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Report:
The motivation of our study is to find which electronic state is mostly related to the high-Tc plateau

of tri-layer cuprates Bi2Sr2Ca2Cu3O10+ (Bi-2223), which represents a major mystery in this material. In a
previous STM study, we found that the superconducting (SC) gap decreases monotonously with increasing
doping, even though the Tc remains as high as 110 K [1,2]. This indictes that the SC gap is not the key
factor of Tc in cuprates. Therefore, identifying the unchanged physical paramenter on the high-Tc plateau
of Bi-2223 is desirable, which may provide fresh new insights on what determines Tc in cuprates.

During the beamtime, we have performed resonant inelastic X-ray scattering (RIXS) experiments at
the Cu L3-edge of Bi-2223. The energy resolution of our measurements is about 37 meV working at the
high-throughput mode, which allows a quick acquisition of the RIXS spectra (each taken half an hour).
Three overdoped Bi-2223 crystals were studied to investigate the possible charge density wave (CDW) or
charge density fluctuation (CDF) state at different temperatures. Meanwhile, we obtained the inelastic
phonon excitations taking advantage of the high energy resolution. All measurements conducted during
this beamtime are new in the research field of tri-layer cuprates.

Because the c-axis lattice constant is very large (~37 A) in Bi-2223, we set the spectrometer at a
geometry that ensures a constant L=3.5 to avoid any L-dependent behavior of CDW, CDF and phonon
excitations. To enhance the charge signals, the polarization was set to vertical (i.e., -polarization),
through which we have obtained high quality RIXS spectra along the Cu-O-Cu directions.
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Figure 1 shows part of our high-quality RIXS data after the self-absorption correction process.
Before the RIXS experiments, we have obtained the overdoped Bi-2223 crystals (see Fig. 1f) through high-
pressure oxygen annealings [2], which was carried out together with double-layer Bi-2212. It can be seen
that the Tc of Bi-2223 is indeed kept at 110 K, in contrast to Bi-2212. Figures 1a-1c display the energy-
momentum RIXS intensity maps with increasing doping from the OD#1 to OD#3 samples. An apprent
feature of the data is that the CDW signal is particularly weak, in consistent with the expectation that CDW
disappears at the overdoped regime. The quasi-elastic region ([-30 meV, 20 meV]) are integrated to obtain
the intensity profile (black circles) with the fiited curves superimposed (black curve). The intensity peak
(blue shaded) is very broad that has a characteristic correlation length  of only ~2 a0, half of the charge
density modulation period (~4 a0 from Q~0.25 r.l.u.), reminicent of the CDF feature reported in YBCO
cuprates [3]. Moreover, such broad CDF feature is temperature-independent by comparing the 20 K data
(Fig. 1a) with that at 110 K (Fig. 1d) and 270 K (Fig. 1e).

Therefore, we have identified the existence of CDF in the Bi-2223 cuprates for the first time.
Interestingly, the CDF is doping-independent which may serve as a possible explanation of the high-Tc
plateau. We will further analyze our data to have a more conpenhensive understanding, e.g., taking account
of the phonon intensity, which is doping dependent (see Fig. 1a-1c).
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