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Abstract. We present results from two deep ROSAT HRI extx — rotation holds) while the dK stars are dominated by fast
posures on the Blanco 1 open cluster. Blanco 1 is one of the fesators in the “saturated” regime. Exceptions to this apparently
open clusters at large distance from the Galactic Plane. Thisll established behavior have been observed. For example the
circumstance has suggested that it may have formed throug® atars in Praesepe are significantly under-luminous with re-
mechanism different from that responsible for the other nearbpect to the G stars in the Hyades, even though they have the
clusters. The age of Blanco 1is rather uncertain since, dependiagne stellar properties (including rotation, Mermilliod 1997)
on the adopted age indicator, it ranges between 30 and 90 Mayrd age. For this reason the study of other clusters can add new
Many cluster members show chromospheric emission typical@&ments in order to explain this puzzling behavior.
young stars. The X-ray observations presented here reveal a highOn the other hand X-ray surveys demonstrated to be a pow-
number of X-ray sources, consistent with the young age of tagul means to find new cluster members in young clusters and
cluster. The typical X-ray luminosity of the cluster members &tellar associations, on the low-mass end of the mass function.
consistent with that of the Pleiades and significantly lower thdine high X-ray activity level of young stars makes X-ray sur-
thea Per members. These results suggest than the age of Blaveys more successful than traditional techniques in picking up
1is more similar to the age of the Pleiades than to that®ér. cluster members mainly because they are less contaminated by

The time sampling of the X-ray observations allows us tihe field population. In this context X-ray observations can help
study the variability of the sources on time scales from hoursyvery effectively in deriving the Initial Mass Function (IMF) of
6 montls — 1 year. young clusters.

The HR diagram of Blanco X (Sculptoris) indicates that its

Key words: X-rays: stars — stars: coronae — Galaxy: open cluage is similar to that of the Pleiades. In the most complete study
ters and associations: individual: Blanco 1 of this cluster, de Epstein & Epstein (1985) have obtained pho-
tographic photometry of about 1500 stars dowmtp =~ 16.5
(corresponding to the late dK cluster members). Spectral types
are available down to early G members and are missing for
redder stars. From the analysis of the derived color-magnitude
X-ray observations of open clusters have allowed us to expldfeM) diagram, de Epstein & Epstein (1985) conclude that about
the activity-age-rotation connection in the coronal domain. 250 of the stars in their study belong to the cluster main sequence
large number of clusters with ages ranging from those of stand deduce a distance modulus of 6.9 mags (i.e. a distance of
forming regions to that of the Hyades have been studied, mai2§0 pc) and a color exce$® B — V) = 0.013. Up to now
through ROSAT observations (see for example Randich 199iembership has been based only on photometric criteria, lack-
and references therein), producing a consistent picture of X-iag astrometric studies of the cluster, and preventing complete
activity decreasing with age as the rotational velocity of stastudies of members, in particular of low-mass stars.
decreases with age. The faster rotators, more frequent in theln the last few years some studies of Blanco 1 have shown
youngest clusters, appear to be in a “saturated” state with a tfipat while photometric indicators such asg or U — B seem
ical value oflog Lx /Ly, = —3, independent of rotation. Onto imply a metal-poor cluster (de Epstein & Epstein, 1985;
the contrary, the activity level of the slowest rotators is related Westerlund et al. 1988), the detailed analysis of high resolu-
the stellar rotation with a power law similar to that observed #ipn spectroscopic observations (Edvardsson et al. 1995) results
the nearby (and older) field stars (Pallavicini et al. 1981). Stansa metal abundance [Fe/H}=#.23, about 70% higher than the
with an age similar to that of the Pleiades seem to be in an #olar value. Furthermore they report a peculiarly high [Ni/Fe]
termediate state in the sense that the rotation distribution of tigindance.
dG stars is dominated by the slow rotators (for which a relation Analogous contradictory results between photometric and
spectroscopic abundances seem to be common in very active

1. Introduction
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Table 1. Summary of the HRI observations

Field RA(J2000) DEC(J2000) LIVE-TIME UT START DATE UT END DATE
(hms) o'” (sec)
1 000248.0 —-300000.0 32028 21-DEC-95/09:34:09 26-DEC-95/12:52:02

17820 22-JUN-96/03:43:43  23-JUN-96/09:02:07
38392 28-NOV-96/23:34:27  29-NOV-96/16:47:42
2 000536.0 —300600.0 71120 30-NOV-96/12:18:10 7-DEC-96/20:32:27

stars in which the Séimgrenm, index produces an apparenbn its age, Edvardsson et al. (1995) suggest that the cluster has

metal deficiency (Pettersen 1982, Jetsu et al. 1990, Gimebheen formed near the disk45 Myr ago by a stellar formation

et al. 1991). A similar apparent metal deficiency has been mrocess triggered by the interaction of a high velocity cloud with

ported by Giampapa (1979) comparing the index measured the interstellar medium in the disk. This origin could explain

in active solar regions with the same index measured in mdahe large distance of the cluster from the Plane. Edvardsson et

quiet solar regions. A program of $mgren photometric ob- al. (1995) also suggest a possible common origin of Blanco 1

servations of an X-ray selected stellar sample fromEme and the Gould Belt, and that the peculiar chemical composition

steinExtended Medium Sensitivity Survey (EMSS, Gioia et athey found in the cluster could be due to the composition of

1990) has shown that the; index of otherwise “normal” main- the original gas, far away from the solar neighborhood. Another

sequence G and K dwarfs is indeed affected by activity, with cluster far away from the Galactic Plane is IC4665 which is

deficiency (with respect to the predicted main-sequence valag)00 pc distant from the Galactic Plane, and has been studied

increasing with % /fy, (see Fig. 1 from Morale et al. 1996). Thisin X-rays by Giampapa et al. (1998).

