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Abstract 

Distinguishing between optical doubles and binary stars is crucial for accurate stellar classification 
and astrophysical modeling. Our study focuses on WDS 00360+2959 STF 42 AB, a star system 
listed in the 6th Orbital Catalog with indeterminate orbital characteristics (grade 5 orbit). Using 
observations from the Las Cumbres Observatory and GAIA DR3 data, we support the view that 
STF 42 AB is an optical double. This finding challenges its current classification, and our study 
provides insights into its physical separation, position angle, and motion. WDS 00360+2959 STF 
42 AC is an optical double that appears in the Second Catalog of Rectilinear Elements and our 
measurements show agreement with the catalog ephemeris. 

1.  Introduction 

1.1 Objectives 

Distinguishing between binary stars and optical double stars has important astrophysical ramifications. 
Only true binary stars allow the measurement of the combined mass of the two stars. 

The star system WDS 00360+2959 STF 42 AB is currently listed in the 6th Orbital Catalog with a grade 5 
orbit, indicating significant uncertainty in its orbital solution. As shown in Figures 1a & 1b, two different 
orbits have been proposed for this system. Previous research by Dugan et al. (2022) suggested that STF 42 
AB is not gravitationally bound and should be reclassified as an optical double. Building on this work, our 
study employs new observational data and GAIA DR3 measurements to investigate its true nature, aiming 
to clarify its classification and refine our understanding of this system. 

1.2 WDS 00360+2959 STF 42 AB 

STF 42 AB was first observed in 1824, with separation 6.5″ and position angle 33.7°.  The last observation was 
made in 2021, with separation 6.27″ and position angle 21.0°. The A, G2V component is magnitude 8.39 and the 
B, G7V component is magnitude 9.05 (WDS historical data request). The magnitudes for A and B come from the 
Tycho 2 Catalog (Astronomy &Astrophysics 357, 367, 2000; Johnson V filter). The delta magnitude is 0.66. 
 
The two components of this system show similar proper motions:  A component 447.901 mas/yr and B 
component 440.763 mas/yr. The parallax of the A component is 18.5754 ± 0.0721 mas/yr, and 19.0812 ± 0.0249 
mas/yr for the B component (GAIA DR3). 
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Figure 1a: Predicted orbit for WDS 00360+2959 STF 42 AB  
Kisselev, 2009. Orbital diagram included in the WDS historical data provided by the USNO 
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Figure 1b: Predicted orbit for WDS 00360+2959 STF 42 AB  
Izmailov, 2019. Orbital diagram included in the WDS historical data provided by the USNO 

 
1.3 WDS 00360 + 2959 STF 42 AC  
 
STF 42 AC was first observed in 1853, with a separation of 52.7″ and position angle of 185°. The last observation 
was made in 2016, with a separation of 36.8″ and position angle of 288.3°. The A component is magnitude 8.39  
and the C component is magnitude 11.55. The magnitude for C comes from the UCAC4 (AJ 145, 44, 2013; 
central wavelength = 550nm). The pair is regarded as an optical double based on study of relative motion of the 
components using the method of apparent motion parameter (WDS catalog notes). A linear ephemeris for the pair 
is listed in the WDS Second Catalog of Rectilinear Elements, Figure 2. 
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Figure 2:  Rectilinear plot of WDS 00360+2959 STF 42 AC 
obtained from the Second Catalog of Rectilinear Elements 

(http://www.astro.gsu.edu/wds/lin2.html) 
 

2.  Equipment and Methods 
 
Historical astrometric data for WDS 00360+2959 STF 42 was acquired from the USNO Washington Double Star 
(WDS) catalog. Gaia DR3 provided additional data, which included parallax and proper motion measurements.  

http://www.astro.gsu.edu/wds/lin2.html
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Las Cumbres Observatory (LCO) telescopes located at Haleakala, Teide and McDonald were used to obtain 
science images. The primary instrument configuration was a Planewave Delta Rho 350 telescope equipped with a 
QHY600 CMOS camera, Figure 3. The camera’s format was 9576 x 6388 pixels, 3.76 µm pixel size. Each 2.0-
second exposure was acquired through a Bessel-V filter or Sloan i-filter, Table 1. 

 

Figure 3: Components of the LCO  
telescope and imaging train.  

