
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Energetic reprocessing for four shocks with b = 0.1. The pie charts show the percentage of energy lost relative to the input kinetic energy flux. The kinetic energy flux is primarily converted to heat, which goes to exciting the atoms and molecules that then radiate the energy away. This radiation is either from H2 (rotational and vibrational emission), other molecules (primarily CO, OH and H2O), or atoms (primarily H, O, and S). Some kinetic energy goes into compressing the magnetic field (“mag”), dissociating H2 collisionally (“H2 chem”), or atoms/molecules thermalizing with grains (“grain”). The percentages are shown in each pie slice, and the input shock parameters inside the pies. The input parameters all result in the shocks being J-type shocks, and model A is marked.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Illustration of shock parameter space. Top: various shock type regimes as a function of transverse magnetic field strength and shock velocity for G0 = 0 and preshock density of 104 cm−3 (adapted from Fig. 3, Godard et al. 2019). Here a field strength of 10 µG corresponds to b = 0.1, and 103 µG is b = 10. The blue region is for J-type shocks where the velocity exceeds the ion-magnetosonic velocity (cims). Above 30 km s−1 the shocks start producing UV-photons and become self-irradiated, which is not included in the current grid (Lehmann et al. 2022). The red, green and orange areas are for CJ, C*, and C-type shocks, respectively; these shocks fall between the ion- and neutral-magnetosonic velocities (cims and cnms, where the latter is calculated in a similar manner to cims, Eq. (2), but with the neutral mass density). Models A and B are marked. Middle: gas temperature profiles for models A and B. Bottom: velocity profiles for models A and B. The dotted line shows the local sound speed, cs, the dashed is for the ion speed, υi, and the full is for the neutral speed, υn. All velocities are in the reference frame of the shock, and the line colors are for the same b parameters as above. The difference between the left- and right-hand sides of the middle and bottom panels is that the left panel is on a linear-linear scale, while the right is on a log-log scale.

      

    

  
    
      Fig. 7 
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        Top: H2 integrated intensities integrated over 4π steradian from each vibrational level compared to the input kinetic energy flux for model A and B. The total H2 intensity is similar in the two models, 5.5 × 10−3 and 4.7 × 10−3 erg s−1 cm−2 sr−1 for model A and B, respectively. Bottom: As the top panel, but for densities of 102,104, and 106 cm−3, b = 1.0, and υs = 20 km s−1. The maximum neutral gas temperature is given in brackets.

      

    

  
    
      Fig. 10 
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        H2 spectra for velocities of 5, 10, 20, and 30 km s−1 and a density of 104 cm−3, b = 0.1, G0 = 0; the shock with υS = 20 km s−1 is model A, and the 30 km-s−1 shock is shown in Fig. 1. The colors are for different vibrational levels as in Fig. 8. The complete coverage of NIRSpec and MIRI are shown; we refer to Fig. 1 for the NIRCam and MIRI filter coverage.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Top row: total H2 integrated intensity in two subgrids of models with b = 0.1 (left) and 1.0 (right), G0 = 0. The colored dots indicate the resulting shock type, where blue is for J-type shocks and orange for C-type shocks (the single green point is a C* shock). The brightest line is written in each cell. Bottom row: as the top row, but for the total H2 integrated intensity radiated away compared to the input kinetic energy flux. The actual percentage is provided in each cell.

      

    

  
    
      Fig. 12 
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        H2 spectra for model B but with G0 of 0 (Model B), 1, and 103. The colors are for different vibrational levels as in Fig. 8. The complete coverage of NIRSpec and MIRI are shown; we refer to Fig. 1 for the NIRCam and MIRI filter coverage.

      

    

  
    
      Fig. 13 
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        Emission distribution for model B with increasing G0 (similar to Fig. 7). The total fraction of H2 emission to input kinetic energy flux is provided in the legend.

      

    

  
    
      Fig. 14 
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        As Fig. 11, but for G0 = 1.

      

    

  
    
      Table 4 

      Summary of H2 excitation in shocks.

