
El4 - 7012 

·. 1 ... t3 
H.Eschrig, K.Feldmann, K.Hennig, W .John, 
L. van Loyen 

PHONON DENSITY OF STATES 

AND COHERENT INELASTIC NEUTRON 

SCATTERING ON COMPLEX STRUCTURES 



Tl\l'Q PTTRT .ICATIONS 
~000/2-73 pr. 11t Institute for 

. iginal publica-
~rlng,H . a. o. e 4 of the JINR 

n Density of ations consists 
future in one of 

Coheren t ••• , 
1973. 

~c:,P' ~ /~' ~ publications of 
es of the index) . 
tes the language 

I 
l 
I 
L_ 

distributed only 
pdex. 
subject category 

~ . El4 • 7012 

H.Eechrig,\ K.Feldmann, K.Hennig, W .John, 
L. van Loyen 

PHONON DENSITY OF STATES 

AND COHERENT INELASTIC NEUTRON 

SCATTERING ON COMPLEX STRUCI'URES 

Submitted 

to p#Jr•le• ••••u• Mlldl (6} 

OVlle~liH'tlllilW~ fill~ I 
IJI~'!!!Jn D~CJJ~,l\DM~~ 

GHGJfHOTEKA 



·. 

Ewper X., cllem.nMaHH K., XeHHHI' K., Ea· B., 
BaH noAeH n. El4 • 7012 

nnoTHOCTb cjlOHOHHblX COCTO.IIHHA H .KOI'epeHTHDe p8CC9.11HH9 
Hell.TpOHOB 'aa CliOlKHblX CTpyxeypaX' ;· 

l1cxonH H3 MeTona nceBnonoTeauaanoB onBCbiBaeTC.II MeTOll pac'leTa 

lj!OHOHHOI'O cneKTpa llli.II KOrepeH"I;HO paCCeHB810WHXC.R B9_W9CTB CliOlKHbiX 

CTPYKTYP· llnH MgZn 2 B Ka'leCTBe npaMepa cpaBHHBSIOTcsi TeopeTH'IeCKHe 

H axcnepeMeHTam.Hbie peaym.TaTbi. J;Ionyqeao xopow~e cornacae. 
.. 

\ ' 

flpenpKHT 06J.e,IIHH8HHOI'O HHCTHTyTa l[A8pHblX HCCJieJlOB&HJdl. 
.Qy6Ha, 1973 .:.·· . 

Eschrig H. 1 Feldmann K. 1 Hennig ·:K. 1 

John W. 1 van Loyen L. E14 • 7012 

Phonon Density of States and Coherent 
Inelastic Neutron Scattering on Complex 
Structures 

Model potential calculations for MgZn 2 were used to 
get the corresponding spectrum of neutrons inelastically 
scattered by MgZn 2 • A good agreement between the calcu
lated and measured neutron ~pe~tra was ~ound. 
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Neutron inelastic scattering has been proved to be 
an·· excellent tool . for investigating phonon dispersion 
relations iri. crystals. In the case of complex structures 
with many atoms in the unit cell, however' a direct 
determination of tll'e phonon· density 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 immediately 
obtained from neut:ron scattering on polycrystalline sam
ples, Unfortunately most substances are rathe~ poor 
incoherent scatterers. Therefore, an effort has been 
made· to extract the· phonon dEmsity of.states from the 
intensity of coherent . inelastic' neutron sc'attering on 
poly'crystalline samples by means of some. extrapolation . 
procedures · (see e.g. t J/ ) ·or by means , of special 
experimental equ~ipment first discussed 'by Oskotski et 
al. I 2. J • 4 I .· The idea is the following. The _structure' 
factor 
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section of a single crystal . 
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depends on the phonon polarization s and ·wave vector 
q · . In (1) and (2) a';, coh . is the _.coherent scatter-. 

ing length of the nucleus' at site .. R ; in the unit 
cell, M; . is the mass of this nucleus and e ... ; ( s, q) 
is its polarization vector, exp (-W; (:.JJ is the 
De bye-Waller factor, k 0 and k. are the momentum 
of the incident and scattered neutron, · £_ and ~ are 
the energy and momentum transfer of . the neutron, 
respectively; a' cob is the coherent. scattering length, 
averaged over the unit cell, n s. -q is. the . phonon· 
qccupation. number, w is the phonon ':frequency ; and 
K is a reciprocal lattice vector:- If flie coherent cross 
section (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 inforilclatiori on the phonon 
density of states. Unfortunately th·e average over many. 
Brillouine zones . may often be achieved only by forcing . 
the neutrons to a twofold scattering process (elastic and 
inelastic) hi . Consequently, a price Jn intensity is 
paid. But even in this .case some assumption for isotropic 
distributed. polarization vectors has to Qe made, . which_ 
is only known to be well realized in cubic structures ·I 2/~. · 

Therefore, a direct check of the theoretical model 
by me·ans of coherent inelastic neutron' scattering on 
polycrystalline samples requires in many cases a cal
culation of the intensity of scattered neutro"ns as· a functi
on of the energy transfer using (2) and taking into accourif 
experimental: conditions .. This function ~ay be fold~d 
with the energy resolution function of the spectrometer 
in order. to give a quantity, whichimmediately.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 bi ·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. I 5/ ). 

In a previous paper I 6 I the phonon spectra of the 
interinetallic compound MgZn 2 -were investigated theore-
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. tically ·and ex~erimentally; and rather interestlng_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 I 6/ we 
assumed that the conditions for Oskotski's treatment 
were· ·approximately fulfilled in the experiment~ One 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
tion ( F s ( q) "" con st.) was only rather a poor approximation. 
Therefore, we followed the procedure outlined above and 
calculated the neutron spectrum · from the phonon fre
quencies. w ·s, 4 and polarization vectors e; ( s, if) • 

The results are given in Fig. 1. It may be seen that 
the calculated neutron spectrum (a) folded with the 
resolution functionof cthe spectrometer gives (b) and has 
the same general behaviour as the experimentaJ curves 
(c}as it was found in Fig; 9 of /6/. The measured cut-off 
frequency 1 and the maxima 2,3,4 _are shifted tolower 
frequencies, which indicates an error for the calculated 
cut-off frequency/ o/ about 20%. Taking into. accout that · 
.the calculations 6 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 Oskotski's treatment are 
not fulfilled. 
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a) Calculated phonon density of states g(w) of MgZn2 • 

b) Calculated neutron spectrum for a polycrystalline 
sample of Mg Zn 2 at the scattering angle 100° folded with 

"the resolution. function of the spectrometer. c) Measured 
neutron spectrum of inelastically scatered neutrons on 
Mg Zn 2 at 300K and different angles 90 ° , 100 o , 110 o , . 
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