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SCIENTIFIC REPORT:

Discrete symmetries are at the core of the theoretical description of physics. Their central role require a careful testing of the range of validity of these concepts. The known symmetry violations in the weak interaction and the requirements of three generations of particles is for CP violation is seen as the invitation to look deeper into this topic. The particular emphasis was on permanent electric dipole moments (EDMs), atomic parity violation (APV) and nuclear beta decay. This necessitated the discussion theoretical framework and developments, as well as experimental techniques and infrastructure. The presentations discussed the possibilities in this field and the ongoing activities. In many cases we expect significant results in the next couple of years.

All topics have been presented and were enthusiastically discussed. The workshop started with an overview of the underlying theoretical framework (J. Erler). It was shown that the different types of research on symmetry violations are complementary, e.g. that different systems test different physical models. All the efforts are needed in order to identify the structure of a fundamental theory beyond the Standard Model. For example a precision measurement of parity violation in atoms provides strong constraints in the Standard Model, which are not accessible by other efforts. This was complemented by an overview on experimental work related to the subject of the workshop (K. Jungmann) with an emphasis on precision measurements and rare decay studies and a summary (F. Maas) on the workshop “Precision tests of the Standard Model: From APV to P Violating Lepton Scattering”, ECT*, Nov. 8-12. 2010, with an emphasis on the lepton scattering activities. On this background the workshop moved to the detailed discussion of the main topics.

The discussions of EDMs ranged from new ideas using ions in storage rings (G. Onderwater, Y. Semertzidis, K. Kirch), ultra-cold neutron in superfluid helium and in neutron bottles (D. Beck, K. Kirch, P. Fierlinger), to single or double  species noble gas masers (K. Asahi, T. Chupp, E. Tardiff, P. Fierlinger, W. Heil), and heavy atoms trapped in optical dipole traps (Y. Sakemi, P. Mueller, U. Dammalapati). All developments of new experimental techniques as well as the exploitation of new systems, e.g. use heavy radioactive isotopes, were covered. In the detailed discussion the synergy (development in magnetometry, high electric fields) between the different approaches were brought forward, together with the anticipated improvements of EDM limits. 

Atomic parity violation is the only pass to the determination of the weak interaction strength in the limit of low momentum transfer. The outstanding result on cesium APV was brought forward more than a decade ago. The presentations showed the promising directions in the field of APV experiments (D. Dunas-Frazer, G. Giri, R. Calabrese). The emphasis was on the gain in sensitivity in systems with large APV amplitudes, single ion approaches and the use of heavy rare isotopes. At this level of sensitivity improvements of atomic structure calculations and the knowledge of nuclear properties, i.e. nuclear charge radii and neutron skin, become indispensable. An alternate route would be APV determinations in a chain of isotopes. The difference between the APV strength for a pair of isotopes reduced the limitations from atomic and nuclear structure at the cost of a higher experimental precision.
Correlations in the parameters in nuclear beta decay provide another route to test symmetry violations (H. Wilschut, D. Melconian, O. Naviliat-Cuncic). Some of the observables can be related to limits from EDMs, while other provide complementary results. 

On the theory side the nuclear, atomic and molecular issues were brought forward. The theoretical methods are based on similar descriptions in applications to nuclei, atoms and molecules, but encounter different challenges due to the various types and strength of interactions. The status in theoretical descriptions of symmetry violations in nuclei was presented (M. Bender). Detailed discussions of Schiff moments and magnetic quadrupole moments were presented and the  connection of these parameters to observable quantities were investigated (J. Dobaczewski, L. Dieperink). This provides a strong motivation for a better determination of these observables, since currently the data are not present or reliable especially for the heavy isotopes used for EDM searches and APV measurements. Atomic structure calculations were discussed in the context of EDM, APV and parity violation in molecules (J. Bieron, B. Sahoo, L. Wansbeek, J. Bieron, R. Berger).  The challenges on the APV calculations arise from the high precision which requires the inclusion of all contributions. This was illustrated by the tour de force of calculations over the last decade for the interpretation of the cesium APV result. The theory presentations were an indispensable complement to the discussion of the experiments.

