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The possibility of lasing in Ne*Ar ionic molecules

pumped by a hard ioniser

A M Boichenko, S I Yakovlenko

Abstract. The kinetic model of relaxation in the Ne— Ar—
Kr mixture pumped by a hard ioniser is constructed in con-
nection with the analysis of the possibility of lasing at the
Ne"Ar — NeAr" transition of the inert-gas ionic exciple-
xes. The calculations based on the typical rates of plasma-
chemical reactions demonstrate that the lasing is possible
but difficult to realise: One needs high pressures (greater
than 16 bar) and high pumping densities (~ 1 MW cm ™).
In the most favourable cases, the laser efficiency lies bet-
ween 0.05 and 0.25 %.

1. Introduction

An investigation of lasing at the transitions of ionic exci-
plexes was initiated in Ref. [1]. The large number of emis-
sion lines in inert-gas mixtures was well explained by the
transitions

R*R’ —=RR"" + jiw,

where the molecular states R*R’ and RR’" asymptotically
correspond to the states R" + R’ and R + R'", respectively.
Here, R, R’ are inert-gas atoms, and we assume that the
ionisation potential of element R is greater than that of
element R’. In this work, we consider one of the types of
plasma lasers [2]. The lasing in ionic exciplexes was first
proposed in Refs [3, 4]. The studies of ionic exciplexes (not
exclusively of inert gases) continue [5—9], but no lasing has
been obtained so far. If ever realised, such lasers would
offer a serious advantage—a non-aggressive medium.

To determine the conditions necessary for lasing, we will
consider the kinetics of the active medium formation using
the example of the Ne' Ar exciplex.

2. Selection of the molecule

The spectra of the RTR’ systems lie either in the visible
spectral region — He'Ne (409.8 and 423.6 nm), Ar'Xe
(329—545 nm), Ar*Kr (635.1 nm), Kr™Xe (459.0 nm) — or
in the vacuum UV (VUV) spectral region — He™ Ar (142.6
and 145.7 nm), He"Kr (119.3 and 127.6 nm), HetXe (101.5
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and 113.9 nm), Ne"Ar (213-224 nm), NeKr' (164-183
nm), Ne"Xe (133156 nm).

For our investigation, we have chosen the ionic molecule
Ne™Ar. To provide favourable lasing conditions, the energy
difference between the levels R"R’ and RR’" should be large
(see Section 3 below). However, a wavelength reduction in the
VUV region results in difficulties related to the manufactur-
ing of optical elements, in particular, the cavity mirrors. For
these reasons, we selected the Net Ar molecule. The emission
wavelengths of this molecule, 216 and to 224 nm, are the lon-
gest among the emission wavelengths of molecules of the
second group of ionic exciplexes, but the absorption of the
excited medium at these wavelengths is still low [10, 11].

3. Selection of the laser mixture

We will shortly discuss the difficulties in obtaining the
lasing and the possible conditions that may significantly
facilitate it. From the point of view of simplicity, the binary
Ne— Ar mixture would be the most convenient one. How-
ever, in this case, the only reaction that could deplete the lo-
wer level of NeAr™ would be the substitution reaction

NeAr" + Ar — Arj + Ne.

The maximum rates of the reactions of this type lie in the
range 107'° — 10~ cm?® s7!. On the other hand, the rate of
this reaction may be negligibly small as well. In this case,
lasing is impossible since the rate of the reaction that
populates the upper level of Ne™Ar

Ne™ + Ar+M — NetAr+ M,

where M = Ne, Ar, is most probably lower than that of the
reaction

Art + Ne+M — NeAr™ + M.

which populates the lower level of NeArt. Of course, the
dissociative recombination

NeAr" + e — Ar** 4+ Ne

can also deplete the lower level, but it depletes the upper
level as well with approximately the same efficiency. There-
fore, it seems that a binary mixture does not suit our needs.

The simplest non-binary mixture is the triple mixture
Ne — Ar — Kr. In this case, the lower state is depleted in
the reaction
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NeAr™ + Kr — Kr' + Ne + Ar.

