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Context. The large scale dynamics and thermodynamics of plasmas can be
strongly affected by the interaction with photons. From inertial confinement fu-
sion and laser-matter interaction, to the physics of stellar interiors, being able
to model the coupling of plasma and radiation is fundamental. Indeed, one of
the most widely used models of plasmas, radiation-magneto-hydrodynamic,
treats both plasma and photons as "fluids" that are coupled by one key micro-
scopic transport parameter: the opacity. More generally this quantity enters all
radiation transport calculations and it is the results of complex and time-con-
suming quantum-mechanical (or semi-classical) calculations involving atomic
processes in high-energy density plasmas, such as electron impact excitation,
photoionization, recombination, photo-excitation and radiative decay. Accurate
opacities calculations of plasmas under different physical conditions are funda-
mental to be able to model and interpret experiments and observations.

In that respect, the experimental validation of theoretical opacity calculations is
paramount and recent advances in high-energy density plasma physics facili-
ties now allow their direct verification under extreme conditions of temperature
and density. Indeed, experiments conducted at Sandia National Laboratory
have now yielded precious results on the opacity of Iron in conditions typical of
the Solar plasma at the base of the convection zone (Bailey et al. Nature 2015,
Nagayama et al. Phys Rev L. 2019). Importantly, these results are actually
questioning the ability to calculate such fundamental microscopic parameters.
The difference between the measured Fe opacities and all of the existing theo-
retical calculations disagree by a factor of two. Such discrepancy impacts all
the different domains of research where radiative transfer is at play, and could
be crucial, for example, to understand the long standing problem of the Solar
composition.



Aims. It is therefore important to collect more experimental data and to de-
velop a better theoretical framework for this outstanding problem.

1) Experiments: We are developing an experimental platform to measure opaci-
ties with new diagnostics to accurately determine the state of the probed
plasma (temperature, density). To probe the plasma condition, we will use a
combination of X-ray Thomson scattering diagnostic and light elements spec-
troscopy. We will benchmark and use this platform to measure opacities for
some elements from Si to Ni in order to test our ability to calculate theoretically
opacities of open L-shell ions, seriously questioned by SANDIA experiments.
This work, in collaboration with the LULI and CEA for a three years program on
the GEKKO laser in Japan, and LULI lasers will also pave the path to future opac-
ity experiments on the Laser Mega)oule.

2)Theory: We will build a theoretical framework with an improved state-of-the-
art suite of codes to calculate raw photoionization cross sections and other ra-
diative data and different approximations for the line broadening.

3) Applications: We will model stellar structure and evolution, from Solar model
to Red giants and pulsating stellar candles, will help to quantify the effects of
the newly improved opacities and give feedback for future improvement, as
well as providing clues as to which new elements should be included in more
complete calculations.

Thesis work and student. The student will (i) help develop the new experi-
mental platform with a new set of diagnostics to determine the state of the
plasma and perform hydro-radiative simulation to design the experiment. (ii) he
will analyze spectroscopic and X-ray Thomson scattering data. (iii) he will study
the impact of different theoretical approximations on the computation of raw
atomic data and the derived opacities.

The student should have a strong background in plasma physics.

Environment. The student will benefit from the supervision from the MUMEO
team (Multi Measurement of Opacities project) regrouping experimental and
theoretical experts from Sorbonne Universite, LULI, Observatoire de Paris and
CEA.

The student will take advantage of the measurement campaign granted and
programmed at GEKKO XIllI facility for 2021.

Expertise of the supervisors.

Andrea Ciardi: theory and simulations of laser produced plasmas, magneto-hy-
drodynamics, astrophysics, high energy density physics. In charge of supervis-
ing the radiation-hydrodynamics modelling. Supervision at 25%

Michel Koenig: experimental plasma physics, hydrodynamics and shock
physics, astrophysics, planetary physics, high energy density physics. In charge
of the experiments. Supervision of the student on the experiments. Supervision
at 25%

Franck Delahaye: theory and simulations of atomic physics, opacities (Member
of the International collaboration The Opacity Project - The Iron Project), stellar
modeling. In charge of the supervision of the modelling of the experimental
spectra. Supervision at 50%
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