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Introduction

Fortran code developed over 40 years

David Flower, Guillaume Pineau des Foréts, Tom Hartquist (1985)
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Introduction

thermochemical structure of molecular shocks induced by

o Interstellar turbulence, cloud collisions
o jets and bipolar outflows associated to star formation
o AGB winds

e assumptions evolved supernova remnants shells

physics

® user guide
first steps Goals

® services 1. provide a tool to the community
2. understand the physics of shocks
3. Interpret observations
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Introduction

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

2010 2020
| | .
I I
v1.0 vi.1 v1.2
non irradiated shocks irradiated self-irradiated
shocks by external UV field shocks
not available yet

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

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

o tools for extracting and analyzing the results
o grids of precomputed models

Interstellar Shock School
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Introduction

non proprietary code under the GNU License
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ASSUMPTIONS
PHYSICAL INGREDIENTS
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Assumptions & geometry

in a perfect world —— 3D, time dependent shocks
— non ideal MHD
— with chemistry
— excitation of chemical species

— exact radiative transfer

Interstellar Shock School
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Assumptions & geometry

in a perfect world —— 3D, time dependent shocks
— non ideal MHD
— 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

Interstellar Shock School
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Physical processes

set of equations

d d
_ — (miVi) = N;
@(nnvn) = Ny ddz (Vi)
Outline i( = S. 4, (V) = 5,
| | i( V24 nakT,) = A i(pVQJrnk(T+T) 2) = A
e introduction qz \Pn n = Yo dz \" 1 8T b
d 1 d 1 o B2
1. a nan2 nkT - BH o ~Pi 2 i i - i — Bi Be
dz((zp - ) ) dz((ﬂ +7_1nk<T+T>+4ﬂ)v) .
d
( n) — COZ &(na‘/;) — Coz

e user guide di (nH;Vn) _ ¢
first steps “

® services
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Physical processes

set of equations

d d

@(nnm = N, gz (W) = N
| d dovy - ¢
Outline (V) = S (V) = 8,
d 5 d 2 ’
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I CO‘ -7 TlaVi) — Coz
( Va) = -, (V)
e user guide d (n lv) _ ¢
first steps dz \7H ‘
® services source terms < >

o chemical reactions
o fluid interactions
o heating and cooling processes

o Ho> (de-)excitation processes
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Physical processes

gas phase chemistry

o 140 chemical species

o thousands reactions
v photoionization
v photodissociation
v cosmic ray ionization
v 2(3)-bodies reactions

Interstellar Shock School
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Physical processes

gas phase chemistry

o 140 chemical species
o thousands reactions

v photoionization

v photodissociation

v cosmic ray ionization
v 2(3)-bodies reactions

surface « chemistry »

o adsorption

o species hydrogenation on mantles
o desorption and sputtering

Interstellar Shock School
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Physical processes

change in momentum

© VISCOUS Stress
o elastic scattering

v lons - neutrals
v electrons - neutrals
v grains - neutrals

Interstellar Shock School
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Physical processes

change in momentum
© VISCOUS stress /
o elastic scattering

v IONns - neutrals

v electrons - neutrals

v grains - neutrals

Interstellar Shock School

heating / cooling

O

o

fluid interactions

lon-electron elastic scattering
thermalization with grains
photoelectric effect

cosmic ray ionizations
chemistry - exo(endo)thermicity

collisional (de)excitation
and radiative emission

v atoms
H, C, C+, S, S+, N, N+, O, O+, Si, Si+

v molecules
Ho, CO, 13CO, OH, H2O, NH3
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Shock types
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Shock types
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Shock types
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Validity range

domain of validity of preshock conditions

10-Tecm3<ny <108 cm3

0<Go< 104 (in unit of the Mathis ISRF)

10-177 51 < fHo < 1015 s

Interstellar Shock School
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Validity range

Vs (km s°1)

domain of validity of shock velocity

PO
100 = J-type shocks
10 =
- C, C*, CJ-type shocks
TE
: | | | | | L1 1 | | | | | | L1 1 |
101 102 103

Bo (4G)
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Validity range

domain of validity of shock velocity

J-type shocks
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00 < [im} @ ism.obspm.fr (@] t

CODES ISMDB TOOLS TECHNOLOGIES PARTNERS REGISTRATION

o download from the platform

All services

PDR Code

Ism.obspm.fr e N

Shock code

code, documentation, tutorial st e

o untar and compile

PDR Code DustEM

fortran compiler (gfortran

The ISM Platform gathers numerical services to prepare and interpret observations of the interstellar medium and of astrophysical jets. It provides access to several
state-of-the-art numerical codes, d of pre-c numerical si i and tools to analyze the results. These services are developed and maintained by

Galactica

MHD simulations data base

scientists and software engineers of Paris Observatory / Paris Astronomical Data Center, IAS / IDOC, IRAP / GSO Data Center and at CEA. They are developed in the

e
C d b 1 n / context of the Virtual Observatory and are part of the national “services d’observation” recognized by INSU/CNRS to support research in astrophysics.

make

=3

o prepare the input files o :

ISMServices CODES ISMDB TOOLS TECHNOLOGIES PARTNERS REGISTRATION

type of model

Download

output options

Shock code current version - updated in May 2022

. * Documentation shock
Version € Note

0 Shock i . Download pdate of the formation enthalpies of all species with precise references
rev 12 complete reorganization and update of the chemical network with the
inclusion of ~1500 additional reactions. Verification of the completness

2022) of the network. Precise references are given for all reactions
implementation of a "

* Tutorial

e Fortran 90 compiler
e (optional) lapack and blas libraries
e (optional) Python 3.6 with numpy and h5py

" type in the chemical network to offer the
possibility to disregard a reaction or a set of reactions Contacts

complete revision of the algorithm used for the integration of C* and CJ
type shocks. The revision includes improvements and simplifications of ® support.shock.ism at obspm.fr

the perturbation algorithm, possible acceleration of the ionized fluid in

the subsonic regime, identification of immediate fluid recoupling, Selected references (current version)

higher precision of the stable trajectory, and modification of the
Flower et al., 1986, MNRAS, 218, 729

