital nodes of Phaethon on the argument of perihelion. The
intersection 1 corresponds to the O~Leonids, 2 - Canis Minorids, 3 -
Daytime Sextantids and 4 - Beminids.

It should be noted that BGeminid stream thickness of about 1 AU in
the regions of stream intersections by the Earth is a characteristic
feature of this stream.

2.2. Quadrantid streaa

Consider now a more interesting case when the combined solution of
equations {1-3) gives two values of eccentricity at which a given orbit
crosses the Earth’s orbit. We have come across this case for the first
time when studing the evolution of the Quadrantid stream. Two values of
the eccentricities at which the intersection may occur correspond to
four pairs of W. Hence, eight meteor showers are theoretically possib-
le. For the Quadrantids this conclusion is confirmed by the calculations
of secular perturbations of the mean orbit {(Babadzhanov, Obrubov 1987 ¢}
and by calculations of orbital evolution according to Everhart’s method.

Fig. 2 shows the dependences of e, i, Ra and Rd on the argument of
perihelion. These dependences are based on calculations of secular
perturbations of the 0Duadrantid mean orbit by the Halphen-Boryachev
methed. It is evident that this stream may produce four meteor showers
with small inclinations (i<30%) and perihelion distances (g < 0.1 AU} as
well as four showers with large inclinations (i = 70°) and perihelion
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distances q = | AU, Bualitatively the same conclusion may be obtained
from equations {1-3). These showers are x- Velids, Daytime Arietids,
Southern and Nerthern &- Aquarids, B8uadrantids and Ursids, o- Cetids
and Carinids { Table 2). It should be noted that the activities of all
these showers (except of the x- Velids and Carinids) are confirmed by
observations.
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Fig. 2. The dependense of e, i, Ra and Rd of the fQuadrantid orbit on W.
The intersection | corresponds to %-Velids, 2 - Daytime Arietids, 3 -
S. § -Aquarids, 4 - Quadrantids, 5 - Ursids, & - Daytime o-CLetids, 7 -
N. 6-Aquarids, 8 - Carinids.

In the Geminid ctream the dicpersion rate of orbits is mainly de-
fined by the initial dispersion in semimajor axes. Heowever, in the
Buadrantid stream (because of the encounters of particles with Jupiter)
the dispersion rate is defined also by the difference in meteoroid
position in the same orbit. This conclusion is well illustrated by the
results of Williams et al (1979) and also by our calculation using
Everhart’s method.

Investigation of the orbital evolution of 34 Buadrantid particles
with semimajor axes a ranging from 2.7 to 3.2 AU using Everhart’'s method
shows that the dispersion of meteoroid orbits causing the annual activi-
ty of all related meteor showers may be formed over 10-12 millenia.

2.3.0ther Meteoroid Streams: The shape and number of meteor showers
produced by these streass.

Simulation of the Geminid and Quadrantid stream evolution by the
abdve methods shows that the gualitative features of these streams (the
number of meteor showers, approximate orbits of meteorpids responsible
for them etc.) may be obtained from equations (1-3). Furthermore, egua-
tions {1,2) permit us to estimate the shape which the stream may take
under planetary perturbations. We have evaluated, firstly, a possible
thickness of some short-period meteoroid streams at perihelion Hg,
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aphelion HR and middle part Hme of their orbits and, secondly, the pos-
sible number of meteor showers produced by each stream. These data are
given in Table 1, Thig Table also gives semimajor axes (in AU}, maximum
and minimum of inclinations and the stream width L (in AU} along the
Earth's orbit comsputed from shower duration according to Cook (1%73).
Nsh - the number of meteor showers which may be produced by the meteo-
roid stream.

Table 1. Semimajor axes, maximum and minimum of inclinations,thickness
and number of possible meteor showers for short-period meteoroid streanms

No Streaam name a i i H@ Ha Hg L Nsh
AU max min
1 Buadrantids 2.6-3.2 176 10 4.0 4.8 0.8 0.04 8
6 -~Agquarids 0.6
2 6-Cancrids 2.3 0 0 0 0 0 0.1 2
3  Virginids 2.6 10 3 0.3 0.4 0.03 1.2 4
4 0-Leonids 2.6 12 & 1.0 1.7 0.14 0.7 4
5 Camelopardalids 1.5 8 7 0.3 0.4 0.23 0.4 4
b o-Leonids 2.4 2 H 0.1 0.2 0.00 0.9 4
7 &6-Dracanids 2.8 38 9 1.6 2.6 0,31 0.4 &
& p-Virginids 3.1 24 10 2.0 1.5 0.36 0.7 4
9 -S5corpiids 2.2 10 3 0.4 0.3 0.02 0.5 4
10 o-Bootids 2.6 30 17 2.6 2.0 0.44 0.5 4
11 ®-Bootids 1.2 20 18 1.0 0.8 0.58 0.4 4
12 t~Herculids 2.7 24 8 1.9 £.8 0.31 0.4 4
Jun,Bootids 3.3
i3 0 Ophiuchids 2.9 10 4 0.7 0.6 0.06 0.1 4
14 o-Capricarnids 2.9 13 7 1.1 0.9 0.14 0.3 4
13 (-Aquarids 1.8-2.4 19 3 1.1 0.9 0.14 1.1 4
16 %-Cygnids 3.1 41 6 1.6 3.2 0.16 1.0 8
X -Scorpiids 3.1
Piscids 1.9-2.1 4
17 Taurids 1.9-2.46 16 2 1.0 0.7 0.12 1.8 4
X-Orionids 2.2 4
18 x-Aquarids 3.2 3 1 0.1 0.2 0.01 0.3 4
19 Ann.Andromedids 3.2 22 4 2.1 1.7 0.30 0.8 4
20 Geminids 1.0-1.7 55 12 2.0 1.5 0.05 0.1 4
D.Sextantids
21 Dec.Phoenicids 3.0 16 9 1.5 1.2 0.27 1.0 4
22 Od-Arietids 2.1 3 2 0.2 0.2 0.05 0.! 4
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shows that the overwhelming majority of meteoroid streams can
The investigation of the Encke meteo-
are

Table !
produce four meteor showers each.
roid stream shows that eleven observable meteor showers (Table 2)
progduced by this stream (Babadzhanov et al. 1987).

