
Dust Polarization and Magnetic Fields in Star Forming Clouds  
Science Aim:   To detect magnetic fields in a star forming 
core at the thermal Jeans length scale through dust polariza-
tion.
Stars  form in giant  molecular  clouds under  the influ-
ence of turbulence and large-scale magnetic (B) fields. 
Theoretically,  the significance of the B field influences 
how structures are formed, such as the density contrast 
within structures, the star formation rate, and the sup-
pression of fragmentation.  One method to probe the B 
field is through observations of dust polarization.  Dust 
grains are known to align with their shorter axes paral-
lel to the field lines in most circumstances.  The plane-
of-sky  projected  B  field  integrated  along  the  line  of 
sight can be traced by rotating the detected polarization 
of the thermal dust emission by 90°.   ALMA observa-
tions toward the star forming core W51 e2 can provide 
information on B field orientations within the core with 
unprecedented sensitivity and angular resolution. This 
will provide information of how the B field influences 
the formation of structures at the size-scale of the ther-
mal Jeans length.  
Receiver(s): Band 7  (343 GHz)   For this experiment the 
Band 7 receiver (343 GHz) provides the highest sensitivi-
ty to polarized dust emission. 
Angular Resolution & LAS: 0.2” & 0.8” To resolve the 
W51 e2 dense core at the thermal Jeans length scale, we 
will  need an angular resolution of 0.2” (1400 AU at 7 
kpc).   The size of the core is 0.8”.
Continuum Sensitivity:   100µJy/beam  The flux density 
of the W51 e2 core is 9.3 Jy over the 0.8” core.  At 0.2” 
resolution, the flux would be spread over (0.8”/0.2”)2=16 beams.  Hence the estimated ALMA flux density is 
9.3/16=0.6 Jy/beam.  Assuming that the polarization per-
centage is 1%, the expected polarization intensity will be ~6 
mJy/beam.  We request  a  sensitivity  of  100 µJy/beam to 
achieve a 60σ detection of the polarization over the entire 
core.
Observing Time:  It will take 5.0 minutes on-source with a 
7.5 GHz bandwidth to achieve the sensitivity.  However, the 
OT imposes a minimum time of three hours for full-polar-
ization observations in order to get sufficient parallactic an-
gle coverage for calibration.
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Figure 20: Magnetic field of the W51 e2 core at 0.9 mm 
obtained at the Submillimeter Array. The total intensity 
is  shown  in  contours.  The  polarization  intensity  is 
shown in color scale. The star denotes the ultracompact 
HII region.  (Credit: Ya-Wen Tang, 2009 ApJ, 700, 251)

Figure 21:   ALMA was used to detect the magnetic field in the jet 
from a protostar, using polarized SiO line emission.  The top image 
(right) shows an optical H2 image of the HH 211 jet (from Hirano et 
al. 2006).  The blue and red image shows the blue- and red-shifted SiO 
J=8-7 emission.  The inset image shows the inner jet, with the recently 
detected disk (Lee et al. 2018), the solar system scale for comparison, 
and yellow bars showing the SiO line polarization vectors.  The vector 
orientations are  consistent  with a  model  of  a  helical  magnetic  field 
threading the jet.  (Credit: ALMA (ESO/NAOJ/NRAO); Lee et al., 
2018, NatCo, 9.4636) 


