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Outline of This Talk

Thermal and non-thermal emissions from galaxy clusters

Radio halos: known properties and unknown puzzles

The new radio-SZ correlation for radio halos

Analysis of complete X-ray and SZ selected samples
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The Intra-Cluster Medium (ICM)

Thermal X-ray Emission
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The hot, ionized ICM emits in the X-rays
due to thermal bremsstrahlung. X-ray
surface brightness depends on the gas

density squared, weakly varying with the

gas temperature below ~2 keV band.

Sunyaev-Zel'dovich Effect
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The same electrons in the ICM causes
(inverse) Compton scattering of the
background CMB photons, known as the
Sunyaev-Zel’dovich effect. Signal is
proportional to the gas pressure.
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Non-Thermal ICM
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Diffuse Radio Emission in Clusters

SO steep spectrum sources (a ~ 1.1-1.5)
oy @ 0 at the cluster outskirts

0 elongated morphology + polarised
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Diffuse Radio Emission in Clusters

Slide from Giacintucci 2010
Kaustuv Basu (AIfA, Universitiat Bonn) Planck and the radio halos 47th ESLAB Symposium, Apr 2013



Planck analysis of Coma radio halo

y AWl  Linear relation
between SZ and

radio at 352 MHz

Consistent with
what we found first
(later in this talk)!

Radio (Jy/beam)
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Planck y-map (color) and WENSS
352 MHz radio contours
(Brown & Rudnick 2011)

Planck Intermediate Results. X. Physics of the hot gas in the Coma cluster
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The Puzzle of Radio Halo Origin

- Q Radio halo in the Bullet
)gz-jg\/lﬁ cluster (Liang et al. 2000)

The diffusion problem

Primary models (or re-acceleration models):
electrons are accelerated in shocks and/or

Crossing time of electrons ~ 10 Gyr turbulence induced by cluster mergers, via
Fermi-I| process

but radiative lifetime ~ 0.1 Gyr

Secondary models: electrons are produced
t.o>>t via collision between thermal ions and cosmic
diff rad ray protons, the latter having significantly
longer lifetimes

How to fill the ~1 Mpc volume
with these radio emitting
high-enerqgy electrons?
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Radio - X-ray Correlation

L Illl 1 L ]lll | L lll]

11111l

@ 0657
@2 74@A2163

®L2219

|

A1 351
F

[\
O

@CJ2003
@78 500
1914

SoRgss:; .

@:r2254
g
“ocﬁf*f’"”
5

® o4

.ea% e

@ 4754
294

‘:22‘829715

L IIII
1| 1 11 llll

-
o

' ] ] ] ] l L] ] ] 1 I L] ] L] ] I 1 ] ] ] l ] ] ] ] I
I

|

[\
NN

>

)
I
P
-
©
.
£
o
3
&
)
K]

L Iil]
1| 1 11 Illl

I
|

° _39, A401

®4L3562

l

T T TTTTI
1 111 lllI

1 | 1 11 [llI | | . llll | .| lIII

0.1 1 10 100
1008[1-10.1-2.4):.\0 erg/s] Lx [1044 ergs"]

S
o

Brunetti et al. (2007) Giovannini et al. (2011)

Argelander

i Kaustuv Basu (AIfA, Universitit Bonn) Planck and the radio halos 47th ESLAB Symposium, Apr 2013 10




The “Rarity” of Radio Halos

Ll ' I T 1

- (O GMRT clusters
- @ clusters from literature

Log['-]o.a ~2.4Kkev erg/s]

The low number of radio halos
in X-ray selected clusters seem to
support the primary (re-acceleration)
model, and leads to a small predicted
number of radio halos in the sky
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Fraction of Radio Halos
o

GMRT radio halo survey
(Venturi et al.)
Cassano et al. (2007)
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- Agreement with the
observed statistics

at z < 0.2 (Giovannini
L et al. 1999)

Cassano et al. (2010)
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Planck and the (E)SZ Catalog

