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Abstract. We present the characteristics of the X-ray variability of stars in the cluster NGC 2516 as derived
from XMM-Newton/EPIC/pn data. The X-ray variations on short (hours), medium (months), and long (years)
time scales have been explored. We detected 303 distinct X-ray sources by analysing six EPIC/pn observations;
194 of them are members of the cluster. Stars of all spectral types, from the early-types to the late-M dwarfs,
were detected. The Kolmogorov-Smirnov test applied to the X-ray photon time series shows that, on short time
scales, only a relatively small fraction (ranging from 6% to 31% for dG and dF, respectively) of the members of
NGC 2516 are variable with a confidence level ≥99%; however, it is possible that the fraction is small only because
of the poor statistics. The time X-ray amplitude distribution functions (XAD) of a set of dF7-dK2 stars, derived
on short (hours) and medium (months) time scales, seem to suggest that medium-term variations, if present, have
a much smaller amplitude than those on short time scales; a similar result is also obtained for dK3-dM stars.
The amplitude variations of late-type stars in NGC 2516 are consistent with those of the coeval Pleiades stars.
Comparing these data with those of ROSAT/PSPC, collected 7-8 years earlier, and of ROSAT/HRI, just 4-5
years earlier, we find no evidence of significant variability on the related time scales, suggesting that long-term
variations due to activity cycles similar to the solar cycle are not common among young stars. Indications of
spectral variability was found in one star whose spectra at three epochs were available.

Key words. X-ray: stars – Stars: activity – Stars: early-type – Stars: late-type – Open clusters and associations:
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1. Introduction

Observations using the Einstein observatory, nearly 30
years ago, showed the ubiquity of stellar X-ray emission
throughout the HR diagram (Vaiana et al. 1981). X-ray
emission from stars has been attributed to several physi-
cal mechanisms depending on the mass of the star. Going
from high to low mass, they include winds, α−Ω dynamo,
and turbulent dynamo. Variability studies are one of the
best ways to explore these mechanisms and to infer phys-
ical conditions of the regions where X-ray emission origi-
nates and their evolution along stellar life (e.g. Montmerle
et al. 1983; Ambruster et al. 1987; Stern et al. 1995;
Marino et al. 2003a,b; Pillitteri et al. 2005). In this con-
text, open clusters, providing large, chemically homoge-
neous, and precisely dated samples of stars, are ideal labo-
ratories for studying coronal emitters and for constraining
the X-ray-generating mechanisms. Comparative studies of
the variability properties of homogeneous classes are ex-
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cellent for diagnosing and determining the origin of the
X-ray emission.

In this perspective we have analysed the X-ray vari-
ability properties of homogeneous samples (with respect
to mass and age): dF7-dK2 and dK3-dM stars in the
solar neighbourhood, dF7-dK2, and dK3-dM of Pleiades
observed with ROSAT-PSPC (Marino et al. 2000, 2002,
2003b). These studies show that the short-term vari-
ability of solar-type stars decreases with age (together
with luminosity), while long-term variability increases. In
contrast, the short-term variability of low mass stars is
present in all stellar life phases while long-term variations
have never been observed.

Also called the ”Southern Pleiades”, NGC 2516 is a
rich and young open cluster in the constellation of Carina,
that has been observed several times at the XMM-Newton
observatory, thereby allowing us the study of X-ray vari-
ability properties on multiple time scales. At a distance
of less than 400 pc (387 pc, Jeffries et al. 1997; 346 pc,
Robichon et al. 1999), the cluster contains about 1300
known members spanning all spectral types and enabling
simultaneous study of the different processes driving X-
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ray emission from stars with different internal structures.
The metallicity of the cluster is controversial; several pho-
tometric studies have suggested a metal underabundance
by a factor of 2 with respect to the Sun (e.g. Jeffries
et al. 1997, 1998, 2001; Pinsonneault et al. 1998), while
Terndrup et al. (2002) have found solar-like metal abun-
dance on the basis of high-resolution spectra. Since metal-
licity affects the depth of the convection zone, which in
turn should influence the dynamo’s efficiency, observable
differences in the X-ray emission levels may be expected
between solar and sub-solar abundances (Micela et al.
2000). The ROSAT observations have shown that the G
and K members in NGC 2516 were underactive in X-rays
with respect to the Pleiades G and K stars, while no differ-
ence was found for M stars. As discussed by Jeffries et al.
(1997) and Micela et al. (2000), these results could be at-
tributed to a low-metallicity effect, although when taking
the recent optical data into account (Terndrup et al. 2002)
these explanations are questioned. Also a recent analysis
of summed XMM/EPIC data (Pillitteri et al. 2006) shows
that late-types stars in NGC 2516 are significantly less
luminous than those of the Pleiades.

