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We report the results of x-ray resonant scattering studies of samarium nickel germanideGg&nkom-
pound. We confirm that the magnetic structures of this material are in accordance with Fermi-surface nesting
as was hypothesized earlier. SrpBle, orders in arincommensuratantiferromagneti¢AF) structure charac-
terized by a single propagation vecwmpr (0,0q,). The value ofg, is temperature dependent and approaches
~0.775 rl.u. neaTy=17.7 K. Below T;=11.8K, the AF structure is characterized gy=0.79+0.002,
indicating a long-period-ordered phase. Ordered moments are confined to the basal plane in both the phases, as
evidenced by th€ dependence of the magnetic-peak intensities. The temperature dependence of the magnetic
structures is consistent with the “superzone” gap theory. In addition, a strong quadrupolar resonance below the
SmL,, edge was observed and compared to recent theoretical work.
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I. INTRODUCTION muffin-tin-orbital electronic bands within the atomic sphere
approximation, in order to correlate electronic structures to
Materials with complex crystal structure and multiatom magnetic order in th&Ni,Ge, series.

composition, such as the ternary and quaternary rare-earth According to that work, there exists pronounced nesting
intermetallics, possess intricate electronic structures. Onbetween two bands with strongd5character at the Fermi
then expects rather complicated and competing interactiorigvel in these materials that is responsible for the simgle
to be at play in determining their magnetic ground stéte. commensuratemagnetic modulation vector of the forip
Nevertheless, in some cases it is possible to describe the(0,0q,), with g, in the range 0.75-0.81 r.l.u., observed in
magnetic behavior, which is determined primarily by thethe tripositiveR members of the series. Based upon the nest-
open but localized and correlated ghell, of a whole family  ing picture and the observation of CEF anisotropy, the mag-
of materials rather well, on the basis of a simple Hamiltoniametic ground state of the samarium nickel germanide
containing crystal electric fieldCEP and Heisenberg-type (SmNi,Ge,) compound has been hypothesized to be a basal-
exchange interactions alone. Whereas the CEF effects aggane helical structure just below the  &leransition*! To
single-ion phenomena that create a semiclassical potential tsur knowledge, no definitive work on its magnetic structures
restrict the direction of the#4moment at a particular site, the exists. However, bulk characterization via susceptibility and
latter, formally known as the RKKY-type exchange interac-magnetization measurements on single crystsé® below
tion, plays the prominent role in establishing magnetic long-has been published earliesee Ref. 12 The primary objec-
range orde?”®> The rare-earth(R) nickel germanides tive of this work is to investigate the hypothesis about the
RNi,Ge,,° with the well-studied ThGSi,-type structure ap- magnetic structures of the Sm member of the series using the
pear to be such systems. Although the detailed nature of theray resonant exchange scatteridRES) technique>**
ground state in these materials is determined by a subtle X-ray magnetic scattering is a powerful tool for the study
balance between RKKY and CEF interactions, very close t&f magnetism in condensed mattsee Refs. 15 and 16 and
the transition the RKKY term can be dominant because iteferences therejn Intrinsic highQ resolution, ability to
varies aso® (where o=[(J)|/J is the thermally averaged separate spin and orbital moments, resonant enhancement of
reduced momehtompared to ther'! 1’2 dependencéZe-  the cross section, elemental selectivity as well as orbital
ner power law of the Ith-order CEF term(see Ref. 7 and specificity, and indifference to neutron-opaque elements
references therejn Since the exchange energy due to the(such as Smmake this technique indispensable and often
RKKY interaction is proportional to the negative of the gen-superior to the conventional magnetic neutron-diffraction
eralized electronic susceptibility,(q),*>>® the stable mag- methods. For this work we employed the XRESefs. 13
netic structure at the onset of ordering corresponds to the orend 14 technique to take advantage of its resonant enhance-
with a g that maximizesyo(q). If nesting between various ment, particularly well suited for the study of high-quality,
parts of the Fermi surface exists for a particular wave vectosmall single crystals of materials containing small magnetic
Onest the nature of the RKKY interaction is dramatically moments.
influenced (see Rothet al)® and yo(q) becomes sharply Purely from the XRES point of view, Sm is patrticularly
peaked at], ., Which determines the magnetic wave vectorinteresting, since only a few materials containing Sm have
that characterizes the ordered state. In a recent $tygy(q) been studied thus far. This is primarily due to the fact that
calculations were carried out using the tight-binding linear-single crystals of Sm-containing compounds are harder to
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grow compared to those with some otlRrelements. In a DCM in order to vertically collimate the beam, thereby im-
previous study on SmBB,C compounds by Detlefs and proving the energy resolution. In this work a(&@iL1) crystal
co-workerst’ both quadrupolar and dipolar resonances havavas used to monochromatize the beam providing an energy
been observed at the Sk, edge. TheQ dependence of resolution of~1.5 eV for incident energy around 7 ké¥.

