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ABSTRACT

Context. Low-mass stars are known to exhibit strong X-ray emissiorindutheir early evolutionary stages. This applies also to
classical T Tauri stars (CTTS), whose X-ray emissidiieds from that of main-sequence stars in a number of aspects.

Aims. We study the specific case of RU Lup, a well known accretingvaind-driving CTTS. In comparison with other bright CTTS
we study possible signatures of accretion and winds in Mweay emission.

Methods. Using three XMM-Newton observations of RU Lup, we investigas X-ray properties and their generating mechanisms.
High resolution X-ray spectra of RU Lup and other CTTS are parad to main-sequence stars. We examine the presence off a co
plasma excess and enhanced plasma density in relation &ys<from accretion shocks and investigate anomalous siXeray
absorption and its connection to winds or circumstellaramak

Results. We find three distinguishable levels of activity among theeslations of RU Lup. While no large flares are present, this
variability is clearly of magnetic origin due to the corresging plasma temperatures of around 30 MK; in contrast tlo¢ lasma
component at 2—3 MK is quite stable over a month, resultingvierage plasma temperature from 35 MK down to 10 MK. Density
analysis with the Qu triplet indicates high densities in the cool plasma, sutjggsccretion shocks to be a significant contributor to
the soft X-ray emission. No strong overall metal deplet®aliserved, with Ne being more abundant than Fe, that isatwalue, and
especially O. Excess emission at 6.4 keV during the moreeaptiase suggest the presence of iron fluorescence. Addiyié®U Lup
exhibits an extraordinary strong X-ray absorption, incatitge with estimates obtained at optical and UV wavelesigBomparing
spectra from a sample of main-sequence stars with thosecoftang stars we find an excess of cool plasma as evidencealey |
Ovu/O v line ratios in all accreting stars. High density plasma appéo be only present in low-mass CTTS, while accretingsstar
with intermediate masses M,) have lower densities.

Conclusions. In all investigated CTTS the characteristics of the coolea) emitting plasma are influenced by the accretion process
We suspect dierent accretion rates and amount of funneling, possibketirto stellar mass and radius, to be mainly responsible for
the diferent properties of their cool plasma component. The eiarggdtX-ray absorption in RU Lup and other CTTS is probably
related to the accretion flows and an optically transparémd wmanating from the star or the disk.
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1. Introduction accreted from the stellar disk onto the star at almost fadlaxé-
locity along magnetic field lines that disrupt the accretitisk
T Tauri stars as a class are very young low-mass stars. The mamthe vicinity of the corotation radius. Upon impact a sgon
bers of the subclass of so-called classical T Tauri stard 8T shock is formed near the stellar surface and the funnelinigeof
are still accreting matter from a surrounding circumstedigk. accreted matter by the magnetic field leads to "accretiotsSpo
CTTS are thought to evolve first into weak-line T Tauri starwith filling factors at the percent level with respect to thellar
(WTTS), where they become virtually disk-less and show reurface; therefore only a small fraction of the stellar acefis
longer signs of significant accretion, and eventually irdtas covered by the accretion spots. This accretion shock plasma
like star on the main sequence. Ongoing accretion in a CTE€8pected to reach temperatures of up to a few MK and thus to
is evidenced by an emission lines spectrum and specificalljyose a large fraction of its energy at UV and soft X-ray wave-
large Hv equivalent width (EW>10 A). Further, the strong ob- lengths. The accreted plasma does not necessarily have to be
served infrared excess indicates the presence of a diskinin cat high density. However, if one wants to achieve the inférre
trast, WTTS have much weakeraHemission and little or no small filling factors at the percent level and the otherwisteed
IR-excess. The increasing dominance of the underlyingizontmined mass accretion rates of £6- 10"M, yr?, the infalling
uum emission over the optical stellar absorption line spect gas must then be at rather high density>(ri0' cm3). The
gives rise to another sub-classification into moderatéedeind accretion process is accompanied by outflows from the sthr an
extreme TTS. However, these strict subdivisions are soraewRossibly also from the disk, that probably also play an impor
arbitrary and blurred since for examplexk¢mission is highly tant role in the transport of angular momentumt&ient mass
variable and dters also within the CTTS class by more tha@ccretion rates and filling factors fi#irent stellar properties like
an order of magnitude. A detailed account of the pre-main g@ass, rotation and activity andirent viewing angles naturally
quence (PMS) stellar evolution of low-mass stars is given tgad to the observed variety of theffdrent CTTS phenomena.

Feigelson & Montmerle (1999). X-ray emission from T Tauri stars has already been de-
In the commonly accepted magnetospheric accretion modetted with theEinstein and ROSAT observatories, and both
for CTTS (Calvet & Gullbring 1998) material is assumed to bg/pes of TTS are found to be copious and variable X-ray emit-
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ters. The origin of the observed X-ray emission is currentgmission lines. The line profiles are also strongly variaivid
subject of some debate. Since all main-sequence "cool’ stasymmetric, suggesting both infalls and outflows with vieloc
i.e. stars with outer convection zones, are surrounded by f#ies up to 300—-400 kys. Specifically, Lamzin (2000) attributes
ray emitting coronael (Schmitt & Lief<e 2004), some kind othe origin of the observed lines profiles in the HST UV spectra
magnetic activity is expected also for their PMS countegpato accretion shocks and stellar winds. From optical higbltes
with their deep outer convection zones. Indeed, large samfibn spectra Stempels & Piskunov (2002) determined mass and
studies like COUPChandra Orion Ultradeep Project) showedradius of RU Lup toM ~ 0.8My andR ~ 1.7R,. They fur-
that most of their observed X-ray emission is of coronaliarigther derived a projected rotational velocity\adin(i) = 9 knys
(Preibisch et al. 2005). Further, magnetic fields, conngaiar and detected variability on short time scales of 1h. Togethe
and disk, have been invoked to explain the huge flares ob$erwdth various proposed periods (0.8-3.7 d) this suggestsian i
in CTTS (Favata et al. 2005a). clination between @nd 16, i.e. a system that is viewed nearly

On the other hand, the presence of accretion streams zm(l)_e—on with rather hig_h intrinsic rotation. Finally, thdy.\rived
outflows opens up additional possibilities for the generatf &N interstellar absorption column towards RU Lup with a cor-

