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A b s t r a c t 

Model potential theory is used to calculate the 
dispersion curves, the photon density of states and 
the pressure (temperature) dependence of some phonon 
frequencies in the Laves phase Mg Zn 2 • Since the elementa­
ry cell contains 12 atoms, the phonon spectrum is rather 
complicated .. Nevertheless, there are very remarkable 
features of this spectrum, connected. with low energy 
optical. modes, the cagomee vibrations, which show soft 
mode behaviour. This may explain the singularities of 
the specific heat of .1/g Zn 

2 
and . CaMg 

2 
at low temperatures. 

Neutron scattering experiments have been carried out at 
the pulsed reactor in Dubna on polycrystalline samples for 
300K at scattering angles 75, 90, 100, 110, 120° and for 
90° at temperatures 77, 300, 853, 943, 1003K using the 
time-of-flight technique with the Be-filter in front of 
the detector. The obtained density of states and its tem­
perature dependence are in good agreemeritwith the theore­
tical pre~ictions. This shows that the Shaw~model-potential­
method is applicable even to such a complicated interme­
tallic compound as .. Mg Zn 2 
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I. Introduction 

. Tt1e phonon spectra of pure metals widely experimentally and, 
in the case ofnon-transition metals, also theoretically have been 'stu-· 
died in· the past. It seems natural to extent these investigations tp mo...: 
re complicated systems, as e.g. intermetall ic compounds. In the pre­
sent paper some results ofboth theoretical and experimental inves­
tigations of phonon spec_tra in the intermetallic compound MgZn2 are 
given. Mg Zn2 has the structure of one of the.three La~es phases, com:­
rrionly designatedby CI4.There· is a large number of representatives 
of this structure type, but only very few, where. both_constituents are 
simple metals as is· a necessary supposition of our theoretical pseu­
dopotential treatment. . · · 

Cl4 .structures show some remarkable. physical properties. 
From the. mechanical' point of view they are very hard and brittle. 
Nevertheless, our investigations seem to .show that there exist soft 
optical.phonon modes in MgZn.· and'fromstrikture··con'siderations it 
is seen thatthis should be a general property of the.CI4 phase. The 
existence of soft phonon modes in the Cl4 phase also is stressed by 
specific heaL measurements in the. c'ase. of CaMg2 I.!~ X Ala where 
X stands for several rare earth' metals/2/, and, very recently, also 

for Mg.z.i231.1n 'all these cases a violati~>n of Debye' s T 3 law at compa­
ratively low temperatures is found (remarkable increase ofthe lat­
tice; p_arLof the,specific. heatab_ove the .p. c_urv~from about SK on). 
Moreover, at uik'andi6K the specific heat ofCBMg 2andMgZn2, respecti­
ve.ly;,sho~ws;·an:anomaly·,·wnich lool<s likea·second orde(pliase ~ran.:: 
sition/.~,J/; rhe'r:e; is. a>junip down:. in Jhe. 'specific heal 'cyrve as'the 
terriperature increases~ ,lt.i_skhown from other systems (e.g. V.3 Si , · .. 
whi,clihas f:3-:- w type, structure/ 4/) that_a, _low tem,p~{a~ure .s·e~ond or­
der lattice phase 'tran'sition may be c6'nheeted by ·~tsoff optical pho...: 
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non mode.· .Since both substances CaMg2 and MgZn 2 are non-magnetic 
alldothesuperconductivity transition temperature is known to be much· 

·lower than IOK, the phase transition mentioned above may be expec- · 
ted also tobe a lattice transition. So the existence of soft optical pho­
non modes in Cl4·structures also might fit this picture. 

