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Abstract. We have analyzed the X-ray spectrum of the nearlwith a temperature of 0.6-3 keV is detected (e.g., Feldman et
binarya Cen AB (G2V + K1V) that has been obtained from obal. 1996). An interesting feature of the solar corona is that its
servations with ASCA. The coronal temperature structure apthsma is often characterized by non-photospheric abundances.
abundances have been derived from multi-temperature fittiigr o Cen this has been studied by Drake et al. (1997).
and confirmed by a differential emission measure analysis. The The EUVE and ASCA observations of stars much more ac-
coronaas seen by ASCA s essentially isothermal with a temptive than the Sun (e.g., Drake 1996a, White 1996) have provided
ature around 0.3 keV, consistent with the evolutionary pictutiee following results: (i) active stars have coronae with funda-
of coronae of aging solar-type stars. A comparison between thentally different temperature structures than the solar corona,
measurements from various instruments indicates a source viarthat they have significant persistent components at tempera-
ability in the coronal flux (which precludes the joint fitting ofturesT” ~ 1-4 keV; (ii) the line-to-continuum contrast (mainly
data from different instruments taken at different epochs) afrdm Fe) seen in both the EUV and soft X-ray spectra of such
temperature structure consistent with that discovered in a seg&g's is weaker than predicted by thermal plasma models assum-
of ROSAT observations. The elemental abundances agree viittp solar photospheric abundances by factors 8f10, at least
solar photospheric abundances for Ne, Si, and Ferdédel, for RS CVn stars and Algols (e.g., Drake et al. 1994, Schrijver
while O appears to be underabundant by a factor of abouetal. 1995, Singh et al. 1995, 1996) and the pre-main-sequence
relative to solar photospheric values, and Mg overabundantstar AB Dor (Mewe et al. 1996). Various explanations for the
a factor of a few. The abundance ratios with respect to Fe ateserved relatively weak line-to-continuum ratio have been sug-
better determined: [O/Fe] = 0D.14 (x solar, etc.), [Mg/Fe] gested (cf. Sect. 6.2.). As noted by Drake (1996b) and Singh et
=441, [Ne/Fe] = 0.3, and [Si/Fe] = &4. al. (1996), all of these explanations except for a low metal abun-
dance are inadequate to explain the line-to-continuum problem
Key words: stars: coronae — stars: individual:Cen — stars: found in the soft X-ray spectral region of most, but not all, active
abundances — X-rays: stars stars for which high-quality spectra have been obtained.

With ROSAT, EUVE, and ASCA @del et al. (1997a,b)
have studied spectra of a series of solar-type stars (i.e. single
G dwarfs) of different ages and established that (i) relatively
old (like the Sun) solar-type dwarfs have coronae dominated by
The Sunis a moderately old (4.6 Gyr) G2 V star, with an X-rgglasma at- 0.3 keV similar to the active Sun, and (ii) the more
luminosity L x typically in the range- 5 106 to ~ 2 10°" erg/s  active (and younger) G dwarfs (like EK Dra) have coronae with
in the EINSTEIN IPC band (Schmitt et al. 1990, Schmitt 199 Hoth~ 0.3 keV and> 1 keV plasmas.
thatis close to the median value for single G dwarf stars found in The closest G or K dwarfs to the Sun are, in fact, the two
the survey of Maggio et al. (1987). Extreme-ultraviolet (EUV3tars in the wide visual binary Cen that lie at a distance of
and soft X-ray studies of the Sun have shown that the bulk of the34 pc. In this paper we discuss the ASCA spectrum 6&n,
quiet solar corona is at a temperature.dd.1-0.3 keV, while the derive a coronal model that fits the observed spectrum, and then
plasma above active regions is found to be 8t3-0.6 keV (e.g., compare the results of this analysis with the results based on
Withbroe 1988, Brosius et al. 1996). During flares hotter plasm&asurements with ROSAT, EUVE, and SAX.

1. Introduction

Send offprint requests t&. Mewe, (R.Mewe@sron.nl)
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‘ "] uncertainties; the results discussed in Sect. 5 are those obtained
using the SISO data.

