
A&A 399, 919–929 (2003)
DOI: 10.1051/0004-6361:20021818
c© ESO 2003

Astronomy
&

Astrophysics

The X-ray Luminosity Distributions of the high-metallicity open
cluster Blanco 1

I. Pillitteri1, G. Micela2, S. Sciortino2, and F. Favata3

1 Dipartimento di Scienze Fisiche e Astronomiche, Sezione di Astronomia, Università di Palermo, Piazza del Parlamento 1,
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Abstract. We present X-ray Luminosity Distributions (XLDs) of late-type members (dF, dG, dK, dM) of the Blanco 1 cluster,
based on ROSAT-HRI data and new astrometric-photometric membership obtained from the GSC-II project. For the first time
we present the XLD of dM stars of this cluster. The high metallicity of Blanco 1 allows us to investigate the role of chemical
composition on the coronal emission of late-type stars. Comparison between X-ray Luminosity Distributions of Blanco 1 and
Pleiades, NGC 2516 and α Per suggests a possible metallicity effect in dM stars.
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1. Introduction

Metal abundances can influence the X-ray emission of solar
type stars in different ways. High presence of metals increases
the radiative losses in the corona affecting the balance between
heating, conduction and radiative losses. Furthermore, higher
metallicity produces a deeper convective zone in stars of a
given mass (through opacity changes in subphotospheric lay-
ers). This increases the convective turnover time leading to an
enhancement of the dynamo efficiency that should produce a
larger coronal emission (Jeffries et al. 1997). Metallicity can
also influence the stellar rotational history, thus affecting the
efficiency of magnetic braking.

In this context the study of the Blanco 1 cluster is im-
portant because of its peculiarities. In fact, Blanco 1 is a
young open cluster, with an age estimated in the range
50−100 Myr (de Epstein & Epstein 1985; Westerlund et al.
1988; Edvardsson et al. 1995; Panagi & O’Dell 1997), a metal-
licity higher than the solar one ([Fe/H] ∼ +0.23, Edvardsson
et al. 1995) and also peculiar is its location out of the galactic
plane (b = −79◦) at a distance of ∼250 pc from the Sun. In the
following we will assume that the age of Blanco 1 is 100 Myr in
agreement with Panagi & O’Dell (1997). The temperature scale
adopted by Edvardsson et al. (1995) to derive the metallicity of
Blanco 1 is different from that used in studying other clusters
like the Pleiades (see Boesgaard & Friel 1990). As pointed out
by Jeffries & James (1999), when using the same scale adopted
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for Pleiades, the metallicity value of Blanco 1 should be re-
duced to +0.14, a value still higher than the solar one.

Previous membership studies have been largely based on
photometric criteria (Epstein 1968; de Epstein & Epstein 1985;
Westerlund et al. 1988; Panagi & O’Dell 1997). To date, the
most complete published member list is due to Panagi &
O’Dell (1997). This list does not include dM stars. Membership
lists for some F, G and early K stars based on stellar mo-
tions (radial velocity measurements) are presented in Jeffries
& James (1999) and Edvardsson et al. (1995) comprising a to-
tal of ∼40 objects.

The X-ray properties of Blanco 1 have been investigated
by Micela et al. (1999a; hereafter Paper I). The authors have
analysed the data obtained from two ROSAT-HRI observa-
tions for a total of ∼160 ksec, calculated the X-ray Luminosity
Distributions (XLDs) for the dG and dK stars of the clus-
ter, adopting the photometric member list of Panagi & O’Dell
(1997), and compared the XLDs with those of Pleiades and
αPer clusters. Furthermore, a list of unidentified stellar-like
sources, that were luminous in the X-ray band were reported.
Micela et al. (1999a) argued that a fraction of these X-ray
sources are likely to be low mass members of Blanco 1. The
lack of membership information for dM stars has not allowed
them to compare the coronal properties of these stars with the
analogs of Pleiades and αPer and the possibility of contamina-
tion of the member list by older, less active field stars made the
results somewhat uncertain for dG and dK spectral types.

Taking advantage of the new analysis of proper motions
(G. Hawkins, private communication) for this cluster, based on
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the GSC-II catalog data, we have derived membership proba-
bilities and recomputed unbiased XLDs using the two ROSAT-
HRI observations in Paper I, minimizing the contamination of
field stars. Furthermore, we can now calculate for the first time
the XLD of dM stars of Blanco 1. We will compare the Blanco 1
XLDs with the XLDs of the stars in the Pleiades, NGC 2516
and αPer, discussing the influence of age and metallicity on
the X-ray emission level. These comparison clusters have been
chosen because their properties are well known: the Pleiades
cluster is ∼100 Myr old and has solar metallicity (Boesgaard &
Friel 1990); NGC 2516 has an age of ∼100 Myr and metallicity
−0.3 dex lower than the solar one (Jeffries et al. 1997); αPer is
50 Myr old and has solar metallicity (Mermilliod 1981).

