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the (possibly transient) electronic [1,2] and nuclear [3] configuration is encoded in the attosecond XUV 
burst emitted during recombination, a process called high-order harmonic generation (HHG). Complete 
characterization (intensity, phase and polarization) of this observable gives access to the transition dipole 
moment over a large momentum span. 
This transition dipole may allow direct imaging of the radiating molecular orbital using a tomographic 
procedure [1]. For the first time we succeeded to characterize the intensity, phase and polarization of the XUV 
emission in aligned N2 molecules. Our measurements evidence multi-orbital contributions to the attosecond 
emission [4] and also reveal the ellipticity of the harmonics. Recent experimental and theoretical studies have 
revealed that molecules could be tunnel ionized from several orbitals simultaneously [5]. These different orbitals 
lead to interfering contributions in the attosecond emission. We were able to separate these contributions and 
by using the tomographic molecular orbital reconstruction technique, HOMO and HOMO-1 orbitals were 
reconstructed in N . These reconstructions show remarkable agreement with theoretical simulations and also 
provide us with the sign changes in the orbital wave functions. An investigation was addressed to the validity of 
the plane wave approximation in our calculation. 
The coherent superposition of the HOMO and HOMO-1 orbitals provides time-resolved experimental images 
of the wave packet ('hole') left empty after coherent tunnel ionization from both orbitals [7]. The recombining 
electron wave packet probes the 'hole' at the instant of recombination providing information about the 
electronic structure of the molecule at that moment. This imaging of a dynamical wavepacket serves as a test of 
feasibility for intra-molecular imaging with Angstrom spatial resolution and attosecond temporal resolution. 
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The measurements results on the radiation spectra of fast z-pinches produced at compression of cylindrical 
multi-wire tungsten and aluminum arrays in the experiments on a high-current "Angara-5-1" facility are 
presented. Cylindrical multi-wire arrays had linear mass 200-400 |xg/cm and the initial diameter 12-20 mm. 
The pinch current was about 3 MA with pulse duration of 140 ns and peak power 3 TW. The radiation spectra 
are measured within the range of 50-900 eV quanta by a spectrometer with transmission diffraction grating, 
where the radiation is recorded on the UF-4 X-ray film. An electromagnetic curtain shutter was used to protect 
the transmission grating from fast microparticles produced by the erosion of high-voltage electrodes. The 
radiation spectrum of 1-3 keV quanta was recorded by a convex crystal wide-range spectrometer. Total yield of 
the radiation was measured by a thermocouple calorimeter. 
The main part of the tungsten plasma radiative energy proves to correspond to the quasi-continuous spectrum 
within the range of 80-300 eV quanta. Measurements of the tungsten plasma radiation spectrum with spatial 
resolution by a pinch radius have shown that the effective transversal size (diameter) of the pinch is not higher 
than 1 mm. 
In the case of aluminum plasma an intensive linear radiation of the [H] - and [He] -like ions have been recorded 
along with a continuous and linear radiation of the [Li]- and [Be]-like ions with the range of 100-300 eV 
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quanta. Spectral measurements of the aluminum plasma radiation with spatial resolution by the pinch radius 
have shown that the effective transversal size (diameter) of the pinch is around the value of 1.5 mm. Within the 
framework of the stationary collisional-radiative model, in respect of the [H]- and [He]-like ion spectral lines 
relative intensities, the parameters of the aluminum plasma pinch, namely, the electron temperature T -550 eV 
and electron density ne~3x 1020cm"3 have been determined. 
Acknowledgements 
The work was supported by the Russian Foundation for Basic Research under the projects 08-02-01394 and 
08-02-00317. 

Spectral phase shift and residual angular dispersion 
of an acousto-optic programmable dispersive filter 

A. BorzsonviH M. Merd3, A. P. Kovacs1, M. P. Kalashnikov4, K. Osvay1 

' Department of Optics and Quantum Electronics, University of Szeged P.O. Box 406, H-6701 Szeged, Hungary 
2 CE Optics Kft., Kigyd u. 4, H-6720 Szeged, Hungary 

3 Research Group on Laser Physics, Hungarian Academy of Sciences, Dom ter 9, Szeged, Hungary 
4 Max Born Institute, Max-Born-Strafie 2/A, D-12489 Berlin, Germany 

There is an increasing demand for active and precise dispersion control of ultrashort laser pulses. In chirped 
pulse amplification (CPA) laser systems, the dispersion of the optical elements of the laser has to be compensated 
at least to the fourth order to obtain high temporal contrast compressed pulses. Nowadays the most convenient 
device for active and programmable control of spectral phase and amplitude of broadband laser pulses is the 
acousto-optic programmable dispersive filter (AOPDF) [1], claimed to be able to adjust the spectral phase up 
to the fourth order. Although it has been widely used, surprisingly enough there has been only a single, low 
resolution measurement [2] reported on the accuracy of the induced spectral phase shift of the device. In our 
paper we report on the first systematic experiment aiming at the precise characterization of an AOPDF device. 
In the experiment the spectral phase shift of the AOPDF device was measured by spectrally and spatially re-
solved interferometry, which is especially powerful tool to determine small dispersion values with high accu-
racy [3], Besides the spectral phase dispersion, we measured both the propagation direction angular dispersion 
(PDAD) [4] and the phase front angular dispersion (PhFAD) [5]. Although the two quantities are equal for 
plane waves, there may be noticeable difference for Gaussian pulses. PDAD was determined simply by focusing 
the beam on the slit of an imaging spectrograph, while PhFAD was measured by the use of an inverted Mach-
Zehnder interferometer [5] and an imaging spectrograph. 
In the measurements, the spectral phase shift and both types of angular dispersion have been recorded upon 
the systematic change of all the accessible functions of the acousto-optic programmable dispersive filter. The 
measured values of group delay dispersion (GDD) and third order dispersion (TOD) have been found to agree 
with the preset values within the error of the measurement (lfs2 and 10fs3, respectively). In case of continuous 
mode operation of the AOPDF, the angular deviation and angular dispersion was found to vary more than 0.15 
mrad and 1 mrad/pm when the GDD was changed from Ofs2 to +104 fs2. This effect is attributed to thermally 
induced refractive index gradient in the acousto-optical crystal caused by the dissipated acoustic power. In 
low repetition rate triggered mode, however, this phenomenon was experimentally negligible. In all cases the 
angular dispersion had actually a non-zero offset value of 0.5 prad/nm, but this is practically negligible in 
almost every case of use. 
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