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Abstract:  The WDS catalog contains in total 14,169 Tycho Double Stars (based on Fab-
ricius et al. 2002) with the designation TDS/TDT. So far (per August 2018) only 1,366 such 
objects got confirmed by at least a second observation. Out of these 1,366 confirmed TDS ob-
jects 1,079 were recovered as Gaia DR2 pairs. This statistic has been broken down to separa-
tion classes to check the performance of Gaia DR2 for resolving close doubles more in detail. 
Additionally 1,034 TDS objects with so far only one observation got confirmed by Gaia DR2 
raising the percentage of confirmed TDS objects from less than 10 to ~17%. Finally the 
matched TDS objects were checked for being potentially binaries by means of common paral-
lax.  

1. Introduction 
The claim of unprecedented precision and sky cov-

erage of the Gaia DR2 catalog raises some hope to fi-
nally get most precise measurements for most if not all 
objects in the WDS catalog. A closer look at the docu-
mentation papers coming with Gaia DR2 dims this ex-
pectations significantly – Gaia DR2 resolves doubles 
“only” down to 0.4" separation and the hit rate in the 
sub-arcsecond range is less than perfect. The first im-
pulse to try Gaia DR2 with the full WDS catalog quick-
ly loses its appeal for this reason – having a look at a 
specific group of WDS objects seems better suited to 
check not only the performance of Gaia DR2 in detail 
but to gain also valuable new data for this object group. 
One of the groups of WDS objects of special interest 
are the Tycho Double Stars with a status of questiona-
ble data quality due to the currently low confirmation 
rate of less than 10%. Several attempts were recently 
made to either get confirmations for Tycho Double 
Stars with so far only one observation or to declare 
them for good reasons as bogus objects (for example 
Knapp and Gould 2016) – but the tools available to do 
this were until now rather limited. 

Using the CDS TAP-VizieR tool, a total of 14,169 
TDS/TDT objects were selected from the WDS catalog. 
Using the CDS X-match tool, these objects were then  
cross-matched for the primary with DR2 with a search 
radius of 5" around the given WDS J2000 position. Due 

to the density of DR2 objects this yielded 19,306 ob-
jects. With the given Gaia DR2 J2000 positions and the 
WDS data for separation and position angle the J2000 
position for the secondary was calculated with the ca-
veat that Gaia DR2 provides for a good part of the com-
ponents of the TDS objects no proper motion values 
and thus the calculated positions were a mix of J2000 
and J2015.5 coordinates. These calculated positions 
were again matched with Gaia DR2, but this time with 
2" search radius for the secondaries giving 32,719 ob-
jects including the unavoidable self-matches for the pri-
maries.  

As next step a drill down process was started after 
calculating separation and position angle for the found 
pairs (observation epoch J2015.5): 
• Eliminating the self-matches of the primaries by  

recognizing a separation of zero. 
• Eliminating all pairs with a difference between cal-

culated and WDS given position angle larger than 
15°. 

• Eliminating all pairs with a difference between cal-
culated and WDS given separation larger than 50%. 
This threshold at first looks far too generous but we 
are talking here of mostly very small separations 
and for example a given WDS separation of 0.4 and 
a found Gaia DR2 separation of 0.6 would result in 
a 50% separation delta yet looks pretty much like a 
good match, especially if other parameters like po-
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sition angle and magnitudes are close to the WDS 
data. Another aspect requesting some tolerance is 
the fact that the positions used for calculating the 
Gaia DR2 separation are J2015.5 with accumulated 
proper motion since 1991 (the Tycho Double Star 
observation epoch) 

• Sorting the objects by discoverer ID and checking 
for multiple matches made clear which objects had 
to be checked in detail to keep the best matches 
with the given WDS parameters not only for posi-
tion angle and separation but also for the magni-
tudes 

• Finally, even the best matches by position angle 
and separation could only be false positives if the 
Gaia DR2 magnitudes in the G band were far be-
yond the given WDS magnitudes, so these objects 
had also to be deleted 

 
The end result was 2,113 remaining TDS to Gaia 

DR2 matches considered to be valid. 

2. Results 
The details of this cross-match and drill down pro-

cess are as follows: 
• 320 TDS objects are (in the WDS “precise last on-

ly” list) given with a separation smaller than 0.4” – 
no match is to be expected for this class of objects 
as this is the declared resolution limit of Gaia DR2 
(Arenou et al. 2018) 

• 8,562 TDS objects are listed with 0.4 to 1 arcsec-
ond separation with 282 of them confirmed with 
more than 1 observation. 102 such objects were re-
covered as Gaia DR2 pairs which means a hit rate 
of 36%. In total 435 objects in this class were re-
solved in Gaia DR2 which means about 300 new 
confirmations but also that only about 5% of the 
TDS pairs in this range got a hit. Taking the recov-
ery rate for the confirmed objects as expectation for 
the rest of so far unconfirmed objects in this range 
we can estimate the number of TDS bogus objects 
in this class to ~7,350 

