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MONday, August 27

15:00 – 17:00   Arrival of the Conference participants
18:00   Dinner

19:30 – 20:30   Opening session

19:30	 Opening of the Conference

19:45	 Baha Balantekin (University of Wisconsin-Madison)
An outlook on nuclear physics

20:30   Welcome reception
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Tuesday, August 28

7:30 – 8:30   Breakfast
8:30 – 12:50   Morning Session

Frontiers of nuclear theory
Witold Nazarewicz, convener

  8:30	 Joseph Carlson (Los Alamos National Laboratory)
Neutron matter from low to high densities 

  9:00	 Heiko Hergert (Ohio State University)
In-medium similarity renormalization group for finite nuclei

  9:15	 Thomas Papenbrock (University of Tennessee and ORNL)
Towards model-independent nuclear structure computations

  9:45	 Jacek Dobaczewski (University of Warsaw)
Effective theory for low-energy nuclear energy density functionals

10:15	 Jun Terasaki (University of Tsukuba)
Overlap of QRPA states based on ground states of different nuclei

10:30   Coffee break

11:00	 Nicolas Schunck (Lawrence Livermore National Laboratory)
Microscopic description of nuclear fission

11:25	 Furong Xu (Peking University)
Recent studies on nuclear shapes of ultrahigh-spin and high-K states

11:50	 Charles Horowitz (Indiana University)
Nuclear structure, neutron stars, and gravitational waves 

12:20	 Andrzej Baran (Maria Curie Skłodowska University)
Stability of superheavy elements in Skyrme HFB approach

12:35	 Wojciech Brodziński (NCBJ Świerk)
Prospects for superheavy nuclei with Z ≥ 128 

13:00   Lunch 

14:00 – 18:00   Excursion for accompanying persons
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14:00 – 17:30   Afternoon Session

Exotic geometrical symmetries in nuclei: Selected new results
Naftali Auerbach, chairman

	

14:00	 Jerzy Dudek (University of Strasbourg and IPHC)
Symmetries predicted by theory <–> Predictive power of theories 

14:30	 Lee Riedinger (University of Tennessee)
Search for new symmetries in fast-rotating nuclei 

14:55	 Michael Jentschel (ILL Grenoble)
Ultra-high resolution gamma-ray spectroscopy search for symmetries

15:20	 Toshiyuki Sumikama (Tohoku University)
Decay spectroscopy of neutron-rich nuclei in the vicinity of  110Zr at RIBF 

15:45 	 Hervé Molique (IPHC and University of Strasbourg)
Nuclear Mean Field techniques and the stability of theoretical predictions 

16:00   Coffee break

16:20	 Artur Dobrowolski (Maria Curie Skłodowska University)
Electric transitions in hypothetical Tetrahedral and Octahedral bands

16:35	 David Rouvel (University of Strasbourg)
Superposition of two very distinct symmetries in one quantum state of an 
atomic nucleus 

16:50	 Obed Shirinda (iThemba LABS)
Studying chiral bands associated with multi-quasiparticle configuration

17:05	 Hideyuki Sakai (RIKEN Nishina Center)
“Einstein was wrong?” – The EPR paradox and a test of Bell inequality 
by proton pairs

18:00   Dinner
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19:00 – 19:40   Evening Session

Few-nucleon interaction dynamics
Reinhard Kulessa, chairman

19:00	 Stanisław Kistryn (Jagiellonian University)
Studies of few-nucleon interaction dynamics in new generation experiments

19:25	 Barbara Kłos (University of Silesia)
Systematic studies of the three-nucleon system dynamics in the deuteron-
proton breakup reaction 

20:00 – 22:00   Poster session   (in Antałówka Hotel)
Witold Męczyński, chairman
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wednesday, August 29

7:30 – 8:30   Breakfast
8:30 – 12:55   Morning Session

Evolution of the nuclear structure in neutron-rich  
and heavy nuclei

Robert Janssens, convener

  8:30	 Guy Savard (University of Chicago and ANL)
Mass measurements of neutron-rich nuclei with CARIBU  

  8:55	 Gerda Neyens (KU Leuven)
Measurements of nuclear moments, spins and charge radii in  
neutron-rich nuclei: probing structural changes

  9:20	 Pieter Doornenbal (RIKEN Nishina Center)
Search for the southern and eastern boundaries of the Island of Inversion

  9:35	 Benjamin Kay (University of York)
Transfer reactions and the structure of neutron-rich nuclei 

10:00	 Augusto Macchiavelli (Lawrence Berkeley National Laboratory)
Selected aspects of the structure of exotic nuclei and new opportunities 
with GRETINA

10:30   Coffee break

11:00	 Christopher Chiara (University of Maryland and ANL)
Search for intruder states in 68Ni and  66,67Co

11:15	 Igor Celikovic (GANIL) 
Lifetime measurements of Zn isotopes around N=40

11:30	 Agnieszka Korgul (University of Warsaw)
Beta-decay properties of  85,86Ge and  86,87As

