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1.1  Preliminaries 

ADAS has restricted interest to diatomic molecules only.    

There are two primary motivations: 
 
 (a) analysis of observations of band spectral features 
      at visible wavelengths, which discriminate 
      isotopomers,  temperatures (Tr & Tv) and clarify 
      sources.   
 (b) Collisional-radiative modelling of H2 isotopomers 
      for plasma models and quantitative spectroscopy 
      in the visible and UV. 

For the former, ADAS models rovibrational band 
wavelengths between electronic states, with 
assumptions of upper emitting state populations. 

For the latter, ADAS has developed a vibronic 
collisional radiative model for the H2 system.  
This model can provide upper state population 
information for quantitative/calibrated 
spectroscopy of hydrogen molecular emission.  

Green band of BeD 
observed at JET 

Fulcher spectrum of 
D2 observed at JET.   

Careful comparison with ADAS 
rovibrational models indicate a weak 
HD contribution to the primary D2 
spectrum. 



1.2  Fundamental molecular constants and data 

Following the ADAS practice for atoms and ions, a number of data 
formats have been introduced for the molecular problem.  They 
are called molecular data formats (such as mdf00). These fall into 
the two categories of fundamental data and derived (collisional-
radiative) data.  

We have tried as far as possible to follow the data format 
numbering of the atomic case.  Thus mdf00, mdf01, mdf02 and 
mdf04 are fundamental data collections.  mdf04 is a specific 
molecular system file which, as for its atomic counterpart, can 
support a collisional-radiative (vibronic) model. 

In magnetic confinement fusion research, it is necessary to work 
with various isotopic combinations, such as H2, D2, T2, HD, HT and 
DT.  It is assumed that the electronic states and their electronic 
transitions are independent of the nuclear masses.  The vibrational 
and rotational sub-states do reflect the specific isotopic masses.   

In practical terms, molecular studies must focus on molecular 
systems.  Thus the D2 system includes D2, D2

+, D, D+ (and in principle 
D3 and D3

+) and these must be treated together in collisional - 
radiative modelling. For example, the direct formation of D(n=3) by 
molecular dissociation is an important parameter. 

Molecular constants: 
 
mdf00: enu sub-directories by isotopomer – separate 
                       datasets of vibrational substate energies 
                       for each electronic state.    
            pot  separate datasets of electronic potential  
                       curve for each electronic state.  
            dip  separate datasets of electronic dipole  
                       curve for each electronic state.  
            aval sub-directories by isotopomer – separate 
                       datasets of vibrationally resolved A-values 
                       for each electronic state pair. 
            fcf   sub-directories by isotopomer – separate 
                       datasets of vibrationally resolved Franck- 
                       Condon factors for each electronic state 
                       pair. 
 
 
mdf01:  nist sub-directories by isotopomer -  extract of 
                        NIST molecular constant table for selected 
                        electronic states. 
             behr sub-directories by isotopomer -  driver 
                         parameter file for ADAS908 rovibrational 
                         spectral analysis - relevant electronic and 
                         vibrational transitions.  
             pickett sub-directories by isotopomer -  driver 
                         parameter file for ADAS908 rovibrational 
                         spectral analysis - relevant electronic and 
                        vibrational transitions. 



2.1  Electron impact processes with the H2 molecule 

Excitation: 

vibrationally unresolved 

vibrationally resolved 

vibrational via e- attachment 

dissociative 

The electron collision processes with the H2 molecular system has been studied for many years and compilations of 
reaction cross-sections assembled.  A major revision has taken place by Janev, Reiter and Guzman linked to the 
ADAS-EU project to put these data in a form suitable for ADAS collisional-radiative modelling.   

Fundamental data in ADAS data formats are archived as preferred numerical tabulations, with specified asymptotic 
behaviour. In the molecular collision area, algebraic forms are often used (in certain cases multiple forms) with some 
lack of clarity in preferment.  The ADAS database seeks to correct this.   