] ]
algorithm used to cross the downstream sonic point
p O /‘ ] g rO u II ] 6; \‘; implementation of proton exchanges of H, with H3*, H30%, and HCO* Pineau des Foréts et al., 1986, MNRAS, 220,

apodisation of the Kaufmann and Neufeld cooling to force the cooling 801

Flower et al., 1985, MNRAS, 216, 775

IDAT, chemistry analyser

Interstellar Shock School
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CODES ISMDB TOOLS TECHNOLOGIES PARTNERS REGISTRATION

o download from the platform

All services

PDR Code

Ism.obspm.fr e N

Shock code

code, documentation, tutorial st e

o untar and compile

PDR Code DustEM

fortran compiler (gfortran

The ISM Platform gathers numerical services to prepare and interpret observations of the interstellar medium and of astrophysical jets. It provides access to several
state-of-the-art numerical codes, d of pre-c numerical si i and tools to analyze the results. These services are developed and maintained by

Galactica

MHD simulations data base

scientists and software engineers of Paris Observatory / Paris Astronomical Data Center, IAS / IDOC, IRAP / GSO Data Center and at CEA. They are developed in the

e
C d b 1 n / context of the Virtual Observatory and are part of the national “services d’observation” recognized by INSU/CNRS to support research in astrophysics.

make

=3

o prepare the input files o :

ISMServices CODES ISMDB TOOLS TECHNOLOGIES PARTNERS REGISTRATION

type of model

Download

output options

Shock code current version - updated in May 2022

. * Documentation shock
Version € Note

0 Shock i . Download pdate of the formation enthalpies of all species with precise references
rev 12 complete reorganization and update of the chemical network with the
inclusion of ~1500 additional reactions. Verification of the completness

2022) of the network. Precise references are given for all reactions
implementation of a "

* Tutorial

e Fortran 90 compiler
e (optional) lapack and blas libraries
e (optional) Python 3.6 with numpy and h5py

" type in the chemical network to offer the
possibility to disregard a reaction or a set of reactions Contacts

complete revision of the algorithm used for the integration of C* and CJ
type shocks. The revision includes improvements and simplifications of ® support.shock.ism at obspm.fr

the perturbation algorithm, possible acceleration of the ionized fluid in

the subsonic regime, identification of immediate fluid recoupling, Selected references (current version)

higher precision of the stable trajectory, and modification of the
Flower et al., 1986, MNRAS, 218, 729

] ]
algorithm used to cross the downstream sonic point
p O /‘ ] g rO u II ] 6; \‘; implementation of proton exchanges of H, with H3*, H30%, and HCO* Pineau des Foréts et al., 1986, MNRAS, 220,

apodisation of the Kaufmann and Neufeld cooling to force the cooling 801
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Architecture of the code

EEEENE.

AnalysisTools

' bin

Doc quickstart.html
Doc tutorial.html
GPL Licence

input

mhd vode

mtx

output

SYC

Interstellar Shock School

IDAT / Chemistry Analyser
Makefile & binary files
online documentation

online tutorial

GNU License
iInput files

executable

LAPACK library

output files

sources files
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Architecture

bin

input

output

of the code

mhd vode
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Makefile & binary files

input files

executable

output files




Inputs

P Te—

. input
Aij HZ.in — Ho lines
Outline chemistry .. all.in ———  chemical networks
_ ff .. H2.] - itation dat
e introduction COSEL . Heodd - 2 excitation data
1 [ ' . . .
_ coeff SiO.in ——  SIO excitation data
e assumptions
physics cross_sections — photoreac cross sections
D gamma eFe — Fe excitation data
(Wl Grains —  Qgrain data
® ' [
SEREE H2 levels Evj.in — H»- levels
x 1 [ . [ ]
input mhd.in —  main input file
species ...in — Ist of species
. TechConfig ——  HDF5 configuration
Uvdata — H/H2/CO UV lines

Interstellar Shock School
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“ input

Outline D chemistry .. all.in ——» chemical networks

¢ introduction
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J

input mhd.in —  main input file

)

species_...in —  |ist of species
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Inputs

Main input file : input mhd.in

[ NON ) | | input_mhd.in
#+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction ~
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 S1 ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids i1, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !|———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 0 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !-——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85

Interstellar Shock School



Inputs

Main input file : input mhd.in

LK | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !———— input files =
Outllne 2 example_preshock ! modele : output files radix-
= 3 species_2022_05.in_depl | ! specfile : species file (species lisi
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction ’ | f ‘th ‘I:
5 none ! h2exfile : h2x file (if none, populat Va ueS O e parame erS
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtIOn 8 S1 ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids 11, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-—
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)- : :
: 55 1l00te0d | it | initial nH = n(H) 4 2.0 n names of variables in the code
o assumptlons 14 1.00E+01 ! N : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !|———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rat¢
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif . .
21 0 ! F_COUP_RAD : perform a full coupling w: h t p 't d pt
22 0 ! F_AV : integrate Av or not- S Or arame er escrl IonS
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffte
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 0 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solwve
38 (/] ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 (/] ! F_W_HDF5_STD : write HDF5 standard outj
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Inputs

Main input file : input mhd.in

[ NON ) | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .

Outline

1 !——— ipnput files .
2 |examE1e Ereshock : modete————T=uutput—fites—rauix nal I |e Of Outp Ut d | rectory
3 species_. _05.1n_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid « .
E E 7 !———— shock parameters |'I: 'I: d
o IntrOdUCtlon 8 Sl ! shock_type : 'C' or 'J', Isoprotonic ol resu S are S Ore |n
9 1 ! Nfluids i1, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)- l h k
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)- / /
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni OUtput examp e_pres OC
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
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Inputs

Main input file : input mhd.in

[ NON ) | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .

