PHYSICAL REVIEW B 69, 144411 (2004

Magnetic structure and fluctuations of Gd,Irin g: A resonant x-ray diffraction study
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Resonant x-ray diffraction measurements on,l@dg reveal an antiferromagnetic structure beldwy
=40.8 K with wave vecto(=(%,0,0) and the Gd moments lying in the tetragoahlplane, indicating partly
frustrated exchange interactions. Str@onger three orders of magnituddipolar resonant enhancements of the
magnetic reflections were observed at bothlGdandL, edges, indicating a relatively high magnetic polar-
ization of the Gd § levels. Three-dimensional magnetic fluctuations are evidenced bBlgwwhile mea-
surements taken slightly aboVig, are consistent with two coexisting length scales for the magnetic correla-
tions. Implications of these results for the physics of,\@gInz,.>n» (M=Co, Rh, or Ij) heavy-fermion
superconductors are discussed.
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I. INTRODUCTION =40.8 K, corresponding to a commensurate magnetic wave

vector /=(3,0,0). The Gd magnetic moments lie in the te-
The series of intermetallic compoun&M N, .2m (R tragonalab plane. Remarkably, large dipolar enhancements
= rare earthM =Co, Rh, or Iy has recently attracted con- of the magnetic Bragg reflections were observed at the Gd
siderable interest due to the discovery of a new class of ; andL, edges. Such characteristics suggest a relatively
heavy-fermion superconductors for some compounds witlhigh Gd:5 magnetic polarization in this compound. Another
R=Ce1~*While the Cooper pairing mechanism remains un-interesting feature of the resonances is the magnetic diffrac-
known, most evidence points to antiferromagnetic spintion anomalous fine structufd®AFS) observed above both
fluctuations’ In order to fully understand the nature of the studied edges. Th& dependence of the magnetic order pa-
magnetic interactions in this system and their possible conrameter is typical for a three-dimensional Heisenberg system,
nection with the superconductivity found f®®=Ce, it is  With the critical exponent for the sublattice magnetization

necessary to investigate the evolution of the magnetic struo8=0.3944). Interestingly, two length scales for the mag-
ture as a function of the rare-earth i®) as well as the nNetic correlations abovey are evidenced by our data. Some

dimensionality f,m).-1° aspects of the nature and dimensionality of the exchange
In general terms, the magnetic properties of the serielitéractions are discussed from the perspective of our results.

depend on the balance between anisotropic Ruderman-Kitte.0sSible implications of this work to the physics of the
Kasuya-Yosida(RKKY) interactions, crystal-field anisotro- C&MmiNan2m (M=Co, Rh, and Ir heavy-fermion super-
pies, and, foR=Ce, Kondo interactions. While the crystal- conductors are suggested.
field effects are highly dependent on the ground state of each
particular rare-earth ion, some aspects of the RKKY interac-
tions, on the other hand, are expected to be much less depen-
dent onR, because they are mediated through spatially ex- Gd,Iring was grown from the melt in In flux as described
tended conduction electrons. In this context, the magnetisrpreviously* The unit-cell dimensions and macroscopic prop-
of Gd-based compounds is particularly relevant. This is beerties of this compound are described in Ref. 11. A crystal
cause the # shell of this ion is half filled with seven elec- with dimensions % 2x 0.3 mn? was chosen for our study
trons, thus being spherically symmetric with null orbital and the (0,0) flat surface was finely polished to yield a
magnetic moment. In this case, the crystal-field anisotropymosaic width of~0.05° full width at half maximum.
as well as any effect arising from the spin-orbit coupling, The x-ray-diffraction measurements were performed on
does not play a dominant role. Therefore, the magnetisnthe XRD2 beamline, placed after a dipolar source at the
shown by Gd-based compounds is a reliable signature of thieaborafasio Nacional de Luz Sicrotron, Campinas, Brazif.
dominant RKKY interactions, and by extension of the FermiThe sample was mounted on the cold finger of a commercial
surface of the system under investigation. Since the neutroclosed-cycle He cryostat with a cylindrical Be window. The
nuclear absorption cross section of Gd is prohibitively high,cryostat was fixed onto the Eulerian cradle of a commercial
alternative techniques must be employed to understand the+2 circle diffractometer, appropriate for single-crystal
microscopic magnetism of Gd-based compounds. x-ray-diffraction studies. The energy of the incident photons
In this work, we investigate the magnetism of bilayer was selected by a double-bouncg13i) monochromator,
Gd,Iring by means of magnetic resonant x-ray diffraction atwith water refrigeration in the first crystal, while the second
the GdL, andL,, edges.((2n+1)/2k,l) magnetic Bragg crystal was bent for sagittal focusing. The beam was verti-
reflections @, k, and| integers were observed below cally focused or collimated by a bent Rh-coated mirror