behavior cannot be explained by the occurrence of a large frac- In the context of its unique characteristics, an X-ray survey

tion of active binaries but is due to intense activity associatefiBlanco 1 is interesting in order to investigate further the X-ray

with the young age of most of the studied stars. Also in this caseolution of solar-type stars since this cluster seems to have an

spectroscopic observations have shown (Favata et al. 1997) tragin different (Edvardsson et al. 1995) than other more studied

the metallicity of these stars is similar to or greater than the sotdnsters of similar age.

one. Our paperis organized as follows: Sg¢t. 2 presents the obser-
Panagi et al. (1994) have presented spectroscopic obsewmaions and data analysis, S€¢t. 3 presents the X-ray properties

tions of a sizeable fraction of cluster members, covering tloécluster members, Seki. 4 discusses the X-ray variability of the

whole bandpass from the @aH and K region to the Ca IR  cluster members. The properties of unidentified cluster mem-

triplet. These authors find a high meaniCsurface flux consis- bers are presented in Sédt. 5 and our results are summarized in

tent with that of other young clusters and deduce the presenc&ettl 6.

a high degree of surface inhomogeneity, implying intense mag-

netic activity on young stars. Lithium observations indicate that ) ,

Blanco 1 has an age similar to that of the young clustBersei 2. X-ray observations and data analysis

