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The neutron diffraction measurements were carried out on the spin-glass alloys of Pt-12 and
16 at.% Mn with different atomic arrangements. Magnetic diffuse maximum is observed at
(1/2,0,0) in the samples of annealed and quenched 12 at.% Mn and quenched 16 at.% Mn. In
the annealed sample of 12 at.% Mn, the shape is quite anisotropic with splitting. Besides the
diffuse maximum, weak ferromagnetic scattering is observed in all the samples. The magnetic
short-range order (MSRO) in the alloys is discussed in terms of a modulated structure of spin-
density wave (SDW) and a ferromagnetic correlation, both of which are closely related to the

atomic order.
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Introduction

§1.

Pt-Mn alloys with low Mn concentration have been
regarded as the prototype systems exhibiting spin-glass
behavior. In the previous study of the magnetic suscepti-
bility measurement, the typical spin-glass behavior, i.e.,
the cusp anomaly at the freezing temperature T and re-
manent magnetization below T, was observed in a wide
range of Mn concentration of 0.05 to 15 at.% Mn.") The
freezing temperature increases continuously with increas-
ing Mn concentration. However, the paramagnetic Curie
temperature 6 changes drastically from —45K in 10 at.%
Mn to 100K at 15 at.% Mn. The fact indicates that a
ferromagnetic correlation begins to be dominant around
the concentration owing to the ferromagnetic structure
of the ordered Pt;Mn.?)

The atomic structure of Pt rich Pt-Mn alloys has a fcc
fundamental structure at high temperature and forms
a CugAu-type superlattice structure with cubic symme-
try below order-disorder transition temperature T¢.. In a
disordered state, our x-ray and neutron scattering mea-
surements revealed that the atomic short-range order
(ASRO) has a tendency of the CuzAu-type order with
the correlation between consecutive (111) planes of Pt or
Mn atoms.?)

From the recent observation of magnetic satellite dif-
fuse peaks in neutron scattering experiments, the spin-
glass behavior in the alloys of Cu-Mn, Pd-M and Pt-M
(M is 3d element) is explained by the model of SDW
cluster in which short-ranged correlation of SDW fluc-
tuates dynamically.*®) The origin of SDW is regarded
to be the nesting of the flat Fermi surfaces in these al-
loys. The satellite peaks appear in reciprocal lattice at
the positions given by a wave-vector @ spanning the flat
Fermi surfaces. In Cu-Mn alloys, Q is nearly along [110]
and 12-fold degeneracy in the direction of @ results the
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satellite peaks at (1,1/2 +4,0) and at symmetry-related
positions. On the other hand, the direction of @ is nearly
along [100] and the SDW peaks appear at (1 £6,0,0) and
at equivalent symmetry positions in Pd-M and Pt-M al-
loys. As for the Pt-Mn alloy, diffuse satellite peaks were
observed at the positions with § = 1/2 in Pt-8.8 at.%
Mn.?)

We performed neutron diffraction measurements on
Pt-12 and 16 at.% Mn in order to study MSRO under dif-
ferent atomic arrangements. Magnetic structure of the
two types of MSRO; a modulated correlation of SDW
and a ferromagnetic one corresponding to the ferromag-
netic Pt3Mn, is discussed.

§2.

The samples we measured are single crystals grown by
the Bridgman technique at Tohoku University. Each of
them has a volume of about lcc. They were annealed
or quenched before the measurements for the different
atomic arrangements in the samples. As the quenched
samples, they were quenched into ice water after anneal-
ing at 850 °C for 12 at.% Mn and 1000 °C for 16 at.% Mn.
The annealed samples were prepared by gradual cooling
of them to room temperature (R.T.) after annealing at
the temperature of 400 °C for 12 at.% Mn and 600 °C for
16 at.% Mn. The atomic order in the samples was inves-
tigated by x-ray and neutron scattering measurements
at R.T.. In the samples of 12 at.% Mn, T, is rather
low (around 300 °C) and therefore, CuzAu-type atomic
order is short-ranged (long-ranged) in the quenched (an-
nealed) sample. In the samples of 16 at.% Mn, CuzAu-
type atomic order is long-ranged in both the annealed
and the quenched samples because of much higher Tt.
On the other hand, the [111] layered correlation is al-
ways short-ranged in all the samples though its correla-
tion length is much longer in the annealed samples than
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Fig.1. Scattering intensity contour map around (1/2,0,0) on the
(100) scattering plane taken at 7K for the annealed 12 at.%
sample.

in the quenched ones.