Il. EXPERIMENTAL DETAILS
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placed before the monochromator, which also provided fil- TABLE I. Comparison between observed and calculated inten-
tering of high-energy photonghird- and higher-order har- sities of magnetic Bragg reflections, assuming either antiparallel
monic9. Unless otherwise noted, a vertically focused beanimodel ) or parallel(model 1)) alignment between the moments of

was used in our measurements, delivering, at 7.24 keV, a fluthe two Gd ions in the same chemical unit cell, normalized by the
of 3% 10 photons/s at 100 mA in a spot 6f0.6 mm(ver- ~ MOst in_tense reflection. Error bars are most_ly due to th(_a absorption
tical) X 2.0 mm (horizonta) at the sample, with an energy correction procedure. For model |, calculations assuming thg mo-
resolution of ~5 eV. Our experiments were performed in mentsm along each one of the three axes of the tetragonal unit cell

the vertical scattering plane, i.e., perpendicular to the Iinea?re shown. For model Il, the calculated intensities do not match the

polarization of the incident photons. In most measurement<?PServed ones for any moment direction, and only data wifh
. . .__..-dre shown. The tetragonal axesand b are defined so that the
a solid-state detector was used, except in the polarizatiof

T magnetic wave vectof|a. Experimental data were taken in reso-
study, where a scintillation detector was placed after & ,ance conditions. at the Qd, edge
) 1l .

Ge(111/333 analyzer crystal. At the energy corresponding to
the GdL, edge, the analyzer placed at the(&8) reflection Model | Modell Model|  Model Ii

selects ¢—o¢') scattering from the samplg@.e., scattered (h,k,1) lope mla m||b mlc m|b
photons with the same polarization as the incident photons

while Gg111) does not significantly discriminate the photon (1,0,4) 100 100 100 9 0

polarization[ (c—o¢') + (oc— ') channe). (1,0.,5) 5(1) 1 1 0 100

(,06) 503 45 41 53 12

Ill. RESULTS AND ANALYSIS (%10‘7) 43(2) 46 40 100 10

Above ~41K, all the observed Bragg peaks of {thg
are consistent with a tetragonal crystal struc{smace group  suming distinct physical models with collinear Gd magnetic
P4/mmm), without any detectable magnetic contribution. moments, using the expression given abovel 7).

No evidence for symmetry lowering of the crystal structure First of all, we note that the magnetic wave vector
was found between 10 and 300 K. Specifically, any distortion_ (1,0,0) indicates antiparallel ordering of Gd magnetic mo-

in the ab plane must satisfya—b|=<0.002 A. —
a 2 ments along the direction, and parallel moments aloihg
Below Ty=40.8 K, additional(2n+1)/2k,1) Bragg re- Thus, the problem reduces to finding the direction of the

f!ectlons (na K, anth 'IrtegTF)’ weée ;)tbhserved. dSLUCh dreflec- magnetic moments, as well as the magnetic coupling atpng
tions were dramatically enhanced at the GgandL , edges i.e., between the two Gd ions in the same chemical unit cell.

(E=7.93 and 7.24 keV, respecj[iva.lylue to resonance phe- Table | shows the observed intensities of a few magnetic
nomena(see below. The polarization properties of a se- Bragg peaks at the Gtl,, edge, and a comparison with

