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ABSTRACT

Context. We present the first-ever simulations of non-ideal magnetaidynamical (MHD) stellar winds coupled with disc-drivgets where
the resistive and viscous accretion disc is self-condigtelescribed.

Aims. These innovative MHD simulations are devoted to the studi®interplay between a stellar wind (havingfdient ejection mass rates)
and a MHD disc-driven jet embedding the stellar wind.

Methods. The transmagnetosonic, collimated MHD outflows are ingastid numerically using the VAC code. We first investigatewhrious
angular momentum transports occurring in the magnetmusaccretion disc. We then analyze the modifications intlbgethe interaction
between the two components of the outflow.

Results. Our simulations show that the inner outflow is acceleratethfthe central object hot corona thanks to both the thernesigore and
the Lorentz force. In our framework, the thermal accelerai$ sustained by the heating produced by the dissipatedetiagnergy due to the
turbulence. Conversely, the outflow launched from the tigsisccretion disc is mainly accelerated by the magneiarifegal force.
Conclusions. The simulations show that the MHD disc-driven outflow moffeceently extracts angular momentum than viscofiisas in near
equipartition thin magnetized discs where turbulencellg éieveloped. We also show that when a dense inner stelfz eécurs, the resulting
disc-driven jet have a fierent structure, namely a magnetic structure where pdlaidgnetic field lines are more inclined because of the
pressure caused by the stellar wind. This modification léad®th an enhanced mass ejection rate in the disc-driveanptta larger radial
extension which is in better agreement with the observatimsides being more consistent.
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1. Introduction Observations show that most of the jets are launched vesg clo

] . . ) ~ tothe central engine. In the case of YSOs, there is dire@rebs
Accreting stellar objects are often associated with calted | 4tional evidences (Burrows et al 1996) as well as in the case
jets or winds from accretion discs. Most of those objects algs some microquasars (Fender et al 1997; Mirabel 2003). For
show evidence for winds originating from a corona surrouanstance, it has been suggested that, in microquasarstest
ing the central object. These accretion-ejection phename® o mponents of the outflow are launched in the vicinity of the
observed in dferent astrophysical sources ranging from youngack hole (Meier 2003). Another piece of evidence that the
stellar objects (YSOs), X-ray binaries, planetary nebtoe-  o¢flow may originate from a region relatively close to tha-ce
tive galactic nuclei (AGNs) (see, e.g. Livio (1997) and refey g gpject is that the observed asymptotic velocity of gt
ences therein). The outflow provides affi@ent way of ex-  f the order of the escaping speed from the central engines Th
tracting angular momentum and converting gravitational efhere is a direct relation between the asymptotic speedhend t
ergy from the accretion disc or from the central object ini6-o depth of the gravitational potential (Mirabel 1999; Livied9;

flow kinetic energy. Pringle 1993). Moreover, the high-resolution imagesigfand
[OI] (Bacciotti et al 2002) reveal a continuous transverse-vari
Send offprint requests to: Z. Meliani ation of the velocity of jet, where the fastest and densest-co
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ponents are closer to the central axis. is surrounded and collimated by an ideal MHD disc-driven
The high velocity of the observed jet in YSOs suggests thaind. In the case of YSOs, two component models were con-
they originate from a region that is no larger than one astrsidered as for example in X-wind outflows (Sauty & Tsinganos
nomical unity (AU) in extent (Kwan & Tademaru 1988) and 994; Ferreira et al 2000). The inner component extrachits e
between 0.3 to 4.0 AU from the star in the case of the LVC efgies from the corona around the central region (the dentra
DG Tau (Anderson et al 2003). This theoretical prediction @bject and the inner part of the accretion disc where an ad-
supported, in the case of a disc wind, by the observationswgiction dominated accretion flow may exist), while the secon
the rotation of several jets associated with TTaurisf{f€oet al component is launched from the thin accretion disc.
2004). Moreover, in the case of Classical TTauris (CTTS) UVhe aim of this paper is to investigate the formation of a two
observations (Beristain et al 2001; Dupree et al 2005) teveamponent outflow around YSOs, one coming from the thin
the presence of a warm wind which temperature is at leastaafcretion disc and the other one being injected from the hot
3x 10°K. It appears that the source of this wind is restricted wrona of the central star. This work is developed on the base
the star itself where X-ray observations support the pmserof the disc wind simulations of Casse & Keppens (2002),Casse
of hot corona in CTT stars (Feigelson & Montmerle 1999% Keppens (2004) (CK02, CK04). The motivation is to study
These observations also suggest the existence in CTTSof dtee influence of the stellar wind on the structure and the dy-
lar winds comparable to the solar wind. These winds may hamics of the jet around YSOs. Furthermore, we investigate
thermally as well as magneto-centrifugally accelerated. the consequences of the energy dissipation in the outflaseclo
Since the discovery of the existence of winds and jets ia the polar axis. Before that, we shall present simulatwns
astrophysics, enormous progress has been made regardingtté outflow launched from a resistive and viscous accretion
understanding of these phenomena. At the same time, we sliic where magnetic Prandtl number (ratio of the anomalous
do not know precisely how the wind from the central coronascosity to the anomalous resistivity) equals unity. Tikithe
of the star or the compact object interacts with the disc odirst time that viscosity and resistivity are consideredgdither
flow and the respective roles andfdrences between these twadn the disc and included in a MHD simulation involving both
types of flows. the accretion disc and the related jet. Hence in previou&syor
On one hand, several works have studied analytically and ke viscous accretion disc was examined without taking into
merically the formation of outflows launched from the acaccount the disc wind or with an imposed internal structure
cretion disc (Blandford & Payne 1982; Cao & Sruit 1994(Mon Rekowski et al 2006) which does not enable the authors
Contopoulos & Lovelace 1994; Ustyugova et al 1995; Ouyedtet study the complete angular momentum transfer. Thus, the
al 1997; Vlahakis & Tsinganos 1998; Casse & Ferreira 2000fast part investigates the relative role of angular momentu
Casse & Keppens 2002, 2004; Anderson et al 2005; Pudritzr@insport by viscosity and by the outflowing plasma and how
al 2006). On the other hand, other works have been focusingibimfluences the formation of the outflow from the disc. Then
the outflows from the hot corona of the central objects (Sakuin a second part, we will present the results of our simutetio
1985; Sauty & Tsinganos 1994; Fendt 2003; Matt & Balickfideal MHD outflows launched from resistive, viscous, aecr
2004). In models dealing with outflows launched from accréen discs surrounding the turbulent wind accelerated ftioen
tion discs, the magnetic field plays a key role in the accretichot corona of the central star.
the acceleration and the collimation of the associatedoart
wind, which is also supported by recent observations (Oonat
et al 2005). The detection of rotation signatures in TTaets j 2. Ideal MHD outflows arising from resistive,
gives extra strong support to the magneto-centrifugaldaing viscous thin accretion discs
from accretion disc. However in stellar outflows, the windsinu . ) . . ) .
be thermally accelerated because of the strong heatingsof ¥ this section we present the simulations of axisymmetric
cous and non-ideal magnetohydrodynamical (MHD) mechiHD outflows generated from thin accretion discs where for
nisms. This acceleration increases and becomes of thetheslefhe first time viscosity is taken into account together with r
magneto-centrifugal acceleration at least near the potar a Sistivity. We recall that turbulence is believed to genetatth
Some models have already investigatefiugive disc-driven anomalous resistivityand viscosity, such that the turbulent
jet launching. In some simulations the accretion disc was cdnagnetic Prandtl number which is the ratio of the viscoubéo t
sidered as a fixed, time-independent boundary conditiofewnhiesistive transport cdiécients should be of order unity within
a constant magnetic resistivity prevails through the endist- flows where turbulence is fully developed (Pouquet et al 1976
flow (Fendt & Cemeljic 2002). Kuwabara et al (2005) have inKitchatinov & Pipin 1994). This is precisely supposed tote t
cluded an accretion disc in their resistive MHD simulatibns Case of accretion discs and stellar winds. The presencecof tw
were not able to go beyond one inner disc rotation which ist4aKing torques inside the disc may achievéedent disc-jet
too small timescale to investigate any flow dynamics. Modef@nfiguration since the angular momentum transport is modi-
involving two component bipolar outflows have been proposégd by the presence of viscosity.
in the case of AGN as for instance (Sol et al 1989; Renaud &
Henri' 1998) where an electron-pogitron central 'Wind COMPY-7  MHD equations
nent is surrounded by an external ideal MHD disc-driven jet.
Another two-component outflow model has been proposed loyorder to get the evolution of such a disc, we solve the sys-
(Bogovalov & Tsinganos 2005) where a relativistic pulsamavi tem of time-dependent resistive and viscous MHD equations,
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namely, the conservation of mass,

