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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 indicate: halos belonging to the EGRHS (blue filled dots); halos from the literature (black open dots);

halos with very steep spectra (USSRH, green asterisks); A1995 and Bullet cluster (blue stars); cool core clusters belonging to the EGRHS

(magenta arrows). Best-fit relations to giant RHs only (black lines) and to all RHs (including USSRH, green dashed lines) are reported.

The 95% confidence regions of the best-fit relations obtained for giant RHs only are also reported (shadowed regions).

It is well known that the radio luminosity of halos at

1.4 GHz scales with the X-ray luminosity of the host-

ing 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

been used to claim that a correlation should exist also

between the radio power and the virial mass of the host

cluster (e.g., Cassano et al. 2006). Deep upper limits to

the radio flux density of clusters with no RH emission at

610 MHz, which were a factor of ∼ 3÷20 below the corre-

lation, were obtained from the GRHS and its extension
s

allowing to validate the correlation itself and to discover

the radio bimodality (e.g., Brunetti et al. 2007).

In previous papers, the distribution of galaxy clusters

in the radio-X-ray luminosity diagram, and the scaling

relation between the two quantities, were based on non-

homogeneous radio and X-ray measurements. In particu-

lar, the radio luminosities of halos were collected from the

literature and X-ray luminosities were taken from RASS-

based cluster catalogues. Here we recomputed the radio

flux densities of well known RHs by reanalyzing observa-

tions from the archives (as outlined in Sect.3.1). For all

clusters we computed the 0.1-2.4 keV X-ray luminosities

within R500 from pointed ROSAT and Chandra observa-

tions (see Sect.3.2).

In Fig. 2, (left panel) we show the distribution of clus-

ters in the P1.4 − L500 diagram. We report with differ-
ent colors clusters belonging to the EGRHS (blue points

and blue and magenta arrows) and halos from the litera-

ture (black points). This is necessary, since the compar-

ison between RH powers and upper limits makes sense

only for those clusters observed within the same redshift

range, and this is possible only for clusters belonging to

s
Previous attempts to compare upper limits and the correlation

can be found in Dolag (2006).

the EGRHS. Halos from the literature follow the same

distribution of halos from the EGRHS, and thus we use

them to draw the correlation. RH clusters appear to

follow a well-defined correlation between the halo radio

power and L500. Being steeper than other halos, ultra-

steep spectrum RH (green asterisks) are in general under-

luminous with respect to this correlation. We remind

that the position of USSRH in the P1.4 − L500 diagram

cannot be compared with that of the upper limits as the

latter were scaled at 1.4 GHz using α = 1.3. We find a

bimodal distribution of clusters with the presence of two

distinct populations, that of radio-halo clusters and that

of radio-quiet clusters. For values of L500 >∼ 5×10
44
erg/s,

clusters with upper limits to the radio power (blue and

magenta arrows) are all located below the 95% confidence

region of the correlation.

As the EGRHS is based on X-ray-selected clusters, one

may suspect that the bimodality could be caused by the

presence of cool-core clusters, which are brighter in X-ray

and do not host giant radio-halos. With the idea to test

the bimodality against the presence of cool-core clusters

in the EGRHS, we derive the distribution of clusters in

the P1.4 − L500,cor diagram (Fig. 2, right panel).

We highlight the position of cool-core clusters (identified

as outlined in Sect.3.3, magenta arrows in Figs. 2). As

expected, the X-ray luminosity of cool-core clusters is

significantly reduced going from L500 to L500,cor.

However, the bimodal behavior in the halo radio power

remains also in the P1.4 − L500,cor diagram. Also in this

case, if we restrict to clusters with L500,cor >∼ 5 × 10
44

erg/sec, upper limits are all below the 95% confidence

region of the correlation. We may thus conclude that

the observed radio bimodality is not driven by the pres-

ence of cool-core clusters without diffuse radio emission

in the EGRHS. We fit the observed P1.4 − L500 and
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Fig. 5 Distribution of known
clusters with radio halos as a
function of redshift

4.1 Spectra of radio halos

4.1.1 Integrated spectrum

The integrated radio spectra of halo sources are still poorly known. The difficulty of
spectral studies are that (i) only in a few cases the spectrum is obtained with more
than three flux density measurements at different frequencies, (ii) for most sources
the highest available frequency is 1.4 GHz, therefore it is difficult to determine the
presence of a spectral steepening, crucial to discriminate between different reaccel-
eration models.

