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A high-Z, mm-scale hohlraum can be heated by intense
laser pulses to X-ray temperatures of tens and hundreds
of eV. By placing a sample material inside, a uniform high-
temperature plasma state can be achieved on the order of
nanoseconds. The hohlraum prevents the hot plasma from
rapid disassembly due to hydrodynamic expansion and sup-
presses its rapid radiative cooling by providing high dif-
fusive resistivity for thermal X-rays. At GSI in Darmstadt
hohlraums are currently used for stopping-power measure-
ments of fast ions within hot dense plasmas [1]. A newly
developed two-dimensional hydrodynamics code with multi-
group radiation transport and thermal conduction, called
RALEF-2D [2], provides adequate theoretical modelling of
those hohlraum targets.

Target description

The PHELIX laser heats a primary spherical Au hohlraum.

Primary X-rays heat a secondary cylindrical Au hohlraum.

The ion beam will finally cross two carbon foils attached at
the secondary hohlraum.

More on the experiment: see talk by A. Ortner

Figure 1: Schematic view of the target geometry / diagnostics

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 or-
der in space, solved for discrete spectral groups, radiation
transport in axisymmetric coordinates is underway

Laser absorption: no refraction, same scheme as for ra-
diation transport, deposition by inverse bremsstrahlung

Supercomputing: parallelization with MPI / OpenMP

Mesh configuration

9-block quasi-polar mesh with a free-float center

All simulations were done in pure Eulerian mode.

Figure 2: Topological mesh structure used in the simulations

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 7 discrete spectral groups [νj, νj+1] with
Planckian averaged kν (200 groups for diagnostics)

Figure 3: Spectral absorption coefficient kν of Au at T = 100 eV,
ρ = 0.01 g/cm3, original and frequency-group averaged data

Primary hohlraum setup

Figure 4: Hohlraum dimensions and laser beam parameters

The 3D spherical hohlraum is reduced to a 2D cylindrical
hohlraum which extends to infinity along the z-axis.

3D and 2D hohlraums are equivalent if both have same ra-
dius, angular hole dimensions, and temperature history.
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The 1st-order approximation of qhw = Fh/Fw with q
(0)
hw = 1

determines the 1st-order input laser energy correction for
the primary hohlraum: E

2D,(1)
l ≈ 0.6El/R = 260 J/mm.

Primary hohlraum results

Figure 5: Colour contour plots of mass-specific laser energy depo-
sition rate q at t = 0.6, 1.1 ns / of density ρ at t = 0.6, 1.2 ns / of
radiation and matter temperature T and Tr 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. Then, an ad-
ditional hard component of the X-ray spectra becomes ob-
servable through the diagnostic hole (Fig. 7).

Peaks of radiation and matter temperature at t = 0.9 ns

At t = 0.9 ns the laser hole is already filled with plasma but
it stays undercritical until the end of the laser pulse.

For t > 0.9 ns due to plasma collisions strongly radiating
shock fronts evolve and thin and dense filaments of shock
compressed gold plasma are formed (see ρ at 1.2 ns).

Figure 6: Average temperatures near the hohlraum center

The secondary heating at t = 2 − 4 ns is caused by the
convergence of the hydrodynamic flow towards the center.

Figure 7: Calculated X-ray spectra as being observed through di-
agnostic hole, (a) soft part and (b) hard component highlighted

Experimentally a spectrum with TPl ≈ 90 eV was observed.

Secondary hohlraum setup

Figure 8: Hohlraum dimensions and X-ray boundary condition

Theoretically T 2D
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Secondary hohlraum results

Figure 9: Colour contour plot of free electron number density ne
at t = 2.9 ns and calculated X-ray spectrum at t = 2.2 ns

At t = 2.9 ns plasma with ne > 1019 cm−3 enters the line
of sight of the ion beam (r < 0.25mm). For t > 5.3 ns the
hohlraum is completely filled.

The hottest calculated spectrum through the diagnostic hole
coincides with experimentally observed TPl,max = 34 eV.
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