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NIST Atomic Spectra Database - Line Holdings

(01/15)

Reference : https://physics.nist.gov/cgi-

bin/ASD/lines_pt.pl

https://physics.nist.gov/cgi-bin/ASD/lines_pt.pl


Reference : https://physics.nist.gov/cgi-bin/ASD/ie.pl

38Sr

Published line spectra of Sr ions from NIST at 

30/04/2019

For instance, Sr ions 8+ to 25+, 2 to 8 nm spectra are 

largely missing

(02/15)

https://physics.nist.gov/cgi-bin/ASD/ie.pl


Some previous studies 4th row: Z = 39(Y) – 42(Mo)



High possibility of resonant transitions from open 3d

sub-shells of Sr ions

Iso electronic sequence of published mean unresolved 

transition array (UTA) peak 
(03/15)

Reference : 

E. Alexander, et. al. 1971 J. Opt.Soc. 

Am. 61 4 508-514

R. Lokasani, et. al. 2015 J. Phys. B: 

At. Mol. Opt. Phys. 48 245009

B. Li et. al. 2012 J. Phys. B: At. Mol. 

Opt. Phys. 43 245004



Observed Data are Largely missing or Incomplete

Ion charge           : 8+ to 25+

(Covering open 3p, 3d sub-shells)

Ionization Energy : 158 to 1211 eV

Application

EUV lithography 13.5 nm

Beyond EUV 6.x nm

Water Window 2.3 to 4.4 nm
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Line Identification Plot for Sr

From NIST Atomic Spectra Database, Ref.2

Ions

Ref.1



Experimental apparatus of LPP

(05/15)



Typical LPP strontium spectra

(06/15)

Current work



(06/16)

Typical LPP strontium spectra

Already published

Reference : 

J. E. Sansonetti 2012 J. Phys. Chem. Ref. Data. 41 1 01312

3d-4p transition : Low inductance vacuum spark

3p-3d transition : Calculation



Sr XX

Sr XIX

Sr XVIII

Sr XVII

Sr XVI

Sr XV

Sr XIV

Sr XX

Sr XIX

Sr XVIII

3dn - 3dn-14p, - 3dn-14f resonant transitions

(2.5 to 4.5 nm region)

(07/15)

FAC, gA value

Binned and Normalised



(09/15)

Peaks a to f are blended resonant and satellite lines 

FAC, gA value

Binned and Normalised



Resonant and satellite lines in the 4.0 to 9.0 nm region 

form separate peaks 

(10/15)

FAC, gA value

Binned and Normalised



EBIT (Electron Beam Ion Trap)

in NIST, USA

with Dr. Yuri Ralchenko

LHD (Large Helical Device)

in NIFS, Japan

with Dr. Chihiro Suzuki

LPP experiment in UCD

Nd:YAG laser

7ns, 170ps, 20ps

Ti:Sapphire laser

38 fs

CO2 laser

50 - 200 ns

Schwob Fraenkel

Spectrometer

0.5 - 36 nm

Double grating

1 - 8 nm

1 - 20 nm
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Simulation in UCD

Cowan atomic structure code

FAC (Flexible Atomic Code)

GRASP (General Purpose 

Relativistic Atomic Structure 

Package)
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Future work: Study the discrepancy between 

predictions of CR model and experimental populations

Radiative Deflagration model &

Collisional Radiative (CR) model

T (eV) ≈ 5.2 × 10-6 A1/5 (λ2Φ3/5)

T : Plasma temperature

A : Atomic number

λ : Laser wavelength

Φ : Laser power density

FLYCHK code (NIST)

Influenced by the radius of plasma?

LPP with fine control laser power 

density by 5.5 ns, 170 ps & 20 ps 

Nd:YAG lasers
(12/15)

Reference : https://nlte.nist.gov/FLY/

38Sr Ne 1021 (cm-3)



Latest:
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