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The dynamics of domain walls in weak ferromagnets (of the YFeO, type) is investigated, taking
into account the magnetoelastic interaction with the acoustic subsystem of the crystal. Special
attention is devoted to the range of domain-wall velocities close to the velocity of sound, where the
magnetoelastic interaction has a resonance character. An equation describing the dynamics of a
domain wall and other nonlinear waves in a weak ferromagnet is derived, taking into account
dissipation and interaction with the acoustic subsystem of the crystal. This equation reduces to
the well-known sine-Gordon equation, if the dissipation constant and magnetostriction are made
toapproach zero. A method of successive approximations is proposed for determining the
structure and the velocity of a domain wall as a function of the external magnetic field. It is shown
that the velocity of a domain wall as a function of the magnetic field exhibits an anomaly near
some branch of elastic waves. The main feature of this anomaly is that a section with negative
mobility, where the stationary motion of a planar domain wall is unstable, is present. It is shown
that the magnitude of these magnetoelastic anomalies depends strongly on the direction of motion
of the domain wall relative to the crystallographic axes. The nonstationary dynamics of a domain
wall and the accompanying deformation of the wall are investigated on the basis of a “condensed”
description of the domain wall with the help of the coordinates of the center of gravity of the wall.

Itis shown that as the domain wall decelerates a localized elastic deformation (elastic soliton),
propagating in the form of a wave packet with the velocity of longitudinal or transverse sound,
separates from the wall. The character of the spatial distribution of the deformation and its
evolution in time are studied. On the whole, they agree with recent experimental data on Brillouin

scattering of light by a moving domain wall in YFeO,.

1.INTRODUCTION

In the study of solitary waves—moving domain walls
(kinks) and solitons—the question of the interaction of the
waves with other degrees of freedom of the system is funda-
mental. This question is especially important and interesting
in the case when this interaction is resonant. This situation is
encountered in the case when a domain wall (DW) moves
with velocity v, close to the velocity s; of some branch of
elastic waves, in a magnetically ordered medium. It is natu-
ral to expect that under resonance conditions (for v ~s,) the
magnetoelastic (ME) interaction can radically change the
character of the domain wall motion.

Indeed, significant anomalies in the dynamics of do-
main walls in yttrium orthoferrite were observed in Refs. 1-
4. Yttrium orthoferrite is an antiferromagnet with ortho-
rhombic symmetry (space group D 1) and it exhibits weak
ferromagnetism. The maximum velocity of domain walls in
this material is equal®® to ¢ = 2 X 10° cm/s, i.e., the reso-
nance conditions v~s; < ¢ are obviously satisfied in it. This
situation can also be realized in other weak ferromagnets of
this class (RFeQ, ) as well as in orthorhombic weak ferro-
magnets (for example, in iron borate FeBO,, hematite a-
Fe, O,, and other materials). In all these materials the maxi-
mum velocity of domain walls is virtually identical to the
phase velocity of spin waves (in the nonlinear section of the
spectrum) and exceeds the velocity of sound in them.

In the first experimental work on the dynamics of do-
main walls near the velocity of sound in weak ferromagnets,
characteristic steps (or shelves) were observed on the curves
of the velocity of a DW versus the magnetic field v(H) at
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values of the velocity close to the velocities of longitudinal
and transverse sound.

These anomalies originate with the strong increase in
the amplitude of the wave of deformation, accompanying the
moving DW, as the velocity of the DW approaches the veloc-
ity of sound.’”"* A theory of these anomalies was proposed,
under somewhat different assumptions, in Refs. 9 and 10. In
Ref. 10 it was predicted that the planar front of a DW will be
unstable near the velocity of sound. Different manifestations
of this instability, including the formation of a very interest-
ing dissipative structure on the front of the DW, were inves-
tigated in detail in Refs. 14-16."

Many interesting experimental results concerning the
behavior of DWs in the region v>s were obtained by M. V.
Chetkin and his colleagues with the help of double-frame
high-speed photography (see the review Ref. 5 and the refer-
ences cited there).

Brillouin scattering of light by a moving DW was re-
cently investigated in Refs. 19-21. These experiments make
it possible to trace directly the amplitude of the deformation
wave (by acoustic phonons), accompanying the DW, and to
investigate very fine details of the interaction of a DW and
the elastic subsystem, in particular, the behavior of a solitary
elastic wave under unsteady DW conditions, detachment of
the wave from the DW, phonon damping, etc.

All this made it necessary to elaborate the theory. The
problem of magnetoelastic interaction at v~s has still not
been completely solved, in spite of much theoretical work
that has been performed.**!%!? In Refs. 3, 10, and 12 a mod-
el system consisting of a ferromagnet with one sublattice was
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investigated. In Ref. 9 a two-sublattice antiferromagnet was
studied. But the domain wall was assumed to have the same
structure as a DW at rest. These and other model assump-
tions not only limit the possibility of making a quantitative
comparison between the theory and experiment, but they
leave some fundamental questions open [for example, the
question of the dependence of the magnetoelastic anomalies
on the direction of motion of DWs in a crystal and the real
structure of the wall (curvature)].

Some aspects of the nonstationary motion of DWs near
the velocity of sound were discussed in Refs. 14 and 16 under
the assumption that the domain wall and the elastic wave
move together as a unit, i.e., leaving open the question of the
possible decoupling of these two waves.

In the present paper we give a theoretical description of
the phenomenon, discussed above, on the basis of a quite
realistic Lagrangian of the nonlinear magnetoelastic field of
a two-sublattice antiferromagnet exhibiting weak ferromag-
netism and a phenomenological Rayleigh dissipative func-
tion. In analyzing the nonstationary processes we focus at-
tention on the decoupling of the magnetic and elastic degrees
of freedom and we discuss some new possibilities, opened up
here, for experimental investigations.

2.LAGRANGIAN AND THE RAYLEIGH DISSIPATIVE
FUNCTION

Consider a weak orthorhombic ferromagnet of the
YFeO, type. We describe it in a two-lattice approximation
with the help of the dimensionless ferromagnetism vector
(m) and antiferromagnetism vector (1). We characterize the
elastic deformation of the crystal by the displacement vector
u. Minimizing the thermodynamic potential of the system
® (m,l,u) with respect to m and using the facts that

ml=0, P=1—m?~ 1,

we represent ® as follows (see, for example, Ref. 22):

D =Dy + P + Py, (n
Dy =14 (V1)2=Yox, [H*— (H1)*] —m,"H L. —m H .
+ ‘/2K0¢l12+’/2K¢blu27 ( 2a )
DPp=1/sc,8.24 /20280, F /aCse 2 CiErEy,
F Cs8x€ 12 CoE 228 yy 2018524 2058 2.7+ 20487, (2b)

Dy =Orant Oy€ay 02282, 20,80y + 28,8228 ,,8,,,  (2C)
where

6:;::61 (lxz"'lzz) +62 (lyz—lzz) ) 6w=63 (lx:—lzz) +66 (luz—ltz) ’
8.:=05(L2—1.2) +86(1,*—1.2), 8.,=6:l:l,.
02 =085l:l., 0y.=08,l,l.,

ea="/2 (0u:/dx,+0u,/oz;), 3)
A is the inhomogeneous-exchange constant, y, = M,/2H;
is the transverse susceptibility, 72 and m? are components
of the weak-ferromagnetic moment, X, and K, are anisot-
ropy constants, and ¢; and 8, are, respectively, the elastic
and magnetoelastic constants.

