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Searching for Optical Visual Double Stars
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ABSTRACT: We study a sample of 123 wide visual double stars for which astro-
physical parameters are at least partly available from uvby HB photometry. All of these
have components brighter than 10 mags and a component angular separation between
10 and 20 arcseconds.

We find that at least one third of them are optical; for relative proper motion
{RPM) pairs this fraction is 60% or even more. These results are in fair agreement with
the predictions we formulated in an earlier paper on the basis of a statistical criterion.

1. INTRODUCTION

The interest devoted to visual double stars and the various attempts to date to
formulate criteria that would permit a reliable distinction between physical and
optical pairs to be made, can be easily explained with the wealth of information
on stellar structure and evolution which can be obtained from the study of
visual binaries. Heintz (1978) and Halbwachs (1988) comprehensively review
such criteria.

It is however apparent from the two recent investigations of Brosche et
al. (1992) and of Sinachopoulos & Mouzourakis (1991a) that visual double star
catalogues still contain a considerable number of optical pairs, no doubt due to
the poor accuracy of astrometric information as well as the paucity of astro-
physical data.

On the basis of a purely statistical argument, the authors of the second
study concluded that there are at least 3000 (13.5%) physical pairs in Aitken’s
Double Star Catalogue (1932) (Sinachopoulos & Mouzourakis 1991b) and at
least 6500 (8.7%) in the Washington Double Star Catalogue (WDS, Worley &
Douglass 1984) (Sinachopoulos & Mouzourakis 1991c).

2. OBSERVATIONAL DATA ANALYSIS

We have considered a sample of wide visual double stars such that the component
separation was between 10 and 20 arcseconds, while both the primary and the
secondary were brighter than 10 mags.

They are contained in four different published studies, each with empha-
sis on a particular type of wide visual pairs: Lindroos(1985) has studied early
type primary (A0 and earlier) pairs, mostly with at least two magnitudes differ-
ence of their components. Sinachopoulos (1991), on the other hand, studied F
or GO type primaries and small brightness differences. Two other publications
(Sinachopoulos 1989 & 1990) studied subsamples of the astrometric HIPPAR-
COS Input Catalogue having either significant relative proper motion (RPM) of
the two components or common proper motion (CPM) without restriction on
primary types or brightness difference. While we make no claim that the total
sample compiled from these four publications is representative of the double
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star population as a whole, it does not seem to specifically exclude any subset
of wide visual double stars. The total number of pairs thus obtained was 123 or
11.4% of the total number of entries in the WDS satisfying our cuts; for primary
and secondary both brighter than 9 mags the corresponding percentage is even
higher: 17.3%.

We tried to avoid the use of mild criteria for the opticity of visual pairs,
limiting ourselves to only two tests: agreement of the distances obtained by
uvby H 3 photometry for the two components of a given pair and compatibility
of the observed relative proper motion with that dynamically allowed.

Thus, for 15 of the 123 pairs no reliable distance can be assigned to either
component. For 2 of these 15 however, Lindroos shows that the two components
cannot be compatible with a common distance and are hence optical.

Of the 108 remaining, 22 have distance of the secondary which differs by
more than 2¢ (primary) from that of the primary: these are also optical.

Of the remaining 86, for some of which only one component distance is
available, 56 are CPM pairs and 30 RPM pairs, to which now a further test can
be applied: consider Vian (in kms per sec), the tangential velocity corresponding
to their observed relative proper motion p in arcsecs per century:

4.74
Vtanzl_oz"d'ﬂ’ (1)
where d is in parsecs.

If the pair under consideration is indeed bound, V¢4, should be less than or

equal to the maximum orbital velocity that follows from Kepler’s third law:

Viy = 29.78 ,/—’? )

again in kms per sec, where s, in astronomical units is the projected separation
(distance times angular separation), which is less than or equal to the radius of
the (assumed circular) orbit and M is the total component mass expressed in
solar units. Qur criterion for an RPM pair to be optical is then: Vigp ~2-0 >
Vimaz Where o is the uncertainty in Vi, due to the measured error on u. We
have calculated Vi, using the values given by Schmidt-Kaler (1982) for mass
as a function of the primary and secondary spectral type and luminosity class.
In practice, for all cases where a pair turns out to be optical Vi, is at least
3 times as great as Vp,qz, sometimes more than an order of magnitude, while
many of the surviving pairs are due to large errors in p. Anyway, 18 pairs out
of the 30 RPM ones are optical on the basis of the above criterion.

It is interesting to point out that all “non-optical” RPM pairs have s < 2000
A.U. In fact, all 14 RPM pairs with s > 2000 are optical, which yields an
upper limit of 2.3/14=16.5% (2.3 is the Poisson parameter corresponding to
90% probability) for the fraction of physical RPM pairs with s > 2000 A.U. in
the magnitude and separation region considered.

For the CPM pairs no obvious equivalent of the above test exists. By
considering that all CPM pairs are physical, we have found a lower limit of at
least 2 + 22 + 18 = 42 clearly optical pairs out of a total of 123, i.e. more than
a third. For primary and secondary mags <9 we find 8 surely optical pairs out
of 47, i.e. about a sixth.
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3. DISCUSSION

We can compare the number of optical pairs found in the preceding section to
the upper limit for the total number of optical pairs in the sky predicted by our
statistical model: 9.424

Nwzl—m-le-Dm-p’ (3)
where Ny, is the total number of stars with magnitude m, in the sky, and D,
is the density of magnitude mg stars given in stars per square degree.

Using the Scheffler-Elsisser (1965) tables for stellar densities, renormalized
so as to yield the correct number of bright stars (mag<6) found in the Bright
Star Catalogue (Hoffleit & Jaschek 1982) we obtain 22 such pairs in the range
of p"” and magnitudes considered.

Our analysis of observational data indicates at least twice as many. Given
the uncertainties inherent in the data, as well as the possibility of bias in our
sample, however, the agreement can be considered as fair. We are confident thus
that the statistical model can provide at least a lower bound to the fraction of
optical pairs present in double star catalogues.
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