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Anderson transition from localized to metallic state is known to give rise to fractal-like structures in
the distribution of local density of states (LDOS), evoking the scale invariant order parameter in critical
phenomena. Whereas one single parameter, the ‘fractal dimension’ describes scale invariance
properties of ensembles, a set of critical exponents is needed to capture those of continuous
distributions. Determining these exponents is the goal of multifractal analysis.

A study of local density of states fluctuations of structurally uniform materials can bring valuable
information regarding their electronic properties and test our understanding of coherent disordered
systems. Adressing the emergence of superconductivity in disordered metals was first attempted by
Anderson who argued that non-magnetic disorder could not influence the superconducting critical
temperature. Then, the discovery of superconductor-to-insulator transition led to a better
understanding of disordered superconductors. Recently an increase of Tc with disorder in NbSe2 thin
films has been explained through the renormalization of interactions due to the multifractality of the
electronic structure.

Still, no multifractality was ever measured in the superconducting state and the relation to the
properties of the normal state is still a mystery. Moreover, superconductor-insulator transition
describes very disordered systems, close to the localization threshold. In this study, we probe LDOS
fluctuations in a weakly disordered monolayer of lead on silicon with a scanning tunneling microscope.
We show the multifractal nature of the electrons and rationalize the results in the theoretical
framework developed by Igor Burmistrov. We also reproduce quantitatively the phenomenon using a
Anderson type of model with Bogoliubov-de-Gennes coupling on a lattice.

Finally, the understanding of multifractality in this material allows us to probe at a truly local scale the
mean free path and phase coherence length of the lead monolayer.
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