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1. INTRODUCTION

The spectral, thermodynamic and magnetic proper-

ties of geometrically frustrated terbium titanate com-

pound Tb2Ti2O7 with pyrochlore structure were ac-

tively studied for over 20 years. The system attracts

much attention for the following reasons. Neighboring

Tb3+ ions in Tb2Ti2O7 are coupled by competing ferro-

magnetic exchange and antiferromagnetic dipole inter-

actions (the Curie-Weiss temperature is ΘCW = −13 K

[1]). According to theoretical studies the antiferromag-

netic noncollinear phase of Tb2Ti2O7 should be ob-

served below temperatures of about 1.8 K [2]. How-

ever, magnetic ordering is not observed experimentally

down to temperatures of 0.015 K [3]. The absence of

magnetic ordering and the formation of a spin-liquid

state (cooperative paramagnet) in Tb2Ti2O7 is being

discussed in the literature up to now.

The crystal lattice of terbium titanate with the py-

rochlore structure belongs to the space symmetry group

Fd3m (face-centered cubic lattice). Tb3+ ions are in

the Wyckoff position 16d (1/2, 1/2, 1/2), Ti4+ ions are

in the position 16c (0, 0, 0), two sublattices O1 and O2

* E-mail: vera.klekovkina@gmail.com

of O2− ions are in the positions 8b (3/8, 3/8, 3/8) and

48f (x0, 1/8, 1/8), respectively. Tb3+ ions form a net-

work of corner-sharing tetrahedra. Four Tb3+ ions in a

unit cell are crystallographically equivalent, but mag-

netically nonequivalent. The eight oxygen ions nearest

to the terbium ion form a strongly distorted cube. The

local point symmetry group of Tb3+ ion is trigonalD3d.

In the crystal field of an ideal Tb2Ti2O7, the ground

multiplet 7F6 of a Tb3+ ion is split into four doublets

Eg and five singlets 3A1g + 2A2g (irreducible repre-

sentations of the D3d group are shown). The ground

and the first excited states are non-Kramers doublets.

The first excited energy level of the Tb3+ ion lies 13

cm−1 (0.39 THz) above the ground level [4, 5]. The

remaining energy levels lie above 80 cm−1. Tb2Ti2O7

stands out among other isostructural rare-earth com-

pounds by the small energy gap between the ground

and the first excited sublevel of the ground multiplet.

In other rare-earth pyrochlores, the first excited energy

level is separated from the ground one by an energy

gap of more than 70 cm−1. Observations of extremely

large values of magnetoelastic effects in Tb2Ti2O7 at

low temperatures, in particular, giant forced magne-

tostriction [6] and coupled electron-phonon excitations

[7, 8], indicate an anomalously strong electron-lattice

interaction. At present, it is generally accepted in the

literature that it is the combination of these factors and
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the competition of ferromagnetic and antiferromagnetic

interactions between neighboring Tb3+ ions that cause

the absence of magnetic ordering in Tb2Ti2O7 at low

temperatures [9].

In the low-energy part of the inelastic neutron scat-

tering spectra of Tb2Ti2O7 single crystals and powders

an intense line is observed in the energy range of about

1 cm−1 [10, 11]. In the terahertz absorption spectra

a broad line is observed in the frequency range corre-

sponding to energies of 10–18 cm−1 [12–14]. The spe-

cific profile of the inelastic neutron scattering spectrum

in the range of low transfer energies (∼ 1 cm−1) and the

fine structure of the terahertz absorption line indicate

splitting of the ground and first excited non-Kramers

doublets of the Tb3+ ion. This work is primarily aimed

at clarifying the origin of these splittings.

