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Meteor science

Confirmation of the y Cygnids (CCY, IAU#757)

Jakub Koukal'2, Jiri Srba 2, and Juraj Toth?

In this paper we present independent confirmation of the existence of the y Cygnid (CCY, TAU#757) meteor
shower. The y Cygnids were discovered by Peter Jenniskens within the frame of CAMS project (Cameras for
Allsky Meteor Surveillance). Thanks to the cooperation between European viDeo MeteOr Network (EDMONd),
International Meteor Organization Video Meteor Network (IMO VMN) and the BRAzilian Meteor Observation
Network (BRAMON) the current version of the EDMOND database (v5.02) contains 189 323 multi-station
meteor orbite. This large data sample allowed confirmation of the increased activity from the y Cygnid swarm
during the night of 2015 September 14/15, and also made it possible to map the activity of this newly discovered

swarm during the years 2001-2014.
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1 Introduction

The y Cygnid meteor shower (CCY, TAU#757) was dis-
covered by Peter Jenniskens (2015) within the frame
of CAMS project (Cameras for Allsky Meteor Surveil-
lance; Jenniskens et al., 2011). M. Breukers and C.
Johannink began the process by highlighting five very
similar meteor orbits in the multi-station data obtained
via CAMS BeNeLux in interval from 19"23™ UT (2015
September 14) to 03"35™ UT (2015 September 15).
Partial results from CAMS California at intervals from
03210™ UT to 12"45™ UT (2015 September 15) pro-
vided multi-station orbits for four more swarm mem-
bers. Confirmation of the outburst was also found in
the CMOR (Canadian Meteor Orbit Radar) radar data
(Jenniskens, 2015), the cumulative daily map of multi-
station meteor radiants showed up a concentration at
the position of the mean radiant identified by video ob-
servation in interval from 05"15™ UT to 20"15™ UT
(2015 September 15). The mean geocentric radiant of
the meteor shower derived from CAMS data had equa-
torial coordinates RA = 301°0 £ 2?2 and DEC =
3264196 (2000.0) and the average geocentric velocity
of the meteor swarm particles was v, = 15.14£0.9 km/s.
Meteor shower activity was also observed from Japan
(Shiba, 2015).

The working list of meteor showers IAU MDC (Jopek
& Kanuchova, 2014) contains 577 meteor showers, of
which 109 are considered ag unconfirmed swarms (i.e.
pro tempore). Due to the large amount of data, rel-
atively long period of operation (since 2000) and the
wide time zones coverage (UT—4h to UT+3h) one of
the main goals of the EDMONd database has been the
verification of activity and the existence of these meteor
showers.
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2 European viDeo Meteor Network
Database

The European viDeo Meteor Observation Network (ED-
MONd) was established only recently (Kornof et al.,
2013; Kornog et al., 2014a; Kornos et al., 2014b). The
network originates from spontaneous cooperation be-
tween observers in several parts of Europe. The ED-
MONd Network has been enlarged in recent years and
at present consists of observers from the following na-
tional networks (in alphabetical order): BOAM (Base
des Observateurs Amateurs de Metéores, France);
BosNet (Bosnia); CEMeNt (Central European Meteor
Network, cross-border network of Czech and Slovak am-
ateur observers); CMN (Croatian Meteor Network or
Hrvatska Meteorska Mreza, Croatia); FMA (Fach-
gruppe Meteorastronomie, Switzerland); HMN (Hun-
garian Meteor Network or Magyar Hullcsillagok Egye-
sulet, Hungary); IMO VMN (IMO Video Meteor Net-
work); MeteorsUA (Ukraine); IMTN (Italian amateur
observers in Italian Meteor and TLE Network, Italy);
NEMETODE (Network for Meteor Triangulation and
Orbit Determination, United Kingdom); PFN (Polish
Fireball Network or Pracownia Komet i Meteordw,
PkiM, Poland); Stjerneskud (Danish all-sky fireball
cameras network, Denmark); SVMN (Slovak Video Me-
teor Network, Slovakia); and UKMON (UK Meteor Ob-
servation Network, United Kingdom). The most recent
established network (January 2014) is in the southern
hemisphere - BRAMON (BRAzilian MeteOr Network).
This network is independent of EDMOND database, its
task is to map the activity of meteor showers in the
southern hemisphere.

