
Astronomy
&Astrophysics

A&A 616, A162 (2018)
https://doi.org/10.1051/0004-6361/201832829
© ESO 2018

Meteor showers of comet C/1964 N1 (Ikeya)
L. Neslušan1 and M. Hajduková Jr.2

1 Astronomical Institute, Slovak Academy of Science, 05960 Tatranská Lomnica, Slovakia
e-mail: ne@ta3.sk

2 Astronomical Institute, Slovak Academy of Science, Dúbravská cesta 9, 84504 Bratislava, Slovakia
e-mail: astromia@savba.sk

Received 14 February 2018 / Accepted 23 May 2018

ABSTRACT

Aims. We intend to map the meteor complex of the long-period comet C/1964 N1 (Ikeya), which is a proposed parent body of the July
ξ-Arietids, the meteor shower 533 in the IAU MDC list.
Methods. For five perihelion passages of the parent comet in the past, we modeled the associated theoretical stream, its parts, consisting
of 10 000 test particles each, and followed the dynamical evolution of these parts up to the present. We performed several simulations
of the evolution, with various strengths of the Poynting–Robertson effect. At the end of each simulation, we analyzed the mean orbital
characteristics of the particles that approached Earth orbit and thus created one or several showers. The showers were compared with
their observed counterparts as separated from photographic and several video databases when the separation was successful.
Results. The modeled stream of C/1964 N1 typically approaches Earth orbit in four filaments that correspond to four showers. Their
radiant areas are close to the apex of Earth’s motion around the Sun. We confirm the generic relationship between the studied parent
comet and the July ξ-Arietids. The comet also seems to be the parent of the ε-Geminids, shower 23, and we suspect a relationship
between the comet and the ξ-Geminids, shower 718, although the relationship is rather uncertain. The real counterparts of three of
the predicted showers were selected in the CAMS and SonotaCo databases. However, these real showers are diffuse, with relatively
few members, and determination of their characteristics is therefore uncertain; the showers were separated into more than one single
“modification”. Confirmation of their existence will have to await considerably more numerous data.
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1. Introduction

Periodic comets are expected to release small particles, mete-
oroids, from their nuclei. Since the escape velocity at release
is negligible in comparison to the heliocentric velocity of the
comet, the orbits of the meteoroids do not initially differ much
from the orbit of the comet. The meteoroids thus orbit the Sun in
a corridor they share with their parent. Nevertheless, the gravita-
tional perturbations of planets and non-gravitational effects can
later move these meteoroids to some alternative orbital corridors.
The spatial structure of the meteoroid stream becomes filamen-
tary, and the stream particles can collide with our planet in more
than a single arc of its orbit.

The structure of the stream that occurs as a result of the
dynamical evolution of the stream particles can be traced by
modeling the stream and its orbital evolution. In this paper, we
model the potential stream of long-period comet C/1964 N1
(Ikeya) in this way. The streams of long-period comets have
not been modeled as often as streams associated with short-
period parent bodies, such as comets 96P/Machholz (McIntosh
1990; Kaňuchová & Neslušan 2007; Babadzhanov et al. 2008;
Neslušan et al. 2013b; Abedin et al. 2018) or 12P/Pons-Brooks
(Tomko 2015; Tomko & Neslušan 2016), or asteroids such as
3200 Phaethon (Babadzhanov 1994; Beech 2002; Ryabova 2007,
2008; de León et al. 2010; Jakubík & Neslušan 2015; Ryabova &
Rendtel 2018) or 196 256 (2003 EH1; Babadzhanov et al. 2008,
2017; Neslušan et al. 2013a; Kasuga & Jewitt 2015; Abedin et al.
2015). Comets with an orbital period, P, of several centuries are

also known to produce meteoroid streams, for example, C/1861
G1 (Thatcher) with P = 415 yr. This is the parent body of the
April Lyrids, shower 6 (Porubčan et al. 1992; Arter & Williams
1997; Porubčan & Kornoš 2008; Kornoš et al. 2015). C/1917 F1
(Mellish) with P = 145 yr is the parent body of the Decem-
ber Monocerotids, shower 19 and, probably also of the April
ρ-Cygnids, shower 348 (Ohtsuka 1989; Lindblad & Olsson-Steel
1990; Hasegawa 1999; Vereš et al. 2011; Neslušan & Hajduková
2014; Hajduková et al. 2015). C/1979 Y1 (Bradfield) with P =
305 yr is the parent body of the July Pegasids, shower 175
(Jenniskens 2006; Ueda 2012; Hajduková & Neslušan 2017). We
also refer to the showers by their number in the IAU MDC list1
(Jopek & Kaňuchová 2014) to give a unique identification.

Comet C/1964 N1 has an orbital period equal to 391 yr
and moves in a low-inclined but retrograde orbit; therefore,
the expected geocentric velocity of the associated meteors is
very high. The meteoroids from the comet, if they are actually
released, are expected to exhibit an intensive light effect when
colliding with the Earth’s atmosphere, which means that the
meteors should be easily detected when they occur on the night
sky.

According to recent work by Šegon et al. (2017), comet
C/1964 N1 is the parent body of the July ξ-Arietids, shower
533. The authors modeled the streams of several parent bodies
using the method developed by Vaubaillon et al. (2005); see also
Jenniskens & Vaubaillon (2008).

