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Experimental study of the critical scattering from a two-dimensional random Ising antiferromagnet
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The magnetic critical fluctuations in the d =2 random-exchange antiferromagnet RbzCoo 7Mgo 3F4
have been studied by neutron diffraction at temperatures both above and below the Neel temperature
T~ ——40. 8 K. At temperatures above T&, the line shape of the critical scattering is well described by
the Lorentzian form, and the critical exponents v and y for the inverse correlation length
tr+ =tro+

~

t ~" and the staggered susceptibility X+ =Co+ t
~

' are in good agreement with the values
for the pure d =2 Ising model. The critical exponent f3, which, along with the critical amplitude Mo,
describes the temperature dependence of the d =2 long-range antiferromagnetic order just below T&
through M =Mo

~

t e is also in good agreement with the value of p for the pure d =2 Ising model.
Furthermore, the combination of critical amplitudes R, =Co+(Ko )'/Mo, which, from the hypothesis
of two-scale-factor universality, is a universal quantity also agrees well with the values of R, for the
pure d =2 Ising model and the value of R, found experimentally for the pure d =2 Ising antifer-
romagnet K2CoF4. The line shape of the critical scattering below T& has been analyzed both by us-

ing a Lorentzian form and by using the form proposed by Tarko and Fisher for the pure d =2 Ising
model below T~. The analysis using the Lorentzian form leads to a physically unreasonable descrip-
tion of the critical scattering below T& and hence to the conclusion that the Lorentzian form is an
inappropriate description of the critical scattering below T+ in a d =2 random Ising system. The re-
sults of the analysis using the Tarko-Fisher form provide a better description of the critical scattering
below Tv and the critical exponents for the inverse correlation length Ir =Kp

~

t and the staggered
susceptibility X =C, t

~

r agree well with the values for the pure d =2 Ising model. However,
the values of the universal critical amplitude ratios Kp /Ko and Co+ /Co, which result from this latter
analysis, differ significantly from the values for the universality class of the pure d =2 Ising model.
This difference in the amplitude ratios may arise because the d =2 random Ising model is in a
different universality class than the pure d =2 Ising model or because the Tarko-Fisher form for the
line shape may not be appropriate for the d =2 random Ising model below T&. An investigation of
this latter possibility using a modified version of the Tarko-Fisher form which preserved the ampli-
tude ratio of the inverse correlation lengths at the pure d =2 Ising model value suggests that this is a
strong possibility.

INTRODUCTION

The critical properties of magnetic systems with ran-
dom exchange constants are generally believed to be
dependent upon the sign of the specific-heat exponent, a,
of the analogous pure material. If a is positive, the be-
havior is expected' to be different from that of the pure
material, while if a is negative, the behavior is expected to
be the same as that of the pure material. In recent years,
both experimental and theoretical work has concentrat-
ed on the random-exchange d =3 Ising model for which
a is positive. Detailed experimental studies on homogene-
ously random crystals of Fe Zn& F4 and Mn Zn, F4
have shown that the critical exponents of these disordered
systems are only slightly different from those of the pure
material, but that the critical-amplitude ratios are substan-
tially different from those of the pure material. The re-
sults of theoretical calculations for the d =3 random Ising
model are in good accord with the values of the measured

critical exponents but are in less satisfactory agreement
with the experimental critical-amplitude ratios.

