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The closely spaced opposite parity levels in some of the rare earth atoms offers the unique
possibility of carrying out atomic parity non - conservation(PNC) experiments. The advantages
of using rare earth atoms are:

e The almost degenerate opposite parity levels can enhance the PNC effects significantly.

e Measurement on a string of isotopes can eliminate the inaccuracy from the theoretical
calculations.

Among the rare earth atoms, the 15639.80cm™" and 15650.55¢cm ™" levels of Sm are being
investigated for PNC experiments in our group [1]. These levels have also been proposed as
promising candidates for EDM measurement [2].

As a part of the experimental effort, it is desirable to have an estimate of the expected
magnitude of the PNC effects. This can be carried out using the methods of atomic many-
body theories. The existance of many configurations with the same shell occupation poses a
great difficulty in the structure calculation of atomic Sm. A multiconfiguration based method
would be an appropriate choice. For our calculations we have used GRASP92 [3], a relativistic
multiconfiguration Dirac-Fock(MCDF) atomic structure code.

Table 1: The lowest multiplet of Sm in units of cm™!

Level Expt Porsev Present work
", 29258 285 276
F, 81192 810 788
TFy  1489.55 1523 1487
Fy  2273.09 2376 2326
"Fy 312546 3331 3271
"Fs  4020.66 4361 4294

The structure calculations on the low-lying levels of Sm have been carried out in earlier
works[4, 5]. But the levels of interest for the PNC experiments are both high-lying. The
calculations involving higher levels are in general difficult due to the strong configuration mixing
and more so with the rare earth atoms. As a starting point we have investigated the low-lying



levels using GRASP92 and our results for the ground state multiplets are given in the Table: 1.
Only the ground state configuration 4 f%6s® was used for this calculation. For comparision, the
results of Porsev [5] and experimental values [6] are also given.

The higher multiplet levels were also calculated with selected configurations and total an-
gular momentum states. The selection was necessary as the number of configurations increases
rapidly when the excitations to higher angular momentum shells like 5d are included. And
orbitals till 4f shell were considered core. Results from the latest calculation with the orbital
space of (1 —7)s, (2—T7)p, (3 —T)d and 4f are given in Table: 2. The configuration space
consisted of all possible combinations of two electron fillings within the valence space (6 — 7)s,
(6 — 7)p and (5 — 7)d orbitals. The total angular momentum was restricted to J = 0,1 and 2.
With this calculation we can estimate the correlation effects from the valence shells.

Table 2: Excitation energy of the low-lying levels in Sm

Level Expt Porsev Present work
TF 292.58 285 276
I 811.92 810 790
°Gy | 13796.36 11339 11147
°G, 113999.50 11533 11338
°G, | 14380.50 11906 11704
°H, |10801.10 12739 13227
°H, |11044.90 12693 13444

Compared to the single configuration calculation, there is an improvement in the fine-
structure splitting of the ground state multiplet but level sequence of the higher levels is still not
correct. This implies that the configurations added are more important for the correlation effects
to the ground state multiplet. For the configurations 4f%6s* and 4 f°5d6s, mixing through 4f
excitations with configurations like 4 f°5d6s6p and 4 f*5d%6p will be important. These will be the
next step in our study. Along with the energy levels we also calculated the HFS constants but
in absence of the core excitations, the results shows very large deviations from the experimental
values.
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