The freezing temperature Ty determined by the sus-
ceptibility measurements is 20 K for the annealed and
23K for the quenched sample of 12 at.% Mn, and 28 K
for both the annealed and the quenched samples of 16
at.% Mn.

Neutron scattering measurements were carried out us-
ing FOX spectrometer installed at the pulsed spallation-
neutron source (KENS) in KEK, and FONDER spec-
trometer recently installed at T2-2 beam port of the
thermal guide at the JRR-3M reactor in JAERL®) FOX
is a single crystal diffractometer using the time-of-flight
(TOF) Laue technique, while FONDER is a four-circle
diffractometer with monochromatized neutrons.

§3. Results

In the measurements using FOX spectrometer, diffuse
maximum is observed at around (1/2,0,0) in the an-
nealed and the quenched samples of 12 at.% Mn and with
very low intensity, in the quenched sample of 16 at.%
Mn. In the annealed sample of 16 at.% Mn, we could not
detect the magnetic intensity at (1/2,0,0) probably be-
cause a long tail of the strong intensity at (100) superlat-
tice reflection smeared the weak intensity at (1/2,0,0).
The strong tail is caused by the anisotropic shape of
the resolution of pulsed neutrons. In the annealed sam-
ple of 12 at.% Mn, the intensity distribution appears
to be quite characteristic; it is a disklike-shape with its
plane normal to the [100] axis and in it, a splitting is su-
perimposed. The same anisotropic diffuse maximum is
also observed at (3/2,0,0). For the detailed structure of
the diffuse maximum, the measurement was performed
with FONDER spectrometer. The observed diffuse pat-
tern around (1/2,0,0) in (100) scattering plane at 7K
is shown in Fig.1. The shape is quite anisotropic with
splitting which seems to be fourfold. Unfortunately, the
contamination of higher order (100) reflection obscures
the precise structure of the splitting. The intensity dis-
tribution in the quenched sample of 12 at.% Mn is, on the
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Fig.2. Temperature dependence of the normalized magnetic in-

tensities integrated around (1/2,0,0) diffuse maxima for the an-
nealed and the quenched samples of Pt-12 at.% Mn and for the
quenched sample of Pt-16 at.% Mn.
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Fig.3. Temperature dependence of the normalized intensities in-
tegrated around (100) peak position for the annealed and the
quenched samples of Pt-12 at.% and 16 at.% Mn.

other hand, almost isotropic with lower intensity. Since
the intensity is much lower in the quenched 16 at.% Mn,
its shape cannot be discussed with the present measure-
ment. The temperature dependence of the normalized
magnetic intensities integrated around (1/2,0,0) is plot-
ted in Fig.2. The intensities are subtracted by those at
R.T. and are normalized with the values of the lowest
temperature. They increase gradually with lowering the
temperature from R.T. and then rapidly below around
50K. No anomaly is observed at Ty. The behavior is
common for the three samples indicating the same ori-
gin of the diffuse scattering.

In the intensity at (100), magnetic scattering is ob-
served together with the nuclear scattering due to the
CusAu-type atomic order. It increases with decreasing
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temperature in all the samples. Fig.3 shows temperature
dependence of the integrated intensities at around (100).
The intensities are subtracted by those at R.T. and are
normalized with the values of integrated (200) intensities
at R.T.. The increase is remarkable in the samples of 16
at.% Mn. The convex curves in the figure are in sharp
contrast to the concave curves in the Fig.2, showing that
the two kinds of scattering are different in origin.

