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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):

e Eliminating the self-matches of the primaries by
recognizing a separation of zero.

o Eliminating all pairs with a difference between cal-
culated and WDS given position angle larger than
15°.

o 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)

e 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

e 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:

e 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)

e 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

e 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. | we take the 95% ratio as ex-
pectation for this class of objects then we can ex-
pect ~2,000 bogus TDS objects here

e 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

e 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 PIx 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)



Page 180

Journal of Double Star Observations

January 1, 2019

Vol. 15 No. 1

Cross-Match of WDS TDS/TDT Objects with DAIA DR2

s9albop Ul G'GLOZ Yyoods uopealssqo 0eq =
saa169p Ul G'GL 0z Yyoodsa uoiea1asqo vy

810z 1snbny Jad g 01 Buipiodoe suoleAIasqo Jo JaquinN

sew ul g 99 uonow Jadold = zZoaqwd
Sew Ul gz vy uonow yadold =  zyywd
sew ul | 99 uonow Jadold = |2o9qwd
Sew ul | Y uonow Jadold = Lvywd
sew ul gz xejeled = gXid

sew ul | xe|eled = IX|d

Zbews =  gbewo

\pewn = |Bewn

soalbap ul 9bue uonisod Joug = yd o
saaibop ul 9|bue uonisod = vd
spuooasoie uj uojeledss Joug =deg o
spuodasose ul uojjeiedeg = deg
G§'GL0cC 98d

= G'GL0C v

= sqou

sjusuodwo) = dwo)

apoo JaIdn0osIq = 9sIg

dlsam = sam

"SJUsjUO9 | 8|qe] jo uonduosaq

LEZ 9T- | THP "9 Z8€°GT- | 65879 802L"Z | €99€°Z | 8L8 TT | 60T TT | 269°9€ | LZELY'T 6LZLESEY T | 8ZHSEORGE € z L SAL | 9220+PET00
TZ0"%T- | 8EL"8T G9€"€T- | TZT 61 L€Z0" Y | LSS0 | €69°CT | TP TT | €2h €62| €v08L S | 9F0€ZG8E LY | T90TELS6C € i4 GPETSAL | €2LP+ZET00
vz T L8 L GZL"0- GG°6  |GT09°0T- [€929°T €21 ZT°TT | 96€°GET| 2002 T | ¥6TZTZ95°0S | SPSHOSE08°C T G SAL | $E0S+ZTT00
705 €€- [ 8€0°S 620°G | 8T9°TT | 626 0T | 0bZ°922| 9¥86L"T | 6L25029€h ¥ G6Z7ZEB6E"T z €2€T1SAL | 92F0+96000
€76 0T | 862 0T | 942728 | ¥6909°0 | TG086L9€°T9 | 9028L0OZSE T T TZETSAL | 2219+¥6000
89L°TZ- | 99°L9T | €S€°02- | 866 L9T| 8S0T L |T0Z0 L T9°0T | €99°0T | VLS LLZ| 6T99%°6 ZLYZSSE EE-| BFTIEE6EE T 0T ZZETSAL | TZE€E-$6000
618 L- |ELL'GE- | 6LV 6- | LV 9€-| LL60°E€ |PPOP € | 60S TT | STO'TT | 0LO'9Z | 8G9€V T | €S6HT90SG 8L | CBLEITBZT T z 80ETSAL | 0€8L+58000
662°C- | T119°2- L¥00° T G TT | T86°0T | L6L°T8T| 9GL6L 0 | TETZSSTL 2S | TI68TLITL T T v SAL | €¥2S+69000
LL"G- |908°0- G6°G- |€TL T~ 6VT T |9L8E€"T | $E€9°CT | €99°TT | ZT€°6T | €LEL6 T | ST669LF0°Gh | 90VSLGLED T T L62TSAL | €0SP+99000
LT8°9- | T€9°1- Z19°9- |88Z 1- Thb T | LZ8E'T | 906°2T | €9€°2T | 06L°T8 | GS066°C | 8GS8FTIBL 8T | TCSE9G98G° T z T62TSAL | LP8T+E9000
vLZ"2T- | T6L°GT- | 6CL L- |L8L'0T-| €92E°0 |€VEL € | GI9L"TT GT"TT | PSP LZT| 98G€0°T | TS66SZV6° 7S | 662€9TECS T z 68ZTSAL | LSPS+T9000
I96°G- |GLL'E€T G6v h- | ¥6E°GT $969°C | €€2L°C | 9€8°TT | ¥8S TT | bIb LSZ| PIZET"C | SOVZS66L°8F | 298TVLBY0"T z 082TSAL | 8¥8F+EF000
Ly 6- [965°¢ €20°6- |998°2C p8%0°C | T6T0°C | 646°TT | L¥6°TT | ¥98°GE€E| 9¥PTIS T | 260L2980°LE | 99LLPIPI0 T z 18Z1SAL | SOLE+EF000
Z09°0T | 80L 0T | €20°85Z| 8¥ST9°0 | GOBLZEET 6G | TE6TF609L°0 T TLZTSAL | 806G+0E€000
6LE"LY- | SET0€E G99°6%- | 126 G¢ TOT"8 | T6LT 8 | €66°0T | Z0E°0T | 8ZL 9% | OLFOS'T LZ0T86S VL] FTESSTETL 0 z ay | € Sal | 9€¥L-62000
zeTe- | 8¥L8 G090°€ | 890 TT | 262 0T | 8L9°Z6T| TTTL6°0 | ¢LBZIE00 T9 | ZLOBETLIO O T Z SAlL | 00T9+52000
¥69° ¥ p95° € ¥662°T-| €9°0T | L69°0T | G€9°9¥2| G292L 0 | TTOLTSGC6°GS | LLLEIELZS O z 8GZTSAL | 965G+T2000
€80°¢ 7S G- 8Tv"¢- | 168 2- GZ0Z°0 |Z6L5°0 | LLT'ZT | GEE€ TT | SZz beZ| 9€S20°T | TSPP60EZ 09 | ZTTOZILSE O T pSZTSAL | PT09+8T000
¥2Z T- |980° % 820°¢- | €zE 1~ Z0°Z | L08S 0-| LS8 0T | 889°0T | 998°8T€| 9L588°0 | 699€0590°LS | TFS6FPSSE" 0 T T SAI | POLS+FT000
£%6°0 €26°6- €609°C | ZZ6 TT | TIB 0T | 62ZF°00Z| 168E€G°0 | TVLO6ELZ 0G | €90¥2T¥0Z°0 T 9%ZTSAL | 9T05+80000

