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What can X-rays tell us about accretion, mass
loss, and magnetic fields in young stars ?
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Abstract. Until recently, X-rays from low-mass young stars {3QL(P yr) were thought to
be a proxy for magnetic activity, enhanced by 3-4 orders gjmitade with respect to the
Sun, but otherwise similar in nature to all low-mass, Igfgetconvective stars (including the
Sun). However, there is now increasing evidence that specifay emission mechanisms
are at work when the young stars are still accreting fronr ttiedumstellar disk. The most
frequently invoked mechanism is accretion shocks alongnetag field lines (“magnetic
accretion”). In the case of the more massive A and B starstraidprogenitors the Herbig
AeBe stars, other, possibly more exotic mechanisms caratgestar-disk magnetic recon-
nection, magnetically channeled shocked winds, etc. Incasg, magnetic fields, both on
small scale (surface activity) and on large scale (dipolagmetospheres), play a distinctive
role in the emission of X-rays by young stars, probably tgtmut the IMF.

Key words. Protostars, T Tauri stars, Herbig stars, Ap-Bp stars, OB#sshccretion, mass-
loss, radiative winds, jets, shocks, magnetic fields

1. Introduction: early stellar evolution like stars, form as a result of the collapse of
and magnetic fields an extended protostellar envelope, via the for-
mation of an embedded accretion disk. Such
Young stars, i.e., with ages of a few milliondisks live for a few million years, through-
years, are now known to form and evolve viaut the so-called “classical T Tauri” (CTTS)
a combination ofmass accretionand mass phase (e.g., Hillenbrand 2006). In the early
loss although this combination takesfiirent phases, mass loss is observed to take place in
forms depending on the final mass of the starthe form of bipolar jets and outflows: this is
While the way in which massive, hot stars (typsometimes called the “accretion-ejection” phe-
ically O and B stars, i.eM, ~ a few Mg to nomenon. Although there are significanffdi-
M, ~ a few 10M) form is still debated (e.g. ences in the proposed theoretical models, it is
Beuther et al. 2007), it is clear that (excepwidely accepted that accretion and ejection are
perhaps at the very early stages) they do nolosely coupled vimagnetic fieldsat least out
possess circumstellar accretion disks, but thtt spatial scales of a few stellar radii, and per-
they lose mass, in the course of their evolulhaps even (in some models) throughout the ac-
tion, via powerful radiative winds\l ~ 10— cretion disk (“disk winds”) (e.g., Pudritz et al.
10°° My yr ). In contrast, as illustrated in 2007). Basically, while matter accretes onto the
Fig. 1, low-mass stars, and in particular solaeentral star as a result of gravitation and vis-
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cous dissipation in the disk, owing to the cenin Sect. 5, while the possible X-ray connec-
trifugal force part of the inward-moving mate-tion between intermediate-mass and massive
rial is flung away along magnetic field linesstars will be made in Sect. 6. Less common X-
Interestingly, the observed mass-loss rates ray emission mechanisms will be presented in
jets are comparable to those in massive staiSect. 7, and conclusions will be given in Sect.
and the ratio between mass-loss and accreti@n
is measured to be 10 - 30%. Indirect ev-
idence for winds from the inner disk can be o
obtained via modeling of the ddemission of 2. X-ray emission from young stars:
CTTS (Kurosawa et al. 2006). processes and environments

In contrast, magnetic fields are not thoughél_ Links with internal and photospheric
to play a major role in the early evolution of

massive stars, but as discussed below, there is structure

now evidence for their presence, also on largstellar X-rays are thermal in the keV range,

spatial scales, in a significant fraction of O an@nd can be produced as the end result of in-
B stars, and for their influence on the radiativqama| structure processes. This is the case

