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Abstract. We present analyses of quiescent state coronae of RS CVn-type
binaries observed with XMM-Newton observatory. The quiescent state X-
ray luminosities in the energy band of 0.3-10.0 keV of these star were found
to be 1030732 erg s=!. Most of the stars were found to have three tempera-
tures coronal plasma. The median value of hottest coronal temperature of
these stars was found to be 2.92 keV. However, the coolest temperatures
were near the 0.38 keV and 0.99 keV, respectively. The median value of
global abundances of quiescent state coronae of these stars were found to
be 0.14 times solar photospheric value.
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1. Introduction

RS CVn binaries consist a primary of spectral type F to G dwarf or a subgiant that
is 1000K hotter than its companion, which is usually a G to K type giant. X-ray
analysis of RS CVns gives us an opportunity to probe the structure of corona, which in
principle can be significantly different from the dwarf star coronae. In the cool giants
and subgiants the gravity is considerably lower than for the cool main-sequence stars,
therefore, yielding a larger scale-height, and possibly allowing very extended coronae
to develop (Ayres et al. 2003). The X-ray observations from ROSAT show that their
coronae consists of two temperatures (Dempsey et al. 1993). In order to determine
the coronal parameters, we have analysed the X-ray data of 16 RS CVn binaries that
are observed from XMM-Newton satellite.
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2. Observations and data reduction

Stars in the sample were observed with the XMM-Newton satellite using many differ-
ent set-ups of the detectors (see Jansen et al. 2001 for detail). Exposure time for each
star was in the range of 7-53 ks. The data were reduced with standard XMM-Newton
Science Analysis System (SAS) software, version 11.0.0 with updated calibration
files. The preliminary processing of raw EPIC Observation Data Files was done using
the EpcHAIN and EMCHAIN tasks which allow calibration both in energy and astrome-
try of the events registered in each CCD chip and combine them in a single data file
for MOS and PN detectors. The background contribution is particularly relevant at
high energies where coronal sources have very little flux and are often undetectable.
Therefore, for further analysis, we have selected the energy range between 0.3 and
10.0 keV. All the data were checked for background flaring events and pile-up ef-
fects. No star was found to be affected by pile-up and data were screened from high
background proton flares wherever necessary. For all the star X-ray spectra and light
curves were generated from on-source counts obtained from circular regions with ra-
dius 40-50 arcsec. The background was taken from several source-free regions on the
detectors at nearly the same offset as the source and surrounding the source.
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Figure 1. (a) 1000 days background subtracted X-ray light curve of the stars V711 Tau in total
(0.3-10 kev) energy band, (b) Quiescent state X-ray spectra along with the best fit 3 temperature
plasma model during the light curve as shown in the inset of Fig. (a).

3. Analysis and results

X-ray light curves of RS CVns often show the flaring structure (e.g. see Pandey &
Singh 2012), therefore, for further analysis, we have chosen flare free regions in the
light curves. Fig.1 (a) shows 1000 days background subtracted X-ray light curve of a
RS CVn type star V711 Tau. The quiescent state of X-ray light curve is shown in the
inset of Fig.1 (a). The corresponding quiescent state spectra of V711 Tau along with
best fit three temperature plasma model is shown in Fig.1 (b). X-ray spectra of stars
during the quiescent state were fitted with one temperature (1T), two temperature (2T)
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Figure 2. Kaplan-Meier (KM) estimator for integral distribution of (a) abundances, (b) temper-
ature, (c) emission measure for quiescent state coronae of RS CVns and (d) Average emission
measure as a function of average temperature

and three temperature (3T) plasma model. In a sample of 16 stars, spectra of 8 stars
were well fitted with 3T plasma, 6 stars with 2T plasma and 2 stars with 1T plasma
model.

Fig. 2(a-c) show the Kaplan Meier (KM) estimator of the abundances, tempera-
tures and emission measures. The abundances of RS CVn type binaries were found
to be in the range from 0.05 - 0.26 Z,. The median value of abundances was found to
be 0.14 Z, which is half of the similar value found for pre-main-sequence stars (e.g.
see Hamaguchi et al. 2000) and similar to that found for dwarf stars (see Pandey &
Singh 2008). The temperature of hot component were found in the range of 2.5 - 4.5
keV , however, the cooler temperatures being in the range of 0.3-0.6 keV and 0.9-1.2
keV, respectively. The median value of the temperatures were found to be 0.38, 0.99
and 2.92 keV. Previously, from ROSAT observations it was shown that the quiescent
state spectra of RS CVn binaries are represented by bimodal distribution temperatures
centered near 0.17 and 1.38 keV (Dempsey et al. 1993).

The relation between average value of emission measure (EM) and average tem-
perature (T) for the quiescent state coronae of RS CVns is shown in Fig.2(d), where
straight continuous line shows the linear fit of log - log plot of two quantities. The
form of relation between EM and T is EM o T'7*%4, This relation does not follow
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Figure 3. (a) X-ray luminosity function in soft, hard and total bands and (b) hard X-ray lu-
minosity as a function of soft X-ray luminosity. The continuous line show the correlation plot
between Lys and (Lyxz).

the solar-stellar scaling law derived for the flaring corona i.e. EM o T*7*04 (As-
chwanden et al. 2008). A deviation from this scaling law was also found for the flares
from pre-main-sequence stars (Getman et al. 2008).

The distribution of X-ray luminosities show that the coronae of RS CVn binaries
are dominated by soft X-rays [see Fig. 3 (a)]. The median values of X-ray luminosities
in soft (0.3-2.0 keV), hard (2.0-10.0 ke V) and total (0.3-10.0 keV) energy bands were
found to be 10°°%, 10302, and 10°%° erg s!, respectively. The quiescent state X-
ray luminosity of RS CVns are found to be more than that for similar type of dwarf
stars but are comparable to pre-main-sequence analogue. The plot between soft X-ray
luminosity (Lys) and hard X-ray luminosity (Lxg) is shown in Fig. 3 (b). A strong
correlation with linear correlation coefficient of 0.96 with probability of no correlation
of 1.63177 x 1077 was found for these RS CVns. The form of the correlation between
LXS and LXH is log (LXH) = (200 + 017) log LXS - (31 + 5)
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