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ABSTRACT

Aims. Westudyjet-driving protostarsandT Taustarsto characterizetheirX-ray emission.Weseeksoftspectralcomponentsthatmay
bedueto shockemission,andsearchfor soft,shock-inducedemissiondisplacedfrom thestellarposition.
Methods. Westudytwo stellarsamples,the�rst consistingof lightly absorbedT Taustarswith strongjets,theothercontainingproto-
starswith disksseennearlyedge-on.Theformersamplewasobservedin theXMM-NewtonExtendedSurvey of theTaurusMolecular
Cloud(XEST),while Chandra archival dataprovidedobservationsof thelatter.
Results. We con�rm thepreviously identi�ed peculiarspectrumof DG TauA and�nd similar phenomenologyin GV TauandDP
Tau,suggestinga new classof X-ray spectra.Theseconsistof a lightly absorbed,very soft componentanda stronglyabsorbed,very
hardcomponent.Thelatteris �aring while little variability is detectedin theformer. Theabsorptionof thehardercomponentis about
anorderof magnitudehigherthanexpectedfrom theopticalextinction assuminga standardgas-to-dustmassratio.For theabsorbed
protostars,only thehard,stellarX-ray componentis found.
Conclusions. The�aring hardcomponentrepresentsactive coronalemission.Its strongabsorptionis attributedto massin�o w from
theaccretiondisk.Theopticalextinction is smallbecausethedusthassublimatedat largerdistances.Thelittle absorbedsoft compo-
nentcannotoriginatefrom thesamelocation.Becausethestarsdrive strongjets,we proposethattheX-raysaregeneratedin shocks
in thejets.We �nd thatfor thethreepeculiarX-ray sources,theluminosityof thesoft componentroughlyscaleswith theequivalent
width of the [O I] � 6300line formedin the jets,andwith themassout�ow rate.In themorestronglyobscuredprotostars,thesoft
componentis entirelyabsorbed,andonly thehard,coronalcomponentpenetratestheenvelopeor thenear-edge-ondisk.

Key words. Stars:coronae– Stars:formation– Stars:pre-mainsequence– X-rays: stars– Stars:individual: DG TauAB, GV Tau
AB, DPTau,FSTauAB, HH 34,HH 111

1. Intr oduction

Pre-mainsequencestarsshow varioussignsof accretionandout-
�o w, suchascircumstellardisksdetectedatradioandmillimeter
wavelengths(e.g.,Simonet al. 2000),molecularout�ows ob-
servedin molecularlines(e.g.,Bachiller1996for areview), and
accompanyingoptical(e.g.,Hirth etal. 1997;Eislö� el & Mundt
1998)andradiojets(e.g.,Anglada1995).Themostvisibleman-
ifestationof out�owsaretheopticallyvisiblejetsthatmaybeex-
citedcloseto thestar, in internalshocksalongthemassstream,
or atdistancesupto severalparsecsasthefaststreamencounters
theinterstellarmediumwhereit shock-ionizesthegasin Herbig-
Haroobjects(for areview of Herbig-Haro�o ws,seeReipurth&
Bally 2001).Underideal circumstances(low extinction, strong
ionization), jets canbe identi�ed at distancesascloseas0.100

to the star (Bacciotti et al., 2002).The samecompactjets are
also routinely detectedat radio wavelengths,wherethe emis-
sionmechanismis thoughtto bebremsstrahlungfrom theshock-
heatedgas(Rodŕ�guez,1995;Anglada,1995).Radiobrightness
temperaturessuggestoverall gastemperaturesof order104 K.
Thispictureis ambiguous,however, asanumberof non-thermal
jetshavebeensuggestedfrom radiopolarizationor synchrotron-
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likespectralshapes(Yusef-Zadehetal.,1990;Curieletal.,1993;
Hughes,1997;Ray et al., 1997;Smith et al., 2003;Loinard et
al., 2005).Magnetic�elds may thusplay a role not only in the
launchingof jets,but in their propagationaswell.

Two principalfamiliesof modelsfor thejet-launchingmech-
anismhave beenproposed:Themagnetocentrifugalmechanism
(Blandford& Payne,1982;Königl & Pudritz,2000)positsthat
out�ows are launchedon the disk along outward-bent,open
magnetic�elds owing to theincreasingcentrifugalforcesalong
the �eld lines thatareco-rotatingwith their disk footpoints.In
contrast,theX-wind model(Shuet al., 2000)assumesthatout-
�o ws are launchedfrom magnetizedregions betweenthe star
andthedisk.Magnetohydrodynamicsimulationsshow thatmag-
neticreconnectionandsubsequentplasmoidejectionmayleadto
�eld-aligned out�ows(Hayashietal., 1996).

Accretionandout�ow processesareproneto producingX-
rays, given that shockswith shock jump velocities of order
several hundredkm s� 1 are possibleand sometimesobserved.
Accretiononto thestaressentiallyextractsgravitationalenergy
andtransformsit into thermalenergy throughshocks.The rel-
evant theory has beenpresentedby Ulrich (1976), Calvet &
Gullbring (1998) and Lamzin (1999). Material falling along
magnetic�elds toward the stellar surfacewith nearly free-fall
velocity, v� , developsstrongshocksnearor within the photo-
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sphere,heatingplasmato temperaturesof T � 3v2
� � mp=16k �

5:2 � 106M=R [K] whereM andR arethestellarmassandthe
stellarradius,respectively, in solarunits,� is themeanmolecular
weight,mp is theprotonmass,andk is theBoltzmannconstant.
For T Tau stars,heatingto a few MK is thus entirely plausi-
ble (as,e.g., proposedfor TW Hya, Kastneret al. 2002),but
thetemperaturesin excessof 10 MK thatoftendominateX-ray
emittingplasmasin T Taustars(Skinneret al., 2003;Preibisch
etal.,2005)cannotbedueto accretionshocks.Rather, highelec-
tron temperaturesin pre-mainsequencestarsareconventionally
attributedto magnetizedplasmatrappedin corona-likeor large-
scale“magnetospheric”magnetic�elds aroundthestars.

Shocks also form in jets and out�ows, in particular in
Herbig-Haro(HH) objects.The relevant theory and a simple
modelhave beendiscussedby Ragaet al. (2002).The strong-
shocktemperaturecan be expressedas T � 1:5 � 105v2

100 K
(for fully ionizedgas)wherev100 is theshockspeedrelative to
a target in unitsof 100km s� 1. Jetspeedsaretypically of order
v = 300� 500km s� 1 (Eislö� el & Mundt,1998;Anglada,1995;
Bally et al., 2003),allowing for shockspeedsof similar magni-
tude.If a �o w shocksa standingmediumat 400 km s� 1, then
T � 2:4 MK.

Observationshaveexplicitly demonstratedthatfaint,softX-
ray emissionoriginatesfrom someHH objects(Pravdo et al.,
2001,2004;Favataet al., 2002;Tsujimotoet al., 2004;Pravdo
& Tsuboi,2005;Grossoet al., 2006).Bally et al. (2003)used
a Chandra observationto show thatX-rays form within anarc-
secondof theprotostarL1551 IRS-5while thestaritself is too
heavily obscuredto bedetected.As this exampleillustrates,the
jet-launchingregionof powerful protostellarjetsis usuallyinac-
cessibleto optical,near-infraredor X-ray studiesof protostellar
out�ow sourcesdueto excessiveabsorption.However, thereare
a numberof optically-revealed,classicalT Tau starsthat drive
appreciablejetsandout�ows(Hirth etal.,1997).Their jetswere
initially dubbed“micro-jets” althoughrecentstudieshaveshown
themto reachparsecscalesandthemasslossratescompetewith
thoseof moreembeddedsources(McGroarty& Ray,2004).

Oneof themostprominentexamples,theclassicalT Taustar
DG Tau A, hasrecentlyobtainedscrutiny with high-resolution
Chandra X-ray observations.Güdel et al. (2005) discovereda
new type of X-ray spectrumin which a lightly absorbedspec-
tral componentfrom a rathercool (2–3 MK) plasmais com-
plementedby a stronglyabsorbedcomponentfrom a very hot
(20–30MK) plasma.Thelatterwasinterpretedasbeingrelated
to theusualcoronal/magnetosphericsourceoftenseenin T Tau
stars,subjectto someexcessabsorption.In the light of this in-
terpretation,thecoolerplasmais unlikely to belocatedcloseto
themagnetosphericcomponentbecausethesourceof absorption
would likely a� ect it as well. The strongjets and high mass-
lossratesof DG TauA motivatedthesuggestionthatthesoftX-
raysareproducedin shocksin theaccelerationregion of thejet
(the“base”of thejet),whichis unresolvedin Chandra or XMM-
Newtonimages.Complementaryevidencewasseenin faint and
very soft X-ray emissionalongthe optical jet, outsidethestel-
lar point-spreadfunctionandco-spatialwith astrongbow-shock
featureseenin theoptical.Thespectraldistributionof thecounts
in the jet sourcewas reminiscentof the count distribution in
thesoft stellarcomponent.A spectrumrequiringtwo absorbers
wasalsoreportedfor a proplydin thetheOrion Nebula Cluster,
with a variablehardcomponentbut a constantsoft component
(Kastneret al., 2005).Skinneretal. (2006)havedetecteda sim-
ilar two-componentspectrumin thestronglyaccretingFU Ori,
theprototypeof FU Ori-typestars.Thecooler, weaklyabsorbed
component,however, reachedtemperaturesmorecommonto T

Taustars(� 8 MK) andwasthereforeidenti�ed with a coronal
component,while the very hot componentwas againstrongly
absorbed.

