
Quantum Electronics  48 (7)  596 – 602  (2018)  © 2018  Kvantovaya Elektronika and Turpion Ltd

Abstract.  The influence of molecular oxygen addition to an active 
medium of a cryogenic slab RF-discharge-pumped overtone 
CO  laser operating without active medium circulation on the 
threshold generation conditions and spectral and energy character-
istics of laser radiation is calculated. Results of the modelling well 
agree with experimental data obtained at the initial period of laser 
operation and substantially differ from data obtained after reach-
ing a stationary operation regime. The model sufficiently well 
describes characteristics of a single-pulse electron-beam controlled 
CO laser operated on gas mixtures comprising oxygen. In this 
model, the generation pulse profiles of a cryogenic slab CO laser 
operated on the fundamental band transitions of the CO molecule 
under pulsed-periodic RF pumping well agree with experimental 
data. The agreement is also observed for the parts of the 
RF-discharge power spent on exciting vibrational and electronic 
states of molecules. Reasons for distinctions between some other 
calculated and experimental data are analysed.

Keywords: slab CO laser, overtone transitions, model calculation, 
oxygen addition, transverse RF discharge.

1. Introduction

Among  all  types  of  gas  lasers,  planar  (slab)  constructions 
pumped  by  a  radio-frequency  (RF)  discharge  are  the  most 
compact  and  possess  a  high  specific  radiation  power.  Heat 
from the active medium of such lasers is released due to thermal 
diffusion through electrode surfaces. The electrodes themselves 
can be cooled by using various cooling agents down to cryo-
genic  temperatures.  CO  lasers  are  especially  sensitive  to  the 
temperature of the active medium [1 – 3]. Their efficiency and 
the width of the emission spectral band noticeably grow under 
deep cooling of the active medium, and efficient generation on 
overtone transitions of CO molecule was only obtained at cryo-
genic temperatures [4]. Until quite recently, cw and pulse-peri-
odic  CO  lasers  with  cryogenic  cooling  operated  only  if  the 
active medium circulated  through  the discharge volume  (see, 

for example, [5 – 7]). Under deep cooling, idue to the plasma-
chemical  reactions which  inevitably occur  in  a  gas discharge 
plasma  with  participation  of  CO  molecules,  some  products 
condensate on cool internal elements of the construction, thus 
escaping participation in reverse reactions that are efficient at 
higher temperatures. As a result, the active medium degrades, 
and further operation of the CO laser with cryogenic cooling 
requires gas mixture recirculation during the emission process. 
This, in turn, increases complexity and size of such lasers. This 
is why the number of works devoted to cryogenic planar (slab) 
cw and pulse-periodic CO lasers without active medium recir-
culation is rather limited [8 – 10].

Recently,  in  the  Gas  Lasers  Lab  of  the  P.N.  Lebedev 
Physical institute, a slab RF-discharge-pumped CO laser with 
cryogenic  cooling  of  electrodes  was  developed,  which  can 
operate  for  a  sufficiently  long  time  in  a  quasi-sealed-off 
regime [11 – 14]. In this case, the average power of radiation 
on overtone transitions of the CO molecule reached 2 W in 
the  wavelength  range  3.0-3.5  mm  [14].  Such  results  were 
obtained by using as an active medium the gas mixtures with 
an anomalously large initial content of oxygen for CO lasers, 
up to 50 % relative to the CO molecule concentration.