The structure of our paper is as follows: in Sect. 2 we de-
scribe the method adopted for selecting members, in Sect. 3
we present the XLDs and compare them with the analogs of
Pleiades, NGC 2516 and αPer discussing the implications of
observed differences with respect to age and metallicity, in
Sect. 4 we present our conclusions.

2. Member selection

2.1. The method

An initial sample was selected of 8069 objects with instru-
mental R magnitude down to ∼20, extracted from the GSC-
II1 catalog and falling in the region of 1.7◦ × 1.7◦ centered at
RA = 00:04:08.0 (J2000) Dec = −29:57:12.6 (J2000) which
contains Blanco 1. We calculated the membership probability
for Blanco 1 on the basis of the following criteria:

1. Photometric selection in order to reject the objects with
photometry clearly inconsistent with that of the cluster.

2. Spatial selection to keep only objects in the ROSAT-HRI
fields of view of the observations analyzed in Paper I.

3. Calculation of astrometric membership probability.
4. Second photometric selection based on the cluster main se-

quence determined considering only the cluster high prob-
ability objects (p ≥ 0.8) from step 3.

5. New astrometric membership probability for the photomet-
ric selected sample.

6. Final selection of stars with membership probability
p ≥ 0.8.

We give below a more detailed description of these steps. From
the initial sample of 8069 objects (their proper motions are
shown in Fig. 1) we selected 1650 objects, with both colors and
magnitudes in a “strip” a few magnitudes broad that approxi-
mately mimics the cluster sequence (Fig. 2, step 1) in order to
exclude a large fraction of faint objects not related to the clus-
ter. Since we are working on instrumental photometry, we have
not attempted to use a ZAMS model (which would require ac-
curate color transformations) but have traced our strip by eye.
All the stars confirmed as members in Jeffries & James (1999)
on the basis of their radial velocity lie inside the selected strip.

1 Details on the B and R magnitudes of the GSC-II project can be
found at the web page: http://www-gsss.stsci.edu/
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Fig. 1. Vector Point Diagram obtained from the 8069 GSC-II objects
in the Blanco 1 region. The cluster is located at ∼20 and 2 mas yr−1

along µx and µy respectively, but the contamination from field objects
is clearly not negligible.
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Fig. 2. R vs. B − R diagram of the complete GSC-II sample. The lines
show the first photometric selection based on instrumental magni-
tudes B and R: only the objects above the lines are retained (step 1).

In this phase we also rejected extended sources and those with
very large astrometric errors.

Since our main interest is to reliably select cluster mem-
bers in the region observed in the two ROSAT-HRI exposures,
we restricted the analysis to these regions (step 2). We cal-
culated the astrometric membership probability by fitting the
point density in a Vector Point Diagram following the proce-
dure described in Jones (1997) (step 3).

Figure 3 shows the R vs. B− R scatter plot of the stars con-
sidered in this step, with open and filled squares indicating the
stars with probability p ≥ 0.8. The objects with p ≥ 0.8 occupy
two different regions; in particular the open squares clearly
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Fig. 3. R vs. B − R diagram showing the second photometric selection
(step 4) based on instrumental magnitudes B and R. Square symbols
are the objects with p ≥ 0.8 found in step 3. Stars shown as open
squares delineate the main sequence of Blanco 1, while filled squares
indicate the objects with p ≥ 0.8 not on the same sequence. Lines
show the cut leading to the new photometric selection obtained in
step 4.
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Fig. 4. Vector Point Diagram of photometrically and spatially selected
stars, crosses indicate stars with probability p ≥ 0.8 (calculated in
step 5).

delineate the main sequence of the cluster, while the filled
squares appear outside this sequence. This behaviour prompted
us to make a further cut in the initial photometric strip and to
retain only the objects lying above the lines indicated in Fig. 3,
thus allowing us to make the further photometric selection im-
plemented in step 4. As a check, we note that this further photo-
metric selection contains the star members in Jeffries & James
(1999). We repeated the astrometric analysis (step 5) on the
objects selected by step 4.
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Fig. 5. Scatter plot and best fit of B − V vs. B − R instrumental values
used to obtain the B − V color index values for the Blanco 1 selected
members as described in Sect. 2.1.

At the end of this procedure, we selected 93 stars as mem-
bers of the cluster with proper motion probability p ≥ 0.8
(step 6, Fig. 4). By integrating the values (1 − p) for all the
selected objects (p ≥ 0.8) we estimated that ∼9 of the 93 mem-
bers are likely to be false members, thus implying a fraction of
∼10% of contamination in our sample. We found that the clus-
ter has proper motion components µα cos(δ) = 19 ± 4 mas/yr
and µδ = 2 ± 3 mas/yr in agreement with the values derived by
Robichon et al. (1999) (19.15±0.50, 3.21±0.27 mas/yr respec-
tively). The values in Robichon et al. (1999) were derived from
Hipparcos observations but from a sample of only 13 members
of Blanco 1. We calculated the XLDs as discussed in Sect. 3 by
considering a subsample of 82 members comprising only stars
in the range of dF–dM type, namely 8 dF, 11 dG, 38 dK and
25 dM stars. Five out of the remaining 11 are G–M type stars
just on the edge of the field of view with unreliable LX determi-
nation, and 6 of the remaining have B − V ≤ 0.3. The selection
method, based on photometry and proper motion analysis, does
not produce a bias from the point of view of X-ray emission,
making it suitable to estimate Blanco 1 X-ray properties.