Nowadays, due to the international cooperation, me-
teor activity is monitored over almost the whole of Eu-
rope. Consequently, in recent years, multi-national net-
works of video meteor observers have contributed much
new data. As a result, the latest version of EDMOND
database (v5.0, January 2015) contains 3 060 250 single
meteors and 189 323 orbits collected from 2001 to 2014*.

dhttp://www.daa.fmph.uniba.sk/edmond
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3 Methodology

The main part of the orbit calculations from two or
more stations is performed using the UFO Orbit soft-
ware (SonotaCo, 2009). Data reduction is implemented
in two steps. The first step involves the calculation
of the orbits via the UFO Orbit software. Meteors
recorded by different stations are only processed as be-
ing identical if their time difference At < 5 s and all
meteors with duration dur < 0.1 s are excluded. Multi-
station trajectory qualitative criteria has to be meet as
follows: maximum speed difference Av < 7 km/s be-
tween the observations from two stations is accepted;
empirically calculated multi-station trajectory quality
parameter in the range ) 4 > 0.15; height of the begin-
ning and of the end of the meteor atmospheric trajec-
tory Hy < 200 km and Ho > 15 km respectively. This
first step causes unrealistic and low accurate trajecto-
ries to be excluded.

In the second step, the specific reduction criteria are
applied to the previously calculated orbits. The angle
of observed trajectory has to be @, > 1°, the conver-
gence angle @, > 10°, the difference between two poles
of ground trajectory AGFP < 0.5° and the difference
between unified velocity and velocity from one of the
stations Av12% < 7.07% (Kornos et al., 2013).

The assignment of the derived meteor trajectories
to the mean meteor stream orbit is based on the D-
criterion of orbit similarity, which compares orbital el-
ements of the meteors (i.e. €, q, i, w and Q). In the
case of assigning potential members of the #757 CCY
meteor shower the Southworth-Hawkins criterion Dgy
(Southworth & Hawkins, 1963) was used.
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where e; and ey is the eccentricity, ¢; and ¢ is the peri-
helion distance of two orbits, w; and ws is the argument
of perihelion of two orbits, €7 and (s is the longitude
of ascending node, i; and iz is the orbit inclination of
two orbits, I is the angle between the orbital planes
as defined in equation (2) and 11y is the angle between
their respective perihelion points as defined in equation

(3).

=]

9, — ) < 180°

1025 — Q| > 180° ()

4 vy Cygnid activity in 2015
For the analysis of the CCY meteor shower activity in
2015, the data from 7 national networks has been used:

Figure 1— Ground projection of the atmospheric trajectories
of v Cygnids meteors during enhanced shower activity in
2015.

Figure 2 — View from above of the Solar system with CCY
meteoroid orbits within Dgy < 0.1 derived from EDMOND
multi-station observations (in 2015).

CEMeNT (26 cameras), BRAMON (11), UKMON (19),
MeteorsUA (23), ITMN (13), FMA (27) and HMN (4).
The orbital elements of the derived multi-station meteor
orbits (in interval September 1 to September 30) were
on the basis of the Southworth-Hawkins criterion of the
orbit similarity — compared with to the CCY meteor
shower mean orbit published by Jenniskens (2015). A
limiting value of the orbit similarity criterion Dgy < 0.2
was set together with an additional constraint of the
geocentric velocity v, = 15.14+2.5 km/s. Fixed v, devi-
ation (£2.5 km/s) is applied in the EDMOND database
for all meteor showers with a speed below 20 km/s
as a first criterion for assigning a meteoroid to a me-
teor shower. This approach provided in total 30 multi-
station meteor orbits for the newly recognized CCY
swarm (Figure 1).

In the next step, the mean orbit derived from these
30 multi-stations trajectories was used as a reference
orhit. The total number of meteor trajectories for the
final calculation of the CCY shower mean orbit was re-
duced again, with an upper limit of Dgy < 0.1 being
used for the criteria of orbit similarity (Figure 2). Re-
duction resulted in 16 precise and most reliable orbits
of meteors forming part of the CCY swarm (Table 2).
The final derived CCY stream orbital elements and ra-
diant position details and their comparison with those
derived by P. Jenniskens are listed below (Table 1).