11:45 	 George Dracoulis (Australian National University)
Deep-inelastic reactions and K-isomers in neutron-rich nuclei crossing 
the perimeter of the A=180-190 deformed region 

12:10	 Emma Wilson (University of Surrey)
Core excitations across the neutron shell gap in the Z=81 207Tl nucleus

12:25	 Stanislav Antalic (Comenius University Bratislava) 
Nuclear structure studies of heaviest elements measured at SHIP
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12:40	 Peter Thirolf (Ludwig-Maximilians-University Munich)
Bridging the gap between atomic and nuclear physics: Towards an  
all-optical access to the lowest nuclear transition in 229mTh

13:00   Lunch 
14:00 – 18:00   Excursion to the Tatra Mountains

18:00   Dinner
19:00 – 22:30   Evening  Session

Nuclear reactions around the Coulomb barrier
Lorenzo Corradi, convener

	

19:00	 Giovanni Pollarolo (University of Torino and INFN)
Aspects of transfer reactions in light and heavy ion collisions 

19:30	 Suzana Szilner (Ruder Boskovic Institute Zagreb)
Transfer reaction studies with spectrometers 

19:50	 Felix Liang (Oak Ridge National Laboratory)
Recent results of fusion induced by neutron-rich radioactive beams  
studied at HRIBF 

20:10	 Maurits Evers (Australian National University)
Near-barrier nuclear collisions: From coherent quantum-superposition 
to dissipative dynamics

20:30   Short break

20:45	 Marco Mazzocco (University of Padova)
Recent results on reactions with weakly bound nuclei 

21:05	 Wolfram von Oertzen (Helmholz Zentrum Berlin)
True ternary fission: a new type of radioactive decay of  252Cf

21:30	 Simone Bottoni (University of Milano and INFN)
Reaction dynamics and nuclear structure of moderately neutron-rich Ne 
isotopes by heavy ion reactions 

21:45	 Valentina Scuderi (INFN Laboratori Nazionali del Sud)
Elastic scattering and direct reactions for the 11Be + 64Zn system close to 
the Coulomb barrier 

22:00	 Gloria Marquínez Durán (University of Huelva)
Preliminary results on the scattering of  8He with heavy targets

22:15	 Roman Kuzyakin (JINR Dubna)
Isotopic trends of capture cross section and mean-square angular  
momentum of captured system 
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Thursday, August 30

7:30 – 8:30   Breakfast
8:30 – 12:45   Morning Session

Nuclear structure near the proton drip line
Robert Wadsworth, convener

  8:30	 Jonathan Billowes (University of Manchester)
Determination of charge radii of  74Rb and other proton-rich nuclei 

  9:00	 Michael Bentley (University of York)
Study of isospin-symmetry breaking in the f7/2 shell using knockout  
reactions 

  9:30	 Torbjörn Bäck (Royal Institute of Technology (KTH))
Study of collectivity in neutron-deficient Te and Sn isotopes 

10:00	 Yasuhiro Togano (EMMI GSI Darmstadt)
Hindered proton collectivity in the proton-rich nucleus 28S: Possible new 
magic number at Z=16 

10:15	 Nadya Smirnova (CENBG Bordeaux-Gradignan)
Isospin symmetry breaking in sd shell nuclei and applications 

10:30   Coffee break

11:00	 Alexandre Obertelli (CEA Saclay)
Relativistic Coulex measurements in the mass 66 region and the first 
spectroscopy results on 66Se / 65As 

11:25	 Krzysztof Miernik (ORNL and University of Warsaw)
Latest results from two proton decay studies 

11:50	 Marcin Palacz (Heavy Ion Laboratory, University of Warsaw)
Odd parity core excitation of the N=Z=50 core 

12:15	 Magdalena Matejska-Minda (IFJ PAN Kraków)
Lifetime measurement of high-lying short lived states in 69As 

12:30	 Valentina Liberati (University of the West of Scotland)
Beta-delayed fission and alpha-decay spectroscopy of the lightest Tl 
isotopes

13:00   Lunch 
14:00 – 18:00   Excursion for accompanying persons
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14:00 – 17:50   Afternoon Session

Modern approach to shell-model and beyond
Morten Hjorth-Jensen, convener

	

14:00	 Takaharu Otsuka (University of Tokyo)
Nuclear structure toward the driplines; understanding many-body forces 
and correlations 

14:30	 Christian Forssén (Chalmers University of Technology)
Light nuclei in the ab initio no-core shell model 

15:00	 Olivier Sorlin (GANIL)
Modifications of shell closures far from stability: evidences, causes and 
consequences 

15:25	 Alexandre Lepailleur (GANIL)
Study of nuclear interactions for the weakly bound nucleus of  26F 

