
VOLUME 70, NUMBER 20 PH YSICAL REVIEW LETTERS 17 MAY 1993

Comment on "Finite-Temperature Phase Transition
in Metallic Spin Glass Alloys"

In a recent Letter, Matsubara and Iguchi [I] have ar-
gued from a finite-size scaling analysis of Monte Carlo
data that the Ruderman-Kittel-Kasuya- Yosida (RKKY)
model of metallic spin glass exhibits a finite-temperature
phase transition in three dimensions. A few years ago, we
have concluded from a similar study [2] that this model
exhibits a T, =0 transition with critical exponents g= —

1 and v=0.9. We show below that the data of Ref.
[I] are, in fact, consistent with our conclusion about the
nature of this transition if a sample-size dependence of
the data arising from a noncritical eA'ect inherent to the
RKKY model is taken into account.

In Ref. [I], a finite-size scaling analysis is carried out
for the data for the spin-glass susceptibility,

@so=—g((S; S,)T), ,
1
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where ( )T and ( ), represent thermal and con-
figurational averages, respectively. In Ref. [2], we stud-
ied a closely related quantity q defined as

q = Z ((S"S )T) =(@sr 1)l(N 1) .
1

N(N —1);~J.
(2)

For a T, =0 transition with g = —1, these two quantities
are expected to exhibit the following finite-size scaling
behavior:

@so(N, T) —N7f(TN '), q (N, T) —q(TN 'i ') . (3)
We pointed out in Ref. [2] that the measured values of

q (and gsG) exhibit a noncritical sample-size depen-
dence arising from the very nature of the RKKY interac-
tion. Because of the tendency of spin pairs separated by
short distances to line up parallel or antiparallel to each
other, the spins in typical low-temperature configurations
are not distributed uniformly over the unit sphere. This
causes the values of q and gsG to be larger for smaller
samples at low temperatures. Since this size dependence
has nothing to do with that arising from critical efI'ects, it
is necessary to separate it from the raw data before carry-
ing out a scaling analysis. In Ref. [2], this was (approxi-
mately) done by considering "corrected" values of q
defined by

(2) (2)/3 (2) (0)

q"'(0) = g(((S; S, )')T), . (4)
N (N 1);~J-

A diA'erent correction procedure which reduces to Eq. (4)
for low T and large N has been suggested by Henley [3].
We believe that the apparent failure of the scaling form
(3), shown in Fig. 4(a) of Ref. [I], results from the
neglect of this eAect. Our raw data for q also show de-
viations from scaling very similar to that found in Fig.
4(a) of Ref. [1]. In order to determine whether the
corrected values of q obtained from the data of Ref.
[I] would scale according to Eq. (3), we have estimated
the values of q (0) for the appropriate sample parame-
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FIG. 1. T, =0 scaling plot [Eq. (3)] of the "corrected" data
for q with v=0.85. The temperature T is measured in units
of the reduced temperature defined in Ref. [2].

ters by first obtaining simple empirical expressions for the
N and T dependence of q (0) from fits to our data and
then using the temperature concentration scaling ap-
propriate for RKKY systems [4]. The resulting scaling
plot for q„„is shown in Fig. 1 where we have combined
our data (N =20, 44, 81, 161, and 312) with those ex-
tracted from Ref. [1] (N =102, 200, 346, 819, and 1600)
[5]. The two sets of data points are found to collapse
nicely to the same scaling curve, thereby validating the
conclusion reached by us in Ref. [2] about the nature of
the transition. It is not clear to us whether the "correct-
ed" data of Ref. [1] would also be consistent with the
scaling behavior appropriate for a finite-T, transition.
Even if they are, it would not be convincing evidence for
a finite-T, transition because such a scaling fit would in-
volve three adjustable parameters, whereas the form (3)
involves only one.
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because the corresponding q values are substantially
larger than our N =44 data at appropriately scaled tem-
peratures. This discrepancy arises from a breakdown of
temperature-concentration scaling for very small systems.
The small deviations from scaling observed for the N
=102 data arise due to the same reason. In contrast, our
N =312 data agree well with the N =346 data of Ref.
fll.


