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Abstract. We present 207 photometric epochs and 9 spectra of SNIa 2014J
in M82. U BV RI photometry was carried out with 13 telescopes at 8 locations,
covering the period from January 23, 2014 until May 15, 2015. The parameters
of the light curves and interstellar extinction are determined. The comparison
of different sets of photometric data is carried out. The light and colour curves
of SN 2014J are compared to those for SNela with similar photometric char-
acteristics. We present results of high-cadence monitoring of SN 2014J in the
BV R bands carried out on 6 nights and find no evidence for the microvariabil-
ity. The spectral evolution is found to be typical for SNe Ia, with the expansion
velocity at the maximum slightly greater than average and with a low velocity
gradient.
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1. Introduction
The homogeneity and high luminosity of type Ia supernovae (SNe Ia) deter-

mine their application for measuring extragalactic distances and estimating
cosmological parameters (e.g., Pskovskii, 1977; Phillips, 1993; Riess et al., 1998;
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Astier et al., 2006; Kessler et al., 2009). However, the results obtained in this
way are based on the assumption that distant SNe are similar to well-studied
nearby objects and their luminosities can be calibrated by identical methods.
At present, many fundamental questions of the physics of SNeIa, including the
nature of presupernovae and the explosion mechanism, are still not completely
clear. Therefore, accumulating observational data on nearby SNela and eluci-
dating the causes of differences in their characteristics remain important tasks
of modern astrophysics.

Supernova (SN) 2014J, located at a = 9® 55™ 425.14,5 = +69° 40’ 26”.0
(2000.0) in the galaxy M82, was discovered by Steve J. Fossey on UT 2014 Jan-
uary 21.8.

At a distance of 3.5 Mpc (Karachentsev & Kashibadze, 2006) SN 2014J is
the nearest SNIa after SN 1972E, and it offers the unique possibility to study a
thermonuclear SN over a wide range of the electromagnetic spectrum.

The description of the discovery and early observations were presented by
Goobar et al. (2014). The prediscovery data and early photometric and spectro-
scopic observations were reported by Zheng et al. (2014), Ashall et al. (2014),
Denisenko et al. (2014), Itagaki et al. (2014), Gerke et al. (2014), Goobar et al.
(2015). These sets of data show that SN 2014J is a spectroscopically normal
Type Ia SN, although it exhibited high-velocity features in the spectrum and
was heavily reddened by the dust in the host galaxy.

Follow-up photometric and spectroscopic observations were made by various
groups, the largest sets of data are from Amanullah et al. (2014), Kawabata et al.
(2014), Foley et al. (2014), Marion et al. (2015), and Srivastav et al. (2016).

Our observations for the first 40 days after the discovery were presented by
Tsvetkov et al. (2014). In this paper we report the results of further extensive
monitoring of SN 2014J in the optical bands carried out with 14 telescopes at 8
sites.

2. Observations and data reduction
CCD photometry of SN 2014J in the UBVRI passbands was carried out at:

— Nauchnyi in Crimea, where telescopes operated by the Crimean Astrophys-
ical Observatory (CrAQO) and Sternberg Astronomical Institute (SAI) are
located;

— the Simeiz Observatory of CrAQ, Simeiz, Crimea

— the Special Astrophysical Observatory (SAQ), Nizhniy Arkhyz;

— the Moscow Observatory of SAI,

— the Caucasian Mountain Observatory (CMO) of SAT near Kislovodsk
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— the Stard Lesnd Observatory of the Astronomical Institute of the Slovak
Academy of Sciences, Slovakia;

— the Tien-Shan Observatory (TSO) of the Fesenkov Astrophysical Institute
near Almaty, Kazakhstan; and

— the Peterhof Observatory of Saint-Petersburg State University.

A list of the observing facilities is given in Table 1.

Table 1. Telescopes and detectors employed for the photometric observations.

Tele- Location Aperture CCD Filters Scale FoV
scope [m] camera [arcsec  [arcmin]
code pixel 1]
S60  Stard 0.6 FLI UBVRcIc 0.85 14.0
Lesné ML 3041
K50 Nauchnyi 0.5 Apogee UBVRcIe 110 30.5x23.0
Alta U8300
K60 Nauchnyi 0.6 Apogee UBV RcI; 0.7 6.0
AP-47p
M70 Moscow 0.7 Apogee UBVRcI; 0.64 5.5
AP-7p
M20 Moscow 0.2 Apogee BV Rc1; 1.22 10.4
AP-Tp
S100 Simeiz 1.0 FLI UBVRcIc 0.96 9.8
PL09000
S60  Simeiz 0.6 VersArray BV Rc1y 1.37 5.8
F512
A100 TSO 1.0 Apogee BV R¢ 0.38 19.2
Alta U9000
N100 SAO 1.0 EEV CCD42-40 UBV Rclo 0.48 8.3
N600 SAO 6.0 EEV CCD42-40 BV RcIc 0.36 6.3
C250 CMO 2.5 EEV CCD44-82 BV Rclc 0.15 10.0

P40  Peterhof 0.4 SBIG ST-7XME BV RcIc 2.3 14.3x9.5
K70 Nauchnyi 0.7 SBIG ST-7XME BV Rclc 1.3 8.1x5.4

The standard image reductions and photometry were made using the IRAF!.
The magnitudes of the SN were derived by a PSF-fitting relatively to a sequence
of local standard stars.

The CCD image of SN 2014J and local standard stars is presented in Fig. 1.

HIRAF is distributed by the National Optical Astronomy Observatory, which is operated by
AURA under cooperative agreement with the National Science Foundation.
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Figure 1. The image of SN 2014J and local standard stars.

The magnitudes of the local standards, calibrated on 15 nights relative to
a standard in the field of the nearby galaxy M81 (Richmond et al., 1996), are
reported in Table 2.

The surface brightness of the host galaxy at the location of the SN is high,
and subtraction of the galaxy background is necessary for accurate photometry.
We used the images obtained at the A100 before an SN outburst in 2012, and
those taken at the K60 in 2016. These images were transformed, combined and
used for galaxy substraction.

The photometry was transformed to the standard Johnson-Cousins system
by means of instrumental colour-terms, determined from observations of stan-
dard star clusters.

Our photometry of the SN is presented in Tables 3,4, and 5.
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Table 2. UBV RI magnitudes of local standard stars.
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Table 3.: UBV RI photometry of SN 2014J at 10 telescopes.
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6686.20
6687.13
6688.17
6689.13
6691.18
6692.20
6693.17
6694.17
6694.49
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6696.16
6700.17
6701.20
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11.18
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10.68
10.65
10.59
10.50
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10.53
10.54
10.71
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10.83
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11.08
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10.42
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10.60
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0.01
0.04
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10.04 0.02
9.78 0.02
9.73 0.01
9.73 0.01
9.72  0.02
9.87 0.02
9.91 0.02
9.94 0.02
9.96 0.02
10.00 0.03
10.00 0.02
10.03 0.02
10.28 0.01
10.33 0.02
10.38 0.02
10.39 0.03
10.40 0.02
10.40 0.03

10.38 0.02
10.30 0.03
10.28 0.02
10.22  0.02
10.14 0.02
10.13  0.02
10.12 0.01
10.14 0.02
10.13 0.01
10.13 0.03
10.15 0.02
10.09 0.02
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M20
M20
M20
M20
K50
K50
K50
K50
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K50
K50
K50
K50
K50
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K50
K50
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K50
K50
K50
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M20
T60
M20
T60
M70
T60
M70
T60
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Table 3.: Continued.

JD— U ouU B OB 1% ov R OR I or Tel.
2450000
6719.31 14.08 0.02 11.64 0.02 10.93 0.02 10.20 0.02 K50

6720.18 15.40 0.05 14.11 0.02 11.68 0.02 10.94 0.01 10.19 0.01 K50
6722.23 15.78 0.06 14.24 0.01 11.79 0.03 11.06 0.01 10.27 0.02 K50
6726.20 15.79 0.10 14.74 0.02 12.16 0.02 11.41 0.01 10.48 0.01 M70
6727.19 14.50 0.03 12.10 0.02 11.41 0.01 10.58 0.02 K50
6730.19 14.63 0.03 12.23 0.02 11.57 0.02 10.78 0.02 K50
6735.20 16.03 0.11 14.71 0.02 12.39 0.03 11.80 0.03 11.07 0.04 K50
6738.21 16.21 0.12 14.83 0.02 1249 0.01 11.90 0.01 11.21 0.02 K50
6739.20 16.20 0.11 14.79 0.02 12.49 0.02 11.94 0.02 11.27 0.02 K50
6740.23 14.82 0.02 12.54 0.01 11.95 0.01 11.31 0.02 K50
6740.27 16.43 0.07 15.06 0.01 12.67 0.02 12.01 0.01 11.23 0.01 M70
6741.23 16.17 0.12 14.84 0.02 12.57 0.02 12.01 0.01 11.36 0.02 K50

6743.25 15.10 0.01 12.76 0.02 12.13 0.02 11.36 0.01 M70
6745.37 16.13 0.08 14.93 0.04 1290 0.02 12.16 0.02 11.51 0.04 T60
6746.22 15.15 0.01 12.85 0.02 12.25 0.02 11.51 0.01 M?70
6747.25 16.25 0.08 14.97 0.02 1294 0.01 12.20 0.01 11.56 0.02 K50
6747.27 1491 0.02 12.76 0.02 12.21 0.02 11.63 0.02 T60
6748.25 16.30 0.08 14.91 0.02 12.78 0.02 12.25 0.02 11.69 0.02 K50
6750.29 15.14 0.03 12.79 0.01 12.33 0.01 11.74 0.02 K50

6751.23 16.54 0.14 14.97 0.02 12.87 0.02 12.34 0.01 11.80 0.02 K50
6751.55 16.32 0.04 15.15 0.02 13.14 0.02 12.39 0.02 11.87 0.02 N100

6755.24 15.00 0.02 12.94 0.02 1246 0.02 11.96 0.02 K50
6756.25 16.27 0.08 13.14 0.02 12.57 0.02 11.94 0.01 MT70
6757.25 15.24 0.01 13.15 0.02 12,59 0.01 11.99 0.01 M70

6758.24 16.54 0.05 15.25 0.01 13.18 0.02 12.63 0.01 12.03 0.01 MT70
6758.29 16.60 0.06 15.18 0.02 13.32 0.02 12.59 0.01 12.04 0.02 T60
6761.25 16.90 0.16 15.26 0.02 13.24 0.02 12.70 0.02 12.14 0.02 M70

6762.39 15.17 0.02 13.20 0.04 12.69 0.02 K60
6763.24 15.25 0.02 13.29 0.02 12.73 0.02 12.05 0.02 K60
6768.27 16.70 0.06 15.35 0.02 13.45 0.01 12,93 0.02 12.42 0.02 M70
6771.26 15.31 0.02 13.52 0.02 12.98 0.02 K60
6772.26 15.42 0.01 13.56 0.02 13.05 0.01 12.57 0.01 M70
6774.26 15.25 0.02 13.50 0.02 13.09 0.02 12.69 0.01 K50
6775.30 1548 0.03 13.63 0.02 13.17 0.03 12.71 0.02 M70
6777.29 17.13 0.17 15.47 0.02 13.68 0.02 13.19 0.02 12.75 0.02 M70
6783.57 15.35 0.02 13.92 0.02 13.38 0.02 13.10 0.03 T60
6785.42 15.34 0.03 13.79 0.04 13.32 0.02 K60
6786.27 15.45 0.02 13.90 0.02 13.42 0.02 12.89 0.03 K60
6786.29 15.40 0.03 13.77 0.03 13.46 0.02 13.13 0.01 K50
6786.30 15.55 0.04 13.95 0.02 13.49 0.01 13.01 0.01 S100
6787.52 17.09 0.14 15.51 0.02 14.00 0.02 13.52 0.01 13.24 0.02 T60
6788.26 15.66 0.03 13.75 0.03 13.37 0.02 13.00 0.03 S100
6788.27 1543 0.02 13.88 0.02 13.53 0.02 13.22 0.02 K50

6788.39 17.21 0.17 15.53 0.02 14.09 0.02 13.52 0.03 13.21 0.02 T60
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Table 3.: Continued.

517

JD* U ayu B oB V (oave R OR I o1 Tel.
2450000
6789.30 17.26 0.08 15.57 0.02 14.01 0.02 13.57 0.02 13.11 0.02 S100
6790.36 15.62 0.02 14.01 0.02 13.55 0.03 13.12 0.03 S100
6792.25 15.66 0.10 14.04 0.02 13.64 0.02 13.13 0.03 S100
6794.27 17.29 0.19 15.71 0.03 14.18 0.02 13.28 0.01 S100
6795.25 15.66 0.04 14.15 0.02 13.77 0.01 13.29 0.02 S100
6796.29 15.67 0.02 14.16 0.01 13.72 0.01 13.30 0.02 S100
6798.34 15.75 0.01 14.23 0.02 13.80 0.01 13.38 0.02 M70
6799.28 15.59 0.02 14.12 0.02 13.84 0.02 13.49 0.03 K50
6799.34 15.71 0.02 14.24 0.02 13.83 0.02 13.35 0.02 S60
6803.32 15.78 0.03 14.40 0.02 13.89 0.03 13.65 0.03 S100
6803.38 17.51 0.08 15.74 0.02 14.42 0.02 13.95 0.02 13.64 0.03 N100
6805.31 15.77 0.02 14.41 0.02 13.98 0.03 13.65 0.04 K50
6805.40 17.25 0.18 15.71 0.02 14.30 0.02 14.01 0.03 13.66 0.03 S100
6806.29 15.85 0.02 14.42 0.03 14.00 0.02 13.66 0.03 S100
6806.30 15.88 0.03 14.42 0.02 13.98 0.02 13.41 0.02 K60
6807.31 15.76 0.02 14.31 0.03 14.11 0.02 13.70 0.03 K50
6808.29 15.86 0.04 14.51 0.02 14.07 0.03 13.77 0.03 S100
6812.30 15.88 0.05 14.50 0.03 14.21 0.03 13.74 0.03 S60
6818.34 15.95 0.02 14.59 0.01 14.42 0.02 14.01 0.02 K50
6832.29 16.16 0.02 14.90 0.02 14.78 0.02 14.31 0.02 K50
6850.29 18.71 0.09 16.36 0.03 15.32 0.03 15.13 0.02 14.77 0.02 NI100
6851.33 16.39 0.03 15.36 0.02 15.13 0.02 14.80 0.02 N100
6852.30 16.45 0.02 15.41 0.02 15.18 0.02 14.83 0.02 N100
6893.26 15.99 0.05 16.06 0.11 K50
6896.31 17.08 0.04 16.18 0.03 15.99 0.03 15.03 0.03 K60
6897.24 17.10 0.03 16.20 0.03 16.01 0.03 15.08 0.02 K60
6899.27 17.21 0.03 16.19 0.02 16.05 0.03 15.03 0.02 K60
6900.24 17.07 0.07 16.17 0.03 16.06 0.03 15.00 0.03 K60
6901.24 17.12 0.05 16.25 0.04 15.99 0.03 15.11 0.05 K60
6902.24 17.07 0.04 16.21 0.03 16.03 0.03 15.17 0.04 K60
6904.23 17.12 0.08 16.21 0.02 16.05 0.04 15.24 0.05 K60
6905.23 16.29 0.04 16.14 0.03 15.36 0.08 K60
6906.22 16.25 0.04 16.11 0.03 15.35 0.06 K60
6908.23 17.15 0.06 16.34 0.04 16.20 0.03 15.33 0.05 K60
6916.47 17.34 0.05 16.51 0.05 16.36 0.04 15.55 0.07 K60
6919.45 17.60 0.07 16.62 0.05 16.44 0.04 15.60 0.07 K60
6941.43 17.86 0.09 16.90 0.03 16.79 0.04 15.79 0.05 K60
6959.61 17.11 0.05 17.05 0.04 16.23 0.05 N100
6967.38 17.92 0.08 17.22 0.04 17.15 0.04 16.18 0.05 K60
6969.44 18.14 0.08 17.30 0.03 17.15 0.05 16.18 0.09 K60
6973.47 18.18 0.06 17.31 0.04 17.22 0.04 16.14 0.05 K60
6974.60 18.16 0.06 17.31 0.03 17.27 0.03 16.49 0.04 N100
6983.55 18.33 0.04 17.46 0.04 1740 0.04 16.51 0.04 N100
7040.56 18.99 0.12 17.95 0.08 17.88 0.07 N600
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JD— U ouU B OB 1% ov R OR Tel.