the relative weight between these resonances found uskhe second crystal in the DCM is sagittally bent, which fo-
in refining the direction of the ordered moments within thecuses the beam horizontally into the experimental end sta-
fourfold-degenerate tetragonal basal plane. Furthermore, ton. Energy scans spanning50 eV through the Smh, and
recent stud}? on a 5000-A epitaxial thin film of elemental L, edges were carried out by rocking the crystals in unison,
Sm grown on sapphire showed two strong resonance featuregile keeping the translation of the second crystal fixed. An-
above both thd_,, andL,, edges, as well as a strong reso- other palladium-coated cylindrical mirror was located after
nance below the_ |, edge. Such observations of multiple the DCM to allow for vertical focusing of the beam. For this
resonances above an edge cannot be readily explained withéxperiment, a third mirror was placed inside the experimen-
the framework of current theoretical models based on amal station prior to the Huber goniometer to provide addi-
atomic description of the resonance processes. Further inveonal harmonic suppression, thereby ensuring a clean mono-
tigations on Sm-containing materials with different elec-chromatic beam incident on the sample. The incident
tronic structures can be useful in revealing systematics in thenonochromatic beam was focused both vertically and hori-

resonance phenomena. zontally, delivering~ 10*2photons/sec at 100 mA in a spot
High-quality single crystals of the entif@Ni,Ge, series  size of 600umx700um, respectively, at the sample.
(except the Pm memberhave been grown by a high- For this experiment a rectangular sample with dimensions

temperature solution-growth technigtfeCrystals of these 2.5x0.9x 0.3 mn? was aligned with th€H,0,L] zone in the
materials have metallic luster and platelike morphology, withvertical scattering plane. The width of the sample was chosen
the larger flat facets perpendicular to the tetragdnakis.  to ensure that the beam completely bathes the crystal in the
According to x-ray-diffraction characterization, these crys-scattering plane at all angles of interest. The sample was
tals are of high quality and free of any detectable level oforiented, cut, and polished perpendiculaf@g,1], to elimi-
impurity phases other than the surface flux. Transport, magnate residual flux on the as-grown surface and increase re-
netization, and specific heat measurements performed diectivity. The mosaic ai{0,0,4 was ~0.05°. Initially, the
single crystals of these compounds were published in Refncident photon energy was tuned to theedge(7.312 ke
12. Here we summarize the results on the Sm member of thef Sm in order to use resonant enhancentéhtThe (0,0,6
family pertinent to our current study. The temperature depenreflection from a flat pyrolytic graphite crystal was used as
dence of the low-field susceptibilitieg, (HIE) and x, the polarization analyzer. For measurements of the integrated
(HL€) were found to be anisotropic below 100 K, with intensity, the analyzer was removed and a Ge solid-state de-
> x; - The transition from paramagnetic to an antiferromag-tector(SSD was used to collect both the diffracted beam and
netic (AF) phase occurs &y of 17.9 K. As the temperature the fluorescence from the sample. However, the energy reso-
is lowered throughTy, x; continues to increase, whilg, lution (~ 150 eV) of the SSD was not sufficient to allow for
decreases, suggesting an easy plane of magnetization in trdscomplete discrimination of the, fluorescence from the
compound. This behavior is in contrast to that in an uniaxiaklastic channel. The sample was sealed in a Be can with He
system, such as ThMbe,'?> where the anisotropy is re- exchange gas and cooled in a closed-cycle He refrigerator
versed. Two additional transitions at lower temperatures bewith a base temperature of 8.0 K. In this setup the raw in-
low Ty are also observed, af,=11.8K andT;,=5.5K, tensity for the (0,0,4) first-order magnetic satellite peak
respectively. However, the latter one is only prominent in thewas ~2600 counts/sec above background atltheedge for
x:(T) measurements. Due to the minimum obtainable temthe dipolar resonance at 8.0 K. All temperature-dependent
perature of 8.0 K, in this work we are primarily concerned measurements were carried out by warming the sample from
with the ordered phases aboVe . lower to higher temperature.

