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Small-angle total and inelastic neutron scattering measurements were performed on a single crys-

tal of the ordered alloy Feo7AI03. The behavior of the Q dependence of the small-angle intensity

can be classified into four temperature regions which correspond to the bulk behavior: (i)

T & T, =510 K (paramagnetic region); the line shape is Lorentzian with a.~0 as T ~ T, . (ii) 300
K& T & T, (ferromagnetic region); I(Q)-Q as expected from spin waves. (iii) 100 K & T & 300
K (near T,'""); I(Q)-Q, with a being T dependent and reaching a maximum value a=2. 6. In

this region the T dependence of the intensity exhibits a peak which is Q dependent. Near T,'"'= 160

K, a thermal hysteresis and novel time dependence of the scattering is observed. (iv) T &100 K
(spin-glass regime); the line shape is again Lorentzian with a increasing with decreasing T. No

anomaly is observed at Tf -90 K. The inelastic measurements reveal that spin waves exist in the

ferromagnetic regime but disappear as the temperature is lowered. For temperatures less than T,'"',

an elastic central peak appears which increases as T is decreased. The results are interpreted in

terms of random-field effects.

I. INTRODUCTION

Some concentrated magnetic alloys exhibit a peculiar
sequence of phase transitions. Based upon calculations for
an Ising system with infinite-range random interaction the
theory predicted a transition from a paramagnetic (PM)
state to a ferromagnetic (FM) state at T = T, . At a lower
temperature, T = Tf, the ferromagnetism disappears and a
spin-glass (SG) state is present. ' In actual magnetic sys-
tems, however, the nature of low-temperature "spin-glass-
like" phase, and even the FM state, have not been fully
clarified. These so-called reentrant spin-glasses (RSG's)
encompass a wide variety of materials including crystal-
line alloys (PdFe) t „Mn„,Fet „Cr„,amorphous alloys
(Fe~ „Mn„)75P&6B6A1, (Fet „Ni„)75P&686A13, and the
ionic crystal Eu& „Sr„S.

The Fe-Al alloy is also a member of this group of ma-
terials but susceptibility and magnetization measurements
demonstrate a more complicated behavior in the concen-
tration range near Feo 7Alo 3. The disappearance of fer-
romagnetism in the Fe-Al alloy upon decreasing tempera-
ture was observed by Arrott and Sato ' in 1959, long be-
fore the discovery of SG's. They observed that the spon-
taneous magnetization in a Fep 696Alp 3p4 alloy continuous-

ly decreased as the temperature was lowered below room
temperature and finally disappeared below 180 K. They
suggested the occurrence of a phase transition from a FM
phase at high temperature to an antiferromagnetic phase
at lower temperature.

Kouvel observed a displaced hysteresis loop and a large
sing variation of a torque curve measured on a field-
cooled Fep 7Alp 3 sample. He suggested that a magnetic
field alters the magnetic order of the coexisting ferromag-
netic and antiferromagnetic spin alignment. However, an
early neutron-diffraction measurement' found no evi-
dence for an antiferromagnetic order above 4.2 K for al-
loys in the concentration range 33—50 at. % Al. Shull
et al. ," through their extensive alternating low-field sus-
ceptibility and steady-field magnetization measurements,
characterized a relation between phase transitions and
composition as well as atomic ordering in an Fe-Al aHoy
system.

The Fe-Al alloy with the composition near Fep pAlp 3

exhibits two kinds of atomic order. ' ' In a FeA1-
type —order alloy, all corner sites are occupied by iron
atoms (P sites) and body-centered sites are occupied ran-
domly by iron or aluminum atoms. In the Fe3A1-type or-
der a unit cell includes eight body-centered cubic subceHs,
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with all corner sites of subcells occupied by iron atoms
and each body-centered site is alternately occupied by an
aluminum atom or an Fe atom (a sites). For the Al-rich
alloy, the iron body-centered site contains a distribution of
Fe and Al occupancies.

In Fig. 1(b), the phase diagram for Fe3A1-type —order
alloy is schematically illustrated. The most remarkable
result is the complicated characteristic of the alloy near
Fep pAlp 3 composition, which is the subject of the investi-
gation reported in the present paper. As seen in the mag-
netization measurements in Fig. 1(a), a Fep 7Alp 3 alloy
with Fe3Al-type order transforms from a paramagnetic to
a FM phase near T, =400 K and then from the FM state
back to a PM phase at T,'""=170K. Finally, at T~——92
K it transforms into a SG-like state. There are some ob-
servations which suggest that the FM phase is somewhat
marginal in zero external field. For example, the low al-
ternating field susceptibility is not as high as the value for
the Fe-rich ferromagnetic alloy. " The Mossbauer spec-
trum' of Fep7pqAlpz9s at 295 K is also different from
that of a normal ferromagnet.

