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Abstract. The young active star AB Dor (K1 I1V-V) has been observed 16 times in the last three years with the XMM-Newton
and Chandra observatories, totalling 650 ks of high-resolution X-ray spectra. ThgR@®Mobservations with the highest and

lowest average emission levels have been selected to study the coronal properties of AB Dor fifetentdictivity levels. We
compare the results based on the XMM data with those obtained from a higher resolution GHam@&apectrum, using the

same line-based analysis technique. We have reconstructed the plasma Emission Measure Distribution vs. temperature (EMD)
in the range lod (K) ~ 6.1-7.6, and we have determined the coronal abundances of AB Dor, obtaining consistent results
between the two instruments. The overall shape of the EMD is also consistent with the one previously inferred from EUVE
data. The EMD shows a steep increase up to the peak at(lKh)g~ 6.9 and a substantial amount of plasma in the range
logT(K) ~ 6.9-7.3. The coronal abundances show a clear trend of increasing depletion with respect to solar photospheric
values, for elements with increasing First lonization Potential (FIP), down to the Fe valyid](fFe0.57), followed by a more

gradual recovery of the photospheric values for elements with higher FIP. He-like triplets amxd &ed FexxiI lines ratios

indicate electron densities log ~ 10.8 cnm® at logT(K) ~ 6.3 and logn, ~ 125cnT2 at logT(K) ~ 7, implying plasma
pressures steeply increasing with temperature. These results are interpreted in the framework of a corona comfpesad of di
families of magnetic loop structures, shorter than the stellar radius and in isobaric conditions, having pressures increasing with
the maximum plasma temperature, and which occupy a small fradtierlQ*—10°) of the stellar surface.
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1. Introduction all the stars in the system emit close to the saturation level of
) ~ Lx/Lpol ~ 107%). AB Dor has been observed with the main
AB Dor (HD 36705, K1 IV-V) is a frequent target for stud|es.Sloace observatories in the UV, EUV, and X-rays, like HST,
on stellar activity. Almost arrived in the main sequence, WItﬁUSE ROSAT, BeppoSAX, ASCA and EUVE (see Vilhu et al.
an age 0f~20-30 Myr (Collier Cameron & Foing 1997), it has) ggg: ke et al. 2000; Schmitt et al. 1998; Kuerster et al. 1997;
a high rotation rateRt = 0.5148 d), and persistent large-scalgaggio et al. 2000; Rucinski et al. 1995: Mewe et al. 1996
magnetic field patterns in its photosphere (see Donati et 8hn;-Forcada et al. 2002, and references therein), showing ro-
1999; Hussain et al. 2002, and references therein). Two cQ@ional modulation in some lines formed in the transition re-
panions, not expected to interact with AB Dor, have been dggn and a corona dominated by material at temperatures of
tected in the vicinity. The dM4e star Rossiter 137B (AB Dgpg1(K) ~ 6.7-7.3, significantly higher than in the solar qui-
B), detected as a faint source also in X-rays (Vilhu & Linskyscent corona. Most recently, initial results from the first XMM
1987), is 10 away from the main source, while the third comgseryations of AB Dor, taken in May and June 2000, have
panion is a very low-mass star (0.08-0N\{) at a distance 0f peen presented byu@él et al. (2001), while a preliminary anal-

0.2-0.7" (3-10 a.u.) from the primary (Guirado et al. 1997)5i5 of the first Chandra observation was made by Linsky et al.
The contribution of the companions to the X-ray spectrum @001)_

the main source can be considered negligible, essentially be-

cause the quiescent X-ray emission of the companions scalesRrotational modulation up to a facte2 has been detected

as their bolometric luminosity (in fact, for their young agein Cux and Ovi lines which form in the upper chromosphere
and in the transition region (Ake et al. 2000), but only at about

Send gprint requests toJ. Sanz-Forcada, the 15% level for the X-ray emission observed with ROSAT

e-mail: jsanz@astropa.unipa.it (Kurster et al. 1997). Several EUV and X-ray spectroscopic
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studies show that the corona of AB Dor is dominated by plasmiable 1. XMM observations of AB Dor.
at temperatures of lo§(K) ~ 6.7—7.3, significantly higher than

in the solar quiescent corona. On the other hand, only few de- Rev. Date pn  mos RGS RGS2
terminations of the plasma density have been published up to texp (kS) ctgs
date: using density-sensitivelf lines in ORPHEUS andFUSE 072 1May2000 X - 4012 -~ 1.14
spectra, densities 6f10'! cm3 or more afT ~ 80 000K have 091 7Jun.2000 X - S4 1.01
. . 162 27 Oct. 2000 X X 57 1.22
been determmgd by Schmitt et al. (1998) and by Ake et al. 185 11Dec. 2000 X X  568+20 137
(2000), while Gidel et al. (2001) have e'_stlmated a cpronal den- 505  20Jan. 2001 X X 51 1.77
sity of 3x 101%cm3 at T ~ 2 x 10°K using the He-like O/t 266 22 May2001 X X 48 1.4
emission line triplet; finally, densities of the order of-d6m—3 338  100ct. 2001 — X 38 1.21
atT ~ 10’K have been recently determined by Sanz-Forcada 375 26 Dec.2001 - X 4 1.28
et al. (2002) from EUVE spectra. 429 12 Apr.2002 X X 43 1.07
There are still several open issues concerning the structure 462 18.Jun.2002 X X 35 1.51
. 532 5 Nov. 2002 - - 9 1.60
of the corona o_f AB Dor, and more in general_on_ the COr0-  £37  15Nov. 2002 — X 15 159
nae qf very active stars in saturated X-ray emission regime. 545  3pec.2002 X X 4 1.60
The first question is whether the hot coronal plasma is homo- 5gg  30Dec. 2002 - X 49 157
geneously distributed across the stellar surface, or rather itis 572 23 Jan. 2003 - _ 51 1.15

spatially concentrated. Up to date, limited and sometimes con-
tradicting information on the sizes and location of the X-ray

emitting coronal structures has been derived from the an , . .
. : ; scussed in Sect. 4, followed by a summary of the conclusions
ysis and modeling of X-ray flares observed with EXOSAf y y

; : Sect. 5.
(Collier Cameron et al. 1988), BeppoSAX (Maggio et a.n ec

2000), and XMM-Newton (@del et al. 2001), as well as from

the reconstruction of the three-dimensional magnetic field g¢- 5pservations
ometry based on Zeeman-Doppler maps (Hussain et al. 2002;

Jardine et al. 2002). A second related question is whether thd. XMM-Newton

coronal emission originates from compact (high-density) struc- .
tures, possibly located above the high-latitud@@®) spots AB Dor has been frequently observed as XMM-Newton cali-

suggested by Doppler images (Donati et al. 1999, and r@fation target since May 2000 (Table 1), withfdrent com-
erences therein), or perhaps also from the large-scale stigfgations of instruments operating simultaneously. XMM-
tures suggested to explain the stable slingshot prominencedYgwton allows to carry out simultaneous observation with the
vealed by transient absorption features in thelide (Collier EP!C (European Imaging Photon Camera) PN and MOS de-
Cameron & Robinson 1989). The above questions, and {§&Ors (sensitivity range 0.15-15 keV and 0.2-10 keV respec-
related issues on nature of the magnetic dynamo activity {§€!¥), and with the RGS (Reflection Grating Spectrometer,
AB Dor, can be usefully addressed by new accurate deterfig" Herder et al. 20014 ~ 6-38 A), allowing us to obtain
nations of the plasma density from spectroscopic diagnostii&ultaneously medium-resolution CCD specit (~ 70 eV

and from a detailed study of the X-ray emission variability it E ~ 1 keV) and high-resolution grating/fA1 ~ 100-500)
this coronal source. spectra. The data have been reduced by employing the standarc

. tasks present in the SAS (Science Analysis Software) package
As one of the brightest X-ray stellar sources, AB Dor hg; 3 3 removing the time intervals when the background was

been chosen for the XMM-Newton calibration program, armgher than 0.5 cfs in CCD #9, in order to ensure a “clean”

15 observations are available to date, totalling 594 ks of clegflactrum. The average count rates obtained in the RGS 2 spec-
RGS spectra. This is the first of a series of papers devoteqlo 4fier the high-background removal, are shown in Table 1.
a detailed and systematic analysis of the XMM-Newton obs&fpe ghservations with the lowest and highest RGS count rates
vations available to date, and it is dedicated to the high regps, 4091 and rev. #205) are analyzed in detail in this work in

lution spectra with the lowest and highest global count ratgyer o investigate the fierences in the coronal thermal struc-

with the aim of understanding the properties of the corona fre among these two levels of activity. Light curves for the two

AB Dor in two different activity levels. In this paper we alsq,pgaryations (Figs. 1a and b) were obtained by selecting a cir-
present the result of a new analysis of the higher resolutigp, centered on the source in the EPIC-pn images, and subtract-

ChandrgHETG spectrum, performed with the same methqgy the hackground count rate taken proportionally. The image
employed for the XMM data. Issues related to the analysis &gsents a clear asymmetry in the main source, that we attribute

