

    


    
      Fig. 1 

      
        [image: thumbnail]
      

      
            Spectra of H[image: equation]O lines toward the high-mass star-forming region AFGL 2591. Dashed red lines are drawn at the source velocity VLSR = −5.5 km s-1. Green lines present the outflow components. We note that the H2O 212−101 and 221−212 lines occur in opposite sidebands of the same spectrum, causing the features near 20 km s-1.

          

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
            Spectra of H[image: equation]O and H[image: equation]O lines toward the high-mass star-forming region AFGL 2591. Dashed lines are drawn at the source velocity VLSR = −5.5 km s-1.

          

    

  
    Table 2 

            Parameters of the H2O, H[image: equation]O, and H[image: equation]O emission line profiles obtained from Gaussian fits.

          
            
              	 Molecule
              	 Transition
              	
                [image: equation]
              
              	
                
                  V
                  LSR
                
              
              	
                ΔV
              
              	
                
                  T
                  MB
                
              
            

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

            
              	
                

              
            

            
              	
            

            
              	 p-H2O
              	
                202−111
              
              	6.1 (0.5)
              	–6.3 (0.3)
              	10.1 (0.6)
              	0.6 
            

            
              	
              	
              	9.9 (0.5)
              	–5.4 (0.1)
              	3.7 (0.1)
              	2.5 
            

            
              	 p-H2O
              	
                211−202
              
              	5.9 (0.2)
              	–5.8 (0.1)
              	11.1 (0.5)
              	0.5 
            

            
              	
              	
              	7.5 (0.2)
              	–5.6 (0.1)
              	3.3 (0.1)
              	2.1 
            

            
              	 o-H2O
              	
                312−303
              
              	6.4 (0.1)
              	–5.3 (0.1)
              	10.6 (0.2)
              	0.6 
            

            
              	
              	
              	5.9 (0.1)
              	–5.3 (0.1)
              	3.1 (0.0)
              	1.8 
            

            
              	
                

              
            

            
              	
            

            
              	 p-H[image: equation]O
              	
                111−000
              
              	1.1 (0.1)
              	–4.0 (0.1)
              	5.0 (0.2)
              	0.2 
            

            
              	 p-H[image: equation]O
              	
                202−111
              
              	1.3 (0.1)
              	–4.8 (0.2)
              	5.5 (0.4)
              	0.2 
            

            
              	 o-H[image: equation]O
              	
                312−303
              
              	1.3 (0.1)
              	–5.2 (0.1)
              	5.6 (0.2)
              	0.2 
            

            
              	
                

              
            

            
              	
            

            
              	 p-H[image: equation]O
              	
                111−000
              
              	0.4 (0.1)
              	–4.3 (0.2)
              	3.8 (0.4)
              	0.1 
            

            
              	 o-H[image: equation]O
              	
                110−101
              
              	0.5 (0.1)
              	–4.2 (0.6)
              	7.7 (1.2)
              	0.1 
            

            
              	 o-H[image: equation]O
              	
                212−101
              
              	0.5 (0.1)
              	–4.2 (0.2)
              	2.3 (0.5)
              	0.2 
            

          



  
    Table 1 

            Observed lines.

          
            
              	 Molecule
              	 Transition
              	Obsid
              	
                
                  ν
                
              
              	
                
                  E
                  up
                
              
              	
                
                  T
                  sys
                
              
              	
                
                  t
                  int
                
              
              	Beam
              	
                
                  η
                  mb
                
              
              	
                
                  δv
                
              
              	rms 
            

            
              	
              	
              	
              	(GHz)
              	(K)
              	(K)
              	(min)
              	(′′)
              	
              	(MHz)
              	(mK) 
            

            
              	
                

              
            

            
              	 o-H[image: equation]Oa
              	
                110−101
              
              	1342210763
              	547.676
              	60.5
              	74
              	33
              	38.7
              	0.75
              	0.48
              	14 
            

            
              	 o-H[image: equation]O
              	
                110−101
              
              	1342192360
              	552.020
              	61.0
              	72
              	2.2
              	38.0
              	0.75
              	0.48
              	33 
            

            
              	 o-H2Oa
              	
                110−101
              
              	1342210763
              	556.936
              	61.0
              	74
              	33
              	38.0
              	0.75
              	0.24
              	14 
            

            
              	 p-H2O
              	
                211−202
              
              	1342192335
              	752.033
              	136.9
              	178
              	3.9
              	28.2
              	0.75
              	0.24
              	83 
            

            
              	 p-H2O
              	
                202−111
              
              	1342195019
              	987.926
              	100.8
              	371
              	6.3
              	21.3
              	0.74
              	0.24
              	115 
            

            
              	 p-H[image: equation]O
              	
                202−111
              
              	1342195020
              	994.675
              	100.8
              	276
              	7.8
              	21.3
              	0.74
              	0.48
              	66 
            

            
              	 o-H[image: equation]O
              	
                312−303
              
              	1342194796
              	1095.627
              	249.4
              	373
              	27
              	19.2
              	0.74
              	0.48
              	51 
            

            
              	 o-H2O
              	
                312−303
              
              	1342194796
              	1097.365
              	249.4
              	373
              	27
              	19.2
              	0.74
              	0.24
              	51 
            

            
              	 p-H[image: equation]O
              	
                111−000
              
              	1342194795, 1342197973
              	1101.698
              	53.4
              	350
              	56
              	19.2
              	0.74
              	0.48
              	33
            

            
              	 p-H[image: equation]O
              	
                111−000
              
              	1342194796
              	1107.166
              	53.4
              	373
              	27
              	19.1
              	0.74
              	0.48
              	42 
            

            
              	 p-H2O
              	
                111−000
              
              	1342194795, 1342197973
              	1113.343
              	53.4
              	390
              	57
              	19.0
              	0.74
              	1.1
              	33 
            

            
              	 o-H2O
              	
                221−212
              
              	1342192570
              	1661.007
              	194.1
              	1416
              	16
              	12.8
              	0.71
              	1.1
              	166 
            

            
              	 o-H[image: equation]O
              	
                212−101
              
              	1342192570
              	1662.464
              	113.6
              	1417
              	17
              	12.8
              	0.71
              	1.1
              	103 
            

            
              	 o-H2O
              	
                212−101
              
              	1342192570
              	1669.904
              	114.4
              	1417
              	17
              	12.7
              	0.71
              	1.1
              	95 
            

          


            
              Notes.
            