winds. The situation of intermediate-mass stafsr low-mass stars, which have outer convec-
(the so-called “Herbig AeBe” stars, with, ~  tive envelopes. Magnetic fields are currently
2 - 4Mo), is less clear, butin a few cases therghought to be generated via the dynamo ef-
is also similar indirect evidence for large-scal@ect at the bottom of the convective zone (the
magnetic fields. “tachocline”, in solar parlance)(e.g., Brun &
Direct measurements and modeling ofahn 2006), and to buoy out to the surface
magnetic fields have made spectacular adeross the convective zone. Reconnections be-
vances in recent years, thanks mainly to olaween magnetic loops of opposite polarity, an-
servations of the Zeemairffect via spectropo- chored in the photosphere, result in flaring
larimetic measurements and Doppler imagand sudden heating of the photospheric gas to
ing techniques (e.g., Donati et al. 2007X-ray temperatures. The heating is provided
Strassmeier & Rice 2006, Yang et al. 2007}y fast electrons accelerated by non-thermal,
However, indirect access to magnetic fields hagHD processes, taking place during recon-
been provided for a long time by X-ray ob-nection (Tanuma & Shibata 2005; see also
servations (spectra, timing), based on the ide&aiidel, this conference). The almost fully ion-
that the only way to confine a hot plasmazed hot gas (plasma) subsequently cools, usu-
(T ~ 10° - 10" K, i.e., thermal X-ray en- ally within a few hours, resulting in a decay
ergies~ 0.1 to a few keV) is to trap it in of the X-ray emission. Re-heating can occur in
magnetic loops (e.g., Feigelson & Montmerleéhe process (Reale et al. 2004). The prototype
1999, Gudel 2004, Micela & Favata 2005). Thef this behavior is the Sun itself, as observed in
numbers obtained by the various methods fgrarticular by theY ohkohsatellite (Peres et al.
the surface magnetic field intensities are quit2004), hence the expression “solar paradigm”
similar: B, ~ 0.1 - 1 kG, i.e., comparable to sometimes used to interpret the X-ray emission
values obtained in present-day solar active rérom young low-mass stars.
gions. The X-ray signatures of this stellar “mag-
The strong connection between X-ray emisietic activity” are:temporal variabilityover a
sion and magnetic fields in young stassthe time scale of a few hours (flares: fast rise fol-
point we want to make in this paper. Sect. Bowed by slow decay); frequent 2-temperature
presents a brief review of X-ray emission prospectra, with @ominant hard componeft ~
cesses in young stars, followed by their apa few 10 MK), and a less important soft com-
plication to low- and intermediate-mass starponent T ~ a few MK); “coronal” plasma
(Sect. 3), and OB stars (Sect. 4). Recent Xdensities e ~ 10'° — 10** cm~3) (e.g., Wolk
ray evidence for “magnetospheric accretion&t al. 2005). This signature is ubiquitous in
in young low-mass stars will be summarizedll late-type stars; the mainféiérence between
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Fig. 1. A brief history of low-mass star evolution, from the protusstage left) to the planet
formation stager{ght). The “accretion-ejection” phenomenon is characteristithe protostar
stage, while magnetic star-disk interactions are preseatghout the evolution. However, they
produce X-rays only if the magnetic loops reconnect, remyin flares, either on the star itself
(convection-driven magnetic activity), or between the stad the disk. Size scales and time
scales of evolution are indicated. (Adapted from Feige&dhontmerle 1999)