· In the following· section ofthis paper a more detailed discus- · 
· sion ·of the· Cl4 str:-ucture is given. In section 3 results of a moder 
potential calculation of phonon dispersion curves and of the phonon 
·density of states of MgZn 2 are presented. The polarization vectors of 
some low lying modes are discussed. For zero wave-vector also the 
temperature and pressure dependence of the phonon frequencies is 
investigated and a lattice instabi I ity due to one soft optical phonon 
mode isfound. Incoherent neutron scattering dataforpolycrystalline 
MgZn2sarnples are :given~ cin section 4 and comparison .with the theo-

. retical results' is made. In. section 5 the work ·is.summariZ;ed.: 
,;,;· 

2 .. Structure 

.. The Wigner'--Seitz.ce'u'otMgZil2 is given' in Fig. 'I. There are 
eight zi11c atomsper Ur:titcell atpositiOQS •· : 

".D~o, .,!.z=(O,O,c/2), ,!3 o;=~i.~~(:..iax/4,:. y.3ax/4/di,'4), 
' . . ' ' . ' ~ ' ' 

. ,! 4~ -,! 7 ~ (0, -y.3ax/2 ,c/4), .!.5=-,! 6 ='(3a~/4, y.3ax/4, ~/4), 

andfour magnesium atoms at_ positions .. 
' ' ' -. ' ( -

· .!.9 =( a/2, .;_a/ (2y3)~ c(1-2z) /2~, ,!
10

=(a/2, -a/(2y3); cz), 

with 
. !.t~= (a/2, a/(2{3j, -cz)' .!.12·= (~/2, a/ (2..[3),: -c(1-2z)/2)> 

' . ' I ', • "· • . ' : ' • ., .'' ·• c, ~ ' 

) . .~ ' ~ 

B=9.856a.u. ,.: c=16.184a.u., X=l/3, z=l/16; .· 

· · ·The: corresp~oriding Bri llouiri:,zone with· the desig~ationof points 
. and I ines. used by 'us is given jn Fig~ 2.',;The: structure has exaCtly the 
same symmetry as the commonh cp structure, It is bui It by' a special 
stacking sequence :ot close~packed lattice.planes (pl_anes of magne­
sium atoms ~nd of zinc 'atoms I and 2, respectJxely) 'and of so:-'called 
cagomee'planes (planes of zinc atoms 3,4,5.an'd 6,7;8, respectively). 

•' . . _.· . ,· : .. ·. ,·;, ' :·:·:· ·. . .; ,,. 
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For understanding of the .vibrational behaviour· discussed later 
on· ibis 'Useful also to look at this structure from another point of 
view as shown in Fig.I.:The crystal consists ofchains of double tet:.: ! 

rahedrons of zinc- atoms 2,3,4;5,J,6;7,8,13, the space between which 
1s filled by dump-bells of magnetism atoms 11,12. 

3. Model Potential Calculations 
3.1. Method 

. · .. The. elements.of the dynamical matrix are calcu_lated using mo­
del potential theory in ;second o~de_r· ~edurbation (see e:g./ Sj). The 
ener:gy-:wave-number charactenstlc _Is_ computed from the non-loc;al 

·and ene.rgy depended Shaw potential /6/, where the coreshifts are 
assumed to be the samea~_in the pure metals Mg and Zn ,respe_c~ 
tively. This assumption' might be. reasonable since Afg and. Zn have 
the same valency and ,the mean atomic volume in MgZn2 is.nearly: 
.the same as in the pu.re_metals Mg anc,J 'zn •• The changeof the core 
shift in alloying recently was studied 1_7 I· and found to be small even 
in eXfr8mal, case~~£. , _-. . ~ · . · -,. 
• . ·Exchange and correlation effects are included into the energy~ 

wave-number:ch<iracteristic by a correction factor firstly suggested 
hy Hubbar:d: W,e haye, pr;ov,ed our procedure.to give reas9riabl~ re-:­

_sults for phonon s'pectra for both pure Mg and Zn with this correc:­
'tion factor .. · ·-. _.· .. . . , · · , .. · . . ·. . .. • . ·· 