X-rays. Collimated winds have been observed as X-ray jetssPonding N(H36.3 x 10*cm-2. Combining literature data
Herbig-Haro objects (Pravdo etlal. 2001; Favata bt al.)2a08) With results derived from FUV data obtained with FUSE and
in CTTS like DG Taul(Gidel et dl. 2005). Accretion shocks afgS /STIS, | Herczeg et al: (2005) estimated RU Lup to be an
expected to generate plasma at a significantly higher gendit6—0-7Mo star gv'th an age of 2—3 Myr and a mass accretion
than stellar coronal plasma and their soft X-ray emissiam c&t€ 0f~ 5x 10°Mo. Their derived hydrogen column density

be traced by density sensitive line ratios, e.g. betweepider Of 109 N(H)= 20.1 + 0.2¢cnT?, corresponding to an extinction
den and intercombination lines in the He-like triplets of© ©f Av ~ 0.07, is again quite low. Combining and summarising

and Nex. Anomalously low ratios of these lines have beefhese findings we conclude that RU Lup is probably an opicall
observed for several CTTS, e.g. TW Hya (Kastner &t al. 200&ther mildly absorbed system viewed aimost pole-on.
Stelzer & Schmitt 2004), BP Tali (Schmitt etlal. 2005), CR Cha_While the Einstein IPC failed to detect X-ray emission
(Robrade & Schmift 2006), V4046 Sgr (Glnther éf al. 2006) §0™M RU Lup with an upper flux limit of P x 10 *ergcm®
MP Mus [Argiroffi et all 2007) and the inferred high plasma derg 1N the 0.5-4.0keV band_(Gahin_1980), X-ray emission

sities suggest the presence of X-ray emission from shocks'§¥n RU Lup was detected 1993 in a pointed 15-7k33 ROSAT
postulated in the magnetospheric accretion scenario. PSPC (0.1-2.4keV) observation at a rate ok A0 ctys
(2RXP catalog). Using the energy conversion factors givwen b

However, not all accreting stars seem to show high densjg hauser et all (1995), this corresponds to an X-ray flux of
plasma. The prototypical, but not necessarily typical TT&Ul _ 1 10 Bergem?s ! and an X-ray luminosity of lodx =
itself is an example where density diagnostics of cool p@as 5g 4 ergs? for a distance of 140 pc.

seen in O/ indicate a lower density that is more comparable In this paper we present three néWM-Newton observa-

to active main sequence sters (Gudel et al. 2007). Fudbere- s of RU Lup with a total exposure time of 84ks, performed
tionis only capable of producing plasma with temperatufe@o over the course of a month in 2005. Our paper is structured as
to a few MK (e.g. Gunther et al. 2007), and therefore cont8b  ¢50ys. In Sect R the X-ray observations and the data aisly
nearly exclusively to the low energy X-ray emission. HoWeve, o qescribed, in Sefl. 3 we present our results derivedtfiem

in all CTTS - even in the accretion dominated, "soft” TW Hya x\1\-Newton observations of RU Lup subdivided intofigirent
high temperature plasma is observed, which together wih hysical topics. Finally, in Se€f 4 we compare RU Lup to fssu

strong flaring requires magnetic activity to be also present f,,, x _ray diagnostics of several CTTS and specifically dés
these objects. A comparative study of several b_nght CTTS in accretion and wind scenarios in the context of their X-raysem
cated the presence of X-rays from both accretion and magnej

fon in general that is followed by our conclusions in 9éct. 5
activity, but with diferent respective contributions in the indi- g y %
vidual objects/(Robrade & Schmitt 2006). Altogether, mdgne _ _
activity is the dominant source of the X-ray emission in mo&. Observations and data analysis

g;n-l;s 2:):1?225?; trggtﬂgrsi?f )r(g'rzi ehr%\i/;z\iloer:.accretlon Ca"f'SIQFhU Lup was_observed b¥MM-Newton three times in the course .
i ) ) _of a month in AugugSeptember 2005 for roughly 30ks each;

RU Lup is a late K-type CTTS with a high accretionhe detailed observation times are listed in Table 1. Dateewe
rate_and an extreme optllcal veiling. It has been extensivgken with all X-ray detectors, respectively the EPIC (Fean
studied especially at optical and UV wavelengths and a rehoton Imaging Camera), consisting of the MOS and PN detec-
view of its_basic stellar properties is given by Lamzin et ajors and the RGS (Reflection Grating Spectrometer) as well as
(1996) anc_Stempels & Piskunov (2002). Lamzin etial. (199€)e optical monitor (OM) . The EPIC instruments were opetate
present a magnetospheric accretion model for RU Lup basfdull frame mode with the medium filter, while the OM was op-
on multi-frequency monitoring and high-resolution optidata. erated with the UVW1 filter, which is sensitive in the wavethan
While there was some debate about the distance of RU Lggtween 2000—4000 A with arffective wavelength of 2910 A.
(140—-250pc), recent estimates indicate a value-af40pc  The OM exposures typically lasted around 4ks and allow an
(Hughes et al._1993), which we adopt for this paper. Alreadytcurate determination of RU Lup’s respective UV brightnes
Lamzin et al. [(1996) pointed out that their derived reddgnirburing each X-ray observation six exposures of the centh fi
sets an upper limit to RU Lup’s distance ©f150 pc, when at- containing RU Lup were taken.
tributed only to interstellar material, also indicatingrydittle All data analysis was carried out with tH&VIM-Newton
circumstellar absorption. RU Lup is highly variable andwho scijence Analysis System (SAS) version 7.0 (Loiseaulet al.
strong accretion signatures with a large BW of 140 A up to [2006). Standard selection criteria were applied to the dath
216 A (Appenzeller et al. 1983). Virtually no photospherie a periods with enhanced background due to proton flares were
sorption lines are detected in its spectrum due to subatai discarded from spectral analysis utilising the high enexggnt
tical veiling, on the contrary, the optical spectrum showangn rates of the respective detectors. All X-ray light curves ar
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Table 1. Observing log of th&XMM-Newton RU Lup exposures. dence range and were calculated separately for abundamdes a
temperatures by allowing variations of normalizations agd

Observation MOS (filt.) OM spective model parameters. Note that additional unceieain
Date Time Dur.(ks) Exp.(no.) may arise from errors in the atomic data and instrumental cal
August 08 2005 04:19 —12:54 30(28) 6 ibration which are not explicitly accounted for.
August 17 2005  09:17 — 17:02 27(15) 6
Sept. 0407 2005 18:30 — 02:16 27(22) 6
3. Results

3.1. X-ray light curves and variability

background subtracted, the background was taken from yeafhie XMM-Newton X-ray light curves of RU Lup are shown in
source-free regions. Spectral analysis of the EPIC datacaras the upper panel of Figl 1. We observe a steady decline in X-ray
ried out with XSPEC version 11.3 (Arnaud 1996) and is pebrightness by a factor of three over a month. Note that be&caus
formed in the energy range 0.2—10.0keV. The RGS data of thkthe large time gaps between the observations (9 and 20 days
individual observations is of very low SNR, we therefore geat  respectively) this decline don’t need to be monotonic. étal-

the data from all three observations using the tgstombine. ready in the first observatidrk declined by roughly 40% within

