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Announcement from the U.S. Naval Observatory

The availability of large astrometric catalogs and the admirable acumen of users has led to
the republishing of the same measures and identification of the same "new" systems by multiple
data-miners. This has significantly increased the amount of work needed to properly incorporate
these data into the USNO double star catalogs. Therefore, in the future, data mining results will
be added to the WDS and WDSS at the discretion of the catalogers. Furthermore, preference
will be given to data prepared by those specifically associated with the original catalog project.
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Double Star Measures Using the Video Drift Method - XII

Richard L. Nugent

International Occultation Timing Association
RNugent@wt.net

Ernest W. lverson

International Occultation Timing Association
ewiverson@consolidated.net

Abstract: Position angles and separations for 254 multiple star systems are presented using
the video drift method. A proposed new double star, not currently in the WDS, is shown with
nearly identical Gaia proper motions and parallaxes for the components.

Introduction

This is Paper XII in our continuing series on double
star measurements using the video drift method first
proposed by Nugent and Iverson 2011. We continue our
practice of preferentially measuring multiple star sys-
tems listed in the Washington Double Star Catalog
(WDS) that have not been measured for a minimum of
10-15 years and have less than 10 measurements. Meas-
urements are limited to systems with a separation great-
er than 3.47". This separation represents the current
minimum resolution of the video drift method with our
equipment.

Methodology

The techniques used in this paper are the same as in
our previous paper (Nugent and Iverson, 2018). All
measurements were made with a pair of Meade 14-inch
LX-200 telescopes (focal length 3556 mm at /10, scale
factor 0.6"/pixel). Astronomical video data collection
systems require a onetime aspect ratio calibration. The
reader is referred to our previous discussion of the
problem and calibration procedure (Nugent and Iver-
son, 2014).

For systems in which either the primary and/or sec-
ondary star is faint, image enhancement techniques
were employed. Co-author Iverson used a variation of
the drift method employing an integrating video camera
(Iverson and Nugent 2015) while co-author Nugent
used a Collins I3 image intensifier with a non-

integrating camera. The faintest system measured in
Table 1 had primary/secondary magnitudes of +10.61,
+15.3. Thirty-two systems had WDS magnitudes in the
+13.5 to +15.3 range.

Occasionally we would come across systems in
which there was a large magnitude difference between
the components. At a nominal gain setting for our video
cameras the fainter (secondary) component was usually
not visible thus no measurements could be acquired of
its position. If it was visible, the primary (brighter)
component was overly saturated on the video chip sen-
sor and thus too large to be measured by the restricted
size of the measurement aperture in the Limovie pro-
gram. The solution is to make two separate drift runs at
different gain settings so that each component was visi-
ble and thus could be measured; then combine the
measurements from both runs to derive a position angle
and separation.

Other systems had very close separations causing
the components to merge at our nominal scale factor of
0.6"/pixel. This issue was resolved by using a magnifi-
cation script on the video. The video was enlarged sig-
nificantly into three sections (typically scale 0.2"/pixel
or less) allowing the components to be resolved and
measured. Both of the above techniques are described
in detail in Paper 11 of this series (Nugent and Iverson
2018).

(Text continues on page 502)
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date Mag 1 Mag 2 Samples Nights
00002-2519 CO0 273 10.6 1.15 8.70 0.160 2017.24 | 10.13 10.20 3 1
00042+2701 SMA 1 161.4 0.09 13.44 0.017 2018.77 9.96 10.84 15 3
00043+4235 HJ 1932AB 306.0 0.06 7.02 0.011 2018.77 8.64 9.50 25 5
00043+4235 WAL 4AC 188.1 0.04 47.19 0.052 2018.77 8.64 9.83 25 5
00093+2517 FYM 132AC 161.7 0.02 62.52 0.022 2018.83 7.77 12.4 30 6
00093+2517 GIC 2AB 236.3 0.03 29.69 0.016 2018.83 7.77 11.46 30 6
00118+1952 HJ 1943AB 236.5 0.10 12.22 0.019 2018.83 | 10.03 11.5 15 3
00118+1952 HJ 1943AC 47.8 0.12 15.32 0.095 2018.83 | 10.03 13.7 3 1
00118+1952 HJ 1943AD 248.0 0.04 55.58 0.055 2018.83 | 10.03 13.89 20 4
00187+2545 HJ 1015AB 286.9 0.27 5.35 0.042 2018.82 9.78 10.95 3 1
00187+2545 HJ 1015AC 252.0 0.23 27.97 0.298 2018.77 9.78 13.57 5 1
00379-2740 BRT2845 334.7 1.58 5.72 0.156 2017.78 | 10.35 12. 3 1
00391-2533 SKF 759 107.6 1.30 7.70 0.172 2017.78 | 11.4 11.8 6 1
00408-3246 HJ 3384 265.9 0.79 5.88 0.086 2017.78 | 10.09 10.83 7 1
01025-2137 SEE 10 312.2 1.06 5.76 0.118 2017.78 8.05 10.89 5 1
01130+3004 STT 26AC 340.8 0.05 117.69 0.057 2018.83 6.34 13.59 20 4
01172+0201 HDO 45 103.6 0.03 38.23 0.044 2018.93 7.36 9.65 20 4
01227+1712 STTA 16 137.2 0.04 72.03 0.083 2018.93 7.22 10.19 20 4
01428+2421 GRF 1 4.1 0.04 46.93 0.058 2018.93 9.45 9.68 20 4
02002+0641 STF 198 117.9 0.03 45.56 0.040 2018.93 9.22 9.80 20 4
02110+2912 CHE 66 161.7 0.03 37.18 0.023 2018.93 9.81 10.64 15 3
02415+4015 AG 46 344.1 0.04 39.39 0.033 2018.87 9.59 10.18 10 2
02521+3718 STF 316 135.1 0.03 14.36 0.016 2018.93 9.46 9.74 15 3
03015+0513 BAL2604 14.2 0.06 11.37 0.023 2018.93 9.4 9.5 15 3
03090+4415 STF 351 115.4 0.05 27.10 0.035 2018.93 9.18 9.87 15 3
03143+2057 HJ 2178 213.7 0.070 17.86 0.019 2018.93 9.8 10.6 15 3
03254-0109 SCJ 2 183.1 0.02 16.92 0.023 2018.93 9.03 9.96 15 3
04254+0221 HJ 2230 324.9 0.01 34.73 0.029 2018.93 9.65 9.88 15 3
04494+4414 SKF1383 272.0 0.04 54.15 0.051 2018.93 8.32 9.79 15 3
05264-1210 GAL 384 192.9 0.06 12.07 0.021 2018.87 9.3 9.5 10 2
05378+0245 SKF1528 127.4 0.04 41.91 0.054 2018.93 9.20 10.16 15 3
05400+2232 AG 99 143.6 0.13 7.61 0.026 2018.87 9.62 10.17 5 1
05499+2259 | ARN 91A 132.4 0.08 112.19 0.405 2018.87 8.37 8.99 5 1
05499+2259 POU 789 251.0 0.10 12.66 0.028 2018.87 8.99 10.7 5 1
05504+1422 SKF2490 236.0 0.05 53.03 0.027 2018.87 8.99 10.21 5 1
08025-2447 J 1507 323.6 0.60 6.96 0.075 2018.77 9.76 11.06 9 1
08026-2733 HJ 4037AB 244.6 0.55 6.52 0.066 2018.72 7.22 8.41 7 1
08026-2733 HJ 4037AC 74.4 0.26 64.46 0.293 2018.89 7.22 9.22 3 1
08036-2213 2163AB 219.9 1.75 8.08 0.235 2018.89 | 10.08 10.8 3 1
08036-2213 2163AC 173.4 0.83 41.52 0.633 2018.55 | 10.08 13.78 3 1

Table 1 continues on the next page.
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
08039-3133 LDS 201AB 240.5 0.44 46.11 0.339 2018.72 8.80 9.71 2 1
08053-1802 ARA 208 127.1 1.41 8.91 0.246 2018.89 10.41 11.24 3 1
08074+0012 | BAL1132 265.0 0.52 6.62 0.064 2018.72 9.33 10.9 8 1
08098-2449 | JAW 5AB 284.8 0.55 26.89 0.277 2018.55 9.22 10.85 3 1
08098-3822 | HJ 4049AB 322.3 1.39 9.44 0.204 2018.89 9.82 11.1 3 1
08104+0020 | BAL1133 316.1 0.54 6.45 0.066 2018.77 9.42 10.7 9 1
08108-3236 | COO 68AB 155.0 1.49 7.58 0.227 2018.22 8.74 9.11 3 1
08108-3236 COO 68AC 21.2 1.19 15.71 0.283 2018.22 8.74 13.02 3 1
08151-2819 LDS 208 173.3 1.60 8.96 0.242 2018.22 10.80 11.5 3 1
08156-1859 ARA 397 308.7 1.76 6.53 0.252 2018.89 10.57 11.1 3 1
08189-2311 ARA1728 67.2 1.42 9.33 0.233 2018.55 10.52 11.32 3 1
08226-1041 HJ 784AC 11.1 0.71 18.09 0.233 2018.22 10.23 10.88 3 1
08296-3836 SKF1454AB,C 234.5 0.42 58.52 0.364 2018.22 8.62 9.27 2 1
08313-1938 J 1524AB 316.9 1.03 5.94 0.124 2018.22 10.83 11.3 8 1
08313-1938 J 1524AC 219.6 0.84 13.04 0.176 2018.22 10.83 13.4 7 1
08317-1640 LDS 222 256.8 0.67 6.75 0.109 2018.22 10.91 11.05 12 1
08366-1846 ARA 402 152.1 1.19 11.80 0.242 2018.22 10.40 10.9 3 1
08385-2502 B 161 317.9 0.66 7.70 0.111 2018.22 9.23 10.78 9 1
08405-2101 ARA1058 141.9 0.86 11.59 0.166 2018.22 7.88 10.95 3 1
08417-2018 J 2645 306.2 1.82 6.81 0.242 2018.22 10.9 11.2 3 1
08457-2121 J 1531 14.9 2.53 7.68 0.362 2018.22 10.51 10.98 3 1
08531-2718 JRN 7 139.3 4.01 7.55 0.513 2019.22 11.0 11.5 2 1
08591-3203 PRO 79 47.1 2.44 8.32 0.285 2018.22 11.3 11.3 3 1
09023-2724 | B 173 283.0 0.77 7.01 0.106 2018.22 9.67 11.2 6 1
09050+1134 TOK 125AC 244.3 0.15 |140.73 0.392 2018.22 8.67 9.33 2 1
09050-2512 | BRT2964AB 226.5 1.12 5.65 0.107 2018.22 | 10.85 11.1 8 1
09065-3213 HJ 4173AB 301.1 2.17 13.01 0.410 2018.22 11.1 12.2 2 1
09065-3213 HJ 4173AC 243.5 2.07 14.09 0.445 2018.22 11.1 11.5 2 1
09119-3814 | WFC 80 224 .4 1.73 7.32 0.192 2018.22 9.94 10.70 3 1
09153+0531 | HJ 124AB 70.8 1.32 15.40 0.435 2018.22 9.16 11.54 2 1
09153+0531 | HJ 124AC 242 .4 0.39 62.05 0.456 2018.22 9.16 11.45 2 1
09153+0531 SKF1841AD 274.3 0.91 17.62 0.318 2018.22 9.21 13.78 2 1
09155-3815 SWR 69AB 300.9 1.02 23.52 0.361 2018.22 |11.06 11.36 3 1
09188-1025 | A 125AC 80.3 0.42 51.74 0.400 2018.22 8.48 10.86 2 1
09200-2747 HJ 4199AB 110.5 0.72 11.60 0.147 2018.22 8.29 9.48 8 1
09238-2340 | HDO 123AC 188.8 0.46 53.65 0.481 2018.22 8.07 11.01 2 1
09257-1917 XMI 92AB 44.8 1.43 16.62 0.421 2018.22 11.32 11.42 2 1
09257-1917 XMI 92AC 271.3 0.61 30.15 0.424 2018.22 11.32 11.28 2 1
09327-2826 I 1616AB 236.4 0.76 33.06 0.463 2018.22 9.44 9.74 2 1
09327-2826 I 1616AC 280.0 1.86 14.24 0.467 2018.22 9.44 13.03 2 1

Table 1 continues on the next page.
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
09387-2644 HJ 2501AC 94.0 1.81 10.80 0.470 2018.22 10.05 10.47 2 1
09387-2644 | HJ 2501CD 135.8 1.36 25.80 0.643 2018.22 | 10.47 12.24 2 1
09413+0256 | GRV 796AB 250.8 1.26 36.07 0.771 2018.22 | 10.58 13.84 2 1
09413+0256 | DAM 805AD 82.0 0.15 |159.21 0.470 2018.22 | 10.58 10.9 2 1
09425-2108 | HJ 4233 310.5 1.41 12.74 0.389 2018.22 8.27 10.98 2 1
09451-3835 | HJ 4239 195.2 2.02 9.40 0.280 2018.22 8.62 9.94 2 1
09470-3228 | HJ 4244A,BC 29.4 1.45 11.75 0.289 2018.22 | 10.05 10.05 3 1
09504-3320 HJ 4253AB,C 36.7 1.82 11.99 0.371 2018.22 10.27 10.53 2 1
09504-3320 TOB 5AB, D 286.5 0.69 40.93 0.456 2018.22 10.27 11.23 2 1
10013-2246 HDO 124AB 8.4 1.22 12.99 0.260 2018.22 7.83 9.96 3 1
10013-2246 HDO 124AC 54.8 0.51 42.70 0.346 2018.22 7.83 12.36 3 1
10271+1804 STEF 1434 282.2 0.41 6.44 1.356 2018.29 9.49 9.68 8 1
10336+1513 STEF 1446 249.6 0.18 5.48 0.045 2018.29 9.29 10.03 3 1
10374-1103 J 2075 61.3 0.55 6.61 0.069 2018.22 8.32 10.55 7 1
10535-2008 HO 533BC 131.9 1.72 13.53 0.450 2018.22 9.60 10.7 3 1
10535-2008 HO 533BD 297.4 0.89 40.13 0.627 2018.22 9.60 13.50 3 1
11035-3245 TRC 3 345.7 2.623 10.06 0.387 2018.35 11.2 13.7 3 1
11037-2941 HDS1577 3.3 1.21 10.74 0.266 2018.35 10.00 12.79 3 1
11062-2850 LDS4059AB 234.5 2.44 13.51 0.533 2018.35 10.61 15.3 3 1
11062-3827 HJ 4402AB 121.0 2.24 9.46 0.352 2018.35 10.1 11.1 3 1
11062-3827 HJ 4402AC 7.7 1.92 15.29 0.418 2018.35 10.1 14.2 3 1
11074-0114 BAL 865 219.4 2.45 9.22 0.417 2018.22 10.9 10.9 5 1
11090-3625 SKF1214 155.2 2.25 8.61 0.308 2018.35 11.0 11.2 3 1
11118-3045 BRT2985 252.6 1.29 4.46 0.133 2018.35 11.0 11.3 7 1
11121-1224 WEC 292 310.0 1.34 10.88 0.254 2018.35 9.58 13.0 3 1
11144-0225 HJ 178AB 34.3 1.24 18.46 0.368 2018.35 12.07 11.0 3 1
11144-0225 | HJ 178AC 196.6 0.50 42.16 0.346 2018.35 | 12.07 13.28 3 1
11144-0225 HJ 178BC 201.9 0.57 59.84 0.574 2018.35 11.0 13.28 3 1
11145+0516 STF1518BC 353.8 1.96 3.47 0.127 2018.36 11.26 11.5 3 1
11164-2200 B 2274 359.4 0.31 9.63 0.173 2018.35 8.67 11.7 3 1
11244-0158 BAL 535 116.1 0.914 7.64 0.134 2018.35 11.10 13.1 9 1
11248-0829 TDS7844 319.7 1.61 15.95 0.460 2018.35 10.55 11.61 3 1
11251-2320 ARA1787 204.7 2.32 10.50 0.381 2018.35 11.65 13.8 3 1
11272-1604 LDS4100AB 158.8 0.59 49.95 0.522 2018.35 10.80 14.43 3 1
11273-3044 I 76 50.4 1.17 7.23 0.123 2018.35 11.57 12.0 9 1
11276-2343 HJ 4437AB 318.8 1.74 11.43 0.343 2018.22 10.95 11.0 3 1
11296-2428 Jc 16AB 81.8 0.26 8.23 0.037 2018.22 5.82 8.60 9 1
11296-2428 Jc 16AC 112.4 0.08 |166.14 0.262 2018.22 5.82 8.86 3 1
11301+2958 STTA 111 33.8 0.04 66.84 0.098 2018.37 6.95 9.49 15 3
11309-2012 | B 2280 31.2 1.08 9.33 0.162 2018.35 7.90 11.52 3 1

Table 1 continues on the next page.
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
11316-3338 I 1543AC 160.1 0.84 26.75 0.370 2018.35 9.85 12.6 3 1
11360-1050 1577AB 274 .4 1.65 7.86 0.294 2018.35 | 10.85 13.5 3 1
11360-1050 1577AC 83.9 1.06 19.94 0.395 2018.35 | 10.85 13.6 3 1
11368-2426 | HJ 4456AB 118.6 1.06 13.25 0.330 2018.35 7.15 10.82 1 1
11368-2426 | HJ 4456AC 339.3 0.06 38.77 0.046 2018.35 7.15 13.29 3 1
11401-0326 | DAM 73AB 11.1 1.48 18.53 0.466 2018.35 | 12.32 13.85 3 1
11416+3145 STT 575AB 311.1 0.03 43.96 0.040 2018.37 5.79 9.75 30 6
11489-3556 SEE 136 255.3 1.38 7.08 0.154 2018.35 11.3 12.7 8 1
11495-1937 LDS 368AB 91.3 1.34 9.11 0.331 2018.35 12.1 12.9 3 1
11495-1937 DAM 75BC 77.2 0.99 14.98 0.246 2018.35 13.3 13.6 9 1
11512+3322 ARG 101 272.9 0.08 45.76 0.081 2018.36 6.27 9.28 20 4
11529+3050 STEF 1576 240.7 0.12 5.33 0.035 2018.37 9.11 9.45 18 3
11534-2434 HJ 4479 94.3 1.39 6.93 0.260 2018.22 8.86 9.92 3 1
11567-3216 DUN 116AC 37.6 0.47 29.96 0.231 2018.35 7.67 11.60 3 1
11567-3216 DUN 116BC 122.8 0.52 21.63 0.179 2018.35 7.83 11.60 3 1
12269-3728 HJ 4510AB 41.8 1.12 19.39 0.336 2018.36 9.73 10.38 2 1
12440-2727 UC 2393AC 330.0 0.47 40.55 0.364 2018.36 10.19 9.60 3 1
13112+3050 STF 1729AB,C 274.9 0.10 8.61 0.105 2018.36 9.61 11.06 5 1
13189+0030 A 2585BC 233.5 0.71 12.87 0.200 2018.36 9.38 13.9 3 1
13216-0926 BRT 447 54.4 2.23 7.94 0.319 2018.35 11.84 12.5 3 1
13225-1703 GWP1995AB 86.3 0.20 136.93 0.527 2018.36 12.3 12.5 3 1
13300-1430 HJ 2654 319.0 1.30 19.00 0.423 2018.36 11.37 13.00 3 1
13307-2327 HJ 2655 270.1 0.916 11.40 0.216 2018.36 10.00 13.3 3 1
13344+2617 STF 1760 64.2 0.07 8.73 0.014 2018.37 8.77 9.12 15 3
13385-0325 GWP2049 262.5 2.08 15.27 0.570 2018.36 | 12.2 12.5 3 1
13407+2804 | BUP 151 223.1 0.04 89.74 0.074 2018.36 6.36 12.4 5 1
13451+1822 STF 1782AB 185.3 0.03 30.38 0.032 2018.37 7.98 9.81 15 3
13493+1742 S 655AB 85.9 0.03 46.27 0.038 2018.37 8.96 9.98 25 5
13493+1742 S 655AC 10.9 0.05 57.39 0.019 2018.37 8.96 13.93 13 3
13493+1742 S 655BC 326.4 0.03 63.64 0.045 2018.37 9.98 13.93 15 3
14095+3549 | HJ 540 211.1 0.08 8.95 0.009 2018.37 9.39 10.04 10 2
14510+0943 SLE 1028AD 105.2 0.01 |193.17 0.038 2018.37 8.44 12.40 10 2
14510+0943 STF 1886AB 224.1 0.07 7.89 0.025 2018.37 7.61 9.73 18 3
17594+2929 STF2247AB 188.4 0.05 11.62 0.011 2018.55 9.17 9.88 20 4
17594+2929 | WAL 88AC 230.4 0.03 56.07 0.022 2018.55 9.17 12.49 20 4
18434+3533 SLE 688AD 16.3 0.05 |109.77 0.085 2018.55 8.91 12.71 5 1
18434+3533 STF2378AB 189.9 0.04 11.47 0.021 2018.55 8.91 9.88 20 4
18434+3533 STF2378AC 243.2 0.02 |210.24 0.049 2018.54 8.91 12.1 10 2
18434+3533 STF2378BC 245.8 0.03 203.54 0.063 2018.54 9.88 12.1 10 2
18445+3400 STTA172 5.3 0.03 64.88 0.047 2018.55 7.91 8.66 20 4

Table 1 continues on the next page.
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
19039+3409 BU 1285AB 288.8 0.36 11.16 0.083 2018.62 7.30 12.8 15 3
19039+3409 | BU 1285AC 208.1 0.06 41.78 0.047 2018.62 7.30 10.7 25 5
19201+2639 STTA181AB 359.5 0.03 63.48 0.057 2018.62 7.39 7.50 25 5
19201+2639 STTA181AC 169.5 0.05 31.61 0.053 2018.62 7.39 12.8 25 5
19201+2639 STTA181BD 42.6 0.02 94.04 0.075 2018.62 7.50 12.10 25 5
19434+3158 | AG 235 199.0 0.05 12.64 0.029 2018.51 8.57 9.6 15 3
19500+1757 | ABH 126AE 143.4 0.02 71.01 0.048 2018.60 7.99 13.42 15 3
19500+1757 H 4 99AB 83.2 0.03 25.64 0.018 2018.60 7.99 11.07 25 5
19500+1757 H 4 99AC 255.5 0.03 68.76 0.048 2018.60 7.99 9.10 25 5
19500+1757 H 4 99AD 339.6 0.03 44.05 0.040 2018.60 7.99 13.23 25 5
19517+3108 STT 389AC 182.2 0.03 13.30 0.037 2018.54 7.12 9.53 10 2
20014+1045 STF2613AB 354.3 0.79 3.50 0.050 2017.24 7.48 8.02 9 2
2003543601 STF2624AC 326.8 0.04 42.32 0.038 2018.60 7.09 9.26 25 5
2003543601 STF2624AD 171.1 0.04 28.97 0.052 2018.60 7.09 12.90 25 5
2005743536 ES 24BC 241.4 0.26 11.31 0.181 2018.59 8.82 13.8 10 2
2005743536 ES 24BD 85.6 0.94 17.12 0.243 2018.58 8.82 13.11 5 1
2005743536 SHJ 316AB 322.8 0.03 69.44 0.053 2018.60 7.79 8.82 25 5
20106+3338 S 738AB 106.2 0.03 42.15 0.030 2018.55 7.76 8.43 20 4
2012343205 STF2649AB 151.4 0.04 21.59 0.032 2018.60 7.86 9.85 25 5
2012343205 STF2649AC 283.8 0.01 /130.97 0.013 2018.60 7.86 11.41 25 5
2012343205 STF2649AD 36.1 0.01 175.89 0.029 2018.60 7.86 10.63 25 5
2013343502 ARY 23AB 28.2 0.03 81.55 0.058 2018.55 8.48 8.89 20 4
20133+3502 ARY 23BC 339.4 0.01 65.01 0.010 2018.55 8.89 10.56 20 4
20133+3502 SKF2392BD 345.5 0.23 13.95 0.102 2018.54 8.89 12.8 5 1
20140-0052 | ABT 15AE 224.6 0.03 80.98 0.054 2018.78 7.87 12.83 5 1
20140-0052 | BU 1485A,BC 105.0 0.02 74.95 0.044 2018.78 7.87 10.12 5 1
20140-0052 | BU 1485BC,D 65.2 0.13 23.15 0.026 2018.78 | 10.12 12.2 5 1
20462+1554 STF2725AB 11.7 0.83 6.10 0.090 2017.78 7.54 8.20 6 2
20482-1303 | HJ 2997 195.5 1.68 8.39 0.262 2018.75 | 10.42 11.3 3 1
20484-1812 S 763AB 293.6 0.73 15.43 0.206 2018.75 7.24 7.79 3 1
20484-1812 S 763CD 332.6 1.68 9.14 0.276 2018.75 11.72 12.0 4 1
20489-2037 HJ 2998AB 141.2 1.81 5.55 0.260 2018.75 9.72 9.96 3 1
20510+0211 BAL1573 225.3 1.24 5.64 0.117 2018.75 12.82 12.84 9 1
20532-0240 | BRT 508 208.0 2.04 8.21 0.290 2018.75 | 10.46 14.2 1 1
20557-1625 DAM 219 117.3 0.92 8.20 0.144 2018.75 11.3 12.5 9 1
20577-3248 | ENO 6 23.8 0.80 13.60 0.163 2018.75 | 10.14 13.8 12 1
20582+1038 LBU 11AC 151.6 0.21 72.46 0.279 2018.75 9.04 11.82 3 1
20584+1050 BUP 220BD 224.2 0.24 67.39 0.294 2018.75 9.88 12.01 3 1
20586-0434 BRT 511 82.4 1.21 4.04 0.107 2018.75 10.8 11.5 9 1
20588-0921 | BU 764AB,D 140.8 0.11 |134.05 0.283 2018.75 9.80 9.18 3 1

Table 1 continues on the next page.
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Object Designation PA ° SEE:;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
20588-0921 BU 764AB,C 109.6 0.14 102.80 0.291 2018.75 9.80 9.60 3 1
20588-0921 | BU 764AB,E 86.1 0.35 54.52 0.346 2018.75 9.80 12.1 3 1
20588-0921 | BU 764CE 311.9 0.33 57.32 0.348 2018.75 9.60 12.1 3 1
20588-0921 | BOO 1DF 195.3 0.72 18.32 0.248 2018.75 9.18 14.5 4 1
20595-2212 | ARA1937 124.3 1.93 11.48 0.389 2018.75 | 12.6 12.9 3 1
21017-1032 | AOT 96 104.3 1.39 10.94 0.304 2018.75 | 10.73 13.0 3 1
21021+1016 | J 158 163.2 1.72 4.76 0.140 2018.75 | 10.93 13.1 5 1
21069+3845 SMR 40AP 289.1 0.13 154.70 0.450 2017.78 5.35 12.84 1 1
21069+3845 SMR  40A0 279.8 0.19 162.47 0.350 2017.78 5.35 12.65 1 1
21140-2513 BRT3098 341.7 1.58 4.54 0.134 2018.62 13.02 13.06 9 1
21146-2935 B 2492 239.3 1.10 6.54 0.149 2018.62 10.21 10.91 9 1
21162-0003 LYs 41 234.2 2.43 6.35 0.289 2018.62 11.0 13.0 3 1
21215-2442 SEE 441AC 316.5 0.17 102.76 0.269 2018.75 9.31 10.94 3 1
21216-1825 ARA 502 123.2 2.55 6.79 0.460 2018.75 12.3 13.2 3 1
21223-3500 HJ 5264 46.6 1.44 16.26 0.348 2018.75 9.47 12.9 3 1
21247-3106 HJ 5266 256.2 1.10 10.74 0.183 2018.75 8.72 11.7 3 1
2125540203 STT 439AB,C 221.9 0.91 14.63 0.242 2018.75 7.53 11.33 3 1
21264-0117 BAL 623 217.1 1.47 14.31 0.337 2018.75 11.03 12.11 3 1
21274-1112 J 2347 32.8 1.73 14.06 0.420 2018.75 10.62 14.0 3 1
21275-1112 J 2348 38.4 1.82 9.36 0.269 2018.75 11.0 12.3 3 1
2133443058 KU 132AB 256.4 0.12 53.63 0.125 2018.62 10.15 10.69 1 1
21358+3101 HJ 939AB 175.8 0.24 15.59 0.130 2018.60 8.06 12.78 10 2
21358+3101 HJ 939CD 343.8 0.19 15.07 0.128 2018.62 11.07 14.67 10 2
21358+3101 STF2808AC 286.3 0.08 42.83 0.099 2018.62 8.06 11.07 10 2
21358+3104 | HJ 940 329.2 0.13 20.97 0.099 2018.62 | 10.75 11.90 1 1
21416-2813 | HJ 3046AB 56.9 0.71 28.97 0.302 2018.75 | 10.72 12.64 3 1
21416-2813 | UC 4530AC 246.1 0.30 79.92 0.346 2018.75 | 10.72 13.88 3 1
21420-2439 SEE 453 325.2 0.89 11.47 0.166 2018.75 8.40 12.3 3 1
21429-1551 | ARA 130 49.8 2.13 8.72 0.289 2018.75 |12.6 13.6 3 1
21442+0953 S 798AC 317.7 0.12 /143.91 0.676 2018.83 2.53 8.74 5 1
21452-0616 | HDO 167AC 37.3 0.91 12.03 0.189 2018.75 8.26 12.3 3 1
21452-0616 HDO 167AD 111.6 0.74 27.717 0.387 2018.75 8.26 13.5 3 1
21519+0905 STF2833 337.5 0.12 8.95 0.029 2018.82 7.84 10.20 5 1
22038+6438 STF2863AB 275.4 0.84 8.20 0.060 2017.78 4.45 6.40 5 2
22218+1515 STF2897 98.4 0.15 16.89 0.029 2018.82 9.48 10.37 5 1
22485-0536 | LDS4997AB 255.3 0.33 86.53 0.499 2018.75 9.43 14.13 2 1
22499-2154 ARA1943 295.0 1.82 11.59 0.381 2018.75 11.60 12.55 3 1
22558+4334 | HDS3262 166.7 0.12 28.78 0.060 2018.83 8.00 9.54 5 1
22568-3856 WG 285 343.2 1.58 14.72 0.327 2018.75 10.37 12.8 3 1
22579-2250 RST4115 42.6 0.97 13.81 0.212 2018.75 9.17 14.0 3 1

Table 1 concludes on the next page.
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Object Designation PA ° SEEI;? ° Sep " si':dp" Avg. Date | Mag 1 Mag 2 Samples Nights
23000-1024 | BU 9025AC 272.1 1.57 | 14.51 0.477 2018.75 | 12.7 13.7 3 1
2303340653 | HJ 3161 254.5 1.72 | 11.41 0.354 2018.75 | 10.78 13.8 3 1
23088+1058 | A 1238AB,CD| 291.7 0.24 | 75.15 0.319 2018.75 7.67 11.16 3 1
23112+0500 | HJ 980AB 190.0 0.93 | 50.90 0.391 2018.75 | 12.68 12.79 3 1
2311240500 | HJ 980BC 201.8 1.64 9.13 0.258 2018.75 | 12.68 12.79 4 1
2314542027 | HJ 982AB 172.3 0.07 | 39.61 0.051 2018.77 7.16 13.63 20 4
2314542027 | HJ 982AC 217.2 0.05 | 46.51 0.031 2018.77 7.16 13.18 20 4
23147-1041 | FOX 271AC 224.7 0.86 | 31.38 0.309 2018.76 6.14 12.5 3 1
23147-1041 | FOX 271AD 131.0 0.01 |114.09 0.043 2018.82 6.14 12.95 20 4
2322842034 | STF3007AB 92.4 0.76 5.50 0.090 2017.78 6.74 9.78 6 2
23299-2035 | HJ 3196AB,C 18.8 0.49 | 20.70 0.160 2017.24 8.34 10.63 3 1
23482-1642 | TOK 354AB 60.6 0.09 110.00 0.170 2017.24 7.59 10.12 3 1
23483-2624 | B 618AB 78.1 1.90 6.10 0.190 2017.24 9.76 12.2 3 1
23483-2624 |'B  618AC 170.8 0.69 | 12.60 0.150 2017.24 | 10.89 10.91 3 1

Table 1 Notes
. All magnitudes taken from the WDS catalogue. All position angle/separation measurements are for the Equator and

Equinox of date.

. SEM is the standard deviation (SD) of all the drift run PA’s and Sep’s divided by the square root of the number of
SEM =SD/

nights:

nights

. The column “samples” is the number of separate drift runs made using both the video drift and modified video drift
methods. An individual “drift run” contains hundreds to thousands of video frames. Each video frame produces a
unique PA and Sep measurement. “Nights” is the number of nights drift runs were made for that system.

Table 2. Gaia Position, magnitudes, proper motions (pm), and parallaxes of new double star componnents
pm RA pm RA pm DEC pm DEC parallax parallax measured measured
RA DEC mag error error error Date
mas/yr mas/yr mas PA SEP "
mas/yr mas/yr mas
13h 22m 23.2s | -17° 02" 41.9” | 13.39  4.1609 0.0428 1.8318 0.0349 2.128 0.025 330.3 10.8 2018.36
13h 22m 23.6s | -17° 02’ 51.1”  13.35 | 4.1713 0.0422 2.1125 0.0341 2.158 0.024
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(Continued from page 494)

New Double Star

A POSS2 image (epoch 1988.29) of a double star
system not currently in the Washington Double Star
Catalog is shown in Figure 1. Overlaid on the compo-
nents are the Gaia proper motions (errors less than 2%
in direction and magnitude) which show a common mo-
tion for the pair. The Gaia parallaxes are small at 2.158
and 2.128 mas with an 11% quoted error (0.025 mas).
Distances are thus 463 + 55 pc and 470 + 51 pc for the
components. Within the error margins of the Gaia dis-
tances and proper motions, the components could very
well be a physically connected system. The coordinates,
magnitudes, position angle, separation, their Gaia prop-
er motions and parallaxes are given in Table 2. Our
measurements for this system are PA = 330.3 deg, sepa-
ration = 10.8", date of measurement 2018.36. This dou-
ble star system is given the preliminary designation
NUG 1.
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Figure 1. New double star. RA = 13h 22m 23.6s, DEC = -17° 2’
51.1". Proper motion components from the Gaia catalog. Palo-
mar Digital Sky Survey image from the Aladin Interactive Sky
Atlas.
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Abstract: Reports are presented of lunar occultations of close double stars observed using
video techniques. Included are cases where a determination of the position angle and separation
of the pair can be made as well as instances where no duplicity has been observed of known or
reported double stars. Twenty-six double stars discovered as a result of a lunar occultation are
also included together with the light curves for the discovery event.