2450000

7071.40 18.44 0.12 S100

7073.14 19.54 0.07 18.49 0.06 18.26 0.09 17.38 0.06 C250

7074.52 18.49 0.05 S100

7078.30 17.17 0.10 S100

7106.27 18.42 0.15 K60

Table 4.: BV RI photometry of SN2014J at the P40 and K70 telescopes.
JD— B oB 1% oy R OR I or Tel.

2456000
681.26 10.73  0.04 P40
681.27 12.75 0.04 11.39 0.04 10.72 0.04 10.32 0.02 P40
685.32 12.11 0.01 10.84 0.02 10.25 0.02 9.89 0.01 P40
686.28  12.07 0.02 10.77 0.02 10.17 0.02 9.87 0.01 P40
687.25 12.01 0.02 10.73 0.01 10.16 0.02 9.85 0.01 P40
688.38 11.98 0.01 10.68 0.01 10.13 0.01 9.84 0.01 P40
693.36  12.00 0.01 10.61 0.01 10.12 0.02 9.98 0.02 K70
694.39 12.05 0.05 10.63 0.02 10.13 0.03 10.01 0.03 K70
695.29 12.07 0.02 10.65 0.01 10.14 0.02 10.06 0.01 P40
713.32  13.61 0.04 11.53 0.03 10.84 0.01 10.27 0.02 P40
71547 13.85 0.03 11.60 0.02 10.88 0.02 10.20 0.03 P40
716.49 10.90 0.01 P40
717.26  14.03 0.02 11.71 0.03 1091 0.01 10.21 0.02 P40
724.32 1454 0.02 12.09 0.01 11.26 0.03 10.38 0.02 P40
726.42 11.42 0.02 10.55 0.01 P40
728.38 14.61 0.06 12.32 0.03 11.54 0.02 10.70 0.02 P40
729.32 14.73 0.02 12.37 0.01 11.59 0.01 10.74 0.02 P40
730.39  14.74 0.02 12.43 0.03 11.65 0.02 10.82 0.03 P40
731.38  14.77 0.03 12.47 0.02 11.70 0.02 10.87 0.03 P40
734.24 12.55 0.02 11.82 0.02 P40
736.35 14.86 0.03 12.63 0.01 11.88 0.01 11.13 0.01 P40
738.27  14.98 0.02 12.70 0.03 11.97 0.02 11.25 0.03 P40
739.25 14.95 0.02 12.72 0.02 11.98 0.02 11.28 0.03 P40
743.38  15.06 0.04 12.79 0.03 12.12 0.04 11.46 0.02 P40
74429  14.95 0.05 12.76 0.05 12.10 0.05 11.45 0.03 P40
744.30  14.99 0.03 12.90 0.02 12.15 0.01 1144 0.03 K70
74552  15.09 0.04 12.87 0.03 12.19 0.03 11.56 0.02 P40
746.42  15.08 0.03 12.91 0.02 12.22 0.02 11.61 0.01 P40
752.35 15.17 0.03 13.11 0.02 12.40 0.03 11.87 0.04 P40
753.33 12.44 0.03 P40
755.35 15.31 0.05 13.25 0.04 1246 0.06 12.01 0.04 P40
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Table 4.: Continued.

JD* B OB V oy R OR I o1 Tel.
2456000

756.32 15.16 0.04 13.17 0.04 1257 0.01 12.05 0.02 P40
757.30 15.29 0.04 1325 0.01 1259 0.02 12.10 0.02 P40
758.42 15.24 0.04 13.25 0.01 12,62 0.02 12.14 0.02 P40
760.31 15.14 0.03 13.31 0.01 12.65 0.03 12.19 0.02 P40
764.39 15.28 0.05 13.38 0.04 12.78 0.03 12.39 0.02 P40
765.32 15.22 0.05 13.45 0.02 12.84 0.02 1240 0.03 P40
766.44 15.27 0.03 13,50 0.02 12.86 0.03 12.41 0.03 P40
767.37 15.23 0.07 1346 0.04 12.89 0.01 1248 0.02 P40
768.34 15.28 0.04 13,51 0.02 12.84 0.06 1247 0.04 P40
769.30 15.22 0.05 1349 0.03 1292 0.03 12,54 0.02 K70
770.27 15.24 0.05 1353 0.03 1295 0.03 1258 0.02 K70
770.34 15.27 0.06 13.56 0.03 1297 0.02 1258 0.02 P40
771.34 15.21 0.06 13,59 0.04 13.00 0.03 12,57 0.02 K70
772.32 15.33  0.06 13.03 0.03 12.69 0.02 K70
773.28 15.22 0.04 13.65 0.03 13.04 0.03 12.71 0.02 K70
773.35 15.38 0.04 13.63 0.03 13.07 0.03 1274 0.04 P40
775.32 15.33 0.03 13.68 0.02 13.14 0.02 1281 0.02 K70
780.39 15.36 0.08 13.83 0.06 13.25 0.04 1295 0.05 P40
780.47 15.42 0.01 13.83 0.02 13.27 0.02 1298 0.02 K70

Spectroscopic observations were carried out at the 2.6-m Shajn telescope of
CrAO on 5 dates from February 4 until June 29, 2014. The spectrograph SPEM
provided the wavelength range of 3300-7550 A with a dispersion of 2Apixel 1.
The spectra were bias and flat-field corrected, extracted and wavelength cal-
ibrated with the SPERED code developed by S.I. Sergeev at the CrAO. The
spectrophotometric standard HR3894 was used for flux calibrated spectra.

At SAO spectroscopic observations were obtained at the 1-meter telescope
with a spectrograph UAGS, which provided the wavelength range of 3507—
7885 A with a dispersion of 2.2 Apixel™!, and at the 6-meter telescope with a
SCORPIO focal reducer and grisms VPHG550G and VPHG1200G. The grism
VPHG1200G provided the wavelength range of 4044-5858 A with a dispersion
of 0.88 Apixel™!, while the grism VPHG550G yielded the range of 3670-7906
A and a dispersion of 2.3 Apixel .

The spectra were bias and flat-field corrected, extracted and wavelength
calibrated in ESO/MIDAS. The spectrophotometric standard AGK+81°266 was
used for flux calibrated spectra.
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Table 5. BV R observations of SN2014J at the A100 telescope.

JD— B OB 1% oy R OR
2450000
6697.37 12.11 0.02 10.59 0.01 10.10 0.01
6697.51 12.11 0.02 10.60 0.01 10.11 0.01
6698.29 12.23 0.01 10.69 0.01 10.23 0.01
6698.42 12.24 0.01 10.69 0.01 10.23 0.01
6705.49 1288 0.01 11.13 0.02 10.68 0.02
671541 13.93 0.02 11.52 0.05 10.82 0.04
6717.10 14.08 0.02 11.61 0.02 10.84 0.04
6719.07 14.23 0.02 11.69 0.02 10.90 0.02
6720.06 14.31 0.03 11.73 0.03 10.93 0.04
6721.08 14.40 0.02 11.73 0.09 11.05 0.01
6722.07 1444 0.02 11.85 0.04 11.00 0.05
6727.10 14.73 0.01 12.22 0.01 11.60 0.01
6728.07 14.75 0.01 12.25 0.01 11.48 0.01
6729.07 14.79 0.01 12.32 0.01 11.61 0.01
6748.09 15.06 0.01 12.90 0.01 12.27 0.01
6749.08 15.08 0.02 12.89 0.03 12.31 0.01
6751.19 15.16 0.03 12.96 0.03 12.36 0.01
6756.11 15.15 0.01 13.11 0.01 12,51 0.01
6757.21 15.13 0.01 13.14 0.01 1256 0.01
6758.18 15.11 0.03 13.16 0.02 12.58 0.02
6759.23 15.15 0.05 13.12 0.04 12.58 0.01
6780.26 15.44 0.04 13.78 0.03 13.26 0.03
6782.20 1545 0.04 13.80 0.03 13.29 0.03
6787.16 1552 0.04 1392 0.03 13.44 0.03
6789.14 15,59 0.04 14.01 0.03 13.54 0.03
6791.15 1559 0.04 14.05 0.03 13.58 0.03
6792.21 15.61 0.04 14.06 0.03 13.58 0.03
6795.31 15.65 0.04 14.17 0.03 13.72 0.02
6801.16 15.74 0.04 14.32 0.02 13.88 0.02
6802.17 15.76 0.04 14.35 0.03 13.92 0.03
6809.14 15.86 0.04 14.50 0.03 14.10 0.02
6837.15 15.09 0.03 14.78 0.04
7001.42 1851 0.06 17.58 0.05 17.59 0.05
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3. Light and colour curves
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The complete light curves of SN 2014J are presented in Fig.2, and the curves

around the maximum are shown in Fig. 3.
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Figure 2. The light curves of SN 2014J in the UBVRI bands. The curves are shifted
vertically for clarity, the amount of shift is indicated on the plot. The error bars

are plotted only when they exceed the size of a symbol. The shape of the symbols
corresponds to the instruments used: 1 - A100, 2 - M70, 3 - K50, 4 - K60, 5 - P40 and

K70, and 6 - other telescopes.

The results for all the telescopes are in a fairly good agreement, but some
systematic differences can be noted. At phase near the maximum the differences
in the I-band magnitudes between M20 and P40 are evident, and soon after the
maximum the V-band magnitudes from P40 and M20 are ~ 0.1 mag lower than
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Figure 3. The light curves of SN 2014J near the maximum light.

those from K50. At the phase ~ 30 days past the maximum the difference in the
B-magnitudes becomes evident, estimates from K50 are about 0.2 mag higher
than those from other sources.

The light curves from five major data sets (Amanullah et al. (2014), Kawa-
bata et al. (2014), Foley et al. (2014), Marion et al. (2015), and Srivastav et al.
(2016)) are compared in Fig.4. The large differences of the B magnitudes at
phases 30-60 days are revealed. The difference between brightest (Foley et al.,
2014) and faintest (Kawabata et al., 2014) estimates amounts to 0.5 mag. Our
magnitudes from K50 are closer to the data from Foley et al. (2014), while data
from other telescopes are in good agreement with the results by Srivastav et al.
(2016).

The agreement between various sets of the U-band magnitudes is very poor.
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While there is reasonable agreement between data from Srivastav et al. (2016)
and Marion et al. (2015), our data and magnitudes from Amanullah et al. (2014)
are ~ 0.3 mag fainter at all phases, and the results from the Swift satellite? are
further 0.5 mag fainter.

The agreement of the V, R and I magnitudes is much better, with the max-
imum difference not exceeding 0.2 mag.

We conclude that photomery of such a red object on bright background
faces significant problems. It is clear that the transformation of instrumental
magnitudes to the standard Johnson-Cousins system using linear colour terms
is not accurate in this case. Unfortunately, we have no possibility to apply the S-
correction method (Stritzinger et al., 2002), and have to take the average values
as more reliable.

We fitted the photometric data near the maximum with cubic splines and
determined the dates and magnitudes of maximum light and the decline param-
eters Am;s in different bands. The calculations were carried out for our data
and for the combination of our data with the results from the authors listed
above. The results are presented in Table6. The differences between the esti-
mates of maximum magnitudes are very small, but there are some distinctions
in determination of dates of maximum and Am;s.

Table 6. Dates and magnitudes of maximum light (for the I-band also for the sec-
ondary maximum) and the decline rate parameters in different passbands. The results
for our data are reported at the upper part, and those for the combination of our
photometry with the data from other authors are at the lower part.

Band JD-2456000 mag Amys
B 690.6+ 0.7  11.91+ 0.05 0.96+ 0.05
v 692.4+ 0.6  10.53+ 0.04 0.64% 0.04
R 692.8+= 0.5  10.06+ 0.04 0.77+ 0.05
1 688.4%+ 0.9 9.75£ 0.08  0.65+ 0.10
Tsece 7172+ 0.6  10.15£ 0.04

U 687.4+ 1.1 12.55+0.08 0.91+0.2
B 691.6+ 0.8 11.93£0.05 1.10% 0.05
V 692.4+ 0.5  10.55+ 0.03 0.70% 0.05
R 691.2+ 0.5  10.094+ 0.04 0.70% 0.05
I 688.3+ 0.9 9.80£ 0.08 0.57+£ 0.10
Tsec 7173+ 0.5  10.15£ 0.04

As our observations continued for more than 400 days after the maximum,
it is possible to determine the rates of decline on the exponential tail, which
started at about 100 days after the maximum light.

2http:/ /people.physics.tamu.edu/pbrown/Swift SN/ swift_sn.html
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Figure 4. The light curves of SN2014J from different data sets: 1 - this work, 2 -
Srivastav et al. (2016), 3 - Marion et al. (2015), 4 - Foley et al. (2014), 5 - Kawabata
et al. (2014), 6 - Amanullah et al. (2014), and 7 - Swift.

The decline rates in magnitudes per day on the exponential tail in the
BV RI-bands, determined by linear least-square fitting, are 0.0140 + 0.0003,
0.0142 4+ 0.0002, 0.0139 £ 0.0002, and 0.0127 4 0.0002, respectively. The decline
rates in the B,V and R bands are virtually the same, while the I-band decline
is slower.

The comparison of light curves for SN 2014J and SNe Ia with a similar value
of Amys is presented in Fig. 5. The light curves in the U,V and R bands are
practically identical for all SNe. The most evident difference is for the B-band at
a phase interval of 30-50 days. At that stage there is a pronounced protrusion on
the B-band light curve of SN 2014J, SNe 2002bo (Benetti et al., 2004) and 2006X
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(Wang et al., 2008) show similar behaviour. The light curves of SNe 2003du
(Stanishev et al., 2007), 2005cf (Wang et al., 2009b) and 2011fe (Tsvetkov et al.,
2013) are linear after the bend from fast decay to the tail, and the difference
between these SNe and SN 2014J is evident.
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Figure 5. Comparison of the light curves of SN 2014J with those for 5 SNela with
nearly the same Amqs.

The colour curves for SN 2014J are presented in Fig. 6. The colour evolution
is typical for SN Ia, this is confirmed by comparison with the colour curves for
SNe 2002bo, 2003du, 2005cf, 2006X and 2011fe. The colour curves of these SNe
are in general agreement with the curves for SN 2014J, although some differences
are revealed. The (B — V) colour of SN 2014J is significantly bluer at phase >
100 days than for SNe 2011fe and 2003du, while the (V — R) colour is redder.
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Figure 6. The colour curves of SN 2014.J and comparison with those for 5 SNe Ia with
nearly the same Amis. The time of B-band maximum is shown by a vertical dashed
line.

The amount of shift applied to match the curves can be considered as an
estimate of the colour excess of SN 2014J. We adopted the following colour
excesses F(B — V) for the SNe 2002bo, 2003du, 2005cf, 2006X, and 2011fe:
0.43, 0.01, 0.09, 1.26, and 0.01 mag, respectively, from the works cited earlier.

We obtained the following estimates: E(U — B) = 1.07 £0.10, E(B-V) =
1.38£0.04, E(V — R) =044+ 0.04, and E(R — I) = 0.56 & 0.05 mag.

The (B — V) colour curve is also compared with the ”Lira-Phillips” relation
(Phillips et al., 1999), showing the time dependence of (B — V') in the phase
interval 30-90 days after the maximum for SNeIa that suffered no extinction.
This method yields E(B — V) = 1.35 £+ 0.02 mag, in good agreement with the
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previous estimate. We adopt the mean value E(B — V) = 1.36 + 0.03 mag as
most probable.

The colour excess due to the galactic extinction is E(B — V)44 = 0.14 mag
according to Schlafly & Finkbeiner (2011), so the colour excess in the host galaxy
is E(B — V)post = 1.22. If we assume the distance modulus for M82 p = 27.73
(Karachentsev & Kashibadze, 2006), then the absolute magnitudes, corrected
for the galactic extinction, are —16.37 and —17.61 mag in the B and V bands,
respectively.

Our value of Amg5(B) = 0.96 is the same as determined by Srivastav et al.
(2016), so we conclude that the true value of this parameter, corrected for the
colour excess, is Ami5(B)gue = 1.08.

According to the calibration of the Pskovskiy-Phillips relation by Prieto
et al. (2006), the mean absolute magnitudes for SN Ta with Amy5(B) = 1.08 are
Mp = —-19.33 and My = —19.26 mag.

We can calculate the most probable values of extinction in the host galaxy
Ap =2.96 and Ay = 1.65 mag. Using our estimate E(B — V)05t = 1.22 mag,
we obtain the ratio of total-to-selective extinction Ry = Ay /E(B — V) = 1.35,
in good agreement with the results of Foley et al. (2014).

This number is much smaller than the typical galactic value of 3.1, but close
to the values found for another heavily reddened type Ia SNe (Wang et al.,
2008).