We note that the X-ray source RX J1556.4-3749 of unknowtb ks but started to rise again towards the end of the observa-
type lies in the read-out direction of the RGS, tiftset in the tion. During the second observation the count rate incoebge
dispersed spectra is around -0.5A . Therefore RX J155644-370ughly 50% and short-term X-ray variability is quite commo
could in principle contaminate the RGS spectra of RU Lup, biit all observations. We can rule out the presence of stromg fla
being substantially absorbed as deduced from its EPIC igpedg Within the individual observations, however the Aug08t

its contribution to the here discussed spectral lines apelaally  light curve may be interpreted as a part of the decline phése o
the Ovn triplet is negligible. To reduce background and detect@ larger flare. At any rate, the observed overall declinenduri
noise dfects we extracted RGS spectra from the standard soufée XMM-Newton observations is very likely accidental due to
region at phases of very low background (95% PSF, backgrouitirse temporal sampling.

rate< 0.25 ctgs) as well as from the line core at low background
(66% PSF, background ratel ctgs) and cross-checked the de-

rived results. For line fitting purposes we use the CORA mogr  o.30f

(Ness & Wichmanh 2002), using identical line width and assum Jf

ing Lorentzian line shapes. Emitted line fluxes are corcefiie 0.25¢ J@fﬂ%% { % 1

absorption by using thismtau-tool provided in the PINTofALE o020l i #ﬁﬂ JMF 1t

software [(Kashyap & Drake 2000). El JFJF* %’Ej %%
The data of the EPIC detectors are analysed simultar@-.is| ] f

ously but not co-added for each observation and are modeled %Fﬁ*

with a multi-temperature model assuming the emission speg-0-10t 1T **** 5 bk
trum of a collisionally-ionized, optically-thin gas as calated % **%%**
with the APEC code (Smith et’dl. 2001). We find that a three- | oso08 I 1708 Il 06.09
temperature model adequately describes the data. Absoipti  0.00 furr . bt N

the circumstellar environment and in the interstellar medis 5 104 * x x« x x x i %y
significant and is applied in our modelling as a free parame-10.6} 1t I *oxox
ter. Abundances are modelled relative to solar photosphati = 98} Toxw yx *F

ues as given by Grevesse & Saival (1998). The low FIP (First' ' o0 o 0 o
lonisation Potential) elements Al, Ca, Ni are tied to the Bera Time (ks)

dance; for other elements with no significant features inmba- _. . . . .
sured X-ray spectra solar abundances are used. Since ﬁbsorp':'g' 1. Light curves of RU Lup determined with the PN instru-

the coolest plasma temperature and abundances do not-sigmfint (1ks binning) in the energy band 0.2 ~5.0 Keper pan-
cantly difer between the observations, they are modelled wigt and OM UVW1 magnitude per exposuftower panels).
variable, but tied values to ensure a consistent analysibeof
data. We then derived the temperatures and volume emissionThe OM UVW1 flux observed from RU Lup is plotted in the
measures (EMf nenydV) of the individual plasma componentsower panel of Fig.1l. Note that derived magnitude errorsiare
for all three observation and calculated correspondingyXhi- the range of 0.01 mag and below the size of the shown symbols.
minosities from the resulting best fit models. Some of thedit pWe find variations in UVW1 brightness of up to 0.5 mag between
rameters are mutually dependent. This interdependenagymathe three observations, however these variations do noélete
affects the strength of absorption and emission measure of ifieh the observed X-ray brightness and have a far lower ampli
cooler plasma at a few MK, but also emission measure cotade compared to the variations seen in the X-rays. Addition
ponents and abundances of elements with emission linegin VW1 variability is observed within each observation of tire
respective temperature range. Consequently, models ¥i#r-d der 0.1—0.15mag. Some of these variations appear to be cor-
ent absolute values of these parameters but only margifial delated with the X-ray flux, possibly in the second and espe-
ferences in its statistical quality may be applied to dégcthe cially during the third and X-ray faintest observation. \éha
data. time-resolved X-ray spectral analysis within each obderxaa
Our fit procedure is based gyf minimization, therefore suffers from the poor signal and a correlation for six exposures
spectra were rebinned to satisfy the statistical demandmwiha might be a chancefkect, the fact that the correlation is most
imum value of 15 counts per spectral bin. All errors derived istrongly present during the low-activity phases, wheresibii
spectral fitting are statistical errors given by their 909 féo X-ray component becomes more important, supports the view
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that at least some of the X-ray emission might be caused by thelly in a phase of enhanced activity in autumn 2005, in@&gre
same physical process as the observed UV emission since rtient with the results from our spectral fitting. Even durihg t
OM UVWL1 is quite sensitive to flux emitted from the accretiotthird and X-ray darkesKMM-Newton observation, the deter-
spot region. mined flux of RU Lup is nearly 20% above the ROSAT value
and similar to thecinstein upper limit.

From our spectral fits we derive a moderate absorption col-
umn of Ny = 1.8 x 10%*cm~2 when compared to typical val-
To study the global spectral properties of the X-ray emissidies for CTTS [(Robrade & Schmitt 2007). However, recalling
from RU Lup and investigate its changes we use the EPIC daifaat the opticgUV extinction measurements suggest columns
In Fig.[2 we show the PN spectra and the best fit models for the~ 10°°cm2 and the fact that RU Lup is viewed close to pole-
three observations to indicate data quality and spectaiglis on, the absorption value derived from the X-ray data appears
between the observations. Obviously the spectrum is havitier extremely large. In order to reconcile X-ray and opficM ab-
increasing X-ray brightness and the plasma at hot tempesatusorption columns requires an optically transparent medidtm
is more prominent. Very hot plasma @0 MK) is also evidenced X-ray absorption, an issue we will return to in the next smcti
by the presence of the 6.7 keV iron line complex in the data We find no strong overall metal depletion, however, some
from August 8. In order to quantify the spectral changes, wifferences for individual abundances are present. While the
fit the EPIC data of the individual observations with a threenodelled abundances of medium FIP (O, Si, S) elements are
temperature model as described above and present the dlerimederately subsolar, the low FIP (Fe, Mg) elements show a
model parameters in Taljle 2. Note that while absorption ah@jher abundance around or slightly above solar value and es
abundances do not vary significantly between the expoditees, pecially the high FIP elements (Ne) are enhanced. A high Ne
of similar quality can be obtained with a cool component ayveabundance is commonly observed in CTTS and in active stars,
low temperatures~ 1 MK) and a much larger EM, combinedbut a high Fe abundance is rather atypical for a young CTTS.
with moderately higher values for the oxygen abundaksand Depending on the specific model we find g/Geatio of 1—
interstellar column densitiy. 1.5 and N¢O of 2—2.5. Recently, Telleschi etlal. (2007) showed
that a dependence on spectral type might be present, with G-
type CTTS showing a higher Fe abundance (giOFgatio) as
CTTS of spectral type K—M. RU Lup’s spectral type is usually
classified as late K and its abundance ratios are interneeioiéat
E tween their K-M-type and G-type population, in contrasttgit
findings. We note that TW Hya, the prototypical accretion om
inated CTTS and also of spectral type late K, shows likewtise a
] FeO ratio of 1-1.5. Thus spectral type may not be the only rel-

] evant parameter for abundance irregularities and e.getaor
il properties may have to be considered.