Spectral data available on the objects of the September2011-Halo collection are
reported in Table 2, where we arrange the information according to the number of
available frequency measurements. Halos always show a steep spectrum (! ! 1).1

The best studied integrated spectrum is that of the Coma cluster where clear evidence
of a high frequency steepening is present (see Thierbach et al. 2003 for a detailed
discussion). Indications of high frequency spectral steepening are reported in 4 more
cases. A very steep spectrum is shown by the radio halo in A1914 (Bacchi et al.
2003) where nine different points show a straight spectrum with ! = 1.88, although
a possible high frequency curvature has been suggested (Komissarov and Gubanov
1994).

Halo spectra are typical of aged radio sources (see Sect. 2). In general, it is es-
timated that the radiative lifetime of relativistic electrons from synchrotron and in-
verse Compton energy losses is of the order of !108 yr (Sarazin 1999). Since the
expected diffusion velocity of the electron population is of the order of the Alfvén
speed (!100 km s"1), the radiative electron lifetime is too short to allow the particle

1S(") # ""! is assumed throughout the paper.
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Fig. 11 Distribution of known
clusters with radio relics from
Table 3 as a function of the
cluster redshift. For the
classification of elongated (red)
and roundish (green) sources see
Sects. 5.1.1 and 5.1.2,
respectively

AGN activity, called radio Phoenix, and those related to the ICM, named radio Gischt.
This classification has been used somewhat in the literature. However, it implies that
the origin of a relic source has to be established, in order to properly classify it.

To be conservative, we prefer to rely on a classification that is based only on the
morphology, which is an observable. Therefore we divide relics in elongated and
roundish, and obtain the properties of these two classes, to find out whether they may
be indications of different origin and physical parameters. In all the following plots,
as done in Fig. 11, we will use different symbols for the elongated and roundish relics.

5.1.1 Elongated relics

Elongated relics are the classical extended objects, located in cluster peripheral re-
gions, characterized by an elongated shape roughly perpendicular to the cluster cen-
ter direction, as the relic 1253+275 in the Coma cluster (Giovannini et al. 1991;
Brown and Rudnick 2011; Fig. 10). They do not show any evident substructures, and
in some case their transverse size is very small. When observed with high angular res-
olution, they show an asymmetric transverse profile, with a sharp edge usually on the
side toward the cluster outer edge and the radio emission is usually highly polarized.
A spectacular example, detected very recently, is represented by the northern relic
in CIZAJ2242.8+5301 (van Weeren et al. 2010). This giant relic is very narrow and
slightly curved following the cluster boundary. It is strongly polarized, with highly
regular polarization vectors, and shows steep spectrum (see Fig. 12). To the south of
the cluster, at about 2.8 Mpc distance, a second (fainter) relic structure is present.

We note that projection effects may be important in these elongated structures. An
extreme, and unique, case in the double cluster A115 (Govoni et al. 2001c), where the
relic apparently starts at the center of the northern cluster and is elongated towards
the cluster periphery (Fig. 13, left panel).

Feretti+ 12
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Some estimates of what we can get
Planck Collaboration: Planck catalogue of Sunyaev–Zeldovich sources

Fig. 29: Left panel: distribution in theM–z plane of the Planck clusters (filled circles) compared with the SPT clusters (open light red
circles) from Reichardt et al. (2013) and ACT catalogue (open red squares) from Hasselfield et al. (2013). Right panel: distribution
in the M–z plane of the Planck clusters (black symbols) as compared to the clusters from the REFLEX catalogue (green open circles)
Böhringer et al. (2004). The black crosses indicate the Planck clusters in the REFLEX area. The open blue squares represent clusters
from the MCXC catalogue with redshifts above z = 0.5. The green solid line shows the REFLEX detection limit whereas the black
solid line shows the Planck mass limit for the medium-deep survey zone at 20% completeness.

