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Abstract. We study the X-ray variability of the young open cluster Blanco 1 observed with the EPIC camera on board the
XMM-Newton X-ray observatory. The time coverage of EPIC observations has allowed us to address short time scale (hours)
variability, while the comparison with previous ROSAT observations has allowed us to investigate the variability on time scale
of six years. On the time scale of hours, dM stars of the cluster are more variable than solar-mass stars. The main features
of X-ray light curves in dM stars appear to be essentially flare-like events with a typical duration of the order of a few ks,
while dF—dG stars show smooth variations. Two intense flares were observed in the ZS76 cluster member. From the analysis
of the light curves and of the time resolved X-ray spectroscopy we infer that they occurred in arcades, made of several similar
coronal loops (~10'° cm long), ignited at ~15 ks time delay. Minor heat pulses may occur in the first flare. The similarity of the
two flares and of the flaring inferred structures may suggest that the flares are physically connected to each other. Amplitude
variations on the time scale of 6 years are smaller by a factor 2, whereas a factor of 10 is observed on the Sun in the same band.
This implies a smaller amplitude of any analog of the 11-yr cycle in these young active coronae.
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1. Introduction

This is our second paper based on XMM-Newton satellite ob-
servations of the young open cluster Blanco 1. In the first paper
(Pillitteri et al. 2004, hereafter Paper I) we presented the X-ray
spectroscopy and photometry of the cluster. Here we address
the issue of the coronal variability of the cluster stars within the
same XMM-Newton observation, and on the longer time scale
allowed by the comparison with ROSAT observations (Micela
et al. 1999a). The variability in the X-ray band is linked to the
dynamo mechanim which, in turn, is strictly related to the stel-
lar structure and, probably, to the evolutionary status. In the
Sun, it is possible to study in detail both the spatial structur-
ing and the temporal changes on a range of time scales from
a few minutes to several years. For all the other stars it is im-
possible to obtain this level of detail, but it is possible to in-
fer the morphology and the physical parameters of the stellar
coronae from the analysis of flares and of smooth modulation.
Studies of classes of stars with the same age, metallicity and

* Based on observations obtained with XMM-Newton, an ESA sci-

ence mission with instruments and contributions directly funded by
ESA Member States and NASA.

environmental forming conditions, like open clusters, allow us
to investigate if changes in the X-ray variability are related to
dynamo activity changes with stellar evolution.

The age of Blanco 1 is very similar to that of the well stud-
ied Pleiades cluster (around 100 Myr), while its metallicity is
higher than that of Sun and of the Pleiades ([Fe/H] = +0.23,
Edvardsson et al. 1995; [Fe/H] = 0.14, by following Jeffries
et al. 1997). Its position — somewhat high above the galactic
plane — is also noticeable and has suggested a peculiar origin,
related to a high velocity progenitor cloud that ejected the clus-
ter out of the plane after its formation (see Edvardsson et al.
1995). The high metallicity of this cluster and its age — very
similar to that of Pleiades — allow to explore whether the X-ray
activity is linked to its chemical composition or if the only lead-
ing parameter is the age through the relation between activity,
rotation and dynamo efficiency.

Thanks to the large effective area of the EPIC instrument,
the observations of the XMM-Newton satellite allow us to an-
alyze for the first time in detail the X-ray light curves of the
late type stars of Blanco 1 and to adress the short time scale
variability. The comparison with previous ROSAT-HRI obser-
vations, taken in 1996 (Micela et al. 1999a), permits us to
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evaluate the variations in the X-ray luminosity on the time scale
of ~6 yr, which may be expected in analogy to the solar activity
cycle.

The structure of the paper is the following: in Sect. 2 we
summarize the processing of the data and of the source detec-
tion; in Sect. 3 we discuss the X-ray variability of Blanco 1 on
both short time scales (hours) and long time scales (years); in
Sect. 4 we present time resolved spectroscopy of two flares in
a cluster late G star and we discuss the physics of the plasma
involved and the morphology of the flaring region; in Sect. 5
we briefly discuss other sources variable on short time scales
in the cluster region; Sect. 6 summarizes our results.