The recentlyconductedXMM-Newton ExtendedSurvey of
the Taurus Molecular Cloud (XEST henceforth;Güdel et al.
2006) o� ers uniqueaccessto numerousstellar objectsin the
TaurusMolecularCloud (TMC). It coversmoststellarconcen-
trationsin theTMC molecular�laments ando� ershigh-quality
spectraandlight curvesfor any “typical” T Taustarin the �eld
of view. XEST alsocoversa numberof well-studiedjet-driving
T Tau starsandprotostars.The observationscon�rm the initial
discovery of the anomalousDG Tau A andaddsubstantialev-
idencefor a jet-relatedorigin. We �nd further clear examples
of thesetwo-absorberX-ray sources(TAX sourceshenceforth).
Thepresentpaperdescribesthesenew observationsandpresents
a detaileddiscussionon the possibleorigin of the X-ray emis-
sion. For a comparison,we also presentX-ray spectraof jet-
driving sourcesthataredeeplyabsorbedby their thick circum-
stellardisksseennearlyedge-on.Thesoftcomponent,if present,
would thusbe absorbedunlessit is displacedsu� ciently from
thestarto make it separatefrom thestellarX-ray image.These
complementarydataarebasedon high-resolutionChandra ob-
servations.

The plan of the paperis as follows. In Sect.2, we brie�y
describeourdataanalysisandintroducethetargetsof thisstudy.
Sec.3 presentsthe resultsthat arefurther discussedin Sect.4.
We concludein Sect.5.

2. Targets and obser vations

2.1. Data reduction

The observations reportedhere were obtainedas part of the
XEST project and have beensubjectto a datareductionpro-
cedurethatis describedin detail in Güdelet al. (2006).In brief,
theXMM-Newton(Jansenet al., 2001)datahave beenobtained
usingall threeEPICcameras(MOS andPN;Turneret al. 2001,
Strüderet al. 2001),with themedium�lter inserted.We applied
extractionregionsthatmaximizethesignal-to-noiseratio; their
radii amountto 2200, 1500, 1300, and1200for ourtargetsDG TauA,
GV Tau,DP Tau,andCW Tau,respectively. Standardresponse
matricesdistributedby theXMM-Newtonprojectwereused,and
ancillaryresponse�les werecreatedfor eachsource.An observ-
ing log is givenin Table1. For DG TauA andGV Tau,we also
extractedthesimultaneouslight curvesfrom theOpticalMonitor
(OM; Masonetal. 2001).TheOM datareductionis describedin
Audardetal. (2006).

For spectralanalysis,we usedthe XSPECsoftware pack-
age(Arnaud,1996).We appliedthe vapecthermalcollisional
ionization equilibrium modelsthat include emissionlines and
bremsstrahlungcontinua,combinedwith the photoelectricab-
sorption model, wabs, basedon absorptioncrosssectionsby
Morrison& McCammon(1983).

TheChandra exposuresdescribedherewerereducedusing
standardstrategiesfor ACIS. The observationsof DG Tau AB,
FS Tau AB (= Haro 6-5 AB), HH 34, and HH 111 usedthe
“Very Faint Mode” of ACIS to minimizebackgroundcontribu-
tions, while the GV Tau (= Haro 6-10 AB) observation used
the “Faint Mode”. The datawerereducedin CIAO vers.3.0.2
following the standardanalysisthreads1. Theseproceduresin-
cludedcorrectionsfor chargetransferine� ciency andafterglow,
andselectionof goodtimeintervals.Spectrawereextractedfrom

1 http://cxc.harvard.edu/ciao/guides/



ManuelGüdelet al.: X-raysfrom jet-driving protostarsandT Tauri stars 3

Table1. Principaltargetsandobservations

Parameter DG TauA GV Tau DPTau CW Tau

XESTnumber 02-022 13-004 10-045 20-046
ObsID(XMM-Newton) 0203540201 0203541301 0203542201 0203542001
Starttime(UT) 2004-08-1706:08:10 2004-08-2511:11:23 2005-03-0505:56:38 2004-09-1207:04:43
Endtime(UT) 2004-08-1717:32:46 2004-08-2519:59:19 2005-03-0514:44:30 2004-09-1215:52:37
Exposuretime(s) 41076 31676 31672 31674
BoresightRA (J2000.0) 04h27m19.6s 04h29m52.0s 04h42m20.9s 04 1412.9
Boresight� (J2000.0) 26deg 090 2500 24deg 360 4700 25deg 200 3500 28 1212
Star:RA (J2000.0)a 04h27m04.70s 04h29m23.73s 04h42m37.70s 04h14m17.00s
Star:� (J2000.0)a 26deg 060 16:003 24deg 330 00:003 25deg 150 37:005 28deg 100 57:008

Parameter DG TauB FSTauB HH 34 IRS HH 111IRS

XESTnumber C3-2 11-054= C2-1 ... ...
ObsID(Chandra) 4487 4488 4489 4490
Starttime(UT) 2004-01-1102:58:51 2003-11-0812:57:58 2003-12-0508:59:23 2004-11-2117:05:50
Endtime(UT) 2004-01-1111:52:21 2003-11-0821:56:34 2003-12-0517:38:31 2004-11-2201:36:42
Exposuretime(s) 29717 29674 28590 28795
BoresightRA (J2000.0) 04h27m02.3s 04h22m00.2s 05h35m32.07s 05h51m54.97s
Boresight� (J2000.0) 26deg 040 5600 26deg 580 0700 � 06deg 260 50:000 02deg 480 55:003
Star:RA (J2000.0)b 04h27m02.55s 04h22m00.70s 05h35m29.84s 05h51m46.31s
Star:� (J2000.0)b 26deg 050 30:009 26deg 57032:0050 � 06deg 260 58:0040 02deg 48029:0072

a For origin of coordinates,seeGüdelet al. (2006)
b For origin of coordinates,seeTables5 and6

level 2 event�les with specextractwhichalsoproducesresponse
matricesandancillaryresponse�les.

2.2. Jet-driving T Tau stars

TheXESTsurvey containsseveraljet-driving,opticallyrevealed
classicalT Taustars(Hirth etal.,1997),in particularDG TauA,
GV Tau AB = Haro 6-10 AB, DP Tau, CW Tau,XZ Tau, UZ
Tau, and DD Tau. One further object,HN Tau, was observed
with theChandra HRC-I but wasrecordedonly asa very faint
source(Güdeletal., 2006).

At leastthreeXEST targets,namelyDG TauA, GV TauA,
DPTau,andpossiblya fourth,CW Tau,revealthesameanoma-
lous spectralphenomenologypreviously describedfor the �rst
object(Güdelet al., 2005).Further, UZ Taurevealsa peculiarly
soft spectrum,while DD Tau shows a very hot sourcethat is
subjectto ananomalouslyhighphotoelectricabsorption,judged
from thevisualextinctionwhich is relatively small(Güdeletal.,
2006).Thepresentpaperconcentratesonadiscussionof the�rst
threeunambiguouscases.

Basicpropertiesof the four peculiarX-ray sourcesarecol-
lectedin Table2. The tablelists spectraltype, infraredclassi�-
cation(“YSO class”),T Tauri typeaccordingto theH� equiva-
lent width, thestellare� ective temperatureTe� , thestellarmass
basedon Siesset al. (2000)evolutionary tracks,the stellar ra-
dius computedfrom thestellarluminosity andTe� , the equiva-
lent width of [OI] � 6300lines(thatcanbeformedin jets,Hirth
etal. 1997),thestellarphotosphericluminosityL� , thebolomet-
ric luminosityLbol (integratedfrom theinfrared+opticalspectral
energy distribution, including contributionsfrom disksanden-
velopes),theextinctionsAV andAJ, themassaccretionrate �Macc,
themassout�ow rate �Mout, estimatesof thetotaldiskmassMdisk,
theestimatedageasderivedfrom Siesset al. (2000)evolution-
ary tracks,thejet radialvelocityvrad andits dispersion� vrad, the
rotationperiod(derivedfrom vsini), andthe projectedequato-

rial velocity vsini. For DG Tau,we alsolist a valuefor the jet
propermotionvpm. Multiple valuesaregivenif they aresigni�-
cantlydi� erent,asreportedin theliterature.A few noteson the
individualstarsfollow.

DG Tau A is a classicalT Tau star whoseinfrared spec-
trum,however, shows a rare,�at infraredspectralenergy distri-
bution (Andrews & Williams, 2005).It drivesa very energetic
jet (Mundt & Fried,1983)similar to ClassI protostars,includ-
ing a counter-jet (Lavalley-Fouquetet al. 2000).The jets can
be tracedout to a distanceof 14.40 (McGroarty& Ray,2004).
DG Tau A is one of the most active CTTS known, and ranks
amongtheCTTSwith thehighestmassaccretionandmassout-
�o w rates,competingwith well-studiedprotostellarjet sources
(Hartiganet al., 1995;Bacciotti et al., 2002).The starhasin-
deedbeensuggestedto bea transitionobjectbetweenprotostars
andCTTS(Pyoetal.,2003).Ontheotherhand,thestellarvisual
extinctionis rathermodest,with reportedAV in therangeof 1.4–
3.3mag(Hartiganet al., 1995;Muzerolleet al., 1998;White &
Ghez,2001;White & Hillenbrand,2004).A muchlower visual
extinctionhasbeendeterminedfor thejet'sHerbig-Haroobjects,
namelyAV = 0:39mag(Cohen& Fuller,1985).

The jet is also known from radio observations(Cohen&
Bieging, 1986).High-resolutionstudieshave shown that a nar-
row jet ploughsthrough progressively slower and wider out-
�o w structures.A few arcsecondsfrom thestar, thepropermo-
tion of the jet indicatesvelocities in the plane of the sky of
194 � 20 km s� 1, on average(Dougadoset al., 2000),with a
maximumof > 360km s� 1 (Eislö� el & Mundt, 1998).The jet
radialvelocity is 210–250km s� 1, compatiblewith thereported
inclinationangleof 38 deg (Eislö� el & Mundt,1998).Bulk gas
speedsreach500km s� 1 (Bacciottiet al., 2000;Beristainet al.,
2001),with FWHM line widthsof 100–200km s� 1 (Pyoet al.,
2003).

