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ABSTRACT

Aims. We analyze19 bright variableX-ray sourcesdetectedin the XMM-Newton ExtendedSurvey of the TaurusMolecular Cloud
(XEST), in orderto characterizethevariationswith time of their coronalpropertiesandto derive informationson theX-ray emitting
structures.
Methods. We performedtime-resolvedspectroscopy of theEPICPNandMOS spectraof theXESTsources,usinga modelwith one
or two thermalcomponents,andwe usedthe time evolution of the temperaturesandemissionmeasuresduring the decayphaseof
�ares to derive thesizeof the�aring loops.
Results. Thelight curvesof theselectedsourcesshow di� erenttypesof variability: �ares, long-lastingdecayor risethroughthewhole
observation,slow modulationor complex �are-lik evariability. Spectralanalysisshows typicalquiescentplasmatemperaturesof � 5–
10 MK and� 15–35 MK; thecool componentgenerallyremainsconstant,while theobserved �ux changesaredueto variationsof
thehot component.During �ares theplasmareachestemperaturesup to 100MK andluminositiesup to � 1031 erg s� 1. Loop sizes
inferredfrom �are analysisaregenerallysmallerthanor comparableto thestellarradius.
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1. Intr oduction

Youngpre-mainsequence(PMS)starsarewell known to exhibit
strongX-ray emissionat levelsordersof magnitudehigherthan
generallyobservedin olderactivestars(Feigelson& Montmerle
1999;Favata& Micela 2003;Güdel2004).Furthermore,X-ray
timevariability is almostalwaysdetectedin PMSstars,veryof-
ten in the form of �ares, with a shapesimilar to solar�ares, or
of slow modulationduee.g.to rotation(Feigelson& Montmerle
1999;Wolk et al. 2005;Flaccomioet al. 2005).On theSun,the
X-ray time variability is dueto �are activity on timescalesof a
few hours,to the appeareanceof new active regionscombined
with thesurfacerotation(timescalesof a few weeks)andto the
11-yr solar activity cycle. The �are activity observed in PMS
starssuggeststhat a scaledversionof the solarcoronashould
bepresentin theseobjects.Theplasmamagneticallycon�ned in
loop-like structureswould be heatedby mechanismssimilar to
thosepresentin thesolarcorona,andwould releasetheenergy
in theform of �ares. However, observationsshow thatClassical
T Tauri stars(CTTS), characterizedby accretionfrom the cir-
cumstellardisk, arestatisticallyX-ray under-luminouswith re-
spectto Weak-linedT Tauri stars(WTTS), wheredisksareab-
sentor weak(Stelzer& Neuḧauser2001;Flaccomioetal. 2003;
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Preibischet al. 2005; Franciosiniet al. 2006; Telleschiet al.
2006b).Moreover, high-resolutionspectroscopy of the CTTS
TW Hya (Kastneret al. 2002; Stelzer& Schmitt 2004) and
BP Tau(Schmittet al. 2005)indicatethepresenceof very high
densities(ne >� 1012 cm� 3) anda dominantcool plasmacom-
ponentat 3 MK in TW Hya, thathave beenattributedto emis-
sion from plasmaheatedby an accretionshock.EnhancedX-
rayemissionand/or signi�cant spectralvariationshavebeenob-
servedduringaccretionoutburstsin V1647Ori andV1118Ori
(Kastneret al. 2004, 2006; Grossoet al. 2004; Audard et al.
2005).Theseresultssuggestthat accretionmay play a role in
the X-ray emissionprocess,eitherby in�uencing the magnetic
structure,or by providing analternativeX-ray productionmech-
anism.

Thestudyof thetime variability of theX-ray emissionfrom
PMS starsallows us to gain insightsinto the structureandthe
heatingmechanismsof stellarcoronae.In particular, theanalysis
of �ares constitutesa diagnostictool to infer thesizeof theX-
ray emittingstructures.Recently, Favataet al. (2005)studieda
sampleof intense�ares observed in the Orion Nebula Cluster
aspartof theChandra OrionUltradeepProject(COUP),�nding
that �ares on PMS starsoccurboth in small loops,of sizeless
thana stellar radius,similar to older active stars,and in large
loops,up to 10� 20R? , likely connectingthestellarsurfaceand
thecircumstellardisk.

In this paperwe studythe X-ray propertiesof a sampleof
PMSstarsof theTaurusMolecularCloud (TMC) showing sig-
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ni�cant time variability. TheTMC is oneof thenearestregions
of starformation(d = 140 pc), containing� 340 known mem-
bersin anarea� 100squaredegreeslarge,andis characterized
by alow stellardensity(1–10pc� 3), by thelackof massivestars
andby a signi�cant fractionof binaryor multiple systems.Star
formationappearsto haveoccurredin severalepochsduringthe
last10Myr.

Our work complementsthe studyby Stelzeret al. (2006a),
who analyzethe X-ray time variability of TMC sourcesfrom
a statisticalpoint of view, andderive the frequency andenergy
distributionof �aring events.In ourpaperweconcentrateon the
time-dependentspectralanalysisof thebrightestsources,show-
ing both �ares andotherkinds of variability, in orderto inves-
tigatethechangesof theplasmaparametersandto derive infor-
mationon theX-ray emittingstructures.

The paperis organizedas follows. In Sect.2 we describe
the targetselectionandthedataanalysis.In Sect.3 we present
the resultsobtainedfor TMC members,whereasin Sect.4 we
presentthevariability of threesourcesnot relatedto the TMC.
Discussionandconclusionsaregivenin Sect.5.

2. Sour ce selection and analysis

2.1. Observations

Our studyis basedon thedataobtainedfrom theXMM-Newton
ExtendedSurvey of theTaurusMolecularCloud(XEST),awide
X-ray survey performedwith theXMM- Newtonsatelliteaimed
at studying the propertiesof young PMS stars in the TMC
(Güdelet al. 2006a).Thesurvey consistsof 19 �elds of � 33 ks
exposureeach,coveringthedensestregionsof thecloud,plus9
archival exposureslastingup to � 130ks; thetotal areacovered
by thesurvey is about5 squaredegrees.

A detaileddescriptionof thesurvey, includingdetailson the
primaryreductionof theraw EPICMOSandPNdatasets,onthe
sourcedetectionprocedureandonthede�nition of theextraction
regionsfor thesourceandbackgroundlight curvesandspectra
is reportedin Güdelet al. (2006a).

The work presentedhere usesdata from all XEST �elds
except for XEST-01 and XEST-25 that are dedicatedto sepa-
rateprojects(Güdelet al. 2006b,Grossoet al., in preparation).
We also excluded the classicalT Tauri star SU Aur (source
XEST-26-067) that is discussedin detail in a separatepaper
(Franciosiniet al. 2007).We also note that two of the �elds,
namelyXEST-23 andXEST-24, correspondto two consecutive
observationswith thesamepointingposition,with a durationof
� 70 and40 ks, respectively, separatedby � 5 ks. Sourcesde-
tectedin bothexposureshave beentreatedasa singlesourcein
thefollowing analysis,with thetwo exposuresaddedtogether.

2.2. Analysis of light curves and sample selection

To selectthesampleof sourcesfor this study, we �rst extracted,
for all detectedX-raysources,thePNandMOSsourceandback-
groundphotonsin theenergy band0.3–7.3 keV, usingthe ex-
tractionregionsde�nedby Güdeletal. (2006a).In orderto have
a continuoustime coveragefor eachobservation,without gaps
in thelight curves,we chosenot to �lter out theperiodsof high
backgroundcountratedueto proton�ares. We thenlimited our
analysisto sourceswith at least1500netcountsin thePNexpo-
sures(or in theMOS exposuresin thecaseswherethePN was
not available),in orderto have su� ciently high countstatistics
for goodtime-resolved spectralanalysis.This selectionneces-

sarily biasesour study towardsthe X-ray brightestand likely
mostactivesources.

For thesesources,we extracted the PN (or MOS) light
curves, and applied to them the MaximumLikelihood Blocks
(MLB) methoddescribedby Stelzeret al. (2006a),in order to
identify variablesourcesand to de�ne the intervals to be used
for time-dependentspectroscopy. The MLB algorithm divides
the full exposureinto time intervals (blocks)wherethe source
is assumedto beconstant;theboundariesof thetime blocksare
chosensuchthatbetweentwo consecutiveblocksthemeancount
ratechangesby more thana given signi�cance threshold.The
signi�cance thresholdfor the changepoints,at the 99% level,
wasdeterminedthroughsimulationsof constantratelight curves
(Flaccomioet al., in preparation).We seta minimumnumberof
750netsourcephotonsfor eachblock, in orderto have enough
countsin eachspectrumto performa reliablespectralanalysis.
Wenotethatthischoicedoesnotallow usto examinerapidvari-
ations,small-amplitude�aring eventsandlow-level variability.

Thevariability of thebackgroundin many XEST �elds was
signi�cant andwastakeninto accountusingthefollowingproce-
dure:theMLB algorithmwasusedto split thebackgroundlight
curve into blocksof constantcountratelevel; for eachof these
blocks, the backgroundlevel was scaledto the sourceextrac-
tion areato yield thenumberof expectedbackgroundphotonsin
the sourceareafor the given time interval. The resultingnum-
ber of photonsis thenremoved from the sourceevent �le uni-
formly acrosseachbackgroundblock. The result is a “source-
only” event�le, i.e. a background-subtractedphotontimeseries
for thesource.

UsingtheMLB results,we restrictedour sampleby consid-
eringonly thosesourceswhoselight curvesshowedsigni�cant
variability, i.e. thosethathave beendividedby thealgorithmin
at leasttwo blockswith meancountratesdi� eringby morethan
3� . This selectionprocessled to a sampleof 16 variableX-ray
sourcesassociatedwith known PMSmembersof theTMC, plus
additionalthreesourcesnot relatedto theregion or thatarenot
con�rmedmembersof theTMC. Theweakestsourcein the�nal
sampleis JH108,with � 2500netPN counts.Themainproper-
tiesof theselectedsourcesaregivenin Table1. Thethreenon-
memberswill bediscussedseparatelyin Sect.4.

The16 TMC membersaremostly late-K andearly-M stars;
� ve of themareclassi�ed asCTTS,tenasWTTS, andoneis a
Herbig Ae star. Six of thesesources(including the Herbig Ae
star)arebinary or multiple systemsunresolved in X-rays with
XMM- Newton.

2.3. Time-resolved spectroscopy

Wehaveperformedatime-dependentspectralanalysisof these-
lectedsources,in order to study the changeswith time of the
plasmacharacteristics,i.e. temperatureand emissionmeasure
(EM), that give us information on the origin of the emission,
andto derive,in thecaseof �ares, informationon thesizeof the
�aring region from �are modeling.

PN andMOS spectrafor eachsourceandeachtime block
havebeenextractedfrom thesourceandbackgroundevent�les.
For the responsematrices,we usedthe appropriatecannedre-
sponsematrix �les for PN andMOS,andtheancillaryresponse
�les producedfor eachindividualsource(seeGüdeletal.2006a,
for details).ThePN andMOS spectrahavebeenrebinnedin or-
derto haveat least15countsperbin,andhavebeenjointly �tted
in XSPECv.11.3.2,usinga thermalVAPECmodelwith oneor
two temperaturecomponents,plusa commonphotoelectricab-
sorptioncomponent.ThehydrogencolumndensityNH wasleft
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Table 1. Propertiesof thesampleof XEST variablesourcesanalyzedin this paper. Stellarparametersaretakenfrom Güdelet al. (2006a).In the
lastcolumnwe give a classi�cationof theobservedvariability.

