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Summary 

Excitation of gas lasers by a small emit
tance beam of electrons from an rf linear accel
erator has been proposed. l Potential advan
tages of pumping with a linac rather than a fast 
transverse discharge include higher average 
power, higher repetition rate and significantly 
improved reliability. In addition, electron 
beam pumping should provide improved efficiency 
and a lower capital cost when compared with 
discharge pumped lasers. 

An experiment to test this concept is in 
progress at the Los Alamos Scientific Laboratorv 
(LASL). A 4-MeV side-coupled, standing-wave 
linear accelerator is being used to provide a 
pulsed electron current of 2 A with a l-~s 
duration. The electron beam, focused to a 
5-mm dia spot, is confined in the high-pressure 
gas (~10 atm) by a superconducting solenoid with 
a central magnetic field of 3 T (30 kG). 

Experimental studies include: fluorescence 
of various rare-gas halide mixtures as a func
tion of pressure; transport of the electron beam 
through the gas; and the optimum configuration 
of the electron beam, magnetic field and the 
laser cavity. 

Introduction 

Electron beams have been used in recent 
years to pump high-pressure rare-gas halide 
lasers. Although axial pumping has been 
used,2 in most cases these lasers are pumped 
by an electron beam directed transverselv to the 
laser axis. 3 In the latter arrangement, elec
trons are produced in vacuum from a cold cathode 
and accelerated by a pulsed potential of the 
order of 0.2 to 2 MY, which is formed by a Marx 
or L-C generator. The electrons enter the high
pressure gas through a thin metallic foil that 
is usually supported by a mesh or a plate con
taining closely spaced holes. Usual electron 
beam characteristics are: current density of 
5 to 500 A/cm2 over the cathode area, total 
current of 5 to 50 kA and a pulse duration of 
about 50 ns to 1 ~s. Typically only a small 
fraction (a few p~rcent) of the electron beam 
energy is deposited in the gas; the remainder of 
the energy is absorbed either in the walls of 
the laser or more importantly in the foil and 
support. The difficulty in cooling the large 
area foil and support is the principal limita
tion of this arrangement in attaining high 
average power. Reliability at high repetition 
rates is also seriously hampered bv the 
capability of available spark-gap switches. 

*Work performed under the auspices of the U. S. 
Department of Energy. 

Axiallv pumping bv a smaller diameter 
electron beam confined to the laser axis by a 
solenoidal magnetic field alleviates the limita
tion caused by foil and structure heating. How
ever, axial beams produced hy Marx or L-C gener
ators generally have a kinetic energv that is 
too low to effectivelv pump the high-pressure 
gas, and they are still limited in reliability 
and repetition rate bv spark gap capabili ty. 

Linac_pumped Laser 

To avoid the above limi ta t ions, we pro
posen to pump these excimer lasers axially with 
an electron-beam from a microwave linear elec
tron accelerator. Pumping with a linac electron 
beam has these potential advantages over conven
tional methods: higher average power, higher 
repetition rate and improved reliability. In 
a0dition, this arrangement shou10 provide a 
laser with improved efficiency and lower capital 
cost when compared with conventional electron 
heam or discharge lasers. A schematic indi
cating the expected efficiencies and 
repetition rate of such a laser is shown in 
Fig. l. 

Table I gives the proiected ultimate per
formance for transverse discharge lasers com
pared with the desired performance of the linac 
pumped lasers. 

Table II shows the near-term expected per
formance for laboratorv models. In each case 
the linac-pumped lasers are expected to be 
considerably more reliable. 

TABLE I 
PROJECTED-KrF LASER PERFORMANCE 

Average Power (kW) 
Pulse Repetition 

Frequencv (Hz) 
Energy/Pulse (J) 
Efficiency (%) 

Capital Cost (S/watt) 

Transverse 
Discharge 

16 
4 

4 

1.5 
150 

TABLE II 

Linac 
Electron Beam 

10 100 
10 100 

1 
2 2 

250 100 

NEAR-TERM KrF LABORATORY PERFORMANCE 

Average Power (W) 
Pulse Repetition 

Frequency (Hz) 
Energy/Pulse (J) 

Transverse 
Discharge 

40 
200 

0.2 

Linac 
Electron Beam 

60 
300 

0.2 
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Fig. 1. Schematic of microwave-pumped laser. 

Fig. 2. The LASL 4-MeV electron linac. 

Experiment 

An experiment to test this excimer laser 
concept is in progress at LASL. An electron 
beam from a small microwave linear accelerator 
is being used to axially excite a high-pressure 
(~10 atm) rare-gas halide mixture in a high
pressure cell. The accelerator, which is a 
side-coupled, standing-wave type, can deliver a 
pulsed 4-MeV electron beam with 2-A peak 
current for l- ~s duration at a 50-Hz repeti
tion rate. Modifications are in progress to 
increase the pulse repetition rate to 300 Hz. 
The injector tank, prebuncher, accelerator and 
quadrupole steering and focusing magnet (from 
right to left) are shown in Fig. 2. 

