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- Thermal expansions
- Radiation pressure and relativistic transparency
- Hole-boring and shocks

- Future developments



Thermal Expansions



n > Nep = EUmE&JUZ/B2

Energies ~ akple ~ a*mECQ(IA2)1/2
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Radiation pressure and
relativistic transparency
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Plasma
Mirror

Simulation Conditions:

Laser: Target:
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1. Palmer, C. A. J. et al. Phys. Rev. Lett. 108, 225002 (2012).
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1. Dover, N. P., et al, submitted Phys. Rev. Lett. (2014).
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Hole-boring and
shocks



vny = ((1 + R)I/pc)t/?
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= Pulse energy ~ 2-4J

= Pulse length < 10 ps
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Focal spot diameter ~ 60um

x 10" Np MeV/sr
h;l' P

I ~ 5x101>W/cm?
1. Palmer, C. A. J. et al. Phys. Rev. Lett. 106, 014801 (2011).
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scale-length manipuiation
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1. Tresca, O., et al, submitted Phys. Rev. Lett. (2014).
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summary of mechanisms

Mechanism Laser Target

SUSE | Migh - Thin (~pm)
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: : Intensity  Ultrathin
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Protons nurlr_llliager; . poor beam
(hlgh_-Z ~10 MeV/u short pulse q_uc'?lllty,
require length, good difficult
sliesiing) emittance  target try
Good
Any number, low NO targets
gaseous ~1 MeV/u energy for optical
species spread, high lasers
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Future Considerations



High intensity laser

Gabor lens Radiochromatic

Motor Divergent
lon beam

A Gabor lens used for both focussing and energy selection.

Gabor lens focuses both transverse dimensions simultaneously, thereby
significantly reducing through-put.

1. Hoffman, 1., Phys. Rev. STAB 16, 041302 (2013).



A Gabor lens is a space-charge lens first
proposed in 1947.
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Requires reduced magnetic field for focusing
ions, compared to solenoids:
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1. D. Gabor, Nature 159, 1947.
2. J. Pozimski and M. Aslaninejad, Laser and Particle Beams, 31, 2013
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Proposed Applications:
Radiobiology with varying ion species, Radio-isotope prodl
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« Laser peak intensity:
4.0X10%2 Wcm™

e duration: 15fs

« Peak energy:
1.32GeV

* energy spread: 28%
 divergence: 9.2°

* total charge of bunch:
6.5nC

 spot size of the bunch:
2.9 um

* Laser spot size: 4 um

1. Yu, J., in preparation (2014).
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Incoming
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Buffering enhances proton
acceleration from thin folls.

Scale-length manipulation of gas
profiles allows direct helium
acceleration from gas targets

Beam line based on Gabor lens
simulated

Hole-boring acceleration to GeV
energy level simulated

Time Is ripe to marry laser and
conventional techniques!
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