2. X-ray observation and preliminary data analysis

Here we summarize the XMM-Newton observation and the
preliminary processing of the data. Further details are given
in Paper I, Sect. 2. The observation was carried out during
the revolution number 0461 of the XMM-Newton satellite in
June 2002 for a nominal duration of 50 ks. The pointing,
RA = 0M"02™48° and Dec = —30°00’00” (J2000), is the same as
one of the previous ROSAT observations of this cluster (Micela
et al. 1999b). The ROSAT observation of this region was car-
ried out with the HRI between Dec. 1995 and Nov. 1996. Three
segments were acquired for a total of 88 ks. Due to the low
detector effective area and to the distance of the cluster, the
ROSAT-HRI did not allow a good timing analysis.

The source detection, described in Paper I, on the sum
of MOS and pn data led to 190 X-ray sources, 36 of them
matching with known cluster members. The sensitivity varies
throughout the field of view, the lowest value of log Lx for de-
tected cluster sources being 28.35 at the distance of 250 pc
assumed for Blanco 1. In this work we focus our discussion
on the results from pn data analysis, because among the EPIC
instruments it is the most sensitive one. We have conducted
the source detection on the pn image and obtained a list of
152 X-ray sources; 33 of them match cluster stars in the op-
tical band. One cluster star is undetected with pn, while two
other cluster stars lie only in the MOS field of view. To assess
the short time scale variability, we have used the one sample
Kolmogorov-Smirnov (KS) test on the unbinned photon arrival
times. This analysis has been applied to all the sources detected
in the pn data, independently of the cluster membership sta-
tus of their optical counterparts. We have selected the photons
in a circle of radius 20”, centered on the position of the de-
tected sources. The radius is a good compromise between the
need to collect enough counts for faint sources and the need
to minimize the contamination by background and by nearby
sources. To test the background variability we have applied the
KS test on the photon arrival times comprised between 30" and
80", after exclusion of photons of the sources. We define as
variable a source (and, with the same criterion, the local back-
ground) for which the KS test reports a probability of constant
rate <1%; the number of variable sources found with this crite-
rion is 22 out of 152 sources detected with pn instrument. Out
of the 22 variable sources, 14 are cluster members. By carrying
out a similar analysis on the MOS data, the two stars detected
with only the MOS CCD have been found not to be variables.
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For the long time scale variability, we have compared
the X-ray luminosities Lx with those obtained in the previ-
ous ROSAT-HRI observation (Pillitteri et al. 2003). Because
of the different energy bands of ROSAT (0.1-2.4 keV) and
XMM-Newton (0.3-5.0 keV) observations, we have recalcu-
lated the XMM-Newton Lx values starting from the EPIC MOS
count rates reported in Paper I in 0.1-2.4 keV by assuming
a single temperature Raymond—Smith thin plasma emission
model at 1 keV, Ny = 3 x 10%° cm2, as done by Pillitteri et al.
(2003) to derive ROSAT Ly values.

3. Results: The X-ray variability of Blanco 1

In this section we discuss the X-ray variability of Blanco 1 stars
on both short time scales (hours), within our XMM-Newton ob-
servation, and on longer time scales (~6 years), by comparison
of the EPIC data with the previous ROSAT-HRI ones (Micela
et al. 1999a; Pillitteri et al. 2003).

3.1. Short time scale variability

Among Blanco 1 members we find 14 X-ray variable sources,
the number of variable stars per spectral type are: A = 1, dF =
0,dG = 3,dK = 4 and dM = 6, respectively; the number
of detections in the pn data among these types are: 3, 2, 6, 14
and 8 respectively, thus yielding the fractions of variable stars:
33%, 0%, 50%, 29% and 75%. Variability on short time scale
appears more frequent in dG—dM Blanco 1 stars. This may be
biased by the easier detection of variability in high statistics
sources, since dG—dK types show higher X-ray activity with
respect to A and early dF types. Moreover, it is worth noting
that for dM stars, being detected only when they are flaring,
the fraction exhibiting variability is even higher than that of the
more X-ray bright dG and dK members of the cluster.

The light curves of the variable sources in the cluster are
shown in Figs. 1 and 2, the times being counted from the start of
the observation. To produce the curves, we have considered the
arrival times of all events in a 20" circle centered on source po-
sitions, without background subtraction. The background rate
in the 0.3-5.0 keV and in the extraction circle ranges from 0.7
to 2.8 cts/ks. The temporal bin size has been chosen depending
on source count statistics (at least 5 counts per bin), and it is
invariably 2700 s. The light curve of the whole pn image is
flat except for two intervals at ~18 and ~32 ks for a total of
~0.8 ks. We have discarded these intervals before to accumu-
late the source light curves. Furthermore, the bins with large
errors were omitted in the plots for sake of clarity. The small
gap at ~8 ks is due to a break in the observation time.

