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Abstract 

17191-4638 BSO 13 AB has a Grade 4 orbit in the Sixth Catalog of Orbits of Visual Binary Stars. 
The nature of 17191-4638 BSO 13 AB was further investigated using a current measure, GAIA DR3 
data and Speckle ToolBox. 17191-4638 BSO 13 AB was imaged using the Las Cumbres Observatory 
Global Network of Telescopes. Calibrated images were obtained and analysed using the software 
AstroImageJ to determine separation, position angle and delta magnitude. Using the GAIA DR3 data 
and apparent separation reported in this paper, mean physical distance separation was estimated. The 
angle between the space velocity vectors in 3 dimensions (Nugent metric) and Ebinding were calculated. 
No changes occurred in the orbital parameters following optimization using the orbits function of 
Speckle ToolBox. The analysis of 17191-4638 BSO 13 AB provides strong supportive evidence of a 
binary star system. Parallax data on the fainter C and D components of 17191-4638 BSO 13 indicate 
that these are not gravitationally associated with the A and B stars. 
 

1. Introduction 

17191-4638 BSO 13 AB was first measured at epoch 1880.76 when the position angle was 0.3° and 
the separation was 3.66″ (Russell, 1884). The last measure was in 2019.438 when the position angle 
was 258.73° and the separation was 10.640″ (Anton, 2021). 17191-4638 BSO 13 AB has a proposed 
orbit in the Sixth Catalog of Orbits of Visual Binary Stars (Knapp, 2020), Figure 1. The orbit is 
classed as grade 4 (preliminary - individual elements entitled to little weight, and may be subject to 
substantial revisions. The quantity 3 log(a) - 2 log(P) should not be grossly erroneous. This class 
contains: orbits with less than half the ellipse defined; orbits with weak or inconsistent data; orbits 
showing deteriorating representations of recent data (Matson et al, 2026)). The A component has a 
renormalized unit weight error (RUWE) of 0.817 consistent with a good single star fit. The B 
component is also a close pair 17191-4638 BSO 13 Ba,Bb, position angle 256.3° and separation 
0.0454", epoch 2023.3243 (Tokovinin et al, 2024). The B component has an RUWE of 17.543 
consistent with a multiple star system. In addition, 17191-4638 BSO 13 has fainter C and D 
components in the Washington Double Star Catalog. 
 
Selected GAIA DR3 data for 17191-4638 BSO 13 AB is shown in Table 1. The mv (visual magnitude) 
of the A component is 5.48 and the mv of the B component is 8.69. The spectral classes of the A and 
B components are G9V C and M0VpCa-3Cr-1 respectively (SIMBAD: 
https://simbad.cds.unistra.fr/simbad/). 
 

https://simbad.cds.unistra.fr/simbad/
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Figure 1: Proposed orbit of 17191-4638 BSO 13 AB obtained from the USNO historical data file 
request 
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Table 1: Selected data on 17191-4638 BSO 13 AB from GAIA DR3. 
 

WDS Identifier 
17191-4638 BSO 13 

AB 

Parallax 
± 1σ 

 
 

mas 

Total 
proper 
motion 

± 1σ 
mas/yr 

pmra 
± 1σ 

 
 

mas/yr 

pmdec 
± 1σ 

 
 

mas/yr 

Radial 
velocity 

± 1σ 
 

km/sec 
A Component 

(Gaia source id: 
5951165616611763456) 

113.7513 
± 

0.0725 

1035.148 
± 

0.086 

1029.61 
± 

0.086 

106.935 
± 

0.074 

25.964258 
± 

0.13831633 
B Component 

(Gaia source id: 
5951165616635298816) 

113.2858 
± 

0.4302 

962.04 
± 

0.482 

952.035 
± 

0.483 

138.38 
± 

0.43 

26.01962 
± 

1.1694417 
 
Using the parallax data from Table 1, the distance from the Sun to the A and B components with 1σ 
parallax error show overlap, Figure 2. Thus, it is possible with errors that the A and B components 
may be co-located. The parallax of the B component shows a larger 1σ parallax uncertainty than the 
A component (Table 1). The minimum distance (transverse space distance) between the A and B 
components is 0.00047 pc (~ 97 AU). The maximum distance between the A and B components is 
0.07537 pc (~ 15546 AU). 
 

