
    
      Fig. 1 

      
        [image: thumbnail]
      

      
              Normalized line profiles of H2O 211–202 (red) and CO 6–5 (black) scaled by 0.19 for easier comparison. The H2O profile is very similar to the CO broad wing emission. The vertical green line represents the central velocity of the source at 6.7 km s-1.

            

    

  
    
      Fig. 4 
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              Results of population diagram based on the narrow component (envelope) of H2CO as observed with JCMT and HIFI (150 K < Eup < 200 K) and the additional IRAM transitions as taken by Maret et al. (2004). The plot presents the resulting excitation temperature (Tex ~ Trot), column density (Ntot), optical depth (tau) and size of the emitting area. The red symbols represent the observed data, the green symbols represent the best fitted data, and the blue line represents the rotation diagram fit. The three right panels show the resulting values after using the χ2 method to converge to the solution.

            

    

  
    
      Fig. 5 
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              Same as in Fig. 4 for the broad component (8.5 <FWHM < 12 km s-1; outflow) of H2CO. The H2CO transitions observed with HIFI were fitted by a significantly more narrow single component (FWHM < 4.7 km s-1), and therefore are not included in this plot.

            

    

  
    
      Fig. 6 
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                C2H map overplotted with SiO in green contours (0.013, 0.03, 0.04, and 0.05 K; rms ~ 0.005 K) and S in white contours (0.07, 0.02, 0.03 and 0.04 K; rms ~ 0.005 K).

              

    

  
    
      Fig. 10 
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                HCO+ integrated intensity map overplotted with H2D+ in green contours (0.017, 0.026 K; rms ~ 0.005 K) and N2H+ in yellow contours (0.14, 0.27, 0.41 and 0.54 K; rms ~ 0.005 K).

              

    

  
    
      Fig. 12 
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                SiO 8–7 map overplotted with the contours of [DCO+]/[HCO+] abundance ratio. The contours are set to 1.3% and 5.4%. The most outer contour represents the area covered during the modeling (both lines >3 RMS).

              

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
              Observed C17O 3–2 and C18O 6–5 line profiles (black) overplotted with the modeled line profiles resulting in RATRAN after applying a) ~1.5 orders of magnitude drop in CO abundance at the snowline (blue) or b) CO constant abundance of 3 × 10-5 (red) and the best-fit abundance profile as derived from our chemical models for UV = 10 × ISRF at AV = 1 mag (black line in Fig. C.4).

            

    

  
    
      Fig. 15 
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              Integrated intensities of the observed (black) and modeled a) H2CO and b) CH3OH transitions in the observed Eup range using a constant abundance of [H2CO] = 4 × 10-10 and [CH3OH] = 1 × 10-8 (red) and a jump model (green). The errors of the observed values are ~20% of the measured value.

            

    

  
    Table 5 

              The top 25 of the initially abundant molecules for the NGC 1333 IRAS4A chemical modeling.

            
              
                	 Species
                	 Abundances 
              

              
                	
                  

                
              

              
                	PSC-LM model with C / O = 0.44
              

              
                	
                  

                
              

              
                	 p-H2
                	3.77  × 10-1
              

              
                	 o-H2
                	1.23  × 10-1
              

              
                	 He
                	9.75  × 10-2
              

              
                	 H
                	5.25  × 10-4
              

              
                	 H2O*
                	5.53  × 10-5
              

              
                	 CO*
                	4.05  × 10-5
              

              
                	 CO
                	3.26  × 10-5
              

              
                	 O2
                	1.79  × 10-5
              

              
                	 HD
                	1.52  × 10-5
              

              
                	 N2
                	7.39  × 10-6
              

              
                	 NH3*
                	5.64  × 10-6
              

              
                	 O
                	5.59  × 10-6
              

              
                	 O2*
                	4.12  × 10-6
              

              
                	 CH4*
                	3.64  × 10-6
              

              
                	 N2*
                	1.76  × 10-6
              

              
                	 H*
                	6.03  × 10-7
              

              
                	 C3H2*
                	4.48  × 10-7
              

              
                	 OH
                	3.43  × 10-7
              

              
                	 H2O
                	2.79  × 10-7
              

              
                	 HNO*
                	2.40  × 10-7
              

              
                	 NO
                	2.22  × 10-7
              

              
                	 N
                	1.36  × 10-7
              

              
                	 HDO*
                	1.35  × 10-7
              

              
                	 CO2
                	1.32  × 10-7
              

              
                	 CO2*
                	1.19  × 10-7
              

            


              
                Notes.
              

              (*) Denotes frozen species.


            


  
    Table A.1 

              Molecular line detections for NGC 1333-IRAS 4A – HIFI data.