... Because of the 12 atoms per ~nitcell-,· the. dynami~al matrix is 
a 36x36 matrix~ Computing its elements sum.mations ·are ranged over. 
about 800 reciprocal lattice vectors. By a convergence test this is 
found tob~ sufficientfor. an O.J p.c. accuracy withexception of the 
very lo'w lying oranches',. which are less accurate (5 p.c .. ). . . . . 
· _ ·_ The dynamiC,al ·ma.trix .and from this· the_ phonon frequericie.s 

and polarization vectors are'ca1Culatedat870 equidistant points with­
in the Brillouin zone. The Bdllouin zone _is divided. into (non-regu­
lar)< tetrahedrons the corners of 'which'are th.ese 870 points. The 
contribution.of each tetr:ahed_ron to the derisityofstates is calculated 
analytically by linear interpolating ofthe.energy values at the cor-

. ners .. Then .the contributions of all tetrahedrons are summed (see 
/81 for the method) ..• · · . , .. . \ . . . . 

5 



3.2. :OtLs p;e r s i:o n ·:C·u r.v eis :1 ··) , . .. " , 
.- ;;·,The .·calculated• phonon ·dispersion curves ·for: some symmetry 
lines• are shown in Fig. 5. J"he connection of"the branches is studied 
by group•thi:wretical compatibility' relations: Wernustsaythat there· 
are some uncertainties in the connection of-the branches.of:the upper 
part of the spectra on lines I and T . There are four symmetry ty­
pes on these I ines and therefor:e the branches are allowed to cross 
eachother several times. In general, however, only.the detailed dis­
persion relations of the lower energy ofsuch.·a complicated excita-
tion spectrum are of physical interest. ·. · .. · ·. · ·. 

The most inte~esting feature of the lower part of the spectra, 
shown in pig. 5, is the existence of extremely low lying optical bran­
ches. On the I ine 1'1 (hexagonal axis) there are four such branches in 
Fig. 3 denot.ed by !\ 3 , !\ 4 and A 5 (twofold degenerated). As isshown 
from the~ c.alculated polarization' \tedors they belorig to vibrations of 
.the zinc double tetrahedrons ·'as rigid structur'es.: Two of them'( IS~ 
'iu1d ·' 0 'j )' belori'g' to r'otational'vibrations of the zinc double 'tetrahed­
rons af-ourid the'~:!.c axis of Fig. 4;'the.mag.nesium'atoms ~t the 'same 
time being in. rest. At ·point I' 'subsequ·ent"doubh~ ·tetrahedrons. in 

. c.:..~c direction are iri' equai:Cphase fo~·.the ;\3 mode ahd in 'anti­
phase 'for .. the. f.,4• m~de. •'ltis.seen bfgr,oup th~9re~ical, a~aly.sis th()t 
the pol~w1zat10_11 ;vectors of thes~ t'No branches:are comph~tely deter'" 
rriined;· by the''syrrimetry, indep'endent. of the iilterionic poteri~i~l. 
(Se~ 19/ ~ordetails of the symmetry prop.erties. 'ofthe spe~tra on 

A: );·sincedhe"surrouiiding of a given chainof;zinc.double tetrahed­
rons·.has·a· 'high symmetry' according to th.e c~c axis1offjg. 4, we 
believe that the sott.:.modEt-character of these rotational viorations ·. · .. 
also'i·s) a struttural property independently of th1Hnte'rionic:pot€inti~l. 
That means, this .feature ,of the spectra should_~be,.expect~d to: bege:.. 
neral.}pr. Cl4 tyP.~ CO'"DPRLmd~ ~nd'shoul,d. ~e. r,egafd~d ()S t~e. cause 
of the ,anomalous ··low temperah.n"e behaviOLir 'of the spec1f1cheat 
of Cl4 structur'es. · · . · .. '· ' .. ·· . ., '. ' .. , · '" ' ·. · ' . ,.. . 

· ··The hvofold degene'rate'd .~ '5 '. bn3n.ch' be!'ongs'fo' 'a nbddi'ng vicE.. 
ration of the' ·zinc double' tetrahedrons' i.iround' the ·~-~· 'and b.,:.:'b ·axis 
of; F igi':4,' r.e~pec,tively. ,:Jhe:jmagnetl'sfD' dumb:..~e.lls·: ~·od,.O.nly ,\fery 
~~ igt)tly~ ·All' high~r ifrequency''lllodes ... a,re, ·mOt~: or •·l.es~ ,corin~c;t~d 
with 'deformations·ot.the zinc tetrahedrons.' ··.··· . · · ··· · · ·• ·. 