The outline of the paper is as follows. In Sec. Il we sum-
marize the experimental setup. Next, we present XRES re-
sults in detail(Sec. Il), including the resonance properties . RESULTS
and the polarization analysiSec. 11l A), the temperature
evolution of the magnetic phases, and @ealependence of
the integrated intensitigSecs. 111 B and Il C, respectively From previous studies d®Ni,Ge, compounds, the mag-
followed by concluding remarké&Sec. 1V). netic modulation vector was expected to lie along Ahkne
[0,0L] in the Brillouin zone(BZ), with a g, value in the
range mentioned above. Figure 1 shows the reciprocal lattice
scan, at 8.0 K, alon§0,0L ] as the incident photon energy

The XRES studies were performed on the 1-BM bending{E;) was varied across the Sk edge. AsE; was gradually
magnet beamline at the Advanced Photon SogfdeS) lo- changed from 7.285 to 7.385 keV, a sharp peak emerged in
cated in Argonne National Laboratd?3The primary optical the [0,0L] scan neam=(0,0,0.79), reaching a maximum
components of this beamline are two cylindrically bent mir-for E;=7.314 keV. Upon further increasing the energy, the
rors and a double-crystal monochromatébCM). A  intensity of the peak decreased, eventually reducing to the
palladium-coated cylindrical mirror is located before thebackground at 7.325 keV. The intensity of the peak reduced

A. Resonance and polarization properties

Il. EXPERIMENTAL DETAILS
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FIG. 1.[0,0L] scans showing the emergence and diminishment Incident Energy, E (KeV)

of the superlattice reflection as the incident photon energy is varied FIG. 3. Energy dependence of the superlattice peak (0/0,4)

through the resonance. (solid circles through the SmL,, edge. The data have been cor-
rected for absorption. Open squares repregenbtained from the
by some 50% ag; was only 2—3 eV away from 7.314 keV, fluorescence yieldsee text, scale on the righfThe solid line is a
indicating sharpness of the resonance in energy. Lorentzian-squared fit to the elastic peak. The inset shows the en-
With E; fixed at 7.314 keV, we performed a careful scan€rgy dependence of the second harmdniut corrected for absorp-
across the BZ along thd line, as shown in Fig. 2. Two tion). Note the higher baclggro_ur(dhsei) above_ the resonance due
fundamental superlattice peaks associated with (6)8,4 t_o L g-fluorescence contamination of the elastic channel. The_das_heq
and (0,0,8 charge peaks, marked (0,074)nd (0,0,6), line locates the r(_esonant energy, whereas the dot-dashed line indi-
respectively, appeared symmetrically on either side of the Bfates the absorption edge. The bottom panel .shows the energy scan
boundary. In addition, two peaks, weak and resolution Iim—Of the (0, 0, 4 charge Bragg peak for comparison.
ited, corresponding to the second harmoni, 2vere ob-
served. Although these harmonics are expected to occur d
rectly from the XRES cross sectidh?l we cannot

mpletely rul h ntribution rising from weak - .
completely rule out the contribution agzising fro ea Figure 3 shows an energy scan through the satellite peak

lattice modulationg? Using this set of four superlattice re- £(0,0.4) . There | ' that ¢ Vv
flections, the position of the fundamental peak is refined td (0,0,4)". There s a strong resonance that occurs a few e