1 https://www.ta3.sk/IAUC22DB/MDC2007/
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Consistent with several previous papers (e.g., Neslušan et al.
2013b), we use the words “complex” and “stream” as synonyms
referring to the whole structure of meteoroids released from the
parent body. The complex often consists of several “filaments”.
If the particles of a filament hit Earth, they can cause a meteor
“shower” corresponding to the filament.

2. Orbit of the parent comet

In our study, we consider the orbit of comet C/1964 N1 with
the orbital elements published in the JPL small-body browser
(Giorgini et al. 1996)2. This orbit, referred to as at epoch
1964 July 24.0 (JDT = 2438600.5), has these elements:
q = 0.821752 au, e = 0.984643, a = 53.5099303 au, ω =
290.7618◦, Ω = 269.9493◦, i = 171.9200◦, and T =
2438608.7111 (1964 August 1.2111). We refer to this orbit
as the nominal orbit. The orbital period of the comet in the
nominal orbit is 390.993 yr.

The uncertainity of the nominal orbit, determined in 1964, is
not known. Therefore, it is not possible to trace the uncertainity
of its past evolution. In our modeling of the theoretical stream,
we did not consider any set of cloned orbits, only the nominal
orbit itself. We integrated this orbit backward in time, down to
100 000 yr. The past evolution of the orbital elements is shown
in Figs. 1a−f.

The minimum distance of the pre-perihelion and post-
perihelion arcs of the C/1964 N1 orbit from Earth’s orbit is
shown in Fig. 1g. In some time intervals, the orbital arcs
approached the orbit of our planet relatively closely; the mutual
distance was shorter than 0.1 au or even shorter than 0.01 au.
Currently, the arcs are relatively far from Earth’s orbit; the
pre-perihelion arc is at 0.19 au and the post-perihelion arc is at
0.41 au.

3. Modeling the stream

The theoretical stream of the studied comet, C/1964 N1, was
modeled in the way suggested by Neslušan (1999), which was
later slightly modified (Tomko & Neslušan 2012). In the model-
ing, the orbit of the parent body is first integrated backward in
time to the moment of perihelion passage, which occurred clos-
est to an arbitrarily chosen time tev. In the perihelion, a cloud
of 10 000 test particles around the parent body was modeled,
and this entire assembly was integrated forward in time, up to
the present. At the end of the integration, we selected the par-
ticles moving in the orbits that approach Earth’s orbit within
0.05 au. They were used to predict the mean characteristics of
the expected shower. A brief summary of the method can also
be found in Neslušan et al. (2013b), Jakubík & Neslušan (2015),
and others. Since the method has been described several times,
we do not repeat the description here.

After selecting the particles that approach Earth’s orbit
within 0.05 au, we searched for a corresponding shower in the
meteor databases, specifically in (1) the International Astro-
nomical Union (IAU) Meteor Data Center (MDC) photographic
database, version 2013 (Porubčan et al. 2011; Neslušan et al.
2014), (2) the IAU MDC Cameras for Allsky Meteor Surveil-
lance (CAMS) video database (Gural 2011; Jenniskens et al.
2011, 2016a,c,b; Jenniskens & Nénon 2016), (3) the 2007−2015
SonotaCo video (SonotaCo 2009, 2016), and (4) the EDMOND
video databases (Kornoš et al. 2014a,b). These databases contain
4873, 110 521, 208 826, and 145 830 records on meteor orbits and
geophysical data, respectively.
2 http://ssd.jpl.nasa.gov/sbdb.cgi

To identify a predicted shower with its potential counterpart
in a given database, we attempted to separate the shower on the
basis of the predicted mean orbit from the database using the
so-called break-point method (Neslušan et al. 1995, 2013c). In
this method, the dependence of the number of selected meteors
of a shower on the limiting value of the Southworth–Hawkins
(Southworth & Hawkins 1963) D discriminant, Dlim, is ana-
lyzed. If a shower is present in the set, then the dependence
N = N(Dlim) has a convex behavior with a constant or almost
constant part: a plateau. The break point is a critical point
N(Dlim) behavior, giving the most suitable limiting value for the
D discriminant to select the densest part of a particular shower
from the near orbital phase space. A similar method for isolating
meteor showers from the sporadic background, emphasizing that
a cutoff value chosen has to reflect the strength of the shower
compared to the local sporadic background, has recently been
suggested by Moorhead (2016).

Since the meteoroids move in the orbits with a low absolute
inclination to the ecliptic, they hit Earth within a relatively long
arc of its orbit, and the direction of the velocity vector of our
planet changes during the period of shower activity. The geo-
centric radiant then changes correspondingly. To eliminate this
effect, we illustrate the radiant positions in the ecliptic coordinate
frame with the x-axis permanently directed to the Sun, that is,
in the Sun-centered ecliptic coordinate frame. (If λ is the eclip-
tic longitude of the radiant in the standard ecliptic coordinates
and λ′ is the ecliptic longitude of the radiant in the Sun-centered
ecliptic coordinates, then λ′ = λ − λ�, where λ� is the solar
longitude of the meteor.)

To integrate the orbits of the theoretical particles, par-
ent comet, and perturbing planets, we used integrator RA15
(Everhart 1985) within the software package MERCURY
(Chambers 1999). The gravitational perturbations of eight plan-
ets, Mercury to Neptune, were taken into account.

