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A well-known and useful technique in the study
of crystals is the measurement of one-phonon
coherent peaks in the scattered neutron spectra
from single crystals [1] **. For this case, the
cross section is proportional to 6(€;(x) - €),
where 7 is the momentum transfer to the neu-
tron, € is the neutron energy loss and €j(x) is
energy of a phonon with wave vector equal to »
in the j'th branch. If the target is a polycrystal-
line material, these peaks are generally
smeared out and are indistinguishable from the
spectrum due to incoherent scattering.

However, as we shall show, there are certain
materials, principally high polymers, for which
one-phonon, coherent peaks will appear in the
neutron spectrum from polycrystalline materials.
The one-phonon, coherent neutron cross section
from a polycrystalline material is:
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and ag is the coherent scattering length for the
s'th atom within the unit cell, rgis the vector

* Work supported in part by the United States Atomic
Energy Commission and in part by the National
Science Foundation.

** We will restrict our attention to downscattering
(> 0) experiments. The upscattering (€ < 0) case
is essentially the same.

locating the s'th atom within the unit cell, dy,

dy and dj3 are the bravais lattice vectors, e;S is
the phonon polarization vector, exp(-2Wgg1) is
the Debye-Waller factor, the 7 are the recipro-
cal lattice vectors, 7k and %k are the initial and
final neutron momenta, and p](q)d g is the num-
ber of phonons with wave vectors in d3q at q in
the j'th mode.

Examining eq. (1), we can see that usually
d20/dQde is a smoothly varying function of »
and €.

However, some materials are highly aniso-
tropic, such that the phonon density pj(g) can be
represented by

0j(9) =£j(@) 5(24 - 2), 2)
where £, is a particular direction in a single
crystal of the material.

Before exploring the consequences of eq. (2),
we should discuss its applicability. In particular,
we will consider highly crystalline polymeric
chains. For such materials, eq. (2) should hold
particularly well. In fact, it has been shown [2] t
that, for the optical modes, the normal vibra-
tions of these molecules can be computed as-
suming the individual molecules are isolated
(for which eq. (2) holds exactly). It is possible
that eq. (2) can be shown to hold for other types
of materials, but none are known to us.

Using eq. (2) in eq. (1), we have

d2c
dQde

_E EEF(“ 0. (40) 6(e(a) =€), (3)

1 It should be noted here that for eq. (1) to hold the
crystal must be large in three dimensions. Thus,
intermolecular forces must be present, Such forces
are usually present, for example the polyethylene
crystal is three dimensional [ 3]. However, the inter-
molecular forces are generally so much weaker
than the intramolecular forces that they can be ne-
glected for the high energy modes.

+t Note that F(%,q%,) is a function only of % and q.
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where
lg R, - 277| = «

and J is the Jacobian,
9°dqdQ.

a3(g,92, - 277)

Eq. (3) indeed predicts one-phonon peaks in
the scattered neutron spectrum of high polymers.
However, these materials usually have a large
number of hydrogen atoms, and these peaks will
be rather difficult to observe due to the large in-
coherent background, (E.g., the hydrogen cross
section is only about 5% coherent.) Thus, to ob-
serve these peaks, the experimental statistics

must be extremely good. The fact that the loca-
tions of the peaks as a function of € should vary
continuously as a function of «, and conversely,
should help greatly in verifying their existence.
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The spin lattice relaxation of many iron group
materials has been found to depend on the para-
magnetic concentration (e.g. Gill [1}). Van
Vleck's [2] suggested explanation of these ef-
fects in terms of cross relaxation to fast relaxing
centres, such as ion pairs, has been shown by
Elliot and Gill [3] to lead to an inverse square
concentration dependence when cross relaxation
is the bottleneck process rather than the relaxa-
tion of the ion pairs. Under these conditions
temperature-independent relaxation may also be
observed when only low-lying energy levels of
the "pair system' are involved. Relaxation pheno-
mena consistent with this theory have been ob-
served in the Cr3+ spinel system (MgAlsOy).

Using the pulsed saturation technique at 9.2
Gc/s, the relaxation of the (+3 — -3) transition
was investigated with the magnetic field along a
trigonal [111] axis. Due to the large zero field
splitting parameter 2D of +55.5 G¢/s (Atsarkin
[4]) this is the only observable transition.

According to the single ion theory of Mattuck
and Strandberg [5] and the results of Emel'yanova

* Now at Department of Applied Physics, University
of Durham.
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Fig. 1. Plot of cross relaxation time against chromium
concentration. ¢ directly observed relaxation times.
t relaxation times deduced from fig. 2.



