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Introduction

Data on atomic properties are not only relevant to spectroscopy, but these values are of interest in a variety of other fields in physics and technology. Recently the needs for experimental databases of extreme ultraviolet (EUV) radiation from highly charged tin (Sn) ions have been increasing. Sn plasmas are being intensively studied [1][2][3] as a candidate of extreme ultra-violet (EUV) light source for the next generation microlithography [4,5]. In astrophysical applications, information about the transition probabilities and lifetimes can be used to determine elemental abundances from absorption spectra. In the last years the tin presence has been discovered in several cosmic light sources [6].

Oscillator strengths and some radiative lifetime in Sn III were subject of different works, both experimental and theoretical studies, carried out by several authors [7][8][9][10][11][12][13][14][15][16][17][18][19]. In 1986, Migdalek and Baylis [7] computed oscillator strengths for both the resonance transition 5s 2 1 S 0 -5s5p 1 P 1 and the intercombination line 5s 2 1 S 0 -5s5p 3 P 1 in the Sn III in an approach which combines limited relativistic configuration mixing to represent intravalence correlation with a polarization model to account for valence-core correlation. Later, in 1988 Migdalek and Bojara [8] computed new values of these oscillator strengths using a relativistic configuration interaction approach based on numerical wavefunctions calculated with a single configurations relativistic Hartree-Fock method with a polarization core model. Both transitions were studied in 2000 by Biemont et al [11] by two methods: a relativistic Hartree-Fock approach including a core-polarization potential and a multiconfiguration Dirac-Fock method, taking the valence and core valence correlation effects into account. In this last work good agreement with the experimental values were obtained. Also, Multiconfigurational Dirac Hartree-Fock calculations were made by Curtis et al [12] for the same transitions. Calculations of oscillator strengths for 4d photoabsorption transitions were computed by Dunne et al [13] and Duffy et al [14] in a multiconfiguration Hartree-Fock approach. In 2003 new Dirac-Fock calculations for the 5s 2 1 S 0 -5s5p 1 P 1 and 5s 2 1 S 0 -5s5p 3 P 1 lines were presented by Glowacki and Migdalek [15].

Andersen et al [16] presented a beam foil study of atomic lifetimes showing the spectral line at 1251 Å and 1210 Å of Sn III. A field emission ion source was used by Kernahan et al [17] to obtain radiative lifetimes of 5s6s, 5s5p, 5s6d, 5s4f and 5p 2 level of Sn III. The beam-foil Confidential: not for distribution. Submitted to IOP Publishing for peer review 28 May 2010 technique was used by Pinnington et al [18,19] to carried out measures of lifetimes of the 5s6s, 5s5p, 5s6p, 5s5d, 5s6d, 5s4f, and 5p 2 levels of Sn III.

In this paper we present transition probabilities and oscillator strengths for 4d 10 5sns (n=6-9), 4d 10 5snp (n=5,6), 4d 10 5p 2 , 4d 10 5snd(n=5-7), 4d 10 5s4f and 4d 10 5s5g configurations and 36 level radiative lifetimes of Sn III. For some of these lines (see, 1811.7 Å and 1251.4 Å) there are a lot off theoretical or experimental results published [5,7,[15][16][17][18][19]. A comparison between theoretical lifetimes deduced from our calculations and the experimental values available in the bibliography is also presented. This work completes the study of the experimental configurations of the Sn III by Moore [START_REF] Moore | Atomic Energy Levels[END_REF].

The system considered is complex, for high Z both relativistic and correlation effects could be relevant. The values were calculated in the framework of the relativistic Hartree-Fock (HFR) by means of Cowan computer code [START_REF] Cowan | The Theory of Atomic Structure and Spectra University of[END_REF] in which we have incorporated the core polarization (CP) effects by means of a potential model and a correction to the electric dipole operator.

We describe in Section 2 the theoretical calculations and then in Section 3 the results. The conclusions are presented in Section 4.