XMM/RGS and ChandfHETG spectra are discussed, and @) og por B; this source can contaminate both the light curve
comparison with the results obtained from previous EUVE o, 4 the RGS spectra of AB Dor, but we can safely neglect its
servations is presented. effects in the RGS spectra, given the flux ratio observed with
The technical information related to the observations @handra (see below). High resolution spectra corresponding to
given in Sect. 2. The methods employed to analyze the data e first order of the RGS (Fig. 2), together with some of the
delineated in Sect. 3, as well as the issues that nfi@gtathe lines identified, are analyzed as explained in Sect. 3. Second or-
measurements in this kind of spectra. The scientific results aer RGS spectra have been used to double check for the blends
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50T ‘(‘)f‘i‘ TTTTT \(\)f\\ TTTTT \ﬁ(\)\ TTTTT \:\lﬁ\ TTTTT le\l\ TTTTT \:\Lﬁ\ TTTTT ‘ﬁ?‘, A/AA ~ 60-1200), that operate simultaneously, permitting the

further analysis of the data withfiierent spectral resolutions.
Standard reduction tasks present in the CIAO v2.3 package
have been employed in the reduction of data retrieved from
the Chandra archive, and the extraction of the HEG and MEG
spectra (Fig. 4). Two sources are visible in the CCD image at
l their zero-order positions. The main souree £ 5:28:44.8,
P B 6 = —65:26:55.5) is identified as AB Dor, while the second
i e N Nt source & = 5:28:44.46 = —65:26:46.5) agrees with the po-
10l a sition of AB Dor B (dM4e). A light curve of AB Dor AB
i @ | was obtained using the first orders of HEG and MEG (Fig. 1c),
AT T while the zeroth-order was employed to get a light curve of the
260 270 280 290 300 310 320 3.30 secondary source alone (the zeroth-order of the primary source
Time (JD-2451700) is severely &ected by pile-up). No significant flaring events
are presentin the light curve of AB Dor B, and a low-resolution
AB Dor (o, Jan 2001) | ACIS-S spectrum (s_ensitivity range 0.4-10.0 kEYAE ~ 50
B WY . ; at 6 keV) was obtained for it (see Sanz-Forcada et al. 2003b,
s ‘v.* _".\ JU for further details). This spectrum was employed to calculate
sl o~ ot s 1 the flux in the range 6-25 Af ~ 1.26x 102 erg s* cm2,

; a2 ] Lx ~ 3.35x 10?8 erg s1). The flux of AB Dor A+B calculated

i 1 in the same spectral range of the MEG spectriis- 2.75 x
20 ] 10 ergstem™?, Ly ~ 7.35x 10 erg s?, therefore the sec-

i ] ondary source only representd% of the total flux of the sys-
10F n tem. A 3-temperature global fit was made to the low-resolution
: ® spectrum of AB Dor B (Sanz-Forcada et al. 2003b) using the
Lo b b b L Astrophysical Plasma Emission Database (APED v1.3, Smith

3020 3030 T"ig-‘(‘?D_zfgiggo) 30.60 30.70 et al. 2001) in thdnteractive Spectral Interpretation System

00 02 04 06 08 10 12 14 (ISIS, Houck & Denicola 2000) software package, provided
2.0J\\\H\\H‘\HH\\H‘HH\\H\‘HHHH\‘H\\HH\‘HHHH\‘HHHH\‘HH by the MlT/CXC, and a SynthetIC MEG Spectrum WaS COﬂ-
AB Dor (HETG, Oct 1999) i structed based on this fit. The comparison of this synthetic
sl + 7 spectrum with the total MEG spectrum shows that tfieats of

b % ) 1 AB Dor B on the total spectrum are negligible (both for HETG

[ L ; ] and XMM/RGS spectra).

A *++++++++#++++++ fh :%ﬁj ] Finally, the emission level of AB Dor at the time of the

A WAL ] Chandra observation of AB Dor has been compared with
the RGS 2 count rates by folding the Emission Measure

051 i Distribution based on the Chandra spectra (see below) with the

i 1 RGS instrumental response. This simulation yields a count rate
i 1 of ~1.01 ctgs, consistent with the count rate obtained in the
ool ‘61‘0‘ L ‘61‘2‘ L ‘61‘4‘ L ‘61‘6‘ ! RGS #091 observation. Further analysis of the light curves and

' Time (JD-2451400) ' the long-term variability of the Chandra and XMM observa-

Fig.1. X-ray light curves from the observations analyzed in thitélonS of AB Dor will follow in Sanz-Forcada et al. (2003b).

work: a) andb): XMM/EPIC-pn light curves of rev. #091 and #205;

c): ChandrdHETG 1st order light curve of AB Dor A. The lower axis3, Data analysis

indicates time in days, and the upper axis reports the rotational phase,

using ephemeris by Innis et al. (1988). Variations of 35-50% in titellar coronae are commonly studied through the calcula-

flux level are found during each of the three observations. tion of the coronal thermal structure. Such a structure is de-

rived by using the plasma Emission Measure Distribution

vs. Temperature (EMD), with the volume Emission Measure

E M(T) defined a#AT Ny NedV [cm~3]. The EM quantifies how

much material is emitting in a temperature rande and it can

22 Chandra be u.sed to cpmpute the radigtive losses in corona and hgnce to
get information on the required coronal heating. Twiedt

AB Dor was observed on 9 October 1999 for 52 ks witent approaches are commonly employed in the derivation of

the Chandra High Energy Transmission Grating Spectrografiie EMD in the corona: line-based methods and global-fitting

(HETG, Weisskopf et al. 2002). The HETGS is made of twtechniques. The latter are based on the fit of the whole (lines

gratings, HEG (High Energy Gratingd ~ 1.5-15,1/A1 ~ plus continuum) spectrum using an atomic model and a discrete

120-1200), and MEG (Medium Energy Grating ~ 3-30, number of values of temperature aBd/l. Such an approach

L AB Dor (pn, Jun 2000) 1
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contributing to the main lines (Fig. 3), and to test the flux cal
bration with respect to the first order (see Sect. 3.1).
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Fig. 2. RGS 1 first order spectrum of AB Dor from the revolution #091 observation. The dashed line represents the continuum predicted by
EMD. A false continuum is created by the extended instrumental line profiles.

3.1. EMD reconstruction

The EMD reconstruction has been carried out by measuring the
fluxes from spectral lines present in the RGS and HETG spec-
tra. RGS spectra are characterized by a Line Spread Function
(LSF) with particularly extended wings that, if not properly
taken into account, may result in a wrong measurement of the
lines fluxes (see an example in Fig. 5). The extended wings of
the lines also create a false continuum that makgéwcdit the
placement of the real source continuum to be used when line
| fluxes are measured (this is especially problematic in the 9—
k 18 A range, where numerous lines overlap, see Fig. 2). Such
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a problem has been solved by using an iterative process as ex-
o ‘ ‘ ‘ ‘ ‘ ‘ plained below. The same process (partly similar to the method
¢ 8 10 1 " ' A described by Huenemoerder et al. 2001) has been applied to
orelengin [ansetrem] the HETG spectral analysis, where the problems related to the
Fig. 3. RGS 1 second order spectrum of AB Dor from the rev. #093hape of the LSF are less severe. Line fluxes from 108 lines,
observation. with their corresponding line blends (Table 2), have been con-
sidered in the analysis of HETG spectra, while 59 lines were
used for the RGS spectra as listed in Table 3. Spectra, response
matrices and theffective areas of the instruments, were loaded

uses the metallicity (or even the abundances of individual &0 the ISIS software package, in order to measure the line
ements) as free parameters in the fit. An alternative methdixes: following the procedure here described:

that can be carried out only for high-resolution spectra, implies — A two-temperatures fit to the continuum is made in the
the measurement of individual line fluxes and its compariséase of HETG, using line-free regions only, as described in
with the fluxes predicted by an atomic model for a given EMbluenemoerder et al. (2001) and Brickhouse (2002). This fit
(“line-based” methods, or “EMD reconstruction”). The appliyields an initial estimate of the continuum, needed for the line
cation of these two approaches, although never directly comeasurements. In the case of RGS spectra, where line-free re-
pared, seems to yieldftierent results, especially regarding thgions are more dicult to measure, a global 2-T fit to the spec-
element abundances (Favata & Micela 2003). In this work wim is performed to calculate the initial continuum level.

will apply a line-based method to reconstruct the EMD of the — Measurements of line fluxes are made using the con-
corona of AB Dor in intervals of 0.1 dex in temperature. Wenuum predicted with the former fit, and convolving delta
have performed also a global fit to the spectra, with the aimfinctions with the Line Response Function of the instrument.
compare the results derived with the two techniques. Simultaneous fit of the MEG and HEG spectra were carried out
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Fig. 4. ChandraMEG spectrum of AB Dor. The dashed line represents the continuum predicted by the EMD.

when possible, while separated measurements were made for Once thes parameter converges to a minimum value,
RGS 1 and RGS 2 spectra. Initial line identification with atomigeon lines are added to the analysis in order to extend the EMD
data from APED v1.3, is made on the basis of the Emissiom lower temperatures. The Melines are mostly formed in a
Measure Distribution (EMD) derived by Sanz-Forcada et aemperature range (IogK] ~ 6.6—7.3) which overlaps with
(2002) from EUVE data. The false continuum created by tlieat of the Fe lines, therefore permitting to set the Ne abun-
LSF of numerous lines in the range 9-18 A of RGS (see Fig. Blance. Then, the oxygen abundance can be set employing the
makes more diicult the measurement of lines in this spectrd v lines, and the @1 lines provide information down to
range; a fit involving the most intense adjacent lines for eathig T(K) ~ 6.2. Finally, the rest of the elements (Mg, S, Si, Ar,

of the line measurements was necessary in order to obtainMg-N, Ca, C, Al) are added one by one in the analysis, in order
sults of the EMD that were consistent with the spectra. Mudb calculate the abundances (relative to Fe) that better fit their
care has to be considered in the measurement of any line in thiges, leaving the EMD unchanged.

