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Abstract 

 

Excitation of doublet F-levels of the lutetium atom by electron impact has been 

studied experimentally. Seventy-seven excitation cross sections have been 

measured at an exciting electron energy of 50 eV. Seven optical excitation 

functions have been recorded in the exciting electron energy range of 0–250 eV. 

For three LuI spectral series, cross-sections have been studied as functions of 

principal quantum numbers of upper levels. 
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1 Introduction 
 

Together with 13 elements that precede it in the periodic table, lutetium belongs to 

the lanthanides. Its chemical properties entirely agree with that classification. 

However the spectrum of the lutetium atom differs from spectra of other 

lanthanides so markedly that it can be reasonably viewed as an elementary 5d 

spectrum rather than that of a rare-earth element (REE) [8]. A cause of distinction 

the spectrum of lutetium from spectra of other REEs is lutetium’s 4f shell which 

contains 14 electrons and is fully populated. The outermost shell of the lutetium 

atom is a fully-populated 6s2, preceded by an partially populated shell that 

contains only a single 5d electron. Lying further inward are 5p6 and 5s2 electron 

shells, and only then does the fully-populated 4f14 shell occur. Thus, and unlike 

other REE atoms, the 4f14 shell in LuI lies rather deep on the energy scale and 

therefore fails to affect the lutetium atom’s optical spectrum in any substantial 

manner. In contrast, other REE atoms possess rather complex spectra, with abund- 
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ance of lines that is the specific result of 4f electrons being involved in their 

formation. 

Until recent times, as late as in early 1980s, lutetium had no significant 

practical applications. “ … regardless of any swings in gold price, lutetium was 

always and consistently priced higher than gold – even though it was barely useful 

for anything other than studying properties of lutetium itself … ” [12]. However, 

almost at once came early publications on high-temperature superconductivity 

(high-TS), and it was announced [2] before long that LuBa2Cu3Ox high-TS film 

was created. Plasma-enhanced thin film deposition is a particularly widespread 

application. Moreover, there is going on research into complex lutetium 

compounds such as Lu2Fe3Si5 [3], LuNi2B2C [4] etc. Thus, lutetium is now a 

subject of interest both for pure scientists and application researchers. A 

pioneering study of inelastic collisions of electrons with lutetium atoms using the 

method of extended crossing beams was published in [5]. Fifty-five excitation 

cross-sections for LuI spectral lines have been measured with exciting electron 

energies of 50 eV. Almost all transitions investigated terminated at levels of the 

ground term, 5d(2D)6s2 2D. As the experiment took place before newly-designed 

equipment and new methodology were tested, its results should be deemed as 

preliminary. An improved method was used later to study excitation of doublet D 

levels of the lutetium atom [10], with even levels making up a significant 

majority. This paper reports findings from a study of excitation of doublet F levels 

of the lutetium atom. Considering that the experiment, similarly to [5, 10], is 

based on the method of extended crossing beams which is given detailed 

treatment in a number of publications (e.g., [6, 11]), a description of the 

equipment and methodology foundations would be unnecessary here. We will 

only make note of several main conditions pertinent to the lutetium experiment 

proper. 

 

2 Main Experimental Conditions 
 

In order to produce the atomic beam, the LuM-1 brand of metallic lutetium was 

vaporized from a crucible of tantalum by electron-ray heating. The initial metal 

had a purity factor of 99.8%, containing less than 0.1% foreign REEs (Er, Tm, 

Yb) in total and traces of sulphur, tantalum, iron and calcium not exceeding 

0.02% for each element. Heating power was applied directly to metal surface to 

preserve the crucible as its dissolution with liquid lutetium would be minimized 

this way. With the surface of the molten metal heated up to T = 2050 K, metal 

atom concentration in the electron and atomic beam crossing zone stood at 1.7 × 

1010 cm-3 throughout the main part of the experiment. To minimize reabsorption, 

intense resonance lines were studied with atom concentration reduced to 109 cm-3. 

