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Polarization (via dust absorption) 
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Pereyra & Magalhães 2004 
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Musca dark cloud 

B-fields in large-
scale filaments 

Planck collaboration: Signature of the magnetic field geometry of interstellar filaments in dust polarization maps
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Observed properties of the filaments. Column 2 gives the distance of the Musca and Taurus molecular clouds (see references

in the text). Column 3 gives the length of the filament used to derive the averaged radial profiles (Sect. 3.5). The entire Musca

filament is 10 pc long. The Taurus B211 and L1506 filaments are 3 pc long. Column 4 gives the filament full width at half maximum

(FWHM) derived from a Gaussian fit to the total intensity (Iobs) radial profile. The values given are for the observations, i.e., without

beam deconvolution. The outer radius (given in column 5) is defined as the radial distance from the filament axis at which its radial

profile amplitude is equal to that of the background (see Sect. 3.4). Columns 6 and 7 give the column density at the centre of the

filament and mass per unit length estimated from the radial column density profiles of the filaments. Column 8 gives the position

angle (PA) of the segment of the filament which is used to derive the mean profile. The filament PA (measured positively from North

to East) is the angle between the Galactic North and the tangential direction to the filament’s crest derived from the I map.
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Planck 353 GHz Stokes parameter maps of the Musca filament (in MJy sr�1 ). The total intensity map is at the resolution of

4.08, while the Q and U maps are smoothed to a resolution of 9.06 for better visualization (all analyses presented in this paper are

performed on full resolution maps). The crest of the filament traced on the I map is drawn in black (on the I and Q maps) and white

(on the U map). The boxes drawn on the I map, numbered from 1 to 7, show the regions from where the mean profiles are derived

(see Fig. 2).

the Musca filament; and the Taurus B211 and L1506 filaments.

We identify the surrounding emission with the parent cloud2 (see

Sect. 3.4). The angular resolution of Planck at 353 GHz is 4.08,

which translates into a linear resolution of 0.2 pc and 0.3 pc at

140 pc and 200 pc, corresponding to the distances of the Taurus

and the Musca clouds, respectively (references are given in the

2 The emission in the vicinity of an interstellar filament may come

from the parent cloud, where the filament is located, as well as from

Galactic background (up to the entire Galaxy for low latitude LOS) and

foreground emission.

following sections). Table 1 summarizes the main characteristics

of the three filaments.
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The Musca dark cloud is a 10-pc-long filament located at a dis-

tance of 200 pc from the sun, in the North of the Chamaeleon

region (Gregorio Hetem et al. 1988; Franco 1991). The mean

column density along the crest of the filament is 5 ⇥ 1021 cm�
2

as derived from the Planck column density map (Planck

Collaboration Int. XXIX 2014). The magnetic field in the neigh-
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Pereyra & Magalhães 2004 
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B-fields in large-
scale filaments 

Planck collaboration: Signature of the magnetic field geometry of interstellar filaments in dust polarization maps
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Observed total polarized emission (in MJy sr�1 ) of the Musca (left) and Taurus (right) clouds. The polarized emission is

debiased as explained in Sect. 2. The maps are at the resolution of 9.06 for better visualization. The black segments show the �

angles, i.e., the polarization angles rotated by 90� . The length of the pseudo-vectors is proportional to the polarization fraction. The

blue contours show the total intensity at levels of 3 and 6 MJy sr�1 . The white boxes show the length of the filaments and their

background, which is used in the modelling and shown in Fig. 9.

of the pseudo-vectors is proportional to the observed (debiased)

polarization fraction. We use P and p here only for visual inspec-

tion and no quantitative analyses are performed on these quan-

tities. These maps show that the Musca and B211 filaments are

detected in polarized emission, while the L1506 filament is not.

The filaments are surrounded by an ordered magnetic field. The

orientation of the magnetic field observed towards the Musca

and B211 filaments is close to being orthogonal to the orientation

of the filaments on the POS, while the field observed towards the

L1506 filament is approximatly parallel to its main axis.

