Radio halos in a mass-selected
sample of galaxy clusters
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RHs provide information on the

magnetic field in galaxy clusters
(Cassano & Brunetti 2005, Cassano et al. 2006)
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- Fraction of clusters with RHs: fy

A

RH spectra are characterized by a
break frequency:
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Main expectations:

* fppincreases with M (more energetic merging events)

Ed

* fpyincreases towards low observational frequencies (less energetic
merging events are more common)



- Fraction of clusters with RHs: g
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Sub-linear regime: b<1
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I will compare observational results on fy; with the expectations of the
turbulent re-acceleration model:

- (B)x M?, B constant with z....what if B decreases with z22?

- b=15



Main goals

* Measure the fraction of cluster with RHs, f;;;, and its dependence on
the cluster mass in a mass-selected sample of galaxy clusters

From the Planck SZ cluster catalugue (Planck

” Collaboration 2014):
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Total sample=75 clusters
Planck Collaboration 2014 57 of which have information about the
presence of RHs (mass completeness=67%)

 Study the connection between the presence of RH and the cluster
dynamical status (Chandra X-ray data)



Results: occurrence of RHS (Cuciti et al. 2015)
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Present work:

add the remaining 18 clusters to complete the
radio information on the 75 clusters of the 1
sample (= 80% mass complete) (GMRT+VLA
proprietary data analysis in progress).

3.2 o result

Chance probability < 10



Results: RH-merger connection

(Cuciti et al. 2015) g
50 clusters out of 57 have available Chandra X-ray data / |
MORPHOLOGICAL PARAMETERS: .

c = concentration parameter (Santos et al. 2008)
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We confirm that RHs are hosted by
merging systems, while non-RH clusters
are relaxed, although there are some
merging clusters without RH....... 0001




First attempts to extend the analysis at lower masses

> Test the drop of fyy; in smaller systems (M<6x10*M): with SKA precursors

KAT-7 (1.9 GHz) , MWA (90-200 MHz) observations of clusters with
M;50>4x101M 5 in z<0.1 clusters.
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Bernardi et al. 2015, submitted

» Future observations, with LOFAR and SKA, will allow to measure fg;;in very smaller
systems, down to M;,,~101*M, where models predict a strong drop of the fraction of
clusters with giant RH.



Summary

We measured for the first time a drop in the fraction of clusters with RHs, fg,,,
at low massive clusters.

We tested the statistical significance of this result by running Monte Carlo
simulations —s 3.2 0 result.

We compared our observational results with the expectation of the turbulent
re-acceleration model —> good agreement between theory and observations.

We are adding the clusters without radio information to the sample, this will
allow us to finally test the existence of such a drop in a mass-selected sample of
galaxy clusters (>80% mass completeness).

We confirm that RH clusters are merging systems, while non-RH clusters are
relaxed.

We are extending the analysis at lower masses (KAT-7, MWA observations).
We need future observations (LOFAR, SKA) to test the expectations of the

turbulent re-accelration model in very low massive clusters and at low
observational frequencies.






Secondary models

(e.g. Dennison et al. 1980)
p+p-onttat+a
2 = VY
Ty s SE )

Distavoured by:

- non detection in y-ray
(FERMI-LAT Collaboration)

- RH with a>1.5 (e.g. Brunetti et
al. 2008, Dallacasa et al. 2009)

- RH-merger connection
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» Observe at low frequency with LOFAR

Rare events

adlo power

More
1 o ' ' - common
- L——rﬁj‘_ ————— events
74 MHz = ;
m__' __/'_‘r - v =100-300 MHz v__=GHz _Frequen
0.1 | N E
: '—f ,l
?S 0:01 i 1.4 GHz 4 h
] .
il ] Models predict:
0.001 4+ fgyincreases towards lower
- - frequencies
* Less pronounced drop of fz;
0'0001 1 L 1 1 L 110115 L 1 L
M [M] -

(Cassano et al. 2010)



