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Synopsis A requirement of collisional-radiative models of magnetic fusion plasmas is that a detailed set of atomic data for the

constituent ions is included. For the upcoming fusion reactor ITER, this is a difficult requirement to fulfill as the divertor will
be made of tungsten. For this metal, partial final-state resolved dielectronic recombination (DR) rate coefficients are required.

For this purpose we created The Tungsten Project. We give a brief overview of the methods used, and present results for a

revised steady-state ionization balance.

The upcoming experimental reactor, ITER, is due

to produce its first plasma in 2020. The divertor is a

plasma-facing component, and will be composed of

Tungsten. Tungsten has been chosen for its ability

to withstand large power loads. As a plasma facing

component, tungsten impurities will be introduced

into the main body plasma through sputtering. The

high atomic number of tungsten means it is an ex-

cellent radiator, which can result in the plasma be-

ing cooled, and potentially quenched. Due to the

plasma densities involved, understanding the impact

of tungsten impurities in the plasma requires detailed

collisional-radiative modelling. This in turn requires

partial final-state resolved DR rate coefficients for

the complete isonuclear sequence. Multiple efforts

resulted, including that of Pütterich et al. [1], who

used an average-ion method to calculate recombina-

tion rate coefficients for the sequence.

To address the need for partial final-state re-

solved DR rate coefficients for tungsten, we created

The Tungsten Project [2, 3]. The project used the

distorted-wave code AUTOSTRUCTURE [4] to cal-

culate the data using κ-averaged relativistic wave-

functions in level (IC), term (LS), and configuration

(CA) resolution. The data are freely available on the

Atomic Data Analysis Structure (Open-ADAS) web-

site (http://open.adas.ac.uk) in the standard adf09/48

formats, the definitions of which can also be found

on Open-ADAS.

In Figure 1, we have plotted the ionization frac-

tions calculated using Putterich et al’s [1] recombi-

nation rate coefficients, and the present data. For our

fraction, we have replaced Pütterich’s data with ours

for ionization stages W74+–W38+. In both cases, we

used the ionisation rate coefficients of Loch et al. [5].

It can be seen that by using the present data, there

are significant shifts in both the peak fractional abun-

dance, and peak abundance temperature.

Figure 1. Comparison of ionization fractions calcu-

lated using Pütterich et al’s [1] data (solid red), and the

present data (blue dash) for W74+–W38+. The bottom

plot shows the arithmetic difference between the two

fractions.

With the completion of the tungsten project at-

tention now turns to modelling efforts. The data de-

scribed will be used not only in models of the ITER

plasma, but will also help inform the construction

of the first commercial demonstration fusion plant,

DEMO.

References

[1] Pütterich T, Neu R, Dux R, Whiteford A D,

O’Mullane M G, ASDEX Upgrade Team, 2008,

Plasma Phys. Control. Fusion, 50, 8

[2] Preval S P, Badnell N R, O’Mullane M G, 2016, Phys.

Rev. A, 93, 042703

[3] Preval S P, Badnell N R, O’Mullane M G, 2017, Sub-

mitted to J. Phys. B

[4] Badnell N R, 2011, Comput. Phys. Commun., 182,

1528

[5] Loch S D, Ludlow J A, Pindzola M S, Whiteford A D,

Griffin D C, 2005, Phys. Rev. A, 72, 052716

1E-mail: simon.preval@strath.ac.uk
2E-mail: badnell@phys.strath.ac.uk
3E-mail: martin.omullane@strath.ac.uk

mailto:simon.preval@strath.ac.uk
mailto:badnell@phys.strath.ac.uk
mailto:martin.omullane@strath.ac.uk

