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Scheme of the profiles of temperature and UV production (top), and hydrogen abundances (bottom), for typical J-type molecular shocks. The shocked region (right of the dashed vertical line) is shown in log-scale of the distance in order to emphasise the initial adiabatic jump.


    

  
    Table 1 

Fractional gas-phase elemental abundances used in this work.



	Element
	Abundance





	H
	1.00



	He
	1.00(− 1)



	C
	1.38(− 4)



	N
	7.94(− 5)



	O
	3.02(− 4)



	Si
	3.00(− 6)



	S
	1.86(− 5)



	Fe
	1.50(− 8)






Notes. We adopt the elemental abundances of Flower & Pineau des Forêts (2003) and put all of the species depleted on grain mantles into the gas phase. Numbers in parentheses denote powers of 10.





  
    Table 2 

Atomic hydrogen radiative and collisional transition parameters.



	#
	Transition
	λ (Å)
	Aij (s−1)
	ΔE (K)
	Col. partner
	α (cm3 s−1)
	β





	1
	2a →1 (Lyα)
	1215.67
	6.265 × 108
	118 352.595
	e−
	4.329 × 10−9
	0.0984



	2
	2b →1 (2ph)
	1215.67
	8.200
	118 352.295
	e−
	4.195 × 10−8
	− 0.3591



	3
	3a →1 (Lyβ)
	1025.72
	4.948 × 102
	140 269.714
	e−
	3.075 × 10−9
	− 0.3358



	4
	3b →1 (Lyβ)
	1025.72
	1.673 × 108
	140 269.659
	e−
	1.641 × 10−9
	− 0.0132



	5
	3a →2a (Hα)
	6564.63
	3.662 × 107
	21 917.118
	e−
	3.331 × 10−8
	0.0186



	6
	3b →2b (Hα)
	6564.63
	2.245 × 107
	21 917.364
	e−
	1.590 × 10−7
	0.1537



	




	7
	3a →2b
			21 917.418
	e−
	9.478 × 10−8
	− 0.1585



	8
	3b →2a
			21 917.064
	e−
	1.614 × 10−8
	0.2123



	9
	2b →2a
			− 0.300
	e−
	2.112 × 10−4
	− 0.3735



	10
	2b →2a
			− 0.300
	H+
	8.039 × 10−4
	− 0.1507






Notes. Radiative transitions 7–10 are forbidden and are not taken into account.





  
    
      Fig. 2 
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Three level atomic hydrogen model and its radiative transitions. Statistical weights are g1 = 2, g2a = 6, g2b = 2, g3a = 12 and g3b= 6.


    

  
    Table 3 

Fiducial shock parameters.



	Parameter
	Symbol
	Value





	Shock velocity
	Vs
	40 km s−1



	Proton density
	nH
	104 cm−3



	Magnetic field strength
	B
	10 μG



	Cosmic-ray ionisation rate
	ζ
	5 × 10−17 s−1



	External radiation field
	G0
	0



	Viscous length
	l
	109 cm



	H2 levels
	Nlev
	150






  
    
      Fig. 3 
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Pathways of energy reprocessing in the fiducial shock (Table 3). This shows the energy lost due to excitation of atomic H, other atoms, molecules, and other processes as a percentage of the total energy flux. H2 chemistry involves cooling due to collisional dissociation and heating due to reformation. Other chemistry is mostly cooling due to collisional ionisation.


    

  
    
      Fig. 4 
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Profiles of temperature (top), atomic, molecular, and ionised hydrogen densities (middle), and radiation field (bottom) for the fiducial shock (Table 3). For the radiation field, we show the total emission computed with Eq. (7) (violet) and the contributions to this total by Lyα (red), Lyβ (cyan), and two-photon continuum (blue). The left column shows quantities in the radiative precursor, with distance increasing towards the left (i.e. distance from the shock front), the middle column shows postshock quantities with distance increasing towards the right in log scale while the right column is the same as the middle but in linear scale. Thick lines show results including the UV treatment, while thin dashed lines have no UV included.


    

  
    
      Fig. 5 
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Energy density of Lyα (top) and Lyβ (bottom) emission in the precursor (left) and postshock (right) regions. The vertical dashed lines give the positions of the cuts shown in Fig. 6: (PRE) in the precursor at zpre = 1016 cm, (PEAK) at the peaks of Lyα and Lyβ emission at z ~ 1012 cm and ~ 2 × 1011 cm respectively, and (DEEP) deeper in the postshock at z ~ 1014 cm.


    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
Fluxes of Lyα (left) and Lyβ (right) in precursor (top) and postshock positions (bottom). The positions of the cuts – labelled PRE (red), PEAK (blue) and DEEP (green) – are shown in Fig. 5 by the vertical dashed lines, and the black lines give the fluxes at the shock front z = 0. Vertical greylines show line centres of Lyα and Lyβ (solid), H2 Lyman (dashed) and Werner (dotted) band absorption lines, with an emphasised v = 6 − 0 P(1) H2 line (thick dashed). The precursor vertical lines are Doppler-shifted by the shock velocity, whereas in the postshock panels they are shifted by flow velocity at the peak of the emission, Vz ~ 4 km s−1 for Lyα and Vz ~ 7 km s−1 for Lyβ. The arrows between the top and bottom panels highlights the velocity shift between the preshock gas and at peak emission. We note that none of the y-axes scales are the same.


    

  
    
      Fig. 7 
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Abundance profiles for selected species for the fiducial shock (Table 3) including (solid) and without (dashed) the self-generated UV. The left column shows quantities in the radiative precursor, with distance increasing towards the left (i.e. distance from the shock front), the middle column shows postshock quantities with distance increasing towards the right in log scale while the right column is the same as the middle but in linear scale.


