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ABSTRACT

Aims. We analyzel9 bright variable X-ray sourcesdetectedn the XMM-Newton ExtendedSurve of the Taurus Molecular Cloud
(XEST), in orderto characterizehe variationswith time of their coronalpropertiesandto derive informationson the X-ray emitting
structures.

Methods. We performedime-resoled spectroscopof the EPIC PN andMOS spectraof the XEST sourcesusinga modelwith one
or two thermalcomponentsandwe usedthe time evolution of the temperatureand emissionmeasuresluring the decayphaseof
ares to derive thesizeof the aring loops.

Results. Thelight curvesof theselectedsourceshawv di erenttypesof variability: ares, long-lastingdecayor risethroughthewhole
obsenration,slow modulationor complec are-lik e variability. Spectrabnalysisshavs typical quiescenplasmaemperaturesf 5-—
10MK and 15-35MK; thecool componengenerallyremainsconstantwhile the obsened ux changesredueto variationsof

the hot componentDuring ares the plasmareachegemperaturesip to 100 MK andluminositiesup to

10* ey s . Loop sizes

inferredfrom are analysisaregenerallysmallerthanor comparabléo thestellarradius.
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1. Intr oduction

Youngpre-mainsequencéPMS)starsarewell known to exhibit
strongX-ray emissionat levels ordersof magnitudehigherthan
generallyobsenedin olderactive stars(Feigelsor& Montmerle
1999;Favata& Micela 2003;Guidel 2004).FurthermoreX-ray
time variability is almostalwaysdetectedn PMS stars,very of-
tenin theform of ares, with a shapesimilar to solar ares, or
of slow modulationduee.g.to rotation(Feigelson& Montmerle
1999;Wolk etal. 2005;Flaccomioetal. 2005).0n the Sun,the
X-ray time variability is dueto are actiity ontimescale®of a
few hours,to the appeareancef new active regionscombined
with the surfacerotation(timescale®of a few weeks)andto the
11-yr solar activity cycle. The are actiity obsenedin PMS
starssuggestghat a scaledversionof the solar coronashould
bepresenin theseobjects.Theplasmamagneticallycon nedin
loop-like structuresvould be heatedby mechanismsimilar to
thosepresentn the solarcorona,andwould releasehe enegy
in theform of ares. However, obsenationsshow thatClassical
T Tauri stars(CTTS), characterizedy accretionfrom the cir-
cumstellardisk, are statisticallyX-ray underluminouswith re-
spectto Weak-linedT Tauri stars(WTTS), wheredisksareab-
sentor weak(Stelzer& Neuhauser2001;Flaccomioetal. 2003;
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Preibischet al. 2005; Franciosiniet al. 2006; Telleschiet al.

2006b). Moreover, high-resolutionspectroscop of the CTTS
TW Hya (Kastneret al. 2002; Stelzer& Schmitt 2004) and
BP Tau (Schmittet al. 2005)indicatethe presencef very high

densities(ne > 10'2 cm 3) and a dominantcool plasmacom-
ponentat 3 MK in TW Hya, that have beenattributedto emis-
sion from plasmaheatedby an accretionshock.EnhancedX-

ray emissiorandor signi cant spectralariationshave beenob-

sened during accretionoutburstsin V1647 Ori andV1118 Ori

(Kastneret al. 2004, 2006; Grossoet al. 2004; Audard et al.

2005). Theseresultssuggesthat accretionmay play a role in

the X-ray emissionprocessgitherby in uencing the magnetic
structureor by providing analternatve X-ray productionmech-
anism.

The studyof thetime variability of the X-ray emissionfrom
PMS starsallows us to gaininsightsinto the structureandthe
heatingmechanismsef stellarcoronaeln particular theanalysis
of ares constitutesa diagnostictool to infer the size of the X-
ray emitting structuresRecently Favataet al. (2005) studieda
sampleof intense ares obsenedin the Orion Nehula Cluster
aspartof theChanda Orion UltradeepProject(COUP), nding
that ares on PMS starsoccurbothin smallloops, of sizeless
than a stellar radius, similar to older active stars,andin large
loops,upto 10 20R,, likely connectinghestellarsurfaceand
thecircumstellardisk.

In this paperwe studythe X-ray propertiesof a sampleof
PMS starsof the TaurusMolecular Cloud (TMC) shawing sig-



ni cant time variability. The TMC is oneof the nearestegions
of starformation(d = 140pc), containing 340known mem-
bersin anarea 100squaredegreedarge,andis characterized
by alow stellardensity(1—10pc 3), by thelack of massve stars
andby a signi cant fractionof binary or multiple systemsStar
formationappeargo have occurredn severalepochsuringthe
last10 Myr.

Our work complementghe study by Stelzeret al. (2006a),
who analyzethe X-ray time variability of TMC sourcesfrom
a statisticalpoint of view, andderive the frequeny andenegy
distribution of aring events.In our papeme concentrat®nthe
time-dependergpectralnalysisof the brightestsourcesshow-
ing both ares and otherkinds of variability, in orderto inves-
tigatethe change®f the plasmaparameterandto derive infor-
mationon the X-ray emittingstructures.

The paperis organizedas follows. In Sect.2 we describe
the target selectionandthe dataanalysis.In Sect.3 we present
the resultsobtainedfor TMC memberswhereasn Sect.4 we
presenthe variability of threesourcesot relatedto the TMC.
Discussiorandconclusionsaregivenin Sect.5.

2. Source selection and analysis
2.1. Observations

Our studyis basedon the dataobtainedfrom the XMM-Newton
Extendedurvey of the TaurusMolecularCloud (XEST),awide
X-ray suney performedwith the XMM- Newton satelliteaimed
at studying the propertiesof young PMS starsin the TMC
(Gudeletal. 2006a).The surwey consistof 19 elds of 33ks
exposureeach,coveringthe densestegionsof thecloud, plus9
archival exposuredastingupto 130ks; thetotal areacovered
by thesuney is about5 squaredegrees.

A detaileddescriptionof the suney, includingdetailsonthe
primaryreductionof theraw EPICMOS andPN datasetspnthe
sourcedetectiorprocedureandonthede nition of theextraction
regionsfor the sourceandbackgroundight curvesandspectra
is reportedn Glideletal. (2006a).

The work presentechere usesdatafrom all XEST elds
exceptfor XEST-01 and XEST-25 that are dedicatedto sepa-
rate projects(Gudel et al. 2006b,Grossoet al., in preparation).
We also excludedthe classical T Tauri star SU Aur (source
XEST-26-067) that is discussedn detail in a separatepaper
(Franciosiniet al. 2007). We also note that two of the elds,
namelyXEST-23 and XEST-24, correspondo two consecutie
obsenationswith the samepointing position,with a durationof

70 and 40 ks, respectiely, separatedy 5 ks. Sourcesde-
tectedin both exposureshave beentreatedasa singlesourcein
thefollowing analysiswith thetwo exposuresaddedtogether

2.2. Analysis of light curves and sample selection

To selectthe sampleof sourcedor this study we rst extracted,
for all detecteX-ray sourcesthePNandMOS sourceandback-
groundphotonsin the enegy band0.3-7.3 keV, usingthe ex-
tractionregionsde ned by Giideletal. (2006a).In orderto have
a continuoustime coveragefor eachobsenation, without gaps
in thelight curves,we chosenotto Iter outtheperiodsof high
backgroundcountratedueto proton ares. We thenlimited our
analysiso sourceswith atleast1500netcountsin the PN expo-
sures(or in the MOS exposuresn the casesvherethe PN was
not available),in orderto have su ciently high countstatistics
for goodtime-resoled spectralanalysis.This selectionneces-

sarily biasesour study towardsthe X-ray brightestand likely
mostactive sources.

For thesesources,we extractedthe PN (or MOS) light
cunes, and appliedto them the Maximum Likelihood Blocks
(MLB) methoddescribedby Stelzeret al. (2006a),in orderto
identify variablesourcesandto de ne the intenalsto be used
for time-dependenspectroscop The MLB algorithm divides
the full exposureinto time intervals (blocks) wherethe source
is assumedo be constantthe boundarie®f the time blocksare
chosersuchthatbetweernwo consecutieblocksthemeancount
rate changedy more than a given signi cance threshold.The
signi cance thresholdfor the changepoints, at the 99% level,
wasdeterminedhroughsimulationsof constantatelight curves
(Flaccomioetal., in preparation)We seta minimumnumberof
750netsourcephotonsfor eachblock, in orderto have enough
countsin eachspectrumo performa reliablespectralanalysis.
We notethatthis choicedoesnotallow usto examinerapidvari-
ations,small-amplitudearing eventsandlow-level variability.

Thevariability of thebackgroundn mary XEST elds was
signi cant andwastakeninto accounusingthefollowing proce-
dure:the MLB algorithmwasusedto split the backgroundight
curve into blocksof constantcountratelevel; for eachof these
blocks, the backgroundevel was scaledto the sourceextrac-
tion areato yield thenumberof expectedbackgrounghotonsn
the sourceareafor the giventime intenal. The resultingnum-
ber of photonsis thenremoved from the sourceevent le uni-
formly acrosseachbackgroundblock. The resultis a “source-
only” event le, i.e.abackground-subtractggzhotontime series
for thesource.

