
    
      Fig. 3. 
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        Fraction of small (major axis < 10″) radio sources with a likelihood ratio match as a function of the S/N (SI/σSI). The colour of the points corresponds to the number of sources in each S/N bin. The blue horizontal line corresponds to the overall LR identification rate obtained. We find that lowering the detection threshold to a peak detection significance of 4σthresh results in a large fraction (∼30%) of additional, genuine radio sources compared to adopting a 5σthresh threshold. However, this also leads to a small increase in false detections (by ∼2–3%).

      

    

  
    
      Fig. 5. 
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        Selection of 12 of the 55 sources used to verify the deep ELAIS-N1 flux density. Each source is shown in a different colour. The circles show the LoTSS Deep measurements, and the error bars show the LoLSS, GMRT 325 MHz, GMRT 610 MHz, and FIRST measurements with the associated error in the flux density scale. The lines show the derived second-order polynomial fits: log SI(ν) = log S0 + Alog(ν/ν0)+Blog(ν/ν0)2, where S0, A and B are the best-fit parameters. The line thickness shows the uncertainty in the fit.

      

    

  
    
      Fig. 7. 
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        Right ascension and Dec offsets between our catalogued positions and Pan-STARRS DR2 (thick blue) and the ELAIS-N1 0.3″ image (red) from de Jong et al. (2024) as a function of RA and Dec respectively. The error bars show ± the standard deviation of a Gaussian fitted to histograms of the offsets and the points show the centre of the fitted Gaussian. The grey vertical line shows the field centre and the grey horizontal line shows 0 offset.

      

    

  
    
      Fig. 10. 
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        Source density (red) and the image RMS (blue) as a function of distance from the pointing centre. The x symbols show the values derived from the previous release of the LoTSS Deep ELAIS-N1 field (Sabater et al. 2021), the + symbols show the values derived from our image using the exact same PYBDSF parameters as Sabater et al. (2021) and the circular symbols show the values derived using our revised PYBDSF strategy described in Sect. 2.1.

      

    

  
    
      Fig. 11. 
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        Impact of confusion noise at 144 MHz and 6″ resolution. The blue crosses and circles show the noise measured from our stacked Stokes I residual images with and without image-plane deconvolution of sources that would be detected and deconvolved if the uv-data were imaged together. The orange circles show the measurements from our simulations that are fit with σIRMS = 0.9σVRMS + 5.7 × 10−4σVRMS2 + 3.96. Here σIRMS is the measured Stokes I sensitivity (root mean square noise) and σVRMS is the sensitivity without confusion, both are in micro Janskys per beam. In red are the measurements from our stacked Stokes V maps. The y-axis shows the total noise measured from stacked DDFacet residual images whereas the x-axis shows the thermal noise estimated from the weights of the Stokes V images for datasets included in that stacked image. The red line shows where these are equal and the large black cross is the sensitivity of our final ELAIS-N1 6″ resolution image.

      

    

  
    
      Fig. 12. 
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        Euclidean normalised source counts at 144 MHz (y-axis on the left) from previous surveys and simulations. The dashed blue line shows the counts from Mandal et al. (2021) who used the previous LoTSS Deep fields data release. The solid red line shows the counts from a T-RECS (Bonaldi et al. 2023) simulation at 144 MHz. The Mandal et al. (2021) counts drop rapidly at low flux densities due to the limited depth of the previous LoTSS Deep data release images. Hence in our confusion noise simulations (Sect. 4.2), we have extrapolated the Mandal et al. (2021) counts below 0.43 mJy (shown by vertical dashed black line) with the T-RECS counts. The yellow line shows the number of sources above a given flux density per 6″ restoring beam (y-axis on the right) and the thick vertical black line shows the sensitivity of our final deep ELAIS-N1 6″ image. Source counts derived from LoTSS Deep DR2 will be presented in a future study.

      

    

  
    
      Fig. 13. 
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        Derived variability parameters V and η for the 37 676 sources detected in at least one epoch. The marker colour shows the fraction of epochs in which the source is detected. More variable sources have high values of V and η. The 38 candidate variable sources are circled in red and the sources shown in Fig. 15 are circled in blue. The box, diamond and hexagon show Cr Draconis, PSR J1552+5437 and GJ 625 respectively. The grey x’s show additional candidate variable sources identified when using Gaussian rather than uniform probability distributions for non detections (see text).

      

    

  
    
      Fig. 14. 
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        Probability density distributions of the derived variability parameters V and η for GJ 625. In black we show η with the solid, dashed, and dot-dashed lines corresponding to the SI, SP, and SI, ap measurements, respectively. The red shows the V distributions using the same line style. The red and black vertical lines show the lowest derived V and η parameters (i.e. least variation) that we adopt.

      

    

  
    
      Fig. 15. 
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        For a selection of variable sources highlighted in blue in Fig. 13 we show the SI (red), SP (orange), SI, ap (blue), and pixel values for non detections (black) as a function of time. Clockwise from the top left the panels, we show CR Draconis, GJ 625, PSR J1552+5437, and the others are classified as a RQAGN, LERG, SFG, LERG, and unclassified, respectively, by Best et al. (2023).

      

    

  
    
      Fig. 16. 
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        Derived fractional circular polarisation for the 37 676 unresolved isolated sources detected in at least one epoch in a region of the map not impacted by dynamic range limitations. CR Draconis and PSR J1552+5437 are also included for demonstration purposes even though they fall outside the selection criteria. The grey (570 944 measurements), red and blue contours show the probability density function for the individual epoch measurements, stacked measurements and stacked absolute value measurements respectively. The lowest contours contain 99% of the measurements. The diamonds, circles, box and x’s show CR Draconis, GJ 625, PSR J1552+5437 and other detections above 5 S/N respectively. The smaller grey symbols represent measurements from the individual epochs, the medium sized red symbols are from the stacked images and the large blue symbols are from the stacked absolute value images. Details of the S/N derivations are given in Sect. 4.4.
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