1 !——— input files

X ! modele : output files radix-— . . .
[species_2022_05.in_depl H s peetite———speetes—fite—{opecies—iis f| |e Conta| NiN
chemistry_. all.1n_noadso ! chemfile : chemistry file (reaction °

2

3

4 _05_

5 none h2exfile : h2x file (if none, populat
6

7

8

Outline

none ! gridfile : file containing the grid «
E E !———— shock parameters . '
o t d t S1 ! shock_type : 'C' or 'J', Isoprotonic ol t | 't
In ro UC Ion 9 1 ! Nfluids i1, 2 ou 3~ qe SpeCIGS |S
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! DeltaVmin : initial Vn - Vi (cm s-1)- . .
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
L assumptlons 14 1.00E+01 ' Tn : initial gas temperature (1 tqe”’ enthalples
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum - . . B
19 0.00E+00 ! RAD : radiation field intensity t q el r | n |t| al ab U n d an CeS
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-: . .
28 l-——— grain properties / t d l‘h t /
29 ! F_TGR : compute grain temperature Oca e /n e lnpu
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius | '
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius | dlrectory
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
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Inputs

Main input file : input mhd.in

[ NON ) | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne example_preshock modele : output files radix-
— i i specfile : species file (species list

2

3

4 chemistry_2022_05_all.in_noadso |
5 none — -
6

7

8

e file containing

¥ ¢
: h2x file (if none, populat
gridfile : file containing the grid «

none
!———— shock parameters

S1

¢ introduction

shock_type : 'C' or 'J', Isoprotonic ol

! | |
s 1 | Nfluids  : 1, 2 ou 3 the Chem Cal et 0O k
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH) | n W r
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni .
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1 reaCtlonS -t & r t
15 3 ! op_H2_in : initial H2 ortho/para rat: ypes a eS
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to 4 .
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22) /OC a te d th e t /
25 1.00E+06 ! N_H2_0 : column density of H2 buffe /n lnpu
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-: ;
28 !———— grain properties Irectory
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
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Inputs

Main input file : input mhd.in

[ NON ) | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne example_preshock modele : output files radix-
— species_2022_05.in_depl | specfile : species file (species list

2

3

4 chemistry_2022_05_all.in_noadso chemfile : chemistry file (reaction °
5 none
6

7

8

e e file containing

!———— shock parameters

¢ introduction

S1 ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids i1, 2 ou 3~ . [
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH) th 't | b d f
11 1.00E+01 ! Vs_km : shock speed (km/s)- e |n| |a a u n ances O
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
o assumptlons 14 ;.00E+01 : Tn o 3 1n1§1a{ g;s t:rrr:pirature il
15 ! op_H2_in : initia ortho/para rat:
. 16 !———— environment H 2 I eve I S
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22) [ .
25 1.00E+06 ! N_H2_0 : column density of H2 buffe / t d l’h t /
26 1.00E+06 ! N_CO_0 : column density of CO buffe Oca e /n e lnpu
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 l-——— grain properties ’
29 ! F_TGR : compute grain temperature dlrectory
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢ .
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !-——— excitation & cooling If none - BOH:ZI I Iann
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling ' ' '
39 100 ! NH2_lev : number of H2 levels incluc T
40 100 ! NH2_lines_out : maximum number of H2 1: d IStrI b Utlon at n
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
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Inputs

Main input file : input mhd.in

LK | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files

Outllne 2 example_preshock ! modele : output files radix-

— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «

E E 7 \————_shock parameters

® introduction o [z e S—— shock type
9 ! Nfluids i1, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-

0 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni e am /eS

o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1 X p

15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate .
18 1 ! F_ISRF : radiation field spectrum - - S 1 —_— |Scchorlc preshock
19 0.00E+00 ! RAD : radiation field intensity -_—
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22) - J p— —type S OC
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !———— grain properties
29 ! F_TGR : compute grain temperature _— C p— C—type ShOCk
. 30 15 ! Tgrains : initial grain temperature

31 1.00E-06 ! amin_mrn : grain MRN minimum radius |

® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
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Main input file : input mhd.in

input_mhd.in

£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .

1 !——— input files

2 example_preshock ! modele : output files radix-—

3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
7 !———— shock parameters

8 % ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 =Nftudds R

10 . 00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-

12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 n
14 1.00E+01 ' Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat
16 !———— environment

17 5.00E-17 ! Zeta : cosmic ray ionization rat
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magni
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-

23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buff
27 3.50E+00 ! vturb : turbulent velocity (km s-
28 !|———— grain properties

29 0 ! F_TGR : compute grain temperature
30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius
32 3.00E-05 ! amax_mrn : grain MRN maximum radius
33 3.50E+00 ! alph_mrn : grain MRN index—

34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling

37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels inclu
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model
43 2 ! ikinH2 : kinetic energy of H2 newl)
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels inclu
46 !———— numerical parameters

47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integra
49 9.99E+99 ! timel : shock age (years)-—

50 1.00E+06 ! duration_max : maximum shock duration
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications

54 0 ! F_W_HDF5_STD : write HDF5 standard out
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Inputs

Main input file : input mhd.in

‘o0 @ ' input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 Sl shock_type : 'C' or 'J', Isoprotonic ol

Nfluids i1, 2 ou 3~

A T magnetic field strength

: shock speed (km/s):

9
10 Il. 00E-00 :
11 . +

12 1.00E+03 DeltaVmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 nH_init : initial nH = n(H) + 2.0 ni
o aSSU | ptlons 14 1.00E+01 Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat: B nH
16 !——— environment

phySICS 17 5.00E-17 | Zeta : cosmic ray ionization rate —_— =

18 1 F_ISRF : radiation field spectrum - 1 ‘ : 1 —3
RAD : radiation field intensity ,LL Cm

|
!
19 0.00E+00 !
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85
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Inputs

Main input file : input mhd.in

[ NON ) | | input_mhd.in
#+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction ~
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 S1 ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids i1, 2 ou 3~
10 = ! Bbeta : Bfield = Bbeta * sqrt(nH) .
5 [aoteor ochr——ohock specs{iare) shock velocity (km s1)
12 . 00E+ ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !|———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 0 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !-——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85
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Inputs

Main input file : input mhd.in

[ NON ) | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 Sl shock_type : 'C' or 'J', Isoprotonic ol
9 1 Nfluids i1, 2 ou 3~
10 1.00E-00 Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 Vs_km : shock speed (km/s)-

12 +
13 1.00E+04

® assumptions T

DeltaVmin : initial Vn - Vi (cm s-1)-

i3 - njtial proton density (cm-3)

: initial gas temperature (1

15 3 op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-—
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications
54 0 ! F_W_HDF5_STD : write HDF5 standard outj
ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85
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Inputs

Main input file : input mhd.in

LK | | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 Sl ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids i1, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !———— grain properties
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 g ! ieqth : thermal Balance (1 : solve 'f' . f CO 1300
38 0 oo =i —eufnen=Neutcd—cesdng——— t
39 ! NH2_lev : number of H2 levels incluc SpeC| ICa |On O ) )
40 100 ! NH2_lines_out : maximum number of H2 1: .
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model | an d HZO COOl | n g
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters .
47 0 ! integ_type : linear (@) or logarithmic -— O — analytlcal (preShOC k)
48 30000 ! Nstep_max : maximum number of integral
49 9.99E+99 ! timel : shock age (years)-—
50 1.00E+06 ! duration_max : maximum shock duration |
51 1.00E-07 ! Eps_V : precision of computation-— .
52 1.00E+14 ! XLL : caracteristic viscous leng — 1 — LVG | 't bl
53 I-——— output specifications - COO |n a eS
54 0 ! F_W_HDF5_STD : write HDF5 standard outj

ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85 frOI I I N K 1 993 ( S h O C k)
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Inputs

Main input file : input mhd.in

[ NON ) | input_mhd.in
£+ ~/Desktop/Shock_1.1_rev122/input/input_mhd.in .
. 1 !——— input files
Outllne 2 example_preshock ! modele : output files radix-
— 3 species_2022_05.in_depl | ! specfile : species file (species list
4 chemistry_2022_05_all.in_noadso ! chemfile : chemistry file (reaction °
5 none ! h2exfile : h2x file (if none, populat
6 none ! gridfile : file containing the grid «
E E 7 !———— shock parameters
o IntrOdUCtlon 8 Sl ! shock_type : 'C' or 'J', Isoprotonic ol
9 1 ! Nfluids i1, 2 ou 3~
10 1.00E-00 ! Bbeta : Bfield = Bbeta * sqrt(nH)
11 1.00E+01 ! Vs_km : shock speed (km/s)-
12 1.00E+03 ! Deltavmin : initial Vn - Vi (cm s-1)-
. 13 1.00E+04 ! nH_init : initial nH = n(H) + 2.0 ni
o assumptlons 14 1.00E+01 ! Tn : initial gas temperature (1
15 3 ! op_H2_in : initial H2 ortho/para rat:
. 16 !———— environment
phySICS 17 5.00E-17 ! Zeta : cosmic ray ionization rate
18 1 ! F_ISRF : radiation field spectrum -
19 0.00E+00 ! RAD : radiation field intensity
20 1.00E-01 ! AvO : initial extinction (magnif
21 0 ! F_COUP_RAD : perform a full coupling w:
22 0 ! F_AV : integrate Av or not-
23 0 ! F_invAv : use grain coefficients to
24 5.34D-22 ! inv_Av_fac : AV/NH (Galaxy : 5.34D-22)
25 1.00E+06 ! N_H2_0 : column density of H2 buffe
26 1.00E+06 ! N_CO_0 : column density of CO buffe
27 3.50E+00 ! vturb : turbulent velocity (km s-:
28 !|———— grain properties
29 ! F_TGR : compute grain temperature
. 30 15 ! Tgrains : initial grain temperature
31 1.00E-06 ! amin_mrn : grain MRN minimum radius |
® SerVICeS 32 3.00E-05 ! amax_mrn : grain MRN maximum radius |
33 3.50E+00 ! alph_mrn : grain MRN index—
34 2.00E+00 ! rho_grc : grain core volumic mass (¢
35 1.00E+00 ! rho_grm : grain mantle volumic mass
36 !——— excitation & cooling
37 1 ! ieqth : thermal Balance (1 : solve
38 0 ! Cool_KN : Kaufman & Neufeld cooling
39 100 ! NH2_lev : number of H2 levels incluc
40 100 ! NH2_lines_out : maximum number of H2 1:
41 BOTH ! H_H2_flag : H-H2 collisions : DRF, MM
42 1 ! iforH2 : formation on grain model |
43 2 ! ikinH2 : kinetic energy of H2 newl
44 0 ! pumpH2 : H2 pumping by UV photons f
45 50 ! NCO_lev : number of CO levels incluc
46 !———— numerical parameters
47 0 ! integ_type : linear (@) or logarithmic
48 30000 ! Nstep_max : maximum number of integral
49 ! timel : shock age (years)- . .
50 |1.00E+06 —errertroTe e ; Maximum d at @ Of the
51 %j] ! Eps_V : precision of computation-— XI u ur | n
52 1.00E+14 ! XLL : caracteristic viscous leng
53 !———— output specifications d |
54 0 ! F_W_HDF5_STD : write HDF5 standard outj I I IO e
ERSICH28 (none) . Unicode (UTF-8). Unix (LF). of Saved: 18/05/2022 14:54:42 [ 8396 /790 /85
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Inputs