4. Search for microvariability

Typical photometric monitoring of SNe consists of a single or few observations
per night, so the short-timescale and low-amplitude variability remains poorly
studied. Bonanos & Boumis (2016) reported evidence for microvariability in the
optical light curve of SN2014J. They obtained high-precision photometry in
the B,V bands with a cadence of 2 min for about 8 hours per night during 4
consecutive nights at the phase ~ 16 days past maximum, and reported statisti-
cally significant detection of microvariability at the level of 0.02-0.05 mag with
characteristic time 15-60 min on all nights.

We carried out photometric monitoring of SN 2014J at the A100 telescope
during 6 nights from February 8 until March 3, 2014. Series of images in the
B,V, R bands were obtained with exposure times of 60, 40, and 30 sec, the
time lapse between consequent exposures in one filter was 3.5 min. The longest
monitoring period was on the night of February 8/9, when it lasted for 7 hours,
on the night February 9/10 observations lasted 5.8 hours and on the other nights
monitoring continued for 3—1.3 hours.

We performed aperture photometry of SN relative to local standard stars 1
and 2 (S1, S2). Unfortunately, star 1 was overexposed on many frames in the
V, R bands, and star 2 was often out of the field of view.
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Typical photometric errors are 0.001-0.002 mag for the stars S1, S2 in all
bands; for the SN the errors are about 0.002-0.003 mag in the V, R bands, for the
B band they are 0.003-0.004 mag for the first nights in February, but increase
to 0.015-0.02 mag for the nights in March.

Fig. 7 shows the data for the night February 8/9.
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Figure 7. Results of monitoring of SN 2014J for the night February 8/9. 3 upper rows:
magnitude differences A(SN-S1), 3 lower rows: magnitude differences A(S2-S1). The
data were shifted vertically for clarity.

On the night February 8/9 the observations were interrupted by clouds, this
is the reason for breaks in the monitoring and large magnitude deviations near
the breaks.
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Figure 8. Results of monitoring of SN 2014J for the night February 16/17. Dots show
our data, circles present the results by Bonanos & Boumis (2016). The magnitude
differences A(S1-SN) are shown for the V-band in two upper rows, and for the B-band
in two lower rows. The data were shifted vertically for clarity.

The differences of instrumental magnitudes A(S1-SN), A(S2-SN) were ap-
proximated by a first-order polynomial, and the regression coefficients and the
standard deviations o were calculated. The same procedure was applied to the
magnitude differences of stars S1 and S2.

The minimal value of standard deviations ¢(S1-SN) and ¢(S2-SN) is 0.009
mag in the B band and 0.003 mag in the V, R-bands. On the nights when both
stars 1 and 2 were measured, o(S1-S2) was never significantly less than o(S1-SN)
and o(S2-SN) for the V- and R-bands. Besides, no quasiperiodical SN brightness
variations can be noticed on the plots of A(S1-SN) and A(S2-SN) versus time.
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On the night February 16/17 monitoring was carried out at A100 and by
Bonanos & Boumis (2016). Fig. 8 shows the comparison of results. Our obser-
vations do not confirm the dimming of SN in the V-band at JD 2456705.48 and
2456705.54, noticed by Bonanos & Boumis (2016).

We conclude that our observations do not confirm the existence of microvari-
ability of SN 2014J with the amplitude and characteristic time reported by Bo-
nanos & Boumis (2016).

5. Spectra

The spectra of SN 2014J obtained at the 2.6-meter telescope of CrAQO are shown
in Fig. 9, and those collected at the N600 and N100 telescopes are presented in
Fig. 10.

The spectral evolution is typical for SN Ia, and the results are in good agree-
ment with the data from Srivastav et al. (2016), Kawabata et al. (2014), Marion
et al. (2015), and Bikmaev et al. (2015). The expansion velocities from the ab-
sorption features of the early spectra, obtained at the 2.6-meter telescope, were
calculated by Tsvetkov et al. (2014). We used the radial velocity of the galaxy
M82 ;=203 km s~! to correct the observed shift of the lines, but Bikmaev
et al. (2015) took into account the rotation of the galaxy and obtained a smaller
radial velocity, vpe;=111 km s~!, for the site of the SN. Using this value and
measuring also the spectrum obtained at SAO, we calculate the following expan-
sion velocities for the SilIA6355 line: 11700, 11510, and 10750 km s~! for phases
2, 5 and 31 days after the maximum, respectively. These results are in good
agreement with the data from Marion et al. (2015), Kawabata et al. (2014), and
Srivastav et al. (2016), and they confirm that SN 2014J is located at the border
of the Normal Velocity and High Velocity groups of SNeIa (Wang et al., 2009a),
in the Low Velocity Gradient subclass (Benetti et al., 2005).

The nebular spectra at phase > 100 days are dominated by emission features
of [FelIT]\4071, [Fel[]A5159,5261 and Nal/[ColII] features near 5900A. We mea-
sured the velocity of the [Felll]A\4071 emission feature and found the following
values: —3000, —2280, —1630, and —110 km s~! for phases 96, 124, 147, and 350
days after the maximum, respectively. We confirm the evolution of the redshift
for this line, but our velocities are smaller than those obtained by Srivastav
et al. (2016).

The strong interstellar Nal line is a characteristic feature of the spectra, with
equivalent width 5.8 A. The relation E(B —V) = 0.16 EW (Nal) (Turatto et al.,
2003) gives E(B — V) = 0.93 mag. We consider this reasonable agreement with
the value of E(B — V') determined from the comparison of colour curves, taking
into account the low correlation degree of this relation (Poznanski et al., 2011).
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Figure 9. Spectra of SN 2014J collected at the 2.6-m Shajn telescope of CrAQO. The
date and phase past the B-band maximum are plotted near each spectrum.

6. Conclusions

We present the light and colour curves of SN 2014J spanning the phase interval
from —8 to +416 days since the B-band maximum, and 9 spectra covering the
period 2-350 days after the maximum. The light and colour curves are typical for
SNela, with a normal decline rate Am;y5(B) = 1.08. The interstellar extinction
in the parent galaxy is very high, with E(B—V )5 = 1.22 and Ry = 1.36. The
comparison of photometric data sets from 5 works reveals significant differences,
especially for the U and B-bands, and for the period when the SN reached its
maximum red colour.

The continuous photometric monitoring of SN 2014J on 6 nights does not
reveal microvariability with the amplitude and characteristic time reported by
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Figure 10. Spectra of SN 2014J acquired at the N100 (07-02-2014) and N600 (3 other
spectra) telescopes of SAO.

Bonanos & Boumis (2016).

The spectral features are the same as for normal SNela, the velocity evo-
lution places SN 2014J at the border of the Normal Velocity and High Velocity
groups, in the Low Velocity Gradient subclass. At the nebular stage we reveal
the blue shift of [FellI]A4701 emission, which decreases with time.
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Abstract. We aim to determine the absolute parameters of the components
of a poorly studied Algol-type eclipsing binary V2247 Cyg. The data analy-
sis is based on our numerous precise U BV Rclc photometric observations and
low resolution spectra. The photometric solution reveals a semi-detached con-
figuration with a less-massive component filling its Roche lobe. The mass ra-
tio, inclination, effective temperatures, and fractional radii were determined.
Masses and radii of the components were obtained by a non-direct method.
The Eclipse Time Variation (ETV) diagram revealed the period changes.
Key words: stars: binaries: eclipsing — stars: binaries: close — stars: interstellar
reddening — stars: fundamental parameters

1. Introduction

Algol-type stars (EA) are eclipsing binaries consisting of spherical or ellipsoidal
components and characterized by light curves (LCs) in which it is possible to
specify the beginning and the end of eclipses. Algols are detached if both com-
ponents are inside corresponding Roche lobes and semi-detached if one of the
components fills its Roche lobe and loses matter. If the light changes between
eclipses due to the gravitational deformation, we can estimate the mass ratio of
the components without involving spectral studies. The analysis of multicolour
LCs of Algols (EA) provides absolute parameters for their components which
make possible clarifying the evolutionary status of the eclipsing binary.

The star BD +33 4035 V=10.9 mag was designated as V2247 Cyg (EA) in
the 76th name-list of variable stars, Kazarovets et al. (2001), based on a private
communication of N.E. Kurochkin and V.P. Goranskij, 1999, hereinafter KG.
Due to the lack of data on the spectroscopic orbit of the object, we estimated
the absolute parameters such as semi-major axes, radii and masses by the non-
direct method described in Volkov et al. (2017). The precision of these values is
not better than 10 percents, but it is good enough to find out that the location
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of the components on the diagrams given at the end of this article coincides
with that of other binaries with well known parameters. Another aim of this
work is to construct an ETV diagram for the star using our own and archive
observations and to interpret the orbital period long-term change first found in
this study.

2. Observations and data reduction

UBVRclIc photometry. The main set of UBV Rclc observations of
V2247 Cyg was obtained in 2013-2017 at the Crimean station of the Sternberg
Astronomical Institute (SAI) with the 0.5-m f/4 Maksutov telescope (AZT-5)
equipped with a CCD camera Apogee Alta U16M. All reductions and aperture
photometry were made using the MaximDL software. The observational data
were reduced to the standard Johnson-Cousins photometric system according
to the following linear formulae:

U= Uinst + 0135((U2nst - Binst) - (Ust - Bst))_
_0-007((Binst - Vvinst) - (Bst - ‘/st))7
B = Binst — 0-039((Binst - Vinst) - (Bst - Vvst))a (1)
V= Wnst + 0088((B1nst - V;nst) - (Bst - Vst))a
Re = Rcinst - 0043((B'Lnst - Rcinst) - (Bst - Rcst))a
Ic= Icinst - 0063((B2nst - Rcinst) - (Bst - Rcst))y

where index inst represents instrumental magnitudes of the observed star and
st refers to the magnitudes of the standard star. The reduction coefficients
were obtained by averaging the results of our observations of the standard
area PG16334+099 of Landolt (1992) and observations of M67 performed by
D.Yu. Tsvetkov.

The UBV RIRc CCD photometer equipped with a VersArray 512UV de-
signed by one of the authors was used to make a calibration of the star in the
standard Johnson-Cousins system on August 11, 2017. An equatorial standard
GSC 543 227 was observed, whose UBV magnitudes were taken from Landolt
(2009) and RI from Moffett & Barnes (1979), where the star was designated as
113 466. The observations were carried out with a Zeiss-600 reflector located at
Mt. Koshka, Crimean Astrophysical Observatory(CrAQO).

Photoelectric observations. The 0.6-m Zeiss f/12.5 Cassegrain telescope
installed at the Crimean station of SAI equipped with the UBV photometer
with a photomultiplier EMI 9789 (PMT), constructed by Lyutyj (1971), was
used to get full UBV LCs. This photometer has an instrumental system U
much closer to that of Johnson than AZT-5 which has glass elements in its
optical path such as a meniscus and a corrector. So we used these observations
to check our AZT-5 U-observations and found good coincidence.

For both sets of observations with AZT-5 and PMT the only reference star
GSC 2695 1362(V:=11.24, (B —V)4;=0.40) was used. No variability of the star
was detected during the whole period of the observations.



538 M.A. Burlak, I.M. Volkov and N.P. Ikonnikova

The log of UBV Rclc and U BV observations is given in Table 1. All original
data can be found in a suitable computer form on-line at
http://www.astro.sk/caosp/Eedition/Full Texts /vol{8no4 /pp536-553.dat/.

Table 1. Log of photometric observations.

Year JD N System Telescope
2400000+4...
2013  56492-56495 1401 \% AZT-5, SAT

2014 56849-56857 2675 UBVRclc AZT-5, SAI
2015 57196-57240 5174 UBVRclc AZT-5, SAI
2017 57934-57980 2820 UBVRclc AZT-5, SAI
2017 57979-57994 25 UBV PMT, SAI

Spectral observations. Low-resolution spectra of V2247 Cyg were ob-
tained at the 1.25-m reflector of the SAI Crimean station. We used a diffraction
spectrograph with a 600 lines/mm grating. The slit width was 4”. The detector
was an ST-402 CCD (765 x 510 pixels of 9 x 9um). The spectral resolution
(FWHM) was 7.4 A. The spectra cover the wavelength interval from 3900 to
7200 A. V2247 Cyg was observed on July 21, 30, August 27, and October 12,
2017.

Photographic observations. One extra timing of the primary minimum
was obtained from an unpublished study of KG, who measured the star’s mag-
nitudes using 165 photographic plates of the SAI archive and derived a cor-
rect period of eclipses by the Lafler-Kinman method, Lafler & Kinman (1965),
P = 1%.254861. These data one can find in the card catalogue of SAI.

The system is listed in the catalogues of eclipsing stars of Malkov et al. (2006)
and Avvakumova et al. (2013) which contain no ephemeris for the object. Otero
(2008) derived a period of P = 1¢.25486 for the system, which perfectly coincides
with the KG value.

3. Colour indices, spectra and determination of tempera-
tures of the components

The most important parameters for the current analysis are the temperatures
of the components that can be found in the following way. The colour indices
of the light loss in the primary and secondary minima are calculated directly
from the LCs in different passbands with no additional assumptions. Observed
colour indices of the primary and secondary components are dereddened using a
(U—-B),(B-V) two-colour diagram, see Fig. 1, E(U—-B)/E(B—V) = 0.710
was accepted for the B5 spectral class from Table 11 in Straizys (1992). The
colour indices calculated this way are applied to determine the temperatures of
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the components with the help of well-known calibrations.

Primary : (U — B)y = —0.689 £+ 0.015(B — V') = —0.202 £ 0.010,
E(B— V) = 0.290 = 0.012. )
Secondary : (U — B)o = —0.499 4 0.020(B — V) = —0.135 + 0.015,
E(B - V) = 0.288 = 0.014.

For completeness we calculated mean colour indices in both minima and maxima
of the LC. They are presented in Table 2. Keep in mind that these data are not
dereddened.

Table 2. The observed colours in both minima and maxima.

Phase U—-B B-V V-R. R.—1.
0.0 -0.33 0.133 0.097 0.144
0.25 -0.43 0.102 0.072 0.115
0.5 -0.45 0.095 0.064 0.109
0.75 -0.42 0.111 0.069 0.116

We derived 77 = 17100 K and 75 = 13000 K from Flower (1996). Pop-
per (1980) gives the temperatures that are 2000 K higher for the primary and
800 K higher for the secondary. We can see that the temperatures derived from
the calibrations may have an uncertainty up to 1000 K for this range of tem-
peratures. Equal values of interstellar reddening for both components can be
obtained only if we attribute the third or fourth class of luminosity to the
secondary component. We compared the results with the data from available
surveys. A new review of interstellar extinction made by Green et al. (2015)
gives E(B — V) = 0.18 £ 0.02 for the distance to the star d = 2040 pc (see
Table 4). From Schlafly & Finkbeiner (2011) and Schlegel et al. (1998) one can
obtain E(B — V) = 0.29 £ 0.02 for the total extinction along the given line
of sight in the Galaxy. Taking into account the distance to the star we get
E(B—V)=0.234+0.02 from an equation in Bonifacio et al. (2000). The errors
of these surveys seem to be understated. Nevertheless, we argue that such a
discrepancy is not critical and we accept the value E(B —V) = 0.29+0.01 that
follows from the photometry.

We obtained low-resolution spectra for the star in different phases of the
orbital period. We did not detect any significant difference between the spectra
obtained in the maximum and at the bottom of the primary minimum. The
spectrum is dominated by the Balmer lines of hydrogen and lines of neutral
helium. No lines of ionized helium are seen. The presence of Hel lines in the
absence of Hell lines indicates the B spectral class (Gray & Corbally, 2009).
The relative intensities of HI and Hel lines alone do not allow the precise tem-
perature determination due to possible helium abundance anomalies, which are
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Figure 1. The (U — B), (B —V) diagram. Arrows indicate the direction of interstellar
reddening. The bold line stands for the standard luminosity class V sequence, and the
thin one stands for that of class III, Straizys (1992). Grey points represent observations
in the Johnson UBV system from the Mermilliod (1997) catalogue. Crosses mark
observed and dereddened indices of the primary (P) and secondary (S) components.

not rare in B-class stars. The HeIA4471/MgII A4481 ratio may be of use for
specifying the temperature of stars later than B3 and in our study it appeared
very helpful as the lines of Silll and SiIV, which are weaker, could not be
resolved. Besides, low spectral resolution and a low S/N ratio of our spectral
data prevent a precise luminosity classification. The comparison with the stars
of spectral classes between B3 and A0, and of luminosity classes from V to III,
yields the best agreement for the spectral class B5 V. The uncertainty is about
one subclass. The spectrum of V2247 Cyg is similar to that of 57 Cyg (B5V)
(Fig. 2). A B5 V-III spectrum corresponds to a temperature of 15 400 K accord-
ing to the calibration of Straizys (1982), in good coincidence with photometric
results.