In experiments  [11 – 14],  it was found that at high  initial 
concentrations of O2 ([O2] ~ 0.5[СО]),  lasing started with a 
delay of several minutes after the pulse-periodic RF-discharge 
switched on. After the average radiation power reached a sta-
tionary level, the service life of the laser to a noticeable degra-
dation  of  the  gas  mixture  and  emission  termination  (the 
whole operation cycle) was above 106 pulses (at a pulse rep-
etition  rate  of  300 – 400  Hz,  the  operation  lasted  for ~1 
hour). While using an oxygen-free CO – He mixture,  emis-
sion  started  immediately  after  the  discharge  was  switched 
on; however, it quickly (in 1 – 2 min) ceased. In addition, in 
the whole operation cycle of the laser without mixture recir-
culation, certain peculiarities were observed, which have not 
been explained, namely: at the O2 initial concentration in the 
range (0.1 – 0.3)[CO], lasing started after the RF-discharge 
was  switched  on,  the  starting  level  of  the  output  power 
being  greater  at  lower  O2-concentration.  The  stationary 
level of the laser power in this case corresponded to the ini-
tial  output  power  of  a  laser  with  oxygen-free  mixture. 
Approximately in the middle of the whole operation cycle, 
in all regimes the output power relatively rapidly increased 
(by ~15 % per 1 – 2 min).

Theoretical analysis of the effects observed determines the 
aim and main contents of the present work. We present results 
of theoretical calculations of the parameters and characteris-
tics  of  a  sealed-off  slab CO  laser with  cryogenic  cooling of 
electrodes  pumped  by  a  pulse-periodic  RF-discharge  and 
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operated on CO – O2 – He gas mixtures [14]. We also discuss 
the influence of the active medium content variations result-
ing from plasma-chemical processes on laser characteristics.

2. Theoretical model

CO laser characteristics were calculated in the frameworks of 
the spatially homogeneous model, in which the near-electrode 
layers are neglected in considering RF-discharge characteris-
tics. The value of a reduced electric field in plasma was deter-
mined by the equality of rates of electron production/loss pro-
cesses;  in  the  conditions of  the  experiment,  it was ~20 Td. 
The  electron  concentration  in  the RF-discharge  was  calcu-
lated  for a positive column  in a dc-discharge assuming that 
the calculated power deposited into the dc-discharge is equal 
to the measured power of the RF-discharge. The applicability 
of this approach was substantiated in [15]. A comparison of 
the  reduced  electric  field  and  electron  concentration,  calcu-
lated in this way, with the results of RF-discharge modelling 
in the frameworks of one-dimension model [16] shows a rea-
sonable agreement between those.

The  gains  and  generation  characteristics  of  a  CO  laser 
operated on the fundamental band transitions (u + 1 ® u; u is 
the vibration level number) or on transitions of the first vibra-
tion overtone (u + 2 ® u) were calculated by solving vibra-
tional kinetic equations for the active medium comprising a 
СО – О2 – Нe gas mixture at a total pressure p = 22 Torr and 
initial  temperature Т0 ~  110 K,  in which oxygen  is a  small 
additive.  These  equations  were  solved  jointly  with  the 
Boltzmann equation for the electron energy distribution func-
tion  (EEDF), which allowed one  to account adequately  for 
the  energy  exchange between  electrons  and molecule  vibra-
tions. The pressure of the active medium was assumed con-
stant, which is justified by the presence of a substantial buffer 
volume  (~15  L)  that  multiply  exceeds  the  volume  of  the 
RF-discharge  (~20  cm3). Diffusion  of  vibrationally  excited 
molecules  to  electrodes  and  the  following  heterogeneous 
relaxation  were  taken  into  account  in  the  t-approximation 
[17].  Under  these  assumptions,  the  system  of  equations 
describing evolution of vibration level populations nu of CO 
molecules up to the level u = 50 and molecules O2 to level u = 
20 in a central domain of the RF-discharge has the form:
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tion of a vibrational level with number u population by elec-
tron impact, by VV-exchange and VT-relaxation processes, in 
spontaneous and induced emission, respectively; td is the diffu-
sion time; and T  is  the gas  temparature. These  terms of  the 
kinetic  equations were  calculated  in  the  frameworks  of  the 
theoretical model  for an active medium of  the electric-dich-
arge CO laser described in [4, 18] and generalised in [19] to the 
case of oxygen-containing СО – О2 – Нe mixtures. Note  that 
the model used well describes the gain dynamics on various 
transitions  of  a  single-pulse  electron-beam  controlled  CO 
laser with an oxygen-containing active medium [19].

