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RADIO OBSERVATIONS & MAGNETIC FIELDS

We donÕt observe magnetic Þelds directly

 From data to Faraday Rotation estimates

 From Faraday Rotation estimates to cluster 
magnetic Þeld properties

1

2



Annalisa Bonafede                                                                                                                  Leiden Clusters Workshop    

WHAT CAN WE LEARN FROM RM STUDIES?

B from AGN (e.g Dolag et al. 99, Ryu et al. 08, !

    Donnert et al 09, Xu et al 09)!
B ampliÞcation from initial seed (e.g. Park et al 15, 

Beresnyak & Miniati 16)!
Growth of small-scale instabilities ( e.g. Kunz 10)

Can reproduce ~ 
µG magnetic Þeld 
in cluster cores

B strength and structure

Microphysics of the ICM !

Small-scale instabilities?!

(Re)Acceleration 
processes!

Outer regions?
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EXAMPLE: THE COMA CLUSTER

Bonafede et al. 2010,2013

Polarisation data Ñ> RM1
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RM =
R
d

0 B
los

ndlobserved

2 Obtaining mock RM images

EXAMPLE: THE COMA CLUSTER

Federica GovoniÕs talk!
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RM =
R
d

0 B
los

ndlobserved
model for gas !

distribution
2 isothermal gas spheres!

 in equilibrium!
matching X-ray observations 

2 Obtaining mock RM images

EXAMPLE: THE COMA CLUSTER

Federica GovoniÕs talk!
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RM =
R
d

0 B
los

ndlobserved
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 proÞle: 

2 Obtaining mock RM images

EXAMPLE: THE COMA CLUSTER

Federica GovoniÕs talk!
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Bonafede et al. 2010,2013

B ! B0n⌘
gas

B0 ~5 µG!
"  ~0.5

2

EXAMPLE: THE COMA CLUSTER

Obtaining mock RM images
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SIMILAR APPROACH USED IN OTHER CLUSTERS

B ! B0n⌘
gas

B0 ~1-5 µG!
"  ~0.5 - 1

A2199 (Vacca et al. 2012) 

A194 (Govoni et al. 2017) 

Federica GovoniÕs talk!

+ Bayesian approach!
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FROM RADIO DATA TO RM

Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of 
polarisation and pol angle 
with  #4 and #2

 -RM synthesis, Faraday 
Synthesys, QU-Þtting
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FROM RADIO DATA TO RM

Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of 
polarisation and pol angle 
with  #4 and #2

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

A2199 (Vacca et al. 2012) 
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FROM RADIO DATA TO RM

Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of 
polarisation and pol angle 
with  #4 and #2

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

Local e$ect?!
few cases!

FR II!
in groups!

Guidetti et al (2010)
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Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of P and 
%with  #4 and #2 in most 
cases!

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

Faraday Rotation due to 
local compression of ICM

Cannot distinguish 
between ICM and local 

compression
Use background galaxies ?

FROM RADIO DATA TO RM
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RM grid - a Coma-like cluster with SKA

SKA1-survey 

Simulated RM map

VLA observations

315 polarised sources / sq degree at 1 µJy at 
1.6 arcsec resolution (Rudnick & Owen 2014)

Bonafede et al. 2015
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RM grid - a Coma-like cluster with SKA

SKA1-survey 

Simulated RM map

VLA observations

315 polarised sources / sq degree at 1 µJy at 
1.6 arcsec resolution (Rudnick & Owen 2014)

Bonafede et al. 2015

Johnston-Hollitt et al 15
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Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of P and 
%with  #4 and #2 in most 
cases!

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

Faraday Rotation due to 
local compression of ICM

Cannot distinguish 
between ICM and local 

compression
Use background galaxies ? 

FROM RADIO DATA TO RM
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Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of P and 
%with  #4 and #2 in most 
cases!

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

Faraday Rotation due to 
local compression of ICM

Cannot distinguish 
between ICM and local 

compression
Use background galaxies ? 

