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g-tensor components for a Kramers doublet of an impurity ion doped into dielectric crystal are
expressed through coefficients of expansion of the doublet wavefunctions in the basis of full
momentum of the impurity ion taking into account isotropic reduction of orbital momentum in
Zeeman energy due to covalence. Mixing of terms and multiplets of the impurity ion is considered
rigorously in the expansion of doublet wavefunctions. The obtained expressions can be useful in
calculations and analysis of g-factors dependence on the impurity ion Hamiltonian parameters. The
derived formulas are applied to calculation of g-factors of the ground Kramers doublet of Ce3" ion
doped in LiYF, crystal. It is shown that considering reduction of orbital momentum of the 4f electron
of the Ce*" ion in Zeeman energy can significantly improve agreement with experimentally measured
g-factors for this compound, available in literature.

PACS: 75.10.Dg, 76.30.-v

Keywords: g-factors, orbital momentum reduction, LiYF4:Ce**

1. Introduction

This research was stimulated by theoretical investigation of 4f crystal field parameters and
g-factors of the ground Kramers doublet of Ce®" ion doped in LiYF4 crystal which we conducted
earlier [1]. Impurity Ce®" ions substitute for Y** ions in LiYF, crystal in sites with S; point
symmetry, in the nearest surrounding of the Y-site there are eight fluorine ions which form two
deformed tetrahedrons. Safe values of crystal field parameters for the Ce** ion in LiYF, crystal
are absent in literature due to difficulties in measuring of 4f crystal field energies for this
compound. However, g-factors for the ground level of the Ce*" ion in LiYF, crystal are known in
literature [2]. In [1] we considered the Zeeman energy

HZCzyB(28+L)H, (D

where H is magnetic field, x; is the Bohr magneton, S and L are dimensionless spin and orbital

angular momentum of the Ce*" ion 4f electron. We found that no reasonable set of 4f crystal field
parameters can satisfactorily fit the g-factors values of the Ce*" ion ground Kramers doublet measured
in [2], even if we rigorously consider mixing of the *Fs; and *F7, Ce** ion multiplets by crystal field.
We suggested in [1] that it is necessary to consider reduction of the orbital momentum of the 4f
electron in the Zeeman energy due to covalency effects, to achieve better agreement with experiment.
Let us note, as an argument in favor of considering covalency effects, that the effective ionic radius of
the Ce*" ion is the largest for trivalent lanthanide ions, it amounts 1.143 A and is bigger than the ionic
radius of the Y*" ion (1.019 A) [3].

In the present study we consider the following rather general case: an impurity ion with an odd
number of electrons in lattice crystal field, which can be of an arbitrary point symmetry, but energy
level under consideration is a Kramers doublet. We aim to consider rigorously mixing of impurity ion
electronic states by crystal field, therefore we consider expansion of the Kramers doublet

wavefunctions |l//1> , 1//2> in the basis of full momentum taking into account all terms and multiplets

of the impurity ion electronic configuration:
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)= 2 & |rSLm), 2
7SLIM

[y =6lw)= > (-1) ™" &, | 7SLIm), 3)
ySLIM

where 6 is the time reversal operator; quantum number y allows to differ terms with equal spin and
orbital momentum quantum numbers S and L; J and M are quantum numbers of the full momentum
of the ion with the usual meaning; complex coefficients a5 satisfy the normalization condition.

In many papers only mixing of electronic states within the same multiplet is considered; for example, as
for LiYF4:Ce*" crystal, only mixing of states within the ground 2Fs, multiplet was considered in [4,5].

We consider the Zeeman energy

H,. =u;mH, 4)
m =g,S+KkL, (%)

where K is isotropic reduction factor for the orbital momentum, ¢y is taken as 2.0023 in calculations.

