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A comprehensive investigation was made of the characteristics of the magnetic structure of the
Y, Ly, _,CrO; system. A comparison of the results deduced from the measurements of the
torque curves, magnetization, elongation—compression magnetostriction, and shear strains
demonstrated that the structure exhibited by the Y, Lu, ; CrO, system in the range 7' < 77 K is
characterized by a reduction in the crystal-average values of the ferromagnetic and
antiferromagnetic vectors with no change in their orientation along the crystallographic axes. A
model of a spin-orientation transition is considered for magnetic materials with a competing
anisotropy, making it possible to account for the experimentally observed anomalies of magnetic

and magnetoelastic propertiesof Y, Lu, _, CrO,.

INTRODUCTION

As reported earlier,' compounds belonging to the
Y,Lu, _,CrO, series with x = 0.1, 0.15, and 0.2 exhibit a
competing magnetic anisotropy [fluctuations of the magni-
tude and sign of the first"’ anisotropy constant K, (r) in the
bulk of a sample], which is responsible for a number of ex-
perimentally observed special features of their magnetic
properties. Random changes in the anisotropy constant are
related to its dependence on the strain of the Cr®*+-602"
octahedra; these strains in turn are governed by the number
ofthe Y>* (Lu’") ions in the environment of a Cr*ion. For
example, predominance of the Y* * ions gives rise to a posi-
tive constant K,, whereas predominance of Lu®** gives a
negative constant. The investigated system may contain re-
gions where the sign of K, (r) is opposite to the sign of the
average anisotropy constant of the whole material.

Generally speaking, the temperature dependences of
the first anisotropy constant are also different in the ranges
K, (r) >0and X, (r) <0. This may be due to, in particular,
fluctuations of the Cr® ¥ -60°~-Cr** superexchange inter-
action parameters, the values of which also depend on the
degree of distortion of the oxygen octahedra (we recall that
in the case of YCrO, the Néel pointis Ty = 140 K, whereas
for LuCrO, it is T, = 112 K). The different temperature
dependences of | K, (r)| in regions characterized by different
signs of the anisotropy constant may alter the magnitude and
sign of the average anisotropy constant of the whole material
as temperature is lowered, and, consequently, may give rise
to a spin-reorientation (SR) transition,i.e., may rotate the
ferromagnetic F and antiferromagnetic G vectors”from the ¢
(a) axis to the a (c) axis. We shall consider the specific case
of a change in the orientation of the ferromagnetic vector
F(r).

We consider the qualitative picture of the process of
orientation in the investigated compounds which exhibit a
competing anisotropy. Note that regions with different signs
of K, (r) are exchange-coupled. In the case of small regions
characterized by K, (r) < 0 the energy of their magnetic ani-
sotropy is frustrated and the vectors F(r) are oriented
throughout the sample along the ¢ axis, i.e., the usual collin-
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ear I', phase is obtained (F|c, Gla, |F|=const,
|G| = const). Cooling increases the size of the regions char-
acterized by K, (r) < 0and the absolute value of the anisotro-
py constant increases even in those cases when the size of
these regions exceeds a certain critical value, so that devi-
ation of the vectors F(r) from the ¢ axis becomes possible in
the regions with K, (r) <0. Since the spins are exchange-
coupled, these deviations are not localized within regions
characterized by K,(r) <0, ie., each such region is
“dressed” by a transition layer where deviations of the vec-
tor F(r) from the ¢ axis increase as we approach the center of
the region with K, (r) <O0; the thickness of the transition
layer is comparable with the thickness of domain walls
8=~{a/{|K,(r)|)}"/?, where a is the inhomogeneous ex-
change parameter® and the angular brackets denote (here
and later) the value averaged over the fluctuations of K, (r).

If there are only a few regions characterized by
K, (r) <0and the distances between them exceed 8, then the
deviations of the vectors F(r) from the ¢ axis observed in
different regions with K, (r) <0 are not correlated, so that a
fan-shaped AS(T",) asperomagnetic structure appears in the
ac plane. In addition to the vectors F(r)||c, the system is
equally likely to include a vector F(r) for which the rotation
from the c to the a axis is clockwise or counterclockwise, i.e.,
(F(r))|c.

A further increase in the number and dimensions of the
regions characterized by K, (r) <0 as a result of cooling
shortens the distances between them. Finally, they approach
each other so much that the distributions F(r) in the vicini-
ties of different regions cease to be independent and their
mutual correlation gives rise to a canted phase in which the
average vector (F) deviates from the anisotropy axis c. It
should be pointed out that in this formulation the problem of
spin reorientation from the asperomagnetic to the canted
phase is equivalent to the classical problem of percolation.*
Similarly, an orientation transition takes place from a
I, (F,.G,) phase to the canted phase.

