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Abstract 

A grand challenge in the field of correlated-electron physics is the transition from conceptual 

understanding of collective ordering phenomena to their control and design. We will outline 

recent results of an experimental program designed to meet this challenge through the 

synthesis and characterization of metal-oxide superlattices, with particular emphasis on 

copper and nickel oxides. We will show how spectroscopic methods such as resonant x-ray 

scattering, spectral ellipsometry, and Raman scattering can be combined to obtain a 

comprehensive description of the electron system in metal-oxide superlattices, and how the 

phase behavior of correlated electrons in these structures can be controlled by modifying the 

occupation of transition metal d-orbitals, the dimensionality of the electron system, and the 

electron-phonon interaction. 
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Abstract 
In 5d Iridium oxides, a large spin-orbit coupling of ~0.5 eV, inherent to heavy 5d elements, is not small as compared with 

other relevant electronic parameters, including Coulomb U, transfer t and crystal field splitting D, which gives rise to a 

variety of exotic magnetic ground states. In the layered perovskite Sr2IrO4, spin-orbital Mott state with Jeff=1/2 is realized 

due to the novel interplay of those energy scales [1-3]. Despite the strong entanglement of spin and orbital degrees of 

freedom, Jeff=1/2 iso-spins in Sr2IrO4 was found to be surprisingly isotropic, very likely due to a super-exchange coupling 

through almost 180° Ir-O-Ir bonds [4].  The temperature dependence of in-plane magnetic correlation length of Jeff=1/2 

iso-spins, obtained from inelastic x-ray resonant magnetic scattering, was indeed well described by that expected for two-

dimensional S=1/2 Heisenberg antiferromagnet [4]. Such Jeff=1/2 2D Heisenberg magnet was recently shown to be 

tailored using SrIrO3/SrTiO3 super-lattice structure [5]. 

      When Jeff=1/2 iso-spins interact with each other through 90° Ir-O-Ir bonds, very anisotropic bond dependent 

ferromagnetic coupling is expected, unique to strong SOC system. Complex Ir oxides with honeycomb and more recently 

identified hyper-honeycomb lattices [7], where x-, y- and z- 90° Ir-O-Ir bonds are realized, may be candidates for 

quantum spin liquid expected for the Kiatev model. Very likely due to the superposition of additional magnetic couplings 

not included in the Kitaev model [8], in reality, a long range magnetic ordering emerges at low temperatures in those 

compounds. Hyper-honeycomb b-Li2IrO3, though eventually show a marginal ordering, appears to be located at the 

critical vicinity to the Kitaev spin liquid. 

      In this talk, we focus on those exotic magnetisms in complex Ir oxides. 
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Abstract 

Novel Josephson junctions with triplet superconductors and magnetic tunneling 

barriers provide an excellent opportunity to observe the interplay of ferromagnetism 

and superconductivity in a controlled setting. In the theoretical study of Josephson 

junctions, it is usually assumed that the properties of the tunneling barrier are fixed. 

 

This assumption breaks down when considering tunneling between two triplet 

superconductors with misaligned d-vectors in a TFT-junction (triplet–ferromagnet–

triplet). Such a situation breaks time-reversal symmetry, which radically alters the 

behaviour of the junction, stabilizing it in a fractional state, i.e. the free energy 

minimum lies at a phase difference intermediate between 0 and π. Fractional flux 

quanta are then permitted at the junction. A further consequence of the d-vector 

misalignment is the appearance of a Josephson spin current. Recent experimental 

progress allows to fabricate thin films of the triplet superconductor Sr2RuO4 which 

opens the route for these new devices and possibly also for superspintronics. 
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