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In recent years new classes of X-ray spectroscopic instruments possessing both
dispersive and focusing properties have been manifactured. Their principal advantage over
more traditional instruments is that they combine very high luminosity with high spatial
resolution, while preserving the highest possible spectral resolution of their dispersive
elements. These instruments opened up the registration of plasmas in new regimes and
surroundings. The measurements delivered new information about the properties of even
previously studied traditional plasma objects (e.g. ns-laser produced plasmas). Also the
detailed investigation of relatively new plasma laboratory sources with very small dimensions
and low energy content (e.g. mJ fs-laser pulses) became possible.

The purpose of this report is to give a short review of the experimental and
theoretical results obtained in the past few years by MISDC research team in the field of X-ray
spectroscopy of a laser-produced plasma. Experimental spectra have been obtained at various
laser installations with nanosecond, subnanosecond, picosecond and subpicosecond pulses
interacting with solid, gaseous or cluster targets in collaborations with research teams from
Russia, USA, Germany, France, Poland, Belgium, Italy, China and Israel. Practically all results
have been obtained with the help of spectrographs with spherically bent mica crystals operating
inFSSR-lD, 2D shemes.

I. LASER-PRODUCED PLASMA OF SOLID TARGETS.
Plasma created by nanosecond and subnanosecond laser pulses.

New X-ray spectroscopic techniques have allowed us even by using this traditional
plasma source to obtain more accurate data on the wavelengths of the number of X-ray
spectral lines and ionization potentials of multicharged ions, to observe (and to identify) the
number of new lines (mainly, dielectron satellites to resonance transitions in H-, He- and Ne-
like ions and radiative transitions from the Rydberg states of multicharged ions), and also to
use X-ray spectroscopy methods for diagnosing of this plasma and for determining its spatial
structure.

Space resolved spectra originating from plasma regions placed very close to the target
showed up with rather unusual character: enough broad emission structures near the usual
position of the resonance lines. It was shown that such kind of spectra does practically contain
no resonance lines and consists mainly of high-n dielectronic satellite lines excited by the
following mechanisms: (a) three body recombination to excited states and the subsequent
formation of double excited levels from which dielectronic satellite spectra originate; (b) inner-
shell excition from excited states; (c) dielectronic capture from excited states and (d) charge
exchange processes from the residual gas.

We used X-ray spectroscopy also to study fast ion production in a plasma created by
nanosecond lasers with different wavelengths (0.308 u.m, 0.8 u.m, 1.06 u.m and 10.6 (im). It
have been shown that interaction of laser radiation with solids leads to generation of fast
multicharged ions (with energy up to several MeVs) even at moderate values of laser fluxes
1012-1013 W/cm2.
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Plasma created by picosecond and subpicosecond laser pulses.
Our experiments have shown that the spectral features of this radiation depend sharply

on the laser pulse contrast, i.e. on the pulse to prepulse intensity ratio. When the contrast is
low the spectra of picosecond laser plasma is similar to that observed earlier in the same
wavelength region with longer pulse lasers. The experiments carried out with femtosecond
laser characterized by super high contrast of order 1011 revealed a new type spectra
characterized by a more pronounced quasi-continuous spectral distribution which merges with
the main reference lines. A physical reason for such drastic spectral restructuring could be
naturally attributed to a difference in the mechanisms for plasma production. The absence of
preplasma leads to a direct interaction of the ultra-short laser pulse with the solid substance
resulting in the formation of plasma with much higher electron densities. At such densities
numerous lines not developed at the coronal conditions become dominant in the spectrum.

The above discussed new excitation mechanism for dielectronic satellites are essential
for the interpretation of X-ray spectra. Moreover, the radiation generated at high electron
densities from multicharged hollow ions, i.e. ions with an empty K-shell have been observed.
The presence of hollow ions is a manifestation of super high densities leading to the total
breakdown of coronal conditions in these plasmas.

II. LASER-PRODUCED PLASMA OF GASEOUS TARGETS.
Plasma created by nanosecond laser pulses.

We have used the interaction of nanosecond laser pulses with a gas-puff mainly to
obtain new spectral data on multicharged O, F, Ar, Kr, and Xe ions. For these elements the
precision measurements of wavelengths for resonance Rydberg series of two-electron ions
have been made and the complex satellite structures have been investigated. We have used also
X-ray spectroscopy to determine the spatial distribution of laser gas puff plasma parameters, in
particular it has been shown that in some cases the plasma channel is formed when nanosecond
laser pulse interact with dense gaseous target.

Plasma created by subpicosecond laser pulses.
High resolution soft X-ray spectra of field ionized H-like nitrogen have been observed

for the first time by irradiating the gas target by means of a 70 fs laser pulse with ultrahigh
intensity. Very broad emission structures have been observed at the position of usual resonance
lines. We proposed the generation of autoionizing levels in hollow nitrogen atoms which
seriously blend with usual resonance lines. Atomic data calculations and spectral modeling
demonstrate the big role of transitions from Rydberg autoionizing levels in the case of cold
dense plasma.

HI. LASER-PRODUCED PLASMA OF CLUSTER TARGETS.
In the last years a new class of targets, occupy average position between solids and

rarefied gas has appear. It is so called cluster targets, i.e. gaseous beams, in which there are
conglomerations consisting of significant numbers of molecules and having solid density at
sizes 100-1000 nm. Such targets, on the one hand, possess all practical value of gaseous ones
(manageability, the simplicity of replacement, good reproducibility etc.), and on the another
hand, enable the analyses of all processes, characteristic for the high density targets.

First experiments show that X-ray spectroscopy methods can be successfully used for
the systematic recording of the large volume of experimental information on the physical
processes occurring in such kind of plasma. For example, transitions from Rydberg states of
0VII,VIII and Ar XVII ions have been observed. It has been shown, that at the interaction of
femtosecond laser pulses with CO2 and Ar clusters the plasma contains ions (relative
concentration about 10"2-10"3) with energies 0.1-1 MeV.
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