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Abstract: The GAMBLES (Gaia Assorted Mass Binaries Long Excluded from SLoWPoKES) pro-
ject combines the data from TGAS (Tycho-Gaia Astrometric Solution) with the SloWPoKES (Sloan
Low-mass Wide Pairs of Kinematically Equivalent Stars) approach to identify binaries. This report takes

a critical look at this effort

Introduction

Brian Skiff made me aware of the interesting
GAMBLES report combining data from the SDSS and
GAIA projects to identify wide binaries assumed to
have a gravitational relationship, despite the large dis-
tance between the components.

GAMBLES Objects

The GAMBLES project (Oelkers et al. 2017) com-
bines the information from SDSS and TGAS (Michalik
et al. 2015) for finding additional binary candidates
based on a numerical cut process described in §3.1, but
relies additionally on the galactic model used for
SLoPoKES (Dhital et al. 2012) for evaluating if a pair
is to be considered as a bona-fide binary.

Listed in Table 1 are a few randomly chosen GAM-
BLES objects from a total of 8660 GAMBLES objects
(available for download under https://filtergraph.com/
gambles - be aware that this is a living portal and that
the data set might get updated. But any changes should
be documented) with an assessment if these objects
might be considered being binary based upon the exist-
ing TGAS proper motion (Table 1) and parallax data
(Table 2). For CPM assessment counter-checking
UCACS catalog (Zacharias et al. 2017) proper motion
data was used and in a few cases for counter-counter-
checking also the PM data calculated from comparing
2MASS and GAIA DRI positions. As several GAM-
BLES objects are combined TGAS/SDSS objects
(meaning that only one component is a TGAS object
and the second is missing) I had also in such cases re-

sorted to position comparison between 2MASS and
GAIA DRI for CPM assessment. I would have liked to
be able to do an additional counter-check based on the
announced GPS1 proper motion catalog (Tian et. al
2017) but at the time of writing this report (May 2017)
this source was not yet available via VizieR.

Thirteen out of 22 randomly selected GAMBLES
objects are (based on proper motion data from TGAS or
from comparison of 2MASS to GAIA DRI1) rated as
solid CPM pairs with the rest a mixed bag of “might
be” to “not at all”. The counter-check with UCACS5
gives surprisingly often a different picture compared
with TGAS even if UCACS is based on plate solving
with TGAS objects as reference stars so one would ex-
pect rather similar values here. TGAS proper motion
data is based on position comparison of Tycho-2 to
GAIA DRI and the given error range is may be a bit
over-optimistic (see Knapp 2017 - Physical Double
Stars in TGAS). A potential Tycho-2 data quality issue
(see for example the high error rate in the Tycho Dou-
ble Star catalog according to Knapp/Gould 2016) might
be involved here — once more, a lecture to never trust a
single source.

Most of the positive rated GAMBLES objects in
Table 1 show a separation of less than 20" and are al-
ready included in the WDS catalog — this demonstrates
again as already stated in my report “Physical Double
Stars in TGAS” (Knapp 2017) that most optical close
pairs with magnitudes sufficient for visual observation
are already very well covered by the traditional double

(Text continues on page 47)
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star observer community. This hit rate gets somewhat
smaller with increasing separation but there are still a
lot of already WDS listed pairs included in the GAM-
BLES data set. A check of the first 150 GAMBLES
objects sorted by angular separation (means up to about
30”) shows that only 1/3 of these objects are not al-
ready included in the WDS catalog with a good part of
them with magnitudes fainter than 18mag, meaning not
really suited for visual observation. A WDS counter-
check has been done but in most cases we find an “NA”
in the GAMBLES WDS MATCH column, even if a
corresponding WDS object obviously exists. Only for
6 of these about 100 WDS objects did we find a refer-
ence in the WDS_MATCH column.

Table 2 shows for TGAS objects the check for a
potential gravitational relationship based on the given
PIx data with the GAMBLES distance value given for
comparison.

