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Fig. 1.
tum defects with the experimental data for 4f13(2F;/2)

Comparison of the present calculated quan-

6s(7/2,1/2)nps 2 Rydberg series as the function of ex-
citation energy. Experimental data and assignments are
taken from Ref. [23, 24]. The zero-point energy represents
the ground state of Tm, and all figures in this paper use

this rule.
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Fig. 5.
tum defects with the experimental data for 4f13(2F$/2)

Comparison of the present calculated quan-

6s(7/2,1/2)§np1 /2 Rydberg series as the function of excita-
tion energy. Experimental data and assignments are taken
from Ref. [23, 24].
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Fig. 6. Energy shift due to configuration interactions. The
thin line represents the present calculated eigenchannel spec-
trum for channel 4f13(2F$/2)65(7/2, 1/2)§nf5/0, J™ = (7/2) 7.
The thick line represents the present calculated spectrum
from the superposition of all eigenchannels in J© = (7/2)F
symmetry converging to the first, second, third and fourth

ionization thresholds with equal dipole matrix Dg.
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Abstract

In the frame work of multi-channel quantum defect theory (MQDT), the energy levels of three even Ryd-
berg series 4f'3(? 7/2)68(7/2,1/2)inps 2, 413 (2 7/2)68(7/2,1/2)3np3/2 and 43 (*F%2,,)6s(7/2,1/2)3np1 /2 converging
to 4f'3(? 7/2)68(7/2,1/2)3 or 4f13(2 7/2)68(7/2,1/2)3 of thulium atom are calculated by relativistic multi-channel
theory. Compared with the experimental data from National Institute of Standards and Technology (NIST), the
theoretical result shows two different types of electron-correlation effects: 1) the interaction between two Rydberg
series results in energy shifts for these Rydberg series; 2) an isolated perturbed state is embedded in the energy range
of a Rydberg series and interacts with the whole series, and breaks the regularity of the Rydberg series, and quan-
tum defects show a large jump around the perturbed state. More specifically, by comparing the present calculated
quantum defects with the experimental data, we reassign two Rydberg series: 1) 4f'3(? 7/2)68(7/2,1/2)inps/2 Ryd-
berg series from NIST is reassigned as 4f'3(* 7/2)68(7/2,1/2)infs )5, J* = (5/2)%, 4f'3(2 7/2)68(7/2,1/2)infs )5, J* =
(7/2)" and/or 4f13(2F$/2)6s(7/2,1/2)an1/2,JT‘ = (9/2)" Rydberg series, and the difference between experimental
and calculated quantum defects is generally better than 0.1; 2) 4f'3(? 7/2)68(7/2,1/2)3np3/2 Rydberg series from
NIST is reassigned as 4f'3(2 72)68(7/2,1/2)3nf7 5, J" = (5/2)F, 413 (2 52)68(7/2,1/2)3nf7 /5, J° = (7/2)* and/or
4F13(2 7/2)68(7/2,1/2)3nf5/2,7/2, J" = (9/2)" Rydberg series, and the difference between experimental and calculated
quantum defects is generally better than 0.05. As for the 4f'3(? 7/2)68(7/2,1/2)3np1/2 Rydberg series from NIST, we
find there is a perturbed state at about 49900 cm ™!, and assign the perturbed state as 4f13(3F4)6d5/26:s2, J =17/2 and
the total angular momentum for the Rydberg series is J = 7/2.

Keywords: relativistic multi-channel theory, multi-channel quantum defect theory, Rydberg series
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