(Panagi et al. 1994, Panagi & O'Dell 1997), but since lithiuryje have obtained 2 deep adjacent HRI observations pointed
is a crude estimator of age, it is impossible to better determigggvard the central part of the Blanco | cluster. One of the two
the cluster age. On the contrary the relatively small numberigiages (hereafter Field 1) has been observed in three distinct
Ha emitters seems to indicate a cluster age slightly older thaigments 6 months apart. Table 1 gives a summary of the X-ray
the Pleiades i.€20 + 25 Myr (Panagi & O'Dell 1997). observations and Fids. 1 afil 2 show the images with overim-
The age estimate based on CM diagram indicates that gigsed the sources detected as described below. The size of the
cluster is very young with an age in the 30 Myr (WesterlundR| field of view (= 40' x 40) allows us to cover a sizeable
1988) to 50 Myr (de Epstein & Epstein 1985) range. Panagifaction of the cluster.
O’ Dell note that this young age is based only on the membership The explored area contains 83 member stars out of the total
of the B8 star HD 225187, that is the bluest star of the clusten o stars considered as members by Panagi & O’Dell (1997).
Perry et al. (1978) note that the star has a proper motion not All the HRI data have been analyzed adopting a wavelet
completely consistent with that of the cluster and suspect that thgnsform detection algorithm (Damiani et al. 1997a,b) specifi-
star is a spectroscopic binary since it has variable radial velocig#lly tuned for the characteristics of the HRI detector (Damiani
The membership of this star is crucial in assessing whether #iil. in prep.) that allows an efficient detection of weak sources
cluster age is less than 50 Myr (if the B8 star belongs to thecrowded fields even in the presence of spatially variable back-
cluster) or greater than that of the Pleiades (if the B8 star dagsund, and which provides source intensity, probability of exis-
not belong to the cluster). tence and extent. In particular the images have been flat-fielded
Blanco 1 is also one of the few open clusters at high galactising both the exposure map (which models the vignetted cos-
latitude; the formation mechanism of such systems is unclegic X-ray background and the intrinsic detector nonuniformi-
Based on the large distance from the Galactic Plane (240 pc) @ied) and particle map (which models particle-induced back-
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Fig. 1. X-ray map of Field 1. The squares represent the detectiofig. 2. The same as in Fig] 1 for the Field 2.
obtained as described in the text. The size of the squares is proportional
to the scale at which the source has been detected with the highest
significance. Note the presence of some extended sources. The strif\@mal registration of the three segments we have summed them
the left of the image is due to the detector hot spot. and have searched for sources in the deeper image so obtained
for Field 1. At the end of this process we have dropped from
the source list the sources that were due to the presence of a hot
ground that increases at large off-axis angles and contributespat in segment 2 of the field 1. Sources in Field 1 and 2 have
substantial fraction of the total observed background) generaben cross-matched with the list of known cluster members and
as described in Snowden (1998) and Snowden et al. (1994), aitth a list of other objects in the surveyed region adopting a po-
adopting the Point Spread Function (PSF) of David et al. (19938)tional matching radius of 20 As a result of this analysis we
The detection algorithm has been applied on nine different sj@ve found 132 X-ray sources, 42 of which are identified with
tial scales to match the variation of the PSF across the fieldkofown cluster members, 30 in the Field 1 and 12 in Field 2. Two
view and to look for possible presence of moderately extendsaurces are identified with field stars, while the remaining 88
sources. In the present work the detection algorithm acceptaace unidentified with cataloged objects.
threshold, determined through extensive simulations, has beenThe final sources are indicated with square symbols in
chosen to correspond roughly to a gaussian equivalent ef,4.9-igs[1 andP. The size of the squares is proportional to the spa-
in order to have no-more than one predicted spurious sourcetfat scale at which the source has been detected with the highest
each HRI image. significance. As expected on average the size of the squares in-
Sources have been searched in Field 2 and in each of theases with offaxis angle as do the PSF, but there are an handful
three segments making the entire Field 1 observation. Befafesources with sizes significantly larger than the local width of
proceeding with the analysis of the summed Field 1 obsenthe PSF, that are likely extended.
tion, we have searched for possible inconsistencies of the aspectWe have computed the expected number of field sources in
determination among the three segments, since this is a veelt fields, using the sensitivity maps obtained by the wavelet
known problem affecting the ROSAT HRI observations (Briedlgorithm with a spatial resolution of 1810". We have esti-
et al. 1996). Using as reference coordinate system that of thated the number of expected sources un-related to the cluster
optical positions of the cluster members, we have identified tfee a hydrogen columiV; = 2 102° cm~2, obtained interpo-
likely counterparts of X-ray sources in each of the three sdgting data from Stark et al. (1992) at the Blanco 1 position, and
ments and have found a misplacement up t6 athong the a power-law spectrum with a photon index ranging between
three segments. The adopted identification radius has been dhand 2. The total number of expected sources in our survey
sen equal to 20to account for uncertainties in X-ray (due taanges between 13.6 and 19.1, depending on the assumed spec-
the intrinsic uncertainty of the instrument and the problems wittum, if we use thdog(N)—log(S) of Branduardi-Raymont et
the aspect determination) and optical positions. Since we hale(1994), and between 15.4 and 21.5 with i NV')—log(S)
132 X-ray sources in our fields we expect to have 1.5 spuricafsHasinger et al. (1993). Hence we expect that only a small
identifications between an X-ray source and a cluster memffrction (of the order of 20%) of the unidentified sources are
in our survey, adopting an error circle of 2Q\fter proper posi- background extragalactic sources and field stars, while all the
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" bers that we have looked at but not detected in X-rays are 41.
Notice that coronal X-ray emission is common over the entire
8- - range of spectral types, starting from mid-F, i.e. at the same
’ stellar mass as in other open clusters. We note that in the G
and K color range we detect preferentially stars above the main
. sequence, likely photometric binaries, with essentially all the
107 " 7| stars above the sequence identified with X-ray detections, and
&L . only half of the stars on the main sequence detected among the
ﬁ% . G stars. Notwithstanding the different rates of detections the
2] ® . | number statistics of our sample and the distribution of upper
. limits does not allow us to assess with high confidence level the
m ooy difference between X-ray luminosity distributions of single and
o e binary stars. Deeper observations would be needed to assess (or
14 LI - disprove) such a conclusion.
* : No such enhancement in X-ray activity of binary stars is
: observedin the Pleiades (Micela et al. 1996), while a significant
difference is observed between the wide binary systems and
16 - single stars in the Hyades (Pye et al. 1994).
O‘O 0‘5 1‘0 1‘5 The only high-mass star detected is HD 225187, the B8 star
' ' ' ‘ referred to above. The detection of this star could be due to the
B-v presence of the UV leak on the HRI, but comparing the lumi-
Fig. 3. Color-magnitude diagram of Blanco 1 members falling in thBOSity value log(Lx) = 29.86, obtained for this star with the
X-ray observed region. Large symbols indicate stars identified withRI observation of the B stars in the Pleiades for which both
X-ray sources PSPC and HRI observations are available (Micela et al. 1998,
Fig. 4) we deduce that the observed emission for HD 225187
others will be, likely, new cluster members. Further discussiéh€0 high for its spectral type to be explained exclusively on
about the unidentified sources is presented in Bect. 5. the_ basis of UV leak. Indeed on the basis of Pleiades _ob_ser-
To convert count rates to fluxes we have adopted a convéations the UV leak of a B8 star would produce an emission
sion factor from HRI count rates to flux (in the 0.1-2.4 keWhat, if interpreted in terms of X-ray emission, is of the order
bandpass) a$.2 x 10~ ergcnt 2 cnt~L. It has been derived of log(Lx) = 29.3, 3-4 times less tha.n our measurement. We
assuming a single temperature Raymond-Smith model for %{mclu_de that some fraction of the emission can be “real” X-rqy
optically-thin plasma with a temperature of 1 keV, appropriafgission, that could be due to an unseen late-type companion
for describing the emission from young active coronal emittefS€€ for example the discussion about emission in late-B stars
and a hydrogen column density Log 4\ = 20, as deduced " the Plelad.es in Micela et al. 1996). We note., however, that
from the mean measurde{ 3 — V). The systematic error in- HD _225187 is the source we have detected with the smallest
troduced by the uncertainty in temperature can be estimated@nificance (4.5 with a threshold of 4.56) and the results
be 20%. In deducing X-ray luminosities for cluster membef§!ative to this source need to be treated with caution. _
we have adopted the distance of 250 pc, obtained by Panagi & 1he scatter plot of.x vs. B — V' for the detected stars is
O'Dell (1997). We report in Tablg 2, X-ray luminosities for théhown in Figl 4. The_ solid horizontal lines indicate _the median
surveyed cluster members. Positions are from Panagi & O'DEIp(Lx) for the Pleiades (Stauffer et al. 1994, Micela et al.
(1997), photometric values, as well as the star numbers are frofy®) for the 0.3-0.5, 0.5-0.8, 0.8-1.451.45 B — V ranges
de Epstein & Epstein (1985). In Table 2 are reported also thgresponding to the early dF, dF7-G9, dK0-9, dMO-5 spectral
offset between the X-ray and optical position, the detection S@!pes, respectively. The extremes of th_e solid vert|caI_I|nes indi-
nificance in equivalent (i.e., same probability as the normaf@te the 10% and 90% range of the Pleiddg6lx) Maximum
distribution with this value), the X-ray luminosity and the HRpkehhoo.d distribution fu_nctlon. F_or comparison we show with
field in which the star has been observed. For the stars obserj@ghed lines the same information for teéPer open cluster
in field 1 we report the luminosity obtained summing up all thékandich et al. 1996).
individual segments of observations. A discussion of the values 1he luminosity level and the large spreadaf for G and K

observed in each single part of the observation will be presenﬁiﬁrs is similar to that observed in the Pleiades, indicating similar
in Sect[3. X-ray properties. In particular in Figl 5 ad 6 we report the

maximum likelihood X-ray luminosity functions for G (defined
as the stars witl3 — V' color in the 0.5-0.8 range) and K stars
(0.8 < B—V < 1.4). In these figures are reported also the
In Fig.[@ we show the CM diagram for Blanco 1 members fallingorresponding distribution function for the Pleiades, obtained
in the surveyed region. The large symbols indicate the stars tgtmerging all the available X-ray observations (Micela et al.
have been identified with an X-ray source. The cluster meff-prep.), and for thex Per cluster (Randich et al. 1996). The
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3. X-Ray activity among the Blanco 1 members
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Table 2. X-ray properties of cluster members.