; .·;··~. ~ ~::! }·'·-- -~··,~ •. ~, . : .; 

: 3:3;·T'e·m p e·rat u· r·e< a'·n d P r e:s s·u'r'e' D'e'p e'n'd e r c e 
,,., o'f th'e'·F'requ~:{n·ci·e·s~·'aF"r '·· :· •. t .··.: ·· .:·; :·· 

···; : ~;We have·;·exaniined'·the·:behaviourofthe pho'non freqJencies 'at 
point r with respect to a change of the density of the' crystal in or-
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der: to. study_the>effectofthermal expansi~norpre~sure on the pho-· 
non dtsperston,. ,.'JVe are now .~spectally 'interest.ed in the low lying 
brcmches .. As ts already,menttoned, the summatton of the contribu:­
tion of800 reciprocal, lattice vectors'tothe dynamical matrix is not 
sufficient for convergence in the c~se ?flow frequencies. Therefore; 
herewe have summed up the contnbuttons of 2100 reciprocal lattice 
vectors. The numerical error. then is seen to be smaller than. 
2.10 11 s-r also for the lowestfrequencies. The. results·.are shown in 
Fig: 5~ (The notati?nofthe lowestfrequencies corresponds to that of 
the)owest .branches ~n ll i!'l Fig: 4 .. The diff~rence in' the frequency 
values ,of. F tg. 4 and F tg. Sare caused by the htgher numerical exact­
n.ess in Fig:,5). AI !frequencies be~ave quite norrnal.with the excep­
tton of that of the tl3,branch, whtch becomes veryweak in.the low 
temperature (high pr

1
essure) limit..Fromthis.fact one can conclude 

that the,sy~tem t~nds to a second o'rder phase 'transitio'n where th'e 
normal co:-.ordinate of the i\ 3 phonon.mayb~.used as' the, ~rder pa­
r.ameter. Stnce .the act~al zero of the. ll 3 frequency is; rather.serisi­
ttveto thespectal form of the usedmodel potential, we.'don'fbelieve 
that the calculationofthe phase transition point is a reasonable.task 
at the present stage of model potential theo'ry. ltmay very likely be 
that it is just this phase transition, which causes the measured ano-· 
maly, )n: the lattice specific. heat of MgZn2 and also' oLc'aMg 2 /1,3/. 

. . ' 

3.4. D e n s i ty o f S fa t e s . . . . 
· · .The calculated: dens\ty of states is seen in Fig. s: It ~hows 

a ~any- peaked st~ucture due to t.he large number of interacting bran~ 
ches .. One should expect thatthts curve would become smoothed out 
r.ig.oro~sly,.. if one would take_ .into account I i,nebroade'riing due to the · 
ftntte ltfettme of th_e phonons. The low lying branches result 'iri a bro:­
ad .peak iJ1 the;low frequency hmge; which causes the unusual beha­
viOur of the specific hea~ pebye.temperatLire.in the ternp~rature .ran~ 
g~.between IOK_and2,5K ;J; .. · · · . · .. 

.. 4. Experiments 
4:1>App'arat'u's· . . .. . . . . .. . . . . . 

. ,Jh~rneasurem(mt(of_the'spectra of inelastically scattered ~eut­
ron on MgZn2 ~ere perfo~rne(J on ·a time:..'oFflightspectrometer'witn 
a coo.led .berylltiJm ftlter tn !~ont .of the detector (!nverted.geometry) 
lfplat the pulsed reactor ,tn ·Dubna /11/. The neutrons Of the white 
bearh .are .down scattere·d.Fof.tne ener:g'yanalysis neutrons with arne~. 

