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ABSTRACT

Context. Classical T Tauri stars are young solar-type stars acgetiaterial from their circumstellar disks. Thanks to a falbe
inclination of the system, the classical T Tauri star AA Tahibits periodic optical eclipses as the warped inner digeeoccults the
stellar photosphere.

Aims. We intend to observe the X-ray and UV emission of AA Tau dutimgoptical eclipses with the aim to localize these emitting
regions on the star.

Methods. AA Tau was observed for about 5h pEMM-Newton orbit (2 days) over 8 successive orbits, which covers twacapt
eclipse periods (8.22 days). TM&IM-Newton opticafUV monitor simultaneously provided UV photometry (UVW2diitat 206 nm)
with a~15 min sampling rate. Somé-band photometry was also obtained from the ground duriisgptbriod in order to determine
the dates of the eclipses.

Results. Two X-ray and UV measurements were secured close to theragrte eclipse AV ~ 1.5 mag). The UV flux is the highest
just before the eclipse starts and the lowest towards thefghdJV flux variations amount to a few 0.1 mag on a few hounsescale,
and up to 1 mag on a week timescale, none of which are cordeldtk the X-ray flux. We model it with a weekly modulation (iem
disk eclipse), plus a daily modulation, which suggests asteady accretion, but needs a longer observation to beemdi No such
eclipses are detected in X-rays. Within each 5h-long olasiens, AA Tau has a nearly constant X-ray count rate. On agaale

of days to weeks, the X-ray flux varies by a factor of 2—8, ekéepone measurement where the X-ray count rate was nearly 50
times stronger than the minimum observed level even thohigitoplectric absorption was the highest at this phase, lglasma
temperature reached 60 MK, i.e. a factor of 2—3 higher thahdrother observations. This X-ray event, observed closieetaenter

of the optical eclipse, is interpreted as an X-ray flare.

Conclusions. We identify the variable column density with the low-depsiiccretion funnel flows blanketing the magnetosphere.
The lack of X-ray eclipses indicates that X-ray emittingiogeg are located at high latitudes. Furthermore, the oeage of a strong
X-ray flare near the center of the optical eclipse suggestsltie magnetically active areas are closely associatédtidtbase of the
high-density accretion funnel flow. We speculate that thpaat of this free falling accretion flow onto the strong magngeld of

the stellar corona may boost the X-ray emission.
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O 1. Introduction the X-ray luminosity is proportional to the plasma emissitea-

) ) sure, which scales linearly with the plasma volume but whth t

1 T Tawuri stars (TTSs), i.e. young (1-10Myrs) solar-type Starsquare of the plasma electronic density. That most of TTSs X-
are conspicuous Xl-ray emitters. Their high X-ray |;Jm'”915't ray emission arises in an active magnetic corona is supporte

= (x = 10°%% ergs') compared to the SurL¢ = 10°’ergs  py direct Zeeman measurements on photospheric specteal lin
at solar maximum), and intense flaring activity (upltp =~ \hich indicate surface magnetic fields of a few kilogauss. (e.
10°>%%ergs™) make them appear as extremelly active yourngenther et al. 1999: Johns-Krull etlal. 1999, 2004: JohnglK
Suns in the X-ray domain. The analogy with the solar actigng7: Yang et 4l.2005). However, the dynamo mechanism pro-
ity has been quite successful in ascribing the X-ray emmsefo qycing the magnetic field in these fully convective startils s

TTSs to an optically thin, magnetically confined coronabpta  giscussed (e.d.. Preibisch ellal. 2005; Briggs ét al.|2007).
in collisional equilibrium at temperatures of 10-100 MK, iem o

ting a thermal bremsstrahlung continuum and emission lines The solar paradigm, where the X-ray emitting plasma is con-
(see, e.g., review byl _Feigelson & Montmeéfle 1999). As olfined in magnetic loop with both feet anchored on the steliarp
served in the X-ray coronae of active stars (e.g.._Ness ett@lsphere, has been questionned in the context of a Cla3di&al
2004), the enhanced X-ray luminosity of TTSs can easily be gCTTS), which accretes material from its circumstellarkdis
plained by coronal structures with high plasma densityabee Inside a few stellar radii above the CTTS surface, the stella
magnetic field pressure is larger than the ram pressure aicthe

* FiguredP[B anfl9, and AppendX A are only available in etexitr ~ Creting gas. As a result, the stellar magnetosphere tresthe
form viahttp://www.edpsciences.org. inner accretion disk and controls the accretion flows. Treiga
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mainly accreted from the disk edge to the stellar surfacegaloTable 1. Journal of the XMM-Newton observations of

the dominant large scale stellar magnetic lines, creatimgea AA Tau (PI: J. Bouvier).

tion funnel flows. The free-falling gas hits the stellar sigd at

the feet of the accretion funnel flows, where the kineticené& o5 Rev. Obsld Feb. 2003 Exposuré

dissipated in a shock producing hot excess emission (seawev (d) (h)

on magnetospheric accretion by_Bouvier ef al. 2007b). 1 583 015680201 14.10-14.29 47
The X-ray grating spectrometers abo@tiandrandXMM- 5 5g4 (015680301 16.13-16.33 4.7

Newtonare able to obtain spectra of the X-ray brightest CTTSsg 585 015680501 18.07—18.26 4.7

where the emission line triplets of He-like elements are re4 586 015680401 20.02-20.22 4.7
solved, which provides a powerful tool to assess the elecs 587 015680601 22.13-22.35 5.4
tronic density of the X-ray emitting plasma (elg.. Porquetle 6 588 015680701 24.03-24.25 5.3

2001). In several CTTSs, plasma with high electronic dgnsit 7 589 015680801  26.52-26.71 4.6
(ne ~ 10%¥cm™?) and low temperature~8 MK), untypical _8 590 015680901 28.30-28.50 4.7
of stellar coronae, were identified, and therefore atteuib
accretion shocks (Kastner ef al. 2002; Stelzer & Schmitt4200
Schmitt et al.| 2005] Robrade & Schrnitt 2006; Ardti@t al.
2007; |Gunther et all _2007;_Telleschi et al. 2007); whereas
some CTTSs display no such evidente (Audardlelfal.12005; In Sect.[2, we present the X-ray and UV properties of
Smith et all 2005; Gidel etlal. 2007b). AATau based on a reanalysing of the full data set provided by
During the Chandra Orion Ultradeep ProjeEOUP, see theseXMM-Newtonobservations. In particular, we report X-ray
Getman et 4[_2005b), where the TTSs of the Orion nebula clyf+MOS1+MOS2) and UV light curves with a time resolution
ter were monitored nearly continuously ovet3 days with the 0f ~15min. We show that a bright and hot flare was observed
Advanced CCD Imaging Spectrometaumerous X-ray flares during the second observation. In Sggt. 3, thanks to oumgtou
were observed. In a few cases, a size of several stellar rdtised observations and optical OM data, we determine ties dat
was derived for the magnetic loop confining the X-ray emittinof the optical eclipses, which allow us to compare the UV and X
plasma, large enough to connect the stellar surface witadge ray variabilities versus the rotational phase. We showttielVv
of the accretion disk (Favata eial_2D05). r_ninimum is outside the_eclipse, and that the (c_onfirmed)ayari
We propose to directly constrain the source and location #n of the column density are not correlated with the rotaai
the X-ray emission in CTTSs by using eclipses. Eclipse mapbase. In Sedfl4, we propose another origin for this vaziedl
ping have been successfully used in binary active starsctimre Umn density, and we discuss the origin of the X-ray flare theet w
struct the coronae (e.d.. Gudel etlal. 2001, 2003), or talipe Observed during an optical eclipse.
the flaring plasma (e.g...Schmitt & Favata 1999; Schmittlet al
2003). Our target star is AATau, located in the Taurus mole
ular cloud complex at a distance ©140 pc (e.g.. Kenyon et al.
1994). AATau is a quite typical member of the CTTS class, with, 1. XMM-Newton observations and event selections