 
 
Figure 2: GAIA DR3 distances of the components of 17191-4638 BSO 13 AB  from the Sun including 

1σ parallax errors 
 
Speckle ToolBox v10.03 developed by David Rowe is a Windows based software program that has an 
orbit function with the ability to import USNO observation data and published orbit elements from the 
Sixth Catalog of Orbits 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 
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primarily used for Speckle Observations (Harshaw et al, 2017; Shetty et al, 2025), its use has been 
expanded to wider pairs (Jaworski, 2025). 
 
2. Methods 
 
Using the Las Cumbres Observatory Global Network of Telescopes, 17191-4638 BSO 13 AB was 
observed on April 27, 2025 (Decimal Date: 2025.3192; JD: 2460792.869) at Cerro Tololo Inter-
American Observatory with a Planewave Delta Rho 350 telescope and QHY600 CMOS 
camera system. The camera format was 9576 x 6388 pixels, 3.76 micron pixels size, FOV 30'x30' in 
readout mode central 30x30, pixel size (1x1 binning, arcsec) ~0.74"/pixel, default binning 1 x 1, read 
noise (e-) ~ 3 to 3.5 e- and gain (e-/ADU) 0.7 e-/ADU. 
 
Twenty images were recorded through a Bessel-V Filter and the exposure time for each image was   
0.23 seconds. The air mass was 1.1. The calibrated images were individually inspected for quality, 
and all were subsequently chosen for analysis. The images were analysed using AstroImageJ with 
apertures set at 6 (object aperture), 8 (inner radius of background annulus) and 9 (outer radius of 
background annulus) and mean value, standard deviation and standard error of the mean determined 
for theta, rho and delta magnitude, Table 2. 
 
To calculate d, the mean physical separation distance of the components in pc, the cosine rule was 
invoked: 
 
   d = √[DA

2
 + DB

2 - 2DADBcos(ρ/3,600)]   (1) 
 
Where d is the mean separation distance of the two stars in pc; DA is the mean distance from the Sun 
to the primary in pc, obtained from parallax measures; DB is the mean distance from the Sun to the 
secondary in pc, and ρ is apparent separation in arcseconds (″) reported in this paper. 
 
The transverse space distance (TSD) without the radial component in pc was calculated using the 
small angle formula: 
 
   TSD  = ρ(DA/206265)      (2) 
 
Where ρ is the apparent separation measured in arcseconds, DA is the mean distance to the primary 
star in parsecs. 
 
The angle between the space velocity vectors of the A and B components in 3-dimesions was 
calculated using the method of Nugent (Nugent, 2025). Angles < 15° are designated as Common 
Space Motion pairs, values > 15° and < 30° are designated as Similar Space Motion pairs and values 
> 30° are designated as Different Space Motion pairs (Nugent, 2025). 
 
Ebinding was calculated using the following formula (Letchford et al, 2022). 
 
   Ebinding = 1

2
� 𝑚𝑚𝐴𝐴𝑚𝑚𝐵𝐵
𝑚𝑚𝐴𝐴+𝑚𝑚𝐵𝐵

� 𝑣𝑣2 − 𝐺𝐺𝑚𝑚𝐴𝐴𝑚𝑚𝐵𝐵
𝑑𝑑

     (3) 

 
Where, Ebinding is in M⊙(km s−1)2; mA and mB are the masses of the primary and secondary in solar masses 
(M⊙); v is the galactic space speed difference between the two stars in km s−1; d is their physical 
separation, in parsec (pc); and G is the gravitational constant (4.30091 × 10−3 pc(km s−1)2/M⊙). For the 
calculation of Ebinding the masses of the A and B components are required. The mass of the A component 
using the GAIA DR3 FLAME astrophysical data is 0.83 M⊙. A mass for the B component was not 
available from the GAIA DR3 FLAME astrophysical data. Also, the luminosity of the B component 
was not available in the GAIA DR2 database. Using parallax of 0.1132858 arcsec (from Table 1) and 
the apparent visual magnitude of 8.69 an estimate of the luminosity of the B component was made.  

https://planewave.com/product/deltarho350/
https://www.qhyccd.com/astronomical-camera-qhy600/
https://www.qhyccd.com/astronomical-camera-qhy600/
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Firstly, the absolute magnitude (Mabs) is calculated using the formula 
 
   Mabs = Mapp +5 − 5log10(D)     (4) 
 
where Mapp is the apparent visual magnitude of the star and D is the distance between the star and the 
Sun, measured in parsecs using the formula 
 
    D = 1/Plx      (5) 
 
where Plx is the parallax of the star (arcsec).  
 