There has been less theoretical and experimental atten-
tion focused on systems for which the pure material has
a=O, such as the two-dimensional Ising model. It might
be expected that since a=O is the marginal value for the
change in critical behavior that the critical exponents of
such a random system would be the same as those of the
pure system but that there would be logarithmic correc-
tions to the pure-system behavior. A theoretical calcula-
tion of the specific-heat capacity and the real-space corre-
lation function at the critical temperature has been per-
formed by Dotsenko and Dotsenko for the random d =2
Ising model. These authors found that the temperature
dependence of the specific-heat capacity of the random
system was given by ln( —lnt) instead of the —1nt depen-
dence of the pure system, where t =(T —Tz)/Ttv. This
agrees with the expectation of a logarithmic correction to
the critical behavior of the pure system. The result of
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Dotsenko and Dotsenko for the real-space correlation
function at the critical temperature is that for large spatial
separation R the correlation function is proportional to
exp( Bf—+Df), where f =in(in') and B and D are
constants. This is quite diA'erent from the behavior of the
pure d =2 Ising model where the correlation function is
proportional to R at the critical temperature, and
predicts that for the random system the exponent g is 0
rather than the value of 0.25 for the pure system. Experi-
mentally, the critical properties of the d =2 random Ising
model have been studied previously both by neutron
scattering measurements above the transition temperature
and by birefringence measurements both above and
below the transition temperature. The neutron scatter-
ing measurements were performed on samples of
Rb2Co Mg] F4 with 0.75 (x ( 1.0. These critical
scattering measurements were analyzed to obtain values of
the critical exponents v and y which were found to be in
reasonable accord with the values of the pure d =2 Ising
model. The birefringence measurements were performed
on a sample of Rb2Coo 8&Mgo»F4 and were analyzed to
obtain the behavior of the specific-heat capacity. This be-
havior was found to be a symmetric logarithmic depen-
dence on the reduced temperature, as in the pure d =2 Is-
ing model.

In view of the predictions of Dotsenko and Dotsenko,
and because of the surprisingly large changes in the
critical-amplitude ratios found in the d =3 random Ising
systems, we have performed a detailed study using neu-
tron scattering techniques of the critical behavior both
above and below the Neel temperature T& in the d =2
random Ising antiferromagnet RbzCoo 7Mgo 3F4. These
measurements were performed and the results analyzed in
a similar manner to previous studies of the critical Auc-
tuations below Ttv in KzCoF4 (Ref. 8) and the hypothesis
of two-scale-factor universality in Rb2CoF4 (Ref. 9).

The rest of this paper is set out as follows. In the next
section we describe the experimental details and the way
in which the results were analyzed. The third section
contains the experimental results, and in the fourth and
final section, the conclusions from these results are given.

EXPERIMENTAL TECHNIQUES
AND DATA ANALYSIS

Rb2Coo 7Mgo 3F4 is an ideal example of a nearly two-
dimensional random Ising system. The crystal field on
the Co ions produces a Kramers-doublet ground state
within which the magnetic properties can be described by
an eA'ective spin, s= —,'. The magnetic interactions have
been studied' and are predominately between nearest-
neighbor Co ions in planes perpendicular to the crystallo-
graphic c axis, and these planes order antiferrornagnetical-
ly below the Neel temperature Tz ——40. 8 K. The interac-
tion between the planes is much weaker and leads to some
degree of three-dimensional order depending upon the
cooling rate through T& and the waiting time after cool-
ing. "

The crystal used in the measurements reported here has
been previously used for neutron scattering studies and its
growth is described in that paper. It was of very good

and

=&o ~t

X (O, T)=CO
~

t

(2)

(3)

crystallographic quality with a mosaic spread of less than
0.05', there was no evidence for any chemical ordering of
the Co and Mg ions, and finally, the concentration unifor-
mity as measured from the spread in Tz was less than
0.3% [full width at half maximum (FWHM)].

The crystal was mounted in a variable-temperature
displex refrigerator with the magnetic [100] axis and the
crystallographic c axis in the scattering plane. The tem-
perature was controlled to within a stability of +0.02 K.
The neutron scattering measurements were performed us-
ing the HB3 spectrometer at the High Flux Isotope Reac-
tor of Oak Ridge National Laboratory in a two-axis
mode. A pyrolytic-graphite monochromator was used to
produce an incident neutron beam with an energy of 14.8
meV, and a pyrolytic-graphite filter was used to suppress
neutrons scattered from higher-order planes in the mono-
chromator. The in-plane collimation used was 20' be-
tween reactor and monochromator, monochromator and
sample, and sample to detector. The resolution function
was measured at the (1,0,0) magnetic lattice point and
found to have a FWHM along [$00] of 0.0162
reciprocal-lattice units (2rrla) and a FWHM vertically
along [0/0] of 0.089 reciprocal-lattice units. The magnet-
ic unit-cell lattice constants were measured to be
a =5.7915 A and c =13.71 A.

