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Abstract. New memberships, mean parallaxes and proper nabsolute position of the main sequences of several open clusters
tions of all 9 open clusters closer than 300 pc (except the Hyadieg)ependently of any preliminary knowledge of the chemical
and 9rich clusters between 300 and 500 pc have been compuemhposition. According to the present data on chemical compo-
using Hipparcos data. Precisions, ranging from 0.2 to 0.5 n&son, no large discrepancies are found between the Hipparcos
for parallaxes and 0.1 to 0.5 mas/yr for proper motions, are distance moduli of most of the cluster and the positions of their
great interest for calibrating photometric parallaxes as well ssquences in the HR diagram (Mermilliod et[al. 1997a, Robi-
for kinematical studies. Careful investigations of possible biasetson et al.1997), with the noticeable exception of the Pleiades.
have been performed and no evidence of significant system&ecause the Main-Sequence Fitting (MSF) method is still the
errors on the mean cluster parallaxes has been found. The Hasic tool in determining the distances of open clusters, the
tances and proper motions of 32 more distant clusters, whighderstanding of the Pleiades anomaly appears to be the first
may be used statistically, are also indicated. priority.
Pinsonneault et all (1998) (herafter PSSKH) have tackled
Key words: stars: distances — Galaxy: open clusters and as$ite problem with a grid of models adapted to the mass range
ciations: general of solar-type stars which are unevolved in nearby clusters, and
chemical composition of these clusters. Their method deter-
mines the distance modulus and metallicity simultaneously from
1. Introduction (My,(B—=V)o)and(My, (V—1I)o), using the fact thal” — )
is much less sensitive to the metallicity théB — V). Good

Hipparcos observations of stars in nearby open clusters offer, fgfreement is found for several clusters (Hyades, Praesepe,
the first time, the possibility of determining accurate distancegrsei), i.e. the distances determined for the adopted metallic-
to these clusters without any assumption about their chemiglcorrespond to those obtained from Hipparcos. Problems are
composition or about stellar structure. The new distance m@gund for the Pleiades (and Coma Ber cluster which only has
ulus of the Hyades, 3.3% 0.01, derived by Perryman et al.z _ v/ colours). PSSKH attributed these discrepancies to 1 mas
(1998) is a first step in the determination of the distance scalgstematic errors in the Hipparcos Catalogue.
in the universe. The high precision obtained represents an im- |n fact, a more general view of the situation should be ob-
portant improvement with respect to the results of decadestgihed from the analysis of additional nearby open clusters. For
attempts to fix the zero point of the distance scale. example, NGC 2516 which occupies the lowest position in the

The position of the Zero Age Main Sequence (ZAMS) i§jR diagram with respect to Praesepe (even below that of the
sensitive to the exact chemical composition of the clusters apgiades) has a metallicitye/H] = —0.32 (Jeffries et al.
a difference of [Fe/H] = 0.15, corresponding to the metallicitygg7), in good agreement with that required to adequately fit
difference between the Hyades and the Sun, results in a gife ZAMS in the colour-magnitude diagram.
placement of about 0.2 magnitude in absolute magnitdde) The results and detailed discussions presented in this pa-
according to several internal structure and atmosphere mggdr are in keeping with preliminary results presented at the
els. As the exact chemical composition of most clusters is Ngnice’97 Symposium (Robichon etlal. 1997). Since this Sym-
presently known with the required accuracy, the metallicity cofosium, careful investigations of possible biases have been per-
rections to the distance moduli are not known with preCiSiOfbrmed, but no evidence of any bias |arger than few tenths of a
Thanks to Hipparcos observations, itis possible to determine Higliarcsecond has been discovered. Discrepancies between the
Send offprint requests to: No&l Robichon parallaxes of the Pleiades and Coma Ber with the ground-based

* Based on observations made with the ESA Hipparcos astrome‘(ﬁwes of Pin_sonnegult et al. still e_xists, and an attempt to ex-
satellite plain them will be given in a following paper (Robichon et al.
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in prep.). This second paper will analyse the cluster sequencas be derived with good accuracy. Because they are quite dif-
in the colour-magnitude diagram in the light of Hipparcos datterent from field star parallaxes and pro-per motions, a new and
It will complete the analysis of the cluster sequences in sevesakure selection of members in the Hipparcos Catalogue can
photometric systems presented in Mermillibd (1998) which eke performed, which replaces the pre-launch selected sample.
hibits a significant correlation between the cluster metalliciti@his concerns all the clusters closer than 300 pc and 8 additional
and their relative positions in th@\fy,, (B —V)y) diagram clusters closer than 500 pc.
when using the Hipparcos distance moduli. For the other clusters, situated further than 500 pc or with
The outline of the paper is the following. Sddt. 2 depicts tree number of Hipparcos stars smaller than 8, the mean paral-
two different methods adopted for selecting cluster membédases and proper motions are small or not accurate enough and
from the Hipparcos astrometric data, depending on whethemoembers are harder to separate from field stars on an astromet-
not they are closer than 500 pc and contain at least 8 membeéirsbasis. A selection based only on astrometrical criteria would
With these sets of members, the mean astrometric paramegesept non member stars and could then bias the computed mean
(7, 1o cos 8, us) of 18 rich clusters closer than 500 parsecs, apédrameters of the cluster. Nevertheless, even if the mean Hip-
32 more distant and/or containing between 4 and 7 membeyarcos parallax is not so precise compared to distance modulus
are computed and given in Sddt. 3. The method used to compieeived, for example, from a MSF, it is interesting to compute
these mean astrometric parameters is briefly described. It thieir mean astrometric parameters for at least two reasons. On
lizes Hipparcos intermediate data which allow to take accouhe one hand, mean parallaxes of dozens of clusters allow statis-
of the star to star correlations. The rest of the paper reviews tial calibration of other distance indicators. On the other hand,
possibility of systematic errors in the parameters both at lartfe cluster mean proper motions can be very useful for galactic
scale and small scale. The conclusion of this last part is that #ieematic studies. For these clusters, only stars preselected in
mean astrometric parameters are statistically unbiased overttreeHipparcos Input Catalogue were taken into account. For the
sky and that their formal errors are not severely underestimat&diO clusters farther than 300 pc and with at least 2 Hipparcos
stars, the mean astrometric parameters have also been derived.
2. Selection of cluster members No attempt has been made to find new nearby clusters in the
. Hipparcos Catalogue. Platais et al. (1998) made a survey of new
2.1. Pre-launch selection open clusters and associations in the Hipparcos Catalogue. They

The initial selection for inclusion of cluster stars in the Hippafound some possible new clusters which need to be confirmed
cos Input Catalogue (HIC) (Turon et al. 1992) is described hy further analysis at fainter stars. These new objects are then
detail in (Mermilliod & Turor{ 198D). It was based on the condifot included in the present paper. The same goes for OB asso-
tions of membership from proper motions and radial velociti€gtions which are studied in detail using Hipparcos data in a
when available, and the positions in the colour-magnitude gmprehensive paper by de Zeeuw €fal. 1999. The method used
agram on the single star sequence to minimize the effectshgre to derive cluster mean astrometric parameters is not suited
potential companions. Further selections were applied durif®jthe Hyades because its depth is not a negligible fraction of its
the mission simulations to remove those stars that could be @gtance atthe Hipparcos precision. The Hyades properties were
fected by veiling glare of bright neighbouring stars. In the cag@alysed in detail by Perryman et al. (1998) with the Hipparcos
of the Pleiades and Praesepe, stars from the outer region HiRia.
been included in the sample to enlarge the total number of stars The selections carried out in this paper rely on the assump-
in these two clusters. As in any other field, the selection wH8n that all the cluster members have the same space velocity
also constrained by the satellite capabilities and was achie@Hl, for the closest clusters, that they lie within a 10 parsec radius
through simulations. sphere centred on the cluster centre (which roughly corresponds
The candidates in the Praesepe and Pleiades clusters Weige tidal radius of an open cluster). One cluster, NGC 1977,
selected on the basis of proper motion, radial velocity and pHas been rejected from the present study because the distribu-
tometry analysed in Mermilliod et al_{1990) and Rosvick et dion of its members over the sky is not in good agreement with
(1992), with the same criteria, especially concerning the dupl@bound cluster (in particular, no centre can be defined). These
ity. These conditions are reflected in the fact that the sequengty's are rather part of a 80 pc long feature, connected with the

in the colour-magnitude diagrams of most clusters are quite ng@on OB1 association (Tian etal. 1896). Another nearby object,
row. Melotte 227, as well as most of the nearby Collinder groups (Cr

399, 359, 135 and 463) have been rejected since the astrometric
data of the preselected stars do not show the characteristics of
an open cluster, in particular in their spatial structure.

