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Measurements of magnetic and magnetotransport properties of frustrated metallic ferromagnets are com-
bined to get information on their equilibrium spin pattern over distances of the order of the nanometer. The
considered systems are concentrated, chemically homogeneous solid solutions of one or more transition metals
in a host diamagnetic metal; competing interactions produce a significant magnetic frustration and a ultrashort
ferromagnetic coherence length over an extended range of temperatures. The isotropic negative magnetoresis-
tance exhibited by these systems is instrumental for obtaining information on changes of the spin pattern on the
nanometer scale. Recent magnetic and magnetotransport data obtained on three frustrated ferromagnets
(AuggFeyy, AusgFesy, and CygFeoNiyg) are briefly discussed. The magnetoresistance behavior of these sys-
tems is related to the changes of the magnetic coherence length by effect of both temperature and applied
magnetic field.
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[. INTRODUCTION and frustrated ferromagnets. These systems have often been
depicted in a more sketchy way than spin glaséémcause
Although magnetoresistan¢®IR) phenomena have been of the intrinsic difficulty of providing an accurate theoretical
investigated since the very beginning of modern magnetisngescription of the equilibrium spin arrangement; on the ex-
renewed interest has occurred since the discovery of giamterimental side, magnetic measurements often offer as evi-
magnetoresistanc€GMR) in magnetic multilayers, which dence a mixture of spin-glass and ferromagnetic features
opened the way to a variety of recent applicatibisAs a  [such as the simultaneous presence of nonsaturating magne-
consequence of this application-oriented research activityization behavior up to very large field$,and huge, steep
other possible outcomes of MR phenomena in unconvenmagnetization changes at lower fields$* as well as evi-
tional magnetic systems have been somewhat neglected, ience for irreversible effects and slow dynamics at all tem-
spite of their implications at a basic level. Disordered Magperatures belowl¢ (Ref. 15]. Getting a clear picture of
netism is a subject in which the potential of MR as a break¢oncentrated disordered magnets is made difficult by the ab-
through technique_ is still p_art_ially u_nexplored. As a matter Ofsence of independent experimental information to comple-
fact, magnetoresistance is wgtzn_wsmally connected W|th th‘?nent pure magnetic measurements, which hardly provide by
electron mean free patmfp),™” i.e., with a range O.f dis- themselves an unambiguous picture of the magnetic equilib-
tances of the order of a few nanometers in most dlsorderegs]um state in a frustrated system. In Sec. II, we summarize

metallic allqys at room temperature.'Th|s feat'ur_e Is key forthe most recent magnetic and magnetotransport data obtained
understanding the usefulness of MR in determining the prop-

erties of almost all last-generation magnetic materials, wher@" disordered magnetic systems such asgAuFe (x

nanoscopic lengths or volumes and related nanoscale prop-20: 30 @nd CcFeNiz, evidencing the features com-

erties play a major rol&-’ The magnetic and magnetotrans- mon to_aII mat_erials. A mode_l is_ introduced in Sec. I tq
port properties of granular bimetallic systertmntaining extractmformauop_on ma_gne_tlc disorder from magne_tore3|s—
nearly superparamagnetic particles of a magnetic transitioH"nce data. Specific applications of the model are discussed
metal embedded into a metallic, nonmagnetic mathave N Sec. IV.

been extensively studiét® more recently, bulk core-shell

systems(compacted nanopowders of one transition metal

surrounded by an oxidized shehiave been examinéd.in Il. SUMMARY OF THE EXPERIMENTAL RESULTS

these cases, the magnetic inhomogeneity on the nanometric ) o )
scale is intimately related to a chemical inhomogeneity, with Rapidly solidified AgoFey, AuzoFesp, and CuoFesNiz

definite boundaries between adjacent chemieald mag- allqys were submitted to full sFructuraI and magn_etic chgrac-
netic) phases. A natural extension is provided by magnetiderization. Experimental details can be found in previous
systems in which the magnetic inhomogeneity on the nanoPapers;>*®*"their common features are highlighted here:
metric scale is no longer related to chemical effects, and (i) The considered alloys are nearly ideal solid solutions,
comes instead from magnetic frustration effects originatedt least in the as-quenched conditfgr?