15:40	 Frederic Nowacki (IPHC Strasbourg)
The island of inversion around A=64 

16:00   Coffee break

16:20	 Mohamad Moukaddam (IPHC Strasbourg)
Evolution of the shell structure in medium-mass nuclei: Search for the 
2d5/2 neutron orbital in 69Ni

16:35	 Maria Doncel (Royal Institute of Technology (KTH))
Lifetime measurements in neutron-rich Cu isotopes

16:50	 Kamila Sieja (IPHC Strasbourg)
Toward a generalized monopole description of atomic nuclei 

17:05 	 Robert Grzywacz (University of Tennessee)
Beta-delayed neutron emission from the r-process nuclei 

17:30	 Piotr Bednarczyk (IFJ PAN Kraków)
Experimental studies and shell model description of collective structures 
in fp nuclei at high spin 

18:00   Dinner
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19:00 – 20:45   Evening session

Highlights in nuclear astrophysics
Michael Hass, convener

19:00	 Hendrik Schatz (Michigan State University)
Nucleosynthesis of elements 

19:30 	 Marialuisa Aliotta (University of Edinburgh)
Explosive scenarios, rp-process, X-ray bursts

19:55	 B. S. Nara Singh (University of York)
New advances for the 3He(4He, g)7Be reaction 

20:20	 Alain Coc (CSNSM Orsay)
Big Bang nucleosynthesis 

21:15   Barbecue at Karczma „Biały Potok”



15



16

Friday, August 31

7:30 – 8:30   Breakfast
8:30 – 12:45   Morning Session

Collective modes in exotic nuclei 
Adam Maj, convener

  8:30	 Peter Ring (Technical University Munich)
Theory of Dipole-Resonances in nuclei close and far from stability 

  9:00	 Angela Bracco (University of Milano and INFN)
The gamma decay of high lying states with inelastic scattering of  17O 
and with AGATA

  9:30	 Atsushi Tamii (Osaka University)
Studies of the electric dipole response in nuclei using the scattering of 
polarized protons

10:00 	 Tamás Tornyi (University of Oslo and ATOMKI Debrecen)
Study of the g-ray strength in 238Np

10:15	 Paola Marini (GANIL)
Symmetry energy and secondary decay: toward the reconstruction of 
primary fragments

10:30   Coffee break

11:00 	 Henry Weller (Duke University and TUNL)
Precise determination of the Isovector Giant Quadrupole Resonance in 
nuclei

11:30 	 Nguyen Dinh Dang (RIKEN Nishina Center)
Description of GDR damping in highly excited nuclei

12:00	 Concetta Parascandolo (University of Padova and INFN)
Dynamical Dipole mode: a “collective” tool to understand reaction 
dynamics by using stable and radioactive beams

12:15 	 Michał Ciemała (IFJ PAN Kraków)
Gamma-decay of the GDR in the GEMINI++ code 

12:30 	 Katarzyna Hadyńska-Klęk (University of Warsaw)
Study of the 42Ca nuclear structure using AGATA and EAGLE spectrom-
eters: Recent results from the Coulomb excitation of the 42Ca experiment 

13:00   Lunch
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14:00 – 18:00   Excursion to the Tatra Mountains

18:00   Dinner
19:00 – 22:00   Evening session

Nuclear spectroscopy with novel techniques 
Faical Azaiez, convener

	

19:00	 Ari Jokinen (University of Jyväskylä)
Trap assisted nuclear spectroscopy 

19:25	 Kieran Flanagan (University of Manchester)
Recent advances of laser spectroscopy at ISOLDE 

19:50	 David Verney (IPN Orsay)
Modern decay spectroscopy with beta-gamma-neutron detectors at ALTO 

20:15	 Karolina Kolos (IPN Orsay) 
Beta decay spectroscopy near 78Ni: level structure of  83,84Ge

20:30   Short break

20:45	 Cristina Petrone (NIPNE and University of Bucharest) 
Gamma spectroscopy of isomeric states in neutron-rich nuclei: 75Cu and 
78Ga

21:00	 Lorant Csige (Ludwig-Maximilians-University Munich)
Photofission of  238U induced by quasi-monochromatic, Compton  
backscattered gamma beam

21:15	 Anukul Dhal (Weizmann Institute of Science)
Probing fundamental interactions by an Electrostatic Ion Beam Trap 
(EIBT)

21:30	 Dario Nicolosi (INFN LNS and University of Catania)
Spectroscopy of  13B via the ( 18O, 16O) two neutron transfer reaction

21:45	 Jasmeet Kaur (Panjab University, India)
Quadrupole moment and g-factor measurements of the isomeric states in 
128,129Ba
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Saturday, September 1

7:30 – 8:30   Breakfast
8:30 – 12:20   Morning Session

Direct reactions and halo nuclei 
Thomas Aumann, convener

  8:30	 Carlos Bertulani (Texas A&M University-Commerce)
BBN and stellar nucleosynthesis from direct reactions

