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        Top view of the new CRIRES+ fore-optics assembly with heat exchangers, jitter mirror unit, SV camera subsystem, slit and decker subsystem, CDU subsystem, camera unit and one of the fixation points.
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        Grating wheel design with locking mechanism (abandoned and not used in the instrument) and build prototype to verify repeatability and stability.
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        Fabry-Perot interferometer model (top) and demonstrator (bottom) for CRIRES+.
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        Three CRIRES+ H2RG detectors arranged as a linear mosaic in the CRIRES+ specific detector mount including the light baffle.

      

    

  
    
      Fig. 11 
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        Polarimeter unit mounted on the calibration slide on the warm part of the CRIRES+ instrument. Polarization optics are mounted on the sides of a rotating turret.

      

    

  
    
      Fig. 12 
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        Fraction of energy available for the spectrograph in a 0.2″ slit as a function of the optical seeing is shown for the J (left) and K (right) band for an AO natural guide star (NGS) of V = 10, 12, 16 mag and without AO correction.
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        Factor 1.8 adaptive optics improved throughput. H-band flux of the star Pi.02 Ori measured along the 0.4″ slit in open loop (solid red line) and closed loop (dashed blue line).
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        Main performance parameter for the scientific detector system.

      

    

  
    
      Fig. 15 
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        Sample Up The Ramp readout mode. Before each integration, the pixels are reset to the initial capacity. During the integration, the detector is non-destructively read (from two readings in case of the minimum DIT up to a maximum of 36 readings for long DITs). These detector readings are equidistantly spaced in time. The flux rate per pixel corresponds to the slope of the flux values of the subsequent readings.

      

    

  
    
      Fig. 16 
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        Persistence decay as a function of time since exposure to emission line flux for detector one. Following an exposure with the Uranium Neon hollow cathode calibration lamp, in which the brightest spectral line reached almost 60 k electrons (indicated by the red arrow), we mapped the persistence in a series of ten, post-illumination darks (blue points). Plotting the brightest feature, it is evident that the persistence signal decays to the pre-illumination dark level in less than 200 s. A similar decay rate is observed for the other two detectors.
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        Geometry of the SV detector for a position angle of 0 deg. on sky. North is up and east is on the left. The unvignetted FoV usable for target acquisition and guiding is around 22.8″ × 30.8″. The centre of the usable FoV and of the slit is marked as white cross. The slit centre (0.2″ in this example) does not match the unvignetted FoV centre, but it’s displaced by 3.6″ W and 0.2″ N. When using the 0.2″ slit, the footprint of the 0.4″ slit vignettes an area of 0.4″ × 10″ located 3.6″ eastwards with respect to the FoV centre (see vertical dark stripe). When the 0.4″ slit is used, there is no vignetting from the 0.2″ slit as its footprint falls at the border of the FoV.

      

    

  
    
      Fig. 23 

      
        [image: thumbnail]
      

      
        1D extraction of a stellar spectrum indicating the spectral coverage achieved for a single wavelength setting, here J1228.

      

    

  
    
      Fig. 24 
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        Each row shows a different type of CRIRES+ raw frame acquired with its three science detectors, all taken in the wavelength setting Y1029. Bad pixels have been masked. Starting from the top, the rows show: a flat-field exposure (Flat), a wavelength calibration frame with the uranium–neon lamp (UNe), a wavelength calibration frame taken with the Fabry–Perot etalon (FPET), a stellar spectrum (Spec), and a stellar spectrum taken with the spectropolarimeter unit in the optical path – resulting in two spectra with opposite polarization being recorded (Pol). We note in passing that on detector 2, an internal reflection (Littrow ghost) produces a faint, diagonal strip.

      

    

  
    
      Fig. 25 
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        Comparison of the original CRIRES (blue) and CRIRES+ (red) measured electrons per second per pixel as a function of wavelength in the JHKLM bands. Multiple blue or red lines in the subpanels refer to distinct observations of the same target when the observing conditions were different. Spectra were not corrected for slit losses. The AO performance of CRIRES+ is typically the same or better than the original instrument. The CRIRES+ data have been multiplied by 1.5 to account for the smaller pixel size for the new H2RG detectors (18 μm) to Aladdin InSb detectors pixels (27 μm) of the original CRIRES. Spectra were not corrected for either atmospheric telluric absorption or radial velocity shifts due to the Earth’s motion. Wavelengths were taken from the FITS headers.

      

    

  
    
      Fig. 27 
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        Radial velocities of GJ784 from June 2021 (first plot) and August 2021 (second plot) and of GJ588 from June 2021 (third plot) and August 2021 (fourth plot). The last plot shows the RV results of GJ588 for the Non-AO observations from July 2022. The standard deviation of the RV values varies from around 2.4 m s−1 to 7.0 m s−1. The error bars are based on the standard deviation of all used spectral orders of one observation and have a median value of around 5.2 m s−1. For the COMM3 observations of GJ784 only two datapoints were taken.
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