Fig. 30: Ratio between RASS flux, computed in an aperture of five arcmin in radius centred on the Planck position, andMCXC value
for Planck candidates identified with MCXC clusters. The fluxes are computed in the [0.1–2.4]keV band at Earth and corrected for
absorption. S 500 is the flux corresponding to the luminosity within R500 published in the MCXC catalogue. Left panel: the ratio is
plotted as a function of distance between the Planck and X-ray positions; Middle panel: same, as a function of cluster redshift, for
distances smaller than five arcmin; Right panel: same as middle panel, for RASS flux within R500 derived from the aperture flux,
using the MCXC iterative procedure based on the L500–M500 relation and the REXCESS gas density profile (Piffaretti et al. 2011).
The red line is the median ratio in distance or redshift bins with the grey area corresponding to ±1! standard deviation in each bin.

RASS aperture fluxes were found to underestimate the “true”
flux by about 30%.

Figure 30 extends this comparison further to all the Planck
SZ detections identified with MCXC clusters. Piffaretti et al.
(2011) published homogenized L500 and R500 values derived
from the flux given in the original catalogues in various aper-
tures, using an iterative procedure based on the REXCESS

L500–M500 relation and gas density profile shape. We simply
computed S 500 from L500, taking into account the K-correction at
the cluster redshift, but neglecting its variation with temperature.

Although derived from ROSAT survey data as our present
flux estimate, S 500 values from the MCXC are expected to be
more accurate due to: (i) optimum choice of the X-ray cen-
tre; (ii) higher S/N detection; (iii) more sophisticated flux ex-
traction adapted to data quality and source extent (e.g., growth
curve analysis); and (iv) use of R500 rather than a fixed aperture.
Not surprisingly, the ratio between the present flux estimate and
the MCXC value decreases with increasing offset between the
Planck position and X-ray position (Fig. 30, left panel). The ratio
drops dramatically when the distance is larger than five arcmin,
i.e., when the X-ray peak lies outside the integration aperture.

33

eROSITA

SKA1 - SUR Survey & Deep
(1.3 uJy/b & 188 nJy/b @ 5 arcsec res)

Planck

Planck coll. 13 (paper XXIX)
+ LX vs. M from REXCESS

(Piffaretti+ 11 & refs. therein) 

eROSITA all-sky survey detection 
limit for ~4 keV clusters
(courtesy: T. Reiprich)
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SKA1 - MID Survey & Deep
(2.1 uJy/b & 96 nJy/b @ 5 arcsec res)

Planck Collaboration: Planck catalogue of Sunyaev–Zeldovich sources

Fig. 29: Left panel: distribution in theM–z plane of the Planck clusters (filled circles) compared with the SPT clusters (open light red
circles) from Reichardt et al. (2013) and ACT catalogue (open red squares) from Hasselfield et al. (2013). Right panel: distribution
in the M–z plane of the Planck clusters (black symbols) as compared to the clusters from the REFLEX catalogue (green open circles)
Böhringer et al. (2004). The black crosses indicate the Planck clusters in the REFLEX area. The open blue squares represent clusters
from the MCXC catalogue with redshifts above z = 0.5. The green solid line shows the REFLEX detection limit whereas the black
solid line shows the Planck mass limit for the medium-deep survey zone at 20% completeness.

Fig. 30: Ratio between RASS flux, computed in an aperture of five arcmin in radius centred on the Planck position, andMCXC value
for Planck candidates identified with MCXC clusters. The fluxes are computed in the [0.1–2.4]keV band at Earth and corrected for
absorption. S 500 is the flux corresponding to the luminosity within R500 published in the MCXC catalogue. Left panel: the ratio is
plotted as a function of distance between the Planck and X-ray positions; Middle panel: same, as a function of cluster redshift, for
distances smaller than five arcmin; Right panel: same as middle panel, for RASS flux within R500 derived from the aperture flux,
using the MCXC iterative procedure based on the L500–M500 relation and the REXCESS gas density profile (Piffaretti et al. 2011).
The red line is the median ratio in distance or redshift bins with the grey area corresponding to ±1! standard deviation in each bin.

RASS aperture fluxes were found to underestimate the “true”
flux by about 30%.

Figure 30 extends this comparison further to all the Planck
SZ detections identified with MCXC clusters. Piffaretti et al.
(2011) published homogenized L500 and R500 values derived
from the flux given in the original catalogues in various aper-
tures, using an iterative procedure based on the REXCESS

L500–M500 relation and gas density profile shape. We simply
computed S 500 from L500, taking into account the K-correction at
the cluster redshift, but neglecting its variation with temperature.

