– xi –

Contents

VORWORT v

MITARBEITER / PERSONNEL vii

1 TANDEM OPERATION 1

2 EXPERIMENTS 2 2.1 Nuclear Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2.1.1 Excitation of the 2^+ (E^∗=2.7 MeV) state in^{56}Ni by inelastic proton scattering . . 2 2.1.2 Fragmentation products of secondary^{56}Ni projectiles measured with a SISWICH . 5 2.1.3 Production of Proton Rich Nuclei by Fragmentation of^{58}Ni at 350 A·MeV . . . . 8 2.1.4 Excitations of^{96}Zr from inelastic scattering experiments . . . . . . . . . . . . . . . 11 2.1.5 Excitations in^{113}Cd from the (d,p) reaction. . . . . . . . . . . . . . . . . . . . . . 12 2.1.6 Excitation of^{144}Sm in (p,p’) and (α,α’) . . . . . . . . . . . . . . . . . . . . . . . . 13 2.1.7 The influence of transfer on subbarrier fusion . . . . . . . . . . . . . . . . . . . . . 15 2.1.8 Cross sections for Coulomb excitation of a 2.8 MeV state in^{180}Ta and for the one-neutron pickup reaction^{181}Ta(^{32}S,^{33}S)^{180}Ta . . . . . . . . . . . . . . . . . . . 17 2.1.9 Coulomb excitation of^{231}Pa with^{16}O and^{32}S . . . . . . . . . . . . . . . . . . . . 19 2.1.10 Projectile fragmentation of Xe ions at E_{lab}=790 A·MeV . . . . . . . . . . . . . . . 22 2.1.11 Subthreshold antiproton production in Ne and Ni induced reactions . . . . . . . . 25 2.1.12 Antiproton induced nuclear fission . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 2.1.13 Coincident measurement of particle spectra and fission fragments after antiproton annihilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 2.1.14 Inclusive neutral and charged particle spectra from antiproton-nucleus interactions 31 2.1.15 Direct measurement of sticking in muon catalyzed fusion of deuterium-tritium isotopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 2.1.16 Recoil detection at the Indiana University Cooler Ring . . . . . . . . . . . . . . . . 36 2.1.17 Signature of a neutron halo in^{232}Th from antiproton absorption . . . . . . . . . . 38 2.2 Nuclear Spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 2.2.1^9Be(^{36}S, xn yp zα)X reaction studied through gamma-charged particle coincidences 41 2.2.2 Fast γ-ray emission from the nonequilibrated 30 MeV^3He+^{25}Mg system . . . . . 42 2.2.3 Delayed gamma-ray measurements on^{68}As . . . . . . . . . . . . . . . . . . . . . . 43 2.2.4 Spectroscopy of^{87}Y via^{90}Zr(⃗p, α)^{87}Y Reaction . . . . . . . . . . . . . . . . . . . . 44 2.2.5 Proton and alpha radioactivity in the vicinity of^{100}Sn . . . . . . . . . . . . . . . . 48 2.2.6 Study of^{121}Sb with the^{123}Sb(p,t)^{121}Sb reaction . . . . . . . . . . . . . . . . . . . 52 2.2.7 Study of the^{122}Sn(p,t)^{120}Sn reaction . . . . . . . . . . . . . . . . . . . . . . . . . . 55 2.2.8 Level structure of^{124}Te measured with the (n,γ) reaction . . . . . . . . . . . . . . 58 2.2.9 Spectroscopy of^{170}Tm via the^{169}Tm(d,p) reaction . . . . . . . . . . . . . . . . . . 60 2.2.10 The level scheme of^{171}Tm examined by multiple neutron capture and the (^3He,d) transfer reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 2.2.11 New transitions in^{177}Hf studied by Coulomb excitation . . . . . . . . . . . . . . . 63 2.2.12 Inelastic scattering of deuterons and protons from the isomeric state of^{178m2} Hf . . 65 2.2.13 Coulomb excitation of^{179}Hf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 2.2.14 Spectroscopy of^{229}Pa and^{231}Pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 2.2.15 Particle spectroscopy of^{231}Pa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 2.3 Atomic Physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

