

    


    
      Fig. 1 
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             Rotational diagrams of CO. The base-10 logarithm of the number of emitting molecules from the upper level, [image: equation], divided by the degeneracy of the level, gup, is shown as a function of energy of the upper level in kelvins, Eup. Detections are shown as filled circles, whereas three-sigma upper limits are shown as empty circles. The empty upper triangle corresponds to the line flux calculated using a smaller area on the map than the rest of the lines. Blue lines show linear fits to the data and the corresponding rotational temperatures. Errors associated with the least-square linear fit are shown in brackets.

          

    

  
    
      Fig. 2 
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             Similar to Fig. 1 but for H2O.

          

    

  
    Table A.1 

                 Log of PACS observations.

              
                
                  	 Source
                  	OBSID
                  	OD
                  	Date
                  	Total time
                  	RA
                  	Dec 
                

                
                  	
                  	
                  	
                  	
                  	(s)
                  	(hms)
                  	(°′′′)
                  	
                

                
                  	
                    

                  
                

                
                  	 AFGL 490
                  	1342202582
                  	454
                  	2010-Aug.-11
                  	3882
                  	3 27 38.40
                  	+58 47 08.0 
                

                
                  	
                  	1342191353
                  	290
                  	2010-Feb.-28
                  	2029
                  	3 27 38.40
                  	+58 47 08.0 
                

                
                  	 L1641 S3 MMS1
                  	1342226194
                  	823
                  	2011-Aug.-14
                  	3882
                  	5 39 55.90
                  	–7 30 28.0 
                

                
                  	
                  	1342226195
                  	823
                  	2011-Aug.-14
                  	1987
                  	5 39 55.90
                  	–7 30 28.0 
                

                
                  	 NGC 2071
                  	1342218760
                  	703
                  	2011-Apr.-17
                  	3882
                  	5 47 04.40
                  	+0 21 49.0 
                

                
                  	
                  	1342218761
                  	703
                  	2011-Apr.-17
                  	1987
                  	5 47 04.40
                  	+0 21 49.0 
                

                
                  	 Vela IRS 17
                  	1342209407
                  	551
                  	2010-Nov.-16
                  	3882
                  	8 46 34.70
                  	–43 54 30.5 
                

                
                  	
                  	1342211844
                  	594
                  	2010-Dec.-28
                  	1987
                  	8 46 34.70
                  	–43 54 30.5 
                

                
                  	 Vela IRS 19
                  	1342210189
                  	552
                  	2010-Nov.-16
                  	3882
                  	8 48 48.50
                  	–43 32 29.0 
                

                
                  	
                  	1342210190
                  	552
                  	2010-Nov.-16
                  	1987
                  	8 48 48.50
                  	–43 32 29.0 
                

                
                  	 NGC 7129 FIRS2
                  	1342186321
                  	165
                  	2009-Oct.-26
                  	3895
                  	21 43 01.70
                  	+66 03 23.6 
                

                
                  	
                  	1342186322
                  	165
                  	2009-Oct.-26
                  	2000
                  	21 43 01.70
                  	+66 03 23.6 
                

              



  
    Table 1 

             CO and H2O rotational excitation.

          
            
              	 Source
              	
                
                  D
                
              
              	
                
                  Lbol
                
              
              	Warm CO
              	Hot CO
              	H2O
            

            
              	
              	(pc)
              	(L⊙)
              	Trot (K)
              	
                [image: equation]
              
              	Trot (K)
              	
                [image: equation]
              
              	Trot (K)
              	
                [image: equation]
              
            

            
              	
                

              
            

            
              	 AFGL 490
              	1000
              	2000
              	300(20)
              	51.6(0.1)
              	...
              	...
              	90(100)
              	48.3(1.2) 
            

            
              	 L 1641 S3 MMS1
              	465
              	70
              	325(30)
              	49.9(0.1)
              	...
              	...
              	150(100)
              	46.8(0.1) 
            

            
              	 NGC 2071
              	422
              	520
              	310(30)
              	51.2(0.1)
              	700(50)
              	50.1(0.1)
              	135(100)
              	47.9(0.1) 
            

            
              	 Vela 17
              	700
              	715
              	265(25)
              	50.8(0.2)
              	...
              	...
              	90(40)
              	47.8(0.5) 
            

            
              	 Vela 19
              	700
              	776
              	335(50)
              	50.4(0.2)
              	...
              	...
              	130(80)
              	47.2(0.4) 
            

            
              	 NGC 7129 FIRS 2
              	1250
              	430
              	370(45)
              	50.7(0.2)
              	710(70)
              	49.9(0.2)
              	130(50)
              	47.8(0.1) 
            

          


            Notes. Distances and bolometric luminosities are taken from Wampfler et al. (2013) and references therein.

          


  
    Table A.2 

                Molecular dataa and observed line fluxes.

