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Report:

Competition between superconductivity and charge density wave (CDW) is a hot topic in the search for the
high temperature superconductivity (HTS) mechanism in cuprates [1] and related superconducting oxide
superconductors [2].

First evidence for short range charge density wave order and its associated short range periodic lattice
distortion was obtained in cuprates [3-8] using X-ray Absorption Near Edge Structure (XANES) [9-11] and
EXAFS analysis of x-ray absorption spectra [12]. The wide HTS community has accepted the compelling
evidence for the competition between CDW and superconductivity in cuprate perovskites only when it was
shown experimentally that the diffuse CDW satellite in the x-ray diffraction (XRD) pattern increases its
intensity by the application of an external magnetic field below the superconducting critical temperature [13].
For this purpose a 17 T horizontal cryomagnet designed for beamline use was installed on the triple-axis
diffractometer at a synchrotron radiation beamline. The research activity following this discovery has shown
that the effect of the magnetic field on CDW is ubiquitous in cuprates [14-17] showing that the short range
CDW puddles form the so called superstripes scenario [18,19].

We have carried a temperature dependent Cu K-edge XANES experiment to confirm the presence of a direct
involvement of the Cu-O bond length fluctuations in CDW using polarized synchrotron radiation.

We have used the ID12 beamline dedicated for polarization dependent X-ray. We used circularly polarized x-
rays generated by the HELIOS-II undulator. The second harmonic of low intensity is used so that the heating
of the sample by x-rays could be safely neglected. The sample is mounted on a cold finger of a constant flow
He cryostat allowing the temperature on the sample to be controlled in the range 50- 150 K. The cryostat was
inserted in a bore of 17 Tesla superconducting solenoid. The surface area of the samples are larger than the
typical size of x-ray beam on the sample, about 300 by 300 microns. All spectra were recorded using total
fluorescence yield detection mode using Si photodiode mounted inside the solenoid. Having the c axis
parallel to the x-ray wavevector, absorption spectrum measured with circularly polarized x-rays give E//ab
spectrum. Advantage for us is that higher order harmonics emission of undulator were absent.



We have measure the Cu K-edge XANES of a Bi2212 single crystals and of a YBa2Cu30O7-y powder sample
in the temperature range between 150 K and 50 K around the critical temperature and below the onset of
charge density wave Tcdw. We have confirmed the previously observed change of XANES spectra at T(cdw)
and at Tc [20] interpreted using multiple scattering theory [4,5]. The HgBa2CuO4+y sample was smaller
than the x-ray beam size so it was not measured in this run.

The onset of CDW order in cuprates has been observed by temperature dependent XANES which is a method
of choice since it probes directly the amplitude of fluctuations of the Cu-O bond distance because it is a fast
(10"-15 seconds) probe of the short range structure.

The competition between the polaronic charge density wave (CDW) and the superconducting condensate has
been studied by measuring the effect of a large magnetic field of 17 Tesla on the temperature dependence of
the Cu K-edge XANES spectra. The results show the variation of Cu K-edge XANES in the superconducting
phase by increasing the magnetic field from H=0 T to H= 16 T. The results support the proposal [1-12] that
polaronic lattice distortions are key features in cuprate superconductors.
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