The SIS detectors are described in detail in Burke et al.
(1991) and their properties have been summarized, e.g., in Singh
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% - s f et al. (1996). One update to these descriptions is a result of the

i Sk 2 f = 3 degradation of the spectral resolution of the SIS CCD’s due to

» = 1 radiation damage: this has been discussed recently by Dotani et

g al. (1996). At the time of thee Cen observation by ASCA, we

S estimate that the SIS spectral resolution had degraded from 6%
3 to 10% FWHM at 1 keV. The response matrix that we generated

as part of the analysis of this spectrum took account of this
effect. The SIS data were selected as described in Singh et al.
‘ ‘ L . (1996) using the NASA software package FTOOLS/XSELECT.
0.5 1 ®  Toaccumulate the source spectrum, we have extracted all events
Energy (keV) in a circle of about 6.5diameter centered on thkeCen source,
, , , o while we have accumulated the background spectrum from a
Fig. 1. Observed and fitted (thick solid line) ASCA SIS0 spectrum oé :
0 ource-free region of the CCD.
a Cen, corrected for background, for arlfit with non-solar abun- For th tral Vi h . dthe 14 dat int
dances (Table 1). Error bars indicatd o errors of the observations. orthe spectralanalysis, we gve 'gnored the ata po,m S
Prominent lines containing more than 20 counts as predicted by fflow 0.433 keV and 432 datapoints above 2.075 keV (which
best-fit model are indicated by the ions from which they originate. contain too much background and comprise less than 1.3% of
all counts). Then all energy bins above about 1.4 keV were re-
binned into 4 bins to ensure a sufficient signal-to-noise ratio
2. The target star SIN per bin, i.e. N> 15-20 cts/bin which yields a spectrum of

The binarya Cen AB lies at a distance of 1.34 pc and consis8/ bins between 0.433-2.075 keV. To account for systematic
of al.1M G2V star with radiug .24R, and a0.9M, K1V  uncertainties in the calibration of the effective detector area (cf.
star with radiu$).84 R, (e.g., Flannery and Ayres 1978). Thes&lig. 5 of Dotani et al. 1996) we have added systematic uncer-
stars appear to be a little (10%) older (age 5-6 Gyr) and @inties to the bins aroundehO K edge feature (1'9 between
somewhat higher metallicity4 ~ 1.3 — QOZ@) than the Sun 0433-0698) 10,25,20,15,10,7,5% for bins 1-3,4,5,6,7,8,9, re-
(e.g., Lydon etal. 1993, Furenlid and Meylan 1990, Smith et &Pectively. To the last two bins above the SiK edge at 1.74 keV
1986, Chmielewski etal. 1992). The orbitis so wide (semi-maj6#6,37 between 1.608-2.075 keV) we added 5% uncertainties.
axis 23.5 AU = 17.5/, period 80.1 yr, see Flannery and Ayre§inally, because a small offset does seem to be present in the
1978) that no significant tidal or magnetic interaction betweé&lS spectrum, we have applied a gain offset of -20 eV.

the two components is expected.

A systematic search for stellar coronae in X-rays was dogg
for the first time with the Astronomical Netherlands satellite
(ANS) which provided the discovery of X-rays from Sirius andfor our primary spectral analysis, we have used the SPEX soft-
a corona around Capella, but yielded fo€en only a 3 upper ware package (Kaastra et al. 1996a). This package contains
limit of log Lx < 27.2 in the 0.2-0.284 keV band (Mewe etmodels for the calculation of spectra from optically thin plasmas
al. 1975). The latter source was first detected by Nugent andcollisional ionization equilibrium (CIE) (Mewe et al. 1985,
Garmire (1978) with the A-2 experiment on HEAO-1 with ai1986; Kaastra and Mewe 1993). Recently the calculations for
X-ray luminositylog Lx = 27.5 in the 0.1-0.5 keV band. Forthe Fe-L complexes have been updated using results from the
other X-ray observations we refer to Sect. 6.1. HULLAC code (Liedahl et al. 1995) and various other improve-
ments have been made (cf. Mewe et al. 1995b). We express
abundances relative to the solar photospheric values taken from
Anders and Grevesse (1989). For the ionization balance we use
The sourcex Cen was observed by the Advanced Satellite fésrnaud and Rothenflug (1985) for all elements except iron, for
Cosmology and Astrophysics ASCA (see Tanaka et al. 1994 fehich we use the update of Arnaud and Raymond (1992). Emis-
abrief description) on 1996 February 27 from 02:42 UT to 20:40on measures are defined herefa® = [ n.nydV, where
UT. Data were obtained with both pairs of Solid State Imaging. is the electron density,y is the hydrogen density ariid the
Spectrometers (hereafter SIS) and Gas Imaging Spectromegangiting plasma volume. Galactic absorption is taken into ac-
(GIS), but for the purposes of the present analysis we have usednt using the model of Morrison and McCammon (1983). As
only the SIS spectra because the source spectrum is very softatieck of the results obtained using SPEX, we have repeated
declines steeply, being below the background level at energsesne of the spectral analysis using the independent spectral
above~ 2.5 keV. A net SIS exposure time of 25.0 ks wasnalysis package XSPEC. We obtained essentially the same re-
obtained with a total counting rate of 0.113 c/s. We have maslglts using XSPEC, so we will not further discuss the XSPEC
fits to both SISO and SIS1 data and get the same results withingpectral analysis.

