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Two-dimensional XY -like amorphous Co68 Fe24 Zr8 /Al70 Zr30 multilayers
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We present an experimental realization of a magnetic two-dimensional XY system using amorphous
materials. The classification of the dimensionality is based on the critical behavior of amorphous
Co68 Fe24 Zr8 (d)/Al70 O30 (20Å) multilayers, where d = 11 − 16Å. Analysis of the remanent magnetization, the
magnetic isotherms, the initial susceptibility, and the magnetic correlation length shows that the magnetic
phase transition can be described by the 2D XY model. The samples are not paramagnetic above the critical
temperature but are characterized by local magnetic order manifested in the field and temperature dependence
of the magnetization. Furthermore, an average spin-spin interaction length of 8.1 Å was estimated using the
thickness dependence of the Curie temperature.
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I. INTRODUCTION

Theories and experiments on critical phenomena
link together diverse fields such as low dimensional magnetism
and turbulence.1 While melting is an example of a first-order
phase transition, magnetic ordering is the first and foremost
modeling system for second order, or continuous, phase
transitions. The critical behavior of magnetic systems can
be divided into nine universality classes according to their
spatial and spin degrees of freedom. Of those, only four
show net magnetization in the thermodynamic limit. This
limit is reached when the system is infinitely large in all
spatial dimensions (3D) or infinitely large in two spatial
dimensions while infinitely small in the third dimension (2D).
The critical temperature (Tc ) is defined as the temperature
where the spontaneous magnetization disappears. Close to Tc ,
the thermodynamic properties can be described by power laws,
for which each universality class has its own characteristic set
of critical exponents.2
It was long believed that no spontaneous magnetization
could exist in 2D XY systems, as described in the wellknown Mermin-Wagner theorem.3 However, Kosterlitz and
Thouless showed that even though 2D XY systems do not
have a net magnetization, they undergo a phase transition with
binding/unbinding of vortices at a critical temperature, known
as TKT . This transition has a signature of criticality making it
possible to characterize the 2D XY systems experimentally.4,5
Both the Mermin-Wagner theorem and the KT theory are valid
in the thermodynamic limit, but the sample size needed to
suppress collinear magnetic order is of planetary length scales
and thus finite size effects guarantee magnetization in any
realizable experiment.6
The influence of magnetic and structural disorder on phase
transitions has been the source of inspiration for a large
amount of theoretical and experimental efforts.7–11 One of the
important findings is the confirmation of the Harris criterion,12
which states that structural disorder will not affect the critical
exponents if the exponent associated with the specific heat,
α, is smaller than zero, i.e., when the specific heat does not
diverge and therefore is finite for all temperatures. This is
illustrated by bulk amorphous structures belonging to the 3D
Heisenberg class where α is negative.
1098-0121/2011/83(22)/224404(7)

Studies of the critical behavior in thin amorphous magnetic layers are scarce and investigations of amorphous
(Tb0.27 Dy0.73 )0.32 Fe0.68 multilayers are one of the few existing
examples in the literature. Depending on the material in
the spacer layers, Cr (magnetic) or Nb (non-magnetic), the
dimensionality of these samples is either 3D Heisenberg or
2D Ising like.13 These results show that the Harris criterion
appears to be valid for the 2D Ising systems, with α = 0. The
exponent α is not defined in the 2D XY model and the Harris
criterion can thus not be applied. However, theoretical work
on a disordered 2D XY system shows that the phase transition
survives if the disorder is small enough.14,15
The magnetic properties of amorphous thin films and multilayers are an emergent area of research, but the critical behavior
is rarely addressed. To our knowledge, no measurements on
layered 2D XY systems have been reported in the literature.
This paper presents an experimental realization of structurally
amorphous 2D XY magnetic layers.
II. EXPERIMENT

