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Abstract. The possibility of lasing on the third continuum in
argon was studied theoretically. This possibility is consid-
ered from the point of view of two hypotheses on the nature
of the third continua, which have survived through the mid-
1990s. The gain was calculated under conditions when the
oscillation is most probable, namely, in the pressure range
between 1 and 30 bar for specific pump power in the range
107> — 10 MW cm ™ bar~'. The gain is shown to be nega-
tive under the above conditions and, hence, lasing cannot be
achieved.

1. Introduction

It is known that upon excitation of dense rare gases, mole-
cular emission bands (continua) appear in the range of
wavelengths exceeding the wavelength corresponding to
atomic resonance lines. These bands are commonly num-
bered sequentially as their distance from the resonance
emission line is increased. Thus, the continuum that is loca-
ted immediately behind the resonance line is referred to as
the first continuum, and then the second and the third con-
tinua follow [1].

The first continuum arises from the radiative transitions
from highly excited vibrational levels of the first electronic
excited states 2" of rare gas molecules R} to the ground
repulsive state IZ; (Fig. 1). The second continuum corre-
sponds to the same electronic transition, although from
lower vibrational states [2, 3]. The known Xe (174 nm), Kr
(146 nm), and Ar (126 nm) excimer lasers operate on the
transitions corresponding to the second continua [4 —§].

The third continua in rare gases have been known since
the mid-1950s [9, 10]. The hypotheses about their nature
are reviewed in Ref. [11]. Boichenko et al [38] analysed
Refs [11 —37], which were devoted to the study of third con-
tinua during the last decade. Only two concepts about their
nature still existed by the mid-1990s.

According to Langhoff [12, 13], the third continua are
related to the transitions in doubly charged molecular ions
from the R; *(R3 ™) states to the R*+R™(R7) states. As fol-
lows from Ref. [14], the third continua are formed by the
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Figure 1. Terms of rare gas molecules with transitions explaining the
nature of the first, second, and third continua.

transitions of singly charged molecular ions from the R3*
states [which asymptotically correspond to the ion ground
R state and the excited atomic state R* ('*P)] to the RJ
states (they correspond asymptotically to the ground states
of the ion R™ and the atom R) (see Fig. 1). Trimers R7" of
singly charged ions can also contribute to the emission of
the third continua [11].

The nature of the third continua was studied often in the
expectation that lasing would be obtained [11, 12, 17, 29 —31].
This hope was reinforced particularly after obtaining lasing
on the second continuum transitions. Lasing on transitions
of the third continua would be attractive for the simple reason
that the active medium of such lasers consists of a rare gas



568

A M Boichenko, S I Yakovlenko

and is not aggressive. Moreover, the production of optical ele-
ments (primarily mirrors) is simpler and more reliable for the
210-300 nm wavelength ranges corresponding to the third
continua, whereas the second-continuum transitions are
located in the spectral region from 126 to 174 nm. Because
the width of the radiative transitions in the third continua
is significantly greater than this of the second-continuum
transitions and the positions of the emission peaks depend
on the medium pressure, a possibility would arise to tune
the oscillation wavelength in the 10—30 nm range near the
radiation wavelength.

A gain of 0.08 cm ™! was obtained in the experiment [20]
upon high-power proton pumping of xenon. A theoretical
study performed in this work revealed that the gain should
be negative throughout the pressure and pump power ranges
corresponding to the experiments conducted, which suggests
that lasing on the third continuum is unfeasible under these
conditions. Subsequent experiments confirmed the occur-
rence of a negative gain.

The third continua in xenon and krypton share a common
property that inhibits lasing. The point is that the absorption
bands of Kri and Xej ions, which are among the major
absorbers, overlap significantly with the emission bands of
the third continua for krypton and xenon [39]. According
to current concepts of the nature of emitting states of the
third continua, this fact renders lasing in krypton and xenon
impossible. The reason is that the population density and the
absorption cross sections of the ground state of singly
charged molecular ions always exceed the population density
and the stimulated-emission cross sections for the molecular
excited states of singly charged ions and for the ground state
of doubly charged molecular ions.

In comparison with krypton and xenon, argon proves to
be a special case. The emission intensity maxima of the third
continua of argon lie in the 200240 nm range when the
pressure is changed from 1 to 17 bar. The absorption edge
of ArJ molecular ions corresponds to approximately 200
nm [39]. It is precisely this fact that could be of decisive
importance in obtaining lasing in argon. Lasing on the third
continuum of argon was reported in Ref. [40]. However, since
then, no one has been able to reproduce this result which, as
noted by the authors themselves, unstable [41].

