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progress on atomic physics aspects
EUV line identifications in Sn13+, Sn14+, and Sn15+ ions

13.5-nm EUV light: the double magic of Sn ions

Optical depth as a single, pertinent scaling-law parameter

Sn ion scattering on Mo and Ru: experiments versus SRIM

charge exchange cross sections for ions traversing H2 gas
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atomic origins of EUV light: Sn10+
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A. Windberger et al., Phys. Rev. A  94, 012506 (2016); F. Torretti et al, Phys. Rev. A 95, 042503 (2017)
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the tin serendipidity



charge state and intensity line-outs

Sn15+ and Sn16+ are relevant for in-band EUV emission
single spectra obtained from line-outs
BUT: spectra are a mix of charge states

J. Scheers et al, under review



charge state resolved spectral reconstruction

DEMIST
DEconvolution using Matrix Inversion of SpecTra



charge state resolved spectra

J. Scheers et al, under review

DEMIST DEMIST



the double magic structure of tin ions

next talk by James Colgan

F. Torretti et al, under review



Line shape and opacity

Ruben Schupp et al., Appl. Phys. Lett. 115, 124101 (2019)



Relative opacity scaling of Nd:YAG LPP

0.0

0.5

1.0

(b)

 25 ns, 16 µm, 1.4x1011W/cm²
 Reference spectrum, ai = 1.2
 Reference spectrum

(a)

6 8 10 12 14 16 18 20
0.0

0.5

1.0

Wavelength (nm)

N
or

m
al

iz
ed

 in
te

ns
ity

 25 ns, 46 µm, 1.4x1011W/cm²
 25 ns, 46 µm, 1.1x1011W/cm²
 ai = 2.1

Spectral purity:

SP =
𝐸𝐸2%EUV,2𝜋𝜋

𝐸𝐸EUV,2𝜋𝜋
=



ZERNIKELEIF @ 

ZERNIKELEIF facility: 
low-energy, mass and charge state selected

Aq+ ion beam facility 
with a full suite of auxiliary equipment

SirPhy

XPS
UPS

CHEOPS



14 keV Sn2+ - Mo: benchmarking SRIM

on HV

Ψ Θ



tests of “SRIM – experiment difference”

original experiment: 14 keV Sn2+ - Mo

incoming charge state Sn1+ - 4+ as 14 keV Sn2+

energy 5 – 30 keV as 14 keV Sn2+

ion species

He1+, Ne1+ no difference between exp. and SRIM

Xe1+ - 2+ as 14 keV Sn2+

Kr2+ larger difference than 14 keV Sn2+

outgoing charge state neutrals TOF: Single-Collision peak absent

target Ru larger difference than 14 keV Sn2+

SRIM heavy-heavy, slow interactions to be revisited?



scattering potentials
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10 keV

next step:  SRIM   SDTrimSP-2D

ZBL (SRIM)
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7 keV Kr+ on Cu
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ion – H2 gas interactions: H+/H2
+

ToF

H2 gas jet



14 keV He2+ - H2

H+

7 keV He1+ on H2
H2

+

Very first ToF spectrum of H+/H2
+

H+
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+

ready for Sn ion experiments 



conclusions

Progress on unraveling fundamental atomic physics aspects

TOPIC PROGRESS

atomic structure line identifications
new method “charge state specific spectra”

EUV line identifications in Sn13+-15+ ions

13.5-nm in band EUV light
driven by 

the double magic structure of Sn ions

line shapes and opacity
relative optical depth: 

a single, pertinent scaling-law parameter

Sn ion – solid interactions
missing Single Collision peak 

SRIM description flaw
assess potential effects via Kr – Cu 

Sn ions traversing H2 gas set up commissioned and operational for
charge exchange and H2 fragmentation
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