The multilayers were grown using magnetron
sputtering. The nominal structure was Si/SiO2 /
Al70 Zr30 (20Å)/[Co68 Fe24 Zr8 (d)/Al70 Zr30 (20Å)] ×10/Al2 O3
(20Å), where d = 11 − 16Å. The background pressure in
the chamber prior to deposition was below 8 × 10−8 mTorr
and the substrates were heated to 650◦ C for 1.5 h in order to
outgas the Si surface. The films were deposited from alloy
targets at room temperature and 2 mTorr argon (6N) was used
as sputtering gas. The growth rates were kept low (≈0.4Å/s)
to ensure good control of the layer thicknesses. The samples
were grown using a previously developed procedure, which
has been proven to yield high-quality amorphous structures.16
The layering of the samples was investigated using x-ray
reflectivity. The GenX package17 was used to fit the data
and the results of the fits for d = 12 − 14 Å are plotted in
Fig. 1. The samples with magnetic layers thicker than 14 Å
had a Curie temperature above 300 K, which is outside the
accessible temperature range of the experimental setup used
to measure the magnetization, and they are therefore not
discussed further here. The final fitting parameter values
for the other samples are listed in Table I. The samples are
denoted after their nominal CoFeZr-thickness.
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FIG. 1. (Color online) Measured x-ray reflectivity (black) together with simulations (red). Labels refer to the nominal CoFeZr
thicknesses. The curves are offset for clarity and the vertical dashed
line serves as a guide to the eye.

The magnetization was investigated using a setup which utilizes the magneto-optical Kerr effect (MOKE).18 The samples
were mounted in an optical cryostat, shielded by three layers
of mu-metal to reduce magnetic stray fields. A 5 Hz alternating
magnetic field (±7 mT) generated by a pair of Helmholtz coils
was applied, and hysteresis loops were continuously recorded
while varying the temperature with a cooling rate of 0.2 K/min.
Measurements recorded during 30 seconds were averaged to
give one final hysteresis loop. From this series of hysteresis
loops, the remanent magnetization as a function of temperature
was extracted. The resulting magnetization data are therefore
a running average from a temperature range of 0.1 K,
which ultimately determines the temperature resolution in
the analysis. In addition, the ac susceptibilities of the samples
were measured using the same setup. The excitation field was
then about 20μT and the frequency 215 Hz.
III. THEORETICAL BACKGROUND

The spontaneous magnetization vanishes at the critical
temperature (Tc ). In the vicinity of Tc , some of the magnetic
properties can be described by the following power laws2 :
M(T ) ∝ (1 − T /Tc )β = (−t)β ,
M(H ) ∝ H 1/δ ,

(1)
(2)

χ (T ) ∝ (T /Tc − 1)−γ = t −γ ,
ξ ∝ (T /Tc − 1)−ν = t −ν ,

(3)
(4)

where M is the zero-field magnetization, T is the temperature,
H is the applied field, χ is the magnetic susceptibility, ξ is the
magnetic correlation length, and t is the reduced temperature.
TABLE I. Result of the fits to the XRR data, where
is the
bilayer thickness, dCoFeZr is the thickness of the CoFeZr layers, and
σr is the average roughness in the CoFeZr layers.
Sample
11 Å
12 Å
13 Å
14 Å

(Å)
27.70(9)
29.11(6)
30.04(6)
31.16(6)

dCoFeZr (Å)

σr (Å)

10.9(5)
11.9(3)
13.0(9)
14.3(2)

5.0(7)
5.1(1)
5.2(2)
5.1(2)

The critical exponent β was determined to be 3π 2 /128 ≈
0.23 for the finite size 2D XY phase transition, by Bramwell
and Holdsworth in 1993.6 In this and following papers, they
successfully built up the theory of finite size 2D XY systems,
which in many aspects is identical to the KT theory and all
properties converge to those of a KT-phase transition in the
thermodynamic limit.6 In contrast to other phase transitions,
finite size 2D XY systems are not characterized by one
critical temperature but three, the Curie temperature (TC ),
the Kosterlitz-Thouless temperature (TKT ), and the finitesize shifted KT-temperature (T ∗ ). TC is the usual critical
temperature, where the long-range spontaneous magnetization
disappears, but finite-size effects give substantial contribution to the magnetization making it hard to unambiguously
determine its value. In the thermodynamic limit, the critical
exponents δ and η take their universal values of 15 and 1/4,
respectively, at TKT ,5 but in finite systems the universal values
appear at another temperature T ∗ :19
T ∗ (L) ∼
= TKT +

π2
,
4c(lnL)2

(5)

where L is the system size and c ≈ 2.1 is a constant. TKT is still
important and plays a role when characterizing the correlation
length and the susceptibility:5,20




B
(2 − η)b
2−η
= exp 1/2 , (6)
χ (T ) ∝ ξ
∝ exp
(T /TKT − 1)1/2
where b is a nonuniversal constant.21
The above equation implies that Eqs. (3) and (4) are not
valid for 2D XY systems and therefore γ and ν are not defined.
IV. RESULTS AND DISCUSSION
A. Critical properties

