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What is the Cosmic Web?
• Fluctuations in the primordial matter 

density result in the growth of large-
scale structure (LSS)

• The CDM theory predicts massive 
galaxies and galaxy clusters built 
from smaller galaxies colliding and 
merging

• Result is clusters, filaments, and 
voids we see today which form a 
“web” like structure

(Movie: http://cosmicweb.uchicago.edu/ )
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The Cosmic Web and Magnetic Fields

F. Vazza

Blue = B field
Red = Gas
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• In addition to matter and gravitational forces there are Magnetic fields
• Primordial seed field
• Fields from galaxies forming and interacting
• Within galaxies, clusters, and along filaments
• Infalling and colliding matter à creates shocks à amplifying magnetic fields



Large-Scale Cosmic Magnetism: a hole in 
our understanding of the Universe

Magnetism?

Credit: Andrey Kravtsov, U. Chicago

Evolution of structure

Cosmic Magnetism: a hole in our understanding of the Universe?

What is the role of 

magnetic fields

in structure formation

and evolution?

What is the origin 
of cosmic magnetic fields?

How has 
IGM / IGMF

changed 
over time?

What is the nature of the 
IGM and IGMF?
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Simulation Models

RED = Temp
Green+Blue=

B-field strength

Vazza+17

Mean (mass-
weighted)

B-field

Primordial AGN



How can we study extragalactic magnetic fields?

• Synchrotron Emission
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• Faraday Rotation

› Faraday&Rotation is#an#effect#which#
changes#the#angle#of#polarization#for#
polarized#EM#waves#when#passing#through#
an#magnetized#medium

How can we ”observe” these magnetic fields?

RM = 8.12 ×105 (1+ z)−2ne(z)B|| (z)dl(z)
0

zs

∫
Rotation Measure

B-field along Line 
of Sight

Philipp P. Kronberg, Physics Today, December 2002, p. 40.
Copyright 2002, American Institute of Physics.

RM Synthesis of Nearby Galaxy Disks 

Synchrotron Radiation from Galactic Disks  

RM Synthesis of Nearby Galaxy Disks 

Synchrotron Radiation from Galactic Disks  



Rotation Measures

• Narrowband data

• Fit slope of Pol angle vs λ2

RM=slope

C. Fanti et al.: B3–VLA CSSs. IV. 467
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Fig. 1. Ss
P vs. Sv

P for components of resolved sources (top) and for the whole source (bottom), at 8.5 GHz (left) and 4.9 GHz (right). Note
that, for clarity, the source 2311+269 has not been included since it has a polarized flux >∼25 mJy. The dotted line is for Sv

P = Ss
P. The crosses

represent the 1-σ error bars.

a rectangular area or “box” was set, which was the same at
the two frequencies and for all the images of each source. The
integrated flux densities were then derived via the AIPS task
IMEAN as:

SI =
∑

i j

Ii j/Ωb ; Ss
P =

∑

i j

Pi j/Ωb (scalar)

SQ =
∑

i j

Qi j/Ωb ; SU =
∑

i j

Ui j/Ωb

where i j is the image pixel coordinate andΩb is the beam area.
We also computed the vector polarized flux density and the as-
sociated mean position angle of the electric vector as:

Sv
P =

√
S2

U + S2
Q ; χ =

1
2

tan−1
(

SU

SQ

)
·

The computation of the vector flux density, Sv
P, in place of the

scalar flux density, Ss
P, has the disadvantage of causing de-

polarization if there are rotations of the electric vector within
the “box” itself. In the high resolutionanalysis the components
into which we have split a source are usually not much larger
than the beam, hence the differences are minor, Ss

P being higher
than Sv

P by ∼(5 ± 3)% and ∼(5 ± 5)% at 8.5 and 4.9 GHz re-
spectively (Fig. 1, top panels). The more discrepant few points
at 8.5 GHz and the larger dispersion at 4.9 GHz are likely due
to differential rotation of the electric vector in the slightly ex-
tended source components. Given the close similarity of Ss

