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Abstract:
This report details a novel fabrication methodology 
that enables the reliable production of scanning 

subsequently facilitated the direct real-space imaging of 

quasiparticles in graphene. We successfully resolved the 

and observed the sequential addition of fractionally 
charged anyons in the fractional quantum Hall regime.

Summary of Research:

with integrated registration markers. This resolved 
the navigation challenge and enabled our subsequent 

Critical to this process was precision photomask 
engineering. Using the Heidelberg DWL 2000, we 

nm apertures with tapered sidewalls via the GCA i-line 

stability. Finally, a damage-mitigated device release 
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These highly reliable platforms allowed us to perform 
scanning tunneling spectroscopy on pristine graphene 
and hexagonal boron nitride heterostructures under high 

traditionally been studied via macroscopic transport 
measurements, identifying and imaging them in real 
space has been a persistent challenge. Our prepatterned 

device region and probe incompressible quantum Hall 
states.

defects in the hexagonal boron nitride substrate. These 
defects acted as quantum dots, splitting the energy levels 
of the Landau orbitals (Fig. 3). We were able to spatially 
image the discrete wavefunctions of these orbitals.

Furthermore, by applying this technique to the 

spatial and energetic signatures of fractionally charged 
quasiparticles (anyons) becoming trapped by the defect 
potentials. The experimental data matched theoretical 
predictions for a three-anyon bound state, providing the 

addition.

Conclusions and Future Steps:
The established CNF fabrication process directly 
enabled our breakthroughs in resolving the spectroscopic 

in real space. Future work will extend this fabrication 
methodology to highly air-sensitive quantum materials 

exotic fractional quantum Hall states and develop 
methodologies for the direct real-space manipulation of 
anyons.
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