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Short-range order in Au-Fe alloys studied by high-temperature Mossbauer spectroscopy
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Local atomic configurations of iron atoms in Au& „Fe„alloys with x =0.01,0.05,0. 15 are inves-
tigated from 300 up to 1100 K using high-temperature Mossbauer spectroscopy. In all alloys a
short-range order (anticlustering) tendency is observed. Complementary x-ray small-angle scatter-
ing experiments reveal no Fe clusters of the Guinier-Preston-zone type in agreement with the result
from Mossbauer experiments. The temperature dependence of the first short-range-order parame-
ter, a&, obtained from the Mossbauer spectra, is surprisingly weak. A computer simulation shows
that, however, the short-range-order can be temperature dependent due to the effect of higher-order
correlations, namely third-neighbor Fe-Fe pairs. These higher-order correlations may play an im-

portant role for the magnetic properties at low temperature.

I. INTRODUCTION

Au-Fe alloys are well known for their interesting mag-
netic behavior which does not only depend on the Fe con-
centration but also on the thermal history of the sample.
Magnetic susceptibility' and Mossbauer spectroscopy
show that in the concentration range near 15 at. % Fe the
transition from a paramagnetic to a ferromagnetic state is
followed, at very low temperatures, by a second transi-
tion to a spin-glass state. No ferromagnetic phase is
found at smaller iron concentrations: The paramagnetic
state changes directly into a spin glass. It is generally be-
lieved that the double magnetic transition near 15 at. %
Fe is associated with interacting ferromagnetic spin clus-
ters, which can be observed directly by magnetic neutron
small-angle scattering. On the other hand, there is a
strong dependence of the magnetic phase diagram on the
previous sample treatment at high temperatures and
therefore on the atomic order present in the alloy.

Some time ago an investigation of the atomic ordering
by diffuse x-ray scattering showed intensity near the
(1—,'0) reciprocal-lattice point, which was interpreted as
arising from iron-rich platelets in an iron-poor matrix.
This model was used by Violet and Borg to interpret
their Mossbauer data at low temperatures in terms of the
coexistence of two phases with different Fe content. This
was the start of a considerable controversy regarding the
interpretation of Mossbauer data in the region of the
double transition. Additional information on the nature
of the atomic ordering in Au-Fe was obtained during the
last years, but the results are still controversial: New
measurements with diffuse x-ray scattering confirmed
the results of Dartyge et al. Some authors investigated
Au-15 at. 7o Fe by transmission-electron microscopy and
claimed the existence of Fe clusters similar to Cruinier-
Preston (GP) zones in Al-Cu or Cu-Be. No clusters
were, however, observed by Stobbs' using high-
resolution electron microscopy, even though in electron
diffraction patterns of the same samples intensity ap-
peared at the (1—,'0) reciprocal-lattice point. He conclud-

ed that this intensity was due to a short-range order
(SRO) of the (1—,'0) "special-point" type similar to Au4Cr,
Au&V, or Ni4Mo. " Consequently the two different iron
sites observed by Mossbauer spectroscopy at low temper-
atures should not be due to the existence of two different
phases (iron-rich and iron-poor) but to different local en-
vironments of Fe atoms within a single, short-range-
ordered phase. Finally a recent study of the magnetic
SRO by diffuse neutron scattering' showed that, like
atomic scattering, magnetic diffuse scattering is also cen-
tered at the (1—,'0) point but cannot be entirely attributed
to isolated ferromagnetic platelets (GP zones). The au-
thors concluded on some mixture of ordering and cluster-
ing. '

To gain more insight into the atomic SRO of Au-Fe al-
loys we have undertaken an investigation using
Mossbauer spectroscopy at high temperatures in the
paramagnetic state of Au-Fe. The starting point was a
recent work by Whittle and Campbell' who measured
the Mossbauer spectra in Au-Fe alloys after quenching
from high temperatures. They deduced a negative first
SRO parameter indicating "anti-clustering, " but the re-
sults for the higher temperatures might have been biased
by the quenching procedure. To avoid this effect we have
performed Mossbauer investigations directly at high tem-
peratures which enabled us to obtain the first SRO pa-
rameter up to 1100 K without quenching the sample. Fi-
nally, the possible existence of GP zones has been investi-
gated using x-ray small-angle scattering performed on the
same sample.

