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High-temperature spin dynamics of a cubic ferromagnet Pd2Mnsn
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The paramagnetic scattering function S(q,~) of the metallic ferromagnet Pd2MnSn has been in-

vestigated up to 4' over a wide q range along the [100], [011],and [111)directions by means of
both polarized and unpolarized neutron scattering techniques. The temperature and q dependence
of the static response, kqT+(q), is explained rather well by the Heisenberg model with long-range
interactions, although there are nontrivial deviations from the theory. The features of the dynami-
cal response are summarized as follows: (i) The scattering function has a simple one-peak form cen-
tered at Ace=0 in the ~hole q range at 1.5 Tc and 4Tc. (ii}The linewidths of the function near zone
boundaries agree well with the calculations based on the three-pole approximation of the Heisenberg
model, (iii) The linewidths near q =O show the anomalously large temperature dependence, and

have no q dependence at 4Tc. These facts point to the importance of the nonadiabatic effects of
the conduction electrons at high temperatures, even though the Heisenberg-type interactions be-

tween localized spins play the major role on the spin dynamics in this system.

I. INTRODUCTION

The neutron scattering study of the spin dynamics of
the 3d metallic ferromagnets above Tc is one of the most
challenging subjects in solid-state physics. There is no sa-
tisfactory theoretical understanding, nor is there even an
agreement on the interpretation of the experimental re-
sults on the itinerant ferromagnets Fe and Ni. ' The
point of controversy is whether a spin-wave-like mode
with fairly small wave vectors exists above Tz in Fe and
Ni. At this stage, it is very important to understand fully
the spin fiuctuations of the typical locahzed system at
high temperatures. This, in turn, may be helpful for an
understanding of the more difficult cases of itinerant sys-
tems.

The intermetallic compound Pd2MnSn is a typical fer-
romagnetic Heusler alloy with the Curie temperature
Tc —190 K. The m—anganese sublattice forms a fcc struc-
ture with the lattice parameter a=6.38 A. The suscepti-
bility obeys the Curie-Weiss law with an effective moment
of p,n =4.7iuit per manganese atom and the atomic mo-
ment estimated from this value is in agreement with the
observed saturation moment. The neutron scattering
measurements below Tc performed by Noda and Ishi-
kawa show that the spin-wave dispersion relations and
their temperature dependence are described well by the
Heisenberg model if more than six long-range exchange-
interaction parameters are taken into account. The ex-
change parameters determined at 50 K are listed in Table
I for the sixth- and eighth-nearest-neighbor cases. The
calculated paramagnetic Curie temperatures using these
parameters are in good agreement with the observed value
of 8&——201+3 K. Ziebeck et al. ' observed the complete
paramagnetic neutron scattering at 4 T~ by using a
powder sample and without energy analysis. These exper-

imental results clearly show that P12MnSn can be regard-
ed as a typical localized spin system.

Recently Shirane et al. " performed a detailed study of
paramagnetic scattering from Pd2MnSn near Tc (up to
1.5 Tc) by using a single-crystal sample. It was found that
the observed scattering function S(g,co) can be described
by a simple double I.orentzian form,

S(geo) =So z 2 z
K) +Q I +Q)

over a wide q range. No propagating mode was observed
above Tc, which is in contrast to the case of the insulat-
ing ferromagnet EuO, ' '3 where a spin-wave-like mode
was observed near the zone boundary. It was also re-
vealed that the constant-E scans above Tc give an intensi-
ty ridge which has a magnonlike dispersion and is almost
temperature independent up to 1.5TC. The position of the
constant-E ridge at Tc is very close to those of the
itinerant ferromagnetics Fe (Refs. 1 and 3) and Ni (Refs. 2
and 4) when the momentum and energy are scaled by the
inverse plane distance d' and diffusion constant A
(I =Aq ~ ), respectively. This result is well explained by
the dynamical scaling theory.

