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We present a calculation of the distance to the Pleiades star cluster based on data from
Gaia DR2, showing that it finally settles the discrepancy between the values derived

from Hipparcos and other distance determinations.

The distance to the Pleiades is an important astronomical parameter for a number of
reasons. On the one hand, they are one of the closest star clusters and their young main
sequence stars provide an important testbed for stellar evolution models. On the other,
they are so close that measuring their distance by direct geometrical methods provides

a good calibration of one of the rungs of the cosmic distance ladder. As such, they
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become a solid benchmark to develop empirical isochrones to be used in much more
distant clusters, even extragalactic ones. Hipparcos was the first instrument able to
directly measure the Pleiades' trigonometric parallax, and the publication of its catalog
initiated a controversy, since it gave a distance around 120 pc, which was in tension
with previous estimations (van Leeuwen 1999). Successive reassessments of the
Hipparcos data alleviated to some extent this tension, but not entirely. In 2005 a
measurement of 3 stars of the Pleiades carried out with the Hubble Space Telescope gave
a distance of 133.5 pc (Soderblom et al. 2005). More recently, a very accurate
measurement of the parallax by Very Large Baseline Interferometry provided a value of
136.2 pc (Melis et al. 2014), confirming that the Hipparcos value was indeed too small,

most surely due to systematic errors at the small spatial scales of the tight cluster.

The recent publication of the Gaia DR2 catalog comes to finally close the controversy.
The case of the Pleiades was indeed presented as an example in one of the publications
associated with the release of the Gaia DR1 catalog (Gaia Collaboration et al. 2016).
Using the preliminary values of 164 stars belonging to the cluster they found a distance
of 134 pc, thus confirming the anomaly of the value of Hipparcos. Using the same
method presented there we offer below a calculation of the distance to the Pleiades
based on Gaia DR2.

Following Gaia Collaboration et al. (2016), we downloaded all the sources within a
field centered in the Pleiades, a = 56°75, § = 24°12, with a radius of 5°. This produced
699,860 records, of which 598,622 have a parallax value. This set was then subject to a

filter in proper motion, keeping those sources satistying the following criterion:

\H/.’. 20.5)" + (p, + 45.5) < 6 masyr .

This produced 1876 records. This criterion is probably very restrictive, since we had to
manually add Merope, for which it gives 6.76 mas yr~1. There are probably more
members in the cluster, but this is the criterion used in Gaia Collaboration et al. (2016).
Figure 1 shows a histogram of their parallaxes. The peak corresponding to the Pleiades
clearly stands out at about 7 mas, together with a number of field stars. With an
additional filter in parallax, keeping those in the interval 5 < @ < 9.5, we get 1594 stars,

an order of magnitude more than those used in Gaia Collaboration et al. (2016).

Gaia DR2
Gaia DR1

400
1594 sources with 5 <@ < 9.5 VLBI
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Figure 1. Histogram of the parallaxes of the sources of Gaia DR2 in the field of
the Pleiades, and with similar proper motion. A Gaussian with the mean and
standard deviation of the subset with 5 < @ < 9.5 is also shown, as well as

parallax values corresponding to this work and three previous ones.

The mean parallax of this set is 7.34 mas, with a standard deviation of 0.45 mas. A
Gaussian with this parameters is also shown in Figure 1. The Pleiades are so close that
this deviation cannot be taken as a measurement error at face value, but rather as a
statistical characterization of the distribution of the stars of the cluster around its
center. To obtain an estimation of the error we used the mean square error of the
individual measurements, v 's-.?, where €; is the error of each measured parallax
according to Gaia DR2. Finally we obtain a value of 7.34 + 0.27 mas, which

corresponds to a distance of 136.2 + 5.0 pc.

A more sophisticated calculation would require an account of the systematic error, but
Luri et al. (2018) explicitly says that "unfortunately, there is no simple recipe to account
for the systematic errors.” For the specific case of stellar clusters, Bailer-Jones (2017)
suggests the use of a model of the distribution of stars in the cluster to infer the
distance to its center. The present analysis could serve as a first step in this direction,
since the spatial distribution of the stars is very well resolved. In addition, Luri et al.
(2018) recommends to perform a Bayesian analysis of the errors taking into account
also magnitude and color. Such refinements lie beyond the scope of the present note

and will eventually be presented elsewhere.

This work has made use of data from the European Space Agency (ESA) mission Gaia
(www.cosmos.esa.int/gaia), processed by the Gaia Data Processing and Analysis

Consortium (DPAC, www.cosmos.esa.int/web/gaia/dpac/consortium). Funding for the
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