This paper continues the series of reports of double
star measurements made at lunar occultations of the
star (see refs [2-7] for the previous reports). The ma-
jority of the observations date from early 2017 through
2018 to the end of March 2019. There are also a few
observations made considerably earlier.

The principle and general method of calculation are

explained in Herald (2009) and Loader (2010).
Occultations presented in this paper have been ob-
served using video cameras, mostly at either 25 frames,
50 fields per second (Australasia and Europe) or 30
frames, 60 fields per second (USA, Brazil and Japan).
A video time inserter has been used to time-stamp each
video field to millisecond precision. The limit of tim-
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ing accuracy is usually about +0.02 seconds, where
analysis has been carried out using video frame
measures and £0.01 seconds using field measures. An
error of 0.01 seconds in time will typically translate to
an angular error of 4 milliarcsecond.

Video records of double star occultations have been
analyzed using the Limovie program developed by K.
Miyashita. This program measures the light flux of the
occulted star from the video record allowing a light
curve for the event to be generated.

Occultations of double stars result in a stepped light
curve, see e.g. Herald (2009). The duration of the step
gives a measure of the separation of the pair in a direc-
tion perpendicular to the moon's limb at the point of oc-
cultation. The relative heights of the steps allow an es-
timate of the magnitude difference of the two stars to be
made. Limovie has a facility to do this and to add the
results to the light curve. Observations are normally
made with an unfiltered CCD video camera.

Normally the separate occultations of the two stars
of a pair will take place at slightly different points on
the moon’s limb. An angular separation of 1" at the
mean distance of the moon is equivalent to about 1.86
km.

The heights of the moon’s limb at the two points of
occultation of the two stars may differ. Any difference
will have an effect on the interval between the two
events.

For each observation an estimate of the effective
slope of the moon’s limb between the two points of oc-
cultation is therefore needed for calculations of the po-
sition angle and separation angle of a pair of stars. For
this paper, use has been made of the new limb data
from the Lunar Reconnaissance Orbiter, Lunar Orbiter
Laser Altimeter.

The Observations Reported

Table 1 continues the series of measures of known
double stars for which a solution for the position angle
and separation of the system has been calculated. In or-
der to produce a solution, at least two observations are
required with the occultations well separated on the
moon’s limb. A minimum separation of 10° round the
moon’s limb is needed to obtain a reliable result.

Ideally the observations would all be made on the
same date but this is rarely possible. In most cases the
occultation observations have been made on different
dates, with an interval between them sufficiently short
for any change in relative position of the pair of stars to
be small. Besselian dates of each observation and the
mean date of the combined observations are shown. An
estimate of any change in the expected position angle
and separation of the pair, as indicated by Washington

Double Star (WDS) data, is given in the notes. The

changes shown cover the period in which the observa-

tions were made. The observed magnitude differences,
as calculated by Limovie, are also shown.

Table 2 shows a number of occultation observa-
tions of double stars listed in the WDS for which only
one observation is available. For many of them, no fur-
ther occultations will occur for some years.

With only one observation the actual position angle
and separation of the pair of stars cannot be determined.
Only a vector separation in the direction of the position
angle of the moon’s limb at the point of observation can
be found.

From a single observation an apparent magnitude
difference of the two stars can be determined. The cat-
aloged difference and the observed difference are
shown. The resulting magnitudes of the pairs are also
listed, based on the published combined magnitude.

Tables 3A and 3B present details of previously un-
known double stars discovered as a result of stepped lu-
nar occultations.

Table 3A shows cases where more than one occul-
tation of the new double has been made, enabling the
position angle and separation of the pair to be estab-
lished. Similar data to Table 1 is presented.

Table 3B shows the far more numerous cases
where only one observation has been made of the new
double, resulting in the determination of a vector sepa-
ration of the pair. In some cases two or more observa-
tions were made, but the separation of the occultation
events on the moon’s limb was too small to generate a
reliable solution.

Only cases where the resulting light curve shows a
reasonably well defined step have been included. Dis-
covery light curves are presented for the events at the
end of this paper. The captions for the curves give
some further details.

Table 4 presents observations of stars which have
been reported as possibly double as a result of earlier
visual occultation observations. More recent video ob-
servations of occultations for the stars listed have
shown no sign of a stepped event, that is, no indication
that it is double. Only cases with two or more observa-
tions with event position angles (the vector angle) sepa-
rated by at least 10° have been included. The stars in
Table 4 all have an entry in the Interferometric Catalog.

While the most likely reason for the failure to de-
tect a companion star is simply that the star is in fact
single, other possible reasons are:

1. The vector separation was small so that the inter-
val between the two events was too short to de-
tect. This possibility is largely eliminated by

(Text continues on page 510)
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Table 1 Known double stars: PA and separation measured
Position Measured Mean Mag. Observn.
WDS name Xz RA Dec PA° & Sepn” Date diff. Date Observers Note
S 2.46 2016.639 RS
+
HDS 61 505 | 00266-0003 38252363552~ 2017.04 n/a 2016.864 MI 1.
SEIeRY- 2.21 2017.612 BL
112.1740.63° -0.03
STF 291AB 3594 | 02411+1848 5 540%0 02er | 2006.10 011 2006.097 SM, RS 2.
222.6%2.4° 1.29 2005.727 DG
BU 537 4891 | 0347142449 0 2610 0sgn | 2006.70 05 5007 672 o 3.
329.34%0.25° n/a 2007.672 SM
STF 449 4907 | 03474+2440 e 60040 0gan | 2008.38 n/a 5009 096 oM 4.
193.6740.01° 0.18 2007.226 SM
STF 572AB 5948 | 04385+2656 3 13340 01gn | 2007.64 0 17 5008 049 o 5.
. 2015.753 HA
+
BU 1044 5983 | 04399+1631 goéégEBOéiin 2016.18 n/a 2016.127 HA 6.
SO2 I 2016.651 AR
266.77+0.30° 0.04 2005.135 RS
HO 226AB 6952 | 0527042737 0.70040 007 | 2006.07 o 15 5007 008 o 7.
. 0.28 1999.225 RS
+
STF 813 7838 | 05544+1854 §3$é§i60625" 2010.25 0.53 2013.738 MT 8.
sEYeRy- 0.13 2017.777 JG
120.65+13.29° 2016.882 MI
HO 238 9774 | 06463+1812 0. 30040 0cer | 2017.13 n/a 5017 2es W, 5 9.
n/a 2015.160 DG
135.98+2.48° 0.24,0.28 2016.806 SM, RS
STT 156 9812 | 06474+1812 0 18240 0oon | 2016.69 nya S0l 885 e 10.
n/a 2017.256 HA, WH
. 1.25 2014.115 BL
+
BU 899AB 10199 | 06592+1843 §6§éi164628" 2015.93 1.27 2016.283 DH 11.
oY n/a 2017.406 YA
2.89 2015.160 BL
+ o
HO 253 14778 | 09478+1004 i9§i8$62é;2" 2015.53 | n/a ,2.07 2015.469 DG, DH 12.
: - n/a, n/a 2015.843 AA,MI
4.88+2.77° 0.61 2016.527 GK
STF1670AB | 18692 & 12417-0127 5 27st0 183+ | 2017.18 n/n 5017 48 YA MT, AR, WE 13.
352.81+0.80° n/a 2016.005 AR
MCA 38RaAb | 19147 | 13099-0532 0 diet0 010n | 2016.15 5 56 S0le 304 oD 14.
0.73 2016.609 BL
+ o
HU 141 20639 | 14492-1050 802é§3626ié~ 2017.98 1.94 2017.431 DH 15.
SEOAEY. 1.64,1.5,2.3 2018.627 DG, JB, SK
_ 164.48£0.37° n/a,0.53 2016.612 DH, DG
HDS2210 21550 | 15394-1355 0. 14640 003n | 2017.28 o a1 5018 €30 oL 16.
204.40+0.60° ca 1.7 2014.673 BD
BU 958 42128 | 17165-1920 197020 0gan | 2016.77 5 el 5018, 860 e 17.
0.79, -
111.8242.55° ro 2012.804 DH, CC2, DG
BU 246AB 25003 | 18177-1940 0 48610 o19n | 2014.15 8.52 5018, 190 . 18.
283.0140.26° 2015.24 n/a 2012.730 DH
B 1887 25499 | 18340-1929 2.236+0.009” 0.55 2017.743 DH 19
147.85%2.50° n/a 2013.554 DH
KUI 88 25902 @ 18488-1836 0. 39840 01 | 2014.64 na 01t 7oe oy 20.
. s
HU 262 45748 | 19167-1739 ;lgggkg”égzﬂ 2016.77 | 0.31, 0.26 2016773 BL, SK 21.
50.67°+1.34° 0.48 2010.865 DH
FIN 336 28531 | 20311-1503 0.18140.005% | 2013.91 | ot l 015 430 1A, T 22.
_ 308.75+2.44° n/a, n/a 2017.003 MI, HW
4t 147 49923 | 21124-1500 4.301+0.2337 | 2017-38 1 4 95) 0.13 | 2017.751 DG, DH 23-
49.08+1.07° n/a 2006.832 BL
U 282 30282 | 22006+1345 0.22040.0047 | 29141611 611 85 | 2017.829 AP, TH 24
+ o
CHR 111 30765 | 22313-0633 356.28£0.30 2008.78 | 2.5,2.5,n/a | 2008.779 DG, DH, BL 25.

0.097+0.001"
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Table 1 Notes

© N O ON =

N NDNDDN A A A A A aaaaaaaao
N=2OO0OX~NORWN=O-

23.
24.
25.

HDS 60 (10 Ceti), any change in relative positions likely to be small in 1 year .

STF 291AB, very slow rate of change, observations on same date

BU 537, recently received report, little change in position expected in 2 years, separation change ca 0.01”.
STF 449 little change in position expected over ca 19 months.

STF 572AB, little position change expected over 10 months.

BU 1044, little position change expected over 11 months.

HO 226 AB, known orbit period 374 years, expected PA change in 2 years less than 1 degree.

STF 813, observations wide spaced in time, little position change in period.

HO 238, little position change expected over 5 months.

STT 156, WDS orbital period 205.3 years, PA changing ca 10° per year, separation changing slowly.

BU 899 AB, position changing very slowly.

HO 253, Any change in position insignificant in 10 months.

STF1670 AB, WDS orbit period 169.1 years. Rate of change in 2017: ca 1.8° in PA, 0.14” in separation per year.
MCA 38 Aa,Ab, orbital period 695 years, change in PA in 2016 ca 0.9° in PA and < 0.01” in separation per year.
HU 141, Orbital period 173.9 year, change in PA 0.4° per year, separation near constant

HDS2210, WDS shows only 2 or 3 observations, with considerable variations in PA and separation.

BU 958, little change in PA and in separation expected in 4 years.

BU 246AB, changes expected during 5+ years very small

B 1887, little change expected during 5 years.

KUI 88, orbital period 909.7 years, expected rate of change in 2 years of PA ca 0.6°, separation < 0.01”
HU 262, observations on same date. SK observed a near graze.

Orbital period 50.66 year, change in PA between observations ca 10°, separation near constant. HA and MI observa-
tions very close in limb PA, result very dependent on DH’s earlier observation.

Orbital period shown as 4890 years, so no significant position change in 9 months.
Only 5° separate observation by AP and TH, so result largely dependent on BL 11 years earlier.
Short orbital period, 1.7309 years, observations all on same date.
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Table 2. WDS: Single observation, Vector separation and magnitudes determined
WDS Xz Observed Vector Mag difference Mags Date Obs
Star number RA Dec Angle Sepn Catalog = Observed

BU 777 376 00211-0015 297.6° 2.55” 1.19 1.27 9.78+11.05 2017.387 BL
CHR 200 3623 02425+1045 272.4° 0.336" 0.2 0.87 6.70+7.57 2018.592 DG
STEF 412AB 4598 03344+2428 44 .3° 0.436" 0.26 0.28 6.61+6.89 2008.047 RS

HO 324 4956 03490+1459 36.0 0.447" 0.19 n/a n/a 2016.047 HA,AA
STT 64AB 4984 03500+2351 206.8° 2.94" 3.34 2.11 6.91+9.02 2006.550 RS
STEF 559 5862 04335+1801 71.9° 8.81" 0.05 0.15 6.89+7.04 2018.074 BL
CHR 154 5998 04404+1631 299.4- 0.174" 1.75 n/a n/a 2016.653 MI
STEF 598 6174 04486+1748 334.4° 7.42" 1.86 n/a n/a 2017.184 BL
BU 1047 BC 6595 05098+2802 221.4° 0.080" 0.60 0.03 9.36+9.39 2006.180 RS

COU 470 7257 05384+1808 108.7° 0.214" 1.40 n/a n/a 2017.253 HA, YA
HU 39 7590 05472+2153 235.7° 0.180" 0.1 0.33 8.67+9.00 2019.125 BL
HDS 824 8190 06038+1816 88.9° 0.91” 1.10 1.19 8.04+9.23 2017.254 AP
STT 160 10040 06544+2110 110.5° 0.069” 2.26 3.39 6.65+10.04 2019.203 AP
STEF1083 11061 07256+2030 100.9° 3.71" 0.91 0.67 7.37+8.04 2018.156 DH
HU 845 104753 07470+2045 212.6° 0.216" 0.47 0.99 1.49+10.48 2018.307 DH
Cou 772 11679 07471+1847 86.5° 0.326" 0.19 0.24 8.96+9.20 2017.184 BL
COU 929 11911 07560+2342 238.9° 0.193” 0.67 1.36 7.70+9.06 2007.384 RS
COU 956 13372 08481+1836 66.5° 0.178" 0.3 0.33 10.19+10.52 2018.309 DH
COU 384 14098 09183+1847 34.8° 0.034" 0.1 0.04 8.62+8.66 2001.331 RS
HU 869 14273 09252+1449 287.4° 0.743 0.10 0.26 9.70+9.96 2017.413 BG
COU 936 14363 09290+1917 123.5° 0.154”" 1.54 1.09 8.59+9.68 2005.819 RS
STT 220 15705 10292+1009 111.9° 0.462" 1.44 1.36 7.45+8.81 2017.267 DH
STEF1450 15851 10350+0839 121.6° 1.78” 2.1 2.07 5.75+7.82 2017.342 AP
J 87 17572 11409+0457 80.5° 1.07” 4.58 2.8 8.36+11.16 2017.420 DH
AG 178 124037 12310+0207 309.6° 1.252" 0.1 0.43 9.64+10.07 2018.545 BL
BU 607 18685 12412-0127 265.9° 0.711" 2.2 n/a n/a 2017.349 YA
HDS1881 19358 13244-0419 328.2° 0.243" 3.87 3.28 7.04+10.32 2017.351 DH
CHR 221 20105 14133-0827 161.9° 0.035" 1.1 0.37 7.18+7.55 2017.354 DH
RST3898 20687 14515-1033 238.1° 0.653" 0.54 n/a n/a 2018.627 DG
HDS2167 39439 15245-1322 124.9° 0.125” 0.17 0.69 10.76+11.45 2018.704 DH
HLD 25 39817 15403-1432 300.1° 1.469” 0.19 n/a n/a 2018.630 SK
RST3950 22363 16283-1613 89.7° 0.199” 1.08 1.12 7.61+8.73 2017.661 DH
A 2242 23446 17232-1807 17.8° 0.175" 2.5 2.32 9.55+11.87 2017.814 BL
HJ 2806 23593 17297-1748 84.8° 2.77" 0.64 0.75 8.77+9.52 2017.218 BL
CHR 235 25181 18228-1843 301.6° 0.152 0.9 n/a n/a 2016.172 HA
HLD 144AB 43966 18257-2102 309.9° 0.187" 0.07 0.53 9.1249.65 2019.162 DH
I 1030 160315 18462-2046 104.0° 4.27" 2.99 2.65 2018.715 DH
BU 154 29006 20528-1610 57.4° 2.99” 1.00 1.57 8.63+10.20 2017.825 SK
BU 1262 050164 21223-1455 62.9° 1.221" 1.05 0.82 8.72+9.54 2017.900 DG
RST4105 30710 22281-1153 227.5° 0.89” 0.41 0.4 9.0+9.4 2017.980 CE
RST4712 31173 23006-0704 288.5° 0.39” 1.90 2.09 9.85+11.94 2017.308 DG
STEF2981 184816 23095-0850 57.3° 1.191” 0.05 0.43 9.80+10.23 2018.879 DH
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Table 34: Occultation Discoveries: Separation and Position Angle Determined

Star name ogc XZ RE;: sitiDoenc P;doea&susreepc:‘ ) Mean Date iafgf-' Ol];::::n Observers
TYC 1387-00971-1 1672 12883 | 0831741928 é?fé;ié%éfgﬂ 2009.41 8{51 ;ggg:égg E;
TYC 6171-00196-1 1789 21196 | 15210-1533 (}ﬁﬁajbfgg" 2015.11 i{}; ggié:lég g;
TYC 6239-01058-11 1477 | 142496 | 17300-1755 §3ié§9+i00583i 2017.02 8:;2 ggi3212§ iﬁ
: - 0.63 2017.141 BL
TYC 6348-01744-1 1847 28920 | 20484-1812 fﬁggﬁi%%gg@” 2018.87 g:;; 5812:231 gg
Table 3B: Occultation Discoveries: Vector separation only measured
Star name O§C Xz RA Dec VAencgtloer V::;?r Cﬁ_afgf" Ob;zzzn. Obs. Fig.
TYC 0604-01110-1 1850 1066 00496+0757 79.1° 0.061” 0.90 2007.664 SM Fig 1
TYC 1215-00520-1 1832 3229 02235+1644 | 305.6° 0.028” 0.80 2012.083 RS Fig 2
TYC 1253-00461-1 1864 5187 03589+1654 84.0° 0.035” 1.09 2019.120 DH Fig 3
TYC 1320-01983-1 1838 79423 | 05536+1937 | 217.4° 0.201"” 0.74 2017.179 DG Fig 4
TYC 1342-01830-1 1861 92793 | 06464+2110 97.9° 0.035” 1.04 | 2018.4.21 DH Fig 5
TYC 1902-00526-1 1860 95864 | 06578+2637 | 263.9° 0.545"” 1.13 2007.571 SM Fig 6
TYC 0283-00658-1 1842 122998 | 12070+0255 | 131.5° 0.042"” 1.02 2017.496 DH Fig 7
TYC 0290-00520-1 1844 124516 | 12341+0100 | 250.7° 0.204"” 0.29 2017.573 BL Fig 8
TYC 6217-00770+1 1836 137098 | 16426-1645 | 219.3° 0.158” 2.07 2017.138 DH Fig 9
TYC 6256-01444-1 1862 42587 | 17363-1932 33.2° 0.021"” 0.11 2018.758 BL Fig 10
TYC 6269-03059-1 1837 155991 | 18232-1823 | 101.9° 0.100” 0.15 2017.144 DH Fig 11
TYC 1320-01983-1 1838 79423 | 18262-1823 | 101.9° 0.100” 0.15 2017.180 DG Fig 12
TYC 6270-00109-1 1857 44022 | 18273-1814 59.0° 0.371"” 1.46 2016.771 SK Fig 13
TYC 6274-01331-1 1853 157882 | 18318-1910 96.8° 0.027” 0.70 2017.743 BL Fig 14
TYC 6275-00749-1 1851 44271 | 18359-1927 @ 145.1° 0.039” 0.22 2017.825 DH Fig 15
TYC 6289-02180-1 1859 161543 | 18529-1929 83.3° 0.255” 0.22 2017.893 DH Fig 16
TYC 6294-00379-1 n/a 45164 | 18594-2123 301.3° 0.023” 0.40 2019.238 BL Fig 17
TYC 6305-01605-1 1858 26920 | 19242-2018 | 269.0° 0.059” 0.09 2017.895 CE Fig 18
TYC 6321-01088-1 1863 47100 | 19539-2023 @ 292.9° 0.197” 0.86 2018.868 DG Fig 19
265.4° 0.089” 0.24 YA Fig 20
TYC 6332-01468-1 1855 28346 | 20236-1813 | 265.2° 0.100” -0.45 | 2017.749 MI Fig 21
265.1° 0.107” 0.18 HA Fig 22
TYC 5784-00577-1 1839 49915 | 21121-1411 146.1° 0.023"” 0.62 2017.303 BL Fig 23
TYC 5784-00642-1 1852 29433 | 21137-1439 if:;io 8:831: 8:2? 2017.751 gg gig gg
TYC 5241-00846-1 1840 52763 22561-0715 297.0° 0.020” 0.21 2017.308 BL Fig 26
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Table 4: Companion not observed (possible double star, entry in WDS &/or IF Catalog.)
Vector Resolution Limiting Observn

Star name occC # Xz RA Dec angle limit Mag. diff. Date Observer
35.2° 0.027" n/a 2004.973 DG
HD 12281 429 2796 02008+1323 5 5o 0.030” 5 7 5004.973 BL
244 .5° 0.037” 2.0 2018.592 DG
HD 16802 588 3612 02420+1033 171.9° 0.011” 3.0 2018.592 BL
278.1° 0.032” 3.0 2006.774 RS
HD 23288 1213 4813 03448+2417 216 0° 0.028" 5.3 2007 . 672 <M
115.5° 0.016"” 2.7 2012.164 RS
HD 29150 888 5915 04362+2132 216.0° 0.0257 19 2012. 613 I8
245.2° 0.022” 2.3 2015.756 HW
HD 38558 986 7602 05474+1744 245.2° 0.022” 3.0 2015.756 MI
77.5° 0.036" 2.1 2016..280 RS
117.6° 0.038” 2.5 2007.379 RS
HD 39357 206 7791 05533+2737 520 5° 0.0277 5 7 2007. 678 iy
236.1° 0.032” 2.9 2011.793 JM
324.8° 0.014” 2.0 2018.751 BL
HD39393 882 7796 05533+2132 157 g° 0.011" s 2015.126 bH
149.2° .0.016” 2.8 2019.126 DG
1130 50.1° 0.019” 2.3 2004.242 RS
HD 49345 | (g1p9) | 9863 | 0649242711 | 549 4o 0.035” 1.5 2016.934 sM
140.2° 0.031" 2.7 2010.303 EI
HD 60820 1368 11417 | 0737142009 | .. 7 0 0357 51 018 755 .
125.1° 0.033” 2.5 2018.307 DH
BD +20 1912 815 11731 | 07492+2015 59 0° 0 03e” 1 2018 . 307 I8
64.8° 0.043” 2.2 2013.699 BL
148.8° 0.017” 3.3 2018.709 DG
HD 153727 40 22959 | 17019-1853 120 €° 0 0247 5o 2018709 o
106.1° 0.024"” 2.3 2.018.709 SK
132.9° 0.019” 3.2 2017.666 DH
HD 164438 1523 24425 18019-1906 126.8° 0.021” 3.5 2017.666 DG
40.6° 0.027" 2.6 2017.866 DH
68.2° 0.033" 2.7 2013.628 DH
HD 168608 1542 25129 | 18214-1852 65.4° 0.033” 3.3 2013.628 DG
60.5° 0.024” 3.3 2017.592 BL
24.9° 0.018" 3.3 2012.656 DG
30.6° 0.021" 3.3 2012.656 DH
HD 174115 455 25924 18496-1909 80.5° 0.033” 2.5 2012.656 BL
79.6° 0.025” 2.5 2016.622 SM
233.2° 0.026" 1.8 2017.444 DH
126.1° 0.010” n/a 2003.916 BL
HD 2196888 1639 31446 | 23179-0911 0y 30 0 0317 1 s 018,730 ap

[The ‘Resolution limit’ is set at no less than two frame intervals [0.080s (PAL) or 0.067s (NTSC)] times the vector rate of

motion.]
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Table 5. Companion not observed (definite double star, listed in WDS)

Predicted-| Predicted | Limiting Observn

Star name Xz RA Dec Mags delta T Mag. diff. Date Observer
COU475AB 11356 07354+1950 9.2+11.5 0.48 s 3 2017.782 DG
0.24 s 2 2009.416 RS
RST49448 17224 11279-0142 6.2+8.2 0.35 s 2.7 2010.014 MI
0.30 s 1.5 2013.431 MI
TDS 8625 35595 12590-0146 10.9+11.1 1.00 s 2.4 2017.499 DH
3 2017.650 DG
TDS8701 35802 13078-0227 9.5+10.1 0.75 s 3 2017. 650 DH
Jgc 6 25260 18254-2033 5.0 + 7.4| 3.85 s 3.5 2018.788 BL

(Continued from page 504) References

having two or more observations of the star at
different position angles round the moon.

The magnitude difference of the two component
stars is too large for the fainter star to be detected
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ii.
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The Figures The step in the light curve occurs when only one of

The following figures present the discovery light the pair of stars is visible, the.other being hidden by the
curves of stars found to be double at a lunar occultation. moon. In most cases the step is clear. The points on the
In most cases there is only one observation, although a Step which are used to measure the light intensity are
few have more but no solution was possible. The curves Marked with a red cross. The points used to measure the
have been generated using Kazuhisa Miyashita’s Limov- light intensity when both stars are visible gnd those used
ie program to analyze the video record. to measure the background, both stars hidden, are col-

The horizontal axes, effectively time, show the ored green. Usually the results from the measures, in-
frame number of the video. The vertical axes show the cluding the calculated magnitudes of the two stars have
light intensity of the star as measured by pixel bright- been added to the diagram.
ness. In some cases measures have been made for each
frame of the video recording, that is 30 frames per sec-
ond for NTSC videos, 25 fps for PAL videos. Otherwise
measures have been made for each field of the video,
with two fields in a frame, giving 60 fields per second
for NTSC or 50 for PAL. Which has been used is indi-
cated at the top of the plot, usually following the name
of the observer.

SA0109482 ; 2007 August 31 : S_ Messner / Aperture-Field photametry / Object: Distance=384401km Welocity=700m/sec

00} Estimation for Component's Magnitude —

Aszsuming magnitude of Pair 1= 8.17 Hag.
800 Es=timated Magnitude

First Event : 9.46 +-— 0.13 Mag.
Second Event : 8.56 +-— 0.07 HMag.

700

—Statistical analy=isz of Light Intensity-—
i} Average Stdw n
Combined 823.8 83.1 53
Step : 250.5 65.3 7
500} Background: 0-5 452 52
Hoi=se Level (HsS) Upper Lower

400 First ewvent: 0.2611 0.1808

Second ewvent : 0.1450 0.1139

Total event: 0.1010  0.0549 ++

300

200

100

-100

60 40 120

Figure 1. Occultation reappearance of TYC0604-01110-1 (SA0109482). The fainter star
appeared first, 0.12 second before the brighter star.
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SA092918 ; 2012 January 31 ; R. Sandy .-".ﬁperture-FieId phatometry # Object: Distance=384401km Yelocity=700m/sec
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. .
+
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/£ Aperture-Frame phootometry / Object: Distance=384401km Yelociy=700m/sec

700

X 79423, new dbl.; 2017 March 6; D. Gault

+4
LY
+
. * " — Eztimation for Component's Hagnitude ——
600 - e Fy A=zeuming magnitude of Pair iz 1000 Mag:
4 o T4 < Estimated Hagnitude
o 8 First Event : 11.18 +/— 0.16 Mag.
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» * I ¥
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Figure 2:  Occultation disappear-
ance of TYCI215-00520-1 (SAO
92918). The fainter star disappeared
first, 0.14 second before the brighter.

Figure 3: Occultation disappearance
of TYCI253-00461-1 (SAO 93702).
The brighter star was first to disap-
pear with the step lasting for 0.08
second.

Figure 4. Occultation disappearance
of TYC 1320-01983-1 (XZ 79423).
The fainter star disappeared 0.84
second before the brighter.
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XZ 92793 ;2018 April 21 ; Dave Herald / &perture-Field photometry / Object: Distance=384401km Velocity=700m/sec

1an
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1300
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q0n
ann
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¥Z 122998 : 2017 July 1

; Dave Herald / &perture-Frame photometry / Object: Distance=384401km Velocity=700m/sec

400
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Figure 5. Occultation disappearance
of TYC 1342-01830-1 (XZ 92793) with
a 0.08 second step. The fainter star
was the second to disappear.

Figure 6. Occultation reappearance of
TYC 1902-00526-1 (XZ 95864). The step
lasts for 1.11 second with the fainter star
being occulted first.

Figure 7. Occultation disappearance of
TYC 0283-00658-1 (XZ122998) shows a
step lasting for 0.12 second, measured at
PAL frame rate. The brighter star was
the first to disappear.
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X124156; 2017 .iuly 28 ; B. Loader / &perture-Frame photometry / Object: Distance=384401km VYelocity=700m/sec

— Estimation for Component's Hagnitude ——
Azsuming magnitude of Pair is 10.81 Mag.

Page 514

Figure 8. A noisy light curve of the oc-
cultation  of TYC  0290-00520-1
The step lasts for 0.76
second with the fainter star occulted

Figure 9. Light curve for the occultation
reappearance of TYC 6217-00770-1
The step lasts for 1.12
second, with the brighter star appearing
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Figure 10. The light curve for the occul-
tation disappearance TYC 6256-01444-1
(XZ42587) shows a likely brief step last-
ing 0.08 second. The slightly fainter star
was the second to disappear.
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XZ155991 = TOB288 A : 2017 February 21 : Dave Herald / Aperture-Field photometry / Obiject: Distance=3.84401 km Yelocity=700m/sec
-

Figure 11. Light curve for the reappear-
ance of TYC 6269-03059-1 (XZ155991)
shows a step lasting for 0.22 second.
The fainter star probably appeared first

*  but the magnitude difference is small.

The observations indicates TOB 288 A is
itself double.
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Figure 12. The light curve for the disap-
pearance of TYC 1320-01983-1 (XZ 79423)
shows a step lasting for 0.84 second. The

fainter star disappeared first.
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Figure 13. The light curve for the disap-
pearance of TYC 6270-00109-1 (XZ 44022)
shows a step lasting for 1.04 second. The
brighter star was occulted first
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X157882 201?.Seplemh9l 28 ; B. Loader / P5F-Field photometry / Object: Distance=384401km Yelocity=700m/sec
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Figure 14. The light curve for the occul-
tation of TYC 6274-01331-1 (XZ157882)
shows a brief 4 field step lasting 0.08
seconds. The brighter star disappeared
first.

Figure 15. The light curve for occulta-
tion of TYC 6275-00749-1 (XZ 44271)
shows a 6 frame, 0.24 second step. The
fainter star was occulted first.

Figure 16. The light curve for the occul-
tation of TYC 6289-01280-1 (XZ161543)
shows a 0.56 second step. The fainter
star disappeared first.
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Figure 19. The light curve for the occul-
tation of TYC 6321-01088-1 (XZ 47100)
shows a 0.64 second step. The fainter
star was clearly occulted first.
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Figures 20, 21, and 22. The occultation
of TYC 6332-01468-1 (SAO 163520) was
observed by three Japanese observers,
H. Yamamura, M. Ishida and Y. Asada,
on the same night. The three occulta-
tions were too close to each other on the
moon’s limb to obtain a solution of the
double. The observed lengths of the step
were all close to 0.25 second. The mag-
nitude observed differences are more
variable with M Ishida’s curve showing
the brighter star as occulted first.
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XZ 49915 ; 2017 April 20 ; B. Loader / Aperture-Frame photometry /- Object: Distance=384401km \ieloc:ity=?DDm.-"sec
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Figure 23. The light curve for the occulta-
tion reappearance of TYC 5784-00577-1
(XZ 49915) lasts only 0.08 second. The
fainter star was the first to appear from
behind the moon.
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Figures 24 & 25. Both D. Gault and D.
Herald observed this occultation of TYC
5784-00642-1 (SA0164277). The posi-
tions on the moon’s limb of their two
events differed by only 2.1°, too small to
obtain a solution of the double. The
lengths of the observed steps were simi-
lar, 0.42 second for Herald and 0.44 for
Gault. The brighter star was occulted

first.
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XZ 52763 ; 20017 April 22 ; B. Loader / &perture-Field photometry / Object: Distance=354401 k.m Welocity=700m/sec
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Figure 26. The light curve for the occultation reappearance of TYC 5241-00846-1 (XZ 52763)
shows a very brief ca 0.06 second step with the brighter star being the first to appear.
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Astrometric Measurements and Analysis of WDS
00425+1044 HJ 5

Kayla McKinley, Chris Mason, Danny Rosales

Mesa College, San Diego, California, USA

Abstract: Astrometric measurements of the double star system WDS 00425+1044 were conducted to provide
further insight on the classification of the system as either optical or physical. Although data proves to be continu-
ous and consistent from historical trends, consideration of the distance between the primary and secondary, as well
as differences in proper motion suggest that the system is optical. The results of this measurement were theta

295.72° and rho 23.9".

Introduction

This research project was part of an Astronomy
Research Seminar offered by San Diego Mesa College
and supported by Boyce Research Initiatives and Edu-
cation Foundation (BRIEF). BRIEF enables students to
learn the tenets of scientific research as well as the fun-
damental aspects of binary star systems.

A double star system is one in which two or more
stars appear to be companions due to a chance align-
ment from the perspective of an observer on Earth.
Physical double star systems, commonly known as bi-
nary stars, are gravitationally bound. Binary systems
have scientific value in that, by determining the mutual
gravitational orbit of the stars in the system, one can
apply one of the few ways to derive stellar masses.
Mass, being the most important stellar property, deter-
mines the life and death of the star. By performing
these astrometric measurements and classifying systems
as binary, we can further our collective knowledge of
stellar science.

With the use of the Stelle Doppie website and the
Washington Double Star Catalog (WDS), candidate star
systems were found based on the following criteria: (a)
visible between 00 and 08 hours of right ascension for
optimal observing during Fall, (b) an angular separation
greater than five arc seconds, (c) maximum magnitude
difference of three, with the primary star being between
seven and 12, and the secondary between seven and 13.
In addition to specific astrometric criteria, a star system

with multiple observations was chosen in order to ob-
tain an adequate amount of previous data to reference.

WDS 00425+1044 HJ 5 fulfilled these criteria. See
Figure 1. Observations of HJ 5 were first recorded by
John Herschel in 1825; initial reports indicated separa-
tion of 25" and position angle of 290°. Stelle Doppie
labels HJ 5 as an uncertain double, with Richard
Harshaw, a leader in the field of double star astronomy
who maintains a database of nearly all observed double
stars, labeling it as having a 0.6264 binary probability,
or a 62% chance of being physically bound.

Materials and Methods

Research on HJ 5 began with a data request from
the Washing Double Star catalog. Historical data was
gathered from a data request on WDS 00425+1044 HJ
5 from the Washington Double Star Catalog. HJ 5 was
initially viewed through AladinLite and Aladin 10 be-
fore requesting our own images for measurements.

