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Ultrasonic investigation of critical behavior
in the random-field Ising system Dy(As Vq )O4
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Elastic-constant measurements, made with the use of a high-precision ultrasonic interferometer,
have allowed determination of the susceptibility critical exponent y in the random-field Ising system
Dy(As Vi )04. For pure DyVO4 a value 7 = 1.15 + 0.05 was obtained, which is between the
values y = 1 for a mean-field system and y = I.25 for a three-dimensional Ising system with
nearest-neighbor interactions, and consistent with conclusions reached by previous authors that
there is a strong short-range component to the exchange interactions. Random-field samples yielded
a significantly higher value, specifically y = 1.79+0.07, consistent with the two-dimensional nearest-
neighbor Ising value p = — and with results of simulations by other authors, but in disagreement
with certain scaling-theory predictions. This is the most reliable value obtained thus far for y in
a random-field Ising system in three dimensions. Results of optical-birefringence measurements on
the ultrasonics samples, along with numerical simulations, show that the measurement of p was not
significantly aftected by arsenic-concentration inhomogeneities.

I. INTR.ODUCTION

Since the pioneering work of Imry and Ma, Ising sys-
tems in which a site-random field (RF) couples to the
order parameter have been the subject of considerable
theoretical and experimental study. RF suppression of
long-range order leads to lower transition temperatures,
new critical behavior, and the formation of metastable
domains in the low-temperature phase. This work is an
experimental investigation of the critical behavior, in par-
ticular of the isothermal susceptibility exponent y, for the
random-field Ising model (RFIM).

There is no exact physical realization for RF's in Ising
ferromagnets, and most experimental studies have been
of dilute antiferromagnets (DAF's) in a uniform applied
field, in which case a RF which couples to the staggered
magnetization is generated, proportional to the applied
field. A previous investigation of static RFIM critical
behavior in DAF's has found o, = 0.00 + 0.03 for the
specific-heat critical exponent, determined from birefrin-
gence experiments on Feo 46Zno 54F2. In addition, the
values p = 1.75+ 0.2, v = 1.0 +0.15 have been measured
for the st, atic susceptibility and correlation-length expo-
nents in Feo 6Zno 4F2, although these values should be
viewed with caution since the (staggered) susceptibility
and correlation length in an antiferromagnet can be ob-
tained only from neutron scattering measurements of the
growth of a superlattice peak and are sensitive to the
functional form used to describe the line shape, for which
there is no rigorous theory currently available.

The particular system under study in this work is the
random-str ain compound Dy(As~ V i ~ )Oq—a mixt ure of

the isomorphic compounds DyVOq and DyAs04, each
of which undergoes a cooperative Dahn-Teller transition
from tetragonal to orthorhombic symmetry, at temper-
atures TD ——14.6 K and 11.4 K, respectively. In this
system the interactions between the Dy + ions can be
described by an eAective Ising pseudospin Hamiltonian
in which the order parameter is proportional to a B~&
lattice strain. The mismatch of DyVOq and DyAsoq
lattice parameters generates a random strain field,
one component of which has the correct symmetry to
couple to the order parameter. The susceptibility

is the inverse of an elastic constant —specifically
cs =

2 (cii —ci2) oc y, which vanishes at the
second-order phase transition —and can therefore be
measured directly in an ultrasonic velocity experiment,
from which p can be determined from eg oc e&, where
e = (T —TD)/TD is the reduced temperature. Although
the critical behavior of pure DyV04 is believed to be ulti-
mately classical because of long-range coupling to a uni-
form strain, this behavior is not observed for experimen-
tally accessible temperatures close to TD, owing to strong
short-range interactions. These short-range interac-
tions are also expected to dominate the long-range strain
coupling in the mixed compounds Dy(As Vi )Oq, al-
lowing meaningful (although perhaps not exact) compari-
son of the observed critical exponents in Dy(As Vi )Oq
with the predictions of the usual nearest-neighbor RFIM.
We note that although there is evidence that dilution
of the magnetic species may impede the observation of
equilibrium critical behavior in DAF's, there is no such
dilution in Dy(As Vi )04 since the interactions driv-
ing the transition are between the Dy + ions, so only the
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RF's, and not the exchange interactions, should depend
on x.

