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Abstract: Our team made an astrometric measurement of the double star
STF 1510 and found the separation to be 5.52 arc seconds and the position angle
to be 327.95 degrees. Our analysis of historic observations as well as our own
did not support the contention that STF 1510 is a binary, nor did it eliminate the
possibility that it could be a very long-period binary.

Introduction

A group of students from Paso Robles High School
formed an astrometry seminar research team (Figure 1).
The main goals of the team’s research were observa-
tions and the analysis of the binary star STF 1510, to
help further the information on the orbit of the stars, as
well as gain experience measuring binary stars.
Through observations and analysis, despite the longevi-
ty of this specific orbit, additional data was contributed
to hopefully lead to more discoveries about this double
star. This was done to help either disprove or support
the published elliptical orbit. In order to do this, obser-
vations of the double star system and the measurement
of its position angle (in degrees) and the separation (in
arcseconds) were needed. This binary star was chosen
due to its extremely long elliptical period, along with
the possibility of past measurements straying from the
orbital path into a linear path and being considered an
optical binary star.

The first published research on (STF 1510= WDS
11080 + 5249A/B= HD 96527= HIP 54407= BD+53
1466= SAO 27918= TYC 3824-17-1= UCAC4 715-
050214) was in 1830, and the most recent one was in
2017. The binary was initially discovered by Frederick
William Herschel in 1830, however, Friedrich Georg
Wilhelm von Struve is attributed as the discoverer of
the binary by making multiple published observations
with a larger telescope in 1832. STF 1510 has been

Figure 1. Team members - Laura Santos, Monica Rodriguez,
Jiseelle Jimenez, Morgan Harrington, Mandy Lee, Paulina
Mondragon Lopez, Leslie Ramirez, Elizabeth Phillips, and In-
structor Jon-Paul Ewing

studied for almost 200 years, yet all of the past observa-
tions indicate that the orbital period is tremendously
long with the data points concentrated only in a certain
area of the orbit.

The Hipparcos data point, represented by the red
“H”, is the satellite telescope used to observe the dou-
ble star in the early 1990s. The WDS orbit in Figure 2
was calculated recently (Kiselev, et al 2012). The previ-
ous measurements made on this orbit are shown by the
pink and green points along the orbital path of this star
in the graph above. The pink shows the measurement
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Figure 2. STF 1510 Orbit

made from photographs, while the green shows the
measurements made through the use of an eyepiece mi-
crometer.

Equipment and Procedures

Las Cumbres Observatory (LCO) kindly provided
observing time to obtain the digital images. Images of
STF 1510 were taken on a 0.4 meter telescope at Tene-
rife, Spain, at three different exposures. There were 10

Table 1: Calculated separation and position angle of 10 images

Trial 1 Trial 2
Image Separation Pii;;:?“ Separation | Position
Number as As Angle (de
(as) (deg) (as) gle (deg)
1 5.5 328.42 5.56 329.31
2 5.55 328.27 5.55 328.05
3 5.54 327.87 5.48 329.18
4 5.51 327.91 5.52 328.05
5 5.57 327.39 5.59 328.11
6 5.57 327.39 5.49 327.32
7 5.34 326.72 5.32 327.32
8 5.52 328.53 5.54 328
9 5.59 327.42 5.57 327.87
10 5.59 327.98 5.59 327.77
Trial 5.53 327.79 5.52 328.1
Average
Standard 0.07 0.56 0.08 0.67
Deviation
Standard
Error 0.02 0.18 0.03 0.21
of Mean

Figure 3: Image of our binary in AstrolmageJ software

images taken at exposures of 5 seconds, 1 second, and
0.5 seconds each, producing 30 images total. It was
concluded that the images taken at the longest exposure
time (5.23s) produced clearer images that could be ana-
lyzed more accurately. Figure 3 shows an example im-
age.

The 10 images were analyzed using the program
AstrolmageJ (Collins, et al. 2017), which gave us the
primary and secondary stars’ centroids’ right ascension
(RA) and declination (DEC). We then used a formula
created by Robert Buchheim (2008) to calculate the
average position angle and separation from the RA and
DEC.

Results

The observations were taken on 2018.526. The po-
sition angle was calculated to be 327.95 degrees and
separation as 5.52 arc seconds. These results are sum-
marized in Tables 1 and 2.

Discussion

When trying to find the position angle and separa-
tion between the two stars in Astrolmagel, the program
did not automatically output these values as expected.
Therefore, we used the formula previously mentioned
in the Equipment and Procedures section.

Overall, the data recorded of both the separation

Table 2: Averaged solutions using AstrolmageJ

Separation Position Angle
(Arcseconds) (degrees)
Average 5.52 327.95
Sta_nda_rd 0.08 0.62
Deviation
Error 0.02 0.14




Vol. 15 No. 2 April 1, 2019

Journal of Double Star Observations

Page 212

Astrometry of STF 1510

Position Angle vs Time of STF 1510

Position Angle

Time

Separation vs Time of STF 1510

Separation (Arc Seconds)

Time

Figure 4. Position angle and separation versus time using historical data on STF 1510. A linear trend line is shown for reference.

and position angle (Figure 4) are pertinent to the previ-
ously published data which led to the current orbital
path shown above.

Conclusion

The objective of this research was to gather data
about the orbit of this binary star by measuring the po-
sition angle and separation along with gaining experi-
ence of measuring binary stars. The results are con-
sistent with previous observations.
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Abstract: The primary focus of this research was to acquire measurements for WDS
12001+7039 AB, AC, and AE system pairs through images acquired through the Las Cumbres
Observatory telescope network (LCO), using a 0.4-meter Meade telescope. From the images we
calculated the mean position angle and separation of the AB pair to be 328.77° + 0.03° standard
error and 14.39" + 0.01" standard error respectively, the AC pair to be 158.77° + 0.01° standard
error and 30.61" £+ 0.01" standard error respectively, and the AE pair to be 317.13° + 0.06°

standard error and 25.21" &+ 0.03" standard error .

Introduction

Double Star WDS 1200147039 is a quintuple star
system, Figure 1, with multiple pairs having a record of
historical measurements. This double star system was
selected for research due to the AE pair only having a
few historical observations; the first in 1885, and the
last in 2003. As images were acquired for the entire
system, pairs AB and AC were also measured in addi-
tion to AE. Measurements we not acquired for the D
star (although there was historical data collected on the
Cd measurement), because we found that the D star lo-
cation was blown out in our measurements by the A
star (by comparing locations in current measurements
to the historic measurements).

The double star pair, 12001+7039 STH 2 AE has
only 3 measurements in the last 133 years. A review of
these historical measurements, provided by the United
States Naval Observatory, show the position angle
(theta) between the A and E components constantly at
an average of 317.5°, however the separation (rho) be-
tween the two stars increased by 4 arc seconds from
21.05" to 24.81" during the same period.

Equipment and Methods

The images for 12001+7039 were taken in Tene-
rife, Spain, through the Las Cumbres Observatory
(LCO) system. Having access to 6 of the LCO tele-
scopes around the world, this double star system was
visible to three telescopes during the period requested:
Tenerife, Spain, Maui, USA, and Texas, USA. The

[ E
N
Figure 1. WDS 12001+7039

LCO scheduling system used the telescope in Spain
due to weather and availability. A total of 20 images
were taken through a Sloan Digital Sky Survey (SDSS)
filter for the r band: Five with a three second exposure,
five with a five second exposure, five with an eight
second exposure, and five with a ten second exposure.

Once the images were acquired by LCO, each im-
age was processed through the Our Solar Siblings Pipe-
line (OSS). The OSS Pipeline (Fitzgerald 2018) pro-
cesses images in multiple phases that clean, label, and
calibrate all images to prepare the photos for later
measurements.

After the OSS pipeline processing, images were
opened in the software suite Mira Pro for astrometric
measuring using the Distance & Angle tool to accurate-
ly locate the stellar center of all stars for each measure-
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ment. Each separation and angle measure were record-
ed and organized in an Excel spreadsheet for calcula-
tion of the mean, standard deviation, and the deviation
of the mean for the entire image set for each individual
pair.
Results

The results for the Mean, Standard Deviation, and

Standard Error of the Mean are reported for pairs AB,
AC, and AE in Tables 1, 2, and 3 respectively.

Discussion

AB

There are 17 measurements in the historical record
for the AB pair, plotted in Figure 2 using an Excel plot-
ting tool by Richard Harshaw. The first measurements
for these stars were taken in 1881 with a theta of 327.9°
and rho of 13.82". The last measurement was in 2015
with the theta of 328.8° and rho of 14.56". The mean of
the measurements taken in 2018 were a theta of
328.77° and rho of 14.39". During the last 137 years,
theta has stayed the same while rho has decreased by

WDS 12001+7039
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Table 1. Measurement mean and statistical errors for AB.

Theta Rho
Mean 328.77° 14.39"
Stgndgrd 0.15° 0.05"
Deviation
Standard Error 0.033° 0.012"
of Mean

Table 2. Measurement mean and statistical errors for AC.

Theta Rho
Mean 158.77° 30.61"
Stgndgrd 0.05° 0.04"
Deviation
Standard Error 0.011° 0.008"
of Mean

Table 3. Measurement mean and statistical errors for AE.

Theta Rho

Mean 317.13° 25.21"

Stgndgrd 0.26° 0.14"
Deviation

Standard Error 0.057° 0.032"
of Mean

X B Star

C star

© E Star

Figure 2. WDS 12001+7039 Measurement history from the WDS catalog.
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0.16". Comparing all the historic data to the most cur-
rent measurement, it’s observed that there has been lit-
tle to no movement in this star pair.

AC

There are 39 historical measurements for the AC
pair. The first measurements for these stars were taken
in 1868. At the time the theta was 149.6° and the rho
was 33.72". The last measurement was in 2015 with the
theta 158.4° and the rho 30.74". The mean of our meas-
urements in 2018 were a theta of 158.77° and rho of
30.61". By looking at the 39 historical measurements,
Figure 3, there is an obvious linear movement, in which
the current measurements fall into as well. Using the
Excel Add Trendline function, Figure 4, there is a close
linear fit for all measurements.

AE

As stated above, the first measurements for this pair
was taken in 1885 indicating a theta of 316.5° and the
rho of 21.05". The last measurement was in 2003 with
the theta of 317.9° and the rho of 24.81". The mean of
the measurements taken in this project were a theta of
317.13° and rho of 25.21". There is an apparent curve
in the visual data, however, this lies within a margin of
error and therefore it is not currently possible to deter-
mine whether a linear or curved fit best represents the
data.

Conclusion

Through the images that were observed and meas-
ured, additional measurements were added to this rare
quintuplet double star system including the AE pair
which has few historical measurements. For the AB
measurement the theta stayed at 328.8°, and the rho has
decreased by 0.16", now being 14.4", and little to no
movement has occurred. The AC theta has increased by
0.4° now being 158.8°, and the rho has decreased by
0.11", now being 30.6", adding to the linear observa-
tion. Lastly for the main measurement, AE, the theta
had decreased by 0.8°, and the rho increased by 0.39",
now being 25.2".
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Abstract: Over three months, images were taken and processed to observe WDS 16476-4708 AB
and AC. This research was conducted to contribute to the historical narrative and attempt to classify the
two components as either visual doubles or a gravitationally bound pairs. Using telescopes from the Las
Cumbres Observatory network, images were taken using varying filters and exposure times. The data for
the AB component showed a mean separation of 4.14" and a mean position angle of 161.5°. The AC
component was measured with a mean separation of 28.6" and a mean position angle of 251.4°. After
analyzing the data, it was determined that, although furhter measurements would provide a stronger con-
clusion, it is too soon to determine the system’s gravitational nature.

Introduction

WDS 16476-4708 AB and AC, Figure 1, were cho-
sen due to a few aspects of the star system that peaked
the group’s interest: a gap in historical measurement
and a unique opportunity to contribute to the historical
narrative of the star system. Although no movement
had been previously observed, the long period since the
last measurement meant that observations of the system
may provide useful data. A total of six observations
were recorded for the AB component of the system be-
tween 1902 and 1999. Of these observations, a total
change in separation of 0.3 and a change in the posi-
tion angle of 2° were reported. The AC component of
the star was measured a total of three times between
1987 and 1989 with a total change in separation of 0.2”
and a change in position angle of 2°. All stars in the
system are blue-white in spectral type.

Materials and Methods

The observer portal through the Las Cumbres Ob-
servatory (LCO) was used to image the AB and AC
components of this system. On April 7, 2018, a Julian
date of 2458216, 56 images were collected using the
0.4-meter telescopes with SBIG CCD camera based in
Sutherland, South Africa and Siding Spring, Australia.
The telescope operated with 2x2 binning fiving with an
effective resolution of 1.14" per pixel. The model num-
ber of the telescope used was OM-SCICAM-SBIG.
Roughly three quarters of the ordered images returned

Figure 1. WDS 16476-4708 AB and AC pairs measured with
a red filter, April 7, 2018, Julian Date 2458216.

successfully while the remaining were unsuccessful due
to the scheduled window closing. The filters used were
the PanSTARRS- W and Z filters, the SLOAN r-band,
and luminance. The SLOAN r-band filter was used to
even out the brightness of the stars due to the difference
in magnitude of 3.4 between the A and C stars. Addi-
tionally, the PanSTARRS- Z was used to brighten the C
star and make it more visible. PanSTARRS- W was
used to highlight the C component of the system.
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Image processing was through the Our Solar Sib-
lings (OSS) pipeline (Fitzgerald 2018) to ensure image
quality through a process of cleaning and processing,
photometry, calibration, and aligning each image with
World Coordinate Systems (WCS) positions. The soft-
ware program, Mira Pro, was used to analyze the imag-
es received and take distance and angle measurements.
Each measurement was made independently by two
team members to reduce the possibility of measurement
error. Once each member recorded a value for the sepa-
ration and angle between the stars, the data was com-
pared to ensure accuracy. Some of the images were on-
ly useful in determining the position of the AC compo-
nent and not the AB component. For these images, only
the AC component was considered and used for statisti-
cal calculations.

Results

A total of eight measurements for the separation
and angle of the AB component were taken, as shown
in Table 1. The separation and position angle for the
AC component was measured a total of twenty-three
times, shown in Table 2. The mean, standard deviation,
and standard deviation of the mean for the AB and AC
pairs are outlined in Table 3. All the images were taken
on April 7th, 2018, or Julian Date 2458216, at Siding
Spring Observatory in NSW, Australia.

Discussion

For the AB component of the star system, there
were a total of six measurements between 1902 and
1999, Figure 2. As represented by the graph of the his-
torical data, using an Excel tool developed by Richard
Harshaw, these measurements present a linear pattern.
Table 4 shows the year and data from each measure-
ment.

For the AC component of the star system, a total of
three measurements were taken between 1987.36 and
1999.38. The historical data, Figure 3, shows a rela-
tively linear distribution apart from the 1987.36 meas-
urement. This datum is not enough to conlude anything
concrete about the movement of the system. Further
measurements are necessary to provide an accurate
analysis of the system.s gravitational nature.

Upon analysis of the measurements for the AB
component of the star, it became clear that the combi-
nation of few usable images and a large standard devia-
tion meant that the data needed to be further investigat-
ed. The mean for these initial measurements gave a
separation of 4.14" and a position angle of 161.51°. The
images were originally measured with a three-pixel
centroid, so all the images were re-analyzed using a
two-pixel centroid. This produced measurements that
were all roughly an arc second more than the previous

Table 1. Individual measurements for AB pair taken April 7", 2018,
JD2458221]6.

Imaget::zosure Filter ajgie sepaiztion
3.281 s SDSS- r (red) 162.49° 3.79"
1.282 s luminance (clear)| 162.19° 3.97"
1.283 s SDSS- r (red) 160.96° 4.59"
3.282 s SDSS- r (red) 161.31° 3.95"
6.284 s PanSTARRS- W 160.57° 4.75"
6.292 s PanSTARRS- W 160.83° 4.70"
8.28 s PanSTARRS- Z 161.67° 3.69"
14.291 s PanSTARRS- Z 162.06° 3.69"

Mean - 161.51° 4.14"

Table 2. Individual measurements for AC pair taken April 7,
2018., JD 2458216.

Image gxposure Filter AC AC ]
time angle |separation
3.281 s SDSS- r (red) 251.26° 28.60"
1.282 s luminance (clear)| 251.33° 28.65"
1.284 s luminance (clear) | 253.16° 28.88"
4.281 s luminance (clear)| 251.36° 28.53"
4.282 s luminance (clear)| 252.22° 28.42"
9.281 s luminance (clear)| 251.12° 28.45"
9.291 s luminance (clear)| 251.75° 28.57"
1.283 s SDSS- r (red) 250.69° 29.07"
3.282 s SDSS- r (red) 251.96° 28.58"
6.293 s SDSS- r (red) 251.12° 28.60"
6.296 s SDSS- r (red) 250.71° 28.59"
1.285 s PanSTARRS- W 251.29° 28.39"
1.293 s PanSTARRS- W 251.90° 28.54"
3.284 s PanSTARRS- W 251.79° 28.70"
3.291 s PanSTARRS- W 250.90° 28.76"
6.284 s PanSTARRS- W 250.80° 28.55"
6.292 s PanSTARRS- W 250.87° 28.43"
8.28 s PanSTARRS- % 251.86° 28.48"
8.281 s PanSTARRS- Z 250.72° 28.59"
14.285 s PanSTARRS- Z 251.65° 28.59"
14.291 s PanSTARRS- 2 251.70° 28.70"
20.29 s PanSTARRS- 2 250.78° 28.50"
20.288 s PanSTARRS- 2 252.12° 28.65"
Avg. Stack |y iinance (clear)| 251.39° | 28.54"
60.0 s
Mean - 251.44° 28.60"
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Table 3. Results — Mean, Standard Deviation, and Deviation of the Mean for the AB and AC Pairs. See
“Discussion” for explanation of AB measurements.

Epoch AB AC
Results 2018.27 Theta Rho Theta Rho
Mean 161.5° 4.13" 251.4° 28.6"
Standard Deviation 0.6° 0.5" 0.6° 0.2"
Standard Deviation of the Mean 0.2° 0.2" 0.1° 0.0"

Table 4. Historical measurements of WDS 16476-4708 AB

Epoch Position Angle Separation
1902.54 163.0° 4.755"
1903.92 161.1° 5.0"
1904.57 161.2° 5.131"
1904.65 159.6° 5.429"
1987.355 159.78° 5.41"
1998.54 159.8° 5.419"
1999.38 160.6° 5.10"
2018.27 161.5° 4.14"

Historical PA and Sep for AC Components by Epoch

Historical PA and Sep for AB Components by Epoch

1902.54 2515 2018.27
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Figure 2. Historical Plot of WDS 16476-4708 AB Separation (a.5)

Figure 3 Historical Plot of WDS 16476-4708 AC.
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Table 5. Historical measurements for WDS 16476-4708 AC

Epoch Position Angle Separation
1987.355 249.17° 28.43"
1998.54 250.40° 28.45"
1999.38 250.80° 28.58"
2018.27 251.40° 28.60"

measurements. Next, data from the Gaia satellite was
compared to the measurements to determine a more
accurate answer. The Gaia satellite data reported a sep-
aration of 4.858" and a position angle of 161.0°, close
to what we had reported. It was decided that the Gaia
satellite measurement was likely the most accurate and,
since our data was so close, we reported our initial
measurement. Since none of these problems were pre-
sent in the measurements of the AC component, it is
likely that the small distance between the two stars
made it difficult to measure on the available equipment.

Conclusion

Measurements were successfully taken for WDS
16476-4708 AB and AC. The AB component showed a
slow but steady increase in separation until this year’s
measurement, which decreased by roughly an arcsec-
ond. The position angle also steadily decreased but in-
creased in both the 1999 measurement and our meas-
urement. The AC component of the system has seen an
increase in separation although it was much smaller
than the change observed in the AB component. The
position angle for AC has also steadily increased. It is
difficult to conclude anything about the gravitational
nature of the system with such little data, but future
measurements would help identify the possibility of an
orbital path.
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Astrometric Measurement and Analysis of Celestial
Motion for Double Star WDS 10494+5517

Theophilus Human', Seeraj Somla’, Angel Ha', Jae Calanog', Grady Boyce?, Pat Boyce?

1. San Diego Miramar College

2. Boyce Research Initiatives and Education Foundation (BRIEF)

Abstract: Our team observed and analyzed the double star system WDS 10494+5517 (HJ 2545)
through the Las Cumbres Observatory (LCO) telescope network. We used the astrometric software
SAOImage DS9 to measure new data for changes in mean position angle and mean separation distance.
Our calculations revealed a new value of 25.9" + 0.3" for the mean separation distance (rho) and a value
of 114.2° + 0.8° for mean separation angle (theta). Based on a consistent proper motion trend, very little
retrograde motion or arcing, and a Harshaw value of 0.988, it is likely that HJ 2545 is an optical double.

Introduction

The objective of this research is to observe and ana-
lyze double star systems to determine whether the stars
are physically bound or just visually associated. If a star
is physically bound, the mass can be calculated for the
stars in the set through determination of an orbit. Opti-
cal double stars are defined to be two stars that, due to
forced perspective from the Earth, seem to be within
close proximity of each other, yet do not have a gravita-
tional connection. Other doubles are physically or grav-
itationally bound; these stars are referred to as binary
stars. Throughout this paper, the term double star will
be used as the gravitational nature of HJ 2545 is uncer-
tain.

A common method for classifying double stars is to
compare the position and orientation of the two stars
against previous observations. By taking historical data
and the double star’s current position angle (theta / 0),
and separation distance (tho / p), an observer can visu-
alize relative motion of the pair.

Our team observed WDS 10494 + 5517 (hereafter
referred to as HJ 2545), Figure 1. Initial observations
were performed by English astronomer and polymath
Sir John William Herschel (1831). Herschel document-
ed many double stars, including HJ 2545, continuing
the groundwork laid by his father William Herschel.

This system was selected due to a number of fac-
tors. Since our measurement window was in the spring,
the Right Ascension (RA) must fall between 08-16

Figure 1. False color image of HJ2545 generated on DSY.

hours. Other criterion included the difference in magni-
tude between the primary and the secondary stars. Hav-
ing magnitudes that are close means that similar expo-
sure times can be used for both stars. The magnitude
difference for HJ 2545 was 2.77 (Sordiglioni, 2018),
which was low enough for good image quality. In addi-
tion, we chose apparent magnitudes with values less
than 12 to make data collection easier.

After filtering the list of candidate stars down using
this process, HJ 2545 was selected based on a number
of additional criteria including: at least ten historical
measurements, a change in p greater than 5" or a
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Table 1. Position angle and separation distance measurements for
HJ 2545 10494+5517. Position angle is measured in degrees and
separation distance in arcseconds.

Epoch Position Angle Separation Distance
1831.11 116.3 15
1902.27 111.11 18.96
1910.22 113.2 20.52
1914.25 113 20.345
1917.28 114.2 21.188
1926.20 114.1 20.403
1991.44 113.8 24.608
1999.88 114.7 25.04
2003.143 113.9 25.097
2007.303 114.4 25.01
2010.183 114.8 25.42
2010.5 115 25.42

change in 6 greater than 25°, a long observation period,
the most recent observation greater than 5+ years, an
uncertain double star nature (physical or optical), and
no publication history. HJ 2545 is visible in the North-
ern Hemisphere in the constellation Ursa Major which
was interesting for our group since we can view this
pair using a set of binoculars from home.

A summary of the historical measurements is out-
lined in Table 1 (Mason, 2018), demonstrating the sep-
aration distance has changed substantially since first
observation. Table 1 also shows an annual rho increase
of approximately 58 milliarcseconds per year from first
to most recent measurement.

Equipment, Observations, and Data Analysis

Equipment

Data was collected by the Las Cumbres Observato-
ry (LCO) telescope network, a global system of tele-
scopes. The LCO telescopes provided were 0.4-meter
modified Meade with SBIG STL-6303 CCD camera,
which uses 2 x 2 binning to provide a resolution of 1.14
"/pixel. The telescopes have a field of view of 29.2 x
19.5 arcminutes. Available filters include Sloan u', g', r',
1', Z', Johnson-Cousins B, V, and Pan-STARRS w. The
first data set was collected from the Teide Observatory
(telescope code kb88) in Tenerife, Spain. The second
data set was collected by the McDonald Observatory
(telescope code kb80) in Texas, USA.

Observations

Two sets of images were taken with exposure times
ranging from one to five seconds based on filter type,
which resulted in non-saturated pictures. The first set of
data included eleven images. Due to poor image quality
from unfocused telescopes, we analyzed nine of the
eleven images: three images taken with the luminance
filter, two with the green, three with the red, and one
with the infrared filter. The second data set included

eight images. Due to poor image quality, only five im-
ages were analyzed from this set: two images in the
luminance filter, one in the green, and two in the red
filter.

Analysis Procedures

Two sets of images were provided to the research
team with initial processing already performed. The
data was reduced using the Our Solar Siblings Pipeline
(Fitzgerald, 2018). This process attached WCS coordi-
nates, removed ‘hot’ pixels, image artifacts, and flat
fielded the images. The image quality was subsequently
assessed through visual observation.

Using image analysis software SAOImage DS9
(DS9), the team measured separation distance (p) and
separation angle () for fourteen data points. Each data
point was independently measured by two team mem-
bers, and the results were averaged. Measurements
were taken by placing circles around each star enabling
the auto centroid feature to find the star’s center. The
auto centroid feature works by using pixel values as a
weighting tool taking the weighted average of all pixel
values within a specific user defined radius and measur-
ing the center point from this average. Multiple itera-
tions of best fit were calculated by the program, and the
best option was provided as the actual separation dis-
tance and angle. The ruler feature provided the separa-
tion angle and distance in degrees and arcseconds re-
spectively.

