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71°- domain wall in cubic crystal
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The influence of photoinduced anisotropy on Bloch 71°-domain wall in cubic magneti-
cally ordered (100) crystal with negative constant of cubic magnetic anisotropy is studied.
Equilibrium domain wall parameters (the surface energy density, orientation, and effective
width) of the- wall have been found as functions of parameters (the constant value and
easy axis orientation) of the photoinduced magnetic anisotropy. The energy density of the
domain wall has been shown to be able both to increase and decrease, depending on the
crystal irradiation conditions.

WNsyuyaercss BaumsaHue (GHOTOMHIYIMPOBAHHON MArHUTHON AaHM30TPONMU Ha 71°- IJIOCKYIO
0JIOXOBCKYIO HJOMEHHYIO I'PAHUILY B KyOuueckoMm MaruumtToymnopsamoueHHoM (100)-xkpucrasie c
OTPHUIlATEeJIbHON KOHCTAHTOM KyOWMUYECKOH MarHWTHOMW aHu3oTponuu. HailieHbl paBHOBECHBIE
napamMerpsl UCCIeAyeMOi JOMEHHON I'DaHUIlLI (IOBEPXHOCTHAS IJIOTHOCTH 9HEPTUU, OPUEHTA-
nusi u sddGeKTUBHAS IIUPUHA) B 3aBUCHMOCTHA OT IIapaMeTpoB (3HaueHWe KOHCTAHTHL U
OpHeHTAIluA JEeTrKoi ocu) (OTOMHAYIIMPOBAHHONM MATHUTHOI aHmsorponuu. IlokasaHo, UTO
ILJIOTHOCTHb SHEPTUU TAKOM [OMEHHON I'DAHUIBI MOXKET KaK BO3pPacTaTb, TAK U YMEHBLIIATHCS
B 3aBUCHUMOCTH OT YCJOBUM O0JyUeHUS KPUCTAJJIA.

The structure and parameters of domain
walls (DW) in crystals with combined (natu-
ral cubic and induced uniaxial) magnetic
anisotropy (MA) were studied in [1, 2]. A
specific feature of photoinduced magnetic
anisotropy (PMA) consists in that its con-
stant value, orientation of its easy axis and
spatial distribution of its energy density de-
pend on the polarization vector orientation
of the incident radiation [3, 4] and that
these characteristics are changed during the
irradiation process [5, 6]. An influence of
PMA on DW structure in cubic (110) single
crystal was investigated in [7], where the
incident radiation polarization vector was
oriented along the easy magnetization axis
(EMA) direction. It is established [7] that as
the PMA energy density increases, the DW
surface energy density increases and DW
effective width decreases, while the depend-
ence of the DW energy density upon the
angle between DW plane and surface of the
crystal vanishes. The influence of spatial
distribution of PMA energy density on the
structure of 180°-DW was considered in [8].
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It was shown [8] that the appearance of
planar inhomogeneities in PMA results in
changes in the spatial distribution of the
magnetization vector M orientation in DW
and DW energy density depends upon the
linear dimensions of the mentioned inhomo-
geneous region and the PMA constant
change in its volume. A model of photoin-
duced local deformation of DW different
from the 180° one [9] was developed to de-
scribe phenomena of DW deformation [9,
10] observed in cubic ferrimagnetic (100)
single crystals. It is note that photoinduced
changes of DW parameters itself (DW en-
ergy density, its plane orientation, etc.) are
neglected within the model [10]. The pur-
pose of this work is to study the influence
of PMA caused by normal irradiation of
(100) crystal with linearly polarized light
on the structure of the 71 deg flat Bloch
DW (71°-DW).

The energy density of cubic magnetic an-
isotropy (CMA) [11] is:

ecpa = K1(0303 + 0gad + o3od) + ...,
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Fig. 1. Coordinate system.

where o, Oy and o3 are direction cosines of
M relatively to crystallographic <100>,
<010> and <001> directions, respectively;
K, the first CMA constant [11].

