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[ Electron Hybridized States and Optical Conductivity in Ce and Yb Compounds at High Pressures
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A review is given on our recent optical conductivity [o(w)] studies for heavy fermion Ce and Yb compounds under
high pressure. Diamond anvil cells were used to generate high pressures and synchrotron radiation at SPring-8 was
used as a bright infrared source. In the measured o(w) spectra, a marked peak is observed in the mid-infrared range
due to a high density of 4f-derived states near the Fermi level. The infrared peak exhibits significant shifts toward high
and low energies in Ce and Yb systems, respectively. These opposite tendencies in Ce and Yb systems are discussed
in terms of pressure-induced shifts of the 4flevel, and in terms of the electron-hole symmetry.

[high pressure, optical conductivity, f electron states, intermediate valence, CeRhIns, YbNi3Gay, YbCu>Gez, diamond
anvil cell, infrared synchrotron radiation]
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Fig. 1. Illustration for the f1 (Ce*")and f° (Ce*") configurations in Ce and f13 (Yb*")and f* (Yb*)in Yb
with their pressure responses. Here, ¢ denotes a conduction electron, and % a hole in the 4f shell.
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Fig. 2. (a) Schematic diagram for an infrared reflectance study using a diamond anvil cell (DAC). (b) Example of a sample

sealed in a DAC with a gold film and a ruby piece, which serve as a reference of reflectance and a pressure sensor,
respectively[13,14].
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Fig. 3. Temperature (7) — pressure (P) phase diagrams of (a) CeRhIns [20] and (b) YbNizGao [31,32]. The symbols indicate
the following: AF: antiferromagnetic, PM: paramagnetic, SC: superconducting, 7~ and 7c: AF and SC transition temperatures,
respectively. The horizontal arrows indicate the lowest temperature where the high-pressure measurements were made.
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Fig. 4. Optical conductivity (o) of (a) CeRhIns and (c) YbNi3Gay at high pressures and low temperatures [8]. Schematic diagrams
for optical processes (b) Ce and (d) Yb compounds. Er and € indicate the Fermi level and 4f electron level, respectively. The
green arrows indicate a pressure-induced shift of the 4f level suggested by the data. For simplicity, effects of spin-orbit coupling
are neglected here.
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Fig. 5. Contrasting pressure evolution of o(w) observed for (a) CeRhIns and (b) YbNizGao [8]. The spectra are vertically offset
for clarity, and the filled triangles indicate the infrared peak position in o(w).
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Fig. 6. (a) o(w) of YbCuxGe: at high pressures and at 295 K [9]. (b) Pressure (P) dependence of the peak energy (£1r) in (a) and
A2 from Ref. [34], where A is the T? coefficient of the resistivity and A2 o m*.
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Fig. 7. Schematic diagrams for the pressure evolution of 4f state in Ce (a-c) and Yb (d-g) compounds. CB and P denote the
conduction band and pressure. In (d)-(g), an unoccupied f* state above Er is equivalent to an occupied f13 state below Er. For
simplicity, splittings due to final state multiplet and spin-orbit coupling are not included. Note that in reality pressure cannot drive
the system to a perfectly Ce** or Yb** state.
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