CCD images were taken using a 0.4-meter SBIG
STL-6303 camera using a telescope of the Las Cumbres
Observatory Network. The 0.4-meter telescope yields a
resolution of 2048 x 3072 pixels, each 0.57" square, for
a total field of view (FoV) of 19 x 29 arcminutes and a
default of 1 x 1 binning mode. After various test imag-
es, 2 filter types were determined to yield the best im-
ages. The filters used for HJ 5 were rp (red) with 7 sec-
ond increments of exposure for 15 images, and gp
(green) filter with 6 second increments of exposure for
15 images. Thirty images were collected on 2018.835.
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Epoch 2] <]

1825 290° 25"
1898.65 292.3° 25.5"
1912.98 291.4° 25.118"
1920.99 292.2° 25.387"
1921.59 291.8° 25.1"
1990.784 294° 24.4"
2000.68 295° 24.205"
2010.5 295.4° 24.07"
2015 295.607° 24.008"
2018.835 295.72° 23.94"

Figure 1. Image taken with a 0.4m SBIG STL-6303 telescope ’ Wospazeriont

with gp filter; measured using AstrolmageJ. Y

Table 1 displays the theta and rho of each recorded
observation, from the initial discovery in 1825 to the
measurement in this paper. Present data was averaged
after performing repeated measurements on our science
images using the Astrolmage] image processing soft-
ware. The software located the centroids of the A and B
stars to accurately measure Theta (position angle) and
Rho (angular separation) between the stars. Measure- /1 825
ments were recorded in a Microsoft Excel spreadsheet
allowing statistical analysis of the data to determine the  } 2018
mean, standard deviation, and standard error of the \/
mean.

WDS 00425+1044

Results .

A visual representation of the data listed in Table 1
is plotted in Figure 2 by converting theta and rho into x /1 825 ‘
and y coordinates. The primary star is located at the .
origin. Table 2 lists the parallax measurements (PX)
and distances in parsecs (PC) to the primary and sec-
ondary stars from our position on Earth.

Table 2. Comparison of the parallax (px) and distance
in parsecs (pc) of Star A and Star B. Information gath- ., /2018
ered from Richard Harshaw’s extensive collection of
WDS and Gaia data on double stars.

PX PC

Star A 2.10 + 0.0417 466.92 - 485.84 Figure 2. Plot of current and historical data ranging from 1825
to 2018. Historical data gathered from the Washington Double

Star B 1.71 + 0.0478 568.89- 601.61 Star Catalog.
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Figure 3. Placement of the primary (left) and secondary (right) stars on the Hertzsprung-Russell diagram based on information

about their temperature and luminosity.

Discussion

Over the span of 193 years, with a total of 10 ob-
servations, position angle (theta) has changed by
+5.723° degrees and angular separation (rho) has de-
creased by 1.057" arcseconds. Data trends prove to be
consistent, with the exception of observations between
1912 and 1921, where theta briefly decreased, and rho
increased. These slight deviations are not significant
and are most probably caused by small measurement
errors given the methods used during that time.

In addition to the previously mentioned data, we
were able to narrow down the spectral classes for both
the primary and secondary stars using information on
the star’s temperatures and luminosity from Gaia data.
Figure 3 depicts the predicted spectral class of both the
primary and secondary star based on Gaia data using
reported temperature and luminosity. The primary star
has of luminosity of 4.97 Ly, and a temperature of
5,070 Kelvin (K). The secondary star has a luminosity
of 2.08 Ly, and a temperature 5,856 K. The Hertz-
sprung-Russell Diagram Explorer by the University of
Nebraska-Lincoln was used to place the stars accord-
ingly. The primary of HJ 5 (G9-KO0) is most likely a
star entering the Red Giant stage of its life, whereas the
secondary star (G1-G2) remains on the main sequence.
The spectral classes determined are inferences derived
from Gaia's extrapolation of data, and are inferences,

rather than precise measurements of photometry. Our
reasons for wanting to find the spectral class of this star
system was to get a better understanding the sizes and
potential masses, as well as to further contribute to the
historical data of HJ 5.

The nearest wide binary to Earth is Alpha Centauri,
which, like the secondary star of HJ 5, is very similar to
the Sun. Alpha Centauri is a close binary with a small
distant companion, Proxima Centauri about a quarter of
a light-year away, or 0.077 parsecs (Wide Binary Stars,
2018). In comparison to Alpha Centauri, it is more
than highly unlikely for HJ 5 to be classified as physi-
cally bound, due to the vast distance between the stars.
Given that the maximum distance of Star A is 485.84
parsecs and the minimum distance for star B is 568.89
parsecs it is clear that the max distance for star A is far
less than the minimum distance for star B. Therefore
the probability of the two stars being physically bound
is unlikely. Parallax of star A is 2.10 = 0.0417", where-
as parallax of star B is 1.71 £ 0.0478".

One other consideration for HJ 5 is as a common
proper motion pair, or, a visual binary in which the
stars have a similar proper motion. Star A has a proper
motion of [-21 -20]. Star B has a proper motion of [-1 -
9], as illustrated in Figure 4. Using the methods provid-
ed in Harshaw’s paper on tools for evaluating binary
stars, we found the difference between the proper mo-
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Figure 4: GAIA DR2 proper motion data on HJ 5 taken from
ALADIN

tion vectors to be about [-21 -20] + [+1 +9] = [-20, -
11]. This method produces a statistic by dividing the
vector difference by the vector sum, resulting in 0.599.
This final result (0.6) is called the “rating” and its value
will range from 0.00 for orbital pairs up to 0.99 for op-
tical ones (Harshaw, 2014). Using GAIA’s proper mo-
tion data in Harshaw’s method shows that this system
does not satisfy the criteria for a common proper mo-
tion pair.

Conclusion

Initial records of WDS 00425+1044 HJ 5 piqued
our interest for further research into determining if the
double star candidate was optical or physical. The level
of uncertainty surrounding HJ 5 is what made this sys-
tem a worthy contender.

Astrometric data shows the separation between the
component stars is decreasing by 1.057" over the span
of about 200 years. The vast physical distance between
the stars of HJ 5 should be conclusive evidence as to
why this system is most probably not gravitationally
bound. In addition, GAIA data disproves the idea of a

common proper motion pair.

Due to these two factors of physical distance and
proper motion, the data suggests that HJ 5 is simply an
optical double. Further observations are required in or-
der to determine if an orbital pattern exists.
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Abstract: Position angle and angular separation for the double star system WDS 05599-3703 B
1044AD were measured from images acquired through the iTelescope network and processed through
Maxim DL and MiraPro x64. A position angle of 189.9° and a separation of 27.3" were measured.

Introduction

The selection criteria for determining a double star
system to study included a right ascension between 00
and 06 hours, a separation of at least 6 arcseconds, and
a maximum differential magnitude of 6. The Washing-
ton Double Star catalog (WDS) (Mason and Hartkopf
2015), managed by the United States Naval Observato-
ry (USNO), was used to find a candidate star system.
WDS 05599-3703 B 1044AD fit this criteria, with a
right ascension of 05h 59m 55.79s, a separation angle
(Rho) of 21.3", and a differential magnitude of 4.58.

Historical data, provided by the USNO, shows two
complete sets of previous measurements. There are oth-
er measurements that did not provide position angle
(theta) or angular separation (rho), but instead provided
data such as magnitude for a given epoch. The earliest
measurement was made in 1999 indicating a theta of
215 ° and a rho of 16.2". The other measurement, also
taken in 1999, shows a theta of 216° and a rho of 15.8".

Double Star WDS 05599-3703 B 1044AD was se-
lected with the objective of taking new astrometric
measurements in an effort to assist in determination of
the system’s gravitational nature, while also evaluating
the possibility of a chance alignment of the A star over
the D star.

Materials and Methods

Images were taken through the iTelescope network
where each observatory has multiple telescopes that
could be used for scientific research. The first telescope

T27

Figure 1. iTelescope T27 Figure 2. iTelescope T30.

used was the T27, Figure 1, located in Siding Spring,
Australia at an elevation of 1122 meters. T27 has a res-
olution of 0.53 arc-secs/pixel, a pixel size of 12 pum
square, and a position angle of 0°. The second telescope
was the T30, Figure 2, also located at 1122 meters in
Siding Spring, Australia. This telescope has a resolution
of 0.81 arc-secs/pixel, a pixel size of 9 pm square, and a
position angle of 086°.

We requested images, with select filters, exposure
length, and time windows for the images. The equip-
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Table 1. Number of images with filter and exposure time.

Filter Images Exposure (Seconds)
Luminance 1 60
Hydrogen Alpha 4 120
Blue 2 120
TOTAL 7

ment used to measure our stars included 2 images of
Luminance with 30 seconds exposure, one Luminance
with 60 seconds of exposure, a Hydrogen-alpha with
120 seconds of exposure, and Blue with 120 seconds of
exposure for T27 and T30, Table 1.

The luminance filter is a clear filter that was used to
get a general image of the system. Hydrogen-alpha fil-
ters were used to acquire a narrow bandpass of light
between the A and D stars. Because of the high magni-
tude of both the A and D stars, which are G type stars,
we wanted to look at them in a color other than their
peak wavelength to see less light, and consequently
used a blue filter. These different filters were used to
discern whether or not there were differences in meas-
urement that could be attributed to the varying wave-
lengths corresponding to each filter.

Each image was processed through Maxim DL,
software for astronomical imaging which processes da-
ta acquired through imaging array detectors such as
CCDs (charge-coupled device). Mira Pro was used to
clean, label, and calibrate images, along with measuring
our position angle and separation. To ensure accurate
measurements in Mira Pro, the vertical transfer function
was set to 99.5% or 99.9%, based on trial and error to
see which provided the clearest image. Each image was
then measured using the Distance and Angle tool in
Mira Pro. This statistically located the center of each
star. Figure 3 is a CCD image after being processed in
Maxim DL and MiraPro x64. Theta and rho of the AD
pair was recorded and organized in an Excel spread-
sheet. Then, we determined the mean, standard devia-
tion, and the deviation of error for all measurements.

Data and Results

Table 2 shows the mean, standard error of the
mean, and standard deviation for WDS 05599-3703 B
1044AD Theta and Rho. Table 3 shows the raw data
from CCD image measurements made in this study.

Parallax and distances were evaluated in Tables 4 and
5.

Discussion
The historical measurements of this system, Table

Figure 3. Processed CCD image of WDS 05599-3703B 1044B
under a luminance filter with an exposure of 60 seconds.

Table 2. The mean, standard error of the mean, and standard
deviation for astrometric measurements of WDS 05599-3703 (B
10444D)

Statistics Theta (°) Rho (")

Mean 189.9° 27.3"
Standard Deviation 1.04° 0.29"
Standard error of mean 0.39° 0.11"

Table 3. Summary of raw data from CCD image measurements
made in this study.

Image EES’E’:;“;; Theta (°) Rho (%)
1 60 189.1 27.2
2 120 190.1 27.6
3 120 191.7 27.7
4 120 190.5 26.9
5 120 188.7 27.2
6 120 190.2 27.0
7 120 189.1 27.2

Table 4. Parallax and error measurements for both stars

Inputs Parallax Error
Star A 18.8 0.0378
Star D 2.28 0.0307
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Table 5. Min, Mid, and Max distances from both stars to earth in Parsecs and Light Years

Results Min Distance Mid Point Max Distance Min Distance Mid Point Max Distance
(Parsecs) (Parsecs) (Parsecs) (Light Years) (Light Years) (Light Years)

Star A 53.08 53.19 53.3 173.06 173.4 173.75

Star D 432.77 438.6 444 .58 1410.83 1429.82 1449.34

dicate some shift in Theta and Rho, Figure 4, from the
first measurement in 1999. To determine these distanc-
es, parallax angles were used to determine the distance
of each star from Earth in both parsecs and light years,
Table 5. From the parallax data, it appears that the A
and D stars are most probably not gravitationally
bound, which complies with the nature of most G class
stars. The line of sight distance between the two for the
most optimal configuration (A at its furthest distance,
and D at its closest to us) is 379.47 parsecs, or 1,237.08
light years. Therefore, the inference is that the system
of stars is not gravitationally linked; their connection
appears to be that of an optical alignment. Therefore,
given the large distance between these stars, there is no
gravitational connection.

Conclusion

The measurements from this study indicate that
there has been a decrease in position angle and an in-
crease in separation for WDS 05599-3703 B 1044AD
since its first recorded measurement in 1999. When
viewed from the perspective of the positional measure-
ments in this study, and consideration given to the dis-
tances between the stars, it is proposed that these are
optical double stars and not gravitationally bound.
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Historical Position of WDS 05599-3703B 1044AD
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Figure 4. Historical Position of WDS 05599-3703B 10444AD

Table 6. Current measurements and data available on WDS 05599-
3703B 1044AD courtesy of the Washington Double Star Catalog.

Epoch Epoch

(Decimal Year) (Julian Date) Theta Rho
1999.00 2451179.5 215° 16.2”
1999.19 2451248.5 216° 15.8”
2018.02 2458126.5 189.9° 27.3"
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Abstract: A lunar occultation observation by the author in April 2019 detected a new double star:

XZ 103822.

XZ 103822

On 2019 April 12, a lunar occultation disappear-
ance of XZ 103822 was video-recorded at 50 fields/
second using a 28cm telescope and a Watec 910HX
camera at amateur observatory MPC Z92. The waxing
Moon was 51% illuminated. The star is 10th magnitude
so the recording was analysed at 25 frames/second
(using Limovie software), giving a better signal to noise
ratio and a less noisy light curve than at 50 fields/
second (Figure 1).

The intermediate step was measured to have a dura-

tion of 0.423s, with the fainter star being the first to
disappear behind the Moon. The position angle of the
event at the Moon’s limb was 110.9° and the radial ve-
locity of the Moon at the location of the occultation was
0.465/second (Occult4 software). The consequent sep-
aration of the components of this star is at least 0.2”.
The magnitude of XZ 103822 is Mv 10.29. From the
heights of the three portions of the light curve, the V
magnitudes of the components are derived as 10.7 and
11.5.

There are no previous observations of this star in

X103822 ; 2019 April 12 ; A. R. Pratt / PSF-Frame photometry / Object: Distance=367800km Velocity=829m/sec
1

* ‘.‘0?" 0?0..
Q"\ e ,?‘0:."."990 *? éli®le s
1200 (1 # g gyt [F0 g} FOE JEagy e ¢}
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Figure 1.
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the Archive of Lunar Occultation Observations.

Star XZ 103822 =TYC 1373-37-1
= GSC 01373-00037
=2MASS J07403872+2052502
= Gaia DR2 673152977377071616

Coord. (J2000) 7h 40m 38.72s, 20° 52' 50.11"
Spectral type ?

Derived double data:

Mag A 10.7 £ 0.1 (V)

MagB 11.5+0.1 (V)

Epoch 2019.28

Separation > 0.2”

PA at epoch between 21 and 201 deg
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Abstract: The topic of this report is the recovery of 68 WDS FAR objects in GAIA DR2 with
the intention to counter-check proposed potential gravitational relationship and assumed mini-
mum distances between the components of these pairs.

1. Introduction

The Farihi et al. 2006 and 2010 papers on White
Dwarf-Red Dwarf systems caught my attention with
the approach to estimate the smallest possible distance
between components of double stars with Monte Carlo
simulation using photometry based distance estima-
tions. I decided to cross-match the WDS FAR objects
with GAIA DR2 and to counter-check for potential
gravitational relationship (PGR) using GAIA DR2 RA,
Dec and parallax data for a Monte Carlo simulation of
the distance between the components of the double
stars.

2. Cross-Match of WDS FAR Objects with
GAIA DR2

The number of FAR objects, 68, is rather small so |
decided to do the cross-match with GAIA DR2 manual-
ly by entering the RA/Dec coordinates into Aladin
bringing up the DSS image for this position, loading the
GAIA DR2 catalog on top and identifying the corre-
sponding DR2 objects. In case of a positive cross-match
for both components the data was copied into a spread-
sheet executing a Monte Carlo simulation with sample
size 120,000 using the RA, Dec and Plx values as mean
values for a normal distribution with the given error
range as standard deviation. The resulting Plx and Sep
values were then used to calculate the distance between
the components of the double star with the law of co-
sines to estimate the likelihood of a distance smaller
than 200,000 AU (~1 parsec) considered as threshold
for potential gravitational relationship (Knapp 2019) as
well as the minimum, median and maximum distance
covering the GAIA DR?2 error range values.

Out of the 68 FAR objects, 23 are listed with a sep-

aration smaller than 0.4 arcseconds (the declared GAIA
DR2 resolution limit) and for this reason not suited for
cross-matching.

Out of the remaining 45 FAR objects 9 objects lack
resolution in GAIA DR?2 for at least one component and
36 could be matched successfully with GAIA DR2 ob-
jects but with 6 of them lacking parallax data necessary
for PGR assessment. From the remaining 30 objects
only 7 have a likelihood > 50% for a potential gravita-
tional relationship and an additional 3 have a likelihood
> 40%. 10 objects seem far outside the distance range
allowing for PGR and can be considered as most likely
optical pairs and another 10 pairs have a PGR likeli-
hood between 3 and 18%, mostly due to rather large Plx
errors, resulting in a huge spread in the likely distances
and for this reason also most likely opticals.

Table 1 lists the following 2015.5 GAIA DR2
based data for the successfully cross-matched 30 FAR
objects:

. WDS ID WDS ID

. FAR FAR object number

J C Component (AB if blank)

. PA Position angle in degrees

. e PA  Error position angle

. Sep Separation in arcseconds

. e Sep  Error separation

. Vestl  Estimated Vmag] calculated from
GAIA DR2 G/B/R-mags

o e Vestl Error Vmagl estimation (Vmagl
estimated only from Gmag if blank)

. Vest2  Estimated Vmag2 calculated from

GAIA DR2 G/B/R-mags
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) e Vest2 Error Vmag2 estimation (Vmag2
estimated only from Gmag if blank)
o pmRA1 Proper motion RA1 in mas/yr
o pmDE1 Proper motion DE1 in mas/yr
o pmRA2 Proper motion RA2 in mas/yr
. pmDE2 Proper motion DE2 in mas/yr
) CPMR Common proper motion rating
o CPMS Common proper motion score
o Notes Notes

14 out of these 30 objects are with a CPM score
>50% positively assessed for likely common proper
motion.

The estimation of the visual magnitudes is based
on GAIA DR2 G/B/R-mags using the formula

Vest = 3.9379083526304 +
0.269235360436179*Gmag"1.36701081887491 -
0.123879978164097*Gmag-Rmag] -
0.943379695375539* Gmag-Bmag]

with a regression coefficient of 0.999 and a stand-
ard deviation of 0.064 derived by statistical analysis
using nonlinear regression with the UBVRI catalogs of
Landolt&Clem (VizieR 1I/183A, J/AJ/146/88 and J/
AJ/152/91) after eliminating a few outliers due to ques-
tionable cross-match results with GAIA DR2. This esti-
mation formula shares the photometry caveats of GAIA
DR2 for very bright (<10Gmag) and very faint
(>18Gmag) objects according to Evans et al. 2018 and
Riello et al. 2018. In case of missing GAIA DR2 Bmag
and Rmag data the visual magnitude was estimated
with an average delta of +0.318 to Gmag.

Table 2 lists the following 2015.5 GAIA DR2
based data for the successfully cross-matched 30 FAR
objects using Monte Carlo simulation with a sample
size of 120,000 allowing for an assessment for potential
gravitational relationship (PGR):

. WDS ID WDS ID

. FAR FAR object number

. C Component (AB if blank)

o PIx1 Parallax1 in mas

. e Plx1 Error parallax1

o PIx2 Parallax2 in mas

) e PIx2 Error parallax2

. Min_Dist AU Minimum distance between the

components in AU from GAIA DR2 data
. Far MD AU Minimum distance between the
components in AU according to Farihi et
al. 2010
. Median AU  Median distance between the

components in AU from GAIA
DR2 data
o Max_Dist AU Maximum distance between the
components in AU from GAIA DR2 data
Potential gravitational relation
ship score
Minimum orbit period using the
minimum distance as semi-major axis with
zero inclination and 2 Sun masses
. P med Median orbit period using the
median distance as semi-major axis with
zero inclination and 2 Sun masses

. PGRS

. P _min

. e PIxIR Parallax1 error rating ("OK" if
<0,5% and "X" if larger indicating a relia
bility issue)

o e PIx2R Parallax?2 error rating ("OK" if

<0,5% and "X" if larger indicating a
reliability issue)

7 out of these 30 objects are with a PGR score >50%
(means percentage of simulation results with a distance
between the components smaller than 200,000 AU)
positively assessed for being likely bound by gravita-
tion but only 2 of them have a parallax error relation
e PIx/Plx <0.5% for both components making the posi-
tive PGR assessment for the other 5 objects somewhat
questionable.

The Farihi et al. 2010 report gives for 10 out of
the listed 30 FAR objects estimations for a minimum
distance between the components and for 7 of these the
GAIA DR2 data based estimations come very close to
the Farihi et al. 2010 values even if in most cases for
objects considered likely rather not physical due to
large parallax error values causing a huge spread re-
garding distances. This also means that the given mini-
mum distances have to be taken with the caveat that the
likelihood for these distances is extremely small.

Summary

Only about 50% out of the 68 FAR objects could
be recovered in GAIA DR2. Separations <0.4 arcsec-
onds means below the self-declared resolution limit of
GAIA DR2 (Arenou at al. 2018) are the main reason for
a lack of resolution and most of these objects are so far
still WDS listed with only 1 observation. Eight of the in
total 36 objects listed with so far only 1 observation
were positively cross-matched with GAIA DR2 raising
the percentage of confirmed FAR objects from 47 to
59%.

The percentage of likely physical pairs is even
with allowance for unfavourable parallax error relation
with 7 out of 30 objects in the average of WDS CPM

(Text continues on page 534)
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(Continued from page 531)

pairs thus not especially impressive. The concept of
using the distances of the components with their angu-
lar separation for a Monte Carlo simulation to get an
indication for the likely space distance between the
components and in consequence for the minimal orbit
period seems a valid one with the caveat that the likeli-
hood for such minimum distances is often extremely
small.
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Appendix A
Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018):

. Four rating factors are used: Proper motion vector direction, proper motion vector length, size of posi-
tion error in relation to proper motion vector length and relation separation to proper motion speed

. Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for simi-
lar direction within the double error range, “C” for direction within the triple error range and "D" for
outside

. Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar
length within the double error range, "C" for length within the triple error range and "D" for outside

. Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than
10%, “C” for less than 15% and "D" for a larger error size

. Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years,

"C" or less than 10000 years and "D" for above

To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rat-
ing despite only very small deviations an absolute lower limit is applied regardless of calculated error size:
. Proper motion vector direction: Max. 1° difference for an “A”
. Proper motion vector length: Max. 1% difference for an “A"

The letter based scoring is then transformed into an estimated likelihood for being CPM
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Description of the PGR assessment procedure:

) GAIA DR2 data for RA/Dec and PIx are used for a Monte Carlo simulation assuming a normal distribution
for these parameters with the given error range as standard deviation. The distance between the components
is calculated from the inverted simulated parallax data and the simulated angular separation using the law of
cosines

c=\/a2 —2abcos;/+b2

with a and b = distance vectors for the stars A and B in light years calculated as (1000/P1x)*3.261631 and y
= angular separation in degrees calculated as

y= arccos[sin(DEl)sin(DEZ) + cos(DEl)cos(DEZ)cos(abs(RAl - RA2))J

) The potential gravitational relationship score (PGRS) is the percentage of simulation results <200,000 AU
(~1 parsec) out of the simulation sample with a size of 120,000 corresponding with the likelihood that the
real distance is samller than 200,000 AU

o The smallest, median and largest distance is the smallest, median and largest result of the simulation sample
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Abstract:

This report shows the results on 213 double star measurements from 2018;

minimum separation is 0.43 as (STF1909), maximum separation is 167 as (SMR 40A0). The

mean value of all measurements is about 14 as.

213 double stars were measured in 2018. Observa-
tions were done with a 12-inch Newtonian telescope in
combination with a CMOS QHYS5L II Color camera.
Reproduction scale is about 0.52" per pixel. In cases of
separation < 3" focal length was magnified with differ-
ent Barlow lenses. As in the previous years, especially
double stars with large magnitude differences were of
interest (Schlimmer 2017, Schlimmer 2018). Figure 1
shows the 213 measurements sorted by separation. In
162 cases (76%) the separation is smaller or equal than
7.5". Figure 2 shows the differences in magnitudes of
the measured double star components. In 100 cases
(47%) the difference is more or equal than 2 magni-
tudes.

Notes to WDS20281+3820 and WDS20282+3821
(TDT2304)

Next to ES 206 are 3 stars in line, TYC3152-00864
-1, TDT2304 and TYC3152-00892-1. Figure 3a shows
the stars from Digitized Sky Survey (SIMBAD data-
base), Figure 3b shows the same field from author’s
observation.

The first of them on left hand side is not of interest.
The second star, TDT2304 is also marked as double
star in SIMBAD database and in the planetary software
Redshift 7, which is used for telescope control.
TDT2304 was only observed one time in 1991. Alt-
hough the star was clearly identified, but relative
brightness of companion (12.49 mag), position angle
(139 degree) and distance (2.4 as) are different to my
observation (199 degree, 5.4 as). The proper motion for
primary and secondary star is equal, so the difference of
both measurements from 1991 and 2018 can’t be clari-
fied.

04
101 o:®oom o4 ® & 7L 8 8 .1 11 41 31 41 181 161 74 181 181 201 21
No. of Measurements

Figure 1. The 213 measurements sorted by separation

| Magritudte 1] - | Magnitude 2|

Figure 2. Differences in magnitudes of the measured double star
components.

U1 L1 Bl 14 181 181 p1o o181 191 201 211
N fH
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e

TDT2304 @

TYC3152-00892-1 @ , .

Figure 3a (left). WDS20281+3820 and WDS20282+3821 from Digitized Sky Survey (SIMBAD data-

base, 2018)

The last star TYC3152-00892-1 on the right hand
side looks like an optical double star but isn’t yet listed
in the WDS catalog or marked as double star in SIM-
BAD database or in Redshift 7 software. A distance of
8.43" and a position angle of 64.6° were found.

Table 1 shows the measurements of separation and
position angle of 213 components from 2018. Bright-
ness and coordinates are taken from Washington Dou-

Figure 3b. WDS20281+3820 and WDS20282+3821 from author

ble Star catalog (Mason, 2017). Date is given in Bes-
selian years.
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(Text continues on page 543)

Table 1. Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
00286+3905 ES 1939 8.44, 12.4 280.6 6.40 2018.039 1
00530+1806 A 2207 9.19, 12.30 168.3 3.65 2018.039 1
00550+5530 ES 939 10.60, 12.5 343.3 6.44 2018.039 1
01097+5438 ES 156 8.55, 11.8 218.5 5.91 2018.039 1
01180+5355 ES 119AB 8.22, 11.02 115.7 4.97 2018.039 1
01204+5652 ES 1809 9.48, 10.8 119.1 6.03 2018.039 1
01226+1245 BU 1360 9.62, 11.76 23.7 5.65 2018.039 1
01354+4123 ES 1494 10.64, 10.9 7.0 5.64 2018.039 1
01379+2554 A 2007 8.78, 10.45 220.8 4.57 2018.039 1
02473+3835 ES 2083AB 9.79, 11.9 334.8 6.48 2018.039 1
02494+5159 ES 873 9.74, 12.0 99.2 4.82 2018.039 1
02497+5356 ES 120 8.99, 12.60 72.4 4.27 2018.039 1
02497+3721 ES 2553 10.6, 13.9 177.8 6.24 2018.039 1
02511+4807 ES 557 9.58, 12.9 324.2 5.84 2018.039 1
02515+5314 ES 766 9.08, 11.3 302.0 4.46 2018.039 1
03007+5700 KR 15 9.43, 11.54 111.8 4.23 2018.039 1
03082+4057 BU 526AB 2.11, 12.7 155.8 59.36 2018.039 1
03082+4057 BU 526AC 2.11,12.5 146.7 68.60 2018.039 1
03082+4057 BU 526AD 2.11,11.47 193.1 82.61 2018.039 1
03082+4057 BU 526BC 12.7,12.5 103.6 13.66 2018.039 1

Table 1 continues on the next page.
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Table 1 (continued). Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
03082+4057 BU 526DE 10.5, 12.5 121.0 10.91 2018.039 1
03212+3019 COU 684 10.29, 12.4 126.5 4.37 2018.039 1
03362+2959  BU 1040 7.66, 11.5 338.1 3.21 2018.039 1
03372+4905 ES 54 9.77, 12.2 250.7 4.59 2018.039 1
03388+5055 ES 953 10.49, 13.6 245.7 4.42 2018.039 1
03416+3942 ES 166 8.95, 12.48 3.1 4.69 2018.039 1
03458+2309 STF 444AB 6.91, 10.09 337.5 3.42 2018.039 1
06106+3132 ES 416 10.00, 12.6 207.0 6.69 2018.266 1
06116+4843 STF 845 6.16, 6.86 357.1 7.55 2018.266 1
06144+5110 STF 865 8.12, 10.26 69.1 5.21 2018.263 1
06295+3414 HDS 885AB 9.32, 12.53 256.1 4.15 2018.263 1
06408+4815 STF 944AB 8.45, 10.17 57.8 6.39 2018.266 1
06431+5004 ES 1076 8.98, 12.76 263.0 5.70 2018.263 1
06469+4825 ES 1237 9.32, 11.5 0.5 5.00 2018.266 1
07007+5456 A 1574 9.72, 12.2 166.9 3.60 2018.263 1
07026+5039 ES 1079AB 8.21, 11.7 323.4 6.16 2018.263 1
07081+5915 A 1325 9.08, 11.3 311.1 2.93 2018.263 1
07324+1822 2871 7.98, 11.83 114.8 4.39 2018.266 1
07372+4802 ES 1143 9.03, 12.0 290.0 3.50 2018.263 1
07490+2834 STF1144AB 7.94, 10.33 358.4 8.39 2018.266 1
07523+2842 ES 421 10.00, 13.0 217.9 6.47 2018.279 2
08054+0812 STF1181 8.28, 9.26 140.4 5.20 2018.291 1
08056+2732 STF1177 6.69, 7.41 349.3 3.53 2018.291 1
08058+3435 ES 423 9.3, 11.2 303.9 3.02 2018.291 1
08088+2729 STF1186 7.06, 10.08 211.7 3.28 2018.263 1
08109+4439 A 1744 9.59, 11.5 302.0 3.66 2018.291 1
08131+4133 ES 592 9.23, 10.98 330.9 2.99 2018.291 1
08160+4946 STF1200 9.16, 9.33 181.0 8.39 2018.291 1
08165+0911 BU 1065AB 3.52, 14.3 294.3 29.38 2018.291 1
08165+0911 DAL 42AC 3.68, 14.2 38.5 70.20 2018.291 1
08181+3050 STF1212 8.63, 10.1 241.3 5.40 2018.291 1
08190+4927 HU 1124AB 8.55, 12.3 34.2 6.24 2018.263 1
08201+3219 HU 626 8.72, 12.00 154.1 3.23 2018.263 1
08235+2311 STF1218 9.76, 11.3 268.0 4.06 2018.291 1
08268+2656 STF1223 6.16, 6.21 219.6 5.21 2018.291 1
08298+5112 STF1225 9.60, 9.75 193.3 3.65 2018.291 1
08404+1940 SMR 30AE 6.52, 12.5 155.6 15.87 2018.266 1
08415+0649 A 2963 9.34, 10.86 264.3 3.22 2018.332 1
08447+1809 HJ 457AB 3.94, 12.2 71.1 40.91 2018.266 1
08467+2846 STF1268 4.13, 5.99 306.8 30.84 2018.279 1

Table 1 continues on the next page.