Literature, ! RM  vs. size   

LarryÕs talk

Polarisation and size are related

FROM RADIO DATA TO RM
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Assumption Present
Observations Perspectives

Faraday rotation from an 
external screen

- Consistent trend of P and 
%with  #4 and #2 in most 
cases!

 -RM synthesis, Faraday 
Synthesys, QU-Þtting

Faraday Rotation due to 
local compression of ICM

Cannot distinguish 
between ICM and local 

compression
Use background galaxies ?

FROM RADIO DATA TO RM

Full Bayesian analysis 
based on properties of !
- background sources !
- foreground sources !
- decomposition 

algorithms

V. VaccaÕs talk
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FROM RM to CLUSTER B PROPERTIES

Assumption Present
Observations Perspectives

Power-law power spectrum 
from few to hundreds kpc

Not enough data to compute 
PS from RM maps directly !

More complex spectra 
(increase number of free 

parameters)?!

Xu et al 2009 - B from AGN credits: D. RyuÕs talk (2015)

Breaks are 
time 

dependent
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FROM RM to CLUSTER B PROPERTIES

Assumption Present
Observations Perspectives

Power-law power spectrum 
from few to hundreds kpc

Not enough data to compute 
PS from RM maps directly !

More complex spectra 
(increase number of free 

parameters)?!

Gaussian component of the !
 B Þeld

Hard do check!
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NEWS FROM COSMOLOGICAL SIMULATIONS

Primordial magnetic Þeld B0=0.1nG coming at z=30!
cluster ÒComa-likeÓ M ~1015 Msun!

Dedner formulation MHD 2563 cells + 8 levels 

&x~126 kpc

&x~4 kpc

Vazza et al. 
(submitted)

Marcus 
talk
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NEWS FROM COSMOLOGICAL SIMULATIONS

Primordial magnetic Þeld B0=0.1nG coming at z=30!
cluster ÒComa-likeÓ M ~1015 Msun!

Dedner formulation MHD 2563 cells + 8 levels 

&x~126 kpc

&x~4 kpc

adiabatic compression

B ampliÞcation

Vazza et al. 
(submitted)

Marcus 
talk
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MAGNETIC FIELD DISTRIBUTION

Vazza et al (submitted)

&x~4 kpc

&x~126 kpc

Departure from Gaussian distribution !
Amplitude of non Gaussian tail depends on time and cluster dynamics

Di$erent resolutions Normalised to highest resolution
Marcus 

talk
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COMPARISON WITH FARADAY ROTATION MEASURES

Vazza et al (submitted)

Comparison with data must 
be done at the same 

resolution
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B LOWER THAN DERIVED WITH GAUSSIAN FIELDS

B ! B0n⌘
gas

B0 ~5 µG!
"  ~0.5

Central B 
(core) 

~1.5 µG

Bonafede et al 
2010

Vazza et al (submitted)
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FROM RM to CLUSTER B PROPERTIES

Assumption Present
Observations Perspectives

Power-law power spectrum 
from few to hundreds kpc

Not enough data to compute 
PS from RM maps directly !

More complex spectra 
(increase number of free 

parameters)?!

Gaussian component of the !
 B Þeld

CanÕt be checked

Cosmological simulations 
start showing departures from 

a Gaussian distribution - 
implication on B estimates 

and on halo models formation
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POINTS FOR DISCUSSION: SUMMARY

- B constraints depend on the assumptions on B power spectrum , 
simple assumptions motivated by small amount of data available . !

Can we make better assumptions  based on new results from 
cosmological simulations? Or just overÞtting? !

- Comparing RM data with cosmological simulations requires that 
resolution  is matched.!

- Is RM grid  (POSSUM, SKA) going to change our view? What do we 
need to characterise background & foregrounds? Bayesian approach 

proposed by V. Vacca?!

- Can we use RM images to learn about B beyond MHD scale ?


