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A number of experiments on the propagation of acoustic phonons 
have revealed Ull 11.1IJlou ;:;ly l ong phonon life-times a t low t emper etu re 1) 

Lax et al. 2 ) have ShOWlI theore t i cal ly that i sotope-scatteri ng rate of 

bonons in diatomio crystals (su ch as Ga As ) whi ch have one el ement 

isotopically pure depends strongly on t he runpl1 t ud e of vi brations of 

the impure element . They have sugges t ed that the isotope scattering 
in mul tialomic latti ces may be weaker than that expected fro m usua l 

theoret i oal treatments of monoa tomi c l a tti ces, whicll can explai n ano 
mal ously l ong-lived p hon ons (see als 03». 

The purpose of t hi s paper i s to s how tha t also in monout ornic l at 
ti ces (of noncu bir. s)~etry) the isotope-scattering rate depends ex

pliei tly on t he cige/lvec t or of at omic displacemen t and thus it de 

pends aLI the direc tion of pho non p rop agation. To pr esent res ult s in 

an analyt i c form, the crys t al wi l l be treat e d as a n ani s ot r opi c elas
t ic con t inuum of bexaVoonal symme t ry. 

In 1'1 crysta l in whi ch i sotop iC a t oms are distri but ed r andomly 


on the la t t i ce s i tes t he s cal teri ne rat e, or the reciprocal of th e 


relliXatiOD time of (kJ )-phonon scattered by iso topes, is given by3) 
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Here J=?f.: (1- H, I H) , wh ere /.. is a fr i c t i on of uuit cells 
wi th I:i mass f'1. " and M is t he I;I.veraged maas of uni i cel l. Polari 
zation vectors' a re normali zed i n ac cord wi th I e; CkJ/.l= 1. 

In the long wave limit the scat teri r~ rate can be wri tten aa a 

fUnction of pol arlzaH ol1 vec tor with two cons t ant parameters: t he De

bye veloci ty a nd the inverse cube of Bou nd vel ocity wei ghted with the 
polari zation vector , 

-3 ., - 3 /; - 3= 3.i L < C ~ 3/e- % /<- > ) 
C]> = .3 L. <C . > and 
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resp. In the case of pure transverse phonoos 7 j =-r;. for whi ch e ==0 Tab I e 1 • Aniso tropy parameter r of uniaxial crystals 
the relaxation time is equal to ~ 

-1 4 ~.'7f. _'3_ (2 ) Cadmi um HafrU wn Helium-4 Hydrogen J = 1 MagnesiumY (w):::: W /fZ 'JL .2. T r 0.92 0)6 0.64772 0.82180 1.1)408r:, r 1 2. 1177 

Hheni ulTI Thallium Ti tanium Zinc Zirconiumwhere ~ is a volume of uni t cell. Scattering r ates of qua s ilonGi


tudinal ( J = L ) and quaSi transverse (j = 12. ) phonons are direction r , 0. 924 12 0.)8524 
 0.84891 2.2152 0.997%1
dependent 

Formula () sugge sts that the ratio 7:'/.. /7T~ may change byT;1(wt)~ Y~' (w)[1+ (r -1)/e; c7:)/2] J (J) factor J o r 4 wit h changing the direction in such crystals as helium. 

cadmiwn, t hallilWl and zinc. 
where k.. = k / ( k 1 . 

Anisotropy parameter r defined by equali ty 

4 ~ /--\t 

HPEHENCBS1.
h-3(C-3_~-3) 

) 
(4)r = .2 1. For a review, see Bron W. Hep.Prog.Phys. il. )01 ( 19[30).']) 

2. LaJcM., Narayanamurti V. , Hu P., and Weber W., J.Phys. (Paris)
decides how strong the dependence on the polarizati o n vector is. For 

.1f., C6-161 ( 1 981 ) • 
the case of monoatomic cubic crystals or for isotropic medium C-z:,'! == 

). Tamura S.,Phys.Rev. ~, 849 (1984), and referellces therein.
3 1>-J and E ,= r -' ::: 1 . Square of the ~ -component of polari-

C'~D IScrr' 

zation vector appearing in Eq. (J) can be written as 

" <, Z"",2 ""Z _:1(e/(t)/ =l{IIAlLW~!r(C.ff+~ft) k~(1-klJ] iJ}5) 

where 

..., .l 
W = (-11 - {"'II( - ( eN -f C'33 - 2 C<r~) k z 

Here (.. are elastic constan ts. The plus sign corresponds to i= L
LJ 

and minus to j:= ~ 
~ 

'Nhen the ang le @ between direction of k and sixfold axi s 


00
changes from to 900 
, the value of I e;-2- \~ will increase monoto

nically from 0 to 1. ThUS, the scattering rate of lI~ phonons i n

creases monotonicall y for crystals with r ~ 1 and decreases for 

crystals wi th r .:: 1. In Table 1 monoatomic uniaxial crystals are I 

classified with respect of their low temperature values of r. 
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ileTpy 3. E17-85-674 
AHH30TpOnHH pacceHHHH ~OTOHOB Ha H30TpOnHqeCKHX npHMeCHX 
B reKcaroHanbHb~ KPHCTannax 

HccneAOBaHa aHH30TpOnHH pacceHHHH ~OHOHOB H30TonHqecKHMH 
npHMeCHMH B reKcaroHanbHbiX KPHCTannax. B~;JqHcneHa 3aBHCHMOCTb 
qacTOTbl CTORKHOBeHHH AnHHHOBORHOBb~ ~OHOHOB OT HanpaaneHHH 
BORHOBOro BeKTOpa. BBeAeH napaMeTp aHH30TpOnHH f, H noKa3aHO, 
qTo qaCTOTa CTORKHOBeHHH KBa3HnonepeqHb~ ~OHOHOB pacTeT 
lr -.II HnH naAaeT lr < II c pocToM yrna Me~y HanpaaneHHeM 
BORHOBOrO BeKTOpa H OCH CHMMeTpHH. KBa3HllPOAORHbM ~OHOHaM 
CBOHCTBeHHO 06paTHOe llOBeAeHH€. flpoBeAeHa KP.aCCH~HK~HH OAHO
OCHb~ KpliCTannOB llO BenHqHHe H3 HH3KOTeMnepaTypHoro napaMeT
pa aHH30TpOTIHH f. 

Pa6oTa BbmonHeHa B Jla6opaTopHH TeopeTHqecKoif ~H3HKH OIDUI 

ITpenpHHT 00~e~HeHHOrO HHCTHTyTa RAePHWX YCCneAOBaHH~. nYOHa 1985 
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Anisotropy of Isotope-Scattering Rate 
in Crystals of Hexagonal Symmetry 
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Anisotropy of phonon scattering by isotope impurities 
is studied in crystals of hexagonal symmetry. The dependence 
of scattering rates of long-wave phonons on a wave-vector 
direction is calculated. The anisotropy parameter r is intro
duced depending on which the scattering rate of quasitrans
verse phonons increases lr > I I or decreases lr < I I with in
creasing the angle between wave-vector direction and symmetry 
axis. The opposite behaviour takes place for the scattering 
rate of quasilongitudinal phonons. Monoatomic uniaxial crys
tals are classified with respect to their low-temperature 
values of r. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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