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1. Recent experiments have demonstrated that 

quantum oscillations can be observed in 

topological Kondo insulators. This contradicts 

our current understanding of quantum 

oscillation, which is based on the existence of 

itinerant electrons at the Fermi energy. Thus, 

novel theories have been invented, predicting 

charge-neutral excitation at the Fermi energy 

that would contribute to quantum oscillations.   

However, topological Kondo insulators are an 

exciting class of materials, combining a 

topologically nontrivial band structure with 

strong correlations. Thus, naturally the question 

arises whether the combination of a nontrivial 

topology and correlations can be responsible for 

the observed quantum oscillations. 

2. We have performed real-space dynamical 

mean-field calculations for a topological Kondo 

insulator in a strong magnetic field. The 

magnetic field is implemented by including the 

Peierls phases into the model, which makes it 

necessary to use large (magnetic) unit cells. The 

dynamical mean-field theory then projects each 

lattice site onto a quantum impurity model, 

which is solved using the numerical 

renormalization group. Because all quantum 

impurity models are independent, the 

calculations are easily parallelized. 

3. We have shown that the gap, which exists 

without a magnetic field at the Fermi energy, 

closes for strong magnetic fields, see Fig. 1. If 

correlations become stronger, the gap is 

renormalized and becomes narrower. However, 

the critical magnetic field at which the gap 

closes does not change by increasing the 

interaction strength. 

Interestingly, we can observe quantum 

oscillations in the magnetization and 

conductivity even before the gap closes. The 

reason for this is a strong correlation effect, 

which leads to a natural broadening of the 

Landau level. Thus, at the Fermi energy, 

Landau levels approaching the Fermi energy are 

observable even before these energy levels cross 

the Fermi energy. We have furthermore 

demonstrated that the observed quantum 

oscillations agree with the quantum oscillation 

for vanishing hybridization. 

 

Figure 1: Energy level structure around the Fermi 

energy for different magnetic field strengths (B) and 

interaction strengths (U). 

 

4. We have demonstrated that in strongly 

correlated topological Kondo insulators, 

quantum oscillations can be observed in strong 

magnetic fields before the gap closes. This 

phenomenon is a remarkable interplay between 

strong correlations and a topologically nontrivial 

gap.  
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