In our simulations, the acceleration due to the
Poynting–Robertson (P–R) effect was considered. The term
“P–R effect” is here used to refer to the action of radial electro-
magnetic radiation pressure as well as to the velocity-dependent
effects on the meteoroid particles. We used the improved
formulas derived by Klačka (2014). A more detailed description
is given in our previous paper (Hajduková & Neslušan 2017),
for example. Parameter β, being the ratio of the accelerations
due to both the P–R effect and the gravity of the Sun, was again
regarded as a free parameter.

We created a series of models for various combinations of
specific values of evolutionary time tev and parameter β. In
reality, the stream consists of particles of various sizes and
densities, and parameter β therefore ranges in a wider inter-
val of values. In addition, the particles are released at various
times, therefore their evolutionary time is different and can
also acquire a value from a wider interval. Hence, the par-
ticular model we created does not represent a whole stream.
The model of a whole stream is a composition of partial
models that give a good prediction of the corresponding real
showers.

4. Predicted showers

Considering the evolutionary time, tev, equal to 5, 10, 20, 40,
and 80 kyr and the P–R effect parameter β acquiring the val-
ues 0.00001, 0.0001, 0.001, 0.003, 0.005, 0.007, and 0.009, we
constructed the theoretical streams of the studied comet for
every possible combinations of tev and β values and followed
the dynamical evolution of the created stream until the present.
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Fig. 1. Behavior of perihelion distance (plot a), semi-major axis (b), eccentricity (c), argument of perihelion (d), longitude of ascending node (e),
and inclination to the ecliptic (f) of the nominal orbit of comet C/1964 N1. The evolution of the minimum distance between the orbital arcs of
comet C/1964 N1 and Earth is shown in plot (g). The minimum distance ofthe post-perihelion (pre-perihelion) arc is shown by the red solid (blue
dashed) curve. All plots are constructed for the period fromtime 100 000 years before the present to the present.

some values of evolutionary time, the P-R effect caused a deflec-
tion of the stream from the collisional course with Earth earlier
or later than for the initially last considered value ofβ = 0.009.
To determine when the effect is strong enough to cause the com-
plete deflection, we also created a few models with other values
of β than listed above (β = 0.006, 0.008, 0.010, and 0.011). We

also constructed some additional models when necessary (see
their specification in Sect. 6.3).

The detailed distribution of the positions of geocentric radi-
ants of the particles approaching Earth’s orbit within 0.05 au at
the present is shown in Fig. 2 for four models in the Sun-centered
ecliptic coordinates. The radiants are distributed on bothsides of
the ecliptic. The northern and southern strands are furtherdi-
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Fig. 1. Behavior of perihelion distance (panel a), semi-major axis (panel b), eccentricity (panel c), argument of perihelion (panel d), longitude of
ascending node (panel e), and inclination to the ecliptic (panel f) of the nominal orbit of comet C/1964 N1. The evolution of the minimum distance
between the orbital arcs of comet C/1964 N1 and Earth is shown in plot (panel g). The minimum distance of the post-perihelion (pre-perihelion)
arc is shown by the red solid (blue dashed) curve. All plots are constructed for the period from time 100 000 yr before the present to the present.

For some values of evolutionary time, the P–R effect caused a
deflection of the stream from the collisional course with Earth
earlier or later than for the initially last considered value of β =
0.009. To determine when the effect is strong enough to cause the
complete deflection, we also created a few models with other val-
ues of β than listed above (β = 0.006, 0.008, 0.010, and 0.011).

We also constructed some additional models when necessary
(see their specification in Sect. 6.3).

The detailed distribution of the positions of geocentric
radiants of the particles approaching Earth’s orbit within
0.05 au at the present is shown in Fig. 2 for four models in the
Sun-centered ecliptic coordinates. The radiants are distributed
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Fig. 2. Positions of geocentric radiants of theoretical particlesgrouped into five filaments of the meteoroid stream associated with comet C/1964
N1. The radiants of particles in the F1 (F2, F3, F4, and F5) filament are plotted with red pluses (green crosses, blue asterisks, violet full squares,
and cyan full circles). The positions are shown for four models of the C/1964 N1 stream characterized with (tev, β) equal to (20, 0.0001) (plot a),
(40, 0.003) (b), (80, 0.00001) (c), and (80, 0.007) (d). To show the positions of the radiants, the Sun-centered ecliptical coordinate frame is used.

vided into two separate concentrations of the orbits in space,
which is also seen in terms of radiants that are shown in the fig-
ure.

Taking into account this structure, we divided the stream
mostly into four filaments, two (F1 and F2) with the radiants
northward and two (F3 and F4) southward of the ecliptic. In a
few models fortev = 80 kyr and high values ofβ (β = 0.005,
0.007, 0.009, and 0.010), only a single southern filament oc-
curred (Fig. 2d). In the Sun-centered ecliptic coordinates, the
radiant area of this filament is similar to that of filament F4.
A more detailed inspection reveals some systematic differences
in the mean parameters (a higher absolute orbital inclination or
lower solar longitude), however. Hence, we are not sure if this
filament can be identified with F4, and we rather refer to it as
F5. Its occurrence is discussed in Sect. 6.3.

In Figs. 3 and 4, the positions of the geocentric, Sun-centered
radiants of theoretical particles and the corresponding real show-
ers are shown in some models. In more detail, the plots of Fig.3
are related to filament F3 in the models with P-R-effect parame-
ter β = 0.00001 and a series of evolutionary times,tev. The dis-
persion of the radiant area increases with increasingtev. Owing
to the larger dispersion, some particles are obviously deflected
from the collisional course with Earth, therefore the number of
particles in the filament decreases with the time.