lected reflection, §,0,4), were investigated at thg, edge. calculated intensities assuming either parallel or antiparallel
While a strong reflection was observed at the—c’)  coupling alongc, with the moments along eithex, b, or c
+(o—m') channel, no intensity was detected at the ( crystallographic directions. The calculated intensities are
— o) channel, indicating pures{— ") scattering. This re- found to match the observed ones for an AFM coupling be-
sult indicates that thé(2n+1)/2k,l) reflections are mag- tween the two Gd ions in the chemical unit cell, and the
netic in origin, with a dipolar resonance at the Ggedge®*  moments lying in theb plane. However, a clear distinction
This is of course in stark contrast with the polarization prop-of the moment direction in this plane with respect to the
erties of the f,k,I) lattice Bragg peaksh| k, | integerg, = magnetic wave vectaf|a could not be made in our experi-
where comparable intensities at both channels were obment(see Table)l The fact that the observed intensities of
served, indicating a purely unrotated polarization as expectethe (2n+1)/2k,!) Bragg reflections could be accounted for
for conventional charge scattering. The observation oh((2 by a magnetic model further supports the magnetic nature of
+1)/2k,1) magnetic reflections for Gtfing is consistent such peaks. Figure 1 illustrates the Gd magnetic structure of
with an antiferromagnetiCAFM) structure with wave vector Gd,lring. We should mention that magneti¢h,(2n
{=(%,0,0). +1)/2])) Bragg reflections were also observed, revealing a

For collinear magnetic structures aoepolarized incident ~ twinning of the magnetic structure shown in Fig. 1. The in-
photons, the polarization dependence of the x-ray magnetit€nsities of((2n+1)/2k,1) and (h,(2n+1)/2]) reflections
scattering assumes a simple form for dipolar resonaticds, Were not comparable, suggesting large AFM domain sizes, of
and the intensities of magnetic Bragg peaks are given bghe order of the beam dimensions { mn¥). _
IM(r)oc[Ejmj-kfcos(r-rj)]z, where the sum is over thigh The resonance [properties of _the magnetic scattering of
resonant ion in the magnetic unit cel, is the position of ~ Gd:Iring were studied at 10 K. Figuredd and 2b) show
such an ion, is the reciprocal-lattice vector for the Bragg the energy dependence of the absorption-corrected intensity
reflection,m; is the magnetic moment at siteandk; is the  of the (3,0,4) Bragg reflection, around the Gg, andL,
wave vector of the scattered light. This expression is valid agdges, respectivelfilled symbolg. The energy dependen-
long as the quadratic term im; on the magnetic scattering cies of the absorption coefficiepi(E), obtained from fluo-
amplitude can be neglectédi’® The magnetic structure of rescence emission, are also given as solid lines. Remarkable
Gd,Iring was thus resolved by comparing the intensities ofresonant enhancements of over three orders of magnitude
((2n+1)/2k,l) Bragg reflections with those expected as-were observed both at thg, andL,, edges. To the best of
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FIG. 1. Magnetic structure of GtIng.

our knowledge, such strong enhancements are the largest re-
ported in rare-earth edges. The intensity maximums occur
~2 eV above the absorption edges, which were defined as
the inflection points ofx(E). This result is consistent with a
dominantly dipolar nature (2—5d) for both resonances.

Intensity oscillations of the,0,4) magnetic peak were also
observed above the edges, which we ascribe to a magnetic
DAFS ! Energy-dependent measurements similar to those
shown in Figs. Pa) and Zb) using a collimated beam with
optimum energy resolutionsSE~1 eV) were also takefnot
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FIG. 2. Energy-dependence of the integrated intensity of th
(3,0,4) Bragg reflectioisymbol3 across the Gdl, (a) andL,, (b)

Energy (keV)

FIG. 3. () and (b) Temperature dependence of the magnetic
intensity of the é,0,4) Bragg reflection, taken on warmirtfilled
circles and cooling(empty circle$. The solid line in(b) is a fit to
a power law; the fitting results are also givéo). Transverse scans
of the (%,0,4) reflection at 0.998, (solid line, arbitrarily translated
in the vertical and 1.0T (empty circle$. The dashed line is a fit
to a broad Lorentzian plus a narrow squared Lorentzian line shape
(see Ref. 15 Measurements shown i@ —(c) were done on reso-
nant conditions at the GH,, edge E=7.924 keV).

showrn). From the fit of these data to a Lorentzian-squared
profile, 1(E)*[(E—E.d?+(w/2)?]"2, the resonance
widths w were found to be 7(2) and 6.82) eV at thel;, and
L,, edges, respectivelfcorrected for energy resolutipn