-3

10

Spectral fitting

3. Observations
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4.1. DEM modeling Table 1.Abundance ratios for the corona®fCen relative to the corre-

] sponding solar photospheric abundance ratios of Anders and Grevesse
We assume that the spectra emitted by stellar coronae can@oy as derived from ASCA & EUVE observations and compared
approximated by linear combinations of spectra of isothermgith corresponding values adopted for the average solar corona
plasmas: if stellar coronae are optically thin, then all compo-

nents are observed as emitted, regardless of where they occur
on the disk or, in the case of binaries, on which binary com- Abundance ratio
ponent they occur. We introduce the differential emission mea-
sureD(T') = ne(T)nu(T)dV/dlogT. This is the weighting
function that describes the contribution by the plasma, at each
temperature, to the observed spectrum. In our models we m
plicitly assume thermal ionization equilibrium, thus ignoring[ IFe]

ASCA? EUVE? Solar Corona

: . . 0.38+0.14 0.34
possible transient effects, and we ignore effects that depeq e/Fe] | 1.0+0.3 | 0.32+0.08 0.36
on the plasma density, which affects only a few lines, i.e. Wemg/Fe] | 4.4+1.0 1.4
consider the low-density limit. To derive physical parametergai/rFe] 1.9+0.9 1.4
from the spectra various techniques can be applied such &Si/Fe] 5.8+4.2 1.8+1.0 1.3
multi-temperature fitting or fitting with continuous models to [S/Fe] 1.140.2 0.43
derive D(T) (for a detailed description of various DEM analy; [Ca/Ne] 2.7£5.4 3.8

sis techniques implemented in SPEX, e.g. Gauss fitting method

or Chebyshev polynomial technique, we refer to Kaastra et al. . N .
o . Abundance values in logarithmic units, with le¢l=12.00: O,
ég%b aﬂq Mer’e elt)a" 1936)' The DEM d'StrI'lb”“o” IS ‘?'belr"’ed 8.93; Ne, 8.09; Mg, 7.58; Al, 6.47; Si, 7.55; S, 7.21; Ca, 6.36; Fe,
y matching the observed spectrum as well as possible to a7.67; these values are a little (0.2 dex, for Fe 0.04 dex) smaller

synthesized model spectrum for a given temperature grid. We 4 the abundances adopted by Drake et al. (1997) for the
display the results as the emission measure integrated over ahotospheres af Cen AB.

temperature bin, i.eDEM = D(T)AlogT so that the total 2 This work.
emission measure within a certain temperature range folloW®rake et al. (1997) based on line ratios given in their Table 6; the
by summing the values dPEM for the relevant temperature ~ DEM in their Fig. 7 indicates [S/Fe] to be lower by a factor of

bins. ~ 3.
4 Feldman et al. (1992).

5. Results

Because the fits are not sensitively dependent on the interstellar
hydrogen column density we used a fixed valuéVgf = 10'®  0.92 keV (230 counts), which however is just in the middle of
cm~2 which is approximately equal to the best-fit value Mewthe Fe L feature so that the Ne abundance is strongly correlated
et al. (1995a) obtained in the analysis of the EUVE spectrumtefthe Fe abundance. The He-like Mg XI line at 1.34 keV (83
o Cen. counts) constrains the Mg abundance, while the Si abundance
is rather weakly constrained by the He-like Si XlII line at 1.85
keV (7 counts). The contribution from the continuum in the
spectral bins where these lines are formed is always only a few
We first attempted to fit the spectrum with one- and twdrercent & 3-5%). No dominant lines with sufficient S/N ratios
temperature models usinq solar photosphabundances but were present to constrain the other elemental abundances. The
obtained very poor fits with minimumg? of 72 and 50 (35 and N abundance cannot be constrained due to calibration problems
33d.0.f.), respectively. Using non-solar abundances for the magpund 0.5 keV (Dotani et al. 1996). For these elements the
important elements improves the fit considerably. In this caséfundances were fixed to solar photospheric values. The result-
turns out that a single-temperature model is sufficient becaif3@ best-fit values are for the temperatlife: 0.27+ 0.03 keV
adding of more temperature components does not improve &l for the emission measufe\/ = (5.3 + 1.0) 10 cm™?,
fit significantly. with minimumy? = 20.0 (30 d.o.f.). The observed ASCA SISO
Elements for which relatively strong, isolated lines a,%oectrum,c;orrected forthe background together with the best-fit
present in the spectrum yield the most reliable abundanceslif modelis shown in Fig. 1.
the ASCA spectrum of: Cen the abundance of O is most ac- The best-fit abundances with respect to the corresponding
curately determined from the 0.65 keV Lymariine which is  solar photospheric values of Anders and Grevesse (1989) are:
a relatively strong line with an intensity of 163 counts accord®: 0.3Q:0.11; Ne: 0.7903%; Mg: 3.473°%; Si: 4.5'57; Fe:
ing to the best-fit model. The Fe abundance is determined cmyﬁg;gg. The abundances agree with solar photospheric abun-
the Fe L-shell~ 1 keV complex, mainly the Fe XVII lines at dances for Ne, Si, and Fe at Jevel, while O is underabundant
0.73, 0.82, and 1.02 keV with a total intensity of 713 countby a factor of about 3 relative to solar photospheric values, and
The abundance of Ne is derived from the He-like Ne IX line &flg is overabundant by a factor of 3.4. For solar-type stars Mg