TC and β were determined by fitting the temperature
dependence of the remanent magnetization, using Eq. (1), for
all the samples exhibiting spontaneous magnetization. The
11 Å sample showed no ferromagnetic ordering for T > 15 K
and the samples with magnetic layers thicker than 14 Å had
a TC > 300 K. The critical temperatures of these samples are
outside the accessible temperature range of the experimental
setup and are therefore not discussed further. The result
obtained from the 12 Å sample is shown in Fig. 2, which also
illustrates hysteresis loops obtained at different temperatures.
The magnetization does not go abruptly to zero but shows
a pronounced tail. The Curie temperature obtained from this
fit was used as an input for a double logarithmic plot of the
magnetization data versus reduced temperature; see Fig. 3.
The resulting linear fit in the interval 10−3  −t  10−1 is
also shown in the figure.
The presence of inhomogeneities in the sample can
potentially give rise to a distribution in the inherent ordering
temperature and thereby a tailing in the magnetization.
A routine proposed by Elmers et al.,22 which involves a
convolution of Eq. (1) and a Gaussian distribution of TC , was
used in an attempt to capture this. The convolution yielded
decreased range of linearization and was therefore abandoned.
The tailing can therefore be ascribed to finite size effects,
which are hard to capture quantitatively. The results of the

224404-2

M (arb. units)

μ0Hc (μT)

TWO-DIMENSIONAL XY -LIKE AMORPHOUS Co68 Fe . . .

PHYSICAL REVIEW B 83, 224404 (2011)
TABLE II. Critical properties determined from the remanent and
field dependent magnetization. TC and β were obtained from a direct
fit to Eq. (1).
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FIG. 2. (Color online) (a) The coercive field of the 12 Å sample
versus temperature. (b) Magnetization of the 12 Å sample versus
temperature. The solid line (red) corresponds to a fit to Eq. (1). The
insets show hysteresis curves, where the applied field is −6.5 
μ0 H  6.5 mT, at selected temperatures.
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FIG. 3. Magnetization versus reduced temperature plotted on a
logarithmic scale. β was determined by a linear fit (solid line) of the
data in the interval 10−3  −t  10−1 , indicated by the dashed line.
The data sets are offset for clarity.

(7)

and thus the knowledge of TC and T ∗ can be used to calculate
TKT . The result of the analysis of the magnetization is presented
in Table II.
The ac susceptibilities of the 12–14 Å samples are plotted in
Fig. 6. They show a remarkable change of shape with thickness,
but the common feature is that the peak corresponding to the
phase transition is followed by a second broad feature at lower
temperatures.
Two peaks in the ac susceptibility have been observed for
amorphous bulk samples when measured in a weak external
dc field.26–29 The samples in those studies (besides that of
Gaunt et al.28 ), exhibit a mixed spin glass and ferromagnetic
phase with TC ≈ TFG , i.e., the ferromagnetic to spin-glass
transition temperature. Gaunt et al. argued that the second peak
was an effect of details in the magnetization process such as
domains,28 and Saito et al. used a similar approach to explain
a third peak they observed between the peaks corresponding
to TC and TFG .26
Magnetization (arb. units)

Magnetization (arb. units)

direct fits are presented in Table II and the linear fits are plotted
in Fig. 3. Only the 12 Å sample has the β value expected for the
2D XY class, but all samples are closer to β = 0.23 than to a
value associated with any other universality class. No trend in β
with increasing film thickness that could indicate a cross-over
to 2D Ising or 3D critical behavior can be observed. A deviation
from the expected 2D XY value of β can be understood within
the framework of the 2D XY h4 model. 2D XY h4 systems
exhibit a bimodal distribution in β, bound by the values for
the pure 2D Ising and XY classes, depending on the strength
of the four-fold crystal field (h4 ) relative the coupling constant
(J ).23 Here, the h4 field must be regarded as a local property16
due to the absence of a global anisotropy, but the effect on the
phase transition stays the same. The observation of β being
lower than 0.23 can therefore be viewed as a consequence of
the presence of a local random anisotropy originating in the
spin orbit coupling.16
The critical exponent δ was determined in a similar
fashion as β: all log(M) versus log(μ0 H) were fitted to linear
expressions and δ at TC was extracted. Equation (2) fails to
describe the magnetization at low fields due to the coercivity
(Hc ). Hence, only fields between 0.1 and 6.5 mT were included

in the fits, to stay above μ0 Hc in the temperature range of
interest. The magnetization as a function of applied field is
plotted on a double-logarithmic scale in Fig. 4 and δ at T = Tc
is presented in Table II.
It is evident that the δ exponents belong neither to the 2D
Ising (δ = 1524 ) nor to the 3D classes (δ ≈ 4.7825 ). This is in
agreement with the 2D XY model, where δ is not defined at TC .
Instead, T ∗ can be identified as the temperature where δ = 15;
see Fig 5.
According to Bramwell and Holdsworth,6 there is a simple
relationship between TC , T ∗ , and TKT ,