zoaqud zvgud Toaqud Twgud ZX1d IXTd zbeun THeun ¥d des S'ST0Z ©°a §°GT0Z ¥ | sqou| dwod osTa Sam

24 oD yna $192[q0 [q1/SAL SAM YIIDUI-SS040 SHNSIY [ 2]V




Journal of Double Star Observations Page 181

January 1, 2019

Vol. 15 No. 1

Cross-Match of WDS TDS/TDT Objects with DAIA DR2

)uelq asje ‘jeando Joy S, 40 [eaisAyd Joy , 1, J8Yld apod SAM pajsabbng
diysuonje|al jeuoneynelb jenusiod oy Ayjigeqold pejewnsy
diysuonejal jeuoneyiaelb jepuajod oy Buijes paseq Jopa] =

NV Ul g 0} ¥ 9oUe)SIp 9SeD }SIOA

NV Ul g 0} Y 80UE)SIp 8se0 oljsijeay =

NV Ul g 0} ¥ @oUe)SIp 8seo jsag =

= 8oue)sig ase)

=S9JON
=21090S X|d
1ey X|d

1SI0M

aoue)siqg ese) onsljeay
aoueysiqg ase) jseg

spuooasole ul uojjeredeg = dag
Aiepuooss Joy xejesed o3 = gXd o
Alepuooss Joj xejeJed =g X|d

