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Experimental Nuclear
Physics

Our research focuses the structure of radioactive nuclei. Exotic nuclei, far away from
stability, show many interesting features which are not understood yet. We use direct
reactions to populate states in the exotic nuclei and state—of—the—art experimental
equipment. Employing various spectroscopic tools we can gain new information on the
properties of exotic nuclei and therefore a deeper understanding on the underlying

mechanisms.
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Kathrin Wimmer %=

Kathrin Wimmer ##Hfi

Atomic nuclei are the carrier of almost all visi-
ble mass in the universe. Nuclei also provide the
fuel powering stars and nuclear reactions produce
all naturally occurring chemical elements. De-
spite this fundamental role of nuclei in the uni-
verse, their structure and dynamics cannot yet be
satisfactorily described on the basis of the funda-
mental strong interaction.

In our research group we address a number of
open questions in this interesting field of science:

e What is the origin of the elements on the
cosmos?

e What is the nature of the nuclear force?

e How do simple patterns arise in complex nu-
clei?

1 The origin of the elements

The Big Bang only created hydrogen and helium
nuclei, all other elements were created in stars or
stellar explosions like supernovae or X-ray bursts.
However the reactions creating the heavy elements
involve nuclei whose properties are completely un-
known so far and only theoretical models exist.
New experiments are therefore needed to get a
better understanding of the origin of elements.

W stable ~300
radioactive ~ 3000
I predicted ~6000

——3 number of protons

28 ——» number of neutrons

2 New magic numbers

One of the major successes in the description of
the properties of atomic nuclei was the introduc-
tion of the nuclear shell model. For certain num-
bers of protons or neutrons, the so-called magic
numbers, discontinuities occur, for example in the
nucleon separation energies. In analogy to the
successful atomic shell model, these magic num-
bers were interpreted as closed shell configura-
tions, similar to the noble gases. In exotic nu-
clei however, far away from the stable isotopes,
several experimental as well as theoretical inves-
tigations found evidence that the shell structure

of atomic nuclei can change. In order to under-
stand the underlying causes for the migration of
nuclear shells, sensitive experimental methods are
of paramount importance to investigate rare iso-
topes far from stability.

Stable Exotic

Atoms nuclei: nuclei:
54: xenon 5 126 3y .
—— 4 — i — 2%,
36: krypton” — 3 —
£ p— AL —
4s 2fre N>>7 —— 1hue

18: argon 82 2dy, # 70

3p — lhp 999 —— ;ng
3s — 3sypp o 58 312
e — 1 T —_——— 35,
10: neon " 2dsp, 56 245
2p 50 40 19912

2 1902

3 Shape coexistence

An atomic nucleus can exhibit eigenstates with
different shapes, a unique behavior of the many-
body quantum system. This phenomenon, called
shape coexistence, is manifested in several regions
of the nuclear chart and many experiments to in-
vestigate it have been performed. Nevertheless
the underlying microscopic origin of this inter-
esting feature is not known to date. We focus
our research in particular on the single-particle
properties of nuclei, trying to find out under what
conditions the shape of the nucleus is round like
a soccer ball or deformed like an American foot-
ball.

Our research focuses the structure of radioac-
tive nuclei. We use direct reactions to populate
states in the exotic nuclei and state-of-the-art ex-
perimental equipment. Experiments using the
most exotic nuclei available allow us to get some
first information on the properties of hithero un-
known nuclei. Detailed studies of nuclei closer to
stability are crucial to constrain theoretical mod-
els. Nuclear physics is very international field,
we collaborate with groups at several leading re-
search institutions, in Japan and abroad. Our ex-
periments are performed at world leading radioac-
tive beam facilities such as the RIBF (JAPAN),
NSCL (USA) and TRIUMF (Canada).

For more information about the group and cur-
rent research projects visit:
http://nucl.phys.s.u-tokyo.ac.jp/wimmer/
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