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•  Recap of RM Synthesis / RM CLEAN 

•  Some practical aspects 

•  Examples: LOFAR MSSS & WSRT-SINGS 

•  Features of interest: 
extended emission and magnetic chimneys 

•  SKA-related topics 

• Not covered here: 

• Wavelet techniques (Frick et al 2010,2011) 

•  Reconstruction techniques (Andrecut et al 2012, Li et al 2011) 

• Q,U fitting (Farnsworth et al 2011, O’Sullivan et al 2012) 

Overview!
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RM Synthesis: In theory 

• Generic form of the expression for rotation measure is (Burn 
1966): 
 
 
 
 
where φ (the Faraday depth) has taken the place of RM, 
and F is the Faraday dispersion function. 

•  Faraday dispersion function of a Burn slab is a tophat function. 

• Note: Faraday depth is not the same as physical depth! (Hence 
“2.5D”) ... Nor is it like optical depth. 

4 rad/m2! -2 rad/m2!
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RM Synthesis: In theory 

•  The equation 
 
 
 
 
is like a Fourier transform, and can (in principle) be inverted to 
determine the physical situation from the observables. 

• However there are some complications: 

• We do not measure λ2 < 0 at all 

• We have finite bandwidth, so we do not measure all values of 
λ2 > 0 

4!
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RM Synthesis: In practice 

•  This leads to a sampling (window) function, and to a finite point 
spread function (called the Rotation Measure Spread Function, 
or RMSF). 
Examples are shown in following slides. 

•  The formal expression 
 
 
 
becomes 
 
 
 
This can be inverted (note the addition of λ02): 

5!
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RM Synthesis: In practice 

•  The expression for the (reconstructed) Faraday dispersion function 
 
 
 
can be written as a sum (if channel width is small), 
 
                                                     (“trial RM” interpretation) 
 
 

•  The RMSF is then 
 
 

•  This operation can be done for the whole field of view (producing 
an RM-cube). 

6!
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RM Synthesis: In practice 

•  RM synthesis works on observed Q,U cubes to produce RM-
cubes: 

Q! U!

Q! U!

RM Synthesis!
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Faraday synthesis 

§  Note that “Faraday synthesis” (Bell & Enßlin 2012) has been 
proposed to perform a 3D Fourier transform from visibilities 
directly to RM cubes (and then perform e.g. 3D CLEAN…) 

8!
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Key RM Synthesis terms 

§  Faraday depth: physical quantity, in case of 1 component measured as “RM” 

§  Faraday dispersion function: 
Intrinsic polarization as function 
of Faraday depth; see Figure 

§  RMSF: like “dirty beam” in 
synthesis imaging 

§  FWHM of RMSF gives RM precision 

§  Maximum accessible RM 

§  Maximum RM scale 

9!

Heald (2009)!

These together allow resolving 
Faraday thick structures!
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Practical aspects 

§  All Q,U channels should be imaged independently: 

§  consistent resolution also in the residuals 

§  primary beam correction per image 

§  weighting scheme in FT? 

§  Using various weighting schemes may enhance S/N but has not yet 
been exhaustively tested (as far as I know...) 

§  In particular giving extra sensitivity to extended (in RM) 
features? 

10!

RMSF: “uniform” 
weighting!

RMSF: “natural” 
weighting!
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When RMCLEAN goes bad 

§  Closely spaced RM components with arbitrary pol angles (complex 
phase term) can lead to an artificial peak outside of the RM range 

§  Described and modeled in detail by Farnsworth et al (2011) 

§  Fitting in the Q(λ2),U(λ2) plane is useful (some say essential) to 
understand what the data are trying to tell us 

11!
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Example: LOFAR MSSS 

§  Multifrequency Snapshot Sky Survey (MSSS) provides access to 
the low-frequency northern sky in polarization 

§  HBA: 120-160 MHz ➡ RMSF FWHM ~ 1.5 rad/m2 

§  HBA: 320 channels, each 50 kHz ➡ Max RM ~ 330 rad/m2 

§  Test fields: diffuse polarization in Fan region, PSRJ0218+4232 

12!
Mulcahy!
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•  2 broad (160 MHz) bands at 18cm and 22cm (high Faraday 
depth regime) 

