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Abstract: 
Since the identification of quantum Hall states as topological states of matter, the 

search for new topological states of matter has been a central endeavour in the field. 

Interacting particles in flat band models provide a host of opportunities for creating such 

new states, baptised fractional Chern insulators (FCI), which exploit new physical 

realisations of synthetic magnetic fields. The interacting Hofstadter model gives 

blueprint examples of such phases, as predicted by composite fermion theory [1]. We 

will first review exact diagonalisation results for FCI states stabilised in single Chern 

bands, and demonstrate that finite-size effects are minimised in the quasi-continuum 

limit of perfectly flat bands near flux densities 𝑛𝜙 → 1|CCC [2,3,4]. Secondly, we 

demonstrate the presence of interaction-driven quantum Hall plateau transitions in the 

Hofstadter model, arising from the competition of Chern insulator states at weak 

interaction with FCI states realised at the same particle density for strong interactions. 

In one such case, our DMRG data at flux density 𝑛𝜙=3|11 presents a direct transition 

between a C=4 Chern Insulator and a 𝜈=1|3 Laughlin state [5]. Going beyond ground 

state properties of quantum Hall systems, we will expose self-similar features of the 

dynamical response functions arising for a Laughlin state probed at energies lying above 

the scale of the single-particle gap [6].   

Finally, we will discuss the potential for machine learning techniques to extract 

entanglement properties in many-body systems from a limited set of correlators. We will 

provide a formal proof that under the assumption of only pairwise spin interactions in 

magnetic, it is possible to use measurements of the spin structure factor of magnetic 

systems to deduce the full many-body state (at T=0) or thermal density matrix (at finite 

T). We the provide numerical data supporting the scope for a practical realisation of this 

route towards quantum state tomography [7]. 
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