      
        


	Parameter
	Role





	b
	With υs, determines if a shock is J- or C-type



	
	J-type: [image: equation], and the shock is narrow



	
	C-type: energy is dissipated over large scales, lower Tmax



	




	υs
	With nH sets [image: equation] (ρ = 1.4mHnH)



	
	J-type: velocity sets T leading to excitation



	
	C-type: sets T together with nH, spectrum dominated by rotational lines, but intensity increases with υs (Ekin)



	




	nH
	J-type: sets intensity (up to the point where H2O and OH take over, or H2 is dissociated)



	
	C-type: sets intensity, and at the highest nH (≥106 cm−3) also excitation



	




	G0
	J-type: little to no effect, except at lowest υs where intensity increases



	
	C-type: Changes excitation when EUV ≳ Ekin





      

    

  
    
      Table B.1 

      Physical parameters, e.g., temperature and size of the shock.

      
        


	nH (cm−3)
	υs (km s−1)
	b
	G0
	ζH2 (s−1)
	X(PAH)
	Type(a)
	Tgas,initial (K)
	Tgas,max (K)
	∆z (AU)
	∆t (yr)
	NH (cm−2)
	nH,max (cm−3)





	1.0e+02
	3.0
	0.1
	0.0e+00
	1.0e-17
	1.0e-06
	0
	34.8
	496.4
	1.80e+03
	5.58e+04
	5.28e+19
	2.24e+03



	1.0e+02
	3.0
	0.3
	0.0e+00
	1.0e-17
	1.0e-06
	1
	34.8
	79.9
	1.53e+05
	5.35e+05
	5.06e+20
	7.10e+02



	1.0e+02
	3.0
	1.0
	0.0e+00
	1.0e-17
	1.0e-06
	1
	34.8
	34.8
	6.02e+05
	1.00e+06
	9.51e+20
	1.23e+02



	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…





      

      
Notes. This table is only an extract. The full version is available at the CDS. (a)Resulting shock type: 0 is for J, 1 is for C, 2 is for C*, and 3 is for CJ-type shocks, 99 is for a model that did not converge.




    

  
    
      Table B.2 

      Column densities of H, H2, O, OH, H2O, C+, C, and CO.

      
        


	nH (cm−3)
	υs (km s−1)
	b
	G0
	ζH2 (s−1)
	X(PAH)
	Type(a)
	N(H) (cm−2)
	N(H2) (cm−2)
	N(O) (cm−2)
	N(OH) (cm−2)
	N(H2O) (cm−2)
	… …





	1.0e+02
	3.0
	0.1
	0.0e+00
	1.0e-17
	1.0e-06
	0
	6.78e+16
	2.64e+20
	1.52e+08
	2.64e+10
	7.63e+09
	…



	1.0e+02
	3.0
	0.3
	0.0e+00
	1.0e-17
	1.0e-06
	1
	5.37e+17
	2.53e+20
	1.28e+10
	4.50e+11
	1.21e+11
	…



	1.0e+02
	3.0
	1.0
	0.0e+00
	1.0e-17
	1.0e-06
	1
	7.96e+18
	4.75e+20
	4.70e+10
	1.92e+11
	5.22e+10
	…



	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…





      

      
Notes. This table is only an extract. The full version is available at the CDS.




    

  
    
      Table B.3 

      Values of ln(N/g), where N is in units of cm−2, and E/kB for 150 H2 levels, useful for creating excitation diagrams.

      
        


	nH (cm−3)
	υs (km s−1)
	b
	G0
	ζH2 (s−1)
	X(PAH)
	Type
	v=0, J=0
	E (K)
	v=0, J=1
	E (K)
	v=0, J=2
	E (K)
	…





	1.0e+02
	3.0
	0.1
	0.0e+00
	1.0e-17
	1.0e-06
	0
	44.62
	0.00
	39.92
	170.50
	39.02
	509.85 
	…



	1.0e+02
	3.0
	0.3
	0.0e+00
	1.0e-17
	1.0e-06
	1
	46.90
	0.00
	42.25
	170.50
	37.68
	509.85 
	…



	1.0e+02
	3.0
	1.0
	0.0e+00
	1.0e-17
	1.0e-06
	1
	47.55
	0.00
	42.64
	170.50
	29.41
	509.85 
	…



	…
	…
	
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…





      

      
Notes. This table is only an extract. The full version is available at the CDS.




    

  
    
      Table B.6 

      H2 o/p ratios, both local and integrated.

