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Introduction

The spectroscopic modelling of impurity ions
in plasmas relies heavily upon the theoretical
determination of atomic excitation rates. In
most fusion plasmas, the dominant excitation
mechanism of impurity or fuel ions is
electron impact excitation (EIE), and
excitation by other ion species —e.g. H™,
DT, T, He?™— is typically neglected.
However, there are future and present
scenarios in which 1on impact excitation
(IE) is important:

e Quadrupole (E2) transitions between
fine structure levels of a metastable
term, which are prevalent in medium and
heavy weight impurity species, and
redistributive dipole (E1) transitions amongst
nl Rydberg states in highly charged ions.

¢ Increased ion speed distributions

Because of the relatively large mass of ion
projectiles, their orbits can be accurately
approximated in a classical manner, and so
we set the objective of a unified
semi-classical, impact parameter approach
with a clear view towards spectroscopic
modelling of the plasma via intermediate

coupling (ic) resolved, generalized collisional
radiative (GCR) theory.

Methodology

The seminal work on nuclear Coulomb

excitation using the semi-classical, impact
parameter approach is by Alder et al. [1].
Numerous mistakes have been made in the
literature when treating the atomic case of
IlE, notably popular codes due to Bely and
Faucher [2] and Bahcall and Wolf [3]. We
have collected the correct formulations of the
Coulomb excitation approach [4, 5, 6], and
intend to write our own code incorporating
these developments. As a first step, the
Bely-Faucher code was modified both as a
learning experience and to mitigate its
mistakes. The calculated ion impact rate
coefficients are stored in the novel adf06 file
format for complete integration into the
Atomic Data and Analysis Framework
(ADAS), facilitating the calculation of GCR
coefficients needed in atomic population
modelling.
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Theory

e lon Impact Cross-sections: the

differential excitation cross-section is given by
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where the probability of transition is given by

first order, time-dependent perturbation

theory and for the E2 case reduces to
4moB(E2)E, E," sin*(0/2)%(0, ¢)
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¢ GCR Theory:|7] For medium weight
impurity species, the metastable levels

dominate the population description and
must be incorporated into any plasma-scale
modelling. The rate of change of the
metastable level population density is

d/\l,5 L z z+1
T _Ne(SCD,J—WNg T RCD,V’—)pNy/
+Qcp.o—pNZ) + ...

dt
where the effective metastable cross-coupling
coefficient is

QCD,J%p ~ Q%ng%p + (Nion()é?;l)//ve

Significant modifications have been made to
the semi-classical Bely-Faucher codes for
lon-impact, and data have been generated
for select cases to check their validity. The
charge and mass scaling of the rates and
cross sections agree with predictions, and
reasonable agreement with the literature is
observed. However, the incorrect high energy
and temperature scaling of our collision data
can only be mitigated to a certain degree,
emphasizing the need for our own, correct,
Coulomb excitation code (in development).

re projectile
trajectories

Figure : lllustration of the correct behaviour for the transition
probability, IBEB (blue line), at various different projectile
trajectories (red lines) defined by the impact parameter, b
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Top Row — The salient observation from these j@jaj graphs
is that a switch in the z, scaling occurs over the temperature
range for ion impact; the reduced mass scaling is not so impor-
tant based on kinks. This can be explained by the j@jaj figure,
located middle row left. At low energies near threshold, the
repulsive nature of the collision suppresses the cross section by
a greater amount for higher z, (ie as the interaction strength
increases); at higher energies, the strength of the interaction

actually encourages the transition, and the cross section is en-
hanced for increasing z,.

Middle Row Right — Comparison of @jmj values with the

literature; the solid lines are the current results for different in-
terpolation and modification of the differential excitation cross

- . df
section function, (0, &), data table.

Bottom Left — This Q¢cp graph clearly shows the significant
Increase that is possible when ion impact rates are considered.
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