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The finite nuclei observables like nuclear binding energy, charge radii, single particle
energy levels, nucleon-nucleon potential and nucleonic density distribution are quite sensitive to
explore the structural properties of nuclei. It has been noticed in various models that the force
parameter derived in one frame does not suit equally well both in finite nuclei and infinite nuclear
systems. This discontinuity in theoretical procedure may loose some crucial phenomenon in
nuclear study. To handle such important physics, one needs a unified model and a set of
parameters, which deals both the system properly. In this present work, we have pursued the
Hartree-Fock calculations for spherical nucleus and the equation of states for infinite nuclear
matter by constructing a simple effective interaction. A Gaussian form for the finite range is
introduced in the interaction. The properties of finite nucleus and infinite nuclear matter are
systematically studied using three newly developed parameter sets. The obtained results for the
finite nuclei and nuclear matter observables from simple effective interaction are compared with the

available experimental data and theoretical predictions.
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Development of a Detector Based on Silicon Drift
Detectors for X-Ray and Gamma-Ray Applications
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This work deals with new developments of Silicon Drift Detectors (SDDs) that can be used for both
X-ray spectroscopy (SIDDHARTA collaboration) and gamma-ray spectroscopy/imaging
applications (GAMMA collaboration).

The SDDs presented are designed as a monolithic array of 9 elements (8 mm x 8 mm each, total
area of 26 mm x 26 mm) in a 3x3 format. The read-out is based on a CMOS preamplifier (CUBE).
The array requires in addition the use of an Application Specific Integrated Circuit (ASIC) and of a
custom Data Acquisition System for the acquisition of all the units.

SDDs will be used for future SIDDHARTA-2 experiments, where X-ray spectroscopy of kaonic
atoms is used to determine the transition yields and the strong interaction induced shift and width
of the lowest experimentally accessible level [1]. Particular emphasis is given on X-ray
measurements at cryogenic temperatures, at which kaonic transitions are more probable. For
example, an energy resolution of 125 eV (Fe-55 source) has been measured with a single 8 mm x
8 mm unit at a temperature below 100 K and shaping time of 2 ys. The energy resolution
improves due to the expected reduction of SDD leakage current, but also thanks to the increase in
the MOSFET transconductance.

SDD arrays can also be used to read out large (e.g. 1"x1” up to 3"x3”) LaBr3(Ce) scintillators for
applications in which imaging capability is required in conjunction with spectroscopy. A possible
use could be for example in nuclear physics basic research, where imaging capability can be
exploited jointly to spectroscopy capability to reduce the Doppler Broadening effect, in experiments
where the gamma-ray source moves at high/relativistic velocity [2]. In the proposed work, we
operate a scan of 1”x1” LaBr3(Ce) with a collimated (1 mm diameter) Cs-137 source (662 keV)
with step of 5 mm along vertical and horizontal directions. A suitably modified centroid method is
applied to retrieve the position of interaction, showing position sensitivity and imaging capability of
at least 1 cm. It should be noted that a large thickness/diameter ratio of the crystal (in our case 1:1)
represents a difficulty for imaging, since the correlation between light distribution and point of
interaction is degraded. LaBr;(Ce) is provided already packed, wrapped with Teflon on all sides,
but the one coupled to the photodetector, and sealed in an Aluminium covering with a quartz
optical window. The Teflon wrapping enhances spectroscopy performance but makes more
challenging imaging capability, as light tends to spread quite uniformly over all photodetector units,
with limited dependence from the point of interaction of the gamma event in the crystal.

[1] M.Bazzi, et al., “Kaonic hydrogen X-ray measurement in SIDDHARTA”, (2012) Nuclear Physics A, 881, pp. 88-97.

