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Abstract 

The nature of 11400-3806 DUN 114 was investigated using an updated astrometric measure and 
GAIA DR3 data. DUN 114 was imaged using the Las Cumbres Observatory Global Network of 
Telescopes. Calibrated images were obtained and these were analysed using the software AstroImageJ 
to determine separation, position angle and delta magnitude. The mean physical distance separation, 
minimum and maximum distances between the A and B components was calculated using GAIA DR3 
parallax data and the measure of apparent separation reported in this paper. The angle between each of 
the components’ space velocity vectors in 3D space and Ebinding, were calculated. The analysis favours 
DUN114 to be an optical pair rather than a binary system. 
 
1. Introduction 

Whether DUN 114 is a binary or optical double star has been regarded as uncertain (Letchford, 
2022a). This paper provides an updated astrometric measure of DUN 114 and also analyses this pair 
using GAIA DR3 data. 
 
DUN 114 was first observed in 1826 by James Dunlop. In 1826 the pair had a position angle of 97° 
degrees and a separation of 13″ (Letchford, et.al 2022b, corrections to measures in Dunlop, 1829). 
The last measurement was in 2016.0 when the position angle was 94.78° and the separation 17.1″ (El-
Badry et al, 2021). The mv for the A component is +6.63 and +8.5 for the B component. The spectral 
class of the primary is G8III (SIMBAD Astronomical Database - CDS (Strasbourg) 
https://simbad.cds.unistra.fr/simbad/). 
 
Selected GAIA DR3 data (Prusti et al. 2016 and Vallenari et al. 2023) for DUN 114 is shown in Table 
1. 
 
Table 1. Selected GAIA DR3 data on 11400-3806 DUN 114. Stellar luminosity and mass of the A and 

B components come from GAIA DR3 FLAME. 
 

WDS Identifier 
11400-3806 

DUN 114 AB 

GAIA DR3 source ID Parallax 
± 1σ 

 
 
 

mas 

Total 
proper 
motion 

 
 

mas/yr 

pmra 
± 1σ 

 
 
 

mas/yr 

pmdec 
± 1σ 

 
 
 

mas/yr 

Radial 
velocity 

± 1σ 
 
 

km/sec 

Lum 
(SolLum) 

 
Stellar 
mass 

(SolMass) 

RUWE 

 
A Component 

 
5385035016545554560 

 

 
6.3785  

± 0.0177 
 

 
55.694 

 

 
-52.498  
± 0.018 

 
-18.596  
± 0.014 

 
8.45  

± 0.12 

 
63.00 
2.80 

 
0.856 

 
B Component 

 

 
5385035016545554688 

 
6.3888  

± 0.0182 

 
54.584 

 
-51.658  
± 0.017 

 
-17.633  
± 0.012 

 
9.69 

 ± 0.17 

 
6.80 
1.48 

 
0.857 

 
The distances from the Sun to the A and B components of DUN 114 with 1σ parallax uncertainties 
are shown in Figure 1. The distances from the Sun to the A and B components show overlap.  
 

https://simbad.cds.unistra.fr/simbad/
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Figure 1: GAIA DR3 distances of the components of 11400-3806 DUN 114 AB from the Sun including 

1σ  parallax errors 
 

2. Equipment and Methods 

Using the Las Cumbres Observatory Global Network of Telescopes DUN 114 was observed at Cerro 
Tololo Inter-American Observatory. Images were taken with a Planewave Delta Rho 350 telescope 
and QHY600 CMOS camera systems. The camera format was 9576 x 6388 pixels, 3.76 micron pixels 
size, camera mode configuration 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 taken on May 27, 2025 (Decimal Date 2025.4014; Julian Date 2460823.459). 
The images were recorded through a Bessel-V Filter and the exposure time was 0.629 seconds for 
each image. The air mass was 1.0. The calibrated images were visually inspected for quality and all 
were chosen and analysed using AstroImageJ, Figure 2, to determine the mean, standard deviation and 
standard error of the mean for position angle, separation and delta magnitude, Table 2. 
 

https://planewave.com/product/deltarho350/
https://www.qhyccd.com/astronomical-camera-qhy600/
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Figure 2: An image of 11400-3806 DUN 114 analysed using AstroImageJ showing separation, 
position angle and delta magnitude  

 
To calculate D, the mean physical separation distance of the components in pc, the cosine rule was 
used  
 
   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, Table 3.   
 
