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ABSTRACT

We present an XMM- Newton observation of §' Tau,
the X-ray brightest giant in the Hyades open cluster. Spec-
tral analysis using both the RGS and the EPIC instru-
ments is presented and discussed. We have derived X-ray
luminosities for the other three Hyades members falling in
the XMM-Newton field of view; a comparison of the X-ray
emission of the four Hyades stars with previous X-ray ob-
servations shows variations of less than a factor of 2 over
two decades. We also report the detection of a flare from
the field M dwarf star VA 479.
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1. INTRODUCTION

6' Tau (= VB 71 = HD 28307; spectral type KO III) is
one of the four giants in the Hyades open cluster, located
at a distance of 48.4 pc (from Hipparcos, ESA 1997). This
star has been previously observed in X-rays with Finstein
(Stern et al. 1981; Micela et al. 1988), with ROSAT, dur-
ing the All-Sky Survey (Stern et al. 1995) and in pointed
PSPC observations (Pizzolato et al. 2000), and with ASCA
(Ueda et al. 2001). Among the Hyades giants #* Tau is
the one with the highest X-ray emission level (Lx ~ 103°
erg sec 1), about a factor 50 more than € Tau (the giant
with the lowest X-ray luminosity).

The four Hyades giants are interesting for several rea-
sons. They share the same position in the HR diagram and
have very similar effective temperatures, gravities, masses,
metallicities and rotational velocities. Yet, in spite of their
very similar parameters, they show large differences in
their chromospheric and coronal properties (Collura et al.
1993, Baliunas et al. 1998). These differences are unex-
plained in the context of our current understanding of
dynamo activity and magnetic heating of stellar outer at-
mospheres. In addition, they are all “clump giants” in the
helium burning phase and thus their chromospherc and
coronal activity is expected to have strongly decreased af-
ter evolution along the red giant branch. X-ray emission
is in fact extremely weak or absent in the most evolved gi-
ants (Schroder et al. 1998) and chromospheric Ca IT emis-
sion decreases monotonically along the red giant branch

s hbinb ot +
R mﬂw Wy il

4 ox10% 3x10% 4x10%

Time (sec)

0 1x10

Figure 1. EPIC PN light curve of 8 Tau. Data are binned over
600 sec

(Dupree et al. 1999). Instead, the “clump giants” of the
Hyades display substantial magnetic activity that has ei-
ther survived or has been regenerated after the red giant
phase. The origin of the high level of activity of the Hyades
giants, and in particular of the brightest among them, re-
maints totally unexplained.

In this paper we report on new X-ray observations of
6! Tau performed with the RGS and EPIC instruments
aboard XMM-Newton. The second brightest giant (v Tau)
has been observed in another, yet unpublished, propri-
etary XMM-Newton observation (PI: N. Brickhouse).

2. OBSERVATIONS AND DATA ANALYSIS

#' Tau was observed by XMM-Newton on September 2-3,
2000, in two consecutive runs lasting 20 ksec and 48 ksec,
respectively (IDs 0101440901 and 0101440501). For the
first run no EPIC data are available (CAL CLOSED oper-
ation mode) and the RGS data are affected by a high back-
ground rate; we therefore present results obtained from the
second run only. The EPIC camera was operated in the
FullFrame mode using the thick filter for both MOS and
PN. Effective exposure times are 48 ksec for RGS, 45 ksec
for MOS and 42.5 ksec for PN.

Data analysis was performed using SAS v.5.2. Source
light curves and spectra have been extracted from MOS
and PN event files using an extraction region of 1’ radius,
while background spectra were extracted from a concen-
tric annulus with radii of 1.1’ and 1.7 (the outer radius
being limited by the presence of nearby sources). For the
analysis of EPIC spectra, the standard response matrices
released in December 2001 have been used. The spectra
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Figure 2. RGS1 (black) and RGS2 (red) spectrum of ' Taw in
the 12-19 A wavelenght range. The best-fit 2-T model is also
shown
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Figure 8. EPIC MOS1 (blue), MOS2 (red) and PN (green) spec-
tra of ' Tau. The individual best-fit 2-T models are also shown

have been binned in order to have at least 10 counts per
energy bin for RGS, and 30 counts per bin for MOS and
PN.

The PN light curve of §' Tau is shown in Fig. 1: the
source is steady, showing only low-level variability around
a mean count rate of ~ 1.7 counts/sec in the PN instru-
ment, and ~ 0.5 counts/sec in each MOS instrument.

