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Lovesey and Staub have arguegdlW. Lovesey and U. Staub, Phys. Rev6B 9130(2000] that experi-
mental data on the temperature dependence of the paramagnetic relaxation of lanthanide ions doped into
YBa,Cuw;0g, « are in agreement with the predictions of a model that describes the relaxation as due to the
scattering of phonons via a magnetoelastic interaction. By generalizing their model | show that the level of
agreement is strongly dependent on the number of intermediate lanthanide energy levels included in the
calculation, and that inclusion of a more complete set of levels leads to very different results that do not
necessarily support the phonon damping picture.
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In a recent paper,Lovesey and Staub considered how freedom in the host system. Relaxation from back to|a)
lattice vibrations could contribute to the relaxation of a tran-can take place either directly or indirectly, the latter proceed-
sition between the crystal-field-split energy levels of a paraing via an intermediate lanthanide energy lepgl If |y) is
magnetic ion. Their work was prompted by a number ofhigher in energy thamb) then for the indirect transition to
recent publicatiorfs® reporting neutron spectroscopic mea- take place the #iion must be able to absorb energy from the
surements of the temperature dependence of crystal-fieldost, and this can be done if the temperatiirés large
transition linewidths for various lanthanide ions doped intoenough to generate a significant thermal population of exci-
cuprate superconductors. Lovesey and Staub’s contention iations in the host with energies equal to the difference in
that the relaxation observed for these materials is dominateehergy betweerna) or |b) and |y). The importance of a
by decay of the crystal-field excitation into lattice vibrations, particular relaxation channel will depend on the density of
rather than into spin excitations on the Gu@lanes as has host excitation states at the relevant energy and on the size of
been assumed by other authors. Lovesey and Staub arrive thie transition matrix elements connecting the states involved.
this viewpoint by comparing experimental data with the re-For the models under consideration the relevant matrix ele-
sults of a model that assumes a magnetoelastic interactianents are those of the quadrupolar opera@jysn the case
between the paramagnetic ion and the lattice. of magnetoelastic coupling and of the total angular momen-

The main purpose of this Comment is to raise awarenesgim operators , in the case of exchange coupling. Herds
of an approximation made by Lovesey and Staub in calcua symmetry label, and=x,y,z.
lating the relaxation from the magnetoelastic coupling In principle there are as many indirect relaxation channels
model. The approximation involves the neglect of all butas there are intermediate state$, but because there often
three of the crystal-field-split #4levels in the relaxation cal- exists a wide variation in the sizes of the transition matrix
culation. For the case of H6 impurities in superconducting elements the effectiveness of each channel varies consider-
YBa,CuyOg,, | Will show that the use of this three-level ably. In Ref. 1 it was argued that inclusion of only three
model has led the authors to obtain unreasonably good agrestates (a), |b), and a singlgy)) allows the relaxation cal-
ment between the calculated relaxation and the experimentablation to be simplified while retaining all the essential fea-
data, and that inclusion of other thermally populated lantures.
thanide energy levels gives results that do not differ signifi- On the basis of this three-level approximation Lovesey
cantly from those calculated with the exchange-couplingand Staub derived an expressidy. (6.7) of Ref. 1] for the
model used previously. | will also show that the value of thetemperature dependence of the transition linewidth and fitted
coupling constant in the magnetoelastic model derived frontheir model to the experimental linewidth data for3Th
the data depends strongly on the number levels included iklo®*, and Tni* in superconducting YB&u;Og assum-
the calculation. | will argue, therefore, that the accord beding a Debye density of states to describe the lattice vibra-
tween theory and experiment presented in Ref. 1 cannot bions. The calculation for H&" is reproduced in Fig. 1 to-
taken as evidence that phonons rather than spin excitatiomether with the data from Boothroyt al® The energy of the
are the most important source of relaxation. |a)—|b) transition is 0.5 meV, and the value of the interme-

| begin by outlining the factors that enter into a calcula-diate level|y) used to generate the calculated curve is 11.8
tion of the relaxation of crystal field transitions. Following meV.

Lovesey and Staub let us consider a transition between two It is tempting to interpret the good agreement shown in
eigenstatesa) and|b) of the lowest-energy multiplet of a  Fig. 1 as justification for use of the three-level model, and
lanthanide ion in a crystal field. For simplicity ) be the indeed for the TB" and Tn?* systems there are sound
ground state. The lifetime of the@)—|b) transition is finite  physical arguments based on the energies of the excited
because of coupling to electronic or vibrational degrees otrystal-field levels and sizes of the quadrupole matrix ele-
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014 L ] Z,(w) is the density of phonon modes of symmetryat

Hos+

o2 energyw, n(w)=1/(ef“—1), andB=1/kgT. The constants
I o2 = 1.93 meV? i c,, c,, andc’, are proportional to the magnetoelastic cou-
0.10 . pling constants and depend upon the symmetry of the modes.
0.08 k| ¢ measured J The corresponding expression for the linewidth due to

