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The influence of lattice vibrations and charge fluctuations on the lifetime of crystal-field states is discussed
in the context of experimental studies of lanthanide ions in XBgO,_4. Apart from S-state ions, lattice
vibrations always provide a channel for relaxation and, through the agency of an intermediate-energy crystal-
field state, a significant contribution to the lifetime. In consequence, it is an unsafe practice to interpret the
measured lifetime of lanthanide ion crystal-field states in terms of scattering by charge carriers ignoring a
lattice contribution. Certainly, it is a bad practice when the host material is a poor metal, lik€C¥Ry 4,
and the density of charge carriers is small.
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A closer inspection of the points of criticism raised by In reviewing the strength of the coupling between the lan-
Boothroyd shows that they can be easily rebutted. In subthanide ion impurity and charge carriers in the doped mate-
stantiating our opinion, we start with the reminder that lan-rials of interest, we first cite the well-established fact that
thanide ions with nonzero orbital angular momentum in alanthanide impurities are a weak disturbance to the supercon-
solid are known to interact strongly with the electric field ducting properties. The finding is the opposite to that with
created by neighboring ions. The electric field, also callechormal superconductors doped with magnetic ions and,
the crystal-field potential, is responsible for several well-clearly, the finding is strong evidence that in the doped ma-
established properties of lanthanide materials, includingerials coupling between the magnetic ion and charge carriers
magnetic anisotropy and magnetostriction. Hence, apart frors extremely weak. A quantitative measure of the coupling
S-state ions, e.g., gadoliniura, priori the ion-lattice interac- strength is obtained from electron paramagnetic resonance
tion is required in the model Hamiltonian used to describeexperiments on gadolinium in dilute concentration in a eu-
the properties of lanthanide ions in solids. The experimentatopium compound.The exchange coupling between the Gd
observations of immediate interest involve the energy levelspin magnetic moment and charge carriers is found to be at
of the static, time-independent crystal-field potential. Theséeast two orders of magnitude smaller than those observed in
levels are modulated by vibrations in the crystal field whichmetals.
can be expressed in terms of phonon degrees of freedom. The view expressed in the foregoing paragraphs, that
Strongly effective modulations are caused by relative dismodulations to the crystal field caused by lattice vibrations
placements between the lanthanide and neighboring ions amdust be included as a channel of relaxation for crystal-field
involve optical phonons. states, is backed up by a model calculati§mpplied to

One manifestation of modulations on the static crystalseveral sets of data gathered on different samples, the model
field is their role in the relaxation of disturbances to mag-calculation shows that the interaction involving lattice vibra-
netic properties of lanthanide materials. Another channel inions is probably the dominant channel of relaxation. For
relaxation is the interaction between charge carriers and eertain, it is unsound to completely ignore the relaxation of
lanthanide ion. Of course, in insulating materials this inter-the crystal-field states by lattice vibrations and attribute ob-
action is negligible compared to the one involving lattice served relaxation rates solely to charge carriers.
vibrations because the density of carriers is essentially zero. A calculation of the relaxation rate due to lattice vibra-
The opposite extreme is a good mefak, e.g., Th:LaAl  tions is quite a demanding undertaking, since it requires a
(Ref. 2, where the relaxation by charge carriers is likely full knowledge of the crystal field and a full knowledge of
dominating, and in general both interactions with the mag-the lattice vibrations; the latter includes eigenvectors, fre-
netic ion are potentially strong channels of relaxation. Thequencies, and the density of states and from this knowledge
actual materials in question are high-superconductors and values of the coupling constants. On closer inspection, how-
these are not good metals: the few charge carriers present @ver, less detailed knowledge is sufficient to obtain an esti-
the materials are created by doping. In consequence, for suchate of the relaxation rate. Two factors contrive to reduce
materials it requires an exceptionally large exchange couthe required information. First, significant contributions’to
pling in the charge-carrier interaction to make the interactiorare made by vibrations that give large contributions to the
comparable in size to the omnipresent interaction involvingdensity of phonon states. In particular, low-enetggoustig¢
lattice vibrations. Set against this, and without any justifica-vibrations do not play a significant role In(such vibrations
tion, the scenario of research&rsis that it is legitimate in  appear in the so-called direct phonon relaxation rate, which
the interpretation of data on crystal-field widths to includeis too small to be observed in the experiments under discus-
only relaxation through charge carriers and to completelysion). Second, in the calculation df the phonon density of
ignore relaxation through lattice vibrations. states is sampled at energies corresponding to the crystal-
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5F ' - ] stant on energy and the corresponding combination of eigen-
T=70K; T=0.05 meV vectors. By not following such a line of rigorous enquiry,
4t IR Boothroyd i bly including the |
’ T-200K: 0.2 meV oothroyd is unreasonably including the low-energy
: e T=300K; [=0.35 me acoustic-phonon modes in the calculationlofor holmium.
3