P
and Sv

P for the majority of the source components in the high
resolution analysis, we give in Table A.2 only the vector frac-
tional polarization, mv = Sv

P/SI.
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Rotation Measures QU fitting

George Heald / DFG RU 1254 Kickoff, Irsee / 4-10-2010

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

• We do not measure all λ2 > 0

P (�2) =
� +⇥

�⇥
F (⇥)e2i⇥�2

d⇥

11

Polarized fraction –
P, Q, & U

F(Φ)  Polarization Angle

Q vs U

RM = peak(s) and 
dispersion of 

Faraday spectrum 
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• Wideband data

• Fitting of QU vs λ2

• RM synthesis and cleaning

Ø Allows for more detailed 
fitting of faraday spectrum 
and polarization angle



IGMF from ΔRM 
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• Look at the difference in RMs from two sources or two source components



Δr

RM2
local

RM1
local

RM2
Gal

RM2
IGM1

Z

RM1
Gal

RM1
IGM1

Δrz

Physical Pairs

IGMF from ΔRM 
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Δr

RM2
local

RM1
local

RM2
Gal

RM1
IGM1

RM2
IGM2

RM2
local

Z2Z1

RM1
Gal

RM2
IGM1

Δrz

1

Random Pairs

For Randoms
ΔRMobs= ΔRMGal + ΔRMIGM1  + ΔRM12

local + RM2
local1 + RM2

IGM2 + ΔRMNoise

For Physicals
ΔRMobs= ΔRMGal + ΔRMIGM1  + ΔRM12

local +  ΔRMNoise

ΔRMGal = the difference in RM due to the Galactic foreground

ΔRM01IGMz = the difference in RM due to the intervening intergalactic foreground from 
us to the redshift of the source / closest source

ΔRM12IGMz = the difference in RM due to the intervening intergalactic foreground from 
the redshift of the foreground source to the background source

ΔRM12int = the difference in RM due to the difference in intrinsic (redshift corrected) RMs 
local/internal to each source or component (RM1*(1+z1)^2 –RM2*(1+z2)^2)

RM21
int = the redshift corrected RM due to the background source emission passing by the foreground 

source / through the local environment of the foreground source – at z of foreground source

ΔRMNoise = the difference in RM due to measure noise/uncertainty



IGMF from ΔRM 

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom

O’Sullivan et al., 2018
Double-lobed Radio Source with LOFAR



IGMF from ΔRM 
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O’Sullivan et al., 2018
Double-lobed Radio Source with LOFAR

ΔRM = 2.5 +/- 0.1 rad/m2



IGMF from ΔRM 
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O’Sullivan et al., 2018
Double-lobed Radio Source with LOFAR

4 filaments in 
front of 
northern lobe

1 filament in 
front of 
southern lobe



IGMF from ΔRM 
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O’Sullivan et al., 2018
Double-lobed Radio Source with LOFAR

ΔRM = 2.5 +/- 0.1 rad/m2

Nf = 3

ΔRM ~ 1.5 Nf
1/2 

à 2.6 rad/m2

à < Bf > ~ 10nG



IGMF from ΔRM 
• What about a larger sample and the difference in RM between Random 

and physical pairs?
• Taylor et al., 2009 catalogue of 37,543 NVSS Rotation Measures
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Method I: RM statistics (µG)
RMs sensitive to (.1− 1)× 10−6G, statistical methods 10−9G (?)

Observed, full sky RM signal (Taylor et al. 2009)
⇒ Bcosmic ≈ 30 × 10−9G (Lee et al. 2009) ???.
But Galactic foreground critical !!!