  9:00 	 Takashi Nakamura (Tokyo Institute of Technology)
Coulomb and nuclear breakup of neutron drip line nuclei 

  9:30	 Michael Thoennessen (Michigan State University)
Observation of ground-state two-neutron decay 

10:00	 Zsolt Vajta (ATOMKI Debrecen)
Study of neutron rich nuclei 18-21N and 25F 

10:15	 Margit Csatlós (ATOMKI Debrecen)
A new method for measuring the neutron-skin thickness 

10:30   Coffee break

11:00 	 Haik Simon (GSI Darmstadt)
Halo nuclei: stepping stones across the drip-lines

11:25 	 Kathrin Wimmer (Central Michigan University)
Knockout reaction studies, structure and correlations 

11:50	 Janusz Skalski (NCBJ Warsaw)
Puzzle of third minima in actinides 

12:05	 Leszek Próchniak (Maria Curie Skłodowska University)
Superdeformed oblate superheavy nuclei in the self-consistent approach

13:00   Lunch 
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14:00 – 15:30   Afternoon session

Seminar session   (in Antałówka Hotel)
Rafał Broda, chairman

		

14:00	 Nikolaos Costiris (University of Athens)
The ANN model of Beta-decay half-lives of nuclei in the crust of Neutron 
Stars

14:15	 Ann-Cecilie Larsen (University of Oslo)
Astrophysical reactions rates and the low-energy enhancement in the 
g-ray strength

14:30	 Magne Guttormsen (University of Oslo)
Observation of large orbital scissors strength in actinides

14:45	 Julien Le Bloas (CEA Bruyeres-le-Châtel)
Description of light nuclei (8<Z<20, 8<N<20) with the multiparticle-
multihole Gogny energy density functional

15:00	 Łukasz Iskra (IFJ PAN Kraków)
High seniority excitations in neutron-rich Sn isotopes

15:15	 Oliver Roberts (University of Brighton)
The search for isomeric states in 133Cs and 132Te

15:30   Coffee break 
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16:00 – 18:00   Special session

In celebration of the 60th birthday of Marek JeŻabek,  
Director General of IFJ PAN

Stanisław Jadach, chairman
									       

16:00	 Zbigniew Wąs (IFJ PAN Kraków)
The Higgs boson of Standard Model - its function and signatures 

16:30	 Tadeusz Lesiak (IFJ PAN Kraków)
Heavy flavour physics 

17:00	 Jan Kisiel (University of Silesia)
Ideas in neutrino physics

17:30	 Mieczysław Witold Krasny (LPNHE Paris)
High intensity gamma beams at the LHC

Closing talk

18:00 	 Sydney Gales (IPN Orsay)
Summary and outlook: The next 20 years of nuclear physics 

20:15   Conference Banquet
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Sunday, September 2

7:30 –   9:30   Breakfast

  9:00 – 10:30   Departure of the Conference participants 
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abstracts
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Explosive scenarios, rp-process, X-ray bursts
Marialuisa Aliotta, University of Edinburgh

invited

Nuclear structure studies of heaviest elements measured at SHIP 
Stanislav Antalic, Comenius University, Bratislava

seminar

S. Antalic 1, F. P. Hessberger 2,3, D. Ackermann 2, S. Heinz 2, S. Hofmann 2, Z. Kalaninová 1,  
B. Kindler 2, M. Leino 4, B. Lommel 2, R. Mann 2, K. Nishio 5, Š. Šáro 1, B. Sulignano 6

1 Comenius University, Bratislava 84248, Slovakia
2 GSI – Helmholtzzentrum für Schwerionenforschung GmbH, 64291 Darmstadt, Germany

3 Helmholtz Institut Mainz, 55099 Mainz, Germany
4 University of Jyväskylä, 40014 Jyväskylä, Finland

5 Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan
6 CEA-Saclay, DAPNIA/SPhN, 91191 Gif-sur-Yvette Cedex, France

Novae, supernovae, X-ray bursts are 
among the most spectacular explosions in 
the Universe and are believed to be the fur-
naces where most of the heavy elements (up 
to and beyond Fe) are synthesised. Typical 
time scales for such events range from sec-
onds to hours so that the nuclear reactions 
powering these explosions are critically 
influenced by the properties of short-lived 
nuclei that do not normally exist on Earth.

The rapid advances in satellite observa-
tions, together with recent developments in 

stellar models have led to an unprecedent-
ed era of progress in astronomy. Similarly, 
the advent of Radioactive Ion Beam facili-
ties over the last two decades has enabled 
the direct investigation of many reactions 
with unstable nuclei, particularly those 
involved in explosive hydrogen burning.  
Here, a brief review on recent results 
for some key reactions will be present-
ed, together with an outlook to future  
perspectives.

