
INTRODUCTION

Doubly ionized lutetium (Lu III) is characterized by a
simple atomic structure with a full 4f14 subshell appearing
in the core and only one outer electron. The levels due to
the single outer electron exhibit the properties of this se-
quence in that their configuration position and spin-orbit
interactions are end points for the regular variation of
these properties.

There is substantial spectroscopic literature concern-
ing Lu III, though less than for the neutral or singly ion-
ized species. The available theoretical and experimental
works on energy levels and transition parameters for dou-
bly ionized lutetium can be found in the literature[1-12]. These
works were detailed in our previous work[13].

In this work, the energies, Landé g-factors, and life-
times for highly excited levels for doubly ionized lutetium
(Lu III). These calculations have been performed by using
code[14] developed by Cowan for relativistic Hartree-Fock
(HFR) calculations[15]. The open shell configuration struc-
ture of Lu III is similar to of La III except 4f shell in core
configuration. Its ground state is 6s 2S

1/2
, with a closed

shell formed by the 14f electrons. We studied with two
configuration sets. For core-valence correlation, we have
only taken into account the configurations including one

electron excitation from 4f subshell to other high subshells:
4f14ns (n = 6-10), 4f14np (n = 6-10), 4f14nd (n = 5 - 10),
4f14ng (n = 5 - 10), 4f14nf (n = 5 - 10), 4f135d6p, 4f136s6p,
4f135d6s, 4f136s2, and 4f135d2. For valence excitations, we
have only taken into account the configurations including
one electron excitation from valence to other high subshells:
4f14ns (n = 6 - 30), 4f14np (n = 6 - 30), 4f14nd (n = 5 - 30),
4f14ng (n = 5 - 30), and 4f14nf (n = 5 - 30). These sets are
denoted by A for core-valence correlation and B for va-
lence excitations, respectively, in tables. We reported vari-
ous calculations related to atomic structure (energy levels,
transition energies, lifetimes, and electric dipole transitions)
for Lu I, Lu II, and Lu III[13,16-19].

CALCULATION METHOD

In HFR method[15], for N electron atom of nuclear
charge Z

0
, the Hamiltonian is expanded as

 2 02 2
( ) .i i i i i

i i i j ii ij

Z
H r

r r




         l s (1)

in atomic units, with r
i
 the distance of the ith electron

from the nucleus and  ij i jr  r r . 
 2 1

( )
2i

V
R

r r




 
  

 

Energies and lifetimes for highly excited
levels of Lu III

Betül Karaçoban*, Leyla Özdemir

Department of Physics, Sakarya Univer-
sity, 54187, Sakarya, (TURKEY)
E-mail: bkaracoban@sakarya.edu.tr

The energies and lifetimes for the 4f14ns (n = 6-30), 4f14nd (n = 5-30), 4f14ng (n = 5-30), 4f14nf
(n = 5-30), and 4f14np (n = 6-30) excited levels of doubly ionized lutetium (Lu III, Z = 71)
have been obtained by using the relativistic Hartree-Fock (HFR) method. The Landé g-factors
of these levels have been also calculated. In this method, configuration interaction and relativ-
istic effects have been included in the computations combined with a least squares fitting of
the Hamiltonian eigenvalues to the observed energy levels. We have compared the results with
the available calculations and experiments in literature.

Received: November 13, 2013
Accepted: February 18, 2014

Abstract

Full Paper

*Corresponding author�s
Name & Address

Betül Karaçoban
Department of Physics, Sakarya Univer-
sity, 54187, Sakarya, (TURKEY)
E-mail: bkaracoban@sakarya.edu.tr

Full paper

Journal of

Physics &
Astronomy

WWW.MEHTAPRESS.COM

Mehtapress 2014
    J.Phy.Ast.

Print-ISSN: 2320-6756
Online-ISSN: 2320-6764

Key Words

Relativistic corrections; Energy levels; Lifetimes; Landé g-factors; HFR method.

id321867359 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 

mailto:bkaracoban@sakarya.edu.tr
mailto:bkaracoban@sakarya.edu.tr
http://WWW.MEHTAPRESS.COM


JOPA, 3(1) 2014

FP  11

Full Paper

is the spin-orbit term, with  being the fine structure con-
stant and V the mean potential field due to the nucleus
and other electrons.