[2] F. Birocchi, et al., “Position sensitivity of large volume LaBr3:Ce detectors” Nuclear Science Symposium Conference
Record (NSS/MIC), 2009 IEEE, Publication Year: 2009 , Page(s): 1403 — 1405.
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The (**0,'®0) two-neutron transfer reaction at 84 MeV incident energy was studied at the Catania
INFN-LNS laboratory. The experiments were performed on several targets, from light (°Be, B,
1213¢ 180, %5j) to heavier ones (***Ni, *?°Sn, 2°®Pb). The *°O ejectiles were detected at forward
angles by the MAGNEX magnetic spectrometer [1, 2]. The application of the powerful trajectory
reconstruction technique did allow to get energy spectra with energy resolution of about 150 keV
and angular distributions with angle resolution of 0.2° Several known low lying and resonant states
of the product nuclei have been observed and studied.

The cross-section angular distributions are analyzed by Exact Finite Range Coupled Reaction
Channel calculations based on a parameter free double-folding optical potential [3]. The form
factors for the (*30,*0) reaction are extracted within an extreme cluster and independent particles
scheme with shell model derived coupling strengths. The results show that for the first time the
measured cross-sections are accurately described by the calculations without the need of any
arbitrary scaling factor.

This is a completely new result that opens the door to the use of the (**0,'°0) as powerful tools for
guantitative spectroscopic studies of single-particle and pair configurations in nuclear states. The
analysis of the '“C states, whose configurations are quite well known, indicates that the ratios
between the calculated and measured cross-sections are in very good agreement with the shell
model spectroscopic factors for two-neutron configurations. As a consequence, the controversial
concept of spectroscopic factor for two-neutron pair states can be better defined.

[1] F. Cappuzzello et al., MAGNEX: an innovative large acceptance spectrometer for nuclear
reaction studies in: Magnets: Types, Uses and Safety, Nova Publisher Inc., New York, 2011, pp 1-
63.

[2] M. Cavallaro, et al., Eur. Phys. J. A (2012) 48: 59.
[3] L.C. Chamon, et al., Phys. Rev. Lett. 79 (1997) 5218.
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Dynamics of nuclear shape changes
observed by GDR decay of ®*Mo
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An experiment, using HECTOR and GARFIELD arrays, focusing on study the properties of hot and rotating
compound nucleus Mo was performed in LNL Legnaro using **Ti beam at energies of 300 and 600 MeV
on “Ca target. The compound nucleus was produced at temperatures of 3 and 4.5 MeV and angular
momentum distributions with 1. > 60h (i.e. close or exceeding the fission barrier). The decay of hot Mo
nuclei has been studied by the high-energy gamma rays from GDR and light charged particles (LCP)
emission measurement. To compare the experimental data with the statistical model calculations the
GEMINI++ [1] Monte Carlo code, upgraded by adding the possibility of high-energy gamma ray emission
from the GDR decay [2], was used.

The obtained experimental data and the analysis using statistical model calculations will be presented.
Comparison of the experimentally extracted GDR strength functions to the predictions of the Lublin-
Strasbourg Drop model [3,4] indicates existence of the Jacobi shape transition in ®Mo, which occur at high
angular momentum values.

The experimental data were also compared to the calculations done with the LSD model weighted by two
angular momentum distributions: i) angular momentum distribution of compound nucleus, which decay by
the GDR emission during the decay chain; ii) angular momentum of nuclei after decay by the GDR emission.
In first case nuclear shapes, which are calculated by LSD model for a given angular momentum, can be
considered as ‘frozen’ during whole evaporation process, while in second case the change of angular
momentum indicates immediate change of nuclear shape after each evaporation step.

The obtained experimental results in comparison with the two scenarios can shed some light on the dynamics
of nuclear shape evolution. In fact this comparison seems to indicate that time of nuclei shape (deformation)
change during decays is slower than time of evaporation process.

[1] R.J. Charity, GEMINI: a code to simulate the decay of compound nucleus by a series of binary
decays, p. 139, Trieste, Italy, 2008, IAEA.

[2] M. Ciemala et al., Acta. Physica Polonica B 44, 611, 2013.

[3] K. Pomorski, J. Dudek, Phys. Rev. C 67, 044316, 2003.