 
Measurements for position angle (θ), separation (ρ), and delta magnitude were performed using AstroImageJ. Our 
study also made use of Speckle ToolBox. Speckle ToolBox v10.03 developed by David Rowe is a Windows 
based software program that has the ability to import USNO observation data and published orbit elements from 
the 6th Orbital Catalog of Visual Binary Stars. Other observations can be added. It will plot these data and the 
ephemeris. The model enables creating new ephemerides, orbital elements; and apparent ellipse parameters 
through optimizations using a random/gradient sampling algorithm. Although primarily used for Speckle 
observations (Rowe & Genet, 2015) we have expanded its orbital function to our study. 
 

Table 1: Observations of WDS 00360+2959 STF 42 AB & AC showing  
epoch, observatory, filter and number of measured images. 

 
Observations 

WDS 00360+2959 STF 42 AB & AC 
Epoch 

Julian Date 
Epoch  

(Decimal Date) 
Observatory Filter Number of 

measured images 
24292 2024.798 LCO Haleakala Bessel-V 10 
24292 2024.798 LCO Teide Bessel-V 2 
24296 2024.809 LCO McDonald Bessel-V 10 
24297 2024.811 LCO Teide Bessel-V 12 
24300 2024.820 LCO McDonald Bessel-V 13 
24302 2024.825 LCO McDonald Bessel-V 2 
24303 2024.828 LCO Teide Sloan i 20 

 
3.  Results 

The measurements for position angle (θ), separation (ρ), and delta magnitude for STF 42 AB are shown in Table 
2.  
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Table 2: Astrometric measurements of WDS 00360+2959 STF 42 AB using AstroimageJ. 

WDS 00360+2959 STF 42 AB 

Mean Epoch 
Decimal Date 

Filter Measurement Theta 
(degrees) 

Rho 
(arc seconds) 

Delta 
Magnitude 

2024.813 Bessel-V Mean 
Standard Deviation 
Standard Error of the Mean 

20.2 
0.20 
0.03 

6.29 
0.021 
0.003 

0.81 
0.022 
0.003 

2024.828 Sloan i Mean 
Standard Deviation 
Standard Error of the Mean 

20.2 
0.15 
0.03 

6.29 
0.023 
0.005 

0.83 
0.010 
0.002 

2024.815 Combined Mean 
Standard Deviation 
Standard Error of the Mean 

20.2 
0.19 
0.02 

6.29 
0.021 
0.003 

 

Computed Ephemeris 
2025.0 

Kisselev 2009 
Izmailov 2019 

19.8 
20.3 

6.343 
6.298 

 

 
The measurements for position angle (θ), separation (ρ), and delta magnitude for STF 42 AC are shown in Table 
3. 

Table 3:  Astrometric measurements of WDS 00360+2959 STF 42  
AC using AstroimageJ. AC has rectilinear values in the WDS  

Second Catalog of Rectilinear Elements. 
 

WDS 00360+2959 STF 42 AC 

Mean Epoch 
Decimal Date 

Filter Measurement Theta 
(degrees) 

Rho 
(arc seconds) 

Delta 
Magnitude 

2024.813 Bessel-V Mean 
Standard Deviation 
Standard Error of the Mean 

292.7 
0.09 
0.01 

39.04 
0.100 
0.015 

3.23 
0.016 
0.002 

2024.828 Sloan i Mean 
Standard Deviation 
Standard Error of the Mean 

292.8 
0.07 
0.01 

39.04 
0.088 
0.020 

3.02 
0.018 
0.004 

2024.815 Combined Mean 
Standard Deviation 
Standard Error of the Mean 

292.8 
0.09 
0.01 

39.04 
0.097 
0.012 

 

Catalog of Rectilinear 
Elements Ephemeris 

2025.0 

  
292.9 
0.1 

 
38.891 
0.156 

 

 
4.  Discussion 

4.1 Previous studies of STF 42 AB. 

SFT 42 AB was studied by Kisselev (2009) and Izmailov (2019). Both proposed orbits that are included in 
the WDS Sixth Catalog of Orbits of Visual Binary Stars. More recently, in their 2022 study of STF 42 AB, 
Dugan et al, calculated that the relative velocity of the system exceeded the escape velocity by a factor of 
over 17 suggesting that STF 42 AB is not gravitationally bound and suggested reclassification as an optical 
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pair. They also noted that the analysis by Knapp (2019) suggested that the pair had a “small ‘might be’ 
likelihood for gravitational relationship but with a significantly longer orbital period than currently 
assumed.” (Dugan, 2022). 

4.2 Agreement with calculated orbital ephemeris 

If STF 42 AB is a physically associated pair, our group evaluated the two orbital solutions for STF 42 
AB—proposed by Kisselev (2009) and Izmailov (2019), Table 4. Observational data from this study 
aligns within 1σ of Izmailov’s ephemeris but deviates significantly (>2σ) from Kissalev’s predictions. 
This discrepancy underscores the challenges of modeling long-period orbits based on limited 
observational arcs. The alignment with Izmailov’s solution suggests a potential refinement of its 
parameters, although additional data is necessary to confirm this trajectory. 