II. EXPERIMENTAL PROCEDURE

The starting materials were Au and Fe with 6N and
3X purity, respectively. Three different specimens with
Fe concentrations of 1, 5, and 15 at. % were prepared by
using an electron gun under ultrahigh vacuum (10
mbar). No weight loss was detected after melting, and
the concentrations of Fe were checked to an accuracy of
+0.5 at. % by x-ray diffractometer measurements of the
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lattice parameter. Therefore, the nominal Fe concentra-
tions will be used in the following. The specimens were
cold-rolled down to 3-pm thickness as appropriate for the
use as Mossbauer absorber specimens. The measure-
ments were performed under ultrahigh vacuum (10
mbar) in a special high-temperature furnace, which has
been recently described. '" The highest temperature in
this experiment was 1200 K. During measurements at
high temperature the specimen temperature was con-
trolled within +1 K. Typical measuring time was be-
tween 1 and 3 days per spectrum using a 100 mCi Co-
in-Rh standard source with a full width at half maximum
(FWHM) of 0.12 mm/s.

tion due to saturation effects. ' In addition, for the
transmission-integral fit the absorber linewidths of the
different components do not depend on the effective
thicknesses as in the conventional Lorentzian fit. There-
fore, it was possible to keep the linewidths constant for
all components in every interaction during the

T = 285 K

0.90

III. RESULTS

In order to deduce a short-range-order parameter and
its temperature dependence from the Mossbauer spectra,
both the hyperfine parameters and the Debye-Wailer fac-
tors for the difFerent atomic configurations of Fe in Au
should be well known. For that aim, we first investigated
a specimen of Au-5 at. %%ucFe. Th ehyperfin eparameters
obtained for this alloy were then completed by some re-
sults from Au-1 at. % Fe and used to perform an analysis
of the Mossbauer spectra from Au-15 at. % Fe. By this
procedure a consistent set of parameters was obtained for
all three alloys. This enabled us to assign the different
contributions in the Mossbauer spectra to particular ar-
rangements of the nearest neighborhood of the
Mossbauer probe atom. Thus, finally, information about
the SRO of Au-Fe was obtained.

A. Fit parameters for Au& „Fe„
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Figures 1(a) and 1(b) show Mossbauer spectra of Au-5
at. % Fe for an as-rolled and an annealed sample, respec-
tively. The spectrum of the as-rolled specimen at room
temperature, which is presented at the top of Fig. 1(a), is
quite similar to those published in former work. ' ' '
When the as-rolled sample is heated up the relative inten-
sities of the satellite lines irreversibly decrease at about
450 K, as shown in Fig. 1(a). These satellite lines never
reach their original heights in the spectra during all sub-
sequent temperature cycles and therefore characterize the
as-rolled state. In no spectrum did we find a six-line com-
ponent attributable to ferromagnetic iron precipitation,
as had been reported by some authors. '

We have fitted all spectra using transmission in-
tegrals' ' with three different components in order to
obtain directly an effective thickness, T~, which is ex-
pressed by
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where o.o is the resonance cross section, t~ the thickness
of the absorber, X the total number of resonant absorbing
atoms ( Fe) per unit volume, I'; the fraction of absorbing
atoms corresponding to the ith component, and f; the
Debye-Wailer factor (the recoil-free fraction) for the ith
component. We use the transmission-integral fitting be-
cause, for a finite thickness of the absorber, the conven-
tional Lorentzian fit may give a wrong value for the frac-
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FICy. 1. Mossbauer spectra of Au-5 at. % Fe (a) during in-
creasing temperature (starting with an as-rolled sample) and (b)
during decreasing temperature.
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transmission-integral fitting. A possible texture effect on
the resonance intensities of the doublet can be excluded,
because fits using two single lines instead of a doublet
yielded always the same intensities for the two lines.
Consequently, only symmetric doublets have been used in
our fits.

For all three components the effective thickness (a), the
linewidth (b), the center shift (c), and the quadrupole
splitting (d) are plotted in Fig. 2 as functions of tempera-
ture. The solid symbols show the data points for the as-
rolled sample and the open symbols show the equilibrium
states after annealing at high temperature. The tempera-
ture dependence of the total efFective thickness, which is
drawn by asterisks in Fig. 2(a), can be well described up
to 900 K using a Debye model with a Debye temperature
of 254 K: Deviations from the Debye model are only ob-
served above 900 K where the linewidth [Fig. 2(b)] starts
to increase due to the diffusion of Fe atoms. Such a devi-
ation from the Debye model has been observed in many
systems and can be interpreted as an anharmonic effect.
From the line broadening above 900 K a diffusion con-
stant of D&, =3.8X10 ' cm /s at 1121 K can be de-
duced, which is in good agreement with tracer data. '

The center shifts for all components [Fig. 2(c)] follow the
usual second-order Doppler shift corroborating the fits of
the high-temperature spectra, where the same set of com-
ponents as found for the room temperature spectrum was
used.

