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Research activity

My research has been focused mainly on the study of X-ray activity in stellar open clusters
and star forming regions

X-ray activity in stellar open clusters.

X-ray activity of late type stars is thought to be generated by hot plasma emission. The
plasma is magnetically confined in coronal loops and the magnetic field is created by the
dynamo. In turn, dynamo is produced by the interaction of convective motions and stellar
rotation. Stellar X-ray activity decreases with age because the dynamo becomes less efficient
as a consequence of the angular momentum losses. Open clusters are naturally selected star
samples in which we can study the influence of the various physical stellar properties.

In particular, T have studied the X-ray activity of stars in the young open clusters
Blanco 1, NGC 2516 and NGC752.

Blanco 11is an interesting open cluster because of its age very similar to the well known
Pleiades, and its location somewhat high on the Galactic disk. Its properties allow us to
study the X-ray activity of young stars with high metal content and, perhaps, different origin
with respect to typical open clusters, like e.g. the Pleiades. I have studied the X-ray emission
by means of ROSAT and XMM-Newton data. One of the main results of my analysis is a
slightly higher X-ray luminosity level in M-type stars of Blanco 1 with respect to M-type stars
in Pleiades. On the contrary, the distribution of X-ray luminosities of G- and K-type stars
is quite similar to that of the Pleiades, thus suggesting a role of metallicity in determining
the X-ray activity level in M-type stars with high metal abundances. The coronal spectra
of solar mass stars are characterized by two main plasma thermal components, whereas the
coronal spectrum of intermediate mass stars is described with only one temperature and it
is noticeably cooler than late type star coronae. X-ray light curves in Blanco 1 present a
high fraction of variable stars, especially among very low mass stars. Flares are the common
features of light curves but in some cases smooth modulations are observed. By comparing
XMM-Newton and ROSAT data, variability on time scales of ~ 6 yr is generally smaller
than a factor of two, thus lacking evidence of stellar cycles analog to the solar ones in young
stars.

NGC 2516 is a rich, young open cluster, observed several times by XMM-Newton. I have
used these data in order to study the X-ray photometry of the cluster with unprecedented
depth and to assess the X-ray variability on time scales of hours and months. X-rays time
variability on short time scales is more enhanced in very low mass stars with respect to solar
mass stars, as we observed in Blanco 1. The comparison of X-ray luminosities of G-type
stars on a interval of ~ 20 months shows variability amplitude significantly lower than those
expected in the Sun for the presence of the 11-yr cycle. Hence, also in this case, if cycles
are present in young stars, they have characteristics different from those of the solar one.

Code for source detection on XMM-Newton data. As support to the analysis of Blanco 1
and NGC 2516 XMM-Newton data, I have participated to the development and calibration
of a software for the simultaneous source detection on several PN and MOS exposures based
on Wavelet transform technique. It is is derived from the version designed for ROSAT
(Damiani et al., 1997) and Chandra. The code allows us to process several images of the
same target at the same time, maximizing thus the detection efficiency toward faint sources.



It has a multi-scale approach, which is suited for both point and extended sources in the
same field of view. The MOS and PN images in input are re-scaled to a common reference
instrument and the X-ray photometry is derived in terms of an equivalent exposure with
that instrument.

NGC 752 is a open cluster with age of 1.9 Gyr, which is intermediate between that of
Hyades (~ 0.8 Gyr) and the Sun (4.6 Gyr) and thus allows us to determine the X-ray emission
decline in this range of age. We analyzed a Chandra and XMM-Newton observations deriving
thus the the X-ray luminosity of all observed cluster members (28 stars) and of 11 cluster
member candidates. We find that, at an age of 1.9 Gyr, the typical X-ray luminosity of the
cluster members with M= 0.8 — 1.2M® is Lx = 1.3 - 10%8erg s—!, so approximately a factor
of 6 less intense than that observed in the younger Hyades. Given that Lx is proportional to
the square of a star rotational rate, the median Lx of NGC 752 is consistent, for t > 1 Gyr,
with a decaying rate in rotational velocities v,z ox 7%, where a ~ 0.75, is steeper than the
Skumanich relation (a ~ 0.5) and significantly steeper than observed between the Pleiades
and the Hyades ages (where a ~ 0.3), suggesting that a change in the rotational regimes of
the stellar interiors is taking place at t ~ 1 Gyr.

X-ray emission from star forming regions

I have participated to the XMM-Newton large programs XEST and DROXO aimed to study
the X-ray emission and its origin in the Taurus (P.I. M. Guedel) and p Ophiuchi Clouds
(P.I. S. Sciortino).