This work raised a new question about the differences
in the spin dynamics between Pd2MnSn and the insulating
ferromagnets EuO and EuS. The best way to approach
this problem is to study the spin dynamics of these ma-
terials at higher temperatures, since the differences in the
spin dynamics in the different interaction systems are
considered to appear more clearly at high temperatures.
This may also be helpful for the study of the spin dynam-
ics of itinerant systems. We have therefore extended the
study of the paramagnetic scattering from Pd2MnSn up to
4T~ in a wide momentum and energy space by means of
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TABLE I. Exchange parameters (meV) of Pd2MnSn (Ref. 9).

D (meVA )

0.195
0.216

0.130
0.111

0.066
0.066

—0.133
—0.123

0.042
0.046

—0.057
—0.039

0.011 —0.017 205.0
209.2

106.2
91.5

polarized and unpolarized neutron scattering techniques.
We describe below the results of the measurements, and
compare them with the existing theories' ' based on the
Heisenberg model as well as with the experimental results
on the insulating ferromagnets EuO (Refs. 12, 13, and 17)
and EuS. '

II. EXPERIMENTAL DETAILS

where yo ——0.291 b/sr, kf and k; are the wave vectors of
the final and incident neutrons, g is the gyromagnetic ra-
tio, and f (Q) is the form factor. The scattering function
S(q, co) above Tc for unpolarized neutrons is expressed as

The neutron scattering measurements were carried out
on triple-axis spectrometers at the Brookhaven High Flux
Beam Reactor. The single crystal used in the experiments
was identical to that used in the previous work by Shirane
et al. ;" the volume is about 3 cm and the mosaic spread
is 0.8'. lt was mounted in a furnace or in a cryostat with
the [011] axis vertical. The paramagnetic scattering was
measured along the three principal axes [100], [011],and
[111]around the (1,1,1) reciprocal-lattice point mainly at
294 K (1.5TC) and 773 K (4TC) by using polarized and
unpolarized beam techniques. For the polarized beam set-

up, we used copper Heusler (111) crystals as monochro-
mator and analyzer with the fixed final energy of 32 meV.
The horizontal and vertical collimations were 40'-80'-80'-
80' and 50'-110'-150'-240', respectively. The energy reso-
lution of this configuration was about 2.5 meV [full width
at half maximum (FWHM)] at fico=0. The difference of
the intensity measured with a horizontal field (HF) and a
vertical field (VF), with the flipper on, was employed to
get the reliable paramagnetic scattering function. '

A high-resolution unpolarized beam setup was also used
to measure the paramagnetic scattering near the zone
center where the half-widths of the scattering function are
less than 2 meV. Both monochromator and analyzer in
this case were pyrolitic graphite (002) crystals operating
with the fixed incident energy of 14.7 meV. The horizon-
tal collimations were 20'-20'-20'-20' and the vertical col-
limations were nearly the same as the polarized neutron
experiments. A pyrolitic graphite filter was used to elim-
inate higher-order contamination of the beam.

In order to put the paramagnetic cross section on an ab-
solute scale, we utilized the intensities of the spin-wave
scattering measured at 80 K for the same spectrometer
configuration. It is not appropriate to use phonon intensi-
ties for our case because there is no reliable data for the
phonon cross section of P12MnSn.

S(q, co) =2ka TX(q), F(q, co) .
1

(gp~)' 1 —exp —%co
(3)

Here, X(q) and F(q, co) are the wavelength-dependent sus-

ceptibility and the spectral shape function, respectively,
and f3= 1/kgT.

