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Optical Faraday rotation was used to measure the uniform “dc” magnetization M versus T in
the random-field Ising model (RFIM) system Feg47Zngs3F2 in fields 0.2<H <19 T. Both
(6M /8T )y and (8M/SH )t diverge as H”In|t |, as does the specific heat. Significantly different
amplitude exponents were measured, y ~0.6 and 1.0, respectively, confirming scaling-theory pre-
dictions. The observed rounding of the phase transition below |z |~1x1073, at H =1.0 T, results
from extreme slowing down of the RFIM critical fluctuations consistent with extrapolating X'(w)
studies to a measurement time scale 7=1/w~100 s.

Since the lower critical dimension d; of the random-field
Ising model (RFIM) is now agreed to be d; =2,' attention
has shifted toward understanding the phase transition at
T.(H) for d > d; (e.g., d =3). Both theory? and experi-
ment> have begun to focus on the critical dynamics of the
RFIM at d =3 because of the unusual nature of the slow-
ing down of the critical fluctuations as T— T.(H). The
latter is almost certainly at the heart of the hysteresis and
metastability observed in field-cycling studies.

Without exception, all experiments on RFIM systems
have been performed on diluted uniaxial antiferromagnets
(AF’s) in a uniform field H parallel to the ¢ axis, following
the Fishman-Aharony prediction* of their equivalence to
the Ising ferromagnet in a random field. The Faraday ro-
tation (FR) measurements reported below were made on
the diluted Ising AF Fe,Zn, -, F;, upon which there have
been extensive birefringence (An),’ capacitance,® neutron
scattering,” NMR,? and ac susceptibility [¥'(w)] (Refs. 3
and 9) studies. It was from X(w)-vs-o studies® that the
first experimental indication came of the extreme slowing
down of the critical fluctuations as T — T.(H). With FR
measurements of (M /8H )7 vs T we have effectively in-
creased the characteristic measurement time (r=w ") of
the susceptibility by at least two orders of magnitude, rela-
tive to the lowest frequency (2 Hz) of the X'(w) studies.
The peak in (§M /8H )1 appears considerably sharper and
higher than that in X'(w), but the effects of the unusual
RFIM dynamics are still seen even at this extreme o, at
reduced temperatures |7 | <10"3in H=1.0T.

In addition, we have determined the field-scaling prop-
erties of the leading singularities of all second derivatives
of the free energy with respect to T and H; 8°F/3T?,
9*F/OH 8T, and 9*F/3H? all diverge as H” |t | ~% with the
same @, but different y. Previous experiments on d (An)/
dT (Ref. 5) and X' (w) (Ref. 3) exhibit a In|z| divergence
(i.e., @~0) for the RFIM. The FR measurements show
this also to be the case for (M /8T )y and (OM/0H ) 7.
Since d(An)/dT is a linear combination of 8?F/8T? and
92F/9H 8T, it follows that the magnetic specific heat C,,,
which as yet has not been directly measured in
Fe,Zn, —F,, must have a In|¢ | divergence, too.

The measurements were made on a section of an ex-
tremely homogeneous boule, other parts of which have
been used in previous investigations.>’~® From the Néel
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temperature Tny=T.(H =0) =36.47 K, obtained from
An(T), we have determined the average composition to be
Feo47Zn¢ 53F,. Since the narrow laser beam (diameter 175
um) is directed along the c axis (thickness 3.6 mm), which
is perpendicular to the crystal growth direction, we believe
the concentration gradient causes a rounding of the transi-
tion no larger than 6t =2x10~% Temperatures were sta-
bilized to within 1 mK. A resolution of §6=0.002° was
obtained for the FR angle © using a sensitive modulation
method'® in conjunction with a feedback-controlled rotat-
ing analyzer for compensation. It was found that Ar* ion
laser light at A=457.9 nm gave a considerable dispersion
enhancement of the FR at short wavelengths'! relative to
that of the He-Ne laser (A =632.8 nm). The initial FR
data on FeF, were taken with the latter.