SpeCtg’?lerda}(r:]tgezc;ruF;(Sssére calculated using the emissivity fu — The continuum is recomputed, and new flux measure-
tions presentin APED and a trial EMD (the EUVE based EMr&ents are performed. Changes of the EMD shape are now per-

. . i o ._Mitted, once all elements are included in the fit. An iterative
mentioned above is employed initially in this case), fOIIOngrocess is followed until the measurements of the lines con-
the method described in Dupree et al. (1993). The quality

o : : \%rge. Electron densities (see below) are included in the analy-
the fit is tested with the parameek; defined as: sis by applying the relevant values in their corresponding tem-
1 Fobsi \2 peratu_re ranges (Iog[K] ~ 6.1-6.4 for d_ensity deriveq from
B= Z('Og = ) (1) ovn lines, logT[K] ~ 6.5-6.6 for density from N& lines,
i=1 pred and logT[K] ~ 6.7-7.2 for density from Mg1, Fexx and
wheren is the number of lines consideregy,s are the fluxes FEXXIL line ratios). The Fe abundance is determined once the
measured in the spectra aRgheq are the fluxes predicted by EMD has been calculated, and the rest of abundances are scaled
combining the assumed EMD and the APED atomic modelst@the [FeH] value.
“perfect” fit would yields = 0). Only Fe lines are initially em-  statistical uncertainties on the EMD values (Table 4), are
ployed, thus avoiding uncertainties due to relative abundanc@simated using a Montecarlo method that varies the line fluxes
Line blends that mayfBect the main lines must be included irrandomly by 1+ (1000 diferent sets of fluxes are tested), and
the analysis. Predicted fluxes are then compared to obseryggulates the best result among 1000 possible EMDs (ran-
fluxes in order to improve the EMD. domly generated, including variations by up toslever the
1 The parameteg is preferred to the more standayd statistic in calculated abun(_jances) for ea(_:h pa“‘?m of fluxes. A criterion
order to give the same weight to all the selected lines; in fact, v9(f,- convergence is established in the improvemeng o at

4
note that the uncertainties in the comparison between observed KBt %107, The 68% of the central values among those re-
predicted fluxes are dominated by systematic errors in the line enf#ting from this fit, are considered in order to set the- Brror
sivities rather than by Poissonian errors in the line counts, and #@rs of theEM values. These error bars are not independent,

strongest lines do not necessarily have better known atomic data).a higher value of th&&M in a given temperature bin usually
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Table 2. ChandrdHETG line fluxes of AB Dot.

lon Amodel Aobs 100 Trax Fobs SN ratio Blends

Ar xXvit 3.9491 3.949 7.3 4.62e-14 4.6 -0.00

S XVI1 3.9908 3.988 7.4 3.59%e-14 4.1 0.05 X9 3.9920, Arxvir 3.9941, 3.9942, v 3.9980
S Xv 4.2990 4.290 7.2 3.95e-14 4.3 0.29

S XVI 4.7274 4.732 7.4 5.92e-14 5.3 -0.06 SXv14.7328

S XV 5.0387 5.039 7.2 1.05e-13 7.1 -0.13

S Xv 5.1015 5.100 7.2 4.90e-14 4.8 -0.12 SXxv 5.0983, 5.1025

Sixiv 5.2168 5.213 7.2 2.09e-14 3.0 0.03 x%v5.2180

Sixiv 6.1804 6.183 7.2 1.47e-13 16.4 0.06 x®i 6.1804, 6.1858

Mg X1 6.5800 6.530 7.0 1.36e-14 54 0.38 v 6.5772, Mgx11 6.5802

Si X 6.6479 6.648 7.0 1.42e-13 17.3 -0.06

Si X 6.6882 6.687 7.0 2.62e-14 7.5 -0.07  Sixur 6.6850

No id. 6.7120 6.715 . 1.55e-14 5.8 .

Si X 6.7403 6.741 7.0 9.77e-14 15.7 0.07 Nig6.7378, Skl 6.7432

Mg X1 7.1058 7.106 7.0 2.79e-14 8.8 -0.05 Mgx1 7.1069

Al X1 7.1710 7.168 7.1 1.97e-14 7.4 0.00 x@av 7.1690, Alxr 7.1764

Mg X1 7.4730 7.478 6.8 1.10e-14 5.6 0.23

Mg X1 7.8503 7.858 6.8 2.60e-14 8.5 0.14

Fexxiv 7.9857 7.987 7.3 2.22e-14 8.4 0.20 xpav 7.9960

FexxiI 8.3038 8.309 7.2 2.36e-14 9.6 0.23

Fexxiv 8.3761 8.377 7.3 9.81e-15 3.2 0.33

Mg X1 8.4192 8.416 7.0 1.32e-13  20.5 -0.18  Mgxu 8.4246

FexxI 8.9748 8.974 7.1 2.30e-14 7.8 0.15

Ni XXVI 9.0603 9.075 7.4 1.39%e-14 6.3 -0.02  Fexx119.0614, Fxx 9.0647, 9.0659, 9.0683
No id. 9.1300 9.135 e 9.27e-15 51 .

Mg X1 9.1687 9.170 6.8 8.85e-14 15.8 -0.16

FexxI 9.1944 9.193 7.1 1.85e-14 7.2 0.26 MiO.1927, 9.1938, Fex 9.1979

No id. 9.2190 9.216 e 1.25e-14 5.9 e N&.215

Mg X1 9.2312 9.234 6.8 2.19e-14 7.8 -0.02 Mgx19.2282

Ni XIX 9.2540 9.251 6.9 8.05e-15 4.7 0.24

No id. 9.2870 9.291 . 1.47e-14 6.4 .. N6.291

Mg X1 9.3143 9.315 6.8 4.74e-14 11.5 -0.03

No id. 9.3600 9.357 e 1.24e-14 5.9 e

Ni xx 9.3850 9.389 7.0 1.93e-14 7.3 0.28  AMiv1 9.3853, Nixxv 9.3900, Fexx11 9.3933
FexxI 9.4797 9.473 7.0 3.95e-14 10.4 -0.16 Nex 9.4807, 9.4809

Nex 9.7080 9.705 6.8 6.20e-14 12.8 -0.14 Nex 9.7085

Ni XI1X 9.9770 9.973 6.9 4.46e-14 10.6 -0.12 Nixxv 9.9700, Fex19.9887, Fxx 9.9977, 10.0004, 10.0054
No id. 10.0200 10.025 e 1.93e-14 6.9 .

Fexx 10.1203 10.113 7.0 2.04e-14 7.1 -0.02 Nixix 10.1100, Feix 10.1195, Fexvir 10.1210
Nex 10.2385 10.238 6.8 1.55e-13 19.3 -0.17 Nex 10.2396

Fexxiv 10.6190 10.625 7.3 5.65e-14  11.2 -0.01 Fexix 10.6295

Fexix 10.6491 10.645 6.9 2.67e-14 7.7 0.07 x¥e10.6414

Fexxiv 10.6630 10.665 7.3 2.70e-14 7.7 -0.12 Fexvir 10.6570

Fexvi 10.7700 10.765 6.8 2.34e-14 7.2 -0.05 Neix 10.7650, F&ix 10.7650

FexIix 10.8160 10.818 6.9 2.46e-14 7.3 0.06

Fexxiit 10.9810 10.985 7.2 4.32e-14 9.5 -0.13

Neix 11.0010 11.005 6.6 3.06e-14 8.0 0.12  xMir 10.9920, 10.9927

Fexxiv 11.0290 11.035 7.3 6.73e-14 11.8 -0.08 Fexxir 11.0190, Fvir 11.0260
Fexvi 11.1310 11.128 6.8 1.84e-14 6.1 -0.09 Fexxir 11.1376

Fexxiv 11.1760  11.175 7.3 6.28e-14  11.2-0.05 Fexxiv 11.1870

Fexvi 11.2540 11.252 6.8 3.25e-14 8.0 -0.14 Fexxiv 11.2680

Ni XX11 11.3049 11.303 7.1 2.37e-14 6.8 0.17 xmei 11.2930, Fix 11.2980, Nixx1 11.3180
Fexviil 11.3260 11.325 6.9 3.18e-14 7.8 -0.07 Fexxir 11.3360

Fexviil 11.4230 11.423 6.9 4.94e-14 9.5 0.02 xme1 11.4270

Fexxiv 11.4320 11.435 7.3 3.39%-14 7.7 0.01

FexxIt 11.4900 11.495 7.1 2.52e-14 6.6 0.03

Fexviil 11.5270 11.527 6.9 3.83e-14 8.2 0.09

Neix 11.5440 11.543 6.6 6.28e-14 10.5 0.06

Fexxi 11.7360 11.740 7.2 7.67e-14 11.4 -0.19

FexxIt 11.7700 11.773 7.1 7.12e-14 10.8 -0.22

FexxIt 11.8020 11.796 7.1 1.62e-14 5.1 0.14

Ni XX 11.8320 11.818 7.0 1.80e-14 55 0.04

FexxI 11.9320 11.937 7.1 2.92e-14 7.0 0.16

FexxIm 11.9770 11.973 7.1 2.87e-14 6.9 -0.07 Fexx1 11.9750

Nex 12.1321 12.133 6.8 9.43e-13 39.2-0.19 Fexvir 12.1240, N 12.1375

Fexxi 12.1610 12.158 7.2 7.83e-14 11.3 0.08

FexxI 12.2100 12.210 7.1 1.99e-14 5.6 0.02

Fexvi 12.2660 12.268 6.8 6.61e-14 10.2 0.01

FexxI 12.2840 12.288 7.0 1.44e-13 15.1 -0.02

FexxI 12.3930 12.398 7.0 4.99e-14 8.8 0.23 x&a 12.3940

FexxI 12.4220 12.429 7.0 4.53e-14 8.3 -0.43 Fexxi 12.4311, 12.4318, Ni1x 12.4350
FexxI 12.4990 12.496 7.0 3.70e-14 7.5 0.14 xme 12.4956

No id. 12.8100 12.813 e 6.70e-14 9.7 e

Fexx 12.8240 12.829 7.0 1.55e-13 14.7 -0.31 Fexx1 12.8220, F&x 12.8460, F&x 12.8640
Fexx 12.9650 12.943 7.0 4.09e-14 7.5 -0.13 Fexxi 12.9530

