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The XUV sources should be employed
In active spectroscopy experiments

probed volume
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pump-probe experiment two-photon spectroscopy

With the development of the XUV monochromatic sources,

is it possible to extend methods

of Active Spectroscopy to hot dense plasmas ?




Schematic Resonance - Fluorescence experiment

Active spectroscopy
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Description of the redistribution functions model

based on the one-photon line shape, the Frequency
Fluctuation Model (FFM)

Experimental projects of Resonance Fluorescence

Study of feasibility of a former experimental project of
photopumped resonance fluorescence (LLNL)

Preliminary study with X-ray lasers (LASERIX)

Examples of calculations with XFEL :
Transitions of Li-like Iron 1s22/- 1524/
Spectrum of Al K-shell

Conclusions



The model for calculating redistribution functions
permits to study scattered processes for complex emitters

Lines in plasmas are inhomogeneous :
« the fine structure of multi-electron ions
* the Stark effect

* the Doppler effect

The homogeneity is altered by :

- inelastic collisions
- microfield fluctuations

- velocity changing collisions



Inhomogeneous Line shape

The plasma-emitter interaction leads to
the Stark broadening of the spectral lines
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Stark components
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Inhomogeneous profile



Inhomogeneous to homogeneous profile
due to field fluctuations
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Qualitative description of R(w,, )
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Partial/complete redistribution
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Experimental projects

of Resonance Fluorescence
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Active Spectroscopy in dense plasmas

The following tasks have to be resolved :

® finding a coincidence between an X-ray laser line a resonance
line of the plasma

® creating a compatible plasma to be pumped

® being able to pump significantly the plasmaR, /A, (radiative
pumping rate/spontaneous emission)rate

® modeling the emissivity accounting for the plasma demity
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Ideal experiment to study radiative redistribution

Bright, tunable, monochromatic pump: I, w,, D

« To move the population: B> A,
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*Fluorescence yield: ¥ R(wy, )

*Total number of photons emittgd 4 sr): P NL Y

Pumped volume
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Experimental project of photopumped
resonance fluorescence (LLNL,1997)

Coincidence between
- Zirconium X-ray laser line A =146.515 A

- 3d-2p line of magnesium F-like A =146.526 A
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*C. Mossé, A. Calistt, R. Stamm, B. Talin, R.W. Lee, J. Koch, A. Asfaw, J. Seely, J. Wark and L. Klein
J.Q.S.R.T. 58, N°4-6, 803 (1997)
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Experiment feasibility

Pumping efficiency

Redistribution function R, /A, 20-80
of 2p*3d-2p? line of F-like Mg fluorescence yield
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characteristics of Zr X-ray laser :
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Preliminary study for an application
with X-ray lasers at LASERIX
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Potential resonances near 139 A
with Ni-like Silver laser line
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Intensity

Line shape of OV ~139 A
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Intensity

Pumping the 7.98 A transitions 1s22|- 1s24|
of the lithium-like Iron (Fe XXIV)
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Pumping the 7.98 A transitions 1s22|- 1s24|
of the lithium-like Iron (Fe XXIV)
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XFEL can photopump a transition
the emission provides critical test of plasma processes

* Schematic experiment * t=100 ps XFEL irradiate8l plasma
« t=0 laser irradiates an Al target Observe emission with
@ x-ray streak camera
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» A resonance fluorescence experiment using XUV soumdsl c
be a step beyond in the study of hot dense plasmas

» the understanding of the physical processes whichraec
theses plasmas

» the implication in the radiative transfer problem

>Active spectroscopy might be a source of information
» Plasma kinetic processes
» Inelastic collision rates

» Microfield fluctuation rates
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