Table 4:  O-C and Z-score comparisons between observational data and computed ephemeris. 

 

The Z-score is a statistical measure that quantifies the distance between a data point (the calculated 
ephemeris elements) and the mean of a dataset (observational data), expressed in terms of standard 
deviations. It indicates how many standard deviations a data point is from the mean of the distribution. 

z = ( x - μ ) / σ 

Where: 

● x = the value being evaluated - calculated ephemeris 

● μ = the observational dataset mean 

● σ = the observational dataset standard deviation 

Table 4 includes the calculated 2025.0 AB ephemeris for both Kissalev 2009 and Izmailov 2019.  
Observational data for AB is less than 1σ from the Izmailov 2019 computed ephemeris for 2025, but greater 
than 2σ from Kisselev 2009.  Observational data for AC is ~1σ from the calculated rectilinear ephemeris 
elements. 

Additionally, Speckle Toolbox v10.03 was used to generate an orbit using the orbital parameters of 
Izmailov 2019, WDS historical data measures and the current measurements presented in this paper. No 
changes in the orbital parameters occurred after orbital optimization, Figures 4 and 5. 
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Figure 4: Speckle Toolbox rendering of orbit for WDS 00360+2959 STF 42 AB using orbital parameters 
of Izmailov, 2019, WDS Historical data and measurements presented in this paper. Rotation of the image 

90 degrees clockwise will produce a conventional display 
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Figure 5: Magnified view of portion of the orbit in Figure 4. The dotted line indicates the predicted 
orbital path. Red arrow indicates the location of the astrometric data presented in this paper. Blue arrow 

indicates the predicted position for the mean epoch 2024.815. No changes occurred in the orbital 
parameters or orbital plot with execution of optimization. Optimization was stopped arbitrarily at 

105,100 cycles as no alteration in the values for the orbital parameters had occurred. Rotation of the 
image 90 degrees clockwise will produce a conventional display 

4.3 Constraining Characteristics of STF 42 AB 

Letchford et al, 2022a have proposed three conservative constraining criteria based on certain 
characteristics from “confirmed” gravitationally bound double stars:  

(A) Ebinding < 1 

True binary star systems should have an Ebinding  of <0, however Ebinding <1 is used to allow for some 
underestimates in Ebinding. An attempt was made to calculate the Ebinding value using the method of Letchford 
et al, 2022a. The radial velocity measure, an essential component of the calculation, was not available for 
the A component in the GAIA DR3. DR4 (release not before mid-2026) may contain these data, at which 
time this calculation should be performed.   

(B) A physical separation (D) such that D − 1𝜎𝜎 < 1 pc 

To calculate the physical separation of the AB components in pc, the cosine rule was used: 

D = √[Da2 + DB
2 - 2DADBcos(𝜌𝜌/3,600)] 
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where D is the separation distance of the two stars in pc, DA is the distance from the Sun to the primary in pc, 
obtained from parallax measures, DB is the distance from the Sun to the secondary in pc, and 𝜌𝜌 is the apparent 
separation in arcseconds (′′). Using the GAIA DR3 parallax data, the physical separation distance between the A 
and B components is estimated to be 1.43 ± 0.22 pc.  WDS00360+2959 STF 42 AB fails to meet these criteria, 
indicating the AB stars are too far apart to be gravitationally bound. 
 
Using Buchheim's distance probability calculation method (Sethi et al, 2024) and the data in Table 5, STF 42 AB 
has a 0% probability of being within one light year of each other in the radial direction, Figure 6. 
 

Table 5: GAIA DR3 reported parallax with error converted to parsecs and light years. 
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Figure 6: Calculation of the probability of the A and B components of STF42 being within 1 light year of each 
other in the radial direction 

 
In Harshaw’s 2018 paper “Gaia DR2 and the Washington Double Star Catalog: A Tale of Two Databases” he 
states that “A survey of the 2,500+ orbits and their parameters from the 6th Orbit Catalog shows that very few 
known binaries have separations that exceed 3,000 AU, and most are closer than 1,000 AU. A parsec is 
approximately 192,000 AU, so two stars one parsec apart are probably too far apart to be gravitationally bound, 
even if they are very massive stars.” (Harshaw, 2018). From our calculations STF 42AB appears to have a 
physical distance separation of 294,958.7 ± 45,378.26 AU and the A and B components are non-massive, Sun-like 
stars, spectral class G2V and G7V. 

