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The magnetoelectricity of samarium iron garnet is theoretically investigated: the antiferroelectric structures of

samarium ions are described and their connection with the configurations of the magnetic moments of the ions
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the [v u 0] axes, which are not crystal symmetry axes, is established. The electric polarization of Bloch domain
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depends significantly on their shape.
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1. Introduction

At present, intensive research is being carried out on

materials with magnetoelectric properties [1,2]. In most

cases (bismuth ferrite, ferroborates, manganites) the oc-

currence of magnetoelectric effects of materials is due

to the presence of odd magnetic configurations of d-ions
(Fe,Mn,Cr) included in their composition.

In recent years, interest has increased in the study of rare-

earth (RE) magnetoelectrics, whose properties are formed

due to the interaction of magnetic sublattices formed by

rare-earth f -ions and d-iron ions [3]. Rare-earth ferrites

with a garnet structure (REFG) [4,5] belong to a new

class of such magnetoelectrics. In work [5] it was shown

that in rare-earth garnets the magnetic field, in particular,

the field of the exchange R-Fe interaction, as well as the

field of elastic stresses [6], leads to the appearance of

electric dipole moments for RE-ions. The set of electric

dipole moments of the subsystem of RE-ions in garnet

crystals form (in case of uniform magnetic fields) complex

antiferroelectric structures with zero resulting polarization,

closely related to magnetic structures.

In case of an inhomogeneous magnetic field, which is

realized, for example, in the zone of domain walls,
”
decom-

pensation“ of electric dipole moments of RE-ions occurs,

which leads to the appearance of electric polarization of the

RE-subsystem ions in the region of a heterogeneous field [5].

This circumstance is determined not by the point, but by

the spatial symmetry of the crystal [6], in connection with

which one should clearly distinguish between the primitive

and lattice cells of the crystal. We note that in work [5] the
electric dipole moment of the primitive cell doubled as the

polarization of the domain walls was taken, while in such

cases the lattice cell [6] should be used.

In the present work, we study the magnetoelectric

properties of rare-earth samarium iron garnet Sm3Fe5O12

(SmIG — Samarium Iron Garnet). The choice of this

material as an object of study is due to the following

circumstances: firstly, Sm3+ ions are part of the iron garnet

films used in practice, and secondly, the characteristics of

SmIG, such as, for example, the anisotropy energy, the

magnetization of the RE- sublattice, and others, decrease

with increasing temperature not as rapidly as in the case

of the rest (except for Eu3+) RE-ions, and have significant

even at room temperature.

At low temperatures, SmIG also has unique magnetic

properties [7–9], which include the existence of spontaneous

orientational phase transitions [u v 0] ↔ [1 1 0] at at a tem-

perature of 18K and [1 1 0] ↔ [1 1 1] at a temperature of

65.7K, which will be considered in detail below.

In this work, we study the antiferroelectric structures

of Sm3+ ions depending on the configurations of their

magnetic moments, which are realized during magnetic

phase transitions. The polarizations of domain walls that
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arise in the limit of low temperatures (a Bloch wall

in which the magnetization vector rotates from the easy

magnetization axis [2 1 0] to the easy magnetization axis

[1 2 0]) are studied, while the polarization P of the wall

is directed along the axis of rotation [0 0 1]) and the

walls, which are realized at high temperatures, when the

magnetization is rotated away from the direction [1 1 1] to
the direction [1 1 1̄] along the axis z̃ ‖ [1̄ 1 0] (in in this case,

the polarization P is oriented perpendicular to the axis of

rotation [1̄ 1 0]).

2. Crystal structure of ferrite garnets

Rare-earth crystals with a garnet structure have a number

of unique magnetic, magnetic elastic, and magneto-optical

properties, due in most cases to the presence of RE-ions in

their composition. They have the general chemical formula

R3M5O12, where R is a rare earth element or yttrium and

M is a metal. Such compounds have a very complex

crystallographic structure, which is described by the spatial

group O10
h — Ia3d . The lattice cell is body-centered cubic

and includes eight formula units R3M5O12, i.e. e. contains

160 atoms. The cell edge length is 1.2 nm.