In addition to HI and Hel absorptions in the spectrum of V2247 Cyg, we
identified prominent diffuse interstellar bands (DIBs) centered at A5780 and
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A6284 and the strong interstellar Nal D doublet. The strengths of these lines in
stellar spectra show a positive correlation with the observed extinction, though
there is a significant dispersion about the mean relationship (Friedman et al.,
2011), (Herbig, 1993). To estimate interstellar extinction, one needs to resolve
Nal D1 and D2 lines, to measure their strengths separately, and to control
the D2/D1 ratio, because the uncertainty is large at the higher Na column
densities due to the line saturation. The low resolution of our spectra does not
allow us to perform such a procedure. Similar problems arise if we intend to
estimate extinction from the equivalent widths of DIBs: the DIB at A6284 is
blended with a telluric O band consisting of several absorption lines which are
not detectable with given resolution, and the DIB at A5780 is too broad and
shallow to be measured securely, given a low S/N ratio.

T T T T T T T T T
12 | -
o
5 &g 1
X V2247 Cyg = 63
= 1.0 ‘ "
©
(0]
= 57 Cyg (B5V)
T %] el
g 0.8 © ?:
2] 5
z 2
0.6 | -
Hy Hp
0.4 1 1 1 N 1 N 1

4200 4800 5400 6000 6600

Wavelength, A

Figure 2. The spectra for V2247 Cyg and 57 Cyg normalized to the continuum, ob-
tained on July 30, 2017. The spectrum for 57 Cyg is intentionally shifted along the
vertical axis.

4. Light curves solution

The LCs of the binary show clear evidence for proximity effects, see Fig. 3.
So, we used the PHOEBE program of Prsa & Zwitter (2005) to analyze them.
The best fit yielded a semidetached system with the secondary filling its Roche
lobe. This agrees with the consideration inferred from our photometry that the
secondary component has moved far enough in its evolution from the initial main
sequence. We got an individual solution for each passband of AZT-5 observations
and then repeated the procedure for less numerous PMT observations in 2017.
All solutions led to similar parameters: the mass ratio ¢, inclination 7, effective
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temperatures T', fractional radii r1,72, and the potential 2. Mean weighted
values of the parameters are presented in Table 3. The solution of the LCs did
not show any presence of a third light and it was assumed to be zero, L3 = 0.

The temperatures of the components were included in solving LCs, as the
values obtained from calibrations seemed to have discrepancies of up to 1000 K
for the considered temperature range, see the previous section. We accepted
a temperature of 73 = 17100 K as the first approximation for the primary
component. Solutions provided a confident minimum for the temperatures of the
components, 77 = 16500 K and Ty = 11500 K, and these are 500 and 1500 K
lower than it follows from photometric calibrations. The found temperatures
correspond to the spectral types B4-5V and BS8III-IV in the calibration of
Straizys (1982).

Taking into account high accuracy and a large amount of observational data
we included the albedo (A) of the secondary component and the gravity bright-
ening coefficients (g) as varied parameters into the process of minimizing resid-
uals. We found a shallow minimum for g;=¢2=0.90 and A>=0.8, but its reality
is uncertain. So we assumed the theoretical values, see Table 3. The albedo of
the primary component has a negligible effect on the shape of the LCs and
was accepted from the PHOEBE of Prsa & Zwitter (2005). The limb-darkening
coefficients can be found from temperatures and gravitational accelerations of
the components. The best results were obtained with a linear limb-darkening
law. The coefficients were derived with the PHOEBE program according to van
Hamme (1993). The solution is given in Table 3.

Table 3. Parameters derived from fitting the U BV Rclc LCs.

Parameter Primary Secondary
i [°] 79.08 + 0.04
q(Ms /M) 0.812 £ 0.006
T (K) 16500 + 300 11450 % 100
Sp B4V B7III-IV
BC (mag) —1.461 —0.564
Q 4.26 £0.02 2.51
A 0.6 0.6
g 1.0 1.0

Assuming a normal distribution for the residuals we get a mean error for an
individual observational point in every spectral band:

U — 0.042 (1305 points), B — 0.0107 (2358 points), V' — 0.0099 (3720 points),
Rec — 0.0100 (2308 points), Tc — 0.0133 (2326 points).



Absolute parameters and period variation in a semidetached eclipsing variable V2247 Cyg 543

RETw O
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Figure 3. UBV Rclc observations for V2247 Cyg. Red lines stand for the best fits.
Residuals from the best fits are shown at the bottom of the picture.

Fig. 4 contains the phased colour curves for the star. The period was split
into 120 intervals and the colour data were averaged within each interval. This
plot is of interest as it demonstrates some asymmetry, especially in the U — B
colour index, which could be attributed to physical processes in the system.

Fig. 5 shows the B — Rc phased colour curve for V2247 Cyg which best de-
scribes the tendency of the binary to get redder when approaching the secondary
minimum. If there were the reflection effect, the object would get bluer.

5. Absolute parameters and ETV diagrams

We found the masses of the components by a non-direct method we used in
Volkov et al. (2017). The method is based on the empirical mass-luminosity
relation, the 3rd Kepler law, and the relation between the absolute and relative
radii:



544 M.A. Burlak, I.M. Volkov and N.P.Ikonnikova.

C. L

-0.05
0.00
0.05 .
i . . . |
0.10 | °. . y B-V
0.15 = V-Rc
020 B . e . .
. . Rc-Ic
0.1 0.1 0.3 0.5 0.7 0.9 1.1 Phase

Figure 4. A plot showing colour indices (C.I.) phased with the current period. The
Y-axis labels correspond to B — V. Other C.I. are shifted downwards, U — B by 0.40,
V — Rc by 0.08 and Rc — Ic by 0.09. Red lines are drawn by the Weighted Least
Squares(WLS) method.

log(Ly1/Lg) = 3.991og(M; /Mg),
a®/P* = Mi(1+ q), (3)
Ri =ra.

While the light curves solution provides a reliable g value for semidetached
systems, see Table 3, the non-direct method yields ¢ = 0.81 £ 0.01, which is in
perfect agreement with the value from the LCs solution. The absolute param-
eters of the system are presented in Table 4. Our photometric parallax, = =
0.49 4+ 0.03 mas, matches quite well the GATA DR2 value, 7 = 0.4310 + 0.0287
mas, of Luri et al. (2018). We hope that with the use of these new GAIA data,
temperature calibrations will be refined.

To derive precise minima times from photoelectric and CCD observations, we
fitted the synthetic LCs, obtained during single overnight runs, by means of the
PHOEBE program varying only the specific epoch. Sometimes, when only parts
of the minimum were available for the close dates of observations, we compiled
them into one minimum and assigned the acquired minimum time to the night
with more numerous observations. In the case of simultaneous observations in
several filters, the minima times were weighted and mean values were calculated.
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Figure 5. The B — Rc colour index phased with the current period. The red line is
drawn by the WLS method.

Table 4. The absolute parameters derived by the non-direct method.

Parameter Primary Secondary
M (Mg) 5.0+0.2 4.05+0.1

R (Ro) 31402  38+0.1
log L (Lg) 2.79+0.05 2.42+0.05
log g 417+£0.01 3.89 +0.01
a (Ro) 10.2 + 0.4
d [pc] 2040 + 150

The minima times are listed in Table 5, together with the already published
ones. Primary and secondary minima times were used to construct an ETV
diagram, see Fig. 6. One can see that the period of the system is changing: close
to JD=2456 000 it became shorter.

The O — C residuals in the ETV diagram (Fig. 6) and in Table 5 were cal-
culated using the linear ephemeris which is suitable for the modern epoch:

HJD Min I = 2456857.3783(2) + 1.2548450(3) x E. (4)
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Figure 6. A plot showing the ETV diagram for V2247 Cyg, constructed using
ephemeris (4). The circles represent primary minima, the diamonds — secondaries.
The data are fitted by a parabolic law (6) — the dotted line, and linear laws (4) and
(5) — solid straight lines.

The secondary component fills its Roche lobe and the mass transfer, or mass
loss, might be responsible for the period change. Timings before JD2456000
satisfy the formula:

HJD Min I = 2456857.3808(6) + 1.2548564(4) x E, (5)

which coincides with the KG and Otero (2008) within errors. The minima times
in the ETV diagram can also be fitted by a parabola (a continuous period
change), represented by the following ephemeris:

HJDMin I = 2456857.3768(3) + 19.2548481(9) x E —8.57(4) - 10710 x E2.  (6)

The weights for the minima times were set equal to 1/02. Usually for such a
configuration of the system one could expect mass transfer from the secondary
component to the primary through the inner Lagrange point L. In this case
there should be a gradual increase in the orbital period of the binary star. But we
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Table 5. Times of minima for V2247 Cyg. The errors for the first two minima were

not available and were set equal to the half of the least significant digit adduced by

the authors.

HJD-2400000 Epoch Residuals Residuals Source
from linear from para-

ephemeris (4) bolic fit (6)
43706.49 -10480 —0.1127 0.0060 1
51378.67 -4366 —0.0550 —0.0285 2
55050.3899(11)  -1440 —0.0116 —0.0065 3
55833.4098(11) -816 —0.0150 —0.0126 4
56493.4740(5) -290 0.0008 0.0014 tow., V
56495.3549(1) -288.5 0.0003 0.0010 ”
56650.3272(6) -165 —0.0017 —0.0013 5
56657.2290(14)  -159.5 —0.0006 —0.0003 7
56855.4949(3) -1.5 —0.0002 —0.0003 t.w., UBV Rclc
56857.3767(1) 0 —0.0016 —0.0017 ”
56877.457(7) 16 0.0010 0.0009 6
56919.4892(8) 49.5 —0.0030 —0.0032 7
57158.5422(2) 240 0.0011 0.0005 7
57207.4775(14) 279 —0.0026 —0.0032 8
57212.5014(1) 283 0.0020 0.0013 t.w., BVRclc
57214.3838(7) 284.5 0.0030 0.0024 7
57234.4620(1) 300.5 0.0037 0.0030 t.w., UBV Rclc
57236.3423(6) 302 0.0008 0.0001 tow., U
57298.4598(13) 351.5 0.0044 0.0036 9
57586.4457(3) 581 0.0025 0.0013 7
57628.4825(8) 614.5 0.0029 0.0017 ”
57938.4273(4) 861.5 0.0009 —0.0005 t.w., UBV Rclc
57958.5029(2) 877.5 —0.0010 —0.0024 "
57960.3863(1) 879 —0.0008 —0.0022 ”
57990.5029(3) 903 —0.0004 —0.0019 t.w., UBV, PMT

Notes. 1 - KG; 2 - Otero (2008); 3 - Hubscher et al. (2010); 4 - Hubscher et al.
(2013); 5 - Hubscher (2014); 6 - Hubscher & Lehmann (2015); 7 - Zasche et al.
(2017); 8 - Hubscher (2016); 9 -Hubscher (2017); t.w. - this work.

are watching the opposite case — the period is decreasing. This means that a non-
conservative mass loss from the secondary through the Ly Lagrange point takes
place. We can’t rule out the abrupt period decrease close to JD =2456000. Fig. 7
presents the ETV diagram for the modern epoch on a large scale. We cannot
say that the parabolic fit has any advantage comparing to the linear law. The
linear fit explains old observations better than the parabola does, see Fig. 6. So
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Figure 7. The ETV diagram for V2247 Cyg for the modern epoch on a large scale.
The signs are the same as in Fig. 6. The parabolic and linear laws fit observations
equally well.

we may suppose that the processes of mass loss and mass transfer in this system
can occur episodically but not continuously. Some systematic difference is seen
in the shape of the V' light curve observed in 2013 comparing to LCs obtained in
the 2014-2017 interval, i.e., the primary minimum was deeper by 0.01 in 2013.
This difference may also be assigned to the processes mentioned above.

Figs. 8 and 9 show the location of the primary and secondary components in
the HR diagram and log T'—log M, log R—log M, log T'—log R, and log L—log M
diagrams for V2247 Cyg as well as for 61 semidetached Algol binaries with well-
determined absolute parameters (Ibanoglu et al., 2006). While the position of
the primary component is similar to that of other primaries, the secondary of
V2247 Cyg lies near the border, or even outside, the region occupied by other
secondaries. It’s worth mentioning that, among 61 semidetached binaries listed
in Ibanoglu et al. (2006), none of the systems consists of two B-class stars. What
makes V2247 Cyg unusual, when compared to other semidetached Algol-type
binaries, is its higher mass and temperature of the secondary.
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Figure 8. A plot showing the HR diagram for the primary (filled circles) and sec-
ondary (open circles) components of semidetached Algol binaries taken from Ibanoglu
et al. (2006). Solid and dashed lines represent the ZAMS and TAMS for solar chemical
abundance (Girardi et al., 2000), respectively. We added the location of the primary
(the red circle) and secondary (the blue circle) components of V2247 Cyg.

6. Conclusions

Using multicolour photometry we obtained reliable parameters for the Algol-
type binary V2247 Cyg: colour indices, interstellar reddening, mass ratio, incli-
nation, effective temperatures of the components, fractional radii, the potentials,
as well as the albedo of the secondary and the gravity brightening coefficients.
V2247 Cyg was found to be a semidetached system with the secondary filling
its Roche lobe.

The B5SIII-V spectral type was ascribed to the low-resolution spectrum of
V2247 Cyg.

Due to the lack of data on radial velocities, the masses of the components
were computed by a non-direct method. The mass ratio derived this way is in
excellent agreement with the value obtained through solving LCs.

The study of the ETV diagram enabled us to discover the orbital period
decrease. It can be explained by a mass loss from the less massive secondary
component.
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Figure 9. Various diagrams for semidetached Algol binaries taken from Ibanoglu et al.
(2006). Symbols are the same as in Fig. 8.

In the HR and log T —log M, log R —log M, log T —log R, and log L —log M
diagrams the primary component of V2247 Cyg lies well within the region occu-
pied by the primaries of semidetached Algol-type binaries, whereas its secondary
differs from other secondaries due to its higher mass and temperature.

We'd like to encourage high-resolution and high signal-to-noise spectroscopic
observations of the system in order to determine the masses of the components
from radial velocity curves.
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Abstract. In this paper we give further, both graphical and tabular, informa-
tion about our study of the meteor complex of the long-period comet C/1964
N1 (Ikeya). We found that the modeled stream of the comet approaches the
Earth’s orbit typically in four filaments that correspond to four showers. Their
radiant areas are close to the apex of the Earth’s motion around the Sun.
We confirmed the generic relationship between the studied parent comet and
July &-Arietids, #533. The comet is probably also the parent of e-Geminids,
#23. We suspect that there could be a relationship between the comet and
&-Geminids, #718, though this relationship is rather uncertain. There are real
counterparts of three of the predicted showers in the CAMS and SonotaCo
databases.

Key words: Comets: individual: C/1964 N1 (Ikeya) — Meteorites, meteors,
meteoroids

1. Introduction

In our previous paper (Neslusan & Hajdukovd, 2018, henceforth referred to as
Paper I) we studied the meteoroid stream originating from the long-period comet
C/1964 N1 (Ikeya). In the current paper we give tabular and further graphical
information, which was not given in Paper I. For a better identification of pre-
dicted and found showers, we compared not only the corresponding geocentric,
but also heliocentric radiants, which were both plotted in various coordinate
systems. Several of these plots are shown here. With all this information, we
intend to give a more complete description of our study of the C/1964 N1’s
stream.

Let us briefly recapitulate the main results. It was predicted that the C/1964
N1’s stream crosses the orbit of our planet ordinarily in four distinct filaments.
If some particles were released from the comet’s nucleus in the far past, then
they can cross the Earth’s orbit also in the fifth filament at present. In Paper
I, as well as hereinafter, we refer to these filaments as F1 to F4, and F5. Two
of the filaments can be identified with the real showers in the meteor databases
and the identification of another two is uncertain.
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Following the discovery of Segon et al. (2017), filament F3 was confirmed to
be related with the July &-Arietids, #533 in the IAU MDC list of all showers!
(Jopek & Kanuchovd, 2014). Filament F2 was identified with the e-Geminids,
#23, and F1 with a poorly defined, yet unknown shower, separated from the
TAU MDC CAMS (Gural, 2011; Jenniskens et al., 2011, 2016a,b,c; Jenniskens &
Nénon, 2016), and SonotaCo video (SonotaCo, 2009, 2016) databases. And, we
suspected a relationship between filament F5 and the shower {-Geminids, #718,
though this relationship was rather uncertain. The predicted numerousity of the
last filament, F4, was low and this was likely the reason why no real counterpart
of this filament was found.