3. SPECTRAL ANALYSIS

We have performed a joint fit of RGS1, RGS2 and MOS1
spectra, and separate fits of MOS1, MOS2 and PN spec-
tra, using two-temperature thermal models, adopting the
APEC v.1.10 emissivities available in XSPEC v.11.1.0. The
abundances of C, N, O, Ne, Mg, Si, S, Fe, and Ni were
treated as individual free parameters, while the other abun-
dances were fixed at solar values. The interstellar hydrogen
column density was left free to vary but in all cases it con-

Table 1. Best-fit parameters of the 2-T APEC model. Errors are
90% confidence ranges computed for one interesting parameter

RGS+MOS1I  MOS1 MOS2 PN
kTt 0.31%5:0%  0.38790;  0.351005  0.2610:0;
kTS 0.56139%7  0.62%5:97  0.607993 057150,
EM?  3.8473T0 4467078 449795 3081054
EM;  370%g¢8  LO1IgEl L77H0Y 238103
C 0187915 0.207535  1.04793%  0.00153s
N 038753 075703  0.00703%  0.627053
0 0.14%3:92 0.13%79:5¢  0.20195%  0.2015%9
Ne 0221506 0357090 0387090 081703
Mg 0737920 0.97+32L 126702 1.29%04
Si 0.7413% 0847532 108103 0.76151%
S 0.84737%  1.03%572  0.0075%  0.00%55s
Fe 0.60701% 075109 0.89701y 1.15707%%
Ni 0.0079%  0.00735>  0.007957  0.00157
X2 1.17 1.60 2.45 1.09
d.o.f. 450 81 82 241
¢ kT in keV

b EM in units of 10°2 ¢cm 3

verged to a negligible value. The individual EPIC spectra
have been fitted in the 0.3-2.5 keV range. Because of the
inaccuracy and incompleteness of atomic data for non-Fe
L-shell transitions, significant parts of the RGS spectra
had to be discarded above 20 A; furthermore, some Fe
L-shell lines with inaccurate atomic data were not fitted.
Also, in the joint RGS+MOSI1 fit the MOS1 data with
A > 9.65 A were discarded to favor the use of the high-
resolution RGS data. For additional information on the
RGS data analysis, we refer to Audard et al. (2002) and
Giidel et al. (2002).

The best-fit parameters are given in Table 1. Fig. 2
shows the RGS1 and RGS2 spectra and the joint best-fit
model in the 12-19 A wavelength range. The X-ray spec-
trum of #' Tau is largely dominated by the bright Fe xvii
and Fe xviii L-shell lines, indicating a dominant tempera-
ture component around 0.6 keV, confirmed by our analy-
sis (Table 1). However, other transitions are observed, e.g.
Lya transitions from O viir, Ne X, N vir, and C vI.

Fig. 3 shows the three EPIC spectra with the indi-
vidual best-fit models. The EPIC MOS fits are not ac-
ceptable, from a statistical point of view (x2 = 1.6 for 81
d.o.f. for MOS1, and x2 = 2.4 for 82 d.o.f. for MOS2),
due to large residuals in the ranges 0.6-0.9 keV and 1.1-
1.3 keV. Adding a third plasma component does not im-
prove the fit: indeed, any additional component always
converges to one of the first two. The large residuals may
arise from inadequacies of the currently available plasma
codes or from calibration problems. For example, the dis-
crepancy around 1.2 keV is possibly due to the existence
of additional lines, due to transitions from high-n states in



Figure 4. Composite EPIC MOS1+MOS2+PN image of the ob-
served field of view. The brightest source in the center is 0* Tau.
Labels indicate the other identified sources

Fe xvII-X1X ions (Brickhouse et al. 2000), not yet included
in the plasma emission models available in XSPEC.

We also note that, while in general the best-fit param-
eters derived from different instruments agree within the
errors, some discrepancies are still present, that are likely
due to uncertainties in the cross-calibration of the instru-
ments.

