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Abstract: A recent paper (Bowler et al. 2019) reports the identification of 221 young star
binaries in the solar neighborhood. A common proper motion assessment scheme was used
for the purpose to declare a pair as likely binary based on the comparison of multi-epoch im-
ages if available. For the remainder of the reported pairs without multi-epoch images availa-
ble the authors assumed that the vast majority are likely physical binaries due to the low den-
sity of comparably bright stars nearby.

This report counterchecks this proposition using GAIA DR2 parallax data allowing to
check the likelihood for gravitational relationship by calculating the spatial distance between
the components of the proposed binaries. Only 49% of the 221 proposed young star binaries
could be successfully cross-matched with GAIA DR2 and only 25% got confirmed as likely
binaries but most of these are already known doubles listed in the WDS catalog while the con-
firmation rate drops dramatically for pairs considered as newly detected. The overall low re-
covery rate suggests an issue with the GAIA DR2 object coverage in the solar neighborhood.

1. Introduction

Bowler et al. reported in a recent (May 2019) paper
the identification of over 200 late-type (<K7-M5 means
late-K and M dwarfs) star binaries in the solar neigh-
borhood selected primarily on the basis of activity indi-
cators from GALEX (Galaxy Evolution Explorer) and
ROSAT (All-Sky Survey Bright Source Catalogue).
The identification of pairs as “young binaries in the
solar neighborhood” is the declared focus of the report
and not the detection of new binaries although it is
claimed that the vast majority of the reported pairs are
new discoveries. This project was started before the
release of GAIA DR2 so the meanwhile available paral-
lax values were not used for binary assessment. Instead
multi-epoch images were used to test whether compo-
nents of pairs are likely background stars or physically
bound by means of common proper motion. For a good
part of the reported pairs no multi-epoch images were
available but these were assessed as being physical due
to the low density of comparably bright stars nearby.
This report checks this proposition using GAIA DR2
parallax data allowing to assess the likelihood for gravi-
tational relationship by calculating the spatial distance

between the components.

2. Cross-matching of the Reported Objects with
Gaia DR2 and WDS

As the number of objects is reasonable small I de-
cided to follow a simple manual approach with entering
the given 2MASS ID into CDS Aladin using DSS or
2MASS images, loading the GAIA DR2 and WDS cat-
alog data for the given view and selecting then the com-
ponents matching with separation and position angle
given by Bowler et al. 2019 in table 4. In some cases
with missing proper motion data for one component it
was necessary to move the Aladin epoch slider to
2015/16 to identify the correct match.

For the pairs with successful GAIA DR2 matches
for both components the data was copied into a spread-
sheet calculating epoch 2015.5 separation and position
angle, assessing the likelihood for common proper mo-
tion in case of existing proper motion values for both
components and calculating the spatial distance be-
tween the components in case of existing parallax val-
ues for both components. To cover the full error range
of the given GAIA DR2 values for RA, Dec and PlIx a
Monte Carlo simulation with a sample size of 120,000
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was used to identify significant properties of the result-
ing distribution of the distance between the compo-
nents. The smallest possible distance from the simula-
tion was used as most optimistic estimation for the min-
imum value for the semi-major axis of a potential orbit
allowing for the calculation of a smallest possible orbit
period assuming zero inclination and in total double

Sun mass (approach similar to Farihi et al. 2010). As

the likelihood for such a small spatial distance is usual-

ly extremely small the same calculation was also done
for the median simulation distance to get a more realis-
tic view. Both values should be taken with caution:

o To take the currently measured spatial distance
between the components as value for the semi-
major axis ignores the influence of eccentricity
as it is most likely that the observed separation
for high eccentricity pairs is near apastron so the
“real” semi-major axis would tend to be some-
what smaller

. The assumed mass of the components as equal to
one Sun mass might be considered as very upper
limit for the Bowler et al. 2019 objects as these
are declared as mostly red dwarfs so an average
of 1/3 Sun mass would be more reasonable.

In the few cases with luminosity values available
for both components like for example SKF 220 it
would have been possible to estimate the mass with the
rough relationship L ~ M and with effective tempera-
ture values given this estimation might even be en-
hanced with a stellar class specific luminosity relation-
ship. But the huge spread caused especially by the error
range of the DR2 parallax values most likely overcom-
pensates these simplifications anyway.

The results of the matching process including CPM
assessment are given in Table 1.

All deltas between the position angle of reported
and successfully cross-matched pairs are (with the ex-
ception of one case with an exceptionally large GAIA
DR2 position error) below 7 degrees and the deltas be-
tween the separations of reported and cross-matched
pairs are all less than 10%. For about 10% of the suc-
cessfully cross-matched pairs the visual magnitude of
the secondary is more than 1 magnitude fainter than the
15mag threshold declared by the authors.