[4] K. Mazurek, private communication.
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In the last decades, attention toward neutron detection has been growing in the scientific
community, driven by new requirements in different fields of application ranging from homeland
security to medical and material analysis, from research physics, to nuclear energy production. So
far, neutron detection, with particular attention to fast neutrons, has been mainly based on organic
liquid scintillators, owing to their good efficiency and pulse shape discrimination (PSD) capability.
These liquids have however some main drawbacks given by the toxicity, flammability, volatility and
sensitivity to dissolved oxygen that limits the duration and the quality of their performances with
worse handiness and increased costs. Efforts done in order to replace these organic liquids with
new scintillating materials led to the development of plastic scintillators, with some very interesting
properties. Lack of PSD capability however remains one of the main drawbacks of these materials
and the research for an optically and chemically stable plastic scintillator, capable of an efficient
PSD is still ongoing. Furthermore, these polymers display low radiation hardness, low thermal
stability and need to be carefully handled in presence of organic solvents owing to the occurrence
of crazing, which can affect their optical properties.

These considerations lead to the recent development of phenyl-substituted polysiloxane based

scintillators. This new polymer-based system showed a very good chemical and thermal stability
and very good radiation hardness, retaining its scintillation yield after exposure to radiation doses
up to 50 kGy. This new solid material has been successfully applied in the detection of both fast
and thermal neutrons. Chemical composition has been optimized and a scintillation light yields of
about 70% with respect to the most efficient plastic scintillator on the market (EJ-212) was
achieved. The addition of o-carborane allowed also the detection of thermal neutrons, with
efficiency comparable to commercial plastics. These promising results suggested to the
investigation of scintillation properties of new liquid polysiloxane based materials, with low toxicity
and volatility, thus able to overcome some of the main problems of organic liquid scintillators. The
properties of such materials with various phenyl amounts and different viscosities have been
investigated, with particular attention to neutron detection efficiency and pulse shape discrimination
capability.
In this work, an investigation on neutron-gamma pulse shape discrimination on both liquid and
solid polysiloxane based scintillators is presented and compared with a commercial plastic
scintillator and a low-toxicity organic liquid. Tests have been performed at CN accelerator in
Legnaro National Laboratories with a 2.2 MeV pulsed neutron beam using TOF procedure and the
pulses have been analyzed in order to evidence the PSD capability of every sample. These results
pave the way to the development of a new promising class of scintillating materials for neutron
detection.
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In neutron-rich atomic nuclei, a concentration of low-lying 1 states, the electric pygmy dipole
resonance (PDR), was observed below and around the neutron-separation threshold [1]. The
mechanism generating the PDR strength is supposed to be a neutron-skin oscillation. The
corresponding neutron-skin thickness might be one important parameter for constraining the
symmetry energy which impacts the equation-of-state of neutron-rich matter [2], as for example
present in neutron stars.

The character of the PDR was studied systematically by using different probes and techniques [1].
In the last years, complementary to real-photon scattering experiments, for a set of nuclei (**°Ce,
138Ba, %*3n, **Mo, *®Ca) [3-6] the isoscalar probe of a particles at E, = 136 MeV was used in a-y
coincidence experiments at the Big-Bite Spectrometer at KVI in Groningen combined with an array
of HPGe detectors [3]. The results permit a separation of the isospin-mixed PDR from more
isovector parts belonging to the tail of the higher-lying isovector giant dipole resonance (IVGDR)
[3,4]. Most recently, a p-y coincidence experiment at E, = 80 MeV was performed on **Ce,
previously studied by photons and a particles as a probe [3]. An overview of the particle-y
coincidence experiments and the systematics will be presented.

This work was supported by the DFG (ZI 510/4-2), by the European Commission within the Sixth
Framework Programme through I3-EURONS (contract no. RII3-CT-2004-506065), and the Alliance
Program of the Helmholtz Association (HA216/EMMI). V.D. Is supported by the Bonn-Cologne
Graduate School of Physics and Astronomy.

[1] D. Savran, T. Aumann, and A. Zilges, Prog. Part. Nucl. Phys. 70 (2013) 210.
[2] A. Tamii et al., Phys. Rev. Lett. 107 (2011) 062502.

[3] D. Savran et al., Phys. Rev. Lett. 97 (2006) 172502.

[4] J. Endres et al., Phys. Rev. Lett. 105 (2010) 212503.

[5] J. Endres et al., Phys. Rev. C 80 (2009) 034302.

