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Laser on mixtures of nitrogen with electronegative gases pumped
by a transverse discharge from a generator with inductive energy

storage: Theory and experiment

A.N. Panchenko, A.IL. Suslov, V.F. Tarasenko, A.E. Tel’'minov

Abstract. Lasing and discharge characteristics of a nitrogen
laser pumped by a transverse discharge from a generator with
an inductive energy storage and a semiconductor current
interrupter are investigated experimentally. A numerical
model is proposed and the operation of a nitrogen—electro-
negative gas mixture laser is simulated. It is shown both
theoretically and experimentally that admixtures of electro-
negative gases make it possible to control the laser pulse
shape at the C3Hll — B"’Hg transition of nitrogen. Laser
pulses at a wavelength of 337.1 nm, consisting of two peaks,
as well as rectangular pulses of duration 40-50 ns, are
obtained in mixtures of nitrogen with NF; and SF¢ due to an
increase in the electron attachment coefficient and an increase
in the electric field. The output UV energy is ~ 25 mJ.

Keywords: UV nitrogen laser, inductive energy storage, transverse
discharge pumping, NF;, SFys admixtures, numerical simulation,
rectangular laser pulses.

1. Introduction

An increase in the energy and pulse duration in electric
discharge molecular nitrogen lasers, which was reported in
[1-12] (second positive system, the C>TI, — B3l'[g elec-
tronic bands, the strongest 337.1-nm 0-0 and 357.7-nm
0—1 transitions), was observed after the addition of
electronegative gases to the working mixture. This effect
is manifested most strongly in transverse-discharge-pumped
lasers. For practical applications, of interest are UV
nitrogen lasers emitting tens of millijoules. However, no
numerical model was developed for nitrogen—electroneg-
ative gas mixture lasers, which hampered an investigation
of processes determining the lasing parameters, as well as
the prediction of the working parameters of new lasers. In
particular, it was necessary to find the reason behind the
generation of laser pulses with two peaks [11, 12].
Theoretical models of a nitrogen laser without any
admixtures of electronegative gases, including the model
of the atmospheric-pressure nitrogen laser [15—17], had
been worked out earlier [13—17]. In these computations, the
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electron energy distribution function (EEDF) in nitrogen
was assumed to be Maxwellian, which is not true for
discharge calculations in mixtures of nitrogen with halo-
gens.

The aim of this paper is to develop a theoretical model of
a nitrogen —electronegative gas mixture laser and to study
the operation conditions of electric discharge nitrogen lasers
excited by the transverse discharge from a generator with an
inductive energy storage and SOS diodes, which leads to the
formation of laser pulses consisting of several peaks and the
attainment of maximum radiation energy.

2. Experimental

We studied a transverse-discharge-pumped laser with spark
preionisation, which is described in detail in [11, 18]. A
universal generator, capable of excitation from an inductive
as well as a capacitive energy storage, was used for
pumping. The generator consisted of a spark gap, as well as
storage (Cy = 70 nF) and peaking (C; = 2.45 nF) capaci-
tors. In the inductive storage regime, 10 SOS diodes were
connected in parallel to the capacitor C;, and current from
an auxiliary capacitor was first passed in the forward
direction through them. The use of an inductive storage
resulted in shortening of voltage and pump pulses and in
the increase in the breakdown voltage and pump power. An
aluminium-coated plane mirror and a plane—parallel
quartz plate were used as the cavity mirrors. The laser
had the active volume V' =2 x 4 x 72 cm® (discharge gap
d =4 cm).

The output energy of the nitrogen laser was measured
with an OPHIR calorimeter with FL-250A and PE-50BB
heads. The laser pulse was detected with a FEK-22 SPU
vacuum photodiode on which a part of laser radiation was
directed by a beamsplitter. The laser emission spectrum was
recorded with a StellarNet EPP2000-C25 spectrometer. To
provide the operation of the photodiode and spectrometer in
the linear regime, the incident radiation was attenuated by
metal grids.

The discharge current and voltage across the laser
electrodes were detected with a voltage divider and a
Rogowski loop. Electric signals were fed to the TDS-220
or TDS-224 oscilloscopes.