From the instrumental magnitude B and R we obtained a
standard B − V color index using conversion tables provided
by G. Hawkins (private communication). These tables report
measurements of B−R for a sample of stars with well assessed
B − V index; the reliably calibration is reported in Fig. 5. We
fitted a linear relation, after exclusion of some evident outliers,
and calculated the index color B−V from the instrumental B−R
values of our sample. The outliers are probably dM type stars
with unreliable B − V measurements. From Fig. 5 we can esti-
mate that our fitting is reliable just to B − R ∼ 2.3.

The fitted relation is:

(B − V) = (0.742 ± 0.004) (B − R) − (0.035 ± 0.004).

The deduced B − V color index has been used to segregate
the members in “spectral type” bins. In the case of dM stars,
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Fig. 6. Distribution of offsets between BLX sources and GSC-II stars.
The line represents the distribution of expected spurious identifica-
tions.

for which the B − V index is ineffective to distinguish the
various spectral sub-types, we used infrared photometry from
the 2MASS catalog to assign the values of Teff and spectral
type. We obtained a linear relation between Teff and the H − K
color index from the data reported in Leggett et al. (1996) and
Leggett et al. (1998) and applied this relation to our sample.
We found the relation:

Teff = (4470 ± 110) K − (4800 ± 400)K/mag (H − K). (1)

The typical error in the estimated temperatures is ∼100−150 K,
corresponding to an uncertainty of ±1 sub-spectral type in the
dM range. The temperature values from this calibration are in
good agreement with those obtained from the spectral clas-
sification of a subsample of stars with low-resolution spectra
(R ∼ 3000) observed at the ESO 1.5 mt. telescope in La Silla
(Chile).

2.2. X-ray member candidates

In order to identify new low-mass members among the X-ray
luminous sources that were unidentified in Paper I (BLX list
hereafter), we first cross-identified the positions of the BLX
list with the positions of the complete sample of 8069 GSC-II
objects. The positions in the BLX list are taken from Paper I,
where the systematic offsets had already been removed in the
ROSAT pointing solution. On the basis of the histogram shown
in Fig. 6 we considered an identification correct if the offset
between the position of a given X-ray source and the possi-
ble optical counterpart is ≤13′′ (the number of expected spuri-
ous identifications with this criterion is 1.6). We chose 13′′ as
threshold for identifications on the basis of the local minimum
in the distribution shown in Fig. 6. Of 88 BLX sources, 48 are
identified in the GSC-II initial sample of 8069 objects, while
the other 40 sources are classified as follow:

– 23 do not show GSC-II counterparts up to a distance of 20′′,
i.e. the limit reported in Paper I for optical identification.

– 11 show an object at the edge of the identification circle
of 20′′.

– 5 show a faint object in the Digitized Sky Survey not
present in the GSC-II catalog.
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Fig. 7. Distribution of membership probability of identified stars in the
BLX list.

– 1 source is near a bright star that makes it impossible to
calculate accurate positions and proper motions.

In 8 cases, the determination of the extension of GSC-II coun-
terparts suggests that these sources are galaxies or galaxy
clusters.

By adopting a radius of 13′′ we then identified again the
BLX sources with the sample obtained in steps 5 and 6 (sec-
ond and final astrometric analysis), and selected a subgroup of
28 objects. For these 28 sources the distribution of member-
ship probability is shown in Fig. 7: 18 show a probability level
higher than or equal to 80% which makes them probable low-
mass members of the cluster. This conclusion is supported by
spectral identification of some high probability BLX sources
based on low-resolution spectra obtained at the ESO 1.5 m tele-
scope in La Silla; these sources also show strong emission in
the Hα line (Fig. 8).

2.3. Previous photometric member list

In order to verify the field star contamination present in the list
of photometric members used in previous studies, we have ap-
plied the same analysis to the members in the list of Panagi &
O’Dell (1997) finding that 76 out of the 83 objects which lie in
the ROSAT-HRI fields are identified with objects in the GSC-II
catalog. A subsample of 68 of these 76 stars survives our se-
lection, allowing us to assign a value of astrometric member-
ship to this group. If we calculate the number of contaminants
among these 68 stars by integrating the value (1 − p) as done
in Sect. 2.1, we can estimate that ∼24 of the 68 stars are not
members viz. a fraction of ∼35%. As a comparison, the frac-
tion of contaminants in the Jeffries & James (1999) sample is
∼40%. We obtained this estimate by considering the numbers
of stars from Tables 1 and 2 in Jeffries & James (1999); we also
excluded 3 stars from the non-member list because these prob-
ably belong to binary systems. We conclude that the results
(such as those presented in Paper I) based on the photomet-
ric list of members in Panagi & O’Dell (1997) are likely to be
heavily contamined. A mixture of age in a sample composed by
Blanco 1 stars and field stars can cause significant differences
in derived coronal activity, thus affecting the study of global
properties that we discuss in the following.
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Fig. 8. Low-resolution optical spectra of the couterpart of some BLX source with membership probability p ≥ 75%. The flux is normalized at
5550 Å and the spectra are shifted vertically for clarity. We note in all cases the strong emission in the Hα line at 6563 Å.