3.2. Global spectral properties

0.01

normalized counts/sec/keV

Table 2. Spectral fit results for RU Lup, units arbly in

T s - 10%em2, kT inkeV, EM in 1%cm2 andLy observedemitted
Energy (keV) in10?%ergs™.
Fig.2. X-ray spectra (PN) of RU Lupctosses) and spectral fit
(histogram) for the three observations; top down;08 (black), Par. 0808 1708 0609
17/08 (red), 0609 (blue). Nk 1853 1803 1853
Fe Lo 10788 1079
H 0.29 0.29 0.29
We investigate in detail the decline in X-ray brightness S 0'64:8% 0'64:3-3 0'6{8%
throughout the observations and find that there are onlyimelrg o 060,527 0.600z;  0.605%
changes in the EM of the cool component around 2 MK in con- Ne 1.389%  1.3893%  1.389%
trast, the EM of the hot component decreases significantly by kT1 0.18792 0.189%%  0.185%:
factor of roughly six. At its brightest phase the EMD is domi- KT2 0.63002  (.3003 (57003
nated by a hot plasma component at 30 MK, and its decline in T3 ) 9718% ) 501832 ) 31}%83
EM is accompanied by a moderate cooling. In the third obser- e Co oo
vation also the intermediate plasma component is significan EM1 1.4%05 146050 155041
weaker and slightly cooler compared to the other two obser- EM2 273018 29495 14953
vations. Consequently the average coronal temperatungsdro EM3 8.720% 2.94°53¢ 1.379%
from 25 MK over 15 MK to 11 MK during the campaign, mainly ¥2q(dof) 1.03(457) 1.02(147) 0.90 (112)
caused by the decline of EM at temperatures around 20— 35 MK. Lx 13.2(20.9) 6.8 (12.5) 34 (7.1)

These findings suggest that the fainting of RU Lup by a factor o
three in emitted_yx is caused by a decline of its magnetic activ-
ity over a month, and hence that lack of any correlation betwe
X-ray and UV brightness for the three observations is not sur We also check for cool plasma that could be responsible for
prising. a possible UyX-ray correlation within individual observations.
To compare our results with previous X-ray measuremengince moderate absorption is present in the X-ray spettea, t
we also calculate our model fluxes in thimstein (0.5-4.0keV) required plasma temperatures have to bicgantly high to be
and ROSAT (0.1-2.4keV) bands. We find that RU Lup was atesponsible for any significant change in the X-ray lightveur
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Utilising the above derived value b, we find that plasma tem- ical eficiencies of 3% derived from Monte Carlo calculations
peratures of roughly 2.5MK are fiicient, matching the tem- (Bal(1979) to model iron fluorescence emission seen during so
perature regime where accretion shock plasma is expectedlar flares. However, on the Sun only the photosphere is iHumi
our 3-T models this corresponds to plasma mainly from theated by the X-rays. Largefficiencies can be obtained from
cool and partly from the medium temperature component. THiglden X-ray sources, i.e. active regions on the far sidénef t
cooler plasma is obscured by hotter plasma during the matar andor with additional target material. A natural explanation
active and X-ray brighter first observation, but becomes-domwould be the surrounding disk, which is likewise illumingtzy
inant especially in the third observation. Therefore thespla the stellar X-ray emission. A strong iron fluorescence lias h
properties derived from the spectral fits are consistertt thié also been detected in other young stellar objects like Bias
presence of a correlation between UV brightness and softyX-r(Favata et al. 2005b) or in the several COUP sources in Orion
emission originating from accretion shocks. A stronger&cc (Tsujimoto et al. 2005). Theses observations indicatertipmi-

tion component would result in a softening of the X-ray spgct tance of X-ray emission for the ionisation and consequéatty
provided that the usually hotter coronal component is stabdl poral evolution of circumstellar disks. While most prevsaie-
softening of the X-ray emission with increasing brightneas tections are related to strong flaring, K€mission from Elias29
been marginally detected during 2iMM-Newton observation was also observed in its quiescent state, similarly to thectien

of TW Hya (Robrade & Schmitt (2006), but the count rate ah RU Lup. Both sources share also the exceptional high coro-
RU Lup is not sificient to calculate meaningful hardness ratiosal iron abundance, which has been interpreted by Favata et a
and investigate this possibility. (2005b) as evidence for X-ray emitting plasma in magnetic flu
tubes connecting the star and the circumstellar disk. Miagne
field lines between the star and its disk are a natural ingredi

of the magnetospheric accretion model and could providena flo

In the spectrum of the observation on August 08 some exc&dresh disk material into the corona.
emission at energies below the 6.7 keV iron line complexss vi
ible, which might be caused by fluorescence emission from irg 4 oxygen lines - plasma density
K,.. After inspection of the PN spectrum in the energy range
4.5-8.0keV we added a narrow (10 eV) Gaussian componenY¥é use high resolution RGS spectra to measure emission lines
6.4keV to the three temperature model as shown inFig. 3 afigm Ovi and Ovm, i.e. the resonance (r), intercombination (i)
find that the quality of the spectral fit to improves signifitgn and forbidden () lines in the He-like triplet of @ (21.6, 21.8,
from szed = 1.33 (11 dof) to/yfed = 1.03 (10 dof). The derived 22.1A) and the Lyr line of Ovm at 18.97 A . We search for cool
flux from the improved spectral model in the fluorescenceineexcess plasma in CTTS compared to main-sequence stargvia th
5.5+ 4.3x 1077 photons cm? s™* and the fluorescence line fromO vi/O vu(r) line ratio, presented in Sekt. 4 and study the density
iron K, at 6.4 keV is present at high significance9q0%). of the cool (2—3 MK) plasma with the/f-ratio in the He-like
triplet of Ovu. A density analysis of moderately hotter plasma at
~ 4 MK could be carried out with the Ne triplet, but the unfor-
tunately only moderate SNR of the RGS spectra and non negli-
gible contamination from the second source (RX J1556.8874
in this spectral range prevents this analysis. On the othedh
as shown in Figl4, the @ triplet is clearly detected and shows
an the intercombination line significantly stronger thaa tbr-
bidden line. We extract the line counts from the spectrainbth
with the two extraction methods and list them in Table 3. Tee d
] rived physical properties are then calculated with linemsities
corrected for &ective area and absorption as adopted from the
EPIC model. The plasma density is determined from the oelati
f/i= Ry/ (1 + ¢/pc + ne/Nc) with f and i being the respective

5 55 5 65 7 75 line intensities Ry = 3.95 is the low density limit of the line

Energy (keV) ratio, N¢ the critical density and/¢. the radiation term, which

Fig.3. Spectral region covering the iron,Kine at 6.4keV and is neglected in our calculations as discussed below. Thiegpp
Fexxv line complex at 6.7 keV, shown with the three temperaalues are taken from (Pradhan & Shull 1981).
ture fit (solid) and with additional fluorescence lindashed).