[6] V. Derya et al., Nucl. Phys. A906 (2013) 94.
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Photoneutron cross section measurements were performed for all the stable Sm isotopes in
the y-ray beam line GACKO (Gamma Collaboration Hutch of Konan University) of the synchrotron
radiation facility NewSUBARUY. The incident y rays were produced by the inverse Compton
scattering of laser photons on relativistic electrons. Due to the high energy resolution of this new
gamma ray source, we investigated the cross sections of (g,n) reactions with a lower degree of
uncertainty and also at energies much closer to the neutron emission threshold compared to the
previous experiments®?. The results are important for nuclear astrophysics calculations and also
for probing y-ray strength functions in the vicinity of neutron threshold.

MS. Amano et al., Nuclear Instruments and Methods in Physics Reasearch A 602 (2009) 337 —
341.

P, Carlos et al., Nuclear Physics A225 (1974) 171 — 188.
BIK. Hara et al., Journal of Nuclear Science and Technology 44 (2007), 938 — 945.
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Study of Shape Transition in the neutron-rich Os
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The nuclei with A~190 between Hf and Pt exhibit a great variety of nuclear phenomena, including
K-isomerism, triaxiality and shape transition across the isotopic chain. This region has been in fact
a crucial testing ground for the nuclear models aspiring at the description of such complex nuclear
phenomena. Of particular interest is the transition from axially symmetric deformed, prolate (y = 0°)
to oblate (y = 60°) shapes in the neutron-rich Os isotopic chain. While a study by Wheldon et al. [1]
of the neutron-rich **Os nucleus populated via deep-inelastic reactions suggests a prolate shape
for its yrast states, Podolyak et al. [2] proposed an oblate shape for the ground state of '®Os by
comparing the excitation energies of the first and second 2+ states. The ground state of '*Os, the
even-even isotope lying between the two previously mention ones, is predicted to be prolate,
oblate or gamma-soft by different state-of-the-art nuclear models. This region of the Segre chart is
very difficult to study experimentally, only fragmentation and multi-nucleon-transfer reactions can
be used to populate neutron-rich nuclei in this region, hence knowledge for this nucleus is limited
to two excited states without any known gamma transition [3]. To further elucidate the character of
this key nucleus, '*Os, an in-beam experiment using the AGATA demonstrator [4, 5] and the large
acceptance heavy ion spectrometer PRISMA [6] at LNL, Italy. A two nucleon transfer from a '*Pt
target to a stable ®?Se beam was utilised to populate excited levels of **Os. The first states of the
yrast band were identified. The experimental results and a preliminary theoretical interpretation will
be discussed in detail.

[1] C. Wheldon et al., Phys. Rev. C63, (2000) 011304(R).
[2] Zs. Podolyéak et al., Phys. Rev. C79, (2009) 031305.
[3] P.D. Bond et al., Phys. Lett. B130, (1983) 167.

[4] S. Akkoyun et al., NIM A668, (2012) 2658.

[5] A. Gadea et al., NIM A654, (2011) 8896.

[6] A.M. Stefanini et al., Nucl. Phys. A701, (2002) 217.
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Giant Resonances are collective modes of excitation of atomic nuclei, which provide
useful information on nuclear structure and on the effective nucleon-nucleon
interaction [1]. Such resonances can be excited with different probes as for example:
photons, charged particles or heavy ions, followed by subsequent decays by emission
of particles and y’s [2]. Below particle threshold, a large fraction of highly excited states
has been found to be of a dipole nature and it has been associated to the 'Pygmy
Dipole Resonance', which is considered to be caused by the oscillation of the neutron
skin against the inert proton-neutron core.

Main aim of this study is a deeper understanding of the nuclear structure properties of
the soft dipole modes in '*°Ce, excited via inelastic scattering of a weakly bound 'O
projectiles. Important aim will be to investigate the 'splitting' of the PDR into two parts:
a low-energy isoscalar component dominated by neutron-skin oscillations and a
higher-energy component lying on the tail of the giant dipole resonance of rather
isovector character. Comparison with previous results for this nucleus, investigated in
(v,y") and (a,a') experiments [3], will be helpful for drawing final conclusions.