stellar classes is the level of X-ray luminosityability over time scales of hours; taking into
(expressed iy /Ly): it is 3-4 orders of mag- account that, for a constant velocity, the wind
nitude higher than in the Sun, in fast rotatinglensity decreases 8, so the inner layers are
stars (like RS CVn binaries) or in fully convec-more opaque to X-rays than outer ones, and
tive stars (like dMe stars), and also in T Taurihat shocks are faster there, the net result is that
stars (TTS), which may have both properties.the overall spectrum is dominated by the outer
Stellar X-rays can also be produced byayers: consequently, the spectrum is basically
shocksat the photospheric level. This is theSoft (sub-keV, or equivalent ~ a few MK),
case of the winds of massive stars, whicBnd the plasma densities are comparatilaly
have been known for a long time to be radiaie ~ 10° — 10" cm™) (see, e.g., Owocki &
tively unstable (Lucy 1982). In this picture, theCohen 1999).
winds are sustained by the radiative forces on As explained below (Sect. 4), when a mag-
heavy elements, themselves dragging H artetic field exists and is $iiciently strong to
He by atomic collisions. As the wind flows,confine the wind within a large-scale closed
the Doppler &ect shifts the radiation-sensitivemagnetosphere, the signature is modified, the
transitions, so that the radiative force becoméBost important change being the possibility of
less dficient: regions close to the stellar surfacéotational modulatiorof the X-ray emission, at
are more accelerated than distant ones, creatith§ rotation period of the star.
a Kelvin-Helmhotz-like instability. Myriads of
shock waves, with velocities: several 100 . .
km.s %, thus criss-cross the wind and emit X-2'2' Interactions with large-scale or
rays (e.g., Kudritzki & Puls 2000) external structures
The X-ray signatures of radiative windsSince young stars are in general still sur-
are:no (or small but random) temporal vari- rounded by dense material, additional X-ray
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emission mechanisms are possible, dependings parameters: mass, luminosity, rotation (pe-
on the nature of the interactions between théod andor vsini), effective temperature, etc.
star and the surrounding medium. These are reviewed by T. Preibisch (this con-
The now classical general picture of younderence). Another important observation is the
low-mass stars is that of a central star sufXMM-Newton extended survey of Taurus”
rounded by a large-scale magnetospheric stru¢<EST; Pl M. Gidel), a medium exposure
ture, linking the star and the disk at the corota~ 30 kse¢field), medium angular resolution
tion radiusR; (typically R. ~ 2 - 3R, ~ 0.05 (a few arcsec), but large spatial extension (17
AU). BeyondR., the disk is in Keplerian ro- XMM fields, i.e., a total ok 5 square degrees)
tation. It is important to realize that the exis-of the Taurus clouds, yielding over 2400 iden-
tence of such a magnetospherepisstulated tifications (mostly MAS S, of which only ~
in the “accretion-election” paradigm explain-160 are characterized to date as young stars
ing the bipolar jetsa priori it has nothing to (Gudel et al. 2006a).
do with the stellar magnetic field generated by  For our purpose here, | briefly comment on
the convective dynamo. three main global results from these satellite
This opens two new possibilities for X-rayobservations.
emission: (i) magnetic interactionsbetween o “Class I” protostars. Evolved protostars
the star and its circumstellar disk, which Wlll(the so-called “Class I” protostars) are still em-
be the topic of Sect. 5 and 7; (ighock in- bedded in their original envelope but near the
teractionsbetween the jet and the surroundingnd of the accretion phase, so that the envelope
medium (protostellar envelope close to the staias become tenuous and absorbs X-rays rela-
andor ambient ISM farther away), discussedively weakly (Ny up to~ 1072 cm2, or equiv-
in Sect.. 7_. Fig. 2 summarizes the various Xalently Ay ~ 5, see Vuong et al. 2003). These
ray emission regions associated with low- angrotostars are now routinely detected, although
intermediate-mass stars. their average detection rate is only moderately
high (~ 40 — 60%). This can be explained, at
least in part, by extinctionfiects along the line
of sight, reducing the féective sensitivity for
The X-ray emission from TTS (both “clas-a given exposure. Their X-ray emission is ba-
sical”, still surrounded by disks, and “weak-sically similar to that of TTS (flaring activity,
line”, without disks), is extremely well docu- hard spectra -although the extinction generally
mented, after over 25 years of X-ray observadrohibits detecting a possible soft component),
tions of star-forming regions. On the one handilthough more active. It has been suggested
to date many star-forming regions have beehat this enhanced activity could be the result
observed by various X-ray satellites, with typof star-disk interactions (Preibisch 2004). We
ical “short” exposures of 30-150 ksec, yieldwill return to this question in Sect. 7. In any
ing hundreds of individual T Tauri detectionscase, this demonstrates that Class | protostars
down to the brown dwarf regime. On the othegomprise an already mature star in their cen-
hand, the unique, very lor@handraexposure ters, and basically share the same X-ray prop-
(850 ksec) of the Orion Nebula Cluster (theerties as TTS.
so-called “Chandra Orion Ultradeep Project”, e “Class 0” Protostars Young protostars
or COUP; PI E. Feigelson), has vyielded irn{so-called “Class 0" protostars) are at a stage
a single observation over 1500 detections gfreceding the Class | stage: they are in their
TTS (to which are added detections of magnain accretion phase, in which matter falls
sive stars and protostars, see below) overfeeely on a growing, but still embryonic, star
17 x 17 FOV (Getman et al. 2005). The sub{e.g., Belloche et al. 2006). So far, in most
arcsec angular resolution @handraallowed star-forming regions where they exist, no Class
a clear spatial separation of the sources, afidprotostar has been detected in X-rays (e.g.,
thus a clean statistical analysis of their X-rayiardini et al. 2007). Recently, one posi-
emission properties, sorted according to vartive detection has been reported in R CrA

3. Low-mass stars: magnetic activity
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Fig.2. The various X-ray emission regions that may exist in the remvhent of low- and
intermediate-mass stars: magnetic reconnections (ontdh@isbetween the star and the disk),
and shocks (magnetically channeled winds, accretion orstikar surface, outflow collisions
with the envelope aridr with the interstellar medium, etc.). (Adapted from Stes2001)

(Hamaguchi et al. 2006), but the exact statusa harder and their luminosities smaller, and
of the source is unclear; it probably belongthis efect was not seen. On the other hand, we
to the so called “Class/D, i.e., the transition now know that there are in fattireeclasses of
between the “young” and “evolved” protostarsTTS: (i) accretingTTS, which have both evi-
when the envelope starts to be X-ray transpaglence for the presence of a disk (mostly from
ent, and at the same time the formation of a staear-IR excess), and for accretion (enhanced
at the center is essentially completed. GiveHa, Call, etc., emission: the usual CTTS crite-
the high extinction of Class 0 envelopds$y( rion; see also Sect. 5); (ijon-accretingmore