In the expression for ®,, we neglected the anisotropy of
inhomogeneous exchange and the fourth-order anisotropy
constants, which are not significant in the phenomena we are
studying. Small terms associated with the antisymmetric
components of the distortion tensor of the crystal are
dropped in ®; and Py, and terms of the form ¢, m,/,,
which are small compared with the ¢, /,/, terms and have
virtually no effect on the final results, are neglected in the
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magnetoelastic energy. In what follows we assume that in
the homogeneous equilibrium state of the crystal the antifer-
romagnetism vector 1 is oriented parallel to the a axis (and
m||c axis). We assume that the external field is oriented
along the ¢ axis:

H=(0, 0, H).

In order to describe the dynamics of the system we em-
ploy the following Lagrangian density L and Rayleigh dissi-
pative function R, which depend onl%on the antiferromag-

v

netism vector 1 and the displacement vector u:"2*%’
L="1,pw+/, (1. /42) P~ (/) HH ] -0, )
R:I/Z'Oc (Mo/'Y)iz+l/22ﬂihzméiuézm, (5)

where ¥ = 2u 5 /#iis the gyromagnetic ratio for Fe* * ions, a
is the damping constant for the magnetic subsystem, 7,,,,, is
the viscosity tensor of the elastic subsystem and has the same
symmetry properties as the tensor of the elastic moduli in
Eq. (2b), and p is the density of the crystal.

Itis easy to derive from Eqgs. (4)-(6) the corresponding
equations of motion for the angles 6 and @, determining the
orientation of 1, where /, = sin 8 cos ¢, [, = sin @'sin @, and
I, = cos 6, and the displacement vector u:

§—¢? sin 0 cos 0+ HQ sin 20+ (Yoz/M,) 8D/66+aw:0=0,

¢ sin® 0+@0 sin 20—yH9 sin 20+ (yo:/M,)5D/5¢ (6)
+owe@ sin? 0=0, @)
pﬁ=—6®/6\l—-03/0i1, (8)

where wy =2yHg = yMy/x ..

In what follows we confine our attention to the analysis
of the basic equations and formulas for the particular case of
the motion of a domain wall along a definite crystallographic
axis. We discuss the results for the general case without de-
tailed derivation.

Of the two possible types of DWs realized in orthofer-
rites, depending on the ratio of the anisotropy constants K.
and K,, and characterized by the rotation of the vector 1
either in the ac plane (ac-type DW, K. <K,,) or in the ab
plane (ab-type DW, K, > K_, ), we confine our attention to
ac-type DW, which is the most typical type.

Consider a planar ac-type DW, oriented perpendicular
to the a axis (x axis). For H = 0, when the DW is at rest,
Egs. (6)—(7) have the exact solution ¢ =0 and 6 = 0(x),
corresponding to rotation of 1 and m in the ac plane. During
the motion of the DW in the presence of an external field and
dissipation, this plane, strictly speaking, will no longer be
the plane of rotation of 1. As shown in Ref. 13, however, for
the typical conditions of observation of DWs (v=s,, and
H<200 Oe), the deviation of 1 from the ac plane does not
exceed 0.1° and can be neglected. As a result, the equations
(6)—(8) for the angle @ and the displacement vector u as-
sume the form

A (8" —8/c?)=—Ka. cos 0 sin 0—m,"H cos 8+, sin 20

+8.u:’ cos 20+ (aM,/v) 6, 9)
pﬁl—'clul' '—'nzdz"=619' sin 20, (10a)
oii,—c.u,” —nei," =8:0" cos 20, (10b)

where
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WUy, Wt=U,; ,

the second component of the transverse deformation satis-
fies u, = 0 in this geometry, and

0'=00/0z, 0" =5%0/0z?,
6,=206,106;, 6,=8s, c;=¢,, c;=cs, N =M Ne=T0s.

The quantity

e=y(A/y.)"

is the maximum velocity of a DW, equal to the spin-wave
velocity.”

3.NONLINEAR EIGENVALUE PROBLEM: FORBIDDEN
VELOCITY BAND AND BRANCHING OF THE SOLUTIONS;
MECHANISMS OF MAGNETOELASTIC ANOMALIES

We seek the solution of Egs. (9)-(10) in the form of a
solitary wave, describing the stationary motion of the DW,
ie.,

0=0(z—uvt),
w,=u, (r—vt).

Substituting these functions into Egs. (9)-(10) we obtain a
nonlinear eigenvalue problem, in which the velocity v is the
eigenvalue and the magnetic field is an external parameter.
The idealized model of an antiferromagnet is described
by the sine-Gordon equation. It presupposes that the follow-
ing conditions hold: the magnetic anisotropy has the sim-
plest quadratic form (which is satisfied in YFeO, to a good
degree of accuracy); there is no dissipation, external mag-
netic field, magnetoelastic interaction, etc. In this case the
moving domain wall is a soliton (kink), whose velocity can
assume arbitrary values in the interval ( — ¢,c), i.e.,

—c<v<ec.

This degeneracy reflects the existence of a definite dynami-
cal symmetry in the problem: in the present case, with re-
spect to the Lorentz transformation with the limiting veloc-
ity c.

The dependence v(H) of the domain-wall velocity on
the external field is determined when the interaction with an
external field, dissipation, and in our case magnetoelastic
interaction are taken into account simultaneously in the
equations of motion. Taking these perturbations into ac-
count removes the degeneracy, as a result of which to each
value of the field H there corresponds one or several values of
the velocity, i.e., branching of the solutions is possible.

Before analyzing Eqgs. (9)—-(10) we present some quali-
tative considerations, which explain the mechanism by
which the magnetoelastic interactions affect the structure
and character of the motion of the domain wall.

