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  Introduction 

Fortran code developed over 40 years
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  Introduction 

thermochemical structure of molecular shocks induced by

  interstellar turbulence, cloud collisions 
  jets and bipolar outflows associated to star formation 
  AGB winds 
  evolved supernova remnants shells
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Goals

1.  provide a tool to the community 
2.  understand the physics of shocks  
3.  interpret observations



  Introduction 

Services on the ISM platform: https://ism.obspm.fr

  download, documentation, tutorial  
  help: support.shock.ism@obspm.fr (A. Gusdorf, S. Cabrit, B. Godard) 

  tools for extracting and analyzing the results 
  grids of precomputed models
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2010 2020

v1.0 v1.1 v1.2
non irradiated  

shocks
shocks irradiated 

by external UV field
self-irradiated 

shocks
not available yet

Several public versions (http://ism.obspm.fr)

mailto:support.shock.ism@obspm.fr
http://ism.obspm.fr


  Introduction 

non proprietary code under the GNU License

  download  
  run 
  modify 
  publish
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ASSUMPTIONS 
PHYSICAL INGREDIENTS
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  Assumptions & geometry

in a perfect world 3D, time dependent shocks

with chemistry
excitation of chemical species
exact radiative transfer

non ideal MHD
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  Assumptions & geometry

in a perfect world 3D, time dependent shocks

with chemistry
excitation of chemical species
exact radiative transfer

requirements orders of magnitude of scales
thousands of variables
non local code

⇒ out of reach of the most performant computers
⇒ need for simplifications

non ideal MHD
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  Assumptions & geometry

main simplification hypotheses

1.  plane parallel shock 
2.  at steady state 
3.  propagating in a medium with an homogenous B0  

   perpendicular to the propagation direction 
4.  illuminated upstream by an isotropic radiation field

@/@t = 0

�!
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�!
B0

�!
B
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  Assumptions & geometry

in the reference frame of the shock wave

t, z

hundreds of variables
Vn, nn, ⇢n Vi, ni, ⇢i

Tn Ti, Te

n↵

nH
i
2

  dynamics 

  thermal 

  chemistry 

   H2 excitation
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  Assumptions & geometry

in the reference frame of the shock wave

t, z

hundreds of variables
Vn, nn, ⇢n Vi, ni, ⇢i

Tn Ti, Te
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  dynamics 

  thermal 
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  Physical processes

set of equations

d

dz
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  Physical processes

set of equations

d

dz

⇣
n
H

l
2
Vn

⌘
= Cl

source terms
  chemical reactions 

  fluid interactions 

  heating and cooling processes 

  H2 (de-)excitation processes
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gas phase chemistry

  140 chemical species 
  thousands reactions 
✓  photoionization 
✓  photodissociation 
✓  cosmic ray ionization 
✓  2(3)-bodies reactions

  Physical processes
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Core

CH4

H2O

H

H2

H2

H

H2

CO

CO

UV

Cosmic
ray

CH4

gas phase chemistry

surface « chemistry » 

  adsorption 
  species hydrogenation on mantles 
  desorption and sputtering

  Physical processes

  140 chemical species 
  thousands reactions 
✓  photoionization 
✓  photodissociation 
✓  cosmic ray ionization 
✓  2(3)-bodies reactions
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change in momentum

  Physical processes

  viscous stress 
  elastic scattering 
✓  ions - neutrals 
✓  electrons - neutrals 
✓  grains - neutrals
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change in momentum

  Physical processes

  viscous stress 
  elastic scattering 
✓  ions - neutrals 
✓  electrons - neutrals 
✓  grains - neutrals

heating / cooling

  fluid interactions 
  ion-electron elastic scattering 
  thermalization with grains 
  photoelectric effect 
  cosmic ray ionizations 
  chemistry - exo(endo)thermicity 
  collisional (de)excitation  

    and radiative emission 
✓  atoms 

 H, C, C+, S, S+, N, N+, O, O+, Si, Si+ 
✓  molecules  

 H2, CO, 13CO, OH, H2O, NH3
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  Shock types
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if J-type shockVS >
B0p
4⇡⇢c

VS = 20 km s-1 
nH = 104 cm-3 

b = 0.1 
G0 = 1



  Shock types
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if C-type shock& efficient coolingVS <
B0p
4⇡⇢c

VS = 10 km s-1 
nH = 104 cm-3 

b = 1 
G0 = 1



  Shock types

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

if C*-type shock 
CJ-type shock

& efficient coolingVS <
B0p
4⇡⇢c

VS = 10 km s-1 
nH = 103 cm-3 

b = 1 
G0 = 100



  Validity range
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10-1 cm-3 ≤ nH ≤ 108 cm-3

0 ≤ G0 ≤ 104    (in unit of the Mathis ISRF)

10-17 s-1  ≤ 𝜁H2 ≤ 10-15 s-1

domain of validity of preshock conditions



  Validity range

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

J-type shocks

C, C*, CJ-type shocks
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domain of validity of shock velocity