3. X-ray luminosity distributions

We calculated the upper limits to the X-ray luminosity at a level
corresponding to a source detection probability of 4.5 σ (con-
sistent with the chosen detection threshold) for the undetected
cluster members (i.e. stars with p ≥ 0.8) in the HRI fields
using the wavelet transform detection algorithm developed by
Damiani et al. (1997). For the detections we cross-identified
our optical catalog of 93 high probability members with the
X-ray sources identified in Paper I, choosing the threshold ra-
dius of 13′′, already used when identifying the BLX sources.
This choice should minimize the loss of real identifications
and the probability of chance coincidence. Coherently with
the analysis carried out in Paper I, we assumed a count rate
to flux conversion factor of 3.2 × 10−11 erg/(s cm−2 count−1),
derived for an optically-thin plasma model characterized by a
single temperature of 1 keV (Raymond & Smith 1977) and as-
suming a log(NH/cm−2) = 20, derived from E(B − V) = 0.02
(Westerlund et al. 1988). Uncertainties in the temperature lead
to an uncertainty of 20% in the conversion factor as reported in
Paper I. To calculate the X-ray luminosity, we assumed a clus-
ter distance of 250 pc as reported in Panagi & O’Dell (1997).
When using the Hipparcos distance for Blanco 1 (262 pc,
Robichon et al. 1999) the X-ray luminosities should be system-
atically increased by ∼10%. In the appendix, Table A.1 sum-
marizes the optical, infrared and X-ray band properties of the
Blanco 1 members in the combined fields of view of the two
HRI observations as well as proper motion probabilities and
identifiers. Identifiers with prefix ZS are from de Epstein &
Epstein (1985) while the prefix BLX refers to BLX sources
from Paper I; positions are taken from the GSC-II catalog.

The Teff values are derived using the relationship of Lang
(1992) for stars with B − V ≤ 1.4, otherwise we used Eq. (1)
to assign a temperature. The mass estimates are interpolated on
the values of Teff from an isochrone model (Siess et al. 2000)
calculated using metallicity Z = 0.03 and age 100 Myr.

The new member list contains 46 of the 83 stars from the
member list given in Panagi & O’Dell (1997); for 31 of these
46 stars an X-ray detection is reported. A further 18 members
not included in the Panagi & O’Dell (1997) catalog are iden-
tified with bright X-ray sources in the BLX list. We have also
found a number of faint members for which we can only put an
upper limit to their X-ray luminosity.

We selected dF, dG and dK type stars by the following
(B − V)0 ranges: 0.3−0.5, 0.5−0.8 , 0.8−1.45 respectively. For
dM stars we applied the combined criteria: B − V ≥ 1.45
and Teff(H − K) < 4000 K, using the temperature estimate
from 2MASS infrared photometry. In Fig. 9 we plot log LX vs.
(B − V)0 assuming the correction E(B − V) = 0.02 reported by
Westerlund et al. (1988), as well as the medians of log LX of dF,
dG, dK and dM stars of Blanco 1 in the present work and, for
comparison, that of the Pleiades (Micela et al. 1996 and Micela
et al. 1999b). The vertical lines indicate the 10%−90% range
of the distributions; in the case of dM stars the upper limit indi-
cates that the X-ray distribution does not reach the 0.9 level
because of the significant fraction of upper limits. Medians
and percentile ranges are calculated by interpolating the val-
ues of log LX at which the XLD, as computed below, is equal
to 0.5, 0.1 and 0.9 respectively. Notice that the median value
of LX for dK stars is affected by the low values for the latest
types. A change of LX at (B − V)0 ∼ 1.4 it is also evident. We
have decided to use this color binning for consistency with the
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Table 1. Numbers of detected stars in X-ray and upper limits among
the Blanco 1 members.

Spectral Type Detections Upper Limits
dF 6 2
dG 8 3
dK 22 16
dM 10 15
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Fig. 9. log LX vs. B − V for the Blanco 1 stars. The arrows show the
upper limits, the horizontal lines are the medians of distribution of
log LX in Blanco 1 (solid line) and Pleiades (dashed line), the vertical
lines show the 10%−90% of distribution range.

previous work on other clusters, but it is clear that the obtained
median value is strongly dependent on the chosen spectral type
boundaries. Table 1 shows the number of detections and up-
per limits for the 82 selected Blanco 1 members. We note that
the spread of Blanco 1 X-ray luminosities is comparable to that
of the Pleiades regardless of the differences in metallicity, and
also that the X-ray luminosity medians for dG and dK stars in
Blanco 1 are lower than those of the Pleiades. In the case of dM
stars, we note that the X-ray luminosity median in Blanco 1 dM
stars is slightly higher than the analog for the Pleiades.