3. Characteristics of nitrogen—halogen mixture
lasers

Figure 1 shows the dependences of the output energy Q of a
nitrogen laser on the charge voltage U, of capacitor C, for



434

A.N. Panchenko, A.l. Suslov, V.F. Tarasenko, A.E. Tel’'minov

various mixtures under different pump conditions. The
optimal pressure of nitrogen in our experiments was
75 Torr. The maximum laser output energy (25 mJ) was
achieved in mixtures of nitrogen with NF; or SF¢ and upon
pumping by a generator with an inductive storage. The
main part of energy was emitted at 337.1 nm, while the
fraction of laser radiation energy at 357 nm did not exceed
10 %, as in [11]. In addition, after the end of the UV laser
pulse, high-intensity emission was observed in nitrogen—
halogen mixtures in the first positive nitrogen system (the
B I, — A’Z, transition with the highest intensity line at
1048 nm). The IR radiation energy for a mixture with SFg
was 5 mlJ, which corresponds to the maximum energy
obtained at this wavelength upon transverse-discharge
pumping [19]. In the N, — F, mixture, the UV radiation
energy decreased to 15 mJ.
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Figure 1. Dependences of the output energy Q of a nitrogen laser on the
charging voltage U, of the capacitor C, in the case of pumping of pure
nitrogen by a generator with capacitive (/) and inductive (2) storage
devices, as well as in the case of pumping of mixtures N,:NF; =
75:3 Torr (3) and N,:SF¢ =75:9 Torr (4) by a generator with an
inductive storage device.

Figure 2 shows the oscillograms of the voltage across the
laser gap, the discharge current, and laser radiation gen-
erated upon pumping pure nitrogen in discharges fed by
generators of different kinds. The replacement of the
capacitive storage by an inductive storage resulted in the
increase in the breakdown voltage. Besides, the discharge
current increases sharply during voltage drop across the
gap. These factors lead to a considerable increase in the
output energy of the nitrogen laser.

A characteristic feature of the nitrogen— NF; mixture
laser operation is the appearance of a second lasing peak in
certain pump regimes (Fig. 3). The delay between the laser
pulse peaks was ~ 25 ns. The double-peak lasing was
observed at maximum radiation energies. As U, was
decreased, the ratio of amplitudes of the first and second
lasing peaks increased, and the second peak disappeared for
low charge voltages. When SF4 was added to nitrogen, the
second peak appeared only for SF¢ concentrations exceed-
ing 50 %. In this case, the output energy did not exceed
10 mJ, and the laser pulse duration at the base was ~ 50 ns.

An interesting result was obtained upon pumping of
nitrogen mixtures with NF; or SF¢ at a lower total pressure
of the gas mixture. In this case, the second lasing peak
increased and the dip between the peaks in the intensity
distribution decreased. This resulted in the formation of
rectangular peaks of duration about 50 ns.
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Figure 2. Oscillograms of voltage pulses U across the discharge gap,
discharge current 7 and laser pulses P}, at A = 337.1 nm in pure nitrogen
(p =175 Torr) pumped by a capacitive (a) and inductive (b) energy
storage device; Uy = 35 kV.
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Figure 3. Oscillograms of voltage pulses U across the discharge gap,
discharge current 7, and laser pulses Pj,s at 2 = 337.1 nm in the mixture
N,:NF; = 75:3 Torr pumped by a capacitive (a) and inductive (b)
energy storage device; Uy = 35 kV.
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4. Numerical simulation of a nitrogen laser
pumped by a self-sustained discharge in mixtures
of N, with electronegative gases

We simulated plasma-chemical processes in the discharge
gap and lasing at the C>II, — B3Hg transition by per-
forming the following calculations:

(1) calculation of the electron energy distribution func-
tion fo(E/p, ¢, 1) in a self-sustained discharge, where E and p
are the electric field strength and gas pressure in the
discharge gap, ¢ is the electron energy, and ¢ is the time;

(ii) calculation of the physical parameters of electrons
(mobility u,, temperature 7,, diffusion coefficient D.) and
the rate constants of the reaction between electrons and
plasma particles;

(iii) calculation of the kinetics of heavy particles;

(iv) calculation of the formation of laser radiation in the
cavity; and

(v) electrical engineering calculations (laser pumping
scheme).

All these calculations in the form of individual program
blocks were combined into a self-consistent model, which is
presented schematically in Fig. 4.

Electron energy
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Figure 4. Self-consistent model of a plasma chemical reactor [ f.(E/p, e,
1) is the electron energy distribution function, g, and D, are the mobility
and electron diffusion coefficient, R, is the discharge plasma resistance,
T, is the gas temperature, k, is the rate constant of the rth reaction; n; is
the concentration of the ith particle; and n, and T, are the electron
concentration and temperature].