Vol. 15 No. 4

October 1, 2019

Journal of Double Star Observations

Double Star Measurements Using a CMOS Camera, Annual Report of 2018

Table 1 (continued). Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
08515+1208 STF1287AB 8.28, 10.17 92.8 2.07 2018.291 1
08554+1208 BAR 35 10.21, 13.2 326.0 2.55 2018.291 1
08585+1151 HJ 110 4.25, 11.8 320.8 10.26 2018.279 1
09013+1516 STF1300AB 9.47, 9.73 179.8 4.94 2018.265 2
09051+3931 AG 160 9.97, 9.83 58.8 3.86 2018.332 1
09071+3037 | AG 162 9.78, 10.09 106.8 4.09 2018.332 1
09088+1625  HDS1328AB 9.54, 11.78 143.0 4.11 2018.263 1
09268+0105 AG 166 9.1, 11.1 73.5 3.56 2018.332 1
09425+4058 STT 205 7.99, 12.6 202.2 12.02 2018.332 1
09427+4018 ES 301 9.8, 11.8 243.2 5.02 2018.298 2
09564+1040 STF1396AB 8.79, 10.42 131.1 3.94 2018.332 1
10019+4248 A 2141 9.1, 10.5 175.2 5.06 2018.332 1
10170+1007 STF1419 8.87, 9.86 225.8 4.47 2018.332 1
10241+4034 ES 1394 9.00, 10.1 143.6 6.75 2018.340 1
10256+0847 STF1431 7.76, 9.07 76.8 3.22 2018.332 1
10334+0705 A 2767 8.63, 12.28 53.3 5.37 2018.332 1
10339+4158 ES 1396AB 9.91, 13.0 190.2 5.58 2018.340 1
10406+4209 STF1460 8.72, 8.90 161.1 3.80 2018.340 1
10425+0640  LDS2877 9.75, 11.55 273.7 5.58 2018.340 1
10433+0445 STF1466AB 6.23, 7.13 240.5 6.93 2018.340 1
10453+4458 STF1467 8.58, 10.76 288.4 3.94 2018.266 1
10596+2527 | AG 342 8.57, 9.22 116.3 5.30 2018.345 1
11004+5237 ES 722 9.95, 11.4 102.9 8.41 2018.345 1
11007+0606  BU 598 4.99, 12.6 219.1 40.32 2018.266 1
11050+0720  KUI 54AB 4.66, 11.0 267.9 4.92 2018.266 1
11080+5249 STF1510 7.65, 9.03 328.1 5.63 2018.345 1
11174+3430 ES 305 10.0, 11.3 31.7 3.90 2018.345 1
11182+3132 STF1523AB 4.33, 4.80 159.5 1.96 2018.347 3
11185+3306 STF1524AB 3.64, 10.1 149.3 7.45 2018.340 1
11256+1627 HJ 4433AB 5.62, 10.84 6.2 55.37 2018.348 1
11268+0301 STF1540AB 6.55, 7.50 150.0 28.37 2018.381 1
11285+0750 @ WLF 1AB 10.34, 10.51 336.4 | 116.35 2018.381 1
1129143920 STF1543AB 5.35, 10.67 354.0 5.07 2018.348 1
11317+1422 STF1547AB 6.33, 9.14 331.5 15.5 2018.381 1 Wolf 401
11329+5525 A 1593 8.95, 10.53 255.4 4.06 2018.348 1
11347+1648 STF1552AB 6.26, 7.31 208.9 3.05 2018.348 1
11385+4405 ES 1153 9.78, 12.74 261.2 5.76 2018.266 1
11396+2657 STF1564 8.81, 9.33 87.4 5.04 2018.348 1
11443+3900 STF1569 8.83, 10.59 322.0 3.61 2018.348 1
11468+5951 KR 40 9.92, 10.64 273.0 3.01 2018.348 1
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Table 1 (continued). Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
11527+5647 ES 1826 8.95, 12.8 214.6 5.58 2018.348 1
11578+4518 A 1778 9.6, 11.8 225.1 2.91 2018.266 1
12089+2147 LDS 930AB 9.45, 14.63 39.3 15.54 2018.419 1
1224442535 STF1639AB 6.74, 7.83 322.8 1.79 2018.419 1
12269+2816 SMR 58 4.4, 12. 206.7 16.12 2018.343 2
1227242701 STF1643AB 9.03, 9.45 3.7 2.68 2018.419 1
12291+3123 STT 251 8.35, 9.27 54.8 0.67 2018.419 1
12324+1211 LDS 937 11.02, 12.45 122.1 42.33 2018.381 1 Wolf 418
12417-0127 STF1670AB 3.48, 3.53 359.8 2.73 2018.384 2
12481+0327 BU 459 8.06, 11.05 294.3 4.35 2018.381 1
13119+2753 STT 578 4.30, 12.1 179.9  131.51 2018.422 1
14220+5107 A 148 8.32, 8.96 194.1 0.53 2018.419 1
14380+5135 STF1863 7.71, 7.80 63.2 0.62 2018.419 1
14515+4456 STT 287 8.40, 8.62 5.7 0.54 2018.419 1
15038+4739 STF1909 5.20, 6.10 90.7 0.43 2018.503 2
15151+3318 SMR 32AB 12.76, 11.21 335.7 26.86 2018.545 1
15151+3318 SMR 32AC 12.76, 12.90 72.0 36.94 2018.545 1
15151+3318 SMR 32BC 11.21, 12.90 105.8 47.99 2018.545 1
15155+3319 SMR 31AC 3.56, 14.30 4.8 93.19 2018.545 1
15209+1057 HDS2158 9.73, 13.55 201.4 4.48 2018.545 1
15264+4400 STT 296AB 7.83, 9.09 274.1 2.01 2018.586 1
15348+1032 STF1954AB 4.17, 5.16 172.9 3.97 2018.545 1
15348+1032 STF1954CD 13.9, 14.6 341.1 4.03 2018.545 1
15405+1840 A 2076 8.28, 8.44 187.3 0.75 2018.589 1
15498+4431 BU 621 7.94, 9.37 26.5 0.60 2018.589 1
1551442921 COU 617 9.53, 12.53 98.3 4.72 2018.545 1
15554+2932 HO 399 7.68, 10.49 114.9 3.43 2018.545 1
15568+1229 STF1988 7.59, 7.84 249.2 1.72 2018.534 1
16009+1316 STT 303AB 7.69, 8.06 174.6 1.38 2018.589 1
16030+1359 STF2000 8.42, 9.22 227.8 2.41 2018.540 1
16089+4521 STF2015AB 8.24, 9.52 160.0 3.00 2018.540 1
16124+2626  HO 551 8.01, 12.8 80.2 7.07 2018.545 1
16231+1350 STF2040 8.11, 10.14 313.1 7.08 2018.545 1
16232+2341 J 399 10.1, 12.3 50.7 5.10 2018.545 1
16246+3632 HO 405AB 9.5, 12.5 346.9 4.18 2018.575 1
16246+3632 HO 405AC 9.5, 12.5 339.1 13.02 2018.575 1
16254+1402 BU 625AC 4.58, 11.76 87.3 25.42 2018.575 1
16315+3331 BU 816 7.12, 12.2 220.6 4.87 2018.545 1
16231+1350 STF2040 8.11, 10.14 313.2 7.01 2018.575 1
16254+1718 STF2043 8.03, 11.44 85.2 10.02 2018.594 1
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Table 1 (continued). Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
16289+1825 STF2052AB 7.69, 7.91 118.3 2.45 2018.594 1
16316+1917 STF2057AB 10.49, 10.63 268.0 5.03 2018.594 1
16317+1919 STF2058AB 10.37, 10.55 352.3 1.80 2018.594 1
16321+4014 ES 1646 10.69, 13.3 120.5 4.63 2018.545 1
16326+4007 STT 313 7.97, 8.31 128.2 0.88 2018.567 2
16442+2331 STF2094AB 7.48, 7.87 76.1 1.01 2018.540 1
16496+1316 STF2103AB 5.93, 10.0 43.1 4.87 2018.575 1
16538+2110 STF2109 7.52, 10.30 312.4 5.88 2018.575 1
16579+4523 ES 1254 10.85, 13.9 133.6 4.41 2018.575 1
16582+2520 STT 320 8.47, 11.79 251.6 5.76 2018.575 1
17010+1636 A 2085AB 7.29, 13.7 353.1 6.26 2018.575 1
17053+5428 STF2130AB 5.66, 5.69 359.6 2.54 2018.540 1
17255+5130 | HU 672 9.16, 10.97 58.1 3.96 2018.594 1
17290+5052 STF2180 7.79, 8.06 259.9 2.95 2018.594 1
17386+5546 STF2199 8.03, 8.60 54.7 1.88 2018.540 1
17386+5546 STF2199 8.03, 8.60 53.9 1.95 2018.594 1
17414+2111 STF2195 11.68, 11.75 286.0 21.56 2018.589 1
17416+2111 STF2196 10.2, 12.2 257.3 3.26 2018.589 1
17420+2127 STF2197 10.64, 10.99 356.1 8.05 2018.589 1
18171+4015 STF2304 8.75, 9.75 100.0 5.55 2018.742 1
17541+3928 HLM 9 9.05, 10.85 284.7 5.27 2018.742 1
17566+5129  BU 633AB 2.23, 13.4 152.3 21.08 2018.540 1
17566+5129  BU 633AE 2.23, 11.9 234.8 96.01 2018.540 1
17566+5129  BU 633AF 2.38, 11.67 114.4 | 125.99 2018.540 1
17566+5129  BU 633AG 2.38, 11.23 27.5  143.60 2018.540 1
18055+0230 STF2272AB 4.22, 6.17 123.7 6.65 2018.534 1
18171+4015 STF2304 8.75, 9.75 69.3 5.18 2018.742 1
18201+2532 STF2309 9.31, 9.95 351.7 3.38 2018.742 1
18210+3630 ES 2110 9.3, 10.8 96.2 6.43 2018.742 1
18438+5654 BU 465 9.2, 11.2 289.1 2.69 2018.742 1
18443+3940 STF2382AB 5.15, 6.10 345.6 2.16 2018.594 1
18443+3940 STF2383CD 5.25, 5.38 75.0 2.40 2018.594 1
19365+2500 STF2548 8.47, 9.85 99.5 9.38 2018.742 1
19435+3450 AG 236AB 9.78, 10.16 148.6 4.21 2018.742 1
19452+2055 STF2577AB 8.43, 9.56 261.8 5.94 2018.742 1
19486+2458 STF2586AB 7.56, 9.28 227.3 3.33 2018.781 1
19503+2240 BU 361AB 9.37, 9.93 348.4 3.57 2018.781 1
1952442551 STT 388AB 8.32, 8.45 138.3 3.72 2018.781 1
19524+2551 STT 388AC 8.32, 9.49 129.3 31.89 2018.781 1
19552+2230 STF2600 8.75, 9.93 55.0 2.87 2018.781 1

Table 1 concludes on the next page.
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Table 1 (conclusion). Measurements of 213 Components from 2018.

RA+DEC Name Mags PA Sep Date N
19581+5355 ARG 35 9.00, 9.92 227.0 7.42 2018.781 1
20000+1736 SMR 7 10.1, 11.4 264.6 3.60 2018.789 1
20026+2859 ES 496 9.9, 11.0 280.9 2.79 2018.740 1
20030+1528 D 21 8.68, 10.95 210.5 21.30 2018.740 1
20034+1528 STF2618 9.41, 9.77 115.9 5.55 2018.740 1
20104+2532  AG 400 9.72, 11.24 12.3 5.54 2018.789 1
20104+4949 STF2648 8.11, 9.59 117.2 6.71 2018.789 1
20105+4923 ES 1099 10.0, 11.0 185.0 4.61 2018.789 1
20111+4946 ES 2691 9.01, 12.9 313.7 9.53 2018.789 1
20114+2910 A 1200 7.39, 13.7 197.0 5.36 2018.789 1
20117+4943 ES 500 9.97, 10.91 345.3 5.37 2018.789 1
20124+2923 AG 401 9.41, 10.20 305.6 4.02 2018.789 1
20246+3212 AG 254AB 9.13, 10.17 343.0 5.43 2018.805 1
20251+3159  ES 2433 9.13, 10.6 266.8 8.63 2018.805 1
20281+3820 new 10.06, 12 64.6 8.43 2018.805 TYC3152300892—1
20282+3821 TDT2304 10.47, 12.49 198.5 5.43 2018.805 1 see text
20288+3810 ES 206 9.85, 10.49 124.5 3.95 2018.805 1
20293+3731 WEI 35AB 8.35, 8.81 213.9 4.01 2018.805 1
20293+3731  WEI 35CD 9.40, 10.55 201.5 12.14 2018.805 1
20302+4343  AG 407 9.94, 10.13 230.8 7.02 2018.805 1
20314+4403  ES 1443 9.8, 11.4 303.7 2.49 2018.805 1
20329+3515  ES 2306 9.76, 14.1 328.4 7.39 2018.805 1
20336+4719 ES 665 9.91, 10.80 129.0 5.72 2018.805 1
20356+3510 STF2702 8.70, 8.99 208.4 3.14 2018.805 1
20377+3322 STF2705AB 7.48, 8.54 266.5 3.09 2018.805 1
20456+3043 STF2726 4.33, 9.53 72.4 5.90 2018.781 1
21069+3845 STF2758AB 5.20, 6.05 153.1 31.96 2018.773 2
21069+3845 STF2758AH 5.35, 9.97 266.5  121.80 2018.740 1
21069+3845 SMR 1AT 5.35, 10.74 237.2 33.71 2018.740 1
21069+3845 SMR 4020 5.35, 12.65 278.8 | 166.91 2018.740 1
21069+3845 SMR 40AP 5.35, 12.84 287.7  158.72 2018.740 1
21069+3845 SMR  40AQ 5.35, 13.19 306.7 70.98 2018.740 1
21110+0933 STF2765AB 8.47, 8.50 81.7 2.85 2018.789 1
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Abstract: If any double star discoverer is in urgent need of photometry then it is Jonckheere.
There are over 3000 Jonckheere objects listed in the WDS catalog and a good part of them
with magnitudes obviously far too bright. This report covers the Jonckheere objects in the
constellations Pup, Pyx and partly Mon. One image per object was taken with V-filter to al-
low for visual magnitude measurement by differential photometry. All objects were addition-
ally checked for potential gravitational relationship.

Preamble: This report in no way intends to belittle the work of Jonckheere — on the contrary:
He was obviously a very dedicated and able double star observer fighting with a lot of obsta-
cles up to equipment destroyed in war. It seems that the basic double star parameters, RA/Dec
coordinates and separation as well as position angle were his main concern and the estimation
of magnitudes was rather a side aspect to him. The often crass over estimation of magnitudes
may also be a side effect of his obviously extraordinary eyesight.

1. Introduction

As follow up to the reports on J-objects photometry
beginning with Knapp/Nanson 2016 this report covers
the J-objects in the constellations Pup, Pyx and to some
degree in Mon. The plan to cover the rest of J-objects in
Mon after the Mon I report in JDSO 14/4 failed due to
repeated weather conditions unsuitable for imaging.
Imaging sessions were rescheduled several times and
images from seemingly successful sessions had to be
dismissed due to poor quality. Usually even low quality
images provide still useful differential photometry re-
sults but in this case I got the impression that the exist-
ing material provides mostly Vmag measurements of
little value — so only a fraction of the existing Mon im-
age material was used for this report restricted to ob-
jects with current WDS Vmag values obviously in very
great need of improvement.

The prospect to wait for another year to get a
chance to complete the necessary imaging sessions in
Mon led to the decision to quit the plan of covering all J
-objects by constellations. For this reason this is my last
report on Jonckheere objects photometry covering so
far in total about 30% of all J-objects - but I intend to

continue with photometry reports for WDS objects in
need of precise Vmag photometry regardless of discov-
erer.

2. Results of Photometry and Catalog Checking

For all selected J-objects one single image was tak-
en with iTelescope iT24 or iT27 with V-filter and 3s
exposure time. Astrometry results based on one single
image have to be taken with caution beyond the given
error range but this aspect seems less significant for the
V-filter measured magnitudes as a magnitude error of
~0.1 or even a bit larger seems negligible in compari-
son with those of many Jonckheere objects, which often
have given magnitude errors in the range of up to 2 or
more magnitudes.

The images were plate solved with Astrometrica
using the URAT1 or UCAC4 catalog with reference
stars in the Vmag range of 8.5 to 14.5 giving not only
RA/Dec coordinates but also photometry results for all
reference stars used including an average dVmag error.
The J-objects were then located in the center of the im-
age and astrometry/photometry was then done by the
rather comfortable Astrometrica procedure with point
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and click at the components delivering RA/Dec coordi-
nates and Vmag measurements based on all reference
stars used for plate solving.
The photometry measurement results are given in
Table 1 below with the following structure:
. J#: number of J-object
o C: components
o RA/Dec: positions for primary and secondary in
HH MM SS.SSS/DD MM SS.SS format
o dRA/dDec: plate solving errors for RA and Dec
in arcseconds

o Sep: calculated separation in arcseconds using
the given positions

. e Sep: separation error

) PA: calculated position angle in degrees using
the given positions

) e PA: position angle error

) Mag: Vmags for both components measured by
differential photometry

o e Mag: magnitude error

) SNR: signal to noise ratio of the image used for
plate solving

. dVmag: plate solving error in Vmag

) Date: Julian observation epoch

) Notes: telescope used with exposure time or ref-
erence to additional comments listed below Table
1

All listed objects were additionally checked for be-
ing potential physical by cross-matching with GAIA
DR2 using proper motion and parallax data if available.
The results are listed in table 2 below with the follow-
ing structure:

o J#: number of J-object
. C: components (AB if blank)
o PA: calculated epoch 2015.5 position angle in

degrees

. e PA: position angle error

o Sep: calculated epoch 2015.5 separation in
arcseconds

o e Sep: separation error

. Vestl/2: estimated Vmags from GAIA G/R/B-
mags (see Appendix)

. e Vestl/2: estimated Vmag error

. pmRA/DE/1/2: GAIA DR2 proper motion values

. CPMS: Common proper motion score (estimated

likelihood for common proper motion)

o PIx1/2: GAIA DR2 parallax values

. e PIx1/2: GAIA DR2 parallax error values

o PGRS: potential gravitational relationship score
(estimated likelihood for potential gravitational

relationship (see Appendix)

Summary

Most of the listed J-objects in Pup, Mon and Pyx
show the expected magnitude difference larger than 0.5
compared with the WDS catalog data. Only 4 of these
objects qualify as solid or at least good CPM candidates
based on a rating scheme using GAIA DR2 proper mo-
tion data if available for both components with the ca-
veat of rather small proper motion values for most of
them. Finally only J 2638BC has parallax and angular
separation values allowing for a 100% likelihood for a
distance between the components of less than 200,000
AU suggesting potential gravitational relationship be-
tween the components which means WDS notes code
“T”. While several of the other listed objects have very
similar parallax values for both components these paral-
lax values are far too small to allow for a noticeable
likelihood for being physical as the possible distances
between the components increases in such cases expo-
nentially even within a small parallax error range
(Knapp 2019). So all of the listed objects with excep-
tion of J 2638BC are most likely optical pairs.

A comparison of estimated Vmags calculated from
GAIA DR2 G/R/B-mags with the results from differen-
tial photometry shows a mean difference of -0.090 and
a standard deviation of 0.236 — this indicates a small
bias for Vmag estimations slightly fainter compared to
differential photometry measurement results with a
standard deviation mostly caused by the average plate
solving dVmag errors. The correlation coefficient be-
tween measured and estimated Vmags with 0.986 al-
lows for the conclusion that the estimated Vmags are a
useful substitute in cases of lacking Vmag measure-
ments.
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Appendix
Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018)
. Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position er-
ror in relation to proper motion vector length and relation separation to proper motion speed
. Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar
direction within the double error range, “C” for direction within the triple error range and "D" for outside
. Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar length
within the double error range, "C" for length within the triple error range and "D" for outside
. Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than
10%, “C” for less than 15% and "D" for a larger error size
. Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years, "C" or

less than 10000 years and "D" for above

To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rating de-
spite only very small deviations an absolute lower limit is applied regardless of calculated error size:

. Proper motion vector direction: Max. 1° difference for an “A”

. Proper motion vector length: Max. 1% difference for an “A"

The letter based scoring is then transformed into an estimated probability and a verbal assessment for being
CPM

Description of the PGR assessment procedure (according to Knapp 2019)

. - GAIA DR2 data for RA/Dec and Plx are used for a Monte Carlo simulation assuming a normal distribution
for these parameters with the given error range as standard deviation. The distance between the components
is calculated from the inverted simulated parallax data and the simulated angular separation using the law of
cosine

\/a2 +b? —2abcosy

with a and b = distance vectors for the stars A and B in lightyears calculated as (1000/P1x)*3.261631 and y =
angular separation in degrees calculated as

y= arccos[sin(DEl) sin(DE2) + cos(DEl) cos(DEZ) cos(abs (RAI - RA2))]
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o The potential gravitational relationship score (PGRS) is the percentage of simulation results <200,000 AU
(~1 parsec) out of the simulation sample with a size of 120,000 corresponding with the likelihood that the
real distance is smaller than 200,000 AU

o The smallest, median and largest distance is the smallest, median and largest result of the simulation sample

. The smallest/median/largest distance is also used as estimation for the minimum value for the semi-major
axis of a potential orbit allowing for the calculation of a smallest/median/largest possible orbit period as-
suming zero inclination and in total double Sun mass

Estimation of visual magnitudes (according Knapp and Nanson 2018):
The estimation of the visual magnitudes is based on GAIA DR2 G/B/R-mags using the formula

V.., =3.9379083526304 + 0.269235360436179 * Gmag'-3701081887491 _( 123879978164097 *[Gmag — Rmag] - 0.943379695375539 *[Gmag — Bmag]

with a regression coefficient of 0.999 and a standard deviation of 0.064 derived by statistical analysis using nonlin-
ear regression with the UBVRI catalogs of Landolt&Clem (VizieR 1I/183A, J/AJ/146/88 and J/AJ/152/91) after
eliminating a few outliers due to questionable cross-match results with GAIA DR2. This estimation formula shares
the photometry caveats of GAIA DR2 for very bright (<10Gmag) and very faint (>18Gmag) objects according to
Evans et al. 2018 and Riello et al. 2018. In case of missing GAIA DR2 Bmag and Rmag data, the visual magnitude
was estimated with an average delta of +0.318 to Gmag.
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TYC 0152-00753-1 Duplicity Discovery from Occultation
by the Asteroid (392) Wilhelmina

Breno Loureiro Giacchini
Secao de Ocultagdes, Rede de Astronomia Observacional — REA-Brasil, Belo Horizonte, MG, Brazil
breno@ceamig.org.br

Tony George
International Occultation Timing Association — IOTA, Scottsdale, AZ, USA

Julio Spagnotto
Observatorio El Catalejo (148), Santa Rosa, La Pampa, Argentina

Aldo Javier Wilberger
Santa Rosa, La Pampa, Argentina

Abstract: During the occultation of TYC 0152-00753-1 by the asteroid (392) Wilhelmina ob-
served on 2018 January 29 in Argentina, evidence of a double star was found — a close component
with separation of 3 + 2 mas, position angle 3 + 10 deg and magnitude difference of 0.7 £ 0.3.

Introduction

On 2018 January 29 the main belt asteroid (392)
Wilhelmina occulted the star TYC 152-00753-1
(UCAC4 461-023559). This event was predicted by
Steve Preston on behalf of the International Occultation
Timing Association during routine prediction of aster-
oid occultations of bright stars (Preston, 2018). (392)
Wilhelmina has mean diameter D = 60 = 6 km (Ali-
Lagoa et al., 2018). According to the JPL Horizon Sys-
tem, at the moment of the occultation its apparent angu-

lar diameter was ¢ = 0.043” and its magnitude was M,
= 14.17. The maximum predicted duration was 7.0 s
(see Figure 1 for the predicted trajectory of the shadow
and the circumstances of the event).

The star TYC 152-00753-1 (HD 49203) is listed in
the Tycho-2 catalog as an 8.46 VT-mag star. The Gaia
DR2 catalog (Gaia Collaboration et al., 2016, 2018)
records this star under the identifier
3126362567994357376, with G-Mag = 84265 +
0.0012. This star is not listed in the Washington Double
Star (WDS) catalog, and it was not observed during an
occultation before the event reported in the present
work (Herald et al., 2018).

Observation

The occultation was observed in Argentina in two
different sites, in the cities of Alta Italia and General Pi-
co, province of La Pampa. The position of each observ-
ing station, the names of the observers and the details of
the equipment used are displayed in the Table 1.

In General Pico the observation was carried out
with a QHY5L-II-M camera which was set to take a se-
quence of images with a cycle of 0.1 s and negligible
read-out time. The initial time of each exposure was
recorded in the header of the FITS images and was cali-
brated by the software Dimension4, which uses a Net-
work Time Protocol. Inspection of the acquired data
shows, nonetheless, that there were periods (which
could last for up to 2 s) during which no image was rec-
orded; this was possibly caused by a computer memory
conflict. Moreover, the times listed in the FITS headers
suggest that the cycle was not constant during observa-
tion, as the time interval between images could vary by
about 20% of the exposure time. In our opinion this ap-
parent irregularity in the cycle does not mean an oscil-
lation in the exposure time itself, as the fluxes of the
stars in the field did not vary abnormally during the ob-
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392 Wilhelmina** occults UCAC4-461-023559 on 2018 Jan 29 from 3h 17m to 3h 36m UT

Star: Max Duration = 7.0 secs Asteroid:

My = 5.1 Mag Drep = 5.0 Mag =14.1

RE = & 47 28.6711 {(J2000) Sun :  Dist = 147 deg Diz = &5km, 0.045"
Dec = 2 3 1.380 ... Moon: Dist = 15 deg Darallax = 4.540"

[cf Date: € 48 26, 2 1 36] illum = 51 % Hourly dRR =-1.532s

Dredicticn of 2018 Jan 17.0

E 0.022"% 0.014" in DA 81

dhac = 10.&8"

Figure 1. Predicted path and occultation details (Preston, 2018).

servation. Indeed, before the occultation the flux oscil-
lation spans an interval of about 6% of the average flux.
Hence, in our analysis we consider that the aforemen-
tioned variation in the cycle is due to the synchroniza-
tion between Dimension4 and the capture software. Ac-
cordingly, we assume an a priori uncertainty of 0.02 s
on the times reported in the FITS header.

The sequence of images obtained by Wilberger at
General Pico was analyzed using the Tangra software
(Pavlov, 2018) to produce a light curve (Figure 2). The

main feature of the resultant light curve is the presence
of two flux drops during the disappearance of the star.
The short step event lasted for 0.29 + 0.02 s and it is ev-
idence of the duplicity of the star. Unfortunately, it was
not possible to verify the occurrence of the secondary
event during the reappearance, inasmuch as it happened
during a gap of 2.17 s when no image was taken (see
Figure 2), a result of the aforementioned memory con-
flict. It is also important to point out that the remaining
flux when both stars were occulted is compatible to a

Table 1: Observation sites, observers and equipment

Longitude Telescope: aperture, type, f-ratio
Site Latitude Camera Observer
Elevation Observing method
63°44'34.2" W 20 cm, Newtonian, f/5
General Pico 35°40'01.2" S QHYS5L-II-M A. J. Wilberger
141 m Sequential images
64°06’53.0" W 20 cm, Newtonian, f/5
Alta Italia 35°19’57.0" S Meade DSI I J. Spagnotto
167 m CCD drift-scan
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Fluxratio

Seconds after 03:22:00 (s)

g 9 10 11 12 13 14 15 16

Figure 2. Combined star plus asteroid light curve after 03:22:00, in General Pico. The light curve was normalized to the av-
erage flux corresponding to the period in which both stars were visible.

magnitude variation of 5 £+ 2 with respect to the initial
(combined) magnitude, in agreement to the predicted
variation.

Observation at Alta Italia was carried out by the
drift-scan technique. A single exposure of 40 s was tak-
en, during which the target drifted through the field
since the clock-driven mechanism had been turned off.
The light curve resultant from the drift-scan image ob-
tained by Spagnotto is depicted in Figure 3. It is, actual-
ly, an intensity profile, from which the background av-
erage before and after the occultation has been subtract-
ed. From the flux during the occultation it follows that
the presence of a non-occulted companion at most 3
magnitudes fainter is ruled out. In addition, the profile
shows no clear evidence of a secondary event. Howev-
er, the variation of flux for each event was gradual,
spanning about 7 pixels and yielding a smooth profile.
This feature is typical in this technique and it is conse-
quence of the smearing of the star light among more
than one pixel. The effect of this moving distribution of
flux, when suddenly switched off due to the occulta-
tion, is a smooth pattern, like the one in Figure 3. A
secondary occultation event would be easily detectable
in the “light curve” if it happened with a large separa-
tion with respect to the time scale associated to this

smooth flux drop. On the other hand, if the step event is
very short, then its signature may be hidden in this
gradual variation. In particular, for the event under dis-
cussion the velocity of the star in the field was 9.78 pix-
el/s, which means that a secondary event of 0.3 s — like
the one observed in General Pico — would increase the
gradual dimming of the star by about 3 pixels, which
may have been in the limit of detectability. During the
disappearance one can note that there are two consecu-
tive pixels with a somewhat similar flux, which may in-
dicate a very short step event. The reappearance oc-
curred more smoothly, which could be justified by an
even shorter step.

The times of the contacts in both light curves were
determined with the R-OTE software (Anderson, 2013)
and the results are displayed in Table 2. Since the first
star occulted is fainter than the second one, we identify
them by the labels B and A, respectively.

Double star analysis
From the two flux drops /4, and 4, in the light curve
obtained in General Pico it is possible to determine the
difference of magnitude between the stars, which is giv-
en by
Amag = 2.5 log;o (h;/h;).

Intensity

=

Pixel number

Figure 3: Normalized intensity profile from the drift-scan image in Alta Italia.
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Table 2. Times of the Observed Events.

Time (UT)
Event
General Pico Alta Italia

Start of observation 03"18"00°.28 03"21"51°.0 + 0.5 s

Star B disappears 03"22"06°.82 + 0.02 s
03"22™09°%.4 + 0.5 s

Star A disappears 03"22"07°.11 + 0.02 s
Stars A and B reappear 03"22"11° + 1 s 03"22™14%.9 + 0.5 s
End of observation 03"28m00°.40 03"22"31°.0 + 0.5 s

Here h; refers to drop caused by the first occulta-
tion and /4, is related to the second one. It is clear that
the fainter star was occulted first, as 4; < A,. It follows
that the magnitude difference of the observed pair is
Amag = 0.7 = 0.3. Hence, considering the combined G-
magnitude 8.4265 + 0.0012 (Gaia DR2 catalog), which
is similar to the visual magnitude, it follows that M, =
89+0.2and Mg=9.6+0.2.

For the derivation of the position angle and separa-
tion we applied the method discussed in (Herald et al.,
2010) and used the software Occult, version 4.6.5.1
(Herald, 2019). A solution for the asteroid elliptical
profile at the moment of the occultation and the double
star is defined by seven parameters. Since the images
obtained in Alta Italia suggest that the secondary star
was occulted in this station too, and in view of the dis-
cussion in the preceding section, we can set the events
for the B star as occurring almost simultaneously to the
A component, with a relative uncertainty of 0.15 s.
Therefore, the four chords determine eight points in the
celestial plane, allowing a single best-fit solution for the
free parameters.

However, as the uncertainty in the reappearances in
General Pico are very large, we omitted one of the
points in the process of finding the best-fit solution,
which is depicted in the Figure 4a. It turns out that there
is a huge uncertainty especially for the parameters of
the asteroid, because of the small number of chords and
the large time error bars. In fact, we recall that with on-
ly two chords by the same star it is not even possible to
find a unique solution to an elliptical profile.

For the above reason, in order to derive the uncer-

tainties, we also considered solutions constrained by the
oblateness of the ellipse, in view of the fact that rotation
curves for (392) Wilhelmina suggest that this asteroid
might have an apparent oblateness of at most 0.52, as-
suming an elliptical profile (Herald, 2019). Then, by
varying the double star parameters and those of the as-
teroid, subjected by the maximum axis ratio constraint,
we derived the parameters and uncertainties presented
in Table 3. Some of the possible solutions are depicted
in the Figure 4. It is possible to verify that more oblate
solutions yield a pair with larger separation (Figure 4b)
and smaller position angle (PA). On the other hand, less
oblate solutions are compatible with small separations
and larger PA (Figure 4c).

In what concerns the asteroid solutions, we point
out that the uncertainties for the major axis and orienta-
tion are not symmetric. For the former, its lower bound
is set by the length of the largest chord (Alta Italia),
which is equivalent to 56 + 3 km. For the latter, the de-
crease of the ellipse’s position angle can only be ac-
counted for by increasing its oblateness, hence the low-
er bound comes from the constraint € < 0.52, where the
apparent oblateness ¢ is defined by

e=1-bla,
with @ and b being, respectively, the apparent major and
minor axis.

Conclusions

The results of the occultation of TYC 0152-00753-
1 by the asteroid (392) Wilhelmina on 2018 January 29
presented in this work suggest that this star is a close

Table 3: Results of limb and double star fitting to the observed data.

Asteroid parameters

Major axis (km) Minor axis (km) Orientation (deg) Separation (mas) Position angle (degq)

Double star parameters

63 120 42 + 11 320

30
e 3+ 2 3

I+

10
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“*  Double star:
Sep = 4.0 mas
PA =16°

Double star:
Sep = 1.9 mas
PA =10.0°

Asteroid:
a =66.0 km

b =45.7km
PA =329.5°

Figure 4. Limb and double star fits for the occultation chords using the times from Table 2. Chords 1 and 2 are
from Alta Italia, and 3 and 4 from General Pico. The arrows indicate the direction of motion. 4a: Best fit for the as-

teroid and double star.

double, with separation on the order of only a few milli-
arcseconds. Based on the data presented in this work,
the double star characteristics of the pair is:

Star Tycho-2 0152-00753-1.

UCAC4 461-023559.

Gaia DR2  3126362567994357376.
Coordinates (J2000) [Gaia DR2].

RA 06h47m28.669s Dec +02°03'01.365"
V-Mag A 89+0.2.
V-Mag B 9.6+0.2.
Separation 3 + 2 mas.
Position Angle 34+ 10 deg.
Acknowledgements

The authors would like to thank Joe Garlitz who
provided the drift scan analysis for the Alta Italia obser-
vation. This research has made use of the Washington
Double Star Catalog maintained at the U.S. Naval Ob-
servatory. This work has made use of data from the Eu-
ropean Space Agency (ESA) mission Gaia (https://
WWW.cosmos.esa.int/gaia), processed by the Gaia Data
Processing and Analysis Consortium (DPAC, https:/
WWW.cosmos.esa.int/web/gaia/dpac/consortium). Fund-
ing for the DPAC has been provided by national institu-
tions, in particular the institutions participating in the
Gaia Multilateral Agreement.

References

V. Ali-Lagoa, T. G. Miiller, F. Usui, and S. Hasegawa,
2018, Astronomy and Astrophysics, 612, AS85.
arXiv:1712.07496.

B. Anderson, 2013, R-Code Occultation Timing Extrac-
tion, software.

Gaia Collaboration, 2016, Astronomy and Astrophysics,
595, Al. arXiv:1609.04153.

Gaia Collaboration, 2018, Astronomy and Astrophysics,
616, Al. arXiv:1804.09365.

D. Herald, et al, 2010, “New Double Stars from Aster-
oidal Occultations, 1971 - 2008”, Journal of Dou-
ble Star Observations, 6, 88-96.

D. Herald, D.W. Dunham, E. Frappa, T. Hayamizu, S.
Kerr, and B. Timerson, 2018, Asteroid Occultations
V2.0. urn:nasa:pds:smallbodiesoccultations::2.0.
NASA Planetary Data System.

D. Herald, 2019, Occult4.6.5.1, software.

JPL HORIZONS System, https://ssd.jpl.nasa.gov/
horizons.cgi.

H. Pavlov, 2018, Tangra, software available at http://
www.hristopavlov.net/Tangra3.

S. Preston, 2018, Asteroid Occultation Updates, http://
asteroidoccultation.com.



Vol. 15 No. 4

October 1, 2019 Journal of Double Star Observations

Page 559

Recovery of Proposed Young Star Binaries in Gaia DR2

Wilfried R.A. Knapp

Vienna, Austria
wilfried.knapp@gmail.com

Abstract: A recent paper (Bowler et al. 2019) reports the identification of 221 young star
binaries in the solar neighborhood. A common proper motion assessment scheme was used
for the purpose to declare a pair as likely binary based on the comparison of multi-epoch im-
ages if available. For the remainder of the reported pairs without multi-epoch images availa-
ble the authors assumed that the vast majority are likely physical binaries due to the low den-
sity of comparably bright stars nearby.

This report counterchecks this proposition using GAIA DR2 parallax data allowing to
check the likelihood for gravitational relationship by calculating the spatial distance between
the components of the proposed binaries. Only 49% of the 221 proposed young star binaries
could be successfully cross-matched with GAIA DR2 and only 25% got confirmed as likely
binaries but most of these are already known doubles listed in the WDS catalog while the con-
firmation rate drops dramatically for pairs considered as newly detected. The overall low re-
covery rate suggests an issue with the GAIA DR2 object coverage in the solar neighborhood.

