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# Bimodal distributio

‣ Magnetic field tends to beB field
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‣ This is interpreted as a
Taurus B211 filament: M/L ~ 50 M /pc
signature of the formation of
gravitationally bound
structures for a dynamically
important magnetic field.
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Fig. 11. Polarisation vectors for field stars in Musca region (Pereyra & Magelhaes 2004). Colour version is available in the electronic version.

Fig. 12. The footprints of the sources extracted with getsources in the Musca region for the maps at 160, 250, 350, and 500 µm. Colour version is
available in the electronic version.
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Table 6. Bright extended sources with log(F250 /F350 ) < 0.0, located near or in the main filament. Marked with green ellipses in Fig. 7.
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Fig. 12. The footprints of the sources extracted with getsources in the Musca region for the maps at 160, 250, 350, and 500 µm. Colour version is
available in the electronic version.

Musca filament:
M/L ~ 20 M /pc

P. Palmeirim et al. 2013

Fig. 11. Polarisation vectors for field stars in Musca region (Pereyra & Magelhaes 2004). Colour version is available in the electronic version.

# Bimodal distribution of filament vs. B-field orientations (see also H.-b. Li+2013
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Signature of the formation of gravitationally bound structures
for a dynamically important magnetic ﬁeld.
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Magnetic
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tends to be perpendicular to (dense) star forming ﬁlaments
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2. Magnetic Field Basics A Mass-to-flux ratio
Results for Diffuse and Molecular Clouds

Since magnetic flux
R2B, this relation reduces
by simple algebra to
Magnetic
Field Basics ; Mass-to-flux T(K)
ratio
Set magnetic energy = gravitational energy

M
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re N(H) is the proton column density

B-ﬁelds measured with Zeeman measurements.
Crutcher (2012)

What about ﬁlaments ?
Critical line mass can be greater when threaded by
magnetic ﬁeld perpendicular to ﬁlament
(Tomisaka 2014, Hanawa & Tomisaka 2015)

Li et al. (2016):
Suggest lower SFR for clouds almost perpendicular to the B-ﬁelds
To be conﬁrmed !

Conservation of angular momentum ? - B in protostars

Shu et al. 1987
Lada 1987
André et al. 1993
André et al. 2001

The genesis of a solar-type star
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Disks

Centrifugal Radius
L

I ~ MR 2
initial size R ~ 1pc, initial spin
L Mr 2 final size r, final spin
GM
=
for a Keplerian rotation
r3
GMr R 2
R4 2
rc
is known as the centrifugal radius.
Where the gravitational acceleration is
GM
the centrifugal force.
This argument isbalanced
used tobyjustify
100AU as the size
of aPre-main
typical
protostellar
disk.
sequence
star
I have used this to argue that Jupiter had an accretion

Disk formation and spreading
Class 0 phase

Star

Disk

After Hueso & Guillot (2005)
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Disks

Class 0 disks

16 Class 0 sources:

10 sources

6 sources (2 with rd>100 au)

Dust continuum @
1.3mm
+
3mm

Maury & CALYPSO collab. (2018b)

CALYPSO survey: at most 25% of Class 0 protostars
with continuum disk-like structures at r>60 au
Combining the VANDAM and CALYPSO samples
+ the recent ALMA results probing radii ∼ 60 au:
4-7 out of 28 Class 0 protostars, i.e ≤ 25%, have conﬁrmed or candidate disks at radii > 60 au

Conservation of angular momentum ? - B in protostars

Braking bad

Observations show mostly (>75%) small Class 0 disks
(Segura-Cox+ 2015, Yen+ 2015, Maury+ 2010, 2014, 2018b)
ω

B

Rotation motions generate Alfven torsional waves
=> can transport angular momentum to the outer parts of the contracting cloud.
i.e, magnetic braking is more eﬀective perpendicular to ﬁeld lines

cloud

(Mouschovias & Paleologou 79,80, Basu & Mouschovias 95, Galli 06)

Magnetic braking allows to redistribute the angular momentum
from the inner infalling envelope to the outer parts of the envelope, and therefore reduces the
centrifugal radius: only small (r<50 au) rotationally-supported protostellar disks.