The experiment was performed at Laboratori Nazionali di Legnaro, Italy. Inelastic
scattering of 'O ion beam at 20 MeV/A was used to excite the resonance modes in the
“OCe target. Gamma rays were registered by 5 triple clusters of AGATA-Demonstrator
and 8 large volume scintillators (LaBrs). The scattered 'O ions were identified by two
AE-E Si telescopes of the TRACE array mounted inside the scattering chamber. The
telescopes consisted of 2 segmented Si-pad detectors, each made of 60 pixels.

During the presentation, progress in complex data analysis will be discussed and
preliminary results of the experiment will be presented.

[1] P. F. Bortignon, A. Bracco and R. A. Broglia, Giant Resonances, nuclear structure at finite
temperature, Contemporary Concepts in Physics, Harwood Academic Publishers (1998).

[2] J.R. Beene et al., Phys. Rev. C39, 1307(1989).

[3] J. Endres et al., Phys. Rev. C80, 034302 (2009).
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The beta-gamma spectroscopy of **Mg performed for the first time at ISOLDE, CERN revealed
new information concerning several nuclei close to the N~20 'Island of Inversion' — **Mg, **Al, **Si.
The half-life of **Mg was found to be three times larger than the adopted value (63(1) ms instead of
20(10) ms). This experiment allowed us to obtain the first level scheme for Al also showing that
the full intensity of the beta decay goes through the predicted 1+ isomer in **Al and excited states
that deexcite towards it. The subsequent beta-decay of the 1+ isomer in **Al allowed the
observation of new high-energy gamma lines in **Si, tentatively associated with low-spin excited
states (1+, 2+) previously unobserved.

I Topical Workshop on Modern Aspects in Nuclear Structure
Advances in Nuclear Structure at Extreme Conditions
BORMIO 19 - 22 February 2014



Decay of the pygmy dipole NN
EMMi resonance in *°Ce. First results Y
from the y? coincidence setup at )
HIYS

Bastian Loher'?, V. Derya®, T. Aumann®*?®, J. Beller*, N. Cooper®, M. Duchéne*, J. Endres?®,
J. Isaak'?, J. Kelley”®, M. Knorzer®, N. Pietralla®, C. Romig*, D. Savran?, M. Scheck®,
H. Scheit®, J. Silva'?, A. Tonchev®, W. Tornow’, H. Weller’, V. Werner®, A. Zilges®

1 ExtreMe Matter Institute EMMI and Research Division
GSI Helmholtzzentrum fiir Schwerionenforschung, Planckstral3e 1, 64291 Darmstadt, Germany
2 Frankfurt Institute for Advanced Studies FIAS, Ruth-Moufang-Str. 1, 60438 Frankfurt am Main, Germany

3 Institut fiir Kernphysik, Universitét zu Kéln, Ziilpicher Str. 77, D-560937 KéIn, Germany
4 Institut fiir Kernphysik, TU Darmstadt, Schlossgartenstr. 9, 64289 Darmstadt, Germany

5 GSI Helmholtzzentrum fiir Schwerionenforschung, Planckstr. 1, 64291 Darmstadt, Germany

6 WNSL, Yale University, P.O. Box 208120, New Haven, CT 06520-8120, USA
7 Department of Physics, Duke University, Triangle Universities Nuclear Laboratory, Durham, NC 27708-0308, USA
8 Department of Physics, North Carolina State University, Raleigh, NC 27607, USA

9 Physics Division, Lawrence Livermore National Laboratory, Livermore, CA 94551, USA

Photon induced nuclear reactions are a commonly used tool in nuclear structure physics to
investigate low-spin structure phenomena below the particle separation thresholds, such as the
pygmy dipole resonance [1]. The low momentum transfer in the photo absorption process leads to
an almost exclusive excitation of dipole-excited states which decay via electric or magnetic dipole
transitions.

