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Abstract

Energetic proton accelerationofn concave targets, the ftoaf which were irradiated
with 40 fs laser pulses with an intensity of4@v/cn?, has been studied as a function of the
depth of the concave shape. Three kinds @fets, a triangular coage target, a circular
concave target and a parabolic concave tagget considered. When the depth of the
concave shape was varied, the peak praoergy showed a maximum. The underlying
mechanism for the existence of a maximurmakpproton energy is presented by tracing the
proton trajectory. It igoncluded that a parabokoncave target is the best, among the targets
considered, for accelerating a proton beam, since a proton beam from a parabolic concave

target goes through the strongest electric field.

1. Introduction

Energetic particles generated by laser-plasma interactions can be used in many
applications, ranging from manufacturing to dizgne, and for the initiation of tabletop
particle accelerators for high-engy physics and fusion by fast ignition. The generation of
energetic protons by the interaction of anagdhort high intensity lasgulse with a plasma
has been demonstrated in recent theoretical [1-4] and experimental [5] studies. It has been
shown that the energy of a laser pulse carflieiently converted into fast proton energy
using foil targets. Simulations [1-4] havkasvn that the mechanisms for generating proton
acceleration are the ambipolar field and Couloaxplosion. Energetic electrons ejected
from the foil by the laser field create a strong etestatic field, which is the main source of
acceleration of protons ejected from the redrdarface. Thus, a collimated proton beam can
be produced by focusing an intense laser beam thet surface of a solid film. It is clear
that these protons can be focused if the foifeme has a curvature. This effect has been
shown numerically for plasmas with sharpnsi¢y gradients [2,3] and has also been
experimentally demonstrated [6]; howevénhe process has not die optimized. Most
experimental high power lasers produce aprse, which generatespdasma layer with a

smooth density gradient on the surface of the fidiis density gradient plays an important
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role in laser energy absorption [7,8]. Wave reported high energy generation of a proton
bunch from a triangularoncave target and a circular cane target including the density
gradient [9,10]. The effect of a plane targi@tkness on peak proton energy has also been
described [11]. The proton focusing effelsy the parabolic concave target has been
considered in reference [2].

This paper reports the investigation of théuence of the depth afhe concave shape on

energetic proton acceleration by ultraintense laser interaction.

2. Energetic proton bunch simulation with concave tar gets

Proton focusing effects were verified usiagnodel in which protons are ejected from
concave targets, as shown in Fig.1. Sirmoies were performed for a laser wavelenkytbf
1.06um , laser intensity of 107° W/cn¥, pulse dulatiorr of 40 fs, lengthW of the concave
target is constant afldand the dept® of the concave target is changed from @.to
In Figs.2(a) and (b), 3(a) and (b), and 4a}l (b), proton beam trajectories and contours at
wt=800 (=449 fs), wherev is the laser frequency, are shofenthe triangular concave target,
the circular concave target and the parabaloncave target, respectively. It can be
obviously seen from these figures that the prdieam, accelerated by the strong electric field
induced by the region of heighteneeaton density, is collected near tk@xis direction
wheny/A is around 6 - 10. For the triangular concavedf as in Fig.2(athe peak proton
energy is increased by changibgfrom 0 to 0.4 because the proton beams go through the
stronger electric field. However, aftBr= 0.4\ the peak proton energy decreased because the
proton beams cross the strongdectric field, as seen ikig.2(b). For the circular and
parabolic concave targets, the acceleration mestmaaf the proton beam is the same as for

the triangular concave target.
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Fig. 1: The geometry of the targcontaining te concave cavity.
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Fig. 2: Proton beam trajexies Fig. 3: Proh beam trajectories Fig. 4: Proton beam trajectories
and contour of (ap=0.4\ and and contour of (BF0.6L and and contour of (BF0.6, and
(b) D=A from a triangular con- (B=\ from a circuler con- ()=A from a parabolic con-
cave target abt=800. cave targetawtt=800. cave targetawtt=800.
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Fig. 5: Peak proton energy tgpth of the concave shape pfrom
the triangular, circular and parabolic concave targets=800.

3. Conclusions

There is a maximum for the peak protoresy as shown in Fig.5. For the triangular
concave target, the peak proton energy is maximu=a0.4. which corresponds t6= 15
degrees For the circular concave targetetpeak proton energy is maximumDat= 0.6\
which corresponds to the radius of the cincke 2.2.. For the parabolic concave target, the
peak proton energy is maximumb@t= 0.6\ which corresponds ta= 0.27 for the formula of
the parabola of x = a (y — 8.)%A+18L. These results show that the parabolic concave target
is the best for accelerating a proton beam among the three targets examined in this study.



33rd EPS 2006; T.Okada et al. : Energetic Proton Acceleration and Bunch Generation by Ultra-Intense Laser Pu... 40of4

[1] S.C.Wilks, Phys. FluidB5, 2603 (1993).

[2] Y.Sentoku, T.V.Liseikina, T.Zh.Esirkepat al., Phys. Rev. 62, 7271 (2000).

[3] S.C.Wilks, AB.Langdon, T.E.Cowast al., Phys. Plasma® 542 (2001).

[4] A.Pukhov, Phys. Rev. Let86, 3562 (2001).

[5] A.P.Fews, P.A.Norreys, F.N.Bajal., Phys. Rev. LetZ3, 1801 (1994).

[6] S.P.Hatchett, C.G.Brown, T.E.Cowainal., Phys. Plasmag 2076 (2000).

[7] E.Lefebvre and G.Bonnaud, Phys. Re%e3:-1011 (1997).

[8] A.A.Andreev, K.Yu.Platonov, T.Okada and S.Toraya, Phys. Plag®&20 (2003).

[9] T.Okada, Y.Mikado, T.Kitada, M.Sugiiand A.A.Andreev, Jpn. J. Appl. Phygl, 1431
(2005).

[10] A.A.Andreev, T.Okada, K.Yu.Platonand S.Toraya, Laser and Particle Be&hs431
(2004).

[11] A.J.Mackinnon, Y.Sentoku, P.K.Pagtlal., Phys. Rev. Let88, 215006 (2002).