a K7 spectral type, a bolometric luminosity €0.8 L, a stel- i )
lar mass 0f~0.8 M., and a stellar radius 0f1.85R,; exhibit- Our observational strategy wikiMM-Newtonwas to cover two

ing moderate accretion disk diagnostics (near-IR exceziga Cconsecutive modulation periods7 days) in order to demon-
veiling, Balmer line emission), but with the remarkable pro Strate the reproducibility of the phenomenon from one rote
erty to be viewed nearly edge-dn. Bouvier et Al (1999, poo@/cle to the next. The temporal sampling of the X-ray light
2007h) reported evidence for a modulation of the photosphefUrveé needs not to be very dense because AA Tau spends nearly
flux and spectroscopic diagnostics with a period of 8.22 day§€ same amount of time being eclipsed as being entirely vis-
corresponding to the rotational period of the star. Thifiaste IPle- Therefore, we requested one 4 h-exposure with EPIC pn
flux modulation was interpreted as the periodic eclipse ef ti€r XMM-Newton orbit (2 days) over 8 successive orbits. We
stellar photosphere by the optically thick, magneticatiyrp in-  USed the full frame science mode of the EPIC cameras with
ner disk edge located at 8.8 stellar radii. Photopolariimesri- the medium optical blocking filter. The pointing nominal co-
ations confirm the presence of an optically thick wall lodeae Ordinates were 0147555, 2428540 (J2000 equinox). The
the disk edge, and eclipsing periodically the stellar paphere journal of theXMM-Newton observations of AA Tau is given in
(Ménard et dll. 2003). Tablel1.

We obtained 8 observations of AATau witlXMM- The d"’_‘ta reduction_ was made using th.KMM'
ewton Science Analysing System (SAS, version 7.0.0)

Newton(Jansen et al. 2001), which allows simultaneous obser* / )
vations with an EPIC pnl_(Struder ef 4. 2D01) and two EPI r each observations, the event lists for each camera o EPI
N re produced using the SAS taskschain and emchain,

MOS (Turner et dI[ 2001) X-ray spectroimaging cameras, aiitf . X
the OpticalUV monitor (OM: [Mason et Al 2001). We Sup_respectlvely. We used the background lightcurves compn_yed

plemented these X-rays and UV observations with an opti .
ground-based monitoring of AATau to secure the dates of tﬂ@e intervals ﬁect_ed b_y bapkground proton flares. More than
optical eclipses. TheskMM-Newton observations were previ- Nalf Of the observing time isftected by bad space weather.
ously reported il Schmitt & Robrade (2007, hereafter SR wifOf €ach instrument, we made from the low background time
used the minimum of the UV light curve as proxy of the opticlltervals a sky image with’3pixels in the 0.5-7.3keV energy
eclipse. SR found variable X-ray absorption “such that ines range. The X-ray counterpart of AA Tau was detected in all the
of maximal X-ray absorption and UV extinction coincide”. SRPPservations.

introduced an additional abSOI’ption in a disk Wind, ora ﬂjacu 1 We selected Sing|e’ doub|e, trip|e’ and quadrup|e p|xe|hm/ee

dust grain distribution to reconcile the high value of thea¥- PATTERN in the 0 to 12 range), and also applied the predefined filter
absorption outside the eclipse and the low optical extmcti #XMMEA_EM for MOS.

a The observation beginning, end, and duration is given forS20

5 X-ray and UV properties of AA Tau
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Fig. 1. XMM-Newtonobservations of AA Tau. Top and bottom panels show the backgt subtracted UV (180-250 nm) and X-ray
(0.5-7.3keV) light curves obtained with the OptjtV Monitor (OM) and EPIC (prMOS1+MOS2), respectively. In each panel,
the label indicates the time interval used to bin the lightveuGrey hourglasses and crosses data points indicate Giipietry
obtained with the large and small OM central imaging winddte X-ray count rates are corrected from (circular) apertlihe
gray stripes indicate the beginning and the end of the EPEemfation.

For the X-ray light curves of AATau, we selected thd.17, the median scaling factor between M@810S and pn in
source-background events within a circular region centered dhe second observation where AA Tau was the brightest.
AATau . The extraction position and radius were optimized to The bottom panel of Figld1 shows the EPIC light curves of
maximize the signal-to-noise ratio in the sky image. ThekbacAA Tau in the 0.5-7.3keV energy range. Within each 5 h-long
ground in MOS and pn was extracted using an annular regiobservations, AATau exhibited a nearly constant X-ray flux.
centered on AATau and a box region at the same distanceTtee minimum X-ray flux, that we will call hereafter the qui-
the CCD readout node, respectively, where areas illuminiaye escent level, was observed during the observation #5, where
other weak X-ray sources were excluded. For the X-ray spehe averaged EPIC count rate wa®3D + 0.002 countss'.
tra, we used the same extraction regions and only time int®@n a timescale of days to weeks, the X-ray flux varies by a
vals with low background; we selected events with energyabdactor of 2—-8, except between the end of the first observation
0.3keV and the usual stronger selection criferitle computed and the beginning of the second observation, where the EPIC
the corresponding redistribution matrix files and ancgjllae- count rate jumped in less than 2 days frod99B + 0.003 to
sponse files. 1.42+ 0.01 countsst, i.e. a level 47 3 times stronger than the
quiescent level. Then, the EPIC count rate decayed in lesszh
. days to 0075+ 0.003 countss', i.e. a level only 5+ 0.2 times
2.2. X-ray light curves stronger than the quiescent level.
Such large amplitudes in the X-ray fluxes of young stellar
jects are usually observed during X-ray flares, which have
t?/pical light curves with fast rise and peak phase, and slowe

For each instrument and observations, we first built thg
source-background and the background light curves with 1
time bins starting at the first good time interval (GTI) of MOS ; : : .
We rebinned the light curve to 900 s to increase the signanTh (c%)gl)i(r)]geor}ttlﬁg ?ne;gar?egiglsls b%?]sf%(ggtsg;/vrgg ]E?_S;_hlerigmrgegr
we subtracted from the sourgleackground light curve the back-2003. Favata et Al._2005). X-ray flares with Uu'nusually iong
ground light curve scaled to the same source extraction area rise r:’Jhases have élso beén reported (E.g.. Grossoetal, 2004
From the GTI extension, we scaled up with an IDL routing/ang et all 2007 Broos etlal. 2007). - ’
count rates and errordfacted by any lost of observing time, For a comparison purpose, we note that, assuming a
mainly due to the triggering of counting mode during high-flatypical convertion ratio betweerXMM-NewtoryEPIC and
ing background periods, when the count rate exceeded the ndrgACIS-I count rates (e.gl, Ozawa et al.2005), the aver-
tector telemetry limit. We also corrected count rates amdrer age EPIC count rate of AA Taw0.08 countss at the distance
for circular aperture photometry using the fraction of PSEts  of the Taurus molecular cloudi(~ 140 pc), would convert to
inside the (circular) extraction region calculated by the&SSs-  .0.001 ChandrgACIS-Icounts sat the distance of the Orion
suming a fixed photon energy of 1.5 keV. Finally, the lighv@® nebula @ ~ 450 pc). AA Tau, put in the Orion nebula cluster,
of the three detectors were summed to produce the EPIC ligibuld have then been brighter than 67% of the X-ray sources
curves. We estimated the missing pn data at the beginnirigeof fn the COUP. To check whether the behaviour of the light curve
observations by multiplying the MOSMOS2 count rates by of AA Tau is consistent with the one of an X-ray flare, we can
compare it to the light curve data set obtained in the COUP.
2 For pn, we selected only single and double pixel events (i.e, e use the COUP results of the Bayesian block (BB) vari-
PATTERN in the O to 4 range) WitlFLAG value equal to zero; for MOS, ability analysis (developed by _Scaidle 1998; adapted fer th

we selected®ATTERN in the O to 12 range, and applied the predefine@OUP data set and coded IDL by one of us, N.G.), which
filter #XMMEA_SM. segmented the X-ray light curves into a contiguous sequence
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Table 2. Best parameters of simultaneous fitting of EPIC pn, MOS1, &%ctra wittKSPEC.

