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FARADAY ROTATION

• Linearly polarized radiation, traversing magneto-ionic medium,
undergoes rotation of its plane of polarization.

• This rotation χ is proportional to λ2 – Faraday rotation

χ ∝ λ2

χ = RM × λ2

• The Constant of proportionality, known as the Rotation
Measure (RM), carry information about the magneto-ionic
medium through which the polarized radiation has propagated.

RM =

∫
s
neB‖ds

where ne is the free-electron density of the medium, and B|| is
the component of the magnetic field parallel to the direction
of propagation of the polarized radiation.



FARADAY TOMOGRAPHY (RM-Synthesis)

• The complex linear polarized intensity (Q + i U) profiles as a
function of RM and λ2 form a Fourier-pair [Burns, 1966].

• Hence, Fourier transforming a measured spectral profile of
linearly polarized intensities provides the distribution of
polarized emission as a function of RM along the
corresponding line-of-sight.



FARADAY TOMOGRAPHY(contd...)

• Faraday Tomography or RM synthesis is the technique of
decomposing the spectra of the linear Stokes into their Fourier
components viz. RM’s.

• The following identity dictates the resolution and unaliased
span in RM that one can achieve given the span and
resolution in λ2 for an observation:

∆RM ×∆λ2 = constant

• Strictly speaking, the 3rd dimension in RM-synthesis is
actually Faraday-depth (or RM) and not physical depth.

• Correspondence of Faraday-depth with physical line-of-sight
distance is non-trivial, for example, in the presence of
magnetic field-reversals along the line-of-sight.



FARADAY TOMOGRAPHY(contd...)

• Faraday Tomography or RM synthesis is the technique of
decomposing the spectra of the linear Stokes into their Fourier
components viz. RM’s.

• The following identity dictates the resolution and unaliased
span in RM that one can achieve given the span and
resolution in λ2 for an observation:

∆RM ×∆λ2 = constant

• Strictly speaking, the 3rd dimension in RM-synthesis is
actually Faraday-depth (or RM) and not physical depth.

• Correspondence of Faraday-depth with physical line-of-sight
distance is non-trivial, for example, in the presence of
magnetic field-reversals along the line-of-sight.



FARADAY TOMOGRAPHY (RM-Synthesis)



FARADAY TOMOGRAPHY: Considerations in
spectral sampling

Meaningful application of the technique requires optimization of
several observation parameters:

• Wide Band-width: Higher the bandwidth, finer would be the
resolution attainable in RM.

• Fine spectral resolution: Higher spectral resolution minimizes
inherent depolarization across the finite channel-widths. It
also allows probing without aliasing, polarized components at
large absolute RMs.



Considerations in spectral sampling (contd...)
Depolarization within the finite resolution elements is unavoidable.
In general, coarser a resolution element, higher will be the
depolarization:

• RM resolution element:

δRM ∝ 1

λ2(dνν )

• Angular resolution element:

δ2θ ∝ λ2

• Overall Volume resolution element:

δV ∝ δRM × δ2θ

∝ 1

(dνν )



δRM ∝ 1

λ2(dνν )

δ2θsky ∝ λ2

The volume resolution element would therefore be:

δV ∝ δRM × δ2θsky

∝ 1(
dν
ν

)
∝ 1

λdν

Thus, observations at longer wavelengths appear favourable both
in terms of enhanced resolution along RM as well as minimal
overall depolarization.



However, in order to be able to detect extended emission along
RM, observations must include adequately short wavelengths:

max RM scale ∼ 1

λ2min

• An observation should therefore include the shortest
wavelengths covering as wide a spectral span, with as fine a
sampling in λ2, as possible.

• There are practical limitations in realizing such wide-band
systems.

• An optimal alternative therefore, would be to sample a wide
spectral region in a non-contiguous manner (Maan et. al,
ApJS 2013)

• Issue: Deconvolution of the dirty response (RM-clean)
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Dirty RM response for 2 components



The salient steps in RMCLEAN is outlined below:

1. Locate the maxima in the amplitude profile of the dirty
tomograph.

2. For the RM and phase corresponding to the detected maxima,
generate the complex polarized intensities at each of the
sampled λ2 points (i.e., generate the model spectra), with a
provision for taking into account the effect of band-width
depolarization within individual channels.

3. Discrete Fourier Transform the above spectra to obtain the
dirty RM response.

4. Complex clean:
• Scale the complex dirty RM response with a gain factor (<1)

times the detected maximum amplitude.
• Subtract this scaled complex dirty RM response from the

complex dirty tomograph to obtain the residual.
• Set the dirty tomograph to the residual.

5. go to step 1



Cleaned and Restored RM profile



Multiband tomography simulation



Faraday tomography simulation at a single high frequency band:
poor RM resolution



Faraday tomography simulation at a single low frequency band:
poor sensitivity to extended structure



Faraday tomography simulation using TWO discrete frequency
bands



Faraday Tomography of GALFACTS pilot region
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Faraday Tomography of the test strip at L-band

Figure:



Faraday Tomography of the test strip P-band



Faraday Tomography: P & L band combined



Summary

• Developed an alternate RM-Clean algorithm which is a
complex version of Hogbom Clean:

• Handles data that are un-evenly sampled in λ2.
• Useful in situations where large chunks within even a

contiguous band is corrupted by RFI.
• Allows combination of data from widely separated bands.

• We have demonstrated the technique of combining multi-band
data using simulations, as well as on a test strip from the
GALFACTS pilot region observed at the L and the P-band.

• Additional constraints in RMCLEAN: band-width
depolarization.






