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Problems and establishad resylts : :
Very sensitive view of d|ffuse radio emission in galaxy clusters

and new issues -

Follow-up studlas of :some clugte.rs in the GMRT Radlo Han
Survey v g

UGMRT-MeerKAT synergy in the study of galaxy clusters
The future? - :
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RXCJ 2003.5-2323

Giacintucci+ 2569

Present in few tens of
galaxy clusters

~ Mpc size

- Steep spectrum (a~1.1-
1.4 and steeper)

- sub udy/”? surface
brightness

- Follow X-ray emission
- Unpolarized

CLUSTER SCALE:
GIANT RADIO HALOS

Relativistic particles and magnetic fields spread over

Mpc volumes

From Venturi 2011

T T SRR e D o

Bi%. . . > Goie (s * - Radio
e ‘ b * B T SRt R S T T
. Y " ] K ocuaket S S Vol 13 832 ensing

vanWeeren+16 W, s AT

Images from S. Giacintucci

Detectability depends on
frequency, array
sensitivity, uv-coverage,
multiresolution



CLUSTER OUTSKIRTS: Ao
RELICS

Relativistic particles and magnetic fields spread over | Brunetti+ 2008
Mpc volumes

~few tens of relics &

_ _ . candidates
R P ~ Mpc size
v - Steep spectrum
; - (a~1.2-1.5)
e - Low surface brightness
. o - Elongated morphology
: .*.c \._:::

- Single & double relics
- Relics in clusters with
and without radio

halos

.
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- Polarized (up to 30%)
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of order




Perseussil CLUSTER CORES: (€) RXCJ1532.9+3021 ¢
RADIO MINI-HALOS B
(F;’lzess;:pst so far in ~ 20 galaxy /{ 5- Giachtucere ?0145 90 kpo
850 kpc K | 2 1
100 — 400 kpc in size Alerglis A4
- Steep spectrum (a~1.2-1.5 and | — ’ 0 .
steeper) prr— N ¢
- (sub) pJy/"2 surface brightness bl .
- Sharp surface brightness cutoff a P ‘
- Located at the peak of central e %} N &
X-ray brightness distribution N - M ‘e
- Central BCG is always a radio — "0
source wids-angle tail \) 100 kpc
S K Fash :
TN o o Different properties
of clusters hosting
RXCJ1720.1+2638 -
Giacintucci+ 2014a mini-halos and GRH

known for a long
time




Diffusion problem IR NPT Vo o LT R L e

Crossing time of electrons ~ 10 Gyr

g
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but radiative lifetime ~ 0.1 Gyr

. 10P_a ‘Ce; AN S OB Ceers % \
Re-acceleration needed . p—"

Levs = 1.0000K-03* ( 2.000, 3,000, 5.000,
7.000, 10,00, 30.00, S000, 100.0, 300.0,
500.9)

e-Diffusion length=@

b=1.3, B,y,=2.25 uG
b=1.5, By, =1.9 uG

Diffuse cluster sources
not ubiquitous in galaxy
clusters: why?
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Fraction of Radio Halos

Fraction of observed |:>

and dependence on mass

44.5 45
Log(L, [erg/s])

Observed
halos



Origin of relativistic electrons

Secondary models — relativistic electrons continuously injected in the ICM by inelastic
proton-proton collisions through production and decay of charged pions in the ICM

Primary models - in-situ re-acceleration of relativistic electrons by MHD turbulence
(e.g., Brunetti et al. 2001, 2004, Petrosian 2001, Fujita et al. 2003; Petrosian & Bykov 2008...)

