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High Magnetic Field and High-Frequency Cyclotron Resonance Studies of the Underdoped Cuprate YBa2Cu3O6+y (YBCO) and Related Materials
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Introduction
High magnetic field studies continue to be of crucial importance in the study of strongly correlated electron systems, such as heavy fermion systems and unconventional high Tc cuprate superconductors. In the latter high Tc materials, (for example the underdoped superconductor YBa2Cu3O6+x (or YBCO)), the normal ground state can only be accessed by suppressing the superconductivity with the application of appreciably high magnetic fields. Furthermore, recent high magnetic field studies revealed quantum oscillations in YBCO consistent with a small electron-like pocket [1], revealing the original large hole-like Fermi-surface to be reconstructed by a form of broken translational symmetry. The magnitude of the effective mass seen in quantum oscillation experiments suggests that the quasiparticles are strongly renormalized relative to band structure calculation estimates [2]. There is further evidence from quantum oscillation measurements that the degree of renormalization increases in the vicinity of a quantum critical point near optimal doping [3]. In spite of immense progress having been made, the origin of the mass renormalization still remains unknown. However, the relative importance of electron-electron and electron-phonon interactions can in principle (via Kohn’s theorem) be inferred by a comparison of the quantum oscillation and cyclotron effective masses. While the effective mass measured in quantum oscillation experiments is sensitive to all sources of mass renormalization, that observed by way of cyclotron resonance is expected to be mostly unaffected by electron-electron interactions. Cyclotron resonance measurements on YBCO are therefore of crucial importance for understanding the relevant interactions.

Experimental


We have performed numerous experiments at the Pulsed Field Facility at LANL in Los Alamos on underdoped YBCO and a myriad of heavy fermion systems. In particular, and most pertinent to the proposed magnet time in Tallahassee, are quantum oscillation experiments [4,5]. It is these experiments that prompted us to explore the proposed cyclotron resonance experiments. In addition, we have designed a series of resonant cavities and waveguide assemblies specifically for electron paramagnetic resonance and cyclotron resonance studies (see figure 1.). The cavities have been tested employing other strongly correlated electron systems such as the heavy fermion YbRh2Si2 with great success. Cyclotron resonance studies on YBCO requires both high-fields and high-frequencies to access the appropriate energy scaling. To address this, we recently purchased a series of extensions, i.e. harmonic multipliers, amplifiers and Schottky diodes that when used in conjunction with our Millimeter-Wave Vector Network Analyzer (MVNA) extends our working frequency range to 1 THz

Results and Discussion

Cyclotron resonance experiments were conducted employing both sensitive cavity perturbation and transmission techniques. We believe that there is a possibility that quantum oscillations and CR may have been observed; however, technical/equipment issues limited our first pass at investigating this material. 
Conclusions

We will return to the DC facility in Tallahassee (March of 2016) to continue cyclotron resonance studies of YBCO.
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