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ANCHORING MAGNETIC FIELD IN TURBULENT MOLECULAR CLOUDS
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Magnetic fields are dynamically important on large scales
(A)

(B)

B-fields are consistent
from cloud to core scales

B-fields are well
ordered at large
scales

B-fields tend to be well ordered
from the molecular-cloud scale
(~10 pc) down to the dense-core
scale (0.5 pc), suggesting that
they’re dynamically important
during large-scale cloud
fragmentation.

(D)
(C)

Musca dark cloud

2.5 deg (10 pc)

(E)

(F)

0.3 pc

(G)

Sub-mm CSO data
n ~ 105 cm-3
L ~ 0.3 pc

Pereyra & Magalhães 2004
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IRAS data
n ~ 1 cm-3
L ~ 100 pc

Li+ 2009

But are B-fields dynamically important below the dense-core scale?
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Figure 1. Magnetic fields in the Orion molecular cloud region. The background image shows the IRAS (Neugebauer et al. 1984) 100 µm map in logarithmic scale. We
superpose on this map the magnetic field directions inferred from optical data (blue vectors), and the mean of all the optical data is shown as the thick gray vector. The
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IRAS 4A

The literature suggests otherwise!

is " 10.6 Jy (Table 3), whereas the total flux measured with the
SMA is 11.5 Jy.
3.2. Dust Polarization
The linearly polarized component of the emission can be
obtained from maps of Stokes Q and U. Typically, this is quite
small and is only a few percent of the Stokes I emission. The
maps for Stokes Q and U are plotted in the top and bottom
panels of Figure 1. The peak (absolute) values of Stokes Q and
U are ∼7 times the noise level of ∼4 mJy beam−1 . Note that in
contrast to Stokes I which is a positive quantity, Q and U can be
negative. We then obtained the maps of the (debiased) linearly
polarized flux density (P), the polarization P.A. (θ), and the
fractional polarization (p) which is expressed as a percentage.
The maps of the errors in P, p, and θ are obtained as well.
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Figure 1. Top panel: color contour map of the Stokes U dust emission overlaid
on the black contour map of the total dust emission (Stokes I). Stokes U blue
(negative) and red (positive) contours are −5, −4, −3, −2, 2, 3, 4, 5, 6, and
7 times the rms noise of the map, 4 mJy beam−1 . Stokes I contours are 2%,
7%, 17%, 37%, 57%, 77%, and 97% of the peak intensity (4.1 Jy beam−1 ).
Crosses mark the position of Aa, Ab, and B sources (Loinard et al. 2007).
The synthesized beam is shown in the bottom right. Bottom panel: the same as
previous panels, but with Stokes Q in blue (negative) and red (positive) contours.
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• Well ordered
• Aligned with bipolar outflows