Although derived from ROSAT survey data as our present
flux estimate, S 500 values from the MCXC are expected to be
more accurate due to: (i) optimum choice of the X-ray cen-
tre; (ii) higher S/N detection; (iii) more sophisticated flux ex-
traction adapted to data quality and source extent (e.g., growth
curve analysis); and (iv) use of R500 rather than a fixed aperture.
Not surprisingly, the ratio between the present flux estimate and
the MCXC value decreases with increasing offset between the
Planck position and X-ray position (Fig. 30, left panel). The ratio
drops dramatically when the distance is larger than five arcmin,
i.e., when the X-ray peak lies outside the integration aperture.
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for IC energy losses

SKA1 - SUR Survey & Deep
(1.3 uJy/b & 188 nJy/b @ 5 arcsec res)
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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 indicate: halos belonging to the EGRHS (blue filled dots); halos from the literature (black open dots);

halos with very steep spectra (USSRH, green asterisks); A1995 and Bullet cluster (blue stars); cool core clusters belonging to the EGRHS

(magenta arrows). Best-fit relations to giant RHs only (black lines) and to all RHs (including USSRH, green dashed lines) are reported.

The 95% confidence regions of the best-fit relations obtained for giant RHs only are also reported (shadowed regions).
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1.4 GHz scales with the X-ray luminosity of the host-

ing 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

been used to claim that a correlation should exist also

between the radio power and the virial mass of the host

cluster (e.g., Cassano et al. 2006). Deep upper limits to

the radio flux density of clusters with no RH emission at

610 MHz, which were a factor of ∼ 3÷20 below the corre-

lation, were obtained from the GRHS and its extension
s

allowing to validate the correlation itself and to discover

the radio bimodality (e.g., Brunetti et al. 2007).

In previous papers, the distribution of galaxy clusters

in the radio-X-ray luminosity diagram, and the scaling

relation between the two quantities, were based on non-

homogeneous radio and X-ray measurements. In particu-

lar, the radio luminosities of halos were collected from the

literature and X-ray luminosities were taken from RASS-

based cluster catalogues. Here we recomputed the radio

flux densities of well known RHs by reanalyzing observa-

tions from the archives (as outlined in Sect.3.1). For all

clusters we computed the 0.1-2.4 keV X-ray luminosities

within R500 from pointed ROSAT and Chandra observa-

tions (see Sect.3.2).

In Fig. 2, (left panel) we show the distribution of clus-

ters in the P1.4 − L500 diagram. We report with differ-
ent colors clusters belonging to the EGRHS (blue points

and blue and magenta arrows) and halos from the litera-

ture (black points). This is necessary, since the compar-

ison between RH powers and upper limits makes sense

only for those clusters observed within the same redshift

range, and this is possible only for clusters belonging to

s
Previous attempts to compare upper limits and the correlation

can be found in Dolag (2006).

the EGRHS. Halos from the literature follow the same

distribution of halos from the EGRHS, and thus we use

them to draw the correlation. RH clusters appear to

follow a well-defined correlation between the halo radio

power and L500. Being steeper than other halos, ultra-

steep spectrum RH (green asterisks) are in general under-

luminous with respect to this correlation. We remind

that the position of USSRH in the P1.4 − L500 diagram

cannot be compared with that of the upper limits as the

latter were scaled at 1.4 GHz using α = 1.3. We find a

bimodal distribution of clusters with the presence of two

distinct populations, that of radio-halo clusters and that

of radio-quiet clusters. For values of L500 >∼ 5×10
44
erg/s,

clusters with upper limits to the radio power (blue and

magenta arrows) are all located below the 95% confidence

region of the correlation.

As the EGRHS is based on X-ray-selected clusters, one

may suspect that the bimodality could be caused by the

presence of cool-core clusters, which are brighter in X-ray

and do not host giant radio-halos. With the idea to test

the bimodality against the presence of cool-core clusters

in the EGRHS, we derive the distribution of clusters in

the P1.4 − L500,cor diagram (Fig. 2, right panel).

