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Introduction

Recent experimental results have shown that it is possiljeaduce laser-accelerated pro-
ton and ion beams with distinct quasi-monoenergetic featur the energy spectrum [1, 2].
As short-pulse ultraintense laser intensities exce@d\¥6m2, it may be possible to produce
guasi-monoenergetic proton bunches with energies in tigeeraf 100-200 MeV. This opens up
the prospect of a new route to developing medical ion acatles for oncology.

In this paper we will briefly report on some of our recent woBk [This showed that it is
theoretically possible to produce laser-acceleratedprimn beams with distinct spectral peaks
by irradiating a solid target with two laser pulses thaterimn rapid succession. No special target
composition or structure is required, unlike the other sod®that have been proposed [1, 2].
This may be advantageous for certain applications.

The spectral peaks are generated by an unexpected twopstagess. Essentially the same
physical processes have been observed in simulations with different initial conditions,
and using different numerical codes. This indicates thiatghak generating process is indeed
physical, and is hot some numerical artefact. We call thiSANariant, MPSA (Multiple Pulse
Sheath Acceleration). A study of multiple pulse was moadaby the work of Grismayer and
Mora [4] who observed transient features in the spectradrcdse of proton acceleration with
a density gradient on the rear surface.

Simulations

Two numerical codes were used to study MPSA in 1D, one beirigld1Vlasov solver, and
the other being a 1D3P EM PIC code. We shall primarily repartlee PIC simulations, al-
though it should be noted that the Vlasov simulations shosuadar results. Since the Vlasov
simulations did not include the laser absorption this shibaswas is being described is essen-
tially due to the fast electrons.

In the 1D3P EM PIC simulations we considered a0 foil consisting of H and G

each at a density of 4i; that is initially charge neutral. Two laser pulses weredeait on the
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Figure 1: Proton energy spectra (red) against single pualsgarison. Set-up puls® was set
to 2 (Top Left), 1.5 (Top Right), 1 (Bottom Left), 0.5 (Bottom Rijh

foil with a delay between the pulses of 150fs. Each pulse Wés 4 duration and had a $in

envelope. The second (main drive) pulse was alwaysagad 4, but the intensity of the first
(set-up) pulse was varied. Simulations were run up to 40®fston energy spectra from four
such simulations are shown in figure 1 against a comparisomain drive pulse only).

As can be seenin figure 1, the spectra from the two pulse rifies lom those of single pulse
runs in two regards. Firstly there is a reduction in the maxmproton energy. Since the first
pulse generates a density gradient on the rear surfaces thagriewhat expected. However, it is
also found that spectral peak are generated in the two putse This is somewhat unexpected

and demands explanation.

Physics of Spectral Peak For mation
The spectral peaks are formed by a two stage process that te#t of the author’s knowl-
edge has not previously been observed. The first stage ieddnysthe increase in the fast

electron temperature that the second laser pulse causesteBhlts in a strong spike in the
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electric field being formed close to the heavy ion front. Imgiations without a second ion
species (i.e. only protons) this occurs at the point of teesst proton density gradient, so
this process is not dependent on there being a second iorespébis spike rapidly acceler-
ates protons in that region of the expanding proton cloudhiglaer velocity than those further
away from the target (although not to a higher velocity thHenrhaximum proton velocity). The
consequence of this is that these protons start to overtekprbtons ahead of them. This in
turn produces a peak in the proton density. The evolutioh@firoton phase spacpx( X) is

shown in figure 2 below.

Figure 2: Protorpy — x phase space during first stage of spectral peak generaboags.

As the peak in proton density is formed, the second stagebeghe creation of the peak in
proton density changes the electric field once again. Oneatxphat inside the proton cloud,
l.e. not at the proton front. For the electrid field to be deiieed by the quasi-neutral expres-
sion,Ex = —(ksTs/enp)dny/dx to a good approximation. A peak in the proton density would
therefore create a postive going and a negative going spittesielectric field, which is indeed
exactly what happens in the simulation. The positive gopigesaccelerations a bunch of pro-
tons to higher energy, and it is this bunch that constititespectral peak. The evolution of the

proton phase space is shown by figure 3 below.

Summary

In this work we have shown that it is possible to generateex{ascelerated proton beam with
spectral peaks in the energy spectrum by using two lasergpisespecial target enginnering
is required. The gain in the number of protons in the peak (ffarf 2—10 depending on the
circumstances) outweighs the increase in the laser eneggyred (at most a 25% increase in

the energy budget in this set of simulations).
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Figure 3: Protompy — x phase space during second stage of spectral peak gengratcass.
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