Plasma temperature Emission measure Goodness-of-fit  ° Flustntrinsic luminosity n¢

Obs. Raté Ny T T, EM; EM, )(3 (V) Q 0.5-2, 2-8, 0.5-8keV
(cntss?) (10%2cm?) (MK) (10%3cm3) (%) (10 ergs?)

1 0.057 095 ... 259 ... 1.0 0.93(50) 61 19 064 0. 09 -35
+0.002 0.87-1.02 ......... 23.9-284 ....... 0.9-1.0

2 0.800 154 ... 439 ... 14.0 1.09 (599) 5 37.8 822 174 -2.2
+0.008 151-1.57 ......... 42.7-452 ....... 13.6-14.3

2 0.800 1.80 14.6 59.4 9.8 9.3 1.03(597) 28 379 118 95 2132 -
+0.008 1.75-1.85 13.4-15.7 54.6-66.0 8.8-10.7 7.8-10.8

3 0.046 136 ... 208 ..., 1.1 1.21(30) 20 16 073 0. 10 -35
+0.002 1.23-151 ......... 18.4-234 ....... 1.0-1.3

4 0.031 133 . 215 ... 0.8 0.79(25) 76 1.1 052 0. 07 -36
+0.002 1.17-1.52 ......... 18.7-248 ....... 0.6-0.9

5 0.019 104 ... 226 ... 0.4 1.32 (15) 18 07 021 0. 04 -39
+0.002 0.85-1.27 ......... 18.3-28.8 ....... 0.3-0.5

6 0.050 154 ... 405 ... 0.9 1.20 (39) 18 23 0550 11 -35
+0.002 140-1.72 ......... 34.6-47.4 ....... 0.8-1.0

7 0.147 102 ... 448 ... 21 1.05(110) 33 65 124 1 26 -31
+0.005 0.97-1.08 ......... 41.3-486 ....... 2.0-2.2

8 0.043 153 ... 233 ... 1.2 1.19(29) 23 18 074 0. 11 -34
+0.002 1.39-169 ......... 20.7-26.5 ....... 1.0-1.4

Notes: We fit the X-ray spectra with the continuum and emrséilees produced by an optically thin plasma in thermal s@hal ionization
equilibrium model ¢apec). We use for the plasma element abundances typical valussnaa in the coronae of young stars with fine
X-ray spectroscopyl (Gudel etldl. 2007a, see T&bIE A.l). #iies photoelectric absorption model use photoionization cresstions of
Morrison & McCammoh[(1983), and solar abundances of Ande@r&vesse (1989). Errors are given at the 68% confidence(iexedy? = 1.0

for each parameter of interest), that correspondsrtéot Gaussian statistics. For observation #2, a better fibfained using a plasma with two
temperature components.

a pn count rate (0.2-12 keV).
b Observed X-ray flux (0.5-8.0 keV) in unit of 1§ ergcnt?s.
¢ Logarithm of the X-ray intrinsic luminosity (0.5-8 keV) the bolometric luminosity (@ L) ratio.

of constant count rates (see__Getman et al. 2005b). We defh&. X-ray spectra and plasma parameters
a source to be variable, if there is more than one BB; wi .
BBy, and BByay, the minimum and the maximum count rat%_or each observations the pn, MOS1, and MOS2 spectra were
levels, respectively (see, e.3., Stassunlet al.|12007, fapapii- inned to 25 counts per spectral bin. X-rays are detected up t
cation of COUP time-averaged X-ray variability). The latiad 10 keV (see online Figl3). The spectra are featurelesspeice

the former are viewed as the quiescent level and the peak It Sécond observation where a prominent line around 6.7 kev
of the brightest flare, respectively. Applying this criterthere IS Visible both in the pn and MOS spectra, correspondingéo th
are 977 variable sources (out of 1616 COUP sources). We flR@*XV triplet emission line (Fid.J4). , .

only 20 variable sources with peak amplitud@B{ay/BBmin) The pn, MOS1, and MOS2 spectra were fitted simultane-
and duration larger than 45 and 4.7h., respectively, as @Sy WithXSPEC (version 12.3.0; Dorman.& Arnalid 2001) to
served for AA Tau. For comparison, our subsample sources h&@rve the plasma parameters. The model is an X-ray emission
BBmax = 10%-2countssl, i.e., they are at peak between 20§Pectrum from collisionally-ionized fluse gas, output from

times fainter and 100 times brighter than AA Tau (at the dista ("€ Astrophysical Plasma Emission Codeafec?), that in-
of the Orion nebula) at peak. cludes continuum and emission lines. The plasma element abu

dances were fixed to typical values measured in the coronae
Then, we make a visual examination of the selected BB lighf young stars with grating X-ray spectroscopy (see online a
curves to eliminate sources with peak flare BB having a spupendix Tabl€AlL), to allow a direct comparison with tkikIV-
ous long duration (including for example a passage throbhgh tNewton Extended Survey of the Taurus molecular cloUEST;
van Allen belts), an@r sources with a decay phase too slow tGiidel et all 2007a). This emission model is combined with th
reproduce the level observed at the beginning of the third olabs photoelectric absorption model, which is based on the pho-
servation of AA Tau. For an exponential decay phase with a deionization cross sections bf Morrison & McCamrnon_(1983),
cay timescaley, this latter criteria is equivalent ty < 0.6 day. and the solar abundances of Anders & Grevesse (1989). The on-
Finally, we exhibit the brightest flares from COUP 313, 87 a line Fig.[3 shows our best fits. For the second observation, we
970, which fullfill our criteria (see online Fifl] 2). Thesausces find a better fit by adding a second temperature component,
are bona fine members of the Orion nebula cluster (Getman etvethich reduced thg? from 655.4 (for 599 degrees of freedom;
20054). d.o.f.)to 617.2 (for 597 d.o.f.). Given the new and old valoé
2 and number of degrees of freedom, a F-test indicates a prob-

We conclude that a bright X-ray flare with a rapid coolindji of ~108 for the null hypothesis; therefore, we conclude
phase can well reproduce the large amplitude, and also the fla

ness of the light curve of AA Tau at its maximum. The following 3 More information can be found at:
X-ray spectra analysis confirms this interpretation. http;/nea-www.harvard.edPEC/sourcesapec.htmil .



http://hea-www.harvard.edu/APEC/sources_apec.html

N. Grosso et al.: Enhanced X-ray emission from AA Tau 5

a strongly sustained heatihg the cooling phase. Therefore,
the height of the semi-circular loop is lower than 1-4,5R
Therefore, this loop cannot connect the stellar surfacethad
inner accretion disk, distant by 7.8 stellar radii, andkelly an-
chored on the stellar photosphere.