In this study, two different member selections have been applied

tothe open clusters in order to securely distinguish the membgrs 1 Mempers in the closest clusters

from the field stars based on their astrometric parametgrs ( _ o _

[l COS D, [15). Although a visual examination of the vector-point and colour-
The mean astrometric parameters of clusters closer tHAagnitude diagrams can easily confirm the presence of an open

500 pc and containing at least 8 stars observed by Hippar&dsster, an objective selection of members is always an issue.

2.2. Final catalogue member selection
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Table 1.Equatorial coordinates (J2000.0) from Lyn@.987) and mean cos measured the brightest and thus bluest part of the main se-

radial velocity of the cluster centres guence, there are few stars in common between the CORAVEL
and HIPPARCOS samples for most of the clusters. Therefore,
Cluster ! g Vr #of@ CORAVEL mean velocities have been computed from all ob-
name hms o’ kms™! stars served known members (not only Hipparcos members), with
Coma Ber 122507 2606.6 -0402 241 the exclusion of binaries without a determination Qf orbital e_I-
Pleiades 34700 2403.0 5405 7gD ements. When too few CORAVEL data were available, radial
IC 2391 84014 -5303.6 14402 151 velocities from the WEB Catalogue (Duflot etlal. 1995) of the
IC 2602 104312 -64240 16203 181 Hipparcos stars selected in this paper were averaged. Fortu-
Praesepe 84000 1930.0 34500 104V nately, the value of the mean cluster radial velocities does not
NGC 2451 74512 -3758.2 28807 52) need to be so precise since only its projection at the position of
o Per 32202 48360 -0205 18D each member is used. For example, an error of 1khisthe
Blanco 1 00424 -2956.4 54 0.2 281 mean radial velocity would induce an error on the proper mo-
NGC 6475 175343 -3448.6 -14470.2 4gY tion of a Pleiades member situated at 3 degrees from the cluster
NGC 7092 213212 4826.4 -5:#404 70 centre (6 pc) of about 0.1 mas/yr. Mean radial velocities and the
NGC 2232 62624 -4450 21006 4% number of stars and references of the sources (Coravel or the
IC 4756 183858 -527.0 2580.2 13Y WEB Catalogue) used to compute them are given in Tdble 1.
NGC 2516 75800 -6048.0 22#0.4 6% Each star in the area of the cluster is submitted to a suc-
Trumpler 10 84748 -4229.4 25P3.5 .S cession of selection tests described hereafter and taking into
NGC 3532 110624 -5842.0 3425 3% account its position, parallax, proper motion and photometry,
Collinder140 72355 -3212.0 19831 4% their associated errors, and the mean radial velocity of the clus-
NGC 2547 81048 -4918.0 14412 52 ter.
NGC 2422 73636 -1430.0 29437 42 Letx; = (7, fta; cosd;, us;) be the vector containing the
Source of the mean radial velocity: Hipparcos parallax and proper motion of stawith 3; being
(1) CORAVEL mean value of members selected from CORAVEL anidl€ covariance matrix. Leto = (7o, ia0 cos do, piso) be the
photometric data; parallax and proper motion of the cluster centre corresponding
(2) mean value from the WEB Catalogue (Duflot efal. 1995) of selecténl the mean velocity of the cluster with covariance maRi.
Hipparcos members. Let xo; = (70, ftao, COSJ,, 150;) b€ the parallax and proper
* coordinates from Raboud & Mermilliod 1998. motion corresponding to the mean velocity of the cluster at the

the last column indicates the number of members used to computeﬁ@%ition of stai with covariance matri£,,. These are deduced
. . 1"
mean radial velocity. fromxo andX, and the mean radial velocity of the clustés,
by the following rotation:
The selection presented in this section is based on an iterative

method, which converges after 2 or 3 iterations, namely whén0: €089 = €08 Acifiao €08 dp

no more stars are rejected from the selection. This iterative pro- + sin o sin Aaifis0
cedure is primed with a set of well known members. . VRomo

At each iteration, the cluster mean parallax and mean proper — cosdo sin Ay 4.74 @)
motion at the position of the centre are computed from Hippar- 5, = —sind; sin Aagfia, cos dg
cos intermediate data, according to the computation described +(cos §; cos & + sin ; sin § cos Aoy ) s,
in Sect[3, using the members selected at the previous iteration. VioTo
The computation also takes into account the cluster mean radial +(cos §; sin dg — sin 6; cos dp cos Acy;) 174

velocity to correct the perspective effect due to the different

angular directions of the members compared to the cluster cemere(«;, §;) are the equatorial coordinates of statay, do)

tre. The values of cluster centres are taken from &yfP87) are the equatorial coordinates of the cluster centre/smgd=

except for the Pleiades for which it is taken from Raboud &; — ag. Note that, since the cluster depth is neglected, all the

Mermilliod (1998) who derived a new centre of mass for theembers are assumed to share the same parallax

cluster. These cluster centres are fixed once for all and are notAssuming a Gaussian distribution of errors, the valtie=

calculated from Hipparcos data since the number of Hippardos — xo,;)T(X; + Zo;) ! (x; — x0;) follows a Chi-square

stars in each cluster is generally not large enough to obtain ndistribution with 3 degrees of freedom. Stas considered as a

accurate cluster mass centres. cluster member if? < 14.16 (corresponding to aBGaussian
When available, radial velocities obtained with the CORAwo-sided test).

VEL radial-velocity scanner by Rosvick et dl. {1992), Mermil- If stari is considered as a cluster member at the previous

liod et al. (1997b) and additional unpublished data have begration, i.e. if it is used for the calculation &fy,, thenX; and

used to compute cluster mean radial velociiieg. 3o; are correlated. Nevertheless this correlation is small and
Because the CORAVEL scanner is adapted to measure steas been neglected becaldg is calculated with a sufficiently

later than the spectral type FB — V' > 0.45) while Hippar- large number of stars (between 8 and 54).
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A diagonal correlation matrix simulating the depth of theelow). They may be useful mainly for statistical studies (e.g.
cluster and the internal velocity dispersion can be addéd;to Sect{4.2.P).
andXy; but it is small compared to them. For example, using
2pc as a typical cluster core radius and a velocity dispersion
of 0.5kms !, the member selection in each cluster remains
unchanged. 3. Cluster mean astrometric parameters
To avoid any erroneous selection, stars with a standard er- = . i
ror of the paraliax larger than 3 mas or a standard error of the- HiPParcosintermediate data

