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Abstract  

Experimental and theoretical results are presented on an XeF(C-A) blue-green laser driven by 5-kJ energy. 
The laser was pumped by a ferrite-induced discharge of 90 cm in length. The output energy of 0.22 J 
was obtained with a plane-parallel resonator. A program to simulate laser operation has been developed. 
Numerical results for a wide range of conditions are compared with experiments performed by us and by 
other authors. It is found that intracavity refractive losses limit laser operation for XeF pressures above 
3 torr. The laser efficiency strongly depends on the discharge-to-cavity length ratio. Possible ways to 
increase the laser power and efficiency are discussed. 

1. Introduction 

An XeF(C-A) optically pumped laser operating at 480 nm was first demonstrated in 1978 [1]. The fluo- 
rescence of Xe~ excited by an e-beam at 172 nm was used for photolysis of XeF2 and to produce XeF[B(1/2)] 
and XeF[C(3/2)] excited states. It was pointed out that this laser is potentially highly efficient, scalable, 
and tunable over a bandwidth greater than 40 nm. Laser output  energies of ,,, 1 mJ were obtained. Nearly 
simultaneously, broadband optical pumping based on an exploded wire technique was applied to get lasing 
with the XeF(C-A) system. Energies of 4 mJ were obtained with a technical efficiency of 2 .10  -7 [2]. Exten- 
sive experimental investigations of the exploded wire technique have resulted in energies up to 15 J with an 
efficiency of 4 .10  -4 [3, 4]. The next step was taken in [5-7], where the laser was pumped by an open surface 
discharge capable of operating in a pulse repetitive mode. Energies of up to 117 J were obtained with an 
efficiency of ,-~ 1.3- 10 -3. Thus, an enlargement of the dimensions and input energies of experimental devices 
results in a significant increase of the laser efficiency. 

Nowadays, the main trend in the development of the laser is diminution of sizes and increase of the pulse 
repetition frequency. Thus, a device 0.5-1 m in length with an input energy of 1-5 kJ has become an object of 
experimental investigations. The first experiments with a compact laser demonstrated an efficiency of about 
5 �9 10 -5 [8, 9]. Up to now, the reason for the low efficiency is not clear. 

Despite numerous experimental works, theoretical analysis of this laser was begun just a few years ago. 
Actually, there is only one theoretical study that  considers the pumping source and laser radiation parameters 
in addition to laser operation cycle [10]. Calculations for two experimental situations are made in this paper. 
The intracavity losses were introduced as a fitting parameter to get an agreement between the calculations 
and experiments. A value of these losses was chosen for each particular calculation. An analytical theory 
given in [4] considers lasing as a steady-state process and neglects gain spatial variations. Thus, application of 
the results [4, 10] to a wide range of experimental conditions is problematic. In order to avoid this drawback, 
we have developed a numerical code simulating the laser operation and verified it for various experimental 
conditions. In this paper, we consider a XeF(C-A) laser with a plane-parallel resonator pumped by open 
single-channel surface discharge. 
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2. The Pumping Source 

Experiments  show tha t  XeF2 molecules dissociate under  the action of discharge radiat ion in the form of 
a bleaching wave tha t  proceeds as an almost perfect hollow semicylinder [7]. This  means tha t  the pumping  
discharge is not ~ptically thick and cannot be considered as a black body radiator.  Actually, if we assume, 
according to [10], a black body radiator,  then the speed of the bleaching wave in the  direction normal  to the 
surface would be twice as high as tha t  in a tangential  direction. Hence, the wave front in this case is not a 
perfect semicylinder. The  speed of the bleaching wave expansion is much higher than  tha t  of the discharge. 
For typical experimental  conditions, it equals ,,~10 km/s ,  whereas the discharge speed is approximately  1 k m / s  
[3-7]. 