Metastability and the behavior of domains in this sys-
tem have been discussed elsewhere, ' ' as have pre-
liminary ultrasonics results.

II. ULTRASONIC VELOCITY MEASUREMENTS

The elastic constant cg = p{vg)~, where p is the den-
sity, can be determined directly from the velocity vp of
shear waves propagating in the [110] direction; how-
ever, large ultrasonic attenuation near TD prohibits such
measurements in the critical region. Wc avoided this
problem by measuring the velocity eL, of longitudinal
waves propagating in the [100] direction, which yields

p(vI )' = c» ———
2{cion + ci2) + —.,'(c» —c&2),

from which the temperature-independent c&&
— -{c&z+

cq2) can be subtracted, leaving c~q —
c&&

——cg oc P.
Changes in sound velocity as a function of temperature

were measured very precisely with an ultrasonic interfer-
ometer, using a pulse-echo technique, Radio-frequency
pulses were generated electronically, transduced to ultra-
sonic signals, and then passed through a quartz delay rod
into the sample, which had flat and parallel [100] faces,
polished to a fraction of an ultrasonic wavelength. The
echoes which resulted from multiple reflections from these
faces were retransduccd to electrical signals and mixed
with a variable-phase reference signal that was coherent
with the initially generated pulse. The reference phase
was then adjusted to give a destructive interference con-
dition at the center of the first "sample" echo. A change
in sample sound velocity caused a change in echo arrival
time and cauld therefore be calculated from the change in
phase required to maintain destructive interference. In
practice, this method allowed detection of phase shifts
as small as 5 x 10 4 cycle, far reasonably naise-free
30-MHz pulses and excellent frequency stability, giving
a sensitivity ta changes in velocity of about one part in
10 for typical samples used in these experiments.

These ultrasonic velocity experiments required large
homogeneous single crystals, the growth and As con-
centration measurement of which have been described

elsewhere. g Samples used for [100] measurements had
x = 0, 0.154 + 0.010, 0.164 + 0.010, and 0.984+ 0.001.
AVe also used a [110] sample with z = 0.154 + 0.010
The thickness d along the propagation direction needed
to be su%cient to separate the echoes obtained from mul-
tiple rejections in the sample. The round-t, rip propaga-
tion t, ime was typically to 1 ps, and a pulse dura-
tion of 0.4 ps provided adequate separation while main-
t, aining reasonable spectral purity at the peak (necessary
for the interferometry). The sample was bonded to the
quartz rod by a, thin (30—50 pm) indium foil with very
lightly greased surfaces. The grease allows good ultra-
sonic transmission, and the indium provides strain relief
from difI'erential thermal contraction during cooling.

The absolute propagation time to was measured at
room temperature by feeding the reflected signal into
both channels of a variable-delay oscilloscope and de-
laying one channel for overlap of two of the multiple
echoes. In order to correct, for possible phase shifts asso-
ciated with the pulse reflections, the delay was measured
at several frequencies from 20 to 300 MHz. A linear rela-
tionship was observed between the time delay and f
implying a shift in phase that, was independent of f; we
corrected for this by extrapolating to f = 0. The value
for to thus obtained was then used to determine the ab-
solute velocity, vo ——2d/tQ.

Once to was deterniined, the interferometer was used
to monitor the phase of the first sample echo as a function
of temperature down to 4.2 K, with particular attention
paid to measurements near the phase transition. Veloc-
ities were then calculated from v = 2d/{to + A/), where
At is the measured reference phase shift (in time units)
relative to te. Results for crq ——pv for the four [100]
samples are shown as a function of temperature in Fig.
1, which clearly illustrates the softening of cg associated
with the transition. For all samples studied cII decreases
continuously to a niinimum value at T = TD, implying
that the phase transition is second order in the RF sam-
ples as well as in pure DyVO4. As the strength of the
RF ls l11cl'cased by lncl'casllig thc con ccIltI'atloII of thc
minority species (As or V), TD becomes more severely
suppressed and the transition becomes broader. Some of
the results of this work are summarized in Table I.