op
E ——V°(pV), (1)

momentum,
opv

BZ
E+V(va—BB)+V(7+P)+pV(DG=

14910
—i0?

e

-V - (mi1). 2)
We also consider the energy conservation governing the tem-
poral evolution of the total energy densdy

—ogae

g

52710

z(AU)
nsity(g/cm )

de

B2 pV? P
e= — T - [0) ; 3 6621013
7t Ty TP 3)
oe 82 19610713
—+V-|vle+P+—|-BB-v| = ‘
at+ ( + P+ 2) }

a0

Mmd? = B (V xnmd) = V(v-mpil)
wherep is the plasma densitythe velocity,P the thermal pres-
sure,B magnetic field;y is the specific heat raticCe/Cy =
5/3) andJ = V x Bis the current density. In this set of MHD
equations, the thermal pressure is derived from all comeserv
physical quantities. In order to close the set of equatiom, w

have included a perfect gas equation of state linking the theig. 1. Density contours in the poloidal plane of an accretion+téjec
mal pressure and plasma density to the plasma tempefBturstructure where a viscous and resistive MHD disc is laurghin

16510l

200102

namelyT = P/p. The gravitational potential is given by collimated jet. Magnetic field lines are drawn in black sdliiges

GM, while the fast magnetosonic surface corresponds the wbiiie lne

DG = —— (4) (Alfven surface is the black dotted line). The size of thekgiegion is
(Re+2?) R = 0.1AU and the stellar mass i\,

Note that both resistivityrf,) and viscosity £,) are taken into
account in the MHD set of equations. The viscous stress ten-
sor is given bypIT = —n, (Vv + V') + 41 (V -v)). The last
equation provides the temporal evolution of the magnetid,fie
namely the induction equation

whereH = eRis the disc height which is proportional to the

radiusR, via the disc aspect ratio ~ Cs/Vx linking the disc

sound spee@; to the Keplerian velocityk. We deliberately
choosee smaller than unity in order to get a thin disc where

OB o )

— +V(VB=BV) = -V x (7mJ) . (5) thermal pressure gradient is smaller than both centrifagell

ot gravitational forces (Wardle & Konigl 1993). The parantete

The local heating and torque in the accretion disc are geng{; = 0.1 ensures that the initial poloidal flow remains sub-

ated by the magnetic resistivity and hydrodynamical viggos ggonic.

occurring in the disc. We adopt in our simulations a magnetithe initial magnetic field configuration is taken as in CK04,

Prandtl numbePr = Z—m = 1 as it is reasonable on physical

grounds (see references above). FR2) \/78 RgMR2 1

& 0(Ré + Rz)g 1+{Z2/H2’

2.2. Initial and boundary conditions

Bo(R 7) = 10F
The initial density profile and velocities are set as follpws RR.2) = "ROZ’
; 10F V()
2 Bz(RZ) = =— ,
o(RZ) = pomax 5><1(T6,L§ 2(R2) = gar ™ (1+ R
(R2 +RY)* By(R Z) = 0. (9)
1
< |5 106 {1 (y-1)2Z>\% ©) whereg, = B2/P is set to 06 to ensure that the magnetic pres-
’ H2 ’ sure remain of the order of the thermal pressure, a necessary
) condition for a disc launching large-scale stable jetsrtex
_ RS 272 R & Pelletier 1995). The parametércontrols the initial bend-
VR(R 2) = —Voms R2 1 P\~ [z | = VZZ (7) ing of the magnetic surface. In the following simulation ve¢ s
( + RS) ¢, = 0.04. The reader may shift from dimensionless quanti-
Ré 272 ties used in our simulations to physical quantities by isgttine
V(R Z) = Vo (1 - 62) — exp(—m) (8) mass of the sta¥l,, the accretion rat#l, as well as the size of
2

the disc inner radiuR,;,

E(R2 + Ré)
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Fig. 2. Temporal evolution of several angular momentum fluxes oc-
curring inside the accretion-ejection structure dispthiyeFig. 1. The
various fluxes are normalized to the amount of angular moumeiné-
moved from the dist.yec. The dominant way to remove disc angular
momentum is provided by the magnetic torque leading to thatimn

of ajet.

520101

261108

12 M, M\ R\ 3 . - . . , -
24X 10 Woyr‘l Mo 0.1AU 9 €M™~ Fig.3. Same figure as in Fig. 1 but with a non-ideal stellar wind emit-

pPo =
12 1 ted from the inner region which ejection mass ratilis: 10°M,/yr.

V. = 95 (&) ( R )7 / km/s The disc-driven jet conserves a dynamical structure venylai to the

o= = Mo 0.1AU case where no stellar wind is emitted. The size of the sinloreig

¢ M, R 1 R = 0.1AU and the stellar mass idL,.
To=1 (M@)(O.lAU) K
N Y2 0o\ R\ 54 numerical calculations (Casse & Keppens 2002).
Bo = 783 (%) (—*) (—) G (10)
107" Moyr Mo 0.1AU The boundary conditions are similar to CK04. We designed

_ o ‘an absorbing sink around the origin in order to avoid the grav
The expression of the anomalous resistivity in the acanetiational singularity. In the first quadrant of the simutatj the

discis as in CKO4, sink region is a square of one unit length both in BhandZ
0 2 directions where matter can only enter the zovig ¥z < 1)
Mm = P—‘; = am Valzo H exp(—zm) (11) in order to avoid any numerical artifact. We consider thesaxi

and disc mid-plane as a combination of symmetric and anti-
The anomalous resistivityy, is of the same origin than theSymmetric boundaries. The top and right boundaries aresset a
turbulent viscosity since time correlations for hydrodyria free boundary (with nil gradients) except for the outer ugdif

and magnetic turbulence are the same. Thus we introduce sifi¢- disc where we impose a fixed poloidal mass accretion rate.
ilarly an anomalous viscosity, equals tonm. As in CK04, The numerical simulations presented in this paper were per-
we have replaced in the-prescription the sound speed by thérmed using the Versatile Advection Code VAC (T6th 1996),
Alfvén speed because the anomalous resistivity is relaedseehttp://www.phys.uu.nl/~toth. We solve the full set
the small-scale turbulent magnetic field. Since the dis@iesn Of resistive and viscous MHD equations under the assump-
near equipartition between thermal pressure and magmese ption of a cylindrical symmetry. We time advance the initial
sure, this does noftect the value of the transport déieients. conditions using the conservative, second-order accliziss
Through the dependence on the Alfvén velocity, this becoaneVariation Diminishing Lax-Friedrichs scheme (Toth & Ot
profile varying in time and space that essentially vanishis 01996) with minmod limiting applied on the primitive varias!.

side the disc. We takey, = 0.1 smaller than one to ensure tha¥Ve apply a projection scheme prior to every time step in order
the Ohmic dissipation rate at the mid-plane of the accretisn to enforceV - B = 0 (Brackbill & Barnes 1980).

does not exceed the rate of gravitational energy releasei¢k”
1995).