Usingthe MLB results we restrictedour sampleby consid-
ering only thosesourcesvhoselight curvesshaved signi cant
variability, i.e. thosethathave beendivided by the algorithmin
atleasttwo blockswith meancountratesdi eringby morethan
3 . This selectionprocesded to a sampleof 16 variableX-ray
sourcesassociatedvith known PMS memberof the TMC, plus
additionalthreesourcesot relatedto the region or thatarenot
con rmed memberof the TMC. Thewealestsourcan the nal
sampleis JH108,with  2500netPN counts.The mainproper
ties of the selectedsourcesaregivenin Tablel. Thethreenon-
memberwill bediscussedeparatelyn Sect.4.

The 16 TMC membersaremostlylate-K andearly-M stars;

ve of themareclassi edasCTTS,tenasWTTS, andoneis a
Herbig Ae star Six of thesesourceg(including the Herbig Ae
star) are binary or multiple systemaunresoledin X-rays with
XMM- Newton

2.3. Time-resolved spectroscopy

We have performedatime-dependergpectrabnalysiof the se-
lectedsourcesjn orderto study the changeswith time of the
plasmacharacteristicsi.e. temperatureand emissionmeasure
(EM), that give us information on the origin of the emission,
andto derive,in thecaseof ares, informationonthesizeof the
aring regionfrom are modeling.

PN and MOS spectrafor eachsourceand eachtime block
have beenextractedfrom the sourceandbackgroundvent les.
For the responsematrices,we usedthe appropriatecannedre-
sponsanatrix les for PNandMOS, andtheancillaryresponse

les producedor eachindividual source(seeGudeletal. 2006a,
for details).The PN andMOS spectrahave beenrebinnedn or-
derto have atleast15 countsperbin, andhave beenjointly tted

in XSPECv.11.3.2,usinga thermalVAPEC modelwith oneor
two temperature&omponentsplus a commonphotoelectricab-
sorptioncomponentThe hydrogencolumndensityNy wasleft



Table 1. Propertieof the sampleof XEST variablesourcesinalyzedn this paper Stellarparameteraretakenfrom Guidel etal. (2006a).In the

lastcolumnwe give a classi cationof the obseredvariability.

XESTID OpticalID Sp.T. TTSclass. R,=R  Variab type
04-016 V830 Tau K7 WTTS 1.79 slow decay
09-026 HQ TauAB ... WTTS . slow decay
11-057 FSTauAC MO+M3.5 CTTS+CTTS 0.93 slow decay
12-040 DN Tau MO CTTS 2.25 slow modulation
15-040 DH TauAB M1 CTTS 1.82 slow decay
17-066 JH108 M1 WTTS 1.32 atypical are
21-039 HD 283572 G5 WTTS 2.56 slow modulation
22-047 XZ TauAB M2+M3.5 CTTS+tCTTS 1.18 slow rise
22-089 L155151 K7 WTTS 1.39 slow decay
23-037224-028 V410TauABC K4 WTTS 231 atypical are
23-04724-040 V892 Tau B9 HerbigAe 2.66 atypical are
23-05024-042 V410X7 MO0.75 WTTS 1.69 ares
23-056824-047 Hubble4 K7 WTTS 3.33 comple variab
23-07424-061 V819TauAB K7 WTTS 1.93 are

26-072 HBC 427 K7 WTTS 1.85 are

28-100 BP Tau K7 CTTS 1.97 are

05-031 HD 283810 K5V are

16-031 2M J041956762714488 ... ares

22-024 HD 285845 G6 complex variah

asafree parameterexceptin afew casesvhereit wasnot con-
strainedby the t, andit wastherefore x edto a valuederived
for otherblocksof thesamesource Abundancesverekept x ed,
with their valuesfollowing a patternderived from estimateof
coronalabundancesf X-ray active youngstars (Scelsiet al.
2005;Telleschietal. 2005;Argiro  etal. 2004).Thebest- t re-
sultsarereportedn Table2; errorsare90%con denceintervals
for oneinterestingparameter

Figs. 1-9 shav the light curvesandspectralparametersle-
rived for TMC sourcesthe resultsfor TMC non-membersre
shavn in Figs.10-11.For eachsourcewe plot in thetop panel
the PN (or MOS) background-subtractelight curve and the
backgroundight curve, while in the otherpanelswe shav the
evolution of thebest- t temperatureandEMs andof the hydro-
gencolumndensity The time intervals derived from the MLB
methodandusedfor theanalysisareindicatedby dottedvertical
lines.In Figs. 2, 3, 5 and11 we alsoshaw, in theright panels,
the evolution of the plasmatemperatureand emissionmeasure
usedfor are analysis.

2.4. Flare modeling

Flare light curves containinformation on heatingand cooling
parameterand indirectly on the density and geometryof the
aring sourcesAs stellar are obsenationsarenot spatiallyre-
solved, varioustechniquesave beendevelopedto usethe light

curves and measurablequantitiessuch as the emissionmea-
sureor the electrontemperaturd¢o deduce are sourceparam-
eters(seereview by Gudel 2004). Each of thesemethodsin-

troducessimpli cations and makesvariousassumptionsn the
heatingand cooling processespften adoptedby analogywith

solar ares. A particularly straightforward physicalmodel has
beendevelopedby Realeet al. (1997),that derivesthe heating
fraction andthe magnetidoop lengthfrom hydrodynamiccon-

1 The atundancesised,relative to the solaralundancesy Anders
& Grevesse(1989), are: C=0.45,N=0.788,0=0.426,Ne=0.832,
Mg=0.263, Al =0.5, Si=0.309, S=0.417, Ar=0.55, Ca=0.195,
Fe=0.195,Ni=0.195.

siderationsusing only the run of are temperatureand emis-
sion measurelts advantageis its simple applicationto stellar
obsenations;it hasalsobeentestedon moderatesingle-loopso-
lar ares. It is, on the other hand,not applicableto ares oc-
curring in magneticarcadesasin gradualsolar ares, wherea
largenumberof magneticstructuress ignitedandcoolingin se-
guence.Then, both the rise andthe decaytime are essentially
determinedby the history of the heatingenegy releaserather
than by cooling physics(e.g. Pneumani982; Kopp & Poletto
1984).Comparatie studieshave beenpresentedn Gudeletal.
(2004)andRealeet al. (2004)for an exceptionallystrong are
on the nearbyactive starProximaCentauri.We arenotin a po-
sition to characterizeares on T Tau starshere.We henceforth
will adoptthe modelof Realeet al. (1997)to discusspossible
systematicén ourresults.

In the caseof a single aring loop decayingfreely afteran
initial impulsive heating Serioetal. (1991)shavedthattheloop
semi-lengthL is relatedto thethermodynamidecaytime , by
therelation:

p

- th Tmax_
37 104’

whereThayx is the maximumtemperaturef the aring plasma.
However, if signi cant heatingis presentalsoduring the decay
phasethe are decaytime will belongerthan , andtheabove
equatiorwould leadto an overstimateof theloop length.Using
hydrodynamicasimulationsof aring loopstakinginto account
the presenceof prolongedheating,Realeet al. (1997) shoved
that the slope of the are decaypathin a diagramof logT
vslogne (or equivalentlylog = EM) is adiagnosticof the pres-
enceof residualheatingduring the are decay Theloop semi-
lengthL canthenbederivedfrom andtheobsened are decay
timescale | usingthefollowing relation:

p

lc Tmax

SRET AT EIaR

L 1)

)

where F( ) is the ratio betweenthe obsened and thermody-
namic decaytimes, which dependson the amountof residual
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Fig. 1. Light curvesandspectral tting resultsfor the aring TMC sourcesv410 X7 (XEST-23-05024-042)and V819 Tau (XEST-23-07424-
061).In thetop panels the background-subtracteeN light curve of eachsourceis plottedwith athick solid line, while thethin solid line shavs
thebackgroundight curve, scaledo thesourcearea Theverticaldottedlinesmarkthetimeintenals,derivedfrom theMLB analysisusedfor the
time-resoled spectroscop In the other panelswe shaw, from top to bottom,the time evolution of the best- t temperaturesgmissionmeasures
andhydrogencolumndensity ThetemperatureandEMs of the cool andhot componenareindicatedby diamondsandasterisksrespectiely.

heating.Tmax asin Eq. (1), is the maximumtemperaturén the
aring loop, that can be derived from the are peaktempera-
ture Tops Obtainedfrom the spectralts. Theexpressiorof F( )

andtherelationshipbetweenT max and T qps dependn theinstru-
mentalresponsen thecaseof EPICPNwe have (Giardinoetal.

2006):

Tinax= 0:13T 0

obs (3)

and

0:51
0:35

F()=136+ 4
The expressionof F( ) is valid only for 0:35 < 1.6,
wherethe lower limit correspondgo the casewherethe heat-
ing timescaleis comparabldo the are decaytimescalewhile
the upperlimit corresponddo a freely-decayingoop with no
residualheatingaftertheimpulsive enegy release.

Theabove formulaearecalibratedonthe EPICPNresponse,
however they give a correctorderof magnitudeestimateof the
loop length also in the caseof MOS, given the similarity of
theinstrumentatesponseandthe wide spectrabandused.We
have thereforeappliedthemalsoto the analysisof the are of
HBC 427,for which PNis notavailable.

