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NGC 5194. Panel a: radio spectral index distribution between 145 and 1365 MHz, presented in a cube-helix colour scale ranging from −1.2 to −0.4. Dashed contours are at −0.85 and −0.65, thus separating the galaxy in three zones. Areas with young CREs (α >  −0.65) are predominantly found in spiral arms; areas with CREs of intermediate age (−0.85 ≤ α ≤ −0.65) are predominantly found in inter-arm regions; and areas with old CREs (α <  −0.85) are found in the galaxy outskirts. Panel b: error of the radio spectral index distribution between 145 and 1365 MHz at logarithmic stretch, ranging from 0 to 0.2. As can be seen, the spectral index error only becomes larger than ±0.1 in areas with α <  −0.85. In both panels, the maps were convolved to a circular synthesised beam of 17.1 × 17.1 arcsec2 resolution, which is outlined in the bottom left corner. A mask has been applied to background sources and the central regions of NGC 5194 and its companion galaxy, NGC 5195. A 3σ cut-off was applied to both the 145 and 1365 MHz maps prior to combination.
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Plot of the combined data, showing the spatially resolved RC–SFR ((ΣSFR)RC–(ΣSFR)hyb) relation. Panel a: results from LOFAR 140 MHz and panel b: from WSRT 1365 MHz. Each data point represents a 1.2 × 1.2 kpc2 region that has been obtained from the hybrid ΣSFR map (abscissa) and from the radio ΣSFR map (ordinate). Shape and colour represent different radio spectral indices between 140 and 1365 MHz. Downward-pointing red triangles represent regions with young CREs (−0.65 <  α <  −0.50); filled green circles represent regions with CREs of intermediate age (−0.85 ≤ α ≤ −0.65); and upward-pointing blue triangles represent regions with old CREs (α <  −0.85). Solid black lines show the best-fitting relation and dashed lines show the Condon relation. A 3σ cut-off was applied in all maps.
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Smoothing experiment to measure the CRE diffusion length. Plotted is the slope of the (ΣSFR)RC–(ΣSFR)hyb relation, a, as function of the CRE diffusion length lCRE. LOFAR 140 MHz data are shown as open and WSRT 1365 MHz data are shown as filled symbols. The three galaxies are represented by red (NGC 3184), green (NGC 4736), and blue (NGC 5194).



    

  
    Table 6. 

Best-fitting cosmic ray diffusion models.




	Galaxy
	UIRF/UB
	D0
	μ



	
	
	(1028 cm2 s−1)
	



	(1)
	(2)
	(3)
	(4)





	NGC 3184
	0.16
	
[image: equation]
	0.5



	NGC 4736
	0.46
	
[image: equation]
	0.6



	NGC 5055
	0.10
	N/A
	N/A



	NGC 5194
	0.18
	
[image: equation]
	0.0






Notes. NGC 5055 will be analysed separately in a forthcoming paper (Sendlinger et al., in prep.). Columns: (1) galaxy name; (2) ratio of the interstellar radiation field energy density (excluding the contribution from the cosmic microwave background) to the magnetic energy density; (3) 2D diffusion coefficient at 1 GeV, where the uncertainty interval is for 3D (lower) and 1D (upper bound); (4) energy dependence of the diffusion coefficient parametrised as D = D0(E/GeV)μ.




  
    
      Fig. A.1. 

      
        [image: thumbnail]
      

      
NGC 3184. Panel a: RC emission at 142 MHz, as derived from LOFAR HBA observations. The intensities were converted into a map of the radio ΣSFR map, using the 1.4 GHz relation of Condon scaled with a radio spectral index of −0.8. This map is shown at a logarithmic stretch ranging from 10−4 to 3 × 10−1 M⊙ yr−1 kpc−2. Panel b: same as panel a, but using a 1365 MHz map from WSRT–SINGS. Panel c: hybrid ΣSFR map, derived from a linear superposition of GALEX 156 nm FUV and Spitzer 24 μm MIR emission, presented as inverted heat colour scale. Panel d: ratio of the LOFAR (ΣSFR)RC map divided by the hybrid (ΣSFR)hyb map. The map is shown at logarithmic stretch using the heat colour scale ranging from 10−0.6 to 101.6. Areas that are light are radio bright, whereas dark areas are radio dim when compared with the hybrid ΣSFR map. All maps have been convolved to a circular Gaussian beam with a resolution of 18.6 × 18.6 arcsec2. The representation of the beam is shown in the bottom left corner of each panel. Panels a–c: unmasked maps, whereas panel d shows the area after masking background sources and the AGN-contaminated central area. In all panels, a 3σ cut-off has been applied.
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NGC 3184. Panel a: radio spectral index distribution between 142 and 1365 MHz, presented in a cube-helix colour-scale ranging from −1.2 to −0.4. Dashed contours are at −0.85 and −0.65, thus separating the galaxy in three, non-coherent areas. Areas with young CREs (α >  −0.65) are predominantly found in spiral arms; areas with CREs of intermediate age (−0.85 ≤ α ≤ −0.65) are predominantly found in inter-arm regions; and areas with old CREs (α <  −0.85) are found in the galaxy’s outskirts. Panel b: error of the radio spectral index distribution between 145 and 1365 MHz, presented in a cube-helix colour-scale ranging from 0 to 0.2. As can bee seen, only in areas of steep spectral indices α <  −0.85 the spectral index error becomes larger than ±0.1. In both panels, the maps were convolved to a circular synthesised beam of 18.6 × 18.6 arcsec2 resolution, which is outlined in the bottom left corner. A mask has been applied to background sources and the central regions of NGC 3184. A 3σ cut-off was applied to both the 142- and 1365 MHz maps prior to combination.
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NGC 4736. Panel a: RC emission at 140 MHz, as derived from the LOFAR HBA observations. The intensities were converted into a map of the radio ΣSFR map, using the 1.4 GHz relation of Condon scaled with a radio spectral index of −0.8. This map is shown at a logarithmic stretch ranging from 10−4 to 3 × 10−1 M⊙ yr−1 kpc−2. Panel b: same as panel a, but using a 1365 MHz map from WSRT–SINGS. Panel c: hybrid ΣSFR map, derived from a linear superposition of GALEX 156 nm FUV and Spitzer 24 μm MIR emission, presented as inverted heat colour scale. Panel d: ratio of the LOFAR (ΣSFR)RC map divided by the hybrid (ΣSFR)hyb map. The map is shown at logarithmic stretch using the heat colour scale, ranging from 10−0.6 to 101.6. Areas that are light are radio bright, whereas dark areas are radio dim when compared with the hybrid ΣSFR map. All maps have been convolved to a circular Gaussian beam with a resolution of 19.1 × 19.1 arcsec2. The representation of the beam is shown in the bottom left corner of each panel. Panels a–c: unmasked maps, whereas panel d shows the area after masking background sources and the AGN-contaminated central area. In all panels, a 3σ cut-off has been applied.