up to several 1% cm2, i.e., up toAy ~ 500, evolved TTS, which still have a disk but no
or more), the present upper limits on their Xevidence for accretion (hereafter “DTTS”, for
ray luminosity are typically higher than for the“disk” TTS; undficial designation !); (iii) even
most luminous T Tauri stars. Therefore it ignore evolveddisklessTTS, which are equiv-
currently impossible to determine whether thalent to “weak” TTS (evidence neither for a
absence of X-rays from Class 0 protostars @isk nor for accretion). As a result, compar-
real or not, and in particular whether the stellaing CTTS and WTTS implies in reality mak-
embryo is magnetized; this situation is likelying a distinction between DTTS and “pure”
to hold until the next generation of X-ray satelWTTS, and is not the same as comparing the
lites IR-classified “Class II" sources=(CTTS +

e T Tauri stars There has been a Iong-DTTS) and *Class llI" sources{ WTTS).

standing debate in the literature about whether With the increased sensitivity (i.e., larger
there was a statistically meaningfufidirence sample, lower mass limits, etc.) of the COUP
in X-rays (luminosities, spectra, etc.) betweenbservations, and using only CTTS defined by
“classical” and “weak” TTS. The questionaccretion-related criteria (& Call), Preibisch
arose originally simply because the additionadt al. (2005) found a statistically significant dif-
extinction of the disk of CTTS (if seen more orference of a factor 2 in X-ray luminosity
less edge-on) would priori make their spec- between CTTS and WTTS, while for instance
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Ozawa et al. (2005) found no ftiirence be- picture in which the Ap and Bp stars are sur-
tween Class Il and Class Ill young low-massounded by a dipolar, or sometimes multipo-
stars in thep Oph cloud core. While, as origi- lar, magnetosphere several stellar radii in size
nally expected, the CTTS turned out to be stgMichaud 2004). Also, nonthermal radio emis-
tistically less X-ray luminous than WTTS, thission has been detected from a number of O
property was found to be uncorrelated witland B stars, and modeled in terms of gyrosyn-
the disk orientation, pointing to a fiierence chrotron emission from mildly relativistic elec-
in properties linked with the accretion phetrons trapped in a large magnetosphere (André
nomenon itself, and not to the extinction byet al. 1988, Trigilio et al. 2004). The widely
disk material. We shall discuss this situation imccepted interpretation is that of fossil fields
more detail in Sect. 5. brought from the ISM during the early forma-
tion and evolutionary stages, but surviving un-
) der special, unknown circumstances, although
4. The case of massive (OBA) stars recent work suggest the possibility of an inter-

As summarized above (Sect. 2), massive stdpgl; non-convective origin (see MacDonald &
(here understood as stars of spectral typ&4ullan 2004, and refs. therein).
earlier than F), have radiatively-driven winds, ~Onthe other hand, X-ray observations have
which become stronger and stronger as tt&own that O and B stars obey a simple corre-
effective temperaturdes; increases. A-type lation: Lx/Luoi ~ 1077, over a wide range of
stars Tetf ~ 7, 500-10, 000K) are fully radia- luminosities (Berghofer et al. 1997). This cor-
tive. They mark the internal structure boundrelation has been nicely explained by Owocki
ary between later-type, less massive stars (ignd Cohen (1999), in terms of a rather deli-
cluding the Sun), which have a radiative coréate balance between the X-ray emissivity of
surrounded by an increasingly extended envehocks in the radiatively unstable winds, and
lope asTe¢¢ decreases, and earlier, more masgxtinction as a function of depth in the wind.
sive stars, which have a convective core suHowever, for A stars the calculated radiative
rounded by a radiative envelope, itself increagvinds are very weakMy ~ 107'°M, yr,
ingly extended asTe¢f increases. In the ex-€.g., Babel & Montmerle 1997a), and in fact
treme, pre-supernova case of the Wolf-Rayétndetectable, and these stars do not have outer
stars, the winds become so strong (U@ ~ convective zones. Yet many normal A stars
105M,, yr 1, vy, ~ 1000- 3000 km s?) (e.g., (and their predecessors the Herbig AeBe stars)
Nugis & Lamers 2000), that the convectivedre seen to emit X-rays, in contradiction with
core itself becomes exposed at the base of tR¥pectations. However, the case seems now
wind. In any case, for A stars and earlier typesettled: at least in the ONC, the COUP ob-
no outer, convectively-driven magnetic field$ervations have shown, for the 50% detected
are expected. A stars, that they are highly variable, and that
Yet, we know that a significant fractiontheir temporal behavior (flarelike light curves,
of the A and late B stars~( 5%, see Wade time scales, duty cycle, etc.) are statistically
2005)’ the so-called Ap and Bp stars, Chaindistinguishable from that of TTS (Stelzer et
acterized by huge overabundances of hea 2005)ThIS confirmsthe Iongtime SUSpiCiOﬂ
elements, are magnetic, with magnetic fielthatthe X-ray emission from A stars is actually
strengthsB, reaching several kG (the recordcoming from a magnetically active, unresolved
being held by Babcock’s star, HD 215441, witiow-mass companion. The case of the Herbig
B, ~ 115kG). The interpretation of overabun-A€Be stars is less simple, and will be discussed
dances is in terms of elementfision driven in Sect. 6.
outwards by radiation pressure, but accumu- Returning to the X-ray emission of mas-
lating in the upper photosphere because theye stars, the COUP observations of a sam-
are trapped by the magnetic field. Modelingple of 9 O7 to B3 stars in the vicinity of
of this dfect, together with spectral time vari-the Trapezium (the “strong wind” sample of
ability andgor Doppler imaging, has led to aStelzer et al. 2005) have also shown a signif-
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Fig. 3. The “magnetically channeled wind shock” (MCWS) model,ially proposed by Babel
& Montmerle (1997b) to explain the X-ray rotational modidatof #* Ori C. In this model, the
radiatively-driven wind of a hot star (O, B, or A star) is cordd by a strong magnetic field, and
“self-collides” along the equator, heating the post-shgagto X-ray energies. Then the shocked
wind cools in a dense disk. This disk, in turn, absorbs thaysrand if the viewing geometry is
favorable, causes a rotational modulation of the X-ray f{@xlapted from Montmerle 2001)