The heliocentric radiants in Fig. 4 are related to filament F2
in the models fortev = 40 kyr and a series of the values ofβ-
parameter. The P-R effect on the particle dynamics in this fila-
ment is evident. The effect tends to move the articles away from
the vicinity of Earth’s orbit with increasingβ. Only the parti-
cles in the core survive, therefore the extent of the radiantarea is
reduced.

We constructed plots like those in Figs. 3 and 4 for every
filament in each model, where the identification of a predicted
shower to a real shower separated at least from a single database
was successful. Together with tabular data, these figures served
to remove some identifications, which seemed to be successful
on the basis of theD-criterion, but the predicted and observed
radiant areas were unacceptably different (a more detailed de-
scription of the identification is given in Sect. .5).

According to Figs. 3, 4, and many similar others that we do
not show, there is mostly no perfect match between a given pre-
diction and a real shower. However, the P-R effect does not tend
to improve the match significantly. The meteoroid particlesin
the C/1964 N1 stream are quite large and the effect is not very
strong. In more detail, a good match can be found, typically,for
β up to the value of about 0.001.

Furthermore, there is a vague symmetry of the filaments F1
and F4 and of F2 and F3 with respect to the apex of Earth’s mo-
tion. The highest number of radiants of a given filament is found
in a single quadrant (four filaments, F1−F4, in four quadrants)
of the apex-centered ecliptical coordinate system. However, the
distribution into specific quadrants is not exact. Some radiant
points are beyond the quadrant pertaining to their filament and
contaminate other filaments.

5. Identification of predicted with real showers

The mean orbits of the predicted meteor showers were used as
the initial orbits in the iteration, made within the break-point
method, to separate possible real counterparts of the showers
from the meteor catalogs. Unfortunately, the dependenceN =
N(Dlim) constructed within the method never exhibited a clear
break point; therefore, it was hard to decide whether the sepa-
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Fig. 2. Positions of geocentric radiants of theoretical particles grouped into five filaments of the meteoroid stream associated with comet C/1964
N1. The radiants of particles in the F1 (F2, F3, F4, and F5) filament are plotted with red pluses (green crosses, blue asterisks, violet full squares,
and cyan full circles). The positions are shown for four models of the C/1964 N1 stream characterized with (tev, β) equal to (20, 0.0001) (panel a),
(40, 0.003) (panel b), (80, 0.00001) (panel c), and (80, 0.007) (panel d). To show the positions of the radiants, the Sun-centered ecliptical
coordinate frame is used.

on both sides of the ecliptic. The northern and southern strands
are further divided into two separate concentrations of the orbits
in space, which is also seen in terms of radiants that are shown
in the figure.

Taking into account this structure, we divided the stream
mostly into four filaments, two (F1 and F2) with the radi-
ants northward and two (F3 and F4) southward of the eclip-
tic. In a few models for tev = 80 kyr and high values of β
(β = 0.005, 0.007, 0.009, and 0.010), only a single southern fil-
ament occurred (Fig. 2d). In the Sun-centered ecliptic coor-
dinates, the radiant area of this filament is similar to that of
filament F4. A more detailed inspection reveals some system-
atic differences in the mean parameters (a higher absolute orbital
inclination or lower solar longitude), however. Hence, we are not
sure if this filament can be identified with F4, and we rather refer
to it as F5. Its occurrence is discussed in Sect. 6.3.

In Figs. 3 and 4, the positions of the geocentric, Sun-
centered radiants of theoretical particles and the corresponding
real showers are shown in some models. In more detail, the
plots of Fig. 3 are related to filament F3 in the models with
P–R effect parameter β = 0.00001 and a series of evolution-
ary times, tev. The dispersion of the radiant area increases with
increasing tev. Owing to the larger dispersion, some particles
are obviously deflected from the collisional course with Earth,
therefore the number of particles in the filament decreases with
the time.

The heliocentric radiants in Fig. 4 are related to filament
F2 in the models for tev = 40 kyr and a series of the values of
β-parameter. The P–R effect on the particle dynamics in this
filament is evident. The effect tends to move the articles away
from the vicinity of Earth’s orbit with increasing β. Only the

particles in the core survive, therefore the extent of the radiant
area is reduced.

We constructed plots like those in Figs. 3 and 4 for every
filament in each model, where the identification of a pre-
dicted shower to a real shower separated at least from a single
database was successful. Together with tabular data, these fig-
ures served to remove some identifications, which seemed to
be successful on the basis of the D-criterion, but the predicted
and observed radiant areas were unacceptably different (a more
detailed description of the identification is given in Sect. 5).

According to Figs. 3 and 4, and many similar others that we
do not show, there is mostly no perfect match between a given
prediction and a real shower. However, the P–R effect does not
tend to improve the match significantly. The meteoroid particles
in the C/1964 N1 stream are quite large and the effect is not very
strong. In more detail, a good match can be found, typically, for
β up to the value of about 0.001.

Furthermore, there is a vague symmetry of the filaments F1
and F4 and of F2 and F3 with respect to the apex of Earth’s
motion. The highest number of radiants of a given filament
is found in a single quadrant (four filaments, F1–F4, in four
quadrants) of the apex-centered ecliptical coordinate system.
However, the distribution into specific quadrants is not exact.
Some radiant points are beyond the quadrant pertaining to their
filament and contaminate other filaments.