:. • .. • .- •• ' '" ' • • ' < ~ ' • ' - , • \" ; • ~ 



ah energy of 4._08 meVwere used. The collimation is poor (0.2). The 
channel width of the time analyzer was 64 ,/l.Sec.The flight path bet:-

.. ween moderator ana sample was 20 or .31 m.'.ahd between sample and 
detecto'r 0.9 or 1.2 m, respectively. ThisQives an energy resolution 
(halfwidth ofaver'y asymmetric function/12/)of aboutl5to 8%'for:an 
energytransfer of 10 to 50m'eV, respectively.'With the specH·ometer 
resolution function from /12/wefolded the theoretical phonon sped.:. 
rum, Fig. 6,· and obtainea the broken curve .. · ····' · . · · .. · ' ' ...... . 
· ·. The reactor was operated with the.meanthermal power of 30 kW 

. (pulse power: of 150 fylW); a puJse repetit!on rate·of5 pulsesper se.:. 
cond and a pulse w1dth ·of ·about 100 11 sec for thermal neutrons. 
. . ·Highly' purified MgZn2was used for preparing polycrystalline. 
samples, plates 200 x 200x 5 mm 3 · , whichwere studied at 77 and. _ 
300 K. Measurements on·MgZn2. at853,' 943'and 1003K were done wit.:. . 
hin. a 'ra crucible: 230 X 90:X4 mm 3 ' which had a· wall thick.ness of 

. 0.2 mm. The tEimperatiJre const~mce was better than± 5K in .all 'ca-. 
ses:: 1\t 300K measurements yierecarded out at different angles; .45, 
60,7?,90,100~110,120 °, ; at the :othe'r temperatu~es the scattering angle 
was90° ; The. scatteredneutrons were counted for periods of: about 

.24 hours followed by background counts~for about 12 hours: .. : ., 
'"' • "' ', ; I'- ~ ' ' : ;, ;, : , :' 't •' ' ' : ; • , . • "·; ,' o ; ! 

4:2. E x"p e r i m e rd. a I R e s ·u I' t s· ·. < ,· ' . .. . .· 
. . . In Fig. 7 are showri time-of-flight spectra measured at room 
temp~rature for scattering angles of 75,90,100,110,120~· with.a mo­
mentum transfer ( Q) range of 1.9 to 5.3 A-1 and an energy transfer 
rang'e of 5 to .40; meV~. The channel width ofthe time analyzer was 
64·/l sec,·and the maxih1t.im oftheBe cut:-o.ffappearedat N = 506.The 
flight pqth's were; 31 a'r'1d L2' m. These spectrawere corrected for 
background, not for the• ~ea.ctor spectrum~·an9.nornializedto.~qual; . 
counting' times·. Moreover,''the· spectra were averaged over three 
neighbouring points .. The error bars show the statistical errors and 
refe·r to the unaveraged aata: All data handling calculations as well as 
theoretical ones have been made with the computers BESM-4' and 
BESM-6. . . · . ·. · 

The data at 90 ° and backward angles of scattering weresigni­
ficantly.more accurate than those at forward angl~sowing 'to the an:.. 

• i gular dependence ofthe' inelastically'scattered component and the lar­
ger solid imgle subte'ndedby the detectors: . '<'. ·. ·' ; • ·.; • :; •. 

:. . F:igure ·a ~hows':the· tin,e:..ot-;.flight spedra fo'r .the sc.a~terin·g 
an~!eof ~0 °.; a~.~emperatures_77;~oo,,a53~~43 ~n~J903K:Jhe r:ne.lti~g 
pornt of MgZn;i IS. 863K. The countmg rate rntheh1gher energy maXI-' 
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1ation is poor (0.2). The 
sec.The flight path bet­
and between sample ·and 
•es ·an energy resolution 
jot about 15 to 8%"for an 
·)With the spectrometer 
~~oretical phononspect-:-

thermal power of 30 kW 
r(Jte of5 pulses per se.:. 
for. thermal neutrons .. 
,aring·polycrystall ine 
IWere studied at 77 and 
nd 1003K were don-e. wit­
' had a· wall thi'ckness of 
:er than ± 5K in all ca-. 
t. at different angles: 45; 
lr:.es the scattering angle 
tedfor periods of about 
~o.ut 12 hours. · · 