The high temperature and X-ray surface flux observed dur-
ing the second observation point to an enhanced X-ray ctivi
produced by a bright X-ray flare. Such bright flares on the Sun
are sometimes associated with coronal mass ejection (CME).
Therefore, we cannot rule out that the maximum of column den-
sity observed during the second observation is due to thes en
getic event.

normalized counts s~ keV-!

AS *

Energy (keV) ‘ 2.4. Comparison with previous X-ray observations of AA Tau

Fig.4. EPIC pn (black), MOS1 (red), MOS2 (green) spectra %A Tau was previously observed several times in X-rays at dif

AATau for observation #2. The lines show our best fit using, o+ ohochs: on March 4, 1980 and February 7, 1981 with
two temperature plasma combined with photoelectric altigorp the IPC on boéroEinstein Wit’h an exposure of 0.6 h é\nd 2.8h,

(Tablel2). The residuals are plotted in sigma units withrdress respectively: on August 10, 1990 during tROSAT All Sky

of size one. Survey(RASS) with the PSPC on boaRIDSAT, with an expo-
sure of 0.2 h; and on February 22 and August 18, 1993 during
two pointed PSPC observations of the young binary Haro 6-13
I: H. Zinnecker), with an exposure of 0.6 h and 1.5h, respec
ively.
Walter & Kuh| (1981) reported a detection withO30 +
05IPC countss, during the first observation witEinstein
(bright enough to exhibit a crude spectrum), but only an
- : per limit of 0.0041PCcounts$ with a 5 times longer
lower than a factor of two. The minimum and maximum Valueo%servation, nearly one year later (Walter & Kuhi 1984).

of the corresponding column density a¥&.0 x 10??cm2 and . .
1.8 x 10°?cm2, respectively; the latter was observed during thivalier & Kuhl (1984) associated the X-ray emission detected
: rom AATau as a quiescent level, and interpreted the non-

second observatidnSR didn’t specify the model of X-ray ab-d . i the f K of ih hered f
sorption that they used, but their one-temperature plasogem T(_T_tsectlon th Ite éaKm%".Vcirg'gf the smothere corongeho
gave qualitatively similar results. We stress that the ealfithe S (;ee_ 1L b ), where it was proposed that
column density can even be increased by 50% when revised 1SS ejection crc])uld hlncrease Tn(ough the )a?(sorbmg .collumn
; ensity to smother the coronal (quiescent) X-ray emission.
lar abundances (i.e., metal poor) are adopted for the abasda Neuhauser et al| (1995) reported 10 years later a RASS de-

of the absorbing material (see online Apperidix A). , , 5
~ The plasma temperature 423 MK during the low activ- :je(;gg?e\évlguggédrtﬁeo.lgosil:c):sEgir?t% L(ijosti eﬁ/gt-irg# \\I’VV%?ZBEO
ity levels. The observations showing an increase of X-ra.ynd:ov\(’)lt%o5 PSPC counts¥see in the WGA catalogue dROSAT

rates (namely #2, #6, and #7) also correspond to phases
- oint sources, the source 1WGA J04342428, located 370off-
the highest plasma temperatures (60 MK, 40 MK, and 45 Migkis; White et al. 1996), but (again) only during the shadrées

respectively), and therefore to flaring activity.

During the second observation the X-ray surface flux, i'éa',osure. , . L
the intrinsic X-ray luminosity divided by the stellar sutéa Further constraint can be derl\_/ed on the X-ray var!abllfty_o
peaked to 18ergs? cm2. The temperatures of the hot (60 MK)AA Tau by combining these_ multllple epoch observations with
and cool (15 MK) plasma components, associated with this efHr better assessment of its quiescent level thanks torbette
vated level of X-ray surface flux, are consistent with theson§Pectra. For a plasma temperatw23 MK and an unabsorbed
observed in the most active TTSs of COUP (see Fig. 11 §f'ay Iumln(())sny n the energy band from 0.5 to 8.0keV of
Preibisch et Al 2005). The cool plasma component is usuatly 0-5 X 10313‘”95 1(equ2|valent to an unabsorbed X-ray flux
observed in the coronae of active stars, and may define a f@h2.1 x 10*ergs~cn ), absorbed by a column density of
damental coronal structure, which is probably related ttaasc ~ 10°“Cn 2, we compute wittPIMMS? that EinsteifIPC (0.2—
of compact loops with high plasma density (5ee Preibisch et 45 keV) andROSATPSPC (0.12-2.48keV) would both observe
2005, and references therein). only ~0.002 counts<. This low count rate is consistent with the

We make an estimate of the hot loop length using the method

of IReale et £1.1(1997) (see also Favata &t al. 2005, for an-appls [Reale et d1.[(1997) usg the slope of the flare decay in a log-log
cation on COUP data). Assuming a peak temperature of 60 Miigram of the plasma temperature vs. the squared-rooteoérttis-
and a flare decay time lower than 0.6 day (see £€dt. 2.2), we fiwh measure (a proxy of the plasma density), as diagnastissess
for the semi-circular loop a half-length lower than 7. 1fr a the level of sustained heating in the analysis of stellaediaFor the
freely decaying loop, with no heating; or lower than 1,6fr XMM-Newton energy coverture, the corresponding range;fealues
are 0.4 and 1.9, for strongly sustained heating and frealsydeg loop,

4 The increase of the spectrum slope between 1 and 2 keV oliser{@spectively.
between observations #1 and #2, is not only due to the inerefathe  © Note that SR reported a RASS rate 10 times higher than the one
absorption, as argued in SR, but also for 20% to the increhsieeo reported by Neuhauser ef al. (1995).
plasma temperature. 7 Available athttp://asc.harvard.edu/toolkit/pimms.jspl.

that it is reasonnable to add this extra temperature commyon
to improve the fit. Our best fit with a two-temperature plasma
shown in Fig[h.

Table [2 gives the corresponding plasma parameters.88
timescale of 2-days, the photoelectric absorption of theayX-
spectra is not constant, but the observed relative vaniatwe
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IPC upper limit® and we found that it is twice lower than the 16"

background level (inside a ¥-Badius circle) at the location of _ ’
AATau in the second PSPC pointed observation. Therefoee, tg 16.0F [V Al i s . b
previous non-detections in X-rays are consistent with thiest e2f 1y D i | A Y A
cent level observed witkMM-Newton. 1645 L l:lh i ,"',‘i\.~,.""l\"// Y UERY, &\"-/-:1‘\_1,7 v ‘u‘, ¥ T4
\ [N | Vo by b
.\/ '\/ 1

1581

We conclude that the previous X-ray detections with 54 ¥
Einstein the RASS, anlROSAT/PSPCwere made during high
levels of activity, where AA Tau was about 18, 8, and 13 times,

OMBUVWZ [
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17.0kebecvvvn bivvrvnveen B beviine
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respectively, above its quiescent level. 14 16 15 P 24 26 28
Day in February 2003
[T o B NN B ]

2.5. XMM-Newton optical/UV monitor light curves 1saf X000 (77})| H ]
2.5.1. UV photometry i izz Hu/ r ﬁkﬁﬂl | HH— r mﬁﬂl J:

~ : i 4 | I I [
The OM was operated in the imaging mode default, which useg5¢ ,f [} HH ‘ WHHT\H i EMPie HH ‘ \mw\ ‘p f
imaging windows plus a small (¥71.7) central imaging win- 2 |, £ ' HH H‘ T HH‘H‘ ]
dow. The imaging mode default consists of a sequence of 5eX|5’016 ok | | ]
sures where one of the 5 imaging windows covers a large@mracti
of the OM field-of-view (17x17) with 1” x 1” spatial resolu- o ‘075‘ T T T ‘175‘ T,

tion, while the small central imaging window ensures a gonti Phase (P=0.87£0.04 day)
uous monitoring of the target at the center of the field-efwi i o )
with 0’5 x 0’5 spatial resolution (for an illustration of this ex-Fig. 5. Weekly and daily UV variability of AA Tau observed with
posure sequence and a light curve obtained with the small céte OM. Top panel: the dotted and dashed-dotted line show the
tral window seé Fig. €5 of th¥MM-Newton Users’ Handbook Weekly modulation of the UV flux attributed to the eclipse pe-
and[Grosso et al._2007, respectively). We requested the miipd (8.22 days), and the overall modulation of the UV fluxeTh
mum available exposure time in imaging mode default (8008prizontal line shows the average flux. Bottom panel: théeids
to monitor any change in the UV photometry (UVW?2 filter atine shows the daily modulation of.the UV folded in phase rafte_
206 nm) with a~15 min sampling rate. subtraction of the weekly modulation. Sy_mbols are the same |
We run the OM imaging mode pipeline. We made our owioth panels. The formula of the overall fit (dashed-dotted)li
IDL program to plot the light curves of AA Tau from the sourcés given by EqLIL.
lists of the small central window (*OM*SWSRLIO00O.FIT),@n
the large central window (*OM*SWSRLI1000.FIT). The latter
providesonly 1 data point per OM exposure sequence (about ) o ) ) _
5 x 800's), which is obtained simultaneously with the first (ougProduced with this simple model including only weeklyivar
of 5) data point of the small central window. In a few exposyreations. A Lomb periodogram of the residuals suggests the pre
AA Tau is missing in the observation source list of the smafic €nce of an additional (high-frequency) modulation with eiqué
tral window, but a visual inspection of the correspondinggres ©f 0.87+ 0.03 day.
confirms the detection. Therefore, we complete the lighteur  We then compute a grid of fits in the amplitude and phase
by doing aperture photometry. parameter space to look for optimized values that maxintige t
The top panel of Figll1 shows the UV light curves of AA Taupeak of the periodogram residuals. This is equivalent tonailsi
We note that the UV light curves of AA Tau reported in SR wertaneous fitting of both modulations with the long-term pei
limited to the UV photometry obtained with the large OM cantr fixed. We find a better fity® = 1038 for 77 d.o.f.). Given the
imaging window (see for comparison the grey hourglassessin thew and old values of* and number of degrees of freedom, a
top panel of our Figl1 and their Fig. 1). The continuous monf-test indicates a probability 6f10-* for the null hypothesis;
toring with the central window is crucial to determine actety therefore, we conclude that it is reasonnable to add thisaext
the UV variations on hour timescale. We find that AA Tau i§rodulation to improve the fit. Moreover, a Lomb periodogram
variable in UV by an amount of a few 0.1 mag on a few houf the residuals shows no other modulations, and a perféet su
timescale, and up to 1 mag on a week timescale. There aresti@ction of the two modulations. The fit formula is given bg t
correlation between the UV and X-ray variations. following equation:

UV = 16.30+ 0.02mag (1)

+ (0.20+ 0.02) co$2n]t — (17.2 + 0.1)]/8.22}

The UV excess observed in CTTSs is attributed to the aceretio (0.24+ 0.02) cog2[t — (14.75+ 0.02)]/(0.87+ 0.04))
shocks at the base of the accretion funnel flows (see review on . R T
magnetospheric accretion by Bouvier etlal. 2007b). Theeefo . . .

we géssumltg that the UV flux must be somehow mod)ulated by [\g;{hgereg is the day in February 2003, and the errors are given at
warped inner disk, and we perform a least squares fittingeof t € 68% confidence Ie\_/el. i

UV light curve using a cosine function with free amplitudelan ~ The top panel of Figld5 shows the UV light curve and the
phase, and period fixed to 8.22 days (Bouvier 5t al. 4007a. Tif given by Eq[]. The bottom panel shows the UV light curve
resulting fit §2 = 2065 for 80 d.o.f.) is not acceptable, mainlyfolded in phase with the high-frequency period after the-sub

due to fast variations on day timescale that cannot be propettraction of the long-term modulation. This light curve fkso
rather convincing. However, a longer UV observation with th

8 However, the RASS rate is not consistent with the IPC uppeit.li OM is necessary to have a definitive confirmation of this high-
Note that SR argued the opposite. frequency period, which would suggest a non-steady aocreti

2.5.2. Modeling of the UV variability
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Fig. 6. Optical light curves of the OM guide stars obtained wit
the field acquisition exposure. The dashed lines and gripestr
indicate the raw count rates of guide stars and one-signia v

ations, respectively. The thick line and error bars showesoi+
tical light curve of AATau. Labels indicate counterpartstiie
Guide Star Catalog (version 2.3.2).

Table 3. Journal of ground-based optical observations.

Feb. 2003 Site Tel. Observer N
(d)
13.89-28.88 Teide (Spain) 0.8m M.R.Z 177
16.83-17.96 Sierra Nevada (Spain) 1.5m M.F. 5
20.63-28.64 Mt Maidanak (Uzbek.)) 0.5m K.G. 8

3. UV and X-ray variabilities versus rotational phase
3.1. Ground-based optical photometry

The Journal of ground-based optical observations is given i
Table[3. Observations were carried out from three sites aver
time span of two weeks, covering oXiVIM-Newton observa-
tions in February 2003, using either CCD detectors or a pho-
tomultiplier tube (Mt Maidanak). Measurements were olédin

in theV filter. Differential photometry was performed on CCD
images and absolute photometry from photomultiplier okeser
tions, with an accuracy of the order of 0.01 mag. Somewhat
larger systematic errors(.05 mag) might result from the rel-
@tive calibration of the photometry between sites. All data
duction procedures can be found.in Bouvier étlal. (2003).

r The top panel of Figll7 shows the ground-based optical

:fllght curve; for comparison purpose, the other panels show

the UV and X-ray light curves, and the plasma parameters.
Unfortunately, due to bad weather conditions in Europe,enon

ground telescope was able to obtain simultaneous opticareb
vations withXMM-Newton. In the most favorable cases, ground
optical photometry was obtained only 4.3h, 3.1h, 2.8h, and
2.0 h before the beginning of the MOS observations #1—#4, re-
spectively; and only 3.3 h after the end the last MOS observa-
tion. Despite the limited time sampling, a dip, likely assted
with a primary eclipse of AATau, is however detected at the
beginning of the monitoring campaign. This supports what we
Qeduced previously in Se€_Zb.3 from the optical FAQ insage
the OM field of view, and are then available as comparisors st that XMM-Newton observations #1 and #2 were obtained dur-
for variability stud ' ?ﬁg the e(_:llpse_. Conseq_uently, t_he FAQ images can alsq lwk use
y study. safely to identify an eclipse duringMM-Newton observations
The FAQ is a short exposure (10¥)filter image always #5 and #6, located within the Feb. 23—27, 2003 gap of the groun
taken at the start of each science observation (i.e., ategmb observation.
ning of the MOS observation) to allow proper identificatidn o
guide stars and to compensate small pointing errors. Altotds . _
ing is applied to the FAQ image by the OM on board softwarg2- Folded light curves and eclipse phases

to identify guide stars. The derivedrset is then applied to the 14 optain a better determination of the dates of the optical
OM science windows. The informations (positions in detect@c|ipses, we compare our photometry with the one obtairstd ju
coordinates, countrates,...) on the guide stars are Eporthe 6 months apart, from Aug. 27 to Oct. 24, 2003 (Bouvier et al.
“OMS40000RFX* data files delivered with the Observation Dat3n07h). The top panel of Fi§l 8 shows both photometry data
Files (ODFs). The use of the FAQ image, instead of scheduliggy fo|ded together in phase using the 8.22-day rotatioeal p
an additional OM exposure in the imaging mode default with thjyq (Bouvier et al[ 2007a), i.e., we introduced no phasted
V-filter, allowed us to make a twice longer observation with theyce petween the two data set. The (arbitrary) common aigin
UVW?2 filter, by saving at least % 800's (without taking into phase was chosen to match the light curve of season 2003 shown
account time overheads). in Fig. 15 oflBouvier et &1..(2007a), taking the eclipse ceate