Besides the attempts to synthesize new 
superheavy elements, nuclear structure re-
search in the fermium region is an impor-
tant tool helping to reveal the information 
about heaviest nuclei. Recent developments 
of experimental techniques suited for alpha, 
gamma and conversion electron (CE) spec-
troscopy opened the door to investigate the 
structure of heaviest nuclei (A > 250). Ex-
periments aimed to investigate them provide 
crucial information on the structure of heavi-
est nuclei and are stringent tests for nuclear 
models. Those studies allow obtaining for 
example informations on nucleon pairing, 
single particle levels or deformation changes.

At SHIP in GSI Darmstadt we perform an 
extensive program aimed at nuclear struc-
ture studies of trans-fermium isotopes using 
alpha-CE and alpha-gamma spectroscopy. 
We obtained enhanced data for the nuclear 
structure of several isotopes with Z > 100 
what is helping to extend and to improve the 
single particle level systematics for N=149, 
N=151 and N=153 isotones. Besides the 
study via alpha decay the latter ones were 
studied also by means of beta decay, which 
was applied for the first time in transfermi-
um region. In addition studies of K isomers 
were performed, which are very interesting 
examples of the physics important for pro-
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duction and decay of heaviest nuclei.
This series of experiments at SHIP pro-

vided plenty new data. Major results will be 

presented and discussed within theoretical 
frameworks, in particular those from the de-
cay study of 253No, 253Md and 259Sg. 

Study of collectivity in neutron-deficient Te and Sn isotopes
Torbjörn Bäck, Royal Institute of Technology, Stockholm

invited

An outlook on nuclear physics
Baha Balantekin, University of Wisconsin-Madison

invited

Stability of superheavy elements in Skyrme HFB approach
Andrzej Baran, Maria Curie Skłodowska University, Lublin

seminar

At the JYFL accelerator facility in Jyväs-
kylä, Finland, the recoil-decay-tagging 
(RDT) technique has been utilized for sev-
eral years to study the structure by gamma 
spectroscopy of many exotic nuclei unstable 
to alpha decay or proton emission. In the last 
few years a method combining RDT with a 
differential plunger has enabled lifetime 
mesurements in nuclei populated in very 
weak reaction channels, e.g. in the neutron 
deficient A=160-190 region. At JYFL, the 
JUROGAM-II germanium array, in con-

junction with the RITU recoil separator and 
the Köln differential plunger has been used 
for these experiments. This method was just 
recently established in the alpha-decay re-
gion just above the N=Z=50 shell closure. 
Here, after presenting the experimental 
technique, some recent lifetime measure-
ment in neutron deficient Te and I nuclei 
will be discussed in the context of the nucle-
ar shell model including some comparison 
with B(E2) data from neutron deficient Sn 
isotopes.

Nuclear Physics aims to understand the 
nature of nuclear forces, how complex nu-
clei display simple patterns, how quantum 
chromodynamics determines the properties 
of the strongly interacting matter in addi-

tion to exploring fundamental symmetries 
and neutrinos. In this talk an outlook for the 
nuclear physics and the role it plays in the 
structure of the Universe will be presented.

There are described basic decay proper-
ties (α, β±, electron capture and spontaneous 
fission half-lives) of even-even superheavy 
elements (SHE) in the region of atomic 
numbers 108 ≤ Z ≤ 126 and neutron num-

bers 148 ≤ N ≤ 188 obtained in a selfcon-
sistent, entirely microscopic, Skyrme Har-
tree-Fock-Bogoliubov approach. Q–values 
and spontaneous fission barriers of SHE are 
shown.
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In the talk, results from a series of in-
beam experiments performed with large 
germanium detector arrays such as EU-
ROBALL or GASP and aimed at high spin 
gamma spectroscopy of nuclei lying in the 
vicinity of doubly magic 40Ca and 58Ni will 
be summarized.

The use of the Recoil Filter Detector 
(RFD) - an ancillary device enabling precise 
Doppler correction of gamma line energies 
[1] - allowed to extend known rotational 
bands up to and in some cases beyond band 
terminating (fully aligned) states. The ap-
plication of RFD enabled also the Doppler 
shift attenuation measurements of extremely 
short lifetimes of states (in the femtosecond 
range). This method was helpful in tracking 
the evolution of nuclear deformation along 
the terminating rotational bands. In particu-
lar, it was experimentally demonstrated that 

strong quadrupole correlations associated 
with particle-hole excitations in some light 
fp nuclei [2] cancel at high spins, resulting 
in a spherical symmetry of the fully aligned 
state.

The complete spectroscopic information 
gathered in the experiments will be com-
pared with the results of shell model calcu-
lations performed in the extended sdpf con-
figuration space. Particular attention will be 
paid to the microscopic structure of the 1p-
1h excitation in the 45Ti nucleus, where, at 
high spins, a structure corresponding to the 
T=0 band in the neighboring N=Z=23 46V 
nucleus seems to preserve a large degree of 
deformation. 

Perspectives of extending the experimen-
tal and theoretical investigations to highly 
deformed collective bands in the heavier  
A ~ 60 mass region will be discussed. 

