






















































































































Active (nonlinear) temporal and spatial
filtering of short pulses

Important figure of merits
of high intensity laser systems: 

a) spatial and 
b) temporal quality of the pulses.



a) Spatial filteringa) Spatial filtering



Fourier transform of a flatFourier transform of a flat--topped and a noisytopped and a noisy
intensity distributionintensity distribution



Output distribution by Output distribution by 
removing the different,removing the different,

higher ordershigher orders



Active spatial filtering:Active spatial filtering:
Nonlinear transmission Nonlinear transmission 
instead of the apertureinstead of the aperture



Saturable absorberSaturable absorberSHG SHG 
as an order selectoras an order selector



b) Temporal filtering:b) Temporal filtering:
The use of plasma mirrorsThe 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, 
Prepulse intensity < 107 W/cm2 needed.



Plasma Mirror Plasma Mirror for Shortfor Short--Pulse KrF LasersPulse 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 
~1014W/cm2 intensity, for 12.4°angle of incidence. For shorter pulses a reflectivity in 
excess  of ~50% can probably be obtained. 



Comparison with TiComparison with Ti--sapphire Plasma Mirrorsapphire Plasma Mirror

Origin of the „noise” at the output:
Ti:Sapphire CPA scheme, ASE 
KrF ASE (109-1010 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)

KrFTi:Sa

Ziener et al, J. Appl. Phys. 
93, 768 (2003)



New Idea: Combination of the Plasma Mirror 
with a „conjugate” Spatial Filter

In this new arrangement the plasma mirror is positioned in the Fourier-plane of a 
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 
becomes illuminated.

Extremely high contrast!



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

Fourier-plane:
Input



Output distribution:
a)With no modulation at the Fourier-plane

Output

Fourier-plane



Output distribution
With amplitude modulation at the Fourier-plane:
the 0th order is enhanced (plasma mirror effect) 
by a factor of 5

Output

Fourier-plane

Output



Output distribution
b)With amplitude modulation at the Fourier-plane:

the 0th order is enhanced (plasma mirror effect) 
by a factor of 25 Output

Fourier-plane



New approach: phase modulation!
Output distribution
c) With phase modulation at the Fourier-plane:

the 0th. order is shifted by λ/2
(in the self generated plasma) Output

Fourier-plane



Output distribution with noisy input
d) With phase modulation at the Fourier-plane:

the 0th. order is shifted by λ/2
(in the self generated plasma)

OutputInput



Experimental realization 
of the nonlinear plasma filter



ConclusionConclusion

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),
very high overall transmission.
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