In this method, one calculates single-configuration ra-
dial functions for a spherically symmetrised atom (center-
of-gravity energy of the configuration) based on Hartree-
Fock method. The radial wave functions are also used to
obtain the atom�s total energy (E

av
) including approximate

relativistic and correlation energy corrections. Relativistic
terms in the potential function give approximate relativis-
tic corrections to the radial functions, as well as improved
relativistic energy corrections in heavy atoms. In addition,
a correlation term is included to make the potential func-
tion more negative, thereby helping to bind negative ions.
These radial functions are also used to calculate Coulomb
integrals Fk and Gk and spin-orbit integrals 

nl
. After ra-

dial functions have been obtained based on Hartree-Fock
model, the wave function |JM of the M sublevel of a
level labeled J is expressed in terms of LS basis states
|LSJM by the formula

 
LS

JM LSJM LSJ J


    . (2)

If determinant wave functions are used for the atom,
the total binding energy is given by

 ( )i i ij
k n

i j i

E E E E


    (3)

where  i
kE  is the kinetic energy,  i

nE  is the electron-nuclear
Coulomb energy, and Eij is the Coulomb interaction en-
ergy between electrons i and j averaged over all possible
magnetic quantum numbers.

In this method, relativistic corrections have been lim-
ited to calculations to the mass-velocity and the Darwin
corrections by using the relativistic correction to total bind-
ing energy. The total binding energy can be given in by
formulas (7.57), (7.58), and (7.59) in[15].

The Landé g-factor of an atomic level is related to the
energy shift of the sublevels having magnetic number M
by

 ( ) B JE JM Bg M   (4)

where B is the magnetic field intensity and 
B
 is the Bohr

magneton. The Landé g-factor of a level, denoted as J,
belonging to a pure LS-coupling term is given by the
formula
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This expression is derived from vector coupling for-
mulas by assuming a g value of unity for a pure orbital
angular momentum and writing the g value for a pure
electron spin (S level) as g

S
[20]. A value of 2 for g

S
 yields the

Landé formula. The Landé g-factors for energy levels are

a valuable aid in the analysis of a spectrum.
Most experiments yield the lifetime of the upper level

because of easy measuring. In this case the sum over mul-
tipole transitions to all lower lying levels must be taken.
The lifetime  for a level j is defined as follows

 1
.j

ji
j

A
 
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In the formula (6), the total transition probability, the
total transition probability from a state  ' J ' M ' to all
states M levels of J is given by
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where,  = [(E
j
 - E

i
)/hc] has units of kaysers (cm-1) and

 2
(1) ' 'J J S P  is the electric dipole line strength

in atomic units of e2a2
0
.

RESULTS AND DISCUSSION

In this work, we have calculated the energies, Landé
g-factors, and lifetimes for excited levels in Lu III (Z =
71) by using Cowan code[14] based on relativistic Hartree-
Fock method[15]. We have taken into account 4f14ns (n = 6
- 10), 4f14np (n = 6 - 10), 4f14nd (n = 5 - 10), 4f14ng (n = 5
- 10), 4f14nf (n = 5 - 10), 4f135d6p, 4f136s6p, 4f135d6s,
4f136s2, and 4f135d2 configurations for calculation A, and
4f14ns (n = 6 - 30), 4f14np (n = 6 - 30), 4f14nd (n = 5 - 30),
4f14ng (n = 5 - 30), and 4f14nf (n = 5 - 30) configurations
for calculation B outside the core [Xe] in Lu III. Results
obtained have been displayed in TABLE 1 and in TABLE
2 for low-lying and highly-lying excited levels. References
for other comparison values are indicated below the tables
with a lowercase superscript. Also, odd-parity states are
indicated by the superscript �o�. In calculations, the
Hamiltonian�s calculated eigenvalues were optimized to
the observed energy levels via a least-squares fitting pro-
cedure using experimentally determined energy levels, spe-
cifically all of the levels from the NIST compilation[21].
The scaling factors of the Slater parameters (Fk and Gk)
and of configuration interaction integrals (Rk), not opti-
mized in the least-squares fitting, were chosen equal to
0.85, while the spin-orbit parameters were left at their ini-
tial values. This low value of the scaling factors has been
suggested by Cowan for neutral heavy elements[14,15].