proper motion larger than 3 mas/yr have also been rejected. Thige mean cluster parallax cannot be computed without caution
concerns only 1 or 2 stars per cluster at the most. from the Hipparcos observations. As was explained before the
To be sure that only real members are selected, and not s&gllite launch, the estimation of the mean parallax or proper
from a possible moving group associated with the cluster, staistion of a cluster observed by Hipparcos must take into ac-
whose distance from the cluster centre, perpendicularly to #sunt the observation mode of the satellite (Lindedren 1988).
line of sight, is greater than 10 pc (corresponding to a typicghis is due to the fact that stars within a small area in the sky
open cluster tidal radius) have also been rejected. have frequently been observed in the same field of view of the
Hipparcos double stars were rejected when their duplicigatellite. Consequently, one may expect correlations between
could damage or bias the mean proper-motion and parallax ikasurements done on stars separated by a few degrees, or with
ues, i.e. when the field H59 of the Hipparcos Catalogue Waseparation being a multiple of the basic angle’ {#®tween
equalto C, G, O, V or X (see ESA 1997). G, X and V entriege two fields of view.
have abscissae on the Reference Great Circles (RGC) WhIChThe consequence is that, when averaging the parallaxes or
reflect the combination of the proper motion of the system (dgroper motions fom stars, the improvement factor does not
pending of the mean cluster velocity) and the orbital motiGa|low the expected /,/n law and will not be asymptotically
of the system. C and O entries have a proper motion in thgtter than,/p if p is the mean positive correlation between
Hipparcos main Catalogue decoupled from the orbital moti@fata (Lindegreq 1988). Ignoring these correlations would thus
because they were reduced with an appropriate algorithm takijigierestimate the formal error on the average parallax.
into account more than the 5 astrometric parameters needed toThe proper way to take these correlations into account is to
describe the astrometry of a Single star. The global cluster @-One step back in the Hipparcos reduction and to work with
duction (Sect.B) doesn't take these supplementary parametResabscissae of stars on the Reference Great Circles (RGC),
into account and thus, the astrometric parameters that are gglobserved by the satellite. Then, by calibrating the correla-
culated for these stars could be biased by the orbital motiofigns between the RGC abscissae, the full covariance mtrix
Hipparcos double stars considered as cluster members andga@veen observations allows to find the optimal astrometric pa-
used in the reduction are given in the appendix Table A1.  rameters. The method, fully described in van Leeuwen & Evans
Once cluster members have been selected from their as{i®B98), has been used with minor differences only. The calibra-
metric parameters, their membership is verified with the hefign of correlation coefficients has been done on each RGC, the
of the (V, B — V) colour-magnitude diagram (hereafter CMD)reason being that significant variations may be found from one
This test was positive for all clusters, except for NGC 6475 igbit to another (Arenoli 1997). This has been done using the
which two stars (HIP 86802 and 88224) were rejected accordii@oretical formulae of Lindegreh (1988) to which harmonics
to their discrepant positions in the CMD. were added through the use of cosine transform (Press et al.
The cluster members obtained by this selection process@@2). Another difference from van Leeuwen & Evans (1998)
listed (by HIP number) in the appendix TablelA2. The numbgbmes from the fact that the formal abscissae errors and cor-
of selected members varies from 8 to 54. relations have been recalibrated as described in Arénou(1997)
using the final Hipparcos data, the changes being at the level of
few percent only.
2.2.2. Selection of members in more distant clusters The quantities of interest are the mean paratigoand the
mean proper motiop,q cos dg, i150 Of each cluster centre and
For the most distant clusters or for clusters with less than positiona;, §; of each cluster membeér When computing
members, the selection is more difficult. Because it is not pOSﬁ'ie cluster mean para"a_X, one |mp||c|t|y assumes that the dis-
ble to redefine a secure membership selection for these clustggssion in individual parallaxes is only due to the measurements
only the HIC preselected stars were taken into account anddifors. In fact, the depth of the cluster increases the error on the
attempt has been done to identify new members. Possible n@fgan cluster parallaxes by few tenths of mas but should not bias
members were excluded using BDA, the open cluster databgshder the hypothesis that stars are symmetrically distributed.
(Mermilliod[1995). An iterative procedure was then applied to | the Hipparcos intermediate data CD-ROM, the abscissae
compute the mean proper motion of the members and to rejggd not given but their residuals with respect to the main Hip-
stars with a proper motion discrepant by more thanf®m parcos Catalogue astrometric parameters are given instead. The
the mean. The final mean astrometric parameters are then cgeyy residuals on the abscissae, with respect to the current
puted in the same way as for the nearby clusters (see[$e¢efation value of v, 6:, 0, o €OS 0o, f1s0) are computed. The
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corrections to these parameteérg are then found by weighted parallaxes, the photometric parallaxes are far more precise. We

least-squares, minimizing could have derived the mean proper motion simultaneously with
5 T 5 the parallax, but it was prefered to constrain the parallax to its
Sa— @&)k v [ a— Z i5pk pho'tometric estimate and to compute the resuIFing mean proper
Pt Opk Pt 0 motion (TableZ4). In general, these proper motions are close to

Das Das those obtained without adopting the photometric parallax, but

. Us_mg the_part|al d_envatweg_mcos 5, s _Of the stari tnis allows to gain one degree of freedom.
given in the Hipparcos intermediate astrometric data annex, the

partial derivatives of the abscissae with respect to the mean
proper motion [0 cos dg, fi50) are thus computed using th
linear equations 1 and the relations

. Systematic errors

da;  Oa; Om; da; Opt, cOSO;  Da; Aps, 4.1. Systematics in the Hipparcos Catalogue

Omy  Om; Omg  Opia, cosd;  Omo s, Omo For the Hipparcos mission, the question of systematic errors has
Oa; Da;  Oug,cosd;  Oai  Ops, always been a major issue; it should be remembered that, apart

Ollan COS0g  Ofte, COS6; Oflag oSOy Opts, Dftap COS Ig from the higher number of stars measured, one of the advan-

da; da; Olteys COS b da; Ous, tages of the Hipparcos data over the ground-based parallaxes

Olso  Ofa, cOS6;  Opso dpus, Opis, is the uniformity of global astrometry observed by a single in-

strument. Therefore, during the data reduction special attention
As part of the least-square procedure, the final covarianwas paid in order to keep the systematics far below the random
matrix between all the astrometric parameters is also computerdors. A recent study (Makarov, 1998, priv. comm.) shows that
systematic intra-revolution variations of the basic angle or of
32 R the star abscissae, of the order of 4 mas through the entire mis-
.2. Results : : ;
sion, would be needed in order to produce a 1 mas systematic
The mean astrometric parameters i, cos d, 115) and associ- error of the parallaxes in the Pleiades area. If this had occurred,
ated standard errors of clusters closer than 500 pc are giveiit imould have produced sizable distortions in other parts of the
Table[2. The unit weights errors are close to 1 but, in genersky, and consequently a scatter in parallax measurements much
slightly smaller. This is possibly because the star to star corgreater than predicted by the formal errors.
lations between abscissae on the RGCs have not been perfectlyrhe accuracy and formal precision of the Hipparcos data
calibrated. However this also suggests that non members hhss been verified before the delivery of the data (Arenou et
not been erroneously included and that the cluster depth did abi1995[ 1997, Lindegren 1995). Among the available external
play a significant role. data of better or comparable precision, the comparisons used
The derived distance parameters (distances and distatieebest ground-based parallaxes, distant stars, distant clusters
moduli) given in TabléP deserve some further comments. Sirmed Magellanic Cloud stars. In the two latter cases, it should be
the transformation from parallax to distance or absolute magpbinted out that these comparisons gave some insight into the
tude is not linear, a small bias could be expected (see Browrpabperty of the parallax errors at small angular scale, although
al.[1997). However, the relative erroy /7 is small (between 2 the effect of astrometric correlations was taken into account only
and 20 percent) so the effect is negligible (between 0.04 percapproximately. In all cases, it was shown that, over the whole
and 4 percent). catalogue, not only the zero-point was smaller than 0.1 mas,
Table[3 shows the derived kinematical parametéfs (but also thatthe formal errors were not underestimated by more
V, W) of clusters. They are computed using a solar motidhan= 10%, this slight underestimation being possibly due to
(Us, Ve, W) = (10.00,5.25,7.17) kms™! (Dehnen & Bin- undetected binaries. In any case, this is far from#h&0%
ney(1998), with respect to the LSR. which would be needed for the brighter stars to have 1 mas
Concerning the more distant clusters, the mean cluster psystematic errors.
allaxes have been computed as described above, under the starHowever, the statement of PSSKH that small-scale system-
dard assumption that members of a given cluster share the caic errors may be present in Hipparcos data is not unjustified.
mon parallax and proper motion. This concerns 110 clusténsleed, in a given cluster, the afore mentioned correlations be-
more distant than 300 pc with at least 2 Hipparcos stars (amdngen abscissae may be considered as a small error shared by the
which 9 clusters described in Table 2). The parameters of 32spérs within a few square degrees. These errors, probably ran-
these clusters containing at least 4 stars observed by Hippamosly distributed over the sky, may thus be regarded as system-
are indicated Tablgl 4. The parameters of the remaining clagics at small-scale. However, the method outlined in §edt. 3.1
ters are not given here though part of them are included in tta&es these correlations into account during the computation of
comparison of parallaxes between Hipparcos and groundbaetimean parallax and its associated precision. Then the ques-
determinations in Se€f.Z4.2.2. tion is whether the mean cluster distances and their formal errors
Since the relative parallax error of these distant clustersappear statistically biased. The following sections will answer
40% on the average, their mean parallaxes are not usefulimthe negative using comparisons with previous determinations
dividually, but rather for statistical studies. Compared to thesécluster parallaxes and with the help of ad hoc simulations.



