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Critical behavior of weak itinerant ferromagnet Fegy_,Mn,Zr 1, (0=x=<16) alloys
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The magnetic behavior of amorphous,igMn,Zr,, (0<x=<16) alloys has been investigated in the critical
region from which we determined the Curie temperatdrg (@and critical exponentsy, B, and ). Detailed
analysis suggests that the exponents are asymptotic and independent of the method of analysis in the actual
critical region(ACR), while it strongly depends on the method of analysis outside the ACR. Asymptotic critical
exponent values are very close to those predicted by a three-dimensional nearest-neighbor Heisenberg model.
The obtained results provide strong experimental evidenaeeak itinerantferromagnetism.
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Randomly diluted magnetic systems with short-range indoys based on various methods to resolve the issues that are
teractions have captured the attention of scientists in receitighlighted above and to answer some basic questions that
years? Heuristic arguments and renormalization grqR®) have been unanswered until not&) Which model forms the
calculationd assert that the critical behavior near the ferro-most appropriate theoretical description of the critical-point
magnetic(FM) to paramagneti¢PM) phase transition of a behavior ofweak itinerantferromagnets?b) Do weak itin-
pure spin system with negative specific heat critical exponengrant electron ferromagnets fall naturally into one of the
(a) does not get altered by the presence of short-rangknown universality classes of critical phenomena or do they
quenched disordérFor example, in the case of magnetic form a class of their own? The choice of the present series
materials a careful analysis based on the simple power lalas been dictated by the fact that this series exhibits reentrant
(SPD indicates that the critical regime spans a wide reducedbehavior over a wide composition raff§and also to verify
temperature rangen[=(T—T.)/T.]<0.04+0.02 below a recent analysis of magnetization data on FeMnZr alloys
which the critical exponents do not seem to vary with tem-that gave extremely large values of the critical exponents
perature. Moreover, critical phenomenon studies of a largeompared to the 3D NN Heisenberg model.
number of systenfshave testified to this in the past. How-  Amorphous Fg,_,Mn,Zr, alloys x=0, 4, 6, 8, 10, 12,
ever, it is surprising that the FM-PM phase transition at theand 16 were prepared by the conventional melt-spinning
Curie temperatureT) in many systems is characterized by
the values of the critical exponerjtg for spontaneous mag-
netizationog(T), 7 for initial susceptibility x(T), and é for
critical isothermo(Hqy,T.)] that are considerably larger 90
thar? those theoretically predicted for an ordered three-
dimensional(3D) nearest-neighbo(NN) isotropic Heisen-
berg ferromagnet.

Most of the theories of critical phenomena in magnets
consider that these systems consist of magnetic moment
(sping localized at lattice sites and interacting with one an-=__ g
other through exchange interactions. On the other hand, th1§’
theoretical models applicable itnerant ferromagnets are
restricted to only three model§;) the Heisenberg spin sys-
tem with long-range dipolr interactions, (i) the
d-dimensionalspin system with an isotropio-component
order parameter,(iii) the spherical mod&lversion (i.e., n ©
—0) of (ii). Experimental studies of the critical behavior of
weak itinerantferromagnets have been confined to only a
few system$ and rarely more than two critical exponents
have been determined. Moreover, a close scrutiny of the re
sults published in the literature reveals that the obtained ex:
ponents may suffer from one of the following problente:
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the values of the critical exponents are found to vary with the 0 . .

scaling equation of state, arfd) due to the nonlinearity in 0 50 100 150 200
the magnen;auon curve at higher f|elds,. the gxtrapolatlon (H/o)"’ (Oe g/emu)”’

method obviously leads to large uncertainties in the zero-

field quantities and hence the critical exponents. FIG. 1. Modified Arrott plot[ ¢*# vs (H/o)Y"] for amorphous

