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Integrated Spectroscopy for Strong Electron Correlation -Theory, Computation and
Experiment (ISSEC2022), University of Tokyo, 5-8th December 2022.



Remarkable progress has been made in recent energy and momentum resolved
spectroscopies in terms of experimental methodologies and resolutions, while the
analyses have essentially been performed individually in each spectroscopy (for
example, photoemission, scanning tunneling microscope, X-ray scattering, optical
measurement, neutron scattering and so on). In this circumstance, directly
measurable physical properties desired for theoretical understanding are limited.
When different spectroscopic measurements are all combined further with ab initio
calculations and/or data science approaches, it would lead to synergetic outcomes.
Integrated analyses of momentum-energy resolved spectroscopic data are particularly
important.

In this workshop, recent progress on each spectroscopic challenge to strongly
correlated electron physics from experimental and theoretical (computational) sides
was discussed. Ideas and recent attempts for “integrated spectroscopy”, for instance,
by the help of data science/machine learning with further help of the first principles
computational physics to analyze spectroscopic data, were presented. Applications of
the integrated spectroscopy scheme covered frontier quantum matter fields and may
include studies on mechanisms of strong coupling high-temperature superconductors
including the copper oxides, and iron pnictides and chalcogenides as well as on the
nature of novel quantum fluids and topological matter such as quantum spin liquids
characterized by particle fractionalization and/or breakdown of particle description
itself.




I gave one invited talk and chaired one session in ISSEC2022.

Integrated Spectroscopy for Strong Electron Correlation

-Theory, Computation and Experiment
Koshiba hall, Hongo campus, University of Tokyo (Dec 5-8, 2022)

Dec. 6 (Tue.)

Chair : Dirk van der Marel
14:20 - 14:55 Di-Jing Huang (National Synchrotron Radiation Research Center)

Quantum fluctuations and excitonic excitation of cuprate
superconductors probed with RIXS

15:05 - 15:40 Ying-Ying Peng (Peking University)
Evolution from charge-order phase to high-temperature

superconductivity

Chair : Di-Jing Huang
16:20 - 16:45 Takami Tohyama (Tokyo University of Science)
Time-resolved RIXS and Raman scattering in a photoexcited Mott

insulator on a square lattice

Invited talk by Di- Jing Huang (Dec. 6, 2022)

Title: Quantum fluctuations and excitonic excitation of cuprate superconductors probed with RIXS

Abstract:

Owing to advancements in synchrotron radiation instrumentation, resonant inelastic X-ray
scattering (RIXS) becomes a powerful technique to probe elementary excitations with momentum
resolution and provides direct information about the dynamacs arising from _fluctuations of spin, charge,
and orbital degrees of freedom. In this talk, we furst discuss the spectral signature of the quantum

Sluctuations associated with the charge order in the superconducting phase of cuprates. Our high-
resolution RIXS results revealed that quantum fluctuations of charge order induce phonon soflening in
La2-x5rxCuO4 [1]. We will also show an enhancement in the excitonic excitation with energy far
above the superconducting-gap energy scale by the onset of superconductivity in optimally doped
Bi25r2CaCu208+6 [2]. This unusual enhancement can be well explained by a simple two-
component_fermion model which embodies electron fractionalization in the pseudogap state, pointing
toward a novel route_for understanding the electronic structure of superconducting cuprates.

References:
1. H. Y. Huang et al., Phys. Rev. X 11, 04138 (2021).

2. A. Singh et al., arXiv:2207.12352.
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