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SCIENTIFIC REPORT
Strangeness nuclear physics is an extremely valuable tool for studying fundamental interactions and symmetries in a fairly direct way, complementing high energy physics studies performed at LHC and elsewhere. Important information regarding the low-energy, non-perturbative, regime of QCD can be gained from these types of research. Since the pioneering days, decades ago, new technologies (in accelerators and detectors) were developed in order to perform precision experimental studies to clarify open issues (such as the still existing discrepancies between experiment and theory in  kaonic atoms, the quest for kaonic nuclear clusters or studies on hypernuclei with S=-2) and to extract new data with unprecedented accuracy. One can say that the field is experiencing a happy coincidence in which the progress achieved in accelerator physics is paralleled by the advances in detector physics.  Theory has, meanwhile, performed equally important steps forward towards a deeper understanding of the involved physics processes.
The Workshop was a continuation, a deepening and an enlargement of physics sectors of the very successful 2006 ECT* Workshop on “Exotic hadronic atoms, deeply bound kaonic nuclear states and antihydrogen” and of the 2009 ECT* Workshop  “Hadronic atoms and nuclei - solved puzzles, open problems and future challenges in theory and experiment”.
The present Workshop brought together international experts in the research area of strangeness in nuclei physics, working on theory as well as on experiments, to discuss the present status and the recent important progress, to develop new methods of analysis and to have the opportunity for brainstorming towards future studies.

Going more into detail, the following main items were discussed:

i)  Hypernuclear spectroscopy, including the strangeness S = -2 nuclei and weak decays of hypernuclei which were new topics and refer to experimental results already existent (as FINUDA) and to experiments proposed for the J-PARC and FAIR facilities for the search for double Λ nuclei and the synthesis of cascade nuclei and their weak decays including their theoretical relevance for the strangeness interaction in nuclei. 

ii) Antikaon-nucleon and -nucleus interactions at low energy for which we had new results from the analysis of the kaonic hydrogen, deuterium and 3He data from SIDDHARTA at LNF. This new data were at the basis of a very fundamental discussion of the complex nature of the antikaon-nucleon interaction governed by hyperon resonances close to threshold. Future of this sector will see the SIDDHARTA2 and E17 experiments in data taking in the coming years, the first one at DAFNE the second at JPARC. These experiments plan to go to perform even more precise kaonic atoms measurements for more atoms, as required by theoreticians working in the field.
iii) Excited hyperons and their interactions with nuclei, especially the double pole property of the Λ(1405/1420) resonance which is crucial for understanding of our central theme “Strangeness in Nuclei”. New data for this much discussed topic were shown from HADES at GSI and they gave a key database for a theoretical understanding of the strong attraction mediated by antikaons in nuclei.

iv) Search for strongly bound, dense antikaonic light nuclei predicted by Akaishi and Yamazaki in 2002 were strongly debated at the present workshop where final result of DISTO data analysis were presented and discussed. In addition, FOPI preliminary results from the recent experiment on the search for the K-pp state in the pp reaction at 3.1 GeV bombarding energy were introduced. Furthermore final results were reported on Λ-n and Λ-p correlations following stopped K- absorption at rest in 4He measured in the E549 experiment which give indications of deeply bound tri-baryon systems. E15 at J-PARC is going on line for a search of the K-pp state using the in flight K-(3He, n) reaction with a kinematically complete experimental set up – the status of this experiment was discussed. AMADEUS future dedicated experiments for these type of studies at DAFNE were as well discussed.
v)  In-medium modification of strange vector mesons, such as Φ-mesons with hidden strangeness, has been studied recently using invariant mass spectroscopy in the p+A reaction by the KEK-PS experiment E325 to determine its mass shift and width. For the study of bound states of Φ-mesons in nuclei, missing mass spectroscopy using antiproton annihilation reactions with small momentum transfer have been proposed recently by Iwasaki et al to be performed with antiproton beams at J-PARC and at a later stage at FAIR. The status of the proposal was reviewed and new ideas discussed and implemented.
vi)  Study of antiproton annihilation in nuclei at rest using a 4π-detector system with the capability of detecting and identifying all charged and neutral particles and measuring their four momentum in order to study the reaction mechanisms with high statistics and kinematically complete was proposed. A search for double antikaonic strongly bound and dense nuclear systems, and systems of high energy density produced by antiproton annihilation in nuclei will be proposed at J-PARC.
Moreover, in the framework of the present Workshop two other activities were organized:
1) presentation and discussion of the EU FP7 LEANNIS Network in the framework of HadronPhysics2 program and its continuation in HP3