Theoretical calculations

For the IC calculations we used the standard method of least-square fitting of experimental energy levels by means of computer programs of Cowan [START_REF] Cowan | The Theory of Atomic Structure and Spectra University of[END_REF]. The basis set used in this work consists in 10 configurations of even parity, namely, 4d 10 5s 2 , 4d 10 5p 2 , 4d 10 5s ns (n=6-9), 4d 10 5snd (5-7) and 4d 10 5s5g and 5 configurations of odd parity, namely, 4d 10 5snp (5-6), 4d 10 5s4f, 4d 10 5p5d and 4d 9 5s 2 6p. The experimental levels used for the calculations have been taken from the Moore Tables [START_REF] Moore | Atomic Energy Levels[END_REF] although the two levels namely 3º and 4º of the 4d 10 5p5d configuration have been excluded from the fit. We have included the tree levels of 4d 5 5s 2 5p reported by Dunne et al [13]. Figure 1 displays a energy level diagram of the Sn III. Due to the high number of parameters to adjust (that exceeds of the number of experimental levels) we have excluded of the adjustment process a certain number of parameters. We take for all the F k , G k and R k integrals no adjusted in the fitting procedure the HFR ab initio values scaled down by a factor of 0.85 (as was suggested by Cowan). For the spin-orbit integrals nl characterized by small numerical values and no adjusted in the fitting procedures we used the HFR ab initio values without scaling. All the details of the fitting procedure are not given here but can be obtained upon request from the authors. Results of the process for the interaction of the configurations 4d 10 5s7d, 4d 10 5s9s, 4d 10 5p5d and 4d 9 5s 2 5p are shown in the Table 1. As example we present in Table 2 the obtained values for the 4d 10 5p5d parameters.

In the same way that in our previous works for the Pb III [START_REF] Alonso-Medina | [END_REF] and Pb IV [START_REF] Alonso-Medina | Atomic Data and Nuclear Data Tables at press[END_REF], we have included the CP effects. These effects are included following the suggestions of Migdalek et al [START_REF] Migdalek | [END_REF]: the core polarization effects can be written as the one-particle, V P1 , and two-particle, V P2 , potential models ( )

2 1 d 3 2 2 1 c 1 2 n i P i i r V r r α = = - + (1) 
( )( ) 2 d 3 2 2 2 2 2 c c • n i j P i j i j r r V r r r r α > = - + + r r (2) 
where d is the dipole polarizability of the core and r c is the cut-off radius chosen as a measure of the size of the ionic core. Logically, these CP effects have not been added in the case of the configuration 4d 9 5s 2 5p.

A modification in the radial matrix element can be made in order to take into account the potential change. The <P nl | r | P n'l' > is replaced by

( ) ( ) ( ) c d d 3 2 3 2 2 0 0 c c 1 r nl n l nl n l P r P dr P r rP r dr r r r α α ∞ ′ ′ ′ ′ - - + (3) 
where the core penetration term suggested by Hameed [25] has been also included.

For the dipole polarizability and the cut-off radius we used previously the values computed by Fraga et al [START_REF] Fraga | Handbook of Atomic Data[END_REF]. However given the discrepancies among our calculations and the experimental values obtained for the lifetimes of the 4d 10 5s5p l P 1 and the 4d 10 5s5p 3 P 1 levels we finally use the values provided for McEachran et al [START_REF] Mceachran | [END_REF]: d = 2.168 (in au) and r c = 1.070 (in au). These CP effects have not been added in the case of the configuration 4d 9 5s 2 5p

In this way we obtained the LS composition of each level and the degree of configuration mixing considering their interactions. For the HFR calculations the Cowan code provides us the radial parts for determining the transition probabilities and initial estimation of the parameters for the IC fittings. The Lande factors are computed in the Cowan code. Oscillator strengths and transition probabilities corresponding to some spectral lines has been calculated in this work for the first time.