The used assessment criteria for gravitational rela-
tionship with less than 200,000 AU distance between
the components might be an over-simplification but you
certainly have to have very good arguments to argue for
a gravitational relationship with distances larger than
that. This means that only about 5% of the 8,860 GAM-
BLES objects fulfill this criterion and more than 80%
are listed with a distance of more than 1,000,000 AU.

Not counting the objects with missing Plx data for
the secondary we get 3 objects with an AA, 4 with an
AB, and 1 with an AC rating meaning a reasonable
probability of gravitational relationship between the
components for, in total, 8 out of 17 objects. But even
the objects with an AA rating have only a rather small
chance in this regard - if we assume the given Plx val-
ues as mean values of a normal distribution and the giv-
en Plx error as standard deviation then this would give
for example for HU 1475 a probability of only ~7% for
a distance below 200,000 AU. For most GAMBLES
objects, the measured parallax is quite small with rela-
tively large error values. Quite interesting is the pattern
that the distance given by GAMBLES is in all cases
very near the assumed best case with a rather constant
uplift. Explanation from the corresponding author “...
we also used the approximation of Fischer & Marcy
1992 to calculate the true separation and not the pro-
jected separation. They used a Monte Carlo simulation
to attempt to convert from a projected to true separation
between stars by taking into account different binary
orientations. This approximation led to a~1.26d where
d is the projected separation ...”. But this means that
GAMBLES works generally with an overly optimistic
approach regarding distances between the components
ignoring the measured GAIA Plx differences as well as

the often huge error range in relation to the small Plx
values.

Only 145 GAMBLES objects have a reasonable
small PIx error range of less than 5% (necessary for an
A rating) and only ~1,280 have a Plx error range be-
tween 5 and 10% (necessary for a B rating) — this
means that over 80% of the GAMBLES objects show a
PIx error beyond a reasonable error range rendering any
conclusions from this data rather as basically suspect.

Another interesting aspect of the GAMBLES data
set is that around 8,000 of the listed objects (meaning
the vast majority) have a huge angular separation of
more than 1,000 up to 38,000 arcseconds, which means
over 10 degrees. Such huge angular separations of the
objects increase the probability of similar PM and Plx
values by pure chance.

Overall common proper motion rating statistic

Running the proper motion rating scheme (see Ap-
pendix A) over all GAMBLES objects resulted in the
following statistic:

Out of 8,660 objects 5,049 were rated with AA##
beginning with 13 AAAA (meaning a perfect CPM
candidate) to 322 AACC (meaning a good CPM candi-
date with caveat regarding pm data error larger than
10% of pm vector length and with relation separation/
proper motion>1000 years)

Next, 1,559 objects have an AB## rating (meaning
a potential CPM pair) with very similar proper motion
vector direction, but caveats regarding somewhat differ-
ent PM vector length

Finally, we have 2,052 objects with a rating starting
with ACBC down to a few with CCCC, meaning most
probably not CPM pairs.

Summary

In total the combination of the results of table 1 and
2 suggests that about 1/3 of the GAMBLES objects are
in effect not only travelling with similar speed parallel
through space but that they are close enough to be con-
sidered being in a gravitational relationship. The GAM-
BLES report states that only a few objects of the total
data set might be false positives but this seems to be
overly optimistic considering the given error range of
the used TGAS/SDSS data.

The fact that many GAMBLES objects are already
included in the WDS catalog but not declared as such
allows the conclusion that the WDS counter-check was
not done very carefully, but also that the GAMBLES
selection process is valid, demonstrated by rediscover-
ing already known double stars.