The proximity to a chip gap and to another faint source
could have influenced the evaluation of variability and the light
curve of BLX 24. Stars P3, P5, BLX 37, BLX46,BLX 17,ZS 76
and probably ZS 45 show flare-like impulsive events with du-
ration of a few ks each. In particular, ZS76 exhibits two in-
tense flares whose detailed analysis is presented in Sect. 4.
Stars BLX 37, BLX 46 and BLX 17 show a flare followed by
secondary peaks. For BLX 37 we can identify a main flare after
~7 ks and another bump superimposed on its decay phase at
16 ks. The flare occurring on BLX 46 after ~15 ks shows
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Fig. 1. Light curves of Blanco 1 X-ray variable stars.

a secondary bump at ~22 ks, and it is similar to the one on
BLX 17. In the latter we clearly see a flare at ~12 ks followed
by a second peak. The two peaks are separated by a dip of
~1.5 ks. This kind of evolution is present also in the combined
MOS light curve, although less pronounced for the lower count
statistics. Hence we conclude that this temporal structure is
real and not an instrumental artifact. The quiescent emission is

comparable with the background rate so that the detection of
BLX 17 is due essentially to its flare. The second peak that fol-
lows the main flare maximum could be interpreted as a sec-
ondary event in the same region of the corona triggered by the
first event (Reale et al. 2004).

On a time scale of the order of the exposure time, a smooth,
small-amplitude variation can be noticed in ZS 75 and ZS61,
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Fig.2. Same as in Fig. 1.

with a higher emission at the extremes of the observation. In
ZS 75 some impulsive events are also recognizable, as well as
dips at 12 and 28 ks. The X-ray light curve of ZS46 shows
a smooth modulation with a characteristics time of ~20 ks.
This variation could be due to an inhomogeneous distribution
of emitting structures. It is interesting to note that, as derived
in Paper I, log Lx /Ly of this star is equal to —3, the saturation
limit observed in active stars. The super-saturated star VXR45,
in the very young open cluster IC 2391, is reported by Marino
et al. (2003) to exhibit clear rotational modulation. This super-
saturation does not appear to be linked to a uniform distribu-
tion of equally emitting structures, rather the authors make the
hypothesis that the simultaneous presence of a X-ray bright ac-
tive region at low latitudes and a less X-ray bright polar active
region determine the observed periodic variations. As an expla-
nation, Jardine (2004) suggests that rapid rotators like AB Dor
and VXR45 experience a centrifugal stripping of coronal loops
which break and open toward the outer space thus becoming
X-ray dark regions.

The stars in which we detect smooth variations have masses
in the 0.7—1 M, range, while stars which show mainly or only
flares are less massive, typically dM type stars. If a modula-
tion were present in these low mass stars, due to their lower
“quiescent” emission, it could be hardly detected, with flares
being the only detectable features of variability. Light curves
of Z§94, ZS 95, ZS 96 can be less clearly classified, because
their variability can be due either to flares or to smooth large
scale variations.

In summary, the light curves discussed above show that
rapid and subsequent flares are the typical features occurring in
the low mass stars, while the solar-mass stars show smoother
variations, with less frequent flares. The occurrence of subse-
quent flares in at least three dM stars suggest that in active
young stars such flares could be triggered in nearby coronal

20 30 40 50

regions by an initial event. We discuss this interpretation fur-
ther in Sect. 4 along with the analysis of the flares that occurred
in ZS76.

3.2. Long time scale variability

The comparison between the EPIC-XMM and the HRI-ROSAT
X-ray luminosities of Blanco 1 stars allows us to evaluate their
X-ray variability on a time scale of about 6 yr (i.e. one half of
the solar cycle). The scatter plot in Fig. 3 shows the Lx values
of Blanco 1 stars observed with EPIC-XMM and HRI-ROSAT.
The arrows indicate the sources detected only in the EPIC ob-
servation and the lines trace the equal, twice and half Lx ratio
loci. For ZS 76 we show both the quiescent and the average
luminosity including the flares (marked by an asterisk). None
of the stars undetected in the XMM-Newton observation has
been detected in the previous ROSAT observation. It is highly
unlikely that all the stars have changed their luminosities in a
coherent way, hence we expect to observe a scatter around the
equal ratio line. The absence of a systematic offset between
XMM-Newton and ROSAT luminosities, in spite of the signifi-
cant difference in the energy band pass confirms the substantial
correctness of the model assumed in Micela et al. (1999a).