The wavelength-dependent susceptibility of the Heisen-
berg systems is evaluated by the spherical approximation
as"

X(q)=
1

2[J(0)—J(q)]/(gpa )'+1/X

=1 ~6]62
F(q, a)) =—

2 2 2 2~ [~r(~ —6,—5, )] +(~ —5, )

where 5& and 62 are the correlation functions and r is the
termination function. These are expressed as

where J(q) is the Fourier transform of the exchange con-
stant Jz between spina at site i and j and X is the uniform
field susceptibility. This expression is also valid in the
molecular field approximation. '

The spectral shape function F(q, co) above Tc has been
calculated by several authors using different approxima-
tions. ' ' ' Their results are different in detail but are
similar in describing the overall features of F(q, co). We
mainly analyzed our data by using the result of the three-
pole approximation' because of its simple analytical ex-
pressions as well as its successes in interpreting the ob-
served spectral shapes for a number of Heisenberg sys-
tems: RbMnF3, ' EuO, ' ' ' and EuS. ' ' ' In this case,
F(q, co) is approximated by

III. THEORETICAL EXPRESSIONS r=(vNi/2)

The inelastic scattering cross section for unpolarized
neutrons by a magnetic system of E-localized spins is
given by'

where (co ) and (cu ) are the second and fourth moments
of F(q, co) At T= ao, the m. oments can be easily calcu-
lated as
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(co ) = —', S(5+1)g Jt [1—cos(q I)],

( 4) 32
S(S+1)

3

I'

—$JR[1—cos(q. R)] 4+ + $JA[I —cos(q. A)] $J'„[7—3cos(q.R)]2S($+1)

—2+QJ&JRJ~ R(l —e'q' )[JRe q +JA —R(1 e " )]
A R

IV. SPECTRAL SHAPE

Figure 1 shows the observed spectra at
g=(1.08,1.08,1.08) at (a) 1.7' and (b) 4Tc, where the
unpolarized neutron setup was used. Each component of
the Q vector is measured in units of 2rrla. Solid lines in
the figure are the results of the least-squares fitting of the
Lorentzian form of F(q,ei) convoluted with the resolution
function to the data. In the fitting procedure, a constant
background is assumed, and a few data points which are
thought to be strongly contaminated by phonon and in-
coherent elastic scattering are eliminated. As seen in this
figure, the observed spectra for this small momentum
transfer are well described by the Lorentzian form of
F(q, co), although the counting statistics become poor at
4 Tc. Note particularly that the linewidth at 4T& is signi-
ficantly larger than that at 1.7 Tc.

Figures 2 and 3 show the observed spectra obtained by
using polarized neutrons at Q =(1.25, 1.25,1.25) and
(1.4, 1.4, 14), respectively, at (a) 1.5Tc and (b) 4'. No
spin-wave-like peak is observed at either temperature
within our experimental resolution and counting statistics.
This is in agreement with the previous work, "but in con-

trast with the cases of EuO (Refs. 12 and 13) and EuS. '

Solid and dashed lines in Figs. 2 and 3 show the results of
the Lorentzian and Gaussian fitting, respectively. Below
about Ace=10 meV it is not clear which function gives a
better fit, but for %co ) 10 meV it can be seen that the fit is
better for the Lorentzian case. Figure 4(a) shows the in-

tensity contour map of the resolution corrected scattering
function S(q, c0) at 4TC along the [111]direction for the
case of the Lorentzian fit.

In order to compare the present results with the theory
based on the Heisenberg model, we calculated the spectral
shape function of P12MnSn based on the three-pole ap-
proximation at T= ac [TPA, Eqs. (5)—(7)] with the ex-
change parameters up to the sixth-nearest neighbor listed
in Table I. The data at 4T& are compared with the calcu-
lation. Since the second and fourth moments of I'(q, co) at
T= e0 overestimate those at a finite temperature T by
-TCJ(q)/TJ(0) or less in fraction to order I/k&T, '

about 10% ambiguity of linewidth should be allowed for
the comparison. Figure 5 shows the calculated F(q, co)
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FIG. l. Observed spectra at Q=(1.08,1.08,1.08) at (a) 1.7Tc
and (b) 4T~. Solid lines are the curves fit to the data by employ-
ing the Lorentzian as the spectral shape function.
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FIG. 2. Observed spectra at Q=(1.25, 1.25, 1.25) at (a) 1.5 Tc
and (1) 4T~. Monitor counts (MON) of 8 million correspond to
approximately 8 min of counting time. Solid and dashed lines

are the curves fit to the data by employing the Lorentzian and

Gaussian, respectively, as the spectral shape function.
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than the theoretical values. This point will be discussed in
the later sections.