3.3. Fluorescent emission

5x1073

normalized counts/sec/keV
2x1073

-3

10

5x107%

Table 3. Measured line counts from RGS data for RU Lup for

Under the assumption that the fluorescence emission fréi¢ two extraction regions described in Sgkct. 2.
iron K, is produced by the illumination of cooler material with
X-ray photons - in principle also electron excitation is §ies oviil OVIl- RGS1
ble - the exciting photons need to have energies above 7\11 ke gtde 7 z%sll 33 ggfz TETS r20 TR ! SEEE f
and_ the illuminated m_aterlal must be at temperatures2ifK. Core 23864 26362 22061 15340 4.0.32
While no large flare is present to produce these photons, the
hot plasma component might befSaiently bright to illumi-
nate the star and the disk. Additionally the pole-on geoynetr
of RU Lup is considered optimal for the production of fluo- We find a low f/i-ratio independent of the used PSF frac-
rescence emission. The required fluoresceffieeiency is of at tion, While actually the f-line is only marginally detectefdr-
least 5%, while for the best fit value up to 15—20 #hatency mally the derived values are if= 0.26 + 0.23 for the PSF core
are necessary. These values are somewhat larger than the ayal f/i = 0.41+0.31 for the standard region respectively. In both
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opens the possibility to investigate accretion scenariagool

1x107 n excess emission by comparing accreting stars with starsewhe
L only coronal processes contribute to the X-ray emission.
T Bx107°
nN<( |-
'e i
2 Bx1075 10.0 e
I 4xi0sf i
C C g i
2x107° - =
i T R s e el S I S ep E
ol = 1
21.4 21.6 21.8 22.0 22.2 S 7
Wavelength (A) 7
Fig. 4. Fluxed Ovu triplet from RGS data (PSF core, rebinned),

the background level is indicated by a dashed line. T T e e e o
T

Fig.5. Theoretical Grm(Ly,)/Ovu(r) line flux ratio calculated

cases the ®nu f/i- ratio is substantially below unity, resulting in With the Chianti database vs. temperature.
adensity ofhe = 4.4(2.7)x10"cm 3 for the two extraction meth-

. o T3
ohds. 'I;1he E’W%r I|m|thfcr>1r_ tEe d;”S'FY_ is 2(15) ><b101 crr|1 J c()ir)]d Instead of using broad band fluxes we use the ratio of two
the other hand much higher densities cannot be excludeddug g |ines that are commonly observed in stellar X-rag8pe

the weakness of the forbidden line. The PSF core result &2clo : :

. . \ .~ the Ovm Ly, line (18.97 A) and the ®u resonance line (21.6 A)
to the theoretically expected g-ratio{(f+i)/r) of around unity, _ . ; 8 ’
but both methods agree within errors. Thus RU Lup is anothWlth peak formation temperatures 6f3 MK and ~ 2 MK re

; L gﬁectively. In Fig.b we show the @u(Ly,)/Ovn(r) line ratio
CTTS that shows a high density in its coel @ MK) plqsma gs calculated with the CHIANTI V 5.2 code (Dere etlal. 1997;
component. Two#ects, namely the presence of an UV field an

. : Fandi et all 2006); it is very sensitive in the temperaturegeof
of coronal plasma at lower densities, may alter the actuaditie - ' . : 2
of the accretion shock plasma in either direction. The giitenf interest and therefore a powerful diagnostic tool. The sivity

the UV field_in the proximity of_the X-ray emi_tting plasma is-un gﬁ:xg 2{ t(gﬁégrg&rpégaggfo%eg ,t\t;le( cacl)r:(rjetshpe(?p ?;?gﬁ(lt‘% gz o
known, but its presence may influence the inferred plasma d ) !

sity. A strong UV radiation field would lower the derived i e ideal to investigate cool excess plasma as expected fro

o - - accretion shock models.
densities, however strong UV radiation also has to be attib Specifically. we compare the ratios of CTTS and other ac-
to accretion shocks since the photosphere of a late-typd cts P y; P

not produce a sfiiciently strong UV flux. On the other hand, acretlng stars with dficient signal in their high resolution X-ray

coronal contribution to the cool plasma, which is also pngse zfaergtg}[ s/c;rtir:)%?seagievziitsulfvdelly (?\lfsrgztssm’pcl)% f)f mg;g—tﬂshiguence
results in an underprediction of the derived density forXhray Y - — y

- . sample contains several prominent non-accreting young sta
emitting accretion shock plasma. Therefore we concludedlitiea . . . .
bulk of the cool X-ray emitting plasma in RU Lup is generate e AB Dor, AT Mic and AU Mic. Results for the Herbig Ae star

in accretion shocks. AB Aur are taken.fror.n Telleschi et aI.. (2007), th_ez(i(r) Iin_e is
inferred from their triplet flux assuming a g-ratio of unitye.

(r=f+i). For the CTTS sample we adopt the values for BP Tau,

4. An X-ray view on accretion and winds in CTTS CR Cha and TW Hya from Robrade & Schmitt (2006) with a

g-ratio of one for CR Cha due to lower SNR, for MP Mus from

RU Lup is a high accretion rate CTTS and it is useful to conirgiroffi et al. (20017), for V 4046 Sgr from (Glnther et(al. 2006)

pare its properties with those of other X-ray bright CTTStWi with a distance of 80 pc. T Tau is re-analysed here in the same

the increasing number of available medium and especialily hifashion as RU Lup (this work), where both extraction methods

resolution X-ray spectra for these objects we can studyasigrare shown. All given values refer to the emitted line fluxess, i

tures of two important processes in CTTS and in star-foronatithey are corrected for the respective absorption column.

at large, accretion and outflows. In Fig.[8 we plot the absorption corrected/@(Ly,)/O vi(r)

line ratio vs. the total oxygen luminaosity (the power enttta

the Ovmi(Ly,) and Ovu(r) lines) for accreting stars and main-

sequence stars. The graph clearly shows that our sample CTTS

While the X-ray emission of CTTS at higher energieand the main-sequence stars occupy quiféeint regions and

(E = 1keV) is dominated by magnetic activity, density analysi®rm two very well separated groups in the {@/Ovm) vs.

with He-like triplets and other line diagnostics suggest thc- (O vin+O vi) diagram. The correlation between the/@O vi

cretion processes contribute significantly to the soft Xemis- line ratio andL.yy for main-sequence stars is well known and

sion in many, and maybe even all CTTS. Since the disk trucaused by the on average higher coronal temperatures in the

cation radii are usually large, the accreting material faliimg more active and X-ray brighter stars.

with almost free fall velocities and hence post-shock ter@ape  The important point now is that the inferred ratios of all

tures of up to a few MK are unavoidable. Such plasma is still reaccreting stars lie below the corresponding values for main

atively cool with respect to typical coronal temperaturesative  sequence stars at the same oxygen luminosity. In other words

stars and should therefore lead to "cool excess” emissibis. Tat a given oxygen luminosity an accreting star has a smaller

4.1. Accretion, densities and cool excess
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o e st A B e e Al e ey Contrary, the star with the largest cool excess and espettial

- . largest oxygen luminosity, T Tau itself, is the only T Taugrs

L 1 that exhibits cool plasma at a lower density and actuallyssta

o i like T Tau are often not classified as CTTS, but as intermedi-

6l o _ ate mass TTS (IMTTS) that are thought to be predecessors or

© analogs of Herbig AeBe stars. In a related analysis of a TTS

sample in Taurus-Auriga that shows a soft excess in acgretin

stars compared to WTTS presented by Telleschilet al. (2€),

° Herbig Ae star AB Aur is found as another example of an accret-

ing star that exhibits a cool excess and a low density coshpéa

%, Both stars that show no high density plasma are of higher mass
V4046 Sqr (= 2 M) than the sample CTTS(1 M), suggesting a scenario

where accretion properties are linked to stellar propgriie.

mass and radius.