We averaged the collected data to produce our
mean values for reporting purposes. For the first data
set (Epoch 2018.22), the average position angle was
measured to be 114.1° + 0.8° and a separation distance
of 25.9" £ 0.3". For the second set (Epoch 2018.26), the
average position angle was measured to be 114.3° +
0.7° and a separation distance of 25.8" £+ 0.3". Both ob-
servations were within a few weeks and are within one
standard deviation showing statistical consistency. Due
to the close time proximity and the fact that both
measures were within a standard deviation, we took the
average of all points together to provide a single report-
ed value of 25.9" £ 0.3" for separation distance and
114.2° + 0.8° for separation angle. The epoch of the
second set was used for reporting purposes. This can
be observed in Table 2.

Discussion

Comparing the set of newly acquired points with
the historical data provided by the WDS catalog
showed results consistent with an optical double sys-
tem. The separation distance, Figure 2, continued to
increase linearly with a linear model correlation of
0.986; this suggests that during the historical observa-
tion window, that a linear model is a near perfect fit. It
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Table 2. Position angle (0) and separation distance (p) measurements _for HJ 2545.
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Mean Separation Mean Separation
Epoch # of Images Angle (0, deg) Std. Dev. Distance (p a.s.) Std Dev.
2018.6 14 114.2 0.8 25.9 0.3
2010.5 Last 115 0 25.42 0
Measurement

is also possible that this is within statistical tolerances,
however since these are unknown for previous meas-
urements, it cannot be stated certainly. The 1917 data
point is the most out of line with the linear increase
model. More would have to be known about the condi-
tions of measurement to state if this was due to sam-
pling errors or whether this is indicative of something
else.

Observing the separation angle, Figure 3 shows
only minor variation. It appears that as the stars sepa-
rate linearly, and despite a slight oscillation around
114° this does not resemble an arc. The coefficient of
determination of the separation angle vs. time is 0.01,
which indicates that the linear regression line does not
fit the data for angular measurements. Converting raw
measurements into a Cartesian plane, Figure 4, shows a
more apparent linear path of separation with all values
appearing in quadrant I and moving up and right from
the primary star. The regression analysis shows a model
correlation of 0.921 which suggests that a linear separa-
tion model is a good fit for the data. Since this pair of
stars is either linearly separating, or has an extremely
long period, less frequent astrometry is necessary for
continued monitoring of this double star system. A
good time to take an additional point would be the
200th anniversary of discovery (2031). Our model
would predict that the separation distance should be
approximately 26.7".

Separation Distance vs. Time
p = 0.056t + 15.460
R"2=10.985
30
25
20
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0 20 40 60 80 100 120 140 160 180 200

Time Since Discovery (years)

Figure 2. Graph of separation distance in arcsecond and epoch for
HJ 2545, including historical data and new measurements. The red
triangle is the new measurement. The separation distance has in-
creased over time.

Additional analyses were performed to determine
the characteristics of the primary and secondary stars.
First, the minimum possible straight-line distance was
calculated using parallax data on the primary star from
SIMBAD. This parallax number was 11.6621 with an
error of 0.0514. This number was converted to light
years, giving a minimum possible distance from Earth
to the A star of 278.31 light years. Since the minimum
straight line distance would occur if the stars were per-
pendicular relative to radial distance from Earth, the
distance could be calculated using the minimum dis-
tance of A*tan(p) where p is converted to radians and A
is the primary star minimum radial distance. This mini-
mum possible straight-line value between the two stars
was 0.03 light years. With the assumption that they are
physically associated, parallax data would yield approx-
imately equal radial distances for the primary and the
secondary star.

The second analysis performed was a vector com-
parison of proper motions to determine a Harshaw val-
ue. The proper motions for the primary and secondary
star were acquired from SIMBAD and the vector differ-
ence was divided by the vector sum. It has been shown
(Harshaw, 2014) that stars with a value close to 0 tend
to be physical pairs where stars with a value close to 1
are more likely to be optical doubles. Our values were
approximately 0.988 which suggests that it is likely that
this pair is an optical pair.

Separation Angle vs. Time
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Figure 3. Graph of position angle in degrees and epoch for HJ
2545, including historical data and new measurements. The red
triangle is the new data point. The separation angle measurements
are relatively the same, which suggests that the star system is an
optical pair.
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Proper Motion (Quadrant I)
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Figure 4. Plot of HJ 2545 movement relative to the primary,
placed at the origin. The red triangle is the new data point. The
data suggests that the star pairs are separating linearly over time.

Conclusion

The data analysis suggests that the primary and sec-
ondary stars of the HJ 2545 double star system are line-
arly separating. The new data obtained during the
course of this research supported the trend of linear sep-
aration. Further parallax data should be taken on the B
component star to verify minimum possible straight-
line distance between primary and secondary compo-
nents. Due to a strong regression analysis value from a
linear model, a non-elliptical change in theta, and a
Harshaw value close to one, it is likely that HJ 2545 is
comprised of an optical primary and secondary star
pair.
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Abstract:

Position angle (theta) and separation (rho) measurements were obtained from

multiple images of the star system WDS 00345-0433 STF 39AB,C using a 17 telescope in the
iTelescope network. From our 2018 measurements, STF 39 AB,C has a position angle of 45.39°
and separation of 20.08" arcseconds. Measurements of STF 39 suggests that it is not a double
star system because the data available does not seem to portray any trend of the sort that one

would expect in an orbit.

Introduction

Double Star system WDS 00345-0433 STF
39AB,C was imaged with a telescope equipped with a
CCD camera to measure the position angle (theta) in
degrees and separation (rho) in arcseconds. Measure-
ments were compared to historical data provided by
Washington Double Star Catalogue (WDS).

To select double star system candidates for re-
search, a variety of catalogues were used to find stars
that fit specific criteria. The star systems had to be a
minimum of six arc seconds apart, and the difference in
brightness had to be no more than six orders of magni-
tude. The Washington Double Star Catalog, the Sixth
Catalog of Orbits of Visual Binary Stars, and Stelle
Doppie were all utilized to find pairs which met the
criteria previously stated.

Background

STF 39 was discovered and first measured in 1782
by Friedrich Georg Wilhelm von Struve. The AB,C
system does not have a proposed orbit in the WDS and
its nature as a double star system is said to be physical
on Stelle Doppie (Stelle Doppie Web). STF 39 does
have a proposed orbit in the WDS, Figure 1, yet this is
for the A and B components and not the AB,C pair.

Equipment

Images were photographed using Telescope T-21 in
Mayhill, New Mexico. T-21, a deep field telescope, is a
17” platform with a FLI-PL6303E CCD camera and has
a resolution of 0.96 arc-secs/pixel and an aperture of
431 mm. It operates within the iTelescope network and

T
(Hr£2010a)

NS 00245-0433 1] 208

1.5

F1.0

0.5

0.0

1.0 0.5 0.0 0,5 1,0 1.5
L

Figure 1. Proposed orbit provided by the USNO.

was selected due to its position in/visibility of the
Northern hemisphere. Dark, Flat, and Bias calibration
images were provided by the iTelescope network for all
images taken with T-21.

Procedures and Methods

Imaging the Stars
Images were ordered from T-21 on the iTelescope
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network, with exposure lengths and light filters speci-
fied by us, see Figures 2 and 3. Once complete, the re-
quested images were then delivered to the Boyce Astro
Research Computer (BARC) Server on a remote desk-
top for further processing.

Processing and Measuring the Stars

Once all the images had been taken and transferred
to the BARC server, they were exported to MaxImDL
to be calibrated and plate solved. The process of plate
solving was conducted in order to properly orient the
image in the sky with the correct Right Ascension and
Declination. The PinPoint Astrometry program
(included in MaximDL) was used to complete the plate-
solving process by comparing stars in our images
against the United States Navy UCAC-4 catalog.

The plate solved images were then imported into
MiraPro to measure the position angle in degrees and
the distance in arcseconds between the two stars. This
was accomplished using its distance and angle function,
which is able to locate the centroid of each stellar can-
didate. The measurements and data gathered from
MiraPro were copied into Excel for statistical analyses:
mean, standard deviation, standard error, and standard
error percentage. Once all the data was collected from
our processed images, historical data was ordered from
the US Naval Observatory.

Results

The Position Angle (Theta) and Separation Dis-
tance (Rho) for each of the seven images acquired with
iTelescope are outlined in Table 1. The Mean, Standard
Deviation, and Standard Error are also calculated for
these images.

Table 1. Image measurements and statistics for all seven
images acquired in measuring WDS 00345-0433.

Image Theta Rho

1 45.1391 19.5583

2 46.1015 19.9555

3 44.6578 20.3332

4 44.9184 20.6401

5 44.4594 20.1468

6 45.4765 19.4361

7 46.9362 20.5064
Mean 45.39 20.08
Std. Deviation 0.81 0.43
Std. Error 0.33 0.17

.,

Figure 2. Red filter, 60 sec exposure.

Figure 3. Red filter, 30 sec exposure

Discussion

STF 39 AB,C was studied because Stelle Doppie
indicated this pair as a physical double. After analysis
of our data, we found that while the two stars have very
low proper and relative motion (Stelle Doppie considers
star systems with proper motion lower than three, as
physical), they appear to be a possible Common Proper
Motion (CPM) pair.

The historical data provided 38 historical data
points, displaying relatively similar theta and rho meas-
urements. Figure 4, using an Excel plotting tool devel-
oped by Richard Harshaw, displays all historical points.
In 1892, the historical record shows three observations
were made, all with conflicting data points; at first its
positional angle decreased by 0.7 degrees, then in-
creased by 1.4 degrees - all in the span of one year.
From its first observation in 1782 through its most re-
cent observation in 2018, the double star system’s angle
and separation keep increasing and decreasing in such a
pattern that it does not seem that it is moving elliptical-
ly. Instead, the data would suggest that they are moving
in roughly the same direction -- linearly.

Conclusion

After analysis of our images, we concluded that the
pair displays properties of a Common Proper Motion
pair. Throughout our research, we also discovered that
Stelle Doppie automatically deems a double star system
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physical if and only if its proper motion is less than
three, which is characteristic of this pair.
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Abstract: The Double Star system WDS 0222242437 was observed using the Great Basin
Observatory (GBO) telescope. The images were separated and position angle measured using
AstrolmageJ. Compared to past observations, it was found that the separation in arcseconds de-
creased marginally while the position angle of the two stars decreased significantly. Our meas-
urements along with proper motion and parallax data from the Gaia database, demonstrate that
the two stars are an optical double, not a binary system.

Introduction

A double star is defined as any two stars which ap-
pear close to one another when viewed through a tele-
scope. Without a sufficient number of observations, it is
impossible to determine whether the double star is an
optical double (a pair of stars that only appear to be
close together) or a binary system (two stars gravita-
tionally bound to one another). Binary stars are useful
because the masses of the stars can be determined by
observing the orbital motions of the system, and the
mass can be used to determine the evolutionary path of
the star. Spectral analysis can also be used to estimate
stellar mass, but is not as accurate as determining the
mass from the stars’ orbit.

For the first time, SUU Success Academy, an early
college high school hosted by Southern Utah University
(SUU) assembled a student research team for the as-
tronomy research seminar. We used the robotic tele-
scope at Great Basin Observatory (GBO), as seen in
Figures 1 and 2, to carry out our observations
(Anselmo, 2018). The system observed by our team
was WDS 0222+2437 (see Figure 3), and was selected
from the Washington Double Star catalog (WDS). This
system was selected because it was observable from the
telescope’s latitude, and the difference between the
magnitudes of the primary and secondary star was not
excessive. In addition, the primary and secondary com-
ponents were well resolved by the telescope. In order to

Figure 1. The telescope control software uses the weather sta-
tion (visible on top of the control room) to determine whether
or not it is safe to open the dome. The dome and control room
were both painted to match the desert landscape and not de-
tract from the appearance of the park.

maximize the value of our observations, we ensured
that the system we selected had not been observed in at
least 10 years. The primary star has a magnitude of
12.46 and the secondary star has a magnitude 14.3.

Methods

The methods used were based on those in Small
Telescope Astronomical Research Handbook (Genet
2016). The telescope used, a PlaneWave 0.7m CDK
700, is located at the Great Basin Observatory at Great
Basin National Park, Nevada. The GBO is equipped
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Figure 2: This is the PlaneWave 0.7 m CDK 700 telescope.
The spectroscope and planetary camera are mounted at the
left Nasmyth port, while the imager and filter wheel are
housed at the right Nasmyth port.

with an SBIG STX-16803 CCD camera, and is paired
with the telescope which results in a plate scale of 0.4
arcsec per pixel. The telescope has a focal ratio of £/6.5,
and the attached camera provides a field view of 27X27
arcminutes (Anselmo, 2018). The telescope is equipped
with 16 filters, LRGB, Ha, OIII, SII, BVRI, griz, and a
diffraction grating; all of our images were taken using
the V filter. We restricted the exposure time to 3
minutes, for a greater amount of time could result in
overexposure, which would render the images unusea-
ble. The CCD was in the linear response domain. The
images were taken on February 9th, 2018. Once the
pictures were taken, we used the AstrolmageJ (Collins
et al. 2017) program to apply dark, flat, and bias cali-
brations to each of the images. After the images had
been calibrated, the images were plate solved using As-
tronomy.net. After being plate solved, AstrolmageJ was
once again used to make the measurements of separa-

Figure 3: Finder chart for WDS 02222+2437. In this image, north
is up, east is right, and the plate scale is 0.4 arcsec/pixel.

tion (p) and position angle (8), using centroid apertures
to ensure we were measuring from the centers of the
stars.

Results

Our measurements for the system are given in Ta-
ble 1, as well as the mean, standard deviation, and
standard error. We have measured the average separa-
tion (p) to be 12.35" = 0.002" and the average position
angle (0) as 160.16° + 0.014°.

Discussion

There are 4 data entries for WDS 022242437 in the
Washington Double Star Catalog. The first measure-
ment was taken in 1899, followed by another almost a
century later in 1997 (Tessier, 1933). Measurements
were also recorded in 2000 and 2001, and finally in
2018, when our data was collected, as seen in Table 2
(2MASS, 2003; Hartkopf, 2013; Mason, 2018). Over
this span of 120 years, the separation between the two
stars, measured in arcseconds, decreased from 15" to
12.3". The position angle between the two stars de-
creased from 167.3° to 161° between 1899 and 1997,
and has gradually decreased since, dropping from 161°
to our measurement of 160.16°.

The trend of our observation and past observations
is shown in Figure 4. The figure displays the historical

Table 1: Measurement data obtained from our twenty-five images. Average separation (p), average position angle

(0), and standard deviation and error are shown.

WDS No. ID Date Observations p [Arcsec] © [Degrees]
Mean 12.35" 160.16°
02222+2437 | POU 180 2018.11 25 Std. Dev. 0.011" 0.068°
Std. Error 0.002" 0.014°
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Table 2. Historic measurement data for POU 180, courte-
sy of Brian Mason (Mason, 2018). The data has shown
that the separation has changed by about 3", while the
position angle has changed by about 7°, both over a 100

year period.
Epoch p [Arcsec] © [Degrees]
1899.93 15 167.3
1997.85 12.8 161
2000.985 12.711 161.3
2001.577 12.726 160.9
2018.11 12.35 160.16

trends of Component B (blue circles) and our measure-
ment (red triangle) in relation to Component A (yellow
circle). The time gap in the observational measurements
does not clear resolve the path of the star over the past
119 years; however, the data does indicate the B com-
ponent is traveling roughly in a straight line. This
seems to indicate that the stars are not gravitationally
bound.

To further examine the relationship between these
stars, we searched the Gaia database (Gaia Collabora-
tion et al. 2016, 2018) for this system and found paral-
lax and proper motion measurements for both compo-
nents. These measurements are shown in Table 3. The
measurements for Component A are shown in the first
row while the measurements for Component B are
shown in the second row. This table shows that the two
components are actually quite far apart (~2,000 ly). Ad-
ditionally, the proper motions are quite different, which
further illustrates that these stars are an optical double,
and not gravitationally bound.

Conclusion

This undergraduate research project performed at
Southern Utah University indicated that WDS
022242437 is an optical double, not a gravitationally
bound star. Based on the proper motion of WDS
022242437 it is predicted that the stars will move apart
with the passage of time. All of this was concluded
based on the measurements which are in concordance
with the WDS catalog.

WDS 02222+2437
Historical and Modern Data

1.0 2.0

- an

=]
5]
n
=)

Separation from Primary (Arcseconds North)

Separation from Primary (Arcseconds East)

Figure 4: This figure displays the historical measurements of
Component B (blue circles), our measurement (red triangle),
along with a trend line showing the movement of the star over
time. Component A is located at the origin (vellow circle). The

first measurement, which is shown at the bottom left of the trend

line, was taken in 1899. Our data is in agreement with the histori-
cal measurements.
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displayed in the known historical data.

Introduction

Double Star system WDS 00304-0947 CHE 27 was
imaged with telescopes equipped with CCD cameras to
measure the position angle (theta) in degrees and the
separation (rho) in arcseconds. Measurements were
compared to data provided by the Washington Double
Star Catalogue (WDS).

To select double star system candidates for re-
search, a variety of catalogues were used to find stars
that fit specific criteria: the star systems had to be a
minimum of six arc seconds apart, and the difference in
brightness had to be no more than six orders of magni-
tude. The Washington Double Star Catalog, the Sixth
Catalog of Orbits of Visual Binary Stars, and Stelle
Doppie were all utilized to find pairs which met the
criteria previously stated.

Background
The star system CHE 27 has not been confirmed as
a double star system by the United States Naval Obser-
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Measurement of Star System 00304-0947 CHE 27
Amanda Tran, Audrey Lee, Samuel O’Neill, Abigail Wu, and Allen Priest
The Cambridge School, San Diego, California
Abstract: Position angle (theta) and separation (rho) measurements were obtained from mul-
tiple images of the star system WDS 00304-0947 CHE 27 using a Celestron C11 SCT. From
our 2017 measurements, CHE 27 has a position angle of 223.54° and separation of 20.86”
arcseconds. Data recorded for CHE 27, when plotted, proved to be consistent with the trend
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vatory. However, the B component exhibits a fair
amount of movement relative to the A component, and
thus we chose to image this star with the goal of adding
a data point to help in determination of the association,
gravitational or not, of this pair.

According to the historical data provided by the US
Naval Observatory, CHE 27 does not have a proposed
orbit in the Sixth Catalog of Orbits of Visual Binary
Stars. The system was discovered by Stanislas Cheva-
lier in 1900. Notes from the Washington Double Star
Catalogue indicate that a measurement taken shortly
after in 1901 agreed with the measurements by Cheva-
lier. The notes predict the ability to confidently classify
this system. There have been nine previous measure-

Figure 1. Historical measurements of WDS 00304-0947 plotted us-
ing an Excel tool developed by Richard Harshaw.

ments recorded in the Washington Double Star Catalog,
the last being in 2010, Figure 1. Our hopes were that
providing a new data point would allow us to add addi-
tional analysis to the nature of this system.

Equipment

Images of CHE 27 were taken with a Celestron C11
SCT, which did not require any online coordination as
this telescope was not part of any remote/robotic tele-
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scope network but provided by our instructor in Terra
Del Sol (California Northern Hemisphere). It has a 70x
magnification, with a resolution of 0.42 arcseconds per
pixel, and an aperture of 279.4mm.

Procedures and Methods

Imaging the Stars

Images from the Celestron C11 SCT were taken in
Tierra del Sol by our mentor, Mr. Allen Priest. Red and
luminance filters were used when taking these images.
Once the images were taken, they were delivered to the
Boyce Astro Research Computer (BARC) Server on a
remote desktop for processing.

Processing and Measuring the Stars

Once all the images had been acquired and trans-
ferred to the BARC server, they were exported to Max-
ImDL to be calibrated and plate solved. The process of
plate solving was conducted in order to properly orient
the image in the sky with the correct Right Ascension
and Declination. The PinPoint Astrometry program
(included in MaximDL) was used to complete the plate-
solving process by comparing stars in our images
against the United States Navy UCAC-4 catalog.

The plate solved images were then imported into
MiraPro to measure the position angle in degrees and
the distance in arcseconds between the two stars. This
was accomplished using its distance and angle function,
which is able to locate the centroid of each stellar can-
didate. The measurements and data gathered from
MiraPro were copied into Excel for statistical analyses:
mean, standard deviation, standard error, and standard
error percentage. Once all the data was collected from
our processed images, historical data was ordered from
the US Naval Observatory.

Results

Seven images were used in the measurement of
CHE 27, Figure 2. After acquiring these images, we
were able to collect separation and angle data using the
processes described above. Additionally, the mean,
standard deviation, and standard error were also calcu-
lated, Table 1. The stars in this system have a mean
current position angle (theta) of 223.54° and a separa-
tion distance (rho) of 20.86" arcseconds. Figure 1 indi-
cates the position of these mean measurements relative
to the historical measurements for this star pair.

Discussion

The historical data, Table 2, provided by the United
States Naval Observatory, coupled with our 2017 meas-
urement, show a linear trend for CHE 27. There was an
increase in both the angle separation and distance when
contrasted to the last measurement taken of this system

|—E
N

Figure 2. CHE 27 as imaged in 2017.

Table 1. Theta and Rho Measurement
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Image Theta (deg) Rho (a.s.)
1 223.528 20.8963
2 223.44 20.8941
3 223.558 20.9016
4 223.635 20.8431
5 223.575 20.8565
6 223.622 20.8451
7 223.408 20.7915
Mean 223.538 20.863
Std. Dev. 0.086 0.040
Std. Error 0.033 0.015

Table 2. Historical Measurements

Date Observed| Theta (deg)

1900.87
1901.67
1910.88
1988.72
1998.816
1998.82
1999.548
2000
2010.5

2017.96

192.5

193

195.7

221.5

221.22

221.2

221.4

221.7

222.8

223.

538

Rho (a.s.)

18.76

18.76

18.83

19.17

20.06

20.863
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Separation and Angle of CHE 27
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Figure 3. Angle and separation measurements of WDS 00304-
0947 represented on a double axis graph.

in 2010. From the results recorded in the above section,
we were able to calculate an increase of about 0.73° in
angle and separation 0.8025" arcseconds in distance. A
graph was created to show the change in theta and rho
from observations since 1900, the first observation ever
made on CHE 27, Figure 3.

Conclusion

Due to the increase in theta and rho from our recent
measurements, our observations have supported the
linear trend of this system as seen in previous measure-
ments. There was a lack of observations from 1910 to
1988, which could’ve caused some uncertainty in the
overall trend of this system’s nature at that time, but
since 1988, there has been consistency with this double
star’s measurements. Our recent measurements seem to
confirm that this linear trend is consistent.
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Abstract:

Astrometric measurements were obtained for WDS 04136-2532 (SEE 34)

using the iTelescope network. A mean position angle of 63.3° + 0.6° and a separation dis-
tance of 15.5" + 0.1" were measured showing an increase of 0.5° and decrease of 0.7" re-
spectively from the last observation in epoch 2003.95. Historical data, combined with our
recent measurements, did not indicate signs of orbital motion, but instead supports a linear

trend.

Introduction

The research conducted in this paper is part of a
program through Boyce Research Initiatives and Edu-
cation Foundation (BRIEF) that allows high school stu-
dents, college students, and other amateur astronomers,
the opportunity to conduct scientific research and learn
real world applications of the scientific process. The
focus of study is astrometric measurements, position
angle (Theta ) and separation (Rho ) of double star sys-
tems listed in the Washington Double Star (WDS) Cat-
alog where candidates were selected, imaged, and ana-
lyzed to help add to the understanding of whether the
star’s association is merely an optical double or a gravi-
tationally bound star system. Determining the latter in
conjunction with other measurements could provide
significant insight to the stars, such as their mass, which
in turn opens opportunities to find radius, density and
more.

For this research, the double stars available for con-
ducting research were reviewed in the WDS Catalog
based on their visibility during the Fall semester
(August - February), and filtered by a minimum separa-
tion of 6 arcseconds with a magnitude difference no
greater than 6. Additionally, the double star system
selected has less than 10 observations making it favora-
ble to study because our research provides additional
observations, which may assist with further analysis

of this system at some future date.

The star system ultimately chosen was WDS 04136
-2532 (henceforth referred to as SEE 34), for having
met the aforementioned criteria for examination, and
our team’s desire to prevent a large data gap, since the
last measurement was over a decade ago. The observa-
tion history for SEE 34 is outlined in Table 1.

Table 1. Historical Measurements of SEE 34

WDS 04136-2532 (SEE 34)

Epoch Posii;ognAngle Separation p (")
1897.76 55.1 19.78
1899.26 53.5 19.00
1906.72 55.8 19.10
1945.01 60.0 18.12
1979.941 61.0 16.90
1998.91 62.0 16.22
1999.713 62.7 16.167
2003.93 62.76 16.179
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-
iTelescope Network’s T32
telescope in Siding Spring, Australia

Figure 1.

Equipment, Observations, and Data Anal-
ysis Procedures

Equipment

iTelescope Network’s T32, Figure 1, is located
the Siding Spring Observatory in New South Wales,
Australia. The attached charged coupled device (CCD)
has an anti-blooming gate full well and uses a 17"
Planewave CDK optical tube assembly (OTA) on a
Planewave Ascension 200HR mount. This telescope
was selected due to its geographical location and its
high resolution at 0.63"/pixel.

Due to the magnitude difference in the pair, and the
fact that the primary emits more light at longer wave-
lengths, iTelescope Network’s T30, Figure 2, was
selected for its UV filter to assist in separating the
stars on the CCD chip. Located in the Siding Spring
Observatory, T30 has a CCD with a 100,000e- Non-
anti blooming gate, a 20" Planewave OTA, and a
Planewave Ascension 200HR mount with a resolution
of 0.81"/pixel.

Observations

The date of observation was chosen to align as
closely as possible to a new moon phase in order to
have the lowest luminosity from the moon as deter-
mined by the Staralt visibility tool (Sorensen, 2002)".