Neix 13.4473 13.448 6.6 4.94e-13 24.5 0.10 xFe13.4620

FexxI 13.5070 13.508 7.0 1.15e-13 11.7 0.11 xFe13.4970

Fexix 13.5180 13.518 6.9 9.93e-14 10.9 -0.11

Fexx 13.5350 13.535 7.0 3.03e-14 6.0 0.19

Neix 13.5531 13.550 6.6 9.67e-14 10.7 0.18 xiPe 13.5510, 13.5540, Fex 13.5583
Neix 13.6990  13.700 6.6 2.61e-13  16.9 0.17 xpe 13.7315, and small blends amounting a 15% of total flux.
Ni XIX 13.7790 13.768 6.8 3.91e-14 6.5 -0.18 Fexx 13.7670

FexIx 13.7950 13.795 6.9 5.29e-14 7.6 -0.04
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Table 2. continued.

lon Amodel Aobs 100 Trmax Fobs S/N ratio Blends

Fexvi 13.8250 13.815 6.8 2.19e-14 4.9 -0.32

Fexix 13.8390 13.835 6.9 3.92e-14 6.5 0.21 x®el3.8430
Fexvin 13.9530 13.954 6.9 1.37e-14 3.8 -0.42 Fexix 13.9549, 13.9551, Pex 13.9620
Fexx1 14.0080 14.015 7.0 3.20e-14 5.7 0.12

Ni X1X 14.0430 14.045 6.8 3.27e-14 5.9 -0.08

Ni XIX 14.0770 14.073 6.8 3.25e-14 5.9 -0.04

Fexvii 14.2080 14.205 6.9 2.38e-13 15.6 —0.06

Fexvinn 14.2560 14.257 6.9 7.12e-14 8.5 -0.10 Fexx 14.2670
Fexvinn 14.3430 14.345 6.9 3.20e-14 5.0 -0.09

Fexvinn 14.3730 14.372 6.9 6.62e-14 7.2 -0.02

Fexvii 14.5340 14.535 6.9 5.64e-14 6.5 0.04

Fexix 14.6640 14.675 6.9 5.34e-14 6.3 0.17

O v 14.8205 14.815 6.5 2.64e-14 5.0 -0.06

Fexx 14.9703 14.970 7.0 3.11e-14 5.9 0.02 xFe 14.9610

Fexvir 15.0140  15.014 6.7 4.37e-13  21.9 -0.08
Fexx 15.0470  15.044 7.0 2.85e-14 5.6 0.37

Fexix 15.0790  15.078 6.9 6.72e-14 8.5 0.21

O v 15.1760  15.173 6.5 6.23e-14 8.2 -0.23 Ovm15.1765
FexIx 15.1980  15.190 6.9 9.50e-14 10.1 0.44

Fexvir 15.2610  15.259 6.7 2.04e-13 146 0.13

Fexvir 15.4530  15.455 6.7 2.3%e-14 4.9 0.16

Fexvi 15.6250  15.620 6.8 6.68e-14 8.1 0.00

Fexvi 15.8240  15.831 6.8 5.53e-14 7.2 0.14

Fexvi 15.8700  15.860 6.8 2.49e-14 4.9 0.03

O vin 16.0055  16.005 6.5 3.36e-13  17.6 -0.06  Fexvin 16.0040, Ovir 16.0067
Fexvi 16.0710  16.071 6.8 1.63e-13 122 0.27

Fexix 16.1100  16.105 6.9 3.66e-14 5.8 -0.14  Fexvim 16.1127
Fexvin 16.1590  16.158 6.8 5.07e-14 6.8 0.14

Fexvi 16.7800  16.775 6.7 2.80e-13  15.2 0.10

Fexvir 17.0510  17.053 6.7 3.67e-13  17.0 0.19

Fexvir 17.0960  17.095 6.7 3.46e-13 16.4 0.26

Fexvin 17.6230  17.620 6.8 5.35e-14 6.1 —-0.03

O vi 18.6270  18.635 6.3 4.16e-14 5.0 0.12 xAm 18.6240
Caxvir  18.6910  18.694 6.9 1.19e-14 2.6 -0.30

O vin 18.9671  18.967 6.5 1.28e-12 26.6 -0.11  Ovmr 18.9725
O vii 21.6015  21.608 6.3 2.23e-13 8.6 0.09

O vi 21.8036  21.805 6.3 7.92e-14 4.9 0.17

O vi 22.0977  22.095 6.3 1.39e-13 6.1 0.21 Gar22.1140
N vl 24,7792  24.779 6.3 1.31e-13 7.2 0.00 VN 24.7846

2 Line fluxes (in erg crr? s71) of spectral lines measured in Chan®tBTG spectra. Measured wavelengths (in A) are accuratel@® A.
log Trmax indicates the maximum temperature (K) of formation of the line (unweighted by the EMD). “Ratio” is the.lg®req) Of the line.
Blends amounting to more than 5% of the total flux on each line are indicated.

requires a lower value in an adjacent bin in order to match tterived from HETG spectra. Finally, abundances of elements
observed line fluxes. Finally, uncertainties in the determinatitike Ca, Al and Ar are not very robust since they are derived
of the abundances (Table 6) are evaluated considering not dinbm little number of lines. Also, C and N lines present in the
the statistical errors of the measured fluxes, but also the dipectra have a temperature range that overlaps mostly with that
persion observed in theons/ Fpreq ratio of all the lines of each of O v, and hence the abundances of C and N are linked to
element. This is an indirect way to evaluate the errors inductxt of O. Marginal inconsistency in the abundances calculated
by the uncertainties in atomic models. from RGS and HETG detectors is only found for Ca, N and Ne.

The measurements of line fluxes in the RGS spectra during

The results obtained in the RGS rev. #091 are ConS'St?Q\t/. #205 yield an EMD with similar shape to that of HETG

with those of the HETG observation. The bump present gﬁd
logT(K) ~ 6.9 is very robust in both cases (see Table 4). Trb«? th
presence of a hot tail is well established for To@g) ~ 7.0—
7.3, with some uncertainties on the exact shape. Larger
ror bars in the EMD are present at [0¢K) < 6.6, due
to the lack of Fe lines that would reduce the uncertainti

e elements did not change significantly between the two
RrGS observations, except for the worse constrained cases of
€5 and N. Finally, the line fluxes have been measured in the
égcond order of RGS during rev. #091 (Table 5), resulting in a
in the abundances of Ne and O. £ and Fexvi lines ry good agreement with the EMD and abundances calculated

formed at those temperatures are well observed with EU\W—_lth the first order of RGS (Fig. 8).

(Sanz-Forcada et al. 2002) for AB Dor, and can be used (with

some caution) for a consistency test of the results. Howevgrp Gjlobal fitting approach

these lines arefBected by uncertainties in the determination

of the ISM absorption, and the EUVE spectrum could corrdhe EMD calculated for the XMM observation in rev. # 091
spond to a dterent level of emission. The formal solutioncan be compared to the results obtained byd&~ et al.
shown in Figs. 6 and 7 and Table 4, has been a comprom({2601) by applying a global fit to the spectrum. These au-
of the results found for the Ne lines and the mentioned EUMBors found that the spectrum could be fitted using 3 val-
lines, that are overestimated by up~60% with the solution ues of theEM (logEM (cm™3) ~ 51.92, 52.56, 52.52) at the
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Table 3. XMM line fluxes of AB DoP.