However, for smaller value af,, < 0.1 the energy released
by accretion is insfiicient to produce a strong collimated wind
crossing all critical surfaces. In the case of weak regdigfithe In order to study the angular momentum transport governing
resulting outflow remain weak and the opening angle of tlseich accretion disc, we aim our first simulation to the study
jetis small (Ferreira 1997). This result has been confirmed bf the sole resistive and viscous accretion disc threadea by

2.3. Angular momentum transport in resistive, viscous
thin accretion discs launching MHD jets
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Fig. 4. Time evolution of a two component jet launched from a thirraiton disc threaded by a bipolar magnetic field. The outfloeomposed
of a disc-driven jet embedding a non-ideal stellar wind &difrom a young stellar object located at the center of thrilsition in the sink
region. The density contours are represented with greleseehile poloidal magnetic field lines are displayed usiolidsines. The various
snapshots represent the same system buffateint stages (after five, ten, twenty, and thirty inner disations). The simulation was performed
with a stellar mass loss rate bf = 10°M,/yr. In the early stages of our simulation the stellar wind isahly outflow of the system while as
the simulation goes on, a disc-driven jet appears arounstéfiar outflow and collimates it. The size of the sink reg®R; = 0.1AU and the
stellar mass is ¥,

large-scale magnetic field. We do not set in this simulation ascales stand for logarithmic density while black lines eepr

additional outflow coming from the central star. sent the poloidal magnetic field lines. The obtained acmneti

Writing down the conservation of angular momentum in an agjection structure shows a super-fastmagnetosonic cittich

isymmetric framework, we see the two mechanisms resporjst. In order to study the éfierence with the accretion-ejection

ble for the angular momentum transport and removal, naméligws obtained by CK04, where the magnetic Prandtl number

the magnetic torque and the viscous torque was set to zero, we have measured the various angular momen-

tum fluxes crossing the internal and external radii as well as

9pVe +V. (pRVeVp - RByBp + anvag) =0 (12) through the disc surface. To do so, we define global variables
ot characterizing the angular momentum extracted from the ac-

where the subscriptp” stands for the poloidal componentcretion disc, namely

of the labeled vectors. These two toroidal forces enable an-

gular momentum transport in twoftérent directions. Indeed Luis = Lmec + Lvnp + Lvis (14)

the magnetic torque provides angular momentum along the

poloidal magnetic field, namely along the jet direction.cgin Where

thin accretion discs plasma velocity is dominated by the

Keplerian rotation, the viscous stress tensor can be apprdxvec = — f dS - pvRVy — f f dSe - pVRVy (15)

mated as (Shakura & Sunyaev 1973) Si Se

QK 3 is the variation of the angular momentum advected by the in-
RivpIlpg ~ UVRPﬁeR = _Epnvaa? (13)  flow between the external and the internal part of disc,
whereQy is the Keplerian angular velocity. The viscosity will

then initiate a radial angular momentum transport. The eangMHP = ~ fsl -dS BpRBy - fSE dSg - BpRBy (16)

of turbulence configuration in the accretion disc is quitd-en

less (as the range of Prandtl number) so we restrict ours#veis the variation of the MHD Poynting flux between the internal
the configuration predicted in the case of fully developed tuand external radii. This magnetic contribution to the rbdia
bulence (Pouquet et al 1976; Kitchatinov & Pipin 1994). gular momentum accounts for the twisting of the magnetidfiel
The result of the simulation is displayed on Fig. 1 where gregccurring inside the disc which is similar to storing angula
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Fig.5. Left: plot of the initial temperature isocontours of the accmetibisc. Right: plot of the temperature isocontours of the simulation
displayed in Fig. 3. Temperature isocontours are not dyigolan the external medium (outside of both the jet, stellamdvand disc) as it is
considered as a near vacuum medium with very low temperakteesize of the sink region R = 0.1AU and the stellar mass isvL.

momentum and mechanical energy of the plasma in the ma&gthe angular momentum extracted by the magnetic torque
netic field (generating toroidal magnetic fiedg). The amount in the accretion disc and converted into MHD Poynting flux
of disc angular momentum removed by viscosity is given by through the disc surface. Finally,

Lvis = —f dS; - eromyRITRy — ff dSe - epomRllgy (17) V1S3 = fsm ISt - €2piRiLa (1)
S| SE

is the angular momentum extracted by the viscous torquesat th
We denoted bydSe = 2rRedZer the outer and bydS disc surface wherg,I1, = —nVR%—‘Z’. However, the fect of this

2rR dZeg the inner vertical cut through the accretion disc, Withy e ohanism is zero as viscosity vanishes outside the amoret
—H<Z<H. disc (Eg. 11). We note the disc surfacedS, ;1 = 2rRdRe;

When the outflow is arising from the accretion disc, we cgfj, R < R < Re. In the case where the whole structure
evaluate the angular momentum transported verticallythgo o, o5 5 stationary state, the angular momentum conserva-
jet by considering the various fluxes through the disc sexfac tion can be translated into a global relatieng = L.

The angular momentum fluxes related to our simulation are

Lsetr = Lmecy + Lmup.s + Lvis.a, (18) displayed in Fig. 2. In this figure we have represertggp,
Lvis and L;er normalized to the flux of angular momentum
where, removed from the disd.yec. It clearly shows that inside

a resistive, viscous thin accretion disc with Prandtl numbe

equals to unity, the viscosity is unable to removeceently
Lmecs = fsm dSsurf - PV pr Vo 19 ihe disc angular momentum (as already showed by Pudritz

& Norman (1986)) since only one percent is carried away by
is the angular momentum advected by the vertical mass flowitig viscous torque. Conversely the presence of the jet has an
into the jet, important impact on the angular momentum balance because it
enables the magnetic torque to achieve a véiigient angular
momentum transport from the disc into the jet (more than

Lmrp.s = fsm dSsurs - BpRBy (20) 90%). Among the three components bfer, Lyisy is nul
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the context of our simulation, we have get o, = 0.1 leading

to a ratio of the order of Fowhich is compatible with the ratio
of Lsgr to Lyis in Fig. 2. In conclusion to this section, we see
that angular momentum extraction from a thin or even slim dis
(e < 1) magnetized disc is likely to occur in the disc-driven jet
rather than in the disc itself, for disc close to equipantitii.e.
with a plasma beta close to one. This results is consisteht wi
previous analytical models of non-resistive disc winds iehe