  Validity range

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

domain of validity of shock velocity

J-type shocks

C, C*, CJ-type shocks
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USER GUIDE 
FIRST STEPS
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  download from the platform 
    ism.obspm.fr 
    code, documentation, tutorial 
  untar and compile 

    fortran compiler (gfortran) 
    cd bin/
  make

  prepare the input files 
    type of model 
    output options 
  run the model 
  analyse the results  

    plotting routines 
    IDAT, chemistry analyser

  ISM plateform

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

http://ism.obspm.fr


  Method
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t, z

What initial conditions for all variables (Tn, nα, …) ?
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Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

t, z

What initial conditions for all variables (Tn, nα, …) ?

  option A - set by hand → more than 200 parameters



  Method

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services

t, z

What initial conditions for all variables (Tn, nα, …) ?

  option A - set by hand → more than 200 parameters 
  option B - compute the equilibrium thermochemical  

                    state of the preshock



1.  first, run the code to compute the preshock conditions  
   use the Paris-Durham shock code with no dynamics 

      THIS IS NOT A SHOCK ! 

2.  use the final conditions of the preshock run as initial  
   conditions of the shock

  Method
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t, z

Running a shock model is a two step process



  download from the platform 
    ism.obspm.fr 
    code, documentation, tutorial 
  untar and compile 

    fortran compiler (gfortran) 
    cd bin/
  make

  prepare the input files 
    type of model 
    output options 
  run the model 
  analyse the results  

    plotting routines 
    IDAT, chemistry analyser

  ISM plateform
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  Architecture of the code

 AnalysisTools 

 bin 

 Doc_quickstart.html 

 Doc_tutorial.html 

 GPL_Licence 

 input 

 mhd_vode 

 mtx 

 output 

 src

Makefile & binary files

LAPACK library

online documentation

IDAT / Chemistry Analyser

online tutorial

GNU License
input files

output files
sources files

executable
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 AnalysisTools 

 bin 

 Doc_quickstart.html 

 Doc_tutorial.html 

 GPL_Licence 

 input 

 mhd_vode 

 mtx 

 output 

 src

Makefile & binary files

LAPACK library

online documentation

IDAT / Chemistry Analyser

online tutorial

GNU License
input files

  Architecture of the code

output files
sources files

executable

 bin

 input

 mhd_vode

 output

Makefile & binary files

input files

output files

executable
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 input 

 Aij_H2.in 

 chemistry_…_all.in 

 coeff_…_H2.in 

 coeff_SiO.in 

 cross_sections 

 gamma_eFe 

 Grains 

 H2_levels_Evj.in 

 input_mhd.in 

 species_….in 

 TechConfig 

 UVdata

chemical networks

photoreac cross sections

list of species

H2 lines

H2 excitation data

grain data

main input file

HDF5 configuration
H / H2 / CO UV lines

H2 levels

  Inputs

SiO excitation data

Fe excitation data
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 input 

 Aij_H2.in 

 chemistry_…_all.in 

 coeff_…_H2.in 

 coeff_SiO.in 

 cross_sections 

 gamma_eFe 

 Grains 

 H2_levels_Evj.in 

 input_mhd.in 

 species_….in 

 TechConfig 

 UVdata

chemical networks

photoreac cross sections

list of species

H2 lines

H2 excitation data

grain data

main input file

HDF5 configuration
H / H2 / CO UV lines

H2 levels

  Inputs

SiO excitation data

Fe excitation data

 input

 chemistry_…_all.in

 input_mhd.in

 species_….in

chemical networks

list of species

main input file
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Main input file : input_mhd.in

  Inputs
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Main input file : input_mhd.in

  Inputs

short parameter descriptions

values of the parameters

names of variables in the code

Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services



Main input file : input_mhd.in

  Inputs

name of output directory
results are stored in
output/example_preshock/
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Main input file : input_mhd.in

  Inputs

file containing
the species list
their enthalpies
their initial abundances

located in the input/ 
directory
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Main input file : input_mhd.in

  Inputs

file containing
the chemical network
reactions types & rates

located in the input/ 
directory
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Main input file : input_mhd.in

  Inputs

file containing
the initial abundances of
H2 levels

if none - Boltzmann 
distribution at Tn

located in the input/ 
directory
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Main input file : input_mhd.in

  Inputs

shock type

- S1 = Isochoric preshock
- J = J-type shock
- C = C-type shock

examples
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Main input file : input_mhd.in

  Inputs

number of fluids
- 1 for preshock / J shock
- 3 for C shock
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Main input file : input_mhd.in

  Inputs

magnetic field strength
B

1 µG
= b

r
nH

1 cm�3
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Main input file : input_mhd.in

  Inputs

shock velocity (km s-1)
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Main input file : input_mhd.in