The observed specific features of low-temperature

spectral, magnetic and thermodynamic properties of

Tb2Ti2O7 powders and single crystals (absence of mag-

netic ordering, dependence of heat capacity and mag-

netic susceptibility on the sample [15,16], violations of

selection rules and additional lines in optical spectra

[17], Raman and inelastic neutron scattering spectra)

indicate the formation of microscopic inhomogeneities

of the crystal lattice. Local static lattice deformations

are induced during the synthesis of samples due to the

formation of point defects: violations of the stoichio-

metric composition [18, 19] due to the mutual substi-

tution of Ti4+ and Tb3+ ions, and oxygen vacancies

characterized by the parameters x and y in the formula

of the real compound Tb2+xTi2−xO7−y.

It should be noted that the interpretation of the

specific shape of the terahertz absorption line at the

transition between the lower non-Kramers doublets of

Tb3+ ions proposed in [12–14], based on the consid-

eration of coupled electron-phonon excitations, has no

physical justification, since the hybridization of elec-

tron excitations within the states of the ground electron

configuration with excitations of the cubic lattice (with

phonons from the acoustic and odd optical branches of

the vibrational spectrum) is possible (by parity) only at

finite values of the phonon wave vectors, significantly

exceeding the wave vectors of terahertz photons, which

are close to zero.

2. CRYSTAL STRUCTURE DEFECTS AND
THE FIELD OF RANDOM DEFORMATIONS

In the elastic continuum approximation, the struc-

ture of the crystal lattice at a distance r from a point

defect (displacements of ions from equilibrium positions

u(r) ∼ 1/r2 [20]) is described by a non-uniform de-

formation tensor with components eαβ(r) ∼ 1/r3. In

the case of a finite concentration of defects, the compo-

nents of the strain tensor are random variables with the

probability distribution density of strains g(e). In the

general case, the structure of the multidimensional dis-

tribution function g(e) is determined by the symmetry

properties of the real crystal. When considering crys-

tals of cubic symmetry, in particular, pyrochlores, the

six-dimensional space of the components of the strain

tensor can be decomposed into subspaces correspond-

ing to irreducible representations A1g, Eg and F2g of

the cubic symmetry group Oh:

e1 = e(Ag) = (exx + eyy + ezz)/
√
6,

e2 = e(Eg, 1) = (2ezz − exx − eyy)/
√
12,

e3 = e(Eg, 2) = (exx − eyy)/2,

e4 = e(F2g , 1) = (2exy − exz − eyz)/
√
6,

e5 = e(F2g, 2) = (exz − eyz)/
√
2,

e6 = e(F2g, 3) = (exy + exz + eyz)/
√
3.

In an elastically isotropic continuum the trace of

the strain tensor induced by point defects is zero [20],

and the distribution function takes the form [21,22]

g(e) =
2γ

π3

6∑

m=2

(
e2m + γ2

)−3
. (1)

The width of the distribution is determined by the pa-

rameter γ = π(1+σ)
27(1−σ)Cd|Ω0|, where Cd is the number

of defects per unit volume, Ω0 is the “defect strength”

and σ is the Poisson ratio. Calculations of the inelastic

neutron scattering spectrum profile in the range of low

transfer energies in Tb2Ti2O7 [23] and Pr2Zr2O7 [24]

and of the low-temperature heat capacity of Pr2Zr2O7

[24] using the distribution function (1) reproduced suc-

cessfully the experimental data. The distribution func-

tion of deformations in an elastically anisotropic con-

tinuum, as was shown in [25], can be approximated by

a generalized six-dimensional Lorentz function:

g(e) =
15ξ

8π3γAγ2Eγ
3
F

×

×
[
e(A1g)

2

γ2A
+

2∑

λ=1

e(Eg, λ)
2

γ2E
+

3∑

λ=1

e(F2g, λ)
2

γ2F

]− 7
2

. (2)