Log(T(K))
T T
| | |

N B

w

—
L

the accretion-related wind removes the excess of the angula
i momentum (Pudritz & Norman 1986; Pelletier & Pudritz 1992;
S0k ‘ ‘ ‘ ] Lubow et QI. 1994). . . '
0 ) ' 5 8 However, in order to have a more consistent simulation of the

accretion-ejection structures, we should take into actthen
interaction with the inner stellar coronal wind. Conveysgl
previous simulations, we shall include the acceleratiothef
Fig.6. Plot of the vertical variation &R = 1AU from the axis of the gtg|lar wind which is likely to start with a subsonic motion
temperature in the simulation displayed in Fig. 5. The sidb@sink g,y the base of the corona and then accelerates, as well as
region isR, = 0.1AU and the stellar mass isvk. the full description of the accretion disc launching jetbeT
stellar wind acceleration close to the axis cannot be exclu-
sively magnetic since magneto-centrifugfieets vanish near
because viscosity is vanishing at the disc surfacelaiid s is  the axis. Besides, the high coronal temperature is likeipto
small compared to the MHD Poynting jet flixnp,s (Mainly  duce a morefécient turbulent heating. So we intent to use the
because mass is sub-slow-magnetosonic at the disc surfaggbulent wind viscosity and resistivity as the primary ismu
This magnetic energy reservoir created at the base of the jebf acceleration of the inner stellar outflow. Turbulence rhay
used in the jet to accelerate matter such that the jet becomfuced in the stellar magnetospheric wind by its inteacti
super-fast-magnetosonic. It is noteworthy that the stmect with the disc-driven jet. The fierences between both their dy-
coming from our simulation reaches a quasi-stationarye stgfamics and thermodynamics probably induce instabilifiés:
whereLjer ~ Liis. turbulence may also have a stellar origin né possible con-
nection to the accretion occurring near the surface of thee st
In order to explain why the magnetic torque prevails in the fact, the inner accretion surface as well as the star sarfa
accretion disc, we can use some Ordering to estimate the r@@ time_dependent and inhomogeneousy |eading to ou]_y\/ard|
tive amplitude of the two torques. The magnetic torque expreyropagating Alfvén waves in the stellar wind and inducing t

2(A0)

sion is bulence. This origin of turbulence is based on an analogy wit
0By BrJIRBy models and observations of the solar wind where the solar ori
(IxB)-& = Bza_z + R 6R (22) gin of turbulence is investigated (Leamon et al 1998; Smiith e

al 2000) as the convection below the photosphere (Cranmer &

tha(;[ tvr\:et(t:snt&m%hfly knong ft.h%t mhs.ldhe'the.l dltatﬁ <§. IZZ . Van Ballegooijen 2005), (see also a review papers Goldstein
and that the toroidal magnetic field which is nil at the disdmi | (1995); Cranmer (2004)).

plane becomes of the order-eB; at the disc surface,

BZ
(0 xB) el = o . (23)
. . . 3. Two-component MHD outflows from resistive,
The viscous torque, as previously written, can be expreassed viscous accretion disc and star corona
OpyRQk | Qkpny
|V (R - €)] = R |- R (24)  The aim of this section is to model the interplay between the

. . - , o two components of a young stellar object outflow, namely a jet
since the radial variation of the various quantities is @ee |, ncpeq from a magnetized resistive, viscous accretisa di

to be like power-laws (Shakura & Sunyaev 1973). The ratio 8hd the second one, an non-ideal MHD spherical wind ejected

the two torques can be written as from the protostar hot corona. In this section, we desctilee t
(IxB) g Vi) 1 methpd that we developed for the implementa}tion of thg stel-
TRl & (C_s) (25) lar wind in the model. The results and theferences, with-
the Non-ideal MHD stellar wind model, will be discussed in
where the disc aspect ratiois much smaller than unity in athe following section. We use the same initial conditions as
thin accretion disc as well as the viscosity parameterThe in the previous section. The only modification is a change in
accretion disc has to be close to equipartition between ptagnthe boundary condition located at the top of the sink region.
pressure and thermal pressure in order to launch a jet {Feerr&Ve now replace the accretion inflow by an outward mass flux
& Pelletier 1995) so it is easy to see that this ratio is mualpda which amplitude isr times the solar mass loss rate and spher-
than unity in all magneto-viscous thin disc launching jéts. ically ejected with a speed which is a fractiérof the fast-

aye
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Fig.7. a) Plot of the ejection mass rate from the accretion digcthe inner accretion rate) the ratio of the stellar mass loss rate to the
disc-wind mass loss rate as a function of time. These pletsedated to the simulation performed with a stellar mass ¢d$1 = 107°M, /yr.

magnetosonic speed in the coroﬂ,& the stellar wind is believed to provide the main contribaotio
) 14 the outflow. The computational domain related to this simula
M = 710 "Mo/yr (26) tionis [R Z] = [0, 80]x [0, 120] with a resolution of 30% 404
VP o= s, VinB 27) cells. The other simulation stands for systems where thiaiste
R f z wind is a light and hot one, namely with a mass loss of the order
V¥ = 6, Vi (28) of M = 10°Mg/yr (7 = 10°) (Fig. 3). In these cases the stellar

In our computational domain. the sink reaion around the Ov.\{ind is lighter than the jet launched from the accretion disc
o P ] . g o Yhe computational domain associated with the second simula
gin is a square of one unit length in bdgandZ directions. tion is [R. Z] = [0, 40] x [0, 80] with a resolution of 134 204

This length corresponds to the internal rad®if the accre- cells. Itis noteworthy that since we are expecting a widgoin
tion disc but does not correspond to the physical radial disC " y P g 9

edge which is located inside the sink. In the following plots € jet due to the strong stellar mass loss in the first siraulat

we have seR o 0.1AU so that the upper limit of the sink re_we have designed a larger computational domain in order to

gion and our internal disk radius are at 20 star radii from thcgpture all the features of the resulting outflow. We havénset

. : th simulations the velocity paramedgtto 0.01 which is con-
star surface in the case of a one solar mass central objezt. tﬁﬂ yp eto

o ) . ﬁllstent with an initial sub fast-magnetosonic and sub-&iie
magnetic field near the star has a near spherical expangibn :
. : : . ejection from the corona. We assume that part of the outflow
is becoming a near vertical structure (Eq.9). Our magnetid fi

LT . T acceleration has already taken place between the stacsurfa
prescription is coherent with a magnetic field at the surfzce (hidden in the sink) and the top boundary of the sink region
the star of the order 0B ~ 2kG in agreement with observa- b y g

tional values (Johns-Krull et al 2001: Guentther et al 1989) although the flow is sometimes even sub-slow-magnetosonic

: . ; : nding on the magneti nfiguration.
our simulations, we do not model neither the very inner paq pending on the magnetic configuratio

of the accretion disc nor its interaction with the magnebesp
of the star located at & — 6R,). Nevertheless, we include 3.1. Non-ideal effects in stellar winds

in our simulations theféect of the star rotation by imposing to . . . .
the outflow a solid rotation profila//R = cst) at the top of the In most stellar wind models, the wind material is often sabje
to a coronal heating, contributing to the global acceleratf

sink region. We set the angular velocity of the outflow at th . : .
9 ang Y . .me flow. In our simulations, we assume that the coronal hgati
boundary to the Keplerian angular velocity at the inneruadi.