4. OTHER SOURCES IN THE FIELD OF VIEW

Fig. 4 shows the combined MOS1+MOS2+PN image of
the XMM-Newton field of view: besides #' Tau, several
other sources are evident. A preliminary source detec-
tion performed on the combined dataset using the Max-
imum Likelihood (ML) algorithm resulted in the detec-
tion of ~ 140 sources with ML > 10 (40). In addition
to 8! Tau, we have clearly detected all the other three
known Hyades members that fall in the XMM-Newton
field of view, i.e. VB 72 (= 62 Tau = HD 28319, spec-
tral type ATIII, SB1), VB 75 (= HD 28363, spectral type
F7V+G0V) and VA 502 (spectral type K7Ve). The latter
star has been detected for the first time, with an X-ray
luminosity of 9 x 10?7 erg sec™!, which is a factor of 2-
3 lower than the sensitivity limit of the previous X-ray
surveys of the Hyades cluster (Micela et al. 1988; Stern
et al. 1995). X-ray light curves of these stars are shown
in the upper three panels of Fig. 5. The sources have a
nearly constant emission level, except for a flare occurring
on VB 72 about 2 hours after the start of the observation,
with a duration of ~ 1000 sec, and an increase in the count
rate by a factor of ~ 3.
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Figure 5. X-ray light curves of the other identified sources in
the field of view. Data are binned over 300 sec

A much stronger flare has been detected from another
source in the field of view (lowest panel of Fig. 5): the
count rate increased by a factor of ~ 30 in less than 1000
sec, and decayed with an e-folding time of ~ 1400 sec. We
have identified the source with VA 479, an M-type star
which has been rejected as a Hyades member on the basis
of its proper motion, and is probably a background field
star.

4.1. LONG-TERM VARIABILITY OF HYADES MEMBERS

6 Tau, VB 72 and VB 75 had all been detected in the
previous Finstein, ROSAT and ASCA observations; this
allows us to investigate the long-term variability of the X-
ray emission. We have computed X-ray luminosities in the
0.1-2.4 keV range, using a conversion factor of 7.1 x 10712
erg cm~2 per MOS count, derived from the best-fit model
for §' Tau, and using individual distances from Hippar-
cos. The ASCA luminosities were derived similarly from
the count rates reported in the ASCA Medium Sensitivity
Survey Catalogue (Ueda et al. 2001), while Finstein and
ROSAT luminosities were taken from Micela et al. 1988
and Stern et al. 1995, and corrected for the new distances.
The comparison between the XMM- Newton and previous
luminosities is shown in Fig. 6: the emission levels are very
similar, with variations of at most a factor of ~ 2 over ~ 20
years. The only exception is VB 72 which was a factor of
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Figure 6. Comparison of the X-ray luminosities of the Hyades members measured by XMM-Newton with those derived from
Einstein, ROSAT and ASCA. Luminosities have been recomputed using the individual Hipparcos distances. The dot-dashed line
represent equal luminosities; the dotted lines indicate variations of a factor of 2

~ 4 — 5 brighter during the ASCA observation: given the
similar emission levels observed at other times, it is likely
that the star was undergoing a flaring event.

5. CONCLUSIONS

Our observation of #' Tau with XMM-Newton has con-
firmed the strong coronal emission of this helium-burning
clump giant, at a level comparable to that of previous ob-
servations by Finstein, ROSAT and ASCA. The EPIC and
RGS spectra have allowed us to model the source with a 2-
T thermal model with T} ~ 3.5x 10% K and T5 ~ 6.7 x 10°
K and an emission measure EM ~ 2 — 4 x 1052 cm ™3 for
both components. The derived coronal abundances for C,
N, O, Ne, Mg, Si, S, Fe and Ni are solar or subsolar, within
the errors, with some evidence for a FIP effect: low-FIP
elements, such as Mg, Fe and Si, have higher abundances
than the high-FIP elements O and Ne. However, some
discrepancies exist between the abundances derived from
different instruments which point at possible uncertain-
ties in their cross-calibration. The large residuals present
at specific wavelengths in some of the fits also suggest the
existence of either calibration problems or inadequacies in
the currently available plasma codes. For this reason the
results of the spectral fits should be considered prelimi-
nary at this stage. The low S/N of the RGS spectrum at
the O VII triplet prevents a determination of the plasma
electron density from the ratio of the intercombination
and forbidden lines.

The XMM-Newton observation of this Hyades field re-
veals the presence of ~ 140 X-ray sources of which only 4
belong to the Hyades. Comparison of these Hyades sources
with previous observations by FEinstein, ROSAT and ASCA
show for all of them (except for VA 502 previously unde-
tected) variations of less than a factor 2; in particular,
0' Tau appears remarkably constant over a time period of

20 years. A small flare has been detected by XMM-Newton
from the Hyades star VB 72, while a much stronger flare
has been detected from the M dwarf VA 479 not belonging
to the Hyades cluster. It will be interesting to compare our
results for §' Tau with the XMM- Newton observation of
7 Tau, the second brightest Hyades giant, as soon as the
latter observation will become public.
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