The high-velocity jet shows bow-shocklike structuresout
to distancesof several arcsecs(alsoknown asHH 158,Mundt
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Table2. Fundamentalparametersof optically revealedstars

Parameter DG TauA Refa GV TauA Refa GV TauB Refa DP Tau Refa CW Tau Refa

Spectraltype K5-M0 4, 5, 7, 8, 15 K3-7 4, 8 ... ... M0-0.5 5, 8 K3 7
YSOclass II 4, 8 I 4, 6, 8 I ... II 4, 6, 8, 18 II 4, 6, 8

FSb 6, 18
T Tautype CTTS 5, 17 CTTS 8 ... ... CTTS 5 CTTS 17
Te� (K) 4205 7 4730 7 5150 12 3778 14 4730 7

4775 8 4000 8, 12 3800 8
Mass(M� ) 0.9-1.8 7, 8c 0.7-2.1 4, 8c 2 12 0.52-0.53 4, 8c 1.4 4c

0.67 15
0.88 5

Radius(R� ) 2.5d ... 2.8d ... 3.1 12 1.05d ... 1.6d ...
W([O I]) (Å) 11-22 15 3.8 2 ... ... 0.7 2 3.5 2

7.9 15
L� (L� ) 3.62 8 1.8 8 ... ... 0.2 14 1.1 7

1.7 7, 15 1.3 12 0.3 5 0.76 5
1.15 5

Lbol (L� ) 6.4 4 6.98 4 6.1 12 0.7 4, 8 2.7 4
8 1

AV (mag) 1.41 5 3.3 11 49 12 1.26 5 3.4 15
2.20 10 5.6 12 1.46 4 2.29 4
3.32 8 12.1 8 35 13 6.31 8
3.2 15

AJ (mag) 0.36 7 ... ... ... ... 0.41 14 0.55 7
log �Macc (M� yr� 1) -7.34 5 -6.71 8 ... ... -8.50 5 -7.99 5

-6.13 8 -6.92 8
-5.7 15

log �Mout (M� yr� 1) -6.19 8 -6.54 8 ... ... -7.42 8 -7.1 15
-6.5 15
-6.1 10
-6.6 16

Mdisk (M� ) 0.02 6 0.003 6 ... ... <0.0005 6 0.002 6
age(Myr) 1.3-2.2 7, 8c 0.89-0.98 4, 8c ... ... 1.5-7.2 8, 14c 7 4c

vrad (km s� 1) 250 2 80-300 2 ... ... 90-110 2 110 2
vpm (km s� 1) 194 3 ... ... ... ... ... ... ... ...
� vrad (km s� 1) ... ... 90 2 ... ... 86 2 ... ...
Prot (d) 6.3 19 < 5:6e ... ... < 2:8e ... < 2:9e ...
vsini (km s� 1) 28.6 8 25.3 8 ... ... 19.2 8 27.4 8

a References:1 Cohen& Kuhi (1979);2 Hirth et al. (1997),radial velocities(alongline of sight) for thehigh-velocity out�ow component;3
Dougadosetal. (2000),propermotionfor DG TauA; 4 Kenyon& Hartmann(1995);5 White& Ghez(2001);6 Andrews& Williams (2005);
7 Briceño et al. (2002);8 White & Hillenbrand(2004);9 2MASS,Cutri et al. (2003);10 Muzerolleet al. (1998);11 Leinert et al. (2001);
12 Koresko et al. (1997);13 Ménardet al. (1993);14 Luhman(2004);15 Hartiganet al. (1995);16 Bacciottiet al. (2002);17 Kenyon et al.
(1998);18 Hartmannet al. (2005);19Bouvieret al. (1993)

b FS= �at-spectrumsource(alsoI/II)
c Agesandmassescalculatedbasedonparametersgivenin thecitedreferences,usingSiessetal. (2000)evolutionarytracks
d Radiuscalculatedfrom Te� andLbol
e Upperlimit to rotationperiodcalculatedfrom radiusandvsini

& Fried 1983)but canbe followed down to 0.100from the star
(Bacciotti et al., 2000; Pyo et al., 2003). Recently, Bacciotti
et al. (2002)measuredrotationof the jet aroundits �o w axis,
which has subsequentlybeenusedto infer the origin of the
jet in the inner disk (0.3� 4 AU for the lower-velocity compo-
nent,andpossiblyin the X-wind region at the inner-disk edge
at 0:1 AU for the high-velocity jet; Andersonet al. 2003;Pyo
et al. 2003).The jet mass-lossratehasbeenestimatedby vari-
ousauthorsin therangeof (2:4 � 7:9) � 10� 7M� yr� 1 (Hartigan
et al., 1995;Muzerolleetal., 1998;Bacciottietal., 2002;White
& Hillenbrand,2004).This rateamountsto about30% of the
accretionrate, �Macc = (0:8 � 2) � 10� 6M� yr� 1 (Hartiganet al.
1995;White & Hillenbrand2004;White & Ghez2001give a
somewhatloweraccretionrate).Shocksseemto betheprincipal
sourceof heatingandexcitation(Lavalley-Fouquetetal.,2000).

We notethat DG Tau B, a jet-driving protostar, is locatedat a
considerabledistancefrom DG TauA (separation� 5000), much
larger thanthe PSFof the EPIC cameras.We will discussthis
secondsourcefurtherbelow.

GV Tau = Haro 6-10 AB is a closebinary systemwith a
separationof 1.300, consistingof anopticallyrevealedT Tau-like
starandadeeplyembedded“infraredcompanion”consideredto
beasaprotostar. Theinfraredspectrumof thesystemis thatof a
protostar(ClassI, Table2).Thisbinaryhasreceivedparticularly
detailedstudyin theradiorange(Reipurthet al., 2004).Thejet
shows radialvelocitiesin therange80–200km s� 1 (Hirth et al.,
1997).

DP Tau drivesa jet thathasbeenrecordedto a distanceof
at least2700, andpossiblyto 11100. The jet is orientedrelatively
closeto theplaneof thesky (Mundt& Eislö� el, 1998)although
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Fig.1. Averagespectraof DG TauA (left), GV Tau(middle),andDP Tau(right). Also shown arethe �ts to thespectra(blackhistograms)and
separatelythesoft (red)andthehard(blue)spectralcomponents.

radial velocitiesof the jet still reachabout110 km s� 1 (Hirth
et al., 1997).Thestarshows strong[OI] emissionfrom the jets
(Hirth etal., 1997).

CW Tau drivesabipolarout�ow thatcanbetracedout to at
least4–600from the star(Hirth et al., 1994),with Herbig-Haro
objectsfoundout to 16.80 (McGroarty& Ray,2004).Dougados
etal. (2000)reportedahighly collimated,transversallyresolved
jet structure.

2.3. Jet-driving protostars

We took advantageof the high spatial resolutionof Chandra
to obtain imagesof four protostellarsourcesthat drive strong,
collimatedjets andout�ows.Their circumstellardisksareseen
nearly edge-onso that any soft emissionwill be strongly ab-
sorbedunlessit is originatingsu� ciently faraway from thestar.
This allows usto distinguishbetweenX-ray sourcescoincident
with theprotostarsandsofterX-raysfrom internalshocksin the
jets(Bally et al., 2003)andwill thusassistin our interpretation
of thesoftcomponentsseenin theT Tausources.Thisgeometry
alsopermitsusto probethedisksandenvelopesthemselves,by
studyingphotoelectricabsorption.

Two objects,DG TauB andFSTauB = Haro6-5B,arepart
of the XEST survey, but we alsodiscussheretwo further stars
that arelocatedin the Orion region at largerdistances,namely
theprotostellarsourcesof theHH 34andtheHH 111jets.

We usedthe wavdetectalgorithmincludedin the Chandra
CIAO softwareto identify relevantX-ray sourcesandto deter-
minetheir positions.Thealgorithmwasappliedto imagescon-
tainingphotonsin the0.3–10keV range,theinspected�eld con-
taining approximately106 standardACIS pixels of size0:500�
0:500. We set the sigthreshparameterat a valueof 10� 6, which
meansthat only oneX-ray detectionin the �eld is likely to be
spurious.

To optimizethepositionalinformationfor theX-ray sources,
we registered,as far aspossible,�eld sourcesagainst2MASS
catalogentries(Cutri et al., 2003)but found that thepositional
agreementis extremely good,with typical o� sets2 of < 0:400,
which is not signi�cant. We provide somespeci�c information
on thefour sourcesbelow.

DG Tau B is anembedded,envelope-dominated,jet-driving
protostardescribedin detail by, amongothers,Mundt & Fried
(1983),Mundtetal. (1987),andEislö� el& Mundt(1998).Near-

2 The 90% sourcelocationerror circle in Chandra hasa radiusof
about0.500, seeChandra Proposers'ObservatoryGuidev.8.

infrared imaging shows two narrow cavities and a thick dust-
laneseennearlyedge-on,but probablynot theprotostar(Padgett
et al. 1999= P99).DG Tau B is consideredto be in a ClassI
stage(Watsonet al., 2004).It wasdetectedasa radiosourceby
Rodŕ�guezetal. (1995).

FS Tau B = Haro 6-5B is a jet-driving embeddedsource
about2000westof theclassicalT Tau binarysystemFSTauA.
It was discoveredas a jet sourceby Mundt et al. (1984) and
describedin detail by Mundt et al. (1987),Eislö� el & Mundt
(1998),andKrist et al. (1998).Near-infraredimagingshows it
asa disk-dominatedprotostarin which a thick dust lane,seen
nearlyedge-on,separatestwo nebulaeconsideredto betheillu-
minatedsurfacesof the �ared disk, with a widely opencavity
(P99).FSTauB is probablyin a ratherevolvedstageof ClassI
evolution, in transitionto becominga TTS. In thenear-infrared,
thestaritself seemsto bedetected(P99).FSTauB wasfoundas
a radiosourceby Brown et al. (1985).