The maximum and minimum distance between the A and B components was calculated using the data 
in Table 1, the measure of apparent separation reported in this paper and Equation (1), Table 3. 
 
Unlike proper motions projected on the celestial sphere, space velocity vectors are fundamental in 
determining if the double  star  components  are:  1)  co-moving  and  2)  could  be  considered  a  
gravitationally  joined  binary  star  system. To gauge the co-moving status of a double star, a new 
parameter θ was introduced by Nugent (Nugent, 2025). θ is the angle between each of the  
components’ space velocity vectors in 3D space. The angle θ between the primary and secondary 
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component’s direction of motion in 3D space was thus calculated using the method of Nugent 
(Nugent, 2025), Table 3. Nugent defined angle (θ) as follows as follows:-  
 
θ values < 15° are designated as Common Space Motion (CSM) pairs,   
θ values > 15° and < 30° are designated as Similar Space Motion (SSM) pairs,   
θ values > 30° are designated as Different Space Motion (DSM) pairs. 
 
Ebinding (binding energy) was calculated using the following formula (Letchford et al, 2022c). 
 
   Ebinding = 1

2
� 𝑚𝑚𝐴𝐴𝑚𝑚𝐵𝐵
𝑚𝑚𝐴𝐴+𝑚𝑚𝐵𝐵

� 𝑣𝑣2 − 𝐺𝐺𝑚𝑚𝐴𝐴𝑚𝑚𝐵𝐵
𝐷𝐷

      (2) 

 
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⊙). 
 
Using the WDS catalog historical data and considering DUN 114 as a binary the orbital elements 
were calculated using the methodology of Letchford et al, 2022c. Appendix A. Considering DUN 114 
as an optical pair the rectilinear elements were also calculated using the methodology of Letchford et 
al, 2022a, Appendix B.  
 
3. Data 
 
The results of the analysis of the images by AstroImageJ are given in Table 2.  
 

Table 2. Position angle, separation and delta magnitude values for 11400-3806 DUN 114 at epoch 
2025.4014. 

WDS Identifier 
 

Measurement 
 

Position 
Angle  

degrees 

Rho 
arcseconds 

Delta 
Magnitude 
Bessel-V 

11400-3806 
DUN 114  

 
 
 
 

Mean 
 

Standard Deviation 
Standard Error of the Mean 

 
Last measurement (2016.0) 

94.8 
 

0.21 
0.05 

 
94.78 

17.06 
 

0.114 
0.026 

 
17.1 

1.97 
 

0.02 
0.01 

 
1.3 

 
The mean physical distance separation, minimum distance separation, maximum distance separation 
and angle (θ) between each of the components’ space velocity vectors in 3D space for 11400-3806 
DUN 114 are given in Table 3. 
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Table 3. Mean physical distance separation, minimum distance separation, maximum distance 
separation and angle (θ) between each of the components’ space velocity vectors in 3D space for 

11400-3806 DUN 114. 
 

WDS 
IDENTIFIER 

Mean 
physical 
distance 

separation  
± 1𝜎𝜎 

 
AU 

(pc ± 1σ) 

Minimum 
separation 
distance 

 
 
 

AU 
(pc) 

Maximum 
separation 
distance 

 
 
 

AU 
(pc) 

Angle (θ) 
between each of 
the components’ 

space velocity 
vectors in 3D 

space 
degrees 

 
11400-3806  
DUN 114 

 
51,566 AU 

 
(0.25 ± 0.62) 

 
2,667 

 
(0.0129) 

 
233,845 

 
(1.13) 

 
 
 

2.02 
 
The Ebinding of 11400-3806 DUN 114 is +1.51 M⊙(km s−1)2 using the mean physical distance 
separation. 
 
4. Discussion 
 
The mean physical separation distance of the components of DUN 114 is 0.25 (± 0.62) pc which 
equates to ~51,566 AU. Using mean physical distance separation DUN 114 is not a binary star 
system. Using the mean physical distance in the calculation of binding energy, the result of +1.51 
M⊙(km s−1)2 favours an optical pair. If the components of DUN114 are separated by the minimum 
separation distance (~2,667 AU) then a binary system is possible. However, the probability of the 
component’s separation reaching down to 2,662 AU is only 0.2% (based on GAIA DR3 parallax, 
parallax errors and normal distribution function). 
 