TABLE 1 shows the energies, Landé g-factors, and
lifetimes for 4f14ns (n = 6-10), 4f14np (n = 6-10), 4f14nd (n =
5-9), 4f14nf (n = 5-9), and 4f145g excited levels outside the
core [Xe]. The level energies have been presented as ener-
gies (in cm-1) relative to the 4f146s 2S

1/2
 ground state. We

have compared our results with previous theoretical[8-11] and
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TABLE 1 : Energies, E, Landé g-factors, and lifetimes, , for low-lying levels in Lu III.

Level E [cm�1] g-factors ô [ns] 

Conf. Term This work Other works This work Other works This work Other works 

4f146s 2S1/2 0.00A,B 0.00a,b,c 2.002A,B 2.002d   
4f145d 2D3/2 5707.60A,B 5707.6a 0.800A,B 0.800d   

   2702b     

   5707.67c     
 2D5/2 8647.80A,B 8647.8a 1.200A,B 1.200d   

   5085b     

   8647.75c     
4f146p 2Po1/2 38400.61A,B 38400.61a 0.666A,B 0.666d 1.950A 1.73c1, 2.19c2, 

   37255b   1.685B 2.54c3, 2.23e, 

   38400.66c    2.1±0.2f 
 2Po3/2 44705.21A,B 44705.21a 1.334A,B 1.334d 1.305A 1.18c1, 1.46c2, 

   43095b   1.112B 1.66c3, 1.47e, 

   44705.30c    <1.8f 
4f147s 2S1/2 86681.21A,B 86681.21a 2.002A,B 2.002d 1.197A 1.167c1, 1.135c2, 

   84312b   1.141B 1.114c3 

   86647.41c     
4f146d 2D3/2 92321.60A,B 92321.6a 0.800A,B 0.800d 0.825A 0.857c1, 0.953c2, 

   89363b   0.756B 1.015c3 
   92052.42c     

 2D5/2 93107.60A,B 93107.6a 1.200A,B 1.200d 1.085A 0.952c1, 1.065c2, 

   90096b   0.991B 1.136c3 
   92812.03c     

4f147p 2Po1/2 100357.37A 100357.09a 0.665A 0.799d 1.941A 7.117c1, 7.674c2, 

  100357.09B 97941b 0.666B  5.230B 6.892c3 
   100554.89c     

 2Po3/2 102810.82A,B 102810.82a 1.333A 1.418d 2.247A 4.406c1, 5.614c2, 

   100172b 1.334B  4.044B 5.947c3 
   102887.90c     

4f145f 2Fo5/2 105528.56A 105590.6a 0.857A,B 0.889d 0.391A � 

  105590.60B 102653b   0.440B  
   105590.96c     

 2Fo7/2 105767.19A 105704.1a 1.143A,B 1.138d 0.408A � 

  105704.10B 102667b   0.477B  
   105704.43c     

4f148s 2S1/2 119784.75A,B 119784.75a 1.998A 2.002d 1.568A � 

   116865b 2.002B  1.753B  
   119790.11c     

4f147d 2D3/2 122622.49A 122622.5a 0.815A 0.800d 1.788A � 

  122622.50B 119520b 0.800B  1.567B  
   122534.87c     

 2D5/2 122981.00A,B 122981.0a 1.201A 1.200d 2.033A � 

   119866b 1.200B  1.912B  
   122882.95c     

4f148p 2Po1/2 125782.70A 123423b 0.666A,B � 8.902A � 

  125654.50B 126452.72c   12.230B  
 2Po3/2 126776.60A 124525b 1.334A,B � 8.181A � 

  126653.20B 127593.11c   11.090B  
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Level E [cm�1] g-factors ô [ns] 