NGC 2516 has been observed several times with
Chandra and the analysis of the observations was made
by Harnden et al. (2001) and Damiani et al. (2003). Wolk
et al. (2004) used Chandra data for a timing analysis
of NGC 2516 stars, finding that the stochastic variabil-
ity rate is similar for all sources in their sample, while the
time scale of variability is shorter for later-type stars.

In this paper we present a study of the X-ray variability
of the NGC 2516 stars analysing six XMM-Newton/EPIC
observations spanning ∼ 19 months. We explore X-ray
variability properties on short (hours), medium (months),
and long (years) time scales, we compare our data with
those obtained for the coeval Pleiades, and we search for
spectral variability.

The structure of the paper is the following: Sect. 2 de-
scribes the XMM-Newton/EPIC observation set and the
data analysis; Sect. 3 and 4 present the time and the spec-
tral analysis, respectively; Sect. 5 summarises the main
results.

2. X-ray observations and data analysis

NGC 2516 was observed many times during the first
two years of satellite calibration operations. We used only
EPIC-pn data detector, since the MOS data have a lower
statistic than pn. The characteristic of the six EPIC/pn
observations are summarised in Table 1. The progressive
letter in column 1 is a reference to Table 2. The first two
observations were centred at 7:58:20, -60:52:13 (J2000)
and the remaining at 119.58:22, -60:45:36 (J2000). All six
observations that we consider were performed with the
thick filter. The data span 19 months with exposure time
ranging from 6 ks to ∼22 ks. All pn data were processed
using the XMM-Newton Science Analysis System (SAS)
6.0.0. We used the epchain task to process the EPIC/pn
observation data file, obtaining six lists with time, posi-

tion, and energy of the events recorded in the pn detector.
To minimise the background due to non-X-ray events, we
retained only single, double, triple, and quadruple pixel
events in the 0.3-5.5 keV band. We limited the energy
band to 0.3-5.5 keV, since data below 0.3 keV are contam-
inated by low-energy electronic noise events, while back-
ground counts dominate above 5.5 keV for coronal sources
(e.g. Read & Ponman 2003). Furthermore, we filtered the
data to maximise the signal-to-noise ratio and to min-
imise the so-called proton flare phenomenon, which pro-
duces an enhancement of noise due to protons ”focused”
by XMM-Newton mirrors and essentially indistinguishable
from bona-fide X-ray events. To this end we applied a tech-
nique developed at INAF - Osservatorio Astronomico of
Palermo (Sciortino et al. 2002) that maximises the sta-
tistical significance of weak sources by identifying and re-
moving fractions of the exposure time strongly affected by
high-background episodes.

2.1. Source detection

Source detection and X-ray photometry were obtained in
the 0.3 - 5.5 keV bandpass using the wavelet detection
code developed at the INAF- Osservatorio Astronomico
di Palermo and based on the algorithm previously devel-
oped for the ROSAT/PSPC (Damiani et al. 1997a,b) and
adapted to the XMM-Newton case. Large sets of simula-
tions of pure background signal were performed to derive
the appropriate detection threshold that limits the num-
ber of spurious detections. We adopted a threshold that
statistically retains only one spurious source per field.
An exposure map for each observation was created with
the SAS task eexpmap to perform this analysis. For each
of the six observations, we have found a number of X-ray
sources ranging from 95 (Obs. e in Table 1) to 184 (Obs.
c in Table 1). In order to find the X-ray multiply observed
sources, we cross-matched the detections of each obser-
vation with all the others adopting a threshold of 20′′,
derived by taking the formal error of the detected source
positions into account. However we found that more than
90% of the cross-matchs are within 8′′. We also found that
42 sources were detected six times, 23 five times, 39 four
time, 40 three times, 60 two times, and 99 just one.