Does magnetic braking totally suppress the disk ?
No
B decouples in high-density gas region
(Ohmic dissipation and Ambipolar diﬀusion mostly).
➙ matter within ~10−50 au central region can conserve angular
momentum and form a disk.
This disk can expand later, when envelope is not massive enough to
maintain eﬃcient magnetic braking.
Inutsuka+ (2012)

Conservation of angular momentum ? - B in protostars

Obs vs models

Comparison of Class 0 observations to numerical simulations of star formation
Column density maps
from numerical simulations

Synthetic images put at
Taurus distance

Observed PdB-A maps of
Taurus sources

Maury+ (2010)
Figure 2: Comparison between column density images in collapse simulations (left column), corresponding
synthetic 1.3 mm dust continuum PdBI images (middle column), and actual 1.3 mm PdBI images (right
column) observed more
in A-array
toward two Class
0 protostars
in Taurus disks
(adapted
from Maury,
André,
HenObservations
reminiscent
of MHD
protostellar
(Maury+
2010,
2018a)
nebelle et al. 2010 astro-ph/1001.3691). The synthetic images were built assuming the Taurus declination
and distance, and the first two synthetic contours in b), e) mark the 3σ (dashed) and 5σ (bold)
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Magnetized envelopes

All protostars are magnetized to some level
Girart, Rao, Marrone (2006):
ﬁrst interferometric map of B-ﬁelds in a protostar
IRAS16293

SMA 0.8 mm dust
polarization map

Conservation of angular momentum ? - B in protostars

Magnetized envelopes

All protostars are magnetized to some level
Cox+ (2018):
ALMA 0.8mm polarized emission
10 Class 0 protostars

TADPOL survey

1 mm polarization, 13 Class 0 protostars
Dust polarization maps @ 2000 au
Hull et al. (2013, 2014)

Galametz+ (2018): 0.8mm dust polarization
in 12 Class 0 low-mass protostars
B detected in all of them

Conservation of angular momentum ? - B in protostars

Magnetized envelopes

A link between B topology and the formation of large disks ?
In the Class 0 envelopes with large rotation: the main envelope B-ﬁeld direction is observed aligned with the equatorial velocity
gradient
For protostellar envelopes showing no/little rotation: B aligned quite well with the jet direction.

Galametz+ (2018)

Envelope-scale B-ﬁeld misalignment is found preferentially
in protostars that are close multiple and/or harbor a larger Keplerian disk ?

suggested that while infalling motions are detected at ⇠ 1000 AU scales in the envelope, 50% of the
Conservation
angular momentum
B in protostars
B335
angular of
momentum
contained? -within
a 1000 AU scale is not conserved when probing the smaller
envelope scales (Yen et al. 2015, Kurono et al. 2013, see Fig.2).

A magnetically-regulated collapse in B335 ?

Maps of the H13 CO+ (1-0) emission in B335 obtained with the Nobeyama array (Kurono et al
00
ALMA
of theALMA
1.3mmBand
dust7continuum
2013, left panel)
andobservations
of the HCO+ (4-3)
data at 0.4polarization
resolution, from the archive (project
+
Figure 1: Left
Optical
map
towards
B335
showing
the
extent
of
the
envelope
in extinction.
Center Magnetic
2012.1.00346.S, central panel). The ALMA HCO (4-3) spectrum at the maximum
of the continuum
emission,
00
fields vectors shown
detected
with
SMA
at
350
GHz
(beam
4.5
are
indicated
as
pink
segments,
superimposed
onsugthe
at the bottom-left corner of the integrated emission map, is double peaked with infall detected,
12
13
+
gesting
optically
thick
weThe
therefore
need to observe
optically
isotopologue
H CO intensity,
as well.
dust continuum
emission
map
at emission:
(Stokes I).
background
image the
shows
the thin
CO(2–1)
integrated
Right Analysis
of the angular
momentum
evolution
in B335:
it shows
regime
change with
a flattening
tracing the outflow
lobes along
an east-west
axis radial
(Yen et
al. 2011).
Right
Mapaof
the magnetic
field
vectors
00
of
the
curve
at
radii
<
1000
AU,
suggesting
a
lack
of
specific
angular
momentum
at
these
scales.
Together
with
from polarized dust continuum emission obtained with ALMA in B335 (synthesized beam 0.5 ).
observations of a strong organized magnetic field in B335, we interpret these results as a strong hint of efficient
magnetic braking at these scales.

