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FIG. 1. Normalized laser energy in an amplifier vs total gain in a medium,
with no absorption.
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FIG. 2. Normalized laser cnc}gy in an amplifier vs total gain in a medium

with absorption of @ = g,/15. Convergence takes place at E/E_, = 15 for
large goL, as predicted by the analysis.
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S. Szatmdri, G. Kihnle: Pulse
Front and Pulse Duration ...

Fig. 1.
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. exact synchronism of the pump pulse to the generated pulse,

. pulse compression of the pump pulse to get minimum pulse duration
at the target,

. avoidance of spatially dependent distortion of the pulse front and

pulse duration.
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target-plane

.-oond

Szatmari/Simon/Gerhardt: Genera-
tion of 135 fs pulses ..

Fig. 1
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Szatmari/Simon/Gerhardt: Genera-
tion of 135 fs pulses ...

Fig. 1
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Active (nonlinear) temporal and spatial

filtering of short pulses

\J

/I mportant figure of merits

of high intensity laser systems:

a) spatial and

) temporal quality of the pulses.

\

/
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Confocal arrangement for fourier filtering of

a) Spatial filtering laser beams

order selector
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Fourier transform of a flat-topped and a noisy
intensity distribution

A flat-topped intensity profile
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A noisy intensity profile
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The Fourier transform ef s flat-topped intamaidy profile

The Fouricr transfomm of 8 noisy intessity profile
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Output distribution by
removing the different,
higher orders

Retransformations after selecting the main order(s) of a noisy flat-top
curves fourier transform.
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Active spatial filtering:
Nonlinear transmission
instead of the aperture
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as an order selector
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Figure a : A noisy intens’ty profile.

Figuse v : i"s Fourier t-a.sform

Figure ¢ : The Fuorie: transform fi'tered with the transmittance of:
T= 0.65/(Irehosd)2* 12 if I<Iyreshold clse T=0.65 ; Iireshold ™4
Figure d : Toe re-transformed , filtered picture.
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Figure a : A nolsy inteosity profile
Figure b : 1t's Fourier iransform

Figure ¢ : The Puorier trassform filtered with the transmittance of:
T= Exp(-C/(1+1/1s)) ; C=7 , 1;=0.3

Figure d : The re-transformed , filtered picare.




Eh:KI b) Temporal filtering:
= The use of plasma mirrors

/ KrF lasers have a good focusability and high available contrast.
Plasma mirrors are the most efficient cleaning tools in the generation of

femtosecond laser pulses of ultrahigh contrast .
Idea: Only the leading edge of the ultrashort pulse is above plasma threshold, i.e.

prepulses and pedestals are transmitted by a transparent target, the short pulse is

reflected and ,cleaned”.
Plasma mirrors provided several orders of magnitude improvement of the contrast for

Ti-sapphire allowing surface harmonics generation up to several keV (Dromey et al.).
The ultrashort KrF laser of the HILL laboratory is based on direct amplification.

Only ASE prepulse is present — partially suppressed by off-axis amplification.
But: Surface photoionization by the 5eV KrF photons must be avoided,

\Prjulse intensity < 107 W/cm?2 needed. /
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% Plasma Mirror for Short-Pulse KrF Lasers

First succesful demonstration of the plasma mirror effect for KrF laser.
After a logarithmic increase saturation of the reflectivity (>40%) is reached at
~101*W/cm? intensity, for 12.4°angle of incidence. For shorter pulses a reflectivity in

excess of ~50% can probably be obtained.
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EIGEI Comparison with Ti-sapphire Plasma Mirror #
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Origin of the ,noise” at the output:
Ti:Sapphire CPA scheme, ASE
KrF ASE (10°-1010 contrast)
The plasma mirror effect is considered as an effective way of improving
the contrast.
Disadvantages: loss in energy (power)

limited improvement in the contrast (governed by the ratio of
the plasma reflectivity and of the reflectivity of the sample)
(typically one order of magnitude improvement for one mirror)
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RM%E! New Idea: Combination of the Plasma Mirror
with a , conjugate” Spatial Filter |

ﬂ\ this new arrangement the plasma mirror is positioned in the Fourier-plane of am
focussing mirror put into the input beam.

The use of an annular input beam and an output aperture - allowing transmission
only in the ,central hole” of the annular beam - gives no transmission as long as
the reflectivity is the same for the different diffraction orders.

If the reflectivity (either the amplitude or the phase) is different for the more
intense central lobe of the diffraction pattern, the central hole of the aperture
Qecomes illuminated.

Extremely high contrast!

conjugate filters

/

\" plasma mirror



% Intensity distribution at the Fourier- plane
for an annular input beam

ﬁ)urier—plane:
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% Output dlstrlbutlon
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Output distribution

With amplitude modulation at the Fourier- plane

the Oth order is enhanced (plasma mirror effect)

by a factor of 5

Output

Fourier-plane
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Output distribution o

b)With amplitude modulation at the Fourier- plane
the Oth order is enhanced (plasma mirror effect)
by a factor of 25 Output

Fourier-plane
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New approach: phase modulation!
Output distribution
c) With phase modulation at the Fourier-plane:
the Oth. order is shifted by A/2

(in the self generated plasma)

Output

Fourier-plane
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d) With phase modulation at the Fourier-plane:
the Oth. order iIs shifted by A/2
(in the self generated plasma)
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Experimental realization
of the nonlinear plasma filter

AT high intensity

Conjugate filters
Experimental i:hambex

o I
/L/ Gas jet

Pulsed magnetic valve




Rl

Conclusion

4 N

Main features of the nonlinear plasma filter:

*high temporal contrast referred to the noise,
sharpening of the leading edge,

=*beam smoothing (spatial filtering),

»self-adjusting (no need for precise alignement),

K-very high overall transmission. /
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