1. Introduction

Bowler et al. reported in a recent (May 2019) paper
the identification of over 200 late-type (<K7-M5 means
late-K and M dwarfs) star binaries in the solar neigh-
borhood selected primarily on the basis of activity indi-
cators from GALEX (Galaxy Evolution Explorer) and
ROSAT (All-Sky Survey Bright Source Catalogue).
The identification of pairs as “young binaries in the
solar neighborhood” is the declared focus of the report
and not the detection of new binaries although it is
claimed that the vast majority of the reported pairs are
new discoveries. This project was started before the
release of GAIA DR2 so the meanwhile available paral-
lax values were not used for binary assessment. Instead
multi-epoch images were used to test whether compo-
nents of pairs are likely background stars or physically
bound by means of common proper motion. For a good
part of the reported pairs no multi-epoch images were
available but these were assessed as being physical due
to the low density of comparably bright stars nearby.
This report checks this proposition using GAIA DR2
parallax data allowing to assess the likelihood for gravi-
tational relationship by calculating the spatial distance

between the components.

2. Cross-matching of the Reported Objects with
Gaia DR2 and WDS

As the number of objects is reasonable small I de-
cided to follow a simple manual approach with entering
the given 2MASS ID into CDS Aladin using DSS or
2MASS images, loading the GAIA DR2 and WDS cat-
alog data for the given view and selecting then the com-
ponents matching with separation and position angle
given by Bowler et al. 2019 in table 4. In some cases
with missing proper motion data for one component it
was necessary to move the Aladin epoch slider to
2015/16 to identify the correct match.

For the pairs with successful GAIA DR2 matches
for both components the data was copied into a spread-
sheet calculating epoch 2015.5 separation and position
angle, assessing the likelihood for common proper mo-
tion in case of existing proper motion values for both
components and calculating the spatial distance be-
tween the components in case of existing parallax val-
ues for both components. To cover the full error range
of the given GAIA DR2 values for RA, Dec and PlIx a
Monte Carlo simulation with a sample size of 120,000
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was used to identify significant properties of the result-
ing distribution of the distance between the compo-
nents. The smallest possible distance from the simula-
tion was used as most optimistic estimation for the min-
imum value for the semi-major axis of a potential orbit
allowing for the calculation of a smallest possible orbit
period assuming zero inclination and in total double

Sun mass (approach similar to Farihi et al. 2010). As

the likelihood for such a small spatial distance is usual-

ly extremely small the same calculation was also done
for the median simulation distance to get a more realis-
tic view. Both values should be taken with caution:

o To take the currently measured spatial distance
between the components as value for the semi-
major axis ignores the influence of eccentricity
as it is most likely that the observed separation
for high eccentricity pairs is near apastron so the
“real” semi-major axis would tend to be some-
what smaller

. The assumed mass of the components as equal to
one Sun mass might be considered as very upper
limit for the Bowler et al. 2019 objects as these
are declared as mostly red dwarfs so an average
of 1/3 Sun mass would be more reasonable.

In the few cases with luminosity values available
for both components like for example SKF 220 it
would have been possible to estimate the mass with the
rough relationship L ~ M and with effective tempera-
ture values given this estimation might even be en-
hanced with a stellar class specific luminosity relation-
ship. But the huge spread caused especially by the error
range of the DR2 parallax values most likely overcom-
pensates these simplifications anyway.

The results of the matching process including CPM
assessment are given in Table 1.

All deltas between the position angle of reported
and successfully cross-matched pairs are (with the ex-
ception of one case with an exceptionally large GAIA
DR2 position error) below 7 degrees and the deltas be-
tween the separations of reported and cross-matched
pairs are all less than 10%. For about 10% of the suc-
cessfully cross-matched pairs the visual magnitude of
the secondary is more than 1 magnitude fainter than the
15mag threshold declared by the authors.

From 83 pairs reported as likely CPM pairs 43 were
successfully cross-matched with GAIA DR2 — the CPM
assessment based on GAIA DR2 data confirms com-
mon proper motion for only 9 objects. This disappoint-
ing result might at least for a part be explained by the
high precision of the GAIA DR2 values giving little
room for interpretations within the given error range.

The results of the assessment for potential gravita-

tional relationship (PGR) are given in Table 2.

The assessment for potential gravitational relation-
ship is based on the results of a Monte Carlo simulation
using the GAIA DR2 values as mean values of normal
distributions with the given error ranges as standard
deviations (see Appendix for details). In many cases the
spread caused by large relative parallax errors is huge
and requires even with a sample size of 120,000 repeat-
ed simulation runs to cover the full range of possible
results.

55 out of 94 objects suitable for potential gravita-
tional relationship (PGR) assessment remained with a
likelihood >50% inside the threshold of ~1 parsec dis-
tance between the components suggesting these might
be likely bound by gravitation with the rest of 40 ob-
jects assessed as likely rather optical pairs. This means
that 58% of the reported and successfully cross-
matched objects are indeed likely binaries with two
third of these even with 100% likelihood below the ap-
plied threshold of ~1 parsec. On the other side 42% of
the reported objects are likely optical pairs with half of
these with 100% likelihood outside the threshold mean-
ing zero likelihood for being physical.

From the 102 pairs already known 60 were success-
fully cross-matched with GAIA DR2 with 51 of them
assessed positively for potential gravitational relation-
ship (PGR). From the 119 pairs considered as new dis-
coveries 46 were successfully cross-matched with
GAIA DR2 with only 5 of them assessed with a likeli-
hood >50% for PGR plus 9 with a likelihood of at least
>10%. This comparison might be a bit unfair as the al-
ready known binaries include a few discoveries based
on GAIA DR2 data mining — still this result raises
questions about the binary attribute of the vast majority
of the reported objects considered new discoveries.

3. Discussion of the Results

Out of the 221 listed assumed young binaries 102
are ident with already known double stars (listed in the
WDS catalog or already published but per end of April
2019 not yet included in the WDS catalog) and six ob-
jects overlap with a component of such double stars. In
most such cases a corresponding reference was given
by the authors of the report (clearly with exception of
the objects not yet listed in the WDS catalog at the time
the report was written) but a few matching WDS ob-
jects were missed (as for example CRC 74 for
J17340562+4447082).

Having begun this study prior to GAIA data releas-
es, the authors approach to selecting targets for follow-
up observations has relied only on proper motions and
sky positions without the advantage of having parallax-

(Text continues on page 572)



Page 561

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

[ S P0£6£80+5520GE0L
S0°T |SLT =S GZEZTIST+Z66EVEVOL
v | vvad |zgepel- |eczUs8L 616 72I- |I8€°8L |S09T0°0 |TEY9L €T [89S00°0 | 88¥PT 2T |L0O000'0 62558°Z |100°0 |¥9L 12 |98°C |€zT¢ a5 0L9 +dd¥ | Z00LOYL+8TLSZEFOL
G9°0 |L1Z =S 9EVES0Z+PBETTEVOL
T | ¥0ad |S9Z°02- 09€°80T |9L£°0T- |11z 10T 000€8°¥T |¥2€£00°0 |€T€86°0T €2T00°0 ¥0LE6'T 9€0°0 Z9¥°GLT 00°Z |GLT | &WAD ¥0ZLT9T+080S82Z700
T | vvva |pTLc€z- 6L9°€TT |68L°Th- | #9T°80T 0ZF8Y €T | ¥ZTT0°0 |PE09E°CT |2¥000°0 |02859°T |PT0°0 |8S0°SL |2L'T |bL Wao S END | €SHTIFLI+8L8Z8ZHOL
€8°0 |0¥T as 05Z8G8T+95V15Zr0L
TE°0 |bbE WdD |dV¥‘BV¥99G SAH | Z622SST+50877Z700
70 |SS a5 €¥GLS9T-TLZVIZYOL
T | ¥¥AD |GSL°STZ- |265°18 752°60Z- | PIS°LY | 0G0€0°0 |G9LPE'GT |LEVOO O |BEF6Z ET (€T000°0 |692€F ¢ (€00°0 |bZL 6FZ 9F°Z |8hZ | &WdAD 9%S NSN | LETEOTV+IEFHLIFOL
0 | vvaa |zLvvr SvLtze 660° LT €LL°LZ |TLOEO'0 |26690°GT |0LS00°0 | pE6FL TT 9000070 ¥6869°C ' T00°0 952°8SE 8L°C |6G€ =S 8T9 +dd¥ | ZZZySLI-LEEYLIVOL
0TOZL €T |GSET0'0 [LOE6F €T |pLPO0'0 |TPLPL 'O |€9€°0 |192°68 |€L°0 |96 ¢RO LSSETZT+SHITLIVOL
0v | ¥¥OY |pS°90T- |GZS'€LT |20T'0TT- |98€°LLT |TG6L0°0 |€64L9°8T |GTZ00°0 |LIPZI'¥T |[$2000°0 |€96€2°€ | ¥00°0 |¥99°L0T |LE'E |¥OT =S gYpT  IME | 6706050-G8GVETHOL
zZL 0 |SLT a5 v IOW | TTZ6£T0-£992ETHOL
Lz'0 |01 as TEZVPSL+0T8ZTTROL
LL0 |6LT as 02ZS760+7877L0VOL
18°0 €52 Wao € IOW | 80¥¥vS0+888E£5070L
sy 0 |91¢ a5 S IFT | 6LV6EVZ+EZZ0OTSEOL
vs'e  |Tve as LSGSZLG+969VEVEOL
18°0 0TI as 1555£85+8700PEE0L
Lv'0 €01 =S ¥z NNCO | $SGEV8Z+BLGEZEEOL
S | ¥¥av |sze'pIT- |168°00C |9€2°0ZT- |0G0°STZ |8¥8ZTI 0 |9L8T9°TIT |S6¥00°0 |€06Z0°TT |60000°0 |£LL8S°Z |Z00°0 |8¥8°6€€ [€9°Z |T¥eE Wao v MOM | €L0LVEZ+EFI0FZEOL
v | vvad |18v° 8- L06°GL 0TL 9~ 909°7L | ¥8850°0 | 0L6YY ST |GS¥00°0 | pLP8S TT [ T2000°0 | 6%88€°C G00°0 660°89 €7°C (L9 Wao TEVLY8G+TIZZSLIEOL
0L 0 |6LT ¢od ZLZLZTT+0ZLYPTIEOL
60F " 7S TLOL9- 0vZLY 8T [69200°0 [9€LZS"€T |67000°0 |€2GL5°C |TT0°0 |098°LSE |8L'T |LSE =S GTYZELI+EVITE0E0L
€€°0 |ove a5 z QEd | p1Z92ST+ZvSTITTION
€L°0 |18 a5 €ETZZBS+9EPSOTTOL
08 | wvve £Z8°61 866°€LT |T1S6°€C P6T PLT |T8L00°0 [TT6€6°FT |86900°0 |Z89GL°FT [80000°0 |02SZE"Z |200°0 |LL8°99 8E€°C |59 a5 6£2€SAT | TLOOTST-£7620TTOL
95°0 |SZT a5 ZITTE62+516£60T00
Ly 0 991 a5 € 99d | 65£5€6T-76TTLOTOL
v9 | wvdd |pLb 29T- |0ZHTOET  |LLB'GST- |8S8°ZET [96TT0°0 |T66TG YT |6ZET0°0 |9¥8SH €T |$T000°0 |2hg8F°C |€00°0 |SEG°L6 |€S°T L6 =S 0862Z€SAT | 88ZTIS0P+ETOFEOTOL
ZLS TE-  |TTV LE 0ELET ¥T |0SET0'0 |ZZ0PL"TT |S¥ZT0°0 |61880°T |9G9°0 |S9£°8GE€ |TI°T |6G€ | (WAD LOOTGZT+ETITO0TOL
v | ¥vag zee'1tT S0T" 28 69921 TLL LL 0LTZ6°2T |SZ¥00°0 |Z0TBE"TT |PT000°0 |81G29°C |€00°0 |Thy'8¥T |€9°C 8FT a5 8ZEGETZHIEETOOTOL
0Z | W¥¥D |zSL°2ST- |9¥E'vzZ  |L8STERI- |6LZ°62C OTTEE ¥T |0G8T0°0 | TT6S0°ET 6200070 |€L25C°T | €10°0 |SZP°0S | I€°T (6% a5 G8E6Z87+8790£5000
v6°0 | bee WD £0ZESAT | 6006%72+6TEE0S00L
S | ¥Yav [L98°GET- [G8T'€ZT [899°0£T- 9627021 0726621 |2ZT€0°0 | TPB60°ET 9GT00°0 |6FT00°T 680°0 89T°LSZ ¥O'T |¥SZ Wao Zz IOW | 160S€77+228587000
00T | ¥Y¥Y |50S°2Z 9T€°007 |8F6°1C 605°007 | PESB0°0 |€2T09°FT [88T00°0 |66£ZL TT |8%000°0 6L5T6°C |600°0 |LI6'FEE 96°C |9€€ =S 62 MS | 0SE6£ZT+8995Z700L
v0°€ |56 ¢od 8706£75+607£Z7000
15°0 %I WD €1 NNC | 0€S0T¥¥+I¥IFTIF00C
v9 | wvdd |50L°96- 500°98 zzeTL6- |SLZT°Z8 |SLZS0°0 |STLO6°TT (9912070 |L69€8°TT [2Z000°0 |SOPES'T |800°0 |ZhE'Z0T |GS°T 00T | EWAD 02z A¥S | 867£ZSZ+EV80VE00L
pL 0 | 8EE W0 T IOW | TLZ6ZL0O+08%EZE0OOL
0L°'T |99 as ¥0Z0270+L2620£000
ZE'0 S8 =S T IYd | 0££2205+T16£582000
0 | vvaa |TTL Zp- Zhv 95 T8E°LE- 99669 0€ZT0°ZT (98620°0 8L69T TT €1000°0 |ZhSZL'T | $00°0 | STP 6E€T (€L°T |9€T a5 LShZaNS | Z8ZF10Z+89¥E€Z000
08 | vvve |152°62- 666°602 |GZ0°GE- |89L°80Z | 6VTE0°0 |TLOES'ST |8VE€00°0 |666L6°ZT |2T000°0 89%LZ'Z |£00°0 |S88°00€ |LZ°Z |€0€ Wao 009TdNS | 6LECT67+TI8LSTZ00L
Z0°T 812 | &WAD 0ZSTE62+970TLTOOL
€0°T |zo0T s TSSE002+8L9G9T00L
86°0 |WLI as 865000€+55079 1000
0 | ¥¥da |898°6G- G8T"8ET  |S¥9°Gh- 292 0PT |FSE00°0 [0994S°PT |L9¥00°0 |8€8ST°FT |PT000°0 |8Z0T9°Z |€00°0 |09T1°96 99°C |v6 as 6€ +dax | 0606T£2+98709T00L
S | vvav |0LS 0p- £L9°65 T8T°Zh- | 29€°19 |GPEZO'0 |98GTE'GT |€LT00°0 | BOEPE"ZT | G0000°0 |S000T°€ | 100°0 |SZP 0TI (€T1°€ |0OTT ¢od Z€ +dd¥ | 0G50G7ZS+IP8EETOOL
98°0 |76 =S LyZ NNCO | £952209+¥927L0000

SWAD | WAD zaqud Zwyud Taqud Twvyud | zisea o | zasea | 13sea @ T3S°A dos’® zud des  vd ® | zyd va | des | ¥d | ¢dwod °sTd SaM 309(qo0

‘1219v]




Page 562

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

v9 | vvdd 8€T1°802- [2€9°T9- | PLI'€TZ- |$S0°GG- 069LS°€T [T90T0°0 |98G0T°¥T |LT000°0 |21628°T [S00°0 [TT¥'90€ [18°T |S0€ Wa0 T09 NSN | OTTSZIE+0690GT0TL

T | ¥YaD |GEE€°€L-  |GTV LI9T- |SEG°69-  |L66°E€VT- 66ST0°0 09G8Y €T |TFLE0'0 |8098T°E€T |IT000°0 8SH8T°Z |€00°0 |8TE£°89Z €1°Z 897 | WAD €E9TAMS | 6079090+V6TEHTOTL

L9°0 |LST as PLTIETZO+ESTEVTOTL

0€°0 |pee WaD ZTVEES0+9LZEVO0TL

020 90¢ =S €EELZBY+IE67Z00TL

zL 0 |9z1 Wa0 LT MVT | ¥82Z0SEP+TT6712600

Zv 0 99 LWAD L6£250£+870002600

6L°0 |68T as 0LT£029+162261600

6T°0 |8¥€ s 89 NNC | 97ZZT9V+ELVVLI6OL

09°0 |Lzz | WaD G0EZG89+E8EZETH0L

88°0 08¢ s 9T NHS | GEZ6G9T+TTTZ90600

LET0 |0TC =S G0SEVES+265E65800

0 | ¥vad |L¥S°vT L69°G0T- |L87°92- |FIp €h- |2LZVO'0 |€¥8SL"6 |660T0°0 |TEELP 6 |0T000°0 |€896T°T |G00°0 |T9°08T [0Z2°T |9LT Wa0 €  MAA | LISTSLO+PEZFOSG80L

T | ¥YaD (6S9°€- 6877207~ |52€°6- LLT 80T~ 0099% 7T [99%00°0 |¥8ZE€9°0T |80000°0 |LEZEZ'E [T00°0 [909°LTIT [92°€ |[9TT | ¢mdd 98GT+dd | 65T¥y00+E£1ZyP P800

08 | ¥vdY |8LE£°€ZT- |189°G8- G2V ¥ZI- |0vE"88- 09€£2S°€T [€6800°0 |LLO60°¥T |L0000°0 |06ST6°T [200°0 [52S°T2ZT |€6°T |[6T1 WaD L0Z AMS | STTZTOV+LLTIOTESOL

T | ¥YaD |66L°6€- 292°LT- |Spz6€-  |6ST°ST- [29L60°0 |SZZYT €T |80S20°0 |29T8€°ZT [S0000°0 |ISZye’Z |T00°0 |¥8T°%E |€b°2Z |¥€ ¢WAD LpyT+dd¥ | 90TT0OE0+L0Z560800

0 | ¥vad [8%Z68- L6V T0T- $0T°T6- |ISE°68- 079T6 €T |SS6€0°0 |9TOE6 €T |82000°0 |GZ8TZ°T [€T0°0 [968°0vT (92°T |6€T | <WdD LLEVOES+P8ZEB080L

T | ¥YaD [LS¥°89-  8VL'69- [209°89- 029 LL- OVE0L €T [00LEO'0 |86¥9T° €T |82000°0 |G¥0ZT'T |¥T0°0 [S08°€9T |2T°T |€91 WaD GGV6567+8TEYTO80L

9T | ¥¥dD [LG0°6TT- |690°%8T- (€S HZT- |T8L 9LT- 0vLES 8T [98T00°0 |SSE6F €T |€9000°0 |G908T°Z [9T0°0 [80£°0GE [sz°z |TISE s ¥907E£€0+2850T0800

v vvad [0L9°LPT- €65°G9 LTS 0VT- |¥52°99 |LTTE0°0 |08L8T YT ¥6ST0°0 |0LZV8 T |£T000°0 |S0SL0°Z |¥00°0 |¥56°2¥T |80°C |Z¥T Wa0 6G NNC | T8T8Zhp+69€S0GLOL

00T | ¥YVY |0V8°8¥Z- 620°9%Z- |62€°9¥Z- 00S 6vC- 05587 2T [9L0T0°0 |L9SP6°0T |T¥000°0 ¥8855°T [STO'O |¥0T'06T [SS°T |06T WaD |av‘eYIT NdE  ZOTET9E+ELLSGTELOL

870 61T as 06£7562+81276TLOL

€70°Z8T- | 195°08- 0T528°GT [69200°0 |TZLI8"TT |L¥000°0 |LS69L°T [STO'0 |bE6°€S |¥8°T |[2§ WaD PSTSTEE+L0ZTITLOL

T | ¥Y¥d (2hZ°282- |LT0°LOT- |6££°692- |8VE 0ET- 0ZFT9 ¥T [6£200°0 |90¥0L"TT |6£000°0 |€9Z06°T [2T0°0 |0€5°95Z |16°T |[LSC | WdD 66T€ddd | VEEEVOG+0SPOVTLOL

08 | ¥¥dY | pLT1°0TT- |€9T°€T 007°80T- |ST9°2T 08V0S €T |€4Z€0°0 |TEETF €T [65000°0 |TZLS0"T [Z€0°0 [S00°€€€ [LO°T |9€€ Wd0 €LYEZYS+I8Y0ZTLOL

80°T |L¥Z o8 700E782+069785900

0 | 4vaa v09°0- 690°T 7690~ 189°6S  [£8980°0 |€2808°9T [L8T00°0 |666SE°TT (6100070 T889T°7 |£00°0 |00€°LST |LT'¥ 95¢ @S 0S11250+229297900

6L°0 |52 ¢WAD TS0YT67+LEVEETIOL

€6°T |15 ¢WAD 69G6TTZ+08ST0TI0L

08 | wvve |9v0°8€Z- | ¥G8°SY £25°8€2- |L1Z°6€ 022Z1°¥T [66220°0 |§99ZL°€T ¥T000°0 |TTE9Z T [900°0 |€L6°ZSE |0€°T |bSE Wao 68T€ddd | Z8TLSZP+v18780900

9Zv'88T- |89L°LE |GZ6TS0 |6T9L8°8T Z¥600°0 |€SPEC PT |TLZ000 980%S°€ |¥70°0 |621°8 Sv'e |11 =S 992ZTLY+G8TELO9OL

v | vvad |pre €0T- |LS0°TE 0v6°G0T- |S0E°¥E 08856°GT [ZEF00°0 |€1208°CT |ZT000°0 |¥6€26°T |F00'0 |€2T°2ZLZ |06°T |ZLZ | ¢WdAD 765£215+069755500

0 | dvaq ze1'T 688°0- €88°Lb- |8L9°CT |TIVE0"0 |V60TO"¥T |TLZZ0°0 [8SOLTI"ZT 16000070 68TVL Z (200°0 |0E0°V6T |6L°C |26T | &WdD TEEETSZ+8TSP67G00

z€ | WvOE |S6L°0ZT- 968°TS €08°8TT- |[€€9°LV  [9LEV0°0 |G¥S69°TT |¥29¥0°0 [8V98L°TT |LT000°0 [9vZLI'T |600°0 |IG9°GLZ |LI'T |9LZ as GEVTZGI+ELBSHESOL

0 | ¥vaa [809°6¢ Z0T Ly~ |8¥8°9€ 890°85- |67600°0 |YEESBLTET |TLITO'0 | 7609S°ZT |0T000°0 0¥¥0P ' 200°0 |296°%T |€5°C |vl ¢od 068 +dd¥ | E£E€0ZELY+PI0TFESOL

€20 291 as 6£5TEZT+059582500

z€ | W¥Od |G8LLT 96L TTT- [216°61 SPL 80T- 08192°2T |T6€T0°0 |§Z289°0T |¥E000°0 |28ZI9°T [ZT0°0 |0TZ 1€z |€9°T |0€Z |s TTL SQH | ¥750159+820252500

€570 98¢ =S GE  NNO | 66£E€ZLO-E£T556T500

0 | vvaa |essve-  |8z6°LS Z16°T1€- 98219 09LL6°2T (6225070 [8999Z°€T |2T000°0 [LZZSH T [S00°0 |pTL'66 |0S'T |L6 gs 86L +dd¥ @ 9807Z8T+8072Z1S0L

ve0 L s 0€ NNC | €7TZSEL+PZ6720500

0 | ¥¥ad |¥2Z 191- (9L0°€Z GZT'0LT- |6LT°LE |88L00°0 |TL¥68°ZT ¥90T0°0 |60¥L8°TT |€T000°0 |¥L9I8E'Z |€00°0 | ¥¥I°06 |15°C |88 ¢WAD LLTEAN | 620TVEC+GEIS6THOL

€970 05z | WdD G9Z NNO | 6S78Z87+L76267700

TS0 292 =S G8TLZGS+8675G8YFOL

9z°0 |29z as 0vEY0VT+08LZTVFOL

08 | V¥Vd |L6T°802- [L60°V6T |809°€TZ- |STL"LST 0Z8%S €T [€55%0°0 |006G9°€T |L¥000°0 |€¥9€2°T [220°0 |zLL 2T |L2°T |€21 s O¥Z9Z NNC | 65GLPTZ+ZSEGBEVOL

G | W¥YQV |pET°€8-  |GTT'T8E |TV0°Z6- |9¥9°G6E 08Z¥¥ 2T |TZ9%0°0 |9T09L°ZT |€9000°0 |2Z€6T°T |0€0°0 |€T1S°¥0E |ST'T |co0€ Wd0 9 nad | TO0ET8Z+SSZIBELOL
SWAD | ¥WAD zaqud Zvaud TEqud Tvyud | Z3seA ® | g3seA | [3IseA o T3IseA dos ® |zud des | vd ®  z¥d vd | des | vd | ¢dwop | OSTA SaM 309lqo

‘(panunuod) [ ajquJ




Page 563

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

S | vvav |spLt9s- £65°vz- |sLe €9-  |6£6°82- 09%LS" €T |P8LI0O'O0 |€S26T°E€T [82T00°0 [86226°0 |080°0 [288°2yT [96°0 |€¥I S 8YSVISL+PSECSPGIL
v | vvad |v6€°69 Z05°06- |92£°L9 VL6 Gh- 0VLVT" €T 6¥¥20°0 [29TOE €T |¥2000°0 |L8¥20°Z |L00°0 |I69°€¥Z (80°C |0¥Z | EWAD 90£5008+78THZVSTL
0 | ¥¥od |9€1°LZ L68°88- |96L°0C 96€°88- 0ETLZ LT |PTS00°0 |TTP6L T [€2000°0 |25G09°T 800°0 |€PE°LbZ (85T |LbZ Wao 8259€£65+8£022VG 1L

9L°0 |Lg s TTZZSAH | 09%T1¥8T-0¥8207GTL

290 |9s¢ Wao 687 LEBE+099EETSTIL

09°0 €61 a5 802SZL0-TLEYSTIGIL

¥5°0 L1z Wa0 8 IOW | pOVEVSP+BTIBECISIL

S | vvav |6£L°6T vy1ze-  [811°22 v66°GE- 09669°2T 902€0°0 [2SEP0°ZT |TT000°0 |¥9SE6°T |€00°0 |6G8°1SZ |26°T 0SZ s €  00d | ZZZPTOT+ZPSHITSIO
S50 i€ Wao TEGECEV+Z8EZLOGTL

0 | vvoa [spe’sic 66G°L5C |086°82€  |89L°¥ZZ 00.96°TT |8T¥00°0 [26¥69°6 [LT000°0 |9€€66°T G00°0 |0G9°G9T |€0°Z G9T s 8TTZSAH | £¥€GZSP+LGG500GTL
870 8% a5 LOV0EG0-L6FPISHIL

v | vEad |156°8 ¥90°02T- |2T0°1T S¥T°20T- |602T0°0 |6089%°2T |19GT0°0 |6L667 2T |[LTT00°0 |700L8°0 |LLO°0 |9TTSS 9870 |¥S s 15260£G+686S77 1L
0 | ¥vvaa |pe£z 99- £85°21T- |609°69- |9¥8 TOT- 0L66T°€T |825T0°0 |T6GS0°E€T [82000°0 |06€S0°T |GT0°0 [8S°L8Z |T0°T 987 | &WAD 00T NNC | PSEFTPO-P0OBEETVIL
88°0 21T ¢od 9TEGHLI+666ELEYTL

69°Z |09T =S 0PS0E0+P6EE0ERTL

T | ¥vdd [9€1°62- vZz'0L- |LvT1'€e- |£56°99- |€6252°0 |6G86€°LT |6€500°0 |88E€LF°ZT |¥S000°0 [SOE8L'E [800°0 [0S50°8Tz [S8°€ |LIZ =S 8GTLSZ0-8LIEVZHIL
08 | wvav 89Z°1¥ 867" 70T~ |262°2h S8L°S0T- 068LE°PT |PITTO'0 |0TZhZ €T |€T000°0 |[8Z6T9°T [S00°0 |€89°Tp |0L°T |T¥ Wa0 T80000G+LEBOLTHIL
Lz°0 |SLT s G THQ | ZLYZYIE+P6Z0LTVIL

19°T 9L ¢WAD GZTTZST-00LTIPTPIL

0 | ¥vaa |e€11°z- v¥v 95— |FS0°6 620" TG~ 0T6VL°2T |P9EF0°0 [S02T6°2ZT |¥T000°0 |0G8SE'T 900°0 |2LZ2°G6Z |E€°T 762 ¢od £€€2+da) | 86€TSL0+9G650THIL
€70 6G€ Wao 8211 C | v1EPV0Z+2260707 1L

T | ¥¥¥d [607°0€T- |p08°2T 09Z°0€T- |€8L°C- |£5290°0 |8G29€°€T |T€GT0°0 [S2SPZ €T [TTT00°0 |GZEZO'T 290°0 |189°0SE (90°T |6¥€ s 96 NNO | 86Z0TZG+68GFEGETL
G92°68- 616 6L 00526°2T |870T0°0 |FLIPE"TT |0£000°0 |SO€0€'T |€T0°0 [869°0ST |€€°T |0GT s 6C6TSAH | PLELZIZ+IVZPLYETL

o¢ | vaog |pyeczi- vZL 18- |F0S°0T-  |p¥0°08- [G82L0°0 |G06%6°2T |6¥220°0 |98€6T°€T |€7000°0 [88220°T |¥20°0 |TL6°TS (90°T 0§ WaD £G00£0G+8G0GEVETL
29°0 (0% s PTT ISM | €£2009T-0660Z7ETL

0 | ¥¥ad |98z°0vT- |TLT'T0Z- |9TL LET- 925" T¥Z- [F0OTZI’0 [8ET00°TIT |T¥ZZ0°0 |0LE6E 0T [90000°0 |Z¥0€9°T (200°0 |67L°PEE |€9°T |pee Wao 809 ST | pLIBOBY+OZISLEETL
TP°0 gz€ S 97EBYOT-LEOELEETL

0 | ¥¥ad |989°07Z- |ZL6°887 [L8L°90Z- |€95°L8Z [L00TO'0 |GT6¥P CT |ZFL00°0 |G¥8S0°CT |FT000°0 |252ZL°C |€00°0 |ZEL'ES  (€8°Z €6 as 9  SKA | L6£8VIT+097PZEETL
SP'T |98 Wao TZSPTTT+LYEVZECTL

€6°0 0SZ a5 €GEPTS0+06828ZETL

0 | ¥vad |£18°29 822°6 8TT €L 896" 2- 0ESEV €T |ZEZE0°0 |6S€LZ €T |TT000°0 |Z8F8F T |¥00°0 |p9€°61Z |67°T |81Z S 82z2+dd¥ | TZ0SELZ+LITO9ZETL
16°C |96 Wao 76 JI¥NS | B60EVLE+IEBTGTETL

ov'z |zZL ¢od 9.29SAT | 8¥55062+69129TETL

62°0 |00T =S T6 NNC | 9TG6%20-978TSTEIL

¥z 0 |STE HS  |av‘eBY¥06 NNO | 6LTETZE+6890ZTETL

0 | vvaa [95.°09 626°2h- |L9G°¥6 7287 55— 0€£ZE€"TT [09600°0 ZF8E6°6 | FT000°0 |TIP9S°T [S00°0 |968°86T |I9°T |L6T =S 6€L 0H | 7PyEP0C+LEGTIOETL
S | ¥¥av |T15°8T £25°62- |6vZ 0T zST €€ 08L60°9T /G9900°0 |68666°0T |97000°0 |LOTS8'T |¥T0°0 [809°T9T [98°T 19T S G0ZLEBT+S6SHEOETL
0Z | W¥¥D |GGG'98- TSE°€22- [889°G6- 867 LTZ- |169T0°0 |€S€87°ST |LEP00°0 |9TEE8°CT |LT000°0 [9L988°C €00°0 |€5S°L8 (€6°Z |88 Wao 9E€9TAMS | GT2ZZZT+L8S0Z0ETL
¥Z'0 62 S 6z Mg | Z9¥P0F0-19052221L0

€9°z |12 a5 0£2€590+6£G7LTZIL

06°T 88T aS 9LEES0G+G0GTITZIL

0F | ¥¥OY |090°TZ€- |LOF°L0Z 097 pT€- |128°L6T |SOST0'0 |6¥Zr0 ST |89T00°0 [LEEI0'ET |90000°0 |0¥EF8'Z |T00°0 |L66°L9T |G8°C [L9T =S PEITANS | ZE06787+9ETTCIZIL
v | ¥vad |6£9°LG- 8T9°TL- |£86°€9- [L92°¥L- |€7T20°0 |0L88S°ZT 0L8F8°2T |£1000°0 |70SPTI"T [900°0 [625°2 LT'T € S ¥ZZ G¥0 | GET6VZI+80ESTIZIL
0 | vaaa (0.0 0- 080°0- z29°8 STL'602- |$8690°0 |Z8L6T"ST |PEF00°0 |ZIETP CT |LOT00°0 |ZSP8L'Z 22070 |€ST°T6 (85°Z |16 Wao g8 AMS | 08TZIEE+90£70STIL
160 2S¢ N LOVE06Z+SEVEOSTIL

€€7°G6- 626" VET- 0TOST"ST |S8T00°0 G0¥09°TT |FES90°0 |Z0TPS'T 8ZF°Z |08%°98C |89°T 267 Wao 09T6G70+L687LYTTL

0 | vvoa |LzS'eg- V0L ZhE- |622°0G-  [99T TEe- |186T0°0 |SE88S €T 0990% €T 0500070 |25288°0 [2€£0°0 |Tp9°8ET |16°0 |[8ET S 129 NSN | 88GT00L+EVGOLYTIL
8v°0 |€1T Wao LETBTSZ+6GECEVTIL

59€°0- 8LV VL~ 0ZSLT"€T [900T0°0 [920ZT°ZT [LS000°0 |928T8°0 |0¥0°0 [295°09T |6L°0 09T | &WAD Z11Zh67+8ECTITTIIL

6£°0 |LS WaD 8TGLTIST+5¥80E0TTL

9LL LE-  |LET 65— 068£6°€T |G86T0°0 [80048°ZT |TLELO"O |BEETO'T [09T°F [29L°9LT |T0°T 2SI Wd0 Lz TME | LYSPYSO+6ETTLSOTL

08°T |LOE o8 G002585+L88Z8V0TL

89°0 CEC s O¥ZES OH | ZZp0E€8E+8FTZSPOTL

SWAD | ¥WAD zaqud Zvaud TEqud Twqud | g3seA o | z3assA | 13seA @ T3SOA dos ® |zdd des | vd @ | z¥ad vd | des | vd | ¢dwod | ©OSTA sam 309Lqo