TheHH 34sourcedrivesoneof the�nest, highly collimated
jets (Bührke et al., 1988). The optical jet can be followed to
within 100of the ClassI protostar. The star itself hasbeende-
tectedin the optical (Bührke et al., 1988), in the infrared(IR)
(Reipurthet al., 2002),andin theradio(Rodŕ�guez& Reipurth,
1996),with amolecularcloudsurroundingit.

The HH 111 infrared sourcedrives anotherhighly colli-
mated,longjetbut thesourceandtheinnermost2200of thejetare
very highly obscured(Reipurthet al., 1997).Theabsorbedpor-
tionsof thejet havebeenrevealedin theinfraredby Reipurthet
al. (1999)andReipurthetal. (2000).Radiodetectionshavealso
beenreportedby Rodŕ�guez& Reipurth(1994)andReipurthet
al. (1999).They identify a quadrupolarout�ow, suggestingthat
thedriving sourceis a closebinary.

3. Results

3.1. Optically revealed, jet-driving T Tau stars

3.1.1. Spectral interpretation

Fig. 1 presentsEPICPN spectrafrom DG TauA, GV Tau,and
DP Tau,respectively, togetherwith spectral�ts (seebelow). We
haveusedthefull exposuretimesexceptfor a few intervalswith
high backgroundradiation.The MOS spectraare similar but
considerablyfainter. They were usedfor spectral�ts together
with the PN spectrain the caseof DG Tau A, while they were
too faint to addusefulinformationin theothercases.

All threespectraarerather�at andshow two shallow max-
ima, onearound0.65–0.8keV andtheotherat 1.5–3keV, with



6 ManuelGüdelet al.: X-raysfrom jet-driving protostarsandT Tauri stars

Table3. X-ray propertiesof theTAX sources

Soft component Averagehardcomponent

Star Na
H;s Ta

s Lb
X;s Na

H;h Ta
h Lb

X;h � 2=dof
(1022 cm� 2) (106 K) (1029 erg s� 1) (1022 cm� 2) (106 K) (1029 erg s� 1)

DG TauAc 0.11(0.08-0.14) 3.7(3.2-4.6) 0.96 1.80(1.21-2.40) 69 (44-188) 5.1 89.9/93
= 0.45 2.2(2.05-2.35) 9.6 1.71(1.14-2.30) 73 (45-220) 5.0 100.2/94

GV TauA 0.12(0.01-0.79) 5.8(2.1-9.1) 0.54 4.12(2.07-6.47) 80 (34-...) 10.2 20.3/19
= 1.12 0.94(0.94-1.31) 4170 3.48(1.69-5.48) 95 (42-...) 9.6 24.6/20

DPTau 0.00(0.00-1.05) 3.2(0.0-7.7) 0.04 3.78(1.38-14.0) 61 (10-...) 1.1 8.9/7
= 0.29 2.3(0.94-3.8) 1.1 3.13(0.78-13.8) 104(10-...) 0.92 9.1/8

a 90%con�denceintervals in parentheses(ellipsesindicatingunconstrainedparameter)
b Modeledfor the0.1–10keV energy interval
c Fits appliedto combinedPN,MOS1,andMOS2data

aninterveningtroughat 1–1.5keV. Thesespectracannotbeac-
ceptably�tted with a combinationof thermalcoronalmodels
subjectto a singlephotoelectricabsorptioncomponent,aswas
alreadypointedoutby Güdeletal. (2005)for theChandra ACIS
spectrumof DG TauA. Thesoftermaximumis formedby emis-
sion lines of Oviii Ly� at 18.97Å (0.65keV), Fexvii at 17 Å
(0.73keV) andat 15 Å (0.83keV), aswell asFexviii at 16 Å
(0.78keV, blendedwith Oviii Ly� ) andat 14.2 Å (0.87keV).
The Neix He-like triplet contributesat � 13:5 Å (0.92 keV,
blendedwith Fexvii at 13.8 Å or 0.9 keV). All theselines
have maximumformation temperaturesTmax between3.2 MK
and6.9 MK (Oviii: 3.2 MK; Neix: 3.9 MK; Fexvii: 5.2 MK;
Fexviii: 6.9MK). Thebestmatchesof thesubpeaksat 0.7 keV
andat 0.80–0.85keV in theDG TauA spectrumareclearly the
Oviii Ly� andthetwo Fexvii lines.On theotherhand,we note
theabsenceof strongemissionaround1 keV usuallypresentin
very active starswith hot coronae(Telleschiet al., 2005).This
latter emissionwould be formed by Nex at 12.1 Å (1.0 keV,
Tmax = 5:9 MK), Fexx at 12.8 Å (0.97 keV), andby various
furtherlinesof Fexx-xxiv (Tmax � 12� 20MK). For typical el-
ementalcompositions,thesespectralpropertiesclearly suggest
emissionby a rathercool plasmain the absenceof prominent
contributions from hot components. The ratherhigh emission
level down to 0.2 keV in DG Tau A and to � 0:3 � 0:4 keV
in GV Tau andDP Tau further suggestsa ratherlow absorbing
columndensity.

On theotherhand,thespectraabove � 1:5 keV areshallow
andcan,despitethe low countrates,befollowedout to 10 keV
for all threestars.This unambiguouslyindicatesemissionfrom
very hot (> 10 MK) plasmawhich would normally form strong
emissionlinesaround1 keV aswell. Thehardemissionis dom-
inatedby bremsstrahlungwhich, in the absenceof absorption,
risestowardlowerenergies.But theselow-energy featuresof hot
plasmaare suppressedby strongphotoelectricabsorption:All
threehardspectralcomponentsreveala turnoveraround2 keV.

As suggestedby Güdel et al. (2005), thesespectracan be
successfully�tted with a modelconsistingof two thermalcom-
ponents,each subject to a separate photoelectricabsorption
component.We �tted thespectraasfollows.For DG TauA and
GV Tau, we �rst consideredcountswithin the soft maximum
only (0.25–1.0keV). The abundancesadopted(andheld �x ed)
re�ect an “inverseFirst IonizationPotential”distribution often
found in magneticallyactive andpre-mainsequencestars(see

Güdelet al. 2006for a discussion).Fit parametersweretheab-
sorbinghydrogencolumndensityNH;s, a singletemperatureTs,
andthe emissionmeasureEMs. The �ts wereperfect,with re-
duced� 2 <� 1. Next, we addedthehardportionof theobserved
spectrumup to 10 keV but held the �t obtainedabove �x ed.
We addeda secondspectralcomponentwith its own absorption
componentand�tted thecorrespondingvariablesNH;h, Th, and
EMh. To optimize in particularthe overlappingspectralregion
(1–1.5keV),wecontinued�tting theNH, T, andEM parameters
of bothcomponentssimultaneously, but thisdid notsigni�cantly
changetheparameters.TheDP Tau spectrumis too poor to al-
low for step-wise�tting. Wetherefore�tted thetwo components
simultaneouslyfrom theoutset.

As farasabundancesareconcerned,thespectrumof DG Tau
marginally suggesteda somewhathigherFeabundance(0.4 in-
steadof theadopted0.2timesthesolarphotosphericvaluegiven
by Anders& Grevesse1989),but this value was poorly con-
strained,andthe otherparametersof interesthere,kT andNH,
did not changein any signi�cant way. We furtherexperimented
with variableabundancesasfollows.We kepttheadoptedabun-
danceratios�x ed but variedthe absoluteabundancelevel. For
DG TauA, thebest�t resultedin unacceptablylow abundances
of Fe(< 1% of thesolarvalue),while thetemperaturesandab-
sorptioncolumndensitiesagainremainedsimilar.

The�nal resultsarereportedin Table3.TheX-ray luminosi-
ties LX;s andLX;h refer to the 0.1–10keV rangebasedon inte-
grationof thebest-�t model,andassumea distanceof 140pcof
the Taurusassociation(e.g.,Loinard et al. 2005;Kenyon et al.
1994).

NotingthattheNH valuefor thesoftcomponentof DG TauA
arelower thanthoseanticipatedfrom opticalextinction,andNH
is only marginally in agreementwith thelowestAV reportedfor
GV TauA, wenext adopteda�x edNH valuefor thesoftcompo-
nent(markedby “=” in Table3), usingthestandardconversion
formula,NH � 2 � 1021AV cm� 2, valid for standardgas-to-dust
ratios(seeVuonget al. 2003andreferencestherein).These�t
resultsarealsoreportedin Table3. Fixing NH at the expected
valuesprovidessigni�cantly worse�ts andlowersthe temper-
atureof the coolercomponent,at the sametime rising its LX .
The valueof the latter is unacceptablefor GV Tau becauseit
approachesL� , while LX is usually boundby LX=L� <� 10� 3

(Güdel2004andreferencestherein).We believe that theorigin
of thisexcessis purelynumerical:increasedNH allowsmoreand
coolerplasmato bepresentwithoutsigni�cant spectralcontribu-
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tion, becauseX-raysfrom coolerplasmaaresofterandtherefore
morestronglyabsorbed.The e� ect continuesasone increases
NH. This lendsmostcredibility to thebest�t without enforced
NH, andthis best�t indeedresultsin only modestsuppression
evenat low energies.

In summary, the spectraof DG Tau A, GV Tau, and DP
Tau are thuscomposedof two components,a cool component
subjectto very low absorptionanda hot componentsubjectto
photoelectricabsorptionaboutoneorder of magnitudehigher.
Thecoolcomponentshowstemperaturesatypicalfor T Taustars
(Skinneret al., 2003; Telleschiet al., 2006), rangingfrom 3–
6 MK (best�t), while thehotcomponentrevealsextremelyhigh
temperatures(60–100MK). If NH is �tted to the spectrum,it
tendsto belower thanexpectedfrom theopticalextinction.

