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Three different scenarios have been proposed to explairfatmation of high-mass stars
(M>8 Mg). In the most popular scenario, core accretion, massive fam similarly to the
low-mass stars (M8 M). In low-mass star-formation magnetic fields are thoughtl&y an
important role by removing excess angular momentum, byislpwlown the collapse, and by
powering bipolar outflows. However, the role of magnetiafetiuring the protostellar phase of
high-mass star-formation is still undetermined. In paittic, it is unclear how magnetic fields in-
fluence the formation and dynamics of disks and outflows. Mosent information on magnetic
fields close to high-mass protostars (10s-1000s AU) conar frolarized 6.7-GHz methanol
maser emission. By using European VLBI Network observativa have investigated the mag-
netic field around eleven massive star-forming regions.ekia present the results achieved so
far.
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1. Introduction

Magnetic fields play an important role in the formation of fovass stars (M< 8 M,). In-
deed, the gravitational collapse of molecular clouds pdsereferentially along the magnetic field
lines, giving rise to large rotating disc or torus structuoethogonal to the magnetic field (e.g., [1]).
Consequently, the molecular bipolar outflows, which odginfrom the protostar, are driven par-
allel to the magnetic field (e.g., [2]). Although the highsaastars (M> 8 M.,) are thought to
form in a similar way as the low-mass stars [3], the role of naig fields in their formation is
still under debate. The debate is due to the observatioffadulies in measuring the magnetic
fields close to the massive protostars, which are rare aridatiypat fairly large distance. Until
now, the observations of magnetic fields have often beenddrto low density regions at scales
of several thousands astronomical units (AU) (e.g., [4]). dBserving the polarized emission of
6.7-GHz methanol masers with radio-interferometers il possible to measure the orientation
of magnetic fields at scale of hundreds and tens AU (e.g., [@preover, this maser species is
also ideal for measuring the Zeeman-splitting even thohghekact proportionality between the
measured splitting and the magnetic field strength is sidleutain [6].

Furthermore, only recently the magnetic fields have beended in theoretical simulations
of massive star formation (e.g., [7], [8], [9]). The simidais show that magnetic fields coupled
to the prestellar discs are the possible driving power folyeautflows [7], and their strength can
influence the collimation and the velocity of the outflows]([®]). Besides contributing to the
formation of outflows, the simulations show that magnetifigorevent fragmentation, reduce an-
gular momentum via magnetic braking, and only marginalfiuences the accretion rate ([7], [8],
[10], [11]). For weak magnetic fields Keplerian discs withes of a few 100 AU are easily formed,
while for strong magnetic fields the Keplerian discs are fednonly if turbulent velocity field is
introduced in the simulations [11]. At last, magnetic fietté&termine also the size of IHregions
that in the presence of strong magnetic field are generalfflenthan without magnetic field [8].

Therefore, providing new measurements of magnetic fielgmntation and strength at mil-
liarcsecond (mas) resolution close to the massive pragbtausing 6.7-GHz methanol maser is
fundamental to verify and/or improve the numerical simaola of massive star formation. In the
last five years we have observed with the European VLBI Ndt{lB¥N) 11 massive star-forming
regions at 6.7-GHz in spectral mode and in full polarizafiee refer to it as the EVN sample). The
results are reported in several papers ([12], [13], [14]) hare we summarize them by focusing
on three cases.

2. Magnetic field along outflows. The case of W75N-VLA 1

In five sources of the EVN sample-60%) we have found that the magnetic field is oriented
along the molecular outflows. The sources are W75N-VLA 1, W38 1IRAS06058+2138-NIRS 1,
IRAS22272+6358A, and S231. In one case, IRAS18556+0138thgnetic field is probably
along the outflows but additional observations are necggsae [14]). Here, we focus on the case
of W75N-VLA 1.