The ultimate rates of the reactions of this type are also of
the order of 107! — 10~ ¢cm3 s~'. The principal reaction of
the exciplex KrF laser

Ary + Kr — Kr* + 2Ar.

is a well-known example; its rate is 7.8 x 107'* cm3 s7! [12].
However, some anomalies are possible here, too. For
example, the rates of the reactions

Ne; + Ar — Ar" +2Ne, Nej + Kr — Kr' + 2Ne

are lower, than to 5 x 107 and 5 x 10713 cm3 7, respec-
tively [12]. These anomalies are usually not realised in three-
particle reactions; therefore, the lower level can be depleted
in the reactions

NeArt + Kr+ M — Kr™ + Ne + Ar + M.

According to Refs [13—16], the rates of these reactions
must be of the order of several units times 107> ¢cm® s™!.
These rate values are widely used in the models of exciplex
inert-halogen lasers. Nevertheless, they appear to be over-
estimated by approximately an order of magnitude [17];
therefore, we will use the value 107! cm® s7!.

The depletion reaction is most efficient when the energy
difference between the levels RR"" and R”* is minimum. This
is why we selected Kr rather than, for example, Xe as R”. On
the other hand, if we want to make the depletion of the upper-
level in the reaction

R'R*+R"+M - R""+R+R + M,

inefficient, the energy difference between the R"R’ and R”
levels must be as large as possible. Note that it is here that
we make use of the above mentioned requirement of a large
energy separation between the levels R"R’ and RR'*.

Consider now the conditions under which the lasing is
possible. The radiative lifetime of the upper level of Ne™ Ar
is A~! ~ 10 ns. If we wish the lower-state depletion in the
reaction

NeAr™+ 2Kr — Kr"+ Ne + Ar + Kr

(k ~107" ecm® s7h

to be ten times faster than the radiative decay (k[Kr]* ~
104), the Kr concentration should be ~ 10* cm ™. The up-
per working levels are quenched by electrons in the reac-
tion
NetAr+e — NeAr' +e

with the rate k,, which is of the order of ~ 1077 cm?® s7!.
Therefore, if we do not want the quenching to make a
substantial contribution to the spurious depletion of the

upper level, the quenching rate should not be greater than
the radiative-decay rate,

kN,~ A, N, ~ 10" cm™.

Using this result, we can estimate the ultimate ionisation
rate (see below) that leads to this electron density:

VKt ~ kgNZ; v~ 10°s7"

Here, kg ~ 1077 em® s7! is the dissociative recombination
rate.
The upper state is populated through the reactions

Ne" + Ar+M — NetAr+ M,

where M = Ne, Ar, or Kr. Assuming that the rates of theses
reactions are equal, we find that the concentrations of Ne
and Ar should be no less than that of Kr. Otherwise, either
the production of Ne™ ions or the efficiency of the pumping
reactions will be too low. However, we should not forget
about other reactions that can also take place:

Net +Kr+ M — Ne"Kr + M,

where M = Ne, Ar, or Kr; therefore, one should have
[Ar] > [Kr]. In addition, one needs [Ne] > [Ar] for the
efficient production of Ne* ions. Thus, the final condition is

[Ne] > [Ar] > [Kr] ~ 10 cm ™.

One can see that in this case, the total pressure of the
medium exceeds 10 bar.

4. Kinetic model

Below, we will consider the case when the medium is
pumped by an electron beam. In the case of hard-ionisation
pumping (in particular, by an electron beam), it is
convenient to characterise the specific pumping power by
the ionisation rate of the medium [2, 18]

where ¢ is the ionisation cross section of atoms; j is the
current density in the beam; e is the electron charge; and
¢ ~ 2 is the factor that takes into account the contribution
of the cascade ionisation. The excitation rate of atoms from
the ground state is defined in a similar fashion. The specific
input power is related to the ionisation rates by the
expression

W = Z ViNiEIiaira
i

where W is the specific power input into the medium; N;
are the concentrations of ionised medium atoms, and E;
is the energy that a beam electron spends on the creation of
electron-ion pairs from the i-th kind of atoms as it propa-
gates in the medium until the full stop. The pumping pulse
duration 1/, at half the maximum was chosen to exceed
200 ns.