XMM rev. 091 XMM rev. 205
Line ID Amodel 109 Tmax Fobs S/N  ratio Fobs S/N  ratio Blends
Six1v 6.1804 7.2 1.38e-13 3.0 0.25 2.37e-13 55 0.08
Sixin 6.6480 7.0 3.17e-13 6.1 0.01 5.35e-13 8:20.09 Sixu 6.6882, 6.7403
Mg X1t 8.4192 7.0 1.52e-13  7.3-0.04 4.25e-13 13.0 0.00
Mg X1 9.1687 6.8 9.60e-14 13.8-0.13 2.10e-13 19.4-0.13
Mg X1 9.2312 6.8 1.56e-13 8.1 0.20 3.06e-13 10.5 0.17x1Xi9.2540, Mgxr 9.3143
Nex 9.7080 6.8 1.06e-13 7.6-0.08 2.44e-13 11.4 0.02
Nex 10.2385 6.8 2.28e-13 13.8-0.15 4.41e-13 18.1-0.12
Fexxiv 10.6190 7.3 1.41e-13 58 0.11 2.71e-13 7.4 0.07x1kel0.6491, 10.6840, Bex1v 10.6630
Fexvi  10.7700 6.8 8.34e-14 59 0.12 1.76e-13 5.3 0.22x1Kel0.8160
Fexxmr 11.0190 7.2 1.50e-13 11.1 0.03 3.46e-13 11.6 0.03xxfe 10.9810, Nex 11.0010, F&x1v 11.0290
Fexxiv 11.1760 7.3 1.21e-13 9.8 0.19 1.66e-13 6:8.02 Fexvi11.1310
Fexvir  11.2540 6.8 ... 1.60e-13 6.7 0.23 xzam11.2850
Fexvin 11.4230 6.9 9.49e-14 7.9 0.04 255e-13 9.5 0.13xH® 11.4320, F&viin 11.4494, Fexii 11.4580
Fexvir 11.5270 6.9 1.55e-13 11.3 0.00 2.11e-13 8:0.11 Fexxm 11.4900, Nkix 11.5390, Nax 11.5440
Fexxmr 11.7360 7.2 2.35e-13 15,5 0.10 5.09e-13 16.1 0.01xxFell1l.7700
Nex 12.1321 6.8 1.40e-12 50.3 0.02 2.34e-12 52-9.22
Fexxr  12.2840 7.0 2.33e-13 14.4 0.05 5.20e-13 12.7 0.07xWEl2.2660
Nixix  12.4350 6.9 1.23e-13 10.0-0.19 2.09e-13 8.0-0.13 Fexx112.3930, 12.4220
Fexxr  12.4990 7.0 .. ... ... 1.87e-13 7.8 0.11 x»12.5260, 12.5760
Fexxr  12.6490 7.0 7.78e-14 7.4 0.17 1.45e-13 6.7 0.30x¥#2.6210, F&xi 12.6307, NKIX 12.6560
Fexx 12.8240 7.0 2.83e-13 18.9-0.05 5.73e-13 18.1-0.04
Fexx 12.9650 7.0 1.62e-13 13.0 0.01 3.52e-13 125 0.06xxFE2.9120, 12.9920, 13.0240, K& 12.9330, 13.0220
Neix 13.4473 6.6 7.72e-13 40.6 0.10 1.11e-12 45.7 0.02xxFE3.3850
Fexix  13.5180 6.9 3.00e-13 22.2-0.08 7.01le-13 36.7 0.04 K&113.5070, Nax 13.5531
Neix 13.6990 6.6 4.25e-13 16.2 0.14 7.04e-13 20.1 0.15x1Kd43.6450, 13.7315, 13.7458
Fexix  13.7950 6.9 1.95e-13 14.2-0.00 1.60e-13 9.0-0.28 Nixix 13.7790, F&vi 13.8250
Fexx 13.9620 7.0 7.23e-14 6.8 0.10 8.48e-14 7:8).07 Fexvin 13.9530, Fix 13.9525, 13.9546, 13.9571, 13.9743
Fexxr  14.0080 7.0 1.62e-13 8.7-0.00 1.69e-13 10.9-0.11 Fexix 14.0340, 14.0717, Ni1x 14.0430, 14.0770
Fexvir 14.2080 6.9 4.03e-13 21.2-0.04 6.34e-13 26.4-0.06 Fexvii 14.2560
Fexvir 14.3730 6.9 1.72e-13 14.1-0.11 2.57e-13 19.7-0.16 Fexx 14.3318, 14.4207, Peviil 14.3430, 14.4250, 14.4392
Fexvir 14.5340 6.9 1.89e-13 125 0.17 2.91e-13 18.4  0.15xwie 14.4856, 14.5056, 14.5710, 14.6011
Ovin 14.8205 6.5 8.62e-14 89 0.06 1.45e-13 10.3 0.00xwm 14.7820, Oviir 14.8207, F&x 14.8276
Fexvi 15.0140 6.7 6.08e-13 32.8-0.10 9.49e-13 37.5-0.14 Fexix 15.0790
Ovin 15.1760 6.5 1.91e-13 15.1 0.04 3.17e-13 16:D.02 Fexix 15.1980
Fexvi  15.2610 6.7 2.02e-13 18.7 0.05 3.59e-13 22.6 0.07
Fexvir 15.6250 6.8 8.21e-14 95 0.01 1.57e-13 125 0.08
Fexvir 15.8700 6.8 1.20e-13 10.7 0.20 1.83e-13 13.3  0.17xvkm 15.8240
Ovin 16.0066 6.5 3.71e-13 29.9-0.12 6.71e-13 32.6-0.14 Ovi 16.0055
Fexvir 16.0710 6.8 1.88e-13 15.9-0.06 2.89e-13 16.2-0.09 Fexvii 16.0450, 16.1590, Bax 16.1100, 16.1590
Fexvi  16.7800 6.7 2.93e-13 22.4 0.03 4.58e-13 26:8€.00
Fexvi 17.0510 6.7 7.11e-13 369 0.13 1.03e-12 50.1 0.07xwel7.0960
Fexvir 17.6230 6.8 6.80e-14 9.1-0.01 1.31e-13 124 0.07
ovi 18.6270 6.3 3.91e-14 5.7-0.25 1.19e-13 10.5-0.18 Caxvii 18.6910
Ovin 18.9671 6.5 1.33e-12 54.4-0.20 2.91e-12 79.2-0.16
N vt 20.9095 6.3 4.06e-14 4.7 0.05 5.13e-14 4:.02 Nvi20.9106
Caxvi 21.4500 6.7 2.02e-14 7.2 0.11 7.14e-14 6.2 0.14 xQx1.4410
ovi 21.6015 6.3 2.99e-13 27.7 0.08 5.24e-13 22.0 0.08xwW&1.6100
ovi 21.8036 6.3 9.69e-14 8.7 0.18 1.60e-13 10.7 0.16 xW{in21.8220
ovi 22.0977 6.3 1.77e-13 129 0.17 3.38e-13 16.8 0.19xWQB22.1140
Arxvi  23.5460 6.7 3.57e-14 29 0.16 4.92e-14 3:8.15 Arxvi23.5900, Cxvi 23.6260
NvIt 24.7792 6.3 2.18e-13 21.8-0.04 3.80e-13 28.9 0.03 Awvi24.8540
Arxvi  24.9910 6.7 1.71e-14 2.6-0.15 6.44e-14 115 0.00 Awvi125.0130, Axv 25.0500
Cvi 26.9896 6.2 2.66e-14 57 0.29 4.44e-14 6.9 0.18vi25.9901
Cvi 28.4652 6.2 2.48e-14 5.3-0.20 7.48e-14 9.8-0.05 Cvi28.4663
SXI1v 30.4270 6.5 2.93e-14 5.6-0.18 4.77e-14 6.9-0.14 Sxiv 30.4690, Cx1 30.4710
SXIv 32.4160 6.5 2.13e-14 3.1 0.15 3.07e-14 34 0.20
SXIv 32.5600 6.5 3.93e-14 48 0.12 4.69-14 4.7 0.0X1vs32.5750
Cvi 33.7342 6.1 1.86e-13 17.8-0.08 3.54e-13 24.1-0.12 Cvi33.7396

2 Line fluxes (in erg c? s1) of spectral lines measured in XMRGS first order spectra. |0l indicates the maximum temperature (K) of
formation of the line (unweighted by the EMD). “Ratio” is the |16gfs/Fpreqd) Of the line. Blends amounting to more than 5% of the total flux
for each line are indicated (see also blends in Table 2).



J. Sanz-Forcada et al.: Three years in the coronal life of AB Dor 1095

o
3L il
o~
=< % < X < < X<
= X 2 X XX
o o) q - — [SRE)
=z . i L =z =z | I
:
3L |
e e
el e}
N SN
n w
c b=
3 3
S 8L 4 o
oL il
0
I i
ol L]
L L L L | L L L L | L L L L | L L L L | L L L L
I 11.5 12 12.5 13 13.5
Wavelength [Angstrom] Wavelength [Angstrom]

Fig. 5. Section of the RGS 2 spectrum of rev. # 091, showing the fit to the linexEe 111.736 alone (left), and including important lines in

the same wavelength region (right). The flux measured for thexEe 111.736 line is a 43% higher if the additional lines considered in the

right panel are not included in the fit. The presence of a false continuum created by the LSF of adjacent lines influences the measurement of
every line. A dashed line indicates the continuum predicted from the EMD.

Table 4. Emission Measure Distribution of AB Dor. temperatures log(K) = 6.57, 6.90 and 7.35 respectively,
using the VMEKAL atomic model. However, at the time of

log T log f NeNydV (cnm3)a their analysis only preliminary calibration of the RGS data was

(K) HETG RGS091 RGS 205 available, and a direct comparison of results is not possible. In

order to understand whether the use of a global fit using a 3-T

2'; 53(;'72(3 % . 05507'22(') 50 2(7);: 175 model dfects the results, we tried a 3-T fit to the RGS rev. # 091

' 020 020 035 spectrum, using APED in ISIS, as we made for the EMD recon-
6.3 50.675% 50.6703 50.7755 struction. The fit was performed first using only one tempera-
64 504735 503733 50.523% ture and [F¢H] as free parameters, and adding progressively a
6.5  50.6752) 50.5703 50.773% second and third temperature components, and the abundances
6.6  50.87520 50.87030 51.0793% of individual elements. Several sets of values yield a similar
6.7 5127010 5107929 51.4292 quality of the fit, depending on the initial values and on the ele-
6.8 51.62010 5177090 521700 ment abundances that are permitted to vary. These results show

different values of abundances and emission measure (some-

6.9 52.34003 52 47000 5p 57000 . . .
times inconsistent among them as well), although the three

-0.07 —-0.00 —-0.00
70 52,0730 5177005 5232005

025 ~005 temperatures do not vary substantiallyl¢gT[K] ~ +0.1).
7.1 SL87g% ST 522740 Thepbest fit found was o>l:/)tained for Ii?(g(glg)g =[ 6].52 + 0.0%,
72 520203 51.875% 52.2755 6.89+0.01 and 727+0.01, and logE M (cni™3) ~ 52.23+0.03,
7.3 52123% 519793 52.37010 5261+ 0.02 and 554 + 0.01, together with the abundances
7.4 5137949 51.37%40 51.27240 listed in Table 6. These values were then used to predict the
7.5 50.27%40 50.27949  50.27°949 line fluxes to be compared with the measured ones. A value of
7.6 49.57: 49.47: 49.67: B ~ 0.0479 is obtained if all the spectral lines are considered,

but the result improves {#® ~ 0.0161 (a value which is close to
theB ~ 0.0151 obtained with the EMD reconstruction) when
the Caxvi 421.45 line is excluded (this line isftoby more
than one order of magnitude in the 3-T fit). However some

