192

Odessa Astronomical Publications, vol. 32 (2019)

DOl:http://dx.doi.org/10.18524/1810-4215.2019.32.181603

PROBABILITIES OF PHYSICAL LINK BETWEEN THE
COMPONENTS OF THE SELECTED MULTIPLE SYSTEMS FROM
WDS CATALOG

N.V. Maigurova, Yu.l. Protsyuk

Research Institute "Mykolaiv Astronomical Observatory", Ukraine,
nadija@nao.nikolaev.ua, yuri@nao.nikolaev.ua

ABSTRACT. Astrometric CCD observations of visual
components of double and multiple stars were performed
using the RI MAO Axial Meridian Circle (AMC) with new
Apogee Alta Al-F8300 CCD camera mounted at the telescope
in 2018. Observations were carried out automatically in drift-
scan mode using a standard R filter. Objects for observational
program were selected from the Washington Double Star
Catalog (WDS). During the 23 nights, 983 observations of 579
double and multiple systems from the WDS catalog were
obtained. Astrometric reductions of the observations showed
high accuracy, with an average error of one position about 0.1"
in right ascension and declination for stars up to 16™9, which
were observed more than 3 times.

The purpose of our study was to measure the parameters
of the mutual configuration of pairs from the original
images and to draw some conclusions about the physical
connection of the components in the selected systems. The
measurement array that will be sent to the WDS database
includes values of positional angle, angular separation,
stellar magnitude difference, and epoch of the observation.
A detailed analysis of the pairs of stars in the selected 5
systems to clarify their composition and the nature of the
link between them was made. Positional data from the
Hipparcos, Tycho2, UCAC4, Gaia DR2, and Pan-STARRS
(PS1) catalogs were used as sources of additional
information about the investigated stars. The search for
possible invisible stars in the selected systems was
performed using the statistical Wielen method, based on the
analysis of the differences of instantaneous and long-term
averaged proper motions of the stars. The proper motions
of the space Gaia DR2 catalog were considered to be
instantaneous, the long-term averaged proper motions were
used from Tycho-2 and UCAC4 catalogs. Obtained values
of the statistical parameter in some cases indicate a high
probability of existence of invisible close components in
the studied systems. Detailed comments of the results for
each of the selected systems are provided.

Keywords: Double and multiple stars, binary stars, CCD
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AHOTALIS.  Acrpomerpuuni  I133-criocrepesxeHHs
Bi3yaJlbHUX KOMITOHCHTIB TOABIHHMX Ta KpaTHHUX 3ipOK
BUKOHYBAJIMCH 32 JOTIOMOTOI0 AKCIaIbHOTO MEPUIIaHHOTO
kpyra HAI MAO 3 noBoto [133-kameporo Apogee Alta Al-
F8300, mo Oyna BcraHOBIeHa Ha Tenmeckomi y 2018 pori.
CriocTepeskeHHsI TIPOBOAMINCE Y aBTOMAaTHYHOMY PEXNMI
METOJIOM ITEPEHOCY 3apsAy 3 BUKOPHUCTaHHSIM CTaHJapTHOTO

¢ineTpy R. O0’exTH 1711 TIpOrpamMu CIIOCTEPEXXEHb OyIo
o0paHO 3 KaTaiory HOABIHMX 3ipok BammHrroHCHKOT
obcepaaropii (WDS). IIporsrom 23 Houei otpumaHo 983
criocTepeXeHHs1 579 MOJBIHHMX Ta KpaTHHX CHCTEM 3
katanory WDS. AcrtpomerpnuHi peaykiii croctepexeHb
MOKa3aJId JIOCUTh BHCOKY TOYHICTh, CEpeIHS IOXHOKa
OJTHOTO TIOJNIOKEHHs ckiamae Omm3pko 0.1" mis mpsmMoro
MiJHECEHHS Ta CXWICHHS M 3ipok g0 16 30psHOI
BEJIMYWHM, 1110 CITOCTEPIraliuch OibIne 3 pasis.