icant excess of X-ray emission over the nom- In the case o#* Ori C, the wind properties
inal Ly/Lpo ~ 1077 correlation in three stars, (velocity, mass-loss rate) were known, and all
as well as three cases of X-ray rotational mod2M97 had to do was to postulate the existence
ulation in the whole sample. The most spectaof a magnetic field in this star, which they com-
ular case is that of* Ori C, the most massive puted to have an intensi§, ~ 300 G in order
star (O7,M, ~ 45 M) of the Trapezium clus- to confine the wind (for the simplified config-
ter. The COUP observation confirmed (withuration of a dipole axis parallel to the rotation
much better statistics) the earliBXOS ATre- axis). Thispredictedmagnetic field was subse-
sult of X-ray modulation (Gagné et al. 1997)quently detected by Donati et al. (2002), with
with an amplitude of a factor 2, at the rota- an observed valuB, ~ 1 kG, recently con-
tion period of the starR;, = 15.4d). To ex- firmed by Wade et al. (2006). In such a model,
plain both the high X-ray luminosity af* Ori  the reason for the X-ray rotational modula-
C (Lx/Lpo ~ 107%), and its rotational modula- tion is not the variation of the emission as the
tion, Babel & Montmerle (1997b: BM97) pro- star rotates (since the magnetosphere is much
posed a new model of X-ray emission fromarger than the star and much of its volume
O stars. This model was based on an earliés optically thin to X-rays), but rather the ex-
model devised for the Ap star 1Q Aur (Babeltinction caused by the cooling equatorial disk.
& Montmerle 1997a), in which the (known)Fig. 3 is a sketch of the so-called “magnetically
strong dipolar magnetic field could confine thehanneled wind shock” (MCWS) model as in-
weak (unknown but computed) radiative windfroduced by BM97. More elaborate numerical
and channel it along both hemispheres intoalculations (e.g., Townsend & Owocki 2005)
an equatorial shock. At this shock X-rays ar@ave now refined this model, and recent high-
generated, and absorbed by an equatorial disksolution X-ray spectra @f Ori C have fully
formed by the cool, post-shock material. confirmed its validity (Schulz et al. 2003).
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5. Magnetospheric accretion and proposed for some O stars, but with matter be-
star-disk interactions ing channeled in the opposite direction.

There is widespread support, both observg(—_r;;]ir;iir:;igﬁsﬁoﬁ ‘gg_?ém\?vggertiecpgﬁtei\gtﬁ;

tional and theoretical, for “magnetic accretion
in CTTS, i.e., infall of disk material onto the _Kastner_ et al. (2002) for TW Hya. _Thanks to
s proximity d =~ 60 pc), TW Hya is one of

central star, channeled along (large-scale) ma . . .
netic field lines assumed to connect the stefl© Prightest CTTS, and high-resolution spec-

lar surface in the polar regions, and the inndf2 could be obtal_ned using thwlandragrat-
disk in the vicinity of the corotation radius. As'.ng?j_' T_he analysis fe"ef%'ed several anoma-
mentioned in Sect.1, the now classical theore es (')Of;‘” ‘fg‘“s.“a”y high plasma densﬁy
ical picture is that of a dipolar magnetospher Ne ~ 107cm ), i-e., an order of m"?‘gn't_“‘?‘.e
corotating with the star and with the same rot ligher than the largest coronal densities; (i) a

