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The use of heavy-ion beams for pumping gas-lasers had fiest lemonstrated in 1983 by
pumping an infrared He-Ar laser with a 100 Mé¥S beam from the Munich Tandem van de
Graaff accelerator [1]. Heavy-ion beam induced amplifieoh$gneous emission was observed
at GSI for the xenon excimer at 172 nm [2]. Various scheme®fobeam pumped lasers have
been studied spectroscopically [3-5]. The improved beaensity and beam quality of the
heavy ion synchrotron SIS-18 at GSI, Darmstadt open a pbgstb realize different experi-
mental programs. For the first experiment with the heavybdeam pumped excimer laser well
known KrF* excimer laser line at a wavelength of 248 nm has been se|dmeduse this wave-
length is still long enough to propagate in air without atigion. The next step to extend the
laser experiments into the VUV range of the spectds200 nm) to the excimer laser transi-
tions of the pure rare gases between 80 and 170 nr {iiNeugh Xg). In the course of our
studies concerning ion beam pumped lasers the intereshifeesidrom potential applications
of the intense VUV laser light to the fact that observing tasfect provides a very sensitive
method to study the gas kinetics and plasma conditions itatiget.

A fundamental aspect of laser experiments is to obtain émgugnping power density in
a volume which is large enough, at least in one dimensionhabthe optical gain times the
length reaches a minimum value. The pumping power densitghwik required to reach laser
threshold it can be expected that the experiments will reaalpper limit of pumping power for
which laser effect can be observed. This is due to the fatthkaxcimer molecules, the species
in the upper laser level, will no longer form at high temperatconditions in the investigated
materials. Temperatures upt®000 K are expected which corresponds to an average energy of
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0.5 eV/atom. This has to be compared with the binding enefrgiysoexcimer molecules which
is on the order of 1 eV. Gas temperatures, densities of ekspecies, and plasma parameters
such as electron density and electron temperature in heaygam induced plasmas shall be

derived from the beam parameters for which laser effectlveilbbserved.

The laser setup consisted of a 1.2 m Beam Diagnostics
. . inti . Tri 2 PixelFlay C
long stainless steel tube of 30 MM diaM- G seend rares ™™ (veam ra%ef& plane size)
eter placed about 2 m behind an exit fail ’;;;;L;;@f“.

of the HHT beamline (Figure 1). A pulse

beam of%38U ions with a particle energy T sopphire and MgF, =
FCT (Rogovsky) View Ports (up to 10 bar,
of 250 M eV/U andN 1 10 ns pu ISe dU ra- (infensity and time structure) UV transparent)

tion (FWHM) was used for pumping. TheFlgure 1: Laser stainless steel tube and heavy ion

projectiles traversed 2 m of air, a 6Q0n beam diagnostic.
thick scintillator, a stainless steel entrance

foil, a 3 mm thick glass mirror substrate, and were then stdpp the laser gas mixture. Sin-
gle shot pulses of up to 2B particles/pulse were focused into the laser cell. The aptic
resonator was formed by a flat, Al-coated mirror near the beatrance and a second dielec-

trically coated, highly reflective mirror with 3 m radius afrvature at a distance of about 1 m

(Figure 2).
This end mirror was also used as a win- Stable Optical resonator (Lg~1m)
Flat mirror Spherical mirror
dow for the cell to decouple the light from e reeoany S (M9Fa HR on 248 . r=3m)
A 3Emm |
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Diaghostics

UV Photodiodes + 248nm filter
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0.5% F, admixture was used as the lasgi =500 ©

medium. A constant gas flow was main-

) ) ) . Figure 2: Stable optical resonator and laser light
tained to avoid E depletion due to chemi- g P g

cal reactions. Two fast UV enhanced phg-iagnOStiCS'
todiodes with 248 nm filters and two small monochromators \iiier optics input were used
for laser diagnostics.

SRIM simulation [6] for energy loss U ion beam in laser cavity was done to optimize
geometry of the experiment and pumping ion beam energy. AP@@ MeV/u ion beam loss
before laser cavity on: 2 m air gap between entrance of the tabe and output of the beam
line; 600 um scintillator placed on the entrance of the laser tubeuf0 stainless entrance
pressure resist window; 3.2 mm quartz laser cavity mirror.

In order to understand the expansion of the beam heateddasemlume, numerical simu-
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lations on hydrodynamic response of the beam-heated gashiean carried out. In the simu-
lations, the VarJet code [7] has been employed. This codapahte of solving 2D full time-
dependent Navier-Stokes equations for multicomponentrggisires, including viscosity, heat
conductivity and diffusion effects. The initial and bounga&onditions were taken as in the
experiment whereas the beam-induced heating of the gasal@agdated using the SRIM stop-
ping power data and neglecting radiative energy dissipaiitie following input data for ion
beam related to the experimental condition were used fongenigal simulations: number par-
ticles N=2-10° ions/pulse; ion beam shape: normal distribution with0.51mm; gas mixture
50%Ar+50%K?r, initial pressure 2 bar.
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Figure 3: Laser gas density a). and temperature b). simualéthn beam come at 300 ns).

The simulation results for laser gas hydrodynamic respdagag and after ion beam irradi-
ation is shown in Figure 3. Due to expansion of the beam hegdedolume the target density
in this region reduced on 5-7% in time of the ion beam dura#ind on the 300 ns after ion
beam the gas density on the ion beam axis drop down about 3b&daser gas temperature
reached maximum at the end of the pumped ion beam pulse are @00 ns after ion beam
stay about 50084500 K.

Experimental set-up for demonstration of a heavy-ion-beamped excimer laser was as-
sembled at the HHT target area of the heavy ion synchrotr8al8l The layout of the experi-
mental set-up with heavy ion beam diagnostics, scheme adtieal resonator and laser light
diagnostics are shown on Figure 1 and Figure 2. The ion beanfirsbsteered and focused into
the laser cell with about f(articles/pulse. Spontaneous emission near the end oétheas
observed with cameras. Laser gas pressure in cell was mttuogatch for ion range the length
of the cell. For a gas pressure of 1.6 bar the range of the i@ished the length of the cell.
When the beam intensity was raised to abo@if2particles/pulse laser effect was immediately
observed by a strong appearance of the 248 nm line in thergpeemitted along the laser axis.

Laser threshold was reached with 1. 2% particles/pulse for this specific setup.
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The time structure of the emission of spontaneous as welaser llight at 248 nm was
recorded with the photodiodes. The time structure conteapsrtant information about the gas
kinetics, development of the gas temperature and plasnaaneders. The half-width of sponta-
neous emission was 190 ns and the laser pulse duration ré&mged9 to 84 ns for pumping
intensities between 1.4 and 216° particles/pulse. A first indication of spectral narrowingsw
also observed by comparing spectra of spontaneous ancelasesion, respectively, recorded

with one the low resolution spectrometers. Time and splatéiraowing of laser light shown on

Figure 4.
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Figure 4: a). Time structure of the spontaneous emissiorttentaser pulse. b). Spectra of the

spontaneous and laser emission, respectively, recorde@dme the low resolution spectrometer.

The successful test experiment with KrF* excimer laser feamaahstrated that the pumping
power level and beam quality available from GSI, Darmstadekerator SIS-18 is now suffi-
cient to perform laser experiments and it is planned to ektbe laser experiments into the
VUV range of the spectrumA(<200 nm) to the excimer laser transitions of the pure raregas
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