XEST ID 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 M0+M3.5 CTTS+CTTS 0.93 slow decay
12-040 DN Tau M0 CTTS 2.25 slow modulation
15-040 DH TauAB M1 CTTS 1.82 slow decay
17-066 JH 108 M1 WTTS 1.32 atypical�are
21-039 HD 283572 G5 WTTS 2.56 slow modulation
22-047 XZ TauAB M2+M3.5 CTTS+CTTS 1.18 slow rise
22-089 L155151 K7 WTTS 1.39 slow decay
23-032/24-028 V410 TauABC K4 WTTS 2.31 atypical�are
23-047/24-040 V892 Tau B9 HerbigAe 2.66 atypical�are
23-050/24-042 V410 X7 M0.75 WTTS 1.69 �ares
23-056/24-047 Hubble4 K7 WTTS 3.33 complex variab.
23-074/24-061 V819 TauAB K7 WTTS 1.93 �are
26-072 HBC 427 K7 WTTS 1.85 �are
28-100 BPTau K7 CTTS 1.97 �are

05-031 HD 283810 K5V �are
16-031 2M J04195676+2714488 . . . �ares
22-024 HD 285845 G6 complex variab.

asa freeparameter, exceptin a few caseswhereit wasnot con-
strainedby the �t, andit wastherefore�x ed to a valuederived
for otherblocksof thesamesource.Abundanceswerekept�x ed,
with their valuesfollowing a patternderived from estimatesof
coronalabundancesof X-ray active youngstars1 (Scelsiet al.
2005;Telleschietal. 2005;Argiro� etal. 2004).Thebest-�t re-
sultsarereportedin Table2; errorsare90%con�denceintervals
for oneinterestingparameter.

Figs.1-9 show the light curvesandspectralparametersde-
rived for TMC sources;the resultsfor TMC non-membersare
shown in Figs.10-11.For eachsource,we plot in thetop panel
the PN (or MOS) background-subtractedlight curve and the
backgroundlight curve, while in the otherpanelswe show the
evolutionof thebest-�t temperaturesandEMsandof thehydro-
gencolumndensity. The time intervals derived from the MLB
methodandusedfor theanalysisareindicatedby dottedvertical
lines. In Figs.2, 3, 5 and11 we alsoshow, in the right panels,
the evolution of the plasmatemperatureandemissionmeasure
usedfor �are analysis.

2.4. Flare modeling

Flare light curvescontaininformation on heatingand cooling
parametersand indirectly on the densityand geometryof the
�aring sources.As stellar�are observationsarenot spatiallyre-
solved,varioustechniqueshave beendevelopedto usethe light
curves and measurablequantitiessuch as the emissionmea-
sureor the electrontemperatureto deduce�are sourceparam-
eters(seereview by Güdel 2004).Eachof thesemethodsin-
troducessimpli�cations andmakesvariousassumptionson the
heatingandcooling processes,often adoptedby analogywith
solar �ares. A particularlystraightforward physicalmodel has
beendevelopedby Realeet al. (1997),that derivesthe heating
fractionandthemagneticloop lengthfrom hydrodynamiccon-

1 The abundancesused,relative to the solarabundancesby Anders
& Grevesse(1989), are: C= 0.45, N = 0.788,O= 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.

siderations,using only the run of �are temperatureand emis-
sion measure.Its advantageis its simple applicationto stellar
observations;it hasalsobeentestedonmoderatesingle-loopso-
lar �ares. It is, on the other hand,not applicableto �ares oc-
curring in magneticarcadesas in gradualsolar �ares, wherea
largenumberof magneticstructuresis ignitedandcoolingin se-
quence.Then,both the rise and the decaytime areessentially
determinedby the history of the heatingenergy releaserather
thanby cooling physics(e.g. Pneuman1982;Kopp & Poletto
1984).Comparative studieshave beenpresentedin Güdelet al.
(2004)andRealeet al. (2004)for an exceptionallystrong�are
on thenearbyactive starProximaCentauri.We arenot in a po-
sition to characterize�ares on T Tau starshere.We henceforth
will adoptthe modelof Realeet al. (1997)to discusspossible
systematicsin our results.

In the caseof a single�aring loop decayingfreely after an
initial impulsiveheating,Serioetal. (1991)showedthattheloop
semi-lengthL is relatedto thethermodynamicdecaytime � th by
therelation:

L =
� th

p
Tmax

3:7 � 10� 4 ; (1)

whereTmax is themaximumtemperatureof the �aring plasma.
However, if signi�cant heatingis presentalsoduring thedecay
phase,the�are decaytimewill belongerthan� th, andtheabove
equationwould leadto anoverstimateof theloop length.Using
hydrodynamicalsimulationsof �aring loopstakinginto account
the presenceof prolongedheating,Realeet al. (1997)showed
that the slope� of the �are decaypath in a diagramof logT
vs logne (or equivalentlylog

p
EM) is a diagnosticof thepres-

enceof residualheatingduring the �are decay. The loop semi-
lengthL canthenbederivedfrom � andtheobserved�are decay
timescale� lc usingthefollowing relation:

L =
� lc

p
Tmax

3:7 � 10� 4 F(� )
; (2)

where F(� ) is the ratio betweenthe observed 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-23-050/24-042)andV819 Tau (XEST-23-074/24-
061).In thetop panels, thebackground-subtractedPN light curve of eachsourceis plottedwith a thick solid line, while thethin solid line shows
thebackgroundlight curve,scaledto thesourcearea.Theverticaldottedlinesmarkthetimeintervals,derivedfrom theMLB analysis,usedfor the
time-resolvedspectroscopy. In theotherpanelswe show, from top to bottom,the time evolution of thebest-�t temperatures,emissionmeasures
andhydrogencolumndensity. ThetemperaturesandEMs of thecoolandhotcomponentareindicatedby diamondsandasterisks,respectively.

heating.Tmax, asin Eq. (1), is themaximumtemperaturein the
�aring loop, that can be derived from the �are peaktempera-
tureTobs obtainedfrom thespectral�ts. Theexpressionof F(� )
andtherelationshipbetweenTmax andTobsdependontheinstru-
mentalresponse.In thecaseof EPICPNwehave(Giardinoetal.
2006):

Tmax = 0:13 T1:16
obs : (3)

and

F(� ) = 1:36+
0:51

� � 0:35
(4)

The expressionof F(� ) is valid only for 0:35 < � � 1:6,
wherethe lower limit correspondsto the casewherethe heat-
ing timescaleis comparableto the �are decaytimescale,while
the upperlimit correspondsto a freely-decayingloop with no
residualheatingaftertheimpulsiveenergy release.

TheaboveformulaearecalibratedontheEPICPNresponse,
however they give a correctorderof magnitudeestimateof the
loop length also in the caseof MOS, given the similarity of
theinstrumentalresponsesandthewide spectralbandused.We
have thereforeappliedthemalsoto the analysisof the �are of
HBC 427,for whichPN is notavailable.

3. Sour ces associated with TMC member s

Wehavedividedthesourcesassociatedwith TMC membersinto
three classesaccordingto the type of variability observed in
their light curves:(i) sourcesshowing evident�ares, eitherwith
a “classical” shape,with fast rise andslower decay, or with a
gradualriseand/or a symmetricalshape;(ii) sourceswith slow

prolongeddecayor riseof thecountrate;and(iii) sourceswith
slow modulationor complex variability thatcouldbedueto su-
perimposed�aring events.

3.1. Flares

Seven of the TMC sourcesshow evident �ares in their light
curve.Fourof them(V410X7, V819Tau,HBC 427andBPTau)
show the typical �are behaviour, characterizedby a rapid in-
creaseof thecountrateandof theplasmatemperature,followed
by a slower decay. Their light curvesandthe time evolution of
the plasmaparametersareshown in Figs. 1-3. The otherthree
sources(JH 108,V892 Tau andV410 Tau) show peculiar�ar -
ing variability, i.e. �ares thatarecharacterizedby a gradualrise
phasewith a �at top and/or a nearlysymmetricalshape.Their
light curvesandevolution of the plasmaparametersareshown
in Figs.4 and5.

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

The light curve of V410 X7 (XEST-23-050/24-042, M0.75,
WTTS) shows two �ares thatoccurredafteran initial quiescent
periodlastingfor � 65ks.Unfortunately, theXEST-23exposure
stoppedjustafterthestartof therisephaseof the�rst �are, while
at thebeginningof theXEST-24 exposurethe�are wasalready
decaying;thereforethe �are peakwasnot observed.The �are
is very strong,with an increaseof the countrateby morethan
an orderof magnitude.The decayphaseis initially rapid,with
an e-folding timescaleof � 2:1 ks; thena slower decayis ob-
served,aftera smallbumpoccurringabout5 ks afterthestartof
theXEST-24 exposure.A secondsmaller�are, with a decaye-
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Fig.2. Left: Light curve andspectral�tting resultsfor HBC 427(XEST-26-072).Panelsarethesameasin Fig. 1. Notethat in this casewe show
thecombinedMOS1+MOS2 light curve, thePN beingnot available.Right: Evolution of thebest-�t temperatureandEM of thehot component
for HBC 427.To betterclarify thetrendwith timeof theparameters,thepointsareconnectedby dottedlines.Thethick solid line shows thelinear
�tting to points#3 to #7,correspondingto the�are decay;for clarity they aremarkedwith opensquares.

folding timeof � 20ks,is superimposedonthelatedecayphase.
As mentionedin Sect.2.2,our choiceof theblock sizedoesnot
allow usto derive theplasmacharacteristicsof this second�are
separatelyfrom thedecayof the�rst one.

Thequiescentemissionhastemperaturesof � 9 and24 MK
with similarEMs.The�rst �are reachedatemperature> 60MK
at thepeak,asestimatedfrom thebest-�t temperatureof block
#2wherethe�are is alreadydecaying.Takingthisvalueaspeak
temperatureandthe decaytime of 2.1 ks, andapplyingto this
�are the formula for a freely-decayingloop (Eq. (1)), we can
put a lower limit on the loop semi-lengthof L � 5 � 1010 cm,
correspondingto � 0:4R? .

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

V819 Tau(XEST-23-074/24-061) is a binaryWTTS with spec-
tral typeK7. It showeda small impulsive �are at theendof the
XEST-23 exposure,with a factorof 2 increasein thecountrate,
whosedecaycontinuesin theXEST-24 observation.Thedecay
phasehasane-foldingtimeof � 10ks.The�are is not veryhot,
with T2 = 20 MK in block #2, not muchhigherthanthequies-
cent valueof � 15 MK, althoughthe true peaktemperatureis
likely hottersincethis time interval includesalsoa signi�cant
part of the decayphase.We alsonotethat the cool component
remainedconstant,within theerrors,for thewholeobservation.
We canobtaina roughestimateof the loop semi-lengthusing
the temperaturesand EMs of the hot componentin blocks#2
and#3, from which we derive � � 0:9 andL � 7 � 1010 cm,
correspondingto 0:5R? .

