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The inelastic magnetic scattering of neutrons has been studied in Cr and Crp eg-Mnp p5

both below and above the Neel temperature. The temperature dependence of the spin-
wave velocity in the alloy has been measured below TN. The scattering above TN may
also be interpreted in terms of spin-wavelike excitations, which persist far into the
paramagnetic phase.

Using a triple-axis spectrometer, we have
studied the inelastic magnetic scattering of neu-
trons in single crystals of Cr and Crp 95 Mlle p5

both below and above the Neel temperature TN.
The addition of 5' Mn to Cr causes the spin-den-
sity wavelength to become commensurable with
the lattice periodicity so that a simple antiferro-
magnetic structure results. ' This simplifies the
study of the magnetic excitations, and most of
the measurements presented in this paper were
therefore performed on the alloy.

The inelastic neutron scattering observed in q
scans for constant energy transfer @ at room
temperature in the alloy is shown in the left of
Fig. 1, q being the distance of the scattering vec-
tor from (1, 0, 0), which is a point of the magnet-
ic superlattiee in reciprocal space. This scat-
tering is interpreted as being of magnetic origin
for the following reasons: (i) No peak was ob-
served in q scans through the nonsuperlattice
point (1, 1, 0). (ii) A q scan at 10 meV through
the (1, 1, 1) superlattice point yielded a, width con-
sistent with those of Fig. 1. (iii) q scans through
(1, 0, 0) with different spectrometer settings, us-
ing various combinations of Be(0, 0, 2), Zn(0, 0,
2), and Ge(1, 1, 1) as monochromator and analyz-
er planes, all gave widths consistent with those
of Fig. 1. (iv) The pronounced temperature de-
pendence of scans at 10 meV through (1, 0, 0),
shown in the lower part of Fig. 1, is strong evi-
dence that the scattering is of magnetic origin.

The magnetic excitations in an itinerant anti-

ferromagnet have been discussed by Fedders and
Martin2 and have the form of spin waves with a
linear dispersion relation at small wave vectors.
We have therefore interpreted our data in terms
of undamped spin waves with a scattering cross
section of the form S(q, &u) -6(~-c!q! ). Because
of the limited resolution of the spectrometer,
the peak around (1, 0, 0) is composed of unre-
solved contributions from spin waves propagating
in all directions. In principle it might be possi-
ble to resolve these contributions by using larger
scattering vectors, e.g. , around the (1, 1, 1) re-
flection, but in practice the decrease in the form
factor results in impracticably low intensities.
The interpretation of the results therefore de-
pends upon a very careful treatment of the ex-
perimental resolution, The intensity I(q, + ) at
the spectrometer setting (q', uP) is the convolu-
tion of the experimental resolution function R(q,
v) and S(q, v), so that

f(q', (u') ~ fR(q-q', ~-(u')S(q, (u)d'qd(u.

We have assumed that the angular distributions
of the mosaic blocks in the crystals and the col-
limator transfer functions may be approximated
by Gaussians, and that the component qz normal
to the scattering plane is uncorrelated with the
other variables. If we now approximate the cone
dispersion surface by a cy1inder within the range
of the resolution function, and use the fact that
the resolution width in the direction of qz is
much greater than ~'/c, we find

(a /c) tt~ ) s
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F&G. 1. intensities from Q scans at constant energy transfer for the Crp ppMnp pp sample. The widths at five en-
ergies at room temperature (T/TN = 0.403) are consistent with the linear spin-wave dispersion relation indicated in
the upper right part of the figure. The 1/e contours of the resolution function at 20 and 40 meV are also shown.
Filled circles are the measured intensities, the solid lines represent the calculated line profile in a least-squares
fit of Sc, and the dashed lines indicate the background. intensities from identical q scans at 10 meV but with the
sample at different temperatures are shown in the lower part of the figure.

where oz, o&, and 0 all depend on uP.
The solid lines in Fig. 1 are least-squares fits

of Eq. (2) to the data, allowing hc to vary. The
independent determinations of @c at five energies
at room temperature are consistent, and give an
average value of about 450 meV/A '. Muhlestein
and Sinha have studied magnetic scattering in
Cr -Mn alloys by the diffraction method and found
initially values of 220 meV/A ' for a 1.6%%uo alloy
and 94 meV/A ' for a 5.7%%uo alloy. A reanalysis
of the data by Sinha (private communication) gave

0
a value of 370 meV/A ' for the more concentrat-
ed alloy, much closer to our result.