The diffusion time td was calculated taking into account the 
geometry of the active volume in which the width of the inter-
electrode gap L is far less than the length and height [17,  20]:
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where L = L/p is the characteristic diffusion length; D is the 
diffusion factor for CO molecules in He [21]; e  is the coeffi-
cient of vibrationally excited molecule accommodation on the 
wall;  and  ur   is  the  average  velocity  of  molecule  thermal 
motion. The second summand in (2) takes into account het-
erogeneous  relaxation  of  vibrationally  excited molecules  in 
studied operation regimes of the CO laser. The value of CO 
molecule accommodation on the wall, which depends on the 
electrode material and other factors, is unknown. In the cal-
culations, a weak sensitivity was revealed of the results of the 
modelling of the laser gain and generation characteristics to 
the parameter e varied in the range 0.05 – 0.5. Note that the 
contribution  of  the  processes mentioned  into  kinetic  equa-
tions (1) increases with decreasing gas pressure.

Temperature T of the active medium was calculated tak-
ing into account its direct heating in the discharge, the heating 
due  to  dissipation  of  the  vibration  energy  in  VV-exchange 
and VT-relaxation processes, and cooling due to heat removal 
through cooled electrodes, which was taken into account  in 
the t-approximation:
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where W  is  the  specific  power  of  direct  heating; W *  is  the 
power of dissipation losses; k is the Boltzmann factor; N is the 
particle concentration; Cp is the mixture specific heat at a con-
stant pressure; T0 is the wall temperature; t = kNCpL2/( lp2); 
and l  is  the coefficient of thermal conductivity for the mix-
ture, which was found from the values of coefficients of ther-
mal  conductivity  for  separate  gases  [22]  by  the  procedure 
described in [23].

A calculated part of the pump power loaded to vibrations 
of the CO molecules depended on the degree of their vibra-
tional  excitation.  For  example,  at  the RF-discharge  pulsed 
power PRF = 350 W, F = 400 Hz, and the duty factor s = 20 % 
(F  is the RF-discharge pulse repetition rate, s  is the ratio of 
the pulse duration to the pulse-repetition interval), this part in 
the СО : Не = 1 : 10 and СО : О2 : Не = 1 : 0.1 : 10 mixtures was 
on the average ~60 %. The part of a discharge power expended 
for excitation of CO molecule electronically excited states was 
~40 %; in these conditions, approximately half of this value 
was spent on direct heating of the mixture.

The intensity of laser radiation Iu j on the vibrational – rota-
tional transition u + m, j – 1 ® u, j (m = 1 is the fundamental 
vibrational band and m = 2 is the overtone band of the CO 
molecule) near  the  cavity  axis  coinciding with  the principal 
axis of the active interelectrode volume was calculated under 
simplest assumptions by using the photon balance equation in 
the cavity:
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where c is the speed of light; Z is the cavity length; W is the 
angular aperture of outcoupling mirror; gu j and Gth are  the 
gain on the considered vibrational – rotational transition and 
its threshold value, respectively; and nu + m and Au + m are the 
population of upper vibrational level and Einstein coefficient 
for the considered vibrational transition.

Characteristics  of  the  cryogenic  slab  CO  laser  [14,  24] 
were calculated, in which the active medium was excited by a 
pulsed-periodic  capacitive  transverse  RF-discharge  with  a 
carrier  frequency  of  60  MHz.  The  interelectrode  gap  was 
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3  mm,  the  electrode  width  was  16 mm  and  the  length  was 
400  mm.