1

10

FIG. 4. Magnetization versus field at TC plotted on a logarithmic
scale. δ was determined by a linear fit (solid line) to the data. The
data sets are offset for clarity.
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FIG. 5. Magnetization versus field at the temperature defined as
T ∗ , where δ = 15, plotted on a logarithmic scale. The data sets are
offset for clarity.

In those examples, no additional peaks are visible without
an external dc field on the order of 2 mT, but in the present
measurements on the CoFeZr multilayers, no static field is
applied and, furthermore, the samples were shielded from
the Earth’s magnetic field. In addition, no maximum in the
magnetization is observed for temperatures around the second
peak, which is expected if the sample has spin-glass character.
At low temperatures, the remanent magnetization decreases,
but this reduction is a consequence of the field being too
weak to saturate the magnetization, and consequently minor
loops are recorded. The results given by Sankar et al.30 are
closer to the one reported here, even though the measurements
are on polycrystalline bulk samples, and the authors observe
a splitting of the ac susceptibility without applying any
external dc fields. Their samples are close to the spin-glass
composition, and they refer the second peak to interaction
between large long-range ordered ferromagnetic clusters and
small magnetically ordered clusters. They do not give an
explicit statement on what kind of magnetic ordering is present
in the small clusters, i.e., if they are ferromagnetic, spin-glass
like, or show some other ordering.
The shape of the susceptibility of the CoFeZr samples
can be regarded as being caused by two mechanisms. The
peak at high temperatures corresponds to the ordering of
spins on large length scales, i.e., the phase transition. But
not all spins are ordered at and right below TC , some are

χ/χmax (arb. units)

1.0
0.8
0.6

Tmax

where χi is the ith data point in the susceptibility, Tmax is the
maximum value of the temperature, Tx is the starting point of
the fit, σi is the uncertainty associated with the data, B and
a are the constants determined by the linear fit, and n is the
number of data points included in the fit. Note that not only
the data points of the linear fit are included in the calculation
of χ 2 but also the data where χ  0. In the procedure, TKT
was changed in steps of 0.02 K and for each value of TKT ,
Tx was varied. A new linear fit was made to the data for each
combination of TKT and Tx . The fit with the best χ 2 was found
and used for the final results, which are given in Table III. For
completeness, a power-law divergence [Eq. (3)] was used to
describe the susceptibility. The exponent γ was determined
using a scheme analogous to the one described above for the
constant B.
Figure 7 shows a comparison between the power-law fit
and the exponential fit for the 13 Å sample. Both equations
give a good fit to the data, but the γ values do not agree with
the expected ones for the 2D Ising or 3D models (γ = 1.7524
and γ = 1.24 − 1.40,25,32 respectively). In addition, the fitted
TABLE III. Result of linear fits of Eqs. (3) and (6) to the
initial susceptibilities. The fits were made using both the critical
temperatures from the analysis of the magnetization data (†) and the
critical temperature as a free parameter (††).

0.4
0.2
0.0

still uncorrelated and the ordered regions can have different
easy axes due to the presence of random anisotropy in the
samples. When the ferromagnetic regions grow and meet,
the spins on their boundaries become frustrated and follow
the applied field easily. This effect could give rise to a
second peak as observed here. Another view, which originates
from the inherent properties of the 2D XY model, can be
more appropriate. 3D samples exhibit a well-defined critical
temperature, while 2D XY samples exhibit criticality in a
wide temperature range. The consequence of the criticality
is nonvanishing susceptibility, originating in the quasi-static
magnetic excitations caused by the presence of vortex states.
The susceptibility of a finite two-dimensional XY model has
been calculated and it shows indeed a double divergence.31
The analysis of the critical properties above implies that the
samples with d = 12 − 14 Å belong to the 2D XY class and
therefore the initial susceptibility should show an exponential
divergence [Eq. (6)]. B is determined by a least-square linear
fit to ln(χ ) versus −1/2 . Taking the logarithm of χ naturally
leads to the need to cut the data where χ = 0. The unknown
parameters in the fits are not only B and a constant, but also the
starting point (Tx ), which gives the best fit. To be able to find
this point, the goodness of the fit is maximized by minimizing
the reduced χ 2 value which is given by

