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A pumber of experiments on the propagation of acoustic phonons
have revealed unuailously long phonon life-times at low temperature
Lax et al.z) have shown theoretically that isotope-scattering rate of
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phonona in dintomic crystels (such as GaAs) which have one element
isotopicelly pure depends strongly on the amplitude of vibrationa of
the impure element, They have suggested that the isotope scuttering
in multiatomic lattices may be weaker than that expected from usual
theoretical treatments of monoatomic lattices, which can explain ano-
malously long-lived phonons (see 51903)).

The purpose of this paper is to show that alsc in monoatomic lat-
ticea (of noncubic symmetry) the isotope-scattering rate depends ex-
plicitly on the eigenvector of atomic displacement and thus it de-
pends on the direction of phonon propuagation. To present results in
an analytic form, the crystal will be treated as an enisotropic elas-
tic contimuum of hexagonal symmetry.

In u crystal in which isotopic atoms are distributed raundomly
on the lattice sites the scattering rate, or the reciprocal of the
relaxation time of (Xj)-phonon scattered by isotopes, is given byB)
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Here Zf (1M, //‘/) where 76_ is & friction of unit cells

with a maaa M, ,end M is the averaged mass of unit cell. Polari-
zation vectors are normalized in accord with /e (é)/ ‘f
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In the long wave limit the scattiering rate can be written as =a
function of polarizetion vector with two constant parameters: the De-
bye velocity and the inverse cube of sound velocity weighted with the
polarization vector,
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resp. In the case of pure transverse phonons}J: Q , for which 6%1=Cj
1

the relaxation time is equal to
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where 4% is a volume of unit cell, Scattering rates of quasilongi-

tudinal ¢ j = L. ) and quasitransverse ( J =71 ) phonons are direction-

dependent
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Anisotropy parameter qu defined by equality

_ ey =14
F-26703-420"0

decides how strong the dependence on the polarization vector is. For
the case of monoatomic cubic crystals or for isotropic medium Cfﬁ =
3 ,@—-5 and ‘Cufﬂm = 4 . Square of the Z -component of polari-
zation vector appearing in Eq.(3) can be written as
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where
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Here C:J are elastic constants. The plus sign corresponds todﬂ:L

and minus to J'=-7; ¥
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When the angle Gg between direction of k and 8ixfold exis
changes from 0° to 900, the value of lcﬁaj will increase monoto-
nically from O to 1, Thus, the scattering rate of 'rz phonons in-
creases monotonically for crystals with " > 1 and decreases for
crystals with [ « 1, In Table 1 monoatomic uniaxial crystals are
clasgified with respect of their low temperature values of r.

Table 1. Anisotropy parameter M of uniaxial crystals

Cadmium Hafnium Helium-4 Hydrogen J = 1 Magnesium
™| 2.1177 0.92036 0.64772 0.82180 1.13408

Kheniwm Thallium Titanium Zinc Zirconium
{“ 0.92412 0.38524 0.84891 2.2152 0.99796

Formule (3) suggests that the ratio Z}_/A7;i may change by
factor 3 or 4 with changing the direction in such crystals as helium,
cadmium, thallium end zinc.
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