Using Equation (4) the absolute magnitude (Mabs) is calculated as 8.96. The bolometric magnitude 
(Mbol) is given by the formula 
 
   Mbol  = Mabs + BC     (6) 
 
Where BC is the bolometric correction. For star B which is spectral class M0V the bolometric 
correction is approximately -1.151 (Pecaut & Mamajek, 2013). Thus  
 
   Mbol  =  8.96 − 1.15 
    = 7.81    
 
The luminosity (L) in Solar units is then calculated using the equation 
 
    L/L⊙ = 100.4(4.74 – Mbol)    (7) 
 
Where Mbol the bolometric magnitude of the star and L⊙ is the luminosity of the Sun. Using this 
equation the luminosity of the B Component is 0.059 SolLum. 
 
The mass of the B component is then estimated using the following relationship between individual 
luminosity (L in solar units) and individual mass (M in solar masses), (Duric, 2004; Letchford et. al., 
2022). 
 
 
      (L/0.23)1/2.3 ,  if M < 0.43 
     L1/4  , if 0.43 < M < 2  (8) 
      (L/1.4)1/3.5 , if 2 < M < 55 
     L/32,000 ,  if M > 55 
  
 
 
Using the luminosity value of 0.059 SolLum in Equation (8) the mass of the B component is 
estimated to be ~ 0.49 M⊙. 
 
Using Speckle ToolBox v10.03 the orbit of 17191-4638 BSO 13 AB was plotted using the WDS 
historical data, the measurement presented in the current paper and the published orbital parameters, 
(Fig. 2 and Fig. 3).  Optimization of the orbit was performed. The optimization program works by 
finding local minima in the seven-dimensional space defined by the seven orbital parameters using the 
gradient descent and randomization process. The program is typically run through several iterations 
until an optimization determined by the minimum Weighted Root Mean Square Deviation (WRMSD) 

 
1 https://github.com/emamajek/SpectralType/blob/master/EEM_dwarf_UBVIJHK_colors_Teff.txt 
 

{  

M   = 

https://github.com/emamajek/SpectralType/blob/master/EEM_dwarf_UBVIJHK_colors_Teff.txt
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was achieved between the observation and the calculated orbit. To avoid bias toward the past data that 
were less precise (e.g. micrometer measurements), weighting of “1” was assigned to all data. The 
outlying 1891.77 measure (Pickering, W.H.1900, Harvard Ann. 32, Pt.2, 296, 1900) was excluded 
from the data used for optimisation.  
 
17191-4638 BSO 13 also has C and D components (magnitudes 13.43 and 14.43 respectively: WDS 
historical data file). The parallax values of the A, B, C and D components were obtained from GAIA 
DR3 and the mean distances from the Sun to the A, B, C and D component stars were calculated 
(Equation(1)), Table  3. 
 
3. Data 
 
The results of the analysis of the 20 images by AstroImageJ is given in Table 2.  

 
Table 2: Theta, rho & delta magnitude determined for 17191-4638 BSO 13 AB using AstroImageJ. 

 
Epoch Measurement Theta (θ) 

degrees 
Rho (ρ) 

arcseconds 
Delta Magnitude 

Bessel-V 
2025.3192 

(JD: 2460792.869) 
Mean 

Standard Deviation 
Standard Error of the 

Mean 

260.4 
0.2 

 
0.04 

11.03 
0.04 

 
0.01 

3.22 
0.02 

 
0.01 

Last measurement 
(2019.438) 

  
258.73 

 
10.640 

 
3.27 

WDS Sixth Catalog 
Orbits Ephemeris  

2025.0 
2026.0 

  
 

259.9 
260.1 

 
 

11.015 
11.080 

 
 
- 
- 

 
The mean physical separation distance of the components of 17191-4638 BSO 13 AB is 0.03613 ± 
0.03399 pc. The transverse space distance (Equation (2)) is 0.00047 pc. 
 
