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Figure 1: Intensity and magnetic field orientation. Top left: raw map out of
TOAST. Top right: linear modelling of the reference region. Bottom left: linear
modelling of the reference region. Bottom right: Planck 353GHz.
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environments.

Figure 4: Column density maps of a simulated 2 pc cloud [5]. The left panel is a native resolution column density projection
from the simulation. The central panel degrades the left projection to approximate a typical 1.1 mm survey of such a cloud:
30′′ resolution and 9.5 mJy/beam RMS [6]. The right panel is the same projection, but now degraded to the expected 5′′

resolution and 0.24 mJy/beam RMS for the Cores-to-Clouds survey proposed here. The central 0.1 pc of dense gas filaments,
generally unresolved by Herschel, will be resolved into 5-20 beamwidths by TolTEC (for <2000 pc cloud distances).

The Clouds-to-Cores Legacy Survey (Coordinators: Gutermuth & Offner)

What is the origin of the stellar IMF? Is there an intimate link between the core
mass function (CMF) and the IMF? Is the CMF universal?

The stellar initial mass function (IMF) is the fundamental basis of many astrophysical phe-
nomena, from star formation rates and supernova in galaxies to the frequency of habitable planets.
Despite much empirical characterization, theories for the origin of the IMF remain very poorly
constrained [7, 8]. One current set of theories postulates that the distribution of stellar masses is
inherited from the distribution of gas (e.g., [9, 10]). The advent of large format mm-wave cameras
has yielded numerous surveys of the nearest star-forming molecular clouds over the past 20 years
(e.g., [11, 6]), and near- and mid-IR extinction mapping [12] along with the recent Herschel far-IR
mission (e.g., [13]) added many more. These surveys revealed hundreds of small (0.05×0.05 pc),
dense (> 105 cm−3) gas “cores” that appear to be the precursors of individual star systems.

Figure 5: (Left:) Simulated core mass function sensitivity for the integrated Clouds-to-Cores survey with core numbers scaled
from AzTEC observations of the MonR2 cloud (Gutermuth et al. in prep). Error bands denote 3σ uncertainties in the recovered
CMF for differently scaled IMF models and are dominated by Poisson statistics for this survey. (Center:) Physical resolution vs
distance for Herschel-SPIRE 500µm, SCUBA-2/JCMT 850µm, and TolTEC/LMT-50m at 1.1 mm, marked by a gray solid line,
a gray dashed line, and a black solid line, respectively. The horizontal black dashed band marks 0.05 pc, the size of a typical
core [6]. (Right:) Dense gas core mass sensitivity vs distance for the Herschel and SCUBA-2 Gould’s Belt Surveys (clouds
<400 pc away) and the 1.1 mm component of the Cores-to-Clouds survey proposed here, marked by a gray solid line, a gray
dashed line, and a black solid line, respectively. The Cores-to-Clouds survey will have uniform mass sensitivity for clouds out
to 2 kpc distance at 1.1 mm.

The core mass function (CMF) derived from these surveys appears consistent with the canonical
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are predicted to become aligned parallel to the Pillar’s length in
the Pillar itself, while remaining approximately perpendicular
in the surrounding photoionized region (Wi07; Mackey &
Lim 2011; hereafter ML11). This prediction results from
otherwise quite different scenarios of magnetized pillar
formation.

Wi07 finds that, in two dimensions, when a shock
propagates into a dense medium (104 cm−3) in which a denser
core (105 cm−3) is embedded, a pillar forms behind the core,
and the weak, plane-parallel B-field in the dense medium is
compressed. Thus, the B-field strength is enhanced by pillar
formation, with the field “bowing” into the material behind the
pillar. The pillar has a density of a few ×104 cm−3, while
the surrounding ionized material has a density ∼102 cm−3.
(The pillar head has higher density.) Arthur et al. (2011) found

similar behavior in three-dimensional simulations of expanding
H II regions, although with lower resolution.
ML11 find that when a shock impinges on a set of

approximately co-linear dense globules embedded in a much
lower-density medium (200 cm−3; c.f. Mackey & Lim 2010)
threaded by a weak, plane-parallel B-field, a pillar-like feature
forms behind the globules due to radiation-driven implosion
and the rocket effect (Oort & Spitzer 1955). These effects
orient the B-field along the length of the forming pillar on
timescales ∼100 kyr.
Wi07 and M11 agree that a strong plane-parallel initial B-field

should deviate significantly from its initial orientation only in the
pillar head (see also Henney et al. 2009). Our results do not
match this scenario, strongly suggesting that the B-field in M16
was dynamically unimportant in the formation of the Pillars.

Figure 1. An illustrative figure of the BISTRO B-field vectors observed in the Pillars of Creation, overlaid on a HST502, 657, and 673 nm composite (Hester
et al. 1996). Vectors are gridded to 4″ (note oversampling), and have polarized intensity S/N PI/δPI>2. Polarization angles are rotated by 90° to show B-field
direction. Vector length scale is arbitrary. Black lines delineate the Pillars. Beam size is shown in lower right-hand corner.
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Figure 6. H-band polarization vector map toward Serpens South for point sources having P/∆P > 3.0, P < 6.6([H − Ks] − 0.2), and P > 3.0%, superposed on
the 1.1-mm dust-continuum image of ASTE/AzTEC (R. A. Gutermuth et al. 2011, in preparation). YSOs identified by Gutermuth et al. (2008) and Bontemps et al.
(2010) are not included, but those identified by Gutermuth et al. (2008) are indicated by red (class 0/I) and blue (class II) open circles.
(A color version of this figure is available in the online journal.)

distorted by gravitational contraction along the main filament
toward its northern part, which probably contains the majority
of the mass in the Serpens South cloud. However, we should
wait for the detailed analysis of the dust-continuum data (e.g.,
R. A. Gutermuth et al. 2011, in preparation) and/or molecular-
line data to know whether the northern part has enough mass to
cause the large-scale curved magnetic field observed here.

3.2. Rough Estimate of the Magnetic Field Strength

Using the Chandrasekhar–Fermi (CF) method
(Chandrasekhar & Fermi 1953), we roughly estimate the mag-
netic field strength toward two (north and south) zones enclosed

by dotted lines in Figure 8, where, in the H-band polarization
map (Figure 6), the local number density of the polarization
vectors is relatively large and the polarization vectors seem to
be locally well ordered. Here, we calculate the plan-of-the-sky
component of the magnetic field strength, B∥, using the equa-
tion of the CF method (e.g., Equation (4) of Houde 2004) and
a correction factor, C, for the CF method (Houde 2004; Houde
et al. 2009), where we adopt C ∼ 0.3 following Sugitani et al.
(2010). In this calculation, we use the H-band sources in Figure 6
because the sample number is larger than that of the Ks-band
sources in Figure 7.

For 21 sources toward the north zone, an average θ in P.A.
is calculated to be 51.◦1 ± 9.◦6, and an average H − Ks color

5

Sugitani+ 2011!
(Serpens South)!Pattle+ 2018!

Turbulence	Driving	

Turbulence	

Gravity	

Fissel+ 2016!

A&A 609, L3 (2018)

Fig. 1. Stereographic projections of observations toward the Orion-Eridanus superbubble. The drapery pattern, produced using the line integral
convolution technique (LIC; Cabral & Leedom 1993), corresponds to plane-of-the-sky magnetic field orientation inferred from the Planck 353-GHz
polarization observations. Left: total integrated H↵ emission map. The dashed line indicates the approximate location of the edge of the superbubble.
The yellow symbols correspond to the main stars in the Orion constellation. Right: total integrated H↵ emission (Gaustad et al. 2001) and HI 21-cm
emission (HI4PI Collaboration et al. 2016) integrated between �20 and 20 km s�1 shown in red and teal colors, respectively. The yellow symbols
correspond to the line-of-sight magnetic field directions derived from the HI emission-line Zeeman splitting observations (Heiles 1989, 1997). The
circles and triangles correspond to magnetic fields pointing toward and away from the observer, respectively. The three white circles in the bottom
are the regions analyzed in this Letter.

We quantify the dispersion of the orientation of B? using the
polarization angle dispersion function (Hildebrand et al. 2009;
Planck Collaboration Int. XIX 2015),
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) is the difference in polarization
angle ( , see Eq. (A.1)) between a given position x and a posi-
tion offset by a displacement �. The top panel of Fig. 2 presents
S2(x, �= 300), the same � value used in Planck Collaboration
Int. XIX (2015); although our conclusions do not depend on
this particular selection (see Appendix A). This quantity shows
a clear decrease in the polarization angle dispersion along the
edge of the superbubble, particularly in the eastern and south-
ern edges, relative to the surroundings. These low S2 values are
further accompanied by relatively high polarization fractions (p,
Eq. (A.1)), as illustrated in the bottom panel of Fig. 2. Both these
observations are expected from the large-scale organization of
the magnetic field along the wall of the superbubble, follow-
ing its expansion (Ferriere et al. 1991; Planck Collaboration Int.
XXXIV 2016; Soler & Hennebelle 2017).

Figures 1 and 2 show that both Arc B and Arc C are inside
and run parallel to the low-S2 and high-p outline. This obser-
vation decisively rules out the skinny-bubble shape proposed by
Pon et al. (2014), who suggested that Arc C is a filament outside
of the bubble that is merely ionized by photons penetrating the
bubble wall. The superbubble wall also seems to extend beyond
Barnard’s Loop, as suggested by the S2 map, confirming the
suggestion of Ochsendorf et al. (2015) that Barnard’s Loop
is a separate shell nested within the larger Orion-Eridanus
superbubble. Moreover, since Barnard’s Loop is expanding
within the cavity evacuated by the superbubble, there was not a
lot of neutral matter nor magnetic field lines for it to sweep up,

therefore it is unsurprising that it does not show up prominently
in Fig. 2. Unfortunately, due to confusion along the Galactic
plane, the northern end of the superbubble cannot be definitively
located using the polarization data, meaning that it is unclear
whether or not the bubble extends up to a latitude of 5 deg
(Robitaille et al. 2017), instead of only going to �5 deg (Pon
et al. 2016).

