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Outline

•Warm dense matter

•Line spectra, profiles

•X-ray spectroscopy and K-alpha lines

•The Titanium K-alpha experiment at LULI



The Plasma Phase Diagram



Research Activities in Our Rostock Central Research Unit



Quantum Statistical Approach to Nonequilibrium



Fluctuation - Dissipation Theorem for Absorption



Optical Properties



Some Applications



X Ray Thomson Scattering



Plasmons in Beryllium Plasmas



Plasma Parameters from Born - Mermin Fit



Profiles of Spectral Lines

Absorption coefficient
from the quantum statistical evaluation of the polarization function



Hydrogen like Carbon spectrum



Line Spectrum of Li2+ Plasmas



XUV - FEL Excited Al Plasmas



X-ray spectroscopy and Kalpha lines

•X-rays: diagnostic tool

•Experiment: Ti Kalpha emissions (LULI 100 TW)

•Theory: emitter + perturbing plasma
        Ionization and polarization shifts
        Synthetic spectra

•Analysis: Ti Kalpha emissions (LULI 100 TW)



Measured by Zastrau et al. at LULI (2008)

laser: up to 14 J at 1057 nm in 330 fs, d = 8 mu

spectrometer: toroidal bent GaAs crystals,
resolution: E/Delta E = 15 000

targets: solid density titanium foils

spacial resolution: 13.5 mu

Abel deconvolution

Phys. Rev. E 81, 026406 (2010)

Titanium Kalpha emission



X-Ray Plasma Diagnostics



Characteristic X-Ray Emission

Mid-Z M-shell ions:
inner shell transitions

Roothan-Hartree Fock calculation,
depending on configuration

perturbing plasma potential,
self-consistent ion sphere model

first order perturbation theory:
spectral line shift, continuum lowering



Ionization Blue Shift in Titanium



Polarization Shift of Kalpha

red shift due to screening
   - decreases with increasing temperature or nuclear charge
   - increases with increasing free electron density



Plasma Composition via Coupled Saha equations

metallic titanium: conduction electrons + self-consistent ionization



Synthetic Spectra

-shifted spectral line
positions

-relative intensities
according to composition



Synthetic Spectra

-shifted spectral line
positions

-relative intensities
according to composition

-Lorentzian line shape
 empirical spectral line width

-Gaussian instrumental
broadening Gamma





Interpretation of Deconvoluted
Ti Kalpha Spectra

synthetic spectra fitted with respect to plasma temperature
radial temperature profile



Plasma Temperature Profile

U. Zastrau et al., Phys. Rev. E 81, 026406 (2010)



Chlorine K-shell emission 

measured by Kritcher et al. (LLNL)

laser: 10 J at 800 nm in 150 fs, d=7 nm

spectrometer: HOPG crystals
resolution E/Delta E = 1500

target: polymere foil n(C2H2Cl2)

gas jet with 6 % Cl



Chlorine K-shell Spectra
solid target (saran foil) ne=1022 cm-3 

gas target  ne=1020 cm-3



Comparison of Normalized
Kalpha and Kbeta Spectral Lines

Spectral line shifts due to target density?



Comparison of Normalized
Kalpha and Kbeta Spectral Lines

Spectral line shifts due to target density?



Summary



Summary

Thanks for attention