V. %'AVELENGTH-DEPENDENT SUSCEPTIBILITY

The wavelength-dependent susceptibilities X(q) were de-
duced froin the least-squares-fitting procedures to the
data by assuming the spectral shape function to be a
Lorentzian. For the data at 4T&, X(q) is weakly q depen-
dent and was assumed to be constant within the resolution
ellipsoid. The value of X(q) was determined from the
scaling parameter in the fitting function. For the data at
1.5 Tc, on the other hand, we assumed as
X(q)=C(q)/(q +i~i) in order to minimize the deforma-
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FIG. 3. Observed spectra at g=(1.4, 1.4, 1.4) at (a) 1.5 ' and
(b) 4T&. Solid and dashed lines are the curves fit to the data by
employing the Lorentzian and Gaussian, respectively, as the
spectral shape function.

Q, 2

along the [ill] direction. It is also shown in the form of
the contour map in Fig. 4(b). For the g value below about
0.1, the calculated spectral shape is very close to the
Lorentzian. On the other hand, it shows a small shoulder
at about fico=5 meV for g&0.2 and becomes almost in-
dependent of g for g&0.3. Nearly the same spectral
shapes are obtained along the [100] and [011] directions.
This differs from the case of the short-range interaction
Heisenberg systems EuO and EuS, where the TPA (Refs.
15 and 21) as well as the other approximations' ' ' gives
more distinct peaks at nonzero energy transfer for the q
vector near the zone boundaries. Therefore, it is conclud-
ed that the long-range interaction suppresses considerably
such spin-wave-like modes for large q vectors.

In Fig. 6 a comparison of the observed and the theoreti-
cal spectra at Q=(1.4, 1.4, 1.4) is shown. The dashed line
in the figure is the theoretical F(q, co) without resolution
convolution, and the solid line shows the resolution con-
voluted theoretical spectrum which should be compared
with the observation (open circles). The dashed-dotted
line is the result of the Lorentzian fit to the data. It is
noted that the resolution effect smooths out completely
the shoulder of the calculated spectral shape function, and
that the resolution convoluted theoretical spectrum is very
close to the result of the Gaussian fit to the observed data
[see Fig. 3(b)]. Therefore, it is concluded that the Heisen-
berg model (TPA) can reproduce well the observed spectra
for the large q values (g & 0.2) within our experimental ac-
curacy, if we disregard the long tails observed for %co & 10
meV. This feature is also seen in the overall resemblance
of the observed and calculated contour maps of F(q, co)
shown in Figs. 4(a) and 4(b). For the small q values
(g (0.2), however, the linewidths at 4' are much larger
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FIG. 4. {a) Contour map of the resolution corrected scatter-
ing function of Pd2MnSn at 4Tc along the [lllj direction.
Lorentzian is assumed as the spectral shape function. (b) Con-
tour map of the calculated scattering function for the Pd2MnSn
along the [I I lj direction by the three-pole approximation at
T= (x) ~
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FIG. 5. Theoretical spectral shape functions along [111]cal-
culated by the three-pole approximation at T= co.

tibility measured by Webster and Tebble for 1.5Tc and
the extrapolated one from their measurements up to 500
K by using the Curie-Weiss law for 4Tc. The dotted line
shows the Lorentzian mth x&

——0.22 A '. The solid lines
show the results of the spherical model [Eq. (4)] with the
exchange parameters listed in Table I and the observed
susceptibility data. Since there are no adjustable parame-
ters for the calculation, the agreement between the ob-
served and calculated results is fairly good.