Precise knowledge of the decay pattern of these states, including information about spin, parity
and transition probabilities, is of great importance for benchmarking nuclear structure models. So
far, measurements have been restricted mostly to the investigation of transitions from excited
directly back to the ground state of the nucleus. However, for the complete understanding of the
decay pattern, transitions to excited states (inelastic transitions) have to be investigated as well.
The amount of low-energy background originating from non-resonant scattering, and the fact that
the branching ratio for these inelastic transitions is usually small hinders the investigation of their
properties in single y-ray spectroscopy.

A novel experimental setup consisting of fast LaBr; detectors with high efficiency and HPGe
detectors with high energy resolution was installed at the High Intensity y-ray Source (HIyS) [2] at
the Triangle Universities Nuclear Laboratory by the y3 collaboration [3]. The combination of the
unique monochromatic photon beam of the HIyS facility and the method of y-y coincidences
increases the experimental sensitivity towards inelastic transitions.

The nucleus '“°Ce was investigated in the energy range from 5-8 MeV using this new setup. Both
direct decays as well as cascade decays via low-lying excited states have been directly observed
throughout this energy region. Branching ratios of individual states as well as average branching
ratios to the ground state and the first excited states have been extracted and first results will be
presented in comparison to corresponding QPM calculations.

This work is supported by the Alliance Program of the Helmholtz Association (HA216/EMMI), the DFG (SFB634 and ZI 510/4-2) and
U.S. DOE grants DE-FG02-91ER-40609 and DE-FG02-97ER41033.

[1] D. Savran, T. Aumann, A. Zilges, Progress in Particle and Nuclear Physics 70 (2013) 210
[2] H. R. Weller et al., Prog. Part. Nucl. Phys. 62, 257 (2009).
[3] B. Loher et al., Nucl. Instr. Meth. A 723 (2013) 136-142

I Topical Workshop on Modern Aspects in Nuclear Structure
Advances in Nuclear Structure at Extreme Conditions
BORMIO 19 - 22 February 2014



Investigations on Nuclear Structure of Light Nuclei
with Low Energy Nuclear Reactions

I.Lombardo, L.Campajola, E.Rosato, G.Spadaccini, M.Vigilante
Universita di Napoli Federico Il & INFN — Sezione di Napoli

The study of the structure of light nuclei constitutes an exciting field of modern Nuclear Physics.
The presence of peculiar effects such as the a cluster structure both in the ground and excited
states allows to obtain information on the behaviour of the nuclear forces on few body systems [1].
Moreover, detailed spectroscopic evaluations of the excited states of light nuclei and good quality
data of reaction cross sections are needed also in the Nuclear Astrophysics domain [2].
Unfortunately many ambiguities in the spectroscopy of light nuclei are still persisting [3]. In this
respect, it is extremely useful to improve the spectroscopic investigation of these nuclei by means
of resonant elastic scattering and nuclear reactions induced by light ions (p,d,He,a). In this
communication we will report on recent experiments performed at the TTT-3MV tandem of Naples
concerning the study of "*C excited states via the °Be(a,a) resonant scattering [4] and of the °Ne
spectroscopy by means of the "F(p,a,) reaction at low energy [5]. In both cases, the obtained
experimental data allow to solve ambiguities previously observed in the literature concerning the J-
and the partial width estimate of various excited states. Extension to possible new physics cases
will be also discussed.
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AGATA modules as Compton polarimeters for the
measurement of gamma-ray linear polarisation
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The ability of a cluster of three segmented Ge crystals (“AGATA module”) acting as a Compton
polarimeter to measure the linear polarisation of gamma rays has been investigated at an energy
close to 511 keV. Partially polarized gamma rays have been produced by Coulomb excitation of
the first excited state of ***Pd a and '®Pd. The linear polarization of the deexciting gamma-rays as
a function of the polar emission angle with respect to the beam direction has been calculated by
means of the code GOSIA.

The position of the AGATA array was chosen to select gamma rays at angles not far from
90 degrees to the beam direction. The azimuthal distributions, with respect to the gamma emission
plane, of the first Compton scattering for a properly selected sample of these gamma rays have
been evaluated and compared with the corresponding distribution for the unpolarised 661 keV
gammas from a *¥'Cs source. The instrumental distortions in the measured distributions appear to
cancel almost exactly in the ratio R(®) of the COULEX data to those of the 661 keV gammas, and
a clear signal of linear polarization becomes apparent.