TABLE I. Summary of results, for different arsenic concentrations x, showing: sample density p (from Ref. 9), sample
thickness d, room-temperature propagation time tp for a round trip though the sample, room-temperature sound velocity
v(RT)= 2d/to and elastic constant c(RT)= p[v(RT)], transition temperature Tn, sound velocity v~~ and elastic constant c»
at T = Tn (for [100] samples), and susceptibility critical exponent 7.

0
0.154 (10)

[ioo]

o.i 64 (i o)
o.984 (5)

5.820 (6)
6.332 (4)

2.926 (2) 909.54 (10)
1.500 (2) 739.79 (9)
2.915 (2) 900.33 (27)
1.939 (2) 610.8 (5)

p tp

(g/cma) (mm) (ns)

5.7168 (8) 2.900 (2) 896.27 (19)
5.811 (6)

v(RT)
(km/s)

6.471 (6)

c(RT)
(GPa)
239.4 (5)

6.434 (5) 24O. S (6)
4.oss (6) 9s.6 (4)
6.475 (6) 244.0 (5)
6.349 (12) 255.2 (11)

7.95 (2) s.177 (s) iss. 8 (s)

s.60 (3)
9.O7 (3)

5.206 (6) 157.8 (5)
S.i28 (iS) i66.S (ii)

0
Vyy

(K) (km/s) (G Pa)

14.075 (10) 5.211 (5) 155.2 (3) 1.15 (5)

1.80 (6)

1.79 (7)
i.76 (is)

v = vt. for the [100] samples, and v = vs for the [110]sample.
c = cqq for the [100] samples, and c = -(cqq —cq2) for the [110]sample.
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FlG. l. Elastic constant cqj vs temperature, for all four

[100] samples. The data for the x = 0.984 sample have been
displaced vertically upward by 10 GPa for clarity.

Since the main aim of these measurements is to deter-
mine static critical exponents, we must ensure that the
transition is not smeared by noncritical effects, especially
if such smearing would prevent the measured values of the
soft-mode elastic constant c, from vanishing at T = TD.
Since T& is strongly dependent on arsenic concentration
z, one source of rounding of the transition could be inho-
mogeneity in x in a RF sample. This point has been em-
phasized by King, Belanger, Ferreira, and 3accarino24 25

(hereafter referred to as KBFJ) with reference to DAF's.
We have used a technique similar to that of KBF3 to de-
termine the variation in z in our samples from c-a bire-
fringence measurements. These measurements, details of
which are given in a previous paper, exploit the sensitiv-
ity of the birefringence An„ to z by converting sensitive
measurements of the spatial variation in An„ to varia-
tions in z and hence in TD. Variations in concentration as
small as 10 could be resolved using this technique, al-
though uncertainty in sample parallelism prevented this
ultimate sensitivity from being achieved in practice. Re-
sults for the RF samples are summarized in Table II,
which gives for each sample the total variation in appar-
ent, birefringence h(An„ ), As concentration b'x, transi-

tion temperature bTD, and reduced temperature be. The
range of transition temperatures infl. uencing the ultra-
sonic velocity was further reduced in each sample by cut-
ting the indium bonding layer to transmit sound only
through the region of greatest uniformity, which corre-
sponds to the optically clearest region. It is also possible
that much of the observed "inhomogeneity" in our sam-
ples is due to thickness variation, although small oscilla-
tions in the apparent birefringence in our most homo-
geneous sample give a lower bound for be of 7 x 10
Thus the values for bTD relevant to our ultrasonic ve-
locity measurements are probably rather less than those
given in Table II, which at any rate are too small to ac-
count for the fact that the minimum in eqq is less sharp
in the RF samples than in pure DyVOq (Fig. 1), espe-
cially since the broadest transition occurs in the most
homogeneous RF sample.

