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ALMA Polarization System
•  So far…
•  Linear polarization feeds (X and Y)
•  Dual or single polarization modes available: XX YY
•  Max 2 GHz / polarization
•  Better sensitivity (dual) or better resolution (single)

•   Full capabilities:
•   Parallel- and cross-handed visibilities: XX YY XY YX
•   Cycle 2: continuum (TDM) observations (~ 31.25 MHz 
wide channels)
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ALMA Polarization System 

Cotton, 1999Approximation for weakly polarized sources

Calibration:

•  Unpolarized sources: solve for d-terms (leakage) but ΦXY unknown;
•  Polarized sources with known polarization: solve for both d-terms and ΦXY.
•  Polarized sources with unknown polarization: observations over a large 
range of parallactic angle coverage are necessary (≥ 90°), solve for d-terms 
and ΦXY.

X – Y phase difference (ΦXY) known better than 1 degree
=> 0.1 % polarization accuracy



Calibration
•  Challenge: find suitable calibrators
– Strong enough
– Stable properties
– Good parallactic angle coverage 

•  Solution: sources with known polarization 
properties
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Goal: to obtain a sufficiently large set 
of polarization calibrators



Using molecular lines for 
polarization calibration

•  It is important to measure how the polarization varies with time and 
frequency
      P (ω,t),  χ (ω,t)

•  Leakage (D-terms) dependence with frequency

•  Linear polarization model from a rescaled Stokes I spectrum 
(Kemball et al. 1995) => D (ω,t) 

•  Task previously done with SPCAL (at AIPS) and already built in the 
POLCAL task of CASA.

•  Many studies have used polarized lines as a replacement for a 
continuum polarization calibrator to do leakage calibration (Kemball 
et al. 1995; Kemball & Diamond 1997; Vlemmings et al. 2002, 2005) 
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€ 

Q(ω i) + jU(ω i) = β iI(ω i)



SiO masers
•  Just a few strongly polarized continuum sources at high 

frequencies

•  SiO masers:

–  Bright emission

–  Strongly polarized 

•  Science: 
–  masers excited in regions very close to the stellar surface (a few 

AU), 
–  dynamical influence of the magnetic field in the formation of CSE, 
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SiO masers
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Vlemmings et al.  2011

W Hya: 29SiO peak 
emission ~ 15 Jy

VX Sgr: mean polarization 
fraction between 13 % and 
56 %

Vlemmings et al. 2005 



Pérez‐Sánchez & Vlemmings, 2013  

For typical B strengths in 
SFR and CSE of late-
type stars: 

SiO, H2O and HCN: 
very high polarized 
maser emission

Pol. levels up to 13%, 
14% and 19% (without 
considering anisotropic 
pumping and any other 
non-Zeeman effect).



SiO masers
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Monitoring reveals polarization 
stability over ~ 2.5 years

Glenn et al. 2003:

SiO masers 
monitoring @ 86 GHz



APEX observations
•  Multi-epoch observations
– Mar, Jun, Oct, Dec 2008
– Apr, Jun 2010
– Sep 2011

•  36 sources: evolved stars (AGB stars and 
supergiants)

•  32 detections at least of one transition
•  20% of sources => v=2 stronger than v=1
•  Peak fluxes as high as 160 Jy (W Hya)
•  Narrow linewidths (< 5 km/s)
•  Wide velocity range 
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28SiO 5‐4 v=1 215.5959 GHz
28SiO 5‐4 v=2 214.0885 GHz
29SiO 5‐4 v=0 214.3858 GHz

Ramstedt et al. 2012 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ALMA will achieve the same rms of 

APEX observations in less than 1 minute



SMA observations
•  14 evolved stars (AGB and supergiants)
•  Extended configuration polarization observations
•  2 full tracks, spectral resolution ~ 0.56 km/s
•  Spatial resolution ~ 1.2 arcseconds, possibly super-

resolving the strongest cases
•  2 sidebands with a 4 
GHz bandwidth each

•  All SiO maser lines + 
SO and SiO thermal

•  Continuum
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SMA observations
•  Check for polarization stability
– VX Sgr (2008 ext.: Vlemmings et al. 2011) 
– W Hya (2008 ext.: Vlemmings et al. 2011)
– VY CMa (2002 comp: Shinnaga et al. 2004)
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VY CMa 



SMA observations
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Good candidates:

. Polarization fraction and EVPA very 
stable across the emission

. Not much variability



Future work
•  Observe SiO masers in other bands (86 GHz)

•  ALMA Polarization CSV and calibrators catalogue

•  Implementing realistic source structure models in the 
available simulators

•  Polarization analysis tools: angle dispersion, dynamic 
parameters such as B-field energies and mass-to-flux 
ratio (to the suite of ALMA data analysis tools)

•  Advanced polarization observation interpretation
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Science
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•  Dust continuum polarization (Cycle 2) + Zeeman + 
Goldreich-Kylafis effect (future) toward

–  Protostellar cores with hourglass B-field morphology

•  Compare with SMA polarization maps (commissioning)
•  Resolve B-fields at circumstellar disk
•  Compare core B-field with filaments

–  Pipe nebula: B59, Core 109

–  NGC 2024 FIR 5 (compare dust polarized emission with 
SMA data and resolve outflow powering sources)



NGC 2024 FIR 5
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Alves et al. 2011 
Matthews et al. 2002  
Choi et al. 2012 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NGC 2024 FIR 5

- Depolarization

- Field morphology at disk scales

- Evolutionary stage of each component

- Complex outflow emission traced by CO 