3.1.3. HBC 427 (XEST-26-072)

During theXMM- Newtonobservation,theK7 WTTS HBC 427
(XEST-26-072)underwentastronglong-duration�are thatcov-
erednearly the entireexposuretime of � 130 ks. After a short
initial quiescentphase,the count rate increasedby a factorof
5 in � 6 ks, thenit decreasedslowly, 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 behaviour observed in �ares, with the tem-
peraturepeakingduringtherisephaseandtheemissionmeasure
peakingat the �are peak.The quiescentemissionhastempera-
turesof � 8 and25 MK with equalEMs.While thetemperature
andEM of thecoolestcomponentdoesnot changesigni�cantly
duringthe�are, thehotcomponentreachesatemperatureashigh
as� 72MK; therefore,for the�are analysiswewill assumethat
the�aring plasmais describedby thehot component.

In the right panelof Fig. 2 we show the evolution of the
�are in the T vs

p
EM plane.The maximum loop 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
observeddecaytime with theabovevalueof � , from Eq. (2) we
derive L = 2:4 � 0:4 � 1011 cm, i.e. � 2 stellarradii.

FromtheEM of thehot componentin block #2 we canes-
timatethe meanelectrondensityin the loop at the peakof the
�are, assuminga loop with typical aspectratioRloop=L = 0:1, as
commonlyobservedin solar�ares: we �nd ne � 2 � 1010 cm� 3,
consistentwith thevaluesfoundfor theCOUP�ares with simi-
lar loop size(Favataet al. 2005).
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Fig.3. Left: Light curve andspectral�tting resultsfor BP Tau(XEST-28-100).Panelsarethesameasin Fig. 1. Right: Evolution of thebest-�t
temperatureandEM of thehotcomponent.SeeFig. 2 for details.For thesake of clarity, weplot only thepointsfrom #2to #9.Theslopehasbeen
�tted betweenpoints#4 and#8.

3.1.4. BP Tau (XEST-28-100)

BP Tau (XEST-28-100)is a K7 CTTS. Its light curve shows a
�are beginning� 15ksafterthestartof theobservation,with an
increaseof thecountrateby afactorof � 2.5in � 5 ksandatotal
durationof � 35 ks. The e-folding decaytime is 10:4 � 0:7 ks.
After the�are theX-rayemissionshowslow-levelvariabilityun-
til theendof theobservation.As for HBC 427,BPTaushowsthe
typical �are behaviour of theplasmaparameters,with the tem-
peraturepeakingin therisephasebeforetheEM. Thequiescent
emissionbeforethe �are hastemperaturesof � 4 and 18 MK
with EM2=EM1 = 1:5; thetemperatureof thecoolercomponent
increasesto � 9 MK during the �are, while the hottercompo-
nentreaches� 50 MK. Both EMs increasesigni�cantly during
the�are.

The right panelof Fig. 3 shows the evolution of the �are
temperatureandEM. FromEq. (3), we derive a maximumloop
temperatureof � 100MK. Theslopebetweenpoints#4and#8is
� = 0:83� 0:13,indicatingthatresidualheatingis presentduring
the decay. Using Eq. (2) we derive L = 1:2 � 0:1 � 1011 cm,
comparableto the stellar radius.The estimateddensityat the
�are peakis ne � 3 � 1010 cm� 3, similar to thevaluefoundfor
HBC 427.

3.1.5. JH 108 (XEST-17-066)

JH108(XEST-17-066,WTTS, spectraltypeM1) shows a sym-
metrical�are, with a gradualincreaseof thecountrateby a fac-
tor of � 4 in � 8 ks, followedby a decaywith similar duration;
thedecaye-foldingtimeis 3.3ks.Thissourcehasquiescenttem-
peraturesof 8 and 30 MK and EM ratio of � 1.5. As before,
thecool componentremainsnearlyconstant,while for thehot-
ter componentthe temperatureis higherduring the rise phase,
reaching45 MK, and the EM peaksin the secondtime block,

correspondingto the peakanddecayphases.A roughestimate
usingEq.(1) givesL <� 6 � 1010 cm, i.e. � 0:7R? .

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

V892 Tau = Elias1 (XEST-23-047/24-040) is a triple system
composedof a HerbigAe star, a low-masscompanionof spec-
tral type � M2 at 4:100 (Elias1NE, Leinert et al. 1997) and a
recently-discoveredclosecompanionat 0:0500 with a massof
1:5 � 2 M� (Smithetal. 2005).

For the�rst 95ksof theobservationthissourceshowedlow-
level variability, with temperaturesin therangeT1 = 5 � 10MK
andT2 = 20� 35MK. Thenthesourceunderwentastrong�are,
with agradualriselastingfor � 7 ksandendingin aplateau,ata
level a factorof � 10 higherthanthepre-�are countrate,where
the emissionremainednearlyconstantfor at least10 ks, until
the endof the observation.For the spectralanalysisduring the
�are, theparametersof thecoolcomponentwerekept�x edsince
they werenot constrained,andthe �are evolution wasentirely
dominatedby thehot component.Theplasmaheatingis strong
in the �rst block of the rising phase,wherethe temperaturein-
creasesfrom � 25 to � 65 MK; thenthe temperaturestaysat a
nearlyconstantlevel,within theerrors,around� 95–100MK in
thefollowing threeblocks,andstartsto decreaseonly whenthe
count ratereachesthe plateuin the last time block. The emis-
sion measureon the otherhandcontinuesto increasereaching
its maximumin the lastblock. Theobserveddetailedevolution
of the temperatureandEM is a clearexampleof the �are heat-
ing process,in which, following theenergy release,accelerated
electronsprecipitatinginto the chromosphererapidly heat the
plasma,andproduceanevaporationof materialwhichgradually
�lls theloop increasingtheemissionmeasure.
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Fig.4. Light curveandspectral�tting resultsfor theTMC sourcesJH108(XEST-17-066)andV892Tau(XEST-23-047/24-040)showing gradual
rise�ares. Panelsarethesameasin Fig. 1.

The long rise time suggeststhata largecoronalstructureis
involved in the �are. This �are hasbeenstudiedpreviously by
Giardinoetal. (2004),whomodeledtherisephaseusingdetailed
hydrodynamicalsimulations,�nding a loop sizeof theorderof
1 � 1011 cm, equalto � 0:5R? , andthata magnetic�eld in ex-
cessof 500G is requiredto con�ne the�aring plasma.Basedon
the positionof the X-ray sourceandon the comparisonwith a
Chandra observation wherethe primary andElias1NE arere-
solved,Giardinoet al. (2004)concludedthat the �are occurred
in thecoronaof theHerbigAe star, which would imply theex-
istenceof a convective zonein theouterlayersof thestar, gen-
erally not expectedin starsof this spectraltype. However, the
discoveryof a lower-massclosecompanionsuggeststhattheob-
servedX-ray emissionandthe �are morelikely originatefrom
it ratherthantheHerbigstaritself. This is supportedby thehigh
temperatures(20–30 MK) observedin this sourceandin other
HerbigAe/Be stars(Stelzeret al. 2006b),similar to thosecom-
monly found for later-type PMS starsbut signi�cantly higher
thanthose(� 5 � 6 MK) foundin theHerbigstarsHD 163296
andAB Aur (Swartzetal. 2005;Telleschiet al. 2006a).

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

The WTTS triple system V410 Tau (XEST-23-032/24-028)
shows a very peculiarlight curve with a nearlysymmetricaltri-
angularshape.The count rate rises graduallyduring the �rst
55 ks of observation until block #8, whereit reachesa peaka
factorof � 3 higher thanat the startof the observation. Then
theemissiondecaysuntil the lastblock; a second,weaker �are
is superimposedon thedecay� 9 ksbeforetheendof theobser-
vation.Assumingthatthe�rst 18ksof theobservationrepresent
thequiescentlevel,we�nd thattherisingphasehasane-folding
time of � 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
theemissionstaysat a steadylevel for 23 ks (block #13), then
thedecayrestarts,andcontinuesuntil theendof theobservation,
interruptedonly by thesmall �are.

During theobservation,thetemperatureof thecool compo-
nentdoesnot vary signi�cantly, andthe�are evolution is deter-
minedby thevariationsof T2 andof theEMs. In therisephase
thehot temperatureinitially increasesfrom 20to 30MK, reach-
ing a maximumin block #4, thendecreasesagainin thefollow-
ing two time intervals;a suddenincreaseto � 45 MK occursin
block #7, just beforethepeak.TheEMs of bothplasmacompo-
nentsincreaseduringtheentirerisephase,reachingtheir maxi-
mumatthe�are peak,ascommonlyobservedin solarandstellar
�ares. After thepeakthetemperatureandtheEMs decreasere-
turning to the quiescentvalue.A new temperatureincreaseis
observedin block #15,correspondingto thesecondsmall �are.
Thelongrisetime,combinedwith theslow changeof theplasma
temperatureduringtherisephase,might indicatethatweareob-
servinga rotationallymodulated�are, or thesuperpositionof a
�aring eventandanunderlyingmodulatedemission.

We alsonotethat the best-�t colum densityincreasesby a
factorof 4 during the �are, following a trendsimilar to that of
the EMs. However, we found equallyacceptable�ts, although
with slightly higher values(by at most 10%) of the reduced
� 2, by keepingNH �x ed to 1 � 1020 cm� 2, asfound in the �rst
time intervals,without signi�cant changesin thetime evolution
of the other parameters.Since this star is a WTTS, which is
not expectedto possesscircumstellarmaterialthatcouldjustify
changesin the interveningabsorption,andthatsuchlow values
of NH areat thesensitivity limit of EPIC,we arenot con�dent
on thesigni�canceof theobservedcolumndensityvariations.

Theright panelof Fig. 5 shows theevolution of thetemper-
atureandEM of thehot componentduring the �are. Theslope
duringthedecay, betweenblocks#8and#14,is � = 0:47� 0:12,
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Fig.5. Left: Light curve andspectral�tting resultsfor V410 Tau(XEST-23-032/24-028).Panelsarethesameasin Fig. 1. Right: Evolution of the
best-�t temperatureandEM of thehotcomponent.SeeFig. 2 for details.For thesake of clarity, weplot only thepointsfrom #7 to #15.Theslope
hasbeen�tted betweenpoints#8 and#14.

indicatingthatthedecayof the�aring structureis largelydeter-
minedby theheatingdecaytimescale.In this casetheloop size
is poorlyconstrained,giventhelargeuncertaintyon� : weobtain
in factL � 4 � 3 � 1010 cm,or 0:1 � 0:4R? .

3.2. Very long decays or increases of the count rate

A groupof six sourcesin our sampleshowed a monotonicde-
creaseor increaseof thecountrateover theentireobservation.
Oneof them,XZ Tau,hasarisinglight curve,while for theother
� vesources(V830Tau,HQ Tau,FSTau,DH TauandL155151)
a long-lastingdeclineof thecountratewasobserved.The light
curvesandbest-�t parametersof thisgroupof sourcesareshown
in Figs.6 and7.