A “theoretical" value of the average analysing power has been deduced from the values
calculated, for each of the selected events, as a function of the Compton scattering angle, taking
into account the experimental uncertainty on the coordinates of the interaction points. A
satisfactory agreement between theoretical and experimental values has been found.

This result led us to perform a second measurement with the AGATA clusters with the aim
to determine to high precision the linear polarisation correlation of two entangled photons produced
from the decay of the singlet state of positronium. Two AGATA modules have been positioned
symmetrically on opposite sides of a ?Na source and coincidences between back-to-back 511 keV
gammas from positronium decay have been recorded.
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Three-nucleon forces and shell structure in neutron-
rich calcium

Javier Menéndez
Institut fiir Kernphysik, Technische Universitat Darmstadt, Darmstadt, Germany
ExtreMe Matter Institut EMMI, GSI, Darmstadt, Germany

Calcium isotopes are ideal to explore the evolution of the nuclear shell structure from stability to
the neutron-rich extremes, which have become experimentally available very recently.

From a theoretical point of view, calcium isotopes are also the frontier for calculations consistently
including nucleon-nucleon (NN), and three-nucleon (3N) forces. In the framework given by

chiral effective field theory (EFT), 3N forces have been shown crucial for a correct description of
nuclear structure from the spectra of light nuclei to properties of medium-mass nuclei, such as the
neutron dripline of oxygen [1,2,3] and the existence of the shell closure at N=28 [4,5].

We perform calculations for medium-mass nuclei based on chiral NN+3N forces, employing many
body perturbation theory (MBPT) to obtain an effective hamiltonian to be used in a valence-shell
model calculations with a 40Ca core. Both single-particle energies and two-body matrix elements
are calculated microscopically, without any further modifications. The NN and 3N forces are
included consistently to third order in MBPT.

We study in this approach the neutron-rich calcium isotopes up to 54Ca, calculating the ground
state energies, excitation spectra and electromagnetic transitions, and compare to experiment,
finding good agreement in all cases [6].

The calculations show excellent agreement with the two-neutron separation energies (S2n)
obtained in recent experiments at TRIUMF [7] and ISOLTRAP [8] for the neutron-rich Ca isotopes
51Ca, 52Ca, 53Ca and 54Ca. In particular, the S2n at 54Ca unambiguously establishes the
subshell closure at N=32.

The lowest 2+ state in 54Ca, key for the determination of the N=34 subshell closure, is also
predicted in reasonable agreement to the very recent experimental measurement at RIKEN [9].
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Investigation of the radiative strength function in *Ge °
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The Radiative Strength Function (RSF) represents the ability of nuclear matter to absorb and emit
photons. It is one of the input parameters for the calculations of nuclear cross sections and reaction
rates relevant to astrophysical processes which are invoked to explain the origin of elements heavier
than iron [1]. An international collaborative effort has been made to study the gamma decay of the
quasi-continuum states of "*Ge using different reactions at different experimental facilities in the
USA, Europe and South Africa. In this work we investigate the dependence of the RSF on the spin
and parity of the final state which provides information about the validity of the Brink hypothesis

[2].

In this workshop I will present an overview of the collaborative experiments and the preliminary
results from the "*Ge(*He,*He')*Ge reaction performed at iThemba LABS. For this work the
AFRODITE gamma detector array in conjunction with silicon particle-telescopes were used. The
method [3] of extracting the RSF consists of detecting correlated particle-gamma-gamma events.
By selecting particles of specific energy the entrance excitation energy into the system is
determined. A gate on gamma transitions from the discrete states selects the coincidence primary
transitions feeding this state. The condition of having the sum of energies of the primary and the
discrete gamma-rays equal to the excitation energy then provides unambiguous primary gamma-ray
spectra from which the RSF is determined.