•  Typical noise levels 
~10 µJy/beam rms 
(6h/galaxy/band) 

WSRT-SINGS (Braun+ 2007) data!
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•  Data analysed using RM Synthesis 

•  RMSF FWHM ~ 144 rad/m2 

•  Faraday dispersion functions deconvolved using RM-CLEAN 
(see Heald et al. 2009; code available online) 

•  Polarized flux and rotation measure values extracted using moment-
map techniques standard in the emission line (e.g. HI) community 

WSRT data analysis!
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Cubes in λ2 space 

§  Guess the galaxy? 

15!

Stokes Q! Stokes U!
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Cube in φ space 

§  Now guess the galaxy? 

16!

P = sqrt(Q2+U2)!
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Peak polarization 

§  M51 (HST + WSRT-SINGS polarization vectors) 

17!
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•  28 galaxies studied 
21 detected in polarization 

•  0/4 Magellanic/elliptical 

•  21/24 spirals 

5!Optical image courtesy Robert Gendler!

Results!
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All others courtesy Robert Gendler!

Resulting images!
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Reanalysis: imaging at low res 

§  Previous results used images with uniform weighting; E-W resolution ~15” 

§  But sensitivity to extended emission enhanced with robust weighting: now 
used robust=1 and a Gaussian uv-taper (E-W resolution ~45”) 

§  New emission shows up in some galaxies: eg. NGC 2976, NGC 5033 … 

20!

OLD!

NEW!
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Reanalysis: imaging at low res 

§  Previous results used images with uniform weighting; E-W resolution ~15” 

§  But sensitivity to extended emission enhanced with robust weighting: now 
used robust=1 and a Gaussian uv-taper (E-W resolution ~45”) 

§  New emission shows up in some galaxies: eg. NGC 2976, NGC 5033 … 

21!

NEW!

OLD!

Drzazga!
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Chimney model 

§  In the chimney model, RM gradients across HI “hole” features 
would be expected if large-scale magnetic field is carried upward 
with the hot gas 

22!Norman & Ikeuchi (1989)!

Observer!
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The magnetized ISM in NGC 6946 

23!HI image courtesy R. Boomsma!
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The magnetized ISM in NGC 6946 

24!

Heald (2012)!
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§  Redshifted velocity wing seen in projection against HI hole 

§  consistent with cold gas flow returning to site of superbubble 
blowout (RM indicates bubble is on front of disk) 

§  ➡ closed chimney cycle with vertical magnetic field transport 
observed for the first time 

§  Required to detect more of these: 
§  high angular resolution 
§  high surface brightness sensitivity 
§  excellent RM precision, and 

access to Faraday thick emission 

The magnetized ISM in NGC 6946 

25!

Heald (2012)!
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SKA’s view of the polarized sky 

§  Table from “Cosmic Magnetic Science in the SKA1 Era” 

26!
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SKA1 RMSFs 

§  Produced RMSFs from tabulated frequency ranges (and all 
together), using 

§  channel width 100 kHz 

§  RM range ±10*Lphi,max 

§  RM step 0.1*dphi 

§  Assumed no RFI 

§  Equal weight per channel… 

27!
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SKA1 RMSFs 

§  SKA1-low (50-350 MHz), 100 kHz channels 

28!



George Heald / SKA SWG / 22-01-2014!

SKA1 RMSFs 

§  Top: SKA1-mid (Band 1,2), Bottom: SKA1-survey (Band 1,2) 

29!
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SKA1 RMSFs 

§  Comparing SKA1 Survey Band 2 with modified version starting at 
500 MHz instead of 650 MHz 

3
0!
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SKA1 RMSFs 

§  SKA1 (all) 

31!
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Summary 

§  RM Synthesis provides a way - but not the only way - to recover 
properties of polarized signals from multi-channel wideband data 

§  Even when input data quality is not perfect! ... RFI, off-axis sources, 
instrumental polarization, .... 

§  RMCLEAN can help to identify features in RM spectra, though it 
should be used with care 

§  SKA can provide extremely powerful new diagnostics of the magnetized 
ISM in external galaxies 

32!


