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Figure 6. Same as Fig. 2, but for the Phoenix cluster.
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Figure 2. Left panel: distribution of clusters in the P1.4 − L500 plane. Right panel: distribution of clusters in P1.4 − L500,cor plane. In both panels, different symbols
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5. RADIO–X-RAY LUMINOSITY CORRELATION

within the same redshift range, and this is possible only for
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Martinez Aviles et al. 2: Radio observations of an intermediate redshift cluster sample
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we determined that RH models with a total flux density of 3-5
mJy are the lowest values that can be injected in our images to be
considered as upper limits of detection. The radio powers for the
detection limits calculated at 1.4 GHz with whole injected flux
densities, assuming a spectral index of 1.3, are shown in Table 4.

5. X-ray dynamical state of the ATCA clusters
All the clusters of the ATCA sample benefit from X-ray observations from the XMM-Newton space telescope as part of
the validation programme of Planck cluster candidates. The Xray data processing is detailed in Planck Collaboration et al.
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Radio halos in SZ-selected clusters of galaxies: the making of a halo?
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RXCJ1354.6+7715

RXCJ1354.6+7715, also known as MACS J1354.6+7
is an X-ray luminous galaxy cluster discovered
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Fig. 13. Radio power at 1.4 GHz vs. cluster mass M500 for a sample of
clusters with radio halo. The plot is reproduced from Martinez Aviles
et al. (2016). Halos with flux measured at 1.4 GHz are marked by black
circles and their derived fit is shown as a black line. Courtesy:
Halos with flux
Salvini et al. - to be submitted
measured at frequencies other than 1.4 GHz are marked by cyan circles,
LOFAR observations
ultra-steep halos by blue circles, and ultra-steep halos with flux measured at frequencies other than 1.4 GHz by blue stars. The upper limit (120-168 MHz)
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Revisiting scaling relations for giant radio ha

Radio galaxies +

Cassano+ 13

Radio halo (P1.4 GHz ~ 1 × 1024 W/Hz)
@ z ≥ 0.5

L. Feretti et al.: Diffuse radio emission in galaxy clusters
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Fig. 5 Distribution of known
clusters with radio halos as a
function of redshift

Figure 2. Left Panel. Distribution of clusters in the P1.4 L500 plane. Right Pane
In both panels different symbols indicate: halos belonging to the EGRHS (blue filled
halos with very steep spectra (USSRH, green asterisks); A1995 and Bullet cluster (blu
(magenta arrows). Best-fit relations to giant RHs only (black lines) and to all RHs (
The 95% confidence regions of the best-fit relations obtained for giant RHs only are a

Relativistic electron population
+ Magnetic field model
Faraday tool (Murgia+ 04)

It is well known that the radio luminosity of halos at
1.4 GHz scales with the X-ray luminosity of the hosting clusters (e.g., Liang et al. 2000; Feretti 2000, 2003;
Enßlin & Röttgering 2002; Cassano et al. 2006; Brunetti
et al. 2009; Giovannini et al. 2009). This correlation
has
Feretti+ 12
been used to claim that a correlation should exist also
between the radio power and the virial mass of the host
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Figure 1. Colours: X-ray emission from Chandra in the band 0.2

5 keV. Contours: radio emission from LOFAR at 147 MHz. The

Synchrotron vs. SZ signal from galaxy clusters
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approximately 1000 clusters at z>1 and 10 at z>1.83 (Merloni et al. 2012). Figure 3
he capability of SKA1-MID to follow-up these clusters in SZ; it shows a mock
a M200 = 4 ⇥ 1014 M cluster observed for one hour by SKA-MID in band 5 (8.8–
is able to detect the SZ effect at 14 s . Since the SZ effect is an extended feature,
l uv-taper as a crude matched filter. The data from the long SKA1-MID baselines
ffectively discarded, but as discussed further in Section 5 these data are used for the
tamination from radio point
sources.
This
Ferrari
et al.
11simulation demonstrates that a 1000-hour
ogramme can therefore follow up all of the high redshift sample that eROSITA will
Grainge et al. 15
dition these additional observations of mass proxies will allow a better estimate of
he mass-observable relation for clusters detected with Euclid (Rozo et al. 2009).

nvestigations of the intra-cluster medium
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Figure 4: Left: XMM-Newton X-ray temperature map of the galaxy cluster RXJ1347 in keV. X-ray isocontours from the Chandra [0.5, 2.5] keV band image are superimposed in black.
p Total intensity radio
contours are overlaid in white. They start at 3 s level and are spaced by a factor of 2. Right: total intensity
614 MHz map and contours (white) of RXJ1347. Contours of the MUSTANG SZE image of the cluster
Simulated
SZ observations:
lated 1-hour observation
with SKA1-MID
of a cluster with M200 = 4 ⇥ 1014 MO at z = 1.83
are overlaid in green (levels as in Fig. 6 in Mason et al. (2010)). The shock region correspond to the inner
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withis detected
SKA1-MID
contour on the SZ map
and to the hottest
X-ray temperature map. Extracted from
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R. F. Pizzo et al.: Deep RM tomography of the galaxy cluster A2255
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Fig. 2. Total intensity radio contours of A2255 at 1.4 GHz with a FWHM of 25′′ × 25′′ (natural weighting). The sensitivity (1σ) is ≃24 µJy/beam
and the dynamic range is ≃6000. Contour levels are: 0.07, 0.14, 0.28, 0.56, 4.48 mJy/beam. No primary beam correction has been applied.
Left: the contours of the total intensity are overlaid on the linearly polarized intensity (grey-scale). The sensitivity (1σ) of the U and Q images
A2255
is ≃11 µJy/beam. The grey-scale shows the polarized flux from 50–150 µJy/beam. Right: the contours
of the total intensity are overlaid on the
polarization vectors. The vector orientation represents the projected E-field (not corrected for the contribution of the galactic rotation) while
First
polarised
radio
withdetected
a fractional polarization
less than
2σ, halo
or with +an error in
their length is proportional to the fractional polarization (1′ = 50%). All pixels
the polarization angle greater than 10◦ , have been blanked.
several embedded radio galaxies

