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Abstract-We explore the symmetry-breaking in cuprate high
temperature superconductors (HTS) as a function of energy (117-
2330 meV), doping, and temperature (30-300 K). We measure the
Faraday rotation angle O of transmitted radiation through thin
YBa:Cu307-x (YBCO) films as the sample is rotated. We observe two-
fold rotational symmetry in Or, which is associated with linear
dichroism (LD) that can be generally associated with symmetry
breaking. The LD signal shows a peak in the few hundred meV range
and is strongest in under-doped films.

[. INTRODUCTION

he rich behavior of cuprates is evident from their complex

phase diagram, consisting of numerous competing phases,
each with their own broken symmetry. Although symmetry-
breaking in cuprate HTS has been theoretically predicted long ago
[1], it is only recently that THz [2], near-infrared [3], and mid-
infrared [4] polarization-sensitive spectroscopy measurements
have discovered the presence of linear and circular polarization
anisotropies in cuprate HTS. We have measured linear
polarization anisotropies for a number of YBCO thin films grown
on LaSrAlO4 substrates over a broad frequency range. The
frequency dependence of these optical anisotropies may be crucial
to resolving the microscopic origin of the broken symmetry. For
example, since metals typically have a higher conductivity at
lower frequencies, one may expect that metallic stripes could

produce larger optical anisotropy as the probe frequency decreases.

The strongest LD signal is found in under-doped films, although
it is also observed in optimally- and over-doped samples. The LD
signal is consistent with an electronic nematic order [5] which is
decoupled from the crystallographic axes. All the HTS samples
show a 180° periodicity of the Or with respect to the sample
orientation.

II. RESULTS

Figure 1a) and b) show the energy dependence from 117-2330
meV of AOr (the peak-to-peak amplitude of the Or vs sample
orientation oscillation, as shown in the inset of Fig. 1b) for YBCO
films measured at 300 K and 30 K, respectively. The films in Fig.
1 are labeled as underdoped (UD), optimally-doped (OPD), and
over-doped (OVD) followed by their superconducting transition
temperature. For all the YBCO samples at 300 K, except OVD 85
K, ABr increases as the probing energy increases from 117 meV
toward 300 meV, and then decreases by 2330 meV. There is a
clear peak in ABr near 400 meV in the underdoped samples. ABr
plateaus above 600 meV. The LD signal for OVD 85 K is smaller
and decreases monotonically with energy above 117 meV toward
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Figure 1. Energy dependence of the A8 for various YBCO films at a) 300 K
and b) 30 K. The symbols are from measurements using discrete laser lines.
The solid red line for UD 70K from 150-500 meV is a second-order polynomial
fit to broadband FTIR measurements. Inset in (b) shows the B as a function of
the sample orientation and how ABg is defined.

2330 meV. The LD signals for the optimally doped films are even
smaller and show a small enhancement below 600 meV. We use
Fourier transform infrared (FTIR) spectroscopy to study a broad
range of energies to verify whether there is a peak near 400 meV.
The FTIR measurement for UD 70K at 300 K confirms the
existence of the peak near 400 meV. Similar behavior is observed
at 30 K in Fig. 1b). Figure 2 shows the temperature dependence of
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ABg for UD 70 K and UD 78 K at two different energies. At 132
meV, ABr for both samples increases when samples are cooled
while at 496 meV, the changes in ABr over the same temperature
range are much smaller. The small oscillations in the signals at 496
meV are probably due to random drift.
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Figure 2. Temperature dependence of AB¢ for two under-doped samples at
two different energies with error bars.

III. CONCLUSIONS

In summary, we have investigated the energy and temperature
dependence of the LD signals from 117 to 2330 meV and from 30
to 300 K, respectively. We have shown that there is a peak in the
LD signal near 400 meV in the underdoped and optimally-doped
samples while in the overdoped sample the LD signal
monotonically decreases as frequency approaches to 2330 meV,
with a dramatic rise below 200 meV. The FTIR measurement for
UD 70K at 300 K confirmed the existence of the peak near 400
meV. This resonance in the LD signal may provide important clues
for resolving the microscopic mechanism responsible for the
anisotropy. What is causing this effect? It is important to note that
the LD signal mostly increases with decreased doping and if the
signal originates from the greater conductivity of Cu-O chains, the
trend would be opposite since underdoped samples have less
metallic chains compared to the overdoped samples. The simplest
explanation of the LD behavior found here could be in terms of 1-
D conducting “stripes” or nematic structures, where conductivity
is high along the wire-like stripes and low in the perpendicular
direction. According to the Drude model, we expect to observe a
large Faraday rotation at low frequency, where the difference in
conductivity along and perpendicular to the stripes should be
greater. At the high frequency, we expect to observe a smaller
Faraday rotation due to the decreased conductivity along the
stripes. As we have seen in Figure 1, we do not see conductivity
anisotropy that simply increases as frequency goes to zero. We see
a peak at 400 meV, which cannot be due to simple metal wires.
However, OVD 85 K seems to agree to the Drude model, and this
may not be too surprising since overdoped HTS behave more like
normal metals.

We hope that our findings will not only help provide new
answers to old puzzles in cuprate HTS, but will also reveal some
new questions that will stimulate further research into these
fascinating materials.
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