Results

Energy levels

In Table 1 we present as example the wave-functions of levels corresponding to 4d 10 5s7d, 4d 10 5s9s, 4d 10 5p5d and 4d 9 5s 2 5p configuration in terms of the (LS) functions and a comparison between experimental and theoretical energy values. In all cases there are a good agreement between our calculations and the experimental values. Also the calculated Lande factors are displayed.

It is remarkable that the 208731.6 cm -1 level that Moore identifies as 1º (J=2) belonging to the configuration 4d 10 5p5d , in our calculations appear as 4d 9 5s 2 5p 3 P 2 . In the same way the 213840.7 cm -1 level identifies as 2º (J= 2 or 3) appears in our calculations as 4d 10 5p5d 3 F 2 as can be seen in the cited Table 1. The 28.03 eV (226075 cm -1 ) level identifies by Dunne [13] as 4d 9 5s 2 5p 3 D 1 in our calculations appears as 4d 10 5p5d 1 P 1

As example, we present in Table 2 the values found for the different parameters involved in the IC calculations, compared with the HFR values (used as start in the fitting process) for the 4d 10 5p5d. The existent differences between both sets of parameters indicate the existence of configurations interactions perturbations that have been neglected in the calculation

Transitions probabilities, oscillator strengths and radiative lifetimes

Theoretical transitions probabilities obtained for 171 lines of Sn III with wavelengths in the range from 600 to 17000 Å are displayed in column three of Tables 3,4, 5, and 6, while column two give the corresponding wavelengths. In column four of Tables 3,4, 5, and 6 we present the corresponding oscillator strengths and the corresponding theoretical values of others authors. In the remaining columns we displayed the lifetimes calculated in this work versus the experimental values taken from the bibliography. Values presented in these Tables are in good agreement with the experimental ones published. Some differences exist among the experimental lifetimes measured by other authors and our calculations. In Table 6 and Table 5 the calculated lifetimes are in good agreement with the experimental measures. In the Table 3,4,5, the values of the calculated lifetimes are in agreement with the experimental values with the exception of the calculated lifetime of 4d 10 5s6s 1 S 0 (Table 3), 4d 10 5s6p 1 P 1 (Table 4) and 4d 10 5s5d 1 D 2 (Table 5). In these cases the calculated values differ in a factor 2 of the measured values. We think that these discrepancies are due to the configurations mix with other excited configurations not included in this work. Considerations in our calculations of other candidates with not experimentally observed energy levels were analyzed. The experimental values of the lifetimes considered in our work were carried out in 1985 and 1987 by Kernahan, Pinnington et al. It can be observed, in the original works of these authors, that these measures present important cascade effects that were discounted by software. Consequently, we had to proceed with caution when tuning the procedure adding non experimental configurations to our calculations to try to adjust us to these experimental values. In this way we try to improve the calculations of the mentioned level lifetimes introducing the configurations suggested by Biemont in 2000 ( 5s 2 , 5sns (n=6-10), 5snd (n=5-10), 5p 2 , 5d 2 , 4f 2 , 5f 2 , 5p6p, 5p7p for the even parity and 5snp (n=6-10), 5p6s, 5p7s, 5p5d, 5p6d,5p7d for the odd parity). The HFR calculations showed that the interaction must be weak. The IC fitting was unfruitful due to the increase in the number of parameters above the number of experimentally energy levels. In these circumstances we think that it is but correct to assume the discrepancies and to leave the calculations like they were.

Conclussions

In this paper, we have present a set of transition probabilities, oscillator strengths and lifetimes of Sn III configurations of interest in a variety of fields in physics and technology: in future semiconductor lithography tools, in astrophysical applications,… Core polarization effects are included in our calculations. In this way we have found good agreement between our results and the scarce experimental values with the exception of the calculated lifetime of 4d 10 5s6s 1 S 0 , 4d 10 5s6p 1 P 1 and 4d 10 5s5d 1 D 2 . Several of those values calculated are published for the first time in this work. These values will constitute the starting point for the Stark broadening calculations of the Sn III spectral lines. ) 
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 121 Figure 1.Energy level diagram of Sn III.

