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1. Photoionization studies of vapours 

Photoelectron spectroscopy involves the measurement of the kinetic energies of electrons emitted 
when a target is illuminated, and yields detailed information about the nature of atomic and 
molecular targets. For more than 40 years synchrotron studies have been carried out on gas phase 
targets but the body of data on metal vapour targets is relatively small. Recently the combination of 
an efficient experimental set-up and a vapour source, at the Gas Phase Beamline at the Elettra 
synchrotron, has enabled an advancement in the study of double photoionization. In double 
photoionization a single photon simultaneously liberates two electrons and hence the study of this 
process provides detailed information on the interaction of the electrons between themselves. This 
Recent measurements on magnesium  [1] showed clear evidence of two-electron interference 
predicted theoretically, but never before observed experimentally. This project aims to extend these 
double photoionization studies to other metal vapour targets, gathering related single photoelectron 
data at the same time. The majority of these experiments will be synchrotron based but these will be 
complemented by measurements with Free Electron Lasers and laboratory laser sources. Where 
possible, the data will be modeled using atomic structure codes, such as the Cowan suite of codes.  
 

The  project will provide experience at the forefront of synchrotron and Free Electron Laser 

experimentation techniques. The studies will significantly enhance the body of knowledge of 

photoinization processes for metal vapour targets, this knowledge is of fundamental importance as 

well as having potential applications.  

[1] E. Sokell, et al Physical Review Letters 110, 083001 (2013). 

2. Soft X-ray Bio-microscopy – Developing the world’s most radiant lab-scale ‘water 

window’ source 

Cell tomography with a resolution of <50 nm has been developed at large synchrotron light facilities 

(ncxt.lbl.gov) with impressive results.  The imaging technique uses the natural contrast difference 

between carbon containing proteins and water in the soft x-ray range from approximately 2.5 to 4.5 

nm. 

This type of imaging allows biologists to see the inner workings of complete cells at a molecular level 

without the need for the complex chemical fixing, staining and slicing required for electron 

microscopy.  The technique is also compatible with optical fluorescence microscopy, which allows 

biologists to develop complete structural and chemical maps of cells. 
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The techniques have been demonstrated with lab scale light sources, but as yet no stable and 

sufficiently high radiance light source has been developed to bring the technique into common use. 

Using novel liquid coated plasma facing optics developed in UCD, and our laser plasma million 

degree fireballs which will emit the correct radiation, the objective in this PhD project will be to 

develop such a light source.  Further, the source will be designed with the developers of water 

window microscopy in the Biomedical and X-Ray Physics Group at KTH, Stockholm and The National 

Center for X-ray Tomography, Lawrence Berkeley National Lab, California, with the object of 

producing a simple stand-alone microscope.  It is expected that the student will spend at least some 

of their time in one or both of these labs. 

 
 

3.  Colliding Plasmas as potential sources for EUV lithography 

A high brightness plasma EUV source is urgently needed for EUV Lithography, the current industry 
requirement is > 100 W at the intermediate focus [1]. Laser produced plasmas emit lines and 
continuum. In some cases, for transitions involving open subshells, the lines merge to form an 
unresolved transition array (UTA) [2].  It has been shown by our group that the best plasma fuel for a 
source at, the industry-selected, 13.5 nm wavelength, selected for the high reflectivity of Mo/Si 
mirrors at the wavelength, should contain tin as a component. As the emission from unresolved 4d-
4f transition arrays from several ion stages overlap in this region [3].  

