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In this paper we establish the relation between the spectral density of the spatial autocorrelation
function as probed by electron-spin resonance and the inelastic incoherent differential neutron scattering
cross section. Special emphasis is placed on the critical phenomena associated with structural phase

transitions.

In recent years the critical dynamics of struc-
tural phase transitions has been investigated quite
extensively by means of neutron scattering!=® and
electron-spin resonance, *® and more recently
using light scattering.®” An interesting observa-
tion is the discovery of a central peak in addition
to the conventional soft-mode spectrum in the
dynamic form factor. The physical origin of this
central peak is, however, still a matter of con-
troversy.®

Interpretation of neutron scattering experiments
has so far been restricted to a discussion of
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where, in the case of SrTiO;, KMnF; and LaAlQ;
at T> T,
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@9 corresponds to the rotation angle of the BOg
octahedra in the /th unit cell around direction a.
S(K, w) is proportional to the coherent-scattering
cross section.® The incoherent-scattering con-
tribution has been treated as giving rise to a
smooth and uncritical background. =38

The electron-spin-resonance method, on the
other hand, probes locally in space.*® As a con-
sequence, information is obtained on the spectral
density of the spatial autocorrelation function,
namely,
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An important point of this note is to recall that
Y. S(K, ) is proportional to the incoherent neutron
scattering cross section. In fact, the total dif-
ferential cross section is given by®
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b is the scattering length of the nuclei, associated

with the particular rotation. The first and second
terms correspond to coherent and incoherent in-
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elastic scattering, respectively. We note that
the electron-spin-resonance data support the fol-
lowing form of 7 ,S(k, w) close to 7,, %
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where
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wg is a relaxation frequency. Theoretical inves-
tigations predicting that wy tends to zero by ap-
proaching 7,!%!! are supported by recent experi-
ments.*® In view of this, the incoherent-scatter-
ing contribution is expected to become critical
near w=0. Infact, from Eq. (5) we find
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wg tends to zero by approaching 7,, whereas

{(¢1)?) remains finite and nonzero and is equal to

(0.4°)% in SrTiO,. *°

This analysis reveals:

(i) Incoherent neutron scattering is an alterna-
tive method to investigate the local dynamic be-
havior near structural phase transitions, provided
that (b%) — (b)2+0.

(ii) The differential incoherent-scattering cross
section is expected to become critical. Conse-
quently, the assumption of a smooth and regular
inelastic and incoherent background contribution
is no longer guaranteed.

(iii) The differential incoherent cross section
does not depend on the momentum transfer [Eq.
(5)]. Due to the variables chosen, however, our
equations are applicable only for those values of
k where ¢ *(K) represents a rotation.

Finally, we note that the incoherent-scattering
cross section may be increased upon doping with
suitable isotopes.
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