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Cosmic Magnetic Science in the SKA1 Era Starting point for the discussion 
to be held during the SKA Cosmic 
Magnetism Assessment Workshop

Inputs to the SKA1 Baseline 
Design on the basis of the 
scientific requirements of the 
Cosmic Magnetism

Science Drivers for SKA1
(see also Gaensler et al. 2004 
and Beck & Gaensler 2004)

Dewdney et al. (2013)

 SKA1 Observations 
for Cosmic Magnetism



To pave the way for broadband spectropolarimetric surveys to be performed with
SKA1 and SKA2 there are several polarization surveys under way or planned e.g.

LOFAR  Heald et al. (2012), Beck et al. (2013) 
POSSUM with ASKAP Gaensler et al. (2010) 
GMIMS with single-dish telescopes Wolleben et al. (2009) 
GALFACTS with Arecibo Taylor & Salter (2010)

Key SKA1 Observations for Cosmic Magnetism

Presentation by Rainer Beck  ''Observing cosmic magnetism with LOFAR and
lessons for the SKA''

Presentation by   Emil Lenc ''Observing cosmic magnetism with MWA''

Presentation by Anna Scaife ''Cosmic magnetism science with KAT7''



Key SKA1 Observations for Cosmic Magnetism
1) Polarization all Sky Survey at ~1GHz 
2) Polarization deep field at ~1GHz
Complemented by deep targeted polarization observations of specific objects, 
at lower and higher frequencies 

Total intensity and 
polarization imaging 
of synchrotron 
radiation (Stokes I,Q,U) 

Dense spaced RM grid 
of background sources  

Faraday Rotation synthesis 



Key SKA1 Observations for Cosmic Magnetism
1) Polarization all Sky Survey at ~1GHz 
2) Polarization deep field at ~1GHz
Complemented by deep targeted polarization observations of specific objects, 
at lower and higher frequencies 

Total intensity and 
polarization imaging 
of synchrotron 
radiation (Stokes I,Q,U) 

•Presence of field
•Orientation of field
•Strength of field
•Spatial scales of field



Radio emission in the background 
Faraday depth = RM 
  

Key SKA1 Observations for Cosmic Magnetism
1) Polarization all Sky Survey at ~1GHz 
2) Polarization deep field at ~1GHz
Complemented by deep targeted polarization observations of specific objects, 
at lower and higher frequencies 

Dense spaced RM grid 
of background sources  

FARADAY DEPTH:     

Magnetized plasma    

Radio emission  B

ne



≈40000 sources ( 1 source per deg2)≈

SKA1 may provide an all-sky grid of Faraday rotation measures ~300-1000x denser
than the most accurate all-sky map actually available

Taylor et al. (2009)

Presentation by Larry Rudnick: ''What polarized sources will we see at microJy levels?''

NRAO VLA Sky Survey Rotation Measures



Key SKA1 Observations for Cosmic Magnetism
1) Polarization all Sky Survey at ~1GHz 
2) Polarization deep field at ~1GHz
Complemented by deep targeted polarization observations of specific objects, 
at lower and higher frequencies 

Faraday Rotation synthesis 

FARADAY DEPTH:     

Radio emission emitted by a magnetized plasma:
Faraday Rotation effect leads to a frequency-dependent 
depolarization of the signal.   

Magnetized  plasma   

Radio emission  

Rotation Measure Synthesis 
to recover the polarized signal 

Presentation by George Heald
''Rotation Measure Synthesis''

Presentation by Dominic Schnitzeler
''Technical issues with broadband 
Polarimetry''
 



- What are the properties of magnetic fields in Active Galactic 
  Nuclei and  what is  the relation between super-massive black 
  holes and their environment? 

Magnetic field studies  to address important questions:

- How do magnetic fields in galaxies and structures evolve over cosmic time?

- What are the physical properties of absorbing systems? 

Cosmic Magnetism Science Drivers

Presentation by Ivan Agudo “Polarization Studies of Extragalactic Relativistic 
Jets from Supermassive Black Holes”

Presentation by Jeroen Stil  ''Evolution of galaxies - a magnetic twist''



Reconstruction of the Galactic Faraday depth, mostly based on the Taylor et al. (2009) data. 

Oppermann et al. (2012)

Magnetic fields play a crucial role in our Galaxy:
-  Govern the structure and the dynamics of the interstellar medium
-  Regulate the process of star formation
-  Accelerate cosmic rays

Cosmic Magnetism Science Drivers

Presentation by Dominic Schnitzeler
''Surveying the magnetic field of the Milky Way using SKA1''
 



Fletcher et al.  (2011)

Detailed investigation of the structure of the 
magnetic fields in the interstellar medium of 
galaxies and in galaxy halos, and to measure
the magnetic field power spectrum. 

- Global galaxy energetics?
- How cosmic magnetism in galaxies 
  evolve with time?
- Interaction with intergalactic environment? 

Presentation by Rainer Beck ''Magnetic fields in evolving spiral galaxies and their 
Observation with the SKA''

Presentation by Keitaro Takahashi   ''Faraday dispersion function of galaxies predicted 
                                                               from galaxy simulations''

Cosmic Magnetism Science Drivers



Vacca et al.  (2011)

Investigation of the polarized emission
of diffuse synchrotron sources in galaxy 
clusters.

Investigation of the Rotation Measure toward a 
large number of sources located the background 
or embedded within the intra-cluster medium.

Detailed description of the strength, structure, 
and radial decrease of cluster magnetic fields.

