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MAGNETIC FIELD INVESTIGATION

Observed Luminosity:
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Average properties
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Turbulence

Roettiger et al. (1999)
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Synthetic images and polarized vectors

for a turbulent Kolmogorov index magnetic field
Amax = 64 kpc
Murgia et al. (2004)
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Synthetic images and polarized vectors

for a turbulent Kolmogorov index magnetic field
Amax = 300 kpc
Murgia et al. (2004)
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Synthetic images and polarized vectors

for a turbulent Kolmogorov index magnetic field
Amax = 1024 kpc
Murgia et al. (2004)
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Merging clusters: A665

(B) ~ 0.75 uG, Vacca et al. (2010)
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Simulations

FARADAY (Murgia et al. 2004)

e Gaussian random field magnetic field

n
B2 oc k™, (B(r)) = <Bo>(ne(r))

Neg

o Relativistic electrons

N(y)dy = Noy’dy

e Thermal gas g-model (Cavaliere & Fusco-Femiano

1976) \
r 27728
o
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Observations vs simulations
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Polarization of radio halos: instrumental limits
FULL RESOLUTION

FPOL=24%
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Polarization of radio halos: instrumental limits
BEAM
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Polarization of radio halos: instrumental limits
NOISE
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Polarization of radio halos: observations

Bonafede et al. (2009)

Girardi et al., (2016)
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Polarization of radio halos: simulations
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Faraday effect

X-Satellite

Galaxy cluster

IIJobs
Radio telescope Kronberg (2002)
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Relaxed clusters: A2199

3C 338: the radio galaxy at the center of A2199
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Polarization angle vs frequency
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Polarization angle vs frequency
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Rotation measure image
RM o [ n(I)BydI RESOLUTION=2.5"=1.5kpc
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Simulations

FARADAY (Murgia et al. 2004)

e Gaussian random field magnetic field

n
Bl oc k™, (B(r)) = <Bo>(”°(’))

Neg

e Thermal gas double S-model

r 2 —%ﬂim r 2 _%Bext
Ne(r) = Nojint |1 +( ) l + Noext l1 +( ) l
rc,int rc,ext
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Bayes’ Theorem

P(dis)P(s)

Plsid) = =55

where:
o P(s|d) posterior

e P(d|s) likelihood
e P(s) prior

e« P(d) = [ DsP(dls)P(s) evidence

Summary
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Observations vs simulations
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A1656-Coma

Bonafede et al. (2010), n=11/3, (By) ~ 4.7 uG, n= 0.5
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Extragalactic Faraday depth
Oppermann et al. (2015)
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Approach
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Algorithm: Gibbs sampling

N

| Galactic
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Oppermann et al.
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Algorithm: Gibbs sampling
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Algorithm: Gibbs sampling
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Algorithm: Gibbs sampling

N

| Galactic
Profile
| et f Faraday depth catalog
B N\ redshift z;, luminosity L;
new prior o¢(z;, Li, ok, xj)
Tint,05 Tenv,05 X1lums Xred
gy - . ¢e.i sample . . .
LG el g e Ll A Metropolis-Hasting sampling

Oppermann et al.
di = ¢oi+ bei+ni



Introduction

<¢§,i> _ (t_(’-))/hum

Normalized number of sources

Diffuse emission

Radio galax

1es

Tests

Ziv\’red)

2
int . + i

(1+zi)

3

>

2

0.2
0.0
2 =3 -2 -1
log(F,)
10?
10!
10
=
9
10
10?

Normalized number of sources

°

0'

Do

env,0 ~

RM grids
0000008000000000

~ (7 rad/m?)?

b

°

=20 -15 -10 -05 O 05 10

log()

Summary



Introduction Diffuse emission

0000
~

g

~

g

<

g

=]

= 1.0
<

N

0000000000

Radio galaxies
000000000

- + DI(Z/ered)

(}'.2
@E = (&) 75

RM grids
0000000@00000000

o2 o0 ~ (7 rad/m?)?
intr. (rad/m?) _ 02
:;5 — prior
: -- meanyu
5:,5 --- 1o interval
1 o1 | true value
i
i
o 0 0.01 0.02
e env. (rad/m?) 02
: T
: r
G
.......................................... . i
; 0.1
i i N
= K
e
o
) ! P
10.0 1o
g

Tint,0 rad/m?

env,0 rad/m?*

Summary

o]

IS8

S821N0S 0000V



Introduction

0000

Xium Oenv,0 rad/m>

Xred

1.0

1.6

0.8

0.0

-0.8

0.0

-2.0

Diffuse emission

0000000000

(PZ) =

Radio galaxies
000000000

( L, )Xlum mtO + DI(Z/ered)
(1+2z)*

O'

RM grids

O000000@00000000

~ (7 rad/m?)?

env,0 ~
intr, (radin®),.
— prior
0.1 -- meanyu
l' --- 1o interval
—t— eF‘YH‘(rad/m P true value 7
..................... 5. 01 T
3 P 0 0.01  0.02
:“m:} = e |Hmir"3 0.2
- s - i
.................... S ISR SRR 1
i T L ;o1
APOTINS N EOOTIE SN SRR S redshlft 02
HHHH— T ‘ E— .
B Z [ G o
Ll . \\\\H‘g L | \ | ;I:: |
10.0 1.0 0.8 0.0 0.8 1.6 -2.0 0.0
Tint,0 rad/m? Teny,0 rad/m’ Xlum Xred

Summary

o]

IS8

S821N0S 0000V



Introduction

0000

Xium Oenv,0 rad/m>

Xred

1.0

1.6

0.8

0.0

-0.8

0.0

-2.0

Diffuse emission

0000000000

<¢ )= (L, ))(lum :

inuhq§d4n2%2

0.1

RM grids
0000000@00000000

Radio galaxies
000000000

L. lenv. (rad/m

ml 0 DI(Z/ ered)
14-z;)* + O-e,nv 0~ (7 rad/m )
— prior
-- meanpu
---  1lointerval
)5,2 ----- true value

0.1

. I‘umlpz_ls.‘ 02

B ) FEe— g
RPTINS N NSRS B redshﬁt 02
-+ - - .
.................... . "'-H
T Lol oy ! [ Ll
10.0 1.0 08 00 08 1.6 -2.0 0.0
Tint,0 rad/m? Teny,0 rad/m’ Xlum Xred

Summary

o]

IS8

S82IN0S 000V



RM grids
00000000e0000000

LOFAR HBA 120-160 MHz

1p. s./1.7deg? 8h (Mulcahy et al. 2014), b > 55deg
Nsources ~ 2200
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SKA MID 0.95-1.76 GHz

1 p. s./1.deg? b < -55deg, Nyurces ~ 3500
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Noise vs # Sources, 7 rad/m?
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Strengths
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Further disentagling
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Vacca et al. (2015)
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Cosmic web reconstruction

Jasche et al. (2010), see also Leclercq et al. (2015)
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Cosmic web classification
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Cosmic web classification

Dupont et al. in preparation

]
0 0.0189 0 0.139
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High redshift sources

Dupont et al. in preparation
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Summary and conclusions

¢ |CM magnetic fields can be studied through diffuse radio
halo emission and Faraday effect on the signal from
radio galaxies;

o Statistically disentangling eg magnetic fields requires:
good knowledge of redshift, low observational
uncertainty, high number of sources;

¢ Deriving magnetic fields in different extragalactic
enviroments requires the analysis of a sample of
sources from the local Universe.
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