As we have already mentioned above, magnetoelastic
anomalies appear in the motion of domain walls primarily as
a result of the strong increase in the magnitude of the elastic
deformation accompanying the wall as the sound velocity is
approached. In the absence of dissipation in the elastic sub-
system, according to Egs. (10), the deformations behave as
follows in the case of steady motion of the DW:
u,/=—¢," cos 0 sin 0/ (1—v*/s.?), w’'=¢e’ cos®* 0/ (1—v*/s?),

(11)
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where
0 !
€4,1= (ul.l)o=61,l/cl,lv

i.e., as the sound velocity is approached they increase with-
out bound. Dissipation limits the increase in the deforma-
tion.

a) Dynamic renormalization of the thermodynamic po-
tential; forbidden velocity band. A consequence of the
strong increase in the amplitude of the elastic wave accom-
panying the DW is significant renormalization of the mag-
netic-anisotropy energy in the ac plane:

®A=d),\+ (DME +¢E=’/2Kac Sinr O+l/‘K2 Sin‘ 9, (12)

where
KM=K¢,,——K;AE/(1_—UZ/S,Z), ( 123)
K,=K,+2K ME/U —v[s,*) 2K llvua/ (1-v%/s7),
2K e =8./c . (12b)

Near s, and s, the increase in the magnetoelastic energy
is so significant that the total anisotropy energy can change
sign. The change in the anisotropy alters the structure and
size of the domain wall, which in turn can affect the dynami-
cal behavior of the wall. The differential equations describ-
ing the DW can, in this case, have bifurcation points, i.e.,
points at which the phase portrait of the equations changes
qualitatively. Then, in some interval of velocities near s, or s,

szS(,lK l)";E/Kgc,

as the analysis'® for a nondissipative system shows, there are
no solutions at all of the solitary-wave type with prescribed
equilibrium position at infinity. Thus a gap appears in the
spectrum of admissible velocities of solitary waves of the
DW type.” The appearance of such forbidden bands is a
direct consequence of the existence of resonances in the mag-
netoelastic interaction.'®* This is probably a general prop-
erty of the dynamics of solitons interacting with the resonant
subsystems. This mechanism for the magnetoelastic effect
on the dynamics of DWs can also operate with weak dissipa-
tion in the elastic subsystem, when the amplitude of the mag-
netostriction deformations with v~s,, is quite large.

b) Branching of solutions. A second consequence of the
increase in elastic deformations as v — s is that the dissipation
in the elastic subsystem increases. The dissipative function
of the elastic subsystem

H=l/27]l('dl')2+’/z"]t(l.lt’)z (13)

in this case has a maximum at the points v = s, and v =s,.
The increase in dissipation near the sound velocities results
in an increase of the magnetic field, creating pressure on the
DW, as a result of which on the v(H) curve near v = s, and
v = s, sections appear where the velocity remains practically
constant as the field increases (see Fig. 1). Under certain
conditions this mechanism results in a multivalued magnet-
ic-field dependence v(H) which contains a section where the
differential mobility

u=dv/dH
is negative. We show below that this mechanism is primarily
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FIG. 1. Domain-wall velocity versus the external magnetic field: /) the
normal to the plane of the DW is parallel to the a-axis; 2, 3) the normal
of the plane of the DW is inclined to the a-axis in the ac-plane by = 4°
and 8, respectively. The vertical lines depict transitions, which corre-
spond to Maxwell’s rule, between stable branches of the curve 3.
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responsible for magnetoelastic anomalies in the dynamics of
domain walls in orthoferrites.

4.PERTURBATION THEORY FOR SOLITONS:
DETERMINATION OF v(H )

We assume that the damping in the elastic subsystem is
strong enough that the renormalization of the anisotropy
constants is insignificant in the entire range of velocities of
the DW (strongly dissipative approximation). In this case
the deformations can be assumed to be small and the equa-
tions of motion can be solved by the method of successive
approximations. The small parameters will then be the
quantities

6., l ut’,l l mu/Kac"’aMov/'YKacAo ~Hmzo/K¢c<1y

where
0= (A/Kuc) ’Iz’

for which we introduce the single designation v. We discuss
below in greater detail the applicability of this approxima-
tion. First we examine the case of steady motion of a DW.

We seek the solution of Egs. (9)—(10) in the form of a
solitary wave, which describes a domain wall moving with
constant velocity, i.e.,

0=0(z—vt), u.,=u..(z—vt).

In the zeroth-order approximation in the small parameters v
the dependence 8(x — vt) is determined by the equation

L (8,) =4 (1—v%/c*)8,"” + K., cos 0, sin 8,=0, (14)
where we have introduced the nonlinear operator z (6,).
Under the boundary conditions -
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0, (x> ) =—n/2, 0,(z—~—00)=n/2, 0, (z—>x)=0, (14a)
the solution of Eq. (14) is

0,’=—A"*cos B,=—1/A ch &, sin 0,=th E, (15)
where

E=(z—vt)/A, A(v) =00 (1—v¥/c?) %, Av=(A/K..)".

Substituting Eq. (15) into Egs. (9)-(10) we obtain to
first order in the small parameter v

L (9) =f(0o, x), (16)
where
§(00, z)=—m,"H cos 0,— (aMov/y)0. +6u, sin 20,
+6rut' €0s 290. ( 17)

The deformations in Eq. (17) are determined by Egs.
(10), in whose right-hand side 8, (x — vz) from Eq. (15)
must be substituted. The solutions of these equations with
the boundary conditions

Ui (T £0) =u,, (x>t o0) =u, , (£t o0) =0 (0"
have the form

U = (51.1/2'7() jdq(Pl,z (g,v) exp[ iq(z—vt) |/

——o0

¢ (s, —V*—ivgh.,), (18)

where

@i (g, v)=ng’A*/ch(ngA/2), @:(q, v)=ng*A*/sh(ngA/2),

19)
st,l'-=(Cz,l/p)‘i" ¢
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are the velocities of transverse and longitudinal sound, re-
spectively, and

8:=6./p, 8:=ibi/p, Nea=n01p.

Expanding 8(x — vt) in Eq. (16) in powers of the small pa-
rameter v

0=0,+0,+ ..., (20)
where
‘ |91|«|90I1

we find that the first-order correction 8, satisfies the equa-
tion

L6,=0L(0,)/00,0,=f(6,, ). (21)
The nonlinear equations (14)
L(6) =0

with the boundary conditions (14a) has a continuous veloc-
ity spectrum, i.e., its solution 6, depends on the velocity v as
a parameter, varying continuously in the interval
— c<v<c,asfollows from Eq. (15). When a magnetic field
is switched on in the presence of dissipation, a definite value
of the velocity, depending on the magnitude of the field and
the dissipation parameters, is selected.” This value of the
velocity can be found with the help of the well-known meth-
od for eliminating secular terms in the higher-order equa-
tions. According to this method, the following condition
must be satisfied in order for the inhomogeneous equation
(21) to be consistent:

jX(x)f(en‘I)d$=0, (22)

where y (x) is the solution of the homogeneous equation
Lx=0.

