
Will ALMA see toroidally wrapped B-fields at ~100 AU 
disk scales in both low- and high-polarization sources?  

 

Stay tuned for ALMA Cycle 2 data! 
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0.3ʺ″ (~150 AU) resolution dust polarization (@ Band 7) 
Outflows & dense tracers (@ Band 6) 
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ABSTRACT 
 
Magnetic fields are thought to play an important role 
in the formation of  stars.  However, that importance 
has been called into question by previous 
observations showing misalignment between 
protostellar outflows and magnetic fields (B-fields), as 
well as inconsistency in B-field morphology between 
10,000 AU and 1,000 AU scales.  To investigate these 
inconsistencies, we used the 1.3 millimeter full-Stokes 
polarimeter at CARMA to map dust polarization with 
~2.5" resolution toward 30 star-forming cores and 8 
high-mass star-forming regions as part of  the 
TADPOL survey.   
 
 
 
 
 

 
Our main findings are:  
 
(1) A subset of  the sources have consistent magnetic 

field orientations between large (~20") and small 
(~2.5") scales. Those same sources also tend to 
have higher fractional polarizations than the 
sources with inconsistent large-to-small-scale 
fields. We interpret this to mean that in at least 
some cases B-fields play a role in regulating 
the infall of  material all the way down to the 
~1000AU scales of  protostellar envelopes.  

(2) Outflows appear to be randomly aligned with B-
fields; although, in sources with low polarization 
fractions there is a hint that outflows are 
preferentially perpendicular to small-scale B-fields, 
which suggests that in these sources the B-fields 
have been wrapped up by envelope rotation. 
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Bipolar outflows are randomly aligned 
with magnetic fields at the 1000 AU 

scales of protostellar envelopes 

LO-POL sources have outflows and B-fields 
that are preferentially perpendicular 
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HI-POL sources have outflows and 
B-fields that are randomly aligned 
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Sources with LOW polarization fraction (< 3%) have 
B-fields that are inconsistent from large to small scales 

Sources with HIGH polarization fraction (>3%) 
have consistent large- and small-scale B-fields 

B-field consistency from 10,000 à 1000 AU 
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Yet… 

Magnetic fields are (sometimes) consistent from core to envelope scales… 

TADPOL collaboration — tadpol.astro.illinois.edu 

 
•  LO-POL:  B-fields may be wrapped up by envelope rotation 

-  This could aid in disk formation 

•  HI-POL:  B-fields may be remnants of the “global field” drawn in 
         by gravitational collapse 
-  Outflows are not tightly aligned with the B-fields in the cores 

out of which they formed (see Hull et al. 2013, ApJ, 768, 159) 

 

Conclusions 

an angle of !B ’ 90!. On the other hand, the rotation axis hardly
changes its direction from the initial state and remains directed
along the z-axis. The disk normal is also oriented along the
z-axis (i.e., the rotation axis). From Figure 8b, it can be seen that
a disk forms by the effect of the rotation and the disk normal
direction coincides with the rotation axis.

Figure 8c shows the central region at the core formation epoch
(nc ¼ 2:3 ; 1011 cm#3). It can be seen from this figure that a
nonaxisymmetric structure has formed and the central core has
changed its shape from a circular disk (bottom panels of Figs. 8a
and 8b) to a bar (Fig. 8c, bottom). The magnetic field lines run
laterally, i.e., jBrj, jB"j3 jBzj, in the adiabatic phase (Figs. 8c
and 8d ). Figure 8d shows an adiabatic core when the central
density has reached nc ¼ 6:9 ; 1014 cm#3. A spiral structure is
seen in this figure, which indicates that a nonaxisymmetric
pattern has formed, even if no explicit nonaxisymmetric density
perturbation is assumed at the initial stage. (Although the non-
axisymmetric patterns also appear in some models of Papers I,
II, and III, it should be noted that these patterns are due to a
nonaxisymmetric perturbation added to the density and magnetic
field at the initial stage.) The magnetic field lines are considerably
twisted in Figure 8d . It should be noted that in this model, the
inclined magnetic field induces nonaxisymmetric perturbations,
on behalf of the initial explicit perturbation.