The spectrumof CW Tau resemblesthe spectrumof DP
Tau but is too weak to derive de�niti ve results.This sourceis
alsoa� ectedby the wings of the nearbyandvery bright X-ray
sourceof V773 Tau(at a distanceof 1.50). A single-T �t to the
harderphotons(above1.2keV) requiresanexcessivelyabsorbed
(NH � 1023 cm� 2), verystrongcoolcomponentwith T � 4 MK,
but thereis a marginal excessof countsbelow 1 MK that re-
quiresa further, low-absorptioncomponent.Better-quality data
areneeded.We notethat thestar's AV = 2:29 mag(Kenyon &
Hartmann,1995)suggestsa muchsmallerNH � 5 � 1021 cm� 2.

Resultsfor thethreefurtherjet/out�ow driving sourcesmen-
tioned above, UZ Tau, DD Tau, andXZ Tau, are summarized
in Güdel et al. (2006).UZ Tau (a triple system)revealsa rela-
tively soft spectrum(emission-measureweightedaveragetem-
peratureof 5–7 MK). On the contrary, the very faint spectrum
of DD Tauis extremelyhard,reminiscentof thehardercompo-
nentof the sourcesdiscussedabove, with Tav = 38 � 42 MK
andexcessabsorption(NH = [2:3 � 2:9] � 1021 cm� 2, whereas
AV = 0:39magafterWhite& Ghez2001,or AJ = 0:05magafter
Briceño et al. 2002).A soft excessis not found for this source.
Adoptinga jet bulk velocityof 300km s� 1 anda radialvelocity
of vrad � 75 km s� 1 (Hirth et al., 1997),we infer an inclination
angleof � 75 deg. The strongphotoelectricabsorptionmay be
dueto disk material,while thelow valuesof AV andAJ maybe
a� ectedby scatteredlight. No anomalywasfoundfor XZ Tau.

3.1.2. Light curves and time-resolved spectroscopy

We presentthelight curvesin Fig. 2, wherewe usedcountsbe-
low � 1 keV andabove� 1:6� 1:8 keV (dependingonthespec-
tral shape)for thesoftandthehardcomponent,respectively. All
light curvesshow clearsignaturesof �aring. Surprisingly, how-
ever, �aring is revealedonly in thehardcomponentwhile thesoft
componentremainsat a low level. We testedthe background-
subtractedlight curvesfor constancy, applyinga � 2 test.To do
so,we rebinnedthe light curve of DG TauA suchthat thebins
of the soft curve contained,on average,8 or 11 counts.This
requiredbins of 1500-2000seconds,which is su� cient to still
recognizetypical �ares. With the samebinning, the hardcurve
contained,onaverage,6 or 8 ctsbut showedthestrong�are well
resolved.For GV Tau,we binnedto 2000and3000s,which on
averageresultedin only 2.3and5 ctsperbin, respectively. The
hardcurve shows a 2.7 timeshighercountrate.A testfor con-
stancy resultedin a reduced� 2 that wassmallerthanunity for
thesoft light curvesof DG TauA andGV Tau,whereasthevari-
ability in thehardcurveis highly signi�cant with � 2

red � 10� 17.
DP Tauis too faint for ameaningful� 2 testof this kind.

To furtherclarify thespectralbehavior in time,we extracted
EPICspectraduringvariousepisodesfor DG TauA andGV Tau
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Fig.2. Background-subtractedlight curvesof DG TauA (top),GV Tau
(middle), and DP Tau (bottom),binnedto 500 s, 500 s, and 1000 s,
respectively. Each�gure containsthreepanels,showing, from top to
bottom: Soft photons(0.4–1.0keV for DG Tau A and GV Tau, and
0.35–1keV for DPTau);hardphotons(1.6–7.3keV for DG TauA, 1.7–
7.3 keV for GV Tau,1.8–10keV for DP Tau); full band(0.4–7.3keV
for DG TauA andGV Tau,and0.35–10keV for DPTau).For DG Tau
A andGV Tau,intervalsseparatelystudiedaremarkedby redvertical
lines.Only thetimeintervalsobservedjointly by all threeEPICcameras
areshown.

(low level, �are rise,and�are decayfor DG Tau A; low level,
�rst �are episodeandsecond�are episodefor GV Tau;seeFig.2
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Table4. Time-dependentX-ray propertiesof theTAX sources

Soft component Averagehardcomponent

Star Na
H;s Ta

s Lb
X;s Na

H;h Ta
h Lb

X;h � 2=dof
(1022 cm� 2) (106 K) (1029 erg s� 1) (1022 cm� 2) (106 K) (1029 erg s� 1)

DG TauA lowc =:0.11 3.7(3.3-4.6) 0.91 =:1.80 23 (14-42) 2.1 24.5/33
DG TauA risec =:0.11 3.9(3.1-5.6) 0.89 =:1.80 396(144-...) 12.4 27.9/31
DG TauA decayc =:0.11 3.9(3.3-4.9) 1.02 =:1.80 74 (44-144) 6.7 15.7/24

GV Taulow =:0.12 4.7(3.0-9.7) 0.54 :=4.12 17.5(4.3-63) 7.3 5.4/5
GV Tau�are 1 =:0.12 2.1(...) 0.16 =:4.12 77 (24-...) 16.3 3.7/2
GV Tau�are 2 =:0.12 4.5(...-12.6) 0.45 =:4.12 119(52-...) 19.9 6.7/7

a 90%con�denceintervals in parentheses(ellipsesindicatingunconstrainedparameter)
b Modeledfor the0.1–10keV energy interval
c Fits appliedto combinedPN,MOS1,andMOS2data

Fig.3. Upperpanel:Spectraand�ts of DG TauA duringlow-level episodes(left), duringtheriseto thelarge�are (middle)andduringthedecay
phase(right). Lower panel: Spectraand�ts of GV Tau during low-level episodes(left), during the �rst �are episode(middle) andduring the
second�are episode(right).

for a graphicalde�nition of the correspondingtime intervals).
The correspondingplots are shown in Fig. 3. The hard com-
ponentvariesboth in �ux andin spectralshape:the shallower
slopeduring the �ares indicateshighertemperatures,while the
soft componentremainsat thesamelevel. This is borneout by
spectral�ts performedfor the sameintervals. The resultsare
reportedin Table4. Becausethe spectraaretoo poor to �t NH
reliably, this parameterwasfrozenat the valuefound for each
integratedspectrum.Thetemperatureof thesoft componentre-
mainsconstantwithin the errors,while the temperatureof the
hardcomponentrisesduring the �are episodes.Note also that
the X-ray luminositiesof the soft componentare very similar

(thespectrumof the�rst �are episodeof GV Tauis too faint to
producereliableresults).

3.1.3. Comparison with Chandra spectra

Both DG Tau A andGV Tau have beenobserved by Chandra
ACIS as well (seeGüdel et al. 2006 for an observation log).
Thesourcesareratherfaint, andno �aring wasdetectedduring
theobservations.We thereforepresentonly theintegratedspec-
traandcomparethemwith theintegratedXMM-Newtonspectra.
Figure4 shows theobservedChandra spectratogetherwith the
spectralmodelof the soft componentof the XMM-Newton ob-
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Fig.4. Chandra spectrumof DG Tau A (from ACIS-S) andGV Tau
(from ACIS-I). Thehistogramcorrespondsto thesoft componentmod-
eledfrom XMM-Newtondatabut foldedthroughtheappropriateACIS
responses.

servations,foldedwith theappropriateACIS responsematrices.
We notethat theChandra andXMM-Newtonobservationswere
separatedby 7 monthsfor DG Tau A andby 8 monthsfor GV
Tau.

Whereasthe�ux of thehardcomponentsvariedgreatlydur-
ing the 30–40 ks XMM-Newton observations, the �ux of the
soft componentschangedlittle in the 7–8 monthsbetweenthe
Chandra and XMM-Newton observations,althoughsomede-
tails in the spectrumdo di� er. The Chandra spectrumof DG
TauA shows excess�ux at 0.8–0.9keV, a discrepancy thatdid
not disappearif the the soft portions(<1 keV) of both spectra
were�tted simultaneously, evenif we changedtheabundances.
Fitting the Chandra spectrum�nds a best-�t Fe abundanceof
� 0:2 (Anders& Grevesse,1989), the samethat we adopted
for the XMM-Newton model.The soft-componentNH is again
low (� 0:6 � 1021 cm� 2) andmarginally compatiblewith XMM-
Newton, althoughthe best-�t temperatureis somewhat higher
(4.4 MK). No signi�cant deviation betweenthe soft Chandra
andXMM-Newtonspectrais foundfor GV Tau.

3.2. Embedded, jet-driving protostars

Theembedded,jet-drivingprotostarsseenathighinclinationex-
pectedlyrevealratherfaint X-ray �ux esowing to strongphoto-

Fig.5. Chandra ACIS-S imagesof jet-driving sources.Pixel size is
0:4900; all imageswere exposedfor � 30 ks and show countsin the
0.5–7keV rangeexceptfor HH 111,whereonly countsin the3–7keV
rangeareshown to minimizebackground.Fromtop to bottom:DG Tau
A andB (separation� 5000); FSTauA andB (separation� 2000); HH34
IRS; HH111IRS(tentative detection).
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Table5. Protostellar, jet-driving X-ray sources

Parameter DG TauB Refa FSTauB Refa HH 34 IRS Refa HH 111IRS Refa

Usefulspectralrange(keV) 2–6.5 - 2–7 - 3–7 - 3–6.5 -
DetectedX-ray counts 9 - 32 - 15 - 4 -
Position:
ExpectedR.A. (h m s) 04 2702.55 1 0422 00.70 2 053529.84 2 05 5146.31 3
Expected� (deg 0 00) 26 0530.90 1 2657 32.50 2 -062658.40 2 02 4829.72 3
ObservedR.A. (h m s) 04 2702.58 - 0422 00.71 - 053529.84 - 05 5146.30 -
Observed� (deg 0 00) 26 0530.91 - 2657 32.17 - -062658.24 - 02 4829.70 -
O� set(00) 0.40 0.36 - 0.16 - 0.15 -
X-rays: -
ExpectedNb

H 1.4 6 > 1:6, >� 2, 4.6 1, 6, 4 1 5 > 6 7
MeasuredNb

H 51 (6–72) 26 (10–37) - 28 (14–54) - - -
a References:1 = Padgettetal. (1999),2 = 2MASS,Cutri etal. (2003),3 = Rodŕ�guez& Reipurth(1994),4 = Krist et al. (1998),
5 = Reipurthet al. (1986),6 = Mundtetal. (1987),7 = Reipurth(1989)
b ExpectedNH from reportedopticalextinction: NH � 2 � 1021AV cm� 2

NH is givenin unitsof 1022 cm� 2, 90%con�dencerangesarein parentheses

Fig.6. BinnedACIS-SCCD spectra(red/gray, with errorbars)of (from left to right) DG Tau B, FS Tau B, andHH34 IRS, comparedwith the
modeled,response-foldedintrinsicspectraif thephotoelectricabsorptionis removed(blacksolidhistograms).

electricabsorption.Table5 summarizesX-ray detectionproper-
tiesandresultsfrom spectral�ts (seebelow).