2

i Tx
1
1 
B
2
χi − exp
+a
, (8)
χ =
n−2i
σi
(Ti /TKT − 1)

80 100 120 140 160 180 200 220 240 260
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FIG. 6. (Color online) The real part of the ac susceptibility, from
left to right the 12 Å, 13 Å, and 14 Å sample. The data is normalized
to the maximum value of the susceptibility for each sample.
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of bulk Co68 Fe24 Zr8 is not known but is roughly 800 K.36,37
Since the observed upper thickness limit for magnetic ordering
is 11 Å, Eq. (9) needs to be slightly modified:
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FIG. 7. (Color online) Linear fit to the initial susceptibility of the
13 Å sample to Eq. (6) (red dashed line) and Eq. (3) (black solid line);
see text for details. The data points included in the fit are indicated
by the dashed vertical lines.

values of TKT are much closer to the ones determined from the
magnetization data than the values of TC . The constant B is a
nonuniversal value, but it can be noted that the values obtained
here are close to that of an earlier measurement on thin films
where B = 1.6 ± 0.1.22 The susceptibility data of the 12 Å
sample were very scattered and the results of those fits must
be interpreted with caution.
Both TC and T ∗ increase linearly with the thickness of
the CoFeZr layers; see Fig. 8. A linear dependence of TC
on thickness is also found for thin films in the few monolayer
limit.33,34 Zhang and Willis used a model within the mean-field
approximation to derive an equation that links the shift of the
Curie temperature [TC (n)] to the average spin-spin interaction
range (N0 ):
TC (n)
1
= (n − 1)
,
TC (∞)
2N0

(9)

where n is the thickness of the ultrathin film in monolayers
(ML) and TC (∞) is the bulk Curie temperature. The equation
implies that a 1 ML film will not be ferromagnetic, which
is incorrect in many cases. The equation nevertheless gives
a good approximation of N0 that is in reasonable agreement
with experimental data.35
The spin-spin interaction length in the CoFeZr layers can
be estimated using the same approach. The Curie temperature

(10)

where d denotes the thickness of the magnetic layers in
Ångströms and d0 is the thickness where no magnetic order
appears at T > 0. A fit of Eq. (10) to the data gives N0 = 8.1 Å,
which is about the same range as in the itinerant ferromagnets
Co and Ni: N0Co ≈ 3.9 Å, N0Ni ≈ 8.8 Å.35
The Curie temperature of an 11 Å thick layer is overestimated if a linear relationship between TC and d is assumed
for all thicknesses. This is equivalent to crystalline thin films,
where TC (d) follows a power law for large d 38 and is then linear
for smaller d values with a change of slope for thicknesses
close to d0 .39
B. Field dependence above Tc

All long-range magnetic order is destroyed as the temperature exceeds the Curie temperature. This does, however, not
imply the absence of short-range order and the correlation
length (ξ ) can be used as a measure of the range of the
short-range order. In the 2D XY model, the correlation length
decays as5,20


b
,
(11)
ξ (T ) ∝ exp
(T /TKT − 1)1/2
where b is a constant. The magnetic correlation length cannot
be directly measured from the experimental techniques used
here. The presence of magnetic correlation can, however, be
obtained by exploring the field dependence of the magnetization above TC , using the following assumptions: Assume
that the fluctuations can be regarded as local order in the
form of dynamic macrospins and that the size of these is
only marginally affected by small external fields. As seen
in Fig. 9, the hysteresis loop (12 Å at T =114K, t = 0.06)
does not exhibit a typical linear paramagnetic behavior, but
an s shape. The linear response of the magnetization at small
fields can be understood as the lining up of the otherwise
uncorrelated macrospins. At higher fields, the macrospins are
already aligned, giving rise to much weaker field dependence.
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FIG. 8. TC (open squares) and T ∗ (closed triangles) versus the
thickness of the magnetic layer. The right axis shows the relative
Curie temperature and the solid line is a fit of Eq. (9) to TC .
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FIG. 9. The hysteresis loop at 114K of the 12 Å sample. The
intersection of two linear fits to the magnetization at low and high
applied field defines the cross-over field.
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FIG. 10. (Color online) The top half of hysteresis loops of the
14 Å sample at four different temperatures. The solid lines (red)
correspond to fits to Eq. (12).