Figure 11 shows the magnetic field lines, the shape of the
core, and the velocity vectors on the z ¼ 0 plane in the adiabatic
phase for model C00. This figure shows that a ring is formed, as
found in Paper III, without any growth of a nonaxisymmetric
pattern. In Papers I, II, and III, we assumed a cylindrical cloud in
hydrostatic equilibrium, in which the magnetic field and angular
velocity are functions of the radius r in cylindrical coordinates.
On the other hand, the cloud is assumed to be spherical with a
uniform magnetic field and angular velocity at the initial stage
in model C00. In spite of these differences, a similar ring struc-
ture appears in both models C00 and CS of Paper II. Figure 9
(bottom) plots the evolution of the axis ratio against the central
density for group C. The axis ratios for models C30, C45, and
C60 begin to grow after a thin disk is formed (nc k 5 ; 106 cm#3)
and reach "ar ’ 0:5 at the core formation epoch. The axis ratio

grows to "ar ’ 1 at nc ¼ 1012 cm#3 in models C30, C45, and
C60, while no nonaxisymmetric pattern appears in model C00.
This shows that the nonaxisymmetric pattern arises from the
anisotropy of the Lorentz force around the rotation axis. A bar
structure is formed by the nonaxisymmetric force exerted by the
inclined magnetic field, as shown in Figures 8b–8d . This is
confirmed by the fact that the short axis of the density distribu-
tion on the z ¼ 0 plane (the disk midplane) and the bar pattern
rotate together with the magnetic field lines. The axis ratio (the
nonaxisymmetry) grows in proportion to #1=6 (107 cm#3 P nc P
1010 cm#3 in Fig. 9, bottom), as found by Hanawa &Matsumoto
(1999). Since the lateral component of the magnetic field
(jBjsin !0) is large (Fig. 9, bottom), the axis ratio grows more in
models with large !0.

The evolution of the angles !B, !!, !P, and "B for group C is
plotted against the central density in Figure 12. The angle be-
tween the magnetic field and z-axis becomes !B ’ 90! even in
the early phase of isothermal collapse for all the models C30,
C45, and C60. The rotation axis and the disk normal maintain
their angles !!; !P ’ 0!. Figures 4 and 12 show that in both
magnetic- and rotation-dominant models the directions of the
magnetic field, rotation axis, and disk normal are qualitatively
the same for models with the same $ and !, irrespective of !0 in
the range 30! $ !0 $ 60!.

Figure 13 shows the magnetic field lines, velocity vectors,
and density distribution for the epoch t ¼ 1:52 ; 106 yr (nc ¼
1:5 ; 109 cm#3) for model C30. Note that the box scale and
level of grid are different for each panel. The spatial scale of
each successive panel is different by a factor of 4, and thus the
scale between Figures 13a and 13d is different by a factor of 64.
The magnetic field has an angle !0B % 30! in Figure 13a, where
!0B is defined as the angle between the volume average magnetic

Fig. 11.—Same as Fig. 1, but for C00 at the core formation epoch.

Fig. 10.—Same as Fig. 5 (left), but for model C45. The lower left inset is an
enlarged view of the center.
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Future   =  ? 

Above/right: comparison of B-field orientations at large-scales (~10,000 AU, from 
SCUBA/CSO) and small-scales (~1000 AU, from CARMA). Center : B-field 
consistency vs. average dust polarization fraction in the core.  Sources with higher 
polarization fractions have more consistent B-fields from 10,000 – 1000 AU 
scales.  From Hull et al. 2014, ApJS, in press (arXiv:1310.6653)	



Center: comparison of outflow vs. small-scale B-field orientations. Left/right: selected 
Class 0 protostellar cores mapped at 1.3 mm as part of the CARMA TADPOL 
survey.   Grayscale: Stokes I thermal dust emission.  Contours: red- and blueshifted 
lobes of the sources’ bipolar outflows, mapped in CO(2–1) or SiO(5–4) (Ser-emb 8, 
8(N)).  Line segments: magnetic field orientations inferred from dust polarization (all 
line segments are rotated by 90º to indicate the B-field).  Segment lengths are 
proportional to the square root of polarized intensity, not percentage (typical peak 
polarization is a few percent).  From Hull et al. 2014, ApJS, in press (arXiv:1310.6653)	
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