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Introduction
Electron spin resonance (ESR) and cyclotron resonance (CR) are vital in the study of electronic structure and magnetism of materials. For example, CR can yield the strength of electron-electron correlations via the dynamic mass, and determine the Fermi surface topology. However, very high magnetic fields are required to extend CR to heavy mass and/or disordered correlated-electron systems, and to cuprate superconductors, where the upper critical field must be exceeded. Similarly, magnetic fields ~ 100 T in conjunction with high-frequency ESR could access the magnetic interactions in highly anisotropic spin-gap materials and molecular quantum magnets, probe phase transitions in f-electron systems, and examine the electronic structure of organic radicals. Pulsed magnets are therefore required for such ultra-high-field CR and ESR experiments; but the resulting extreme environment presents challenges in resonant cavity, waveguide, and probe design.
Experimental

We have designed numerous metallic and dielectric resonators (Fig 1), waveguide assemblies and cryogenic systems for use in NHMFL-PFF superconducting and pulsed field magnets [1]. In addition to the cavity perturbation techniques (resonant cavity techniques), we have designed a transmission probe system that will allow measurements on isolated single crystals or powders. To address the need for high frequencies, we purchased a series of harmonic multipliers, amplifiers and Schottky diodes that when used in conjunction with our Millimeter-Wave Vector Network Analyzer (MVNA) provides a totally tunable/sweepable working frequency range between 40 GHz and 1 THz. The probe systems in conjunction with our high frequency capabilities will be particularly useful for cyclotron resonance and electron paramagnetic resonance studies of high Tc cuprate superconductors and highly anisotropic systems where both high magnetic fields and high frequencies are required.
Results and Discussion

Preliminary ESR and CR measurements have been performed on a number of systems employing cavity perturbation and transmission techniques. Most notably, temperature dependent and frequency dependent ESR measurements have been performed up to 9.5 T (471 GHz) on the heavy fermion YbRh2Si2 that clearly reveals a, phase-transition driven, systematic decrease in ESR line intensity with increasing frequency which demonstrates the high sensitivity of our system. We have also performed numerous other ESR and CR experiments on numerous heavy fermion systems, molecular magnets and strongly correlated electron systems. 
Conclusions
Preliminary experiments employing our resonant cavity and transmission systems have yielded resonant conditions exceeding 750 GHz. Current efforts are underway to develop a modular probe system capable of extremely sensitive measurements up to, or exceeding, 4 THz that can be adapted to work in pulsed magnetic fields, approaching 100 T.        
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Fig.1 Resonant cavities with fundamental frequencies of 150, 66 and 44 GHz (left to right) and waveguide assemblies that have been tested employing EPR and cyclotron resonance techniques.