3. Calculation results and discussion

3.1. Dynamics of the active medium temperature

Calculated dynamics of the gas temperature at the principal 
axis of the active interelectrode volume at PRF = 350 W, F = 
400 Hz, and s = 20 % is presented in Fig. 1 both in the case of 
laser emission and when the latter is absent. Calculations per-
formed for CO – O2 – He gas mixtures with various contents of 
O2 show that in these excitation conditions a stationary tem-
perature regime is already attained to the third pump pulse, 
and the temperature difference with and without laser emis-
sion is not above 10 K.

3.2. Influence of molecular oxygen addition to the active 
medium on a small-signal gain and threshold conditions  
for laser emission of the overtone CO laser

Calculated dynamics of a small-signal gain (SSG) in a central 
part of the active medium near the cavity axis gives information 
whether laser emission is possible or not under varied parame-
ters of the cavity or active medium. The study of the influence 
of  molecular  oxygen  addition  to  the  active  medium  of  an 
RF-discharge-pumped  CO  laser  on  the  SSG  dynamics  is  of 
high interest. Calculations of SSG dynamics on transitions in 
the overtone band show that addition of molecular oxygen to 
the initial mixture substantially affects the value of SSG, out-
put power, and laser emission spectrum (in contrast to the fun-
damental band, where the value of SSG is much greater and the 
influence of molecular oxygen addition to the CO : He = 1 : 10 
mixture was negligible). For this reason, the most of calcula-
tions were performed for the overtone band of the CO mole-
cule. Results of SSG calculations are presented in Fig. 2 for 
transitions in six overtone vibrational bands of the CO mole-
cule in CO – O2 – He mixtures with various molecular oxygen 
contents X. In these figures, dependences ( 1 – 6 ) correspond 
to the vibrational – rotational transitions u + 2 ® u P(J ) (J is 
the rotational quantum number for the lower vibrational level 
of the transition) 18 ® 16 P(12), 19 ® 17 P(12), 20 ® 18 P(12), 
21 ® 19 P(12), 23 ® 21 P(12), and 31 ® 29 P(12) possessing 
the  emission  wavelengths  in  the  spectral  range  from  2.95 – 
3.63 mm. In the figures, time is counted from the moment of 
first discharge pulse switching on [to the fifth pulse, the start 
of which corresponds to 10 ms, a steady temperature regime 
of the active medium is established (see Fig.  1)].

In the СО : Не = 1 : 10 mixture (X = 0), the calculated SSG 
dynamics  on  transitions  between  high  vibrational  levels 
points to possible wide-band emission in the overtone band. 
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Figure 1. Dynamics of the active medium temperature calculated in the 
case of ( 1 ) generation and ( 2 ) without it at PRF = 350 W, F = 400 Hz, 
s = 20 %; the mixture is CO : O2 : He = 1 : 0.3 : 10, p = 22 Torr.
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Figure 2. SSG dynamics on transitions of the first vibrational overtone in the active medium of a cryogenic RF-pumped CO laser with various 
oxygen contents at PRF = 350 W, F = 400 Hz, s = 20 %, CO : O2 : He = 1 : X : 10, X = (a) 0, (b) 0.1, (c) 0.3, (d) 0.5; the transitions are u + 2 ® u P(12), 
u = 16 ( 1 ), 17 (2), 18 ( 3 ), 19 ( 4 ), 21 ( 5 ), and 29 ( 6 ).
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In the CO : О2 : He = 1 : 0.1 : 10 mixture, the gain on all transi-
tions substantially  falls.  In the CO : О2 : He = 1 : 0.3 : 10 mix-
ture,  the gain on  the  transition 20 ® 18 P(12)  [curve  ( 3 )  in 
Fig.  2c]  is  not  above  0.05 m–1,  and  on  transitions  between 
higher  levels anly absorption should be observed  instead of 
amplification.  In  the  CO : О2 : He  =  1 : 0.5 :  10 mixture  (Fig. 
2d), amplification is absent for all transitions with u > 17. In 
view of the fact that the wavelength corresponding to transi-
tions of  this band  is approximately 3 mm, no shorter-wave-
length transitions can appear in the spectrum as well, because 
at l < 3 mm the threshold gain in the cavity used in our exper-
iments rapidly increases at shorter laser emission wavelengths, 
which is illustrated in Fig. 3. Hence, in the considered experi-
mental  conditions,  no  overtone  emission  in  the  mixture 
CO : О2 : He = 1 : 0.5 : 10 should be observed.

