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RADIO HALOS AND RELICS
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Magnetic fields on Mpc-scale in the Intra-cluster medium



RADIO HALOS AND RELICS: ORIGIN?
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RADIO HALOS AND RELICS: HOW MANY?

Steep spectrum and low surface brightness at V~GHz

> Detection limited
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THE LOW FREQUENCY ARRAY - LOFAR

- New observational window [5-250 MHz
- Expected discovery of |100s halos/relic
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THE LOW FREQUENCY ARRAY - LOFAR

New observational window [5-250 MHz
Expected discovery of |00s halos/relic
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THE LOW FREQUENCY ARRAY - LOFAR

- New observational window [5-250 MHz
- Expected discovery of |100s halos/relic
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THE COMARADIO HALO AT LOFAR
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3 IN CLUSTERS AND ALPS
(WHY | AM SPEAKING HERE TODAY)

* B ~uG but on Mpc scale; coherence length [-100 kpc

2
p _1(BLL
T A\ M

» X-ray UV excess In clusters (e.g. Lieu et al 1996,
Bonamente et al. 2002) = conversion of Cosmic Axion

Background to photons in the cluster B (Conlon et al.
201 3)

BWlcRpossitle onigins (e.g. IC from relativistic CRe Vv iSHiE
thermal)



THE FARADAY ROTATION
Radio galaxy dint Galaxy cluster Pobs
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THE FARADAY ROTATION
Radio galaxy dint Galaxy cluster Pobs
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CECUNATION (J2000)

THE FARADAY ROTATION

Radio galaxy dint Galaxy cluster Pobs
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THE FARADAY ROTATION MEASURE (RM)
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TH

DAY ROTATION MEASURE (RM)

NATION (12000

RM = [ Bjpsndl

Extract B properties
from RM images:
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OBSER\/ED ED ROTA \ON MEASURE HVIAAGES

RM images
4.3,4.8, 8.0,8.5 GHz }

Very Large Array
Resolution ~1 kpc




OBSERVED ROTATION MEASURE IMAGES

RM images

1.4, 1.8, 4.3,4.8 GHz
Very Large Array
Resolution ~| kpc




~RV

4N

Coma cluster

|[ON MEASUR

R

Coma cluster

-IN

......... A Ut e , e
—, 400 / ! ! E ! !
Y N | | — 300 | !
! | E
> 300 | | E : :
o ! ! 9 200F | |
— 200 ! ! E — X ! !
= o 2100k - C
100 S, 3 3 | |
§ b4 \L 3 * : : © * ry ¥ | !
Tix == co 3 - pal Prg——
0 | " i LL | I .lA Pa— Al. PR S AE 0 :_. PR AX " | P —— | lA Axl l. ..I*A .:
500 1000 1500 2000 2500 500 1000 1500 2000 2500
dist [kpc] dist [kpc]
Relic region Relic region
joor—————————————— - : —————
— ] | | - 60 I | |
c 80f | | " = | '
~ - I | | : - ] _ | |
5 60 - | ; S 40+ {( ' '
o . | | - 8 - I | |
— . | | : —_ | |
/2\ 40 - >< | | ’ Z 20 B X | |
; | | 1 : ! !
§ 20¢ \L E KK 7! E ° ! i { : !
i ol | | = ] ] - | | *3
0. : ! o Of . A D D .
1000 1500 2000 2500 1000 1500 2000 2500
dist [kpc] dist [kpc]

Bonafede et al. 2013




OBTAINING MOCK ROTATION ™M

d
observed : f() Biosndl

Bonafede et al. 2013

-ASURE IMAG




OBTAINING MOCK ROTATION MEASURE IMAG

d
observed : f() by l\model for gas

distribution

2 1sothermal gas spheres
N equilibrium

matching X-ray
observations

Bonafede et al. 2013



OBTAINING MOCK ROTATION MEASURE IMAGE

observed : fol\model for gas

distribution

B odel for 2 1sothermal gas spheres

the magnetic in equilibrium
fiald matching X-ray

observations
‘Bk‘z o< k™
[ \7
B(r)=B,|—*

| o)

Bonafede et al. 2013



MOCK ROTATION MEASURE OBSERVATIONS

Fit of Striiettire iReiElE
and
autocorrelation function
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[ON IN THE RELIC?

Relic region
l l

g . to fit M

Vagnetic field amplified by a factor 3 in the relic region
no Jump at the relic (shock)
filament!

Bonafede et al. 2013
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MAGNETIC FIELD IN COMA AND ALP

* Numerical simulations of ALP-photon conversion (central
0.5deg) 0.1 -1 kev + Coma magnetic field (Bonafede et al

2010)= match the observed X-ray excess (Conlon et al.

2013)

» X-ray excess In the outskirts of Coma consistent ALP-
photon conversion simulations + B field in the outskirts

(Kraljic et al, 2014, Powell 2014)

Best fit
regions for _ e S ——
Coma g | . Best fit
outskirts * 07| | regions for
Coma centre

1011 i 2 5 & P
50 100 150 200 250 300 350

Powell 2014 (Ecag) (eV)
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MAGNETIC FIELD THROUGH DEPOLARISATION
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MAGNETIC FIELD THROUGH DEPOLARISATION

(I)obs e (I)int a5 RJ\f}\2
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MAGNETIC FIELD THROUGH DEPOLARISATION

(I)obs = (I)int i RM}‘Q
RM = [ Biondl

no change
St
@ polarisation

E vectors rotate

//" by RMA?
E vectors
net
Q polarisation
resolution becomes
smaller

L ow resolution = lower polarisation

Lower level of polarisation tracks regions with higher RM



MAGNETIC FIELD THROUGH DEPOLARISATION
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Sample of 32 massive galaxy clusters from HIFLUGCS (repprich & Boehringer 2002)
Northern VLA Sky Survey |.4 GHz 45" resolution
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) Main limit to B studies como cluster
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L ™~ I | :
Eifsolliccs detectable S BN
through the cluster 7 S
3% )¢ . ! ' f
Yoo Loy A -
................. | T B

g 500 1000 1500 2000 2500

dist [kpc]

|4 sources
S ESURREBSERVIRG T

2) Cluster members: local effect!

25



FUTURE PROSFECGES
THE SQUARE KILOMETER ARRAY

Square Kilometre Array: radio
Construction start 2017/18




FUTURE PROSPECTS

Square Kilometre Array: radi
Construction start 2017/18
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SKAT A COMA-LIKE CLUSTER
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SKAIT A COMA-LIKE CLUSTER
VLA data -> %2 plane
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. - CONCLUSIONS ~ = *+

.

° Galaxy clusters B an Mpc scale - best place

" to search fo@,P .

o Faraday Rctatlon most powerfuli#echhique
* ’ y B ¥ g | ‘

® Future is bright: SKA Biin :r:

samples Of clusters and'sroups +, _ «
. e ) .