The approximate charge symmetry and 
charge independence of the nuclear force 
results in striking symmetries in nuclear 
behavior between isobaric analogue states 
(IAS) - states of the same isospin quantum 
number in a set of nuclei of the same total 
number of nucleons (an isobaric multiplet). 
The Coulomb force breaks this symmetry 
and is the dominating factor in producing 
the large shifts in absolute binding energy 
between IAS. The very small differences 
in excitation energy between the IAS can 

then be interpreted in terms of Coulomb, 
and other isospin-non-conserving, effects. 
The analysis of these energy differences has 
been shown to be a remarkably sensitive 
probe of nuclear structure effects as well as 
providing stringent tests of state-of-the-art 
shell-model calculations (e.g. [1,2,3]).

New techniques have been applied in the 
last few years to access excited states in iso-
baric multiplets of larger isospin – through 
spectroscopic studies of proton-rich nuclei 
heading towards the proton drip-line. These 

Experimental studies and shell model description of  
collective structures in fp nuclei at high spin

Piotr Bednarczyk, IFJ PAN Kraków

invited

Study of isospin-symmetry breaking in the f7/2 shell using 
knockout reactions

Michael Bentley, University of York

invited

[1] W. Męczyński et al., Nucl. Instrum. Methods Phys. Res. A 580, 1310 (2007).
[2] P. Bednarczyk et al., Eur. Phys. J. A 2, 157 (1998).
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[1] D. D. Warner, M. A. Bentley and P. Van Isacker. Nature Physics 2, 311 (2006).
[2] S. M. Lenzi and M. A. Bentley, Prog. Part. Nucl. Phys. 59, 497 (2007).
[3] J. Ekman et al., Mod. Phys. Lett. A 20, 2977 (2005).
[4] A. N. Steer et al., Nucl. Instr. and Methods A 565, 630 (2006).
[5] B. S. Nara Singh et al., Phys. Rev. C 75, 061301 (2007).
[6] D. Rudolph et al., Phys. Rev. C 78, 021301 (2008).
[7] J. R. Brown et al., Phys. Rev. C 80, 011306 (2009).
[8] J. A. Tostevin, Eur. Phys. J. Special Topics 150, 67 (2007).
[9] E. C. Simpson et al., Phys. Rev. Lett. 102, 132502 (2009).
[10] M. J. Taylor et al., Phys. Rev. C 84, 064319 (2011).

techniques include recoil-beta tagging [4,5], 
decay spectroscopy of isomeric states popu-
lated in fragmentation reactions (e.g. [6]) 
and mirrored double fragmentation reac-
tions using relativistic beams [7]. These lat-
ter studies, performed at the NSCL facility, 
populated isobaric analogue states in isobar-
ic multiplets through “mirrored” knockout 
reactions.. This has allowed examination, 
for the first time, of excited states of Tz = 
–3/2 and –2 nuclei in the fp shell, and the 
first ever excited states in any Tz = –2 above 
2+. Important new information on isospin-
breaking effects has been extracted through 

comparison with the analogue states in the 
Tz = +3/2 and +2 nuclei – in particular, the 
effect and influence of non-Coulomb iso-
spin-breaking effects (e.g. the J=2 anomaly). 
We take the opportunity, in this presenta-
tion, to draw together all the existing data on 
the J=2 anomaly, to assess the status of this 
controversial result. The direct nature of the 
knockout reaction provides a test of recently 
developed direct two-nucleon knockout cal-
culations [8,9]. We also present new results 
on the odd-odd Tz = –1 nucleus 44V [10] with 
particular emphasis on isospin-symmetry 
breaking in E1 transition strengths.

Accurate nuclear reaction rates are need-
ed for primordial nucleosynthesis and hydro-
static burning in stars. The relevant reactions 
are extremely difficult to measure directly in 
the laboratory at the small astrophysical en-
ergies. Direct reactions have been developed 

and applied to extract low-energy astrophys-
ical S-factors. I will discuss the major theo-
retical challenges in extracting quantities of 
astrophysical interest from direct reactions 
at the newly existing or under-construction 
radioactive beam facilities.

The measurement of optical isotope shifts 
offers the only practical way of determining 
the nuclear charge radii of short-lived iso-

topes. For nuclides near the proton drip line 
the measured charge radii are very sensitive 
to changes in the valence proton wavefunc-

BBN and stellar nucleosynthesis from direct reactions
Carlos Bertulani, Texas A&M University-Commerce
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Determination of charge radii of 74Rb and other  
proton-rich nuclei
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tions. The current status of measurements 
will be reviewed, particularly for nuclides 
on the N=Z line above Z=20.