The appearance of characteristic fan-shaped AS(I', ;)
asperomagnetic structures with (F)||a,c is the main feature
of the SR transition in the investigated systems character-
ized by a competing magnetic anisotropy. A typical property
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of phases of this kind is SR to the canted phase I',, which is
induced by a weak field H< H , ~|(K,)|/|(F)| and whichis
accompanied by a considerable deviation of (F) from the
easy magnetization axis. It can be explained on the basis of
the above pattern of the distribution of F(r) in asperomag-
netic structures. In fact, application of a field H at an arbi-
trary angle to the ac plane results in magnetization reversal
in the regions characterized by K, (r) <0 where F(r) is in-
clined to H at an angle exceeding 7/2. Such magnetization
reversal is an abrupt process and occurs in a certain critical
field H., the value of which can be easily shown to be less
than the local anisotropy field in regions with X, (r) <O.
This feature of asperomagnetic structures gives rise to a
characteristic dualism in their magnetic and magnetoelastic
properties: in some experiments the compounds with a com-
peting anisotropy exhibit properties characteristic of the col-
linear phases I', and I',  whereas in other experiments they
have properties typical of the canted phase I',,.

It should be pointed out that the behavior of these com-
pounds in the canted phase is also characterized by a number
of special features. In particular, as shown below, the long-
range magnetic order [angular orientation of the vectors
F(r) in this phase] can be destroyed by large-scale fluctu-
ations of the orientation of F(r) which give rise to domains.
It is known® that such processes are typical of disordered
systems and, in particular, may be observed in spin glasses
characterized by fluctuations of local orientations of the
easy magnetization axes.’

The present paper reports an investigation of stochastic
magnetic structures formed as a result of SR transitions in
Y.Ly, _,CrO; compounds with a competing anisotropy.

SAMPLES AND EXPERIMENTAL METHOD

Single crystals of Y, Lu, _,CrO; (x =0.1, 0.2) were
grown from a molten solution in lead compounds. We inves-
tigated the magnetostriction along the a, b, and ¢ axes of the
crystals, the magnetization along the a and c axes, the
torques, and the shear strains in pulsed fields oriented in
different ways in the ac, bc, and ab planes and in a rotating
static field H = 0.5-5 kOe. The strains were measured using
a quartz piezoelectric transducer bonded to a sample. All the
measurements were made at temperatures 4.2-130 K.

In using these methods it is necessary to allow for the
characteristics of the crystal and magnetic symmetry of
RCrO, compounds.” For example, if the process of SR oc-
curs in the ac plane, the projection of the spontaneous mag-
netic moment F onto the b axis vanishes, so that when the
field H lies in a plane containing the difficult magnetization
axis (DMA) and the b axis, the expression for the torque is

Lpma,, = F(Hpya ) Hsin g sin 0, (1)

where Hp\ is the projection of the field along the DMA
axis; @ is the angle between F and the ¢ axis; 9 is the angle
between H and the difficult magnetization axis. In writing
down Eq. (1) isis assumed that the external field H is much
less than the exchange field H; (Ref. 2). In the range
H<H,,, where H,, is the threshold magnetization field
along the difficult direction, we have sin 8 =~ Hppa /Hy,
(Ref. 2) and

Lomas = I1*sin 2. (2)
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However, if the field H lies in a plane containing the easy
magnetization axis (EMA) and the b axis, then in the range
H<Hg, we have

LEMA.b = F(HEMA VH sin¢;, (3)

where Hgy,, is the projection of the field along the EMA and
@ is the angle between ¢ and H. The relationships given by
Egs. (1) and (3) will be used later to determine the nature of
the magnetization curves in the easy and difficult directions.
A special role in studies of stochastic magnetic structures in
these compounds is played by measurements of the torque in
the ac plane, because such measurements provide informa-
tion on the characteristic (for compounds with a competing
magnetic anisotropy) dependence of the average magnetic
field (F) on its orientation.'