The critical scattering was measured by varying the
wave-vector transfer along the direction [(0 —0.4] in re-
ciprocal space, through the point (1,0, —0.4). This scan
was chosen because the outgoing wave vector is then
aligned along the c-axis so that any energy dependence of
the scattering does not alter the value of g. The results of
scans taken above T& are shown in Fig. 1, and similar
scans taken below T& are shown in Fig. 2.

As studied by Ikeda, " the extent of the d =3 ordering
is dependent upon the cooling rate and upon the waiting
time after cooling. Consequently, we have therefore
determined the order parameter by integrating scans along
[10$) with g varying from —0. 5 to +0.5, and then
correcting these scans for the background and critical
scattering as discussed below. Above Tz the intensity in
these scans along [10$] was independent of g, but below
Tv, the intensity peaked at (=0 with a width and intensi-
ty which depended on the prior history of the sample.

The line shape of the critical scattering in the pure
d =2 Ising model has been discussed in detail theoretical-
ly' and has been studied experimentally in a sample of
K2CoF4. Above the transition temperature, theory' pre-
dicts and experiment confirmed that a Lorentzian form
gives the best description of the line shape. The Lorentzi-
an form for the wave-vector-dependent staggered suscepti-
bility is given by

Z )
X (0 T)

1 +y2

where y =q/~+, and the inverse correlation length K and
staggered susceptibility X+(0, T) are given by



36 EXPERIMENTAL STUDY OF THE CRITICAL SCATTERING. . .

respectively, with t=(T —T&)/Tv. Theoretically, ' the
Lorentzian form given in Eq. (1) is not the correct form
for the wave-vector-dependent susceptibility below Tz in
the pure d =2 Ising model. However, it was found that
experimentally the Lorentzian form gave a reasonable
description of observed scattering, but the resulting
critical-amplitude ratios were very different from those
predicted by theory. A better description of the experi-
mentally observed line shape was found by fitting to the
form suggested by Tarko and Fisher' and given by

X (0, T)(1+/'y')" '
[1—A, +A( 1+y )' ]

where g=0. 25 and A, and P have the values of 0.45 and
0.16, respectively, as derived by Tracy and McCoy. ' The
resulting critical-amplitude ratios from these latter fits
were in good accord with the theoretically predicted
values.

Above T&, the critical scattering from Rb2CoQ 7MgQ 3F4
was fitted to the two-dimensional Lorentzian form given
in Eq. (1), convolved with the experimental resolution
function plus a flat background, in order to obtain the pa-
rameters 1~+ and X+(O, T). Below T~, similar fits were
performed using the Lorentzian form and also using the
Tarko-Fisher form. These fits also included a Gaussian to

EXPERIMENTAL RESULTS

The critical scattering was measured at sixteen tempera-
tures above Tz, and the results analyzed to obtain the
susceptibility X+(O, T) and the inverse correlation length,
~+, by fitting the experimental data to the Lorentzian
form, Eq. (1). In each case a good fit was obtained and
the goodness-of-fit parameter g varied between 1.40 and
0.64 and averaged 1.1. Some typical fits to scans above
the Neel temperature are shown in Fig. 1. The results for
z are shown in Fig. 3 and for g+(O, T) in Fig. 4. These
results were then fitted to the power laws in Eqs. (2) and
(3) and the results of these fits are listed in Tables I and
II, and illustrated in Figs. 3 and 4. The results for Tz
from both fits are in excellent agreement with the Tz
found from measurements of the onset of the three-
dimensional correlations. The value obtained for y is in
excellent accord with the result for the pure d =2 Ising
model, 1.75, but the value for v is slightly larger than 1.0.
Figure 3 shows that this value for v arises largely because
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FIG. 1. Critical scattering measured at temperatures of (a) 4'7

K and (b) 44 K is shown, along with the fits to a Lorentzian line
shape convolved with the resolution function (solid line) and the
background level (dashed line) ~