2.2. Cluster members and identifications

We compiled an optical catalog of cluster members based
on the list of 1254 stars compiled by Jeffries et al. (2001)
and based on B, V, and I photometry. Furthermore we
appended 43 cluster stars brighter than V= 9.8 that were
not present in the former sample. The number of X-ray
sources identified as optical members are reported in col-
umn 7 of Table 1 for each of the six observations; the num-
ber of the optical members in each observation is reported
in column 8. The cross-identification between X-ray and
optical sources for each of the six observations was made
in two steps: in the first we searched for a systematic offset
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Table 1. XMM-Newton/EPIC/pn observations of NGC 2516

.

Obs. Obs. Id Orbit Filtered Start Nr. of X-ray Nr. of detected Nr. of optical
Nr. Time [ks] Date sources members members

a 0113891001 060 19.8 2000 April 06 128 87 409
b 0113891101 060 14.3 2000 April 07 118 73 408
c 0126511201 092 22.3 2000 June 10 184 128 419
d 0134531201 209 18.8 2001 January 29 174 121 408
e 0134531301 209 6.0 2001 January 29 95 68 402
f 0134531501 346 18.5 2001 October 29 168 112 423

Table 2. X-ray and optical properties of NGC 2516 members in the XMM-Newton/EPIC/pn observations having more than
25 counts.

JTH Obs. Ra Dec V B-V V-I Exposure Rate ± err Results of
J2000 J2000 [sec] cnt/ks the K-S test

323 f 07:56:22.80 -60:51:42.7 11.556 0.513 0.659 4894.6 16.750 ± 1.850 -
15496 a 07:56:46.30 -60:48:59.5 8.360 0.020 8094.8 4.200 ± 0.720 -
15496 b 07:56:46.30 -60:48:59.5 8.360 0.020 5880.3 5.100 ± 0.931 -
15496 c 07:56:46.30 -60:48:59.5 8.360 0.020 8806.8 4.825 ± 0.740 -
15496 d 07:56:46.30 -60:48:59.5 8.360 0.020 6764.2 5.915 ± 0.935 90%- 99%
15496 f 07:56:46.30 -60:48:59.5 8.360 0.020 6030.5 5.305 ± 0.938 -
15497 a 07:56:46.30 -60:48:59.5 8.780 0.090 8094.8 4.200 ± 0.720 -
15497 b 07:56:46.30 -60:48:59.5 8.780 0.090 5880.3 5.100 ± 0.931 -
15497 c 07:56:46.30 -60:48:59.5 8.780 0.090 8806.8 4.825 ± 0.740 -
15497 d 07:56:46.30 -60:48:59.5 8.780 0.090 6764.2 5.915 ± 0.935 90%-99%

Note: Table 2 is published in its entirety in the electronic edition of the Journal. A portion is shown here for guidance regarding
its form and content.

between X-ray source positions and the optical position of
the members. In the second, we corrected the X-ray posi-
tions for this systematic offset, before matching the X-ray
and optical member positions, and then retained an iden-
tification if the offset between X-ray and optical positions
was less than 8′′. The choice of such a limiting distance
is a good compromise between the attempt to minimise
the number of spurious identifications and to keep the
largest number of bona-fide optical counterparts. For 8
cases it was impossible to resolve very close stars, owing
to the limited spatial resolution of the X-ray telescope.
For these unresolved sources, the X-ray flux was divided
evenly between the optical candidates in the absence of
more information.

Following Damiani et al. (2003), we attribute spectral
types that use B-V and V-I optical colours corrected for
the average cluster reddening E(B-V) = 0.12. Detected
members cover the whole mass range present in the opti-
cal catalog. Among these stars we considered in the fol-
lowing variability studies all those sources with more than
25 total counts in a single pn observation, for a total of
474 detections. Table 2 summarise their optical and X-ray
characteristics.

3. Time variability

The analysis of all observations of NGC 2516 allow us to
explore the X-ray variability on time scales that range

from hours to 19 months. We obtained light curves in the
0.3-5.5 keV band for all detected X-ray sources by extract-
ing the photon arrival time within circular regions selected
interactively using Astronomical Data Visualization DS9
display software and subtracted from an area-scaled back-
ground. We adopted a radius of 3.5 times the radius de-
termined by the PWDetect algorithm to select sources
and background regions. In some cases we used a smaller
radius to exclude contributions from nearby stars. In gen-
eral, detections have relatively low statistics with 90% of
the detections having less than 190 counts and only 23
detections more than 300 counts.

