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Lanthanide properties  

 

 

 

 Z = 57         71 with open f-shell configurations. 

 4f, 5d, 6s and 6p have similar binding energies: 

• Overlapping configurations 

• High level densities, even at a few eV   



 Lanthanides complexities: 
 

4f 7(Gd3+):  327 levels     ;    4f 75d (Tb3+):  3106 levels  
 

 

4f 7– 4f 65d (Gd3+)        ;               4f 8– 4f 75d  (Tb3+)  
                        277827 transitions                     
                                                                      

                                            

Nlevels:4f n 

Nlevels/10:4f n-1
 5d 

Ntrans. /100:4f n-4f n-1
 5d 

Z 

Nb 



There are very little experimental data for the 

lanthanide ions 

(<2004) 

(>2004) 
Meudon 



Ab initio atomic structure codes (GRASP, FAC,…) 
• Experimental levels are very important to confirm the validity of these codes 

 and accompany their future developments 

 In the semi-empirical approach: 
• The values ​​of the experimental energies allow to improve very significantly 

the calculated values ​​by adjusting them with experimental value. 

Ex:  Er2+   

first levels of 4f 115d  

 

Eexp-EGrasp ∼ 

       a few hundred cm-1 

 

 Eexp-EAjust ∼ 

         a few tens cm-1 

(J-F Wyart et al, Physica Scipta 1997) 

(G. Gaigalas et al, ApJS 2020) 



 lanthanide ions are of interest for: 

 

• Luminescence of materials doped with lanthanide ions. 

 

• Spectra of chemically peculiar stellar atmospheres 

 

• Study of kilonovae (neutron-star mergers) 



 Holographique Concave grating:  

     3600 lines/mm  

 

 Focal length: 10.685 m 

 

 λ of maximum efficiency: 120 nm 

 

 Resolving power: 

  1.5 105 (8 mA, slit 30 µm) 

 

 Spectral range: 30-300 nm 

 

 

 

Meudon VUV spectrograph 



 The lines of impurities inside the spectrum are used for calibration 

     in wavelength 

 

A section of thulium sliding spark spectrum in 

wavelength range 810-860 Å 

(Intensity profile from image plate) 

 



Principle of Analysis 
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Ritz combination principle 

Consistency between int. and gA 



 Ab initio calculations (Hartree-Fock +relativistic 

corrections: HFR) of the set of electronic configurations. 

 

 Atomic Hamiltonian: H=radial part x angular part (Racah 

algebra). 

 

 Least square fitting of the calculated energies by adjusting 

radial parameters 

 

 

 

 

Parametric calculations: Cowan code (RCN/RCG/RCE 



Parity Even odd 

161 182 

 23  26 

 56  85 

Experimental levels 

 from NIST/ASD 

Ground  level: 

 4f 136s: 5F4 

Standard deviation: 

Semi-empirical calculation of energies 



Experimental  gJ 

 from NIST database 



 LSQ fit with known levels improve the prediction of 

unknown levels 



 First analyse of 

Tm3+: 209 levels 

(4f 12,4f 1 15d, 4f 116s 

and 4f 116p) 
(Meftah et al, EPJD 2007) 

 Extended analysis: 

More levels for: 

4f 12            2 new levels 

4f 1 15d           69 new levels 

4f 116s            7 new levels 

4f 116p           23 new levels 

 



 Comparison of experimental energies (cm-1) and values calculated by GRASP 

 Good agreement between the 

calculations with GRASP and 

the experimental values. 

• The experimental values are 

reproduced to few % 

 

• But not as clos as the fitted 

values 



  Global view of configurations  

  
1: 4f 11 

2: 5p54f 12 

3: 4f 106p 

4: 4f 95d2 

5: 4f 105f 

6: 5p54f 116p 

7: 4f 107p 

8: 5p44f 13 

9: 4f 95d6s 

10: 4f 106f 

11:4f 96s2 

12: 4f 96p2 

 

 

1: 4f 105d 

2: 4f 106s 

3: 5p54f 115d 

4: 5p54f 116s 

5: 4f 106d 

6: 4f 107s 

7: 4f 105g 

8: 5p44f 125d 

9: 4f 106g 

10: 5s15p64f 12 

11:5p44f 126s 

12: 5s15p54f 13 
 

 



4f 11: 14 levels 

 

4f 105d:37 levels 

 

4f 106s:2 levels 

 

4f 106p:6 levels 

 

 

Tm4+ 



Examples of resonance lines of Tm4+ 

650 Å 

670 Å 



 Lower levels of conf.(f 11,4f 105d, 4f 106s and 4f 106p) 

in Tm4+ are known, further efforts are needed to 

determine more excited levels. 

 

 Explore other strategies in GRASP to further improve 

calculations of Tm3+ and Tm4+. 

 

 Predictions on Tm1+ will be used to determine other 

experimental levels. 
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