The fact that RE-ions in garnet crystals are located

in six non-equivalent c-positions is of great importance,

the symmetry of the environment of which is not cubic,

but is described by the D2 point group, which does not

contain spatial inversion operations (which is fundamentally

important for understanding the magneto electric properties

of garnets [4]). The coordinates of all 24 c-positions of

RE-ions and the orientations of the symmetry axes of the

first six places are given in the table. The numbering

of places of RE-ions in the cell is chosen such that the

environment of the place with number k + 6 differs from

the environment of the k-th place by the inversion operation,

i.e., e
(k+6)
α = −e

(k)
α . Iron ions in rare-earth ferrite garnets

are distributed over two sublattices, one of which —
a -sublattice — is formed by Fe3+ ions at sites with an

Coordinates of c-positions (in units of cell edge length) and

orientation of symmetry axes of c-positions.

k 1 2 3 4 5 6

e
(k)
x 1 1 0 1 1̄ 0 0 1 1 0 1 1̄ 1 0 1 1̄ 0 1

e
(k)
y 1̄ 1 0 1 1 0 0 1̄ 1 0 1 1 1 0 1̄ 1 0 1

e
(k)
z 0 0 1 0 0 1 1 0 0 1 0 0 0 1 0 0 1 0

r(k) 0
3
4

3
8

0
1
4

1
8

3
8
0
3
4

1
8
0
1
4

3
4

3
8
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8
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8
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8
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8
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r(k+12) 1
2
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3
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5
8

7
8

1
2

1
4

5
8

1
2

3
4

1
4
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1
2

3
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8

1
2

r(k+18) 1
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3
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1
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1
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1
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1
8

1
2

3
4

3
8

1
2

1
4

3
4

1
8

1
2

1
4
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8

1
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octahedral environment, the second — d-sublattice —
Fe3+ ions in places with a tetrahedral environment.

3. Magnetic structures and orientational
phase transitions

In rare-earth iron garnets, the ordering of the magnetic

moments of rare-earth ions is carried out mainly due to

the negative exchange interaction of RE-ions with Fe3+ iron

ions in d-sublattice, and the effective interaction field R-Fe

is Heff = λMd ∼ 10 T. The exchange interaction between the

RE-ions themselves is an order of magnitude smaller than

the exchange R-Fe interaction, and therefore will not be

taken into account below. In turn, the interaction of RE-ions

with the crystal field in ferrite-garnet crystals is much larger

than the exchange R-Fe interaction.

In samarium ferrite garnet at temperatures T1 = 65.7K

and T2 = 18K spontaneous orientational phase transi-

tions [7,8] are observed. At the temperature T > T1,

the SmIG magnetization is oriented along axes of the

[1 1 1] type, in the interval T2 < T < T1 it is directed along

[1 1 0], and finally, at T < T2 the crystal magnetization

deviates from the [1 1 0] axis in the (0 0 1) plane, and the

[u v 0] phase is realized. The transition [1 1 1] ↔ [1 1 0] is

a phase transition of the first kind, while the transition

[1 1 0] ↔ [u v 0] is a second-order phase transition. The

reason for these phase transitions lies in the features of the

splitting of the levels of Sm3+ ions in the crystal field and

the field of the exchange R-Fe interaction [10].