The EEDF in a self-sustained discharge in the N, — NF;
or N, — SF¢ mixture was calculated by numerical integra-
tion of the Boltzmann equation by using the iterative
procedure [20]. The cross section of elementary processes
of interaction of electrons with N,, NF; and SF¢ molecules
and the rate constants of reactions are borrowed from
[21-27].

To determine the concentration of particles in the
plasma, we solved numerically the system of kinetic equa-
tions for a spatially homogeneous discharge [15]:

(r)
dn,- n r 17(")
@ =2k ]] (n")" )
r J=

where n; is the concentration of the ith particle in the active
medium of the laser, ¢, is the difference in the stoichio-
metric coefficients for the ith particle on the left and right
sides of the equation for the rth reaction, n](") is the
concentration of the jth particle participating in the rth
reaction, m") is the number of particles of different species
on the left-hand side of the equation for the rth reaction,
and v/-(") is the stoichiometric coefficient for the jth particle
on the left-hand side of the equation for the rth reaction.
The kinetic scheme of plasma chemical reactions and
processes in mixtures of nitrogen with NF; and SF¢ in a
self-sustained discharge are presented in Table 1.

Table 1. Kinetic diagrams of nonequilibrium plasma-chemical processes
in the N, — NF;3 or N, — SF¢ mixtures. The data on rate constants of
reactions and cross sections are borrowed from [21-27] or calculated
(for rate constants of reactions of electrons with neutral and charged
particles).

Reactions

Rate constants

1. Excitation of electron states and ionisation
1. Ny4e—NyA S ) +e Calculated from EEDF
2. N,(B*IL,) +e
Ny +e —=Ny(W?, B') + e "
N,(B*IL,) +e

3. Ny(a') +e
Ny +e —»Nz(a,wl)+e\ ="
Ny(a') +e
4. N,(C*II,) +e
N, +e —>N2(E,a”)+6\ ="
N, (C3I1L,) + e

5. Ny+e— N(*S)+ N(*S) +¢ "
6. Ny+e— N(*S)+N(D)+e -
7. Ny+e— N(*S)+N(*P) +e "
8. N(*S)+e— N(’D) +e B
9. N(*S)+e— N(P) +e "
10. N(*D) + ¢ — N(?P) + ¢ e
1. Ny+e— N +e+te "
2. Associative ionisation

12. No(A*Z) + Ny(a') = Ny +e
13. Ny(a') + Ny(a') = N +e

14. N(*D) + N(*P) — N5 + ¢

k=~ 5% 107 em® 57!
ki3 ~2x 1070 cm?® 57!
kg ~ 1072 em?® 57!

3. Recombination of electrons and positive ions

ks =2 x 107°(300K /T,)
cm® 57!

kg =107 ¢cm? 7!

k17=2.8x1077(300K/T,)"/* cm® s~

15. N +e— N, +N,

16. Ny +e — Ny(B I1,) + N
17. N +e— N+N

18. Ny + ¢ — N+N(D) kig=2x10""(300K /T;)"/* cm® 57!
Electron—ion recombination (three-body processes)

k19 =107 (300K /T,)** cm® 57!

koo =6x10"27 (300K /T,)"* cm® 57!