The isotropic two-band model of Fedders and
Martin, which is based on the Lomer model, '
gives a value c =v/v3 at low temperatures,
where v is the geometrical mean of the Fermi
velocities in the two bands. For Cr, V may be
estimated as about 4&&10 cm/sec, p giving a value
of 1500 meV/A ' for Sc at T=0. This is in rea-
sonable agreement with our result, which is for
&= 0.5TN. It should be noted that, according to

our analysis, the whole of the magnetic scatter-
ing may be ascribed to spin waves, without the
necessity of postulating other excitations. 4

Similar measurements have been carried out
above room temperature and, as shown in Fig. 1,
the spin-wave velocity appears to decrease al-
most linearly with temperature as 7'N is ap-
proached. There is no dramatic change in the in-
elastic magnetic scattering on passing through

TN and, as shown in Fig. 1, it persists to above
1.5TN. The results in the paramagnetic phase
may be consistently interpreted in terms of spin-
wave excitations with an almost constant value of
about 100 meV/A ' for bc Further . experiments
are being performed to elucidate more complete-
ly the nature of the magnetic scattering in the
paramagnetic phase.

The magnetic transition in the alloy appears to
be of second order and the order parameter de-
creases as (T-TN)'" on approaching the Noel
temperature, although the results are somewhat
uncertain because of macroscopic concentration
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inhomogeneities in the crystal. ln pure Cr, on
the other hand, the transition is of first order,
as first pointed out by Arrott, sterner, and
Kendrik. ' The crystal used for our investigation
was the same as that used by Mgller et aL' in
their original study of magnetic scattering in the
paramagnetic phase of Cr and, as illustrated in
Fig. 2(b), also shows a first order tra. nsition.
The measurements of MgQler et al. ' were per-
formed on a double-axis spectrometer, as were
those of Hamaguchi, Tsunoda, and Kunitomi.
We have also carried out such a measurement,
as shown in Fig. 2(a), and in addition we have
performed an energy analysis of the scattered

FIG. 2. Intensity data for a pure Cr sample around
the (6, 1, 0) satellite. (a) Line profiles measured with
a double-axis spectrometer showing the broadening
above TN. The displacement and distortion of the peak
above TN is due to overlapping intensities from the
other satellites. (b) Intensity versus temperature for
the (5, 1, 0) magnetic reflection. (c) Energy analysis of
the scattered intensity at T/TN = 1.067. Note the
change of scale at 10.0 meV.

beam. The results for T/TN =1.067 are shown
in Fig 2. (c). A quantitative interpretation of
these results is precluded by the complexity of
the magnetic structure, which now produces six
satellite reflections about (1, 0, 0), but at room
temperature, corresponding to T/TN =0.94, the
observed widths around the (0, 1, 0) satellite were
0.12 A ' at 8& = 10 meV and 0.15 A ' at 19 meV.
These figures indicate that Sc has the same or-
der of magnitude as in the alloy. The strong in-
elasticity of the magnetic scattering in the pa-
ramagnetic phase makes it clear that it is un-
justified to analyze the results in terms of a
quasistatic model, as was done by Mgller et al, '
but their conclusion that strong dynamic fluctua-
tions in magnetization occur far into the paramag-
netic phase remains valid.

We are grateful to A. R. Mackintosh for enlight-
ening discussions throughout this work. The cal-
culation of the resolution functions followed the
recently developed method of Nielsen and Mgller
(to be published), and we are grateful to them for
helpful discussions. Dr. S. K. Sinha supplied un-
published data which provided much of the stimu-
lus for these experiments.
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