The typical Mossbauer spectra of Au-1 at. %%uoFeand
Au-15 at. % Fe are shown in Fig. 3. The spectra of Au-1
at. % Fe [Figs. 3(a) and 3(b)] can be fitted using the two
dominant components from the spectra of Au-5 at. % Fe.
For the fitting of the spectra of Au-15 at. %%uoFe[Figs . 3(c)
and 3(d)] we need a new component with a quadrupole
splitting of 0.38 mm/s and an isomer shift of 0.9 mm/s at
room temperature in addition to the three components
obtained for Au-5 at. % Fe.
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formation on the DWF from the temperature dependence
of the quadrupole splitting, using a theory of Nishiyama
et al. In this theory the electric field gradient is ex-
pressed as a function of the mean-square lattice displace-
ment ( u ) ( T). According to this theory, a strongly
different (u )(T) (therefore equivalently different DWF)

B. Debye-Wailer factor

In order to discuss the temperature dependence of the
relative fraction F;, we must divide the efFective thickness
T'„[Eq. (1)]by the Debye-Wailer factor (DWF) f; which,
in principle, can be different for each component. We
have solved that problem in the following way. Compar-
ison of the spectra obtained by heating up an as-rolled
sample [Fig. 1(a)] with spectra of an annealed one [Fig.
1(b)] proves that the atomic mobility. is significant only
above 450 K, where the spectrum shapes start to be iden-
tical for the two samples. Therefore, below 450 K the
relative fraction I'; cannot change because of absence of
diffusion. Consequently, the temperature dependence of
T„' below 450 K must be entirely attributed to the DWF
f;. From the parallelity of the curves, log, o(T'„) versus
temperature, below 450 K [see Fig. 2(a)] we finally can
conclude that the DWF's are practicaBy the same for all
components (as assumed in other work' ), at least up to
450 K. As there is no discontinuity at 450 K, we shall
hardly go wrong assuming that this holds for the whole
temperature interval investigated here.

Moreover, it is possible to extract an independent in-
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FIG. 2. Fit parameters as functions of temperature, obtained
from spectra of Au-5 at. /o Fe. Open symbols show data points
for a well homogenized samp1e and solid symbols represent an
as-rolled sample during increasing temperature; (a) total
effective thickness (+) and effective thickness for monomer
(E ), dimer (0), and trimer (0 ) (for assignment see Sec. III C),
(b) F%'HM of the absorber, (c) center shifts (isomer shifts plus
second-order Doppler shifts), and (d) quadrupole splittings in a
logarithmic scale. Note that the effective thickness for the tri-
mer becomes very small above 600 K, therefore both the quad-
rupole splitting and the center shift for the trimer contribution
had to be fixed, during fitting above 600 K, to values extrapolat-
ed from data points below this temperature.
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which might arise, for instance, from a localized motion,
would lead to a definitely different temperature depen-
dence of the corresponding electric field gradient. This,
however, is not observed in the temperature dependence
of the quadrupole splitting [Fig. 2(d)], the curves plotted
on a logarithmic scale versus temperature being com-
pletely parallel for all components, This gives additional
evidence that the DWF can be set equal for all com-
ponents in a fit.

Therefore, we can set f; =f in Eq. (l) so that the
effective thickness T„' for the ith component [Fig. 2(a)] is
directly proportional to the relative fraction I;. Using
the normalization condition we can write

- F, =T„' g T~
J

The fractions I"; are plotted versus temperature in Fig. 4
for the main line [4(a)] and the two doublet contributions
[4(b) and 4(c)] for an as-rolled Au-5 at. %%uoFesampl eand
one annealed at high temperatures.
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C. Assignment of the Mossbauer lines