From 83 pairs reported as likely CPM pairs 43 were
successfully cross-matched with GAIA DR2 — the CPM
assessment based on GAIA DR2 data confirms com-
mon proper motion for only 9 objects. This disappoint-
ing result might at least for a part be explained by the
high precision of the GAIA DR2 values giving little
room for interpretations within the given error range.

The results of the assessment for potential gravita-

tional relationship (PGR) are given in Table 2.

The assessment for potential gravitational relation-
ship is based on the results of a Monte Carlo simulation
using the GAIA DR2 values as mean values of normal
distributions with the given error ranges as standard
deviations (see Appendix for details). In many cases the
spread caused by large relative parallax errors is huge
and requires even with a sample size of 120,000 repeat-
ed simulation runs to cover the full range of possible
results.

55 out of 94 objects suitable for potential gravita-
tional relationship (PGR) assessment remained with a
likelihood >50% inside the threshold of ~1 parsec dis-
tance between the components suggesting these might
be likely bound by gravitation with the rest of 40 ob-
jects assessed as likely rather optical pairs. This means
that 58% of the reported and successfully cross-
matched objects are indeed likely binaries with two
third of these even with 100% likelihood below the ap-
plied threshold of ~1 parsec. On the other side 42% of
the reported objects are likely optical pairs with half of
these with 100% likelihood outside the threshold mean-
ing zero likelihood for being physical.

From the 102 pairs already known 60 were success-
fully cross-matched with GAIA DR2 with 51 of them
assessed positively for potential gravitational relation-
ship (PGR). From the 119 pairs considered as new dis-
coveries 46 were successfully cross-matched with
GAIA DR2 with only 5 of them assessed with a likeli-
hood >50% for PGR plus 9 with a likelihood of at least
>10%. This comparison might be a bit unfair as the al-
ready known binaries include a few discoveries based
on GAIA DR2 data mining — still this result raises
questions about the binary attribute of the vast majority
of the reported objects considered new discoveries.

3. Discussion of the Results

Out of the 221 listed assumed young binaries 102
are ident with already known double stars (listed in the
WDS catalog or already published but per end of April
2019 not yet included in the WDS catalog) and six ob-
jects overlap with a component of such double stars. In
most such cases a corresponding reference was given
by the authors of the report (clearly with exception of
the objects not yet listed in the WDS catalog at the time
the report was written) but a few matching WDS ob-
jects were missed (as for example CRC 74 for
J17340562+4447082).

Having begun this study prior to GAIA data releas-
es, the authors approach to selecting targets for follow-
up observations has relied only on proper motions and
sky positions without the advantage of having parallax-

(Text continues on page 572)
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Content description for table 2:

. Object Given 2MASS ID

. WDS_Disc WDS discoverer code

. PIx1 Parallax primary from GAIA DR2

. e_PIx1 Error parallax primary from GAIA DR2

U PIx2 Parallax secondary from GAIA DR2

. e PIx2 Error parallax secondary from GAIA DR2

. Min_AU Minimum distance between components in AU (see Appendix)

. Med_AU Median distance in AU (see Appendix)

. Max_AU Maximum distance in AU (see Appendix)

. L_PGR Likelihood for distance < 200,000 AU

° P_min_yrs Minimum orbit period in years (see Appendix)

° P_med_yrs Medium orbit period in years (see Appendix)

. E_PIx1 Relation e_PIx/PIx for primary ("OK" for <0.5%, else "II")

. E_PIx2 Relation e_PIx/PIx for secondary ("OK" for <0.5%, else "!I")

° Notes Notes (see below)

Notes:

1. Not resolved in DR2

2. Reported in Knapp 2019, Physical Pairs found in GAIA DR2, DSSC27, Pages 55-72
3. Most likely optical

4. Likelihood optical >50%

5. Resolved in DR2 w/o PIx

6. Wrong 2MASS ID, should be J01034013+4051288. Given ID is for LDS3225A. Physical triple
7. Reported in Knapp and Nanson 2019, A Catalog of High Proper Motion Stars in the Northern Sky (HPMSNS Catalog),

JDSO Vol. 15 No. 1, Pages 42-58
8. B double itself?
9. Resolved in DR2 but with Sep and PA too different to be considered a valid match
10. Overlap with SKF 8B
11.  Overlap with CAB 22A
12.  Plx error too large to be included in 2)
13.  Overlap with CAB 23A
14.  Overlap with WIS 315A
15.  Overlap with JOD 16A
16.  Overlap with SKF1087A
17.  Overlap with HJ 1433B

