Snapshots of the retarded interaction of charge charriers with
ultrafast fluctuations in cuprates

S. Dal Conte!, L. Vidmar?, M. Mierzejewski®, J. Bonéa*®, A. Damascelli’7,
M. Capone®, G. Cerullo!, and C. Giannetti®!’

LV IFN-CNR, Dipartimento di Fisica, Politecnico di Milano, 20133 Milano, Italy
2 Department of Physics and Arnold Sommerfeld Center for Theoretical Physics,
Ludwig-Mazimilians- Universitat Munchen, D-80333 Minchen, Germany
3 Institute of Physics, University of Silesia, 40-007 Katowice, Poland
4 J. Stefan Institute, 1000 Ljubljana, Slovenia
® Faculty of Mathematics and Physics, University of Ljubljana, 1000 Ljubljana, Slovenia
6 Department of Physics and Astronomy, University of British Columbia, Vancouver,
BC V6T 171, Canada
T Quantum Matter Institute, University of British Columbia, Vancouver, BC V6T 17},
Canada
8 CNR-IOM Democritos National Simulation Center and Scuola Internazionale
Superiore di Studi Avanzati (SISSA), Via Bonomea 265, 34136 Trieste, Italy
9 -LAMP (Interdisciplinary Laboratories for Advanced Materials Physics), Universita
Cattolica del Sacro Cuore, Brescia 1-25121, Italy
10" Department of Physics, Universita Cattolica del Sacro Cuore, Brescia 1-25121, Italy
claudio.giannettiQunicatt.it

One of the pivotal questions in the physics of high-temperature superconductors is
whether the low-energy dynamics of the charge carriers is mediated by bosons with a
characteristic timescale. This issue has remained elusive since electronic correlations are
expected to dramatically speed up the electron-boson scattering processes, confining them
to the very femtosecond timescale that is hard to access even with state-of-the-art ultra-
fast techniques. Here we simultaneously push the time resolution and the frequency range
of transient reflectivity measurements up to an unprecedented level that enables us to di-
rectly observe the ~16 fs build-up of the effective electron-boson interaction in hole-doped
copper oxides. This extremely fast timescale, together with the outcome of calculations
for the t-J model and the repulsive Hubbard model, indicates that short-range antiferro-
magnetic fluctuations are the bosons that likely mediate the retarded electron interactions
in copper oxides close to optimal doping, where the largest critical temperature is reached.