5.1. Temperature and abundance analysis
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has come out to be overabundant in several observatiame{G
etal. 1997a,b).

The abundances relative to hydrogen are poorly constraingd « M
because in this soft spectrum with only little high-energy fluxg
the pure continuum in the spectrum is too weak to form a goad
reference. But the abundance ratios relative to Fe are much mae
robust. We have checked this by fixing the Fe abundance to its
best-fit value of 0.77 and varying the other abundances and de-
termining the uncertainties in the ratios to the Fe abundancé.
The abundance ratios relative to Fe with respect to the corré—
sponding solar abundance ratios are given in Table 1. We remark
that the given uncertainties are lower limits because the effects ‘
of systematic errors in the atomic data (excitation rates and ion- o - ] bt
ization balance) can probably not always be neglected and in 0.01 0.1 ! 10
the case of the Ne abundance the effect of blending with the Temperature (keV)

Fe L-shell complex.

T
1

T
1

Fig. 2. The DEM (the emission measure per temperature bin) for the
ASCA SIS0 spectrum using the Multi-Gauss method with one temper-
5.2. DEM analysis ature component and with non-solar abundances (Table 1) (solid line).
For comparison the result of a polynomial fit is presented as a dotted
In reconstructing the DEM we have applied a multi-temperatuliee.
Gauss fitting method with a number of Gaussian temperature
components of finite width (characterized by the “standard de-
viation” o, where 2.3% ¢ is the FWHM on a lod@’ scale). We )
use a temperature grid between 0.01-10 keV witlhog 7=0.1 factor of two: the light curve of the G2 V star (comp. A) ex-
and adopt the set of abundances given in Table 1. By varyigited @ wavelike modulation, while that of the K1 V star (B)
the abundances step by step it turns out that this set of abgﬁplayed a more erratic behaviour, with evidence of_occa5|onal
dances is also the optimal one for the DEM analysis. For Jafing. The X-ray flux of B was on average about twice that of
acceptable fit one component is sufficient and we obtdir
20.0 (34 d.o.f.) for a narrows(= 0.014) Gaussian component A comparison by Schmitt (private communication) of three
at 0.27 keV and total emission measure of 5.41dm3 (cf. ROSAT PSPC spectrataken at differenttimes between 1992 and
Fig. 2), consistent with the result of Sect. 5.1. The analysis of th894 reveals that the three spectra cannot be fit by one single
ASCA spectrum does not require any significant DEM compépectral model, but instead exhibit a variation of a factor of 2-3
nent above about 0.4 keV up to 10 keV. This result is confirmé@ the soft (0.1-0.4 keV) region and a much larger variability
by a fit with 8 Chebyshev polynomialg? = 20.4, 29 d.o.f.) (3-% 30) in the hard (0.5-2 keV) band that overlaps with the
(cf. Fig. 2). The DEM shown in Fig. 2 has a peak temperatufeSCA spectral range. From the position of the centroid of the
comparable to that of the coronal emission measure distribut@®PC image Schmitt attributed the high hard-band signal to a
of the solar-like stax! Ori as determined by flare on the component B which interpretation is supported by
Schrijver etal. (1995) from EUVE observations. ltis Compéhe frequent detection of flare-like Varlablllty in the HRI I|ght
rable to the emission measure distribution of a modestly acti#drve ofa Cen B.
region on the Sun (e.g., Raymond and Doyle 1981, Dere 1982, Such a type of variability is consistent with the known flux
Bruner and McWhirter 1988, Doschek and Cowan 1984, Deaed spectral variability of the Sun during its activity cycle (e.g.,
and Mason 1993). Notice that the emission in the ASCA energp to a factor 100 in the SOLRAD 9 spectral band of 0.6-1.5
band of the average solar corona if viewed as a star (i.e. wikeV, cf. Pallavicini 1993). It is thus expected that weakly ac-
out no angular resolution) would be dominated by such actitiee solar-type stars such asCen will show large variations in
regions during the majority of the solar cycle. X-ray luminosity on a long-term (yearly) basis, due to activity
changes over their magnetic cycles. In addition, since only a
. _ modest portion of the surface of such stars will be covered with
6. Discussion active regions, the evolution of individual active regions and, in
particular, their rotational modulation, as they rotate onto and
out of the visible hemisphere, may dramatically change the X-
ray flux on atimescale of 1 day to weeks. The observed X-ray
Schmitt (1998) has reported the results of a monitoring canariability of o Cenis also consistent with the detected chromo-
paign ona Cen carried out by ROSAT on a daily basis ovespheric and transition-region UV line emission variability (of
about one month. The HRI resolved the X-ray emission of thup to ~ 30%) of botha: Cen A and B (e.g., Ayres et al. 1995,
two components A and B ef Cen (angular separation18”), Char et al. 1993), which has been attributed to rotational mod-
and each component displayed an overall variability of aboutiation (with periods of about 23 and 37 days for components