3.2.1. XZ Tau (XEST-22-047)

XZ Tau(XEST-22-047)is a binarystarcomposedof two CTTS
of spectraltypeM2 andM3.5. This sourceshows a long mono-
tonic rise of the count rate by a factor of � 4 in � 40 ks. An
analysisof this observation hasbeenreportedby Favataet al.
(2003)andGiardinoetal. (2006).

Thequiescentemissionatthebeginningof theobservationis
ratherhot,with temperaturesof 8 and40 MK andEM2=EM1 �
0:7. Thecool componentdoesnot vary signi�cantly, exceptfor
an increaseof theEM in the lastblock. Thehottertemperature
peaksat� 70MK in blocks#2and3,althoughtheincreaseisnot
muchsigni�cant dueto thelargeerrors,while theEM continues
to increaseasthecountrateincreasesup to the last block. Our
resultsare in agreementwith thosereportedby Giardinoet al.
(2006).We note that the trend of T2 and EM2 resemblesthat
observed during the �rst part of the rising phaseof V410 Tau,
suggestingthatwe areobservinga similarevent.

3.2.2. V830 Tau (XEST-04-016)

V830 Tau (XEST-04-016,WTTS, spectraltype K7) shows a
long-lastingdecayby a factorof 3 in � 30 ks. The two temper-
aturesremainnearlyconstant,within theerrors,around� 7 and
20 MK during the entiredecay(apartfrom a possibleincrease
in block #3), andtheobserveddecreaseof thecountrateis due
only to the decreaseof the two EMs with time. We note that
also the averageplasmatemperature(weightedwith the EMs)
doesnot varyduringthedecay. It is possiblethatweareobserv-
ing the �nal stageof a long-lasting�are, whenthe temperature
hasalreadyreturnedto the pre-�are level while the EM is still
changing.An alternative explanationmight berotationalmodu-
lation: the relative amplitudeof thecountratevariationaround
the averagecountrate is � 60%,compatiblewith the rangeof
20–70% found in the Orion Nebula Cluster(Flaccomioet al.
2005).However, giventhehigh amplitudeof thevariation,and
thefactthatthe30ksexposurecoversonly onetenthof thestar's
rotationalperiod (Prot = 2:75 d, seeTable 10 in Güdel et al.
2006a),we believe that this interpretationis unlikely, although
we cannotdraw de�niti veconclusionsfrom theavailabledata.

3.2.3. HQ Tau (XEST-09-026)

HQ Tau(XEST-09-026)is a closebinaryWTTS. Its light curve
shows a long-lastingdecay, with a decreaseof thecountrateby
a factorof 2 in 30 ks. Thespectralanalysisshows a signi�cant
decreaseof the hotter temperature,from 34 to 20 MK, andof
bothEMs,while thetemperatureof thecoolcomponentremains
constant.This behaviour suggeststhatwe areobservingtheend
of thedecayof a long-duration�are. Thee-foldingtimescaleof
theobserveddecayis � 45ks.Fromthedecayof thetemperature
andEM of the hottestcomponentwe �nd a high slope� � 2,
compatiblewith afreely-decayingloop.UsingEq.(1) weobtain
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Fig.6. Light curve andspectral�tting resultsfor TMC sourcesshowing a long-lastingrise (XZ Tau = XEST-22-047)or decay(V830 Tau =
XEST-04-016,HQ Tau= XEST-09-026,FSTau= XEST-11-057).Panelsarethesameasin Fig. 1.

L >� 7� 1011 cm.Sincethestellarradiusof thisstaris notknown,
wecannotdeterminewhetherthisrepresentsacompactoralarge
loop.

3.2.4. FS Tau (XEST-11-057)

FS Tau (XEST-11-057)is a binary composedof two CTTS of
spectraltype M0 andM3.5. Its light curve decreasesby a fac-

tor of � 6 during the �rst 20 ks, with ane-folding timescaleof
15 � 2 ks, andthenremainsat a low quiescentlevel for the re-
maining20ks. In thiscasethespectraarewell describedby just
onetemperature,the low-temperaturecomponentbeinguncon-
straineddueto thehigh absorption(NH � 1 � 1:6 � 1022 cm� 2).
Thetemperaturedoesnot changesigni�cantly, decreasingfrom
40 MK to 35 MK from thebeginningto theendof theobserva-
tion. On theotherhandtheEM decreasessigni�cantly; a small
but signi�cant decreaseof theabsorptionis alsoobserved.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 decreaseof thetemperatureis too low (� = 0:2).
Applying theformulafor a freely-decayingloop we estimatean
upperlimit to thelooplengthof L � 2:7� 1011 cm(� 4R? ). Note
that,althoughthepeaktemperatureof the �are is likely higher
andthereforetheaboveupperlimit is underestimated,weexpect
thetrueloop sizeto bemuchsmallerbecauseof thepresenceof
strongsustainedheating,asindicatedby theshallow slope� .

3.2.5. DH Tau (XEST-15-040)

DH Tau (XEST-15-040)is a binary CTTS with a separationof
2.300, unresolvedby XMM- Newton. It showsamonotonicdecay
by a factorof � 3 over the 30 ks exposure.As for V830 Tau,
the two temperaturesare steadyduring the decay, at � 9 and
� 25 MK, while the two EMs decrease.In this case,contrary
to V830 Tau,alsotheratio EM2=EM1 decreases,implying that,
as time proceeds,lessand lesshot materialcontributesto the
emission.This suggeststhatwe areobservingtheendof a long-
lasting�aring event.As for theprevioussource,verystrongsus-
tainedheatingis present(� = 0:2), preventing the useof the
Realeet al. (1997)method,andwe estimateL < 4:5 � 1011 cm
� 3:5R? .

3.2.6. L1551 51 (XEST-22-089)

L155151(XEST-22-089,WTTS)alsoshowsadecayby afactor
of 2 during the �rst 30 ks, thenstaysat a constantlevel for the
remaining20ksof observation.Also for thissourcethetemper-
aturesdo not vary, andtheobservedvariationis dueonly to the
changingEMs.As for DH Tau,alsotheEM ratiodecreases,im-
plying a decreaseof theaverageplasmatemperature,likely due
to a �are decay. This sourcealsoshows very strongsustained
heating(� = 0:16).Fromthedecaye-foldingtime of 9.5ks we
estimateL <� 1 � 1011 cm,comparableto thestellarradius.

3.3. Other types of variability

TheremainingthreeXEST sourcesidenti�ed with TMC mem-
bersshow signi�cant variability in theform of slow modulation
(DN TauandHD 283572,Fig. 8) or complex �are-lik evariabil-
ity (Hubble4, Fig. 9).

3.3.1. DN Tau (XEST-12-040)

DN Tau(XEST-12-040,CTTS,spectraltypeM0) showsamod-
ulatedlight curve with a highercountrateat thebeginningand
theendof theexposureandaminimumin thesecondtimeblock;
theamplitudeof themodulationwith respectto themeanlevel
is � 15%.Theplasmaparametersdo not show signi�cant varia-
tions,beingconsistentwithin theerrors,althoughthereis a ten-
dency for higherT2 andEM1 in the�rst andlastblock.

3.3.2. HD 283572 (XEST-21-039)

HD 283572(XEST-21-039)is a G5 WTTS with Prot = 1:55 d;
thepresentobservation,with anexposuretimeof � 45ks,there-
fore coversaboutone third of the rotationalperiod.The light
curveshowsaclearmodulation,with two characteristiclevelsof
emission.During the�rst 20ks thecountrateincreasesslightly,
thenin block #4 it decreasesreachinga level a factorof � 1:3
lower, that is maintaineduntil the endof the observation.The
two temperaturesdo not vary signi�cantly, with thecoolerone
stayingaround8–9 MK, and the hotter one varying between
20 and25 MK with a trendthatcloselyfollows thatof thelight
curve. On the otherhand,the two EMs show signi�cant varia-
tions,in particularin the�rst partof theobservation,wherethe
cool EM decreasesandthe hot oneincreases,leadingto an in-
creasein their ratio andthereforein therelative contribution of
thehotterplasmato theemission.Thesecharacteristicssuggest
that the observed variability is likely dueto the appearingand
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Fig.8. Light curve andspectral�tting resultsfor the TMC sourcesDN Tau (XEST-12-040)andHD 283572(XEST-21-039),showing a slow
modulation.Panelsarethesameasin Fig. 1.

Fig.9. Light curve and spectral �tting results for the TMC source
Hubble4 (XEST-23-056/24-047)showing acomplex variability. Panels
arethesameasin Fig. 1.

disappearing,due to the stellar rotation,of active regionscon-
taininghotterplasmawith respectto therestof thecorona.

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

The light curve of Hubble 4 (XEST-23-056/24-047, WTTS,
spectraltypeK7) shows signi�cant low-level �are-lik e variabil-
ity superimposedon a slow modulation.Theaveragecountrate
shows a very slow decreaseduring the �rst 50 ks, then it in-
creasesby a factorof � 1.5 at the beginning of block #4, and
decaysagainslowly until the endof the observation. The two
temperaturesdo not varysigni�cantly, having averagevaluesof
� 9 MK and� 20MK, with theexceptionof thelastblockwhere
the hot componentis slightly higher. As in other sources,the
variationsof thetwo EMs aremoresigni�cant, showing a mod-
ulation with time of both values,but keepingtheir ratio nearly
constant,between1 and1.2.Theobservedslow variationof the
meancount rate might be due to rotationalmodulationof the
emissionfrom active regionsrotatingin andoutof view.

4. Sour ces not associated with kno wn TMC
member s

In addition to the TMC members,we have studiedthreead-
ditional XEST sources(XEST-05-031= HD 283810,XEST-
16-031= 2MASS J04195676+2714488, and XEST-22-024=
HD 285845)that are likely non-membersof the TMC but that
arestrongX-ray sourcesandshow signi�cant variability. Their
light curvesandspectralparametersareshown in Figs.10 and
11.

4.1. HD 283810 (XEST-05-031)

XEST-05-031is identi�ed with HD 283810,aK5V starwith H�
emission,which is probablyanolderforegroundstarsinceit has
radialvelocity inconsistentwith TMC membershipanddoesnot
show signi�cant Li absorption(Herbiget al. 1986);assuminga
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Fig.10.Light curve andspectral�tting resultsfor theXEST sourcesHD 283810(XEST-05-031)andHD 285845(XEST-22-024),notassociated
with theTMC. Panelsarethesameasin Fig. 1.

main-sequenceobject,its photometry(V = 10:74,B� V = 1:03)
locatesit at a distanceof � 60pc. Its light curveshowsa �are at
theendof theobservation,with anincreaseof thecountrateby a
factorof 2.5andane-foldingdecaytime of � 2.4ks.Thehotter
temperaturerisesfrom � 9 MK duringquiescenceto 18 MK in
block #3 andreachesa maximumvalueof 26 MK in block #4,
after the�are peak.Both EMs increasesigni�cantly at the �are
peak.Given the irregular trendof the temperatureandEM, we
cannotapply theRealeet al. (1997)method;usingthe formula
for afreely-decayingloopandtheobservedtemperaturein block
#3, we derive a loop semi-lengthof L < 3 � 1010 cm, which
is comparableto thestellarradiusfor a K5 main-sequencestar
(Siesset al. 2000).