Experiments involving double pulse plasmas generation have shown that preheated plasmas can be 
very good targets for a delayed secondary pulse, yielding a gain in the emitted EUV radiation 
compared to the sum of the individual plasma emission [4]. Two colliding laser produced plasmas 
may create a stagnation layer, which is potentially an ideal target for a reheating with a delayed 
secondary pulse. The electron density and temperature of stagnation layers can be varied easily by 
changing the parameters of the two colliding plumes. The stagnation layer has also been found to be 
homogeneous along its length and to have a spatial density distribution that remains relatively flat 
for hundreds of nanoseconds. [5]. The aim of this project is to extend experimental studies 
conducted in our laboratory, using a combination of Nd:YAG and CO2 lasers, to determine whether 
colliding plasmas could be the basis of the next generation of lithography tools and to more 
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thoroughly understand the plasma dynamics involved. The former will be informed by 
measurements of the electron density in the stagnation layer using Nomarski interferometry [6], 
whilst the latter will involve the simulation of the plasmas involved. 
[1] V. Banine Procceedings of the 2013 International Workshop on EUV and Soft X-ray Sources 
November 2013. 
[2] J Bauche and C. Bauche-Arnoult 1992 Phys Scr T40, 58 
[3] G O’Sullivan et al SPIE Press Monograph Vol. PM149 
[4]  J.T. Costello  and J. Dardis. 2010, Spectrochimica Acta Part B, 65 627.  

. [5]  P. Hough et al  2009 J. Phys. D: Appl. Phys., 42 055211.  
[6] P. Hough et al 2009 Applied Surface Science 255 5167 

 

4. Extreme ultraviolet and soft x-ray source studies. 

Multilayer mirrors with reflectivity ranging from around 10% to 80% are now available for use in the 

wavelength region from 1-20 nm.  Because diffraction effects are much reduced at these 

wavelengths, there is a major international research effort underway to develop bright sources at 

wavelengths which match the multilayer reflectivity peaks that can be used for surface patterning, 

lithography and nanoscale microscopy. Because of the high photon energies involved, such sources 

are typically laser produced or discharge plasmas with plasma temperatures up to 106 K and beyond 

[1]. 

The proposed project involves identifying the optimum emitters at specific wavelengths to match 

multilayer performance parameters. Line emission or unresolved transition arrays from multiply 

charged ion in plasmas produced by high power pulsed lasers, operating at different wavelengths, 

with pulse durations ranging from picoseconds to nanoseconds will be studied [2].  The emission 

spectra from a range of different elements will be recorded to identify potential sources.  The 

plasma properties will be varied by changing the laser parameters such as wavelength, energy  and 

pulse duration and target geometry and concentration in order to identify the optimum operating 

conditions. The ion stage distributions for plasma optimisation will be studied and previous 

unidentified spectral features assigned using atomic structure calculations. Additional theoretical 

support will be provided by Dr. Li Bowen from NWNU Lanzhou, China while additional plasma 

studies and spectral information will be provided through a number of collaborations: emission from 

low density plasmas from researchers at the Large Hydrodynamic Device at the National Institute for 

Fusion Science at Toki in Japan [3] and at electron beam ion trap (EBIT) facilities in Japan and the US 

(UEC Tokyo and NIST) [4], while high density, highly ionised plasmas will be studied at Utsunomiya 

University and at the GEKKO XII laser facility at ILE Osaka. It is envisaged that the project will include 

participation in some of these experiments. 

The project will provide experience in high power laser matter interactions, plasma diagnostics, 

spectroscopy and spectral analysis and atomic structure calculations. It will also provide experience 

of working at large scale facilities within international research consortia. 

[1] G O’Sullivan,  D Kilbane D and  R D’Arcy 2012 J. Mod. Opt.59 855 
[2] B W Li, T Higashiguchi, T Otsuka, W Jaing, A Endo P Dunne and G O’Sullivan 2013 Appl. Phys. 
Letts, 102, 041117 
[3] C Suzuki, C S Harte, D Kilbane, T Kato, H A Sakaue, I Murakami, D Kato, K Sato, N Tamura, S Sudo, 
M Goto, R D'Arcy, E Sokell and G O'Sullivan  2011 J. Phys. B: At. Mol. Opt. Phys. 44 175004 
[4] D Kilbane, G O’Sullivan, J D Gillaspy, Yu Ralchenko and J. Reader 2012 Phys. Rev. A 86, 042503  