    

  
    
      Fig. 8 
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Temperature profiles for the self-consistent shock solutions with shock velocities Vs = 25–60 km s−1 propagating into gas at nH = 104 cm−3. The left shows profiles in the radiative precursor, with distance increasing towards the left (i.e. distance from the shock front), the middle shows postshock profiles with distance increasing towards the right in log scale while the right is the same as the middle but in linear scale. Peak temperatures increase with increasing shock velocity (see Eq. (1)).


    

  
    
      Fig. 10 
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Lengths at which the shocked regions cool down 10 K (black), or down to 200 K (red), and size of the radiative precursor computed as the gas layer ahead of the shock heated above 10 K (violet).


    

  
    
      Fig. 11 
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Shock timescales for the same criteria as Fig. 10.


    

  
    
      Fig. 12 
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Selected atomic fine-structure line intensities generated in the post-shock region (solid) or in the radiative precursor in addition to the post-shock (dashed).


    

  
    
      Fig. 13 
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Selected atomic meta-stable line intensities generated in the post-shock region (solid) or in the radiative precursor in addition to the post-shock (dashed).


    

  
    
      Fig. 14 
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Selected ro-vibrational H2 line intensities generated in the post-shock region (solid) or in the radiative precursor in addition to the post-shock (dashed).


    

  
    Table 4 

Energy flux (erg s−1 cm−2) emerging from the shock front in atomic H lines.



	Vs (km s−1)
	Ly α
	Lyβ
	2ph
	Kinetic





	25
	0
	0
	0
	0.18



	30
	2.43(− 06)
	5.90(− 07)
	1.19(− 08)
	0.32



	35
	3.97(− 02)
	1.30(− 02)
	4.73(− 04)
	0.50



	40
	9.86(− 02)
	2.46(− 02)
	3.59(− 03)
	0.75



	45
	1.76(− 01)
	3.79(− 02)
	9.30(− 03)
	1.07



	50
	2.73(− 01)
	5.25(− 02)
	1.78(− 02)
	1.47



	55
	3.90(− 01)
	6.77(− 02)
	2.95(− 02)
	1.96



	60
	5.37(− 01)
	8.43(− 02)
	4.46(− 02)
	2.54






Notes. The shock kinetic flux is shown for comparison. Numbers in parentheses denote powers of 10.





  
    
      Fig. 15 
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Column densities of selected species. In each panel, we show the column density for postshock regions above 10 K (solid) and with the heated material in radiative precursor added to the postshock (dotted).


    

  
    
      Fig. A.1 
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Profiles of temperature (top) and abundances of H and H2 (bottom) for Vs = 40 km s−1 shocks computed treating 50 (dot-dashed), 100 (dotted), 150 (dashed), or 200 (solid) levels of H2.


    

  
    
      Fig. A.2 
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Profiles of H and H2 abundance for shocks with velocities Vs = 25–60 km s−1 and preshock density nH = 104 cm−3.


    

  
    Table B.1 

Sub-level data of atomic hydrogen combined into three-level model taken from the NIST database (Kramida et al. 2019).



	i
	n
	ĝi
	Êi (K)
	Orbital (nl)
	j





	1
	1
	2
	0
	1s
	1/2



	2
	2
	2
	118 352.24454327
	2p
	1/2



	3
	2
	2
	118 352.29531193
	2s
	1/2



	4
	2
	4
	118 352.77097467
	2p
	3/2



	5
	3
	2
	140 269.55551305
	3p
	1/2



	6
	3
	2
	140 269.57062165
	3s
	1/2



	7
	3
	4
	140 269.71123621
	3d
	3/2



	8
	3
	4
	140 269.71149231
	3p
	3/2



	9
	3
	6
	140 269.76322354
	3d
	5/2






  
    Table B.2 

Radiative transition data for transitions between sub-levels of atomic hydrogen, taken from the NIST database (Kramida et al. 2019) except for two-photon Einstein coefficient (transition 9).



	idx
	i
	j
	Êij (K)
	Âij (s−1)





	1
	6
	4
	21 916.79964698
	4.2097(+06)



	2
	7
	4
	21 916.94026154
	1.0775(+07)



	3
	9
	4
	21 916.99224887
	6.4651(+07)



	4
	5
	3
	21 917.26020112
	2.2449(+07)



	5
	6
	2
	21 917.32607838
	2.1046(+06)



	6
	8
	3
	21 917.41618038
	2.2448(+07)



	7
	7
	2
	21 917.46669294
	5.3877(+07)



	8
	2
	1
	118 352.24454327
	6.2649(+08)



	9
	3
	1
	118 352.29531193
	8.2000(+00)



	10
	4
	1
	118 352.77097467
	6.2648(+08)



	11
	5
	1
	140 269.55551305
	1.6725(+08)



	12
	6
	1
	140 269.57062165
	1.1090(− 06)



	13
	7
	1
	140 269.71123621
	5.9380(+02)



	14
	8
	1
	140 269.71149231
	1.6725(+08)



	15
	9
	1
	140 269.76322354
	5.9370(+02)






Notes. Numbers in parentheses denote powers of 10.





  
    Table B.3 

Atomic hydrogen sub-level effective collision strengths, [image: equation].