3. Sources associated with TMC member s

We have dividedthesourcesssociateevith TMC membersnto
three classesaccordingto the type of variability obsened in
theirlight curves: (i) sourceshaving evident ares, eitherwith
a “classical” shape with fastrise and slower decay or with a
gradualrise andor a symmetricalshapefii) sourceswith slow

prolongeddecayor rise of the countrate;and (iii) sourceswith
slow modulationor complex variability thatcould be dueto su-
perimposedaring events.

3.1. Flares

Seven of the TMC sourcesshav evident ares in their light
curve.Fourof them(V410X7,V819Tau,HBC 427andBP Tau)
shaw the typical are behaiour, characterizedy a rapid in-
creasef thecountrateandof the plasmaemperaturefollowed
by a slower decay Their light curvesandthe time evolution of
the plasmaparametersire shavn in Figs. 1-3. The otherthree
sourcegJH 108,V892 Tau and V410 Tau) showv peculiar ar -
ing variability, i.e. ares thatarecharacterizedby a gradualrise
phasewith a at top andor a nearly symmetricalshape.Their
light curvesand evolution of the plasmaparameterare shavn
in Figs.4 and>5.

3.1.1. V410 X7 (XEST-23-050/24-042)

The light curve of V410 X7 (XEST-23-05024-042, MO0.75,
WTTS) shovstwo ares thatoccurredafteraninitial quiescent
periodlastingfor 65ks. Unfortunatelythe XEST-23 exposure
stoppedustafterthestartof therisephaseof the rst are, while
atthe beginning of the XEST-24 exposurethe are wasalready
decaying;thereforethe are peakwasnot obsened.The are
is very strong,with anincreaseof the countrateby morethan
anorderof magnitude The decayphaseis initially rapid, with
an e-foldingtimescaleof  2:1 ks; thena slower decayis ob-
sened,aftera smallbumpoccurringabout5 ks afterthe startof
the XEST-24 exposure A secondsmaller are, with a decaye-
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Fig. 2. Left Light curve andspectraltting resultsfor HBC 427 (XEST-26-072).Panelsarethe sameasin Fig. 1. Notethatin this casewe shav
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foldingtimeof 20Kks,is superimposednthelatedecayphase.
As mentionedn Sect.2.2, our choiceof the block sizedoesnot
allow usto derive the plasmacharacteristicsf this secondare
separatelyrom the decayof the rst one.

The quiescenemissionhastemperaturesf 9 and24 MK
with similarEMs. The rst are reachedcitemperature 60 MK
atthe peak,asestimatedrom the best- t temperaturef block
#2wherethe are is alreadydecaying.Takingthis valueaspeak
temperatureandthe decaytime of 2.1 ks, andapplyingto this
are the formula for a freely-decayindoop (Eg. (1)), we can
put a lower limit on the loop semi-lengthof L 5 10'° cm,
correspondingo 0:4R;.

3.1.2. V819 Tau (XEST-23-074/24-061)

V819 Tau (XEST-23-07424-061) is a binary WTTS with spec-
tral type K7. It shaveda smallimpulsive are attheendof the
XEST-23 exposurewith afactorof 2 increasen the countrate,
whosedecaycontinuesin the XEST-24 obsenation. The decay
phasehasane-foldingtimeof 10ks.The are is notveryhot,
with T, =20 MK in block #2, not muchhigherthanthe quies-
centvalueof 15 MK, althoughthe true peaktemperaturds
likely hottersincethis time interval includesalso a signi cant
part of the decayphase We alsonotethat the cool component
remainedconstantwithin the errors,for the whole obsenation.
We can obtain a rough estimateof the loop semi-lengthusing
the temperaturesnd EMs of the hot componentn blocks #2
and#3, from which we derive 09andL 7 10*cm,
correspondingo O:5R;.

3.1.3. HBC 427 (XEST-26-072)

During the XMM- Newtonobsenation,the K7 WTTS HBC 427
(XEST-26-072)underwent stronglong-durationare thatcov-
erednearlythe entireexposuretime of  130ks. After a short
initial quiesceniphase the countrate increaseddy a factor of
5in 6 ks, thenit decreasedlowly, returningto a level simi-
lar to the pre are oneafter 70 ks. The decaye-folding time
is 20:2 1.0 ks. The time evolution of the plasmaparameters
follows the typical behaiour obsenedin ares, with the tem-
peraturepeakingduringtherisephaseandtheemissiormeasure
peakingat the are peak.The quiescenemissionhastempera-
turesof 8 and25MK with equalEMs. While thetemperature
andEM of the coolestcomponentioesnot changesigni cantly
duringthe are, thehotcomponenteachesitemperaturashigh
as 72MK; thereforefor the are analysisvewill assumehat
the aring plasmais describedy the hotcomponent.

In the right paBeIof Fig. 2 we shawv the evolution of the
are in the T vs EM plane. The maximumloop tempera-
ture, derived from Eq. (3), is 168 MK. From the linear t-
ting of the points from block #3 to block #7 we nd a slope

= 0:67 0:09. This value indicatesthe presenceof signif-
icant residualheatingafter the initial ignition. Combiningthe
obsereddecaytime with theabove valueof , from Eq. (2) we
derveL =24 04 10%cm,i.e. 2 stellarradii.

Fromthe EM of the hot componenin block #2 we canes-
timate the meanelectrondensityin the loop at the peakof the
are, assumingaloop with typical aspectatio Rgop=L = 0:1, as
commonlyobsenedin solar ares: we nd ne 2 10*°cm 3,
consistenwith the valuesfoundfor the COUP ares with simi-
lar loop size (Favataet al. 2005).
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3.1.4. BP Tau (XEST-28-100)

BP Tau (XEST-28-100)is a K7 CTTS. Its light curve shavs a
are beginning 15 ks afterthe startof the obsenation,with an
increasef thecountrateby afactorof 2.5in 5ksandatotal
durationof 35 ks. The e-foldingdecaytime is 10:4  0:7 ks.
After the are theX-ray emissiorshavslow-levelvariability un-
til theendof theobsenation.As for HBC 427,BP Taushowvsthe
typical are behaiour of the plasmaparameterswith the tem-
peraturgpeakingin therise phasebeforethe EM. The quiescent
emissionbeforethe are hastemperature®f 4 and18 MK
with EM>=EM; = 1:5; thetemperaturef the coolercomponent
increaseso 9 MK during the are, while the hotter compo-
nentreaches 50 MK. Both EMs increasesigni cantly during
the are.

The right panelof Fig. 3 shaws the evolution of the are
temperatur@andEM. FromEq. (3), we derive a maximumloop
temperaturef 100MK. Theslopebetweerpoints#4 and#8is

= 0:83 0:13,indicatingthatresiduaheatings presenturing
the decay Using Eq. (2) we derve L = 1.2 0:1 10 cm,
comparableo the stellar radius. The estimateddensity at the
are peakisne 3 10%* cm 3, similarto the valuefound for
HBC 427.

3.1.5. JH 108 (XEST-17-066)

JH108(XEST-17-066,WTTS, spectraltype M1) shavs asym-
metrical are, with a gradualincreaseof the countrateby afac-
torof 4in 8 ks, followedby a decaywith similar duration;
thedecaye-foldingtimeis 3.3ks. This sourcehasquiescentem-
peraturesof 8 and 30 MK and EM ratio of 1.5. As before,
the cool componentemainsnearly constantwhile for the hot-
ter componenthe temperatures higherduring the rise phase,
reachingd5 MK, andthe EM peaksin the secondtime block,

correspondingdo the peakanddecayphasesA roughestimate
usingEqg.(1) givesL <6 10*°cm,i.e. 0:7R,.

3.1.6. V892 Tau (XEST-23-047/24-040)

V892 Tau = Eliasl (XEST-23-04724-04(Q is a triple system
composedf a Herbig Ae star a low-masscompanionof spec-
tral type M2 at 4:1%° (Elias1NE, Leinertet al. 1997)and a
recently-discueredclose companionat 0:05°°with a massof
1.5 2M (Smithetal.2005).