On the time scale of ~6 yr the variability amplitude in
Blanco 1 is within a factor of two for all spectral types, ranging
from A to dM. On a similar time scale and in a very similar soft
X-ray band, the Sun shows larger amplitude variations, with a
median value 21 dex due to the presence of the 11-yr cycle
(Micela & Marino 2003). The differences in stellar structure
between dF—dG and dM stars do not seem to imply a significant
difference in the long term X-ray variability, despite models
predicting different dynamo mechanisms. The internal struc-
ture of dG stars should produce an a—w dynamo at the base
of the convective zone while, in the fully convective dM stars,
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Fig. 3. Scatter plot of Ly obtained from the EPIC-XMM and the HRI
ROSAT observations of Blanco 1. Capital letters indicate the spectral
types, diagonal lines trace the equal, twice and half ratio loci. For the
flaring star ZS76, discussed in Sect. 4, we marked the quiescent X-ray
luminosity (open circle) and the luminosity averaged over the whole
XMM-Newton observation including the flares (asterisk). Arrows in-
dicate upper limits in ROSAT observation that are detections in the
XMM-Newton observation.

a turbulent dynamo could be present, generating small scale
coronal structures and should not lead to analogs of the solar
cycle. Stern et al. (1995) made the hypothesis of a turbulent
component in the dynamo of young dG type Hyades stars to
explain the lack of strong, long term variability. Figure 3 sug-
gests that this turbulent dynamo component — if present also
in young solar-type stars — could have a primary role in young
coronae like those of Blanco 1 stars, thus masking the evidence
of cycles due to the a—w component. Other studies on nearly
coeval open clusters, based on ROSAT and XMM-Newton data
(e.g. Pleiades, Gagné et al. 1995; NGC 2516, Pillitteri et al.
2004), confirm that on these time scales active, young stars are
much less variable than the Sun. Were stellar cycles present
in young, active stars, they should have amplitude variations
much smaller than in the Sun, according to the suggestion of
Stern et al. (1995).

4. The flares

Flare events can give insight into the coronal structure in which
they occur. Differently from the Sun, on stars it is impossible to
resolve spatially the flaring region but, by making an analogy
with the solar flares and use of flare loop modelling, it is pos-
sible to infer the typical sizes and the morphology of the loop
structures involved in stellar flares.

Reale et al. (1997) presented a method to infer the geomet-
rical size and other relevant physical parameters of the flaring
loops, based on the decay time and on the evolution of the tem-
perature and of the emission measure (EM) during the flare de-
cay. The method has been further extended for its application to
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ROSAT observations by Reale & Micela (1998) and it has been
applied later to analyze several other stellar flares (e.g. Favata
et al. 2001, BeppoSAX data; Briggs & Pye 2003; and Stelzer
et al. 2002, XMM-Newton data).

Reale et al. (1997) provide an empirical formula for the es-
timation of the unresolved flaring loop length, which is essen-
tially derived from the thermodynamic e-folding decay time of
a semicircular flaring loop with constant cross-section (Serio
etal. 1991):

o = 7 VT7

" 120F(0) Fo=1

ey
where Lo is the loop semi-length in units of 10° cm, T; the
loop maximum temperature at the flare peak in units of 107 K,
T c the decay time derived from the light curve, and F({) a
non-dimensional correction factor larger than one (i.e. a shorter
loop length) if significant heating is present during the decay.
The slope ¢ of the decay path in the density-temperature dia-
gram (Sylwester et al. 1993) is maximum (~2) if the heating is
negligible in the decay and minimum (~0.5) — the slope of the
loci of the hydrostatic loops with decreasing temperature — if
the heating dominates the decay (Sylwester et al. 1993). From
Eq. (1), the slower the decay (or the higher the temperature) the
longer is the loop. The effect of the heating is to delay the de-
cay phase or, conversely, a given decay time may be compatible
with a slowly decaying heating in a shorter loop.

The correction factor F({) is calibrated on the observation
instrument and for EPIC pn we have used (Reale et al. 2004):

F(0) = caexp(={/{a) + qa @
where

ca=11.6+05 ¢, =056+0.06 ¢g,=12=+0.1

with

04<¢<10.

For { S 0.4 the heating drives the decay completely and this
formula is no longer applicable.