R.. the rotation period associated is then is a fractions, of the energy released in the accretion disc at the
' P boundary of the sink region which is transformed into thdrma
R \¥2(M, -1/2 energy in the stellar corona close to the polar axis. This sce
0.1AU ) M (29)  nario was proposed by (Matt & Pudritz 2005) and is supported
. , i by the current observations of hot stellar outflows (Dupree e
which corresponds to young star rotation periods as for i 5095y The thermal energy imposed at the lower boundary
stance GM Tau (Gullburing et al 1998). In our simulation, Wg¢ 16 corona is, at each step of the simulation, the sum of the
consider two dierent cases of stellar winds. The first one, ig, o/ mal energy:"P1 of the above stellar jet, i.e. the thermal
consistent with a heavy hot wind which mass loss is of the Qfegy of the first cells above the sink border, plus a fractio

1 — 7 - 107 i iacti i '
der of M = 10""Mo/yr (r = 107). This mass ejection rate is; ot the thermal energy at the disc inner radifis Thus the
in the range of typical mass losses for young B-star and ©O- rmal energy at the upper boundary of the sink is
type. This kind of YSO is characterized by strong outflows an

dynamical timescales around4@ars. In this class of YSO, & = &"?*! + &6, (30)

Prot = 1157days(
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The 6. parameter range is limited, from below, by the initiatub fast-magnetosonic speed and with a solid rotation itgloc
thermal acceleration at the surface of the corona whichldhoprofile. Initially, a conical hot outflow (stellar wind) pragates
balance the gravitational force and, from above, the c@rdit above the inner part of the disc. Its inertia compresses g m

to avoid a too high temperature in the corona (this gives thetic field anchored to the accretion disc. As a result thelben
upper limit). In our simulation we take a smattieient heating ing of the magnetic surfaces increases, leading to a magneti
coronad, = 107°. We deliberately use a very small value fopinching of the disc. This pinching delays the jet launchasg
this parameter in order to insure that the main heating soafrc the disc has to find a new vertical equilibrium. Thus the disc
the stellar wind lies in the Ohmic heating. We intend to studgkes a few more inner disc rotations before launching tts je
its effects compared to the prescription of a larger amount cdmpared to CK04. Once the jet has been launched the struc-
thermal energy at the base of the stellar flow. The small valuge reaches a quasi steady-state where the outflow becomes
of 6, represents the amount of energy released by Ohmic hezdrallel to the poloidal magnetic field which is parallel ke t

ing below the surface of the sink. This heating is essemtial ¥ertical direction.

order to let the flow escape from the gravity, since the flow h@se obtained solution is fully consistent with an accretiist
already undergoes an initial acceleration from the sudftiee  launching plasma with a sub-slowmagnetosonic velocitg Th
star until the top of the sink region. Moreover, the wind undesolution crosses the three critical surfaces, namely tbw-sl
goes a mechanical heating where the accreted flow at the toggnetosonic, the Alfvén and the fast-magnetosonic seisfa

of the accretion disc compress the inner wind and may sustdime other component of the outflow, namely the stellar wind,
turbulence in the wind. In Sect.(3.2.2) we will discuss @fatl is injected with sub-fastmagnetosonic velocity and cresse
stellar winds emitted from the sink where a large amount éifvén and fastmagnetosonic surfaces. The two components
thermal energy is deposited at the base of the flow. of the outflow become super-fastmagnetosonic before regchi
The interaction between theffirent components of the out-the upper boundary limit of the computational domain. Fig. 4
flow may be responsible for energy dissipation inside ttaso shows that the outflow has achieved a quite good colli-
plasma. This energy dissipation is the outcome of non-ideahtion within our computational domain. We can distinguish
MHD mechanisms occurring in the wind. In this paragraph, weetween the two components using the isocontours of tempera
show how these non-ideal MHOTects are taken into accountture which are displayed as grey-scales in Fig. 5. In thigéigu

by prescribing a turbulent magnetic resistivity takinggglan we can clearly see a hot outflow coming from the central ob-

the wind region in addition to the disc resistivity ject embedded in the cooler jet arising from the accretign.di
72 In Fig. 5 we also show that the thermal energy released by the
Nm = a@m Valz—oH exp(—2—2) Ohmic and viscous heating in the accretion disc is extraoyed
H a hot jet which is compatible with the result in CKO4. In order
R \? to illustrate the thermalféect on the outflow, we have plotted
+ awVaHw exp[—z (H_W) } (1) on Fig. 6 the temperature vertical profile along a radiustkta

at 1AU from the axis. On this plot, the temperature increases
The first term accounts for the anomalous resistivity odogrr in the disc corona before reaching its maximiine 10°K and

in the accretion disc. It vanishes outside the d&c-(H). The remaining constant.

second term corresponds to the description of an anomaldusrder to study the time evolution of both accretion and-eje
resistivity occurring in the outflow close to its polar axi$is tion phenomena in the accretion disc and around the star, we
term vanishes outside the stellar wiflX H,,) whereH,, isthe analyze the accretion and ejection mass loss rate in both com
distance from the polar axis where the Alfvén speed en@antponents. As in CK04 we draw in Fig. 7 the time evolution of
a minimum. Hence, the dissipatioffects are located in thethe mass loss ratMljep in the disc-driven jet normalized to
stellar wind component only and not in the disc wind which ihe accreted mass ratda, at the inner radiu® = 1. We
supposed to be less turbulent. For the resistivity in thibaste also displayMa; normalized to the fixed mass accreted g

wind we takea,, = 1072, a lower value than in the disc itself. at the external radius of our accretion dis&at 40. Similarly

to CK04 we observe a strong increase of the accretion rate in
the inner part with time (Fig. 7). This behaviour is related t
the extraction of the rotational energy of the accretiom tg

We first focus on a simulation where the stellar mass losstiee magnetic field. Indeed the creation of the toroidal compo
set to 10°M,/yr. The outcome of our simulation can be seenent of the magnetic field in the disc brakes the disc matter so
on Fig. 4 where we have displayed fouffdrent snapshots of that the centrifugal force decreases leading to an enhaawed
the poloidal cross-sections of the structure #iedent times of cretion motion. The mass flux associated with the disc-drive
its evolution, i.e. at 8, 16, 24, 32 rotation periods of theen jet slowly increases to reach 18% of the accreted mass rate at
disc radius. In these snapshots we have displayed resplgctithe inner radius and contributes to 98% of the total mass loss
the density contours (grey-scales) and the poloidal magnette of the outflow. In fact, in this simulation the mass ladsr
field lines (solid lines). The initial accretion disc configtion from the central object is constant (P04, /yr) while the in-

is close to a hydrostatic equilibrium where the centriffgate ner accretion rate reaches#81,/yr and the disc-driven jet
and the total pressure gradient balance the gravity. Ine¢he cmass rate 10M,/yr. Hence the stellar outflow does ndfesct

tral region, the matter is continuously emitted at the stefaf much the overall structure of the outflow. This is confirmed by
the sink region (designed to be close to the star surfacé) wihe shape of the outflow since it is reaching a very similar as-