Another potential source of rounding of the minimum
in

cjoy

could be dynamic nonequilibrium effects due to
extreme slowing down of critical fluctuations as the tran-
sition is approached. Such dynamic rounding has been
observed in ac susceptibility experiments on the DAF
Feo 4bZno 5@F2, which indicate a rounding onset temper-
ature and a suppression of the full static response that is
weakly dependent on frequency. Investigation of dynamic
rounding in Dy(As, .Vr x)04 requires comparison of mea-
surements made at a range of ultrasonic frequencies. Pre-
liminary results of such measurements at frequencies
from 25 to 120 MHz suggest that for the strongest RF
sample, x = 0.164, the minimum in cj j becomes shal-
lower as f is increased above 30 MHZ, indicating that
dynamic critical effects could be affecting the present
data for this sample. However, no such freouency depen-
dence is observed in the somewhat weaker RF sample,
x = 0.154, between 10 and 70 MHz, so that in our exper-
imentally accessible range of temperatures near TD the
static critical behavior of this sample is not obscured by
the dynamics.

III. SUSCEPTIBILITY CRITICAL EXPONENT

Having established that the shape of the measured
anomaly in |"~j at TD is not seriously affected in the RF
samples by either concentration inhomogeneity rounding
or dynamic critical effects (with the possible exception of

TABLE II. results of measurements of concentration inhomogeneities for samples with As
concentrations x, showing total variation in: apparent birefriugeuce [b(Dn )], arsenic concentration
(Fx), transition temperature {bTD), and reduced temperature (6s).

0
0.154 (10)
O.154 (1O)'
0.164 (10)
0.984 (5)

6(&n, )

3x10
5x10

11 x 10 4

5x10
7x10 '

3 x 10
7 x 10

x 10
4.5 x 10

0.15
0.3
0.02
0.06

2x10
4x10
3x10
7 x 10

[100] sample.
[110]sample.
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dynamic effects in the z = 0.164 sample), we were able
to determine the static susceptibility critical exponent y
from our ultrasonic data as follows. Since in the static
limit the soft-mode elastic constant cs = 2(ctr —crq)
must go to zero at T = TD for a second-order transition
to occur, the "background" contribution 2(crt + cq2) is

given by the minimum value of c~~ at the transition, czar,
and can therefore be subtracted from the cga data to ob-
tain the behavior of c~ directly. This procedure requires
that 2(cqr + cr2) be independent of temperature in the
critical region a plausible assumption, since this elastic
constant corresponds to a mode of the wrong symmetry
to couple to the distortion.

One test of the validity of the assumption that cg ——0
at T = TD is the comparison of measurements of cia —c&j
and c~ at temperatures as close to TD as possible. In or-
der t, o make such a comparison, we performed a direct
measurement of cg using shear waves propagating in the
[110] direct, ion in a sample prepared from the same piece
of as-grown crystal as was the z =0.154 [100]sample. Re-
sults for cs in this sample, compared with the ci~ —cyj re-
sults for the same concentration, are presented in Fig. 2.
The apparent convergence of the two curves as the tem-
perature is reduced suggests that cg does indeed vanish
at T = T~, although high attenuation in the [110]sample
prevents this comparison from extending into the critical
region. (The deviation at high temperatures is explicable
in terms of the usual variation of elastic constants with
temperature due to anharmonic effects. ) We must also
consider the possibility of an anomaly in 2(cr~ + cr2)
near TD, which may occur if there is a nonzero Jahn-
Teller coupling to the corresponding (totally symmetric)
Aqz mode (a dilation or contraction of the unit cell in the
basal plane), since such a coupling is allowed by syrnme-
try considerations. Proper resolution of both these
questions requires accurate measurements of 2(cqq +

cjoy)

right through TD. This can be done by using longitudi-
nal pulses propagating in the [110] direction to measure

—,(cz& + cj2) + c&s, then subtracting css, measured using

shear waves propagating in the [100] direction. Pre-
liminary results of such measurements for z = 0.154
show that cg ——0 at T = TD, within the rather large
absolute experimental uncertainty of +1 GPa in the dif-

ference between cqq and z(cqr+cr2). Attempts to detect
an anomaly in z(cqr + cq2) have so far been inconclu-
sive, owing to problems associated with a slight sample
misalignment, although it does appear that if such an
anomaly does exist it, is too small to significantly acct
the critical-exponent measurements.