4. Modelling the observed polarization properties

Planck observations of the polarized dust emission give an es-

timate of the magnetic field orientation projected onto the 2D

plane of the sky. In the following we model the 3D magnetic field

structure of an interstellar filament from the observed polarized

dust emission. A 3D magnetic field can be described with a pair

of angles (�, �), where � is the angle on the POS and � is the 3D

angle4 , which gives the inclination of the magnetic field relative

to the POS (Fig. 11). The 3D angle influences the observed po-

larization fraction: maximal and no polarization for � = 0� and

90� , respectively.
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As mentioned before, the observed polarized dust emission de-

pends on the geometry of the magnetic field and on the efficiency

of dust grains to emit polarized light. The modelling presented

now focuses on studying how much the observed polarized light

depends on the mean orientation of the magnetic field in the fil-

4 By “3D angle” we mean the angle between the magnetic field and

the POS, as opposed to the 2D magnetic field angle observed on the

POS and orthogonal to the polarization angle ( ).

ament and in the background. Hence we assume that p0 is the

same in the filament and in the background, ignoring any other

mechanism, which could also affect the observations, such as

different dust polarization properties and/or grain alignment in

the filament and in the background. Our modelling of the mean

orientation of the magnetic field assumes that the small-scale

structure of the field averages out within the Planck beam.

The observed interstellar filament width of approximately

0.1 pc (e.g., Arzoumanian et al. 2011) is not resolved by the

353 GHz Planck observations. Nevertheless, with Planck data

the outer radii of the filaments, 0.5 to 1 pc, are resolved and we

can study the variation of the magnetic field in the filaments

with respect to that of their background regions. However, in

this analysis we assume that the field in the filament is uniform

and we do not try to model any small-scale variations or tangling

of the field lines. Modelling the observed intensity variations

of the background, which in the case of the Musca filament

corresponds to neighbouring structures/filaments, is also beyond

the scope of this work.
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We describe the dust emission observed towards the filaments

as a two-layer model. One layer corresponds to the filament,

for |r| < Rout, where r = 0 is the filament’s main axis. The

other layer represents the background, which corresponds

to the emission observed around the filaments for |r| � Rout

as detailed in Sect. 3.4. The model does not assume that the

filaments lie on the POS, albeit the 3D orientation in the cloud

of these parsec-long-filaments may probably be close to the

POS. For |r| � Rout (see Sect. 3.4), the emission traces only the

background, while for |r| < Rout the observed emission is the

sum of the emission of the filament (Ifil) and of the background

9
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Polarization (dust emission) 

ORDERED MAGNETIC FIELD 

ALIGNED DUST GRAINS 
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Musings on large (Planck) scales Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 2. Locations and sizes of the regions selected for analysis. The background map is the gas column density, NH, derived from
the dust optical depth at 353 GHz (Planck Collaboration XI 2014).

Table 1. Locations and properties of the selected regions

Region l b �l �b Distancea hNHib Max (NH)b
D
NH2

E
c

[�] [�] [�] [�] [pc] [1021 cm�2] [1021 cm�2] [1021cm�2]

Taurus . . . . . . . . . . 172.5 �14.5 15.0 15.0 140 5.4 51.9 1.6
Ophiuchus . . . . . . . 354.0 17.0 13.0 13.0 140 4.4 103.3 1.1
Lupus . . . . . . . . . . . 340.0 12.7 12.0 12.0 140 3.8 30.8 1.2
Chamaeleon-Musca . 300.0 �15.0 16.0 16.0 160 2.3 29.7 1.3
Corona Australis (CrA) 0.0 �22.0 12.0 12.0 170 1.1 40.5 1.2

Aquila Rift . . . . . . . 27.0 8.0 12.0 12.0 260 9.3 58.7 1.9
Perseus . . . . . . . . . . 159.0 �20.0 9.0 9.0 300 3.9 94.8 2.6

IC 5146 . . . . . . . . . 94.0 �5.5 5.0 5.0 400 3.7 22.6 1.0
Cepheus . . . . . . . . . 110.0 15.0 16.0 16.0 440 4.2 21.3 1.2
Orion . . . . . . . . . . . 212.0 �16.0 16.0 16.0 450 5.0 93.6 2.2

a The estimates of distances are from: Schlafly et al. (2014) for Taurus, Ophiuchus, Perseus, IC 5146, Cepheus, and Orion; Knude & Hog (1998)
for Lupus and CrA; Whittet et al. (1997) for Chamaeleon-Musca; and Straižys et al. (2003) for Aquila Rift.