• 3,029 TDS objects are listed in WDS with a separa-
tion between 1 and 2 arcseconds with 448 of them 
confirmed with more than 1 observation. 424 such 
objects were recovered as Gaia DR2 pairs means a 
hit rate of 95%. In total 1,002 objects in this class 
were resolved in Gaia DR2 which means about 580 
new confirmations. I we take the 95% ratio as ex-
pectation for this class of objects then we can ex-
pect ~2,000 bogus TDS objects here 

• 1,860 TDS objects are listed in WDS with a separa-
tion between 2 and 3 arcseconds with 288 of them 
confirmed by more than 1 observation. 266 such 

objects were recovered as Gaia DR2 pairs means a 
hit rate of 92%. In total 380 objects in this class 
were resolved in Gaia DR2 which means 114 new 
confirmations. I we take the 92% ratio as expecta-
tion for this class of objects then we can expect 
~1,450 bogus TDS objects here 

• 398 TDS objects are listed in WDS with a separa-
tion of larger than 3 arcseconds with 307 of them 
confirmed by more than 1 observation. 287 such 
objects were recovered as Gaia DR2 pairs means a 
hit rate of 93%. In total 289 objects in this class 
were resolved in Gaia DR2 which means a meagre 
2 new confirmations – not such a surprise as at this 
separation range resolution is no longer a challenge 
even for amateur telescopes. I we take the 93% ra-
tio as expectation for this class of objects then we 
can expect ~90 bogus TDS objects here meaning 
that all TDS objects in this class so far not con-
firmed can be considered bogus. 

 

In Table 1 the first 20 rows of the list of the cross-
matched TDS objects are given with a subset of the da-
ta. The full list with all columns can be downloaded 
from the JDSO website as “TDS XX DR2”. 

3. Check for binaries 
Finally the found matches were checked for being 

potentially binaries by calculating the distance between 
the components of the pairs using the parallax data pro-
vided by Gaia DR2 which was the case for at least a 
part of the objects. After eliminating all objects with 
missing or negative parallax values or Plx values small-
er than 3 times the given parallax error range 1,556 
pairs remained available for assessment according to 
Knapp 2018 (see Appendix A). 12 pairs qualified for 
being most probably physical and additionally 90 pairs 
as probably physical – in total 6-7% of the pairs with 
usable Plx data given. 691 pairs are to be considered 
probably opticals with maybe the one or other common 
proper motion pair thrown in and the rest is to be con-
sidered as most certainly optical. 

In Table 2, the first 20 rows of the list of the cross-
matched TDS objects are given with a subset of the da-
ta. The full list with all columns can be downloaded 
from the JDSO website as “TDS XX DR2 Plx”. 

4. New pairs found? 
As a side result several hundred Gaia DR2 pairs 

were found during the matching process as close ob-
jects to TDS pairs but with magnitudes beyond the TDS 
range. This number shrank significantly by eliminating 
all objects with negative parallax or parallax value 

(Text continues on page 182) 
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smaller than 3 times the given parallax error range. But 
also for the rest the given Plx values were insignificant 
so none of the found pairs qualified as potentially bina-
ry. 

5. Summary 
To summarize the results above, we get 13,849 

TDS objects with a separation larger than 0.4" (See Fig-
ure 1) with 1,325 of them with two or more observa-
tions. 1,079 such objects were recovered in Gaia DR2 
which means (not counting the objects with separation 
below 0.4") an overall hit rate of 81%. In total 2,113 
TDS objects got resolved in Gaia DR2 which means 
more than 1,000 new confirmations. And overall we 
have to expect that ~11,000 TDS objects are most cer-
tainly bogus – which means close to 80%. 

Taking a look at the Gaia DR2 recovery perfor-
mance we find that pairs below 0.4" separation are gen-
erally not covered. Pairs between 0.4 and 1.0" separa-
tion have a hit rate of ~36% and for objects with sepa-
ration larger than 1” we find a hit rate of 93 to 94%. 
These values might be not perfect (especially for pairs 
with a separation larger than 2" one would expect close 
to 100%) but make evident that Gaia DR2 is certainly a 
valuable source for counter-checking of close double 
stars not only for new precise measurements but also 
for assessing the possibility of gravitational relation-
ship. 
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(Continued from page 179) 

Figure 1. Status of Tycho Double Stars 
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Appendix A 

Description of the Plx rating procedure 

 

• The distance vector of the two components of a pair is calculated with the naive approach 1/Plx +/- error range 
and the distance between the components is then calculated using the law of cosines with the two resulting 
vectors and the given angular separation 

• “A” for worst case distance (Plx with errors applied for largest possible result), “B” for realistic case distance 
(using given Plx without error) and “C” for best case distance (using Plx with errors applied for smallest possi-
ble result) 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 probability for being potentially gravitationally 

bound 
 