It should be noted that the distribution width for de-

formations of different symmetries depends on tem-

perature, since the ratios between the measured elas-

tic constants in Tb2Ti2O7 change significantly in the
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low-temperature range (T < 80 K) [26, 27]. The

distribution function (2) was used in the calculations

of the spectral and thermodynamic characteristics of

the Pr2Zr2O7 crystal in [28]. In the case of a high

concentration of defects, the distribution function of

deformations in an elastically isotropic continuum is

transformed to the Gaussian form [21]. In particular,

the Gaussian distribution function of random strains

has been used in studies of the cooperative Jahn –

Teller effects in solid solutions of rare-earth vanadates

in [29]. In the present paper, the distribution func-

tion of deformations induced by point defects in the

Tb2Ti2O7 crystal is approximated by a generalized

Gaussian distribution:

g(e) =
1

π3ξ6γAγ2Eγ
3
F

× exp

{
−
[
e(A1g)

2

(γAξ)2
+

+

2∑

λ=1

e(Eg, λ)
2

(γEξ)2
+

3∑

λ=1

e(F2g, λ)
2

(γF ξ)2

]}
. (3)

The widths ratio for distributions of deformations of

different symmetries is suggested to be the same as

in the case of the Lorentz distribution (parameters

γA = 1.2, γE = 31.8, γF = 24.8 were calculated us-

ing the elastic constants of Tb2Ti2O7 measured at a

temperature of T = 6 K [30]). The parameter ξ de-

pending on the type and concentration of defects was

a fitting variable.

3. CRYSTAL FIELD AND
ELECTRON-DEFORMATION INTERACTION

Calculations of energies of the Stark sublevels of

Tb3+ ions in Tb2Ti2O7 were performed using the nu-

merical diagonalization of the Hamiltonian

H = HFI +HCF,

defined in the full space of 3003 states of the electronic

4f8 configuration. Here HFI is the standard Hamilto-

nian of a free ion [31], HCF is the operator of interac-

tion of 4f -electrons with the static crystal field in the

regular crystal lattice. The Hamiltonian HCF of four

magnetically nonequivalent Tb3+ ions in local Carte-

sian coordinate systems with Z axes along the local C3

axes and X axes in the planes containing the Z axis

and one of the crystallographic C4 axes is determined

by six non-zero real parameters Bk
p :

HCF = B0
2O

0
2 +B

0
4O

0
4 +B

3
4O

3
4 +B

0
6O

0
6 +B

3
6O

3
6 +B

6
6O

6
6 .

Here, Ok
p are linear combinations of spherical ten-

sor operators, similar to Stevens operators [32] in the

Table 1. Calculated and measured energies of the

Stark sublevels of the ground multiplet 7F6 of Tb3+

ions in Tb2Ti2O7 (cm−1), corresponding irreducible

representations of the D3d group are indicated.

Γ Theory Experiment [4] Experiment [5]

Eg 0 0 0

Eg 11.6 13 12.1

A2g 82 83 82

A1g 137 135 135

Eg 311 − 339

A2g 385 − −
A1g 389 − 395

Eg 484 − 492

A1g 566 − −

space of eigenfunctions of the angular momentum op-

erator. Crystal-field parameters B0
2 = 213, B0

4 = 368,

B3
4 = −2574, B0

6 = 49.7, B3
6 = 1218, B6

6 = 100 cm−1

were calculated within the framework of the exchange

charge model [33] (the ion charges used in the calcu-

lation equal qTb = 2.82 , qTi = 3.58, qO1 = −1.64,

qO2 = −1.86, in units of elementary charge), parame-

ters of charges on the bonds Tb-O1 and Tb-O2 equal

Gσ = Gs = Gπ = 6.9 and Gσ = Gs = Gπ = 10.5,

correspondingly.

The energies of the sublevels of the ground mul-

tiplet (see Table 1) and the g-factors of the ground

(g‖ = 10.5) and the first excited ( g‖ = 13.6) doublets

obtained using the calculated crystal field parameters

are in good agreement with the experimental data on

IR absorption spectra [4], inelastic neutron scattering

[5] and magnetization of Tb2Ti2O7 in the external mag-

netic field [34].

