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Scientific Report:

Aim and Purpose One of the goals of this workshop was to start the process of evaluating the uncertainties in the data analysis related to reaction models with the intent to identify necessary developments in reaction theory. For this reason several sessions were devoted to various aspects of reaction theory and a large number of experimental talks were included in the workshop. Another prominent goal was to discuss theoretical questions related to exotic isotopes that can further motivate future experiments so the emphasis on the theory side was to have talks that concentrate on generating results relevant for rare isotopes. 

Results and Highlights We summarize the main points of the various sessions in the following. 

Tuesday morning session

After an introduction to the ECT by the director Achim Richter, Willem Dickhoff reminded participants of the workshop of the goals and topics and introduced the speakers of the first session. One of the future tools to investigate proton properties in rare isotopes is the (p,2p) reactions in inverse kinematics. It was therefore appropriate to start this workshop with an update on the status of this reaction with stable targets by Tetsuo Noro. As a possible bridge between the description of nuclear reactions and structure, the dispersive optical model, developed by Mahaux and Sartor, deserves considerable attention since it allows data-driven extrapolations to the drip lines. The latest progress extending it to chains of isotopes was reported by Bob Charity. The puzzling results of knockout reactions with Be targets were scrutinized by Alexandre Obertelli. The contrast with the results for transfer reactions remains large and the workshop provided several opportunities to discuss these issues.

Tuesday afternoon and Saturday morning sessions

An area of intense research activity that cuts across a variety of disciplines is the symmetry energy. The poorly-constrained density dependence of the symmetry energy impacts nuclear properties as diverse as the energetics of neutron-rich nuclei, the neutron-skin thickness of heavy nuclei, and the radii of neutron stars. The ongoing parity violating electron-scattering experiments on 208Pb (PREx) along with measurements of the monopole (Umesh Garg), dipole,and Gamow-Teller responses are important tools to link the properties of finite nuclei to those of infinite matter.

Two important open questions were identified in this area. The first is the rapid softening of the monopole response observed in the Tin isotopes (Umesh Garg). This behavior appears inconsistent with the one displayed in other nuclei, such as in the doubly-magic nuclei 90Zr and 208Pb.  The second one relates to the nature of the observed low-energy dipole strength---the so-called Pygmy dipole resonance. At present it is even unclear if the Pygmy resonance represents a collective excitation of the neutron-rich skin against the symmetric core that may be used to constrain the density dependence of the symmetry energy.

Various experiments were discussed to shed light on these questions. First, the community awaits with great anticipation the report of the 1% measurement of the neutron radius of 208Pb, likely to become available by the end of 2010 (or beginning of 2011) and discussed by Chuck Horowitz.  Further, we had discussions on the merit of a more precise measurement of the neutron radius of 208Pb and/or measurements on other neutron-rich nuclei, such as 48Ca. Despite the enormous experimental challenges, there was general agreement that these experiments should be performed as they will be invaluable in calibrating future hadronic experiments on radioactive nuclei. Second, a measurement of the giant monopole resonance on various Cadmium (Z = 48) isotopes has been conducted at the RCNP to confirm (or dismiss) the rapid softening observed in the Tin isotopes. A preliminary analysis seems to confirm the rapid softening observed in these open-shell nuclei. Finally, the LAND collaboration will measure the distribution of low-energy isosvector dipole strength in various Ni-isotopes in an attempt to elucidate the nature of the Pygmy dipole resonance.

Several nuclear structure topics were discussed in these sessions like electron capture reactions related to astrophysics (Toshio Suzuki, how to apply the shell model in heavier nuclei (Yutaka Utsuno), and an overview of finite nuclear constraints from the dipole response on the symmetry energy. Nuclear matter results were presented by Arnau Rios focusing on the isospin dependent depletion of the Fermi sea, by Arturo Polls who presented at a microscopic approach for the calculation of the density dependence of the symmetry energy, and by Omar Benhar who discussed the limits of the impulse approximation.