476 N. Robichon et al.: Open clusters with Hipparcos. |

Table 2. Cluster mean astrometric parameters.

Cluster NS  uwe T Jho COS O 15 d (pc) (M —m)o
name NA NR Orn Oiq cos S Opus
p,uacosé pua plié 5
™ ™ o COS
Coma Ber 30 097 1149  -11.38 -9.05 87.071%  4.70759%
1563 15 0.21 0.23 0.12
-0.13 0.06 -0.12
Pleiades 54 0.98 8.46 19.15  -45.72 1182132 5361558
2158 25 0.22 0.23 0.18
-0.16 -0.07 0.21
IC 2391 11 0.94 6.85  -25.06 2273 146.071% 5827507
807 4 0.22 0.25 0.22
0.05 0.07 0.22
IC 2602 23 0.93 6.58  -17.31 11.05 152.073% 5917502
1766 13 0.16 0.16 0.15
0.08 0.10 0.21
Praesepe 26 1.03 554  -36.24  -12.88 180.570%"  6.287013
1126 6 0.31 0.35 0.24
-0.22 -0.11 -0.15
NGC 2451 12 092 531  -22.14 15.15 188.7779%  6.38%0:0%
908 7 0.19 0.16 0.19
0.03 0.03 -0.03
o Per 46  0.94 5.25 2293  -2556 190.5772  6.40700%
2198 12 0.19 0.15 0.17
0.14 -0.01 0.37
Blanco 1 13 0.96 3.81 19.15 321 26251313 710152
798 10 0.44 0.50 0.27
0.26 0.05 -0.21
NGC 6475 22 0.82 3.57 2.59 -4.98 280.172%7  7.24%0712
772 3 0.30 0.34 0.21
-0.10 0.04 -0.12
NGC 7092 8 0.92 3.22 779 -19.70 310.67537  7.4615:30
589 1 0.29 0.29 0.25
-0.07 0.03 -0.18 )
NGC 2232 10 091 3.08 -4.67 -3.08 32477319 756702
497 2 0.35 0.30 0.26
-0.07 0.03 0.05
IC 4756 9 0.99 3.03 -0.52 -5.83 330.07%5%  7.59103¢
522 1 0.46 0.40 0.33
0.07 0.10 0.00
NGC 2516 14 0.92 2.89 -4.04 10.95 346.0727% 7707018
247 4 0.21 0.22 0.20
0.10 0.05 -0.13
Trumpler 10 9 097 274  -13.29 7.32 365.0155%  7.81703;
702 2 0.29 0.25 0.24
0.04 0.06 0.03
NGC 3532 8 0.92 247  -10.84 526 404.97125  8.04703)
552 5 0.39 0.38 0.37
-0.01 0.06 0.42
Collinder 140 11  0.97 2.44 -8.52 4.60 409.8753%  8.06703"
911 2 0.29 0.22 0.28
0.06 0.09 0.07
NGC 2547 11 0.95 2.31 -9.28 4.41 43297521 818192
824 3 0.29 0.31 0.24
0.10 0.15 0.06
NGC 2422 9 097 2.01 -7.09 1.90 497.57.%%  8.4870%2
591 1 0.43 0.35 0.28
-0.13 -0.04 0.43

m ando, are in masgq cos d, (s, O, cos s @ando,; are in mas/yr.
The notations have the following meaning:

NS: number of Hipparcos stars used for the calculation,

NA: number of accepted abscissae,

NR: number of rejected abscissae,

uwe: unit-weight error.
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Table 3. Cluster mean derived kinematical parameters. The velocity takes the solar motion (10.00,5.25,7 1%7jrkmaccount, but not the
rotation of the LSR

Cluster I b U ov V. ov W ow |2 0¥ pY o0 U PV
name degree kms™* percent

Coma Ber 221.28 84.03| 782 009 -031 012 6.62 02529 84 4 48 -16 -10
Pleiades 166.62 -23.57| 3.65 045 -19.12 069 -585 0.359 ¥ B 5 60 &4
IC 2391 270.36 -6.89| -1292 0.75 -833 025 118 02498 -5 64 -6 64 2
IC 2602 28963 -489| 156 037 -1501 030 688 01293 41 -10 17 -10 13

Praesepe 206.07 32.34| -32.43 0.88 -1499 044 -202 15198 90 99 82 99 88
NGC 2451 25240 -6.75| -18.74 0.80 -1443 0.73 -6.79 04494 -40 92 -15 090 -20
o Per 14696 -7.12| -532 0.69 -2053 096 -0.70 03580 96 8 61 77 77
Blanco 1 1495 -79.30| -11.68 251 -178 090 -235 05498 87 91 90 92 85
NGC 6475 355.84 -449| -536 020 237 044 204 07133 72 80 25 32 42
NGC 7092 92.46 -2.28 | 3837 255 050 042 -6.05 13199 -14 94 14 -93 -13
NGC 2232 21433 -7.73| -567 057 -6.66 048 -4.13 1.06-32 9 90 31 -25 8

IC 4756 36.38 525 | 3599 091 1383 116 6.16 0.78-93 92 64 -97 -58 52
NGC 2516 273.86 -15.89 -7.43 142 -1848 042 330 03697 31 -36 29 -32 -2
Trumpler 10 | 262.82 0.63 | -17.25 265 -16.62 497 -248 11696 -6 93 17 88 -10
NGC 3532 289.64 143 | -1092 356 -484 266 832 08396 46 -16 24 -9 -11
Collinder 140 | 245.20 -7.85| -11.79 265 -491 459 -6.10 15459 -20 84 64 83 26
NGC 2547 26460 -855| -890 224 558 126 -6.15 1697 -34 92 -30 92 -24
NGC 2422 230.98 3.13 | -18.26 3.14 -1050 325 -365 27166 -46 94 34 57 -49

4.2. Comparison with previous determinations Focusing on the 7 nearest clusters for which the Hipparcos
The first checking of the mean parallaxes comes from com di§tance modulus errors are smaller than 0.1 magnitude (and
. . KIng ean p . . .pgxcluding NGC 2451 forthe reasons given below), the following

ison with previous determinations. The first part of this sectigh

: : : remarks can be done:
mainly deals with the 7 closest clusters, which have a formal

error on the Hipparcos distance modulus smaller than 0.1 mag- coma Ber anch Per distance moduli are larger for Hip-
nitude and can thus be compared individually with other deter- parcos than for the other references. Concernirier, it
minations. The second part analyses statistically the parallaxesshould be noticed that the difference between Hipparcos

of the clusters more distant than 300 parsecs. and PSSKH, 0.17 magnitude, is nearly twice as small as the
difference between PSSKH and Dambis, 0.30 magnitude.
4.2.1. The closest clusters — The Pleiades distance modulus is smaller for Hipparcos, but

_ _ o _ _ the difference between Dambis and Hipparcos, 0.11 magni-
Previous cluster distance determinations were mainly derived ¢,de is in the order of the difference between PSSKH and
from the MSF technique. With the exception of the Hyades, pampis, 0.13 magnitude.

where grounq-based _trigonometric parallaxes are in excellent |c 2391 and 2602 are approximatively at the same distance
agreement with the Hipparcos ones (see Perryman|etall 1998) o, Dambis, Loktin & Matkin and Hipparcos, but the Hip-

and the series of papers by Gatewood et al. (1990), Gatewoodparcos value is between the two others which are discrepant

& Kiewiet de Jonge[(19€4) and Gatewood (1995) (see below), py .35 magnitude (0.25 if Loktin & Matkin are corrected
practically no direct determination of distance exists in the lit- oy the distance modulus of the Hyades).

erature.