MeToro HamIOro [IOCTi/HKCHHS OyII0 BHMipIOBaHHS
rmapaMeTpiB B3aeMHOI KOH(QIrypalii map 3 OpHTriHAIBHUX
300paXeHb Ta OTPHMaHHsS IEBHUX BHCHOBKIB ILOJIO
(i3UYHOTO 3B’SI3Ky KOMIIOHEHTIB y OOpaHHMX CHCTEMax.
MaccuB BUMIipIOBaHb, IO Oy/e HagicIaHo 10 0a3u JaHuX
WDS, BKkiIIOYae 3HAYCHHS MO3UIIIHOTO KyTa, KYTOBOTO
PO3IUICHHS, PpI3HULI 30pSHUX BEJIIMYMH Ta EIOoXy
criocTepe)xeHb. BUKOHaHO JeTaibHUI aHami3 map 3ipok,
0 BXOJAATH 1O OOpaHUX 5 CHUCTeM Ui YTOYHEHHS iX
CKJIaJy Ta IPUPOIH 3B’s3Ky MK HUMH. [lo3umiitni maHi 3
katanoris Hipparcos, Tycho2, UCAC4, Gaia DR2 Ta Pan-
STARRS (PS1) BHKOpDHCTOBYBAIHCH SK JDKepena
JOJaTKOBOI iH(OpMarii mpo 3ipKH, MO TOCIiIKYBaJIHCh.
BrKOHAHO MOIIYK MOXJIMBHX HEBUANMHUX 3ipOK y 0OpaHuX
cHUCTeMax 3 3acTOCYBaHHSM CTaTUCTUYHOTO METOIY
Binena, mo Ga3yerbcs Ha aHaii3l Pi3HUIP MUTTEBUX Ta
YCEPEAHEHUX JOBrOCTPOKOBHX BJIACHMX PYXIB 3ipOK.
Biacui pyxu katanory Gaia DR2 6yno po3risHyTO sK
MUTTEBI, B SKOCTI JIOBITOCTPOKOBHX BJACHHX pPYXIiB
3aydeHo mani karanoris Tycho-2 ra UCAC4. Orpumani
3HAYCHHs CTATUCTUYHOrO MApaMeTpy B IESKUX BHUIAIKAX
BKa3yIOTh Ha BUCOKY MMOBIPHICTh iCHYBaHHS HEBHIUMIX
OJM3bKUX KOMIIOHEHT B JOCHIIKYBaHHX CHCTEMaX.
[IpencraBneni AetanbHI KOMEHTapi A0 pe3yibTaTiB A
KOKHO{ 3 PO3IJIIHYTHX CHCTEM.

KoarouoBi cioBa: mojBiiiHi Ta KpaTHI 30psHI CHCTEMH,
¢izuuHO 3B’s3aHi mMoABiKHI 30pi, [133-crocrepekeHHs,
ACTPOMETPHUYHI [TOJIOXKEHHS, BJIACHI PYXH.

1. Introduction

Binary and multiple stars are unique objects for direct
determining physical characteristic of stars (primarily mass),
through a combined analysis of photometric, astrometric,
and spectroscopic data. This paper has deal mainly with
positional observations to determine the separation between
components of star and the position angle at the
observational epoch in order to supplement the observation
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history. These parameters are also value information for
clarify the nature of the link between the system components
and in case of the existence of a gravitational link between
stars, these data can be used to obtain elements of the orbits
of the binary system. The principal database of double and
multiply stars is Washington Double Star Catalog (WDS)
(Mason et al., 2001) maintained by the United States Naval
Observatory. The WDS lists 149730 (as the autumn, 2019)
of resolved stellar systems with two and more components.
But the main question for researchers is whether the pair that
they see in their telescopes is gravitationally connected to
each other, or this is the result of the random arrangement of
stars on the celestial sphere, which are very far from each
other in reality. Only a small part of the WDS records have
enough observations to detect the orbital motion of stars
around each other. The Sixth Orbit Catalog (ORBS6) included
only 2,662 orbits of 2,558 systems as of 25 April 2016
(https://www.usno.navy.mil/USNO/astrometry/optical-IR-
prod/wds/orb6). Therefore ground-based observa-tions such
objects do not lose their value despite the many existing
modern astrometric dense catalogs.

