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Abstract: The topic of this report is the recovery of 68 WDS FAR objects in GAIA DR2 with
the intention to counter-check proposed potential gravitational relationship and assumed mini-
mum distances between the components of these pairs.

1. Introduction

The Farihi et al. 2006 and 2010 papers on White
Dwarf-Red Dwarf systems caught my attention with
the approach to estimate the smallest possible distance
between components of double stars with Monte Carlo
simulation using photometry based distance estima-
tions. I decided to cross-match the WDS FAR objects
with GAIA DR2 and to counter-check for potential
gravitational relationship (PGR) using GAIA DR2 RA,
Dec and parallax data for a Monte Carlo simulation of
the distance between the components of the double
stars.

2. Cross-Match of WDS FAR Objects with
GAIA DR2

The number of FAR objects, 68, is rather small so |
decided to do the cross-match with GAIA DR2 manual-
ly by entering the RA/Dec coordinates into Aladin
bringing up the DSS image for this position, loading the
GAIA DR2 catalog on top and identifying the corre-
sponding DR2 objects. In case of a positive cross-match
for both components the data was copied into a spread-
sheet executing a Monte Carlo simulation with sample
size 120,000 using the RA, Dec and Plx values as mean
values for a normal distribution with the given error
range as standard deviation. The resulting Plx and Sep
values were then used to calculate the distance between
the components of the double star with the law of co-
sines to estimate the likelihood of a distance smaller
than 200,000 AU (~1 parsec) considered as threshold
for potential gravitational relationship (Knapp 2019) as
well as the minimum, median and maximum distance
covering the GAIA DR?2 error range values.

Out of the 68 FAR objects, 23 are listed with a sep-

aration smaller than 0.4 arcseconds (the declared GAIA
DR2 resolution limit) and for this reason not suited for
cross-matching.

Out of the remaining 45 FAR objects 9 objects lack
resolution in GAIA DR?2 for at least one component and
36 could be matched successfully with GAIA DR2 ob-
jects but with 6 of them lacking parallax data necessary
for PGR assessment. From the remaining 30 objects
only 7 have a likelihood > 50% for a potential gravita-
tional relationship and an additional 3 have a likelihood
> 40%. 10 objects seem far outside the distance range
allowing for PGR and can be considered as most likely
optical pairs and another 10 pairs have a PGR likeli-
hood between 3 and 18%, mostly due to rather large Plx
errors, resulting in a huge spread in the likely distances
and for this reason also most likely opticals.

Table 1 lists the following 2015.5 GAIA DR2
based data for the successfully cross-matched 30 FAR
objects:

. WDS ID WDS ID

. FAR FAR object number

J C Component (AB if blank)

. PA Position angle in degrees

. e PA  Error position angle

. Sep Separation in arcseconds

. e Sep  Error separation

. Vestl  Estimated Vmag] calculated from
GAIA DR2 G/B/R-mags

o e Vestl Error Vmagl estimation (Vmagl
estimated only from Gmag if blank)

. Vest2  Estimated Vmag2 calculated from

GAIA DR2 G/B/R-mags
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) e Vest2 Error Vmag2 estimation (Vmag2
estimated only from Gmag if blank)
o pmRA1 Proper motion RA1 in mas/yr
o pmDE1 Proper motion DE1 in mas/yr
o pmRA2 Proper motion RA2 in mas/yr
. pmDE2 Proper motion DE2 in mas/yr
) CPMR Common proper motion rating
o CPMS Common proper motion score
o Notes Notes

14 out of these 30 objects are with a CPM score
>50% positively assessed for likely common proper
motion.

The estimation of the visual magnitudes is based
on GAIA DR2 G/B/R-mags using the formula

Vest = 3.9379083526304 +
0.269235360436179*Gmag"1.36701081887491 -
0.123879978164097*Gmag-Rmag] -
0.943379695375539* Gmag-Bmag]

with a regression coefficient of 0.999 and a stand-
ard deviation of 0.064 derived by statistical analysis
using nonlinear regression with the UBVRI catalogs of
Landolt&Clem (VizieR 1I/183A, J/AJ/146/88 and J/
AJ/152/91) after eliminating a few outliers due to ques-
tionable cross-match results with GAIA DR2. This esti-
mation formula shares the photometry caveats of GAIA
DR2 for very bright (<10Gmag) and very faint
(>18Gmag) objects according to Evans et al. 2018 and
Riello et al. 2018. In case of missing GAIA DR2 Bmag
and Rmag data the visual magnitude was estimated
with an average delta of +0.318 to Gmag.