In each observation, we recover sky coordinates from detgudrase 0.5.
tor coordinates, and identify the counterparts of guidessia The behaviour of our photometry is consistent with the shape
the Guide Star Catalog (version 2.3.2). Then, we build at ligbf the light curve observed during the season 2003. We can ex-
curve for the 13 guide stars (including AA Tau). Fig. 6 showslude any phaseftset larger than 0.05 between the two epochs.
the variations of the raw count rates in the optical of thedgui A deep primary eclipseAV ~ 1.5mag) is well detected at the
stars during our campaign. All guide stars, except AA Tad, eReginning of our monitoring campaign. There is also some ev-
hibited small (lower than &) relative variations in the optical. idence for a shallow secondary eclipse detected only atritle e
By contrast, AATau exhibited large relative variationspar- of our monitoring campaign, after the |laXiMM-Newton ob-
ticular, during observations #1, #2, #5, and #6 where a ldiige servation. The dferences in brightness of about 0.5 and 1 mag
is visible. We conclude that theseXMM-Newton observations between the Feb. and Aug. 2003 data, observed at the begin-
were likely made during the optical eclipses of AA Tau. ning and the end of the primary eclipse, respectively, can be

2.5.3. Optical variability from the field acquisition exposure

We propose here to obtain extra informations on the optical p
tometry of the target thanks to the OM Field Acquisition exp
sures (FAQs), where several stars are also detected irabjptic
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Fig.7. Light curves and plasma parameters of AA Tau. The panels $foowtop to bottom: the optical, UV, and X-ray light curves
(labels indicate observation numbers); the variationfhiefglasma emission measure(s) and temperature(s), antidteefectric
absorption (TablEl2). The top horizontal axis indicatesciveesponding phase for the rotation period of 8.22 days.(@hbitrary)
phase origin is frorn Bouvier etlal. (2007a).
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explained with a longer duration of the eclipse in Feb. 2003. Assuming a frequency of one X-ray flare per 650ks, as ob-
The brightening on Feb. 16, 2003, close to the center of the pgerved in young solar-mass stars (Wolk et al. 2005), our88.8
mary eclipse, was observed with a high sampling rat2 (hin), exposure should detect only 0.2 flare from AA Tau. The center
and exhibited only a fast decay. Therefore, this event islaim of the optical eclipse is limited to about 0.2 in phase. T

to the transient brightening events usually observed irfalmt  the combined probability to observe by chance an X-ray flare
state of AA Taul(Bouvier et @l. 1999). The primary eclipsesaveduring the center of the transit of an accretion funnel flow is
centered on Feb. 15.5 and Feb. 23.5, 2003, and covered phasdg 0.04. Moreover, the median flare level in young solassna
ranging from~0.3 to~0.7. Our ground-based monitoring constars is only 3.5 times the characteristic level (Wolk €2805),
firms that XMM-Newton observations #1, #2, #5, and #6 werevhereas we observed a flare with a larger amplitude. This sug-
made during primary eclipses. In particular, observatithand gests that this event is associated with the magnetic aree-co
#6 are secured close to the center of the primary eclipseaWe sponding to the base of the dipolar magnetic field line, which
exclude a secondary eclipse at the start of observationsd#& controls the accretion funnel flow.

thanks to the FAQ, and moreover the corresponding X-ray ligh

curves show no decay. Therefore, we conclude that the ghallo

secondary eclipse likely started after the end of our oladgems. 4. Discussion and conclusions

The UV flux is the highest when the primary eclipse star . ) : i
and the lowest towards the end of it. Indeed, the lowest UV fl t?(he high throughput okMM-Newton allows us to obtain spec

. . Ya of AA Tau at each phase of its activity. By contrast to prev
was observed during thKMM'NeVVth observt_altlon #3 at the(9usROSATobservations,Where the measurement for this source
end of the egress phase, i.e., outside the primary eclipse.

model of the UV flux variations helps to disentangle Weeklwashmned to count rate and hardness ratios in the softyer

modulation (produced by the warped disk) and daily var'ratiogrgy band, the plasma parameters can be derived from spectral

N . L fitting, which provides, in particular, a better measurenoéthe
Eq.0 indicates that the weekly modulation was at minimum AN umn density and the X-ray luminosity.

Feb. 17.2, 2003 (see also the top panel fo Eg. 5), which cor- ) . .

responds to a ph(ase delay of ab%lﬁ)t 0.2 comgare)d to the opti- Ve find that the column density, derived from the photo-

cal eclipse. Therefore, the warped disk produces a maxim :XI'IC' absor_ptlofn cr)INthe ﬁ'gayio‘gg“'“‘?g’tbylg‘el%gg"e gﬂro

of obscuration of the UV flux at the end of the optical eclips au,t\r/]anest.rol et X . AZnJI' Ob tf? d Ct”J :

Consequently, the true maximum of the UV flux occurred arou dpwwv(\e/\i/tﬁr, A € 0% ?gme;(gm(CB(I)ch\]/igr st a;jgg)é) \(/avhigﬁ ézr:’%rg
. . , VvV = . . AL ’

phase 0.2, well before the start of the eclipse. We didnt s Converted fohy ~ (L2 + 0.1) x 102 cm2, using the relation

vey this time interval withXMM-Newton, but we note that a = 1275 1
brightening in the B-band of AA Tau was observed around phalg/A = (5.6 = 0.4) x 10*'cm2mag* (Vuong et al. 2003),

i : - bined with the extinction law of Rieke & | ebofsky (1985)
0.2 during the 1995 campaign_(Bouvier etlal. 1999). The del ”1 : I '
between the optical and UV eclipse, and the smaller depth’af = 0-282x Av (for their adoptedRy value of 3.1). We con-
the UV eclipse 8UVW?2 ~ 0.40 mag) compared to the opticalc'ude tgg there is gzg excess of column density, varying from
eclipse AV ~ 1.5 mag), suggeststaailingaccretion funnel flow, 0.9x 10° to 17 x 10~ cr. These values are consistent with

; ; : e one reported by SR. To explain this excess of column tyensi
ggiggt?ér;]gsﬁsgl? ng absorption of the UV photons emittedat t R introduced an additional absorption in a disk wind (with n