2. Telescope and Observational Program

The regular observations of binary and multiply stars at
Rl MAO have been carried out at two telescopes: Axial
Meridian Circle (2013 — 2015, 2018-2019) (Bodryagin et
al, 2015) and KT-50 of Mobitel complex (2014-2019),
(Bodryagin et al, 2016;2017, Maigurova et al.,2018) . For
several years, we did not observe double stars at AMC for
technical reasons. With the installation of a new camera in
2018, observations were resumed. The all characteristics of
updated instrumental system are given at Tab. 1.

The observations of visual double and multiply stars
from WDS catalog were performed during 2018/05 -
2018/10 in drift scan mode. During 23 nights we obtained
983 observations for 579 WDS system in R photometric
band. Mean epoch of our observations is 2018.5 and mean
time difference between last observation in WDS database
and our observations is 6 years, but 10% stars have the
differences in range from 15 up to 100 years. So this
indicates that our data can be useful for extend the arc
length of the observed orbit of binary system. Distribution
of observations over celestial sphere is shown in Fig. 1.

Figure 1: Distribution of the observations over celestial sphere.

3. Measurements

We carried out all astrometric reductions with the
“Astrometrica” software (http://www.astrometrica.at). The
root mean square errors of the differences (O - C), where O
- obtained equatorial coordinates, C — Gaia DR2 equatorial
coordinates, of the stars up to 16™9 in R-band (with Nops
>=3) were 0.12" in right ascension and 0.11" in declination.
It should be noted that here we used astrometric reductions
mainly for confident identification of program objects and
obtaining exact values of the image orientation angle
regarding the celestial equator for further measurements of
the parameters of the mutual configuration of the
investigated components. The measurements of position
angles and separations were made with REDUC software
(http://www.astrosurf.com/  hfosaf/reduc),  according
standard processing procedure. The final array of
measurements includes values of positional angle,
separation, difference magnitude, magnitude difference,
number of observations for all pairs of the WDS system and
known notes about link. The example of table with
measurement results for selected pairs presented in Tab.2.
Column 3, 4, 5 with adding exact observational epoch will
send to WDS database. Information from Stelle Doppie
web-resource (https://www.stelledoppie.it) about nature of
link between components based on their proper motions, is
given at last column in Tab.2, where G means
gravitationally bounded double, U- nature of this double is
uncertain, N — optical double.

Table 2: Measurements of the selected WDS systems

Table 1: The characteristics of AMC instrumental system WDs Pair | PA,° | Sep,” ?n'\:gg' N Link
00318+3658 | AB* | - - - 23 G
Telescope AMC RI_“MAO’_’ AC 165.4 | 315 29 13 U
(Mykolaiv, Ukraine) AD | 1744 | 436 13 16 N
BD* | - - - 11 N
rYS) 31.9701, 46.9721 CD 195.7 | 135 1.6 12 N
Type Refractor 02157+1046 | AB | 2362 | 145 | 0.4 34 G
5 (mm) 180 AC | 2753 | 719 | 24 16 U
AE |51 | 1746 | 11 14 U
F (mm) 2500 BE | 86 | 1840 | 07 13 u
CCD Apogee Alta AI-F8300 0332545420 | AB | 1.2 20.5 2.1 7 U
Size (pix) 3326 x 2504 AC 319.9 | 26.6 25 7 N
Pixels, (um?) 5.4%5.4 BC | 2697 | 174 |03 7 N
Scale (arcsec/pix) 0.45"/px 05510+4844 | AB_ | 3164 | 9.0 1.2 17 G
FOV (arcmin) 25'x25' AD 2598 | 1167 10 16 G
— BC | 307.7 | 32.9 1.9 9 U
Exposure (dec=0°5) | 100 221050251 | AB_ | 40 | 511 |12 |8 U
Filter Weal FL-CFW-2-7 AC 94.8 51.1 05 9 U
Filters AN-R-50R, AN-V-50R AN-B-50R BC 139.4 | 72.6 0.8 8 U

*- not measured
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Figure 2: Distribution of the angular separation for all pairs
of our observations.

