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Theoretical analysis of energy levels for the fine structure of Sm I

LIU Zhongxin, MA Yulong, ZHOU Fuyang, QU Yizhi
(College of Materials Science and Opto-Electronic Technology, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In this work, the fine structure of Sm I was calculated with the experimental fitting
method, which is based on the non-relativistic atomic energy expressions with the relativistic
correction. For the ground configuration [ Xe ]4£°6s, the results of different fitting procedures are
compared with the experimental data, and the effects of various parameters on the energy levels are
analyzed. For odd parity configurations 4{°6s6p +4°5d6s’, the 134 accurate known energy levels
are obtained by using 22 fitted experimental energy levels. For even parity configurations 4{°6s” +
41°5d6s +41°6s7s, the 65 accurate known energy levels are obtained by using 17 fitted experimental
data. Five high-lying levels are assigned to even-parity 4{°("F)6s7s °F,(J=1-5).
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Fig.1 Scheme of energy levels for Sm I
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Table 1 Fine structures for the ground configurations from experiment, ab initio calculations, and

fitting calculations for 4f°6s” (" F, ) configurations
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Term Exp. %) ab initio Fit | Fit 1T Fit I Fit IV Conway! 2 Fit V
'F, 0. 00 0.0 0.0 0.4 1.8 .1 0. 00 0.0"
TF, 292.58 363.6 292.6* 292.0" 291.7* 291.9* 291. 39 292.6"
F, 811.92 1 000. 5 811.9" 811.7" 810.1* 810.8 " 812.13 811.9*
F, 1489.55 1818.9 1487.4 1490.1° 1489.0" 1489.3" 1490. 28 1489.5"
'F, 2273.09 2750.8 2264.4 2272.8" 2274.4* 2273.9" 2274.81 2273.2"
TF 3125.46 3749.0 3103.9 3120.8 3127.3" 3126.5"° 3126.72 3125.4"
"F, 4 020. 66 4779.8 3977.8 4005.5 4019.2" 4019.8" 4020. 67 4020.7"
R, 437.9 18.4 6.0 1.5 0.9 0.97 0.1
D, 15929.0 14245.2 14 670.0 15022.6 14 893.8 14 845.5
°D, 15914. 55 17 510. 4 15531.2 15955.6 16 303. 6 16 188. 6 16217. 1
D, 17 864. 29 19813.1 17 446. 6 17 883.4 18 236.7 18124.6 18 178.9
5D, 20 195.76 22552.9 19752.3 20212.7 20 580.0 20458.2 20463. 1
°D, 25685.3 22415.0 22914.3 23311.4 23138.3 23010.0
R, 1991.7 415.6 27.9 382.0 265.7 295.5
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Table 2 Parameters in ab initio calculations and different fitting calculations

em ™!

Parameters ab initio Fit 1 Fit 11 Fit I Fit IV Conway 2] Fit V
E, 0.0 -7452.9 -6042. 4 -4902.8 -8327.2 -15432.2
F2(f) 90775.9 80393. 4 82541.0 84 288. 2 76 169. 1 75516.8 58 048. 1
F () 56792.2 50 296. 6 51 640.2 52733.3 50893. 3 50457.4 50857. 8
Fo(f) 40812.0 36 144. 1 37109.7 37895.2 37651. 1 37328.7 35631.8
(f) 1249.5 1046.2 1055.3 1 060. 3 1063.0 1062.3 1 069. 0
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Table 3 Fine structures for the ground configurations from experiment and

fitting calculations for 4£°6s’ (' F,,°D, ) configurations

XH R, LG IX B/ (HZ R, R T .
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cm

Term Exp. 12 Fit VI Fit VI Fit X Fit IX Fit X Fit XI Fit XI[
'F, 0. 00 0.3" 0.2* -2.8" -5.0" -2.1" 0.1* -5.1"
F, 292. 58 292.2* 292.1* 290.5* 288.7* 291.1* 292.3* 289.2"
'F, 811.92 812.1* 811.9* 812.5" 811.4* 812.5" 811.9* 812.0"
'F, 1 489. 55 1490.5 1490.3* 1493.3~ 1493.1* 1492.3" 1489.8" 1493.1*
F, 2273.09 2273.0 2272.7" 2278.1" 2278.9" 2276.5" 2273.2" 2278.2"
"Fs 3125.46 3120.4 3120.0 3127.7° 3129.5" 3126.8" 3125.2" 3128.7"
"Fg 4020. 66 4004. 4 4003.9 4013.8" 4016.5" 4016.0" 4020.7" 4016.9*
R, 6.4 6.7 3.8 4.1 2.7 0.2 3.8
5D, 14 628.2 14 628. 4 14623. 1 14 628.6 14612.3 14 626. 6 14 600. 5
5D, 15914. 55 15914.5" 15914.6* 15914.8 " 15922. 1% 15914.7 " 15914.6* 15918.5*
D, 17 864. 29 17 842.0 17 841. 8 17 848.3 17858.1* 17 851.0 17 837.9 17864.5*
D, 20 195. 76 20 169. 8 20 169. 4 20182.2 20194.6* 20177.7 20154.3 20191.9*
5D, 22 868.2 22 867. 6 22 886.0 22901.0 22 845.0 22812.3 22 850.5
R, 19.8 20.0 12. 1 5.7 12.9 28.4 3.2
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Table 4 Parameters in different fitting calculations

em ™!

Parameters Fit VI Fit VI Fit 11X Fit IX Fit X Fit XI Fit XI
E, -6176.3 -6176.7 -6152.3 -6116.9 -9118.7 -11364.9 -9333.9
F? @72 82335. 1 82335. 1 82358.8 82410.0 74 985. 4 69 590. 5 74 359.2
F'4(ff) 51511.4 51511.4 51526.2 51558.2 50102. 4 47 607. 6 50 898. 3
F® @72 37017.1 37017.1 37027.8 37 050. 8 37 066. 0 38 006. 5 36471.1
() 1054.8 1054.7 1057.8 1059.1 1063.0 1065.3 1061.9
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Term Exp. (2] Fit AE
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