Measurements of the torques give information on the
magnitude and orientation of the ferromagnetic vector F,
whereas measurements of the elongation—compression mag-
netostriction along the a, b, and ¢ axes (1,,4,,4.) and of
monoclinic distortions in the ab, ac, bc planes (4,,,44. 45 )
can give the corresponding information on the antiferro-
magnetic vector of the investigated systems. For example,
SR in the ac plane is characterized by

A=MAiG?sin’0, i=a, b, c, 4)

where @ is the angle of deviation of G from the EMA and the
constants A, can have different signs for the a, b, and c axes.
The most sensitive method which can be used to detect
extremely small deviations of the vector G from the a and ¢
axes as a result of an SR transition in the ac plane is the
determination of the monoclinic strains 4,. (Ref. 6):

Aac=MAo’G? sin 26. (5)

It is clear from Eq. (5) that the sign of the shear strain 4,
depends on direction of rotation of (G) as a result of SR and
its magnitude reaches its maximum value when 8 = 7/4.

Only the average values (4,) and (1, ) were deter-
mined for the investigated disordered compounds with sto-
chastic magnetic structures. We shall represent the angle
d(r), which describes the local orientation of the antiferro-
magnetic vector G(r), in the form 8(r) = 0 + 56(r), where
0 = (6(r)) determines the orientation of {@(r)). Then, in
the case of sufficiently small values of 80(r), expanding
sin? @(r) in Eq. (4) and sin 26(r) in Eq. (5) as a series in
86(r), we need to include only terms through second order,
and after averaging we obtain the following approximate re-
lationships:

Ad=Ai{Do+sin®*8(1—2Ds) }G?, (6a)

Chae> =Moo’ sin 20 (1—2D) G2, (6b)
where

De=<80%(r)>. (7

These expressions show that we can distinguish two
contributions to the observed magnetostriction: the first,
which we shall later call “normal,” is related to rotation of
the average antiferromagnetic vector (G), and the second
“anomalous’” component is due to a change in the dispersion
of the orientational fluctuations of this vector (§(82(r))).It
is shown in Ref. 1 that the anomalous contribution is respon-
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sible for the singularities of the dependence 4,.(H) in the
course of a field-induced I',(G, F, ) - T',(G, F,. ) SR transi-
tion in Y,, Luy,CrO;. It should be pointed out that this
anomalous magnetostriction can be observed also in field-
induced transitions of these structures to collinear phases ",
and [,.

EXPERIMENTAL RESULTS

Measurements of the torques and field dependences of
the magnetostriction 4, for H||aand H||c"" showed that for
all the investigated compositions the magnetic structure at
temperatures T < T, is I', with the magnetic moment ori-
ented along the c axis. In the case of compositions with
x =0.1and 0.2, we have Ty, = 113 and 118 K, respectively.
In a sample of Y, , Lu,,CrO, the magnetic moment is ori-
ented along the a axis (I", phase) at temperatures 7' < 80 K
(Refs. 1 and 7), whereas in the range 80-95 K the magnetic
structure is modified from the high-temperature phase I', to
the low-temperature phase I'",. It is clear from Figs. 1a and
1b that in this range of temperatures the torque curves L,
(@) and the field dependence of the magnetostriction [the
dependence A, (H) is given by way of example] differ con-
siderably from those usually observed in the case of SR tran-
sitions in RCrO, compounds. For example, the dependence
A, (H) is strongly nonmonotonic, suggesting the presence of
two competing contributions to 4., which may be, in partic-
ular, the normal and anomalous magnetostrictions de-
scribed above and due to the appearance at 7<95 K of the
AS(T',) asperomagnetic structure mentioned above. This
hypothesis agrees with the results presented in Fig. 1(c): the
magnetostriction 4, observed at temperatures 7<95 K in
the H||c orientation can be attributed to the 4S(I",) - T,
transition induced by the field H||c. It should be pointed out
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FIG. 1. Experimental results for a sample of Yu,, Lu,,CrO,: a) angular
dependence of the torque in a field H = 600 Oe in the ac plane at tempera-
tures 73K (curve 1),77K (2),79K (3),81K (4),82K (5),83K (6), 84
K (7), 87K (8); b) field dependence of the magnetostriction at tempera-
tures4.2K (curve1),62K (2),84K (3),91K (4),95K (5), 106 K (6);
c¢) temperature dependence of the magnetostriction A J**in fields H||a (1)
and Hj|c (2).
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FIG. 2. Monoclinic distortions of Y, , Lu,,CrO,: a) orientational depen-
dence in a field H =5 kOe at temperatures 77 K (curve 1) and 95 K
(curve 2); b) orientation dependence in a field H = 600 Oe at tempera-
tures 79 K (curve 1), 83 K (2), 93 K (3); ¢) temperature dependence of
the maximum value 4, in fields H = 80 Oe (O), 500 Oe (®), 5500 Oe
(A).

that the anomalous magnetostriction in the field H||a is ob-
served at temperatures 7<80 K when, according to the re-
sults of measurements of L. (¢) (Ref. 1), the magnetic mo-
ment of the sample is parallel to the a axis. This makes it
possible to postulate the existence of the AS(T",) asperomag-
netic structure at temperatures 7'<80 K.