In the considered model, we solved a self-consistent sys-
tem of equations for the time dependence of the electron and
gas temperatures as well as the concentrations of free elec-
trons and the reagents Ne"Ar, NeAr", Ne"Kr, NeKr™,
ArtKr, ArKr", Kr*, Kr*, Kr;, Kr3*, Krt, Krj, Ar',
Ars, Ar*, Ar™, Ars, Ary", Ne', Nej, Ne*, Ne™, and Ne?.
The asterisks here denotes the set of the lower excited electron
states [10, 11, 18 —21]. The constructed model is based on the
kinetic reactions that we previously used to model the XeCl
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(the Ne — Ar— HCI mixture) [18,19] and ArF (the Ne—Ar-F,
mixture) [10, 11] lasers, the emission of the binary mixture
Kr — Xe [20], and the exciplex KrCl lamp (the Ne—Kr-
HCI mixture) [21, 22]. Therefore, we will consider here the
reactions related to the kinetics of molecular ions. The system
of equations (~ 110 reactions) was numerically solved using
the PLAZER program package [18].
The rates of the reactions

Net 4+ 2Ne — Nei + Ne, Ar" +2Ar — Ard + Ar,

Krt 4 2Kr — Krf + Kr

are known sufficiently well: They are 6 x 1072, 2.5 x 1073,
and 2.5 x 107" cm® s7!, respectively, and these values were
used in the model. They agree well with the rates derived
from the Thompson theory. The reactions of the type

R (Ry) +Ry(R;) + Ry — R{Ry(RRy) + Ry,

where R, R,, and Rj can stand for any of Ne, Ar, Kr pro-
vided that all three elements are not identical, were assumed
to have the rate 107" em® s™!. We do not see any reason
for strong deviations of these rates from the given values.
The exact calculation of these rates is probably beyond the
accuracy of the used model; this is why the rates of these re-
actions were assumed to be equal. We used the same values
of the rates for reactions

NeAr" + Kr+M — Kr" + Ne + Ar + M.
The rate of the quenching of ionic excimers by electrons

NetAr+ e — NeArt +e, Ne"Kr+e¢ — NeKr™ + ¢,

Ar"Kr+e — ArKr™ + e

was chosen to be 2 x 1077 cm? s~!'. The rates of the dis-
sociative recombination of the ions Ne"Ar, NeAr™, Ne*Kr,
NeKrt, ArKr, and ArKrt were T, /21077 cm3 s~!, where
T, is expressed in electron-volts.

For the absorption cross sections of different components
at the wavelengths 210 — 220 nm, we used the values from our
pa-pers on modelling the ArF (193 nm) [10, 11] and KrCl
lasers (222 nm). The cross sections of the ions Nej, Arj,
and Kr; were chosen from Ref. [23]; the cross sections of
RTR’ and RR'" were assumed to be close to the greatest
among the cross sections for R and R5'.

The FWHM of the emission lines of the Net Ar molecule
AJ is approximately 2 nm [8]. The cross section for the
induced emission was calculated from the expression

22

= A
¢ 4Aw

Here, 1 is the emission wavelength; Aw is the emission
band linewidth; A is the probability of the radiative decay
of the Ne™Ar molecule. Table 1 shows the discussed kinetic
reactions of the ionic molecular states, their rates, and the
absorption cross sections for the components of the excited
medium.

If we neglect the divergence of the laser beam, the output
energy of the laser is well described by the zero-dimension
approximation, in which the inverse of the lifetime of a cavity
photon is given by

Table 1. Reactions involving ions used in the simulations, their rates, and
the absorption cross sections for different components of the excited
medium; 7z is the number of atoms involved in the reaction. The electron
and gas temperatures in formulas should be expressed in electron-volts.