18/11/2013 – p. 5

Vernstrom et al., in prep



IGMF from ΔRM 
• What about a larger sample and the difference in RM between Random 

and physical pairs?
• Taylor et al., 2009 catalogue of 37,543 NVSS Rotation Measures

1. Find pairs of sources (components)
2. Classify as “random” or “physical” – use radio, optical, IR images and catalog(s) of 

extended/giant radio galaxies
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Vernstrom et al., in prep

NVSS FIRST WISE SDSS
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NVSS FIRST WISE SDSS



IGMF from ΔRM 
• What about a larger sample and the difference in RM between Random 

and physical pairs?
• Taylor et al., 2009 catalogue of 37,543 NVSS Rotation Measures

1. Find pairs of sources (components)
2. Classify as “random” or “physical” – use radio, optical, IR images and catalog(s) of 

extended/giant radio galaxies
3. Compare (ΔRM)2 for groups and as function of:

– Separation
– Polarization fraction
– Redshift
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Vernstrom et al., in prep

5108 Random pairs
320 Physical pairs
- 1.5 < Δr [arcminutes] < 20
- |b| >= 200

- Π >=  2% 
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Vernstrom et al., in prep

5108 Random pairs
320 Physical pairs
- 1.5 < Δr [arcminutes] < 20
- |b| >= 200

- Π >=  2% 



IGMF from ΔRM 

• There is a difference in ΔRM between physical and random pairs

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom

Vernstrom et al., in prep

Bootstrap KS



IGMF from ΔRM 

• There is a difference in ΔRM between physical and random pairs
• Possible causes of difference:

• IGMF 
• Differences in local source environments
• Differences in types of sources
• Noise / measurement uncertainty

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom

Vernstrom et al., in prep

Degenerate with 
each other



IGMF from ΔRM 
• Want to compare like with like

• Parameters:

ØRedshift

ØLuminosity

ØSpectral index

ØPolarization fraction

ØDepolarization measure

ØRotation Measure

ØSource type (AGN- FRI, FRII, radio 

loud/quiet, X-ray loud/quiet, etc)

ØCluster proximity (in or out of cluster, 

passing through a cluster)

ØAbsorbers

ØSize

Ø….

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom



IGMF from ΔRM 
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Vernstrom et al., in prep

Degenerate with 
each otherRM=slope

C. Fanti et al.: B3–VLA CSSs. IV. 467

0

2

4

6

8

10

12

0 2 4 6 8 10 12

S
_p

,s
_8

 (
m

Jy
)

S_p,v_8 (mJy)

0

2

4

6

8

10

12

0 2 4 6 8 10 12

S
_p

,s
_5

 (
m

Jy
)

S_p,v_5 (mJy)

0

5

10

15

20

0 5 10 15 20

S
_p

,s
_8

 (
m

Jy
)

S_p,v_8 (mJy)

0

5

10

15

20

0 5 10 15 20

S
_p

,s
_5

 (
m

Jy
)

S_p,v_5 (mJy)

Fig. 1. Ss
P vs. Sv

P for components of resolved sources (top) and for the whole source (bottom), at 8.5 GHz (left) and 4.9 GHz (right). Note
that, for clarity, the source 2311+269 has not been included since it has a polarized flux >∼25 mJy. The dotted line is for Sv

P = Ss
P. The crosses

represent the 1-σ error bars.

a rectangular area or “box” was set, which was the same at
the two frequencies and for all the images of each source. The
integrated flux densities were then derived via the AIPS task
IMEAN as:

SI =
∑

i j

Ii j/Ωb ; Ss
P =

∑

i j

Pi j/Ωb (scalar)

SQ =
∑

i j

Qi j/Ωb ; SU =
∑

i j

Ui j/Ωb

where i j is the image pixel coordinate andΩb is the beam area.
We also computed the vector polarized flux density and the as-
sociated mean position angle of the electric vector as:

Sv
P =

√
S2

U + S2
Q ; χ =

1
2

tan−1
(

SU

SQ

)
·

The computation of the vector flux density, Sv
P, in place of the

scalar flux density, Ss
P, has the disadvantage of causing de-

polarization if there are rotations of the electric vector within
the “box” itself. In the high resolutionanalysis the components
into which we have split a source are usually not much larger
than the beam, hence the differences are minor, Ss

P being higher
than Sv

P by ∼(5 ± 3)% and ∼(5 ± 5)% at 8.5 and 4.9 GHz re-
spectively (Fig. 1, top panels). The more discrepant few points
at 8.5 GHz and the larger dispersion at 4.9 GHz are likely due
to differential rotation of the electric vector in the slightly ex-
tended source components. Given the close similarity of Ss

P
and Sv

P for the majority of the source components in the high
resolution analysis, we give in Table A.2 only the vector frac-
tional polarization, mv = Sv

P/SI.