These hypotheses were checked by measuring also the
shear strains in the ac plane. It is clear from Fig. 2a that the
A, (@) curves recorded in a field H = 5 kOe at temperatures
77 and 95 K can be described satisfactorily by a dependence
of the A, «sin 2¢ type. This shows that a field H = 5 kOe
rotated from the ¢ to the a axis induced reorientation of the
(G) vector from a to ¢ [this is in agreement with the results
of measurements of A, (H) shown in Fig. 1b] and the magni-
tude of (G) was practically unaffected i.e., the orientational
fluctuations of G(r) were suppressed and made no signifi-
cant contribution to 4, (¢) see [Eqgs. (6) and (7)].

In the range 80-95 K the values of A" are practically
the samein fields of 5.5 kOe and 500 Oe (Fig. 2¢c). Moreover,
in a field of just 80 Oe the ratio 4,, =~ (1/3)A 52 (H=15.5
kOe) reaches its maximum value at 80 Oe. It follows that in
this range of temperatures a very weak field (H = 500 Oe) is
sufficient to cause deviation of the vectors (F) and (G) by
relatively large angles [we recall that monoclinic strains
reach their maximum value when the angle between (G) and
the easy axis is 7/4—see Eq. (6)].

However, for 6 = 7/4, orientational fluctuations of
G(r) are suppressed practically completely in fields H=35
kOe and 600 Oe, and are reduced significantly even in a field
H ~80 Oe [this is deduced from the fact that AJ*(H =5
kOe) =AT>*(H = 6000e) =3A7**(H = 800e)]. Theform
of the A,. (@) curves obtained in a field H = 600 Oe (Fig.
2b) does however differ considerably from sin 2¢ and, like
the L,. (@) and A, (H) curves (Fig. 1), is untypical of or-
dered RCrO,, compounds. Linear sections of some 4, (@)
isotherms and L, (@) curves (Fig. 1a) observed at the same
temperatures suggest that a rotating field H = 600 Oe in-
duces first-order orientational phase transitions which in-
volve passage through an intermediate state,® in which dif-
ferent magnetic structures coexist. We shall show in the next
section that these anomalies of the A..(¢) and L. (@)
curves are typical of compounds with a competing magnetic
anisotropy.
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FIG. 3. Experimental results for a sample of Y,,Lu,,CrO;: a) angular
dependence of the torque in the ac plane in a field H = 500 Oe at tempera-
tures 4.2 K (curve 1), 59K (2), 90K (3); b) angular dependence of the
torque in the ac plane in a field H = 4.4 kOe at temperatures 4.2 K (curve
1),42K (2),55K (3),90K (4); c) angular dependence of the torque in
the ab plane in a field H = 500 Oe at temperatures 4.2 K (curve 1), 51K
(2),99K (3); d) temperature dependence of the magnetization along the
a axis in fields H R 50 Oe (O), along the ¢ axis (A), and of the saturation
magnetization (@) in fields H> H,,, deduced from the field dependence
of the magnetization.

A detailed investigation of magnetic structures formed
as a result of SR processes was made by synthesizing a sam-
ple with a high yttrium concentration (Y,,Lu,sCrO;) in
which reorientation was expected at much lower tempera-
tures. Figure 3a shows the angular dependences of the
torque of Y, , Lu, s CrO, in the ac plane obtained at various
temperatures in a field H = 500 Oe. The characteristic na-
ture of the curves obtained in the H||a configuration at tem-
peratures 7'>77 K (for example, at 7= 90 K) demon-
strates that a spontaneous magnetic configuration of the I,
type (F||c) exists in the range 77K < T'< 118 K. This is sup-
ported also by the results of measurements of the magnetiza-
tion and magnetostriction. At temperatures below 77 K the
curves again demonstrate that the projection of the sponta-
neous electric moment along the a axis vanishes, but cooling
from 77 to 4.2 K reduces the magnitude of the jump of
L,. (@) proportional to the spontaneous magnetic moment
m, « (F).

