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Temperature- and hole-doping-induced metal—insulator
transitions via symmetry breaking in a cobaltite
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Metal-insulator Transition (MIT) is a kind of phenomenon demonstrating huge
resistivity changes, and has been widely observed in strongly correlated systems.
It 1s often found accompanied with breaking of the charge, spin and/or orbital
degrees of freedom. In cobaltites, the competition between crystal field (CF),
on-site Coulomb correlations, and the intra-atomic exchange energies leads to an
spin-state degree of freedoms (SSDFs) for Co’" ions in terms of three possible
spin states: the low spin state (LS, tzgéego), the intermediate spin state (IS, tzgseg]),
and the high spin state (HS, t2g4eg2). The MIT in RBaCo,0:s 5., can be induced by
temperature, pressure and also hole doping. The temperature induced MIT was
observed in the paramagnetic phase of RBaCo,0ss5 in conjunction with a
concurrent anomaly in the inverse magnetic susceptibility that is generally
attributed to the spin-state transition (SST). However, no satisfactory
mechanism has been established for elucidating the correlation between the
spin-state degree of freedom and the MIT. Moreover, consensus hasn’t been
reached on the detailed crystal structure of RBaCo,0ss., To investigate the
nature of the MITs in RBaCo,0s s+, we have carried out a multi-probe study on
PrBaCo,0s5 5+, (0 < x <0.24) polycrystalline samples using neutron, electron and
X-ray beams.

Through careful structural study, we found a unified mechanism that dominates
the temperature- and hole-doping-induced MITs in the PrBaCo,0Os 5., system.
Specifically, this mechanism involves symmetry breaking coupled with a
spin-state ordering (SSO) in the paramagnetic phase. We find that the spatial
distribution of spin-state can be affected by tuning both the temperature and
hole-doping fraction. This result reveals a complex Co 3d - O 2p hybridization
in PrBaCo,0s s+,, which may also occur in other systems with SSDFs.
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CoO monoclinic peak splitting by SuperHRPD
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High—-resolution powder neutron diffractometer is unique tool to study
unexplored physical mechanism which is inaccessible by typical powder
neutron diffractometer in condensed matter physics and material science. In
contrast to single crystal neutron diffractometer, we can employ it to
determine both crystal and magnetic structure precisely without ferroelastic
domain problem which is usually happened in structural phase transition. Thus,
high—-resolution powder neutron diffractometer has the advantage to study
phase transition problem.

Super High Resolution Powder Diffractometer(SuperHRPD, BL08) has been
installed and operated at MLF, J-PARC [1,2]. The best resolution Ad/d=0.035%
is comparable with synchrotron X-ray diffraction. Here, we employed this
unparalleled powder neutron diffractometer and found CoO monoclinic peak
splitting which couldn’ t detectable by typical powder neutron diffractometer.
The monoclinic peak splitting is essential to solve the debate of CoO phase
transition mechanism [3].
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Analysis of ordered/disordered structure in hydrides
with total scattering technique
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Construction and Development of Village of Neutron
Resonance of Spin Echo (VIN ROSE)
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Development of Focusing Mirror and Detector for
Neutron Reflectometer SOFIA
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Structural Study of Battery Reaction
by Using Operando Technique on SPICA
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Improvement of HRC in FY2015
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