4.1. Data analysis

In our XMM-Newton observation the G9 dwarf star of the
cluster ZS 76 showed two flares (Fig. 4). The first flare is al-
ready on at the beginning of the observation. The second flare
started ~15 ks after the beginning of the observation, with a
peak rate lower than that of the first flare and a rapid rise
phase, lasting less than 800 s. The e-folding decay times of
the two flares are ~1.4 and ~1.5 ks, respectively. The first flare
shows two different decay trends, initially slower, then faster
(Fig. 4); in the second flare the presence of a double decay
is less clear. In order to trace the spectral changes during the
flares, we binned the two flares into four and two temporal seg-
ments, respectively, marked in Fig. 4. The segments are cho-
sen in a way to have a sufficient count statistics in the spectra.
In the second flare only two segments can be built, with the
spectra having ~700—800 counts. The first flare can be binned
into four segments, each with ~1000 counts. We recall that
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Table 1. Spectral fitting parameters for each temporal segment of the flares in star ZS76. In parentheses the 10% and 90% error ranges are
reported. For A, B, C and E T and EM refer to the hot component of the 2-T model. For D segment 7" and EM refer to the hot component of the
3-T spectral model. For segment F of flare 2 a 2-T model is adopted with the only hot emission measure as free parameter. The EM reported in

this case is the difference with respect to the quiescent emission (see text).

Flare 1 Segment log 7T (K) log EM (cm™) x> (d.of) P> xo)

A 7.57 (7.48-7.71)  53.92(53.86-53.98) 0.90(32) 63%

B 7.41 (7.34-7.52)  53.68 (53.62-53.74)  0.96 (30) 53%

C 7.37 (7.26-7.54)  53.42(53.30-53.50) 0.85(32) 71%

D 730 (7.15-7.50)  53.26 (53.10-53.34)  0.80(33)  75%

Flare2 Segment log 7T (K) log EM (cm™3) x* (dof) P> xo)

E 7.48 (7.38-7.58)  53.62 (53.54-53.68) 0.78 24)  76%

F 7.06 — 53.02 (52.92-53.08) 1.00 (32) 46%
1000 T T T T T T T ] flare component as the excess of emission measure over that of
}*H | the hotter quiescent component, leaving only the hot EM free
L 3# | H : i 1 to vary. The best fit parameters of spectral fitting are shown in
o 1 4 1 I 1 Table 1. For intervals A, B, C and E the temperatures and EMs
Foo 4 & refer to the hot component in the 2-T model of flare spectrum.
ﬁ For D segment we report the parameters of the third conponent.
100 WL Jﬁ{ E Figure 5 shows the evolution of the hardness ratio H/S dur-
FAL B Cht . e g 1 ing the first flare, where H and S are the count rates in the
Co lL lk wt wk ] 0.75-2.4 keV and 0.3-0.75 keV bands, respectively. The bins
L in segments A, B and C are of 500 s. For segment D, we show
L i the average H/S over the whole segment, to increase the statis-
‘ tical significance. The H/S evolution shows a very clear trend
] I ‘ A ‘ A H ‘ with two maxima in segments A and C, which will be com-
0 5 10 15 20 25 mented in Sect. 4.2. Figure 6 shows T vs. log EM'/? for both

Time (ksec)

Fig.4. Light curve of the flares observed in the star ZS 76. The dashed
lines bound the time bins in which photon where collected for spectral
analysis. The solid line marks the beginning of segment E.

in Paper I we fitted the quiescent emission spectrum of ZS76
with a 2-T component model obtaining the following param-
eters: logT) = 6.61, logEM; = 53.03 cm™, logT, = 7.06,
log EM, = 53.12 cm™3, abundance Z = 0.22 Z, and Ny value
fixed to 3 x 10%° cm~3, in agreement with absorption estimate
from optical photometry. We have fit the spectra in the time
intervals A, B, C and E after having subtracted the quiescent
spectrum. A single temperature model does not fit the data
well, especially around 0.8-1.0 keV. A model with two ab-
sorbed APEC components yields a satisfactory agreement. The
emission measure of the cooler component is much lower than
that of the other component (~10%). The presence of this cool
component is required to fit acceptably the region 0.8—1.0 keV
but plays no role for our physical interpretation of the flare.
Therefore we will not discuss it further.

