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The stationary dynamics of domain walls in rare-earth ortho-ferrites has been studied
theoretically taking into account a possibility of its structure transformation near the
sound speed. The study proceeds from the fact that the total energy of the moving domain
wall includes a magnetic component and a magnetostrictive one.

TeopeTuuecku uccJjeoBaHa cTallMoHaApHAs NJUHaMUKa gqoMmeHHOI rpaHunsl ([II') B pexgko-
3eMeJIbHBIX OpTO(eppuTax ¢ y4eTOM BO3MOXKHOCTHU IEPECTPOMKU ee CTPYKTYPHI BOJIU3U CKO-
pocTu 3ByKa. V3yueHue OCHOBBIBAeTCs Ha TOM, UTO IOJHAA dHeprusa ApmKyineiica I ckia-
ILIBAETCS M3 MATHUTHOM M MArHUTOCTPUKIIMOHHOM COCTaBJIAIOIINX.

Rare-earth ortho-ferrites (REOF) RFeO5
(where R is a rare-earth ion) of the crystal
symmetry group D% are non-collinear antif-

erromagnetics with a weak ferromagnetism
(WFM) [1]. The great interest in investiga-
tion of that WFM class is due, along with
other circumstances, to high motion speeds
of domain walls (DW) therein (exceeding by
several times the sound wave propagation
speed), that are record among magnetics
studied to date [2]. The DW structures can
be subdivided into two types, namely, those
with and without ferromagnetism vector m
turning [1, 3]. It is just the structure with
simultaneous turn of the ferro- and antifer-
romagnetism vectors m and 1, respectively
(the (ac) type) that answers to the 1st type,
while that where the 1 vector is turned and
the m one changes only in its module (the
(ab) type), to the 2nd one. The realization
of one DW type or another as well as the
turn planes of the m and 1 vectors therein
are defined by the signs of the ortho-ferrite
anisotropy constants and by relations be-
tween those [3]. Under certain conditions,
one DW type may transform itself into an-
other one, as is observed in dysprosium
ortho-ferrite DyFeO5 at T = 150°K [4].
Experimental studies of dynamics of ho-
mogeneous domain walls in REOF has re-
vealed singularities in the dependence of
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the DW stationary motion near the sound
speed [5—9]. This is associated with a sharp
increasing of the crystal strain near the
sound speed. Two possible situations have
been well studied theoretically [10]. First, a
speed band gap may appear due to renor-
malization of the magnetic anisotropy con-
stant. Second, an indefinitive speed depend-
ence on the field as well as the sections of
negative differential mobility may arise.
The theory describes qualitatively the ob-
served supersonic dynamics of DW in
REOF. A substantial drawback of the the-
ory, however, consists in that the dynamic
changes in the DW structure are neglected,
although this assumption may be wvalid
enough only under a strong dissipation in
the elastic subsystem. In this case, the dy-
namic renormalization of the magnetic an-
isotropy constants is small enough to pro-
vide the DW structure transformation. It
has been shown in [11] that there is another
opportunity which may give rise to that
phenomenon. This opportunity is associated
with the fact that a DW has not only a
magnetic mass but also a magnetostrictive
one. This work is aimed just at theoretical
study of the DW stationary dynamics in a
REOF taking into account the possibility of
its structure transformation near the sound
speed. The study is based on the fact that
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the total energy of a moving DW includes a
magnetic component and a magnetostrictive
one.

For simplicity sake, the REOF will be
considered in the frame of two-sublattice
model. Its state is convenient to describe by
normalized vectors m and 1:

m = 2]%/[(M1+M2) 1= Zjl(Ml Mz),

where M;, M, are magnetization vectors of
the sublattices; M, the sublattice equilib-
rium magnetic moment. The Cartesian coor-
dinate axes x, y, z are assumed to be di-
rected along the crystallographic axes a, b,
¢, respectively. The crystal elastic strain
will be characterized by the displacement
vector u. Minimizing the system thermody-
namic potential @ (m, 1, u with respect to

1)

m and taking into account ml=0, 2=1 -
m2 =1, ® can be presented as
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A is the inhomogeneous exchange con-
stant; x, = My/2Hp, transversal suscepti-

bility; m0 and m0 the weal ferromagnetic
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moment components; K,. and K,;,, anisot-
ropy constants; ¢; and §;, elastic and magne-
toelastic constants, respectively.