by competing interactions. In this paper, we address the case (ii) In all studied systems there is clear evidence for a
of ultra-short-range magnetic inhomogeneities in chemicallyfrustrated magnetic phase below the Curie temperature. In
homogeneous, concentrated systems such as mictomagnéisgsgFe,y, the spin arrangement has been defined as cluster
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FIG. 1. (a) Typical magnetization curves of the studied alloys;

(b) numerical field derivatives of the previous curves.

glass or mictomagnetic;?°

while  AugFesg
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TABLE |. Typical values of the magnetic quantities of interest.
Tc: paramagnetic Curie temperatupg,: effective moment per
magnetic atom;T,,.,: temperature of maximum high-field mag-
netic permeabilityH,y : Weiss field, estimated from .

Alloy Te (K) Timax (K)

AlgFex 290 4.83 205
AuzgFes, 415 7.80 415
CusFe,Nizg 625 4.04 625

Hett(mp) Hy (Oe)

6.5 10
9.3 10
14810

(v) All systems exhibit a negative magnetoresistance, es-
sentially isotropic, whose values lie between a minimum of
2% for AugFey at T=2 K and a maximum of 17% for
AugoFe,atT=2 K (always in the interval 0—70 kQ&* The
dependence of MR on the reduced magnetization is far from
quadratic, with an exception made for very high fields. A
common aspect of these systems in their ordered phases is
the boxlike shape assumed by the MR MgM,; curves,
and shown in Fig. @). A continuous change from a boxlike
to parabolic shape has been observed iy P&, corre-
sponding withT¢ .12 The parabolic dependence observed in
the paramagnetic pha$eindicates that the magnetoresis-
tance has the same origin as the GMR observed in bimetallic,
nanogranular alloys, although here the scattering centers are
single paramagnetic atoms or very small clusters of spins
instead of being superparamagnetic parti¢feShe term
proximity magnetoresistante(PMR) indicates that the ef-
fect originates from spin-dependent electron scattering at the
boundaries between coherence regions, which are no longer
separated by a nonmagnetic phase as in granular alloys.
PMR data are plotted as functions of béihand of M/M g,
in Fig. 2 for all alloys at about the same temperature. De-
tailed information on the equilibrium spin patterns is ex-
tracted from the PMR vaM/Mg,, curves, according to a
procedure described in the following section.

IIl. MAGNETIC CORRELATION LENGTH

Let us start with the relationship between electrical resis-
tivity and the local direction of the magnetization vector in a

CugoFexNiyg exhibit more definite ferromagnetic features. In magnetic material characterized by short-range magnetic or-
all systems, magnetic and magnetotransport measuremertsr at equilibrium well below the ordering temperat(ealk
point to the existence of a single magnetically ordered phaskustrated magnégt Spin-dependent electron scattering is an

from 2 Kto Tc.

essentially local phenomenon, which takes place at a given

(iii) Well below T, all isothermal magnetization curves magnetic atom. The effects of scattering events on a macro-
exhibit no significant magnetic hysteresis and a two-stecopic scale may be described through classical or semiclas-
magnetization process, composed of a magnetization jump atcal approaches, as is often done in the literattifé.In
low fields (typically for H<2x 10° Oe) followed by a very principle, magnetic frustration at a local level, i.e., inherent
slow approach to saturation at high fields; no real saturatiodisorder in the equilibrium spin directions down to the inter-
is observed up to 70 kOe; an example is shown in Fig. 1atomic distance, may give rise to two types of effects on
where the magnetization and its numerical field derivativeelectron propagatiorii) an increase of resistivity by effect of
are plotted for the three alloys at about the same temperaturthe magnetic disorder, an@) a spatial dependence of the