If the components of DUN 114 are separated by 1 light year (~63,200AU) the orbital period becomes 
~2.6 million yr. DUN 114 components’ space velocities are 9 AU/yr. That comes to 113 pc in 2.6 
million years co-moving. During this time frame other encounters with stars can disrupt (perturb) any 
orbit if there was one. 
 
An orbital model and rectilinear model have been calculated for DUN114, see Appendix A and 
Appendix B. However, the residue of the best orbital model is only 0.05% less than the residue of the 
rectilinear motion, i.e. not much difference between them. Also in the orbital plot, Fig. A2, the scatter 
in the measurements is ≤ 0.5 arc-second which is within the measurement errors. A true binary 
showing any kind of motion would have at least 3-4 degrees of PA change.  
 
The A and B components of DUN114 show common space motion (Nugent metric 2.02°). 
 
5. Conclusion 
 
The analysis of DUN114 favours an optical system. The A and B components show common space 
motion.  
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Appendix A. 

 
Table A1. Orbital parameters of 11400-3806 DUN 114 where the system is considered as a binary. 

 
WDS11400-3806 DUN 114 

Orbital Period 49300 ± 6400 yrs 
Semi-major Axis 14.6 ± 1.3 arcsec 

Orbital Inclination 131.9 ± 4.8 degrees 
Longitude of Ascending Node 99.7 ± 5.4 degrees 
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Time at Periastron 26200 ± 3100 yrs 
Eccentricity 0.18 ± 0.11 

Argument of Periastron 184 ± 22 degrees 
 
 

 
 
Figure A1. Apparent orbit of 11400-3806 DUN 114 where the system is considered as a binary using 

WDS catalog historical data. The x and y axes are in arcseconds. 
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Figure A2. Magnified view of portion of Figure A1. The x and y axes are in arcseconds 
 
Appendix B. 
 

Table B1. Rectilinear elements of 11400-3806 DUN 114 where the system is considered be optical. 
Here, X0 is the declination component of the separation, XA is the declination component of the 
relative proper motion of the secondary compared to a fixed primary, Y0 is the right ascension 

component of the separation, YA is the right ascension component of the relative proper motion of the 
secondary (where increasing right ascension is towards the South), T0 is the epoch of the rectilinear 
elements (all also at equinox 2000.0), THETA0 is the position angle at epoch and equinox 2000.0, 

and RHO0 is the separation at epoch and equinox 2000.0. These elements were calculated according 
to the method detailed in Letchford, et al., 2022a.  

 
WDS IDENTIFIER &  

DISCOVER CODE 
X0 (DEC) 
arcseconds 

± 

XA (DEC) 
as/yr 

± 

Y0 (RA) 
arcseconds 

± 

YA (RA) 
as/yr 

± 

T0 THETA0 
degrees 

± 

RHO0 
arcseconds 

± 
11400-3806 
DUN 114 

-1.44 
± 

0.001 

0.001 
± 

0.00009 

17.01 
± 

0.01 

-0.00005 
± 

0.001 

2000.0 94.84 
± 

0.01 

17.07 
± 

0.01 
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Figure B1: Rectilinear plot of 11400-3806 DUN 114 showing the motion of the secondary compared 
to a fixed primary, where the system is considered to be optical. The primary is at (0,0), represented 
by a large + sign. There is a dashed black line from the primary to the position of the secondary at 

epoch 2000.0. 
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Figure B2: Magnified view of portion of Figure 3a. The thick black line represents the rectilinear 
motion of the secondary with respect to a fixed primary with the elements as presented in Table 5. The 
colored markers are the observed positions precessed to the common equinox of 2000.0. The colored 
markers have dashed lines linking them to the calculated position at the same epoch and at equinox 

2000.0. The colors represent the different methods or instruments used to determine the position (see 
the details in the web page ‘Sixth Catalog of Orbits of Visual Binary Stars’, Matson et.al. 2026)  

 
 