FIG. 2. Critical scattering measured at temperatures of (a) 40
K and (b) 39.25 K is shown along with the fits to the Tarko-
Fisher line shape convolved with the resolution function and the
magnetic d =2 long-range order (solid line). Also shown in (a)
and (b) are the background level (dashed line) and the com-
ponent of the scattering at these temperatures due to the d =2
long-range order (dotted-dashed line).
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the points close to Tz have larger K values than would be
expected for a linear temperature dependence. At these
temperatures, K is -0. 1 of the FWHM of the resolution
function, and so this discrepancy may arise because of the
well known problem of extracting reliable values for K

when the value becomes small compared to the resolution
width. We conclude that the value for v is not
significantly different from 1, the value for the pure d =2
Ising model as also found by Ikeda. The value of the
amplitude Ko+ is very much smaller, ——,', than that ob-

served in K2CoF4, ' which was very close to the value for
the pure d =2 Ising model. A part of this decrease arises
from the smaller T& in the expression for t, but it is
surprising that K+ is a factor of 2 smaller for a fixed inter-
val of (T —Ttv ) (as opposed to t) in the disordered system
than in the pure system.

Below Tz, measurements of the critical scattering were
performed at nine temperatures, and the resulting scans
used to obtain the parameters X (O, T) and tr using the
Tarko-Fisher form for the line shape, as described in the
preceding section. In Fig. 2, some typical fits to scans
below Tz are shown. The 7 goodness of fit parameter
for these fits below Tz varied between 0.94 and 1.51, with
an average of 1.20. The resulting values for K and
X (0, T) are shown in Figs. 4 and 5. These values were
fitted to the power laws given in Eqs. (2) and (3) with the
results listed in Tables I and II. Unconstrained fits to
these values below Tz gave values of Tz which were
larger than those obtained from the fits to the data for
T& Tz and values for the exponents which were quite
large but which had very considerable error bars. These
large errors result from the uncertainties in the values of
X (0, T) and tr which reflect the difficulty of measuring
the critical scattering below Tz. This difficulty is caused
partly by the need to "subtract off" the component of the
scattering from the long-range order and partly because
the critical scattering of d =2 Ising systems is very much

0.03

weaker below Tz than above Tz. Nevertheless, when the
fits are constrained to have the expected critical exponents
(of the pure d =2 Ising model) the values of T~ obtained
are in excellent accord with those obtained from the fits
for T ~ Tz. Although the 7 values of these constrained
fits are larger than those of the unconstrained fits, they are
still less than unity and we conclude that within the limits
of error, the critical scattering below T& is consistent with
the exponents v and y of the pure d =2 Ising model.

We have also performed simultaneous fits of the results
for the staggered susceptibility and inverse correlation
length obtained from the Lorentzian fits above Tz and the
Tarko-Fisher fits below Ttv to the power-law equations (2)
and (3). The results from these fits are listed in Tables I
and II and the resulting exponents are in good accord
with those of the pure d =2 Ising model. It is therefore
surprising that the critical amplitude ratios, Ko /Ko and
Co /Co, are both much smaller than those obtained for
K2CoF4 or given theoretically for the pure d =2 Ising
model. These amplitude ratios are all given in Table IV.

The scans at temperatures below Tz have also been
fitted to the Lorentzian form given in Eq. (1) with the re-
sults for P (O, T) and tr shown in Figs. 5 and 6. They
give a quite reasonable description of the observed scatter-
ing with P varying between 1.00 and 1.64 with an aver-
age of 1.26. The values of 7 (O, T) and tr obtained from
these fits were fitted to the power laws given in Eqs. (2)
and (3) with the results listed in Tables I and II. The
values of Tz given from these fits are considerably larger
than the values of T& determined directly from inspecting
the raw data or from the other fits to the parameters. We
conclude therefore the Lorentzian form is not an ap-
propriate description of the critical below Tz in the d =2
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/T~, where Tz ——40. 8 K. The solid lines are the

fit results listed in Table II with y = 1.75 and T~ ——40. 8 K fixed.
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TABLE I. Fits to the inverse correlation length K.