(iv) All systems follow a simple paramagnetic behavior magnetic scattering cross section itself, by effect of the dif-
aboveT., according to a Curie-Weiss law with high effec- ferent pattern of the magnetic electron clouds existing in
tive moments,’ indicating the presence of magnetic clustersproximity to each magnetic scatterer. The latter effect will be

even in the disordered phase. Typical values of the magnetidisregarded in this paper; it is assumed here that the domi-
properties of interest are reported in Table | for all consid-nant effect of magnetic disorder is to add an extra contribu-
ered alloys. tion to the overall mean-free-path reduction, exactly as in
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0. magnetic momenji; on theith atom and that of the corre-
] sponding moment on thgh atom; the angular parentheses
2 indicate an average over the material. The average is to be
] performed over alli(j) pairs whose distanceg; is of the
44 order of magnitude of the electron mfp The angle between
. ] instantaneous directions qf; and u; may be written in
2 5 terms of a colatitude®; and of an azimuthy; , having intro-
- J duced a fixed reference frame whasaxis is the direction of
02: 8- —e—ALFe the gxterngl magnetic fielcli..Using straightforward trigqno—
o ] Tou5 K metric relations, and factorizing the averages over colatitude
-10- —0—Au_Fe,, and azimuth, one gets
] T=44K
15 —&—Cu_Fe, Ni,, (cos#;;) =(cosb;cosh;) +(sin #;sin ;) X (cog ¢;— ¢;)).
. T=50K 2
-14 +—r——r——T——r—r—T—TT ; i T
B0 80 A0 20 & 20 40 e 80 In thg exammed magnetic sy§tems, it is assumed that a
correlation exists between the directions of any two neigh-
H (kOe) boring spins, and that this correlation monotonically de-
creases with increasing; :
°] e (cog ¢ — b)) =i IR, (3)
21 (b) (cos6;cos;) = ((cos g) —(cose)?)el~"i 'R + (cosh)?,
] @
9 _6_' Y (sin@;sin6j) = (sir?g)el i 'Ro), (5)
- Ao whereR, and R, are two correlation ranges for colatitude
o 1 T=45K N4 ¢ . . .
s 8- —o—Au,Fe and azimuth correlation, respectively. The two correlation
o ! T=44K lengths, R, and R,, may be considered as substantially
104 _°_$‘js%':;z&'\“zo equal in bulk frustrated magnets. This assumption does not
J - hold for correlated paramagnetic or superparamagnetic
-124 particles’ where the mechanisms determining longitudinal
J and transverse spin correlations and their breakdown are
-4 ———— different?® however, in the present case, wherstatic dis-
-1.0 -0.5 00 05 1.0 order takes the place of the dynamical disorder produced by
M/M temperature, this assumption is reasonable because the local
sat canting of spins is no longer related to two different channels

FIG. 2. Typical PMR curves of the studied allogg plotted as of spin relaxation. Instead it is related to the presence of a

functions ofH and (b) plotted as functions of the reduced magne- Fandomly oriented local anisotropy axis, determined by com-
tization (U)=M/Mq;. petition between magnetic interactions. Let us explicitly as-

sumeR,=R,=R,. In this case, the average value appear-
superparamagnetic granular systems, where the same &89 in Ed.(2) may be written as

sumption is generally considered to hél@he similarity be- N 2 2 _ /in2ya(— MR
tween frustrated ferromagnegsxhibiting a static spin disor- (cosfij)=m’+ ((u%)—(u)%)e
den and superparamagnetexhibiting a dynamical spin +(1—(u?))el~2/Rm), (6)

disordej is strengthened considering that the electron time )
of flight between any two scatterers is very short compared/hereu=cosé, (u) corresponds to the reduced magnetiza-
with the lattice-lattice and spin-lattice relaxation times, sofion M/Ms,, and the conditiorr;; =\ has been explicitly

that electrons interact with an essentially static environmenftroduced. _ o
even in the case of spin fluctuations induced by thermal The correlation length must vanish for high fiefdsas a