FIG. 12. (Color online) The correlation length as function of
(T /TKT − 1)−1/2 on a semi-logarithmic scale. The constant b was
determined by linear fits (black lines) to Eq. (11).

Here we define the cross-over field (COF) by the intersection
of two lines connecting these two field regions. The COF
should therefore be a measure of the field needed to align the
macrospins, which in turn should scale inversely proportional
to their magnetic moment.
The COF data only give a qualitative estimate of the
magnetic moment of the macrospins. However, it can be put
on a more rigorous footing using a macrospin model where
M(H ) can be described as

can be calculated if a cylindrical shape of the macrospin is
assumed:

 1/2 
M 1/2
V
∝
,
(13)
ξ∝
d
md




μ0 H μ
M(H ) ∝ nμL
.
kB T

(12)

Here, n is the density of macrospins, μ is the magnetic moment,
μ0 is the permeability of free space, kB is Boltzmann’s constant, and L(x) = 1/ tanh(x) − 1/x is the Langevin function.40
The model allows an estimation of the average magnetic
moment in the ordered regions by fitting the hysteresis loops
to Eq. (12). Only the top half of each loop was used in the
analysis, and in Fig. 10, examples from four temperatures are
plotted. Figure 11 shows the clear correspondence between the
COF and Langevin approaches.
The magnetic moment is proportional to the number of
spins in the volume of the macrospin, and the correlation length

20

inverse COF
3.2
from Langevin fit

15

2.8

10

2.3

5

1.6

where V is the volume of the macrospins, d is the thickness of
the magnetic layer, M is the average magnetic moment of the
macrospins, and m is the moment per magnetic atom.
The moment per atom can be estimated, using a literature
value of the remanent magnetic moment at T /TC ≈ 0.4 of bulk
CoFeZr (49 emu/g37 ), which corresponds to 0.58 μB /atom in
the CoFeZr layers in the samples. The size of both the magnetic
moment per macrospin and the correlation length should be
taken as indicative values, due to the inherent uncertainties in
these estimations.
The constant b was determined by linear fits of the
correlation length plotted on a semi-logarithmic scale. The
results are presented in Fig. 12. The constant B, which
is associated with the susceptibility, is equal to (2 − η) b
according to Eq. (6). The behavior of η above TC is not well
established so the approach of Als-Nielsen et al.20 was used,
where η = 0 and thus B = 2b. The 13 Å and 14 Å samples
fulfill this relationship, while the 12 Å sample does not. The
B value of the latter is questionable though, due to the poor
susceptibility data. If the correlation length is plotted versus
the reduced temperature on a double logarithmic scale as a
function of the reduced temperature, the data appear linear
with a slope of ≈ − 0.85 for all samples.
V. CONCLUSIONS
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FIG. 11. (Color online) Comparison between the inverse crossover field and the magnetic moment from Langevin fits of the 14 Å
sample. The COF data is rescaled with respect to the Langevin data
at 237 K.

All available magnetic properties have been explored in
a thorough investigation of the critical behavior of thin
amorphous Co68 Fe24 Zr8 layers. Analyses of the remanent
magnetization, the magnetic isotherms, the initial ac susceptibility, and the magnetic correlation length show that the
samples are best described by the two-dimensional XY model.
These layers therefore represent an experimental realization
of a 2D XY system with structural disorder. Furthermore, the
field and temperature dependence of the magnetization above
the Curie temperature has been used to obtain a measure of
the correlation length using the magneto-optical Kerr effect.
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Structural disorder and random anisotropy are found not to
destroy the 2D XY transition. The only exponent that can be
compared to theory is β, which is somewhat smaller than
the expected theoretical value for the pure 2D XY model.
This can be viewed as a consequence of the presence of
a local anisotropy, a perturbation shifting the universality
toward the 2D XY h4 class. The average spin-spin interaction
range in the Co68 Fe24 Zr8 layers has been estimated to
8.1 Å from the variation of critical temperatures with layer
thickness.
The susceptibility shows two peaks. The peak at high
temperature marks the phase transition to long-range ferromagnetic ordering. The wider peak at lower temperature may
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