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» The Mandate:
* Address the data needs in the area of the 1onization balance and
spectroscopic and collisional properties of tungsten at temperatures
between 1keV and 10keV which are currently subject to large

uncertainties and disagreements between theory and experiment.

* Jonization balance = ground and metastable 1onization vrs

recombination ( RR and DR).

* Metastable 1onization => implies knowing the population of
excited states=> electron-impact
excitation. However, for highly
charged systems, the number of

‘metastables’ reduces — gs to gs.



Various tungsten 1onization fraction curves from Thomas
Putterich, Stuart Loch, Stmon Preval and Nigel Badnell
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These 20 10n stages are theoretically difficult to

converge, let alone know accurately. They involve half-

open d and f shell systems. Even NIST/experiment has
only a limited number of known levels for certain ion

stages.
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Even for simpler systems (Be-like Al), dipole transitions within
the n=2 complex converge very well, but dipole transitions

from n=2 to n=4 vary between a CI expansion of 98 levels vrs
238 ! ( Fernandez-Menchero) MNRAS 450, 4174—4183 (2015)
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* Back to (The Mandate):
* Address the data needs in the area of the 1onization balance and
spectroscopic and collisional properties of tungsten at temperatures
between 1keV and 10keV which are currently subject to large

uncertainties and disagreements between theory and experiment.

* | hope that I have argued that theoretical spectroscopic prediction
without some experimental calibration 1s very challenging
(but perhaps EBIT experiments could provide some valuable
wavelength accuracy)

* Collisional work it built upon the atomic structure

(ie. GRASPO,GRASP2018,AUTOSTRUCTURE,HULLAC,FAC)

but 1s only as good as the target.




* ADAS :Stuart Henderson, Martin O’Mullane and Nigel Badnell.
 Take WN31+) : [1] 4s2 4p6 4d7, 4s2 4p5 4d8,4s2 4p6 4d6 4f
(groundstate and first two metastable configurations)
[2] create list of excited configurations using these
three ‘base configurations’ ... ie involving
single and double promotions
[3] Using the 1onization balance curves or otherwise
choose and appropriate density and temperature
before a CONFIGURATION AVERAGE distorted
wave to work out CA excited state populations
[4] Using a threshold value, throw away
configurations with small populations that
do not contribute to the total power loss.

[5] Refined level-resolved calculations with subset.



* QUB approach employing options with the GRASP2018 code
of Prof P. Jonnson.

W3LF Jevels - orbitals optimised on
MR = 4p6 4d7, 4p5 4d8, 4p6 4d6 4f and 4s1 4p6 4d8
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* ‘uncertainties and disagreements between theory and experiment.’

— atomic structure : free-electron laser +EBIT experiments
to ‘dial-in’ a transition wavelength and
measure A-value (Fel6+ £C/3D)

— University plasma devices suffer from significant impurity

elements as well as Tungsten/Molybdenum, and high
chance of blended lines.

— others have greater experience 1n this area.