The torques obtained in the ab and bc planes tend to
suggest a canted orientation of the spontaneous magnetic
moment. In fact, at temperatures below 77 K a nonzero jump
is observed in the L,, () curves (Fig. 3c), indicating the
appearance of the component m,. Direct measurements of
the magnetization m, (H,) and m_(H, ) also suggest the ex-
istence of a canted phase I',, at temperatures 7T < 77 K (Fig.
3d): in a field H~50 Oe, which is considerably less than the
threshold field for the I', — I, transition, the magnetization
along the a axis appears and increases as a result of cooling.
The spontaneous magnetic moment along the ¢ axis then
decreases in magnitude.

Equally contradictory are the results of measurements
of the magnetoelastic properties of Y,,Lu,3CrO;. The
presence of a canted phase can be deduced from the field
dependence of the elongation—compression magnetostric-
tion along the c axis (Fig. 4a). In fact, the opposite signs but
equal magnitudes of the magnetostriction in the H||a and
H||c cases, together with zero magnetostriction when the
field H,,.,. is along the diagonal in the ac planeat T = 4.2 K,
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FIG. 4. Elongation—compression magnetostriction of Y, Lu,3CrO;: a)
field dependence of A, at T'= 4.2 K for some orientations of an external
field: 1) Hj|a, 2)p = 45°, 3) H||c; b) temperature dependence of A
obtained for field orientations along the a axis (curve 1) and the c axis
(curve 2).

are typical of the T',, canted phase with the orientations of
the vectors (F) and (G) at 6 = 7/4 relative to the a and ¢
axes. The temperature dependence of the saturation magne-
tostriction (Fig. 4b) shows that such a structure exists in the
temperature range 4.2-77 K. However, as shown in Ref. 6,
the gradual magnetization reversal in a rotating magnetic
field H...,. < H < H,, should be accompanied by four jump-
like changes in the shear strains in the ac plane.

Figure 5a shows the angular dependences of monoclinic
distortions of a Y, Lu, s CrO; crystal in fields H = 600 Oe
and 5 kOe at T=4.2 K. It is clear that the dependence
As (@) has a fundamentally different nature: the value of
Am2* increases with the field intensity and when the field is
close to the a axis, the fall of the magnetostriction is steeper
than in a field oriented along the ¢ axis. Moreover, the field
dependence of monoclinic distortions at low temperatures is
also contradictory (it is shown in Fig. Sc for T =4.2K). As
at temperatures T>77 K (Fig. 5b), the application of a
magnetic field along the ¢ axis does not induce shear strains,
and when the field is oriented along the diagonal in the ac
plane, the strain reaches its maximum value 477", This be-
havior is frequently exhibited by pure orthochromites out-
side the region of the spontaneous I', — T, SR region.' How-
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FIG. 5. Monoclinic distortions of Y, , Lu,,CrO,: a) angular dependence
obtained at 7= 4.2 K in fields H = 600 Oe (curve 1) and H = 5 kOe (2);
b) field dependence at T = 85 K in a field oriented at ¢ = 45° (curve 1),
75°(2),85° (3), — 85°(4), — 75°(5), — 45° (6) relative to the ¢ axis; c)
field dependence at T = 4.2 K in a field oriented at ¢ = 45° (curve 1), 75°
(2),85°(3), —85°(4), —75°(5), — 45° (6) relative to the c axis in the
ac plane.
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ever, when the field is oriented near the a axis, the monolinic
distortions at 7=4.2 K do not have bell-shaped depen-
dences, but at temperatures above 77 K they are manifested
clearly, which is the usual characteristic of the I'y - T, tran-
sitions.

Figure 3b gives the angular dependences of the torque
L, (@) inafield H = 4.4 kOe > H ;. Throughout the inves-
tigated temperature range the ¢ axis is the axis of easy mag-
netization, as confirmed by the results obtained in weak
fields. Below 77 K there is a “dip” in the region of the
@ = 45° orientation. The magnitude of the dip increases as a
result of cooling, causing reversal of the sign of L. (@) be-
low
T = 20 K for field orientations close to the a axis.

It follows that at 7= 4.2 K a crystal of Y,,, Lu, ;CrO,
has a complex magnetic structure characterized by dual
manifestation of magnetic, anisotropic, and magnetoelastic
properties. Some of the experimental results suggest a spon-
taneous configuration with the average magnetic moment
vector along the ¢ axis, which is smaller than the magnetic
moment in the I, phase. Other results suggest that begin-
ning with fields of H~50-100 Oe this state can be regarded
as the I',, canted phase with the orientation 6 along the
diagonal in the ac plane. An analysis of all the experimental
results demonstrates that they cannot be explained self-con-
sistently by assuming that spontaneous SR in
Y, LuysCrO; and that occurring at low temperatures
(T'<77K)inY,,Lu, s CuO; creates any of the known mag-
netic structures typical of ordered orthochromites.