For interval D, due to the low count statistics, we have
found one only way to obtain constrained parameters: we have
considered a 3-T model in which the first two component
temperatures and EMs are fixed to the quiescent values and
the third component is free to vary and describes the flaring
plasma. The global abundance is fixed to the quiescent value.
For segment F we could only derive and show in Table 1 the

flares. The dashed line marks a linear fitting of the decay of
flare 1; its slope is 0.8 + 0.2. Although evidence of reheating
has been found in segment C, and this may affect the descrip-
tion of the flare decay as a single decay, Reale et al. (2004) have
shown that the description with a single decay is a reasonable
approximation on the long time scale of the whole flare decay.

For flare 2 the path in log T vs. log EM'/? has only two
points in segments E and F, which provide a rough estimate
{~13.

4.2. Results and discussion

From the spectral fitting of segments A and E, we obtain that
the maximum temperatures of the two flares are log 7' = 7.61
and log T = 7.44 dex, respectively. The spectral fitting detects
the average temperatures of the flaring loops, which are there-
fore lower than the loop maximum temperatures. According to
Reale et al. (2004) we can estimate the loop maximum temper-
atures T« as *66 MK and ~52 MK, respectively; these val-
ues are intermediate between those of flares observed on active
stars like Algol (Tmax ~ 100—150 MK, Favata et al. 2000b) and
AB Dor (Thax ~ 140—170 MK, Maggio et al. 2000), and those
found in flares on the dMe star AD Leo (range 20-50 MK,
Reale & Micela 1998; Favata et al. 2000a) and on solar-type
Pleiades (20—-40 MK, Briggs & Pye 2003). The EMs are of
the same order as those estimated by Favata et al. (2000b) and
Maggio et al. (2000) in Algol and AB Dor flares and larger than
those of Pleiades flares reported by Briggs & Pye (2003).
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Fig.5. Time evolution of hardness ratio H/S (S = 0.3-0.75 keV;
H = 0.75-2.4 keV) of flare 1. In segments A, B and C the time bins
are 500 s; in segment D the average H/S of the whole segment is
shown to increase the statistical significance.

According to Eq. (1), the slope of the decay path shown
in Fig. 6 and the value of the light curve decay time lead to a
loop semi-length L ~ 8 x 10° cm with uncertainties ~50%, for
flare 1. For flare 2 the decay time and the estimated value of
{ lead to a similar loop length, but we cannot quote any con-
fidence for this value. The global similarity of the two flares
supports the hypothesis that they occur in similar loop struc-
tures, or, maybe, in the same one, and we will make our further
arguments in this perspective.

The trend in log T vs. log EM'/? suggests the presence of
significant heating during the decay of the first flare. Its hard-
ness ratio (Fig. 5) indicates that a heat pulse has occurred in
segments A and another one in segment C. The time delays
between the heating pulses in this flare are of the order of 2 ks.

The loop semi-lengths are a factor ~8 smaller than the stel-
lar radius (estimated to be ~6x 10'° cm, by following isochrone
model of Siess et al. 2000). On the other hand, the large EMs
derived from spectral fitting in segments A and E (a few times
~10°3 ¢cm™) indicate either high densities or large volumes
(or both). In order to estimate the loop volume, we have to
make an assumption for the loop aspect ratio r/L where r is
the radius of the loop cross-section, assumed circular. If we
assume /L = 0.1, typical of solar single loops, we obtain
a volume of ~3 x 10%® cm™ and a density at the flare peak
25 x 10'> cm™3, significantly high for a plasma in coronal
conditions. Furthermore, with the single loop volume obtained
above, the total input energy rate Hyy at the flare peak would be
~12% of the maximum flare luminosity Lx, while we expect it
to be larger than Ly to satisfy the flare energy balance.

If we suppose that at the flare peak the loop is not too far
from energy equilibrium, the loop scaling laws of Rosner et al.
(1978) — which link the pressure, the loop length and the heat-
ing rate per unit volume — should approximately hold. The den-
sities obtained from scaling laws are more reasonably a few
times 10'' cm™ for both flares. For the density from the scal-
ing laws to be consistent with the EM at the peak, the volume
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Table 2. Parameters derived for flares 1 and 2 from spectral fitting
and from loop scaling laws. The uncertainty range of Ty, is derived
from the values in Table 1.

Flare 1 Flare 2
e (ks) 14+02 15+02
v 08+02 ~13
T (10° K) 66 (52-95) 52 (40-68)
L(10° cm) 8+4 ~13
LY (10 erg/s) 9.8 9.2
E (10* erg) 1.4 1.4
p® (10° dyn/em?) 14 4
n® (10" cm™3) 8 4
v (1030 cm3) 1.3 26
EY (10 ergfs) 53 1.6
NO 30 20

loop

Notes:

@ Slope of the decay in the n—T diagram.

