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Abstract: This report counter-checks a random sample of CBL objects for the probability of
being physical pairs using TGAS proper motion and parallax data finding most of them com-
mon proper motion pairs indeed but only in one case with some probability for gravitational

relationship

Introduction
The WDS catalog contains (starting with the first

Caballero JDSO report in 2009) per August 2017 about

600 CBL objects — most of them V-coded as assumed

physical pairs by means of common proper motion. The

TGAS subset of GAIA provides PM and Plx data for

stars already covered in the Tycho and Hipparcos cata-

logs (Michalik at al. 2015) with some overlap for a part

of the CBL objects. As a random CBL objects sample, I

selected 23 objects with ~12mag secondaries. Next step

was then to identify these objects in the 2MASS images
and load the GAIA DRI data to check the PM values
for common proper motion using the CPM assessment
model from Knapp and Nanson 2017. The results for

the selected CBL objects are given in Table 1.

To make the CPM assessment more transparent the
proper motion vector attributes direction and length and
the differences are given in Table 2 as well as the
TGAS Plx data with a calculation of the distance be-
tween the components for three cases with an assess-
ment of the probability of an existing gravitational rela-
tionship:

e Best case: The PIx values are assumed the largest
possible value within the given error range — the
distance is then simply the part of the circumfer-
ence with a radius given by this PIx

e Realistic case: Using the given GAIA DRI values
PIx1 and PIx2 — this adds to the best case the dis-
tance of the Plx data calculated approximately us-
ing the Pythagorean theorem

e Worst case: The given Plx errors work to full extent
giving the largest possible distance — again calcu-

lated approximately using Pythagoras.

The assessment of a potential gravitational relation-
ship between the components is then based on a quite
simple approach assuming average means Sun like star
mass with a then assumed gravitational “border” at the
outer rim of the Oort cloud at ~100,000 AU. If the
“realistic” distance between the components is there-
fore less than 200,000 AU then a potential gravitational
relationship is assumed to be present with a high proba-
bility because of the overlapping Oort clouds (for de-
tails see Appendix B).

Summary

From 23 total objects, only 2 are to be considered
probably not CPM pairs, confirming the assumed high
quality of the CBL objects. Eleven objects did not al-
low for an assessment of gravitational relationship due
to missing GAIA DR1 PIx data for at least one compo-
nent. From the remaining 12 objects, only one can be
considered physical in terms of at least some probabil-
ity of gravitational relationship. All other pairs save 2,
have a very small probability of being physical. And 2
objects are, with the given measurements, outside of
any possibility of gravitational relationship (however,
this does not exclude the possibility of common origin
from the same molecular cloud).

(Text continues on page 361)
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Counter-Check of CBL Double Stars for being Physical Pairs
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Appendix A - Description of the CPM rating procedure:

e Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position error
in relation to proper motion vector length according to Knapp and Nanson 2017 with extension for relation
separation to proper motion speed

e Proper motion vector direction ratings: “A” for identical direction within the error range (given by assuming
the worst case of the position error pointing in right angle to the PM vector), “B” for similar direction within
the double error range, and “C” for outside

e Proper motion vector length ratings: “A” for identical length within the error range (given by assuming the
worst case of the position error pointing in the direction if the PM vector), “B” for similar length within the
double error range, and C for outside

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

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

e To compensate for excessively large position errors resulting in an “A” rating despite rather high deviations an
absolute upper limit is applied regardless of calculated error size:

e Proper motion vector direction: Max. 2.86° difference for an “A” and 5.72° for a “B”

e  Proper motion vector length: Max. 5% difference for an “A” and 10% for a “B”

e To compensate for any overly small error “allowance” (result of a combination of very small position error
with large PM vector length) the following exceptions are applied:

e If the PM vector direction difference is larger than this calculated “allowed” error but still less than 0.5° then
an “A” is given, a “B” is given for larger than 0.5 but less than 1 degree, and a “C” is given if above

o If the PM vector length difference is larger than this calculated “allowed” error but still less than 0.5% then an
“A” is given, a “B” is given for larger than 0.5 but less than 1 percent, and a “C” is given if above

Appendix B - Description of the Plx rating procedure:

e Two rating factors are used: Distance between the components calculated from the given PIx data and relation-
ship of given PIx error in comparison with the given Plx data

e Distance rating: “A” for distance less than 200,000 AU assuming average star mass means Sun like and an as-
sumed gravitational relationship border with Oort cloud distance, “B” for a distance of less than 300,000 AU,
“C” for distance larger than 300,000 AU but best case scenario less than 200,000 AU and “D” if distance larg-
er 300,000 AU even in best case

e PIx error rating: “A” less than 5%, “B” less than 10%, “C” less than 15% and “D” larger than 15% PM error
size in relation to the given PM data