DISCUSSION OF RESULTS

In an analysis of possible magnetic structures that can
appear in the investigated compounds as a result of SR tran-
sitions we follow Ref. 1 and use the micromagnetism approx-
imation by introducing a thermodynamic potential, which
jretrono e e is of the form®

rr .rr

(D=j J J. {% (VG)* - K‘z—(') ze—Fc"Hsz'f'Fa"Hsz}dr, (8)

where F° =~ F? is the spontaneous local magnetic moment in
the ', and T, phases due to the antisymmetric Dzyalo-
shinskii-Moriya exchange. For simplicity, we assume that
this interaction does not exhibit fluctuations and that F?
= F% = const = F,; this does not affect the qualitative re-
sults obtained below.

The random anisotropy constant K, (r) can be repre-
sented by its average value (K,) = K, and by a correlation
function K(r,,r,) = (6K,(r,)6K,(r,)), which would satis-
fy the principle of weakening of correlations,'® i.e., we
should have K(r,,r,) -0 in the limit |r, — r,| > «, and the
condition of statistical homogeneity of fluctuations of
K,(r): K(r,, r;) =K(r, —r,) (Ref. 10). These require-
ments are satisfied by a function of the
K(r, —r,) =D, exp( — |r, —1,|/R, type, usually em-
ployed in a theoretical analysis of the properties of disor-
dered magnetic materials'" here, D, is the dispersion and
R, is the correlation radius of fluctuations of the anisotro-
py. It should be pointed out that the form of K (r,, r,) deter-
mines the temperatures and critical fields of SR transitions,
whereas the qualitative nature of the SR process (the num-
ber of phases which occur in the course of the transition and
the sequence in which they are formed) is practically inde-
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pendent of the set K(r,, r,) if it satisfies the requirements set
out above.

We can find the angle 6 governing the orientation of the
average ferromagnetic vector relative to the ¢ axis by intro-
ducing an effective thermodynamic potential ® 4 (8) ob-
tained after elimination of fluctuations 86(r) = 6(r) — 8
from Eq. (8), as shown in Ref. 12:

®.,(8) _ K D, sin®8 cos®d

2g
@/ Rt g o 8 {a+[K, cos 20+% cos (B—g) 1"}?
— R cos(8—q), %)
where
R‘1=I?J?cf/a, .D;;=Dthu‘/azq %=HF0RC'12/G’ o= (H’ c)'

The ranges in which the equilibrium phases 8 , , = 0,7/
2,and 0 < 93 < /2, exist, deduced from the conditions for a
minimum of ® 4 (), are shown in Fig. 6. In addition to the
angle @ the stochastic magnetic structure can be described
also by a correlation function K, (r,, r,) of the orientational
fluctuations 58 (r), which in the case of these systems plays
the same role as the Edwards-Anderson parameter'? intro-
duced for spin glasses. As shown in Ref. 14, K, (r,,r,)

= (86(r,)80(r,)) is given by
D, sin*0 cos?H [_ |ri—r2| ]
a(0) [1+a(0) ]°*—D, cos? 28 exp R.,/a(®) 1’
(10)

KO (rh rz) =

where

a(9)={f(“ cos 20 — D, cos* 20

{1+[ R, cos 26+7% cos (B—¢) 1"}*
2
+ % cos (Q—cp)} .

(11)
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FIG. 6. Schematic phase diagram of the Y ,Lu, _,CrO, system. The
shaded regions represent intermediate polydomain states.
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If 8 12 =0, 7/2, the nonzero values of the dispersion
D, = K, ( — r,r) are possible only if we satisfy the condition

a(8=0, n1/2) [1+a(8=0, n/2) |’=D,, (12)

which sets the limit of existence of the AS(I",) and 4S(T",)
asperomagnetic structures (Fig. 6).