The CCY meteoroid stream particles’ low geocentric
velocity (vg = 14.23 +0.63 km/s) leads to the shower’s
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Figure 3 — Positions of the CCY mean orbit radiant (blue
dot) and the individual meteoroid orbits radiants in geocen-
tric equatorial coordinates (right ascension and declination,
both in degrees) with particular error bars.
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Figure 4 — Start and End altitudes of CCY meteors in re-
lation to the absolute magnitude. The graph contains all
30 orbits of CCY meteor shower meteors from 2015 with
Dsp < 0.2

radiant covering a large area of sky. The radiant hag an
elliptical shape with the major axis around 10° aligned
with right ascension and the minor axis around 7° in
the declination (Figure 3).

The initial heights of individual meteors are mostly
between 85 to 95 kilometers above the Earth’s surface.
Despite the low geocentric velocity of the meteoroids the
final heights of most meteors are predominantly in the
range of 70 to 85 kilometers above the Earth’s surface
(Figure 4).

Based on our data the CCY meteor shower was ac-
tive in 2015 between solar longitudes 165 %6 (September
8) and 1744 (September 17) with a flat maximum at
solar longitude 170°8 + 291 (September 13).

5 The y Cygnid shower overall activity

The overall activity analysis for the CCY meteor shower
during the years 2000-2015 was performed uging the
entire EDMOND database. Orbital elements of the
multi-station meteors in the time range (September 1
to September 30) were compared to the mean CCY
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Figure 5 — View from above of the Solar system with CCY
meteoroid orbits within Dgy < 0.1 derived from EDMOND
multi-station observations (2007-2015).
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Figure 6 — The total number of CCY orbits for individual
years. Increased activity with a period of approximately 5
years is possible.

orbit derived by Jenniskens (2015) using Southworth-
Hawkins orbits similarity criteria. The limit value of
the criterion was set Dgy < 0.2 with an additional con-
straint of vy, = 15.1 + 2.5 km/s. Fixed vy deviation
(+£2.5 km/s) is applied in EDMOND database for all
meteor showers with a speed below 20 km/s as a first cri-
terion for assigning the meteoroid into meteor shower.
This approach provided in total 85 CCY shower multi-
station meteor orbits. In the next step, the mean or-
bit obtained from the EDMOND database based on 29
multi-station orbits from 2015 was used as a reference
orbit. The number of orbits for the final calculation of
the mean CCY stream orbit was reduced again using the
orbits similarity criteria with an upper limit Dgyg < 0.1
(Figure 5). Based on this reduction, 49 precise CCY
meteoroid stream orbits were obtained in total. The
final derived CCY stream orbital elements and radiant
position details are compared with those derived by P.
Jenniskens are listed below (Table 1).

The earliest orbits of the CCY meteor stream in the
EDMOND database were found from 2007. Based on
this data it is possible to conclude, that CCY meteor
shower is active on the regular basis and is probably
undergoing a periodic activity enhancement with period
of about 5 years (increased activity was also recorded in
2010). In other years, the CCY stream activity is very
low but detectable (Figure 6).
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Table 1 — Orbital elements and radiant data of CCY meteor
shower mean orbits from different sources. Individual pa-
rameters are described in Table 2. Other parameters: Niot
— the total number of meteors, N — the number of meteors

after reduction using orbit similarity criteria.

Source CAMS EDMOND EDMOND
Elements 2015 2015 2007 — 2015
a 2.75 2.56 2.64
[AUJ +0.40 +0.25 +0.24
q 0.949 0.953 0.951
[AU] +0.003 +0.009 +0.011
€ 0.655 0.627 0.640

+0.041 +0.036 +0.032
w 209.9 210.1 210.6
[deg] +1.9 +2.9 +3.2
Q 171.64 171.43 170.71
[deg] +0.23 et B +2.44
i 18.6 17.4 17.6
[deg] +1.6 1.0 +1.4
Vg 15.1 14.2 14.5
[km/s] +0.9 +0.6 +0.8
RA 301.0 300.5 300.6
[deg] +2.2 +2.1 +2.9
ARA 0.68 0.59 0.74
DEC 32.6 31.7 31.5
[deg] +1.6 +=2.3 +3.1
ADEC 0.20 0.12 0.18
N (Niot) 9 (9) 16 (30) 49 (85)

The overall activity of the CCY meteor shower as
documented in the entire EDMOND database shows pe-
riodic enhancement in a range of solar longitudes from
16576 (September 8) to 174 %5 (September 17) with a
flat maximum at solar longitude 170 27 +2°6 (Septem-
ber 13).