Forthe rst 95ksof theobsenationthis sourceshovedlow-
level variability, with temperaturem therangeT: =5 10MK
andT, = 20 35MK. Thenthesourceunderwentstrong are,
with agradualriselastingfor 7 ksandendingin aplateauata
level afactorof 10 higherthanthepre- are countrate,where
the emissionremainednearly constantfor at least10 ks, until
the end of the obsenation. For the spectralanalysisduring the
are, theparametersf thecoolcomponentverekept x edsince
they were not constrainedandthe are evolution wasentirely
dominatedby the hot componentThe plasmaheatingis strong
in the rst block of therising phasewherethe temperaturén-
creasefrom 25to 65 MK; thenthe temperaturestaysat a
nearlyconstantevel, within theerrors,around 95-100MK in
the following threeblocks,andstartsto decreasenly whenthe
countratereacheghe plateuin the lasttime block. The emis-
sion measureon the otherhandcontinuesto increasereaching
its maximumin the lastblock. The obsered detailedevolution
of thetemperatur@ndEM is a clearexampleof the are heat-
ing processin which, following the enegy releaseaccelerated
electronsprecipitatinginto the chromosphereapidly heatthe
plasmaandproduceanevaporatiorof materialwhich gradually

lIs theloopincreasingheemissiormeasure.
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The long rise time suggestshat a large coronalstructureis
involvedin the are. This are hasbeenstudiedpreviously by
Giardinoetal. (2004), whomodeledherisephaseaisingdetailed
hydrodynamicakimulations, nding aloop sizeof the orderof
1 10" cm,equalto 0:5R,, andthatamagneticeld in ex-
cesf 500G is requiredto con ne the aring plasmaBasedon
the position of the X-ray sourceand on the comparisorwith a
Chandia obsenation wherethe primary and Elias1 NE arere-
solved, Giardinoet al. (2004)concludedhatthe are occurred
in the coronaof the Herbig Ae star, which would imply the ex-
istenceof a corvective zonein the outerlayersof the stat gen-
erally not expectedin starsof this spectraltype. However, the
discovery of alower-masslosecompaniorsuggestshattheob-
sened X-ray emissionandthe are morelikely originatefrom
it ratherthantheHerbigstaritself. Thisis supportedy thehigh
temperature$20—30 MK) obsenedin this sourceandin other
Herbig Ae/Be stars(Stelzeret al. 2006b),similar to thosecom-
monly found for latertype PMS starsbut signi cantly higher
thanthose( 5 6 MK) foundin theHerbigstarsHD 163296
andAB Aur (Swartzetal. 2005; Telleschietal. 2006a).

3.1.7. V410 Tau (XEST-23-032/24-028)

The WTTS triple systemV410 Tau (XEST-23-03224-028)
shavs a very peculiarlight curve with a nearlysymmetricaltri-
angularshape.The count rate rises gradually during the rst
55 ks of obsenation until block #8, whereit reachesa peaka
factorof 3 higherthanat the startof the obsenation. Then
the emissiondecaysuntil thelastblock; a secondwealer are
is superimposednthedecay 9 ksbeforetheendof the obser
vation.Assumingthatthe rst 18ks of theobsenationrepresent
thequiescentevel, we nd thattherising phasehasane-folding
timeof 20 1 ks. After the peakthe emissiondecaysini-
tially with ane-foldingtime of 8:1  0:4 ks until theendof the

XEST-23 exposure;at the beginning of the XEST-24 exposure
the emissionstaysat a steadylevel for 23 ks (block #13), then
thedecayrestartsandcontinueauntil theendof theobsenation,
interruptedonly by thesmall are.

During the obsenation, thetemperaturef the cool compo-
nentdoesnot vary signi cantly, andthe are evolution is deter
minedby the variationsof T, andof the EMs. In therise phase
thehottemperaturénitially increase$rom 20to 30 MK, reach-
ing a maximumin block #4, thendecreaseagainin thefollow-
ing two time intenals; a suddenincreasdo 45 MK occursin
block#7, just beforethe peak.The EMs of bothplasmacompo-
nentsincreaseaduringthe entirerise phasereachingtheir maxi-
mumatthe are peak,ascommonlyobseredin solarandstellar
ares. After the peakthetemperatureandthe EMs decreasee-
turning to the quiescentvalue. A new temperaturéncreaseis
obsenedin block #15, correspondingo the secondsmall are.
Thelongrisetime,combinedwith theslow changeof theplasma
temperatureluringtherisephasemightindicatethatwe areob-
servinga rotationallymodulatedare, or the superpositiorof a
aring eventandanunderlyingmodulatecemission.

We alsonotethat the best- t colum densityincreasedy a
factorof 4 duringthe are, following a trendsimilar to that of
the EMs. However, we found equally acceptablets, although
with slightly higher values(by at most 10%) of the reduced

2, by keepingNy xedto1 10°° cm 2, asfoundin the rst
time intervals, without signi cant changesn thetime evolution
of the other parametersSincethis staris a WTTS, which is
not expectedto possessircumstellamaterialthat couldjustify
changesn theinterveningabsorptionandthat suchlow values
of Ny areat the sensitvity limit of EPIC,we arenot con dent
onthesigni canceof theobsenedcolumndensityvariations.

Theright panelof Fig. 5 shovs the evolution of thetemper

atureandEM of the hot componenturingthe are. The slope
duringthedecaybetweerblocks#8and#14,is = 0:47 0:12,
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indicatingthatthe decayof the aring structures largely deter
minedby the heatingdecaytimescaleln this casetheloop size
is poorly constrainedgiventhelargeuncertaintyon : we obtain
infactL 4 3 10%cm,or0:1 04R,.

3.2. Very long decays or increases of the count rate

A groupof six sourcesn our sampleshaved a monotonicde-
creaseor increaseof the countrate over the entire obsenation.
Oneof them,XZ Tau,hasarisinglight curve,while for theother

vesourcegVv830Tau,HQ Tau,FSTau,DH TauandL155151)
along-lastingdeclineof the countratewasobsened. Thelight
curvesandbest- t parametersf this groupof sourcesareshovn
in Figs.6 and7.

3.2.1. XZ Tau (XEST-22-047)

XZ Tau(XEST-22-047)is abinary starcomposedf two CTTS
of spectratype M2 andM3.5. This sourceshavs along mono-
tonic rise of the countrate by a factorof 4in 40 ks. An
analysisof this obsenation hasbeenreportedby Favataet al.
(2003)andGiardinoetal. (2006).
Thequiescenemissioratthebeginningof theobsenationis
ratherhot, with temperaturesf 8 and40 MK andEM,=EM;
0:7. The cool componentoesnot vary signi cantly, exceptfor
anincreaseof the EM in the lastblock. The hottertemperature
peaksat 70MK in blocks#2and3, althoughtheincreases not
muchsigni cant dueto thelargeerrors,while theEM continues
to increaseasthe countrateincreasesip to the lastblock. Our
resultsarein agreementvith thosereportedby Giardinoet al.
(2006). We note that the trend of T, and EM, resembleghat
obsenedduringthe rst part of therising phaseof V410 Tau,
suggestinghatwe areobservinga similar event.

3.2.2. V830 Tau (XEST-04-016)

V830 Tau (XEST-04-016, WTTS, spectraltype K7) shows a
long-lastingdecayby a factorof 3in 30 ks. The two temper
aturesremainnearlyconstantwithin theerrors,around 7 and
20 MK during the entire decay(apartfrom a possibleincrease
in block #3), andthe obsereddecreasef the countrateis due
only to the decreasef the two EMs with time. We note that
alsothe averageplasmatemperaturgweightedwith the EMs)
doesnotvaryduringthedecay t is possiblethatwe areobserv-
ing the nal stageof along-lasting are, whenthe temperature
hasalreadyreturnedto the pre- are level while the EM is still
changing An alternatve explanationmight be rotationalmodu-
lation: the relative amplitudeof the countrate variationaround
the averagecountrateis  60%, compatiblewith the rangeof
20-70% found in the Orion Nehula Cluster (Flaccomioet al.
2005).However, giventhe high amplitudeof the variation,and
thefactthatthe 30 ks exposurecoversonly onetenthof thestar's
rotationalperiod (Pt = 2:75 d, seeTable 10 in Gudel et al.
2006a),we believe that this interpretationis unlikely, although
we cannotdraw de niti ve conclusiondrom the availabledata.

3.2.3. HQ Tau (XEST-09-026)

HQ Tau (XEST-09-026)is a closebinaryWTTS. Its light curve
shavs along-lastingdecay with a decreasef the countrateby
afactorof 2 in 30 ks. The spectralanalysisshavs a signi cant
decreasef the hottertemperaturefrom 34 to 20 MK, and of
bothEMs, while thetemperaturef thecool componentemains
constantThis behaiour suggestshatwe areobservingthe end
of thedecayof along-durationare. The e-foldingtimescaleof
theobseneddecayis 45ks.Fromthedecayof thetemperature
and EM of the hottestcomponentwve nd a high slope 2,
compatiblewith afreely-decayindoop.UsingEq. (1) we obtain
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L> 7 10" cm.Sincethestellarradiusof thisstaris notknown,

tor of 6 duringthe rst 20 ks, with an e-folding timescaleof

we cannotdeterminavhetherthisrepresentacompacbralarge 15 2 ks, andthenremainsat a low quiescentevel for the re-

loop.

3.2.4. FS Tau (XEST-11-057)

FS Tau (XEST-11-057)is a binary composecdf two CTTS of
spectraltype MO and M3.5. Its light curve decreaseby a fac-

maining20ks. In this casethe spectraarewell describedy just
onetemperaturethe low-temperatureomponenbeinguncon-
straineddueto thehighabsorptiofNy 1 1.6  10°??cm 2).
Thetemperatureloesnot changesigni cantly, decreasingrom
40 MK to 35 MK from the beginningto the endof the obsera-
tion. On the otherhandthe EM decreasesigni cantly; a small
but signi cant decreasef theabsorptions alsoobsened.In this
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Fig. 7. SameasFig. 6 for DH Tau(XEST-15-040)andL155151 (XEST-22-089).

case,it is not possibleto apply the Realeet al. (1997) method,
sincetherateof decreasef thetemperaturés toolow ( = 0:2).
Applying theformulafor afreely-decayindoop we estimatean
upperimit tothelooplengthof L 2.7 10''cm( 4R;).Note
that, althoughthe peaktemperaturef the are is likely higher
andthereforeheabove upperimit is underestimatedye expect
thetrueloop sizeto be muchsmallerbecausef the presencef
strongsustainedeating,asindicatedby the shallav slope .