Conf. Term This work Other works This work Other works This work Other works 

4f146f 2Fo5/2 128923.36A 129053.2a 0.857A,B 0.858d 0.648A � 

  129053.20B 125431b   0.791B  

   128623.76c     

 2Fo7/2 128929.62A 128799.8a 1.143A,B 1.143d 0.688A � 

  128799.80B 125442b   0.731B  

   128684.78c     

4f145g 2G7/2 129105.40A,B 129105.4a 0.906A 0.889d 2.489A � 

    0.889B  2.699B  

 2G9/2 129106.30A,B 129106.3a 1.112A 1.111d 2.485A � 

    1.111B  2.737B  

4f149s 2S1/2 136209.89A 136209.86a 1.922A 2.002d 1.614A � 

  136209.86B 136220.67c 2.002B  2.650B  

4f148d 2D3/2 138227.88A 137770.38c 0.844A � 1.133A � 

  137774.10B  0.800B  2.741B  

 2D5/2 138525.69A 137961.33c 1.196A � 1.081A � 

  137951.90B  1.200B  3.172B  

4f149p 2Po1/2 138951.40A 139926.58c 0.666A,B � 17.250A � 

  138903.50B    22.990B  

 2Po3/2 139520.90A 140574.83c 1.334A,B � 16.850A � 

  139473.50B    22.400B  

4f147f 2Fo5/2 141069.62A 141069.6a 0.857A,B 0.857d 1.052A � 

  141069.60B 137774b   1.193B  

   141067.76c     

 2Fo7/2 141092.17A 141092.2a 1.143A,B 1.143d 1.109A � 

  141092.20B 137781b   1.266B  

   141103.99c     

4f1410s 2S1/2 145587.30A,B 145587.3a 2.002A,B 1.998d 4.050A � 

   145591.37c   3.882B  

4f149d 2D3/2 146495.00A 146546.53c 0.800A,B � 3.508A � 

  146432.70B    4.365B  

 2D5/2 146559.00A 146663.29c 1.200A,B � 2.651A � 

  146540.50B    4.941B  

4f1410p 2Po1/2 146758.80A 147867.11c 0.666A,B � 26.570A � 

  146734.30B    37.470B  

 2Po3/2 147114.90A 148268.31c 1.334A,B � 27.010A � 

  147090.60B    38.210B  

4f148f 2Fo5/2 148513.81A 148513.8a 0.857A,B 0.857d 1.599A � 

  148513.80B 145198b   1.817B  

   148541.34c     

 2Fo7/2 148529.99A 148530.0a 1.143A,B 1.143d 1.679A � 

  148530.00B 145204b   1.920B  

   148565.59c     

4f149f 2Fo5/2 153343.60A,B 153343.6a 0.857A,B 0.857d 2.263A � 

   153376.59c   2.640B  

 2Fo7/2 153354.50A 153354.5a 1.143A,B 1.143d 2.370A � 

  153354.40B 153393.05c   2.781B  
aRef.[21], bRef.[9], c, c1, c2, c3Ref.[8], dRef.[10], eRef.[11], fRef.[12].
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TABLE 2 : New energies, E, Landé g-factors, and lifetimes, , for highly excited levels in Lu III.

Level  E [cm�1] g-factors ô [ns] Level  E [cm�1] g-factors ô [ns] 

Conf. Term This work This work This work Conf. Term This work This work This work 

