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Enhancement of the effective electron mass by spin fluctuations~SF’s! has been studied ina-FexZr1002x

(27%<x<39%) by low-temperature calorimetry. Previous magnetization measurements on paramagnetic
a-FexZr1002x are also presented and analyzed to extract the ground-state susceptibilityx(T50). The low spin
fluctuation temperature of;7 K and the stable amorphous structure make it possible to unambiguously
distinguish between magnetic and nonmagnetic contributions to the electronic specific heat. The SF contribu-
tion to the specific heat shows a clear maximum around the critical composition for the onset of magnetic order
(xc; 37%!, with the mass enhancement parameterlSF reaching;1. Complete quenching of SF’s by both
temperature and an external magnetic field have been observed. As a result of its low characteristic temperature
~TSF;7 K!, a-Fe36Zr64 shows the clearest evidence to date of the effects of SF’s on electronic properties.
@S0163-1829~96!06541-1#

I. INTRODUCTION

Historically, an understanding of magnetism in solids has
been approached from two perspectives, the local moment
picture, developed for insulators and rare earth metals, and
the itinerant moment picture which describes magnetized al-
kaline and noble metals. Determining which model applies to
d-electron transition metals underlines a controversy that
lasted 50 years.1 While the ground-state properties of the
iron group metals were finally demonstrated to be explain-
able within the itinerant model, mean-field Stoner theory
proved unable to explain their finite-temperature properties.
The failure of Stoner theory can be traced to its neglect of
magnetization fluctuations, or spin fluctuations~SF’s! as they
are called in a metal. These nonpropagating excitations with
a characteristic energykBTSF are now believed to determine
all finite-temperature magnetic properties of transition met-
als, notably the critical temperatureTc ,

2–4 particularly in
weak itinerant ferromagnets. Measurement of static magnetic
properties cannot unambiguously identify the presence of
SF’s5, as their characteristic behavior does not dominate over
a wide enough temperature range for it to be unambiguously
distinguished from other contributions. Consequently, ex-
perimental evidence for the existence of SF has come mainly
from observations of SF scattering effects on electronic
properties6–8 and from neutron scattering results.3,4,9

The effects of SF’s are most evident nearTc , and are
especially clear in marginal magnetic systems whereTc ap-
proaches zero. In such cases, SF’s may be studied at low
temperatures where many other excitations are largely frozen
out or have simple functional forms. Recent experimental
studies have concentrated on the itinerant, weakly magnetic
Ni 3Al system

6,7 ~Ni xAl 1002x , x;75%) as the composition
is varied slightly off stoichiometry. This allows the study of
SF’s as the strength of the magnetism is varied through the
critical concentration for the onset of magnetic order. How-
ever, changing the composition also affects the atomic struc-

ture, turning a perfect ordered intermetallic crystal Ni3Al
into one containing an increasing number of defects as one
moves further away from the stoichiometric ratio. The ideal
system for the study of SF’s would be an itinerant magnet in
which one could vary only the strength of the magnetism
while keeping the atomic structure constant.

We have found amorphous iron-zirconium
(a-FexZr 1002x) to be such a system. On increasing the iron
content through the critical composition,xc;37%, this sys-
tem undergoes a transition from a nearly ferromagnetic metal
to a weak itinerant ferromagnet,10,11 while the atomic struc-
ture remains virtually unchanged. Earlier studies observed
SF scattering in the low-temperature resistivity in this
system.12,13 We report here the effects of SF scattering on
the effective electron mass, studied by measuring the low-
temperature specific heat at finely spaced composition inter-
vals aroundxc;37% ~shown in Fig. 1!. The narrow tem-
perature range over which SF effects dominate is used to
advantage here, as it allows us to determine the ‘‘normal,’’
i.e., SF-free, properties by measuring at temperatures high
enough for SF effects to be absent, but low enough that the
electronic specific heat is still substantial. We can then un-
ambiguously determine the SF contributions at lower tem-
peratures. The effects of an applied field are used first to rule
out magnetic clustering, and then to obtain semiquantitative
agreement with model predictions. We have observed the
complete quenching of the SF contribution by both tempera-
ture and applied magnetic field in a metallic system.

