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15t Lecture:

Generation of Ultrashort High Intensity Excimer Laser Pulses

Abstract. Excimer lasers are the only powerful lasers in the ultraviolet
covering the range from 126 nm to 352 am. Unfortunately, they are not
accessable to the wusual methoeds for ultrashort pulse generation. They
nevertheless have a sufficient bandwidth to amplify ultrashort pulses down to
less than 100 fs pulse duration. This leads to the only useful scheme to first
generate ultrashort pulses with dye lasers in the visible or infrared and
amplify these pulses after frequency multiplication in an excimer Jlaser
amplifier.

The implementation of this scheme in the conventional method that will be
briefly discussed 1is very complex and expensive. We thus have developzd a
relatively simple and inexpensive solution over the passed years which will be
discussed in detail. It uses only one dual-charnel commercial excimer laser as
pump source for the various dye lasers stages and amplifier for the frequency-
doubled input pulses, respectively, and needs no electronics at all.

For further amplification we developed a large aperture discharge-pLmped
amplifier with x-ray preionization that is expected to deliver up to 300 ml
pulse energy in KrF at 248 nm. The only way to reach still higher fulse
energies is then the amplification with electron-beam-pumped excimer laser
amplifiers of sufficiently high cross section as will briefly be discussed in
the third lecture.
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2™ Lecture:

a) Measurement of Ultrashort UV Laser Pulses
b) Handiing of Ultrahigh Intensity Laser Pulses
¢) European Laser Facility SIMBA Project

Abstract. Pulsewidth measurements of ultrashort pulses in the ultraviolet need
some modifications of the usual autocorrelation methods for the visible and
infrared. The main peint is replacing the second harmonic generation in
crystals by multiple photon jonization in gases since no crystals are
available for second harmonic gemeration in the region between 126 and 352 nm.
For the shortest pulses of highest intensity also a special version of the
usually applied Michelson interferometer is necessary to avoid 2-photon
absorption in the beam splitter.

To reach shortest pulse duration it is often necessary to compress frequency
chirped pulses after amplification in the ultraviolet and at high intensities.
The best method for this is the use of a prism compressor made up of two
prisms of a suitable material 1ike LiF and a retro-reflector.

When applying very short pulses one has to take into account the group
velocity dispersion in optical materials which is especially pronounced in the
ultraviolet. The dramatic effects of pulse front distortion by group velocity
dispersion will be demonstrated together with methods of compensating these
effects. Another very important effect at highest intensities in the
ultraviolet is multiple photon absorption in optical materials which we
measured exactly. For thick samples of optical materials other nonlinear
effects also play an important role 1like self-phase modulation and
self-focussing which will be briefly discussed.

We recently proposed to build a 100 J/100 fs KrF-laser in the frame work of a
European High Performance Laser Facility. The constructional principles of
this laser and the technical difficulties connected with its realization will

be briefly discussed. Some examples of new experiments that will become
possible with this laser will be given.
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fig. 21 Geometrical arrangement of the two e-beam-pumped amplifiers. Fig. 20 Two toric mirrors in 2-configuration.
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ard Lecture:

Applications of Ultrashort High Intensity Excimer Laser Pulses
a) X-Ray Lasers

b) Chemical Applications

Abstract. One of the most fascinating applications of ultrashort high
intensity excimer laser pulses is the realization of a laboratory x-ray laser.
After a brief introductory discussion of possible x-ray laser applications the
problems connected with the realization of Tlaboratory x-ray lasers are
discussed in some detail. It will be shown, why ultrashort pulses in the
ultraviolet are most suitable for the most promising x-ray laser schemes and
new propesals for their realization are given.

Another broad class of applications of ultrashort excimer laser pulses even at
relatively small pulse energies {several mJ) is the study of fast physical and
chemical processes in molecules. An example for a pump probe measurement of
intramolecular energy transfer in bichromophoric dye molecules is given.

To indicate the extremely wide applicability of ultrashort excimer laser
pulses two more examples from different fields will be discussed, namely an
application in synthetic organic chemistry and another application in laser
mass-spectrometry.
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X-Ray Laser Applications

X-ray microscopy

( Schmahl, Géttingen )

Advantages: high resolution,

operation in air,
samples up to 1uym thick,
living matter unstained.

Micro lithography

for semiconductor industry

(® Structure of micro-crystals

®

of biological material

Shortest

laser pulses (<1fs)
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Characteristics of the LLNL-Se*? Laser

Energie -Niveaus Se?**

LaserGbergéinge Pump laser: A =532 nm
= J
E = 2kJ } P=5TW
2s2p5 3p T = 400 ps

257 p°3s,

schnelle Stoflanregung
Ubergénge

{1639 u 1481 ev)

Target: Se evaporated on formvar foil

d=75nm, w=200um, L £ 20 mm

252 pt €~ Ne"éf.abe

Signal: A =20.6 nm, 21nm
Ar-laser pr:‘ncip(c s‘fffec/ fo <A [)r /ug/. Z Tp = 200 ps  (cw) } q = 10-10(10-7)

P=1kW (1MW)
Gain: 700 (g, =5.5cm™)

Plasma: n, = 10¥¢m-3
5-109 K

o
n
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Other Realized ‘X -Ray Lasers’

Alnm] Laser-lon - Labor/Laser
28.6
24.7
ggg » Ge?2* NRL / Pharos III
19:8 Ne- (ke
22.1 Cu®" 'NRL/ Pharos 1lI
26.29 Ne-(/ke
22.95 Se LLNL/Nova
20.63 Ne- (ke
18.2 C5*H~lke RAL/Vulcan, PPL
15.5 y 29+ LLNL/Nova
Ne-Like _ £
13.94
31t Mo¥  LLNL/Nova
10. 64 Ne-Lire
10.57 AL (-(cke UPS
8.1 Fe H-lke RAL/Vulcan
7.1 .
6 85 } Eu® LLNL/ Nova 33

Ni-Like

Excimerlaser beam

F. P. Schifer:
Réntgen-Blitzlichtquelle
| (RSntgen-Laser)




Schiefe Impulsfront (Gruppengeschwindigkeit )

n-A-dn/dA

Vg
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=L
X

Wanderwellengeschwindigkeit v
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Zeit-korrigierte Pump-Optik
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Liquid Solution at Room Temperature

(12.29)
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