Ifz,nsec is possibly connected with the electron-phonon
interation, which leads to an excitation damping

/ ~(hw)*/uf L6].
' The temperature dependence T2 is to be ex-
{ , pected for the electron-electron interaction.
s I : However, the frequency dependence of the factor
*{ , preceding T? remains so far unexplained.

The authors are grateful to M.S. Khaikin,
A.A. Abrikosov, L.A. Fal'kovskii, J.F. Koch, I.Ya.
{ Krasnopolin, and V.M. Pudalov for a discussion
of the work, and to G.S. Chernyshov for technical
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We have investigated the high-temperature plasma produced when laser radia-
tion acts on a substance, at a maximum power wmax ~ o2 GW.

The radiation block consisted of a 10 x 130 mm neodymium glass (laser) and
two amplifiers with 30 x 306 (with Brewster angle) and 30 x 260 rods.

The radiation flux density, using a lens with f = 5 cm, was V10'° W/cem? .
The analyzing instrument was a time-of-flight mass spectrometer with superim-
posed E and H fields [11].

The investigated targets were made of Co2l, Agii,_1oss Tald,, Wig,, Biss,.

Thil%aximum charges of the ions of these elements were Agtie, Tma*20, wtl®, and
Bi .

A charge multiplicity up to 25 was obtained with the Co%l target. TFilgure

1 shows the experimental oscillograms of the lon pulses of Co%l. The ions with
large charges were identified by means of the left end point of the oscillogram
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and by the assumed location in the mass
oseillograms. Owing to the lnsuffi-.
clent resolution of the ions with z v 20,
certain difficulties arise in the regis-
tration. The accuracy with which the ion
charge was determined in the region of

7z = 20 - 25 amounts Tto Az = %1 for a
sweep of 50 usec, Az = +2 for 100 usec,
and Az = *3 for 300 usec.

The statistically reduced oscillo-
gram shown in Fig. 2a contalns in its
left part a group of signals correspond-
ing to ions with charges 15 - 23.

A similar group of signals might
be produced also by the ions of the
light impurities C, N, and O. We shall
advance below arguments that show, in
our opiniocn, that the light impurities
cannot cause in this case the presence
of the indicated group.

1. Ions of the impurities (Ciz2,
Nis, O15) were reglstered on the oscil-
lograms and the signal amplitudes de-
creased with increasing charge, as seen
from Fig. 2b. An analysis of the energy
spectra and of the mass oscillograms of
a large number of substances (for ions
with charge multiplicity up to 6) has
disclosed the general tendency of the
dependence of the ion-signal amplitude
on the charge of the ion. Such a
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dependence 1s shown for carbon in Fig. 2c. Assuming that the group of signals
on the oscillogram is contected with the impurity ions, it is possible to plot
a hypothetical A(z) dependence for these lons (Fig. 2d). However, the form of
this dependence contradicts the experimental data (Fig. 2c¢).

2. The locations of ions with different charges are shown in Fig. 2a above
the oscillograms. Ions with charge ~20 should not be resolved (at an energy
30 - 40 keV), and the leading fronts of the signal correspond to the resolution
1limit of ~0.1 usec of the secondary electron multiplier. According to a cal-
culation, the analyzed group should contain approximately ten signals of high-
charge ions. Assuming that the group 1s made of signals from the impurity ions,
it is possible to determine the number of the signals. Under this assumptlon,
the number of signals in the group should be approximately 4, and the ions
should be resolved. Actually, however, the number of signals in the analyzed
group is certainly larger than 6

3. In addition, if it is assumed that the analyzed group of signals 1s
connected with the impurity lons, then the .amplitudes of the ions (C, N. o)*
(C, N, 0)¥*, anda (C, N, 0)**t at the corresponding maxima of the energy spectra
of the impurities should be larger in comparison with the average amplitude shown on
the oscillograms.

The considerations advanced 1n items 1 - 3 allow us to assume that Co ions
with charge up to 25 were registered in the experiment.

4, The calculations of the ionization multiplicity was made under the as-
sumption that the plasma is in thermodynamlc equilibrium, and the approximate
method of [2] is then applicable. The internal energy of the plasma is then
determined by the formula

3

z P 1
e= |— kT(1+z2)+ 2|, = —
2 [

, (1)
(v'-1)

where Ii is the i-th ionization potential and z = z(T,n) is the ionization multi-

plicity and is a function of the plasma temperature T and the density n. The
guantity y' - 1 is defined here by

1 3 I(z) z 1
= + - .
y -1 2 T 1+z a '

The second term 1n (1) takes into account the energy lost to the ionization of
the multiply-charged ions; this energy becomes particularly large at large z.

The internal energy € is determined from the solution for the stationary
regime of plasma expansion [3, 4] with allowance for the dependence of the ab-

sorption coefficlent in (y' - 1), assumlng that yv' is a slowly varying function
of T and n (the slowness parameter of y' - 11s T/I =~ 0.1). Substltutlng € in
(1), we obtain a system of equations for the determination of z and y'
Ifz). By WA/9d=2/3In[ 21/ 2y - )1 /3W1/36,] (2)
(y’=1)4/°
1 3 I(z) 1 479 42
= — d2/3grt
y -1 - ¢ a (y’- 1479 v !

where B1 = 0.32p2/° [eV-cm2/°Mw=*/°] and B, = 5.6 x 10*+2y!/% [MwW-1/37.
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The values of the ionization multiplicity depend on the form of the I(z)
curve, which was obtained 6n the basis of the known experimental data (mainly
for Co) and with the aid of the approximation formula of [5]. The results of
the numerical solution of (2) yield y' = 1.2 and z = 25, in agreement with ex-
periment. The theoretlical estimates for other substances lead to values that
are higher than the experimental ones. This is gossibly due to the possible
non-equilibrium of the plasma when q 2 102 W/em” [6] and to the inaccuracy
with which the ionization potentials were approximated.

The authors are grateful to N.G. Basov, O.N. Krokhin, and G.N. Flerov for
interest in the work.
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ERRATA
In the article by V.V. Apollonov, Yu.A. Bykovskii, N.Y. Dgtyarenko et al.,
Vol. 11, No. 8, page 254, formula (1) should read

1
-1

3 z 1
e=|5-kT(1+z) + = /,]NE —pﬂ

In the same page, at the end of the next formula, read a ¢ 3 in place of

a < z.
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