We estimate the XLDs following the method described in
Schmitt (1985) in the case of censored data as done in Paper I.
We do not find significant differences between XLDs computed
in the present work and those in Paper I.

The median of log LX for dG stars is now larger than that in
Paper I (median log LX = 29.21 in Paper I, 29.4 in this work).
In contrast, in the case of dK stars the new median is lower
than that in Paper I (29.1 vs. 29.3), the reason for this unex-
pected difference being that we have excluded contaminants
(that should lower the XLD), but have also included new late
dK stars which are less active than early dK stars.

In order to investigate effects related to stellar metallicity,
in Figs. 10 and 11 we compare the XLDs of dF, dG, dK and
dM stars in Blanco 1, Pleiades (Micela et al. 1996; Micela et al.
1999b) and NGC 2516 (Harnden et al. 2001). The XLDs of

NGC 2516 are derived from Chandra data, so that the compar-
ison with other XLDs, obtained with a different instrument, is
not straightforward. Furthermore the membership information
for NGC 2516 is not yet as reliable as that for the Pleiades, thus
in this case the XLDs could still be affected by contamination
in the range of solar type stars. However, our primary compar-
ison relies on Blanco 1 vs. the Pleiades and α Per clusters for
which we used ROSAT data and for which astrometric mem-
bership is available. We have not found any significant differ-
ences between Blanco 1 and Pleiades stars for dG and dK spec-
tral type when applying several statistical “two sample” tests
(logrank, Gehan and Wilcoxon, see Schmitt 1985); while we
found a marginal difference at the 94% level in the case of dM
stars2.

The dG stars of Blanco 1 have a distribution of log LX val-
ues similar to that of Pleiades and NGC 2516, despite the dif-
ferences in metal content. The expected influence of metallic-
ity on the coronal emission in this spectral range is complex
as pointed out by Pizzolato et al. (2001). A first, direct effect
is due to the radiative losses in the corona: the X-ray coronal
spectrum of late type stars, at temperatures of a few million de-
grees, is dominated by line emission produced by heavy ions so
that the emissivity power scales linearly with metal abundance.

A second effect is related to the structural change in sub-
photospheric layers due to the variation in metal abundance
level. In fact, a higher metallicity increases the opacity and
produces deeper convection zones at a given mass. This could
result in a better efficiency of the dynamo, producing a higher
coronal activity, if the rotational period is kept fixed. These two
effects are likely to lead to an enhancement of X-ray coronal
emission. Another effect is related to the metallicity influence
on the mass vs. color-index relation: stars with higher metal-
licity at a fixed B − V value are more massive than metal-poor
stars with the same B − V . This effect produces variations in
the convective turnover time of F−G type stars of up to a fac-
tor 4, if modeled with the Full-Spectrum-of-Turbulence theory
(Canuto et al. 1996). A lower convective turnover time would
imply a lower activity in metal-rich solar type stars with re-
spect to metal-poor stars with the same color index because the
compared stars have different masses. More massive metal-rich
stars should have less extended convection zones and a less ef-
ficient dynamo mechanism than metal-poor stars with the same
color index.

As a result, when we compare dG stars with different metal
abundances selected by the same B − V color index, the ef-
fects on the convection zone and on the radiative losses tend to
compensate; for dK stars no effects on the convective zone are
expected to be present and only the radiative losses are affected
by metal abundance (Pizzolato et al. 2001).

The XLD for dK stars of Blanco 1 is similar to that of the
Pleiades (Fig. 11), whereas based on the Pizzolato et al. (2001)
model estimates, we would expect a monotonic increase of ac-
tivity level with metal abundance. Two hypotheses are possi-
ble: either the presence of contaminating less active field stars
lowers the overall distribution of log LX (but the threshold of

2 In Paper I the XLD of dG stars was marginally lower than that of
Pleiades, in the present work this difference is not confirmed.
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Fig. 10. XLDs for dF and dG stars of Blanco 1 (dotted line), Pleiades (continuous line) and NGC 2516 (dashed line).
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Fig. 11. XLDs for dK and dM stars of Blanco 1 (dotted line), Pleiades (continuous line) and NGC 2516 (dashed line).
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Fig. 12. XLDs for dG and dK stars of Blanco 1 (dotted line), Pleiades (continuous line) and α Per (dashed line).
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membership probability is high enough to minimize this ef-
fect), or we are dealing with a real effect. In particular, a distri-
bution of rotational periods different from that of Pleiades and
NGC 2516 could overwhelm the metallicity effect in determin-
ing X-ray activity.

