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fbstract. The evolution of the P/Machholz’s meteoroid stream was simulated. It
shows, that this stream may produce eight meteor showers. There are the  known
dbserved meteor showers such as the Quadrantids, Ursids, Northern and Southermn
O-Aquarids, Daytime Arietids and O-Cetids. A satisfactory agreement of the
theoretical and cbserved geocentric radiants and orbits allows to conclude,
that the above showers could have been resulted fram the decay of the
P/Machholz nucleus. The age of the stream is estimated to be 7.5 millennia.

Introduction

The Guadrantids are one of the most interesting major meteor showers. Thehigh
activity and short duration of the GQuadrantids imply the existence of a parent
camet. The Quadrantid meteoroid stream is of great interest in respect to
dynamics too. It is awe of few meteoroid streams which can produce eight
related meteor showers. Six of eight meteor showers such as the Northem and
Southern 0-Aquarids, Daytime Arietids, Ursids, O—Cetids and G@Quadrantids are
well-known from abservations (Babadzhanov and Obrubov 1987, 1989).

In May 1986 D.Machholz discovered a new comet, which had got the designation
1986 VIII. This comet may be a unique dbject for investigations of the
cametary nucleus evolution due to the short orbital period (5.25 yr) and small
perihelion distance (0.127 AJ). The fact that the comet Machholz was not
discovered before 1986 is of interest as well. It seems more surprising since
arcording to Sekanina (1990) 75 % of comet’'s retums to the Sun were
favourable for dbservations. Sekanina (1990) and Green et al. (1990) assume
the comet Machholz to be dormant for a long time till 1986.

Evolution of P/Machholz ‘s orbit

McIntosh (1990) followed the evolution of P/Machholz’s arbit over a period 8f
4 millennia. He found large variations in orbital inclination (from 12 to 807)
and in peribelion distance (from 0.05 AU or even less to about 1 A and
pointed to the swprising coincidence in orbital variation of P/Machholz with
that of the Quadrantids. However, McIntosh did not find a similarity in their
orbits at some fixed moment, that could have confirmed on the possible genetic
relationship. McIntosh consider the main reason to be in the time shift in
variations of e, q, i. Green et al. (1990) have also followed the evolution of
P/Machholz ‘s orbit. Although they used more precise orbit, but the results did
not differ from those of McIntosh. They did not find any close encounter with
the Jupiter either.

It is known that the orbital element determining the body’'s position in the
Keplerian arbit is calculated rather roughly. Thus, the body’s position in its
orbit becomes uncertain after hundreds or even tens of orbital revolutions
Therefore, it is necessary to study the motion of the comet (o test
particles) at different initial positions. We have integrated the equations of
the perturbed motion of the camet and three test particles back in time. The
starting orbit was taken from Green et al. (1990). The starting eccentric
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anaomalies E of test par‘tlcles were taken to be equal to 90 180°  and 2700,
while for the comet E=0° at the time of perihelion passage in 1986. The
integration was carried out by the RungeKutta method of the fouwrth order with
the self-adjusting step length at the time interval of about B8 millennia. The
pertwbations from the Jupiter and Satumn were taken into accont, but their
motions were supposed to be unperturbed. It is twned out that the motion of
two of three test particles suffered a number of close encounters with the
Jupiter at the distances Aj less than 0.3 AU. The data on these encaunters for
the last two millennia are given in the Table 1, where T - the year of
encounter, and Aj — the value of encounters in AU.

Table 1. Encomnters of P/Machholz's test particles with the Jupiter.

T Aj a e i T Aj a e i

E=180" E=270°

976 0.260 3.184 0.615 8190 538 0.209 3.068 0.647 852

692 0.238 3.178 0.567 82.1 30 0.194 3.101 0.649 81.2
16 0.296 3.200 0.618 82.3 253 0.162 3.060 0.699 82.8
26 0.267 3.006 0.743 B81.43

fAs seen from Table 1, the encounters do not lead to the catastrogphic changes
in orbits. The data of Table 1 allowed to conclude that P/Machholz had not any
close encounters with the Jupiter at least after 976 AD. This confirms the
fact that the comet was dormant for a lang time till 1986.
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Fig.1 presa1ts ﬂ-re var1at1ms in perlhehcn distances of the ccmet and test
particles. As seen, the periods and the ranges of variations have some scatter
caused by the different starting positions. This occurs at variations in e and
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It seems ver'y llkely that P/Machholz was an active camet in the past. Hewe,
the meteoroids were being ejected from comet’s rotating nucleus at different

directions and velacities. To model the meteoroid stream evolution ane should
choose the initial time moment and give the distribution of meteoroids
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arbits. The starting time is taken to be 4500 BC under two reasons:

1. Near this moment we have found the most similarity between P/Machholz and
mean Quadrantid’s osculating orbits, i.e. the Dcriterion is equal to 0.14;

2. The radius—vector to the ascending node of the comet’'s orbit is close to
the Jupiter’'s arbit.

The first reason was chosen because it requires the least ejection welocities
respansible for the Quadrantid shower formation. The second because of the
likelyhood of the capture of the comet by Jupiter into a short-period orbit.
It is known, that the meteoroids’ orbits in the same stream differ strongly
from the comet’s orbit by their semimajor axes and eccentricities. Thus, the
initial distribution of the meteoroid orbits was taken to be:

a=2.70 AU e=0. 491 Eg= 30, 770 ;

a=2.80 AU e=0.702 E%= 10, 70, 130, 190, 250, 3103
a=3.03 AU e=0.725 E°= o, &0, 120, 180, 240, 300;
a=3.20 U e=0.740 E9= 20 , 80, 140, 200, 260, 320.

For all orbits we took ¢=0.834 AU, i=49°,  =28303, and W =17077. According to
our calculation the comet Machholz had such elements in 4500 BC. This
distribution, except of the eccentric anomaly E, corresponds to the meteoroid
ejection velocities of up to 300 m/s along and opposite the comet motion in
the peribelion, and represents a young flat meteoroid stream.

Then, for all particles we have calculated the perturbations fram the Jupiter
and Saturmn begining from 4500 EC till 3000 AD. By the way all intersections of
particles’ orbits with the Earth’s orbit were fixed. The Earth—crossing
orbits can be divided into two groups; the first grogp includes the orbits
with high inclinations (fram &7 to B0') and peribelion distances from 0.9 to
1.9 Al; the second group — the orbits with moderate inclinations (from 19 to
40 ) and small perihelion distances — from 0.03 to 0.12 AU.

Each group may be divided into four subgroups according to  their perihelion
argtbmmts. In %he first group the perihelion arguments clusg:er- around thg W =
0+5S° and 1806 , and in the second group — around W = 0%26 and 180130 . So
there are eight subgroups of the Earth—crossing orbits, i.e. eight meteor
showers, which could be produced by P/Machholz. The names and ranges of
arbital elements and geoccentric radiants for these eight showers are given in
Table 2.

The difference between the simulated Quadrantids and Wrsids as well as the
Carinids and ¥-Velids seems to be rather relative because there is no clear
line neither among their orbits nor the radiants. In order to distinguish
‘l:hEEg ghiowers we used same additional dynamical criterion. The carbits with W
<180~ were thought to belang to the Quadrantids and with 0 >180" to the Wrsids
respectively. For the Carinids - W < 360 and for the &Velids —W >0. This
distinction allows us to determine the direction of secular variations of
radii—vectors to the orbital nodes. Moreover, the Guadrantid and Carinid
meteoroids collide with the Earth after the perihelion, but the Ursid and
¥ \Velid meteoroids — before the perihelion. Table 2 presents the abserved
orbital elements and geocentric radiants for six of the eight meteor showers
according to the data of different authors. A satisfactory agreement of the
theoretical and observed radiants and orbits confirms the possible genetical
relationship of all these showers with the comet Machholz.
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Table 2. Theoretical (1) and dbserved (0) ranges of orbital
elements of the P/Machholz's meteor showers.

q e i Q w a o} Vg
min max min max
Guadrantids
T .92-1.02 .65.72 &7-72 278270 159180 223243 +42—+54 3B-43
g .97-0.98 .&65-.70 6773 280283 167-170 219232 +48—+35 4043
Ursids
T .92-1.02 .66-.72 6873 Z71-282 180-198 215227 +48+&0 3544
0 .9240.95 .64-.85 5467 260283 187-206 190226 +3B8+76 3340
Carinids
T .92-1.02 .66-.71 72-80 86107 344-350 149-164 -H4—46 4149
o Will be recognised 7
*Velids
T 92-1.02 .68-.71 7460 99-109 o-16 142-160 —-61—50 4149
0 Will be recognised 7
Northern O—-Aquarids
T .04—-.11 «26-.99 19490 104-136 326340 316340 -—-10- +2 4044
0 .06-.12 598 1421 120143 3253334 2 F37-346 S5 +3 4042
Sauthern §-Aquarids
T .03~.12 «26—.99 2040 296322 141-1&80 3F34-3501 -18—13 3944
0 .07-.14 697 2Z3.372 304322 139152 JIF-351 —-19—14 4044
Daytime Arietids
T.03-.12 .96-.99 2040 7267 2037 42-50 +22+25  40-44
0.04-.10 .74-.98 1846 77—8‘? 19-30 4330 +22—+26 344
a-Cetlds S
T .04-.12 L26-.99 1936 249-263 203216 I+53 +HB8—+13 3944
0 .06—-.18 89-.99 2031 25269 194-214 4453 +6H+12 3739
W B 35
_________ r Fig.2. The increase of the
240} 8 dispersion of  in the sim+
[ : ;2 ulated P/Machholz's meteoro-
______ 14— id stream. The shower perihe
20k "\”'6' ) lion arguments are indicated
| - by arrows: 1- Quadrantids,?2-
é o rsids, 3~ Carinids, 4 2\Ve-
~_7 lids, S-Northemn G—Aqtﬂmds
0] 4 _—— —l L]
[ r‘ r-'""" §g¢ & Southern O-Aquarids, 7-
280 ] 3 Daytime Arietids,8-0-Cetids
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Simultaneous activity of meteor showers produced by the same parent body is
possible if the dispersion of particles’ perihelion arguments embraces those
of the showers. Fig.2 shows the increase in the digpersion of the perihelion
arguments under planetary perturbations for the simulated P/Machholz’'s
meteoroid stream. As seen 7.5 migla'lnia later after meteoroid ejection the
dispersion becomes more than 380 (Fig.2). By this moment all the eight meteor
showers must manifest their activity. This time interval may be considered to
be an evaluation of the P/Machholz stream age. The real stream age might be
even less if the initial dispersion in the semimajor axes is assumed to be
greater.

