Vol. 17No. 3 July 1, 2021

Journal of Double Star Observations

Page 238

Astrometric Analysis of Binary Star WDS 07508-1854

Kristen Thompson'! and Grant Thompson

2

I'Davidson College, Davidson, NC
2Wingate University, Wingate, NC

Abstract: We present new measurements of the position angle and separation of double star system WDS 07508-1854 taken
with the Las Cumbres Observatory global telescope network in March 2021. We report a position angle of 191.91° and
a separation of 5.60”. The new observations were combined with historical data for the source to glimpse the evolution of
separation and position angle of the pair over time. Our results confirm that the system is binary in nature, but the determination

of orbital solutions require further observations.

1 Introduction

Astrometric observations of binary star systems provide the
data necessary to directly determine the masses of stars, in-
formation that is essential to fully understand their structure
and evolution. Data for stellar positions and orientation of
their orbits, combined with precise radial velocity or distance
measurements, allow for the determination of the individual
masses of the binary components. In addition, measurements
taken over time can be combined to constrain the physical or-
bits of the primary and secondary components of the system.
In this paper, we report new measurements of the position an-
gle and separation of binary system WDS 07508-1854 to help
constrain orbital parameters of the binary pair.

2 Target Selection and Observations

Dave Rowe’s Gaia Double Star Selection Tool (GDS) (Rowe
2020) was used to search the Washington Double Star Cata-
log (WDS) (Mason et al. 2019) for candidate target systems
observable by the Las Cumbres Observatory global telescope
network (LCOGT) (Brown et al. 2013) that met the criteria
presented in Table 1. Potential targets were limited to those
with a right ascension (@) and declination (8) that were ob-
servable from the LCOGT in March 2021. In addition, we
required that the separation (p) of the primary (A) and sec-
ondary (B) components be within the range of 5” - 10” to be
resolved by the LCOGT 0.4-m telescopes while also fitting
within the field of view. To further narrow the list of potential
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target sources, we required that the components each have vi-
sual magnitudes (m) between 11 and 9 to eliminate brighter
sources that may have been recently observed by smaller tele-
scopes. Furthermore, the magnitude difference (Am) between
the two stars was limited to be less than 3 to ensure the fainter,
secondary component would not be shielded by the primary.

Table 1: Target Selection Criteria

o (J2000)  4F 17"
8 (J2000)  -80°— +80°
m 9-11
Am 0-3
p 5" _ 10"

The GDS search results satisfying our target selection crite-
ria were sorted for sources that had not been observed within
6 years and had few previous observations. The Stelle Doppie
Double Star Database (Sordiglioni 2020) was used to narrow
our candidate list to only double stars that are known to be
physical binaries, as indicated by previous observations and
similar proper motions () of the two individual components,
and have position angles (0) and separations (p) that have
shown change since discovery.

We chose to observe double star WDS 07508-1854. Also
named DAW?29, this system was discovered by Argentine as-
tronomer Bernahard Hildebrande Dawson in 1915. Stelle
Doppie astrometric data for this binary system are shown in
Table 2. We note that Stelle Doppie indicated that this binary
is not visible outside of the infrared bands. However, a search
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for this target in SIMBAD (Wegner et al. 2000) and Aladin
(Bonnarel et al. 2000) revealed observations for which both
stars were seen in visual bands, which was confirmed by our
observations of this system. We found this source to be par-
ticularly interesting since there have been few observations,
and none since 2015.

Observations of WDS 07508-1854 were carried out on 11
March 2021 with the Cerro Tololo Inter-American Observa-
tory 0.4-m telescope of the LCOGT. Ten exposures of 1.5
seconds each were taken through the clear filter of the SBIG
STL6303 camera mounted on the telescope.