II. MAGNETOMETRY RESULTS

The magnetization of five paramagnetic amorphous iron-
zirconium (a-FexZr 1002x) samples was previously studied
by Trudeauet al.11 Following the work of Ref. 10, we reana-
lyze the data above 5 kOe in a manner more appropriate for
exchange enhanced Pauli paramagnets~near ferromagnets! in
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order to show that the behavior is consistent with the pres-
ence of spin fluctuations and to obtain parameters needed for
the analysis of the calorimetry data presented below. A
simple derivation is given of a high-temperature Curie-Weiss
law resulting from spin fluctuations. This relation is then
compared with the high-temperature data.

In a system with a small uniform magnetizationM , the
free energy may be approximated by a Ginzburg-Landau
expansion.3 The result is that the applied magnetic fieldH
and the magnetizationM are related by

H

M
5a1bM2, ~1!

so that in an Arrott plot ofH/M vs M2, the data should
follow a straight line. In paramagnetic samples, botha and
b are greater than zero and the straight lines cut thex axis at
a point corresponding to the inverse magnetic susceptibility,
a[x21. The temperature dependence of the molar suscepti-
bilities obtained in this way is shown in Fig. 1. Since we are
concerned primarily with low-temperature behavior, we
neglect contributions from the Van Vleck susceptibility
of Zr (;1.2 3 1024 cm3/mol! and the Larmor diamag-
netic contribution due to core electrons (;–0.3 3 1024

cm3/mol!,10 which are never more than 10% of our extrapo-
lated values. We have also neglected the small Landau dia-
magnetic contribution@2 1

3xP(T50)# of the conduction
electrons tox.

Stoner theory predicts that the susceptibility of a nearly
ferromagnetic metal should be weakly quadratically depen-
dent on temperature.14,15Clearly, this is not a correct descrip-
tion of the rather strong temperature dependence in the mea-
sured susceptibility ofa-FexZr 1002x apparent in Fig. 1.
Nonetheless, following previous work on nearly magnetic
Ni 3Ga,

16 we have used a parabola of the form:
x21(T)5x21(T50)1@const.#T2, as an extrapolation
scheme to obtain the values ofx21(T50), the inverse
ground-state susceptibility, displayed in the inset to Fig. 1.

These values are far larger than those expected for a simple
metal (;1026 cm3/mol! and we therefore conclude that the
a-FexZr 1002x samples are strongly exchange-enhanced para-
magnets or near ferromagnets. In this case, Stoner theory
predicts the relation

x5SmB
2N0~«F!, ~2!

wheremB is the Bohr magneton,S[(12 Ī )21 is the Stoner
enhancement factor, andN0(«F) is the bare densities of
states at the Fermi level,«F . The inverse ground-state molar
susceptibilities in Fig. 1 may be fitted with a linear function
of iron contentx, namely,

x21~T50!5~2.763104 mol/cm3!~36.8%2x!/100%.
~3!

This line, shown in the inset to Fig. 1, suggests a critical
concentration ofxc;37% for the onset of ferromagnetism,
where the susceptibility diverges. Thex537.6% sample was
omitted from the fit since this sample was calorimetrically
determined to exhibit a magnetic ordering transition just be-
low 4 K,17 an observation that is consistent with our esti-
mated value ofxc . A linear relation is consistent with Stoner
theory,5,14,15assuming thatN0(«F) varies linearly in Fe con-
tent. Equations~2! and~3!, combined with calorimetric esti-
mates ofN0(«F), will be used to determine the Stoner fac-
tors of the calorimetry samples.

A Curie-Weiss analysis

x~T!5
CCW

T2QCW
5

peff
2 NA

3kB~T2QCW!
~4!

of the high-temperature inverse susceptibility between 50 K
and 200 K~Fig. 2! shows that allQCW values are negative,
rising towards zero with increasing Fe content, and vanishing
at xc ~inset to Fig. 2!. NegativeQCW values from high-
temperature Curie-Weiss fits are typical of nearly ferromag-

FIG. 1. The measured molar magnetic susceptibilityx(T) for
five paramagnetica-FexZr1002x samples. Inset: values of the
ground-state inverse susceptibilityx21(T50). The solid line is
consistent with Stoner theory@Eq. ~3!#.

FIG. 2. Inverse molar susceptibility ofa-FexZr1002x . Straight
solid lines are fits to a Curie-Weiss law@Eq. ~4!# between 50 K and
200 K . Samples are indicated by the same symbols used in Fig. 1.
The inset shows the values ofQCW determined from the straight
lines.
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netic metals such as Ni3Ga.
16 The fitted Curie-Weiss con-

stantsCCW[ limT→`(dx21/dT)21 increase with Fe content
from 0.19 K cm3/mol at x525.0% to 0.26 K cm3/mol at
x537.6%.CCW can be used to calculate the effective high-
temperature Curie moment, given bypeff

2 [pC(pC12mB).
These range frompC50.58mB to 0.76mB .