S-level model damping by spin excitations mediated via an isotropic ex-
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' (meV)

change interactiodg, is®
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T, =2J32(0]J,|1)|?x"(wy)cot 12
FIG. 1. Temperature dependence of the intrinsic linewidth of the “ EX|< | a| >| X' (@y)coth fwsf2)

ground-state-to-first-excited-stat@.5-me\) crystal-field transition ) )

of Ho®*" in Hog .Y BaCl0,. The points are the experimental + E ZJEx|<0|Ja|7’>| X"(wy)n(wy)

data from Ref. 5 and the line is calculated from the magnetoelastic r>1

model of Lovesey and StayRef. 1) with inclusion of three crystal-

field levels. + §>:1 2Jéx|(l|Ja|y)|2)(”(wy— w)N(w,— 7).
2

ments to suggest that the totality of intermediate levels can (2
reasonably be approximated by a single level. These argu-
ments are outlined in Ref. 1. In the case ofFiphowever, Here, x"(w) is the imaginary part of the local dynamical
the validity of the three-level approximation is much hardersusceptibility at the position of the paramagnetic ion. To
to justify because there are no fewer than six crystal-fieldnodel the normal state of the superconductors we take
levels in the energy range 1-12 meV. Several of these addi’ (@) for the reasons discussed in Ref. 5.
tional levels have substantial quadrupole matrix elements With Egs.(1) and(2) written in this form it is easy to see
connecting them to levelk) and/or|b), and so they can thatthere exists a simple mapping betwégj andl'g,, as
contribute to the measured relaxation of the 0.5-mjay  Was pointed out in Ref. 1. Equatiai) becomes Eq(2) if
—|b) transition through indirect processes. we replace the? constants by 2Z,, the Q, by theJ,, op-
These considerations make it worthwhile extending theerators, and the functiofi,(w)/w by x"(w).

magnetoelastic model to include an arbitrary number of in- Having stated the basic formulas | will now proceed to a
termediate levels. For simplicity we will take levie) to be ~ comparison of the temperature dependence of the linewidth
the ground state and levéb) the first excited state, and predicted by the two models for the case of *fHoin
relabel these states &) and|1), respectively. In this sim- YBa,Cu;Og .. For this purpose | will make the same sim-
plification all other intermediate leve|s) are higher in en- plifications as made in Ref. 1, namely, to use the Debye
ergy than|1), as occurs in the experimental systems considdensity of statesZ(w)=3w? wp with wp=80 meV for
ered here, but it is straightforward to treat other sequences & ,(w), independent o, and to treat all the magnetoelastic
levels as well. Letw, be the energy ofy) relative to the coupling constants as equal and mode independent. The
ground state = 1). Generalizing the results of Ref. 1 we quadrupole matrix elements are calculated from thé Ho
can express the linewidtthalf width at half maximumin  wave functions derived from the established model for the
the magnetoelastic model as crystal field*® This means there is only one unknown param-

eterc that can be adjusted to match the experimental line-

width data in the temperature range over which the supercon-

1ﬂMEIEV r,, ductor is in the normal stateT&100 K).
Figure Za) displays the curve obtained from the magne-

where toelastic model including the first eight levels of the crystal-

field-split J=8 ground state of H5™ together with the same

Z,(wq) data as in Fig. 1. In principle one could include all21
1ﬂV:f55|<0|QV|1>|2LL)—COH‘(,Bwl/Z) =17 levels in the calculation, but we prefer to apply a cutoff
! after level 8(11.8 me\} because there is a large gap to level
oy ,Z(w,) 9 (at 58 meV at which energy the measured phonon density
+ 2 (c))?(01Q,|») o N(@y) of states! is much smaller than that calculated from the De-
7t 7 bye model. This, together with the small thermal occupancy
) 2zy(wy_ w) at energies of 58 meV and above, means that the contribution
+'}§1 (€))7KLQ.[ Twln(wy— 1), to the relaxation from levels 9—17 will in reality be negli-
Y

gible. A comparison of the calculated curves in Fig. 1 and
(1) Fig. 2(@) reveals a very significant difference between the
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oqal T T T T 7 agreement between experiment and theory suggested by Fig.
Ho3* 1 cannot, therefore, be used as evidence to favor the magne-
0.12 2 = 0.968 meV? i toelastic model over the exchange-coupling model as
oo ¢ =0.c00me 1 claimed? by Lovesey and Staub. Indeed, if anything, the
3 008 || ° measured i failure of the magnetoelastic model to describe the data de-
E 8level model picted in Fig. 2 provides further support for the spin-
O 0.06 i exchange model because in this scenario the anomalous re-
0.04 . duction in linewidth belowT ; is explained by the opening of
0.02 (a) i a gap(the superconducting and/or pseudogapthe elec-
0.00 | tronic excitation spectrum of the CyQayers.
’ T T R R L The second point | wish to make concerns the magnitude
7 s B ] of the magnetoelastic coupling constant. As indicated on
| L ‘ l | Figs. 1 and £a) the value ofc? needed to fit the experimental
1.0 aE T | data changes from 1.93 m@¥o 0.268 meV as the number
o8 L + + % T 1 of intermediate levels is increased from three to eight. This
" + sensitivity to the number of levels included in the model is
@ 06 | st - significant if the coupling constants for different lanthanides
~ + ' are to be compared. For example, in the magnetoelastic
04 + +++ T model proposed in Ref. I is proportional to the Stevens
ozl + : (b) | factor a of the lanthanide ion, and so the strength of the
paramagnetic relaxation for one lanthanide ion can be scaled
O onto another. In Ref. 1 linewidth data for ¥band HG'" in
0 20 40 60 80 100 120 140 16 superconducting YBZu;Og, « Were found to be consistent