The B? orientation shown in Fig. 1 seems to follow the
orientation of Arc A, although this structure does not appear
prominently in Fig. 2. Distance estimates determined using opti-
cal photometry of stars from PanSTARRS-1 (Schlafly et al. 2014)
conclusively place Arc A within 200 pc of the Sun and they find
no evidence of significant reddening beyond 500 pc toward this
position (18 in their Table 2). As such, we consider the non-
detection of Arc A inS2 to be due to its projection and confusion,
rather than it being a background feature behind the superbubble
(Boumis et al. 2001; Welsh et al. 2005).

In the S2 map, the superbubble appears relatively circular.
Such a round superbubble is more consistent with the evolution
of a superbubble in an exponential-density-profile atmosphere
than the highly elongated models of Pon et al. (2014). There-
fore, additional processes, such as turbulent shaping and shear
from Galactic differential rotation, are not required to explain
the observed morphology, although we do not rule out the pos-
sibility that such processes have affected the Orion-Eridanus
superbubble. One inescapable fact that strikes the eye from
these polarization measurements is that the Galactic magnetic
field and the expanding Orion-Eridanus superbubble have clearly
interacted and influenced one another.

3. Magnetic field strengths
Quantifying the magnetic properties of the whole Orion-
Eridanus superbubble is beyond the scope of this Letter. We
present an estimate of the magnetic field strength in the region
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Figure 7
HI, OH, and CN Zeeman measurements of BLOS versus NH = NHI + 2NH 2 . The dashed blue line is for a
critical M/! = 3.8 × 10−21 NH /B. Measurements above this line are subcritical, those below are
supercritical.

analysis (Heiles & Troland 2003) showed that the structure of the HI diffuse clouds cannot be
isotropic but instead must be sheet-like. Heiles & Troland (2005) found B̄TOT ≈ 6 µG for the
cold HI medium, a value comparable to the field strength in lower-density components of the
warm neutral medium. Hence, although flux freezing applies almost rigorously during transitions
back and forth between the lower density warm and the higher density cold neutral medium,
the magnetic field strength does not change with density. This suggests that HI diffuse clouds
are formed by compression along magnetic fields; an alternative would posit formation of clouds
selectively from regions of lower magnetic field strength. They also find that the ratio of turbulent
to magnetic energies is ∼1.5 or approximately in equilibrium; both energies dominate thermal
energy. They suggest that this results from the transient nature of converging flows, with the
apparent equilibrium being a statistical result that is a snapshot of time-varying density fields.

A second argument that Figure 7 does not show an evolutionary sequence driven by ambipolar
diffusion is the lack of molecular clouds that are subcritical. Although the Zeeman measurements
give directly only a lower limit to BTOT , the upper envelope of the BLOS defines the maximum
value of BTOT at each NH ; for some fraction of the clouds B should point approximately along
the line of sight, so BLOS = BTOT cos θ ≈ BTOT for θ ≈ 0. For NH ! 1021 cm−2 most of the
points come from OH or CN observations; these molecular clouds are mainly self-gravitating, so
this should be the region of transition from subcritical to supercritical clouds. Yet, there are zero
definite cases of subcritical clouds for NH > 1021 cm−2! The two points that seem to be above
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Magne7c	Field	Strength	vs	Column	Density	

Crutcher 2012 ARAA!

Mass	to	Flux	Ra7o:	
(importance	B-field	vs	
gravity)		
μ	=	M/MΦ	

							=	M/(Φ/2πG1/2)	
where	Φ	is	the	magne7c		
flux	(~	πr2B)	

N<~1022	cm-2	(AV<	5)	
μ	=	M/MΦ≤	1	
(subcri7cal)	
|B|	distribu7on	flat	
	

N>1022	cm-2	(AV~5)	
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Figure 6. H-band polarization vector map toward Serpens South for point sources having P/∆P > 3.0, P < 6.6([H − Ks] − 0.2), and P > 3.0%, superposed on
the 1.1-mm dust-continuum image of ASTE/AzTEC (R. A. Gutermuth et al. 2011, in preparation). YSOs identified by Gutermuth et al. (2008) and Bontemps et al.
(2010) are not included, but those identified by Gutermuth et al. (2008) are indicated by red (class 0/I) and blue (class II) open circles.
(A color version of this figure is available in the online journal.)

distorted by gravitational contraction along the main filament
toward its northern part, which probably contains the majority
of the mass in the Serpens South cloud. However, we should
wait for the detailed analysis of the dust-continuum data (e.g.,
R. A. Gutermuth et al. 2011, in preparation) and/or molecular-
line data to know whether the northern part has enough mass to
cause the large-scale curved magnetic field observed here.

3.2. Rough Estimate of the Magnetic Field Strength

Using the Chandrasekhar–Fermi (CF) method
(Chandrasekhar & Fermi 1953), we roughly estimate the mag-
netic field strength toward two (north and south) zones enclosed

by dotted lines in Figure 8, where, in the H-band polarization
map (Figure 6), the local number density of the polarization
vectors is relatively large and the polarization vectors seem to
be locally well ordered. Here, we calculate the plan-of-the-sky
component of the magnetic field strength, B∥, using the equa-
tion of the CF method (e.g., Equation (4) of Houde 2004) and
a correction factor, C, for the CF method (Houde 2004; Houde
et al. 2009), where we adopt C ∼ 0.3 following Sugitani et al.
(2010). In this calculation, we use the H-band sources in Figure 6
because the sample number is larger than that of the Ks-band
sources in Figure 7.

For 21 sources toward the north zone, an average θ in P.A.
is calculated to be 51.◦1 ± 9.◦6, and an average H − Ks color
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Mapping	B-fields	with	Dust	Polariza7on	

Ω,B	

Submm		
emission	
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Caveats: 
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magnetic field strength. 
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weighted by dust properties: 
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from the local radiation field (λ<a)  
Lazarian 2007, Andersson+ 2015!266.5 266.0 265.5 265.0 264.5

Galactic longitude [deg]

0.5

1.0

1.5

2.0

G
al

ac
tic

 la
tit

ud
e 

[d
eg

]

266.5 266.0 265.5 265.0 264.5
Galactic longitude [deg]

0.5

1.0

1.5

2.0

G
al

ac
tic

 la
tit

ud
e 

[d
eg

]



Rela7onship	Between	Magne7c	Fields	and	
Cloud	Structure	

Weak magnetic field !
(|B0|=0.35μG)!

Strong magnetic field !
(|B0|=10.97μm)!

RAMSES	MHD	Simula7ons	from	Soler	et	al.	2013	
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Figure A1. Rayleigh statistic.
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We	use	the	gradient	field	to	
measure	the	direc7on	of	cloud	
structure,	and	compare	with	B-
field	to	measure	the	rela7ve	
orienta7on	angle	θ.	

Planck Collaboration: Probing the role of the magnetic field in the formation of structure in molecular clouds
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Fig. 11. Histogram shape parameter ⇠ (Eqs. 4 and 5) calculated
for the di↵erent NH bins in each region. Top: relative orienta-
tion in synthetic observations of simulations with super-Alfvénic
(blue), Alfvénic (green), and sub-Alfvénic (red) turbulence, as
detailed in Soler et al. (2013). Middle: relative orientation in
the regions selected from the Planck all-sky observations, from
Fig. 7. The blue data points correspond to the lowest NH regions
(CrA and the test regions in Fig. 8, ChamSouth and ChamEast)
and the orange correspond to the rest of the clouds. Bottom:
comparison between the trends in the synthetic observations (in
colours) and the regions studied (grey). The observed smooth
transition from preferentially parallel (⇠ > 0) to perpendicular
(⇠ < 0) is similar to that in the simulations for which the turbu-
lence is Alfvénic or sub-Alfvéic.

might arise from the random component of the magnetic field
along the line of sight. On the other hand the sharp drop in
the polarization fraction at NH > 1022 cm�2 (reported in Planck
Collaboration Int. XIX 2014), when seen at small scales, might
be interpreted in terms of a decrease of ✏ with increasing column
density (Matthews et al. 2001; Whittet et al. 2008).

A leading theory for the process of dust grain alignment in-
volves radiative torques by the incident radiation (Lazarian &
Hoang 2007; Hoang & Lazarian 2009; Andersson 2015). A crit-
ical parameter for this mechanism is the ratio between the dust

grain size and the radiation wavelength. As the dust column den-
sity increases, only the longer wavelength radiation penetrates
the cloud and the alignment decreases. Grains within a cloud
(without embedded sources) should have lower ✏ than those at
the periphery of the same cloud. There is evidence for this from
near-infrared interstellar polarization and submillimetre polar-
ization along lines of sight through starless cores (Jones et al.
2015), albeit at smaller scales and higher column densities than
considered here. If ✏ inside the cloud is very low, the observed
polarized intensity would arise from the dust in the outer layers,
tracing the magnetic field in the “skin” of the cloud. Then the
observed orientation of B? is not necessarily correlated with the
column density structure, which is seen in total intensity, or with
the magnetic field deep in the cloud.

Soler et al. (2013) presented the results of HRO analysis on
a series of synthetic observations produced using models of how
✏ might decrease with increasing density. They showed that with
a steep decrease there is no visible correlation between the in-
ferred magnetic field orientation and the high-NH structure, cor-
responding to nearly flat HROs.

