High temperature superconducting oxychlorides:
a light element model for cuprates.
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The copper oxychloride cuprate CasCuO5Cly (CCOC) system, with vacancy
or Na doping on the Ca site, is unique among the high temperature supercon-
ducting cuprates (HTSCs) since it: lacks high Z atoms; has a simple 14/mmm
1-layer structure, typical of 214 (LSCO) cuprates, but which is stable at all dop-
ing and temperatures; and has a strong 2D character due to the replacement of
apical oxygen with chlorine [1]. It also shows a remarkable phase digram, with
a superconducting T¢ growing to the optimal doping without any minimum
around 1/8 doping, despite the observation of stripes (or CDW) by near-field
spectro-microscopy [2].

Due to the reduced number of electrons, advanced calculations that incorporate
correlation effects, such as quantum Monte Carlo [3], are now feasible for the
first time in the HTSCs. This makes CCOC a model system to gain insight
into the 30-year-old mystery of HT'SCs by bridging the gap between theory and
experiment. But relatively little is known about CCOC (for a cuprate) from an
experimental point of view.

We are now filling this gap by a comprehensive experimental study covering the
whole phase diagram, in particular to the (para)magnon dispersion [4], using
recent development in RIXS [5], as well as to the phonon dispersion [6]. We are
also looking for a bulk signature of the charge modulation (stripes) from X-ray
resonant scattering close to the 1/8 doping.
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(top left) Tetragonal crystal structure of CapCuO2Cla. The square coordination of copper
with its four nearest-neighbor oxygen ions in the CuOg2 planes is shown. The chlorine ions
are located in the apical site above and below the copper. Black arrows indicate one of the
possible magnetic structures. (bottom right) Temperature dependence of the fitted intensity
of the averaged Bragg reflections (%, %, g) and (%, %, %) and a power law fit (red). From Ref.
[4].
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Dispersion of CagCuO2Cly measured using Cu Lz RIXS. The red, continuous line is a cal-
culation for a classical spin-1/2 2D Heisenberg model with nearest-neighbor exchange and
the blue, dashed line is a calculation including further exchange terms which is described in
the text. (inset) 2D Brillouin zone showing high-symmetry points. The first Brillouin zone
boundary is represented by a thick black square, while the magnetic Brillouin zone boundary
is represented by a dashed line. The region where we measured is shown as two thick red lines
along I'-X and I'-M. From Ref. [4].