- A n ft spectrumTyx = 2 x 1P K); (iii) a
tion axis (“parallel rotator”, in pulsar parlance VEry SOt ; .
(e.g., Shu et al. 1997). factor 2 higher NgO ratio compared to normal

coronal abundances. Except for the Ne over-

However, a number of recent optical obserabundance, Kastner et al. (2002), and subse-
vations suggest the existence of a more struquent studies (e.g., Robrade & Schmitt 2006),
tured magnetosphere, with discrete “accretioshowed that, combined with the absence of
funnels” linking the disk to the star. This departime variability during the observations, the
ture from cylindrical symmetry may have var-data could be interpreted in terms of an accre-
ious natural causes. For instance, “oblique raion shock near the stellar surface at the free-
tator” 3D MHD stationary models (Romanovaall velocity of the gas\ss ~ 200 km s). To
et al. 2004) predict the existence of two mainlate, two more CTTS (BP Tau and V4046 Sgr)
symmetrical accretion funnels and a distortiohave been found to show X-ray accretion spec-
(warp) of the inner disk structure. The exisiral signatures of high plasma densities, deter-
tence of an inner disk warp in AA Tau, whichmined independently of the temperature on the
is seen nearly edge-on, was inferred from mubasis of the He-like NelX and OVII triplet line
ticolor photometry by Bouvier et al. (1999 ratios (Robrade & Schmitt 2006, Gunther et al.
2007a). These authors further suggested th2®06). An illustration of such a line spectrum
the warp was caused by a star-disk obliquia given on Fig. 4.
rotator interaction (see also Bouvier et al.
2007b). | would suggest another possible rea- On the other hand, the presence of several
son, in terms of local topological deformationg@ccretion funnels connecting the disk to the
of the magnetosphere caused by the underlyiisg is now invoked to explain the factor2—-3
stellar activity-generated magnetic loops. Buieficiency in the X-ray emission of (accreting)
the interactions between the small-scale (a&TTS and WTTS (Sect. 3), in terms of addi-
t|V|ty) and the |arge_sca|e (d|po|ar) magnetiélonal “Self-Shleldlngj’ prOVIded by the discrete
structures, obviously a very complex 3D MHDaccretion flows (Preibisch et al. 2005).

problem, has never been studied. As to the high NEO ratio in TW Hya,
What about X-rays ? In the precedingt remains unexplained. It is not observed in
sections, we have argued in favor of theéhe other two known “accretion X-ray” CTTS.
widespread interpretation of X-rays from hunDrake et al. (2005), noted that a high /e
dreds of young stars (Class | protostars, CTT$atio meant a metal depletion in the accreting
WTTS) in terms of magnetic activity orig- gas, that could be interpreted as a metal enrich-
inating in a convective dynamo. Howeverment of dust grains upstream of the infalling
in a so far handful of cases, the X-raysnaterial. They went as far as suggesting that
must be interpreted in terms of emission byhis could be related to early planet formation
shocks from magnetically channeled accretioin the disk, TW Hya being the most evolved
—reminiscent, in a way, of the MCWS modebmong the “accretion X-ray” CTTS trio.
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Fig.4. The He-like Ne IX triplet in the X-ray spectrum of V4046 Sgsodved by theChandra
medium-energy grating. The ratios between the limesrésonance, = intercombinationf =
fundamental) allow to compute directly the plasma denaity] reveal the high densities.(~
102 cm~3) typical of an accretion shock environment (Guinther e2@06).

6. The mysterious Herbig stars in the low-resolution spectra of several HAeBe
stars (Swartz et al. 2005).

The so-called Herbig AeBe (HAeBe) stars are

the young predecessors of intermediate-mass v observations byrUS E may hold the
stars M. ~ 2 - 4 M), the future main- answer. In recent observations of HD 163296,
sequence A and B stars. They are entirely r@peleuil et al. (2005) found that the line pro-
diative and have relatively coolfective tem- fjle of several strongly ionized heavy elements
peraturesTess ~ 5, 000-6,000K), and there- gave evidence for a weak windi( ~ 7 x
fore are not expected to show any sign of magg-9 m,, yr-t vy, ~ 300 kms?), but with a
netic activity, nor a significant wind. Yet, theirmych higher emissivity than a normal, freely
detection rate in X-rays is quite high (76%, expanding wind. These authors suggested that,
Stelzer et al. 2006). The X-ray luminositiesinstead of expanding freely, this wind is con-
known for many years to reach levels in exfined by a large-scale magnetosphere, with a
cess of the brightest TTS (e.g., Zinnecker &redictedB, ~ 700 G, in a fashion very
Preibisch 1994), as well as their soft spectragjmilar with the MCWS model of! Ori C.
preclude, contrary to the A stars (see abovghdependently, a Zeeman search for magnetic
Sect. 4), the presence of unresolved low-magg|ds in three other HAeBe stars has resulted
companions as the general explanation of thgl§ gone 5r detection of the same ordeB{ =
X-ray emission. 450 + 93 G) (Hubrig et al. 2004; see also