b Estimated from ⌧353 using Eq. (1) for the selected pixels defined in Appendix A.
c Using the line integral WCO over �10 < vk/(km s�1) < 10 from the Dame et al. (2001) survey and XCO = 1.8 ⇥ 1020 cm�2 K�1 km�1 s.

includes an open cluster surrounded by a bright optical nebulos-
ity, called the Cocoon Nebula, and a region of embedded lower-
mass star formation known as the IC 5146 Northern4 Streamer
(Harvey et al. 2008). The Cepheus Flare, called simply Cepheus
in this study, is a large complex of dark clouds that seems to
belong to an even larger expanding shell from an old supernova
remnant (Kun et al. 2008). Orion is a dark cloud complex with
ongoing high and low mass star formation, whose structure ap-
pears to be impacted by multiple nearby hot stars (Bally 2008).

Taking into account background/foreground emission and
noise within these regions, pixels are selected for analysis

4 In equatorial coordinates.

according to criteria for the gradient of the column density
(Appendix A.2) and the polarization (Appendix A.2).

4. Statistical study of the relative orientation of the
magnetic field and column density structure

4.1. Methodology

4.1.1. Histogram of Relative Orientations

We quantify the relative orientation of the magnetic field with
respect to the column density structures using the HRO (Soler
et al. 2013). The column density structures are characterized by
their gradients, which are by definition perpendicular to the iso-
column density curves (see calculation in Appendix B.1). The

5
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Musings on large (Planck) scales 
Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 1. Magnetic field and column density measured by Planck towards the Taurus MC. The colours represent column density. The
“drapery” pattern, produced using the line integral convolution method (LIC, Cabral & Leedom 1993), indicates the orientation of
magnetic field lines, orthogonal to the orientation of the submillimetre polarization.

of density structures on physical scales ranging from tens of par-
secs to approximately one parsec in the nearest clouds.

The present work is an extension of previous findings, re-
ported by the Planck collaboration, on the study of the polarized
thermal emission from Galactic dust. Previous studies include an
overview of the polarized thermal emission from Galactic dust
(Planck Collaboration Int. XIX 2015), which reported dust po-
larization fractions up to 20 % at low NH, decreasing system-
atically with increasing NH to a low plateau for regions with
NH > 1022 cm�2. Planck Collaboration Int. XX (2015) presented
a comparison of the polarized thermal emission from Galactic
dust with results from simulations of MHD turbulence, focus-
ing on the statistics of the polarization fractions and angles.
Synthetic observations were made of the simulations under the
simple assumption of homogeneous dust grain alignment e�-
ciency. Both studies reported that the largest polarization frac-
tions are reached in the most di↵use regions. Additionally, there
is an anti-correlation between the polarization fraction and the
dispersion of the polarization angle. This anti-correlation is well
reproduced by the synthetic observations, indicating that it is es-
sentially due to the turbulent structure of the magnetic field.

Over most of the sky Planck Collaboration Int. XXXII
(2014) analyzed the relative orientation between density struc-
tures, characterized by the Hessian matrix, and polarization, re-
vealing that most of the elongated structures (filaments or ridges)
have counterparts in the Stokes Q and U maps. This implies

that in these structures the magnetic field has a well defined
mean direction at the scales probed by Planck. Furthermore, the
ridges are preferentially aligned with the magnetic field mea-
sured on the structures. This statistical trend becomes more strik-
ing for decreasing column density, and as expected from the po-
tential e↵ects of projection, for increasing polarization fraction.
There is no alignment for the highest column density ridges in
the NH & 1022 cm�2 sample. Planck Collaboration Int. XXXIII
(2014) studied the polarization properties of three nearby fila-
ments, showing by geometrical modelling that the magnetic field
in those representative regions has a well defined mean direction
that is di↵erent from the field orientation in the surroundings.

In the present work, we quantitatively evaluate the relative
orientation of the magnetic field inferred from the Planck po-
larization observations with respect to the gas column density
structures, using the Histogram of Relative Orientations (HRO,
Soler et al. 2013). The HRO is a novel statistical tool that quan-
tifies the relative orientation of each polarization measurement
with respect to the column density gradient, making use of the
unprecedented statistics provided by the Planck polarization ob-
servations. The HRO can also be evaluated in both 3D simu-
lation data cubes and synthetic observations, providing a direct
comparison between observations and the physical conditions
included in MHD simulations. We compare the results of the
HRO applied to the Planck observations with the results of the

3

3 pc 

Taurus 
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Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 3. (continued).
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Musings on large (Planck) scales 

Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds

Fig. 3. (continued).
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Juan Soler’s “Histogram of Relative Orientation”  
(HRO) analysis (see Soler+2013) 
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Musings on large (Planck) scales 

Planck conclusions: 

•  B-fields in dense gas tend to be ⟂ filament axis 
–  Formed by gravitation collapse along field lines? 