5. Identification of predicted with real showers

The mean orbits of the predicted meteor showers were used as
the initial orbits in the iteration, made within the break-point
method, to separate possible real counterparts of the showers
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Fig. 3. Positions of geocentric radiants of theoretical particles(black dots) in the predicted filament F3 and corresponding real-shower meteors of
the Julyξ-Arietids,shower 533, separated from the CAMS-video (green triangles) and SonotaCo-video (red full squares) databases. The positions
are shown in the models for the P-R-effect parameterβ = 0.00001 and a series of evolutionary timestev = 5 (plot a), 10 (b), 20 (c), 40 (d), and
80 kyr (e). To show the radiants, the Sun-centered ecliptic coordinate frame is used.

rated set of meteors truly was a shower or only a random mod-
erate accumulation of meteors in the given part of the orbital
phase space. Hence, the reality of the mean orbits of the sepa-
rated showers is rather uncertain.

The relationship between the predicted and separated show-
ers is also mostly uncertain. The iteration often resulted in a real
mean orbit that was very different from the predicted mean orbit.
We calculated the Southworth-HawkinsD-discriminant between
the predicted and corresponding real mean orbits and excluded
all separated mean orbits withDS H > 0.2. We also discarded
some separated real showers if their geophysical data were too
different from the predicted counterpart. In more detail, the dif-
ference in mean solar longitude should not exceed∼20o, or the
position of the predicted mean radiant should not be different
from the real counterpart by more than a dozen degrees.

When comparing the predicted and real showers, we also
considered our models with a relatively high value of the P-R
parameterβ and the video-meteor data. This may seem contra-
dictory since the video techniques can detect relatively large par-

ticles and a high value ofβ implies a small particle size. How-
ever, the relation between the size and parameterβ is still largely
uncertain for the meteoroid material. Jakubík & Neslušan (2015)
separated the real Geminids, which have an ecliptic longitude
of the radiant down to 254.5o. The radiants of these particles
can reach this low value only for aβ parameter approaching
0.017. These Geminids were separated from the IAU MDC pho-
tographic as well as the video data, however. Hence, we can ex-
pect that some real particles with sizes corresponding to upto
the highest consideredβ-value of 0.010 are present in the video
data.

We also calculated theD-discriminant between every pre-
dicted and known orbit in the IAU MDC list of all showers and
regarded as possibly related only orbits withDS H ≤ 0.20. The
criterion DS H ≤ 0.20 is not very strict, therefore it is not sur-
prising that a single real shower, regardless of whether it was
separated from a considered database or found in the IAU MDC
list of showers, is identified with more than a single predicted
filament. Fortunately, the search for the minimum value ofDS H
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Fig. 3. Positions of geocentric radiants of theoretical particles (black dots) in the predicted filament F3 and corresponding real-shower meteors of
the July ξ-Arietids,shower 533, separated from the CAMS-video (green triangles) and SonotaCo-video (red full squares) databases. The positions
are shown in the models for the P–R effect parameter β = 0.00001 and a series of evolutionary times tev = 5 (panel a), 10 (panel b), 20 (panel c),
40 (panel d), and 80 kyr (panel e). To show the radiants, the Sun-centered ecliptic coordinate frame is used.

from the meteor catalogs. Unfortunately, the dependence N =
N(Dlim) constructed within the method never exhibited a clear
break point; therefore, it was hard to decide whether the sep-
arated set of meteors truly was a shower or only a random
moderate accumulation of meteors in the given part of the
orbital phase space. Hence, the reality of the mean orbits of the
separated showers is rather uncertain.

The relationship between the predicted and separated show-
ers is also mostly uncertain. The iteration often resulted in a
real mean orbit that was very different from the predicted mean
orbit. We calculated the Southworth–Hawkins D-discriminant
between the predicted and corresponding real mean orbits and
excluded all separated mean orbits with DSH > 0.2. We also
discarded some separated real showers if their geophysical data
were too different from the predicted counterpart. In more
detail, the difference in mean solar longitude should not exceed
∼20◦, or the position of the predicted mean radiant should not
be different from the real counterpart by more than a dozen
degrees.

When comparing the predicted and real showers, we also
considered our models with a relatively high value of the P–R
parameter β and the video-meteor data. This may seem con-
tradictory since the video techniques can detect relatively large
particles and a high value of β implies a small particle size. How-
ever, the relation between the size and parameter β is still largely
uncertain for the meteoroid material. Jakubík & Neslušan (2015)
separated the real Geminids, which have an ecliptic longitude
of the radiant down to 254.5◦. The radiants of these particles
can reach this low value only for a β parameter approaching
0.017. These Geminids were separated from the IAU MDC pho-
tographic as well as the video data, however. Hence, we can
expect that some real particles with sizes corresponding to up to
the highest considered β-value of 0.010 are present in the video
data.

We also calculated the D-discriminant between every pre-
dicted and known mean orbit in the IAU MDC list of all showers
and regarded as possibly related only orbits with DSH ≤ 0.20.
The criterion DSH ≤ 0.20 is not very strict, therefore, it is
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Fig. 4. Positions of geocentric radiants of theoretical particles(black dots) in the predicted filament F2 and corresponding real-shower meteors of
theǫ-Geminids, shower 23, separated from the CAMS-video (greentriangles) and SonotaCo-video (red full squares) databases. The positions are
shown in the models for the evolutionary timetev = 40 kyr and a series of the values of P-R-effect parameterβ = 0.001 (plot a), 0.003 (b), 0.005
(c), and 0.007 (d). To show the radiants, the Sun-centered ecliptic coordinate frame is used.

between the given real shower and a predicted filament leads to
a unique association of shower and filament.

