
unveiling magnetic fields in massive protostars

Thermal line polarisation 
(Goldreich-Kylafis effect) 
allows a 3d scan of the 
magnetic field. 

CH3OH

H2O

OH

(review by Crutcher & Kemball 2019) 

DUST polarisation gives an 
overview of the magnetic field 
at the core and cloud scale.

By applying Davis-Chandrasekhar-Fermi 
method or the Structure function, we 
infer the magnetic field strength. 

G9.62+0.20 
(Dall’olio et al 2019) 

(review by Hull & Zhang 2019) 

we use the “portal“ code to 
model the Polarisation response 
from each molecule and produce 
magnetic field maps.

Maser polarisation traces the 
magnetic field at the disc/jet scale.

SiO 

CS, H2S, SO, SO2

each molecular line is 
emitted by a known layer 
of the protostar.

Lankhaar et al. 2020

We select h igh-mass 
protostars, spanning 
different luminosities and 
masses. 

w e o b s e r v e t h e m a t 
several wavelengths and 
scales. 

we compare magnetic 
field estimates obtained 
with different tracers.

6.7 GHz  
methanol masers
340 GHz  
dust continuum
     VLA   44 GHz  
methanol masers

IRAS18089-1732

VLA observations of 44 Ghz methanol masers

we will compare magnetic field 
parameters between different 
tracers in several sources.

Dall'olio et al. 2017, 
2020, and in prep. 

pinwheel morphology  
of the magnetic field at the 
core scale in g24.78+0.08

Dall'olio  
et al. in prep. 

Magnetic field lines 
appear to have been 
t w i s t e d b y t h e 
infalling material.

multi-scale hourglass morphology 
of the magnetic field in G31.41+0.31 

Furuya et al. in prep. 
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Fig. 2. Top panel: linearly polarized intensity P (colors) and dust con-
tinuum emission map (contours) at 1.3 mm in G31. Polarized intensity
ranges from 0.11 to 2.4 mJy beam�1. Bottom panel: polarization frac-
tion p (colors) and dust continuum emission map (contours) at 1.3 mm.
Polarization fraction ranges from 0.1 to 13%. The red thick segments
in both panels indicate the magnetic field lines. Segments are shown
every eight pixels. The synthesized beam is shown in the lower left-hand
corner. Contours and symbols are the same as in Fig. 1.

this case, self-scattering could be significant only if the max-
imum grain size is at least 50 µm (see Kataoka et al. 2017).
However, the observations are sensitive to scales from ⇠103 to
104 au, so it is unlikely that dust grains at such scales have grown
to the sizes observed in circumstellar disks at ⇠100 au scales or
lower (tens to hundreds of 1 µm: e.g., Girart et al. 2018; Bacciotti
et al. 2018) for which dust scattering has been observed (Girart
et al. 2018; Bacciotti et al. 2018; Hull et al. 2018; Dent et al.
2018), although there are exceptions (see Alves et al. 2018).

4. Analysis

4.1. Modeling the magnetic field

Assuming that the polarization pattern is due to dust grains with
their shortest axis aligned to the magnetic field, we used the
DustPol module of the ARTIST package (Padovani et al. 2012)
to model the magnetic field morphology. We modeled G31 as an

axially-symmetric singular toroid threaded by a poloidal mag-
netic field (Li & Shu 1996; Padovani & Galli 2011). Following
Padovani et al. (2013), we added a toroidal force-free component
of the magnetic field, modified here to mimic the effects of rota-
tion. In practice, we allowed the magnetic field to make a “kink”
at the midplane, assuming opposite signs of the toroidal compo-
nent above and below the midplane. The ratio of the toroidal and
poloidal components of the field remains approximately constant
along each field line, except close to the magnetic axis, which
coincides with the rotation axis, where the toroidal component
dominates (see Padovani et al. 2013 for details).

This model has four free parameters: (i) the mass-to-flux
ratio, �, defined as

� = 2⇡G1/2 M(�)
�
, (1)

where G is the gravitational constant, � the magnetic flux, and
M(�) the mass contained in the flux tube �; (ii) the ratio b0
between the strength of the toroidal and the poloidal compo-
nents of the magnetic field in the midplane of the source; (iii) the
orientation of the projection of the magnetic axis on the plane
of the sky, ', measured from north to east (i.e., counterclock-
wise); and (iv) the inclination with respect to the plane of the
sky, i, assumed to be positive (negative) if the magnetic field in
the northern sector points toward (away from) the observer. The
model is isothermal, and the value of the sound speed provides
the scaling for both the density and the magnetic field strength. In
order to match the observed intensity at 100, we set the effective
sound speed to 1.4 km s�1.