Figure 2:

We carried out interferometric dust polarization observations of B335 with the SMA at 350 GHz,
and detected dust polarized emission suggestive of an ordered magnetic field in the inner envelope
3.2 GOALS & METHODOLOGY
(700 AU resolution, see central panel of Fig.1). Because the SMA detection was not sensitive enough
the central
rolemagnetic
of the ionization
fraction in
protostellar
environments,
and simulaits relato carry out Acknowledging
detailed comparison
of the
field topology
with
expectations
from MHD
tion to other long-standing problems in astronomy such as the formation of stellar binaries and disks,
tions of magnetized
collapse, we then observed the dust polarized emission towards B335 at higher
we propose to simultaneously and independently characterize the magnetic topology, magnetic
sensitivity with
ALMA (Cycle 2 data delivered in March 2016). The ALMA data, shown in Fig.1, reintensity, and diffusive processes in B335 with ALMA, using observations of molecular ions
veals a greatcombined
wealth ofwith
magnetic
field data.
vectors along a complex topology that seems to be organized
polarization
mainly in the equatorial plane and along the outflow cavity walls.
We propose
to low
carryspecific
out ALMA
observations
of molecular
and ionized
lines of
in Band
3 and Band
Its early collapse
stage,
angular
momentum,
as well
as its lack
multiplicity
nor
probing
similarmade
scalesB335
to oura ALMA
polarization
data for
comparison, to build collapse.
maps of:
circumstellar6,disk,
already
very strong
candidate
fordirect
magnetically-regulated
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A magnetically-regulated collapse in B335 ?

Observations reveal a strikingly ordered magnetic ﬁeld in this young accreting protostar

B335

Conservation of angular momentum ? - B in protostars

B335

A magnetically-regulated collapse in B335 ?
Comparison of our ALMA data to synthetic observations of non-ideal MHD models of protostellar collapse

=> B might be regulating the distribution of angular momentum,
and the formation of the protostellar disk
Maury+ (2018a)
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Hour-glass and toroidal ﬁelds in protostars ?

L1448 IRS2A (Perseus)

Figure 2. VLA 1623 in Stokes Q (left), Stokes U (middle), and debiased polarized inten
logarithmic scaling.

VLA1623 (Ophiuchus)

B vectors: very organized pattern.

E vectors: complex structure.

Debate wether the ﬁeld is dynamically relevant or not

Debate wether tracing the ﬁeld or other alignment

Kwon+ (2018)

Sadavoy+ (2018)

Figure 3. The polarization morphology of VLA 1623. The e-vectors correspond to on
e-vectors are also scaled by the (debiased) polarization fraction. A reference scale of P
background images are (left) Stokes I as shown in Figure 1 and (right) polarized intensi
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B335

Also cases of less dynamically dominant B

BHB07 Class I circumbinary disk:
ALMA reveals a toroidal ﬁeld component produced by disk rotation at scales 100 au

A&A proofs: manuscript no. aa_alves_accepted

Fig. 6. Polarization vectors rotated by 90 showing the plane-of-sky

Alves+ (2018)

Transport by
MRI? ? - B in PP disks
Magnetized
disks

HH212

ALMA dust polarization = B-ﬁelds ?
– 17 –

– 20 –

Subarcsec ALMA polarized dust emission in edge-on disk HH111 (Lee + 2018)