Distance moduli of the 18 clusters derived from the Hippar- No systematic differences are, thus, noticeable between Hip-
cos mean parallaxes are compared in Table 5 to those determipados distance moduli and ground-based ones in the sense that
by Lynga (1987), Dambi< (1999), Loktin & Matkin (1994) andthere is no general trend of the Hipparcos distance moduli to be
Pinsonneault et al. (1998). Lyaty values, though outdated, arelifferent from all the MSF distance moduli from all the cited
given for comparison, since Lyags catalogue of open clus-references. On the contrary, the difference between Hipparcos
ter parameters has long been the catalogue of reference. Tlagkany of these references is of the same order, 0.2 magni-
values are the result of a compilation and do not present aoge, than that between two of these external references. This
homogeneity. On the contrary, Loktin & Matkin (330 clusters)ehaviour tends to show that the formal errors of distance mod-
and Dambis (202 clusters) catalogues are quite homogeneafisierived from the MSF technique are underestimated. This is
Because the Hipparcos mean distance modulus of the Hyadesso surprising since MSF distance moduli depend on the the-
is 3.33+ 0.1 (Perryman et al._1988), the distance moduli afretical (or empirical) sequence used, the metallicity and the re-
Loktin & Matkin (1994), which are based on a value of 3.42jenning chosen and the relations used to transf@te (/1)
are probably systematically overestimated by about 0.1 magnto observable quantities. For example, an error of 0.1 dex in

the metallicity will lead to a variation of the distance modulus
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Table 4. Mean parameters for all clusters with more than 4 Hipparcd998 and Carrier et al. (1998). According téd$er & Bastian
members (#) and more distant than 500 pc or with less than 8 HipparpiG C 2451 can be divided into two different entities. The closest
members. The proper motions have been computed constrainingdhe, at about 220 pc, has a well defined sequence in the colour-
photometric distance e;timaﬁ@. This.estimate i.s indicated v:/ith its magnitude diagram but presents a large scatter in proper motion
reference: D for Dambis, L for Loktin & Matkin, G for Lyrig in 5 taken from the PPM catalogue and looks more like a moving
decreasing order of prgference. The units are mas for the paralla %up than like an open cluster. The most distant entity, situated
mas/yr for proper motions; the correlation coefficient (%) betwe at about 400 pc, seems to form an open cluster. Plalcais et al.
facoss ANdus is indicated in the last column. (1996) definitively found two clusters NGC 2451-a and NGC
2451-b at 190 and 400 pc utilizing CCD photometry, while Car-

Name # mwas 7rrrf)as o €080 rnas/yrl”t‘S f rier et al. (199B) confirmed the existence of these two 'clusters
at 198 and 358 pc from Geneva photometry and the Hipparcos
Crizl 13 18024 158 -388t16 4.35:19 1 data. Baumgardi(1998) also found NGC 2451-a at 190 pc from
Cri32 8 15433 243 -35/24 416531 pHinnarcos data and supported the existence of NGC 2451-b in
:g ;ggi j é'gg'zi g'ii ééi; 33323 *  Hipparcos and ACT data. Using Hipparcos data alone, NGC
NGC 0457 4 15658 04D 14940 -198e36 o 24012 =5.30 mas) exh|b|t's a dlstlnqt clump in the vector-
NGC 0869 4 10148 054 -079:38 -144r33 o5 POINt diagram a_nd_a well defined peak in parallax, ano_l has then
NGC0884 5 09351 050 -077-42 -1.87t35 = allthecharacteristicsofanopen cluster. Anotherpeakinthe par-
NGC 1647 4 1.0980 2.42 -056:94 -0.14-77 = allax distribution at 2.5 mas, corresponding probably to NGC
NGC2244 6 1.3Z56 0.7 -059t46 055:38 .. 2451-b, connected with a concentration in the vector point dia-
NGC2264 6 28663 1.3% -0.40te64 -4.05t44 2 gramnearpf, cosd, us)=(-9, 5) is noticeable. But it is difficult
NGC2281 4 0.8273 189 -284ts82 -7.51+54 v todistinguish from the field star distribution because both par-
NGC2287 8 1.9%s52 153 -4.29t43 0.04t44 1 gllax and proper motion are close to those of field stars.
NGC2467 5 17865 07% -3.19:35  1.92t46 s Pleiades, Praesepe and Coma trigonometric parallaxes were
NGC2527 4 15kes 165 -6.27t49  8.14r69 u  gpained from the ground by Gatewood etfal. {1990), Gatewood
NGC2548 5 15k79 15L  -0.63r67  092:63 2 g Kiewiet de Jongé 1994) and Gatewodd (1995). In Praesepe,
NGC3114 6 1.143 1.0 -7.7H.39 4.15+31 9 994) is 520.8 mas in
NGC3228 4 13050 182 -1528-43 040.e7 o e mean parallaxfrom Gatewoqd (1994) : .
NGC 3766 4 13663 05% -7.28050 1.19:52 2 good_ agreement Wlt_h Hipparcos and MSF values of Lok_tln &
NGC4755 5 05240 053 -469:33 -147t30 s Matkin (1994) and Pinsonneault et al. (1998). For the Pleiades,
NGC5662 5 1.9462 1.3% -5.70t56 -7.58-55 5 Gatewood etal[(1990) obtained a mean value of6068 mas,
NGC6025 4 0.7655 1.7% -3.63t47 -2.87t53 s Using 5 cluster members. This value is noticeably smaller than
NGC6087 4 1.3@61 123 -1.60t62 -1.43t5 10 both Hipparcos and MSF values. On the contrary their Coma
NGC6124 4 27%8 215 -121t9 -1.92t71 .= parallax (Gatewood et &l. 1995), 13.930.54 mas, is much
NGC6231 6 -0.6248 0.7b  0.04:47 -1.94t34 s |arger. These discrepancies may be due to the fact that, although
NGC6405 4 1695 219 -147s58 -6.78:36 2  the internal accuracy of parallaxes are of the order of 1 mas, the
NGC 6530 4 13kso 0.7% 12686 -2.04:55 s 7010 point, fixed by 4 field stars for the Pleiades, 6 for Praesepe
NGC6633 4 27070 2.6L  -0.09:60 -0.3951 7 4 qgfy Coma, may be uncertain. There is only one field star in
NGC 6882 4 23844 168& 2.60+28 -9.81+27 2 - o _
NGC 7063 4 22181 131 04352 42455 o, common Wlt!’] their list, AO 1143 (=HIP 60233). It has a parallax
NGC 7243 4 04361 130  1.72t48 241152 o pf 2.3i_0.6 in Gatewood et all (1995) and of 4.270.92 mas
Stock02 5 29060 330 159%75 -1356:54 . N the Hipparcos Catalogue.
Tr37 6 1.0338 123 -3.75:35 -3.48:33 23 Van Leeuwen & Evans (1998) also calculated the mean as-

trometric parameters of the Pleiades and Praesepe as an exam-
ple of the use of Hipparcos intermediate astrometric data. Their
of the order of 0.1 magnitude when using John## pho- method is very similar to the one presented in this paper as
tometry. And an error of 0.01 magnitude in the reddening wilentioned in Sedt. 3.1. The final obtained values (van Leeuwen
produce an error of about 0.05 magnituderin- M. 1999), are also close to the ones calculated in this paper. This is
Noticing these discrepancies between the MSF distarit@t unexpected since the same abscissae have been used in both
moduli, it would be prudent to consider the Hipparcos data &&ses. However different sets of members and slight differences
a good test of the accuracy of MSF, when the exact chemidathe abscissae formal errors and correlations account for the
composition of the clusters is not known, and would possibgpserved differences in the results.
be a way to give constraints on this composition. A review of O’Dell et al. (1994), used the apparent star diameters to
the consequences of Hipparcos distance moduli on the M@grive the distances of the Pleiades anBer. They obtained
technique will be given in the second paper (Robichon et al.ghdistance of 13210 pc for the Pleiades and 1811 pc for
prep.). a Per. The value ofv Per agrees closely with the Hipparcos
NGC 2451 presents the most discrepant values. The Malue while the distance of the Pleiades is in agreement with
ture of this cluster was already discussed tis& & Bastian Hipparcos within the error bars. The method makes a statistical
(1994) and more recently by Platais et Al. (1996), Baumgakie ofl/ sin i of cluster members associated with their rotational
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Table 5. Hipparcos compared to previous determinations of cluster distance moduli and redennings.