There are several reasons why direct measurements of
the mutual configuration parameters from astrometric CCD
observations are impossible. The main star is often too
bright and its image is oversaturated, some of the
components in the systems under study had too weak
magnitudes for the instrument. In general direct
measurements were possible only for pairs with separation
which at least exceeds 3 FWHM (in case of the AMC the
mean FWHM is about 3"). The distribution of the angular
separation for our observations is presented in the Fig.2.

As could be seen from the Fig.2, significant part of
components is not available for direct measurements. In our
opinion a large number of known pairs with a low angular
resolution suggest that some stars from double and multiple
systems may have invisible undiscovered components.
Statistical method for detecting and searching of the
invisible components of stars was proposed Wielen
(Wielen, et al., 1999) back in the 90s. These stars are called
delta-p binaries. The method is based on the comparison of
proper motions of stars obtained for various time intervals
and the assumption that the movement of its photo center
for a sufficiently long period of time is not linear but wavy
for a binary system with an invisible companion. If the
normal practice of obtaining proper motions by ground
based observations is based on observations with the
difference of epochs of 20-50 years or more, the proper
motions obtained with the Hipparcos and Gaia DR2 space
catalogs can be considered within this methodology as
instantaneous. For a long time, the main limitation of this
method was the insufficient accuracy of long-term
averaged proper motions. For a now there are some
catalogs with accuracy proper motions like Tycho2 (Hog et
al., 2000) and UCAC4 (Zacharias et al., 2013) catalogs. In
addition the appearance of high-precision space catalog
Gaia DR2 made possible to calculate high precision long
term averaged proper motions for Hipparcos stars on 24
years difference epoch. Search secondary object for nearby
stars based on anomaly between the long-term proper
motion vector and the Gaia DR2 (or Hipparcos)
measurements was performed by Kervella (Kervella et al.,
2019). These calculations are in the Strasbourg database
and may be available for wide use. Perhaps this is the most
accurate averaged proper motions, but unfortunately only
for Hipparcos catalog stars. In this study we used proper

motions and their errors from Tycho?2 catalog primarily and
then UCAC4. The Gaia DR2 parallax, proper motions,
averaged long term proper motions from UCAC4 and
Tycho 2 catalogs and their errors are presented in Tab.3 for
all stars that included in selected WDS system. The last
column of Tab.3 contains value F-criteria calculated as :

( Au_RA )2 N ( Au_DEC )2
e Au_RA e Au_DEC
where Apig 4 Alig 4 are corresponding differences between

long term and instantaneous proper motions, while
EAugar EAuppcare errors of their determination.

Stars with a value criteria ' > 2.49 were considered as
Au -double candidates with a 95% probability.

3.1. WDS 00318+3658

There are 5 entries for 4 stars of the system in WDS
catalog. The separation between A and B component is 6.8"
and this is reason we can’t measure B component from our
images. The main star is 2509 Hipparcos. The Gaia DR2
parallaxes confirm that A and B stars are gravitationally
bounded pair while C component doesn’t bound with them.
C component have significantly different parallaxes and
radial velocity. F — values for stars of the WDS
00318+3658 system doesn’t show possible invisible
companion in them.

3.2. WDS 02157+1046

The system includes 4 entries. Common proper motions
and parallaxes indicate that pair AB is a physical binary
system only. Despite star C is included in Tycho Double
Star Catalogue (Fabricius et al., 2002) proper motions and
parallax star C significantly different, which makes it
unlikely that star C belongs to the AB system. The
belonging of the star E to the system remains uncertain
since there are no proper motions and parallax data for the
star in the Gaia DR2 catalog.

3.3. WDS 03325+5420

Apparently there are no physically connected pairs in
this system; large value F for star C could indicate the
presence of invisible satellite. There is a weak object at a
distance of 0.2" from star C in the Gaia DR2 catalog.
Unfortunately with no information about parallax and
proper motions of this star and bad accuracy averaged
proper motions of the star C, this this conclusion remains
uncertain.

3.4. WDS 05519+4844

There are 4 stars and 3 entries for this system in WDS
catalog. Stars A, B, D form triple system, star C is not
included there.