@ Estimated loop maximum temperature at the flare peak.

® X-ray luminosity at the flare peak (0.3—5 keV band).

@ Total emitted energy.

) Maximum pressure of the flaring loop estimated from the loop scal-
ing laws (Rosner et al. 1978).

©® Electron density at the location of the loop maximum temperature
estimated from loop scaling.

laws (Rosner et al. 1978).

@ Volume of the flaring region estimated from the maximum emission
measure and from the estimated density.

® Maximum heating rate estimated from the loop scaling laws
(Rosner et al. 1978) and assuming the volume V.

© Number of loops filling the flare volume, assuming an aspect
r/L = 0.1 for a single loop.

should be much larger than that estimated above, and in partic-
ular of the order of 10°° cm? for both flares. The loop length can
be made consistent with the large volume by supposing that the
flaring structures are arcades of ~20—30 similar loops. Table 2
shows for each flare the e-folding time of the light curve de-
cay, the slope of the decay in the log T vs. log EM'/? diagram,
the loop semi-length obtained from Eq. (1), the peak luminos-
ity, the total emitted energy, the pressure, density, volume and
total heating rate, derived assuming that the loop scaling laws
approximately hold at the flare peak. In this scenario the max-
imum X-ray luminosity is (reasonably) about 15% of the pre-
dicted total input energy for both flares.

Similar loop systems have been observed to flare on the
Sun, for instance during the so-called Bastille-day flare (see
Aschwanden & Alexander 2001), and a stellar analogue has
been proposed to model a flare on the dMe star Proxima
Centauri (Reale et al. 2004). In these two events, a double igni-
tion in nearby loops was observed or suggested, and the delay
between the ignitions appears to scale with the loop sizes (mea-
sured on the Sun, inferred from detailed modelling on Proxima
Centauri). We then suggest that the similarity with solar arcade
flares may extend to stellar flares in young, much more active
stars.
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Fig.6. Plot of log T vs. log EM'/?, obtained from the spectrum fit of
the first flare of ZS76 (star symbols, points: A-D) and of the second
flare (diamond symbols, points: E-F). Error bars are given as 10%—
90% range. The dashed line is the result of a linear fitting of the data
points of flare 1 (A-D), its slope is 0.8 +0.2.. The slope of the segment
that connects E and F points is 1.3.

In summary, the data seem to be consistent with the oc-
currence of a double flare event, involving two arcades made
of similar loops, or even the same arcade. If distinct, the short
time distance between the two flares and their similarity may
suggest that the two arcades are physically connected, the sec-
ond triggered by the first, or may be part of a single complicated
structure that requires some time to store new energy from the
photospheric motions, to ignite once again in a similar way af-
ter several hours.

Also the flares observed on dM stars BLX 17, BLX46 and
BLX 37 show secondary peaks (cf. Sect. 3) that may be con-
sistent with the scenario, of series of loop systems ignited at
subsequent time intervals. Hence the frequency of such gigan-
tic multiple flares could be higher in young, active stars like
those of Blanco 1, becoming one the most important causes of
variability of stars with enhanced activity and indicating an age
evolution of the flare activity from young to solar aged stars.

5. Other X-ray variable sources

This section gives some basic information about the remain-
ing 8 out of 22 variable sources that do not belong to Blanco 1.
Their light curves are shown in Fig. 7, and Table 3 lists their
coordinates and the matches in the GSC2 and 2MASS cata-
logues within 13" as done in Paper 1. In some cases double
matches occur with an offset comparable to the EPIC PSF core
and the choice of the most likely match is not obvious. The
last column indicates the identifiers of objects already reported
in literature, as found in SIMBAD database'. The only match-
ing objects within 15" found in literature are from the paper of