Presentation by Melanie Johnston-Hollitt ''Using extended sources to probing 
                                                                        cluster magnetic fields''

Presentation by Annalisa Bonafede   ''Magnetic field in galaxy clusters and 
                  intergalactic filaments:  results from the VLA, LOFAR and SKA perspectives''

Presentation by Federica Govoni  ''Polarization of cluster radio halos with upcoming 
 radio interferometers''

Cosmic Magnetism Science Drivers



Can it be detected?
How did it arise?
What are its properties and relation to large 
scale structure of matter?

Magnetic Fields in the Cosmic Web  
Akahori & Ryu (2010)

Presentation by Takuya Akahori ''Probing RMs due to magnetic fields in the cosmic web'' 

Cosmic Magnetism Science Drivers



Frequency Range 
 [MHz]

Field of view
[deg²]

50 – 350

     
27

SKA1-low  Australia

911 Stations  of 35 m diameter 
(866 core+ 45 arms)
289 antennas per station
(~250000 antennas)

                SKA1 Baseline Design 

Braun (in preparation)



Instrument Frequency Range 
 [MHz]

Frequency Range 
Initially Available
[MHz]

SKA1-mid Band1
Band2
Band3
Band4
Band5

 350 – 1050
 950 – 1760
1650 – 3050
2800 – 5180

4600 – 13800      

580 – 1015
950 – 1670

SKA1-survey PAF Band1
PAF Band2
PAF Band3

350 – 900
650 – 1670
1500 – 4000

650 – 1670

  

SKA1-mid South Africa

SKA1-survey Australia

254 Dishes (64 MeerKAT + 190 SKA)
Resolution sub-arcsecond 
Field of View  ~0.5 deg²

96 Dishes (36 ASKAP + 60 SKA)
Resolution arcsecond
Field of View ~18 deg²

                SKA1 Baseline Design 



  
2.75e6 deg m/K 1.30e6 deg m/K

SKA1-survey SKA1-mid

SKA1-mid / SKA1-survey
- Similar resolution
- Similar frequency coverage

Table 1

SKA1-mid is only a factor 
of 2 down in survey speed

SKA1-mid / SKA1-survey
- SKA1-survey larger field of view 
- SKA1-mid  better sensitivity

Braun (in preparation)                SKA1 Baseline Design 



  

Resolution in 
Faraday depth space

Maximum observable 
Faraday depth width 

                SKA1 Baseline Design 
Cosmic magnetism needs a frequency range as large as possible.

Instrument Frequency Range 
MHz

Δλ² λ²min δФ
rad/m²

LΦmax

rad/m²

SKA1-low 50-350 35.2 0.73 0.1 4.3

SKA1-mid 350-1050 (Band 1) 0.65 0.08 5.3 38.5

950-1760 (Band2) 0.07 0.03 49.0 108.3

SKA1-survey 650-1670 (PAFBand2) 0.18 0.03 19.2 97.5

SKA1 50-1760
(full coverage)

35.9 0.03 0.1 108.3



Proper specification on polarization are required:
- Temporal stability of instrumental polarization
- Model how polarization purity deteriorates toward the periphery of the beam
   and the levels reached at the edge of the field of view  

-30 dB

A high polarization purity is fundamental to detect polarized signal from 
astrophysical sources seen down to sub-mJy levels.

SKA1-survey
SKA1-mid

Table 5 

                SKA1 Baseline Design 

Information on polarization 
performances of SKA1-low 
is missing in the Baseline 
Design.

Presentation by Tobia Carozzi  ''Assessing SKA Polarimetry Requirements''



Key SKA1 Observations for Cosmic Magnetism

Instrument Frequency Field of View Resolution Sensitivity

SKA1-mid
SKA1-survey

~1 GHz 30.000 deg² 2'' 1μJy/beam

SKA1-survey
FOV~18 deg²
1μJy/beam → 16hours
30000 deg²
~6.1 years on sky integration

SKA1-mid
FOV~0.5 deg²
1μJy/beam → 1hours
30000 deg²
~13.7 years on sky integration

All Sky Survey in Polarization 



Instrument Frequency Field of View Resolution Sensitivity

SKA1-mid
SKA1-survey

~1 GHz 30.000 deg² 2'' 1μJy/beam

Key SKA1 Observations for Cosmic Magnetism

SKA1-survey
2μJy/beam → 4hours
per pointing 
(500 MHz bandwidth)

30000 deg²
~1.5 years on sky 
  integration

2μJy/beam 

R. Braun (in preparation)

All Sky Survey in Polarization 



Key SKA1 Observations for Cosmic Magnetism

Instrument Frequency Field of View Resolution Sensitivity

SKA1-mid
SKA1-survey

~1 GHz 30 deg² 1'' 0.01μJy/beam

SKA1-survey
0.01μJy/beam → >105 hours
per pointing

SKA1-mid
0.01μJy/beam → 104 hours
per pointing

Polarization deep field 



Instrument Frequency Field of View Resolution Sensitivity

SKA1-mid
SKA1-survey

~1 GHz 30 deg² 1'' 0.01μJy/beam

Key SKA1 Observations for Cosmic Magnetism

SKA1-mid
0.075μJy/beam → 170hours
per pointing 
(500 MHz bandwidth)

1 deg²?
we probably need 
a larger field of view

0.075μJy/beam 0.5''????

Polarization deep field 

R. Braun (in preparation)



  

2) Frequency Coverage and Broadband Capabilities 

3) Angular Resolution

 7) Possibility to detect large angular scale structures

1) Polarization Performances

6) Survey Speed

4) Sensitivity

5) Field of View

 8) VLBI capabilities

Work in progress of the 
SKA Cosmic Magnetism SWG

 Observational
 Techniques

 Science Drivers        SKA1 
Observations
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