4f146g 2G7/2 141122.50A 0.889A,B 4.55A 4f1414s 2S1/2 159817.70B 2.002B 12.34B 

  141121.90B  4.83B 4f1413d 2D3/2 160055.40B 0.800B 15.58B 

 2G9/2 141123.10A 1.111A,B 4.54A  2D5/2 160081.40B 1.200B 17.00B 

  141122.80B  4.75B 4f1412f 2Fo5/2 160496.70B 0.857B 6.67B 

4f147g 2G7/2 148454.60A 0.893A 7.20A  2Fo7/2 160499.90B 1.143B 7.00B 

  148454.50B 0.889B 7.48B 4f1411g 2G7/2 160540.60B 0.889B 27.71B 

 2G9/2 148480.80A 1.111A,B 1.52A  2G9/2 160540.60B 1.111B 27.66B 

  148454.90B  7.43B 4f1415p 2Po1/2 160721.70B 0.666B 182.40B 

4f1410d 2D3/2 151357.08A 0.800A,B 4.59A  2Po3/2 160791.40B 1.334B 191.10B 

  151895.40B  6.49B 4f1415s 2S1/2 161295.80B 2.002B 14.72B 

 2D5/2 151395.12A 1.200A,B 4.25A 4f1416p 2Po1/2 161775.40B 0.666B 231.00B 

  151965.90B  7.24B  2Po3/2 161830.20B 1.334B 242.10B 

4f1411s 2S1/2 151261.20B 2.002B 5.62B 4f1414d 2D3/2 161477.90B 0.800B 19.26B 

4f1411p 2Po1/2 151750.00B 0.666B 55.60B  2D5/2 161497.70B 1.200B 20.92B 

 2Po3/2 151987.60B 1.334B 57.70B 4f1413f 2Fo5/2 161816.10B 0.857B 8.60B 

4f148g 2G7/2 153214.40A 0.889A,B 10.83A  2Fo7/2 161818.50B 1.143B 9.02B 

  153214.30B  11.05B 4f1412g 2G7/2 161849.00B 0.889B 35.75B 

 2G9/2 153215.20A 1.111A,B 10.84A  2G9/2 161849.00B 1.111B 35.69B 

  153214.80B  11.01B 4f1416s 2S1/2 162438.10B 2.002B 16.58B 

4f1412s 2S1/2 155127.30B 2.002B 7.635B 4f1415d 2D3/2 162581.20B 0.800B 22.73B 

4f1412p 2Po1/2 155157.20B 0.666B 78.41B  2D5/2 162596.70B 1.200B 24.57B 

 2Po3/2 155323.40B 1.334B 82.04B 4f1417p 2Po1/2 162595.90B 0.666B 287.70B 

4f1411d 2D3/2 155568.10B 0.800B 9.130B  2Po3/2 162639.70B 1.334B 301.60B 

 2D5/2 155616.60B 1.200B 10.10B 4f1414f 2Fo5/2 162846.30B 0.857B 10.88B 

4f1410f 2Fo5/2 156411.10A 0.857A,B 3.23A  2Fo7/2 162848.10B 1.143B 11.40B 

  156390.90B  3.73B 4f1413g 2G7/2 162871.00B 0.889B 45.19B 

 2Fo7/2 156417.40A 1.143A,B 3.38A  2G9/2 162871.00B 1.111B 45.12B 

  156396.20B  3.93B 4f1418p 2Po1/2 163264.10B 0.666B 352.50B 

4f149g 2G7/2 156476.30A 0.889A,B 15.07A  2Po3/2 163299.60B 1.334B 369.40B 

  156476.70B  15.66B 4f1417s 2S1/2 163333.60B 2.002B 17.72B 

 2G9/2 156477.10A 1.111A,B 15.20A 4f1416d 2D3/2 163443.20B 0.800B 25.79B 

  156476.70B  15.62B  2D5/2 163455.40B 1.200B 27.75B 

4f1413p 2Po1/2 157582.40B 0.666B 106.60B 4f1415f 2Fo5/2 163652.70B 0.857B 13.54B 

 2Po3/2 157703.30B 1.334B 111.70B  2Fo7/2 163654.10B 1.143B 14.19B 

4f1413s 2S1/2 157844.10B 2.002B 9.91B 4f1414g 2G7/2 163673.60B 0.889B 56.32B 

4f1412d 2D3/2 158161.40B 0.800B 12.15B  2G9/2 163673.60B 1.111B 56.24B 

 2D5/2 158196.40B 1.200B 13.32B 4f1419p 2Po1/2 163818.90B 0.666B 426.70B 

4f1411f 2Fo5/2 158751.60B 0.857B 5.06B  2Po3/2 163848.20B 1.334B 447.30B 

 2Fo7/2 158755.50B 1.143B 5.31B 4f1418s 2S1/2 164062.90B 2.002B 17.46B 

4f1410g 2G7/2 158812.95A 0.889A,B 7.29A 4f1417d 2D3/2 164151.60B 0.800B 27.33B 

  158813.30B  21.06B  2D5/2 164161.60B 1.200B 29.21B 

 2G9/2 158813.44A 1.111A,B 7.53A 4f1420p 2Po1/2 164270.90B 0.666B 511.00B 

  158813.30B  21.01B  2Po3/2 164295.30B 1.334B 535.60B 

4f1414p 2Po1/2 159373.10B 0.666B 141.10B 4f1416f 2Fo5/2 164313.80B 0.857B 16.60B 

 2Po3/2 159463.70B 1.334B 147.80B  2Fo7/2 164314.90B 1.143B 17.38B 
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Level  E [cm�1] g-factors ô [ns] Level  E [cm�1] g-factors ô [ns] 