Our paper is organized as follows. In Sect. 2, the nominal comet orbit is
revisited together with the tool used for the numerical integration of this orbit
as well as the orbits of perturbing planets and modeled theoretical particles. In
Sect. 3, we give another details about the predicted showers resulting from our
simulations. In the fourth section, we give such details about the identification
of the predicted showers with their real counterparts and discuss some problems
that occurred during the identification. A brief summary of our study is given
in Sect. 5.

2. Remarks on the orbit of the parent comet and numerical
integration

In our study, we considered 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 epoch 1964 July 24.0 (JDT = 2438600.5), has the following
elements: ¢ = 0.821752au, e = 0.984643, a = 53.5099303 au, w = 290.7618°,
Q = 269.9493°, ¢+ = 171.9200°, and T = 2438608.7111 (1964 August 1.2111).

The positions of the nodes of the nominal orbit during the last 100 millennia
can be seen in Fig. 1. We can see the excursions of both post-perihelion (red
dots) and pre-perihelion (blue dots) nodes through a large interval of heliocentric
distances, from an interior of the Earth’s orbit beyond the orbit of Saturn. Both
nodes have crossed the orbit of the Earth several times. This implies a possibility
that some associated meteor showers can exist.

We recall that the orbit of the parent comet as well as the theoretical par-
ticles, and perturbing planets, were integrated by using integrator RA15 (Ev-
erhart, 1985) within the software package MERCURY (Chambers, 1999). The
gravitational perturbations of eight planets, Mercury to Neptune, were taken
into account.

We also recall that the acceleration due to the Poynting-Robertson (P-R,
hereinafter) effect is considered in our simulations. In particular, we used the
improved formulas derived by Klacka (2014). The usage of them in the case

Uhttps://www.ta3.sk/TAUC22DB/MDC2007/
2http://ssd.jpl.nasa.gov/sbdb.cgi
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Figure 1. The positions of the orbital nodes of comet C/1964 N1 during the last 100
thousand years. The green circle indicates the orbit of the Earth. The red dots (blue
dots) show the positions of ascending (descending) node.

The color version of the figures is provided in the on-line version of the article.

of meteoroid particles was described in, e.g., our previous paper (Hajdukova &
Neslusan, 2017). The parameter 3, being the ratio of the accelerations due to
both the P-R effect and gravity of the Sun, is again regarded as a free parameter.

3. The predicted showers

Our way of the modeling of theoretical meteoroid stream associated with the
studied comet was described in Paper I. We created several partial models.
Each of these was characterized by the evolutionary time ¢, and the P-R-effect
parameter 5. To gain a basic notion about the stream, the basic set of our
models consisted of the models with every combination of values t.,, = 5, 10, 20,
40, and 80kyr, and § = 0.00001, 0.0001, 0.001, 0.003, 0.005, 0.007, and 0.009.
For some values of evolutionary time, the P-R effect caused a deflection of the
stream from the collisional course with the Earth earlier or later than for the
initially last considered value of 5 = 0.009. During the search of when the effect
is strong enough to cause the complete deflection, we also created a few models
with other values of 8 than listed above (8 = 0.006, 0.008, 0.010, and 0.011).
We followed the dynamical evolution of the created stream until present. An
overall view of the positions of the geocentric radiants of theoretical particles
that approach the Earth’s orbit within the distance of 0.05au at present is
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shown in Fig. 2a, in an example (model for (te,, 8) = (20, 0.0001)). When these
positions are shown in the ecliptical coordinate system with the origin identical
to the apex of the Earth’s motion around the Sun (the ecliptic longitude of every
radiant, A, is replaced with the longitude A5 calculated according to the relation
A2 = A — (A\g +270°); Ag is the solar longitude of meteor) - see an example in
Fig. 2b - we see that the radiant areas of all filaments are in the close vicinity
of the apex. This means that all the areas are also close to the ecliptic.

We can observe a rough symmetry of the filaments F1 and F4, as well as F2
and F3, in respect to the Earth’s apex (Fig. 2b). The majority of radiants of a
given filament are in a single quadrant (four filaments, F1—F4, in four quad-
rants) of the modified ecliptical coordinate system. However, the distribution
to specific quadrants is not exact. There is some “contamination” of radiants of
filament F4 in the radiant area of F3.

The detailed distribution of the positions of heliocentric radiants of the par-
ticles approaching the Earth’s orbit within 0.05au at present can be seen in
Fig. 3 for four models. The radiants are distributed on both sides of the ecliptic
(Fig. 3a,b,e,f). Sometimes, the radiant areas touch each other. Because of this
circumstance, we also analyzed the distribution of radiants in dependence on
the ecliptic longitude (Fig. 3c,d,g,h). A double-peak distribution is seen as for
the radiants situated southward as those northward of the ecliptic, in the most
models.

Just these double-peaked distributions were the reason why 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. The border between two neigh-
boring filaments is the minimum between the peaks in the ecliptic-longitude
distribution and, of course, the filaments are also separated by the ecliptic. In a
few models for t., = 80kyr and high values of 8 (8 = 0.005, 0.007, 0.009, and
0.010), only a single “southern” filament occurred (Fig. 3f;h). As mentioned in
Sect. 1, we refer to this filament as F5 and discuss its occurrence in Sect. 4.3.
The mean characteristics of the predicted showers are given in Tables 1 and 2.

In Figs. 4 and 5, the positions of the geocentric and heliocentric radiants
of theoretical particles and the corresponding real showers are shown in some
models. In particular, the plots of Fig. 4 are related to filament F3 in the models
with the P-R-effect parameter § = 0.00001 and a series of evolutionary times,
tey. In the left-hand plots, there are the geocentric radiants. We can see a shift
of some of these radiants to positions with a larger right ascension and decli-
nation and, at the same time, larger dispersion of the radiants. As it could be
expected, the radiant area is more dispersed in the models where the meteoroid
orbits evolve a longer time. The larger dispersion also occurs at the heliocentric
radiants which are shown in the right-hand plots. The heliocentric radiants are
more compact than their geocentric counterparts. With the increasing t.,, the
radiant area of the heliocentric radiants becomes larger, but its center, i.e. the
mean radiant, remains the same.
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The radiants in Fig. 5 are related to filament F2 in the models for ¢., =
40kyr and a series of the values of S-parameter. We can see influence of the
P-R effect on the dynamics of particles in this filament. The effect tends to
move the particles away from the vicinity of the Earth’s orbit, therefore there is
a smaller number of radiants in the radiant area with the increasing value of 3.
Again, the positions of the geocentric radiants are shown in the left-hand plots.
We can see there a gradual shift of the radiant area to smaller values of right
ascension. A highly concentrated area of numerous heliocentric radiants, in the
right-hand plots, occur up to 8 = 0.005. For larger [-values the concentration
sharply decreases.

In Paper I we showed the positions of the geocentric radiants in some of the
models with the radiants shown in Figs. 4 and 5 in the sun-centered ecliptic co-
ordinates (Figs. 3 and 4 in Paper I). The increasing of dispersion and decreasing
of the concentration can also be seen in these plots.

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

The radiants of some theoretical particles situated clearly outside the he-
liocentric radiant area, that were removed from a given filament in this step,
occurred to be merged and, thus, indistinguishable from the filament, when the
geocentric radiant area was constructed. Hence, the comparison between the
heliocentric, instead of geocentric, predicted and real radiants may sometimes
result in some improvement (not, however, exceeding the statistical uncertainity
at the determination of mean characteristics).

According to Fig. 5 (and others, not shown), there is, mostly, no perfect
match between a given prediction and a real shower. Neither does the P-R effect
tend to improve the match significantly. The latter implies that the meteoroid
particles in the C/1964 N1 stream are, likely, quite large and the effect on them
is not very efficient. In more detail, a good match can be found, typically, for 5
up to the value of about 0.001.

4. Identification of the predicted and real showers

The mean orbits of predicted meteor showers were used as the initial orbits
in the iteration, done within the break-point method, to separate the eventual
real counterparts of the showers from the meteor catalogs considered. The mean
characteristics of these real showers are listed in Tables 3 and 4. Unfortunately,
the dependence N = N (Dy;y,) constructed within the method never exhibited a
clear break point; therefore, it was hard to decide if the separated set of meteors
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Figure 2. Positions of radiants of theoretical particles grouped in four filaments of
the meteoroid stream associated with comet C/1964 N1 in the equatorial coordinate
frame (plot a) and the ecliptical coordinate frame with the ecliptic longitude shifted
in such a way that the apex of the Earth’s motion is in the origin of the coordinate
system (plot b). The radiants of particles in the F1 (F2, F3, F4) filament are plotted
with red plus-shape points (green crosses, blue asterisks, violet full squares). The
radiant positions are shown for the model of the C/1964 N1 stream characterized by
(tew, B) = (20, 0.0001). The sinusoid-like curve in plot (a) shows the ecliptic.



560 L. Neslusan and M. Hajdukova jr.

is actually a shower or only a random, moderate accumulation of meteors in the
given part of the orbital phase space. Hence, one should be careful in regarding
the mean orbits of separated showers, listed in Tables 3 and 4, as actually real.

As well, the relationship between the predicted and separated showers is
mostly uncertain. We recall (what was already stated in Paper I) that the itera-
tion often resulted in the real mean orbit that was considerably different from the
predicted mean orbit. We calculated the Southworth-Hawkins D-discriminant
between the predicted and corresponding real mean orbits and we excluded all
separated mean orbits with Dgy > 0.2. We also discarded some separated real
showers if their geophysical data were much too different from the predicted
counterpart. In particular, we mean that the difference in the mean solar lon-
gitude can scarcely exceed ~20°, or the position of the predicted mean radiant
should be away from its real counterpart more than a dozen of degrees.

We also calculated the D-discriminant between every predicted and known
orbit in the TAU MDC list of all showers and we regarded as, possibly, related
only the orbits with Dgy < 0.20. These identifications are given in Table 5.
(When we used Dggy < 0.25, there occurred only a singe orbit, in addition, and
this is also listed in the parentheses in Table 5.)

Criterion Dgy < 0.20 is not very strict, therefore it is not surprising that
a single real shower, regardless it was separated from a considered database or
found in the TAU MDC list of showers, is identified with more than a single pre-
dicted filament. Fortunately, the search for the minimum value of Dgpy between
the given real shower and a predicted filament leads to a unique association of
the shower and filament.

4.1. Filaments F3 and F1, July £-Arietids

Seeing the values of the Southworth-Hawkins D-discriminant in the last but one
column of the first part of Table 5, we can well identify the theoretical filament
F3 to the shower July £-Arietids, #533 in the TAU MDC list of showers. This
identification is consistent with the result obtained by Segon et al. (2017). As
seen in Table 5, the similarity between the mean orbit of the July &-Arietids
and the predicted mean orbit of F3 can be characterized with a very small
value of the D-discriminant. Specifically, Dgy = 0.053 when we consider the
mean orbit determined by Segon et al. (2014) and Dsy = 0.070 when the mean
orbit determined by Jenniskens et al. (2016¢) is considered. A little larger value,
Dgp = 0.078, characterizes the similarity when we compare our filament F3 and
the mean orbit found by Kornos et al. (2014b).

A real shower corresponding to filament F3, its models especially for t., =
20 kyr, was also found in the SonotaCo video data, whereby three modifications,
denoted by 3S, 30S, and 32S in Table 3, most probably of the same shower,
were separated by the break-point method in relation with F3. In addition, the
shower 25C separated from the IAU MDC CAMS data is in agreement with F3
for te, > 40kyr. No shower corresponding to F3 was found in the TAU MDC
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photographic (Porubéan et al., 2011; Neslusan et al., 2014) and EDMOND video
(Kornos et al., 2014a,b) data sets.

Comparing the predicted filament F3 to the real showers, it seems that the
real meteoroids were not much influenced by the P-R effect. Their size corre-
sponds to 8 < 0.001. From Fig. 4 we can conclude that the evolutionary period
of the particles in this filament was likely longer than 5kyr, but shorter than
~80 kyr, since the predicted radiant area is much more dispersed than its ob-
served counterpart for t., = 80kyr.

The radiant area of filament F3 is situated below the projection 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 the mean characteristics
resembling those of F1 were found in the IAU MDC CAMS video (showers 13C,
15C, and 17C), as well as in the SonotaCo video databases (10S; see Tables 1
and 2). However, these real showers were predicted only with the help of models
with t., = 80 and are very dispersed. They are also uncertain due to a high
threshold Dy;,,, from 0.32 to 0.40, used for their separation. Shower 13C was
predicted for 6 < 0.001, 15C only for g = 0.003, 17C only for g = 0.007, and
10S for 8 = 0.007 and 0.009. No shower in the TAU MDC list was identified
with F1.

4.2. Filaments F2 and F4, ¢-Geminids

Filament F2 has probably its counterpart in the AU MDC CAMS data - mod-
ifications 14C, 18C, 24C, and 26C. The match is quite good for all of them.
Furthermore, we found a certain similarity of the mean orbit of F2 with three
modifications, 20S, 22S, and 24S, in the SonotaCo data. We must be, however,
careful with this identification, since the predicted solar longitude is up to 20°
larger than observed one in the case of 20S, and the observed one is about 20°
larger than predicted one in the case of 22S. The level of match of the predicted
and real heliocentric radiant positions in F2 can be seen in Fig. 5, where these
positions are shown in the models for ¢., = 40kyr and a series of the values of
the P-R-effect parameter 3.

Filament F4 is the southern branch of the northern F2. Any real counterpart
of F4 was found neither in the considered databases, nor in the IAU MDC list
of all showers.

4.3. Filament F5

As seen in Fig. 3fh, filaments F3 and F4, with the radiant areas below the
ecliptic, disappeared and, instead of these filaments, there occurred a single
filament, F5, with the radiant area in the region near the border of F3 and F4.
This behavior can be observed in the theoretical models for t., = 80kyr and
B >0.005 (8 = 0.007 in Fig. 3f,h).
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In Paper I we stated that the occurrence of the “irregular” filament F5 is,
most likely, the consequence of a considerable change of the inclination of the
parent-comet orbit. (This can be observed in Fig. 1f in Paper 1.) In the period
from about —92 to —80 kyr, the inclination was decreased, from ~170° to ~158°
(i.e. the absolute value of inclination was increased from ~10° to ~22°; the orbit
was at a larger distance from the ecliptic).

Because of this circumstance, we created additional stream models for the
sequence of values t., equal to 50, 60, 70, 75, 78, 82, 85, and 90 kyr and 8 = 0.007
(since filament F5 in the models for t., = 80kyr is the most abundant in
the model for 8 = 0.007). As stated in Paper I, only if we consider particles
released from the parent 80, 78, 70, and 60 kyr ago, some of them dynamically
evolved to the present-day filament F5 and/or other filaments. Hence, only the
corresponding data for these models are given in Tables 1 and 2.

We recall that no real counterpart of F5 was separated in the considered
databases. We found only a rough similarity of its mean characteristics with
the mean characteristics of £-Geminids, #718 in the TAU MDC list, which were
found by Jenniskens et al. (2016a).

5. Summary

We gave additional details of our study, with the main results already published
in Paper I, in which we modeled a theoretical stream of the comet C/1964 N1
(Ikeya). Our simulations of the comet’s stream imply the existence of, basically,
four distinct filaments of the stream, which can be observed in the Earth’s
atmosphere as four individual showers. We label the filaments as F1 to F4.

We further found 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. One of the filaments,
F5, was predicted to cross, temporarily, the Earth’s orbit in a different arc of
its orbit than the younger filaments F1 to F4.

In the current paper we gave the further graphical and tabular information,
which shows in more detail that the separation of real showers corresponding to
the predicted ones was often not unique. Starting the iteration procedure from
different initial orbits, we obtained several modifications of, most probably, the
same real shower - cf. the first and last columns in Tables 3 and 4. In these
tables, one can also see that the separated real showers contain a small number
of members, 28 at most, many of them consist of 10 or fewer members.

Filament F3 was well identified with the shower July &-Arietids, #533 (Segon
et al., 2014, 2017, this work). In this work, filament F2 was identified to e-
Geminids, #23. A real counterpart of F1 was found in the CAMS and also
SonotaCo data. And, we suspected that filament F5 could, perhaps, be related
to the £-Geminids, #718. No real counterpart of filament F4 was found in the
databases used, or in the IAU MDC list of showers.
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The positive identifications of filament F1 in the data for t., = 80kyr (Ta-
ble 1 or 2) imply a relatively large evolutionary age of meteoroids in F1 of
~80kyr. The age of the particles in F2 should be ~20 and more millennia,
the age of the largest part is predicted to be around ~40kyr. Filament F3 can
contain some older as well as very young meteoroids, which were only recently
released from the surface of the parent. The age of meteoroids in this filament
does not likely much exceeds ~40kyr. Later, the stream seems to be more and
more deflected from the collisional course with the Earth.