In any case, the HRO analysis of MCs carried out here re-
veals the presence of a correlation between the polarization ori-
entation and the column density structure. This suggests that the
dust polarized emission is sampling the magnetic field struc-
ture homogeneously on the scales being probed at the resolu-
tion of the Planck observations, or alternatively that the field
deep within high-NH structures shares the same orientation as
that probed in the skin.

6. Conclusions

We have presented a study of the relative orientation of the mag-
netic field projected on the plane of the sky (B?), as inferred
from the Planck dust polarized thermal emission, with respect
to structures detected in gas column density (NH). The relative
orientation study has performed by using the histogram of rel-
ative orientations (HRO), a novel statistical tool to characterize
extended polarization maps. With the unprecedented statistics of
polarization observations in extended maps obtained by Planck,
we analyze the HRO in regions with di↵erent column densities
within ten nearby molecular clouds (MCs) and two test fields.

In most of the regions analyzed we find that the relative ori-
entation between B? and NH structures changes systematically
with NH from parallel in the lowest column density areas to
perpendicular in the highest column density areas. The switch
occurs at log10(NH/cm�2) ⇡ 21.7. This change in relative ori-
entation is particularly significant given that projection tends to
produce more parallel pseudovectors in 2D (the domain of ob-
servations) than exist in 3D.

The HROs in these MCs reveal that most of the high NH
structures in each cloud are oriented preferentially perpendicular
to the magnetic field, suggesting that they may have formed by
material accumulation and gravitational collapse along the mag-
netic field lines. According to a similar study where the same
method was applied to MHD simulations, this trend is only pos-
sible if the turbulence is Alfvénic or sub-Alfvénic. This implies
that the magnetic field is significant for the gas dynamics at the
scales sampled by Planck. The estimated mean magnetic field
strength is about 4 and 12 µG for the case of Alfvénic and sub-
Alfvénic turbulence, respectively.

We also estimate the magnetic field strength in the MCs stud-
ied using the DCF and DCF+SF methods. The estimates found
seem consistent with the above values from the HRO analysis
but given the assumptions and systematic e↵ects involved we
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The magnetic field strength in Orion A 3

Figure 1. A map of the polarization half-vectors in the centre of
OMC 1, with half-vectors rotated by 90 degrees to show the direc-
tion of the magnetic field, modified from Ward-Thompson et al.
(2017). The background greyscale image is a SCUBA-2 850-µm
total intensity image of Orion A. The Orion BN/KL, Orion S
and Orion Bar features are labelled. Only those half-vectors with
(P/δP ) ≥ 3 are shown. The half-vector color scale is chosen for
contrast against the background image and has no physical mean-
ing.

size of 14.1 arcsec at 850µm, equivalent to 0.027pc at a
distance of 388pc.
The 850µm data were reduced in a two-stage pro-

cess. The raw bolometer timestreams were first con-
verted to separate Stokes Q and Stokes U timestreams
using the process calcqu in smurf (Berry et al. 2005).
The Q and U timestreams were then reduced separately
using an iterative map-making technique, makemap in
smurf (Chapin et al. 2013) and gridded to 4-arcsec pix-
els. The iterations were halted when the map pixels,
on average, changed by < 5 per cent of the estimated
map RMS noise. In order to correct for the instrumen-
tal polarization (IP), makemap is supplied with a total
intensity image (I) of the source, taken using SCUBA-2
while POL-2 is not in the beam (Bastien et al. in prep.;
Friberg et al. 2016). We took our total intensity image
of OMC 1 from a SCUBA-2 observation made using the
standard SCUBA-2 DAISY mapping mode.
The Stokes Q and U observations were combined us-

ing the process pol2stack in smurf to produce an out-
put half-vector catalogue (‘half-vector’ refers to the ±180
degree ambiguity in magnetic field direction). The half-
vectors which we use in this work are gridded to a 12-
arcsec pixel size to improve signal-to-noise. Through-
out this work we use polarization half-vectors rotated by
90 degrees to trace the magnetic field direction, hereafter
referred to as ‘magnetic field half-vectors’.

The absolute calibration of the data is dis-
cussed by Ward-Thompson et al. (2017). In this
work we use the measured magnetic field an-
gles, θ = 0.5 arctan(U/Q), and polarization fraction,
P = (Q2 + U2 − 0.5[(δQ)2 + (δU)2])0.5/I, in OMC 1. P
is debiased using the mean of the Q and U variances,
(δQ)2 and (δU)2 respectively. We note that there are
many methods for debiasing polarization data (see, e.g.
Montier 2015a,b). However, in this work we use P for
half-vector selection only, so the effect of our choice of de-
biasing method on our results is minimal. The measured
magnetic field angles are determined from the relative
values of the Stokes Q and U parameters, and hence do
not depend on the absolute calibration (i.e. the polarized
intensity) of the data.

3. RESULTS

We determined the magnetic field strength in
OMC 1 using the Chandrasekhar-Fermi (CF;
Chandrasekhar & Fermi 1953) method. The CF
method assumes that the underlying magnetic field ge-
ometry is uniform, and that the dispersion of measured
polarization angles (after any necessary correction for
measurement errors) represents the distortion of the
magnetic field by turbulent and other motions in the
gas.
We determined the plane-of-sky magnetic field

strength (Bpos) in OMC 1 using the formulation of the
CF method given by Crutcher et al. (2004):

Bpos = Q′
√

4πρ
σv

σθ
≈ 9.3

√

n(H2)
∆v

⟨σθ⟩
µG, (1)

where σv is the one-dimensional non-thermal velocity dis-
persion in the gas; σθ is the dispersion in polarization
position angles; ρ is the gas density; ∆v is the FWHM
velocity dispersion in km s−1 (∆v = σv

√

8ln(2)); ⟨σθ⟩ is
the typical deviation in polarization position angle in de-
grees; n(H2) is the number density of molecular hydrogen
(ρ = µmhn(H2), where µ is the mean molecular weight
of the gas); and Q′ is a factor of order unity account-
ing for variation in field strength on scales smaller than
the beam (labelled Q′ to distinguish it from the Stokes
Q parameter). Crutcher et al. (2004) take Q′ = 0.5 (c.f.
Ostriker et al. 2001). We adopt this value throughout
this paper. We discuss the appropriate value of the Q′

parameter in Section 5.4, below.
Crutcher et al. (2004) note that the CF method does

not constrain the line-of-sight component of the magnetic
field strength, and that statistically,

Bpos ≈
π

4
|B| (2)

on average, where |B| is the magnitude of the magnetic
field strength half-vector. However, this statistical cor-
rection assumes that the magnetic field has a large-scale
geometry that is not biased by a preferred axis. The
magnetic field in Orion A is clearly highly ordered (see
Figure 1), and so we cannot rule out a preferred orienta-
tion for the line of sight field. The relevance of this cor-
rection to the plane-of-sky field strength that we measure
is hence unclear. We discuss this further below.

3.1. Angular dispersion in OMC 1

Pattle et al. !
(2017)!

JCMT	POL-2:	850	μm		Planck	Satellite	
870	μm	

Low	resolu8on	(10’)	 Restricted	to	bright	clouds		
and	small	maps	



The	view	from	a	stratospheric	balloon	

Picture	from	the	Spider	Telescope	2014	

at	38	km	above	sea	level	(above	99.5%	of	the	atmosphere)	
Price:	<<10	million	USD	



BLASTPol:	The	Balloon-borne	Large	Aperture	
Sub-mm	Telescope	for	Polarimetry	

•  1.8m primary mirror 
•  ~2’’ pointing reconstruction  
•  266 detectors at 250, 350, 500 µm 

•  Cooled to 300 mK by a Liquid He/N cryostat 

 

•  Beam FWHM 1’ at 500 µm 
•  Polarimeter: Polarizing grid + 

achromatic half-wave plate 
•  Flights in 2010 and 2012 



Target	Cloud:	The	Vela	C	GMC	
Map	Herschel	HOBYS:			
Red	=	250	µm,	
Green	=160	µm,		
Blue	=	70	µm	

Distance	900pc	(Gaia-DR2)	
Mass:	
	~300,000	Msun	(from	12CO)	
	~50,000	Msun	(from	C18O)	
>48	protostellar	objects	

RCW	36	

25	pc	

Hill et al., 2011!



Figure 1: Intensity and magnetic field orientation. Top left: raw map out of
TOAST. Top right: linear modelling of the reference region. Bottom left: linear
modelling of the reference region. Bottom right: Planck 353GHz.
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BLASTPol	Inferred	B-field	Map	of	Vela	C	

Background:	Flux	500	μm	
Lines:	B-field	direcRon	(Φ)	BPOS	
where	σΦ		<	10°	
	

2.5’	(	0.5	pc)	resolu-on	
	

20	pc	

Fissel	et	al.	2016	
Fissel+ 2016!
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Figure 1: Intensity and magnetic field orientation. Top left: raw map out of
TOAST. Top right: linear modelling of the reference region. Bottom left: linear
modelling of the reference region. Bottom right: Planck 353GHz.
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modelling of the reference region. Bottom right: Planck 353GHz.
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Vela	C	Herschel	NH		
BLASTPol	500μm	

Soler+ 2017!

J. D. Soler and the BLASTPol Collaboration: Relative orientation between hB̂?i and NH structures towards Vela C

these sub-regions in Vela C, with exception of the North sub-1

region, which was not observed by BLASTPol.2

Fig. 2. Magnetic field and total intensity measured by
BLASTPol towards the analysed sub-regions in the Vela C
molecular complex. The colours represent NH, the total gas
column density inferred from the Herschel observations. 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 sub-
millimetre polarization observed by BLASTPol at 500 µm. The
black squares show the positions of the protostellar objects with
M > 8 M� identified in Giannini et al. (2012), while the large
black polygons correspond to four of the five cloud sub-regions
defined in Hill et al. (2011). The area in magenta corresponds
to the region around RCW 36, where the dust temperature,
derived from the Herschel observations, is larger than 20 K.

