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Abstract 

This study continues a project to provide updated astrometric measurements for selected Dunlop 
double stars. DUN93 AB; DUN94; DUN95 AB (and including CRU9007 AD and HJ4341 BC); 
DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 and DUN131 AC were 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 was calculated using GAIA DR3 parallax 
data and the measure of apparent separation reported in this paper. The angle between the space 
velocity vectors in 3D (Nugent metric) and Buchheim distance probability were also calculated. 
 
1. Introduction 

This study continues a project to provide updated astrometric measurements for selected Dunlop 
double stars. Dunlop pairs were chosen whose last measure published in the WDS Catalog were 
before 2020, who are thought to be physically associated or of uncertain nature and whose position 
angle, separation and delta magnitude could be measured using the method employed in this paper. 
Whilst the aim of this paper is to measure the Dunlop pairs selected, the images taken also include 
other WDS catalogued pairs that could be measured and these pairs have also been included in the 
measurements and analysis. In addition, DUN 131AC was included for interest. DUN114 is the 
subject of a separate paper. Selected GAIA data on DUN93 AB; DUN94; DUN95 AB (and including 
CRU9007 AD and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 
and DUN131 AC can be found in Appendix 1. 
 
2. Methods 

Stelle Doppie (Sordiglioni, 2025) was used to provide a list of Dunlop pairs that were presumed to be 
physically associated or of uncertain nature. 
 
Using the Las Cumbres Observatory Global Telescope Network DUN93 AB; DUN94; DUN95 AB 
(and including CRU9007 AD and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and 
AC; DUN127 and DUN131 AC were imaged at Cerro Tololo Inter-American Observatory. Images 
were taken of each object 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 of each pair were taken on May 27, 2025 (Decimal Date 2025.401; Julian Date range 
2460823.459 to 2460823.497). The images were recorded through a Bessel-V Filter and the 
exposure time varied from 0.07 to 2.0 seconds. The air mass for all images was <1.4. All the 
calibrated images were visually inspected for quality and all were chosen and analysed using 
AstroImageJ, Figure 1, to determine the mean, standard deviation and standard error of the mean for 
theta, rho and delta magnitude (Table 1). 
 
 

https://planewave.com/product/deltarho350/
https://www.qhyccd.com/astronomical-camera-qhy600/
https://www.qhyccd.com/astronomical-camera-qhy600/
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Figure 1: A sample image of WDS 10387-5911 DUN 94  processed using AstroImageJ showing 
separation (ρ), position angle (θ) and delta magnitude  

 
To calculate D, the mean physical separation distance (instantaneous separation, not the sum of the 
semi-major axes of the binary orbits) 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 2.   
 
The angle between each of the components space velocity vectors in 3-dimensions (Nugent metric) 
was calculated using the method of Nugent (Nugent, 2025), Table 2. 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. 
 
Buchheim's distance probability calculation for double stars involves using parallax and parallax error 
data to determine the probability that two stars are within one light year of each other in the radial 
direction (Sethi et al, 2024). Using Buchheim's distance probability calculation method, the 
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probability that the components of DUN93 AB; DUN94; DUN95 AB (and including CRU9007 AD 
and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 and DUN131 
AC are within one light year of each other in the radial direction was calculated, Table 2. An example 
of this calculation is shown in Figure 2.   
 

 

 
 

Figure 2: Buchheim distance probability calculation for WDS 10443-7052 DUN99 AB using GAIA 
DR3 data  

 
3. Data 
 
The results of the analysis of the images by AstroImageJ are given in Table 1.  
 

Table 1. Theta, rho & delta magnitude values for DUN93 AB; DUN94; DUN95 AB (and including 
CRU9007 AD and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 

and DUN131 AC. 
 

WDS Identifier 
Measurement Epoch 

Measurement 
 

Theta (θ) 
degrees 

Rho (ρ) 
arcseconds 

Delta 
Magnitude 
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Decimal date 
Julian date 

Last measurement 

(Bessel-V) 

10349-6408 DUN 93 AB 
2025.4014 

JD: 2460823.462 
 
 

Last measurement (2015.5) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

39.5 
 

0.19 
 

0.04 
39.4  

23.93 
 

0.09 
 

0.02 
24.24  

0.79 
 

0.02 
 

0.004 
0.89  

10387-5911 DUN 94 AB 
2025.4014 

JD: 2460823.464 
 
 