Here, we report a detailed analysis of the critical behaviolFegMn,Zr,, alloy. Note that only three-fourths of the actual data
of a series of amorphous{) Feyg_(Mn,Zr;o (0=<x=<16) al-  are shown for the sake of clarity.
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technique in an argon atmosphere. Magnetization measurandxgcl(T) were computed from the intercept values at dif-
ments were performed in external fields up to 50 kOe over derent temperatures on the ordinaté<{T,) and abscissa
wide temperature range @G<T<1.4T;. In order to de- (T=T,), when the linear high-field portion of the MAP plot
duceT,. and the zero-field quantitiesy(T) and)(gcl(T), the s extrapolated tar*#=0 and H/o)Y"=0, respectively, as
raw magnetization data are converted iott? vs (H/o)Y”  shown in Fig. 1. AfT=T., the MAP isotherm is linear over
such that the data taken in the critical region fall on a set othe entirea/H range and upon extrapolation passes through
straight lines through a choice of critical exponeftsand  the origin. The determined values of(T) and y4.(T) are
y.M The low-field ac susceptibilityACS) measurement was plotted against; in Fig. 2. By contrast, low-field ACS is a
carried out by the mutual inductance method at a frequenciirect measure of the intrinsic susceptibility and referred to
of 80 Hz in a rms field of 26 mOe. More details about theasy,(T). With a view to ascertain which theories of critical
sample characterizations are given elsewfre. phenomena correctly describes the present systegT,),

The typlcal modified Arrott plO(MAP), constructed out chl(T), and Xa_cl(T) data were ana|yzed in terms of the
of raw o-H isotherms, is shown in Fig. 1 fa@-FegMnsZrio  following equations:

alloy. Note that only three-fourths of the actual data set is
shown in figure for the clarity. This figure captures all the
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TABLE |. The determined values of the Curie temperatufg ( TS, TI), critical exponents ¢, 8),
Curie-Weiss-like constanq ), effective magnetic moment in the paramagnetic stafg, (saturation mag-
netic moment ¢s), and the ratio of magnetic moments for amorphoug E@Mn, Zr,, alloys. The parameters
within the parentheses indicate the error in the parameter.

X T, o L y B C, dp Us p/0s
(1073

0 226.84) 226.65 226.43) 1.3766) 0.3694) 3.81(2) 6.3417) 1.5325 4.139
4 214.27) 214.33) 214.24) 1.3837) 0.3738) 4.893) 7.0996) 1.4328) 4.957
6
8

197.16) 197.24) 197.17) 1.3594) 0.3586) 5.642) 7.2808) 1.2617) 5.773
184.87) 184.718) 185.86) 1.3648) 0.3555) 6.124) 7.4048) 1.1319) 6.546
10  169.36) 169.36) 169.18) 1.4065) 0.3563) 6.833) 7.8625) 1.0219) 7.700
12 154.18) 154.23) 154.19) 1.3954) 0.3764) 7.792) 8.8874) 0.9814) 9.062
16  131.26) 131.37) 131.23) 1.4124) 0.3642) 8.802) 10.2314) 0.9138) 11.206

ay(T)=0ao(— P[1+u, (—pi+u, (—9)*2], »<0,  Eds.(1b)and(2b) reveals that in the ACR| | <| Nerosd) ™S,
(1b) Beti [ vertl and B [ y] are related as

O'S(T):O'(,)l’;ﬂﬁ[l'i”’l]_ |77|A1+T.I_ |:;’|A2] ’;]<0 IBeff( 77):,8+u;1A1(_77)Al+u;2A2(_77)A21 (33)

o—l 0—2 1 1
(10) + A + A
Yer(m=y=uy A(m)*1—uf Ax(m)*2, (3D
oM =ogl7l[1+u, (7)), »<0,  (1d . - .
) and in the limit (- )0~ [7—071, Besi(n) [Yerl(n)]
Y {T)=zprett,  p>0, (2a)  coincides withB [ y]. The obtained critical exponengsand
v by various methods in the different reduced temperature
Y YT)=zp[1+ul (pir1+ul (2]t 7<0 ranges are shown in Fig(l3. The determined critical expo-

Xl X2 ) )

nents are independent of the method of analysis in the ACR,
while it strongly depends on the method of analysis outside
~ -~ o~ ~ o~ ~ the ACR.
X MM =z"tp[1+uy ( ’7)A1+u;2( m] T 9<0, It is well known that in the present series of amorphous
(20) alloys, the spin-wave stiffness constaf®) renormalizes
5 o _ with temperature in accordance with the comparison pre-
x H(M=2"ty’[1+u (n)] " <0, (2d)  dicted by both localizedHeisenbery and itinerant models.