Cluster (m—M)y (m—M)y EB-V) (m—-M)y EB-V) (mn—M)y EB-YV) (m — M)o
name Hipparcos Lyrég Dambis Loktin & Matkin Pinsonneault et al.
Coma Ber 4.7015:9% 4.49 0.00 4.60 0.01 4.540.04*
Pleiades 5.3610 0o 5.48 0.04 5.470.05 0.040 5.50 0.04 5.600.04
IC 2391 5.8210-07 5.92 0.01 5.740.07 0.004 6.07 0.01

IC 2602 5911505 5.89 0.04 5.680.05 0.038 6.07 0.05

Praesepe 6.287515 5.99 0.00 6.26 0.02 6.160.05
NGC 2451 6.3870 08 7.49 0.04 6.92 0.04

o Per 6.4070 0% 6.07 0.09v 5.940.05 0.099 6.15 0.09 6.23.06
Blanco 1 7107927 6.90 0.02

NGC 6475 7.247019 6.89 0.06

NGC 7092 7.4670 79 7.33 0.02 7.71 0.01

NGC 2232 7561035 7.80 0.01 7.98:0.05 0.021 7.50 0.03

IC 4756 7.597039 7.94 0.20v 8.41 0.20

NGC 2516 7701018 8.07 0.13 7.850.05 0.111 7.86 0.10

Trumpler 10 7.8179:33 8.09 0.06 7.88:0.05 0.035 7.64 0.02

NGC 3532 8.0473:37 8.40 0.04 8.23 0.04

Collinder 140  8.0615-27 7.39 0.04 7.740.05 0.026 7.70 0.04

NGC 2547 8.187030 8.20 0.05 7.98:0.10 0.054 8.16 0.04

NGC 2422 8.487092 8.37 0.08 8.13:0.05 0.088 8.15 0.07

* based only on the sequence in tidy, B — V') diagram. v: variable redenning.

periods and their angular diameters. Unfortunately, as too few Narayanan & Gould (1999) used the gradient of radial ve-
directangular star diameters are available for Pleiades memblersifies to derive a Pleiades mean distance of 18011 pc,
a calibration of the diameters as a functioWondB —V from  in agreement with Hipparcos within the error bars. Their set of
Hendry et al.[(1993) was used. As for the MSF method, thet84 individual radial velocities is a compilation of CORAVEL
distances are thus not directly obtained but, once again, ttegasurements taken from the same references as those of
depend on calibrations which can be biased by several otfect[2. They used a mean proper motionof ¢os d, us) =
parameters like chemical composition or age. (19.79, —45.39) computed as an average of 65 Hipparcos mem-
Recently, Chen & Zhad{1997) and Narayanan & Goulders. They explained the difference with the Hipparcos mean
(1999) used purely geometrical methods to derive the distanparallax by small scale correlations between individual Hippar-
of the Pleiades. Both methods are based on the hypothesis toat parallaxes, greater than those described above. However,
members share the same space velocity within a small randfmiftowing their arguments, if the mean Hipparcos parallax is
velocity dispersion of a few knTs. biased, then the mean proper motion could also be biased. The
Chen & Zhaol(1997) used proper motions and radial velofact that Narayanan & Gould use an average of the Hipparcos
ities of members to derive the distance and the spatial veloqgigoper motions could be a problem since a variation of 1 mas/yr
of the cluster with a global maximum likelihood procedurén p;, for instance, modifies the mean distance by about 2.5 pc.
They obtained a distance of 135:58.72 pc. The tiny error bar In order to analyse the radial-velocity gradient method, a
seems dubious. In addition, they used the proper motionsnaw selection of radial velocity members was done. All the
Hertzsprungl(1947) which are only relative. The zero point aiembers with a CORAVEL radial velocity were considered.
the proper motions is not given. From their resulting space VERe spectroscopic binaries were rejected when they had no or-
locity, the components of the proper motioms, cos d,u5) can  bital solution as well as all stars with less than 3 measurements
be estimated to be (21.50, -33.04). The component in declifand which thus could also be non detected spectral binaries).
tion is quite different from the Hipparcos mean proper motioh33 stars were selected on this basis. Their mean distance is
of the cluster. Moreover, the differences between Hertzsprun$33.8+9.3 pc using the radial-velocity gradient method and the
proper motions and the ACT catalogue proper motions (Urbarean values of the centre, mean radial velocity and proper mo-
et al.[1998) show very significant dependencies with magtien indicated in TableS 1 ahd 2 respectively. This distance con-
tudes and coordinates. This suggests biases in the Herstzspfunts the result of Narayanan & Gould (1999). However some
catalogue of the order of few mas/yr. No discussion on propéieubts can be casted upon the assumption that all the mem-
motion biases, neither on the discrepant value of the mean prapers share the same space velocity and are at the same distance.
motion, is given by Chen & Zhao (1997). Adopting the same notations as Narayanan & Gould(1999), let
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Vi be the observed radial velocity of a membgen; the unit Table 6. RMS normalized differences between cluster parallaxes and
vector pointing in its line of sight andl,., x andn the mean Dambis photometric parallaxes as a function of number of Hipparcos
radial velocity, mean proper motion and direction of the clustétars in each cluster.

center. Fig. 2 of Narayanan & Gould (1999) shows the differ
ence betweelV,.; — V,.(n.n;) versusp.n;. The slope of the
linear regression of these points gives directly the distanceBgmPers
the cluster. The most weighty points are then those withthe most 2 28 103 1.00
extreme values of the proper-motion projection on the line of 3 11 080 1.25
sight, i.e. the most distant members from the cluster centre par- 4 12 060 1.26
allel to the proper motion direction. The cluster distance derived 2 4 055 098
>9

# of #of (o) RMS
clusters (mas)

selecting only the 27 stars satisfyihg.n;| > 7 is 145+11 pc 6 048 157

while it is 100+ 16 pc when using the 106 other members. This 5 029 099

behaviour is quite puzzling. If the CORAVEL data are free from

any bias, this could indicate that the spatial structure of the clus-

ter is not symmetrical or that the member velocity dispersiafeight error (RMS error of the normalized differences) in sev-
is not uniform, due to tidal distortion by the galactic potenti@ral groups of clusters containing the same number of Hipparcos
for example. Nevertheless, investigations need to be carried §i#rs, have been computed (TdHle 6). If systematic errors were
and would probably be the subject of a further paper. present, the RMS error should increase with the number of stars

Summarizing this paragraph leads to two distance estimajigeach cluster (since the mean formal erfor) decreases).
for the Pleiades. The Hipparcos one around 120 pc (this papgy'such trend has been found and the random errors are mainly
and van Leeuwen 1999) and a group of other values arou@@ponsible of the departure from the expected value (equal to
130pc (PSSKH, O'Dell et al. 1994, Chen & Zhao 1997, angif the formal parallax errors are realistic). The average unit-
Narayanan & Gould 1999), part of them being compatible witReight error, 1.15, is not that bad since the membership in these
the Hipparcos result within the error bars. distant clusters is not firmly determined. There is then no room

for 1 mas systematic error or in only very few clusters.
4.2.2. Statistical properties of distant cluster mean parallaxes Theestimation ofthe formal error of the mean parallax based

on distant clusters seems statistically realistic. There is then no
The MSF method may be used efficiently for distant (e.geason to suspect the presence of a problem on closer clusters,
> 300 pc) clusters, since in this case, for a given absolute magscause the error on the parallax is independent from the par-
nitude error, the photometric parallax error becomes far smallgpax itself (Arenou et al.1995). Concerning the Pleiades, this
than the Hipparcos parallax error. Even a systematic absolytgygests that the formal parallax error has been correctly es-
magnitude shift would only produce a slight asymmetry on thgnated. The Pleiades could of course belatfrom the true
distribution of differences between Hipparcos and MSF pargdarallax, but this is improbable, except if this is one special
laxes; this may be seen when Hipparcos is compared to Lokgigse where the small-scale correlations have been severely un-
& Matkin (1994) distance moduli, in Arenou & Luri (1999). derestimated.