The ADAS impact process molecular data format is mdf02 and it has been designed to have both numerical values 
and the parameters of the formulaic representation (if available) of each transition. 

The primary dataset for electron impact with H2 is mdf02/fg13_h2#e.dat. The groups of processes are summarised below. 

Ionisation: vibrationally resolved 

vibrationally unresolved 

dissociative 

autoionisation 



2.2  Electron impact processes with the H2 molecule (contd.) 

Dissociation: 
(excluding  
above) 

vibrationally unresolved 

vibrationally resolved 

diss. e- attachment via H2
-(X) and H- production 

Recombination: vibrationally resolved inverse CX 

vibrationally unresolved inverse CX 

dissociative recombination 

diss. e- attachment via H2
-(B) and H- production 

diss. e- attachment 

Charge exchange: vibrationally resolved direct CX 
vibrationally unresolved direct CX 

dissociative CX 

transfer ionisation 

There is a corresponding dataset for H+ impact processes with H2 called mdf02/fg13_h2#p.dat  



2.3  H2 system excitation data of format mdf02 

species list with 
characterisations 

process list with 
descriptions 

system 

electronic 
level list 



2.4  Transition data and the ADAS901 processing screen 

transition data 

It is helpful to be able to interrogate mdf02 
data and graph the collision data. 

The interactive ADAS code ADAS901 
provides this facility.  A numerical tabulation 
at the user’s choice of range may also be 
returned. 

The processing screen is shown on the right.    

codes and 
information 

Te or energy range transition 
state 

details  rate coefft. or xsect. 

fit form parameters 

details of 
selected 
transition 

process type 
selector 
transition 



2.5  Text and graphical output from ADAS901 

output 
graph 

The familiar outputs are available on 
the output screen of ADAS901. 

output 
tabulation 



3.1  H2 vibronic collisional-radiative 

The ADAS codes ADAS903 and ADAS904 operate 
in sequence.  From mdf02, ADAS903 converts 
cross-sections to rate coefficients.  It prepares an 
intermediate dataset of format mdf33 structurally 
similar to mdf02.  

ADAS904 gathers the level list and reaction data 
from mdf33 and includes A-values and vibrational  
energies from mdf00 to prepare the vibrationally- 
resolved specific molecule file mdf04. 

Formally, mdf04 is similar to adf04.  It is sufficient 
to support a vibronic population calculation. 

ADAS905 executes the vibronic collisional-radiative 
model for the population solution.  It generates the 
generalised collisional-radiative coefficients of 
format mdf11 which couple metastable states of 
species together and the associated emissivity 
coefficients mdf15. These names parallel the adf11 
and adf15 formats for atoms and ions. 



3.2  H2 generalised collisional-radiative algebra 

MQCD 

MACD 
MCXIACD 

MSCD 

MCXCD 

PDCD 
PADCD 

The generalised collisional matrix 
reductions follow broadly the same 
path as for atoms and ions.  But 
there are some new coefficients 

New dissociative coefficients. 

The prefix M is used for the molecular 
generalised collisional-radiative 
coefficients. 

New charge exchange ionisation 
coefficient 

New inverse charge exchange 
recombination coefficient 

PDSCD 

PADSCD 



3.3  H2 ground state vibrational population structure 

The set of generalised collisional-radiative 
coefficients is therefore much larger for the 
molecular case.  This can be a bit overwhelming 
for basic studies, so the  coefficients are often 
summed and averaged over the vibrational sub-
states of the ground electronic state.   

In the H2 system, all the vibrational states of the 
ground electronic state H2 (X 1Sg

+) are 
metastable, since they cannot radiate to the 
lowest vibrational state.    

The figures to the right show the vibrational sub-
state populations of the ground state in 
equilibrium.   

The vibrational states of the excited electronic 
states are not metastable.  They are ordinary 
states in the generalised collisional-radiative 
description. 



