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Cool core clusters
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● Morphologically relaxed clusters;
● Efcient thermal cooling 
processes (e.g., Huason+ ‘10);

● Luminous central actie galaxies    
(e.g., Sanaerson+ ‘09);

● Magnetc  elds of ~10 μG              
(e.g., Car ll + ‘02).

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

● Sloshing of sub-clumps (→ cold 
fronts)                                          
(e.g.; Markev tch & V khl n n ‘07);
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Radio mini halos
Main propertes:
● RMH~Rcool<0.2R500 (G ac ntucc  et al.  ‘17);
● Steep spectral index α=1-1.5 (S~ν-α);
● Surround the BCG; → Connecton stll not    

                                                               clear
● Connectons with cold fronts                     
(e.g., Mazzota&G ac ntucc  ‘08);

● Slow difusion problem:

Difusion tme ot CRfe >> Rfadiatve tme
       > 109 yr                         ~108 yr

two possible solutons:
● Leptonic models: CRe injected by the 
BCG are re-accelerated by ICM 
turbulence (e.g., G t+ ‘02, ZuHone ‘13);

● Hadronic models: CRe are generated 
during collisions of CRp and thermal 
protons. Collisions should produce also 
γ-ray (e.g., Pfrommer&Enвl n ‘04, Zanaanel 
‘13).

RBS 797
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Radio mini halos

Possible role of the BCG in MH origin
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Difusion tme ot CRfe >> Rfadiatve tme
       > 109 yr                         ~108 yr

two possible solutons:
● Leptonic models: CRe injected by the 
BCG are re-accelerated by ICM 
turbulence (e.g., G t+ ‘02, ZuHone ‘13);

● Hadronic models: CRe are generated 
during collisions of CRp and thermal 
protons. Collisions should produce also 
γ-ray (e.g., Pfrommer&Enвl n ‘04, Zanaanel 
‘13). Valuable probes to study the 

physics of cool cores
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RBS 797

Possible role of the BCG in MH origin



  

Radio/X-ray  surface brightness link

Rfadio emissivity: 
synchrotron 

CRfe 
distributon 
tuncton Magnetc feld

X-rays emissivity:
Thermal 
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Single electron 
emissivity

ICM density 
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Radio/X-ray  surface brightness link

Rfadio emissivity: 
synchrotron 

where nCRe(r) depends on 

 Hadronic model 

X-rays emissivity:
Thermal 
bremmstrahlung 

Hadronic model with CRfp 
injecton by the BCG 

Where Q0 is proportonal to  
CRp luminosity of the AGN

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

Rfadio emissivity: 
synchrotron 

where nCRe(r) depends on 

 Hadronic model 

X-rays emissivity:
Thermal 
bremmstrahlung 

Hadronic model with CRfp 
injecton by the BCG 

(Blas  & Colafrancesco ‘96)

From k we can inter 
● B(r)
● εCRfp(r,Q0)

Where Q0 is proportonal to  
CRp luminosity of the AGN

ICM density 
(beta model)
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A similar analysis was performed on giant radio halos  
using the point-to-point analysis (Govon  et al.  ‘01). 

   

Point-to-point analysis performed on 
Abell 2255 (Govon  et al.  ‘01)

They found 

k≤1

Radio/X-ray  surface brightness link
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Outline of the project

I.Collect a sample of MHs;    

II.Estmate k from point-to-point analysis;   

III.Model jR  to constrain ICM propertes;
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Outline of the project

Work in progress!
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I.Collect a sample of MHs;    

II.Estmate k from point-to-point analysis;   

III.Model jR  to constrain ICM propertes;



  

Our sample (so far)

7 mini halos:

RBS 797                       1.4 GHz

RX J1532.9+3021        1.4 GHz

RX J1720.1+2637      610 MHz

MS 1455.0+2232       610 MHz

RXC J1504.1-0248     327 MHz

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

A “rule of the thumb” for 
a good point-to-point 

analysis:

MH angular size
                             > 15
    Beam size

Selecton criteria

For each cluster we combined:

Chandra archival observatons
+

Rfadio maps trom literature
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RBS 797                       1.4 GHz
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MS 1455.0+2232       610 MHz

RXC J1504.1-0248     327 MHz

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

Evidence ot 
strong AGN 
teedback on 
the ICM 
(cavites)

Evidence ot 
connecton 
with cold 
tronts and 
sloshing

Mult-trequency observatons 
to study the dependence ot k 
on the observed trequency

RBS 797

RXJ 1720
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Point-to-point analysis

Single mesh point-to-point analysis 
Pros:

● Simple;
● Proiides a direct estmate of IR-IX connecton;

Cons:
● Possible bias related to arbitrary choice of the 
sampling mesh.