Six images were taken at epoch 2017.87 with T32.

Three of these images were with a Hydrogen-alpha
filter at 60 seconds exposure, and three images were
with a blue filter at 60 seconds exposure. The images
with the Hydrogen-alpha filter had over saturated pix-
els, while the blue filters produced one image where
both the primary and secondary stars could be identi-
fied. Due to the long gap between observations, the one
useable image was omitted from the results in order to
report on only one epoch. In order to add to our col-
lected data, on epoch 2017.95, fifteen more images

Figure 2. iTelescope Network’s T30
Telescope in Siding Spring Australia

were taken with T30 using a combination of UV and
blue filters, though three were discarded due to ex-
cessive atmospheric distortion. Figure 3 shows one of
our images of the star system.

Analysis Procedures

All images were preprocessed (flat-fielded and dark
subtracted) by the iTelescope network. The pixels that
contained our double star systems were checked for
counts to make sure that none of the images were over-
saturated. After assessing the quality of the images,
they were uploaded to astrometry.net in order to assign
World Coordinate System (WCS) positions.

The image analysis software SAOImage DS9
(referred to henceforth as DS9) was used to consistently
measure the position angle (0) and separation distance
(p) for each image. First, a 7" circle was created using
the Regions feature and placed over the A star,
followed by a circle of the same radius around the B
star.

DS9’s auto-centroiding feature was used to find the

FOV: 3 arcmin x 2 arcmin

Figure 3. One of our images of the star system, with
the A component at the top left, and the B component at
the bottom right
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Figure 4. Position angle in degrees and epoch in years for
SEE 34, including historical data and new measurement (red tri-
angle).

center of each star, which effectively calculates the
weighted mean position of all the counts per pixel
enclosed in the circle. The coordinates for the centroid
of each star were recorded and then placed as endpoints
of a line segment. The length of the line segment pro-
vided the separation distance in arcseconds and its ori-
entation relative to some reference provided the position
angle.

Results

Astrometric measurements are reported in Table 2.
For the epoch 2017.95 we measured a mean position
angle of 63.34° + 0.59° and separation distance of
15.49" £ 0.10". The uncertainty values are the calculat-
ed standard deviation of the mean.

Additionally, graphs of position angle vs. epoch,
Figure 4, and separation distance vs. epoch, Figure 5,
include our measurements in an historical context.

Discussion

We have found that our new measurement, if we
omit the data point from 1899, supports a linear pro-
gression. The measurement from 1899 is an apparent
outlier with respect to the other measurements, and

Separation Distance (areseconds)

1BBO 1300 1520 1940 1960 1380 2000 2020 2040

Epoch (Year)

Figure 5. Graph of separation distance in arcseconds and
epoch in years for SEE 34, including historical data and new
measurement (red triangle).

doesn’t seem to have any supporting documentation.
With the position angle being 63.34° + 0.59°, there
hasn’t been any change in position angle with re-
spect to the last measurement in 2003 within the stand-
ard error of mean. With the separation distance being
15.49" + 0.10", there has been a clear change in sepa-
ration since the last measurement in 2003. When plot-
ted in a proper motion plot (Figure 6), it is evident
there is a linear progression, and the 1899 data point
seems to be an outlier. This is not indicative of a
physical binary, but more of an optical pair.

Conclusion

We measured the position angle and separation
distance of WDS 04136-2532 (SEE 34), using ob-
servations from iTelescope Network’s T30 and T32
tele- scopes. The position angle showed no signifi-
cant changes since the last measurement in 2003. The
separation distance has decreased by approximately
one arcsecond. We conclude that SEE 34 is a linear
case (if we reduce the statistical weight of the 1899
measurement).

Table 2. Position angle, separation distance and uncertainties for SEE 34°.

WDS 04136-2532 SEE 34

Mean Position

Mean Separation

(Sinachopoulos, et al)

o n
Epoch Number of Images Angle 6 (°) o6 (°) o (M op (")
2017.95 12 63.3 0.6 15.5 0.1
2003.93 Last Measurement 62.8 B 16.2 _
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Amanda Tran, Audrey Lee, Samuel O’Neill, Abigail Wu, and Allen Priest
The Cambridge School, San Diego, CA

Abstract: Position angle (theta) and separation (rho) measurements were obtained from mul-
tiple images of the star system WDS 02442+4914 STF 296 AB using a 17" telescope in the
iTelescope network. From our 2018 measurements, STF 296 has a position angle of 304.9°
degrees and separation of 20.6" arcseconds. Data recorded for STF 296 showed consistent
accuracy in comparison to the current historical data.

Introduction

Double Star system WDS 02442+4914 STF 296
AB was imaged with telescopes equipped with CCD
cameras to measure the position angle (theta) in degrees
and separation (rho) in arcseconds. Measurements were
compared with data provided by Washington Double
Star Catalog (WDS).

To select double star system candidates for re-
search, a variety of catalogs were used to find stars that
fit specific criteria: the star systems had to be a mini-
mum of six arc seconds apart, and the difference in
brightness had to be no more than six orders of magni-
tude. The Washington Double Star Catalog, the Sixth
Catalog of Orbits of Visual Binary Stars, and Stelle
Doppie were all utilized to find pairs based on this cri-
terion.

Background

From data and observations recorded in the Stelle
Doppie database (Stelle Doppie Web), STF 296 is a
confirmed binary star system. The US Naval Observa-
tory has information pertaining to the data collected
that was used to form a proposed orbit in their 6™ Or-
bital Catalog (USNO Web). This star system was dis-
covered and first measured by Friedrich Georg Wilhelm
von Struve in 1782. It has been observed 79 times and
was last observed in 2015. As a result of the data con-
tained within these observations, a general orbit has
been predicted, Figure 1. This paper provides a 2018
measurement to add additional data to this orbit by plot-
ting our measurement with the historical data and com-
paring it to the plotted orbit provided by the US Naval
Observatory.

WDS 02442+4914

+ Seriesl N

-20.0

200 F}

Figure 1. Proposed orbit for WDS 02442+4914 provided with
historical data from Mason of the USNO

Equipment

Images were photographed using iTelescope T-21
in Mayhill, New Mexico. T-21, a deep field telescope,
has a 17" platform with a FLI-PL6303E CCD camera
and has a resolution of 0.96 arc-secs/pixel and an aper-
ture of 431 mm. It operates within the iTelescope net-
work and was selected due to its position in/visibility of
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the Northern hemisphere. Dark, Flat, and Bias calibra-
tion images were provided by the iTelescope network
for all images taken with T-21.

Procedures and Methods

Imaging the Stars

Images were ordered from T-21 on the iTelescope
network, with exposure lengths and light filters speci-
fied for all images. Once complete, the requested imag-
es were then delivered to the Boyce Astro Research
Computer (BARC) Server on a remote desktop for fur-
ther processing. Additional images were acquired from
a Celestron C11 SCT taken in Tierra del Sol by our
mentor, Mr. Allen Priest.

Processing and Measuring the Stars

Once all the images had been taken and transferred
to the BARC server, they were imported into Max-
ImDL to be calibrated and plate solved. The process of
plate solving was conducted in order to properly orient
the image in the sky with the correct Right Ascension
and Declination. The PinPoint Astrometry program
(included in MaximDL) was used to complete the plate-
solving process by comparing stars in our images
against the United States Navy UCAC-4 catalog.

The plate solved images were then imported into
MiraPro to measure the position angle in degrees and
the distance in arcseconds between the two stars. This
was accomplished using its distance and angle function,
which is able to locate the centroid of each stellar can-
didate. The measurements and data gathered from
MiraPro were copied into Excel for statistical analyses:
mean, standard deviation, standard error, and standard
error percentage. Once all the data was collected from
our processed images, historical data was ordered from
the US Naval Observatory and is given in Table 2.

Results

The results of these image processes are outlined in
Table 1. Images through a Hydrogen-alpha filter are

Figure 2: Hydrogen Alpha 30 Sec iTelescope)

shown in Figure 2.

After processing the images, the current separation
between the A/B components of the system was deter-
mined to be 20.6 + 0.6 arcseconds and the current posi-
tion angle is 304.9 + 1.4 degrees.

Discussion

The main purpose of studying this double star sys-
tem was to observe any changes in data (i.e: theta or
rho), if there were any, and to confirm whether or not
the current proposed orbit is relatively accurate. After
finding the plot for the most recent observation, the cur-
rent proposed orbit seems to be the correct astronomical
trajectory and is not contradicted by the newest data
plot. This double star system is a confirmed physical
system according to Stelle Doppie (Stelle Doppie
Web), and our data did not provide any indication that
it should instead be reclassified as an optical double star
system.

Table 1. Theta and Rho Measurements made on 2018.923

Images Theta (deg) Rho (as)
1 305.3 20.9
2 302.3 19.5
3 307.0 21.4
Mean 304.9 20.6
Std. Dev. 2.8 1.0
Std. Error 1.4 0.6
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Table 2. Some Historical Measurements

Date Observed Theta (deg) Rho (as)
1782.64 290 13.52
1845.23 295.3 15.06
1899.67 299.5 17.25
1924.898 300.8 18.43
1999.8 304.8 20.52
2018.33 304.9 20.6

Conclusion

The data collected from the star system STF 296
AB did in fact support the already proposed orbit. Our
data point was consistent with the change that was to be
expected in the system’s movement over time. There is
no current indication that this double star system is in
fact an optical double.
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Abstract:

The WDS catalog contains in total 2,640 pairs with the designation KOI. So far

(per end of August 2018) only 835 such objects have been confirmed by at least a second obser-
vation. Out of these 835 confirmed KOI objects 594 or ~71% were recovered as GAIA DR2
pairs. This statistic has been broken down to separation classes to check the performance of
GAIA DR?2 for resolving doubles in more detail. Additionally 1,043 KOI objects with so far only
one observation have been confirmed by GAIA DR2 raising the percentage of confirmed KOI
objects from ~32% to ~62%. Finally the matched KOI objects were checked for being potential

binaries by means of common parallax.

Regarding GAIA Performance: With an update of the WDS data base in September 2018 with
GAIA DRI matches the number of confirmed KOI objects increased from 835 to 1,167 so the
added value of GAIA DR2 compared to DR1 is not only the availability of proper motion and
parallax data beyond TGAS but also in a significant larger number of confirmed objects.

1. Introduction

As follow up to our report “KOI objects in the
WDS catalog” (Knapp&Nanson 2019) we checked this
time the complete range of WDS KOI objects against
the GAIA DR2 catalog.

Using the CDS TAP-VizieR tool in total 2,640 KOI
objects were selected from the WDS catalog. Using the
CDS X-match tool these objects were then for the pri-
mary cross-matched with DR2 with a search radius of
5 around the given WDS J2000 position. Due to the
density of DR2 objects this yielded 5,237 objects. With
the given GAIA DR2 J2000 positions and the WDS da-
ta for separation and position angle the J2000 position
for the secondary was calculated with the caveat that
GAIA DR2 provides for a few of the components of the
KOI objects no proper motion values and thus the cal-
culated positions were a mix of J2000 and J2015.5 co-
ordinates. These calculated positions were again
matched with GAIA DR2 but this time with 2 search
radius for the secondaries giving 3,218 objects includ-
ing the unavoidable self-matches for the primaries for
objects with a separation below the 2” search radius.

As next step a drill down process was started after

calculating separation and position angle for the found

pairs (observation epoch J2015.5):

¢ Eliminating the self-matches of the primaries men-
tioned above

o Eliminating all pairs with a difference between cal-
culated and WDS position angle larger than 15°

o Eliminating all pairs with a difference between cal-
culated and WDS separation larger than 25%

e Sorting the objects by discoverer ID and checking
for multiple matches made clear which objects had
to be checked in detail to keep the best matches
with the given WDS parameters not only for posi-
tion angle and separation but also for the magni-
tudes

e Finally the remaining matches were checked for a
corresponding magnitude delta between the compo-
nents with a cut for the difference of 3 magnitudes

e As nearly all magnitudes for KOI objects are given
in the red band a second check regarding the mag-
nitudes was done to eliminate all objects with
Gmags brighter than given WDS mags larger than
1.5mag — this leaves still some room for magnitude
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errors in WDS as well GAIA DR2
e End result were then 1,636 remaining KOI to
GATIA DR2 matches considered to be valid.

An update of the WDS catalog based on the
~80,000 GAIA DR1 matches from our report on esti-
mating visual magnitudes (Knapp&Nanson 2018) be-
came effective during September 2018 also for a good
part of the KOI objects rendering the per end of August
2018 given number of observations for some objects as
obsolete.

2. Results
The details of this cross-match and drill down pro-

cess are as follows:

e 120 KOI objects are (in the WDS “precise last on-
ly” list) given with a separation smaller than 0.4”
with 55 of them confirmed with more than 1 obser-
vation — no match is to be expected for this class of
objects as this is the declared resolution limit of
GAIA DR2 (Arenou et al. 2018)

e 128 KOI objects are listed with 0.4 to 1 arcsecond
separation with 73 of them confirmed with more
than 1 observation. 17 such objects were recovered
as GAIA DR2 pairs which means a hit rate of 23%.
In total 31 objects in this class were resolved in
GAIA DR2 which means 14 new confirmations but
also that only about 24% of the KOI pairs in this
range got a hit. Taking the recovery rate for the
confirmed objects as expectation for the rest of so
far unconfirmed objects in this range we can esti-
mate the number of KOI bogus objects in this class
to be zero

e 305 KOI objects are listed in WDS with a separa-
tion between 1 and 2 arcseconds with 109 of them
confirmed with more than 1 observation. 83 such
objects were recovered as GAIA DR2 pairs means
a hit rate of 76%. In total 202 objects in this class
were resolved in GAIA DR2 which means 119 new
confirmations. If we take the 76% ratio as expecta-
tion for this class of objects we can expect ~40 bo-
gus KOI objects here

e 645 KOI objects are listed in WDS with a separa-
tion between 2 and 3 arcseconds with 206 of them
confirmed by more than 1 observation. 165 such
objects were recovered as GAIA DR2 pairs means
a hit rate of 80%. In total 468 objects in this class
were resolved in GAIA DR2 which means 303 new
confirmations. If we take the 80% ratio as expecta-
tion for this class of objects we can expect ~60 bo-
gus KOI objects here

e 1,442 KOI objects are listed in WDS with a separa-
tion of larger than 3 arcseconds with 392 of them

confirmed by more than 1 observation. 340 such
objects were recovered as GAIA DR2 pairs means
a hit rate of 87%. In total 972 objects in this class
were resolved in GAIA DR2 which means 632 new
confirmations. If we take the 87% ratio as expecta-
tion for this class of objects we can expect ~325 bo-
gus KOI objects here.

Some side results:

e KOI 652 AC might be a duplicate of KOI 652 AB
despite listed with 3 observations

e KOI1316 AC might be a duplicate of KOI 316 AB
despite listed with 3 observations

e KOI2579 AB and AC are nearly undecidable
matches, AC was selected due to a better match
with the given magnitudes. It seems possible that
AB and AC are duplicates

e KOI6969 B and KOI 6970 B are identical

KOI7126 B is a double itself, two measurements

A;Ba and A;Bb are given as match for KOI7126

AB

e KOI2283 AB comes with a separation delta >20%
for the second observation but is a perfect match
with the first observation

e KOI 959 comes with an angular distance from the
given J2000 position larger than 4” but this is ex-
plained by very fast proper motion. This object is
also listed in GAIA DR2 with a rather bright sec-
ondary compared to the given WDS magnitude but
this is still considered to be a correct match.

To counter-check our processes for being consistent
we located the 30 GAIA DR2 matches from our first
KOI report (Knapp&Nanson 2019) in the final list and
eliminated them to avoid duplicated reporting.

In Table 1 the first 20 rows of the list of the cross-
matched KOI objects are given with a subset of the da-
ta. The full list with all columns can be downloaded

from the JDSO website as “KOI XX DR2”:.

3. Check for Binaries

Finally the found matches were checked for being
potentially binaries by calculating the distance between
the components of the pairs using the parallax data pro-
vided by GAIA DR2 which was the case for at least a
part of the objects. After eliminating all objects with
missing or negative parallax values or Plx values small-
er than 3 times the given parallax error range 564 pairs
remained available for assessment according to Knapp
2018 (see Appendix A). Only 4 pairs qualified as being
probable physical pairs, which is less than 1% of the

(Continued on page 245)
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pairs listed with usable Plx data. As the average ratio in
the WDS catalog is about 15% V- or T-coded this result
is quite a disappointment and raises the question why
KOI objects are WDS listed as double stars at all.

In Table 2 the first 20 rows of the list of the cross-
matched KOI objects are given with a subset of the da-
ta. The full list with all columns can be downloaded
from the JDSO website as “KOI XX DR2 PIx”.

4. Summary

To sum up the results above we get 2,520 KOI ob-
jects with a separation larger than 0.4" with 780 of
them with two or more observations. 605 such objects
were recovered in GAIA DR2 which means (not count-
ing the objects with separation below 0.4") an overall
hit rate of 77.5%. In total 1,673 KOI objects got re-
solved in GAIA DR1/2 which means close to 900 new
confirmations. And overall we have to expect that ~
425 KOI objects are most probably bogus (which
means close to 17%) if we don’t find other reasons for
them to be not resolved in GAIA DR2 as for example
extreme faintness beyond the GAIA resolution limit.
Counter-checking this assumption for objects with sep-
aration >3" we found that indeed in most cases red
magnitudes in the range of 20 mag or even fainter are
given so the number of bogus objects to expect should
be significantly smaller.

Taking a look at the GAIA DR2 recovery perfor-
mance we find that pairs below 0.4" separation are gen-
erally not covered (Arenou at al. 2018). Pairs between
0.4 and 1.0" separation have a hit rate of ~23% and for
objects with separation larger than 1" we find a hit rate
of 76%, larger than 2" of 80% and larger than 3" of
87%. These values are slightly inferior to those of dou-
bles with brighter secondaries (see for example Knapp
2018 on Tycho Double Stars) but obviously good
enough to be of interest for getting confirmations for
neglected WDS objects and especially important seems
the possibility to check pairs for being potentially bina-
ries using the GAIA DR2 parallax data.

Overall summary: While there are certainly very
good reasons that KOI objects are of interest for the
Kepler mission, there are with very few exceptions, cer-
tainly no reasons that KOI objects should be of interest
as double stars — so any effort to get confirmation for
the remaining WDS KOI objects with currently only
one observation is probably of little use. But one object
is certainly of special interest: KOI 959 — currently
without proper motion and parallax data in GAIA but
according to the LSPM catalog probably a pair with
very fast common proper motion.

KOl objects with Sep>0.4"

<

4

= Already confirmed per August 2018

= Newly confirmed in this report

Potentially bogus

= Expected to get confirmed in the future

Figure 1: Confirmation status of WDS KOI objects
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Appendix A
Description of the Plx Rating Procedure

e The distance vector of the two components of a pair is calculated with the naive approach 1/Plx +/- error
range and the distance between the components is then calculated using the law of cosines with the two re-

sulting vectors and the given angular separation

e "A" for worst case distance (Plx with errors applied for largest possible result), "B" for realistic case distance
(using given Plx without error) and "C" for best case distance (using Plx with errors applied for smallest pos-
sible result) less than 200,000 AU (means touching Oort clouds for two stars with Sun-like mass) and “D” for

above

e "A" for Plx error less than 5% of Plx, "B" for less than 10%, "C" for less than 15% and “D” for above

The letter based scoring is then transformed into an estimated probability for being potentially gravitationally

bound
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Abstract:

Double-star systems HIJ3231AC, BU1341AB, STI1656, HJ1002, STI110,

STF3041AB, DAM622, STF2796, and ES1865AB were observed by the Las Cumbres Tele-
scope network at the Teide Observatory. Average separations (p) and position angles (0) were
determined through Astrolmage] software and compared against pre-existing data in the Stel-
le Doppie database. The concluded data is checked for accuracy by comparing to two refer-
ence targets and ultimately contributes to database observations for each target. Three outliers
were discovered: STI1656, a possible triple star system; DAM622, where we found a nearby

quintuple system; and STI110.

Introduction

In this paper, we seek to update several double-star
systems with new data, while also demonstrating the
accuracy of our methods by comparing our results with
two well-known double-star systems acting as reference
targets. This research project was a part of an Astrono-
my Research Seminar offered by the University of Ha-
waii Maui College, instructed by Hsin-Yi Shih. The
team members participating in this seminar can be
found above, in Figure 1.

Targets were selected from the Stelle Doppie data-
base, and was recorded by the Washington Double Star
Catalog. The database has a wide variety of attributes to
sort by, including position, magnitude, and amount of
stars within a system (Stelle Doppie). Preference was
given to uncertain doubles: double-star systems with a
low enough amount of observations to merit uncertainty
regarding their binary nature. We searched for uncer-
tain doubles, keeping in mind the low number of obser-
vations and observations made within the past 15 years.
The targets were also selected with proximity to Oh
Right Ascension, in order to ensure night time visibility
during the fall season (Chaisson & McMillan). The ref-
erence targets were selected for their large number of
observations, in order to identify and minimize proce-

Figure 1. Research team for the present study. From left to right:
Malia Barker, Erin Pickering, Cooper Howlett, Joshua Breman.

dure error. The selected targets and more information
can be found in Table 1.

During analysis of the system DAM 622, a quintu-
ple star system was unintentionally observed: ES
1865AB. We later included this system as a target. The
properties of this system are described in Table 2.

Procedures

Observations were made by the Las Cumbres Tele-
scope network, or LCO. This network consists of twen-
ty-one robotic telescopes located in eight sites based
around the world. They are all centrally connected over
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Table 1. A summary of historical measurements for the double stars observed in this project.
All targets are uncertain doubles, except for those marked by an asterisk (*). Asterisk indicates

a reference target.

Name Recorded 1;2::];?2: Number .of Last Reco:;ded Reiiorrs;:e 4
[ Angle Observations | Observation Observation
HJ 3231AC 44.7" 296° 9 2012 1831
BU 1341AB 20.3" 319° 11 2015 1903
STI1656 13" 81° 4 2003 1917
HJ 1002 27.2" 26° 6 2010 1909
STI 110 7.3" 5° 7 2012 1908
DAM 622 6.9" 48° 3 2010 1999
STF3041AB*| 56.4" 358° 42 2016 1891
STF 2796%* 26.4" 42° 44 2010 1782
the internet and have the ability to observe an object Instrumentation

from any time zone, using a method called time domain
astronomy. Multiple analyses of factors like similar
requests, weather conditions, and target locations are
automatically taken into account by LCO to best deter-
mine when observations will be taken. The availability
of certain telescopes to observe a specific target can
also be checked using the LCO Visibility Tool. This is
done by entering the RA and Declination of the target
(LCO, Visibility Tool.). When best conditions have
been found for each request, they are submitted to their
respective telescopes and observed. The resulting data
is then uploaded, and made available for download
online.

For each double star, fifteen to twenty observations
were taken at Teide Observatory, located in the Canary
Islands, Spain (LCO, Teide). The observatory rests at
an elevation of 2,390 meters (AEMET.). Observations
were taken using a 0.4-meter telescope supported by a
C-ring Equatorial mount, as well as an SBIG STX 6303
Charge Coupled Device, or CCD camera, mounted at
the Cassegrain focus (LCO, 0.4 Meter). It has a pixel
scale of .59 arcseconds / pixel, and a field of view of
2K x 3K pixels. This is equivalent to a 19 x 29
arcminute field of view. The telescope was built by the
Las Cumbres Observatory, similar to the equipment in
Figure 2. Several different filters were used, depending
on the target. Targets HJ3231AC, HJ1002, STI110,
DAMG622, and STF2796 were observed with the GP

Table 2. Summary of data from the quintuple system ES 1865

Recorded Rec¢_or<:'1ed Number of Last Recorded First
Name Position Observations | Observation Recorded
P Angle Observation

ES 1865AB 23.7" 123° 13 2015 1913
ES 1865AD 7" 37.3° 5 2012 1971
ES 1865BC 3.7" 180° 8 2012 1913
ES 1865AE" 33.2" 330° 3 2013 1999
ES 1865AC? N/A N/A 0 2018 2018

Table 2 Notes

1. Also referred to as FYM204 in Stelle Doppie catalog.

2. No previous measurements.
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Figure 2. An example model of the 0.4 meter tele-
scope used, built at LCO headquarters in Santa
Barbara, California.

filter, targets BU1341AB, STI1656, and STF3041AB
with the RP filter. Filters were chosen for optimal sig-
nal to noise ratio with consideration for image satura-
tion, and difference in primary versus secondary star
brightness.

Methods of Data Collection

As students of the University of Hawaii, the Insti-
tute for Astronomy (IfA) has granted us a certain
amount of time to access the LCO telescopes in order to
obtain data for educational purposes. To request imag-
ing from the Las Cumbres Telescopes, we needed to
predetermine exposure information using the 0.4-meter
telescope’s exposure calculator. This included exposure
time, the signal to noise ratio, and the peak photon
count for the primary and secondary magnitude stars in
each target (LCO, Exposure Time Calculator.). We also
noted the targets’ previously recorded coordinates, sep-
arations, and magnitudes from the Stelle Doppie cata-
log. We initially requested data on 12 targets. However,
after analyzing the received data we narrowed down
our selection to the eight targets - as noted in Table 3 -
based on image quality and clarity of the target star sys-
tem.

Before the observations were analyzed by our team,
they were subject to the LCO “BANZAI” data reduc-
tion pipeline. The automatic processes used were bias

and dark subtraction, bad pixel masking, flat field cor-
rection, source extraction, and astrometric solution us-
ing Astrometry.net (LCO, Data Pipeline). These pro-
cesses are explained below.

Data Processing

Images were received in FITS files and previously
processed by the Las Cumbres Telescope’s BANZAI
data processing pipeline. Our observations were created
with a 2x2 binning mode, with readout times averaging
less than 6 seconds. A variety of data processes were
used by the pipeline to create optimal observations for
analysis. An explanation of these methods can be found
below.

