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Report:
Electron-phonon coupling is the mechanism leading to the formation of Cooper pairs in conventional
superconductors. In unconventional superconducting cuprates, general consensus has not yet been reached on
the driving force for Cooper pairing. However, several theories as well as experimental works propose an active
role of phonons in the formation of Cooper pairs, possibly in cooperation with magnetic excitations [1].
Therefore, determination of electron-phonon coupling in cuprates is an active branch of research [2,3]. Inelastic
neutron scattering (INS) and nonresonant inelastic x-ray scattering (IXS) are widely used techniques to assess
phonon dispersion relations in materials. Nevertheless, the information about electron-phonon coupling is not
easily retrieved, since it is contained in the broadening (usually in the order of few %) of the linewidths of the
phonon peaks [2,3]. Resonant inelastic x-ray scattering (RIXS) is emerging as a novel technique
complementary to INS and IXS for the study of electron-phonon coupling [4]. Though the energy resolution is
still worse than the one of typical INS and IXS experiments, RIXS offers the strong advantage of directly
probing the electron-phonon coupling [4]. A deep theoretical understanding of the process leading to the
formation of phonons in RIXS is lacking at present. A first theoretical approach suggests that during the
intermediate state of the scattering process, the photoexcited electron perturbs the lattice and generates a
phonon, whose spectral intensity is directly proportional to the interaction with the electron [4]. Our experiment
aims at validating this model by studying the effect of detuning (i.e. the incident photon energy is moved away
from the maximum of the absorption peak) on the intensity of the phonon excitation. By detuning the incident
energy, the duration of the intermediate state is effectively decreased [5]. If the model holds, a smooth
monotonic decrease of the phonon intensity is expected upon detuning.
A smooth operation of the machine and the beamline allowed to collect spectra on undoped NdBa2Cu3O6+δ
(NBCO) at several incident energies in the proximity of the Cu L3 edge absorption peak (~931 eV). Figure 1
displays the low-energy range of a fraction of the acquired RIXS spectra detuned below the Cu L3 edge. Lattice

Figure 1 RIXS spectra of NBCO measured at different
incident photon energies below the Cu L3 edge absorption
peak. The spectra are normalized to the spectral weight of the
dd excitations (not shown).

Figure 2 RIXS spectra of NBCO measured at different
incident photon energies above the Cu L3 edge absorption
peak. The spectra are normalized to the spectral weight of the
dd excitations (not shown).

and magnetic excitations are clearly resolved. In particular, a phonon peak is observed at 75 meV, a magnon
at 275 meV, and a bimagnon continuum around 400 meV. We note a decrease of the phonon intensity upon
detuning, as theoretically expected. Figure 2 reports the acquired RIXS spectra detuned above the Cu L3 edge.
The phonon peak follows a similar trend as in Figure 1. Instead, the magnetic excitations do not show a
symmetric behavior with respect to the absorption edge. The understanding of these measurements, possibly
following the theory developed in Ref. 6, is currently in progress.
We also measured RIXS spectra at different in-plane momentum transfers, ranging from -0.1 r.l.u. to -0.4 r.l.u.
For each momentum transfer, we collected RIXS spectra with incident photon energy tuned at the Cu L3 edge,
and detuned by -0.5 eV. Such RIXS map of the phonon intensity directly probes the momentum dependence
of the electron-phonon coupling. We note that this information is not easily retrieved with other techniques,
such as INS and IXS. The acquisition of a detailed phonon intensity map in the whole two-dimensional
Brillouin zone will require further beamtime.
The preparation of a manuscript is foreseen as soon as the analysis of all data is carried out and the fine details
of the theoretical model describing lattice and magnetic excitations are implemented.
As this experiment is a pioneering investigation, this research field include several future perspectives:
1) Collect a complete RIXS intensity map to probe the momentum dependence of the electron-phonon
interaction within the Brillouin zone;
2) Study the doping dependence of the phonon intensity, to unveil changes in the electron-phonon
coupling while crossing the superconducting dome;
3) Measure the electron-phonon interaction in other families of cuprates, to reveal analogies and
discrepancies among different families;
4) Study the electron-phonon coupling between superconducting and non-superconducting compounds,
taking into account also non-cuprate systems;
5) Study the universality of the behavior of magnetic excitations upon detuning in other families of
cuprates, as well as non-cuprate systems.
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