(C) Common proper motion (CPM) 

As noted earlier, the AB components show similar proper motions based on GAIA DR3.  See Dugan et. al., 
2022, for computation of Relative Proper Motion (Table 2, page 360), indicating common proper motion 
for this system. 

4.4 Rectilinear Solutions 

The historical WDS data and current observed data for STF 42 AB and STF 42 AC were converted from polar 
coordinates to rectangular coordinates (with the A component at the origin) and plotted, Figures 6a and 6b.  
Twenty-eight historical entries that were identified by the WDS “X” code as faulty or problematic are not 
included in the plot below  
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Figure 6a: Rectangular plot of the historical WDS data for STF 42 AB.  Red data point indicates new 
observational data presented in this paper 

 

 
 

Figure 6b: Rectangular plot of the historical WDS data for STF 42 AC. 
Red data point indicates new observational data presented in this paper 

 

While AC movement is definitively linear (R2 = 0.98), determining linearity of the AB rectilinear plot, 
which would indicate non-elliptical movement, is not conclusive, as shown by the moderate (R2 = 0.7) 
linear fit in Figure 6a. More observations are required in order to draw any further conclusions about the 
nature of AB pair based on statistical analysis. 
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4.5  Gravitationally Bound Index 

The Gravitationally Bound Index (GBI) is a selection metric created by Dave Rowe for use with his Gaia 
Double Star (GDS) software.  The following description is taken from Serot (2019), which is taken from 
the preliminary GDS documentation. 

The GBI 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 lower 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.  

 

where  

 

and  

• MaxV is a high, arbitrary value  

• PMRA0 and PMRA1 are the proper motions in cos(Dec)*RA of the primary star and secondary star, 
respectively (mas.yr-1).  

• PMDec0 and PMDec1 are the proper motions in declination of the primary star and secondary star, 
respectively (mas/ yr-1).  

• PMRAErr0 and PMRAErr1 are the standard errors in proper motion in cos(Dec)*RA of the primary star 
and secondary star, respectively (mas/ yr-1).  

• PMDecErr0 and PMDecErr1 are the standard errors in proper motion in declination of the primary star and 
secondary star, respectively (mas/ yr-1).  

• Parallax0 and Parallax1 are the parallaxes of the primary star and secondary star, respectively (mas).  

• ParallaxErr0 and ParallaxErr1 are the standard errors in parallax of the primary star and secondary star, 
respectively (mas).  
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• RV0 and RV1 are the radial velocities of the primary star and secondary star, respectively (km.sec-1).  

• RVErr0 and RVErr1 are the standard errors in radial velocity of the primary star and secondary star, 
respectively (km/ sec-1).  

As noted earlier, GAIA DR2 radial velocity measurements were not available for the A component of this 
system.  However, proper motion and parallax data are available for both components, allowing for 
computation of GBIPM and GBIPLX: 

GBIPM = 54.6 

GBIPLX = 38.2 

These rough measures indicate the AB pair is not gravitationally bound. 

5.  Conclusions 
 
Although our observational data aligns well with Izmailov’s (2019) 2025.0 computed orbital ephemeris (4.2), 
accurately predicting potentially very long period orbits based on “short arc” observations is notoriously difficult.  
1𝜎𝜎 agreement with Izmailov’s predicted 2025.0 ephemeris and the short rectilinear plot for the B component 
shown in 4.4 highlights this difficulty.  The Letchford et al, 2022 physical separation constraint discussed in 4.3 
supports the optical nature of this system, as the AB stars are separated by approximately 1.43 ± 0.22pc, greater 
than the D − 1𝜎𝜎 < 1 pc constraint. In addition, the measures of GBIPM and GBIPLX (4.5) support the view that the 
components of STF 42AB are not gravitationally bound. Calculation of Ebinding after the GAIA DR4 data release 
may add significantly to our understanding of the true nature of STF 42 AB. 
 
Our findings strongly support the view that WDS 00360+2959 STF 42 AB is an optical double rather than a 
gravitationally bound binary. This conclusion challenges its current classification in the 6th Orbital Catalog of 
Visual Binary Stars. We suggest adding the note below to the notes file of the WDS Catalog for 00360+2959 
STF42 (https://www.astro.gsu.edu/wds/Webtextfiles/wdsnewnotes_main.txt) to reflect its likely optical nature, 
supported by statistically distinct parallaxes and physical separation exceeding 1 pc. ”  
 
Note: 
AB: Statistically different parallax for the components indicates they are non-physical. 
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