Diffuse neutron scattering and polarized neutron-
diffraction measurements on the Pep 7Alp 3 alloy (Fe3A1-
type order) have been performed by Cable et al. '6 The
diffuse scattering intensity measured at Q =0.148 A
varies strongly with temperature but it shows no anomaly
either at T,'"' or at Tf. This suggested that FM clusters
exist throughout all of the temperature region (10—500 K)
and that the magnetic transitions result from the manner
of the coupling of clusters. The decrease in small-Q cross
section by applying magnetic field was interpreted as due
to the alignment of clusters. From the flipping-ratio mea-
surement Cable et al. ' determined the field and tempera-
ture dependence of magnetic moment values for two kinds
of Fe atomic positions. They proposed a model describing
the relation between the moment value and the local atorn-
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FKz. 1. (a) Temperature dependence of magnetization of
Fe07A)0& measured in the field of 100 Oe. (b) Schematic mag-
netic phase diagram of Fe& „Al„alloynear x =0.3.

ic environment. They further argued that the alloy tends
to cluster into two kinds of regions whose diameters are
approximately 25 A and that the antiferromagnetic in-
teraction across the cluster boundary might cause the
magnetic transitions.

The temperature dependence of small-angle neutron
scattering on the same alloy has been studied by Child. '

The Q regime probed was much smaller than that of
Cable et al. ' He observed a peak in the critical scattering
around T, =490 K, in addition to another peak near T,'"',
whose position shifts with Q from 200 K for
Q =6.7&&10 A ' to 184 K for Q =20.1X10 A
but there was no change in the intensity at T~. The Q
dependence of the scattered intensity could be described
by the square of a Lorentzian. The correlation range of
the clusters exhibited a minimum of 60 A at 160 K and
reached values of 150 A at 9 and 300 K. The external
field dependence of scattered intensity suggests that the
magnetic scattering is very sensitive to the field even in
the FM phase.

We report on a small-angle neutron scattering (SANS)
study on our single crystal of Feo 7Alo 3 in order to exam-
ine in more detail the temperature and spatial dependence
of the spin correlations. Inelastic scattering measurements
are also reported in order to probe the spin dynamics of
this material. A preliminary result of the present work
has already been reported. '

In this paper, sample characteristics and experimental
detail are described in Sec. II. Results and analysis are
presented in Sec. III. In Sec. IV a discussion of the results
is presented.

II. EXPERIMENTAL DETAILS

A. Sample

A single crystal of nominal composition of Fep 7Alp 3
was grown by the Bridgman technique, homogenized at
1100 C for 3 d, then annealed at 700'C for a day in order
to achieve FeA1-type atomic order. The FeA1-type order
was chosen after the suggestion by Shull et al. " that it is
possible to have both wider composition and temperature
range for the intermediate paramagnetic phase than the
alloy of Fe3A1-type order.

The composition was determined from the saturation
magnetization value at room temperature for two small
tips cut from upper and lower sides of the grown crystal.
The magnetization was compared to that measured by
Shull et al. " Values of 30.2 and 30.0 at. %%uoA 1 wer eob-
tained, which assure us that the composition distribution
in the sample during crystal growth, is less than 0.2% and
that the average composition is very close to the nominal
value. The crystal, mounted with a [110]-direction verti-
cal, had a mosaic of —1' in the horizontal plane, but a
much larger value perpendicular to the scattering plane.
This made it difficult to perform measurements near a
Bragg peak. The sample size was -5&&10)&15mm, and
the lattice parameter for our sample was a =5.7912 A at
room temperature. The temperature variation of the mag-
netization was measured under the steady field of 100 Oe.
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The behavior shown in Fig. 1(a) is essentially the same as
the previously reported result. "

From this measurement, the three transition tempera-
tures present in our sample were determined to be
T, =430 K, T,'""=160 K, and Tf =70 K. A shift of T, to
higher temperature was experienced during the prolonged
neutron scattering measurements above 600 K. This sug-
gests that the atomic order changed to somewhere between
FeAl- and Fe3Al-type order. The T, finally determined
from neutron scattering data is 510 K.