Conf. Term This work This work This work Conf. Term This work This work This work 

4f1415g 2G7/2 164333.40B 0.889B 68.86B 4f1423s 2S1/2 166162.90B 2.002B 9.89B 

 2G9/2 164333.40B 1.111B 68.77B 4f1428p 2Po1/2 166169.90B 0.666B 1609B 

4f1419s 2S1/2 164646.70B 2.002B 16.78B  2Po3/2 166177.60B 1.334B 1687B 

4f1421p 2Po1/2 164654.50B 0.666B 605.60B 4f1422d 2D3/2 166196.20B 0.800B 20.96B 

 2Po3/2 164675.00B 1.334B 634.80B  2D5/2 166200.50B 1.200B 21.68B 

4f1418d 2D3/2 164723.10B 0.800B 28.02B 4f1421f 2Fo5/2 166253.40B 0.857B 38.66B 

 2D5/2 164731.30B 1.200B 29.75B  2Fo7/2 166253.70B 1.143B 40.41B 

4f1417f 2Fo5/2 164860.40B 0.857B 20.07B 4f1429p 2Po1/2 166281.60B 0.666B 1810B 

 2Fo7/2 164861.40B 1.143B 21.01B  2Po3/2 166288.40B 1.334B 1896B 

4f1416g 2G7/2 164876.70B 0.889B 83.09B 4f1424s 2S1/2 166395.70B 2.002B 9.00B 

 2G9/2 164876.70B 1.111B 82.98B 4f1430p 2Po1/2 166422.40B 0.666B 2021B 

4f1417g 2G7/2 164904.40B 0.889B 111.40B  2Po3/2 166428.60B 1.334B 2118B 

 2G9/2 164904.40B 1.111B 111.20B 4f1423d 2D3/2 166431.80B 0.800B 19.32B 

4f1422p 2Po1/2 164954.00B 0.666B 711.80B  2D5/2 166435.30B 1.200B 19.91B 

 2Po3/2 164971.40B 1.334B 746.00B 4f1422f 2Fo5/2 166498.50B 0.857B 44.64B 

4f1420s 2S1/2 165117.10B 2.002B 15.89B  2Fo7/2 166498.90B 1.143B 46.66B 

4f1419d 2D3/2 165182.50B 0.800B 28.09B 4f1421g 2G7/2 166505.30B 0.889B 185.70B 

 2D5/2 165189.30B 1.200B 29.65B  2G9/2 166505.30B 1.111B 185.50B 

4f1423p 2Po1/2 165231.00B 0.666B 829.00B 4f1425s 2S1/2 166597.80B 2.002B 7.82B 

 2Po3/2 165246.00B 1.334B 868.80B 4f1424d 2D3/2 166622.60B 0.800B 17.35B 

4f1418f 2Fo5/2 165302.10B 0.857B 23.22B  2D5/2 166625.60B 1.200B 17.81B 

 2Fo7/2 165303.10B 1.143B 24.25B 4f1423f 2Fo5/2 166679.00B 0.857B 51.55B 

4f1418g 2G7/2 165337.70B 0.889B 130.30B  2Fo7/2 166679.30B 1.143B 53.89B 

 2G9/2 165337.70B 1.111B 130.10B 4f1426s 2S1/2 166807.30B 2.002B 5.93B 

4f1424p 2Po1/2 165481.30B 0.666B 958.10B 4f1422g 2G7/2 166684.40B 0.889B 216.20B 

 2Po3/2 165494.20B 1.334B 1004B  2G9/2 166684.40B 1.111B 215.90B 

4f1421s 2S1/2 165519.10B 2.002B 14.26B 4f1425d 2D3/2 166818.70B 0.800B 13.87B 

4f1420d 2D3/2 165574.40B 0.800B 26.80B  2D5/2 166821.50B 1.200B 14.17B 

 2D5/2 165580.20B 1.200B 28.09B 4f1424f 2Fo5/2 166842.30B 0.857B 58.94B 

4f1419f 2Fo5/2 165678.20B 0.857B 27.29B  2Fo7/2 166842.60B 1.143B 61.61B 

 2Fo7/2 165678.90B 1.143B 28.49B 4f1423g 2G7/2 166851.40B 0.889B 247.40B 

