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Toward time-domain terahertz spectroscopy in pulsed magnetic fields
Post, K.W., Rickel, D.G., Mielke, C.H., Crooker, S.A. (NHMFL-Los Alamos); Kono, J., Li, X.W. (Rice University)
Introduction
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Magneto-optical measurements in the far infrared wavelength range are of fundamental importance in condensed matter physics. Such measurements are often conducted using time-domain terahertz spectroscopy (TD-THz), which spans the frequency range from ~0.1-3 THz and offers the additional benefit of directly measuring the electric (E) field, which allows the complex conductivity to be inferred without needing Kramers-Kronig analysis. However, the typical timescale of standard TD-THz measurements is of order 1 second, whereas many interesting phenomena only manifest in the high fields accessible in short duration (~5 ms) pulsed magnets. The inherent incompatibility of these two timescales has limited studies in numerous systems. To address this challenge, we are working towards a high-speed TD-THz capability coupled with a free-space pulsed magnet.
Experimental 
[image: image3.png]Using a TD-THz system from Toptica Photonics, we have performed preliminary studies of a YFeO3 crystal, which has a well-known absorption resonance in the THz range at room temperature. In Fig. 1a, the raw time-domain data is shown, where the THz E-field was oriented parallel to the crystal c-axis (E||c). Oscillations with a period of ~2ps are clearly observable in the transmitted E-field. By Fourier transforming the full time domain scan, and normalizing to a reference, we obtain the transmission spectrum in Fig. 1b, which closely matches previously published spectra. Importantly, periodic oscillations in the time domain indicate a sharp absorption resonance corresponding to the known antiferromagnetic (AF) resonance mode at ~0.5 THz, shown in Fig. 1b.
Concurrently, we have constructed a 1mF, 2kV, 2kJ capacitor bank to power a small tabletop pulsed magnet, for eventual use in prototyping these THz studies. Preliminary field profiles obtained from this system are shown in Fig. 2 for increasing bank voltages. Fields of 7 T were achieved, and higher bank voltage and further magnet design optimization should extend this range up to 15-20 T. Essentially, this miniaturized magnet can be easily incorporated into our TD-THz system to reveal any unforeseen complexities that may arise while coupling TD-THz into pulsed magnets. This integration process will thus inform the more difficult task of coupling the TD-THz into the larger 60T pulsed magnets here at the National High Magnetic Field Lab.  Additionally, the 20T fields achievable in this THz system will enable access to an experimental regime that is highly relevant to the study of condensed matter systems.
We have successfully demonstrated the capability of our newly acquired TD-THz system, by comparing our measurements to past results. Likewise, we have achieved fields in excess of 7T with our home built capacitor bank. Coupling these two systems together will enable novel experiments, and guide the development of more advanced THz measurements in pulsed fields.
Fig. 1: a) THz E-field transmitted through YFeO3 (E||c).  500 GHz oscillations are clearly seen. b) Corresponding transmission spectrum where the resonant AF-mode is indicated.





Fig. 2: Field profiles obtained from the home built capacitor bank and magnet system, while charging the capacitor bank to various voltages.