B. Neutron scattering
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Neutron scattering measurements were performed using
two kinds of spectrometers both installed at the cold neu-
tron facility of the Brookhaven High Flux Beam Reactor.
Small-angle total (energy-integrated) scattering intensity
was measured using the SANS facility of the Brookhaven
Biology Department. An incident-neutron energy of 3.33
meV ( A, =5 A) was selected by an Fe-Mn multilayer and
beam collimation before the sample was determined by
two 4-mm-diam apertures separated by 1.5 m. The scat-
tered neutrons were detected by an 18)& 18 cm area detec-
tor placed about 2 m behind the sample. The momentum
transfer range of 0.008 & Q & 0.065 A ' was covered.

The inelastic scattering measurements were performed
on a high-resolution triple-axis (double-crystal monochro-
mator) spectrometer. Pyrolytic grapite was used both for
monochromators and analyzer. A cooled beryllium filter
was placed before the monochromators to eliminate the
higher-energy neutrons. Most of the measurements were
made in constant-Q scan mode with a fixed final neutron
energy of 2.5 meV, which gives an energy resolution of
-30 JMeV [full width at half maximum (FWHM)]. Be-
cause of the high resolution required and the poor mosaic,
it was not possible to measure about a Bragg peak, so
measurements were performed near the forward direction.
This was also advantageous since it avoided the intense
phonon scattering contributions present near Bragg peaks.
The sample was mounted either in a closed-cycle refri-
gerator or in a- conventional air-cooled furnace.

III. RESULTS AND ANALYSIS

A. Small-angle scattering

The small-angle scattering pattern taken with the
incident-beam direction being nearly parallel to the [100]
and with [110]vertical was isotopic. Therefore the inten-

sity was summed over a series of rings and normalized by
the area of an individual ring. The temperature variation
of the scattered intensity at several Q values is shown in
Figs. 2(a) and 2(b). Two sets of measurements were per-
formed in the Displex refrigerator and the furnace and the
results were normalized at T =300 K. The general
behavior of the intensity is similar to that previously re-

ported by Child. ' The intensity drops rapidly above T,
and a peak appears at lower temperatures, whose position
at the smallest Q curve nearly corresponds to T,'"", as
determined by bulk measurements, but it shifts to lower

0 l00 200 300 400 500
TEMPERATURE (K)

600

FIG. 2. Temperature dependence of small-angle total neutron
scattering intensity from Fe07Alo3. Circles and squares corre-
spond to the points taken on heating and cooling processes,
respectively. Statistical error is smaller than the size of marks.

for Q &0.045 A ', where B and v are the scattering am-

plitude and the inverse correlation length v=g ', respec-
tively.

(ii) In the high-temperature part of FM phase 300
K & T & T, the v is essentially zero and the intensity fol-
lows the relation

temperature as Q increases. The differences of 1, and

T,'"" between the present result and Child's are probably
due to slight differences of composition and atomic order.
No anomaly is observed in the scattered intensity near Tf
within the Q range covered in the present experiment. In
the present measurement, however, a pronounced thermal
hysteresis effect was observed below room temperature.
This will be described in detail in the final part of this sec-
tion.

In Fig. 3 the Q dependence of the scattered intensity is
shown for several temperatures by plotting the inverse of
the intensity as a function of Q . In this plot the intensity
at the higher temperature (655 K) has been subtracted
from the individual data. This implies that the scattering
at this temperature is all nonmagnetic, arising from nu-
clear incoherent scattering from the sample and the walls
of the furnance.

The temperature dependence of the intensity can be
classified into four regions as shown in Figs. 2 and 3.

(i) r& T, =510 K, the scattered intensity follows the
Ornstein-Zernike form
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FIG. 3. Inverse intensity vs square of momentum transfer at
various temperature for Feo 7A4 3. Scattering intensity at 655 K
is subtracted from the data as a background.