Thus,  the pumping  discharge can be considered as an infinitely thin linear light source. This source is 
characterized by the number  of photons  emit ted  per unit  body angle and unit spectral  region for a unit t ime 
interval from a unit  length W(t)  [photon/s .cm.ster .nm].  In this case, the equat ion for the XeF2 photodisso- 
ciation has the form 

dN 2N f dO f dAW(t,A,O)a(A)exp a(A) drN(R,t)  (1) 
dt R cos 0 

0 0 0 

where N is the density of the XeF2 molecules, a(A) is the spec t rum-dependent  absorpt ion cross-section, R is 
the radius, and W(t, A, 0) is the discharge intensity, which is dependent  on t ime t, wavelength A, and angle 0. 
The condition 0 = 0 corresponds to a normal  direction with respect to the discharge axis. Assuming tha t  W 
does not vary significantly over the XeF2 absorpt ion band of 130-180 nm and is constant  within the angle 
interval 0-~r/2, Eq. (1) can be rewri t ten as follows: 

d n _  nF, F= 2 dO dAE(A)exp drn (2) 
dr r 7rAA cos 0 ' 

0 0 0 

t 

r = nNoamax, r ( t )  = 7rN0a2maxAA f dtW(t) , (3) 
0 

where new dimensionless variables are introduced:  n = N/No, No is initial XeF2 density, S(A) = o ' ( /~)/O'max,  
Crm~ x is the max imum absorpt ion cross-section, and AA = f d A E ( A )  is the absorpt ion bandwidth .  In our 
calculations, we used the following approximat ion of experimental  da ta  taken from [3]: 

E(A) = e x p [ - r ( A  - A0)21 
( A A )  2 , amax = 6 .7 .10  -t~ cm 2, and AA = 19.46 nm.  

Therefore, in view of (2), we must  find the tempora l  and spatial distr ibutions of the  absorbing molecules only 
once. All other cases can be obtained by subst i tu t ing No and W(t) into (3). 

Let us define the dimensionless radius r of the bleaching wave as the radius tha t  corresponds to the 
maximum pumping  rate dn/dr. A dependence of r on t ime v is shown in Fig. 1. Certain specific regions of 
r variations are presented in this plot. If r is less than unity, then r = r.  The  formula  r = r ~ presents a 
good fit to the calculated da ta  for r ranging from l0 to 1000. As r becomes larger than  1500, r ( r )  converges 
to r = 1.518. r ~ 

The function r ( r )  is useful in determining the intensity of the pumping  source W(t) from the experimen- 
tally measured radius R(t) and speed dR~dr of the bleaching wave. In the part icular  case of r = ar  k, where 
a and k are constants,  W(t) can be expressed in terms of the measured parameters  as follows: 

1 dR ( RNo) (x-k)/k (am~x)(~_2k)/~a ~/~ . (4) w ( t )  : 
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Fig .  1. The radius of  the bleaching wave r versus time r: I) calculation and 2) fitting curve r = r ~ Dimensionless 
scale. 

For k = 0.5, formula (4) presents a relation similar to that  obtained analytically in [4] assuming a stationary 
profile of the bleaching wave: 

W(t) = 2 R dR 1 
rA)~ ~ No a-- S �9 (5) 

It should be noted, that  Eq. (5) is valid in a limited region. For conventional experimental parameters 
(see below) W ,,~ 1021 - 102a photon/s .cm.nm.ster ,  No "- 1016 - 1017 cm -a, and a pumping-pulse duration of 
,,~2 #s, r changes from 6 to 5000 and the coefficients a and k are not constant. Therefore, the use of simplified 
relation (5) in processing experimental data  leads to the false conclusion that  W(t)  depends on the initial 
concentration No. 

3. Elementary Processes in XeF(C-A) Laser 

Principal reactions and rate constants that  are of importance in the kinetics of XeF(C-A) optically 
pumped lasers were taken from [10]. A few modifications were made compared to that  paper: 

One absorption band of XeF 2 centered at 158 nm was taken into account, because the absorption of 
photons at 230 nm does not produce excited states of XeF(B,C,D) [11]. 

It was shown in [10] that  the working mixture temperature in the course of XeF2 photodissociation does 
not exceed 100 K; hence, all temperature-dependent parameters are replaced by their corresponding values 
at room temperature. 

Quenching of XeF(B,C) by binary collisions with Ar and N2 was included in the kinetic model. Reac- 
tions and rate constants used in our model are listed in Appendix along with kinetic equations for particle 
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concentrations. 

