Quantum materials as seen by high resolution X ray synchrotron techniques
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Dynamical structural disorder at different length scale plays an important role in the functionality of complex
materials [1]. Here different topological templates and weak interactions between building units produce
phase separation in different ultrastructure configurations with correlated disorder [2-4]. Achieving optimal
material performance requires a quantitative knowledge of this functional correlated disorder, as well as its
evolution under external stimuli. In this contest we propose new experimental approaches based on high
resolution probes, jointly to advanced modelling and statistical tools for big data analysis [4,5]. Examples of
complex functional materials can be found in different fields ranging from biology to quantum science where
unique and anomalous properties such as high-temperature superconductivity can emerge, due to the
interplay of dopants, charge and spin ordering at nanoscale, in atomic layers or in low-dimensional materials
[6-8].

Acknowledgements: I thank my long standing coworkers Michela Fratini, Luisa Barba, Alessandro Ricci,
Nicola Poccia, Gabriele Ciasca, Manfred Burghammer, Naurang Lal Saini and Antonio Bianconi.

[1] Campi, G. (2021). Structural Fluctuations at Nanoscale in Complex Functional Materials. In Synchrotron
Radiation Science and Applications (pp. 181-189). Springer, Cham.

[2] Keen, D. A., & Goodwin, A. L. (2015). The crystallography of correlated disorder. Nature, 521(7552),
303-309.

[3] Augieri, A., Rizzo, F., Galluzzi, V., Mancini, A., Fabbri, F., Armenio, A. A., ... & Campi, G. (2018).
Correlated disorder in YBCO and composite YBCO films revealed by means of synchrotron X-ray
diffraction. IEEE Transactions on Applied Superconductivity, 28(4), 1-4.

[4] Campi, G., & Bianconi, A. (2019). Evolution of complexity in out-of-equilibrium systems by time-
resolved or space-resolved synchrotron radiation techniques. Condensed Matter, 4(1), 32

[5] Minelli, E., Ciasca, G., Sassun, T. E., Antonelli, M., Palmieri, V., Papi, M., ... & De Spirito, M. (2017). A
fully-automated neural network analysis of AFM force-distance curves for cancer tissue diagnosis.
Applied Physics Letters, 111(14), 143701.

[6] Ricci, A., Poccia, N., Campi, G., Mishra, S., Miiller, L., Joseph, B., ... & Schiiller-Langeheine, C. (2021).
Measurement of spin dynamics in a layered nickelate using X-Ray Photon Correlation spectroscopy:
Evidence for Intrinsic destabilization of incommensurate stripes at low temperatures. Physical review
letters, 127(5), 057001.

[7] Poccia, N., Zhao, S. Y. F., Yoo, H., Huang, X., Yan, H., Chu, Y. S., ... & Kim, P. (2020). Spatially
correlated incommensurate lattice modulations in an atomically thin high-temperature Bi2.1Sr1.9CaCu2.0
O8+y superconductor. Physical Review Materials, 4(11), 114007.

[8] Campi, G., Bianconi, A., Poccia, N., Bianconi, G., Barba, L., Arrighetti, G., ... & Ricci, A. (2015).
Inhomogeneity of charge-density-wave order and quenched disorder in a high-T ¢ superconductor.
Nature, 525(7569), 359-362.