To elucidate the cause of this instability, several investiga-
tions were recently pursued [41, 42]. In Ref. [42], the gain in
the 215-260 nm range was measured; the gain attained
maxima of approximately 0.03 cm™! at about 230 and 244
nm. In Ref. [41] a ‘resonator effect’ was discovered. The effect
was as follows: when the second mirror was mounted in the
resonator, the radiation intensity at 220 nm increased by
about a factor of 10 and at 240 nm by more than a factor
of 10 in comparison with the case when only one mirror
was mounted. The experiments were conducted at a pressure
of 3 bar. We are nevertheless reminded that nobody has
managed to reproduce lasing since 1994 [40]. Since the
parameters of the electron pump beam are not given in the
papers under discussion, a direct calculation to verify the
gain reported in these papers is hindered.

In connection with the foregoing, argon holds the greatest
promise as an active medium for obtaining lasing on the third
continuum. This paper is dedicated to a theoretical quest for
the conditions whereby lasing is possible. The search was per-
formed on the basis of a kinetic description of the processes
corresponding to the two hypotheses for the origin of the
third continua considered above.

2. On the nature of the emitting states of the
third continuum

The two competing viewpoints on the nature of the third
continua will be referred to as hypotheses of the emission
on the transitions of singly [14] and doubly [12] charged
ions (see Fig. 1).

The analysis showed that the features of the third conti-
nua can be explained by the emission of singly charged
ions. The hypothesis that the emission is due to doubly
charged ions [12, 13] was found to be inconsistent with exper-
imental data on the third continua and also with theoretical
considerations.

The point is that this hypothesis contradicts the experi-
mental pressure dependences of the emission energy of the
third continua; the modern notions of the rate constants of
the key plasmachemical reactions occurring in the active
medium of rare gases; the experiments on quenching the third
continua of argon, krypton, and xenon by different reagents;
the experiments on the duration of the emission of the third
continua upon a high-power pumping of the medium; and
also the experiments on excitation of crystal rare-gas sam-
ples.

So, based on the data of Refs [11, 38], one can conclude
that the third continua in rare gases are determined primarily
by the emission of singly charged ions. Although the emission
of doubly charged ions can contribute to the emission of the
third continua, this contribution is small and has only a slight
effect at pressures p > 1 bar. The emission of doubly charged
ions can make a major contribution only for p < 0.3 bar,
when the absolute radiant energy of the third continua is
low in comparison with the energy radiated at optimal pres-
sures (of the order of 1 bar and over).

3. Kinetic model

3.1. Population kinetics of a singly charged molecular ion

We used the same model as in Ref. [25]. Boichenko et al.
[25] used this model, based on the hypothesis that the
emission is due to singly charged ions [14, 11], to analyse
the quenching of the third continua of argon by different
rare-gas impurities pumped by the electron beam.

The model comprises 13 reagents: The ground and the
first two excited atomic states Ar, Ar*, Ar"™ (the centres of
the 4s and 4p levels); the corresponding molecular states
Arb and Ar3*, Ar' ions in the ground state; Ar™ ions in
the 3s3p® state; the ground Arj state of the molecular ion;
the Ar;*(1) states which correspond asymptotically to the
Art + Ar('°P) states; the Arj*(2) states corresponding to
the Art™ + Ar and Ar" + Ar** states; as well doubly ionised
atomic (Ar*") and molecular (Arj ") ions and electrons. The
model incorporates about 80 reactions. The equations for the
time-dependent reagent densities and the electron and gas
temperatures were solved numerically. The calculations
were performed employing the PLASER code pack-age [43].

We briefly outline the main channels of population of the
states that contribute to the radiation of the third continuum
[11, 38]. Upon a weak pumping of the medium, the excited
states of a singly charged molecular ion are populated through
the following reaction chain. Excited atomic ions are pro-
duced in collisions of a neutral particle with a fast electron:

Ar+e(beam) — Ar'* +e +e (beam). (1)
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Next, the excited ion enters into the conversion reaction

Art* +2Ar — Arf*(2) + Ar. )

These states lie approximately 1—2 eV higher than those
that form the emission of the third continuum. The transition
to the working states occurs through de-excitation of Arj *(2)
in collisions with rare gas atoms or by electron impact:

Ary*(2) + Ar — Ary *(1) + Ar,

3)
Ary* Q) +e—Ary (1) +e.