Table 1 .

 1 Calculated and observed energy levels (cm -1 ), wave function compositions and theoretical Lande factors in Sn III.

	Levels	Calc	Energy	Obs	Lande Factor	%1 st comp c	Wave functions %2 nd comp c	%3 rd comp c
	4d 10 5s7d 3 D1	208670	208647 a	0.50	100 5s7d 3 D1	
	4d 10 5s7d 3 D2	208699	208695 a	1.17	98 5s7d 3 D2	
	4d 10 5s7d 3 D2	208749	208775 a	1.33	100 5s7d 3 D3	
	4d 10 5s7d 1 D2	209256	209256 a	1.00	96 5s7d 1 D2	
	4d 10 5s9s 3 S1	219504	219504 a	2.00	100 5s9s 3 S1	
	4d 10 5p5d (1º 2) 208639	208732 a	1.48	85 4d 9 5s 2 5p 3 P2 10 4d 10 5p5d 3 P2 3 4d 9 5s 2 5p 3 D2
	4d 10 5p5d (2º 2) 213817	213841 a	0.77	72 4d 10 5p5d 3 F2 12 4d 10 5p5d 1 D2 12 4d 10 5p5d 3 D2
	4d 10 5p5d 3 P1	217092	216752 a	1.23	49 4d 10 5p5d 3 P1 23 4d 10 5p5d 3 D1 20 4d 9 5s 2 5p 3 P1
	4d 10 5p5d 3 P2	217524	217619 a	1.20	62 4d 10 5p5d 3 D2 23 4d 10 5p5d 3 P2 6 4d 10 5p5d 3 F2
	4d 9 5s 2 5p 3 P1	215521	215510 b	1.09	53 4d 9 5s 2 5p 3 P1 36 4d 10 5p5d 3 D1 6 4d 9 5s 2 5p 1 P1
	4d 9 5s 2 5p 1 P1	222430	222446 b	1.04	86 4d 9 5s 2 5p 1 P1	9 4d 9 5s 2 5p 3 P1
	4d 9 5s 2 5p 3 D1	225953	226075 b	0.99	94 4d 10 5p5d 1 P1	

a Reference

[START_REF] Moore | Atomic Energy Levels[END_REF]

. b Reference

[13]

. c % composition of <5% not included.

Table 2 .

 2 Parameters of 4d 10 5p5d configuration resulting from the least square fitting of the intermediate coupling calculations.

	Configuration					Parameters (cm -1 )	
	4d 10 5p5d	E av = 216895	F 1 (5p,5d)= F 2 (5p,5d)= G 1 (5p,5d)=	0 2132 1239	(0) (25112) (23410)	ζ 5p = ζ 5d =	3490 157	(3490) (157)
			G 2 (5p,5d)=	0	(0)	
			G 3 (5p,5d)=	15794	(15794)	
			G 1 (6s,6p)=	33655	(45752)	
	E av (Energy configuration average) F	k , G	k (Coulomb radial integrals) nl (Spin-orbit energy)
	Values in parenthesis are HFR results.				

Table 3 .

 3 Transition probabilities and oscillator strengths of spectral lines arising from 4d 10 5sns configurations of Sn III. Also calculated radiative lifetimes compared with experimental values obtained for others authors.