	Energies (eV)



	i
	j
	0.5
	1.0
	3.0
	5.0
	10.0
	15.0
	20.0
	25.0





	2
	1
	1.43(−01)
	1.76(−01)
	2.84(−01)
	3.83(−01)
	6.03(−01)
	7.83(−01)
	9.37(−01)
	1.07(+00)



	3
	1
	2.60(−01)
	2.96(−01)
	3.26(−01)
	3.39(−01)
	3.73(−01)
	4.06(−01)
	4.36(−01)
	4.61(−01)



	4
	1
	2.86(−01)
	3.53(−01)
	5.69(−01)
	7.67(−01)
	1.21(+00)
	1.57(+00)
	1.87(+00)
	2.13(+00)



	5
	1
	3.73(−02)
	4.20(−02)
	6.20(−02)
	8.10(−02)
	1.18(−01)
	1.46(−01)
	1.69(−01)
	1.89(−01)



	5
	2
	8.07(−01)
	8.80(−01)
	1.19(+00)
	1.48(+00)
	1.97(+00)
	2.27(+00)
	2.48(+00)
	2.63(+00)



	5
	3
	8.20(−01)
	1.02(+00)
	1.76(+00)
	2.58(+00)
	4.50(+00)
	6.13(+00)
	7.47(+00)
	8.60(+00)



	5
	4
	1.61(+00)
	1.76(+00)
	2.38(+00)
	2.96(+00)
	3.93(+00)
	4.53(+00)
	4.96(+00)
	5.27(+00)



	6
	1
	6.51(−02)
	6.96(−02)
	7.76(−02)
	8.13(−02)
	8.70(−02)
	9.21(−02)
	9.66(−02)
	1.01(−01)



	6
	2
	6.80(−01)
	7.40(−01)
	7.60(−01)
	7.83(−01)
	8.93(−01)
	1.01(+00)
	1.11(+00)
	1.21(+00)



	6
	3
	1.38(+00)
	1.45(+00)
	2.28(+00)
	3.09(+00)
	4.50(+00)
	5.40(+00)
	6.03(+00)
	6.50(+00)



	6
	4
	1.36(+00)
	1.48(+00)
	1.52(+00)
	1.57(+00)
	1.79(+00)
	2.01(+00)
	2.23(+00)
	2.41(+00)



	7
	1
	2.48(−02)
	2.63(−02)
	3.13(−02)
	3.59(−02)
	4.36(−02)
	4.80(−02)
	5.04(−02)
	5.20(−02)



	7
	2
	1.76(+00)
	2.37(+00)
	4.92(+00)
	7.44(+00)
	1.26(+01)
	1.64(+01)
	1.95(+01)
	2.20(+01)



	7
	3
	8.36(−01)
	1.23(+00)
	2.62(+00)
	3.75(+00)
	5.68(+00)
	6.88(+00)
	7.72(+00)
	8.32(+00)



	7
	4
	3.52(+00)
	4.75(+00)
	9.84(+00)
	1.49(+01)
	2.52(+01)
	3.28(+01)
	3.89(+01)
	4.40(+01)



	8
	1
	7.47(−02)
	8.40(−02)
	1.24(−01)
	1.62(−01)
	2.36(−01)
	2.92(−01)
	3.38(−01)
	3.77(−01)



	8
	2
	1.61(+00)
	1.76(+00)
	2.38(+00)
	2.96(+00)
	3.93(+00)
	4.53(+00)
	4.96(+00)
	5.27(+00)



	8
	3
	1.64(+00)
	2.03(+00)
	3.52(+00)
	5.16(+00)
	9.00(+00)
	1.23(+01)
	1.49(+01)
	1.72(+01)



	8
	4
	3.23(+00)
	3.52(+00)
	4.76(+00)
	5.91(+00)
	7.87(+00)
	9.07(+00)
	9.91(+00)
	1.05(+01)



	9
	1
	3.73(−02)
	3.95(−02)
	4.69(−02)
	5.38(−02)
	6.54(−02)
	7.20(−02)
	7.56(−02)
	7.80(−02)



	9
	2
	2.64(+00)
	3.56(+00)
	7.38(+00)
	1.12(+01)
	1.89(+01)
	2.46(+01)
	2.92(+01)
	3.30(+01)



	9
	3
	1.25(+00)
	1.85(+00)
	3.94(+00)
	5.63(+00)
	8.52(+00)
	1.03(+01)
	1.16(+01)
	1.25(+01)



	9
	4
	5.28(+00)
	7.12(+00)
	1.48(+01)
	2.23(+01)
	3.78(+01)
	4.92(+01)
	5.84(+01)
	6.60(+01)






Notes. Data taken from Anderson et al. (2002) with modifications described in the text. Numbers in parentheses denote powers of 10.





  
    
      Fig. C.2 
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Same as Fig. C.1 but using the Accelerated Lambda Iteration scheme.


    

  
    
      Fig. C.3 
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Same as Fig. C.1 but using the Accelerated Lambda Iteration scheme with Ng acceleration. We note that the red line is under the yellow line and cannot be seen.
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25th iteration of the three-level benchmark problem of Avrett (1968). Dotted lines are solutions tabulated in Avrett (1968).


    

  
    Table E.1 

Line and two-photon continuum intensities (erg s−1 cm−2 sr−1) escaping the shock front as a function of shock velocity (km s−1) for shocks with preshock density nH = 104 cm−3.