3. Observations3

In the present analysis we use two data sets. First, the Stokes4

I, Q, and U observations obtained during the 2012 flight of5

BLASTPol. Second, the total column density maps derived from6

the Herschel satellite dust continuum observations.7

3.1. BLASTPol observations8

The balloon-borne submillimetre polarimeter BLASTPol and9

its Antarctic flights in 2010 and 2012, have been described by10

Pascale et al. (2012), Galitzki et al. (2014), Matthews et al.11

(2014), and Fissel et al. (2016). BLASTPol used a 1.8 m pri-12

mary mirror to collect submillimetre radiation, splitting it into13

three wide wavelength bands (��/� ⇡ 0.3) centred at 250, 350,14

and 500 µm. While the telescope scanned back and forth across15

the target cloud, the three wavelength bands were observed si-16

multaneously by three detector arrays operating at 300 mK. The17

receiver optics included polarizing grids as well as an achromatic18

half-wave plate. The Vela C observations presented here were19

obtained as part of the 2012 Antarctic flight, during which the20

cloud was observed for 54 hours. The Stokes I, Q, and U maps 21

have already been presented by Fissel et al. (2016) and Gandilo 22

et al. (2016). 23

Fissel et al. (2016) employed three methods for subtracting 24

the contribution that the di↵use Galactic emission makes to the 25

measured I, Q, and U maps for Vela C; which referred to re- 26

spectively as the “aggressive”, “conservative”, and “intermedi- 27

ate” methods. The aggressive method uses two reference regions 28

located very close to the Vela C cloud (one on either side of 29

it) to estimate the levels of polarized and unpolarized emission 30

contributed by foreground and/or background dust unassociated 31

with the cloud. These contributions are then removed from the 32

measured I, Q, and U maps. Because the reference regions are 33

so close to the cloud, it is likely that they include some flux from 34

material associated with Vela C. Thus, this method may over- 35

correct, hence the name “aggressive.” By contrast, the single ref- 36

erence region that is employed when the conservative method 37

is used is more widely separated from Vela C, lying at a sig- 38

nificantly higher Galactic latitude. This method may therefore 39

under-correct. Finally, the intermediate di↵use emission subtrac- 40

tion method of Fissel et al. (2016) is the mean of the other two 41

methods and was judged to be the most appropriate approach. 42

Naturally, the use of background subtraction imposes restric- 43

tions on the sky areas that may be expected to contain valid data 44

following di↵use emission subtraction. Fissel et al. (2016) define 45

a validity region outside of which the subtraction is shown to be 46

invalid. With the exception of North and a very small portion 47

of South-Ridge, all of the Hill et al. (2011) sub-regions are in- 48

cluded in the validity region. Unless otherwise specified, we em- 49

ployed the intermediate di↵use emission subtraction approach. 50

In Appendix B, we use the aggressive and conservative meth- 51

ods to quantify the extent to which uncertainties associated with 52

di↵use emission subtraction a↵ect our main results. 53

As noted by Fissel et al. (2016), the point spread function 54

obtained by BLASTPol during our 2012 flight was several times 55

larger than the prediction of our optics model. Furthermore, the 56

beam was elongated. To obtain an approximately round beam, 57

Fissel et al. (2016) smoothed their 500-µm data to 2.05 FWHM 58

resolution. Gandilo et al. (2016) alternatively smoothed all 59

three bands to approximately 5.00 resolution in order to compare 60

with Planck results for Vela C. For the purposes of this work, 61

we require similarly shaped and nearly round beams at all three 62

wavelengths, but we also do not want to sacrifice resolution. 63

We were able to achieve these goals by smoothing all three bands 64

to a resolution of 3.00 FHWM. 65

3.2. Column density maps 66

The column density maps of Vela C were derived from the pub- 67

licly available Herschel SPIRE and PACS data. SPIRE uses 68

nearly identical filters to BLASTPol, but has higher spatial res- 69

olution (FWHM of 17.006, 23.009, and 35.002 for the 250-, 350-, and 70

500-µm bands, respectively). Data taken with the PACS instru- 71

ment in a band centred at 160 µm (FWHM of 13.006) were used 72

to provide additional sensitivity to warm dust. These Herschel- 73

based NH maps were generated using Scanamorphos (Roussel 74

2013) and additional reduction and data manipulation was 75

performed in the Herschel Interactive Processing Environment 76

(HIPE version 11) including the Zero Point Correction function 77

for the SPIRE maps. The resulting maps were smoothed to 35.002 78

resolution by convolving with Gaussian kernels of an appropri- 79

ate size and then re-gridding to match the Herschel 500-µm map. 80

We attempted to separate the Galactic foreground and back- 81

ground dust emission from the emission of Vela C following the 82

3

Tdust	>	20K	

Regions	defined	by	
Hill	et	al.	2011	

||	

⟂	

Zx	Nests	 Zx	Ridges	

A&A 558, A102 (2013)

Fig. 1. Left: Herschel image (Hill et al. 2011) of RCW 36 and its surroundings (blue: PACS 70 µm, green: PACS 160 µm, red: SPIRE 250 µm).
The cluster is located on a filamentary cloud structure that extends north to south; perpendicular to this ridge a bipolar nebula is seen. Note the
ring-shaped structure in the center of this nebula. The dashed square denotes the region covered by Spitzer. Top right: Spitzer/IRAC image of
RCW 36 and its surroundings (blue: 3.6 µm, green: 4.5 + 5.8 µm, red: 8.0 µm, logarithmic scale). The dashed square denotes the region covered
by NTT/SOFI. Bottom right: NTT/SOFI broadband three-color image (blue: J, green: H, red: Ks). The region delimited by the solid red lines is
covered by the VLT/SINFONI observations. The blue cross denotes the peak location of the 5 GHz radio continuum source (Walsh et al. 1998).

near-infrared images and spectra of several young embedded
massive clusters, following up on a near-infrared survey of 45
southern star-forming regions centered on IRAS point sources
exhibiting colors characteristic of UCHII regions (Bik 2004;
Kaper et al., in prep.). Bik et al. (2010) presented a spectroscopic
census of RCW 34 in the Vela Molecular Ridge (VMR). They
detected three distinct regions of star formation, suggesting that
star formation progressed from south to north. Maaskant et al.
(2011) studied the high-mass star-forming region GGD 12-15
centered on IRAS 06084-0611. They showed that the youngest
generation of stars is centrally located, while somewhat more
evolved objects are spread out over a larger area, suggesting se-
quential star formation along the line of sight. Wang et al. (2011)
detected di↵erent evolutionary stages of star formation in the
S255 complex. They concluded that their observations are best
explained by the so-called triggered outside-in collapse star for-
mation scenario, in which the filaments on the outskirts of the
cluster collapse first, enhancing the instability of the massive
star-forming cluster core.

The aim of this paper is to study the massive star-forming
region RCW 36 (Gum 20, BBW 217) using a combination of
photometry and spectroscopy that covers a broad range in wave-
length (0.3�8 µm). Fig. 1 contains an overview of the obser-
vations. RCW 36 is located in cloud C of the VMR, along
a high column density cloud filament which extends north to
south (NS, Fig. 1, left; Hill et al. 2011). It includes a young
star cluster (Massi et al. 2003) associated with the H ii region
G265.151+1.454 of Caswell & Haynes (1987). The region com-
prises the IRAS point source 08576-4334 with UCHII colors,
also known as IRS 34 (Liseau et al. 1992), co-located with
an UCHII region (Walsh et al. 1998). Hunt-Cunningham et al.
(2002) suggest that star formation in RCW 36 is induced by a
collision of two molecular gas clumps. These clumps are de-
tected in several molecular emission lines at di↵erent veloci-
ties north and south of the star-forming region. Minier et al.
(2013, hereafter MTHM13) detect a tenuous, high-temperature
bipolar nebula extending up to at least 100 (2 pc) both east and
west (EW) from the cluster. Around the origin of the nebula,

A102, page 2 of 18

Spitzer	IRAC		

Ellerbroek+ 2013!

Figure 1: Magnetic fields in the Vela C GMC on scales ranging from 30 to <0.1 pc. Left Panel: BLASTPol
500µm inferred magnetic field direction (2.50 resolution) overlaid on a Herschel NH column density map (Soler et
al. 2013). Heated dust (T> 20K) near a compact HII region is shaded pink. The locations of known >8M� pro-
tostars are indicated with black squares (Giannini et al. 2012). Middle Panels: Zoom-in on the dense (AV > 100)
ridges Vela-CR-A (top) and Vela-SR-A (bottom). BLASTPol measurements of magnetic field orientation are shown
with white lines. The background is an RGB image of a LABOCA 870µm map (red), Herschel SPIRE 250µm data
(green) and Herschel 160µm data (blue). Contours show AV =50, and AV =100. Positions of known protostars
are indicated with star symbols. The dashed cyan region shows our proposed ALMA 7-m mosaic region. Right
Panel: Similar to the central panel except the background image is an RGB image of WISE 3.4 (blue), 4.6 (green)
and PACS 70µm data.

field map of Vela C overlaid on maps of column density derived from higher resolution Herschel
data. VelaC will also be observed with the next generation BLAST polarimeter (BLAST-TNG),
which will have an order of magnitude increase in both resolution and mapping speed and is
scheduled for a first science flight in December 2017 (Galitzki et al. 2014). With BLAST-TNG
the number of polarization vectors will be increased from the current 4,500 (which is
already the most detailed polarization map made of any GMC) to ⇠200,000, making
Vela C by far the best laboratory for studying magnetized star formation on multiple
scales.
In Soler et al. 2017 (submitted) we showed that the magnetic field measured by BLASTPol in