W75N-VLA 1is a Hil region in the active high-mass star-forming region W75N{8ated at
a distance of B0+ 0.07 kpc [15]. A large-scale high-velocity outflow, with an emsion greater
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Figure 1: Modified version of Fig.1 of [12]. The linear polarizationoters are also reported (20 mas
correspond to a linear polarization fraction of 1%). Thehdaklines indicate the large-scale direction of the
magnetic field.

than 3 pc and a total molecular mass greater than 255 Whs detected from the region [16].
We have detected linear polarized emission in 8 (out of 10)@H masers with a flux weighted
orientation of the linear polarization vectors @Qf) = —14°+8°. Because the angle between the
maser propagation direction and the magnetic fi@)dg greater thar;; = 55°, which is the Van
Vleck angle ([17]), the magnetic field appears to be perpesaii to the linear polarization vectors,
that is (dg) = +76°+£8° (Fig. 1). Therefore, because the position angle (PA) of tilaws

is 66°, the magnetic field is oriented along the outflow. This is asofirmed from HO maser
polarization observations that indicate an orientatiothefmagnetic field very close to that derived
from the CHOH masers ([18]), suggesting that VLA 1 is the driving souotehe large-scale
molecular bipolar outflows. For more details see [12] and.[18

3. Magnetic field on surfaces of torus/discs. The case of NG638-IRS 1

In about 40% of the massive star-forming regions of the EViM@a, magnetic fields have
been measured on the surfaces of tori/discs (NGC7538-IR83(OH)-group Il, S255-IR, and
IRAS20126+4104). The best example is NGC7538-IRS 1. IRStHeidrightest protostar of the
complex region NGC7538 located at 2.65 kpc from us [19]. THoégstar has been suggested to be
an O6 star of about 30 M(e.g., [20]) surrounded by a molecular torus @A0) and from which
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Figure 2: Modified version of Fig.1 of [13]. The linear polarizationoters are also reported (60 mas
correspond to a linear polarization fraction of 1%). Thehdakellipses indicate the direction of the magnetic
field.

a molecular bipolar outflow (PA- 140°) with a mass of 82.8 M has been launched ([21],[22]).
We detected linear polarization emission towards 20 (0d489%6.7-GHz CHOH masers. Consid-
ering the velocities of the C4#DH masers we suggest that the masers are associated withike t
structure and, in particular, are tracing the interfacavben the infall and the torus. From the
linear polarization vectors of the GBH masers (Fig. 2) we determined that the magnetic field is
on the surfaces of the torus with a counterclockwise dioectin the top surface. The direction of
the magnetic field can be estimated from the sign of the Zeesphiting measurements, see [13]
for more details.

4. Magnetic fields at different scales

In few cases we were also able to compare the morphology ahtignetic field determined
from the CHOH masers with that measured by using the dust polarizedsemigwW51-North,
W51-e2, W48). The best example is shown in Fig. 3. W51-e2datk in the eastern edge of the
massive star-forming region W51 at a distance of 58% kpc [23]. Tang et al. [24] determined
a hourglass-morphology of the magnetic field near the csithgpcore of W51-e2 by observing the
dust polarization emission at 87im (red segments in Fig. 3). The morphology determined from
the linearly polarized emission of 6.7-GHz @BIH masers (green segments in Fig. 3) is consistent
with the hourglass morphology.
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Figure 3: Modified version of Fig.5a of [24]. The magnetic field (red semts) detected with the SMA
(angular resolution’07 that corresponds 84000 AU) is superimposed on the 8@ continuum contour

map of W51-e2. The green segments mark the direction of tiymetia fields as derived from the GABH
masers (angular resolutiod.001 corresponding te- 5 AU).

5. Conclusion

In the EVN sample we measured magnetic fields both along wgfie 50% of the sources
of the EVN sample) and on the surfaces of torus/disesiQ%). In the remaining 10% of the
sources (actually only W48) the association of the magriigid was impossible because of the
poor information about the structure of the source, conseiiyy more observations are necessary.
In general we found a good agreement with the theoreticallations, and in particular with the
importance of the magnetic fields in the build-up of earlyflouts (e.g., [7]). In conclusion we
have demonstrated the power of 6.7-GHz {0l maser polarization observations in deducing
the magnetic field morphology around massive protostarsaes between 10s and 1000s AU.
Furthermore, we showed the great importance of the EVN i tb$earch field and its role is
even more important now that the software correlator (SF2iGhe Joint Institutes for VLBI in
Europe (JIVE) is available. Indeed the SFXC allowed us togase the spectral resolution of our
observations implying a more precise measurements of tamZe-splitting.
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