– xii –

2.3.1 Polarization of 1s- and 2s- electrons in highly stripped O-ions emerging from mag- netized thin Ni-layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 2.3.2 Stopping power dependence of transient magnetic fields in Fe- and Gd-hosts using 48Ti- and^{79}Br-beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 2.3.3 Search for transient electric field gradients in H-like^{32}S ions . . . . . . . . . . . . . 80 2.3.4 Segmented ferromagnetic targets for transient field measurements . . . . . . . . . . 82 2.3.5 Development of a discharge plasma target . . . . . . . . . . . . . . . . . . . . . . . 83 2.3.6 Heavy ion beam pumped visible laser . . . . . . . . . . . . . . . . . . . . . . . . . 85 2.3.7 Feasibility of an experiment to determine the branching ratio for the emission of a heavy neutrino after muon capture in^3He . . . . . . . . . . . . . . . . . . . . . . 87 2.3.8 Measurement of the stopping power for μ^− at energies in the eV range . . . . . . . 91 2.3.9 Frictional cooling – a new approach in phase space compression at low particle energies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 2.3.10 Measurement of the stopping power for μ^− and μ^+ at energies between 3 keV and 80 keV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95 2.3.11 Long-lived antiprotonic helium atoms: formation in helium gas and quenching by H_2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 2.4 Accelerator Mass Spectroscopy with Heavy Ions . . . . . . . . . . . . . . . . . . . . . . . . 100 2.4.1 Global fall-out of cosmogenic^{36}Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 2.4.2 Cosmogenic^{26}Al in the lithosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 2.4.3^{53}Mn and^{59}Ni AMS measurements of meteorites . . . . . . . . . . . . . . . . . . . 104 2.4.4 AMS measurement of a simulated lunar^{59}Ni depth profile . . . . . . . . . . . . . . 105 2.4.5 A new half-life determination of^{59}Ni . . . . . . . . . . . . . . . . . . . . . . . . . . 106 2.4.6 Medical applications of Accelerator Mass Spectroscopy with^{26}Al . . . . . . . . . . 108 2.4.7 Neutron transport calculations and the dosimetry system DS86 . . . . . . . . . . . 112 2.4.8 Detection of^{90}Sr by AMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 2.4.9 Large, small and artificial violations of the Pauli exclusion principle and the size of the electron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117 2.4.10 Accelerator mass spectrometry with stable ions . . . . . . . . . . . . . . . . . . . . 119 2.5 Applications of Nuclear Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 2.5.1 Irradiation of eye melanoma with protons . . . . . . . . . . . . . . . . . . . . . . . 121 2.5.2 High resolution depth profiling with the Q3D magnetic spectrograph . . . . . . . . 122 2.5.3 Materials Analysis with Heavy Ion Beams . . . . . . . . . . . . . . . . . . . . . . . 128

3 THEORY 135 3.1 Nuclear Reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 3.1.1 Relativistic description of Coulomb dissociation: a one-dimensional model . . . . . 135 3.1.2 The decay of hot nuclei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 3.1.3 Coulomb excitations of a nuclear slab in relativistic mean field theory . . . . . . . 135 3.1.4 Dynamical aspects of thermal nuclear properties . . . . . . . . . . . . . . . . . . . 136 3.1.5 Strength distribution of isoscalar vibrations around thermal equilibrium . . . . . . 136 3.1.6 From microscopic to macroscopic nuclear collective dynamics . . . . . . . . . . . . 137 3.1.7 Decay rate determined from a quantal transport equation . . . . . . . . . . . . . . 137 3.1.8 Dynamics of fluctuations in hot and unstable nuclear matter . . . . . . . . . . . . 138 3.1.9 Relativistic kinetic calculations of heavy ion collisions with phase space dependent fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 3.1.10 Quantum transport theories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