§4. Discussion

The features of the diffuse maximum at (1/2,0,0) are
quite similar to those in other Pt-M and Pd-M spin-glass
alloys; the satellite diffuse intensity extends to higher
temperature above T determined by the susceptibility
measurement with no anomaly at T, and position of the
maximum is on the [100] axis. The intensity persisting
above Ty is ascribed to the inelastic component because
of the coarse energy resolution in the measurements. The
inelastic scattering is explained in terms of the dynami-
cal fluctuation of the SDW clusters as suggested in other
spin-glass alloys.>®) The peak position of (1/2,0,0) cor-
responds to (1+4,0,0) with 6 = 1/2, though diffuse maxi-
mum at (3/2,0,0) is not observed in the quenched 12 and
16 at.% Mn. We believe that the intensity at (3/2,0,0) is
much weaker than that at (1/2,0,0) owing to the abrupt
reduction of Mn?* scattering length so that the max-
imum is hidden by a strong tail of (200) fundamental
reflection in the measurements with FOX spectrometer.
The features thus indicate that the diffuse maximum at
(1/2,0,0) is due to the modulated correlation of SDW
originated by the nesting effect of flat Fermi surface as
in other Pt-M and Pd-M alloys. SDW diffuse maximum
is also observed in 8.8 at.% Mn at the same position. The
peak position is thus almost independent to the Mn con-
centration conflicting to other spin-glass alloys in which
it varies continuously with the concentration of 3-d metal
through the expansion of the Fermi surface.58) The fact
implies that the Fermi level around the flat surface dose
not change with the number of band electrons in Pt-Mn
alloys.

The disklike-shaped diffuse maximum with splitting
observed at (1/2,0,0) in the annealed 12 at.% Mn is
interpreted as follows. The SDW peaks appear at the
surface of terminal points of @ in the reciprocal lattice,
and in Pt-Mn alloy with fcc fundamental structure, the
positions are (1 £4,0,0) and related-symmetry positions
with § = 1/2. On the other hand, with the CuzAu-type
long-range order, a new Brillouin zone smaller than that
of fcc is formed. As the result, folding the new recip-
rocal lattice with the surface of @Q enhances the peaks
at crossing around (1/2,0,0). The idea is illustrated in
Fig.4. It explains the characteristic diffuse maximum
in the annealed 12 at.% Mn quantitatively. It is based
on the Fermi surface imaging idea originally proposed
by Moss to explain the splitting of the diffuse spots in
Cu-Au alloys above T¢,'?) which also explains the SDW
peaks in Cu-Mn alloys. Further study on the split diffuse
maximum is proceeding now and will be reported.

Though the CusAu-type atomic order is long-ranged
in 16 at.% Mn, the (1/2,0,0) diffuse maximum appears
quite differently; only very weak intensity is detected at
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Fig.4. The diffuse scattering at (1/2,0,0) in the annealed 12 at.%

Mn. Solid lines; the surfaces of the vector Q, closed circles; the
enhanced peaks at crossing and shaded areas; magnetic diffuse
scattering.

(1/2,0,0) in the quenched sample. The fact is explained
as that the ferromagnetic correlation begins to take over
the SDW correlation in the alloys because the ordered
Pt3Mn is ferromagnetic. The ferromagnetic component
is confirmed in the increasing intensities for lower tem-
perature at (100) peaks. The remarkable increase in the
16 at.% Mn samples indicates higher development of the
ferromagnetic short-range order in them. The result is
consistent to the positive and increasing value of 6 for
Mn concentration higher than 10 at.%.")

The present study shows that MSRO in Pt-Mn alloys
is closely related to the atomic order and is dominated by
both the modulated structure of SDW and ferromagnetic
correlation of ordered Pt3Mn; former is more important
for low Mn concentration and the later for more con-
centrated alloys. It is expected that the crossover from
SDW to ferromagnet occurs between 12 to 16 at.%. Mea-
surements on the samples around the Mn concentration
is necessary to understand the relation between the two
types of magnetic correlations and their contributions in
the spin-glass behavior.
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