Cluster Merger Shocks and turbulence Particle acceleration

ffuse radio emission

P 1T

Background of the E-GMRT Radio Halo Survey

Venturi et al. 2007-2013; Giacintucci et al. 2005-2010; Kale et al. 2013, 2015; Brunetti et al. 2007, 2008;
Cassano et al. 2008-2013; Dallacasa et al. 2009



Established results
BIMODALITY for giant radio halos
Upper limits

of radio halo
power
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Radio power -
cluster X-ray
luminosity
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Established results

BIMODALITY for giant radio halos

Ufppzf l'?'}cs Radio power -
ot radio halo cluster X-ray
pOWer ~ luminosity
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Quantitative assessment of the CLUSTER DYNAMICS AND presence of DIFFUSE EMISSION
in the form of giant radio halos and mini-halos
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LUSTERS: + oy

10

Cassano et al. 2010, Kale et al. 2015



Established results

BIMODALITY for giant radio halos OCCURRENCE with cluster mass

Ufppzf l'?'}cs Radio power -
ot radio halo cluster X-ray
pOWer luminosity

\ ¢

23.0 |28 A
44.4 14.6 44.8 0.0 45.2
10g(Lx(o.1-2.4jcv €7 S7')

101

Cuciti et al. 2015 Mygo[ M)

Quantitative assessment of the CLUSTER DYNAMICS AND presence of DIFFUSE EMISSION
in the form of giant radio halos and mini-halos
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Cassano et al. 2010, Kale et al. 2015



Established results

Prediction of the turbulent re-acceleration model:
From GHz radio halos to USSS radio halos in minor/less massive merging systems

Cluster in the GMRT RH sample — Upper limit at 610 MHz
(Venturi et al. 2007), but morphological parameters of a

Still few cases known, but the
very disturbed cluster ==» MWA detection at 168 MHZ

statistics is changing now with
LOFAR, uGMRT and MWA
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Duchesne+ 2017




Life is getting more complicated...

The case of A2142 - Venturi et al. 2017

Formerly classified as a
mini-halo

A2142 — Rossetti+ 2013

XMM

GBT, JVLA, GMRT
observations show it is a
multi component
Mpc-scale radio halo

A component coincident
with

, and a second
proader component most
%kely associated with the

minor merger/accretion

activity on the full cluster
scale

a~1.5-1.6, slightly
steeper in the second
component

SLOSHING ON THE
CLUSTER SCALE?

Venturi et al. 201h

(it




Life is getting more complicated...

Sample of 9 non merging clusters observed at 144 MHz with LOFAR —
Savini, Bonafede et al. 2019

v Two clusters with USS radio halo surrounding the previously known mini-halo
v" Two USS radio halos in non merging non-CCC
v 1 mini-halo in a non-CCC
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AbeII 781: a talue of a mlssmg radlo halo
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Declination (J2000)

Declination

34:00.0 | °
33:00.0
32:00.0
31:00.0
30:30:00.0
29:00.0
28:00.0
27:00.0
26:00.0
25:00.0

9:21:00.0 50.0

Venturi+ 2008

Abell 781: a tale of a missing radio h.alo,

and much more
Botteon, ..., Venturi, ... 2019
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Abell 781: a tale of a'missing radio h‘alo, .

and much more
Botteon, ..., Venturi, ... 2019

Declination (J2000)
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Abell 781: a tale of a'missing radio hﬁalo, . "y

and much more
Botteon, ..., Venturi, ... 2019

UfGMRT 325 MHz® o WfGMRT610MHZ e - -

Declination (J2000)

alpha=1.4
Relic?* :
Interaction between
a shock and radio
plasma from a tailed
radio galaxy?

Declination (J2000)
Spectral index

325 28s s
Right Ascension (J2000)




Where AGN science and galaxy cluster science meet

il L i The sensitivity of the present observations
= : ( e show impressive tails of emission from cluster

radio galaxies

NGC 1265

NGC 1275

\ * o » Radio plasma and ICM interaction
g » Trajectories of galaxies in their motion

\ within the cluster

Perseus Cluster — JVLA — .
Gendron-Marsolais et al. 2017 .

1990
NGC4874 S

. 7
h >
“/ .
NGC4869

Coma cluster - uGMRT, Band 3 — See talk by Dharam o L.(.)FAR ‘
. . Jcollaboratlon



Where AGN science and galaxy cluster science meet

The case of RXCJ1314-2515
Stuardi (PhD student), Bonafede et al. in prep.

