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Dielectronic Recombination in He-like, Li-like and Be-like Yttrium

and KLM Resonances
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∗ Department of Physics, University of Marmara, 34722, Ziverbey, Istanbul, TURKEY

Synopsis DR rate coefficients for He-like, Li-like and Be-like Yttrium ions and KLM resonances are calculated
using MCBP approximation.

Dielectronic recombination (DR) is the domi-
nant electron-ion recombination process in many
astrophysical and laboratory plasmas. DR rate
coefficients are needed for determining both the
level populations and the ionization balance of
plasmas over a wide range of electron densities
and plasma timescales. Accurate DR rate coef-
ficients are essential for the reliable spectral di-
agnosis of non-equilibrium laboratory and astro-
physical plasmas. Here we present calculations
for DR rate coefficients for Yttrium ions in He-
like, Li-like, and Be-like electron configurations.
Calculations were performed both for the ground
and the metastable initial levels within the multi-
configuration Breit-Pauli (MCBP) approxima-
tions using kappa-averaged relativistic wavefunc-
tions including mass-velocity and Darwin opera-
tors in the solution of the radial equations as im-
plemented in the AUTOSTRUCTURE code [1].
Both ∆n = 0 and ∆n = 1 core excitations involv-
ing 1s and 2s subshells were included within the
temperature range of (104

−1010)K. For ∆n = 0
core transitions, l and n values of the spin or-
bitals capturing the incoming electron were ex-
plicitly included up to 6 and 25, respectively.
For ∆n = 1 core transitions, l and n values of
the spin orbitals capturing the incoming electron
were explicitly included up to 7 and 20, respec-
tively. For higher values of n in both cases, up
to 1000, the bound Rydberg orbital is approxi-
mated by a zero-energy continuum orbital utiliz-
ing quantum-defect theory [1]. AUTOSTRUC-
TURE produces raw autoionization and radia-
tive rates which are post-processed to obtain the
final-state level-resolved and total DR rate coef-
ficients. Maxwellian-averaged total DR rate co-
efficients are shown in Figure 1 a. Resonances
in Fig. 1 b, c and d result from the autoioniza-
tions of 1s2l3l′, 1s2s2l3l′, and 1s2s22l3l′ config-
urations associated with the ∆n = 1 core transi-
tions during the capture of electrons by He-like,

Like-like and Be-like Yttrium ions, respectively,
with l=0-1 and l

′=0-2.
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Figure 2. Maxwellian-average rate coefficients for

He-like, Li-like, and Be-like Yttrium ions(a). (b)-

(d) show the resonances resulting from the autoion-

zations of the 1s2l3l
′, 1s2s2l3l

′, and 1s2s
22l3l

′ for

He-like, Li-like, and Be-like Yttrium ions, respec-

tively.

References

[1] Badnell, N. R., OMullane, M., Summers, H. P.,
et al. 2003, Astron. and Astrophys., 406, 1151.

1E-mail: zikalt@marmara.edu.tr

XXVII International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2011) IOP Publishing
Journal of Physics: Conference Series 388 (2012) 062037 doi:10.1088/1742-6596/388/6/062037

Published under licence by IOP Publishing Ltd 1

mailto:zikalt@marmara.edu.tr



