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Résumé. — Une émission laser de longue durée (200 ns) et de rendement élevé a été obtenue a 3 080 A A partir de
I'excimére XeCl* a la suite de I'excitation de mélanges Ne/Xe/HCI a température ambiante et & trés basse tempé-
rature par une décharge en régime d’avalanche assistée par un faisceau d’électrons et de rayons X. L’énergie apportée
au milieu actif par la décharge était de plusieurs ordres de grandeur supérieure a celle apportée par le faisceau de
préionisation. L’énergie spécifique laser maximale obtenue était de 3 J/1 2 température ambiante pour une longueur
de gain de 16 cm et une énergie apportée au milieu actif par la décharge égale a 150 J/1.

Abstract. — Long pulse (200 ns) XeCl excimer laser emission (4 = 3 080 A), has been obtained when Ne/Xe/HCl
mixtures are excited by an electron beam and X-rays assisted discharge either at room temperature or at very
low temperature. Absorbed discharge energy is several orders of magnitude higher than the absorbed beam energy.
Maximum specific laser energy is 3 J/1 at room temperature for a 16 cm gain length and an absorbed discharge

energy of 150 J/1.

There are presently intensive researches in Europe
and U.S.A. Laboratories towards development of
high average power short wavelength lasers [1, 2].
These systems have numerous potential applications
in photochemistry, telecommunication and controlled
fusion. These needs have motivated the researches
made for several years at IMFM on rare-gas halide
lasers.

We report here about new experimental results on
XeCl laser related to the potential pumping of large
volumes at high repetition rate. Owing to technolo-
gical difficulties (particularly for commutation) actual
pumping systems for rare-gas halide lasers (e-beam,
e-beam stabilized discharge and u.v. preionized fast
discharge) are not fully convenient for this aim.

1. Experimental. — The experimental apparatus
which has been described in part previously [3] has
already allowed to obtain new results on laser and
fluorescence emissions of rare-gas halides excited by
an electron beam [4, 5] for conditions of very low
temperature (active medium in supersonic flow) and
also at room temperature without flow.

The apparatus mainly consists of a high pressure
tank followed by a Laval nozzle initially isolated
from it by an aluminium diaphragm. The nozzle is

(*) La version frangaise est proposée pour publication dans les
Comptes Rendus de I’Académie des Sciences.

followed by a constant area channel made with
permaglass (fiberglass and epoxy) and by a dump
tank. The channel is 3cm high and 16 cm wide.
Flow starts with diaphragm opening and his duration
is generally a few milliseconds. Various nozzle pro-
files permit to achieve in the channel a flow with the
following characteristics : Mach number 1.75, 2.5
or 3; temperature 120, 80 or 65K, density up to
2 amagats. It is also possible to work with a room
temperature, no flow, gas mixture in the channel;
the working pressure is then up to 3 atmospheres.
The gas mixture previously excited by an electron
beam is now excited by an avalanche discharge
assisted either by e-beam and X-rays or only by
X-rays. Relatively long pulses of low intensity are
used for preionization. A cold cathode electron-gun
permits to preionize the gas by means of electrons
(E < 300keV) with a density of 20mA.cm™2 to
1.6 A.cm™ 2, The time duration of the e-beam can be
varied between 0.4 and 2 pus. The e-beam reaches
active medium through a 25pum thick titanium
window and a tungsten grid which plays the role of
cathode for the main discharge. The anode which
faces the cathode is made of a copper plate (2 x 14cm?)
with slightly smoothed edges. Anode and cathode are
flush mounted in the upper and lower wall of the
channel to reduce the aerodynamic disturbances.
Unfortunately that does not permit to achieve a
spatially constant electric field. A voltage up to 11kV
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is applied to the electrodes through a triggered spark

gap by means of a capacitor bank (C = 0.5 pF). The
circuit inductance of 100 nH limits the current rise
time. This inductance value could be reduced only
by setting current returns in the channel (and thus
in the flow).

Laser cavity is formed of MDL hard coating quartz
concave mirrors (R = 2m); one has a transmission
coefficient of 1072 at A =3080A and the trans-
mission coefficient of the other may be varied between
1073 and 0.66 at the same wavelength. The useful
cavity volume, defined as a cylinder whose cross
section is the laser beam area at the extracting mirror
and length is the distance between side channel
walls, is equal to 11 cm®.

2. e-beam and X-ray assisted laser operation. —
A first set of experiments with the optimization of
extracted energy in a single pulse as the main objec-
tive, has been performed. When an Ne/Xe/HCl
(9 100/260/14) mixture at a pressure of 2000 torrs
and a temperature of 300K (no flow) was excited
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Fig. 1. — Temporal profiles from a typical experiment. (a) Marx
generator voltage ; (b) transmitted e-beam current density ; (c) dis-
charge electrodes voltage; (d) discharge current; (e) laser power.
Arrow on figure la indicates starting of discharge voltage applica-
tion. Ne/Xe/HCl (9 100/260/14), p = 2000 torrs; T = 300 K,
Viarx = 270 kV, Vdischargecapacitor = 11 kV, Tpirror = 0.20.
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by a discharge (V apacior = 11KkV) assisted by an’
electron beam of 1.6 A.cm~2 transmitted current
density (V,, = 270 kV) the laser pulse characteristics
were, for a coupling mirror of 0.20 transmission, the
following ones : energy : 31 mJ (3J/l), duration :
200 ns, peak power : 200 kW (20 MW/1). To achieve
these laser energy and laser power it was necessary
to apply the voltage to the electrodes after e-beam
firing. This need of initial preionization before dis-
charge starting for maximum laser energy and power
was the rule for all the experiments described here.
Figure 1 shows for the above conditions, time varia-
tion of e-gun voltage (a), transmitted e-beam current
density (b), discharge anode voltage (c), discharge
current (d), and XeCl laser power (e).

