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1. Introduction

Neutron elastic and inelastic scattering data have
been obtained from several samples of FeMnNi(Be ) anti-
ferromagnetic alloys. The samples differ in their degree
of cold working,annealing procedure and beryllium con-
tent. Besides the disordered y -f.c.c. -antiferromagne-
tic phase the precipitated NiBe phase( CsCl structu-
re) exists in samples which are annealed at higher tempe-
ratures. Neutron diffraction results obtained on binary
FeMn and ternary FeMnNi-alloys . are reported
in /1-5/ .  Our diffraction patterns contain peaksdue to
the NiBe phase and inelastic neutron scattering spectra
show in addition to the broad phonon spectrum localized
modes of Be and peaks due to magnons of rather high
energy.

2. Experiments

The experiments were performed at the pulsedreactor
IBR-30 of the JINR using the time-of-flight method.
The elastic and inelastic spectra were obtained at 300 K
with a soller collimator or nitrogen cooled beryllium
filter in front of the detector (inverted geometry), respec-
tively /6.7/ _ In both cases the first flight path (mode-
rator- sample) and the second flight path (sample-detec-
tor) were 30.6 m and !.1 m, respectively. Six polycrys-
talline sampies, size 160 » i00 x 5 mm3 , were prepared
in the Zentralinstitut fiir Festkorperphysik und Werk-
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Fig. 1. Spectrum of elastically scattered neutrons FeMnNi(Be)
-alloy (sample §) . I - counts per 5 hours and channel.
N - channel ngmber (width 32 psec). A -wavelength
of neutrons in .

stofforschung. Sample 1 and 2 contain 60 at.% Fe , 30.5
at.% Mn and 9.5 at-% Ni and samples 3,4,5 and 6
56.2 at.% Fe , 29.2 at.% Mn , 9.1 at.% Ni  and
4.8 at.% Be, All samples are homogenized at 1060°C for
1 hour and gquenched in water. The samples 4, 5 and 6
are annealed at 500, 600 and 700° C, respectively, for
1 hour in hydrogen atmosphere and cooled by air. Figure
1 shows the time-of-flight diffraction spectrum at a
scattering angle of 90° for the 5 th sample. Nuclear
peaks ofthe y -phasearesignedDhy K and magnetic peaks
by M . Diffraction peaks due to the precipitated phase
NiBe are also seen. S - denotes satellites, which are
caused by fast neutrons.
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Fig. 2. Time-of-flight spectra of inelastically scattered
neutrons on FeMnNi (Be) -glloys gt 90° scattering
angle. The numbers at spectra indicate the sample number.

1 - counts per 20 hours and channel. N -channel number
(width 64 psec). ¢ - energy loss of neutrons in meV.
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Fig. 3. Time-of-flight spectra of inelastically scattered
neutrons from sample 1 at 60, 75° 90°and 105 ° . The
spectra are corrected for background and intensily of
incident neutron spectrum. | - intensity per channel
in arbitrary units. N. - channel number (width 32 psec).

¢ - energy loss of neutrons in meV.

Inelastic spectra are measured at different scattering
angles. In Fig. 2 the spectra for all samples measured
at a scattering angle of 90° and room temperature are



shown. The data have been corrected for constant back-
ground and normalized. The beryllium cut-off appears
at the channels number 495. The small cut-off at N -450
is also caused by the beryllium filter. The very high
peaks are due to the so-called satellites. ALl spectra
show a broad peak P at N-=230( . - 212 meV) and
at N = 155 (¢ = 58*3 meV) the peak M;. The spectra
irom samples 3,4,5 show an additional peak . at N = 170
( « = 46+3 meV). Figure 3 shows parts of the inelastic
spectra from sample 1 obtained at room temperature and
scattering angles ¢ = 607 75° 90"and 105° . The data
have been also corrected for constant background and the
incident neutron spectirum. At the right side the spectira
parts are limited by satellites.

3. Discussion

According to the special antiferromagnetic structure
of the y -phase, having 4 spins in the unit cell aligned
in the four different [111]1 directions /1.5, thereappear
pure magnetic (e.g., (110), (210), (211)) and pure nuclear
Bragg reflections (e.g., (111), (200), (220)). In addition, the
(110) and (220) refiections of the NiBe phase can be seen,
Fig. 1, while the expected (200) peak overlaps with the
wing of the strong (220) peak of the y -phase. Other
samples with the similar coacentrations have been studied
by the conventional neutron diffraction at Zentralinstitut
fiir Kernforschung. The amount of the NiBe phase was
qualitatively determined by comparison of the integrated
intensities of the (200) NiBe peak with the (220) y ~phase .
peak. It was found that for cold-worked samples {(61.5%
deformation) strong precipitation of NiBe occurs for
annealing temperature above 600°C. Without coldworking
the annealing temperature must be rised by 502 100° C
in order to obtain the sameamountof NiBe . The tempera-
ture dependence (17 K - 480 K) of the mean magnetic
moment was fitted with a Brillouin function.For T>Tn the
magnetic moment did not disappear (~5% left), what
can be interpreted as being due to the short range order,

7



or inhomogenity of the compositicn of the alloy, as it is
discussed in /4’ . Figure 1 presents no indication of any
other phase than the y -phaseand Ni Be phase. This was
also confirmed by all other time-of-fiight and conventional
diffraction pattern of the sample used.