It is easy to verify that
x=00,/0z.

Using the formulas (15), (17), and (18) we can obtain
from Eq. (22), after some transformations, the following
equation for the function v(H):

H=v/p,(1—v*/c?) %t — Fyg (v)/2m), (23)
where
”’0=A0m:o/aMn

is the mobility of the domain wall in the absence of magne-
toelastic interaction,

Fue (0) = Figg (0) + Flyg (1), (24)
Fige (0) =— (08, 1,1/ 7p) j dge.(g,v) /

[ (s01—v%)*+ (vgi,, )], (25)
and @,,(g,v) are determined by Egs. (19).
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The first term on the right-hand side of Eq. (23) gives
the familiar magnetic-field dependence v(H) in the absence
of magnetoelastic interaction: According to this dependence
the velocity of as H— o« the DW saturates.””® The second
term is determined by the strong decelerating force F,, (v),
arising as a result of the interaction of the DW with elastic
deformations. To within a constant factor, this decelerating
force is the rate of dissipation in the elastic system. The de-

pendence F),, (v) can be approximated in the form (see also
Ref. 5)

Fye (V) =="/s:Kme D,/ [ (1—v*/s,*) 247D *], (26a)

Fige (0) ==/ sKne D)/ [ (1—v*/s2) >+ /D). (26b)
where

Dt,l=vﬁ:,l/A (U) EIRDS

The expressions (26) are identical to Egs. (25) with

V=81

as well as with
| 1—v¥/s | >DS,.

As one can see from Eqgs. (25)-(26), as v—s, or s,
when the deformations u,, (18) and the associated rate of
dissipation in the elastic subsystem increase, the correspond-
ing quantities |F,,; (v)| reach a maximum, and this can re-
sult in the appearance of sections with negative differential
mobility of DWs in the magnetic-field dependence v(H).

5.ORIENTATIONAL DEPENDENCE

In order to compare the theory with experiments per-
formed with different directions of motion of the DW rela-
tive to the crystallographic axes, we used the scheme de-
scribed above to calculate the elastic deformations and the
magnetic-field dependence v(H) for a planar ac-type DW,
moving along some direction in the crystal given by the an-
gles B and 77 (see inset in Fig. 1). In the coordinate system
(%,9,2) tied to the DW (the X-axis is perpendicular to the
plane of the DW), the components of the displacement vec-
tor u are equal to

inEUd:('l/éﬂp) qu[laqu)l(Q1 v) +6h(pl(qv U)] ’

—00

X exp[i’q (z—vt) 1/¢* (s *—v*—ivgiy), (27a)
ay,=u,= (1/2ﬂp) j dq [iﬁu.qn (g,0)+8:,.9:(q,v) |
xexplig(z—vt) |/g*(s/—v*—ivgn,), (27b)

and analogously for u, =u, with the substitutions in Eq.
(27b)

Gm*’atnv 61.2"6::2.
where
6, =1[(28,+8;) cos® p+ (26;+8.) sin® B] cos® n+ (265+8) sin’ n,

6,,=8; cos B sin 2n.
8, ="/21(28,+8;) — (28:+8.) Jcos y sin® §.
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(28)
80 ="1:[(285+8;) — (28,+8;) cos® B— (28, +8.) sin® B]sin 2y,

6.,=6; cos n cos B.

0:,=—0; sin P sin 0,

In deriving Eq. (27) we assume for simplicity that the
elastic subsystem is isotropic. This presumes that the elastic
constants are related by

Cy=C==C3=C;, €,=Cs=Cg=C;—2C;, C7=Cy=Cy=C;,

and the damping constants 7); are related by analogous rela-
tions. We note that, as follows from Eq. (27b), the shear
deformation u, , is determined not only by the comparative-

ly small ““transverse” constant §; but also by the large “lon-
gitudinal” constants 28, + §,, etc., appearing in §, and
d,,,» and for this reason it can be comparable to u, when the

DW moves is an arbitrary direction.
The function v(H) for the case at hand will be deter-
mined by the formulas (23) and (24), in which

Fiyem—(oi/m0) | dalo? (g, v) (62+6%)
+o:8 (g, v) (85,464 1/ [ (s2—v%)*+ (vgii,)?], (29a)

Flo=—(ofi/np) | dglo (g, v) 8.+ 9 X(g, v) 8,21/

L(s,*=v) *+(vghi,)’],

The maximum width of the shelvesat v=s,and v =5,
onv(H) can be estimated using Eq. (29) as well as Egs. (23)
and (26):

AH ='/5[ (8,2+84") +2(8,,2+6,") 1A (s)) /m.ps i, (30a)

(29b)

Aszl/s[6:=2+251,2]A(Sz)/mzopslﬂl. (30b)

One can see from Egs. (28)-(30) that for a DW
moving along the crystallographic axes a(8=7=0),
b(B=m/2, 1=0), or ¢c(B=0, n=m/2) the anomaly
(shelf) in v(H) at v = s, occurs in any case, while the anom-
aly at v = s, occurs only when the DW moves along the axes
a or c. Figure 1 shows v(H) evaluated numerically from the
formulas (23), (28), and (29) for YFeO, with the following
values of the parameters of this crystal:

26, + 6,~28; + 6,~ — 2.3 X107 ergs/cm’,

285 + 8¢~6X 107 ergs/cm® (Ref. 22),

83~0.5x 107 ergs/cm? (Ref. 33),

s, =4.1X10° cm/s,

s, =7x10°cm/s (Ref. 3),

o= 4X10% cm/s-Oe (Refs. 3 and 21),
c=2%X10°cm/s (Ref.2), A,=1.1X10"%cm.

Since there are no data on the sound damping coefficients 7,
for YFeO,, we employed the values 77, = 0.5 ergs-s/ cm®and
7, = 0.1 ergs's/cm’, which are of the same order of magni-
tude as for ErFeO, (Ref. 34).

Asone can see from Fig. 1, when the DW moves strictly
along the a-axis (curve ) distinct anomalies occur both at

311 Sov. Phys. JETP 75 (2), August 1992

v =S5, and v = s5,.We note that the anomaly at v = s5,, with all
other conditions being equal, generally speaking, is appre-
ciably smaller than the anomaly at v = s,, since it is deter-
mined by the small value of the shear-deformation constant
83. The magnitude of this anomaly increases rapidly as the
direction of motion of the DW deviates from the crystallo-
graphic axes. Thus when the normal to the DW deviates
from the a axis toward the c axis by only 4°-8° the quantity
AH, increases by several times (see curves 2 and 3 in Fig. 1).
This also refers to the DW moving along the b axis with the
normal to the DW deviating from it by a small amount in the
bc plane. The vertical lines in Fig. 1, schematically showing
transitions between the stable branches of v(H), are deter-
mined from Maxwell’s generalized rule (Ref. 16; see Sec. 10
below).