Bad pixel masking: This flags any pixels in the de-
tector array that are not in working observational condi-
tion; such as pixels with excessive noise or potential
outliers. The bad pixels are then set to zero, removing
them from the processed image and data analysis.

Bias Subtraction: This eliminates the readout signal
from the CCD.

Dark subtraction: This eliminates the dark noise,
created by accumulated electrons in the CCD (Nass, P).

Flat Field correction: This checks for sensitivities
in different locations on the CCD (Hainaut, O.). The
inaccuracies are then corrected by taking several obser-
vations of uniform light, and using the resulting average
to identify locations of variable sensitivity. The sensi-
tivity map that results can then be used to correct the
light readings of observation.

Astrometric solution: Astrometry.net uses calibra-
tion meta-data and known celestial objects to calibrate
the observed images to the correct coordinates in the
sky. This includes the Right Ascension and Declination
data for each image.

We then downloaded the processed data from the
LCO web server and began to perform our own anal-
yses.

Methods of Analysis

To analyze and view the observations, we used As-
trolmagelJ, a FITS file reader and analysis application
(Al]). The correct view used within AstrolmageJ to
perform analyses can be seen in Figure 3. We first iden-
tified each uncertain double by its proximity to the cen-
ter of the image and how much it visually resembled a
double-star system. We then confirmed our predicted
target by finding the Right Ascension and Declination
of the primary star in AstrolmagelJ, then comparing this
data to the Stelle Doppie catalog values.

To find the separation and position angles of the
target system, their apertures must be plotted. This was
done by setting the aperture radius to the size of the
primary star and plotting it with respect to the aperture
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radius of the second star. The resulting separation and
position angles are generated from the plot by As-
trolmageJ. Record this data, and repeat the steps out-
lined in this paragraph with ten to fifteen more observa-
tions in the same filter, per target. If more observations
are available, include them.

After the above steps, a data set of the observed
separation and position angle values are created. From
this data set, the average separation and position angles
for each target can be found. A standard deviation can
also be derived from each observed value, from which
an average of standard deviation can be found per tar-
get. Our results using these analyses are stated below in
Table 3 for all six chosen targets, with Table 4 stating
our results for the quintuple system ES1865.

Discussion

HJ32314AC

The data collected on the double-star HJ3231AC
regarding position angle and separation is the closest
alignment we found when compared to previously rec-
orded data of the system. Our method used to measure
this system proved accurate, without a change in posi-
tion angle, and a very slight change (less than 0.40%) in
separation angle.

BUI13414B

The data collected on this binary system matched
the last recorded data from 2015. There is no difference
in position angle. However, a slight separation angle
difference of 0.98% is presented.

STI1656

Compared to previously recorded data in Stelle
Doppie, there is a slight difference in separation angle,
0.7%, and an even smaller difference in position angle,
0.14%. This is still closely consistent with the last rec-
orded data in 2003. However, there is a dim nearby star
extending from the primary magnitude star that has no
previously observed data. See Figure 4. Data obtained
from this star is as follows: p = 4.52" (arc seconds),
Position Angle = 102.78° (degrees). This suggests a
possible triple star system.

HJ1002

For this binary system, our data showed a decrease
in both separation angle and position angle. A 0.37%
decrease in separation angle and a 6.61% decrease in
position angle were presented among the data for this
target.

STI110

For this system, our method proved accurate in
finding the separation angle. However, for the position
angle, there was a percentage difference of 14.8%,
which is far outside the standard deviation of percent

File Preferences Scale View Annotate Measure
54x2042 pixels; 32-bit; 24MB (WGS=RA DEC,TAN CD matrix)
ImageJX:| 15839349 Image] Y: 7458966 Value:
RA:[ 00:10:35.779 DEC:[ +15:24:06.48 Peak 125053

14349 FmSY-[ 12966034 Intcmts:| 17562
1o g s el RS R R[OS 4

Edit Process Color Analyze WCS

15015

223334 53417 125373 206322 28847 1 370020 451563 53311.9 614668 636217 777766 859316 34086.5 103200.8

.

96026816 [min [

-101.9624}black mean:8 2085 white:] 4493423 max| 103200859

Figure 3. Example of analyzing HJI1002 image using As-
trolmagelJ.

Figure 4. STI1656 FITS file shown in AstrolmageJ ap-
plication showing unrecorded background star.

differences across all targets (4.57%). This difference
presented as a consistent difference in our measurement
against the previous record, especially considering the
accuracy of the target’s separation measurements and
that of our other targets. To check the significance of
this difference, we re-measured the position angle and



lated the average and standard deviation of each. What
we calculated was 7.31"+0.05" for the separation and
5.74°+0.36° for the position angle. This result further
indicates the significance of the difference between the
previously recorded position angle and our observed
position angle.

One possible reason for this deviation is that
STI110 may be orbiting and that would present as an
evolving position angle with a relatively constant sepa-
ration. This hypothesis is supported by the differences
in previous observations from Stelle Doppie. The first
observation in 1908 recorded the position angle as
354°, but observations in 2001, 2003, and 2012 record-
ed 5°, 4°, and 5°, respectively, indicating a significant
change, or at least inconsistent observation, in the sys-
tem’s position angle over the past century.
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Table 3. Summary of observation data and its comparison to previously recorded data. An asterisk (*) indicates reference targets.
Uncertainies are standard deviation.
Observed Observed Position| Recorded Position
P Recorded P Angle Position Angle . Julian
Name (Average of 10 Percentage Filter
to 15 images) Difference (Average of Angle Percentage Date
10 to 15 images) Difference
HJ3231AC 44.87"+£0.36" 44 .7" 0.38% 295.99°40.09° 296° 0% gp 2458373
BU1341AB 20.50"+0.07" 20.3" 0.98% 319°+0.1° 319° 0% rp 2458368
STI1656 13.09"+0.08" 13" 0.7% 80.96°+0.17° 81° 0.14% rp 2458361
HJ1002 27.30"+0.33" 27.2" 0.37% 24.28°+0.98° 26° 6.61% gp 2458368
STI110 7.31"+0.05" 7.3" 0.14% 5.74°+0.36° 5° 14.8% gp 2458368
DAM622 7.04"+0.32" 6.9" 2.2% 46.90°+1.78° 48° 1.38% gp 2458369
STF3041AB* 57.92"+1.4" 56.4" 0.23% 358.13°40.15° 358° 0% rp 2458368
STEF2796% 26.65"+0.6" 26.4" 0.95% 41.59°+1.16° 42° 0.98% gp 2458381
Table 4. Summary of observation data collected for quintuplet system ES1865, and its comparison to previously recorded data.
+ indicates average standard deviation.
Observed p [ Observ:g iZSltlon Recorded |Position Angle
Name (Average of 10 Recorded p| Percentage g Position |Percentage Dif-| Filter
to 15 images) Difference (Average of Angle ference
10 to 15 images)
ES1865AB 23.92" £ 0.5" 23.7" 0.93% 122.25° + 0.6° 123° 0.61% gp
ES1865AC! 25.37" + 0.5" N/A N/A 129.73° + 0.6° N/A N/A gp
ES1865AD 37.25" £ 0.6" 37.3" 0.13% 76.52° + 0.4° 77° 0.62% gp
ES1865AE 33.48™ £ 0.2" 33.2" 0.84% 329.75° + 0.8° 330° 0.08% gp
1. N/A indicates no previous measurements
separation of the system using fifteen images and calcu- DAM622

For binary system DAM 622, we were able to con-
tribute data to its previous record of only three observa-
tions. We found that there was quite a slight increase in
separation angle, with a difference of 1.38% than its
last recorded observation in 2010. Upon further obser-
vation of this double star, we came across the quintuple
system, ES1865, as pictured in Figure 5. Since all the
images we gathered of DAM622 provided a clear view
of ES1865, we decided to go ahead and record data for
that system as well, recorded in Table 4.

STF2796 (reference)

This system served as an excellent reference, as it
had been observed 44 times - giving us a good platform
to test the precision of our methods. The data we had
collected for this system matched previously recorded
data - with only a difference in p of 0.95%, and a differ-
ence in 0 of 0.98%. This is a sufficient difference to
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validate that the methods we used were accurate.

Our method of finding the separation and position
angles of our targeted binary systems, in general,
proved to be precise. With an overall standard deviation
of p to be £0.6", and standard deviation of 6 to be
+1.16°, it’s safe to say the data that we contributed to
these double-star systems are accurate. There are, how-
ever, two that stood out in our findings, one being our
unexpected observation of the quintuple system
ES1865AB. Another thing that stood out in our findings
was the large percentage difference found in system
STI110’s position angle.

STF3041AB (reference)

Binary system STF3041AB was used as our refer-
ence target, as it has been observed 42 times in the last
125 years. We were able to validate our method’s accu-
racy with this binary system, as our results correlated
closely with the data that has been previously recorded
for this double star.

ES1865

This system was sort of a “bonus system” as it was-
n’t necessarily a hand-picked target, rather we unex-
pectedly came across it in images of DAM622 (a target
that was originally chosen to be observed). Upon ana-
lyzing this system, we found out that it is known as a
quintuple system, as there are five visible stars in this
system, that we referenced as: A (primary star), B, C,
D, E, as depicted in Figure 6. Although the relations
between AB, AD, and AE were observed with an accu-
mulation of 24 times, we weren’t able to find any rec-
orded data on ES1865AC (data of the primary star,
“A”, to star “C”), so we proceeded to record the first
documented data of this relation.

Conclusion
Our initial goal was met, as we updated the data for
the small number of observations on these six double-

Figure 5. Observation of ES 1865AB and DAM 622, from a FITS
file viewed in AstrolmagedJ.

star systems with our own data sets. The method of data
collection used proved successful, as we recorded an
average of a 0.71% difference for separation angle and
an average of 2.29% difference for position angle.

We updated information on targets STI110,
HJ1002, HJ3231AC, and BU1341AB. We found unex-
pected results among STI1656 and DAM662.

Further research into double-star system STI1656
could reveal more information on the background star
behind the primary magnitude star, possibly identifying
this target as a triple star system. The magnitude of the
background star would have to be determined, then ob-
servations need to be made in a filter allowing both the
primary and background stars to be visible.

Because our measurements proved to be accurate, it
is logical to reason that the large percent difference in
position angle for target STI110 could reflect a natural
change in position, like an orbit. Previous measure-
ments support the theory, as explained in the discussion
section. Further observations may or may not confirm
the orbital nature of this target.

Additional research can be pursued with these tar-
gets, through photometry. It is possible to observe the
ten available targets with different color filters. This
could lead to updating magnitude data sets in Stelle
Doppie.
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Abstract: During the summer of 2018, as part of the Binary Star Research Sem-
inar coordinated by the Institute for Student Astronomical Research (InStar), re-
searchers took astrometric measurements of binary star system WDS 13169+1701.

Introduction

The binary system WDS 13169+1701 is located at
a right ascension of 13 hrs 16 min 51.05 sec, and a dec-
lination of +17° 01' 01.9" at a distance of 36.63 light
years from Earth, between the constellations Coma Ber-
enices and Bootes (see Figure 1). This system’s primary
star has a magnitude of 6.66, while the secondary star
has a magnitude of 9.5, with a delta magnitude (AM) of
2.82. The stellar classification of the primary star is
K1V, with an average temperature of 3,700 - 5,200
Kelvin, and a chromaticity of pale yellow-orange. The
secondary star’s stellar classification is M1V, with an
average temperature of 2,400 - 3,700 Kelvin, and a
chromaticity of light orange-red. From a geocentric per-
spective, prior observations of the secondary star in this
system show that it could either be traveling in a highly
elongated orbital path around the primary, or it could be
traveling in an observationally linear path adjacent to
the primary star.

According to the Washington Double Star Catalog,
the recorded observations for this system date back to
1782. Since then, there have been 214 recorded obser-
vations tracking the orbital path of the secondary star
around the primary, the most recent of which was rec-
orded in 2014. The first astrometric measurement of
this system, from 1782, was made by William Herschel
who wrote, “Double. About 1-3/4 degree from the 42d
Comae towards Upsilon Bootis; the most south of a
telescopic equilateral triangle. Excessively unequal.
Larger primary star, pale color; smaller secondary star,
dusky color. A third star preceding, above 1" (Herschel,
1912). The original discoverer of this star system is not-

HIP 84757 B - SAD 100491, HD 115404 - WDS J13169+1701A8
[ : i

Figure 1. Night sky simulation showing the location of WDS
13169+1701 generated using Stellarium version 0.18.1.

ed in Herschel’s work as having recorded the binary
pair in 800 CE with the initials BU; however, no addi-
tional evidence was recovered to reveal the full name of
the discoverer or the measurements taken.

Equipment and Procedures:

The research team compared past observational
data of the stars trajectory paths from the WDS, a data-
base maintained by the United States Naval Observato-
ry, and current images that were requested from the Las
Cumbres Observatory (LCO) portal and their global
network of telescopes and observational equipment.
Using LCO’s network, images were taken from Halea-
kala Observatory, situated 10,000 ft. above sea level on
Mt. Haleakala, a shield volcano in Hawaii. Images were
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Figure 2. Main telescope structure with a 2-meter and 0.4-meter
telescope, Las Cumbres Observatory, Haleakald Hawaii.

acquired on June 26, 2018 using CCD imaging with an
SBIG STL-6303 camera, with 1-sec., 5-sec., and 10-
sec. exposure times using a clear, neutral filter, from
the 0.4-meter Faulkes Telescope North (Figure 2).

The 5-sec and 10-sec exposure images that were
requested on June 26, 2018 were discarded as they were
overexposed and accurate centroiding could not be
done. Using the histogram tool available in As-
trolmageJ to examine the overlap between the primary
and secondary star, it was found that the data from the
set of images with the 1-sec exposures were incon-
sistent and many of the images were flipped around the
X axis.

A second set of ten images was requested from
LCO using their 0.4-meter telescope, and they were
received on August 2, 2018 with a 0.5-sec exposure
time. Eight of those images had enough stars to be plate
solved, and none showed the previous issue of flipping
about their axis. Researchers used Astrolmage] to
measure the position angle and separation between the
primary and secondary stars in the system. The two
smaller stars in this quadruple system were not visible
in any of the requested images and were not necessary
for data collection or analysis. See Figure 3.

The LCO FITS files were uploaded to astrome-
try.net to be plate solved; this software determines the
right ascension and declination of each star. The plate
solved images were then analyzed in Astrolmagel,
where the brightness and contrast were adjusted to al-
low researchers to more accurately place the apertures
on the two stars. The cursor was then dragged, using
the central mouse wheel, from the primary star to the
secondary star, giving the position angle, separation,
and difference in magnitude of the two stars (See Fig-
ure 5).

The team used Astrolmage] to take five readings
for each of the eight usable images with the 0.5-sec ex-

Figure 3. One-second image of WDS 13169+1701 tak-
en from a 0.4 meter telescope at Haleakala, Hawaii
and used to measure the position angle and separation.
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Figure 4. Screenshot of AstrolmageJ interface

posure time. All data was manually exported into a
Google Sheets spreadsheet for further analysis. Re-
searchers initially intended to calculate the averages of
these five readings for each image given the variety of
readings obtained from the first data set, but found that
for individual image data sets, the position angle and
separation measurements were identical between read-
ings out to six significant figures. Some of this raw data
can be seen in Figure 4, in both Astrolmage] and
Google Sheets interfaces. The total average value,
standard deviation, and standard error of the mean were
calculated and are shown in Table 1.

Results

Table 1 shows the new data, depicting the separa-
tion between the primary and secondary stars and the
position angle of the secondary star in relation to the
primary. Figures 5 and 6 depict past data collected and
stored in the WDS, showing the change in separation


https://lco.global/site/haleakala/

Vol. 15 No. 2 April 1, 2019

Journal of Double Star Observations

Page 257

Astrometric Measurements of WDS 13169+1701 Binary Star System in Coma Berenices

Table 1: Summary of final data with standard mean, standard
deviation and the standard error of the mean.

Fits Separation Position Angle

images (Arc Seconds) (Degrees)
1 7.55 104.69
2 7.57 104.35
3 7.55 104.08
4 7.54 104.31
5 7.64 104.28
6 7.57 104.28
7 7.60 103.31
8 7.67 103.79
Mean 7.59 104.14
Standard 0.045 0.419
Errsozanoia];ian 0.016 0.148

and position angle over time, with the new data point
added. The new measurements were added to the or-
bital diagram (Figure 7) as described by Buchheim
(2017).

Discussion

Throughout the research process, the team ran into
a plethora of problems regarding data collection and
software use. Researchers utilized Astrolmagel, an
open-source software, for analysis of plate solved imag-
es, but ran into an issue with the software flipping im-
ages about their axes. There were additional issues with
the software running on the personal computers of the
researchers due to the requirement of a legacy Java and
incompatibility with some operating systems. The origi-
nal batch of images received from LCO were over ex-
posed and difficult to plate solve. These obstacles
caused delays in the collection of usable data. The re-
search team came together and worked to improve
communication and overcome these issues before the
deadline by requesting a second batch of data, trouble-
shooting the software, and calling additional team
meetings.

As shown in Table 1, only eight photographs of the
ten taken from the second batch of images were able to
be plate solved using nova.astrometry.net and used to
take astrometrical measurements via Astrolmage]. This
smaller sample size did not negatively affect results and
the team did not expect it to, as the originally requested
ten images was more than adequate to ensure usable
and consistent data. Table 1 shows that the separation

Separation vs. Time

O 2018Data

e '*.."O

Separation

Year Recorded

Figure 5. Historical data from the Washington Double Star Cata-
log of binary system 13169+1701, showing the separation of the
primary relative to the secondary over time, new position shown
with yellow dot.

Position Angle vs. Time
@ Fosition Angle (Degrees Trendline for Position Angle (Degrees) R 34 Q 2018 Dat

Position Angle

Mottt o

Year Recorded

Figure 6. Historical data from the Washington Double Star Cata-
log of binary system 13169+1701, showing the position angle of
the secondary star in relation to the primary over time. The new
position is shown with a yellow dot.

angle between the primary and secondary star was de-
termined to be 7.59 arc seconds and the position angle
to be 104.14 degrees. These readings coincide with the
position angle and separation values projected by Stelle
Doppie with a separation of 7.775 in arc seconds and a
position angle of 104.8 (Stelle Doppie, 2016). The low
value of the standard deviation calculated reflects read-
ings that are consistent and without statistical outliers.
The goal of the research team was to achieve a standard
deviation within one percent of our average values. The
standard deviation of the separation readings is 0.045,
0.5% of the final point, and the standard deviation of
the position angle is 0.419, 0.4% of the final point.
Having a small error of the mean shows the same data
was taken multiple times and that the standard devia-
tion for each separate data collection was consistently
small.
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WDS 13163+1701 BU B0OAE

(H1e1334)

Figure 7. Orbital path of the double star WDS 13169+1701 with
the newly measured position marked with a yellow “X”. Inset
shows the image enlarged for clarity.

As part of the Summer 2018 Astronomy and Cos-
mology program at The Evergreen State College, re-
search team members visited the University of Ore-
gon’s Pine Mountain Observatory on August 6, 2018.
Additional field observations were made at the site,
using a 24-inch Cassegrain reflector telescope, although
these observations were not use in the data analysis be-
cause the image quality was not optimal. (Figures 8 and
9)

Conclusion

By analyzing the new measurements from August
2, 2018, researchers were able to determine that this
data is indicative of a true binary system, where the
smaller secondary star is gravitationally bound to the
larger primary star traveling along an estimated 770-
year orbital period. The 2018 observations are values
that would be expected from the current literature on
this binary system, and are comparable to the position
angle and separation values projected based on past
orbital data and the hypothesis that the two primary
stars of WDS 13169+1701 are gravitationally bound.
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Abstract: We performed astrometric measurements on the double stars WDS 08562-8341
(HJ 4194) and WDS 09135-6455 (HJ 4195) through images acquired by the Las Cumbres Ob-
servatory telescope network (LCO), using a 0.4-meter Meade telescope to image our selected
double stars. The Our Solar Sibling pipeline (OSS) processed and calibrated the images, which
were then analyzed using the software Mira Pro x64. From the images of HJ 4194, we calculat-
ed the mean position angle of 81.6° £0.4°, and the separation of 18.2" + 0.1". From the images
of HJ 4195, we calculated the mean position angle of 69.6° + 0.7°, and separation of 16.3" £+
0.2". We concluded that the data suggests that HJ 4194 is an optical double, while HJ 4195

remains undetermined.

Introduction

Position angle (0) and separation (p) measurements
from observing double stars can be used in combination
with historical data to determine whether the double
star is a gravitationally associated binary star or an opti-
cally aligned double star. If a double star is found to be
a binary star, then the total system mass can be estimat-
ed using the orbit of the system. Understanding the
mass of a star is the most fundamental parameter in un-
derstanding stellar astrophysics.

We aim to measure the position angle (0) and sepa-
ration (p) of the neglected double stars HJ 4194 and HJ
4195. Both parameters are important in determining if a
secondary star is orbiting around a primary star. If a
cartesian graph is made using the historical 0 and p, and
it shows that the data points of the secondary star are
approximating an ellipse or part of an ellipse, then the
pair is a binary star. Similarly, these same parameters
can be used to determine if the secondary star is mov-
ing away from the primary star with linear motion indi-
cating a non-gravitationally bound optical double star.

We used the Washington Double Star catalog
(WDS) by Brian Mason (2012) to select the double
stars in our study. The following general criteria was
used to select candidate double stars:

e Right Ascension (RA) hour between 8-14 and
therefore visible in the Spring.

e Declination South of -25° (Telescope is in Suther-
land, South Africa)

¢ Difference in magnitudes (A Magnitude) < 1

e Separation > 6 arcseconds; distinguishes primary
from secondary.

e Recognizable change in position angle.

Sir John F.W. Herschel discovered HJ 4194 and HJ
4195 in 1836. Herschel was an eminent Victorian scien-
tist that contributed to many areas of science. Herschel
discovered these double stars during an extensive tele-
scopic survey of the southern sky from the Cape of
Good Hope Observatory (The Editors of Encyclopedia
Britannica, 2018). Today, the Cape of Good Hope Ob-
servatory is recognized as the headquarters of the South
African Astronomical Observatory (SAAQO), where our
images were taken. Herschel’s measurements are rec-
orded in the WDS catalog, along with other historical
measurements, and are shown in Tables 1 and 2 (Mason
etal, 2012).
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Table 1: All historical 0 and p measurements for HJ 4194
found in the WDS. The table shows a large change in posi-
tion angle and separation over the past 163 year.

HJ 4194 WDS 08562-8341
Epoch e (°) p (arcseconds)
1836.62 46.60° 10.00"
1882.35 52.80° 12.11"
1895.22 57.60° 15.20"
1902.24 59.40° 15.99"
1903.02 57.60° 15.81"
1919.24 62.20° 16.22"
1956.16 69.40° 16.04"
1991.70 77.30° 17.57"
1998.13 78.20° 17.73"
1999.99 79.00° 17.60"

Materials and Methods

Equipment

All images were acquired from Las Cumbres Ob-
servatory (LCO). The LCO telescope used was a cus-
tom 0.4-meter Meade telescope, Figure 1, with a
mounted SBIG STX-6303 high-speed camera (LCO,
2018) located at SAAO in Sutherland, South Africa.
This telescope has a 1.14 arcsecond per pixel resolution
with a Field of View (FOV) of 19 arcminutes x 29
arcminutes. It also features a 14-position filter wheel
necessary for making observations at different bands of
wavelengths.

Observations

Images were scheduled at selected times to mini-
mize the effect of air mass on the quality of the images.
The far southern declination of HJ 4194 made the stars
appear at low maximum altitude in the night sky from
SAAO. HJ 4194 reached an estimated 40 degrees above
the horizon, while HJ 4195 reached about 68 degrees
above the horizon. HJ 4194 and HJ 4195 were imaged
at their maximum altitude on the Barycentric Julian
Dates  (BJD) of  2458200.407541710  and
2458200.408888749.

A total of six images for each double star were tak-
en: Luminance, R band, and Z band. Two images were
taken at 1 second and 2 second exposures for both the
luminance and the R band. Two images were taken
with the z band filter and exposed for 9 and 18 seconds.
Each image was analyzed and included in the calcula-
tion of the mean 0 and p reported in Table 3. We creat-
ed false-color-images of HJ 4194 and HJ 4195 using
the software SAOImage DS9, shown in Figures 2 and
3, by merging the images taken with each filter into one
image.

Afterward, the Mira Pro Distance and Angle auto-
centroid function was used to accurately locate the cen-

Table 2: All historical 0 and p measurements for HJ 4195
from the WDS. The table shows a small change in position
angle, and an insignificant change in separation over the

past 175 years.
HJ 4195 WDS 09135-6455
Epoch e (°) p (arcseconds)
1835.150 58.7° 18.000"
1879.850 62.4° 16.020"
1892.220 48.1° 19.968"
1915.320 65.8° 16.420"
1918.300 65.2° 16.370"
1928.370 63.0° 16.314"
1970.400 67.3° 16.284"
1991.630 68.3° 16.279"
1998.234 69.3° 16.040"
2000.010 68.5° 16.200"
2010.500 68.9° 16.200"

Figure 1: An LCO custom Meade 0.4-meter te-
lescope with SBIG STX-6303 camera used to
image the selected double stars. (Source: LCO)

ter of each star by selecting the star in the image with a
crosshair. Mira automatically locates the pixel with the
highest ADU within a prescribed aperture to determine
the stellar centroid. The exact coordinates of that pixel
was identified as the first part of a line segment, shown
in Figure 4. The crosshair was dragged to the second
star and the process was repeated. The software auto-
matically calculated the 6 and p using the coordinates
from each center.