4.2. HD 285845 (XEST-22-024)

XEST-22-024is identi�ed with HD 285845,which is a fore-
groundbinarysystemat a distanceof 90 pc; theabsenceof the
Li absorptionline at6708Å indicatesthatthesystemis notcom-
posedof PMSstars(Walteret al. 1988;Favataet al. 2003).The
meanpropertiesof theX-ray spectrumhave beendiscussedby
Favataet al. (2003),who reporteda spectral�tting with a 2-T
modelcharacterizedby highCaandNeabundanceswith respect
to a Feabundancearound0:26Z� .

Thelight curveof thissourceshowsacomplex variability. A
�are occurredat the beginning of the exposure,with a gradual
rise lasting� 5 ks, followedby a decayon which severalminor
impulsesaresuperimposed.Theinitial decayjust afterthepeak
hasane-foldingtime of � 2 ks. Theemissionreachesa steady
level � 30 ks after the peak.As observed in othersources,the
cool temperaturedoesnotvarysigni�cantly duringthe�are evo-
lution. Thehottertemperaturepeaksin block #2,duringtherise
phase,at 40 MK, andremainssteadyat a level of � 30–35 MK
up to block #7, when it decreasesto � 15–25 MK, remain-

ing at this level until the endof the observation.The observed
light curvevariationsaremostlydueto theEMsof bothcompo-
nents,that vary signi�cantly throughouttheobservation.Given
thecomplexity of thelight curve, it is not possibleto derive the
loop sizeby �tting the T vs EM decay. We canmake a rough
estimateassumingtheinitial decaytimeof 2 ks andEq.(1), ob-
taining L � 3 � 1010 cm. Assuminga G6 main-sequencestar,
this correspondsto � 0:4R? (Siesset al. 2000).

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

SourceXEST-16-031hasanIR counterpartin the2MASScata-
logue,2MASSJ04195676+2714488,locatedat � 0:200andwith
magnitudesJ = 12:38,H = 11:80 andK = 11:54 mag;another
fainter 2MASS sourceis presentat 4.600, however the X-ray
sourceis mostlikely associatedwith the former one,given the
accuracy of theXEST positions(seeGüdelet al. 2006a;Scelsi
et al. 2006).2MASS J04195676+2714488 hasphotometryin-
consistentwith TMC membership,being locatedon the main
sequencein the colour-magnitudediagramsfor the distanceof
theTMC (Scelsietal. 2006),andis thereforelikely to bea �eld
late-typestar. The uncertaintiesin the photometryallow a dis-
tancebetween80and190pc for amainsequencestar.

Duringthe�rst 23ks,thesourcewasin aquiescentstatewith
very low emission.Unfortunatelyin this partof theobservation
(blocks#1 to 3) thebackgroundwasvery high anddominating
theobservedcountrate(seeFig. 11), preventingthepossibility
of performingspectralanalysis.In block #4, � 24 ks after the
startof the observation,a �are occurred,followed by a second
muchstronger�are 7 ks later. The �rst �are hasa peakcount
rate a factor of � 5 higher than the quiescentlevel, while the
second�are increasesthecountrateby morethanoneorderof
magnitude.The two �ares have very similar decaytimes,with
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Fig.11.Left: Light curve andspectral�tting resultsfor XEST-16-031.Panelsarethesameasin Fig. 1. Right: Evolutionof thebest-�t temperature
andEM of thehotcomponent.SeeFig. 2 for details.Theslopehasbeen�tted betweenpoints#10and#14.Theslopeduringthedecayof the�rst
small �are (points#4 and#5) is alsoindicated.

e-folding timesof � 1.6 and1.5 ks, respectively. This suggests
thatthey mayhaveoccurredin loopsof comparablesize.

Theabsorptionis very low, consistentwith acolumndensity
NH = 1 � 1020 cm� 2, andto betterconstrainthe�t parametersit
waskept �x ed to this value.The spectrumwaswell �tted with
only onetemperaturecomponent.Sincetheemissionduringthe
quiescentphaseis negligible with respectto the �are phase,we
assumethatthe1-T modelis representingessentiallythe�aring
plasmaduringthetimeblocksfrom #4to #14.

The right panelof Fig. 11 shows the evolution of the tem-
peratureand the EM during the observation. In block #4, cor-
respondingto thepeakof the �rst, small �are, theplasmatem-
peratureis 22 MK; the temperatureandEM decreasein block
#5 during the �are decay, andremainssteadyin the following
time interval. In block #7, at the startof the rise of the second
�are, thetemperatureincreasesto � 42MK; asecondre-heating
is observedin block #9, correspondingto the �are peak,where
theEM reachesits maximumvalue.The�are coolingphasefrom
point#10to point#14proceedswith aslope� = 0:42� 0:07,that
indicatesthe presenceof signi�cant sustainedheatingafter the
initial ignition. It is worth noting that the slopebetweenpoints
#4and#5,relativeto thedecayof the�rst small�are, hasavery
similar valueof 0.37.Using Eq. (2) we derive L � 1 � 109 cm
for the �rst �are, andL � 5 � 4 � 109 cm for thesecond�are.
Thesevaluesaresigni�cantly smallerthanthoseestimatedfor
theothersources.Althoughtheprecisenatureof thissourcecan-
not beassessedhere,giventhevery low absorptionwe suggest
that it couldbeanolderM-type starlocatedjust in front of the
cloudandshowing �are eventsanalogousto thoseobservedon
theSunandactive late-typestars.

5. Discussion and conc lusions

In this paperwe have studieda sampleof 19 bright variableX-
raysourcesdetectedin theXESTsurvey.Oursampleincludes16
knownTMC members(10WTTS,5 CTTSandaHerbigAestar)
plus threeadditionalsourcesunrelatedto the cloud but show-
ing �aring events.The studiedsourcesshow di� erenttypesof
variability, in theform of �ares, eitherwith fastriseandslower
decayor with symmetricalshapes,continuousrise or decays,
slow modulationpossiblydueto rotation,andcomplex variabil-
ity, with �are-lik e eventssuperimposedon a slow modulation
or decay. Usingdetailedtime-resolvedspectroscopy wehavein-
vestigatedthechangesof theparametersof theemittingplasma
(temperaturesandemissionmeasures)andof thehydrogencol-
umn density, and,in the caseof �ares, we have derived infor-
mationson thesizeof theinvolvedcoronalstructures.Themain
parametersderived for the studiedsourcesare summarizedin
Table3.

The quiescentemissionhastypical temperaturesT1 � 4 �
10MK andT2 � 15� 35MK, with EM2=EM1 � 0:7� 2,consis-
tentwith thevaluesfound in otherstudiesof youngPMS stars
(e.g Feigelson& Montmerle1999;Wolk et al. 2005).No sig-
ni�cant di� erenceis evident in our small samplebetweenthe
spectralcharacteristicsof CTTS and WTTS: both the ranges
of the parametersand their medianvaluesare similar for the
two classes.The Herbig Ae star V892 Tau hasspectralchar-
acteristicsvery similar to thosefound for TTS stars,in agree-
mentwith otherstudies(Hamaguchiet al. 2005;Stelzeret al.
2006b),supportingthesuggestionthattheemissionmightcome
from its cool, unresolved close companionrather than from
the Herbig Ae star itself. We �nd that in most sourcesthe
cool plasmacomponentdoesnot varysigni�cantly, evenduring
�ares, while theobservedtime evolution canbetotally ascribed
to variationsin the hot component.Similar resultshave been
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Table 3. Summaryof theparametersderived for the XEST sources.For all sourceswe give the temperatureof thehot component(Tq) andthe
luminosity (LXq) in thequiescent(or lowestcountrate)intervals; a rangeis given for sourceswith slow modulationor complex variability. For
sourcesshowing �ares or prolongedrise/decays,wealsogive thepeaktemperature(Tpeak) andluminosity(LXpeak), theriseand/or decaye-folding
timescales(� rise and� dec), andthederivedloopsizeL.

XESTID OpticalID Tq LXq Tpeak LXpeak � rise � dec L L=R?

(MK) (1030 ergs� 1) (MK) (1030 ergs� 1) (ks) (ks) (1011 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 >� 7.1 � � �
11-057 FSTau 36 1.4 � 42 � 6.3 � � � 15.2 <� 2.7 4.1
12-040 DN Tau 19–27 1.0–1.4 � � � � � � � � � � � � � � � � � �
15-040 DH Tau 20 4.7 � 24 � 9.8 � � � 34.2 <� 4.5 3.5
17-066 JH 108 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 <� 1.1 1.1
23-032/24-028 V410 Tau 20 3.8 43 11.7 20.9 8.1 0.1–0.7 0.1–0.4
23-047/24-040 V892 Tau 23 9.5 100 46.8 3.4 � � � 1.0a 0.5
23-050/24-042 V410 X7 24 0.7 � 63 � 4.9 1.5 2.1 � 0.5 0.4
23-056/24-047 Hubble4 19–30 3.5–5.4 � � � � � � � � � � � � � � � � � �
23-074/24-061 V819 Tau 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 BPTau 18 1.5 47 4.9 2.6 10.4 1.2 0.9

05-031 HD 283810 10 1.5b 26 3.2b 0.5 2.4 0.3 � � �
16-031 J04195676+27 � � � � � � 21 3.5 0.6 1.6 0.01 � � �

” ” � � � � � � 42 20.0 0.8 1.5 0.01–0.09 � � �
22-024 HD 285845 18 2.1c 40 6.5c � � � � � � � � � � � �

a: from Giardinoet al. (2004)
b: computedfor d = 60 pc
c: computedfor d = 90pc

obtainedfor the Orion PMS starsstudiedin the COUPsurvey
(Wolk et al. 2005),aswell asfor olderactive stars(e.g.Audard
et al. 2001).

Nine of the studied sources(including two TMC non-
members)show evident �aring activity. The �ares observedon
TMC membershave total duration between� 20 and 70 ks
(� 5� 20hr),with e-foldingrisetimescalesof � 1� 4 ks,except
for thepeculiar�are onV410 Tauwith � rise � 20 ks,anddecay
timescalesof � 2 � 20ks.An additional5 sourcesshow gradual
decaysover 30–50 ks, that might representthedecayof long-
lasting�ares,assuggestedby thedecreasingplasmatemperature
andemissionmeasure,andonesourceshows a prolongedrise
(with e-folding timescaleof � 35 ks) with spectralcharacteris-
tics similar to thoseobservedduring the long rise phaseof the
atypical�are onV410Tau.Unfortunately, thetypical 30–40ks
exposuretimesof theXEST survey introducea biasagainstthe
detectionof long-duration�ares in ourobservations.Indeed,we
detected�ares with totaldurationof � 50� 70ksin thearchival
�elds having exposuretimesof � 100 ks. It is conceivablethat
thesourceswith gradualdecayswereundergoing�ares of sim-
ilar durationor evenlonger, suchasfoundin theCOUPsurvey,
whereeventslastingup to 3 dayswereobserved (Favataet al.
2005;Wolk et al. 2005).