Since a given filament consists of meteors on similar or-
bits, the orbital similarity and its evaluation with the help of
D-discriminant is a reasonable way to identify the predictedfil-
aments with the observed showers. In this context, we point out
the circumstance that all predicted filaments of the C/1964 N1
stream have a low absolute inclination to the ecliptic (|i| <≈ 10o),
and consequently, the long orbital arcs of stream meteoroids are
situated in the vicinity of Earth’s orbit. Thus, the large difference
in mean argument of perihelion and mean longitude of ascending
node can naturally occur. Moreover, the meteoroids of a given
filament can collide with our planet during a relatively longpe-
riod. Our tolerance of∼20o in solar longitude, mentioned above,
is therefore likely acceptable.

The differences of several degrees in mean solar longitude,
mean right ascension, and mean declination of the radiant or
those of several tenths of an astronomical unit in perihelion dis-
tance occur not only between the predicted and corresponding
real showers, but also between the corresponding real showers,
as separated by us in this work based on various catalogs, and
between the real showers as separated from a catalog and the
corresponding showers in the IAU MDC list of showers, which
are also mutually different when determined by various authors.
All these differences indicate that no stricter criterion of a shower
identity than we considered can be used for the showers originat-
ing in C/1964 N1.

6. Specific filaments

6.1. Filaments F3 and F1, July ξ-Arietids

We can clearly identify theoretical filament F3 with shower July
ξ-Arietids, shower 533 in the IAU MDC list. This identification
is consistent with the result obtained by Šegon et al. (2017). In
our current study, the similarity between the mean orbit of the
July ξ-Arietids and the predicted mean orbit of F3 is charac-
terized by the very lowD-discriminantDS H = 0.053 when we
consider the mean orbit determined by Šegon et al. (2014) and
DS H = 0.070 for the mean orbit determined by Jenniskens et al.
(2016c). A slightly higher value,DS H = 0.078, characterizes the
similarity when we compare our filament F3 and the mean orbit
derived by Kornoš et al. (2014b).

A real shower corresponding to filament F3, its models es-
pecially for tev = 20 kyr, was also found in the SonotaCo video
data and IAU MDC CAMS data. No shower corresponding to
F3 was found in the IAU MDC photographic and EDMOND
video data sets. The agreement between the predicted and real
showers is better fortev ≥ 20 kyr than for a shorter evolutionary
time. Hence, we can conclude that the age of the Julyξ-Arietids
is at least 20,000 years. Inspection of models fortev = 80 kyr,
however, implies that the age is younger than this. Comparing
the predicted filament F3 to the real showers also implies that
the real meteoroids were not much influenced by the P-R effect.
Their size corresponds toβ <≈ 0.001.

The radiant area of filament F3 is situated below the pro-
jection of the ecliptic on the celestial sphere. Filament F1has
a very similar mean orbit, but its radiant area is situated north-
ward of the ecliptic. Hence, F1 can be regarded as a northern
branch of the southern F3. Some showers with mean charac-
teristics resembling those of F1 were found in the IAU MDC
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Fig. 4. Positions of geocentric radiants of theoretical particles (black dots) in the predicted filament F2 and corresponding real-shower meteors of
the ε-Geminids, shower 23, separated from the CAMS-video (green triangles) and SonotaCo-video (red full squares) databases. The positions are
shown in the models for the evolutionary time tev = 40 kyr and a series of the values of P–R effect parameter β = 0.001 (panel a), 0.003 (panel b),
0.005 (panel c), and 0.007 (panel d). To show the radiants, the Sun-centered ecliptic coordinate frame is used.

not surprising that a single real shower, regardless of whether
it was separated from a considered database or found in the
IAU MDC list of showers, is identified with more than a
single predicted filament. Fortunately, the search for the min-
imum value of DSH between the given real shower and a
predicted filament leads to a unique association of shower and
filament.

Since a given filament consists of meteors on similar
orbits, the orbital similarity and its evaluation with the help of
D-discriminant is a reasonable way to identify the predicted fil-
aments with the observed showers. In this context, we point out
the circumstance that all predicted filaments of the C/1964 N1
stream have a low absolute inclination to the ecliptic (|i| <≈ 10◦),
and consequently, the long orbital arcs of stream meteoroids are
situated in the vicinity of Earth’s orbit. Thus, the large difference
in mean argument of perihelion and mean longitude of ascending
node can naturally occur. Moreover, the meteoroids of a given fil-
ament can collide with our planet during a relatively long period.
Our tolerance of ∼20◦ in solar longitude, mentioned above, is
therefore likely acceptable.

The differences of several degrees in mean solar longitude,
mean right ascension, and mean declination of the radiant or
those of several tenths of an astronomical unit in perihelion dis-
tance occur not only between the predicted and corresponding
real showers, but also between the corresponding real show-
ers, as separated by us in this work based on various catalogs,
and between the real showers as separated from a catalog and
the corresponding showers in the IAU MDC list of showers,
which are also mutually different when determined by various
authors. All these differences indicate that no stricter criterion of
a shower identity than we considered can be used for the showers
originating in C/1964 N1.