Approximation of isotropic reduction factor was introduced in [6] for Tm*" ion doped in CaF; crystal.
A more rigorous analysis of covalent binding by molecular orbital method leads to different reduction
factors for orbital momentum matrix elements on wavefunctions, transforming according to different
irreducible representations of the impurity ion point symmetry. For example, as for Tm*" ion in CaF,
crystal (cubic point symmetry), two reduction factors have been introduced and calculated in [7,8].
In the case of strong covalent binding (nd transition metal ions) reduction factors can sufficiently
differ from 1 and from each other for different matrix elements of orbital momentum. However, for
the 4f electrons of impurity rare-earth ions covalent binding is small, with reduction factors exceeding
0.95, therefore, we can neglect difference between their values and consider isotropic reduction of
orbital momentum (5) as an approximation in estimation of its matrix elements.

In the basis of the Kramers doublet states (2), (3) the Zeeman energy can be represented by the
effective spin Hamiltonian

Hor =15 > H,9,,S;", (6)
a,p

where « and S denote Cartesian axes; S is the effective spin operator with S=1/2; g, are

components of the g-tensor, which are determined by matrix elements of Cartesian components of the
m operator (5) on the Kramers doublet states as follows:

gax:2Re<¥/l|ma|lr//2>’ gay:_21m<l//l|ma|l//2>7 gaZ:2<l//l|ma|¥/l>‘ (7)

As follows from the above formulas, the set of coefficients a)y determines Kramers doublet
wavefunctions (2), (3) and, consequently, values of g-tensor components (7). We find it useful to
express g-tensor components explicitly through the a’y coefficients both for calculative reasons and
as a tool for analysis of g-tensor dependence on the impurity ion Hamiltonian parameters.

Thus, the purpose of the present study is to establish formulas that would express g-tensor
components for a Kramers doublet with account of orbital momentum reduction through the a’s-

coefficients; as an example of application the derived formulas are used in calculation of g-factors of
the ground Kramers doublet of the Ce*" ion in LiYF, crystal.

The paper is organized as follows. In section 2 we derive formulas for g,, expressed through the

al’ coefficients that determine the wavefunctions (2), (3) of the Kramers doublet under
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consideration. In section 3 a particular case of tetragonal local symmetry for the impurity ion is
considered. In section 4 a particular case of electronic configuration nl' of the impurity ion is
considered. Finally, in section 5 we calculate g-factors for a specific system — the Ce** ion in LiYF4
crystal — and compare results with the known experimental values [2].

2. Formulas for g-tensor components expressed through a’s- coefficients

For the sake of generality let us consider matrix elements of Cartesian components of the m operator
(5) between the state |l//l> (2) and an arbitrary state |qo> defined by the following expansion with a set

of coefficients b/ :
|0)= 2. D5 |7SLIM). ®)

7SLIM

We find it convenient to carry out such transformations that allow to calculate the least possible
number of different matrix elements in the right part of the following equation (note that states of the
same term ySL appear in matrix elements according to selection rules):

(wm,|o)= > al by (ySLIM|m, |ySLI'M Y. )

#SLIMI'M "

For example, it is sufficient to consider only the case J >J' in (9), as simultaneous substitutions
JoJ, M < -M"' give the term under the sign of summation in (9)

(=) MM s by, (#SLIM|m, [7SLI M Y. (10)
To obtain (10) one should use the equation
(ySLIM |m, |7SLI'M ) =(=1)"" ™™ (ysL3 -M ' m,, |7SLI,-M), (11)

which is actually valid for any time-odd Hermitian operator.

