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Abstract. In order to study the kinetic mechanism of the e-beam pumped Ar/Xe laser, the
temporal profiles of individual laser lines during multiline oscillation have been measured as a
function of power deposition (1-12MW /cm®) and gas laser pressure (2-14 bar) using a short
pulse (30ns) coaxial electron beam as excitation source. It was found that the optimum output
energy at each pressure was obtained at the same specific power deposition.

Strong line competition has been observed between the 2.65 and 1.73 pm transitions. In order
to explain our results we suggest that besides electron collision mixing (ECM) between the 5d
and 6p levels of Xe, there is also a redistribution between all 6p levels which strongly favours

the lower levels at higher pumping densities.

PACS: 34.80D, 41.80Dd, 42.55 F

The atomic xenon infrared laser has attracted the at-
tention of researchers since an electrical efficiency of
nearly 1% was reported for this laser by Newman and
DeTemple using an electron beam preionized discharge
[1]. The atomic xenon laser operates on six infrared tran-
sitions (1.73 pm—3.51 pm) between the 5d and 6p manifold
(Fig. 1). An intrinsic efficiency of about 5% with a max-
imum specific output energy of 8 J/liter was reported in
1985 by Basov et al. [2]. Recently is was observed that
an e-beam sustained system has the potential of about
9% intrinsic efficiency [3]. The laser operates in various
modes such as an electric discharge mode [4,5], with
electron-beam excitation [6,7], with an electron beam
sustained discharge [2, 3, 8], fission fragment excited [9],
and in a microwave discarge [10]. Power depositions of
10W/cm? - bar to 1 MW /cm? - bar, pumping pulse dura-
tions of 10ns—5ms, and total gas pressures of 0.5-14 bar
in a mixture consisting of 0.01-10% of xenon in rare
gas buffers (He, Ne, Ar, Kr) have been investigated.
Since the most promising laser performance has been ob-
tained in Ar/Xe mixtures with electron-beam pumping
and electron-beam sustained discharge pumping, most
experimental work has been carried out on those sys-
tems. Recently there has been increased interest in study-
ing the kinetic mechanism [11]. As the atomic xenon laser

* Permanent address: Institute of Electronics, Academia Sinica,
Beijing, PR. China

is a highly complicated laser system, little is understood
about the fundamental kinetic mechanism which is re-
sponsible for the performance of the laser. In order to
study the kinetic processes of the Ar/Xe laser, we have
operated the laser with a short pulse table-top coaxial
electron beam source. Measurements of the delay times
of the various laser lines with respect to the pumping
puise as a function of different total gas pressures and
power deposition rates have already been made [12].

In this paper the temporal profiles of the individual
laser lines have been studied in a large parameter space.
The results of these measurements will be presented and
discussed with respect to the line competition. We found
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Fig. 1. Scheme of laser levels of the Xe atom
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that there is a strong spectral line competition. Especially
at optimum excitation conditions which correspond to
a maximum output energy, strong competition occurs
between the 1.73um and 2.65 um transitions. Although
they share the same lower laser level little competition
appears between the 1.73 um and the 2.63 pm transitions.
It has been found that under optimum excitation condi-
tions the specific power depositions almost keep the same
value within a large parameter space (mixture pressure
of 2-14 bar, power deposition of 0.9-6.0 MW /cm?). The
experimental evidence suggests that a redistribution of
the population between all 6p levels as a function of the
pumping power and total gas pressure plays a very im-
portant role in the laser kinetics of the e-beam pumped
Ar/Xe laser.

1. Experimental Apparatus

All experiments described in this paper have been per-
formed with a table-top coaxial e-beam apparatus. The
system was able to excite a high pressure gas (up to
18 bar) in a very uniform way by means of a coaxial
e-beam with high energy electrons at a high current den-
sity. This system consisting of a coaxial vacuum diode
driven by a low-inductance ten-stage Marx generator has
been described in detail previously [12]. The anode of
this diode was a thin titanium tube with a wall thick-
ness of 50 um or 25 um. The inner diameter of the tube
was 10mm. The pumped length of the anode tube is
20cm. The total stored energy in the Marx generator is
about 1007J at the maximum load voltage of 60kV per
stage. The maximum impedance matched diode voltage
is about 300kV with a peak diode current of 7.5kA. The
current pulse width is about 30ns (FWHM).