When the DW moves in a direction, lying in the ab
plane, at an arbitrary angle 5 between the normal to the DW
and the a axis, the quantity AH,(/3) remains virtually con-
stant, while AH, (f3) decreases as - 7/2. The dependence
AH, (B) isillustrated in Fig. 2 for the cases when the normal
to the DW lies in the @b plane (7 = 0; curve /) and when the
normal to the DW deviates from this plane by a small angle
7 = 4° (curve 2). We note that if with

26|+62=263+6‘

the quantity AH, (/3) decreases monotonically (curves / and
21in Fig. 2), then even a small difference in these quantities,
resulting in 8, #0 (28), can cause a peak to appear in
AH,(B). :

For DWs of the intermediate type®>'"'*! (the plane
of the plate is perpendicular to the optical axis of the crystal,
which in YFeO; lies in the bc¢ plane at an angle §, = 52° to
the ¢ axis and the plane of the DW is perpendicular to the a
axis), which are most often encountered in experiments, the
magnetic-field dependence v(H) in the case when the DW
moves strictly along the a axis or in a direction deviating
slightly from the plane of the plate is almost completely anal-
ogous to the corresponding curves shown in Fig. 1. However

AH,, Oe

J
20 |-

ar

L 1 1
o 20° ¥we 609 80°

a-axis b-axis
FIG. 2. Orientational dependences of the width of the magnetoelastic
anomaly AH,: 1, 2) with a change in the direction of motion of the DW in
the ab plane from the a axis (Néel DW) to the b axis (BlochDW) (/—the
normal to the surface of the DW lies in the ab plane; 2—the normal to the
DW surface is inclined to the ab plane by an angle 7 = 4°); 3) fora DW of
the intermediate type, the normal to whose surface deviates from the a
axis in the plane of the plate.
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when the normal to the DW deviates by a small amount from
the g-axis in the plane of the plate the magnetoelastic anoma-
ly increases very strongly at the velocity of transverse sound
(in contrast to the plate perpendicular to the ¢ axis). Curve 3
in Fig. 2 illustrates for this case the increase in the width
corresponding to the shelf AH,.

6. STRUCTURE OF A SOLITARY DEFORMATION WAVE

We now examine the distribution of the deformations
u;(x) and u,(x), accompanying the moving DW. We first
analyze the case when the DW moves strictly along a crystal-
lographic axis, for example, along the a axis. From the ex-
pressions (18), far from the sound velocities we have for
u;, (x)

u,/'~ (e, °/ch £) [—th &+ (v/c) (2 th® E—1)/2g, (1—v?/s.2)?],

(31a)

u/=~ (e°/ch* §) [1— (v/c)th E/q, (1—v%/s?)?], (31b)

Nearv =s,

uj 1u})o
z -

FIG. 3. Transverse deformation distribution for different
stationary velocities of the DW: v/s, =0 (a), 0.9 (b),
0.99 (¢), 1 (d), 1.1 (e), and 1.5 (f).

u,/~(e,/D,)exp (KE) |—1/ch E+K, (§/ch g+arccosth E—r.) },

(31c)
and for v=s,

w'~—(e'/D;)exp (K.E) [th E—sign K,—K,(Eth E~In 2ch &)],

(31d)
where

g=(z—vt)/A, K., (v)=1—v5,)/D,,(v),

r=(1—sign K,) /2,

and 5(,’_, and D,, are determined, respectively, in Eqgs. (11)
and (26).

For simplicity we assumed v <c¢ in Egs. (31). The for-
mulas (31) are in good agreement with the numerical results
for the deformations computed according to (18) and pre-
sented in Figs. 3 and 4 for 5, = 5, = 0.5 ergs's/cm’.

We note the following features of «; (&) and u;(£). The

-’ u
-4F
-2k 20k
- 2
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201
10N
1
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FIG. 4. Longitudinal deformation distribution for differ-
ent stationary velocities of a domain wall: v/s, =0 (a),
0.9 (b),0.99 (c), 0.999 (1d), 1.001 (2d), 1.1 (e),and 1.5
(f).
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symmetry of the distribution of the deformations in a mov-
ing DW is lower than that of a DW at rest. At v=s, the
deformation u, once again becomes symmetric with respect
to the center of the DW, but it has a qualitatively different
form than in the case v = 0 (see Figs. 3a and d). At the point
v =35, the longitudinal deformation does not satisfy the
boundary conditions (14a)—it is discontinuous. At this
point there is no continuous solitary-wave solution of the
with the boundary conditions (14a). For any small devi-
ation of the velocity from s;, however, there does exist a
solution of the desired form. As the velocity passes through
the sound velocity s, the character of the deformation u;
changes. For v < 5, aslower drop in the deformation from the
center of the DW to the periphery occurs behind the moving
DW (Fig. 4c), while for v > s, the dropoff occurs in front of
the moving DW (Fig. 4e). This jump in the distribution of
the deformation u; accompanying the DW nonetheless does
not result in a discontinuity in the field dependence of its
velocity at the transition through the velocity of longitudinal
sound, i.e., H(v) does not have a jump at v = s,. But a dis-
continuity appears in the derivative of this function, i.e.,
H(v) is not smooth at v = s,. The distribution of the defor-
mation changes continuously as the velocity passes through
the transverse sound velocity, and for this reason H(v) is
smooth atv =s,.

In the case when the DW moves in an arbitrary direc-
tion the distribution of each component of the deformation
u;(£) and Uy, (&) will be, according to Eq. (27), a linear
superposition of the longitudinal and shear deformations ex-
amined above.

We now refine the condition under which the strongly
dissipative approximation, which we employed and accord-
ing to which the renormalization of the anisotropy constants
due to the magnetoelastic interaction should be small, is ap-
plicable. It follows from Eqgs. (31¢) and (31d) that the maxi-
mum deformation at vxs,, is

lu,’v, | max ze‘,’,,/D,,,=6,‘,A../'q,,,s,,,4
As a result, we obtain from the condition
81,1 | 1 | max < K
the criterion for applicability of the strongly dissipative ap-
proximation:
NP0 =818/ Koes1 ..
Assuming that

K, ~6Xx10° ergs/cm’,

8,~(2-6) x 10" ergs/cm®  (Ref. 22),
83=0.5X 10" ergs/cm® (Ref. 33),

s, =4.1X10° cm/s,

5, =TX10°cm/s (Ref. 3),

Ao =1.1X10"°cm,

we obtain 7* =10~ 2-10 "2 ergs's/cm® and 7* =10"*
ergs's/cm’. According to the data from Ref. 34 the sound
damping constant in orthoferrites at room temperature is of
the order of 3 ergs-s/cm?, which indicates that the strongly
dissipative approximation is applicable.
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7.NONUNIFORM MOTION OF A DW; CONDENSED
DESCRIPTION OF DW DYNAMICS

An equation describing the nonuniform motion of a
DW can be derived by the approach developed above (elimi-
nation of secular terms). We employ the “condensed” de-
scription of a DW with the help of the coordinates of its
center

To=Zo(t, Yy, z).