When a point defect locally deforms the crystal

lattice, the equilibrium positions of ions R(L, s) (L is

the unit cell number and s is the ion number in the

unit cell) shift by vectors u(R, s). As in the case of a

uniformly deformed crystal, when considering a field of

random deformations, we can introduce a deformation

tensor with components eαβ and sublattice displace-

ments w(s): uα(L, s) =
∑

β eαβXβ(L, s) + wα(s).

The crystal field parameters undergo increments

∆Bk
p = Bk

p (R + u) − Bk
p (R). Note, that we neglect

here odd components of the crystal field induced by

point defects which, in the case of local D3d symmetry,

can affect physical properties of rare-earth ions in the

second order of the perturbation theory. However,

odd local static lattice deformations, similarly to odd
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Table 2. Parameters of the Hamiltonian of electron-deformation interaction (cm−1)

p, k B̃k
p (A

2
1g) p, k B̃k

p (E
1
g , 1) B̃k

p (E
2
g , 1) p, k B̃k

p (E
1
g , 2) B̃k

p (E
2
g , 2)

2, 0 −8921 2, 1 10140 −8673 2, − 1 10140 8673

4, 0 −1882 4, 1 2311 −5686 4, − 1 2311 5686

4, 3 −14621 6, 1 2470 340 6, − 1 2470 −340

6, 0 −483 4, 4 −2881 −7954 4, − 4 −2881 7954

6, 3 4242 6, 4 −229 2077 6, − 4 −229 −2077

6, 6 3546 2, 2 7501 −10960 2, − 2 −7501 −10960

4, 2 −2188 2760 4, − 2 2188 2760

6, 2 709 −982 6, − 2 −709 −982

6, 5 −615 3700 6, − 5 615 3700

vibrational lattice modes, lift the ban on electric-dipole

radiative transitions.

In the linear approximation in the components of

the deformation tensor and the displacement vectors of

the sublattices, the Hamiltonian describing the interac-

tion of the Tb3+ ion with lattice deformations has the

form [33]

Hel-def =
∑

pk




∑

αβ

B
′k
p,αβeαβ +

∑

α,s

B
′′k
p,α(s)wα(s)



Ok
p ,

where

B
′k
p,α,β =

1

2

∑

L,s

[
Xα(L, s)

∂

∂Xβ(L, s)
+

+Xβ(L, s)
∂

∂Xα(L, s)

]
Bk

p ,

B
′′k
p,α(s) =

∑

L

∂Bk
p

∂Xα(L, s)
.

The influence of sublattice displacements can be

taken into account by renormalizing the parameters

B̃k
p,α,β , and the Hamiltonian Hel-def takes the form

Hel-def =
∑

pk,αβ

B̃k
p,αβeαβO

k
p =

∑

pk,Γλ

B̃k
p (Γλ)e(Γλ)O

k
p .

Renormalized parameters B̃k
p (Γλ) of coupling with

symmetrized components of the strain tensor e(Γλ),

transforming along a row λ of the irreducible repre-

sentation Γ, were obtained in our work [34] using the

exchange charge model with subsequent corrections for

better agreement with experimental data on the field

dependence of forced magnetostriction and the tem-

perature dependence of elastic constants. In the lo-

cal coordinate system at the position of Tb3+ ions

with the symmetry axis C3 ‖ [111], the Hamiltonian

of the electron-deformation interaction takes the form

Hel-def =
∑

Γλ V (Γλ)ε(Γλ), where ε(Γλ) are linear

combinations of the deformation tensor components

transforming in accordance with irreducible represen-

tations of the D3d group,

ε(A1
1g) = e(A1g), ε(A

2
1g) = e(F2g, 3),

ε(E1
g , 1) = e(Eg, 1), ε(E1

g , 2) = e(Eg, 2),

ε(E2
g , 1) = e(F2g, 1), ε(E2

g , 2) = e(F2g, 2),

and operators V (Γλ) =
∑

pk B̃
k
p (Γλ)O

k
p . The parame-

ters of the electron-deformation interaction used in the

present work are given in Table 2.