The energy interval between 5d(2D)6s2 2D ground term levels is ΔE = 

1993.92 cm-1; the ground level has J = 3/2. An estimate show the population of 

the ground level at 72.2% of the total number of atoms in the beam while the 

thermal population of a higher level having J = 5/2 stands at 25.9%. The closest-

lying odd level, 6s2(1S)6p 2P°1/2 (E = 4136.00 cm-1), has a population of 1.9%.  
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Thus, excitation of the lutetium atom mainly originates from the ground level in 

the conditions of this experiment. 

Electron beam current densities across the entire electron energy working 

range of 0–250 eV stood below 1.0 mA/cm2. The spectral resolution remained 

close to 0.1 nm within the short-wave part of a spectrum at λ < 600 nm, and 

deteriorate to 0.2 nm in the red at λ > 600 nm as the monochromator diffraction 

grating had to be replaced. Relative cross-section values have been measured with 

a margin of error of 3% for lines of greatest intensity and between 5% and 15 % 

for less intense lines. Absolute cross-section values have been determined with 

margins of error ranging from ±15% for most intense lines to ±27% for least 

intense lines. 
 

3 Results and Discussion 
 

Emission optical spectrum has been recorded within a wavelength range of 190 to 

850 nm with incident electron energy of 50 eV. Seventy-seven excitation cross-

sections have been measured for spectral lines occurring as a result of doublet F 

levels populated in electron collisions with lutetium atoms. Unlike [10] where 

excitation of even D levels was the dominant pattern, only a single transition at λ 

= 543.788 nm from the even level 5d2(3F)6s 2F5/2 (E = 25860 cm-1) was identified 

in our study while all other transitions studied took place as a result of excitation 

of odd levels. The dependence of excitation cross sections on the exciting electron 

energy (optical excitation functions, OEFs) has been recorded for transitions 

originating at nine upper levels within the electron energy range of 0 to 250 eV. 

The measurement results supplemented with necessary spectroscopic data 

are summarized in Table 1 (transitions for which optical excitation function have 

been recorded) and Table 2 (transitions for which reliable recording of OEFs 

proved impossible). Tables 1, 2 indicate wavelengths λ, transitions and J values, 

energies of lower Elow and upper Eup levels and cross-section values Q50 at 

incident electron energy of 50 eV. Table 1 further contain cross-section values at 

OEF maximum Qmax, OEF maximum positions E(Qmax) and OEFs numbers 

following the curve numbering in Fig. 1. Letter A in column OEF signify, that 

optical excitation function is recorded for this blended line, but upper level of this 

transition considered not in present paper. 

The most extensive source data on LuI spectrum can be found in [9]. 

These findings have been complemented greatly by absorption measurement data 

in a subsequent work [1] where several series were surveyed up to n = 35. A later 

publication [13] surveys the IR emission spectrum of lutetium and expands its 

analysis on LuI. Locations of several known levels were corrected in the process, 

with energy corrections for some levels being as high as ΔE = 0.29 cm-1 and even 

0.44 cm-1 relative to the values from the compilation [8]. Furthermore, six new 

even levels and five new odd levels were added while interpretations were 

changed for three odd levels. 

In [13] a few important changes were added in the 2F° series. In [1] two 

lines at λ = 339.555 nm for the 5d(2D)6s2 2D5/2–6s2nf 2F°5/2 series and at λ =  
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314.2470 nm for the 5d(2D)6s2 2D5/2–6s2nf 2F°7/2 series are announced as head 

transitions. As their corresponding upper levels given 6s25f 2F°5/2 (E = 31470.50  

cm-1) and 6s25f 2F°7/2 (E = 31424.70 cm-1). Work [13] invalidates both levels  

 

Table 1.  Excitation Cross-Sections of Lutetium Atom (with OEFs recorded) 
                

nm 

Transition Jlow–Jup Elow           

cm-1 

Eup           

cm-1 

Q50             

10-18 cm2 

Qmax           

10-18 cm2 

E(Qmax)       

eV 

OEF 

254.944 5d(2D)6s2 2D–6s2(1S)6f 2F 3/2–5/2 0 39212 17.6 18.0 40 8 

 

268.508   

268.554   

268.603 

 

6s2(1S)6p 2P–6s6p2                               

5d(2D)6s2 2D–6s2(1S)6f 2F                           

5d(2D)6s2 2D–6s2(1S)6f 2F 

 