I(Q)=8/Q, 300 & T & 510 K (2)

for Q & 0.045 A
(iii) 100 & T & 300 K. As the temperature is lowered to-

ward T,'"", the deviation from Eq. (2) appears and the Q
dependence is approximately represented by a power law,
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studied in detail in the present experiment. Also in the
FM phase, the scattering follows the form as is expected
from a spin-wave contribution in normal ferromagnets ex-
cept for the temperature region close to T,'"". In region (ii)
we can set a lower limit of 250 A to the size of the corre-
lation length. The deviation from the relation of Eq. (2)
expected for spin waves has also been observed in other
RSG materials, ' ' although they transform directly to
an SG phase without the intermediate PM phase. This
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FIG. 4. Temperature dependence of (a) amplitude of scatter-
ing intensity and (b) inverse correlation length for Feo 7A10 3.

I(Q)=8/Q, 100& T &300 K (3)

with a temperature-dependent exponent o..
(iv) For T & Tf the behavior of the intensity again fol-

lows the Lorentzian form of Eq. (1) with a finite a.. At
any temperature the deviation from theoretical forms was
observed for Q &0.045 A '. This is probably due to the
inadequate subtraction of background.

In Fig. 4 the temperature variations of scattering ampli-
tude A and inverse correlation length ~ are shown in tem-
perature regions (i) and (iv) where a Lorentzian describes
the data. Figure 5 shows the temperature variations of
parameters a and 8 in Eq. (3) for regions (ii) and (iii)
where v=0. The results were obtained from the best fit
within 0.01 &Q &0.046 A '. The temperature range is
extended beyond the regions described above in order to
show the gradual entry into this region. In the region
above T, =510 K, the inverse correlation length ap-
proaches 0 as T~T, . This demonstrates that the materi-
al behaves as a normal ferromagnet above T, although the
behavior in the immediate vicinity of T, has not been
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FIG. 5. Temperature dependence of exponent a and ampli-
tude A in power-law scattering form for Feo 7Alo 3.
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behavior has been interpreted as the result of increasing
contribution of a Lorentzian-squared form of the "order-
parameter" scattering originating from the break up of the
large FM clusters due to random-field effects. ' The
superposition of spin-wave scattering with the form of Eq.
(2) and the

ln

I(Q)=Ca/(Ir +Q )

form with small a value is well approximated by Eq. (3),
and the relative weight of each contribution determines
the parameter a. The temperature variation of a shows
that the contribution from the order-parameter term
reaches its maximum around T,'"'.

The appearance of a finite inverse correlation length
below T,'"" followed by its gradual increase as the tem-
perature decreases suggests a freezing of correlated spins
into finite-size clusters. This behavior has also been ob-
served in other SG systems. '

We will now describe the time-dependent scattering
behavior and the thermal hysteresis effect observed near
T,'"". The small-angle scattering measurements of Fig. 2
were normally performed by counting for 1 h and then
changing the temperature by about 10 K to the new point.
15 min were allowed for the sample to come to equilibri-
um and the count was started. The hysteresis observed in
Fig. 2 was measured by this method. It was noted that if
we stayed at 150 K and counted repeatedly the intensity
gradually decreased and approached the cooling curve. In
order to explore this more quantitatively we quickly heat-
ed the sample from 10 to 150 K (within about 15 min) and
the scattered intensity was repeatedly counted in 26-min
intervals. The surprising result is that the time depen-
dence is Q dependent as shown in Fig. 6. We took the in-
tensity level after 400 min as the equilibrium baseline in
order to plot the curve in Fig. 6. The intensity change AI
follows an exponential form

AI-exp( t!t*), —
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FIG. 6. Time evolution of scattering intensity at 150 K after
being quickly heated from 10 K for Feo 7Alo 3 Curves represent
an exponential decay form with characteristic t*.

where the characteristic time t* is a function of Q (and
probably also of temperature). The solid line in Fig. 6 is
the result of a fit of Eq. (5) with t' being the adjustable
parameter. A semilog plot of t* vs Q is shown in Fig. 7.
This behavior of t* with Q is consistent with our data, but
does not rule out another form of the Q dependence. In
the discussion below we will justify the chosen Q depen-
dence of t*.
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B. Inelastic scattering

Inelastic neutron scattering measurements were per-
formed around the (0,0,0) reciprocal-lattice point, i.e., the
forward direction, and the direction of momentum
transfer was nearly parallel to the [110] direction. I3ata
were taken at momentum transfer of 0.05 & Q & 0. 10 A
Scattering spectra for Q =0.06 A ' at some representa-
tive temperatures are shown in Fig. 8. At 295 K, well-
defined spin-wave peaks are present in addition to a
quasielastic central component. As the temperature is de-
creased to 250 K, spin-wave peaks become less pro-
nounced due to a decrease in energy and a broadening, and

10—

2 3
g (io3X )

FIG. 7. Semilog plot of characteristic time t vs Q for inten-
sity evolution at 150 K after being quickly heated from 10 K.
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FIG. 10. Temperature dependence of (a) spin-wave gap and
(b) spin-wave stiffness for FeQ 7AlQ 3.

further investigation. Below —150 K the width of
Lorentzian centered at E =0 continues to increase as the
temperature decreases down to 10 K. The width of the
Gaussian quasielastic central component is resolution lim-
ited over the entire temperature region.