• Narrowband data

• Fit slope of Pol angle vs λ2



IGMF from ΔRM 
• Wideband data

• Fitting of QU vs λ2

• RM synthesis and cleaning

Ø Allows for more detailed 
fitting of faraday spectrum 
and polarization angle

QU fitting

George Heald / DFG RU 1254 Kickoff, Irsee / 4-10-2010

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

• We do not measure all λ2 > 0

P (�2) =
� +⇥

�⇥
F (⇥)e2i⇥�2

d⇥

11

Polarized fraction –
P, Q, & U

F(Φ)  Polarization Angle

Q vs U

RM = peak(s) and 
dispersion of 

Faraday spectrum 

Vernstrom et al., in prep
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IGMF from ΔRM 

• There is a difference in ΔRM between physical and random pairs
• Possible causes of difference:

• IGMF 
• Differences in local source environments
• Differences in types of sources
• Noise / measurement uncertainty

• How can we improve ?
• Larger sample size
• New data with : 

– lower uncertainties
– Larger bandwidth

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom

Vernstrom et al., in prep

Degenerate with 
each other



Philipp Kronberg / 
Physics Today

“RM grid”
(BMG et al. 2004; Beck & BMG 2004)

Rotation Measure Grids

› Requirements for an RM grid:
- high sensitivity and angular resolution
- fast mapping speed or wide field of view
- high polarisation purity (on- and off-axis)
- broad bandwidth (long “baselines” in Faraday space)

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom



Rotation Measure Grids

Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    

EXAMPLE: THE COMA CLUSTER

Bonafede et al. 2010,2013

Polarisation data —> RM1

Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    

EXAMPLE: THE COMA CLUSTER

Bonafede et al. 2010,2013

Polarisation data —> RM1
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Rotation Measure Grids

Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    

RM =
R d
0 Blosndl

observed
model for gas 


distribution
2 isothermal gas spheres


 in equilibrium

matching X-ray observations 3D model for B 

B components: Gaussian distribution


B spectrum: power law


B profile: 

2 Obtaining mock RM images

EXAMPLE: THE COMA CLUSTER
Federica Govoni’s talk
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Rotation Measure Grids

Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    
Bonafede et al. 2010,2013

B / B0n⌘
gas

B0 ~5 µG

η ~0.5

2

EXAMPLE: THE COMA CLUSTER

Obtaining mock RM images
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Rotation Measure Grids

Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    

SIMILAR APPROACH USED IN OTHER CLUSTERS

B / B0n⌘
gas

B0 ~1-5 µG

η ~0.5 - 1

A2199 (Vacca et al. 2012) 

A194 (Govoni et al. 2017) 

Federica Govoni’s talk


+ Bayesian approach
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Rotation Measure Grids

• Limitations
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Need large numbers of RMs !

Coma Observations
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Need large numbers of RMs !

Coma Observations



› Faraday&Rotation is#an#effect#which#
changes#the#angle#of#polarization#for#
polarized#EM#waves#when#passing#through#
an#magnetized#medium

How can we ”observe” these magnetic fields?

RM = 8.12 ×105 (1+ z)−2ne(z)B|| (z)dl(z)
0

zs

∫
Rotation Measure

B-field along Line 
of Sight

Philipp P. Kronberg, Physics Today, December 2002, p. 40.
Copyright 2002, American Institute of Physics.