4. Laser Flux Dynamics  

An equation describing laser intracavity flux has the following form [13]: 

d---~=c-~r g+ ln(R,R2) ,b-ca,b+c-~cg-~-~,  (6) 

where (I) is the density of photons averaged over the laser cavity length, c is the speed of light, R1 and R2 
are the mirror reflection coefficients, g = ase[XeF(C)] is gain coefficient, ase is the stimulated emission cross- 
section at the center of the laser line, [XeF(C)] is the population of the C-state, Lr and L~ are the cavity and 
active medium lengths, respectively, and a is the intracavity loss coefficient (see Sec. 6). The last term in (6) 
represents the contribution of spontaneous emission, Vm = L~S is the volume of lasing region, where S is the 
cross-section of the bleaching wave covering a clear laser aperture. The density of laser output power Pout is 
given by the expression 

Po.t = - ~  # In (7) 

The optical flux build-up time of such a laser can be estimated by the relation [12] 

GL~ 
T ~ _ - -  (8) 

cgL~ ' 

where T is the build-up time and G is laser emission-to-spontaneous emission ratio. It has been shown [12] 
that G ~ 18 + 1 for lasers with Lc '~ 0.5 - 2 m in the visible spectral region. The gain of the C-A transition 
obtained in experiments is low (~ 0.003 cm -1) due to the small gain cross-section (.,.10 -1~ cm 2) and broad 
gMn spectral width (~70 nm) [5]. By substituting g = 3 .10  -a cm - t ,  G = 18, and Lc /L ,=  2 into Eq. (6), 
we obtain T = 0.4 #s. Hence, the build-up time is comparable to the pumping pulse duration ~1 #s, which 
limits the laser efficiency. Thus, a correct theoretical analysis of XeF(C-A) laser operation should take into 
consideration the photon flux dynamics. It is seen from Eq. (8) that the build-up time depends on L~/Lr 
Therefore, laser output power also depends on this ratio. These factors have not been taken into account in 
previous papers. 

5. Active Medium Inhomogeneity  

It has been found that small refractive index gradients ~10 -7 cm -1 arise in the active medium of a XeF 
laser in the course of XeF~ dissociation [4, 7, 14]. Convincing experiments with plane-parallel and plane-conic 
resonators have proved that these gradients are principally responsible for internal losses, so-called refractive 
losses [4, 15]. There are two main reasons for refractive index variations in a bleaching wave in XeF2. The first 
one is associated with different polarizabilities of the parent XeF2 molecule and the combined polarizability 
of the photodissosiation products. The chemical composition changes from XeF2 molecule to xenon atom 
and two fluorine atoms during bleaching-wave-front passage. Thus, the chemical component Anch of the 
refractive index change is as follows: 

/Xnch = 3x~[Xe] + 23F[F] --/3X~F~[XeF2] , (9) 
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where 3x~, 3F, and 3XeF~ are the polarizabilities of the particles, [Xe] and [F] are final concentrations of the 
products, and [XeF2] is the initial concentration of XeF2. The conservation of atoms yields: 

Anch = (flxe + 2fiE - flxcr~)[XeF2] �9 (lO) 

Thus, the variation in the refractive index caused by changed chemical composition is proportional to the 
initial XeF2 concentration. The absolute value of this variation is approximately 1.5. 10 -7 at an initial 
pressure of 2 torr of XeF2 [4]. One more reason is the increase in gas mixture pressure caused by heat release 
in the process of XeF2 photodissociation. The increased pressure results in gas density perturbations and a 
corresponding change in the refractive index Aug. We will employ the following expression for estimating 
Aug [15]: 

