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Report:
The purpose d experiment HE1263 was to measure the pressure induced valence change of some Yb and Eu
compounds by high-resolution resonant inglastic xray scattering. We were able to measure most of the proposed
compounds, i.e. Yb metd, YDA, YbS and EuS. We have already submitted the experimental report with the results
on YDbAI, (which have now been published [Ref. 1]). The present report is about results on Y bS.

YbS is known from compresshility data and opticd reflectivity
measurements to undergo a progressive rearrangement of the eectronic

Sructure gtarting at around 100 kbar. The vaence was correspondingly YbS o
estimated by Ls X-Ray Absorption to change from 2 (a ambient pressure) La, jj’ VT
to 2.5 at 300 kbar [Ref. 2]. The large lifetime broadening of L; XAS leaves PRY Ifha \\.'\ o B
some uncertainties about these values. By performing Resonant Inelastic X- i \..""

Ray Emission (RXES) measurements at the same edge, as a function of the
incident and emitted energy, we could evauate much more precisely the
change in the eectronic structure.

Figure 1 shows Partia Fluorescence Yield (PFY) spectra: the La; (3d-2p)
decay channd is recorded while scanning hnyy across the Lz edge. Two
pesks arise in the spectrum due to the different Coulomb interaction of the
Yb? and Yb*" ions with the 3d core-hole present in the find State of the
process. The change in the rdative weight of the two peaksisthe indicator of
the progressive valence change. In order to extract the valence vaue, the
spectra were fitted at each pressure by two line shapes representing the two
different vaence contributions. The typica quality of the fit of given in the
lower pand of Fig. 1. Thanks to the good contrast of the PFY spectraiit is
possble to reved dso the different line width of the two spectrd
components. This is a fingerprint of the different spread of the aomic | Figure 1. PFY spectra of YbS vs. P. A
multiplet structure, which remains visible in this rather ionic compound. typical fitisreported (lower panel).
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Resonant Inelastic X-Ray Emisson spectra are reported in Fig. 2
for two pressure values. Spectra were measured at severd
incident energies across the L threshold (dots in the inset). The
spectra plotted with thick lines are taken at the resonance of
Yb* and Yb*. The series of spectra teken at the different
pressures have been decomposed in ther divaent and trivaent
component. In the fitting procedure the presence of fluorescent
emisson (a congtant outgoing energy) must be taken into
account as soon as the 2+ resonance is crossed. The vaence
vaue was again caculated as v=2 + [?*/( I?* + I*"), 1*" and I**
being the intensity values of each component at its resonance.

As a third way to extract the vaence we took advantage of
RXES spectra measured with incident energy well below the L
absorption threshold. The andyss is more straightforward since
no fluorescent component is present yet, and the trivalent
component is better seen because the divaent resonance is ill
far. Of course these spectra are less intense and corrections due
to the different distance from the resonances of the two
components can be needed. Figure 3 shows these low intengity
spectra at different pressures. With normdization to the divaent
pesk, the intendty of the trivdlent component indicates the
vaence change.

Figure 4 summarizes the different valence estimates: the spread of
these values gives the resdua uncertainty, which isless than 0.05.

The discussed results have been submitted to Physical Review B.
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Fig. 2. RXES spectra of YbS at selected energies
indicated in the inset.
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Fig. 3. RXES spectra excited well below threshold.
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Fig. 4. Vaence values estimates from the analysis of
La; Partiad Fluorescence Yield (circles) and L;
Resonant Inelastic X-Ray Emission spectra (vs. hny
with triangles, well below threshold with sgquares).