No. R.A(J2000) DEC(J2000) \% B-V Offset o log(Lx) Field
(h.m.s.) o' " (erg/sec)

30 0:01:39.3 —29:52:27.2 12.41 0.68 <29.52 1
35 0:01:39.8 —30:04:39.1 14.42 1.14 14.34 7.05 29.85

36 0:01:46.4 —29:51:48.8 15.62 1.30 . <29.44 1
37 0:01:53.4 —30:06:13.6 15.29 1.29 2.82 7.42 29.29

38 0:01:54.4 —30:07:42.4 13.63 1.00 1.09 17.72 29.86

39 0:01:57.8 —30:09:30.8 9.97 0.335 . <29.37 1
40 0:01:56.9 —30:12:08.8 14.98 1.30 10.04 5.00 29.45

42 0:02:04.3 —30:10:35.2 14.14 1.17 4.45 7.38 29.57

43 0:02:03.9 —30:10:24.6 14.91 1.30 8.84 7.38 29.57

44 0:02:14.5 —29:48:58.6 13.19 0.86 0.01 9.92 29.59

45 0:02:19.1 —29:51:08.1 12.76 0.84 11.63 4.94 29.20

46 0:02:19.7 —29:56:08.3 14.00 1.17 3.90 13.37 29.46

48 0:02:21.6 —30:08:22.6 10.72 0.482 1.73 22.59 29.85

49 0:02:11.9 —30:15:03.5 9.89 0.455 5.65 16.90 30.16

52 0:02:30.9 —30:17:02.9 15.65 1.31 <29.62 1
53 0:02:24.3 —30:09:10.1 15.57 1.25 <29.09 1
54 0:02:28.2 —30:04:44.4 12.90 1.01 2.26 23.14 29.76

55 0:02:21.4 —29:47:49.8 10.73 0.56 <29.29 1
56 0:02:27.3 —29:46:54.0 11.17 0.535 <29.31 1
57 0:02:20.7 —29:45:54.1 11.69 0.616 <29.41 1
58 0:01:46.5 —29:46:39.9 12.15 0.68 12.95 5.49 29.82

60 0:02:41.8 —29:58:53.7 15.22 1.34 2.49 6.00 29.14

61 0:02:34.8 —30:05:26.4 13.51 0.93 2.42 33.62 30.00

62 0:02:36.4 —30:07:05.9 12.45 0.81 15.77 11.99 29.46

68 0:02:44.6 —30:13:09.2 14.91 1.15 <29.26 1
70 0:02:48.2 —29:46:35.8 13.51 0.93 <29.30 1
71 0:03:02.9 —29:47:44.9 14.54 1.29 6.09 9.83 29.56

72 0:02:57.5 —29:48:30.3 13.40 0.85 <29.17 1
73 0:02:59.4 —29:52:54.8 15.42 1.34 <28.87 1
74 0:03:04.2 —30:00:09.3 15.28 1.18 <28.76 1
75 0:03:00.3 —30:03:22.3 12.79 0.94 1.52 18.90 29.62

76 0:02:56.4 —30:04:45.6 12.13 0.85 0.90 52.33 30.26

77 0:02:55.1 —30:08:53.8 8.43 0.03 <28.96 1
83 0:03:07.1 —30:15:17.9 12.50 0.92 8.56 6.84 29.40

84 0:03:10.9 —30:10:51.0 11.32 0.564 3.25 11.41 29.58

88 0:03:06.6 —29:43:12.5 13.81 1.16 4.15 8.17 29.80

89 0:03:18.7 —29:44:43.3 14.37 1.08 <29.51 1
90 0:03:24.4 —29:48:49.0 10.62 0.496 0.61 10.17 29.61

91 0:03:20.6 —29:49:22.8 11.30 0.572 0.79 9.30 29.51

92 0:03:24.9 —29:53:13.9 14.98 1.27 <29.10 1
93 0:03:24.7 —29:55:15.5 13.92 0.98 1.98 9.45 29.32

94 0:03:24.2 —29:56:23.7 14.62 1.23 1.07 473 28.77

95 0:03:16.5 —29:58:48.1 12.34 0.92 1.73 6.87 28.96

96 0:03:22.0 —30:01:09.7 10.38 0.416 1.42 14.75 29.54

104 0:03:31.9 —29:43:04.8 10.23 0.366 17.63 4.79 29.79

105 0:03:39.8 —30:02:10.2 11.42 0.53 <29.14 1
107 0:03:50.2 —30:03:56.3 11.04 0.543 <29.34 1
111 0:04:07.6 —30:06:35.8 12.62 0.82 <29.72 2
112 0:04:04.0 —29:58:27.5 13.02 0.90 <29.82 1
113 0:04:07.7 —29:53:01.2 12.92 0.86 <29.89 1
W71 0:04:11.7 —30:08:05.7 7.08 -0.117 11.58 451 29.86 2
115 0:04:12.5 —29:58:02.4 15.83 1.37 10.34 10.73 30.03

128 0:04:38.6 —30:00:57.8 15.74 1.35 <29.32 2
129 0:04:31.8 —30:14:42.5 11.68 0.608 <29.59 2
133 0:04:49.0 —30:01:19.7 14.30 1.33 <29.17 2
134 0:04:49.2 —30:00:56.3 11.14 0.542 7.49 17.7 29.82
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Table 2. (continued)