An 9 = (no - 1) Q(7 - 1) (11) 
pD 2 ' 

where no is the initial refractive index of the mixture, D is the bleaching wave speed, p is the initial density 
of the mixture, 7 is the adiabatic exponent, and Q is the heat release per unit volume. For the widely used 
buffer gas mixture [N2] :[Ar] = 1:3,  7 -  1 _ 0.57 and ( n o -  1 ) / p ~  0.17 cma/g [16]. The upper limit for the 
heat release is Q ,-, [XeF2]hu, where he is the energy of a photon at a wavelength of 158 nm. At the initial 
concentration of XeF2 molecules at 2 torr, Q ~ 8 �9 10 -2 J / cm 3. In the conditions of our experiments (see 
Sec. 7.1), the bleaching wave speed is approximately D __- 14 km/s .  In this case, the gas-dynamic contribution 
to refractive index change is Ang ,~ 4.10 -s. It is seen that  in the conditions of our experiments the gas dynamic 
contribution to refractive index variation is negligible as compared to that  due to the breaking of chemical 
bonds in XeF2. Therefore, we will assume a linear dependence of An on the initial XeF2 concentration. In 
general, the problem concerning optical inhomogeneities requires further investigation. 

6. Intracavity Losses  

Refractive index variation leads to intracavity losses. The refractive losses are described by the formula [17] 

a = -  2An , (12) 
w 

where w is the width of the lasing region. In our numerical model, w is defined as the half-height width of 
the spatial distribution of dN/d t  (see See. 2). Because of the lack of data on polarizabilities 3xe, 3F, and 
3XeF, we used the following approximation for An: 

A. = [XeF2], (13) 

where [XeF2] is the initial XeF2 concentration and s = 2.9.10 -7 cm 3 is the coefficient that  provides the best 
agreement between the calculations and experimental results. 

7. Exper imenta l  Resul t s .  Compar i son  with  Calculat ion 

7.1.  X e F ( C - A )  L a s e r  w i t h  5 - k J  I n p u t  E n e r g y  

A detailed description of the installation and experimental technique is given in [9]. The laser was powered 
by 5-kJ energy stored in a capacitor bank. A pumping discharge was initiated by a 90-cm-long ferrite rod. 
The rod was positioned at the edge of the clear laser aperture, which was 8.5 cm in diameter. 
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Fig. 2. C-A luminescence at different distances from the ferrite surface versus time: 8.6 mm (O), 13.6 mm (:,), 18.6 mm 
(o), and 24.3 mm (+). Dashed curves represent the results of calculations. 

Because pumping source parameters  are important  factors affecting laser performance,  we measured the 
pumping pulse W(t) in our experimental conditions. Since determination of the pumping power from the 
measured speed and radius of the bleaching wave is not accurate (see Sec. 1), we used a modified approach. 
The pumping pulse shape I(t) was measured at a wavelength of 156 nm in a mixture N2 : Ar = 1 : 3 at a total 
pressure 0.65 atm. Then, the shapes of the C-A luminescence pulses were measured at various distances 
from the discharge at 2.1-torr pressure of XeF2 added to the mixture. The shapes of C-A luminescence are 
plotted in Fig. 2 by solid curves. The absolute value of the pumping flux W(t) was obtained by choosing the 
maximum value of the experimentally measured intensity l(t) that  provided the best agreement between the 
observed and calculated luminescence pulses. The calculated pulse shapes of C-A luminescence are shown in 
Fig. 2 by dashed curves at peak value W(t) = 5.5- 1021 photon/s .cm.nm.ster  (6.91 kW/cm.nm-s ter ) .  

The resulting intensity W(t) of the pumping discharge is shown in Fig. 3 (curve 1). The corresponding 
calculated trace of the bleaching wave is shown in Fig. 4. In Figs. 5 and 6, the calculated profiles of small- 
signal gain for this laser are also shown. It is seen that  the gain reaches ,,~ 1% cm-1 at a separation ,,~ 1 cm 
from the ferrite surface and exists for ,,,1 #s. The calculated energy of laser generation was then compared 
with experimental da ta  for laser operation in the same mixture. In these experiments,  the plane-parallel 
resonator consisted of two dielectric mirrors separated by a distance of 174 cm. At the XeF(C-A)  emission 
wavelength, one mirror had 99.9 % reflection and the other output  mirror had a t ransmit tance  of 5 %. The 
transmit tance of both mirrors at the 350-rim wavelength of the competing XeF(B-X)  transition was higher 
than 85 ~ .  Because the experimental  conditions and the pumping source intensity were well defined, this 
comparison was used to determine the coefficient ~ of proportionality between the refractive index variation 
and the initial density of XeF2 in relation (13). The experimentally measured laser energy was 225 m J, while 
the calculation performed at r = 2 .9 .10  -7 cm 3 yielded 220 mJ. 

