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Cyclotron Resonance Spectroscopy of Topological Insulators in 

Ultrahigh Magnetic Fields
Stier, A.V.; Rickel, D.; McDonald, R.D.; Mielke, C.H. (NHMFL-LANL); Pan, L. and Wang, K. (UCLA, Electrical Engineering)
Introduction 

Topological insulators are a new and distinct class of materials, which have been predicted in 2005 and observed in 2007. Materials in this class house a nominally insulating bulk and conducting surface states, which feature a Dirac-type dispersion relation at low energies. Further, unlike graphene where the states close to the Dirac point are four-fold spin- and valley degenerate, the unique spin-momentum locking in topological insulator surface states breaks those degeneracies and make those materials therefore a viable candidate for spin-electronics devices. However, material defects result in either heavy n- (or p-type) doping, which typically moves the Fermi energy into the bulk conduction (or valence) band and therefore mask the physics of the topological surface states.   
Experimental 
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Experiments were conducted at the 300T single-turn facility at NHMFL-LANL. Variable temperature (10K-300K) mid-IR laser (9.2 - 10.6 μm) transmission of 8 nm thin films of the topological insulator BiSbTe on Si substrate in magnetic fields up to 150T was recorded with a liquid nitrogen cooled mercury cadmium telluride detector. The polarization of the laser excitation was controlled to be either linear or left/right circularly polarized.  
Results and Discussion


Here, we study inter-Landau level transitions (cyclotron resonance) of topological surface states in the ultra-quantum limit. Figure 1a shows normalized transmission for a series of IR laser lines of the sample at T=80K when the excitation laser is electron cyclotron resonance active (CRA) circularly polarized. The feature at low magnetic fields diminishes for higher laser energy (and lower T, not shown here). The large absorption feature at higher magnetic fields is split in two, and exponentially decreases with increasing laser energy. The magnetic field position of the center of this feature is plotted in Figure 2 b. For an ideal Dirac system, the expectation for the shift of this feature is to follow a B1/2 dependence. Our observation of a linear magnetic field dependence highlights the substantial curvature of the dispersion relation of the topological surface states, especially at higher energy. This curvature, also observed in ARPES spectroscopy of topological surface states, results in a linear energy shift of Landau levels with magnetic field at high magnetic field, similar to what is observed in conventional 2D electron gases.          

These results highlight the utility of ultrahigh magnetic fields in order to access the physics of the lowest Landau levels in topological surface states.

Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490, the State of Florida, and the U.S. Department of Energy.
Fig.1 a: Normalized transmission of an 8 nm BiSbTe film at T=80K for a sequence of excitation laser lines with the laser circularly polarized (CRA: electron cyclotron resonance for positive B field). b Position of the center of the high B resonance feature.