As we have mentioned, such modes are not significamt in
because the associated density of phonon states is very small
[smaller than extrapolated from the density of states at 12.5
meV (Ref. 9 by the Debye modél and acoustic modes do
not create relative displacements of ions that are strongly
] effective modulations which result in large coupling con-
0 02 04 06 08 1 1.2 stants(the ions move locally in phageThese crucial factors
energy (meV) are absent in the calculations reported in the Comrhém.
stead, each level is assigned the same coupling constant, and
rghe phonon density of states is replaced by the Debye model,
which is inadequate for an assessment of the relative impor-

N

neutron intensity (arb. units)

[y

FIG. 1. Model calculation for th&{Y —T'{) transition using the
theoretical predictions of the neutron cross section for a transitio

broadened by relaxatiofRef. 7). The following approximation has : ;
been used: M,(T,w)=2T, and correspondinglyM,(T,w)=0.  t&nce of crystal-field levels as agentslinThe largely arbi-

Values forT" and the excitation energa single crystal-field level ~ ary extensioh of our calculation is incomplete, which al-
are taken from Ref. 4. Note that the line shape does not depend dRWs Boothroyd to obtain these unrealistic results.

the source of relaxation, i.e., it is independent of the model. The There are two _small pqints to note. First, assuming an
lines are a guide to the eye. anomalous reduction of, it may as well reflect a small

] o change of the phonon density of states due, e.g., to a slight
field levels and of these few vibrational states some can b@hange of a phonon branch, as the singularities in the phonon
discounted because associated matrix elements of the defQ{ensity of states can be very sharp. Second, notelthat
mation operator are very smafln our calculation, the op- Y:HoBa,Cu0, (Ref. 3 is found to be two times larger at
erator is taken to be the quadrupole operator and the magnjsg k than in HoBaCu,0,%° which cannot be due to the
tude of its matrix glements for Tb, Ho, and Tm vary stronglychamge of the interaction strength with charge carriéte
from one crystal-field level to anothgMoreover, in the ex-  samef jon and the same crystalline-electric-field potential
pression forl” there is an energy-dependent weighting whichang the same density of states, but could be understood by
enhances contributions with the lowest energy. For the threg,e gifferences of the phonon density of states due to the
lanthanide ions we examine, it is found that on taking aCyeplacement of Y by the heavier Ho.
count of all features just mentionédis largely controlled by We conclude by noting other points of concer in the
the agency of one crysta_ll-ﬂeld state; this finding Ieads_ to @nterpretation of inelastic-neutron-scattering experiments to
three-state model comprised of the two states probed in thgyiract information from the relaxation rate on charge carri-
melasnc-scattermg.event and the_agent state. In fitting thg,s. (A) Determiningl” demands more of the data analysis
calculated expression fdf to experimental data we assume than determining just the position in energy of an excitation.
that there is one coupling constant, denotedZbyn this A | orentzian line shape is not valid universally and there is
instance, the expression fbrcontains one parameter, which gyigence that a damped harmonic oscillator is better for low-
is the product of? and the magnitude of the phonon densnyenergy states, as illustrated in Fig. 1 for the case of
of states at the energy of the agent state. We obtain impregsoBa,cu,0,.# In addition, the experimental data is not built
sive accounts of data published on the relaxation rates of Thyom single excitations, and data analysis requires extremely
Ho, and Tm and the parameter for each ion determined byccyrate knowledge of the origin and temperature depen-
fitting is p_hysmally reasonable_ a_nd internally consistent.  §ence of the substructurd® (B) Notwithstanding the very

To achieve a yet more realistic model fbra number of a5 difficulties to be faced in properly analyzing data to
aspects are to be addressed. In order to make real progressjfecisely extract’, one might view the finding of an isotope
this direction the aspects must be introduced in a systematigect in the width of a crystal-field levit as evidence of the

and consistent manner. For example, to go beyond what Wgye of attice vibrations in the relaxation of a crystal-field
have done in addressing the relative importance of thgiste.

crystal-field levels as agents i one must examine how
their contribution depends on the magnitude of the density of We are grateful to Dr. A Bill, Dr. B. Braun, and Dr. W. E.
states and the dependence of the associated coupling cdrischer for fruitful discussions on the topic of the Comment.
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