To verify our method in a wider range of experimental conditions, we simulated the operation of a more 
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Fig. 3. The intensity of the pumping pulse W versus time: 1) energy input of 5 kJ and 2) of 90 kJ [7]. 
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Fig. 4. Radius of C-A luminescence wave versus time, calculation (solid curve) and measurement (o) data. [XeF2] = 
2.1 tort. 
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Fig. 5. Small signal gain on C-A transition versus time at different distances from the ferrite surface: 1) 0.5 cm, 
2) 1.0 cm, 3) 1.5 cm, 4) 2.0 cm, 5) 2.5 cm, 6) 3.0 cm, 7) 4.0 cm, 8) 5.0 cm, 9) 6.0 cm, and 10) 7.0 cm. 
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Fig. 6. Small signal gain on C-A transition versus distance from the ferrite surface at different times: 
2) 1.25 #s, 3) 1.5 #s, 4) 1.75/is, 5) 2.0 #s, 6) 2.5 #s, and 7) 3.0 #s. 
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power~l laser .  

7.2.  X e F ( C - A )  L a s e r  w i t h  9 0 - k J  I n p u t  E n e r g y  

Since experiments with small-scale lasers were used to determine the coeaicient e in (13), which is the only 
fitting parameter in the numerical code, we had to compare our computat ion results with the experimental 
data of other authors. It was desirable that  their experimental conditions be different from ours. 

The most detailed description of experiments with large-scale lasers is given in [6, 7]. The laser was 
pumped by a 190-cm long surface creeping discharge. The built-in optical resonator was 280 cm long and 
had two plane dielectric mirrors with 0.99 and 0.77 reflection and an optical diameter 20 cm. The laser was 
filled with a mixture N~ :Ar = 1:3 at a total pressure of 1.4 a tm and with variable contents of XeF2. The 
pumping source was placed on a side wall of the working chamber (12x20 cm) at a distance of 6 cm from 
the resonator optical axis. The discharge was powered by an energy of 90 kJ. To determine the pumping 
source parameters, we used the pumping pulse shape reported in [7] taking into account that the efficiency of 
an open discharge exhibits a rather weak dependence on its length, the electrical input, and the pressure of 
ambient gas. According to [7], this efficiency is 10 % in the pumping band of XeF2. Thus, we calculated the 
total quantity of dissociated XeF2 molecules that  corresponded to 10 % efficiency. Then the peak intensity of 
the experimental dependence W(t) was fitted in order to obtain this quantity of dissociated molecules. This 
yielded the peak value W(t) = 1.65.1022 photon/s .cm.nm.ster  (20.7 kW/cm-nm.ster) .  The pumping pulse 
intensity is shown in Fig. 2 (curve 2). 

The dependence of the output  laser energy on the XeF2 initial pressure is shown in Fig. 7. The points 
represent experimental results from [7], and solid curve 1 is the result of our calculation. Calculations were 
performed at the same value of the coefficient e from Eq. (13) as in Sec. 7.1. In view of the fact that  the 
accuracy of the experiments is approximately 20% and the accuracy of known reaction rates is 20-30%, 
the agreement between our calculations and experimental data may be considered satisfactory. In order to 
illustrate the behavior of the output  energy, the spatial profiles of the output  energy density at different XeF2 
pressures are shown in Fig. 8. Thus, the decrease in the output  energy at high XeF2 pressure is explained 
by growing refractive losses, whereas the energy drop at low pressure is due to the small size of the laser 
chamber used in the experiment. Because of the low XeF2 pressure, only a small number of pumping photons 
are absorbed inside the laser chamber. Without this limitation, the calculations yield a substantially higher 
output  energy of the laser described in [7]. The result of these calculations is shown in Fig. 7 by dashed 
curve 2. 

8. Prospects for Higher Laser Efficiency 

Calculations performed for a laser driven by 5-kJ energy show that an output  energy of 1.3 J can be 
obtained at a XeF2 pressure of 1 torr. If the limiting effect of the laser aperture is neglected, an energy of 
2 J can be obtained. Thus, further enlargement of laser dimensions is desirable and the development of a 
compact device seems to be impossible. 