            
              
                	
                	
                	
                	
                	
                	Component 1
                	
                	
                	Component 2
                	
              

              
                	
                  

                
              

              
                	Molecule
                	Transition
                	Rest frequency
                	
                  
                    E
                    up
                  
                
                	
                  
                    V
                    lsr
                  
                
                	
                  FWHM
                
                	
                  
                    T
                    mb
                  
                
                	
                  
                    V
                    lsr
                  
                
                	
                  FWHM
                
                	
                  
                    T
                    mb
                  
                
              

              
                	
                	
                	(MHz)
                	(K)
                	(km s-1)
                	(km s-1)
                	(K)
                	(km s-1)
                	(km s-1)
                	(K) 
              

              
                	
                  

                
              

              
                	CO
                	6–5
                	691 473.08
                	116.2
                	
                  7.5 ± 0.1
                
                	
                  8.04 ± 0.07
                
                	
                  2.78 ± 0.01
                
                	
                  6.6 ± 0.6
                
                	
                  0.8 ± 0.2
                
                	
                  5.2 ± 1.2
                
              

              
                	13CO
                	6–5
                	661 067.28
                	111.0
                	
                  6.7 ± 0.1
                
                	
                  10.7 ± 0.4
                
                	
                  0.19 ± 0.01
                
                	
                  6.93 ± 0.01
                
                	
                  1.60 ± 0.04
                
                	
                  0.74 ± 0.01
                
              

              
                	13CO
                	7–6
                	771 184.12
                	148.1
                	
                  7.4 ± 0.3
                
                	
                  9.0 ± 1.0
                
                	
                  0.17 ± 0.02
                
                	
                  6.78 ± 0.03
                
                	
                  1.4 ± 0.1
                
                	
                  0.48 ± 0.03
                
              

              
                	C18O
                	6–5
                	658 553.28
                	110.6
                	
                  6.8 ± 0.1
                
                	
                  2.4 ± 0.3
                
                	
                  0.14 ± 0.02
                
                	
                  6.81 ± 0.05
                
                	
                  0.6 ± 0.2
                
                	
                  0.11 ± 0.03
                
              

              
                	HCO+
                	8–7
                	713 341.23
                	154.1
                	
                  6.1 ± 0.6
                
                	
                  7.0 ± 2.0
                
                	
                  0.17 ± 0.04
                
                	
                  7.07 ± 0.04
                
                	
                  1.9 ± 0.1
                
                	
                  0.68 ± 0.05
                
              

              
                	N2H+
                	7–6
                	652 095.57
                	125.2
                	
                  7.7 ± 0.2
                
                	
                  5.3 ± 0.3
                
                	
                  0.05 ± 0.08
                
                	
                  7.5 ± 0.1
                
                	
                  1.5 ± 0.4
                
                	
                  0.15 ± 0.08
                
              

              
                	N2H+
                	8–7
                	745 209.87
                	161.0
                	
                  7.9 ± 0.1
                
                	
                  2.3 ± 0.3
                
                	
                  0.13 ± 0.02
                
                	
                  7.73 ± 0.05
                
                	
                  0.5 ± 0.10
                
                	
                  0.11 ± 0.02
                
              

              
                	H2O
                	2(1,1)–2(0,2)
                	752 033.14
                	136.9
                	
                  8.6 ± 0.6
                
                	
                  30.2 ± 0.7
                
                	
                  0.34 ± 0.01
                
                	
                  0.2 ± 0.2
                
                	
                  11.4 ± 0.9
                
                	
                  0.24 ± 0.02
                
              

              
                	H2S
                	2(1,2)–1(0,1)
                	736 034.10
                	55.1
                	
                  6.9 ± 0.2
                
                	
                  4.1 ± 0.2
                
                	
                  0.13 ± 0.01
                
                	
                  6.6 ± 0.1
                
                	
                  0.5 ± 0.1
                
                	
                  0.4 ± 0.1
                
              

              
                	
                  

                
              

              
                	
                	
                	
                	
                	
                	Single component
                	
                	
                	
                	
              

              
                	
                  

                
              

              
                	HCN
                	8–7
                	708 877.21
                	153.1
                	
                  6.4 ± 0.5
                
                	
                  8.9 ± 0.5
                
                	
                  0.10 ± 0.01
                
                	
                	
                	
              

              
                	HCN
                	9–8
                	797 433.66
                	191.4
                	
                  4.7 ± 0.6
                
                	
                  6.4 ± 0.6
                
                	
                  0.09 ± 0.01
                
                	
                	
                	
              

              
                	CS
                	13–12
                	636 531.84
                	213.9
                	
                  6.8 ± 0.5
                
                	
                  6.2 ± 0.5
                
                	
                  0.05 ± 0.02
                
                	
                	
                	
              