3.2. Two-component MHD outflows from YSO
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Fig. 8. Plot of the various forcekeft: along a given magnetic field line anchored in the accretien,&ight: along a streamline anchored to
the stellar corona. These plots show the various forcedeaetimg the flow.fg is the centrifugal forcefy; the magnetic onefS the pressure
gradient andf§ the gravitational force.

pect to the one obtain in CK04 or in the previous simulation
without a stellar jet, i.e. a jet confined within 20 inner dise

dius.
-1
In order to analyze this accretion-ejection engine, we have’ 10

identify the forces responsible for the establishment eéady

accretion motion in equilibrium with a continuous emissain
matter at the surface of the accretion disc. Furthermoreawve h q,j
to look at the collimation of the outflow and its interactioftiw £ 10:5
the stellar wind. We show in Fig. 8 the various forces parag 10

lel to respectively a given magnetic field line anchored ia ths
disc and a flow streamline anchored to the central object. Tg‘lo_
various forces working along and across the field lines are &
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Fig. 9. Plot of the transverse forces as a functiofRatt a given altitude

Z =75. It shows across a given cross section of the jet, thewation
processes acting in the stellar and disc components of tHerjéhe
simulation with a stellar mass lo$d, = 10°M,/yr. fl is the cen-
trifugal force, ff the pressure gradient arid the gravitational force.
f, the Lorentz force due to the toroidal component of the magnet
field, while f{,‘lp corresponds to the poloidal component.

wheref2", f3", 2" 13" i andfj correspond respectively e, which corresponds t8,/|By| in the left panel of Fig. 8 and
to the pressure gradient, the gravitational, the centaifamd to Vp/|V| in the right panel of Fig. 8, while the perpendicular
the magnetic forces, one induced by the poloidal magnetit fieinit vector is such that, - e = 0 in Fig. 9. As the stellar wind
component and the other by the toroidal one. The indéxess resistive, the flow streamlines does not have to be pétalle
" denote forces respectively parallel and perpendiculah¢o the poloidal magnetic field to reach a quasi steady-statesin
poloidal magnetic field line. We have defined the unit vectdéfy x By = nmJg # 0.
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Fig. 11. Same plots than Fig. 8 but for a simulation where the stelEsawejection rate il = 10" M, /yr.

field. Inside the resistive accretion disc, the toroidal poment
of the magnetic field increases because of tifiegintial rota-
tion of the diso/mdBy/0s ~ fos dsrBp- VQ. Conversely, outside
the disc, the advection of the toroidal magnetic field badanc
exactly the dfferential rotatioriv %(Bgvp) = V(BpQ) (Ferreira
. ] 1997; Casse & Ferreira 2000a). This change induces a decreas
/ flux of theenthalpy of By outside the accretion disc. As shown in CK04 this con-
figuration allows matter below the disc surface to be pinched
. , and to remain in an accretion regime, while beyond the disc
010 * “ ] surface, the change of sign §f enables acceleration of mass
0 05; ‘ along the magnetic field lines (cf Fig. 8). This change in the
UE L M, magnetic poloidal force corresponds also to a change ofafign
0.00F \\/,Poymingflux e the magnetic torque J(x B) - By = —(J x B) - By ) leading to
-0.05 B the transformation of the MHD Poynting flux generated by the
010k ‘ ] disc into kinetic energy of the jet material.
The cylindrical collimation of the external outflow is inceat
1 10 100 by the pressure gradient of the poloidal component of the-mag
Z(R‘) netic field (fy}_in Fig. 9). In fact, the magnetic field in the disc-
driven jet undergoes an expansion which induces a decréase o

Fig.10. The vertical variations of specific energies, normalized ttge poloidal magnetic field in the jet compared to the outer re

maximum kinetic energy flux, along a streamline in the stedfand gion (F'_g' 9)' C(r?nversely the prgssure gradient of the daoi
with a rateM = 10°M,/yr. This plot clearly illustrates the thermaiMagnetic field {y; ) acts to decollimate the outflow because the

acceleration provided by the enthalpy to the stellar wintemial. The vValue of By is small outside the outflow and its absolute value
enthalpy gradient is here sustained by local turbulent @Hreating decreases between the massive part of the disc-drivenwutflo
representing, in our simulation, 35% of the energy releéseaccre- and the outer medium. The magnetic field lines in the massive
tion (see Sect. 3.2.2) part of the outflow are anchored to the inner part of the accre-
tion disc and extract more angular momentum than the mag-
netic lines in the outer medium. The inner part of the jetis, o
the other hand, collimated by the toroidal pinching force.

The disc-driven jet has a similar behaviour as in CK04. Irr par

ticular we find that the mass acceleration encounters two dif

ferent regimes. In Fig. 8 we see that the vertical outflow &2.2. Stellar wind embedded in a disc-driven jet

lifted from the accretion disc by the magneto-centrifugaté

and the pressure gradient up to the Alfvén surface. Beytbied, The stellar wind undergoes a thermal acceleration as long as
poloidal acceleration is mainly sustained by the pressuae gthe shape of the jet does not become cylindrical. Conversely
dient associated with the toroidal component of the magnetib the disc-driven jet, the magneto-centrifugal force rimma

flux of kinetic energy

E v

3.2.1. MHD disc-driven jets
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T T T T ] . -12
weak along the stellar wind flow. The opening angle between FAT T | | I

magnetic field lines that emerge from the sink region remains
surrounding hollow jet induced by the accretion disc. This e

plains the diference with a model of Matt & Balick (2004) 0.4
to a dipolar expansion. In our simulation, we self-considje

describe the acceleration of the inner jet in addition tcdii-

eling (Sauty et al 2002, 2004). Part of both the thermal gnerg ;!
deposited at the surface of the corona near the polar axis and "

N
ty(g/cm)

1311071

06 R | , A —2.35:1072
weak. In fact the stellar outflow starts to be collimated by th — 1
A —12.09:1012
where the stellar wind is the only outflow and which is prone L 302
o ] 1571012
mation, something that can be compared with analytical mod- K /

densi

the energy deposited by the turbulence in the stellar wind is 108010712
transformed into kinetic energy (Fig. 10) along the streéael -0.2
We have estimated the amount of Ohmic heating released in the 7.8401013
stellar outflow in the context of our simulation, namely o4
b 5221013

Pohmic = ff (Tlm‘JZ =B (V xnmJd))dV (40) 2.61+1013

v :
whereV stands for the stellar outflow volume. The volume inte- L v v 1 Ml
grated heating represents 35% of the energy released bg-accr 04 -0z 00 02 04

tion. However, the streamlines in the stellar wind are stthije R(AV)

a larger expansion (relatively to the jet cylindrical raglat the Fig.12. Same density plot than Fig. 3 but for a smaller zone around

Alfvén surface) than the streamlines anchored to the tioare the sink. The three critical surfaces are represented ds ldes

disc. Therefore, the angular momentum conservation ireluéglow-magnetosonic), dashed lines (Alfven) and whiteesir(fast-

a decrease of, and B,. In the asymptotic region, the mag_magnetsonlc). The size of the. sm.k regionRs = 0.1AU and the
- i . ...~ stellar mass isM,. The sink region is represented by a black square

netic field lines become almost radial so that the prOJeccl)nl'onin the center

the magnetic pressure gradients along the magnetic fiedd lin

become positive. The flow undergoes magnetic and thermal ac-

celerathn |n.th|s region. S 3.2.3. Ideal MHD two-components outflows

The collimation of the inner part of the jet is induced by the

thermal pressure plus the pinching of the toroidal compbnein alternative to the presence of turbulence in the steliadw

of the magnetic field. They balance the centrifugal force amebuld be to have a mechanism acting near the star corona and

the pressure of the poloidal component of the magnetic figldnsforming a part of the accretion energy into thermaigne