Nevertheless, we should point out that a nontrivial de-

viation from the theory is seen at high temperatures. The
observed susceptibility at 4' is nearly fiat around the
S=2 free-ion case except near zone center, in good agree-
ment with the observation for the powdered sample by
Ziebeck et al. ,

' while the theoretical calculation shows a
gradual decrease for a wide q range. In Figure 8, the tem-
perature dependence of the inverse of wavelength-
dependent susceptibilities is shown. The solid line is the
inverse of the observed static susceptibility measured by
Webster and Tebble. s The dashed-dotted and dashed lines
represent values calculated by using Eq. (4) for

q =(0.08,0.08,0.08) and (0.46,0.46,0.46), respectively.
Note that the susceptibility at q=(0.08,0.08,0.08) exhibits
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tion by the resolution effect since the q dependence of
X(q) is very strong at this temperature. Here, C(q), which
is the correction factor to the simple Lorentzian for the
susceptibility, was assumed to be constant within the reso-
lution ellipsoid and left as the free parameter in the fitting
procedures. ~& was taken to be 0.22 A ', which is the in-
verse correlation length measured at 1.5 Tc."

Figure 7(a) shows the wavelength-dependent susceptibil-
ities obtained at 1.5 ' and 4' along the [111]direction
in the form of 3k~ TX(q), which is equal to the energy in-
tegrated paramagnetic scattering M~(q) in the high-
temperature limit (i)ic0 «&k~T) and to g @AS(S+1) per
magnetic ion for a free-ion system with the spin-angular
momentum of S. The values at (=0 are from the suscep-
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FIG. 6. Comparison between the observed and calculated
spectra at Q=(1.4, 1.4, 1.4). Open circles are the observed data
at 4T&. Dashed line is the calculated spectral shape function
(TPA, T= oo) without the resolution convolution. Solid line is
the calculated spectrum after resolution convolution. Dashed-
dotted line is the curve fit to the data by employing the
Lorentzian as the spectral shape function.

FIG. 7. (a) %'avelength-dependent susceptibility at 1.5T~
(solid symbols) and 4Tc (open symbols) along [111]direction.
Solid and open squares are from the susceptibility data (Ref. 8)
at 1.5 T~ and 4T~. Lines are the calculated values. (b) %'idths
(H%'HM) of the spectral shape function at 1.5 T~ (solid circles
and triangles by Lorentzian fit) and at 4T~ (open circles and tri-
angles by Lorentzian fit, crosses by Gaussian fit) along [111]
direction. Dashed line is the result of three-pole approximation
at T= oo.
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FIG. 8. Temperature dependence of the inverse wavelength-

dependent susceptibility at q=0 [Webster-Tebble (Ref. 8), solid

line], q=(0.08,0.08,0.08) (open circles) and q=(0.46,0.46,0.46)
{open squares). Dashed-dotted and dashed lines are the results
of the theory [Eq. (4)].

a clear deviation from the theory for T & 2T&, while there
is no substantial deviation at q = (0.46,0.46,0.46).

VI. I.INEWIDTH

In Fig. 9 are shown the wave-vector dependence of
linewidth [half-width at half maximum (HWHM)] along
the [100], [011],and [111]directions determined from the
least-squares-fitting procedure to the data at 1.5' (solid

circles) and at 4' (open circles) by employing the
Lorentzian form of the spectral shape function. For the
[111] direction, more detailed results are also shown in
Fig. 7(b}. Since it is difficult to determine the correct
spectral shape from the experimental data because of the
relaxed resolution and low-counting statistics, the values
of the linewidth might contain some uncertainties coming
from the choice of the spectral shape function except near
the zone center where the Lorentzian becomes the best ap-
proximation. In fact, if the Gaussian is assumed to be the
spectral shape function instead of the Lorentzian, the
least-squares-fitting procedures give larger widths than
the case of the Lorentzian; for example, the linewidths at
(1.25, 1.25,1.25) and (1.4,1.4, 1.4,} at 4Tc for the Gaussian
fit are about 30% larger than those of the Lorentzian case
as shown in Fig. 7(b) (crosses). Therefore, in the discus-
sion below, this kind of uncertainty should be taken into
account.

