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Using a cluster method it is shown that the local instability observed in the molecular-field calculation
and in the Green's-function calculation in the random-phase approximation for a paramagnetic
induced-moment system containing a single impurity is spurious.

Recently, the problem of a single impurity in a
paramagnetic induced-moment system has been
discussed by Fulde and Peschel using a diagram
technique in the molecular-field approximation
and by Shiles and Wang using a Green's-function
method in the random-phase approximation (RPA).
One of the results found was that the energy of a
localized mode becomes zero and thus the sus-
ceptibility diverges as the exchange interaction
between the impurity ion and the host ions exceeds
a certain value. This normally indicates an in-
stability of the assumed ground state and a state
with local polarization was proposed. To investi-
gate the nature of this instability we have recal-
culated the susceptibility using a cluster method.
We solve the impurity cluster which consists of
the impurity and its nearest-neighbor host ions
exactly and couple the cluster to the rest of the
system in an effective-field approximation. Since
the interactions between the impurity ion and its
surrounding host ions are treated exactly in the
calculation, the method is superior to the previous
ones in dealing with systems with strong impurity-
host coupling. We show that the instability ob-
served in the previous works was a spurious result
due to the use of molecular-field approximation or
RPA in the Green's-function calculation. This
same question was also raised by Fulde and Pesch-
el and discussed in a very complicated manner by
Villain and Pataud. Here we sketch the cluster
theory as follows.

We assume the same simple induced-moment
system as described by Refs. 1 and 2. Each ion
is represented by a singlet ground state and a sing-
let excited state. To describe the system we intro-
duce a pseudospin S=-,' for each ion. The Hamil-
tonian in the pseudospin variables is then

X= ~g S„'+ (~- ~,) S*,—4 z o'Q S„' S"„.,
ny6

assumed that the exchange interactions are between
nearest-neighbor ions only and & and 50 are, re-
spectively, the host-host and host- impurity exchange-
interaction parameters.

The eigenstates of an isolated impurity cluster
can be found easily and the local susceptibilities
yo and X6 are then calculated by the standard per-
turbation technique using
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We have also defined a = (4azn'/&) tanh(&/2kT) and

X,= (1/6) tanh(4/2kT) and z is the number of the
nearest neighbors of an ion. Equation (8) enables
y„ to be expressed in terms of Xo and y6. Setting
n = 0 we find that

K'= —2rhS*, —2hZ 1 ~ 4su' r x,.;)S,"
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as the perturbation potential, where the exchange-
enhancement effect due to the neighboring ions of
the cluster has been incorporated using an effec-
tive-field approximation. It is then clear that both

Xo and X& depend on the quantity Xz=gt. X&„.which
should be determined self-consistently.

To find the self-consistent condition, we note
that in the same approximation we can obtain the
following equation which relates the local suscepti-
bilities:

Z&..x.=» x. r. ,

—8(Soao- & a)~ SoS6

where & and bo are energy gaps of the two singlets
and n and no are the matrix elements of the angular
momentum operators between the two singlets for
the host ions and the impurity ion. We have also
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FIG. 1. Inverse local susceptibility at the impurity
site Xp in units of y~ (the inverse susceptibility of the
pure crystal in the absence of exchange interactions) as
a function. of Ap:44~~/b, for A=44+ /&=0 5 6p=6,
and g~p=g~ at k&T=0. 16.

This equation which relates y& back to X, is the
self-consistent condition for our calculation. In
Fig. 1, we compare the result of the present clus-
ter theory (CT) and that of the molecular-field
theory (MFT) (Green's-function theory in RPA
gives a similar result), for A -=4 la /6= 0. 5 and
&p= & at k~T = 0. 1& for a simple-cubic-lattice
system W. e plot ()(o/g, )

' as function of A~
=-49oaoa/&. We see that they agree very well
until the coupling of the impurity and the host ions
is so strong that Ap 1, Xp of MFT diverges at
about Ap= 2. 3, while Xp of CT remains finite until
Ap= 6. 3. In fact if A is reduced to 0. 3, Xp of MFT
diverges at Ap= 2. 4, but yp of CT will never diverge
although it does at a lower temperature. The cause
of divergence of Xpof CT at the much higher value of
Ap can also be traced to the use of the effective-field
approximation in the coupling of the impurity clus-
ter to the rest of the system. We therefore con-
clude that the instability is spurious and that the
polarization would only be possible if the concen-
tration of the impurity is finite and then the critical
condition is expected to be concentration dependent.
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