Table 2: Properties of WDS 07508-1854

a (J2000) 07" 50™ 50.52°
8 (J2000) -18° 54/ 34.2"
Constellation Puppis
my 9.17
mg 9.56
Uy () -0.012" yr~!
U () -0.014” yr~!
U (8) +0.004” yr—!
Ug (8) +0.005" yr~!
Ap (1915 = 2015) 1.2"
A8 (1915 —2015) 5°
Spectral type A9V

3 Analysis and Results

Initial data calibration and reduction was performed by the
LCOGT pipeline (Fitzgerald 2018). Astrometric analysis of
the data was performed using the AstrolmageJ] image analy-
sis software (Collins et al. 2017). The aperture photometery
tool was used to measure the separation, position angle, and
difference in magnitude between the primary and secondary
components. The object aperature and the inner and outer
sky annulus radii were 4, 20 and 25 pixels, respectively. The
Howell centroid method (Howell 2006) was used for center-
ing the point-spread function (PSF) for each star during mea-
surement. A sample measurement of separation and posi-
tion angle for observation 4 is shown in Figure 1. Results
of measurements for each of the 10 individual observations
are shown in Table 3 with the average, standard deviation,
and standard error for each quantity. We find that the average
separation between the primary and secondary components of
the system is 5.60” and the average position angle is 191.91°.

Table 3: Measurements of Separation and Position Angle

Observation YOG

1 5.60 192.12

2 5.55 192.02

3 5.56 192.45

4 5.61 191.87

5 5.67 191.74

6 5.64 191.80

7 5.57 191.73

8 5.59 192.26

9 5.61 191.21

10 5.57 191.95

average 5.60 19191
standard deviation 0.04 0.34
standard error of mean  0.01 0.11

Astrolmage] was also used to create median, average in-
tensity, and sum image stacks. Measurements within each of
these stacks yielded a separation of 5.59” and a position angle
of 192.00°, in close agreement with the average values calcu-
lated from the 10 individual images.

4 Discussion

Historical data for double star WDS 07508-1854 were re-
quested from the U.S. Naval Observatory to be combined with
the results of this work. The list of prior observations contain-
ing information about both separation and position angle are
given in Table 4 to the precision reported by each author, with
the results of this work added.

Table 4: Historical Data

Observation Date  p () 0 () Reference
1915.05 4.38 187.3 Urban et al. 1998
1916.05 4.6 184 Fender 1929
1917.05 4.831 181 Urban et al. 1998
1917.81 5.66 190.4 Dawson 1918
1965.69 5.55 190.8 Knipe 1966
1983.95 5.81 190.5 Miret & Tobal 2007
1991.79 5.67 191 Fabricius et al. 2002
1999.10 5.59 192.1 2Mass Catalog
1999.90 5.66 191.5 Hartkopf et al. 2013
2004.23 5.93 191.1 Arnold 2005
2007.24 5.56 1914 Mason et al. 2008
2010.26 5.62 191.6 Mason et al. 2011
2010.50 5.43 190.1 Cutri et al. 2012
2015.50 5.62324  191.802 El-Badry & Rix 2018
2021.19 5.60 191.91 present work

Based upon the measurements from the first and most re-
cent observations, the separation and position angle of the two
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Figure 1: Measurement of separation and position angle using the Aperture Photometry Tool in AstrolmagelJ for observation
4. The separation and position angle were determined to be 5.61” and 191.87°, respectively.

components changed by 1.22” and 4.61°, respectively in the
approximately 106 years since discovery. While the rate of
change of these measurements over time depends upon the
instantaneous separation of the stars and are not constant, a
first-order approximation of the change reveals that both sep-
aration and position angle can be expected to change by a
few hundredths of their respective units per year. The histori-
cal data generally follows this expectation, with the exception
of the first three observations. One can see that the change
in both properties of the system changed significantly in the
one-year time period between each of these observations.
The change in relative stellar positions between 1917.05 and
1917.81 is particularly surprising, as Ap ~ 17% and A8 ~
5% in a fraction of a year. It is also interesting that each of
the first three observations are recorded as being observed on
the same day in each of three consecutive years. While these
three data points are relatively consistent with one another, the
combination of the observation date and the variation of those
measurements as compared to more recent data suggests that

they may not accurately describe the true nature of the double
star. Given the accuracy and precision of modern measure-
ment methods compared to those in the early 20" century, it
is also reasonable for these measurements to be omitted from
our discussion. However, it is also interesting to note that the
observations indicating the largest change in relative stellar
positions in time corresponds with the smallest measurements
of separation. To conserve angular momentum in the system,
the orbital speed of the two components must increase as the
separation between them decreases. In addition, the change
in orbital speed depends upon the ellipticity of the orbit, with
stars in more eccentric orbits experiencing a larger change in
orbital speeds throughout a period. Therefore, it is possible
that the orbits of the stars are highly elliptical and the ear-
liest observations were taken when the stars were relatively
close together and moving much quicker than in more recent
observations. We therefore present the collective data in two
ways in this section: including all previous observations and
eliminating the first three observations to highlight the more
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modern data.