VLA A+B+C+D — 15”x8” — 18microly/b
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» Structure in the W relic, with two arcs

» \Very steep spectrum of the northern part of the E relic
(alpha steeper than 1.7)

» Radio halo confined within the brightest X-ray central

region even at the very high sensitivity of the VLA L band
image



Where AGN science and galaxy cluster science meet

The case of RXCJ1314-2515
Stuardi (PhD student), Bonafede et al. in prep.

S

Wide-angle tail source at
the southern tip of the E
relic

1.5” resoluson
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spectral index
¢” Shock front



UGMRT — MeerKAT
Synergies and potentials for galaxy cluster and AGN science

K2 L

RADIO CLASH- GCR\/ Proﬁct — Diffyst em|55|on Elle radio galaxy p%pulatlons
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Central region of MACSJ1931 — MeerKAT-16 overlaid on VIRCAM images in filters B, RC and Z — Terni, Venturi, Nonino et al et al. in prep



uGMRT' MeerKAT : L.
S.ynergles clyfe potentlars for gabx:y cluster and AGN science

- "
R.A[‘O -CLASH-GCAV Project - lefuse er'ssmn and radio gala(y popula;tlons :
" T&ni de’ Gregory (PhD student) \fenturl Nonlno & coIIaboratocs‘ ‘'
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uGMRT‘ MeerKAT : L.
S.ynergles clyfe potentlars for gaaxy cluster and AGN science
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Some final considerations

Our current knowledge of the origin of diffuse emission in galaxy clusters-is
solid but still incomplete to account for the variety of the new observational
results '

New high sensitivity observations at low frequency show extended USS
radio emission surrounding previously classified mini-halos in an increasing
number of clusters; pointing to the role of less energetic events and minor
mergers in galaxy clusters |

Cluster science and AGN science are meeting: extended/tailed radio
galaxies of amazing sizes and beauty provide a direct link to the reservoir of
relativistic electrons needed to form diffuse cluster-scale radio sources
during cluster mergers and large scale structure formation

The synergy between uGMRT and MeerKAT is very promising for the study
of galaxy clusters over a broad range of redshifts and angular scales

A1300 — MeerKAT 16 -2 hours —rms 25 microly/b — 12.0""x4.6 "’ — Terni, Venturi, Nonino et al. in preparation



Some final considerations

Clusters, Relics, and Halos - Chandrasekhar Auditorium (14:15-16:00)

-Conveners: Marc Verheijen

time title presenter

14:15 Insight and perspectives in the study of radio emission in galaxy clusters VENTURI, Tiziana

14:40 Exploring particle (re-)acceleration at low frequencies in merging galaxy clusters DI GENNARO, Gabriella

14:41 Surveys at ultra-low frequencies: a first look at cosmic rays fate in galaxy clusters DE GASPERIN, Francesco

15:01 Diffuse Radio Emission in ACTPol Clusters SIKHOSANA, Sinenhlanhla
Precious

15:21 The Corona Borealis supercluster as seen by LOFAR DRABENT, Alexander

Tea break - Chandrasekhar Auditorium (16:00-16:30)

Clusters, Relics, and Halos - Chandrasekhar Auditorium (16:30-17:55)

-Conveners: Marc Verheijen

time title presenter

16:30 A closer look at particle acceleration in galaxy clusters with the Upgraded GMRT KALE, Ruta

16:55 Diffuse Radio Emission in 'off-state' galaxy clusters. DWARAKANATH, K
17:15 Searching for Ultra Steep Spectrum Radio Halos with the uUGMRT and LOFAR CUCITI, Virginia
17:35 Insights into cosmic magnetic fields from radio relic observations at metre wavelengths HOEFT, Matthias
Snackec and 1 i i NMNCDA L awvune (17-E8.10-00)

v The results which will be presented in this section clearly show where we are
new going with the current generation of radio interferometers
v' We'll miss Simona and Tracy... :

A1300 — MeerKAT 16 -2 hours — rms 25 microly/b —12.0"x4.6 " — Terni, Venturi, Nonino et al. in preparation



Brief historical background of observations and
knowledge of diffuse cluster scale sources - Halos

Coma C — Large* 1959;