On the other hand, there is a way to increase laser efficiency by reducing the build-up time of the 
intracavity photon flux (see Sec. 4). To verify this approach, we calculated the output  energy for the case 
where the cavity length Lr is equal to the discharge length L~. The calculation results for a 90-k J-driven 
laser with La = Lc = 190 cm are shown in Fig. 7. Solid curve 3 corresponds to the laser aperture reported in 
[7] and the case of an increased aperture corresponds to dashed curve 4. A considerable increase in output  
energy is obtained due to reduction of the laser dimensions. 

Similar calculations performed for a laser driven by 5-kJ energy yield even more promising results. At 
L~ = Lr = 90 cm, an output  energy of 6 J can be extracted with a laser aperture of 8.5 cm and that  of 12 J 

115 



Journal of Russian Laser Research Volume 18, Number 2, 1997 

P , J  
300 

250 

200 

150 

100 

50i 

/ 
/ 

I 
I 

I 
I 

I 

\ 
\ 

\ 
\ D - - 4  

N 

k 
\ 

\ 
\ 

J / 3 , , - - -  z ~ , ,  
I /  ~ - . .  \ 

o 

O 

i l i l t  i i 1  i i i i i i i i i i i  i i i l l l l l l l l  i i i i  i i i  i i i 1 1 1 1 1 1 1 1  i i i 1  i l l i l l |  111 i i i i  i i  I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
p, tor t  

Fig.  7. Dependence of the laser output  energy on XeF2 pressure for N2 pressure of 270 torr, Ar pressure of 790 torr, 
and mirror reflectivities R1 = 0.99 and R2 = 0.77: 1) calculation for the conditions of [7], 2) the same as 1 but with 
an increased laser aperture, 3) the same as 1 but La = Lr = 190 cm, and 4) the same as 3 but with an increased laser 
aperture. Circles o represent the results of experiment [7]. 
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Fig. 8. Laser output energy density versus distance from the discharge under the conditions of experiment [7] and 
L~ = 190 cm and Lc = 280 cm for different values of XeF2 pressure: 1) 0.5 torr, 2) 1.5 tort, and 3) 3.0 tort. Dashed 
line 4 shows the position of the laser chamber wall. 
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Fig. 9. Output energy versus stored energy for XeF(C-A) laser according to different references: 1) [8], 2) [9], 3) [6], 
4) [3], 5) [5], and 6) [7]. Dashed arrow shows the possible increase in the output energy calculated in the present paper. 

with an increased aperture. It worth noting that all modern photolysis-pumped XeF(C-A) lasers operate at 
L~/Lc ,,~ 0.5 and it is important to verify our prediction experimentally because it provides a simple possibility 
for considerable improvement of laser performance. The output energies of optically pumped XeF(C-A) lasers 
known up to now are plotted in Fig. 9 versus the energy stored in the capacitor. The possible increase in 
output energy is also shown for the two lasers described above. The solid curves correspond to a constant 
efficiency. It is seen that under optimum conditions the efficiency of a laser with a small input and that of a 
larger device are similar. 

9. Conc lus ion  

The intracavity losses caused by refraction considerably reduce XeF(C-A) laser efficiency and limit the 
upper level of XeF2 pressure to 3-4 torr in the case of a plane-parallel cavity. 

The output energy strongly depends on the geometry factor L~/Lc. This makes it possibile to optimize 
laser construction. 

The efficiency of a laser with a small energy input may be close to that of a larger laser under optimum 
conditions. The maximum value of the technical efficiency is estimated to be (2.5 - 3) �9 10 -3. 
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T A B L E  1 

Reaction Rate  constant,  Refs.[4, 10] 

P h o t o e x c i t a t i o n  

XeF2+hu(,,~158 nm) ~ X e F ( B ) + F  
-~ X e F ( C ) + F  
-~ X e F ( X ) + F  

Co l l i s i ona l  m i x i n g  
X e F ( B ) + X e F 2 - +  XeF(C)+XeF2 

X e F ( B ) + F 2 - *  XeF(C)+F2  
X e F ( B ) + M  -~ X e F ( C ) + M  

Q u e n c h i n g  

X e F ( B / C ) + M - - .  X e F ( X ) + M  

X e F ( B ) + X e F 2 - - * X e F ( X ) + X e F 2  
X e F ( C ) + X e F 2 - * X e F ( X ) + X e F 2  

