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Outline 
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ADAS is a set of computer codes and a reaction database oriented to the needs of 
magnetic confined fusion and astrophysics research.  
 

Effective coefficients, characterizing finite density conditions, are required for modelling 
and diagnostic interpretation. Collections of fundamental, individual process data, are 
needed to produce the derived, effective data. 
 

OPEN-ADAS is the pathway for ADAS data and support software to be made publicly 
available and is an agreed and shared project between ADAS and IAEA. 

• New data in ADAS 
o Radiated power with optimized choice of configurations. 
o Iso-nuclear sets of excitation data 
o Iso-nuclear dielectronic and radiative recombination data for tungsten 
o New adf15 data (photon emissivities) 

• New codes in ADAS 
o Lifting our baseline quality 

o Extend population models – non-Maxwellian, mono-energetic 
• Proposed data for ADAS and OPEN-ADAS 

o Ion impact in a new adf06 specification 
 



New data – since 2015 DCN meeting 
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• ~3000 new datasets. 
• Mostly tungsten data – adf04 (excitation), adf09 (DR) and adf48 (RR) 
• New Al-like iso-electronic adf09 (Sh. A. Abdel-Naby et al, Astron. & 

Astrophys., A40, p537 (2012). This may be the last of the fully level-
resolved adf09 data. Tungsten is archived in a more compact fashion. 

• Update of iron adf04 files, Fe2+, Fe8+, Fe12+ 
• Balmer and Paschen series Hydrogen adf15 (PEC) files. 
• New adf15 files for Ca19+, Ni27+, O2+ 
• New Lithium CX data (adf01, adf12) to support liquid metal first wall 

studies. 
 

• Molecular data for H2 added to ADAS in support of (mothballed) 
diatomic population model. OPEN-ADAS availability not currently under 
consideration since the data is a mix of numerical and fits. 
 



OPEN-ADAS: http://open.adas.ac.uk 
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• Fundamental data 
• Derived data for modelling 

and diagnostics 



Tungsten DR Project 
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Aim is to generate nl-resolved (and total) DR rates for all ionisation 
stages of tungsten using AUTOSTRUCTURE 



Tungsten DR Project 
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• The next row is complete and being readied for submission. 
• Data for Xe and Sn has been produced and will also be archived in ADAS and OPEN-ADAS  



Optimizing the radiated power 
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• At the 23rd DCN we outlined a method to develop rule-based methods to optimize 
the total radiated power. 

• Complementary to the one-method, self-consistent, approach. 



Optimizing the radiated power 
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• Data from Cowan code with AS supplementation for spin-changing and higher 
multipole transition probabilities 

It’s one (important) part of the story – but we need DR and 
neutral (I-IV) before we can endorse a complete solution suitable 
for modelling tungsten 



Optimizing the radiated power 
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• One outcome is a set of adf04 excitation data in collision strength and effective 
collision strength forms. 

• These can be applied to spectral problems 
 

• Mono-energetic ADAS population model, producing a spectral feature, 
fitted to an EBIT spectrum with ADAS feature-fitting LSQ code. 

• Goal is to apply (shifted) features to tungsten emission from tokamaks. 



Optimizing atomic structure 
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• Wish to move to AUTOSTRUCTURE 
distorted-wave as a new baseline 
quality. 

• Also can drive R-matrix. 
• Good atomic structure is essential 

for high quality derived data. 
• And is the basis for uncertainty 

estimation. 
 

• Default results could be better. 
 



Optimizing structure across iso-electronic  
and iso-nuclear sequences 
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• AUTOSTRUCTURE uses a Thomas-Fermi potential. 
• Individual orbitals can be scaled to improve results. 
• But what is improvement?  
 



Optimizing structure across iso-electronic  
and iso-nuclear sequences 
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• Start with configurations identified in power optimization. 
• Include equivalent electron complex. 
• Use AS minimization selectively locking orbitals as we move along sequences 
• Construct a smooth surface of scaling parameters. 
 



Ionizations per photon 
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• Influx studies of tungsten (and Cr and Mo) for first wall. 
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Ionizations per photon 
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• Argon for disruption and runaway electron mitigation. 



Other ADAS models 
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• He-like satellite spectrum 
• R-matrix He-like structure, AS for satellite lines 
• ADAS population model and feature fitting routine. 



Other ADAS models 
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• He-like satellite spectrum 
• R-matrix He-like structure, AS for satellite lines 
• ADAS population model and feature fitting routine. 



New ion impact data 
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• Needed for intermediate coupling ionization balance. 
• Mixed collidors required for tokamak plasmas. 
• New ADAS data format designed to store data. 



New ion impact data 
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• Relatively simple impact parameter method chosen for baseline 
production and providing an extensive set of data.  

• More sophisticated techniques can be used but including the 
ion impact process is the primary concern. 



New ion impact data 
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• New ADAS code and body of data for proton, He+, Li2+…Ne9+  collidors  



Data description and comparison activities 
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• Describing the data, its history and provenance, and recommendations is 
not a one-line activity.  

• How to capture all the nuances? Example from a wiki at JET. 



Data description and comparison activities 
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• Astrophysics activity based on 
NLTE comparison workshops.  

• Strong overlap with magnetic 
confined fusion 

• Density effects are becoming 
important in astro modelling. 
 

• Suite of data/model 
compilations agreed. 

• Will be collated by Randall 
Smith and Adam Foster at CFA.  



Data description and comparison activities 
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Concluding remarks 
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• A typical amount of data updates in ADAS and OPEN-ADAS. 
• Continuing development of parameter-driven spectral features. 
• Maintaining interaction with integrated tokamak modelling efforts – 

EUROfusion and ITER. 
 

• Better atomic structure identified as principal need to improve the 
baseline ADAS data.  

• Baseline should be of sufficient quality for high level modelling. 
• Defined uncertainty  evaluation should be part of this – but it is proving 

difficult to fund. 
• Philosophy of moving cutting edge codes to routine production use. 
• But maintain the focus of ADAS on modelling and diagnosing  hot 

collisional plasmas. 
 

• Modelling improvement focus will be on intermediate coupling resolved 
ionisation balance. 

• Calculate and archive the ion collision data required for this task. 
• Co-ordinate with plasma transport models to use these data. 

 


