RADIO HALOSAND RELICS
IN GALAXY CLUSTERS

(see book of Feretti, Gioia, Giovannini 2002 )

EXTENDED diffuse radio emission in clusters (halos and relics):
Size up to about ~1Mpc, observed at e.g. 300,800, 1400 MHz.

Radio power of 10*+ > W/Hz at 1.4GHz,

Steep radio spectrum due to synchrotron emission from

relativistic electrons (Lorentz factor likely 10°4) and

energy density of 10 erg/cm*3 (origin: radiogals, QSO, SF gals, merger shocks)
In amagnetic field about 0.1-1 microG.

Relics are polarized sources.

RARE PHENOM ENA: about 50 clusters up to z=0.3

Correlationswith X-ray prop.: RadioPower —Lx, RP-Tx, Size-Tx, Size-Lx.
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ORIGIN OF HALOSAND RELICS:
CONNECTION WITH CLUSTER MERGERS
the most energetic events of the Universe

Problem: lifetime of relativistic electrons 108yr+Alfven speed (~100km/s)
electrons do not cover a 1M pc scale!!!!

Primary electron reacceleration model:

continuous in-situ reaccel eration of the radiating electrons
CLUSTER MERGERS ipothesis (Tribble 1993)
energetics. gravitational bindinding energies of 10* erg,
3x10% erg dissipated by hydrodynamical shocks.
Freguency: transient phenomena

Mergers. shock waves(RR)+turbulence(RH)
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Synchrotron halo spectra from a reaccel erated electron population are
superimposed on the radio data (filled circles) for A3562 at 1.4 GHz

and 843 MHz (this paper). The models are performed (assuming G) to match the
1.4 GHz flux and to reproduce the observed halo radial extension. The solid line
correspondsto areacceleration timeof 0.1 Gyr, the dashed lineto 0.4 Gyr
and the dotted lineto an intermediate value.



DARC program
http://adlibitum.oat.ts.astro.it/girardi/darc

Dynamical Analysisof Radio Clusters
M.G. (P.I..DAUT), R. BARRENA(IAC),W. BOSCHIN (TNG)

Optical information coming from galaxies is complementary to X-ray
Information since galaxies and |CM react on different time scales !

To date:
DATA FOR >20 CLUSTERS

SPECTRA at the TNG +WHT
IMAGING at the INT

MULTIWALENGTH ANALY SIS
+Chandra X-ray Data Archive
+use of X-ray,GL,Radio results



A2744, z~(0.31
Radio halo
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A1240, z~0.19 Two Symmetric Radiorelics
Barrena, Boschin, MG and Das 2009
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We strongly support the
outgoing merger shocks ——
model to explain therelics.

Shock preceeds the subcluster,
It is not slowed down bt gravity.




THE CASE OF A520 at z~0.2

A520 shows ashock dueto amerger (X-ray data) + radio halo
2D mass distribution from gravitational lensing (Mahdavi et al. 2007,
but see Okabe & Umetsu 2008)

Mass does not perfectly coincide with gal. distribution:
a massive DM cor e! But both DM and gals are collisionless components...

A problem for current CDM paradigm?
Red light diribu_tion + +
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A520 radio halo (167 gals MG, Barrena, Boschin & Ellingson 2008)

High Velocity Group projected onto the“dark core” position
Main system: two main clumps NE-SW with los V=1100 km/s,
(likely with V=2000 km/s, 0.2-0.3 Gyrs after tfiecorepassage’)” " "' = "
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Boschin, MG, Barreng, et al. 2004, AA, 416, 839)
TNG/Dolores +CFHT multiobject spectroscopy
SE-NW cluster a '

A2219, z~0.22
Radio halo

i 'Sthn_&gs- Fatio map:-col d fil ament ifherea_(:tive galslie.
 Recent discover of acold front (Million & Allenet-al-09).—
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A523, MG et al. MNRASacce| :
A peculiar radio halo. D.a__; Laieg
perpendicular to the L

cluster merger axis and polar|2¢ .
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