The dashed lines in Figs. 7(b) and 9 are the calculated
widths at T= oo by the three-pole approximation based
on the Heisenberg model for this system. It is noteworthy
that the observed linewidths near the zone boundaries are
almost temperature independent and agree well with the
calculated values if we take into account the ambiguity
discussed above. Note that the agreement between the ob-
served and the calculated widths is much improved if the
Gaussian is employed as the spectral shape function in-
stead of the Lorentzian in the fitting procedures. Since
the Gaussian form gives nearly the same spectra as the re-
sults of the three-pole approximation near the zone
boundaries as discussed in Sec. IV, this fact may imply
that the main part of the observed spectra near the zone
boundaries are determined by the Heisenberg nature in
this system.

On the other hand, the observed widths near the zone
center are anomalously large compared with the theoreti-

Pd&MnSn
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FIG. 9. Linewidths obtained by the Lorentzian fit along [100],[011],and [111]directions at 1.5Tc (solid symbols) and 4Tc (open
symbols). Dashed lines are the calculated by three-pole approximation at T= ~.
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cal values. This phenomenon is especially remarkable for
the data at 4', where the linewidths near the zone center
are quite large and show no q dependence at least for
q)0. 1 A as shown in Figs. 7(b) and 9. This point is
hardly understood by the spin-diffusion picture which is
generally accepted for the Heisenberg paramagnet at high
temperatures. It is noted that the anomalously large
widths are observed at 4TC in the wave-vector region
where the X(q) deviates substantially from the calculation
based on the Heisenberg model as seen in Figs. 7(a) and
7(b).

In Fig. 10, the observed linewidths at
Q=(1.08,1.08, 1.08) are shown as the function of Tc/T
(open circles). The data below room temperature (solid
circles) are from Shirane et al. " The calculated result by
the three-pole approximation at T= ao for the P12MnSn
structure using the exchange parameters up to the sixth-
nearest neighbor is indicated by a solid square. The solid
line is the calculated results using the spin-diffusion con-
stant given by Hubbard' for the case of the simple-cubic
nearest-neighbor Heisenberg interaction system with the
exchange interaction value of J=0.62 meV, which gives
the same spin-wave stiffness constant as the observed
value of PdiMnSn at low temperature. At T= ao,
Hubbard's result agrees well with the calculation by the
three-pole approximation for the same case (open square),
and is about 50%o greater than that for the long-range in-
teraction case. Therefore, it is reasonable to consider that,
at finite temperatures, the three-pole approximation for
the Pd2MnSn structure would give a somewhat lower
value than the solid line in the figure. The dashed curve
is calculated by the Resibois-Piette function using the
inverse correlation length determined by Shirane et al. "
The discrepancy between the observed linewidth and the
estimation by the Heisenberg model is remarkable.

These facts are in contrast with the case of the insulat-
ing ferromagnet EuO, where the agreement between the
observation and the calculations based on the Heisenberg
model is good within the hydrodynamic regime up to

P ~2M"" Q=(0.08,0.08,0.08)
1 1 I 1; ) observed

TPA(sc, k)
~ Tp A(tcc,k- J6)—Hubbard(sc, Ji)

---Rbsibois-Piette

FIG. 10. Temperature dependence of the linewidth at
Q = (1.08,1.08, 1.08). Solid line is from the Hubbard calculation
for simple-cubic nearest-neighbor interaction case (scNN). Re-
sults of three-pole approximation are open square (scNN} and
solid square (Pd2MnSn case). Dashed line is Resibois-Piette
function.

