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A new Compton spectrometer has been constructed at ID15B, ESRF. This spectrometer provides a higher count rate with a better
momentum resolution using 90-keV high energy X-rays, compared with the 60- and 30-keV ones, currently operating. We show that it
is possible to routinely carry out a 2D Fermi surface reconstruction experiment on complex materials, which include heavy elements, in

a reasonable beam time ( - one week ).

Why do we study Fermi surface ?

o The many of transport properties of solids, e.g. resistivity (including superconductivity), thermal
conductivity, are understood based on behaviours of conduction electrons. In momentum space, the
conduction electrons can be described by characteristic structures, so-called Fermi surface(s),
whereas in real space they are represented by extended wavefunction. Fermi surface is defined as
the boundary between occupied and unoccupied states in momentum space.

How do we investigate Fermi surface(s) ?
- Compton profile measurement, reconstruction and LCW folding

o Compton scattering energy spectrum would show a single line, which is uniquely determined by the
scattering geometry (energy-momentum conservation), for an ideally stationary electron. An actual
spectrum is broadened because of the Doppler shift, resulting from the primary
momentum of the electron contained in a sample. Compton profile experiments investigate
the electron momentum distribution by analysing this Doppler broadening.
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oThe Doppler broadening provides information only about the momentum along the scattering axis (p,
direction) , whereas it integrates the momentum density along the other axes. The integral(s) can be
solved by a reconstruction technique with CP’s measured on several directions. Finally, Fermi
surface signals are enhanced by folding the momentum density into a 1t Brillouin with respect to
reciprocal lattice vectors G’s, so-called Locks-Crips-West (LCW) folding.

However, a reconstruction experiment is rather time-consuming because data have to be

taken with high statistics and a good resolution for all directional profiles in order to
extract weak and fine Fermi surface signals. It is even more serious for complex

materials, comprising many electrons irrelevant to the Fermi surface.

How do we get good data (in limited beam time) ?
- 90-keV new Compton spectrometer

o The idea of the spectrometer is based on the combination of two bent Laue crystals. The bent Laue
monochromator leads to a better focusing (for resolution) and an optimisation of a band width (for
flux) yet a large energy gradient (~2 keV at 9o keV). The analyser operates with so-called Dispersion
compensation geometry to compensate the large energy gradient from the monochromator. Since
the Compton shift (E-E) is independent of the primary energy, the analyser reflects various energy
but same p, X-rays. [ P. Suoriti et al. NIM Ad47 1541 (2001) ]
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Results
nN-Mo 4O11
o Typical low-dimentional (2D) material, an anomaly of resistivity at 109K due to the charge density wave

(CDW) . From the theoretical point of view, it is believed that the CDW originates from an instability in
the Fermi surface geometry. The theoretical Fermi surface needs to be examined by experiments.
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* We have observed the important feature of the Fermi surfaces (for CDW), hole
channels running from Y to Z, in the momentum density. It validates the adequacy
of the theoretical Fermi surface.

Ba, ;K;BiO,

o 3 D-superconductor, metal-insulator transition at d~0.3, accompanied with several structural
transitions (cubic — orthorhombic - monoclinic) due to a CDW instability. Fermi surface is crucial
information in understanding of these complicated phenomena.

Perovskite-type (pseudo) cubic structure Theoretical prediction of Fermi surface

S. Sahrakorpi et al. PRB 41 7388 (2000)
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» The Fermi surface evolution, caused by K-doping, has clearly been detected in the
momentum densities. The square-like shape of the experimental data at §=0.13, not
seen in the theory, seems to represent the modification of the Fermi surface by
CDW. (Analysis still in progress)
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