              
                
                  	 Species
                  	 Transition
                  	Wave.
                  	Rest Freq.
                  	Eu/kB
                  	
                    
                      A
                      ul
                    
                  
                  	AFGL 490
                  	L 1641
                  	NGC 2071
                  	Vela 17
                  	Vela 19
                  	NGC 7129 FIRS 2 
                

                
                  	
                  	
                  	(μm)
                  	(GHz)
                  	(K)
                  	(s-1)
                  	Fluxes (10-20 W cm-2)
                

                
                  	
                    

                  
                

                
                  	 CO
                  	 14–13
                  	185.999
                  	1611.8
                  	580.5
                  	2.7(–4)
                  	
                    11.01 ± 0.11
                  
                  	
                    5.00 ± 0.10
                  
                  	
                    100.13 ± 0.69
                  
                  	
                    14.92 ± 0.15
                  
                  	
                    7.38 ± 0.10
                  
                  	
                    4.41 ± 0.07
                  
                

                
                  	 H2O
                  	 221–212
                  	180.488
                  	1661.0
                  	194.1
                  	3.1(–2)
                  	
                    1.62 ± 0.07
                  
                  	
                    0.69 ± 0.06
                  
                  	
                    12.95 ± 0.09
                  
                  	
                    2.74 ± 0.06
                  
                  	
                    0.74 ± 0.12
                  
                  	
                    1.28 ± 0.05
                  
                

                
                  	 H2O
                  	 212–101
                  	179.527
                  	1669.9
                  	114.4
                  	5.6(–2)
                  	absorption
                  	
                    1.69 ± 0.06
                  
                  	
                    39.81 ± 0.40
                  
                  	
                    9.65 ± 0.08
                  
                  	
                    2.88 ± 0.06
                  
                  	
                    3.85 ± 0.08
                  
                

                
                  	 H2O
                  	 303–212
                  	174.626
                  	1716.8
                  	196.8
                  	5.1(–2)
                  	
                    4.36 ± 0.08
                  
                  	
                    2.25 ± 0.06
                  
                  	
                    36.97 ± 0.30
                  
                  	
                    6.58 ± 0.07
                  
                  	
                    3.01 ± 0.11
                  
                  	
                    3.13 ± 0.07
                  
                

                
                  	 CO
                  	 16–15
                  	162.812
                  	1841.3
                  	751.7
                  	4.1(–4)
                  	
                    8.84 ± 0.11
                  
                  	
                    3.76 ± 0.09
                  
                  	
                    85.61 ± 0.45
                  
                  	
                    9.48 ± 0.18
                  
                  	
                    6.32 ± 0.08
                  
                  	
                    3.77 ± 0.07
                  
                

                
                  	 CO
                  	 18–17
                  	144.784
                  	2070.6
                  	945.0
                  	5.7(–4)
                  	
                    7.74 ± 0.12
                  
                  	
                    3.36 ± 0.13
                  
                  	
                    70.00 ± 0.65
                  
                  	
                    7.62 ± 0.18
                  
                  	
                    5.84 ± 0.08
                  
                  	
                    3.51 ± 0.13
                  
                

                
                  	 H2O
                  	 313–202
                  	138.528
                  	2164.1
                  	204.7
                  	1.3(–1)
                  	
                    2.86 ± 0.08
                  
                  	
                    1.57 ± 0.07
                  
                  	
                    25.60 ± 0.14
                  
                  	
                    3.99 ± 0.06
                  
                  	
                    1.81 ± 0.06
                  
                  	
                    2.23 ± 0.06
                  
                

                
                  	 H2O
                  	 404–313
                  	125.354
                  	2391.6
                  	319.5
                  	1.7(–1)
                  	
                    0.89 ± 0.11
                  
                  	
                    1.80 ± 0.05
                  
                  	
                    15.52 ± 0.20
                  
                  	
                    2.19 ± 0.10
                  
                  	
                    1.48 ± 0.11
                  
                  	
                    1.57 ± 0.08
                  
                

                
                  	 CO
                  	 22–21
                  	118.581
                  	2528.2
                  	1397.4
                  	1.0(–3)
                  	
                    4.61 ± 0.15
                  
                  	
                    2.37 ± 0.11
                  
                  	
                    49.00 ± 0.26
                  
                  	
                    3.68 ± 0.15
                  
                  	
                    2.78 ± 0.52
                  
                  	
                    2.70 ± 0.11
                  
                

                
                  	 CO
                  	 24–23
                  	108.763
                  	2756.4
                  	1656.5
                  	1.3(–3)
                  	
                    3.91 ± 0.34
                  
                  	
                    2.25 ± 0.43
                  
                  	
                    38.80 ± 0.96
                  
                  	
                    3.30 ± 0.29
                  
                  	
                    4.80 ± 0.46
                  
                  	
                    3.23 ± 0.33
                  
                

                
                  	 H2O
                  	 221–110
                  	108.073
                  	2774.0
                  	194.1
                  	2.6(–1)
                  	