1/2–1/2,3/2            

5/2–7/2                    

5/2–5/2 

 

4136                           

1993                          

1993 

 

41367                       

39220                                

39212 



20.0 25.7





 

 

13                               

35                              

40 

 

A                  

9                                          

8 

272.895 5d(2D)6s2 2D–6s2(1S)5f 2F 3/2–5/2 0 36633 20.9 20.9 50 6 

288.514 5d(2D)6s2 2D–6s2(1S)5f 2F 5/2–7/2 1993 36644 15.1 16.2 10 7 

288.604 5d(2D)6s2 2D–6s2(1S)5f 2F 5/2–5/2 1993 36633 1.47 1.47 50 6 

331.211 5d(2D)6s2 2D–5d6s(3D)6p 2F 3/2–5/2 0 30183 563. 613. 22 4 

335.956 5d(2D)6s2 2D–5d6s(3D)6p 2F 5/2–7/2 1993 31751 292. 314. 23 5 

354.639 5d(2D)6s2 2D–5d6s(3D)6p 2F 5/2–5/2 1993 30183 14.1 15.3 22 4 

356.784 5d(2D)6s2 2D–5d6s(1D)6p 2F 3/2–5/2 0 28020 261. 358. 16 2 

363.652 5d(2D)6s2 2D–5d6s(1D)6p 2F 5/2–7/2 1993 29486 24.8 44.6 9.2 3 

384.118 5d(2D)6s2 2D–5d6s(1D)6p 2F 5/2–5/2 1993 28020 120. 165. 16 2 

(400.991 5d2(3F)6s 4F–6s2(1S)6f 2F 3/2–5/2 18851 39212) 0.54 0.55 40 8 

(526.922 5d2(3F)6s 4F–6s2(1S)6f 2F 7/2–7/2 20247 39220) 0.26 0.27 35 9 

543.788 6s2(1S)6p 2P–5d2(3F)6s 2F 3/2–5/2 7476 25860 15.8 33.6 7.0 1 

 

 
Figure 1: Optical excitation functions of lutetium atom
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with simultaneous decreasing by one all n values in both series reported in [1]. 

These changes are also reflected in the compilation [8] and taken into 

consideration in Tables 1, 2 of the present work. 

Besides, similar to the case with D levels of LuI [10], a great number of 

lines lying in the visible part of the spectrum could not be found in any preceding 

publications. We have endeavored to classify these lines showing that they arise 

as a result of transitions from higher-lying levels to levels of non-resonance terms 

with energies lying within the range E = 18851–30183 cm-1; the corresponding 

 

Table 2.  Excitation Cross-Sections of Lutetium Atom (without OEFs 

recorded) 

 

              
nm 

Transition Jlow–Jup Elow           

cm-1 

Eup           

cm-1 

Q50           

10-18 cm2 

1 2 3 4 5 6 

(230.029  

(230.038 

(230.052 

5d(2D)6s2 2D–6s2(1S)23p 2P                     

5d(2D)6s2 2D–6s2(1S)23p 2P                     

5d(2D)6s2 2D–6s2(1S)20f 2F 

3/2–3/2    

3/2–1/2     

3/2–5/2 

0             

0                  

0 

43459)  

43457) 

43455) 