To describe the system dynamics, the fol-
lowing densities of Lagrangian function L
and dissipative Rayleigh function R depend-
ing only on the antiferromagnetism vector
1 and the displacement one u [10]:

= %pﬁz + %(XL/y)P - (xﬂy}ﬂ[ll] —0o, @

O‘(M 0/ Y) ankl L)

where v is the gyromagnetic ratio; o, damp-
ing constant for the magnetic subsystem;
N;pim» the elastic subsystem viscosity tensor
having the same symmetry properties as the
elastic module tensor in (2c); p, the crystal
density. From (4) and (5), a corresponding
motion equation can be derived for angles
0 and ¢ defining the orientation of antifer-
romagnetism vector l(sinOcosp, sinBcosO,
cosB). The equations defining the displace-
ment of elastic medium elements (displace-
ment vector u) have the form

0P IR (6)

“ou  ou’

Let the antiferromagnetism vector 1 in
the homogeneous equilibrium crystal state
be oriented along the a axis (that is, let the
high-temperature magnetic phase be consid-
ered): K,., K,;, > 0. Let a planar DW mov-
ing along the a axis (x one) be considered.
The solution of Eq. (6) will be searched for
as a sole wave describing the stationary mo-
tion of the DW, i.e.

0=0(x-vt), u;=ulx-vt), ¢=const. (7)

Then the elastic strain equation has the
form

(pv2 — e, = 8,(9)sin20 —npu”,,  (8)
(pv2 - ep’y, = 87(@)sinbcosd — nyvu”,
(pv2 - cg)u’, = 8g(p)sinBeosd — ngvu”,

where

67((P) = 573111(9, 58((9) = 88005(9, 9)
81(9) = {(61 —8g) + (B + 252)cos2(p}
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If the magnetization distribution in the
DW is assumed to be known (sinf = th&
where § = (x — vt)/A), then, according to the
method proposed in [10], the solution for

displacement vector can be obtained in the

form
, 17 el1%5,9, 4
Y= 2np * g[s% — v2 - ignyv] ¢ (10
oo oo,
yoo 1 €' 108 7(9)g,
v 2mp ) glsE - 02— igngl
4oo
P B B (L
" omp ! qlsg - v? - ignigl ©
Tg2A2 ng2A2
(pt = ’ (pl = ’
ch(nAq/ 2) sh(nAq/ 2)

A=[A/(Ky— K cos?9)]/2(1-v2/e2)1/2 (11)
where ¢ =vA/x)l/2 is the limiting DW

speed coincident with that of spin waves,

ﬁ’ ﬁi:&_

1

P Y
Then, using Eqgs. (2) and (10), the total
DW energy can be calculated as
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Fig. 1 presents the dependence of total
energy on the motion speed for DW of (ac)
(¢ = 0) and (ab) (p = n/2) types. In a certain
speed range close to the transversal sound
speed, the (ab) type wall is seen to have a
lower energy than the (ac) one (Fig.
la).This means that at vy, the (ac) type wall
should be transformed into the (ab) one
while at v,, the reverse transition will take
place. Thus, there is a dynamic transforma-
tion of DW structure. Note that such trans-
formation is not always possible (Fig. 1b).
At low 9§; values and large m; ones, that
transformation does not occur.

It is known from the theory [3] that it is
sign of K, that defines which of two possi-
ble DW types is realized in an ortho-ferrite.
Near vy, vy, however, the magnetoelastic
energy increases so considerably that the
effective anisotropy constant in the (bc)
plane having the form

4
Kep=Kep— 51 - v2/¢2)(Bg — By + 2B;ry),

8+ 25, (13)
178 - 3,

r

may change its sign. It is just the cause
that results in the change of DW structure.
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Fig. 1. Dependence of a DW total energy E = E, ,(AK ab)’l/ 2/2 on the motion speed at u = v/8g, Sg > Sy,
K /K, = 2,M; = 0.5 Erg:s/cm?, 1; = 0.009 Ergs/cm? , ng = 0.1 Erg-s/cm? (1, ac type DW; 2, ab type DW)
at (8; + 28,)/(8, — 8;) = 0.5, 8, =4 - 107 Erg/cm3, 8; =4 - 107 Erg/cm? (a); 8; = 107 Erg/cm?,

Sy

1.
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=107 Erg/cm3 (b).
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JAuHamiuHa nmepeOyaoBa CTPYKTYPHM HOMEHHHUX MEXK
y optodepurax

M.A.lllamcymadinoes, €.I'.€xomacos, [J.M.Illamcymodinos

TeopeTUYHO MOCJiMKEHO CTallioHApPHY AMHAMiKy momeHHOI Mexxi (M) y pigkicHo-3eMesnsb-
HUX oprodepuTax 3 ypaxyBaHHAM MOXKJHUBOCTI mepeOyZoBM ii CTPYKTypHW NOOJM3Y IIBUJI-
KocTi 3BYyKy. HocuimxeHHA 0a3yeTbcAd Ha TOMY, I0 HoBHA eHepria M, mo pyxaerncd,
CKJIQIa€ThCA 3 MATrHITHOI Ta MarHiTOCTPUKI[IMHOI KOMIIOHEHT.
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