) ) ) dust, and cool enough to avoid producing any soft X-ray emis-

- No ecllp_ses are detected in X-rays. The variable photoelegon), or a peculiar dust grain distribution wiity ~ 0.4 to rec-
tric absorption of the X-ray spectra is not correlated whi t gncile the observed extinction and X-ray absorption. Havev
rotational phase; similar low and high values of the coluran-d we note that three-dimensional MHD simulations of disk aecr
sity are observed both during the eclipse and outside it. Then to a rotating magnetized star (elg.. Romanovalét aldp00
maximum of the column density was observed at phase Ospow that the stellar magnetosphere is far to be an empty cav-
close to the center of the optical eclipse, during the X-rasefl ity. Matter accretes mainly through narrow funnel loadethwi
However, increases of the column density were also re_por‘lﬁgh-density material10*2cm3), which are surrounded by
during large stellar flares, and solar flares are sometinggas |ower density funnel flows that blanket nearly the whole mag-
ated with coronal mass ejection (see the review on X-rapastr netosphere. Therefore, we propose to identify this excegas
omy of stellar coronae by Giidel 2004, and references thereiwith this lower density funnel flows filling the stellar magne
Therefore, we cannot rule out that the peak of column densipsphere. Dividing the excess column density by the width of
is due to this energetic event. The gas column density on #i@ magnetosphere of AA Tau (about 7.8 stellar radii) leads t
line of sight produced by the warped disk is around®®>  density of a few 18’ cm2, which is compatible with this inter-
(Bouvier et all 1999), which is large enough to absorb alhe pretation. Moreover, the multiple spirals visible in thensiated
rays emitted by AA Tau, even during a bright and hot flare. Thg.cretion flows should help to produce a variable column den-
lack of eclipses in X-rays indicates that X-ray emittingice® sity. This low density gas, located below the radius of dubt s
are located above the high-density disk warp at high lagud  [imation (close to the inner accretion disk for AA Tau), igth

The online Fig[P shows the scattered plot of the average Gist free.
count rate versus the column density, where the count rede er o
include the observed variations of the UV flux (see Elg. 1)e Th.°_To convert theROSAT count rate of AATau to X-ray luminosity,
correlation cofficient of this sample is-0.72, suggesting a true Neuhauser et all (1995) estimate an energy conversioorfiom the
correlation between the two physical parameters as argyledv ual extinction (converted to foreground hydrogen caludensity)

SR wh d I bars for th trates. H and the second hardness ratio (sensitive to the plasma tetmm.
» WNO used smaller error bars for the count rates. HOWBET, 15 1a54s to an X-ray luminosity of&x 10 ergs? (see Table 1 of

note that the data obtained outside the eclipse are locatethw [johns-Kri[2007), which is likely underestimated by aéaif ten (see
the cloud of points, with error bars covering all the rangelof  our simulations of count rates in SeE12.4), because thereodensity
served values of column density and count rate. Therefbee, bf AA Tau (see Tablgl2, and discussion below) is about 10 tiavegr
column density variation cannot be attributed to the diskpwa than the one assumed by Neuhauserlet al. [1995).
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Accreting TTSs show in averagels /Ly ratio 2.5 times

11

Argiroffi, C., Maggio, A., & Peres, G. 2007, A&A, 465, L5

smaller than in non-accreting TTSs (see for COUP and XEST #splund, M., Grevesse, N., & Sauval, A. J. 2005, in ASP Coaf. 336: Cosmic

sults | Preibisch et &l. 2005 ahd Briggs et al. 2007, respgji
This is generally interpreted as a direct or indirect consege
of the accretion process (see discussidn_in Preibisch20ab;

Telleschi et al. 2007; Gregory etlal. 2007). The median vafue

Abundances as Records of Stellar Evolution and Nucleosgighed. T. G.
Barnes, Il & F. N. Bash, 25-39

Audard, M., Skinner, S. L., Smith, K. W., Gudel, M., & Paliewmi, R. 2005, in
Proceedings of the 13th Cambridge Workshop on Cool StaeflaS8ystems
and the Sun, ESA SP-560, ed. F. Favata et al., 411-415

|Og(|-x/|-bol) for AA Tau is —3.5; for comparison this value is in- Bouvier, J., Alencar, S. H. P., Boutelier, T., et al. 2007&A4463, 1017

termediate between3.7 and-3.3, the median values found for

accretors and non-accretors, respectiviely (Preibisch 2085%;

Bouvier, J., Alencar, S. H. P., Harries, T. J., Johns-Ki@llM., & Romanova,
M. M. 2007b, in Protostars and Planets V, ed. B. Reipurth, &wvit, &
K. Keil, 479-494

Briggs et al.l 2007). The peculiar orientation of AATau magouvier, J., Chelli, A., Allain, S., et al. 1999, A&A, 349, 81

help to overcome partly the extinction by the accretion &lan
(Gregory et al. 2007).

Recently, Johns-Krull (2007) reported new magnetic fie

Bouvier, J., Grankin, K. N., Alencar, S. H. P., et al. 2003, A&09, 169
Briggs, K. R., Gudel, M., Telleschi, A., et al. 2007, A&A, 86413
00s, P. S., Feigelson, E. D., Townsley, L. K., et al. 200@J3, 169, 353
rman, B. & Arnaud, K. A. 2001, in ASP Conf. Ser. 238: Astramical Data

measurements for CTTSs, based on Zeeman broading of phoanalysis Software and Systems X, ed. F. R. Harnden, Jr., Prifaini, &

tospheric absorption lines in the near-IR, showing thatahe
served mean magnetic field is in all cases greater than
field predicted by pressure equipartition arguments. JétmH

H. E. Payne, 415-418
frseata, F., Flaccomio, E., Reale, F., et al. 2005, ApJS, 469,
Feigelson, E. D. & Montmerle, T. 1999, ARA&A, 37, 363
Getman, K. V., Feigelson, E. D., Grosso, N., et al. 2005a,SAg860, 353

(2007) suggests that the very strong fields decrease ongtese Getman, K. V., Flaccomio, E., Broos, P. S., et al. 2005b, Af88, 319
the dficiency with which convective gas motions in the photasregory, S. G., Wood, K., & Jardine, M. 2007, ArXiv e-prinf§4
sphere can tangle magnetic loops in the corona. For AA T&&rosso, N., Audard, M., Bouvier, J., Briggs, K. R., & Gudd, 2007, A&A,

Johns-Krull (2007) reports a value of 2.78 kG for the mean-mag

netic field, that is 2.7 times larger than the field strength
pressure equipartition; and predicts from solar scalinguam
observed) X-ray luminosity of about410% ergs? (for com-

468, 557

r:l{osso, N., Montmerle, T., Feigelson, E. D., & Forbes, T. G2 A&A, 419,
653

Gudel, M. 2004, A&A Rev., 12, 71

Gudel, M., Arzner, K., Audard, M., & Mewe, R. 2003, A&A, 40355

parison this value is 10 times greater than the minimum levg§del, M., Audard, M., Magee, H., et al. 2001, A&A, 365, L344

that we observed). However, our observation shows thaghtri

Gudel, M., Briggs, K. R., Arzner, K., et al. 2007a, A&A, 46863
Gudel, M., Skinner, S. L., Mel'Nikov, S. Y., et al. 2007b, A& 468, 529

X-ray flare can occur during the transit of an accretion fUnngyenther, E. W., Lehmann, H., Emerson, J. P., & Staude, B, 189A, 341,

flow, and locate the active X-ray area likely close to the fofot

768

the accretion funnel flow. We speculate that a magneticaater Gunther, H. M., Schmitt, J. H. M. M., Robrade, J., & Liefke, ZD07, A&A,

tion exists between the free falling accretion flow and thersy

magnetic field of the stellar corona, which may trigger maigne

466, 1111
Imanishi, K., Nakajima, H., Tsujimoto, M., Koyama, K., & Tisoi, Y. 2003,
PASJ, 55, 653

reconnections and give rise to bright X-ray flares, which2boojansen, ., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1

the X-ray emission.