            (a) This line was mapped in OTF mode.


          


  
    Table 3 

            Column densities estimated from p-H2O 111−000, o-H2O 212−101, and o-H2O 110−101 absorption line profiles.

          
            
              	 Line
              	
                
                  T
                  cont
                
              
              	 Vel. range
              	
                
                  τ
                
                a
              
              	
                
                  N
                
              
            

            
              	
              	(K)
              	 (km s-1)
              	
              	(1012 cm-2) 
            

            
              	
                

              
            

            
              	
            

            
              	 p-H2O 111−000
              	1.1 ± 0.2
              	 –24 to –5.5
              	0.5 ± 0.1
              	20.9 ± 4.4 
            

            
              	
              	
              	 –2 to 1.5
              	1.6 ± 0.4
              	13.3 ± 2.8 
            

            
              	
              	
              	 12 to 14
              	0.1 ± 0.1
              	0.4 ± 0.1 
            

            
              	
                

              
            

            
              	
            

            
              	 o-H2O 212−101
              	2.3 ± 0.5
              	 –24 to –5.5
              	0.9 ± 0.2
              	73.8 ± 20.9 
            

            
              	
              	
              	 –2 to 1.5
              	1.8 ± 0.5
              	38.9 ± 12.6 
            

            
              	
              	
              	 12 to 14
              	
                −
              
              	
                −
              
            

            
              	
                

              
            

            
              	
            

            
              	 o-H2O 110−101
              	0.1 ± 0.1
              	 –24 to –5.5
              	
                −
              
              	
                −
              
            

            
              	
              	
              	 –2 to 1.5
              	0.5 ± 0.1
              	25.6 ± 3.6 
            

            
              	
              	
              	 12 to 14
              	
                −
              
              	
                −
              
            

          


            
              Notes.
            

            (a) τ is the velocity-averaged optical depth.


          


  
    Table 4 

              Physical conditions for each components.

            
              
                	 Components
                	
                  
                    V
                    LSR
                  
                
                	
                  FWHM
                
                	N(CO)
                	N(H2)
                	
                  N(H2O)
                
                	
                  X(H2O)
                
              

              
                	
                	(km s-1)
                	(km s-1)
                	(cm-2)
                	(cm-2)
                	(cm-2)
                	
              

              
                	
                  

                
              

              
                	
              

              
                	 Foregounda
                	0
                	
                	≳3 × 1017d
                	≳3 × 1021
                	~5.2×1013h
                	≲1.7 × 10-8
              

              
                	 Weaker foregrounda
                	+13
                	
                	≲6 × 1015d
                	~8 × 1020e−6 × 1021
                	~1.6 × 1012h
                	~2.7 × 10-10−2 × 10-9
              

              
                	 Envelopeb
                	-5.5
                	5–6
                	~1018d
                	~1022
                	~1.7 × 1014i
                	1.7 × 10-8
              

              
                	
                	
                	
                	7.2 × 1018f
                	7.2 × 1022
                	
                	2.4 × 10-9
              

              
                	
                	
                	
                	7.29 × 1018g
                	2.7×1022
                	
                	6.3 × 10-9
              

              
                	 Outflowc
                	–10
                	10–11
                	1.5 × 1018d
                	1.5× 1022
                	~4.2×1013j
                	2.8 × 10-9
              

              
                	
                	
                	
                	6.6 × 1018f
                	6.6×1022
                	
                	6.4×10-10
              

              
                	
              

            


              
                Notes.
              

              (a) VLSR of two foreground components are from the p-H2O 111−000 line.


              (b) VLSR and FWHM of the envelope component is from H[image: equation]O lines.


              (c) VLSR and FWHM of the outflow component is from broad components seen the p-H2O 202−111, p-H2O 211−202, and o-H2O 312−303 lines.


              (d) van der Wiel et al. (2013).


              (e) A lower limit from HF 1–0 observations. Emprechtinger et al. (2012).


              (f) Mitchell et al. (1989).


              (g) CO column density from C18O J = 9–8 observations assuming an abundance of 16O/18O of 540. San José-García et al. (2013).


              (h) The total (ortho+para) H2O column density assuming an o/p ratio of 3.


              (i) H2O column density for the envelope for a source size of 4″.


              (j) H2O column density for the outflow for a source size of 30″.


            


  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
              Examples of rotation diagram for the p-H2O 202−111, p-H2O 211−202, and o-H2O 312−303 emission lines originating in the outflow at a given kinetic temperature of Tkin = 100 K from the RADEX calculations (non-LTE analysis). Open circles are the data from the non-LTE models. The overplotted line corresponds to a linear fit to the rotational diagram.

            

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
              Rotation diagram for the broad emission components seen in p-H2O 202−111, p-H2O 211−202, and o-H2O 312−303 (outflow). Red open circles are the data observed with Herschel/HIFI. The green crosses represent the best-fit model from the population diagram analysis. 

            

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
              Line ratios of p-H2O 211−202 and p-H2O 202−111 as a function of kinetic temperature and H2 density.

            

    

  