Wednesday morning session
A lively discussion occurred on using transfer reactions to extract spectroscopic information. First an overview of the reaction models was presented by Ron Johnson, followed by an update on the experimental status by Betty Tsang. Akram Mukhamedzhanov presented the combined method and finally Natasha Timofeyuk closed the session with a suggestion as to how to connect the many-body structure calculations to the reaction data and in particular proposed a new method for extracting overlap functions necessary for transfer calculations. There was strong participation of the audience with many comments and questions. Participants enjoyed the session particularly because it unveiled differences in how results are presented and allowed for a more transparent discussion of the sort of information one can hope to extract from transfer reactions.

Wednesday afternoon session

The physics of 11Li received considerable attention both experimentally and theoretically (Ritu Kanungo, Enrico Vigezzi, and Ricardo Broglia) with special emphasis on the role of the continuum for pairing in this neutron halo system. The puzzling results from high energy transfer reactions on 16O and the hunt for further evidence of tensor correlations were discussed by Isao Tanihata.

Thursday morning session
The discussion included a review of issues related to the evolution of single particle states influenced by the nuclear tensor force and three-body interactions (Taka Otsuka), a report on advances in developing of polarized proton targets for rare isotope experiments (and first results for elastic scattering in inverse kinematics at RIKEN) by Tomohiro Uesaka. Ingo Sick presented a historical overview of experiments aimed at elucidating high-momentum components associated with short-range correlations. On the one hand, it covered past experience  (and mistakes) and know-how important for future experiments. On the other hand, the quasiparticles and short-range correlations, discussed together, gave a general overview of the properties of the spectral function. Lex Dieperink discussed developments of the liquid drop model to constrain neutron radii.

Thursday afternoon session
Thursday afternoon was dedicated to progress reports on a variety of ongoing reaction studies, demonstrating that there are a number of promising new developments. The session opened with Antonio Moro reporting from the latest results in analyzing elastic scattering with two-neutron halo nuclei, including 6He and 11Li. Arnas Deltuva gave us a summary of the various activities of the Lisbon group and the use of momentum space Faddeev formalism to address the nuclear reaction problem. Luciano Canton presented the latest results on the multi channel algebraic approach to scattering, which uses a sturmian basis, showing predictions for resonances in various halo systems. Ryckebusch talk was a nice continuation of Ingo Sick's presentation. He discussed further the difficulties analyzing electron knockout at high energy and how much of the density is actually probed in the reaction. Finally, a short talk by Jose Lay addressed the use of pseudo states in describing resonances in the breakup of loosely bound nuclei.

Friday morning session

General issues including experimental ones of collective giant resonances in exotic nuclei were discussed by Muhsin Harakeh. New results for the pygmy dipole response in Ni isotopes were presented by Konstanze Boretzky as already mentioned above. Spin-isospin response functions in connection with pionic enhancements were discussed by Tomotsuga Wakasa. New results for the isovector spin dipole response in 208Pb were presented as well. Roy Lemmon and his student Jon Taylor presented experimental issues related to (p,2p) experiments performed in inverse kinematics at GSI.
Friday afternoon session

A brief talk by the coordinator was devoted to the recent scientific accomplishments of Hide Sakai who recently retired from the University of Tokyo followed by a presentation of the retiree of the first results involving the SHARAQ spectrometer in the search of the IVSM resonance resulting in a lively discussion. Experimental work with transfer reactions like (α,t), (α,3He) for exotic nuclei was discussed by Susumu Shimoura.
Technical developments on the understanding of the self-energy were also discussed on Friday afternoon. The DOM (its phenomenological version) is being improved to include non-locality discussed by Dimitri Van Neck and the correct isospin dependence to improve extrapolations to the drip line (Seth Waldecker). Microscopic calculations based on the Faddeev random phase approximation (FRPA) are now successfully extended to molecules, as discussed by Matthias Degroote. This work is based on the experience gained in nuclear structure and furthermore provides microscopic insight into the results of the empirical DOM analysis.

Conclusions It is the opinion of the organizers backed-up by numerous comments of participants that the workshop was very successful and exposed lots of participants to a much broader range of topics than is usual at such meetings. We summarize the main points of the various sessions in the following.

The talks can be browsed a: http://wuphys.wustl.edu/˜wimd/WebpageECT-10.html 