      
        


	nH(cm−3)
	υs (km s−1)
	b
	G0
	ζH2 (s−1)
	X(PAH)
	Type
	o/pini
	o/pmax
	No/Np
	No/Np (υ = 0, J=2–9)
	No/Np(υ = 1, J=2−9)





	1.0e+02
	3.0
	0.1
	0.0e+00
	1.0e-17
	1.0e-06
	0
	0.07
	0.08
	0.08
	0.01
	3.70



	1.0e+02
	3.0
	0.3
	0.0e+00
	1.0e-17
	1.0e-06
	1
	0.07
	0.09
	0.09
	0.00
	3.72



	1.0e+02
	3.0
	1.0
	0.0e+00
	1.0e-17
	1.0e-06
	1
	0.07
	0.07
	0.07
	0.32
	3.70



	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…





      

      
Notes. This table is only an extract. The full version is available at the CDS.




    

  
    
      Table B.7 

      Integrated intensities of 29 transitions from C+, Si+, H, C, Si, O, S+, N+, N, and S.

      
        


	nH (cm−3)
	υs (km s−1)
	b
	G0
	ζH2 (s−1)
	X(PAH) Type
	C+(158µm) (erg cm−2 s−1 sr−1)
	C+(2324.7Å) (erg cm−2 s−1 sr−1)
	C+(2323.5Å) (erg cm−2 s−1 sr−1)
	… …





	1.0e+02
	3.0
	0.1
	0.0e+00
	1.0e-17
	1.0e-06 0
	4.77e-11
	5.37e-54
	2.89e-54
	…



	1.0e+02
	3.0
	0.3
	0.0e+00
	1.0e-17
	1.0e-06 1
	1.45e-09
	1.48e-53
	7.98e-54
	…



	1.0e+02
	3.0
	1.0
	0.0e+00
	1.0e-17
	1.0e-06 1
	2.04e-10
	5.63e-55
	3.03e-55
	…



	…
	…
	…
	…
	…
	…
	…
	…
	…
	…





      

      
Notes. This table is only an extract. The full version is available at the CDS.




    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Excitation temperature determined from the υ = 0, J = 3 to 5 level populations (corresponding to the S(1) to S(3) transitions) for b = 0.1 and 1, and G0 = 0 and 1.

      

    

  
    
      Fig. C.2 

      
        [image: thumbnail]
      

      
        Excitation temperature determined from the υ = 0, J = 6 to 11 level populations (corresponding to the S(4) to S(9) transitions) for b = 0.1 and 1, and G0 = 0 and 1.

      

    

  
    
      Table D.1 

      Dominant cooling lines of H2.

      
        


	Line
	Fraction(a)
	Wavelength (µm)





	0-0 S(7)
	0.621
	5.52



	1-0 Q(1)(b)
	0.605
	2.41



	0-0 S(5)
	0.596
	6.92



	0-0 S(9)
	0.599
	4.70



	1-0 O(3)(b)
	0.586
	2.81



	0-0 S(11)
	0.529
	4.19



	1-0 S(1)(c)
	0.493
	2.12



	1-0 S(3)(d)
	0.492
	1.96



	1-0 S(5)
	0.491
	1.84



	1-0 Q(3)(c)
	0.451
	2.43



	0-0 S(13)
	0.451
	3.85



	0-0 S(3)
	0.443
	9.67



	1-0 S(2)
	0.418
	2.04



	1-0 S(7)
	0.370
	1.75



	1-0 Q(5)(d)
	0.367
	2.46



	1-0 O(2)
	0.345
	2.63



	1-0 O(5)(c)
	0.327
	3.24



	0-0 S(6)
	0.324
	6.12



	0-0 S(4)
	0.319
	8.03



	0-0 S(8)
	0.313
	5.06



	1-0 S(4)
	0.305
	1.89



	0-0 S(15)
	0.305
	3.63



	0-0 S(10)
	0.261
	4.41



	0-0 S(2)
	0.255
	12.29





      

      
Notes. (a)For each model, the lines with integrated intensities > 25% of the maximum intensity are recorded. The lines which appear in more than 25% of models are recorded here as fractions of the total number of models. (b)Lines share the same upper level, υ = 1, J = 1. (c)Lines share the same upper level, υ = 1, J = 3. (d)Lines share the same upper level, υ = 1, J = 5.
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