The angle between the space motion vectors in 3 dimensions (Nugent metric) of the A component and 
B component is 2.7 degrees.  
 
From GAIA DR3 astrophysical data the mass of the A component is 0.83 M⊙. The luminosity of the 
B component is estimated to be 0.059 SolLum and the mass of the B component is 0.49 M⊙ 
(Equations (4) to (8)). The Ebinding value was calculated as +1.63 M⊙(km s−1)2 using this data. This 
value is based on the mean physical distance separation of 0.03613 pc. However, the uncertainty in 
this measure is  ± 0.03399  pc. As the distances to the A and B components from the Sun with 1σ error 
show overlap, the components may be closer and may possibly be co-located. Using the transverse 
space distance in the calculation (Equation (3)) the Ebinding value becomes −2.05 M⊙(km s−1)2

. 

In comparison, Bonavita and Desidera, 2020, report the masses as 0.79 M⊙ for the A component and 
0.55 M⊙ for the B component. Using these data and the mean physical distance separation of 0.03613 
pc the Ebinding value was calculated as +1.71 M⊙(km s−1)2. However, using the transverse space 
distance the value becomes −2.21 M⊙(km s−1)2. 

The orbit of 17191-4638 BSO 13 AB plotted by Speckle ToolBox is shown in Figures 2 and 3. 
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Figure 2: The orbit of 17191-4638 BSO 13 AB plotted using the WDS historical data, the measure 
presented in this paper and the published orbital parameters (Knapp, 2020) using Speckle ToolBox 

v10.03. Rotation of the image 90 degrees clockwise will produce the standard view 
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Figure 3: Higher power view of portion of Figure 2. The orbit (Knapp, 2020) is shown by the orange 
dotted ellipse. The predicted location of the secondary at epoch 2025.3192 is indicated by the red 
arrow and the location of the measure presented in this paper is indicated by the white arrow. 
Rotation of the image 90 degrees clockwise will produce the standard view 
 
Using Speckle ToolBox approximately 1 x 106 iterations of the optimization process were performed. 
No changes occurred in the orbital parameters. 
 
Table 3. Distances from the Sun to the A, B, C and D component stars of 17191-4638 BSO 13. 
 

WDS 17191-4638 BSO 13 Mean Parallax 
(mas) 

Mean Distance 
(pc) 

A Component 113.7513 8.791 
B Component 113.2858 8.827 
C Component 0.7198 1,389.3 
D Component 0.7902 1,265.5 

 
4. Discussion 
 

17191-4638 BSO 13 AB has a mean physical distance separation of 0.03613 ± 0.03399 pc (7452 ± 
7011 AU). The primary and secondary show common space motion (Nugent metric is 2.7 degrees). 
From the orbital plot there is clear evidence of orbital motion between the A and B components.  
 
Binary stars should have an Ebinding of < 0. However, in their 2022 paper, Letchford et al, included 
pairs which had binding energies of  <+1. This allowed for some uncertainties in Ebinding such as the 
inexact nature of calculating stellar masses from luminosity estimates and estimating physical 
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distances from parallaxes where even a small inaccuracy in a parallax measure can lead to a large 
uncertainty in physical separations. This exemplified in the current case. Using mean physical 
distance separation based on the mean GAIA distances resulted in Ebinding values of +1.63 and +1.71. 
However, using the transverse space distance in the calculation resulted in Ebinding values of −2.05 and 
−2.21 (see above). 
 
The astrometric measure presented in this paper fits well with the published ephemeris. No changes to 
the published orbital parameters occurred following optimization with Speckle ToolBox. The overall 
findings provide strong supportive evidence that WDS 17191-4638 BSO 13 AB is a binary star 
system. 
 
From analysis of the distances from the Sun to the A, B, C and D components it is apparent that the C 
and D stars are optical companions to the AB pair and not physically or gravitationally associated. 
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