The energy density of PMA, ep;r4, at the
normal irradiation of cubic photomagnetic
(100) crystal is described by the following
expression [5]: epyry =—2Gsign(p,p,)0y0;3.
At sign(pxpy) > 0 it can be presented as the
total energy of uniaxial anisotropy with
easy magnetization axis (EMA) along <011>
direction and plane anisotropy with easy
(011) plane:

epMA = 1)
= ~Gsign(p,p, (0 + 03)? — (0tg — 03)2]/ 2,

where G is PMA constant; p, and Py polari-
zation vector components along <010> and
<001> crystallographic directions, respec-
tively. For a crystal with CMA in the initial
(prior to irradiation) state, the PMA con-
stant at the arbitrary moment of irradiation
has the form:

G = (4/3)AN|Blp,p,) x (2)
X [1 — exp(—4At(3A, + B)/3)]/ (34, + B),

where A is spin-orbital splitting constant; N,
the number of active centers [12]; ¢, the irra-
diation time; Ay = [1 + (v;/A)exp(—E;/ kT) +
(vo/A)exp(—E4/kT)], E; and E,; being low-
and high-temperature activation energies of
thermoactive transitions, respectively; v,
and v,, frequency factors corresponding
thereto; A =a¢KI, a; and B, pheno-
menological constants, K being the prob-
ability of active center transition from an
excited state to one of four octahedral ori-
entation inequivalent sites [12] of the cubic
crystal; I, the light intensity.
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The energy density ey, of combine
(cubic and photoinduced) magnetic anisot-
ropy (CPMA) is presented as ey;q = ecpra +
epya- If @ and 6 are azimuth and polar
angles of vector M, respectively (0 and ¢
are counted respectively from the normal to
DW and from the direction being perpen-
dicular to the difference Am = m; — m, and
lying in DW plane (Fig. 1), where m; and
m, and are unit vectors along vectors M in
adjacent domains), then o = {0y, 0y, 0ag} in
Bloch DW takes the form:

o = (e;cos(A) + egsink)sinBcosg + 3)
+ e9sinbsing + (egcosh — eqsini)coso,

. _ompxm;  my-my
whnere el = 5 ez = _ ’
Imyxm, | Imy — m,|

L matm

3 Imy + m,|’

sin® = V1 — cos?ycos?\; A is the angle be-
tween the normal to DW plane and the
plane of m; and m,. Here, Yy is the half
angle between vectors m; and m,. For 71°-
DW in a crystal with CPMA, y is deter-
mined by siny=V1 - 2n)/3,  where
n =g - sign(p,p,) and g = G/|K4|. The variation
ranges of @ in DW with the right and left-
handed rotation M are ¢; = —(@g < ¢ < @y = +@
and @; = @y < ¢ < @y = 27 — @y, respectively,
where @, = arccos(cosysinA/V1 — cos?ycos?L),
(Y <@y <m-Y).

Then for a 71°-DW, the energy density
0, magnetization distribution z(¢), and DW
effective width & can be presented as fol-

lows [11, 13]:
@y 4)

=2 jx/AexsinZe(eM 1(0,0) — eMA(e,cpl))dqo ,
1

Q
29) = | \/Aexsinze/(eM 0.0 —exy A(G,(pl)) dz,
0

§=35-2 +
: Py — 9
+ AexsanG (\/(eMA(e,(pg) = SMA(G’(h)
0 — 91

) \/(eMA(G,(pi) - €MA(9,(P1))]’

where Z is the spatial coordinate along the

(5)

DW normal, 25 and 2], the maximum and
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minimum coordinates of the inflection

points in the Z(¢) dependence, respectively;
¢5 and ¢j, the azimuth angle ¢ values at

z5 and z} respectively; A,,, the exchange
constant.
Angular dependences of 71°-DW energy

density are shown in Fig. 2. In the Figure,
oo = VIK4lA,, and 3, = VA,,/|K;| are charac-
teristic units of DW area energy density
and DW effective width, respectively [12].
The mentioned dependences for DW with
opposite directions of M rotation are sym-
metric with respect to A = 0. Only angular
dependences for 71°-DW with right-handed
rotation are shown in Fig. 2. The dashed
curves show the angular dependence of 71°-
DW energy density in crystal with CMA
only [12] (K; < 0; g = 0).

