Petawatt High-Energy Laser for Heavy-lon Experiments

Developments at PHELIX and
prospects for cooperations with
PALS in the frame of Laserlab
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PALS Laser Hall in 2000 with installed ASTERIXIrc:q@oﬁgnI?:
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System seen from the oscillator table
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DoE- BMBF agreement

June 5th 2002: Signatures between BMBF and DoE for Nova parts
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7.5 m telescope section (SF6) 15 m telescope section (SF7)
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Packing up at LLNL

60 Tons of Material in 110 Boxes
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Unpacking at GSI February 2003
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First experiments 12/ 2006, routine operation since 6/28 og=

S

\ 5 Ampllflers W|th 30 cm beam
= size provide output energies in
i excess of 1 kJ

. ‘ (presently operated up to 1kJ)

Switch Yard

Compressor
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Presently installed gratings
supply performance up to
~200 J @ 400 fs due to
damage threshold issues
experienced in other
laboratory
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Heavy lons with up to 1000 MeV/u

focused on < 1 mm target spot

® large volume of sample (mm?3)

e  fairly uniform physical conditions

e high entropy @ high densities
high rep. rate and reproducibility

® any target material

Intense heavy ion beam is an excellent tool to

generate large-volume uniform HED samples !
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Diagnostics Using Laser generated X-rays and Protons
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Example: Backlighting by laser
accelerated protons

Roth, Cowan, Gauthier et al.,
LULI 2000)
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Plasma-based
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X-ray laser in the sub-10 nm regime
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We are using PHELIX to pump X-ray laser with Ni-like Samarium

and recently Ni-like Dysprosium (photon energy > 200 eV)

— We have developed an innovative two pulse scheme* to create transient
collisionaly excited (TCE) plasma X-ray laser (DGRIP)

Together with D. Ros et al. , LASERIX

Ni—like Sm
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XPA O R

Amplification of soft x-rays in the regime of 40 eV and about 260 eV with a
small signal gain of up to 8 x 103 was observed using the PHELIX front-end.
The parametric amplification of high-order harmonics as a seed is
explained by a simple model of energy transfer into the x-ray field.
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Laser-generated K-alpha sources
Large application potential in High Energy Density Science experiments
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Hard X-Ray Detector

measures the high-energy bremsstrahlung emission

Filter transmission
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-- Existing Facility
— New Facility
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Secondary sources : Protons H

With courtesy of I. Alber, K. Harres, and M. Roth TUD, A. Tauschwitz and M. Kreutz GSI

=
[ ]
=
Setup to test | 5 102fo,
proton production g .  Np=L152x 1013
o )
:E 10 &G'S
> 10 Ba
2 %o
z %9%9
g %G(‘}ﬂo
E 10° | 1
§ o 5 10 15 20 25 30
o

Proton energy (MeV)
Stack located 405 mm from the target

' reference | . 6.8 MeV | 9.0 MeV

| & (3193 Ed e < oz = . by

Converging proton beams

Progress in particle acceleration (Courtesy of K. Harres, T. Cowan,
M.Roth,et al.)
Up to 14 MeV protons were collimated using a coil developed
at FZD
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Secondary sources : Proton Beams H
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