No  Reaction Rate/cm”’1 s o/cm?
Radiative decay

1 Ne"Ar — NeAr™ 10 -
2 Ne"Kr — NeKr™" 108 -
3 ArtKr — ArKr* 108 -
Electron quenching

4 NeTAr +e — NeAr™ +e¢ 2x 1077 -
5 Ne"Kr + e — NeKrt + e 2x 1077 -
6 ArtKr +e — ArKr" +e 2% 1077 -
Dissociative recombination

7 NeAr® + ¢ — Ar** + Ne 107772 -
8 NeKr* + e — Kr™* + Ne 1077752 -
9 ArKrt 4+ e — Kr** + Ar 1077712 -
10 NeArde — Ne*™ + Ar 107772 -
11 Ne'Kr+e — Ne™* + Kr 10777, -
12 ArfKr+e— Ar* + Kr 10777, -

3.7 x 1078 7,04
6.5 % 1078 1,0¢7
1.6x 10777,

13 Nej +e — Ne* + Ne
14 Ard +e— Ar*™ + Ar
15 Krj +e — Kr*™* + Kr
Creation of molecular ions in three-particle reactions

16 Ne' +2Ne — Ney + Ne 3.9 x 10737,07

17 Art +2Ar — Arj + Ar 1.62 x 103 Tg—o.75

18 Kr" +2Kr — Krj +Kr 1.62 x 1072 7,%7

19 Net 4 2Ar — Ne"Ar + Ar 1073 -
20 Net + Ne + Ar — NetAr+Ne 1079 -
21 Ne' 4+ Ne+ Ar — Ned + Ar 107 -
22 Ne™ 4 Ne+ Kr — Nej +Kr 107 -
23 Ne"4+Kr+Ne— Ne*Kr+Ne 107 -
24 Ne' 4 2Kr — Ne"Kr + Kr 1073 -
25  Ne' +Kr+Ar— Ne"Kr+Ar 1073 -
26  Ne' +Kr+Ar—NetAr+Kr 1073 -
27 Ar" 4+ 2Ne — NeAr"™ + Ne 1073 -
28 Ar" +Ne+Ar — NeAr™ +Ar 107 -
29 Ar' +Ne+Ar — Arj + Ne 107 -
30 Art +Ne+Kr— NeAr" +Kr 107 -
31 Art +Kr+Ar — Ary +Kr 107 -
32 Ar" + Kr + Ar — Ar"Kr + Ar 1073 -
33 Ar" 4+2Kr — Ar'Kr + Kr 1073 -
34 Kr' +2Ne — NeKr" + Ne 1073 -
35  Kr' +Ne+Ar — NeKr™ +Ar 1073 -
36 Kr" + Ne+ Ar — ArKr" + Ne 1079 -
37 Kr' +2Ar — ArKr' + Ar 107 -
38 Krt+Ne+Kr— NeKr" +Kr 107 -
39 Kr™+Ne+ Kr— Krj + Ne 107 -
40  Kr+Kr+Ar— ArKrt +Ne 1073 -
41  Kr' 4+ Kr+Ar — Krf 4 Ar 107 -

(to be continued)
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(continued from page 583)