Although traditionally taken as a manifestation of local
moments, a Curie-Weiss law may also be derived using the
spin fluctuation models which apply to itinerant magnets.1,3

In the simplest theories2,18 SF’s renormalize the Ginzburg-
Landau coefficient,a in Eq. ~1! ~or equivalently the nonin-
teracting susceptibilityx0), by a small constanta(T). A
simple way to visualize the origin ofa(T) is as follows: A
spin fluctuation saturates the magnetization in its immediate
vicinity; this volume therefore cannot respond to an external
field and so its apparent susceptibility is reduced.a(T) is
then a sum over all SF’s and represents the ‘‘magnetically
dead’’ volume fraction of the sample. Alternatively, SF’s,
can be viewed as introducing an effective pressure,18 which
renormalizes the Ginzburg-Landau coefficients. Either way,
the renormalized susceptibilityx̄0(T) may be written as19

x̄0~T!5
x0~T!

11a~T!
.

In standard Weiss molecular field theory, the interacting sus-
ceptibility x(T) is determined directly from the noninteract-
ing susceptibility, nowx̄0(T), and a molecular field constant,
l:

x~T!5
x̄0~T!

12lx̄0~T!
'

xP~T50!

12 Ī1a~T!
,

where we have neglected the temperature dependence of the
Pauli susceptibility, in writing lx0(T)'lxP(T50)[ Ī .
a(T) is expected to be proportional to the number of SF
occupying each SF mode. This is in turn proportional to the
Bose factor which, at high temperatures (T@TSF), is simply
T/TSF. Writing a(T)5cT/TSF, we have

x~T!5
TSFxP~T50!/c

T2TSF~ Ī21!/c
. ~5!

This is the Curie-Weiss law withQCW5TSF( Ī21)/c. Notice
thatQCW has the same sign asĪ21: positive for weak fer-
romagnets, negative for near ferromagnets, and passing
through zero atxc . This behavior is clearly seen in the inset
to Fig. 2. At low temperaturesT,TSF, the approximation
leading to the Curie-Weiss law breaks down, since the SF
modes are not all excited.x(T50) should, therefore, be
larger than the value extrapolated from the Curie-Weiss law
@Eq. ~5!# and a plot ofx21 vs T falls away from the Curie-
Weiss line on approachingT50 ~Fig. 2!.

The magnetization data show that the critical iron concen-
tration for the development of magnetic order in this system
is xc537%.x(T50) is far larger than expected for a simple
metal and indicates the presence of strong exchange en-
hancement. The negative Curie-Weiss temperatures and the
down-turns in thex21 vsT plots ~Fig. 2! are fully consistent
with SF models. All of these results lead us to expect a

significant SF contribution to the specific heat, which should
reach a maximum asTc passes through zero atxc .

III. CALORIMETRY RESULTS

The magnetocalorimetry studies were carried out on a se-
ries of paramagnetic and ferromagnetica-FexZr 1002x
samples, whose compositions were determined by electron
microprobe analysis. One of the calorimetry samples (x5
37.6%! was taken from the susceptibility series. Sample
preparation, characterization, and absolute calorimetry mea-
surements have been described elsewhere.17,20We note here
only that the absolute accuracy of the calorimeter was deter-
mined to be62% by measuring the specific heatCP(T) of
gold and copper standards.21 CP(T) values in a magnetic
field were determined using a field-independent capacitance
thermometer.

Figure 3 shows the molar specific heatCP(T)for several
a-FexZr 1002x samples between;2 K and 7 K, plotted as
CP /T vs T2. For a normal metal, we expect

CP~T!

T
5g1bT2 for T,QD/20, ~6!

where

g5~11le2p!
1

3
p2kB

2N0~«F![~11le-p!g0

and

b5
~1.9443106mJ/mol K!

QD
3 .