Filaments F1 to F4 should mostly contain the relatively large particles cor-
responding to the P-R parameter 8 < 0.001; more detailed information can be
discerned from Table 1, giving the predicted numbers for the specific values of
5. Only filament F5, if its real counterpart exists, contains the Earth-hitting
particles that are small, corresponding to 0.005 < 3 < 0.010.

Our study provides an evidence that the comet C/1964 N1 is an active parent
body of at least one, possibly more real showers. At the moment, there are not
enough sufficient bulk of the precise data. We believe that the stream of the
comet will be studied again in the future, when more extensive meteor data will
be collected.
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A. Appendix: Further graphical and tabular results
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Figure 3. Positions of heliocentric radiants of theoretical particles grouped into five
filaments of the meteoroid stream associated with comet C/1964 N1 (plots a, b, e,
and f) and distribution of these radiants in the ecliptic longitude (plots ¢, d, g, and
h). The radiants of particles in the F1 (F2, F3, F4, F5) filament are plotted with red
plus-shape points (green crosses, blue asterisks, violet full squares, cyan full circles).
The distribution of radiants situated northward (southward) from the ecliptic is shown
with a red and green solid (blue and violet dashed; in plot (h) cyan dashed) curve. (The
color of the part of the curve is the same as the radiant positions in the corresponding
plot showing the positions of the radiants.) Both positions and distributions are shown
for four models of the C/1964 N1 stream characterized by (te», ) equal to (20, 0.0001)
(plots a and ¢), (40, 0.003) (b, d), (80, 0.00001) (e, g), and (80, 0.007) (f, h). To show
the positions of radiants, the ecliptical coordinate frame is used. Plots e—h are shown
on the next page.



Meteoroid stream and meteor showers of comet C/1964 N1. Part II 567

25 T T T T T 25 T T T T T
20 20} @ ]
15 15 F Y . T
e ) AR Mg X B X
2 10 2 wf “'33@‘53;.” e Ll
5 @ }yl"‘%‘s‘% ‘f‘f‘}; xRk K x
2 5 = 5t m?"éf)‘w . o0 x>
g g [ X
< < +7 XX
s 0 5 0
& 5 & 5t ]
o) 5]
3 3

-10 -10 | 1

-15 -15 | 1

220 20 L L L L L

20 40 60 80 100 120
ecliptic longitude [deg] ecliptic longitude [deg]

1200 T T T T T 140 T T T T T

(h)

1000 120 1 1
=) = 100 f ]
2z 800 2
g g
3 g sof 1
= 600 =
c S oot ]
° E=} \

400
g E awf \ ]
=1 = \

200 20 ]

0 _ 0 L L L L L
120 20 40 60 80 100 120
ecliptic longitude [deg] ecliptic longitude [deg]

Figure 3. — continued.
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Figure 4. Positions of geocentric (left-hand plots, a, c, e, g, and i) and heliocentric
(right-hand plots, b, d, f, h, and j) radiants of theoretical particles (black dots) in
the predicted filament F3 and corresponding real-shower meteors separated from the
CAMS-video (blue asterisks) and SonotaCo-video (green empty squares) databases.
The positions are shown in the models for the P-R-effect parameter 5 = 0.00001 and
a series of evolutionary times te, = 5 (plots a and b), 10 (c, d), 20 (e, f), 40 (g, h),
and 80kyr (i, j). Plots g—j are shown on the next page.
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tric (right-hand plots, b, d, f, h, j, 1, and n) radiants of theoretical particles (black dots)
in the predicted filament F2 and corresponding real-shower meteors separated from the

CAMS-video (blue asterisks) and SonotaCo-video (green empty squares) databases.

The positions are shown in the models for the evolutionary time t., = 40kyr and a
series of the values of P-R-effect parameter S = 0.00001 (plots a and b), 0.0001 (c,
d), 0.001 (e, f), 0.003 (g, h), 0.005 (i, j), 0.007 (k, 1), and 0.008 (m, n). Plots g—n are
shown on the next page.




Meteoroid stream and meteor showers of comet C/1964 N1. Part II

declination [deg]

declination [deg]

declination [deg]

declination [deg]

34

32

30

28

26

24

22

20

34

32

30

28

26

24

22

20

34

32

30

28

26

24

22

20

34

32

30

28

26

24

22

20

071

@

32

30

28

26

declination [deg]

24

22

()

70

80 90 100
right ascension [deg]

110 120 90 92 94 96 98 100 102 104
right ascension [deg]

106

32

30

28

26

declination [deg]

24

22

70

80 90 100
right ascension [deg]

110 120 90 92 94 96 98 100 102 104
right ascension [deg]

106

&)

34

32

30

28

26

declination [deg]

24

22

O]

70

80 90 100
right ascension [deg]

110 120 90 92 94 96 98 100 102 104
right ascension [deg]

106

(m)

34

32

30

28

26

declination [deg]

24

22

(n)

60

70

80 90 100
right ascension [deg]

110 120 90 92 94 96 98 100 102 104
right ascension [deg]

Figure 5. — continued.

106



Table 1. The mean geophysical characteristics of the predicted meteor showers. Notes: t., - the period following the orbital

evolution (the theoretical stream was modeled before this time); 8 - the parameter characterizing the strength of the P-R effect;

MA@ - the mean solar longitude corresponding to the expected maximum of a shower; a and § - equatorial coordinates of the mean

geocentric radiant; V; and Vj, - the mean geocentric and heliocentric velocity; v - the angular distance of the mean radiant from

the Sun at the time corresponding to the A\g of the maximum; N, - the number of particles in the orbits approaching the Earth’s

orbit within 0.05au; Dy, - the threshold value of the Southworth-Hawkins D-discriminant used to separate the meteors of the

filament; i.r.s. - the real shower identified with a given filament in a given model (according to this identification number, the real

shower can be found in Tables 3 and 4). Time te, is given in kilo-years, the angular quantities are given in degrees, and velocities

1

in kms .
tew 8 Ao o ) Vy Vi ~ N Diim 1.r.8.
filament F1

10 0.0001 104.24+ 7.5 27.9+ 5.8 12.7+ 2.0 68.9+ 0.3 41.6+ 0.1 74. 6 0.14 —
20 0.00001 117.3+ 119 37.7£C9.1 16.3+3.4 69.5+0.5 41.5+0.1 77. 59 0.24 —
20 0.0001 115.9+ 14.8 36.2+ 11.1 16.4+ 4.4 69.4+ 0.7 41.6£0.1 77. 67 0.27 —
20 0.001 115.3+ 11.9 35.8+ 9.0 16.24+ 3.5 69.5+ 0.5 41.6%+ 0.1 77 31 0.18 —
20 0.003 126.94 18.2 44.6+ 14.2 18.0+£ 3.7 69.94 0.6 41.5£ 0.1 &0. 18  0.23 —

40 0.00001 137.04 19.5 52.14+ 14.1 21.1+4.1 70.24+ 0.8 41.64+ 0.2 82. 166 0.32 —
40 0.0001 127.1+ 15.2 456+ 11.9 189+ 3.7 69.8+0.6 41.6+ 0.1 79. 108 0.23 —
40 0.001 138.54+ 16.7 51.8+ 11.7 21.5+£3.3 70.54+4 0.7 41.7£0.2 &4. 134 0.28 —
40 0.003 135.3% 12.0 47.14+ 8.7 20.9+ 24 70.8£0.4 41.8£0.1 &5. 917 0.13 —
40 0.005 133.84+ 11.5 45.7+ 8.2 20.56+ 2.3 70.8+40.4 41.8+ 0.1 85 2059 0.12 —
40 0.007 133.0+ 11.1 45.0+ 7.7 20.2+ 2.3 70.840.4 41.8£0.1 85. 1286 0.14 —
40 0.008 132.04+ 11.4 44.04+ 7.8 19.9+ 2.3 70.8+£ 0.4 41.8+ 0.1 85. 346 0.13 —
50 0.007 125.24+ 10.0 39.5+ 7.1 18.44+4 2.2 70.5+£ 0.3 41.7+ 0.1 82. 2356 0.19 20S
60 0.007 103.1+£ 7.9 23.3t 5.4 11.8+1.9 69.8 0.4 41.8+ 0.0 77. 27 0.11 —
70 0.007 110.4+ 8.9 28.7+ 6.6 149+ 29 699+ 04 41.7£0.1 78. 1514 0.23 —
80 0.00001  98.9+ 12.1 20.6+ 8.6 13.4+ 4.7 69.0+ 0.6 41.7+0.1 75. 2248 0.32 13C
80 0.0001 99.7+ 12.6 21.2+ 9.2 13.7+ 4.8 69.0£ 0.6 41.7+ 0.1 75. 2306 0.38 13C
80 0.001 105.6+ 15.6 25.74+ 11.8 15.7£ 5.8 69.3+0.6 41.7£0.1 76. 2103 0.40 13C
80 0.003 120.0+ 17.1 37.44+ 14.1 20.9+ 5.8 69.6+ 0.5 41.7+£0.1 78 1903 0.40 15C
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Table 1. — continued.

0

tew B Ao « Vy Vi ¥ Ns  Dyipp  ir.s.
filament F1 — continuation

80 0.005 127.54+17.6 44.2+ 15.2 2294+ 52 69.84 0.5 41.7£0.1 79 1362 0.37 16C

80 0.007 133.14+ 19.7 495+ 17.1 23.7£5.1 70.0& 0.5 41.7+0.1  80. 442 0.38 17C, 10S
80 0.009 130.8+ 13.7 47.1+ 12.1 22,54+ 4.7 70.1+0.4 41.7£ 0.0 80 67 0.32 10S

80 0.010 135.94 27.8 49.1+ 225 20.1=5.9 7044+ 0.6 41.7£0.2 84 10 028 —

filament F2

10 0.00001  217.04 2.6 112.1+ 2.1 24.6+ 0.4 69.7+ 0.2 42.24+ 0.0 107 79 0.06 —

10 0.0001 216.4+ 2.4 111.7+ 1.9 247+ 0.3 69.7£ 0.1 42.2+ 0.0 107. 7T 017 —

10 0.001  215.5+ 2.3 1109+ 1.9 2484 0.3 69.84 0.1 42.24+ 0.0 107 134 0.06 —

10 0.003 214.4+ 1.6 10994+ 1.4 25.0£ 0.2 69.840.1 42.24+0.0 106 170  0.06 —

10 0.005 214.1+£14 109.5+ 1.1  25.1£ 0.1 69.84 0.1 42.2+ 0.0 106 64 0.03 —

20 0.00001 211.6£ 5.2 108.14+ 4.2 25,54+ 0.7 70.04& 0.2 42.24+ 0.1 105. 1067 0.23 18C

20 0.0001  211.2£ 5.1 107.8+ 4.1 25.5+£ 0.7 70.0+ 0.3 42.1+0.1 105. 1103 0.18 18C

20 0.001  209.7+ 5.1 106.5+ 4.2 258+ 0.6 70.1+£ 0.2 42.2+ 0.0 105. 1441 0.18 18C

20 0.003  206.5+ 5.0 103.7+ 4.1 26.1+ 0.5 70.24+ 0.2 42.1+0.0 104 1689 0.15 14C

20 0.005 204.4+ 4.1 101.84 3.3  26.44+ 0.3 70.3£ 0.2 42.1£ 0.0 104. 721  0.13 14C

20 0.006  202.7+ 4.2 100.3+ 3.5 26.6£ 0.2 70.3%= 0.2 42.2+ 0.0 103. 239 0.10 14C

40 0.00001  201.7+ 8.1 100.0+ 6.9 27.14+ 1.3 70.3+0.3 42.1+0.1 103. 4059 0.21 14C

40 0.0001  201.3+£ 8.1 99.7+ 6.9 271+ 1.3 70.3£ 0.3 4214+ 0.1 103. 4361 0.24 14C

40 0.001 197.5+ 9.3 96.8+ 7.6 28.1+ 8.3 69.8t 5.2 4254+ 3.4 101. 5074 0.22 14C, 24S
40 0.003  190.74+ 9.7 90.8+ 8.2 26.8+ 1.0 70.7£ 0.3 42.0£ 0.1 100. 5379 0.21 14C

40 0.005  185.24+ 9.2 86.3+ 7.7 26.4+ 0.9 70.9+£ 0.2 4204+ 0.1 99. 2894 0.20 14C

40 0.007 178.1+ 8.6 80.3+ 6.9 25.9+ 0.7 71.0£ 0.2 42.04+ 0.1 97. 347 0.14  20S

40 0.008 1784+ 7.9 80.1+ 6.3 25.54+ 0.6 71.0£ 0.2 42.0&£0.1 97. 21 0.08 20S

50 0.007  181.4+ 9.5 83.7+ 7.8 257+ 1.1 71.0£0.2 41.9+0.1 97. 544  0.20 14C, 20S
70 0.007  188.84+ 9.8 89.6+ 8.3 2584+ 1.2 70.8£ 0.2 42.04+ 0.1 99. 110 0.19 14C, 20S
80 0.00001 202.24+ 12.8 102.4+ 10.9 28.24+2.6 70.3+=0.4 42.0+& 0.1 101. 953 0.39 18C, 22S
80 0.0001 203.54+ 11.0 103.3:9.6 28.1+2.6 70.3+= 0.4 42.0+ 0.1 102. 999 0.38 228, 18C
80 0.001 203.14+ 12.4 103.7£ 10.7 28.1£ 2.7 7044+ 04 42.0£0.1 101. 1137 0.39 225, 18C
80 0.003 200.6+ 16.3 104.6+ 13.2 28.84 2.8 70.64+ 0.4 42.0+& 0.1  98. 1074 0.40 23C
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Table 1. - continued.

tew 8 Ao o 1 Vy Vi 0% Ns Dy ir.s
filament F2 — continuation
80 0.005 200.34+ 14.8 107.1£ 124 29.0+ 2.6 7094+ 0.3 41.9+0.1 95 462 0.40 24C
80 0.007 202.7+ 11.2 108.8£9.1 2794+ 24 71.0£ 0.3 4194+ 0.1 96. 98 0.38 24C
80 0.009 200.54 16.2 108.2+ 11.7 28.14+ 2.5 71.0& 0.4 42.0+ 0.1 94. 13 0.32 26C
filament F3
5 0.00001 103.1+ 3.6 28.6+ 2.5 85+ 0.9 68.8+0.2 41.6+0.0 74. 7072 0.14 3S
5 0.0001 103.1+ 3.6 28.6+ 2.5 8.5+ 0.9 688%+0.2 41.6+0.0 74. 6847 0.16 3S
5 0.001 103.6+ 3.6 28.9+ 2.5 8.7+ 0.9 689+0.3 41.720.0 74. 5055 0.13 3S
5 0.003 105.1*+ 4.6 29.84+ 3.2 9.1+ 1.2 69.0+ 0.3 41.7+0.0 74. 1320 0.14 3S
5 0.005 110.1+ 7.2 33.1+ 4.9 10.5+ 1.8 69.4+ 0.5 41.7£0.0 76 42 0.10 32S
10 0.00001 102.8+ 4.9 28.4+ 3.5 8.2+ 1.2 688+0.3 41.6+0.1 73. 7158 0.18 3S
10 0.0001 102.8+ 5.0 28.5+ 3.6 83+ 1.2 68.8+0.3 41.6+0.1 73. 7074 0.21 3C
10 0.001 103.2+ 4.5 28.6+ 3.2 8.4+ 1.2 68.8%+0.3 41.6+00 74. 5149 0.19 3S
10 0.003  104.74 4.8 29.4+ 3.3 9.0+ 1.3 69.0£ 0.3 41.7+20.0 74. 1209 0.20 3S
10 0.005 110.1£ 7.0 32.84+ 4.8 10.7£ 1.9 69.5+ 04 41.7£0.0 76 33  0.09 328
20 0.00001 108.2+ 8.6 32.8+ 6.4 9.3+ 1.9 69.0£04 41.6+=0.1 75. 4484 0.27 30S
20 0.0001 108.1+ 8.3 32.7+ 6.2 9.2+ 1.8 69.0+ 0.4 41.6+0.1 74. 4460 0.24
20 0.001 108.7£ 7.8 33.0+ 5.9 9.5+ 1.8 69.0£04 41.6+0.1 75. 3207 0.28 3S
20 0.003 111.3%+ 8.7 34.3+ 6.4 10.5+ 2.1 69.3+ 0.4 41.6£ 0.1 76. 852 0.26 3S
20 0.005 112.84+ 7.2 34.44+ 5.0 11.6£1.9 69.6+ 04 41.7+£0.1 77. 79 0.20 25C, 30S
20 0.006 119.04 12.2 38.54 8.7 13.2+ 2.6 70.0+ 0.6 41.7&0.1 79 12 014 —
40 0.00001 117.0+ 13.3  39.24+ 10.2 11.44+2.8 69.4+ 0.6 41.6+0.1 77. 1724 0.26 30S
40 0.0001 116.0+ 12.3 38.44+ 9.5 11.1£ 2.7 69.44+ 0.6 41.6£0.1 76. 1572 0.22 25C, 30S
40 0.001 120.34+ 14.7 41.6+ 11.3 1224+ 3.0 69.6+ 0.6 41.6+0.1 77. 1217 0.22 25C
40 0.003 121.84+ 12.6 42.2+ 9.7 129+ 2.9 69.84 0.6 41.6£ 0.1 78. 407 0.26 25C
40 0.005 120.44+ 9.1 40.2+ 6.7 13.24+ 2.4 69.9+ 0.5 41.7£ 0.1 78. 56 0.13 25C
50 0.007  155.24+ 7.3 71.0+ 6.3 183+ 0.9 70.7+0.2 41.6+ 0.0 83. 6 022 —
70 0.007 117.34+ 13.2 35.0+ 9.0 11.54& 3.0 68.7+4.9 41.2+ 2.1 81. 20  0.20 25C, 32S
80 0.00001 112.7+ 13.6 36.4+ 11.4 10.3+3.4 69.1+£0.6 41.6+ 0.1 75. 297 0.35 25C
80 0.0001 119.1£17.6  42.0+ 14.9 11.3+ 3.7 69.3+ 0.7 41.6+ 0.1 76. 405 0.40 25C
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Table 1. - continued.

