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Cool core clusters

 Morphologically relaxed clusters;

e Efficient thermal cooling
processes (e.g., Hudson+ ‘10);

* Luminous central active galaxies
(e.g., Sanderson+ ‘09);

* Magnetic fields of ~10 pG
(e.g., Carilli+ ‘02).

 AGN feedback on the ICM
(e.g., McNamara+ ‘12);

e Sloshing of sub-clumps (= cold
fronts)
(e.g.; Markevitch & Vikhlinin ‘07);

RBS 797
Chandra X-ray image +
VLA radio contours @4.8 GHz (green)
(Gitti+ ‘13)
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Cool core clusters

 Morphologically relaxed clusters;

e Efficient thermal cooling
processes (e.g., Hudson+ ‘10);

* Luminous central active galaxies
(e.g., Sanderson+ ‘09);

* Magnetic fields of ~10 pG
(e.g., Carilli+ ‘02).

 AGN feedback on the ICM
(e.g., McNamara+ ‘12);

e Sloshing of sub-clumps (= cold
fronts)
(e.g.; Markevitch & Vikhlinin ‘07);

 Radio mini-halos

RBS 797
Chandra X-ray image +
VLA radio contours @4.8 GHz (green)
And @1.4 GHz (Gitti+ ‘12,13)
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Radio mini halos

Main properties:
¢ RMHNRcooI<O'2R5OO (
» Steep spectral index a=1-1.5 (S~v);

* Surround the BCG; — Connection still not
clear

Giacintucci et al. ‘17);

 Connections with cold fronts
(e.g., Mazzotta&Giacintucci ‘08);

» Slow diffusion problem:

Diffusion time of CRe >> Radiative time
>10% yr ~108 yr

two possible solutions:

. CRe injected by the
BCG are re-accelerated by ICM
turbulence (e.g., Gitti+ ‘02, ZuHone ‘13);

e Hadronic models: CRe are generated
during collisions of CRp and thermal
protons. Collisions should produce also
y-r)ay (e.g., Pfrommer&Enslin ‘04, Zandanel
‘13).




A. Ignesti - “Thermal/non thermal connection in radio mini-halos” Noto 17-05-2018

Radio mini halos

Main properties:
¢ RMHNRcooI<O'2R5OO (
» Steep spectral index a=1-1.5 (S~v);

* Surround the BCG; — Connection still not
clear

Giacintucci et al. ‘17);

 Connections with cold fronts
(e.g., Mazzotta&Giacintucci ‘08);

» Slow diffusion problem:

Diffusion time of CRe >> Radiative time
>10% yr ~108 yr

two possible solutions:

. CRe injected by the
BCG are re-accelerated by ICM
turbulence (e.g., Gitti+ ‘02, ZuHone ‘13);

e Hadronic models: CRe are generated
during collisions of CRp and thermal
protons. Collisions should produce also
v-ray (e.g., Pfrommer&Enslin ‘04, Zandanel

13).
: 1

Possible role of the BCG in MH origin
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Radio mini halos

Main properties:

RMH~ Rcool< 0.2 R5oo (

Steep spectral index a=1-1.5 (S~v);
Surround the BCG; = Connection still not
clear

Giacintucci et al. ‘17);

Connections with cold fronts
(e.g., Mazzotta&Giacintucci ‘08);

Slow diffusion problem:

Diffusion time of CRe >> Radiative time
>10% yr ~108 yr

two possible solutions:

. CRe injected by the
BCG are re-accelerated by ICM
turbulence (e.g., Gitti+ ‘02, ZuHone ‘13);

e Hadronic models: CRe are generated
during collisions of CRp and thermal
protons. Collisions should produce also
v-ray (e.g., Pfrommer&Enslin ‘04, Zandanel

13).
: 1

Possible role of the BCG in MH origin

Valuable probes to study the
physics of cool cores
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Radio/X-ray surface brightness link
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JE
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distribution
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Thermal
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jx(r) o< nep(r)V/ T (r)
/o N
ICM density
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temperature
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Radio/X-ray surface brightness link