be g=(0,0,0.79-0.002) at this temperature. No other Satel_above the absorption edge, defined to be the inflection point
T ' ' of the fluorescence spectrum, which is consistent with the

dipolar (E1) nature (34— 5d) and magnetic origin of the
PV WII”Rflcf?'r?fﬁ'”'?ﬂffél .s.°.°.','.‘.’.f.,T. =|3° K.(< .T-')---.----. """" reflection. No splittings such as those measured above,the
: E edge in the elemental SiiRef. 18§ and Th(Ref. 23 were
observed. The bottom panel shows the behavior of@®4)
charge peak as a function Bf, for comparison. Although it
is difficult to ascertain the true resonant enhancement rela-
tive to the nonresonant scattering, a lower limit can be esti-
mated by simply taking the ratio of the peak to the back-
ground ~25 eV below the edge. In the present case this
enhancement factor is-35. From the fit to a Lorentzian-
1 squared line profile, the resonant energy and width were
s —— e —— found to be 7.314 keV and 5.4 eltorrected for energy
43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 : . :
[0 0 Lj-Scan (rlu.) resolution. The width of the resonance is Iqrger thﬂﬂ.ls
eV expected from the, core-hole lifetimé® indicating that
FIG. 2. Reciprocal lattice scan alofi§,0L] at T=8.0K taken  the resonance process is not dominated by the latter. A simi-
without the analyzer. Notice that the intensity is shown on a logadar resonant behavior was also observed for one of the 2
rithmic scale. satellites(see inset of Fig. B

lites, such as those due to the third harmonig Bidicative
of squaring of a sinusoidal modulation, were observed in this
phase.
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FIG. 4. Polarization analysis of the superlattice reflection,
Incident Energy, E; (KeV)

(0,0,4)". Both sets were collected on resonance using a graphite

analyzer(® rotated channelD unrotated channgl )
FIG. 5. Top panel: energy dependence of the magnetic peak

At 12.0 K, just aboveT, but belowTy, a similar[0,0L] (solid circles through the Sni,, edge, corrected for absorption.
scan across the zone showed the same pair of magnetic sate intensities can be compared to that in Fig. 3. Open squares
ellites around the BZ boundary with a small change in theirrepresent the absorption calculated using measured fluorescence
positions and diminished intensities. As in the lower-spectrum(scale on the right The solid lines are guides to the eye.
temperature phase, no third harmonics were observed. Fihe absorption edge is indicated by the vertical dot-dashed line.
nally, well aboveTy, only charge peaks consistent with the Bottom panel: energy scan of tlt@, 0, 4 charge Bragg peak for
body-centered lattice were observed, and all the magnetigP™mparson.
peaks were absent.

Although the observation of the resonant behavior a fewstronger due to larger overlap between the two,ERereso-
eV above the absorption edge, the appearance of the secondnce generally appears several eV belowgheresonance.
harmonic, and the disappearance of the superlattice refleth the raw data, th&1 resonance was found to be signifi-
tions abovel are all in agreement with the magnetic naturecantly weaker relative to the2 resonance. In order to obtain
of the superlattice peak and dipolar resonance, a critical test better estimate of their relative weight, an energy scan
of the magnetic nature of the resonance is its dependence ¢inrough the edge carried out away from the magnetic peak
photon polarization. In all previous XRES measurements onvas subtracted from the raw data, eliminating any energy
rare-earth nickel germanides, no polarization analyses of théependence of the background. The data were then corrected
resonances were perform&f%In Fig. 4 a longitudinal  for absorption(u), obtained from the measured fluorescence.
scan through the superlattice peak, (0,0,4is displayed for The edge step was normalized to the calculatedvay from
o— ando— o geometries, respectively, with thg fixed the edge using tabulated values. Although this procedure
at the resonant energy. In the case of polarization rotatiorjoes not account for the self-absorption and can introduce
the superlattice reflection is observed, whereas in the unrssome systematic errors, it provides a beBavE2 ratio. As
tated channel the peak is barely discernible above the backhe figure shows, th&2 resonance is significantly stronger
ground. If the resonance is of magnetic character, then than theE1l resonance and appears at 6.712 ke'g eV
complete polarization rotation should take pla@me the below the latter. Similar energy scans performed at the
cross section in Ref. 2las is clearly the case. (0,0,4)" and (0,0,6¥ satellites also found thE1 resonance