19. e4+e+ Ny —e+N,

20. e+ Nj + N, — 2N,
4. Electron attachment and detachment processes

21. e+ NF; — NF, +F~ Calculated from EEDF

22. e+ F —F+42e¢ ="—

( Continued on the next page)
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23. e+ SFs+M — SFg + M "
24. ¢+ SFg — SF5 +F "
25. ¢+ SFg — SFg +2¢ "
26. ¢+ SF5 — SFs+2¢ "
5. Processes involving electronically-excited particles
27. Ny(APZH) + NL (AP E)) yy = 1.6 x 10710
— N,(C*TT,) 4+ Ny (X) x(300K/T)** em® 57!
28. Ny(APZ) 4+ Ny = No(X) + Ny kg =3 x 1078 em’ 57!
29. N(AYZ,) + N(*S) ks = 5 x 107 cm? 57!
— Ny(X) + N(°P)
30. No(A*Z,) + SFq ki =1x10""cm?® 57!
— Ny(X) + SF,
31. Ny(AYZ,) + NF, k3 =2 %1073 cm® 57!
— No(X) + NF;
32. Np(B*IL,) + N, k3 =5x10"" em?® 57!
- Ny(AYZ)) + N,
33 Np(B I, — Np(A*Z) + v kg3 = 1.5x 10° 57!
34, Ny(a') + Ny = Np(B I,) + Ny hsg =2 x 107 em? 57!
35 Np(C’T0,) — No(B T,) + v ka5 =3 x 10757
36. No(C*II,) + Ny — Ny(a') + Ny kg = 107" em? 57!
37. No(C*I1,) + SF ky; =1.1x 107 cm?® 57!
— Np(X) + SF,
38. N,(C>T1,) + NF; kyg =107 cm?® 7!
— N,(X) + NF;
39. N(°’D)+N, — N(*S) + N, k3o = 6 x 1071 cm® 7!
40. N(*P) + N, — N(°D) + N, kg =2 x 1078 cm? 57!
41. N*P)+N —N(’D)+N gy = 1.8 x 107 cm® 57!
6. Ion conversion
42, N+ N, + N, = N +N, kg =5x107% cm® 7!
43. N + N+ N, — N;” + N, ka3 =09 x 107
x exp(400K/T,) em® 57!
4. NT 4+ N, + N, = N; +N, ka =09 x 1072
x exp(400K/T,) cm® 57!
45. N*"+N+M kys =107 cm® 7!
=N +M (M=N,)
46. Njf +No(A’ =) - N +N kag <3 x 1070 cm’ 57!
47. N +N—->N"+N, kg =24x10""T, em® 57!
48. N + N — N, +N, gy =6.6x 107" em® 57!
49. NS +N, - Ny + N, + N, kg =25% 10" cm® 57!
50. Ny +N—=N"+N, + N, kso = 107" em?® 57!
7. Photon emission processes
51 Ny(CPIL) — No(BII) + v ks =3 %107 s
52. No(C*TIL,) + hv 0 =173x10""%cm?

— Ny(B*I1,) + 2hv

Note: T, and T, are the electron and gas temperatures.

Figure 5 shows the electric circuit diagram for feeding
the discharge used in our calculations. The system of
equations for electric circuit calculations has the form

L, =y - v, @)

00%210, 3)

Ll%:UlfllRpa “4)
and

C %:10—11. (5)

Here, U, and U; are the voltages across the storage
capacitor C, and the peaking capacitor Cy, respectively; I,
and /; are the currents in the storage and peaking circuits,
respectively; and R, is the resistance of the electric
discharge plasma.

Iy I
— —
Y Y\ Y Y\
L Ly L

Figure 5. Electric circuit diagram for discharge feeding used in the
simulations of a nitrogen laser (Cy = 70 nF, C; =2.45nF are the
capacitances of storage and peaking capacitors; L, =25 nH,
L; =12 nH are the circuit inductances, U, and U, are the voltages
across the capacitors Cy and Cy; [, and I are the currents through C,
and the load respectively).

The laser radiation kinetics was calculated by using the
equation for the photon density 7, in the optical cavity in
the approximation of homogeneous distribution of particles
over the active medium volume:

dnpp In(r(ry)

T

nc /,
d[ =0 a + CU}’lph(nC — HB)i+ Cl’lph

where nc and ng are the populations of the upper and lower
laser levels, respectively; Q is the fraction of spontaneous
radiation incident on the output mirror; r; and r, are the
reflectivities of the resonator mirrors; /, and L are the
lengths of the active region and the optical cavity, res-
pectively; ¢ is the speed of light; ¢ is the cross section of
induced photon emission; and 1y, is the spontaneous
lifetime of the upper laser level.

5. Discussion of the results of numerical
calculations and comparison with the experiment

Numerical calculations of the nitrogen laser operation were
performed and compared with the experiments for nitrogen
and the N,:NF3; = 25:1 mixture at p = 78 Torr and U, =
35 kV. Figure 6 shows the calculation oscillograms for the
discharge current and voltage across the laser gap, as well
as laser pulses for this mixture and pure nitrogen at
p =75 Torr. A comparison of Figs 2, 3 and 6 shows a good
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agreement between the theoretical and experimental curves.
The calculated radiation energy is also close to experimental
values presented in Fig. 1. One can see from the figures that
the voltage across the laser gap in the quasi-stationary
discharge stage in pure nitrogen is about half the value for
the N, — NF; mixture, and the addition of an electro-
negative impurity gives rise to the second laser pulse during
the quasi-stationary discharge stage. In this regime, the
maximum output energy is achieved.
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Figure 6. Theoretical pulse shapes of voltage U across the discharge gap,
discharge current / and laser radiation power P, in the mixture
N, — NFj3 (a) and in pure nitrogen (b).