The more recent work on the Rb-74 
charge radius was motivated by the inter-
est in testing the unitarity of the Cabbibo-
Kobayashi-Maskawa (CKM) matrix which 
describes the mixing between quarks. A 
breakdown of the unitarity condition would 
point to new physics beyond the Standard 
Model. The most precise value of the up-

down quark matrix mixing element is de-
rived from superallowed (0+ to 0+) beta de-
cay rates but corrections are necessary. One 
of these corrections, the isospin symmetry 
breaking term, requires the mean-square 
charge radius to help pin down its value. Rb-
74 is the heaviest superallowed decay sys-
tem available for measurement. Attention is 
now turning to improving the precision of 
Ga-62 parameters. The status of both mea-
surements will be discussed.

Heavy ions play an important role in the 
study of nuclear reaction mechanisms and 
nuclear structure. In particular, multi-nucle-
on transfer reactions allow to investigate the 
properties of exotic systems, moving away 
from the valley of stability . A key instru-
ment for these type of studies is the combi-
nation of a large acceptance magnetic spec-
trometer with a high efficiency and a high 
resolution multi-detector array for γ spec-
troscopy, since it allows to perform both re-
action dynamics and nuclear structure stud-
ies of weakly populated channels.

In this work, the heavy ion reaction 22Ne 
+ 208Pb at 128 MeV beam energy is dis-
cussed. The experiment has been performed 
at Laboratori Nazionali di Legnaro of INFN 
using the PRISMA-CLARA apparatus. The 
analysis focuses on the study of particle-γ 
coincidences aiming at the investigation of 
reaction mechanisms and nuclear structure 
properties of neutron reach Ne isotopes and 
neighbouring nuclei. Elastic, inelastic and 
one nucleon transfer cross sections have 
been measured and angular distributions 
have been studied. The data are compared 
with semiclassical calculations, performed 

with the code GRAZING and with DWBA 
predictions obtained with the code PTOLE-
MY. Global agreement between experiment 
and theory is obtained. In particular, the 
angular distribution of the 2+ state of 22Ne 
has been analysed by DWBA and a simi-
lar calculation has been performed for the 
unstable 24Ne nucleus, using existing data 
from the reaction 24Ne + 208Pb at 182 MeV 
of bombarding energy (measured at SPI-
RAL with the VAMOS-EXOGAM setup). 
In both cases the theoretical model gives a 
good reproduction of the experiment, point-
ing to a strong reduction of the β2C charge 
deformation parameter in 24Ne. This follows 
the trend predicted for the evolution of the 
quadrupole deformation along the Ne isoto-
pic chain and calls for additional experimen-
tal investigation on the collectivity in 24Ne, a 
nucleus of key importance for understanding 
the evolution of shell gaps in light systems.

The present work demonstrate the valid-
ity of heavy ion reaction studies for both 
dynamics and nuclear structure studies, 
providing a fruitful method which could be 
further exploited in the future for the inves-
tigation of very exotic species.

Reaction dynamics and nuclear structure of moderately 
neutron-rich Ne isotopes by heavy ion reactions

Simone Bottoni, University of Milano and INFN, Italy 

seminar
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We review understanding of neutron mat-
ter from the lowest to the highest densities. 
At very low densities, neutron matter is a 
very strongly-paired superfluid, and can be 
compared to theory and experiment for cold 
atoms. Recently, we have determined that 
the equation of state is universal not only 
for zero effective range, but for finite but 
small effective range as well. This should al-
low cold atom experiments to more closely 
mimic neutron matter.

At higher densities, neutron matter be-
comes more repulsive very quickly. Part 
of this repulsion is connected to the three-
neutron interaction. The recent observation 
of a two solar mass neutron star puts strong 
constraints on the possible mass-radius rela-
tionships for neutron stars. We compare re-
cent results for the neutron matter equation 
of state with mass-radius relationships ex-
tracted from observations of neutron stars.

Neutron matter from low to high densities
Joseph Carlson, Los Alamos National Laboratory

invited

The gamma decay from high-lying states 
in 208Pb populated with inelastic scattering 
of 17O has been measured using the AGATA 
set up. The excitation of few states in the re-
gion of the pygmy resonance was possible. 
Comparison of the present results with data 
obtained using other probes will be made. 
Interesting is the comparison with the re-

sults obtained with inelastic scattering of 
alpha particles. The response of AGATA to 
high energy gamma-rays from nuclei with 
high velocity will be also presented. Ongo-
ing and future work on the gamma decay of 
the giant quadrupole resonance also in other 
nuclei will be briefly presented.

We study limits of nuclear chart for Z ≥ 
128 by both micro-macro and Hartree-Fo-
ck-BCS methods. Triaxial configurations 
turn out crucial for stability against fission 
in this region and we calculate appropriate 

energy landscapes. An interplay between 
macroscopic and shell-correction patterns 
provides sufficient barriers only for selected 
Z and N combinations while most nuclei are 
predicted unstable.