Abell 2255

Faraday
Tomography

higher signal to noise ratio, the low brightness regions of the
diﬀuse sources are easily visible. On the left, the contours of
the total intensity are overlaid on the linear polarized intensity (grey-scale). On the right, the contours of the total
intensity are overlaid on the polarization vectors. The vector
orientation shows the projected E-field and their length is proportional to the fractional polarization (1′ = 50%). In the figure, all pixels with a fractional polarization less than 2σ or
with an error in the polarization angle greater than 10◦ were
blanked. The polarized emission at 15′′ resolution (not shown
here) displays similar results. The most important result is that
the bright filaments of the halo appear strongly polarized at
levels of ≃20–40% (≃4σ–8σ detections). Regions of ordered
magnetic field of ∼ 400 kpc in size can be observed. In the rest
of the cluster we don’t detect significant polarized emission except in the brighter regions of the relic where the fractional po-

|B |2 ∝ k-n with:

cluster, the position
angle of the E-field observed at 1.4 GHz
k
is rotated by ∼ 15◦ clockwise with respect to the intrinsic (at
λ = 0) orientation. The electric polarization vectors of the relic
tend to be roughly perpendicular to the relic elongation indicating aligned magnetic field structures within it, while the electric polarization vectors of the halo seems roughly parallel to
the filaments.
Figure 3 shows the total intensity image at 25′′ resolution,
with the discrete sources subtracted. The discrete sources were
identified by making
0 an image using long spacings, then their
components were subtracted directly in the uv-plane (AIPS task
UVSUB). To estimate the flux density of the cluster diﬀuse
emission the primary beam correction was applied to the image
in Fig. 3 (AIPS task Govoni
PBCOR).et
Theal.
halo2005,2006
has a total flux density
of ≃56 ± 3 mJy, the relic ≃23 ± 1 mJy, and their connecting
bridge ≃6 ± 0.5 mJy. The three filaments F1, F2, F3 have flux

• n=2 in the centre

• n=4 in the periphery
• B ~ 2.5 µG

Pizzo et al. 11

Letter to the Editor

F. Govoni et al.: A2255: The first detection of filamentary polarized emission in a radio halo
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Using Rotation Measures to Reveal the Mysteries of the Magnetised Universe

Johnston-Hollitt et al. (2004)
~ 1000 extragalactic RMs

Melanie Johnston-Hollitt

Johnston-Hollitt et al. 15
Cluster magnetic fields through the study of polarized radio halos in the SKA era

Oppermann et al. (2012)
~ 40,000 extragalactic RMs

?
Figure 3: Top projection: The RM sky in Galactic coordinates as interpolated from ⇠1000 extragalactic
RMs over a decade ago (Johnston-Hollitt 2003; Johnston-Hollitt et al. 2004). Middle projection: The RM
Sky as determined from more sophisticated signal processing methods for ⇠40,000 extragalactic RMs (Oppermann et al. 2012, 2015). Note that the large-scale features of the field are largely unchanged between
the top and middle panel, but the small scale information regarding the magnetic field of the Milky Way is
greatly improved with a higher density of RMs. The bottom panel denotes that Govoni
an all sky RM
survey
et al.
13,on15
SKA phase 1 with a sensitivity of 4 µJy/beam at 2" resolution should provide 7-14 million extragalactic
RMs with which to probe the RM sky. Red colour scales denote positive RMs and magnetic fields coming
out of the plane of the sky, whilst blue colours denote negative RMs and fields going into the plane of the
sky.
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SKA 1
~ 7 – 14 million extragalactic RMs

SKA: Magnetic fields in galaxy clusters and beyond

Annalisa Bonafede

What is the intensity & structure of magnetic fields ?

on Measures to Reveal the Mysteries of the Magnetised Universe

Coma-like cluster

400
Melanie Johnston-Hollitt

Coma-like clusters

500

Johnston-Hollitt et al. 15

B0=4.7 muG

VLA observations

300

400

Bonafede et al. 15

MCluster ~ 7

100

400

pol sources
300

SKA1-SUR

200

100

600
800
distance [kpc]

1000

1200

• strength & structure of magnetic
fields
0
• gas density (ß-model)
0

200

400
distance [kpc]

600

800

Figure 1: SKA1-SUR predictions for the RM for Coma-like clusters. Left panel: Average profile of the RM
(continuous line) and 5s dispersion (dotted lines) obtained for the BM15_4.7 model. Diamonds represent
the sources that the SKA1-SUR will detect in the background of the cluster. Red asterisks mark the sources
whose RM is in the range to be detected by the SKA1-SUR. Blue points refer to the observations presented
beyond
Annalisa Bonafede
in Bonafede et al. (2010). Right Panel: lines and symbols are like in the left panel, shown in different colours
hematic of a nearby galaxy cluster showing X-ray emission in purple, an extended radio source
for three different models as indicated
in the inset.
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Conclusions
• The SKA will change dramatically our view of the radio sky, including galaxy
clusters
• We will be able to assess the presence of a non-thermal component in
thousands of clusters, up to z > 1
• Major signal processing developments are particularly crucial for the
detection of cluster diﬀuse radio sources
• A wide scientific community is expected to collaborate in the development
of the SKA project