The temperature dependence of the resonant intensity of

the (3,0,4) magnetic Bragg peak at thg edge is shown in
Figs. 3a) and 3b), taken on warmingfilled circles and
cooling (open circles A power-law fit to the data between
36 and 41.2 K yields a critical exponent for the sublattice
magnetization3=0.3934), and amagnetic ordering transi-
tion temperaturd =40.817(10) K. Errors given in paren-
theses are statistical only, and represent one standard devia-
tion. This value ofTy is consistent with previous magnetic
susceptibility measurementsNo thermal hysteresis was ob-
served in the magnetic scattering, consistent with a second-
Qprder transition. Magnetic critical scattering was also ob-
served at temperatures slightly abdlvg. Figure 3c) shows

edges. Data were corrected for absorption. Solid lines show thansverse scans of thg,0,4) reflection at 0.998, (solid
absorption coefficient. obtained from the fluorescence yield. Ver- line) and 1.0T (open symbols Below Ty, the peak width
tical dashed lines mark the absorption edges, defined as the inflets basically due to the mosaic structure of our crystal, while
tion points of u(E).

aboveT) the finite magnetic correlation length is clearly the
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dominant factor. The peak shape abdyecould not be sat- stood assuming that Gd-In-Gd exchange integrals along both
isfactorily fitted by a single Lorentzian or squared Lorentzianthe cube edges and the face diagonals have comparable mag-
function (not shown. Interestingly, considerable improve- nitudes and the same AFM sign. In this case, inspection of
ment in the fit was achieved when two components withFig. 1 shows that each Gd spin interacts, on equal footing,
distinct widths were consideré¢dee dashed line in Fig(&], with 13 Gd neighborgfive first neighbors along the cube
consistent with two length scales in the magnetic criticaledges and eight second neighbors along the face diagonals
scattering of Gelrin8. This effect seems to be analogous to For AFM coupling, it is easily seen that no long-range mag-
that observed in a number of materidlee, for example, netic structure can simultaneously satisfy all these interac-
Refs. 16—1% While it is generally believed that the “broad” tions. Thus, the magnetism in this system is at least partly
component is due to conventional critical fluctuations, thefrustrated. Interestingly, according to this scenario, the most
“narrow” component has been attributed to long-ranged corfavorable collinear magnetic structure is the one actually re-
related quenched disorder in the near surface reffidnde-  alized for Gdlring (see Fig. 1, with a given Gd moment
tailed investigation of the temperature dependence of thehowing antiferromagnetic alignment with nitfist or sec-
critical scattering abovéy, which might lead to the critical ond) Gd neighbors, and only four frustrated Gd-Gd interac-
exponent of the inverse correlation lengih,is beyond the tions with ferromagnetic alignment. The fact thdi
scope of the present work. =40.8 K is significantly lower than the paramagnetic Curie-
Weiss temperature for Gliing (6,=—75 K) (Ref. 1] is
consistent with the above scenario with partly frustrated ex-
change interactions.

The magnetic structure of Gling illustrated in Fig. 1 The distinct magnetic structures of Shing (Ref. 8 and
reveals an interesting ground state for this compound. In facGdIring highlight the additional physics necessary to under-
the electronic configuration of the Gdf 4shell (S=7/2;L stand the formerand other Ce-based compounds of this
=0) is uniquely simple among the rare earths, and excludefamily), possibly related with competition among RKKY in-
the possibility of a competition, on the same footing, ofteractions, the Kondo effect and crystal-field anisotropies.
RKKY interactions with other terms such as crystal-field We emphasize that insight on the interplay between ex-
anisotropies. Despite this apparent simplicity, the Gd mo<change and crystal-field anisotropies in this system may be
ments are parallel along one Gd-Gd nearest-neighbor diregained by a detailed investigation of the evolution of the
tion (a axis), and antiparallel along the other two. Perhapsmagnetic propertiesincluding spin structuneas a function
more intriguing is the fact that the magnetic unit cell doesof the rare-earth ion and dimensionafityln any case, the
not show the same tetragonal symmetry as the chemical onpartial frustration of the exchange interactions revealed in
being doubled along a particular tetragonal direction. Thesghis work seems to be an important ingredient that pushes the
characteristics are equivalent to those found in the magnetiCe-based compounds close to the quantum criticality that
structure of NdRhlg X It is therefore apparent that the first- presumably favors the formation of a superconducting
neighbor Gd-Gd magnetic interaction does not determine thetate?!??
magnetic structure of the title compound. Since RKKY inter-  The resonance properties of the magnetic Bragg peaks of
actions are dominant for Gd-based compounds, the nontrivigbd,Iring are also of interest. In fact, the remarkable three
magnetic ground state of Glding must be directly related to orders of magnitude enhancement at both IGdand L,
the Fermi surface of this material. As already mentionedgegdes, due to dipolar (2-5d) resonancegsee Fig. 2, in-
some aspects of the Fermi surface of Gd-based compoundscates a relatively high magnetic polarization of electronic
may be generalized to other members of ByM Ins,. o,  levels with significant Gd & character. This effect may be
(R=rare earthM =Co, Rh, or Iy family, and may be rel- due to hybridization of Gd & levels with the magnetic #
evant for a deeper understanding of {peesumably mag-  electrons of neighboring Gd sites, via Ip5Alternatively,
netically driven heavy-fermion superconductivity of the Ce-on-site Gd 4-5d hybridization is also possible, since the Gd
based compounds. site is noncentrosymmetric in Glding (see Fig. 1 The rela-