‘(panunuod) | 21qv ]




Page 564

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23pd jxau 213 UO SaPNJIUOD [ 2qV]

€v°T |6SC as LV18£20-£682T1STZL

00T | ¥Y¥¥ 069°662- |080°86T | 6LE°G6Z- |60G° 102 0VT6E°ST |GLS00°0 |L090L°ZT |0¥000°0 |6T€6¥ T |ST0°0 [669°0€E [IS°T |zee s §622260+907T0STZL

z0°1 |vT as TO0TTOT-T9TTITPIZL

Zv o |sve as T6Z NNO | LETLETO+6TOVLETZL

60°T €92 s 0T SKA | 902LZ6S+ZG8E9ETZL

0 | ¥¥ad |[LLTb- LT6°T11Z | LOL 8- ZvS 62z |8T2¥0°0 |6¥86G°CT |92L¥0°0 |OLOTT'E€T |T1000°0 |F9TES'T |¥00°0 [26T°1vZ [SS°T |0¥C s 2T IOW | 6THEEHZ+B6TZZETLL

0 | ¥oad [L82°0 112°0- T6L°82 €06°06 |LTET0°0 |20ESP ST |262T0°0 65205 FT |S0000°0 |0ZSTS°Z |T00°0 |289°8TIE |vb°C | 0ZE as 66£5079+7S0V62TZL0

0 | ¥vaa |[TL1eT- vZh©2s z89°€2-  |0bS° IS 0Z6TT €T [£9600°0 |6£29L°TT |Tp000°0 |2Z8ET"T |120°0 [8L9°2627 [Z1°T |€6C | &WAD TOEVOVE+P06GLTTZLE

v9 | vvdd |8TvLb- v01°88 PTS'8%-  €9L°G8  |2€9S0°0 (99GT8°GT Z¥y00°0 (€056 TT |¥T000°0 G6€98°Z (€00°0 |YIE'VET |98°Z |€€T Wad LSGZS6T+ELIEYTTZL

€70 |66 as L6€GTIZ+Z8TOTOTZL

68°0 |9S s €0T INYM | 9€T¥00V+625000TZL0

0z | ¥¥¥D |8GT'¥9- TTL" %S Ty1°29- | TIE°LS 0¥2Z0"€T [¥9600°0 | 0€97L°0T (2100070 |66T8T°Z |€00°0 [89€°0%T |12°Z |6€T s ad0z  A¥L | 8EG0TLT-VLZ09S0ZL

8%°0 €% WaD 665221V +5T1672V020

62°0 |9¢ as ZEETTES+E0222V 020

8v'z |pee s 8T10290+09756£02L

T | ¥YEd [L€£2° %S 8€9°98 STL 8% 90188 0ET86°€T |26€T0°0 29L92°ZT |88000°0 |6¥9€8°T |LZ0°0 [0SL°€ZT [98°T |22 | ¢Wad 0SVZZ8Y+VLYE6E0ZL

28°0 |LST as SSYLY0S+2T022£020

T | ¥v€Ed |zzsUzel 670" €9 7697901 | 1€5°€8 0¥6ST" €T [T€0T0°0 | PITPI°CT |21000°0 |21606°T |¥00°0 |pLL*GSE [96°T |LSE as 8TGE+ddN | L9E9ISTZ+GZ6V6TOZL

0 | ¥vaa [8o€-9L S5V 26 0vS 6L 65T 71T 0628L°2T [SZ0¥0°0 | T0890°€T (L0000°0 |SEL8F'T [€00°0 [9GL°TZT [¥S°T |6TT | &WAD T6EZAMS | TOTPI8Z+ELEETO0ZL

0Z'% €11 as G90ETOZ+GSLEVSHTL

z€°7 69 as TLOTT8E+LEGSTSHTL

L1°0 €02 s LLEZOVI+8EVTLY6TL

0v'0 €L s HEC€VT PH | 902GZZE+VLIEEY6TL

1$°0 €0€ ¢od YIZLYTE+ETTOLEGTL

IS0 (96T as ¥YL80TIMS | Z9EE06T+8STS0Z6TL

0 | ¥¥ad |¥8S°ve 78276 6£6° €€ Sp8° G- 066£L°€T [50920°0 |6ST6E°ET |0£000°0 |T822T°T |ST0°0 [8€6°L9T [LT°T |L9T s £9EPPIS+OLZECTHTL

T0€° 12T 6ET" 8L 07L27° 21 [L8T00°0 06068°0T |68000°0 (98€85°€ |¥10°0 |¥IV'S9 |69°€ |79 s ¥9T Q0L | TYE6SE9+6CLIE06TL

0 | ¥vaa |soL:sy 08Z° G- 889°9¢ 08T TT- 0v0ZZ"€T |PPET0°0 |ZLLLLTT |2€000°0 (LZ9LZ°T |¥T0°0 |IST'€¥T |pe*T |2Z¥T S P8E0SSZ+99TTTO6TL

p9 | ¥vdd 9€% TTZ- |$29°16- | IS9°¥IZ- |087°LP- SL890°0 |(60970°9T ¥I82Z0°0 |S69SF ST |22000°0 6698€°T (600°0 (9S6°LT | 8€°T |61 (o8 8T MVT | I8S0£02+0620Z€8TL

0 | ¥vad |zev:s- 006°0- 056°06- 288°L 8V¥L0°0 |TL896°9T |LGGTO°0 |LS08L'ZT |21000°0 |ETELY€ 200°0 |€ET°T8T |29°€ 18T s 0826070+1687528TL

86°0 7€ s 9€GT5L0+8202ET8TL

€8°0 |TOT | ¢WAD 0TE60TV+98LYFSLIL

88°0 |ZTT @S |av‘eviz  OMD | 6Z0GS9T+Z900€GLTL

L6°0 15T Wao STT NNO | LSV6ZEE+LLO0SELTL

66°0 |SPT | EWAD bL  0¥D | Z80LYP¥+Z950VELTL

ze | wvog |12v 691 2098~ 6L6°ZLT 729 b1~ 0P¥8S°¥T [€STTO'0 | L0890°ET [2Z000°0 [9ST¥Z"T |0T0°0 |¥86°G8 [2€°T €8 ¢HAD STE SIM | 06Z00%E+0LPESTLIL

0 | vdaa |9,0°€z Zv0°61 €zz €T €07 0€ 05679°€T [98L00°0 |€9EST"ET [S9000°0 |p98¥L°0 |6%0°0 |LZT1°G2Z |vL°0 222 as ZVE8ZET+ZISTSTLIL

0 | ¥vad [8z9°89 VL9 V9T L9666 0TV 261 06780°€T [600T0°0 |206L0°CT |9L000°0 [80¥8€°T |T€0°0 [£2S°0ST [pp T |0ST | &WAD 9  dVA | 9SGPTTIZE+E8ZGEOLTL

8L°0 |29 Wao ZTT NNC | P8ZE0TS+P0ZTIZOLIL

05°0 |TET | ¢mWao 6L0EEL0+55028S9TL

LO°T |9T€ | WdD 0TT NNO | TLOSGGE+5660TGITL

T | ¥Y¥Yd [L09°00T- |T9L°Lb- |SLE'SGOT- |G99°LE- 068E£S°GT [98600°0 |T6195°2T |$1000°0 |65L00°Z |¥00°0 |62Z°68T [90°C |88T Wao FTOEHE0+2905SV9TL

1€°0  |S0T as ¥GZSTZT-0GT0GZ9TL

18°0 €92 s ¥EZ YD | LLYSELL+SETTLIOTL

0 | ¥vaa |vee-ee STS'9T-  |¥L8°62 670°TT- |8S£0T°0 |ZT086°GT (L09T0°0 |88TTL ZT [60000°0 |SS9TE"Z |200°0 |LI8°09 |€v°Z |65 ¢od LYE605Y+52220T9TL

96°0 |S0€ | Wdd STZEEE0+6TE0909TL

9L°0 S s ZVTZZ0L+9ELEFOITL

T | ¥VEd |€0L°T6-  |19%°8Z- [LEL'L8- |SPEr9E- 05ZST"9T [82L00°0 | pEE66°TT |€5000°0 [98LEZ'T |§Z0°0 |007°8ST [S2°T |9GT as LZTGZ8T+0695T09TL

0L°0 |L6Z | WdD £920T09+L6VGLGSTL

0 | ¥¥aa |8zz'LeT GL9'67Z- |286°GST | 9G€°ZEz- 0€Z89° 7T |€80T0°0 |09EEL"ET |LT000°0 (208Z9°T [900°0 [TTL"2SZ [¥9°T |25¢ | WdD 6  LOW | 8Z0ZTGE+8LTIEGSSTL

0 | wvaa |zzyrsst L6£°69- 0ET°T6T |166°8L- 0¥880°€T |66620°0 |LTIPLE"ET |£0000°0 |06¥€8°T |T00°0 |Z8€°LOT |08°T |LOT Wad 8785SAT | LESYIVE+FZ8TTSSIL
SWAD | WWdD zaqud Zvaud Taqud Tvyud | Z3SSA © | g3seA | [3ISSA @ T3S°A dos ® | zua des | vd @ | zuad vd | des | va | ¢dwod | oSt sam 309Lqo

‘(panunuod) | 21qv ]




Page 565

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

(x1puaddy @9s) 8109s uonow Jadoid uowwo) SINdD

(xipuaddy aas) Bunjes uonow Jadoid uowwo) HINdD

240 YIVO wolj Alepuooss 09 uonojy Jadoid zaquwd

240d VIV wouy Aiepuodss vy uonoly Jadoid Zvywd

240 VIV wouy Arewnd 99 uonoly Jadoid 13qwd

24a VIV wouy Azewnd vy uonop Jadoid Lvywd

(Bewo wouy Aluo pajewnsa si Zisa Ji que|q) sbew-y/g/9 zya VIvO woJs apnjiubew |ensia Alepuodas pajewi}ss 043 2ISON @
(xipuaddy aas) sbew-y/g/9 zyd VIVO wou apnjubew |ensia Alepuodas pajewiysy 2ISON

(Bewo wouy Ajuo pajewnsa si L1Sa I yue|q) sbew-y/g/9 zyua VIvO wodj sapnyubew [ensia Alewud pajewss Jolg L1SON @
(xipuaddy a8s) sbew-¥/g/9 zyad VIV woi apnyubew |ensia Aewnud pajewiys3 LISOA

suonisod gy VIV wouy uoijesedss Joug deg @

suonisod G'G10z yoodes zyd VIV woly uojeiedsg  zya des

suonisod gy VIVO Wwoly vd Jou3 vd @

(Aue|q 1 yojew-ssouo gyd VIVO Inyssa0ons ou) suolisod §'GL0Z Yyoods gy VIV woy vd 2da vd

6102 ‘|e 1@ 18|mog 0) Buipioooe uoneledas des

6102 ‘[e 1o Jo|mog 0} Buipioooe a|bue uolisod vd

‘JUBISSBSSE |NdD INoYIM ydoda ajbuls = 33 6102 ‘| 18 Jajmog 0} Buipiodde uojuedwod 8y} Jo snjels ¢dwop

pawnsse Jejs punoibyoeq = ©g ‘pawnsse uoow Jadosd uowwod = NdD

P09 JBIBA0JSIP SAM 2SI SAM
dl SSYINZ uan jiell(eo)
1] 9|qe} Jo} uonduosap Jusjuo)

Recovery of Proposed Young Star B

950 |89T 5s LvZ NNC | L8ETS02+2V006SE2L
60°Z |9LT =S 8 dVA | 8EEVZLI-99£T8SELL
Ly 0 1€z | WAD vT IOW | 89VLE8E+686VLGELL
0z'9 |79 =S 0909TEZ-LLLELYEZL
T | ¥¥aD |S£2°61- 788°0£Z |2€6°82- |6VS°LET 0VLL6°2T |¥2220°0 |21269°2T |ST000°0 |S8PST'T [L00°0 [88G°8LT |GT'T [08T | &WdD OV0PT NNCO | €£LG8SPT+LLVOSYEZL
seto zie =S 9629GLS+hv6022£20
970 |62¢ WdD |aV‘BVI6ZESAH | 6929EZT+8LE290E2L
ZLSTO'0 |LTBOL'ET [9€9€0°0 [GT869°€T |PEE00°0 |TLESL'O |0SZ°0 |0¥0°¥Z |I8°0 ST s TGT9GST-562090€2L
S | ¥¥aV |2£6°0G- £88°66 €VE €S- | T¥6°FOT |¥¥68T°0 [VOTPL ST |8G600°0 [990G8°TT |T2000°0 (9S9LT°Z (900°0 |v¥0G°00€ |9T°Z |00€ ¢od F1Z8TE0+LE80V0E20
08 | ¥¥v¥E 0GS°LI 75£°987  £56°2¢ Z0£°682 |S2€00°0 |SZTS9°2T [06100°0 |GL9TSTT |F0000°0 |[61699°€ |T00°0 |050°60C |£L°€ |80% =S 720ZSAT | 6T090SL+TI6£720E2L
0 | ¥¥dd |0LS°F9T- |66V 66 Zv8°6ST- |TZL°9TT |90020°0 |87¥E8 0T [00TT0°0 |€8TTIS°0T 60000°0 |€09LZ°C 1200°0 |€62°6€C |LZ°C |LEZ S PSTTLISY | TEV8T92-16L200£20
880°65- |ZL6°LZT 0L6G9°€T |€7700°0 |0£200°TT |¥€S560°0 |0T€60°Z [809°2 |8€Z'SE  |82°C |9¢ ¢WAd 0L0VSTZ+LZTV6S22L
T | ¥¥aD (8¥6°bE- 96T %9 8T9°¥E-  |SPT°LS 8929070 [£9258°TT |GS8L0°0 |60LES TT €T000°0 0009Z°Z |€£00°0 |066°80€ |¥Z'Z |60€ S 0L9€1AL | ZESOEET+y88YCyZLl
0 | ¥vaa [£99°9- £66°GT 999°65 568°0Z- |69VLT°0 |99STT 8T |0¥700°0 |GLEOO"ET 9200070 |ZL9T9°€ |¥00°0 |I68°vL |0L°€ |ZL ¢od 8212092+LLSETVZZL
€20 |v9¢ aS LLZ6V8T+T0SETVZZL
v | ¥vad |p96°69- 8SL°6L- |6PS°T9-  |8S9°€L- |090T0°0 |76582°ST [8IET0°0 |6€580°FT (6000070 |LZOVE'Z 20070 |0LV 2ST |2e°2 |15¢ as ¥6Z NNCO | LPETS8P+8TF00£22L
56°0 L8z S ¥£00590-278€L0Z20
9£°0 |9L as 762 NNC | TLEBE6S+LEPTSSTZL
00T | ¥V | §16°07T 00¥"€LT |0SE€°ZPT  |6VE TLT |9€500°0 |0¥SSP €T [22100°0 |84908°TT [90000°0 |LS6TT°€ |T00°0 |LEL'ZL |6T°€ |ZL S G9€9SAT | ZZTISPPS+LOSEPSTZL
y9°0 |91 ES OVEZ Q0L | 9GELEG0+6E0TCSTZL

SWAD | ¥WdD zaqud Zzwaud Taqud Twud | Z3seA o | z3assA | 13seA @ T3SOA dos ® | zua dos | vd @ | z¥d vd | des | vd | ¢dwod | OSTA sam 309Lqo

‘(uoisnjouod) | 21qu |




Page 566

in Gaia DR2

maries in

Journal of Double Star Observations

Recovery of Proposed Young Star B

October 1, 2019

Vol. 15 No. 4

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

( 9EVES0Z+PBETTEVOL
(v 962702801 P59 3 LL6£98S 690€ZET | 76 6TZT°0 | 8L08°0Z| 9pPI"T| 2S9€°81 70ZLT9T+080G8270L0
(v 88EVVETL 98% 97 Lv1ZL8 Z£6512 8L VI€C 0 | ZLI8°TZ| 209Z°0| T0£€'1Z [SRCTe] €GVTIVLI+8LBZ8ZYOL
(1 06Z8G8T+9SV1GZrOL
(1 qy ‘ev99S SAH 2622SST+5087vZhOr
(1 €¥GLSIT-TLZYTIZYOL
(L 30 30 08226621 (137 00T 0Z6€61 £V6L9 VL ZZIT°0 @ 8880°€€| 0TLO'O| ¥wIeL'ze 95 NSN LETEOTP+IEVPLIVOL
(z 30 30 60598571 9961 96 ¥66207 ovevL L6T 0650°0 | ¥SOL'ET| 2Z9€0°0| 2ZI¥9°€l 819 +ddM ZZZYSLI-LEEYLIVOL
(s LSSETZT+SHITLIVOL
6€L0GES 959 00T 16522 Z0v8E 56 Z00Z°0 | G698°€E€| G9TZ'0| BLGL'EE aYyT  IME 6706050-G85ETHOL

(1 v IOW TTZ6€T0-£992ETHOL
(1 TEZVPSL+0T8ZTTROL
(1 02ZS760+78¥7L0VOL
(1 € I0W 80%77S0+888£50700
(1 s 131 6LV6EVZ+EZZ0ZSEOL
(1 LSSSZLS+969VEPEOD
(1 T555€85+8700PEE0L
(1 pZ  NNO PSSEVBZ+BLSEZEEOL
30 30 £8852ZLT 082 00T 5956% 19081 S LT90°0 | 1260787 | ¥6%0°0| ©S6C°8F po oM €LOLYEZ+EVIOHZEOL

(€ i 30 69£698L86 7088 0 £L50%92 8TTSHZT | GES 9€6T°0 | TTT9 0T €FE0°0 0ZL6°6 TEVLYBS+TIZTSLIEOD
(1 ZLZLZTT+0ZLYPTIEOLD
(s G8LZ 0| ZTLBL 6T SZVZELI+EVITE0E0L
(T z nag PTZ92ST+2ZvSZTTTON
(T €€T2Z85+9€FS0TTOL
Ete) i) L9€5999 8TL 00T 951791 (33444 10T ZES0'0 | 9860°€Z | €ZS0°0, S¥86°ZT 6£2£SAT TLOOTST-E€¥620TTOL

(1 ZITTE62+5T16£60T00
(1 ¢ oug 65€G€6T-76TTLOTOL
(9 30 30 0S6LEVL vLy 00T SL6GLT TE8LY 9L G8TT'0 | STIPL'ZE| 090°0| 6v6% CE 08522£50a1 88ZTS07+ET0PE0TOL
(s 3O 89v0°0 0T29°0T LOOTSZT+ETITOOTOL
(€ TGLTLZ86Y 879801 0 €O0LETLT 09688L 8582 T80T°0 | 8TF9°TT | ©IOT'0, €¥8T'CIT 8ZEGETZHIEETOOTOL
(€ TL6L825E6G | 99L£8%T2LZ | O YZEELTY 2Z0STTY | 2689FHC 9TLZ°0 | 9LEL'TT | LLOT'O| L8ZE'ST GBE6Z8Y+8Y90E500L
(1 £0zESaT 6006%7Z+6TEE0S00L
(v i Qi T80656L0% (343 9 6806622 L8F069 29 7L96°0 | SHTIS'LZ | S96L°0  680€°0€ z IOW T60GE77+228587000
i ie} 8€9G9LGT 629 16 082055 9268L 26 L8670 | 6bVETTE| ZSTT'0, ZOLS'IE 622 NS 0SE€6€22+89952700L0

(1 8706£75+607€27000
(1 €T NNC 0€50TPP+IVTFTPO0L
(€ 06VTZET62 €8LZLYLT 0 0529201 SP9TSS 5ZSh8 0Z9T°0 | 06S8°6T | €52T1°0, GEL6'0Z 0zz IS 867£25Z+EV80VE00L
(1 T IOW TLZ62L0+08VEZE000
(1 ¥0Z0270+L2620£000
(1 T dvd 0£€£2205+16£582000
30 30 TE0ZO06TT 508 L6 £7T1S8E LEVS9 60T 0ZL0°0 | 6VE8'GT | €790°0| 6668°G1T LShZaNS Z8Z7102+89¥€£Z000

30 30 ZETE99T T6€ 00T £G8€TT TZ9LT L9 ¥80T"0 | 8LGL'EE| 2090°0| LBZ8 €€ 009 TdNS 6LEZT67+T8LSTZ00L

(1 0ZSTE62+970TLTOOL
(1 TSS£002+8L959T000
(1 865000€+57079 1000
(z 30 30 £ET8LSY 769 00T P6961T 0T9¥%E 86 6990°0 | 00TS°9Z | ZL60°0 866E€°9Z 68 +ddd 06061£2+98709T000
(z 30 30 900890TT 1951 00T LEVELT £vEZ9 691 €LG0°0 | €80%°8T  €0€0°0 G90€°8T Ze  +ddv 050S7ZS+IV8EETOOL
(1 LVZ NNO £752209+7927L000L

S93ON | ZXTd ¥ | IXTd @ | s3Ik paw g szfutw @ ¥9d T OV XeW av PSH av uTH ZX1d ° Zx1d IXTd ° X1d OSTd SaM 309lqo
Z219v1L



Page 567

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

(1 PLISTZO+ESTERTOTL
(1 ZIPEES0+9LZEVO0TL
(1 €EELTBY+IE6FZ00TL
(1 LT MVI ¥8Z0EEP+TT67 12600
(1 L6€£2S0E+870002600
(1 0LTE0Z9+T16226T600
(1 89 NNC 97ZZT9V+ELTTLI60L
(1 G0EZS89+E8EZETH0L
(1 9T NHS GEZ6S9T+ITTZI0600
(1 G0SEVES+Z65E6580L0

30 30 550162 oL 00T yIETE €155 12 L¥90°0 | SSTT'9G| S890°0, 068T°9S € Maa LTSTSLO+PEZF0S800
(z 30 30 8ZELS6LT v912 L6 9TVISE 18098 012 LSS0°0 | L8LZT'ST| TBE0'0| Z9LE'ST 98G5 T+ddy 6GTPv00+ETZh Y7800

30 30 £602791T 69¢ 00T 1,988 ZLVLT 59 L8Y0°0 | TTE9°6Z | 9290°0, L869°6C L0Z IS STTZTI0V+LLIOTESOL
(z 30 30 00489621 Svve S6 06227 16269 822 6L£0°0 | LVEZ'OT| 9G6£0°0| GzEz Ol LYy T+ddd 90TTOE0+L0Z56080L
(v 30 80576570 £0v8T A £E5Y6S 9998L2 SL8 OVET'0 | L9TL'6Z | ©¥SZ° 0| 8695°8¢ LLEVOEG+78ZE8080L
(€ 8v998TTL8 6STL0866 0 6TGSH6T VEOSYTIT | 9600L2 0L60°0 | 8Z80°9T | 2S9Z°0| 68S9°LT GGV6567+8TEYTO80L
(v 30 8TLE0990T geL Le 86092LT £22282 Z0T 96T8°0 | €60L°TZ| 99¥0°0| 8z6Z'12 ¥90¥E€0+2850T0800
(v 30 Z9v998TL 011G ]2 19T€2S 786912 zLE 9%21°0 | L9EV 0T | LSE0°0| €900°0Z 65 NNCO 181827 7+69£50GL0L

30 30 89T18L9 £6TEL 00T 28806 £L6VY 9612 0ZVE'0 | 6S¥8°T8 | 29¥0°0| 09€€°€8 | AY'BYIT NId ZOTETIE+ELLSTELOD
(1 06€£7$62+8TZV6TLOL
(s 30 GL90°0| 0LE6'VE PSTISTEE+L0ZTITLOL
(L 30 30 0VT99LET £L962 00T €LETST £0T2ZL €021 L880°0 | LZVL'VE| ©PEOTO| TOLT'GE 66T£da) YEEEVOG+0SHOPTLOL
(€ £0Z86VLEES ZTE699L0L 0 9SL6LY8 6S8EE8E | £58966 6880°0 | T9PT"LT| TEP9°0| O0FOO'ET €LVETHS+IBYOTTLOL
(1 P00EV8Z+069785900
(e 3O ShZybZIPESZ8S| E€TLO0ZOEBETZT | O OLETO LL 0 6£02°0 | 296v°0 | T1S0°0| 6¢vE‘EZ 0STTZ50+229295900

00€9TE0E | 0TSP90F | 88ESISHT

(1 TS0V T67+LEVEETION
(6 6956TTZ+085T0TI0L
(L 30 30 09€5L672 gee L6 T1002€ S5ZL0T 19 S060°0 | 962Z°TZ| 8290°0| 8L66°0Z 68T€da) Z8TLSZy+P18780900
(s 3O 00TT°0| 29€€°GE 99ZZTLY+S8TEL090OL
(% 30 1992£259 206 8% L6SEVS LTbEOZ LTT GZOT'0 | LL69°9T| 9LE0"O| TLZH 9T 26GE€2TS+06975550L0
(€ LS86T85295TV8| LSTZIEE6TIEIY | O wommﬂmm mm@mﬂm Mmoi?m 88€0°0 | €T8£°0 785070 659976 TEEETSZ+BTIST6PSOL
(% 30 ¥800€ZLTT L8€ 91 0ZhS9L 6L900€ L9 90GT°0 | T2S9°8T| 8LLO'O| ZHLI'6T GEPTZSI+EL8STESOL
(z i) 30 8857801 L0S 00T 7606 TSZET 08 PELOTO | 8TLO'O0E | ZS¥0°0| T6LO'OE 068 +dax €E0ZELY+PI0THESOL
(1 6ESTETT+05958250L0
(8 30 7061968 443 66 91Z9%E 09T%S 19 L0bZ°0 | 8TILT'9Z | 6LZ0°0, 0182°92 TIL SQH P¥S0159+820252500
(1 SE NNC 66CE£ZL0-ETSS6TSOL
(z 30 310 L8VZ606T 8% L6 S687VE TL968 LL 60L0°0 | ¥I89°8T| GL90°0| GbE8 8T 86L +dad 9807Z8T+807ZZTS0L
(1 0€  NNC €YTZSEL+PZ67Z0S0L
(L 30 30 L¥SZY1ZT £89 00T 156072 91£99 L6 L¥S0"0 | TZSS'¥Z | ©EE0°0| 86SE°WT LLTEdaN 620TVEC+GEIS67 0L
(1 592 NNCO 6SV8Z8Y+LV626770L
(1 G8TLZSS+86758770L
(1 0PEVOPT+08LZTPOL
(€ Qi Qi ¥SL875969 TPST897ZT 0 L6L58GT 28£986 682€TE TEET'0 | 86£8°TZ | GBBE'0| €88E°¥C 0¥Z9Z NNCO 67SLYTZ+Z5ES8EVOL

30 £692815T 0S¥ 00T 0068ST 8969L VL LL8T'O | LS8V'SL| ©09% 0| PB8IV EL 9 nag T00ET8Z+552T8EVOL
(1 P0£6£80+5520GEF0L
(1 GZEZTIST+Z66EVEVOL
(z 30 30 G8TL898 Z9L 00T £LSLZT LVOES 50T 125070 | 6LTE°6Z| €F¥0°0| LOVS 6C 0L9 +dax Z00LOVL+8TLSZEVOL

se30N  ZXTd @  TXTd ¥ sak pew g sak utw 4 ¥9d T 0OV XeW Ov PSH av uTH ZX1d ® Zx1d X1d ° TX1d osTd saM 309Lqo

(ponunuos) g 21qn,




Page 568

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23vd jxau 1) U0 SINUUOD [ 2]qV.]

(1 LOY0ES0-L6VPISHIL
(% 9G0TLLO6E 052 ST 028177E ¥S60L9 0S G069°0 | 0S06°LT | 6£29°0 | 90L6°9T 16260£G+686Sy Py 1L
GL19601Z 6L2 78 6€LTEY 07856 ¥S pSPT°0 | TISY 6T | 2661°0 | 9ZLE'6T 00T NNC YSEVTVO-708EET VIO
(1 9TEGHLI+666ELEYTL
(1 0VVS0E0+P6EE0ETTL
(% i Qi TS6E9VL6GT £608 9 T970GEZT | 66€GTLT 905 006%°0 8SYZ L | 6£82°0 | 6209°L 8GTLSZ0-8LIEYZYIL
(z1 6€8LL2ST 8YL 26 £697LY 682LL €01 0T80°0 | 6L6G°ST | 798070 | ¥8ES°GT T80000G+LEBOLTHIL
(1 S 1Ea ZLYTYTE+P620LTIL
(1 GZ112ST-00LTP1P1IL
(z 30 30 LZTV18S 922 00T VLL6LT 88507 Ly GL60°0 | LSPE'6Z | ST60°0 | v08I"6C ceez+dan 86€TGL0+9G6G0THIL
(1 8211 YIEVY02+2260707 IO
(¢ Qi i PSTVLEEOTT 0vLT 0 ¥Z0122S | ©€L0902 z81 Z60€°0 | €199°1Z | 6£68°0 | 6608°LT 96 NNCO 86201ZG+68GVEGETL
(s 30 ¥0v0'0 | 0T0% €€ 6£6 TSAH VLELZTTZH+IVZYLYETL
(% ZSSTOTEG TLE oy 0259871 658L52 g9 ¥T60°0 | 99LL°GT | 808£°0 | 8IT0°91 £G00£0G+8G0GEVETL
(1 yIT ISM £€2009T-0660ZVETL
30 30 TSh6ET A 00T L0STZ 9LEE se TZ€0°0 | G222°Ly | 20E0°0 | 8E61°L¥ 809 sH VLT18087+0ZTSLEETL
(1 97€870T-LEOELEETL
30 30 T158€€ 344 00T £708€ £609 Sy 9280°0 | 8VLE"09 | OETIT 0 | ZTOE"09 9  SiA L6E8YIT+09VFZECTL
(1 TZSYTTT+LYEVZECTL
(1 €GEVTS0+068282ETL
(z 30 30 TILYZLYT vee 00T S8LILZ ZIYSL L9 0650°0 | 29¥6°TZ | 98L0°0 | Z€Tl°2T 87zz+ddd TZ0SELZ+LIZ09ZETL
(T 26 JIMS 860EFLE+IEBZSCZETL
(1 9.298a1 8Y55062+69TZ9TETL
(1 6 NNO 9156%20-9¥8TISTETL
(T qv ‘B¥06  NNO 6LTETZE+6890CTETL
3O 30 T6EVSTT 121 00T LYEE9 yI8ET 1€ G62T°0 | 6ZEL°0S | GEVO'O0 | SE06°0S 6€L QH PEYEVOTHLESTIOETL
(% TTLG0GE9€EBT 2176 T 68ELTGIT €8ELELS 099 L?8E"0 2968° € €9€0°0 7G99 ¥ GOZLEBCZ+S6GFEOETL
3O i) 7108952 9.5 00T 189671 0vSET L8 BTET'0 | 6Z6T°€E | 28LO"0 | 9560°€E 9€£9TANS G1ZZZTT+L8S0Z0ETL
(T 6z Mg Z9v¥070-19062221r
(T 0E€ZES90+6ESTLTIZTIL
(1 9L£€506+G0GT9TZIL
(e} (e} 909260G 40} 00T €EF98 LSTLE 6L T€90°0 GT98°LE €FE0"0 TS09°LE 7€ TANS ZE0678FP+9ETTCTICIL
(1T (e} 8ZET6CSY (k474 67 €80GT9 6€G€0C oL €6L0°0 8LBE 9T 9L60°0 €LZT 9T ¥z 990 GET6VCT+80ESTICTIL
(0T (¢ TEE968E6296GE | 766597689569 0 Kmmo%ﬁwmmm TEVGSIV6Z  680L5586 | 678770 TGL9°0 | 202870 | LKOF 0T g8 NS 08TZTEE+I0EVOSTIL
(1 LOYE06Z+SEFEOSTIL
(s (o) 8€S0°0 | 2L62°9C 09T6570+L687LPTTL
(L Qi 30 87E80E0T 66 86 T6LELE LSH6S Lz 9T6E€°0 | 6¥65°CE | SSLO'0 | §S08°2E 129 NSN 88GT00L+EFSOLYTTIL
(1 LETBIGTH+6GEZEPTIL
(s ¥S9£°0 | 6829771 ZT1Zv67+8EZT9TTIL
(1 8TSLIST+GHB0E0TTL
(6T (s Qi T9F°0 | 68256 Lz Mg LYSPPS0+6ETTLSOTL
(1 G00Z585+L88Z870TL
(1 0¥ZES  OH ZZH0E8E+BYTZSPOTL
(L (o) e} 781£298 )43 00T €TL291 98125 19 TI80°0 | 9TZ0°0€ | 92L0°0 | €€6L°6C 109 NSN 0TTGZIE+0690GTOTL
30 30 075909 00T 895221 LT9TY oL pL90°0 | Z660°TE| €950°0| LS06°0€ £€9TaNS 6079090+76 TEYTOTL

Sse30N  ZXTd &  TXTd & sak pew g sak utw g ¥9d 1 0¥ XeW av PSH av uTH ZX1d ° Zx1d x1d ° X1d oSTd saM 309Lqo

(ponunuos) g 21qn,




Page 569

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

"23pd jxau 213 UO SaPNJIUOD [ 2qV]