XEST. The XEST survey has observed and studied 23 fields in the Taurus Molecular
Cloud (TMC) with XMM-Newton. A series of papers have detailed the results ranging from
the global properties of X-ray emission in relation to the stellar properties to the presence
of mass accretion and outflows, the correlation with rotation and the time variability. I
have participated to the data analysis of all datasets and I have studied the time variability
of the brightest sources. The light curves of the selected sources show different types of
variability: flares, long-lasting decay or rise through the whole observation, and slow modu-
lation or complex flare-like variability. The spectral analysis shows typical quiescent plasma
temperatures of ~ 5 — 10 MK and ~ 15 — 35 MK; the cool component generally remains
constant, while the observed flux changes are due to variations of the hot component. Dur-
ing flares the plasma reaches temperatures up to 100 MK and luminosities up to ~ 103! erg
s~!. Loop sizes inferred from flare analysis are generally smaller than or comparable to the
stellar radius.

DROXO0. The DROXO program aims to investigate the dense core F of the p Ophiuchi
Cloud with a ~ 500 ks almost continuous observation taken with XMM-Newton. The focus
is on the mechanisms that create the X-ray emission in very young (~ 1Myr) Pre Main
Sequence stars and protostars and the study of rapid variability. With DROXO we explore
the origin of X-rays in YSOs and the interplay between star and circumstellar disk in PMS
phase. A complementary campaign of IR spectroscopy at ESO VLT has been obtained
within the DROXO program.

The DROXO sources show the saturation of log Lx /Lbol ratio at ~ —3 for PMS stars
with mass around 0.7 M® and Teg = 5000 K. Most of the source spectra are well modeled
with a single absorbed thermal component. The median of plasma temperatures is ~ 1.9 keV
and that of absorption column is ~ 2. - 10?2 ¢cm 2 (Pillitteri et al., in prep., Pillitteri et al.



2005, 2008). We have observed the fluorescent Fe line at 6.4 keV in a few objects, like Elias
29. In this Class IT YSO the line is strongly visible in a part of the observation while it faints
in subsequent times (Giardino et al., 2007). This variability is not related to strong flare
activity. In the star YLW16A the line appear variable too, being fainter in DROXO spectra
than in previous Chandra observations (Imanishi et al., 2001). The Spitzer counterparts of
eleven DROXO X-ray sources show the infrared Ne II and Ne III line at 12.81 and 15.55
pm, respectively (Flaccomio et al, 2008 A&A submitted). Theoretical models predict these
lines generating from the heating action and the ionization process of X-rays onto the disk
surface. The comparison of X-ray luminosities and Ne line fluxes do not show a correlation,
being line fluxes 1-2 dex higher than predicted by models at these X-ray emission level.
However, we found a correlation between line fluxes and mass accretion derived from IR
spectra we obtained at ESO thus pointing to a role for the UV emission to contribute to the
Ne line formation. We conclude that the X-ray irradiation onto disks is not the only cause
for the Ne line formation, theoretical models of irradiated circumstellar disk should include
other physical components such as the envelope, inflows and outflows.

Optical spectroscopy.

Stellar activity influences the absorption depth of strong lines which cores are formed in the
chromosphere. In my degree thesis, I have studied low resolution spectra of low mass stars
in Blanco 1 (an optical follow-up of ROSAT unidentified X-ray sources) and, for comparison,
Pre-Main-Sequence stars of Scorpius-Centaurus region. Spectra of Blanco 1 stars have been
obtained at the ESO 1.5m telescope and B&C single order spectrograph. I have used these
spectra to classify the spectral types by comparison with a spectral library, and to measure
Ha and Ca II infrared triplet as activity indicators. In the same framework I have analyzed
echelle spectra of stars of Pleiades and a Persei clusters and stars in Taurus-Auriga and
Stock 2 regions in order to measure Ca II infrared triplet in Pre-Main-Sequence and Main-
Sequence stars. Subsequently, I have analyzed high resolution spectra of active stars in
binary systems in order to derive the photospheric abundances, and to compare them with
the coronal abundances. Furthermore, I have participated to setup an analysis method
that can lead to reliable estimates of abundances and errors. To complement my studies,
from FLAMES observations I have derived radial velocities, rotational velocities and lithium
abundances A(Li) in Blanco 1. Radial velocities have been used as a further membership
criterion, rotational velocities have been used to evaluate the fraction of fast rotators in
K-type stars. Measurements of A(Li) are important for the connection between convective
zone depth and magnetic activity. The lithium is depleted in late type stars because of the
mixing in the convective zone. This in turn is a key ingredient of magnetic dynamo, thus
making a connection between corona and internal stellar structure. Blanco 1 exhibits the
same spread and trend of A(Li) in stars with Teg below ~ 5300 K like in the coeval Pleiades.
I have participated to the analysis of FLAMES spectra of the very young NGC 6530 and of
the old Collinder 261 open clusters to derive Li abundances and radial velocities.



