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When a high intensity laser pulse strikes a thin foil target, a population of hot electrons is produced. Some of the 
electrons traverse the target and form an electrostatic sheath at the target rear side, which field ionizes surface 
contaminants such as hydrocarbons. Free protons are produced and accelerated along the target normal. This 
mechanism is known as Target Normal Sheath Acceleration (TNSA). However, the maximum proton kinetic 
energy obtained through TNSA is still insufficient for some applications, such as proton therapy. This is due 
to a poor energy coupling between the hot electrons and protons, partly as only a fraction of the hot electron 
population contributes to the quasi-static field at the rear side, and partly because this field enables acceleration 
during only a very short time. 

In a recent TNSA experiment McKenna et al. observed protons emitted from the edges of a flat foil target [1]. 
The electrons responsible for that were part of the primary population of hot electrons, not contributing to the 
quasi-static field at the rear target surface. Instead they spread laterally with a speed close to the speed of light 
and set up a delayed sheath at the target edges, promoting proton emission there. 

We explore the possibility to use these laterally spreading hot electrons to set up a spatially separate and temporally 
delayed field for post acceleration of protons following TNSA. For this we irradiate hollow microspheres o f - 5 0 
pm diameter and sub-micron wall thickness. Laterally spreading hot electrons are guided along the spherical 
surface to the opposite side of the sphere, where protons accelerated to MeV energies through TNSA inside the 
sphere are passing through a micro machined exit hole and become post accelerated. 

We will present our first experiments with hollow microspheres, conducted at the Lund High Power Laser 
Facility. The results show spatial and spectral features in the proton beam parameters that are different to those 
encountered in standard TNSA experiments with flat foil targets. The experimental results are compared with 
the outcome of PIC simulations. 
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Cancer therapy using protons or heavier ions such as carbon plays a more and more important role in oncology. 
In contrast to the widely used X-rays, the ions deposit their energy mainly in a small spatial region before they 
come so a stop (Bragg peak) and thus it is possible to deposit energy within the tumour in a more controlled 
way sparring the surrounding tissue. 
So far, the required accelerators are quit complex and costly, since laser accelerated ion technology has made 
large progress over the last years, it has been proposed to use lasers in order to replace conventional accelerators. 
To reach this goal, among obvious tasks as an increase in ion energy, precise dosimetry measurements for 
ultrashort ion bunches have to be established and the biological effectiveness of laser accelerated protons has 
to be determined. 
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We report on the first experiments, showing dose dependent biological damage of tumour cells by laser-
accelerated protons [1], In order to apply the dose in a controlled way an energy filter system as well as a 
dedicated dosimetry system and an in-air cell irradiation site has been set up. The cells could be irradiated with 
protons of an energy range between 5 and 15 MeV applying doses of a few Gray within a few minutes. 
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Extreme ultraviolet (EUV) can be produced from a high-temperature plasma generated by interaction of high 
power laser pulses with matter. Laser plasma EUV sources are considered to be used in various applications in 
physics, material science, biomedicine, and technology. In the paper new compact laser plasma EUV sources 
developed for processing polymers and imaging are presented. The sources are based on a gas puff target 
formed by pulsed injection of a small amount of gas under high-pressure into a laser focus region. The use 
of the gas puff target instead of a solid target allows for efficient generation of EUV radiation without debris 
production [1], The compact laser plasma EUV source based on a gas puff target was developed for metrology 
applications [2, 3]. 

The EUV source developed for processing polymers is equipped with a grazing incidence axisymmetrical 
ellipsoidal mirror to focus EUV radiation in the relatively broad spectral range with the strong maximum near 
10 nm. The size of the focal spot is about 1.3 mm in diameter with the maximum fluence up to 70 mj/cm2 . 
EUV radiation in the wavelength range of about 5 to 50 nm is produced by irradiation of xenon or krypton 
gas puff target with a Nd:YAG laser operating at 10 Hz and delivering 4 ns pulses of energy up to 0.8 J per 
pulse. The experiments on EUV irradiation of various polymers have been performed. Modification of polymer 
surfaces was achieved, primarily due to direct photo-etching with EUV photons and formation of micro- and 
nanostructures onto the surface [4]. The mechanism of the interaction is similar to the UV laser ablation where 
energetic photons cause chemical bonds of the polymer chain to be broken. However, because of very low 
penetration depth of EUV radiation, the interaction region is limited to a very thin surface layer (<100nm). 
This makes it possible to avoid degradation of bulk material caused by deeply penetrating UV radiation. The 
results of the studies should be applicable in biomedical engineering. 

The compact laser plasma EUV source has been also used in a microscope based on a Fresnel optics for 
nanoimaging. Quasi-monochromatic EUV radiation at 13.8 nm was obtained by selection of a single line from 
the argon plasma spectrum produced using the argon gas puff target. The Mo/Si ellipsoidal mirror of 80 mm 
in diameter and the 45° incidence angle was applied as the selector. Using the Fresnel lens with the outer zone 
width of 50 nm the spatial resolution (half-pitch) of 70 nm was obtained [5]. 
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