The concentration dependence of the fit-parameters are
shown in Fig. 5; 5(a) presents Debye temperature, 5(b) ab-
sorber line width, 5(c) isomer shift, and 5(d) quadrupole
splitting, the three latter at room temperature. It is clear
from the figure that both the isomer shifts and the qua-
druple splittings for the three components do not depend
on the iron concentration. This implies that the corre-
sponding components obtained in the fits for the three al-
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FIG. 4. Relative fractions of temperature obtained from
measurements of Au-5 at. % Fe; (a) monomer, (b) dimer, and (c)
trimer (for assignment see Sec. III C). Open and solid symbols
are for a well homogenized and an as-rolled sample, respective-
ly.
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loys must describe the same local arrangements in the vi-
cinity of the Mossbauer probe atom. For the assignment,
therefore, we assume that the quadrupole splitting and
the isomer shift for a component are mainly determined
by the nearest-neighbor (NN) Fe configuration, the
Mossbauer effect being a "short-sighted" method. Fe
atoms on the further neighbor shells only affect the spec-
trum by way of line broadening. Such line broadening
can be seen, in fact, in Fig. S(b). Other than NN

0
Velocity (mm/s)

c~ (at. %) C,. (at. X)

Flax. 3. Typical Mossbauer spectra of Au-1 at. % Fe [(a) and

(b)] and Au-15 at. % Fe [(c) and (d)] during increasing tempera-
ture starting from the as-rolled state.

FIG. 5. Concentration dependence of (a) Debye temperature,
(b) FWHM for absorber (equal to sample), (c) isomer shifts, and
(d) quadrupole splittings [{b), (c), and (d) at room temperature].
D, monomer; H, dimer; 0, trimer; and +, quadrumer.
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configurations, like, for instance, next-nearest-neighbor
(NNN) Fe pairs, which could, in principle, induce in-
dependent components in the spectra, are excluded be-
cause a strong concentration dependence of the hyperfine
parameters would be expected in that case.

Now we can assign all components to particular
configurations of the environment of the Mossbauer
atom; in a first step, we only consider the components in
the spectra of Au-5 at. % Fe. In case of random distribu-
tion of Fe atoms in the Au matrix, the most significant
configurations of Fe in the Au-5 at. % Fe would be
monomers (Fe atoms surrounded by Au only), dimers,
trimers, and quadrumers (corresponding to 1, 2, and 3 Fe
atoms in the NN shell, respectively) with the appearance
probabilities of 0.54, 0.34, 0.10, and 0.02, respectively.
Typical clusters are shown in Fig. 6.

Comparing the measured fractions in Au-5 at. % Fe
with these values, we assign the main line with a small
nonresolved quadrupole splitting of 0.1 mm/s to "mono-
mer Fe" (no Fe atom on the NN sites), the doublet with a
quadrupole splitting of 0.72 mm/s to "dimer Fe" (one Fe
atom on the NN sites), and another smaller doublet to
"trimer Fe" (two Fe atoms on the NN sites).

In the spectra of Au-15 at. % Fe an additional doublet
appears when compared to Au-5 at. %%uoFe. Considering
again the random distribution of Fe atoms in the Au lat-
tice, the fourth-frequent component is a quadrumer (see
Fig. 6). In fact, the random appearance probabilities for
monomer, dimer, trimer, quadrumer, and other (higher-
order) clusters in Au-15 at. %%uoFear e0.14, 0.30, 0.29,
0.17, and 0.09, respectively. Since the fourth component
has no significant distribution of hyperfine parameters,
this component also seems to correspond to a unique
atomic configuration, probably the quadrumer sketched
in Fig. 6.

MONOMER

D. Short-range ordering

The spectrum of the as-rolled Au-5 at. % Fe specimen
can be well described by random distribution of Fe atoms
in Au. Above 420 K the relative fraction of the mono-
mer increases, and both the fractions of the dimer and
the trimer decrease, showing an anticlustering tendency
(SRO). This can be directly seen in the spectra [Fig. 1(a)]
in that the resonance intensities of the satellite lines at
both sides of the main line decrease. In the case of Au-15
at. % Fe the quadrumer line disappears completely above
450 K [Fig. 3(d)] and all subsequent spectra can be well
fitted by three components only (monomer, dimer, and
trimer), also suggesting SRO in the thermal equilibrium
state.

Whittle and Campbell' found for the same concentra-
tion of iron (5 at. %%uo )eithe rclusterin g ina nas-rolled
specimen or atomic SRO after annealing at about 473 K.
The latter agrees rather well with our results from the
thermal equilibrium state, i.e., all spectra above 450 K.
We never, however, find clustering. We think that the
reason for this discrepancy might be that the fits per-
formed by Whittle and Campbell' are not quite correct
because of the conventional Lorentzian fit which they
have used. Effectively when we use a Lorentzian fit for
our spectra, we also obtain a clustering tendency for the
as-rolled sample (i.e., a smaller fraction for the mono-
mer), which, however, disappears when transmission-
integral fitting is used. This seems to be due to a satura-
tion effect which yields apparently a smaller resonance in-
tensity for a component with a larger effective thickness,
TA'

The first SRO parameter (a, ) can be written

a, =(z, —c)/(1 —c) .