around this protostellar system. This provides a of the magnetic field axis, ,61-, is roughly
direct confirmation of the magnetic field con- similar to the orientation of the magnetic field
figuration at the few-hundred–AU scale pre- on larger scales around NGC 1333 (21). From
dicted by the standard theory of low-mass-star Fig. 1C, we can see that across most of this
formation (3, 4). Moreover, the detection of region there is a remarkably accurate correhourglass morphology even in this complex spondence between the measured magnetic
region suggests that the models of isolated star field vectors and the modeled parabolic magformation may apply even when the initial con- netic field lines. However, there are some
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ditions are much less idealized than is normally discrepancies southeast of the center, where
tion axis with respect to the line of sight), theassumed.
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have
rotation
axisalso
and been reported in high-mass- deviate from the fitted model. The observed
is Mdyn = 0.084 sin−2 i M" . Assuming that the shape
the outflow axis are parallel (as they appear to be
in projection),
star–forming
regions such as NGC 2024 (17) dispersion (Fig. 2), dqobs, is made up of conthen the inclination angle derived from the outflow
is i ∼clearly
50◦ – but at much larger scales tributions from the measurement uncertainty of
and more
60◦ (Yeh et al. 2008), thereby Mdyn & 0.11–0.14(È0.5
M" . Therefore,
pc) toward OMC-1 (18).
the polarization angle sq and the intrinsic
the circumstellar mass around source A plus the The
masstotal
already
flux measured in our 877-mm dispersion dqint, according to the equation (22)
1
accreted onto the protostar is larger than the observations
dynamical mass,
is 6.2 T 0.5 janskys (Jy) over an dqobs 0 (dqint2 þ sq2) / 2. The observed disperso this flattened structure is not stable, and likely
areaisofundergoing
33 square arc sec, where there is adequate sion (dqobs) in the residuals is 8.0 T 0.9-,
collapse, and has been inferred from spectral signatures
sensitivityoftoinfall
measure the polarization. Assum- whereas the measurement uncertainty of the po(Chandler et al. 2005; Remijan & Hollis 2006;ing
Takakuwa
al.emission, a dust temperature of larization angle (s ) is 6.2 T 0.3-. Therefore, the
optically et
thin
q
2007).
50 K (19), a gas-to-dust ratio of 100, and a dust intrinsic dispersion is dqint 0 5.1 T 1.4-. This
of 1.5 cmj2 gj1 (20), we estimate the estimate of the intrinsic dispersion should be
4.3. Physical Parameters: Magnetic Fieldopacity
Properties
total mass traced by the dust to be 1.2 d3002 regarded as an upper limit because the parabolic
The magnetic field strength can be estimatedsolar
indirectly
massesusing
Ed300 K (d/300 pc), where d is the function is just a first approximation of the true
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adopted distance to the NGC 1333 cloud^. We magnetic field morphology.
(C–F) equation (Chandrasekhar & Fermi 1953;
al.
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2001), and from the curvature of the deformed,
“hourglass”density EN(H2)^ and volume density En(H2)^ of tion angles is a consequence of the perturbation
like, field lines around source A.
the region traced by the dust as follows: N(H2) 0 by Alfv2n waves or turbulence in the field lines,
M/(Amm) and n(H2) 0 M/(Vmm), where M is the then the strength of the magnetic field projected
4.3.1. Modified Chandrasekhar–Fermi Method
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mean column density is N(H2) 0 8.2 ! 10
dispersion in angular deviations of the field lines,
Ab, and B sources (Loinard et al. 2007). The synthesized beam is shown in the
strengths of the magnetic field and the turbulence.
a volume density is n(H ) 0 which is the same as dq calculated above (23).
bottom right. Bottom panel: contour map of the total dust emission as in the top
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correspond to the best-fit parabolic magnetic field
force, which is proportional to (B·∆)B, can be approximately
of approximately 1.9 M" . This calculated mass is comparable model.
The fit parameters
are the position angle of
as B 2 /R, where R is the radius of curvature. If the
to those derived from other observations of this source at a the expressed
magnetic field axis q 0 61- T 6-; the center
gravitational force isPA known, it is possible to estimate the magnumber of different wavelengths. These observations show that of symmetry
of the magnetic field a0(J2000) 0 3 h
field strength from the observed
curvature of the field lines
the envelope dust mass is in the range of 2–3 M" (Walker et al. 29 netic
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IRAS 4A indicates that it is likely to be not as evolved as IRAS
where D is the distance of a fieldwww.sciencemag.org
line from the protostar. The
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radius of curvature of the magnetic field lines can be estimated
From the observed H13 CO+ velocity gradient, we can defrom the family of fitted parabolic functions. For a parabola,
rive the dynamical mass needed for equilibrium between the
2
y = a x 2 +b, the radius of curvature at the origin of the abscissa,
gravitational and centrifugal forces: Mdyn = vrot
R /G, where
v rot is the rotation velocity and R is the radius of the flattened
is R = 1/(2 a). We selected the distance from the protostar to
##
be 2## as this is approximately equal to our resolution along
structure. For the measured values, R = 5. 2 (780 AU) and
2
−1
vrot = 3.31/sin i km s (i is the inclination angle of the rotathat direction. Furthermore, at larger distances along the center
1996A&A...309..267H

If field are important on smaller
scales, the fields should be:

Many different B-field vs. outflow
orientations are possible, according
to simulations

Many outflows are
misaligned with B-fields

Stronger B-field

à à

We probe B-field morphologies at scales < 0.1 pc
L1157

NGC 1333-IRAS 4B
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“Typical” situation:
outflow‖to dust
polarization (viewed
edge-on)

Hull+ 2012b, in prep.

“Atypical” situation:
outflow ⊥to dust
polarization (seen
pole-on)

Hull+ 2012b, in prep.

We see both “typical” and “atypical” cases
of outflow/B-field alignment in the results
from a key project at CARMA that is
currently underway.
Our survey of 30
protostellar cores will shed more light on
whether outflows and B-fields are
intrinsically misaligned, or whether it’s just a
question of projection effects.

Observations powered by the new CARMA 1 mm dual-polarization system
1 mm dual-polarization receiver
module
SIS mixers
Orthomode
transducer

WBA13
I.F. amplifiers (1-9 GHz)

CARMA
Combine Array for Research in Millimeter-wave Astronomy
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