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Cyclotron Resonance Studies of the Underdoped Cuprate YBa2Cu3O6+y
Singleton, J.; Beedle, C.; Harrison, N.; Ramshaw, B. (NHMFL, Los Alamos); Marbey, J.; Bhaskaran, L.; Komijani, D.; Greer, S. and Hill, S. (NHMFL, Tallahassee)
Introduction

Cyclotron resonance measures the dynamical mass of band quasiparticles. A comparison of the dynamical mass with the effective mass measured in the de Haas-van Alphen effect gives invaluable information on the interactions that contribute to the properties of the quasiparticles [1]. The cuprate superconductors are prime targets for a cyclotron resonance measurement. However, their short scattering times and high upper critical fields are an obstacle [2]. 
Results

A Millimetre-wave Vector Network Analyzer (MVNA), with ESA extensions providing frequencies from 400 to 800 GHz, was used as source and detector for the cyclotron resonance measurements. A high quality underdoped cuprate single crystal was placed in a double-waveguide insert providing a Faraday-geometry transmission configuration. Magnetic fields were provided by a 35 T Bitter magnet. The temperature was kept at 10 K, to lower the upper critical field to 20 T; cyclotron resonance should be observed in the normal state. 
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A plethora of absorptions, sensitively dependent on the circular polarization state of the radiation, the field direction (i.e. up or down) and the configuration of the sample were observed. The figure gives a summary of these absorptions. At certain frequencies, the upper critical field (red points) was observable as a wide drop in transmission. A broadened absorption around 800 GHz is thought to correspond to EPR (purple points); it is close to the frequency versus field relationship expected for g = 2 (cyan line), though its width and lineshape made it difficult to establish an exact resonance position. Two features with negative frequency versus field slopes (blue points- the purple lines are guides to the eye) are Josephson plasma resonances [3].
     Besides the above features, part of a very broad, and at some frequencies, very strong, absorption could be discerned close to the limiting field of 35 T (green points). In the yellow shaded region, only the low-field limit of this feature was visible. Given its width, lineshape and position (corresponding to a dynamical mass of ~1.5 times the mass of a free electron), this might well represent the cyclotron resonance. Experiments at higher fields will be necessary to confirm this.
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