– xiii –

3.1.11 Simultaneous and sequential transfer of proton and alpha-particle in elastic^{11}Be +^{16}O scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141 3.1.12 Microscopic description of nucleon induced pre-equilibrium reactions . . . . . . . . 142 3.1.13 Continuum spectra of heavy ion induced processes . . . . . . . . . . . . . . . . . . 144 3.1.14 Relativistic impulse approximation for heavy ion scattering . . . . . . . . . . . . . 145 3.1.15 Electromagnetic and mesonic Cherenkov effects in nuclear media . . . . . . . . . . 146 3.1.16 Coherent photon and meson production via Cherenkov-like effects in heavy-ion interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 3.1.17 High-energy nuclear γ-Cherenkov radiation and astrophysical implications . . . . . 147 3.1.18 Quantum theoretical approach to meson production in nuclear media via Cherenkov mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 3.2 Nuclear Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 3.2.1 Complete spectroscopy of^{90}Y via the^{89}Y(n,γ) and^{89}Y(⃗d,p) reactions . . . . . . . 148 3.2.2 Solution of the^{10}Li-Puzzle: Mass and excited states . . . . . . . . . . . . . . . . . 148 3.2.3 Mass spectroscopy of^{13}Be . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 3.2.4 Neutron and proton density distributions in halo nuclei from pion elastic scattering 149 3.2.5 Pion inelastic scattering and the neutron density in^{152}Sm . . . . . . . . . . . . . . 150 3.2.6 Is there a high energy counterpart to the giant angle dipole? . . . . . . . . . . . . 150 3.2.7 Microscopic description of low energy 1^− states in rare earth nuclei . . . . . . . . . 151 3.2.8 On the nature of collectivity associated with low energy K = 1^+ states . . . . . . . 151 3.2.9 On the coexistence of collective and single particle aspects of the giant angle dipole 152 3.2.10 Shape coexistence and extreme deformations near A=80 . . . . . . . . . . . . . . . 152 3.2.11 Apparent quadratic deformation scaling of transition strengths in samarium isotopes152 3.2.12 Application of the angular momentum projection method to some even mass nuclei 153 3.2.13 Studies of high-spin states in rare-earth nuclei using the angular momentum projection method. (III) Signature splitting in odd mass nuclei . . . . . . . . . . . . . 154 3.2.14 Relativistic mean-field description of neutron-deficient platinum isotopes . . . . . . 154 3.2.15 Finite temperature projected calculations in the static path approximation . . . . 154 3.2.16 Recipe for the solution of the Dirac equation in the basis set expansion method. . 155 3.2.17 Projected statistics and level densities . . . . . . . . . . . . . . . . . . . . . . . . . 155 3.2.18 Lipkin-Nogami method at finite temperature in the static path approximation . . 155 3.2.19 Exotic nuclei in a relativistic mean field approach. . . . . . . . . . . . . . . . . . . 156 3.2.20 Relativistic extended Thomas-Fermi calculation with exchange term contributions 156 3.2.21 An approach to the relativistic extended Thomas-Fermi expansion for Green’s functions, phase-space densities and densities . . . . . . . . . . . . . . . . . . . . . 157 3.2.22 Relativistic Thomas-Fermi calculations of finite nuclei including quantum corrections158 3.2.23 Relativistic Thomas-Fermi calculations of hot nuclei . . . . . . . . . . . . . . . . . 159 3.2.24 Relativistic mean–field calculations of Λ and Σ hypernuclei . . . . . . . . . . . . . 160 3.2.25 Baryon chiral perturbation theory . . . . . . . . . . . . . . . . . . . . . . . . . . . 160 3.2.26 Nonperturbative solutions to the Dyson-Schwinger equations of pure QCD . . . . . 161 3.3 Atomic Physics and Astrophysics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 3.3.1 Bound states of the two-center Dirac equation in a diatomic basis . . . . . . . . . 162 3.3.2 Strange stars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 3.3.3 Hadron physics and neutron star properties . . . . . . . . . . . . . . . . . . . . . . 165 3.3.4 Neutron stars, strange stars and the nuclear equation of state . . . . . . . . . . . . 166

– xiv –

4 INSTRUMENTATION 168 4.1 Accelerator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 4.1.1 The TRITRON Development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168 4.1.2 Computer control for Tandem and Tritron . . . . . . . . . . . . . . . . . . . . . . . 175 4.1.3 An optimized high current sputter ion source . . . . . . . . . . . . . . . . . . . . . 177 4.1.4 Production of dense negative ion currents from laser produced plasma . . . . . . . 178 4.2 Technological Laboratories and Instrumental Developments . . . . . . . . . . . . . . . . . 180 4.2.1 Technological Laboratory LMU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 4.2.2 Target Laboratory TUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184 4.2.3 Operation of the Q3D magnetic spectrograph . . . . . . . . . . . . . . . . . . . . . 192 4.2.4 Adaption of the cathode strip focal plane detector for the Q3D spectrograph to the MLLE/CADMUS data aquisition system and development of a new single strip readout electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193 4.2.5 A silicon detector array for ultra high vacuum applications . . . . . . . . . . . . . 197 4.2.6 The ”Charge State Enforcer” revisited . . . . . . . . . . . . . . . . . . . . . . . . . 201 4.2.7 Developments for mass measurements of exotic nuclei at the ESR . . . . . . . . . . 202

5 DATA PROCESSING 203 5.1 Data processing at the accelaration laboratory . . . . . . . . . . . . . . . . . . . . . . . . 203 5.1.1 New Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 5.1.2 Data Acquisition System ”MLLE” . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 5.1.3 New Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204 6 PUBLICATIONS AND REPORTS 208 6.1 Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208 6.2 Conference Contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 218 6.3 Inaugural Dissertations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243 6.4 PhD Theses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 243 6.5 Diploma Theses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245