No. R.A(J2000) DEC(J2000) \% B-V Offset o log(Lx) Field
(h.m.s.) o'” " (erg/sec)
138 0:04:58.8 —30:09:42.4 11.47 0.585 1.62 10.33 29.38 2
139 0:04:53.0 —30:15:19.5 8.31 0.045 . <29.32 2
142 0:05:04.8 —30:19:40.0 15.23 1.31 2.41 12.46 29.73 2
144 0:05:07.1 —29:59:26.7 14.82 1.24 2.86 12.4 29.59 2
147 0:05:17.6 —29:46:58.3 13.26 0.91 <29.84 2
148 0:05:14.4 —29:54:26.1 12.30 0.90 13.46 6.28 29.52 2
149 0:05:13.0 —29:55:31.4 14.91 1.39 <29.21 2
151 0:05:20.2 —30:25:22.7 13.03 0.87 <29.95 2
153 0:05:23.5 —30:23:33.4 12.38 0.73 <29.71 2
154 0:05:31.6 —30:20:52.6 13.36 0.95 8.64 4.98 29.60 2
155 0:05:23.8 —30:19:55.6 15.25 1.20 <29.42 2
156 0:05:25.5 —30:18:36.5 15.37 1.33 <29.33 2
157 0:05:26.7 —30:17:24.9 9.73 0.282 <29.22 2
158 0:05:29.0 —30:08:33.0 13.47 1.05 <28.79 2
159 0:05:29.2 —30:06:54.2 11.33 0.703 <28.80 2
160 0:05:30.9 —29:53:09.0 11.26 0.551 <29.30 2
161 0:05:27.0 —29:51:21.6 12.61 0.77 <29.43 2
165 0:05:35.5 —29:57:07.5 12.40 0.90 3.29 11.90 29.45 2
166 0:05:42.9 —29:57:39.0 9.94 0.324 <28.99 2
167 0:05:35.1 —-30:02:11.1 12.07 0.733 <28.82 2
170 0:05:54.7 —30:06:26.8 12.18 0.70 2.58 8.82 29.21 2
171 0:05:54.8 —30:04:39.7 10.67 0.496 <28.81 2
172 0:06:04.3 —30:02:12.8 15.44 1.33 3.50 7.95 29.11 2
182 0:06:16.3 —30:05:58.0 11.72 0.629 5.21 7.34 29.31 2
184 0:06:23.9 —29:52:04.2 14.85 1.36 7.19 7.10 29.79 2
187 0:06:30.2 —29:53:18.7 13.87 0.99 <29.68 2
189 0:06:28.6 —30:17:49.9 11.61 0.622 <29.59 2
R s i
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Fig. 4. Scatter plot ofLx vs. B — V for Blanco 1 likely members de- Fig. 5. Maximum likelihood distribution of X-ray luminosity function

tected in X-ray. The solid horizontal lines indicate the medigiLx )
for the Pleiades, while the dashed lines indicate the median forfes

of G stars of Blanco 1 (continuous line). Dotted and dashed lines are
the analogous distributions for G stars in the PleiadescaRer, re-

cluster. Vertical lines indicate the 10% and 90% inter-quantile ranggsectively. Note that the distribution of the Blanco 1 stars is consistent
with that of the Pleiades and much lower than thaddter.

for the two clusters.
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S Table 3. Lx of cluster members measured in the three temporal seg-
"""" ments of Field 1 with at least one detection. Asterisks indicate the
observational segments showing significant short-term variability.
o)
S ] No V B-V Log(L;:) Log(L;2) Log(L.3) Note
(erg/sec) (erg/sec) (erg/sec)
5 o 37 15.29 1.29 29.46 <29.68 29.39 NV
g o 38 13.63 1.00 30.05 29.92* 30.11 ¥ 99.9
T 42 1414 1.17 <2959  29.73 29.75 NV
§ 43 1491 1.30 <29.59 29.73 29.75 NV
£ < | 44 13.19 0.86 29.59 29.58 29.69 NV
3 ° 46 14 1.17 29.44 29.37 29.45 NV
48 10.72 0.482 29.81 29.82 29.76 NV
49 9.89 0.455 30.22 30.14 30.12* NV
S 54 129 1.01 29.79 29.87 29.7 NV
60 15.22 1.34 <29.01 <29.18 29.12 NV
61 1351 0.93 30.01* 29.75 30.04 ¥ 99.9
° 62 1245 0.81 29.56* 29.59 29.4 NV
o B 71 1454 1.29 29.56 29.49 29.65 NV
| | | | | ' 75 1279 094 2931 29.71 29.69* ¥99.5
280 285 290 295 300 05 76 1213 0.85 30.24* 30.36* 3024 ¥ 92.8
log(Lx) 83 125 0.92 29.63 <29.83 <29.66 NV
Fig. 6. Maximum likelihood distribution of X-ray luminosity function 84 Egi 01'_51%4 23;; <i2'058 <§§.'$4 l\';l\\//
of K stars of Blanco 1 (continuous line). Dotted and dashed lines 6 1062 0496 2959 29.7 29 48 NV
the analogous distributions for K stars in the Pleiadesarer, re- 11' 3 0'572 29'42 <29 6'9 29 5'9 NV
spectively. Also in this case the distribution of the Blanco 1 stars&,} 13_'92 6.98 29:29 29_32 2'9.28 NV
consistent with that of the Pleiades and much lower than thatRxér. 95 1234 092 <29.11 <29.2 29.07 NV
, 96 10.38 0.416 29.66 29.54 29.41 NV

4]

112 13.02 0.9 29.75 <30.08 <29.71 NV
115 15.83 1.37 <30.01 30.56* <29.91 (V> 99.8)

—
(o)}

The variability test for star 115 is unreliable since the rate measured in
segment 2 is affected by the hot spot of HRI

©
o

Flux (Arbitrary units)
[T T T

] thatthe time scale of the decline of activity with age depends on
| -1 stellar mass (see for example Randich 1997), in the sense that

o

L | L L L
6000 7000 the higher mass stars decrease their luminosity more rapidly

| L
5000
Wavelength (&)

40‘00 |
than the lower mass stars. This is consistent with the age of
Fig. 7. Optical spectrum of the counterpart of source BLX-26 obtaindBlanco 1 being slightly greater than the Pleiades in agreement
at ESO 1.5m telescope with the results based on the number af Emitters of Panagi

& O'Dell (1997).

