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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 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) and two-dimensional Fourier transform (2DFT) experiments systematically on the GaAs/AlGaAs and transition-metal dichalcogenides (TMD) materials. 
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 and FWM measurements. We also collected preliminary data on MoSe2 and WSe2 up to 10 Tesla. The measurements were taken in cell 1 and 5. 
                                                                                                    Results and Discussion
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We have performed two-dimensional Fourier transform spectroscopy on undoped and modulation doped quantum wells in external magnetic fields as high as 10 Tesla. We observe distinct differences in the Landau levels in the two samples. In the undoped sample we observe the formation of a novel state of matter that is generated by the Coulomb induced nonlinear scattering of quasiparticles. Thus, the discrete and degenerate Landau levels are coupled to a continuum state. The characteristic signature of this peculiar continuum state is the emergence of elongated spectral line shapes at the Landau level energies, which are exposed by the multidimensional nature of our spectroscopic technique. This behavior is expected to be further enhanced in the modulation doped sample by the increased probability of scattering events, due the higher concentration of free carriers. Surprisingly, the elongation of the lines in the two-dimensional frequency plot is completely absent in the lowest Landau level spectra obtained from the modulation doped quantum well between 8 and 10 Tesla. (Fig.1 A). The work is under review in Physical Review Letters. 

Furthermore, we have measured the absorption measurements and FWM for the doped quantum well up to 25 Tesla. We observe an interesting behavior in dephasing decay/homogeneous linewidth (Fig.1 B) which is opposite for LL1 and LL0. We are further investigating this effect experimentally and theoretically. We have also observed and interesting change in the excitonic dephasing of TMDs under magnetic fields up to 10 Tesla.  
Conclusions
We observe distinct differences in the Landau levels in the two samples. In the undoped sample we observe the formation of a novel state of matter that is generated by the Coulomb induced effects.
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Fig1. (A) Simplified schematic of the Landau levels and band structure in the undoped (left) and modulation doped (right), leading the 2DFT lineshapes observed experimentally. (B) (Left) Absorption spectra of the lowest Landau levels. (Right) Homogeneous linewidth versus magnetic fields up to 25 Tesla for LL1 and LL0. 












