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The Higgs mode of a superconductor is a collective excitation of the amplitude of the superconducting
order parameter [1,2,3]. In recent experiments, using a phase resolved THz-THG scheme, we have shown
a coupling of external modes, likely phonon mediated CDW fluctuations, in different families of cuprate
high-Tc superconductors [4,5,6]. As such the new experimental scheme lays the foundation to a full Higgs
Spectroscopy of the superconducting condensate.

As a new development, I will report on the extension of the Higgs Spectroscopy to transient states of
superconductors. Non-equilibrium superconductivity typically is triggered by ultra-short tailored light
pulses and applications range from ultrafast spectroscopy of the excitation dynamics of the superconducting
gap [7] to light induced superconductivity by phonon or vibrational excitations in cuprates or organic
superconductors [8]. Here probing such light induced states is realized in a pump-“drive” scheme of the
forced Higgs oscillations.

References

[1] D. Pekker and C. Varma “Amplitude/Higgs Modes in Condensed Matter Physics”, Ann. Rev. Condens. Matter Phys. 6, 269
(2015).

[2] R. Matsunaga et al. “Higgs amplitude mode in the BCS superconductors NbxTixN induced by terahertz pulse excitation”,
PRL 111, 057002 (2013).

[3] L. Schwarz et al. “Classification and Charcterisation of Nonequilibrium Higgs Modes in Unconventional
Superconductors”, Nature Communications 11, 287 (2020).

[4] R. Matsunaga et al. “Light-induced collective pseudospin precession resonating with Higgs mode in a superconductor”,
Science 345, 1145 (2014).

[5] H. Chu et al. “Phase-resolved Higgs response in superconducting cuprates”, Nature Communications 11, 1793 (2020).
[6] H. Chu et al. “Fano interference of the Higgs mode in cuprate high-Tc superconductors”, arXiv preprint arXiv:2109.09971.

[7]J. Demsar, “Non-equilibrium phenomena in superconductors probed by femtosecond timedomain spectroscopy”’, Journal of
Low Temperature Physics 201, 676 (2020).

[8] S. Kaiser, “Light-induced superconductivity in high-Tc cuprates”, Physica Scripta 92, 103001 (2017).

2022 FELBE/TELBE Workshop