The temperature dependence of the FR in both FeF,
and Feg47Zngs3F; is shown in Fig. 1. The FR is strictly
proportional to the uniform magnetization M in FeF,.
This can be seen in that it varies as does %(T') with T,'?
exhibiting Curie-Weiss behavior at high T, peaking slight-
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FIG. 1. Temperature dependence of the Faraday rotation at
1.0 T normalized to its peak value ©,, in FeF, (A =633 nm,
6,, =49.0 deg/cm at 79 K; full circles) and in Fep47Zngs3F>
(A =458 nm, ©,, =11.0 deg/cm at 37 K; open circles).
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FIG. 2. (86/6T )y vs T for zero-field-cooled Feo47Zngs3F2
measured at H =0.5 T (triangles), 1.0 T (open circles), and 1.5
T (full circles), respectively. The solid lines are guides for the
eye.

ly above Tn =78.4 K, and monotonically vanishing as
T — 0.!3 The peak in the FR near Ty sharpens with dilu-
tion and decreases in temperature. Its amplitude de-
creases (at constant A) by one order of magnitude. The
variation of the FR with T appears to be identical with
X(w) (Refs. 3 and 9) except in the region very close to
T.(H).

Figure 2 shows (86/8T )y vs T in the vicinity of T.(H)
for H =0.5, 1.0, and 1.5 T, respectively. Critical behavior
is evident from the appearance of sharp peaks which, upon
increasing H, become more symmetric and shift to lower
T. A plot of (60/6T)y vs logiol?]| at H=1.5 T, as
shown in Fig. 3, suggests that it diverges logarithmically as
does d(An)/dT.> Furthermore, the peak position at
T.(H) does obey crossover scaling li.e., Tw—T.(H)
<HY ¢ after mean-field correction*]. In close agreement
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FIG. 3. (8©/6T)y vs logio|t]| for H=1.5 T (cf. Fig. 2),
where t =(T —T.)/Tn with T.=35.28 K and Tn=36.47 K.
Open circles: T < T, full circles: T > T..
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FIG. 4. (6©6/6H)r vs T for zero-field-cooled Feo47Zngs3F>
measured at H =1 T with §H =0.03 T (full circles, left-hand
scale), and its singularity (open circles, right-hand scale) after
subtracting a standard background function (solid line, see text).

with previous results>® we find ¢ =1.44 & 0.04 from mea-
surements within 0.2 T <H=<19T.

Very similar critical behavior appears in the “dc” sus-
ceptibility X, as is manifest in (66/8H )y vs T for H =1.0
T in Fig. 4. It is obtained from individual ©(T) vs T
curves taken at H +§H/2, with §H =0.03 T. A sym-
metric peak appears on top of a large background, which is
qualitatively similar to X'(w).> Virtually no change of the
peak shape and a mere 0.1% increase of its height is ex-
pected in the limit 8H — 0; hence, the identification of
(M /5M ) with X. The singular part of (§60/6H)r is
plotted versus logjo|z| in Fig. 5. These data were ob-
tained by subtraction of a smooth background, which
would correspond to X'(w) in the limit @w— oo, as was done
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FIG. 5 Singularity of (66/6H )r vs logio|?| normalized to
(6©/8H ) (37 K) =10.95 deg/cm T (Fig. 4). The horizontal line
through the peak height and the logio|z| line intersect at
t*=1.3%x10"3 (see text). Open circles: T < T,, full circles:
T>T.=35.73 K.
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in the analysis of X(w).> It is hyperbola shaped with
asymptotes tangent to (86/8H )7 at |¢| >0.03 and sym-
metrizes the singularity within 0.001 < |z| <0.03 (see
Fig. 4). Again, within errors, a In | #| behavior emerges as
shown by the solid line best fitted to the data within 0.003
<|t]=<0.02 (Fig. 5). The departure from In|z]|
behavior below |7]|<1073 in both (86/6T)y and
(6©/8H )1 will be discussed below.