The third continuum is formed by the radiative transitions:

Ari*(1) — Ar" + Ar + io (the third continuum). @)

Upon a strong pumping of the medium (see, e.g.,
Ref. [20], where the medium was pumped by a high-power
proton beam) the main contribution to the population of
excited states of singly charged molecular ions is made by
the conversion reactions involving excited atomic states
[11, 20]:

Art + Ar*™ + Ar — Ar;*(2) + Ar,

(5)
Art + Ar* + Ar— Ari*(1) + Ar.

In this case, naturally, the reactions (3) of de-excitation of
the Ar;*(2) states by neutral particles and electrons may
play a significant role as before.

The strong pump differs from the weak one in that the de-
gree of ionisation in the active medium is & > 0.1. This corres-
ponds to specific pump powers w>10 —100 MW cm > bar™!
[11, 38]. Below, we consider the model of pumping by a hard
ioniser (electron and ion beams, short-wavelength radiation,
etc.), which is characterised by a universal quantity — the ion-
isation frequency v [43]. For instance, upon an electron beam

pumping,

v = 20(E)j/e,

where ¢(E ) is the ionisation cross section by electrons with
energy E for rare gas atoms; j is the electron current
density; and e is the electron charge.

Two changes were introduced in comparison with the
model of Ref. [25]. First, the reaction

Art™* + Ar— Art + Ar?

was included, with a rate of 107" ¢cm3 s7! (for more details,
see Ref. [28]). Second, the frequency of ionisation of the
Ar('S,) state with formation of the Ar** state was changed.
Boichenko et al. [25] assumed that wArt*)=0.17v. A
detailed analysis of the Ar™ excitation cross sections is
given in Ref. [44]. It follows from this analysis that,
according to different papers, the frequency v(Ar'™) is in
the range between 0.025v and 0.25v for an electron energy
E =1 keV, where the data of Ref. [45] were used for v for
E =1 keV. Most likely [44], it is reasonable to adopt the
relationship v(Ar™) = 0.05v. We will also use this relation-
ship for £ > 1 keV.

We will now elaborate upon the issue of the cross sections
of stimulated-emission and radiation absorption by different
plasma components. The stimulated-emission cross section at
the third continuum of argon can be estimated from the rela-
tionship

o2
’ 4Aw 4,

with a reasonably high accuracy, where 1 is the character-
istic radiation wavelength; Aw is the width of the emission
band; and 4 is the inverse lifetime of the Ar; (1) state. The
inverse lifetimes of the states Arj“(1) and Arj are approxi-
mately equal. Hence, taking into account that the width of
the third continuum A4 for p > 1 bar exceeds the width
of the second continuum A% by approximately a factor of
6.5 [46], and that, for the Ar§(1’32u+) states, the stimulated-
emission cross sections for the second continuum are o('Z,")
= 12x10"7cm? and ¢(’2;}) =9.8 x1072° cm? [47-49],
we obtain

10)\4 A2
S0 (AT AAY Loz
22 ) A3 | 4
3 )35+ Z18 o
-I—ZO' (27 [=3.0x 107 cm?.

In deriving this expression, we used the relation
Aw =2neAl/2%. In addition, we took advantage of the
fact that, in the ionisation frequency range under study, the
population densities of the Ar;*(1) and Arj states, which
correlate with the Ar*(3P172) state, will correspond approx-
imately to the statistical weights of these states.

The absorption cross section of Arj increases both with
gas temperature and radiation wavelength in the 200 -
240 nm range [39]. As noted above, the emission peak of
the third continuum lies in the 210-240 nm range when
the pressure is changed from 1 to 17 bar. The absorption
cross section increases rather steeply with radiation wave-
length (Table 1). It is taken as 2 x 107" ¢cm?2. This cross
section corresponds to the left edge (210 nm) of the emission
maximum of the third continuum, being substantially lower
than the cross section for the remaining emission domain.
Note also that the model takes into account the fact that
the rate of the conversion reaction

Art +2Ar — Arj + Ar

decreases with increasing gas temperature. Specifically, it is
equal to T7341.6 x 1072 cmS s™!, where T is expressed in

Table 1. Wavelength and temperature dependences of the Ar3 ion absorp-
tion cross sections taken from Ref. [39].

o/cm?
Wavelength (nm)

300 K 600 K
200 2.73%x1072 2.84x107"
210 1.60x107" 9.44x107 "
220 6.73x107" 2.34x10718
230 2.17x10718 491x107"1®
240 5.38x107 18 8.57x107 1
250 1.11x107"7 1.34x107"7
260 1.89x107" 1.85x107"7
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in electron-volts. For 7 =0.026 eV (300 K), the reaction
rate coincides with the value 2.5 x 107! cm® s™! obtained
experimentally.