X e F ( B ) + F 2 - - * X e F ( X ) + F 2  
XeF(C)+F2  ~ XeF(X)+F2  
X e F ( B ) + F  ~ X e F ( X ) + F  
X e F ( C ) + F  ~ X e F ( X ) + F  

V i b r a t i o n a l  d i s s o c i a t i o n  
XeF(X,v)+XeF2 --* X e + F + X e F 2  

XeF(X,v)+F2 --* X e + F + F 2  
X e F ( X , v ) + M  -* X e + F + M  

E m i s s i o n  

XeF(B)  --, X e F ( X ) + h u  (351 nm) 
XeF(C)  -* X e F ( A ) + h u  (480 rim) 

D i m e r i z a t i o n  
F + F + X e F 2  ~ F2+XeF2 

F + F + F 2  --* 2F2 
F + F + M  --* F2+M 

f ( B )  = 0.85 
f ( C )  = 0.035 

f ( X )  = 1 - f ( B )  - f ( C )  

kl = 5" 10 -11 

k2 = 2.4" 10 -11 

k3 = 8 . 6 . 1 0  -a~ ( M = A r )  
3 .4 .10  -11 ( M = K r )  

4 . 4 . 1 0  -11 (M=N2)  

k4 = 5" 10 - '4  ( M = A r )  
1 �9 10 -13 ( M = K r )  
1- 10 -13 (M=N2) 

k5 = 3.5.  I0 - ' ~  

ks = 2 . 1 0  -1~ 

k7 = 3 .8 .10  - ' ~  
ks = 3 .8 .10  - ' ~  
k9 --- 1.1 �9 10 -9 

klo = 1 .1 .10 -9 

AI = 1.89. I0 - I I  

A2 = 9 . 1 0  -13 

A3 = 7.4 .10 -13 

AB -- 7.7" 107, aBX = 1 .2 -  10 -15 
Ac = 1 �9 107, aCA ---- 9 . 1 0  - l s  

zl = 2.93. l0 -31 
z2 = 1.96- 10 -31 
z3 = 8 .2 .10  T M  
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A p p e n d i x  

XeF(C-A) Laser K i n e t i c s  

In Table 1 the employed units are: f(B,C,X) - dimensionless, k [cma/s], A [cma/s], z [cm6/s], T [K], 
A [s-l], and a Icing]. The A state is assumed to disintegrate rapidly, i.e., XeF(A)L--*Xe+F. 

The system of equations describing XeF(C-A) laser kinetics has the form 

d[XeF(B)] dlXeF2] 
dt - f(B) dt 

d[XeF(C)] d[XeF~] 
dt - f (C)  dt 

d[XeF(X)] d[XeF2] 
dt - f(X) dt 

d[F] d[XeF2] 
dt dt 

d[XeF2] _ 
dt 

where [XeF2], [XeF(B)], [XeF(C)], etc. are the 

[XeF(B)]vt ; 

- -  + [XeF(B)]v2 - [XeF(C)],h - CaCAr ; 

+ [XeF(B)]v3 + [XeF(C)]y2 - [XeF(X)]Wl ; 

- -  + [XeF(X)]w, -[F]2w~ + (Ac + CacatI))[XeF(C)] ; 

densities of the species in cm -a and 

vl = (kl + kb)[XeF2] + (k: + kT)[F2] + kg[F] + (ka + k4)M + Ab; 

v~ = k,[XeF2]+k2[F2]+kzM; 

v3 = ks[XeF2] + kT[F2l + kg[F] + Ab + k 4 i ;  

171 - k6[XeF2] + ks[F2] + kl0[F] + Ac; 

r/~ -- k6[XeF2] + ks[F2] + k,o[F] + k4M; 

w, = )h[XeF2]+ A~[F2]+ AzM; 

,; = zl[XeF~] + z2[F2] + zaM. 
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