(Fig. 9). Besides that, the simulation show that the inner pgsee for instance Matt & Pudritz (2005) and reference thgrei

tion of the stellar jet has a deep in density (Fig.4) and a pe¥le have performed several simulations without turbulenee i

of velocity around the axis (Fig. 13). Thus, all these facig-s side the stellar windd, = 0) and where the value @ was

gest that the very inner part of the outflow, the so-calledepiregularly increased (and thus the amount of thermal endrgy a

jet, behave as a meridionally-self-similar jets as in Saitgl the top of the sink). We have found that, in our simulations,

(2002, 2004). We observe that this is a kind of "hollow” stethe maximal value o, is around 16°. Beyond that value, the

lar jet "thermally” driven and both magnetically and thetlyja pressure above the sink is so large that it disrupts the tacre

confined, inside the "hollow” disc jet. This result is to bexto disc structure and prevents the launching of the disc-dijee

pared to the analysis of CK04 where it is shown that the elt-is noteworthy that such value ¢f are linked to very large

ternal disc jet is, partially at least, behaving as a ragligdllf- value of thermal energy released in the star corona. Indeed,

similar one. reader has to keep in mind that the top boundary of the sink

On Fig. 12, we have displayed temperature isocontoursnwvithis quite far from the stellar surface (typically 20 stelladii)

a small area around the sink region. Thanks to this plot, we cso that if the flow undergoes a spherical expansion with a con-

see that the magnetic lever arm associated with the varigtis gtant thermal energy flux, the thermal energy depositeddn th

flow components are flerent. Indeed the disc-driven jet ex-corona would represemt(R/R.)? of the energy released by

hibits magnetic lever arm (related to the ratio of the Atfvéaccretion. This amount of thermal energy may then represent

radius to the magnetic field line foot-point radius) varyaqm significant fraction of the accretion energy. Among our agalc

proximately from 9 to 25 while the magnetic lever arm assdation done without stellar outflow turbulence, we have cexdi

ciated with the stellar wind is ranging from 0 near the axis tiat the structures fulfilling observational constraimicide

several tens, if one considered the foot-point of magnétmsp with the largest value of. allowing disc-driven jet launching

magnetic field line to be anchored to the star. This last magnétypically 103). The resulting two component outflow is very

lever arm value may not be very reliable since we have impossthilar to simulations done with turbulence in the stellandv

the size of the sink and thus influenced the radial extendion(and a very smalb,), except the terminal velocity of the stel-

the magnetospheric outflow near the sink. lar outflow as shown in Fig. 13 where we have displayed the
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Fig. 13. The transverse variation of the vertical velocityZat 8AU, for the simulation with stellar mass lo&% = 10-°M,/yr, M, = M,, and

R = 0.1AU, Left: without any non-ideal fects in the stellar wind but with a large amount of thermalrgneleposited at the base of the
stellar outflow §, = 1073. Right: With turbulent viscosity and resistivity in the stellar wiand a small amount of thermal energy at the base
(6. = 1075, The turbulence enables a better thermal stellar massesatieh as velocity becomes larger near the polar axis.

g2
vertical velocity of matter along a radial direction lochtat 2810

Z = 80R;. In this figure we can clearly see that the stellar wind
prone to turbulent heating is faster than the ideal MHD atell
wind. The poloidal mass acceleration in this zone is vergisen
tive to thermal heating since magneto-centrifugal is Vaing
here. A continuous heating, as generated by Ohmic heating,
seems morefBcient to accelerate mass since it is “refilling”
the thermal energy reservoir available for acceleratiamgl

the flow.
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—s70002
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3.3. Massive stellar winds vs. sun-like mass loss rate
wind effects on disc-driven jet

I~
ty(g/cm™)

densi

In the simulations presented so far, we have seen that winds
with mass loss rate similar to the Sun (up toM,/yr) do not
greatly influence the disc outflow since their general behavi
remains similar. However in the case of a massive stellathjet
inner wind may strongly influence the outflow as it can be seen
in a new simulation performed for a stellar wind mass loss rat
setto 10'Mo/yr (Fig. 14). The radial stellar wind compresses
strongly the magnetic field anchored in the accretion dife T
enhanced magnetic field bending (even in the external part of
the accretion dis® > 30) leads to an increase of the magnetic
pinching in an extended region of the dis<1R < 30. Thus

the outflow is launched from all this region since the Blamdfo

& Payne criterion is fulfilled everywhere (Blandford & Payne
1982). Indeed the magnetic field becomes dynamically domi- R(AV)

nant in the disc corona of this region. The magnetic bending

larger than 30from the vertical direction leads to a centrifugagig 14. Same figure as in Fig. 1 but with a non-ideal stellar wind emit-
force and a thermal gradient pressure mdfiient to launch ted from the inner region which ejection mass riste= 10" M, /yr.

the outflow from the disc (Fig. 11) as it can be seen in the jeke outflow structure is substantially modified by the preseuf the
mass loss which reachedb0of the accretion rate in the innerstellar outflow since its radial extension is two times lathyan in the

part (Fig. 15). However, the amplitude of the magnetic forg@se with no or weak stellar outflow. The size of the sink nedgeo

& - (J x By) projected along the poloidal direction become8 = 0.1AU and the stellar mass i\

weak since the projection alorgy of the magnetic pinching

force increases with the expansion of the magnetic field (see

Fig. 11). now represents 5% of the accreted angular momentum at the
The angular momentum carried away by the stellar outflanner radius of the accretion disc. Regarding the accéderat

23500712

176102

118102

5 g:0°13
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of the outflow, we can distinguish two regions: an interna orthermally driven by the turbulent viscous and resistivesdes
corresponding to the contribution from the stellar outflovda in a region close to the polar axis. In order to mimic the non-
an external one coming from the disc-driven jet. This lash€o ideal efects believed to occur inside the stellar wind, we have
ponent reaches velocities upwp= 15 (Fig. 16). The accelera- prescribed anomalous viscosity and resistivity in the wied
tion of this component is thermally and magneto-centrifiyga gion, leading to a turbulent heating of the plasma near thez po
driven which is coherent with the larger radial expansion aiis.

the stream lines (see Fig. 11). In the inner stellar wind, thge have performed various simulations usinfietient stellar
flow undergoes a weak expansion and its velocity do not axass ejection rates from the central objects. These sejlar
ceedv, = 6.8. The acceleration of this component is mainljion mass rates range from Sun-like stsr € 10-°M,/yr) to O
achieved via the thermal pressure which is quite expecteesiand B type starsNl = 10-"M,/yr). The influence of the stellar
the mass density is much larger than in previous simulatiannd on the dynamics and the structure of jet and the aceretio
whereM = 10°M,/yr. Let us note that the fast-magnetosoniejection structure around the stellar object gets stromgir
Mach number remains larger than one for the whole outfldarger stellar mass ejection rates. As an example in thelaimu
(Fig. 16). tions where stellar mass ejection rate Bte= 10°M,/yr, we
obtained very similar disc-driven jet than in CK04. The only
difference lies in the presence of the internal fast hot plasma
coming from the central object. In this simulation, the &t

