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THz Time-Domain Magneto-Spectroscopy of GaAs 2DEG in the 25 T
Split-Florida Helix
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IntroductionFig. 1 A gas plasma based Optical pump-THz probe time-domain spectrometer with Split Helix magnet system.
Pump signal

	THz time-domain spectroscopy (TTDS) is a method used for exploring the electronic and quantum properties of two dimensional electron and hole gases by tracing the effect of these materials on the amplitude and phase of THz radiation. We have developed a gas plasma based THz time–domain spectrometer coupled with an air-biased coherent detection (ABCD) system, to study Landau quantized 2 DEG samples, in the 25 T Split-Florida Helix magnet at the National High Magnetic Field Laboratory (NHMFL).
Experimental 
	The experimental setup utilizes a 5 mJ, 25 fs titanium:sapphire amplifier operating at 1 kHz and is depicted in Fig. 1. Through the use of non-linear optics, we generate far- infrared THz pulses with energies of several nJ and with frequencies reaching 10 THz.  The near-infrared beam is split into a THz generating beam, a gate beam that passes through an optical delay line and acts as the probe signal, and a pump signal that photo-excites the sample. The ABCD system uses a high voltage modulator to generate frequencies at the second harmonic and is then detected by the PMT. Fig. 2 plots the transmitted THz electric field in free space as a function of time and frequency of the system. 						Fig. 2 Transmitted THz electric field and calculated spectrum through Split Helix without sample and probe. 

Results and Discussion 
	We have recently performed the first TTDS measurements on a 18 nm GaAs two dimensional electron gas sample (VA0719) in this magnet system with varying magnetic field strengths up to 25 T. Fig. 3 (a) shows the difference in the pumped and un-pumped transmitted THz electric field signal through the sample held at 13 K and 22.5 T at a pump delay of 20 ps. The data seems to suggest that not only is there a dependent change in THz electric field intensity, but that there is a shift in the THz phase upon varying the magnetic field strength. This might be due to a change of the sample index of refraction with varying magnetic fields. This behavior is plotted in Fig. 3 (b).  An induced absorption at approximately 4.2 THz does not correspond to any known IR-active phonon mode within the structure of the 18 nm GaAs heterostructure. Fig. 3 Contour plot of the difference ΔE between the pumped and unpumped THz transients at varying B  2.5 T data was not taken and is absent from the colormap

Conclusion
	Using this custom designed spectrometer, we have successfully achieved larger bandwidth (approx. 0.1-10 THz) compared to traditional fiber-based experimental techniques and are seeking to further improve this bandwidth by implementing a gas flow cell into the generation portion of the experiment. 
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