0

te'u ﬂ )\@ (e ‘/g Vh vy ]\[5 Dlim 1.r.s.
filament F3 — continuation
80 0.001 122.4+ 17.7 4514+ 15.0 1224+ 3.5 69.3£0.7 41.60.1 76. 446 0.38 25C
80 0.003 128.2+ 15.7 50.44+ 13.7 13.743.3 69.5+£ 0.6 41.6+ 0.1 77 277 035  —
80 0.0001 119.1+17.6  42.0& 149 11.3+3.7 69.3£0.7 41.6+0.1 76. 405 040 25C
80 0.001 122.4+ 17.7 45.1+15.0 1224+ 3.5 69.3£0.7 41.60.1 76. 446 0.38 25C
80 0.003 128.2+ 15.7 50.44+ 13.7 13.7+3.3 69.5+£ 0.6 41.6+ 0.1 77 277 035  —
filament F4
10 0.00001 213.7+ 3.1 109.2+ 2.5 21.5+ 0.4 69.94+ 0.1 42.1+ 0.0 106. 5 005 —
10 0.0001 197.0+ 13.4 97.7+ 9.7 20.7+ 1.5 70.6£ 0.4 41.94 0.3 100. 6 014 —
20 0.00001 202.14+&12.7 101.9£9.3 2014+ 1.7 70.5+04 41.9+£0.2 101. 152 0.26 —
20 0.0001 202.94+ 12.0 102.5+ 8.8 204+ 1.4 7054+04 41.9+0.2 101. 165 0.28 —
20 0.001  203.6%x 7.5 102.1+ 5.9 20.8+ 1.1 70.54+ 0.3 42.0+ 0.1 102. 84 0.13 —
20 0.003 199.24+ 11.0 98.8+ 8.0 20.6+ 1.6 70.6+£ 0.3 42.0+ 0.2 101. 49 027 —
40 0.00001 200.8+ 14.2 101.94+ 10.7 19.7+1.9 70.7+0.4 41.94+0.2 100. 348 024 —
40 0.0001 199.6+ 14.4 101.2+ 109 19.6£1.9 70.7+04 41.9+0.2 99. 359 024 -—
40 0.001 201.24+ 109 1024+85 198+ 1.7 70.8+&0.3 41.9+0.1 100. 195 0.24 —
40 0.003 192.24+ 139 95.3+10.1 2054+ 1.5 70.9+ 0.3 41.9+0.2 97. 83 0.33 —
40 0.005 194.5+ 7.7 96.9+ 6.7 20.7+ 0.8 71.0£ 0.1 4194+ 0.1  98. 12 016 —
50 0.007  194.2+ 8.0 96.7+ 7.3 20.24+ 2.6 71.0£ 0.3 42.04+ 0.1  98. 20 027 -
80 0.00001  200.2+ 5.6 94.7+ 4.6 19.8+ 1.0 69.7+ 0.3 42.1+0.0 106 567 0.20 —
80 0.0001  199.9+ 5.4 94.4+ 4.5 19.84 1.0 69.7+ 0.3 42.1£0.0 106. 507 0.18 —
80 0.001  199.2+ 6.0 93.9+ 4.9 20.1+£ 0.8 69.8+ 0.3 42.1+ 0.0 106. 254 0.18 —
80 0.003 193.4+ 25.6 104.0+ 18.9 16.6+ 2.6 70.9+ 0.5 41.8&0.2 90. 179 032 —
filament F5
70 0.007  186.4+ 5.3 83.6+ 4.3 20.9+ 0.5 70.4+ 0.2 42.14+00 102. 336 0.10 —
78 0.007  182.8+ 4.7 80.3+ 3.6 19.1£ 0.5 70.3+ 0.2 42.0&£0.0 102. 189 0.10 —
80 0.005  190.5+ 6.1 87.2+ 5.1 178+ 1.8 70.0+ 0.2 42.1+£0.0 103. 114 0.18 —
80 0.007  188.7+ 5.7 86.0+ 5.0 1724+ 1.8 70.1+£ 0.2 42.1£0.0 103. 123 0.20 —
80 0.009 184.2+ 4.4 82.1+ 3.9 16.3+ 2.6 70.1+ 0.3 42.0& 0.0 102. 33 021 —
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Table 2. Mean orbital characteristics with the dispersion (characterized by the standard deviation) of the predicted annual meteor
showers associated with the parent body considered. Notes: tc., 8, and i.r.s - as in Table 1; g - the mean perihelion distance; a - the
mean semi-major axis; e - the mean eccentricity; w - the mean argument of perihelion; €2 - the mean longitude of ascending node;
and i - the mean inclination to the ecliptic. Quantities ¢ and a are given in astronomical units and angular elements in degrees.

tew B q a e w Q 7 i.r.s.
filament F1

10 0.0001 0.7944 0.041 64.24 28.3 0.985+ 0.008 143.8424.4 123.7+£ 23.8 177.4+2.0 —
20 0.00001 0.862+ 0.057 51.9+ 44.5 0.978+ 0.009 138.4+ 21.8 120.94+ 22.7 1769+ 1.9 —
20 0.0001 0.857+ 0.075 0.982+ 0.010 141.44+ 19.1 122.6+ 19.0 1758t 3.1 —
20 0.001 0.8564 0.059 49.84+ 44.4 0.982+ 0.010 143.74 18.0 124.9+ 19.8 176.24+ 2.3 —
20 0.003 0.910+ 0.071 46.5+ 20.9 0.9774+ 0.009 135.2419.1 117.24+18.8 1771+ 1.7 —
40 0.00001 0.927+ 0.070 0.9824 0.013 155.94 29.7 139.04+ 26.5 175.0+ 2.5 —
40  0.0001 0.894+ 0.065 65.6+ 64.7 0.9794 0.010 141.5+ 21.7 127.0&21.3 176.1£2.0 —
40  0.001 0.953+ 0.067 240.14 199.5 0.988+ 0.012 163.2+ 26.8 141.54 22.2 174.8+2.2 —
40 0.003 0.978+ 0.042 330.6% 234.7 0.996+ 0.002 173.6+ 5.4 145.7+ 5.4 174.2+ 0.6 —
40 0.005 0.978+ 0.043 0.996+ 0.002 170.6% 6.1 142.4+ 6.3 174.3+= 0.6 —
40  0.007 0.980+ 0.045 401.4+ 367.1 0.9974+ 0.002 168.7+ 5.6 140.2+ 5.8  174.44+ 0.5 —
40  0.008 0.981+ 0.047 0.997+ 0.001  166.0+ 4.8 137.0+ 4.9 174.4+ 0.5 —
50 0.007 0.963+ 0.042 0.9954+ 0.003 151.6+ 11.8 122.64+ 13.0 174.6£ 0.9 20S
60 0.007 0.884+ 0.045 0.9994+ 0.001  104.0+ 8.6 69.8+ 8.6 175.5+£ 0.3 —
70 0.007 0.907+ 0.041 208.74 180.1 0.994+ 0.004 128.1+£ 17.5 97.1+ 19.7 174.24+ 2.0 —
80 0.00001 0.821+ 0.064 0.9944 0.005 128.9+ 17.2 98.84+ 19.0 171.6+£ 3.3 13C
80  0.0001 0.823+ 0.062 206.4+ 191.3 0.9934+ 0.005 129.5+ 17.0 99.84+19.1 1714+ 3.4 13C
80 0.001 0.849+ 0.067 209.0+ 206.5 0.9934+ 0.005 134.6+ 17.6 106.4+ 20.7 170.8+ 3.9 13C
80 0.003 0.8994 0.056 146.6+ 123.2 0.990+ 0.006 141.2+ 14.6 119.6+ 19.9 168.6+ 3.8 15C
80 0.005 0.915+ 0.049 118.9+111.9 0.9894+ 0.006  142.0+15.5 125.1+ 21.4 168.3+ 3.5 16C
80 0.007 0.927+ 0.046 96.9+ 56.2 0.987+ 0.007 1429+ 18.1 1289+ 24.5 169.0+ 3.4 17C, 10S
80 0.009 0.935+ 0.038 96.9+ 61.5 0.9874+ 0.006 142.3+16.7 126.0+ 21.3 170.6+ 3.5 10S
80 0.010 0.953+ 0.055 0.989+ 0.008 162.3+43.2 137.3+ 46.1 174.2+ 3.8 —
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Table 2. — continued.

tew B q a e w Q 7 i.r.s.
filament F2

10 0.00001 0.7624 0.019 132.94 57.3 0.994+ 0.002 264.9+ 2.4 243.3+ 2.6 174.3+ 0.1 —

10 0.0001 0.766+ 0.017 130.6+ 31.6 0.994+ 0.001 264.6+ 2.4 243.0+ 2.7 174.24+ 0.1 —

10 0.001 0.771+ 0.016 167.6+ 76.0 0.995+ 0.002 263.4+ 2.1 241.5+ 2.5 174.24+ 0.1 —

10 0.003 0.776+ 0.011 0.996+ 0.002 262.1+ 1.7 239.8+ 2.0 174.1+£ 0.1 —

10 0.005 0.776+ 0.011 342.7£191.9  0.997+ 0.001 261.1+ 0.9 238.4+ 1.0 174.0+& 0.0 —

20 0.00001 0.803+ 0.035 154.54 109.3 0.993+ 0.004 250.7+ 10.5 229.6+ 10.5 173.8 1.0 18C

20  0.0001 0.806+ 0.035  146.4+ 78.8  0.9934+ 0.004 250.8+ 10.0 229.6+ 9.9 173.8£ 0.9 18C

20 0.001 0.814+ 0.035 163.94+ 98.1 0.994+ 0.003 250.1+ 7.2 228.5+ 7.4 173.6+ 0.7 18C

20 0.003 0.832+ 0.033 0.995+ 0.003  246.9+ 5.9 22454+ 6.3 173.5+ 0.6 14C

20 0.005 0.8424 0.029 280.64 238.1 0.996+ 0.002 244.44 3.9 221.4+ 4.1 173.4+ 0.3 14C

20 0.006 0.850+ 0.030 384.24+ 375.7 0.997+ 0.001 242.84+ 2.7 219.3+ 2.8 173.3+ 0.2 14C

40 0.00001  0.8484 0.044 119.3+ 75.4 0.991+ 0.004 223.94 15.0 200.5+ 16.5 172.44+ 2.0 14C

40 0.0001 0.8504 0.044 122.3+ 120.8 0.991+ 0.004 223.1+ 15.2 199.7+ 16.7 172.44+ 2.1 14C

40  0.001 0.867+ 0.044 0.9914 0.004 218.5+ 15.8 194.74+ 17.4 172.7£ 1.9 14C, 24S
40 0.003 0.900+£ 0.043 146.1+133.8  0.992+ 0.004 209.4+ 16.5 184.6+ 18.1 173.6+ 1.6 14C

40 0.005 0.9224 0.038 157.3+96.5  0.992+ 0.004 202.6+ 15.4 177.0+ 16.6 174.24+ 1.3 14C

40 0.007 0.946+ 0.033 174.84 91.4 0.993+ 0.003 193.74+ 124 166.7+ 13.1 174.94+ 1.0 20S

40  0.008 0.941+ 0.034 167.0+ 61.8 0.994+ 0.002 191.14+ 13.4 162.9+ 13.6 175.64+ 0.8 20S

50 0.007 0.9484+ 0.039  117.3+ 80.7  0.990+ 0.005 204.6+ 19.4 180.4+ 20.5 175.3+ 1.7 14C, 20S
70 0.007 0.912+ 0.043 103.3£ 100.1 0.9874+ 0.007 206.3+ 20.4 182.2+ 21.8 175.3+ 1.9 14C, 20S
80 0.00001 0.867+ 0.066 0.984+ 0.008 217.6£ 19.2 200.1+ 19.3 170.0+ 4.2 228, 18C
80  0.0001 0.863+ 0.064 82.9+ 75.8 0.985+ 0.008 218.2+ 16.7 200.5+ 17.3 170.1+ 4.2 22S, 18C
80 0.001 0.873+ 0.067 0.984+ 0.008 216.44+ 17.9 200.7+ 18.7 170.0+ 4.1 228, 18C
80 0.003 0.915+ 0.067 60.7+ 46.7 0.9814+ 0.007 206.4+ 21.0 199.44+ 19.8 168.5+ 4.0 23C

80 0.005 0.948+ 0.053 53.2+ 27.5 0.9794 0.007 198.5+ 19.0 199.7+ 18.1 168.0+ 3.4 24C

80 0.007 0.945+ 0.056 53.2+ 26.1 0.9794+ 0.008 202.5+ 18.2 203.1+ 14.7 169.8+ 3.5 24C

80  0.009 0.945+ 0.045 53.7+ 17.9 0.981+ 0.006 196.3+ 25.1 199.7+ 20.3 169.3+ 3.8 26C
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Table 2. - continued.