effects?® consequence, the electrical resistance must depend on the
The electrical resistance of a system where the magnetigquare of the reduced magnetization for sufficiently high val-
scattering is not negligible may be simply writterfas ues of the magnetic field. Such a result is indeed observed in

all examined system&@n example is shown in Fig.)3The
parabolic law interpolating the experimental resistance at
high fields is

whereR, represents all nonmagnetic contributionstax is R* =Ry— a(U)? @
a quantity independent of the magnetic field, ahdis the 0
angle between thginstantaneoysdirection of the atomic so that it is possible to write

R=Ry— a(cosf), , D)
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FIG. 3. Experimental dependence of electrical resistahom
(u)? near magnetic saturation.

R* —R=af((u2) —(u)2)el " Mfn) 4 (1—(u?)) el 2/Rn)].
®)

Equation(8) is a simple algebraic equation of the second
degree irx=e("MRm)_ Introducing the field-dependent quan-
tities A=1—(u?); B=((u?)—(u)?); C=(R*—R)/« it be-
comes
Ax?+Bx—C=0. (9

The coefficientsA, B, andC can be determined from ex-
periment. The quantitZ is directly obtained by interpolating
the experimental resistance data at high fields through E
(7). In order to obtain the quantith) entering the coeffi-
cients A and B, a simplified picture of the magnetization
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FIG. 4. R,/\ vs (u) for Au,Fey, at different temperatures.
The quantityR,,/\ is easily obtained from Eq9) as

1
In1/x”

Rin/A= (12)

At fixed T, this quantity is a function ofl, monotonically
decreasing from the starting valug,(0)/\ to zero. Ex-
amples are given in Figs. 4—6 for all considered systems at
selected temperatures; the best way for having all results
displayed on a single graph for each alloy is to use a loga-
ithmic scale for the vertical axis, and to keep the reduced
nagnetization'u) as the independent variable. Fluctuations

mechanism in frustrated magnets may be used. It is suppose 10° 3
here that the distribution at equilibrium of the local direc- ]
tions of magnetization under a given magnetic field may be ] - —— AU80F€‘20
represented by the spherical random-walk function intro- 1
duced by Zenéef and defined by 10'4
Dl 0,7)= * > an+l e "("*D7p (cosf), (10)
270 2
. . . . c< 100__ A— —A— A
where 6 is the angle between the local magnetization dlrec—\E 3 M““\
tion and the field direction, andis a field-dependent param- r AAAAA
eter ranging from zero to infinity, determining the spread of g,
the distribution g,y reduces to a delta function for—0, . ——T=2K -
and becomes the constant 1/2 for-=). Both the reduced 107 3 i¥f:‘f’4KK
magnetizatio{u) and the relationship betwe¢n?) and(u) —o—T-165K
are easily obtained by exploiting the orthogonality of Leg- —A-T=234K
endre polynomials; as it turns out, —A-T=273K
10-2 T T v T v T v T v T
(uy(H)=e"27"), 00 02 04 06 08 10
<u>

(uz):%+§<u>3. (11
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10° effects at boundarigsso that the field does not appreciably
: affect the angle;; , and the resistance stays constant even in
Cu_Fe Ni the presence of large variations @f). On the contrary, the
60° "20° 20 region of theR({u)) curve close td(u)|=1 corresponds to
1024 ¢ a strong reduction of the teriR,,/\, which is dropping to
E P%.F\ zero, so that spins at a dlstan)ceapart become statistically
L2 unfrozen, and the MR begins to be observed. In most cases,
the same region corresponds to a small residual increment of
(u), so that the MR curve appears as typically squeezed
- 3 —o—T=50K towards|(u)|=1. The variation of the electrical resistariRe
] —e—T<120K at high fields implies that a significant canting of spins oc-
—O-T=200K curs over distances of the order of the electron mfp. This
o —a-T=273K gives additional support to our picture of the coherence re-
1073 gions as zones where the spin alignment is initially far from
] being perfect. Small values &,,(0)/\ (i.e., not very large
with respect to unityimply instead a nearly parabolic MR
behavior with(u) (somewhat reminiscent of the flat-top pa-
10 T T T T 1 rabolas found in superparamagnetic granular systerfiso
6o 02 04 06 08 10 experimental MR curves corresponding to these two limiting
<U> cases are shown in Fig. 7.