Vela C changes from mostly parallel or having no preferred orientation at low column densities,
to mostly perpendicular at the highest column densities, which indicates that on large scales
the magnetic energy dominates over the turbulent and thermal energies. This confirms the Planck
Int. XXXV 2016 low resolution trends seen for 10 clouds, but with a completely di↵erent instrument
and for a much more distant early stage GMC. Interestingly, we also find that steepness of the
change in relative orientation is correlated with cloud environment. Cloud regions dominated
by one clear filamentary structure or “ridge” show a much stronger alignment perpendicular to
the magnetic field at high column densities, than regions with many lower density filaments or
“nests”. This result is further confirmed in a study shortly to be submitted by Co-I Green where
we show that the “skeletons” of the densest filaments in VelaC (AV >100) are more likely to be
perpendicular to the magnetic field than the skeletons of lower density filaments. The same work
also shows that the three clumps of NH

3

observed with ATCA towards these AV >100 filaments
are all within 30o of being perpendicular to the local magnetic field.
It is the two AV > 100 filaments in VelaC that we target in this ALMA proposal, labeled South-

Ridge-A (or SR-A), and Centre-Ridge-A (CR-A). Recently higher resolution (1900 or 0.06 pc) po-
larization data was obtained with the APEX polarimeter PolKa at 870µm towards the dense
filaments in VelaC. While the calibration has not yet been finalized preliminary maps of SR-A

2

WISE/PACS	

The	filamentary	
structure	traced	
changes	rela7ve	
orienta7on	from	
parallel	to	
perpendicular	
compared	to	the	
cloud	B-field	with	NH.	
	
This	change	is	much	
stronger	for	
“ridge”	(dominated	
by	a	single	dense	
filament),	than	
“nest”	regions.	

Vela	C	Herschel	NH	(0.15pc)		
BLASTPol	500μm	(0.8pc)	



Or	could	this	perhaps	be	a	projec7on	
effect?	

J. D. Soler and The BLASTPol Collaboration: Relative orientation between hB̂?i and NH structures towards Vela C

Table 1. Di↵erences in polarization angles across BLASTPol wavelength bands in two log10(NH/cm�2) ranges.

Regiona log10(NH/cm�2)< 22.0 log10(NH/cm�2)> 22.0
h� 500�350ib h� 500�250i h� 350�250i h� 500�350i h� 500�350i h� 500�350i

All regions . . . . . . . �0.�7 �0.�0 0.�8 �1.�5 �3.�9 �2.�5
South-Nest . . . . . . . 0.�3 6.�9 6.�6 �2.�1 �2.�3 �0.�5
South-Ridge . . . . . . �0.�1 �3.�2 �3.�0 �0.�3 �4.�4 �4.�0
Centre-Nest . . . . . . �0.�2 �2.�1 �1.�9 �0.�7 �4.�6 �3.�9
Centre-Ridge . . . . . �2.�4 �5.�2 �2.�7 �2.�8 �5.�0 �2.�1

a As defined in Hill et al. (2011) and illustrated in Fig. 2.
b h� 500�350i ⌘ h 500 �  350i.

Fig. 6. Same as Fig. 3 for the South-Nest and South-Ridge regions of Vela C, as defined in Hill et al. (2011).

When interpreting those results, it is possible that the di↵er-
ent trends in the relative orientation between the NH contours

and hB̂?i presented in Fig. 9 correspond to di↵erent projection
e↵ects in each one of the sub-regions, that is, the mean magnetic

8

J. D. Soler and The BLASTPol Collaboration: Relative orientation between hB̂?i and NH structures towards Vela C

Table 1. Di↵erences in polarization angles across BLASTPol wavelength bands in two log10(NH/cm�2) ranges.

Regiona log10(NH/cm�2)< 22.0 log10(NH/cm�2)> 22.0
h� 500�350ib h� 500�250i h� 350�250i h� 500�350i h� 500�350i h� 500�350i

All regions . . . . . . . �0.�7 �0.�0 0.�8 �1.�5 �3.�9 �2.�5
South-Nest . . . . . . . 0.�3 6.�9 6.�6 �2.�1 �2.�3 �0.�5
South-Ridge . . . . . . �0.�1 �3.�2 �3.�0 �0.�3 �4.�4 �4.�0
Centre-Nest . . . . . . �0.�2 �2.�1 �1.�9 �0.�7 �4.�6 �3.�9
Centre-Ridge . . . . . �2.�4 �5.�2 �2.�7 �2.�8 �5.�0 �2.�1

a As defined in Hill et al. (2011) and illustrated in Fig. 2.
b h� 500�350i ⌘ h 500 �  350i.

Fig. 6. Same as Fig. 3 for the South-Nest and South-Ridge regions of Vela C, as defined in Hill et al. (2011).

When interpreting those results, it is possible that the di↵er-
ent trends in the relative orientation between the NH contours

and hB̂?i presented in Fig. 9 correspond to di↵erent projection
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BLASTPol	+	Mopra	Survey	of	Vela	C	

Molecule	 Line	 Freq	(GHz)	
Beam	
FWHM	
('')	

Density	

12CO	 1-0	 115.2712 28	 Low	

13CO	 1-0	 110.20132 28	 Low	

C18O	 1-0	 109.78217 28	 Intermediate	

CS	 1-0	 48.99095 64	 Intermediate	

HCO+	 1-0	 89.18852 35	
Intermediate.	
Sensi7ve	to	
ouxlows.	

HCN	 1-0	 88.63185 35	 Intermediate	
Warmer	T>20K	gas	

HNC	 1-0	 90.66357 35	 Intermediate	Forms	
Colder	T<20K	

N2H+	 1-0	 90.66357 35	 High	density	tracer			

NH3	 (1,1)	 23.6945 132	 High	density	tracer	

Goal:	Compare	the	Orienta7on	of	the	Line	Strength	Map	to	the	BLASTPol	B-field	map	

Mopra	22m	telescope	

Collaborators:	
Vicki	Lowe,	Maria	
Cunningham,	Paul	Jones,	
Claire-Elise	Green	(UNSW)	

Fissel et al. submitted!Fissel+ 2018, submitted!



Vela	C	Mopra	Molecular	Line	Observa7ons	



Integrated	Line	Intensity	



Integrated	Line	Intensity	+	B-field	



Rela7ve	Orienta7on	vs	Density	
TransiRon	at	
nH2~103	cm-3	

Fissel+, submitted!

•  Low	density	gas	tends	to	
align	parallel	to	the	
magne7c	field.	

•  Hints	that	higher	density	
gas	is	more	likely	to	align	
perpendicular	to	the	
field.	

•  Indicates	forma7on	of	
dense	gas	is	affected	by	
the	cloud-scale	magne7c	
field.	
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Towards	a	model	for	cloud	forma7on	
Soler & Hennebelle 2017:	(Analyzed	MHD	Equa7ons)	
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alignment	correspond	to	equilibrium	points.	

transi7on	occurs	
where	∇�v	<	0		
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A	Cartoon	Model	for	Discussion	

Rela7ve	Orienta7on:	
✔magne7c	field	at	least	
as	strong	as	turbulence	on	
large	scales	
Zeeman:	
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Figure 7
HI, OH, and CN Zeeman measurements of BLOS versus NH = NHI + 2NH 2 . The dashed blue line is for a
critical M/! = 3.8 × 10−21 NH /B. Measurements above this line are subcritical, those below are
supercritical.

analysis (Heiles & Troland 2003) showed that the structure of the HI diffuse clouds cannot be
isotropic but instead must be sheet-like. Heiles & Troland (2005) found B̄TOT ≈ 6 µG for the
cold HI medium, a value comparable to the field strength in lower-density components of the
warm neutral medium. Hence, although flux freezing applies almost rigorously during transitions
back and forth between the lower density warm and the higher density cold neutral medium,
the magnetic field strength does not change with density. This suggests that HI diffuse clouds
are formed by compression along magnetic fields; an alternative would posit formation of clouds
selectively from regions of lower magnetic field strength. They also find that the ratio of turbulent
to magnetic energies is ∼1.5 or approximately in equilibrium; both energies dominate thermal
energy. They suggest that this results from the transient nature of converging flows, with the
apparent equilibrium being a statistical result that is a snapshot of time-varying density fields.

A second argument that Figure 7 does not show an evolutionary sequence driven by ambipolar
diffusion is the lack of molecular clouds that are subcritical. Although the Zeeman measurements
give directly only a lower limit to BTOT , the upper envelope of the BLOS defines the maximum
value of BTOT at each NH ; for some fraction of the clouds B should point approximately along
the line of sight, so BLOS = BTOT cos θ ≈ BTOT for θ ≈ 0. For NH ! 1021 cm−2 most of the
points come from OH or CN observations; these molecular clouds are mainly self-gravitating, so
this should be the region of transition from subcritical to supercritical clouds. Yet, there are zero
definite cases of subcritical clouds for NH > 1021 cm−2! The two points that seem to be above
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Magne7zed	filaments	in	a	colliding	flow	
Chen & Ostriker 2014,	Chen+	2016	
	
Synthe7c	polariza7on	observa7ons	of	
ATHENA	colliding	flow	cloud	simula7on.		
	
Dense	filaments	form	within	a	highly	
magne7zed	sheet.	

low	density	 high	density	

5.1. Tangledness and Inclination

From Equation (4a), the polarization fraction p and angle χ
are affected by the inclination angle γ of the magnetic field
with respect to the plane of the sky, and the dispersion of the
plane-of-sky component of the magnetic field ( ?B ) along the
line of sight. In extreme cases, D H � n0( ) is simply the density-
weighted mean of the position angle ψ of ?B along the line of
sight, and if the plane-of-sky magnetic field is uniform
(constant ψ) along the line of sight, Hxp p cos0

2 . Any
increase in γ or in the dispersion level of ψ along the line of
sight would result in a lower polarization fraction. Here we
discuss a mathematical analysis to quantify these two effects.