In order to have a statistical evaluation of the X-ray
variability, we applied the unbinned Kolmogorov-Smirnov
(K-S) test to the X-ray photon time series of our detected
sources for each observation. Column 10 of Table 2 reports
the results in terms of the confidence level at which we can
reject the hypothesis that the source in the given obser-
vation is constant. Since the exposure times of the obser-
vations are in the 6 - 22.3 ksec range, we will refer to this
analysis as short-time- scale variability. For each observa-
tion, we also ran the K-S test on the counts detected in the
background regions to monitor possible background vari-
ability. In the few cases in which the background counts
are variable with a confidence level (CL) > 99%, the back-
ground counts are much lower than those of the source,
making us confident of the results of the test variability.
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Table 3. Results of the K-S test for each X-ray detected source.

Confidence1 Number of total Number of cluster Number of non members
level sources members

<90% 490 (74%) 345 (73%) 145 (79%)
90%-99% 96 (15%) 72 (15%) 24 (13%)
≥ 99% 71 (11%) 57 (12%) 14 (8%)

1Confidence level for the rejection of the constant source hypothesis.

Table 4. Results of the K-S test for the stars of NGC 2516 grouped by spectral type.

Confidence1 Number of cluster members
level B dA dF dG dK dM

<90% 9 (64%) 62 (74%) 9 (69%) 109 (83%) 119 (70%) 37 (59%)
90%-99% 2 (14%) 13 (15%) 0 14 (11%) 32 (19%) 11 (17%)
≥ 99% 3 (22%) 9 (11%) 4(31%) 8 (6%) 18 (11%) 15 (24%)

1Confidence level for the rejection of the constant source hypothesis.

<90% 90%−99% >99%

B
A
F
G
K
M

Confidence level

P
er

ce
nt

ag
e 

of
 s

ou
rc

es

0
20

40
60

80

Fig. 1. Percentage of detected stars vs. variability confidence
level and spectral type.

Table 3 summarises the K-S test results for the total
sample of X-ray sources (column 2), for the members (col-
umn 3), and for non-members (column 4). Among cluster
members, only a small fraction (12%) of stars are variable
with a CL ≥99%, while 73% are not variable (CL <90%);
variability on a short-time-scale is not very common in
NGC 2516, at least given the statistics of our observations.
Table 4 and Figure 1 summarise the K-S test results for
member stars of different spectral types; dF stars are the
sources with the highest rate of variability (although the
sample is very small), dG are those that are less variable.
In contrast, Wolk et al. (2004) find that the dF and B in
their sample have the lowest rate of variability. Frequency
of the variability on a short-time-scale is approximately
equal among late- and early-types stars. The fraction of

sources with significant variability is very small for each
spectral type suggesting that, on short time scales, the
properties of variability do not depend strongly on the
mass. However, the sensitivity to variability depends on
count statistics, and the absence of variability in faint
stars may be not intrinsic but instead due to low counting
statistics. Also the comparisons of our results with those
obtained for other sample stars are limited by different
statistics.

3.1. Time X-ray distribution functions

We derived the time amplitude X-ray luminosity distri-
bution function (Time XAD) for the dF7-dK2 (0.5 ≤B-
V≤0.99) and dK3-dM (B-V >0.9) stars as in Marino et al.
(2003b). Time XAD yields the fraction of time that a star
spends with a count rate higher, by a given factor, than its
minimum value. This distribution is constructed by con-
sidering for each star the ratio between the count rate ob-
served during a given observation and the minimum rate
for that source. We computed the Time XAD on a given
time scale considering only observations obtained at a time
separation of the order of the time scale we want to study.
For example, if we want to study a 1-day time scale, we
can consider Obs. a, b, d, and e of Table 1.

