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 The purpose of this short visit was for me to gain knowledge of the experimental techniques used within the ultra-cold atoms and quantum gases group at Innsbruck, and to disseminate this knowledge to my colleagues in the AMO research group in Durham. The main focus of the visit was to witness first hand specialised techniques which have led to the successfully condensation of Cs in the experiments led by Prof. Rudi Grimm and Dr. Christoph Nägerl at Innsbruck. Specifically theses techniques include (i) Raman sideband cooling in a 3D optical lattice prior to (ii) loading into a large volume optical dipole levitation trap and the subsequent (iii) transfer into a tightly confining dimple potential where 3D evaporation is possible.

During the visit I viewed all of the cold atom and ion experiments at the University of Innsbruck, including experiments at both the Institute for Experimental Physics, and the Institute for Quantum Optics and Quantum Information (IQOQI) of the Austrian Academy of Sciences. At present the work carried out in the cold atom experiments at Innsbruck is predominantly in the field of ultra cold molecules. This includes Bose-Einstein condensation experiments, creation of molecules in optical lattices, and degenerate Fermi gasses. The majority of my visit was spent in the laboratories of two experiments which employ optical dipole trapping of magnetically levitated Cs. These are the LevT experiment in which Cs was first cooled to quantum degeneracy, and the next generation Cs III experiment in which Cs will be trapped in a three dimensional optical lattice. 
  In the LevT lab I was able to observe the creation of ultracold Cs dimers through magnetically tuning across a Feshbach resonance. The same techniques of applying magnetic field ramps were then used to move between molecular states using the rich molecular structure of Cs, known locally as the “Cs molecular zoo”.  Inelastic losses were observed whilst varying the magnetic field at which molecules were held before dissociation and imaging of the resulting atomic sample. This loss feature could indicate a resonance with a new molecular state. 

 The Cs III experiment is currently in the building stages, and employs many of the techniques of the LevT experiment. This gave me the opportunity to see the development of the apparatus first hand, and the methods used to align and control the equipment required to implement Raman sideband cooling, levitation trapping, dipole trapping and imaging, along with the transfer between these experimental steps. Raman sideband cooling is of particular importance to both cool and polarise atoms from a magneto-optical trap, prior to loading into an optical dipole trap. Dr Jens Herbig incorporated this technique on the first Cs experiment, and discussed with me at length the experimental requirements to realise such a scheme. Anton Flir, a diploma student who has been working on the theory of Raman sideband cooling, described various aspects of the technique, and its application to Bose-Einstein condensate physics. 
  The two graduate students on this experiment; Mattias Gustavsson and Elmar Haller, demonstrated how the various steps of cooling and trapping of Cs are incorporated into the experimental apparatus, and executed using a new experimental control programme developed by Dr. Florian Schreck, also from the institute.
 Various methods of optical trapping are used at Innsbruck, and are highly desirable in the case of Cs. Magnetic trapping of Cs in the F=3 hyperfine ground state is only possible for atoms in low magnetic field seeking Zeeman sublevels. As the absolute ground state of Cs is a high field seeking state, atoms can undergo two body spin relaxing collisions, which lead to heating and atom loss. In an optical trap Cs atoms can be trapped in their absolute internal ground state, in which spin changing two body collisions are energetically forbidden. Visiting the full array of laboratories at Innsbruck allowed me to directly view  the relative merits of optical trapping schemes currently employed, and also learn of new developments in laser design from within the Innsbruck research community, including high power single frequency, narrow linewidth fiber lasers, which are to be used in the Cs III experiment.
The institute for experimental physics has many visitors. One visiting scientist; Francesca Ferlaino, from LENS, is working with a K-Rb ultra-cold mixture, and discussed the techniques they use to load their apparatus, and observations of inelastic losses in the mixture. Prof. David S. Weiss from Penn State University also visited the institute, and gave a talk on "A quantum Newton's cradle". This was of particular interest as he works with 87Rb-133Cs mixtures, and evaporates using a compressible dipole trap in one of his experimental schemes. 
During my visit I gave a short talk on the current progress of our research towards characterising the interspecies collisions in the 87Rb – 133Cs mixture. This produced much valuable discussion on how to realise many of the Innsbruck techniques in such a mixture, whilst simultaneously providing me with great experience in giving a talk to such an expert audience. On my return from Innsbruck I presented the techniques I had witnessed and the recent work of the ultracold atoms and quantum gasses group to the AMO group here at Durham. This will prove invaluable in the implementation of these experimental techniques within research here at Durham. I will visit the ultracold atoms and quantum gasses group at Innsbruck later this year for the international conference on atomic physics, which will prove useful to clarify what I have learnt during this 10 day visit. Hopefully future visits of students from Innsbruck to Durham will also be viable. As a direct result of this short visit I have met many scientists working on projects directly linked to my own research. These new contacts will be of great benefit during the course of my PhD and beyond. I have also been able to see first hand the amazing results established experiments can produce, and feel empowered by the knowledge I have gained to drive my own experiment forwards towards this end. 
 I would like to take this opportunity to thank the European Science Foundation for supporting me in the advancement of my research and future career through this experience, whilst allowing me to become a part of a wider European research community. I would also like to thank the members of the Institute for Experimental Physics and the IQOQI , especially Prof. Rudi Grimm and Dr. Christoph Nägerl for their openness, and selflessness in dedicating so much time to benefit myself and the AMO research group here at Durham. I believe many young researchers could benefit greatly from a short visit to a world leading institution, and I am very grateful to be one of them.