8Emission Measure, wherbl, and Ny are electron and hydrogen
densities, in cIT?.
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Fig. 6. Upper. EMD derived from Chandy®lETG data. Thin lines Fig.7.Same as Fig. 6, for the XMMRGS data during rev. # 091.
represent the relative contribution function for each ion (the emissivity

function multiplied by the EMD at each point). Small numbers indi- i ) ) .
cate the ionization stages of the speclasver. observed to predicted achieve a solution that is consistent with the observed spectra.

line flux ratios for the ion stages in the upper figure. The dotted lin&¥owever, the error bars provided by the global-fitting technique
denote a factor of 2. are unrealistic given the wide range of solutions that are “sta-
tistically acceptable”. The global-fitting technique assumes that
the model can explaiall the lines in the spectrum, while the

abundances obtained with the 3-T fit are not consistent withe-based approach can reject lines that are problematic and
those calculated with the line-based approach (Table &sumes only to know well some of the lines. In the particular
Moreover, the flux of the EUVE lines of Bev 1284 and F&VI  case of the 3-T approach, the use of 3 temperatures to charac-
1334 andA361 lines is overestimated by one order of magnierize a corona can be only a parameterization of the real multi-
tude, a result that we consider inconsistent: variations in ttemperature coronal structure. The fit of the Chandra spectrum
flux of the lines between the fierent observations are possiclearly demonstrates that a more detailed thermal structure is
ble, butin the case of the mentioned¥eand Fexvi lines, no necessary to explain the HETG emission. We therefore discour-
enhancements of more than a factor of 4 were detected durigg the use of models with few isothermal components when-
very large flares in stars with a coronal structure similar to thefer the measurement of individual lines is possible. Hereafter
of AB Dor (Sanz-Forcada et al. 2002). we will refer only to the results obtained using the line-based

The same procedure was applied for a simultaneously fipproach.
ting of the Chandra HEG and MEG spectra using a 3-T model
as above, finding as the best result Taq¢) ~ 6.60 + 0.03,
6.91+ 0.01, 7.26 + 0.02, and logEM (cm~3) ~ 52.33 + 0.06,
5262 + 0.03, 5264 + 0.02 respectively, and the abundanceide-like triplets observed in the spectral range covered by
listed in Table 6. Moreover, the results are somewhat dep@{ETG and RGS can be employed in the calculations of
dent on whether the abundances of elements with few linestlie electron densities (see Ness et al. 2002, and references
the spectrum, like Al, are treated as individual free parametefigrein). The relevant lines correspond to the resonarjge (
or fixed to the solar value. In this case the comparison of the gltercombination ij, and forbidden {) transitions. Thef/i
served fluxes and those resulting from the 3-T fit shows a muiilix ratio can be employed to calculate the electron density,
larger dispersiond = 0.0614) than for the EMD reconstruc-while the (f+i)/r flux ratio gives the average temperature of
tion (8 = 0.0247). Chandra results are inconsistent with thosermation for each triplet. The @ (121.6015,121.8036,
of the RGS observation in rev. # 091, unlike in the line-base@2.0977), Nex (113.4473, 113.5531, 113.6990), MgKI
approach. (19.1687,19.2282-19.2312,19.3143) and SXin (16.6479,

In summary, both the lined-based method and the global.f&.6882,16.7403) triplets have been measured in the HETG
approaches permit, only in the case of the RGS spectrumsgeectra (Fig. 9, Table 7), and only theva triplet is used in

3.3. Electron density
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Table 5. XMM /RGS second order line fluxes of AB Ddrev. #091).

lon Amodel 109 Tmax Foos S/N ratio Blends
Sixiv 6.1804 7.2 1.06E-13 4.0 0.14
Sixin 6.6480 7.0 3.40E-13 4.9 0.04 8i16.6882, 6.7403
Mg X1 9.1687 6.8 1.39E-13 5.6 0.03
Mg X1 9.3143 6.8 3.14E-14 3.6-0.27 Nixxv 9.3400
No id. 9.4790 9.63E-14 6.1
Nex 9.7080 6.8 9.17E-14 6.20.14
Nex 10.2385 6.8 2.31E-13 7.8-0.15 Nex 10.2396
Fexix 10.6491 6.9 7.57E-14 3.70.16 Fexxiv 10.6190, 10.6630, Fax 10.6414, 10.6840, Fevii 10.6570
Fexxm 11.0190 7.2 1.37E-13 10.50.01 Fexxm 10.9810, Nax 11.0010, F&vir 11.0260, F&xi1v 11.0290
Fexxmv 11.1760 7.3 6.85E-14 3.70.06 Fexvm 11.1310, F&x1v 11.1870
Fexvin 11.4230 6.9 1.16E-13 5.0 0.13 kem 11.4270, F&x1v 11.4320, F&vir 11.4494, Fxi 11.4580
Fexvir 11.5270 6.9 1.81E-13 6.7 0.07 ¥em 11.4900, Nixix 11.5390, Nax 11.5440
Fexxmr 11.7360 7.2 2.40E-13 8.3 0.11 ke 11.7700
Nex 12,1320 6.8 1.66E-12 25.40.12 Nex 12.1375
Fexxr 12.2840 7.0 2.06E-13 9.70.01 Fexvm 12.2660
Nixix 12.4350 6.9 1.00E-13 4.40.28 Fexx112.3930, 12.4220
Fexx 12.8240 7.0 2.65E-13 14.70.07 Fexx112.8220, F&x 12.8460, 12.8640
Fexx 129650 7.0 1.30E-13 59 0.25 ¥k 12.9311, 12.9330, 12.9450, K& 12.9530
Nerx 134473 6.6 7.33E-13 26.2 0.08 ¥« 13.4620
Fexix 135180 6.9 3.65E-13 17.1 0.01 ¥« 13.4970, Fex113.5070, Nex 13.5531
Neix  13.6990 6.6 4.54E-13 19.6 0.16 X« 13.6450, 13.7315, 13.7458
Fexix 13.7950 6.9 1.68E-13 6.4-0.01 Nixix 13.7790, F&vi 13.8250
Fexx 139620 7.0 141E-13 9.7 0.39 kk 13.9525, 13.9546, 13.9549, 13.9551, 13.9571, 13.9748yHe13.9530
Nixix 14.0770 6.8 1.10E-13 4.3-0.09 Nixix 14.0430, Fix 14.0717
Fexvir 14.2080 6.9 3.02E-13 12.10.06
Fexx 142670 7.0 1.13E-13 4.1 0.05 ¥eur 14.2560, F&vii 14.2560
Fexvin 14.3730 6.9 1.18E-13 6.50.10 Fexx 14.3318, Fvii 14.3430
Fexvir 15.0140 6.7 5.72E-13 26.30.11 Fexix 15.0790
Ovm 15.1760 6.5 2.15E-13 8.1 0.09 ¥k 15.1980
Fexvin 15.2610 6.7 1.68E-13 8.6-0.03
Fexvin 15.6250 6.8 1.17E-13 8.5 0.16
Fexvir 15.8700 6.8 1.01E-13 7.3 0.12 ¥em 15.8240
Ovir  16.0066 6.5 3.71E-13 12.30.12 Fexvim 16.0040, Ovir 16.0055
Fexvir 16.0710 6.8 2.43E-13 8.5 0.05 ¥emn 16.0450, 16.1590, Pax 16.1100
Fexvia 16.7800 6.7 3.10E-13 8.0 0.06
Fexvii 17.0510 6.7 7.04E-13 16.4 0.13 ¥en 17.0960
Ovm  18.9671 6.5 1.34E-12 15.60.20 Ovmr 18.9725
2 Line fluxes (in erg cir? s7) measured in XMYRGS second order spectra. [6ga, indicates the maximum temperature (K) of formation of

the line (unweighted by the EMD). “Ratio” is the |dey,s/Fpred) Of the line. Blends amounting to more than 5% of the total flux for each line
are indicated.

RGS due to heavy blending in the other triplets. In all casa6.7402 line would be necessary in order to to ha¥@ aalue
there are some blends that need to be considered, and they comgistent with the low-density limit. A slightly higher contam-
eventually #ect the results of the analysis (see Tables 2 and Bjation (~26%) would be required to reach a value consistent
Some of these blends were measured as separated lines, whille a density of logi. (cm™3) ~ 125, as obtained from the

in other cases they are included in the measurement of the BbxX1 and FexXi1 lines (see Sect. 4.1).

served fluxes, and then evaluated using the EMD and abun-Electron densities can be calculated also from several flux
dances calculated. Only in the case of the&x@ithe f/i flux ratios of Fexx1 and Fexxu lines (with maximum contribu-
ratio (39 + 0.5) resulted inconsistent with the predicted valuagon at logT[K] ~ 7.0 and 7.1 respectively) present in the
(~2.9 in the low-density limit). This might indicate a problenHETG spectrum (Fig. 10, Table 8). Lines selected for these
in the atomic models lacking line blends to th@.7402 line. ratios are little, or notf@ected at all, by blends present in the
Given the uncertainties in the determination of the Si and MGPED models, and hence we consider the results from these ra-
abundances, a contamination of up~t8% of the flux can tios more trustful than those obtained from the He-like triplets.
be attributed to M1 lines. A contamination 0£25% to the These results are consistent with those calculated usingFe
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g o T which form atT ~ 10 MK, having excluded the two most dis-

@ - - crepant values. The results clearly suggest an increase of the
2 05— . ] electron density with temperature, also observed for Capella
© - . . 7 (Brickhouse 2002; Argirfii et al. 2003), and formerly sug-

5 0.0~ o, o° 5 ! “* e . . ] gested by EUVE observations of Capella and other active stars
3 - a8 <t i * a (see Brickhouse 1996; Drake 1996; Sanz-Forcada et al. 2002,
& o5l = and references therein).

g O iw S 7 In particular, the results obtained with the Mptriplet

2 100 L e and the Fex1 and Fexxn line ratios seem to confirm the

- VI X XV XX XXV findings already derived from EUVE (Dupree et al. 1993;

lonization Stage Brickhouse 1996; Sanz-Forcada et al. 2002, 2003a) and

) . ) Chandra (Huenemoerder et al. 2001, 2003) data, with densities
Fig. 8. Flux ratios corresponding to the measurements of the seco&d

- _ at least logie(cm™3) ~ 12 at logT (K) ~ 6.8—7.1.
order of the XMMRGS data during rev. #091 (see Table 5), using the ge( ) gT(K)
EMD and abundances derived from the line fluxes in the first order.