Figure 11 shows the temperature variation of integrated
intensity for the spin-wave part As and the resolution-
limited quasielastic part AG for Q =0.06 A . The
dashed curve shows the observed total scattering measured
in the SANS experiment in Fig. 2. It is seen that the sum
Az+AG is essentially the same as that observed in the

spin-wave gap due to anisotropy. The linewidth I follows
the prediction of spin-wave theory,

JAG
AS

Feo7AIO g

Q =0.06 A

»»g. 10 the temperature variation of spin-wave stiff-
ness D and spin-wave gap b. are shown. The stiffness in-
creases below T„asexpected in a ferromagnet, and
reaches a maximum of 16 meV A below 400 K and then
decreases again below 300 K. No propagating features are
discernible below 200 K. This feature has already been
observed in several RSG's. ' ' ' It also appears that the
spin-wave gap energy 5 increases. This would be interest-
ing since recent arguments report a need for anisotropy in
order to have a SG phase. ' However, the spin waves in
this regime are very broad and parameters in the fit be-
come correlated. The temperature-dependent behavior of
5 should therefore be treated with caution and deserves
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FIG. 11. Temperature dependence of relative amplitude of
quasielastic scattering A~ and spin-wave scattering Aq in

FeQ 7AlQ 3 as determined for Eq. (10). Dashed curve shows the
observed total scattering intensity measured in the SANS experi-
ment Fig. 2. Solid curves are drawn to guide the eye.



K. MOTOYA, S. M. SHAPIRO, AND Y. MURAOKA

SANS experiments. Figure 11 shows that above T =200
K spin-wave scattering is the dominant contribution,
whereas below 200 K the central peak increases and be-
comes the dominant contribution to the total intensity as
the temperature is further decreased.

IV. DISCUSSIONS

The present neutron scattering experiment provides us
with information about the spatial and temporal proper-
ties of Fep 7Alp 3 which, taken with other measurements,
begins to describe the anomalous temperature-dependent
behavior occurring in this alloy. The bulk measure-
ments" have shown that the magnetization disappears as
the temperature is lowered below 200 K. The decrease in
the magnetic stiffness below 300 K and its disappearance
as T approaches 200 K also suggests that the magnetiza-
tion is dissolving as T decreases. This is an unusual
phenomenon, but is now documented to occur in many al-
loys where competing interactions and frustration play an
important role 2—4, 6, 20, 27 The driv jng mechanism pro
posed to cause this breakup of magnetic order is the inter-
nally generated random fields. ' These have been
described- as a random molecular field due to the freezing
of spins which do not participate in the ferromagnetism at
the intermediate temperatures. The spins belong to isolat-
ed clusters which have never actually been observed, but it
is highly probable that they are present. In the Fe-Al al-
loy studied here, their presence is on firmer ground. This
was pointed out by Cable et al. ' who demonstrated that
the local environment has a strong effect on the magnetic
moment of the iron atom. The a-site Fe atom with more
than four iron near neighbors n has a relatively large
[(1.4—2.2)pz] local moment whereas if there are less than
four Fe near neighbors, the moment is greatly reduced. It
was shown that Feo 7Alo 3 alloy divides itself into regions
which have n & 4 that can support ferromagnetism and re-
gions of n &4 which are paramagneticlike. These latter
clusters are the origin of the random fields that destroy
the ferromagnetism.