An increase in the voltage during the quasi-stationary
discharge stage after the addition of NFj5 is explained by the
behaviour of the cross section for electron attachment to
NF;. The dependence of the cross section on the electron
energy has a maximum at ~ 2 eV [26]. Because the average
electron energy in the self-sustained discharge in nitrogen is
also ~ 2 eV, the rate constant of electron attachment to NF;
achieves a maximum value of 8 x 107 ecm® 57"

Our calculations show that the addition of NF; to
nitrogen for a given voltage across the gap affects the
output radiation in two ways. On the one hand, an increase
in the voltage across the gap at the quasi-stationary
discharge stage results in an increase in the rate of excitation
of the upper laser level and hence in the power and duration
of laser pulses. On the other hand, the wave impedance of
the peaking circuit and the load in the two-circuit power
supply are mismatched, which results in the attenuation of
the voltage oscillations across the gap due to charge
exchange between C; and C,. The amplitude of these
oscillations is sufficient to create periodically in the active
medium of the nitrogen laser a state with the inverse

population of levels in the C*II, — B3Hg transition. As
a result, two laser pulses are formed during one pump pulse.
Similar voltage oscillations are also observed in pure nitro-
gen; however, the mean value of the parameter E/p <
30 kV em ™! atm™! at the quasi-stationary discharge stage
without an electronegative impurity is insufficient for
obtaining the inverse population.

Other electronegative gases with a large attachment
coefficient, such as SFq and F, have cross section maxima
in the electron energy range of 300—500 K [27]. These
maxima are far from the mean electron energy in self-
sustained discharge in nitrogen, and hence the rate constants
of electron attachment to SFy¢ and F, in the self-sustained
discharge are 10 —3 x 10~ cm® s™!, while the plasma
voltage increases by 30% —40%. Such an increase in
voltage is insufficient to produce lasing during the quasi-
stationary discharge stage. Figure 7 shows the electron
energy distribution function in the N, :NF; = 25:1 mixture
at p = 78 Torr and U, = 35 kV, as well as the cross section
for electron attachment to NF; and SFgq molecules. The
vertical dashed line indicates the mean electron energy in the
discharge. One can see that only a small part of low-energy
electrons can be attached to SFg, while the maximum of the
NF; cross section quite accurately coincides with the mean
electron energy T,. Nevertheless, the two-peak oscillation in
a nitrogen laser can also exist with SFg at a concentration of
~ 50 %. Figure 8 demonstrates this lasing for the N,:SFy =
12:12 Torr mixture.

fe/eV’] (7/10’]6 cm’
0.20 4 10°
SF

01s f7° 1102
0.10 H 10’

| 0
0.05 | 310

|

I —1

I 1 1 1 ] 10

0 2 4 6 & /eV
Figure 7. Electron energy distribution function in nitrogen for

E/p =60 kV em™! atm™" and the cross sections of electron attachment
to NF; and SF¢ molecules.

Numerical calculations showed that the output param-
eters of the laser strongly depend on all the initial
parameters of the experiment: the charge voltage, the
parameters of the power supply elements, the initial electron
concentration created by the preionisation system, the
geometry of the electrodes and the mixture composition.
Consider in more detail the effect of the N, — NF; mixture
pressure on the laser parameters. Note that the final effect of
the variation in the mixture pressure on the yield of coherent
radiation is not obvious because, for example, a decrease in
pressure causes an increase in the parameter E/p (the
pressure decreases while the breakdown voltage changes
insignificantly) and in the rate of excitation of the upper
laser level. But on the other hand, due to a decrease in the
nitrogen pressure and electron concentration in the dis-
charge, the excitation rate of this state should decrease. To
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Figure 8. Calculated shapes of voltage pulses across the discharge gap
and discharge current (a), and the shape of calculated (solid curve) and
measured (dashed curve) laser pulses (b) in the mixture N,:SFq =
12:12 Torr.

peaks merged into a single peak of duration ~ 40 ns at low
pressures (~ 15 Torr) whereas the laser pulse duration in the
normal operation regime of the nitrogen laser is 10 ns or less
as a rule [1-10].