6 Summary and conclusions

Based on the data from the EDMOND database, we
have confirmed the enhanced activity of the x Cyg-
nid meteor shower in 2015. In addition we have found
that this meteor shower is active on a regular basis
with increased activity occurring at intervals of about 5
years. In other years the activity of the CCY swarm
is very low, at the detection limit of sporadic back-
ground. Based on the Tisgerand’s parameter of the me-
teor shower mean orbit (7 = 3.014; EDMOND 2007
2015) we assume the parent body of the CCY swarm
is probably unknown Jupiter family comet (JFC), but
the value of Tisgerand’s parameter is approaching the
upper limit of JFC group. Swarm activity starts annu-
ally around September & and ends around September
17, with a very flat maximum on September 13, the
FWHM of the activity profile is 5.2 days. In addition
to enhanced activity in 2015, enhanced activity in 2010
was also found. For the years 2000-2006, no orbits re-
lated to the CCY stream were found, but this may be

a consequence of low number of observations in ED-
MOND database from these years.

Acknowledgement

We would like to thank to all operators of all national
networks and independent databases that are listed in
the *European Video Meteor Network Database™ whose
long term and precise work enabled compilation of the
EDMOND database.

References

Jenniskens P. (2015). “New Chi Cygnids meteor
shower” CBET, 4144. (2015 September 17, edited
by Daniel W. E. Green).

Jenniskens P., Gural P. S., Dynneson L., Koop M., and
Holman D. (2011). “CAMS: Cameras for Allsky
Meteor Surveillance to validate minor meteor show-
ers”. learus, 216, 40-61.

Jopek T. J. and Kanuchova Z. (2014). “Current sta-
tus of the IAU MDC Meteor Shower Database”
In Jopek T. J., Rietmeijer F. J. M., Watanabe
J., and Williams 1. P., editors, Proceedings of the
Meteoroids 2013 Conference, Aug. 26-30, 2013,
A.M. University, Poznan, Poland. A.M. University
Press, pages 353-364.

Kornos L., Koukal J., Piffl R., and Té6th J. (2013).
“Database of meteoroid orbits from several Euro-
pean video networks™ In Gyssens M. and Rogge-
mans P., editors, Proceedings of the International
Meteor Conference, La Palma, Sep. 20-23, 2012.

International Meteor Organization, pages 21-25.

Kornog L., Koukal J., Piffl R., and Toth J. (2014a).
“EDMOND Meteor Database”. In Gyssens M. and
Roggemans P., editors, Proceedings of the Interna-
tional Meteor Conference, Poznan, Poland, Aug.
22-25, 2013. International Meteor Organization,
pages 23-25.

Kornos L., Matlovi¢ P., Rudawska R., Té6th J., Ha-
jdukovd M. J., Koukal J., and Piffl R. (2014b).
“Confirmation and characterization of TAU tem-
porary meteor showers in EDMOND database”.
In Jopek T. J., Rietmeijer F. J. M., Watanabe
J., and Williams 1. P., editors, Proceedings of the
Meteoroids 2013 Conference, Aug. 26-30, 2013,
A.M. University, Poznan, Poland. A.M. University
Press, pages 225-233.

Shiba Y. (2015). “x Cygnids observation in Japan™
WGN, Journal of the IMO, 43:6, 179-180.

SonotaCo (2009). “A meteor shower catalog based on
video observations in 2007-2008". WGN, Journal
of the IMO, 37:2, 55-62.

Southworth R. R. and Hawkins G. 8. (1963). “Statistics
of meteor streams”. Smithson. Contrib. Astrophys.,
7, 261-286.

Handling Editor: Javor Kac



11 (2016)

RNAL OF THE IMO 44

J

THE JOT

h|
x

W

(Dsu < 0.1). Following parameters

for each meteor are listed: a — semi-major axis, ¢ — perihelion distance, e — eccentricity, w — argument of perihelion, {2
— ascending node, i — inclination, vy — geocentric velocity, ama.g — absolute magnitude, RA, DEC — geocentric radiant

position, i, — beginning height, H2 — terminal height.

Table 2 — Orbital elements and radiant data of 16 analyzed meteors from 2015 activity
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