chemical files : species ...in

[ NON ) | species_2022_05.in
#+ ~/Desktop/Shock_1.1_rev122/input/species_2022_05.in .
0 1 !———— list of chemical species -—- Steady state at T = 19.24 K
Outllne 2 l——nH =  30.00 cm-3 ————————
el el 2 D e 3 le—— Av = 3.00 mag ———————————=
4 !——— RAD = 1.0 ————————————
5 !——— N_H2_0 = 3.000E+21 cm=-2 ———-
6 !-——— N_CO_0 = 0.000E+00 cm-2 ———-
. . 7 !-—— WARNING : order = neutrals, species on mantles, ions >0, ions <@ ———————————
8 !———— name, compo, initial density (n/nH), form enthalpy & err (kCal/mol), notes ——
* introduction g | I come vt/ > el
10 1 H 01000000000000 4.000D-01 51.633 0.000 ! AHf(OK): Active Th
11 2 H2 02000000000000 3.000D-01 0.000 0.000 ! AHf(OK): reference
12 3 He 00000010000000 1.000D-01 0.000 0.000 ! AHf(OK): reference
13 4 C 00010000000000 1.000D-20 170.028 0.011 ——> [C] = 8.27(-05) ! AHf(OK): Active Th
A 14 5 CH 01010000000000 1.000D-20 141.687 0.024 ASG ... 3.55(-04) ! AHf(@OK): Active Th
® aSS U m ptl O n S 15 6 CH2 02010000000000 1.000D-20 93.466 0.023 ! AHf(OK): Active Th
16 7 CH3 03010000000000 1.000D-20 35.819 0.014 ! AHf(OK): Active Th
- 17 8 CH4 04010000000000 1.000D-20 -15.908 0.016 ! AHf(OK): Active Th
p hyS I C S 18 9 (2 00020000000000 1.000D-20 196.052 0.062 ! AHf(OK): Active Th
19 10 C2H 01020000000000 1.000D-20 134.768 0.033 ! AHf(OK): Active Th
20 11 C2H2 02020000000000 1.000D-20 54.689 0.031 ! AHf(OK): Active Th
21 12 C3 00030000000000 1.000D-20 214.842 0.382 ! AHf(OK): Active Th
22 13 C3H 01030000000000 1.000D-20  169.909 0.263 ! AHf(OK): Active Th
23 14 C3H2 02030000000000 1.000D-20 118.798 0.110 ! AHf(OK): Active Th
24 15 0 00000100000000 3.020D-04 58.997 0.001 ——> [0] = 3.02(-04) ! AHf(@OK): Active Th
25 16 OH 01000100000000 1.000D-20 8.902 0.006 ASG ... 7.41(-04) ! AHf(@K): Active Th
26 17 H20 02000100000000 1.000D-20 -57.106 0.006 ! AHf(OK): Active Th
27 18 02 00000200000000 1.000D-20 0.000 0.000 ! AHf(0K): reference
28 19 CO 00010100000000 1.000D-20 -27.200 0.006 ! AHf(OK): Active Th
29 20 HCO 01010100000000 1.000D-20 9.893 0.023 ! AHf(OK): Active Th
30 21 H2co 02010100000000 1.000D-20 -25.186 0.023 ! AHf(OK): Active Th
31 22 CH30H 04010100000000 1.000D-20 -45.421 0.036 ! AHf(OK): Active Th
. 32 23 (02 00010200000000 1.000D-20 -93.955 0.004 ! AHf(OK): Active Th
33 24 HCO2H 02010200000000 1.000D-20 -88.697 0.053 ! AHf(OK): Active Th
® Se rVI C eS 34 25 N 00001000000000 7.940D-05 112.471 0.006 ——> [N] = 7.94(-05) ! AHf(OK): Active Th
35 26 NH 01001000000000 1.000D-20 85.741 0.041 ASG ... 9.33(-05) ! AHf(@OK): Active Th
36 27 NH2 02001000000000 1.000D-20 45,151 0.026 ! AHf(OK): Active Th
37 28 NH3 03001000000000 1.000D-20 -9.217 0.007 ! AHf(OK): Active Th
38 29 N2 00002000000000 1.000D-20 0.000 0.000 ! AHf(0K): reference
39 30 CN 00011000000000 1.000D-20 104.386 0.033 ! AHf(OK): Active Th
40 31 HCN 01011000000000 1.000D-20 30.990 0.022 ! AHf(OK): Active Th
41 32 HNC 01011000000000 1.000D-20 45.860 0.086 ! AHf(OK): Active Th
42 33 NO 00001100000000 1.000D-20 21.658 0.016 ! AHf(OK): Active Th
43 34 S 00000000010000 1.000D-20 65.710 0.036 ASG ... 1.86(-05) ! AHf(OK): NIST sear
44 35 SH 01000000010000 1.000D-20 33.450 unkwn ! AHf(OK): NIST sear
45 36 H2S 02000000010000 1.000D-20 -4.220 0.120 ! AHf(OK): NIST sear
46 37 CS 00010000010000 1.000D-20 65.300 unkwn ! AHf(OK): NIST sear
47 38 SO 00000100010000 1.000D-20 1.200 unkwn ! AHf(OK): NIST sear
48 39 S02 00000200010000 1.000D-20 -70.340 unkwn ! AHf(OK): NIST sear
49 40 0CS 00010100010000 1.000D-20 —-33.900 unkwn ! AHf(OK): NIST sear
50 41 Si 00000000001000 1.000D-20 106.520 unkwn ASG ... 3.55(-@05) ! AHf(@OK): NIST sear
51 42 SiH 01000000001000 1.000D-20 87.700 unkwn ! AHf(OK): NIST sear
52 43 SiH2 02000000001000 1.000D-20 65.730 unkwn ! AHf(OK): NIST sear
53 44 SiH3 03000000001000 1.000D-20 49,240 unkwn ! AHf(@K): NIST sear
54 45 SiH4 04000000001000 1.000D-20 10.500 unkwn ! AHf(OK): NIST sear
L:1C:1 (none) . Unicode (UTF-8) . Unix (LF). of  Saved: 05/05/2022 11:35:02 [j 26 332/3309/150 100% -
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Inputs

chemical files : species ...in

[ NON ) | | species_2022_05.in
#+ ~/Desktop/Shock_1.1_rev122/input/species_2022_05.in .
0 1 !———— list of chemical species —-—- Steady state at T = 19.24 K
Outllne 2 l——nH =  30.00 cm-3 ————————
== DL T 3 l——— Av = 3.0 mag —————————
4 l-——— RAD = 1.00 —————————————
5 !———— N_H2_0 = 3.000E+21 cm=-2 ———
6 I-———— N_C0O_@ = ©.000E+00 cn-2 ———- he ader
7 !———— WARNING : order = neutrals, species on mantles, ions >0, ions <@ ————————————-
8 !———— name, compo, initial density (n/nH), form enthalpy & err (kCal/mol), notes ——-

¢ introduction

9 !