R /A

FIG. 6. R,/\ vs{u) for CuggFe,gNiy at different temperatures. B. Correlation length: Absolute values
at high fields are unavoidable by-products of the procedure, Absolute values ofR,(0) are immediately calculated
which involves the determination of the logarithm of a quan-from R,,(0)/\ using the electron mean free path obtained
tity close to zero. More physical insight will be obtained from zero-field electrical resistance measurements. A variety
plotting the curves as functions &f, as discussed in Sec. of R,,(0) values is found, depending on the alloy composi-
IV C. Generally speakingR(0)/\ is a decreasing function tion and temperature. Generally speakifi},(0) is a de-
of temperature, although in GgfFe,gNiy, such a dependence creasing function of temperature, the smallest slope corre-
is significantly weaker than in the other two cases. This issponding to CgyFeNi,g, Whose Curie temperature is the
mainly related to the different Curie temperatures of thenighest(Table |). TheR,,(0) data for the three studied alloys
three alloys, as discussed in Sec. IVB. As obser®&gl/\  are reported as functions of the reduced temperat(ife in
values comparable to or lower than unity are foufighat  Fig. 8, to emphasize the effect of the increasing loss of mag-
large(u) values, in all systemgii) over the entirdu) range,  netic order on the maximum correlation length. Although all
in the AwgFe, alloy at the highest temperatures. Finally, it curves exhibit a similar trend, no truly universal behavior is
should be noted that the present results are not substantialgpserved, reflecting the fact that the material composition
affected by the choice of the relationship betwgaf) and  has some impactnot accounted for by the modebn the
(u); in fact, it has been checked that any other physicalltemperature dependence Rf,(0). This quantity attains the
meaningful choice brings about but minor consequences opalue of about one micrometer in Agfe;, at very low T.
the Ry,/\ curves. In particular, the maximum value Such a value is compatible with the picture of this alloy as a
[Rm(0)/\] and the high-field limifi.e., zerg remain exactly  long-range ferromagnet at low temperatures, as indepen-
the same, while th&,,/\ vs(u) curve is only weakly modi- dently indicated by dc susceptibility measureménté/hen

fied in shape, and its concavity does not change sign. T/Tc—1, the correlation lengtrR,(0) of AugFe, ap-
proaches the horizontal line which indicates the average
IV. APPLICATIONS nearest-neighbor distance in the same alloy, as deduced from

x-ray diffraction® Above about 280 K all spins become sta-
tistically independent; such a result is in agreement with the
The effect of the value oR,,/\ on the shape of the ex- existing information on both the paramagnetic Curie tem-
perimental magnetoresistance curve can be easily undeperature and the broad order-disorder transition of this alloy,
stood. Let us consider the caBg,(0)/\>1, corresponding obtained through dc susceptibility measurements at low and
to a very large magnetic correlation length at zero field. Thishigh fields, respectivelyTable .
case corresponds to the boxlike behavior of the magnetore- A somewhat complementary view is provided by the
sistance plotted véu), and characterized by an exceedingly analysis of the parametél,=(cosé;), of Eq. (1), which is
flat central region and by a dramatic drop of the electricala measure of the degree of parallelism among spins within a
resistancék when|(u)| approaches unitjsee Fig. 2b)]. The  sphere of radius.. In particular, the limitslI,=0 andII,
central region corresponds to large coherence regions, whosel are associated with completely random spin directions
widths are much larger than. In these conditions, any pair and perfect spin alignment, respectively. The paramHter
of adjacent scattering centers, at a distancapart, are al- is easily obtained agR* (0)—R(0)]/a from the procedure
ways inside the same coherence regiemcluding border of Sec. lll, and is plotted as a function of temperature in Fig.