In Figure 2 the Time XAD on short (< 1 day) time
scale of dF7-dK2 stars is compared with that on a medium
(17 months) time scale. The same plot for dK3-dM stars
is shown in Figure 3. To explore the presence of variations
on medium time scale amplitudes, we excluded the stars
variable (CL ≥ 99%) on short time scales that could pro-
duce spurious variability. Both the dF7-dK2 and dK3-dM
distributions on short and medium time scales appear very
alike, indicating that medium-term variations, if they exist
at all, must have a much larger amplitude than those on
short time scales. The null hypothesis that the XADs on
short and medium time scales of dF7-dK2 stars are drawn
from the same parent distribution cannot be rejected.
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Fig. 2. The Time XAD for dF7-dK2 stars on short (≤ 1 day,
Obs. a-b, d-e, thin line) and long (∼ 17 months, Obs. c-f, thick
line) time scales.
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Fig. 3. As in Figure 2 for dK3-dM on short (thin line) and
long (thick line) time scales.

3.2. Long-term variability

The Sun’s 11-year activity cycle, as observed in optical,
radio, ultraviolet, and X-ray bands, is a well-established
phenomenon. In the soft X-ray bandpass, the flux varies
by about one order of magnitude during the solar cy-
cle (Kreplin et al. 1977; Peres et al. 2000). The ampli-
tude variations of the Sun are strongly dependent on
time scale, with the highest probability of observing high-

amplitude variations, between 4 and 7.5 years (Micela &
Marino 2003). On these time scales, typically the observed
variations are on average of the order of 1 dex, but the
spread is very wide with an 80% probability of detect-
ing variations in the 0.1 − 1.8 dex range. Solar-like cycles
have been observed in late-type stars from chromospheric
flux variations (Wilson 1978; Baliunas et al. 1995). Only
in more recent years, X-ray long-term variability possi-
bly due to cyclical variations has been observed in stars
(Hempelmann et al. 2003; Favata et al. 2004). By com-
bining X-ray data obtained with ROSAT and, at present,
XMM-Newton, we explored the long-term variability of
the late-type stars of NGC 2516.

Thirty-eight late-type stars (dF7-dM) of the clus-
ter observed with XMM-Newton were observed with
ROSAT/PSPC in 1993 (Jeffries et al. 1997) and twenty-
three with ROSAT/HRI in 1997 (Micela et al. 2000), al-
lowing us to explore variability on 7-8 and 4-5 year time
scales, respectively. In order to compare our results with
ROSAT observations, we derived EPIC/pn X-ray lumi-
nosities in the(0.15-2.0) keV bandpass, assuming a con-
stant conversion factor to convert count rates to flux, as
more extensively described in Sect. 3.3. For each star, sev-
eral points were available from EPIC/pn and only one
from PSPC (LPSPC) and HRI (LHRI ). We reduced the in-
fluence of short and medium variability in the EPIC/pn
data, averaging the latter to a single mean value (Lpn).
The amplitude of variability is defined as log(Lx/Lxmin),
where Lx is the higher and Lxmin, the lower value be-
tween Lpn and LPSPC and between Lpn and LHRI , re-
spectively. Figure 4 shows the XADs of the stars observed
both with PSPC and EPIC/pn observations, and with
HRI and EPIC/pn. For comparison in the same figure, we
also show the XADs limited to EPIC/pn dF7-dM stars
on time scales of 1 day and on 17 months. The XADs on
time scales of 4-5 years and on 7-8 years are marginally
(CL ≥ 96%) different, suggesting that long-term varia-
tions could be present. However, long-term variations, if
they exist, must have a smaller amplitude than the short
and medium term variations, or comparable to them.. Our
finding that there is no evidence of significant long-term
variability agrees with those for other samples of young
stars (e.g. Gagné et al. 1995; Marino et al. 2003b; Pillitteri
et al. 2004; Stern et al. 1995; Marino et al. 2005), support-
ing a scenario in which stars much younger than the Sun
(i.e. at ages <

∼ 1 Gyr) do not have long-term cycles or their
cycle amplitudes are much smaller than the solar one. On
the other hand, there is growing evidence that cycles are
present in older stars having age comparable to the solar
one (Hempelmann et al. 2003; Favata et al. 2004).

