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Training

During the course of this project the researcher has become very familiar with the tools of the ultrafast community. He has taken over the responsibility of running the Attosecond Laboratory of the Lund High-Power Laser Facility. The researcher has become independent in running an attosecond experiment. He is now familiar with vacuum technology, and he masters the high-level Labview instrumentation and data acquisition platform.


The researcher has also improved his team work skills due to an increased group size that demands good co-operation between the individuals. He has also improved his management skills by supervising Master’s students. More specifically, he has co-supervised the Master’s Thesis by Erik Månsson regarding temporal gating of attosecond pulses as well as a student project by Erik Garbacik on ultrashort pulse measurements using a device called SPIDER. The researcher has supervised the Master’s Thesis of Michele Giunta on laser beam pointing and pulse energy stabilization, and he is also co-supervisor of PhD student Piotr Rudawski.


The researcher has presented two invited talks at international conferences: one at the International Laser Physics workshop 2008 in Bergen, Norway (Lphys’08), and one at the Ultrafast Nonlinear Optics Conference in Burgas, Bulgaria (UFNO’2009). A poster presentation was given at the 1st Porto Workshop on Sources of Super-intense and Ultrashort Laser Pulses in Porto, Portugal. 
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Research in the Attoco project aimed to bridge the gap between single attosecond pulses and pulse trains by developing techniques to generate trains with a controllable number of pulses (from one to ten). Furthermore, the objective was to explore applications in coherent control of ionization and excitation processes. Three objectives were planned: (1) an upgrade of the existing laser setup in Lund to include carrier-envelope-phase stabilization; (2) the generation and characterization of controllable trains of attosecond pulses; and (3) the study of attosecond electronic wave packet interferences in atoms and molecules.
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Objective 1: The first objective has been successfully completed, and the results have been published [Fordell et al., Opt. Express 17(2009)21091]. As shown in Fig. 1, the upgraded laser system has a stable carrier-envelope phase over an extended period of time, which should enable the production of single attosecond pulses. This work has also resulted in collaboration with Amplitude Technologies, the leading high-power laser manufacturer in Europe, as well as with CEA Saclay, France. The work on CEP stabilization will continue with the installation of a new cryogenic cooler setup that will further reduce CEP jitter. Also, a new CEP detector is being developed by the researcher.
Objective 2: The production of a controllable number of attosecond pulses is still a work in progress. In the contract the route to a controllable pulse number was outlined as follows: (i) compression of the driving pulses to 10 fs or so, (ii) addition of the second harmonic to the driving field and finally (iii) implementation of a polarization gate.
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The first campaign resulted in sub-10 fs driving pulses, and when these pulses were used to drive the high-harmonic generation process, a clear broadening of the harmonic peaks could be observed (Fig. 2), which is the spectral signature of a reduced number of pulses in the train (for a single pulse the spectrum reduces to a continuum).  By including a polarization gate, the number of pulses could be further reduced (Fig 3). However, at the time of these experiments, the carrier-envelope phase of the laser system was not yet stable, so the only conclusion that could be drawn at this time was that the number of pulses was significantly reduced, perhaps down to 2-3 pulses. Since then, the CEP has been stabilized and the pulse duration has been pushed down to 6-fs (Fig. 4) which should together with a polarization gate yield isolated attosecond pulses in the near future. Due to the energetic CEP stable laser now  available (a result of objective 1) a large amount of work was put into temporal compression of these very energetic laser pulses; however, this work turned out to be more difficult than expected and is still a work in progress. Nevertheless, pulse trains down to single pulses is expected in the near future.

Additionally, during this work a new autocorrelator needed to be built in order to measure these pulses. Also, a scheme for pointing and power stabilization of the laser has been developed (to be published).
Objective 3:  Coherent control experiments using attosecond pulse trains have been performed in connection with an international Laserlab Europe science campaign led by F. Lépine (Université Claude Bernard Lyon, France). This campaign resulted in several results. For instance, Fig. 5 shows the variation of the O+ yield when O2 is ionized by an attosecond pulse train in the presence of an infrared laser field. When the time delay between the infrared and the XUV is changed, a change in the O+ yield can be seen. A lot of data was gathered during this campaign and the data analysis has only just begun. From the data interesting results for oxygen (O2), nitrogen (N2) and anthracene (C14H10) are expected.
Additionally, during this fellowship the researcher has taken part in several other science campaigns that have yielded scientific results.  A novel in-situ characterization method for high-harmonic generation was compared to the well established RABBITT technique in [Dahlström, Fordell et al, Phys. Rev. A, 80(2009)033836]. In [Swoboda, Fordell et al, Phys. Rev. Lett. 104(2010)103003] the spectral properties of an attosecond pulse train was used to measure the phase variation of a two-photon transition matrix element when moving through an atomic resonance. Information on the transition energy dependence on the dressing field intensity was also obtained. Based on these results an international collaboration is planned within Laserlab Europe. Finally, the researcher has taken part in attosecond electron microscopy experiments, where the aim is to combine the nanometer scale spatial resolution of a photo-emission electron microscope (PEEM) with the attosecond temporal resolution of an attosecond XUV. First results from this collaboration has been published in [Mikkelson, Schwenke, Fordell et al., Rev. Sci. Instr. 80(2009)123703].









Fig: 4: 6-fs autocorrelation trace.





Fig: 5: O+ yield in the ionization of O2.





Fig 3: XUV spectrum.





      Fig � SEQ Figure \* ARABIC �1�: Carrier-Envelope phase jitter of the 	


      upgraded laser system (390 mrad over 15 min).





Fig � SEQ Figure \* ARABIC �2�: XUV spectrum.
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