1.53 

232.580 5d(2D)6s2 2D–6s2(1S)13f 2F 3/2–5/2 0 42982 1.31 

233.385 5d(2D)6s2 2D–6s2(1S)12f 2F 3/2–5/2 0 42834 1.72 

234.458 5d(2D)6s2 2D–6s2(1S)11f 2F 3/2–5/2 0 42638 2.38 

235.927 5d(2D)6s2 2D–6s2(1S)10f 2F 3/2–5/2 0 42372 4.09 

238.018 5d(2D)6s2 2D–6s2(1S)9f 2F 3/2–5/2 0 42000 6.71 

241.145 5d(2D)6s2 2D–6s2(1S)8f 2F 3/2–5/2 0 41456 7.67 

242.645  

242.678 
5d(2D)6s2 2D–6s2(1S)15f 2F                         

5d(2D)6s2 2D–6s2(1S)15f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

43193      

43188 
1.02 

243.185  

243.210 
5d(2D)6s2 2D–6s2(1S)14f 2F                         

5d(2D)6s2 2D–6s2(1S)14f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

43102      

43098 
1.15 

243.871  

243.895 
5d(2D)6s2 2D–6s2(1S)13f 2F                         

5d(2D)6s2 2D–6s2(1S)13f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

42986      

42982 
1.33 

244.759  

244.781 
5d(2D)6s2 2D–6s2(1S)12f 2F                         

5d(2D)6s2 2D–6s2(1S)12f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

42837      

42834 
1.48 

245.939  

245.961 
5d(2D)6s2 2D–6s2(1S)11f 2F                         

5d(2D)6s2 2D–6s2(1S)11f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

42642      

42638 
1.87 

246.068 5d(2D)6s2 2D–6s2(1S)7f 2F 3/2–5/2 0 40626 2.28 

247.556  

247.579 
5d(2D)6s2 2D–6s2(1S)10f 2F                         

5d(2D)6s2 2D–6s2(1S)10f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

42376      

42372 
2.12 

249.849   

249.882 
5d(2D)6s2 2D–6s2(1S)9f 2F                         

5d(2D)6s2 2D–6s2(1S)9f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

42006      

42000 
1.53 

253.306  

253.330 
5d(2D)6s2 2D–6s2(1S)8f 2F                         

5d(2D)6s2 2D–6s2(1S)8f 2F 

5/2–7/2                

5/2–5/2 

1993       

1993 

41460      

41456 
6.17 

258.769  

258.822 
5d(2D)6s2 2D–6s2(1S)7f 2F                         

5d(2D)6s2 2D–6s2(1S)7f 2F 

5/2–5/2                

5/2–7/2 

1993       

1993 

40626      

40619 
7.98 
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Table 2.  (Continued): Excitation Cross-Sections of Lutetium Atom (without 

OEFs recorded) 

 

(406.327 5d2(3F)6s 4F–6s2(1S)20f 2F 3/2–5/2 18851 43455) 0.092 

(406.905 5d2(3F)6s 4F–6s2(1S)19f 2F 3/2–5/2 18851 43420) 0.11 

(407.582 5d2(3F)6s 4F–6s2(1S)18f 2F 3/2–5/2 18851 43379) 0.13 

(408.360 5d2(3F)6s 4F–6s2(1S)17f 2F 3/2–5/2 18851 43332) 0.16 

(414.279  

(414.303 

(414.307 

5d2(3F)6s 4F–6s2(1S)13f 2F                       

5d2(3F)6s 4F–6s2(1S)23f 2F                     

5d2(3F)6s 4F–6s2(1S)23f 2F 

3/2–5/2    

5/2–7/2     

5/2–5/2 

18851             

19403                  

19403 

42982)  

43533) 

43533) 



0.67 

(420.315 5d2(3F)6s 4F–6s2(1S)15f 2F 5/2–5/2 19403 43188) 0.12 

1 2 3 4 5 6 

(423.987 5d2(3F)6s 4F–6s2(1S)13f 2F 5/2–5/2 19403 42982) 0.18 

(431.855 5d2(3F)6s 4F–6s2(1S)9f 2F 3/2–5/2 18851 42000) 0.089 

(432.180  

(432.209 
5d2(3F)6s 4F–6s2(1S)18f 2F                           

5d2(3F)6s 4F–6s2(1S)18f 2F 

7/2–5/2             

7/2–7/2 

20247  

20247 

43379)  

43377) 
0.15 

(433.143 5d2(3F)6s 4F–6s2(1S)17f 2F 7/2–7/2 20247 43327) 0.18 

(442.257 5d2(3F)6s 4F–6s2(1S)8f 2F 3/2–5/2 18851 41456) 0.32 

459.068 (5d2(3F)6s 4F–6s2(1S)7f 2F 3/2–5/2 18851 40626) 1.47 

(462.925 5d2(3F)6s 4F–6s2(1S)12f 2F 9/2–7/2 21242 42837) 0.36 

(479.907 5d6s(3D)6p 4F–5g6s2 2G 5/2–7/2 18504 39336) 0.25 

(482.229  

(482.234 

(482.269 

5d2(3P)6s 4P–6s2(1S)23f 2F                     

5d2(3P)6s 4P–6s2(1S)23f 2F                 

5d2(3P)6s 4P–6s2(1S)18p 2P 

5/2–7/2    

5/2–5/2     

3/2–3/2 

22802             

22802                  

22467 

43533)  