4. ABSORPTION SPECTRUM PROFILE

The absorption spectra of linearly polarized syn-

chrotron radiation in the frequency range of 0.2–1 THz

at temperatures of 6–300 K were measured on single-

crystal samples of Tb2+xTi2−xO7−y grown by the zone

melting method [14]. The radiation field was directed

along one of the trigonal ([111]) or rhombic ([1-10])

symmetry axes of the crystal with an alternating mag-

netic field h ‖ [11− 2], h ‖ [1− 10] or h ‖ [111], respec-

tively, in crystallographic system of coordinates.

Comparing the low-temperature heat capacity mea-

surements in the samples used in spectroscopic stud-

ies [12] to earlier results on temperature dependences

of the heat capacity in a terbium titanate with different

relative contents of Tb3+ and Ti4+ ions [35], one could

estimate the value of the parameter x, which char-

acterizes the deviation from the stoichiometric com-

position [12–14]. For samples with substantially dif-

ferent absorption spectra caused by electromagnetic
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radiation-induced transitions of Tb3+ from the ground

state (doublet E1
g) to the nearest excited state (dou-

blet E2
g), the transition frequency in the crystal field

was approximately 0.43 THz. In particular, in samples

whose absorption spectrum at low temperatures con-

tains a broad line of complex shape, corresponding to

the transition E1
g ⇒ E2

g , and an additional weak line of

unknown nature at a frequency of 0.67 THz, the param-

eter x is approximately equal to -0.0025. Samples with

x > 0 and x < 0 contain defects of various types. In

crystals with x > 0, heterovalent substitution of Ti4+

ions by Tb3+ ions is accompanied by the appearance

of vacancies in the oxygen sublattices; at x < 0, filling

of the 8a positions by oxygen ions is possible.

Calculations of the absorption spectra of four mag-

netically nonequivalent Tb3+ ions at the vertices of

the tetrahedron were performed based on the single-

ion Hamiltonian in the corresponding local coordinate

systems

Ht = H +Hel-def +Hr,

where Hel-def is the above-introduced operator of in-

teraction of 4f -electrons with the field of random de-

formations, and Hr is the operator of interaction with

the radiation. Since zero-phonon optical electric dipole

transitions between states of the electronic 4f8 shell in

the crystal field of D3d symmetry are forbidden by par-

ity, only interactions with the radiation magnetic field

are taken into account in the operator Hr = −M · h
(M = −µB(kL+2S) is the magnetic moment operator

of a Tb3+ ion, L and S are the total orbital momen-

tum and spin, respectively, µB is the Bohr magneton,

k = 0.95 is the orbital reduction factor).

In the general case, lattice deformations of Eg sym-

metry split each of the E1
g and E2

g doublets into two

sublevels with energies E1(e) and E2(e), E3(e) and

E4(e), respectively, and wave functions |i(e)〉 (i = 1-4);

fully symmetric deformations shift the upper doublet

relative to the lower one. Thus, at low temperatures

in the space of four states of the two lower doublets

there are six absorption channels with six spectral lines:

P0 (E1 ⇒ E2), P1 (E2 ⇒ E3), P2 (E2 ⇒ E4), P3

(E1 ⇒ E3), P4 (E1 ⇒ E4), P5 (E3 ⇒ E4).