30 30 0668L9T €52 00T VLIV6 €ELLT 0s L8S0°0 | ZILS"6Z | <¢O0S0°0 220S°67| 16€ZaMS TOTPI8Z+ELEETO0ZL
(1 G90ETOZ+GSGLEYSETL
(1 TLOTT8E+LESSTSTL
(1 LLEZOVI+8EVTLY6TL
(LT (1 ge€yT OH 90Z52ZE+VLICEVBTL
(1 YIZLYTE+ETTOLEGTL
(9T (1 YL80TINS Z9€£06T+85TS0Z6TL
£8L6512S 6LY 95 550988 TPZSLT LL 9Z0T°0 | 0GT9°¥T| 90¥T"0| SSHF'FT €9E7P9IG+0LZEETHTIL
(ST (5| 30 GYE0°0 | BESY LT ¥9T aor TVE6GE9+6ZLTE06TL
(€ Qi 30 §22206LV2 £E0VEES 0 L09TTOT ZLES6Y zzese Z661°0 | GS0S°6T | 8LS0°0 0¥9% 02 78E£0GGZ+99TTTO6TL
30 i 8GTEVLE €02 00T 002102 z9z0€ 32 8L60°0 | 9456°T€ | 00LT°0 1¥S0°2€| 8T MV 1850£02+06202EGTL
(€ Qi 30 621G888E6€LE6| 8GL8GLLE090ZE | O mewmmmm mmpowmm wqmmmwpw 1980°0 | 8Z9€°0 LYE€0°0| 0F8T"8T 0826070+1687SZ8TL
(1 9€GTGL0+8Z0ZETRTL
(T 0TE60TP+98LYVSLIL
(1 q7‘evLz 09D 620GG9T+Z900ESLTIL
(1 STT NNO LSP6TEE+LLOOBELTL
(1 vL  D¥D Z80LY Yy +29S0VELTL
(v1 30 1989766 vse 86 £V0LSE 65085 €9 LEET 0 | 8L69°6T  S920°0 ¥08L'6T| GSIE SIM 06Z00VE+0LYESTLIL
(€ vrvE680G2T £2660LT 0 v2L9882 0EE€LSYT | 0G6LT ¥9¥2 0 | GZ8E'9T | LZ6V 0| ZLZS'8T ZVEBTET+ZISTSTLIL
SPS6TEYT L6 00T LSLSST 79,08 Lz 858%°0 | LVLE'ES| 9TFPE'0| 0082°2S| 9  &vd 9GpTTZE+E8ZSEOLTL
(1 ZTT NNO ¥8ZE0TS+V02TZOLTL
(1 6L0EELO+GS0Z8GITL
(1 0TT NNO TLOGGGE+G660TGITL
(z1 30 £61£580€ 119 z6 ST6TSE p8vETT 06 G0ZT'0 | €Z86°1Z| 60v0°0 SSLZ 2T YT0EVE0+290GGVITL
(1 ¥SZSTZT-0ST0GZ9TL
(eT (T ¥EZ €YD LLVEELL+SETTLIOLL
(v 30 88900£28 LvSe 137 ZL6VVOT 605LE2 vee T650°0 | ZE6L°6 0LV0" 0| LV06°6 LYE60SP+5ZZZ0TITL
(1 STZEEE0+6TE0909TL
(1 ZYT220L+9ELEVOITL
(¢ 30 6802851702 0TO09€LT 0 80EE89Y GLT0Z0Z | ZE€18T LE9P 0 | 88IE"ET | GS0S0°0 LLIE'GT LZTGZ8T+069GT09TL
(1 £9Z0T09+L6FSLGSTL
30 30 8Y8ETEY LTZ 00T S9ZT€T g9zee 1 0ZE€T'0 | 0ZST°9€| TPY0O'O| €IV6°GE| 6  IOW 8Z0ZTSE+8LTESSSTL
(o) 30 SYLIETZ 449 00T 86%9L z6L02 78 6020°0 | 0656°Tz | €020°0 ©0T6°TZ| 8¥8SSAT LESYTVE+PZ8TZSSTL
(¢ (o) 9098£91512 SvE9e 0 0Z68L0% 6€1260Z | TTITT ZIS0°0 | 1S9L°9T| 60%6°0| 010202 8VSYTSL+PSECSYSTL
(€ Qi 30 £€V260068 005060LE 0 9€0TLZ2 TPSTOTT | TT96€T L6LT°0 | G98T°2T | L8T0°0 T¥8O'€T 90£5008+78TVZVSTIL
(z1 30 SOEVYILT 147 L6 8L98G€ LL0S8 L ZZST°0 | Z0L9°ZZ | FEE0'0 619¥°2C 8259€65+8£022VGTL
(1 TTZZSAH 09V TV8T-0F8ZOVGTL
(1 687 LEBE+099EETSTL
(1 80252L0-TLEVSTISTIL
(1 8  IOW 79VEVSY+8TBECTSTIL
(v vZ98LLLG zL1e Le SEVL6ZT ¥Zv992 112 89L0°0 | 69L0°6 89%0°0| 928T°6 € ara ZZZVTOT+ZSHTISILO
(1 TESEEEP+Z8EZLOSTL
3O 30 6T6LL 08 00T 985HT 0622 (34 ZETT'0 | 628€°G8 | L9E0°0  €GLE'G8 | B8ITZSAH EVESZSP+LGSG00GTL

se30N  ZXTd & | IXTd T sak pew g sak utw g ¥9d T 0¥ XeW v PSH Oy UTH ZX1d ° Zx1d x1d ° X1d osTd saM 309Cqo

(ponunuos) g 21qn,




Page 570

Journal of Double Star Observations

October 1, 2019

Vol. 15 No. 4

in Gaia DR2

inaries in

Recovery of Proposed Young Star B

(1 LbZ NNO L8ETS02+270065€20
(1 8 EvYa 8EEVZLI-99€185€E2L
(1 ¥T  IOW 89V LESE+6867LGELL
(8T (T 0909TE€Z-LLLELVEZL
(v 30 L99970Z€T %S 44 ZvE660T 60552¢€ €8 0690°0 | LE¥Z ¥T | LSHPTI'0| 8626°€T O¥0FT NNO €LG8SYT+LLYOSYEZD
(1 96295L5+776022£2L0
(1 qY ‘evY162ZESAH 6929EZT+8LECZI0EZL
(s TST9G5T-562090€20
30 T08668LS v181 39 ZvIv60T ZL8L8T L81 0€GT°0 | 6LZL°TT| LS¥0°0| GS2Z¥9°11 YT1Z8TE0+LE80V0ELL
30 30 65L5595 £€61 00T z59%21 8786€ G6T 66T0°0 | 26L8°8T | GSZ0°0| S0T8°8T ¥202SaT 6T090SL+T6EFZ0EZL
30 30 06TGGLT 8cY 00T £89€6 59281 zL 0T90°0 | OELP'IE| G8%0°0| 088€°TE ¥STTISY TEV8192-16L200€20
(s 30 PIS0°0| Lb0E°9C 0L0¥STZ+LZTV65220
(% 30 6828L070T SLET 34 8768GL 8YLLLZ [ GEBO'O | €09L°PT| 1690°0| EELY ¥I 0L9€£1AL ZESOEET+PB8YZPZEL
(€ Qi 30 08TY0TT0L0S0Z| 6058898962L9 0 Mmmmmmﬁ MMSNON 08€£66€96  T€¥Z°0 | 9.86°0 €850°0 P6TIT' €€ 8212092+LLSETPZEL
(1 LLZT6Y8T+TI0SETPZEL
30 30 8211252 88% 00T 678211 34434 8L 6€G0°0 | 9296°6Z | 0T90°0 ©Z90°0¢€ v6Z NNO LPETS87+8T700EZ20
(1 PE£00590-2F8£L0ZZL
(1 762 NNO TLEBE6S+LEVZSSTEL
3O 30 1528876 14434 00T £9L£82 09295 122 ZSE€0°0 | Z880°PT | ZIE0'0, B8SE0'¥T G9€95aT 2ZISPyS+L0SEVSTZL
(1 ovez aor 9GELESO+6E€0TZSTZL
Ly18£20-€68215TZL
(v 30 9€€€£128 98¢ 137 9TEERS L8TLEZ L9 9607°0 | $OPT €z | 6L50°0 ZIbS" 2T $622260+90710S120
(1 TO0TTOT-T9TTITVTIZL
(1 162 NNO LETLETO+6TOVLETZL
(1 0T SXA 90ZLZ6£+2S8E9ETEL
30 310 6778ZET sz1 00T 20685 0LTST 153 ¥S80°0 | €0¥8°8F | 0T80°0| 9599°8% ZT 10W 6TVEEhZ+86122ETZL
(¢ i 30 V8ZSET9L0698S 26969L9256T2F | 0 Mmoaim mwmwmow wmmwimm 0620°0 | 1¥67°0 0v€0°0| LETB'ZT 66€5079+750v6212L
(% pS8TIET6T z861 3 TEE606 158917 861 860€°0 | TTZT'vZ| 2S90°0, €000°€Z TOEV0PE+P06GLTTEL
(€ £0TL8Y68FE L86587990T 0 LYSEZED 2761887 | TEE0IET 8EZT°0 | HESZT'6 LE90°0| €Z61°8 LSSZG6T+ELIEYTTLL
1 L6€£5192+28T0T0TZL
(1 €0T I0M 9€T7007+625000120
30 30 LezeeveT 0zL 66 861662 0LELY 101 LZLO'0 | %0Z9°TZ | ©860°0| 0TLL'TZ anz  &¥C 8ES0TLI-7L2095020
(1 6652ZTV+ST16727020
(1 ZEETIES+E02227020
(1 8110290+09%56£020
Pii 30 896109082 v6TT 0z 879258€ 8208€S TH1 7229°0 | 6092°€T | ZEE0°0| 6SPO°ET 0Sh2Z87+FLYE6E0ZL
(1 SSPLY0S+21022£020
(z 30 310 LT00T6T 962 00T YETZZT VZE6T 95 Z80T°0 | 8E66°EE | 0FLO'0| 6080 ¥E 8TGE+ddM L9E9G2Z+526761020
so30N | ZXTd & | IXTd ¥ sak pew 4 sak utw 4 ¥9d 1| 0OV XeW OV PSH OY UTH ZX1d ® ZX1d IXTd ° TXTd °sTd SaM 309Cqo0

(uoisnjouod) g ajqu |




Vol. 15No. 4 October 1, 2019 Journal of Double Star Observations Page 571

Recovery of Proposed Young Star Binaries in Gaia DR2

Content description for table 2:

. Object Given 2MASS ID

. WDS_Disc WDS discoverer code

. PIx1 Parallax primary from GAIA DR2

. e_PIx1 Error parallax primary from GAIA DR2

U PIx2 Parallax secondary from GAIA DR2

. e PIx2 Error parallax secondary from GAIA DR2

. Min_AU Minimum distance between components in AU (see Appendix)

. Med_AU Median distance in AU (see Appendix)

. Max_AU Maximum distance in AU (see Appendix)

. L_PGR Likelihood for distance < 200,000 AU

° P_min_yrs Minimum orbit period in years (see Appendix)

° P_med_yrs Medium orbit period in years (see Appendix)

. E_PIx1 Relation e_PIx/PIx for primary ("OK" for <0.5%, else "II")

. E_PIx2 Relation e_PIx/PIx for secondary ("OK" for <0.5%, else "!I")

° Notes Notes (see below)

Notes:

1. Not resolved in DR2

2. Reported in Knapp 2019, Physical Pairs found in GAIA DR2, DSSC27, Pages 55-72
3. Most likely optical

4. Likelihood optical >50%

5. Resolved in DR2 w/o PIx

6. Wrong 2MASS ID, should be J01034013+4051288. Given ID is for LDS3225A. Physical triple
7. Reported in Knapp and Nanson 2019, A Catalog of High Proper Motion Stars in the Northern Sky (HPMSNS Catalog),

JDSO Vol. 15 No. 1, Pages 42-58
8. B double itself?
9. Resolved in DR2 but with Sep and PA too different to be considered a valid match
10. Overlap with SKF 8B
11.  Overlap with CAB 22A
12.  Plx error too large to be included in 2)
13.  Overlap with CAB 23A
14.  Overlap with WIS 315A
15.  Overlap with JOD 16A
16.  Overlap with SKF1087A
17.  Overlap with HJ 1433B

18. Might be bogus — no object for the secondary to locate at the given position. May be typo for separation with 6.2 instead
of 1.2”. Object for secondary given here but without data for CPM and PGR assessment
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(Continued from page 560)
es. This seems to have worked reasonable well as with
a few exceptions all matched objects are according to
the GAIA DR2 parallaxes clearly within the declared
search radius of 100 parsecs — only 10% of the objects
with GAIA DR2 parallax data available are listed with
parallax values <10 and only 6 of the assumed compan-
ions are obviously background stars with parallax val-
ues <1. The assessment of the identified pairs for being
physicals was done on base of assumed common proper
motion based on tests using multi-epoch images — as
common proper motion is not a sufficient criterion for
such an assessment (Knapp 2019) this has the unavoid-
able consequence of declaring pairs as likely physical
while the components are due to the given spatial dis-
tance clearly without any reasonable likelihood for
gravitational relationship. As comparison of multi-
epoch images was only available for a part of the re-
ported pairs the authors assumed that the vast majority
of the single epoch objects are expected to be physical
binaries based on the low number density of compara-
bly bright stars nearby — this might be a case of moti-
vated perception rather than a serious assessment.

Out of the 221 listed assumed young binaries 106
could be successfully matched with GAIA DR2 objects
with 94 of them with proper motion and parallax data
available for common proper motion and potential
gravitational relationship (PGR) assessment.

In total 115 reported objects could not be matched
with corresponding GAIA DR2 objects giving a meagre
overall recovery rate of 49% compared with for exam-
ple the 99% for SKF objects (Knapp 2019).

But 24 objects are listed with a separation <0.4
arcseconds below the resolution limit of GAIA DR2
(Arenou et al. 2018) and 73 with a separation <l
arcsecond which means in a range known for a bad
GAIA DR2 resolution performance — yet in this case
this performance is especially bad: Only 7 out of 73
objects with a separation <1 arcsecond are resolved.

24 out of 123 objects listed with a separation >1”
remain also without resolution in GAIA DR2 - this
gives a recovery rate of ~80% for such objects. This
result is in comparison with other known double stars
of similar separation rather modest yet does not allow
for a prematurely conclusion that some of the proposed
binaries might be bogus — the provided image material
looks despite some gaps (for example images for
J19543755+2013065 and J20194925+2256367 are
missing) and some mislabeling (for example
J22413577+2602128 instead of J22413501+1849277 or
J01001613+1251007 instead of J01034013+4051288)
very convincing.

4. Summary

Only 49% of the 221 proposed young star binaries
could be successfully cross-matched with GAIA DR2
and only 42.5% with proper motion and parallax data
available for both components. 25% are confirmed as
likely binaries but most of these are already known
doubles listed in the WDS catalog while this confirma-
tion rate drops dramatically for pairs reported as newly
detected.

The overall low recovery rate indicates either an
issue with the data of the reported young binaries or an
issue with GAIA DR2 data quality - the known weak-
ness of GAIA DR2 with very high proper motion ob-
jects in the solar neighborhood (Knapp and Nanson
2019) suggests the latter. This conclusion is supported
by several cases of GAIA DR2 cross-match mishits
with obviously existing objects in PanSTARRS1 imag-
es in the given positions.
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Appendix
Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018):

o Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position
error in relation to proper motion vector length and relation separation to proper motion speed

. Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar
direction within the double error range, “C” for direction within the triple error range and "D" for outside

. Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar length
within the double error range, "C" for length within the triple error range and "D" for outside

o Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than
10%, “C” for less than 15% and "D" for a larger error size

) Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years, "C"

or less than 10000 years and "D" for above

To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rating
despite only very small deviations an absolute lower limit is applied regardless of calculated error size:
) Proper motion vector direction: Max. 1° difference for an “A”
o Proper motion vector length: Max. 1% difference for an “A"

The letter based scoring is then transformed into an estimated probability and a verbal assessment for being
CPM.

Description of the PGR assessment procedure (according to Knapp 2019):
o GAIA DR?2 data for RA/Dec and Plx are used for a Monte Carlo simulation assuming a normal distribution
for these parameters with the given error range as standard deviation. The distance between the components
is calculated from the inverted simulated parallax data and the simulated angular separation using the law of

\/a2 +b? —2abcosy

cosine with a and b = distance vectors for the stars A and B in lightyears calculated as (1000/P1x)*3.261631
and y = angular separation in degrees calculated as

y= arccos[sin(DEl) sin(DEZ) + cos(DEl) cos(DE2) cos(abs(RAl - RAZ))]

. The potential gravitational relationship score (PGRS) is the percentage of simulation results <200,000 AU
(~1 parsec) out of the simulation sample with a size of 120,000 corresponding with the likelihood that the
real distance is smaller than 200,000 AU

o The smallest, median and largest distance is the smallest, median and largest result of the simulation sample

. The smallest/median/largest distance is also used as estimation for the minimum value for the semi-major
axis of a potential orbit allowing for the calculation of a smallest/median/largest possible orbit period as-
suming zero inclination and in total double Sun mass.

Estimation of visual magnitudes (according Knapp and Nanson 2018):
The estimation of the visual magnitudes is based on GAIA DR2 G/B/R-mags using the formula
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V.. =3.9379083526304 + 0.269235360436179 * Gmag' 6701081887491 _ () 123879978164097 *[Gmag — Rmag] —0.943379695375539 *[Gmag — Bmag]

with a regression coefficient of 0.999 and a standard deviation of 0.064 derived by statistical analysis using nonlin-
ear regression with the UBVRI catalogs of Landolt&Clem (VizieR II/183A, J/AJ/146/88 and J/AJ/152/91) after
eliminating a few outliers due to questionable cross-match results with GAIA DR2. This estimation formula shares
the photometry caveats of GAIA DR2 for very bright (<10Gmag) and very faint (>18Gmag) objects according to
Evans et al. 2018 and Riello et al. 2018. In case of missing GAIA DR2 Bmag and Rmag data the visual magnitude
was estimated with an average delta of +0.318 to Gmag.




Vol. 15 No. 4 October 1, 2019

Journal of Double Star Observations

Page 575

Measurements of Visual Binary Stars with a SWIR
Camera and a 280 mm Reflector — Part 2

J. Sérot
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Abstract: This paper is a continuation of that published in [1]. It presents the measure-
ments of visual binary stars obtained by means of an 11" reflector telescope and a VIS-SWIR
camera covering the 450 - 1700 nm band. Compared to the results presented in [1] with a sim-
ilar instrumentation, the observed targets are closer pairs, with separations between 1 and 5
arcsec and reduction was performed using bispectrum-based techniques. Our measurements
show a good agreement with astrometric parameters derived from the GAIA DR2. Attempt to
correlate the measured differential magnitudes in several bands (450-600 nm, 550-670 nm
and 800 - 1700 nm resp.) and the GAIA Teff parameters - viewed as an indirect indicator of
the spectral types — did not produce any convincing result.

1. Introduction

In [1], we presented some preliminary results of
observation and measurement of visual binary stars
with a small telescope and a camera operating in the
short wave infrared (SWIRT) band. As a consequence
of the target selection process, which focused on stars
with late spectral types companions (M, typically),
most of results described [1] concern pairs having large
separations (in the range 10-100 arcsec typically) and
measurements were performed on images obtained by
classical select-shift-and-add techniques.

It therefore remained to be investigated whether
speckle-based reduction techniques — which we have
been using regularly to obtain measurements of close
visual binary stars in the optical band [2,3] — could be
applied to obtain measurements of closer pairs observed
with the same instrumentation.

This was the main motivation of the work described
in this paper. The other one was to assess whether
measuring the difference in magnitude (AM) between
the components at different wavelengths could, at least
qualitatively, be related to the spectral types of the
components.

The paper is organized as follows. Sections 2 and 3
briefly recall the characteristics of our instrumental set-
up and of the data reduction process. Sections 4 and 5
present the target stars and the related measurements.
Section 6 concludes the paper.

7 Typically from 1 to 2.5 um

2. Instrumental setup

As described in [1], the detector is an Owl 640 VIS
-SWIR camera manufactored by Raptor Photonics [4].
It features a 640x512 InGaAs PIN-photodiode sensor
(15x15 pm pixels), a QE > 80% between 800 and 1600
nm and is equipped with an on-board Non Uniformity
Compensation system (NUC) which can perform on the
fly offset correction, gain dispersion compensation,
dark current substraction and hot pixel correction. The
results described here were obtained with the following

settings:

. sensor cooled to -15°¢

o NUC level 2 (offset + gain correction)
o Hi gain mode, gain = 6-8

Control of the camera and acquisition are carried
out by the Genika software (version 2.8.0) [5].

The telescope is a 280 mm Schmidt-Cassegrain
reflector (Celestron C11). Because of the relatively
large pixels of the camera (15 x 15 pum), and as de-
scribed in [1], we had to use eyepiece projection to get
a plate scale compatible with the measurement of pairs
with separation between 1 and 5 arcsec. The effective
plate scale, in this experiment was 0.32 arcsec/pixel.

Three filters were used
. ThorLabs FGL-1000M for observing in SWIR
. Astronomik G and R filters from a RGB type Ilc

set for observing in the optical band.

The combination of the transmission curve of these
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Figure 1. Combined response curve for the Owl 640 camera
and the used filters

filters with the QE curve of the Owl 640 gives the rela-
tive response curves reproduced in Figure 1. The two
following points should be noted. First, despite being a
VIS-SWIR camera, the QE of the Owl 640 is signifi-
cantly lower in the visible part of the spectrum (the QE
drops from 90% at A=1100 nm to 40% at A=500 nm).
This explains the difference in height for the curves
associated to the G et R filters on the one side and the
FCL-1000M filter on the other side. This difference is
not a problem as long as we are interested in differen-
tial photometry. Second, the sensitivity range in SWIR
includes both the J and H photometric bands (1-1.4 and
1.4-1.8 um resp.). In the sequel of this paper, for brevi-
ty, we will refer to the used filters (and corresponding
passbands) as “G”, “R” and “JH”.

3. Acquisition and processing
For each target, seven sequences of 500 frames

were acquired:

. one sequence with the G, R and JH filter

. one sequence with the same filters on a nearby
reference (single) star, to be used by the decon-
volution step in the reduction process,

o one sequence of «dark» frame (obtained with the
same gain and exposure time on the sky back-
ground).

Individual exposure times ranged from 50 to 75 ms.

Calibration is carried out using the sideral drift
method using the dedicated module of the SPECKLE-
TooLBox software [6].

All acquired sequences are pre-processed using
Reduc [7] and reduced using the bispectrum reconstruc-
tion technique supported by the SpeckleToobox soft-

ware, following the processing pipeline described in
[8].
4. Target selection

The selection of potential targets was driven by
three criteria:

1. the separation and magnitudes of the components
2. practical observability
3. the possibility to record variations in observed

differential magnitudes

The selected range in separation was 1-5 arcsec and
the magnitude limit was 10 for the primary and 12 for
the secondary. These limits take into account both our
goal to measure closer pairs than those reported in [1]
and the effective plate scale of approximetly 0.30
arcsec/pixel associated to the instrumental setup (which
both limit the resolution and the detectivity of faint
stars).

Because observations were performed near the me-
ridian and taking into account the pointing limits in our
observatory, the range in RA and Dec were respectively
set to 16H-19h and 10-55°.

Our initial idea was, as in [1], to restrict our obser-
vations to pairs for which the secondary has a late (M)
spectral type. In this case, the variation in Am accord-
ing to the observing wavelength is likely to be the most
significant. Unfortunately, very few entries in the WDS
catalog [9] have a spectral type for the secondary com-
ponent and V1rtually none for pairs having a separation
under 5 arcsec’. As a workaround, we decided to use
the stellar effective temperature parameter (Teff) pro-
vided by the GAIA DR2 [10]. Using the GDS tool de-
scribed in [11], we therefore selected pairs for which
both components have a Teff entry in GAIA DR2 and,
among these, those for which the difference in Teff was
the greatest. This is clearly a very crude filter. First be-
cause the Teff parameter is actually inferred from the
G, RP and BP photometric data (which do not include J
nor H-band photometry). Second because the relation-
ship between the Teff parameter and the spectral type is
far from straightforward. But, since our objectives in
this experiment were purely qualitative it appeared as
an acceptable choice. This left us with a list of 25-30
potential targets, which was far enough.

5. Results

Observations have been conducted during three
nights, between 2018-06-26 and 2018-06-30. For each
target, and for each filter we had to successively point
the target, record a FITS cube, point to a nearby refer-
ence star, record a FITS cube and go back to the target

7 The only exception in our data set is 18443+3940 (STF23824B) but it was
included in the list only for calibration purposes.
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for the next filter. This rather inconvenient way of pro-
ceeding was due to the necessity to refocus when
changing filters’. As a result, only ten targets were ob-
served.
The observed targets are described in Table 1 and
our measurements reported in Table 2.
In Table 1, columns 1-8 respectively give
. the WDS identifier
) the WDS discoverer code
o the position angle (PA) and separation (SEP)
computed from the exact coordlnates of the com-
ponents supplied by the GAIA DR2T
. the G magnitude and effective temperature of the
two components, as given in the GAIA DR2*

In Table 2, columns 1-12 respectively give
) the WDS identifier

o the (Besselian) date of the observation

) the measured position angle, separation and dif-
ferential magnitude (AM) when using the G, R
and JH filter

The bispectrum-reconstructed images used for the
measurements are reproduced in Plate 1.

Two of the measured pairs, BU 627A,BC and
STF2382AB have an entry in the Sixth Catalog of Or-
bits [12]. The O-C computed from our measurement are
given in Table 3.

Concerning astrometry (PA and SEP), the measure-
ments in the three observed bands (G, R and JH) are in
good agreement. If we except the case of 17344+1310
(A 2184AB), for which the G image is obviously bi-
ased, the dispersion between the three values is smaller
than 4.3° for PA and 0.33 arcsec for SEP respectively
(with a statistical mean of 1.70° and 0.186 arcsec resp.).
These dispersions are yet significantly higher than
those computed from several measurements of the same
pairs in a single, optical, band, as reported in [2] for
instance. This can be probably attributed to the much
coarser plate scale used here (0.32 arcsec/pixel, com-
pared to 0.09 in [2]) and also to the variability in the
quality of the reconstructed images according to the
observing wavelength

Comparing the measurements obtained in the JH

7 Contrary to pure reflectors, and because of the correcting plate, the posi-
tion of focus in a Schmidt-Cassegrain telescope depends on the observed
wavelength.

77 This computation was carried out using the GDS [11] software.

1 The GAIA G mag corresponds to a passband going from to 300 to 1000 nm
approximately. It therefore should not be confused with the passband of our
Astronomik «G» filter.

11As clearly evidenced on the images reproduced in Plate 1. This is a conse-
quence of the classical dependence of the turbulence effects on the wave-
length.

band with those derived from the individual positions
given by GAIA DR2 gives a maximum deviation of
3.2° for PA and 0.25 arcsec for SEP. Again, these devi-
ations are significantly higher than those reported in our
previous work on similar pairs in the optical band (in
[11], for example the differences between our measure-
ments and the astrometric values deduced from GAIA
DR2 showed an average and standard deviation of only
-0.009° / 1.08° and 0.004 arcsec / 0.028 arcsec for PA
and SEP respectively). This can probably be attributed,
again, to the coarser plate scale but also to the fact that,
in our previous work, each reported measurement was
computed from several acquisition sequences, each re-
duced separately, whereas the values used here are
computed from a single acquisition sequence.

Concerning photometry, the passband of our filters
on the one hand and of GAIA filters on the other hand
are too different to allow even an approximate com-
paraison (and, especially, because GAIA photometry
does not extend beyond 1 pum [13]). We are not aware
of any data source providing J-band and/or H-band dif-
ferential magnitudes for binary stars in that range of
separation. It is therefore very difficult to assess the
accuracy of the AM(JH) values reported in Table 2. The
only thing we could do was therefore to try drawing
some conclusions from the variations of Am observed
when going from our G or R band to the JH one (i.e.
from the differences between the values reported in col-
umns 5 or 8 and 11 in Table 2). Indeed, Table 2 shows
that the latter is almost systematically lower than the
former(s) (with a min/max/mean value of -1.30/0.03/-
0.35 for AM(JH)-AM(G) and -1.5/0.17/-0.31 for AM
(JH)-AM(R). Unfortunately, we were unable to corre-
late this general trend to the GAIA Teff parameters
which, as explained in Section 4, were the best indirect
indicator we had of the involved spectral types. The
linear correlation coefficient between the measured AM
(JH) and ATeff=Teff2-Teffl, in particular, is very small
(0.26). We also tried to correlate AM(JH) with other
«physically-bound» DR2 parameters such as single
Teff values or color indices (BP-RP) without success.

The small size of the data set and our limited
knowledge on photomery and astrophysical issues
make it difficult to decide whether the previous nega-
tive results are due to incorrect measurements (intrinsic
accuracy and/or too wide passbands), badly choosen
physical indices (with Teff not being a good estimator
of the spectral type for instance) or both.

6. Conclusion
The results reported in this paper confirm that ob-
serving and measuring visual binary stars in SWIR is

(Text continues on page 579)
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Table 1. Observed Pairs
WDS GAIA DR2
1D NAME GPA (°) (afzzzc) Gmagl T‘?If()fl Gmag2 T‘qufz
16315+3331 BU 816 221.1 5.04 7.08 7982 11.48 5172
16492+4559 BU 627A,BC 42 .4 2.11 4.80 8974 8.29 5096
1653044045 A 1868 302.3 2.13 9.46 5069 9.82 4707
1734441310 A 2184AB 31.4 1.93 7.22 7412 10.20 5287
17561+2130 STT 339 170.0 4.19 8.13 5806 10.40 4774
17564+1820 STF2245BA 111.9 2.64 7.14 5038 7.39 9554
1757144551 HU 235 286.2 1.59 6.70 6268 8.91 5096
18222+1126 STF2311AB 86.7 3.03 9.19 4802 9.49 3813
18338+1744 STF2339AB,CD 276.6 1.55 7.30 6876 8.69 5096
18443+3940 STF2382AB 346.1 2.29 4.95 8400 6.02 6497
Table 2. Measurements
G R JH
ID Date PA SEP PA SEP AM PA SEP NOTE
(°) (arcsec) (°) (arcsec) (°) (arcsec)
16315+3331 | 2018.484 219.4 5.11 5.2 220.9 5.03 4.5 219.5 5.35 4.1 1
16492+4559 | 2018.495 43.6 2.22 2.3 n/a n/a n/a 42.0 1.96 2.4 2
1653044045 | 2018.484 303.3 2.27 2.3 303.8 2.38 2.5 304.4 2.06 1.0 3
17344+1310 | 2018.495 41.0 1.64 2.3 34.2 1.82 2.3 31.3 1.88 2.4 4
17561+2130 | 2018.484 168.0 4.26 2.5 169.4 4.20 2.5 169.4 4.21 2.1
17564+1820 | 2018.495 112.5 2.52 2.0 112.3 2.45 1.7 112.5 2.60 1.9 5
1757144551 | 2018.495 285.1 1.85 2.2 289.4 1.82 2.4 286.8 1.60 2.0 6
18222+1126 | 2018.484 264.4 3.08 1.4 265.1 3.09 1.3 264.4 3.06 1.1 7
18338+1744 | 2018.495 274.1 1.63 1.1 275.9 1.46 1.2 277.4 1.69 1.1
18443+3940 2018.495 346.3 2.22 0.8 345.1 2.21 0.8 345.1 2.25 0.8 8
Notes for Table 2
1. B faint on G image. Large AM
2. G image slightly elongated due to imperfect ADC setting. Companion not detected on R image
3. Companion significantly brighter on J image
4. G image imperfectly reconstructed
5. J image slightly elongated
6. Companion on first diffraction ring
7. Artefact on all images due to imperfect bispectrum-based reconstruction
8. €1 Lyrae
Table 3 — O-C residuals for pairs having a known orbit
NAME WDS ID DATE O-C PA (°) 0-C SEP (") GRADE REF
BU 627A,BC 16492+4559 2018.495 1.95 -0.145 5 Fmr2012a
STF2382AB 16492+4559 2018.495 0.33 0.022 4 Nov2006e
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(Continued from page 577)
technically feasible by amateurs with a relatively mod-
est equipment (there are now several companies selling
small SWIR cameras at affordable prices). To the best
of our knowledge this is the first time that a combina-
tion of SWIR imaging and speckle-based reduction
techniques are used in the amateur field.

The best usage of such observations, however,
should be carefully thought of. Photometric issues, in
particular, should be investigated to see whether differ-
ential magnitude measurements in J and/or H bands can
really help the determination of spectral types.

As already stated in our first paper on this subject,
the systematic search of companions of late (M) spec-
tral types which could have be been left uncovered by
optical surveys such as GAIA is also a interesting appli-
cation of the instrumental techniques described here.
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Plate 1 (continued). Post-Reduction Images
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The Enigmatic Object A2909AB:
Double, but not Binary

Andrei Tokovinin

Cerro Tololo Interamerican Observatory

Abstract: The 0.1" classical visual pair A2909AB (HD 21161) is a single star, despite its
computed orbit with a period of 11 years. This is evidenced by the speckle non-resolutions at
4.1-m telescope during 12 years, constant radial velocity, and the absolute magnitude corre-
sponding to a single main-sequence star. This object resembles another “ghost” pair A3010,
also a single star. We argue that all documented resolutions of these single stars cannot be spu-
rious. The occasional image doubling could instead be caused by a yet unexplored phenome-
non. One speckle resolution of A2909AB in 2013.7 is critically examined and found to be reli-

able.

1. Introduction

In this note, we discuss observations of the visual
double star A2909AB and show that it is a single star,
not a binary. Yet, several resolutions of this star by vis-
ual observers and one speckle resolution cannot be easi-
ly dismissed as spurious. If these resolutions are real,
the occasional image doubling should be caused by
some new, yet unexplored phenomenon. Therefore, the
available data merit a close examination.

Cases of visual observers reporting spurious meas-
urements are quite common. If a reliable orbit of the
binary system is computed, its past “resolutions” at
times when it was too close to be resolved clearly stand
out as spurious. Other techniques (e.g lunar occultations
and speckle interferometry) also supplied a number of
well-documented spurious resolutions, for various rea-
sons that are, mostly, well understood.

However, when a given single star has been re-
solved repeatedly by different observers, it is unlikely
that all those resolutions are spurious. Such is the case
of A3010 (WDS 05074+1839, 104 Tau, HD 32923)
discussed by Tokovinin (2012). This is a nearby (16 pc)
dwarf of spectral type G4V with a constant radial ve-
locity (RV). Speckle monitoring at different telescopes,
started at Kitt Peak in 1976.9 and continued at SOAR
until 2018, shows the star to be unresolved and certain-
ly invalidates its orbit with a period of 1.1 yr computed

by O. Eggen from the visual resolutions. Such objects —
single stars occasionaly seen as double — were named
“ghosts”.

The object of this note is a bright nearby star HIP
15868 (HD 21161, WDS J03244-1539, ADS 2524).
Aitken (1918) resolved it for the first time in 1918 into
a triplet consisting of the close pair AB at 0.13" separa-
tion and the distant and faint companion C at 17" from
AB; the object is designated as A2909. According to
the recent astrometry by Gaia (Gaia collaboration,
2018), the stars AB and C have common parallaxes,
proper motions (PMs), and RVs, and, therefore, form a
wide physical binary system. Their parameters are
listed in Table 1.