If it makes sense to add the rest of the GAMBLES

(Text continues on page 50)
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objects to the WSD catalog if not already included is
unclear to me — it would boost the number of the infa-
mous 999.9" separation WDS objects from currently
~500 to 8,500 with zero appeal for visual observation
or imaging. In terms of already very optimistically cal-
culated distances between the components we get val-
ues up to 3,194,200 AU or more than 50 light years
(GBL 2234+2820) — that such a distance would allow
any conclusions regarding gravitational binding energy
seems questionable to me. Even more disturbing is the
fact that the Plx-based distance estimation between the
components seems extremely optimistic. With these
usually rather small Plx values, an already small error
range means a potentially huge distance range, render-
ing speculations about gravitational relationship even
more questionable.

By chance, 1 checked for one of the objects
(GBL0756-6049) in the adjacent star field and found
that this object is obviously part of the open cluster
NGC 2516. Looking at the other components of this
cluster, I found more than 20 cluster components listed
as GAMBLES objects. Another example for such a sit-
uation is GBLO157+3755 being, along with many other
GAMBLES objects, part of the open cluster NGC 752.
This suggests that it would be necessary to check the
GAMBLES data set not only for already known double
stars, but also for open clusters. In other areas of the
sky, the density of GAMBLES objects with similar
proper motion is quite obvious (for example around
GBL0213+5940, see Figure 1) suggesting the detection
of an unknown open cluster.

Not as dense but similarly impressive, are the re-
gions around GBL0717-4603 and GBL0753-6039, sug-
gesting again the detection of an unknown open clusters
giving the GAMBLES project a completely different
scope (see also Appendix C and D on draft reports Oh
et al. 2016 and Andrews et al. 2017).

A minor issue is the missing position angle usually
given for double stars. While it is easy to calculate this
value using the positions given for both components,
the number of digits provided for the positions is too
small to get sufficiently precise results.
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Figure 1. Density of GAMBLES objects around GBL0213+5940
(FoV 2°) suggesting an open cluster
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Appendix A - Description of the CPM rating procedure
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 separa-

tion 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

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

for above

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.
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Appendix B — Quotes from the private email communication with Ryan Oelkers

Re missing position angle: “For our purposes, we didn't need it in the analysis and the referee didn't ask for it
so I didn't include it. With the filtergraph portal, however, we can update the data set based on suggestions. I can
add this for an update to the next version”

Re the given primary is often the fainter component of the pair: “We estimated the masses of the objects with
the photometry and then, depending on which object was larger, we marked that as the primary”

Re imprecise check for WDS matches: “I only had time to do a very basic match, which as you say was not
very precise. I can certainly do a more robust match and update the portal”

Re angular separations larger than 1,000 arc-seconds: “This was actually a request by the referee. We no long-
er limited the TGAS-TGAS search to be within 180" and instead set a maximum separation of ~15pc so we didn't
exclude wide co-moving pairs at close heliocentric distances”

Re many GAMBLES objects are either components of already known open clusters or strongly indicate open
clusters so far not known: “I agree! There have actually been two other papers which have similar findings in
TGAS ...”

Re doubts about gravitational relationship for extremely wide pairs like GBL2234+2820: “Also the binary you
mention at the end (GBL2234+2820) isn't included in our high-fidelity sample, the lifetime is way too short and
the binding energy is too low, so we agree that it is likely the object would have already dissipated gravitationally”

Appendix C — Quick check of Andrews et al. 2017 (Wide Binaries in Tycho-Gaia)

Ryan Oelkers made me aware of this draft paper with the topic of wide binaries in TGAS with a different se-
lection process compared to GAMBLES based on Bayesian probabilities with a counter-check for matches with
several well-known open clusters like Pleiades etc. At the time of this research (May 2017) the complete data set
was not available to me so [ had to put up with the printed table of 10 objects.