- , The calculated value of the NN distarités close to the
where, y, B [A1, A] are the critical exponentfleading  yajues predicted for typical mean NN transition-metal—
correction to scalingLCTS) exponent§ u,, , U, , U, ,  transition-metal distances in amorphous ferromagtetsie
U, Ul Ut 0T, 07,0, 2= (he/my) are the criti- local magnetic a_nisotropy a_nd_high-fie_ld susceptibilijéﬁ,o_

727 O XL KT Xat Xt X _ are observed to increase with increasing Mn concentration.
cal amplitudes, andy=(t—1)/t, t=T/T, are the nonlinear The calculated value of,; decreases rapidly as the tempera-
scaling variables. A detailed analysis of thg(T), xac(T),  ture is lowered belowT, and goes through a broad minimum
andy,. (T) data based on Egél) and(2) reveals that in the before attaining a constant value at low temperature, indicat-
asymptotic critical regiofACR), Eq. (1c) [(2c)] reproduces ing the typical character ofeak itinerantferromagnets®!’
a(T) [x XT)] data to a far greater accuracy than Etf) An elaborate analysis of the data reveals tijahonanalytic
[(2d)]. In the ACR, the LCTS analysis based on the exprest CTS terms essentially control the temperature dependence
sions that include the nonanalytic correction terms alonef o4(T) andy~1(T) data for temperatures closeTg, and
yields the same result regardless of whether these correctigii) in the ACR, nonlinear scaling yields the same result as its
terms are expressed in linear scaling variaplegs.(1b) and  linear counterpart does. Moreover, the single leading analytic
(2b)] or in nonlinear scaling variablgggs. (1c) and (2¢)].  correction term in nonlinear variabl¢&q. (2d)] permit an
On the other hand, Eq¢ld) and (2d) provide very good unambiguous determination of the magnetic moment per al-
overall fits in a temperature ranges as wide asTGs6T  loy atom in the paramagnetic statg,, through the relation
<T, for o(T) and T, <T=<1.4T for x *(T). Note that all  q(q,+2)=(2.8287(CAlp), whereC,=(T./z"), and A
independent determinations of tig’s (T, , T, and Tg) and p are the atomic weight and density, respectively. The
show more or less same valu@ (=T, ~T?) within the computed values ofi, and those of the ratiq,/qs (where
error limits. s is the saturation magnetic moment per alloy atom at)0 K

The effective critical exponent$.s; and y.;; were are listed in Table | along with the values of the critical
calculated? at different temperature ranges and are depicte@xponents. For all the amorphous alloys, the ratig'qs
in Fig. 3(@. A comparison between effective exponents and>1 and it falls on a straight line when plotted agaﬁﬁgt1 or

(2b)
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FIG. 4. The ratio of the magnetic moments,/qs, plotted
against various temperature scalkes' and T, #3. The solid lines
passing through data points denote the best fit to the data.

T_%3 as shown in Fig. 4. According to the Rhodes-
Wohlfarth criterion'® the greater the amount by which the
d,/qs ratio exceeds unity, the morenerantis the magnetic
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ferromagnets in the critical region, when one considers in
conjunction with the result of RG calculatichthat for a
d-dimensional spin system with an isotropiecomponent
order parameter and interactiodgr) decaying asJ(r)
=1/a%"“in( g, >0), the critical exponents assume their
short-range values for atl, if o;,,>2. These phenomena
assert that the magnetic moments in the present system in-
teract with one another through long-range interactions,
which decay faster thand7. This assumption together with
the Rhodes-Wohlfarth criterion suggest that the present se-
ries of amorphous alloys ameak itineranferromagnet. The
critical exponents obtained from the magnetoresistivity
datd® analysis near the critical region also support the
present results. The result of the present analysis clearly dis-
tinguishes between the effective and asymptotic critical ex-
ponentdFig. 3(b)] for the present samples and also for a few
published data. An extension of this work to various pub-
lished datd on different samples can help further in identi-
fying the main source of the spread in the reported exponent
values.

In summary, a systematic and detailed investigation of the
critical behavior of weak itinerant ferromagnet
Feyo_,Mn,Zro alloys by various methods is presented. The
detailed analysis results in the nonanalytic correction terms
arising from nonlinear irrelevant scaling fields dominating
over the analytic ones in the asymptotic critical region but
the reverse is true for temperatures outside the ACR. Based
on our observations, we conclude that the remarks the
temperature at which the transition from the paramagnetic
state to a state with long-range ferromagnetic order takes
place. The obtained results provide strong experimental evi-
dence ofweak itinerantferromagnetism in the glassy alloys
in question.
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