OVIII/OVII ratio
IS
I
<&
<&

<& AMP Mus
TW Hya
AB Aur Aéb Touy
ACR Cha

AN . .
L o o ARV Lup AT Tau | 4.2. Accretion models vs. observations

0 | | | | | Lo
0.0071 0.01 0.1 1 10 100 1000 We now compare our results with expected accretion shock

Oxygen luminosity (in units of 10% erg s7) parameters from calculations based on the magnetically fun
nelled accretion model described_ in Calvet & Gullbring (499
Discarding two object from the further discussion, V 4046 Sg
K5+K7, age~ 6 Myr,|Quast et gl. 2000) since it is a binary and
e distribution of its X-ray emission among the binary camp
nents is unknown and CR Cha (K2, agé& Myr) since its stellar
parameters are only poorly constrained, we summarise ¢fie st
ar properties of the accreting stars and their fitting ressin
%able@. Filling factors as derived by Calvet & Gullbring Q)

Fig.6. Ratio of the emitted @ui(Ly,)/O vi(r) line flux vs. oxy-
gen luminosity (OQm(r)+Ovm(Ly,)) for main-sequence stars
(diamonds), CTTS (triangles) and the Herbig Ae star AB A
(square).

Ovimy/Ovn line ratio than a non-accreting star. Since this r
tio depends only on temperature, there must be additioral ¢ in th f—001f ally f led .
plasma radiating predominantly in thev@ lines in accreting are In the range of = 0.01 for magnetically funneled accretion

stars, i.e. an cool excess.. We emphasize that the abovie reédf CTTS: .9.f = 0.007 for BP Tau, but can be up to an or-
is robust; investigating the @Qu and Ovu flux alone we find er of magnitude smaller or larger in 'nd'v'qua.l stars. Am@
that the respective @u flux is compatible or slightly enhanced,the.Ir formL_llae and assuming free-fall velocity, i.e. thekdrun-_
whereas the @ flux is significantly enhanced in the accretinif?t'On radius to be much larger than the stellar radiuisrifadi
stars. While most sample CTTS have comparable oxygen lu ost-shoch, = 4 ) density isn ~ M x 75 x (M™/7R™7).
nosities of +-2x 10?°erg s*, corresponding to roughly 5 — 10% I he accretion luminosity usA%C ~ M x M/R, the corresponding
of their total Ly emitted in these two lines, no correlation bePlasma temperature i ~ V° ~ M/R and therefore assumed
tween cool excess and oxygen luminosity is present in our saif P& independent of funneling. Note thaffdrent shock tem-
ple of accreting stars. Thus the two groups show agaferaint peratures _also influence the observedi§O vu ratio and some
trends, suggesting aftérent origin of the observed emission. Uncertainties on the stellar parameters are also presethefm-

In the magnetospheric accretion model a larger cool excé&stigated stars. The coronal contribution to the X-rayssion
corresponds primarily to a higher accretion luminosityatidi- from the cool plasma is approximated by the ratio EENI2
tion the precise strength of the cool excess depends onttire in i the respective 3-T models, in our sample stars the cooresp
sic temperature of the accretion shock plasma and the riagpednd temperatures are 2- 3MK (T1) and 6 - 7 MK (T2). Assuming
coronal contribution to the observed cool plasma, howewéh b Similar shaped underlying stellar coronal EMDs as deteeahin
are dfected by interdependencies and uncertainties that afém active stars, this ratio traces the importance of the-co
from modelling. Besides accretion other mechanisms haga bé'd! contribution to the cool plasma. We denote EENIZ ratios
proposed to produce an excess in the soft X-ray regime, for &0ve 2as w'eal_< , in the range 0.5-2 as 'moderate’ and below
ample disk and coronal stripping of the outer and hottessmdr 0-5 as 'strong’. Finally we roughly quantify the strengthtoé
the coronal (Jardine et/al. 2006), disruption of hot plasmecst €00l excess by comparing thevax(Ly,)/Ovu(r) line ratio for
tures through accreted material (Audard éf al. 2005) ondjlli the coronal sources that exhibit the lowest value at a gixgn o
of coronal structures with cool material (Preibisch éf @i0%). 9en luminosity and the respective accreting sources. Wetelen
These mechanisms may likewise be present in young stekar 800! excess as ‘weak’ for a ratio2, 'moderate’ for a ratio of
jects, however, combining these finding with the often obsgr ~ 2 — 4 and 'strong’ for larger ratios.
high densities in the cool plasma of CTTS, an accretion shock Altogether the characteristics of the accreted plasmardkpe
leads to the required additional, persistent, cool, highsig on an interplay of stellar properties and the accretionastre
plasma component, in a completely natural way. The dependence on stellar properties clearly favours tgke hi

Note that not all accreting stars generate significant X-ralensity scenario for more compact low-mass stars, andgisedi
emission in a high density environment via magnetically-fudower plasma temperatures and therefore larger soft eXoess
nelled accretion streams. While the exact density of theeaccless contracted objects as long as X-ray temperaturesaniecd
tion plasma depends on the presence of UV-fields and the carothe accretion shock. Considering the accretion strebed-
nal contribution to the cool plasma, all analysed CTTS with oo M/ f is important for the resulting density, i.e. large mass ac-
moderate oxygen luminosity exhibit cool plasma at high dengretion rates and small filling factors are favoured in thghber
ties (ne > 10 cm™3). This requires a strong funneling of the acdensity regime. A strong cool excess is produced by largesmas
cretion stream, independent of the strength of their cookéss. accretion rates via a large accretion luminosity. The dimre
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Table 4. Properties of accreting stars and their cool plasmather accretion properties as discussed exemplarily etk
Masses and radii from the references in this section anéither treme cases T Tau and TW Hya. In T Tau a large mass accretion
M~1Y2R-3/2 in solar units, TS 3.44 x M/R (shock temp.), rate of 3— 6 x 10°8M,/yr (Calvet et all 2004), moderate shock

Cor.C= coronal contribution. temperatures and a weak coronal contribution are presenmt, p
ducing the largest cool excess in our sample; its lower pdasm
Star M R M*R32  Density TS Cor.C. Cool Ex. density requires a large filling factor giod possibly involves
Mo Ro 10"cm™ MK (EMYEM2) other "cooling mechanisms” like mass loading of coronaltr