FIG. 3. Low-temperature specific heat of various
a-FexZr1002x samples. Alloys with Fe concentrations greater than
the critical concentration (xc;37%! are plotted as solid symbols.
The solid lines are fits to the Eq.~7! below 5 K. For clarity, samples
have been plotted alternately in the top and bottom regions.
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The electron mass enhancement factorle-p arises through
the electron-phonon interaction andN0(«F) is the bare elec-
tron density of states at the Fermi energy«F . bT3 is the
standard low-temperature limiting form of the specific heat
due to phonons with a Debye temperatureQD . SinceQD is
;200 K for a-FexZr 1002x ,

22 we might expect the data in
Fig. 3 to follow straight lines with slopesb andD250 in-
terceptsg[ limT→0(CP /T). However, we can see immedi-
ately that while the data for the most Fe-rich (x539.0%! and
Fe poor (x526.7%! samples do indeed follow the expected
line, there are clear upturns in the other curves at the lowest
temperatures (T2,10K2). The upturn becomes more
marked as the Fe content increases fromx;32%, reaches a
maximum aroundx537%, and then dies away. We attribute
the upturns to an electron mass enhancement arising from the
presence of SF’s. Similar, though generally weaker, upturns
in CP(T)/T have been observed previously6–8,23,24and also
attributed to SF’s.

The expression forCP(T) of an itinerant electron magnet
in the presence of SF’s is6

CP~T!

T
5g1bT21DT2lnS T

TSF
D , T!TSF, ~7!

where

g

g0
[
m*

m
5~11le-p1lSF!.

The first two terms of Eq.~7! are just the normal expression
for a metal@Eq. ~6!#, except thatg now includeslSF, a mass
enhancement term from SF’s, in addition to the electron-
phonon enhancement,le-p . g can still be identified as
limT→0(CP /T). The third term is negative and has a tem-
perature dependence which is the signature of SF’s. Fits of
Eq. ~7! toCP(T) of all our samples have been performed for
T,5 K. These are shown as solid lines in Fig. 3, where they
give a good description of the data. Values ofg and D,
derived from the fits,25 are shown in Fig. 4, and both exhibit
a clear peak atxc , the critical concentration for ferromag-
netism determined in the previous section, suggesting that
the upturns inCP(T)/T are magnetic in origin.

Unfortunately, the second term of Eq.~7! and the denomi-
nator of the logarithm both contribute aT3 term to
CP(T).

17,20This normally makes a separate determination of
b and TSF impossible. However, we observed that at high
temperatures ~between 7 K and 10 K! all of our
CP(T) data could be fitted by Eq.~6!, which describes nor-
mal metallic behavior at temperaturesT,QD/20 ~up to
about 10 K here22!. Neither the slope (b) nor theT50 in-
tercept (gHT , shown as open circles in Fig. 4! exhibits any
structure aroundxc . The absence of any change in the pho-
non contribution at the critical concentration of; 37%
Fe17,20 eliminates the possibility that structural changes con-
tribute to the upturns observed below 5 K. Furthermore, the
high-temperature linear coefficient ofCP(T), gHT , simply
increases withx and is equal tog for samples with
x,32% andx5 39.0%. This smooth progression ofgHT
between the values ofg for the SF free alloys indicates that
gHT arises from the electron-phonon effective mass enhance-
mentle-p without the effects of SF’s~i.e., lSF50) and that

the spin fluctuations are completely quenched by thermal
effects as a result of the unusually lowTSF in this system
~see below!. The SF enhancement vanishes in a temperature
range where the electronic contribution is still a significant
fraction of the totalCP(T), and the phonon term can still be
represented by its low-temperature limiting form. In a system
with a higherTSF, the electronic heat capacity would only be
a small fraction of the total at temperatures high enough for
the SF enhancement to be zero, and higher-order contribu-
tions to the phonon term would greatly complicate the analy-
sis. Given the good normal fits to the data in the temperature
range 7 K,T,10 K, we believe that this is the first obser-
vation of the complete reduction of the effective electron
massm* from its low-temperature, SF1phonon-enhanced
value to its high-temperature, phonon-enhanced value.

With a reliable value for the phonon termb, we can now
use Eq.~7! to obtainTSF from the fitted values of D in Fig. 4.
We find TSF to be;7 K, in broad agreement with earlier
low-temperature resistivity results.12,13,17,20Furthermore, as-
suming that the above interpretations ofg andgHT are cor-
rect, we can write

gHT5
1

3
p2kB

2N0~«F!~11le-p!

5S 425 mol K2

eV J atomD
21

N0~«F!~11le-p! ~8!

and

g5S 425 mol K2

eV J atomD
21

N0~«F!~11le-p1lSF!. ~9!

