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        Radio AGN classification for the whole LoTSS-MaNGA sample. The black solid and dashed lines are the radio-SFR relation (Equation (1)) and the 3σI limit plus the typical L144 MHz error, respectively. Detections with observed L144 MHz larger than the limit are classified as radio-excess AGN (red stars). Other detections (blue) and nondetections (green) are considered as radio normal galaxies (non-RDAGN). We plot the matched radio AGN classified in Best & Heckman (2012) and Comerford et al. (2020) as a comparison (black stars). Our sample includes more low-luminosity radio AGN and can distinguish some high SFR SFGs; and 77% of radio AGN in our sample are newly classified.

      

    

  
    
      Fig. 5. 
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        SFR vs stellar mass diagram for the LoTSS-MaNGA sample. The background grayscale density map shows the bimodal distribution of the star formation main sequence (SFMS) and the quenched population. Radio AGN are plotted as red stars while galaxies without confirmed radio excess (non-RDAGN) are plotted as blue (detection) and green (nondetection) dots. The black solid line is the SFMS. Galaxies below the 3σSFMS lower limit of the SFMS (black dashed line) are considered as quenched. Radio AGN host galaxies are dominated by massive and quenched populations. The upper panel shows the fraction of radio AGN in all quenched galaxies. The fraction increases with stellar mass to > 50% at the high-mass end (1011.5 M⊙).
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        Mass assembly across the cosmic lookback time for different regions of RDAGN hosts and their controls. The solid red lines are the median SFHs of radio AGN hosts and the blue dashed lines is the median of their control samples. We also plot the average mass assembly history of galaxies with halo masses of 1013 M⊙ from the Illustris simulation (Rodriguez-Gomez et al. 2016). Although the simulation relation is for the total stellar mass, it is kept fixed in all the panels for reference. The panels from left to right are the results for the regions of the whole galaxy, 0−0.5 Re, 0.5−1 Re, and 1−1.5 Re, respectively. RDAGN hosts formed faster than their controls at all radii, especially in the central region. Our spectra-fitted total mass assembly history is reasonably matched by the cosmological simulation which incorporates the radio AGN feedback model.

      

    

  
    
      Fig. 10. 
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        Radio luminosity completeness cut for the RDAGN sample used for spectral stacking. In different radio luminosity bins, the redshift limits of the sample are defined by the 90% completeness cut. The median luminosities and redshifts of each subsample are plotted as black circles.

      

    

  
    
      Fig. 11. 
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        Stacked differential spectra between RDAGN hosts and their controls in the [N II] doublets + Hα (green dashed lines) wavelength range. Stacking is done in subsamples with four LAGN bins (powerful to weak from top to bottom) and in four radial bins (center to outskirts from left to right). The red lines are the fitting results for the emission lines. During the fitting, we assume that the three emission lines have individual Gaussian profiles. The equivalent width of the Hα and its signal-to-noise ratio derived from the fitting results are listed in each panel. RDAGN hosts, especially the low-luminosity ones, have an emission line excess in their nuclear regions (leftmost panels). High LAGN RDAGN hosts show weak emission line deficiency in their outskirts (right panels).

      

    

  
    
      Fig. 12. 
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        Equivalent width radial profile and the 3σ error bars of the Hα + [N II] excess or deficiency (ΔWHα + [N II]) in different RDAGN subsamples. The panels from top to bottom show the results when dividing RDAGN by jet luminosity, radio morphology, and stellar mass, respectively. The profiles of the different subsamples are shown in different colors and markers. Positive ΔWHα + [N II] represents that RDAGN have stronger emission lines and vice versa. Low-luminosity ([image: equation] W Hz−1), compact (< 6″), and lower mass RDAGN ([image: equation]) contribute most to the nuclear excess. Weak emission line deficiencies are found in the outskirts of the large-size RDAGN population.

      

    

  
    
      Fig. 13. 
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        Ionization condition diagnostic of the emission line excess found in the nuclear regions of RDAGN hosts (green circle) as well as the deficiency found in the outskirts (green square). The green upper limits on σHα are due to the unknown level of line broadening after stacking the spectra. The background grayscale map is the distribution of the [N II]/Hα vs σHα for the whole MaNGA sample. Star-forming-like emission and AGN or shock-dominated emission regions as classified in the BPT diagram are plotted as blue and red contours, respectively. The red arrow indicates the direction in which the ionization becomes harder due to the AGN or shock contribution. In RDAGN hosts, the line ratio suggests that the nuclear emission line excess is created by AGN or shocks, while weaker star formation may be the reason for the emission line deficiency in the outskirts.

      

    

  
    
      Fig. 14. 
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        Incidence of RDAGN as a function of stellar mass, shown for different galaxy populations. From top to bottom, the galaxies are divided by stellar velocity dispersion (an indicator of the black hole mass), the number of neighbors within 200 kpc (an indicator of the cosmic environment), and Hubble type (galaxy morphology). RDAGN tend to be located in host galaxies with larger stellar velocity dispersions, denser environments, and early-type morphologies. We find that most galaxies with the largest stellar dispersion (σ* > 264 km s−1) host RDAGN, which suggests that the most massive SMBHs are always accreting in the radio mode.

      

    

  
    
      Fig. A.1. 
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        SFG sample selected by the emission line diagnostic and radio morphology. The y-axis is the equivalent width of Hα in the nuclear region measured from MaNGA spectra. The x-axis is the distance to the division line in the BPT diagram (Equation 1 in Kauffmann et al. 2003), based on the [N II]λ6585/Hα and [O III]λ5008/Hβ ratios. Negative and positive ΔBPT mean that galaxies locate in the star-forming region and AGN region in the BPT diagram, respectively. This Hα-ΔBPT diagram can classify the galaxies into SFG, AGN, and quiescent galaxies. Our pure SFG sample is plotted as stars and color-coded by their radio luminosities. The background grayscale contour is the distribution of the whole MaNGA sample.

      

    

  
    
      Fig. A.2. 
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        Markov chain Monte Carlo sampling of our fitting for the L144MHz-SFR relation. The three parameters are the slope, the constant value, and the intrinsic scatter in logarithm scale.
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