3.2.5. DH Tau (XEST-15-040)

DH Tau (XEST-15-040)is a binary CTTS with a separatiorof
2.3% unresohedby XMM- Newton It shavs amonotonicdecay
by a factorof 3 over the 30 ks exposure.As for V830 Tau,
the two temperaturesre steadyduring the decay at 9 and
25 MK, while the two EMs decreaseln this case,contrary
to V830 Tau, alsotheratio EM>=EM; decreasesmplying that,
astime proceeds]essand lesshot material contributesto the
emission.This suggestshatwe areobservingheendof along-
lasting aring event.As for the previoussourceyery strongsus-
tainedheatingis present( = 0:2), preventing the use of the
Realeetal. (1997)method,andwe estimatel. < 45 10 cm
35R,.

3.2.6. L1551 51 (XEST-22-089)

L155151 (XEST-22-089,WTTS) alsoshavsadecayby afactor
of 2 duringthe rst 30 ks, thenstaysat a constantevel for the
remaining20 ks of obsenation.Also for this sourcethetemper
aturesdo not vary, andthe obseredvariationis dueonly to the
changingeMs. As for DH Tau,alsothe EM ratio decreasesm-
plying a decreasef the averageplasmatemperaturelikely due
to a are decay This sourcealso shaws very strongsustained
heating( = 0:16). Fromthe decaye-foldingtime of 9.5ks we
estimatel < 1 10 cm,comparabléo the stellarradius.

3.3. Other types of variability

TheremainingthreeXEST sourceddenti ed with TMC mem-
bersshaw signi cant variability in theform of slow modulation
(DN TauandHD 283572 Fig. 8) or complec are-lik e variabil-
ity (Hubble4, Fig. 9).

3.3.1. DN Tau (XEST-12-040)

DN Tau(XEST-12-040,CTTS,spectrakype M0) shavs a mod-
ulatedlight curve with a highercountrateat the beginning and
theendof theexposureandaminimumin thesecondime block;
the amplitudeof the modulationwith respecto the meanlevel
is 15%.The plasmaparametersio not shav signi cant varia-
tions, beingconsistentithin the errors,althoughthereis aten-
deng for higherT, andEM; in the rst andlastblock.

3.3.2. HD 283572 (XEST-21-039)

HD 283572(XEST-21-039)is a G5 WTTS with P,,; = 1:55d;
thepresenbbsenation,with anexposuragimeof 45ks,there-
fore coversaboutone third of the rotationalperiod. The light
curveshows aclearmodulationwith two characteristitevelsof
emissionDuringthe rst 20 ksthecountrateincreaseslightly,
thenin block #4 it decreaseseachinga level afactorof  1:3
lower, thatis maintaineduntil the end of the obsenation. The
two temperatureslo not vary signi cantly, with the coolerone
stayingaround8-9 MK, andthe hotter one varying between
20 and25 MK with atrendthatcloselyfollows thatof thelight
curve. On the otherhand,the two EMs shawv signi cant varia-
tions,in particularin the rst partof the obsenation,wherethe
cool EM decreaseandthe hot oneincreasesleadingto anin-
creasen their ratio andthereforein the relative contribution of
the hotterplasmato the emission.Thesecharacteristicsuggest
that the obsened variability is likely dueto the appearingand
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disappearingdueto the stellarrotation, of active regionscon-
taining hotterplasmawith respecto therestof the corona.

3.3.3. Hubble 4 (XEST-23-056/24-047)

The light curve of Hubble 4 (XEST-23-05624-047, WTTS,
spectraltype K7) shows signi cant low-level are-lik e variabil-
ity superimposedn a slov modulation.The averagecountrate
shaws a very slow decreasealuring the rst 50 ks, thenit in-
creasedyy a factorof 1.5 at the beginning of block #4, and
decaysagainslowly until the end of the obsenation. The two
temperaturedo notvary signi cantly, having averagevaluesof
9MK and 20MK, with theexceptionof thelastblockwhere
the hot components slightly higher As in other sourcesthe
variationsof thetwo EMs aremoresigni cant, shaving a mod-
ulation with time of both values,but keepingtheir ratio nearly
constantpetweenl and1.2. The obsenedslow variationof the
meancount rate might be dueto rotationalmodulationof the
emissionfrom active regionsrotatingin andout of view.

4. Sources not associated with known TMC
member s

In additionto the TMC memberswe have studiedthree ad-
ditional XEST sources(XEST-05-031= HD 283810,XEST
16-031= 2MASS J041956762714488 and XEST-22-024 =
HD 285845)that arelikely non-member®f the TMC but that
arestrongX-ray sourcesandshaw signi cant variability. Their
light curvesandspectralparametersare shovn in Figs. 10 and
11.

4.1. HD 283810 (XEST-05-031)

XEST-05-031isidenti ed with HD 283810aK5V starwith H

emissionwhichis probablyanolderforegroundstarsinceit has
radialvelocity inconsistentvith TMC membershimnddoesnot
shaw signi cant Li absorption(Herbig et al. 1986);assuminca
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Fig. 10. Light curve andspectraltting resultsfor the XEST sourcesHD 283810(XEST-05-031)andHD 285845(XEST-22-024),notassociated

with the TMC. Panelsarethesameasin Fig. 1.

main-sequencebject,its photometry(V = 10:74,B V = 1.03)
locatest atadistanceof 60pc.Its light curve shovsa are at
theendof theobsenation,with anincreasef thecountrateby a
factorof 2.5andane-foldingdecaytime of 2.4ks. Thehotter
temperatureisesfrom 9 MK duringquiescencéo 18 MK in

block #3 andreaches maximumvalue of 26 MK in block #4,
afterthe are peak.Both EMsincreasesigni cantly atthe are

peak.Giventheirregulartrendof the temperatureand EM, we
cannotapply the Realeet al. (1997) method;usingthe formula
for afreely-decayindoop andtheobsenedtemperaturén block
#3, we derive a loop semi-lengthof L < 3 10%° cm, which
is comparabldo the stellarradiusfor a K5 main-sequencstar
(Siessetal. 2000).

4.2. HD 285845 (XEST-22-024)

XEST-22-024is identi ed with HD 285845,which is a fore-
groundbinary systemat a distanceof 90 pc; the absencef the
Li absorptiorine at6708A indicateghatthesystemis notcom-
posedof PMS stars(Walter et al. 1988;Favataet al. 2003).The
meanpropertiesof the X-ray spectrumhave beendiscussedy
Favataet al. (2003),who reporteda spectral tting with a 2-T
modelcharacterizethy high CaandNe abundancesvith respect
to aFealundancearound0:26Z .

Thelight curve of this sourceshovs acomple variability. A
are occurredat the beginning of the exposure with a gradual
riselasting 5 ks, followed by a decayon which severalminor
impulsesaresuperimposedlheinitial decayjust afterthe peak
hasane-foldingtime of 2 ks. Theemissionreaches steady
level 30 ks afterthe peak.As obseredin othersourcesthe
cooltemperaturgloesnotvarysigni cantly duringthe are evo-
lution. Thehottertemperaturgeaksin block#2, duringtherise
phaseat40 MK, andremainssteadyatalevel of 30-35MK
up to block #7, whenit decreaseso 15-25 MK, remain-

ing at this level until the end of the obsenation. The obsened
light curve variationsaremostly dueto the EMs of bothcompo-
nents,thatvary signi cantly throughoutthe obsenation. Given
the compleity of thelight curve, it is not possibleto derive the
loop sizeby tting the T vs EM decay We canmake a rough
estimateassumingheinitial decaytime of 2 ksandEg. (1), ob-
tainingL 3 10'° cm. Assuminga G6 main-sequencetar
thiscorrespondso  0:4R, (Siessetal. 2000).

4.3. 2MASS J04195676+2714488 (XEST-16-031)

SourceXEST-16-031hasanIR counterpartn the2MASS cata-
logue,2MASSJ04195676271448,locatedat  0:2°%andwith
magnitudes) = 12:38,H = 11:80andK = 11:54 mag;another
fainter 2MASS sourceis presentat 4.6°0 however the X-ray
sourceis mostlikely associateavith the former one,giventhe
accurag of the XEST positions(seeGudel et al. 2006a;Scelsi
et al. 2006).2MASS J04195676271448 hasphotometryin-
consistentwith TMC membershippeing locatedon the main
sequencén the colourmagnitudediagramsfor the distanceof
the TMC (Scelsietal. 2006),andis therefordikely to bea eld
late-typestar The uncertaintiesn the photometryallow a dis-
tancebetweerB0and190pc for amainsequencstar

Duringthe rst 23ks,thesourcevasin aquiescenstatewith
very low emission.Unfortunatelyin this partof the obsenation
(blocks#1 to 3) the backgroundvasvery high anddominating
the obsered countrate (seeFig. 11), preventingthe possibility
of performingspectralanalysis.In block #4, 24 ks after the
startof the obsenation,a are occurred followed by a second
muchstronger are 7 ks later The rst are hasa peakcount
rate a factorof 5 higherthan the quiescentevel, while the
secondare increaseshe countrateby morethanoneorderof
magnitudeThetwo ares have very similar decaytimes, with
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andEM of thehot componentSeeFig. 2 for details.Theslopehasbeen tted betweemoints#10and#14.The slopeduringthedecayof the rst

small are (points#4 and#5)is alsoindicated.

e-folding times of
thatthey mayhave occurredn loopsof comparablesize.