Single electron

Radio emissivity: emissivity Hadronic model
synchrotron
Ji(r) ox / ncra(r, e B)de whereng ) depends on | "cRelr) O m(r)écrplr)
CRe
3
distribution - s M
function Magnetic field Fcre o< picm Vi L_77CR
0

X-rays emissivity:
Thermal
bremmstrahlung

jx(r) o< nep(r)V/ T (r)
/o N
ICM density

ICM
temperature
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Radio/X-ray surface brightness link

. c .. Single electron .
Radio emissivity: emissivity Hadronic model

synchrotron
jR(r) X / nCRe(f, E)w(er B)de where n_, (r) depends on nCRe(r) OC@I’)ECRP(I’)
/

CRe
distribution .
function Magnetic field F R OC VA 77CR

X-rays emissivity:

Thermal I R (x I )lé

bremmstrahlung

Jx(r) ocr)2ﬁ(r)

ICM density X

ICM
temperature
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Radio/X-ray surface brightness link

Radio emissivity:

Hadronic model
synchrotron j
Jr(r) o / ncre(r, €)w(e, B)de wheren . (r) depends on nCRe(r) jc_fth(r)ECRP(r)

Hadronic model with CRp
injection by the BCG

Bo:Jrl
X-rays emissivity:

Thermal IR X I)lé Jalr) oc malr)ecrylr) B? + BZ,5

bremmstrahlung

7]
: ’) _ nes(r)
Jx(r) oc ne(r) Blr) = B [ no ]
_ - _55 Q
2 2 0
nes(r) = o |1+ (L) ecrp(r) o —
I r'e | Where Q is proportional to

CRp luminosity of the AGN

ICM density (Blasi & Colafrancesco ‘96)
(beta model)
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Radio/X-ray surface brightness link

Radio emissivity: Hadronic model
synchrotron j
Jr(r) o / ncre(r, €)w(e, B)de where Neq.(r) depends on nCRe(r) jc_fth(r)ECRP(r)

Hadronic model with CRp
injection by the BCG

Bo:Jrl
X-rays emissivity:

Thermal IR X I)lé Jelr) o molr)ecr() B? + B2,5

bremmstrahlung

Jx(r) o< ng(r)? B(r) = Bo k) |
t o
_ 4 -3
N . (r) G
ne(r) = no |1+ (_) From k we can infer €ECRp\F) & ,
Fe  B(r) Where Q, is proportional to
B ) CRp luminosity of the AGN
ICM density * 8CRp(r’Q0) (Blasi & Colafrancesco ‘96)

(beta model)
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Radio/X-ray surface brightness link

A similar analysis was performed on giant radio halos
using the point-to-point analysis (Govoni et al. ‘01).

| | | |
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108
Counts X (milliCounts/s arcsec?)
Point-to-point analysis performed on

Abell 2255 (Govoni et al. ‘01)
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Outline of the project

|. Collect a sample of MHs;
|l.Estimate k from point-to-point analysis;

I1l.Model j, to constrain ICM properties;
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Outline of the project

|. Collect a sample of MHs; /
|l.Estimate k from point-to-point analysis; /

I1l.Model j, to constrain ICM properties;

Work in progress!
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Our sample (so far)

7 mini halos: Frequency
RBS 797 1.4 GHz
RX J1532.9+3021 1.4 GHz
RXJ1720.1+2637 610 MHz
MS 1455.0+2232 610 MHz
RXCJ1504.1-0248 327 MHz

Abell 3444 610 MHz
1.4 GHz
2A0335+096 1.4 GHz

5.5 GHz

For each cluster we combined:

Chandra archival observations
+

Radio maps from literature

Selection criteria
A “rule of the thumb” for
a good point-to-point
analysis:

MH angular size

>15
Beam size
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Our sample (so far)

.. ) Evidence of |8
7 mini halos: Frequency strong AGN

RBS 797 1.4 GHz 1\ feedbackon §
(cavities)