We shall first consider the case when H = 0. The angle
6(r), governed by the deviation of the vector F(r) from the ¢
(or a) axis, is the order parameter of SR transitions. In the
case of AS(T',, ) asperomagnetic structures the correlation
radius of the fluctuations §6(r), which amounts to
Ry, =R, /a(0,7/2), is finite, i.e., these are phases with a
short-range order. On reduction of |K,(r)| in the case of the
AS(T,, ) phases the value of R, increases and becomes infi-
niteon the OC, and OC, lines. This correspondstoacorrela-
tion of the deviations of the vectors F(r) from the ¢ and a
axes, discussed above, which appears in the vicinity of var-
ious regions characterized by a negative constant K, (r).

We now consider a canted phase with a long-range or-
der in the orientation of the vectors F(r) and G(r), at any
point in a crystal they are inclined relative to the ¢ and a axes.
It is clear from Eq. (10) that the correlation radius of the
orientational fluctuations §8(r) is in the form of the denomi-
nator of the argument of the exponential function
R, =R /a(0), whereas the dispersion of these fluctu-
ations D, = (66%(r)) = K(r, =r,) is governed by the
preexponential factor in Eq. (10). The simultaneous un-
bounded rise of R, and D, in the approach to a(8) -0 is
evidence of destruction of the long-range order and the ap-
pearance, as in the case of other disordered magnetic materi-
als,” of a magnetically heterogeneous state in which macro-
scopic domains of phases with different orientations of the
magnetic moments coexist. For H = 0, the quantity a(8)
tends to zero near the center of the SR region (when |K,| -0
and 8- 7/4) and near the boundaries OC, and OC .

Since the phase diagram in Fig. 6 is symmetric relative
to K, = 0, we shall consider the specific case of SR from the
I, to the ', phase when in the region OII ' there is a hetero-
geneous state representing a mixture of domains of the can-
ted phase and nuclei of the I, structure. It is shown in Ref.
14 that the nuclei appear at negative fluctuations K, (r) of
sufficiently large absolute value or extent. Following Ref.
14, we can easily show that a polydomain state observed in
the OC, C; range is a mixture of domains of the canted and
I, structures, and the latter are localized near strong or
extended fluctuations of X, (r).

It therefore follows that the I’y — I', SR process in mag-
netic materials with a competing anisotropy is complex. We
can assume that a crystal of Y, , Lu,,CrO, exhibits all the
structures shown in Fig. 6, whereas an increase in the con-
centration of Y>* in Y,,Lu,3CrO; results in a greater
(compared with the Y, ; Luy o CrO; system) positive contri-
bution to K, so that K; >0 does not decrease to the values
admitting the existence of the canted phase, and all the way
down to helium temperatures we have the AS(I",) struc-
ture.

We shall now consider the behavior of systems with a
competing anisotropy when they are subjected to an external
magnetic field. Figure 7a gives the angular dependence of
the field H 25(@) necessary to suppress the asperomagnetic
structure. It should be pointed out that in fields directed
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FIG. 7. Phase diagrams of a magnetic material with a competing anisotro-
py and an external field:a) Y, Lu, 4, CrO, at T = 4.2 K [4AS(I",) phasein
H =0];b) canted I',, phase (shown schematically) with shaded regions
representing intermediate polydomain states in which domains of the I',
and I',, phases (region 1) or I'; and I',, phases (region 2) coexist.

along the easy or difficult magnetization axes and exceeding
the corresponding critical values of H¢} and HZ’, orienta-
tional fluctuations of the vectors F(r) and G(r) are com-
pletely suppressed and we then obtain I',(G,,F,) and
I',(G, F, ) structures, respectively.

The diagram in Fig. 7a can account for the observed
features of the behavior of a sample of Y,,Lu,3CrO; at
temperatures 7<77 K if we assume that the AS(T",) mag-
netic phase forms in this sample. Then, rotation of the field
H in the bc plane suppresses the fluctuations of F(r) and
G(r) if the field is sufficiently close in orientation to the ¢
axis, i.e., if H, > H ;’“s It follows from the measured field
dependences of the magnetization that H f“S ~1kOeand that
the critical value of the projection of the field H / resulting in
a transition of the AS(T,) structure to the canted phase is
less than 100 Oe. Complete suppression of the fluctuations of
F(r) and G(r) and transition to the I', phase occur in a field .
H,>H?S, where H’S=~1.5 kOe. Rotation of a field
H = 500 Oe in the ac plane induces the I, canted structure
(Fig. 7a) when H is oriented near the c axis. This gives rise to
the experimentally observed (Fig. 3) dependence L. (¢). A
field H = 4.4 kOe > H 7, H [ suppresses the AS(T',) asper-
omagnetic phase; the anomalies of the L, (@) curves (Fig.
3) are then due to the nonmonotonic dependence of the aver-
age magnetic moment on its orientation [ F( 0) = |(F(r)|1;
these anomalies are discussed in Ref. 1.