The inner pair AB has been repeatedly measured by
visual observers; the last visual resolution of AB was
recorded in 1962. The WDS database lists 7 visual res-
olutions of AB and 6 non-resolutions. The orbit of AB
with a period of 11.35 yr was computed by Docobo et
al. (2016). The triple system is featured in the Multiple-
Star Catalog (Tokovinin, 2018a). Yet, here we present
compelling evidence that the binary AB does not exist
and argue that this is yet another case of unexplained
“ghost” pairs (Tokovinin, 2012). However, in this case
one resolution of AB by speckle interferometry has
been reported.
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2. Observations of A2090AB at SOAR

Owing to the orbit with a relatively short period,
the pair AB has been observed by speckle interferome-
try at the 4.1-m SOAR telescope 14 times, from 2007.8
to 2019.6. The instrument and data processing are de-
scribed by Tokovinin (2018b). Only once, in 2013.74,
the star was resolved at 140.15° 0.032", and Am = 0.59
mag. The remaining non-resolutions contradict the orbit
by Docobo et al. (2016), which predicts separations
from 0.09" to 0.17" for the epochs of these observa-
tions, while WDS gives Am = 0 mag. The SOAR meas-
urement on 2013.74 was used in the orbit calculation
and, consequently, it fits the orbit.

We examined all archival speckle data from SOAR
and confirmed that they are of adequate quality. Hence,
the non-resolutions of A2909AB are reliable and not
caused by the poor data. The resolution in 2013.74 mer-
its a special discussion. As usual, two consecutive data
cubes, of 400 frames each, were recorded with individ-
ual exposure time of 5 ms. The filter y (wavelength 543
nm, bandwidth 22 nm) was used. The zenith distance
was 24.2°, and the atmospheric dispersion was cor-
rected in the instrument. The power spectra computed
from the two data cubes are similar and show an obvi-
ous elongation (Figure 1). The two objects observed
just before, STF 147 and HDS 441, do not have such
elongation; the first is used as a reference for deriving
the separation, position angle, and Am of A92909AB.

Could the observed elongation of the power spec-
trum be spurious? It corresponds to the horizontal di-
rection, hence should not be caused by the uncorrected
atmospheric dispersion. Moreover, we checked that the
prisms were positioned correctly by comparing their
settings with preceding and following observations (the
prism angles are recorded in the FITS headers). Tele-
scope vibration can blur the speckles as well. The
SOAR telescope is known to vibrate occasionally at 50
Hz (Tokovinin, 2018b). However, the short exposure
time of 5 ms (1/4 of the vibration period) largely miti-
gates the elongation caused by vibrations. Furthermore,
we do not see such elongation in other objects observed

- ‘Reference * =

Figure 1: Power spectrum of A2909AB recorded at SOAR in
the y filter on 2013.74. It is displayed on the negative logarith-
mic stretch on the left and is accompanied by the reference
spectrum (binary STF 147) on the right, used to derive the posi-
tion and Am of A2909AB. Two similar data cubes of the object
and reference recorded on the same night are available.

before and after A2909AB. In conclusion, the doubling
of A2909AB observed at SOAR on 2013.74 appears to
be real, although its instrumental nature cannot be total-
ly ruled out. The non-resolutions on other visits are
very secure. The star C, at 17" from AB, is much fainter
than AB and could not be confused with it.

3. Previous Resolutions, Orbit, and Other Data

All 13 visual observations of A2909AB recorded in
the WDS database were kindly provided by B. Mason.
In 7 cases the pair was measured (separations from
0.12" to 0.14"), in one case only the elongation was
noted, and in 5 other visits the pair was unresolved. The
pair was also unresolved by Hipparcos and by Gaia
(otherwise Gaia would not measure accurate parallax
and PM). Comparison between the PMs and positions
measured by these satellites shows that the astrometric
acceleration does not exceed 0.1 mas yr ' — a strong
indication that this star is not a binary.

The orbit of A2909AB computed by Docobo et al.
(2016) is shown in Figure 2. It is based on the 7 visual
measures and on one speckle measure at SOAR, depict-
ed by the blue circle and flipped to 6 = 320°. With the

Table 1: Main parameters of A2909AB and A2909C

Parameter AB C Ref.
R.A. (J2000) 03:24:24.73 03:24:23.89 Gaia DR2a
Dec. (J2000) -15:39:13.8 -15:39:17.2 Gaia DR2
Parallax (mas) 19.531 + 0.043 19.673 + 0.038 Gaia DR2
PM (mas yr-1) 221.29, -100.65 218.05, -100.18 Gaia DR2
RV (km s-1) 29.98 +0.15 30.31 £0.56 Gaia DR2
V (mag) 7.51 12.70 SIMBAD
K (mag) 6.05 8.66 SIMBAD
Sp. type Gl/2v MO? SIMBAD
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A 2909AB
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Figure 2. The orbit of A2909AB by Docobo et al. (2016) as rep-
resented in the Sixth Orbit Catalog: P = 11.35 yr, e = 0.507, a =
0.172", and i =71.4°

Gaia parallax, the orbit corresponds to the mass sum of
5.3 My , while the mass sum estimated from the abso-
lute magnitudes of A and B (as given by the WDS) is
2.05 Mg . The orbit is suspicious, despite the grade 3
assigned to it in the Sixth Orbit Catalog (Hartkopf, Ma-
son & Worley, 2001). Although the semimajor axis and
period of AB do not quite match the expected mass
sum, they are mutually consistent. A pair of solar-type
stars of 0.1" separation at 50 pc distance should have
the period of the order of 10 years. So, the non-
resolutions at SOAR during 12 years are highly signifi-
cant and mean that the star A2909AB is not a binary
(incidentally, the wide pair AB,C is a binary).

Believed to be a close binary, this star has attracted
attention of other observers. Notably, the survey by
Nordstrom et al. (2004) reports 43 radial velolcity (RV)
measurements over a time span of 6676 days (18.3 yr).
The mean RV is 29.40 km s ', the rms scatter is 0.3 km
s ', and the probability that such a scatter is caused by
measurement errors (in other words, that the RV is con-
stant) is P(y’) = 0.83. Gaia measured a similar RV
(Table 1). On the other hand, a 10-year binary is ex-
pected to have an RV amplitude of ~15 km s~ multi-
plied by the inclination factor sin i. This factor is large
(i =71°) according to Docobo et al. (2016). So, the con-
stant RV strongly contradicts the claimed binarity of
A2909AB. Apparently, this object is being monitored

in search of exoplanets using HARPS (Sousa et al.,
2011). It has been targeted by several spectroscopic
studies of abundance, and none of those mentions dou-
ble lines.

The photometry and parallax listed in Table 1 place
the stars AB and C on the main sequence in the color-
magnitude diagram. If AB were a close pair of equal
stars, it would be located at 0.75 mag above the main
sequence.

4. Discussion

The object A2909AB is a single star occasionally
resolved as a double, similarly to A3010. Those two
ghosts have several common features. Both are nearby
solar-type stars. They were resolved at separations of
the order of 0.1" with Am = 0 (equal components). The
position angles appear random (erratic), and the orbits
computed from the historic measurements contradict
modern speckle non-resolutions. Evidently, these or-
bits are spurious.

If the occasional image doubling of these stars is
(or was) real, what could cause it? Light can be deflect-
ed by refraction or by a gravitational field, splitting the
image in two or more components. For example, we
might envision that the star is surrounded by a thin gas-
eous disc with a strong vertical density gradient that
refracts the rays. If such a disc is on the line of sight,
we would see two refracted images of the central star
on both sides of the disc. However, deviation of light
by a refracting medium or by a gravitational field is
usually accompanied by the wave-front curvature and
by the corresponding change of the flux. Only a perfect
prism deviates the light without affecting the flux, but a
prism cannot double the image. Substantial photometric
variability of the two ghost binaries discussed here
would have been noticed (e.g. by Hipparcos). There-
fore, the image doubling of ghosts by a hypothetical
lens (either refractive or gravitational) located on the
line of sight seems unlikely.

Gravitational waves stretch the image in one di-
rection and compress it in another direction without
changing the flux. The amplitude of a gravitational
wave needed to split the image by ~0.1" (10~ radians)
is many orders of magnitude larger than expected from
natural sources of gravitational radiation, even if the
wave is aligned with the line of sight, amplifying the
effect. So, this exotic hypothesis is also unlikely.

If the doubling were caused by a hypothetical po-
larizing medium on the line of sight, there would be no
flux variation, and the resulting pair would always have
Am = 0, as observed. Moreover, the gravity center of
the blended image would not be displaced, and there
would be no detectable astrometric effect. So, a
“Wollaston” prism on the line of sight splitting the light
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Figure 3. Doubling of the image of a light source caused by the
polarizing Wollaston prism (top) and doubling of the image of a
star by a hypothetical birefringent cloud (bottom). Green and
red lines depict the light rays with different polarizations.

in two linear or circular polarizations could explain the
doubling of ghosts. In this case, the two components
would be strongly polarized, and this can be verified by
speckle polarimetry (Safonov et al., 2019) or by a po-
larization-dependent displacement of the image photo-
center.

Figure 3 illustrates image doubling produced in the
laboratory by a Wollaston prism and a similar hypothet-
ical doubling of stellar image that could be produced by
a birefringent medium on the line of sight. In the latter
case, the linear distance between the polarized images
separated by 0.1" in angle would be ~5 AU if the star is
at 50 pc distance. The size of the birefringent cloud
should be of the same order or larger. Typical relative
velocities of stars in the Galactic disc are ~15 km s ' or
~3 AU yr . So, a chance alignment between the polar-
izing cloud and the star could be preserved on a time
scale of the order of a year.

We prefer not to speculate on the nature of hypo-
thetical “Wollastons™ in the interstellar medium. Note,
however, that interstellar scintillation of pulsars reveals
the existence of elongated sheets of ionized interstellar
gas, presumably shaped by magnetic fields, that deviate
and split images of pulsars in the radio domain (Gwinn,
2019).

Despite the facts presented here, the phenomenon
of ghosts remains elusive and still needs confirmation.
Repeated doubling of a single star recorded by modern
speckle interferometers would provide such a confirma-
tion. We continue to revisit the known ghosts A3010
and A2909AB at SOAR in hope of detecting a new
doubling. Obviously, ghosts (if they exist) are rare, and

the chances of catching a new doubling are small. If the
doubling is detected, a polarization test should be made
as soon as possible.
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Abstract: Data was collected from observing the double star system WDS 01171-2314
(HWE3). The current measurements taken show theta of 287.7°, and rho of 7.83". Compared
with previous data from the Washington Double Star Catalog, the two stars in the system have
not moved substantially in the 140 years they have been observed.

Introduction

The research objective was to measure the position
angle (theta) and the separation (rho) of WDS 01171-
2314 (HWE 3) and compare it to previously document-
ed data to determine the star system’s nature as either a
gravitationally bound binary star, or an optical double
star. Data from the first observation in 1875 and most
recent in 2015, as indicated in the Washington Double
Star Catalog (WDS), are very similar (Mason and
Hartkopf, 2016). Additional data was retrieved data
from the GAIA database for inclusion in the study and
showed the most recent observation in 2015.5, with a
theta measured as 288° and rho 7.6".

Materials and Methods

The images were taken with an SBIG camera
paired with a 0.4-meter telescope provided by the Los
Cumbres Observatory (LCO) worldwide network. The
LCO images have a resolution of 0.571"/pixel. The tel-
escope and camera used to take the images is located in
Chile at an altitude of 2198 meters, Figure 1.

The filters and exposure times used were a Sloan
red filter (RP) for four seconds, a Sloan green filter
(GP) for four seconds, a Sloan infrared filter (IP) for six
seconds, and a Bessel V filter (V) for four seconds.
There were a total of 63 images taken, with 18 images
for the red filter and 15 images each for the other three
filters. The images were taken in 2018.845 (Besselian
Epoch).

Each image was processed through the Our Solar
Siblings (OSS) Pipeline (Fitzgerald, 2018), which cali-

Figure 1. LCO Telescope kb26.

brated all images and put the World Coordinate System
(WCS) coordinates into each FITS header. The images
were then measured using Mira Pro x64, which found
the centroid of each star, then measured the position
and separation angle.

Data and Results

Table 1 shows the mean, standard deviation, and
standard deviation of position and separation angles
measured for each filter. Table 2 shows the mean,
standard deviation, and standard deviation of the posi-
tion and separation angle data collection of all com-
bined filter measurements.
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Table 1. Data sorted by filter type

Filter Number of Images Theta (Mean) Stgndgrd Rho (Mean) Sténdérd
Deviation Deviation
IP 15 287.78° + 0.020° 0.01 7.83" £ 0.003" 0.08"
GP 15 287.58° + 0.038° 0.02 7.82" + 0.004" 0.15"
RP 18 287.76° £+ 0.023° 0.01 7.83" + 0.003" 0.09"
v 15 287.67° + 0.037° 0.02 7.83" £ 0.005" 0.14"
Table 2. All data averaged together.
Mean Standard Deviation Standard Deviation
of the Mean
Theta 287.70° + 0.14° + 0.018°
Rho 7.83" + 0.02" + 0.002"
Discussion TYC 6425-2478-1 being the possible third star. Howev-

A negligible change was observed in the theta and
rho values between the historical trend and the current
observation data. Figure 2 visually represents the his-
torical data for HWE 3 in a scatterplot, with the current
observation added and labeled as 2018. Table 3 lists
each historical data point with the accompanying date
and the current observation written in italics.

Discrepancies were found between the GAIA and
SIMBAD data for this star system. SIMBAD indicates
the possibility that this system may be a triple-star sys-
tem (SIMBAD WEB), Figure 3. The three possible
stars are two from the Tycho catalog (TYC 6425-1209-
1 & TYC 6425-2478-1) and one from the Henry Draper
catalog (HD 7776). Taken collectively, this would ap-
pear to be triple star system with TYC 6425-1209-1 and
HD 7776 being spaced approximately 0.03" apart and

250 |[ 251
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286 287 288 289
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Figure 2. Current observation as compared to previous historical
data (observations).

er, the WDS reports this as a two-star system.

The RA and Dec measurements of TYC 6425-1209
-1 and HD 7776 are two slightly different measure-
ments of Right Ascension 01 17 05.622 Declination -23
14 18.87 and Right Ascension 0117 05.61862 and Dec-
lination -23 14 18.8357 respectively. The DSS image,
via ALADIN, Figure 4, shows the area in question. In
Figure 4, the North and East indications differ from
what is traditionally displayed in Double Star papers.
However, the orientation has been left in the original
orientation per the DSS and GAIA images as provided
by ALADIN. The resolution of Figure 4 does not per-
mit clear identification of all stars in the region.

Using data in the GAIA, only two stars were appar-
ent in the region identified by small squares from ALA-
DIN, Figure 5. Though it is not possible to determine
which database is more accurate, the discrepancies in
RA and Dec position could be attributed to the differ-
ence in epoch and methodologies between the Henry
Draper and Tycho catalog measurements and it is possi-
ble that HWE3 remains a two-star system, with the
SIMBAD reported stars TYC 6425-1209-1 and HD
7776 possibly being the same star. The two stars shown
in Figure 5 from GAIA have a theta and rho similar to
the historical measurements outlined in this paper.

Using additional GAIA catalog data, both stars in
the system have similar proper motion RA and Declina-
tion; any difference is trivial. The near identical radial
velocity values found in Table 4 are expected of a phys-
ical pair. The parallax data from Table 4 was converted
to Parsec and Light Year distances for both stars, Fig-

ure 6. The parallax data suggests that both stars are lo-
(Text continues on page 590)
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Table 3. The 2015.5 data point is from the GAIA catalog, while all points before that are from the WDS catalog.
The italicized numbers are the current observation.
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Date Theta Rho Date Theta Rho
1875.85 286.8 7.58 1922.96 287.4 7.66
1877.87 286.8 7.58 1931.9 287.6 7.75
1877.86 286.8 7.87 1962.9 288.5 8.14
1885.74 288.8 7.54 1991.25 288 7.856
1891.77 287.2 7.94 1991.55 287 7.818
1909.79 286.7 7.91 1991.795 288 7.851
1909.84 287.6 6.274 1998.63 287.1 7.81
1921.89 290.6 8.79 1999.556 287.6 7.851
1921.89 290.6 8.126 2010.5 287.1 7.56
1921.9 287.7 7.34 2015.5 287.93 7.84
1921.9 286.3 7.579 2018. 287.7 7.83
Naw Identifier dist(asec) Otype ICRS &2000) ICRSD(E%OOO)

1 TYC 6425-1209-1 0.04 * 01 17 05.622 -23 14 18.87

2 HD 7776 0.07 E 01 17 05.61862 -23 14 18.8357

3 TYC 6425-2478-1 787 * 01 17 05.0763060216 -23 14 16.481978821

Figure 3. SIMBAD identified objects with in 10 arcseconds of the primary star.

Figure 4. DSS image from ALADIN

Figure 5. Gaia image from ALADIN
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Table 4. Gaia Proper Motion, Parallax, and Radial Velocity Data
Star Proper Motion RA Proper Motion Dec Radial Velocity Parallax
Primary 18.05 + 0.17 -0.7 + 0.13 2.42 + 0.73 5.5 £ 0.07
Secondary 17.79 £ 0.93 1.75 £ 0.90 0.86 + 0.49 5.2 £ 0.42

(Continued from page 588)

cated close to each other in space; there is significant
overlap when the margin of error is considered.

Conclusion

Astronomical measurements of position angle and
separation in 2018.845 of the double star system HWE
3 were made using the KB26 telescope in the LCO net-
work. Analysis of 63 images taken with four different
filters revealed that the rho and theta data did not vary
significantly from historical data in a noticeable pattern.
There is significant overlap between the parallax data
and the stars are, therefore, statistically identical. Col-
lectively, the radial velocity, parallax, and proper mo-
tion data are typical of a physical pair. The data taken
from observations and databases indicates a possible
binary star system.
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Abstract: Using data from Global Astrometric Interferometer for Astrophysics (GAIA), Washing-
ton Double Star Catalog and Aladin 10, we gathered data about WDS 13367+2847 GRV870AB, C, fur-
ther referred to as GRV870AB, C. This data includes magnitude, distance and proper motion. Our objec-
tive was to analyze whether star AB may be gravitationally bound to C. Images of GRV870AB, C were
acquired using the remote telescope network Las Cumbres Observatory (LCO) using a 0.4-meter modi-
fied Meade telescope. From the images we calculated the mean position angle and separation of AC

118.70° + 0.03° and 22.49" + 0.019" on 2019.289.

Introduction

This research, part of an Astronomy Research Sem-
inar conducted by Boyce Research Initiatives and Edu-
cation Foundation (BRIEF) and offered by San Diego
Mesa  College, explored the  history of
WDS13367+2847 GRV870AB, C, Figure 1, and took
measurements to provide an updated Theta (position
angle) and Rho (angular separation) measurement for
this pair. Data was collected using GAIA, the Washing-
ton Double Stars Catalog (WDS), and Las Cumbres
Observatory (LCO) remote telescopes. GAIA is a tele-
scope launched by the European Space agency in 2013
with a mission to catalogue a billion stars and chart
their position, distances, motion and changes in bright-
ness over a five-year period. It is expected to be 10,000
times more accurate than Hipparcos (GAIA, 2016).

The first measurement of GRV870AB, C was taken
in 1896 measuring theta of 117.3° and rho
22.57" (Mason, 2019). Measurements of theta at 118.7°
and rho 22.53" were recorded in 2001. Proper Motion
of GRV&70AB, C is recorded as -24.43 for star AB and
-21.64 for star C. One component of our star system,
the AB pair, are two stars closely spaced together mak-
ing it difficult to distinguish them apart from each other
without the use of spectroscopy hence the designation

of AB. Based on the proper motion of the stars (GAIA,
2016) we decided to see if star C may be gravitationally
bound to AB.

Materials and Methods

Images of GRV870AB, C were requested via the
Las Cumbres Observatory (LCO). A 0.4-meter modi-
fied Meade telescope with a SBIG STX-6303 CCD
camera, located at Mt. Haleakala, Hawaii, 10,000 feet
above sea level, was used to acquire images of this pair.
It provided a resolution of 1.14"/pixel and a field of
view of 19’ x 29" arcminutes.

A total of 10 images were acquired with the follow-
ing filter and exposure configurations: clear filter at an
8, 10, and 12 second exposure times, and an SDSS g
filter at 5 and 7 second exposure times. Because both
the AB and C stars are GO class stars, the clear filter
was used. The peak wavelength emitted by GO class
stars is in the yellow range of visible light, so the band-
pass of the g filter captures the most light for this sys-
tem. The exposure times were calculated through the
LCO Exposure Time Calculator, taking into account the
magnitude of the stars, filter and telescope used, moon
phase, air mass, and PkDN (peak number of counts) in
the image.

The images were processed through the Our Solar
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Figure 1. Image of GRV8704B,C

Siblings (OSS) Pipeline (Fitzgerald, 2018). The OSS
Pipeline removed bad pixels, cosmic rays, any known
camera defects and inserted the World Coordinate Sys-
tem (WCS). The separation distance and angle between
the stars were determined using the application As-
trolmagelJ (Collins, et al. 2017).

measurements were taken for the data set: Trial 1 and
Trial 2. Using Astrolmage] the calculated position an-
gle is 118.70° and separation is 22.50". These results
and statistics are summarized in Tables 1 and 2.

A graph of the historical data in addition to our
measurements of theta and rho, Table 3, provides an

Results

illustration of the historical measurements, Figure 2.

To eliminate human error, two sets of independent

Table 1. Calculated Separation and Position Angle of 10 Images

Trial 1 Trial 1 Trial 2 Trial 2
Image Number Position Angle Separation (as) Position Angle Separation (as)
(deq) (degq)

1 118.70° 22.52" 118.78° 22.53"

2 118.85° 22.51" 118.87° 22.51"

3 118.63° 22.48" 118.60° 22.47"

4 118.68° 22.51" 118.77° 22.50"

5 118.65° 22.51" 118.72° 22.52"

6 118.61° 22.55" 118.56° 22.50"

7 118.76° 22.50" 118.74° 22.48"

8 118.70° 22.48" 118.70° 22.49"

9 118.67° 22.55" 118.68° 22.53"

10 118.73° 22.46" 118.57° 22.40"

Trial Average 118.70° 22.51" 118.70° 22.50"
Standard Deviation 0.07° 0.03" 0.09° 0.04"
Standard Error of Mean 0.02° 0.01" 0.03° 0.01"

Table 2: Measurement Mean and Statistical Error for AB, C.

Theta Rho
Mean 118.70° 22.50"

Standard Deviation 0.08° 0.05"
Standard Error of Mean 0.03° 0.o01"
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Table 3: Table of Historical Data plus 2019.289 Measurements

Star (AB)

Star (C)

Year Theta Rho Observation
1896.31 117.3° 22.57" WFC1998
1902.48 119.3° 22.58" WEC1998
1999.32 118.7° 22.44" TMA2003

2000 119.0° 22.50" GRV2004
2001.468 118.7° 22.53" Uc 2013
2019.289 118.7° 22.50" Our Data

GRV870AB, C Theta and Rho Historical Data with 2019
Measurement

1896

2019 2000

1999

THETA (DEGREES)

Figure 2: Historical Data plus 2019.289 Measurements of Theta
and Rho. The X axis represents theta and the Y axis represents
Rho. The year the observation was taken is shown above each dot.

Discussion

Stelle Doppie listed this system as a physical dou-
ble and a triple system (Stelle Doppie Web). The possi-
bility of the system being a triple star system is why we
chose GRV870AB, C. There have been 5 observations
of GRV870AB, C since 1896. In addition to our CCD
measurements in this paper, we also addressed the radi-
al velocity, proper motion and parallax from the GAIA
data.

The radial velocity for AB is listed at -24.43 mas/yr
and C was -21.64 mas/yr (Gaia, 2018). Proper motion
data for star AB had an RA of 18.93 mas/yr and Dec of
8.5 mas/yr and proper motion for star C had an RA of
12.27 mas/yr and Dec of 11.82 mas/yr (Gaia, 2018).

Parallax, the distance to the star, for AB is 8.36
with a parallax error of + 0.35. Parallax of star C is 4.69
with a parallax error of + 0.033 (GAIA, 2018). Con-
verting these distances to parsecs, the AB distance is
120 pc, uncertainty (= 5 pc). C distance is 213 pc, un-
certainty (+2, -1 pc), Figure 3.

Comparing the historical measurements with data
from this paper, the theta and rho measurements are
consistent. When consulting GAIA data to complete the
analysis of this system, the radial velocity and proper

Figure 3. Graphical representation of parsecs with error bars.

motion show similar values yet show differences given
a rough margin of error. The radial velocity of the AB
star show that it is moving away from us at a faster rate
than the C star. When looking at the proper motion of
both stars, Gaia shows that the stars are moving around
the celestial sphere at different rates, in which the AB
star is changing its position faster The difference in
proper motion and radial velocity indicate that the AB
star and the C star are not moving together as a system.
This is indicative of an optical double. Parallax was the
major factor in determining if the stars were gravita-
tionally bound. Due to the large difference in parallax
and probability that there is no overlap even with er-
rors, the C star appears to not be gravitationally bound
to the AB stars.

Conclusion

Although the stars have similar radial velocity and
increasing proper motion it appears that the C star is not
gravitationally bound to the AB star due to no overlap
in the parallax. With this information we are suggesting
this system may be a Y in accordance with the WDS
Summary Catalog note flags (Washington Double Star
Catalog, 2018). The Y note states: Statistically different
parallax for the components indicates they are non-
physical.
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Abstract: This paper presents partial results of a 2017 programme of photographic meas-
urements of ten southern multiple stars. All results were obtained using an Atik 460EX mono
CCD camera used in conjunction with an equatorially mounted 400mm F4.5 Newtonian reflec-

tor.

Introduction

These latest results are part of an ongoing program
commenced in 2008 by the Double Star Section of the
Astronomical Association of Queensland. The target
stars were selected from the Washington Double Star
Catalog (WDSC) and were observed in Queensland,
Australia from a latitude of approximately 27° S.

The results are presented in Table 1. The mean 95%
confidence intervals for the new measures were +0.718°
in PA and £0.108" in separation.

Method
Sets of images were obtained with the equipment

described above, the images were stacked using Atik
DAWN software and then analysed using the astromet-
ric double star program REDUC (Losse, 2008). Ap-
proximately ten stacked images of each target were tak-
en per night for seven nights and the results averaged to
obtain measures of separation and position angle with
sufficient confidence.

Full details of the method are given in Napier-
Munn and Jenkinson (2009). Some recent work on the
errors inherent in the method is described in Napier-
Munn and Jenkinson (2014). As proficiency has grown
in the use of this equipment with the 400mm reflector,
close doubles with considerable magnitude difference

Table 1. Measurements of Nine Southern Multiple Stars

Last listed measure New measure
System Comment

PA ° Sep. " @ Epoch PA ° Sep. " Epoch¥*
DON119 275 4.5 1942 276.32 4.4 2017.117 Minimal change in 75 years
RSS152 7 9.5 1976 3.52 12.18 2017.109 | Clear movement
DON238 15 6.7 1967 13.05 6.04 2017.109 | Change in both axes
Al774 274 3.8 1952 270.52 3.81 2017.237 | Clear movement
HJ840 93 5.3 1968 92.42 4.35 2017.237 | Change in separation
B810 95 3.6 1930 62.47 3.74 2017.259 Considerable change in PA
HU470 251 3.6 1945 245.79 3.72 2017.270 | Clear change in PA
RST5533 82 4.1 1951 342.79 4.43 2017.374 Considerable change in PA
RSS327 227 11.1 1976 221.53 11.39 2017.382 Definite change in PA

* Epochs of new measures given in Besselian years as the average of the observations making up the measure.
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between the components have been successfully meas-
ured.

Fellow AAQ members Culshaw, Hughes and
Hughes provided invaluable assistance with image pro-
cessing using Losse’s REDUC software, and Janke
with processing the original FITS image files into JPEG
photographs.

Results

For all of the systems shown below, the WDSC
information is first reproduced, showing the epoch
2000 position, magnitudes, separation, PA, and the last

recorded measurement. The new measurements are then
given in tabular form, including the mean and standard
deviation and 95% confidence limits. Any uncertainties
between the images and the last recorded measurements
are discussed. Finally a conclusion is given as to wheth-
er any movement of the component stars has occurred
in PA or separation, based on the P-value for the t-test
comparing the new mean values with the cataloged val-
ue (P < 0.05 is considered as evidence of change).

(Text continues on page 600)

DON119 RA. 06 07.1 DEC. -22 59 Last Measure 1942 Please note that all attached im-
L . 9. . . ° . 4.5" : .
e MAG. 9.78 & 13.6 PA. 275 SEP. 4.3 ages are aligned with North to the
Date No. images PA Sep" .
bottom and East to the right
29 Jan 2017 10 276.33 4.419
06 Feb 2017 10 276.79 4.465
08 Feb 2017 10 276.42 4.380
10 Feb 2017 10 275.44 4.366
15 Feb 2017 10 276.28 4.491
17 Feb 2017 10 276.33 4.359
24 Feb 2017 10 276.67 4.318
Mean 276.323 4.400
Std dev 0.434 0.062
95% CI +/- 0.401 0.057
P(t) movement 0.000 0.000
COMMENTS

Minimal movement in the last 75 years. Increase in PA

increase shown in previous measures,

separation may be closing again.

consistent with

Clear movement in both position angle and separation.

RSS152 RA. 08 18.3 DEC. -26 21 Last Measure 1976
Puppis MAG. 7.58 & n/a PA. 7° SEP. 9.5"
Date No. images PA° Sep"
03 Feb 2017 10 3.26 12.091
06 Feb 2017 10 3.52 12.223
07 Feb 2017 10 3.69 12.226
08 Feb 2017 10 3.34 12.218
10 Feb 2017 10 3.87 12.179
14 Feb 2017 10 3.41 12.129
15 Feb 2017 10 3.54 12.222
Mean 3.519 12.184
Standard deviation 0.210 0.054
95% CI +/- 0.194 0.050
P(t) movement 0.000 0.000
COMMENTS
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DON238 RA. 08 20.5 DEC. -22 55 | Last Measure 1967
Puppis MAG. 6.13 & 12.9 PA. 15° SEP. 6.7 "
Date No. images PA° Sep"
03 Feb 2017 10 13.91 5.823
06 Feb 2017 10 12.70 6.181
07 Feb 2017 10 12.45 6.046
08 Feb 2017 10 14.28 6.072
10 Feb 2017 10 15.24 6.229
14 Feb 2017 10 11.77 6.380
15 Feb 2017 10 13.15 6.121
Mean 13.053 6.043
Std Dev 0.641 0.157
95% CI +/- 1.020 0.249
P(t) movement 0.009 0.004
COMMENTS
Three night’s data as highlighted not included in reduction due to
poor quality seeing/images. Movement evident in both axes.

Al1774 RA. 11 03.2 DEC. -11 18 | Last Measure 1952
Crater MAG. 5.5 & 10.8 PA. 274° SEP. 3.8"
Date No. images PA° Sep"
17 March 2017 10 269.65 3.873
18 March 2017 10 271.13 3.739
25 March 2017 10 270.76 3.704
27 March 2017 10 269.51 3.762
04 April 2017 10 271.07 4.039
07 April 2017 10 271.94 3.908
09 April 2017 10 269.59 3.615
Mean 270.521 3.806
Standard deviation 0.948 0.143
95% CI +/- 0.877 0.132
P(t) movement 0.000 0.098
COMMENTS
Clear movement evident in PA only.
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HJ840 RA. 11 24.9 DEC. -17 41 Last Measure 1968
Crater MAG. 4.1 & 7.9 PA. 93° SEP. 5.3"
Date No. images PA° Sep"
17 March 2017 10 92.06 4.484
18 March 2017 10 91.83 4.335
25 March 2017 10 91.75 4.165
27 March 2017 10 92.92 4.37
04 April 2017 10 92.24 4.268
08 April 2017 10 94.07 4.3
09 April 2017 10 92.05 4.521
Mean 92.417 4.349
Std Dev 0.823 0.123
95% CI +/- 0.762 0.114
P(t) movement 0.000 0.000
COMMENTS

Clear evidence of movement only apparent in separation.

in separation.

Considerable movement has occurred in PA.

B810 RA. 13 22.0 DEC. -38 13 Last Measure 1930
Centaurus MAG. 9.69 & 13.5 PA. 95° SEP. 3.6"
Date No. images PA° Sep"
18 March 2017 10 62.37 3.662
25 March 2017 10 61.69 3.766
07 April 2017 10 62.14 3.794
15 April 2017 10 60.72 3.719
16 April 2017 10 63.01 3.623
21 April 2017 10 63.56 3.81
23 April 2017 10 63.8 3.804
Mean 62.470 3.740
Std Dev 1.083 0.074
95% CI +/- 1.002 0.068
P(t) movement 0.000 0.000
COMMENTS

No clear movement evident
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Definite change in PA continues
first 1901 measure.

the reduction occurring

HU470 RA. 13 34.3 DEC. -11 32 Last Measure 1945
Virgo MAG.7.9 & 12.9 PA. 251° SEP. 3.6"
Date No. images PA° Sep"
25 March 2017 10 246.78 3.594
07 April 2017 10 245.72 3.787
08 April 2017 10 243.89 3.697
15 April 2017 10 245.79 3.613
16 April 2017 10 246.65 3.51
21 April 2017 10 245.44 4.173
24 April 2017 10 246.26 3.664
Mean 245.790 3.720
Std Dev 0.973 0.218
95% CI +/- 0.900 0.201
P(t) movement 0.000 0.000
COMMENTS

since the

Very large change in PA over 66 years.

RST5533 RA. 14 20.4 DEC. =30 02 Last Measure 1951
Hydra MAG. 9.06 & 15.1 PA. 82° SEP. 4.1"
Date No. images PA° Sep"

01 May 2017 10 343.39 4.416
23 May 2017 10 342.19 4.466
24 May 2017 10 341.92 4.501
26 May 2017 10 342.75 4.381
27 May 2017 10 343.32 4.386
30 May 2017 10 342.04 4.39
02 June 2017 10 343.94 4.475
Mean 342.793 4.431
Std Dev 0.779 0.049
95% CI +/- 0.721 0.045
P(t) movement 0.000 0.000
COMMENTS
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RSS327 RA. 14 21.6 DEC. -30 53 Last Measure 1976
Centaurus MAG. 9.18 & n/a PA. 227° SEP. 11.1"
Date No. images PA° Sep"
07 May 2017 10 222.53 11.409
23 May 2017 10 221.39 11.286
24 May 2017 10 221.12 11.443
26 May 2017 10 221.27 11.356
27 May 2017 10 221.89 11.39
30 May 2017 10 221.94 11.48
02 June 2017 10 220.59 11.331
Mean 221.533 11.385
Standa?d devia- 0.637 0.067
tion
95% CI +/- 0.589 0.062
P(t) movement 0.000 0.000
COMMENTS
Definite change in PA.

(Continued from page 596)
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