The position angle ψ is defined as the angle (clockwise)
between ŷ and ?B in a convention that Z Q� �0 (see
Figure 1). We thus define the dispersion of the direction of ?B
along the line-of-sight (ẑ ) as the density-weighted standard
deviation of ψ along ẑ :

+
Z Z

w
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n

n
, 11z

los

2

z

· ( ) ( )

where Z is the density-weighted mean of ψ along the line of
sight:
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n
. 12z
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·
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The parameter +los is a measurement of the level of tangledness
of the plane-of-sky magnetic field along the line of sight.

We can also calculate the density-weighted average inclina-
tion angle with respect to the sky as

�
�

H
H

� § w
n

n
cos

cos
, 13z

z

2
los

2·
( )

and

H H� § w � §arccos cos . 14los
2

los( ) ( )

This is roughly the average inclination angle of the magnetic
field with respect to the plane of the sky along the line of sight.
Note that H Q� � § �0 2los . These two parameters, +los and

H� §cos2
los, can be considered as two independent factors

controlling the simulated polarization fraction at each pixel of
the 2D projected map.
The scatter plots of H� §los and +los from the three simulation

models considered in this study are shown in Figure 9 (left
panel). These plots are color-coded by the polarization fraction;
the dependence of p on both +los and H� §los is clear. Also, the
distribution of the polarization fraction (shown in color) is very
similar across the three models. This demonstrates that +los and

H� §cos2
los are good indicators of the polarization fraction. The

most striking feature of these plots is that the equation of an
ellipse centered at the origin of +los and H� §los seems to be a
good fit for every single value of p; i.e.,the distribution of
H� §los versus +los at a given value of p can be roughly described
by +H� § � �a p a p 1los

2
1

2
los

2
2

2( ) ( ) , where a p1( ) and a p2 ( )
are constant coefficients that only depend on p. However, we
remind the readers that, with the real value of p0 unknown, the
polarization fraction derived in this study is only an
approximation. We therefore focus not on making quantitative
predictions but instead on understanding physically the
behavior of the polarization fraction.
Figure 9 (left panel) suggests that the tangledness and

inclination are almost equally important on determining the
polarization fraction. To investigate their effects separately, we
plot the polarization fraction as a function of H� §cos2

los in
Figure 9 (right panel), color-coded by normalized +los
( + +w los los,max in each model). One prominent feature among
all three models is that - H� §p p cosmax

2
los· (where pmax is the

maximum value of p measured in each model), a relation that
can be proved mathematically (see the Appendix).
More importantly, in Figure 9 (right panel) all points along

the upper-boundary line H� � §p p cosmax
2

los· (dashed lines)
have normalized + � 1los , and +los increases away from the
line. The color distribution suggests that at each point on the
plane of the sky, the averaged inclination angle of the magnetic
field along the line of sight first gives the upper limit of the
value p, then the tangledness of ?B along the line of sight
determines how far away from this maximum value the
polarization fraction is.
Note that a similar analysis has been done by Planck

Collaboration Int. XX (2015), who also found the proportion-
ality of the envelope of p with H� §cos2

los (see their Figure 21).
Though the range of gas density in their simulations is not wide
enough to cover the self-gravitating regime where &B B
dramatically increases (smallest H� §cos2

los values), by obser-
ving the simulation box at different viewing angles (denoted as
α in their work) they were able to find the similar dependence
of p on H� §cos2

los as illustrated in Figure 9 (right panel). Also,
their Equation (9) can be adopted to give the upper-boundary
line H� � §p p cosmax

2
los· considering the viewing angle is

approximately the inclination angle of the magnetic field in the
case that x ?B B (also see their Figure 16).

Figure 8. HRO shape parameter ζ segmented by column density for M5 (stars),
M10 (triangles), and M20 (filled circles); [ x 0 suggests the transition of HRO
shape from concave to convex. Vertical dashed lines represent Ntr defined from
Figure 7 and are labeled by corresponding markers for each model.
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The Astrophysical Journal, 829:84 (20pp), 2016 October 1 Chen, King, & Li

NH,	transi7on	

Figure 5. The median values of thermal (plus signs), magnetic (filled circles), and kinetic (triangles) energy densities (left panel) and corresponding velocity
magnitudes (sound speed cs, Alfvén speed vA, and gas velocity v; right panel) in each density bin, for models M5 (top), M10 (middle), and M20 (bottom). The dashed
line marks the boundary value for HRO segmentation (ntr) in each model. The gas is supersonic and dominated by the kinetic energy from large-scale turbulence in the
pre-shock region, but becomes strongly confined by magnetic pressure downstream. The kinetic energy is therefore relatively unchanged (gas velocity decreases with
density) in the post-shock region, until density reaches the threshold density ntr. The increase in kinetic energy prior to �n ntr is apparently induced by the self-gravity
of the gas, and ntr marks the onset of gravity-induced acceleration in the gas; this is also the transition from sub-Alfvénic to super-Alfvénic gas flow (i.e., the
equipartition of magnetic and kinetic energies).
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nH,	trans7on	
correlates	
with	EB=	EK	

||	
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Figure 11. Same as Figure 10, but from model M10.
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Figure 11. Same as Figure 10, but from model M10.
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AREPO	Simula7ons	of	MHD	Turbulence	+	Gravity	

Strong	B-Field	Simula7ons:	
	
Long-lived	shocks	form	||	
to	B-field	(sweep	up	
material)	
	
Cores/dense	filaments	form	
from	gravita7onal	accre7on	
parallel	to	B-field.	

Mocz & Burkhart 2018	

6 P. Mocz & B. Burkhart
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where W (z) is the Lambert-W function (inverse function of
f(z) = z exp(z)). In the limit �1 ! 1, the solution reduces
to an exponential atmosphere ⇢(x) = ⇢0 exp(�x/h) with
scale height:

h =
⌃
⇢0

. (11)

Fig. 2 shows the analytic shock profile as a function of the
initial perpendicular magnetic field strength. In the limit of
strong magnetic field strength, the solution reduces to:

⇢(x) = ⇢0
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◆
(12)

Note that in Equation 8 we have just considered the
ram pressure in the upstream. We have neglected gas pres-
sure, since the shock velocity is highly supersonic. We have
also not included magnetic pressure in the pre-shock region,
which is in equipartition with the ram pressure with a ratio

R =
B

2
1/(8⇡)
⇢1v

2
1

=
⇢1c

2
s/�1

⇢1M2
c

2
s

=
1

�1M2
=

⇢

2
1

⇢

2
0 + ⇢0⇢1(1 + �1)

(13)
Fig. 3 shows the evolution of the 1D shock problem for

the case of a supersonic hydrodynamic shock and the case
of a parallel magnetized shock with �init,? = 0.25. When
the hydrodynamic shock breaks out, it quickly achieves a
self-similar exponential profile. In the case of the parallel
magnetized shock, the shock propagates much faster than
the hydrodynamic shock owing to the fast magnetosonic
mode. It also has a smaller density contrast but sweeps up
more mass. The initial shock profile is not exponential due
to the additional magnetic pressure support (and resembles
the analytic model plotted in Fig. 2), but the solution soon
evolves into an exponential atmosphere solution as peak den-
sity drops since the magnetic pressure decreases with density
and the scenario resembles a pure hydrodynamic case except
for the fact that the shock continues to travel above the fast
magnetosonic speed.

We show the evolution of the mass per unit area of the
shock, the peak density, the sonic Mach number, and the
scale height evaluated as h = ⌃/⇢0 in Fig. 4 for 5 di↵erent
shocks characterized by �init,? = 1, 25, 0.25, 0.028, 0.0025.
The e↵ect of the magnetic field for a shock traveling perpen-
dicularly to it is to increase the mass in the shock, greatly
decrease the density contrast, increase the Mach number,
and increase the e↵ective scale height.

The analysis provides the insight that in a strongly mag-
netized supersonic fluid, most of the high density structures
will be oriented parallel to the magnetic field. This organi-
zation of structure with strong magnetic fields is seen in 3D
turbulent simulations, including the simulation suite from
Mocz et al. (2017) which we analyze next in Section 4 (see
also the visualization of density structures and the magnetic
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Figure 5. Projected densities zoomed in on a L/10⇥L/10 region

centered around a collapsing core: precollapse (left column) and

collapse (right column) for 4 simulations with varying di↵erent

mean-field strengths. Shown also are polarization vectors for the

magnetic field and the original location of tracer particles (red

dots) that have ended up in the collapse core within radius L/100
(red circle).

field in (Fig. 1)). The anisotropy has important implications
for the geometry under which stars form. Stirring the gas
in directions perpendicular to the field lead to shocks with
greatly reduced peak densities that disperse at much faster
speeds. For a dense region to collapse under gravity, the
gravitational free-fall time must be shorter than the shock
expansion timescale, which would mean it is more di�cult
for perpendicular shocks to collapse under self-gravity. We
explore this further in the next section.