Fig. 7.— HH 111 VLA 1 – (a) Polarization orientations plotted on the model disk structure,
√
which shows the scale height of the disk times a factor 2. (b) Possible magnetic field
Fig. 3.— HH 111 - (a) The continuum map (white contours) toward
the VLA
source
orientations,
inferred1 by
rotating the polarization orientations by 90◦ , plotted on the model
disk structure.
(asterisk) at 343 GHz at ∼ 0′′. 12 resolution, with the polarized intensity
map (color map) and

polarization orientations (line segments). The blue and red arrows show the approaching
and receding sides of the jet axis, respectively. The contours start at 6σ with a step of 15σ,
−1

Transport by
MRI? ? - B in PP disks
Magnetized
disks

HH212

ALMA dust polarization = B-ﬁelds ?
Subarcsec ALMA polarized dust emission in edge-on disk HH212 (Lee + 2018)

– 12 –
self-scattering.

6.

Conclusions

Dust polarization has been detected toward two nearly edge-on protostellar disks. The
interpretation of the polarization is complicated by the presence of three diﬀerent polarization mechanisms. In HH 212, the dust polarization is consistent with either scattering or
Fig. 1.— HH 212 - (a) The continuum map (white contours) toward the central source
emission by grains aligned with a′′ poloidal field around the outer edge of the disk because
(asterisk) at 343 GHz at ∼ 0. 12 resolution, with the polarized intensity map (color map) and
of optical depth eﬀect and temperature gradient. One may be able to tell these two apart
polarization orientations (line segments). The blue and red arrows show the approaching
with polarization observations at another wavelength in the future. For HH 111 VLA 1, it
and receding sides of the jet axis, respectively. The contours start at 6σ with a step of 10σ,
is possible that a combination of−1toroidal and poloidal magnetic field may explain the polarwhere σ = 0.44 mJy beam . (b) The same polarization orientations on the continuum map
ization on the near and far side of the disk, although we do not have good detailed
models
′′
02
resolution
of
the
dusty
disk
(orange
map
with
white
contours)
obtained
before
at
0
.
for scattering for disks that are as edge-on as HH 111; scattering may or may not work, and (see
Figure
1dexploration.
in Lee et al.In2017a).
Thealignment
disk on the
side grains
of the by
redshifted
is the
it needs
more
addition,
of dust
radiationjetflux
maynear
playside.
a role in the farside. Perhaps, diﬀerent polarization mechanisms are operating in diﬀerent
parts of a disk and in diﬀerent disks. Additional multi-wavelength polarization observations
and detailed modeling are required to make further progress in this important field that is
being revolutionized by ALMA.
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AB Aur

Polarization = B-ﬁelds ?
Subarcsec mid-IR polarimetry survey of protoplanetary disks with GTC CanariCam
Li, Telesco, Zhang + (2018)

ntroduction

Introduction
Observations (AB
(W51Aur)
IRS2)

Observations (AB Aur)
Summary

AB Auriga (D=140 pc)
Mass 2.4M☉ Age 4±1 Myr Inclination ~23°

AB
Aur
AB Aur (follow-up)
-7

Accretion rate 10 M☉/yr (Tang+ 2012;Perrin+ 2009)

Surface brightnessmid-IR
(log[Jy/arcsec ])polarization due toSurface
brightness (log[Jy/arcsec
First-ever-0.5observed
scattering
(see2.0])also Eric P
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Perspectives

Great future for magnetic ﬁeld studies

ALMA @ sub-arcsecond
SMA @ arcsecond
Sphere on VLT @ IR
2019: NIKA2-Pol 10’’ @ 260 GHz

HWP

2030?: SPICA SAFARI-Pol 10’’ @ 100microns
H branch

V branch

POLARIZER

Also starting a collaboration with IRAM to enable NOEMA linear polarization capabilities

The challenge
Dust polarization: a reliable tool to trace B ?

Multiple polarization mechanisms :
--If magnetically aligned => dust polarization to map the B ﬁeld structure
=> Molecular lines polarization to constrain the B ﬁeld strength.
--If dust scattering, it constrains dust properties.
Critical to obtain consistent constraints from several B tracers
Multi-wavelength polarimetry: mid-IR to (sub-)mm (tomography)
Multi-medium (dust, molecules)