6.1. Source variability; temperature structure and X-ray
luminosity
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ple, Mewe et al. (1996) were able to jointly fit the simultaneous
EUVE and ASCA spectra of AB Dor. However, such a proce-
dure is not possible for the non-simultaneous EUVE and ASCA
observations of: Cen, simply because of the strong source vari-

= 5 3 ability (factor of > 3). Fig. 3 illustrates this. We compare the
i 1 observed ASCA SIS spectrum to the model spectrum predicted
E by the DEM derived by Drake et al. (1997) from the EUVE

g observations for their coronal model (their Fig. 8, lower panel,
o] E:’ abundances corresponding to last column of our Table 1), using

] theionization balance of Arnaud and Rothenflug (1985) also for
| | ] Fe. The model spectrum has been renormalized by multiplica-
2

tion by a factor of 0.3. (We note that the remaining differences

in the spectra can be probably explained above about 1 keV
by differences in the temperature structure and/or in the abun-
Energy (keV) dances, and around 0.5 keV by calibration effects). Because of
this strong source variability we abandoned a further detailed

Fig. 3. Predicted ASCA SIS spectrum ef Cen (thick solid line) for comparison between the EUVE and ASCA results (e.g., emis-
the EUVE coronal model of Drake et al. (1997), but multiplied by ion measure models) '

factor of 0.3, compared to the ASCA observations (crosses). L . .
Though a joint fitting and detailed modelling of data from
different instruments taken at different epochs is precluded for
A and B, respectively, cf. Jay et al. 1997, Guinan and Messiaaariable X-ray source such asCen, a crude comparison be-
1995). tween the various derived X-ray fluxes and temperature struc-
Can the ASCA obervations be compared with other sdfires fora Cen gives results that are generally consistent with
X-ray and EUV observations? A difficulty in comparing obsethe type of variability seen by ROSAT alone. We compare the
vations from differentinstruments is, apart from intercalibratiok-ray luminosity Lxﬁ as derived from different instruments
problems and incomplete models (e.g., missing linesinthe EWYM parentheses observation date; instrument passband in keV;
in the modelling codes), the fact that different instruments have;): EINSTEIN (26 Aug. 1979; 0.15-4; 4) (Golub et al. 1982),
different energy passbands, and that, for coronal sources, fR3SAT (2-3 Sep. 1992; 0.1-2.4; 3) (Schmitt 1997), EUVE (29
restricts the plasma temperatures to which they are sensitMay- 1 June 1993; 0.016-0.18; 6) (Mewe et al. 1995a, Drake
For example, the ROSAT data and part of the EUVE spectruehal. 1997), ASCA (27 Feb. 1996; 0.4-10; 1), and SAX (23-24
are dominated by a soff (= 0.1 keV) plasma component (seefFeb. 1997; 0.1-10; 3) (Mewe et al. 1998). This comparison in-
below) to which ASCA is essentially blind. dicates that the X-ray luminosity ef Cen varies by at least a
Our result obtained from the ASCA data can therefore lf@ctor of several on a timescale ¢f1 year.
considered only as an idealization of the true continuous coronal We now briefly discuss the coronal temperature structure of
temperature structure. On the Sun, broad emission measuresa02n as inferred from the various EUV and soft X-ray obser-
dominated by contributions from bright, non-isothermal loopgtions. The EUVE spectrum can be approximately described
in the lower corona. Such structures have a typical density®f a 27" model (" = 0.10 + 0.01 keV and0.22 + 0.04 keV
~ 10° cm~? comparable to that derived by Drake et al. (199%)ith EM’s in the ratio abot1 : 3) where the high temperature
and Mewe etal. (1995a) from the EUVE spectrum for the coropgclose to that] = 0.27 + 0.03 keV) derived from the ASCA
of a Cen and could therefore be expected fo€en as well. observations, while the low-temperature component is consis-
Therefore, the narrowness of our DEM reconstruction in otgnt with the ROSAT HRI observation (with a hardness ratio of
view merely indicates that our data with a limited S/N ratic0.88 corresponding t6 ~ 0.1-0.13 keV, cf. Fig. 2 of Bergifer
and limited spectral resolution can be satisfactorily representgtal. 1996). ASCA is essentially blind for such a soft compo-
by such a structure. It does not necessarily imply that higheient because most of the flux emitted by such a component is
resolution devices would find other temperature intervals ogoncentrated in the 0.1-0.4 keV band. The EINSTEIN IPC ob-
side our DEM to be devoid of emission measure. We believsrvations also implied a rather soft (= 0.18 4 0.34 keV)
however, that our DEM solution indicates the amount and avepectrum (cf. Golub et al. 1982) at this early epoch of obser-
age temperature of the most dominating portions of a structusggion. Finally, the results of recent SAX LECS observations
corona emitting at energies visible by ASCA 0.4 keV, i.e. (Mewe et al. 1998) yield a soff{ = 0.09 + 0.01 keV) com-
hot active regions). ponent similar to the soft EUVE and ROSAT components, and
If the source is not intrinsically variable, or wheraT = 0.5+ 0.1 keV component somewhat higher in tempera-
simultaneousneasurements by different instruments are avatlire than the hotter EUVE component, but which for SAX has
able, then a unique description of the coronal emission shouall emission measure that is about six times weaker than that
exist in principle, even though any single instrument would not
be able to find that entire solution, being insensitive to othet (in 10?7 erg/s normalized to the ROSAT PSPC (0.1-2.4 keV) en-
parts of the spectral and thus temperature domain. For examyy band which overlaps at least part of all other energy bands)