3.5. WDS 22105-0251+5420

According Gaia DR2 data star B and star C could be
physical pair, but they have different radial velocities. Star
B also have large value F parameter that could be point on
presence invisible satellite near to this star.
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Table 3: Measurements of the selected WDS systems

Gaia DR2 Long-term data
PIx, €, PMRA, €, PMDE, €, PMRA, g, PMDE, g, Source F
mas | mas | mas/year | mas/year | mas/year | mas/year | mas/year | mas/year | mas/year | mas/year

00318+3658

A 5.02 | 0.06 -15.0 0.1 4.4 0.1 -15.8 2.2 8.0 2.1 Tycho2 | 1.73
B 5.00 | 0.05 -14.8 0.1 4.0 0.1 -14.9 2.5 4.2 2.5 UCAC4 | 0.08
C 1.03 | 0.10 -16.0 0.1 -6.9 0.2 -10.3 3.0 -3.0 3.1 UCAC4 | 2.27
D 2.37 | 0.06 19.6 0.1 -1.6 0.2 17.5 3.3 -5.2 3.2 Tycho2 | 1.28
02157+1046

A 9.89 | 0.04 | 59.6 0.1 -65.6 0.1 58.9 0.9 -66.5 1.0 UCAC4 | 1.23
B 9.91 | 0.04 | 61.1 0.1 -70.9 0.1 60.2 1.0 -71.4 14 UCAC4 | 0.95
C 2.30 [ 0.05 | 32.8 0.1 -14.8 0.1 31.3 1.7 -14.1 1.3 UCAC4 | 1.03
E* 5.30 | 0.25 | 53.3 3.6 -31.3 1.2 54.7 0.7 -30.0 1.7 UCAC4 | 0.75
03325+5420

A 2.25 [ 0.04 15.7 0.1 -5.0 0.1 13.1 1.9 -4.7 1.9 Tycho2 | 1.37
B 046 | 0.21 -0.6 0.4 -0.1 0.4 6.1 4.9 3.0 1.9 UCAC4 | 2.10
C 0.96 | 0.02 1.3 0.1 -3.1 0.1 -1.7 9.2 1.6 2.1 UCAC4 | 244
05519+4844

A 1.45 | 0.06 2.0 0.1 -6.4 0.1 3.8 17 -7.8 1.7 Tycho2 | 1.34
B 138 | 0.19 3.3 0.3 -6.7 0.2 3.3 1.6 -9.6 1.5 Tycho2 | 1.91
Cc 2.06 | 0.04 18.2 0.1 -42.5 0.1 16.6 61.4 -39.6 2.0 UCAC4 | 145
D 1.65 | 0.05 6.4 0.1 -7 0.1 6.6 1.3 -7.0 1.3 Tycho2 | 0.15
22105-0251

A 7.65 | 0.17 68.4 0.2 6.6 0.2 71.0 2.3 5.6 2.5 Tycho2 | 1.19
B 0.43 [ 0.08 4.3 0.1 -5.8 0.1 15.0 1.8 -3.4 2.5 UCAC4 | 6.71
C 0.62 [ 0.10 4.7 0.1 -4.5 0.1 44 1.2 -2.8 25 UCAC4 | 0.72

* - Hipparcos data
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Star masses are the key for understanding of the stars and
star systems (their birth, evolution and death), therefore
regular observations of binary and multiple stars are very
important for enlargement observed arc orbit and small
ground-based telescopes can be used for this purpose. New
positional data (separation, positional angle) were obtained
from CCD observations with AMC of RI MAO.
Observational data will be sent to the coordinators of the
WDS catalog and include to the general database.

The question of the reliability of the existence of
gravitational link between the system component is the main
one in the study of binary and multiple systems. Combination
of the precise astrometric data from Gaia DR2 catalog with
similar data from modern astrometric catalogs (Hipparcos
and Tycho, Tycho-2, UCAC2, 4) with other observational
epoch allow us to clarify the composition of known systems.
The search for probable nearby invisible component in
multiple systems using the method checking differences
between instantaneous Gaia DR2 proper motions and
averaged long- term proper motions was conducted.
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