
VOLUME 24, NUMBER $ PHYSICAL REVIEW LETTERS 19 JANUARY 1970

nates solely from a Ruderman-Kitte1-7osj. da
type long-range spin polarization about the im-
purity and is entirely unrelated to the "Kondo"
phenomena. However, in that case it becomes
difficult to explain the rapid degrading of the
beat as the temperature is raised above TK.

We are grateful to Mr. B. Paton for continued
fruitful discussion, Dr. L. Windmiller for com-
municating results prior to publication, and
Mr. W. Fisher for preparing the alloy samples.
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We have calculated the decay rates of the spin fluctuations in the hydrodynamic region
above TN for the isotropic antiferromagnetic RbMnF3. Our results agree in magnitude,
temperature dependence, and wave-vector dependence with the experimental values re-
ported by Lau et al.

In a recent Letter, Lau et al. ' have reported measurements of the inelastic scattering of neutrons
from RbMnF3 in the vicinity of the Neel point. Among the data presented are values of the decay rates
of the spin fiuctuations S-„,R (f) in the hydrodynamic region above the ordering temperature. IHere
S„ is the staggered spin operoator and q/Ko «1.] In this Letter we report calculations of the decay

0
rates which are in substantial agreement with the experimental values in their temperature depen-
dence, wave-vector dependence, and overall magnitude.

Our calculated values are obtained from a self-consistent theory for the damping constants first in-
troduced for isotropic ferromagnets by Bennett and Martin' and subsequently extended by Kawasaki to
isotropic antiferromagnets' and by us to planar ferromagnets ~

' Two desirable features of the self-
consistent theory are that it yields results in agreement with the predictions of the dynamic scaling
laws' and that it involves as parameters the measurable static properties of the system (lattice pa, —

rameters, exchange constants, susceptibilities, and correlation lengths). Because of this we are
able to incorporate considerable empirical information into the theoretical calculation by using ex-
perimental values for these parameters wherever they appear.

The basic equations for the isotropic antiferromagnet follow from the analysis given in Ref. 3. The
decay rates are obtained from the solutions of coupled nonlinear integral equations involving spin fluc-
tuations with wave vectors in the vicinity of the center of the Brillouin zone and near the point K„ the
reciprocal lattice vector of the magnetic superlattice. Writing these rates as y(q) and y(q+KO), we

have

4 ' [J(q —p-K, )
—Z(K 0+ p)] '

p(4)
p ~ (~ ~ K ) (~ K )

X(KO p)X(q p 0)t

~(qpK )
= 32Xo lJ(o)]'X(K0+0)

X(q'K )1.&, ~(q-p) ~(K. 0)



VOLUME 24, NUMBER $ PHYSICAL REVIEW LETTERS 19 JANUARY 1970

Here X(q) is the wave-vector —dependent suscep-
tibility p r spin in units of g ps, XO=X(0) is the
uniform-field susceptibility at the Neel point,
J(q) is the Fourier transform of the exchange in-
teraction, Po

= 1/kTN, and X is the number of
spins in the lattice. The prime on the summa-
tion is to indicate that Ipl is restricted to the in-
terval 0 ~P &k„„where k is chosen large
enough to include all the hydrodynamic modes
but sufficiently small to exclude the microscopic
fluctuations. ' As will be shown below our results
are relatively insensitive to variations in k, for
k, & 3k, k, being the inverse range parameter.
We use the Ornstein-Zernike form for X(q+Ko),

k
x(q+K.) =(k .' '.

),
C

where X~ is the staggered susceptibility. ' The
product g~k, ', which appears only in the equa-
tion for y(q), is set equal to (6'') ', the value
it has in the molecular field approximation for a
simple cubic lattice with lattice parameter a and
nearest-neighbor interactions.

