2D radiation-hydrodynamic simulations of hohlraum targets driven by intense laser beams
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At GSI in Darmstadt hohlraums were and are currently used
for stopping-power measurements of fast ions within hot
dense plasmas [1]. A newly developed two-dimensional hy-
drodynamics code with multigroup radiation transport and

thermal conduction, called RALEF-2D [2], provides ade-
quate theoretical modelling of those hohlraum targets.

RALEF-2D

Mesh: two-dimensional, quadrilateral cells, multi-block,
cartesian (x,y) or axisymmetric (r, z) coordinates

Hydrodynamics: local, based on the code CAVEAT |[3],
Arbitray-Lagrangian-Eulerian (ALE) remapping, Godunov-

like Riemann solver, 2nd order in space

Thermal conduction: local, symmetrical-semi-implicit
(SSI) method [4], 2nd order in space

Radiation transport: non-local, angular discretization
with the Sn-method [5], SSI, short characteristics, 2nd order
in space, solved for discrete spectral groups

Laser absorption: no refraction, same scheme as for radi-
ation transport, deposition by inverse bremsstrahlung, new
ray-tracing package with refraction is underway

Supercomputing: parallelization with MPI / OpenMP

EOS and opacities

The EOS, thermal conductivity and spectral opacities are

provided by the THERMOS code (KIAM, Moscow) [6].

Spectral opacities: Hartree-Fock-Slater equation for plasma
ions with equilibrium level population, LTE

Simulations for discrete number of spectral groups |v;, V1]
with Planckian averaged k, (seperate set for diagnostics)

Au: T =100 eV, p = 10 mg/cm® |
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Figure 1: Spectral absorption coefficient k;, of Au, original and
frequency-group averaged data

Other EOS options: FEOS, Basko, analytical

Foil target: Description

The PHELIX laser heats a primary spherical Au hohlraum.
Primary X-rays heat a secondary cylindrical Au hohlraum.

The ion beam finally crosses one or two carbon foils attached
at the secondary hohlraum.

Secondary hohlraum simulations: talk by A. Ortner
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Figure 2: Schematic view of the target geometry / diagnostics
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Foil target: Primary hohlraum |7]

3D spherical hohlraum — 2D cylindrical hohlraum
2D configuration extends to infinity along the z-axis
Same radius (R = 0.3 mm) and angular hole dimensions
lterative rescaling procedure of the laser energy

— Assures that the temperature histories are equivalent

PHELIX laser: \; = 527 nm, £/ = 130 J, t,u15e = 1.2 ns
Focal spot: Gaussian, FWHM = 0.1 mm
Simulation on an Eulerian mesh with ~ 360000 cells
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Figure 3: Colour contour plots of mass-specific laser energy depo-
sition rate ¢ at ¢ = 0.6, 1.1 ns / of density p at t = 0.6, 1.2 ns / of
radiation and matter temperature 1" and 1} at t = 0.9 ns

At t =~ 0.5 ns a plume of hot laser-ablated plasma
(T ~ 0.3 — 0.5 keV) reaches the hohlraum center and the
hard component of the X-ray spectra becomes observable
through the diagnostic hole (Fig. 4). At ¢ = 0.9 ns the laser
hole is filled with plasma but it stays undercritical until the
end of the laser pulse. For ¢ > 0.9ns due to plasma collisions
strongly radiating shock fronts evolve and thin and dense fil-
aments of shock compressed gold plasma are formed.
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Figure 4: (left) Average temperatures near the hohlraum center;
(right) Calculated X-ray spectra (soft and hard component) as be-
ing observed through the diagnostic hole

Foam target: Description

The PHELIX laser heats a primary cylindrical Au hohlraum
and the outgoing X-rays heat an attached carbon foam in-
side a copper holder which the ion beam finally crosses.
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Figure 5: (left) Schematic view of the target geometry; (right)
Simulation setup with dimensions and initial densities
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Foam target: Simulation results [8]

PHELIX laser: \; = 527 nm, £ = 180 J, {,u15c = 1.4 ns
Focal spot: Gaussian, FWHM = 0.2 mm

Simulation on an ALE-mesh with =~ 110000 cells

Initial carbon foam density: po = 2 mg/cm?

lon-beam aperture: dy = 0.5 mm, y = —1.0.. — 0.5 mm
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Figure 6: Color contour plots of a) the matter density p, b) the
matter temperature 7', and c) the LTE ionization degree Z of the
whole experimental configuration at t = 6 and 14 ns

In the middle of the hohlraum one observes a filamentary
structure, evolving from the collision of the ablated gold
plasma flows. Inside the carbon block one can discern an al-
most planar shock front, propagating upwards from the cop-
per support plate and reaching y = —1 mm at ¢ = 13.5 ns.
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Figure 7: (left) Calculated X-ray spectra as being observed through
the lower hole of the hohlraum; (right) Spectral absorption coeffi-
cient k£, of C, original and frequency-group averaged data

The first spectral peak from the hot (7" ~ 300 eV) laser
spot gold plasma coincides with the transparency window
hv = 0.1 — 0.3 keV of carbon below its K-edge. For a large
portion of the hohlraum radiation emitted during the laser
pulse the carbon foam has an optical thickness of ~ 1.
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Figure 8: (left) Normalized column density along the ion trajecto-
ries parallel to the x-axis o (t,y) = [ p(t,z,y)dz/ | p(0,z,y)dx
at t = 6, 10, 14, and 18 ns; (right) vertical temperature profiles
through the carbon block center at t = 1.2, 2.5, and 6 ns; the
shaded (cyan) vertical strip marks the ion beam aperture

Spatially homogeneous plasma conditions with a LTE ion-
ization degree of Z ~ 3.75 are prooven to remain for a time
window long enough for the ion-stopping measurements.
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