Threeof the four targetsources(DG TauB, FSTau B, and
HH 34 IRS) were clearly detectedvery closeto the expected
positionsbasedon wavdetect, while only 4 countswereregis-
teredfor HH 111(Fig. 5). Theclosepositionalcoincidencewith
the radio source(0.1500distancefrom the HH 111 radio posi-
tion givenby Rodŕ�guez& Reipurth1994),thestrongclustering
of the countswithin a radiusof 1–2 pixels (Fig. 5), the energy
of thefour counts(3.3–6.4keV, verysimilar to thedistributions
foundfor theotherabsorbedsources),andtheratherlow back-
groundlevel make it probablethat thesephotonsoriginatefrom
theHH 111jet-driving protostaralthoughthesigni�canceis too
low to prove this identi�cation. Thebackgroundlevel wassuch
that 0.1 countswould be expectedin the 3–7 keV rangein a
circle with a radiusof 300aroundthe source,and0.6 cts in the
0.3–10keV range.

To avoid systematice� ectsin thespectral�ts dueto coarse
binning of the few counts,we usedthe C statistic in XSPEC
in combinationwith unbinneddatain theenergy rangeof 0.5–
8 keV. Themetallicity was�x edat 0.2 timessolarphotospheric
values(Anders& Grevesse1989),coincidentwith the adopted
Fe abundancefor the otherspectral�ts (we note that the only
emissionlines signi�cantly contributing to the absorbedpro-
tostellarsourcesare thosein the Fe complex at 6.7 keV; even
adoptingsolar abundancesdid not changeour resultssigni�-
cantly).For illustrationpurposes,weshow in Fig.6 binnedspec-
tra togetherwith thebest-�t unabsorbedmodels.These�gures

illustratethatmostof the�ux is suppressedby photoelectricab-
sorption.Thebest-�t resultsandtheacceptable90%rangesfor
NH aresummarizedin Table5; otherparameterswerenot su� -
ciently constrainedfor furtherdiscussion.

4. Discussion

The TAX spectrafrom the optically revealedjet-driving T Tau
starspresentedin thispaperclearlyrequiretwo spatiallydistinct
sourcesbecauseboth their time behavior and their absorption
along the line of sight are di� erent.We now discusspossible
models.

4.1. CTTS: The hard component

The hardcomponentsof the spectrareveal very high tempera-
tures.Suchtemperaturesare commonlyfound in other T Tau
stars(Skinneretal.,2003;Telleschietal.,2006).The�ares seen
in the light curvesclearly arguein favor of a magneticorigin.
For DG TauA, theU bandlight curveextractedfrom thesimul-
taneousobservationswith theOM peakedbeforetheX-rays,in
analogyto solar �ares (Fig. 7, upperpanel).We thereforein-
terpretthis componentasbeingdueto a magneticallycon�ned
coronaabove thesurfaceof thestar. The time resolutionof the
OM datais toocoarseto revealacleartemporalrelationfor GV
Tau(Fig. 7, lowerpanel).

Theexcessiveabsorptionof thiscoronalcomponentrequires
a largeamountof coolgasalongtheline of sightto theobserver.
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Fig.7. CorrelationbetweenX-ray emissionandU bandemission.The
U banddataareshown by thelargecrossesabove theX-ray light curves
andreferto they axislabelson theright side.Top: DG TauA; bottom:
GV Tau.

A cool wind or a molecularout�ow are potential absorbers.
However, in thatcasethesoftcomponentmustbelocatedatvery
largedistancesfrom thestarin orderto escapefrom strongab-
sorption.Also, dustadmixtureswould leadto correspondingly
strongopticalextinctionof thestar, which is notobserved.

Weproposeascenariorelatedto accretionstreams.Themass
accretionratesof our starsareamongthe largestfound in any
TTS in theTMC (Table2). Much of thegasaccretingfrom the
circumstellardisk is only weakly ionized.This gaswill stream
along the magnetic�eld lines that form the coronaand thus
enshroudX-ray bright coronal loops so that photoelectricab-
sorptionattenuatesthesoft X-rays from theunderlyingcoronal
plasma.

Why, then, is the optical extinction of the starsrelatively
small? The measuredNH columnswould imply AV � 10 �
20magfor eachstarwhile measuredopticalextinctionsareonly
a few magnitudes(Table2). Suchdeviationsarepossibleif the
X-raysarepropagatingthroughananomalousmixtureof gasand
dustin whichdustis depleted.Dustdestructionandevaporation
occursat temperaturesaroundTsub � 1600� 2000K (D'Alessio
et al., 1998;Whitney et al., 2004),andthedustsublimationra-
diusfrom thecenterof thestarcanbeestimatedfrom theempir-
ical formula,

Rsub

R�
=

 
Tsub

Te�

! � 2:085

(1)

(Whitney et al. 2004,whereTsub = 1600K hasbeenassumed).
UsingTe� from Table2, we�nd radialdistancesof 7� 10R� . As
aconsequence,thereshouldbenostrongextinctionby dustfrom
theaccretionstreamswhile photoelectricabsorptionremainsin
e� ect.In thispicture,visualandnear-infraredextinctionsaredue
to the larger-scaleenvironmentof the star, while photoelectric
absorptionis due to both the large-scaleenvironment(for the
soft components)and,morestrongly, the immediatesurround-
ingsof thestar(for thehardcomponent).Ourobservationsmay
thusgive indirectevidencefor dustsublimationin theinnercir-
cumstellaraccretiondisksof T Taustarsontheonehandandfor
stronggaseousaccretionstreamsin theinnermostregionor onto
thestaron theotherhand.

4.2. CTTS: The soft component

The soft componentdominatesthe spectrumbelow 1 keV. The
spectralshapein this region shows no indicationof an equally
prominentplasmacomponentat temperatures>� 10 MK. This
component,consideredin isolation, is unusualfor T Tau stars
that normally reveal spectradominatedby hot temperatures
(Telleschiet al., 2006).The exceptionextensively discussedin
therecentliteratureis TW Hya, theX-ray spectrumof which is
stronglydominatedby a soft spectralcomponentof this kind.
TW Hya is, however, a ratherevolvedclassicalT Taustarwith
anageof � 10Myr andalow accretionrateof 4� 10� 10 M� yr� 1

(Muzerolleet al., 2000).Kastneret al. (2002)proposedthatthe
low temperaturesandthe high electrondensitiesinferredfrom
the O VII He-like triplet are indicative of X-rays producedin
accretionshocksratherthancoronalX-rays.Stelzer& Schmitt
(2004)arguedthat theanomalousabundancesfound in theTW
HyaX-ray spectrumarefurthersupportfor thispicture.

In thecaseof the jet-driving sources,this explanationfaces
seriousdi� culties.Theaccretionratesmeasuredfor thesestars
areamongthe highestknown in TMC. If X-rays areproduced
nearthe footpointsof accretionfunnels,thenwe would expect
that the samegasstreamsabsorbingthe hot coronalemission
alsostronglyabsorbthesoft component.

On the contrary, the measuredabsorptioncolumndensities
tend to be smaller than expectedfrom the optical extinction
of the star, at least for DG Tau A. Either, the soft X-rays es-
capethrougha region of depletedgasin betweentheaccretion
streams,or they areformedsigni�cantly outsidethe immediate
environmentof the star. ConsultingTable2, the distinguishing
propertyof theTAX sourcesaretheir jets.Thestrongdi� erences
in LX of thecoolcomponent(ratioof 1:0.56:0.04for DG TauA :
GV Tau: DPTau)mirror in two parameters:theequivalentwidth
of [O I] (1:0.23:0.05),and the massout�ow rate (1:0.4:0.06).
Althoughno linearrelationis to beexpected,thetrendis rather
suggestive for out�ow-relatedX-ray activity.

A faint soft componentwasalsofoundat a distanceof 2–500

from DG TauA, co-spatialwith bow-shockstructuresin the jet
(Güdel et al. 2005,seealso Fig. 5). Becausethe knotsat this
distanceshow X-ray emissionwhile thosefurtheraway do not,
Güdelet al. (2005)proposedthat themoreluminoussoft com-
ponentformsin shocksevencloserto thestar, presumablyat the
baseof thejetsbut clearlyoutsidethemagnetosphericaccretion
zonearoundthestar. This would simply requirethatthejet por-
tions closerto the star containmore emissionmeasureheated
to X-ray temperaturesalthoughthe temperatureswould be the
same.Thisscenariois supportedby theclosesimilarity between
thesoft componentof theX-ray spectrumobtainedfrom there-
gion within onearcsecondaroundthestar, andtheextendedX-
raysourcecoincidentwith thejet.
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Furthersupportfor this hypothesiscomesfrom optical ex-
tinction measurementsof the Herbig-Harostructuresin the jet
of DG TauA. Cohen& Fuller (1985)foundanAV of 0.39mag
while the stellar AV has beenreportedbetween1.4 mag and
3.3 mag (Table 2). Using standardinterstellargas-to-dustra-
tios, we would expect a hydrogencolumn density of NH �
8 � 1020 cm� 2 toward the jet, comparablewith the X-ray de-
terminedvalueof (1:1 � 0:3) � 1021 cm� 2.