Considering the operator Hr as a time-dependent

perturbation, we obtain the distribution of the absorp-

tion intensity of the radiation of frequency ω, caused

by transitions between sublevels of terbium ions num-

bered with index s, with energies Ei,s(e) and Ek,s(e)

for the fixed components of the deformation tensor e,

in the form

I(ω, e) = Cω

4∑

s=1

2∑

i=1

4∑

k=3

[pi(e)− pk(e)]×

× |〈i|Ms · h0,s|k〉|2I0,ik(ω, e), (4)

where C is the numerical factor, pi is the population

of the i-th state, Ms is the magnetic moment operator

and h0,s is the unit vector directed along the polarized

radiation magnetic field in the local system of coordi-

nates for the ion s, respectively,

I0,ik(ω, e) =
1√
2πσ

×

× exp

{
− [ω − (Ek(e)− Ei(e)) /~]

2

2σ2

}
(5)

is the Gaussian form-function of the spectral line cor-

responding to a separate transition with the dispersion

σ = 7.5 · 10−3 THz.

The absorption spectrum profile is obtained by av-

eraging the distribution (4) with the deformation dis-

tribution function (3):

I(ω) =

∫
I(ω, e)g(e)×

× de(A1g)
∏

λ=1,2

de(Eg, λ)
∏

λ=1,2,3

de(F2g, λ). (6)

Numerical calculations of integrals (6) in a hyper-

spherical coordinate system in a six-dimensional space

of strain tensor components with a frequency step

∆ω = 3.75 · 10−3 THz (T = 6 K, h ‖ [11− 2]) are com-

pared with the measured absorption spectrum (Fig. 3S

in [14]) in Fig. 1. The calculation of the absorption

spectrum profile is performed under the assumption

that the intensity of the terahertz radiation source does

not depend on the frequency. The value of the vari-

able parameter ξ = 6.5 · 10−4, as well as the presented

above standard deviation σ in the form-function of op-

tical transitions (5), were determined by comparing the

calculated spectrum with the one measured in [14]. Fig-

ure 1 also shows the lines P1, P2, P3 and P4, the super-

position of which determines the shape of the envelope

of magnetic dipole transitions between the sublevels of

the ground and first excited doublets of Tb3+ ions in a

crystal field, split by random deformations. The optical

transitions that form the lines P2 and P3, P1 and P4

are induced predominantly by projections of the field h

onto the local planes XY and the Z axis, respectively.

The ratio of the calculated sums of the intensities of

the specified lines I(P2+P3)/I(P1+P4) = 1.4 agrees
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Fig. 1. Calculated absorption spectrum profile of linearly po-

larized radiation of the Tb2Ti2O7 single-crystal in comparison

with experimental data [14] at a temperature T = 6 K

qualitatively with the ratio of the squares of the mod-

ules of the matrix elements of the projections of the

magnetic moment on the X and Z axes on the wave

functions of the doublets E1
g and E2

g in the crystal field

of the regular lattice |MX(1, 3)/MZ(1, 4)|2 = 1.7 (the

matrix elements of the operatorsMX andMY are equal

in module), however, the calculations performed do not

reproduce the dependence of the absorption spectrum

profile on the orientation of the field h in the crystal-

lographic coordinate system observed in the measured

spectra.

An additional line in the frequency range

0.7±0.05 THz, observed in the measured spec-

trum, corresponds to the absorption of radiation by

Tb3+ ions located either in Ti4+ positions or closest to

a point defect that strongly changes the crystal field

in neighboring lattice sites.

The P0+P5 line in Fig. 1 with the P0 line contri-

bution dominating at low temperatures, represents the

envelope of transitions between the sublevels of E1
g and

E2
g doublets split by random deformations. It should

be noted that the splitting of the doublet is reproduced

by calculation only when using a multi-dimensional (at

least two-dimensional when considering deformations

of Eg symmetry [21]) distribution function with the

most probable non-zero value of the vector modulus

with components equal to the degenerate deformations,

|e(Γ)| =
[∑

λ e(Γ, λ)
2
]1/2

, Γ = Eg, F2g.