Theabsorptioris verylow, consistentvith a columndensity
Ny =1  10%°cm 2, andto betterconstrairthe t parameters
waskept x edto this value.The spectrumwaswell tted with
only onetemperatureomponentSincetheemissionduringthe
quiescenphasds negligible with respecto the are phasewe
assumehatthe 1-T modelis representingssentiallythe aring
plasmaduringthetime blocksfrom #4 to #14.

The right panelof Fig. 11 shows the evolution of the tem-
peratureandthe EM during the obsenation. In block #4, cor-
respondingo the peakof the rst, small are, the plasmatem-
peratureis 22 MK; the temperatureand EM decreasén block
#5 during the are decay andremainssteadyin the following
time interval. In block #7, at the startof the rise of the second
are, thetemperaturéncreaseso 42 MK; aseconde-heating
is obsenedin block #9, correspondingdo the are peak,where
theEM reacheds maximumvalue.The are coolingphasdrom
point#10to point#14proceedsvith aslope = 0:42 0:07,that
indicatesthe presencef signi cant sustainecheatingafter the
initial ignition. It is worth noting that the slopebetweenpoints
#4 and#5, relative to thedecayof the rst small are, hasavery
similar valueof 0.37.Using Eq. (2) we derveL 1  10° cm
for the rst are, andL 5 4 10° cmfor thesecondare.
Thesevaluesare signi cantly smallerthanthoseestimatedor
theothersourcesAlthoughtheprecisenatureof thissourcecan-
not be assessetlere,giventhe very low absorptionwve suggest
thatit could be anolder M-type starlocatedjust in front of the
cloudandshaving are eventsanalogougo thoseobsenedon
the Sunandactive late-typestars.

1.6 and 1.5 ks, respectiely. This suggests 5. Discussion and conc lusions

In this paperwe have studieda sampleof 19 bright variableX-
raysourcesletectedn the XEST surwey. Oursampleincludesl6
known TMC memberg10WTTS,5 CTTSandaHerbigAe star)
plus three additional sourcesunrelatedto the cloud but show-
ing aring events.The studiedsourcesshav di erenttypesof
variability, in theform of ares, eitherwith fastrise andslower
decayor with symmetricalshapescontinuousrise or decays,
slow modulationpossiblydueto rotation,andcomplex variabil-
ity, with are-lik e eventssuperimposean a slov modulation
or decayUsingdetailedtime-resohedspectroscopwe havein-
vestigatedhe change®f the parametersf the emitting plasma
(temperatureandemissionmeasuresandof the hydrogencol-
umn density and,in the caseof ares, we have derived infor-
mationson the sizeof theinvolvedcoronalstructuresThe main
parameterglerived for the studiedsourcesare summarizedn
Table3.

The quiescenemissionhastypical temperature§; 4
10MK andT, 15 35MK, with EM>=EM; 0:7 2,consis-
tentwith the valuesfoundin otherstudiesof youngPMS stars
(e.g Feigelson& Montmerle1999;Wolk et al. 2005). No sig-
ni cant di erenceis evidentin our small samplebetweenthe
spectralcharacteristicof CTTS and WTTS: both the ranges
of the parametersand their medianvaluesare similar for the
two classesThe Herbig Ae star V892 Tau has spectralchar
acteristicsvery similar to thosefound for TTS stars,in agree-
mentwith other studies(Hamaguchiet al. 2005; Stelzeret al.
2006b),supportinghe suggestiorthattheemissionmightcome
from its cool, unresoled close companionrather than from
the Herbig Ae star itself. We nd that in most sourcesthe
cool plasmacomponentioesnot vary signi cantly, evenduring
ares, while the obsenedtime evolution canbetotally ascribed
to variationsin the hot componentSimilar resultshave been



Table 3. Summaryof the parameterslerived for the XEST sourcesFor all sourceswve give the temperaturef the hot componen(T,) andthe
luminosity (Lxq) in the quiescen{or lowestcountrate)intervals; a rangeis given for sourceswith slow modulationor comple variability. For
sourcesshaving ares or prolongedise/decayswe alsogive the peaktemperatur€T yea) andluminosity (Lxpeay), theriseandor decaye-folding
timescaleg ise and ge), andthederivedloopsizel.

XESTID Optical D T, Lq Toesk  Lxpeak e dec L L=R,
(MK)  (10*°emgs?!) (MK) (10¥emgs?) (ks) (ks) (10" cm)

04-016 V830 Tau 22 2.8 33 8.5 11.4
09-026 HQ Tau 19 4.6 34 9.1 45.2 >71
11-057 FSTau 36 1.4 42 6.3 15.2 <27 4.1
12-040 DN Tau 19-27 1.0-14
15-040 DH Tau 20 4.7 24 9.8 34.2 <45 3.5
17-066 JH108 28 1.5 46 3.7 3.8 3.3 <0.6 0.7
21-039 HD 283572 19-26 10-14
22-047 XZ Tau 40 0.9 70 3.8 35.3
22-089 L155151 16 1.4 17 2.5 9.5 <11 1.1
23-03224-028 V410Tau 20 3.8 43 11.7 20.9 8.1 0.1-0.7 0.1-0.4
23-04724-040 V892 Tau 23 9.5 100 46.8 3.4 1.028 0.5
23-05024-042 V410X7 24 0.7 63 4.9 1.5 2.1 0.5 0.4
23-05624-047 Hubble4 19-30 3.5-5.4
23-07424-061 V819Tau 14 2.0 19 3.8 1.3 10.1 0.7 0.5
26-072 HBC 427 25 3.2 72 15.8 3.2 20.2 2.4 1.9
28-100 BP Tau 18 1.5 47 4.9 26 104 1.2 0.9
05-031 HD 283810 10 1.5° 26 3.20 0.5 2.4 0.3
16-031 J0419567627 21 35 0.6 1.6 0.01

" " 42 20.0 0.8 1.5 0.01-0.09
22-024 HD 285845 18 2.1¢ 40 6.5°

a; from Giardinoetal. (2004)
b: computedor d = 60 pc
¢: computedor d = 90 pc

obtainedfor the Orion PMS starsstudiedin the COUP suney
(Wolk etal. 2005),aswell asfor olderactive stars(e.g.Audard
etal. 2001).

Nine of the studied sources(including two TMC non-

membersyshowv evident aring actiity. The ares obseredon
TMC membershave total duration between 20 and 70 ks
( 5 20hr),with e-foldingrisetimescale®f 1 4ks,except
for thepeculiar are onV410 Tauwith se 20ks,anddecay
timescaleof 2 20ks.An additional5 sourceshow gradual
decaysover 30—50 ks, that might representhe decayof long-
lasting ares, assuggestetly thedecreasinglasmaemperature
and emissionmeasureand one sourceshaws a prolongedrise
(with e-folding timescaleof 35 ks) with spectralcharacteris-
tics similar to thoseobsened during the long rise phaseof the
atypical are on V410 Tau.Unfortunatelythetypical 30—40ks
exposuretimesof the XEST surwy introducea biasagainstthe
detectiorof long-durationares in our obsenations.Indeedwe
detectedares with totaldurationof 50 70ksinthearchial
elds having exposuretimesof 100ks. It is concevablethat
the sourceswith gradualdecaysvereundegoing ares of sim-
ilar durationor evenlonger, suchasfoundin the COUPsuney,
whereeventslastingup to 3 dayswere obsened (Favataet al.
2005;Wolk etal. 2005).

Spectralanalysisof the aring sourcesshowns peaktemper
aturesfrom 40 MK up to 100 MK for the strongestares, and
peakluminositiesbetweerd 10°°and5 10*'ergs !. Onthe
otherhand,the ares obsenedon thetwo TMC non-members
shov signi cantly shorterrise and decaytimes (< 1 ks and

2 ks, respectiely), and peaktemperaturen the range20—
40 MK.

For four of the aring sources(the WTTS HBC 427
and V410 Tau, the CTTS BP Tau, and the non-member

2MASS J04195676271448) we could perform a detailed
analysisof the decayphaseusing the methodby Realeet al.
(1997); the methodwas applied also to V819 Tau, for which
however only two pointsin the decayareavailable.In all these
caseswe nd thatsigni cant residualheatingmustbe present
duringthe decay governingthe obsenedlight curve evolution.
For the other aring sourceswe do not have enoughintervals
in the decayphaseto apply the method,and we could only
estimateupperlimits to the loop size using the formula for a
freely-decayindoop. Theloop sizeis fully constraineanly for
the CTTS BP Tau,which hasL = 1:2 10 cm, comparable
to the stellar radius,and for the WTTS HBC 427, which has
L = 24 10" cm correspondingo  2R,; the latter star
hasthe longestdecaytime, and hencethe longestloop size,
amongthe sourcesfor which the entire are evolution is ob-
sened.The otherTMC membersave loop lengthsin therange
4 7 10'%cm,smallerthanor comparableo thestellarradius.
For the sourceswith continuousdecay only one (HQ Tau) has
a steepslope,compatiblewith a freely-decayingoop with no
additionalheatingafter theinitial ignition; for this starwe nd
L 7 10 cm.Theotherfour sourceshave upperlimits be-
tweenl 5 10 cm,comparabléo the stellarradiusfor the
two WTTS, butequalto 4R, for thetwo CTTS(FS Tauand
DH Tau).Finally, for the TMC non-membersve nd loop sizes
intherangel 10° 3 10%cm.