	No.	Transition Levels Upper Lower	Wavelength λ (Å) a	Transition Probabilities (10 8 s -1 )	f-values	Lifetimes (ns) This work Others
	1	6s 3 S 1	5p 3 P 0	1161.6	2.9	0.18	0.43	0.50±0.05 d
	2		5p 3 P 1	1184.3	8.2	0.17		
	3 4		5p 3 P 2 5p 1 P 1	1243.6 1674.3	12.2 0.023	0.17 0.00096		
	5	6s 1 S 0	5p 3 P 1	1131.3	0.028	0.00018	0.40	1.16±0.10 d
								1.10±0.10 c
	6		5p 1 P 1	1570.4	24.7	0.30		
	7	7s 3 S 1	5p 3 P 0	751.1	1.3	0.034	0.63	
	8		5p 3 P 1	760.5	3.8	0.033		
	9		5p 3 P 2	784.6	6.0	0.033		
	10		5p 1 P 1	936.5	0.021	0.00027		
	11		6p 3 P 0	3738.5	0.49	0.31		
	12		6p 3 P 1	3777.5	1.3	0.28		
	13		6p 3 P 2	3959.6	2.1	0.30		
	14		6p 1 P 1	4173.1	0.79	0.21		
	15	6s 1 S 0	5p 3 P 1	756.4	0.041	0.00012	2.0	
	16		5p 1 P 1	930.3	2.0	0.0087		
	17		6p 3 P 1	3678.6	0.28	0.019		
	18		6p 1 P 1	4052.8	2.6	0.21		
	19	8s 3 S 1	5p 3 P 0	647.6	0.55	0.010	1.6	
	20		5p 3 P 1	654.6	1.6	0.010		
	21		5p 3 P 2	672.4	2.5	0.010		
	22		5p 1 P 1	781.0	0.0088	0.00008		
	23		6p 3 P 0	2082.6	0.19	0.037		
	24		6p 3 P 1	2094.6	0.52	0.034		
	25		6p 3 P 2	2149.7	0.88	0.036		
	26		6p 1 P 1	2210.8	0.036	0.0026		
	27	9s 3 S 1	5p 3 P 0	602.6	0.30	0.0048	3.0	
	28		5p 3 P 1	608.6	0.86	0.0048		
	29		5p 3 P 2	623.9	1.4	0.0047		
	30		5p 1 P 1	716.4	0.00048	0.000004		
	31		6p 3 P 0	1678.9	0.10	0.013		
	32		6p 3 P 1	1686.7	0.28	0.012		
	33		6p 3 P 2	1722.2	0.47	0.013		
	34		6p 1 P 1	1761.2	0.020	0.00091		
	a Reference [20].					

c Reference

[17]

. d Reference

[19]

.

Table 4 .

 4 Transition probabilities and oscillator strengths of spectral lines arising from 4d 10 5s np and 4d 10 5p 2 configurations of Sn III. Also calculated radiative lifetimes compared with experimental values obtained for others authors.

	No.	Transition Levels Wavelength λ (Å) a Upper Lower	Transition Probabilities (10 8 s -1 )	This work	f-values Others	Lifetimes (ns) This work Others
	1	5p 3 P 1	5s 2 1 S 0	1811.7	0.052	0.0077	0.0059 f 0.0074 e	193	>45 c
								0.010 g	
	2	5p 1 P 1	5s 2 1 S 0	1251.4	19.9	1.40	1.30±0.20 b 1.47±0.15 h 1.50±0.1 d	0.50	0.54±0.10 b 0.52±0.05 c 0.47±0.05 d
	3	6p 3 P 0	6s 3 S 1	4925.7	1.26	0.15		4.8
	4		5p 2 3 P 1	3353.4	0.0012	0.00007		
	5		5d 3 D 1	5371.1	0.83	0.12		
	6	6p 3 P 1	5s 2 1 S 0	624.2	0.085	0.0015		4.5	5.5±0.5 d
	7		6s 3 S 1	4859.7	1.22	0.43		
	8		6s 1 S 0	6015.2	0.046	0.075		
	9		5p 2 3 P 0	3038.9	0.00086	0.00036		
	10		5p 2 3 P 2	3898.9	0.0073	0.0010		
	11		5p 2 1 D 2	3123.9	0.094	0.0082		
	12		5d 3 D 1	5292.7	0.20	0.084		
	13		5d 3 D 2	5350.7	0.59	0.15		
	14		5d 1 D 2	16393.7	0.0020	0.0048		
	15	6p 3 P 2	6s 3 S 1	4587.1	1.53	0.80		4.0	5.2±0.5 d
	16		5p 2 3 P 1	3193.0	0.00051	0.00013		
	17		5p 2 3 P 2	3721.5	0.00086	0.00018		
	18		5d 3 D 1	4970.9	0.010	0.0062		
	19		5d 3 D 2	5022.1	0.15	0.057		
	20		5d 3 D 3	5102.0	0.81	0.23		
	21	6p 1 P 1	5s 2 1 S 0	614.5	1.24	0.021		2.60	1.20±0.05 d
	22		6s 3 S 1	4331.4	0.14	0.039		
	23		6s 1 S 0	5226.2	0.89	1.09		
	24		5p 2 1 D 2	2896.8	1.26	0.095		
	25		5p 2 3 P 2	3551.4	0.15	0.017		
	26		5d 3 D 1	4672.1	0.023	0.0075		
	27		5d 3 D 2	4717.3	0.064	0.013		
	28		5d 1 D 2	11614.9	0.074	0.090		
	29 5p 2 3 P 0	5p 3 P 1	1386.7	14.7	0.14		0.67	0.71±0.10 d
	30		5p 1 P 1	2109.1	0.27	0.0060		
	31 5p 2 3 P 1	5p 3 P 0	1289.1	6.2	0.46		0.59	0.67±0.10 d
	32		5p 3 P 1	1334.7	4.4	0.12		
	33		5p 3 P 2	1410.6	6.3	0.11		
	34		5p 1 P 1	1991.7	0.010	0.00059		
	35 5p 2 3 P 2	5p 3 P 1	1259.9	4.7	0.19		0.61	0.75±0.10 d
	36		5p 3 P 2	1327.3	11.8	0.31		
	37		5p 1 P 1	1829.6	0.0023 0.00019		