4 GRAVITATIONAL COLLAPSE IN 3D
ISOTHERMAL MAGNETO-TURBULENCE

Here we consider the origins and collapse of dense structures
in supersonic, isothermal turbulence under self-gravity. The

c� 2018 RAS, MNRAS 000, 1–12
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the case of a supersonic hydrodynamic shock and the case
of a parallel magnetized shock with �init,? = 0.25. When
the hydrodynamic shock breaks out, it quickly achieves a
self-similar exponential profile. In the case of the parallel
magnetized shock, the shock propagates much faster than
the hydrodynamic shock owing to the fast magnetosonic
mode. It also has a smaller density contrast but sweeps up
more mass. The initial shock profile is not exponential due
to the additional magnetic pressure support (and resembles
the analytic model plotted in Fig. 2), but the solution soon
evolves into an exponential atmosphere solution as peak den-
sity drops since the magnetic pressure decreases with density
and the scenario resembles a pure hydrodynamic case except
for the fact that the shock continues to travel above the fast
magnetosonic speed.

We show the evolution of the mass per unit area of the
shock, the peak density, the sonic Mach number, and the
scale height evaluated as h = ⌃/⇢0 in Fig. 4 for 5 di↵erent
shocks characterized by �init,? = 1, 25, 0.25, 0.028, 0.0025.
The e↵ect of the magnetic field for a shock traveling perpen-
dicularly to it is to increase the mass in the shock, greatly
decrease the density contrast, increase the Mach number,
and increase the e↵ective scale height.

The analysis provides the insight that in a strongly mag-
netized supersonic fluid, most of the high density structures
will be oriented parallel to the magnetic field. This organi-
zation of structure with strong magnetic fields is seen in 3D
turbulent simulations, including the simulation suite from
Mocz et al. (2017) which we analyze next in Section 4 (see
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dots) that have ended up in the collapse core within radius L/100
(red circle).

field in (Fig. 1)). The anisotropy has important implications
for the geometry under which stars form. Stirring the gas
in directions perpendicular to the field lead to shocks with
greatly reduced peak densities that disperse at much faster
speeds. For a dense region to collapse under gravity, the
gravitational free-fall time must be shorter than the shock
expansion timescale, which would mean it is more di�cult
for perpendicular shocks to collapse under self-gravity. We
explore this further in the next section.

4 GRAVITATIONAL COLLAPSE IN 3D
ISOTHERMAL MAGNETO-TURBULENCE

Here we consider the origins and collapse of dense structures
in supersonic, isothermal turbulence under self-gravity. The
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Regional	Differences	in	Rela7ve	Orienta7on	

J. D. Soler and the BLASTPol Collaboration: Relative orientation between hB̂?i and NH structures towards Vela C

these sub-regions in Vela C, with exception of the North sub-1

region, which was not observed by BLASTPol.2

Fig. 2. Magnetic field and total intensity measured by
BLASTPol towards the analysed sub-regions in the Vela C
molecular complex. The colours represent NH, the total gas
column density inferred from the Herschel observations. 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 sub-
millimetre polarization observed by BLASTPol at 500 µm. The
black squares show the positions of the protostellar objects with
M > 8 M� identified in Giannini et al. (2012), while the large
black polygons correspond to four of the five cloud sub-regions
defined in Hill et al. (2011). The area in magenta corresponds
to the region around RCW 36, where the dust temperature,
derived from the Herschel observations, is larger than 20 K.

3. Observations3

In the present analysis we use two data sets. First, the Stokes4

I, Q, and U observations obtained during the 2012 flight of5

BLASTPol. Second, the total column density maps derived from6

the Herschel satellite dust continuum observations.7

3.1. BLASTPol observations8

The balloon-borne submillimetre polarimeter BLASTPol and9

its Antarctic flights in 2010 and 2012, have been described by10

Pascale et al. (2012), Galitzki et al. (2014), Matthews et al.11

(2014), and Fissel et al. (2016). BLASTPol used a 1.8 m pri-12

mary mirror to collect submillimetre radiation, splitting it into13

three wide wavelength bands (��/� ⇡ 0.3) centred at 250, 350,14

and 500 µm. While the telescope scanned back and forth across15

the target cloud, the three wavelength bands were observed si-16

multaneously by three detector arrays operating at 300 mK. The17

receiver optics included polarizing grids as well as an achromatic18

half-wave plate. The Vela C observations presented here were19

obtained as part of the 2012 Antarctic flight, during which the20

cloud was observed for 54 hours. The Stokes I, Q, and U maps 21

have already been presented by Fissel et al. (2016) and Gandilo 22

et al. (2016). 23

Fissel et al. (2016) employed three methods for subtracting 24

the contribution that the di↵use Galactic emission makes to the 25

measured I, Q, and U maps for Vela C; which referred to re- 26

spectively as the “aggressive”, “conservative”, and “intermedi- 27

ate” methods. The aggressive method uses two reference regions 28

located very close to the Vela C cloud (one on either side of 29

it) to estimate the levels of polarized and unpolarized emission 30

contributed by foreground and/or background dust unassociated 31

with the cloud. These contributions are then removed from the 32

measured I, Q, and U maps. Because the reference regions are 33

so close to the cloud, it is likely that they include some flux from 34

material associated with Vela C. Thus, this method may over- 35

correct, hence the name “aggressive.” By contrast, the single ref- 36

erence region that is employed when the conservative method 37

is used is more widely separated from Vela C, lying at a sig- 38

nificantly higher Galactic latitude. This method may therefore 39

under-correct. Finally, the intermediate di↵use emission subtrac- 40

tion method of Fissel et al. (2016) is the mean of the other two 41

methods and was judged to be the most appropriate approach. 42

Naturally, the use of background subtraction imposes restric- 43

tions on the sky areas that may be expected to contain valid data 44

following di↵use emission subtraction. Fissel et al. (2016) define 45

a validity region outside of which the subtraction is shown to be 46

invalid. With the exception of North and a very small portion 47

of South-Ridge, all of the Hill et al. (2011) sub-regions are in- 48

cluded in the validity region. Unless otherwise specified, we em- 49

ployed the intermediate di↵use emission subtraction approach. 50

In Appendix B, we use the aggressive and conservative meth- 51

ods to quantify the extent to which uncertainties associated with 52

di↵use emission subtraction a↵ect our main results. 53

As noted by Fissel et al. (2016), the point spread function 54

obtained by BLASTPol during our 2012 flight was several times 55

larger than the prediction of our optics model. Furthermore, the 56

beam was elongated. To obtain an approximately round beam, 57

Fissel et al. (2016) smoothed their 500-µm data to 2.05 FWHM 58

resolution. Gandilo et al. (2016) alternatively smoothed all 59

three bands to approximately 5.00 resolution in order to compare 60

with Planck results for Vela C. For the purposes of this work, 61

we require similarly shaped and nearly round beams at all three 62

wavelengths, but we also do not want to sacrifice resolution. 63

We were able to achieve these goals by smoothing all three bands 64

to a resolution of 3.00 FHWM. 65

3.2. Column density maps 66

The column density maps of Vela C were derived from the pub- 67

licly available Herschel SPIRE and PACS data. SPIRE uses 68

nearly identical filters to BLASTPol, but has higher spatial res- 69

olution (FWHM of 17.006, 23.009, and 35.002 for the 250-, 350-, and 70

500-µm bands, respectively). Data taken with the PACS instru- 71

ment in a band centred at 160 µm (FWHM of 13.006) were used 72

to provide additional sensitivity to warm dust. These Herschel- 73

based NH maps were generated using Scanamorphos (Roussel 74

2013) and additional reduction and data manipulation was 75

performed in the Herschel Interactive Processing Environment 76

(HIPE version 11) including the Zero Point Correction function 77

for the SPIRE maps. The resulting maps were smoothed to 35.002 78

resolution by convolving with Gaussian kernels of an appropri- 79

ate size and then re-gridding to match the Herschel 500-µm map. 80

We attempted to separate the Galactic foreground and back- 81

ground dust emission from the emission of Vela C following the 82

3

The		Centre-Ridge	has	a	stronger	transi8on	in	rela7ve	
orienta7on	with	density,	is	more	polarized	and	has	a	
less	disordered	B-field.		
It	also	is	the	most	ac8ve	star	forming	region	in	Vela	C.	
•  Is	the	magne7c	field	stronger	compared	to	

turbulence	in	the	Centre-Ridge?	
•  Were	the	convergent	flows	that	created	the	

Centre-Ridge,	more	efficient	at	crea7ng	dense	gas?	
•  Is	the	magne7c	field	geometry	(coincidentally)	

more	parallel	to	the	plane-of-sky	in	the	Centre-
Ridge?	

1024 D. L. Jow et al.

Figure 5. PRS, Zx, calculated for different NH bins. The black dashed line and the values of CZ and XZ correspond to the linear fit
Zx = CZ[log10(NH/cm−2) − XZ]. The grey line is Zx = 0. Separate panels show results for four subregions of the Vela C molecular cloud as defined in
Hill et al. (2011) and shown in Fig. 1.

This is expected, given that the uncertainties in Soler et al. (2017)
correspond to those estimated from the variance in the histogram
counts and therefore, overestimate the dispersion with respect to a
homogeneous distribution of angles, which is precisely what the Zx

uncertainties are representing. In the Appendix, we use the PRS to
re-analyse the relative orientation between the NH structures and
the magnetic field, inferred from the Planck 353-GHz polarization
observations, towards 10 Gould Belt molecular clouds, which was
originally carried out using the HRO shape parameter in Planck
Collaboration XXXV (2016).

The physical conditions responsible for the observed change in
relative orientation between the column density and polarization
(taken here to characterize the direction of the magnetic field pro-
jected on the plane of the sky) are related to the degree of magneti-
zation of the molecular clouds (Hennebelle 2013; Soler et al. 2013).
These trends in relative orientation between column density struc-
tures and the magnetic field have been examined via simulations of
molecular clouds (e.g. Soler et al. 2013; Chen, King & Li 2016)
and have been found to be in agreement with the classical picture of
molecular cloud formation, in which the cloud forms following the
compression of background gas by the passage of the Galactic spi-
ral shock or an expanding supernova shell, and the compressed gas
cools flowing down the magnetic field lines to form a self-gravitating
mass (Mestel 1965; Mestel & Paris 1984). More detailed discussion
of the physical significance of these results can be found in Soler
et al. (2017).

