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Fig. 1. The diagram of low lying energy levels of Mg.
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SMS FIFS 43 53 7 [Fl A 3 A7 B8 1) = > 41 il 4y
MDTHER: 1B AL RER AR R AL,
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#1 MglET 1So-1P1 Fl1S0-3P1 WL MIERITREE
Table 1. Transition energies for 1Sg-1P; and 1Sg-3P; of Mg.

184-1P,

1S0-3P1

Energy/cm™!

Percent of difference/%

Energy/cm~1! Percent of difference/%

NIST ASD 35051

This work 35069 0.051
Ref. [24] 35063 0.034
Ref. [25] 35050 0.003
Ref. [26] 35037 0.040

21870

21788 0.370
21780 0.410
21794 0.350
21862 0.040
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#2 MgliT 1S0-1P1 1 1Sp-3P1 BRI NMS £%.SMS REF1 FS KT
Table 2. The NMS coefficients, SMS coefficients and FS factors for the 1Sg-1P; and 1Sg-3P; transitions of Mg.

ISO_1P1

1S0-3P1

AKNMS /GHz.u AKSMS /GHz-u F/MHz-fm~2

AKNMS /GHz.u AKSMS /GHz-u F/MHz-fm =2

This work —576.8 133.9 —62.7
Ref. [24] —567 192 —58
Ref. [25] 134
Ref. [27] —575 130

—359.9 —479.6 —-78.0
—354 —417 -73
—491

#3 MgJRT 1S-1Py Ml 1So-3Py BRIL MR LR LR TH 45, A4% NMS, SMS Fl F'S 55 25 a3 43 1 4 57 TTRR,

SHFMLFE A 24 Mg, AR ML MHz

Table 3. The results of Mg isotope shifts for the 1Sp-1P; and 'Sg-3P; transitions including the individual
contributions of NMS, SMS and FS in the unit of MHz. The reference isotope is 24Mg. The theoretical and

experimental results available are compiled as well.

1S0-1Py 1S0-3P
NMS SMS MS FS IS NMS SMS MS FS IS

25Mg
This work 963  —224 739 11 750 601 801 1402 13 1415

Ref. [27] 741 1397

Ref. [30] 744(3)

Ref. [31] 1405(1)
26Mg
This work 1850  —429 1421 9 1430 1153 1539 2692 11 2703

Ref. [24] 1814  —612 1202 8 1210 1135 1337 2472 10 2482

Ref. [25] 1848  —428 1420 1153 1573 2726

Ref. [27] 1425 2686

Ref. [30] 1415(5)

Ref. [31] 2683(0)

Ref. [32] 1414(8)

Ref. [33] 1412(21)

Ref. [34] 1390(31)

IR 3 X b AT UK I, FRATTA IS 154k
Lspib &+ 0 556, 4XHR%E N 6—20 MHz,
FXHRZEN0.6%1.3%. SHAWF R FEALL, &
9T FS 45 R 5 50k (23] — 2, NMS, SMS
FTMS B THE 45 35 S0k [24,26] 1R 20T, 1H 2 SCHk
[24,26) WAH W K FSHTHE. TR [23] H1 56 T SMS
TR RAFAE ORI 22, I BOMS ATIS o
HEE RS ZROR, AN NIZ M 2 57 /2
THMNZE T () 5N E BT R R P2 AR
FHBAS [F) b 38 77 X DA R AS [R) ) -0k A5 X0 A%
[, T Mg Jii - o Ath 55 5 i [\ 7. 25 2023 Mg PA JL

2T A0Mg 5, W] LI HIER 2 th i [ R A2 38 24,
256 % AL E 1 s AL AR EE, THEAS 20
B2 [ o 3R S8

4 i ik

MCDHF & J§i 7 45 ¥ it 85 1 % A 07 ¥,
GRASP2K /& # T MCDHF 75 % 4%% 5 K 1E Ji 76
A T A R B 2 IR P L2 —. MCDHF
THE R B TH 45 B 5 S 00 (8 B S E 1A R
FZIMHEENR A4, R 1PERANTE Mg /7 1IEKE
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hi g 21 Mg, 2°Mg 1 26Mg  [A1I[RI AL = A0 F%, TETT
SR SR P B2 BR ) (0 00 1 O AR K, 9 SCF AN
RCIJFE#AT AL, THEE AR S i N EAE 0 75
. JATHTHRSE R Ay Mg JR 7[R 3 AL % L5
AELR R DI RIS, FR 24 1S 240t
B35 R AT DD U B AR A Mg JL 7[R 3R
Z B TS, PR AT U] T Mg 36 75 i [/ 432 3% 4
JeiE N E SIS ] DUM ] Mg JR 7 R A2 =TT
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Abstract

The isotope shift parameters for the atomic transitions 'So-'P; and 'Sg-3P; of Mg are calculated by the relativis-
tic multiconfiguration Dirac-Hartree-Fock (MCDHF) method, including the normal mass shift (NMS) coefficients, the
specific mass shift (SMS) coefficients and the field shift (FS) factors. The detailed calculations of the isotope shifts for
the three stable isotopes Mg, Mg and 2°Mg are also carried out, in which the GRASP2K package is used together
with another modified relativistic isotope shift computation code package RIS3. The two-parameter Fermi model is used
here to describe the nuclear charge distribution in order to calculate the field shift by the first-order perturbation. A
restricted double excitation mode is used in our calculations, one electron is excited from the two electrons in the 3s
shell (352), another electron is excited from the eight electrons in the 2s or 2p shells (2522p6), and the two electrons
in the 1s shell (1s?) are not excited. The active configurations are expanded from the occupied orbitals to some active
sets layer by layer, and each correlation layer is numbered by the principal quantum numbers n (n = 3,4,5,---) and
contains the corresponding orbitals s, p, d, - - -. The active configurations with the mixing coefficients in the added layer
can be optimized by the MCDHF calculations. In this work, the atomic state functions are optimized simultaneously by
the self-consistent field method and the relativistic configuration interaction approach in which the Breit interaction is
taken into account perturbatively as well. The maximum principal quantum number n equals 10 and the largest orbital
quantum number lmax is g. In our calculations, the NMS coefficients are —576.8 and —359.9 GHz-u, the SMS coefficients
are 133.9 and —479.6 GHz-u, and the FS factors are —62.7 and —78.0 MHz-fm ™2 for the 'So-'P; and 'So->P; transitions
of Mg, respectively. The difference between our isotope shift calculations and the previous experimental measurements
is in a range from 6 MHz to 20 MHz with the relative error range from 0.6% to 1.3%, which shows that our results are
in good agreement with experimental values. Our calculations are also coincident with other theoretical results. The
isotope shift parameters provided here can be applied to the quick calculations of isotope shifts for the short-lived Mg
isotopes, including 2°~23Mg and 2" ~*°Mg, and can be referred to for the corresponding isotope shift experiments. The
methods used here can be applied to calculating the isotope shifts and the atomic spectroscopic structures for other

Mg-like ions with twelve extranuclear electrons.
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