Utilizing (10) we obtain for the Z component of operator m

(wiIm, |o)=">" [am b (ySLIM|m,|ySLIM ) +
ySLIM
(12)
+ (g% + 3% 0% )(ySLIM |m, [ySL,I ~1,M) |

Property (11) allows to transform the following sum for the X and y components of operator m

> Clam (7SLIM|m, [ySLI'M )= > (cgf,LM,Mf1 (ySLIM|m, |#SLI'\M —1)+
{J,J'teD,M ,M" {J,J'teD,M

(13)
(1) CR o (SLIM |, [ 7SLIM 1)),

where C7>,.,. are some numerical coefficients, quantum numbers J, J' take values from some fixed set D.
Let us apply (13) to calculation of matrix elements <W1 | m,., |go> :for J =J" in (9) we apply (13) with
Clon: =0 bt (14)

for J >J' in (9) we apply (13) with
Cisiw = by + (-1 gt %, (15)
according to (10). Thus we obtain, omitting quantum numbers ySL in the matrix elements for brevity:
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(wim, o) =3 [a bl (M][m,,,
SLIM

4

IM-1) +

IM-1)+a®, b, (IM|m,

+ (@ by — 7% b, ) (M m, | I~ LM = 1)+ (16)
+(aJyEII,M-1*be,S|\; _a\;J/,S—LM*befll-,l—M )<‘]M |mx,y|‘] -LM _1>*}-

Note that formulas (12) and (16) are valid for Cartesian components of any time-odd Hermitian
vector operator with matrix elements diagonal in quantum numbers ySL . For time-even Hermitian

vector operator analogous formulas can be derived, but terms, which include coefficients with indices
—M or 1-M (or both), will appear with the opposite signs.

Calculating matrix elements diagonal in J in (12) and (16) we can substitute m_ by equivalent operator

9,(SLI)J,, (17)

where g, (SLJ ) is the Lande g-factor modified with account of orbital momentum reduction:

S(S+1)-L(L+1)
2J(J+1)

gL(SLJ)=%(gs+k)+(gs—k) (18)

Calculating matrix elements in (12), (16) between multiplets with different J, we can substitute
m, by equivalent operator (g s — k)Sa. On the basis of the standard formula of algebra of irreducible

tensor operators [9] (with Wigner notation for 3j- and 6j-symbols)

w J 131
(m _ N _(_ 2J+S+L-M _ .
(ySLIM|S,|ySL,J —1,M ) =(-1) (_Mq M,j (23 +1)(23 -1)
19)
{JIJ—I} n
. <S|ISV|IS >
SL S
we can write
(ySLJM|SZ|ySL,J—1,M>=%A(SLJ)\/J2—M2, (20)
(ySLIM|S, |7SL,J -1,M —1}:—%/1(SLJ)\/(J +M-1)(J+M), 1)
A(SL3)= (L+S+J+1)(S—2L+J)(L—S+J)(L+S—J+1)‘ 22)
J2(23 +1)(23 -1)

Thus we can write explicit expressions for matrix elements of m, operators with the use of

coefficients g, (SLJ) (18) and /‘t(SLJ) (22):

(wilm,|¢)= " [ 9. (SLI)Maiy b + gsz_k A(SLIWIZ =M (@i by, + @™, br%, )] (23)

7SLIM

(wim,|o) 1 : * I
[i@;'m”@ =7S%:M {EgL(SLJ)\/J (J+1)=M (M —1) (i by, £al™, i, )—Z(gs —k)-

A(SLI)J(I+ M =1)(3+ M) (@b, — @i D%, a1 i 7%, b )|

Here and further in this section upper signs, if any, are taken for x-axis, lower signs — for y-axis.
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Now let us consider matrix elements of m, operators on the Kramers doublet states (2), (3).

Expressions for diagonal matrix elements can be obtained from (23), (24) by simply putting b/s" = aly-:

(wilm. )= 3 | 0 (SL)Magi| +(gs ~k)2(SLIVI™ ~M™ Re(afiaf¥,, ). (25)

7SLIM

szimq=y§M{gL(su)JJ (J+)-M(M —1)&}(6153“61;3;1)_
(26)

1 Re . ,
_E(gs ~K)A(SLI){(I +M -1)(J + M )Lm}(ajﬁ -t A, )}.

Note, that (1//2 | m, |(//2> = —(1//1 | m, |1//1> for the time-odd operator. Expressions for the non-diagonal
matrix elements on the states |(//1> (2) and |1//2> (3) of the Kramers doublet can be obtained from (23),