Finally, we report the observation of a strong resonanceo be significantly weaker. The relative strength )/ (L)
below the SmL,, edge(6.716 keV, as shown in Fig. 5, of the resonant enhancemefis the “branching ratio’) is of
whereas no such features, except for the slight asymmetrinterest since it relates to the underlying electronic and mag-
were detected below tHe, edge. The feature below ths, netic structuregsee Refs. 15 and 29 and references therein
edge is in accordance with quadrupol&2( resonance in- for more details In the present case the strength of ik
volving 2ps,—4f transition, observed in previous XRES resonance alt, is significantly weaker than that at ths,
studies on elemental Sfi?” an epitaxial thin film of SMt®  edge, with a branching ratio of15.
and a SmNiB,C compound,’ as well as with the resonant These observations can be compared to the theoretical
inelastic x-ray scatteringRIXS) on Sm?® Since the Cou- expectations of van Veenandaal and co-workeéBy explic-
lomb interaction of the @ core hole and the felectrons is itly incorporating the expansion and contraction of thet 5
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orbitals as was introduced by Harmon and Freefflaamd
both spin and orbital parts of the Coulomb interaction be- T (K)
tween the localized # and the itinerant 8 electrons, they
derived the branching ratios at the rare-edrtiedges. Ac-
cording to their work, in light rare earths such as Sm,Eie
resonance at thie,, edge is significantly smaller than that at

thel, edge. Also, they showed that the quadrupolar contri- _
bution, being always relatively smallerin, , can not readily Figure 7 summarizes the temperature dependence of the

be detected due to larger lifetime broadening at this ed(‘:]‘io_rdered phases. The integrated intensity of the magnetic peak

Both of the above expectations are in agreement with oufshown in the top pangremains nearly temperature inde-
observations. pendent belowl,, suggesting saturation of the ordered Sm

moments. AboveTl,, the intensity decreases monotonically
and disappears aboVg,. No drastic changes in the intensity
are observed as the sample passes through the transition at
The properties of the ordered phases were measured ds. In comparison, the isostructural TiRef. 25 and Dy
the temperature was raised. The measurements of the intéRef. 31 nickel germanides with strong and moderate
grated intensity and the modulation vector were performediniaxial anisotropies, respectively, the intensity displays a
on the (0,0,4) satellite. In Fig. 6 the data for the longitudi- break at their respectiVE, . In both cases, the break is asso-
nal scans through this peak are displayed. As the temperatucgated with a transition from a amplitude-modulate&iV )
increases, the peak intensity gradually decreases and evenphase to an equal-moment structure with maximum free-ion
ally disappears above 17.8 K, consistent with g ob-  moment per site below, .
tained fromy(T). Interestingly, the position of the peak also ~ The middle panel shows the variation of the magnetic
shifts toward lowelQ values as the transition is approached.modulation withT. In the phase belowy but aboveT,, the
Since the measurements of tte0,4 charge Bragg peak, as modulation vector changes continuously wittapproaching
a function of temperature, found no observable expansion of-0.775 r.l.u., indicating the incommensurate nature of the
the lattice, this shift in position corresponds to true changesrdering, consistent with the Fermi-surface nesting picture.
in the magnetic modulation. Below T,, however, the structure is characterized by a

FIG. 7. Temperature dependence of the integrated intensity
(top), modulation vectorg, (middle), and the longitudinal peak
width (bottom).

B. Temperature dependence
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temperature-independerd=(0,0,0.79-0.002). This sug- Q-Dependence in symmetric geometry (0 0 L)*
gests a long-period ordered phase, in contrast to simple 300 ' - ' - —
commensurate AF structures found in the isostructural Tb T=280K /
and Dy compound@3! T, is identified as the temperature at ~ 2°¢ | ‘
which g reaches this value with a concomitant near satura-
tion of the intensity, which is 1180.2 K.