TWHya 0.7 1.0 1.20 vhigh21. 2.4 weak(16.)  mod.tyres as suggested by Giidel €t al. (2007). On the other hand,
Eg IT_up %88 122 %i% T]'_grt‘}‘gdé 11'3 mo%.(%67) 5"°”3TW Hya, the exceptional case of an accretion dominated CTTS
au - 2.6 2 . Ngh o. 4 mod.(0.7) MOC-shows no extreme cool excess. However, its shock temperatur
#/I%l\ﬁus %i :1,)2 8'85 T?vcglf gg vTeosz(((z)'f)) S‘t’rgggis only average and in addition the lower mass accretionafate
ABAUr 2.7 23 017 low01 4.0 mod.(o.é) weak ~ 10°M,/yr (Muzerolle et all 2000; Alencar & Batalha 2002)
contributes to TW Hya’s only moderate cool excess. Its high
plasma density then points to a strong funneling of the &edre
plasma. Further modifications for example througfedent disk
luminosity also increases for more compact objects, butrwhtuncation radii or levels of stellar activity seem to haveyo
considering a cool excess as measured loy@ v it conflicts @ minor impact on the cool excess at least in CTTS. We note
with the corresponding higher shock temperatures. that CR Cha and V 4046 Sgr on the whole fit into this picture
There is a remarkable correlation between the cool plas$ifice they are K-type low-mass stars and also show the eegect
properties as expected in the magnetospheric accretiorelmdtigh plasma density. Admittedly our sample is not very lage
from stellar parameters alone and the observed propestigisd  completely lacking of any CTTS with very low mass 0.5 Mo)
six investigated stars. Especially the measured densitige- due to the fact that they are usually X-ray darker singecbr-
late well with the value of the quantity~%/2R-3/2 suggesting relates with mass in TTS. If also applicable in this massmegi
that the ratioM/f does not vary extremely between the sanwe expect early M-type CTTS to show rather high plasma den-
ple CTTS and that the cool plasma is indeed dominated by tpities that should be observable in X-rays, if accretiopsare
accretion process in most cases. The propyrt9/2R—s/2 de_ hlgh enough and the accretion p|asma iS heated ﬁflI:Eint|y
scribes on the one hand the compactness of a star for a gitégh temperatures.
mass but also some kind of general smallness. The only sfar wi  One parameter, i.e. stellar age, is completely absent in the
very high densityife > 10*2cm™2), TW Hya, is also the only star above discussion. The stellar evolution is of course "hidde
with (M-Y2rR-32) > 1, all stars with 0 < (M-¥2rR-32) < 0.6 show In the stellar radius for a given mass and consequently old
high densitiesrfe > 10''cm2) and the other two stars with (2 10 My) and more compact CTTS like TW Hya or MP Mus
low densities B < 10°%cm2) have (1-Y2R-32)<0.2. While exhibit higher shock temperatures than yourd My) CTTS
within the high density stars the correlation is roughlyehn, like BP Tau. Likewise the mass accretion rates of CTTS de-
the larger variations in density compared to thos#lof/2R-3/2  crease in average throughout their evolution, further alishi-
for the extreme cases of very high and low density suggest ti2g the cool excess with time. While there is probably a large
an additional correlation wittM/f might amplify this trend. spread, this trend is also present in the observations ame ofo
Consequently the funneling would have to be veffieetive for the older CTTS, TW Hya, MP Mus and V 4046 Sgr, exhibit any
compact and tiny objects and much less pronounced for &4ong cool excess. On the other hand, all older CTTS shot& qui
panded or more massive stars. Note, that the density of tile caigh plasma densities suggesting moderate mass accrates r
plasma component does neither correlate with the shockelemgnd a well funneled accretion stream. This proposal of a uni-
ature nor with the cool excess of the respective star. fied scenario for the observed X-ray properties of accrediags
The temperature of the accreted plasma is also determirségiely needs to be confronted with a larger sample to imptteve
by stellar mass and radius, but for the strength of the cooel étatistics especially among the very low and intermediadssm
cess the coronal contribution and its X-ray brightnesdiveao regime, but provides a plausible explanation for the sintiés
the one of the accretion spot is more important, since ounidefias well as the dierences in the observed characteristics of X-ray
tion of a cool excess involves @1 emission which traces hot- bright accreting stars.
ter plasma. Necessarily the intrinsic temperature of thoelsbd
plasma, which depends on the ratighM has to be dticiently . ;
low to produce a cool excess that is traced by enhanced 04'3' Outflows and anomalous X-ray absorption
emission. The calculated shock temperatures are in theerahgthe X-ray spectra of the almost pole-on RU Lup we measure
between 1.5-4.0 MK, i.e. the temperature range where the i@m absorbing column density clearly incompatible with cglti
isation stage changes from a dominatingrCzontribution to a or UV measurements. In F{g. 7 we show the X-ray spectrum of
dominating Ovin contribution in a collisionally ionised plasma.RU Lup as observed on August 08 with our best fit model and
In two stars, MP Mus and AB Aur, the calculated shock tenalso with the best fit model using the absorption value ddrive
perature is already above 3 MK and their cool excess is indefedm UV measurementis Herczeg et al. (2005). Column densi-
weakestin our sample. That the Herbig AeBe star AB Aur shouiss derived from optical observations are usually complara
some cool excess at all is surprising given its shock tempena even lower. Besides the fact that the applied model isequit
ture of 4 MK. This might be explained by inhomogeneous acmnphysical since it does not contain any cool plasma, it stil
cretion spots that arise from recent modelling (Romanowed et cannot explain the observed spectrum. Therefore we have to a
2004). These spots show for example an intrinsic temperattnibute the observed discrepancy to the presence of an wrkno
distribution, an éect that might be more pronounced especiall){-ray absorbing material along the line of sight. The same ef
for less funneled accretion streams. A strong cool excesslys fect was also detected in several other CTTS such as AA Tau
observed in stars with shock temperatures below 2.5 MK, b{8chmitt & Robrade 2007), a CTTS viewed under an interme-
stars with similar shock temperatures may show quifeedint diate inclination of~ 75° (Bouvier et al! 1999) and in the also
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pole-on CTTS TW Hyal (Robrade & Schmitt 2006), where theved mass loss rates of CTTS are extremely uncertain, teut ar
effect is an order of magnitude lower and the discrepancy coulibughtto be in the range 0.01-0.1 of the respective mass-acc
be instead attributed to modelling or calibration uncettas. tion rates|(Hartigan et al. 1995; Konigl & Pudritz 2000), aHni

in turn are also only poorly constrained and in addition tiras-
able. Recent estimates for the mass accretion rates for RU Lu
are about 5 2x 1078 My/yr (Herczeg et al. 2005), and therefore
a mass loss rate Mying ~ 2 x 107° My/yr would perfectly fit

the "expectations”. Carrying out the same exercise for TV& Hy
(Nh ~ 3x10?°cm2) yields again consistent results if one adopts
mass accretion rates of3- 2 x 10°My/yr (Muzerolle et al.
2000j Alencar & Batalhia 2002). Note that outflow velocityndi
solid angle and location of the wind base appear in this model
only as linear parameters and moderate changes of theesalu
do not change the rough estimations of the mass loss ratess giv
above. Accordingly, the lower X-ray absorption for TW Hya
would correspond to a more moderate wind, for RU Lup both
values are roughly by a magnitude larger and may well be ex-
plained in a similar, scaled up scenario. AA Tau is viewed ove