4f1425p 2Po1/2 165666.10B 0.666B 1101.0B  2G9/2 166851.40B 1.111B 247.00B 

 2Po3/2 165677.30B 1.334B 1154.0B 4f1427s 2S1/2 166986.20B 2.002B 4.81B 

4f1426p 2Po1/2 165824.70B 0.666B 1258.0B 4f1426d 2D3/2 167001.60B 0.800B 11.34B 

 2Po3/2 165834.60B 1.334B 1319.0B  2D5/2 167003.80B 1.200B 11.55B 

4f1422s 2S1/2 165852.40B 2.002B 12.37B 4f1425f 2Fo5/2 167010.40B 0.857B 66.84B 

4f1419g 2G7/2 165872.50B 0.889B 144.80B  2Fo7/2 167010.80B 1.143B 69.86B 

 2G9/2 165872.50B 1.111B 144.60B 4f1424g 2G7/2 167021.70B 0.889B 278.70B 

4f1421d 2D3/2 165891.50B 0.800B 24.81B  2G9/2 167021.70B 1.111B 278.40B 

 2D5/2 165896.30B 1.200B 25.84B 4f1428s 2S1/2 167126.00B 2.002B 4.50B 

4f1420f 2Fo5/2 165973.90B 0.857B 33.06B 4f1427d 2D3/2 167157.60B 0.800B 10.28B 

 2Fo7/2 165974.60B 1.143B 34.56B  2D5/2 167159.60B 1.200B 10.45B 

4f1427p 2Po1/2 165989.80B 0.666B 1428.0B 4f1426f 2Fo5/2 167186.90B 0.857B 75.21B 

 2Po3/2 165998.50B 1.334B 1496.0B  2Fo7/2 167187.20B 1.143B 78.59B 

4f1420g 2G7/2 166129.70B 0.889B 169.20B 4f1425g 2G7/2 167194.60B 0.889B 309.4B 

 2G9/2 166129.70B 1.111B 168.90B  2G9/2 167194.60B 1.111B 309.0B 
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Level  E [cm�1] g-factors ô [ns] Level  E [cm�1] g-factors ô [ns] 

Conf. Term This work This work This work Conf. Term This work This work This work 

4f1429s 2S1/2 167212.30B 2.002B 4.49B 4f1428f 2Fo5/2 167425.80B 0.857B 94.45B 

4f1428d 2D3/2 167243.10B 0.800B 10.07B  2Fo7/2 167426.10B 1.143B 98.68B 

 2D5/2 167244.90B 1.200B 10.22B 4f1428g 2G7/2 167465.00B 0.889B 443.90B 

4f1427f 2Fo5/2 167291.30B 0.857B 84.64B  2G9/2 167465.00B 1.111B 443.30B 

 2Fo7/2 167291.70B 1.143B 88.45B 4f1429f 2Fo5/2 167471.50B 0.857B 105.80B 

4f1426g 2G7/2 167293.40B 0.889B 350.40B  2Fo7/2 167471.80B 1.143B 110.50B 

 2G9/2 167293.40B 1.111B 350.00B 4f1429g 2G7/2 167505.50B 0.889B 500.80B 

4f1430s 2S1/2 167328.00B 2.002B 4.05B  2G9/2 167505.50B 1.111B 500.20B 

4f1429d 2D3/2 167363.00B 0.800B 9.10B 4f1430f 2Fo5/2 167504.50B 0.857B 118.00B 

 2D5/2 167364.80B 1.200B 9.22B  2Fo7/2 167504.90B 1.143B 123.30B 

4f1430d 2D3/2 167389.90B 0.800B 33.23B 4f1430g 2G7/2 167670.00B 0.889B 535.80B 

 2D5/2 167391.40B 1.200B 33.81B  2G9/2 167670.00B 1.111B 535.20B 

4f1427g 2G7/2 167423.10B 0.889B 388.60B      

 2G9/2 167423.10B 1.111B 388.10B      

experimental[12,21] results. Most of our energy results are in
good agreement with others. Moreover, we have calcu-
lated [|E