We miss totally the dM stars, due to the limiting magni-

Blanco 1 stars are much less luminous than stars Per. A tude of the optical reference catalog, and we expect that a large
two sample test allows to reject the hypothesis that starsfadction of the X-ray emitters detected in our observation and
the two clusters are drawn from the same parent populatioot yet identified are actually low-mass cluster members. We
at high confidence levelx{ 99.7% and> 99.6% for K and G have started an optical observational campaign to identify these
stars, respectively), strongly suggesting than Blanco 1 is olgmtential new members and the first observations indicate that
thana Per. Comparing the luminosity functions of Blanco Inany of the optical counterparts are indeed dMe stars with vi-
with those of the Pleiades a two sample test allows us to rejeal magnitude consistent with the cluster distance (sed$ect. 5).
the hypothesis that thé, distributions of the G stars in the
Pleiades are not drawn from the same parent population oply -
with a confidence level ranging from 93% to 97% dependin%' X-ray variability of cluster members
on the adopted test. This confidence level is not very high btield 1 has been observed in three different time segments
suggests that the G stars of Blanco 1 tend to be slightly l&snonths apart. This circumstance allows us to explore X-ray
luminous than the analogous stars in the Pleiades, while tfaiability on this time scale. Indeed for some sources, variabil-
K stars are indistinguishable. This possible different behaviity of the activity level is observed from one segment to the
between G and K stars would be consistent with the hypothestker as reported in Tadlé 3, where we list the various values of
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Table 4. X-ray properties of non identified X-ray sources. Table 4. (continued)
Name R.A.(J2000) DEC.(J2000) 0 Rate Err Notes Name R.A.(J2000) DEC.(J2000)c Rate Err Notes
(h.m.s.) 6'" cts/ksec (h.m.s.) 6" cts/ksec
BLX-01 0:01:27.1 —29:55:10.6 15.30 7.87 1.63 BLX-48 0:03:49.5 —30:08:21.6 5.52 10.85 2.93 Only
BLX-02 0:01:43.7 —29:54:41.2 5.09 1.40 0.41 segm. 2
BLX-03 0:01:47.4 —-30:04:21.3 5.19 145 041 BLX-49 0:03:57.2 —30:03:26.0 63.80 21.54 0.64
BLX-04 0:01:56.2 —-30:07:31.5 6.72 0.73 0.21 BLX-50 0:04:24.9 —-30:04:06.3 4.80 1.19 0.37
BLX-05 0:01:59.4 —29:50:11.9 498 5.80 1.63 Only BLX-51 0:04:26.8 —30:06:21.4 4.67 294 0.87
segm. 3 BLX-52 0:04:27.3 —30:03:21.4 9.01 8.22 1.83 Extended
BLX-06 0:01:59.4 —29:58:41.6 590 2.87 0.75 ExtendedBLX-53 0:04:27.6 —30:06:31.4 6.53 0.84 0.23
BLX-07 0:02:00.2 —29:59:16.6 9.01 1.10 0.19 BLX-54 0:04:33.4 —30:02:51.6 473 2.10 0.61
BLX-08 0:02:00.2 —29:51:16.6 7.47 1.08 0.28 BLX-55 0:04:51.6 —29:55:32.0 4.67 3.84 1.12 Extended
BLX-09 0:02:00.6 —29:57:56.7 7.38 0.98 0.25 BLX-56 0:04:52.0 —30:11:32.0 6.24 0.54 0.16
BLX-10 0:02:01.4 —-29:52:36.7 6.34 0.87 0.24 BLX-57 0:04:55.5 —30:06:49.6 7.92 0.66 0.18
BLX-11  0:02:05.0 —30:10:17.1 4.77 2.23 0.73 Only BLX-58 0:04:59.3 —29:50:22.2 8.75 4.32 1.00
segm. 2 BLX-59 0:05:02.3 —30:07:34.7 5.15 0.30 0.10
BLX-12 0:02:07.2 —30:04:41.8 4.87 0.35 0.12 BLX-60 0:05:06.3 —30:02:47.3 8.02 052 0.14
BLX-13 0:02:11.5 —-30:07:01.9 7.53 0.80 0.21 BLX-61 0:05:06.9 —-30:01:22.3 4.77 0.37 0.12
BLX-14 0:02:11.9 —-30:02:34.4 548 0.52 0.16 BLX-62 0:05:06.9 —30:04:27.3 9.97 0.83 0.14
BLX-15 0:02:22.3 —30:02:52.0 829 0.49 0.13 BLX-63 0:05:07.9 —30:10:49.8 5.38 043 0.14
BLX-16 0:02:23.1 —29:50:34.5 6.31 0.48 0.14 BLX-64 0:05:08.1 —30:04:04.8 6.74 0.55 0.16
BLX-17 0:02:25.2 —29:52:34.6 6.79 0.50 0.13 BLX-65 0:05:10.0 —30:06:57.3 4.92 0.38 0.13
BLX-18 0:02:31.7 —30:06:37.1 6.20 0.35 0.11 BLX-66 0:05:10.6 —30:03:37.3 4.89 0.29 0.10
BLX-19 0:02:34.8 —29:55:54.6 5.82 0.31 0.10 BLX-67 0:05:11.1 —-30:06:32.4 52.10 9.67 0.38
BLX-20 0:02:35.9 —29:52:425 4.69 1.15 0.40 Only BLX-68 0:05:13.3 —30:10:09.9 10.63 0.88 0.15
segm. 2 BLX-69 0:05:17.3 —30:08:09.9 552 0.33 0.11
BLX-21 0:02:38.5 —29:57:39.7 8.92 0.59 0.11 BLX-70 0:05:22.3 —30:03:07.5 491 0.29 0.11
BLX-22 0:02:38.8 —30:08:04.7 4.72 0.34 0.11 BLX-71 0:05:26.8 —30:01:22.5 19.14 1.88 0.18
BLX-23  0:02:45.0 —29:54:59.7 757 0.57 0.15 BLX-72 0:05:34.3 —29:58:325 525 0.32 0.12
BLX-24 0:02:47.9 —29:53:49.7 6.52 0.48 0.14 BLX-73 0:05:35.8 —29:56:32.5 4.83 2.89 0.83 Extended
BLX-25 0:02:48.2 —29:55:17.5 5.34 5.96 1.59 Only BLX-74 0:05:44.1 —29:59:125 6.74 0.58 0.17
segm. 3 BLX-75 0:05:47.8 —30:15:40.0 14.12 1.69 0.21
BLX-26 0:02:51.0 —29:54:47.2 593 0.59 0.17 BLX-76 0:05:48.1 —29:56:37.5 5.62 0.48 0.15
BLX-27 0:02:53.7 —30:06:57.2 8.52 0.67 0.17 BLX-77 0:05:50.3 —30:14:37.5 7.99 0.55 0.15
BLX-28 0:02:54.7 —30:09:27.5 4.60 1.02 0.33 Only BLX-78 0:05:50.4 —30:03:59.9 949 0.75 0.13
segm.3  BLX-79 0:05:58.0 —30:11:07.4 6.18 0.40 0.12
BLX—-29 0:02:55.1 —29:55:12.5 4.94 552 1.55 Only BLX-80 0:06:00.8 —29:55:47.4 59.98 15.15 0.52
segm. 1 BLX-81 0:06:03.9 —29:56:57.3 854 0.99 0.19
BLX—-30 0:02:58.3 —30:11:17.2 4.61 0.88 0.27 BLX-82 0:06:04.8 —29:55:39.8 5.80 0.67 0.20
BLX-31 0:02:59.8 —29:49:37.2 6.35 0.90 0.24 BLX-83 0:06:11.3 —30:07:59.7 8.44 0.66 0.13
BLX-32 0:02:59.8 —29:52:37.1 455 0.32 0.11 BLX-84 0:06:17.4 —30:06:29.6 7.25 0.63 0.18
BLX-33 0:02:59.8 —29:55:37.1 5.15 2.61 0.72 ExtendedBLX-85 0:06:19.0 —30:08:19.6 5.72 0.47 0.15
BLX-34 0:02:59.8 —30:15:37.1 499 1.06 0.31 BLX-86 0:06:31.0 —30:12:46.8 596 0.72 0.21
BLX-35 0:03:01.7 —29:55:47.1 5.77 0.81 0.22 ExtendedBLX-87 0:06:31.3 —30:11:16.8 10.78 1.84 0.27
BLX-36 0:03:02.3 —29:54:19.6 7.08 0.54 0.15 BLX-88 0:06:33.6 —30:08:46.7 5.22 0.81 0.25
BLX-37 0:03:11.3 —29:58:07.4 6.44 0.60 0.20 Only
segm. 3
Eti:gg 8821‘;; :gg;gg;g;:g g:gg 8:;2 8:1;’ _LX measured for known clu_stermembers detected atleasto_nce
BLX-40 0:03:18.9 —30:02:170 6.85 049 0.14 in one of the segments which compose the X-ray observation
BLX-41 0:03:20.2 —30:04:51.9 497 0.65 020 of field 1. The last column indicates if the star shows a highly
BLX-42 0:03:22.3 —29:53:49.4 10.68 1.18 0.18 significant change in its X-ray luminosity from one observation
BLX-43 0:03:24.9 —30:12:26.9 7.60 1.16 0.29 to the other, according tog? analysis. Long-term variability
BLX-44 0:03:29.3 —29:53:42.1 4.76 1.73 0.59 Only in Lx, at levels up to factors:2—-3 is evident for a few sources.
segm.2  One star (#112) was not detected in the summed exposure, but
BLX-45 0:03:29.7 —30:01:19.3 15.70 159 0.18 was detected in segment 1 alone. In this case the detection is
BLX-46  0:03:34.4 —29:58:31.7 555 1.02 0.29 consistent with the upper limit obtained in the summed expo-
BLX-47  0:03:34.5 —30:08:06.7 4.88 1.29 0.38 sure, since this last exposure is affected by the presence of a

