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Photoionization of Cl–like Argon using the 

Breit–Pauli R–matrix method

N. B. Tyndall∗ 1, C. A. Ramsbottom∗ 2, A. Hibbert∗ 3,
∗ School of Mathematics & Physics, The Queen’s University of Belfast, Belfast BT7 1NN, Northern Ireland

Synopsis Here we present the photoionization cross sections for the ground and metastable states of Cl–like
Argon by exploiting the fully relativistic Breit–Pauli R–matrix computer codes to determine these transitions
of interest. We compare our work with previous theoretical and experimental results and present a detailed
investigation into the model of Ar III, the resonant structure and identification process.

Investigation into the structure of ionic tar-
gets is essential for the generation of accurate ra-
diative transitions, of which the bound–free pho-
toionisation (PI) process is to be discussed. Such
data is useful in modelling various synthetic spec-
tra through packages such as Cloudy [1]. We fo-
cus solely on the PI of Ar II governed by,

hν+Ar II→ Ar III + e−

↘ ↗
(Ar II)∗

(1)

in which a direct PI pathway leaves the target
Ar III plus the ejected photoelectron, but also
indirectly via autoionizing bound states, where
the photoelectron is firstly excited into a more
energetic state prior to ejection.

Results are obtained through the implemen-
tation of large scale Breit–Pauli R–matrix com-
puter codes, to include the one body relativistic
operators [2] by availing of the well established
R–matrix theory [3]. A delineation of configura-
tion space by the R–matrix boundary (r = 16.6
a.u. in this study) is chosen so that all electron
correlation effects are contained within the in-
ternal region. Accurate wavefunctions are calcu-
lated and then matched at the boundary r, for
all initial and final state transitions of interest.

We have included the HF orbitals of Clementi
and Roetti [4] for all n = 1, 2, 3 orbitals within
this work. For a more accurate target wavefunc-
tion representation, we have also optimised the
n = 4 orbitals on the lowest quintet states ob-
served by NIST through the computer package
CIV3 developed by A. Hibbert [5]. Throughout
the calculation, a closed 1s22s22p6 core is main-
tained which results in a total of (64 LSπ) 124
Jπ levels arising from a 7 configuration close–
coupling expansion of the wavefunction. Addi-

tional configuration interaction terms are also re-
quired to allow for electron correlation effects.

Once an accurate model for Ar III is estab-
lished, we then compute all PI cross sections in
the length gauge defined by,

σ =
4π2a20αω

3gi

∑
L,lf

|(Ψ−
f ||D||Ψi)| (2)

where the wavefunctions of the initial bound
state, Ψi and final free state of Ψ−

f are computed
over a very fine energy mesh to allow for sharp
resolution of the spectra. a0 ≡ bohr radius, α ≡
fine structure constant, ω ≡ photon energy and
gi ≡ statistical weight of initial state.

We compute and present transitions within
the intermediate coupling frame for the ground
and metastable initial odd states of J = 3/2 and
J = 1/2 to accessible, dipole allowed final states
through Equation (2). A direct comparison with
M. Covington et al [6] can be achieved by per-
forming both a 10meV gaussian convolution of
the spectra and a weighting comprising of the
two initial states. We also conduct a resonance
identification procedure using the QB technique
[7] which exploits the analytical properties of the
R–matrix to identify autoionizing bound states
of the indirect path in Equation (1).
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