The optical resonator and diagnostic arrangement are
shown in Fig. 2. The resonator with a length of 400 mm
consists of a gold coated total reflecting mirror with a
radius of curvature of 2m on one side, and a plane par-
allel uncoated ZnSe flat on the other side. The output
radiation was dispersed in a Hilger and Watts monochro-
mator with a focal length of 30cm and equipped with
a 1501/mm grating blazed at 4 um. The diffracted sig-
nal of the grating was detected by an uncooled InSh
ORP-10 detector. The detector signal was displayed on
a Tektronix R7912AD oscilloscope which was externally
triggered by a current signal from the Marx generator.
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In order to ensure good reproducibility of the mea-
surement results, it is necessary that the resonator and
the diagnostic arrangement can be aligned carefully. This
alignment was accomplished by means of a He—Ne laser
along the solid line trace as indicated in Fig. 2. During
the alignment the beam was positioned through the irises
r; and 1. The same irises r; and ry could also be used
for aligning the monochromator and the detector with
the laser system after removing M3 and M, as indicated
by the dashed line.

2. Experimental Results

According to our previous experimental results the op-
timum laser gas composition in the laser chamber has
to be 0.3-0.4% Xe in Ar. This gas mixture was used in
the present experiments. The delay time as a function of
the power deposition rate has already been measured at
different pressures of the gas mixture for the 50pum Ti
anode tube [12]. We recorded the temporal line shapes
of the four most important laser lines at various load
voltages of the Marx generator and for various pressures
up to 14 bar. From these signals we could deduce the op-
tical delay times and pulse widths [6, 12]. Moreover after
integration of these signals we were able to calculate the
rate of change in energy of the individual laser lines. Due
to different response of the optical detection system for
various wavelengths it was not possible in this way to
estimate the exact contribution of each line to the total
energy.

The temporal behaviour of a typical set of laser lines
is shown in Fig.3. The output profiles of the 1.73 um,
the 2.63um and the 2.65um transitions are plotted in
this figure for the optimum excitation conditions which
correspond to the maximum output energy for the 25 um
Ti anode tube. It can be seen that the pulse widths of all
lines decrease with increasing total gas pressurc. Apart
from some spikes of the 2.65 um line at a low gas pressure
it can also be seen that the delay times decrease with
increasing pressure. In Fig. 3 it is seen that at the optimum
excitation conditions the 1.73 and 2.63 pum laser lines
start almost simultaneously whereas the oscillation of the
2.65 um line starts a few nanoseconds earlier. These three
strongest laser lines have the best population inversion
condition for the optimum excitation condition at the
same time. Furthermore it is seen that the energy of
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Fig. 2. Schematic illustration of the experimental arrangement
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Fig. 3a—c. Temporal profiles of the 1.73pm (1), 2.63um (2), and
2.65um (3) lines at maximum output energy for different total
gas pressure and power deposition (0.4% Xe in Ar, 25pm Ti
tube). a 14 bar, 6.3MW/cm’, b 10bar, 4.3 MW /cm?®, and ¢ 4 bar,
2.1 MW/cm?, The arrow marks the starting point of the excitation
pulse

the 2.63 um lines compared to that of the 1.73 um line
increases with increasing gas pressure. The competition
processes between the 1.73 pum and 2.65pm transitions
are shown very clearly in Fig, 3.
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3. Discussion

We almost never observed laser oscillation during the
e-beam current pulse. In most cases laser pulses of 100s
of ns duration have been obtained starting 60-800ns
after the termination of the excitation current pulse. It
was observed that for the laser lines of the 1.73 um and
2.63 um transitions the measured delay times increased
with increasing power deposition. A different behaviour
was found for the 3.37 um transtition. Here the delay
time decreased with increasing power deposition [12].

The above mentioned results reflect the quite com-
plicated kinetic processes in the e-beam pumped Ar/Xe
laser. It is believed that laser excitation and quenching re-
sults from dissociative recombination of ArXe* and Xe}
respectively. The dissociative recombination of ArXe™
populates almost directly the 54 manifold of Xe, while
the dissociative recombination of Xej leads directly to
the 6p manifold. Peters et al. [12] have investigated some
of the excitation mechanisms for the e-beam pumped
Ar/Xe laser with a computer model using the above
mentioned experimental results. It was found that elec-
tron collision mixing (ECM) of the laser levels is respon-
sible for the time delay for oscillations at high power
deposition condition (1-10 MW /cm?).