Although it is clear that a detailed theoretical analysis istively high magnetic polarization of rare-earttd 3evels is
necessary to fully understand the magnetic structure ofossibly also realized in other members of this family.
Gd,Iring, some insight is gained with a few simple consid- The dimensionality of the magnetic fluctuations in this
erations. First, the relatively large Gd-Gd first-nearestfamily of compounds is an important element in understand-
neighbor distance~4.6 A) indicates that the exchange in- ing the origin of the superconducting pairing mechanism in
teractions between Gdf4electrons are mediated through Ce,MInz,.om (M= Co, Rh, and Iy, and to guide the
conduction electrons with significant Ippscharacter, leading search for new superconducting heavy-fermion compounds
to Gd-In-Gd exchange paths. Considering the magnetic newith higher critical temperatures. The temperature depen-
work formed by Gd ions at the vertices and In ions at thedence of the magnetic order parameter in/@dg [see Figs.
faces of a cube (Gdinblocks, see Fig. )l it is evident that 3(a) and 3b)] is consistent with three-dimensional fluctua-
the magnetic coupling among Gd ions along the cube edgdons in the ordered phase, with a relatively high value of the
(first Gd neighborsand along the face diagondsecond Gd  critical exponent3=0.3934). The evolution of this expo-
neighbor$ must be treated on the same footing, since botment with the dimensionality of the chemical unit c@ubic
interactions involve a Gd-In-Gd exchange path. Indeed, we— bilayer — single layey is presently being investigated,
argue that the magnetic structure of Bthg may be under- and will be described in a subsequent paper. Perhaps even

IV. DISCUSSION
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more relevant to the context of heavy-fermion superconducscattering®® further studies with high resolution i@ space
tivity of the Ce compounds is the nature of the antiferromag-may be necessary to confirm or dismiss this hypothesis.
netic correlations in the disordered phase. Interestingly, our

measurements taken slightly aboVg [see Fig. &)] are

consistent with two coexisting length scales in the magnetic ACKNOWLEDGMENTS

critical scattering of Gglring. In view of the apparent gen-

erality of this effect*!’~%we speculate that magnetic cor- We thank S.W. Kycia and H. Westfahl, Jr., for helpful
relations of different length scales might also be present irgliscussions, and G. Kellermann for instrumental help. Work
the paramagnetic, and perhaps even in the superconductiajy Campinas was supported by FAPESP, CNPg, and
state of the Ce-based compounds. Although the magnetiBBTLuUS. Work at Los Alamos was performed under the aus-
correlations in CeRhipwere already investigated by neutron pices of the U.S. Department of Energy.

