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Abstract. In recent years, there have been extensive spectroscopic studies, both experimen-
tal and theoretical, of helium isoelectronic sequence. Such an analysis requires information
for a wide range of atomic parameters, including energy levels and wavelengths. Our target
is to extend the calculation and present a complete and accurate data for helium-like ions.
We expect that our extensive calculations will be useful to experimentalists for identifying
the fine-structure levels.

1. Theoretical method

FAC is a fully relativistic code created by Ming Feng Gu which higher efficiency en-
ables user to carry out large-scale computations and allows finding various atomic
parameters (Gu., 2008). We employed FAC code to perform the whole three differ-
ent calculations: FAC, Relativistic Configuration Interaction (RCI) and Many Body
Perturbation Theory (MBPT).
The configuration-interaction (CI) method which is based on the variational principle
represents one of the approaches for treating many-electron systems. Non-relativistic
CI techniques have been used extensively in atomic and molecular systems calcu-
lations. However, the generalization to relativistic configuration-interaction (RCI)
calculations also presents theoretical as well as technical challenges. While, the
MBPT approach starts from the Rayleigh-Schrödinger perturbation theory of a multi-
configurational model space. The self-consistent-field approximation and the Breit
interaction Hamiltonian as well as QED effects have been included in the calculations
to improve the generated wave functions: Manai et al. 2019.
We review the theoretical background used by the FAC code. Then, the computa-
tional details of the calculation of the 1s2, 1s2l, 1s3l, 1s4l, 1s5l and 1s6l configurations
of He-like lithium which give rise to the lowest 71 fine structure levels. The number of
levels of the fine structure which we considered is larger than that in Aggarwal et al.
2010 and Kramida et al. 2018. Then, the transition energy [cm−1] and wavelengths
λ[Å] are presented.
Accurate energy levels calculations among the lowest 71 levels arising of 1s2 and
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1snl (n ≤ 6, l ≤ (n − 1)) configurations of He-like lithium have been carried out
through the relativistic configuration interaction (RCI) approach, the second-order
many body perturbation theory (MBPT ). We provide accurate calculations of en-
ergy levels and wavelengths of types of transitions (E1, E2, M1 and M2) for He-like
lithium.
Finally, a discussion of our results and a comparison with available theoretical and
experimental data are presented.

1. 1. RESULTS

In table.1, the use of the MBPT approach significantly improves the value of the
energy levels. The maximum difference relative to the NIST data: Kramida et al.
2018 becomes 651 cm−1 while the majority of values of energy levels of RCI method
are decreased by approximately 5000 cm−1.
From figure.1, the average relative deviation of wavelengths don’t exceed 5% for
the three methods compared to the results from NIST: Kramida et al. 2018. For
the MBPT calculations we have −0.47 ± 0.90%, for the RCI calculations we have
2.62 ± 1.70% and for the FAC calculations we have 3.13 ± 1.60%.
The present results are in good agreement with already published data in the litera-
ture, theoretical: Aggarwal et all. 2010 and experimental data: Kramida et al. 2018.
Several new energy levels were found out where no other theoretical or experimental
results are available. We expect that our extensive calculations will be useful to ex-
perimentalists for identifying the fine structure levels: Cantu et al. 1977.
We present the average relative deviation between our different methods and the
experimental data as by the following equation:

[(Etheory − ENIST )/ENIST ] × 100 (1)
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Table 1: Restriction of values of energy levels in (cm−1) of He-like lithium chosen
arbitrarily, calculated by different methods: FAC, RCI and MBPT . Experimental
data from the NIST database are also represented.

Figure 1: The average relative deviation of wavelengths calculated by different meth-
ods (FAC, RCI and MBPT) compared to NIST wavelengths.
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