24) by putting b7 =(=1)""™" a’tt I
Y Pp g Oim J,-M

wlm ) = z{zzm)m g, (SL))Majar®, -
7SLI M>0

27

=2 (1) (g5 —K) A(SLIWNIZ =M * aipar®; ,, |,

M

[ o }‘%Z{w 0, (SL0) (-1 T+ 17 5%

—ifpm ) | 25

+2 3 (-1)" \/J (J+1)-M (M _1)(a§;Lag§L_M Faj¥, aﬁj_l)j+ (28)

M>1/2

M

+ 21 (95 ~KA(SLI)Y(I + M =1)(3 + M) (arag®, , £ ag, afsim.)}-

Of course, <y/2|ma |1//1> = <g1/1|m{Z |l//2>* . Let us also note for completeness that matrix elements for
m, in (24), (26), (28) can be obtained directly from matrix elements of the m, operator by rotating
corresponding wavefunctions by the angle of —z/2 around z-axis; in the basis | 7SLJM> this is
equivalent to transformation of the wavefunctions expansion coefficients ajy — @y exp(iM 7/2),
biw — bl exp(iM z/2).

Calculated matrix elements of the m_ operators (25)—(28) on the Kramers doublet states (2), (3)
allow to find components g,, of the g-tensor according to (7). Rotating Cartesian axes and making

unitary transformation in the two-dimensional space of the Kramers doublet states we can always
bring the g-tensor to diagonal form (we refer to diagonal components as g-factors). In the following
section we show that for a particular case of tetragonal symmetry of the impurity ion Hamiltonian.

3. Formulas for g-factors in the case of tetragonal crystal field

The derived formulas (25)—(28) for g-tensor components may be greatly simplified in the case of
tetragonal symmetry of the lattice crystal field. If z-axis is chosen as the tetragonal symmetry axis, and

if expansions (2), (3) of the Kramers doublet wavefunctions |1//1>, |1//2> are obtained by

diagonalization of Hamiltonian, which includes spin-orbit and Coulomb interactions and interaction

Magnetic Resonance in Solids. Electronic Journal. 2017, Vol. 19, No 2, 17208 (10 pp.) 5
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with crystal field, in the basis of full momentum |7/SLJM >, then coefficients a/s" in (2), (3) can be
nonzero only for M values that differ by each other by an amount of 4 p, here and further p is integer.

Therefore, as seen from (26), (27), <W1 | m, |W2> =0, (1//1 | m,, |z//1> =0 and, consequently, according to (7):

0, =09y, =0, =0, =0. (29)

Note, that (29) will be valid for z-axis being the symmetry axis of the second order already.
Moreover, by appropriate numbering of |¢//1>, |¢//2> states we can always obtain nonzero
coefficients ajy in (2) only for M =1/2+2p, +4p, where p, equals either 0 or 1 (note that

expansion (3) of |l//2> will contain terms only with M =-1/2+2p, +4p in this case). Therefore, in

(28) the second terms in all three parentheses will wvanish, leading to equality
<l//1|mx|l//2>=i<l//l|my|l//2>. The latter means that by appropriate choice of complex phase of the

wavefunction |'/’1> the g-tensor will be directly brought to diagonal form with components

O« =9y, =9, 9,, =0, where g-factors derived from (25), (28) equal

0, =2 %[ 0.(5L9)(1/2+20, + 4p) it o] +

¥SLIp (30)
+(95 ~K)A(SLI)I* ~(1/2+2p, +4p) Re(aj, ., 0y 2% 0000 00) |-
g, = EZ{QL(SLJ)( JJ(J +1)+1/4 &%, +
ySLJ
£2 Y JI(3+1)+1/4—(2p, +4p) a§i52+2p0+4pa§§522p04pj+ 31)
p>=py/2