2) physics conference “La Fisica moderna tra arte e medicina” by Catalina Curceanu at the Galile Galilei High School of Trento

 (http://trentinocorrierealpi.gelocal.it/cronaca/2010/10/11/news/la-fisica-moderna-tra-arte-e-medicina-2509188)

RESULT AND HIGHLIGHTS
The field of Strangeness in Nuclei is a very active one, as was fully proven during this Workshop. On one side there are many new and important experimental results coming from precision experiments performed or undergoing in GSI, DAFNE, KEK, or from re-analyses of existent older data from OBELIX, DISTO or JINR experiments, just to name a few. On the other side, theoretical tools have performed important steps forward, motivated by the new coming results: not only at technical level, but, even more important, on the understanding of underlying physical processes or questions to be explored in the upcoming experiments. 
There are many solved problems, as kaonic hydrogen and kaonic helium measurements – which were understood, both due to the newer experiments (as SIDDHARTA at DAFNE) and to theoretical interpretation, but many open problems are still present. Actually, the number of open problems is increasing, theories are dealing with one or two (1405), with various potential models below the threshold on kaon-nucleon interaction, having as consequence the possibility or not to create deeply bound kaonic nuclear states. The sector of hypernuclear physics is still long way to go, especially in going towards S=-2 sector. Important questions were targeted and formulated, but they still need both experimental results and deeper theoretical understanding. The future challenges in the sector of strangeness in nuclei physics are many and were, for the first time, focussed and formulated in a unitary framework. 

One can rightly say that we can look forward to the future of low-energy QCD with strange quarks as a quantitative, precision science.

This Workshop definitely gave an important contribution in this sector and we plan to apply for a future one eventually in 2012 when more experimental data and theoretical work will become available.

During the workshop few actions, apart of regular talks given both by theoretician experts in the field and experimentalists, were organized. The EU FP7 framework programs was presented; in particular a discussion was dedicated to the LEANNIS Network (HadronPhysics2 FP7) by J. Marton, just dealing with physics discussed in the present workshop; future important contacts and modalities to optimize future contacts were discussed and some decision taken (for example related to the continuation and renewal of this Network in HP3). 
Moreover, a physics conference “La Fisica moderna tra arte e medicina” by Catalina Curceanu at the Galileo Galilei High School of Trento was organized with the support of ECT* (in particular of Cristina Costa)
The workshop gathered together world-leading experimental and theoretical experts in the field and young scientists and students, providing a state-of-the-art overview of the field of hadronic atoms and kaonic nuclear states. The young participant’s percentage was about 50%, which is one of the successes of the Workshop.

Moreover, participants from many countries took part, making it an occasion not only of scientific exchange, but of cultural and social ones too, proving once again scientists are part of society, and their role is an important one.
The future of the field looks bright and promising – in good health, with an ideal mixing of experts and young, theoreticians and experimentalists, understood items and puzzles. 
The organization of these type of Workshops in the ideal environment of ECT* contributes to the progress of the field. Since many experiments are just going or are about to start, and since theories and methods are evolving in parallel, we plan to organize other workshops in this field in the coming years, at ECT*.
Last but not least a note of merit: the organization of the Workshop by ECT* (special thanks to the ECT* Director, Prof. A. Richter, and to Ines Campo, the Workshop secretary) was excellent.
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