
95HIGHLIGHTS 2005 ESRF

X-RAY ABSORPTION AND MAGNETIC SCATTERING

storage ring was run in the 2*1/3 filling mode, the
incident X-rays were modulated at the macrobunch
repetition frequency FRX = 710.084 kHz. The XDMR
signal displayed in Figure 2 is one of the modulation
side-bands expected at 710.084 ± 35.5042 kHz whereas
the signal at FRX was used only for data renormalization.
The magnitude of the XDMR signal is peaking ca. 20 dBV
above the noise floor. The real and imaginary parts of the
spectrum confirmed the expected inversion of the XDMR
signal when the helicity of the incident X-ray beam was
changed from Left to Right. After proper renormalization,
the small differential cross-section: ∆σXDMR ≈ 1.34·10-5

would yield a critical precession angle of θ10 ≈ 3.5° for
the moments precessing at the Fe sites. 

Since the effective operator accounting for XMCD at the
Fe K-edge can be written [3]: ∂/∂E [<Lz>4p + ε <Lz>3d],
the measured Fe K-edge XDMR signal thus produces
clear evidence of the forced precession of orbital
polarization components. 

Let us emphasize that the precession angle θ10 deduced
from XDMR for these orbital components is only one half
of the critical precession angle θcrit of the effective spin
moment. Since the electron gyromagnetic ratios for
orbital and spin moments are precisely in a 1:2 ratio, our
XDMR result proves that, in YIG, there is no dynamical
quenching of the magnetic orbital polarization
components: spin-orbit coupling dominates orbit-lattice
interactions in Kittel’s picture of FMR.
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Plasma-assisted Magnetic
Hardening of FePt
Nanoparticles Investigated by
X-ray Absorption
FexPt1-x nanoparticles are currently the subject of
intense research activity due to their interesting
magnetic properties [1]. Chemically disordered Fe50Pt50

shows a high-temperature transformation to the ordered
L10 phase which is associated with an enhancement of
the orbital magnetic moment and a decrease of the
mean distance between nearest-neighbour atoms by
2%. Therefore, on the one hand the x-ray absorption
near edge structure (XANES) was analysed at the Pt L3,2

edges to monitor structural changes, and on the other
hand the x-ray magnetic circular dichroism (XMCD) was
measured both at the Fe and Pt L3,2 edges in order to
investigate the orbital magnetism after thermal
treatment. 

The wet-chemically synthesised Fe50Pt50 particles with a
mean diameter of 6 nm were self-assembled on a
naturally oxidised Si substrate (total coverage: about
10%) and exposed to a soft hydrogen plasma (5 Pa for
30 min) that removes the Fe oxides and the organic
ligands surrounding the particles in the as-prepared

Fig. 2: XDMR signal as low-frequency
side-band of FRX.
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state (Figure 1). Subsequently one of the samples was
annealed at 600°C in situ. Scanning electron microscopy
(SEM) images confirm the mean size, the centre-to-
centre distance of 9 nm and a small agglomeration after
annealing.

For measurements at the Pt L3,2 edges, the UHV plasma
chamber was attached to the experimental chamber at
beamline ID12 and the Fe oxides were removed prior to
the experiments. In order to be able to record high
quality XANES and XMCD spectra at the Pt L3,2 edges
on samples with such a low concentration of Pt, we have
used a 35-channel silicon drift diode detector developed
at the ID12 beamline in collaboration with Eurisys-
Mesures (now Canberra Eurisys) [2]. During these
experiments the counting rates in Pt Lα lines were ca.
2·104 cps per channel with a peaking time of 0.5 µs.
Even though the X-ray beam was impinging on the
sample with an angle of incidence of ca. 15°, the beam
footprint was quite small: 300x30 µm2. This is because
we had to reduce the intensity of the monochromatic
X-rays in order to avoid the saturation of the detector by
the intense soft X-ray fluorescence signal from the
substrates. The typical energy resolution of the emission
spectra measured with one single SDD channel (data
acquisition time: 60s; peaking time: 0.5 µs) was of the
order of 132 eV for the unresolved Si Kαβ, 159 eV for the
Fe Kα line and 202 eV for the Pt Lα1 line. Excellent
performances of this detector allowed us to record not
only the XANES spectra, but also the XMCD signals at

the Pt L3,2 edges in a weak magnetic field of ± 0.6 T
(Figure 2b). The quality of the experimental data was
high enough to derive the local spin and orbital magnetic
moments of the Pt 5d states using the XMCD sum rules.
The results of this analysis together with the analysis of
the spectra recorded at BESSY, Germany, on the same
samples at the Fe L3,2 edges are given in Table 1.