+Z(gs - k);t(SL‘] )\/(‘] +2p, +4p)2 -1/4 ajyi|72+zpﬂ+4pa§SIl_,1/22pﬂ4pi|
p

4. g-tensor components in the case of impurity ion electronic configuration nl*

In the case of electronic configuration nl' of the impurity ion there is only one term L=1, S=1/2

with two multiplets J =1 J_r%. Wavefunctions |J, M> of the multiplets components can be expressed

through the one-electron wavefunctions |m, ,0'> , where m, and o denote magnetic and spin quantum

numbers of the nl electron (below o values are denoted simply as ‘+’ and ‘-’), with the use of
tabulated Clebsch-Gordan coefficients:

1 1
I+— M )= —,l,o,m
2 > Z<2 !

m o

JIEM +1/2‘M—l +>+J|J—FM +1/2‘M+l _>
B - 2, .

21 +1 2 21 +1

l,l,l il,M>|m,,0'>:
2 2

(32)

Coefficients g, (SLJ) (18) and Z(SLJ) (22) for configuration nl' take the form (here and further

in this section uninformative indices SL are omitted)

—gs +2k(I+1 2(gs —k
gL(|+lj:M’ gL(|_lj=gs+—(+), g[|+lj:M‘ (33)
2 21+1 2 21+1 2 21+1

6 Magnetic Resonance in Solids. Electronic Journal. 2017, Vol. 19, No 2, 17208 (10 pp.)
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Let us consider the example of an nf electron (1 =3). Let us provide only formulas for the matrix
elements <gz/1|mz|y/l> (25) and <gz/1|mx|y/2> (28) (in the case of tetragonal symmetry these matrix

elements directly define the g-factors as has been shown in the previous section):

2 2
1
<W1|mZ|V/1>:7Z[(gs +6k)M a7M _(gs _Sk)M asM +
M 5 s
(34)
+(gs —k)V49-4M* Re(aZ,M*azM J:I,
(yi|m Jy,) =- |:4(gs +6k)[a§1 —a?lJ+3(gS —8k)[a§1 —aﬁl}r
22 22 22 2
+ Z (_1)“";((93 +6k)\/63—4M (M —1)(6\7 a, -a, a, J+
M>1/2 E»M E,'*M EﬁM E,Mfl
(35)

2M 21-M 2-M 2 M-l
2" 2 2 2

+(gs—8k)\/35—4M(M—1)£a5 a, -a, a, J}

M —1-M —-M
M 2 2 2

£ (1) (g, —K) 4(3+M)2_1[a; a, +a aS,MIH.

5. g-factors of the ground Kramers doublet of the Ce3* ion in LiYF4 crystal

Spectrum of the Ce®" ion 4f ! configuration consists of 7 Kramers doublets — *Fs;, (ground) and *F7
multiplets splitted by Ss symmetry crystal field induced by LiYF. lattice. As has already been
mentioned in introduction, g-factors for the ground level of the Ce®" ion in LiYF4 crystal have been
found in [2] from EPR measurements:

9o =2.737, g% =1.475. (36)

We consider an effective Hamiltonian H of the impurity Ce®* ion consisting of spin-orbit
interaction Hamiltonian

Hgo =&SL, (37)
where & is a 4f electron spin-orbit coupling constant, and Hamiltonian of interaction with the S4
symmetry crystal field (in crystallographic axes)

H, =B;C” +B;C¥ +B/C{" + B*,C'Y + B{C!” + B{C.” + B’,C'?, (38)
where BP are crystal field parameters, satisfying the equation B}’ =(—1)k B" ; C!” are components

of one-electron spherical tensor operators C”,

Looking ahead, we may state that it follows from calculations that the largest contribution to

5,5
22

states (see also expansion (32)). Let us also note that the ground doublet corresponds to irreducible

wavefunctions of the ground 4f Kramers doublet of the Ce*" ion in LiYFs comes from the

representations 'y, I'; of the double S4 point group in Bethe notation. According to section 3 we

choose the wavefunction |l,//1> (2) to contain the state

§,§> (this corresponds to p, =1 in section 3;

