	
	


The European Physical Society (EPS) has awarded the

Lise   Meitner Prize  for Nuclear Science 2004
to

Professor Bent Herskind

(Niels Bohr Institute, Copenhagen, Denmark)
and

Professor Peter Twin

(University of Liverpool, UK)
for their pioneering development of experimental tools, methods of analysis and experimental discoveries concerning rapidly spinning nuclei, resulting in particular in the discovery of super deformed bands. Medals and cheques were presented to the  two Laureates at a special ceremony at the International Nuclear Physics Conference, INPC2004, in  Goteborg, Sweden on 2nd July 2004.

The Physics Case:
In the study of atomic nuclei, the connection between shell structure and symmetry has been a central theme. In quantum theory the appearance of a rotational mode requires a deviation of the quantum state from rotational symmetry (deformation). If the nuclear excitation energy is concentrated in collective rotational motion the temperature is very low, the internal structure is governed by quantal effects and is well ordered.  To produce such highly excited but cold nuclei with high spins in a nuclear collision the reaction mechanism has to be carefully chosen.   States at high spin are created through nuclear reactions between carefully chosen heavy ions which fuse and decay to produce the required species. In the process huge numbers of gamma-rays corresponding to transitions which have nothing to do with the states of interest are produced. The challenge is to identify the relevant gamma-rays from this abundance.   

One of the surprising experimental discoveries of the 1980's was that nuclei can accommodate a surprisingly large amount of excitation energy in a simple rotational motion when they are created in particular configurations. These configurations are called super deformed states because then the nucleus has a shape like a Rugby ball with its long axis twice as long as its short axis. The possibility of stable configurations with super deformation in nuclei was first proposed in the 1960's as an interpretation of isomeric states observed in actinide nuclei which decay by spontaneous fission. The associated shell-structure arises due the bunching of single-particle levels in the average binding potential, and leads to an understanding of the stabilisation of such configurations. It was later realized that because of their large moments of inertia super deformed states could become the states of lowest energy for a given high spin in many other nuclei.  The signatures of super deformed bands are unusually large moments of inertia and strong collectivity in electromagnetic decays, both of which can be pinned down by measuring gamma rays. B. Herskind and P. Twin were pioneers and key contributors to the development of 4π-detector systems consisting of a very large number of γ – detectors. In particular, they contributed to the analysis of emitted gamma rays which identify these novel shapes. In 1986 a band of 19 discrete lines was observed by P. Twin et al., in 152Dy. The associated gamma-ray lifetimes were so short that the only natural explanation was that the states involved were super deformed. Within a few years many super deformed bands were identified in other mass regions. Today, super deformed rotational bands have been discovered all over the nuclear chart.

For the study of the detailed structure of nuclei at high spins the development of large arrays of high-efficiency, high-resolution multi-detector arrays was crucial. In Europe a leading role in this field was played by B. Herskind. Furthermore, B. Herskind and P. Twin were the leaders in the introduction of escape-suppressed detectors for detecting gamma-rays in a coincidence setup. The continued development of these detector systems in Europe led to the TESSA array in Britain. The detector array TESSA2, which led to the discovery of super deformation by P. Twin was built at Daresbury Laboratory (UK), in  collaboration with British and Nordic groups from Copenhagen and Stockholm. This  paved the way for more advanced detector systems like EUROBALL (see recent article in Europhysics News (2003) Vol. 34, No. 5) and the future European project AGATA. The HERA detector systems were a parallel development by F. Stephens at Berkeley, USA. 

The development of the large arrays of Compton suppressed γ-detectors has opened up a new exciting area of nuclear physics and has had an enormous impact on the whole field of nuclear structure physics. Through the outstanding achievements of B. Herskind and P. Twin, European nuclear structure physics has attained a frontline position in the scientific world and has initiated the creation of many new multi-detector arrays throughout the world. (see also homepage  at www.kvi.nl/~eps_np/
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