Table 2 lists the following 2015.5 GAIA DR2
based data for the successfully cross-matched 30 FAR
objects using Monte Carlo simulation with a sample
size of 120,000 allowing for an assessment for potential
gravitational relationship (PGR):

. WDS ID WDS ID

. FAR FAR object number

. C Component (AB if blank)

o PIx1 Parallax1 in mas

. e Plx1 Error parallax1

o PIx2 Parallax2 in mas

) e PIx2 Error parallax2

. Min_Dist AU Minimum distance between the

components in AU from GAIA DR2 data
. Far MD AU Minimum distance between the
components in AU according to Farihi et
al. 2010
. Median AU  Median distance between the

components in AU from GAIA
DR2 data
o Max_Dist AU Maximum distance between the
components in AU from GAIA DR2 data
Potential gravitational relation
ship score
Minimum orbit period using the
minimum distance as semi-major axis with
zero inclination and 2 Sun masses
. P med Median orbit period using the
median distance as semi-major axis with
zero inclination and 2 Sun masses

. PGRS

. P _min

. e PIxIR Parallax1 error rating ("OK" if
<0,5% and "X" if larger indicating a relia
bility issue)

o e PIx2R Parallax?2 error rating ("OK" if

<0,5% and "X" if larger indicating a
reliability issue)

7 out of these 30 objects are with a PGR score >50%
(means percentage of simulation results with a distance
between the components smaller than 200,000 AU)
positively assessed for being likely bound by gravita-
tion but only 2 of them have a parallax error relation
e PIx/Plx <0.5% for both components making the posi-
tive PGR assessment for the other 5 objects somewhat
questionable.

The Farihi et al. 2010 report gives for 10 out of
the listed 30 FAR objects estimations for a minimum
distance between the components and for 7 of these the
GAIA DR2 data based estimations come very close to
the Farihi et al. 2010 values even if in most cases for
objects considered likely rather not physical due to
large parallax error values causing a huge spread re-
garding distances. This also means that the given mini-
mum distances have to be taken with the caveat that the
likelihood for these distances is extremely small.

Summary

Only about 50% out of the 68 FAR objects could
be recovered in GAIA DR2. Separations <0.4 arcsec-
onds means below the self-declared resolution limit of
GAIA DR2 (Arenou at al. 2018) are the main reason for
a lack of resolution and most of these objects are so far
still WDS listed with only 1 observation. Eight of the in
total 36 objects listed with so far only 1 observation
were positively cross-matched with GAIA DR2 raising
the percentage of confirmed FAR objects from 47 to
59%.

The percentage of likely physical pairs is even
with allowance for unfavourable parallax error relation
with 7 out of 30 objects in the average of WDS CPM

(Text continues on page 534)
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pairs thus not especially impressive. The concept of
using the distances of the components with their angu-
lar separation for a Monte Carlo simulation to get an
indication for the likely space distance between the
components and in consequence for the minimal orbit
period seems a valid one with the caveat that the likeli-
hood for such minimum distances is often extremely
small.
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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 posi-
tion error 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 simi-
lar 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” rat-
ing 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 likelihood for being CPM
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Description of the PGR assessment procedure:

) GAIA DR2 data for RA/Dec and PIx are used for a Monte Carlo simulation assuming a normal distribution
for these parameters with the given error range as standard deviation. The distance between the components
is calculated from the inverted simulated parallax data and the simulated angular separation using the law of
cosines

c=\/a2 —2abcos;/+b2

with a and b = distance vectors for the stars A and B in light years calculated as (1000/P1x)*3.261631 and y
= angular separation in degrees calculated as

y= arccos[sin(DEl)sin(DEZ) + cos(DEl)cos(DEZ)cos(abs(RAl - RA2))J

) The potential gravitational relationship score (PGRS) is the percentage of simulation results <200,000 AU
(~1 parsec) out of the simulation sample with a size of 120,000 corresponding with the likelihood that the
real distance is samller than 200,000 AU

o The smallest, median and largest distance is the smallest, median and largest result of the simulation sample