43533) 

43197) 



0.21 

(482.752  

(482.755 

(482.768 

5d2(3P)6s 4P–6s2(1S)22f 2F                     

5d2(3P)6s 4P–6s2(1S)22f 2F                 

5d6s(3D)6p 4P–? 

5/2–7/2    

5/2–5/2     

1/2–3/2 

22802             

22802                  

24108 

43510)  

43510) 

44816) 



0.17 

(486.946 5d2(3P)6s 4P–6s2(1S)17f 2F 5/2–5/2 22802 43332) 0.13 

(487.306 5d2(3P)6s 4P–6s2(1S)13f 2F 3/2–5/2 22467 42982) 0.16 

(503.785 5d2(3F)6s 2F–5d2(3F)6p 2F 5/2–5/2 25860 45706) 1.41 

(503.894 5d2(3P)6s 4P–6s2(1S)11f 2F 5/2–7/2 22802 42642) 0.24 

(511.807 5d2(3P)6s 4P–6s2(1S)9f 2F 3/2–5/2 22467 42000) 0.31 

(531.140  

(531.146 
5d2(1D)6s 2D–6s2(1S)23f 2F                           

5d2(1D)6s 2D–6s2(1S)23f 2F 

5/2–7/2             

5/2–5/2 

24711  

24711 

43533)  

43533) 
0.21 

(531.774  

(531.778 
5d2(1D)6s 2D–6s2(1S)22f 2F                           

5d2(1D)6s 2D–6s2(1S)22f 2F 

5/2–7/2             

5/2–5/2 

24711  

24711 

43510)  

43510) 
0.24 

(535.466  

(535.524  

(535.569 

5d2(1D)6s 2D–6s2(1S)15f 2F                           

5d2(1D)6s 2D–6s2(1S)18f 2F                           

5d2(1D)6s 2D–6s2(1S)18f 2F 

3/2–5/2    

5/2–5/2     

5/2–7/2 

24518             

24711                  

24711 

43188)  

43379) 

43377) 



0.39 

(535.894 5d2(3P)6s 4P–6s2(1S)8f 2F 5/2–5/2 22802 41456) 0.17 

(547.029 5d2(1D)6s 2D–6s2(1S)13f 2F 5/2–7/2 24711 42986) 0.56 

(550.529   

550.591 
5d2(3P)6s 4P–6s2(1S)7f 2F                           

5d6s(3D)6p 2D–6s2(1S)10s 2S 

3/2–5/2             

3/2–1/2 

22467  

22124 

40626)  

40282 
2.07 
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Table 2.  (Continued): Excitation Cross-Sections of Lutetium Atom (without 

OEFs recorded) 

 

(559.919 5d2(1D)6s 2D–6s2(1S)10f 2F 3/2–5/2 24518 42372) 0.50 

(563.227   

(563.237 
5d2(3F)6s 2F–6s2(1S)28f 2F                     

5d2(3F)6s 2F–6s2(1S)28f 2F 

5/2–7/2             

5/2–5/2 

25860  

25860 

43610)  

43610) 
0.13 

(567.244 5d2(3F)6s 2F–6s2(1S)21f 2F 5/2–

5/2,7/2 

25860 43485) 0.34 

(570.665 5d2(3F)6s 2F–6s2(1S)18f 2F 5/2–5/2 25860 43379) 0.25 

(571.840 5d2(1D)6s 2D–6s2(1S)9f 2F 3/2–5/2 24518 42000) 0.60 

(583.748 5d2(3F)6s 2F–6s2(1S)13f 2F 5/2–7/2 25860 42986) 0.61 

      