We considered three different values for the mass-to-flux
ratio, which controls the pinching of the field lines as well as
the flatness of the density distribution: �= 1.63, corresponding
to the case of strong field and flat density profile, �= 8.38, cor-
responding to the case of weak field and quasi-spherical density
profile, and an intermediate case, �= 2.66 (see Table 1 of Li &
Shu 1996). We also accounted for different values of b0, rang-
ing from the purely poloidal case (b0 = 0) to the case where the
toroidal component is half of the poloidal component in the mid-
plane (b0 = 0.5). We assumed the temperature profile modeled
by BEL18, and we verified a posteriori that using a constant
temperature does not significantly affect our conclusions (see
Sect. 4.2).

The DustPol module is an extension to the Line Modeling
Engine (LIME) radiative transfer code (Brinch & Hogerheijde
2010). Besides calculating line profiles in the far infrared and
submillimeter regimes, LIME can ray-trace given density and
temperature profiles, estimating the continuum flux. DustPol
computes the Stokes I, Q, and U maps (see Eqs. (4)–(8) in
Padovani et al. 2012) and stores them in FITS format, which are
straightforwardly used as an input for the tasks simobserve and
simanalyze of CASA, adopting the same antenna configuration
of the observing runs. Finally, from these synthetic maps we gen-
erated the polarization angle patterns to be compared with those
obtained from the observations. For each combination of �, b0, ',
and i, we performed a chi-squared test for the difference between
the observed and the modeled polarization angles within the 5�
contour of the 1.3 mm dust emission map. We found that the
polarization pattern is in general well reproduced by a purely
poloidal magnetic field. Adding a small toroidal component
slightly improves the quality of the fit, provided the latter is not
larger than ⇠10% of the poloidal component (see Appendix B).
Therefore, from now on, we only consider the case b0 = 0.1 in
our models. For the sake of completeness, Appendix B shows
the results of our modeling for b0 = 0, 0.25, and 0.5.
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Girart et al. 2009 Beltra’n et al. 2019) 

coreCloud disc/jet

G24.78+0.08

SMA

Higher resolution observations with ALMA are needed to 
confirm the spiral morphology at smaller scales.

It is still unclear how magnetic fields 
influence high-mass star formation. 

M a g n e t i c f i e l d 
lines permeate the 
ISM and the Giant 
Molecular Clouds.

in a magnet ically 
regulated collapse, 
the field lines are 
d r a g g e d b y t h e 
infalling material…

…generating an 
hourglass-shaped 
morphology.

eventually, magnetic field 
lines are twisted, carried 
by the rotating material in 
the Torus.

A possible way to answer these questions 
is to investigate several spatial scales..

.. From Cloud ..

..To core..

..To jet/Disc.

10000-1000 au

1000-100 au

>10000 au

. . a n d o b s e r v e c l e a r 
signatures of a magnetically 
regula ted c ollaps e , a t 
different wavelengths and 
using different tracers. 

While some works have 
observed consistency 
with this theoretical 
model ..

..other studies 
showed evidence 
of more chaotic 
magnetic field 
morphologies.

how do magnet ic f i elds 
affect the fragmentation of 
the molecular cloud, the 
collapse of the core and the 
formation of discs and jets? 

Are magnetic fields dynamically 
important with respect to gravity 
and turbulence?

Daria Dall’olio  
chalmers universitY of technology, sweden 
inaf—osservatorio astrofisico di arcetri, Italy 
daria.dallolio@chalmers.se

Magnetic fields inside-out

thermal line polarisation analysis  
of IRAS18089-1732

???

A Multi-wavelength and multi-scale 
Analysis produces the most complete 
view of the magnetic field in a targeted 
protostar.  

Multi-tracer observations verify the 
consistency of the magnetic field 
orientation across multiple spatial 
scales and wavelengths, increasing the 
reliability of the results. 

ALMA

CO 3-2 band 7

つづく

NGC 7538-IRS1 
(surcis et al. 2011) 

Dall'olio  
et al. in prep. 

By detecting circular polarisation 
(zeeman splitting), we measure the 
magnetic field strength. 

the pinched magnetic field maintains its shape 
at different spatial scales and resolutions. 

preliminary results: the Magnetic field 
of the CO (3-2) outflow is perpendicular 
to the torus. 
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