
    
      Table 2. 

      Observational overview: LOFAR HBA and VLA observations (top); X-ray observation (bottom).

      
        


	Telescope
	Central frequency
	Configuration
	On source time
	Observation ID
	Observation date
	Reference





	LOFAR
	144 MHz
	HBA_DUAL
	8+8 h
	591537, 602890
	04.05.2017, 09.08.2017
	(1)



	VLA
	1.4 GHz
	C array
	8 h
	
	23.10.2006
	(2)



	




	Telescope
	Energy range
	Filter
	On source time
	Observation ID
	Observation date
	Reference



	




	XMM-Newton
	[0.5–14] keV
	THIN1
	82.5 ks
	0502690201
	11.12.2007, rev. # 1466
	(1),(3)





      

      
References. (1) This work; (2) Govoni et al. (2009); (3) Pratt & Arnaud (2002).



    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        X-ray surface brightness profile, together with the best-fit double-β model of Eq. (2). The best-fit parameters are Σ01 = 0.56 ± 0.05 cst s−1 arcmin−2, rc1 = 189.62 ± 0.41 kpc, β1 = 2.17 ± 0.91 and Σ02 = 0.35 ± 0.04 cst s−1 arcmin−2, rc2 = 257.04 ± 0.25 kpc, β2 = 0.80 ± 0.04 with χ2/d.o.f. ≃ 1.64. The vertical line indicates R500. The surface brightness values have errors on the order of 1−2%; thus, error bars on the y-axis are not visible in this plot.

      

    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        1D radio surface-brightness profile. Left panel: medium resolution (15″ × 15″) source-subtracted image at 144 MHz. Masked regions are shown in red, together with the green annuli where the surface brightness has been extracted. The contour levels start at 2σrms, where σrms = 0.18 mJy beam−1, and are spaced with a factor of [image: equation]. The −3σrms contours are red. Right panel: radio surface-brightness profile. The solid line represents the resulting double exponential model, while the single components are plotted as a reference. The central mini-halo component has re, 1 = 28 ± 5 kpc, while the second broader component has re, 2 = 290 ± 60 kpc. The vertical line indicates R500, and the dashed black line indicates the 1σannulus detection limit for each annulus.

      

    

  
    
      Table 4. 

      Summary of main properties of radio emission in A1413.

      
        


	
	ν
	D
	S3σ
	P3σ
	I0, 12
	re, 12
	χ



	
	MHz
	kpc
	mJy
	W Hz−1
	μJy arcsec2
	kpc
	





	Halo
	144
	(800, 500)
	37 ± 6
	1.9 ± 0.3 1024
	1.6 ± 0.4
	290 ± 60
	1.8



	Mini-Halo
	144
	220( ⋆ )
	23 ± 2
	(1.2 ± 0.1)×1024
	23 ± 5
	28 ± 5
	



	
	1440
	220
	1.9 ± 0.7
	(1.0 ± 0.1)×1023
	
	
	





      

      
Notes. Column 1: Name of the radio source; Col. 2: Size measured above 3σrms contour. For the halo, the two measures refer to (Dmax, Dmin) in the north-south and west-east directions, respectively. Listed result at 1440 MHz from Govoni et al. (2009). ( ⋆ )Since in LOFAR observations it is impossible to disentangle the mini halo, we used the 220 kpc region as a reference (see Sect. 3.7). Column 3: Flux density measured within the 3σrms contour; Col. 4: Radio power with the k correction applied, assuming α = −1.2; Col. 5: Central surface brightness of the double-exponential profile of Eq. (4); Col. 6: e-folding radius of the double-exponential profile of Eq. (4); Col. 7: reduced χ2 of the fit.



    

  
    
      Table 5. 

      Summary of HALO-FDCA results for extended emission in A1413.

      
        


	
	ν
	I0
	re, 1
	re, 2
	re, 3
	re, 4
	S< 3re
	P< 3re
	χ
	Model
	Ref.



	
	MHz
	μJy arcsec−2
	kpc
	kpc
	kpc
	kpc
	mJy
	W Hz−1
	
	
	





	Halo
	144
	2.6 ± 0.2
	224 ± 16
	–
	–
	–
	106 ± 8
	(6.0 ± 0.5)×1024
	0.823
	Circle
	Fig. A.1 (top panel)



	
	
	2.6 ± 0.2
	228 ± 17
	224 ± 16
	–
	–
	107 ± 8
	(6.0 ± 0.5)×1024
	0.828
	Ellipse
	Fig. A.1 (middle panel)



	
	
	2.6 ± 0.2
	295 ± 40
	227 ± 35
	148 ± 25
	255 ± 34
	109 ± 8
	(6.0 ± 0.5)×1024
	0.769
	Skewed
	Fig. A.1 (bottom panel)





      

      
Notes. Column 1: Name of the radio source; Col. 2: Frequency; Col. 3: Central surface brightness obtained by HALO-FDCA, Eq. (5); Col. 4: e-folding radius obtained by HALO-FDCA (circular model); Col. 5: (elliptical model); Col. 6: (skewed model); Col. 7: Flux density measured by HALO-FDCA the 3re; Col. 8: Radio power with the k correction applied, assuming α = −1.2; Col. 9: Reduced χ2; Col. 10: Reference image.



    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Background-subtracted and exposure-corrected XMM-Newton image of A1413 in [0.7–2] keV energy band. Radio contours from 35″ LOFAR HBA image at 144 MHz Fig. 1 (right) are over-plotted.

      

    

  
    
      Table 6. 

      LinMix best-fit parameter for IR − IX correlation of Fig. 8.

      
        


	Region
	Grid
	A
	rp
	rs
	Ref.





	Halo
	35″ × 35″
	
[image: equation]
	0.87
	0.85
	Fig. 8 (left)



	
	35″ × 35″
	
[image: equation]
	0.83
	0.82
	Fig. 8 (left)



	Mini-halo
	23″ × 23″
	
[image: equation]
	0.93
	0.91
	Fig. 8 (right)





      

      
Notes. Column 1: Considered radio source; Col. 2: Grid box size; Col. 3: Fitting slopes (A); Col. 4: Pearson (rp), and Col. 5: Spearmann (rs) correlation coefficients; Col. 6: Reference plot.
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