    

  
    
      Fig. A.4. 
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NGC 4736. Panel a: radio spectral index distribution between 140 and 1365 MHz, presented in a cube-helix colour scale ranging from −1.2 to −0.4. Dashed contours are at −0.85 and −0.65, thus separating the galaxy into three non-coherent areas. Areas with young CREs (α >  −0.65) are predominantly found in spiral arms; areas with CREs of intermediate age (−0.85 ≤ α ≤ −0.65) are predominantly found in inter-arm regions; and areas with old CREs (α <  −0.85) are found in the galaxy outskirts. Panel b: error of the radio spectral index distribution between 145 and 1365 MHz, presented in a cube-helix colour scale ranging from 0 to 0.2. As can be seen, the spectral index error only becomes larger than ±0.1 in areas of steep spectral indices α <  −0.85. In both panels, the maps were convolved to a circular synthesised beam of 19.1 × 19.1 arcsec2 resolution, which is outlined in the bottom left corner. A mask has been applied to background sources and the central regions of NGC 4736. A 3σ cut-off was applied to both the 142 and 1365 MHz maps prior to combination.
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NGC 5055. Panel a: RC emission at 144 MHz, as derived from the LOFAR HBA observations. The intensities were converted into a map of the radio ΣSFR map, using the 1.4 GHz relation of Condon scaled with a radio spectral index of −0.8. This map is shown at a logarithmic stretch ranging from 10−4 to 3 × 10−1 M⊙ yr−1 kpc−2. Panel b: same as panel a, but using a 1365 MHz map from WSRT–SINGS. Panel c: hybrid ΣSFR map, derived from a linear superposition of GALEX 156 nm FUV and Spitzer 24 μm MIR emission, presented as inverted heat colour scale. Panel d: ratio of the LOFAR (ΣSFR)RC map divided by the hybrid (ΣSFR)hyb map. The map is shown at logarithmic stretch using the heat colour scale ranging from 10−0.6 to 101.6. Areas that are light are radio bright, whereas dark areas are radio dim when compared with the hybrid ΣSFR map. All maps have been convolved to a circular Gaussian beam with a resolution of 19.1 × 19.1 arcsec2. The representation of the beam is shown in the bottom left corner of each panel. Panel a–c show unmasked maps, whereas panel d shows the area after masking background sources and the AGN-contaminated central area. In all panels, a 3σ cut-off has been applied.
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NGC 5055. Panel a: radio spectral index distribution between 140 and 1365 MHz, presented in a cube-helix colour scale ranging from −1.2 to −0.4. Dashed contours are at −0.85 and −0.65, thus separating the galaxy into three non-coherent areas. Areas with young CREs (α >  −0.65) are predominantly found in spiral arms; areas with CREs of intermediate age (−0.85 ≤ α ≤ −0.65) are predominantly found in inter-arm regions; and areas with old CREs (α <  −0.85) are found in the outskirts of the galaxy. Panel b: error of the radio spectral index distribution between 145 and 1365 MHz, presented in a cube-helix colour scale ranging from 0 to 0.2. As can be seen, the spectral index error only becomes larger than ±0.1 in areas of steep spectral indices α <  −0.85. In both panels, the maps were convolved to a circular synthesised beam of 19.1 × 19.1 arcsec2 resolution, which is outlined in the bottom left corner. A mask has been applied to background sources and the central regions of NGC 5055. A 3σ cut-off was applied to both the 142 and 1365 MHz maps prior to combination.
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