this work
 -E

other works
|/E

this work
] × 100, the differ-

ences in per cent, for the accuracy of our results. There is
very good agreement between our energies from the cal-
culations obtained according to the B configuration set
and other works[21]. In calculation A, differences (%) be-
tween our results and other experimental works[21] have
been found in the 0.00�0.10 range for the energies of
4f14ns (n = 6-10), 4f14np (n = 6, 7), 4f14nd (n = 5 - 7),
4f14nf (n = 5 - 9), and 4f145g excited levels. When the
differences (%) between our results and other theoretical
results[8] are investigated, the differences in energies are
generally in range of 0.00-0.80. For energies of 4f14np (n
= 8-10) and 4f14nd (n = 8, 9) excited levels, there is very
little discrepancy. The differences (%) between our results
and other theoretical results[8] (indicated by the superscript
c in TABLE 1) are in range of 0.03-0.80. There are only
theoretical results[8,9] for these levels. The results obtained
for levels need to experimental results because of fitting
procedure in HFR method. However, we can say that our
results for these levels are good. Because there are excel-
lent agreement for other levels when compared with avail-
able experimental works. The Landé g-factor results are
also in good agreement with[10]. For the Landé g-factor of
4f147p level the agreement is somewhat poor whereas the
agreement for energy of 4f147p level is good.

In TABLE 1, we have also presented the lifetimes for
4f14ns (n = 7 - 10), 4f14np (n = 6 - 10), 4f14nd (n = 6 - 9),
4f14nf (n = 5 - 9), and 4f145g excited levels of Lu III. These
lifetimes were calculated using formula (6), considering all
possible transitions from the listed levels to lower ones. Only
lifetime results of the 4f14np (n = 6, 7), 4f147s and 4f146d
levels are compared with experimental[12] and theoretical[8,11]

results. The lifetime results in[8] were used for comparing

with our results after calculated using formula (6) from tran-
sition probabilities. The lifetimes obtained from the calcula-
tion A including core correlation are in agreement with other
works. But lifetime of 4f147p level obtained from the calcu-
lation B is better. Moreover, new energies, Landé g-factors
and lifetimes for 4f14ns (n = 11 - 30), 4f14np (n = 11 - 30),
4f14nd (n = 10 - 30), 4f14nf (n = 10 - 30), and 4f14ng (n = 6-
30) levels of Lu III are presented in TABLE 2. Our new
energy levels, Landé g-factors and lifetimes are reliable since
the results in presented TABLE 1 is in excellent agreement
with other works. In addition, we have calculated too much
result for 4f135d6p, 4f136s6p, 4f135d6s, 4f136s2, and 4f135d2

levels. In this paper, we have not presented results of these
levels. Because there are not yet theoretical and experimen-
tal results for these levels for comparing. So, the accuracy
of these levels belong to configurations of the type 4f13nln ĺ́
might be completely different from the one obtained for
4f14nl configurations. One-electron spectrum is superim-
posed on the complex three-electron spectrum arising from
the excitation of an electron out of the 4f shell.

In conclusion, the main purpose of this paper was to
perform HFR calculations for highly-excited levels of the
Lu III spectrum. Accurate atomic structure data is an es-
sential ingredient for a wide range of research fields. Ar-
eas from plasma research applications in nuclear fusion to
lighting research, as well as astrophysics and cosmology,
depend on such data. We have here reported new data
including valence and core correlation effects and relativ-
istic corrections in Lu III. The energy data and Landé g-
factors presented for Lu III in this work can be useful to
investigations for some radiative parameters. Consequently,
we hope that our results, especially new results, obtained
using the HFR method will be useful for research fields
and technological applications, and other works in the fu-
ture for Lu III spectra.
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