Here z& means an average concentration of iron atoms in
the NN shell, and c the average concentration of iron
atoms in the whole sample. With F; the relative fraction
of Fe atoms having i NN Fe atoms (remember that Fo
corresponding to the monomer fraction, F; to the dimer
fraction, etc. ), we obtain

DIMER
z, =

—,', giF, .

TRIM ER

QUADRUMER

FIG. 6. Sketches for the elementary Fe clusters used in the
fits. The bond lengths are all equal to the NN distance.

In our case, a contribution from clusters greater than
quadrumers cannot be seen, so that f, =0 for i ~4. The
values of the first SRO parameters obtained from the
different specimens are summarized in Fig. 7 as functions
of temperature. Surprisingly, the temperature depen-
dences of the SRO parameters are very weak for all alloys
investigated. The implications of this result will be dis-
cussed in the next chapter.

Above 900 K the monomer fraction increases strongly
accompanying the disappearance of the dimer in the tem-
perature range where the diffusion line broadening can be
clearly observed [Fig. 2(b)]. This interesting finding must
result from a dynamical dissociation and association pro-
cess of Fe atoms within the life time of the 14.4 keV ex-
cited state of Fe (100 ns). Therefore, we cannot take
into account the T~ values above 900 K for the interpre-
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IU. DISCUSSION
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tation in terms of the SRO. The details will be investigat-
ed in a forthcoming paper.

E. X-ray small-angle scattering

From the Mossbauer-spectroscopy results we found a
tendency toward anticlustering in Au-Fe alloys. In con-
tradiction, however, the existence of Guinier-Preston
(GP) zones has been suggested by some authors. ' To
test this possibility additional x-ray small-angle scattering
experiments have been carried out with one of the sam-

ples used before in the Mossbauer experiment.
A point-focus camera mounted on a 12-kW rotating-

anode generator providing Mo-Ko. radiation has been
used. We investigated a Au-15 at. % Fe sample
quenched from 573 K after slow cooling from 1100 K (in
order to get maximum amount of order) and for compar-
ison also as an as-rolled sample. Both times we found a
completely fiat intensity (Fig. 8) in the range of wave-
vector transfer q between 0.04 and 0.3 A ', this intensity
being essentially due to Au-L fluorescence. Since the
strongly q-dependent intensity from platelets similar to
GP zones in Al-Cu (Ref. 24) would have been clearly
detectable if existent, we conclude that x-ray small-angle
scattering yields no evidence for GP-zone formation.

300

N 200
0

100 as —ro I I ed
0 annealed at 573 K

0.1 0.2 0.3
q (A ')

FIG. 8. X-ray small-angle scattering from Au-15 at. % Fe
after annealing at 573 K and in the as-rolled state.

Temperature (K)
FIG. 7. Temperature dependence of the first SRO parameter

o;, for Au-1 at. % Fe, Au-5 at. % Fe, and Au-15 at. % Fe. Open
symbols are for well-homogenized samples, the solid symbols
for as-rolled samples all during increasing temperature.

For all Au-Fe alloys investigated here the first SRO pa-
rameter is negative, as is seen in Fig. 7, and shows there-
fore a tendency towards anticlustering. This is consistent
with the Mossbauer investigation on quenched alloys. '

Regarding the value of o.&, as-rolled samples have a SRO
state closer to random distribution (solid symbols in Fig.
7). Only when atomic mobility starts to be significant
above 450 K the SRO parameter reaches a value corre-
sponding to equilibrium states (open symbols in Fig. '7).

The temperature dependence of o,
&

appears to be
surprisingly small. In principle one would expect that a,
approaches zero for very high temperatures. This ten-
dency does clearly not appear on the data in Fig. 7. Such
a result has also been obtained in the study on quenched
alloys' and has then been interpreted as an effect due to
quenching. The authors even concluded that the
diffusion coefticient must be considerably enhanced in
these alloys, so that SRO may appear during the quench.
From the high-temperature measurements we can now
exclude all effects due to quenching. In addition the
diffusion constant of Fe in Au as determined directly
from Mossbauer-line broadening [Fig. 2(b)] yields
DF, =3.8X10 ' cm /s at 1121 K in agreement with
tracer data, ' indicating that no fast jump mechanism
operates in this system and that the Fe diffusion can be
described by the usual vacancy mechanism. Therefore
the anomalous temperature dependence of o.