No Reaction Rate/cm”’l s o /cm?
Recharging and capture

42 Ne' + Ar — Ar" + Ne 1071 -

43 Nej + Ar — Ar' +2Ne 5x 107

44 Ne' +Kr — Kr' + Ne 1071 -

45 Nej +Kr — Kr' +2Ne 5% 10718

46 NeKr' + Kr — Krj + Ne 107" -

47 Nejy + Ne + Kr — Kr* 4 3Ne 107 -

48 Ney +Ar+Kr — Krt +2Ne+Ar 107 -

49 Nej +2Kr — Kr' + 2Ne + Kr 107! -

50 Nej + Ne+ Ar — Ar™ + 3Ne 1073 -

51 Nej +2Ar — Ar' +2Ne + Ar 107 -

52 Ary +Ne+Kr — Kr" +Ne+2Ar 107 -

53 Arf 4+ Ar+ Kr — Kr' 4 3Ar 1074 -

54 Arf 4 2Kr — Kr* + 2Ar + Kr 1073 -

55 ArKr' + Kr — Kr3 + Ar 3.2x 10710

56 Ary 4+ Kr — Kr' 4 2Ar 7.5 % 10710

57 Art +Kr — Kr' 4 Ar 3x 107!

58 NeAr' + Ar — Ar; + Ne 107" -

59 NeAr" +Kr — Kr™ + Ne + Ar 10710 -

60 NeAr" 4 2Kr — Krt + Ne + Ar + Kr1073! -

61 NeAr" + Kr+ Ne — Krt +2Ne + Ar107%! -

62 NeAr" 4+ Kr+ Ar — Kr + Ne +2Ar 107! -
Photoabsorption

63 Ne'Ar + fio — NeAr" + 2fiw - 1.5%x 1071
64 NeAr™+hw — Ne'Ar - 1.5%x 1071
65 Nej +io — Ne™ 4 Ne - 0.7 x 1077
66 Ne'Ar + fiwo — Ne™ + Ar - 0.5x 107"
67 Ne'Kr+/hm — Net + Kr - 33x 10718
68 NeAr +hw — Ne + Ar" - 0.5% 107"
69 NeKr'+hw — Ne + Kr* - 33%x 107"
70 Ar*Kr+ho — Kr+ Ar" - 10718

71 ArKr'+7w — Ar+ Krt - 10718

72 Arj +ho — Ar 4 Art - 2% 1071
73 Kry +ho — Kr+ Kr™ - 3x 107"
74 Ar*+lio — ArT +e - 107

75 Ari+hio — Arf +e - 0.6 x 10718
76 Ars 4ho — Art + Ar+e - 0.4x 107"
77 A +ho — Art +e - 3x 10718
78 Nej+hio — Nej + e - 10718

79 Krb +fiw — Krj +e - 1018

80 Kr'+7iw — Kr™ + ¢ - 3% 107"
81 Kr™+7im — Krt +e - 0.5% 107"
82 Ne* +fiw — Net + ¢ - 107

83 Ne™ /i — Ne® + e - 0.4x 107"

y=(c/2D)Inr ",
where ¢ is the speed of light; / is the length of the excited
medium, and r is the reflectivity of the cavity.

5. Discussion

Since the optimal output energy and the laser efficiency
were always realised for the same values of the variable pa-

rameters, we will refer to them simply as optimal parame-
ters.

5.1. Threshold characteristics

Since the lasing has not so far been realised experimentally,
the calculation of the exact threshold parameters is
meaningless. We used in our calculations the output specific
energy of the laser radiation equal to E = 0.1 J litre™!. The
typical specific energy of the emission in exciplex inert-ha-
logen lasers, which are currently the most powerful UV la-
sers, amounts to several joules per litre. For the ionisation
rate v = 10 s™! and the laser efficiency = 5.33 x 1072 %,
the specific output energy E = 0.12 J litre~! corresponds to
[Kr]=5x10" cm ™2, [Ar] = 10* cm™,[Ne] = 3 x 10* cm ™,
the FWHM pulse duration 7/, = 200 ns, and the optimal
y = 10" —2x 10" s7' If [Kr], [Ar], or 7/, are reduced by a
factor of two, E drastically falls off to ~ 1072 J litre '. If
[Ne] is reduced to 2 x 10* cm ™3, E decreases to 0.05—0.07
Jlitre™'; at [Ne] = 10* em ™, one has E = 0.001 — 0.004
J litre™!. By optimising the cavity in the latter case, one can
achieve E ~ 0.01 J litre ™"

5.2. Dependence of E on the pump pulse duration

With an increase in the duration of the pump pulse, the spe-
cific output energy remains unsaturated until 7, =1 ps.
After the rapid increase in the region from 7/, > 200 ns to
Ty = 1 ps, E grows linearly (Table 2). These calculations
were performed for y =2 x10” s!, which corresponds to
the optimal energy and efficiency for 7,,, = 200ns.

