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Motivations

Our main activity: 

• development of laser-plasma soft X-ray and extreme ultraviolet sources

• research on interaction of intense SXR and EUV pulses with solids or gases

Our research interests:

• EUV and SXR imaging

• radiobiology 

• micromachining and surface modification of polymers

• photoionization experiments

- laboratory astrochemistry (planetary atmospheres)

- laboratory astrophysics

- warm dense matter

- EUV + plasma surface treatment 
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Introduction - laboratory astrochemistry 
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XPS measurements of PVDF surface:

a) Pristine sample, b) after treatment

Introduction - photoionized plasma for surface treatment

Photoionized plasma created using laser – produced plasma EUV source

A. Bartnik et al., Appl Phys A 109, 39-43 (2012)



Laser produced plasma EUV source: 0.8 J / 4 ns  laser
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SXR/EUV focusing:

Multifoil collector

EUV focusing:

Mo-coated ellipsoidal 

collector

SXR/EUV spectra 

from Xe plasma

Fluence of the focused 

SXR/EUV radiation

Laser-plasma produced EUV source: 10 J/ 10 ns laser system
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EUV induced photoionized plasma: Xe II, Kr II inner shell emission

For krypton ions:

n= 3

For xenon ions:

n = 4

Electron density 

estimation 

based on the 

absolute inner 

shell emission

ne > 1015cm-3
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EUV induced photoionized plasma: Xe, Kr EUV spectra
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Dominating 

Xe II and Kr II 

lines,

Xe III lines 

also detected



Boltzmann plots for Kr I-II emission lines, based on spectral 
measurements in UV/Vis ranges

EUV induced photoionized plasmas: Te and ne estimation

Boltzmann plot for Xe II emission 
lines, measured in UV/Vis range
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EUV induced photoionized plasmas: Ne and molecular gases

Optical images of 
photoionized plasmas 

images

A. Bartnik et al, 
Physics of Plasmas 
21, 073303 (2014)

Ne: aquisition for 100 EUV pulses N2: aquisition: 4000 EUV pulses

SF6: aquisition: 4000 EUV pulsesO2: aquisition: 4000 EUV pulses
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Summary

• photoionization experiments using the LPP EUV sources were 
demonstrated

• inner shell processes were described and their influence on plasma 
formation was indicated

• examples of spectra originating from photoionized plasmas induced 
in atomic and molecular gases were shown

• from EUV and UV/Vis spectra strong contribution of molecular 
processes in photoionized plasmas was indicated

• electron and ion temperatures from emission spectra were 
estimated



ACKNOWLEDGEMENTS

This work was supported by the grant UMO-2013/09/B/ST2/01625 
of the National Science Centre, Poland, European Commission's 

Seventh Framework Program (LASERLAB-EUROPE) grant 
agreement no. 654148, and partially funded by the EU from 
EUROPEAN REGIONAL DEVELOPMENT FUND, project 

number: WND - POiG.02.01.00—14—095/09.