Last measurement (2015.5) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

21.2 
 

0.61 
 

0.14 
20.7 

14.59 
 

0.15 
 

0.03 
14.62 

3.23 
 

0.05 
 

0.01 
2.59 

10393-5536 DUN 95 AB 
2025.4014 

JD: 2460823.469 
 
 

Last measurement (2016.0) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

105.5 
 

0.28 
 

0.06 
105.5 

51.81 
 

0.39 
 

0.09 
51.76 

1.89 
 

0.06 
 

0.01 
1.68 

10393-5536 CRU 9007 AD 
2025.4014 

JD: 2460823.469 
 
 

Last measurement (2015.5) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

230.9 
 

0.59 
 

0.13 
231.6 

 

43.67 
 

0.58 
 

0.13 
43.94 

7.02 
 

0.12 
 

0.03 
6.82 

10393-5536 
HJ 4341 BC 
2025.4014 

JD: 2460823.469 
 

Last measurement (2015.0) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
  

173.2 
 

1.68 
 

0.38 
173.8 

20.40 
 

0.35 
 

0.08 
20.20 

5.81 
 

0.16 
 

0.04 
5.84 

10443-7052 DUN 99 AB 
2025.4014 

JD: 2460823.466 
 
 

Last measurement (2015.5) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

75.1 
 

0.13 
 

0.03 
75.1 

62.73 
 

0.33 
 

0.07 
62.63 

0.21 
 

0.03 
 

0.007 
0.21 

10443-7052 DUN 99 AC 
2025.4014 

JD: 2460823.466 
 
 

Last measurement (2015.0) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

45.0 
 

0.23 
 

0.05 
44.8 

42.98 
 

0.20 
 

0.04 
42.65 

3.39 
 

0.02 
 

0.01 
3.49 

10443-7052 DUN 99 BC 
2025.4014 

JD: 2460823.466 
 
 

Last measurement (2015.0) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 
 

295.2 
 

0.23 
 

0.05 
294.9 

33.39 
 

0.23 
 

0.05 
33.61 

3.18 
 

0.03 
 

0.01 
3.28 

11049-6103 DUN 105 
2025.4014 

JD: 2460823.472 

Mean 
 

Standard Deviation 

221.6 
 

0.15 

23.87 
 

0.05 

2.54 
 

0.02 
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Last measurement (2015.5) 

Standard Error of the 
Mean 

 
0.03 

221.4 

 
0.01 

23.99 

 
0.003 
2.25 

12048-6200 DUN 117 AB 
2025.4014 

 
JD: 2460823.475 

 
Last measurement 

(2016.337) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 

149.3 
 

0.13 
 

0.03 
 

149.1 

22.78 
 

0.07 
 

0.01 
 

22.79 

0.39 
 

0.02 
 

0.004 
 

0.43 
12048-6200 DUN 117 AC 

2025.4014 
JD: 2460823.475 

 
 

Last measurement 
(2015.220) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 

18.6 
 

0.19 
 

0.04 
 

19.4 

24.92 
 

0.05 
 

0.01 
 

25.13 

2.75 
 

0.01 
 

0.003 
 

2.62 
12598-5555 DUN 127 

2025.4014 
JD: 2460823.487 

 
 

Last measurement (2015.5) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 

125.8 
 

0.31 
 

0.07 
125.7 

16.75 
 

0.11 
 

0.02 
16.65 

0.76 
 

0.02 
 

0.01 
0.74 

13152-6754 DUN 131 AC  
2025.4014 

JD: 2460823.497 
 
 

Last measurement 
(2024.657) 

Mean 
 

Standard Deviation 
Standard Error of the 

Mean 

331.4 
 

0.40 
 

0.09 
 

330.9 

58.21 
 

0.46 
 

0.10 
 

58.02 

2.54 
 

0.11 
 

0.02 
 

2.48 
 
Mean physical distance separation, angle between space velocity vectors in 3D and Buchheim 
distance probability are given in Table 2. 
 

Table 2. Mean physical distance separation, angle between space velocity vectors in 3D and 
Buchheim distance probability for DUN93 AB; DUN94; DUN95 AB (and including CRU9007 AD 

and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 and DUN131 
AC. 

