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1. Selection of the objects 
Selecting all WDS objects with last observation 

year smaller than 2000 with CDS TAP-VizieR resulted 
per end of December 2018 in 36,459 neglected double 
stars with the X-coded bogus objects already eliminat-
ed. Several discoverer IDs are rather prominently pre-
sent: Alone TDS/TDT (Tycho Double Stars) objects 
represent with a number of 12,661 about one third of 
the total number of neglected double stars, next comes 
RST (Rossiter) with 4,452 objects, then B (van den 
Bos) with 2,071 objects, A (Aitken) with 1,087 objects, 
I (Innes) with 1,063 objects, OCC (for doubles found 
by different discoverers during occultation observa-
tions) with 1,003 objects, BRT (Barton) with 918 ob-
jects, DON (Donner) with 872 objects, COU (Couteau) 
with 754 objects and so on.  

In the next step all objects with separation or posi-
tion angle "-1" for unknown were deleted due to miss-
ing data necessary for cross-matching as well as all ob-
jects with separation smaller than 0.4 arcseconds as this 
is the declared resolution limit for GAIA DR2 (Arenou 
et al. 2018) but also all objects with separation “999.9” 
indicating an unspecific separation larger than 1000 
arcseconds. This reduced the number of neglected dou-
ble stars suited for cross-matching with GAIA DR2 to 
31,383 – a number still far too large for serious manual 
counter-checking. Besides I had already a look at TDS/
TDT objects in a separate report (Knapp 2019) render-
ing any attempt in this direction redundant so I decided 
to concentrate on the 3,149 “very neglected” double 

stars with last observation year smaller than 1958. In-
terestingly 85% of these objects are with Dec values 
below zero located in the southern hemisphere suggest-
ing a general neglect of double stars in the southern 
skies.  

2. Recovery of selected objects in GAIA DR2 
The next steps were straight forward: 

• Cross-matching the list of 3,149 objects with 
GAIA DR2 for primary and secondary with 5" 
search radius using the CDS X-Match tool 

• Eliminating all self-matches for objects with a 
separation less than 5 arcseconds 

• Eliminating all matches with a delta in separation 
larger than 100% of the WDS separation and del-
ta in position position angle larger than 40 de-
grees. These are rather generous thresholds for 
cross-matches but considering the huge time del-
ta to the last recorded WDS observation still sev-
eral correct matches might have been eliminated 
by this step 

• Eliminating all pairs with magnitude delta differ-
ences (comparing GAIA DR2 Gmag deltas with 
WDS mag deltas) larger than 2.5 as well as all 
pairs with difference between WDS magnitude 
and GAIA DR2 Gmag for primary or secondary 
larger than 2.5mag. Considering the often ques-
tionable reliability of WDS magnitudes and the 
fact that in some cases the delta between Vmag 
and Gmag might be larger than 2.5 this might 
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again mean eliminating a few correct matches. 
 

Next came the manual counter-check of all 
matched objects with delta separation >20% and delta 
position angle >20 degrees using AstroPlanner and Ala-
din with the consequence of deleting several obvious 
mismatches especially for components of multiples 
mostly based on magnitude issues. A surprisingly large 
part of these matches was found to be correct despite 
such large deltas in separation or position angle proba-
bly due to changes caused by proper motion but maybe 
also caused by poor quality of earlier measurements 
often over 100 years old.    

Side results of the manual counter-checks: 
• RST3185: J2000 measurement for RST3185AB 

seems to be in error - probably AC measurement 
• RST2406: AB might be bogus 
• ES  694 AB: TDT3959 Aa;Ab probably bogus 
• ES 2350 BC: Probably bogus, B has same WDS 

position as A 
• SEI 975: Probably bogus as there is no 11.7 sec-

ondary at the given location 
• RST1515: TDS7211 Aa;Ab not resolved - bo-

gus? 
• RST1578 AC: Very different proper motion 
• KUI  85: Curious object - no such bright stars at 

this position. Jump in separation from 0.2 to 3.1" 
from first to last observation despite rather slow 
proper motion seems curious 

• I  1152/RMC 136/DAW 189/HJ 3796/: Of in 
total about 70 objects (members of the 30 Dor 
cluster in Large Magellanic Cloud) only 2 could 
be recovered due to the overly dense star field. 
Why such objects should be listed as double stars 
remains unclear as neither Plx nor PM suggest 
any physical relationship. 