Spectralanalysisof the �aring sourcesshows peaktemper-
aturesfrom 40 MK up to 100 MK for the strongest�ares, and
peakluminositiesbetween4 � 1030 and5 � 1031 erg s� 1. On the
otherhand,the �ares observed on the two TMC non-members
show signi�cantly shorterrise and decaytimes (<� 1 ks and
� 2 ks, respectively), and peak temperaturein the range20–
40MK.

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

2MASS J04195676+2714488) we could perform a detailed
analysisof the decayphaseusing the methodby Realeet al.
(1997); the methodwas appliedalso to V819 Tau, for which
however only two pointsin thedecayareavailable.In all these
caseswe �nd that signi�cant residualheatingmustbe present
during thedecay, governingtheobservedlight curve evolution.
For the other �aring sources,we do not have enoughintervals
in the decayphaseto apply the method,and we could only
estimateupper limits to the loop size using the formula for a
freely-decayingloop.Theloop sizeis fully constrainedonly for
the CTTS BP Tau,which hasL = 1:2 � 1011 cm, comparable
to the stellar radius,and for the WTTS HBC 427, which has
L = 2:4 � 1011 cm correspondingto � 2R? ; the latter star
has the longestdecaytime, and hencethe longestloop size,
amongthe sourcesfor which the entire �are evolution is ob-
served.TheotherTMC membershave loop lengthsin therange
4� 7 � 1010 cm,smallerthanor comparableto thestellarradius.
For the sourceswith continuousdecay, only one(HQ Tau) has
a steepslope,compatiblewith a freely-decayingloop with no
additionalheatingafter the initial ignition; for this starwe �nd
L � 7 � 1011 cm. Theotherfour sourceshave upperlimits be-
tween1 � 5 � 1011 cm, comparableto thestellarradiusfor the
two WTTS, but equalto � 4R? for thetwo CTTS(FSTauand
DH Tau).Finally, for theTMC non-memberswe �nd loop sizes
in therange1 � 109 � 3 � 1010 cm.

We mentionthat �are characteristicssimilar to thosefound
herefor TMC membersareobservedalsofor theCTTSSU Aur
(XEST-26-067,Franciosinietal. 2007),thatshowedthree�ares
during the observation with rise and decay times of � 6 ks
and � 5–9 ks, respectively, and peak temperaturesof � 50–
140MK. Thedatadonotallow adetailed�are analysis,however
usingtheparametersreportedby Franciosinietal. (2007)wede-
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riveupperlimits to theloopsemi-lengthof � 1:1� 1:8� 1011 cm,
comparableto thestellarradius.

Previousobservationsof PMSstarshaveshown thepresence
of compact�aring structures,with L <� R? , similarto whatis ob-
servedin active late-typestars(Favataet al. 2001;Grossoet al.
2004;Giardinoetal. 2006;Güdeletal. 2004;Realeetal. 2004).
Favataet al. (2005)analyzeda sampleof strong�ares detected
in the COUP survey, �nding both compactstructures,of size
shorterthana stellarradius,andvery extendedstructures,with
lenghtsof 5 � 20R? . Such long structurespossibly represent
magneticloopsconnectingthe stellarsurfacewith the circum-
stellardisk.Our sampleshowsgenerallyloopsof sizecompara-
ble to or smallerthanthestellarradius:the longestloop with a
fully constrainedsizeis about2 stellarradii in length,which is
compatiblewith aloopanchoredonthestellarsurface.Westress
thatthisloophasbeenobservedonaWTTS,thatshouldnotpos-
sessa circumstellardisk,andthata similar loop size(� 1:6R? )
hasbeenfoundalsoon theWTTS V827 Tauby Giardinoet al.
(2006).A possiblehint for large loopsof size� 4R? is found
for thetwo CTTSwith long-lastingdecays,suggestingthatthese
starsmight have indeedloopsconnectingthestarandthedisk;
however theestimatedsizeis highly uncertain,sincewe areob-
servingonly asmallpartof thedecay, thereforewecannotdraw
any de�niti veconclusionon thesizeof theemittingstructures.

Finally, we have studiedtwo sourcesshowing possiblero-
tationalmodulationwith amplitudesof � 15%, and two other
sources(oneunrelatedto theTMC) with �are-lik evariability su-
perimposedonaslow modulationor ona�are decay. Exceptfor
the lastcase,we do not �nd signi�cant variationsin theplasma
temperatures,andtheobservedvariability is mainly determined
by variationsof theemissionmeasures.
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Table 2. Best�t valuesof thespectralmodelparameters.Errorsare90% con�dencerangesfor oneinterestingparameter;whereerrorsarenot
given,theparameterwasheld�x edto thetabulatedvalue.FX andLX aretheunabsorbedX-ray �ux andluminosityin the0.3–7.3keV band.LX is
computedfrom FX assumingadistanceof 140pc for all stars,exceptfor HD 283810andHD 285845,wherewe usedthephotometricdistanceof
60and90pc,respectively. Notethatfor J04195676+27 (XEST-16-031)thereportedluminositymustbeconsideredonly indicative,sincethetrue
distanceof this staris not known.

