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Ion stopping in plasma is relatively well-understood for
projectile velocities much higher than the thermal veloc-
ity of plasma electrons (vion/vth >> 1), but large uncer-
tainties remain around the stopping-power maximum, for
vion/vth ≈ 1. This parameter region is of crucial impor-
tance for ICF and especially for the alpha-particle heating
of the DT fuel. Yet, its theoretical description is difficult [1]
and no experimental data are available in order to bench-
mark the existing theories and numerical codes. Within this
collaboration, first measurements of this kind have been
performed and compared with theoretical predictions.
The plasma was generated by the use of 100 µg/cm2 car-
bon foils irradiated from both sides by the second harmonic
frequency of the PHELIX and nhelix laser systems, where
random phase plates were employed to reach a 1-mm-
diameter top-hat uniform illumination [2]. This configu-
ration resulted in a spatially quasi-homogeneous and fully
ionized plasma slab after a few ns, which has been well-
characterized by the joint use of multi-frame interferome-
try [3] and hydrodynamic simulations with the RALEF2D
code [4]. The projectile energy was 0,5 MeV/u, and car-
bon ions were employed on the basis of Monte-Carlo cal-
culations showing that they become completely stripped
in the fully ionized plasma. In this way, the whole set
of beam-plasma parameters is known, which enables re-
liable comparisons of ion energy-loss data with the theory
for the first time. The energy loss was predicted theoret-
ically by combining the results of the RALEF2D simula-
tions and of the Monte-Carlo code, according to (i) pertur-
bative stopping-power approaches basing on the first Born
approximation: asymptotic Bethe and Bethe-Bloch for-
mulas, standard stopping model (SSM), dielectric theory
based on a linearized Vlasov equation, Li-Petrasso model,
and (ii) a nonperturbative stopping description using a T-
Matrix scheme [5].

Figure 1: Schematics of the experimental setup.

The experimental setup is shown in Fig.1. The ions were
decelerated to 0,5 MeV/u by using a carbon foil of 45 µm
thickness. The time-of-flight distance was 50 cm, allow-
ing a 100 keV energy resolution for an optimal test of the
theories. The ions were detected on a specifically devel-
oped polycrystalline chemical-vapour-deposition (CVD)-
diamond detector able to register 20 % of the beam and
shielded against any plasma radiation [6].

Figure 2: Energy loss as a function of time. 100 % corre-
sponds to the energy loss in the solid foil. The experimental
points are compared with the theoretical curves.

A first experimental campaign was conducted, and pre-
liminary results are compared with the theoretical predic-
tions in Fig.2. A maximum increase in energy loss in
plasma of 53 % in relation to the cold target is observed.
In the time frame where the plasma is hot and highly ion-
ized and hence vion/vth ≈ 1, the obtained experimental
values are thus significantly smaller than predicted by any
theory. The precise interpretation of these discrepancies
is in progress and further simulations as well as measure-
ments are planned.
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