A. Effect of R,,/\ on the magnetoresistance
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\ FIG. 8. Zero-field magnetic correlation lend®,(0) as a func-
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DE tion: this result indicates that the relation between local
alignment and coherence length may be a very general prop-
< 103 —0O—Au_Fe, T=2K erty of bulk frustrated magnets. Finally, it can be observed
CCE —O0—Au, Fe, T=273K that a significant spin misalignment on the scalenofIl,
) ~0.9) exists even in considerably large coherence regions
] 1 [Rn(0)/A=~14, corresponding in these alloys to a volume
3 containing approximately % 10° correlated spiris This re-
00000%% sult is not surprising, because the tendency towards spin par-
allelism is always in competition with local anisotropy fields
0.1 R originating from the random magnetic interactions, so that
00 02 04 06 08 10 small-scale frustration survives to some extent in the form of
<U>
FIG. 7. (a) Limiting cases of the observed magnetoresistance o)) = T——— ﬁ—*_’*_*_*
curves(parabolic and boxlike behavipr(b) correspondingR,,,/\ O0—o0—op I~
vs (u) curves. \O O— —
\ |:||:|\I:|
9. Once again, the most perfect alignment over the distanct 0.8 0
\ is found in CygFeNisg; the same condition is attained by \
Au,gFe; at the lowest temperatures; in ey, the align- A
ment is rapidly lost with increasing, and almost random & 06 5
spin directions are observed in correspondence of the pare8
magnetic transition, as expected. Remarkable properties o}l’ —0—Au, Fe,
frustrated systems emerge when the paramiéigis plotted = 0.4 —o—Aufe,
as a function of the rati®,(0)/\. Figure 10 clearly shows —#—Cu_Fe Ni,
thatIl,—0 whenR,,(0)/\ becomes equal to or smaller than O,
1 (corresponding to the case of a perfect paramagiiéie 0.2 ?
interesting aspects of Fig. 10 afi¢ the degree of local spin \
parallelism (defined within a sphere of radius, which is b
always of the order of magnitude of the nearest-neighbor  0.0L T S S
distance is determined by the radius of the sphere of coher- 0 50 100 150 200 250 300 350

ence, which usually is much larger; therefore local and
medium-ranged properties of the spin pattern are intimately
entangled in these frustrated systeiiig;all points fall on a

T(K)

FIG. 9. Local alignment parameték, as a function of tempera-

single curve, independently of the alloy type and compositure for the studied alloysee text for details
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FIG. 10. Local alignment parameteii, as a function of FIG. 11. Semilogarithmic plots d&,, vsH, evidencing the high-
Rm(0)/X for the studied alloys. field exponential behavior of the magnetic correlation length.

a misalignment of spins even in large-scale “blocks” of cor- @S expected, but still well below the Curie-Weiss field of
related spins. Figure 10 shows that the spin misalignmerifiese bulk ferromagnets, as estimated from their Curie tem-
gradually disappears when the correlation length is furthePeraturegsee Table)l

increased; it can be assumed as negligible only for correlated

volumes containing about210'° spins(a magnetic domain V. CONCLUDING REMARKS

in a bulk metallic ferromagnet such as monocrystalline Fe

The proposed approach provides a simple, effective wa
may contain 18— 10?2 aligned spins bYop bp prov il Ve wey

to describe the magnetoresistance properties of concentrated,
bulk magnetic systems containing frustrated spins. These
C. Functional dependence oR,(H): The correlation field materials may be considered as nanoscale systems because of
_ . : the ultrashort magnetic coherence length; they somewhat fill
The analytical expression for the correlation lenBthfor the gap between dilute frustrated systefssin glassesand

all H values cannot be obtained from the present approact&andard ferromagnets. Magnetoresistance effects in these

