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When electrons' motion is constrained, interactions between carriers start to play the dominant role. The
behavior of electronic liquid becomes collective, and new exotic instabilities may emerge. This will
affect all measurable quantities. In my talk, I will first briefly introduce the theoretical formalism that
can describe collective phenomenology and then show how to extract measurable correlation functions.
In the following, I will provide a few examples of such physics.

The first is an artificially created nanostructure, Si(553)-Au, consisting of gold atoms evaporated on the
top of a stepped silicon surface. The system hosts several competing instabilities, making it a subject of
numerous experimental studies (STM, ARPES, SPA-LEED). Despite these efforts [1], the physics of
the system has not been fully understood, and attempts to provide its full explanation using plain single-
particle theory have turned out to be a failure. In the talk, I will focus on the Peierls phase transition that
acts on selected bands. I will show how various instabilities are expressed in the language of collective
excitations [2]. Based on that, I will derive a peculiar form of a dielectric function in the material, which
enables Peierls's transition despite only partial nesting.

The second example is a quasi-1D material, lithium molybdenum purple bronze (LMO). It is one of the
most perfect columnar materials in that the motion of electrons is confined to one direction only and
inhibited in other directions. In this way, the material provides an ideal testing ground for theoretical
concepts that can be later applied in nano-materials. I will show how various anomalous instabilities can
emerge near the Mott transition[3]. The material has been the subject of numerous experimental studies
(like ARPES and STM), particularly magneto-transport measurements. I will focus on the latter to show
how they can reveal the presence of collective instabilities in the system [4]. Remarkably, the experiment
allows for direct access to measure the symmetry enlargement in the material.

I will conclude my talk with a brief discussion on the conditions that must be met to arrive at a regime
where collective behavior can be entirely described and about the potential advantages of such collective
behavior for future applications.
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