6. Specific filaments

6.1. Filaments F3 and F1, July ξ-Arietids

We can clearly identify theoretical filament F3 with shower July
ξ-Arietids, shower 533 in the IAU MDC list. This identification
is consistent with the result obtained by Šegon et al. (2017). In
our current study, the similarity between the mean orbit of the
July ξ-Arietids and the predicted mean orbit of F3 is charac-
terized by the very low D-discriminant DSH = 0.053 when we
consider the mean orbit determined by Šegon et al. (2014) and
DSH = 0.070 for the mean orbit determined by Jenniskens et al.
(2016c). A slightly higher value, DSH = 0.078, characterizes the
similarity when we compare our filament F3 and the mean orbit
derived by Kornoš et al. (2014b).

A real shower corresponding to filament F3, its models espe-
cially for tev = 20 kyr, was also found in the SonotaCo video
data and IAU MDC CAMS data. No shower corresponding to F3
was found in the IAU MDC photographic and EDMOND video
data sets. The agreement between the predicted and real show-
ers is better for tev ≥ 20 kyr than for a shorter evolutionary time.
Hence, we can conclude that the age of the July ξ-Arietids is at
least 20 000 yr. Inspection of models for tev = 80 kyr, however,
implies that the age is younger than this. Comparing the pre-
dicted filament F3 to the real showers also implies that the real
meteoroids were not much influenced by the P–R effect. Their
size corresponds to β <≈ 0.001.

The radiant area of filament F3 is situated below the pro-
jection of the ecliptic on the celestial sphere. Filament F1 has a
very similar mean orbit, but its radiant area is situated northward
of the ecliptic. Hence, F1 can be regarded as a northern branch
of the southern F3. Some showers with mean characteristics
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resembling those of F1 were found in the IAU MDC CAMS
video as well as in the SonotaCo video databases. However, these
real showers were predicted only with the help of models with
tev = 80 and are very dispersed. They are also uncertain because
the threshold used for their separation was found to be high, from
0.32 to 0.40. Because of this uncertainty, we do not yet name
these newly found showers. No shower in the IAU MDC list was
identified with F1.

6.2. Filaments F2 and F4, ε-Geminids

Filaments F1 and F3 can be regarded as the northern and south-
ern branches of the same stream. Similarly, filaments F2 and F4
are such branches, F2 is the northern and F4 the southern branch.
While filament F4 is not the most similar filament to any shower
in the IAU MDC list of all showers, filament F2 can probably be
identified with the ε-Geminids, shower 23, especially with the
mean orbit of this shower as determined by Cook (1973).

Filament F2 probably has its counterpart in the IAU MDC
CAMS data. Furthermore, we found a certain similarity of the
mean orbit of F2 and three modifications of a corresponding real
shower in the SonotaCo data. We must be careful with this iden-
tification, however, since the predicted solar longitude is up to
20◦ higher. The matching degree of the predicted and real helio-
centric radiant positions in F2 is shown in Fig. 4, where these
positions are plotted in the models for tev = 40 kyr and a series
of the P–R effect parameter β. The predicted shower matches
its real counterpart for a wide interval of β-values, from 0 to
about 0.005. No real counterpart of filament F4 was found in the
considered databases or in the IAU MDC list.

6.3. Filament F5

In the theoretical models for tev = 80 kyr and β ≥ 0.005, fila-
ments F3 and F4, with radiant areas below the ecliptic, disap-
peared. Instead of these filaments, a single filament, F5, appeared
with an area of the standard geocentric radiant in the region near
the border of F3 and F4. If the radiants are plotted in the Sun-
centered ecliptic coordinates, the radiant area is almost the same
as the radiant area of F4 (see Fig. 2d). Nevertheless, the differ-
ences in some other parameters do not disappear, therefore it is
reasonable to classify F5 as an extra filament.

The occurrence of this irregular filament is most likely a
consequence of the considerable change in inclination of the
parent-comet orbit, which can be observed in Fig. 1f. In the
period from about −92 to −80 kyr, the inclination decreased from
∼170◦ to ∼158◦ (i.e., the absolute inclination increased from
∼10◦ to ∼22◦; the orbit was at a larger distance from the ecliptic).
This is the effect of the temporary capture of C/1964 N1 into the
Kozai resonance during that period.

The orbital evolution of stream meteoroids was likely simi-
lar and, hence, the dynamical behavior of the stream in a more
distant past can be expected to be different from its behavior in a
later period. To support this vague deduction based on the evolu-
tion of the parent-body orbit, we also created several additional
models. Since filament F5 in the models for tev = 80 kyr is most
abundant in the model for β = 0.007, we constructed a set of
models for β = 0.007 and a sequence of values of tev equal to 50,
60, 70, 75, 78, 82, 85, and 90 kyr.

No single meteor was predicted in any orbit within 0.05 au
of Earth’s orbit at the present time in the models for tev = 90, 85,
or 82 kyr, but when we considered the particles released from
the parent 80 kyr ago, some of them dynamically evolved to the
present-day filament F5. The particles released 78 kyr ago form

a filament that can be identified as F5 and is predicted to be
the dominant structure (except for F5, only a few meteors of
F1 approached the orbit of our planet) at the present time. The
stream that was later released from the parent, 75 kyr and 60 kyr
ago, did not intersect Earth’s orbit. The model for tev = 60 kyr
predicts filament F1, but with only a few members. This absence
of the stream at Earth’s orbit was interrupted for a period: fila-
ments F1, F2, and F5 (and a weak F3) occur again in the model
at tev = 70 kyr.