The critical exponent y was found from the slope of a
log-log plot of cj~ —

czar versus reduced temperature e for) 0; the values used for TD and c&& were then adjusted,
within the limits allowed by experimental uncertainty, to
give the best possible straight line. Results for "best"
values of c&&, TD, and p are shown in Fig. 3. The uncer-
tainty in p was determined by the amount it changed for
diA'erent values of TD and c&& which still gave reasonable
straight lines. Naturally on a log-log plot the experi-
mental scatter of the data is enhanced at small c, so the
most heavily weighted data were generally in the range
10 ( c ( 10, above which e is probably outside the
critical region.

The measured exponent p = 1.15+ 0.05 for DyVO4
is greater than the classical value p = 1, which con-
firms earlier results that DyVO4 is not a good mean-
field system. It seems to be lower, however, than the
nearest-neighbor Ising value p = 1.25 for spatial dimen-
sion d = 3 estimated from birefringence measurements on
DyVO4. '

10

10

60

5$

M 40

+0
10

io

Q
~~ 20
M O

10 20

C C 0
11 11

C —C

I

40 50

10 $0 8 10 ' 10'

Temperature (K)

FIG. 2. Comparison of 2(cqq —cq2) with cqq —c~~ for x =
0.154.

I"IG. 3. Log-log plot of soft-mode elastic constant vs re-
duced temperature c for all four [100j samples.
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The measured critical exponents in random-field sam-
ples with z = 0.154, 0.164, and 0.984 are p = 1.80 +
0.06, 1.79 + 0.07, and 1.76 4 0.15 respectively, which are
significantly higher than for the pure compound. The
agreement between samples is well within experimental
uncertainty, with the uncertainty for x= 0.984 being the
highest owing to the small number of data points taken
in the critical region. As noted above, the results for
the strongest RF system, x = 0.164, are complicated by
the possibility that dynamic rounding of the susceptibil-
ity may partially mask the static critical behavior and
invalidate the background subtraction method used to
extract p from the data, so the value of p obtained for
this sample may not be reliable. The weighted average of
the values for the other two samples gives y = 1.79+0.06
for the RF Ising system Dy(As Vi )Oq.

This value for y is compatible with the results of pre-
vious Monte Carlo simulations for the nearest-neighbor
RF'IM, which yielded 7 = 2.0 + 0.5 (Ref. 36) and 7 =
I.7+0.2 (Ref. 37). We also note that there is good agree-
ment between our value of y and the less precise value,

p = 1.75 + 0.2, obtained from the earlier neutron scat-
tering measurements on the DAF Fep sZnp 4Fg (see Sec.
I). This agreement between the two measured values of y
suggests that the line shape used to analyze the neutron
scattering data apparently gives reliable results for the
critical exponents despite the reservations expressed in
Ref, 5. Thus our data also give indirect evidence that
the neutron scattering value of the correlation-length ex-
ponent, v = 1.0+0.15, is probably also valid since it was
obtained using the same line shape as the susceptibil-
ity exponent. This reinforces the interesting observation
that our result for p in Dy(As~Vi )04 and the previous
results in DAF's are all consistent with the values p = 4,
n = 0, and v = 1 for the pure d = 2 nearest-neighbor Ising
model, ss i.e. , consistent with a reduction in effective di-
mensionality from three to two in the presence of random
fields, as suggested for the RFIM by Aharony, Imry, and
Mass and later predicted by Shapir, 4 although we rec-
ognize the likelihood that there is no exact dimensional
reduction for the RFIM. One theoretical model that
raises doubts about this dimensional reduction hypothe-
sis is the scaling theory for the RFIM critical exponents
in 2 + e dimensions developed by Bray and Moore,
who found y =

z + —, = 1.5 for d = 3; while their
model predicts an increase in p in the presence of a RF
(the same trend that we observe experimentally), their

I

value is smaller than our result, falling well outside the
range of our experimental uncertainty. It is interesting
to note that our results for p are not in agreement with a
renormalization-group calculation by Toh for the mean-
field RFIM, which yields the much lower value p = 1.2.
Since our measurements in pure DyVO4 are performed in
a range of reduced temperatures where short-range inter-
actions lead to nonclassical exponents, it is not surpris-
ing that our result for the mixed RF system also yields a
value for p t,hat differs from predictions of mean-field the-
ory and is closer to predictions for the nearest-neighbor
RFIM.