&
really cor-

responds to equilibrium states. Nevertheless, the strong
inhuence of the annealing temperature on the magnetic
double transition at low temperature indicates that the
SRO must be significantly temperature dependent. In the
following we shall try to remove this apparent contradic-
tion taking into account the particular features of the
(1—,'0) "special-point" ordering.

First our x-ray small-angle scattering measurements
exclude the formation of GP zones in quenched samples
as recently proposed for Au-Fe alloys. ' Consequently,
the intensity around the (1—,'0) point observed by scatter-
ing methods ' ' is most likely not due to clusters but to
a specia1-point SRO as proposed by Stobbs. ' Fits to this
type of SRO intensity in other alloys show that the
most sensitive SRO parameters are higher-order parame-
ters but not the first one; this is related to the relatively
low symmetry of the (1—,'0) point. Starting with SRO pa-
rameters published for a typical (1—,'0) special-point al-

loy we have generated two sets of SRO parameters.
The first parameter was both times fixed to the same
value of eI= —0.07, in agreement with a& as received
from Fig. 7, and only the further SRO parameters were
varied. We receive SRO peaks at (1—,'0) with quite
different heights. The corresponding intensity contours
are shown in Fig. 9. From this picture it appears clearly
that an important change in SRO can occur without
affecting the first SRO parameter a, .

In (1—,'0) special-point alloys " the SRO parameter a3
corresponding to the third-neighbor distance [(1—,

'
—,') in

cubic indices] is significantly positive; therefore, we sug-
gest that also in the case of Au-Fe a third-neighbor Fe-Fe
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FIG. 9. Calculated isointensity contours of dift'use scattering
using the values for the SRO parameters given in the inset.
Values for SRO parameters not indicated have been taken as
zero. Note that al = —0.07 in (a) and (b) in agreement with the
SRO parameter obtained for Au-15 at. %%uoFe{Fig. 7).

V. CONCLUSION

Mossbauer spectroscopy is a "short-sighted" method
which is particularly sensible for nearest-neighbor in-
teractions. It can therefore be used —as has been under-
taken in this work —to determine the first short-range or-
der (SRO) parameter a, . For the first time Mossbauer
spectroscopy has been applied to study SRO in samples

correlation might be important. It will probably be this
correlation and higher ones that are responsible for the
magnetic properties at low temperature, because the first
SRO parameter cx, has been shown to be practically tem-
perature independent by the present high-temperature
Mossbauer-spectroscopy investigation.

not quenched from high temperatures but at tempera-
tures between room temperature and 1100 K. To extract
SRO parameters from high-temperature data, particular
attention has to be paid to the temperature dependence of
the Debye-Wailer factor. A careful analysis in the
present case shows that the Debye-Wailer factors can be
taken equal for all components in the Mossbauer spec-
trum, so that the determination of the SRO parameters is
straightforward.

The striking result is that the first SRO parameter o;, is
negative and practically independent of temperature for
all investigated alloys (1, 5, and 15 at. % Fe). The nega-
tive first SRO parameter is in contradiction to some other
work, where a tendency towards clustering is report-
ed, ' ' but supports the assumption that the SRO is of
the (1—,'0) special-point type. ' " This is confirmed by x-
ray small-angle scattering on the same samples as used in
the Mossbauer-spectroscopy investigation: no evidence
for cluster formation is found.

The surprising fact that a& is nearly independent of
temperature has been reported in the past' for quenched
samples and ascribed to the installation of order during
the quench, due to very fast diffusion. Our measurements
now prove that quenching is not the reason for the
independence of cx

&
from temperature. This in-

dependence —on the first view —is in contradiction to
the fact that the magnetic phase diagram of quenched
Au-Fe strongly depends on the heat treatment before the
quench, indicating a strong temperature dependence of
the atomic order. We interpret this apparent contradic-
tion in the following way: It is not the first SRO parame-
ter a, which determines the phase diagram, but SRO is
rather due to higher-order correlations. We show by a
simulation that variation in a; (with i ) I) while a, is
kept constant can indeed lead to a quite different amount
of SRO. As the SRO parameter a3 is significantly posi-
tive for SRO of the (1—,'0) type, we finally suggest that
third-neighbor Fe-Fe pairs could eventually be responsi-
ble for the interesting features of the magnetic phase dia-
gram.
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