	
	Velocities (km s−1)



	
	




	Line
	25
	30
	35
	40
	45
	50
	55
	60





	
	H lines



	Lyα (1215.7 Å)
	0
	2.96(−04)
	3.25(−03)
	7.98(−03)
	1.41(−02)
	2.18(−02)
	3.13(−02)
	4.36(−02)



	Lyβ (1025.7 Å)
	0
	8.14(−05)
	1.13(−03)
	2.09(−03)
	3.11(−03)
	4.27(−03)
	5.50(−03)
	6.98(−03)



	Hα (6564.6 Å)
	0
	1.05(−05)
	2.37(−04)
	5.41(−04)
	8.70(−04)
	1.27(−03)
	1.86(−03)
	2.46(−03)



	2ph (<2400 Å)
	0
	1.65(−07)
	4.03(−05)
	2.88(−04)
	7.45(−04)
	1.42(−03)
	2.35(−03)
	3.52(−03)



	




	
	Atomic fine structure lines



	C(370.4 μm)
	2.18(−06)
	4.33(−06)
	4.70(−06)
	5.47(−06)
	3.16(−06)
	2.32(−06)
	1.99(−06)
	1.79(−06)



	C(609.8 μm)
	6.45(−07)
	7.80(−07)
	1.66(−06)
	1.86(−06)
	7.94(−07)
	3.97(−07)
	2.86(−07)
	2.47(−07)



	C+(158 μm)
	6.37(−12)
	5.23(−09)
	3.60(−07)
	1.14(−06)
	1.97(−06)
	3.03(−06)
	3.74(−06)
	5.33(−06)



	O(63.2 μm)
	2.52(−04)
	6.86(−03)
	6.41(−03)
	6.36(−03)
	6.13(−03)
	6.13(−03)
	6.11(−03)
	6.32(−03)



	O(145.3 μm)
	5.54(−06)
	1.90(−04)
	1.64(−04)
	1.59(−04)
	1.53(−04)
	1.52(−04)
	1.51(−04)
	1.53(−04)



	S(25.2 μm)
	4.40(−04)
	4.91(−03)
	4.50(−03)
	4.55(−03)
	4.52(−03)
	4.49(−03)
	4.54(−03)
	4.64(−03)



	Si(68.5 μm)
	4.50(−08)
	1.96(−06)
	1.91(−05)
	1.14(−05)
	1.29(−05)
	1.08(−05)
	1.01(−05)
	6.21(−06)



	Si+(34.8 μm)
	2.13(−09)
	7.77(−07)
	3.45(−04)
	4.29(−04)
	4.30(−04)
	4.70(−04)
	4.92(−04)
	5.60(−04)



	




	
	Atomic metastable lines



	O(6300 Å)
	7.40(−08)
	2.01(−04)
	1.93(−04)
	2.99(−04)
	4.57(−04)
	6.60(−04)
	8.92(−04)
	1.18(−03)



	O(6363 Å)
	2.37(−08)
	6.43(−05)
	6.20(−05)
	9.58(−05)
	1.46(−04)
	2.11(−04)
	2.85(−04)
	3.77(−04)



	S+(6731 Å)
	9.08(−15)
	3.03(−12)
	3.87(−05)
	1.32(−04)
	2.19(−04)
	2.87(−04)
	3.44(−04)
	3.88(−04)



	S+(6716 Å)
	1.32(−14)
	4.29(−12)
	3.56(−05)
	8.37(−05)
	1.22(−04)
	1.55(−04)
	1.84(−04)
	2.11(−04)



	C(9850 Å)
	1.35(−11)
	5.11(−09)
	1.94(−04)
	4.37(−04)
	6.45(−04)
	7.70(−04)
	7.83(−04)
	7.50(−04)



	C(9824 Å)
	4.56(−12)
	1.72(−09)
	6.54(−05)
	1.47(−04)
	2.18(−04)
	2.60(−04)
	2.64(−04)
	2.53(−04)



	C+(2324.7 Å)
	1.03(−18)
	6.51(−14)
	1.09(−07)
	2.70(−07)
	5.34(−07)
	1.40(−06)
	5.24(−06)
	1.33(−05)



	C+(2323.5 Å)
	1.09(−18)
	6.94(−14)
	1.16(−07)
	2.89(−07)
	5.71(−07)
	1.50(−06)
	5.61(−06)
	1.42(−05)



	C+(2328.1 Å)
	1.21(−18)
	7.70(−14)
	1.28(−07)
	3.20(−07)
	6.31(−07)
	1.66(−06)
	6.20(−06)
	1.57(−05)



	C+(2326.9 Å)
	3.33(−18)
	2.12(−13)
	3.55(−07)
	8.84(−07)
	1.75(−06)
	4.59(−06)
	1.72(−05)
	4.35(−05)



	C+(2325.4 Å)
	6.52(−18)
	4.20(−13)
	7.03(−07)
	1.76(−06)
	3.47(−06)
	9.13(−06)
	3.42(−05)
	8.65(−05)



	N(5200 Å)
	1.68(−12)
	1.31(−09)
	3.24(−05)
	3.77(−05)
	3.59(−05)
	3.16(−05)
	2.60(−05)
	2.31(−05)



	N(5197 Å)
	1.12(−12)
	8.73(−10)
	3.49(−05)
	5.19(−05)
	5.40(−05)
	4.89(−05)
	4.00(−05)
	3.47(−05)



	N+(6527 Å)
	1.68(−22)
	2.41(−18)
	1.35(−10)
	8.45(−10)
	4.06(−09)
	2.29(−08)
	7.83(−08)
	1.44(−07)



	N+(6548 Å)
	3.16(−19)
	4.53(−15)
	2.54(−07)
	1.59(−06)
	7.64(−06)
	4.31(−05)
	1.47(−04)
	2.71(−04)



	N+ (6583 Å)
	9.31(−19)
	1.33(−14)
	7.47(−07)
	4.68(−06)
	2.25(−05)
	1.27(−04)
	4.34(−04)
	7.98(−04)



	




	
	H2 rovibrational lines



	0-0 S(0) 28 μm
	6.20(−07)
	9.72(−07)
	1.42(−06)
	1.56(−06)
	1.65(−06)
	1.75(−06)
	1.84(−06)
	1.96(−06)



	0-0 S(1) 17 μm
	1.20(−05)
	2.05(−05)
	3.24(−05)
	3.74(−05)
	4.03(−05)
	4.38(−05)
	4.69(−05)
	5.16(−05)