3.3. Comparison with the Pleiades

The X-ray emission level decreases with increasing age as
an effect of rotational braking (e.g. Micela et al. 1985,
1990, 1996; Barbera et al. 1993; Stauffer et al. 1994;
Maggio et al. 1987). A decrease by three dex in the median
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Fig. 4. The Time XADs for dF7-dM on 7-8 years (dotted line),
on 4-5 years (thick line), on ∼ 17 months (thin solid line) and
1 day (dot-dashed line) time scales.

value of Lx with a spread of about 1 dex was observed in
coeval stars. How much of this spread is due to variabil-
ity and both if and how variability properties change with
age is not clear. Comparing clusters of a very similar age is
very useful for testing the evolutionary scenario. However
ROSAT observations have shown that clusters of the same
age may have significantly different levels of X-ray emis-
sion. For instance, late type-stars in the Praesepe cluster
are much weaker emitter in X-rays than the Hyades stars
(Randich et al. 1995), despite the fact that they have the
same age and chemical composition as the Hyades. Many
attempts have been made to explain the observed differ-
ence, but this puzzle has not yet been totally solved. An
observation of the Praesepe cluster obtained with XMM-
Newton (Franciosini et al. 2003) supports the hypothesis
that Praesepe may be formed by two merging clusters with
different ages.

We compared NGC 2516 with the slightly younger
Pleiades; in particular, we compared the Time XADs of
dF7-dK2 and dK3-dM members of NGC 2516 with the
analogous ones for the Pleiades (Marino et al. 2003b).
We converted EPIC/pn count rates to flux in the 0.1-
2.4 keV ROSAT energy band. In deriving X-ray flux we
assumed a constant conversion factor of 4.0 × 10−12 erg
cm−2/count for the pn camera, computed with PIMMS,
for a 1-T Raymond-Smith spectrum with a temperature
of logT=6.80 K, and a fixed NH = 7.5× 1020 cm−2 cor-
responding to the cluster extinction AV = 0.37 (Jeffries
et al. 2001). Figure 5 shows the Time XADs of dF7-dK2
in NGC 2516 and Pleiades: the two distributions appear
marginally different, with the Pleiades dF7-dK2 ampli-
tude of variations larger than those of NGC 2516 dF7-
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Fig. 5. The Time XAD for NGC 2516 (thick line) and Pleiades
(thin line) dF7-dK2 stars.
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Fig. 6. As in Figure 5 for dK3-dM stars.

dK2. However, using the two sample K-S test, the null
hypothesis that the two distributions came from the same
parent distribution, can be rejected only at a CL ≥ 73%.
Analogously, Time XADs of dK3-dM in NGC 2516 and
Pleiades (Figure 6) show very similar amplitudes of varia-
tions, and the difference is marginal since the two distribu-
tions differ at a CL ≥ 92%. These results suggest that the
amplitude variations both for dF7-dK2 and dK3-dM in
NGC 2516 are consistent with the analogous distributions
in the coeval Pleiades.
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4. Spectral variability

Spectral properties of stellar coronae of the cluster have
been investigated in Pillitteri et al. (2006) by fitting the X-
ray spectra of EPIC/pn simultaneously. They found that
spectra of G, K, and M type stars are described well with
one or two thermal components, similar to other clusters,
such as Pleiades (Briggs & Pye 2003), Blanco 1 (Pillitteri
et al. 2004), IC 2391 (Marino et al. 2005), etc.

We searched for spectral variations in the cluster mem-
bers for which more than one pn spectra were obtainable.
Due to low counts for most of the sources, this search
was possible only for three stars (Table 5). Two of them
are early-type stars for which stellar structure models pre-
dict the lack of, or a very thin, convective zone (required
to generate magnetic activity), and hence the lack of one
key ingredient for an α-Ω dynamo. Even though no X-
ray emission is expected from these stars, the early-type
JTH 15509 and JTH 15510 are the brightest sources in the
EPIC field of view. JTH 15510, an A0 star flagged as sin-
gle by Jeffries et al. (1997) in three of the six observations,
have sufficient counts (more than 350) to obtain three sep-
arate spectra (Figure 7). The two spectra concerning Obs.
c and d are very similar, and simultaneous fits are possi-
ble, while the spectrum in the Obs. f is different, implying
different physical conditions. As shown in Figure 8 the
spectral variability in Obs. f corresponds to the presence
of a flare in the light-curve, while the remaining two light-
curves show no evidence of significant variability. The fits
with the 2-T APEC model plus a photometric absorp-
tion provides for Obs. c and d, similar temperatures at ≈

0.39 keV and 1.00 keV, with EMcold/EMhot ≈ 1.2 hav-
ing fixed NH = 6 × 1020 cm−2, and assumed under-solar
abundances at 0.3 Z�. To fit Obs. f, a third hotter tem-
perature component must be added to the model that fits
Obs. c and d.

