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Exploring Two-Dimensional Electron Systems at Extreme Magnetic Fields

with Optical and Terahertz 2DFT Spectroscopy
Karaiskaj, D. (University of South Florida, Physics); Hilton, D. (University of Alabama, Birmingham, Physics) and Shan, J. (Pennsylvania State University, Physics)
Introduction 

The main objective of this proposal is the investigation of the fundamental many-body interactions at nanoscale of two-dimensional electron and hole gases at high magnetic fields. The main experimental goal in the proposed work is to perform coherent four-wave mixing (FWM) experiments systematically on the GaAs/AlGaAs and transition-metal dichalcogenides (TMD) materials. We have built a state-of-the-art instrument which resides at the NHMFL and can perform two-dimensional Fourier transform (2DFT) spectroscopy based on the coherent FWM signal at extreme magnetic fields up to 25 Tesla. 
Experimental


We have measured 2DFT spectra from one undoped and one modulation doped GaAs/AlGaAs quantum well at different magnetic fields from zero to 10 Tesla. We have performed preliminary absorption measurements up to 20 Tesla which are not shown here. We also collected preliminary data on MoS2 up to 20 Tesla. The measurements were taken in cell 1 and 5. 
Results and Discussion


We found interesting differences between Landau levels in the undoped and doped quantum wells. The Landau levels in the undoped quantum well (Fig. 1) show vertical elongation which are absent Landau levels in (Fig. 2) the modulation doped quantum well. In collaboration with theorists we are performing simulations in order to understand this effect.   
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 Conclusions

Striking differences between Landau levels in doped and undoped samples were observed. 
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Fig.2 2DFT spectra from a modulation doped quantum well. Left LL1 and right LL0 are shown at three different magnetic fields. 





Fig.1 2DFT spectra from an undoped quantum well. (a-b) Landau levels at 6.5 T and 10 T respectively. (c-d) The excitonic region at the same fields.   