The described work is closely related to developments in state-of-the-art experimental techniques and the availability of facilities. Precision measurements in atomic systems apart from measurements of discrete symmetry violations are the central issue for optical atomic clock developments (M. Martin). The presentations of the neutron EDM experiments discussed the building of new high flux ultracold neutron sources at different facilities. Intense heavy rare isotopes are available at present and the plans for the future were presented (Y. Blumenfeld). Here, the nuclear structure of relevant isotopes, i.e. Rn, Fr and Ra isotopes, can be determined in dedicated experiments (M. Scheck, E. Tardiff) and state-of-the-art nuclear structure research with trapped isotopes (K. Blaum). All facilities have a strong program in other research fields but they welcome initiatives for fundamental symmetry research. 

RESULT AND HIGHLIGHTS

The workshop brought together different communities to discuss their contribution to the searches for discrete symmetry violations. This created a strong overlap between topics which usually are not presented at the same conferences. The participants appreciated this inclusive approach, and used the workshop to refresh or strengthen the connection activities in neighboring fields. The selection of topics was good and coherent. Overlap between theorists (atomic, molecular and nuclear) was beneficial because of different points of view on the same physical problem. The techniques used in the different fields can cross fertilize. Several new contacts were established which have the potential to lead to future collaborations. Many participants expressed interest in repeating such a meeting at an appropriate time to discuss the anticipated results and to keep the coherence in the field. 

All speaker had 45 min including discussions. This gave sufficient time to go into detail on a specific aspect to be presented without sacrificing the general overview of the work. This format was highly appropriate for the workshop. The time during coffee break lunches and dinners were used to discuss additional details of the presented work.  The staff and the facilities at the ECT* provided the basis for the successful workshop.

The interpretation of experimental results in terms of underlying theories require a detailed knowledge of the system under investigation and additional measurements are needed. In case of EDM searches in heavy atomic systems this triggered questions on tabulated data for nuclear structure. In particular, the investigation of odd radon, francium and radium isotopes is needed. Theoretical calculation have linked the observable B(E3) transition strength to the Schiff moment, which is a representation of the strength of the octupole correlations. 

It was pointed out that the interpretation of the results should be done in a more general way. As an example the EDM of Hg sets a limit on the nuclear EDM but also limits the electron EDM in a competitive way. Several speakers felt that the complementarity of the results on APV, EDMs and nuclear beta-decays should be better represented in a description in a common framework. This would make the comparison of limits from different experiments more transparent. Furthermore, in such a framework a global fit analysis would become possible. 

Atomic structure calculations envelope two frontiers. On the one hand issues on calculational approaches are shared with nuclear and molecular theory. On the other hand questions always arises on the estimated accuracy of the calculations. The deviation of APV extracted from Cs measurements with the Standard Model has been reduced to zero in the last 15 years. How can we be sure that this is the final result? These can only be tested with the availability of measurements on other calculable observables like isotope shifts, hyperfine structure splitting and transition matrix elements. The first experimental results on theory and experiments were reported for the radium ion. In case of atomic parity the absolute nuclear charge radius and the neutron skin is required for the extraction of a weak charge to a level of 0.1%. Optical hyperfine structure and isotope shift measurements are sensitive to changes of the charge radii and the absolute charge radii are nuclear model dependent parameters. The measurement of gamma cascades from muonic atoms was suggested to solve this problem. No such data are available in the interesting range of isotopes near radium. The discussion started at the workshop may lead to a new collaboration to set up this experiment. 

The experimental efforts have strong overlap in methods, e.g. neutral atom trapping and manipulation, magnetometry together with shielding of magnetic fields and statistics limited precision measurements. Combining the expertise of the participants is essential to tackle the common issues in this highly challenging field of research. 
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