Once all images were measured, we performed a
statistical analysis to determine the uncertainties associ-
ated with our results. Using the data from each image,
we calculated the mean, standard deviation, and the
standard error of the mean for both double stars. The
results of these calculations are shown in Table 3.

Since the sample size was less than 30, we estimat-
ed the population mean using a t-distribution. We creat-
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Figure 2: A false color image of HJ 4194 that we created
using SAOImage DS9. The arrow represents a scale of
21.9”. All six images of HJ 4194 were used to produce
this image.

ed a 95% confidence interval using 5 degrees of free-
dom, and a t-value of 2.571. The t-value is a unit-less
number which indicates the standard deviation, or the
maximum or minimum deviation any possible measure-
ment can be from the estimated population mean. The
confidence interval was constructed using the formula:
x + t(s/\n). In order to use this formula in constructing
our confidence interval, and apply the central limit the-
orem, we used a normal probability plot to confirm that
the population we were sampling from was approxi-
mately normally distributed.

Results

The astrometric measurements for epoch 2018.223
are listed in Table 4. We calculated the mean position
angle of 81.6° £0.4° for HJ 4194 with a mean separa-
tion of 18.2" £0.1". We calculated the mean position
angle 69.6° + 0.7° for HJ 4195 with a mean separation
of 16.3" + 0.2". Each margin of error shown in Table 4
was calculated using a t-distribution with 95% confi-
dence and 5 degrees of freedom.

Discussion

We have plotted each 0 and p measurement of HJ
4194 using a cartesian graph tool provided by Richard
Harshaw. The origin of the graph represents the prima-
ry star. Each individual data point represents the astro-
metric location of the secondary star in the year it was

Figure 3: A false color image of HJ 4195 that we creat-
ed using SAOImage DS9. The arrow represents a scale
of 21.9”. All six images of HJ 4195 were used to produce
this image.

Figure 4. This is an image of the centroid function being
used on Mira Pro x64. The image shows a line segment
auto-centered on the primary and secondary star of HJ
4194, R-band, exposed for 1.73 sec.

measured. The position angle and separation were used
to calculate X and Y-coordinates for each measurement
for each pair. The position angle is represented by the
angle measured from the north axis sweeping out coun-
ter-clockwise to an individual data point. The separa-
tion is the distance in arcseconds from the origin to the
individual data point. Figure 5 shows the historical data
plotted with and without the data points we are assum-
ing to have significant errors.

Each measurement is shown in chronological order

Table 3: Results of our measurements.

Double Star Measure # of images Mean Dse?inad:iroi Stoafn dta;ed ;erar:r
HJ 4194 Separation 6 18.20 0.09 0.037
Position Angle 6 8l.61 0.35 0.142
HJ 4195 Separation 6 16.33 0.21 0.085
Position Angle 6 69.55 0.67 0.275
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Figure 5. Plot of the historical data for HJ 4194 with errors and without.

from left to right and ends with our measurement high-
lighted by a red “x”. The first data point was measured
by Herschel and is highlighted by a red arrow. The
green crosses and the line connecting them represent
the two values that were averaged to produce this meas-
urement (Herschel, 1847). Since Herschel was known
for having imprecise data and his two measurements
contain a very large spread in variation, we are assum-
ing that the first data point highlighted by the arrow is
also erroneous. The second data point was measured by
Mr. Lawrence Hargrave with a 7 1/4 inch telescope. In
the article containing the measurements by Mr. Har-
grave, H.C. Russell, F.R.S., Government Astronomer,
states “The positions of the other stars are approximate
only” (Russell, 1892). This statement seems to suggest
that the second measurement is imprecise. If we assume
that these two data points are erroneous or imprecise
and choose to omit them, then we can see a clear linear
motion trend in the remaining data points.

Furthermore, the graph in Figure 6 shows that star
B’s position angle has changed by approximately 40
degrees over roughly 200 years, and appears to be in-
creasing at a constant rate of approximately 0.2025° per
year. However, if our previous assumption is correct,
then the data points in Figure 6 will approach a hori-
zontal asymptote perhaps in less than 500 years. The
more distant star B becomes the position angle should
appear to change less and less between 180-90 degrees.

In the cartesian graph of HJ 4195, Figure 7, the
numbered data points make it difficult to discern any
trend in the data. Number one was recorded by Her-
schel, and it is likely to have a lot of error associated
with it since only one measurement was made. As we
have shown with HJ 4194, Herschel had a large varia-

tion in his measurements. Number three appears to be
an outlier. It was the result of a “rereduction of the As-
trographic Catalogue” by the US Naval Observatory
(Urban et al, 1998). In the associated article Urban
states “[With respect to position] Three bands of low-
precision are evident. These correspond to the Vatican,
Postdam and Sydney zones” (Urban et al, 1998). The
Sydney Observatory was responsible for imaging an
area of the sky containing HJ 4195. Despite these issues
there is a curved trend made by the remaining data
points.

In addition, the pair of stars appear to be moving
together in the same plane, excluding the plane in the
line of sight. The pair of stars have a nearly identical
proper motion. Star B also appears to show little move-
ment in separation. This behavior suggests that star B is
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Figure 6: HJ 4194 O vs. Time.
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Figure 7. Plot of the historical data for HJ 4195.

possibly a common proper motion pair. However,
more astrometric measurements are needed to monitor
the curved trend in case this pair is a true binary star.

The distances from our Sun to each star were esti-
mated by using parallax data and trigonometry. The
European Space Agency (ESA) mission Gaia provided
the parallax data for HJ 4194 and HJ 4195 (Gaia Col-
laboration et al, 2016). One astronomical unit (AU), or
the distance from Earth to the Sun, was divided by the
parallax in arcseconds providing a distance in parsecs.

Table 5 provides the parallax measurement for each
component of HJ 4194 and HJ 4195, including the mar-
gin of error. Table 6 provides the minimum and maxi-
mum distance in parsecs based on the parallax data in
Table 5 for each star.

The parallax data in Table 5, and the subsequent
distances in Table 6, show that HJ 4194 is most likely
an optical double. Star A is at a distance between

Table 5: Parallax data for each star (Source: Gaia DR2).

HJ 4194 HJ 4195
Star A | Star B Star A Star B
Parallax (ams) 0.817 5.928 0.798 0.605

Margin of error | 0.0236/+ 0.0241| + 0.028 |£ 0.0267

Table 6: Projected distance to each star in parsecs
(Source: Gaia DR2).

HJ 4194 HJ 4195
Star A Star B Star A Star B
Min Dist. 1189.63 168.01 1210.65 1583.03
Max Dist. 1260.40 169.38 1298.70 1729.21

1189.63-1260.40 parsecs away and Star B is between
168.01-169.38 parsecs away from our Sun. Thus, the
parallax data shows that the stars in HJ 4194 are at least
1020.25 parsecs away from each-other, and too far
apart to be gravitationally bound.

The parallax and distance data for HJ 4195 also
shows no overlap in distances. Although the Gaia DR1
data showed a considerable overlap in parallax, the
newly released parallax data shows that these stars may
not be close to each-other at all (X. Luri et al, 2018).
Any conclusion drawn from the parallax data runs con-
trary to those drawn from the nearly identical proper
motion and the short arc which suggest these stars are
physically associated.

At the suggestion of Richard Harshaw, we estimat-
ed the minimum separation between the stars in HJ
4195. First we calculated a weighted parallax using
Equation 1. The weighted parallax was converted to
parsecs, and finally multiplied by the last p measure-
ment in the WDS. The results of this calculation show
that the minimum separation by far exceeds the true
separations of binary systems surveyed in the 6th or-
bital catalog, Table 7. The highest true separation cal-

- Perrrorj Ped+|1- PxBerrorj PyB
PxA PxB

PxAerror PxBerror
-+ -
PxA

PxB
culated was 1,707 AU, while an estimate of our double
star was 23,107 AU (Harshaw, 2018).

We recommend that future research on both double
stars should focus on gathering more astrometric data to
confirm that Star B is moving away from Star A in HJ
4194, and to confirm that the data points observed in
the cartesian graph of HJ 4195 are forming a short arc.

PXweighted =

Conclusion

The astrometric measurements 6 and p were suc-
cessfully measured for both double star pairs. The data
suggests that the secondary star in HJ 4194 is moving
away from the primary, with the parallax data indicat-
ing that it is highly unlikely that the component stars
are close enough to have a gravitational connection. For
these reasons we have concluded that HJ 4194 is likely
to be an optical double.

Table 7: Estimated minimum separation between the stars
of HJ 4195.

Weighted Parallax | Distance Minimum Separation
(mas) (Parsecs) (AU)
0.702 1,424.6 23,107
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At present, we were unable to conclude the nature
of HJ 4195 with the current data. The data for HJ 4195
shows that star B is showing very little change in 6 and
p. The cartesian graph in Figure 9 shows that the data
points for Star B show evidence of a short arc with ap-
parent outliers. However, the parallax data shows that
there is no significant overlap in distance. The mini-
mum separation calculated from the weighted parallax
is much higher than that of known binary systems.
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Measurements of Neglected Double Stars:
December 2018 Report

Joseph M. Carro

Cuesta College, San Luis Obispo, California

Abstract: This article presents measurements of 30 neglected double stars. The stars were
selected from the Washington Double Star Catalog published by the United States Naval Ob-
servatory. The photographs were taken by remote telescopes. The measurements were done by

the author.

Methodology

Photographs were taken using telescopes operated
by the Open Science Observatory located in the Canary
Islands near the west coast of Africa. Those telescopes
are located at an elevation of 2,300 meters on the island
of Tenerife. The Open Science Observatory has a cor-
rected Dall-Kirkham telescope with an aperture of
420mm, and a focal length of 2,940mm. The methods
used to calibrate the instruments of those observatories
are unknown to this author.

The camera used most frequently at the Open Sci-
ences Observatory was a ProLine KAF-16803. The
photographs were analyzed by the author using the pro-
grams SKY X, a product of Software Bisque.

After accumulating the photographs, averages were
calculated for the position angles and separations. All
of the star patterns were compared with the data from
Washington Double Star catalog to insure correctness.
The results are listed in Table 1, which contain averag-
es of measurements.

Report

The following information is reported for each star:
the WDS code with constellation, the discoverer code
with component, the position angle, the separation, the
number of measurements, the calendar date of the last
observation, and the Julian date of the last observation.

The column headings are: WDS number/Con =
Washington Double Star identifier/Constellation code,
DC = Discovery Code and components, PA = position
angle, Sep = Separation, Mts = number of measure-
ments, and Date = the last observation date.
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WDS number/Con Dis. Code Po;i;ion Separation Measures Calendar Date Julian Date
00016+3714 AND ES 2444 249.25 9.5 3 2018 10 21 2458414
01332+3231 TRI SEI 17 191.9 25.5 3 2018 10 02 2458394
02043+2911 TRI CHE 34 74.24 13.2 3 2018 08 30 2458361
02053+2836 TRI CHE 40 141.51 32.2 3 2018 08 30 2458361
02060+2806 TRI CHE 45 43.17 41.9 3 2018 08 30 2458361
02070+2923 TRI CHE 49 110.3 32 3 2018 08 30 2458361
02073+2829TRI CHE 50 290.77 11.6 3 2018 10 13 2458405
02083+2933 TRI CHE 56 55.47 28.3 3 2018 08 30 2458361
02085+2833 TRI CHE 58 291.4 14.7 3 2018 08 30 2458361
02086+2918 TRI CHE 59AB 216.43 27.5 3 2018 08 30 2458361
02086+2918 TRI BTG TAC 209.19 39.9 3 2018 08 30 2458361
02086+2918 TRI BTG 7AD 297.02 28.5 3 2018 08 30 2458361
02086+2918 TRI BTG 7BC 196.07 12.6 3 2018 08 30 2458361
02087+2921 TRI CHE 60 275.05 29.3 3 2018 08 30 2458361
02109 2941 TRI CHE 64 124.73 16.9 3 2018 08 30 2458361
02109+2846 TRI CHE 65 126.82 28.7 3 2018 08 30 2458361
07179-0142 MON BAL 466AB 343.07 14.9 3 2018 10 14 2458361
07179-0142 MON BAL 466AC 329.32 20.6 3 2018 10 14 2458361
07179-0142 MON BAL 466BC 299.16 6.9 3 2018 10 14 2458361
07453-0026 MON HJ 767AB 163.33 21.4 3 2018 10 25 2458417
07453-0026 MON SIN 31AD 100.36 26 3 2018 10 25 2458417
07453-0026 MON SIN 31AE 27.99 27.9 3 2018 10 25 2458417
07453-0026 MON SIN 31AF 160.36 28.2 3 2018 10 25 2458417
07453-0026 MON SIN 31AG 163.92 31.67 3 2018 10 25 2458417
07453-0026 MON SIN 31AH 323.25 42.6 3 2018 10 25 2458417
07453-0026 MON SIN 31AJ 73.81 169.2 3 2018 10 25 2458417
07453-0026 MON SIN 31AK 63.91 179.2 3 2018 10 25 2458417
09047-0806 HYA J 2895 170.45 7.9 3 2018 10 20 2458412
10302+3050 LMI SEI 520 359.78 7.9 5 2018 10 11 2458403
10375+3015 LMI HJ 487AB 1.11 12.7 3 2018 10 13 2458405
10375+3015 LMI OPI 17AC 283.52 52.6 3 2018 10 13 2458405
11396+3125 UMA SEI 526 236.48 412 5 2018 10 24 2458416
12463+0847 VIR BGH 41 271.39 119 6 2018 08 17 2458348
14505-0527 LIB HJ 4708 165.62 23.7 5 2018 08 17 2458348
15171+2851 CRB BGH 57 40.9 575.4 3 2018 08 04 2458335
15565+1540 SER STT 584AB 325.64 313.9 5 2018 08 17 2458348
16152-0046 SER HJ 1290 113.2 20.1 3 2018 08 17 2458348
17200-0801 OPH ENG 60AB 232.55 90.8 3 2018 08 17 2458348
17219-1846 OPH SLE 14 289.95 16.3 3 2018 08 17 2458348
17349-0044 OPH BAL 891AB 203.97 20 4 2018 08 30 2458361
17349-0044 OPH BAL 891AC 193.87 18.5 4 2018 08 30 2458361
17349-0044 OPH BAL 891BC 89.8 3.8 4 2018 08 30 2458361
17577+0426 OPH BAR 44 69 145.9 3 2018 08 17 2458348
18176+0333 OPH BAL2487AB 334.67 11.2 4 2018 10 03 2458395
18176+0333 OPH BAL2487BC 167.93 31.8 4 2018 10 03 2458395
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Abstract: An occultation of HIP 33753 by the asteroid (479) Caprera on December 10,
2018 showed this star to be a double star. Both components of the double star were occulted
as recorded by eight observers. The separation of the two components is 0.0054 +
0.0004 arc-seconds at a position angle of 46.4 + 3.7 degrees. The magnitude of the primary
component is estimated to be 8.4 + 0.1 V. The magnitude of the secondary component is esti-
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mated tobe 8.6+0.1V.

Observation

On 2018 December 10, eleven observers occupy-
ing or operating sites across the Japan observed the
asteroid (479) Caprera occult the star HIP 33753.
See Figure 1 for the path map of the event [1] and
observer’s site. Five sites (1, 5, 6, 7, 8 in Figure 1)
observed a two-step drop in brightness by recording
method to video camera, and three sites (2, 3, 4 in Fig-
ure 1) observed gradual events by visual method. These
observed events are indicating double star. Three sites
had a miss. All recorded occultation times and data
from the observers can be found in IOTA records for
the event, and mentioned in the "Tenmon-Nenkan
(Astronomical annual book)" that will be published
from Seibundo-Shinkosya every year in Japanese [2].
The observations were made at the each site and
with the equipment shown in Table 1.

The target star is magnitude 7.73V (Hipparcos -
VizieR). The asteroid magnitude as predicted by S.
Preston was 12.9 V [1]. The calculated combined
magnitude of the star and asteroid is 7.72 V. The ex-
pected magnitude drop at occultation was 5.8 mag-
nitudes. The star is not listed in the Fourth Interfero-
metric Catalogue, nor is it listed in the Washington

Double Star catalog.

Analysis

The observations were analyzed in the standard
manner described by R. L. Millis and J. L. Elliot [3].
The result of the calculation reduction is shown in Fig-
ure 2. The light curve in site 1 is shown in Figure 3.
Similarly, the light curve in site 6 and site 8 is shown in
Figure 4 and Figure 5 respectively. In these light curve
figures, X-axis is shown the video frame number and Y
-axis is shown the brightness [4].

In visual method, "a moment to completely dis-
appear" and "a moment to appear” are judged at "D" and
"R" each. So, for visual observers, Star A was ob-
served at “D”, but Star B was observed at “R”, in this
event. In figure 2, letter from “a” to “p” are shown
with step events in figure 3 to Figure 5 for the light
curves. Then, in Figure 6, Elliptic A is applicable to
the observed points for Star A, and Elliptic B is appli-
cable to the observed points for Star B. The dimen-
sions of each elliptic A and B were estimated by the
least-squares method [5], as follows.

(Text continues on page 272)
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Table 1. Site number, Observers, equipment, methods, and results

Site Observer (s) Location State Telescope Tellescope Method Fig. 2 Result

No. Type Dia (cm) Chords
1 Shigeo Uchiyama Kashiwa Chiba SCT 25 Video+GPS Time Inst. 1 Two-Step
2 Reijin Aikawa Sakado Saitama SCT 20.3 Visual+SW Time Signal 2 Gradually
3 Akie Hashimoto Chichibu Saitama SCT 40 Visual+SW GPS Signal 3 Gradually
4 Kazumi Terakubo Fuchu Tokyo Refractor 7.6 Visual+Tape Time Sig. 4 Gradually
5 Mikiya Sato Fuchu Tokyo Telephoto (F2.8) Movie+BPM Time Signal 5 Two-step
6 Toshio Hirose Ohta-ku Tokyo Refractor 6.5 Video+JJY Time Inst. 6 Two-step
7 Kunihiro Shima Fujimi Nagano SCT 45 Movie+NPT 7 Two-Step
8 Hideto Yamamura Hakusan Ishikawa SCT 20 Video+GPS Time Inst. 8 Two-D/R
9 Toshlhlrg Tsukuba Tharaki seT 50 Vldeo+GP$ Time Inst. _ Miss

Horaguchi 6 Visual

10 | Satoshi Watanabe Oyama Tochigi SCT 30 Movie+JJY Time Signal - Miss
11 Hideto Watanabe Inabe Mie Refractor 13 Video+GPS Time Inst. - Miss

" © Observer

Figure 1: (479)Caprera Predicted path on 2018 December 10 (U.T.) & Observer’s Site number
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Figure 2. Occultation Reduction showing distinct step-event on D and R by Star A and B
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Figure 3. Site No.l light curve showing distinct two-step event on D (a, b) and R (c, d)
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Figure 4: Site No.6 light curve showing two-event on D (e, f) and no step—event on R (g)
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Figure 5. Site No.8 light curve showing two-event on D (j, m) & R (k, n) by Star B only
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Figure 6. Elliptic A and B adapts to the observed point for Star A and Star B each

Table 2:Star A and Star B, Magnitude from the brightness level

Points on the light Brightness Level Calculated Star
curve in Figs. 3-5 g Magnitude
a 1482+132 Star A= 8.44
b 763+103 Star B= 8.51
c 706+82 Star A= 8.34
d 1626+114 Star B= 8.63
e &g 2385247 Star A= 8.38
f 1094212 Star B= 8.57
h 3223%308 Star A= 8.42
j,k,m 15261136 Star B= 8.53
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(Continued from page 268)
Elliptic A
Dimension (80.3 +0.3) km x (62.0 + 0.6) km
Axis Angle 6.3 +0.8 degree
Center Coordinates
X (423.825 £0.132) km, Y(184.799 + 0.178) km

Elliptic B
Dimension (81.3+0.7)km x (62.1 +1.1)km
Axis Angle 8.0 +1.5 degree
Center Coordinates
X (427.734 £ 0.270) km, Y(181.075 £ 0.340) km

As for these two shapes, the dimensions should ac-
cord when they suppose that the form of the asteroid
has a geometric ellipse. However, the different dimen-
sions may be caused by the irre-gularity on the rim of
the asteroid, otherwise. So the difference of two central
locations in the coordinate means elongation of the
double star.

Based on the data presented in these values and the
equatorial horizontal parallax of the asteroid (6.558 arc-
second), the separation of the two components is
0.0054 + 0.0004 arc-seconds at a position angle of 46.4
+ 3.7 degrees.

Magnitude estimates for each component were
made using the brightness measurements provided by
the values on Table 2. The magnitudes of the two stars
are estimated to be 8.40 V and 8.56 V [6].

The finished plot of the double Based on the data
presented in this report, the double star characteristics
are:

Star: HIP 33753 —magnitude 7.73
SAO 96373
TYCHO 2 0756-01375-1
PPM 123384
HD 52154
UCAC4 514-035495
Spectral type A2
Coord. (J2000) 07 00 39.3118
+12 44 24.054 (Simbad [7])

Mag A 8.4+ 0.1 V (Estimated from HIP)

Mag B 8.6+ 0.1 V (Estimated from HIP)

Sep. 0.0054 £ 0.0004 arc-seconds

P.A. 46.4+ 3.7degrees

Epoch 2018.945

Finally, point of “m” may show another star within
Star B, in figure 5.
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Speckle Interferometry with the
OCA Kuhn 22" Telescope - 11
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Abstract: This paper reports Speckle Interferometry measurements of double stars made
during 2017, using the Kuhn 22-inch telescope of the Orange County Astronomers, a ZWO
ASI 290MM CMOS camera, and four interference filters. Observations are reported for 71
systems. Targeted separations ranged from 0.3" to 3.0", but wider components of several mul-
tiple systems were also measured. Astrometric data reduction utilized the REDUC and Speck-
le Tool Box programs, and bispectrum analysis was also done for all stars. Equipment, data
acquisition, astrometric and photometric data reduction and analyses are described. Results for

several stars are discussed in detail.

Introduction

The author is a member of the Orange County As-
tronomers (OCA), one of the largest and most active
amateur astronomy clubs in the United States. One of
the many privileges of OCA membership is the use,
after completing a training course, of the Kuhn 22-inch
(0.56 meter) {/8 Cassegrain telescope. The observatory
is located at the club’s Anza observing site in the hills
about 15 miles northeast of Mount Palomar Observato-
ry, at 4300 feet elevation under a moderately dark sky.

The first article in this series (Wasson, 2018) re-
ported on the beginning use of the Kuhn 22" for speckle
interferometry of close double stars. This paper de-
scribes the continuing observational program, with two
major improvements: (1) An improved camera, the
ZWO ASI290MM with low read noise and improved
near-IR sensitivity; (2) Adding Bispectrum Analysis
(BSA) to the normal Autocorrelation (AC) method of
speckle analysis. Only significant changes to methods
and equipment from the previous paper are discussed
here. The telescope and instrumentation ready for
speckle interferometry are shown in Figure 1.

Camera Upgrade

All observations in this paper used a ZWO
ASI290MM high-speed monochrome camera, which
has a Sony IMX290LLR back-illuminated CMOS de-
tector with 2.90 p square pixels in a 1936x1096 array,

Figure 1. Above: The OCA Kuhn
22" Telescope in its roll-off roof
observatory. Left: Close-up of
speckle instrumentation.

Below, left to right: Flip mirror
with illuminated reticle eyepiece,
ZWO manual filter wheel, 2x Bar-
low (silver), and ZWO camera
(red). The laptop computer is on
a wheeled table below, connected
by the USB3.0 cable carrying 5V
power to the camera and images
to the laptop.
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and a rolling shutter. This un-cooled camera was cho-
sen because the back-illuminated design, new technolo-
gy for CMOS cameras, gives improved sensitivity in
the near-IR spectral region; because the read noise is
very low (~le- rms depending on gain); and because
this high-tech unit is available for only about $400US.
It has a high-speed USB3.0 interface (more than 30 fps
full frame), providing 12-bit images. The Quantum
Efficiency (QE) is believed to be about 70% peak at
600 nm, and still 24% at 900nm.

Because of the small pixels, less magnification is
required to reach the optimum speckle image scale —
about 7 to 8 pixels across the Airy disk diameter
(Rowe, 2016) — a good compromise between more pix-
el sampling and less light available per pixel. There-
fore, a simple 2x Barlow is used on the Kuhn 22",
providing /16, a plate scale of about 0.066 arc-sec/
pixel, and about 8.8 pixels across the Airy disk at
650nm wavelength. The speckle field is small - about
2.2'x1.2' - but is adequate for close double stars, and
large enough for easy centering with an illuminated
reticle eyepiece.

Filters

A ZWO manual filter wheel was used, housing the
three 1%-inch filters already in hand; a longer wave-
length IR-pass filter (IR807) was added to make use of
the better near-IR QE of the back-illuminated sensor,
for observations of very red stars (Serot et al, 2018).
Table 1 gives the characteristics of the four interference
filters used for the observations reported here. These
filters are not members of any photometric standard
series, but they are economical, durable, and cover the
detectable wavelength range of the camera well.

For the two long-pass filters in Table 1, asterisks
indicate convolved characteristics: 1i.e., filter transmis-
sion times QE of the CMOS detector. The “50% Band
Pass” column for these two filters is 50% cut-on trans-
mission on the short side, but it is assumed to be 1 mi-
cron on the long side because detection is determined
by the Silicon detector sensitivity limit (~1p) rather

than filter transmission.

Target Selection and Observation

Double star targets were chosen by searching the
Washington Double Star (WDS) Catalog, primarily
using the search tool WDS1.2 (Rowe, 2017). Input pa-
rameters include ranges for RA and Dec, primary star
magnitude, magnitude difference and separation. This
program also gives a list of possible reference stars
within 3 degrees of the target; the list may be sorted by
distance or magnitude. These are very important, time-
saving features for the user, making it easy to select a
suitable reference star, which should be as close to the
target star as possible in terms of location, magnitude
and color (spectral type). A reference star was usually
observed immediately after every double star.