  Inputs

initial proton density (cm-3)
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Main input file : input_mhd.in

  Inputs

specification of CO, 13CO, 
and H2O cooling

- 0 = analytical (preshock)
- 1 = LVG cooling tables 
         from NK1993 (shock)
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Main input file : input_mhd.in

  Inputs

maximum duration of the 
model
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  Inputs

chemical files : species_….in
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chemical files : species_….in

  Inputs

header

list of species

elemental compositions

initial abundances

enthalpies / errors

comments & references
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  Inputs

chemical files : chemistry_…all.in
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  Inputs

chemical files : chemistry_…all.in

modification date

list of reactions

rate parameters

comments & references

headers
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Advices to run models

  inputs

1.  never modify the file input_mhd.in 
      create a new input file with understandable name 
      e.g. input_pshk_n1p3_r1p0_z5m17.in
   ./mhd_vode input/input_pshk_n1p3_r1p0_z1m17.in

2.  use the same terminology for output directory 
      e.g. pshk_n1p3_r1p0_z5m17
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  outputs and plot routines

 pshk_n1p3_r1p0_z5m17 

 energetics.out 

  pshk_…_c.hdf5 

 pshk_…_s.hdf5 

 H2_lev.out 

 h2levels.out 

 info_mhd.out 

 intensity.out 

 mhd_coldens.out 

 mhd_phys.out 

 mhd_speci.out 

 species.out 

 thermal_balance.out

for chemistry analyser tool

local physical variables

local energy fluxes

for IDAT tool

information on the run

column density profiles

local species abundances
final species abundances

lines intensities

local abundances of H2 lev
final abundances of H2 lev

heating / cooling rates
Interstellar Shock School

 Outline 

 • introduction 

 • assumptions 
    physics 

• user guide 
    first steps 

 • services



  outputs and plot routines

 output/

 python_plot

 mono_panel

 mult_panel 

 README.txt

single panel plot routines
multi panels plot routines
notice to use the routines

  go in the results directory and run a script  
    the scripts use the output files found in the current directory 
    python ../python_plots/mono_panel/script_plot_temp.py  

  simple routines for beginners  
    33 scripts available  
    interactive plot or pdf files 
    change main axis and range
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Advices to run models

  outputs and plot routines

1.  never modify the file input_mhd.in 
      create a new input file with understandable name 
      e.g. input_pshk_n1p3_r1p0_z5m17.in
   ./mhd_vode input/input_pshk_n1p3_r1p0_z1m17.in

2.  use the same terminology for output directory 
      e.g. pshk_n1p3_r1p0_z5m17  

3.  when running a shock, copy outputs of the preshock run 
      species.out and h2levels.out 
    in the input/ directory and use them as input files for the run  
      cp output/pshk_n1p3_r1p0_z5m17/species.out 
   input/species_pshk_n1p3_r1p0_z5m17.in
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SERVICES
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  Grid of models

  accessible online through the ISM database ISMDB
 contains 4538 models (~14000 models « soon »)  
 
                    102 cm-3 ≤ nH ≤ 108 cm-3             0.1 ≤ b ≤ 10 
                    10-17 s-1 ≤ 𝜁H2 ≤ 10-15 s-1              2 km s-1 ≤ VS ≤ 90 km s-1 
                    0 ≤ G0 ≤ 103                                x(PAH) = 10-8
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  Tools

Extraction and analysis tools

  IDAT (works with the …_s.hdf5 files) 
    build for all the models of the ISM platform  
     can be used in interactive mode or in command line  
     allows to build your own ascii files 
     allows to make interactive plots 
     works within ISMDB 

  chemistry analyser (works with the …_c.hdf5 files)  
    build for all the models of the ISM platform  
     find the main chemical formation & destruction routes of any species  
     provide the local chemical rates 
     follow up versions in progress  
     not implemented in ISMDB yet
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  Postprocessing

LVG postprocessing tool  
(not available yet)

shocks 
(or combinations)

background or not  
(extended or not)observer
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  Postprocessing

isotropic field background 
field

chemical & 
physical profiles

molecular 
data collision data

excitation 
(ILVG MALI)

RT 
(simple or MALI)

complete 
spectrum
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  Postprocessing
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CH+: 4000 lines

signature of a single shock
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  Postprocessing

signature of a combination of shocks

CH+(1-0) line
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  Postprocessing

In progress
beam panel

  test known scenarios 
  distribution of structures 
  implement MALI RT 
  increase database  

    done: H, H2, CO, CH+, SiO

Pending
  include instrument properties 
  build an interactive tool
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CONCLUSIONS
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  public code  
  thermochemical structures of plane parallel  

    shock at steady state 
  variety of environments 

    diffuse / dense gas  
    irradiated or not by an external UV field 
  living code developed by generations  

    v1.2 soon available  
    online services (plot & analysis tools, grid of models)  
    services in development (LVG postprocessing)

In a nutshell