The precisecausefor the heatingof suchjet-relatedX-ray
sourcesis unclear. Bally et al. (2003)suggested,for an X-ray
sourcein the jet but spatiallyresolved from the locationof the
fully absorbedprotostarL1551IRS-5,a numberof scenarios:

i) Shock-heatingat theworking surfaceof a bow shockcol-
liding with the ambientmedium,in analogyto shockheating
in themoredistantHH objects;ii) Thompsonscatteringof pro-
tostellarX-rays into the line of sight by a cool, densemedium
perhapsin theouter, expandingregionsof thecircumstellardisk
or the accretingenvelope;iii) shockheatingat an obstacleim-
mersedin the jet �o w, whereeithermagnetic�elds or a dense,
ambientmediumredirectstheinitially expandingwind andcol-
limatesit to a jet; iv) wind-disk or wind-wind collisions in a
binarysystem.We arenot in a positionto discriminatebetween
suchmodels,except to notethat the �nal option is unlikely to
applyto oursources,asdiscussedin thenext section.

We speculatethat magnetic�elds may further heatthe jet
gas.Thejetof DGTauA hasbeenfoundto rotatearoundits axis.
Thismotionderivesfrom theKeplermotionof thecircumstellar
disk from wherethejet accelerates.Themotionis di� erentialin
radius,andthemass�o w alongthe�eld generatesa trailing spi-
ral (Andersonet al., 2003).In ionizedgas,such�eld con�gura-
tionsinducecurrentsthatmaydissipateandheatthegasif its re-
sistivity is largeenough.Furtherirregularitiescanbeintroduced
by pulsedout�ows,precession,andtheshockwith theambient
medium(Cerqueira& de Gouveia Dal Pinto, 2004).Magnetic
“tangentialdiscontinuities”may leadto reconnection,thuslib-
eratingadditional(magnetic)energy (Parker,1983).Directmag-
netic�eld measurementsareyet to bemade,althoughradioob-
servationssuggestthe presenceof weakmagnetic�elds in jets
or out�ows(e.g.,Rayet al. 1997).

We next comparein Fig. 8 threeCCDspectrafrom Chandra
(ACIS-S): The spectrumof DG Tau A (black, with soft ex-
cess),the spectrumof FS Tau A (thick, blue), and the spec-
trum of the protostarFS Tau B.3 FS Tau A is subject to a
similar absorptionto the hot componentin DG Tau A (NH =
[0:9 � 1:4] � 1022 cm� 2, Güdeletal. 2006),showsasimilar (un-
absorbed)LX � 3:4 � 1029 erg s� 1, andalsorevealsanextremely
hotelectrontemperatureof 43MK (highertemperatureof atwo-
component�t; Güdeletal.2006).FSTauis,however,notknown
to drive strongjets,althougha poorly collimatedwind seemsto
be present(Hirth et al., 1997).While the two spectraarevery
similar above 1.5 keV, the absenceof a soft componentin FS
TauA is striking.Thespectrumof thejet-driving FSTauB does
not show any soft emissionbecausesuchemissionfrom thestar
and the jet within an arcsecondor so would be absorbed.The
hardcomponentabove 5 keV, however, is againsimilar in �ux
to thehardspectralcomponentof theothertwo stars,suggesting
a similar coronalcomponent.

Optical jets are detectedin predominantlylow-excitation
linessuchasforbiddenlinesof [O I], [N II], and[Si II] formedat

3 wediscussdataonly from Chandra for thiscomparisonbecausethe
stronglyabsorbedFSTauB is locatedin thewingsof theXMM-Newton
imageof FSTauA, andFS TauA itself wasshowing a gradualdecay
from a strong�are duringtheXMM-Newtonobservation

Fig.8.Comparisonof thethreeChandra spectrafrom DG TauA (black,
with soft component),FSTauA (blue,thick), andFSTauB (red).

nomorethanafew thousanddegrees(Hirth etal.,1997).Onthe
otherhand,theX-rayemissiondetectedin directimagingaround
DG TauA (Güdeletal., 2005)andthesoft spectralcomponents
suggestedhereto bedueto jetsaswell requireplasmawith elec-
tron temperaturesabove1 MK. Thechallengeis to reconcilethe
observationalevidencefrom two widely disparatetemperature
rangeswhenthepresenceof an intermediatetemperaturerange
(104� 106 K) is apparentlylessevidentin theobservations.What
is thestatuswith respectto intermediate-excitationlines?

First,detectabilityof forbiddenlinesrequiresfavorableden-
sities for their formation, and a su� cient emissionmeasure.
Modeling of [O I], [N II], and [Si II] lines indicatesthat they
form in distinct regions(Hamann,1994); [O I] forms in a gas
in the electron-temperaturerangeof 9,000–14,000K andhigh
densities(ne � 5 � 105 � 107 cm� 3), while [Si II] formsabove
13,000K andin lowerdensities(ne � 103� 7� 104 cm� 3). At high
velocitiesonly, [N II] and[O II] linesmaybeformed,requiring
Te >� 15; 000K andne <� 105 cm� 3. Theseresultsthereforeindi-
catethatne decreasesaway from thestar, while Te increases,at
leastasfarashigh-velocitygasis concerned.

Conditionsin the jets may in generalsimply not be favor-
ableto the productionof detectableamountsof �ux in higher-
excitation lines,e.g.,[O III]. On the otherhand,therearenow
severalreportsof thepresenceof hotwindsandout�owsfrom T
Taustars.Beristainet al. (2001)presentedanextensivestudyof
He I andHe II emissionline pro�les. The importantdiagnostic
power of theselines lies in their high excitationpotentials(20–
50 eV), requiringgastemperaturesof (2:5 � 9) � 104 K in the
caseof collisionalexcitation(Beristainetal.,2001).Theauthors
foundthatblueshiftedabsorptionfeaturesin broadHeI line pro-
�les andmaximumblue-wingvelocitiesexceeding200km s� 1

indicatethepresenceof hot,coronalwindsin abouthalf of their
sample,one of the clearestexamplesbeing DG Tau A with
a maximum blue-wing velocity of 600 km s� 1. Thesewinds
would be launchedin thepolar region of thestars,complemen-
tary to cooler winds that are probablyacceleratedaroundthe
disk/magnetosphereboundary.

Work on He lineswasextendedto theHe I � 10830line by
Takamiet al. (2002),Edwardset al. (2003)andEdwardset al.
(2006).This featureis againa high-excitation line (20 eV, re-
quiringT � 104 K for collisionalionization)andhasanunprece-
dentedsensitivity to hot, innerwinds.Signi�cant absorptionbe-
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low thecontinuumwasfoundin 71%of theCTTS,but in none
of the WTTS, suggestingthat the featureis due to accretion-
driven winds,originating in the immediatevicinity of the star.
Speci�cally in the caseof DG Tau A, absorptionandemission
componentswerefound,identi�ed with aninnerwind andthejet
shocks,respectively (Takamietal.,2002).Further, [O III] � 4959
and � 5007 emissionis indeedalso found in one of the outer
working surfacesof the DG Tau A jet (Cohen& Fuller, 1985)
andin othershock-relatedfeaturesin Herbig-Haroobjects(Matt
& Böhm2003andreferencestherein),indicatingthatsingly ion-
izedO is furtherionizedbeyondits ionizationpotentialof 35eV.
Shockmodelingsuggestspost-shockelectrontemperaturesin
therangeof (6 � 7) � 104 K (Cohen& Fuller,1985),andhigher
temperaturesat speci�c locationsin Herbig-Haroshockregions
mustexist to explainrecentlydetectedX-ray emission(seesum-
maryin Sect.1).

Gómez & Verdugo (2001) have analyzedhigh-resolution
pro�les of semiforbiddenultraviolet lines of C III] � 1908and
Si III] � 1892 in two CTTS. They concludedthat the lines are
notformedin accretionshocksbut in ahotwind outside2R� and
not fartherfrom the starthan38R� (for RY Tau), suggestinga
bow-shapedshocksourceat the baseof the jet, with densities
> 105 cm� 3 (i.e., at least102 � 103 timesdenserthanHerbig-
Haroobjects)andtemperaturesin therangeof 5 � 104 � 105 K.

Still higher out�ow temperatureshave beensuggestedby
far-ultraviolet observations.The CTTSs TW Hya and T Tau
both show P Cygni pro�les, line asymmetries,and absorption
in C III � 977andO VI � 1032lines thatareindicative of a fast
(400km s� 1) andhot (3 � 105 K) acceleratingout�ow closeto
thestar(Dupreeetal., 2005).

In summary, althoughthereis no coherentmodelof winds
andjetsatall temperatureanddensitylevels,it appearsclearthat
CTTSshow evidencefor jet- or wind-relatedgasat temperatures
from < 104 K to several times105 K. It is thennaturalto think
of theX-ray emissionasa continuationtowardhighertempera-
tures.It appearsthatat variouslocationsin the jet, in particular
in shockregions,conditionsmaybefavorablefor theproduction
of X-rays,while densitiesandvolumesseemto be unfavorable
for appreciableline emissionat lower ionizationstagessuchas
[O III]. A speculative possibility would be that rapidly heated
X-ray sourcesin the jets freely expandandcool in sucha way
that their densitiesandemissionmeasuresaretoo low for easy
detectionin intermediate-excitation lines oncethe temperature
hasdroppedto appropriatevalues.Thedominant[O I] emission
is notnecessarilyformedat thesamelocations(Hamann,1994).