The main multiplet of the samarium ion Sm3+ is the

multiplet 6H5/2, which in the crystal field splits into

three doublets, which, according to [10], have energies

E0 = 0 cm−1, E1 = 76 cm−1 and E2 = 313 cm−1. The main

doublet differs by the strong anisotropy of the g-tensor:
gx ≫ gy , gz in the local axes (see table). Let us neglect

the values gy and gz . In this case, the level splitting of the

ground doublet in the exchange field Heff = λMFe

E(k)
1,2 = ±µBgx(Heff · e(k)

x ) = ±µx(Heff · e(k)
x )

= ±µxλMFe(m · e(k)
x ), (1)

where µx = gxµB and m = MFe/MFe. The magnetic mo-

ment of the samarium ion Sm3+, due to the splitting in the

level field of the ground doublet, is collinear to the local

x -axis

M(k)
x = µx th

(

µxλMFe

(

m · e(k)
x
)

kT

)

. (2)

In general terms, orientational phase transitions in SmIG

were studied in works [7,8], where it was shown that

they are manifestations of the magnetic analogue of the

Jahn−Teller effect [11]. The theoretical description of the

transitions was carried out on the basis of an analysis of the
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extreme properties of the thermodynamic potential

8 = − K1(m
4
x + m4

y + m4
z )

− kT
6

6
∑

k=1

ln ch

(

µxλMFe

(

m · e(k)
x
)

kT

)

, (3)

where K1 — is the magnetic anisotropy constant.

Expression (3) is written taking into account the levels

of only the ground doublet of Sm3+ ions, which is valid

at temperatures T < T ∗ = E1/k ∼ 120K. The first term in

relation (3) is the anisotropy energy of iron ions and the

contribution of the Van Vleck type from the overlying levels

of samarium ions. Let us note that the anisotropy constant

K1 depends weakly on temperature.

At low temperatures T → 0K expression (3) takes the

form

8 = −K1(m
4
x + m4

y + m4
z ) −

µx Heff

6

6
∑

k=1

∣

∣

∣
m · e(k)

x

∣

∣

∣
. (4)

The main contribution to the thermodynamic potential

8 comes from the second term, which can be completely
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Figure 1. a — is a direction of the magnetization vector MFe

of the iron sublattice in various magnetic phases of samarium iron

garnet. b — is a magnetic phase diagram of the crystal in the

variables τ = T/(µxλMFe and k = 2K1/(µxλMFe.

[001]

[010]
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Figure 2. Configuration of magnetic moments of samarium

ions in the [2 1 0] phase, which is realized at T → 0K. The

magnetic moments M1 and M2 lie in the plane (0 0 1), the

magnetic moments M3 and M4 lie in the (1 0 0) plane, the

magnetic moments M5 and M6 lie in the (0 1 0) plane. At a finite

temperature, the magnetization M slightly deviates from [2 1 0] to
[1 1 0].

taken into account in expression (4) in the first approxima-

tion. In this case, the easy magnetization axes of SmIG are

directions of the [2 1 0] type, which do not coincide with

the symmetry axes of the crystal and are close to real [7].
The influence of the first term in formula (4) causes MFe

to slightly deviate from the [2 1 0] axis to the [1 1 0]. As the
temperature rises in the [u v 0] phase, the vector MFe moves

in the (0 0 1) plane from the [2 1 0] axis to the [1 1 0] axis,
then at intermediate temperatures T2 < T < T1 the phase

[1 1 0] is realized, and then at high temperatures T > T1 —
phase [1 1 1] (see Fig. 1).

The configurations of the Mk magnetic moments of the

Sm3+ ions in all three phases listed are shown in Figs 2, 3, 4.

4. Electric dipole moments of samarium
ions induced by exchange field

It was shown in [4] that the contribution of an individual

rare-earth ion with a doublet (or quasi-doublet) ground state

to the magneto electric energy E
(k)
me of a crystal with a garnet

structure is combinations of products of the components

of the vectors E, H, and M that are invariant under

transformations of the D2 group. In case of samarium ions

in ferrite garnet at low temperatures T < E1/k ∼ 120K,

when one can limit oneself to populating the levels of the

main doublet, in the local axes of the k-th place,

E
(k)
me = C1M(k)

x H(k)
y E(k)

z + C2M(k)
x H(k)

z E(k)
y , (5)
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where H = Heff = λMFe and M(k)
x defined by expression (2).