h Reference

[Pinnington] 

[18]

.

Table 5 .

 5 Transition probabilities and oscillator strengths of spectral lines arising from 4d 10 5s nd configurations of Sn III. Also calculated radiative lifetimes compared with experimental values obtained for others authors.

	No.	Transition Levels Upper Lower	Wavelength λ (Å) a	Transition Probabilities (10 8 s -1 )	f-values	Lifetimes (ns) This work Others
	1	5d 3 D 1	5p 3 P 0	1139.3	15.8	0.92	0.36 0.45±0.04 d
	2		5p 3 P 1	1161.1	11.2	0.23		
	3		5p 3 P 2	1218.1	0.66	0.0088		
	4		5p 1 P 1	1628.4	0.032	0.0013		
	5	5d 3 D 2	5p 3 P 1	1158.3	20.2	0.68	0.38 0.42±0.04 d
	6		5p 3 P 2	1215.1	6.1	0.14		
	7		5p 1 P 1	1623.0	0.040	0.0026		
	8	5d 3 D 3	5p 3 P 2	1210.5	24.1	0.74	0.41 0.58±0.10 b 0.45±0.04 d
	9	5d 1 D 2	5p 3 P 1	1010.9	0.31	0.0079	0.28 0.49±0.04 c 0.65±0.15 d
	10		5p 3 P 2	1053.9	0.10	0.0017		
	11		5p 1 P 1	1347.6	34.8	1.6		
	12	6d 3 D 1	5p 3 P 0	744.2	2.8	0.0070	1.1	
	13		5p 3 P 1	753.5	2.0	0.017		
	14		5p 3 P 2	777.1	0.13	0.00071		
	15		5p 1 P 1	925.9	0.012	0.00015		
	16		6p 3 P 0	3574.5	2.3	1.3		
	17		6p 3 P 1	3610.1	1.6	0.31		
	18		6p 3 P 2	3776.8	0.10	0.013		
	19		6p 1 P 1	3969.7	0.094	0.022		
	20		4f 3 F 2	12175.1	0.12	0.16		
	21	6d 3 D 2	5p 3 P 1	753.0	3.6	0.051	1.1	1.3±0.3 d
	22		5p 3 P 2	776.6	1.1	0.0099		
	23		5p 1 P 1	925.2	0.0036	0.00008		
	24		6p 3 P 1	3599.6	2.9	0.94		
	25		6p 3 P 2	3765.4	0.90	0.19		
	26		6p 1 P 1	3957.1	0.12	0.047		
	27		4f 3 F 2	11508.1	0.013	0.026		
	28		4f 3 F 3	11556.3	0.097	0.14		
	29		4f 1 F 3	12056.8	0.0073	0.011		
	30	6d 3 D 3	5p 3 P 2	775.8	4.5	0.057	1.2	1.3±0.4 d
	31		6p 3 P 2	3746.6	3.7	1.1		
	32		4f 3 F 2	11335.0	0.00028	0.00076		
	33		4f 3 F 3	11381.7	0.0092	0.018		
	34		4f 3 F 4	11510.3	0.11	0.17		
	35		4f 1 F 3	11866.9	0.00049	0.0010		
	36	6d 1 D 2	5p 3 P 1	743.5	0.024	0.00033	1.44 1.17±0.15 d
	37		5p 1 P 1	910.9	3.6	0.075		
	38		6p 3 P 1	3392.8	0.22	0.063		
	39		6p 3 P 2	3539.6	0.0020	0.00038		
	40		6p 1 P 1	3708.5	3.0	1.0		