FIG. 4. SF parametersg (n) andD (n) derived from fits of
the zero-field data to Eq.~7!. Also shown are values ofgHT (s)
from normal fits of Eq.~6! to CP(T) in the range 7 K,T,10 K.
Downward-pointing triangles indicate magnetocalorimetry runs
~Fig. 6! in zero field~open symbols! and in a 5 Tfield ~solid sym-
bols!. The lines are guides to the eye.

54 12 241SPIN FLUCTUATIONS IN AN AMORPHOUS ALLOY



Extrapolating estimates ofle-p(x) determined from the Mc-
Millan relation in a previous study of superconducting
compositions,22 we obtain values ofN0(«F) in agreement
with previous work22,26~Fig. 5!. The excess which appears as
the peak ing at xc in Fig. 4 is then attributed tolSF, which
reaches a maximum value of;1 at xc ~this should be com-
pared with an extrapolatedle2p of ;0.4!. Knowledge of
N0(«F) allows a determination of the Stoner enhancement
factor S from Eq. ~2!. Taking x from Eq. ~3! and using
mB
2532.3 cm3meV atom/mol, we obtain the values ofuSu,27

plotted in Fig. 5, which show the expected divergence at
xc .

We interpret the results presented above to mean that at
very low iron concentrationsCP(T) has no enhancement
due to SF’s (lSF5D50), andCP(T) obeys the normal ex-
pression~6!. As the Fe content is increased, we see the grow-
ing influence of SF’s on the effective electron mass as an
increase inD and g ~or lSF). These parameters reach a
maximum at the critical concentration and then decrease
with further increases in Fe content as the magnetism be-
comes firmly established and SF’s less important. SF mod-
els predict that bothg andD should scale with the absolute
value of the Stoner enhancement factorS, which also has its
maximum atxc ~Fig. 5! and decreases as one moves away
from the critical composition.6 This peaked composition de-
pendence ofg, D, and S observed here is in accordance
with SF models. Broadly similar results have been obtained
for Ni 3Al alloys.

6,7

We emphasize here that the magnetic and calorimetric
SF effects have been determined independently.S is de-
rived from gHT , the high-temperature linear coefficient of

the specific heat, which exhibits no structure atxc , andx
from magnetization data, whereas the calorimetric signatures
of SF come only from the low-temperature upturns which
yield g and D. The observation thatg, D, andS all rise to
maxima right atxc;37%, the critical concentration for fer-
romagnetism determined from magnetization measurements
in the previous section, coupled with the absence of any
features in eithergHT or b at xc , is strong evidence that the
upturns inCP(T)/T are magnetic in origin. However, the
critical test of our SF interpretation comes with the applica-
tion of a magnetic field.

Figure 6 summarizes measurements of the electronic
CP(T) for three paramagnetica-FexZr 1002x samples deter-
mined in various fixed magnetic fields between 0 and 5 T.
The electronicCP(T) was obtained by subtracting off the
bT3 phonon contribution, whereb was determined from fits
to Eq. ~6! for 7 K,T, 10 K. The data are shown on the
same axes with no offsets. The samples have Fe contents of
x 5 30.3%, 34.4%, and 36.3% with Stoner factors,S 5 7,
14, and 50, respectively. Note the rapid suppression of the
upturn in thex5 36.3% case.

Many authors5,6 have warned that superparamagnetic
clusters28 may mimic SF effects inCP(T). Basic consider-
ation of the magnetocalorimetry data forx536.3% in Fig. 6
allows us to rule out cluster explanations of the upturn. Sta-
tistical mechanics requires that increasingT and B should
affect a superparamagneticCMAG(T,B) in the opposite
sense. However, plotting the data in Fig. 6 asCP(T) vs T
shows that increasing the applied field or the temperature
leads to a decrease in the excess specific heat for
x536.3%, in direct contradiction of cluster-based predic-
tions. A more detailed discussion of this point has been pre-
sented elsewhere.17,20

FIG. 5. Top: composition dependence of the bare density of
states at the Fermi level@N0(«F)# derived fromgHT assuming a
linear continuation ofle-p found in superconducting samples~Ref.
22!. Data from Onnet al. (s) Ref. ~22!, Matsuuraet al. (n) ~Ref.
26! and this work (j). The dashed line is a guide to the eye.
Bottom: uSu vs x derived fromgHT andx(T50) showing the di-
vergence atx5xc where magnetic order develops.