Planck ESZ clusters
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ROSAT provided the first all-sky
cluster catalog, selected in Lx

Planck provides the first all-sky
SZ catalog, 20 years after ROSAT

Sample  No. of of which Planck of which
Clusters Radio Halos Detects Radio Halos

vos 26 6 9 S Cross-correlating all known
ggg ‘71; ﬂ gg ig radio halos in the literature
with the Planck ESZ catalog

Samples: VO8 = Venturi et al. 2008; BO9 = Brunetti et al. 2009;
R09 = Rudnick & Lemmerman 2009. * Not X-ray complete
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Radio - SZ Correlation

The cluster SZ signal and radio
halo power are correlated (as
expected from known X-ray

/ -
peras e A2IB3 | correlation)
RXCJ2003.5 R2219 _ - |
L ®

e

\S)
o
o

’e
A1914 A1300‘, -

AdBe5 -

Asde @B | Basu (2012)

‘ e
AB209
ao77\ %2,  Aose7.

A1995 .~ @
®

-

§2256 g

Com o - @
A?334‘ A2218
“ o]
A0401
S

log P, , [W/Hz]
N
S
(@) ]

N
B
o

\S)
ok
o

N
B
&)

1 | 1 1 1 1 | I
-4.0 -3.5
log Ys(<5Rsg0) [T Mpc?]

N
B

log P, , [W/Hz]

03 -7 E
The correlation becomes stronger 6.0 -55 -5.0 45 -4.0 -3.5 -3.0
when the SZ signal is scaled to | - 109 Yed<Ry) [srMpe]

| |

1 1 1 1 T
within the radio halo radius . . 4.5 -4.0 3.5
log Yo (<LLS) [sr Mpc?]

Kaustuv Basu (AIfA, Universitat Bonn) Planck and the radio halos 47th ESLAB Symposium, Apr 2013 |3




A "Reduced” Bi-modality
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Testing Complete SZ

% We developed a regression method that takes

into account errors in both direction, intrinsic
scatter, non-detections and a dropout fraction
(i.e. zero population)
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X-ray samples

We selected near-identical mass
limited clusters samples in SZ and
X-rays

We then analyzed the
corresponding NVSS 1.4 GHz sky
maps for diffuse radio emission at

the cluster centers
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Results for X-ray Selection

Q0O

Most of our cluster radio halos
from NVSS are non-detections.
We do not stack maps, but
rather assign individual radio
power to each cluster.
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Results for Planck SZ Selection

I

We then fit simultaneously for

an “on-correlation” population

and a “zero” population using
these data.

The zero-populations are
strikingly different!
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What It Means”? Cool-Core Clusters

X-ray brightness of
cool-core cluster
Abell 2029

X-ray brightness of
radio halo cluster
Abell 2319
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Million & Allen (2009)

Relaxed, cool-core clusters are a minority, but they are
over represented in X-ray flux limited samples

[Watt/Hz] )

Log(P, 4 cuz

These systems generally do not host giant radio halos

=» producing a bi-modal distribution in X-rays
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Merger Scenarios

1:1 merger

virial crossing
ore crosising
looks relaxed

- 2nd core crossing
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N-body hydro simulation results from Poole et al. (2007)
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Implications for Radio Halo Count
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We predict a large number of
low X-ray luminosity clusters
hosting radio halos, to be
~rT M > 100 e i discovered by upcoming radio
e surveys like LOFAR and SKA;
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Conclusions

. Radlﬂ ha|ﬂs Radio halos are ~Mpc scale diffuse radio

synchrotron emissions whose origin and prevalence remain
controversial. Correlating with X-ray luminosities in clusters reveal a
distinct “bi-modal” division in the radio halo population.

y
. What S "3“’: We have obtained the first radio-SZ correlation

for galaxy cluster radio halos. Apart from a tight correlation, the
“bi-modality” appears to be much weaker (or non-existent) in SZ.
Further analysis with complete SZ and X-ray selected samples
remforce these |n|t|aI results
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