The separation and position angle as a function of time are
shown in Figures 2 and 3, respectively. It can clearly be seen
in the top panel of each image that the first three observations
do not follow the trend of the rest of the data, supporting the
decision of the authors to exclude them from the discussion.
While there is a large variance in measurements over time,
the separation appears to be decreasing with time while the
position angle is increasing.
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Figure 2: Angular separation of the primary and secondary
components as a function of time showing all historical data
(top) and omitting the first three observations (bottom).

The Plot Tool 3.19 (Harshaw 2020) was used to create a
plot of the orbit of the secondary companion (B) relative to
the primary component (A) of the double star system (Figure
4). The astrometric observations of separation and position
angle shown in Table 4 were converted from polar to Carte-
sian coordinates and plotted with the primary component at
the origin. As could be clearly seen in Figures 2 and 3, the
first three observations are not consistent with the rest of the
data and have therefore been removed in the bottom panel of
Figure 4. With position angles ranging from 183°— 192°, the
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Figure 3: Position angle as a function of time showing all
historical data (top) and omitting the first three observations
(bottom).

secondary component is found to the southwest of the primary
star. Close inspection of the orbital positions and labeled ob-
servation dates in Figure 4 reveals no clear motion of the sec-
ondary star with time. Due to the large variance in position
and the small number of observations taken over a narrow
time period, an orbital solution could not be determined for
the system.

Though historical data and our separation and position an-
gle measurements could not yield specific orbital parameters,
these measurements, in combination with Gaia Data release
3 (Gaia Collaboration 2020) proper motion and photomet-
ric data, can provide constraining information on whether the
double star system is a true physical binary system. Table 5
shows the Gaia parallax measurements for each binary com-
ponent and the corresponding distance and separation results.
These parameters are in close agreement for each compo-
nent. When combined with the similar proper motion mea-
surements for the two stars (See Table 2), we conclude that
the system is indeed a physically bound system.
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Figure 4: Angular position of secondary companion star, B,
in reference to the primary star, A, which is located at the ori-
gin (off screen, bottom right). Historical data is represented
by black symbols and the result of the current work is shown
in red. The top panel includes all historical data since the dis-
covery of the system. The first three observations are omitted
in the bottom panel and the scale changed accordingly.

Table 5: Binary Constraints

Primary, A Secondary, B

Parallax 5.13 mas 5.14 mas

Parallax Error 0.02 mas 0.01 mas
Distance 195 pc 181 pc

Separation 1096 AU 1093 AU

Physical parameters of the double star system can be de-
termined using Gaia photometric data and parallax measure-
ments in combination with our results for separation and po-
sition angle. The luminosity of each star in the system can
be determined via the distance modulus using Gaia G-band
apparent magnitudes, extinction estimates, and distances. We
find luminosities of the primary and secondary components

tobe Ly = 17.1 Lg and Ly = 12.8 L. As these stars are
Sun-like main sequence stars, the mass-luminosity relation-
ship reveals masses of My = 2.25 M, and Mp = 2.08 Mg,.
These individual masses, used in combination with our mea-
sured stellar separation and Kepler’s third law of planetary
motion, gives an orbital period of 26,800 years for the sys-
tem. It is important to note that the true separation of the
stars, needed in Kepler’s third law, will be larger than the ob-
served value if the inclination i of the orbit is greater than
0°. As the inclination of the orbit is unknown, we applied
a correction factor for inclination equal to the average value
of cos3i, (cos3i> = 0.424, to our observed separation prior to
calculation of the period (Carroll & Ostlie 2007).

It is worth noting that the GDS reports an estimated pe-
riod of 20,800 years for this system based upon measure-
ments from the Gaia Data Release 2 (Gaia Collaboration
2016, 2018). However, the GDS calculation did not include
extinction or a correction for inclination angle. Using the
methods of the GDS in combination with our measured sepa-
ration and position angle, we find an orbital period of 20,300
years for the system, in close agreement with the value re-
ported by GDS using earlier measurements.

Given our extinction- and inclination-corrected period esti-
mate of approximately 26,800 years, it is not surprising that
an orbital solution for the system could not be calculated from
discrete observations over 106 years. The determination of or-
bital parameters will require additional observations into the
future.
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