A second set of experiments has been performed in
order to determine conditions favouring generation
of long pulse high repetition rate high average power
XeCl laser emission. The current density of the
transmitted preionization electron beam has been
varied from 20 mA.cm™ % to 1.6 A.cm™ 2 by changing
the Marx generator charging voltage. The constant
parameters for these experiments were as follows :
discharge capacitor charging voltage (10 kV);
Ne/Xe/HCl mixture (5 300/190/10) ; pressure
(1 430 torrs), temperature (300 K), coupling mirror
transmission coefficient (0.20). On figure 2 are shown
the variations of laser energy versus Marx generator
voltage. Two scales are added to the voltage scale :
one indicates the corresponding transmitted electron
beam current density j, while the other gives the
ratio R = Ep/E. between discharge and e-beam
energies absorbed by the active medium. This figure
shows that conditions exist where energy deposited
in the active medium originates essentially from the
discharge whilst maintaining high laser efficiency.
Laser energy undergoes only a threefold decrease
when preionization e-beam energy is decreased by
a factor 60. Nearly constant specific energy and peak
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Fig. 2. — Laser energy versus maximum Marx generator voltage.
In abscisses are also given the transmitted e-beam density and the
ratio R between discharge and e-beam absorbed energy before
lasing termination. Ne/Xe/HCl (5 300/190/10); p = 1430 torrs,
T = 300 K9 Vdischnrgecaplcilor = kV; T, = 020

mirror
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power of respectively 150 J/1 and 500 MW/l were
added to the mixture by means of the discharge
during these experiments.' Intrinsic laser efficiency
varied from 2 to 0.7 % and seems to have been limited
mainly by the short gain length (16 cm) of the present
device. The results obtained compare favourably
with those obtained from experiments where the
ratio R was lower than 10 [6, 7].

This slow decrease of laser energy when the beam
current density was strongly lowered could indicate
the existence of another mechanism controlling pre-
ionization at very low e-beam electron density. Very
recently S. C. Lin has shown, with very different
experimental conditions, the ability to efficiently
preionize an excimer laser active medium with
X-rays [8]. A third set of experiments has been per-
formed with the same device for conditions where
the preionization was made by means of an X-rays
beam produced by the interaction of e-beam with
gun window. The e-beam was totally absorbed by
a 1.5 mm thick aluminium plate before entering the
channel. In order to enhance X-rays emission, a
tantalum foil 12.5 pm thick was set inside the gun,
immediately in front of the titanium window. Though
preliminary, these experiments have enabled the
achievement of laser action at A = 3080A from
XeCl excimer when Ne/Xe/HCI mixtures at a tempe-
rature of 300 K and a pressure of 1atm. were
excited by an- X-ray assisted avalanche discharge
(Vaun = 270 kV). However laser emission had an
energy weaker by an order of magnitude and a duration
3-4 times shorter than for the case of e-beam assisted
discharge experiments. Nevertheless this result,
obtained with a device not particularly adapted,
is interesting because the possibility of using
X-rays can strongly facilitate the development
of high repetition rate high average power large
volume laser systems a) X-rays penetration
range is much higher than the electrons one
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and could permit homogeneous excitation of large
volumes ; b) difficulties associated with gun window
heating could be strongly reduced. Optimization of
experimental conditions is in progress and will be
the object of a forecoming letter.

3. Laser operation with supersonic flow. — A last
set of experiments has been performed for conditions
where a supersonic very low temperature and high
density flow was excited by an electron beam assisted
discharge. These experiments have allowed to achieve,
for the first time, lasing on the 1 = 3080 A XeCl
excimer transition in a supersonic flow excited by an
e-beam assisted discharge. The experimental condi-
tions were as follows : Ne/Xe/HCl mixtures, M =1.75;
p =1 and 2 amagats; T = 120K; V,,, = 270kV;
jo=16A.cm™2; V, = 6 kV. However, laser emis-
sion was, at the opposite to the case of e-beam exci-
tation [5], noticeably weaker than when using room
temperature mixtures for the same excitation condi-
tions. This preliminary result shows however the
possibility of using supersonic flows to replace gas
in very high repetition rate e-beam assisted discharge
laser systems.

In conclusion, the present experimental results
show, apparently for the first time, the ability to
achieve long pulse and high specific energy lasing at
A=3080 A with a high specific energy when
Ne/Xe/HCl mixtures are excited by a discharge
assisted by a low intensity electron beam. Relatively
high efficiency is obtained for conditions where
absorbed energy from the discharge is several orders
of magnitude higher than that from the preionization
beam. The preionization can also be made partially
or entirely by means of an X-ray beam. These results
could allow development of repetitive u.v. laser
systems with high average power. Specific average
laser power of a few kilowatts by liter for a repetition
rate of a few hundred hertz seems possible.
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