hot spot near the source position in segment 2. Similar results
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have been obtained on stars of IC4665 (Giampapa et al. 19%plored area and we will be able to define the low-mass end of
showing variation on a time-scale of one year, without evidentiee cluster mass function. A similar procedure has been applied
of short-term variability. to other open clusters or star forming regions such as Taurus
We have also looked in detail at the light curves of a(Walter et al. 1988), Chameleon (Lawson et al. 1996), Sco-Cen
the sources listed in Tallé 3 searching for short-term variabiBciortino et al. 1998), IC2391 (Patten & Simon 1996), 1C2602
ity. The individual observations showing evidence for variabifRandich et al. 1995). Furthermore we note that in the Pleiades
ity (at significance level greater than 99%, as obtained froomly about half of the dM stars emit to a level comparable with
a Kolmogoroff-Smirnov test) are marked with an asterisk. lile sensitivity of our survey, so if the dM stars of Blanco 1
some cases both long and short-term variability are presenhave X-ray luminosities similar to those of the Pleiades (as we
the same star. The long-term variability cannot be accounted éan expect given the comparable age of the two clusters) we
simply by the occurrence of short-term (flare-like) variabilitygshould have detected only half of the dM stars in Blanco 1.
since in most cases there is no evidence of short term variabilisom an inspection of the finding charts we estimate that we
within the segment of observations responsible for the long tehrave detected about 35 stars with magnitudes consistent with
variations. For example, the star 61 shows short term variabildivl stars at the cluster distance. On the basis of the XCount
in segment 1, while the long term variation appears to be duetodel (Favata et al. 1992, Sciortino et al. 1995) we predict
the low value of the luminosity in segment 2, while in segmettat at our sensitivity we have detected at most two field dM
3 the star has the same X-ray luminosity as in segment 1, btdrs, i.e. the contamination with respect to the large number of
without evidence for short-term variability. cluster dM stars will be negligible. Hence we expect that the
Variability (either short- or long-term) is detected in aboutluster could contain up to 70 dM stars in the surveyed region.
25% of the K stars and in more than 50% of the K stars observ&@dme preliminary optical observations show that many of the
at high statistical significance (quivalent in the summed ex-possible counterparts in the appropriate magnitude range are
posure greater than 10). We do not detect variability in F amteed dMe stars highly likely to be cluster members.[Big. 7
G stars observed with similar significance, but the size of F asldows the optical spectrum of source BLX-26 obtained at ESO
G star sample is too small to derive strong statistical conclii-bm telescope.
sions. Our results suggest that long-term variability is present Some of these non-identified sources show evident variabil-
at least in the dK stars of Blanco 1 at level comparable with thit on a time-scale of the order of six months. For example 9
observed in K stars in the Pleiades (Micela et al. in prep.) out of 50 unidentified sources detected in the field 1 are de-
tected only in one temporal segment and not in the complete
summed-up observation. The variations are mainly observed on
long time-scales comparable with the time between the obser-