IV. EFFECT OF CONCENTRATION
INHOMOG-ENEIT Y

In order to study the effects of the measured variations
in x on our critical-exponent measurements, numerical
simulations have been performed, using essentially the
method of l&BFJ. We assumed a form c(T, TD) for the
"soft-mode" elastic constant cg ——cia —c&» and inte-
grated over a distribution of TD's in the sample to get
what should be the measured elastic constant cM(T). For
simplicity, we assumed a uniform distribution of TD s, re-
stricted to the range T & TD & Ty. Our birefringence
measurements suggest that this is at least a reasonable
approximation, and KBF3 suggest that the smearing of a
transition should not be particularly sensitive to the pre-
cise form of this distribution function, anyway. We used
the following functional form for the elastic constant:

G~~, T) TD
( & D) G&( )P' T T

where G and G' are the critical coefficients. Since our
measured values for @i~ —ci& will include a contribution
due to sample dilation when T ( TD we should perhaps
include a term proportional to (—e)p (where P is the
order parameter exponent, and the order parameter is
proportional to the lattice distortion); however, we do
not have a good idea what either P or the coefficient
should be, and we are mostly interested in the region
T ) T~ anyway, in which T ) TD over the whole sample.
Our G' and y' are merely effective coeKcients used to
describe the data.

The observed elastic const, ant, obtained by averaging
Eq. (I) over all T~'s, will be

1
cM(T) =

T
+b

dTD c(T,TD)

G[(T —T )'+~ —(T —TI,)'+~], T ) Tg

= [bTD(I + q)(r~)] 'x G(T —T.)'-+~ + G'(&~ —T)'+',
G' [(T& T)'+& —(T. —T)—'+&], T & T.

(2a)
(2b)
(2c)

where b T~ ——Tq —T, , T~ ='z (T~ + Tg) &
bTD && TD, and

we have assumed y = p'. Equation (2a) determines the
behavior over most of the region of interest to us, but it is
Eq. (2b) which determines the temperature T and value
c~ of the minimum. T is determined largely by the ratio

I

G/G', i.e. , by the asymmetry of the minimum, and cMP is
determined mostly by the magnitude of bTD (we see im-
mediately that cM g 0 for bTD g 0). Furthermore, the
larger the exponent under investigation, the smoother is
the minimum, and the less effect a given small concentra-
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tion gradient will have on the critical behavior. We there-
fore expect to see a smaller eA'ect in our measurements,
for which p 1.8, than in the specific-heat experiments
discussed by Belanger et aI. , for which the exponent is
o. = 0, or in the neutron scattering experiments which
they discuss, for which the correlation-length exponent
is v=06.

In our analysis, me concentrated on the x = 0.154 sam-
ple, since it has the greatest 6c = 6TD/TD (Table II). We
chose what appeared from our measurements to be rea-
sonable values for the parameters G, G', and 7, calculated
cM(T) from Eqs. (2), then proceeded to analyze the re-
sults exactly as we had analyzed our experimental data
to determine p.

Figure 4 shows the simulation results for y = 1.80,
TD = 7.9480 K, bTD = 0.15 K, G = 84 GPa, and 6' = 95
GPa, compared with the result for a perfectly homoge-
neous sample (bTD = 0). The inhomogeneities cause the
transition to be more rounded, with the minimum shifted
to T =7.9509 I& (a shift of 4 x 10 in e) and raised froni
zero to cM —7.2 x 10 GPa. These data are compared
on a log-log plot in Fig. 5, which also shows the simulated
data as we would have plotted them in a first attempt at
finding p, i.e. , cM(T) —cPM versus (T TP)/T—P. Evidently,
the diAerence between the three curves is too small to be
resolved (within the precision of our ultrasonics experi-
ments) on such a plot for e ) 2 x 10 2, which is approx-
imately twice the upper limit of transition temperatures
in the sample.