Dipole moment of an ion at k-th place

P(k)
α = − ∂E

(k)
me

∂E(k)
α

, α = x , y, z . (6)

It suffices for us to consider the induction of electric

dipole moments at the first six sites of rare-earth ions in

the cell. The dipole moments of the remaining places are

found using the relations P(k+6)
α = −P(k)

α , which are valid for

even magnetic structures and in the case of a homogeneous

magnetic (exchange) field. Consider in turn the phases

[1 1 1], [1 1 0] and [u v 0].
For the low-temperature phase [u v 0] let us find

P(1,2) = ±µHeff√
2

th

(

γx ± γy

τ
√
2

)

C1(γx ∓ γy )ez ,

P(3,4) = ±µHeff√
2

th

(

γy

τ
√
2

)

(

C1γyex + C2γx (ey ∓ ez )
)

,

P(5,6) = ∓µHeff√
2

th

(

γx

τ
√
2

)

(

C1γxey + C2γy (ex ∓ ez )
)

,

(7)
where τ = kT/µHeff, ex = [1 0 0], ey = [0 1 0], ez = [0 0 1],

γx =
u(τ )

√

u2(τ ) + v2(τ )
and γy =

v(τ )
√

u2(τ ) + v2(τ )
.

It suffices to set γx = γy = 1/
√
2 for the phase [1 1 0] in

equations (7).
The simplest configuration of electric dipole and magnetic

moments is realized in the case of the high-temperature

phase [1 1 1], in which (see Fig. 5)

P(2) = P(4) = P(6) = 0,

P(1) = C2

µHeff√
6

th

(√
6

3τ

)

(

ex − ey
)

,

P(3) = C2

µHeff√
6

th

(√
6

3τ

)

(

ey − ez
)

,

P(5) = C2

µHeff√
6

th

(√
6

3τ

)

(

ez − ex
)

. (8)

Let us note that in all three phases the vectors P(k) and

M(k) are perpendicular to each other. As for the resulting

polarization vector
∑6

k=1 P
(k), then the phases [u v 0] and

[1 1 0] it is nonzero and is directed along the [0 0 1] axis.

In phase [1 1 1] the vectors P(1,3,5) are perpendicular to the

axes [1 1 1] and
∑6

k=1 P
(k) = 0. It is inevitably, in the case

of a uniform exchange field, the resulting electric dipole

moment of the lattice cell
∑24

k=1 P
(k) vanishes due to the

relations P(k+6)
α = −P(k)

α . The occurrence of polarization in

the subsystem of rare-earth ions in iron garnets is possible

in the case of a heterogeneous exchange field, which is

realized, in particular, in the zone of domain walls.
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M4[01 ]1
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[ ]uv0
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Figure 3. Configuration of magnetic moments of samarium

ions in the [1 1 0] phase, in which M2 = 0, which is realized at

T2 < T < T1 .

[001]

[010]

[100]

M5[101]
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Figure 4. Configuration of magnetic moments of samarium ions

in the [1 1 1] phase, which is realized at temperatures T > 65.7K.

In this phase M2 = M4 = M6 = 0.

1
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5(111)

M(1)

P(1)

P(5) M(5)

P(3)

M(3)

[1
1

]
2

[1 0]1

Figure 5. Configuration of electric and magnetic dipole moments

of samarium ions in the projection onto the (1 1 1) plane for the

[1 1 1] phase realized at temperatures T > T1 = 65.7K.
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5. Polarization of domain walls in SmIG

The polarization of the subsystem of rare-earth ions in

domain walls, due to the iheterogeneity of the exchange field

acting on rare-earth ions, was studied in works [5,12,13].
In these works, ordinary Bloch-type domain walls were

reviewed, in which the vector MFe was rotated through

an angle 71◦ from the direction [1 1 1] to the [1 1 1̄]
direction along the [1̄ 1 0] axis, as well as Neel-type domain

boundaries, in which the vector MFe is rotated from the

[1̄ 1̄ 1̄] axis to [1 1 1] axes.