Aewud Joy xejesed Jog = Y Xd o
Aewud Joj xejeied =V X|d

(ue|q 4y gy) sjusuodwo)y = dwo)
P02 1aIdA0JSIP SAM = 9sId

dalsam =sam

:JUBJUOD 8|qe) 8y} Jo uonduosa(

b 08 ve 8%L"G0OL LVE TT 918°981'%C 298°8L9 6TT"T | G60T°0 | 0009°T | 68%0°0 | L66G"T Py TSAL ZhEP+PT 200
S T da 976°928°€15°82T G9T"LLE'Z98'C8 000°626“S592'S¥ pPSE'T | 9¥CT°0 | LP68°0 | LESO'0 | L96E'T LT SAL | 9SLS+E€£Z00
S T 4a 8L8°GZT'TL6 6L GEE"G60°026 67 9Py G9C LES BT 00%°T | OFPET 0 | 68TIT"T | 6850°0 | FPESG'T 9T sdi GELTZH0OEZ00
61 40 081°€88‘00€9 782°89€/9¢€€’1 GGZ"L8Z 9pZ"T | TIEE"0 | ¥ECE'F | GOET"0 | 9G0C° ¥ ZZh1SAl | 625¥+02200
hi 08 vd 266728V LvZ’T GG8 9T 08T 609°€SL €G6G°Z | T€E€0°0 | 8TLE"E | LSZO'0 | 6T19€°€ €T sdl €PP9+11200
0¢ YO Z19°€L6'TP8 12 6067969 105G GGT L66°T 220"z | €8€0°0 | ¥¥L6°0 | L8EO'O | ¥000'T zZ0¥1sdl 8GZG+L6T00
€1 an 619°659°020°8TT G6Z 00T ‘FL6'ED €GL"62C¢€ PPLT0 | €8G50 | 9TS9°Z | ¥29G°0 | 0W69°T T0¥TSAL G068-G6T00
0¢ w0 T12°629°TL6'6 12€° 166056 T L18°8%6 909°T | 60G0°0 | TZ¥9'T Zev0 0 | 918971 L8ETSAL £700+T8T00
S T 4a 0%6°82¥‘620'8S 0€9°06€ ‘222 %€ 6PT €92 Sre‘CT 6G2°T | 2€80°0 | 69TG°T | G80T'0 | 6T1Z'T 0T sdz GGZS+TI8T00
S T 4a T8V €6T'6€C'Gh 9LL°G68°009‘€€E SPSTv0C LEY‘CT Z0v"T | TEOT'0 | €0CP"Z | GITT 0 | 6G€EL"T LLETSAT PEECT+LITOO
S T 4a bbL 220°822'€91 0PS €P6°9L8°9TT 8LE"LT6'868 6L 89T"T | G210 | L898°0 | Z¥60°0 | 80TL'T LGETSAL £FZS+0ST00
S T da €96 ¥8T‘9LG 8T PSETPESLGETT 129 €vL'eze’e €L9°T | 8L0Z"0 | 802L"Z | 68%0°0 | €99€°¢C L SALl | 92Z0+PETO00
0¢ Y0 G89°ZHEOPS T GLS 8LV ‘F0¥ 66L°22%'T 08L°G | T6€0°0 | LEZO"F | TISO0°0 | LSGO'¥ GPETSAT €TLP+ZET00
0¢ ¥ L9L T6G H9L €€0°VLEPGE vZL 8EET 99%°6 | 08¥0°0 | 8S0T"L | TIS0°0 | 1020°L 22€£15dl T2EE-6000
S T va 88E"EET'TIV6'6 LG9°Z61'8%0 L 2967 zZLE ST Y LEY'T | 0€60°0 | LL60°E€ | 167070 | ¥POP € 80€£1SAL 0€£8L+58000
S T ¥a L60°89T/G0C €Eh €G1°69€°908°0¢€ 82T"L¥6'098'8T L6 T | 90G0°0 | P6FPT"T | L6E0°0 | 9L8E"T L621SAL £057+99000
0¢ ¥ €62°606'17Z ‘9T 986°99%‘S€0‘9 9€0°850°¢ 166°C | L9%0°0 | 0T¥P T 0TG0°0 | Lzge'T 162154l LP8T+€9000
0¢ ¥ 8L8°1.68'785'¢ 0T 929 ‘GGL T19°9LL ZET"Z | 16%0°0 $969°¢ | 91500 | €€eL T 0821SAL 8¥8Y+€¥000
0¢ Y0 182" Th6 ‘161G PP 992197 T 6L6°9€L PIS'T | 06€0°0 | ¥8FV0"C | 6S€0°0 | T6T10°C 1821SAl GOLE+EFO00
0¢ Y0 GT1Z°092'€8¥ IS TET'Ehe €12°0G€'¥ G0G'T | G670°0 | 0TOT"8 | 2LZ0°0 | T6LT"8 | ¥ | € SAL | 9€¥L-62000
Elfelely Jey 2ouelsTg 20url1ST(Q 20url1ST(Q — —
S@30N x1d x1d oses 1s710M sses orasTEsy oses 1509 des g XTd © | € XTd |V XId © | ¥ xTd4 |dwoDd EERel sam

uonv.avdas puv xvjp.ivd uo pasvq (po1sdyd Su1oq 10 JuduSSISSD Jo SINSaY [ 2]qV.[




Vol. 15 No. 1 January 1, 2019

Journal of Double Star Observations

Page 182

Cross-Match of WDS TDS/TDT Objects with DAIA DR2

TDS objects with Sep>0.4"

»

Already confirmed per August 2018 m Newly confirmed in this report

Most probably bogus m Expected to get confirmed in the future

Figure 1. Status of Tycho Double Stars

(Continued from page 179)

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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Appendix A

Description of the Plx rating procedure

e 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

e “A” for worst case distance (Plx with errors applied for largest possible result), “B” for realistic case distance
(using given PIx 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

e “A” for PIx error less than 5% of PIx, “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