In addition to the Buadrantids the x-Cygnids and, perhaps, the §-

DPraconids belong to the type of meteoroid streams which can produce
eight showers each. This conclusion is confirmed by our caleulation of
the secular evolution of the mean orbits of these streams by the Hal-
phen-Goryachev method.
Table 2. Theoretical and observed radiants of meteor showers.
RA Dec Vg Ls RA Dec Vg Ls RA Dec Vg s RA Dec Vg Ls
Quadrantids{(4)-.09 Carinids Ursids(0)-.22 x-VYelids
Rt 227 S5t 41 282 18! -59 43 278 219 586 41 276 144 ~55 43 274
Ro 230 48 41 283 ? ? ? ? 223 k2 38 281 ? ? ? 7
N.§-Aguar.(4)-.11 S.5~Aguar.(4)-.12 D.Arietids(3)-.07 «a~-Cetids{3)-,12
Rt 336 -4 41 124 3446 -13 40 133 49 24 49 89 49 12 42 74
Ro 337 -3 40 128 333 -té6 41 1258 43 23 37 77 44 12 Z9 78
O-Leonids(4) p-Leonids(2)~.17 vy-Leonids(2)-.10 Aug.Cancr.{2)-.23
Rt 139 19 21 338 152 2 21 338 148 23 21 136 142 6 21 134
Ro 159 19 23 338 141 7 2t 342 150 20 22 192# 139 12 20 141
a~-Capricornids(4) ¥-8agit.(2)-.20 e-Aquar.{2)-,09 X-Capric.{i}-.26
Rt 309 -10 23 127 313 -27 23 127 307 -10 23 303 312 -28 23 305
Re 307 -10 23 127 290 -26 2& 100 310 - 7 23 315 314 -24 27 324
§. t-Aquarids (4} N,i-Aguarids(4)~,18 Ass.30 (3)-,13 fisg. 16 (3)-.18°
Rt 335 -14 33 131 332 -7 33 131 16 3 34 35 13 10 34 5
Ro 333 -15 34 13t 321 -8 33 {20 13 -3 29 29 7 3 29 30
N.Piscids(1}-.18 S.Piscids(4)-.25 May Ariet.(2)-.14 Ass 41 (3)1-.18.
Rt 9 & 32 176 12 1 31 17s 40 19 32 58 42 12 32 58
Ro 0 3 27 168 b 6 26 177 36 18 25 54% 33 9 29 52
N.Taurids(4}-,10 §.Taurids{4)-.15 (-Perseids(2)~.13 p—Taurids(4)—.Ob
Rt 5t 23 32 219 53 1§ 31 219 86 27 32 10% 86 20 32 101
Ro 58 22 29 230 50 14 27 220 84 24 29 102 86 19 30 %4
N.X-Drion, (4)~.21 §.%x-0Orion.(1}-.20 x-Aurig.(2)-.23
Rt 73 26 32 239 74 1% 31 239 109 26 31 121 108 18 32 12}
ke 84 26 25 258 85 146 24 239 94 28 24 102+ 7 ? 72
Geminids {4)~-.03 Canis-Minor.-.04 6-Leonids D.Sextan, {4¥~-,15
Rt 112 32 24 260 109 12 34 260 169 - 16 34 194 161 -t 34 194
Ro 112 32 34 2861 109 12 39 258 ? ? ? ? 154 4 I 189
Summarizing the investigation of the dynamics and shape of short-
period meteorpid streams one can say that a phenomenon of the formation

ot shower branches and twin showers is widely spread. 22 metegroid
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streams given in Table | can theoretically produce 104 meteor showers.
The existence of &7 is confirmed by observations. The results of a
search for related meteor showers produced by six well-known short-
pericd meteoroid streams are presented in Table 2.

Theoretical (Rt) and observed (Ro) coordinates of the geocentric
radiant {right ascension RA and declination Dec), geocentric velocity
Vg (in km/s) and solar longitude Ls, at which the shower activity oc-
turs, are given in Table 2 for each shower., After shower name Table 2
gives the references to the catalogue where the observed orbit was
found: {(0)- Sekanina (1970), (1) - Sekanina (1973), (2) - Sekanina
(1974, (3) - Kascheev et al. (1947}, (4} - Coaok (1973} and the values
of D-criterion between the observed and theoretical orbits. Twin she-
wers, found by Drummond (1982), and contirmed by the results of our
investigation, are marked by an asterisk #,

Thus, owing to the differences in the ejection velocities and light
pressure the initial dispersion of stream metearoid orbits is produced.
The influence of planetary perturbations can greatly increase the dis-
persion of orbital elements that causes a metearoid stream to thic~
ken essentially and leads to the activity of twin showers and nor-
thern and southern branches. In conclusion it should be noted that when
estimating the volume, density and mass of a meteoroid stream it is
necessary to take into account the stream thickness and the activity aof
all related showers,
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