. . .. 

dra measured at room 
JO,IIO,I20o ·with a mo-
and ari energy transfer 
Jhe time analyzer was 
1ppeared at N ·= 506. The 
:tra were corrected for 
j normalized to .equal." . · 
e averaged over three 
!_statistical et:"rors and ··~ 
calculations as well as 
omputers BESM~4- and 

. ' 

scattering were signi­
angles owing 'to' the an­
_C()mponent arid the lar-
y • •.•• ' { .• ~ • • ,• '; : ·• • ' ' ; ' ' 

-~ t.··_.; ..• f' ; , , -. 1 .' . • • . 

;tra for 'the sc_a~tering 
:~n~,I003K.The melting 
te higher energy maxi-

mum ischosen to be ne.arly the sanie for all temperatures. The ori­
gins of the ordinates (arbitrary I inear scale) of the differen~ spectra 
are shifted relatively to each other. . . . . ' . 

The· measurements at 853, 943 aria 1003K were done with a shor­
ter flight path from the reactor'to the sample (20m) than in Fig. 7 
(31m). Due to theheating facility and the smaller sample the,measure-· 
ments at temperatures higherthan· 300K are less accurate. The in­
tensity of the 77K measurement for ·N < 150 is too large, d!Je to _the 
existence of _very intensive 'satellites 'of fast neutrons;" ~t s . 

4:3 .. A n a ly.s i s a n d D i s c us s i on 
The incoherent scattering amp I itude of MgZn_,for- thermal neut­

rons is about 5% of
1
the total scattering amplitude~ In such a case•it 

is possible to get some approximated information about the frequen­
cy distribution u'sing the. incoherent. approximation, which. is valid 
. for high momentum transfer, extrapolating to zero~ momentum trans­
fer 113/ .This is exact only for isotropically vibrating crystals. Un:.. 
fortunately: the: extrapolation technique yields· results with poor reso-_ 
lution as .it involves interpolation between data points which•have to.· 
be very accurate; Notonly background effects-but also multiple scat­
ter_ing ~ay severely effect the result,. Furthermore th~ lack of r_eso­
lutlon-· 1s mherent •.1n the extrapolation method 113•1 -lf, .>In a smgle 
time-of-flighfspectrum, 'especiallyfor small: Q ; coherence effects 
can be p-ronounced and van Hove. singui'arities may be observed .i{ 
the instrumental resolution is good enough.There is no theoryyel 
which gives an overall sati_sfyinganswer to these problerl)s~ It seems 
reasonable to' suppose that the neutror(data be used afone 'angle, 
preferable for large Q ·, to estimate the frequency distl-ibuti6n, __ ·. 
since·this"procedur'e does give good agreement inmany_cases with" " 
frequency distributions calculated from dispersion curves, se~ .' l'-+ 1 

p. :337. and/15/. ·We proved· this· on· niobium comparing our results 
with these obtain.ed·from dispersiorlcunies in/ ll1/;Ttie accuracy for 
pe_ak ·positions and the cut-off frequency ismuch· better thanfor in~ 
tensities of the frequency distributionat different energies." · . · 

·· .. : The ··aim of these scattering experiments on polycrystalline 
samples· ofM{{Zn2 w'asfo compare the experimental obtained ·cut.:off 
frequency,. the pe'ak posit~ oils~ 'and their tempen1tur_e dependence with' 
the theoretical phonori ·spectra· calculated on the basis of pseudopoteri-, 
tial parameters of the pure metals. ,, ·· ·- · · ·· .· · · .· . 