The hypothesis of the existence of the AS(I",) phase in
Y,,Luy3 CrO, at T<77 K accounts also for the observed
features of the magnetostriction (Fig. 4). In fact, in this case
the application of a field H||c gives rise only to an anomalous
magnetostriction which is due to suppression of the fluctu-
ations of F(r) and G(r). The field H||c first induces a transi-
tion from the 4S(T',) to the canted phase I',, which is not
accompanied by magnetostrictive strains; then, (F) rotates
toward the a axis. The field H applied along the diagonal of
the ac plane induces a transition to the canted phase I",, and
then suppresses the orientational fluctuations of F(r) and
G(r). The associated anomalous contribution to the magne-
tostriction is then small (Fig. 4). We can therefore assume
that in the field H||a the magnetostriction is mainly due to
rotation of the vectors (F) and (G) . Then, bearing in mind
that the maximum values of the magnetostriction are equal
when H||a and Hj|c, it follows from Eq. (6a) that
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SF(r)>

Dy (AS(FA)) = 7

= sin?0,, (13)

where D,(4S(I',)) is the dispersion of the fluctuations
OF (r) and 6G(r) in the AS(T, ) asperomagnetic phase; 8, is
the asperomagnetic angle which sets the orientation of (F)
in the I', canted phase that appears in a field H||a, H> H |,
(Fig. 7a). This result is in agreement with simple qualitative
ideas.

It should be pointed out that in our experiments we saw
no hysteresis, i.e., a sample of Y, , Lu, ; CrO, returned from
the 'y, canted structure to the initial asperomagnetic state
AS(T,) after removal of the field, and also on rotation of H
to the corresponding regions in the diagram of Fig. 7a. In all
probability, this is due to the magnetostatic interactions. In
fact, the appearance of this asperomagnetic structure results
in vanishing of the projection of the magnetic moment of the
sample along a direction perpendicular to (F) and, conse-
quently, provides an alternative to the formation of the usual
canted structure domains [these domains cannot appear in
the range where the asperomagnetic phase exists because of
the absence of the long-range order of the orientations of
F(r) and G(r) in this phase].

We now analyze the characteristic features of the be-
havior in a magnetic field of a system suchas Y, , Luy ,CrO,
near an SR transition. This compound exhibits an unusual
angular dependence of the shear magnetostriction curve and
the torque curve (Figs. 1 and 2), suggesting that rotation of
amagnetic field # = 100 Oe in the ac plane gives rise to first-
order SR transitions in this crystal at temperatures 82-79 K.
Such transitions occur via intermediate polydomain states
where the canted phase and the T, structure coexist in a field
H lying near the c axis, whereas the I', phase appears for a
field H near the a axis. An analysis of the phase diagram of
magnetic materials with a competing anisotropy in a field
H = 0 has shown that such states appear spontaneously as a
result of loss of the long-range order by the canted phase due
to large-scale fluctuations 86(r).

We now allow for the influence of the field. Figure 7b
shows the angular dependence of the critical field necessary
to suppress large-scale fluctuations which give rise to inter-
mediate domain structures (the corresponding regions are
shown shaded in Fig. 7b). It is clear from Fig. 7b that rota-
tion of a static field H results in an SR transition via interme-
diate polydomain states when ¢ < ¢, and ¢ < @,. Observa-
tion of the corresponding linear parts of the dependence L,
(¢) and A,(@) makes it possible to determine the range of
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existence of the canted phase in Y,,Lu,,CrO,, which in
fact is 79-82 K. :

CONCLUSIONS

Our investigations demonstrate that all the experimen-
tal results obtained for Y, Lu, _ ,CrO, samples by the usual
methods of investigation of SR processes in rare-earth per-
ovskites cannot be explained self-consistently on the basis of
a classical pattern of orientational transitions observed in
ordered compounds belonging to the same class.

On the other hand, all the experimental results agree
with a picture of SR processes typical of disordered magnetic
materials with a competing anisotropy. This allows us to
assume that the system in question has a disordered state
described above. We think that the experimental methods
we have developed can be used to detect and investigate sto-
chastic magnetic structures in other disordered magnetic
materials.

The authors are grateful to A. M. Kadomtseva and K.
P. Belov for valuable discussions of our results, and to I. G.
Bostrem for the help in numerical calculations.
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