! http://simbad.u-strasbg.fr/Simbad
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Micela et al. (1999a) and, to date, no other studies in optical
or infrared bands report other information about these X-ray
sources. The 2MASS photometry of optical counterparts of
X48 (closest match), X77 (closest match) and X150 is com-
patible with the cluster sequence at dM types, hence the X-ray
activity and variability of these sources may suggest that they
are unknown low mass stars of the cluster. In particular, X77
and X150 have proper motions compatible with those of the
cluster, although their instrumental photometry from GSC2 cat-
alog places these objects outside the cluster sequence. In al-
most all cases, the light curves show flare-like events, X77 and
X151 also show some smooth modulation. The light curve of
source X151 is strongly influenced by the nearby BLX 24 clus-
ter star, so its variability is not firmly assessed. Furthermore,
this source does not have a counterpart in the optical GSC2.2.1
and infrared 2MASS catalogs within 13” and does not appear
in Table 3. The total spectrum of source X26 was reported
in Paper I to be fitted with a 1-T APEC absorbed model at
~0.7 keV. The absorption was 1.6 x 10*' cm™, significantly
greater than the one for the cluster, while the abundance yielded
a very low value to fit the spectrum (Z = 0.03 Z).

6. Summary

In this paper we have presented a study of the X-ray variability
of the stars in the region of the young open cluster Blanco 1,
observed with XMM-Newton satellite. The large effective area
of the EPIC camera and the time coverage almost without inter-
ruption allow us for the first time to perform the detailed study
of light curves of Blanco 1 stellar coronae. We have analyzed
the X-ray variability of cluster coronae on the time scale of
hours within the XMM-Newton observation, and on the time
scale of a few years, by comparison with the data of previ-
ous ROSAT-HRI observations (Micela et al. 1999a). On the
short time scale a large fraction of variable sources belong
to the cluster. The variability is more frequent on late-types
stars: the typical features are flare-like events among very low
mass stars, while in solar-mass stars we have some indication
of smooth variations. On the cluster star ZS76 the time re-
solved spectroscopy of two intense flares allows us to investi-
gate the heating and the morphology of the flaring regions. To
have consistency between the emission measure and tempera-
ture at the peak and the light curve time scales the flares should
have occurred in two arcades made of several similar loops
(half length: ~10'° cm), ignited in sequence and perhaps phys-
ically linked to each other. The occurrence of multiple flares in
ZS76 and in the dM stars BLX 17, BLX 46 and BLX 37 may
suggest that such flares may be common events on moderately
active stars. The enhanced activity of young stars such those
of Blanco 1 could also result in more crowded spatial cover-
age of their coronae, thus exhibiting multiple ignitions more
frequently.

The comparison with ROSAT data shows that the vari-
ability on a time scale of ~6 yr appears very similar among
dF—dM stars, in spite of their spectral differences. Furthermore,
the variations are within a factor 2, while in an older star like
the Sun, we observe variations as great as a factor of 10, thus
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Table 3. Optical and infrared properties of 7 X-ray variable sources not belonging to the cluster, obtained through VizieR database. Source
X151 does not match a counterpart in these catalogs and is not listed here. The coordinates are from X-ray detection, Cols. r; and r, are
offset between the matching positions in arcsec. R and B; magnitudes are from cross-identification with GSC 2.2.1 (r < 13”) catalog. J, H,
K magnitudes are from cross-identification with 2MASS catalog. Column Notes reports the name of literature objects retrived from SIMBAD
database within a 13" radius, for BLX31 the radius is 15”.

Id RA Dec GSC2.2.1 2MASS Notes
J2000 J2000 r (") R (mag) B, (mag) (") J (mag) H (mag) K (mag)
X26 00:02:39.2  -30:08:04.7 2.2 17.89 - 2.3 14.55 14.0 13.74 BLX 22
X29 00:03:28.3 -30:07:44.7 - - - 2.6 16.31 15.59 15.50
X48 00:02:07.6  -30:04:444 2.0 16.69 - 1.9 13.95 13.26 13.15 BLX 12
" " " 4.0 15.57 15.76 4.15 14.78 14.45 14.55 "
X717 00:03:29.7 -30:01:189 29 17.11 19.34 3.1 13.85 13.25 13.0 BLX 45
i " " 6.0 17.76 19.04 5.5 16.70 16.13 15.33 "
X383 00:02:09.4 -30:00:35.9 - - - 1.5 15.21 14.70 14.38
X150 00:03:22.6  —29:53:522 2.3 15.82 17.89 2.4 12.98 12.35 12.15
X174 00:03:00.7 -29:49:445 2.8 17.27 19.30 2.5 13.77 13.21 12.91 BLX 31
Src X num 26 Src X num 29
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Fig.7. Light curves of variable sources not belonging to Blanco 1.

Time — ksec.



164

suggesting an age evolution of the emission mechanism from
young to old, less active stars.
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