Table 2. Dependences of the specific emitted energy E and the laser effi-
ciency 5 on the pump pulse duration fory = 2 x 107 s~!, which is_optimal
for the FWHM pump pulse duration 7, , = 200 ns; [Ne] = 3 x 10% ecm™;

[Ar] = 10*° cm ™, and [Kr] = 5 x 10" cm ™.

11,2/n8 E/TT /107> %
200 0.118 533 x 1072
300 0.236 7.12 x 1072
400 0.358 8.11x 1072
500 0.483 8.84 x 1072
1000 1.14 10.5:1072

Table 3. Dependences of the specific emitted energy, the laser efficiency,
and the optimal y on the argon concentration for 7/, = 200 ns, [Ne]
=3x10* cm~>, and [Kr] = 5 x 10" cm~>,

[Ar]/102em™  3/107s™" E/J litre™ /1072 %
1 2 0.118 5.33
2 2 0.349 12.2
4 5 0.479 11.5
8 2 0.224 3.32

5.3. Optimal mixtures

For 7,/, =200 ns and [Kr] =5 x 10" em ™3, the optimal E
and n increase with increasing Ar and Ne concentrations
provided that their ratio [Ar]/[Ne] lies in the range from 1/3
to unity (Tables 3 and 4). For larger values of [Kr], the op-
timal ratio of [Ar] to [Ne] remains the same with increasing
pressure. However, if [Ar] and [Ne] are fixed, the out-put
energy and the laser efficiency are lower than for [Kr] = 5x
x10"” em™. To determine the optimal ratios § = [Ar]/[Ne],
we performed the optimisation over y for each value of f.
Table 5 shows the calculated gain.
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Table 4. Dependences of the specific emitted energy, the laser efficiency,
and the optimal y for various neon concentrations, near-optimal values of
B = [Ar]/[Ne],and 7/, = 200 ns.

[Kr]/102° [Ne]/102° [Ar]/1020 . A
Cm,/ Cm,/ Cm,{ E/J1 n/107% /10" s
3 1-4 0.118-0.4795.33-11.5 2-5
0.5 6 2-4 0.543-1.16 13.5-21.9 5
12 8 2.57 25.4 10
3 1-4 <1072 -
1.0 6 2- 0.247-0.66 5.59-11.6 2-5
12 8 1.66 15.6 10
3 1-4 - . _
2.0 6 2-4 0.0612 0.942 2
12 8 0.54 473 5

5.4. Dependence of the emission characteristics
on the ionisation rate (the energy input)

For the concentrations £Kr] =5%x10" em™, [Ar] =
10 cm, and [Ne] = 3 x 10* ¢cm ™ discussed above in Sec-
tion 5.1 and for 7, , = 200 ns, the optimal ionisation rate with

Table 5. Dependence of the gain on the mixture pressure for near-optimal
p = [Ar]/[Ne].

B [Nel/10°° em™  [Ar]/10® em™  x/107° em™
1/3 3 1 2.26
2/3 3 2 3.72
2/3 6 4 6.69
2/3 12 8 10.2

respect to krypton is v, = 10° s~ (Table 6). When calculat-
ing these dependences, we performed optimisation over y for
each fixed value of vi,. The existence of the optimum over vk,
is caused by the increase in the quenching rate (Section 3) of
the upper laser levels by electrons at v > 10* s,

5.5. Variation in the reaction rates

If the rate of the 59th reaction (Table 1) is reduced by an
order of magnitude, i.e., k = 107" ¢m?3 s’l, and the rest of
the parameters are vg, = 10> s7!, LKr] =5x%x10" cm™3,
[Ar] = 10 cm ™, and [Ne] =3 x 10” cm ™, the specific