We mentionthat are characteristicsimilar to thosefound
herefor TMC membersareobsenedalsofor the CTTS SU Aur
(XEST-26-067 Franciosinietal. 2007),thatshavedthree ares
during the obsenation with rise and decaytimes of 6 ks
and 5-9 ks, respectiely, and peak temperatureof 50—
140MK. Thedatadonotallow adetailed are analysishowever
usingtheparameterseportedoy Franciosinietal. (2007)we de-



riveupperlimits totheloopsemi-lengtrof  1:1 1.8 10'cm,
comparableo the stellarradius.

Previousobsenationsof PMSstarshave shovnthepresence
of compactaring structureswith L < R,, similarto whatis ob-
senedin active late-typestars(Favataet al. 2001;Grossoet al.
2004;Giardinoetal. 2006;Gudeletal. 2004;Realeetal. 2004).
Favataet al. (2005)analyzeda sampleof strong ares detected
in the COUP suney, nding both compactstructuresof size
shorterthana stellarradius,and very extendedstructureswith
lenghtsof 5 20R,. Suchlong structurespossibly represent
magneticloops connectingthe stellar surfacewith the circum-
stellardisk. Our sampleshows generallyloopsof sizecompara-
ble to or smallerthanthe stellarradius:the longestloop with a
fully constrainedizeis about2 stellarradii in length,which is
compatiblewith aloopanchorednthestellarsurface We stress
thatthisloop hasbeenobsernedonaWTTS, thatshouldnotpos-
sessa circumstelladisk, andthata similarloop size( 1.6R;)
hasbeenfoundalsoon the WTTS V827 Tau by Giardinoetal.
(2006).A possiblehint for large loopsof size 4R, is found
for thetwo CTTSwith long-lastingdecayssuggestinghatthese
starsmight have indeedloops connectingthe starandthe disk;
howeverthe estimatedsizeis highly uncertain sincewe areob-
servingonly asmallpartof thedecaythereforewe cannotdraw
ary de niti ve conclusionon the sizeof the emittingstructures.

Finally, we have studiedtwo sourcesshaving possiblero-
tationalmodulationwith amplitudesof  15%, andtwo other
sourcegoneunrelatedo the TMC) with are-lik e variability su-
perimposedn aslow modulationor ona are decay Exceptfor
thelastcasewe donot nd signi cant variationsin the plasma
temperaturesgandthe obsenedvariability is mainly determined
by variationsof theemissionmeasures.
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Table 2. Best t valuesof the spectraimodel parametersErrorsare 90% con dencerangesfor oneinterestingparameterywhereerrorsare not
given,theparametewasheld x edto thetatulatedvalue.Fx andLy aretheunabsorbe&-ray ux andluminosityin the0.3—7.3keV band.Lx is
computedrom Fyx assumingdistanceof 140pcfor all starsexceptfor HD 283810andHD 285845 wherewe usedthe photometricdistanceof
60and90 pc, respectiely. Notethatfor J0419567627 (XEST-16-031)thereporteduminositymustbe considereanly indicative, sincethetrue
distanceof this staris notknown.

XEST-ID Optical ID Block NH T1 T, EM; EM; 2 dof Fx=101'2  logLx
# 10%tcm 2 keV keV 10°3cm 8 egem 2s 1 ems?
- 0:10 - 0:06 - 0:44 . 0:45 . 0:66
04-016 V830 Tau 1 0.3?8:% 0'7g+8:31 2.08*8:gg 2'30+8:‘513 5.64+ggg 1.06 289 3.59 30.93
. +0:. - +0: . X . X . X
2 034 621 0,51 i1 1.88*gigg 1'29+853§ 5.08*%g 121 99 2.80 30.82
3 0:46*8;%g 0:98*8;3% 2:80"3%2 2:85*%2% 2:63*8592,g 1.09 96 2.56 30.78
. 3 - A . X . +0: . .
4 0.33*855 0.67+8588 1.86*8542‘8 1:41 a 2.87*85?8 112 193 1.87 30.64
5 0:32+8;%8 0:76*8;2? 1:95*8;% 1:25*8;gfi 2:07*8;gg 116 143 1.47 30.54
. +0:. - 2 - X . . . +0:.
6 024732 06573 193032 096'537 1817028 110 94 1.21 30.45
-94+1:36 -61+0:16 -gQ+L1l -gg+3:90 -48+122
09-026 HQ Tau 1 494 i3 0.61+8Eg : 2.90*8Egg 4:89" i 3.48*&718 0.80 92 3.88 30.96
2 4:52+g;gg 0:76*8;gg 2:00*8;gg 3:17+g;gg 3:25*8;gg 1.05 238 2.84 30.82
. ! - 71100 . X . - . A
3 3.58*8:(752 0:71 o1t 1'92+8:§§ 1.98*8:92 2'5T8:§% 098 93 1.97 30.67
. A 7100 . A . 3 . 3
4 4688l 074019 1627071 212018 242078 108 83 1.94 30.66
11-057 FSTau 1 15997188 3:657078 o 473953 091 108 2.68 30.80
. 187 s . 0:90 cee . 0:52
2 13.14*15‘7‘2 S 3.61*8523 o 2.87+85 % 0.96 82 1.61 30.58
3 1118733 i 308333 S 10837, 0.93 151 0.59 30.14
-g1+0:31 -76+0:08 -5Gt511 -66+0:19 -66+0:21
12-040 DN Tau 1 0'81+85§3 0.76*8%8 2'568513 0.66"8%9 0.66"8%% 095 65 0.61 30.16
2 0:66*85% 0:66*858E53 1:67*85%zal 0:42*858; 0:56*85g 115 201 0.42 29.99
. . - A . X - +0: - 3
3 06591 07999  23270%%  054'707 056'022 0.93 169 0.50 30.07
.gg+0:14 -7 4+0:05 -0G+0:16 .5 7+0:47 -04+0:52
15-040 DH Tau 1 1.89*8%‘7, 0'74+8Eg§ 2.06*8% ] 3'27+853§ 6'04+85§§ 0.96 412 4.18 30.99
2 1:86*85%2 0::30*85&51 2:o5+8558 3:25+85‘312 4:30+85gg 1.07 298 3.36 30.90
. : - : - . -6170- . :
3 1.87*8%g 0'7g8583 1.95*giég 2561 633 3.57*8sgg 0.90 357 2.74 30.81
4 1:69"%2 0:76*8;gi 2:06*8%11 2:4T§5§é 2:35+85gg 0.98 270 211 30.70
. : -6170: - : . - . :
5 20331 061777  169'08T 256228 209707 1.04 57 1.98 30.67
. 0:40 . 0:72 . 10.04 . 179 . 073
17-066 JH108 1 2.07*ggg 1'29+8?3 3.94+33327 0.89"8% 1.81"%:2 : 0.84 93 1.42 30.52
. X - 2 -1 4+ 0: - 5 . E
2 2'128552 0.86*8%g 214 031 0'78+85§§’ 2.63*gsgg 112 120 1.57 30.57
3 209946 07309  2431%  059*012 08999 123 97 0.64 30.18
. 0:11 - 0:03 . 0:22 - 129 . 0:63
21-039 HD 283572 1 0.66*3%[5) 0.75*8:8§ 1.94*8:gg 5.48*(1;28 6.37*ggg 0.99 347 5.46 31.11
. A -7 4+ 0: 8 A -617F0: g X
2 0'728:81 0:74 gcs 2'03+8%3 461 28 8.23"8%‘5, 1.05 825 6.05 31.15
. A 9 A . A . +0:. . X
3 0.59+8% 0.76*ggé 22?8%3 3:34 838 8.96*8%2 1.09 782 6.21 31.16
. +0:. - A - A . . . 3
4 064 19 0.70+8:8g 1.83*8%g 3.86"5%2 7.50*ggg 0.99 220 5.39 31.10
. A 9 A . A . +0: . .
5 o.eg*g82 0'75+8:8% 1.87+8:82 414 83 6.23*8:38 1.05 715 4.91 31.06
-aAtO: - : . : . X .1 1+0:
6 064 g0 0.73+8:83 1.67*8:83 3.48*8:‘515 6:11 624 0.98 616 4.50 31.02
. X -7 1+0: . : . X . X
7 066357 0747392 1:86'0% 412922 597°03% 116 553 4.74 31.05
-45+0:61 -73+0.08 -44+2:31 -45+0:12 -31+0:09
22-047 XZ Tau 1 2.45*8E 7 0.73*8% 3'44+3533 0.45+8582 O'ngf% 144 75 0.36 29.93
2 2:05*8;gg 0:82"8;22 5:72+%;gé o:49+8;i21 0:68*8522 0.90 80 0.65 30.18
. +0:. o A . ! g 3 . 3
3 101 833 0'77+85%§ 6.03*(1)52}1 0'458%‘2' 1.25+8E(fg 1.04 143 1.00 30.37
4 2:2?8% 0:78*8588 4:4285‘5‘3 0:4g+8513 1:83*8%i 0.95 278 1.30 30.49
5 256920 07999 3507032 08201 223921 094 230 1.60 30.58
- 0:28 - 0:14 - 0:49 . 0:31 . 0:24
22-089 L155151 1 0.87*8%g 0.65*gég 1'50+8:§3 1.01*8%? 1'53+83‘2‘Z 092 63 1.08 30.40
. X - A . 5 . X -617 0
2 1007057 0:627098  1:25*0%9 113531 0617931 119 90 0.72 30.23
3 0627021 06390 137728 085012 038017 095 101 0.59 30.14

0:18 0:06 0:23 0:16 0:12




Table 2. continued

XEST-ID Optical ID Block Ny T T, EM; EM, 2 dof Fx=10'?  loglx
# 10%cm 2 keV keV 10°3cm 3 egcm 2s ! ems!?