The electron beam, which is focused to a 
5-mm dia. spot, emerges from the end of the beam 
pipe into the air through a O.l-mm thick stain
less steel foil. The beam then traverses about 
3 mm of air and enters the high-pressure gas 
cell through a similar foil. 

A superconducting solenoid with a central 
magnetic field of 3 T (30 kG) confines the beam 
to a region close to the axis of the gas cell. 
Otherwise, nuclear scattering of the electrons 
in the foils and gas would cause the beam to 
niverge and spread rapidly. 

For laser application, the electron heam 
must be iniected off axis and at a small angle 
with respect to the solenoid anr laser axi s . 
This is necessary to avoin the upstream optical 
mirror that forms part of the laser oscillator. 
Particle trajectory calculations ,ignoring foil 
and gas scattering, have been performen to find a 
geometry in which the beam is injected into the 
laser cavity around the edge of a 25-mm dia. 
mirror that is coaxial with the magnet axis ann 
forms one end of the optical cavity. The cal
culated trajectory for a promising case is shown 
in Figs. 3-7. In this case, the electron heam 
was injected 8 mm above the magnet centerline 
and at an angle of 12 mrad (0.7 deg). The foils 
and mirror are at -0.34 m with respect to the 
magnet center. This case has been tested exper
imentally. The results for an electron beam 
with finite size, divergence and scattering are 
in reasonable qualitative agreement with the 
calculated trajectories. 

The fluorescent output of a number of 
xenon fluoride and krypton fluoride gas mixtures 
was studied prior to attempting laser action. 
A schematic of the apparatus is shown in 
Fig. 8. The electron heam entered from the 
left, passing through a pair of foils in the gas 
cell. The electrons were confined to a 
I-em dia. cylinder on the cell axis by the mag
netic field of 3.0 T. The current out of the 
accelerator was 2 A, giving current densities in 
the gas of the same order. The light out of the 
cell was turned by a mirror to allow adequate 
radiation shielding of the fast photodiode, and 
was optically filtered to allow only the lasing 
wavelength (248 nm for KrF, 350 nm for XeF) to 
be detected. Checks for background contribu
tions gave null results in all sensible 
permutations of conditions. 

The resulting data are shown in Fig. 9. 
The fluorescence output (on an arbitrary scale) 
is derived from the peak voltage of the photo
diode signal divided by the measured beam 
current for each pulse, with appropriate correc
tions for filter transmissions and wavelength 
response of the photodiode. The curves repre
sent the best output obtained for each family of 
gas mixtures. As the light output was not 
strongly affected by small variations in the 
mix, the specific proportions (see caption) are 
not believed to be critical. 

It is desirable to use a high-pressure 
gas, because this will increase the beam energy 
deposited in the laser. This criterion makes 
the neon diluent superior in every regard (save 
for the cost) for both xenon fluoride and 
krypton fluoride. The choice between these 
excimers for the best lasing candidate is not as 
clear, because the lasing depends on many 
factors. The narrower linewidth of xenon 
fluoride may make it competitive in spite of the 
greater light output of krypton. 
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Fig. 3. Isometric view of calculaten electron 
beam injection into superconducting magnet. 
Distances in meters. The magnet axis is 
colinear with the z-axis, and the magnet extends 
from -0.165 to +0.165 m· 
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Fig. 4. The X-Z calculated electron traiectory. 
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Fig. 5. The Y-Z calculated electron trajectory. 
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Fig. 6. The R-Z calculaten electron trajectory. 
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Fig. 7. The X-Y end view of calculated electron 
trajectory. 

TO SCOPE 

Fig. 8. Schematic of the apparatus used for 
fluorescence measurements. The electron beam 
enters the high-pressure excimer mix cell from 
the left, and photons exit the cell through a 
quartz winnow, W. The light is turned by 
mirror, M, filteren of all but the lasing wave
length by filter F, which falls on the fast 
photodiode PD. The photodiode is shielned from 
radiation by lead bricks, Pb. 
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Fig. 9. Summary of fluorescence data. Gas 
compositions were: 

KrF(Ne); 0.01% F2/O.20% Kr/bal.Ne 
XeF(Ne): 0.04% NF 3/O.12% Xe/bal.Ne 
KrF(Ar); 0.04% F2/1.0% Kr/bal.Ar 
XeF(Ar); 0.2% NF3/1.0% Xe/bal.Ar 
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