A critical-point analysis of both (dM/d8T)y and
(0M /0H ) may be obtained from the scaling form of the
free energy,*

F(T,H)=H*2~0g(| 1y |H™Y?) | (1)

in which the leading random-exchange behavior has been
suppressed.’ Here, tyy =(T —Tn+bH?)/Ty, and a is the
exponent at H =0. Assuming a sharp phase transition at
T.(H ), this transforms into

F(T H)xH?@=dle|p|2-a ©))

where t =[T — T,.(H)1/Tx and @ refer to the RFIM limit.
A straightforward calculation shows that the leading
singularities for (dM/8T)y and (dM/3H)r have H’
x|t| % dependences with y=0/¢)(1+a—a—0¢/2)
=0.56 and y =(2/¢)(2+a—a—¢)=0.99, respectively.
The numerical values are obtained using @ =0 (in accor-
dance with logarithmic divergence), ¢ =1.40 (Refs. 5 and
7) and a=—0.09."* They are satisfactorily confirmed by
the experiments on (80/86T)y (y =0.60+0.10) and
X (o) [y~0.97 (Ref. 9)]. C,, also scales as H” |t | ~* with
y =(2/¢)(@—a)=0.13. In this case, direct experimental
verification of y is lacking, but rather small values, y ~0.1,
have been inferred from the studies of d(An)/dT vs H.>
Since C,, involves both two-spin correlation functions and
Zeeman terms, whereas d (An )/dT involves only the form-
er,'>'® d (An)/dT may be thought of as the difference be-
tween two quantities with identical thermal exponents but
very different field-scaling exponents, y =0.13 and 1.56,
respectively. Thus, d(An)/dT would not have a pure
power-law field-dependent amplitude. However, in the
small-field limit (H <H.,) it would scale with H as does
C, (e, y=0.13), as seems to be the case experimen-
tally.?

The leveling off of both (8©/6T )y and (66/6H)r,
which occurs at |#]|~1073 (see Figs. 3 and 5), is well
above where sample inhomogeneity would result in a
rounding of the phase transition. We believe an explana-
tion is to be found in the critical dynamics of RFIM sys-
tems, first seen in X' (w) studies.®> It might at first seem
surprising that a ““dc”” experiment would be influenced by
the dynamics that governs critical phenomena. However,
a “dc” measurement is made on a time scale 7~102-10%s.

Since the RFIM is characterized by extraordinary slowing
down of the critical fluctuations, effects of the dynamics
manifest themselves even at these extremely long-time
scales, i.e., at low frequencies w=1"1. All of our data
were taken approximately 100 s after any change of T or
H; hence, 7~100s.

Following the interpretation given to the rounding of
X(w),?> we characterize the departure from the expected
In|z| divergence in terms of a “dynamic rounding tem-
perature” t*(z). It is defined by the intersection of the
asymptotic In|¢ | behavior of the singularity with a hor-
izontal line through the peak height at |z | =0, in a semi-
logarithmic plot. Analyzing the susceptibility (Fig. 5) in
this way we obtain 7* (100 s) =(1.3£0.4)x10~3. Adopt-
ing a conventional dynamical scaling approach, one finds
t*(1)ect™ V%% with 7 the dynamical and ¥ the correlation-
length RFIM critical exponents. The w-dependent round-
ing of X(w) between 2=<w/2x=<1000 Hz was fit*> with
7v~14. Extrapolating this to t=100 s at H =1 T yields
t*=1.35%1073, which agrees well with our observation.
In the same approach, the peak height of X' (@) is expected
to vary as Inz. A similar extrapolation of the ac results to
7=100 s yields a value of 0.132 +0.03 (relative to that of
the flat plateau at 37 K), in essential agreement with our
value of 0.124 +0.005 (Fig. 5), corrected for the finite SH
effect.

An alternative activated dynamic scaling approach has
been introduced by Fisher? for the RFIM, which predicts
t*(7)ec|Int| ~V%% with 1 <6V =<2. Making a correspond-
ing extrapolation of the ac t* (w) data® using this expres-
sion yields a value 1.7x1073=<¢*(100 s)=<1.9x1073
Thus our data are also compatible with this approach, pro-
viding 6v~1. Although our measurement at 7=100 s ex-
tends the frequency range of ¢*(z) to six decades, the al-
ternate scaling functions vary so slowly and are so similar,
that the data cannot yet distinguish between them and oth-
er possible forms.!” If this is to be done, better data, over a
possibly even greater frequency range, will be required.

The existence of a dynamical rounding with ¢*(z)
~1073 for experimentally realizable measuring times
(r < 10* s) may render moot the whole question of what
are the asymptotic static critical exponents? of the RFIM
problem.
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