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Physical 
Conditions

BIMA 
221 GHz
0.27”

SMA 
345 GHz
0.35”x0.29”

Discovered in HCN, a.k.a. 
the Turner-Welch object 
(Turner & Welch 1984)   

d = 2.04 kpc (Hachisuka et al. 
2006)

Accreting protobinary 
system (Chen et al. 2006; Zapata 

et al. 2011)  

T ~ 200 K

nH2 ~ 1.5 x 107 cm-3  



Continuum Spectra in W3(H2O)

Synchrotron 

Dust thermal Dust thermal 

free-free? 



Synchrotron Emission in Jets
Wilner et al. (1999), Alcolea et al. (1993)
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Reid et al. 1995, ApJ, 443, 238
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Observing Magnetic Fields
Plane-of-sky component, Bpos  

Polarization in dust emission ⊥ Bpos  

Morphology of Bpos   

Field strength inferred by the Chandrasekhar-Fermi method

Line-of-sight component, Blos   

Zeeman splitting, e.g. OH/H2O masers, HI, CN, etc

Field strength directly measured

Total field strength, B = (Bpos
2 + Blos

2)1/2



SMA Polarization 
Observations
Compact + extended

1.5” beam with natural weighting

Courtesy: Derek Kubo



SMA 870μm Polarization Map 



Magnetic Fields & Synchrotron Jet



Chandrasekhar-Fermi Method
Estimate the plane-of-sky magnetic field strength 
(Chandrasekhar & Fermi 1953)  

 δθ ~ transverse component of the Alfvén wave 
perturbed by the turbulent gas

Velocity dispersion is isotropic

Bpos = 16.3 mG for W3(H2O)  

Bpos = Q
�

4πρ
δvlos
δθ

= 69 mG
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Q ~ 0.5 as long as δθ ≲ 25  (Ostriker et al. 2001) 



Magnetic Field Strength
H2O masers Zeeman Blos = +42.1 mG (Sarma et al. 2002)  

Arising in the postshock region, perhaps enhanced ~20

Preshocked gas Blos ~ 2.1 mG 

B = (Bpos
2 + Blos

2)1/2  = 16.4 mG

Slightly higher but comparable to the synchrotron jet 
model (~ 10 mG)

Nearly on the plane of sky 

Magnetic energy dominates over turbulence

βturb = 3(δvlos/vA)
2 = 0.35



JCMT SCUPOL Map

Matthews et al. 2009 
ApJS, 182, 143



The Depolarization Effect
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Summary

SMA polarization map of W3(H2O) at 870 μm

Inferred Bpos is well aligned with the synchrotron jet

Magnetic fields are close to plane of sky.  The field 
strength is slightly higher but comparable to the 
synchrotron model

Magnetic field energy dominates over turbulence

The depolarization effect has a similar dependence 
with NH2 for both SMA and JCMT measurements



CO Molecular OutflowsThe Astrophysical Journal Letters, 740:L19 (5pp), 2011 October 10 Zapata et al.
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Figure 1. Left: integrated intensity color and contour maps of the 12CO(2–1) emission from the W3(OH) region overlaid in contours with the SMA 890 µm continuum
emission (white) and the VLA 3.6 cm continuum emission (green). The blue and red contours are from 30% to 90% with steps of 7% of the peak of the line emission;
the peak of the 12CO(2–1) emission is 100 Jy beam−1 km s−1. The white contours are from −30%, + 30% to 90% with steps of 7% of the peak of the emission;
the peak of the 890 µm map is 830 mJy beam−1. The green contours are from 0.45% to 10% with steps of 0.1% of the peak of the emission; the peak at 3.6 cm is
23 mJy beam−1. The synthesized beams of the CO and 890 µm continuum are described in the text and are shown in the left and right upper corners of the two images,
respectively. Right: a zoom on the W3(OH)TW region. The green and white contours are the same as in the left figure. The gray-scale image shows the SMA 890 µm
continuum emission. The color-scale bar on the right indicates the flux scale in mJy. The blue and red arrows represent the position and orientation of the molecular
outflows emanating from the massive protobinary.
(A color version of this figure is available in the online journal.)

Observatory, was from 0.24 to 0.32, indicating reasonable
weather conditions during the observations. Observations of
Uranus provided the absolute scale for the flux density cal-
ibration. The gain calibrators were the quasars 0102+584 and
0359+509. The uncertainty in the flux scale is estimated to be be-
tween 15% and 20%, based on the SMA monitoring of quasars.
Further technical descriptions of the SMA and its calibration
schemes can be found in Ho et al. (2004).

The data were calibrated using the IDL superset MIR,
originally developed for the Owens Valley Radio Observatory
(Scoville et al. 1993) and adapted for the SMA.5 The calibrated
data were imaged and analyzed in the standard manner using
the MIRIAD and KARMA softwares. We set the ROBUST
parameter of the task INVERT to −2 to obtain a slightly better
resolution sacrificing some sensitivity. The resulting rms noise
for the line images was around 200 mJy beam−1 for each velocity
channel at an angular resolution of 2.′′45 × 1.′′55 with a position
angle (P.A.) = 65.◦4.

2.2. Submillimeter

The observations were made with seven antennas of the SMA
on 2007 August in its extended configuration. The receivers
were tuned to a frequency of 346.383 GHz in the USB, while
the LSB was centered at 336.383 GHz. The phase reference
center for the observation was R.A. = 02h27m03.s87, decl. =
+ 61◦52′24.′′5 (J2000.0).

The zenith opacity (τ230 GHz) was from 0.06 to 0.08, indicating
excellent weather conditions. Observations of 3C273 with an
adopted flux of 8.8 Jy provided the absolute scale for the flux

5 The MIR-IDL cookbook by C. Qi can be found at
http://cfa-www.harvard.edu/∼cqi/mircook.html.

density calibration. The gain calibrators were the quasars 3C84
and 3C111. For the continuum, we set the ROBUST parameter
to −2 to obtain a slightly better resolution sacrificing some
sensitivity, while for the line, we use ROBUST = + 2 to obtain
a better signal-to-noise ratio. The continuum and rms noises
for the line images were around 50 mJy beam−1 and 150 mJy
beam−1, respectively, at an angular resolution of 0.′′74 × 0.′′73
with a P.A. = 32.◦7 for the continuum and 0.′′88 × 0.′′74 with a
P.A. of 80.◦4 for the line.

3. RESULTS

3.1. Molecular Outflows

In our 2 GHz USB of the millimeter observations, we detected
the line 12CO(2–1) at a rest frequency of 230.53800 GHz. In
Figure 1, we present a map of the integrated intensity over veloc-
ity (moment 0) of the line emission observed toward W3(OH).
This map was additionally overlaid with the 890 µm continuum
emission obtained from these observations and the 3.6 cm radio
emission from Reid et al. (1995) and Wilner et al. (1999). The ve-
locity integration is over the velocity ranges: −75 to −55 km s−1

(blue) and −45 to −25 km s−1 (red). The emission at ambient ve-
locities (−54 to −46 km s−1) was clearly extended and poorly
sampled with the SMA, and was suppressed in this moment
zero map. This map reveals two strong collimated and bipo-
lar outflows emanating from the massive protobinary system
W3(OH)TW, both with similar orientations. One of the bipo-
lar outflows emanates from W3(OH)TW-A with its blueshifted
side toward the southwest while its redshifted side is located
to the northeast. This outflow has a P.A. of + 40◦. The second
outflow emanates from W3(OH)TW-C with its blueshifted side
toward the northeast while its redshifted side is located to the
southwest. This outflow has a P.A. of + 15◦. Both outflows show
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