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Muon spin relaxation (mSR) is a more reliable technique for tracking the field dependence ofTxy than
Mössbauer spectroscopy. It yields consistent behavior and does not suffer from fitting artifacts. In addition it
can be performed both with and without an applied field. Apparent differences between applied-field Mo¨ss-
bauer results and those frommSR derive entirely from difficulties associated with the analysis of the Mo¨ss-
bauer data.
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In attempting to explain the differences betweenTxy de-
rived from their applied field Mo¨ssbauer data and ou
longitudinal-field muon spin relaxation~LF-mSR) results,1

Kaptás et al.2 appeal to possible magnetic inhomogeneit
or the effects of differing sample production and handli
procedures. Neither of these claims is valid. They furt
argue that Mo¨ssbauer spectroscopy is inherently superior
in principle, it allows direct estimation of the demagnetizi
field. However, as we show here, the uncertainties and in
bilities introduced by the data analysis procedures far o
weigh any possible advantages.

I. SAMPLE RELATED ISSUES

There is no evidence to support a claim thata-Fe-Zr al-
loys are either magnetically or chemically inhomogeneo
We have used neutron depolarization,3 mSR,4,5 and most re-
cently, selective excitation double Mo¨ssbauer spectroscop
~SEDM!,6 to demonstrate that these materials are, with
doubt, magnetically homogeneous. Furthermore, small a
neutron scattering data aboveTc indicate that these glasse
show minimal effects of chemical clustering.7 Indeed, the
most commonly cited evidence for magnetic inhomogene
namely bimodal hyperfine field distributions„P(Bh f)…, is
readily shown to be a mathematical artifact of the fitti
process.8–10

The data used to construct the magnetic phase diagr
of a-Fe-Zr ~Ref. 1! and a-Fe-Ru-Zr ~Ref. 11! are derived
from samples prepared over a seven-year period by sev
different people on two different melt-spinning systems. T
materials used ranged in age from months to five years a
time of measurement. In many cases, several years ela
between the ac-susceptibility, Mo¨ssbauer, andmSR measure-
ments. Despite this, the phase diagrams exhibit exce
agreement between the results derived from different te
niques, and values obtained from samples of different a
prepared by different people are fully consistent. We obse
0163-1829/2002/65~17!/176402~2!/$20.00 65 1764
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a smooth evolution in behavior that depends only on com
sition, with no evidence for aging or handling effects.

Finally, both mean-field calculations12 and numerical
simulations13 indicate that the magnetic behavior is co
trolled by the level of frustration present, and that this fru
tration affectsTc andTxy equally strongly. ThereforeTc pro-
vides as good an indicator of basic sample condition asTxy .
It is trivial to determine Tc , and as noted above, ac
susceptibility, bulk magnetization, Mo¨ssbauer spectroscopy
neutron depolarization, andmSR all yield consistent values
Since ourTc’s agree with those of Kapta´s et al.,2 and we
have eliminated both sample aging and preparation co
tions as sources of variation, it is clear that only the reliab
ity of the procedure used for determiningTxy remains as the
origin of the apparent discrepancies.

II. METHOD RELATED ISSUES

mSR is perfectly suited to the study of transverse s
freezing. It is a bulk technique that probes both dynamic a
static behavior simultaneously. We have confirmed tha
yields correct values forTc in both a-Fe-Zr ~Ref. 1! and
a-Fe-Ru-Zr~Ref. 11!. Investigation of a polysaccharide iro
complex allowed us to demonstrate that in a magnetic
inhomogeneous system,mSR could be used to distinguis
the nonmagnetic shells from the magnetic cores, b
blocked and dynamic.14 We observed no evidence for mag
netic inhomogeneity ina-Fe-Zr. Finally, thea-Fe-Ru-Zr sys-
tem exhibits a break in the temperature dependence ofBh f
that can be used to locateTxy in zero field using Mo¨ssbauer
spectroscopy. These zero field values forTxy , and those ob-
tained bymSR are in perfect agreement.11 Indeed, it was the
obvious discrepancy between our zero-fieldmSR ~Refs.
4,15! and applied field Mo¨ssbauer data8 that led us to inves-
tigate the effects of an applied field onTxy .

