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Problem overview

= The Linac Coherent Light Source (LCLS) was used to study solid-state aluminum plasma
exposed to X-ray radiation with photon energies in the region of 1500— 1900 eV [1,2].

= The obtained emission spectra, containing the lines of transitions to the K shells for ions
with a different charge, provide information on the structure of energy levels in plasma at
high density, as well as on the shifts of the photoionization thresholds, line broadening and
on the main processes (radiative and collisional).
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= Due to the high density, there is a competition between the process of collisional
ionization, Auger decay, and photoionization of the K-electron.

= The action of the X-ray beam is very short - 80 fs. Therefore, it is required to take into
account the nonstationarity when calculating charge state distribution.

=  The problem, simplified in the formulation, with parameters close to the experiment,
was considered at the 10th Non-LTE code comparison workshop [13]

= The temperature versus time was calculated using SCFLY [14], the density is constant
2.7 g/cm3. X-ray beam parameters are shown in the table below:
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= The magnitude of the photoionization
threshold shift determines which ions will
have direct photoionization of the K-
electron

= XFEL's monochromatic X-ray beams allow
to experimentally determine this value
and calibrate the theory
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THERMOS[3-8] code for Non-LTE plasma

Nonstationary rate equations
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Equations were solved using a numerical scheme [9].

Atomic data were obtained using the THERMOS code in the isolated ion approximation
and corrected using the code FAC[10].

lonization potential depression (IPD)
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Simulation results
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The time dependence of the mean charge is
in good agreement with calculations using
other CR codes

Due to the strong influence of collisional
ionization, the calculation by the stationary
CRE model gives close values of the mean
charge, but the spectrum differs significantly
The absence of density effects in calculation
leads to an underestimation of the mean
charge by about 3 times

Conclusions

v'Nonstationary solver for system of rate equations was implemented in the THERMOS Toolkit
VIt allows reproducing density effects and nonstationary effects

v'The THERMOS toolkit is suitable for simulation of XFEL experiments

v'The developed solver can be used in-line in 1D RGD codes
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The procedure for effective broadening = The obtained spectra are in good agreement

the photoionization thresholds allows us with the calculations of other scientific groups,
to take into account the influence of and also have a qualitative similarity with the
density effects and achieve a more experimental one

correct form of the radiation spectrum = All the main processes determining the
broadening of emission lines are taken into
account
= The difference between the stationary and
nonstationary variants is determined by the
ratio between the rates of photoionization,
Auger decay, and collisional ionization
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