Since these distant clusters are much more concentrated onyo reason however has been found, which could justify this
the sky than the nearby clusters, the effect of angular correlaticm,@othesis_ For instance, one way of testing the way the small-
should also be more obvious. If systematic errors were presggile correlations were taken into account is to study the vari-
in the Hipparcos mean cluster parallaxes, then they would shgibns of astrometric parameters with the angular distance be-
up as either a systematic offset when cluster parallaxes are C@ffen stars. Pleiades stars have been grouped in six bins of nine
pared to photometric parallaxes, or as a scatter notaccountedt@fs with increasing distances from the centre and the mean
inthe formal errors. On the contrary, the errors on the normalizg&rometric parameters for each bin are given in Table 7. All
parallax differences appear normally distributed, the Gaussigflues are compatible with the adopted mean values, and no
(0,1) null hypothesis being compatible with the observationssignificant trend appears faror ., cosd. Concerningu;, the

A further piece of evidence that the RGC correlations (anglst bin (containing the 9 farthest stars from the cluster centre)
consequently the formal error on the mean cluster parallax@sht 3.2 from the cluster mean value. If these 9 stars were
seem to have been correctly taken into account is shown mablﬁ;?ected, the new mean values of the astrometric parameters re-
where the mean parallaxes are compared with those deduggfin compatible with the adopted values, but the last bin would
from Dambis [(19909). This reference was chosen because {h&n be at more thaty in Lbew cos s ANA4T N ps.
formal error of the photometric parallaxes is indicated. There- Ng definitive explanation has been found to explain this be-
fore, the statistical properties of mean cluster parallaxes maydigiour. However, if we add to this problem what has yet been
safely studied. noticed about the radial velocities, and if the effect on parallaxes

For the 66 clusters more distant than 300 pc, with atleast t4Rown by Narayanan & Gould is not interpreted as systematics,
members and a Dambis distance modulus, the normalized gifere are indications that the spatial and/or kinematical distri-
ferences between Hipparcos and Dambis parallaxes have bggibns of the Pleiades are not as regular as expected. This is
calculated. Then, the mean formal errer,) and the unit- possibly an explanation to the so-called Pleiades anomaly.
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Table 7.Mean astrometric parameters on subsamples of the Pleiadesl(@sters have been compared to their photometric counterpart.
bins of 9 stars) selected by increasing distances from the cluster cerfsing the 66 clusters more distant than 300 pc, the average dif-
The average angular distan@® from the cluster centre is indicated ference between cluster parallaxes, (HippareoBambis), is
indicated Tablé18 in 7 quantiles of 9-10 clusters according to

bin  (d) ™ Ha cos s s the average?” . ;- Although some significant departures from

# ° mas mas/yr mas/yr 0 are present when individual stars are used (Arenou & Luri
1 035 8304046 19.73+ 043 —44.87+0.32 1999), the correlatiop, . . s does not seem to influence the

2 067 9.07+0.42 1859+ 042 —45.05+0.32 mean cluster parallaxes. There is only one significant bin, at
3 131 8894045 19.35+0.46 —45.59+0.36 Pr oss = —0.2, which is mainly due to one cluster, NGC 6231,

4 196 7.37+0.58 18.97+0.59 —4558+0.45 where all stars have a negative parallax. The Pleiades being in
5 284 8654049 1853+0.51 —45.45+0.41 the last bin, a 1 mas error duef . ; would be improbable.

6 424 8174043 19.98+0.51 —46.94+0.38

al 190 8464022 19.15+0.23 —45.72+0.18

4.3.2. Small scale effect: the Pleiades

Table 8.Errors on mean Hipparcos cluster parallax (mas) as afunctigngSKH founq a slope of 3.04 1.36 mas When F:omputlng a

of the cluster averagef ... s. linear regression betweex] .. s andr of their Pleiades mem-
bers. For the members determined in this study, a slope of 1.95
+ 0.99 mas has been obtained. PSSKH interpreted this slope as
the signature of an Hipparcos systematic error. It should how-

—0.34 —0.34£0.32 ever be remembered that a correlation is not always a causality.

<pg cos 6> <7THip - 7TDambis>

’8'?8 ’8'?3 i 8'3; In the present case, the slope comes partially from the fact that
e : : the members in the central part of the cluster share the same
—0.04 —0.29 +£0.30 .. . A

0.03 017 +0.18 RGCs. This implies that the individual values of the parallax

0.11 —0.04 +0.23 are correlated. This also implies that e, . s values are sim-

0.32 0.29 4+ 0.31 ilar since the distribution of time on the parallactic ellipses are

nearly the same. Due to the scanning law of the satellite in this
area, the correlations are all around 0.3. But there are no rea-
son for believing that an unbiased value of the mean parallax
4.3. The effect of o7, .o s can be derived using? .. s = 0. Two kinds of Monte-Carlo

According to PSSKH, systematic errors, on the order of 1 maignulations have been done in order to assess these points.

and thus far greater than the mean random error, are presenfirst, using the assumed mean Hipparcos parallax and
in the Hipparcos Catalogue. They would be due to the exi®oper motion (given in Tablg]2) of the Pleiades, simulated
ing correlations between right ascension and parallax for st@Rscissae have been generated, using the complete covariance
within a small angular region. PSSKH have shown that theref@trix of j[hese qbservations for the cluster. For each_star, an
atrend inm vs p7 s for the Pleiades, where the most lumj@strometric solution has been performed. For each simulated
nous stars near the cluster centre, and with the higifest ;,, Pleiades, the7 . ; andw of each star member and a mean
are those which raise the average parallax above that exped@lge ofr derived from the intermediate data are computed. The

from MSF. In view of their results, PSSKH cautioned the usefa&an slope betweer], ... ; and over the simulations spread
of Hipparcos data for the stars with high from -3.9 mas to 2.9 mas with a mean valu@.12 £+ 0.14 mas.

acosd”

This section shows that, on the contrary, no bias on the pAfle mean value of the mean parallaxes4$+0.25 mas. Keep-
allax can be attributed to7 ., neither on large scale nor on!Ng only the simulated Pleiades with a slope greater than 2 (less
small scale. than 10% of the simulations), the mean paralla% i& + 0.13

mas. This fully demonstrates that the weight of the stars with a
largep? .. s do not bias the mean parallax value.
Secondly, thep? .. s correlation appears for a star if the

Using the whole Hipparcos Catalogue, stars more distant tHgRartition of Hipparcos Reference Great Circles for this star is
500 pc according to theirvby,3 photometry have been selecteg@symmetrical with regard to the position of the Sun (see chapter
Taking into account this selection bias as described in Arendi? of the Hipparcos Cataloglie 1997). In the case of Pleiades
et al. (1995), Sect. 4, the zero-point of Hipparcos parallaxesStrs, the RGCs are splitted into two groups of 2.5 months over
found to be—0.09 + 0.14 mas for 74 stars with™ .__; > 0.3, theyear, due to the scanning law of the satellite. The first group
with an unit-weight error of paralla®.94 + 0.10, whereas the iS centred on mid February and contains twice as many RGCs
same computation with no restriction pp,... s gives—0.05+ as the second group which is centred on mid August. To reduce
0.05 mas. Thus high” . ; do not seem to play a special roleh€ 7 ..s 5 Values, new reductions computing both individual
on the parallax of individual stars. and mean cluster astrometric parameters were carried out, while
However, this does not exclude possible effects at small dgiecting randomly half of the RGCs of the first group. As ex-
gular scales. For this purpose, the mean parallaxes for dista@€ted, the7 .. ; values became equal to zero on the average

4.3.1. Behaviour over the whole sky
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(—0.01 £ 0.02), but the mean parallax still remains quite theluster sequences in the HR diagram, which will be studied in

same on the averag&.40 4+ 0.12 mas), the slope between in-detail in a further paper.

dividual p7 . . s and7 remaining positive. A new selection of members, based on Hipparcos main Cat-
One can conclude, from these two groups of simulatiorepgue data, in the 9 clusters closer than 300 pc (except the

that the mean values of the cluster parallax do not dependhlyades) and in 9 rich clusters between 300 and 500 pc, has

the correlationg, .. s- been carried out. To these nearby clusters, a selection of 32
more distant clusters with at least 4 Hipparcos stars has also
4.4. Other possible effects been added. :
New mean astrometric parameters have been computed us-
4.4.1. Bad RGCs ing Hipparcos intermediate data, taking account of the star to

S .- ._star correlations. The precisions are better than 0.5 mas for par-
For a normal RGC the individual precision on a star absussr? : .
allaxes and 0.5 mas/yr for proper motions. For the most distant

residual is 3 mas on average, the mean value being 0. If for some . - .
Tl)JSteI’S the relative precision of the mean parallax is not as good

reason bad RGCs had a large weight, the mean parallax COU'@U dthey may be used for statistical purposes. Proper motions,

biased. Forexample, inthe Pleiades, the mean parallaxes derive : .
; . computed using the photometric parallaxes, may also be useful

when removing all the abscissae of the RGC 221 or 1519 afe . .
e.g. for the kinematical study of young stars.

respectively, 8.240.23 and 8.560.23. These are the extreme Extensive tests have been applied, on distant clusters as well

cases, for which a convergence of factors are responsible: ﬂ%%nthe Pleiades, which show that no obvious systematic errors
large number of stars observed on these RGCs, the high valie ’ Y

of the partial derivative%, the high parallactic factors at theseemto be presentin the obtained results, and that the computed

fime of observation and the good accuracy of the abscissg}:eeC'Slons are representative of the true external errors. This

The influence of the other RGCs is, in most cases, smaller tqs%r?md allow in turn to improve the MSF distance moduli and

0.05 mas. Anyway, except perhaps RGC 674, which has a lof ofobtam reliable estimates of their external errors.