The dependence of 71°-DW energy den-
sity on the PMA constant is defined by ori-
entation of E with respect to crystal-
lographic directions of the medium. If in
the initial state (¢ =0), m; and m, are
directed along <111> and <111> directions,
respectively, then the 71°-DW energy den-
sity decreases for A > 0 as the PMA con-
stant rises (Fig. 2a) at n > 0 (at orientation
within the deviations by £45° from +<011>,
that is the intersection of the plane of m,
and my, with (100)-plane) while it increases
(Fig. 2b) within the remaining range of E
orientations (n < 0). This is explained by
the change of y with the increasing G
(2y=21° at G=0.45K;| for n >0 and
2y=~109° at G = 0.5|K;| for n < 0). These
changes in y result in increasing (for n < 0)
or decreasing (for m > 0) variation range of
¢ in 71°-DW that results in increasing or
decreasing o, respectively. An opposite situ-
ation takes place for A < 0 (Fig. 2).

The direction of E defines the sign of n
and, therefore, the pair of EMA which have
projections on (100) plane making up a
minimum angle with the direction of vector
E. The MA energy density along these EMA
decreases as g increases. The MA energy
density along two other EMA increases. The
appearance of directions with e,;, lower
than in domain volume on the way of M
rotation, is possible at orientation of M,
and M; along EMA with increasing MA en-
ergy density. For n < 0, there are ranges of
A with the trajectory of M including direc-
tions with CPMA energy density lower than
in domain volume. A Bloch DW with such
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Fig. 2. Angular dependences of 71°-DW en-
ergy density for n > 0 (a) and n < 0 (b).

orientations is impossible (Fig. 2). These
orientations are in the neighborhood of a
local minimum in the angular dependence of
71°-DW energy density for g = 0. At g =0,
the M trajectory in a 71°-DW with orienta-
tion corresponding to this local minimum
passes close to directions of two EMA not
collinear with m; and m,.

The equilibrium 71°-DW plane orienta-
tion remains parallel to the plane of m; and
m, for both above-mentioned cases, 1 > 0

and n < 0. For this orientation (A = 90° in
Fig. 2), the angular dependence of MA en-
ergy density on the way of M rotation has a
single maximum that corresponds to one in-
flection point in the ¢ dependence on the
coordinate along the DW normal (Fig. 3a).
So, taking into account (3) and (5), the ef-
fective DW width can be presented as

§ = 2¢VA,,sin%0 /\/(eM A(0,0) — ey A(e,(pl))(5a)

In the equilibrium state (A = 90°), ex-
pressions (4) and (5a) take the simplified
form:

o = 6,V3([sin(2y)/2] - [(4n + 1)y/3]), (6)

8/8, = 4V3y/[1 - 2n] = 4y/(V3sinZ). (7)
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Fig. 3. Distribution of magnetization (a) and
the dependence of energy density (curve 1)
and effective width (curve 2) of a 71°-DW at
the equilibrium orientation on the parameter
N (b). The values in Fig (a) vary within the
limits —0.4 to 0.4 at 0.1 steps. Larger ranges
of ¢ change correspond to smaller n values.

At n =0, (6) and (7) give the values of
area energy density and effective width of
71°-DW parallel to (100) type plane in a
cubic crystal with K; < 0 [13]. The depend-
ences of energy density (curve 1) and effec-
tive width (curve 2) of a 71°-DW at the
equilibrium orientation on the parameter n
are shown in Fig. 3b. The effective width of
71°-DW tends to infinity (curve 2 in Fig.
3b) as M directions in domains disjoint by
the DW become closer (n tends to 1/2 what
is a condition for crystal with single-axis
MA). This is associated with the fact that
the energy barrier which M overcomes while
turning between the domain directions, de-
creases as 1 grows, reaching zero value at
n = 1/2. The low MA energy density on the
way of magnetization rotation turn results
in slower M turn (Fig. 3a), as for one-di-
mensional distributions of M in the volume
with homogeneous MA, the densities of ex-
change and MA energy are equal at each
point due to the conservation law.
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Fig. 4. Polarization dependences of energy
density (curve 1) and effective width (curve 2)
of a 71°-DW in Y,Fe;0,,:Si.