4.3. Binarity?

TAX spectramayoriginatefrom a binarywith componentsthat
arelocatedbehindlargelydi� erentgascolumns,eachthuscon-
tributingoneof thespectralcomponents.This modelis unlikely
for thefollowing reasons:i) Thelessabsorbedcompanionwould
in all casesreveala uniquelysoft,non-�aring X-ray component
only. Noneof thebrightTTSin theXESTsurvey, singleor mul-
tiple, revealedsuchan X-ray spectrum(Telleschiet al., 2006;
Güdelet al., 2006).ii) Exceptfor GV Tau,no companionshave
beenfound to the TAX sourcesdespitedetailedsearches(e.g.,
Leinert et al. 1991). iii) GV Tau = Haro 6-10 is indeeda bi-
nary, the moreabsorbedcomponentbeingan embeddedproto-
starbehinda largegascolumn(seeReipurthetal. 2004for a ra-
dio image).A high-resolutionarchival Chandra image(ObsID
= 4498),however, revealsthat the soft andhardphotonsorig-
inate from the samelocation,and this location agrees,within
the error rangesfor Chandra, the VLA (Reipurthet al., 2004)

Table6. Coordinatesof GV TauA, B

Object Observation RA(J2000.0)a � (J2000.0)a

h m s deg 0 00

GV TauA 2MASS 4 2923.734 +2433 00.277
GV TauBb 2MASS 4 2923.725 +2433 01.577

GV TauAc VLA 4 2923.733 +2433 00.125
GV TauBc VLA 4 2923.724 +2433 01.425

soft X Chandra 4 2923.744(8) +2433 00.54(11)
hardX Chandra 4 2923.749(7) +2433 00.66(10)
total X Chandra 4 2923.737(4) +2433 00.53(5)

a Errorsfor Chandra sourcesin unitsof lastdigits; formalwavdetect
�t errors

b Applying radioo� setto GV TauA 2MASSsource
c FromReipurthet al. (2004)

and 2MASS, with the less absorbedcomponentHaro 6-10A
(Table6; Fig. 9). We concludethat the embeddedHaro 6-10B
doesnot contributeto thedetectedX-ray emission.

We alsonotethattheprominentjet from theGV Tausystem
is associatedwith the optically revealedstarGV Tau A rather
thanthedeeplyembeddedinfraredsource(Reipurthetal.,2004).

4.4. The protostars

AlthoughtheACISprotostellarsourcesareveryfaint,theirpho-
tonenergy distribution is revealing:we detectatmostonecount
below � 2 keV in eachsource,which is normally thedominant
spectralrangefor acoronalsource.

Theemissioncannotberadiationfrom shocksin the jetsor
Herbig-Haroobjects.Suchsourcesaretoosoftandwill therefore
beabsorbed(Bally et al. 2003).Thehardsourcesrequiredhere
arereminiscentof coronalemissionof very active stars.Useful
informationonthehydrogenabsorptioncolumndensity, NH, can
thereforebeobtainedfor thecircumstellardisk.

Althoughthe90%con�dencerangesin NH, kT, andLX are
large (Table5), the valuesof NH areconsistentlyfound in the
rangeof � (5� 50)� 1022 cm� 2 if werequire“reasonable”values
for kT andLX (e.g.,typicalsaturationvaluesgiventheestimated
L� , andT in therangeof 6� 60MK). WethusexpectAV � 30�
300mag,muchhigherthanreportsin theliterature(AV � 5� 25;
Reipurthet al. 1986,Reipurth1989,Mundt et al. 1987,Krist et
al. 1998,P99): Either, the AV valuesare erroneousdue to IR
emissionfrom thestellarsurrounding,or thegas-to-dust(G/D)
ratiosaresigni�cantly enhancedin thesecircumstellardisks.

5. Summar y and conc lusions

Jetsareassumedto belaunchedwithin a few AU from thecen-
tral starandhave beenresolveddown to 0.100(14 AU) from the
latter at the distanceof the TaurusMolecularCloud (Bacciotti
et al., 2000).Theseregionsremainunresolvedfrom thecentral
starin present-dayX-ray observations.Nevertheless,severaljet-
driving T TaustarsrevealpeculiarX-ray spectrathathave been
taken as evidencefor shock formation at the baseof the jets
(Güdeletal. 2005,andourdiscussionabove).In all cases,avery
weakly attenuated(NH � 1021 cm� 2), luminousbut very soft
spectralcomponentindicateselectrontemperaturesof no more
thana few MK. While this componentproducesphotonsmostly
between0.5–1keV, astronglyabsorbed(NH > 1022 cm� 2), hard
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Fig.9. Chandra imagesof GV Tau.Left: Countsin therange0.5–5keV. Thelowercrossmarksthe2MASSpositionof GV TauA, theuppercross
theGV TauB protostar, applyingthesameo� setto GV TauA asmeasuredin radiodata(Reipurthetal.,2004).Middle: Similar, for the0.5–1keV
range.Right: Similar, for the2.2–7keV range.Pixel sizeis 0:00492.

spectralcomponentdominatesabove 2 keV, resultingin a shal-
low spectralshapewith two peaks.The hardcomponentorigi-
natesfrom hotplasmaof severaltensof MK. In eachcase,it re-
veals�ares while no signi�cant variability is detectedfrom the
soft componentwhose�ux is approximatelyconstant,even on
timescalesof 6–8months(Sect.3.1.3).

We attribute the hard component to a magnetospheric
corona,as observed on most T Tauri stars.Although theseT
Tauri starsare unusuallystrongaccretors(with �Macc up to �
10� 6 M� yr� 1) we do not attribute thesoft componentto anac-
cretionshockcloseto thesurfaceof thestarasproposedfor the
sofar uniqueCTTSTW Hya (Kastneret al., 2002).Suchemis-
sion would be subjectto thesamehigh absorptionexperienced
by thehardcomponent,while theobservedsoftcomponentis lit-
tle absorbed.Instead,we proposethat thesoft componentorig-
inatesfurtheraway from thestarwherethe �rst shocksform at
thebaseof thejets.Indeed,theX-ray luminosityof thesoftcom-
ponentin thesethreestarsappearsto scalewith themassout�ow
rateandwith theequivalentwidth of [O I] from thejet.

It is interestingto note that the visual extinction of the T
Tau starsshowing Two-AbsorberX-ray (TAX) spectrais mod-
estanddoesnot agreewith the photoelectricabsorptionof the
hardcomponentif standardgas-to-dustmassratioscompatible
with the interstellarmediumareassumed.We suggestthat the
hardemissionis absorbedby accretingmaterialanthat this ac-
cretingmaterialis dust-depleted.This is supportedby the dust
sublimationradiusof oursourcesbeingseveralstellarradii. Our
observationsthusprovidebothevidencefor dustsublimationin
the innermostpartof theaccretiondisk andfor massive gasac-
cretion streamsfrom the disk to the star enshroudingthe hot
coronalplasma.Becausethe line of sight toward DG Tau A is
inclinedagainsttheaxisat a rathersmallangleof 37:7 � 3 deg
(Eislö� el & Mundt,1998),theabsorbingmassaccretionstreams
mustreachhighstellarlatitudesratherthanfall towardtheequa-
torial regions.This fully supportsthe commonpictureof mag-
neticaccretion(e.g.,Calvet& Gullbring1998).

Detectionof thesoft jet componentrequireslow attenuation
by gas,i.e., it is inaccessiblein embeddedprotostarsalthough
suchX-raysmaylocally exist in all jet-driving sources.Wehave
indeedfound only hard componentsin our strongly obscured
targets,andthey coincidevery closelywith the positionof the
stars.No displacedsoftcomponentswereidenti�ed althoughwe
recall thata soft jet sourcewasreportedpreviously for DG Tau
A (Güdelet al. 2005;seealsoFig. 5).
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GómezdeCastro,A. I., & Verdugo,E. 2001,ApJ,548,976
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Güdel,M., Briggs,K. R.,Arzner, K., etal. 2006,A&A, this volume
Hamann,F. 1994,ApJS,93,485
Hartmann,L., Megeath,S.T., Allen, L., etal. 2005,ApJ,629,881
Hartigan,P., Edwards,S.,& Ghandour, L. 1995,ApJ,452,736
Hayashi,M. R.,Shibata,K., & Matsumoto,R. 1996,ApJ,468,L37
Hirth, G. A., Mundt,R.,& Solf, J.1994,A&A, 285,929
Hirth, G. A., Mundt,R.,& Solf, J.1997,A&AS, 126,437
Hughes,V. A. 1997,ApJ,481,857
Jansen,F., Lumb,D., Altieri, B., et al. 2001,A&A, 365,L1
Kastner, J. H., Huenemoerder, D. P., Schulz, N. S., Canizares,C. R., &

Weintraub,D. A. 2002,ApJ,567,434
Kastner, J.H., Franz,G.,Grosso,N., et al. 2005,ApJS,160,511
Kenyon,S.J.,& Hartmann,L. 1995,ApJS,101,117
Kenyon S.J.,DobrzyckaD., & HartmannL. 1994AJ, 108,1872
Kenyon,S.J.,Brown, D. I., Tout,C. A., & Berlind,P. 1998,AJ, 115,2491
Königl,A., & Pudritz,R. E.2000,ProtostarsandPlanetsIV (Tucson:University

of ArizonaPress),759
Koresko, C. D., Herbst,T. M., & Leinert,Ch.1997,ApJ,480,741
Krist, J.E.,Stapelfeldt,K. R.,Burrows,C. J.,et al. 1998,ApJ,501,841
Lamzin,S.A. 1999,Astron.Lett., 25,430
Lavalley-Fouquet,C., Cabrit,S.,& Dougados,C. 2000,A&A, 356,L41
Loinard,L., Mioduszewski, A. J.,Rodŕ�guez,L. F., etal. 2005,ApJ,619,L179
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120,1449
Reipurth,B., Heathcote,S.,Morse,J.,et al. 2002,AJ, 123,362
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Rodŕ�guez,L. F., & Reipurth,B. 1994,A&A, 281,882
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