The target search parameters generally employed
were:
e (.3" < Separation < 3.0".
e  Primary star brighter than magnitude 11.
e Declination between +68° and -2° (i.e.,observatory

latitude ~33° +/- 35°).

Special consideration was given to binary stars
which already have orbital solutions, in the hope of
providing additional speckle measurements for refining
the orbits. For some stars, especially those with orbits,
detailed information was found at the Italian website
Stelle-Doppie (Sordiglioni, 2016), including SAO num-
ber, orbital period, and current orbit ephemerides for

Separation (p) and Position Angle (0).

A “master” Target List was built as an EXCEL
workbook, covering the entire RA range in spread-
sheets of 2 hours each. The WDS orbit plots were also
copied and hyper-linked into the spreadsheets for quick
reference. For each observing run, a copy of the work-
book was made, to serve as the observing log by enter-
ing observation date, sequence numbers, filters and
notes into the spreadsheets in real time.

A sequence of 1000 frames was acquired for most

Table 1. Filter characteristics. These interference filters typically have a sharp rise and fall of about 10 nm
width, and a high, nearly constant transmission plateau (95+%). The “IR742” and “IR807” filters are long-pass

IR transmission filters.

. Manufacturer 50% Band Pass
Filter
Name (nm)
Baader G
G (LRGB Series) 495 = 575
Baader R
R (LRGB Series) 585 - 690
IR742 Astronomik ProPlanet 736 — *
742
1R807 Astronomt;yfroPlanet 800 - *

Center Wavelength Width Peak
(nm) (nm) Transition
534 80 96%
636 105 98%
844 * 260 * 56% *
885 * 200 * 445 *
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double and reference stars; more than one sequence was
recorded for some doubles having a faint secondary
star, with the intention to improve S/N. Stars were gen-
erally observed at zenith angles less than about 35 de-
grees, because an atmospheric dispersion corrector was
not used; it has been found that for larger zenith angles
atmospheric dispersion “smearing” becomes noticeable
for the moderate-width filters of Table 1, possibly de-
grading separation and position angle accuracy.

Acquisition and Analysis Software

All data acquisition, processing and analysis was
performed on a laptop computer with Intel i7 quad pro-
cessors, running Windows 10.  FireCapture 2.6
(Edelmann, 2015) software was used for all data acqui-
sition. This very versatile program, designed primarily
for planetary imaging, can be used with many types of
astronomy cameras, easily handles fast USB3.0 data
speeds from the camera, and can store raw data frames
as FITS files, a convenient format for Speckle data pro-
cessing in both REDUC (Losse, 2015) and Speckle
Tool Box (STB) software (Rowe & Genet, 2015).

The Drift Calibration method (Wasson, 2018) was
used to calibrate each night’s data for Plate Scale and
Camera Orientation on the sky. Multiple drifts were
made throughout the night - typically several drifts on
each of several bright reference stars; the average of all
drift results was used to reduce all the speckle data for
that night.

Each drift sequence was first edited in REDUC to
delete frames where the star was absent from the field,
not moving, or overlapped the edge. A convenient
Drift Calibration tool is part of the STB data reduction
program (Harshaw, Rowe and Genet, 2017). Plate
scale was about 0.0662 arc-sec/pixel. Standard devia-
tion of plate scale calibrations for the 6 nights of obser-
vation ranged from 0.00022 to 0.00044”/pixel. Stand-
ard deviation of the camera orientation on the sky
ranged from 0.13 to 0.37 degree.

STB version 1.13 software (Rowe, Genet, Wasson,
2019) was employed for all speckle data analysis. It
includes tools for both normal speckle AC and triple
correlation BSA. The first step of processing was as-
sembly of each sequence of double or reference star
images into FITS cube format. STB has a simple-to-
use tool to create the FITS cubes, which centers each
frame on the star and, if desired, crops all frames to a
smaller size, to speed up processing time and reduce
file storage space. The original speckle frames were a
512x512 pixel region of interest (ROI) near the center
of the larger camera field of view, allowing plenty of
room for approximate centering and movement from
seeing and telescope tracking errors. In creating the
FITS cubes, the field was cropped to 128x128 pixels

(or 256x256 for wide doubles), but the original frames
are not altered.

Dark frames were generally not recorded or used in
AC or BSA processing. Of course, if dark frames were
to be used, they must be taken with exactly the same
camera ROI as the speckle frames, and the master dark
must be subtracted from all original speckle frames -
before creating a FITS cube with smaller cropped
frames. This is because these smaller images are ran-
domly positioned to follow the star movements and
center it, losing registry with both original and dark
frames.

Normal speckle AC processing, including deconvo-
lution with a reference star, was first performed for all
the double stars; results were written to a .csv
(spreadsheet) file — another convenient STB feature.
The latest WDS observation or orbit ephemerides was

used to select the correct O quadrant from the two peaks
given by the AC solution. The same set of double and
reference star FITS cubes were then used for BSA in
STBI1.13, and these results were copied into the AC
spreadsheet for comparison.

Bispectrum Analysis

Bispectrum analysis — also known as triple-
correlation — is an extension of the AC speckle analysis
technique; p, 6 and Amagnitude of double stars down to
near the diffraction limit can be measured. BSA has
been used by professional astronomers for some time
(Horch, et al, 1999). STB1.13 became available to am-
ateur speckle observers in 2017 for experimental testing
(Serot, et al, 2018), and is expected to be available by
request from the author in 2019.

Two inherent mathematical limitations arise from
AC processing: (1) the 180° uncertainty of 0, because
of the two identical secondary peaks in the AC; and (2)
amplitudes of the AC peaks have no relationship with
star brightness, so magnitudes of the components can-
not be measured.

The goal of BSA is to overcome the limitations of
AC through more advanced mathematical processing.
The first step is calculation of the bispectrum from the
average of the triple correlation of all individual imag-
es; this four-dimensional BSA processing takes roughly
10 times more CPU time than that for the AC power
spectrum alone. The second step, using the STB
“Bispectrum Phase Reconstruction” tool, is an iterative
procedure under control of the user, which yields a re-
constructed diffraction-limited image with atmospheric
distortion removed. Processing with the bispectrum of
a reference (single) star serves to reduce optical and
atmospheric aberrations which are common to both
double and reference images, just as it does for an auto-
correlation. Mathematical filtering techniques may also
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Figure 2. An example of processing results for the double star 11190+1416 STF1527, WDS magnitudes 7.01/7.99, Amag
= 0.98, spectrum F9V. 3000 frames were recorded, using 0.030 sec exposures, in the G filter. Left to Right: Two repre-
sentative raw speckle frames; the autocorrelation (p = 0.312", = 277.42 deg.); the BSA reconstructed image (p =

0.338", 0 = 277.46 deg, Amag = 1.16).

be applied to improve the S/N and clarity of the image.
Examples of the AC and BSA reconstructed image for a
typical double star are shown in Figure 2.

Bispectrum AMagnitudes

STB 1.13 has a convenient tool for measuring p, 0
and Amagnitude from the BSA reconstructed image.
The user chooses circular photometry apertures for the
primary star, secondary star and background. Measure-
ment of Amagnitude must use the same photometry
aperture for both the primary and secondary compo-
nents, but not necessarily for the background. The im-
portance of using the same star apertures is illustrated

Figure 3. Left: BSA reconstructed image of the binary HO260, p

by the photometric “growth curve” in Figure 3. The
measured magnitude of a star obviously depends on the
aperture radius, but noise limits the maximum useful
radius. Fortunately, stars of different brightness have
the same point spread function (PSF), differing only in
flux amplitude. The same aperture captures the same
proportion of light for both stars, giving the correct
Amagnitude even though not all the light is included.
The aperture should be sized for the fainter star, limited
to the radius where noise begins to be added faster than
starlight.

In practice, speckle photometry of close double
stars is generally less accurate than conventional wide-

Incremental Magnitude Growth Curve

Binary Star HO 260 Sep =1.68" DM =0.48
-2.0

-
]

/? —@—Primary Star
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\ —e—Secondary Star
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o

Incremental Magnitude (M, - M, ;)

0.5
4] 5 10 15 20 25

Aperture Radius (Pixels)

= 1.68". The image is stretched to show low-

amplitude detail; the Airy disk, 1 diffraction ring, and parts of the 2" ring are clearly visible. Residual low-level

fixed pattern noise also becomes visible as horizontal lines.

Right: The magnitude vs aperture “growth curve.”

Brightness grows as radius of the photometric aperture increases, but the growth curve is shown here as the declining
difference in magnitude for a one-pixel increase in radius (valid only for Radius>2). This format, which is analogous
to the Point Spread Function, amplifies the curve sensitivity so that the shallow diffraction rings can be clearly seen.
PSF of the two stars is the same in radial extent, even though their brightness is different by 0.5 magnitude. The Ray-
leigh criterion (blue arrow) is at the minimum of the 1* ring.
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field CCD photometry. Four obvious challenges are:
(1) BSA images are mathematical reconstructions (not
original recordings of flux), so noise can affect every
step of reconstruction processing; (2) short exposures
limit the S/N of faint stars, (3) the two nearby PSFs
may overlap each other, similar to crowded-field pho-
tometry; (4) diffraction rings of separated stars may still
overlap and interfere with the companion PSF, adding
“signal” to the wrong star.

No attempt has been made here to transform the
non-standard filter Amagnitude results to any standard
photometric system, but work is underway to investi-
gate that possibility. Further issues associated with
measurement of Amagnitudes are discussed in Serot, et
al, 2018.

Speckle Measurement Quality

Quality of the speckle measurements was not statis-
tically evaluated. Usually only one sequence was rec-
orded, consisting of 1000 frames; for systems with
large Amagnitude, multiple sequences were sometimes
taken. However, no statistical information was calcu-
lated because all the available frames were combined
into one large FITS cube for AC and BSA processing,
with the intention of maximizing S/N.

A qualitative figure of merit was assigned to each
measurement, as shown in Table 2, with values rated
from 1 (good) to 7 (not useable). The same criteria
were used for both AC and BSA results. When measur-
ing p and 0 in STB, most doubles were bright and wide
enough to yield very repeatable “solid” solutions -
meaning that the peaks (centroids) of the AC or BSA
image were accurately located and did not shift when
moving the measurement aperture slightly. Observa-
tions with mild atmospheric dispersion, causing slightly
“smeared” AC or BSA image peaks, were assigned
quality 2. Close or faint secondary measurements were
given values of 3 or 4, respectively, if the measure-

ments were still “solid.”

For very close and/or faint doubles, where measure-
ments were marginal and difficult, higher numbers
were assigned. Values of 5 are considered uncertain,
because the secondary peak was not clearly separated
from the central peak, making its centroid location
questionable. Values of 6 are also uncertain because
the faint secondary peak was distorted by, or not clearly
distinguishable from, background noise or primary con-
tamination. A value of 7 indicates that no reasonable
measurement was possible. In Tables 2 and 3 below,
those measurements having poor quality of 5, 6 or 7 are
flagged in color.

Double Star AC and BSA Measures

Speckle measurements with the OCA Kuhn 22-inch
telescope reported in Table 3 were made from March
through October 2017.

Double stars with separation up to 3" were targeted,
but several of these are multiple systems in which an
additional component, having a wider separation (up to
about 6"), was also measured. One reference star was
inadvertently chosen which happened to be the wide
double STF2398 (p ~ 8"); therefore, it was also meas-
ured by using the bright primary of the original, well-
resolved double (BU385AB) in the role of “reference”
star. Such wide components were certainly not within
the same isoplanatic patch - therefore, speckle tech-
niques do not strictly apply. However, the same speck-
le processing was used for them, and the results seem
reasonable.

It must be noted that the observations of 2017 Oc-
tober 15 (2017.789) were taken at half the normal plate
scale (0.1308 instead of 0.066) because the 2x Barlow
was inadvertently left out of the optical assembly.
Therefore, these observations are somewhat pixelated,
compromising the accuracy of p, 0, and Amagnitude
measurements, which are considered approximate. An

Table 2. Qualitative Figure of Merit for p and 0 measurements. A Figure of Merit code number is given for each

measurement in Table 3.

Figure of Merit

Notes Related to Quality of the Observations

1 Bright, clear AC or BSA image. Solid measurement.

2 Some distortion of fringes or peaks, but measurement solid.
3 Close, but measurement clear, solid.

4 Companion faint, but measurement clear, solid.

5 Very close. Measurement uncertain.

6 Companion very faint.

7 Companion too close or faint.

Measurement uncertain.

Measurement NOT wvalid.
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Table 4. Statistics for the differences between AC and BSA meas-
urements.

0 (degqg) p (arc-sec)
Average (AC-BSA) -0.05 -0.007
Standard Deviation 1.16 0.021
Error of Mean 0.13 0.002

example is given for the star 00308+4732 BU394AB
below. Only stars whose separation is greater than
0.6", about twice the normally achievable resolution,
are reported for that date.

The differences between AC and BSA are summa-
rized in Table 4, for the 81 measurements of Table 3
which have results from both methods. The average
values for 8 and p differences are close to zero, as they
should be since both techniques were always applied to
the same original image data, validating that the differ-
ences are random. Thus, it is believed there are no sig-
nificant systematic errors in the AC or BSA astrometry.
The standard deviations may be a rough indication of
the overall uncertainty of the measurements of Table 3:
0 ~ £ 1 degree and p ~ + 0.02".

Discussion of Selected Double Stars

Many of the stars observed in Table 3 are binaries
with at least a preliminary orbit. Some were found to
have large O-C values for p or 6, relative to the orbit
ephemerides. In addition, a few stars had large move-
ment from relatively few prior measures. Some of
these stars are discussed below, as are observational
circumstances that may affect the measurements.

In all Figures 4 through 15, where AC and BSA
images are shown, the orientation is North up and East
left. The corresponding WDS orbit plots, however, are
shown in their customary rotated orientation.

The binary star 00308+4732 BU394AB is shown in
Figure 4. As noted above, this star was observed on

UDS 03436-0220

YR 23

(RA02014)

0.0

.6 -0.4 -0,2 0.0 0.2

Figure 5. YR 23 orbit plot from the WDS 6th Orbit Catalog. The
new AC points from Table 3 are shown as open green and red cir-
cles for the G and R filters, respectively. The new BSA points are
solid green and red circles respectively, for the G and R filters.

2017 October 15, without the 2x Barlow installed;
therefore, the AC and BSA images are pixelated and
the measurement accuracy is degraded.

The WDS orbit of binary 03496-0220 YR23
(Riddle, et al, 2015) having a period of 54 years is
shown in Figure 5. Although not resolved by Hippar-
cos, it was classified as “suspected non-single.” Regu-
lar speckle observations were begun in 2000 with the
3.5-meter WIYN telescope at Kitt Peak (Horch, et al,
2002), and all observations to date have been made
with speckle or adaptive optics techniques. YR23 is a
triple system; one of the visual components is an unre-
solved spectroscopic binary.

The new data points from Table 3 have been added
to the WDS orbit plot in Figure 5. These points, which
are approaching the diffraction limit of the 22-inch tele-
scope, obviously have considerably more scatter than

(Text continues on page 281)

WIS 0030804732 B 398 (ut397b)

T

i

N—

Figure 4. AC and BSA images of BU394AB in the R filter, showing the pixilation caused by observation at inadequate

pixel scale (0.1308 "/pixel). Lefi: AC. Middle: BSA reconstructed image. Right: WDS orbit plot with Table 3 measures

added as red circles, AC open, and BSA solid.
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Table 3. Speckle measurements in 2017, using the OCA Kuhn 22-inch telescope, ZWO ASI290MM CMOS camera, and interference
filters. The columns are: Besselian observation date, WDS RA and Dec, WDS discovery designation, WDS magnitudes of primary/
secondary, WDS magnitude difference (secondary-primary), WDS spectrum, observation filter (Table 1), AC position angle observed
(deg), AC separation observed (arc-sec), BSA position angle observed (deg), BSA separation observed (arc-sec), BSA magnitude dif-
ference observed (secondary-primary), and qualitative figure of merit (Table 2) for AC/BSA.

Date WDS Discovery mA / mB DMag Spectrum Filter| AC 0 AC p BSA 0 BSA p ABMsaAg Qual
2017.789 | 00308+4732 | BU 394AB | 8.49 / 8.77 0.28 GO R 278.52 | 0.809 | 278.28 |0.840 0.17 |1 /1
2017.789 | 00504+5038 | BU 232AB | 8.46 / 8.79 0.33 F5 R 255.49 1 0.914 | 255.51 | 0.927 0.20 |1/ 1
2017.170 | 03496-0220 | YR 23 7.73 / 8.29 0.56 GO G 292.56 | 0.351 | 296.37 | 0.366 0.58 |2/ 2
2017.170 | 03496-0220 R 293.22 1 0.379 | 292.13 | 0.394 0.17 |2 / 2
2017.170 | 03503+2535 | STT 65 5.73 / 6.52 0.79| A2V + A5V G 201.84  0.440 | 202.01 |0.449 0.44 2/ 2
2017.170 | 04199+1631 | STT 79 7.26 / 8.62 1.36 F9V G 7.66  0.546 7.21 | 0.549 | 1.15 |1 /1
2017.170 H 04199+1631 R 6.79 | 0.524 8.05 0.555 | 1.11 2 / 2
2017.257 | 06214+0216 | A 2667 6.63 / 8.02 1.39 RA4.5V G 279.70 1 0.319 | 279.37 | 0.324 0.95 |3/ 3
2017.214 | 0657345825 STT 159AB 4.45 / 5.50 1.05 G8III + F8V | IR742 234.74 | 0.696 | 235.60 0.717 | 1.55 |1 /1
2017.257 | 07401+0514 | STF1126AB | 6.55 / 6.96 | 0.41  AOIII G 175.54 | 0.870 1 175.82 | 0.883 0.53 1 /1
2017.257  07401+0514 R 175.62 | 0.870 | 175.80 0.880 | 0.55 |1 /1
2017.170 | 07417+0942 | STF1130 8.76 / 9.48 0.72| GO R 61.79 | 0.522 62.03 1 0.528 1 0.49 |1 /1
2017.170 | 07573+0108 | STT 185 7.3/ 7.1 0.20| F7V R 19.78 | 0.384 19.96 1 0.391 0.11 1/ 1
2017.170 | 08041+3302 | STT 187 6.94 / 8.50 1.56 Al.5V G 337.12  0.419 | 336.69 |0.436 0.21 |1/ 1
2017.170 | 08044+1217 A BU 581AB | 8.46 / 8.83 0.37 KOV R 217.63 1 0.392 | 219.60 | 0.395 0.13 |1 /1
2017.170 | 08044+1217 R 217.99 1 0.393 | 218.60 | 0.391 | 0.15 |1 / 1
2017.170 | 08044+1217 |BU 581AC | 8.46 / 11.78 | 3.32 KOV R 221.98 | 5.526 | 222.02 |5.527 2.84 |1 /1
2017.170 | 08044+1217 R 221.96 1 5.498 | 221.95 | 5.535 2.60 |1 /1
2017.214 | 08050+5825 | A 1073 9.24 / 9.89 0.65 F8 IR742 | = - = = - 7/
2017.170 | 08122+1739 STF1196AB 5.30 / 6.25 0.95| F8V R 14.77 | 1.149 14.63 1.146 | 0.31 1 / 1
2017.170 | 08122+1739 IR742 14.79 | 1.146 14.36 1.149 1 0.34 1/ 1
2017.170 | 08122+1739 | STF1196AC | 5.30 / 5.85 0.55 F8V R 61.18 | 6.263 61.17 6.263 0.38 1 /1
2017.170 | 08122+1739 IR742 61.19 | 6.258 61.26 6.264 0.35 1 /1
2017.170 H 08122+1739 | HUT 1CaCb 6.2 / 7.1 0.90 M1 R 273.27 | 0.417 | = = 6 /7
2017.170 | 0812241739 IR742 | 270.79 | 0.464 | - - - 6 /7
2017.214 | 0823142001 HO 525AB 9.83 / 9.89 0.06 F5 R 353.96 | 0.436 | 353.79 0.445 /0.80 |1 / 1
2017.214 | 08531+5457 | A 1584 8.99 / 7.72 | -1.27 GO R 93.29 | 0.677 93.30 1 0.683 0.08 1 /1
2017.331 | 08592+4803 | HJ 2477AB | 3.13 / 9.9 6.07 ATIV IR807 | 89.76  2.418 | - - = 6 /7
2017.331 | 08592+4803 | HU 628AC | 3.13 / 10.1 6.97| ATIV IR807 | 111.96  2.185 | — - = 6 /7
2017.331 | 08592+4803 | HU 628BC | 9.9 / 10.1 0.20 M1 IR807 | 206.17 | 0.915 | = - = 4 /7
2017.170 | 09006+4147 KUI 37AB 4.18 / 6.48 2.30 F3V + KOV R 138.15 | 0.435 | 140.49 0.402 | 1.70 (6 / 5
2017.170 | 09006+4147 IR742 | 143.78 | 0.480  143.70 0.452 | 1.74 6 / 3
2017.214  09036+4709 | A 1585 4.16 / 4.54 0.38 AlV G 283.66 | 0.274 | 284.95 0.263 | 0.31 |5/ 5
2017.214 | 09179+2834 | STF3121AB | 7.9 / 8.0 0.10 KO R 23.10 0.468 22.72 1 0.476  -0.02/1 / 1
2017.214 | 0918642049 | HO 43 9.31 / 9.46 0.15 F5 R 96.64 | 0.611 97.14 0.606 0.35 1 /1
2017.257 | 09210+3811 STF1338AB 6.72 / 7.08 0.36 F2V + F4V G 311.61 | 1.155 | 311.58 1.149 1 0.35 |1/ 1
2017.257 | 09210+3811 R 311.39 | 1.150 | 311.30 1.150 1 0.32 |1/ 1
2017.214 | 09260+2839 A 222 9.13 / 9.41 0.28 F8 R 4.25 1 0.384 4.81 0.372 1 0.32 |1 /1
2017.257 | 09285+0903 STF1356 5.69 / 7.28 1.59 F9IV R 112.19 | 0.845 | 112.13 0.848 1 0.51 |1/ 1
2017.214 | 09521+5404 | STT 208 5.28 / 5.39 0.11| Aa2v G 307.18 1 0.395 | 308.31 |0.401 0.08 |1 /1
2017.257 | 09591+5316 | A 1346 8.84 / 9.66 0.82 F8 R 178.10 | 0.570 1 178.26 | 0.607 0.99 2 / 2
2017.331 | 10163+1744 STT 215 7.25 / 7.46 0.21 A9IV IR742 | 175.99 1.507 | 176.01 1.506 | 0.37 |1/ 1
2017.331 | 10192+2034 STF1423 9.4 / 10.08 0.68 KO IR742 § 310.96  0.726 | 310.77 0.713 1 0.98 |1 /1
2017.331 | 10269+1713 STT 217 7.85 / 8.58 0.73 Foev IR742 | 149.04 @ 0.827 | 149.27 0.832 1 0.35 1/ 2

Table 3 concludes on the next page.
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Table 3 (conclusion). Speckle measurements in 2017, using the OCA Kuhn 22-inch telescope, ZWO ASI290MM CMOS camera, and
interference filters. The columns are: Besselian observation date, WDS RA and Dec, WDS discovery designation, WDS magnitudes of
primary/secondary, WDS magnitude difference (secondary-primary), WDS spectrum, observation filter (Table 1), AC position angle
observed (deg), AC separation observed (arc-sec), BSA position angle observed (deg), BSA separation observed (arc-sec), BSA mag-
nitude difference observed (secondary-primary), and qualitative figure of merit (Table 2) for AC/BSA.