Lorentzian ( T) TN )

Tarko-Fisher ( T & TN )

Lorentzian (T) TN)

+ Tarko-Fisher (T & TN)

Lorentzian (T & TN)

Kp

0.086+0.008
0.076+0.002

0.082+0.004
0.076+0.002

Kp

0.34+0.36
0.084+0.012

0.102+0.020
0.078+0.008

0.30 +0.20
0.24 +0.02

TN

40.8+0.2
40.9+0.1

41.4+0.6
40.8+0.1

40.8+0.1

40.9+0.1

42.6+ 1.1
42.2+0.3

1.08+0.06
1.0

1 ~ 58+0.52
1.0

1.05+0.03
1.0

1.15+0.42
1.0

(y2)1/2

1.24

0.52
0.72

1.06

0.95
0.91

random Ising model, just as it was not for the pure d =2
Ising model.

As described in the preceding section, the two-
dimensional order parameter was obtained by integrating
the scattering in scans along [10$] with g varying from
—0.5 to +0.5, and then subtracting the background and
the critical scattering. The latter was achieved using the
results of the fits to the critical scattering below Tz de-
scribed above. The results, when the "Tarko-Fisher criti-
cal scattering" was subtracted, are shown in Fig. 7 togeth-
er with a power-law fit of the data to the function

where Vz is the volume of the spectrometer resolution
function within the a *-b * plane. The value of R,
should, according to the hypothesis of two scale factor
universality, ' be a universal number for systems in the
universality class of the d =2 Ising model. As shown in
Table IV, the resulting value of R, for Rb2COQ 7Mgp 3F4 is
in very reasonable accord with the value obtained for
K2CoF4 (Ref. 8) and is not significantly different from the
theoretical value' for the pure d =2 Ising model. This
is, in some ways, a quite surprising result when it is con-
sidered that (~0+) is 28 times larger in K2CoF4 than in

Rb2Cop 7MgQ 3F4.

R =
S

C+ (iso+ )

The parameters Mo and /3 are listed in Table III for the
fits to this data and to similar data obtained by subtract-
ing the critical scattering deduced from the Lorentzian fits
to the critical scattering below Tz. The results of both
sets of fits are clearly consistent with the value P=O. 125,
the value for the pure d =2 Ising model.

As well as evaluating the critical exponents and
critical-amplitude ratios, we have also used the fitting re-
sults for the critical amplitudes with the critical exponents
held fixed at their nominal values to obtain an experimen-
tal value for the quantity R, given by

CONCLUSIONS

The measurements reported in this paper have studied
the magnetic critical fluctuations in the d =2 random-
exchange antiferromagnet RbzCop 7MgQ 3F4 The results
for the critical scattering above Tz are well described by a
Lorentzian line shape for the critical scattering. The in-
verse correlation length and staggered susceptibility de-
duced from fits to this line shape have critical exponents
v=1.08+0.06 and y =1.75+0.07, respectively, which are
consistent with the values of v=1.0 and @=1.75 for the
pure d =2 Ising model. These values suggest that for the
disordered d =2 Ising model q&0, in disagreement with
the theoretical results of Dotsenko and Dotsenko, but in
agreement with the expectation that when +=0, disorder
in the exchange constants does not produce changes in the

TABLE II. Fits to the staggered susceptibility.

Lorentzian (T) TN)

Tarko-Fisher (T & TN)

Lorentzian (T) TN)
+ Tarko-Fisher (T & TN)

Lorentzian (T & TN)

Cp+

190+22

170+11
192+5

Cp

1.36+ 1.16
8.91+1.45

7.95+ 1.74
9.98+ 1.36

2.80+2.20
7.33+0.86

TN

40.85+0.10

41.2 +0.4
40.7 +0.1

40.75+0.04
40.82+0.04

42.3 +0.6
41.6 +0.1

1.75+0.07

2.6+0.6
1.75

1.81+0.03
1.75

2.3+0.5
1.75

1.77

0.55
0.92

1.49
1.49

0.83
0.92



M. HAGEN, R. A. COWLEY, R. M. NICKLOW, AND H. IKEDA 36

0.05

O

0.04
0 TARKO- FISHER
LL LORENT Z I AN

M

O

Z

IJJ
z 003

O

0.02
IJJ

O
C3

0.01

LLJ

Z.'