FIG. 6. Magnetic field dependence of the electronicCP(T) of
three paramagnetic samples:x5 30.3%, 34.4%, and 36.3%~esti-
mated to have Stoner factors of 7, 14, and 50, respectively!. The
electronicCP(T) was determined by subtracting off the phonon
contribution (bT3), as discussed in the text. Solid lines are fits to
Eq. ~7! below 5 K. Dashed lines are values ofgHT , the high-
temperature linear coefficient ofCP(T) measured in zero field. For
clarity, some intermediate field curves have been removed.
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Fits of the SF expression~7! to CP(T) at all field values
have been performed below 5 K, as before. Values ofg and
D determined from magnetocalorimetry runs are plotted in
Fig. 4 as solid symbols. The magnetocalorimetry results can
be explained in terms of SF theory which expresses the
change inCP(T) in an applied field as a change in the linear
coefficient.g(B) is predicted to decrease in a fieldB as6

g~B!2g~B50!

g~B50!
520.1

S
lnS S mBB

kBTSF
D 2. ~10!

The decrease ing is referred to as the quenching of SF’s and
results from an energy gap,mBB, which opens up in the
SF quasidispersion curve and decreases the effect of SF’s on
the electronicCP(T). We can see immediately that Eq.~10!
qualitatively explains the data in Fig. 6. For the
x530.3% sample, which shows no upturn inCP(T)/T at
B50, the application of fields up to 5 Tesla has no visible
effect onCP(T). This is becauseCP(T) for this sample is
not enhanced by SF’s. The most nearly ferromagnetic
sample, withx536.3%, shows the biggest upturn atB50 of
any of our samples. The application of a 5 T field, however,
completely removes the upturn in the electronicCP(T)/T.
Both the large upturn and the large quench rate result from
the high Stoner factorS;50. Furthermore, in the 5 T field,
the electronicCP(T) is reduced togHT , i.e., the continua-
tion of the high-temperatureB50 behavior extrapolated to
lower temperatures. This indicates that, through the applica-
tion of a 5 T field, we have observed, the complete quench-
ing of SF’s. The intermediate sample provides a final confir-
mation of the SF model. Given its weaker upturn, one might
initially expect that a field would suppress the SF contribu-
tion more rapidly, but quite the opposite is observed. The
upturn is reduced, but certainly not eliminated, in 5 T and
CP(T)/T ~in 5 T! is still larger thangHT . This is because
both the amplitude of the upturn and the quenching rate in a
field are controlled byS, which is only ; 14 in the
x534.4% sample. Because of the lower value ofS for
x534.4%, both the upturn and the quench rate are reduced,
as predicted by the theory@Eqs.~7! and ~10!#.

Using Eq. ~10!, TSF 5 7 K, andmB /kB 5 0.672 K/T,
together with the values ofS determined from the suscepti-
bility and gHT measured in zero field, we have determined
the expected quench rates. These are given in Table I, to-
gether with the experimental quench rates
d@g(B)/g(B50)#/d@B2#. The approximate agreement be-
tween the measured and independently predicted quench
rates is our strongest quantitative evidence that the upturns in
the electronicCP(T)/T arise from SF’s. The field depen-
dence of the electronicCP(T)/T data for x536.3% is a
clear observation of the complete quenching of SF’s by a

magnetic field. These data, coupled with the observation of
only partial quenching inx534.4% under similar condi-
tions, are the most convincing calorimetric evidence to date
for the presence of SF’s in any metal.

IV. CONCLUSIONS

The ground-state susceptibilities of the five paramagnetic
a-FexZr 1002x samples are consistent with the exchange-
enhanced susceptibilities of near ferromagnets with a critical
concentration ofxc;37%. At high temperatures, the suscep-
tibility is reduced, following a Curie-Weiss law with
QCW,0. This is consistent with the reduction ofx(T) by
thermally activated spin fluctuations.

The absence of structural variations, coupled with the
conveniently low TSF, makes a-FexZr 1002x the cleanest
system in which to study spin fluctuations. Measurements of
the low-temperatureCP(T) in a-FexZr 1002x show an en-
hancement of the effective electron mass at low temperatures
which is consistent with that predicted for SF’s. We have
also reported the first observation of the complete quenching
or suppression of SF modes both by high magnetic fields and
at elevated temperatures, providing the clearest evidence to
date of SF’s in the electronic properties.
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