Date WDS Discovery mA / mB DMag @ Spectrum Filter| AC 0 AC p BSA 0  BSA p ABMsaAg Qual
2017.214 | 10279+3642 HU 879 4.62 / 6.04 1.42 G8III R 228.41 | 0.531 | 227.62 0.530 | 1.26 1/ 1
2017.214 | 10426+0335 | A 2768 6.92 / 8.45 1.53| F7v R 241.98 1 0.625 | 242.83 | 0.626 1.30 |1/ 1
2017.170 | 10454+3831 | HO 532AC 9.42 / 11.76 2.34| M2 IR742  230.53 | 0.749 |231.03 |0.731 1.79 |1 /1
2017.257 | 10480+4107 STT 229 7.62 / 7.92 0.30 A5IV R 257.26 | 0.677 | 257.43 0.682 /1 0.29 1/ 1
2017.257 | 10544+3840 | COU1746 10.70 / 10.91| 0.21] KO IR742 329.94 0.374 | 331.17 | 0.325 0.16 6 / 6
2017.331 | 10585+1711 | A 2375 10.44 / 10.03| -0.41 G5 R 169.76 | 0.505 | 169.17  0.522 -0.40 1 / 1
2017.257 | 11037+6145 | BU 1077AB 2.02 / 4.95 2.93| G9III R 339.38 1 0.775 | 342.38 | 0.806 3.59 6 / 6
2017.331 | 11107+3110 | HJ 2562 10.53 / 11.4 0.87 K5 IR742  221.56 1 0.992 | 221.05 |1.009 0.79 |1 /1
2017.257 | 11182+3132 | STF1523AB 4.33 / 4.80 0.47 F9V + GI9V | R 164.52 | 1.904 | 164.58 1 1.908 1 0.41 2 / 2
2017.331 | 11190+1416 | STF1527 7.01 / 7.99 0.98 F9V G 277.42 1 0.312 | 277.46 | 0.338 1.16 3/ 3
2017.170 | 11239+1032 | STF1536AB 4.06 / 6.71 2.65| F4IV IR807 94.78 | 2.180 94.85 | 2.180 [ 1.98 |1 /1
2017.331 | 11293+3025 | L 11 7.22 / 10.35 3.13 Fev IR742  277.93 | 1.072  276.64 1.066 2.77 [ 4 / 4
2017.257 | 11308+4117 | STT 234 7.45 / 8.13 0.68| F6V R 181.23 | 0.404  181.05 0.431 0.18 2 / 2
2017.257 | 11323+6105 | STT 235AB 5.69 / 7.55 1.86 F8V R 42.58 1 0.929 42.95 1 0.931 1.43 1/ 1
2017.257 | 12060+6842 | STF3123AB 8.01 / 7.9 -0.11| F6V G 190.60 | 0.304  189.92 0.308 0.23 5/ 5
2017.257 | 12060+6842 | STF3123AB,C 7.2 / 15.7 8.50| F6V IR807  301.62  2.954 301.92 [ 3.004 5.06 |4 / 4
2017.331 | 1210843953 STF1606 7.44 / 7.93 0.49 A8III G 144.73 | 0.582 | 144.44 0.587 1 0.52 1/ 1
2017.214 | 12291+3123 | STT 251 8.35 / 9.27 0.92| GO R 59.79 | 0.727 59.58 1 0.731 ' 1.15 1 /1
2017.214 | 12572+0818 FIN 380 7.50 / 7.88 0.38 F5 G - - - - - 7/ 1
2017.257 | 13007+5622 | BU 1082 5.02 / 7.88 2.86| F2V R 126.88 | 0.781 | 127.33 0.775 2.00 1 /1
2017.331 | 13081+2657 | STT 260 8.98 / 9.5 0.52 F9V G 41.31  0.310 41.49 1 0.314 0.18 3/ 3
2017.331 | 1309142127 HU 572 8.73 / 10.08 1.35 G5 G 332.27 | 0.529 | 333.39 0.524 | 1.37 |1/ 1
2017.257 | 13198+4747 | HU 644AB 9.11 / 9.87 0.76 KO G 79.22 1 0.361 79.20 1 0.357 1 0.96 1 /1
2017.331 | 13235+2914 HO 260 9.6 / 9.94 0.34 MO+MO.5 R 89.00 | 1.682 88.97 1.683 | 0.46 1 /1
2017.331 | 13258+4430 | A 1609AB 9.49 / 8.79 -0.70 KO R 66.40 | 0.345 66.93 0.341 1 0.13 3/ 5
2017.331 | 1325844430 @ — - - - IR807 65.85 | 0.394 63.03 0.336 | 0.43 |5/ 5
2017.331 | 13258+4430 | A 1609AC 8.33 / 13 4.67 KO R 220.04 | 2.566 | 220.02 | 2.565 2.86 |4 / 4
2017.331 | 1325844430 IR807 | 219.86 | 2.541 | 220.09 | 2.552 2.29 4 / 4
2017.331 | 13284+1543 | STT 266 7.97 / 8.42 0.45 F5 G 357.59 1 2.012 | 357.65 |2.010 0.62 |1 /1
2017.331 | 13482+2248 COU 401 9.5 / 10.6 1.10 GO+G8 G 6.78 | 0.331 | = = - 5/ 71
2017.331 | 13577+5200 | A 1614 8.99 / 9.13 0.14 G5 R 299.34 | 1.447 | 299.40 |1.449 0.37 |1/ 1
2017.531 | 17366+4827 Ccoul922 7.72 / 9.64 1.92) Fev G 83.29 | 0.348 79.34 0.375 1 1.34 1 /1
2017.531 | 17366+4827 R 81.61 | 0.377 78.09 0.400 | 1.55 1 /1
2017.789 | 20102+4357 STT 400 7.6 / 9.83 2.23 G3V R 327.58 | 0.644 | 328.76 0.695  0.15 1 /1
2017.789 | 20210+4437 | A 725 9.46 / 10.23 0.77 KO R 25.99 | 0.854 25.13 1 0.878 0.64 |1 /1
2017.789 | 21137+6424 H 1 48 7.21 / 7.33 0.12 G2IV+G2IV | R 244.10 | 0.695 | 242.55 0.740 0.08 |1 /1
2017.789 | 2114843803 | AGC 13AB 3.83 / 6.57 2.74 | F3V+FTV R 190.72 | 0.895 | = - = 4 /1
2017.789 | 21223+5734 A 764AB 8.23 / 10.69 2.46 G5 R 199.10 | 1.338 | 198.88 1.319 -1.84/1 /1
2017.789 | 22202+2931 | BU 1216 8.61 / 9.21 0.60 F5 R 276.52 1 0.961 | 275.81 0.968 | 0.47 1/ 1
2017.789 | 22281+1215 | BU 701AB 7.34 / 9.62 2.28 KOV R 175.82 | 0.993 | 178.91 1.073 1 2.27 |1/ 1
2017.789 | 2251442623 | HO 482AB 7.34 / 8.29 0.95 A9V R 13.06 | 0.528 12.70 0.561 | 0.11 |1 / 1
2017.789 | 23075+3250 STF2978 6.35 / 7.46 1.11| A3V R 144.47 | 8.356 144.61 8.344 1.12 |1/ 1
2017.789 | 23103+3229 | BU 385AB 7.44 / 8.23 0.79 B9V R 83.78 | 0.644 83.23 0.703 1 0.47 1/ 1
2017.789 | 23189+0524 | BU 80AB 8.18 / 9.39 1.21 KO R 253.18 | 0.799 | 250.57 0.787 1 0.78 |1 / 1
2017.789 | 23420+2018 STT 503AB 8.26 / 8.63 0.37 F8 R 134.03 | 1.051 | 134.34 1.047 1 0.26 1/ 1
2017.789 | 2345542025 STT 505 6.75 / 9.61 2.86| G8III R 59.72 | 2.386 60.11 2.394 2.38 |1/ 1
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Figure 6. AC and BSA images of YR23, showing the smearing that arises from observation at too large a zenith angle. Left
to right: AC in G filter, AC in R, BSA in G, BSA in R. Atmospheric dispersion appears to be greater in the G filter.

(Continued from page 278)

those from larger telescopes. It is likely that atmospher-
ic dispersion also contributed to the scatter, because the
star was observed at a zenith angle greater than 35 de-
grees. Both the AC and BSA measures, in both G and
R filters, suffer from smearing by atmospheric disper-
sion, as seen in Figure 6.

The triple system 08044+1217 BUS81ABC is
shown in Figure 7. In the autocorrelogram, the close
AB components, which have nearly equal brightness,
show multiple peaks when brightened enough to make
the C component visible (~3 magnitudes fainter). In
addition, the bright pair produces double peaks for C
itself. The BSA image gives the proper view. The po-
sition angles of AB and AC happen to be nearly the
same (Table 3). There are two entries in Table 3 for the
same R filter, because this system was inadvertently
observed twice in the same night. The WDS 45-year,
grade 2 orbit for the AB pair has speckle observations
covering nearly an entire orbit.

Figure 8 shows the binary star 09186+2049 HO43,
which has a recently-updated orbit solution (Tokovinin,
2016), with a period of 359 years. The new orbit relied
heavily on recent accurate astrometry from Hipparcos,

Tycho and speckle observations, which were rapidly
departing from the previous (1989) orbit. The current
points of Table 3 are in good agreement with the new
orbit. Although Hipparcos data are generally consid-
ered more accurate than Tycho, in this case it may be
that Tycho is favored because the components are
slightly fainter than magnitude 9, the threshold for Hip-
parcos optimum accuracy.

The binary 10454+3831 HOS32AC is shown in
Figure 9. It was observed in the IR742 filter because of
the very red WDS spectral type (M2), and because of
the large Amagnitude (2.34). The red filter should re-
duce the magnitude difference if the secondary star is
cooler (later type) than the primary, and indeed, the
BSA Dmagnitude in Table 3 is 1.79. The WDS orbit
plot is also shown in Figure 9, having a period of 161
years. However, based on inspection of historical data
from the WDS Observation Catalog, together with the
current observations, the orbit solution (Mante, 2000) is
unlikely because some of the data points seem to be
plotted in error. The WDS orbit ephemerides gives 0 =
37 degrees (N-E quadrant) in 2017, but the bispectrum
image shows that the secondary is currently in the op-
posite (S-W) quadrant, 0 ~ 230 degrees (Table 3).

In Figure 9, the current AC and BSA points have

i

N —

Figure 7. The triple system BU581ABC, observed in the R filter. Lefi and Middle: The autocorrelation and BSA recon-
structed image, respectively. Right: The WDS orbit of the AB pair; Table 3 results are added as red circles - autocorrela-

tion solid, and BSA open.
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Figure 8. The binary HO43, observed in the R filter. Left: The autocorrelation. Middle: The BSA reconstructed image.
Right: The WDS 2016 orbit, with Table 3 results added as red circles.

DS 104543831 HO 532C (Hnt2000a)
0.5
Vd
0.0
-0.5 :
-1.0 ¥ ¥
’— 3
15 N e
-1.0 -0.5 0.0 0.5 1.0

Figure 9. The HO532AC system. The AC and BSA image are at Left and Middle, respectively. Right: Orbit plot from the WDS
6th Orbit Catalog. The new AC and BSA points have been added as red circles. Note that these points (Table 3) were observed
at 0 ~ 230 deg, but that they are plotted in the opposite quadrant here (0 ~ 50 deg), to be consistent with the earlier plotted
speckle points. The conclusion is that all the recent points in the orbit plot are in the wrong quadrant.

DS 03186+2043 W (Tok2016e)

0.5 0.0 0.5 1.

been added to the orbit plot, continuing the departure [10454+3831 HO532AC]|
trend from the orbit solution; but note that they have - \ R
been intentionally plotted in the opposite (N-E) quad- Ranoper Motion: | B +
rant (0~50 deg), to appear consistent with the earlier .
plotted speckle points. The photographic, CCD and 0> =
Hipparcos points, which don’t show up well in the Fig- . o
ure because they happen to be nearly coincident with = :[,'.
some speckle points, have also been plotted 180 de- 2 00 C\ 4
grees from their originally reported position angle; but S f
these techniques have no 6 ambiguity as AC does. ﬁ Wicrometer -

Figure 10 shows all data plotted with 0 as original- V.05 || Photographic .}
ly reported in the WDS Observation Catalog, in a com- igi%garcos /
mon North-up, East-left orientation. The visual mi- « Speckle v
crometer data are all in the N-W quadrant, as in the or- i O Wasson AC, BSA

0.0 0.5 1.0

bit plot of Figure 9. However, the true locations of all 1.0 0.5
recent data are 180 degrees from their Figure 9 loca-
tions — including the photographic and CCD points. Figure 10. All observations of HO532AC from the WDS Obser-

The current AC and BSA points are plotted as given in vation Catalog. The solid arrows represent the WDS primary
Table 3, consistent with the bispectrum image_ PM components in RA (-40) and Dec (+151), with an arbitrary
scale.  Their slope (dashed arrow) matches the astrometric

. In Figure 10 all the (.12-lta fall tog.ether nicely, in both points, however, the vectors would be much longer if scaled to
time sequence and position, forming a gently-curved the 121-year duration of the observations.

<E Separation W>
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0.
. . M
0.

UDS 10544+3840 coutrs (Lin2018a)

1

Figure 11. The COU1746 system observed with the IR742 filter. Left: AC. Middle: BSA reconstructed image. Right: WDS be-
orbit plot, updated in 2018 based on three recent speckle points. The points from Table 3 are shown as red circles (AC open, low

BSA solid).

trend. The slope of the proper motion (PM) vectors, as
shown in the Figure, happens to match the observations
reasonably well. However, PM is given only for the
primary star; if the faint star were far in the back-
ground, the primary PM would have carried the stars
about 18" apart over the 121 years of observations,
more than 10 times what has been observed. Therefore,
the A and C components are probably traveling togeth-
er, making HO532AC a true binary. It is recommended
that a new orbit solution should be attempted, using the
reported values of 0 to correct the quadrant problem.
However, a new orbit will evidently have a period
much longer than 161 years.

10544+3840 COU1746, shown in Figure 11, was
observed in the IR742 filter because it has late spectral
type KO, is fairly faint, and the ephemerides from a pre-

vious orbit solution predicted p to be adequately wide
(0.47"). However, consistent with the 2018 orbit up-
date, it appears to be much closer (p < 0.4"), near or

- . .0
0.
-1.0

the

Rayleigh limit for the 844nm effective wavelength.
Therefore, the AC has poor quality, and the BSA is not
clearly resolved; for these reasons, the centroid peaks
were uncertain, and both techniques were assessed as
quality code 6 in Table 3. Even though the measure-
ments are near the recently-updated orbit (Figure 11,
right), they are not considered reliable.

The binary 11293+3025 L11 is seen in Figure 12.
The IR742 IR-pass filter was used because of the large
Amagnitude of 3.13, together with adequately resolved
separation. The primary spectral type is F6V (dwarf);
therefore, the fainter secondary is probably a G or early
K dwarf. As expected, the near IR-pass filter reduced
the Dmagnitude somewhat, to 2.77. The Gaia satellite
data release DR2 indicates this double is a close neigh-
bor of the Sun, distance 67 parsecs, and the two compo-
nents have similar PM.

The LI11 orbit plot shows only one previous
“speckle” data point, taken with the Palomar Observa-

DS 112333025 Lou (RAO2015)

Figure 12. The binary 11293+3025 L11, observed with the IR742 filter. Left: AC, Middle: BSA reconstructed image. Right:
WDS orbit plot, having only one previous speckle point. The data from Table 3 are red circles, AC open and BSA solid.
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DS 120606842 STF312308 (Hrt1996a)

Figure 13. The binary 12060+6842 STF3123AB, observed with the G filter. Left: AC. Middle: BSA reconstructed image,
highly stretched but not showing the C component. Right: WDS orbit plot for the AB pair, with data from Table 3 added as

green circles, AC open and BSA solid.

tory 60-inch telescope, using the Robo-AO adaptive
optics system (Riddle, et al, 2015). The new points
from Table 3 are in reasonable agreement with it. This
system is obviously in need of more speckle observa-
tions.

The 12060+6842 STF3123AB binary is shown in
Figure 13 in the G filter. Separation is close to the Ray-
leigh criterion (p ~ 0.24"), but the AB pair is reasonably
well resolved. The BSA image (middle) is highly
stretched, showing residual line pattern noise near the
image floor, but still not revealing the C component. It
is fortunate that the AB pair has had speckle observa-
tions throughout the periastron portion of its 122-year
orbit.

The C component has only been observed six times
before, beginning in 1885 with the Lick 36-inch refrac-
tor; the last observation, in 1924, used the 40-inch
Yerkes refractor. In attempting to detect this star,
which is extremely faint for speckle (WDS magnitude
15.7), the IR807 filter was used; it was assumed that if

the C star is at the same distance as the AB pair, it
could be a K or M dwarf. 4000 frames were taken with
a long exposure (0.150 second), permitted because the
seeing is much better at this long wavelength, but near-
ly saturating the AB stars.

The AC and BSA image results for the IR807 filter
are seen in Figure 14. The AB pair is not fully resolved
at the longer wavelength, and it is over-exposed when
the images are highly stretched to reveal the faint C
component. It is likely that C is much redder than the
AB pair because it was detected in the near-IR but not
in the visible (G) filter; in addition, the WDS A
magnitude is 8.5 (probably V band), but it is reduced to
about 5 in the IR807 filter. Although detection was
successful, and it appears to be quite red, it is still not
certain whether the C component is gravitationally
bound to the AB binary. All observations of the C po-
sition are plotted in Figure 14, showing possible slow 0
motion over more than 120 years.

o0 12060+6842 STF3123AB,C|
i
- R
[
A
Z 10
c
8
= -
S 00 >
© X
Q.
®
» 1.0 +Micrometer
v OWasson AC
®Wasson BSA
2.0
-3.0
-3.0 -2.0 -1.0 0.0 1.0 20 3.0
<E Separation W>

Figure 14. The binary 12060+6842 STF3123AB,C observed with the IR807 filter, and stretched to make the very faint C com-
ponent visible. Left, AC. Middle: BSA reconstructed image. Right: All data plotted for the C component. The sx prior obser-
vations were made with micrometers on the world’s two largest refractors.
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uDS 1308142657 STT 280 (2ir2008)

Figure 15. The binary 13081+2657 STT260 observed with the G filter. Left, AC. Middle, BSA reconstructed image. Right:
WDS orbit plot with Table 3 speckle points added as red circles, AC (open) and BSA (solid).

The binary 13081+2657 STT260 was observed in
the G filter, shown in Figure 15. It is unfortunate that
there are no previous speckle observations, and that it
was not observed with a large telescope during its re-
cent periastron. The current AC and BSA observations
are in good agreement, but they are far from the orbit
ephemerides, possibly indicating a much longer period
than the current 234-year orbit. Further observations are
badly needed.
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Measurements of 121 New Visual Binary Stars
Suggested by the Gaia Data Release 2

J. Sérot

Clermont-Ferrand, France

Abstract: This paper reports the observation and measurement of 121 new potential visual
binary stars, with magnitudes and separation ranging from 9.1 to 13.5 and 0.7 to 1.5 arcsec re-
spectively, obtained from a mining of the data provided by the GAIA Data Release 2 in April
2018. Data mining has been carried out by a dedicated software, GDS, briefly described in this
paper. Observations and measurements have been carried out between Sep 2018 and Feb 2019
by the author using a 11" reflector telescope, an ASI 290MM CMOS-based camera and bispec-
trum-based reduction techniques. The measurements are in very good agreement with the as-
trometric parameters derived from the individual positions reported in the GAIA DR2. Individ-
ual proper motions, parallaxes and radial velocities data available from the DR2 show a high
probability that the discovered pairs are physical.

1. Introduction

The GAIA satellite [1], launched in late 2013, has
completed a large portion of its planned observations.
The second of the four planned data releases, DR2, be-
came available to the public in April 2018. Although
DR2 is a preliminary release, it contains a great deal of
useful information having unprecedented accuracy [2].

In particular, the availability of very high precision
astrometric solutions — with uncertainties < 0.7 mas
for parallaxes and < 1.2 mas.yr” for proper motions —
for more than 1.3 billion of stars up to magnitude 20
allows for the search of potentially binary systems
which could have been overlooked in the existing cata-
logs of visual binary stars.

This was the motivation for the work described in
this paper, which can be viewed as a preliminary as-
sessment of the impact of the GAIA current and future
Data Releases on the activity of visual double star ob-
servers.

2. DR2 Data Mining: the GDS Software

The work actually started when D. Rowe' wrote
some code to download the GAIA DR2 database and
search for potential binary stars by looking for pairs of
“bright” DR2 sources whose separation — computed
from their coordinates — stay under a given threshold.

+ Rowe is at Planewave Instruments, Rancho Domingez, California

Two sets of of thresholds were actually used:
e mag <15, mag, <18 and 0.5" < separation < 5"
e mag <12, mag, <17 and 5" < separation < 10"

The first set extracted 6,312,818 pairs, the second
507,741. The generated catalog, that was called the
GDS catalog, therefore contains 6,820,559 potential
pairs, for an overall size of approximately 825 MBT.

Each entry in the GDS catalog is a record giving
the following information:

e The J2000 Right Ascension of the “primary” star,

epoch 2015.5
e The J2000 declination of the “primary” star, epoch

2015.5
e The position angle of the pair calculated from Gaia

DR2 coordinates
e The separation of the pair calculated from Gaia

DR2 coordinates
e The Gaia G-magnitude of the “primary”

e The Gaia G-magnitude of the “secondary”

e The so-called Gravitationally Bound Index (see
below).

e A flag indicating whether none, one or both of the
two stars has Gaia 3-band photometry (Gmag,

BPmag and RBmag)

Tt The complete DR2 database is 1.3 TB.
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e A flag indicating whether a matching pair was
found in the WDS catalog

e The color indices of the
“secondary”

“primary” and the

Of course, not all these entries will correspond to
double stars, and there will be double stars that should
be in the catalog but are not present. Also note that the
minimum separation is 0.5 arcsec so that potential pairs
with separation less than this value are not listed in the
GDS catalog.

Gravitationally Bound Index

The Gravitationally Bound Index (GBI, GBIndex)
is a rough measure of the likelihood that the pair is
gravitationally bound’. It is based on the similarity of
the proper motions (in RA and Dec), parallaxes and
radial velocities, where these data are available. A low-
er value of GBI means that the pair is more likely to be
physical. Although this indicator should be used with
caution, since it can produce both false negatives and
false positives, when it is less than 2.0 there is a high
probability that the pair is gravitationally bound since
the two stars have similar location and/or velocity.

The GB index is computed out as follows:

MaxV  if there's no available data on proper motions
GBI GBI p,, if data on proper motions is available
GBI pry if data on parallaxes is also available
GBIy, if data on radial velocities is also available
where
e |PMRAy — PMRA, | |PMDecy — PMDec|
PM =3\ PMRAErry + PMRAEry, ~ PMDecErr, + PMDecErr,

1 ‘Parallaxo — Parallax; ‘
GBIPLX :g ZGBIPM +

ParallaxErry + ParallaxErn

1 |RV, — RV}
GBIy =5 3GPlpLy + e

RVErry + RVEm

and

e MaxVis a high, arbitrary value

¢ PMRA; and PMRA, are the proper motions in
cos(Dec)*RA of the prlmary star and secondary
star, respectively (mas.yr™).

e PMDecy, and PMDec,; are the proper motions in
declination of the primary star and secondary star,

+The description of the GBIndex given in this section comes from the preli-
minary documentation of the GDS software written by D. Rowe. Further de-
tails should be given in a forthcoming paper.

respectively (mas/ yr™).

e PMRAErr, and PMRAE=r, are the standard errors
in proper motion in cos(Dec)*RA of the prlmary
star and secondary star, respectively (mas/ yr').

e PMDecErr, and PMDecErr; are the standard errors
in proper motion in declination of the pr1mary star
and secondary star, respectively (mas/ yr™).

e Parallaxq and Parallax; are the parallaxes of the pri-
mary star and secondary star, respectively (mas).

e ParallaxErry and ParallaxErr; are the standard er-
rors in parallax of the primary star and secondary
star, respectively (mas).

e RV, and RV, are the radial velocities of the prlma-
ry star and secondary star, respectively (km.sec™).

e RVErr and RVErr1 are the standard errors in radial
velocity of the prlmary star and secondary star, re-
spectively (km/ sec™).

The GDS Program

The GDS catalog described in the previous section
was used, in conjunction with the WDS Catalog [7], by
a dedlcated apphcatlon also written by D. Rowe. A
prehmlnary version (1.00) of this application is illus-
trated in Figure 1. Selection filters used to search the
catalog are set in the section marked (1). The resulting
list is displayed in section (3), sorted according to the
parameter specified in section (2). The first three col-
umns give internal sequential identifiers. The other col-
umns correspond to the catalog data described in Sec-
tion 2. In particular, a “*” in column WDS indicates
that a matching pair has been found in the WDS cata-
log. It is possible to select entries in the displayed list
and save the resulting set as a CSV file for subsequent
use, with the controls available in section (4).
Our targets were selected using the following criteria:

e 20h <RA <Ohand 4h <RA < 10h
e 10°<Dec < 55°

e 0.5"<Sep<1.5"

e 8<Cmagl <115

e 8<Cmag2<13.5

e DeltaMag <4

e GBI<3

The maximum value for Dec results from physical
limitations in our observatory (roof of the rolling shed),
the minimum value from the ADC full correction range.

t1The GDS application will be described more in detail in a separate paper.
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Figure 1 — Snapshot of the GDS 1.0 application

The minimum value for Sep results both from the GDS
catalog and from our instrumentation (0.4" in theory for
an 11" telescope, 0.5" in practice). The maximum value
was chosen to target in priority the closest pairs, i.e.
those for which orbital motion can be detected with the
minimal span of time. The magnitude ranges have been
derived from our previous experience with the used
telescope and camera and the actual seeing conditions
when the images where recorded. The value chosen for
the GB Index is for maximizing the probability of ob-
serving physical pairs.

3. Instrumental Setup and Measurement

Protocol

The instrumental setup is the same as that described
in [3]. The telescope is a 280 mm Schmidt-Cassegrain
reflector (Celestron C11) and the camera an ZWO ASI
290MM. With a 2x Barlow and an Atmospheric Disper-
sion Corrector (ADC), the resulting plate scale is 0.095
arcsec/pixel. The ADC allows us to use a broadpass L-
type filter (400-700 nm), which is of critical importance
for imaging faint stars (up to magnitude 13.5 in our
case) with exposure times compatible with speckle
analysis (typically, less than 80 ms in our average see-
ing conditions).

Acquisition is carried out with the Genika Astro
software [4] with the camera gain setting set at 400.
Exposure time for individual images range from 40 to
80 ms typically. For each target one to four sequences
of 1000 images are acquired and latter converted to

TAlso developed by D. Rowe.

FITS cubes for analysis.

Calibration is carried out using the sideral drift
method using the dedicated module of the Speckle-
ToolBox software’ as described in [5] for example.

Data reduction is performed using bispectrum anal-
ysis (BSA), also using SpeckleToolBox software as
described in [5]. Althou%h involving a significantly
higher computational cost’' than lucky or simple auto-
correlation based methods, BSA has the advantage of
providing a non-ambiguous PA value and an estimation
of the difference in magnitude between the two compo-
nents.

4. Results

The reported measurements were obtained during
12 nights: six between September 10 and September 25,
2018 and six between February 13 and February 21,
2019.

Table 1 gives the list of the 121 observed stars with
the associated data retrieved from the GAIA DR2. Col-
umns 1-19 respectively gives
o the identification of the “primary” star in the

UCAC4 catalog® [6]

e the identification of the star in the GDS catalogH
e the precise coordinates of the “primary” and

“secondary” stars (epoch 2015.5, equinox J2000)

e the G magnitude of the “primary” and “secondary”
stars
e the proper motions of the

“secondary” stars (in mas/yr)

e the parallaxes of the “primary” and “secondary”
stars (in mas)
o the radial velocities of the

“secondary” stars (in km/s)

e the computed Gravitationally Bound Index of the

pair (as defined in Sec. 2)

e the separation (in arcsec) and position angle (in
degree) of the pair, computed from their coordi-
nates.