	0-0 S(2) 12 μm
	8.83(−06)
	1.37(−05)
	2.14(−05)
	2.60(−05)
	2.81(−05)
	3.13(−05)
	3.41(−05)
	3.93(−05)



	0-0 S(3) 10 μm
	4.27(−05)
	4.49(−05)
	6.15(−05)
	7.73(−05)
	8.33(−05)
	9.44(−05)
	1.04(−04)
	1.27(−04)



	0-0 S(4) 8.0 μm
	2.77(−05)
	2.09(−05)
	2.09(−05)
	2.39(−05)
	2.49(−05)
	2.72(−05)
	2.92(−05)
	3.49(−05)



	0-0 S(5) 6.9 μm
	1.01(−04)
	7.03(−05)
	6.71(−05)
	7.14(−05)
	7.36(−05)
	7.72(−05)
	8.03(−05)
	8.92(−05)



	0-0 S(6) 6.1 μm
	4.71(−05)
	3.29(−05)
	3.06(−05)
	3.13(−05)
	3.24(−05)
	3.33(−05)
	3.41(−05)
	3.53(−05)



	0-0 S(7) 5.5 μm
	1.39(−04)
	9.53(−05)
	9.42(−05)
	9.70(−05)
	1.01(−04)
	1.05(−04)
	1.08(−04)
	1.10(−04)



	0-0 S(8) 5.1 μm
	5.79(−05)
	3.85(−05)
	3.67(−05)
	3.74(−05)
	3.93(−05)
	4.07(−05)
	4.19(−05)
	4.24(−05)



	0-0 S(9) 4.7 μm
	1.56(−04)
	9.99(−05)
	1.00(−04)
	1.03(−04)
	1.09(−04)
	1.14(−04)
	1.18(−04)
	1.20(−04)



	1-0 S(0) 2.22 μm
	3.42(−05)
	1.70(−05)
	1.75(−05)
	1.86(−05)
	1.99(−05)
	2.13(−05)
	2.24(−05)
	2.37(−05)



	1-0 S(1) 2.12 μm
	1.45(−04)
	6.00(−05)
	6.24(−05)
	6.72(−05)
	7.21(−05)
	7.73(−05)
	8.12(−05)
	8.68(−05)



	1-0 S(2) 2.03 μm
	6.51(−05)
	2.77(−05)
	2.67(−05)
	2.76(−05)
	2.91(−05)
	3.08(−05)
	3.21(−05)
	3.38(−05)



	1-0 S(3) 1.96 μm
	1.82(−04)
	7.18(−05)
	7.14(−05)
	7.54(−05)
	8.05(−05)
	8.58(−05)
	8.98(−05)
	9.47(−05)



	2-1 S(0) 2.36 μm
	8.23(−06)
	3.44(−06)
	2.88(−06)
	2.56(−06)
	2.57(−06)
	2.68(−06)
	2.79(−06)
	2.90(−06)



	2-1 S(1) 2.25 μm
	3.67(−05)
	1.25(−05)
	1.09(−05)
	1.06(−05)
	1.10(−05)
	1.17(−05)
	1.22(−05)
	1.29(−05)



	2-1 S(2) 2.15 μm
	1.94(−05)
	8.38(−06)
	6.83(−06)
	5.73(−06)
	5.55(−06)
	5.72(−06)
	5.91(−06)
	6.13(−06)



	2-1 S(3) 2.07 μm
	5.46(−05)
	1.89(−05)
	1.58(−05)
	1.47(−05)
	1.51(−05)
	1.59(−05)
	1.66(−05)
	1.75(−05)



	2-0 S(0) 1.19 μm
	5.63(−06)
	2.35(−06)
	1.97(−06)
	1.75(−06)
	1.76(−06)
	1.84(−06)
	1.91(−06)
	1.98(−06)



	2-0 S(1) 1.16 μm
	2.71(−05)
	9.18(−06)
	8.02(−06)
	7.78(−06)
	8.11(−06)
	8.61(−06)
	9.00(−06)
	9.51(−06)



	2-0 S(2) 1.14 μm
	1.56(−05)
	6.73(−06)
	5.49(−06)
	4.60(−06)
	4.46(−06)
	4.59(−06)
	4.75(−06)
	4.93(−06)



	2-0 S(3) 1.12 μm
	4.85(−05)
	1.68(−05)
	1.40(−05)
	1.31(−05)
	1.34(−05)
	1.41(−05)
	1.47(−05)
	1.55(−05)






Notes. Emission is integrated only in the postshock region (i.e. without radiative precursor) until the temperature drops to 10 K. The H2 lines are a subset of those output by the code. Additional lines are available upon request. Numbers in parentheses denote powers of 10.





  
    Table E.2 

Column densities (cm−2) of select species warmed above 10 K as a function of shock velocity (km s−1) for shocks with preshock density nH = 104 cm−3.



	
	
	Velocities (km s−1)



	
	
	




	Species
	Slab
	25
	30
	35
	40
	45
	50
	55
	60





	H + 2H2
	post
	8.1(+20)
	1.2(+21)
	3.3(+21)
	4.2(+21)
	4.8(+21)
	5.2(+21)
	5.6(+21)
	6.0(+21)



		post + pre
	8.1(+20)
	1.2(+21)
	9.5(+21)
	1.1(+22)
	1.2(+22)
	1.3(+22)
	1.4(+22)
	1.5(+22)



	




	H
	post
	9.8(+19)
	3.9(+20)
	3.0(+20)
	2.8(+20)
	2.8(+20)
	2.7(+20)
	2.7(+20)
	2.7(+20)



		post + pre
	9.8(+19)
	3.9(+20)
	3.0(+20)
	2.8(+20)
	2.8(+20)
	2.8(+20)
	2.7(+20)
	2.8(+20)