                    1.47 ± 0.17
                  
                  	
                    3.19 ± 0.14
                  
                  	
                    35.30 ± 0.30
                  
                  	
                    5.83 ± 0.16
                  
                  	
                    3.12 ± 0.16
                  
                  	
                    4.51 ± 0.12
                  
                

                
                  	 CO
                  	 29–28
                  	90.163
                  	3325.0
                  	2399.8
                  	2.1(–3)
                  	
                    
                      <
                    
                    0.1
                  
                  	
                    1.58 ± 0.57
                  
                  	
                    
                      >
                    
                    8.17
                  
                  	
                    
                      <
                    
                    0.46
                  
                  	
                    1.04 ± 0.71
                  
                  	
                    1.58 ± 0.42
                  
                

                
                  	 H2O
                  	 322–211
                  	89.988
                  	3331.5
                  	296.8
                  	3.5(–1)
                  	
                    
                      <
                    
                    0.1
                  
                  	
                    0.99 ± 0.57
                  
                  	
                    10.21 ± 0.30
                  
                  	
                    
                      <
                    
                    0.46
                  
                  	
                    
                      <
                    
                    0.20
                  
                  	
                    1.25 ± 0.42
                  
                

                
                  	 CO
                  	 30–29
                  	87.190
                  	3438.4
                  	2564.9
                  	2.3(–3)
                  	
                    
                      <
                    
                    0.15
                  
                  	
                    1.58 ± 0.09
                  
                  	
                    20.37 ± 0.13
                  
                  	
                    2.19 ± 0.19
                  
                  	
                    2.22 ± 0.16
                  
                  	
                    1.58 ± 0.07
                  
                

                
                  	 H2O
                  	 716–707
                  	84.767
                  	3536.7
                  	1013.2
                  	2.1(–1)
                  	
                    
                      <
                    
                    0.1
                  
                  	
                    
                      <
                    
                    0.10
                  
                  	
                    
                      <
                    
                    1.09
                  
                  	
                    
                      <
                    
                    0.13
                  
                  	
                    
                      <
                    
                    0.16
                  
                  	
                    
                      <
                    
                    0.10
                  
                

                
                  	 CO
                  	 32–31
                  	81.806
                  	3664.7
                  	2911.2
                  	2.7(–3)
                  	
                    
                      <
                    
                    0.1
                  
                  	
                    0.92 ± 0.57
                  
                  	
                    13.16 ± 0.40
                  
                  	
                    
                      <
                    
                    0.24
                  
                  	
                    
                      <
                    
                    0.21
                  
                  	
                    0.96 ± 0.29
                  
                

                
                  	 CO
                  	 33–32
                  	79.360
                  	3777.6
                  	3092.5
                  	3.0(–3)
                  	
                    
                      <
                    
                    0.13
                  
                  	
                    0.48 ± 0.07
                  
                  	
                    12.56 ± 0.24
                  
                  	
                    
                      <
                    
                    0.10
                  
                  	
                    
                      <
                    
                    0.16
                  
                  	
                    1.14 ± 0.09
                  
                

                
                  	 H2O
                  	 615–524
                  	78.928
                  	3798.3
                  	781.1
                  	4.6(–1)
                  	
                    
                      <
                    
                    0.17
                  
                  	
                    0.53 ± 0.09
                  
                  	
                    2.71 ± 0.43
                  
                  	
                    
                      <
                    
                    0.16
                  
                  	
                    
                      <
                    
                    0.23
                  
                  	
                    
                      <
                    
                    0.16
                  
                

                
                  	 CO
                  	 36–35
                  	72.843
                  	4115.6
                  	3668.8
                  	3.6(–3)
                  	
                    
                      <
                    
                    0.15
                  
                  	
                    
                      <
                    
                    0.04
                  
                  	
                    7.74 ± 0.21
                  
                  	
                    
                      <
                    
                    0.18
                  
                  	
                    
                      <
                    
                    0.36
                  
                  	
                    0.70 ± 0.09
                  
                

                
                  	 CO
                  	 38–37
                  	69.074
                  	4340.1
                  	4080.0
                  	4.1(–3)
                  	
                    
                      <
                    
                    0.16
                  
                  	
                    
                      <
                    
                    0.11
                  
                  	
                    6.36 ± 0.35
                  
                  	
                    
                      <
                    
                    0.13
                  
                  	
                    
                      <
                    
                    0.35
                  
                  	
                    
                      <
                    
                    0.17
                  
                

                
                  	 H2O
                  	 818–707
                  	63.324
                  	4734.3
                  	1070.7
                  	1.8(0)
                  	
                    
                      <
                    
                    0.27
                  
                  	
                    0.64 ± 0.11
                  
                  	
                    8.36 ± 0.37
                  
                  	
                    
                      <
                    
                    0.15
                  
                  	
                    
                      <
                    
                    0.23
                  
                  	
                    0.57 ± 0.07
                  
                

              


                Notes. Compiled using the CDMS (Müller et al. 2001, 2005) and JPL (Pickett et al. 1998) databases. Values of the Einstein A coefficient are written in a form A(B) ≡ A × 10B.

              


  