with the predictions of this scaling hypothesis when analyzed
with the three-level model. Mindful of the sensitivity of to

FIG. 2. (a) The same plot as shown in Fig. 1 but with eight the number of intermediate levels included in the relaxation
crystal-field levels included in the magnetoelastic model calculacalculation | re-analyzed the linewidth dafar Tb®* with a
tion and a reduction in thec? coefficient from 1.93 me¥  13-level model and foun@?=11.5 me\? (the equivalent
to 0.268 meV. (b) Temperature dependence of the reducedvalue from the three-level model is 24 m%VMy estimate
linewidths obtained by dividing the data by the theoretical curvefor the ratiocz(Tb)/cz(Ho) is 11.5/0.268 43, which com-
in (a). pares with the scaling prediction?(Tb)/«?(Ho)=20.7, a

factor 2 differencé?® Hence, the validity of the claim in Ref.

three-level and the eight-level approximations. The shape df that the scaling of the linewidths supports the magnetoelas-
I'e(T) calculated in the three-level approximation has tootic model for the paramagnetic relaxation is once again seen
much curvature in the temperature range 10—-100 K relativéo be dependent on how many crystal-field levels are in-
to the more complete calculation. The reason for this differ<luded in the calculation.
ence, as anticipated earlier, is the neglect in the three-level | will finish with some brief comments on the two mecha-
approximation of five out of the six levels in the energy nisms, magnetoelastic or exchange coupling, proposed to ex-
range 1-12 meV. These levels become thermally accessibfdain the paramagnetic relaxation of lanthanides in
as the temperature is raised and cause a significant amount¥Ba,Cu;Og ;. It has not been the intention here to criticize
relaxation through indirect transitions. the magnetoelastic model itself. Indeed, the theory provided

What is clear from Fig. @) is that the experimental by Lovesey and Staub, summarized in Et). above, is an
points deviate systematically from the calculated curve foimportant contribution that permits progress to be made in
temperatures beloW~100 K. This deviation is emphasized the disentanglement of different sources of relaxatfon.
in Fig. 2(b) by plottingI'/T e, the ratio of the experimental Rather, the purpose of making this Comment is to illustrate
linewidths to the theoretical linewidths derived from the the pitfalls of comparing a minimal model with experimental
eight-level magnetoelastic model. Figuresa)2and (b) can  data. The inclusion of more relaxation channels has dramati-
be compared with the corresponding results for the spineally changed the quality of agreement with the data, and one
exchange coupling model shown in Figéa2and(d) of Ref. ~ cannot accept the analysis in Ref. 1 as evidence in favor of
5, which exhibit a similar deviation. phonon damping. A true assessment of whether phononic

The important point to emphasize, therefore, is that ifprocesses provide an important mechanism can only be made
only three levels are included in the relaxation calculationwhen more is known about the density of states and magne-
then the predicted curve follows the experimental points veryoelastic coupling strengths for individual phonon modes.
well, as illustrated by Fig. 1, but as more intermediate levels In my opinion one of the strongest arguments for the
are included the experimental linewidths fall significantly be-exchange-coupling interpretation is the evidence in many of
low the calculated curvelsoth for the magnetoelastic model the measuremerfts>® for an anomalous reduction in line-
andfor the spin-exchange coupling modghe deviation be- width at a temperature at or abovk., an effect first
ing slightly larger for the latter model The apparent observed in the intermetallic system La,ThAl,. Such an

Temperature (K)
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anomaly cannot be produced by phonon damping. The alithat are larger than 0.02 meV, and so with this experimental
sence of any anomaly in some measurements of cupra&ensitivity it would have been difficult to observe such an

superconductof$ can perhaps be explained by the size ofanomaly. o
the effect. In most cases where the crystal-field transition !t iS Noped that the continuing debate over phonon versus

: Lo o spin-fluctuation damping will stimulate a better understand-
probed is below 1 meV the reduction in linewidth is found toing of paramagnetic relaxation mechanisms for lanthanide

be typically 0.02 meV, e.g., Fig(&. The data around.in  ions in correlated electron systems, and that the formulas
Refs. 7 and 8for quasielastic transitionshave error bars summarized here may facilitate progress in this area.
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