We have detected 88 X-ray sources not identified with knowgtions. Short-term variability due to evident flare-like activity
cluster members. In Tablé 4 we report the X-ray properties isfclearly observed only on the source BLX-45. This source is
unidentified sources, with the equivalent of the significance detected in segments 1 and 3 (not in segment 2 that is the short-
of the detection and the source count rates, while in[Fig. 8 W&t one) and shows a flare in segment 1, (se¢ Fig. 9), while in
report the finding charts for our non-identified sources. Soriggment 3 has an activity level consistent with the quiescent
of the sources show no visible counterparts in their error circlével observed in segment 1. The finding chart of this source
and it is possible that a few of them are spurious sources. Bt#oWs that it has three possible counterparts.
also among these “empty” sources there are sources detected at
very high signal to noise ratio as for example the source BL)é-
52, detected with a equivalent of 9.01. The wavelet algorithm ™
finds that this source is extended, suggesting that the emissiéa have presented the results of two deep X-ray exposures on
could be due to a cluster of galaxies projected on the backRianco I. The X-ray characteristics of the cluster are similar to
Blanco 1. Knowing the limiting magnitude of the Schmidt platethose of the Pleiades, with the G stars marginally slightly less
used for the finding charts (about 20), we can estimate a lovestive than in the Pleiades. The luminosity functions of G and K
limitonthef, / f, ratio of +0.8 at the limit of the typical ratio for stars are significantly lower than the corresponding functions of
clusters of galaxies or BL Lac objects observed inHiestein o Per members. If we assume that the X-ray luminosity distribu-
Extended Medium Sensitivity Survey (Stocke et al. 1991). Thien of cluster stars depends only on age, our results confirm that
high value of thef,/ f, ratio excludes the possibility that thethe age of Blanco 1 is similar to the Pleiades age and greater
source is a normal star (either field or cluster member). than thea Per age, a conclusion consistent with the work of
We expect that about 20% of the unidentified sources @anagi & O’'Dell (1997) based ond-properties of the cluster
objects unrelated to the cluster, mainly of an extragalactic natimembers.
(especially for the “empty” fields, as suggested above), while We detect a large number of sources not identified with
the remaining ones are likely to belong to the cluster. If thigmown cluster members. About 20% of these new sources are
prediction is confirmed, the present X-ray observation will bexpected to be field stars and extragalactic sources, while the
very relevant to determining the mass function of the clusterajority are likely to be new low-mass cluster members as in-
since we will double the number of known members in thdicated by the optical follow-up observations we have started.

5. Unidentified x-ray sources

Summary and conclusions
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Fig. 8. Finding charts for unidentified HRI sources detected in the Blanco 1 region; star fields extracted from the STScl DSS. Each chart is 3’
on a side, centered on the HRI position. Identification circles are indicated.
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Fig. 8. (continued)

The complete optical identifications of these sources will giveBaiel U.G., Aschenbach B., Hasinger G., et al., 1996, The ROSAT
significant improvement in the knowledge of the mass function Users’ Handbook
of Blanco 1. Damiani F., Maggio A., Micela G., Sciortino S., 1997a, ApJ 483, 350

Long-term variability inLx, at levels up to factors:2—3, is Damiani F., Maggio A., Micela G., Sciortino S., 1997b, ApJ 483, 370

- . David L.P., Harnden F.R. Jr., Kearns K.E., Zombeck M.V., 1993, The
resent in 25% of the K stars observed and in more than 50% G’ ! ' ' ' '
b 0 0 Rosat High Resolution Imager (HRI). U.S. ROSAT Science Data

the K stars observed with the highest signal to noise ratio and in Center/Sao
a fraction of unidentified sources, while a large flare-like eveg, Epstein A.E.' Epstein |., 1985, AJ 90, 1211

(larger than a factor 30) is detected on one unidentified SOUEER ardsson B., Pettersson B., Kharrazi M., Westerlund B., 1995, A&A
suggesting that similar events in the late-type stars of the cluster 293, 75
are exceptional, analogous to the X-ray variability properties Bévata F., Micela G., Sciortino S., Vaiana G.S., 1992, A&A 256, 86
the Pleiades. 1143
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