Measurements of v sin i are given in Jeffries & James (1999)
for Blanco 1 G and K type stars selected from the list of Panagi
& O’Dell (1997) and filtered by means of radial velocity cri-
teria. The sample of members is very small but we note that
the fraction of fast rotators is consistent with that found in the
Pleiades by Queloz et al. (1998). These stars should be in
the saturated coronal regime and this fact is consistent with
the similarity of the high luminosity tails of XLDs of dK stars
in Pleiades and Blanco 1, so that differences are to be looked for
in the low velocity range (e.g. v sin i ≤ 20 km s−1). The lack of
measurements in this range for an extended sample of dK stars
of Blanco 1 prevents us from testing for significant differences
in the distributions of rotational periods.

For dM stars we note the relatively higher level of X-ray
luminosity for the Blanco 1 sample. Whereas the distribu-
tions of Pleiades and NGC 2516 are similar, the XLD of
Blanco 1 systematically presents higher values, although the
high-luminosity tail is similar to that of the other clusters. This
can suggest a possible metallicity effect on the X-ray emission
of these stars. If we assume that the expected fraction of con-
taminants (∼10%) is concentrated in the lowest X-ray luminos-
ity sources, we can correct the XLD, excluding the 10% of less
active stars and obtaining the “non-contaminated” XLD. With
this procedure we find that the probability level of a signifi-
cant difference between the XLD of dM stars in Blanco 1 and
Pleiades increases to 99.8%, thus reinforcing the indication that
the chemical abundances are likely to play a role in the coronae
of dM stars.

In Figs. 12 and 13 we compare the XLDs of Blanco 1,
Pleiades and α Per to explore the effects related to age evolu-
tion. We note that in the case of dG and dK stars, the α Per stars
are more X-ray luminous than those of Pleiades and Blanco 1.
The dM stars of Blanco 1 appear, on the contrary, more X-ray
luminous than those of Pleiades and α Per. It appears that the
age effect on the X-ray emission level is relevant in the case of
dG and dK stars while in the case of dM stars the differences in
the Blanco 1 sample could be related to a metallicity effect.

We give some caveats on this conclusion: the Blanco 1 dM
sample contains a small number of objects and the XLD is sig-
nificantly influenced by upper limits. Deeper observations al-
ready planned with XMM-Newton satellite will allow us to give
a firmer basis to this evidence.

4. Conclusions

We have calculated X-ray Luminosity Distributions for the
Blanco 1 cluster from ROSAT-HRI data, taking advantage of a
new astrometric-photometric membership selection. In partic-
ular we have calculated for the first time the XLD of Blanco 1
dM stars. Spatial cross-correlation between the GSC-II cata-
log and unidentified X-ray sources reported in Paper I allows
us to identify new low-mass members characterized by high
X-ray luminosity. We have also rejected a significant fraction of
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Fig. 13. XLDs for dM stars of Blanco 1 (dotted line), Pleiades (contin-
uous line) and α Per (dashed line).

objects from the photometric member list of Panagi & O’Dell
(1997), as having proper motions not compatible with those of
the cluster.

The comparison of the new “uncontaminated” XLDs with
the analogs of other clusters, allows us to explore effects re-
lated to age and metallicity, and shows that the metal-rich dM
stars of Blanco 1 appear more active (with the caveats given
in previous section) than the analog ones (more metal poor) in
Pleiades, NGC 2516 and α Per. Our results suggest that chemi-
cal composition can influence coronal activity, mainly through
coronal radiative losses due to emission lines. Deeper obser-
vations aimed to obtaining a larger sample of detections are
needed to confirm these results based in part on upper limits.

The dK stars of Blanco 1 do not follow the prediction based
on Pizzolato et al. (2001) according to which these stars should
be more luminous than the dK stars in the Pleiades, thus sug-
gesting a possible difference (not measured up to now) in the
rotational velocity distribution of slow rotators with respect to
the Pleiades. The testing of this hypothesis will require an ob-
servational campaign to derive rotational periods of “slowly”
(v sin i ≤ 20 km s−1) rotating Blanco 1 members.
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Appendix A: Table of cluster members properties

Table A.1. Optical, infrared and X-ray band properties of Blanco 1 members in the combined fields of view of the two ROSAT-HRI observa-
tions. Identifiers in the first column are from de Epstein & Epstein (1985) (prefix ZS) or from Paper I, Table 4 (prefix BLX). Positions are taken
from GSC-II catalog. The prob column report the astrometric membership probability.