3.3. Influence of molecular oxygen addition to the active 
medium on the calculated characteristics of laser emission  
on overtone band transitions of the CO molecule 

3.3.1. Generation power of an overtone CO laser. Calcu lation 
results for SSG dynamics on overtone band transitions of the 
CO molecule with O2 addition give the idea how these addi-
tives affect the dynamics of the average laser power observed 
in experiments, with the cavity characteristics given in Fig. 3. 
Time dependences of the average power of the overtone CO 
laser measured in experiments [14, 24] are shown in Fig. 4 for 
various initial oxygen concentrations X in the CO : O2 : He = 
1 : Х : 10 mixture.

These experiments show that if O2 is not added, genera-
tion  on  overtone  transitions  ceases  in  1 – 1.5 min  (a  similar 
effect was observed in the fundamental band). In this case, the 
main  channel  of  active  medium  degradation  in  an 
RF-discharge is the process of carbon oxide dissociation fol-
lowed by freezing of the products of this process (C and CO2) 
on cryogenic internal elements of the laser chamber (see, for 
example, [25 – 27]).

From  these  experimental  data  one  can  also  see  that 
directly after switching on the RF-discharge, the laser power 
for the CO : O2 : He = 1 : 0.3 : 10 and 1 : 0.5 : 10 mixtures is close 
to zero, which is explained by a high initial O2 concentration 
in  the  active  medium.  Consideration  of  SSG  dynamics  in 
these mixtures  (see Figs  2c  and 2d) makes one  to  conclude 
that with the cavity characteristics from Fig. 3, generation on 
overtone transitions in the bands from 20 ® 18 to 31 ® 29 is 
not possible. Possible generation  in  the bands 18 ®  16 and 
19 ® 17 should be inefficient due to a negligible excess of gain 
over the threshold value.

The  fact  that  in  using  the  CO : O2 : He  =  1:0.3:10  and 
1 : 0.5 : 10 gas mixtures, the lasing on the overtone transitions 
occurs only after a certain time interval after switching on the 
RF-discharge can be explained by a reduction of molecular 
oxygen content X in the mixture during this interval down to 
Х < 0.3 (at least in the active volume between electrodes). The 
following radiation power growth and attaining the maximal 
values points, first of all, to further reduction of a gas-phase 
O2 concentration in the active volume and weakening of the 
contribution of VV'-exchange processes between vibrationally 
excited CO molecules and O2 molecules on low vibrational lev-
els  into  the  population  kinetics  of  CO  molecules  on  highly 
excited vibrational  levels. The reduction of O2 molecule con-
centration in time, seemingly, is explained by molecular oxygen 
dissociation  in  the  RF-discharge  with  production  of  atomic 
oxygen and ozone and participation of these products in various 
homogeneous and heterogeneous chemical  reactions. Pro bably, 
the  latter play a substantial role  in real experiments; however, 
those can hardly be taken into account in the modelling.

By comparing a current value of the laser power with its 
initial value at small addition of O2 one can judge the absolute 
value  of  molecular  oxygen  concentration  reached  at  this 
moment in the active volume between electrodes. For exam-
ple, from dependences in Fig. 4 one may conclude that in the 
case of the mixture with the initial oxygen concentration X = 
0.3,  in  a  time  moment  of ~1  min  after  switching  on  the 
RF-discharge,  the  O2  concentration  in  the  active  volume 
should fall to X ~ 0.1, because the average laser power at this 
moment approximately equals the power of laser operated on 
the mixture with X = 0.1 at the initial moment (t = 0).