The Ar3 absorption cross section is approximately equal
to 1078 cm? [50] or 4 x 10! ¢cm? [51], and the Ar** absorp-
tion cross section, to 3 x 107'% cm? [51]. These cross sections
are often calculated from the Kramers formula [52]
o= (J/hw)38.32 x 107'® cm2, where J is the ionisation
potential of the excited level; for our data, this formula leads
to about the same value. The absorption cross section of Ar*
is 1072 cm? [51]. We will use the cross sections given in
Table 2. The absorption cross section for Ar>" is taken to
be the same as for Ar*™.

One can see that we have adopted, where possible, the
underestimated absorption cross sections, which favours las-
ing. However, if the gain proves to be negative even under
these lasing-promoting circumstances, this will mean that las-
ing is undeniably impossible.

Table 2. Absorption cross sections used in the modeling.

Reagent of the active medium o /cm?
Ary 2x 107"
Ary* 3x 10718
Ar} 10718
Ar™ 3x 10718
Ar’ 1077

3.2. Kinetics of production of doubly charged ions

Although, as noted in Section 3, doubly charged ions
make only a minor contribution to the emission of the third
continua in the pressure range of interest, we examined the
possibility of lasing even in this hypothetical case.

According to Refs [12, 37], the states of doubly charged
ions that emit in the third continuum are populated as fol-
lows. Atomic doubly charged ions are produced in a single
event upon the fast beam electron ionisation:

Ar+e(beam) — Ar™t +2e + ¢ (beam). (6)

Then, the conversion

Artt +2Ar — Ardt + Ar 7
and the emission

Ary T = 2Ar" + ho, ®)

which was assigned to the third continuum in Refs [12, 13],
should occur.

Moreover, Schumann and Langhoff [37] noted that the
experimental pressure dependences of the emission intensity
can be explained only if it is assumed that the Ar™" state is
destroyed by the reaction

Artt +2Ar — 2ArT + Ar. )

In the opinion of Schumann and Langhoff [37], this
reaction should have an extremely high rate of 1.3 x 107
em® s~!, which is virtually equal to the conversion rate.
However, so high a reaction rate cannot be realised owing

to a large energy defect (for more details, see Ref.[28]).
According to both experimental and theoretical results, the
rate of decay of doubly charged atomic ions in the inter-
action with two argon atoms is 1.5 x 107> cm® s™! and is
attributed to the conversion reaction. At the same time, for
the total rate of reactions (7) and (9) not to exceed 1.5x
107 ¢cm¢ s~!, Schumann and Langhoff [37] lowered the
reaction rate (7) down to approximately 2 x 107! ¢cm® s,

To verify the possibility of lasing under the assumption
that the third continuum is formed by the emission of doubly
charged molecular ions, reactions (6) — (8) were also included
in the model. Neglect of reaction (9) is simply a circumstance
beneficial for lasing. There is good reason to emphasise once
again that the hypothesis of doubly charged ion emission fails
to account for the wealth of experimental data on the third
continua, as shown in Ref. [38].

According to Krishnakumar and Srivastava [45], the cross
section of a doubly charged ion production for £ =1 keV
amounts to 5% of the cross section of a singly charged ion
production, so that

v(Ar™) = 0.05v.

This relationship was used for reaction (6). The rate of
reaction (7) was taken to be 1.4 x 107 ¢cm® s™! (for more
details, see Refs [25, 28]). The radiative lifetime of the Ar; ™
ion was taken as 5 ns — the radiative lifetime of the third
continuum determined experimentally.