3. Results of Cross-Matching 
After eliminating all obviously suspect matches 

1,473 objects remain 
• 364 objects of these come without proper motion 

and parallax data making assessment for com-
mon proper motion and potential gravitational 
relationship impossible 

• 194 objects qualify as common proper motion 
pairs 

• 80 objects qualify for potential gravitational rela-
tionship 

• Only 26 objects qualify for both 
• Several matched GAIA DR2 objects have 

“duplicated_source” issues or a number of 
“visibility_periods_used” of less than 9 – this 
might indicate data precision issues but in the 

given task using such data seems the better 
choice than just keep the WDS neglected pair 
status. 

 
Table 1 lists a subset of the data for the first 20 of 

the recovered 1,473 WDS objects not observed longer 
than 60 years. The full table is abailable for download 
from the JDSO website as fixed format flat text file 
“WDS very neglected XX DR2”. 

4. Summary 
With 47% a surprisingly large part of the more than 

60 years not observed WDS objects could be recovered 
in GAIA DR2. In many cases this required a manual 
counter-check to overcome differences in separation 
and position angle due to the long time delta between 
observations larger than usually accepted for software 
based cross-matching. 

The reasons for 53% negative cross-matching re-
sults are according to a random sample: 
• No DR2 object for the secondary mostly in cases 

with a separation of less than 1 arcsecond like for 
example  

• DON1056 
• RST1183 
• RST2229 

• although in some cases this might simply suggest 
a bogus like for example for B   631 

• Deltas in parameters too large for a positive 
match at least with the in this report applied cut 
values as for example LDS2080 or RST1179 
with a clear positive recovery with a pure manual 
procedure 

• Missing objects in DR2 for the primary as for 
example for RST3341 (interestingly despite an 
existing object in DR1) or POU5868 

• Obviously bogus or lost due to wrong J2000 po-
sitions as for example  

• WG    1 
• DOO   1 
• BRT1578 
• BRT 528 
• LDS2064 
• ES 1355 
• ARA 314 
• FEN  44 
• BRT 526 
• J   299 

• Not obviously bogus but at least very doubtful 
like for example 

• BRT 527 
• FEN  43 

(Text continues on page 330) 
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Overall it seems that most not recovered objects are 
either bogus (or simply lost due to wrong J2000 posi-
tions) or not resolved in DR2 because of separations 
below 1 arcsecond. 
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Appendix A 

Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018): 

• Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position er-
ror in relation to proper motion vector length and relation separation to proper motion speed 

• Proper motion vector direction ratings: “A” for within the error range of identical direction, “B” for similar 
direction within the double error range,  “C” for direction within the triple error range and "D" for outside 

• Proper motion vector length ratings: “A” for identical length within the error range, “B” for similar length 
within the double error range, "C" for length within the triple error range and "D" for outside 

• Error size ratings: “A” for error size of less than 5% of the proper motion vector length, “B” for less than 
10%, “C” for less than 15% and "D" for a larger error size 

• Relation separation to proper motion speed: "A" for less than 100 years, "B" for less than 1000 years, "C" or 
less than 10000 years and "D" for above 

 
To compensate for the extremely small proper motion GAIA DR2 errors resulting in a worse than “A” rating 

despite only very small deviations an absolute lower limit is applied regardless of calculated error size:  
• Proper motion vector direction: Max. 1° difference for an “A” 
• Proper motion vector length: Max. 1% difference for an “A" 

 
The letter based scoring is then transformed into an estimated probability and a verbal assessment for being 

CPM 
 

Description of the Plx rating procedure (according to Knapp 2018): 

• Two rating factors are used: Distance between the components in AU and relationship Plx error to Plx val-
ue. The distance between the components is calculated from the inverted GAIA DR2 parallax data (if posi-
tive and Plx>3*e_Plx) and the angular separation using the law of cosine. Realistic case is based on the giv-
en Plx values and the best and worst case scenario uses the given e_Plx data on the Plx values to estimate a 
smallest and largest possible distance 

• "A" for worst case distance, "B" for realistic case distance and "C" for best case distance less than 200,000 
AU (means touching Oort clouds for two stars with Sun-like mass) and “D” for above 

• "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 likelihood for being potentially gravitationally 

bound. 
A Plx Score of  

• less than 10 means a likelihood of or near zero 
• less than 50 means a likelihood lower than 50%  
• larger than 50 means a likelihood larger than 50%  
• equal 100 means a likelihood of 100%  
for a distance between the components smaller than 200,000 AU. 

 
These likelihoods are based on the assumption that RA and DEC coordinates as well as parallaxes are normal 

distributed measurements with the given error range as standard deviation. 
 