34
I

36
l

38
TEMPERATURE (K)

40

FIG. 5. Inverse correlation lengths ~ deduced from the
Tarko-Fisher and Lorentzian fits below TN are shown. The
solid line and the dashed line are the best fits of the Tarko-Fisher
and Lorentzian results listed in Table I with v fixed at 1.0.

4
LLJ

C9

lK
IXI

2
C)
LJJ

K
Lal

z

34
l

36
I

38
TEMPERATURE (K)

I

40 42

4
I I I I I I Ill

LOR ENT Z I A N ( T( Tg)

O

Xl
h
O

~ 10~

CQ

CL
LJJ
C3
CA

CA

critical exponents.
The temperature dependence of the long-range antifer-

romagnetic order below T~ also has a critical exponent,
f3=0. 13+0.02, which is in good accord with the value of
P=0. 12S of the pure d =2 Ising model. Furthermore,
when the critical amplitude for the long-range order is
combined with the critical amplitudes for the inverse
correlation length and the staggered susceptibility above
T~ to evaluate the quantity R, given in Eq. (6), a value
consistent with that obtained for the pure d =2 Ising
model (Ref. 13) and for the pure d =2 Ising antiferromag-
net KzCoF4 (Ref. 8) is obtained. This value for R„ listed

FIG. 7. Integrated intensity from scans along (10') with
—O. S (g(0.S, with the background and Tarko-Fisher critical
scattering subtracted is shown as a function of temperature
below the Neel temperature. The solid line is the fit result given
in Table III with 2/3=0. 26 and T~ =40.7 K.

in Table IV, suggests the concept of two-scale-factor
universality applies equally well to the disordered d =2
Ising system as to the pure system.

The results of the analysis of the critical scattering
below T& provide a less satisfactory picture. If the criti-
cal scattering below Tz is analyzed using a Lorentzian
line shape, then physically unreasonable values for the in-
verse correlation length and staggered susceptibility are
found. This is similar to the situation found for the pure
d =2 Ising antiferromagnet KzCoF4. We conclude that
the critical fiuctuations below T& are not appropriately
described by the Lorentzian form. We have also analyzed
the critical scattering data below Tz using the form pro-
posed by Tarko and Fisher' for the pure d =2 Ising
model which was found to provide a consistent descrip-
tion of the critical scattering below Tz in KzCoF4.
These fits yielded values for the inverse correlation length
and staggered susceptibility whose temperature depen-
dence was consistent with the critical exponents of the
pure d =2 Ising model. However, as shown in Table IV,

TABLE III. Fits to the long-range-order parameter.

MQ TN (y2 )
1/2

10P I 1 I I l I l l 1 1 1 1 1 1

10-2 1O-'

R EDUCED TEMPERATUR E ( t )

FIG. 6. Results for the static staggered susceptibility P (0, T)
as deduced from the Lorentzian fits below TN are shown as a
function of the reduced temperature, where TN ——40. 8 K.

11 185+950
10922+ 1951

11 834+1308
10 759+2024

Tarko-Fisher subtraction
40.7+0.1 0.26+0.04
40.7+0.1 0.25

Lorentzian subtraction
41.3+0.1 0.29+0.05
41.1+0.1 0.2S

0.71
0.68

1.05
1.0S
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TABLE IV. Critical-amplitude ratios. 0.03

K+0
Kp /Kp

c+/c;
R,

Rb~Cop 7Mgp 3F4

0.076+0.006
1.02+0.20
19.1+5.0

0.062+0.010

K2CoF4

0.40+0.02
1.85+0.22
32.6+3.7

0.0565+0.0075

Theory
(pure d=2

Ising model)

0.397
2.0

37.33
0.0507

o

OJ
I

X
0.02

Z'.

Z.'
O

LLI

0.0)
lX
O

LiJ

LLJ

O MODIFIED TARKO-FISHER

the critical amplitude ratios Ko /Ko+ and Co+/Co which
result from these latter fits differ substantially and
significantly from the values predicted theoretically for the
pure d =2 Ising model and those found experimentally in
KpCoF4.