In this case the distribution in the moving DW is found in the
form

0(t, r)=0[(z—2: (L, ¥, 2))/A(2, y. 2)]=0(E). (32)

Substituting Eq. (32) into Eq. (11) for 6 and assuming
once again that the magnetoelastic interaction is a small per-
turbation (strongly dissipative approximation), we seek the
solution in the form of an expansion (20) in the small pa-
rameter v (see above). The following equation of motion for
the center of the DW can be derived from the condition that
the secular terms (22) be eliminated in the equation for the
higher-order approximation (6, ):

0 (md,) [0t+mzo/t+div, (mc® grad, x,)

=2'n:‘) (H+H'zn)+FMEy (33)

where

m=m,/ (1_"‘;"02/02) i/'a m0=2XJ_/'Yqu

are the effective masses per unit area of the moving and sta-
tionary DWs, respectively;

=1/awx
is the decay time of the magnons;
H'=dH|dx

is the gradient of the inhomogeneous magnetic field;

Fye = S(deﬂ/dg) (aCDME/ael)dg

—

= f dE(00,/9E) [ (8,, sin 20,15, cos 20,) u,’

—c

+ (84, sin 20,18, cos 26,) u,” + (8, sin 20,6, cos 28,) u,,” ]

]

(34)
is the magnetoelastic decelerating force acting on a DW
moving in an arbitrary direction in the crystal (see above).*
The quantity &, (£) is determined by the formulas (15) and
the deformations u;, (¢,x) are determined from the corre-
sponding Eqs. (10) and (8), describing the nonuniform mo-
tion of the elastic subsystem. For a DW moving along the a
axis, the corresponding quantities %, and u, = u, (u, =0)
are determined by the expressions

0

(L, x)=u,,; (I, x)+ul(,t) (t,z), (35)

o

ulQ (t, z) =(8:./2n) qucp:.z (4, Vo) %01 (g, &, vo) exp (igz—2T..),

—c0

(36a)
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ull (¢, ) = (§,,/2x) jdq sdt'qa,,, (g,3") (g5) !

—oc

xsin[ (t—t') g5, Jexplig(z—=z,") — (t—t") T ], (36b)
where
Xe: (4,8, v0) =[cos (qt5,,) 5., ($vo—qij,./2)
X sin (gt5,:) 1/q* (s —v*—ivg,.),
Su= (st—qR/®) ", Tu="/a"fu,
) =x(t'), & =a(t"). (37)

In deriving Eqgs. (35)-(37) we assume that initially (at
t=0) theu,,(0,x) are determined by the distribution (18)
for uniform motion of a DW with the velocity v = v,. The
extension of the expressions for the deformations to arbi-
trary direction of motion of the DW does not present any
difficulties and actually reduces to replacing in Eq. (36) the
quantities

S:lplsiﬁz(pz/p
by

(i61,¢z+61=(Pl ) /P
etc., by analogy to the case of uniform motion [see Egs. (18)
and (20)].

Substituting the corresponding displacements (35)-
(36) into Eq. (34), we obtain after some transformations the

following expression for the magnetoelastic decelerating
force:

t o
Fﬁis=(iéfz/2np) [ sdt'j dq9.,i(g, %) @11 (g, ") (g8:,)

-

X sin[ (t—t") 45, lexplig (x—z,") — (t—t")T,,]

£

. |
+ J. dg.,. (g, &) G0 (g, Vo) %1 (g, t, v5) exp (iqxo-—tl‘:,z)] .

—

(38)

At t = 0 these quantities transform into the expressions
(25). Animportant feature of the expression (38) is that for
nonuniform motion of the DW the magnetoelastic decelerat-
ing force depends on the previous history of the motion.

8.STABILITY OF APLANARDW

In the case of stationary motion of a DW, for
Xxo () = vot, Eq. (33) gives the previously obtained [see
Egs. (23), (25), and (29)] field dependence of the velocity
of the DW. We now investigate the stability of this solution.
For simplicity we assume |x|/c<1. Let x(#,y,z) = vyt
+ x, (t,y,z). Then the linearized equation for x, has the
form

mofi"_ (mo/T)iy_moczAin = SfME(T) [.’t, (t) 7] (t—‘E)A]dT,

0

(39)

where
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A [ x=8x/dy*+ 0/ 02",
Fue (7) = fue (7) + fie (7), (40)

©

e (T)=—(8.1/27p) 5 dqe. (9, ve) 5,y sin(qt8.,)
[

xexplt(igue—T,.) ). (41)

Assuming x, ~exp( — iwt + i k,r, ), we obtain the follow-
ing equation for the characteristic frequencies:

o*+iol (0)—c*k, =0, (42)
where

I'(w)=1t"—Twme (W), Pyg (w) = T (w) + th(w), (43)

Cite (0) = (6,_2,/2:rtpmo) jl dqw;’:,(q. Vo) LW, (g, vo)

—

‘Wr,l(Q» Vot w/q) ]/i(l), (44)

Wi (q,v)=1/ (Sl,zl_voz““ivqfll,l)~

For small frequencies (w—0) we have
Tife (0—~>0)=m, ' 0F 4t/ v, (45)

where F i (v) is determined by the expression (25).

It follows from Eq. (42) that for (1/7 — Ty ) <O the
uniform motion of a flat DW will be absolutely unstable. In
the limit @ -0, as follows from Eqgs. (45) and (25), this
condition is satisfied near the sound velocities s,, on the sec-
tions of the curve v(H) which correspond to negative differ-
ential mobility of the DW. In these velocity ranges the DW
should be expected to deviate from a planar shape.

9. EVOLUTION OF THE DEFORMATION WAVE DURING
DECELERATION OF ADW

When the DW moves with constant velocity the elastic
deformation of the crystal is localized on the wall. When the
motion of the DW is nonuniform, for example, deceleration,
under certain conditions the elastic deformation localized on
the DW can become “detached” and propagate freely in the
crystal in the form of a wave packet of elastic waves. This
follows directly from the expressions (35)—(36) for the elas-
tic displacements u,, (¢,x), in which the center of the moving
DW x,(t), generally speaking, may not coincide with the
region in which the distribution u,, (#,x) is localized.”

