2023 48th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz) | 979-8-3503-3660-3/23/$31.00 ©2023 IEEE | DOI: 10.1109/IRMMW-THz57677.2023.10298921

THz and Mid-Infrared Linear Dichroism in the High T. Superconductor
Laz_XSrXCuO4

D. George', T. LaFave Jr.', A.G. Markelz', X. He?, I. Bozovié,? and J. Cerne'
"Department of Physics, University at Buffalo, SUNY, Buffalo, NY, 14260 USA
’Brookhaven National Laboratory, Upton, NY, 11973 USA

Abstract—We measure the rotation of the linear polarization of
light that is transmitted through a high T. superconductor film as
a function of sample orientation. We observe a linear dichroism
signal over the entire probing range from 2 to 230 meV, which is
consistent with anisotropic in-plane conductivity. The La>
SrxCuOs thin film sample is epitaxially constrained to be
tetragonal, so the symmetry breaking is purely electronic.

I. INTRODUCTION

ymmetry breaking in cuprate high Tc superconductors

(HTS) has been predicted long ago [1l, 2] and has been

observed more recently in THz [3, 4], mid-infrared (MIR)
[4] and near-infrared [5, 6] polarization-sensitive
measurements. Symmetry breaking has also been observed in
dc angle-resolved transverse resistivity measurements [7, 8].
Most of the measurements have observed a twofold rotational
symmetry breaking that is consistent with anisotropic
conductivity in the plane of the HTS film. The origin of this
nematicity is still unresolved.

II. RESULTS

In this work we explore an underdoped La;SryCuO4
(LSCO) film with a T of 12 K. The film was 26 nm thick (20
unit cells) and was grown by molecular beam epitaxy as
described in Ref. [8]. The film was probed in the THz and MIR
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Fig. 1. Polarization rotation of transmitted light at 0.117 meV as the sample
orientation is rotated at 30 K.

using techniques that are described in Ref. [4]. Figure 1 shows
how the polarization of transmitted light with an energy of
0.117 eV (wavelength of 10.6 wm) is rotated as the sample
orientation is changed at 30 K. This signal is consistent with
linear dichroism (LD), where light polarized along one axis of
the film is absorbed more strongly than light polarized in the
perpendicular direction in the plane of the film. The amplitude
of the LD signal is indicated by the red arrow. The LD signal
decreases monotonically with increasing temperature but is still
observable at room temperature. Figure 2 shows the frequency

dependence of the LD signal amplitude. The LD signal
amplitude strongly decreases with increasing probe energy up
to 0.23 eV. This contrasts with our measurements on
underdoped YBaxCuszOg+x HTS films [4], where we observed a
broad resonant enhancement of the LD signal near 0.1-0.6 eV.
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Fig. 2. Polarization rotation amplitude as a function of photon energy at 30 K.

III. SUMMARY

These are the first THz and MIR polarization-sensitive
measurements in a tetragonal LSCO film. We observe a strong
LD signal over the entire frequency range and up to room
temperature. Future measurements that explore the doping,
temperature, and frequency dependence of the LD signal will
provide further insight into the mechanism responsible for this
symmetry breaking.
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