Out|ieI‘S, there is no indication that any particular RGC Shou}q:knovvledgenﬁntsl We thank Dr F. Mignard for his comments about
be removed. And the mean astrometric parameters remain tePleiades Hipparcos data. We are grateful to Dr B. Miller for having
same when discarding RGC 674. improved the style of the paper and to Dr T. de Zeeuw and J. de Bruijne
for helpful comments. Extensive use has been made of the Simbad
— database, operated at CDS, Strasbourg, France, and of the Base Des
4.4.2. Binarity Amas (WEBDA).

The possibility that systematic errors could originate from un-
detected binarity has also been checked for the Pleiades cagendix A: hipparcos cluster members

Apart from binary stars flagged as such by Hipparcos, and re- o . .
jected in the solutions given in the previous section, a solutigii€ aPpendix lists the Hipparcos stars selected as members in

has also been performed where all the ground-based (spedff§-nearby clusters. Table A1 contains the members seen as
scopic or visual) binaries (20 stars) were rejected. The resultiiy!tiPle by Hipparcos and not used in the mean parameter cal-
average parallax (8.560.26) is not significantly different from €ulation (H59 = C, O, G, V or X), while Table A2 gives the
the adopted solution. numbers of single Hipparcos stars used.

In fact, excluding the rare cases where the period of the bi-
nary is about one year, no parallax bias due to unknown binamgferences
is expected. To assess this point, a simple test has been d%ne'

ina the st ) in th bital soluti f the Hi reriou F., 1997, ESA SP-1200 vol.3, chap. 17
using the stars given In the orbital solutions of the IpparC%enou F., Luri X., 1999, In: Egret D., Heck A. (eds.) Harmonizing

DMSA/O annex, and computing a single star solution instead cogmic Distance Scalesin a Post-Hipparcos Era. ASP Conf. Series

does not change significantly their parallax estimate. Since #&nou F., Lindegren L., FraeséM., et al., 1995, A&A 304, 52

binarity of these stars was known, undetected binaries (whigfenou F., Mignard F., Palasi J., 1997, ESA SP-1200 vol.3, chap. 20

implies a much smaller astrometric perturbation) are thus léBsumgardt H., 1998, A&A 340, 402

likely to produce a significant effect on the parallax. Brown A.G.A., Arenou F., van Leeuwen F., Lindegren L., Luri X.,
1997, Hipparcos Venice’'97, ESA SP-402, p. 63

Carrier F., Burki G., Richard C., 1998, A&A 341, 469

Chen L., Zhao J.L., 1997, Chin. Astron. & Astrophys. 21, 433

Open clusters have been used for a long time to calibrate PamMbis A.K., 1999, Astronomy Letters, in press

main sequence inthe Hertzsprung-Russell diagram as a funci§ynen W., Binney J.J., 1998, MNRAS 298, 387

of age and chemical composition and define one of the fi flot M., Figon P., Meyssonnier N., 1995, A&AS 114, 269

. . ) . . A, The Hipparcos Catalogue, 1997, Volume 1, Introduction and
steps in the distance scaling of the Universe via photometric Guide to the Data. ESA SP-1200

parallaxes. o Gatewood G., 1995, ApJ 445, 712

The Hipparcos Catalogue allows, for the first time, to d€satewood G., Kiewiet de Jonge J., 1994, ApJ 428, 166
termine, without any physical assumption, the distances of iigtewood G., Castelaz M., Han I., Persinger T., Stein J., 1990, ApJ
nearest open clusters presented here, and the locations of thg64, 114

5. Conclusions
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Table Al.Hipparcos cluster members flagged as multiple stars in HIP and not used for the calculation of the cluster mean astrometric parameters

Cluster name  H59 Hipparcos number Cluster name  H59 Hipparcos number
Coma Ber c 60525 NGC 6475 C 87218 87567
Pleiades C 17572 17923 vV 87063
O 17694 17847 NGC 7092 C 106262
G 18559 G 106170 106409
IC 2391 C 42216 42715 NGC 2232 X 30076
IC 2602 C 52116 52171 52815 C 30535
53330 NGC 2516 C 38416 38416 38966
O 52419 39195 39562
X 51794 43044 Trumpler 10 C 43085 43087 43680
Praesepe C 42497 43688
G 42542 NGC 3532 C 54184 54809
NGC 2451 C 37322 NGC 2547 C 39479
o Per C 16244

Table A2. Hipparcos cluster members used for the calculation of the cluster mean astrometric parameters

Cluster name

Hipparcos number

Coma Ber

Pleiades

IC 2391

IC 2602

Praesepe

NGC 2451

o Per

Blanco 1

NGC 6475

NGC 7092
NGC 2232
IC 4756

NGC 2516

Trumpler 10
NGC 3532
Collinder 140
NGC 2547

NGC 2422

59364
60206
60611

16217
17043
17401
17573
17729
18154
42274
43195

50102
52261
53913

41788
42516
42966

36653
37982
14697
15420
15878
16147
16625

163
585

87102
87580
87844

105658

30197
90958

38226
39073

42477

54147

35432
36217

39679
40427

36717

59399
60266
60649

16407
17044
17481
17579
17776
18431
42374

50612
52293
53992

42106
42518
42974

37297
38268

14853
15444
15898
16210
16782

212
653

87134
87616
88247
105659

30356
90990

38310
39386

42939

54177

35641

39759

36773

59527
60293
60697

16423
17091
17489
17583
17791
18544
42400

51131
52328
54168

42133
42523
42993

37450

14949
15499
15911
16318
16826

232
77

87230

87624

105955
30595
91171
38433

39438
43055
54197
35700

39988

36967

59833
60304
60746

16635
17125
17497
17588
17851
18955
42450

51203
52370

42164
42549
43050

37557

14980
15505
15988
16340
16880

257

87240
87656

106270
30660
91299
38536

39879
43182
54237
35761

40011

36981

59957
60347
60797

16639
17225
17499
17608
17862

42459

51300
52502

42201
42556
43086

37623

15040
15531
16011
16403
16966

328

87360
87671

106293
30700
91312
38739

43209
54266
35795
40016

37015

60025
60351
61071

16753
17245
17511
17625
17892

42504

51576
52678

42247
42578
43199

37666

15160
15556
16036
16426
16995

349

87460
87686

106297
30758
91437
38759

43240
54294
35822
40024

37018

60063
60406
61074

16979
17289
17527
17664
17900

42535

52059
52701

42319
42673

37697

15259
15654
16047
16430

389

87472
87698

106329
30761
91513
38783

43285
54306
35855
40059

37037

60066
60458
61147

17000
17316
17531
17692
17999

42702

52132
52736

42327
42705

37752

15363
15770
16079
16455

395

87516
87722

106848
30772
91870
38906

43326
54337
35905
40336

37047

60087
60490
61295

17020
17317
17547
17702
18050

42714

52160
52867

42436
42766

37829
15388
15819
16118
16470
477
87529
87785

30789
91909
38994
43450
36038
40353

37119

60123
60582
61402

17034
17325
17552
17704
18091

42726

52221
53016

42485
42952

37838
15404
15863
16137
16574
512
87560
87798
31101

39070

36045

40385
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