1 2 3 4 5 6 

(585.698   

(585.698 
5d2(3F)6s 2F–6s2(1S)31f 2F                     

5d2(3F)6s 2F–6s2(1S)31f 2F 

7/2–7/2             

7/2–5/2 

26570  

26570 

43639)  

43639) 
0.17 

(588.985 5d2(3F)6s 2F–6s2(1S)12f 2F 5/2–5/2 25860 42834) 0.73 

(622.670 5d6s(1D)6p 2F–? 5/2–7/2 28020 44075) 0.83 

(628.447 5d2(1D)6s 2D–6s2(1S)7f 2F 5/2–7/2 24711 40619) 2.07 

(632.486  

(632.635 
5d2(3F)6s 2F–6s2(1S)10f 2F                     

5d2(3F)6s 2F–6s2(1S)10f 2F 

7/2–7/2             

7/2–5/2 

26570  

26570 

42376)  

42372) 
1.39 

(633.974 5d2(3P)6s 2P–5d2(3F)6p 2F 3/2–5/2 29937 45706) 0.35 

(637.236 5d2(1G)6s 2G–6s2(1S)18f 2F 9/2–7/2 27689 43377) 0.12 

(639.036 5d6s(3D)6p 2F–? 5/2–7/2 30183 45827) 0.74 

(640.886 5d2(3F)6s 2F–6s2(1S)8f 2F 5/2–7/2 25860 41460) 1.79 

(643.255  

(643.263 
5d2(1G)6s 2G–6s2(1S)23f 2F                       

5d2(1G)6s 2G–6s2(1S)23f 2F 

7/2–7/2             

7/2–5/2 

27991  

27991 

43533)  

43533) 
1.01 

(649.093 5d2(3F)6s 4F–6s2(1S)5f 2F 9/2–7/2 21242 36644) 1.13 

(671.420  

(671.592 
5d2(3F)6s 2F–6s2(1S)8f 2F                     

5d2(3F)6s 2F–6s2(1S)8f 2F 

7/2–7/2             

7/2–5/2 

26570  

26570 

41460)  

41456) 
1.76 

719.640 5d6s(3D)6p 2F–? 5/2–7/2 30183 44075) 0.98 

 

upper levels are known from [1], [8], [13]. Our attempted classification is 

indicated in Tables 1, 2 in parentheses. Several likely reasons for the absence of 

these lines in other authors’ publications may be named: 1). Excitation conditions 

of lutetium spectrum in [9] were unfavorable for studying higher-lying LuI levels. 

Particularly, the shortest-wavelength LuI line identified in [9] has λ = 250.086 nm 

while all lines with shorter wavelengths are assigned to the LuII spectrum. 2). A 

reverse situation takes place in [1] with the majority of lines having λ < 250 nm; 

quite naturally, all of them belong to LuI resonance series as [1] uses the 

absorption method. Transitions terminating at higher-lying lower levels could not 

have been examined in [1] for the same reason. The highest-lying lower levels in 

[1], 6s26p 2P°1/2,3/2, have energies of E = 4136 and 7476 cm-1 respectively and 

have no connection to 2F° levels. 3). The area of interest in [13] is confined within 
the IR range with transition energies E = 2692–10082 cm-1 and does not extend into 
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the visible range. On the contrary, our setup reaches its maximum spectral 

sensitivity around λ = 500–520 nm with incident electron energy E = 50 eV being 

quite favorable for excitation of LuI, LuII, LuIII spectra. 

As indicated in the preceding section, about 98% of lutetium atoms in the 

atomic beam are on the energy levels of the ground term 5d(2D)6s2 2D. As Table 1 

shows, maximum excitation cross-section values are found at levels 5d6s(1D)6p 
2F°5/2,7/2 and, especially, 5d6s(3D)6p 2F°5/2,7/2. For transitions originating at these 

levels there are four Q50 surpassing of 10-16 cm2. This is hardly surprising as these 

levels become excited in a basically allowed 6s → 6p single-electron 

transformation. However by far the most abundant in Tables 1, 2 are top levels 

belonging to 6s2(1S)nf 2F° configurations. Their excitation from the ground term 

occurs in a similar manner through an allowed 5d → nf single-electron process 

which however is less likely than 6s → 6p. Two more lines arise due to excitation 

of the 5d2(3F)6p 2F°5/2 level (E = 45706 cm-1). This involves a 6s2 → 5d6p two-

electron process comprising both an allowed (6s → 6p) and a forbidden (6s → 5d) 

transformation. Finally, just a single instance of even level excitation, 5d2(3F)6s 