Magnetic Resonance in Solids. Electronic Journal. 2017, Vol. 19, No 2, 17208 (10 pp.) 7
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wavefunction |l//2> (3) then contains the %,—§> state), which is mixed by crystal field interaction
7 3 . . .
—,—5 . Thus, it is sufficient to numerically

5 3 75
AT A A A and
2 2> 2 2> 2

diagonalize a matrix 4x4 of the Ce’" ion Hamiltonian H = Hg, + H with the following matrix

He: (38) only with the states

elements, which we give here for completeness:

g,é H f,f =—2§—£B§+LB§, g,_i H éj_i =—2.§+£B§—183,
2°2) |22 21 21 22 |12 2 35 7
Z,E H Zjé 235_i33_253+£|3§, Z,_é H Z,_i =§§+lB§—iBg—£B§,
22 |22/ 27 21 77 429 220 |12 2/ 2 7 77 143
é,é H é,_i =_\/ﬁ Bf, é,é H Z,E =£B§_10\/8 |3(‘)‘+5\/g B?,
22 |2 2 21 22 |22 21 231 429
554723 =_4J§Bj+1o\/78§, 5 3473 ZS\EB:_'_IOJIOS B¢
22| |2 2 231 143 22 |22 231 429
5 3|7 3\ V10g 810G, V1050 (7 5|17 3) V2105, SVER G o
220 |12 2 35 231 143 22 |20 2 77 429

Numerically diagonalizing the matrix with the elements (39) we obtain the wavefunction |1//1> (2)

of the ground Kramers doublet of the Ce** ion in LiYFy; bringing |(//1> to the form, suitable for
comparison with [1], we may write

|V/>_i Ei +0!§—§ +:BZ§ +
YON272 27 2 272

Utilizing the formulas (34), (35) for wavefunction (40) we obtain the following expressions for g-factors
of the ground Kramers doublet of the Ce** ion in LiYF, with account of orbital momentum reduction:

7 3
, 5,_5», N =1+ [o <A 7] (40)

9, =358+ 6K) (31T =3 )+ (-9 +8K)(5-3lef ) +4(9, k)6 Re s+ VTORe(e ). (41

0, = x| (00 +6K) 238+ (9, ~ 8K)5ar + (9, ~ k) (V300 + V27 ). 42)

If we put g5 =2, k=1, then (41), (42) transform to the formulas that we obtained earlier in [1] but

with the opposite signs of £ and y coefficients, since

%, M> states have been taken in [1] with the

opposite signs as compared to (32); this also results in the opposite signs of matrix elements cross
between J :g and J :% states in (39) as compared to [1]. If we additionally put f =y =0, then we

obtain the case, investigated earlier in [4,5], when mixing of the *Fs;, and *F7, multiplets by crystal
field is not considered.

We use the following crystal field parameters that were exploited in [10] in modeling of the
interconfigurational 4f-5d absorption spectrum of the Ce** ion in LiYF, (in cm™):

B =360, B =-1400, B;=-1240+i-751, BJ=-67.2, B{=-1095+i-458. (43)

8 Magnetic Resonance in Solids. Electronic Journal. 2017, Vol. 19, No 2, 17208 (10 pp.)
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No direct fitting of g-factors or 4f crystal field energies has been fulfilled in [10], but signs and
orders of magnitude of parameters (43) are in agreement with parameters obtained in literature for
trivalent rare earth ions doped in LiYF4 crystal from fitting experimental data (see, for example, [11]).
We also use value &=625cm ' from [10] for the spin-orbit coupling constant, this value also being in
agreement with the common in literature (for example, 615 cm™ in [11] and 628 cm™' in [12]).
Diagonalization of matrix (39) with the Ce’ ion Hamiltonian parameters given above leads to the
following g-factors of the ground Kramers doublet of the Ce** ion, calculated without taking orbital
momentum reduction into account [1] (i.e. for K =1 in (41), (42)):