Willson 1970
1959 - TABLE 1. Parameters of halos
Discovery i P @ e s By R Six radio
i ' Hz™'  ergs™ erg em™?
of o!ﬂ“fgse Fr T ST TaT—— | | N 2|0S Known
emission f— g u as of 1995
in the (Feretti &
Coma Giovannini)
cluster
1995 2001
| | I | I
2002

First correlations
between diffuse
emission and
dynamical
status (Buote 2002)

Halo and Relic sources detection rate

L=(0.1-2.4 keV) Relics  Halos
10" erg ™! P %

0-3 1.3(1) -

3-5 3.01)  3.0Q)
5-7 4.5(1)  4.5(1)

7-10 16.1(5) 9.7(3)
>10 8.3(1) 25.0(3)

and between
radio and X-ray

morhpology : _ _ —
(Govoni et al. 2001) Eight radio halos known as of 2002, new additions

from NVSS (Giovannini & Feretti)




Brief historical background of observations and
knowledge of diffuse cluster scale sources - Halos

Coma C - Large* 1959;

Willson 1970
1959 - TABLE 1. Parameters of halos ]
Discovery Clus Size I’Z( '"m av Umin f.‘.,.,.‘ -,‘ I b SiX radio
. kpe W Hz™! gs” erg em™? erg
of diffuse AT PSSt | Nalos known
A2163 §o0 - - 5.4x107"  8.0x10%* 4)
emISS|On ,\2253 :so 9%x10%? i X jx.::-:lg:f‘ 5.3% , aS Of 1995
in the (i fo teass Leasy o e HEI 4PN (Feretti &
Coma t?m 660 . 9.3x10% 1. X107 1ax10° Giovannini)
cluster
1995 2001 2005 TurbmenEE%
| L acceleratign
20|02 model and start
of GMRT RH

surveys

First correlations
between diffuse
emission and
dynamical
status (Buote 2002)

Halo and Relic sources detection rate

T.(01-24 keV) Relics  Halos
10" erg s~! i % %
0-3 13(1) =

3-5 3.01) 3.00)
5-7 4.5(1) 4.5(1)
7-10 16.1(5) 9.7(3)
>10 8.3(1) 25.0(3)

(102 W Hz"!)
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and between
radio and X-ray

morhpology
(Govoni et al. 2001)

Eight radio halos known as of 2002, new additions
from NVSS (Giovannini & Feretti)




Number of papers with the words “radio halo”, “mini-
halo”, “relic”, “diffuse/extended emission” in the title

Halos and
relics from
NVSS
Giovannini &
Feretti |1 999.
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Early works with Papers on particle
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Brunetti et al. 2001




Number of papers with the words “radio halo”, “mini-
halo”, “relic”, “diffuse/extended emission” in the title
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Number of papers with the words “radio halo”, “mini-
halo”, “relic”, “diffuse/extended emission” in the title
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Dedicated radio surveys of samples of clusters selected following a number of different criteria
(X-ray luminosity, mass, redshift)
Exploitation of existing (i.e. NVSS, WSRT) and new (i.e. MWA, TGSS, LOFAR) radio sky surveys




Brief historical background of observations and
knowledge of diffuse cluster scale sources - Halos

Coma C — Large* 1959;
Willson 1970

1959 —
Discovery
of diffuse
emission

in the

Coma

cluster

1995 2001 2005 2015

COMA A+ 326.4 MHz

=
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e
<
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o
&
o

13h gpm

12h 5pm

GHT ASCENSION

Kim, ..., TV, 1989

—

Start of cluster
science with
LOFAR, uGMRT,
JVLA



Filantents in the - (O .
" Halo . N
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. Bridges

-
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A. Bonafede'& LOFAR survey KSP

LOFAR HBA observations - 144 MHz —
noise ~ 0.15 mJy/beam - 20” beam




Number of papers with the words “radio halo”, “mini-
halo”, “relic”, “diffuse/extended emission” in the title
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Dedicated radio surveys of samples of clusters selected following a number of different criteria
(X-ray luminosity, mass, redshift)
Exploitation of existing (i.e. NVSS, WSRT) and new (i.e. MWA, TGSS, LOFAR) radio sky surveys
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