
Science cases for JCMT & SMA synergies

Science case 1: short spacings & high angular resolution

SMA only CO (2-1)
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SMA+JCMT CO (2-1)
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Figure 2: CO 2–1 outflow maps of NGC 7538 IRS1 (Qiu et al. 2011). The Left panel shows the SMA
data only, and the Right panel shows the combined SMA and JCMT observations. Note the contour levels
in the two panels are exactly the same.

Proposed observations
While our SMA and JVLA observations are going well and already provide very interesting results,
one crucial information is missing in these interferometric observations, that is, the short spacings
necessary to interpret the CO (2–1) outflows.

Our previous study of the massive star-forming region NGC 7538 IRS1 shows that only the combined
interferometer and single-dish data (“SMA + JCMT” in this case) allows a proper interpretation of the
outflow morphology and kinematics, and a reliable estimate of the outflow mass and energetics (see
Figure 2, also see Qiu et al. 2011). Here we then propose for JCMT CO (2–1) mapping observations
of all the 42 massive cores in Cygnus-X, which will be combined with our SMA CO (2–1) data for a
joint imaging and analysis.

With these observations and our SMA high-density tracing molecular line (e.g., CH3OH, CH3CN)
maps, we will perform a systemic study of the mass accretion and outflow processes in massive star
formation. This unprecedented sample of massive outflows, observed at a uniformly high resolution and
complemented with short spacing information, is also to a large degree a stand-alone project. It will
enable investigations of several key questions in outflow studies, e.g., 1) How do massive outflows evolve

as the central protostars continue to grow in mass? 2) Are massive outflows systemically less collimated

than low-mass outflows? 3) How do the mass and energetics of outflows correlate with the bolometric

luminosity of the central stars? Our current understanding of these questions are largely based on early
single-dish observations, and a high-resolution study is yet to be performed.
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K. et al. 2012, A&A, 539, A79; 8) Schneider, N. et al. 2006, A&A, 458, 855; 9) Tan, J. C. et al. 2014,
in Protostars and Planets VI, 149; 10) Uyaniker, B. et al. 2001, A&A, 371, 675; 11) Wendker, H. J. et al.
1991, A&A, 241, 551; 12) Zhang et al. 2015, ApJ, 804, 141; 13) Zinnecker, H. & Yorke, H. W. 2007,
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DJCMT = 2.5x DSMA , ideal for joint mapping

Qiu et al. (2011)

1. wide-field imaging with a multiplicative interferometer: the problem of the
short-spacings

Figure 1: Typical uv coverage for the Plateau de Bure interferometer. The lowest and highest
spatial frequencies measurables are indicated by the red circles.

1/3 and 1/2 of the interferometer primary beam, as mentioned above. To obtain a correct result
for larger source sizes, it is neccesary to complete the interferometer data with additional data,
which contain the missing short-spacings information. At PdBI, we use the IRAM-30m single-
dish telescope. Short-spacings informations can also in part be obtained with a secondary array
of smaller antennas and thus baselines (e.g. the CARMA interferometer). In the ALMA project,
the short-spacing information will be obtained by a combination of four 12m-single-dish antennas
and an interferometer of 12 antennas of 7 meters called ACA (Atacama Compact Array).

In this memo, we summarize the different issues concerning the observations and processing
steps of single-dish data to produce the short-spacings. This cover a wide range of applications:
The acquisition and processing 1) of IRAM-30m data to complement IRAM-PdBI data, 2) of
ALMA single-dish 12m-antenna data to complement the ACA and/or ALMA interferometric
data, etc... Although it is relevant to the short-spacing problem, we will not cover the merging
of data from different interferometric arrays as ALMA-ACA or CARMA. This topic is largely
discussed elsewhere (Wright, 2003; Tsutsumi et al., 2004; Morita & Holdaway, 2005; Wright,
2007).
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Science case 2:  connecting magnetic fields from the cloud/clump (~1pc) to 
core (~0.01 — 0.1pc) scales 

The Astrophysical Journal, 792:116 (12pp), 2014 September 10 Zhang et al.