Let us note that in the indicated works [5,12,13] the elec-

tric dipole moment of the primitive cell doubled was taken

as the polarization, while in such cases the lattice cell should

be used [6]. Therefore, in this work, we will study below

the polarization of the Bloch domain wall, which arises,

in particular, in SmIG at a temperature T > T1 = 65.7K,

taking into account the indicated circumstance, and also

study the polarization of SmIG domain walls, which are

realized at low temperatures (T → 0K).

The uniqueness of SmIG lies in the fact that at low tem-

peratures the easy magnetization axes are [u v 0] directions,
which do not coincide with the symmetry axes of the cubic

crystal. In the limit T → 0K, these directions are close to

〈2 1 0〉, so here Bloch walls will be realized, in which MFe

rotates through the angle 37◦ from the direction [2 1 0] to

the direction [1 2 0], or through the angle 66◦ when turning

from [2 1 0] to [0 2 1], or by 78◦ in case of turning from

[2 1 0] to [0 1 2].

Let us consider the polarization of the lowest energy

37-degree domain wall. Let the vector MFe rotate along

the axis z = [0 0 1] from the direction [2 1 0] to direction

[1 2 0]. The anisotropy energy density of samarium ferrite

garnet at T → 0 K can be represented as EA = nE1, where,

according to (4), the expression

E1 = −1

6
µxλMFe

6
∑

k=1

∣

∣m · e(k)
x

∣

∣

is the thermodynamic potential of the system per one

samarium ion due to the splitting of the main doublet Sm3+

in the effective exchange field, n = 24/d3 is the number of

samarium ions per unit volume, and d ∼ 1.2 nm — lattice

cell edge length. Thus,

EA = −K
6
∑

k=1

∣

∣m · e(k)
x

∣

∣, (9)

where K = 4µxλMFe/d3. Let us represent the vector m in

the form

m = ex cos
(

ϕ +
π

4

)

+ ey sin
(

ϕ +
π

4

)

, (10)

where the angle ϕ is measured from axis [1 1 0], and

ex = [1 0 0] and ey = [0 1 0]. In this case, the terms included

in the sum in expression (9) have the form

(

m · e(1)
x

)

=
1√
2
cos
(

ϕ +
π

4

)

+
1√
2
sin
(

ϕ +
π

4

)

= cosϕ,

(

m · e(2)
x

)

=
1√
2
cos
(

ϕ +
π

4

)

− 1√
2
sin
(

ϕ +
π

4

)

= − sinϕ,

(

m · e(3,4)
x

)

=
1√
2
sin
(

ϕ +
π

4

)

,

(

m · e(5,6)
x

)

= ± 1√
2
cos
(

ϕ +
π

4

)

.

Thus we obtain

EA = −K
(

3 cosϕ + | sinϕ|
)

= −K
√
10 cos

(ϕ0

2
− |ϕ|

)

,

where ϕ0 = arccos(4/5) = 37◦ — angle between the axes

[2 1 0] and [1 2 0].
The Euler−Lagrange equation for such EA has the form

A

(

∂ϕ

∂z

)2

= K
√
10
(

1− cos
(ϕ0

2
− |ϕ|

))

, (11)

where A ∼ 10−7 erg/cm — is the heterogeneous exchange

constant. Separation of variables in the differential equa-

tion (11) leads to the integral

z · 101/4
√

K
A

=

∫

dϕ
√

1− cos
(

ϕ0

2
− |ϕ|

)

,

whence we find the expression that determines the shape of

the domain wall

tg
(ϕ0

8
− ϕ

4

)

= tg
(ϕ0

8

)

· exp
(

± z
z 0

)

, (12)

where the quantity z 0 is given by the relation

z 0 = 10−1/4

√

A
2K

. (13)

In the formula (12), the upper sign corresponds to z < 0

and ϕ < 0, and the lower — to z > 0 and ϕ > 0. Since the

angles ϕ0/8 and ϕ0/8± ϕ/4 are very small (less than 5◦),
equation (12) can be represented as

ϕ(z ) = ∓ϕ0

2

(

1− e±z /z 0
)

, (14)

where again the upper sign should be used for z < 0, and

the lower — for z > 0.