	




	H2
	post
	3.6(+20)
	4.1(+20)
	1.5(+21)
	2.0(+21)
	2.2(+21)
	2.4(+21)
	2.7(+21)
	2.8(+21)



		post + pre
	3.6(+20)
	4.1(+20)
	4.6(+21)
	5.4(+21)
	6.0(+21)
	6.4(+21)
	6.8(+21)
	7.1(+21)



	




	C
	post
	8.3(+16)
	1.0(+17)
	1.9(+17)
	1.7(+17)
	1.0(+17)
	5.3(+16)
	3.6(+16)
	2.8(+16)



		post + pre
	8.3(+16)
	1.0(+17)
	2.0(+17)
	1.9(+17)
	1.2(+17)
	6.9(+16)
	5.1(+16)
	4.3(+16)



	




	C+
	post
	4.2(+09)
	3.5(+12)
	1.8(+14)
	7.1(+14)
	1.3(+15)
	2.0(+15)
	2.7(+15)
	3.5(+15)



		post + pre
	4.2(+09)
	3.5(+12)
	1.2(+15)
	5.6(+15)
	8.7(+15)
	1.1(+16)
	1.3(+16)
	1.5(+16)



	




	O
	post
	2.5(+16)
	2.5(+17)
	7.3(+17)
	8.6(+17)
	8.9(+17)
	9.0(+17)
	9.6(+17)
	1.0(+18)



		post + pre
	2.5(+16)
	2.5(+17)
	1.7(+18)
	2.0(+18)
	2.1(+18)
	2.2(+18)
	2.3(+18)
	2.4(+18)



	




	S
	post
	1.5(+16)
	2.3(+16)
	6.2(+16)
	7.8(+16)
	8.8(+16)
	9.5(+16)
	1.0(+17)
	1.1(+17)



		post + pre
	1.5(+16)
	2.3(+16)
	1.6(+17)
	1.7(+17)
	1.8(+17)
	1.9(+17)
	2.0(+17)
	2.0(+17)



	




	S+
	post
	6.6(+10)
	1.3(+12)
	1.2(+14)
	5.0(+14)
	9.4(+14)
	1.4(+15)
	1.8(+15)
	2.3(+15)



		post + pre
	6.6(+10)
	1.3(+12)
	1.2(+16)
	3.4(+16)
	4.6(+16)
	5.5(+16)
	6.2(+16)
	6.8(+16)



	




	Si
	post
	1.9(+13)
	8.8(+13)
	8.5(+15)
	1.0(+16)
	1.1(+16)
	1.2(+16)
	1.3(+16)
	1.3(+16)



		post + pre
	1.9(+13)
	8.8(+13)
	1.2(+16)
	1.3(+16)
	1.4(+16)
	1.5(+16)
	1.5(+16)
	1.6(+16)



	




	Si+
	post
	4.7(+09)
	2.4(+12)
	1.5(+15)
	2.3(+15)
	3.1(+15)
	3.7(+15)
	4.2(+15)
	4.7(+15)



		post + pre
	4.7(+09)
	2.4(+12)
	1.6(+16)
	1.9(+16)
	2.2(+16)
	2.4(+16)
	2.6(+16)
	2.7(+16)



	




	SiO
	post
	2.4(+15)
	3.5(+15)
	2.2(+13)
	1.3(+13)
	9.6(+12)
	8.1(+12)
	7.5(+12)
	7.0(+12)



		post + pre
	2.4(+15)
	3.5(+15)
	7.3(+14)
	6.8(+14)
	6.7(+14)
	6.7(+14)
	6.7(+14)
	6.9(+14)



	




	SH
	post
	1.6(+12)
	6.6(+11)
	3.2(+11)
	1.8(+11)
	1.6(+11)
	1.6(+11)
	1.5(+11)
	1.5(+11)



		post + pre
	1.6(+12)
	6.6(+11)
	8.4(+12)
	8.6(+12)
	9.0(+12)
	9.4(+12)
	9.8(+12)
	1.0(+13)



	




	SH+
	post
	8.2(+08)
	8.1(+08)
	1.1(+11)
	4.5(+10)
	3.4(+10)
	4.0(+10)
	4.8(+10)
	5.6(+10)



		post + pre
	8.2(+08)
	8.1(+08)
	3.7(+11)
	2.7(+11)
	2.6(+11)
	2.6(+11)
	2.7(+11)
	2.8(+11)



	




	CO
	post
	2.0(+16)
	4.7(+16)
	2.7(+17)
	4.1(+17)
	5.5(+17)
	6.6(+17)
	7.3(+17)
	7.9(+17)



		post + pre
	2.0(+16)
	4.7(+16)
	1.1(+18)
	1.3(+18)
	1.6(+18)
	1.7(+18)
	1.8(+18)
	1.9(+18)



	




	CH
	post
	1.6(+13)
	2.7(+12)
	2.4(+12)
	1.2(+13)
	2.4(+13)
	2.7(+13)
	2.3(+13)
	1.8(+13)



		post + pre
	1.6(+13)
	2.7(+12)
	7.1(+12)
	1.7(+13)
	3.0(+13)
	3.3(+13)
	2.9(+13)
	2.4(+13)



	




	CH+
	post
	2.5(+09)
	8.6(+08)
	1.4(+11)
	3.3(+11)
	7.4(+11)
	1.4(+12)
	2.1(+12)
	2.9(+12)



		post + pre
	2.5(+09)
	8.6(+08)
	1.4(+11)
	3.3(+11)
	7.4(+11)
	1.4(+12)
	2.1(+12)
	3.0(+12)



	