 
WDS IDENTIFIER Mean physical 

distance separation  
± 1𝜎𝜎 

 
 

(pc) 

Angle 
between 

space 
velocity 
vectors 

(degrees) 

Buchheim 
distance 

probability 
calculation 

 
(%) 

10349-6408 
DUN 93 AB 

 
123.40 ± 1.60 

 
68.0 

 
0.0 

10387-5911  
DUN 94  

 
3.42 ± 21.56 

 
N/A 

 
1.1 

10393-5536 
DUN 95 AB 

 
5.93 ± 5.87 

 
N/A 

 
2.5 

10393-5536 
CRU 9007 AD 

 
1092.03 ± 24.75 

 
24.1 

 
0.0 

10393-5536      
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HJ 4341 BC 699.57 ± 20.62 25.5 0.0 
10443-7052 
DUN 99 AB  

 
0.0350 ± 1.12 

 
6.2 

 
21.6 

10443-7052 
DUN 99 AC 

 
258.78 ± 1.61 

 
50.0 

 
0.0 

10443-7052  
DUN 99 BC 

 
258.77 ± 1.93 

 
52.8 

 
0.0 

11049-6103  
DUN 105 

 
363.87 ± 291.62 

 
N/A 

 
0.0 

12048-6200 
DUN 117 AB 

 
644.82 ± 92.36 

 
38.8 

 
0.0 

12048-6200 
DUN 117 AC 

 
291.72 ± 08.15 

 
N/A 

 
0.0 

12598-5555  
DUN 127 

 
1.75 ± 13.59 

 
4.8 

 
1.8 

13152-6754 
DUN 131 AC 

 
0.10 ± 2.33 

 
66.2 

 
10.4 

 
4. Discussion & Conclusions 
 
Updated astrometric measurements for DUN93 AB; DUN94; DUN95 AB (and including CRU9007 
AD and HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 and 
DUN131 AC are provided. In Table 2, large uncertainties are noted in the physical distance 
separations. These are expected in the estimation of physical distance from parallaxes (Eq. (1)) where 
even a small inaccuracy in a parallax measure can lead to a large uncertainty in mean physical 
distance separation (Letchford et al, 2022). 
 
Based on parallax measurements DUN93 AB, CRU9007 AD, HJ4341 BC, DUN99 AC, DUN99 BC, 
DUN 105, DUN117 AB and DUN117AC appear to be optical pairs. Based on parallax measurements 
and space velocity vectors DUN99 AB could be physically associated. DUN94, DUN95, DUN127 
and DUN131 AC show a large uncertainty in mean physical distance separation. The space velocity 
vectors of DUN131 AC indicate different space motion favouring an optical pair. 
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Appendix 1: 
 
Selected GAIA DR3 data on DUN93 AB; DUN94; DUN95 AB (and including CRU9007 AD and 
HJ4341 BC); DUN99 AB, AC and BC; DUN105; DUN117 AB and AC; DUN127 and DUN131 AC 
(unless otherwise specified). Stellar luminosity and mass come from GAIA DR3 FLAME. 
 

WDS Identifier 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) 
10349-6408 
DUN 93 AB 

A 
 
 

B 
 

 
 

5251822104760873344 
 
 

5251822139120626432 

 
 

6.6111 ± 
0.0212 

 
3.6409 ± 
0.0202 

 
 

20.219 
 
 

17.730 

 
 

-16.480 ± 
0.023 

 
-17.589 ± 

0.023 

 
 

11.714 ± 
0.023 

 
2.238 ± 
0.022 

 

 
 

18.45 ± 
10.33 

 
-4.75 ± 
14.05 

 
 

29.28 
2.28 

 
- 
- 

10387-5911 
DUN 94 AB 

A 
 
 

B 
 

 
 

5350588691660896128 
 
 

5350588691654545792 

 
 

2.3038 ± 
0.1093 

 
2.2858 ± 
0.0334 

 
 

14.813 
 
 

14.241 

 
 

-14.799 ± 
0.108 

 
-14.208 ± 

0.036 

 
 

0.626 ± 
0.102 

 
0.968 ± 
0.030 

 
 

10.24 ±  
0.19 

 
- 

 
 
- 
- 
 

199.10 
3.46 

10393-5536 
DUN 95 AB 

A 
 
 

B 
 

10393-5536 
HJ 4341 BC 

 
C 
 

10393-5536 
CRU 9007 AD 

 
D 

 
 

5352174702807141632 
 
 

5352174805905137920 
 
 
 
 

5352171747888414336 
 
 
 
 

5352174737185621504 

 
 

4.1595 ± 
0.0940 

 
4.2647 ± 
0.0405 

 
 
 

1.0706 ± 
0.0235 

 
 
 

0.7505 ±  
0.0136 

 
 

19.686 
 
 

19.692 
 
 
 
 

15.573 
 
 
 
 

10.333 

 
 

-19.032 ± 
0.091 

 
-18.941 ± 

0.040 
 
 
 