4.2. Element abundances

and Fexxii lines ratios in the EUV range (Sanz-Forcada et a, .
2002). Coronal element abundances are subject of some controversy

because of the fferent results (in many cases contradictory)
found in the comparison from observations witlifelient in-
4. Results struments an@r analyzed with dferent techniques (see Favata
& Micela 2003, and references therein). Stars with low levels
of activity tend to show similar trends with the First lonization

The general shape of the EMD derived from XMM anfotential (FIP) as in the solar case (see Bowyer et al. 2000,
Chandra is consistent with the EMD obtained with EUv@nd references therein), with elements with low HR{ eV,
(Sanz-Forcada et al. 2002), indicating a corona dominated ®¢¥- Mg, Si, Fe) being enhanced with respect to elements with
multi-T plasma with a peak at IGE(K) ~ 6.9, very well con- higher FIP £10 eV; e.g. O, Ne, Ar) when compared with the
strained by the line fluxes (see Fig. 11). The EMD at high@hotospheric values. The oppositEeet is observed instead for
temperatures is supported by a large number of lines frdrPre active stars (the so called MAD — “Metal abundances de-
different elements identified in the HETG and RGS spectfigient” — effect, or the “inverse FIPfEect” Schmitt et al. 1996;
Finally a lower peak seems to be present aroundr{gg) ~ Brinkman et al. 2001; Drake et al. 2001). However, many of
6.3. However, the lack of coverage of Fe lines makes the ke studied active stars lack accurate information on the photo-
sults for the EMD at lod (K) < 6.6 less robust than for higherspheric abundances, andshow contradictory results depend-
temperatures. ing on the technique applied in the analysis. We have carried
Comparison of the EMDs reconstructed affefient times Out the two most typical approaches for the coronal analysis
(Fig. 11), including those of the XMM observations correlglobal-fitting to the spectrum and EMD reconstruction from
sponding to dierent levels of activity of AB Dor, shows thatline fluxes) in order to clarify what is the origin of this dis-
the EMD peak is very stable, and thus an increase in the enfigePancy. The use of the EMD reconstruction approach shows
sion level is linked to higher emission measure values at ¥y consistent results (see Table 6 and Fig. 12) for the dif-
temperatures. The EMDs based on Chandra and XMM desent instruments, while the global-fitting results are not con-
show a steep increase with temperature in the range(lsy~ vVergent, and show contradictory results (e.g. for Ni, Mg, Fe or
6.4—6.9, with a slope comprised betweEhandT5, while they Ne, see Table 6) in HETG and RGS for observations with sim-
are almost flat from the peak up to [BgK) ~ 7.3. ilar flux level. The line-based analysis applied to Chandra and
The electron densities calculated using thertDtriplet XMM data show a clear and consistent pattern of the abun-
(logne[cm] ) ~ 10.7-10.9 at logf[K] ~ 6.3) are consis- dances vs. FIP. An initial depletion of the abundances seems
tent in the three observations of HETG and RGS (Table 9. be present for elements with FIP increasing up to the Fe
The value obtained for rev. #091 is also close to the oMalue,and a progressive increment of the abundances for the el-
(logne[cm]8) ~ 10'3i8‘2°{) reported by Gdel et al. (2001). The ements with higher FIP (a similar behavior seems to be present
density calculated from the N triplet (logne[cm]~3) ~ 11 inthe case of AR Lac, Huenemoerder et al. 2003). Photospheric
at logT[K] ~ 6.6) is the value mostftected by the pres- abundances of AB Dor are near solar photospheric values (with
ence of lines not deblended, and evaluated using the atodfig/H] ~0.1 Vilhu et al. 1987). Coronal Fe abundance deple-
model combined with the EMD (see also Brickhouse 2002jon for AB Dor was already found from EUVE and ASCA ob-
and hence it has to be considered more uncertain. Higher de@fvations (Rucinski et al. 1995; Mewe et al. 1996), now con-
sities (logne[cm™3] 2 12 at logT[K] ~ 6.9) are indicated firmed by the HETG and RGS analysis.
by the Mgxt triplet. Finally, the Fexx1 and Fexxi1 densities The EMD can be extended down to [d¢K) ~ 4 through
(Table 8) are obtained from lines that are quite well measuré¢lde measurements of lines in the UV. Sanz-Forcada et al. (2002)
and with little contributions from blends. Values in the rangesported measurements from IUE not simultaneous to those
logng(cm™3) ~ 12.3-12.8 are indicated by most of these linesf EUVE, and constructed an EMD of AB Dor in the range

4.1. EMD and electron densities
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Table 6. Abundances of the elements (EX], solar units).

X  FIP HETG HETG XMM 091 XMM 091  XMM 205

Y (3-T) (EMD) (3-T) (EMD) (EMD)
Al 598 -062+033 -035+013 " " "
Ca 611 -090+059 023+063 -107+050 038+026 062+0.32
Ni 763 -087+018 -020+011 -041+010 -008+037 -0.28+0.29
Mg 7.64 -069+004 -039+012 -046+005 -043+017 -034+014
Fe 7.87 -085+003 -057+004 -067+002 -057+007 -057+0.07
Si 815 -060+004 -047+009 -040+008 -039+029 -0.37+0.17
S 1036 -050+011 -020+016 -057+008 -032+022 -0.49+0.21
c 1126 ~0.36+004 -002+023 -0.05=016
O 1361 -055+004 -015+011 -054+002 -005+011 -0.03+0.09
N 1453 -040+022 -004+014 -028+005 020+013 010+0.11
Ar 1576 -049+041 005+022 -042+016 -0.05+033 Q09+ 0.20
Ne 2156 -021+003 013+010 -003+002 028+010 025+0.11

Table 7. Electron densities calculated from He-like triplets.

lon (f+iyr T ratio f/i logne (cm™3)  Instrument
Ovii 083+0.06 624+007 144+017 1Q077+0.08 RGS (091)
Ovm 078+005 633+006 136+0.13 1082+0.06 RGS (205)
Ovn 0.86+0.15 62+0.2 14+03 1078+ 0.14 HETG
Neix 0.67+0.04 66+0.1 29+0.3 1095j8;§ HETG
Mgxr 0.75+0.08 67+0.1 22+0.3 124402 HETG
Sixm 0.66+ 0.05 67+0.1 39+05 <115 HETG

logT(K) ~ 4.0-7.3. The calculation of the EMD in the lower 4
temperature region (approximately [0§K] ~ 4.0-5.5) was
dominated basically by C lines, while the determination of the  F-------——______ A
EMD for logT(K) 2 5.6 depends on Fe lines only. The com- 3
bined data of IUE and EUV, in absence of better information,
indicated a minimum of the EMD around 13@gK) ~ 5.8. The
calculation of the [@Fe] abundance with RGS allows us to cor-
rect the position of this minimum. Assuming that the value of
[C/Fe] ~ 0.5 is constant in the whole range of temperature,

AB Dor

\
. .
. %
\ .
\
\
\
X .
X .

XMM 091 \\
Chandra

XMM 205

Flux Ratio (ergs)
N

and the general flux levels of these observations is similar, the ! Mg XI
EMD calculated in the corona by Sanz-Forcada et al. (2002) [ |~ Ne IX
should be 0.5 dex higher, and the minimum of the EMD should oV o
occur at a lower temperature, [dgK) ~ 5.3. Measurements of 0 | | | T
lines formed in the region 10§(K) ~ 5-6 would be needed in 8 10 12 14

| i o log N, (cm™)
order to nail the temperature of this minimum.
Fig. 9. Electron densities from He-like triplets (see Table 7).

5. Discussion and conclusions . ) .
in a plateau of the EMD extending up ib ~ 2 x 10'K.

Our analysis of the ChandtdETG and XMMRGS spectra A less constrained secondary peak is possibly also present at
has provided consistent results in terms of the plasma emisslor 2 x 10°K, the characteristic temperature of the corona of
measure distribution (EMD) vs. temperature, the abundanties quiet Sun.

of individual elements in corona, and even the plasma den- The above description applies to AB Dor in quiescent state,
sity as determined from the @1 He-like triplet. The superior i.e. outside of any evident isolated flaring event, and it is es-
spectral resolution of the Chandra instrument has also allowsshtially in agreement with the information already available
us to obtain reliable estimates of the plasma densityfégreli from previous observations of AB Dor with EUVE. However,
ent temperatures using the Neand Mgx1 triplets, as well as the quiescent X-ray emission is not steady, but characterized
density-sensitive Fex1 and FexxiI line ratios. The corona of by significant variability on time scales shorter than the rota-
AB Dor appears to have a quite stable thermal structure wiibn period, suggestive of a very dynamic corona where a large
an amount of plasma steeply increasing with temperature fremamber of small-scale flares may occur at any time. On the
logT(K) ~ 6.4, to logT(K) ~ 6.9. A substantial amount of other hand, we recall that AB Dor is also capable of produc-
plasma (within a factor 2 from the peak value) is also preseng very strong flares, which mayffact the coronal thermal
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Table 8. Electron densities calculated from keI and FexxiI line
ratios.