	O2
	post
	6.2(+12)
	1.3(+14)
	1.4(+14)
	1.0(+14)
	8.0(+13)
	6.6(+13)
	5.7(+13)
	5.0(+13)



		post + pre
	6.2(+12)
	1.3(+14)
	1.7(+16)
	1.6(+16)
	1.6(+16)
	1.7(+16)
	1.7(+16)
	1.7(+16)



	




	OH
	post
	1.4(+14)
	1.6(+14)
	2.5(+14)
	2.9(+14)
	3.1(+14)
	3.4(+14)
	3.6(+14)
	3.7(+14)



		post + pre
	1.4(+14)
	1.6(+14)
	1.1(+15)
	1.2(+15)
	1.2(+15)
	1.3(+15)
	1.4(+15)
	1.5(+15)



	




	OH+
	post
	1.2(+07)
	7.7(+06)
	4.6(+10)
	8.1(+10)
	7.7(+10)
	5.8(+10)
	3.8(+10)
	2.4(+10)



		post + pre
	1.2(+07)
	7.7(+06)
	4.9(+10)
	8.3(+10)
	7.9(+10)
	6.1(+10)
	4.1(+10)
	2.7(+10)



	




	H2O
	post
	2.0(+17)
	6.7(+16)
	2.7(+14)
	1.9(+14)
	1.5(+14)
	1.4(+14)
	1.3(+14)
	1.2(+14)



		post + pre
	2.0(+17)
	6.7(+16)
	1.5(+15)
	1.4(+15)
	1.4(+15)
	1.4(+15)
	1.4(+15)
	1.5(+15)



	




	H2 S
	post
	4.0(+11)
	2.6(+11)
	7.4(+10)
	4.7(+09)
	2.3(+09)
	2.4(+09)
	2.7(+09)
	3.1(+09)



		post + pre
	4.0(+11)
	2.6(+11)
	5.5(+12)
	5.2(+12)
	5.3(+12)
	5.3(+12)
	5.5(+12)
	5.7(+12)



	




	SO
	post
	1.8(+12)
	6.1(+12)
	5.1(+12)
	3.7(+12)
	2.9(+12)
	2.4(+12)
	2.1(+12)
	1.9(+12)



		post + pre
	1.8(+12)
	6.1(+12)
	5.0(+14)
	4.8(+14)
	4.8(+14)
	4.9(+14)
	5.0(+14)
	5.2(+14)



	




	SO2
	post
	2.2(+13)
	5.3(+13)
	9.0(+10)
	3.6(+10)
	1.8(+10)
	1.1(+10)
	8.5(+09)
	6.2(+09)



		post + pre
	2.2(+13)
	5.3(+13)
	5.7(+14)
	5.5(+14)
	5.5(+14)
	5.6(+14)
	5.8(+14)
	6.0(+14)



	




	CS
	post
	4.7(+13)
	2.5(+13)
	4.5(+12)
	3.0(+12)
	2.1(+12)
	1.5(+12)
	1.2(+12)
	9.0(+11)



		post + pre
	4.7(+13)
	2.5(+13)
	2.1(+14)
	2.1(+14)
	2.1(+14)
	2.1(+14)
	2.1(+14)
	2.2(+14)



	




	CN
	post
	2.3(+14)
	2.6(+13)
	1.0(+14)
	9.7(+13)
	8.6(+13)
	6.9(+13)
	5.4(+13)
	4.1(+13)



		post + pre
	2.3(+14)
	2.6(+13)
	6.8(+15)
	6.7(+15)
	6.9(+15)
	7.2(+15)
	7.3(+15)
	7.4(+15)



	




	HCN
	post
	8.4(+15)
	1.6(+16)
	4.3(+14)
	2.3(+14)
	1.4(+14)
	9.7(+13)
	7.4(+13)
	5.5(+13)



		post + pre
	8.4(+15)
	1.6(+16)
	6.5(+14)
	4.5(+14)
	3.6(+14)
	3.2(+14)
	3.1(+14)
	2.9(+14)



	




	HCO+
	post
	2.9(+09)
	6.9(+09)
	8.8(+10)
	3.3(+11)
	5.1(+11)
	6.1(+11)
	6.4(+11)
	6.2(+11)



		post + pre
	2.9(+09)
	6.9(+09)
	7.7(+11)
	9.5(+11)
	1.1(+12)
	1.2(+12)
	1.3(+12)
	1.3(+12)



	




	NH3
	post
	2.2(+12)
	2.0(+12)
	4.9(+11)
	6.4(+10)
	2.5(+10)
	1.8(+10)
	1.5(+10)
	1.3(+10)



		post + pre
	2.2(+12)
	2.0(+12)
	8.0(+11)
	3.6(+11)
	3.2(+11)
	3.2(+11)
	3.3(+11)
	3.3(+11)






Notes. For each species we show the column densities calculated in the postshock region only (post) and postshock and precursor regions together (post+pre). Numbers in parentheses denote powers of 10.





  
    Table F.1 

Column densities (cm−2) of warm gas, T > 200 K, predicted with the Paris–Durham shock code for shocks with velocity Vs = 60 km s−1 and ambient densities nH = 104, 105, and 106 cm−3 (L20), and comparison with the column densities predicted by Neufeld & Dalgarno (1989) (ND89).



