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Abstract

We review neutron scattering experiments which address the coherence of the ground states of four transition metal
oxides. The states considered include some which, at the qualitative level, can be described classically and others which
require a quantum mechanical understanding. In the former category are the antiferromagnetism of YBa,Cu3O¢ ;5 and
the peculiar ground state of the Kagomé compound SrCrg,Ga;,-9,01, which is neither an antiferromagnet nor a spin
glass. The latter category contains the Haldane quantum spin liquid, seen very clearly in the linear-chain compound
Y,BaNiOs, and the superconducting state of La; g¢S1ry.14CuQO,.
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1. Introduction

The transition metal oxides are known for dis-
playing many different types of magnetic order,
ranging from antiferromagnetism in the case of
many insulating compounds to ferromagnetism in
the metallic manganites. More exotic ground states,
not involving magnetic order but with serious im-
plications for the spins are also possible. The most
popular of these states is the superconducting state,
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as found in the high-transition temperature oxides
of copper, where electrons of opposite spin are
paired in a coherent fashion to yield the ground-
state wave function. Less well-known states with
non-trivial spin correlations are the quantum spin
liquid Haldane state and the peculiar glassy ground
state of geometrically frustrated magnets. In the
present paper, we review briefly how we can ob-
serve the different magnetic coherence effects by
measuring the magnetic fluctuations in transition
metal oxides with different ground states. This is
not an exhaustive survey. Instead, we describe
one recently examined material in each category.
Specifically, we begin by describing the spin waves
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in the bilayer antiferromagnet, YBa,Cu3Og. s,
which is also the parent of the most studied high-T
superconductor, YBa,Cu;0,. We then move to the
seemingly classical glassy order of the frustrated
layer compound SCGO. The last two sections are
devoted to the quantum coherence in the S =1
chain compound Y,BaNiO; and the superconduct-
ing phase of La, g¢Srg 14CuQ,.

2. Spin waves in YBa,Cu;0;5

The fundamental constituents of this material are
double layers of CuQ,, with antiferromagnetic
coupling between the copper (S = 3) ions and their
nearest in-plane and adjacent plane neighbors. The
magnetic order is correspondingly simple and
long-ranged, with each moment antiparallel to its
neighbors [1]. Thus, at the qualitative level,
YBa,Cu;0¢ ;5 is a classical antiferromagnet. The
coherent excitations should then be harmonic spin
waves, which are classified as acoustic and optic
depending on whether neighboring moments are
rotating in the same or opposite directions in
adjacent layers. We have used inelastic neutron
scattering [2] to measure the dispersion rela-
tion and amplitudes of the spin waves. The
instrument chosen was the HET time-of-flight
spectrometer at the ISIS pulsed spallation source
of the Rutherford-Appleton Laboratory. Figs.
1(b}e) show data in the form of constant-energy
transfer hw scans crossing the dispersion surface.
For the smallest hw (frame(e)), there is a broad
maximum, due to unresolved counterpropagat-
ing magnons, centered at (0.5,0.5,1) (magnetic
Bragg scattering in our tetragonal notation occurs
at (0.5,0.5,1)). As hw rises and the dispersion
surface opens up, there is a noticeable splitting
in the maximum. Frame (a) shows the optic and
acoustic dispersion curves deduced from all of
our data, including some (not displayed) for
lower #w. These curves yield values for the in-
plane and out-of-plane exchanges, which are
125+ 5 and 11 + 2 meV, respectively. In addi-
tion to obtaining the first complete dispersion rela-
tions for the parent antiferromagnet of YBaCu;305,
we have been the first to establish the absolute
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Fig. 1. (a) Spin wave dispersion relation for YBa,Cu3Og ;5.
(b}e) Constant-energy cuts through spin waves; solid lines are

from harmonic spin wave theory, corrected for instrumental
resolution effects; from Ref. [2].

spin wave amplitudes in this material. Fig. 2
shows the frequency-dependent amplitudes for
the optic and acoustic modes. Note the abrupt
appearance of optic mode scattering at the gap
frequency of 75+ SmeV. The solid lines are
derived from linear spin wave theory, with the
amplitude factor simply reduced by 60% from the
classical value. We have obtained a similar re-
sult for the spin waves in the single-layer com-
pound La,CuQO, [3]. Thus, while the classical
description accounts qualitatively for the proper-
ties of these S = { systems, zero point (quantum)
fluctuations must be included to give a quantitative
description.