The observed trends in µl / µS
eff indicate a non-cubic

environment after annealing as expected for the L10

structure.

Additionally, we found that the period of the first EXAFS
oscillations at the Pt L3,2 edges decreased by (3±2)%
after annealing indicating a reduction of the mean
distance between the atoms as known for the disorder-
order transformation in the corresponding bulk material.

In conclusion, we demonstrated a method to prepare
pure metallic Fe50Pt50 nanoparticles from wet-chemically
synthesised particles. Evidence for the formation of the
L10 phase is provided both by structural changes found
in the oscillations of the XANES and by the changes in
the magnetic moments. 
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Fig. 1: Plasma chamber with ignited plasma. The inset
shows schematically the removal of the organic
ligands surrounding the wet-chemically synthesised
FexPt1-x.

Fig. 2: XANES (green lines) and XMCD (red lines) of
pure metallic Fe50Pt50 nanoparticles measured at the
Fe and Pt L3,2 edges. The dichroism spectra in (b) are
scaled up by a factor of 4. The inset shows a SEM
image of the sample.

Fe Pt

µS
eff [ µB] µl [µB] µl / µS

eff µS
eff / µB µl / µB µl / µS

eff

disordered 2.48(7) 0.056(10) 2.2% 0.41(1) 0.054(2) 13%

annealed 2.59(8) 0.240(18) 9.3% 0.41(1) 0.042(2) 10%

Table 1: Local spin and
orbital magnetic moments
for Fe and Pt.
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Evidence of Topological
Defects in an Electronic
Crystal
Electron confinement, for example along chains of
atoms, give rise to original phenomena. These effects
are observed in charge-density wave (CDW) materials.
Upon cooling, these materials exhibit a modulation of the
electron density along the chains and become insulating.
Moreover, under a large enough electric field, a strong
decrease of the resistivity is observed. This phenomena,
still under debate, is generally interpreted as due to a
collective “sliding” of the CDW as a whole [1].

This CDW can be considered as an electronic crystal,
ordered in the three directions of space. In particular, its
wave number along the chain is equal to twice the

momentum of the fastest electrons of the system: 2kF.
As any crystal, this electronic system is elastic and can
exhibit dislocations. Predicted theoretically for 25 years
[2], such topological defects are thought to play a
essential role in the behaviour of the CDW under electric
field, in a similar way dislocations in metals explain their
plasticity.

The direct observation of CDW dislocations has never
been achieved yet. Our recent experiment on the ID20
beamline has shown that coherent X-ray diffraction
measurements are very sensitive to such topological
defects. In the model system called “blue bronze” (a
molybdenium oxide of formula K0.3MoO3), the structure
of a CDW dislocation imbedded in the bulk has been
studied. The interference fringes of the Figure 2b are
interpreted as due to the presence of a screw dislocation
running along the chain axis. Since the one-dimensional
CDW wave vector qc is not parallel to the chains axis, this
topological defect corresponds to a mixed dislocation
(between screw and edge), running along the chains
direction (see in Figure 1b). Remarkably, this dislocation
introduce no energy expensive compression or dilatation
of the CDW along the chains, but involves only shears:
due to the charged character of the CDW, this is
expected to cost less energy than an edge dislocation.

Fig. 1: Schematic representation of the Blue bronze
CDW in the ( 2a*-c* ; b* ) plane in a) a defect-free
crystal and b) a crystal with a screw-like dislocation
line running along b* in the middle of the figure. Only
Mo octahedra are represented. Yellow lines represent
the constant phase wave front of the CDW. Note that
this dislocation does not introduce any dilatation or
compression of the CDW along b*.

Fig. 2: 2D diffraction patterns of the Qs = (5,-1,-3)+qc satellite reflection corresponding to a) Figure 1a and b) Figure 1b, at
T = 75 K. c) Fit of the t*-scan of b) using the Fourier transform of the screw like dislocation shown in Figure 1b. 