The late type star JTH 826 has sufficient counts to
obtain acceptable spectra in two observations (Obs. a and
f of Table 1). Part of Obs. f presents a flare that could
involve spectral variations. However, this flare interested
only a small part (≈ 10%) of the observation, and the
relatively poor statistic did not allow us to separately fit
flaring and quiescent parts of the observation. The spectra
in the two observation do not present evidence of spectral
variability.

Finally, JTH 15509, a B2 star, is the optically brightest
and hottest blue star of the cluster; suitable for a search
for spectral variability. Dachs & Hummel (1996) give for
this star an age of the order of one quarter of that esti-
mated for the cluster (∼ 2.5 × 107 yr), suggesting that it
is a blue straggler formed by mass transfer from a com-
panion star in a close binary system. The X-ray emission
observed in B stars is generally attributed to either intrin-
sic emission arising from shock heating of the surrounding
medium by a high-velocity, radiatively driven wind or to
the presence of an active, late-type companion (e.g. Dachs
& Hummel 1996; Cassinelli et al. 1994). Recent results on
early-type stars in the Orion Nebula (Stelzer et al. 2005)

hint that X-ray emission mechanism in hot stars is more
complex than the simple wind-shock picture, suggesting
in particular that magnetic phenomena may be important
even in massive stars.
A simultaneous fit of four observations (Obs. a, c, d, f in
Table 1) with a sum of two APEC models plus a pho-
tometric absorption provides the best fit to the data, as
measured with an χ

2 test (χ2
ν=1.3 for 82 degrees of free-

dom). Assuming under-solar abundances at 0.3 and NH

= 6 × 1020 cm−2, we obtained temperatures of 0.91 keV
and 3.29 keV, with a ratio of the emission measure of
EMhot/EMcold ≈ 7.49. No evidence of spectral variability
is present.

5. Summary and conclusions

We analysed the variability of members of the open clus-
ter NGC 2516 observed with XMM-Newton/EPIC. Using
six XMM-Newton/EPIC observations, we explored X-ray
variability on short (< 1 day), medium (months), and long
(years) time scales. We detected 303 distinct detections
corresponding to 867 sources, and 474 of these sources
were identified with 194 members of the cluster. Stars
with spectral type ranging from B-type to M- were most
detected.

Variability on short time scales is not very common
among NGC 2516 members likely due to the limited
statistics of our observations; the Kolmogorov-Smirnov
test applied to all X-ray photon time series of detected
cluster members shows that only a small fraction (12%)
of the cluster members are variable at a confidence level
greater than 99%, suggesting that the X-ray variabil-
ity does not depend on stellar mass.

We computed the time distribution function of the X-
ray amplitude variations for late-type stars in our sample.
This distribution yields the fraction of time that a star
spends with a flux higher, by a certain factor, than its
minimum value. Our results show that the time XADs on
the short and medium time scales of solar-like (dF7-dK2)
stars are very alike. A similar result has been found for
low-mass stars (dK3-dM), suggesting that, on the time
scales we explored (from < 1 day to 17 months), the am-
plitude of variability does not change with mass. Note
that at ages higher than that of this cluster, solar-like
stars are less variable than low mass stars (Marino et al.
2002). Comparing our data with the ROSAT/PSPC (on
time scales of 7-8 yr) and ROSAT/HRI (on time scales
of 4-5 yr) observations of late-type stars of the cluster,
we find no evidence for long-term cyclic variability with
amplitude similar to the solar one.

The comparison of time XADs for dF7-dK2 and dK3-
dM NGC 2516 stars with the corresponding of the coeval
Pleiades shows that the amplitude variations for the two
samples are consistent. We searched for spectral variabil-
ity in the cluster members for which more than one spec-
trum was available. We find evidence of spectral variabil-
ity only in one star due to a flare in one observation.
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Table 5. Stars for which spectral variability search was possible.

JTH RA Dec V B-V
(J2000) (J2000)

826 07:58:43.392 -60:55:26.76 13.84 0.818
15510 07:58:50.352 -60:38:38.90 9.51 0.080
15509 07:58:50.616 -60:49:29.57 5.80 -0.090

Fig. 7. Spectra of JTH 15510 in the c (dotted lines), d (dashed lines) and f (solid lines) Obs. respectively.