. . . . . 1
0.5 1

T
o
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of the soft component. Although comparison of temperaturage also possible such as suggested by Sheely (1996) in which
inferred from instruments with different bandpasses and speeutrals are driven out of magnetic loops as they form and evolve
tral resolutions is even more fraught with possible systemafiom the chromosphere. Though solar spectra generally do not
efforts than the comparison of fluxes, these various measweem to show evidence for gravitational settling it is interest-
ments are suggestive of variations of the coronal temperatinmg to note that van den Oord and Mewe (1998) show that in
structure, particularly the higher temperature part of the DEMrinciple effects on the abundances can occur due to the density
similar to those seen in the individual ROSAT PSPC spectigtatification caused by gravitational setting in coronal loops.
measurements (Schmitt, priv. comm.). Drake etal. (1997) have analyzed the same EUVE spectrum
From a study in X-rays of the age evolution of solar-typef a Cen as Mewe et al. (1995a) did and found a similar emis-
stars Gidel et al. (1997b) have established a general decaysion measure distribution below 1 kBWhey have investigated
activity as well as a softening of the spectrum with increasirige coronal composition and concluded by comparing derived
age or decreasing rotation period. We expectdden with emission measures and measured line ratios of elements with
an age of 5-6 Gyr a dominant coronal temperature in the rariger and high FIP that the coronal regions which dominate the
~ 0.17-0.32 keV (within the & error bars), at least for the A- EUV spectrum appear to be characterized by a solar-like FIP
component (G-star). Although in our observations we canreffect (for the first time for a solar-like star other than the Sun
separate the G-star from the twice brighter K-star we canwith similar activity): low-FIP elements (Mg, Al, Si, Ca, and
least give from our resulting DEM an upper limit consisterfte) are overabundant relative to the high-FIP elements (O, Ne,
with that expected for a solar-like star about as old as the Sand S) by a factor 2-3. From their quoted abundance ratios
To make definite conclusions about the coronal properties of thie derive the corresponding ratios relative to solar photospheric
solar-type G-component we have to wait for spatially resolvedtios presented in Table 1.
spectral observations of the twoCen components with the  If we compare these EUVE results with those inferred from
low-energy transmission grating (LETG) on AXAF. the analysis of the ASCA spectrum (Table 1) we see that the
abundance ratios are differéhin both sets we see indications
of a FIP effect but the detailed correspondence for a given el-
ement is rather poor. If we compare our results with those for
Meyer (1985) and Feldman (1992) have reviewed the subjéite average solar corona (Table 1) we notice that the O/Fe ratio
of non-photospheric solar coronal abundances and presentiggonsistent with a FIP effect (which was also found by Drake
idence that the solar corona, wind, and energetic particlesetllal. (1997), see their Fig. 7), that Mg is clearly overabundant
exhibit a similar pattern of abundances, namely an underab(@tidel et al. 1997a,b found with ASCA for three single solar-
dance of elements with high first-ionization potential (FIP) vatype stars Mg to be twice overabundant, while the other abun-
ues Ei,n > 8 eV) relative to elements with lower FIP val-dances were solar), while Si and Ne may be solar photospheric
ues by factors ofv 1-10, depending on the types of coronahlthough the Ne result may be affected by blending in the Fe
structure observed. The quiet corona, including evolved activeshell complex. If we compare the abundance ratios with re-
regions, and slow solar wind show a steady low FIP enhanspectto another element (e.g., Ne) to those in parentheses for the
ment of about a factor of 4. The “FIP Effect” in the full-diskSun we obtain: [O/Ne]=040.2 (0.9), [Mg/Ne]=4.41.7 (3.9),
solar spectrum has received less attention, partly because {$itNe]=5.8+4.5 (3.6). These ratios are in agreement except for
lack of full-disk observations. This is unfortunate because it @/Ne. One may infer that the abundances of either O or Ne are
only full-disk observations that can be compared directly to stelifferent from their solar photospheric values. If O deviates,
lar observations. However, Laming et al. (1995) have recenthen the close similarity between the solar an@en’s O/Fe
re-analyzed 25 year-old EUV spectra of the solar corona aradio suggests that both O and Fe are 'underabundant’ by the
find evidence for a factor of 3-4 enhancement in low-FIP elsame factor{ 2.5) relative to the solar corona, contradicting,
ments (compared to their photospheric values). This enhanbewever, what we expect from a FIP effect. But we should note
ment was only observed ifi > 0.1 keV plasma. As discussedhat ASCA is sensitive to active regions in which the abundances
by Laming et al. (1995), the enhancement of low FIP elemeriéomalies’ are expected to be most variable.
at these temperatures is consistent with what one would expectWhat effects could influence the determination of the abun-
when the full-disk emission is dominated by active regions. Aflances from different instruments? Mewe et al. (1995a) and
lower temperatures, the dominant emission is that observed-to
concentrate at supergranular boundaries. Laming et al. (1995) Drake etal. found the maximum DEM at a slightly lower temper-