18. Might be bogus — no object for the secondary to locate at the given position. May be typo for separation with 6.2 instead
of 1.2”. Object for secondary given here but without data for CPM and PGR assessment
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(Continued from page 560)
es. This seems to have worked reasonable well as with
a few exceptions all matched objects are according to
the GAIA DR2 parallaxes clearly within the declared
search radius of 100 parsecs — only 10% of the objects
with GAIA DR2 parallax data available are listed with
parallax values <10 and only 6 of the assumed compan-
ions are obviously background stars with parallax val-
ues <1. The assessment of the identified pairs for being
physicals was done on base of assumed common proper
motion based on tests using multi-epoch images — as
common proper motion is not a sufficient criterion for
such an assessment (Knapp 2019) this has the unavoid-
able consequence of declaring pairs as likely physical
while the components are due to the given spatial dis-
tance clearly without any reasonable likelihood for
gravitational relationship. As comparison of multi-
epoch images was only available for a part of the re-
ported pairs the authors assumed that the vast majority
of the single epoch objects are expected to be physical
binaries based on the low number density of compara-
bly bright stars nearby — this might be a case of moti-
vated perception rather than a serious assessment.

Out of the 221 listed assumed young binaries 106
could be successfully matched with GAIA DR2 objects
with 94 of them with proper motion and parallax data
available for common proper motion and potential
gravitational relationship (PGR) assessment.

In total 115 reported objects could not be matched
with corresponding GAIA DR2 objects giving a meagre
overall recovery rate of 49% compared with for exam-
ple the 99% for SKF objects (Knapp 2019).

But 24 objects are listed with a separation <0.4
arcseconds below the resolution limit of GAIA DR2
(Arenou et al. 2018) and 73 with a separation <l
arcsecond which means in a range known for a bad
GAIA DR2 resolution performance — yet in this case
this performance is especially bad: Only 7 out of 73
objects with a separation <1 arcsecond are resolved.

24 out of 123 objects listed with a separation >1”
remain also without resolution in GAIA DR2 - this
gives a recovery rate of ~80% for such objects. This
result is in comparison with other known double stars
of similar separation rather modest yet does not allow
for a prematurely conclusion that some of the proposed
binaries might be bogus — the provided image material
looks despite some gaps (for example images for
J19543755+2013065 and J20194925+2256367 are
missing) and some mislabeling (for example
J22413577+2602128 instead of J22413501+1849277 or
J01001613+1251007 instead of J01034013+4051288)
very convincing.

4. Summary

Only 49% of the 221 proposed young star binaries
could be successfully cross-matched with GAIA DR2
and only 42.5% with proper motion and parallax data
available for both components. 25% are confirmed as
likely binaries but most of these are already known
doubles listed in the WDS catalog while this confirma-
tion rate drops dramatically for pairs reported as newly
detected.

The overall low recovery rate indicates either an
issue with the data of the reported young binaries or an
issue with GAIA DR2 data quality - the known weak-
ness of GAIA DR2 with very high proper motion ob-
jects in the solar neighborhood (Knapp and Nanson
2019) suggests the latter. This conclusion is supported
by several cases of GAIA DR2 cross-match mishits
with obviously existing objects in PanSTARRS1 imag-
es in the given positions.
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Appendix
Description of the CPM rating procedure (according Knapp and Nanson 2017 and Knapp 2018):

o Four rating factors are used: Proper motion vector direction, proper motion vector length, size of position
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 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

o 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”
o 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 PGR assessment procedure (according to Knapp 2019):
o GAIA DR?2 data for RA/Dec and Plx 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

\/a2 +b? —2abcosy

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

y= arccos[sin(DEl) sin(DEZ) + cos(DEl) cos(DE2) cos(abs(RAl - RAZ))]

. 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 smaller than 200,000 AU

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

. The smallest/median/largest distance is also used as estimation for the minimum value for the semi-major
axis of a potential orbit allowing for the calculation of a smallest/median/largest possible orbit period as-
suming zero inclination and in total double Sun mass.

Estimation of visual magnitudes (according Knapp and Nanson 2018):
The estimation of the visual magnitudes is based on GAIA DR2 G/B/R-mags using the formula
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V.. =3.9379083526304 + 0.269235360436179 * Gmag' 6701081887491 _ () 123879978164097 *[Gmag — Rmag] —0.943379695375539 *[Gmag — Bmag]

with a regression coefficient of 0.999 and a standard deviation of 0.064 derived by statistical analysis using nonlin-
ear regression with the UBVRI catalogs of Landolt&Clem (VizieR II/183A, J/AJ/146/88 and J/AJ/152/91) after
eliminating a few outliers due to questionable cross-match results with GAIA DR2. This estimation 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.