Thus, the value of the laser power on overtone transitions 
in the cavity possessing characteristics from Fig. 3 can be used 
for determining the current O2 concentration in the active vol-
ume of the RF-discharge-pumped CO laser in question.

Calculated and experimentally measured dependences of 
the  average  laser  generation  power  áPlasñ  on  CO  molecule 
overtone transitions are shown in Fig. 5 as functions of the 
initial molecular oxygen concentration X, obtained with the 
cavity characteristics from Fig. 3. The calculated dependence 
is normalised in such a way that the calculation results coin-
cide with results of measuring the average power for the oxy-
gen-free CO – He mixture (X = 0). The experimental values in 
the figure are determined at the initial moment of laser opera-
tion, when  the  initial gas mixture composition  in  the active 
volume is not changed yet.
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Figure 3. Spectral dependence of effective transparency Teff of the laser 
cavity used in experiments [14], and threshold gain values Gth on over-
tone transitions of the CO molecule calculated in these conditions.
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tone CO laser at various oxygen  initial concentrations  in  the mixture 
CO : O2 : He = 1 : X :10 [14, 24].
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3.3.2. Generation spectra of the overtone CO laser. Calcu-
lation results for the average generation power and the results 
of  modelling  the  SSG  dynamics  discussed  above  reveal  a 
strong dependence of the overtone generation power on the 
concentration  of  O2  in  the  laser  active  volume.  Spectra  of 
laser  radiation  on  overtone  vibrational  band  transitions  of 
the CO molecule calculated for X = 0.1 and 0.3 are shown in 
Fig. 6 in the same scale.

The power at each vibrational transition u + 2 ® u is the 
result of summing over all its rotational components. The cal-
culated  spectra  of  laser  overtone  generation  (Fig.  6)  is  yet 
another illustration of the strong influence of molecular oxy-
gen concentration in the CO laser active volume on the pos-
sibility of generation on high vibrational levels at u ³ 19.

3.4. Generation of the CO laser on fundamental band transitions

To approve adequacy of the theoretical model and approxima-
tions used we calculated time profiles of generation pulses of the 
CO laser investigated in [13], which operated on transitions of 
the fundamental band (u + 1 ® u) of the CO molecule (Fig. 7).

In these calculations, the main characteristic, in addition 
to common similarity of the laser pulse time profiles, was the 
laser pulse delay relative to the start of RF-pump pulse. From 
Fig. 7 one can see that in similar initial conditions, the theo-
retical and experimental values of this parameter well agree.

In addition, in the conditions of experiments [13, 14, 24], 
the average radiation power of a laser operated on fundamen-
tal band transitions was calculated as a  function of  the CO 
content in the mixture, which, according to experiments [24], 
reduces during  the operation  cycle. The  initial mixture was 
CO : He = 1 : 10. Then mixtures with a lower CO content were 
considered.  The  calculation  results  are  shown  in  Fig.  8. 
Dependence ( 1 ) in the figure is obtained under the assump-
tion that all the pump power spent on pumping electronically 
excited  states  additionally  contributes  to  direct  heating. As 
the  concentration  of  the CO molecules  reduces,  this  power 
increases, and  the power used  to excite CO molecule vibra-
tions  in  the  discharge  falls.  Dependence  ( 2 )  is  calculated 
under the assumption that only 50 % of the power spent on 
excitation of electronically excited states contributes to direct 
heating. Dependence ( 1 ) is calculated under the assumption 
that the parts of the pump energy passing to mixture heating 
and to excitation of CO vibrations do not change. It can only 
be  justified  if variations of  the   CO molecule concentration 
are negligible.
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Figure 5. Calculated average generation power on CO molecule over-
tone  transitions  as  a  function  of  oxygen  contents  X  in  the  initial 
CO : O2 : He = 1 : X : 10 mixture at PRF = 350 W, F = 400 Hz, s = 20 %. 
Points denote experimental data corresponding to the initial conditions 
from Fig. 4 at t = 0.
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mixtures with X = (a) 0.1 and (b) 0.3. The parameters used in calcula-
tions are given in Fig. 5.
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A  substantial  increase  in  the  specific  energy  deposition 
(per single CO molecule) under decreasing CO concentration 
noticeably changes electron energy balance in the discharge. 
As  the  CO  concentration  falls,  the  part  of  a  pump  energy 
spent to excite electronically excited states increases, and the 
part of the power used for vibrational excitation of CO mol-
ecules in the discharge reduces. This effect is illustrated in Fig. 
9 where the balances of electron power  in the discharge are 
shown, which are calculated by solving stationary Boltzmann 
equation for the CO : He = 1 : 10 and 0.3 : 10 mixtures.