The domain wall polarization vector is defined as the

electric dipole moment of samarium ions in a lattice cell

located at a given point, related to the volume of the cell.
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P
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z
/
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z z/ 0

Figure 6. Dependence of the electric polarization P(z ) of the

Bloch domain wall, in which the magnetization vector MFe turns

from the direction [2 1 0] to the direction [1 2 0] along the [0 0 1]
axis, from the z coordinate (in relative units). The values z 0 and

P0 are given by relations (13) and (15), respectively.

According to relations (6), the electric dipole moments of

samarium ions are equal

P(k) = −C1M(k)
x H(k)

y e(k)
z −C2M(k)

x H(k)
z e(k)

y ,

where H = λMFe = λMFem. In turn, at a tempera-

ture T → 0K, the magnetic dipole moments of samar-

ium ions are M(k)
x = µx sign

(

m · e(k)
x
)

are M(1,3,4,5)
x = µx ,

M(6)
x = −µx , M(2)

x = −µx sign z , according to formula (10)
defining the vector m.

Let us use the relation

f (rk) − f (rk+6) = (∇ f )(rk − rk+6)

and find that

24
∑

i=k

P(k) =−1

2
C1µxλMFed

(

cosϕ(z ) − | sinϕ(z )|
) ∂ϕ(z )

∂z
ez .

Lt us divide this expression by the volume d3 of the lattice

cell and find the polarization vector

P = −C1µxλMFe

d2

(

cosϕ(z ) − | sinϕ(z )|
) ∂ϕ(z )

∂z
ez ,

directed along the magnetization reversal axis (z axis).
According to formula (14), the angle ϕ ≪ 1, while the

expression for the vector P(z ) takes the simple form

P(z ) = −P0 e−
|z|
z0 ez , P0 =

C1µxλMFe

d2

ϕ0

2z 0

. (15)

The dependence P(z ) is shown in Fig. 6.

Let us now consider the electric polarization of the Bloch

domain wall, which is realized at a temperature T > T1, in

which the vector MFe rotates through an angle 71◦ from

the direction [1 1 1] to the direction [1 1 1̄] along the axis

z̃ ‖ [1̄ 1 0]. In this case

m =
MFe

MFe

= ex̃ cosϕ + eỹ sinϕ,

where ϕ – is the angle defining the orientation of the mag-

netization vector MFe in the laboratory coordinate system

ex̃ = [1 1 1], eỹ = [1 1 2̄], ez̃ = [1̄ 1 0]. The distribution of

magnetization in the Bloch domain wall is determined by

the relations given in work [14]:

∂ϕ

∂ z̃
=

√

K1

A

(

1

2
cos4(γ − ϕ) + sin4(γ − ϕ) − 1

3

)1/2

,

(16)

ϕ(z̃ ) = γ + arctg

(

1√
2
th

(

z̃

√

K1

3A

))

,

where A — is the heterogeneous exchange interaction

constant, K1 — is the absolute value of the magnetic

anisotropy constant, and 2γ = 2 arctg
(

1/
√
2
)

= 71◦ —
angle of complete rotation of the magnetization vector in

the domain wall.