              
                	CS
                	14–13
                	685 434.76
                	246.8
                	
                  4.5 ± 0.5
                
                	
                  6.2 ± 0.5
                
                	
                  0.05 ± 0.2
                
                	
                	
                	
              

              
                	CS
                	15–14
                	734 324.00
                	282
                	
                  5.5 ± 0.6
                
                	
                  6.1 ± 0.6
                
                	
                  0.04 ± 0.01
                
                	
                	
                	
              

              
                	H2CO
                	9(1,9)–8(1,8)
                	631 702.81
                	163.6
                	
                  7.0 ± 0.2
                
                	
                  2.7 ± 0.3
                
                	
                  0.18 ± 0.02
                
                	
                	
                	
              

              
                	H2CO
                	9(0,9)–8(0,8)
                	647 081.73
                	156.2
                	
                  6.5 ± 0.2
                
                	
                  3.8 ± 0.5
                
                	
                  0.09 ± 0.01
                
                	
                	
                	
              

              
                	H2CO
                	9(5,5)–8(5,4)
                	655 212.10
                	451.2
                	
                  6.2 ± 0.2
                
                	
                  2.8 ± 0.6
                
                	
                  0.08 ± 0.02
                
                	
                	
                	
              

              
                	H2CO
                	9(1,8)–8(1,7)
                	674 809.78
                	174.0
                	
                  6.3 ± 0.2
                
                	
                  4.6 ± 0.6
                
                	
                  0.13 ± 0.01
                
                	
                	
                	
              

              
                	H2CO
                	10(1,10)–9(1,9)
                	701 370.46
                	197.3
                	
                  6.9 ± 0.1
                
                	
                  4.7 ± 0.2
                
                	
                  0.19 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	5(–2,4)–4(–1,4)
                	665 442.45
                	60.7
                	
                  6.5 ± 0.8
                
                	
                  5.2 ± 0.8
                
                	
                  0.05 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	4(2,3)–3(1,2)–
                	673 745.93
                	60.9
                	
                  6.9 ± 0.4
                
                	
                  4.2 ± 0.4
                
                	
                  0.07 ± 0.03
                
                	
                	
                	
              

              
                	CH3OH
                	8(1,8)–7(0,7)++
                	674 990.42
                	97.4
                	
                  5.9 ± 0.3
                
                	
                  5.0 ± 0.3
                
                	
                  0.09 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	4(2,2)–3(1,3)++
                	678 785.45
                	60.9
                	
                  6.6 ± 0.5
                
                	
                  6.1 ± 0.5
                
                	
                  0.05 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	9(1,9)–8(0,8)++
                	719 664.88
                	118.1
                	
                  6.9 ± 0.2
                
                	
                  3.7 ± 0.3
                
                	
                  0.09 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	5(2,3)–4(1,4)++
                	728 862.52
                	72.5
                	
                  5.2 ± 0.5
                
                	
                  5.0 ± 0.5
                
                	
                  0.07 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	5(3,2)–4(2,2)
                	772 453.80
                	82.5
                	
                  6.4 ± 0.6
                
                	
                  5.6 ± 0.6
                
                	
                  0.05 ± 0.01
                
                	
                	
                	
              

              
                	CH3OH
                	6(2,4)–5(1,5)++
                	779 380.51
                	86.5
                	
                  6.9 ± 0.2
                
                	
                  3.8 ± 0.2
                
                	
                  0.15 ± 0.01
                
                	
                	
                	
              

              
                	
                  

                
              

              
                	
                	
                	
                	
                	
                	Absorption component
                	
                	
                	
                	
              

              
                	
                  

                
              

              
                	CO
                	6–5
                	691473.08
                	116.2
                	
                  7.5 ± 0.3
                
                	
                  0.7 ± 0.1
                
                	
                  −4.7 ± 2.1
                
                	
                	
                	
              

              
                	H2S
                	2(1,2)–1(0,1)
                	736 034.10
                	55.1
                	
                  7.6 ± 0.3
                
                	
                  0.9 ± 0.1
                
                	
                  −0.3 ± 0.1
                
                	
                	
                	
              

            



  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
              Time-dependent 1D chemical models for timescales 104–105 yr, which is the predicted lifespan of Class 0 objects, such as NGC 1333 IRAS 4A. The observed variations are not significant and thus we adopt the 104 models to compare with our empirical models.

            

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
              As Fig. C.1, but for H2CO, CH3OH, C2H, CN, HDCO, CO and DCO+. The deuterated species, HDCO and DCO+ were not observed towards AFGL 2591.

            

    

  
    
      Fig. C.5 

      
        [image: thumbnail]
      

      
              As Fig. C.4, but for H2CO, CH3OH, C2H, CN, HDCO, CO and DCO+. The deuterated species, HDCO and DCO+ were not observed towards AFGL 2591.
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