Measure ot
 IR and IX

Estmate ot k

Sampling ot the 
radio emission 

RfBS797
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k=1.36±0.12



  

Point-to-point analysis

Measure ot
 IR and IX

Estmate ot k

Sampling ot the 
radio emission 

Rfandom mesh
generator 

● Emission not related to MHs can be 
excluded (BCG, radio- lled caiites, 
 eld sources..);

● Sampling resoluton ≥ beam size.

Single mesh point-
to-point analysis 

Monte Carlo 
point-to-point 

analysis 

RfBS797
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k=1.36±0.12

k=1.27±0.06



  

Preliminary results
For each cluster:
● 1000 cycles of analysis;
●  Seieral threshold in radio 
surface brightness.

A. Ignest - “Thermal/non thermal connecton  n raa o m n -halos” Noto 17-05-2018

(Ignesti eti al.i ini prep.n



  

Preliminary results

RfBS 797

RfX J1720 RfXC J1504

Abell 3444

For each cluster:
● 1000 cycles of analysis;
●  Seieral threshold in radio 
surface brightness.

A. Ignest - “Thermal/non thermal connecton  n raa o m n -halos” Noto 17-05-2018

(Ignesti eti al.i ini prep.n



  

Preliminary results
For each cluster:
● 1000 cycles of analysis;
●  Seieral threshold in radio 
surface brightness.

A. Ignest - “Thermal/non thermal connecton  n raa o m n -halos” Noto 17-05-2018

(Ignesti eti al.i ini prep.n



  

Preliminary results
For each cluster:
● 1000 cycles of analysis;
●  Seieral threshold in radio 
surface brightness.

MS 1455

Connecton to a cold front 
(Mazzota & G ac ntucc  ‘08 )
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Preliminary results
For each cluster:
● 1000 cycles of analysis;
●  Seieral threshold in radio 
surface brightness.

k>1k≤1
Giant radio halos:

Govon  et al. ‘01

Mini-halos:
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Rfadio emissivity: 
synchrotron  

X-rays emissivity:
Thermal 
bremmstrahlung 

Hadronic model with CRfp 
injecton by the BCG 
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Constraining the magnetc feld



  

Rfadio emissivity: 
synchrotron  

Numerical 
integraton ot 

emissivity to obtain 
radio and X-rays  

surtace brightness 
radial profles

Compare results with 
numerical estmates of k 
to constrain B0, η and Q0

X-rays emissivity:
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Hadronic model with CRfp 
injecton by the BCG 
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Abell 3444RBS 797

 η=1/2 B0≈20 μG
 η=2/3 B0≈50 μG
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Constraining the magnetc feld

 η=1/2 B0≈15 μG
 η=2/3 B0≈25 μG

 η=1/2 Energy equipartton feld
 η=2/3 Isotropic compressed feld (Tr bble ‘93)

 η=0    Unitorm magnetc feld



  

Abell 3444RBS 797

 η=1/2 B0≈20 μG
 η=2/3 B0≈50 μG

 η=1/2 B0≈15 μG
 η=2/3 B0≈25 μG

 η=1/2 Energy equipartton feld
 η=2/3 Isotropic compressed feld (Tr bble ‘93)

 η=0    Unitorm magnetc feld

A. Ignest - “Thermal/non thermal connecton  n raa o m n -halos” Noto 17-05-2018

Next step:  infer 
Q0 to estmate 

CRp heatng on 
the ICM and the 
γ-ray luminosity 
of the clusters 

(Ignesti eti al.i ini prep.n

Constraining the magnetc feld



  

Conclusions and future prospects
● The MHs show a super-linear relaton between IR and IX, this 
is opposite to what was obseried for giant radio halos.
-> This may hint to an intrinsic physical diference between   
      these objects;

● The thermal/non-thermal connecton allows us to constrain 
the magnetc  eld of the ICM.

Future:

● We will use these results to constrain the CRp luminosity of 
the BCGs, the CRp heatng on the ICM and the γ-ray 
luminosity of the clusters;

● We will expand our sample by collectng more MHs to 
con rm these results + L㓏FAR obseriatons to study the 
connecton at low-frequency;
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Thank you tor your atenton
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