AB Dor (HETG) . .
02 lon Lines ratio Tmax  logne (cm3)

N

1 Fexxr 1212.284112.499 7.0 180+0.13
5 Fexxr 112.393112.499 7.0 129+0.14
2 Fexxun 111.770211.932 7.1 122+0.12
3
4
6

Fexxm 111.93218.9748 7.1 152
Fexxm 111.932111.802 7.1 124+02
Fexxm 111.490111.932 7.1 174+ 0.14

7 Fexxm 112.210111.932 7.1 179+ 0.12
@ Number corresponding to labels in Fig. 10.
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11.5 12.0 12.5 13.0 135 7
log N (cm) dependence on temperature (fr&h at low temperatures, up

to T° in the range of the EMD plateau). Note that this rela-
tionship was found using the peak temperatures of the line
emissivity functions weighted by the EMD; a slightlyfieir-

ent but qualitatively consistent behavior would appear consid-

o . ering the &ective temperatures of line formation provided by
structure quite significantly: in the extreme case of the flar% (f +1i)/r ratios, available for the He-like triplets only.

observed by SAX (Maggio et al. 2000), the peak value of the The steep increase of the plasma pressure with tempera-

ai -3
total volume emssgggrlr(]easure was of the order SF &0 4, i possibly one of the most intriguing results provided by
ata temperature ~ ' . the currently available Chandra high-resolution spectra of ac-
_ By comparing the EMDs corresponding to the lowest ane stars (Favata & Micela 2003). A similar trend was recently
highest X-ray emission levels observed in the first three yeagsind in Capella by Argiri et al. (2003), and tentatively in-
of XMM-Newton observations we learn that an increase of ”ﬂ@rpreted as due to the presence dfedient classes of coronal
source 'UT'”OS'W (in the range 6-20 A) fgom =16-8 X loop structures in isobaric conditions, having increasing pres-
10%%erg s* (Jun. 2000) tol, = 1.2 x 10°°erg s* (Jan. gyres byt decreasing volume filling factors for increasing
2001), not associated to any large flare, can be explained B¥yimum temperature of the trapped plasma.
an increase of the whole EMD by factors 1.2-3, with the The efective scale sizes and volumes of the structures re-
largest variation occurring in the level of the high-temperatuge s nsiple for the X-ray emission from stellar coronae essen-
plateau of the EMD. In principle, larger emission measurgsy depend on two parameters: the plasma pressure scale
can be obtained with a (linear) increase of the emitting VQlgight and the strength of the magnetic field required for
ume, or a (square root) increase of the plasma density, or bfficna confinement. In the case of AB Dor, having a stellar ra-
Unfortunately, the statistical uncertainties on the density iusR, ~ 1 R, and a surface gravity ~ 0.8¢, (Maggio et al.
rived from the analysis of the @ triplet at the two epochs 2000), we get pressure scale heighgs~ 1.5x101cm (02R.)
does not allow us to distinguish between these possibilities. ¢, cor,onal loops with maximum temperattfga = 2x 10° K
Plasma densities are a key parameter to try 10 intgfndH, > 7.5x 10°cm (>1.1R,) for the structures having
pret the above scenario in terms of classes of magnet|cal-|¥ﬁax = 107K or hotter, which represent the dominant class in
confined coronal structures. The measurements of tv& Othe corona of AB Dor. If the ratio between the plasma pres-
triplet (Iogne[crg]—3) ~ 10.8) yield plasma Pressurg® ~  sure and the magnetic field pressigeis larger than unity at
20-40 dyn cm? at T ~ 1-2x 10°PK, already quite high for the maximum heightl. < H,, above surface dictated by the
solar standards. Even higher values are indicated by a num%rssure scale height, then magnetic confinemenfiésteve
of other line ratio diagnostics derived from the Charl&TG 5t these heights and the volume of the emitting plasma in the

data only. In particular, the N& triplet (lognefcm]~®) ~ 11) yjisible stellar hemisphere can be expressed as
indicates a pressung. ~ 10°dyncnt? atT ~ 3-5x 10°K,

while the Mgx triplet (logne[cm]=3) ~ 12.4) and the density- Vimax ~ 27 fREL (2)

sensitive F&x1 and Fexxir lines (logneg[cm]™3) ~ 12.5) sug- . . . . .

gest a pressure increasing frqua ~ 2 x 103dyn cnt2 up to wheref_ is a surface filling facfcor. Thg minimum field required

~0.7-2x 10*dyn cnt? for plasma temperatures in the rangl confine the plasma at a heights given by

5 10-2x 10°K. . Brin(L) = (B7po)"" )
Taking into account also the results obtained by Schmitt

et al. (1998) and by Ake et al. (2000) fromI€ line ra- From the available data we deriBg,, ~ 30 G atT ~ 2x1(PK

tios — logne(cm3) ~ 11, yielding ps ~ 2.2dyn cnt? at (pe = 35dyn cn?) and Bmin ~ 460G atT ~ 10'K (pe =

T ~ 8x 10K, i.e. at the base of the transition region 8.5 x 10°dyn cnT?). Donati & Collier Cameron (1997) found

we derive the picture illustrated in Fig. 13: the plasma prethat up to 20% of the surface of AB Dor is covered with

sure appears to increase steadily from the transition regiomtagnetic regions having typical values of 500G and peaks of

the corona, with a steeper and steeper piece-wise power-lbbwkG. Assuming that magnetic field at the stellar surface is

[
£o
=]
N
>
o

Fig. 10. Electron densities from Bex1 (dashed lines) and B&in
(solid lines) lines ratios, as indicated in Table 8.
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Fig. 12. Element abundances in the corona of AB Dor, with respect
Fodsolar photosphere. A dashed line indicates the solar photospheric
abundance (Anders & Grevesse 1989).

Fig. 11.Comparison of EMDs derived fromfiierent instruments. The
EMD from EUVE observations (Sanz-Forcada et al. 2002) was scal
for a coronal abundance of [Rd] = —0.57. Representative 1 o er-

ror bars are shown for the Chani&TG EMD only (note that these

error bars are not independent, see text). . .
in most of the cases they have explored, the coronal emission

of AB Dor should exhibit little rotational modulation: in fact,
1.5kG and that the field strength decreases with height asagsuming low plasma densities, the corona turns out to be very
a magnetic dipoleR ~ r~3) rooted at the base of the convecextended (in order to account for the observed total volume
tion zone (so front ~ 05 R, tor ~ 0.5 R, + L), we esti- emission measure) and hence the X-ray emission is little af-
mate that the plasma at21(f K can be confined up to heightsfected by the stellar rotation, while in the high-density case
L = 9.4x 10%cm (13 R,), while in the worst case of the highthe emitting corona is more compact, but the X-ray brightest
temperature (10K) coronal structures, the maximum height igegions are at high latitudes and always visible as the star ro-
L = 1.7 x 10%cm (024 R.). Since the characteristic heightates. Exception to this behavior is predicted by models having
of the high temperature structures is smaller thnthe iso- high-temperatureT( = 10 K) plasma with densities in excess
baricity of the plasma is ensured. We can estimate the fillig§ 10"2cm™3, i.e. with exactly the characteristics of the plasma
factor f by equatingi?Vmax = EM, wheren, andEM are the near the peak of the emission measure distribution, as derived
plasma density and volume emission measure derived from 8uthis work. The occurrence and amplitude of the rotational
analysis. In this way we derivé ~ 2x 10® atT ~ 10’K. modulation of the X-ray emission from this hot plasma is an
In the case of the low-temperature plasma, the observed erfisue that we intend to explore in the next step of our ongoing
sion originates mostly from the plasma below the pressure scii¢estigation.
heightH,, and the &ective filling factor can be derived by re- ~ The corona of AB Dor, even outside strong isolated flares,
placingL with Hp, resulting inf ~2x 10# atT ~ 2x 1(°PK. appears quite variable on time scales shorter than the rotation
These filling factors can be usefully compared with #i#% period. The only possible analogy with the case of the solar
fraction of surface in the polar cap of AB Dor above® @@ti- corona if a behavior where small-scale flares are continuously
tude: this is a region always in view as the star rotates, wherecurring in what can be defined a non-steady quiescent X-ray
high field strengths are suggested by Zeeman-Doppler imageyssion state. However, the stability found in the peak of the
(Jardine et al. 2002) and where a non-potential field compaMD at logT (K) ~ 6.9 suggests coronal structures in station-
nent (i.e. capable of providing free energy to power flares)dsy condition, and a simple increase in the number of loops hav-
possibly present (Hussain et al. 2002). Larger filling factors aregg maximum temperatures in the range spanned by the EMD
possible if the loops are significantly shorter than the stellplateau may explain the variations of the EMD observed at the
radius. times of the lowest and highest emission level observed up to

A more refined model of the size, strength and orientatio®w by XMM.

of the magnetic regions is however required to constrain better In conclusion, we summarize the main results of the present
the possible sizes and locations of the X-ray emitting regionsrk as follows:
in the corona of AB Dor, as suggested by the simulations per- — The Emission Measure Distribution (EMD) has been cal-
formed by Jardine et al. (2002). These authors have modetedated for the plasma of AB Dor by measuring the line fluxes
the AB Dor coronal X-ray emission by extrapolating the maga XMM /RGS and ChandfHETG spectra, showing consistent
netic field from the stellar surface to the corona using as a basisults. The EMD is described by a quite stable structure, with
Zeeman-Doppler maps and assuming the field to be potendiateep increas&M[T] o« T%, with @ = 4-5) up to the peak at
and the trapped plasma in hydrostatic equilibrium. Howevéng(T) = 6.9, followed by a plateau in the range 139(= 6.9—
their results rely on the further assumption of an isothermal3. The EMD during the highest and lowest X-ray emission
plasma, which is clearly recognized as a too simplistic apprdevels shows an increment in the amount of material that is
imation. Based on the above model, Jardine et al. conclude thather uniform at all temperatures.
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