-14.361 ± 
0.024 

 
 
 

-9.239 ± 
0.091 

 
 

5.032 ± 
0.090 

 
5.386 ± 
0.042 

 
 
 

6.023 ± 
0.022 

 
 
 

4.627 ± 
0.012 

 
 

21.48 ±  
0.14 

 
- 
 
 
 
 

23.91 ± 
5.36* 

 
 
 

26.04 ±  
0.21 

 
 
- 
- 
 

308.22 
3.75 

 
 
 
- 
- 
 
 
 

86.24 
3.30 

10443-7052 
DUN 99 AB,AC,BC 

A 
 
 

B 
 
 

C  
 

 
 
5231271579581900800 
 
 
5231271476495341952 
 
 
5231271682661126016 

 
 

9.2197 ± 
0.0207 

 
9.2187 ± 
0.0926 

 
2.7230 ± 
0.0118 

 
 

45.733 
 
 

47.066 
 
 

14.438 

 
 

-45.733 ± 
0.023 

 
-47.043 ± 

0.107 
 

-11.637 ± 
0.014 

 
 

-0.047 ± 
0.022 

 
1.495 ± 
0.098 

 
8.547 ± 
0.014 

 
 

13.77 ±  
0.26 

 
17.80** 

 
 

-2.42 ±  
3.52 

 
 
29.65 
2.09 
 
- 
- 
 
34.73 
2.33 

11049-6103 
DUN 105 

A 

 
 

5337284326102045568 

 
 

 
 

6.683 

 
 

 
 

 
 
- 

 
 
- 

https://doi.org/10.1002/asna.20220018
https://doublestarsjournal.org/index.php/jdso/article/view/137/41
http://www.jdso.org/volume20/number3/Sethi_365_372.pdf
https://www.stelledoppie.it/
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B 

 
 

5337283948144897664 

0.3292 ± 
0.0261 

 
0.3740 ± 
0.0230 

 
 

6.652 

-6.493 ± 
0.029 

 
-6.440 ± 

0.026 

1.584 ± 
0.028 

 
1.663 ± 
0.024 

 
 
- 

- 
 
- 
- 

12048-6200 
DUN 117 AB and 

AC 
A 
 
 

B 
 
 

C 

 
 
 

6057680496326765184 
 
 

6057680423278480512 
 
 

6057680496326766336 

 
 
 

0.5345 ± 
0.0205 

 
0.3975 ± 
0.0282 

 
0.4624 ± 
0.0173 

 
 
 

6.119 
 
 

6.552 
 
 

6.150 

 
 
 

-6.119 ± 
0.021 

 
-6.546 ± 

0.029 
 

-6.149 ± 
0.019 

 
 
 

0.083 ± 
0.023 

 
0.277 ± 
0.277 

 
0.105 ± 
0.020 

 
 
 

-25.49 ± 
0.21 

 
18.98 ± 
17.16 

 
- 

 
 
 
- 
- 
 
- 
- 
 

2371.07 
6.29 

12598-5555 
DUN 127 

A 
 
 

B 
 

 
 

6061478965373623680 
 
 

6061478209476557696 

 
 

1.9445 ± 
0.0277 

 
1.9379 ± 
0.0430 

 
 

14.745 
 
 

15.502 

 
 

-14.130 ± 
0.015 

 
-14.838 ± 

0.025 

 
 

-4.215 ± 
0.021 

 
-4.489 ± 

0.034 

 
 

-11.26 ±  
3.02 

 
-15.45 ± 

1.52 

 
 
- 
- 
 

107.42 
2.92 

13152-6754 
DUN 131 AC 

A 
 
 

C  
 

 
 

5845487808871992448 
 
 

5845487911944804864 

 
 

8.7196 ± 
0.1760 

 
8.7122  ± 

0.0228 

 
 

31.868 
 
 

33.024 

 
 

-30.518  ± 
0.160 

 
-31.058  ± 

0.021 

 
 

-9.179  ± 
0.183 

 
-11.222  ± 

0.027 

 
 

-8*** 
 
 

15.83 ±  
0.42 

 
 

248.67 
3.58 

 
11.74 
1.78 

* GAIA DR2 Data. 
** Gontcharov G.A. Pulkovo compilation of radial velocities for 35495 stars in a common system. (2006). Astron. Lett., 32, 759-771. 
*** Evans D.S. The revision of the general catalogue of radial velocities. (1979). IAU Symp., 30, held in Toronto, Canada, 30, 57-62. 