 
•  B-fields are important on large (~pc) scales 
–  But what about small (~100 AU) scales? 



Credit: Bill Saxton, NRAO/AUI 
KALYPSO project, Harvard/CfA  
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Magnetized filaments 
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Magnetized filaments 
 

Low-mass star-forming cores 
Ser-emb 8, 8(N) 
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Cycle 2 & 3 ALMA obs. 
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Class 0 

CORE POLARIZATION 
(PI: Hull, high priority) 

 
•  0.36ʺ″ dust pol @ Band 7 

– observed, not delivered 

•  0.36ʺ″ and 1ʺ″ spectral line & continuum   
@ Band 6 – observed, delivered 

•  Cycle 3: 0.15ʺ″ dust pol @ Band 7 

•  Probing ~1000 à 60 AU env/disk scales 

Hull+2014, ApJS, 213, 13  
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Ser-emb 8, 8(N) 

Hull+2014, ApJS, 213, 13  
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•  This filament is small!  
 (d ~ 0.01 pc) 

•  How did this filament form? 

•  What does the B-field look 
like in (and between) the 
cores? 

0.01 pc 
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ALMA 

Credit: ESO/S. Guisard – http://www.eso.org/public/images/potw1217a/ 

 

ALMA polarization system 
Ask me, P. Cortés, or J.M. Girart for details! 
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Filament: Ser-emb 8, 8(N) 

5000 AU 

CARMA Dust continuum 
 

1.3 mm (230 GHz) 
 

d = 429 pc 
 

beam ~ 3ʺ″ (1300 AU) 
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Filament: Ser-emb 8, 8(N) 

5000 AU 

ALMA Dust continuum 
 

1.3 mm (230 GHz) 
 

d = 429 pc 
 

beam ~ 1ʺ″ (850 AU) 
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Filament: Ser-emb 8, 8(N) 

5000 AU 

ALMA Dust continuum 
 

1.3 mm (230 GHz) 
 

d = 429 pc 
 

beam ~ 0.5ʺ″ (215 AU) 
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Filament: Ser-emb 8, 8(N) 

5000 AU 

ALMA Dust continuum 
 

1.3 mm (230 GHz) 
 

d = 429 pc 
 

beam ~ 0.36ʺ″ (150 AU) 
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Ser-emb 8(N) 

400 AU 

Proto-multiples? 

Ser-emb 8 

400 AU 

Blob masses ~ 5-10 Mjup 
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ALMA continuum + CARMA B-fields 

Ser-emb 8, 8(N) 

2000 AU 
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ALMA continuum + CARMA B-fields 
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ALMA continuum + CARMA B-fields 

The filamentary blobs are parallel 
to the 1000-AU-scale B-fields! 

Ser-emb 8, 8(N) 

2000 AU 
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Does CO(2-1) correlate with B-field? 

vlsr = 9 km/s 
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Filaments, B-fields, and blobs (oh my!) 

•  Implications for the formation of multiples 
– Do we expect such uneven fragmentation? 

•  What will the B-fields look like in the filamentary blobs? 
– Consistent with 1000 AU B-fields? 

•  What will the B-fields look like at hi-res in the cores? 
– Toroidally wrapped? 
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Summary 

More info 
chathull.com 

18h29m47.5s48.0s48.5s49.0s49.5s

Right Ascension (J2000)

+1�1603500

4000

4500

5000

5500

1700000

0500

D
ec

lin
at

io
n

(J
20

00
)

Ser-emb 8, 8(N)

8

8(N)

(b)

B-field

(1)  Fragmentation at ~400 AU scales 
near low-mass protostars 

(2)  B-fields (CARMA) & blobs  (ALMA) 
have consistent orientations 

(3)  Possible correspondence of B-fields 
(CARMA) with CO (ALMA) 

(4)  What will the ALMA polarization 
results show?  Stay tuned… 
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