Rotation Measures – Cross Correlation

X

WISE galaxy redshift catalog NVSS RM catalogue 

Higher number density à higher electron density/magnetic field strength à larger |RM|

Amaral, Vernstrom, & Gaensler, in prep
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Rotation Measures – Cross Correlation
R#binsRM#Source

Galaxies

Face#on

RM#
source

Line#of#
sight

Z#bins

Galaxies

“edge”#on

• Compute cross correlation in z
bins and r bins

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom

This was done in 2009 by
Lee et al.
› For#each#7,244#RM#sources#compute:

2048 grids

20
48

 g
rid

s

/ 1 = ∆5(1) 6 ∆ 78
59(1)

∆:(;) = : ; − :<(;) ∆|>?| = |>?| − |>?|

r = array of distance scales to probe correlation 
between two catalogues (bins)

7,244 overlapping RM sources!



Rotation Measures – Cross Correlation
R#binsRM#Source

Galaxies

Face#on

RM#
source

Line#of#
sight

Z#bins

Galaxies

“edge”#on

• Compute cross correlation in z
bins and r bins
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This was done in 2009 by
Lee et al.
› For#each#7,244#RM#sources#compute:

2048 grids

20
48

 g
rid

s

/ 1 = ∆5(1) 6 ∆ 78
59(1)

∆:(;) = : ; − :<(;) ∆|>?| = |>?| − |>?|

r = array of distance scales to probe correlation 
between two catalogues (bins)

7,244 overlapping RM sources!

Are RM values correlated with galaxy
density on large scales?

/(1) /(1)

R [Mpc]
1 Mpc 1 Mpc

R [Mpc]

Positive correlation at large scales
= Large scale B-Field present

No correlation at large scales 
= No Large scale B-Field present

00
Coherence scale
& Strength

Coherence scale
& Strength



Rotation Measures – Cross Correlation

Imagine#each#galaxy#in#a#radial/z#bin#has#a#B&n sphere#of#
influence#around#it#with#a#value#at#x,y,z (or#r)#determined#
by#some#function#F(x,z,y)=F(r).#The#point#of#closest#
approach#for#the#RM#line#of#sight#is#r_min,#or#the#bin#
distance,#so#for#one#source#you#would#integrate#in#one#
dimension#F(x,r_min,r_min)dx.#So#imagine#a#3D#
(symmetric)#Gaussian#whose#peak#at#F(x,#r_min,r_min)#is#
just#the#1D#Gaussian#value#at#r_min and#you#just#integrate#
that#Gaussian#==#sqrt(2.*pi)*sigma*F(r_min)#and#its#that#
same#value#for#all#galaxies#in#that#bin

Face#on

More#
edge#
on

Imagine#each#galaxy#in#a#radial/z#bin#has#a#B&n sphere#of#
influence#around#it#with#a#value#at#x,y,z (or#r)#determined#
by#some#function#F(x,z,y)=F(r).#The#point#of#closest#
approach#for#the#RM#line#of#sight#is#r_min,#or#the#bin#
distance,#so#for#one#source#you#would#integrate#in#one#
dimension#F(x,r_min,r_min)dx.#So#imagine#a#3D#
(symmetric)#Gaussian#whose#peak#at#F(x,#r_min,r_min)#is#
just#the#1D#Gaussian#value#at#r_min and#you#just#integrate#
that#Gaussian#==#sqrt(2.*pi)*sigma*F(r_min)#and#its#that#
same#value#for#all#galaxies#in#that#bin

Face#on

More#
edge#
on

B-Field
Model as a     

function of r

Assume some b-field model to get predicted cross correlation and compare with 
observed

Detecting IGMFs with Polarisation Surveys  |  Tessa Vernstrom



› Faraday&Rotation is#an#effect#which#
changes#the#angle#of#polarization#for#
polarized#EM#waves#when#passing#through#
an#magnetized#medium

How can we ”observe” these magnetic fields?

RM = 8.12 ×105 (1+ z)−2ne(z)B|| (z)dl(z)
0

zs

∫
Rotation Measure

B-field along Line 
of Sight

Philipp P. Kronberg, Physics Today, December 2002, p. 40.
Copyright 2002, American Institute of Physics.