The filamentary structure becomes “normal”, consisting of
the above described filaments F1 to F4, when the meteoroids
are released in time ∼50 kyr before the present and later. In the
model for tev = 50 kyr, the filamentary structure is similar to that
for tev = 40 kyr (and β = 0.007), except for the circumstance that
F1 is more abundant than F2 for tev = 50 kyr.

No real counterpart of F5 was separated in the considered
databases. We found only a vague similarity of its mean char-
acteristics with the mean characteristics of ξ-Geminids, shower
718, which was found by Jenniskens et al. (2016a). The match is
poor in mean solar longitude (difference between the predicted
and observed mean values ∼15◦), mean right ascension (∼10◦),
mean declination (∼5◦), and mean inclination (∼10◦). Moreover,
while Jenniskens et al. gave the mean semi-major axis as 5.8 au,
we predict 337.1 au. This quantity can differ widely even for a
well-established relationship, however.

7. Conclusions

We modeled a theoretical stream of comet C/1964 N1 (Ikeya).
The models were characterized with a variety of free parameters,
evolutionary time, and strength of the Poynting–Robertson drag
β to predict a part or parts of the stream that can collide with
Earth. This means that we aimed to predict a meteor shower (or
several of them) of the comet.

Our simulations imply the existence of four distinct filaments
of the C/1964 N1 stream that might be observed in Earth’s atmo-
sphere as four individual showers. We labeled them F1 to F4.
We found an indication that the orbit of the parent comet and its
stream rapidly evolved in a period that ended about 50 kyr ago.
During this period, the orbital corridors of individual filaments
occupied a different space.

Since our modeling ended with a positive result (many parti-
cles occurred in the vicinity of Earth’s orbits at the present time),
we then separated some corresponding showers from the consid-
ered databases of real meteors and compared the prediction with
the observation. We also searched for the corresponding showers
in the IAU MDC shower list.

We note, however, that the separation of real showers cor-
responding to the predicted ones was often not clear. When we
started the iteration procedure from different initial orbits, we
obtained several modifications of, most probably, the same real
shower. The separated real showers contain few members, 28 at
most, many of them consist of 10 or fewer members.

The diffuse real counterpart of filament F3 was found in
the video data, especially in the SonotaCo database. In the
IAU MDC list, this filament is clearly identified with the July
ξ-Arietids, shower 533. This identification has previously also
been made by Šegon et al. (2014, 2017). The identification of
F2 with ε-Geminids, shower 23 that we made is less certain.
Its real counterpart was identified mainly in the CAMS data. A
real counterpart of filament F1 was also found in the CAMS and
SonotaCo data. We suspect, moreover, that filament F5 might
be a prediction of the ξ-Geminids, shower 718. This shower
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also has meteoroids on retrograde orbits and a similar mean
argument of perihelion and mean longitude of the ascending
node. The correspondence of some parameters is questionable,
however, although it is not clearly excluded. No real counterpart
of filament F4 was found in the databases or in the IAU MDC list.

No real shower corresponding to F4 was observed, probably
because only relatively few particles are predicted to approach
Earth’s orbit and thus collide with our planet. This number is an
order of magnitude lower than the numbers in filaments F3 (in
the models for tev < 80 kyr), F2 (for tev > 5 kyr and a relatively
low numbers are predicted for tev = 20 and 80 kyr), and F1 (for
tev > 20 kyr). We can expect that the abundance of a real shower
is proportional to the prediction. Consequently, if the databases
contain only a few tens of meteors of the real counterparts of F1
to F3, these data can be expected to contain only a few meteors of
F4 and F5 with the predicted number of the same magnitude as
F4, and so showers with only a few particles cannot be separated
from the databases.

Analyzing the agreement between the predicted and real
showers, we can conclude that the meteoroids in the C/1964 N1
stream are older than about 20 000 yr. The particles in filaments
F1 to F4, which can collide with Earth at the present, could be
released from the parent-body surface continuously in the period
ranging from 50 000 to 20 000 yr in the past. Some older par-
ticles, with ages of up to 80 000 yr, might also survive in the
stream; they were ejected from the parent’s surface during some
specific short time intervals, however. The particles in filament
F5 could be released only during these intervals.

Filaments F1 to F4 should mostly contain relatively large
particles corresponding to a P–R parameter β <≈ 0.001. Only fil-
ament F5, if its real counterpart exists, contains Earth-hitting
particles that are small, corresponding to 0.005 <≈ β <≈ 0.010.

The radiant areas of four showers corresponding to F1−F4 of
the stream of C/1964 N1 are close to the apex of the motion of
Earth around the Sun. Among the showers studied by us or other
authors, this property is exceptional. No other stream has been
found with such a configuration of radiant areas of its showers.

In conclusion, comet C/1964 N1 is an active parent body of
at least one and possibly more real showers. The study of its
stream is worth to be repeated when more extensive meteor data
are collected.
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Neslušan, L., Svoreň, J., & Porubčan, V. 1995, Earth Moon Planets, 68, 427
Neslušan, L., Hajduková, M., & Jakubík, M. 2013a, A&A, 560, A47
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