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Outbursts of fast ions and generation of DD-neutrons by 
sub-nanosecond laser irradiation at intensities up to 5x10"' W cm"2 
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We exposed massive slab graphite and deuterized polyethylene targets to laser intensities up to 5X1016 WI 
cm2 varying both the laser energy and the position of the laser beam focus with respect to the target surface. 
The sub-nanosecond Prague Asterix Laser System (PALS) operating at a fundamental wavelength of 1315 nm 
was employed as a driver. Carbon ion currents reaching values up to 15 kA/sr and maximum ion energies of 
~1 MeV/amu in the downstream direction (i.e. in the backward direction with respect to the incident laser 
beam) are reported. The maximum energy of protons was estimated to be ~2 MeV. The irregular shape of time-
of-flight (TOF) spectra is caused by plasma outbursts, whose growth results in ion current pulsations with a 
period of about 5 ps during the laser-plasma interaction. 
TOF spectra of neutrons emitted from deuterized polyethylene plasma were measured in the upstream 
(forward) direction with the use of scintillation detector. The time-resolved signal of the scintillation detector 
induced by hard X-rays was analyzed. The neutron yield measured with the use of bubble neutron detectors 
reached values of up to lxlO7 neutrons per shot. 
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Copious Xe(M) (~1 keV) and Xe(L) (~4.5 keV) production induced by intense femtosecond 248 nm pulse 
excitation of Xe clusters is a well established phenomenon [1-3]. Present studies of the characteristics of Xe(L) 
amplification in plasma channels [3] have dramatically revealed the presence of very strong nonlinear dispersive 
and absorptive processes in the x-ray range that are illustrated in Figure 1. The dispersive nonlinearity is illustrated 
in panels (a) and (b) by the clear action of self-focusing. The corresponding absorptive nonlinearity is shown 
in panel (c); intense Xe(M) radiation at ~1 keV produces Xe L-shell vacancies that generate corresponding 
Xe(L) emission, an observation requiring the absorption of a minimum of 5 ~1 keV photons. Since the linear 
Kramers-Kronig relation has a nonlinear extension, these two phenomena are in natural alliance. 
Fig.l. Simultaneous single-pulse pinhole camera Xe(M) (~1 keV) and Xe(L) (-4.5 keV) images of x-ray 
production and propagation in a 248 nm driven channel in a Xe cluster medium produced with a 1.4 mm 
diameter circular nozzle, (a) Characteristic Xe(M) propagation illustrating both copious x-ray production and 
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the self-focusing of the originally annular Xe(M) beam, (b) 3-D view of panel (a) illustrating the collapse of the 
annular configuration of the Xe(M) beam into a focused axial structure. The self-focusing action is developed in 
the Xe cluster medium in a region that is not directly excited by the 248 nm pulse, (c) Simultaneously recorded 
Xe(L) emission that spatially overlaps the image in panel (a). The use of a 7.5 ^m thick Ti filter suppresses the 
Xe(M) signal by a factor of ~10 ; hence, only the Xe(L) component is detected. This image demonstrates that 
sufficiently intense Xe(M) radiation can produce strong Xe(L) emission by a nonlinear coupling. Of particular 
significance is the Xe(L) production observed at the end of the channel with a maximum spatial breadth of 
-200 |im. 
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With the intense laser entering the relativistic regime for some time, the vision of laser wakefield acceleration 
has become a reality. With the energy of relativistic laser further increasing, we now envision a regime of greater 
accelerated energies as well as new regimes of acceleration, including ions. With the 100J class laser now soon in 
hand, we foresee multi-staged acceleration reaching beyond lOOGeV, a serious energy threshold. With this class 
ion acceleration also enters into a new regime where ions too become relativistic and thus monoenergy. We 
will discuss TeV and PeV laser acceleration in this talk. In addition to laser-based collider possibility (for which 
we advocate laser development with high efficiency and high repetition rate), we also envision possibility of 
conducting fundamental physics research based on non-collider approaches. PeV energies will allow us to feel 
the texture of vacuum. Meanwhile, high intensity fields of laser could excite and resonate with 'vacuum modes', 
for which we will elaborate. Finally, I will mention some of societal applications that may be derived from these 
laser technology development spurred by the interest into fundamental physics. 
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