Despite the different selection process I would have expected some overlap with GAMBLES but to my sur-
prise only the second object of this table has a corresponding GAMBLES object. As to expect all of the objects
with an angular separation below 30” are already included in the WDS catalog. From the other objects (means nei-
ther included in GAMBLES nor in WDS) only two show proper motion similar enough to assume CPM. Caveat:

Table Appendix C: Quick-check of objects from Andrews et al. 2017

Tycho-2 ID CPM Plx Comment
2789-319-1 L . . . . .
2789-1122-1 ACCC cc Rather not convincing CPM and Plx rating. Plx value quite small with in relation huge error
594-134-1 . . . .
594-81-1 AABC AC Quite good CPM and Plx rating. Corresponds with GAMBLES object (GBL0000+0952)
7526-320-1 . . .
7526-515-1 AAAC CB Quite good CPM and not very convincing Plx rating
4014-3283-1 ] i ]
4014-1005-1 AAAB AA Nearly perfect CPM and perfect Plx rating. Corresponds with WDS object STI 1248
2271-911-1 . . . .
2271-1988-1 ACAB CB Mixed bag of CPM and Plx rating. Corresponds with WDS object ES 221
3254-569-1 . . ) . . .

CBCC cC Rather not convincing CPM and Plx rating. Plx value quite small with in relation large error

3254-1352-1

9137-1774-1

9137-1708-1 AAAB CB Quite solid CPM and less convincing Plx rating. Corresponds with WDS object GLI 290
4298-598-1 . . .
4298-574-1 ACCC CB Rather not convincing CPM and Plx rating
1-1016-1 ‘ . .
1-168-1 AABC cC Quite good CPM but less than convincing Plx rating
1729-1129-1 . . . . .
BCAC CB Rather not convincing CPM and Plx rating. Corresponds with WDS object TVB 2

1729-1118-1
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Appendix D — Quick check of Oh et al. 2016 (Co-moving stars in Gaia DR1)

Ryan Oelkers made me aware of this draft paper with the topic of wide commoving stars in TGAS again with
a different selection process compared to GAMBLES combined with a focus on detection of open clusters and
very wide pairs. The result are 13,085 co-moving star pairs including well known but also newly detected open
clusters and a large number of very wide pairs. At the time of this research (May 2017) the complete data set was
not available to me so I had to put up with the printed table of 10 objects.

There is obviously some overlap with GAMBLES objects but not with pairs but with components of different
pairs—obviously mostly stars of open clusters with a multitude of possibilities to combine members as pairs. Only
2 out of 10 objects are not overlapping with GAMBLES. Caveat: This result refers to the draft version of this pa-
per and might change with the final version

Table Appendix D: Quick-check of objects from Oh et al. 2016

GAIA source ID CPM Plx Comment
249282341403694592 ARAC ca Very solid CPM but less convincing Plx rating. Both components are included in GAMBLES
441371523899475840 but with different companions - obviously part of an open cluster
249087281167662464 ARAC cA Very solid CPM but less convincing Plx rating. Both components are included in GAMBLES
441901694662492928 but with different companions - obviously part of an open cluster
64933755122821120 ABAC CB Quite solid CPM but less convincing Plx rating. Both components are included in GAMBLES
66786500935624320 but with different companions - obviously part of an open cluster (Pleiades)
436536249718223744 ABAC CA Quite solid CPM but less convincing Plx rating. Both components are included in GAMBLES
441356921010671232 but with different companions - obviously part of an open cluster
3953625835302703488 CCAC CA Rather negative CPM and Plx rating. Both components are included in GAMBLES but with
4008706729289355520 different companions
63730305286697600 ABAC CA Quite solid CPM but less convincing Plx rating. Both components are included in GAMBLES
65188085906203520 but with different companions - obviously part of an open cluster (Pleiades)
1873311936758998016 . . . . .
1873312074197947392 AAAC CB Quite solid CPM but less convincing Plx rating
5814505765886192512 ARAC CB Quite solid CPM but less convincing Plx rating. One component is included in GAMBLES but
5814997419380722944 with a different companion
350903157411208832 . . . .
352510643410053632 AABC CA Quite good CPM but less convincing Plx rating
64114241002810496 ceac ca Less than convincing CPM and Plx rating. Both components are included in GAMBLES but
67618281484716544 with different companions - probably part of an open cluster