2Tc.' ' Recently, Boni and Shirane' found for EuO
that, at Tc, the three-pole approximation gives too small
linewidths near the zone center than the observed values.
However, it is not the case at high temperatures since the
three-pole approximation gives the spin-diffusion coeffi-
cient which agrees with the observed value' as well as
those calculated by the other approximations' at the
high-temperature limit.

VII. DISCUSSION

The present experiment on Pd2MnSn revealed two im-
portant facts for the spin dynamics of the metallic local-
ized spin system. Firstly, the main feature of the scatter-
ing function S(q, ro) at high temperatures is explained
well, even quantitatively at least near the zone boundaries,
by the theories based on the Heisenberg model with the
long-range interaction. This indicates strongly that the
Heisenberg-type interactions between localized spins play
a major role on the spin dynamics in this system. In other
words, the present work confirms the commonly accepted
localized spin picture for this material from the viewpoint
of the spin dynamics at high temperatures.

As for the spectral shape, no spin-wave-like mode was
observed over the entire q and temperature of the mea-
surements. It is not clear at present whether the small
shoulder at the finite energy which is expected by the
three-pole approximation exists or not near the zone
boundaries. We intend to clarify this point experimentally
in the near future.

Second, the nontrivial deviations from the theory based
on the Heisenberg model were observed in the g(q) and
linewidth at small q at high temperatures. There exists
anomalous damping of the long-wavelength fiuctuations
of localized spins in this alloy at high temperatures. It
may weaken the spatial correlation of the localized spins,
and this is compatible with the observed fiat X(q) at 4Tc.
The long tails of the spectra for iruu & 10 meV which can-
not be explained by the Heisenberg model might also be
related to the effe:ts.

Since our system is metallic and the localized spins on
manganese atoms interact with conduction electrons, it is
very likely to ascribe the origin of the anomalies to the
nonadiabatic effects of conduction electrons on the local-
ized spins. The simplest and commonly accepted picture
for our system is the s-d exchange interaction model. In
fact, this model is convenient to explain the experimental
result for the spin dynamics described above bex:ause the
second-order perturbation theory gives the Heisenberg-
type effective interactions between localized spins under
the adiabatic approximation for the motion of the local-
ized spins. Ho~ever, since the adiabatic approxima-
tion cannot always be allowed in this model, some devia-
tions of spin dynamics from that of the pure Heisenberg
interaction system can be naturally expected. The nonadi-
abatic effect in the ferromagnetic case has been demon-
strated theoretically by Nagaoka. s The main results of
his work is that the dispersion of the adiabatic spin-wave
mode is greatly modified near the edges of the Stoner con-
tinuum of the conduction electrons and that inside the
continuum there arises additional damping of spin waves.
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The effects in the paramagnetic case have not yet been
calculated theoretically. However, we can speculate on
the effects in analogy with the ferromagnetic case as fol-
lows. The first point to be mentioned is the increase of
the linewidth of the spin fluctuations. This is because
each mode of localized spin fluctuation via conduction
electrons may suffer from some additional damping ef-
fects through spin-flip excitations in the conduction band
with the same frequency and momentum transfer as those
of the mode. This effect must be prominent in small
momentum transfer region for the paramagnetic state be-
cause only electrons near the Fermi surface can contribute
to this effect. Second, the nonadiabatic effect should be-
come important at high temperatures. This is because the
smearing of the Fermi surface occurs nearly in proportion
to k&T and it increases the transition probabihty of the
spin-flip excitations with small momentum and energy
transfer in the conduction-electron band. These features
are compatible with the observed anomalies described
above.

The nearly same phenomena were observed for the spin
dynamics of a metallic antiferromagnet PtqFe. Such ef-
fects would also be expected for the spin dynanucs of the
itinerant ferromagnets Fe and Ni since 3d itinerant elec-
trons dirtx;tly contribute to the formation of atomic local
moments in these materials. %e hope that our conjecture
would promote further discussion on this effect from both
theoretical and experimental sides.
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