XEST-ID OpticalID Block NH T1 T2 EM1 EM2 � 2
r dof FX=10� 12 log LX

# 1021 cm� 2 keV keV 1053 cm� 3 ergcm� 2 s� 1 ergs� 1

04-016 V830Tau 1 0:33+0:10
� 0:11 0:79+0:06

� 0:07 2:08+0:44
� 0:25 2:30+0:45

� 0:49 5:64+0:66
� 0:66 1.06 289 3.59 30.93

2 0:34+0:25
� 0:24 0:51+0:24

� 0:11 1:88+0:26
� 0:25 1:29+0:54

� 0:42 5:08+0:54
� 0:73 1.21 99 2.80 30.82

3 0:46+0:26
� 0:16 0:98+0:08

� 0:21 2:80+2:66
� 1:19 2:85+0:82

� 1:51 2:63+2:38
� 0:92 1.09 96 2.56 30.78

4 0:33+0:12
� 0:12 0:67+0:07

� 0:06 1:86+0:25
� 0:20 1:41+0:21

� 0:24 2:87+0:28
� 0:35 1.12 193 1.87 30.64

5 0:32+0:14
� 0:13 0:76+0:06

� 0:09 1:95+0:49
� 0:31 1:25+0:28

� 0:26 2:07+0:19
� 0:35 1.16 143 1.47 30.54

6 0:24+0:20
� 0:18 0:65+0:11

� 0:27 1:93+0:52
� 0:30 0:96+0:24

� 0:21 1:81+0:28
� 0:35 1.10 94 1.21 30.45

09-026 HQ Tau 1 4:94+1:36
� 1:12 0:61+0:16

� 0:24 2:90+1:11
� 0:62 4:89+3:90

� 1:98 3:48+1:22
� 0:75 0.80 92 3.88 30.96

2 4:52+0:49
� 0:43 0:76+0:07

� 0:06 2:00+0:36
� 0:23 3:17+0:85

� 0:66 3:25+0:49
� 0:54 1.05 238 2.84 30.82

3 3:58+1:03
� 0:60 0:71+0:12

� 0:15 1:92+0:56
� 0:35 1:98+1:27

� 0:66 2:52+0:66
� 0:59 0.98 93 1.97 30.67

4 4:68+0:74
� 0:59 0:74+0:10

� 0:14 1:62+0:71
� 0:25 2:12+0:73

� 0:68 2:42+0:73
� 0:85 1.08 83 1.94 30.66

11-057 FSTau 1 15:99+1:96
� 1:90 : : : 3:65+0:78

� 0:55 : : : 4:73+0:73
� 0:68 0.91 108 2.68 30.80

2 13:14+1:87
� 1:76 : : : 3:61+0:90

� 0:60 : : : 2:87+0:52
� 0:42 0.96 82 1.61 30.58

3 11:18+1:45
� 1:32 : : : 3:08+0:58

� 0:48 : : : 1:08+0:19
� 0:14 0.93 151 0.59 30.14

12-040 DN Tau 1 0:81+0:31
� 0:29 0:76+0:08

� 0:10 2:56+5:11
� 0:79 0:66+0:19

� 0:16 0:66+0:21
� 0:21 0.95 65 0.61 30.16

2 0:66+0:14
� 0:18 0:66+0:10

� 0:06 1:67+0:49
� 0:14 0:42+0:07

� 0:07 0:56+0:07
� 0:12 1.15 201 0.42 29.99

3 0:65+0:15
� 0:15 0:79+0:05

� 0:05 2:32+0:59
� 0:45 0:54+0:07

� 0:09 0:56+0:12
� 0:09 0.93 169 0.50 30.07

15-040 DH Tau 1 1:89+0:14
� 0:14 0:74+0:05

� 0:05 2:06+0:16
� 0:14 3:27+0:47

� 0:42 6:04+0:52
� 0:52 0.96 412 4.18 30.99

2 1:86+0:17
� 0:16 0:80+0:05

� 0:05 2:05+0:27
� 0:20 3:25+0:47

� 0:45 4:30+0:52
� 0:52 1.07 298 3.36 30.90

3 1:87+0:16
� 0:15 0:75+0:04

� 0:05 1:95+0:20
� 0:16 2:61+0:35

� 0:33 3:57+0:35
� 0:38 0.90 357 2.74 30.81

4 1:69+0:18
� 0:16 0:76+0:04

� 0:05 2:06+0:31
� 0:24 2:42+0:33

� 0:31 2:35+0:35
� 0:33 0.98 270 2.11 30.70

5 2:03+1:16
� 0:53 0:61+0:11

� 0:22 1:69+0:61
� 0:33 2:56+2:28

� 0:80 2:09+0:75
� 0:56 1.04 57 1.98 30.67

17-066 JH108 1 2:07+0:40
� 0:35 1:29+0:72

� 0:37 3:94+10:04
� 3:60 0:89+1:79

� 0:63 1:81+0:73
� 1:34 0.84 93 1.42 30.52

2 2:12+0:38
� 0:29 0:86+0:17

� 0:15 2:14+0:57
� 0:31 0:78+0:45

� 0:33 2:63+0:52
� 0:54 1.12 120 1.57 30.57

3 2:09+0:46
� 0:38 0:73+0:08

� 0:08 2:43+1:36
� 0:62 0:59+0:12

� 0:14 0:89+0:09
� 0:26 1.23 97 0.64 30.18

21-039 HD 283572 1 0:66+0:11
� 0:10 0:75+0:03

� 0:03 1:94+0:22
� 0:20 5:48+1:29

� 1:06 6:37+0:63
� 0:68 0.99 347 5.46 31.11

2 0:72+0:05
� 0:07 0:74+0:01

� 0:02 2:03+0:07
� 0:10 4:61+0:40

� 0:66 8:23+0:38
� 0:24 1.05 825 6.05 31.15

3 0:59+0:04
� 0:02 0:76+0:01

� 0:01 2:22+0:08
� 0:12 3:34+0:33

� 0:45 8:96+0:35
� 0:19 1.09 782 6.21 31.16

4 0:64+0:18
� 0:19 0:70+0:05

� 0:06 1:83+0:19
� 0:16 3:86+1:25

� 1:15 7:50+0:66
� 0:66 0.99 220 5.39 31.10

5 0:68+0:06
� 0:05 0:75+0:02

� 0:01 1:87+0:07
� 0:08 4:14+0:56

� 0:38 6:23+0:26
� 0:28 1.05 715 4.91 31.06

6 0:64+0:06
� 0:06 0:73+0:02

� 0:03 1:67+0:06
� 0:08 3:48+0:47

� 0:42 6:11+0:40
� 0:24 0.98 616 4.50 31.02

7 0:66+0:07
� 0:07 0:74+0:02

� 0:02 1:86+0:09
� 0:08 4:12+0:59

� 0:66 5:97+0:38
� 0:31 1.16 553 4.74 31.05

22-047 XZ Tau 1 2:45+0:61
� 0:44 0:73+0:08

� 0:11 3:44+2:31
� 0:95 0:45+0:12

� 0:09 0:31+0:09
� 0:07 1.44 75 0.36 29.93

2 2:05+0:47
� 0:39 0:82+0:15

� 0:09 5:72+4:49
� 1:71 0:49+0:16

� 0:12 0:68+0:12
� 0:09 0.90 80 0.65 30.18

3 1:91+0:39
� 0:33 0:77+0:13

� 0:12 6:03+2:06
� 1:51 0:45+0:14

� 0:14 1:25+0:16
� 0:09 1.04 143 1.00 30.37

4 2:22+0:23
� 0:21 0:78+0:13

� 0:09 4:42+0:64
� 0:45 0:49+0:12

� 0:12 1:83+0:12
� 0:12 0.95 278 1.30 30.49

5 2:56+0:29
� 0:26 0:79+0:09

� 0:09 3:50+0:52
� 0:42 0:82+0:19

� 0:19 2:23+0:21
� 0:16 0.94 230 1.60 30.58

22-089 L155151 1 0:87+0:28
� 0:24 0:65+0:14

� 0:17 1:50+0:49
� 0:23 1:01+0:31

� 0:26 1:53+0:24
� 0:47 0.92 63 1.08 30.40

2 1:00+0:69
� 0:21 0:62+0:06

� 0:15 1:25+0:59
� 0:21 1:13+0:31

� 0:26 0:61+0:21
� 0:24 1.19 90 0.72 30.23

3 0:62+0:21
� 0:18 0:63+0:05

� 0:06 1:37+0:63
� 0:23 0:85+0:12

� 0:16 0:38+0:14
� 0:12 0.95 101 0.59 30.14
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Table2. continued

XEST-ID OpticalID Block NH T1 T2 EM1 EM2 � 2
r dof FX=10� 12 log LX

# 1021 cm� 2 keV keV 1053 cm� 3 ergcm� 2 s� 1 ergs� 1

23-032+24-028 V410Tau 1 0:10 0:74+0:02
� 0:02 1:70+0:14

� 0:08 1:79+0:12
� 0:14 2:00+0:14

� 0:14 1.27 685 1.63 30.58

2 0:11+0:05
� 0:05 0:75+0:03

� 0:03 2:05+0:25
� 0:15 1:90+0:14

� 0:16 2:80+0:19
� 0:26 1.07 540 2.10 30.69

3 0:09+0:05
� 0:06 0:75+0:04

� 0:03 2:30+0:22
� 0:26 1:90+0:16

� 0:12 3:39+0:31
� 0:24 1.18 498 2.43 30.76

4 0:15+0:05
� 0:05 0:79+0:03

� 0:02 2:48+0:23
� 0:20 2:52+0:19

� 0:19 3:60+0:26
� 0:26 1.06 494 2.84 30.82

5 0:19+0:07
� 0:07 0:77+0:04

� 0:03 2:33+0:29
� 0:26 3:01+0:31

� 0:28 4:04+0:42
� 0:38 1.08 373 3.25 30.88

6 0:25+0:05
� 0:04 0:75+0:03

� 0:02 2:10+0:26
� 0:12 3:53+0:31

� 0:24 4:56+0:33
� 0:42 1.02 571 3.63 30.93

7 0:29+0:15
� 0:14 0:82+0:09

� 0:05 3:67+1:66
� 0:92 4:47+0:63

� 0:66 4:42+0:87
� 0:78 1.00 144 4.41 31.02

8 0:33+0:09
� 0:08 0:77+0:04

� 0:04 2:50+0:29
� 0:25 3:83+0:42

� 0:42 6:70+0:59
� 0:59 0.87 355 4.95 31.07

9 0:35+0:08
� 0:07 0:78+0:04

� 0:04 2:02+0:25
� 0:16 3:25+0:40

� 0:38 5:67+0:52
� 0:56 1.04 369 3.99 30.97

10 0:37+0:09
� 0:08 0:77+0:04

� 0:04 2:07+0:43
� 0:21 3:27+0:45

� 0:40 4:35+0:49
� 0:63 0.88 292 3.40 30.90

11 0:21+0:07
� 0:06 0:76+0:03

� 0:04 1:90+0:21
� 0:17 3:03+0:28

� 0:28 3:22+0:35
� 0:35 1.15 377 4.27 31.00

12 0:20+0:09
� 0:07 0:77+0:04

� 0:04 1:99+0:34
� 0:23 2:66+0:31

� 0:31 2:73+0:38
� 0:40 1.00 291 2.38 30.75

13 0:14+0:03
� 0:03 0:73+0:02

� 0:01 1:79+0:11
� 0:10 1:98+0:12

� 0:09 2:52+0:07
� 0:14 1.15 818 1.94 30.66

14 0:07+0:06
� 0:06 0:77+0:03

� 0:06 1:75+0:16
� 0:20 1:55+0:16

� 0:28 2:09+0:35
� 0:19 1.03 448 1.58 30.57

15 0:12+0:10
� 0:10 0:79+0:05

� 0:05 2:49+0:54
� 0:37 1:74+0:28

� 0:24 2:66+0:35
� 0:35 1.03 212 2.06 30.69

16 0:10 0:58+0:12
� 0:17 1:53+0:18

� 0:20 0:99+0:28
� 0:28 2:78+0:38

� 0:35 1.19 93 1.58 30.57

17 0:10 0:76+0:04
� 0:04 1:81+0:32

� 0:16 1:41+0:19
� 0:16 1:81+0:21

� 0:24 0.91 311 1.41 30.52

23-047+24-040 V892Tau 1 8:96+1:67
� 1:70 0:82+0:22

� 0:13 2:98+0:84
� 0:47 3:15+2:78

� 1:79 3:39+0:63
� 0:73 1.10 254 3.13 30.87

2 10:51+1:44
� 3:72 0:69+0:38

� 0:17 2:93+1:73
� 0:62 5:86+7:31

� 2:94 4:99+1:25
� 1:67 0.79 77 5.08 31.08

3 8:90+1:10
� 0:77 0:92+0:11

� 0:16 2:87+0:52
� 0:36 3:25+1:27

� 1:08 4:00+0:75
� 0:73 0.97 338 3.46 30.91

4 8:14+1:13
� 0:92 1:06+0:18

� 0:18 3:02+0:70
� 0:41 2:89+1:86

� 1:39 4:99+1:03
� 1:18 1.05 194 3.86 30.96

5 9:59+1:20
� 1:06 0:81+0:15

� 0:12 2:37+0:40
� 0:27 4:59+2:54

� 1:83 4:19+0:73
� 0:80 1.13 242 3.99 30.97

6 12:33+1:66
� 1:59 0:38+0:07

� 0:05 1:84+0:18
� 0:16 13:90+12:30

� 6:87 5:13+0:66
� 0:59 0.97 232 7.52 31.25

7 11:05+1:24
� 1:85 0:49+0:19

� 0:08 1:95+0:42
� 0:20 6:00+3:53

� 3:41 3:69+0:61
� 0:92 1.05 295 4.09 30.98

8 10:73+0:77
� 0:67 0:49 5:71+2:04

� 1:32 6:00 6:21+0:75
� 0:61 1.03 90 6.38 31.18

9 12:07+1:20
� 1:05 0:49 8:04+4:06

� 2:21 6:00 13:71+1:58
� 1:15 1.02 85 11.60 31.44

10 11:68+0:98
� 0:86 0:49 8:62+4:12

� 1:94 6:00 18:04+1:48
� 1:15 0.72 124 14.59 31.54

11 11:53+0:79
� 0:78 0:49 8:23+2:99

� 1:59 6:00 21:38+1:48
� 1:34 0.99 181 16.72 31.59

12 11:26+0:28
� 0:26 0:49 7:24+0:65

� 0:59 6:00 26:72+0:73
� 0:66 0.99 862 20.08 31.67

23-050+24-042 V410X7 1 7:41+5:79
� 1:91 0:77+0:37

� 0:53 2:07+2:38
� 0:39 0:33+1:60

� 0:24 0:35+0:09
� 0:19 1.16 130 0.30 29.85

2 8:19+1:38
� 1:04 1:36+0:68

� 0:36 5:43+2:36
� 1:47 2:42+1:58

� 1:76 1:69+1:76
� 1:08 0.92 105 2.07 30.69

3 8:34+1:41
� 1:67 0:68+0:28

� 0:44 2:55+0:49
� 0:47 0:63+1:51

� 0:52 2:07+0:56
� 0:31 0.97 139 1.29 30.48

4 10:46+4:81
� 1:87 0:68+0:24

� 0:44 1:78+1:44
� 0:44 2:02+2:09

� 1:32 1:34+1:69
� 0:73 1.06 116 1.45 30.53

23-056+24-047 Hubble4 1 2:32+0:09
� 0:09 0:74+0:02

� 0:02 1:81+0:12
� 0:15 2:54+0:16

� 0:16 2:49+0:24
� 0:19 1.19 680 2.18 30.71

2 1:58+0:37
� 0:32 0:77+0:07

� 0:10 2:28+0:76
� 0:45 1:53+0:38

� 0:35 1:76+0:40
� 0:38 0.96 89 1.50 30.55

3 2:15+0:20
� 0:19 0:76+0:04

� 0:05 1:84+0:24
� 0:20 2:07+0:31

� 0:26 2:07+0:33
� 0:28 1.00 239 1.80 30.63

4 2:24+0:13
� 0:13 0:77+0:03

� 0:04 2:08+0:28
� 0:15 2:30+0:26

� 0:24 2:80+0:24
� 0:31 1.00 443 2.28 30.73

5 2:09+0:18
� 0:16 0:76+0:04

� 0:04 1:87+0:22
� 0:21 2:12+0:26

� 0:24 2:14+0:28
� 0:28 1.06 302 1.85 30.64

6 2:15+0:14
� 0:13 0:73+0:04

� 0:12 1:63+0:36
� 0:13 1:86+0:31

� 0:21 1:88+0:35
� 0:33 1.16 494 1.60 30.58

7 2:29+0:44
� 0:28 0:73+0:05

� 0:10 2:63+1:15
� 0:58 2:47+0:42

� 0:38 1:79+0:42
� 0:38 0.92 165 1.94 30.66

23-074+24-061 V819Tau 1 2:11+0:23
� 0:20 0:40+0:02

� 0:02 1:31+0:13
� 0:07 1:41+0:26

� 0:19 0:92+0:07
� 0:07 1.06 438 0.93 30.34

2 2:24+0:58
� 0:51 0:38+0:09

� 0:06 1:66+0:49
� 0:19 1:60+0:85

� 0:61 2:38+0:28
� 0:35 0.87 80 1.63 30.58

3 1:72+0:49
� 0:42 0:37+0:06

� 0:05 1:22+0:12
� 0:11 1:08+0:49

� 0:35 1:18+0:14
� 0:16 0.89 100 0.89 30.32

4 2:23+0:46
� 0:34 0:36+0:03

� 0:04 1:20+0:12
� 0:12 1:34+0:47

� 0:31 0:89+0:12
� 0:12 0.93 218 0.87 30.31
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Table2. continued