Table 6. Dependences of the specific emitted energy, the laser efficiency,
and the optimal y on the ionisation rate v (with respect to krypton) for
Ty, =200 ns, [Ar] = 10° cm™3, [Ne]=3x10® em™, and [Kr] =
5% 10"” cm™ (v=10> corresponds to the energy input W =
1.1 MW cm™).

v/10*s™! E/107% J litre™" 1 (%) /107 57!
1 <1 - -

3 7.11 1.07-107" 0.5

10 11.8 5.33:1072 2.0

30 1.21 1.82:1073 0.5

100 <1 - -

energy E ~ 0.1 litre™! was achieved only for 7172 = 500 ns
(E=73x10"%Tlitre”!, n = 1.32 x1072%). In this case, y
must be 5 x10° s7!.

So far, we did not discuss the quenching reactions of the

type

Ne"Ar + M — products

where M = Ne, Ar, or Kr. In the presence of such
quenching, the concentration of the [Kr]+ [Ar]+ [Ne]
misture is bound from above by the condition

ZK& R < 4, M

where R, = Kr, R, = Ar, Ry = Ne, [Kr] ~5x 10" ecm™
< [Ar] = (1/3 — 1)[Ne]. Condition (1) does not contradict
to the threshold reagent concentrations derived in Sec-
tion 5.1 if the rates k are much lower than 1072 cm® s7!.

5.6. Recommendations

It follows from the above results that, in order to achieve
the specific output power E ~ 0.1 J litre”!, the concen-
trations have to be rather high: [Kr] =35 x 10" cm™3,
[Ar] = 10®° em ™2, and [Ne] =3 x 10° cm ™. In this case,
the total pressure will be at least 16.6 bar, the duration of
the pump pulse 7/, must be no less than 200 ns (preferably,
Ty/2 ~ 1 ps), and y must be in the range 5 x 106—2x107 s~ 1.
Given that vy, =~ 0.32vg, and vu, = 0.76vg,, the optimal
jonisation rate vk, = 10° s~ will correspond to the specific
power input to the medium

W =Y Eqw,[R]=11MWcm>
i

For example, if the electrons of the pump beam have the
energy 200 keV, the current density of the electron beam
should be

jaeva /204, =61 A cm2,

The transit of such electrons in the neon at a pressure of
10 bar is Ry, ~ 6.5 cm, and in the argon at a pressure of
3.7 bar, Ry, =10 cm [24]. Under conditions, considered,
the electron transit is

Because this transit occurs along the electron paths, the
width of the excited region will be 2—3 cm; i.e., only the
transverse pumping of the medium can be realised.

6. Conclusions

We have theoretically analysed the necessary conditions
required for lasing in ionic exciplexes of inert gases. The
Ne"Ar — NeAr" transition was selected as the most prom-
ising for lasing. We found the conditions that are most favou-
rable for lasing. The kinetic model was constructed by using
the reaction rates that were typical for the reactions involved.
However, the reaction rates can obviously be greater or lower
than these typical values. For example, the rates of reactions
19, 20, and 26 (Table 1), which result in the production of a
Ne"Ar molecule, can be lower than 1073 cm3 s’l, while
the rates of reactions 27, 28, and 30, which result in the pro-
duction of a NeAr" molecule, can be greater than 107!
cm?® s~'. This may be unfavourable for lasing. Moreover,
we assumed that the quenching reactions of the upper laser
level

NetAr+Kr+M — Kr" + Ne+ Ar+ M,
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Ne"Ar + M — products

(M = Ne, Ar, or Kr) as well as some other reactions are not
important for the considered kinetics.

It may happen that the reaction rates will deviate in the
direction unfavourable for lasing and (or) the above quench-
ing reactions of the upper laser level will be significant. In this
case, lasing may be completely infeasible. On the other hand,
even under the most favourable conditions, an appreciable
lasing can be realised only at pressures exceeding 16.6 bar.
In this case, the laser efficiency 7 corresponding to
E =0.1-2517 litre”' is as small as 0.05 — 0.25%.
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