tew B q a e w Q 7 1.r.s.
filament F3
5 0.00001 0.800+ 0.027 84.9+ 31.5 0.989+ 0.003  287.2+ 8.8 266.0+ 8.8  174.1£ 0.8 3S
5 0.0001 0.8004 0.027 85.2+ 31.0 0.990+ 0.003  287.2+ 8.9 266.04+ 8.8 174.1+ 0.8 3S
5 0.001 0.805+ 0.027 99.0+ 40.8 0.991+ 0.003  285.8+ 8.0 264.4+ 79 1742+ 0.7 3S
5 0.003 0.8184+ 0.033  144.6+ 109.5 0.9934+ 0.002  284.3+ 7.2 262.6+ 7.1  174.3£ 0.7 3S
5 0.005 0.8554 0.048 0.9974+ 0.002  286.1+ 6.3 263.84 6.3  174.7+ 0.5 32S
10 0.00001  0.7944 0.034 86.8+ 43.5 0.9894+ 0.004 293.84 12.6 272.84+12.8 173.8+1.3 3S
10 0.0001 0.7944 0.035 87.6+ 42.6 0.9894 0.004 293.6+ 12.6 272.7+12.9 173.8+1.3 3S
10 0.001 0.8004 0.033 99.4+ 51.0 0.990+ 0.004 290.8+ 11.5 269.5+ 11.7 174.0+ 1.2 3S
10 0.003 0.817+ 0.034  136.9+ 66.9  0.993+ 0.003  286.8+ 8.8 264.84 8.8 174.4+ 0.9 3S
10 0.005 0.858+ 0.046 0.996+ 0.001  284.84+ 5.3 261.9+ 5.3 175.3£ 0.5 32S
20 0.00001 0.817+ 0.049 79.1+ 52.4 0.987+ 0.006 302.0+ 16.4 2829+ 17.3 173.0+ 2.3 30S
20 0.0001 0.816+ 0.048 80.6+ 58.9 0.9874+ 0.006 301.7+ 16.0 282.54+ 16.8 173.1+ 2.1 30S
20 0.001 0.8244 0.045 84.3+ 82.5 0.9884+ 0.006 300.5+ 15.9 281.0+ 16.8 173.4+ 2.1 3S
20 0.003 0.8494 0.047 0.989+ 0.006 298.4+ 22.2 278.6+ 18.1 174.3£ 2.1 3S
20 0.005 0.872+ 0.044 0.991+ 0.005 301.5+ 21.0 278.7+20.9 176.1+ 1.5 25C, 30S
20 0.006 0.9044 0.069 0.9884+ 0.012 306.4+ 20.4 283.3+21.0 176.7+ 1.7 —
40 0.00001 0.859+ 0.063 70.8+ 61.5 0.984+ 0.008 311.1£ 22.9 293.7+ 23.5 173.4+ 29 30S
40  0.0001 0.856+ 0.061 0.984+ 0.007 310.7£ 20.5 293.1+ 20.8 173.3+ 2.9 25C, 30S
40 0.001 0.8754 0.062 69.2+ 51.4 0.9844 0.008 309.2+ 37.6 294.74+ 29.2 173.7+ 2.8 25C
40  0.003 0.8944 0.058 79.3+ 66.3 0.985+ 0.007 310.5& 25.9 292.3+ 27.7 1744+ 2.8 25C
40  0.005 0.903+ 0.046 94.2+ 57.9 0.9884+ 0.005 305.4+ 20.9 284.6+ 22.4 175.6+ 1.7 25C
50 0.007 0.9724 0.020 40.8+ 7.2 0.9754+ 0.005 335.6+ 17.4 333.2+ 17.1 173.1£2.1 —
70  0.007 0.9034 0.056 93.2+ 47.6 0.988+ 0.006 302.5+ 23.2 277.6+ 25.2 175.8+ 1.8 25C, 32S
80 0.00001  0.8324 0.062 0.9864 0.008 311.2+ 17.2 293.94+ 19.5 173.2+ 3.4 25C
80 0.0001 0.8484 0.070 0.9844 0.009 313.5+ 22.8 300.4+ 21.0 172.4+ 3.6 25C
80 0.001 0.8514 0.070 77.2+ T1.5 0.984+ 0.009 311.6+ 23.7 301.3£ 23.0 172.3+4.0 25C
80 0.003 0.861% 0.059 78.5+ 69.1 0.9844 0.008 314.7+ 18.9 306.6+ 28.7 1724+ 4.1 —
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Table 2. - continued.

tew B q a e w Q i ir.s
filament F4
10 0.00001 0.776+ 0.020 71.5+ 10.0 0.9894+ 0.002 9.7+ 7.8 -125+ 7.3 178.0+ 0.9 -—
10 0.0001 0.891+ 0.082 0.974+ 0.017 20.3+ 29.0 2.3+ 29.2 175.6+ 2.3 —
20 0.00001 0.871+ 0.073 59.0+ 53.0 0.9784+ 0.011  29.1+21.5 12.1+21.3 1752+ 3.0 —
20 0.0001 0.867+ 0.071 66.9+ 65.4 0.979+ 0.012 28.6+21.3 11.3+21.1 175.6+ 2.5 —
20 0.001 0.852+ 0.045 0.986+ 0.007  26.94 18.2 6.5+ 18.4 1759+ 1.9 —
20 0.003 0.874+ 0.065 90.9+ 56.8 0.985+ 0.011  27.54 17.2 7.2+ 166 175.6+ 2.8 —
40 0.00001 0.894+ 0.073 0.9784+ 0.010 27.3+£19.9 13.64+20.3 174.7+3.1 -—
40  0.0001 0.903+ 0.072 52.1+ 40.7 0.977+ 0.010 26.5+ 19.9 13.44+ 20.0 174.54+ 3.2 —
40 0.001 0.900+ 0.058 56.9+ 55.5 0.979+ 0.010 26.74+ 18.6  13.44+ 20.3 174.7+ 2.8 —
40 0.003 0.930+ 0.066 61.2+ 56.3 0.9784+ 0.010 22.1+ 23.4 8.1+ 23.0 1753+ 2.6 —
40  0.005 0.928+ 0.034 55.2+ 18.6 0.982+ 0.006 16.1+ 14.7 1.1+ 134 1754+ 1.1 —
50 0.007 0.9294 0.042 74.14+ 42.4 0.984+ 0.008 24.54+ 17.7 10.2+ 15.5 174.8£ 4.3 —
80 0.00001 0.790+ 0.037  358.14+294.7 0.997+ 0.002 64.64+ 11.9  30.2+ 12.0 173.2+1.8 ~—
80 0.0001 0.792+ 0.035 0.997+ 0.002  65.7+ 11.0 31.24+ 11.5 173.1+ 1.7 -—
80 0.001 0.796+ 0.039 0.997+ 0.002 66.9+ 11.4 32.4+ 12.0 173.7+£1.4 —
80 0.003 0.948+ 0.049 0.9744+ 0.009 359.4+ 30.2 11.7+£289 171.1£4.0 -—
filament F5
70  0.007 0.875+ 0.031 451.8+ 392.8 0.9974 0.001 70.3£ 7.8 341+ 8.5 1752+ 0.7 -—
78 0.007 0.882+ 0.032 0.997+ 0.002 51.7£ 5.5 12.8+ 5.8 1723+ 1.0 —
80 0.005 0.8594+ 0.032 0.996+ 0.002 56.3+ 7.5 21.0£ 9.0 169.3+ 3.3 —
80 0.007 0.874+ 0.027 294.6% 226.5 0.996+ 0.003 53.4+ 6.3 18.3+ 7.9 1684+ 3.2 —
80 0.009 0.893+ 0.022 251.0+ 207.8 0.996+ 0.003 49.0+ 5.4 11.8+ 7.2 166.9+ 4.6 —
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Table 3. Mean geophysical characteristics of the real showers separated from the CAMS video (C) and SonotaCo video (S) databases
and identified with at least one of predicted filaments (F1, F2, F3, or F4) of the modeled meteoroid stream of comet C/1964 N1.
Notes: Cat.No. - the working number (in this work) of the shower in the C or S catalog (this number serves to relate the real shower
to a filament in Tables 1 and 2); Ag - the mean solar longitude corresponding to the expected maximum of a shower; o and 0 -
the equatorial coordinates of mean geocentric radiant; V; and Vj - the mean geocentric and heliocentric velocity; v - the angular
distance of the mean radiant from the Sun at the time corresponding to the Ay of the maximum; N - the number of the real
meteors of a given shower selected from the given database; Dy;,, - the threshold value of the Southworth-Hawkins D-discriminant
used to separate the meteors of the observed shower; i.p.f. - the predicted filament with which the given real shower is identified.

Angular quantities are given in degrees, and velocities in kms™?.

Cat.No. Ao « 1) Vy Vh ol Ns  Dym  ipf.
13C 101.54 7.8 22.1+ 6.3 15.64+ 2.4 69.1£ 1.0 41.84 0.8 75 13 0.14 F1
14C 195.24+ 7.8 96.0+ 6.9 273+ 1.0 70.44+ 0.2 41.7+£0.2 100 9 0.10 F2
15C 115.74+ 6.8 32.1£ 5.0 21.5+ 2.7 68.44+ 0.7 40.6£ 0.5 79 8 0.10 F1
16C 135.6+ 12.9 483+ 10.4 26.1+ 3.4 69.54+ 0.8 41.04+ 0.7 83 20 0.15 F1
17C 143.8+ 6.3 57.1+£ 5.2 28.44+ 1.5 69.3 0.5 40.7+ 0.5 83 8 0.10 F1

18C  199.6+ 7.3 100.1+£ 6.2 27.5+ 1.0 70.3+04 41.7+0.3 101 7 0.09 F2
23C  215.7£ 6.2 117.6+ 5.0 284+ 1.5 69.8+40.5 41.4+£0.5 101 9 011 F2
24C  210.8+9.9 1165+ 80 28.0+1.1 70.9+0.6 41.9+04 97 6 0.10 F2
25C 1132+ 74 36.2+ 5.5 89+ 21 688+05 41.1£05 76 18 0.10 F3
26C 2115+ 86 1173+ 6.8 27.0+£ 19 7094+0.5 41803 97 9 011 F2

3S 101.3£ 349 35.3£3.2 8.9+ 1.2 694+04 41.7£03 65 20 0.08 F3
10S  145.1+ 8.8 56.8+£ 6.8 273+ 1.7 70204 41405 85 5 010 F1

20S  153.8£81.3 922+ 5.7 27.2£0.9 705+06 41705 62 10 0.09 F2
225 221.3£ 56.3 102.5+ 4.8 28.5+£ 0.9 704+ 0.4 42.0+£0.5 120 8§ 007 F2
24S  204.6+ 3.6 103.4+ 33 282+06 709+04 427+03 103 10 0.07 F2
30S  104.0£ 32.3  36.0+ 3.4 9.0+ 1.2 693+ 0.4 41.6£04 67 24 0.09 F3
32S  105.0+£ 29.3  35.3+ 2.8 89+ 13 69504 41.7+03 69 15  0.06 F3
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Table 4. Mean orbital characteristics, with the dispersion, of the real showers separated from the CAMS video (C) and SonotaCo
video (S) databases and identified with at least one of predicted filaments (F1, F2, F3, or F4) of the modeled meteoroid stream of
comet C/1964 N1. Notes: Cat.No. and i.p.f. - as in Table 3; g - the mean perihelion distance; a - the mean semi-major axis; e - the

mean eccentricity; w - the mean argument of perihelion; €2 - the mean longitude of ascending node; and ¢ - the mean inclination to

the ecliptic. Quantities ¢ and a are given in astronomical units and angular elements in degrees.

Cat.No. q a e w Q i i.pf.
13C  0.838+ 0.042 620.84 498.0 1.001+ 0.063  130.7+ 6.7 101.5£ 7.8 169.0£ 3.2 F1
14C  0.905+ 0.032  28.6+ 16.8  0.960+ 0.018  215.7+ 6.0 195.2+ 7.8 172.6+ 1.8 F2
15C  0.898+ 0.037 10.9+ 5.8 0.900+ 0.040 139.3+ 7.1 1157+ 6.8 165.5+ 2.2 F1
16C  0.961+ 0.040 168.24+ 358.9 0.928+ 0.061 155.5+ 11.8 135.5+ 12,9 165.8+29 F1
17C  0.964+ 0.019 19.1+ 274 0.8994 0.049  154.6+ 5.9 143.7+ 6.3  165.6+ 2.0 F1
18C  0.891+ 0.035 29.1+ 19.7 0.957+ 0.022  218.2+ 6.5 199.6+ 7.3 1720+ 1.9 F2
23C  0.869+ 0.041 18.94+ 13.3 0.931+ 0.043  221.8+ 6.6 215.7£ 6.3 166.7+ 2.3 F2
24C  0.937+ 0.036  346.1+ 505.8 0.970+ 0.035 206.9+ 10.1  210.7£9.9 168.1+£ 1.8 F2
25C 0.854£ 0.036  75.8+ 231.1  0.9444 0.040 312.5%+ 5.7 2932474 170.7+2 1.4 F3
26C  0.940+ 0.034 237.2+ 431.9 0.963+ 0.030 206.1+ 9.2 211.44+ 8.6  169.5+ 2.7 F2

3S 0.857+ 0.027  20.6* 35.6  0.992+ 0.028 313.4+ 4.3 29224+ 44 171.1+£ 15 F3
10S  0.983+ 0.022 13.2+ 15.3 0.9544+ 0.043 161.84+ 9.2 145.1+£ 8.8 1674+ 1.5 F1
20S  0.907+ 0.030 5.9+ 14.9 0.967+ 0.040 215.6+ 6.1 191.8£ 6.5 1732+ 1.6 F2
225 0.883+ 0.028 14.3+ 26.0  0.9814+ 0.038  219.6+ 4.9  202.2+ 5.5 169.9+ 1.1 F2
24S  0.8574 0.019 —24+£24.1 1.041+ 0.026  223.4+ 3.1 204.6+ 3.6  170.5+ 1.2 F2
30S  0.860+ 0.027 19.84+ 32.5 0.983+ 0.033  313.7+£ 4.3 293.0+£ 4.6 1709+ 1.5 F3
325  0.8604 0.025 19.7+ 33.7 0.995+ 0.027  313.9+ 3.9 292.3+ 4.1 1711+ 1.1 F3
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Table 5. The showers from the IAU MDC list of all showers found to be related to the predicted showers with meteoroids originating
in comet C/1964 N1. In the first column of the table, the evolutionary time, tey, and the mark “MDC:” are given. While t., is
applicable to the theoretical shower, mark “MDC:” is applicable to the real shower from the IAU MDC list. In the second column,
the P-R-effect parameter 8 is applicable to the theoretical shower and the IAU MDC number, MDC No., to the real shower. In
the third last column of Part 1, the number of theoretical particles used to predict the shower, Ny, (applicable to the theoretical
shower), and the number of real meteors, N,eq (applicable to the real shower), identified by the original author to be the members
of the shower are given. The value of the Southworth-Hawkins D-discriminant between the mean orbits of both predicted and real
showers is given in the last but one column of the first part of the table. The meaning of other symbols is following: Ag - the
mean solar longitude, a and § - the mean right ascension and mean declination of the geocentric radiant, V;; - the mean geocentric
velocity, ¢ - the mean perihelion distance, a - the mean semi-major axis, e - the mean eccentricity, w - the mean argument of
perihelion, 2 - the mean longitude of ascending node, and 7 - the mean inclination to the ecliptic.

PART 1 - geophysical data
tey [kyr]; MDC  B; MDC No. Mg [deg] «afdeg] &[deg] Vylkms™'] Nip; Neear Dsm  source
relation to filament F2

10  0.00500 214.1 109.5 25.1 69.80 64 this work
MDC: 23 206.0 101.6 26.7 68.80 3 0.194 Jenniskens, 2012
MDC: 23 206.0 104.8 26.9 69.40 7 0.100 Cook, 1973
40  0.00001 201.7 100.0 27.1 70.30 4059 this work
MDC: 23 198.0 93.8 28.1 69.60 31 0.163 Jenniskens et al., 2016a
relation to filament F3
20 0.00300 111.3 34.3 10.5 69.30 852 this work
MDC: 533 112.6 35.0 9.2 68.85 19 0.078 Kornos et al., 2014b
40  0.00001 117.0 39.2 114 69.40 1724 this work
MDC: 533 119.0 40.1 10.6 69.40 61 0.053 Segon et al., 2014
40  0.00010 116.0 38.4 11.1 69.40 1572 this work
MDC: 533 119.0 40.1 10.6 69.40 61 0.053 Segon et al., 2014
40  0.00010 116.0 38.4 11.1 69.40 1572 this work
MDC: 533 119.0 41.5 10.7 68.90 20 0.070 Jenniskens et al., 2016b
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Table 5. — continued.

PART 1 - geophysical data; continuation

tev [kyt]; MDC  B; MDC No. A [deg] «[deg] d[deg] V,[kms™'] Nip; Neew  Dsm  source
relation to filament F5
80 0.00500 190.5 87.2 17.8 70.00 114 this work
(MDC: 718 206.0 96.9 12.7 68.10 33 0.217 Jenniskens et al., 2016a)
PART 2 - orbital elements
tev; MDC  S; No. q [au] a [au] e w [deg] Q[deg] i[deg] source
relation to filament F2
10 0.00500 0.776 342.7 0.997 261.1 238.4 174.0 this work
MDC: 23 0.731 10.0 0.927 241.7 209.0 172.9  Jenniskens, 2012
MDC: 23 0.770 26.8 0.971 237.0 209.7 173.0 Cook, 1973
40  0.00001 0.848 119.3 0.991 223.9 200.5 172.4 this work
MDC: 23 0.813 11.3 0.957 230.9 198.4 171.2  Jenniskens et al., 2016a
relation to filament F3
20  0.00300 0.849 102.0 0.989 298.4 278.6  174.3 this work
MDC: 533 0.863 0.939 313.8 292.6 171.8 Kornos et al., 2014b
40  0.00001 0.859 70.8 0.984 311.1 293.7 1734 this work
MDC: 533 0.883 0.965 318.0 299.0 171.6  Segon et al., 2014
40  0.00010 0.856 75.5 0.984 310.7 293.1 1733 this work
MDC: 533 0.883 0.965 318.0 299.0 171.6  Segon et al., 2014
40  0.00010 0.856 75.5 0.984 310.7 293.1 1733 this work
MDC: 533 0.860 10.7 0.952 312.4 292.7 170.4  Jenniskens et al., 2016b
relation to filament F5
80 0.00500 0.859 337.1 0.996 56.3 21.0 169.3 this work
(MDC: 718 0.726 5.8 0.952 60.8 26.3 159.9 Jenniskens et al., 2016a)
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