23-032-24-028 V410Tau 1 010 0:747%2  1:70*314  1:79'512 200214 1.27 685 1.63 30.58
2 011739 075903 2:05792%  1.90'034  2:80'92%  1.07 540 2.10 30.69

3 009'9% 07599 230722 1:90'015 339031 118 498 2.43 30.76

4 01539 0797793 248023 2527018 360'02% 1.06 494 2.84 30.82

5 019357 07734 23372 30153 404'342  1.08 373 3.25 30.88

6  025'0%° 075903 2107928 35303, 456'93 1.02 571 3.63 30.93

7 029015 082709 367LSS 44708 442'087 100 144 4.41 31.02

8 03350 07799 2507023 383'7%2  670'0% 0.87 355 4.95 31.07

9 035'0%8 07893 20292 325'030 567922 1.04 369 3.99 30.97

10 037738 07735 2077033 327Qa 435704 088 292 3.40 30.90

11 020300 076'593  1:90702L  3:03'728  322'03% 115 377 4.27 31.00

12 020'0%9 07759 1:99723%  266'031  2:73'93%  1.00 291 2.38 30.75

13 014393 073592 179731 198012 252097 115 818 1.94 30.66

14 0073% 07799 175016 155018 2:09'93%  1.03 448 1.58 30.57

15 01235 079'59% 2497054 174728 266'532 1.03 212 2.06 30.69

16 010 058312 153718 0:99'928 278703 119 93 1.58 30.57

17 010 0:76'0%2 1817932 1:41°071%  1:81°72F  0.91 311 1.41 30.52

23-04%24-040 V892Tau 1 896'15) 082922 20808 315278 339083 110 254 3.13 30.87
2 1051'1% 069038 293178 58673 4997125 079 77 5.08 31.08

3 890319 0920l 287032 325713 400973 097 338 3.46 30.91

4 8147533 106918 302579 2:89'188  4:99'193 105 194 3.86 30.96

5 959120 0817015 2:37°040  459t2%4  4:19'078 113 242 3.99 30.97

6 1233158 038007 1:84'018 13901230 51398 0.97 232 7.52 31.25

7 1105123 04973 1:95'042  6:00'353 3697051 1.05 295 4.09 30.98

8 10737 0:49 5717292 6:00 6:21721%  1.03 90 6.38 31.18

9 1207120 049 804395 6:00 13717158 102 85 11.60 31.44

10 11687038 049 8:62'32  6:00 1804148 072 124 14.59 31.54

11 1153078 049 823238 6:00 2138128 0.99 181 16.72 31.59

12 11:26'028  0:49 7247055 600 26727313 0.99 862 20.08 31.67

23-056-24-042  VA410X7 1 7409 o779 2077238 033050 03599 116 130 0.30 29.85
2 819138 136708 54323 242158 1697178 092 105 2.07 30.69

3 8347 068728 255779 06352 207938 097 139 1.29 30.48

4 1046798 068727  17879% 202293 1:34'153 1.06 116 1.45 30.53

23-056r24-047  Hubble4 1 232709 074502 1:817012 254018 2:49'02% 119 680 2.18 30.71
2 15803 077090 2287078 153703 1.76'030 096 89 1.50 30.55

3 215320 076'053  184'0a%  2:07°931 207033 1.00 239 1.80 30.63

4 224713 077308 208728 2307928 2:80'537 1.00 443 2.28 30.73

5 209018 07690 187922 212028 2:14'528 106 302 1.85 30.64

6 21501 0739%  16373% 18693 188035 116 494 1.60 30.58

7 2200034 07399 26311 247032 179'942 092 165 1.94 30.66

23-074r24-061 V819Tau 1 211798 040902 1:3179%% 1417028 0:92'597  1.06 438 0.93 30.34
2 224'03%% 038902 166915  160°0%>  2:38'028 087 80 1.63 30.58

3 172709 037308 122012 1:08704% 11871 0.89 100 0.89 30.32

4 223798 03670 1201012 134'947  089'512 093 218 0.87 30.31




Table 2. continued

XEST-ID Optical ID Block Ny T T, EM; EM, 2 dof Fx=10'?  loglx
# 10%cm 2 keV keV 10°3cm 3 egcm 2s ! ems!?

26-072 HBC 427 1 02002 07999 214739 1517026 1:48'03%  0.88 104 1.34 30.50
2 029932 093918 618328 200035  539°03; 099 73 4.32 31.01

3 057928 0507017 331725 1817092 108909 0.95 132 6.70 31.20

4 049922 0897317 2881 26813 66815 094 74 4.62 31.04

5 0447315 0807798 24303 216040  510'03% 1.01 190 3.41 30.90

6 0517012 07490 2017938 223'%31 3279 131 220 2.45 30.76

7 02801 0830 1897080 22302 18396 110 128 1.82 30.63

8  0:327012 07439 1:54'020  1:76'028  1:90'033 1.15 217 1.57 30.57

28-100 BP Tau 1 09632 03799 157911 06371 09459 125 226 0.63 30.17
2 100 041731 2:43°77° 068513 1257015 076 75 0.87 30.31

3 100 0:79°323 40413 078926 1937032 098 79 1.46 30.54

4 126012 0757008 265022 089'91%  329'921 093 419 2.06 30.69

5  1:307023 0:79'0%8 239048 1:557028  1:03*0%2  1.23 133 1.59 30.57

6 085'0%% 077998 213347 1.06'32% 155931 080 101 1.17 30.44

7 095725 0789%  1:82028  080'01% 127919 114 156 0.90 30.33

8  064'99 07832 1607057 052015 0:94'02¢ 097 103 0.62 30.16

9 12732 034902 150007 066'015  0:92°9%% 0.99 345 0.63 30.17

10 100 0:40°9%5  1:62°225  0:54'095 0947397 120 179 0.60 30.15

11 087y 03799 151709 0149097 071799 1.05 348 0.48 30.05

12 069'72° 038995 1877021 049'7%8 101997 1.03 218 0.64 30.18

13 10373 0317097 129517 045012 0947707 0.98 198 0.56 30.12

05-031 HD 283810 1 001737 0417905 0:9870%8  2:16'735 195928 121 165 1.66 30.22
2 0003% 041799 0:79'7%> 169028 193931 149 420 1.48 30.17

3 001 0:607298  1:56'325 301794 4667030  1.07 172 3.24 30.51

4 001 0:69739% 227323 353705 1727083 118 88 2.32 30.37

5 001 0:19'3%7  075'59%  0:96°245%  4:00723% 132 106 1.89 30.28

16-031 J0419567627 4 o118l 1:85*025 334221 1.10 110 1.48 30.54
5 010 1:65'%17 1817099 129 91 0.78 30.26

6 010 1:63'322 2357019 150 123 1.74 30.61

7 010 3:637078 6:56'038 0.87 69 3.71 30.94

8 010 2:38'339 9:88"357 1.02 68 4.80 31.05

9 010 3:027339 162035 112 161 8.58 31.30

10 010 2:017344 1333088 1.05 65 6.08 31.16

11 010 1:92+324 11224956 117 78 5.05 31.07

12 010 1:63"022 7.06'%51 151 102 3.02 30.85

13 010 1:64%17 381718 1.26 100 1.63 30.58

14 010 1:24+3%8 158097 147 95 0.65 30.18

22-024 HD 285845 1 042010 064903 252705 327031 327'93 093 295 3.00 30.66
2 03308 0779% 349930 40978 332791 096 86 3.58 30.74

3 047°5%  06170% 2867029  350'032 529'083  1.09 232 4.21 30.81

4 036312 066798 310143 339703 350'088  1.01 119 3.30 30.70

5 040791 065992 3017987 3201031 270037 1.09 215 2.78 30.63

6 039005 065903 304548 299702 362703 0.90 339 3.19 30.69

7 051709 0647093 165'033 270'530 357931 091 368 2.67 30.61

8  0:347022 067398 24834l 313705 13401 071 105 1.99 30.48

9 032731 068793 1827032 27302 1117928 095 191 1.64 30.40

10 0201025 066928 1377933 2020 111713 067 65 1.32 30.30

11 059'799  0:66'092  1:92029 2807031 2:16'78  0.94 217 2.16 30.52

12 03800 0717598 1:8470%% 2617028 1:36'030  1.04 230 1.72 30.42

13 0357%% 06609 1567373 2387005  0:89'0%% 1.10 428 1.38 30.32
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