	Species
	nH = 104 cm−3
	nH = 105 cm−3
	nH = 106 cm−3



	
	

	

	




		L20
	ND89
	L20
	ND89
	L20
	ND89





	H + 2H2
	4.2(+20)
	1.0(+20)
	9.2(+20)
	–
	1.5(+21)
	8.0(+21)



	




	O
	9.8(+16)
	6.0(+16)
	2.0(+17)
	1.0(+18)
	3.1(+17)
	2.5(+18)



	C
	2.7(+16)
	1.9(+16)
	5.1(+16)
	1.3(+17)
	6.4(+16)
	1.4(+17)



	C+
	3.5(+15)
	3.9(+15)
	4.8(+15)
	5.3(+15)
	1.1(+16)
	1.4(+16)



	Si+
	1.1(+15)
	1.3(+15)
	1.9(+15)
	1.2(+16)
	3.3(+15)
	5.4(+15)



	S
	6.0(+15)
	7.6(+14)
	1.5(+16)
	2.8(+16)
	2.3(+16)
	9.5(+16)



	S+
	1.7(+15)
	7.6(+14)
	2.3(+15)
	7.9(+15)
	5.0(+15)
	3.6(+15)



	H2
	7.7(+19)
	1.5(+18)
	2.0(+20)
	6.8(+20)
	4.1(+20)
	2.5(+21)



	OH
	3.3(+14)
	3.4(+14)
	1.4(+15)
	5.7(+15)
	2.3(+15)
	2.7(+16)



	H2O
	1.5(+14)
	5.8(+12)
	2.3(+15)
	1.9(+15)
	2.5(+15)
	6.1(+16)



	CO
	2.8(+16)
	2.3(+15)
	6.9(+16)
	4.6(+17)
	1.3(+17)
	1.5(+18)



	SiO
	4.4(+12)
	3.7(+12)
	7.3(+13)
	1.8(+16)
	6.6(+13)
	7.8(+16)



	SO
	1.5(+12)
	5.7(+10)
	2.8(+13)
	2.3(+13)
	2.5(+13)
	8.6(+14)



	NO
	2.7(+13)
	6.9(+11)
	3.9(+14)
	2.3(+14)
	4.5(+14)
	3.1(+15)



	CN
	1.2(+13)
	2.5(+12)
	1.5(+14)
	1.9(+14)
	8.5(+13)
	8.2(+14)



	HCN
	2.1(+13)
	5.9(+10)
	1.0(+15)
	5.0(+14)
	3.7(+14)
	8.2(+15)



	N2
	7.9(+12)
	2.3(+12)
	3.9(+14)
	7.6(+15)
	2.4(+14)
	1.5(+17)



	CO2
	7.5(+10)
	4.1(+09)
	1.5(+12)
	2.9(+13)
	1.4(+12)
	1.2(+15)



	O2
	4.9(+13)
	1.4(+12)
	5.5(+14)
	2.9(+14)
	5.0(+14)
	7.6(+15)



	SO2
	4.5(+09)
	4.4(+06)
	6.2(+11)
	9.8(+09)
	3.2(+11)
	4.6(+12)



	CH
	1.1(+13)
	6.3(+11)
	5.1(+11)
	8.8(+11)
	6.1(+11)
	1.3(+12)



	CH2
	1.1(+11)
	2.1(+09)
	4.7(+09)
	8.9(+11)
	1.1(+10)
	2.2(+11)



	C2
	9.6(+09)
	8.2(+09)
	5.1(+09)
	6.6(+12)
	1.6(+10)
	1.0(+13)



	C2 H
	1.0(+10)
	1.4(+09)
	4.0(+09)
	4.5(+10)
	1.0(+10)
	3.8(+10)



	C2 H2
	9.3(+09)
	1.6(+07)
	2.2(+09)
	1.0(+10)
	2.6(+09)
	1.6(+10)



	C3
	1.2(+07)
	1.9(+05)
	5.5(+06)
	1.6(+08)
	1.7(+07)
	5.2(+08)



	C3 H
	3.5(+07)
	9.3(+04)
	1.0(+07)
	8.5(+07)
	2.6(+07)
	3.0(+08)



	C3 H2
	2.9(+06)
	2.9(+02)
	2.2(+06)
	9.8(+05)
	3.2(+06)
	3.8(+06)



	SH
	1.2(+11)
	1.0(+11)
	4.9(+11)
	1.7(+11)
	4.9(+11)
	3.3(+11)



	H2 S
	1.3(+07)
	1.3(+07)
	6.1(+07)
	2.2(+07)
	1.6(+08)
	3.2(+07)



	H2 CO
	6.8(+10)
	6.7(+03)
	1.4(+11)
	9.8(+06)
	1.4(+11)
	9.6(+06)



	H[image: equation]
	2.6(+13)
	4.9(+12)
	2.6(+13)
	5.7(+12)
	2.6(+13)
	6.5(+12)



	H[image: equation]
	4.4(+12)
	8.5(+11)
	4.4(+12)
	2.7(+11)
	4.4(+12)
	9.7(+10)



	OH+
	2.7(+10)
	1.9(+13)
	2.3(+10)
	1.8(+13)
	2.4(+10)
	1.5(+13)



	CH+
	3.3(+12)
	1.2(+11)
	1.3(+12)
	2.9(+11)
	4.3(+12)
	3.3(+11)



	HCO+
	7.5(+11)
	6.7(+10)
	3.5(+11)
	6.9(+12)
	5.4(+11)
	1.1(+13)



	SO+
	5.2(+11)
	3.8(+10)
	1.6(+12)
	5.6(+12)
	2.9(+12)
	1.8(+13)






Notes. Total column densities for ND89 are estimated from their Figs. 14 and 15. Numbers in parentheses denote powers of 10.





  
    
      Fig. G.1 

      
        [image: thumbnail]
      

      
Pathways of energy reprocessing for shocks with velocities 30, 40, 50, and 60 km s−1 and preshock density nH = 104 cm−3. This shows the energy lost due to excitation of atomic H, other atoms, molecules, and other processes as a percentage of the total energy flux. H2 chemistry involves cooling due to collisional dissociation and heating due to reformation. Other chemistry is mostly cooling due to collisional ionisation.
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