At a temperature T > T1 = 65.7K, according to [10], the
splitting of Sm3+ doublets in the exchange interaction field

is less than kT , and in this case the electric dipole the

moments of Sm3+ ions (as well as other RE-ions), according
to [5], take the form

P(k) = −d1e
(k)
x m(k)

y m(k)
z − d2e

(k)
y m(k)

x m(k)
z − d3e

(k)
z m(k)

x m(k)
y ,

where di (i = 1, 2, 3) — constants determined by wave

functions and energy levels of rare-earth ions in the crystal

field, as well as temperature (see work [5]).
Next, it is required to sum the vectors P(k) over all

24 samarium ions in the lattice cell, and then divide by the

volume of the cell d3 and thereby obtain the polarization

P(z̃ ). Since e
(k+6)
α = −e

(k)
α , the sum

∑24
k=1 will contain

the differences f (rk) − f (rk+6), where f — trigonometric

functions.

In the case we are considering f (rk) = f (ϕ(rk)), and the

angle ϕ, in turn, is ϕ(z̃ ), so

f (rk) − f (rk+6) =
∂ f (ϕ)

∂ϕ

∂ϕ(z̃ )

∂ z̃

(

ez̃ · (rk − rk+6)
)

.

Let us use this relation and find that the electric polarization

vector of the 71-degree domain wall

P =
1

d3

24
∑

k=1

P(k) =
(

q181(z̃ ) + q282(z̃ )
)

ex̃

+
1√
2

(

q181(z̃ ) +
√
3q283(z̃ )

)

eỹ . (17)

The following notations are introduced here

q1 =

√
3

4

d3

d2
and q2 =

√
2

4

d1 + d2

d2
,
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Figure 7. Dependences 81(z ), 82(z ) and 83(z ) given by

formulas (18) and (16), in relative units. Value of z 0 is defined by

expression (13).

as well as

81(z̃ ) =
∂ϕ(z̃ )

∂ z̃
sin
(

2ϕ(z̃ ) − 2γ
)

,

82(z̃ ) =
∂ϕ(z̃ )

∂ z̃
cos
(

2ϕ(z̃ ) − γ
)

,

83(z̃ ) =
∂ϕ(z̃ )

∂ z̃
sin
(

2ϕ(z̃ )
)

, (18)

where the values ϕ(z̃ ) and ∂ϕ(z̃ )/∂ z̃ are defined by rela-

tions (16). Let us note that in this case the wall polarization

vector is oriented perpendicular to the turn axis, i.e., P ⊥ ez̃ .

Graphs of functions 81,2,3(z̃ ) are shown in Fig. 7.

6. Conclusion

This work was mainly aimed at revealing the magneto

electric properties of samarium ferrite garnet, which has

unique magnetic characteristics. The configurations of

electric dipole moments of samarium ions induced by the

field of exchange R-Fe interactions were determined, and

the connection with magnetic structures and their transfor-

mations during orientational magnetic phase transitions was

revealed.

The opportunity of realizing at low temperatures

T → 0K unusual 37◦ Bloch domain walls is specified, in

which the magnetization vector of the iron ion sublattices

MFe is rotated, from [2 1 0]-type axes to [1 2 0] axes and

their quantitative description is carried out. The electric

polarization of such Bloch boundaries is calculated.

The electric polarization of the 71◦-x domain walls that

arise in SmIG at high temperatures T > T1 = 65.7K, where

MFe expands from [1 1 1] axes to [1 1 1̄] axes. The results

obtained in this case are applicable not only to SmIG, but

also to most other rare-earth ferrite garnets, whose easy

magnetization axes are [1 1 1] directions.
It has been established that the electric polarization

of Bloch domain walls, which arises as a result of the

heterogeneous magneto electric effect, depends significantly

on the shape of the boundaries. So in case of the 37◦-degree

boundary, where the rotation of the vector MFe occurs from

the axis [2 1 0] to the axis [1 2 0] along the vector [0 0 1] the
polarization P is directed along the axis of rotation, and for

71◦-degree boundary of the domain boundary, in which the

vector MFe unfolds from the direction [1 1 1] to [1 1 1̄] along
the z̃ ‖ [1̄ 1 0] axis, the polarization vector is perpendicular

to the turn axis.
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