In fact, the functional dependence at létwalues is affe_cted systems have been straightforwardly related to the nano-

"Lcopic coherence length. The present results allow one to
be rather complex in a frustrated magnet. It should be reiter- b g b

T . .~ ~lIinterpret a variety of experimental MR data in terms of one
ated that the randpm correlation f'.eld acting on each Spin 1S Barameter the magnetic coherence length. In particular, the
mere representation of the true interaction among spins, ’ '

genuine many-body effect. However, at high fieRs(H) E/pmal boxlike shape exhibited by the MR when plotted as a

hould totically beh tial functi unction of M/Mg,; is interpreted in terms of a magnetic
a.ou asymptotically behave as an exponential Tunction oo ye|ation range which is much larger than the electron mfp

N whenH=0, and reduces to less thanfor sufficiently

high fields. The high-magnetization “tails” of the boxlike
R(H) e H/Heorr, (13 MR asymptotically follow & u)? dependence, in agreement

with the expected behavior of a spin-spin correlation, which
whereH ., may be taken as a figure of the rms correlationmust disappear at high fields. The characteristically flattened
field: whenH>H_,,,, the width of the coherence regions is central region of boxlike MR curves does not imply the per-
significantly less than\. The R, (H) curves obtained fect alignment of spins over distances of the order\of
through our procedure suggest that this can indeed be the
case, although the observation spans one decade only. In the
restricted range oR,, values explored, a single-exponential (13.
behavior ofR,,(H) is observed at high fields, as shown in

TABLE II. Typical values ofH,,, (in Oe) obtained using Eq.

Fig. 11 for the examined systems at three selected temperg-(K) AuzdFeso Ao 0 Clsd&Nizo
tures. In this way, an estimate df,,, can be obtained for all 50 2.3x10° 3.4x10° 3.3x10°
bulk frustrated magnets under study. These values are reso 4.9<10° 4.0X 10° 2.3x10°
ported in Table II; it should be noted that they are muchosg 5.0< 10° 5.8% 10° 2.0x1CP

larger than dipolar fields found in other granular systéms,

174412-7
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instead it means that any angle between canted spins is veryl when the MR is plotted against reduced magnetization.
stable against external disturbances: the correlation manifesthe local alignment parameter defined in Sec. IV provides a
itself in a coherent spin rotation under the magnetic fieldguantitative estimate of the initial degree of spin canting.
with a negligible MR effect. This angular correlation actually  The continuous transition from a boxlike to a fully para-
originates from a collective interaction, involving many ad- bolic behavior of MR vaM/M,;, observed, for instance, in
jacent spins; it can be represented by the random anisotropdugsFe,q (Ref. 13 when the temperature is increased from
field, or correlation field, introduced in Sec. IV. With increas- 2 K to 300 K, may be coherently related to the reduction of
ing H aboveH,,,,, the angular correlation is expected to the zero-field magnetic coherence length \iithn this case,
decrease, although the overall alignment among spins irnthe magnetic coherence length becomes vanishingly small
creases. Thél=0 state of these materials corresponds to aclose to the paramagnetic transition, with no significant
significant canting of neighboring spins; the degradation oftritical-point anomalies.

this canted state under high fields gives rise to the strong MR In conclusion, the magnetoresistance properties of the
effect which emerges in the high-magnetization region of theconsidered frustrated magnets can be fully understood in
boxlike curves. The abrupt change of derivative characterizierms of concepts derived from those introduced in the de-
ing the experimental MR v#/Mg,; curves(and justifying  scription of the giant magnetoresistance in superparamag-
the name of “boxlike” given to this type of curyes con-  netic granular systems. Relating the MR effects to the nanos-
nected to the exponential decrease of the magnetic correlgaale magnetic properties of bulk frustrated magnets is a
tion range at sufficiently high fields, resulting in an enhancedarticularly effective way to get a unified picture of this class
MR effect, which appears as squeezed towdM$M .., of systems.
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