concluded that this supergranulation emission does not exhfitre (0-19 keV) than Mewe et al. (0.23 keV), while the difference in
a significant enhancement of low FIP elements scale (factor 6) is easily explained by the fact that Drake et al. took
) DA&logT = 0.3 instead of 0.1, and corrected the DEM by a factor of 2

6.2. Abundances

. A commonly sugg_ested explanation (e.g., Feldman aj counting for the fact that only half of the coronal photons are seen
Widing 1990, McKenzie and Feldman 1992, von Steiger a ich, however, is only true for a low-height, homogeneous corona.

Geiss 1989) for theS? anomalous_ abundances is that they areysjng the Araud-Rothenflug ionization balance also for Fe as
due to a preferential siphoning of ions as compared to neutrgigke et al. (1997) did in their analysis of the EUVE spectrum we
into the corona from out of the lower chromosphére{ 10*K)  obtain from the ASCA spectrum the same results (within the error
by some process that is not yet well understood. Other proceds®s) as those given in Table 1.
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Drake et al. (1997) found from the EUVE spectrum similan fact, it would be even more desirable if multiple AXAF ob-
DEM distributions below about 1 keV; the first authors found servations at widely separated intervals (years, say) were ob-
problem at higher temperatures. In order to fit the whole spdained, so that the present evidence for variability of the coronal
trumincludingthe EUVE SW continuum the Mewe et al. modelabundances (based on observations by different instruments at
had to invoke a high-temperature @ keV) componentin order epochs separated by a few years) could be either confirmed or
to match the line-continuum ratio. Drake et al. (1997) did noéfuted.