Fig. 8. From the left: light curves of JTH 15510 in the c, d and f Obs. respectively.
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Gagné, M., Caillault, J., & Stauffer, J. R. 1995, ApJ, 450,

217
Harnden, F. R., Adams, N. R., Damiani, F., et al. 2001,

ApJ, 547, L141
Hempelmann, A., Schmitt, J. H. M. M., Baliunas, S. L.,

& Donahue, R. A. 2003, A&A, 406, L39



Marino et al.: X-ray variability of NGC 2516 stars 9

Jeffries, R. D., James, D. J., & Thurston, M. R. 1998,
MNRAS, 300, 550

Jeffries, R. D., Thurston, M. R., & Hambly, N. C. 2001,
A&A, 375, 863

Jeffries, R. D., Thurston, M. R., & Pye, J. P. 1997,
MNRAS, 287, 350

Kreplin, R. W. Dere, K. P., M., H. D., & Meekins, J. F.
1977, The solar output and its variations (Colorado
University press), 187

Maggio, A., Sciortino, S., Vaiana, G. S., et al. 1987, ApJ,
315, 687

Marino, A., Micela, G., & Peres, G. 2000, A&A, 353, 177
Marino, A., Micela, G., Peres, G., Pillitteri, I., & Sciortino,

S. 2005, A&A, 430, 287
Marino, A., Micela, G., Peres, G., & Sciortino, S. 2002,

A&A, 383, 210
Marino, A., Micela, G., Peres, G., & Sciortino, S. 2003a,

A&A, 407, L63
Marino, A., Micela, G., Peres, G., & Sciortino, S. 2003b,

A&A, 406, 629
Micela, G. & Marino, A. 2003, A&A, 404, 637
Micela, G., Sciortino, S., Jeffries, R. D., Thurston, M. R.,

& Favata, F. 2000, A&A, 357, 909
Micela, G., Sciortino, S., Kashyap, V., et al. 1996, ApJS,

102, 75
Micela, G., Sciortino, S., Serio, S., et al. 1985, ApJ, 292,

172
Micela, G., Sciortino, S., Vaiana, G. S., et al. 1990, ApJ,

348, 557
Montmerle, T., Koch-Miramond, L., Falgarone, E., &

Grindlay, J. E. 1983, ApJ, 269, 182
Peres, G., Orlando, S., Reale, F., Rosner, R., & Hudson,

H. 2000, ApJ, 528, 537
Pillitteri, I., Micela, G., Damiani, F., & Sciortino, S. 2006,

A&A, in press
Pillitteri, I., Micela, G., Reale, F., & Sciortino, S. 2005,

A&A, 430, 155
Pillitteri, I., Micela, G., Sciortino, S., Damiani, F., &

Harnden, F. R. 2004, A&A, 421, 175
Pinsonneault, M. H., Stauffer, J., Soderblom, D. R., King,

J. R., & Hanson, R. B. 1998, ApJ, 504, 170
Randich, S., Schmitt, J. H. M. M., Prosser, C. F., &

Stauffer, J. R. 1995, A&A, 300, 134
Read, A. M. & Ponman, T. J. 2003, A&A, 409, 395
Robichon, N., Arenou, F., Mermilliod, J.-C., & Turon, C.

1999, A&A, 345, 471
Sciortino, S., Damiani, F., Favata, F., Flaccomio, E., &

Micela, G. 2002, in ASP Conf. Ser. 277: Stellar Coronae
in the Chandra and XMM-NEWTON Era, 389

Stauffer, J. R., Caillault, J.-P., Gagne, M., Prosser, C. F.,
& Hartmann, L. W. 1994, ApJS, 91, 625

Stelzer, B., Flaccomio, E., Montmerle, T., et al. 2005,
ApJS, in press

Stern, R. A., Schmitt, J. H. M. M., & Kahabka, P. T.
1995, ApJ, 448, 683

Terndrup, D. M., Pinsonneault, M., Jeffries, R. D., et al.
2002, ApJ, 576, 950

Vaiana, G. S., Cassinelli, J. P., Fabbiano, G., et al. 1981,
ApJ, 245, 163

Wilson, O. C. 1978, ApJ, 226, 379
Wolk, S. J., Harnden, F. R., Murray, S. S., et al. 2004,

ApJ, 606, 466


