
    
      Fig. 3 
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        Fraction of the planetary spectrum remaining after high-pass filtering with a resolution cut Rc = 100 as a function of the spectral resolution of the instrument (see text). Templates are chosen for different temperatures but with a constant gravitational surfaces (log(g) = 4) and a constant metallicity ([M/H] = 0). We notice that the colder the planet, the higher content of molecular absorption lines and the larger fraction of signal preserved at high resolution.

      

    

  
    
      Fig. 5 
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        Effect of high-pass filtering on speckles. Top panel: PSDs of the speckle modulation (taken at a several separations), photon and read-out noise, and planet spectrum. Bottom panel: same PSDs after the highpass filtering with a resolution cut-off of Rc = 100.

      

    

  
    
      Fig. 7 
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        Plot shows the empirical S/N obtained with simulations for different cut-off frequencies obtained with the injection of a fake planet with the same HARMONI-like observation conditions as in Fig. 5.

      

    

  
    
      Fig. 10 
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        Comparison of contrast curves obtained through our method with respect to end-to-end simulations. The comparison has been made for 1 h exposures with respect to several cases: (top left panel) H-band HARMONI observation mode (Table 1) with an A-star (7200 K, log(g) = 4, [M/H] = 0) magnitude of 6 with T-type planet (500 K, log(g) = 4, [M/H] = 0) and L-type planet (1700 K, log(g) = 4, [M/H] = 0) with median seeing condition (0.65″ for λ = 0.5 µm, Strehl = 94%). Top-right panel: same templates and conditions on K-band HARMONI observation mode. Bottom-right panel: same templates on H-band with JQ3 seeing condition (0.74″ for λ = 0.5 µm, Strehl = 73%). Bottom-left panel: same planetary templates but with an M-star (3200 K, log(g) = 4, [M/H] = 0) on K-band with median seeing condition. The solid lines are the prediction of FastCurves with these parameters, the dashed lines are the result of molecular mapping processing with time-series simulated PSF and fake planets injection.

      

    

  
    
      Fig. 11 
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        Comparison between our approach (right column) and results from Houllé et al. (left column). The comparison was made for the H, K, and K2 high bands observation modes (see Table 1) with a star magnitude of 4.7, L, and T spectral type companions, as well as a rotational broadening of 20 km s−1. These curves are simulated with median seeing conditions with a Strehl ratio of about 80% in K band. The total exposure time is set to 2 h. We note that the green dashed curve on the left panel is the contrast curve obtained with the ADI ANDROMEDA algorithm (Cantalloube et al. 2015), and the orange curve is the raw contrast with a standard deviation of 1σ.

      

    

  
    
      Fig. 12 
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        S/N variation (defined in Eq. (17)) as a function of the resolution and the central wavelength of the spectral range, with a constant 0.5 µm large bandwidth. The α quantity has been estimated for a BT-Settl template corresponding to a temperature of 500 (top) and 1700 K (bottom). The S/N has been normalized to the maximum, while the absolute values depend on many observing parameters, starting with the stellar magnitude and planetary contrast.

      

    

  
    
      Fig. 13 
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        BT-Settl spectrum of a T = 1700 K companion at two different spectral resolutions: R = 7000 (top) and R = 17 000 (bottom). Each red rectangle delimits the observable spectral bands by keeping the same number of pixels for both resolutions. In each case, the corresponding α quantities and the S/N, both normalized to the top panel, are indicated. We note that some areas have more absorption lines, and thus benefit more than others from an increased resolution (e.g., there is a forest of lines corresponding to the presence of CO around 2.3 µm). Both α and the photon noise decrease as the resolution increases and the bandwidth decreases; comparing the two variations may lead to a lower (left rectangle) or higher (right rectangle) resulting S/N.

      

    

  
    
      Fig. 14 
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        Evolution of the S/N (relative to its maximum) with the spectral resolution, for a fixed number of pixels (3300 pixels per spectrum here, corresponding to the case of HARMONI) and a correspondingly variable bandwidth. The largest spectral range is set to cover the H and K bands H (from 1 to 2.8 µm) for three different templates of planets signature. These maps include only the photon noise, not considering any wavelength-dependant instrumental transmission, which makes this result quite generic, informative of the planetary spectra properties and not of the instrument specificities. Three different planet temperatures are considered: 500 (left), 1200 (middle), and 1700 K (right).

      

    

  
    
      Fig. 15 
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        Gain of time as a function of the bandwidth (top panel) or the spectral resolution (bottom panel) at the expense of mosaïcking the FoV for detecting a 500 K planet (log(g) = 4, [M/H] = 0). The spectral range has been chosen to start at λmin = 1.2 µm for the FoV/Bandwidth trade-off and a fixed spectral range between 1.2 and 1.8 µm for the FoV/Resolution trade-off.

      

    

  
    
      Fig. 16 
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        Comparison of S/N variations for a planet with temperature of 1700 K with (bottom panel), and without (top panel) telluric absorption. The telluric absorption spectrum has been computed for an airmass of 1 using the ESO Skycalc module. The telluric absorptions do not impact the S/N distribution very much, with the exception of making it slightly more sensitive to the central wavelength, thus delimiting the spectral domains of interest more clearly. For instance, we see that near 2 µm the tellurics separate more the two zones of interest in H band and in K band by making the S/N vary more quickly.

      

    

  
    
      Fig. 20 
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        Predicted contrast curves for HARMONI generated with the FastCurves package for three different planet temperatures. The exposure time is set to be 2 h on a 6 mag A-star with a Strehl ratio of about 60% in the H band.

      

    

  
    
      Fig. B.1 
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        Relative weight of the low frequency and high frequency part of the noise and stellar signal. Top panel: PSDs of the high-pass filtered noise (in blue) and of the complementary low-pass filtered noise (in red). Bottom panel: Stellar spectrum PSD with the high-frequency part in blue and the low-frequency part in red. The star spectrum corresponds to a M-star and the tellurics to present a case where we have a strong high-frequency content.

      

    

  
    
      Fig. C.1 
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        Visualization of the amount of information useful for molecular mapping detection. Top panel: PSD of two high-pass filtered planet spectra (T=500K and T=1200K, log(g)=4, [M/H]=0) at the same resolutions and with the same amount of photons. Bottom panel: PSD of high-pass filtered planet spectra (T=1700K, log(g)=4, [M/H]=0) on two different spectral ranges with a 300 nm bandwidth (center on λ0 = 1.35 µm in red and center on λ0 = 1.75 µm in purple).
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