“primary” and

“primary” and

For the sake of readability, the magnitudes, proper
motions, parallaxes and radial velocities are displayed
in Table 1 with two decimals only (all computations
have been carried out, of course, with the full precision
values provided in DR2). When the values are not
available the corresponding cell has been left blank.

The measures themselves are listed in Table 2. In

(Text continues on page 296)

1t We did not have access to the DR2 catalog on the computer

controling the mount of the telescope, only to the UCAC4 catalog. We
therefore made a previous search using the SkyChart software to cor-

++ Which is not a real problem since most of the processing can Trelate the coordinates given in the former to a star listed in the latter.

be carried out in batch mode, without user intervention.

11 This is the number reported in the first column in Fig. 1.
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UCAC4 DATE N PA SEP DM SPA 3SEP
501-037577 2019.133 1 143.9 1.446 2.7 0.11 -0.008
502-032372 2019.122 1 90.7 1.115 0.45 -0.001
504-047820 2019.119 1 326 1.427 -0.77 -0.027
508-137021 2018.694 3 140.2 (0.1) 0.881 (0.003) (0.02) 0.06 -0.001
510-014543 2019.119 1 66.9 1.273 1.23 -0.037
513-028065 2019.122 1 38.4 1.228 0.04 -0.009
520-047616 2019.128 1 210 0.884 1.35 -0.046
520-048249 2019.133 1 230.1 1.048 -0.66 -0.017
522-029027 2019.122 1 242.1 1.253 2.5 -0.6 -0.013
522-136397 2018.692 4 70.9 (0.1) 1.509 (0.005) (0.05) -0.39 0.002
525-043014 2019.139 1 195.5 1.451 -0.28 -0.063
528-039250 2019.139 1 219.6 1.28 2.79 -0.071
528-146334 2018.719 3 104.7 (1.4) 1.064 (0.016) 0.12 0.001
529-039966 2019.119 1 163.2 1.091 0.54 0
530-034689 2019.133 1 72.4 1.142 1.5 0.13 -0.015
531-012456 2019.122 1 129 1.378 3 -0.05 -0.028
531-038132 2019.139 1 73.2 1.278 2.2 -1.04 -0.021
532-043579 2019.117 1 91.6 1.27 0.29 0.01
533-048175 2019.128 1 188.3 1.372 -0.1 -0.009
536-045446 2019.117 1 203 0.995 0 0.003
540-041788 2019.139 1 29 1.478 -0.97 -0.019
543-039864 2019.139 1 276.2 1.416 -1.36 -0.1
544-023390 2019.133 1 39.7 1.394 0.25 -0.039
545-105404 2018.694 4 78 (1.2) 0.866 (0.017) -3.67 -0.027
546-117797 2018.692 4 276.3 (0.2) 0.959 (0.006) -0.87 0.005
549-009553 2019.128 1 343.8 1.477 4 -0.45 -0.002
550-037553 2019.139 1 87.7 1.447 0.13 -0.025
553-018908 2019.122 1 21 1.453 -0.17 -0.023
554-037934 2019.119 1 145.1 1.073 0.01 0.026
554-041847 2019.119 1 258.9 1.498 1.24 -0.035
554-043925 2019.122 1 136.1 1.158 0.12 -0.011
555-023110 2019.122 1 80.3 1.157 1.01 0.007
558-046251 2019.122 1 46.5 1.354 0.79 -0.009
559-025453 2019.133 1 327.3 1.22 -0.31 -0.012
560-043758 2019.117 1 226.6 1.082 -0.8 -0.001
560-109791 2018.719 3 197.8 (0) 1.392 (0.014) -0.15 0.014
563-110395 2018.694 4 1.5 (0.5) 0.878 (0.009) 1.02 0.009
563-118326 2018.733 3 246.3 (0.6) 1.206 (0.001) -0.61 -0.022
565-034117 2019.119 1 56.6 1.38 2.3 0.07 -0.026
566-022985 2019.122 1 126.8 1.207 1.53 -0.019
566-130865 2018.717 3 14 (0.2) 0.753 (0.008) 0.51 0.019
569-019923 2019.128 1 61.1 1.469 3.5 1.74 0.015
572-024874 2019.122 1 22.1 1.085 -0.08 -0.007
572-024930 2019.122 1 99.1 1.18 1.48 0.042
572-025528 2019.133 1 13.3 1.238 -0.29 0.005
578-023649 2019.119 1 313.2 1.104 1.88 0.02
578-023649 2019.133 1 313.9 1.11 1.18 0.014
579-098024 2018.731 2 222.5 (2.6) 1.39 (0.006) -1.39 0.095
581-043221 2019.119 1 48.1 1.235 -0.14 -0.007
581-043221 2019.122 1 47.5 1.243 0.44 -0.015
581-104282 2018.731 3 73.4 (1.1) 1.275 (0.013) (0.17) -3.42 0.041
581-115336 2018.733 3 314.5 (0.1) 1.239 (0.022) 0.18 0.008
583-011127 2019.133 1 43.2 1.498 -0.18 -0.053
583-040010 2019.117 1 5.1 1.169 -0.44 -0.013
584-040353 2019.117 1 351.7 1.377 3 -0.86 -0.012
584-076038 2018.694 4 296.6 (0.8) 0.817 (0.006) -0.35 0.032
584-110924 2018.692 4 250.7 (0.9) 0.79 (0.003) -0.19 0.018
592-043498 2019.122 1 273 1.349 -0.51 -0.025
598-132616 2018.692 4 192.9 (0.3) 1.847 (0.012) 0.10 0.009
603-114143 2018.719 3 219.2 (1.7) 1.393 (0.067) 2.69 0.120

Table 2 concludes on the next page.
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UCAC4 DATE N PA SEP DM SPA 3SEP
610-033903 2019.133 1 326.9 1.165 -1.02 0.005
610-043660 2019.128 1 10.3 1.257 1.66 0.02
610-117005 2018.719 3 135.7 (0.5) 1.516 (0.008) 3.3 (0.03) -0.07 0.021
610-129295 2018.733 3 -0.2 (0.8) 1.339 (0.009) 1.8 (0.02) -0.47 0.020
617-039371 2019.119 1 49.8 1.092 0.05 -0.003
622-024222 2019.122 1 56.9 1.245 2.1 0.11 -0.018
624-038643 2019.117 1 196 1.192 -0.33 0.009
624-118752 2018.717 3 282.5 (0.2) 1.418 (0.016) 2.8 (0.07) -0.17 0.024
626-034798 2019.133 1 320.8 1.432 -0.24 0.002
627-037471 2019.139 1 100.2 1.215 -0.58 -0.007
628-021808 2019.128 1 0.1 1.474 -1.09 -0.033
628-033482 2019.133 1 17.7 1.407 -2.55 0.018
632-095200 2018.731 3 105 (1.7) 1.092 (0.021) -2.43 -0.076
633-030637 2019.119 1 233.6 0.977 -0.16 0.013
634-098847 2018.692 3 231.1 (0.2) 0.938 (0.003) -0.14 0.013
635-130935 2018.717 3 11.6 (1.2) 0.943 (0.003) 2.91 -0.027
636-027723 2019.119 1 38.6 1.305 1.78 -0.031
637-043218 2019.119 1 153.7 1.231 -0.02 -0.009
639-039377 2019.139 1 54.6 1.177 0.5 0.027
641-026536 2019.119 1 203.3 0.984 0.39 0.016
643-126683 2018.717 2 336.9 (0.4) 0.716 (0.009) 2.1 (0.11) -3.19 0.025
646-022868 2019.133 1 7.6 1.419 3.1 0.53 -0.048
647-110853 2018.733 3 109.6 (0.1) 1.245 (0.012) 2.9 (0.13) -0.47 0.012
650-078863 2018.694 4 237.1 (0.8) 0.877 (0.012) -0.91 0.013
650-086057 2018.694 4 307 (1.1) 0.916 (0.02) 0.19 0.029
652-091009 2018.733 3 34.1 (0.6) 1.201 (0.003) -0.42 0.013
653-051856 2019.122 1 209.1 1.271 0.07 -0.01
654-049141 2019.122 1 37.1 1.314 -0.97 0.001
657-103242 2018.733 3 337.3 (0.9) 1.067 (0.013) -1.28 0.019
659-112855 2018.717 3 193.2 (0.5) 0.976 (0.013) 0.45 -0.014
661-116828 2018.717 3 111.4 (0.2) 0.961 (0.008) -0.28 0.008
663-024366 2019.122 1 53.3 1.264 -0.67 -0.01
665-095928 2018.733 3 271.1 (0.4) 1.039 (0.006) 0.00 0.001
666-044431 2019.128 1 174.8 1.009 -0.48 0.011
667-106319 2018.717 3 94.9 (1) 0.945 (0.001) 2.5 (0.06) 1.14 -0.010
668-086512 2018.719 2 162.3 (0.3) 1.152 (0.009) -1.36 -0.012
669-028818 2019.122 1 0 1.252 2 -0.58 -0.02
669-036212 2019.119 1 238.8 1.401 2.5 0.61 -0.001
669-052025 2019.119 1 127.2 1.002 0.2 -0.011
672-050081 2019.117 1 167.3 1.231 -0.67 -0.011
673-115114 2018.733 3 38.3 (0.2) 1.064 (0.021) -0.24 -0.022
675-042663 2019.122 1 50.1 1.511 2.5 -0.97 -0.013
678-033045 2019.119 1 208.4 1.131 0.05 -0.008
679-034536 2019.119 1 75.4 1.473 -0.1 -0.026
680-085239 2018.719 3 337.5 (0.9) 1.258 (0.024) 0.07 -0.014
681-079773 2018.733 3 315.7 (0.6) 1.418 (0.013) -1.31 0.034
686-028195 2019.128 1 311 1.355 -1.91 0.005
686-028794 2019.133 1 181.1 1.274 -0.07 -0.025
688-081285 2018.733 3 66.8 (1.2) 1.074 (0.03) 1.99 0.004
688-107997 2018.692 3 235.6 (0.1) 1.49 (0.002) 2.2 (0.02) -0.75 -0.016
693-050538 2019.122 1 220.1 1.349 2.7 0.99 -0.052
693-113124 2018.733 3 270.9 (0.8) 1.119 (0.004) -0.74 -0.026
694-088583 2018.733 3 113.5 (0.2) 1.307 (0.004) -0.72 0.024
697-080825 2018.692 4 63.7 (0.3) 0.852 (0.006) 0.34 0.026
700-051491 2019.122 1 358.3 1.08 -0.28 -0.013
703-048330 2019.119 1 203.4 1.204 0.06 0.008
705-087810 2018.694 3 206.2 (0.2) 0.943 (0.004) -0.55 -0.010
709-045021 2019.139 1 332.6 1.35 3 -0.47 -0.026
710-082633 2018.733 3 52.6 (0.2) 1.425 (0.011) 2 (0.08) -0.90 0.029
714-033708 2019.122 1 117.5 0.99 2.09 0.005
716-048820 2019.122 1 29.9 1.457 -0.25 -0.028

Table 2 continues on the next page.
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Plate 1

— Examples of bispectrum-reconstructed images (N up, E left)

ucac4-508-137021

ucac4-522-136397

ucac4-563-118326

ucac4-581-104282

ucac4-635-130935

ucac4-643-126683

ucac4-667-106319

ucac4-688-081285
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(Continued from page 289)

this table, columns 1-8 respectively give

o the UCAC4 identifier for the primary

e the date of the measurement (Julian epoch)

e the number N of individual measurements

e the final PA and SEP measurement (in degree and
arcsec, resp.) with estimated standard error (when
when N > 1)

e the estimated difference of magnitude, when this
value could be reliably measured’ (also with the
attached standard error)

e the differences between the reported PA and SEP
values and those computed from the GAIA coordi-
nates (and listed in Table 1)

The last two columns show a very good agreement
between our measurements and the astrometric values
deduced from GAIA DR2 with an average and standard
deviation of the difference of -0.009° / 1.08° and 4
mas / 28 mas for the position angle (6PA) and separa-
tion (3SEP) respectively

A selection of reduced images from which the
measures were obtained in given in Plate 1.

5. Conclusion

The results presented in this paper seems to indicate
that the GAIA mission has opened a new era for double
star observers. The discovering, by a an amateur with a
modest equipment, of more than 120 new potential vis-
ual binary stars — with a high probability for them of
being physical — in a dozen nights of observation would
simply not have been possible without the availability
of the very high accuracy astrometric data produced by
this mission. Processed by smart data mining systems,
such as the GDS software introduced in this paper, this
data will allow to focus on targets with the highest ob-
servational interest. Recently published results, also
obtained from GAIA DR2 [8] indicate that a large part
(> 58 %) of the pairs listed in the WDS catalog are not
physical and hence do not deserve further measure-
ments as long as orbit computation is concerned. Ob-
serving time should probably and rather be devoted to
pairs with a high probability of being physical, this
probability being inferred from indicators such as the
GB index used by the GDS software. For such pairs —
including of course those which were not listed in the
WDS, such as those described in this paper —, subse-
quent measurements will of course still be of interest
for orbit (re)calculation since the GAIA mission will

'+ Sometimes, and for reasons that remain to be investigated, the bispectrum
reconstruction process does not fully eliminate the secondary peak, preclud-
ing any reliable estimation of the difference in flux between the two compo-
nents. See for example images of ucac4-563-118326 or ucac4-688-081285
on Plate 1.

end in late 2019. Last, but not least, availability of pho-
tometric and astrophysical data (effective temperature
for example) for a large subset of the DR2 database
should allow specific observation programs based on
the nature of system components (for example, systems
with late M-type secondaries, such as those targeted in

[9D.
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Abstract: Researchers at Cuesta College measured the position angle and separation of the
multiple star system WDS 16579+4722, AB and AC components, using images requested from
the Las Cumbres Observatory. The images were captured using a SBIG STX6303 CCD camera
mounted to a robotic 0.4-m telescope at the Las Cumbres Observatory in Tenerife, Spain. Data
collected will assist in determining if this is a binary or optical double star system. Thirty ob-
servations were analyzed using Astrolmagel software. The measured position angle of the AB
components was 63.87 degrees and the separation was 5.65 arcseconds. The measured position
angle of the AC components was 261.53 degrees and the separation was 112.37 arcseconds.
The AB measurements differed from the expected values based on past observations; this dif-
ference could be due to the CCD images being out of focus or may be accurate within the

range of recently collected data.

Introduction

Double stars are pairs of stars that, as viewed from
earth, appear close to each other in the night sky. Dou-
ble stars may be a binary star system, in which two
stars orbit a common point, or may simply be optical
doubles. Optical doubles are near one another as they
appear in the sky, but in reality, these stars are vastly
distant from each other. Numerous observations and
measurements over a long period of time can reveal a
relationship (or lack thereof) between the two stars and
solidify classification. If the stars are binary, they will
have a curved trajectory over time their orbits can be
calculated. If their true distance from the earth is deter-
mined, the system mass (combined mass of both stars)
can be calculated. Both system and stellar mass are key
to understanding the properties and life cycle of a bina-
ry star system (Genet, et al. 2016).

The AC components of the double star WDS
16579+4722 were first observed in 1823 by James
South and John Frederick William Herschel published
in the journal “Philosophical Transactions of the Royal

Society” (Herschel & South 1824). In 1908, compo-
nents B and D were first observed by Robert G. Aitken
at the Lick Observatory just outside of San Jose, CA
(Aitken 1945). The most recent observation of both the
AB and AC components were completed in 2017 by
Jocelyn Sérot (Sérot 2018).

To create a list of readily measurable stars to
choose from, the Washington Double Star Catalog
(WDS) was filtered with the following properties in
mind: a primary star dim enough that the secondary star
is easily observable, a secondary star bright enough to
be clearly seen, a separation great enough that stars are
clearly defined from one another, and lastly, the double
star’s coordinates are viewable from the Las Cumbres
Observatory telescopes. From this pared list, WDS
16579+4722 was selected based on its limited number
of observations, existence of many outlying measure-
ments, and relatively undefined orbital solution (see
Figure 1). This star was selected as past data does not
conclude beyond a doubt that the stars are binary. If
new observations follow the elliptical orbit and bend to
the left it may confirm that it is a binary relationship,
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Figure 1. Orbital Diagram of WDS 16579+4722AB

whereas if the new point continues straight on, it may
suggest the stars are not in a binary relationship.

Equipment and Procedures

CCD images were requested via robotic telescopes
at the Las Cumbres Observatory (LCO, see Figure 2).
Wholly modified Meade 0.4-m telescopes using custom
equatorial mounts and SBIG STX6303 CCD imagers
captured 30 images on November 1st, 2018: 10 each of
1 second, 0.75 second, and 0.5 second exposures from
the Las Cumbres Observatory in Tenerife, Spain. Addi-
tionally, on this day, data from all published observa-
tions of WDS 16579+4722 was requested from Dr. Bri-
an D. Mason of the United States Naval Observatory
(USNO) to use in comparison with new data.

LCO images were converted to .fits files and ana-
lyzed using the AstrolmageJ 3.2.1 software. Before
measuring the position angle and separation of WDS
16579+4722, each of the 30 images had to be “plate-

1-

Figure 2. Telescope at Los Cumbres Observatory,
Tenerife, Spain

solved”; their precise orientation and scale determined
using reference data from surrounding stars. Plate-
solving was completed using Astrometry.net. Once
plate-solved, two measurements of the PA and SEP of
the primary and secondary (AB) and primary and ter-
tiary (AC) components of WDS 16579+4722 were rec-
orded in a separate table for each image in Google
Sheets. An aperture setting of 4 pixels was used for the
AB measurements and an aperture setting of 8 pixels
was used for the AC measurements. Early measure-
ments were made using aperture settings that were too
small or too large for their respective components and
yielded flawed data; these images were re-evaluated
with appropriate aperture settings. The raw data was
then used to create Tables 1 and 2.

Results

Table 1 shows the average PA and SEP of 2 meas-
urements for each of the 30 images of WDS
16579+4722AB analyzed. The average SEP was 5.65
arcseconds and the average PA was 63.87 degrees.

Table 2 shows the average PA and SEP of 2 meas-
urements for each of the 30 images of WDS
16579+4722AC analyzed. The average SEP was 112.37
arcseconds and the average PA was 261.54 degrees.

Figures 3 and 6 show the AB and AC components
as viewed and measured in Astrolmage]. Note the

(Text continues on page 300)

Figure 3. WDS 16579+4722AB as viewed and measured in AstrolmageJ. Note the lack of
distinction of components A and B and the skew of the centroid apertures.
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Table 1. Exposure (seconds), position angle (degrees) and separation (arcseconds) measurements of WDS 16579+4722A4B
from LCO images acquired on JD 2458425 (1 November 2018).
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Time Exposure SEP PA Time Exposure SEP PA
19:13:43 0.85 5.81 63.71 19:17:28.513 1.34 5.2 64.13
19:13:57 0.84 6.84 63.29 19:17:42.771 1.35 5.45 64.13
19:14:11 0.85 5.76 64.66 19:17:59.059 1.34 5.8 63.73
19:14:26 0.85 5.8 62.23 19:18:13.914 1.35 5.68 63.3

19:14:39.856 0.85 6.62 62.22 19:18:28.036 1.35 5.74 65.32
19:14:55 0.84 5.12 63.25 19:19:02.711 1.1 5.32 63.99
19:15:08.512 0.84 5.62 64.4 19:19:16.780 1.09 5.33 63.51
19:15:22 0.85 5.46 63.78 19:19:30.959 1.1 5.55 62.92
19:15:35.934 0.85 5.54 63.58 19:19:45.160 1.1 5.53 63.08
19:15:50.564 0.84 5.76 64.6 19:19:59.072 1.1 5.62 65.33
19:16:15.201 1.35 5.64 63.78 19:20:13.885 1.1 5.42 64.82
19:16:29.191 1.34 5.73 64.51 19:20:28 1.1 5.75 62.48
19:16:44.228 1.35 5.82 63.56 19:20:41.939 1.1 5.47 64.57
19:16:58.733 1.34 5.55 64.14 19:20:58.620 1.09 5.47 64.94
19:17:13.362 1.34 5.74 64.04 19:21:12.530 1.09 5.49 64.1
Avg. SEP 5.65 Av. PA 63.87
SEP Std. Dev. 0.37 PA Std. Dev. 1.28
SEP SEM 0.063 PA SEM 0.15

Table 2. Exposure (seconds), position angle (degrees) and separation (arcseconds) measurements of the AC components of
WDS 16579+4722 from LCO images acquired on 1 November 2018.

Page 299

Time Exposure SEP PA Time Exposure SEP PA
19:13:43 0.85 112.47 261.47 19:17:28.513 1.34 112.43 261.54
19:13:57 0.84 112.23 261.62 19:17:42.771 1.35 112.32 261.49
19:14:11 0.85 112.38 261.6 19:17:59.059 1.34 112.44 261.57
19:14:26 0.85 112.59 261.52 19:18:13.914 1.35 112.23 261.56

19:14:39.856 0.85 112.37 261.55 19:18:28.036 1.35 112.3 261.49
19:14:55 0.84 112.43 261.56 19:19:02.711 1.1 111.97 261.57
19:15:08.512 0.84 112.39 261.64 19:19:16.780 1.09 112.36 261.53
19:15:22 0.85 112.38 261.47 19:19:30.959 1.1 112.46 261.52
19:15:35.934 0.85 112.41 261.56 19:19:45.160 1.1 112.26 261.44
19:15:50.564 0.84 112.26 261.57 19:19:59.072 1.1 112.36 261.52
19:16:15.201 1.35 112.21 261.56 19:20:13.885 1.1 112.55 261.54
19:16:29.191 1.34 112.31 261.52 19:20:28 1.1 112.52 261.55
19:16:44.228 1.35 112.28 261.59 19:20:41.939 1.1 112.38 261.46
19:16:58.733 1.34 112.66 261.6 19:20:58.620 1.09 112.33 261.57
19:17:13.362 1.34 112.49 261.44 19:21:12.530 1.09 112.35 261.53
Avg. SEP 112.37 Av. PA 261.54
SEP Std. Dev. 0.13 PA Std. Dev. 0.05
SEP SEM 0.024 PA SEM 0.009
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(Kis2003b)
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Figure 4. Orbital Diagram of WDS 16579+47224B with
newly recorded data. Data from this observation is repre-
sented by the black X; data from last recorded observation
(Sérot 2018) is represented by the purple oval.

(Continued from page 298)

blurred distinction of the AB components and the con-
sistent skew of the centroid apertures to the bottom left.
Figure 4 shows the orbital diagram of the AB compo-
nents of WDS 16579+4722A, while Figure 5 shows the
orbital diagram of the AC components.

In Figures 7, 8, 9, and 10 the newly gathered SEP
and PA of the AB and AC components are shown in
comparison with data from past observations provided
by the USNO. The orange points correspond to the data
collected in this observation.

Discussion

Issues arose when gathering PA and SEP data from
the primary component (A) and secondary component
(B). The first was due to the proximity and difference in
magnitudes of A and B and the second was due to a
slight distortion in the images. When two stars with
differing magnitudes are near one another the brighter
star’s light appears to saturate the area around it which
makes seeing the secondary star difficult. Additionally,
our images showed a consistent skewing of light to the
top-right direction for all stars assessed; we concluded
that the images may have been slightly out of focus.
Both of these factors contributed to the inability of the
AstrolmageJ program to automatically find the center
of B (there was no difficulty locating the center of A or
C). This centroid feature is key to producing consistent
results in CCD double star astrometry. As such, the
center of B had to be estimated by hand for each meas-

WIS 1B573+4T22 STFR 3290 (Kis2009)

E
|
/
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Figure 5. Orbital Diagram of WDS 16579+4722AC with
newly recorded data. Data from this observation is repre-
sented by the blue triangle.

Figure 6. WDS 16579+4722Ac as viewed and measured in
AstrolmageJ. Note the skew of both centroid apertures to the
bottom left of the image.

urement, yielding data with a large standard error. The
standard error of the mean of the PA and SEP of the
AB components (without use of the centroid feature)
were 0.063 degrees and 0.149 arcseconds respectively,
compared to the AC PA and SEP measurements’ stand-
ard errors of 0.024 degrees and 0.009 arcseconds.

Conclusion

The new data seems reasonable when referenced to
past data. The SEP measurement of WDS
16579+4722A was greater than projected; this may be
due to the inability of AstrolmagelJ to centroid on the B
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Figure 9. Position Angle of WDS 16579+4722AC over time. Two
far outlying points have been omitted to remove bias. New data rep-
resented by orange point.

component given its closeness and dimness in regard to
star A and or the skewed focus of the images. The PA
of WDS 16579+4722AC was exactly as projected and
the SEP nearly was as well. Further observation is
needed to confirm AB’s relative position more accu-
rately.

Based solely on past PA and SEP data, these new
measurements of the AB components may suggest the
stars are not binary and in an elliptical orbit but, con-
versely, are an optical double with linear relation to
each other. However, the classification as a binary star
is not based solely on PA and SEP measurements, but
using radial velocity measurements and the apparent
motion technique collected and calculated by Kiselev,

represented by orange point.

Separation (arcseconds) of WDS 16579+4722AC

[y
=
tn

[
=R

=P
B n n in

=
=
w

Separation (arcseconds)

1E70 1920

Year

Figure 10. of WDS 16579+47224C over time. New data
represented by orange point.

A. A, et al. at the Main Astronomical Observatory of
the Institute of Astronomy at the Russian Academy of
Sciences. This method also enabled their team to derive
the stars’ masses and takes into account more factors
than just observed coordinates (Kiselev, et al. 2009).
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