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Report:
During this beamtime, we performed high-resolution resonant inelastic x-ray
scattering (RIXS) measurements at the Cu Lj;edge on double-layered cuprates,

Bi1,Sr,CaCu,0s.+5 (B1-2212). A heavily underdoped sample with a 7, of 45 K was measured to

investigate phonon excitations and their interplay with the underlying charge density wave
(CDW) state.

The spectrometer was set at 149.5° geometry to maximize the momentum-transfer for
the momentum-dependence measurements. We have also set the energy resolution to ~ 40
meV, in order to clearly resolve the phonon excitations, with reasonable data acquisition
efficiency (~ 2 hours per spectrum including the overhead). The polarization was set to
vertical (i.e. o-polarization) to maximize the scattering cross section from charges and
phonons. We have obtained high quality and high resolution data along the (0,0)-(1,0)
direction that allows to reveal new aspects of the RIXS phonon cross-section.

Figure 1 shows the overview of our main results demonstrating the high quality of our
data. In close examination of the intensity in the quasi-elastic region as a function of
momentum (Fig. 1c), we observe the signature of a CDW diffraction peak centred at Qcpy ~
0.3 r.Lu. This confirms the existence of the CDW state in the underdoped Bi2212, previously
reported by resonant diffraction and STM [1]. Importantly, a branch of phonon excitations
with an energy scale of ~ 0.06 eV can be clearly resolved. According to the literature, it
corresponds to the bond-stretching (BS) phonons [2]. While the properties of the BS phonon
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Figure 1: (a) RIXS intensity map of the underdoped Bi2212 as function of projected in-plane momentum-
transfers (Q,) and energy loss (y-axis). The fitted phonon peak position is shown by blue markers. As a
comparison, the dispersion of the bond-stretching phonon of Bi2201 obtained via non-resonant IXS is also
superimposed [1]. The green dashed line indicated the position of Qcpw. (b) Waterfall plot of energy loss
spectra at selected momentum positions. (c) Intergrated intensity in the quasi-elastic region (within the
energy window of E =0 £ 0.02 eV) as a function of Q, . (d) Momentum distribution of the phonon intensity
obtained by a cut at E = - 0.06 eV (white dashed line in (a)) and the fitted phonon intensity.

in cuprates have been intensively investigated in previous works, we observed several
important new aspects arising from the RIXS process: (1) The phonon energy exibits a weak
softening near the CDW wavevector. (2) The momentum distribution of the phonon intensity
is negligible near the zone center, but increases when approaching the zone boundary. (3) The
phonon intensity reaches a maximum before the zone boundary. These observations are
distinct from the phonon cross section observed via inelastic neutron scattering and non-
resonant inelastic x-ray scattering, highlighting the fact that the RIXS phonon cross-section
reflects the electron-phonon coupling strength, not merely the phonon self-energy [3].

Currently, we have finished the data analysis and are working on a manuscript for
publication [4]. This manuscript will also include theoretical calculations to elucidate the
influence of the CDW on the RIXS phonon cross section. The theory suggests that the non-
monotonic momentum distribution of the RIXS phonon intensity is due to the intersection of
the bond-stretching phonons with the CDW excitations. Thus, this phonon anomaly can serve
as a way to reveal characteristics of the underlying CDW excitations. This information is
difficult to probe by other techniques and can provide new insight into the nature of the CDW
in cuprates. It is of great interest to investigate the doping evolution of this phonon anomaly
throughout the phase diagram, as will be proposed in the next cycle.
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