Id. RA Dec prob B − V J − H H − K Teff M/M� log LX

(2000) (2000) mag mag mag K

0:01:37.8 −29:57:28.3 0.87 1.53 – – – – ≤29.57

ZS 35 0:01:39.8 −30:04:38.6 0.91 1.31 – – 4100 0.67 29.85

ZS 58 0:01:46.5 −29:46:38.9 0.93 0.51 – – 6220 1.30 29.82

0:01:49.5 −30:15:12.1 0.87 0.66 – – 3700 0.67 –

0:01:52.6 −30:05:36.0 0.81 1.45 – – 3480 0.51 ≤28.80

ZS 37 0:01:53.4 −30:06:12.9 0.92 1.52 0.58 0.23 3360 0.25 29.29

ZS 38 0:01:54.4 −30:07:42.0 0.92 1.08 0.52 0.19 4520 0.80 29.86

0:01:54.5 −30:10:38.3 0.91 1.35 – – 4050 0.64 ≤29.46

ZS 40 0:01:56.9 −30:12:08.0 0.93 1.42 0.63 0.16 3850 0.54 29.45

ZS 39 0:01:57.7 −30:09:28.8 0.94 0.12 – – 9500 2.00 ≤29.37

BLX 7 0:02:00.8 −29:59:17.6 0.89 0.75 0.41 0.12 5540 1.10 29.42

BLX 9 0:02:01.3 −29:57:55.3 0.88 1.48 – – – – 29.37

ZS 43 0:02:03.7 −30:10:25.1 0.91 1.57 0.66 0.18 3600 0.38 ≤29.57

ZS 42 0:02:04.2 −30:10:34.5 0.92 1.29 0.53 0.19 4130 0.69 29.57

ZS 45 0:02:18.5 −29:51:08.6 0.92 0.65 – – 5820 1.20 29.20

ZS 46 0:02:19.7 −29:56:07.6 0.90 1.20 – – 4260 0.73 29.46

ZS 48 0:02:21.6 −30:08:21.7 0.93 0.27 – – 8000 1.70 29.85

0:02:24.3 −30:06:02.9 0.90 1.44 – – 3800 0.51 ≤28.89

ZS 53 0:02:24.3 −30:09:09.0 0.87 1.56 0.64 0.16 3700 0.42 ≤29.09

BLX17 0:02:25.9 −29:52:39.2 0.92 1.45 0.63 0.22 3480 0.28 29.08

ZS 54 0:02:28.2 −30:04:43.6 0.88 0.96 0.43 0.21 4740 0.87 29.76

ZS 52 0:02:30.9 −30:17:02.0 0.90 1.59 0.63 0.19 3560 0.35 29.62

ZS 61 0:02:34.8 −30:05:25.6 0.93 0.84 0.55 0.09 5160 0.98 30.00

ZS 62 0:02:35.4 −30:07:02.0 0.92 0.61 0.40 0.06 5920 1.20 29.46

BLX24 0:02:48.4 −29:53:53.8 0.94 1.56 0.63 0.24 3710 0.23 29.06

BLX26 0:02:51.5 −29:54:49.3 0.90 1.53 0.74 0.19 3560 0.35 29.15

0:02:52.2 −29:47:00.9 0.88 1.47 0.69 0.16 3700 0.43 ≤29.27

BLX27 0:02:54.2 −30:06:55.9 0.85 1.46 0.51 0.28 3130 0.15 29.21

ZS 76 0:02:56.4 −30:04:45.1 0.93 0.76 – – 5470 1.10 30.26

ZS 75 0:03:00.3 −30:03:21.8 0.93 0.76 0.52 0.08 5480 1.10 29.62

BLX34 0:03:00.5 −30:15:44.1 0.90 1.55 – – − − 29.40

ZS 71 0:03:02.9 −29:47:44.2 0.92 1.41 0.73 0.19 3850 0.57 29.56

ZS 83 0:03:07.1 −30:15:17.4 0.86 0.75 – – 5540 1.10 29.40

0:03:07.8 −30:18:59.2 0.83 1.48 – – – 0.40 −
ZS 84 0:03:10.8 −30:10:49.1 0.92 0.50 0.25 0.05 6270 1.40 29.58

BLX37 0:03:11.5 −29:58:10.2 0.89 1.50 – – – − 29.16

ZS 95 0:03:16.5 −29:58:47.7 0.93 0.75 – – 5530 1.10 28.96

ZS 91 0:03:20.6 −29:49:22.9 0.94 0.43 0.21 0.10 6490 1.40 29.51

0:03:20.8 −29:51:52.8 0.85 1.34 0.59 0.13 4050 0.64 ≤29.10

ZS 96 0:03:21.8 −30:01:10.8 0.93 0.24 – – 8000 1.80 29.54

0:03:22.5 −29:51:52.8 0.80 1.42 0.50 0.32 – 0.55 ≤29.44

ZS 94 0:03:24.2 −29:56:23.1 0.86 1.43 0.66 0.08 3880 0.53 28.77

ZS 90 0:03:24.4 −29:48:49.6 0.93 0.30 – – 7200 1.70 29.61

ZS 93 0:03:24.7 −29:55:14.9 0.87 0.94 – – 4790 0.88 29.32
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Table A.1. continued.