* This work is based on research supported by the National Research Foundation of South Africa and on work
performed under the auspices of the U.S. Department of Energy Lawrence Livermore National Laboratory under
contract DE-AC52-07NA27344.
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Nuclear rainbow evidence in the
2’ Al(*°0,*0)?’Al elastic scattering @ 280 MeV
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Nuclei are composite objects which can also display wave properties, just like the sunlight, therefore they
can be refracted, diffracted and suffer interference. As a consequence, the nucleus-nucleus scattering may
also display rainbow features depending on the scattering conditions and binding structure of the partners of
the reaction. The atmospheric rainbow is due to processes which do not involve the absorption of light, i.e.
reflection and refraction. Following this similarity, the nuclear rainbow is expected to manifest itself mainly
in the elastic scattering channel, if a system with small absorption is considered. Contrary to more common
diffraction scattering, which is sensitive only to the nuclear periphery, the dominance of the refraction,
fundamental for the rainbow formation, means that the interaction in the nuclear interior is important: if
observed, nuclear rainbows become a unique instrument for studying the nucleus-nucleus interaction at small
distances, where the density overlap between the two colliding nuclei can reach values up to twice the
nuclear matter saturation value py.
The first observation of a rainbow pattern was obtained in the elastic scattering of alpha particles on nuclei at
Eip = 140 MeV by Goldberg et al [1-3], and later on in the elastic scattering measured for some strongly
bound light heavy-ion systems such as '>C + '*C [4-6] and '®O + '®0 [7-9]. For these systems, the absorptive
component of the nuclear potential was sufficiently weak for the rainbow effect to appear. The strong
absorption always present in heavy ion collisions hides the refractive component of the scattering process.
This was the main reason why the rainbow features were thought to be very unlikely for systems heavier
than '°O + '®0. Nevertheless, a recent '°O + *’Al elastic scattering experiment performed at INFN — LNS
using a TANDEM beam at 100 MeV incident energy has shown a first evidence of a rainbow formation in
the elastic angular distribution of the studied system [10]. With the aim of get more information on the
rainbow mechanism in the '°O + *’Al system, we performed a new experiment at INFN — LNS using a
Cyclotron beam of 280 MeV incident energy impinging on an >’Al foil 109 pg/cm?” thick. The '°O ejectiles
were momentum analyzed by the MAGNEX magnetic spectrometer [11]. Exploiting its large momentum
acceptance (20%) and solid angle (50 msr), energy spectra with a relevant yield up to about 90 MeV
excitation energy were obtained. Low lying excited *’Al states and giant resonances were identified in the
spectra. Elastic and inelastic angular distributions were extracted from the data reduction. The former
confirms the appearance of the nuclear rainbow structure in the investigated system, as expected from
specifically developed parameter-free FRESCO coupled channel calculations.
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Branching ratio measurement of the superallowed beta
emitters '®Ne and *°S
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Precise measurements of the ft values for the superallowed Fermi beta decay between 0" isobaric
analog states reveal the confirmation of the unitarity of CKM matrix, CVC hypothesis, and the
isospin-symmetry breaking. Especially, the large isospin-symmetry breaking for '®*Ne and *°S have
been estimated by using the self-consistent isospin- and angular-momentum-projected nuclear
density functional theory [2]. However, the ft values of the superallowed beta emitter '®°Ne, °Si and
%S have not been precisely determined yet as shown in fig. 1 [1]. This is due to the large
uncertainty of the branching ratio from 0" to 0*. To determine the branching ratio of ®Ne and *°S,
the beta-decay spectroscopy have been performed.

The experiment was carried out at NIRS-HIMAC. The secondary beam of '®Ne (*°S) was produced
by the projectile fragmentation of a 350-MeV/u *’Ne (500-MeV/u **Ar) beam in a polyethylene
target. The beams were implanted in a center of GSO scintillator with a thickness of 6 mm. The
bata and gamma rays were detected by the GSO active stopper and four Clover HPGe detectors,
respectively. To calibrate the detection efficiencies of beta and gamma rays, the beta-decay
spectroscopy was also performed with the beta emitters of '°C and Mg in the same condition.
The results of determined branching ratios, the ft values, and isospin-symmetry breaking will be
presented.
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Fig.1: The corrected ft values as a function of Z of daughter. [1].
The f# values for "®Ne, 2°Si, and *°S still have large uncertainty.
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