g,=2.845, g, =1.551, (44)

with a root-mean-square deviation from experimental values (36) equal to 0.132. Calculations
B,

discrepancy with experiment, but such large values are at least one and a half times greater than

show [1] that large B, values ( ~ 2000 cm™") could, in principle, solve the problem of this

expected, as follows from trends of parameters commonly used in literature for trivalent rare earth ions
doped in double fluoride crystals [11, 13], and do not seem reasonable.

In order to improve agreement with experiment we consider reduction of the orbital momentum of
the 4f electron of the Ce*" ion. For k =0.97 the obtained formulas (41), (42) lead to the following
g-factors of the ground Kramers doublet of the Ce®" ion in LiYF4:

9,=2.734, g, =1.487, (45)

with a root-mean-square deviation from experimental values (36) equal to 0.013, that is 10 times less
than without taking orbital momentum reduction into account (44).

Thus, we have shown that considering reduction of the orbital momentum of the Ce*" ion 4f
electron in the Zeeman energy could improve agreement with g-factors obtained from experiment.
However, the result (45) should not be considered as final yet. First of all, one must keep in mind that
a more thorough determination of crystal field parameters in LiYF4:Ce®" remains a problem. Correct 4f
energy levels for this compound should be provided. Recently infrared absorption spectrum of the
LiYF4:Ce*" crystal corresponding to *Fs» — “F75 intra-4f transitions have been measured at 10 K [14],
providing energies of the excited 4f (°F7,) levels. Another attempt [15] was made to determine several
of the Ce’" excited 4f crystal field levels from analysis of low-temperature 5d—4f luminescence
spectrum in LiYF4:Ce*" crystal: microscopic modeling of vibrational structure of the luminescence
spectrum based on the exchange charge model [16] allowed to distinguish electron-vibrational peaks
observed in the spectrum from zero-phonon lines corresponding to transitions from the lowest 5d state to
different 4f levels of the Ce*" ion. The total of five known for the present moment excited 4f energy levels
need to be reproduced by modeling of crystal field in LiYF4:Ce**, consistent with modeling of g-factors.

6. Conclusions

Analytical expressions have been derived for g-tensor components of a Kramers doublet of an
impurity ion doped into dielectric crystal with account of orbital momentum reduction due to
covalence: g-tensor components are expressed explicitly through coefficients of expansion of the
doublet wavefunctions in the basis of full momentum of the impurity ion. The obtained expressions
can be useful in calculations and analysis of g-tensor dependence on the impurity ion Hamiltonian
parameters. Additionally, a particular case of tetragonal symmetry of crystal field and a case of the
electronic configuration nl' of the impurity ion have been considered. For completeness, expressions
are provided for matrix elements of the impurity ion magnetic moment on arbitrary wavefunctions
defined by expansions in the basis of full momentum with account of orbital momentum reduction.

The derived formulas have been used in calculation of g-factors of the ground Kramers doublet of
the Ce** ion doped in LiYF, crystal. It was shown that taking into account reduction of the orbital
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momentum of the Ce®" ion 4f electron in the Zeeman energy can significantly improve agreement with
g-factors measured experimentally. Further progress can be achieved by going beyond the
approximation of isotropic reduction factor, estimation of reduction of orbital momentum matrix
elements by molecular orbital method, and, on the other hand, by consistent modeling of 4f crystal
field energies. Safe values of 4f crystal field parameters for the Ce*" ion in LiYF4 crystal are absent in
literature, though certain progress have been recently achieved in determining crystal field energies
from measurements for this compound. A thorough investigation of possible 4f crystal field
parameters in LiYF;:Ce’" in the context of both g-factor values of the ground Kramers doublet and 4f
energy levels, established in literature for the present moment, is planned to be conducted in future.
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