In our ultrasonics experiments there is experimental
uncertainty associated with the measurement of c~ and
T, so they become adjustable parameters in the deter-
mination of p. Figure 6 shows the simulated data with
offsets T and c~ adjusted for a best straight line in the
region 10 ~ e c 10 ', as was done for our critical plots
(Fig. 3). The parameters which give the best fit are: T
= 7.9538 K, cM ——6.50 x 10 GPa, and y = 1.787.

The results of our simulation suggest that the uncer-
tainty in p due to concentration inhomogeneities is sig-
nificantly less than the overall uncertainty in y, even

210 ~ I ~ I ~ I ~ II I ~ ~ ~ ~ ~ I II ~ I ~ I I ~ III ~ ~ I ~ I I lg

101

C4
o10

K 1P
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I ~ lASIII I ~ I 1 r ~ Itl ~

10 10
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for a fairly large spread in transition temperature. For
be = 0.02, the "true" value of p is greater than the value
determined by our method, by 0.013; our lowest experi-
mental uncertainty in p was +0.06. For this value of bc,
the region of serious "rounding" for e & 0 is restricted

10 I ~ ~ ~ I L

100

FIG. 5. Log-log plot of simulated data for cM(T) vs (T-
Tn)/Tn, for STn = 0 (——), and STD = 0.15 K (—), along
with a plot of cM(T) —cM(T) vs (T —Tp)/Tp (— ).
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FIG. 6. Simulation data and fi.t, using the same method
as for the experimental data (Fig. 3), for best fit in the range
0.01( e ( 0.1.
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to e ( 6e (Fig. 5). The mean transition temperature
TD is less than the value determined by our method, by
T —TD —0.0058 E4, as compared with the experimental
uncertainty, + 0.01 K, in the temperature of the mini-
mum in c]].

For this simulation we have deliberately chosen param-
eters corresponding to the sample with the greatest mea-
sured inhomogeneities. The effect of concentration inho-
mogeneities on the measurement of p in the z = 0.164
sample, for which be is lower by an order of magnitude,
is negligible.

V. CONCLUSIONS

We have successfully used ultrasonic velocity mea-
surements to determine the susceptibility critical expo-
nent y in the random-field Ising system Dy(As Vi )04.
We find that the random-field susceptibility exponent,

1.79 + 0.07, is substantially higher than in the
pure system, in which p = 1.15 + 0.05. In the range
of reduced temperature over which the critical-exponent
measurements could be performed (10 ( e ( 10 ),
the observed power-law behavior is determined by short-
range Ising interactions in the presence of static random
fields, so that our results are potentially important for
helping to elucidate the critical properties of the nearest-
neighbor B.FIM. Our principal finding, that p is consid-
erably modified by random fields, can be taken as clear
evidence that the RFIM belongs to a new universality
class.

Birefringence measurements on our samples, combined
with numerical simulations, have shown that the values
determined for p are not significantly affected by con-
centration inhomogeneities even in the x = 0.154 sam-

pie, which had the greatest variation in As concentra-
tion. The effect of a given spread be in reduced tran-
sition temperature on our determination of y is smaller
than that for the critical-exponent analysis discussed by
KBFJ (Refs. 24 and 25) because (a) the exponent un-
der consideration here is larger, so inhomogeneities cause
merely a further rounding of a smooth transition, which
is considerably less dramatic than the rounding of, say,
a sharp cusp, and (b) the transition under consideration
here is more symmetric (our G/G' 0.9, compared with
their A/A' 1.6 for the specific heat and ttz+/zo 0.7
for the correlation length), so the "apparent, " transition
temperature is not much different from the "true" tran-
sition temperature.

Future work will focus on improving the accuracy of
the elastic-constant measurements for cii and

2 (cii+ci2)
so that the soft, -mode elastic constant cs = 2(cii —ci2)
can be measured on an absolute scale near TD. Further
measurements are also planned as a function of frequency
to make a more quantitative study of dynamic effects in
our strongest random-field sample of Dy(As Vi )04.
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