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noTHocTs $OHOHHEIX coc'roaunn " xorepen'moe paccesme
Henrponon Ha CIHOXHKX crpyxrypax
Hcxons us meToda ncesnonoremmanoe ONMHCHIBA@TCH MeTOl pacydera
$OHOHHOrO CHEKTpa M KOrePeHTHO DaCCeHBAIOMHXCS BelleCTB CHOKHBIX
crpykryp. ns - MgZn, B kadecTse npHMepa CPABHHBAIOTCS TeOpeTHIEeCKHe

M 3XCHep¥MMeHTalbhHble pel3ybTAaThbl. UOHY'-'IGHO Xopouiee corilacke.
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Model potential calculations for Manz were used to
get the corresponding spectrum of neutrons inelastically
scattered by MgZn, . A good agreement between the calcu-

lated and measured neutron spectra was found.
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‘Neutron 1nelastic scattering has been proved ‘to beﬁ,
an" excellent tool for 1nvest1gat1ng phonon dispers1on

" relations in: crystals In the case of complex structures .

with many atoms in the unit cell, however, a direct
determination of the phonon dens1ty of states ‘or some
related quantity might be a more proper experimental
approach in several aspects. For incoherent scatterers
the phonon density of states g(w) - may. be 1mmed1ately,
obtained from neutron scattering on polycrystalline sam-
ples, Unfortunately most substances are rather poor’
1ncoherent scatterers Therefore, an’ ‘effort has .been’
made to extract the phonon density of states from the
1ntens1ty of coherent inelastic. neutron scatter1ng on.

: polycrystallme samples )' means of some extrapolation .

procedures ' (see e.g. ) ‘or by means of special
experimental equ‘ipment first discussed by Oskotski et

al. /2.3.4/ . The idea is the following The structure

factor -
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which occurs in the expression for the coherent cross
section of a single crystal '
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R depends on the phonon polarization s .and ‘wave. vector'
is the coherent scatter-:

;' In (l) and- (2) a’ i, cob .
ing length of the nucleus’ at site - R',- 1n the unit
cell, M, is the mass of this nucleus and ¢’; ; (s, 7)

is'its polar1zatlon vector, exp (=W, (K)) is the
Debye-Waller factor, lso and & are the momentum
of the incident and scattered neutron, ¢ - and K are
the energy and momentum transfer of .the neutron,
respectively; @’ .,» is the coherent scattering length,
averaged over the unit cell,
q,ccupat1on ‘number, o
K is a remprocal lattice vector If the coherent cross
sect1on (2) is averaged over all directions (polycrys-
talline samples) and over many Brillouine zones - so

that. the structure factor (1) is averaged to a constant

- we obtain from- (2)- direct information on the phonon

density of states. Unfortunately the- average over many.

Brillouine zones: may often be achieved only by forc1ng

the neutrons to a twofold scatterlng process (elastlc and

1nelast1c) /3/ . Consequently, a price in intensity is

paid. But even 1n this case some assumptlon for isotropic .
distributed - polarization vectors has to be made, whichj

is only known to be well realized in cub1c structures /2/,

. Therefore a d1rect check of the theoretical model'
by means of coherent inelastic neutron scattermg on-
polycrystalhne samples requires in many cases a cal--
culation of the intensity of scattered neutrons as a functi-
on of the energy transfer using (2) and taking: into account

experimental: conditions. This- function may be folded

with the energy resolutlon function of the spectrometer»

in order. to give a quantity, which. immediately.corresponds
to the measured neutron intensity. Thus we have a situa-
tion similar to that in the case of soft ‘X -ray spectros-
copy of electronic states in a crystal, where the compa-

rison of experiments with band stracture calculations -
‘requires the calculation of the X -ray'spectra by means -

of wave functions and energies of the band structure
calculation (see e.g. /5/

In. a previous paper /57 the phonon spectra of the}

intermetallic compound MgZn, - were 1nvest1gated theore-

.

n 5,7 .is the . phonon-
is the _phonon frequency ', and
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_tically and ‘-experimentally; and rather interesting features

connected with a’soft mode behaviour were found in the
calculation. -We, therefore, were much interested in a-
reliable comparison between - theory and experiment to
check the model used in the calculations. In:- 16/ we
assumed that the' conditions for -Oskotski’s treatment
were approximately fulfilled in.the experiment. On* this.

-basis the calculated phonon density of states was compared

with the - experimental curves. Later we calculated the
structure factor (1), averaged in a way corresponding
to the experimental conditions, and found that our assump--
.const.) “was only ratherapoor approximation.

Therefore, -we: followed the procedure outlined above and

“calculated the neutron spectrum - from the -phonon- fre-
quencies . o g,

-and polarization vectors ¢ ; (s, ) ..

The results are given in Fig. 1. It may be seen that
the calculated neutron spectrum (a)  folded with the
resolution function of ‘the spectrometer gives (b) and has

the same general’ behav1our as the experimentil curves

(c) as it was found in F1g 9 of /6/. The measured cut-off ~
frequency 1 and the maxima 2,3 4 are shifted to lower
frequencies, which indicates an error for the: calculated -
cut-off frequency /f about 209%. Taking into accout- that -
the calculations do not involve any fitted parameter

the agreement between experimental and theory -is good-
A comparison between the calculated neutron spectrum (b)
and the phonon density of states (a) shows, that the maxi-
ma 2,3,4 in the neutron spectrum come from peaks in the"
density  of ‘states. It seems to us that this circumstance

makes_ the neutron spectrum usefull for a rough determi-

nation ‘of the phonon density of states in those cases too

where ‘the conditions for . the Oskotsk1 s treatment are

not fulfilled.
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a) Calculated phonon dens1ty of states g(w) of MgZn,.
b) Calculated neutron spectrum for a polycrystallme
sample of MgZn, -at the scattering angle 100° folded with
‘the resolution. function of the spectrometer. c¢) Measured -
neutron spectrum of inelastically scatered neutrons on.
, : co ‘ Man2 at 300K and. d1fferent angles 90° , 100° , 10° ,