The splitting of the ground doublet ∆(e) of Tb3+

ions in Tb2Ti2O7 crystals of an order of 1–2 cm−1 was

recorded in high-resolution inelastic neutron scattering

-1 0 1 2 3

Sc
at

te
rin

g 
in

te
ns

ity
 (a

rb
. u

ni
ts

)

Energy transfer (cm-1)

2
3

1

Fig. 2. Measured (symbols) [10] and calculated (line 1) neu-

tron scattering spectra of the Tb2Ti2O7 crystal at T = 0.07 K.

Lines 2 and 3 correspond to the contributions of elastic and

inelastic scattering

spectra [10, 36] at low temperatures. The presence of

a broad tail of the intense line in the region of quasi-

elastic neutron scattering with transfer energies close

to zero (see Fig. 2) indicates a Lorentzian distribu-

tion of random deformations in the studied samples,

apparently with a small deviation from the stoichio-

metric composition. In this paper we calculated the

intensity distribution in the inelastic neutron scatter-

ing spectrum averaged over scattering vectors

Iinelast ∼
∫

exp

[
− (E −∆(e))

2

2δ2

]
g(e)de,

using the strain distribution function (1) in the form

of a generalized Lorentz function with the width

γ = 5.5 · 10−4, the dependence of the splitting of the

doublet ∆(e) on the components of the strain tensor

was obtained using the considered above Hamiltonian

of the electron-deformation interaction. The observed

neutron scattering spectrum profile is well reproduced

by the sum of the intensities of the inelastic scatter-

ing and elastic scattering spectra, in which the inten-

sity distribution was approximated by a Gaussian form-

function Ielast ∼ exp
(
−E2/2δ2

)
with the standard de-

viation δ = 0.3 cm−1 (see Fig. 2).

It should be noted that practically similar re-

sults of the calculation of the inelastic neutron

scattering spectrum were obtained by taking into

account the elastic anisotropy of the terbium titanate

lattice using the random deformation distribu-

tion function (2) with a width of ξ = 2.6 · 10−5.
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5. CONCLUSIONS

In this work, we calculated the envelopes of

low-temperature absorption spectra of linearly polar-

ized terahertz radiation and inelastic neutron scat-

tering in the absence of external magnetic fields in

Tb2+xTi2−xO7−y crystals, taking into account the

fields of random deformations induced by point de-

fects of the crystal lattice. Modeling of the spectra

within the single-ion approximation allowed us to sat-

isfactorily reproduce the available experimental studies

of absorption profiles for radiation with the wave vector

q ‖ [111] and magnetic field h ‖ [11 − 2] in the crystal

with a non-stoichiometric composition (x = −0.0025)

and a fragment of the neutron scattering spectrum in

the range of low transfer energies (1 cm−1) in a crystal

with the parameter x ≃ 0. The spectral lines consid-

ered correspond to quantum transitions between the

sublevels of the two lower non-Kramers doublets of

Tb3+ ions in the crystal field of D3d symmetry, split

by random deformations, in the absorption spectra and

between the sublevels of the ground doublet in the neu-

tron scattering spectrum. The width of the deforma-

tion distribution function (6.5 · 10−4 and 2.6 · 10−5 in

crystals of different composition), determined from a

comparison of the calculated and measured spectra,

agrees with the previously obtained estimates of the

width of the deformation distribution functions in di-

electric crystals activated by rare-earth ions [22, 25].

In order to reproduce the dependence of the rel-

ative intensities of the four components of the broad

absorption line on the polarization of terahertz radia-

tion, it is necessary to take into account the possibility

of lifting the ban on electric dipole transitions due to

displacements of Tb3+ ions from the nodes of the reg-

ular lattice near defects, accompanied by the appear-

ance of an odd component of the crystal field, and to

go beyond the single-particle approximation by includ-

ing anisotropic exchange [38], magnetic dipole-dipole

and electric multipole (in particular, quadrupole [39])

interactions between Tb3+ ions in the Hamiltonian of

the system under consideration.
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