In the presumed absence of magnetidtPrig etal. 2007).
fields, some form of accretion shock can be
invoked. However, because the stars are more Thus, the MCWS model appears promis-
massive than TTS, their free-fall velocitiesng also to explain the X-ray emission of some
are larger {;s ~ 500- 600 km s?), imply- HAeBe stars, and implies the existence of mag-
ing harder X-rays than observed. The highaetic fields in a significant fraction of them,
resolution KMM RGS) spectrum of AB Aur, which may be the predecessors to the Ap-Bp
the first among HAeBes, with its density-stars. In that sense, in X-rays HAeBe stars of-
sensitive OVII triplet, does not show evidencder more similarities with OBA stars than with
for accretion-shock plasma densities (Tellescl@TTS stars, despite the fact that, like CTTS,
et al. 2006), although a Ne excess is presetitey are surrounded by circumstellar disks.
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7. Complementary X-ray emitting precludes observing shocks inside dense proto-
environments stellar envelopes). These conditions are rather
_ o stringent, and may explain why so few cases
To complete the picture of X-ray emission ashave been observed. In the case of L1551,
sociated with young stars, two other situationghe X-ray emission was discovered wXiMM
are possible. (Favata et al. 2002), but it took the subarcsec-
e In the “accretion-ejection” paradigm, theond resolution ofChandrato assign the X-ray
corotation, due to magnetic locking, betweesource to shocks inside the (binary) jet funnel
the star and the inner disk, is assumed. If thgithin the envelope (Bally et al. 2003); a vari-
central star is massive enough, grdyoung ety of shock configurations, using in particular
enough, the timescale for corotation may bthe binary nature of the exciting source, have
longer than the current age of the stars. CTTiseen proposed by these authors. The few other
are known to be slow rotators in general, sugublished cases correspond to bow shocks in
gesting the magnetic locking has indeed athe ISM, and can be explained in a straight-
ready taken place, while HAeBe stars tend tforward way knowing the shock velocity (e.g.,
be fast rotators, opening up the possibility of Oph, Grosso et al. 2001; HH&L, Pravdo et
incomplete magnetic locking, i.e., of afidir- al. 2004; DG Tau A, Gudel et al. 2005).
ential rotation between the star and the disk,
and the possibility of “self-reconnection” of )
the star-disk magnetic configuration and resul8- Conclusions

ing X-ray emission. It is in this context thatyyhat can X-rays tell us about accretion, mass
Montmerle et al. (2000) explained the “tripleygg ang magnetic fields in young stars ? To

flare” observed byAS CAin the Class | proto- he titie we have chosen for this review, we can

star YLW15. However, in spite of repeated oby,q,, provide some answers.

servations of this star, and even during the two- Magnetic activity-related X-ray emis-
week-long exposure of COUP, no other casgq, e " magnetic reconnection, is by far
of periodic X-ray flaring on young stars Waspe most widespread mechanism in convec-
found. _ _ tive, low-mass young stars (Class | protostars,
Star-disk interactions, without explicit ev-CcTTS and WTTS alike). In a few cases there
idence for periodic X-ray emission, have alsgs indirect evidence for a star-disk reconnec-
been invoked to explain the emission of proton in lieu of the common star-star reconnec-
tostars in general (Preibisch 2004), and arg¢ons (i.e., between magnetic loops on the star).
ments in favor of large magnetic structure, other words, as a rule X-rays can be safely
I|nk|ng the star and the inner disk have beefhken a proxy for stellar magnetic fie'dS, pro-
presented for some Orion TTS (Favata et alided some signatures are checked: hard spec-
2005). trum, flarelike light curve, coronal densities.
e In the context of shock X-ray emission,Note that the large-scal&{ ~ 0.05 AU) dipo-
we have so far discussed accretion shocks. Bk corotating magnetosphere (possibly oblique
shocks may also be produced éjgction i.e., to the rotation axis) assumed to mediate accre-
when jets, moving at velocitieg; ~ 200 tion and ejectiortannot be detected in X-rays
400 km s?, collide with the surrounding cold if it is really in a steady state. If it is not and
medium, for instance the dense envelope dffreconnection occurs, then itis likely that the
protostars, or simply the ambient molecularesulting X-ray emission will be qualitatively
cloud (in that case the higher-energy version andistinguishable from the normal stellar activ-
the usual shock interpretation of Herbig-Hardty. In other words, unfortunately X-rayser se
objects). For such shocks to be observable gannottell us anything about the magnetic “en-
X-rays, two conditions must be fulfilled: (i) gine” that is supposed to make the accretion-
suficiently high shock velocities (in practiceejection MHD mechanism work.
the high end of the observed jet velocities); (i) e However, there are a few exceptions
suficiently low extinction (which in general (three to date) to the general magnetic activ-
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ity picture. In these few cases, possibly bethe presence of such low-mass, TTS-like, un-