Id. RA Dec prob B − V J − H H − K Teff M/M� log LX

(2000) (2000) mag mag mag K

ZS104 0:03:31.9 −29:43:04.9 0.90 0.16 – – 8400 1.90 29.79
0:03:33.7 −30:15:44.2 0.88 0.60 – − 6000 1.20 −

BLX46 0:03:34.5 −29:58:30.6 0.84 1.56 0.65 0.17 3650 0.39 29.39
0:03:39.9 −29:58:45.0 0.93 1.40 0.63 0.23 3900 0.58 ≤29.13

ZS107 0:03:50.2 −30:03:55.9 0.93 1.18 – – 4300 0.75 ≤29.34

ZS112 0:04:04.0 −29:58:26.7 0.92 0.76 0.42 0.15 5500 1.10 ≤29.82
0:04:09.2 −30:01:11.1 0.89 1.55 – – − − ≤29.50

BLX50 0:04:25.8 −30:04:02.7 0.93 1.52 0.64 0.21 3460 0.30 29.50
0:04:27.4 −30:04:57.6 0.88 1.55 0.59 0.20 3510 0.33 ≤29.45

ZS129 0:04:31.7 −30:14:41.9 0.93 0.46 – – 6390 1.40 ≤29.59
0:04:45.1 −30:05:20.2 0.87 1.48 – – – – ≤29.19

ZS134 0:04:49.2 −30:00:53.2 0.93 0.84 – – 5140 0.97 ≤29.82
BLX56 0:04:52.5 −30:11:28.3 0.93 1.44 0.71 0.21 3800 0.51 29.11
BLX57 0:04:56.1 −30:06:53.0 0.92 1.39 0.68 0.23 3800 0.60 29.20
ZS138 0:04:58.8 −30:09:41.8 0.91 0.38 – – 6740 1.50 29.38
BLX59 0:05:02.6 −30:07:33.3 0.93 1.45 0.58 0.25 3700 0.50 28.86

0:05:02.8 −30:20:26.2 0.93 1.57 – – – – ≤29.43
ZS144 0:05:07.1 −29:59:25.8 0.91 1.33 – – 4060 0.65 29.59

0:05:07.7 −30:20:00.7 0.81 1.52 – – – – ≤29.62
BLX64 0:05:08.4 −30:04:07.1 0.90 1.42 0.60 0.27 3850 0.55 29.12
BLX66 0:05:10.9 −30:03:41.1 0.92 1.43 0.65 0.27 3880 0.53 28.84

0:05:11.8 −29:58:34.2 0.91 1.57 0.55 0.35 2800 – ≤29.04
0:05:12.7 −29:59:53.3 0.82 1.60 0.50 0.36 2750 – ≤28.93

ZS148 0:05:14.4 −29:54:24.0 0.90 0.51 – – 6220 1.30 29.52
ZS147 0:05:17.5 −29:46:57.6 0.89 0.90 – – 4940 0.90 ≤29.84
ZS156 0:05:25.5 −30:18:35.6 0.93 1.29 – – 4130 0.68 ≤29.32
ZS161 0:05:26.8 −29:51:20.8 0.87 0.68 0.40 0.05 5780 1.20 ≤29.43
ZS158 0:05:29.0 −30:08:32.2 0.94 1.09 – – 4510 0.80 ≤28.79
ZS160 0:05:30.9 −29:53:08.3 0.88 0.45 0.25 0.06 6400 1.40 ≤29.30
ZS154 0:05:31.5 −30:20:51.7 0.92 0.93 – – 4830 0.88 29.60

0:05:33.4 −30:08:13.6 0.83 1.30 0.68 0.15 4110 0.68 ≤28.82
0:05:34.8 −29:51:47.0 0.93 1.46 – – – – ≤29.38

ZS165 0:05:35.5 −29:57:06.6 0.92 0.79 0.48 0.04 5360 1.00 29.45
0:05:37.6 −30:20:39.8 0.90 1.47 – – – – ≤29.12
0:05:38.9 −30:07:32.2 0.84 1.45 – – 3480 0.51 ≤29.28
0:05:39.9 −30:17:08.8 0.90 1.52 – – – – ≤29.19
0:05:40.9 −30:13:55.3 0.89 1.50 – – – – ≤28.96

ZS166 0:05:42.9 −29:57:38.9 0.91 0.13 – – – – ≤28.99
0:05:48.3 −30:16:56.8 0.87 1.62 – – – – ≤29.14

ZS170 0:05:54.7 −30:06:26.0 0.92 0.56 – – 6080 1.30 ≤29.20
BLX79 0:05:58.1 −30:11:09.0 0.91 1.48 0.65 0.23 3360 0.25 28.98
ZS172 0:06:04.3 −30:02:11.9 0.88 1.43 0.61 0.28 3880 0.53 29.11

0:06:10.8 −30:13:46.2 0.85 1.40 – – 3900 0.59 ≤29.18
ZS182 0:06:16.3 −30:05:57.3 0.93 0.50 – – 6270 1.40 29.31
BLX84 0:06:17.7 −30:06:29.6 0.92 1.42 – – 3850 0.56 29.18

0:06:19.0 −30:22:22.7 0.90 0.75 – – 5530 1.10 –
BLX88 0:06:34.0 −30:08:46.0 0.93 1.40 – – 3900 0.58 29.29

0:06:44.5 −29:54:35.4 0.84 1.48 – – 3360 0.40 –
0:06:57.7 −30:09:17.3 0.82 1.28 – – 4140 0.69 ≤29.70
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