Within a large parameter space, namely the total gas
mixture pressure form 4 to 14bar and power deposi-
tion from 1.7 to 6.0MW /cm? very strong competition
has been observed between the 1.73um and 2.65pum
transitions. They both share the same upper laser level
5d [3/2]:. The 2.65 pum transition always starts to lase be-
fore the 1.73 um transition. As can be seen in Fig 3, the
optical pulse of the 2.65 um transition immediately starts
to decay at the onset of the 1.73 pm oscillation. When
the lasing of the 1.73 um transition reaches its maximum,
the output of the 2.65 um transition decreases to a min-
imum. In the meantime the thermalization over all 6p
levels takes place so that the population of Xe 6p [1/2]o
level will be reduced. This again favours the oscillation
of the 2.65 um transition. In this way the intensity of the
1.73 um line decreases and the intensity of the 2.65um
line recovers almost totally. Thus the temporal behaviour
of the 2.65pum line shows a dip reflecting the competi-
tion with the 1.73 um line (Fig. 3). The width of this dip,
defined as the width between the top of the spike be-
fore the dip and the following maximum, is almost equal
to the width of the 1.73 um optical pulse at 10% of its
maximum.

In Fig. 4 we have plotted the width of the dip in the
2.65 um optical pulse and the width of the 1.73 pm optical
pulse as a function of the pressure of the laser gas mix-
ture. The values plotted in this figure have been obtained
at the optimum pumping condition which corresponds to
the maximum output energy for each particular pressure.
It is seen that both the pulse and dip width are equal and
change in the same way over the whole pressure range.

We further noted that when the total laser gas pressure
is changed from 2 bar to 14 bar and the power deposition
is increased from 0.5 to 16 MW /cm3, the specific power
deposition for the optimum pumping condition is almost
constant. This is shown in Table 1.
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Fig. 4. Width of the valley for the 2.65 pm optical pulse (A) together

with the width of the pulse for the 1.73 um optical pulse (+) as a
function of the total gas pressure (optimum excitation conditions)
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Fig. 5. Integrated energy of the optical pulse of the 1.73 pm and
2.65 um lines as a function of power deposition at total gas pressure
of 2, 4, and 10 bar
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Fig. 6. Integrated output energy for the 2.63 um and 3.37 pm laser
lines as a function of the power deposition at three different total
gas pressures

The ECM process will also thermalize the 6p-mani-
fold. By this process the population of the 6p [5/2]; level
will increase whereas the population of the 6p [1/2]o level
will decrease. From this mechanism it is understandable
that the intensity of the 2.65 um line will increase at the
expense of the 1.73 um line as a function of the power
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Table 1. Specific power deposition at optimum excitation conditions
for 0.4% Xe in Ar

Total gas Optimum power Specific power
pressure deposition deposition
[bar] MW /em?] [MW/cm? bar]
2 0.88 0.44
4 1.70 0.43
6 2.67 0.44
10 423 042
14 594 042

deposition. For similar reasons the thermalization of the
5d-manifolds leads to a higher population density of the
5d[5/2], and consequently to a higher intensity of the
2.63um line. These thermalization processes are more
effective at higher pressures as can also be seen from
Fig. 3.

In Fig.5 the integrated energy of the optical pulses
of the 1.73um and 2.65pm line as a function of the
power deposition is shown. From this figure it is seen
that the optical pulse energy of the 1.73 um transition
always decreases with increasing power deposition and
that the optical pulse energy of the 2.65um transition
increases with increasing power deposition.

In Fig. 6 the integrated output energies are plotted for
the 2.63 um and 3.37 um lines as a function of the power
deposition. It can be seen that the increase of the 3.37 pm
line goes at the expense of the 2.63 um line. This can also
be explained by the increased thermalisation process of
the lower 5d levels with the current density.

4. Conclusion

Through observations of the temporal behaviour of in-
dividual laser lines as a function of power deposition
and gas pressure it has been found that the optical pulse
energy of the 1.73 ym and 2.63 um lines decrease with in-
creasing power deposition. We also observed strong com-
petition between the 1.73um and 2.65pm lines. These
competition effects can be understood from a thermal-
ization process and by the fact that several transitions
share a common upper level or a common lower level.
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