In this work, we use the PRS to test whether the relative orien-
tation is preferentially parallel or perpendicular. We note, however,
that a measurement of Zx would not be relevant for testing for a
preferred relative orientation of 45◦. As discussed elsewhere (e.g.
Durand & Greenwood 1958; Aneshansley & Larkin 1981), it is
possible to check whether the orientation prefers some non-trivial
angles (i.e. that is not along the x-axis) by checking the projection
along the y-axis, i.e. Zy. We leave a comparison of Zx and Zy, and

considerations on the relative orientation from three-dimensional
vectors projected on to the plane of the sky for a future study.

4.3 Polarization bias

We can improve the application of the PRS to polarization data
by being slightly more sophisticated in our approach to the uncer-
tainty in polarization angle. Previously, we reduced the effect by
considering only the angles calculated for pixels in which the po-
larization intensity S/N, P/σ P, was greater than 3. Montier et al.
(2015) suggest, however, that this choice of threshold might not be
appropriate for every measurement, and, in any case, we would still
like to utilize even low S/N data in order to access the full power of
the data.

To do this, we use equation (8) for the weighted PRS, adopting
the uncertainty in P in place of the angle uncertainty. In principle,
it would be better to use the variance in polarization angle as the
weight. However, in practice this is a non-linear, but monotonic,
function of the polarization (see Montier et al. 2015). Hence, there
is no real benefit in adding complexity, and we simply use P/σ P

as a proxy. Here, we are also assuming that the variance in the NH

gradient angle is small compared to the variance in the polarization
angle, so that the noise in the relative angles is dominated by the
polarization noise. For more general applications of the PRS this
will not be true, and noise from both sets of orientations being
compared must contribute to the weighting.

We calculate the relative angles for every pixel, regardless of
their polarization intensity S/N, and then calculate the PRS applying
lower weights in equation (8) to lower S/N data. A maximum S/N
threshold must be chosen above which all angles are weighted the
same, since otherwise a small number of points with very high S/N
will dominate. Fig. 6 shows the weighted PRS calculated for the
entire Vela C molecular cloud for various choices of this maximum
S/N threshold. Three different weighting schemes were chosen: the
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A	Next	Genera7on	BLAST	Polarimeter	(BLAST-TNG)	
Technological	Improvements:	
–  New	Focal	Plane	

•  Polariza7on	sensi7ve	detectors	(MKIDS)	
•  Larger	focal	plane		(1000	detectors	compared	

to	266	detectors	for	BLASTPol)	
•  ~10x	increase	in	mapping	speed	

–  Larger	Primary	Mirror	
•  2.5	m	gives	25’’	resolu7on	@	250	microns	
•  ~6x	increase	in	resolu-on	

–  30	day	hold	7me	cryostat		
•  ~3x	longer	flight	-me	than	BLASTPol	

Science	Drivers:	
–  Detailed	maps	of	magne7c	morphology	for	

dozens	of	clouds	
•  Account	for	magne7c	field	projec7on	effects	
•  Be�er	sta7s7cal	comparison	with	numerical	

simula7ons	

First	flight	from	Antarc8ca	in	late	2018	

h�p://sites.northwestern.edu/blast	

Integra7on	of	BLAST-TNG	in	March	2018	

Poster	#52	



BLAST-TNG	high	resolu7on	observa7ons		
of	dozens	of	GMCs/IRDCs	

BLASTPol	2012	
Resolu7on:	0.65pc	

RCW	
36	

Herschel	
Hill et al., 
2011!

Figure 1: Intensity and magnetic field orientation. Top left: raw map out of
TOAST. Top right: linear modelling of the reference region. Bottom left: linear
modelling of the reference region. Bottom right: Planck 353GHz.

2

BLAST-TNG	
Resolu7on:	0.13pc	

BLASTPol	
Fissel et 
al., 2016!

First	flight	from	Antarc8ca	in	late	2018	
25%	of	the	8me	available	for	shared	risk	observa8ons	

See	Poster	#52	for	more	details.	

Poster	#52	



What	about	from	space?	
Probe	of	Cosmic	InflaRon	(PICO)	

1’’	to	6’’	resolu8on	polarimetry	for	hundreds	
of	clouds	

1’	resolu8on	over	the	en8re	sky	(thousands	
of	molecular	clouds)	

See	Poster	#51	



Observa7ons	needed:		
Mapping	fields	within	filaments		

•  Possible	detec7on	in	high	mass	2.9	kpc	distant	IRDC	G035.39		
with	POL-2	(14’’	FWHM	resolu7on)	

Schematic illustration of the G035.39 clouds and magnetic fields: (a) Two clouds before collision. The blue one

Liu+ 2018, submitted!



Resolving	Magne7c	Fields	in	Filaments	with	TolTEC		
TolTEC		
(PI	Grant	Wilson,	UMass)	
•  mm	camera/polarimeter	on	the	upgraded	50	

meter	LMT	
•  Observes	at	2.1,	1.4,	1.1mm,	best	res:	5’’	
•  Commissioning	begins	late	2018	

Fields	in	Filaments	Legacy	Survey	
(2018-2021)	
(Coordinators	Giles	Novak	and	Laura	Fissel)	
•  100	hours	reserved	for	mapping	filaments	and	

cores	over	AV>8	

h�p://toltec.astro.umass.edu/	

environments.

Figure 4: Column density maps of a simulated 2 pc cloud [5]. The left panel is a native resolution column density projection
from the simulation. The central panel degrades the left projection to approximate a typical 1.1 mm survey of such a cloud:
30′′ resolution and 9.5 mJy/beam RMS [6]. The right panel is the same projection, but now degraded to the expected 5′′

resolution and 0.24 mJy/beam RMS for the Cores-to-Clouds survey proposed here. The central 0.1 pc of dense gas filaments,
generally unresolved by Herschel, will be resolved into 5-20 beamwidths by TolTEC (for <2000 pc cloud distances).

The Clouds-to-Cores Legacy Survey (Coordinators: Gutermuth & Offner)

What is the origin of the stellar IMF? Is there an intimate link between the core
mass function (CMF) and the IMF? Is the CMF universal?

The stellar initial mass function (IMF) is the fundamental basis of many astrophysical phe-
nomena, from star formation rates and supernova in galaxies to the frequency of habitable planets.
Despite much empirical characterization, theories for the origin of the IMF remain very poorly
constrained [7, 8]. One current set of theories postulates that the distribution of stellar masses is
inherited from the distribution of gas (e.g., [9, 10]). The advent of large format mm-wave cameras
has yielded numerous surveys of the nearest star-forming molecular clouds over the past 20 years
(e.g., [11, 6]), and near- and mid-IR extinction mapping [12] along with the recent Herschel far-IR
mission (e.g., [13]) added many more. These surveys revealed hundreds of small (0.05×0.05 pc),
dense (> 105 cm−3) gas “cores” that appear to be the precursors of individual star systems.

Figure 5: (Left:) Simulated core mass function sensitivity for the integrated Clouds-to-Cores survey with core numbers scaled
from AzTEC observations of the MonR2 cloud (Gutermuth et al. in prep). Error bands denote 3σ uncertainties in the recovered
CMF for differently scaled IMF models and are dominated by Poisson statistics for this survey. (Center:) Physical resolution vs
distance for Herschel-SPIRE 500µm, SCUBA-2/JCMT 850µm, and TolTEC/LMT-50m at 1.1 mm, marked by a gray solid line,
a gray dashed line, and a black solid line, respectively. The horizontal black dashed band marks 0.05 pc, the size of a typical
core [6]. (Right:) Dense gas core mass sensitivity vs distance for the Herschel and SCUBA-2 Gould’s Belt Surveys (clouds
<400 pc away) and the 1.1 mm component of the Cores-to-Clouds survey proposed here, marked by a gray solid line, a gray
dashed line, and a black solid line, respectively. The Cores-to-Clouds survey will have uniform mass sensitivity for clouds out
to 2 kpc distance at 1.1 mm.

The core mass function (CMF) derived from these surveys appears consistent with the canonical
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Stella	Offner	

Full	resolu7on	 30’’	(BLAST)	 5’’	(TolTEC)	

Large	Millimeter	Telescope	

Poster	#52	



The	Goal:	measure	the	strength	and	energe7c	importance	of	
magne7c	fields	across	all	scales	in	star	forma7on.	

~ 0.08 pc (2017)

100 pc

20 pc

0.03 pc

resolution

BLASTPol

ALMA

Planck
Hull	et	al.	2017	



Summary	
•  In	Vela	C	we	see	a	change	in	orienta7on	of	cloud	structure	

from	parallel	to	the	magne7c	field	at	low	densi8es	to	
perpendicular	to	the	magne7c	field	at	high	densi8es.	
–  Implies	that	the	cloud	scale	magne7c	field	is	at	least	as	strong	as	
turbulence,	and	plays	an	important	role	in	forming	dense	
filaments	within	clouds.	

–  Consistent	with	a	model	where	dense	filaments	form	from	
convergent	flows	perpendicular	to	the	magne7c	field,	and	
accrete	ma�er	primarily	parallel	to	the	field.	

•  We	see	indica7on	that	the	highest	NH	region	and	most	
ac7ve	star	forming	region	in	Vela	C	has	a	lower	transi7on	
density:	
–  Stronger	magne7c	field?	
–  More	favorable	geometry	of	the	flows	that	created	the	region?	
–  Projec7on	effect?	

Magne7c	Field	Discussion	
Lunch	today!	

(meet	in	the	lobby)	