encounter this problem because they derived their relative abun-

dances solely from line ratios and therefore did not constrain thgknowledgementsPart of this work was made possible by the sup-
continuum intensity level. port of the Space Research Organization of the Netherlands (SRON).
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and Schrijver et al. (1995) suggested that several effects could
be responsible for the relatively weak line-to-continuum ratio
observed in the EUVE spectrum such as the depletion of megferences
abundances (important for ASCA spectra of the more active R¥ders E., Grevesse N., 1989, Geochimica et Cosmochimica Acta 53,
CVn stars, but probably less important for the weaker stars), the 197
omission of many weak lines in the current plasma codes whigmaud M., Raymond J., 1992, ApJ 398, 394
together may form a “pseudo-continuum” just in the EUVE SWrnaud M., Rothenflug R., 1985, A&AS 60, 425
band (Schmitt et al. 1996, Drake et al. 1997), or optical-depfires T.R., Fleming, T.A., Simon, T. etal., 1995, ApJS 96, 223
effects (Schrijver et al. 1994, 1995). FerCen probably only Berifger T.W., Schmitt J.H.H.M., Cassinelli J.P., 1996, A&AS 118,
a few strong lines in the EUV region are marginally opticall i _ . . :
thick (Mewe et al. 1995a). Because optical depths scale wﬁﬁoiujé'\ll\ééDfXgaJ'M" Thomas R.J., Monsignori-Fossi B.C., 1996,
wavelen.gth we expect that in the ASCA bqnd scattering effegﬁmgr M.E., McWhirter R.W.P., 1988, ApJ 326, 1002
arelessimportant. Lacking furtherinformation, we neglecttheggie B.E.. Mountain R.W., Harrison D.C. et al., 1991, IEEE Trans.,
effects in the determination of the ASCA abundances although gp-38, 1069
we know from spectral observations of solar active regior;ls th&tiar S., Foing B.H., Beckman J. et al., 1993, A&A 276, 78
such effects can play a role (e.g., for the Fe XVII 15.045 Chmielewski Y., Friel E., Cayrel de Strobel G., Bentolila C., 1992,
line [Phillips et al. 1997]), and probably even in disk-averaged A&A 263,219
spectra because of the asymmetric distribution of active regidp@ye K.P., 1982, Solar Phys. 77, 77
over the stellar disk. Dere K.P., Mason H.E., 1993, Solar Phys. 144, 217
The hypothesis that there are missing lines in the EUV 7@950h.ek G'A" Cowan R.D., 1984, ApJS 56, 67
140 7—\) Wg\ljelength band is being inves?igated by Liedahf etotamT., Mitsuda K., Ezuka H. et al., 1996, ASCA Newsletter No. 4,
al. (1998) who are performing calculations with the Livermorg, ,xe 3.3, 10964, in: Pallavicini R., Dupree AK. (eds.), Cool Stars,
HULLAC code in this band where lines of the Fe M-shell and  sie|iar Systems, and the Sun, PASP Conf. Series, p. 203
Ne to S L-shell complexes are formed. As an early result, thgyake J.J., Laming J.M., Widing K.G., 1997, ApJ 478, 403
have obtained for the ion Fe IX a significantly larger§ times) Drake S.A., 1996b, in: Holt S.S., Sonneborn G. (eds.), Cosmic Abun-
flux in this wavelength region than that predicted in the current dances, ASP, San Francisco, p. 215
version of the SPEX code (Liedahl et al. 1998). Drake S.A., Singh K.P., White N.E., Simon T., 1994, ApJ 436, L87
Though all these effects can influence the derived abufldman U., 1992, Phys. Scr. 46, 202 N
dances there is at the moment no unique explanation for {Fadman U., Doschek G.A., Behring W.E., Phillips K.J.H., 1996, ApJ

different abundances derived from different observations aEgldAfrgg’nlSSL\lNiding K.G., 1990, ApJ 363, 202

the possibility. remains that they are due to systemati_c eM¥Sdman U., Mandelbaum P., Seely J.F., Doschek G.A., Gursky H.,

that are affecting one or both of the abundance determinations. 199> ApJs 81, 387

However, we note that for the Sun (and by analogy probaliyannery B.P., Ayres T.R., 1978, ApJ 221, 175

also fora Cen) elemental abundances can differ between yourgrenlid I, Meylan T., 1990, ApJ 350, 827

active-region loops and older quiet loops (e.g., Feldman 199@plub L., Harnden Jr. F.R., Pallavicini R. et al., 1982, ApJ, 253, 242

As a result this may affect, even when averaging over the épi:del M., Guinan E.F., Mewe R. etal., 1997a, ApJ, 479, 416

tire disk, the mean coronal abundance as the balance betweggg! M., Guinan E.F., Skinner S.L., 1997b, ApJ, 483, 947

quiet and active regions shifts through the solar cycle. We m@&tinan E., Messina S., 1995, IAU Circular 6259
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. . . . Kaastra J.S., Mewe R., 1993, Legacy, 3, 16
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. . aastra J.S., Mewe R., Liedahl D.A. et al., 1996b, A&A 314, 547
from the EUVE analysis), but that in order to better constrajfL <12 35 Mewe R Nieuwenhuijzen, H., 1996a, in: Yamashita K

the absolute abundances relative to hydrogen and the relative\yatanabe T. (eds.), UV and X-ray Spectroscopy of Astrophysical
[Ne/Fe] abundance (both of which are presently inconsistent and Laboratory Plasmas, Universal Academy Press, Inc., Tokyo,
with their FIP effect values) a high S/N ratio and spectral reso- p. 411

lution, broad-band pass AXAF observation is highly desirableaming J.M., Drake J.J., Widing K.G., 1995, ApJ 443, 416
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