To find the reasons behind such a discrepancy, we
calculated numerically the excitation rates of the lower
and upper laser levels, their population inversion and the
characteristic time of the photon-concentration evolution in
the cavity. Some of the obtained results, which are required
for interpreting this effect, are presented in Fig. 10. One can
see that the position of the second laser peak weakly changes
in time, while the first peak is delayed by 6 ns at p = 15 Torr
compared to the same peak at a pressure of 30 Torr.
Because the width of the laser peaks at the base is 16 ns,
they overlap and a single broad trapezoidal peak of total
duration 40 ns is formed. The physical interpretation of the
effect is that due to the delay of the first laser peak, i
maximum coincides with the next pump pulse of the upper
laser level, and this sustains lasing over a long period of
time.

determine the result of the action of these two opposite
trends, we calculated numerically the parameters of output
laser radiation in the pressure range 15—31 Torr for the
N, — NF; mixture, which coincided quite well with the
experimental results (Fig. 9). The output energy decreases
with mixture pressure because in this case the excitation rate
of the upper laser level eventually decreases. Thus, the latter
of the two opposite trends dominates upon a change in
pressure. In addition, we found that the two laser pulse
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Figure 9. Calculated (a) and experimental (b) time dependences of the
laser pulse shape for N, :NF; = 30: 1 mixture at a pressure of 31 (/), 21
(2) and 15 Torr (3).
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Figure 10. Appearance time of the first (/, ') and second (2) laser
peaks as a function of pressure of the N, : NF; = 30: 1 mixture; curve (3)
describes the excitation rate for the upper laser level [curves (1, 2)
correspond to numerical calculations, while curve (/') is the estimate
obtained from (7)].

It follows from our calculations that the 6-ns shift of the
first laser pulse is directly caused by a decrease in the
excitation rate of the upper electron state C*II, and in the
population inversion of the laser levels. The second reason is
related to a slow evolution of the photon density in the
optical cavity during the discharge formation at the begin-
ning of the pump pulse. The initial photon density at the
stage of discharge formation in the cavity is low, and its
build-up time varies from 10 to 20 ns. Because the photon
evolution obeys a nearly exponential law, even a slight
decrease in the inversion of laser levels causes a considerable
delay in the first laser pulse. After completion of the
discharge formation and the establishment of quasi-sta-
tionary concentrations of excited molecules, this effect is not
so noticeable. For this reason, the displacement of the
second peak of the laser pulse is small. This conclusion is
confirmed by the approximate estimate of the laser pulse
delay from the expression

A\ ! rry) ]!
o=m(me)(7) 2L o
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where npp and 7y, are the initial and maximum photon
density in the cavity, and 7 is the mean value of the
difference nc —ng in the time interval t4 under study.
Expression (7) can be derived from Eqn (6) by assuming
that n =const. The values of 7 were obtained from
calculations. The numerical values of the delay time for
the first laser pulse obtained from (7) differ from the results
of numerical simulation, but both curves are identical in
shape. Therefore, the displacement 74 of the first laser peak
upon a change in pressure is nearly the same in both cases.

6. Conclusions

We have studied experimentally and simulated numerically
the operation of a transverse-discharge-pumped nitrogen
laser. A theoretical model of a nitrogen —electronegative gas
mixture laser has been developed and used for calculating
the lasing parameters at the C°II, — B3Hg transition upon
the addition of electronegative gases NF; and SF4 to
nitrogen, as well as for predicting the conditions for
obtaining maximum output energy.

The lasing parameters in N, — NF; and N, — SFg
mixtures have been studied experimentally and simulated
numerically. It has been shown that in these mixtures the
maximum output of the nitrogen laser is achieved and
several pulses (usually two) are generated. The second laser
pulse appears at the quasi-stationary stage of the discharge
due to an increase in the voltage caused by the attachement
of electrons to electronegative molecules and due to a large
pump pulse duration (~ 100 ns).

A decrease in the mixture pressure results in an increase
in the delay in the first emission peak of the nitrogen laser
with respect to the second one, the other conditions
remaining the same. In this case, both laser peaks coincide
so that a single laser pulse of duration up to 40—50 ns is
formed during pumping.
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