2F5/2, has been identified (E = 25860 cm-1, λ = 543.788 nm). This level becomes 

excited in a single-electron forbidden process 6s → 5d and is followed by a 

similarly forbidden emissive transition 6s2(1S)6p 2P°3/2–5d2(3F)6s 2F5/2. The latter 

two-electron transition involves 5d → 6s and 5d → 6p transformations 

simultaneously with the first one being forbidden. Despite all these selection 

rules, the excitation cross section of the λ = 543.788 nm line is high enough: Q50 = 

15.8 × 10-18 cm2. The most likely underlying cause is mixing of configurations 

even though no relevant data about mixing could be found in available 

publications. 

For a number of atoms and ions, there is a number of examples of past 

research on determining excitation cross-sections as function of the principal 

quantum number for upper levels i.e. Q = f(n) in spectral series (e.g. [7, 11]). In 

particular this relationship was studied for the excited 2D series of the lutetium 

atom [10]. The sequence 6s2nf 2F°5/2 is shown in [1] to become perturbed around n 

= 16 (after correcting n per [13]) while the sequence 6s2nf 2F°7/2 appears to be free 

of major perturbations. For unperturbed series, the relationship Q = f(n) is a power 

function: 

Q = Ai× n i   ,                                                                                          (1) 

where Ai and αi are constants having individual values for every spectral series. 

On a chart with logarithmic scale used for both axes, the function (1) would be 

plotted as a straight line. 

As already noted earlier [7], perturbation may have three major 

manifestations: 1) deviation of the function Q = f(n) from the relationship (1); 2) a 

significant change in OEF shape; 3) a different branching pattern for transitions 

away from unperturbed levels (redistribution of intensities between competing 

transitions). Fig. 2 shows the relationship Q = f(n) for three 2F° series of the 

lutetium atom. It can be seen that Q = f(n) deviate from the general function (1) in 

all there instances. Here, the relationship indicated with the × sign represents 

superposition of the two series, 5d(2D)6s2 2D5/2–6s2(1S)nf 2F°5/2,7/2, as the J-split is  
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very small for 6s2(1S)nf 2F°5/2,7/2 levels and any transitions originating at these 

levels with identical n values fall below the resolution of our setup. Furthermore, 

the transitions 5d(2D)6s2 2D5/2–6s2(1S)6f 2F°5/2,7/2 are blended by the line λ = 

268.508 nm. This is the reason why the case of n = 6 is missing from Fig. 2 for 

this series. 

As Fig. 2 shows, Q = f(n) behaves non-monotonously in all three series, 

this non-monotony becoming apparent early in series with n ≤ 7. A similar non-

monotony within the same range of n is observed in the work [14] which is  

 
Figure 2: Dependence Q = f(n) for 2F° series of LuI: 

×  5d(2D)6s2 2D5/2–6s2(1S)nf 2F°5/2,7/2   ··  5d(2D)6s2 2D3/2–6s2(1S)nf 2F°5/2 

ο
   5d2(3F)6s 4F3/2–6s2(1S)nf 2F5/2 

 

concerned with the behavior of transition probability as a function of n in inverse 

series of LuI, particularly 6s2(1S)nf 2F°5/2,7/2–6s2(1S)15d 2D5/2 [14, Fig. 3c]. 

Findings presented in Tables 1, 2 of this paper also support the conclusion that a 

change occurs in branching behavior of 2F° series around n = 7. 

 

4 Conclusion 
 

Studies of inelastic electron collisions with lutetium atoms may be of relevance 

for pure sciences (atomic structure theory, physics of electron-atom collisions, 

spectroscopy, etc.), as well as for applied problems of plasma physics. In 

particular, these results may be used for plasma diagnostics in thin-film deposition 

installations (as these films may contain lutetium) or provide inputs for solutions 

of non-LTE astrophysical problems in studies of roAp stars. 
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