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Introduction

In a recent study, generalized electronic susceptibility calcu-
lations using the tight-binding linear-muffin-tin-orbital electronic
bands, found pronounced nesting between two bands with strong
5d character at the Fermi level in the RNi,Ge; series of materials
(I4/mmm). It was shown that this nesting is responsible for the
single incommensurate magnetic modulation vector of the form
q=(0 0 q,), with q, in the range 0.75-0.81 r.l.u., observed in the
tripositive R members of the series.' The primary objective of the
present study was to investigate the magnetic structures of the Sm
members of the series to see if they are consistent with the Fermi-
surface nesting picture. To our knowledge, no definitive work on
the magnetic structures exists. X-ray resonant exchange scattering
(XRES)* provides an ideal tool for studying this structure, since
Sm is opaque to neutrons and the inherently high-Q resolution of
XRES is ideal for incommensurate structures. The high-quality
single crystal of SmNi,Ge, used in this work was grown by a
high-temperature solution-growth technique at Ames Laboratory.’
This material orders antiferromagnetically at Ty = 17.9 K and
exhibits planar anisotropy above Ty. Two additional transitions at
lower temperatures below Ty are also observed, at 7, = 11.8 K and
T, = 5.5 K, respectively. Due to the minimum obtainable tem-
perature of 8.0 K, in this work we were primarily concerned with
the ordered phases above 7).

Experimental Details

The XRES studies were performed on the bending magnet
beamline in sector 1 of SRI CAT.5 A Si (111) reflection was used
to monochromatize the beam, which was then focused both verti-
cally and horizontally down to a spot size of 600 pm - 700 pum,
respectively, at the sample. Higher harmonic contaminations in
the beam were eliminated by using two Pd-coated mirrors. A rec-
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FIG. 2. Temperature dependence of the magnetic peak.
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tangular sample with dimensions 2.5x0.9x0.3 mm?® was aligned
with the [H O L] zone in the vertical scattering plane. The sample
was oriented, cut, and polished perpendicular to [0 O 1]. The mis-
cut angle was ~5°. The mosaic was 0.05°. Initially, the incident
photon energy was tuned to the Ly edge (7.312 keV) of Sm in
order to use the resonant enhancement. The (0 0 6) reflection from
a flat pyrolytic graphite crystal was used as the polarization ana-
lyzer. The integrated intensity was measured using a Ge solid-
state detector. The sample was sealed in a Be can with He
exchange gas and cooled in a closed-cycle He refrigerator.

Results

According to the nesting picture, the magnetic modulation
vector is expected to lie along c¢*, with a q,
value in the range mentioned above. A recip-
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4 rocal lattice scan, at 8.0 K, revealed superlat-
tice peaks corresponding to (0, 0, 0.79). Fig-
ure 1 (left panel) shows an energy scan
through the satellite peak at (0, 0, 4.79). There
is a strong resonance that occurs a few eV
above the absorption edge, at 7.314 keV, with
an enhancement factor of ~35 relative to the
background ~25 eV below the edge. Polariza-
tion analysis (Fig. 1. right panel) revealed that
the incident linear polarization perpendicular
to the scattering plane (o polarization) is
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FIG. 1. Left panel: Energy scan through Sm Ly edge of a superlattice peak. Right panel:

Polarization analysis.
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completely rotated into the scattering plane (st
polarization). The resonance and polarization
properties are consistent with a magnetic ori-
gin of the superlattice peak.*® At 12.0 K, just
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FIG. 3. Q-dependence of magnetic satellites.

above T, but below Ty, a similar scan found the magnetic satellite
with a small change in position and diminished intensity. No third
harmonics were observed indicating the absence of squaring-up
of these phases.

Figure 2 summarizes the temperature dependence of the
ordered phases. The integrated intensity of the magnetic peak (top
panel) remains nearly temperature independent below 7, suggest-
ing saturation of the ordered Sm moments. Above T, the intensi-
ty decreases monotonically and disappears above Ty. The lower
panel shows the variation of the magnetic modulation with 7. In
the phase below Ty but above T,, the modulation vector changes
continuously with 7 approaching ~0.775 r.l.u., indicating the
incommensurate nature of the ordering, consistent with the
Fermi-surface nesting picture. Below T;, however, the structure is
characterized by a temperature-independent q = (0, 0, 0.79 =+
0.002), suggesting a long-period ordered phase. T is identified as
the temperature at which q, reaches this value with a concomitant
near saturation of the intensity, which is 11.8 + 0.2 K.

In order to ascertain the direction of the ordered moments the
trend in the intensity of magnetic peaks was measured as a func-
tion of Q. As can be seen in Fig. 3, with the exception of the two
low-Q data points, in both phases the data (solid circles) can be
modeled well with model calculations assuming that the ordered
moments are in the basal plane (solid line). Similar trends in the
Q-dependence were observed for Eu and Gd nickel germanides in
their low-temperature phases with the moments locked in the

basal plane." On the other hand, the model with the moments
along the c-axis is manifestly in disagreement with the data. The
apparent order-of-magnitude reduction of the intensities at very
low Q is due to sample miscut (see above).

Conclusions

In summary, the primary result of this work is that the mag-
netic structures of the Sm-member of the RNi,Ge, series conform
to the topological nesting of the Fermi surface. SmNi,Ge, orders
in an incommensurate antiferromagnetic structure characterized
by a single propagation vector, q=(0 0 q,). The value of q, is T
dependent and approaches ~0.775 r.l.u. near Ty =17.8 £ 0.2 K. No
evidence of squaring-up of this structure was observed. In both the
ordered phases above T; the ordered moments are confined to the
basal plane, as in the case of a basal-plane helical or a plane wave.
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