The half width at half maximuniHWHM) of the longi- 1
tudinal scans is displayed in the bottom panel. The HWHM §
is found to be resolution limited in the entire temperaturer 100
range and remains fairly constant with temperature within
the experimental uncertainties. AS, is approached from 50 |
below, the HWHM sharply increases indicating a loss of
magnetic correlations, consistent with a second-order-type 0
phase transition. From the onset of broadening of the mag g,
netic satelliteT is inferred to be 17.70.2 K as indicated by
a vertical dashed line. We note that the reason for the smal
deviations of the data points near 15 K relative to the rest of

200

unit.)

150 |

the data is not clear. —~ 120
:‘§
C. Anisotropy of the ordered moments Jg

The technique of using th® dependence of integrated Z 60

intensities of magnetic peaks in order to determine the direc-

tion of the ordered moments is rather well established. In
recent years, this technique has been successfully employe

in XRES studies of Gd, Nd, and Sm members of the nickel 0
borocarbide$?'’and Eu, Gd, and Tb nickel germanid@<® )

The details of the measurement technique and modeling can

be found in Refs. 33, 21, and 11. Figure 8 shows e FIG. 8. TheQ dependence of integrated intensities of magnetic
dependence of the integrated intensities of the magnetigeaks. The solid line is for a model with the ordered moments
peaks measured on resonanceEgt 7.314 keV. At 8.0 K,  and the dashed line is for that with momefts

the measurements were repeated 3 times, in symmetric re-
flection geometry, in order to assess the errors and reproduc- T del basal-pl helig (& d a lonaitudi-
ibility of the data. The measured intensities were found to be WO MOodels, a basal-plane he 1, €) an _alongitudi
within the error bars displayed in the figure. A geometricnal spin wave %,Ic), respeciively, were considered. As can

correction to the two lowR data points has been applied to be seen in Fig. 8, in both phases the dalid circle3 can

reduce systematic errors, which are severe at small angle%geomjoﬁﬁgd ;\ﬁliI\;Vr't?rg;]%gr?nertiigm3??;2;2?\2;5:'gg‘?ne
due to surface miscdf. : P

In order to explain the behavior of tH@ dependence we Ser;\leedraft%rreEuhgggs ?/\?ithmfhkslrr?:r;n;ﬁpslaﬁinketg?r: iﬁvev-basal
carried out model calculations based upon the resonant crog P P

section. In the case of dipolar resonance the intensity of th%arle' Qn _the oth_?r f:lan.d’ g.'e madel W'tth tt‘[ﬁ monzjer:ts ilr?.ng
first-order magnetic satellite for linearly polarized incident x €C axis Is manitestiy in disagreement wi € data. This

o behavior is consistent with the anisotropy observed in the
rays is given by’ susceptibility measurementssummarized above. Given the
2 experimental errors, the direction of the ordered moments is
determined within~10° of the basal plane.

(Q=C >

domain

342

where C includes aQ-independent resonant amplitude and

geometric and arbitrary scale factoks, is the direction of
the scattered beard, is the moment direction at sitg and In summary, using the XRES technique, we have shown
a summation over the symmetry-equivalent domains is alsthat the magnetic structures of the neutron-opaque Sm mem-
carried out. At resonance, nonresonant contributions arber of theRNi,Ge, series conform to the topological nesting
small and can be neglected. Note that only the componengf the Fermi surface. Smbe, orders in anincommensu-

of the moments in the scattering plane contribute to the crosgate AF structure characterized by a single propagation vec-
section. So the case of a basal-plane helical structure is ifer q=(0,00,). The value ofq, is T dependent and ap-
distinguishable from a plane wave with the moments pinnegroaches~0.775 r.l.u. neafy=17.7-0.2 K. BelowT,, the
along some crystallographic axis within the basal plane. Irordered moments saturate and the modulation vector attains
addition, the absolute magnitude of the moments cannot ba T-independent value of (0,0,0.Z9.002). No evidence of
determined using this technique. a squaring-up of this structure was observed. In both the