This campaign of observations of AATau witkMM-
Newtonshows that X-ray spectroscopy with CCD provides
unique tool to probe the circumstellar dust-free gas in tis
ject, and that some magnetic flares are likely associatedtingét
accretion process. Longer coordinated optical and Xursyob-
servations of AA Tau are still needed to obtain continuogistli

Johns-Krull, C. M. 2007, ApJ, 664, 975

Johns-Krull, C. M., Valenti, J. A., & Koresko, C. 1999, ApJ,& 900

éohns-KruII, C. M., Valenti, J. A., & Saar, S. H. 2004, ApJ761204

astner, J. H., Huenemoerder, D. P., Schulz, N. S., Camzate R., &

Weintraub, D. A. 2002, ApJ, 567, 434

Kenyon, S. J., Dobrzycka, D., & Hartmann, L. 1994, AJ, 10828

Mason, K. O., Breeveld, A., Much, R., et al. 2001, A&A, 365,683

Ménard, F., Bouvier, J., Dougados, C., Mel'nikov, S. Y., &@kin, K. N. 2003,
A&A, 409, 163

curves, which is crucial to confirm the flaring behaviour of aGorison, R. & McCammon, D. 1983, ApJ, 270, 119

tive regions associated with the accretion funnel flow, aaityd

Ness, J.-U., Gudel, M., Schmitt, J. H. M. M., Audard, M., &lléschi, A. 2004,

modulation of the UV flux. Simultaneous Zeeman-Doppler im- A&A, 427,667 _ _
ages would help to derive a surface magnetogram; this mapN§ghauser, R., Sterzik, M. F., Schmitt, J. H. M. M., WichmaR., & Krautter,

the magnetic active regions on the stellar photospherebumd

J. 1995, A&A, 297, 391
Ozawa, H., Grosso, N., & Montmerle, T. 2005, A&A, 429, 963

with the X-ray light curves, would then allow to build a selfpgrquet, D., Mewe, R., Dubau, J., Raassen, A. J. J., & Kaasiga 2001, AGA,

consistent three-dimensional model of the corona of AA Tau.

Taking into account that the duration of the visibility winl
for AATau is about 130 ksec petMM-Newton orbit (2 days),
a full monitoring of two optical eclipse periods of AA Tau 22.
days) withXMM-Newton is equivalent to anféective exposure
of 1.1 million seconds. This project has the typical dunatid
the large programs which are anticipated witWM-Newtonfor
the next decade.
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Appendix A: Elemental abundances of the coronal Table A.1. Elemental abundances of the coronal plasma and the
plasma and the absorbing material absorbing material.
The typical values of plasma element abundances observed Coronal plasnia Absorbing materidl

in the coronae of young stars with fine X-ray spectroscopy
(Gudel et all 2007a), that we use for thepec coronal plasma EI  AEl) n(El)/n(H) angr A(El) n(El)/n(H) angr
model in our X-ray spectral fitting witkSPEC, are given in (1) (2) (3) (4) (5) (6) @)

Col. (2)—(4) of Tabl€ALL. He 10.99 9.77E-02 1.000 1093 851E-02 0.871

The column density of the absorbing material located onthe ~ 821~ 1.63E-04  0.450 839  2.45E-04  0.676
line of sight is estimated from spectral fitting using a pledto- 7.95 8.83E-05 0788 7.78 6.03E-05 0.538
tric absorption model, that uses photoionization crostiees, NO g'gi i'ggg'gj 8‘322 g'gg g'gég'gé g'ggz
and solar abundances for the material composition. Wdies NZ ' e ' 617 1 ;18566 0691
p.hotoelectrlc. absorption model use photoionization ceEss |\, 700 999E-06 0263 753 3.39E-05 0.892
tions oflMorrison & McCamman. (1983), and (old) solar abunx| 6.17 1.47E-06 0500 637 2.34E-06 0.795
dances of Anders & Grevesse (1989). Significantrevisiotiseof g;j 7.04 1.10E-05 0.309 751 3.24E-05 0.912
solar abundances have been made recently, as a result @g-the & 6.83 6.76E-06 0.417 7.14 1.38E-05 0.852
plication of a time-dependent, 3D hydrodynamical modeheft CI ..... ......... ..... 550 3.16E-07 1.682
solar atmosphere, instead of 1D hydrostatic models. Tlsislha Ar  6.30 2.00E-06 0.550  6.18 1.51E-06  0.417
creased the metal abundances, in particular of carbon apd o%a 565 4.47E-07 0195 631  2.04E-06  0.892
gen, which are the main contributor to the photoionizatimss €' ---:  xoaoeo e 5.64  4.37E-07  0.902
section above 0.3 and 0.6 keV, respectively. Consequehty, gg 6.96 9.13E-06 0.195 47'9425 82'3822EE_6%5 00966072
absolute value of the column density is dependentof thetedop =54  347E.07 0195 623 170E-06 0.954
photoelectric absorption model. Using updated solar abooels i ' _ ' ' ' T
is then crucial when the absolute value of the column dens%?tes Col. (2) and (5) give the element abundances on tiaeitbgic

: | N = tronomical scale, where the numbers of hydrogen atomsedr®
is needed (e.gL_Vuong efial. 2003). Col. (5)~(7) of TdDH A. H) = logn(H) = 12. The numbers of element atoms normalized to

give the recent compilation of elemental solar abundanges 11?1e number of hydrogen atoms are given in Col. (3) and (6); @
Asplund et al.|(2005), where the decrease of metal by compafiq (7) compare this ratio to Anders & Grevedse (1989)'squpdteric
son withLAnders & Grevesse (1989) is indicated in the last cq{pyndances.

umn.
. a2 Elemental abundances observed in the coronae of youngustars
We test the impact of these udpated solar abundances ONg o X-ray spectroscopy. (Giidel ei al. 2007a) usedsipec.

our fitting by replacingrabs by tbvarabs (Wilms et al.2000), v glemental solar abundances bf Asplund ét &L (2005) used in
which allows to input new abundances for the absorbing ma- tpvarabs. ' )

terial. Moreover,tbvarabs uses also updated photoionization
cross sections. We find nearly identical values of tempegatu
and emission measure, however, as anticipated the column de :
sity value is increased. Fig—A.1 shows that column density vq"St of Objects

ues obtained witlwabs are underestimated by about 50%. ‘BATad on page 1
TWGA 043482378 on page 5
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Fig.A.1. Comparison of the column density values obtained
from spectral fitting when using the old_(Anders & Greviesse
1989) and the updated (Asplund etlal. 2005) solar abundances
The dashed line shows the mean average between the two values
of column density.
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Fig.2. A subset of X-ray flares from th€handra Orion Ultradeep Projewith peak amplitude and duration larger than the one
observed in AATau. The left panels show COUP light curvee (§getman et al. 2005b), where blue and red segments indicate
the minimum BBp,n) and maximum BB,y levels obtained from Bayesian block analysis (Scarglef) 9@spectively. The blue
dotted line show the minimum level. The peak amplitudes @ given. The dashed green lines start 1.7 days after thefahe
maximum Bayesian block, and indicate the level (2.5 timexs/atthe minimum level), that was observed in the third okeséon of

AA Tau. The right panels are an enlargement of the light careeind the Bayesian block showing the peak level and durdliots
mark the arrival times of individual X-ray photons with thebrresponding energies given on the right-hand axis. e aggtical

gray stripes indicate the five passage€tandrdhrough the van Allen belts where ACIS was taken out of thalfptane and thus
was not observing Orion.
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Fig.3. EPIC pn (black), MOS1 (red), MOS2 (green) spectra of AA Tanttpd with the same scale. The lines show our best fits
using one-temperature plasma combined with photoeleattsorption for observations #1 to #8 (Tadle 2) from left ghtiand top
to bottom. The residuals are plotted in terms of sigmas withrdars of size one.
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