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Highly charged ions (HCIs) carry substantial potential energy on the order of tens of 

keV, originating from the sum of the binding energies of their missing electrons. When 

approaching a solid surface, slow highly charged ions start to capture electrons into high-n 

states several Ångströms above the surface. This so-called hollow atom then further decays 

via a cascade of radiative and non-radiative deexcitation processes such as Auger-Meitner 

decay. In addition, interatomic Coulombic decay (ICD) can occur when the ion is in close 

proximity to surface atoms: This two-centre Auger-Meitner decay is strongly distance 

dependent, ultra-fast (~femtoseconds) and highly efficient at short distances between the 

incoming ion and target atoms [1, 2]. As a result, HCIs become almost completely 

neutralized within only a (few) monolayer(s) of material(s), while they deposit their large 

amounts of potential energy in the near-surface region of the material [3]. 

The strongly distance-dependent neutralisation makes ions after interaction with a sample 

a sensitive probe of the local atomistic material structure. By recording angle-dependent exit 

charge state distributions of slow HCIs transmitted through atomically thin freestanding 

membranes and comparing them to Monte-Carlo-based simulations [4], we can extract 

quantitative information on material thickness and porosity: Thin samples lead to higher exit 

charge states than thicker samples. Porous samples allow ion trajectories through pinholes or 

less dense regions with even higher exit charge states [5].  

Beyond their diagnostic use, the energy deposition of HCIs can be used to modify 

materials on the nanoscale. For bulk materials, nanostructures in the form of hillocks and pits 

were discovered post irradiation with HCIs; in two-dimensional systems vacancies and pores 

were observed. The response of the irradiated material depends strongly on its electronic 

properties [6]: no pores are formed in semimetallic graphene [7], whereas semiconducting 

molybdenum disulfide exhibits pores whose diameters increase with the initial ion potential 

energy [8]. This material-specific susceptibility for pore formation can be used to engineer 

nanoscale structures in a specific layer of a van der Waals heterostructures stack. 

In this contribution, I will highlight both aspects of HCI–matter interaction: how these 

ions can serve as a tool for controlled nanostructuring of 2D materials and, conversely, as 

a probe to analyse material characteristics through their charge-state evolution. 
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