In this paper we present numerical simulations descritfieg tmass rate in the disc-driven jet is similar than in CK04, nigme
interaction between an accretion-ejection structuredaing a of the order of 15% of the inner disc accretion mass rate while
disc-driven jet and a stellar wind emitted either from tha-cethe stellar ejection mass rate represents 1% of the totat mas
tral object angbr from its magnetosphere, in particular for théoss in the outflow. In our simulations, the collimation oéth
case of YSOs. In our framework, the accretion disc is nestellar outflow takes place once the jet from the accretisn di
equipartition between thermal pressure and magnetic ymesss launched and has reached a significant spatial exterisson.
where turbulence is believed to occur. This turbulence &-chcollimation is mainly provided by the pinching of the torald
acterized by a time and spatial dependent anomalous vesisthiagnetic field in equilibrium with the thermal pressure grad
ity and viscosity set by using am description. The origin of ent. Conversely the collimation of the jet from the accnetio
the turbulence is still unknown but is not likely to ariserfro disc is induced by the poloidal magnetic field pressure gradi
magneto-rotational instability since an equipartitiosadis in- balancing the centrifugal force. Furthermore, in all thraudia-
consistent with the development of such instability (Oigil& tion the stellar wind keeps having a more or less conicalexpa
Livio 2001). sion up to the asymptotic region where the disc-driven j&t ac
The properties of both the accretion disc and outflow were ito collimate the stellar flow into a cylindrical flow. These-im
vestigated in this paper. In a first stage, we have analyzed gortant results are self-consistently obtained, contrargim-
contribution of the various hydrodynamical and magnetohytations of Bogovalov & Tsinganos (2005) where a relatigist
drodynamical mechanisms contributing to the angular mememind was collimated by a jet but without considering either t
tum transport in the thin accretion disc including, for thstfi accretion disc, the jet launching or the stellar wind aaeele
time, both anomalous viscosity and resistivity, with a metgn tion. Indeed in our model we describe in a self-consistent wa
Prandtl number equals to unity. We have demonstrated that the launching and the collimation of disc and stellar wind. |
MHD Poynting flux associated with the disc-driven jet playparticular, our simulations completely describe both tleday

a major role in the removal of the angular momentum froflow acceleration (the stellar flow is injected with sub-Adhic

the thin accretion disc. The angular momentum radial transelocity) and the launching mechanism of the jet from the ac-
port provided by the anomalous viscosity inside the disc reretion disc. Regarding stellar flow dynamics, we have shown
mains weak and contributes only to 1% of the total angultrat the contribution of non-ideal MHD mechanisms in the ac-
momentum transport (this value being in agreement with ateleration of the stellar outflow can be significant since-tur
alytical estimates depending on disc thickness angalue). ing on this dissipative mechanism leads, for instance,rigela
This is consistent with the fact that the viscous torque ddpe terminal velocities of the stellar jet-collimated flow. Opire-
upon the radial derivative of angular velocity while the magscription of these dissipative mechanisms is of courseestibj
netic torque is mainly controlled by the vertical derivatiof to improvements but our goal was to show that they enable an
the toroidal component of the magnetic field. In a thin adoret increase of theficiency of both the thermal and magnetic ac-
disc, the toroidal magnetic field varies from zero to an eguip celeration of the stellar wind. The turbulence may be preduc
tition value on a disc scale heigéR, ¢ < 1, leading to a much by the interaction of the stellar wind with the disc-drivet. j
more dficient extraction of the rotational energy from the magvioreover, as in the solar wind, the turbulence in the stellar
netic torque into the MHD Poynting energy flux feeding the jetvind may also have a stellar origin aiod a possible connec-
Basically, with our simulation and despite the disc vistygsi tion to the accretion occurring near the surface of the #tar.
we have reproduced very similar results than those obtdipedthis scenario, a part of the energy released by accretioaris c
CKO04 where the viscous torque was neglected. ried away in the wind by outwardly propagating Alfvén waves
In the second stage of the present paper, we have studiedititkeicing turbulence. This scenario is a variant of modelsngh
effects induced by the launching of a stellar wind inside thesignificant part of the accretion energy is converted iné-t
hollow jet arising from the accretion disc. The stellar atfis mal energy in the star corona (see Matt & Pudritz (2005) and

4. Summary and concluding remarks
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Fig. 15. Plot of the temporal evolution of the ejection mass loss frateé the accretion disc in a), the ratio of the stellar mass Iate to the
ejection mass loss rate from the accretion disc as a funofiime in b), for the simulation with a stellar mass loss @fté/1 = 10~ My /yr.
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Fig. 16. The transverse variation offtérent physical quantities as magnetic field componentscitglcomponents and the fast-magnetosonic
Mach number at Z 100, for the simulation with stellar mass ldgls= 10" M,/yr

references therein). By performing simulations with ndlate extra expansion of the disc jet. Typically a mass loss ratenfr
wind turbulence but with a large amount of thermal energy tite star of the order afl = 10-"M,/yr gives a factor two in

the base of the wind, we have found quite similar result eixcape radial expansion of the disc-driven jet. Although thealto

for the velocity field, the resistive continuous heating loé t jet remains small in cross section as in CK04 and compared
stellar wind being moreficient to provide higher velocity. It to self-similar disc wind models, the stellar jet may playalr

is noteworthy that, similarly to models depositing thermat important role in the formation of the disc wind. Note at this
ergy near the stellar corona, the amount of energy releasedstage that we verify that as part of the external disc wind may
the turbulent heating is a significant fraction of the adoret look quasi radially-self-similar in nature, the most inpert of
energy (in the particular case of our simulations, it repnés the stellar wind is quasi meridionnally self-similar. Inrauork
near 35% of accretion energy). Note also that similar doubde have neglected all radiative losses coming from the cen-
layer jets where found by Koide and collaborators in variodsal star or from the plasma itself. The implementation efsi
simulations (e.g. Koide et al (1998); Koide et al (1999)) buerms and the study of their impact on the outflow structure is
those simulations were devoted for rapidly variable jetgh(w postponed to future works.

only a few disc rotations) and not for steady structures.

We have performed simulations with larger stellar mass-ej
tion rate, typlcally withM = 10""Mo /yr (compatible with O.'B the hospitality of the Garching group. Part of this reseavels sup-
type stars). The increase O,f the stellqr mass loss rate md'“%?orted by European FP5 RTN "Gamma Ray Burst: An Enigma and
a faster and larger expansion of the jet. Indeed the enhangeflo" zm thanks Claudio Zanni for many valuable suggestio

pressure provoked by the stellar wind tends to bend the disgally, FC would like to thank Sylvie Cabrit for many helpfie-
magnetic field lines over a larger radial extension, leattinr® marks and advises.

larger disc-driven jet. The corresponding disc-drivennjetss
ejection rate is much larger than in previous simulationsesi
it reaches 50% of the disc inner accretion rate (stellartiejec
mass rate of the order of 10%). The simulations give a quamiinderson, J.M., Li Z.-Y., Krasnopolsky R., Blandford R.D.,
tative threshold beyond which the stellar jet gives a sigaift 2003, ApJL, 590, L107

nowledgements. ZM thanks Henk Spruit, Andrea Merloni and
imitrios Giannios for many valuable suggestions. ZM istefa for
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