cause this solar-like activity is temporarily toaresolved companions. The Ap-Bp “magnetic”

low (magnetic cycles ?), X-rays come from acstars are thus likely the descendants of the

cretion shocks. The signatures are clearly diktrongly magnetized, X-ray luminous HAeBe

ferent from the preceding case: soft spectrurstars. In analogy with the magnetized O stars,

absence of flares, densities much larger thaheir magnetic fields are likely fossil, having

coronal. High densities are best proven by Hesomehow survived the formation stages.

like triplets, resolved by grating spectroscopy All in all, we conclude that X-rays from

on XMM or on Chandra Other forms of young stars, which are thermal in thed.1-10

shocks can be produced by collisions betweei@V range covered b handraandXMM, al-

the jet and the surrounding medium (protosteilvays result from some combination of shocks

lar envelope, ambient ISM), in which case thend magnetic fields. On the one hand, mag-

emission is spatially distinct from the excitingnetic activity dominates in the vast majority of

star. Such cases are also physically interestingw-mass stars, while on the other hand wind

but they are rare as well. shocks dominate in a majority of high-mass
e Conversely, in the more massive starsstars. Although the number of “hybrid” cases

which have outer radiative layers, the dominarit.e., magnetic fields- shocks) is small, they

X-ray emission mechanism is shocks pervadjive important insights into the physics of ac-

ing their radiatively unstable winds. X-rays areretion (CTTS), and into the origin and early

then precious to probe the inner structure a@volution of magnetic fields in massive stars

the wind (density and temperature as a fun¢Ap-Bp stars).

tion of radius). However, a large fraction of the

OB stars (up to~ 50% in the ONC, Stelzer AcknowledgementsThe author warmly thanks the

et al. 2005) show various indications of mag.Ol’gar!i.ZGI’S for their invitati_on, and for their patience

netic fields when they are very young. If thén waiting for the manuscript.

magnetic fields are strong enough, then they

can confine the wind inside a closed magnetq-

sphere, and the resulting “magnetically chan-

neled” flows from both hemispheres collideandre, P. et al. 1988, ApJ, 335, 940

and emit shock X-rays, with an X-ray lumi-Babel, J., Montmerle, T. 1997a, A&A, 323,

nosity exceeding that of the standard wind in- 121

stability mechanism. In that case, provided theabel, J., & Montmerle, T. 1997b, ApJ, 485,

viewing geometry is favorable, the X-ray rota- |29

tional modulation directly reveals the existencgally, J., Feigelson, E.D., Reipurth, B. 2003,

of strong magnetic fields, as in the original case ApJ, 584, 843

of ¢* Ori C. Belloche, A., Hennebelle, P., André, P. 2006,
e The so-called “Herbig AeBe stars” are A&A, 453, 145

commonly referred to as T Tauri stars scaleBerghofer, T.W.gt al. 1997, A&A, 322, 167

up in mass, because of the presence of circuiBeuther, H.,et al. 2007, in Protostars and

stellar disks antr envelopes. However, from Planets  Eds. B. Reipurth, D. Jewitt, & K.

the point of view of X-ray emission, they seem Keil, (Tucson: University of Arizona Press),

to be more related to massive stars. In par- p. 165

ticular, at least in some cases of X-ray lumiBonito, R.,et al. 2007, A&A, 462, 645

nous HAeBe stars, the MCWS model may exBouvier, J.et al. 1999, A&A, 349, 619

plain the XUV emission. For less X-ray lumi- Bouvier, J.et al.2007a, A&A, 463, 1017

nous HAeBe stars, the presence of a low-ma8®ouvier, J.,et al. 2007b, in Protostars and

companion remains the most likely explana- Planets V Eds. B. Reipurth, D. Jewitt, & K.

tion for the X-ray emission, especially given Keil (Tucson: University of Arizona Press),

that the X-ray emission of the (more evolved) p. 479

A stars, when present, is fully consistent witlBrun, A. S., Zahn, J.-P. 2006, A&A, 457, 665
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