
    
      Fig. 3 
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        Analysis of the FWHM of the CCF. Panels a, b: FWHM time series with the best-model fit. The data is split into two panels because of a large period with no observations between the two campaigns. The shaded area shows the variance of the GP model. Panel c: GLS periodogram of the FWHM data. The grey vertical line highlights the most significant period. Panel d: relationship between the RV and FWHM data. The best fit is shown when the slope is ≥2σ different from zero. Panels e, f: residuals of the FWHM after subtracting the best model fit. Panel g: GLS periodogram of the residuals. Panel h: Comparison of the RV and gradient of the FWHM model.

      

    

  
    
      Fig. 5 
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        TESS data with the best model fit (GP only). Panels a, b, and c, show the TESS light curve with the best GP model. Panel d shows the GLS periodogram of the TESS data. Panels e, f, and g, show the detrended TESS data. Panel h shows the TLS periodogram of the detrended light curve.

      

    

  
    
      Fig. 7 
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        TESS data with the best model fit (GP+1p). Panels a, b, and c, show the TESS light curve with the best GP+1p model. The blue lines show the transits of TOI 238.01. Panel d shows the GLS periodogram of the TESS data. Panels e, f, and g, show the detrended TESS data along with the best fit model of TOI 238.01. Panel h shows the TLS periodogram of the detrended light curve. Panels i, j, and k show the residuals after the fit of the best GP+1p model. Panel i shows the TLS periodogram of the residuals.

      

    

  
    
      Fig. 10 
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        RV time series with the best model fit (GP+2p). Panels a and b show the RV time series with the best GP+1p model. Panel c shows the GLS periodogram of the raw RV data. Panels d and e show the RV data detrended from stellar activity (i.e. planetary component). Panel f shows the GLS periodogram of the detrended RV time series. Panels g and h show the RV data detrended from the planetary component (i.e. stellar activity). Panel i shows the GLS periodogram of the activity-induced RVs. Panels j and k show the residuals after the fit. Panel l shows the GLS periodogram of the residuals.

      

    

  
    
      Fig. 11 
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        Time of mid-transit against the orbital period for different models. The blue ellipse shows the RV-only solution, the orange ellipse shows the TESS-only solution and the red ellipse shows the combined solution. The orange ellipse in the left panel is completely covered by the red ellipse.

      

    

  
    
      Fig. 12 
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        FIP periodogram of the different three-planet models of TOI-238. The blue solid line shows the result of the blind search for a potential third planet. The dotted orange line shows the result of the guided search. The red solid circles show the detected periodicities. The dotted green line shows the 1% FIP threshold.

      

    

  
    
      Fig. 13 
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        Phase-folded light curves. Panels a and b show the phase-folded plot of the TESS light curves for planets b and c, respectively, after subtracting the best fit GP model and, in each case, the other planetary signal. Panels c and d show the residuals after the fit.

      

    

  
    
      Fig. 14 
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        Phase-folded RV time series. Panels a and b show the phase-folded plot of the RV time series for planets b and c, respectively, after subtracting the best fit GP model and, in each case, the other planetary signal. Panels c and d show the residuals after the fit.

      

    

  
    
      Fig. 15 
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        Mass–radius diagram of transiting exoplanets with well-established mass and radius from the NASA Exoplanet archive along with some theoretical composition curves (Zeng et al. 2019). The purple squares highlight the transiting planets orbiting K-dwarfs. The green blobs show the mass and radius posteriors (1- and 2-σ contours) of TOI-238 b and c. The planets of the solar system are included as reference.

      

    

  
    
      Fig. 16 
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        Radii and density histograms of transiting exoplanets with well-established mass and radius from the NASA Exoplanet archive. Panel a shows the distribution of radii of all planets, with those orbiting K-dwarfs highlighted in purple. Panel b shows the distribution of densities normalised to the Earth-like density track. The teal vertical lines highlight the position of TOI-238 b and c.

      

    

  
    
      Fig. 20 
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        Individual components of the activity model. Panel a shows the scaled variations of the FWHM model and their effect in RV. Panel b show the scaled variations of the gradient of the FWHM and their effect in RV. Panels c and d show the same for the bisector model.

      

    

  
    
      Fig. A.3 
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        Comparison of the velocities coming from SBART with the CCF and SERVAL. The left panel shows the HARPS (orange) and ESPRESSO (teal) RVs computed with SBART compared to the CCF RVs. The right panel shows the HARPS (orange) and ESPRESSO (teal) RVs computed with SBART compared to the SERVAL RVs.

      

    

  
    
      Fig. B.1 
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        ESPRESSO radial velocity measurements as a function of the barycentric Earth radial velocity of their measurements. The top panel shows the uncorrected RV measurements. The middle panels show the telluric-corrected RV measurements using the S–BART default correction (left) and the method of Allart et al. (2022) (right). The bottom panels show the telluric-induced RV variations estimated by both methods.

      

    

  
    
      Fig. B.2 
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        Comparison of the RV derived from different telluric correction algorithms. The left panels show the comparison between the corrected RVs obtained with the telluric correction of S–BART and with the correction of Allart et al. (2022) The right panels show the comparison between the telluric RVs. The dotted grey lines show the one-to-one relationship.

      

    

  
    
      Fig. D.1 
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        Analysis of the contrast of the CCF. Same as Figure 3, only with the contrast of the CCF instead.

      

    

  
    
      Fig. D.4 
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        Analysis of the Na I index. Same as Figure 3, only with the Na I index instead.

      

    

  
    
      Fig. F.1 
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        TSM and ESM of TOI-238 compared with the rest of transiting exoplanets with precise measurements of mass and radius. Panels a, b and c show the TSM of all planets against their mass, density and equilibrium temperature. Panels d, e and f show the equivalent plots for the ESM.
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