Figure 6. Schematic picture demonstrating the dynamical role of magnetic fields in the formation of dense cores within a parsec-scale molecular clump, and at scales
of accretion disks. Magnetic fields in core scales are either parallel or perpendicular to the clump-scale field, indicating that they play an important dynamical role in
dense core formation. On the other hand, outflow axes are not aligned with the field in dense cores, indicating that angular momenta in disks are not aligned with the
core field.
(A color version of this figure is available in the online journal.)

star formation (e.g., Hull et al. 2013, and this work). While these
instruments will continue to play a role in polarimetric studies,
they pave the way for further studies of much larger samples
with ALMA as its polarimetric capability continues to mature.
It is hopeful that more statistically robust studies based on much
larger samples will come to fruition in the next decade.

5. CONCLUSION

We present SMA observations of a sample of 14 massive
molecular clumps in the 345 GHz band (870 µm) to investigate
the role of magnetic fields in massive star formation. The key
findings are summarized below.

1. The spatially resolved polarization images show that mag-
netic fields at the core scale of 0.01–0.1 pc tend to be more
organized rather than chaotic.

2. By comparing magnetic field orientations at a spatial
scale of 0.03 pc (approximately the spatial scale of dense
molecular cores) with the parsec-scale mean field orien-
tations from single dish telescopes, we found a bimodal
distribution in the alignment of the two axes: among the
cores with polarization detection, over 60% have their
fields aligned to within 40◦ of the parsec-scale mean mag-
netic field orientation, while the remaining group of cores
have their fields perpendicular (80◦–90◦) to the mean mag-
netic field orientation. From a K-S test, the probability that
the observed distribution and the distribution from ran-
domly aligned axes are drawn from the same population
is 2.4 × 10−3.

3. Similarly, by comparing magnetic field orientations at core
scales with the major axis of molecular clumps, we found
that over 60% of cores have their fields perpendicular to the
major axis.

4. The major axes of molecular outflows do not appear to be
correlated with the orientation of magnetic fields in cores
from which outflows are launched.

5. These findings demonstrate that magnetic fields play an
important role during the collapse and fragmentation of
parsec-scale clumps, and the formation of dense cores. The
magnetic field is strong enough on the clump scale to guide
the concentration of clump material along the field lines
into dense cores. Furthermore, no alignment between the
outflow axes and the field orientation in the core indicates
either that the field on the disk formation scale is not strong
enough to brake the rotation perpendicular to the field,
or that the disk orientation is controlled by some other
dynamical processes, such as gravitational interactions in
binary or multiple systems.

We are indebted to the SMA staff for their effort in instrument
development and observing support. Without their dedication,
this large polarization study would not have been possible. Q.Z.
is grateful to F. H. Shu for his encouragement, and to R. L.
Plambeck and C. L. H. Hull for enlightening discussions. J.M.G.
and C.J. are supported by the Spanish MINECO AYA2011-
30228-C03 and Catalan AGAUR 2009SGR1172 grants. S.P.L.
and T.C.C. are supported by the Ministry of Science and
Technology Taiwan with grants NSC 101-2119-M-007-004 and
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the Hull et al.’s sample, rotation in general does not produce
appreciable effect on magnetic fields over the linear scale that
SMA probes, except for nearby targets such as G192 (Liu et al.
2013). For our sample, it is likely that dynamic interactions in
binaries or close multiples change the disk and thus the outflow
orientation relative to the magnetic direction.

4.4. Effect of Spatial Filtering

One of the key findings in this paper (e.g., Figure 2) is derived
from the comparison of polarization measurements between
the single dish telescopes and the SMA. Figure 2 reveals that
magnetic fields at core scales tend to maintain the mean field
orientation measured by the single dish telescopes. Can the
SMA data be dominated by the smooth structure seen in single
dish telescopes, and hence, create a false alignment between the
clump-scale and the core-scale magnetic fields? The answer is
negative.