a Reference

[START_REF] Moore | Atomic Energy Levels[END_REF]

. b Reference

[16]

. c Reference

[17]

. d Reference

[19]

.

Table 6 .

 6 Transition probabilities and oscillator strengths of spectral lines arising from 4d 10 5s 4f and 4d 10 5s5g configurations of Sn III. Also calculated radiative lifetimes compared with experimental values obtained for others authors.

	No.	Transition Levels Upper Lower	Wavelength λ (Å) a	Transition Probabiliti es (10 8 s -1 )	f-values	Lifetimes (ns) This work Others
	1	4f 3 F 2	5p 2 3 P 1	2033.0	0.00023	0.00002	1.7	1.43±0.25 d
	2		5d 3 D 1	2632.6	5.03	0.87		
	3		5d 3 D 2	2546.9	0.91	0.088		
	4		5d 3 D 3	2668.5	0.025	0.0019		
	5	4f 3 F 3	5p 2 1 D 2	1955.5	0.36	0.029	1.6	1.30±0.20 d
	6		5p 2 3 P 2	2233.3	0.027	0.0028		
	7		5d 3 D 2	2644.3	5.00	0.73		
	8		5d 3 D 3	2666.3	0.60	0.064		
	9		5d 1 D 2	3963.9	0.055	0.018		
	10	4f 3 F 4	5d 3 D 3	2659.4	6.0	0.82	1.7	1.36±0.20 d
	11	4f 1 F 3	5p 2 1 D 2	1941.8	6.5	0.51	1.2	0.80±0.20 d
	12		5p 2 3 P 2	2215.6	0.69	0.071		
	13		5d 3 D 2	2619.5	0.33	0.048		
	14		5d 3 D 3	2641.0	0.044	0.0046		
	15		5d 1 D 2	3908.3	0.95	0.30		
	16	5g 3 G 3	4f 3 F 2	3730.9	3.9	1.1	2.4	
	17		4f 3 F 3	3735.9	0.32	0.067		
	18		4f 3 F 4	3749.6	0.0054	0.00089		
	19		4f 1 F 3	3786.7	0.019	0.0041		
	20	5g 3 G 4	4f 3 F 3	3735.9	3.7	1.0	2.4	
	21		4f 3 F 4	3749.6	0.26	0.055		
	22		4f 1 F 3	3786.7	0.25	0.069		
	23	5g 3 G 5	4f 3 F 4	3746.4	4.2	1.1	2.4	
	24	5g 1 G 4	4f 3 F 3	3733.8	0.26	0.070	2.5	
	25		4f 1 F 3	3784.5	3.7	1.0		

a Reference

[START_REF] Moore | Atomic Energy Levels[END_REF]

. d Reference

[19]
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