
    
      Table 1 

      Basic properties of the SPHERE IFS.

      
        


	Parameter
	SPHERE-IFS





	Detector
	2048 × 2048 H2RG



	No. of lenslets
	≈152 × 152



	Lenslet lattice configuration
	hexagonal



	Lenslet area
	370 mas2 (a)



	Field of view
	1″.73 × 1″.73



	Wavelength coverage
	0.95−1.66 µm



	Microspectrum length
	~39 pixel(b)



	Separation between spectra
	~5 pixel(b)



	R = λ/δλ
	~55; ~35 (b)



	Available modes
	Y−J; Y−H





      

      
Notes. (a) Area of hexagonal lenslet on sky. Resampled by the pipeline to ~(7.4 mas)2 per square pixel. The side length t of the hexagon is 7.4 mas, and the area [image: equation]. (b)Microspectrum length, spacing, and R may vary slightly depending on definitions and may vary slightly across the FoV.




    

  
    
      Fig. 2 
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        Overview of structures visible in the detector flat-field. Left: master flat-field generated by averaging hundreds of individual flat-field frames. Right: one component of an unranked empirical principal component decomposition of the temporal variance of the flat-fields into five basis vectors. This component highlights minute details of the flat-field variability. Details that are normally not clearly visible become apparent due to the changes in illumination by the internal calibration lamp affecting diffraction patterns over time. This includes the fringe-like horizontal stripes, as well as dust diffraction by various optical surfaces.

      

    

  
    
      Fig. 3 
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        Distribution of pixel values in a raw 64-s sky frame (medium green histogram) after subtraction of another sky frame (thin orange histogram) and after subtraction of a background template (thick blue line).

      

    

  
    
      Fig. 5 
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        Cutout of unprocessed IFS raw data of 51 Eri b in YH-mode with satellite spots induced by the deformable mirror. The dispersion is in vertical direction from longer wavelengths at the top to shorter wavelengths at the bottom. The star center is in the bottom left corner.

      

    

  
    
      Fig. 7 
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        Single slice through the same YH-mode data cube extracted two ways and shown in the original hexagonal geometry: (a) Least-squares extraction, and (b) optimal extraction. Least-squares extraction performs a deconvolution with the line-spread function and as such appears less smoothed in general, but may appear more noisy in the low-S/N regime for this reason.

      

    

  
    
      Fig. 8 
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        Comparison of normalized image slices extracted from the 2015 51 Eri data set with our pipeline and the DRH/DC for two wavelengths: one at high S/N (top row) and one at low S/N (bottom row). Top row: at the peak of emission at around 1065 nm, shown in logarithmic scale. Bottom row: same for the channel with the lowest S/N, at around 1370 nm. From left to right: optimal extraction frame (YH-mode) in hexagonal geometry; the same frame resampled to rectilinear grid; DRH pipeline reduction with additional routines for crosstalk correction and wavelength correction from the SPHERE DC.

      

    

  
    
      Table 2 

      White dwarf model residual metrics.

      
        


	Extraction
	MAD
	Correlation ψ





	Optimal extraction
	1.9%
	0.48



	Least-squares extraction
	3.7%
	−0.05



	DRH/DC
	1.7%
	0.84





      

    

  
    
      Fig. 10 
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        Spectra extracted from 51 Eridani b data using different spectral cube extraction methods but the same postprocessing. Top row: data from 2015 taken in challenging conditions with a strong wind-driven halo, and the bottom row shows data from 2017 taken under excellent conditions. Left panels: extracted planet spectra, and the right panels show only the uncertainties of the extracted spectrum for better clarity.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Contrast curves for 51 Eri obtained from using TRAP on image cubes extracted using our pipeline and the DRH/DC pipeline. Upper row: results for the 2015 data, and the lower row shows the results for the better 2017 data. The individual panels show different spectral templates of planetary companions that were used to combined the contrast curves over the IFS wavelength channels: flat contrast, which corresponds to a mean contrast over all channels, and L-type and T-type spectral contrast templates.
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