RX J1532.9+3021 1.4 GHz _

RX J1720.142637 610 MHz

MS 1455.0+2232 610 MHz [

RXC J1504.1-0248 327 MHz

Abell 3444 610 MHz )
1.4 GHz

2A0335+096 1.4GHz |
55GH2/
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Point-to-point analysis

ampling of the
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Single mesh point-to-point analysis

Simple;

10"

=
=]
th

Ip[Jy arcsec™]

-
=1
&

Ip o< Iy

107

‘ — kg =1.36+0.12 |

k=1.36+0.12

10°®

10% 107
Iy [phem™ s7! arcsec™®]

Provides a direct estimate of | -I, connection;

Cons:

Possible bias related to arbitrary choice of the

sampling mesh.



A. Ignesti - “Thermal/non thermal connection in radio mini-halos” Noto 17-05-2018

Point-to-point analysis

’

* Emission not related to MHs can be
excluded (BCG, radio-filled cavities,
field sources..);

e Sampling resolution = beam size. IR X le

Random mesh
generator
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Preliminary results

For each cluster:

« 1000 cycles of analysis; l I K
R X Ix

e Several threshold in radio
surface brightness.

(Ignesti et al. in prep.)
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Preliminary results

For each cluster:

* 1000 cycles of analysis;
e Several threshold in radio
surface brightness.

40"
30"
20"

10

w0
20"
38'00" ey
40"
20" g
3700 g

40"

20"

26°36'00" [ 2 | o il
17"20™M18° 145 128 10°  08°  06°
J2000 Right Ascension

Ip o< Iy

400
600 30" B . k,—1.15+0.09
. k,-127+0.06 350
45"
500} 300t
15'00"
5
K 250t
400} 2 5" g
[} 1*3 @
g 2 i 5 200
2300 3 g
3 < 150t
3 g i
8 45
200 ~27°16'00" oo
il 50t
100t e
ottt SN ey et N S AR o 30 0.5 1.0 15 2.0 25 3.0 35
J2000 Right Ascension Ksar
) 0.5 1.0 15 2.0 25 3.0 35
400" §
350 300
. Kk, -126+0.11 .k, -199402
20 B
300 250
40"
2501 5 200
8 L o
o £ 4800 3
9 2001 S 5
g a i 5 150
o
[} S Y
L o
S 150 S
i 40" o 100
100
—2°49'00" 50
501
20" i
i Il % 0 0.5 1.0 1.5 2.0 2.5 3.0
80 0.5 1.0 15 2.0 25 3.0 35 15"04™M12°  10° 09° 08° 07° 06° 05° 04° Ksur
Kear J2000 Right Ascension

(Ignesti et al

. in prep.)
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Preliminary results

For each cluster: k

* 1000 cycles of analysis;

« Several threshold in radio IR X IX
surface brightness.

5_
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I kmc, 30
4

L)
1

'_I
I

A H:H
SN

AN

o

050 075 1.00 125 150 175 2.00 225 2.50
Kmc

(Ignesti et al. in prep.)
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Preliminary results

For each cluster: k

* 1000 cycles of analysis;

« Several threshold in radio IR X IX
surface brightness.

MS 1455 o 73 ke, 2

I Kmc, 30

A H:H
SN

Connection to a cold front

(Mazzotta & Giacintucci ‘08 ) ° 050 075 1.

AN

5 150 175 2.00 225 2.50
Kmc

=

0 L

MJ

(Ignesti et al. in prep.)
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Preliminary results

For each cluster:

* 1000 cycles of analysis;
e Several threshold in radio

surface brightness.

5_

Giant radio halos: *

k<1

Govoni et al. ‘01

Occur
= r\.:

o

Et: e

A :EH
SN

/73 Kmc, 20
I Kmc, 30

NN

050 075 1.00 125 150 175
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(Ignesti et al. in prep.)
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Ip o< Iy

Mini-halos:

k>1



Radio emissivity:
synchrotron

Boz+1

Jr(r) o< n(r)ecrp(r)

B(r) = By [”“’(r)r

ng
(o

ECRp(r) 0.¢ T

Hadronic model with CRp
injection by the BCG

>
B + Bzys

(Ignesti et al. in prep.)

