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Study of Energetic Ion Generation from High- 
Intensity-Laser Dense-Plasma Interactions 

K. Flippoa, A. Maksimchuka, S. Banerjeea, K. Nasha, V. Wonga, T. Lina, 
K. ~ e m o t o ~ ,  V. Yu. Bychenkovc, Y. sentokud, G. Mouroua, 

D. Umstadtera 

"FOCUS Center, University of Michigan, Ann Arbor, MI 48109-2099, USA 
b~~~~~~ 2- 11- I ,  Iwado-kita, Komae-shi, Tokyo, 20 1-85 1 I Japan 

'P. N. Lebedev Physics Institute, Russian Academy of Science, 11 7924 Moscow, Russia 
d ~ s a k a  University, Osaka Japan (Currently with GA, San Diego) 

Abstract. We report on the characteristics of an ultrafast-laser driven proton beam from thin- 
film targets. The difference in proton beam profiles, beam energies, and laser induced back 
ablation plumes between a dielectric (Mylar) and a conductor (aluminum) are discussed. 
Evidence for front-side acceleration and a method for beam manipulation are also presented. 

IONS FROM HIGH-INTENSITY-LASERS 

Since the discovery of forward accelerated protons and ions from high-intensity- 
laser thin-film  interaction^"^'^, many groups have become interested in using these 
protons for a wide variety of applications, including: plasma diagnostics4, 
radiography5, radiation therapy6, radioisotope Eroduction7~8, fast ignition fusion9, 
table-top nuclear reactions1° and nuclear physics , and even space propulsion12. For 
these proton beams to become usefully wide-spread their origin must frst be carefully 
understood and then their characteristics controlled. 

In our previous experiments2 we used the second harmonic light from a T~ hybrid 
Ti:Sapph/Nd:Glass laser system producing 10TW. These initial experiments were 
limited to 2 J and 2x10'~ w/cm2 due to non-linear effects in the doubling crystal. We 
observed that a collimated beam of protons, 40' in divergence, and up to 1.5 MeV 
could be accelerated forward through the target. The protons originate from a few tens 
to hundreds of hgstroms thick contamination layer on the surface of the target, 
consisting of mainly water vapor. 

In a subsequent experiments we observed, using 6 J of the laser's fundamental 
frequency, at intensities up to 5x10'~ w/cm2, that a beam of up to 10 MeV was 
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Proton Energy vs. Target Thickness
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