10 1 H 01000000000000 4.000D-01 51.633 0.000 ! AHf(OK): Active Th
11 2 H2 02000000000000 3.000D-01 0.000 0.000 ! AHf(OK): reference . .
12 3 He 00000010000000 1.000D-01 0.000 0.000 ! AHf(OK): reference | t f
13 4 C 00010000000000 1.000D-20 170.028 0.011 ——> [C] = 8.27(-05) ! AHf(OK): Active Th IS O SpeCIeS
A 14 5 CH 01010000000000 1.000D-20 141.687 0.024 ASG ... 3.55(-04) ! AHf(OK): Active Th
. aSS u m ptl On S 15 6 CH2 02010000000000 1.000D-20 93.466 0.023 ! AHf(OK): Active Th
16 7 CH3 03010000000000 1.000D-20 35.819 0.014 ! AHf(OK): Active Th
h SiCS 17 8 CH4 04010000000000 1.000D-20 -15.908 0.016 ! AHf(OK): Active Th
18 9 (2 00020000000000 1.000D-20 196.052 0.062 ! AHf(OK): Active Th AdLp
p y 19 10 C2H 01020000000000 1.000D-20 134.768 0.033 ! AHf(OK): Active Th elemental COm posrtlons
20 11 C2H2 02020000000000 1.000D-20 54.689 0.031 ! AHf(OK): Active Th
21 12 C3 00030000000000 1.000D-20 214.842 0.382 ! AHf(OK): Active Th
22 13 C3H 01030000000000 1.000D-20 169.909 0.263 ! AHf(QK): Active Th
23 14 C3H2 02030000000000 1.000D-20 118.798 0.110 ! AHf(OK): Active Th
24 15 0 00000100000000 3.020D-04 58.997 0.001 -—> [0] = 3.02(-04) ! AHf(OK): Active Th . o
25 16 OH 01000100000000 1.000D-20 8.902 0.006 ASG ... 7.41(-04) ! AHf(OK): Active Th I n Itlal ab u n d an CeS
26 17 H20 02000100000000 1.000D-20 -57.106 0.006 ! AHf(QK): Active Th
27 18 02 00000200000000 1.000D-20 0.000 0.000 ! AHf(OK): reference
28 19 CO 00010100000000 1.000D-20 -27.200 0.006 ! AHf(QK): Active Th
29 20 HCO 01010100000000 1.000D-20 9.893 0.023 ! AHf(OK): Active Th .
30 21 H2C0 02010100000000 1.000D-20 -25.186 0.023 ! AHf(OK): Active Th
31 22 CH30H 04010100000000 1.000D-20 -45.421 0.036 ! AHf(OK): Active Th enthal p|eS / errors
. 32 23 (€02 00010200000000 1.000D-20 -93.955 0.004 ! AHf(OK): Active Th
33 24 HCO2H 02010200000000 1.000D-20 -88.697 0.053 ! AHf(OK): Active Th
. SerVICeS 34 25 N 00001000000000 7.940D-05 112.471 0.006 —> [N] = 7.94(-05) ! AHf(OK): Active Th
35 26 NH 01001000000000 1.000D-20 85.741 0.041 ASG ... 9.33(-05) ! AHf(@OK): Active Th
36 27 NH2 02001000000000 1.000D-20 45,151 0.026 ! AHf(OK): Active Th t & f
37 28 NH3 03001000000000 1.000D-20 -9.217 0.007 ! AHf(OK): Active Th Com me n S re e re n Ces
38 29 N2 00002000000000 1.000D-20 0.000 0.000 ! AHf(OK): reference
39 30 CN 00011000000000 1.000D-20 104.386 0.033 ! AHf(OK): Active Th
40 31 HCN 01011000000000 1.000D-20 30.990 0.022 ! AHf(OK): Active Th
41 32 HNC 01011000000000 1.000D-20 45,860 0.086 ! AHf(QK): Active Th
42 33 NO 00001100000000 1.000D-20 21.658 0.016 ! AHf(OK): Active Th
43 34 S 00000000010000 1.000D-20 65.710 0.036 ASG ... 1.86(-05) ! AHf(@OK): NIST sear
44 35 SH 01000000010000 1.000D-20 33.450 unkwn ! AHf(OK): NIST sear
45 36 H2S 02000000010000 1.000D-20 -4.220 0.120 ! AHf(OK): NIST sear
46 37 CS 00010000010000 1.000D-20 65.300 unkwn ! AHf(OK): NIST sear
47 38 SO 00000100010000 1.000D-20 1.200 unkwn ! AHf(OK): NIST sear
48 39 S02 00000200010000 1.000D-20 -70.340 unkwn ! AHf(OK): NIST sear
49 40 0CS 00010100010000 1.000D-20 -33.900 unkwn ! AHf(OK): NIST sear
50 41 Si 00000000001000 1.000D-20 106.520 unkwn ASG ... 3.55(-@05) ! AHf(@OK): NIST sear
51 42 SiH 01000000001000 1.000D-20 87.700 unkwn ! AHf(OK): NIST sear
52 43 SiH2 02000000001000 1.000D-20 65.730 unkwn ! AHf(OK): NIST sear
53 44 SiH3 03000000001000 1.000D-20 49,240 unkwn ! AHf(OK): NIST sear
54 45 SiH4 04000000001000 1.000D-20 10.500 unkwn ! AHf(OK): NIST sear
L:1C:1 (none) . Unicode (UTF-8) . Unix (LF). of  Saved: 05/05/2022 11:35:02 [j 26 332/3309/150 100% -
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chemical files :