*Electronic address: granado@Inls.br 1pG. Pagliuso, J.D. Thompson, M.F. Hundley, J.L. Sarrao, and Z.
1H. Hegger, C. Petrovic, E.G. Moshopoulou, M.F. Hundley, J.L.  Fisk, Phys. Rev. B3, 054426(2001).
Sarrao, Z. Fisk, and J. D Thompson, Phys. Rev. [&11.4986 12¢C. Giles, F. Yokaichiya, S.W. Kycia, L.C. Sampaio, D.C. Ardiles-
(2000. Saravia, M.K.K. Franco, and R.T. Neuenschwander, J. Synchro-
2C. Petrovic, P.G. Pagliuso, M.F. Hundley, R. Movshovich, J.L.  tron Radiat.10, 430 (2003.
Sarrao, J.D. Thompson, Z. Fisk, and P. Monthoux, J. Phys.: Cont3J.P. Hill and D.F. McMorrow, Acta Crystallogr., Sect. A: Found
dens. Matterl3, L337 (2001). Crystallogr.52, 236 (1996.
3C. Petrovic, R. Movshovich, M. Jaime, P.G. Pagliuso, M.F. Hun-1*S.W. Lovesey and S.P. Collings;Ray Scattering and Absorption
dley, J.L. Sarrao, Z. Fisk, and J.D. Thompson, Europhys. Lett. by Magnetic MaterialdOxford Science, Oxford, 1996
53, 254 (2001). 15H. Stragier, J.0. Cross, J.J. Rehr, L.B. Sorensen, C.E. Bouldin,
4J.D. Thompson, R. Movshovich, Z. Fisk, F. Bouquet, N.J. Curro, and J.C. Woicik, Phys. Rev. Le®9, 3064 (1992.
R.A. Fisher, P.C. Hammel, H. Hegger, M.F. Hundley, M. Jaime,®T.R. Thurston, G. Helgesen, D. Gibbs, J.P. Hill, B.D. Gaulin, and
P.G. Pagliuso, C. Petrovic, N.E. Phillips, and J.L. Sarrao, J. G. Shirane, Phys. Rev. Leff0, 3151(1993.
Magn. Magn. Mater226, 5 (2001). 7p.Mm. Gehring, K. Hirota, C.F. Majkrzak, and G. Shirane, Phys.
51.D. Thompson, M. Nicklas, A. Bianchi, R. Movshovich, A. Llo- Rev. Lett.71, 1087(1993.
bet, W. Bao, A. Malinowski, M.F. Hundley, N.O. Moreno, P.G. 18G.M. Watson, B.D. Gaulin, D. Gibbs, T.R. Thurston, P.J. Simp-
Pagliuso, J.L. Sarrao, S. Nakatsuji, Z. Fisk, R. Borth, E. son, S.M. Shapiro, G.H. Lander, Hj. Matzke, S. Wang, and M.

Lengyel, N. Oeschler, G. Sparn, and F. Steglich, PhysiG2®% Dudley, Phys. Rev. B3, 686 (1996.
333 446(2003. I9M.P. Zinkin, D.F. McMorrow, J.P. Hill, R.A. Cowley, J.-G. Lus-
8p.G. Pagliuso, J.D. Thompson, M.F. Hundley, and J.L. Sarrao, sier, A. Gibaud, G. Giel, and C. Sutter, Phys. Rev.3, 3115
Phys. Rev. B62, 12 266(2000. (1996.
"W. Bao, P.G. Pagliuso, J.L. Sarrao, J.D. Thompson, Z. Fisk, J WM. Altarelli, M.D. Nunez-Regueiro, and M. Papoular, Phys. Rev.
Lynn, and R.W. Erwin, Phys. Rev. B2, R14 621(2000; 63, Lett. 74, 3840(1995.
219901E) (2001); 67, 099903E) (2003. 2LV.A. Sidorov, M. Nicklas, P.G. Pagliuso, J.L. Sarrao, Y. Bang,
8W. Bao, P.G. Pagliuso, J.L. Sarrao, J.D. Thompson, Z. Fisk, and A.V. Balatsky, and J.D. Thompson, Phys. Rev. L88, 157004
J.W. Lynn, Phys. Rev. B4, 020401(2002). (2002.
M. Amara, R.M. Galea, P. Morin, T. Veres, and P. Burlet, J. 2?A. Bianchi, R. Movshovich, I. Vekhter, P.G. Pagliuso, and J.L.
Magn. Magn. Mater130, 127 (1994; M. Amara, R.M. Galea, Sarrao, Phys. Rev. Let®1, 257001(2003.
P. Morin, J. Voiron, and P. Burletbid. 131, 402 (1994). 23\, Bao, G. Aeppli, J.W. Lynn, P.G. Pagliuso, J.L. Sarrao, M.F.
105, chang, P.G. Pagliuso, W. Bao, J.S. Gardner, I.P. Swainson, J.L. Hundley, J.D. Thompson, and Z. Fisk, Phys. Re\6® 100505
Sarrao, and H. Nakotte, Phys. Rev6B, 132417(2002. (2002.

144411-5