In the spectra of inelastically scattered neutrons, Fig.2,
the peak denoted by L and localized above the upper
phonon excitation energy limit at « = 36 meV,is missing
in the beryllium free samples 1 and 2, while it exists in
samples 3,4 and 5 and gets smaller in the 6th sample. The-
refore we are interpreting this peak L as a localized
vibrational mode of solved Be atomsinthe FeMnNi matrix.
For other investigations of excitations of light impurity
atoms m a matrix of heavier atoms see, for example, Be
in Cu’8

The broad phonon peak is the superposition of phonons
of the v -and NiBe -phase. The phonon cut-off energy
¢pPh is in agreement with approximate estimations ob-
tained using Debye temperatures e, , = 425 K, o,
~ 36.6 meVand Onipe. = 307K, «nNipe- 26. 5meV“
The inelastic scattering contributions of the ) -phase
result mainly from coherent inelastic scattering process'es
from (111) and (200) reflections '10. .

In order to get more information about the peak M| in
the 90 ° spectra (Fig. 2)further measurements at scatter-
ing angles ¢ = 607 75,°90°105%nd 120 ° were made on
the beryllium free sample (Fig. 3). With increasing scatter-
ing angle the peak intensities become smaller. Additional
experiments on a sample temperature T = 500K =~ Tn
(Tny = 380K)at ¢ - 90° and60” showan increasing
of the intensity of the phonon hump while the higher energy
peaks vanish. From the dependence of the intensity on
temperature and scattering angle the peaks in the energy
range from 40 to 80méVY can be attributed to magnon
scattering. This can be understood as a coherentinelastic
process with a momentum transfer ¢ to the magnons.

2n r-;lky'—qmax(':-d ='2"Thk?+ q =< 27”;th ! qmax ®
with | @ .| =n'a =08 34"" the wave vector of the



magnons at the zone boundary and 7hkf the reciprocal
lattice vector. For a more quantitative interpretation of our
results we have to look for a suitable model, which can
sufficiently explain the found magnon peaks. According to /2/
the properties of Fegy Mngy Nij¢ can be explained by
a model which contains the so-called ”induced moments”
(caused by the band antiferromagnetism of Fe—Mn ) and
“permanent 1moments” (localized spins at Ni -sites).
Just this ieatures can be described by the modified Zener
model (MZM) ' 11~14/ which has recently used to ex-
plain the properties of ferromagnetic F“3¢55(Mn Nij_ )3, 12. ll/
In /117 jt was shown that antiferromagnetism occurs in the
MZM if the concentration of itinerant Zener electrons
(or holes) is high enough. Since in our system Fe and
Mn give only collective Zener holes /2 , we could
therefore accept the validity of MZM for our antiferro-
magnetic sample. If the influence of the localized mo-
ments increases as a consequence of increasing Ni -
conceniration, a change of the ground state from antiferro-
magnetisim to ferromagnetism occurs ‘2" Tothe authors
knowledge so far spin wave calculations for antiferromag-
netic MZM were not made although an extension of the
RPA theory for the ferromagnetic system 13/ tc the
antiferromagnetic one is possible withoutgeneral difficul-
ties. One of the interesting features of the MZM is the
appearance of acoustical and optical magnons, because of
the existence of two subsystems: theitinerant electronand
the localized moment system. Regarding this circumstance
we can expect that also in the here considered system both
spin wave branches are present. According to the antiferro-
magnetic ordering in each subsystem, the following dis-
persion relations for small q -values will be expected:

mOp =C(lpq -{.Q)q

@)

an 7 Cacd 10

( w q " opticalgap; w,, ~ gap produced by anisotropy
fields).In ferromagnetic systemthe optical branch wasnot
observed until now, since w, is too high fox; neutron
experiments or is lying in the Stoner continuum /'13.14/



However, in the considered antiferromagnetic sysiem the
effect of the localized moments is much smaller because
of the small amount of Ni -atoms. Hence the optical
gap should be small enough, s0 that optical magnons could
be observed in FeggMn3g Nijg system.

In order to interprete our experimental results in the
framework of this model, we must take into account two
mgere facts., At first we can only work with (2) in the first
part of the Brillouin zone, since otherwise Stoner excita-
tions in our metallic system candestroy magnons. On the
other hand we assume isotropic dispersion relations.
because bandantiferromagnetism (like ¥eMn/15 )shows
an isotropic dispersion of acoustical spin waves and the
slope of the optical branch should be small, so that split-
ting of the dispersion in different directions should be not
important. Thus we can expect well separated magnon
peaks also in polycrystalline materials.

Assuming, that the dispersion curves begin at the
magnetic Bragg-reflections (210), (211), (300), (310),
(320) and (321), we have finally found a satisfactory
explanation of our experimental results in sense of (2)
with the parameter set.

€ op= 1.53.10%ms ! wq =70 meV

¢ yo= 1.75.10* ms ~! @an= 5 meV .
The phase velocity of the acoustic antiferromagnons is of
the commonorder /9/ . Possible acoustic magnon peaks
from (110) and (210) reflections with low energiesoveriap
with the broad phonon peak P and therefore cannot be
seen,

4. Summary

The diffraction data show that the investigated Be -
containing Fe Mn Ni -alloys consist of the disordered
f.c.c. y -phase and the NiBe -phase, where thecon-
centration of the latter depends on the annealing tempe-
rature and the degree oi cold-working. Inelastic scattering
experiments shcy that the Be atoms in the » -phase
causes the localized modes with excitation energy ci.=
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-46 meV, while the phonon cut-off-energy ¢C ~ 36 meV.
Peaks at energies higher than ¢ ;, and ¢ are interpreted
as excitations due to acoustic and optical antiferromag-
nons. This can be explained with the help of the modified
Zener model in which the two magnon branchesare caused
by two inequivalent subsystems: the localized moments
of Ni and the itinerant electrons of Fe and Mn.

The authors would like to express their thanks to
Dr. B.Lippold for experimental assistance and
Dr. Yu.M.Ostanevich for stimulating discussions. .
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