The stimulated-emission cross section is estimated by the
formula

S0 22 _ 2
T 4Aw 8ncAL

with the same value of AZ®) which was used above to
estimate the stimulated-emission cross section for singly
charged molecular ions. For 4 =1/(5x 107 s)=2x 10% s~
we obtain a(fl =53 x 107" cm™. However, among the
states of Ar3 ", only the 2 3Hg states have radiative lifetimes
of about 5 ns (¢ > 6.4 ns [35]); the remaining states [2°1,
(t > 15 ns) and 1%, (¢ ~ 250 ns)] have far longer lifetimes
[35]. Also taking into account the relative statistical weight
of the 23Hg state among all of the Arj " states, we deduce
that the effective stimulated-emission cross section should,
in the consideration of the total population of the Ary "
levels, be at least two times less than that given above. We,
therefore, assume that

o) =6 =3x 107" cm2.

The models discussed above include the reactions of pro-
duction of only the dimer states of excited ions. At high pres-
sures, trimers will also be produced efficiently; nevertheless,
this approach is valid for high pressures, too. Including the ki-
netics of production and decay of trimers will result in modi-
fications of Ar;*(Ar;")-producing reactions: Ar;*(Arj ")-
and Ar3*(Ari")-producing reactions would come into play.
However, if we do not separate the contributions of dimer
and trimer states of excited singly (doubly) charged ions to
the emission of the third continuum, the inclusion of trimers
will not change the results significantly: The rates of reactions
of dimers with some reagents and of similar reactions of
trimers with the same reagents are approximately equal.
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Table 3. Gain and absorption coefficients (in cm ™) given for the points in time when the Arj*(1) density is maximum (= = %~ (Ar3 ) + %~ (Ary")+
% (Ar3) + % (Ar**) + » (Ar")). The pump intensity is related to the ionisation frequency as W = 112pv, where W is expressed in W cm >, v in inverse

seconds, and p in atmospheres.

p/bar v/sTl (AT (1) — % (AT — T xF(AT(1) xT(AT) % (Ard) % (Ary") % (Ar3) % (Ar™) % (Ar*)

1 10° —9.51 x107° —9.34x 1070 2.99x107°  6.19x107° =331 x 107 —=3.53 x 10™* —4.61 x 107* —8.35 x 107° —=7.71 x 107°
10* —8.63x107° —8.60x 1070 127x107° 277x107° —325x107* —3.14 x 10™* —5.90 x 10™* —7.33 x 107° —6.81 x 107>
10° —1.90 x 1073 —1.82x 107 299x 1077 749x107° —1.22x107* —4.35x107° —3.64 x 107 —1.28 x 107> —1.48 x 107>
10> —1.46 x 107* —1.23x107* 171 x 107 883 x 1077 —2.72x107° —1.87 x 107 —2.79 x 107> —6.60 x 107> —9.52 x 1077
10 —8.50x107° —8.05x107% 156 x 1077 9.08 x 107  —3.54x 107 —5.51 x 107 —2.46 x 10™® —2.01 x 107® —7.58 x 1078

3 10° —4.74 x 1072 —481x1072  1.76x107*  1.66x107* —1.84x 107 —4.58 x 107> —6.99 x 107> —3.45 x 107> —3.10 x 107
10* —2.54 x 1072 —253x 1072 1.52x107° 7.82x107° —9.40x 107" —1.64 x 107> —1.13x 1072 —1.13x 107> —1.42 x 107*
10° —3.11x107° —296x 107 6.82x1077 1.11x107° —220x107* —6.88 x 107° —2.10 x 107> —5.75 x 10™* —1.01 x 107>
10> —3.19 x 107* —294%x107* 586 %107 1.20x107® —596x 107> —3.69 x 107 —1.91 x 10™* —4.05 x 107> —7.17 x 1077
10 —247x107° —241 %107 561x107° 123x1077 —1.05x107° —1.19x 1077 —=1.22x 107> —1.42 x 107® —4.07 x 107*

10 100 —212x107" —2.11x 107" 249x107*  627x10™*  —5.84x 107> —2.85x 1072 —1.26 x 107" —5.05x 107> —7.42 x 107*
10 —5.51x 1072 —543x 1072 1.38x107°  1.10x10™* —1.64 x 107° —1.94 x 107> —4.78 x 1072 —2.98 x 107> —7.12 x 107>
10° —8.16 x 1073 —8.03x 107> 1.08x107°  1.32x107° —4.16x 107 —8.42x 107° —7.37 x 107> —1.72 x 10™* —=3.91 x 107°
10> —9.05x 1074 —8.67x107*  1.00x1077  1.39x10™® —1.15x 107 —4.57 x 107 —7.34 x 10™* —1.36 x 107> —2.52 x 1077
10 —-7.73x107° —770%x 1075 9.79x107°  1.41x1077 —277x107° =237 x 1077 —4.83 x 107> —8.36 x 107 —1.54 x 107*