A. Ignesti - “Thermal/non thermal connection in radio mini-halos” Noto 17-05-2018

Constraining the magnetic field

X-rays emissivity:
Thermal
bremmstrahlung

jx(r) 0.¢ nth(r)z




Radio emissivity:
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Constraining the magnetic field

X-rays emissivity:
Thermal

synchrotron

Boz+1

Jr(r) o< n(r)ecrp(r)

B(r) = By [”“’(r)r

ng
(o

ECRp(r) 0.¢ T

Hadronic model with CRp
injection by the BCG

>
B + Bzys

'

Numerical
integration of

emissivity to obtain

radio and X-rays

surface brightness

radial profiles

Compare results with
numerical estimates of k

to constrain B, 1] and Q,

(Ignesti et al. in prep.)

bremmstrahlung

jx(r) 0.¢ nth(r)z

nth(r) L




Radio emissivity:
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Constraining the magnetic field

X-rays emissivity:
Thermal

synchrotron

Boz+1

Jr(r) o< n(r)ecrp(r)

B(r) = By [”“’(r)r

ng
(o

ECRp(r) 0.¢ T

Hadronic model with CRp
injection by the BCG

>
B + Bzys

'

Numerical
integration of

emissivity to obtain

radio and X-rays

surface brightness

radial profiles

Compare results with
numerical estimates of k

to constrain B, 1) and Q,

(Ignesti et al. in prep.)

bremmstrahlung

jx(r) 0.¢ nth(r)z

nth(r) L




A. Ignesti - “Thermal/non thermal connection in radio mini-halos” Noto 17-05-2018

Constraining the magnetic field

- n< Nn=1/2 Energy equipartition field

B(f) _ B nth(r) n=2/3 (Tribble 93)
0 no n=0 Uniform magnetic field
RBS 797 Abell 3444
1.8 — o —
1.6 1 ____ gjﬁ ' — 223{3
141 — kobs 1.41 — Kobs
\\ \
M 121 ~ & 1.2 \ S
N |
1.0 1 1.0 - \
0.8 1
0.8 1
10 20 30 40 50 60 70 10 20 30 40 50
Bo [uG] Bo [UG]
n=1/2 B,=20 uG n=1/2 B,=15 G
n=2/3 B,=50 uG n=2/3 B,=25 G

(Ignesti et al. in prep.)
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Constraining the magnetic field

- n< Nn=1/2 Energy equipartition field

PROGRESS
@

L)

B (r) — B n th(r ) n=2/3 Isotropic compressed field ibble 93)
0 no n=0 Uniform magnetic field
RBS 797 Abell 3444
— n=1/2 _— N — n=1/2
B n=2/3 ' - n=2/3
~ === =0 === n=0
» —s 1.4 \. — Kobs
\\ . \
~ o v 1.2 \ S
Next step: infer \
Q, to estimate
"___._______.______. ______ .______._______. CRp heaﬁng On ________._________._________._________.__
10 20 30 40 50 6l the |CM and the 20 30 40 50
Bo [uG] Y'ray IuminOSity Bo [UG]
n=1/2 B=20 uG of the clusters n=1/2B;=15 uG
n=2/3 B,=30 uG nN=2/3 B,=25 uG

(Ignesti et al. in prep.)
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Conclusions and future prospects

« The MHs show a super-linear relation between |, and |, this

is opposite to what was observed for giant radio halos.

=> This may hint to an intrinsic physical difference between
these objects;
e The thermal/non-thermal connection allows us to
the magnetic field of the ICM.

Future:

* We will use these results to constrain the CRp luminosity of
the BCGs, the CRp heating on the ICM and the y-ray
luminosity of the clusters;

* We will expand our sample by collecting more MHs to
confirm these results + LOFAR observations to study the
connection at low-frequency;

Thank you for your attention
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