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Exciting solids by ion irradiation

Energy deposition by

• Nuclear stopping
dEn/dx  ⇒
billard

• Electronic stopping
dEe/dx ⇒
electron excitation & 
atom ionization

• Ratio can be tuned by ion´s mass, charge state, and
velocity …
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Exciting solids by ion irradiation

Collisions Ionizations &   Electronic excitations

cascades & collisions

Adapted from Aumayr et al., NIMB 233 (2005) 111  
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Applications

www.worldwaterweek.org

40 m
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Applications

40 m

M. Herianian, Nature Comm. 6 (2015) 8616 4



Electronic stopping power [keV/layer]
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Data from: H. Vazquez Muiños, Carbon 114 (2017) 511 5



Methods

Aumayr, M.S. et al., J. Phys.: Condens. Matter 23, 393001 (2011)

• SHI & HCI

• 3D & 2D-materials
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Different beamlines and accelerators & analysis techniques

HICS beamline, Epot∼ 40 keV (UDE, Germany)
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Methods



Ion Induced Surface Tracks

Akcöltekin, et al., Nature Nanotechn. 2 (2007) 290, Akcöltekin, et al., Appl. Phys. Lett. 98 (2011) 103103

SrTiO3
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Ion Surface Tracks in 3D: Threshold

Threshold

dE/dx = 7 keV/nm

required for appearance of tracks

M. Karlusic, et al., New J. Phys. 12 (2010) 043009

Fixed angle of incidence
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Ion Surface Tracks in 3D: MoS2
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Ion Surface Tracks in 3D: MoS2
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Ion Surface Tracks in 3D: MoS2
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Ion Surface Tracks in MoS2: From 3D to 2D

14Madauß et al., 2D Materials 4 (2017) 015034



Ion Surface Tracks in 2D: The substrate

Madauß et al., Nanoscale 10 (2018) 22908 & 2D Materials 4 (2017) 015034 15



2D suspended monolayer preparation

L. Madauß, PhD thesis (2021) 16

25 µm



Kinetic energy

Kozubek et al., J. Phys. Chem. Lett., 10 (2019) 904; L. Madauß, PhD thesis 2021 19



Take-Home-Message

Electronc excitation by ion
irradiation is a fantastic tool for
Nanoengineering

• Nanometer scale 

• Precise

• Reliable

• It works great but we do not know exactly how
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