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We observed the presence of short-wave satellites of the resonance lines of the heliumlike ions Mg
X1, Al XII, P XIV, and S XV in conical cumulation of a laser plasma. For composite targets with
80% CD,+20% P, in the case of cumulation of a plasma in a conical depression, we registered in
30% of the laser flashes thermal neutrons with a total ~10° per pulse. A special experiment, in
which the registration was carried out simultaneously by three spectrographs in three projections, has
shown that the form of the spectrum does not depend on the registration direction. The presence of
such a short-wave satellite is interpreted as emission of a plasma satellite shifted by an amount equal
to the Langmuir frequency relative to the frequency of the forbidden transition 1s%S,-1s2s’S,. This
interpretation gives for the maximum electron density in the cumulated plasma a value from 6x 107

to 1.8 10%.

An important place in the problem of heating a ther-
monuclear laser plasma’? is occupied by the develop-
ment of procedures for the diagnostics of plasma den-
sities in the range 10?'—10%, There are at present no
published reports of direct measurement of plasma den-
sities higher than 10?°, As noted in'™3), the diagnostics
of a laser plasma at solid-state densities and higher can
be carried out by x-ray spectroscopy methods using the
lines of multiply-charged ions.

We have investigated the x-ray spectra of a laser
plasma produced by focusing the heating radiation, with
a flux density ¢ ~5x10* W/cm?, both on a level surface
of a solid target and in a conical depression, We used
both homogeneous and composite targets (see the table).
For a target of 80% CD,+20% P, in the case of plasma
cumulation in a conical depression, in analogy with the
data of ), we registered thermal neutrons in approxi-
mately 30% of the laser flashes; the total number of
neutrons per pulse was ~103. The figure shows charac-
teristic spectrograms obtained after 5—15 laser flashes,
as functions of the charge of the target-element nucleus.
The heliumlike-ion spectra on these spectrograms
were identified on the basis of the data of ™61 A re-
markable feature of the spectra obtained in the case of
plasma cumulation is the presence of shori-wave satel-
lites of the resonance lines of the Mg XI, Al XII, P XIV,
and S XV ions (unlike the long-wave satellites due to
transitions from doubly-excited levels of lithiumlike
ions—see, e.g., ™). The absence of short-wave satel-
lites in experiments without cumulation offers unam-

biguous proof that the indicated satellites are due not to
apparatus effects but to plasma radiation.

A possible interpretation of this effect might be the
presence, in the plasma, of a cumulative jet directed
along the axis of the conical depression and containing a
fraction of the radiating heliumlike ions. The transla-
tional motion of these ions could lead to a double shift of
resonance line (with Ax/A~1073, corresponding to a
velocity ~3x107 cm/sec, which is typical of a laser
plasma). A special experiment, however, in which we
registered the spectra in three projections simultaneous-
ly by three spectrographs, has shown that the form of
the spectrum does not depend on the registration
direction.

The action of the surrounding plasma particles on an
ion in an excited state can lead to the emission of plas-
ma satellites that are shifted relative to the frequency
of the forbidden transition by an amount equal to the
Langmuir frequency w = vdneN,/m. 87 The discussion
of the possibility of measuring the electron density on a
laser plasma by means of such plasma satellites is con-
tained inf3!, In our case of heliumlike ions, such a
forbidden transition is 1s2s'S,— 1s?'S;, the frequency of
which is close to the frequency of the 1s2p°P, — 1s%S,
intercombination line and is marked for Mg XI in the
figure, In the transition 1s2s'S,— 1s%!S, with excitation
of a plasma oscillations, either a Stokes or an anti-
Stokes satellite can be emitted. The short-wave satel-
lite of the resonance line (see the figure and the table)
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Mg Mg XI 9.1682 9.2252 9,1602 0.0650 6.4 - 1022
Al AlXII 7.7565 7.8015 7.7490 0,0525 | 8.25-10%2
P PXIV 5.7591 5.7885 5,7528 0.0357 1.25- 1023
S SXvV 5.0374 5.0636 5.0311 0,0325 1.76 - 1023
80% CD, + 209 P | PXIV 5.7591 5.7885 5.7534 0.0351 1.1. 10%?
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should be ascribed to the anti-Stokes satellite, Separa-
tion of the Stokes satellite is difficult, since it is locat-
ed in the structure of the dielectronic satellites. In

addition, the anti-Stokes satellite has a much higher
intensity, because of the frequency resonance: wy
~ (152515, ~ 1s2p1P,).

The table lists the experimental wavelengths of the
resonance lines )\;, of the plasma satellites A3, the
theoretical wavelengths of the forbidden lines ),, D the
difference Ax=2,~- 13, and also the electron density N,
calculated under the assumption that AX corresponds to
the Langmuir frequency w ;. The resonance condition
“picks out” from the density profile in the cumulating
plasma the values of N, listed in the table, which are
apparently close to the maximal values. The electron
temperature, determined from the measured ratios of
the intensities of the resonance lines and of the dielec-
tronic satellites, is ~0.5 keV. The electron pressure
p=NkT reaches in this case a value 8 x10" atm, which

is several times larger than the pressure on the sur-
face of the target in the absence of cumulation, deter-
mined in'?! by measuring the momentum of the expand-
ing plasma. The value of N, determined from the ratio
of the intensities of the resonance and intercombination
lines (see'®)) yields in our case for CI XVI a value
~10%!, which is apparently averaged over volume and
over time.
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