The  results agree with experimental  study  [24] of  long-
term  dynamics  of  luminescence  spectra  for  the  active 
medium of a slab cryogenic RF-discharge-pumped CO laser: 
during  laser  operation  under  stationary  pumping  condi-
tions, starting from approximately the middle of the opera-
tion cycle, the intensity of luminescence of the CO molecule 
electronically excited states corresponding to the transition 
band b+S+ ® a1P sharply increased. In addition, the calcu-
lation results presented in Fig. 9a agree with the approxima-
tion chosen for modelling the kinetics of the active medium 
(see Section 2).

Thus, additional calculations performed for various laser 
characteristics  show  a  sufficiently  good  agreement  between 
theory and experiment.

3.5. Contribution of plasma-chemical processes to changes  
in the active medium composition

The  onset of lasing on overtone transitions of the CO mole-
cule  through  a  certain  time  interval  after  switching  on  the 
pulse-periodic RF-discharge points to a substantial reduction 
of molecular oxygen concentration  in  the active volume  (in 
the space between electrodes) of a slab cryogenic CO laser at 
this moment, which  is  related  to O2 dissociation by plasma 
electrons. In this case, oxygen atoms participate in restoring 
the concentration of CO molecules [28], which increases the 
time of laser stable operation as compared to that in an oxy-
gen-free gas mixture.

One  more  substantial  factor  for  stable  laser  operation 
may be processes of ozone production (O2 + O + M ® O3 + 
M), which partially freezes on cold elements of a laser cham-
ber and is present in a discharge gap and buffer volume in the 
form of vapours not affecting the vibrational kinetics of the 
CO laser active medium. In this case, ozone, participating in 
the  heterogeneous  chemical  reactions,  which  result  in  CO 
molecule regeneration, decelerates degradation of the active 
medium. Possibly, one more channel for CO regeneration is 
the C(3P) + O2(X3 Sg

–) ® CO(X1 S+,u) + O(3P) reaction, which 
leads  to  production  of  vibrationally  excited  CO  molecules 
[28,  29].  A  detailed  consideration  of  plasma-chemical  pro-
cesses with participation of ozone and atomic carbon in the 
active medium  of  a  cryogenic  CO  laser  requires  additional 
experimental study.

4. Conclusions

The  influence  of  molecular  oxygen  addition  to  an  active 
medium of a cryogenic overtone RF-discharge-pumped CO 
laser operated without forced active medium recirculation on 
the threshold conditions of arising laser generation is calcu-
lated. Calculation results of spectral and energy characteris-
tics of laser radiation revealed their good agreement with the 
experimental  data  obtained  immediately  after  switching  on 
the discharge, and a substantial distinction from data obtained 
after reaching the steady-state operation regime. Calculation 
results concerning the temporal radiation pulse profiles of the 
CO  laser  operating  on  fundamental  band  transitions  well 
agree  with  experimentally  measured  data.  The  substantial 
changes in characteristics of the laser as it reaches the station-
ary operation regime are related to relatively slow changes in 
the gas mixture composition as in the ballast volume so and in 
the discharge gap. These changes are explained by volume tric 
and  heterogeneous  plasma-chemical  processes  in  the  active 
medium of the laser.
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