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• Introduction

• Paper I: The catalog, 2024, A&A, accepted

• Paper II: Analysis, 2024, submitted to A&A

• Summary and Outlook 

OUTLINE
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Probing Extragalactic Magnetic Fields

X-ray, Optical & Radio Images of 
Cygnus A. Credits: https://
chandra.cfa.harvard.edu/

photochronological15.html


INTRODUCTION

Linearly polarized radiation

Extragalactic radio sources:

• Radio galaxy

• Blazar

• Quasar

Radio galaxy observed at 150 MHz (ELAIS- N1 
LOFAR Deep Field, Sabater et al. 2021)
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Probing Extragalactic Magnetic Fields

X-ray, Optical & Radio Images of 
Cygnus A. Credits: https://
chandra.cfa.harvard.edu/

photochronological15.html


INTRODUCTION

Magneto-ionic medium

Faraday rotation of a linearly 
polarized emission

Faraday rotation of linearly polarized 
background emission due to magneto-ionic 

media along the line of sight reveals 
indirectly magnetic fields at radio 

wavelengths
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INTRODUCTION

Faraday rotation

Faraday rotation causes the intrinsic 
polarization angle of polarized 

emission to rotate as it propagates 
through a magneto-ionic medium

χ(λ2) = χ0 + RMλ2

RM = rotation measure

For a synchrotron-emitting source 
behind a magneto-ionic medium:

RM = 𝜙

ϕ = 0.81∫
observer

source

B∥

(μG)
ne

cm−3

dl
pc

rad m−2 Faraday depth

Piras et al. 2024
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INTRODUCTION

Rotation measure (RM) grid 
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The LOFAR station in Netherlands. 
Credits: https://www.astron.nl/

LOFAR station in Onsala. Credits:Onsala 
Space Observatory/R. Hammargren
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INTRODUCTION

The LOw Frequency ARray (LOFAR)
• Observing at <200 MHz

• Small antennas, mainly in the Netherlands

• International stations

• Will cover the entire northern sky

• LOFAR-VLBI → 0.3” arcsec resolution
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INTRODUCTION

Polarization with LOFAR
• Frequency range of HBA: ≈120 - 168 MHz (wavelengths of 1.8 - 2.5 m) 

• High precision on rotation measures: ~1 rad/m2

• But stronger Faraday depolarization at long wavelengths

• Polarized counts are unknown at low frequencies


How to increase the number of polarized 
sources detected  low frequency?
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The ELAIS-N1 LOFAR deep field
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PAPER I. THE CATALOG

• 25 deg2 region

• Deepest polarimetric study at lowest 

frequencies

• Highest resolution (6”)

• 19 8-hour-long epochs combined


• Lowest noise level of              
19 μJy beam-1


• Algorithm to process and analyze 
tens of TB

Adapted from Heald et al. 2020
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Piras et al. 2024

PAPER I. THE CATALOG 

• Stacking
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PAPER I. THE CATALOG

Polarization in ELAIS-N1

Taylor et al. 2009
Taylor et al. 2007
Grant et al. 2010

Herrera Ruiz et al. 2021
Piras et al. 2024
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PAPER I. THE CATALOG 

Piras et al. 2024

• 33 polarized components from 31 radio galaxies 
• 26 components above 8σQU  
• 7 components between 6-8σQU 
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Piras et al. 2024

PAPER I. THE CATALOG 

• WIDE (LoTSS DR2) vs DEEP (this work)
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Piras et al. 2024

PAPER I. THE CATALOG 

Counts as convolution of 

• source counts in total flux density 

(from Mandal et al. 2021) 

• with a lognormal probability 

function of fractional polarization

• Polarized source counts

n(P) = A∫
∞

S0=P
𝒫 (Π =

P
S ) n(S)

dS
S

𝒫(Π) =
1

σ 2πΠ
exp −

[log(Π /Πmed)]
2

2σ2
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PAPER II. ANALYSIS 

• Morphology at 150 MHz and 3 GHz

• All 31 sources with redshift (size, 

luminosity,…)

• WIDE (LoTSS DR2) vs DEEP (this work)

• redshift, luminosity, RM…

Piras et al., submitted
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PAPER II. ANALYSIS 

Piras et al., submitted
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PAPER II. ANALYSIS 

• The ELAIS-N1 RM and RRM grid

RM = RMgal + RRM

Piras et al., submitted
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PAPER II. ANALYSIS 

• Environment

Piras et al., submitted
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PHD thesis 

• Depolarization of source 07
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From “Polarization in the 
ELAIS-N1 LOFAR Deep Field”, 

S. Piras 2024
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SUMMARY AND OUTLOOK

Paper I

• Developed new methods to stack polarization and probe the faint (sub-mJy) regime in 

polarization and applied them to data from ELAIS-N1

• Deepest LOFAR polarization data so far: noise level at the center of the field of 19 μJy 

beam-1

• Detected polarization in 31 radio galaxies (1.3 polarized sources per deg2) in the ELAIS-

N1 LOFAR deep field (25 deg2), after stacking data from 19 epochs

• Comparison with studies at 1.4 GHz

• Modelling of polarized source counts

Paper II

• Characterization of detected polarized sources

• ELAIS-N1 LOFAR deep field RM and RRM grid

• Environment of polarized sources

LOFAR-VLBI image (De Jong al. 2024) of 
source 07 of Piras et al. 2024
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OUTLOOK
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Piras et al. 2024

Frequency

1.4 GHz 7.06%

150 MHz ⋂ 1.4 GHz 1.44%

150 MHz 1.75%

Πmed

Grant et al. 2010

PAPER I. THE CATALOG 

• Depolarization between 1.4 GHz and 150 MHz
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Probing Extragalactic Magnetic Fields

Magneto-ionic medium

Faraday rotation of a linearly 
polarized emission

Faraday rotation of linearly polarized 
background emission due to magneto-ionic 

media along the line of sight reveals 
indirectly magnetic fields at radio 

wavelengths

Radio galaxy observed at 150 MHz (ELAIS- 
N1 LOFAR deep field, Sabater et al. 2021)
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Linear polarization and Stokes Parameters

𝒫 = Q + iU = pIe2iχ = pI(cos 2χ + i sin 2χ)

χ =
1
2

arctan
U
Q

p =
Q2 + U2

I
with 0 ≤ p ≤ 0.72

Sara Piras - Chalmers University of Technology, Onsala Space Observatory               SKA day Sweden 2024
25



Faraday rotation measure (RM) synthesis
Frequency space 𝜈  Faraday space 𝜙 
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Piras et al. 2024
Snidaric et al. 2023
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Piras et al. 2024
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Piras et al. 2024
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Piras et al. 2024
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Piras et al., submitted
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