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Introduction

KrF lasers provide a perspective alternative in inertial confinement and fast ignition fusion
schemes as driver lasers [1,2]. The advantage of their short wavelength (248 nm) results in
longer plasma penetration depth and thus, higher absorption with the mitigation of parametric
instabilities. A further consequence of the short wavelength is that the interactions can still be
considered as nonrelativistic, even at high >10'® W/cm? intensities.

Short pulse KrF lasers are based on gas discharge systems which enable their use as direct
amplifiers. For the amplification of the short (~ 100 fs) seed pulse (2w of a dye laser, or the
third harmonic of a Ti:sapphire laser) in the excimer amplifier, no additional pulse
compression is neccesary, thus the laser pulse background can solely be attributed to
Amplified Spontaneous Emission (ASE).

The new Fourier filtering technique enables us to increase the contrast to 12 orders of
magnitude, thus the 700 fs pulse can interact with an initially steep, solid profile [3].
Absorption and spectral measurements of the reflected pulse were carried out with the
upgraded laser system into which this technique was implemented. Such investigations may
further highlight the relevance of the intensity contrast as an important laser parameter in
other laser-plasma experiments, too.

Methods

The short (700 fs) KrF pulses were provided by an updated Szatmari-type hybrid dye-
excimer laser system [4]. The 500 fs pulse length 497 nm central wavelength, 200 puJ dye
laser pulses were frequency doubled in a BBO crystal, which was tuned to 248.5 nm, i.e. to
the center of the KrF amplification bandwidth. Next, the UV seed pulse is sent into the six
pass excimer amplifier chain.. The first stage of the nonlinear Fourier filtering is the
preimaging with low numerical aperture (I) which is applied after the first pass. After the
second pass stage Il - i.e. the nonlinear part with the gas jet - is applied. Applying and
omitting the Fourier filtering allowed us to adjust the intensity contrast from 5.5x10° to 10*
(low and high contrast cases). These are the first high intensity laser plasma experiments
which were conducted by this new contrast improving method.
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Fig. 1. Scheme of the nonlinear Fourier-filter [3], and that of the laser system [5].

At the end of the amplifier chain, the horizontally polarized pulse had a 4.5 cm x 4.5 cm cross
section, and ~80 mJ pulse energy, while possessing a slight (~3.5 x 10 fs) positive chirp.
Up to 1.15 - 10™® W/cm? intensities were achieved by tight (f/3) focusing with an off axis
parabolic mirror (30°, SORL). The focal spot had a FWHM size of 1.85 £ 0.1 um in the
horizontal, and 1.95 + 0.1 pum in the vertical dimension. The ASE spot size was >1.5 mm
without the filtering, and drastically reduced to about ~7 um when it was used. The laser
intensity could be varied using an aperture, with a simultaneous focal spot size measurement
for each incident beam size. This allowed us to stay in the Fourier-plane throughout the
experiment, and to scan an intensity range of more thant three orders of magnitude (10"
W/em? to 1.15 - 10*® W/cm?).

The targets were float glass plates with 500 nm thick gold or boron coating, fabricated with
standard vacuum evaporation technique. Surface morphology of the targets was controlled,
and showed a <4/5 smoothness.

The p-polarized laser pulses had 45° angle of incidence and the reflected main pulse was first
collimated and sent out of the vacuum chamber. For reflectivity measurements the pulse
energies were determined using a callibrated energy meter. In the same time the reflected
pulses were sent to a spectrometer with a resolution of 0.0027 nm for spectral
characterization. For focal plane diagnostics and total x-ray yield measurements, an (IRD
AXUV-100) x-ray sensitive photodiode with a 2 um Al filter was placed viewing the front
side of the target (~ 30 cm).

Results

Laser plasma reflectivity measurements were carried out as a function of intensity and
intensity contrast. At lower intensities (10> W/cm? to 10 W/cm?) our findings confirm
earlier results [6,7]. It should be noted that even at moderate intensities reflectivity is
significantly lower for low contrast pulses, and this difference decreases with increasing
intensities (Fig. 2). Experiments from early 2000’s demonstrated that even an ASE prepulse
intensity of 10® W/cm? can cause photoemission and surface perturbations, all of which can
modify the resulting reflectivity of the main pulse [8]. At the highest intensities, the ASE
intensity reaches > 10" W/cm?, well above the breakdown limit of many dielectrics. The
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resulting long scale-length preplasma (>A/L=30) interacts with the main pulse, resulting in
low reflectivity, especially in the case of gold targets and low contrast pulses.
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Fig. 2. Reflectivity measurments from a gold (a), and boron laser plasmas (b) [9].

The question arises, what mechanism could be responsible for the low reflectivity with high
contrast pulses at high intensities. It should be mentioned that the rising part of the 700 fs
long main pulses can produce intensities up to 10" W/cm? 1 ps before the peak, thus
generating in a 0.1 A preplasma. The relatively large angle of incidence favours resonance-
absorption as well, but for the highest intensities the Brunel-absorption - or vacuum-heating -
may alone give an 80% contribution. No well defined limit exists between the mentioned
mechanisms, thus we suspect that in our recent experiments both collisionless effects takes
place together with collisional absorption in the preplasma..

An interesting result is the laser intensity- and contrast-dependence of expansion velocity of
the reflecting critical surface. During the experiments only blue-shifts were observed in the
Doppler-spectrum, thus the plasma always expanded in the incident laser’s direction. It is
evident that cleaner pulses have a positive effect on the expansion velocity (Fig. 3).
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Fig.3. Expansion velocities for gold (a), and boron (b) laser plasmas. The velocities were
derived from the nonrelativistic Doppler-formula [9].
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A simple interpretation can be made of the results with boron targets at the highest intensities.
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velocity can be expressed as: v,s, = clEl _ e ’@ This can be attributed to an electron

temperature of 11 keV, and a corresponding ion acoustic velocity of 7.3 - 10’ cm/s. The
velocity gained from light pressure acting into the opposite direction can be written as

v, = &1~ 1.1-107cm/s, where p= I/c = 330 Mbar is the light pressure, t is the half of the
po

pulse length (350 fs), and p is the density. An estimated § = A/5 is given as scale length. The
difference of these values corresponds to the Doppler-derived velocities with good accuracy.
The estimated acceleration of the critical surface block can also be given, with a value of
1.6-10*"g, which is the largest macroscopic acceleration achieved at this wavelength.
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