Determination ofTxy usingmSR ~both in zero field, and
with an applied longitudinal field! involves locating a peak in
the muon relaxation rate that is sampled at 10–15 temp
©2002 The American Physical Society02-1
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ture points and typically stands well over ten standard de
tions above any background.11,15The changes in muon relax
ation rate can be seen by eye, in the raw data,without
recourse to computer analysis. SEDM in zero applied fi
has been used to check both the relaxation rates frommSR
and the value ofTxy . Perfect agreement was obtained.6 We
also confirmed the location ofTxy by using a break in the
temperature dependence of the static field experienced b
muons. The two values typically agree within 5 K. The o
served behavior in both the static and dynamic signature
fully consistent with numerical simulations.13

By contrast, determiningTxy from applied field Mo¨ss-
bauer spectroscopy in these magnetic glasses is far
straightforward. One must identify the field~or temperature!
at which the second and fifth lines of the disorder-broade
six-line pattern disappear.P(Bh f) is strongly asymmetric
~skewed towards low fields!, its shape is not knowna priori,
and it is affected by the applied field. Lines two and fi
overlap the low-field tails of lines one and six, respective
and their low-field tails in turn overlap lines three and fo
The fitted intensity of lines two and five is strongly corr
lated with the form of the low-field tail used, or assumed,
fitting P(Bh f). While the average hyperfine field is genera
a robust parameter, the deconvolution routines employe
determineP(Bh f) for magnetic glasses are prone to oscil
tions which render the form ofP(Bh f) unreliable. Math-
ematical instabilities in the deconvolution procedure,8,10 the
effects of line overlap, and the limitations of first-order pe
turbation expansions9 all combine to greatly reduce the rel
ability of the analysis used to track the intensities of lin
two and five in the applied field spectra. Far fewer points
available, and the uncertainties on any given measurem
are much larger than formSR, so that actual, rather the
quoted, ambiguities inTxy are often 10 K or more~see Fig. 2
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of Vinczeet al.16!. In addition, the external field, essential
the measurement, strongly affects the magnetic structur~it
can suppress the transverse ordering entirely! so thatP(Bh f)
is necessarily changed. While it is true that, in principle, t
demagnetizing field could be determined from the decre
in the averageBh f , the method relies onBh f and the external
field simply adding, with no field-induced changes
P(Bh f). Unfortunately, the severe effects of an applied fie
on the magnetic order, and thus onP(Bh f), make this as-
sumption invalid and render the procedure unreliable. F
thermore, in bothAuFe ~Refs. 17,18! anda-Fe-Zr,19 the ex-
ternal field often leads to anincrease in Bh f . Even for
ferromagnetica-Fe88Zr12 the fitted field shift has not satu
rated by 7 T.20 Thus, the ‘‘inherent control’’ claimed as a
advantage, does not actually exist.

There are significant inconsistencies in the data show
Fig. 1 of the preceding comment2 that serve to underline the
problems encountered in using Mo¨ssbauer spectroscopy t
follow the effects of an applied field onTxy . First, theirTxy
for x58 extrapolates to essentially the same zero-field va
as that of the more frustratedx57 alloy. By contrast, our
value lies nicely between those of thex57 and x59
samples. Second, their field dependence forx58 is severely
curved, yet for bothx57 andx59, the dependence is linea
While there appear to be no strong predictions for the p
ticular functional form ofTxy(B), it would seem reasonabl
to expect that the behavior would be consistent from sam
to sample, or at least that it would evolve in a consist
manner with composition. We recently checked the field
pendence ofTxy for 10>x>7 using LF-mSR,21 and con-
firmed that the same form is in fact observed across
composition range.
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