Accepting the existence of random fields we now
describe the temperature-dependent behavior of Fep 7Alp 3.
The ideas are essentially the same as applied to the amor-
phous system (Fei „Mn )75Pi686A13 which exhibits
behavior similar to that observed here. ' Fep pAlp 3 al-
loys consist of regions which by themselves would order
ferromagnetically at T, determined by the local environ-
ment and other regions which are paramagnetic at high
temperatures but would order into a SG phase at Tf due
to competing exchange interactions possibly from a
Ruderrnan-Kittel-Kasuya- Yosida (RKKY) form of the
exchange. In the high-temperature FM phase, the fluctua-
tions of the spins in the PM clusters are so rapid that the
FM network is less infiuenced by them and their effect is
only to reduce the net FM moment. The long-wavelength
spin waves are hardly affected. This occurs in region (ii)
between T, and 300 K where the spin waves exhibit more
or less normal FM behavior (see Fig. 10). The Q depen-
dence of the scattering follows I(Q)-Q (Figs. 3 and 4)
as is expected from spin waves. Also, from an energy

analysis of the scattering, most of the intensity is due to
spin waves and the central peak intensity is independent of
temperature and due to the nonmagnetic background (Fig.
11).

On decreasing the temperature toward T,'"" [region (iii)],
the thermal fluctuations of the spins in the paramagnetic
clusters become slower. Now the coupling between these
spins and the FM network becomes important and the
molecular field from the slow PM spins acts as a random
magnetic field. This causes a breakup of the FM network
into finite-sized clusters which contribute to the quasielas-
tic scattering in the form of a Lorentzian squared [Eq.
(4)]. Since the average moment is being reduced, so would
the spin-wave stiffness as is observed in Figs. 9 and 10.
Also the integrated intensity would no longer be described
by a Lorentzian but a power law Q, because of the mix-
ture of the Q behavior from the spin waves and the
Q from the Lorentzian-squared form. This is precisely
what is observed between T,'"' and 300 K as demonstrated
by the change in n (Fig. 5). From the bulk measurements
it appears that at T,'"' the ferromagnetism has completely
disappeared. At this temperature the system should be
composed of only finite clusters which are too small to
support FM behavior. This is shown in our results by the
appearance of a finite 1~ which increases as T decreases
(Fig. 4). Only at temperatures below 100 K does a. becoine
significantly larger than our resolution. It also explains
why the temperature at which the maximum of intensity
appears is strongly Q dependent. Since the breakup of the
large FM network results in scattering, following, in part,
Eq. (4), the maximum appears at x.=Q/v 3. Since ~
varies with temperature the peak in the scattering will ap-
pear at different temperatures for different Q values.

Fe-Al differs from all other RSG's in that the bulk sus-
ceptibility" measurements and Mossbauer' studies show
that a reentrant PM state exists in the temperature inter-
val between T,'"' and TI. Below T,'"' the spins are still
fluctuating but presumably at a time scale much longer
than for T & T, . Only at T~ should the spins freeze. In
the preseni and earlier neutron studies' ' no anomaly
was observed at Ty. This could be due to the fact that the
spins have slowed down sufficiently such that the present
resolution (5E =30 peV) is too coarse to observe the addi-
tional slowing down which would accompany the freezing
of the spins at T~. At the lowest temperature the system
is composed of only finite clusters and the scattering fol-
lows a Lorentzian behavior.

One of the most unique observations in the present ex-
periments is the thermal hysteresis and the time depen-
dence of scattering observed near T,'"" as shown in Figs. 2
and 6. This behavior is consistent with the appearance of
clusters. In our picture, at low temperatures the system is
composed of only finite clusters. As we heat it quickly to
above T,'"', the FM clusters start to form. If we assume
an Arrhenius relation for the formation of the clusters,
the energy barrier E~ for their formation would be pro-
portional to the surface area of the cluster, EJi-d -Q
since Q =2mld. This relation implies that lnt"-Q
which is the Q dependence observed in Fig. 7.

Our SANS results are qualitatively similar to those of
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Child. ' However, the Q dependence of our scattering
differs from that of his. He claims that the scattering fol-
lows a Lorentzian-squared form at all temperatures. As
shown above, the line shape is changing with temperature.
Also, Child reported a maximum in ~ at 160 K and a de-
crease at lower and high temperatures. This is quite dif-
ferent from the present study where a is resolution limited
over the temperature range 100—SOO K.

In conclusion, we have measured small-angle total neu-
tron scattering and inelastic scattering of the ordered
Feo 7Alo 3 alloy in the temperature regions where bulk
measurements suggest a peculiar sequence of transitions.
Spin-wave, quasielastic, and small-angle —scattering
behavior indicates that the sequence of phase transitions is
driven by the interaction of two magnetically separated
groups of spins. Future work will include a study of the

field dependence and also similar measurements on dif-
ferent concentrations of iron.
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