Rotation Measures – Cross Correlation

X

WISE galaxy redshift catalog NVSS RM catalogue 

Higher number density à higher electron density/magnetic field strength à larger |RM|

Amaral, Vernstrom, & Gaensler, in prep

But Need lots
of RMs / 
redshifts
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POSSUM and VLASS
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CSIRO / Sw
inburne

NRAO/AUI/NSF

› Australian Square Kilometre Array Pathfinder
- 36 12-m dishes, 30-deg2 field of view, beginning 2019

- Polarisation Sky Survey of Universe’s Magnetism
(Gaensler, Landecker & Taylor 2010; askap.org/possum)

- 3π sr to ~20 μJy/beam, 10” resolution, 1.1-1.4 GHz

- RM grid at density of ~25 RMs/deg2 (~106 RMs)

- Early science program: 700-1800 MHz

› Very Large Array Sky Survey (Mao et al. 2014)

- 3π sr to ~70 μJy/beam, 2.5” resolution, 2-4 GHz

- Three epochs, 2017 to 2024

- RMs and fractional polarisation for ~200,000 sources

› Extended data products via Canadian Initiative for 
Radio Astronomy Data Analysis (CIRADA)



CIRADA
• Canadian Initiative for Radio Astronomy 

Data Analysis (CIRADA), started April 2018

• CFI Innovation Fund 2017: $10.6M over 5 years

• six Canadian universities + NRAO + 
NRC/CADC + international partners

• 15 software developers and postdocs

• In a nutshell:

• all-sky surveys with ASKAP, VLASS, CHIME,

• provided by observatories: 
20 PB of basic data products

• CIRADA: science-ready data products
and corresponding public archive

• ASKAP: polarimetry, HI in external galaxies

• VLASS: continuum, polarimetry, transients

• CHIME: continuum, polarimetry, transients, 
pulsar search, HI absorption
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The VLASS 31

Figure 14. Polarization vectors superposed on total intensity images of the North (left) and South (right) components of
3C402 (3C402N and 3C402S, respectively). In each case, the leftmost image shows the NVSS, and the rightmost (zoomed in)
image is from VLASS. The NVSS total intensity image peaks at 0.29Jy/beam in the image of 3C402N, and at 0.71Jy/beam in
the image of 3C402S. In both NVSS images the polarization vectors are scaled such that 1-arcsec corresponds to a polarized
intensity of 0.28mJy, and are from the low-band (1365MHz) polarization image of Taylor et al. (2009). The polarization vectors
on the VLASS image are scaled such that 1-arcsec corresponds to 0.56mJy/beam of polarized intensity. The beam of the NVSS
image is 64.00 ⇥ 54.00 at position angle 1�, the beam of the VLASS image is 2.009⇥ 2.006 at position angle 19�

Figure 15. Rotation measure images for 3C402N (left) and 3C402S (right). In each case, the leftmost image shows the
reprocessed NVSS data from Taylor et al. (2009), and the rightmost (zoomed in) image is from VLASS. The rotation measure
color image has a brightness determined by the polarized intensity, which reaches peaks of 18mJy/beam in the NVSS images,
and 3.9 and 2.8mJy/beam for 3C402N and 3C402S, respectively, for the VLASS images.

Formal and informal education and public outreach
activitives (e.g. blogs, images, community events), are
listed at vlass.org. Evidence-based programs are devel-
oped and provided by astronomers in partnership with
educators and reflect the wide range of interests of the
scientists involved. We encourage all scientists who use
VLASS data and are interested in engaging with the
public to contact epo@vlass.org. Some of the current
activities that require volunteers are:

Image-making: The challenge is to select fascinating
targets to use as subjects of striking images. Volunteers
could search the QuickLook images to provide sugges-
tions. They can also attend a VLASS image-making
workshop webinar to learn to produce striking images.