At G << K, the corrections Ac and A3 to
the initial (for crystal with CMA only) val-
ues [14] of 71°-DW energy density and ef-
fective width, respectively, can be written
according to (6) and (7) as:

AG/ Gy = —(4/V3)arcsin(1/V3)m + \Z3n2...; (8)
AS8/8y = 2\3(4arcsin(1/V8) —V2)m + ....

It is seen from (8) how the energy den-
sity of 71°-DW increases with the growth of
PMA constant at 1 < 0 and decreases at 1 > 0.
The 71°-DW width decreases with increas-
ing G for n < 0 and grows at m > 0. This is
a consequence of an approach of domain
magnetization directions to the PMA axis
and, so, to each other.

The changes in 71°-DW energy density
and effective width are equal to zero and
change their signs at E direction collinear
with <010> and <001> directions, while
rising their absolute values when as the E
orientations approaches the <011> and
<011> directions. Polarization dependences
of 71°-DW parameters variations (6, 7) are shown
in Fig. 4 for the values of parameters typical of
Yo,Fes045:Si  crystal used in (2) (N =
3.376%1018, A =5 cm™!, A;=1.13, B=—
0.35). The straight lines show values of DW
parameters at n = 0. The values of 65 = —
90°, —45°, 0°, 45° and 90° correspond to E
orientations parallel to <001>-<011>-
<010>-<011> and <001> directions, respec-
tively (the sign of 0 coincides that of n).

To conclude, the equilibrium orientation
of 71°-DW plane does not depend on the
polarization vector orientation and remains
parallel to the plane of m; and m,. The
71°-DW energy density decreases or in-
creases as the PMA constant rises, at orien-
tation of polarization vector within the de-
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viations by +45° from the intersection of
the plane of m; and m, with (100) plane or
in the remaining range of E orientations,
respectively. The T71°-DW effective width
increases as the PMA constant rises in the
first case and decreases in second one. The
above-mentioned regularities are due to
changes in magnetization distribution in
DW volume, conditioned by the decrease of
the energy barrier that the magnetization
vector overcomes at rotation between the
domain directions, as these directions ap-
proach to the PMA axis. The photoinduced
changes of energy density and effective
width of 71°-DW are absent and change
their signs at the polarization vector orien-
tation collinear with <010> and <001> di-
rections and increase their absolute values
as its orientation approaches <011> and
<011> directions.
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71°-noMeHHA TpPaHUIA y KyOiYHOMY KpHCTAJi
3 (pOTOIHAYKOBAHOIO MATHITHOI0 aHiI30TPOMi€I0

O.A. Aumonwk, B.d.Kosanenxo, O.B.Tuurko

BuBuaerbcss BB (poToiHAYKOBaHOI MarmiTHol aHisorpomii Ha 71°-miocKy O0J0XiBCBKY
IOMEHHY TPaHHUII0 B KyOiumomy maruiToBmopsagkoBanomy (100)-xpucraii 3 Bix’eMHOIO KOH-
CTaHTOIO KyO6iuHoi MarmitTHol aHisorpomii. 3HaliieHO piBHOBaKHiI mapaMeTpH IOCJiI:KyBaHOL
IoMeHHOI rpanuIli (ImOBepXHEBY TI'yCTHHY eHeprii, opieHramio Ta edeKTUBHY IIUPUHY) B
3aJIE’KHOCTI BijJ mapaMeTpiB (3HaueHHA KOHCTAHTH Ta opieHTalii yierkoi oci) doroimgykosa-
Hol MarHiTHoi amisorpomii. [lokasaHo, 10 I'ycTHHA eHeprii Takol JOMEHHOI I'PaHUIll MOXKe AK
3poCTaTH, TaK i 3MEHIITYBATHUCA B 3aJI€}KHOCTI Bil YyMOB OIPOMiHEHHS KPHCTAJY.
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