30 100 —4.47 x 107! —4.48 x 107" 1.92x107*  8.97x10™*  —1.08 x 107> =3.17 x 1072 —3.92 x 107" —1.40 x 107> —3.77 x 107*
10 —1.18 x 107! —LI8x 107" 1.46x107°  1.24x10™*  —3.07x 107° —2.24 x 107 —1.11 x 107" —1.02 x 107> —2.97 x 1073
10> —2.11 x 1072 —2.07x 1072 1.24x107%  1.41x107°  —7.64 x 107* —1.08 x 10™* —1.97 x 1072 —6.47 x 107> —1.60 x 107°
10> —2.40 x 1073 —233x 1070 1.18x1077  1.46x107%  —2.02x10™* —5.19x 107 —2.12x 107> —4.77 x 107® —8.83 x 107*
10 —231x107* —2.18x107*  1.16x107*  1.47x1077  —5.53x 107> =3.33 x 1077 —1.62 x 10~ —3.85x 1077 —5.75 x 107"

4. Discussion

To find the conditions under which lasing is possible, we
calculated the small-signal gain in the ionisation frequency
range v=10—10° s~ [which corresponds to a specific
pump power w = 107> — 10 MW cm > bar '] and the pres-
sure range p = 1 — 30 bar. Below the p =1 bar pressure,
the emission intensity of the third continua is low [38]. For
an ionisation frequency v =10 s!, the calculated gas
temperature 7" amounts to ~ 0.2 eV by the end of the pulse.
A further increase in the ionisation frequency will result in
still higher gas temperatures, rendering direct use of this
model impossible. Inclusion of the reactions of decay of
molecular neutral and ion states by the impact of heavy
particles (argon atoms) will be in order. However, these
reactions would only lower the feasibility of lasing. It is not
clear why the conditions for lasing for v > 10° s~' would
improve in comparison with those for v < 10° s~!. That is
why v = 10° 5! was the limiting ionisation frequency in our
modelling.

In our calculations, the pump pulse length (FWHM) was
100 ns, which is typical of exciplex and excimer laser excita-
tion. The results of the calculations are given in Table 3. The
small-signal gain coefficients were negative throughout the
whole calculation time (up to 200 ns). Table 3 shows them
for the points in time at which the density of Ar;*(1) peaked.
We emphasise that, for Table 3, the times it takes to attain
maximum densities of Ard*(1) and Ar;* are different for
p=1bar, v=10>—-10>s"" and for p =3 bar, v=10*—
10° s™!; for the remaining p and v, these times are either equal
or nearly equal.

One can see that there exist no domains where the gain

x=x" — % is positive. Moreover, each of the absorption

coefficients arising from specific components, with the excep-
tion of Ar*, exceeds »* throughout the domain investigated,
some of »~ exceeding x " by several orders of magnitude. The
absence or the presence of absorption by Arj can in no way
affect the feasibility of lasing. Moreover, should the stimu-
lated-emission cross sections be 10 times (or more) those
used in the modelling, this will not result in positiveness of
». Recall also that the smallest absorption cross sections of
the known ones were adopted for the radiation absorption
by the Ar; and Ar’ states. Taken together, this demonstrates
that lasing on the third continuum is unfeasible.

5. Conclusions

As follows from Refs [11, 38], the third continua in rare
gases for p > 1 bar are determined primarily by the
emission of singly excited molecular ions. The feasibility
of lasing on the third continuum in argon was considered
using a transient kinetic model. Although the third
continua of rare gases under the specified pressures cannot
be ascribed to the emission of doubly charged molecular
ions, the possibility of lasing was also analysed in this hypo-
thetical case.

Our study showed that lasing on the third continuum in
argon is unfeasible for p = 1 — 30 bar and w=10">— 10
MW cm > bar~!. In all likelihood, lasing is not possible
forw > 10 MW cm > bar ™!, either. The emission of the third
continua falls in the wavelength range where absorption by
neutral atomic and molecular excited states as well as by
molecular ions is very high. On the other hand, owing to
the large width of the third continua, the cross section for
sti-mulated emission is low. For this reason, each of the
reagents — Ar™*, Ar, Ar5*, and Ar; " — is capable to preclude
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