While polarization angles measured by a single dish telescope
represent the mean orientation within the telescope beam,
the SMA observations, like any interferometers, probe the
spatially compact structures within, while filtering out extended
emission. The SMA images reveal spatial structures from 20′′

down to 1′′, the synthesized beam of the observations. The
typical densities in dense cores inferred from the Stokes I dust
continuum are >105 cm−3, at least one order of magnitude
higher than the average density of their molecular clumps. The
combined effect of high resolution and high density ensures
that the SMA polarization data probe the gas at !0.1 pc scales
closely associated with star formation. One clear example is
DR 21(OH). The SMA observations at high angular resolution
reveal disordered polarization structure oriented in the east–west
and north–south directions (Girart et al. 2013). In contrast, the
polarization image obtained at the same frequency band from the
JCMT and CSO exhibits east–west magnetic field lines (Vallée
& Fiege 2006; Matthews et al. 2009). We test the possibility
that an ordered field from single dish observations is a result of
either spatial filtering or spatial smoothing, the latter of which
tends to render a more uniform field orientation. We tapered
the SMA images to 20′′ and reconstructed the polarization map.
Figure 5 presents a comparison of the JCMT SCUBA map with
the convolved SMA image to 20′′. As one can see, the convolved
SMA image remains similar to the higher resolution SMA maps.
Therefore, the single dish data probes the larger scale magnetic
field, whereas interferometer maps presented here probe the
underlying structures at smaller spatial scales.

4.5. A Schematic Picture on the Role of Magnetic
Fields and Limitation of the Study

The polarization study of a large sample of massive-star-
forming regions reveals important clues to the role of magnetic
fields during the collapse and fragmentation of massive molec-
ular clumps. Figure 6 presents a schematic picture summarizing
the key findings in this paper. At the clump scale, gas at densities
of >104 cm−2 is threaded by magnetic fields typically probed by
single dish telescopes. The parsec-scale clump can be elongated
and/or be part of a larger scale filament, with the major axis
perpendicular to the magnetic field. The collapse of the clump
leads to the formation of cores at higher densities. The magnetic
field in the higher density gas appears to be either aligned with
or perpendicular to the clump-scale field. As the gas in dense
cores continues to condense to form accretion disks that drive
molecular outflows, the major axis of the disk does not appear
to be aligned with the magnetic field in the parental core.

Figure 5. Contour map of the dust emission at 870 µm toward the DR 21 region,
overlaid with the magnetic field segments (red bars) obtained with the JCMT
SCUBA polarimeter (Matthews et al. 2009). The blue line segments represent
the magnetic field direction obtained with the SMA, but convolved to 20′′, the
angular resolution of the SCUBA data. The shaded circle at the lower-right
corner of the panel marks the 20′′ beam.
(A color version of this figure is available in the online journal.)

While this study represents the largest sample thus far of
massive-star-forming regions imaged in polarization with a
(sub)mm interferometer, the sample included in the statistical
analysis contains only ten massive molecular clumps. Therefore,
results could be biased by the collection of targets that by chance
have organized magnetic fields at core scales. Among most of
the sources imaged, the detected polarized emission extends to
a fraction of the Stokes I image. The statistical analysis does not
take into account these cores with no polarization detections.
Limited studies suggest that polarization can be distorted by
stellar feedback. For example, radiation and ionization from
H ii regions can influence magnetic field orientation (Tang et al.
2009a). The sample in this paper is mostly at an earlier stage of
evolution prior to the H ii region phase. Therefore, the effect
of feedback from an H ii region is minimal in our sample.
At the sensitivity of the SMA, detecting dust polarization in
massive IRDC (infrared dark cloud) clumps is still difficult
due to the faintness of the sources. However, these objects
may contain the pristine physical conditions of massive star
formation with little influence from stellar feedback. Measuring
polarization in these objects will be possible with more sensitive
telescopes such as ALMA.

While the results presented here are limited by the sample
size, it is apparent that the technique of comparing magnetic
fields at different spatial scales shows great promise in con-
straining the relative role of magnetic fields versus turbulence
and gravity/rotation. Such a technique can be applied when
polarization measurements of a much larger sample become
feasible. Interferometers such as SMA and CARMA that are
currently equipped with polarimeters are on the verge of their
capability to undertake large observing programs. The scien-
tific return of such programs is apparent as demonstrated in the
progress made in studying magnetic fields in low- and high-mass
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Science case 3:  surveys of large samples / sky coverage with the JCMT 
(SCUBA2, HARP, …) guide dedicated case studies with the SMA 

Galactic star formation: large samples or the whole complex with the JCMT; 
detailed physics within dense clumps or cores with the SMA, …

Nearby galaxies: mapping the whole galaxy and ping down into GMCs and 
clouds, …

……


