
2nd CRR – Clean Room User Meeting, 5th April 2024, CFEL Bldg. 99, Science City Hamburg Bahrenfeld (SCHB) 

Micro and Nanostructured High-Temperature Superconductors for 

Transient Spectroscopic Methods 

Tomke Glier1, Patrick Klein1, Jonas Bauer1, Gennady Logvenov2, Michael Rübhausen1 

1Universität Hamburg, Institute for Nanostructure and Solid State Physics, Hamburg, Germany. 

2Max Planck Institute for Solid State Research, Heisenbergstraße 1, Stuttgart, Germany. 

Abstract 

Even before its role in electroweak symmetry breaking, the Anderson-Higgs mechanism was introduced to 

explain the Meissner effect in superconductors.[1] Spontaneous symmetry-breaking yields massless phase 

modes representing the low-energy excitations of the Mexican-Hat potential. Only in superconductors does 

the gauge field move the phase mode towards higher energies, as a consequence of the charged condensate. 

This results in a low-energy excitation spectrum governed by the amplitude mode - the Higgs mode.[2] In 

time-resolved spectroscopy methods, activation of the Higgs excitation can be achieved via an additional 

vector potential added by applying a current through the superconducting sample. For this, tailored 

microbridges are crucial. Micro-structuring enables local, voltage/current dependent measurements where 

the current is applied through a 1D structure whose lateral dimension corresponds to the measurement 

area.[3] A variety of patterning techniques including chemical etching, electron beam lithography, focused 

ion beam, and laser writing can be used on HTC thin films as well as crystals. The laser writing technique, 

which allows local control over oxygen stoichiometry, is advantageous due to minimal structural damage 

to the surface and substrate.[4] This is particularly important for optical methods.[5] Micro- and nano-

structuring of HTC samples further enables the direct manipulation of superconducting properties such as 

JC caused by defect pinning centers, by e.g. the application of nanoparticles or the generation of holes.[6] 

Controlling the disorder level in 2D superconductors paves the way to study and differentiate the Higgs 

mode.[7] All in all, this provides a unique pathway to control and explore Higgs physics. 

Acknowledgements 

We thank Christian Nweze for pre-characterization of the laser-writing setup together with Patrick Klein. 

We thank Dirk Manske and Stefan Kaiser for their support in organizing High-Tc thin-film samples. 

References 

[1] Nambu, Y. Quasi-particles and gauge invariance in the theory of superconductivity. Phys. Rev. 117, 

648 – 663 (1960). 

[2] Pekker, D. & Varma, C. M. Amplitude/Higgs modes in condensed matter physics. Annual Review 

of Condensed Matter Physics 6, 269 – 297 (2015).  

[3] Bock, A. et al. Raman Spectra and Laser Heating of YBa2Cu3O7 Microbridges, J. Phys. Chem. 

Solids. 54, 1343-1346 (1993). 

[4] Xiong, W. et al. Fabrication of High-TC Superconducting Electronic Devices using the Laser-

Writing Technique, Advances in Cryogenic Engineering. 40, 385-391 (1994). 

[5] Glier, T. et al. Superconducting Higgs particle observed by non-equilibrium Raman scattering, 

(2024), https://doi.org/10.48550/arXiv.2310.08162. 

[6] Huang, J. and Wang, H. Effective magnetic pinning schemes for enhanced superconducting 

property in high temperature superconductor YBa2Cu3O7−x: a review, Supercond. Sci. Technol. 

30,114004 (2017). 

[7] Seibold, G. et al. Third harmonic generation from collective modes in disordered superconductors, 

Phys. Rev. B 103, 014512 (2021). 