Discussion

The simulation of the P/Machholz’s meteoroid stream shows clearly that this
camet can produce eight meteor showers. At present at least six of eight
meteor showers are known from observations and show high activity. Earlier
this result was dbtained when studing only the Guadrantid meteoroid stream
evolution (Babadzhanov and brubov 1987, 1989; Babadzhanov et al. 1971). Now

we have come to the conclusion that the parent comet of the above six meteor
showers is found. It is the comet Machholz 1986 VIII.

A possibility of the relationship of P/Machholz with Daytime Arietids and
O—Aquarids was investigated by McIntosh (1990) too. However, he had doubts
about their genetic relationship and about owr results concermed the possible
interrelations of the dbserved showers. His doubts are based on the time shift
in the arbital variations of the P/Machholz and (uadrantids and on the
differences in the directions to perihelia of the meteor shower current
orbits.

20
[ % o
B . veres ~\2 ®
1{ l'¥o) Fig.3. Evolution of the peribelion
o position of P/Machholz’s orbit.
Current perihelion positions of
3 ® 2 the related meteor showers are
-1 marked by numbers as in Fig.2.
® ?5
s 100 108 Ao Mo

The dbserved differences among the meteor shower arbits and in the comet’s
orbit may have resulted from the differential planetary perturbations.Fig.3
gives the variations in the perihelion position of PMachholz’'s orbitduring
ane period of the perihelion argument variation. fs seen, this position
changes from —15-to 15°in ecliptic latitude f and from 98%0 103°in  ecliptic
longitude A, painting the curve like "eight". Since the dispersion of W in the
meteoroid stream reaches 360 with time, then all directions seem to be
possible within these ranges. For all simulated Earth—crossing neteur'oicol
orbits the positions of perihelia are approximately in bounds from -20"to +20
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in B and from 887 to 1057 in A. There are also the cbserved and theoretical
perihelion positions of the P/Machholz meteor showetrs in Fig.3. As seen, the
planetary perturbations explain the dispersion of perihelion positions very
well.

According to Babadzhanov et al. (1991) to ensure the adbserved activity of 1§1x
meteor showets the comet Machholz must have maximum initial mass of 1.4#10 g,
that corresponds to the radius about 7 km if the mean density of the
cametary nucleus of 0.8 g/cm”. For comparison McBride and Hughes (1990)
abtained the radius of 1 km under assumption that F/Machholz had produced the
Guadrantid meteor shower only. According to Sekanina (1990) the cwrrent radius
of the F/Machholz nucleus do not exceed 2.7 km. If assume the comet to be
inside the Jupiter's orbit duwring 78 millennia, then taking into account
small perihelion distance, it is not difficult to explain the decrease of its
radius from 7 to 2.7 km or even less.

Coclusians

The investigation of P/Machholz orbital evolution gives an evidewe that
during the nearest S0 yrs the cometary arbit will intersect the Earth’'s orbit
at the place of appearance of the Daytime Arietids and later — at the place of
appearance of the Northemn 0—Agquarids. Thus, one may expect the increase in
the activity of these showetrs.

The best confirmation of our results would have been a discovery of the
Carinid and #-Velid meteor showers. Taking into account the radiant positiaons
of these showers in the Southern hemisphere, we asked prof. W.J.Baggaley (New
Zealand) to carry out special showers searches with his new meteor radar and
received his kind consent.
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