chemistry ..all.in

[ NON | | chemistry_2022_05_all.in_noadso Not registe
¥+ ~/Desktop/Shock_1.1_rev122/input/chemistry_2022_05_all.in_noadso . . B[
102 ! 1=
103 !date R1 R2 P1 P2 P3 P4 gamma alpha beta type file ! commen
104 ! 1=
105 -
106
107 direct cosmic ray ionizations and dissociations
108
109 -
110 <2013 H CRP H+ ELECTR 4.60E-01 0.00 0.0 30 ! Prasad
111 <2013 H2 CRP H+ H ELECTR 4.00E-02 0.00 0.0 30 ! Prasad
112 21-05 H2 CRP H H 1.00E-01 0.00 0.0 30 ! KIDA (
113 <2013 H2 CRP H2+ ELECTR 9.60E-01 0.00 0.0 30 ! Prasad
114 <2013 He CRP He+ ELECTR 5.00E-01 0.00 0.0 30 ! Prasad
115 <2013 C CRP C+ ELECTR 1.80E+00 0.00 0.0 30 ! Prasad
116 <2013 0 CRP 0+ ELECTR 2.80E+00 0.00 0.0 30 ! Prasad
117 21-05 CO0 CRP Co+ ELECTR 3.00E+00 0.00 0.0 30 ! KIDA (
118 21-05 CO0 CRP C 0 5.00E+00 0.00 0.0 30 ! KIDA (
119 <2013 N CRP N+ ELECTR 2.10E+00 0.00 0.0 30 ! Prasad
120 21-05 S CRP S+ ELECTR 2.80E+00 0.00 0.0 30 ! same a
121 21-05 Si CRP Si+ ELECTR 1.80E+00 0.00 0.0 30 ! same a
122 21-05 Mg CRP Mg+ ELECTR 1.00E+00 0.00 0.0 30 ! arbitr
123 21-05 Fe CRP Fe+ ELECTR 1.00E+00 0.00 0.0 30 ! arbitr
124 -
125
126 secondary photon ionizations
127
128 -
129 21-05 H SECPHO H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
130 21-05 H2 SECPHO H2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
131 21-05 He SECPHO He+ ELECTR 0.00E-00 0.00 0.0 30 ! not fo
132 19-03 C SECPHO C+ ELECTR 2.60E+02 0.00 0.0 30 ! Heays
133 19-03 CH SECPHO CH+ ELECTR 5.80E+02 0.00 0.0 30 ! Heays
134 21-05 CH2 SECPHO CH2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
135 19-03 CH3 SECPHO CH3+ ELECTR 3.80E+02 0.00 0.0 30 ! Heays
136 19-03 CH4 SECPHO CH4+ ELECTR 2.20E+01 0.00 0.0 30 ! Heays
137 19-03 (2 SECPHO (C2+ ELECTR 2.50E+02 0.00 0.0 30 ! Heays
138 21-05 C2H SECPHO C2H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
139 19-03 C2H2 SECPHO C2H2+  ELECTR 3.80E+02 0.00 0.0 30 ! Heays
140 21-05 C3 SECPHO (C3+ ELECTR 8.90E+01 0.00 0.0 30 ! Heays
141 21-05 C3H SECPHO C3H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
142 21-05 C3H2 SECPHO C3H2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
143 21-05 0 SECPHO 0+ ELECTR 2.70E+00 0.00 0.0 30 ! Heays
144 21-05 OH SECPHO OH+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
145 19-03 H20 SECPHO H20+ ELECTR 2.30E+01 0.00 0.0 30 ! Heays
146 19-03 02 SECPHO 02+ ELECTR 2.80E+01 0.00 0.0 30 ! Heays
147 19-03 CO SECPHO CO+ ELECTR 1.40E+01 0.00 0.0 30 ! Heays
148 21-05 HCO SECPHO HCO+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
149 19-03 H2CO0 SECPHO H2C0+  ELECTR 2.90E+02 0.00 0.0 30 ! Heays
150 19-03 CH30H SECPHO CH30H+ ELECTR 2.40E+02 0.00 0.0 30 ! Heays
151 21-05 N SECPHO N+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
152 19-03 NH SECPHO NH+ ELECTR 7.10E+00 0.00 0.0 30 ! Heays
153 19-03 NH2 SECPHO NH2+ ELECTR 1.40E+02 0.00 0.0 30 ! Heays
154 19-03 NH3 SECPHO NH3+ ELECTR 2.20E+02 0.00 0.0 30 ! Heays
155 21-05 N2 SECPHO N2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
L:1C:1 (none) . Unicode (UTF-8) . Unix (LF). ®f Saved: 05/05/2022 11:42:06 [ 541452/69733/2883 100% -
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Inputs

chemical files : chemistry ..all.in

[ BON ) | chemistry_2022_05_all.in_noadso Not registe
£+ ~/Desktop/Shock_1.1_rev122/input/chemistry_2022_05_all.in_noadso . . B[
102 ! 1=
O u_tl i n e 103 !date R1 R2 P1 P2 P3 P4 gamma alpha beta type file ! commen
104 ! 1=
S 105 =
106
107 direct cosmic ray ionizations and dissociations
headers
. . 109 =
() t d t 110 <2013 H CRP H+ ELECTR 4.60E-01 0.00 0.0 30 ! Prasad
I n rO u C IO n 111 <2013 H2 CRP H+ H ELECTR 4.00E-02 0.00 0.0 30 ! Prasad
112 21-05 H2 CRP H H 1.00E-01 0.00 0.0 30 ! KIDA (
113 <2013 H2 CRP H2+ ELECTR 9.60E-01 0.00 0.0 30 ! Prasad e .
114 <2013 He CRP He+ ELECTR 5.00E-01 0.00 0.0 30 ! Prasad I ' I d f t d t
. 115 <2013 C CRP C+ ELECTR 1.80E+00 0.00 0.0 30 ! Prasad O I I C a I O n a e
() m ‘I: 116 <2013 0 CRP 0+ ELECTR 2.80E+00 0.00 0.0 30 ! Prasad
aS S u I O n S 117 21-05 CO CRP Co+ ELECTR 3.00E+00 0.00 0.0 30 ! KIDA (
. 118 21-05 CO CRP C 0 5.00E+00 0.00 0.0 30 ! KIDA (
p h yS I C S 119 <2013 N CRP N+ ELECTR 2.10E+00 0.00 0.0 30 ! Prasad . .
120 21-05 S CRP S+ ELECTR 2.80E+00 0.00 0.0 30 ! same a | 'I: f ‘t
121 21-05 Si CRP Si+ ELECTR 1.80E+00 0.00 0.0 30 ! same a I S O reaC I O n S
122 21-05 Mg CRP Mg+ ELECTR 1.00E+00 0.00 0.0 30 ! arbitr
123 21-05 Fe CRP Fe+ ELECTR 1.00E+00 0.00 0.0 30 ! arbitr
124 =
125
126 secondary photon ionizations 't 'I:
127 rate paramelters
128 =
129 21-05 H SECPHO H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
130 21-05 H2 SECPHO H2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
131 21-05 He SECPHO He+ ELECTR 0.00E-00 0.00 0.0 30 ! not fo
132 19-03 C SECPHO C+ ELECTR 2.60E+02 0.00 0.0 30 ! Heays ' ' ' I ' | t & f
133 19-03 CH SECPHO CH+ ELECTR 5.80E+02 0.00 0.0 30 ! Heays C O e n S re e re n C e S
. 134 21-05 CH2 SECPHO CH2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
® Services 135  19-03 CH3  SECPHO CH3+  ELECTR 3.80E+02 0.00 0.0 30 ! Heays
136 19-03 CH4 SECPHO CH4+ ELECTR 2.20E+01 0.00 0.0 30 ! Heays
137 19-03 C2 SECPHO C2+ ELECTR 2.50E+02 0.00 0.0 30 ! Heays
138 21-05 C2H SECPHO C2H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
139 19-03 C2H2 SECPHO C2H2+  ELECTR 3.80E+02 0.00 0.0 30 ! Heays
140 21-05 C3 SECPHO C3+ ELECTR 8.90E+01 0.00 0.0 30 ! Heays
141 21-05 C3H SECPHO C3H+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
142 21-05 C3H2 SECPHO C3H2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
143 21-05 0 SECPHO 0O+ ELECTR 2.70E+00 0.00 0.0 30 ! Heays
144 21-05 OH SECPHO OH+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
145 19-03 H20 SECPHO H20+ ELECTR 2.30E+01 0.00 0.0 30 ! Heays
146 19-03 02 SECPHO 02+ ELECTR 2.80E+01 0.00 0.0 30 ! Heays
147 19-03 CO SECPHO CO+ ELECTR 1.40E+01 0.00 0.0 30 ! Heays
148 21-05 HCO SECPHO HCO+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
149 19-03 H2CO0 SECPHO H2CO0+ ELECTR 2.90E+02 0.00 0.0 30 ! Heays
150 19-03 CH30H SECPHO CH30H+ ELECTR 2.40E+02 0.00 0.0 30 ! Heays
151 21-05 N SECPHO N+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
152 19-03 NH SECPHO NH+ ELECTR 7.10E+00 0.00 0.0 30 ! Heays
153 19-03 NH2 SECPHO NH2+ ELECTR 1.40E+02 0.00 0.0 30 ! Heays
154 19-03 NH3 SECPHO NH3+ ELECTR 2.20E+02 0.00 0.0 30 ! Heays
155 21-05 N2 SECPHO N2+ ELECTR 0.00E-00 0.00 0.0 30 ! Heays
L:1C:1 (none) . Unicode (UTF-8) . Unix (LF). ®f Saved: 05/05/2022 11:42:06 [ 541452/69733/2883 100% -
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Advices to run models