We highlight the position of cool-core clusters (identified

as outlined in Sect.3.3, magenta arrows in Figs. 2). As

expected, the X-ray luminosity of cool-core clusters is

significantly reduced going from L500 to L500,cor.

However, the bimodal behavior in the halo radio power

remains also in the P1.4 − L500,cor diagram. Also in this

case, if we restrict to clusters with L500,cor >∼ 5 × 10
44

erg/sec, upper limits are all below the 95% confidence

region of the correlation. We may thus conclude that

the observed radio bimodality is not driven by the pres-

ence of cool-core clusters without diffuse radio emission

in the EGRHS. We fit the observed P1.4 − L500 and

Planck

eROSITA

SKA1 - SUR Survey & Deep & Rhalo(LX)
(1.3 uJy/b & 188 nJy/b @ 5 arcsec res)
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Fig. 5 Distribution of known
clusters with radio halos as a
function of redshift

4.1 Spectra of radio halos

4.1.1 Integrated spectrum

The integrated radio spectra of halo sources are still poorly known. The difficulty of
spectral studies are that (i) only in a few cases the spectrum is obtained with more
than three flux density measurements at different frequencies, (ii) for most sources
the highest available frequency is 1.4 GHz, therefore it is difficult to determine the
presence of a spectral steepening, crucial to discriminate between different reaccel-
eration models.

Spectral data available on the objects of the September2011-Halo collection are
reported in Table 2, where we arrange the information according to the number of
available frequency measurements. Halos always show a steep spectrum (! ! 1).1

The best studied integrated spectrum is that of the Coma cluster where clear evidence
of a high frequency steepening is present (see Thierbach et al. 2003 for a detailed
discussion). Indications of high frequency spectral steepening are reported in 4 more
cases. A very steep spectrum is shown by the radio halo in A1914 (Bacchi et al.
2003) where nine different points show a straight spectrum with ! = 1.88, although
a possible high frequency curvature has been suggested (Komissarov and Gubanov
1994).

Halo spectra are typical of aged radio sources (see Sect. 2). In general, it is es-
timated that the radiative lifetime of relativistic electrons from synchrotron and in-
verse Compton energy losses is of the order of !108 yr (Sarazin 1999). Since the
expected diffusion velocity of the electron population is of the order of the Alfvén
speed (!100 km s"1), the radiative electron lifetime is too short to allow the particle

1S(") # ""! is assumed throughout the paper.
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SKA1 - SUR Survey & Deep & R=0.5 Mpc
(1.3 uJy/b & 188 nJy/b @ 5 arcsec & 15 arcsec res)
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SKA1 - SUR Survey & Deep & R=0.5 Mpc
(1.3 uJy/b & 188 nJy/b @ 5 arcsec & 15 arcsec res)
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Importance of a Southern survey:
follow-up with ESO facilities

Sub-structures in the X-ray and 

optical surface densities                       

(Ferrari+ 05; Ferrari+ 06)

 Non-gaussian radial velocity 

distribution of cluster galaxies                           

(e.g. Ferrari+ 03)

Patchy ICM temperature, pressure 

and metallicity maps                                        

(e.g. Kapferer, Ferrari+ 06)
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Importance of a Southern survey:
follow-up with ESO facilities
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SKA observation simulations ?



OSKAR2 simulations: 
need of good deconvolution algorithms !

Courtesy: A. Gauci & K. Zarb Adami 



Courtesy: A. Dabbech
ASKAP PSF - Courtesy: M. Whiting

Deconvolution methods

See also, e.g., Wiaux+ 09; Li+ 2011; Carrillo+ 12, 13



Ferrari+ 06a

Conclusions

what kind of survey parameters would be needed to search for extended 
emission from halos and relics, i.e. depth, area, resolution/sensitivity to 

extended structure ?

 would you prefer a blind or targetted survey ?

do you have a preference between SKA1_MID or SKA1_SUR ?

Notes:

Bmin ~ 30 m → we won’t be able to detect halos/relics @z<0.05 

interesting on-going EMU-POSSUM discussion about how we will measure 
spectral indexes across wide bands (in particular for extended sources)



Good recovery of the faint and extended 
component !

Courtesy: A. Dabbech
ASKAP PSF - Courtesy: M. Whiting