Blogs: The first blogs have started to be disseminated.
The volunteers can pick subjects of particular interest
to their engagement with the project. Possibilities in-
clude how the signal in antennas become images, what is
special about VLASS; how interesting the deliberations
were leading to the survey; the science VLASS will ex-
plore; and the excitement an astronomer feels when they
make a discovery. These broadcasts will complement
NRAOs email lists, Facebook and Twitter communica-
tions.
Volunteers can also sign up for the activities that will

become relevant after the first epoch of data collection.
These include, but are not limited to, citizen science re-
search, engaging with non-professional science societies

VLASS: First Results
• Epoch 1.1 complete: 50% of VLASS sky (17,000 deg2)

• raw visibilities plus “quicklook” data publicly available
• working on polarisation imaging 
• first results: polarisation in 2 broad channels (bottom & middle thirds of band)
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POSSUM Design & Expected Outcomes

• POSSUM will be fully commensal with 
EMU
• POSSUM Polarisation Catalogue: 

polarisation properties of all EMU sources
• POSSUM Value-Added Catalogue: 

independent polarisation survey

• Frequency coverage 1130-1430 MHz:
• RM FWHM 131 rad/m2 ;

typical δRM ≤ 7 rad/m2 (S/N ~ 10)
(VLASS: 200 rad/m2, 10 rad/m2)

• maximum RM ~ 14,000 rad/m2 (plenty!)
• max RM thickness ~70 rad/m2

• Sky density of polarised sources at 
L > 100 μJy will be ~25 deg-2

• not known: what fraction of sources will be 
Faraday thin (good for foreground RM grid 
experiments) vs Faraday thick (intrinsic 
effects)?
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POSSUM Early Science Program
• Full POSSUM: 1130-1430 MHz, 36 antennas

• narrow bandwidth (Δν / ν ~ 0.25)
• rotation measures (foregrounds)

› Early Science: 700-1800 MHz, 28-36 antennas
• broad bandwidth   (Δν / ν ~ 1)
• Faraday tomography (intrinsic properties)

• ~16 early science programs 
(mostly commensal with EMU)
• radio source structure and evolution 
• broadband Faraday complexity
• combined ASKAP/MWA polarimetry
• combined ASKAP/VLASS polarimetry
• K-corrections
• ionospheric fluctuations
• stacking
• source finding
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POSSUM Commissioning
and Early Science
• Mapping of lobes of Centaurus A

• Pilot RM grid around NGC 7232

• Polarimetry of extended radio galaxies

• Supernova 1006
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• Fornax A: comparison with ATCA

• Small Magellanic Cloud

• GAMA fields (broadband counterparts)

• “Cosmology fields”: 2000 deg2



ASKAP’s First RM Grid – George Heald

• Data from 11 August 2016: NGC 7232 field
(proposed for observation by WALLABY team)
• 48 MHz bandwidth, 12h (but only retained ~half of that time)
• Calibration using

• Standard ASKAPsoft calibration/selfcal/continuum imaging pipeline

• Addition of XYphase & leakage calibration using scripts from Craig Anderson

• Residual leakage (I ⇾ V) ≲1% level, strongest at beam edges
• Rotation measures appear to be reliable

• Starting to give us an indication of data quality 
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Noise level ~200 µJy/beam in quiet areas
Stokes-I DR ~ 8500

Beam size 22” x 15”
Noise in Stokes V ~ 120-130 µJy/beam

Typical observations now can reach lower 
noise levels than this early example
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NGC 7232 (ASKAP-12) Widefield RM distribution

Density of RM Grid:

200 RMs / 30 square degrees
~7 RMs per square degree

~7x higher than state of the art (NVSS)

Highest-density RM Grid to date?

ASKAP’s First RM Grid – George Heald
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Other Surveys 

• Low Frequencies:
• LoTSS: LOFAR, 144 MHz , ~1 source/ sq deg polarized density, Northern Sky, 

Shimwell et al
• POGS: MWA GLEAM survey 170 – 230 MHz,  Southern Sky – Riseley et al, 

2018

• Mid Frequencies:
• MIGHTEE: MeerKAT 1.4 GHz, Deep fields
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• Many possible ways to use RMs to get at 

magnetic fields of IGM

• Grids

• ΔRM

• Cross correlations

• And more

• But need:

• Large sample sizes

• Faraday spectra 

• Redshifts (& other source properties)

• New polarisation surveys will help a lot with 

new depths, wide bandwidths, along with new 

RM measurement techniques
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