We have solved Eqs. (1) and (2) using the val-
0

ues J=3.4 K,' a=4.2 A, ' TN =83'K, ' and XO=86
x 10 ' emu/g. ' In order to display the behav-
ior predicted by the dynamic scaling laws we
write the solutions in the form

y(q+K, ) =k, "' Q b, (q/k, )", (4)

Table I. Values of bo and b&/bo.

k., /k, ' b b, /bp

7.2
11.2
13.0
13.9
14.3

0.92
0.91
0.91
0.91
0.92

k» is the cutoff in the integration over P in Eqs. (1)
and (2).

y(Kp) = bpk

Here &uj, (q) is the characteristic frequency
C

which is defined by an integral over the energy
distribution of scattered neutrons. ' When this
distribution is Lorentzian vl, (q) can be inter-
preted as a decay rate. From Fig. 1 it is evi-
dent that the two curves lie reasonably close to
one another over the range 0 ~ (q/k )' & 9.

For C we obtain the value 4.0 meV A' ' (k
=3k ). Thus when k =0.02 A ' (T TN =1'K—) the
spin-diffusion constant, Ck, ' ', has the value
29 meV A'. This is to be compared with the
room-temperature result, 8 meV A', reported
by Windsor, Briggs, and Kestigian. " We have
also examined the dependence of cp(K, ) and y(q)
on J, y„TN, and a. We find the approximate be-
havior

0-0

cp(q) = Ck, '"q';
q (K.) —~(x.T )'"(k.~)'"

v'(q)-~ '"x. 'TN"(k, ~) "q',
(6)

the coefficients b, and c have been calculated
for various k .' Values of b, and b,/b, obtained
with different cutoff parameters are displayed in
Table I. It is to be noted that increasing k, from
4k, to 5k, leads to only a 3% increase in b, and
a smaller change in b,/bo indicating asymptotic
behavior at this point. "

In Ref. 1 p(K, ) is reported to have the value
10.8k, ' ' ' meV, where k c is mea, sured in in-
verse angstroms. In order to facilitate compari-
son between our results and the experimental
values, we have replotted the experimental val-
ues for y(K, ) shown in Fig. 2 of Ref. 1 against
k~' ' and fitted the points with a straight line. In
this way we obtain the result p(K, )(expt) = 13.3k„' '
which compares favorably with our values for
k, =3k„130k, ', and k~ =4k„139k, '. We
also obtain the value 0.91 for the ratio b,/b,
whereas experimentally b,/b, = 1.11. A qualita-
tive indication of the extent of the agreement for
larger values of q can be inferred from a plot of
p(q +K,)/p(K, ) and ~~ (q)/&u~ (0) against (q/k, )'.

for small variations about the values given above.
Our final point concerns the approximations
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FIG. l. cp(q+Kp)/p(0) (broken line) and ~& (q)/
~J, (0) (solid line) vs (q/k~)2. The values of ~~ (q) are
obtained from Ref. 1. y(q+ Kp) is calculated with k~,
=3k .
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implicit in the self-consistent theory. The most
critical of these involves the factorization of the
equal-time four-spin correlation function into a
product of two-spin functions. By invoking the
Widom-Kadanoff scaling laws, Kawasaki has
shown that the sum over the coupled and the sum
over the decoupled functions have the same as-
ymptotic dependence on k, and q as long as the
wave vectors are restricted in magnitude in the
sense implied in Eqs. (1) and (2)." What may be
a further indication of the accuracy of the ap-
proximation comes from a calculation carried
out at infinite temperature. In this limit the rel-
ative error incurred in the decoupling is on the
order of (k a)'/6m'. The assumption of exponen-
tial decay for the long-time behavior of the spin
fluctuations, which is implicit in Eqs. (1) and (2),
is less critical. We expect it to be valid for q
~k„' for larger values of q some error is intro-
duced. However the fluctuations with q»k
make comparatively small contributions to the
integrals. '4 In summary, we have shown that a
theory which treats self-consistently the lowest
order processes for the damping of,the spin fluc-
tuations (decay into two modes) can account for
the temperature dependence, wave-vector depen-
dence, and overall magnitude of the decay rates
reported for RbMnF, .

We would like to thank the authors of Ref. 1 for
providing us with a copy of their work prior to
publication. We would also like to thank Profes-
sor C. C. Iin and Mr. J. P. Mahoney for mea-
surements of the susceptibility.
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