This detachment of the elastic deformation accompany-
ing a DW moving with a velocity close to the sound velocity
(s,) has actually been observed experimentally by means of
Brillouin light scattering.?®2! This happened as the DW de-
celerated and was observed only at low temperatures
(T~4.2K), when the sound damping decreases significant-
ly. This was manifested in the Brillouin scattering spectra as
a series of lines, one of which corresponded to scattering by
the DW moving with velocity v <s, and the others corre-
sponded to an elastic wave propagating with velocity
v =s5,(v=s,). In addition, Demokritov et al.>**' were also
able to determine the distribution of the deformation de-
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tached from the DW in the elastic wave propagating with the
velocity of transverse sound v = s,: It had a sharp leading
edge and a very flat (extended) trailing edge.

We now analyze on the basis of the expressions (35)—
(36) for the elastic displacements the evolution of the defor-
mation wave arising when the DW decelerates rapidly, for
example, as a result of a decrease in the strength of the driv-
ing field. We assume that prior to deceleration the flat DW
moved along the a axis of the crystal with velocity

Uo~St.1,
and after deceleration it moved with velocity v:
Zo () =v (t—t,).

We are not interested in the short time interval during which
the deceleration occurs. We assume that initially (at ¢t = 0)
the velocity of the DW drops rapidly to the value v. Substi-
tuting

Zo=vl
into Eq. (35), we obtain

w=(8,,/2n) qu exp (igz) [ ., (g, v) exp (—igut)/

' (s,?,—v’—i:;qﬂ",)
+exp (—iTy,.) [(Pt.t (9, v0) %01 (g, £, v0) — @, (9, U)Xr,l (g,t,0)]],

(46)

where ¢,; and y,, are determined by the expressions (19)
and (37), respectively. The first term in Eq. (46) is the elas-
tic deformation localized on the DW and propagating to-
gether with the wall with velocity v; the second term is the
free elastic deformation, detached from the DW and propa-
gating in the form of a wave packet with velocity (s,;).*

Generally speaking, this wave packet is damped and
spreads out, since the damping rate

Fr.l= l/equ]u

depends on the wave vector q.

According to the experiments of Refs. 20-21, phonons
with g~2Xx 10° cm ~ !, excited by the DW, have a lifetime of
~ 100 ns at T'= 4.2 K. Hence it follows that

N, =0~ 0.3X 107 % erg-s/cm>.

In order to determine the character of the evolution of
the elastic deformation which becomes detached from the
DW, we performed a numerical calculation of the distribu-
tions u;, (¢,x), using the expression (46) (see Fig. 5). We
assumed that the sound attenuation constant

a=ﬁt,l/2S:,IAo

is a=~10~? (which corresponds to 77, = 0.005 g/cm-s and
7, = 0.0084 g/cm-s). All other parameters were assigned
the same values as in the calculation of the field-dependence
v(H) (see above); the initial and final velocities of the DW
were equal to

FIG. 5. Distribution of transverse (a) and longitudinal (b)
deformations, detached from the domain wall, at different
times relative to the time at which the wall stops (¢ =0): a:
t=0(1),14(2),28(3),42(4),56 (5) ns;b:t =0(1),0.04
(2),0.08 (3),0.12 (4),and 0.16 (5) s.
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v,=s;, v=0,9s,

and

1—vo/5,=0,5-10"", v=0,9s,

in the calculation of the transverse and longitudinal defor-
mations, respectively.

As one can see from Fig. 5, the character of the distribu-
tion of the transverse and longitudinal deformations in the
corresponding wave packets and their evolution are qualita-
tively different. The transverse deformation (Fig. 5a) has
the form of a narrow wave packet with a width of the order of
A,; this packet spreads out rapidly with time and decays
(since it contains primarily harmonics with large values of
q).

At the same time the distribution of the longitudinal
deformation, characterized by a sharp leading edge and a
very flat trailing edge, decays much more slowly than the
transverse deformation and practically retains its shape. We
note that the “tail” in the distribution of the longitudinal
deformation, whose length, according to Eq. (31d), is equal
to

Ly=A,D, (Sz)/(’l—voe/slz) =~Aoa/ (1_00/51)_,

lengthens as the velocity v, approaches s, (see also Fig. 4).

The character of the distributions of the longitudinal
and transverse deformations studied above occurs only
when a planar DW moves strictly along definite crystallo-
graphic directions (in this case the a axis). When the direc-
tion of motion of the DW deviates from a crystallographic
axis or as a result of inhomogeneous distortions of the profile
of the wall (see below), the distribution of each component
of the elastic deformation will consist of a linear superposi-
tion of these longitudinal and shear deformations with their
characteristic singularities. Since the shear deformation is
small in magnitude and decays rapidly, the shape of the dis-
tribution of the elastic deformation, propagating with the
velocity of transverse sound, as in the case of the deforma-
tion propagating with the velocity of longitudinal sound, can
also have a sharp leading edge and a flat (extended) trailing
edge, as observed in the experiments of Refs. 20-21.

10. DISCUSSION AND CONCLUSIONS

Before discussing the experimental data and comparing
theory with experiment, we point out the difficulties arising
here. The magnetic-field dependence presented above for the
stationary motion of DW v(H) (Fig. 1), in particular, their
S-shape and the existence of unstable sections with negative
differential mobility indicate that here we are dealing with a
strongly nonequilibrium system, which should exhibit criti-
cal behavior near the sound velocity with fluctuations signif-
icantly affecting the character of the observed processes. It
can be asserted that fluctuation-induced first-order nonequi-
librium phase transitions between two stable branches of the
magnetic-field dependence v(H) occur as the magnetic field
is varied. Such critical behavior is manifested, in particular,
in the wide spread of the experimentally observed v(H)
curves for different samples, methods of observation, and
other experimental details (compare, for example, the
curves v(H) in Refs. 2, 3, 11, 21, and 37). The widths of the
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“shelves” vary, for example, from 30 to 500 Oe for DW mov-
ing along the a axis.

A fundamental manifestation of the critical behavior of
a moving DW near the sound velocity is that in reality the
transition of the system from one branch to another as the
magnetic field increases or decreases occurs not at the end-
point of the stable section of a branch, but rather is deter-
mined by a rule analogous to Maxwell’s rule for equilibrium
phase transitions.'® The size of the observed ‘“‘shelf” in the
curve v(H) is significantly smaller than that given by the
nonlinear problem for the eigenvalues v(H). We note, how-
ever, that the measured field dependence v(H) presented in
Ref. 21 shows that different velocities coexist for the same
value of the field; this is entirely typical for first-order phase
transitions, because Maxwell’s rule requires that the transi-
tion between stable branches must proceed quite slowly (ad-
iabatically).