XEST-ID OpticalID Block NH T1 T2 EM1 EM2 � 2
r dof FX=10� 12 log LX

# 1021 cm� 2 keV keV 1053 cm� 3 ergcm� 2 s� 1 ergs� 1

26-072 HBC 427 1 0:20+0:20
� 0:19 0:79+0:06

� 0:07 2:14+0:90
� 0:43 1:51+0:26

� 0:28 1:48+0:35
� 0:33 0.88 104 1.34 30.50

2 0:29+0:32
� 0:28 0:93+0:16

� 0:18 6:18+5:28
� 2:05 2:00+0:92

� 0:82 5:39+0:94
� 0:82 0.99 73 4.32 31.01

3 0:57+0:28
� 0:23 0:50+0:17

� 0:14 3:31+0:75
� 0:44 1:81+0:92

� 0:73 10:89+0:94
� 1:01 0.95 132 6.70 31.20

4 0:49+0:29
� 0:26 0:89+0:17

� 0:13 2:88+1:35
� 0:64 2:68+1:36

� 1:01 6:68+1:39
� 1:62 0.94 74 4.62 31.04

5 0:44+0:15
� 0:13 0:80+0:08

� 0:06 2:43+0:35
� 0:29 2:16+0:40

� 0:38 5:10+0:52
� 0:52 1.01 190 3.41 30.90

6 0:51+0:12
� 0:12 0:74+0:04

� 0:05 2:01+0:38
� 0:20 2:23+0:31

� 0:31 3:27+0:38
� 0:45 1.31 220 2.45 30.76

7 0:28+0:17
� 0:16 0:83+0:15

� 0:06 1:89+0:80
� 0:43 2:23+0:49

� 0:45 1:83+0:63
� 1:15 1.10 128 1.82 30.63

8 0:32+0:12
� 0:10 0:74+0:04

� 0:06 1:54+0:20
� 0:14 1:76+0:28

� 0:28 1:90+0:33
� 0:31 1.15 217 1.57 30.57

28-100 BP Tau 1 0:96+0:24
� 0:22 0:37+0:04

� 0:03 1:57+0:11
� 0:11 0:63+0:14

� 0:12 0:94+0:05
� 0:07 1.25 226 0.63 30.17

2 1:00 0:41+0:11
� 0:06 2:43+0:75

� 0:44 0:68+0:14
� 0:12 1:25+0:16

� 0:19 0.76 75 0.87 30.31

3 1:00 0:79+0:24
� 0:23 4:04+1:95

� 1:05 0:78+0:26
� 0:24 1:93+0:33

� 0:31 0.98 79 1.46 30.54

4 1:26+0:12
� 0:13 0:75+0:06

� 0:06 2:65+0:23
� 0:17 0:89+0:14

� 0:16 3:29+0:21
� 0:21 0.93 419 2.06 30.69

5 1:30+0:29
� 0:20 0:79+0:06

� 0:09 2:39+0:49
� 0:54 1:55+0:28

� 0:26 1:93+0:52
� 0:33 1.23 133 1.59 30.57

6 0:85+0:94
� 0:27 0:77+0:08

� 0:09 2:13+0:47
� 0:30 1:06+0:24

� 0:21 1:55+0:31
� 0:28 0.80 101 1.17 30.44

7 0:95+2:64
� 0:19 0:78+0:06

� 0:08 1:82+0:24
� 0:19 0:80+0:16

� 0:14 1:27+0:19
� 0:21 1.14 156 0.90 30.33

8 0:64+0:43
� 0:38 0:78+0:21

� 0:08 1:60+0:57
� 0:15 0:52+0:16

� 0:19 0:94+0:16
� 0:26 0.97 103 0.62 30.16

9 1:27+0:26
� 0:20 0:34+0:02

� 0:02 1:50+0:07
� 0:08 0:66+0:14

� 0:12 0:92+0:05
� 0:05 0.99 345 0.63 30.17

10 1:00 0:40+0:05
� 0:03 1:62+0:25

� 0:12 0:54+0:05
� 0:07 0:94+0:07

� 0:09 1.20 179 0.60 30.15

11 0:87+0:19
� 0:17 0:37+0:03

� 0:02 1:51+0:09
� 0:07 0:49+0:07

� 0:07 0:71+0:05
� 0:05 1.05 348 0.48 30.05

12 0:69+0:26
� 0:21 0:38+0:05

� 0:03 1:87+0:21
� 0:22 0:49+0:14

� 0:09 1:01+0:07
� 0:07 1.03 218 0.64 30.18

13 1:03+0:35
� 0:40 0:31+0:07

� 0:03 1:29+0:17
� 0:07 0:45+0:19

� 0:16 0:94+0:07
� 0:21 0.98 198 0.56 30.12

05-031 HD 283810 1 0:01+0:16
� 0:01 0:41+0:05

� 0:03 0:98+0:08
� 0:07 2:16+0:45

� 0:33 1:95+0:28
� 0:28 1.21 165 1.66 30.22

2 0:00+0:02
� 0:00 0:41+0:02

� 0:02 0:79+0:05
� 0:04 1:69+0:28

� 0:31 1:93+0:31
� 0:26 1.49 420 1.48 30.17

3 0:01 0:60+0:06
� 0:06 1:56+0:25

� 0:19 3:01+0:45
� 0:49 4:66+0:59

� 0:57 1.07 172 3.24 30.51

4 0:01 0:69+0:06
� 0:04 2:27+3:24

� 0:72 3:53+0:54
� 0:78 1:72+0:63

� 0:68 1.18 88 2.32 30.37

5 0:01 0:19+0:07
� 0:08 0:75+0:05

� 0:13 0:96+14:89
� 0:52 4:00+2:19

� 0:47 1.32 106 1.89 30.28

16-031 J04195676+27 4 0:11+0:14
� 0:11 : : : 1:85+0:25

� 0:25 : : : 3:34+0:21
� 0:21 1.10 110 1.48 30.54

5 0:10 : : : 1:65+0:17
� 0:11 : : : 1:81+0:09

� 0:07 1.29 91 0.78 30.26

6 0:10 : : : 1:63+0:21
� 0:10 : : : 2:35+0:19

� 0:02 1.50 123 1.74 30.61

7 0:10 : : : 3:63+0:78
� 0:64 : : : 6:56+0:38

� 0:33 0.87 69 3.71 30.94

8 0:10 : : : 2:38+0:39
� 0:37 : : : 9:88+0:89

� 0:21 1.02 68 4.80 31.05

9 0:10 : : : 3:02+0:30
� 0:33 : : : 16:20+1:15

� 0:02 1.12 161 8.58 31.30

10 0:10 : : : 2:01+0:44
� 0:25 : : : 13:33+0:68

� 0:73 1.05 65 6.08 31.16

11 0:10 : : : 1:92+0:24
� 0:25 : : : 11:22+0:56

� 0:56 1.17 78 5.05 31.07

12 0:10 : : : 1:63+0:22
� 0:12 : : : 7:06+0:61

� 0:09 1.51 102 3.02 30.85

13 0:10 : : : 1:64+0:17
� 0:10 : : : 3:81+0:16

� 0:16 1.26 100 1.63 30.58

14 0:10 : : : 1:24+0:06
� 0:06 : : : 1:58+0:07

� 0:09 1.47 95 0.65 30.18

22-024 HD 285845 1 0:42+0:10
� 0:10 0:64+0:03

� 0:04 2:52+0:54
� 0:30 3:27+0:31

� 0:24 3:27+0:33
� 0:38 0.93 295 3.00 30.66

2 0:33+0:23
� 0:21 0:77+0:06

� 0:06 3:49+6:30
� 1:28 4:09+0:80

� 0:71 3:32+1:01
� 0:87 0.96 86 3.58 30.74

3 0:47+0:06
� 0:12 0:61+0:04

� 0:16 2:86+0:49
� 0:44 3:50+0:42

� 0:38 5:29+0:63
� 0:47 1.09 232 4.21 30.81

4 0:36+0:19
� 0:17 0:66+0:06

� 0:06 3:10+1:43
� 0:82 3:39+0:54

� 0:47 3:50+0:68
� 0:59 1.01 119 3.30 30.70

5 0:40+0:13
� 0:11 0:65+0:09

� 0:03 3:01+0:87
� 0:65 3:20+0:31

� 0:28 2:70+0:47
� 0:33 1.09 215 2.78 30.63

6 0:39+0:09
� 0:09 0:65+0:05

� 0:03 3:04+0:48
� 0:41 2:99+0:28

� 0:21 3:62+0:33
� 0:31 0.90 339 3.19 30.69

7 0:51+0:09
� 0:08 0:64+0:03

� 0:04 1:65+0:33
� 0:10 2:70+0:40

� 0:24 3:57+0:31
� 0:45 0.91 368 2.67 30.61

8 0:34+0:22
� 0:22 0:67+0:08

� 0:05 2:48+3:41
� 0:86 3:13+0:45

� 0:42 1:34+0:49
� 0:59 0.71 105 1.99 30.48

9 0:32+0:12
� 0:12 0:68+0:03

� 0:03 1:82+0:32
� 0:27 2:73+0:24

� 0:24 1:11+0:24
� 0:26 0.95 191 1.64 30.40

10 0:20+0:20
� 0:20 0:66+0:06

� 0:58 1:37+0:39
� 1:09 2:02+0:35

� 0:47 1:11+1:39
� 0:31 0.67 65 1.32 30.30

11 0:59+0:09
� 0:11 0:66+0:02

� 0:06 1:92+0:29
� 0:24 2:80+0:31

� 0:26 2:16+0:28
� 0:21 0.94 217 2.16 30.52

12 0:38+0:10
� 0:11 0:71+0:03

� 0:04 1:84+0:65
� 0:37 2:61+0:28

� 0:35 1:36+0:40
� 0:35 1.04 230 1.72 30.42

13 0:35+0:05
� 0:06 0:66+0:01

� 0:02 1:56+0:14
� 0:13 2:38+0:09

� 0:09 0:89+0:09
� 0:09 1.10 428 1.38 30.32
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List of Objects

`V410X7' onpage4
`V819Tau' onpage5
`HBC 427' onpage5
`BPTau' onpage6
`JH108' onpage6
`V892Tau' onpage6
`V410Tau' onpage7
`XZ Tau' onpage8
`V830Tau' onpage8
`HQ Tau' onpage8
`FSTau' onpage9
`DH Tau' onpage10
`L155151' onpage10
`DN Tau' onpage10
`HD 283572'onpage10
`Hubble4' onpage11
`HD 283810'onpage11
`HD 285845'onpage12
`2MASSJ04195676+2714488'onpage12