1. never modity the file input mhd.in

create a new input file with understandable name
€.9. input pshk nip3 rip0 z5ml7.in
. /mhd vode input/input pshk nlp3 rip0 zlml7.1in

2. use the same terminology for output directory
€.g. pshk nip3 rip0 z5ml7

Interstellar Shock School
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outputs and plot routines

)

V

J W IJIJ I Y

V

)

)

| pshk nlp3 rlp0 z5ml7

energetics.out _—
pshk .. c.hdfo —_—
pshk .. s.hdf>5 —
H2 lev.out —
hZ2levels.out —
info mhd.out S
intensity.out —_—

mhd coldens.out ——

mhd phys.out —
mhd speci.out —
specilies.out —_—

thermal balance.out —

Interstellar Shock School

local energy fluxes

for chemistry analyser tool
for IDAT tool

local abundances of Hz lev
final abundances of Hz lev
information on the run
ines intensities

column density profiles
local physical variables
local species abundances
final species abundances

heating / cooling rates
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outputs and plot routines

. python plot

| mono panel —  single panel plot routines
| mult panel ——  multi panels plot routines
D README . txt — notice to use the routines

o Qo 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

o simple routines for beginners
33 scripts available
iInteractive plot or pdf files

change main axis and range

Interstellar Shock School
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outputs and plot routines

Advices to run models

1. never modity the file input mhd.in

create a new input file with understandable name
€.9. input pshk nip3 rip0 z5ml7.in
. /mhd vode input/input pshk nlp3 rip0 zlml7.1in

2. use the same terminology for output directory

€.g. pshk nip3 rip0 z5ml7

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 nip3 rlp0 z5ml7/species.out

input/species pshk nlp3 rlp0 z5ml7.in

Interstellar Shock School
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Grid of models

o accessible online through the ISM database ISMDB
o contains 4538 models (~14000 models « soon »)

Outline
102cm3 <ny <108 cm3 0.1<b<10

e introduction 10-177 s1 < &p < 10715 s 2 kms1<Vs<90km s

0< Go< 103 x(PAH) = 108

® assumptions
physics

000 < |>| @ @ ism.obspm.fr @ (4] ] ) |T

® user guide —
o ervices CODES TOOLS TECHNOLOGIES PARTNERS REGISTRATION
first steps |

PDR Code DustEM Shock Galactica

The Meudon PDR Code Dust Emission Paris-Durham Schock model MHD simulations data base

The ISM Platform gathers numerical services to prepare and interpret observations of the interstellar medium and of astrophysical jets. It provides access to several
state-of-the-art numerical codes, databases of pre-computed numerical simulations and tools to analyze the results. These services are developed and maintained by
scientists and software engineers of Paris Observatory / Paris Astronomical Data Center, IAS / IDOC, IRAP / GSO Data Center and at CEA. They are developed in the
context of the Virtual Observatory and are part of the national “services d’observation” recognized by INSU/CNRS to support research in astrophysics.

Interstellar Shock School



Tools

Extraction and analysis tools

Ouiline o IDAT (works with the ... s.hdf5 files)
e introduction build for all the models of the ISM platform
_ can be used in interactive mode or in command line
: assumptlons allows to build your own ascii files
physics . .
allows to make interactive plots
® User guide works within ISMDB

first steps

o chemistry analyser (works with the ... c.hd£5 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

Interstellar Shock School
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Postprocessing

observer

LVG postprocessing tool
(not available yet)

ey

Interstellar Shock School

background or not
(extended or not)




Postprocessing

| postprocess.in Not registered
< > | slab%pop ( Done )
| ¥ ~/Travail/Codes-Chimie/Shock_svn/LVG_postprocess/postprocess.in . . E. 5

1 /Users/godard/Travail/Codes—-Chimie/Shock_svn/1.1/AnalysisTools/extractor/ ! pat

2 /Users/godard/Travail/Codes—Chimie/Shock_svn/grid_results_paper2020/shock/hdf5/ ! pat

3 mhd_nlp4rlp3z1plqlm6vlp@plblp® pumpl_s ! hdf

4 H2 ! spe

. 5 50 ! num

Out“ne 6  2.00E-00 ! tur

—_— 7 0.0 ! ang
8
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® assumptions
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® user guide \ v /

first steps
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Postprocessing

signature of a single shock

—h

ol
—_
w

n oo DT L L
Outline CH+: 4000 lines

¢ introduction
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physics

—h
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® user guide
first steps
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Intensity (erg cm™@ s Hz ' sr)

10-17 L L L L i
10" 10° 10’ 10° 10° 10*
wavelength (um)
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Postprocessing

signature of a combination of shocks

0.02F

0.00F

1000 shocks
CH+(1-0) line

| | | |
—-2000 -1500 -1000 -500 O 500

Interstellar Shock School

Velocity (km/s)
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1000 1500 2000




Qutline
¢ introduction

® assumptions
physics

® user guide
first steps

Postprocessing

In progress

o test known scenarios
o distribution of structures
o iImplement MALI RT

o Increase database
done: H, Ho, CO, CH+, SiO

Pending

o Include instrument properties
o build an interactive tool

Interstellar Shock School
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CONCLUSIONS
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In a nutshell

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)
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