The second important factor, which must be taken into
account in any analysis of experiments, is that under realistic
conditions a moving DW is not planar. There can be differ-
ent reasons for this. For example, the presence of some addi-
tional and entirely natural surface deceleration of the DW
makes the DW convex, the more so the closer the velocity of
the wall is to the sound velocity. It is then obvious that by
virtue of the orientational dependence of the magnetoelastic
stopping force (the Rayleigh dissipative function), an addi-
tional contribution to the magnetoelastic anomaly arises
which is not small (compare curves / and 2, 3 in Fig. 1).
Curvature of the profile of the DW over the thickness of the
plate can also arise as a result of a nonuniform planar field
H,(z), necessarily present in many experimental situations
where a gradient of the field H, (x) was employed.

We call attention to the natural and interesting possibil-
ity of spontaneous perturbation of the profile of a DW (pos-
sibly nonuniform). It is associated with the well-known con-
cept of formation of dissipative structures in the
thermodynamics of strongly nonequilibrium systems.

Indeed, according to this concept, an open system far
from equilibrium tries to transform into a state or, in other
words, rearrange itself so that the dissipation of negentropy
flowing into the system would accelerate.*® Applying this
principle to our situation, we can expect that a moving
planar DW restructures itself so that stronger dissipation
mechanisms would be activated. In particular, such restruc-
turing could be associated with bending of a DW across or
along the plate. Such dissipative structures have been ob-
served previously in YFeO, (Ref. 39) and they were investi-
gated theoretically and experimentally in Refs. 14 and 40,
but, it is true, in somewhat stronger fields, where they are
easily observed visually.

Turning to the experimental data, presented, for exam-
ple, in Refs. 2, 3, 11, 21, and 37, we note first of all that the
orientational dependence of the velocity of a domain wall as
a whole agrees poorly with the computed dependence [see
Egs. (23), (24), (28), and (29)]. Indeed, according to Egs.
(28) and (30), the length of a “shelf” with transverse sound
for a Bloch wall moving along the b axis is close to zero®” or
appreciably smaller than for a Néel domain wall moving
along the a axis.® The orientational dependence v(H) ac-
companying a change in the direction of the velocity of the
DW in the ab plane was investigated in Ref. 41; this depen-
dence also agrees with the computed dependence (Fig. 2).
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The second important question arises in connection
with the anomalies in the velocity of longitudinal sound. Ac-
cording to the theory, for known values of the parameters
the anomaly should be stronger than in the case of transverse
sound (if the DW moves along rational axes of the crystal).
On the other hand, significant anomalies for longitudinal
sound which are appreciably stronger than the anomalies
observed for transverse sound are not observed in experi-
ments. This can be explained, as noted above, by a “jump”
(nonequilibrium phase transition) of the system from the
bottom stable branch of v(H) directly into an upper stable
branch, bypassing the intermediate branch or with a rela-
tively short delay determined by Maxwell’s rule, in an inter-
mediate state. When Maxwell’s rule is taken into account,
the computed field dependence v(H) (Fig. 1) is qualitative-
ly very close to the experimentally observed dependence
(see, for example, Refs. 11 and 21).

As concerns the quantitative comparison of theory and
experiment, it is observed that in cases when a planar DW
moves strictly along rational crystallographic axes the
lengths of the ““shelves” at v~s,, calculated from the known
values of the magnetoelastic constants and attenuation pa-
rameters of sound, have a tendency to be smaller than is
observed. This indicates, in our opinion, that inhomogen-
eous distortions (possibly, unsteady) appear in the profile of
the DW as the velocity of sound is approached. In this case
the magnetoelastic anomalies increase significantly (see
curves / and 2, 3 in Figs. 1 and 2) as a result of the strong
orientational dependence of the magnetoelastic retarding
force (the Rayleigh dissipative function).

This situation is most pronounced when a flat Bloch
DW moves along the b axis. The magnetoelastic anomaly at
v=s,, according to Eqgs. (28) and (30a), formally vanishes
and at the same time strong dissipation arises with small
variations of the normal to the DW relative to the b axis (for
example, as a result of the curvature of the DW). The anom-
alies in v(H) for v||b, which were observed in Refs. 3 and 37,
are probably related to this.

A comparison of phonon amplitudes and the singular
points of the curves v(H) indicates the same thing (see Fig. 4
from Ref. 21). Indeed, it follows from them that the ampli-
tude of the deformation field increases significantly only
when the velocity reaches the “shelf” at v = s,, and in addi-
tion a distinct break is observed at this point in v(H). It is
here that the retarding force increases sharply, possibly be-
cause of spontaneous perturbations of the profile of the DW.

Analysis of the nonstationary motion of a DW and the
numerical experiments showed that when a DW moving
with a velocity close to the sound velocity (v~s,,;) deceler-
ates, a localized elastic deformation (elastic soliton), propa-
gating in the form of a wave packet with the sound velocity
(v~s,;), detaches from the wall. The distribution of the
transverse deformation then has the form of a narrow wave
packet whose width is of the order of several widths of the
DW. The distribution of the longitudinal deformation, how-
ever, is characterized by a significantly larger width and
weaker attenuation and the shape remains unchanged for a
significant time. The distribution of deformation, observed
in Brillouin light scattering experiments,'*?! in a wave
packet propagating with the transverse sound velocity has a
shape characteristic not of transverse deformation, but rath-
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er of longitudinal deformation. This could possibly indicate
that under real conditions the deformation accompanying a
DW is not a purely shear or longitudinal deformation, but
rather it is a linear superposition of the two, probably, as
discussed above, due to the inhomogeneous distortions of
the DW profile which grow at v~s,.

An interesting problem arises in connection with the
longitudinal phonons observed in Ref. 21, which were gener-
ated by a DW in stationary motion with velocities which, on
the whole, do not exceed s,. This unexpected effect can be
explained on the basis of the same picture of the perturbed
(multidimensional) motion of a DW in the critical region
v=s,. Indeed, as discussed above, unsteady perturbations of
the front of the DW, which propagate along the DW with
velocities up to the maximum velocity ¢ = 20 km/sec and
can excite both transverse and longitudinal acoustic phon-
ons, are possible. In particular, nonlinear kink perturba-
tions, which can be excited with rapid deceleration and a
change in the direction of motion of DW are interesting.
They are especially likely to be excited if the sign of the cur-
vature of the profile of the DW changes when the direction of
motion of the DW reverses. Such fast kinks with significant
amplitude have been observed in nonstationary dynamics of
DW in YFeO,.* We also note that kinks moving with su-
personic velocities can be a source of “true” Cherenkov
emission of transverse and longitudinal phonons, in contrast
to a strictly planar DW for which Cherenkov emission is
forbidden by the laws of conservation of energy and momen-
tum of the phonons.
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