The difference between the critical-amplitude ratios for
Cp+ /Cp and Kp /Kp+ determined from the measurements
and analysis described previously and those of the pure
d =2 Ising model could perhaps be explained by any one
of three different reasons. Firstly, it could be that the
d =2 random Ising model is in a different universality
class to that of the pure d =2 Ising model. However, be-
cause of the values of the critical exponents P, y, and v,
the critical-amplitude combination R, and the critical-
amplitude ratio for the specific-heat capacity, this would
seem to be an unlikely explanation. Secondly, it is possi-
ble that the effect of an inhomogeneous magnetization
below T& may play a role in changing the critical-
amplitude ratio Co+ /Co as discussed by Pelcovits and
Aharony' for the d =3 random Ising model. Unfor-
tunately, without a specific line shape for the structure
factor due to this effect, in d =2 dimensions, it is not pos-
sible to include it in our analysis. Thirdly, it could be
possible that the Tarko-Fisher line shape is not the correct
line shape for the critical scattering below T& in the d =2
random Ising model. In particular, the parameters A, and

may not be universal and could be diff'erent for the
d =2 random Ising model. As emphasized in the work
on the pure system KzCoF4, critical-amplitude ratios de-
duced when the functional form of the critical scattering
is incorrect can be very wrong.

In order to investigate this last possibility, we have car-
ried out fits of the critical scattering below T& to the
Tarko-Fisher form in which the parameters A. and P were
allowed to vary, while the values of K were held fixed at
the values K =2Ko+t, where Ko+ and T& were taken from
the fits above T~. The resulting values of A, and P at each
temperature were all reasonably close in value and were
averaged to obtain "best fit" values of A, =1.0+0. 1 and
$2=0.40+0. 16. A value of A, = 1 is a surprising result
since it leads to a Lorentzian denominator for the
modified Tarko-Fisher form. As a consistency test of the
modified Tarko-Fisher form, the data taken below T& was
fitted again with k and P fixed at these new values and v
and X (0, T) variable. The X goodness-of-fit parameters
for these latter fits varied from 0.94 to 1.46 and had an
average of 1.18. It is not possible from these values to say
that this modified Tarko-Fisher form is any better than
the Tarko-Fisher form. In Fig. 8, the values of K which
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FIG. 8. Values of K deduced from the fits to the modified
Tarko-Fisher line shape are shown, along with the fit result with
T~ ——40.8 K and v=1.0 fixed.
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FIG. 9. Values of g (O, T) deduced from the fits to the
modified Tarko-Fisher line shape are shown. The solid line is
the fit result with T~ ——40. 8 K and y=1.75 fixed.

resulted from this fitting are shown, along with the best fit
to the equation K =Ko t, where Tz was fixed at 40.8 K
from the fits above T&. The value of Ko from this fit was
0. 148+0.008, which using the value for Ko+ of
0.076+0.002 from Table I gives a ratio of Ko /Ko+ of
1.95+0.11. This is in reasonable accord with our initial
condition of Ko /Ko+ =2 for the modified Tarko-Fisher
function. In Fig. 9, the values of X (0, T) from the fits to
be modified Tarko-Fisher form are shown. The solid line
in Fig. 9 is a fit to the form X (O, T)=C p t ', where
T& was fixed at 40.8 K as before. The best-fit amplitude
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Co is 5.33+0.48, which when combined with the ampli-
tude Co+ =190+22 taken from Table II, gives an ampli-
tude ratio Co+ /Co ——35.65+5.23. This ratio is much
closer to the value for the pure d =2 Ising model of 37.33
than that found from the Tarko-Fisher fits.

Therefore in conclusion, the critical scattering below
T& in the d =2 random Ising antiferromagnetic
Rb2Coo 7Mgo 3F4 is different to that of the pure d =2 Is-
ing model. The origin of this difference may either be be-
cause the critical amplitude ratios Ko /Ko and Co+/Co
are different to those of the pure d =2 Ising model or be-
cause the line shape of the critical scattering, which from

the experimental point of view defines x. and Y (0, T), is
different to that of the pure d =2 Ising model.
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