
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Herschel dust temperature map of Serpens South (Könyves et al. 2015) overlaid with H2 column density contours that start at 2 × 1022 cm−2 and increase in steps of 2×1022 cm−2. The beam size is shown in the lower-right corner of the central panel. The (0, 0) offset corresponds to αJ2000 = 18h30m04.19, δJ2000 = −02°03′05″.5. The region mapped in HCNH+ (2−1) is indicated by the red boundary. The positions toward which pointed observations of HCNH+ (3−2) were carried out are indicated by the black plus signs in Serpens South. Observed HCNH+ (3−2) spectra are displayed in black, while Gaussian fits to the line profiles are shown in red. The source name is indicated in the upper-right corner of each panel.

      

    

  
    
      Fig. 5 
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        Comparison of different tracers in the Serpens filament. Integrated-intensity maps (on a color scale) of (a) H13CN (1−0), (b) HN13C (1−0), (c) H13CO+ (1−0), and (d) N2H+ (1−0). The blue contours represent the respective integrated intensities, which are 2n × 0.15 K km s−1 and n = 0, 1, 2,… The black contours of HCNH+ (2−1) integrated intensities are the same as in Fig. 1a. The intensity was integrated over 7–9.5 km s−1 for HN13C (1−0) and H13CO+ (1−0), while a broader velocity range (5–9.5 km s−1) was chosen to cover the three main HFS components of N2H+ (1−0). The beam size is shown in the lower-right corner of each panel. In all panels, the (0, 0) offset corresponds to αJ2000 = 18h28m50s.4, δJ2000 = 00°49′58″.72. The markers are the same as in Fig. 1.

      

    

  
    
      Fig. 7 
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        Same as Fig. 6 but zoomed in on the SSN with different color scales for better visualization. The two subregions, SSN1 and SSN2, are labeled in panel a.

      

    

  
    
      Fig. 10 
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        Population diagram of HCNH+ toward KAM299. The blue line represents the fit expected from the excitation temperature and HCNH+ column density, which are indicated in the top-right corner.

      

    

  
    
      Fig. 11 
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        Comparison of the fractional abundances of different species with respect to H2 determined on a pixel-by-pixel basis. The y-axis has been divided by the scaling values, which are given in parentheses after the molecule names along the x-axis for better visualization. The dotted lines indicate the 25%, 50%, and 75% percentiles of the respective distributions. The molecular abundances in TMC1 and L1544 are also indicated for comparison. The arrows indicate that their abundances are higher than the maximum value on the y-axis.

      

    

  
    
      Fig. 12 
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        HCNH+ (blue) and N2 H+ (red) abundances relative to H2 as a function of evolutionary stages.

      

    

  
    
      Fig. 13 
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        Molecular abundance distributions in the Serpens filament. (a) HCNH+, (b) H13CN, (c) HN13C, (d) H13CO+, and (e) N2H+. The beam size is shown in the lower-right corner of each panel. In all panels, the (0, 0) offset corresponds to αJ2000=18h28m50s.4, δJ2000 =00°49′58″.72. The markers are the same as in Fig. 1.

      

    

  
    
      Fig. 14 
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        Molecular abundance distributions in Serpens South. (a) HCNH+, (b) H13CN, (c) HN13C, (d) H13CO+, (e) N2H+, and (f) para-NH3 (from Friesen et al. 2016). The overlaid Herschel dust-based H2 column density contours start at 2.4×1022 cm−2 and increase in steps of 2.4×1022 cm−2. The beam size is shown in the lower-right corner of each panel. In all panels, the (0, 0) offset corresponds to αJ2000=18h30m04s.19, δJ2000 = −02°03′05″.5. The markers are the same as in Fig.2.

      

    

  
    
      Fig. 15 
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        Pixel-by-pixel comparison of the abundances of HCNH+ and the other five molecules in the Serpens filament and Serpens South. The corresponding molecule is indicated in the upper-right corner of each panel. The subregions are indicated by the different colors in the legend of panel c.

      

    

  
    
      Fig. 16 
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        Fractional abundances as a function of H2 column density for the five molecules indicated in the top-right corner of each panel. Different regions are indicated by different colors, as shown in the legend.

      

    

  
    
      Fig. 20 
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        Molecular abundances of HCNH+, HCN, HNC, HCO+, N2H+, and NH3 as a function of H2 number density on a simulated timescale of 106 yr. The adopted physical conditions are indicated at the top of this figure.

      

    

  
    
      Fig. A.1 
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        Molecular column density maps of the Serpens filament. The markers are the same as in Fig. 1.

      

    

  
    
      Fig. A.2 
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        Molecular column density maps of Serpens South. The markers are the same as in Fig. 2.

      

    

  
    
      Fig. B.1 
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        ASAI HCNH+ spectra of TMC1, B1b, L1527, NGC1333-IRAS4A, L1157mm, NGC1333-SVS13a, L1157-B1, and L1148-R2, which represent different evolutionary stages, including starless cores, first hydrostatic cores, Class 0 protostars, Class I protostars, and shocked regions. HCNH+ (1−0), (2−1), and (3−2) are shown in the first, second, and third columns. The source name is indicated on the right side.

      

    

  
    
      Fig. C.2 
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        Same as Fig. 22 but when including reaction (7) in the underlying chemical network.
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