IV. CONCLUSIONS
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ordered phases the ordered moments are confined to théth that observed in the isostructural Tb compo@ndn
basal plane. TbNi,Ge,, the HWHM broadens beyond instrumental reso-

As mentioned above, due to the fourfold symmetry of thelution belowT;, indicating a reduction of the magnetic cor-
basal plane it is not possible to distinguish a plane wave withielation length €.)) in the phase below this transition. The
moments locked in along, for exampla, (or B), from a rgduction ofgm was ascribed to the formation of small an-
basal-plane helix. A preferred direction within the plane neafiPhase domains separated by AF planes, as the incommen-
Ty is unlikely, however, since the higher-order CEF termssﬁrate CAM ghaseg squarbesl up into a corﬂmensuratef stLucture
are relatively weak according to the Zener power law. So w ara_lcterlze ¥(2,0.0 clow Te- In the case of the
can state that the phase abdvds most likely a basal-plane MNLGe,, no su_ch broadening beloW of th_e HWHM be-
helix. At lower T, as the system becomes more Orderedyond thel resolution was obseryed suggesting the absence of
higher-order CEF terms become significantly important,SUCh _anyphase-_domaln formation. .
which can lead to a directional lock-in transition. It is interesting to .n.ote that the modula_mon vec_mpr

The behavior ofq as a function of temperature may be =(0,0,0.79) characterizing _the ground state is not unique to
explained, qualitatively, according to the theoretical work ofthe Sm member of the series. Gglil, for instance, also
Elliot and Wedgewood® In this theory, as the magnetic °'ders at this same value nearTy, as well as oné of the
order develops, the conduction electrons experience a nefl°'® stablg IO\_NT metamagnetic phase; of Thive, Th|s
translational symmetry associated with the periodic ex_tenc_ie.ncy ties in well with the calculatlpns fb(a), which
change field, which introduces new superzone boundarie§XNiPits @ pronounced maximum at this wave vector corre-
As a result, new gaps appear in the energy bands at theSBONding to a strong nesting of the Fermi surfelce.
boundaries, and the Fermi level shifts with the growth of the Finally, in addition to studying the magnetic structures,
ordered moments. This dependence of the gap and the shif€ OPserved a clear quadrupolar resonance below thie,sm
of the Fermi level on the ordered moment leads to a variatior‘?qge' significantly stronger than _the dlpolar_ resonance above
of g with T. As the moments saturate becomesT indepen- this edge. Also, the branching ratio for the dlpo!ar resonances
dent as well. This situation prevails as long as the relativd?as found to be-15, the resonance at the being higher.
stability of a magnetic structure with a giverat a particular These results are consistent with the theoretlca] framework
temperature is determined by internal enefgy alone. As  Proposed by van Veenendaal and co-workdms discussed
pointed out by Coopétfor a magnetic spiral with the same 2POVe.
ordered moment peR ion, the entropy(S considerations
can be neglected amgl attains the value that minimizes the
exchange energy at a givan This behavior is in stark con- We would like to thank J. Pollmann for his help during
trast to thec-axis modulated(CAM) phase, such as that the initial set up of the experiment, as well as D. Haskel, D.
found in TbNLGe, compound, where entropy plays a critical Wermeille, and S. K. Sinha for stimulating discussions on
role in stabilizing the amplitude-modulated structure nearrare-earth magnetism, magnetic resonance, and related phe-
Tyn.3"?2 Below T,~3Ty, the CAM phase lowers the free nomena. A.P.S. is supported by the U.S. DOE, Office of Sci-
energy €=U —TYS) by developing higher harmonics, which ence, under Contract No. W-31-109-ENG-38. Part of this
leads to squaring up of the structure with the free-ion valuevork is supported by the State of lllinois under HECA. Ames
for the moment per site. Laboratory(DOE) is operated by lowa State University un-

The behavior of the HWHM througfi; also contrasts der Contract No. W-7405-Eng-82.
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