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Report:

This experiment was the continuation of experiment HE1798 “Valence Investigation of Heavy Fermions near a
Quantum Criticd Point”. The am of the two experiments was the investigation of the eectronic changes driven by
pressure and temperature on the Yb heavy fermion compounds YDbNi,Ge, and YbRh,S, . During the beamtime
alocated to proposal HE1789 we studied separately the effect of pressure and temperature. In the new beamtime
we investigated P and T amultaneoudy. This was possible thanks to a dedicated setup: the low T, high P equipment
was provided by the Laboratoire de Physique des Milieux Condensés (Paris). It congdts of a liquid He flow
refrigeration system for the Diamond Anvil Cell. The pressure is changed through a gas membrane, and is measured
in situ by ruby luminescence. With this setup it is possible to reach the lowest temperature of 20 K and the highest
pressure of about 20 GPa

In the experimentd report HE1789 we dready outlined the main features of the physics of YbNi,Ge, and
YbRh,Sk, . These are here summarized and the results of the recent experiments are given.

The ground state properties of the Kondo lattice systems Y bNbGe, and YbRh,Sk, depend on the coexistence
of Kondo and RKKY interaction. The competition between the two interactions, related in opposite ways to the
coupling of nearly locdized f moments and exterded conduction electrons, leads these systems towards a magnetic
ingability and eventualy to amagnetic quantum critica point.

Changes in the eectronic properties of these compounds have been investigated by studying their resdtivity,
specific heat and magnetic measurements [for ingance in Refs. 1,2]. Itispossbleto gain direct ingght into dectronic
interactions by investigating how the hybridization strength is affected by pressure and temperature. As proved by
some experiments in the recent years, Resonant Inelastic X-Ray Scattering (RIXS) is a well suited technique to
detect even smdl changes in the dectronic dructure of mixed-vaence compounds [3]. Moreover, when it is
performed in the hard X-ray energy range, RIXS alows to study samples theat are in diamond anvil pressure cdls.
The results of the new measurements are reported in the figures below .

We measured the La ; (3d-2p) RIXS excited dong the L edge of ytterbium, as afunction of pressure, both at
room temperature and at the lowest reachable temperature (the room temperature data had been measured during
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Exp. HE1798 and were repesated for reference). Figures 1A and 1B refer to YbRh,Sk, Figures 2A and 2B to
Y bNi,Ge,. The main panels present RIXS spectra as a function of pressure, excited at the resonance of the divaent
configuration of ytterbium. Spectra were normalized to the peak of Yb3+ for comparison. The insats contain the
Partid Huorescence Yield spectra

We give here some comments about YbRh,Si,. As dready expected from the measurements of the previous
experiment, at low temperature a strorg increase of the divalent component is seen. Thisis consistent with the sudden
drop in resstivity observed in Ref. 4: a decrease of resgtivity indicates the formation of a coherent state. Our
spectroscopic results alow to associate it to the stronger tybridization of 4f and 5d dtates, that leadsto adiminution
of the 4f occupation number. At increasing pressure Y tterbium becomes completely trivaent above 10 GPaat low
temperaturg ie. its configuration will be 4f, with a single unpaired spin in the 4f shdl. Consgtently, magnetic
(M 6ssbauer) measurements [5] reved the gppearance of magnetic moments above 10 GPa at low temperature.

The detalled andysis of these results will dlow to extract the precise 4f dectron count in a wide region of the
(P,T) space and thus to relate the eectronic structure to trangport and magnetic properties.
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Fig. 1A. RIXS spectraof YbRh,Si,vs. Pat 30 K. Fig. 1B. RIXS spectraof YbRh:Si;vs. Pat RT.
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Fig. 2A. RIXS spectraof YbNiGe; vs. Pat 30K. Fig. 2B. RIXS spectraof YbNi,Ge,vs. P at RT.
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