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Terahertz spectroscopy of metal-insulator transition in Ti-doped Ca ruthenate
Yu, S. and Talbayev, D. (Tulane University, Physics);  Burch, A. and Hilton, D.J. (The University of Alabama, Birmingham, Physics);  McGill, S.A. (NHMFL, Tallahassee)

Introduction

Recently, colossal magneto resistance and an anomalous collapse of the Mott insulating state under a modest magnetic field were reported [1] in Ti-doped ruthenate Ca3Ru2O7. In addition to resistivity, the magnetic field modifies the magnetic and lattice structures in the material.  This magnetic-field driven metal-insulator transition is intriguing because the Mott state is usually stabilized by the magnetic field.  The new observation calls for “deeper theoretical study to reexamine the magnetic field tuning of Mott systems with magnetic and electronic instabilities and spin-lattice-charge coupling”.  At the same time, the phenomenology of the transition needs to be examined more closely to consider other possible theoretical interpretations, perhaps such as the possibility of the Slater transition in the compound.  We aimed to carry out THz spectroscopic study in magnetic field to distinguish between the Mott and Slater interpretations of the metal-insulator transition in Ca3(Ru1−xTix)2O7.
Experimental


We used the DC field facility of NHMFL in Tallahassee, specifically the resistive split helix 25 T magnet in Cell 5 coupled to a THz time-domain spectroscopy setup.  The THz part of the setup was based on the amplified Ti:Sapphire femtosecond laser and utilized air plasma for THz generation and air breakdown coherent THz detection.  Our goal was to measure optical THz transmission of thin Ca ruthenate platelets with doping Ti doping levels of 3-10 %.  THz transmission is zero in the metallic state and is high when the material becomes insulting.  The behavior of the optical transmission is indicative of the opening and closing of the gap in the electronic density of states with temperature and magnetic field.  
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The main challenge in these experiments is the difficulty of steering and focusing THz beam on the sample inside the magnet.  THz light is not visible to the eye;  THz beams can be highly diverging over long distances due to diffraction at long wavelengths (1 THz corresponds to 300 m wavelength in vacuum).  To align and calibrate the THz optical setup, we used a large area (10x10 mm) thin InSb wafer as the sample.  An example of a THz measurement on InSb is shown in Fig.1.  For measurements in high magnetic field, a reference measurement without a sample is not possible.  We use a high-field THz spectrum as a reference spectrum for a low-field measurement.  The main observation in Fig.1 is the absorption of THz light at the frequency of the electron cyclotron resonance in InSb.  The measured data are successfully fit using a Drude model dielectric function for InSb [2].


The experiments on Ca ruthenate crystal platelets were not successful.  A reduction of the sample size to ~2 mm and a lower THz transparency of the material became prohibitive and did not allow a measurement of light propagated through the sample.  
Conclusions

For successful THz spectroscopic studies of small samples with low transparency, a different setup for steering and focusing the THz beam is needed.  The current setup uses free space propagation, steering parabolic reflectors, and THz lenses.  A proposal to use light pipes of 10-12 mm diameter for guiding THz light is being considered as an alternative.
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Fig.1 THz transmission of semiconductor InSb.  The resonant absorption is due to electron cyclotron resonance.








