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Top left shows an image of the star that was only corrected for bad pixels. Only the first quadrant of the detector is shown because this is where the star was put in this exposure. The top right figure is the same image with identical colourbar length but after a mean background subtraction. The figure on the bottom is additionally smoothed with a Gaussian filter to reduce the pixel noise and has a narrower colourbar emphasize the inhomogeneous residual background structure.


    

  
    
      Fig. 4 
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Residual background from five consecutively recorded star images. Each image was fitted with 60 principal components. Therefore, the figure essentially depicts how the variable residual background changes on timescales of ~0.1 s. All images were filtered with a Gaussian filter to improve the visibility of the background structure.


    

  
    
      Fig. 5 
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Fitted PCA residual background for one of the star images from the β Pic M′  band dataset. The images show how the background changes when more principal components are used to model the residual background (for 5, 10, 15, 20, 30, 40, 60, 80, and 100 components).


    

  
    
      Fig. 6 
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Convergence of the computed residual background when moreprincipal components are used for the fit. The data points in the plot are the square root of the mean quadratic sum (RMS) of the difference between two background images with different number of components. The points at X principal components were calculated by taking the background image fitted with X components minus the background image fitted with X + 10 components and taking the RMS (calculated over the whole image) from this difference. There are 10 different results for each # of components because this was done for 10 randomly selected star images. The continuous line goes through the mean values of theresults to show how the background converges. The e-folding scale from the exponential fit to the curve is 18 components.
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Results for β Pic in M′ band after the PSF subtraction with PynPoint. The image on the left shows the result with mean backgroundsubtracted frames and a PSF subtraction with 21 principal components after pre–stacking 500 images. The image on the right shows the result with PCA background subtracted frames and a PSF subtraction with 25 principal components after pre-stacking100 frames. The radius of the inner mask is 0.16′′ . The S/N values are 34.5 and 32.5, respectively. North is up and east is to the left of the images. The scale is in arbitrary linear units.
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Noise (in arbitrary units) as a function of the separation from the star for our best results of β Pic in M′ band. Thecompanion is located at a separation of ~0.5′′ and has in both reductions a similar S/N.


    

  
    
      Fig. 14 
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Summary of all S/N values for HD 169142b for the different data reductions. The top panel shows the S/N depending on the number of pre-stacked images and the number of principal components used for the PSF subtraction of the dataset that was mean background subtracted. The bottom panel shows the same for the PCA background subtracted case.


    

  
    
      Fig. 15 
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Noise (in arbitrary units) as a function of the separation from the star for our best results of HD 169142 in L′  band. HD 169142b is roughly located where the two lines meet on the left side, this corresponds to a separation of 0.135′′ .


    

  
    
      Fig. A.1 
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Measured S/N for all planets in the results with PCA background subtraction (solid lines) and mean background subtraction (dashed lines). S/N was measured in unfilteredresults, we applied neither unsharp masks nor noise filters.
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