3.3  H2 collisional-radiative coefficients 

Dissociation coefficient PDCD for the 
effective dissociation pathway: 

 H2 (X 1Σg
+) H + H(H+) 

Ionisation coefficient MSCD for the 
 pathway : 

H2 (X 1Σg
+)  H2

+ (X 2Σg
+) +e 

The coefficients shown here have been summed over the ground 
vibrational  substates.  In the most consistent practice the separate 
vibrational sub-states of the H2 (X 1Sg

+) ground electronic state are 
all metastable and should be explicit. 



4.1  Spectral analysis using ADAS908 

Practical spectral analysis for complex molecular 
rovibrational spectra often proceeds by comparison 
and matching of theoretical and experimental spectra 
over wavelength intervals. 

If a convincing match can be obtained, then the 
variation of relative intensities as a function of 
effective rotational and vibrational temperatures can 
be exploited.   

ADAS908 is provided to assist in such investigation.  
It can work with several spectra (experimental and 
theoretical) simultaneously.  Control values 
appropriate to the experimental spectra and to the 
theoretical spectra and to the display can be adjusted 
giving substantial flexibility. 



4.2  Some theoretical issues 

The usual parametric expansion of a rovibrational level energy is written as: 

where the rotational parameters may have the supplementary expansions: 

If there is no upper electronic state vibrational sub-population collisional-radiative model, then upward 
projection of the ground and/or metastable thermal vibrational distributions is assumed according to 
Franck-Condon factors. This can be handled by adjusting        values and populations as   

which most conveniently is presented as a modified rotational temperature 



4.3  The mdf01/behr driver for H2 

The mdf01/behr drivers have been 
specially tuned to the H2 molecular 
case.   

The nuclear spin specification is 
required for homonuclear systems 
so that the intensity alternation  of 
successive rotational transitions 
may be correctly determined. 

Specific rotational parameters for 
vibrational substates support the 
high wavelength precision needed 
for H2 rovibrational identification.   



4.4  The mdf01/pickett driver for BeD 

The method is best suited to diatomics with 
heavier nuclei than H2 for which vibrational 
and rotational energy separation is better. 

Examination and selection of parameters 
was carried out by Duxbury for JET 
experiments.  ADAS has such special data 
for CH, CD, C2, BeH, BeD and BeT. 

The capabilities of the Pickett package are 
very large, but expert knowledge is required 
for full utilisation.  The ADAS  mdf01/pickett 
database will be extended as needed. 

BeD (A 2Π – X 2Σ) 
 simulation 

 



4.5  ADAS908 plot and analyse window 

The processing window of 
ADAS908 adjusts according 
to the number of spectra 
being handled.  

Refreshing, re-evaluates the 
spectra by repixellation or by 
model re-computation 
according the parameters 
modified.   

selected  
experimental  

spectra 

Selected 
theoretical  

spectra from 
model calculation 

model 
parameters 

refresh x-y shifting, scaling, 
resolutions and colour 

manipulation 



5.1  Conclusions 

•  A revision and update of the reaction process for the H2 molecular system has been carried out and 
assembled in a new ADAS molecular data format mdf02. 
 

• Supplementary molecular vibrational energy levels, A-values, Franck-Condon factors and other 
fundamental data have been assembled in molecular data format mdf00.  
 

• A code machinery has been set up in ADAS series ADAS9xx to prepare the specific molecule dataset of 
format mdf04. 
 

• A generalised collisional-radiative model of the H2 system in vibronic resolution has been implemented 
called ADAS905. 
 

• The rovibrational relative spectral prediction of diatomic band structure has been set based on two 
models the Behringer model and the Pickett model suited to the H2 system and non-homogenous 
diatomics respectively.  These use driver datasets of molecular data format mdf01.  
 

• A code ADAS908 has been set up for comparative assessment of experimental diatomic spectra and 
theoretical spectra created with mdf01/behr and mdf01/pickett drivers. 
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