Fig. 7. X-ray spectra of the almost pole-on CTTS RU Lup. Thie rim of a warped disk which partially occults the star at re
histograms show our model (black) and the best fit model wifi¥"ing phases (Bouvier etlal. 1999) and associated mht@cia

absorption set to values derived from the UV measuremeft§tion streams or outflows from the disk likely add signiiity
(red) respectively, to its large and variable X-ray absorption (Schmitt & Rotgrad

2007).
We therefore conclude that the available X-ray data can in-

To reconcile the X-ray and UMptical absorption observa-deed constrain the amount of material along the line of sighit
tions requires an optically transparent, bufisiently X-ray ab- yield — when adopting a simplified wind model with an outflow
sorbing medium. This medium need to be free of any signifielocity of a few hundred kis — mass loss rates at the percent
cant contribution of larger dust grains but has to containta llevel of the mass accretion rates. Interpreting therefoeeot-
of X-ray absorbing material like gas. Additionally the ahso served X-ray absorption as arising from a wind thus yields at
tion component has to be persistent and relatively steady oleast a physically consistent picture.
at least a month. A good candidate for such a medium could be
a strong outflow either from the star, possibly powered by ﬂ%e .
accretion process (Matt & Pudtitz 2005), aodfrom the inner - Conclusions
disk (Konigl & Pudritz 2000; Alencar et al. 2005). Likewistet From our studies of the X-ray emission from RU Lup and other
accretion streams may contribute to the additional ab®orpt cTTS we draw the following conclusions:
Another more exotic possibility could be a dust envelopéait
very peculiar dust grain distribution containingisciently small 1. RU Lup is another example of a CTTS where cool high den-
grains. Considering the nearly pole-on view of RU Lup, a wind  sity plasma is present. The density of3} x 10" cm™2 as
scenario appears natural, in particular, since strong vfaels deduced from the @u triplet supports an accretion shock
are well known for CTTS. However, the origin and geometry of scenario for the bulk of cool plasma. This cool plasma com-
the wind strongly depend on the underlying model and detaile ponent is quite stable over a month.
properties of CTTS winds are subject of considerable debate 2. Spectral variations indicate a change from an EMD that is

In general, a stellar wind requires lower mass outflow rates clearly dominated by coronal activity in the first obseroati
than a disk wind, since it originates from the stellar suefand to a phase with a more equal distribution of cooler and hot-
therefore obscures the X-ray emitting regions mdfedtively. ter plasma in observation three. Many examples of coronal
On the other hand, a stellar wind originating from coronalct dominated CTTS have been detected so far, but RU Lup is a
tures in analogy to the solar wind would have temperatures of  rare example where a change from state dominated by coro-
least several 100,000 K, much higher than the few 10,000K usu nal activity to a state with a major contributing cool aciret

normalized counts/sec/keV

o

S I

= 0.5 1 2
Energy (keV)

ally attributed to CTTS winds. A hot wind has been claimed on
the basis of asymmetric @line profiles observed in TW Hya by
Dupree et al. | (2005); however, Johns-Krull & Herczeg (2007)
question this interpretation and argue for a much cooledwin
in TW Hya. Unfortunately our data does not allow to investiga 3.
the properties of the absorbing wind component in more detai

If we adopt — as the simplest absorption model — that of a
spherically symmetric wind with constant velocity, oneides
a line-of-sight absorption column &y = ng x Ry with ng de-
noting the plasma density at the wind base &pdts distance
from the star. Assuming the wind base to be essentially at the
surface of the star and adopting the numbers of RU Lup, i.e.
Ny ~ 1.7 x 10 cm? andRy = 1.7 R, we find a base den-
sity of 1.4 x 10'%cm3. Further assuming this outflow to occur
over 4r steradian with a velocity of 300 kfs) results in a mass
loss rate oMying ~ 2 x 1079 Mo/yr. However, the otherwise de-

componentis observed over a month. Its X-ray luminosity is
not correlated with UV brightness over the campaign, how-
ever during X-ray fainter phases there are indications for a
correlation on timescales of several hours .

In all investigated accreting stars the characterigifcthe
cooler X-ray emitting plasma are influenced by the accretion
process. An excess of cool plasma, as evidenced by a lower
Ovmi(Ly,)/Ovu(r) line-ratio, is present in our sample stars
when compared to main-sequence stars. The strength of the
cool excess depends on an interplay of accretion shock lu-
minosity and temperature as well as the omnipresent coronal
contribution. Cool, high density plasma is found so far axcl
sively in the low-mass CTTS sampte1M,), while accret-

ing stars with intermediate mass 2M) show lower densi-

ties. Many aspects of the accretion process can be explained
by stellar mass and radius and their evolution with time in a
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qualitative way. We suspect a relation to mass accreti@s ratuzerolle, J., Calvet, N., Bricefio, C., Hartmann, L., & leilbrand, L. 2000,

and especially amount of funneling, which produce the dif- ApJ, 535, L47
ferent properties of the accretion shock plasma that are sé@A&A 427 667

in the respeCtive X'ray spectra. Ness, J.-U. & Wichmann, R. 2002, Astron. Nachr., 323, 129

ss, J.-U., Gudel, M., Schmitt, J. H. M. M., Audard, M., &ll&schi, A. 2004,

4. We derive from X-ray spectra an absorption column ofeuhauser, R., Sterzik, M. F., Schmitt, J. H. M. M., WichmaR., & Krautter,

1.8 x 10°t cm™ for RU Lup, roughly an order of magni- J. 1995, A&A, 297, 391

tude above the value derive from JLyabsorption. To rec- E:gsggn'sAHK' Ifé isgggg rfE'V' I::)ngGla’lr/r-\npi\r]é zég'ftﬁ 2001uNRR13, 708
oncile the optical extinction and X-ray absorption toward'§reibisch’ T. Kim. Y.-C., Favata, F., et al, 2005, ApJS, VI

RU Lup, one needs X-ray absorption in an optically almogfyast, G. R., Torres, C. A. O., de La Reza, R., da Silva, L., &dfaM. 2000,

transparent medium. Large discrepancies between absorps IAU Symposium

tion values derived from X-ray spectra and in the opfldsl Robrade, J. & Schmitt, J. H. M. M. 2006, A&A, 449, 737
wavelength regimes are also found in several other CTTpPrade, J. & Schmitt, J. H. M. M. 2007, A&A, 461, 669
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