" ' •. : ' 2' ~ ', '·· _- - - . .- ' . . ~·. ' .. . . 
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· · · In Fig: ·7 the position of the cuf-off frequencies (I), as well as' 
the positions of the maxima (2) and (3), are independent of .the scat­
tering angle. The change of intensity of the spectra fordifferent ang-

. les refl_ects the angular dependence (...;Q 2) of one:..phonon processes ... 
The angular dependence of (4) and (5) seems to be a·virtual one if we 
assume that the. broad peak for 90 ° ( N .~ 330) _has' partly coherent 
character~ which is diminishing with risillg scattering angle: A more 
detailecVcorripariscin will be made during thE(discussion of Fig. 9 . 
. · . The temperature dependence of Jhe spectra of inelastically 

scattered neutrons, Fig. 8, shows a'small shift of the maxima toJo- • 
wer energies and broadening of them with increasing temperature.· 
At. higher energies no remarkable change in the spectra measured·" - · 
on solidand liquidM.4Zn2 is observed.·This behaviour is connected .. '. 
with the temperature dependence of the 'MgZnidensity and the short 
range order :in ·liquidMt:Zn2 and·is in.accordance.with other results· 
for instance /17/ . At, lower energies ( .< ·5 meV) the spectra are 
char~ging rapidly.·with increasing temperature so that·already in the 
solid phase af853K no./Ju;.cut-:-offis se(m. We.tried to estimate this 
large. scattering;amplitude for lower energiesof liquid phase on the 
basis of the coherent scattering of Kadanov and Martin /18/ ., the mo-, 

,de I of Vineyard I 19/ and the popu I at ion of phonon states .In the first and 
second, case the sound velocity and the diffusion coefficient, respec- · 
tively, differ by about' one order. from the known values. The estima­
tion of the population gives more ,reasonable results. For more ·de­
tai Is see/20/.Therefore we believe that at high temperatures for so­
l idMgZ~z andt~e liquid phase the low lying cagomee vibrations,Fig.3, 
play a quite irriportantrole. · .. . . . , . . . .· . . .·. 

. There. is' another. p·roposal diffe'rentfrom'the extrapolationmet-
hod for getting some information about the frequency distributiorl of 
materials. mainly coherently scattering neutrons /21/.: ·One. has to 
average over all, 'Q .vectors and. over all polarizations of phonons. 
The polycrystallihe sample quarantees.theaveraging over all pola- . 
rizations and ou·rpoor' collimation· ofthe second flight path causes .a 
certain averagirig,over a ()range ().Q/Q,;. o.r t<?.9~07forenergy . 
changes from 5Jo 40 meV,:respectively.' Using some. more. or, less. 
rigorous assumptions: isotrop one atomic substance, appro~imated 
Debye-Weller .factor'/20/ and .rotational symmetry distribution of the 
wave vectors of the)l1goi11g and outgoing neutrons, ·we calcu)ated.for 
different scatter.irig ·angl,es the frequ{mcy distrib!Jtion function. ana-.­
logous'to eq. (6) /17/ for downscattering:Using ~he ~xperime11tal da~. 
ta from Fig. 7 andtaking into accountthe reactor spectrum we get the 
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result plotted in' Fig. 9. ·The line ftc'is the;foldedth~o~eticaLturve .: . · 
from· Fig. 6. The agreement between the' experimental curves espe~ : 
cially at 120 and the theoretical (ftc) is unexpectedly good. The cut~. · 
off frequencies EMP.=: •(40± 2HOt 2 ·~ec-t a.nd Ell'>= .(43;7 ± 2HOt2 
sec-t and the pos1tJons of the mam maxtma (3) E("'J)P = (27± 2). 
101~ sec-t andE ;~> ,;.· (27±.2)"c10t 2 sec-t which are rather indepenf 
dehtof the datahandling procedure,· see Fig. 7and.Fig. 9,' show that 
the pseudopotenti a 1 .. method· ,i ~: ap I i. cab I e. even to such. com pi i cated ··. . 
systems' as the intermetallic compound Mgzn·;~Peak (5) in Fig. :9 is 
mainly due. to cagomee:viiJrations,compare Fig. 3. For more detai~ 
led information however. measurements onsingle crystals are rieces.:. 
sary; ·. ' · · · · · · · · 
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Fig. 2. Brillouin zone of the hcp str~cture with all symmetry lines and points .. 
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