The Gamma decay of high lying states with inelastic  
scattering of 17O and with AGATA 

Angela Bracco, University of Milano and INFN
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Prospects for superheavy nuclei with Z ≥ 128
Wojciech Brodziński, NCBJ Świerk
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Lifetime measurements of Zn isotopes around N = 40
Igor Celikovic, GANIL
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The region located in the immediate 
neighborhood of 68Ni has attracted much at-
tention in the last years. This is because some 
of its properties reveal a “magic” character 
while others do not. One particularly inter-
esting aspect is the rapid structure evolution 
in this area. Indeed, removing two protons 
from the closed shell at Z=28 leads to a 
rapid onset of collectivity in n-rich Fe iso-
topes [1,2] toward N=40. On the other hand, 
when pairs of protons are added (leading to 
Zn, Ge and Se isotopes) a sudden decrease 
of the first 2+ states is observed, which is ac-
companied by an increase of the associated 
B(E2) transition probabilities [3]. Similarly, 
adding neutrons beyond the N=40 shell (i.e. 
into the 1g9/2 shell) leads to an increased col-
lectivity and to an interplay between collec-
tive and single particle degrees of freedom. 
These rapid changes indicate complex struc-
tures and make of this region an ideal case 

for testing theoretical calculations.
In this context, we have measured life-

times of the yrast states in the Zn isotopes 
around N=40 using the Recoil Distance 
Doppler-Shift method. The nuclei of inter-
est were populated in deep-inelastic reac-
tions induced by a 238U beam at an energy 
of 6.8 AMeV impinging on an 800 μg/cm2 
70Zn target. The target-like reaction products 
were unambiguously identified on an event-
by-event basis in the detection system of 
the large-acceptance VAMOS spectrometer, 
while Doppler-shifted gamma rays were 
detected with the EXOGAM array. The life-
times of the 69-72Zn isotopes were extracted 
from two target-degrader distances. New 
transitions have also been identified and 
the E(4+)/E(2+) and B(E2, 4+→2+) / B(E2, 
2+→0+) ratios give a qualitative idea of the 
collective properties characterizing low-en-
ergy nuclear structure in the Zn isotopes.

[1] J. Ljungvall et al., Phys. Rev. C 81, 061301 (2010).
[2] W. Rother et al., Phys. Rev. Lett. 106, 022502 (2011).
[3] J. Van de Walle et al., Phys. Rev. C 79, 014309 (2009).
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In the 68Ni region, competition between 
states associated with near-spherical shapes 
and with deformed proton-intruder configu-
rations, which results in distinctive isomers, 
has been proposed recently for 64,66Mn [1], 
66,67Co [2-3], and 68Ni [4]. In 66Co, two 1+ 

states below 1 MeV were identified and at-
tributed to spherical and deformed intruder 
configurations [2]; in 67Co, observed 1/2–, 
3/2–, and 5/2– levels were suggested to be 
low-lying members of a collective Kπ = 1/2– 
band (of proton p3/2 intruder origin) amid the 
spherical states [3]; and the proposed iso-
mer in 68Ni was attributed to a proton 2p2h 
intruder 0+ state [4]. The intruder nature of 
these states was not confirmed, however. 
Doing so would provide valuable input for 
tuning the single-particle energies and inter-
actions needed for large-scale shell-model 
calculations of nuclei requiring the full fpg9/2 
(or even larger) model space, particularly ad-
dressing excitations across the Z=28 shell gap.

Deep-inelastic reactions between a 440-
MeV 70Zn beam and thick 208Pb and 238U 

targets were studied with Gammasphere 
at ATLAS. The aim was to search for evi-
dence at higher spins supporting the assign-
ment of intruder configurations for low-
lying states in 66,67Co and to seek prompt 
gamma rays feeding the proposed isomeric 
0+ state in 68Ni. Beam timing of one pulse 
every ~410 ns allowed the data to be sepa-
rated into prompt and delayed time regions 
with which gamma-ray coincidences above, 
across, and below isomers could be exam-
ined. Furthermore, cross-coincidences be-
tween the beam-like and target-like reaction 
products are observable in combinations of 
prompt/delay gating in our data. In this way, 
the level schemes of 66,67Co can be extend-
ed to higher spins despite a lack of known 
high-spin coincidences within the Co nu-
clei themselves, and sensitivity to isomers 
in 68Ni permits examination of the proposed 
intruder 0+ state. No evidence of the latter 
isomer was found. Results of this search 
will be presented.

* Supported in part by the US DoE, Office of Nuclear Physics, under Grant No.  
DE-FG02-94-ER40834 and Contract No. DE-AC02-06CH11357.

[1] S. N. Liddick et al., Phys. Rev. C 84, 061305 (2011).
[2] S. N. Liddick et al., Phys. Rev. C 85, 014328 (2012).
[3] D. Pauwels et al., Phys. Rev. C 78, 041307 (2008); Phys. Rev. C 79, 044309 (2009).
[4] A. Dijon et al., Phys. Rev. C 85, 031301 (2012).

Search for intruder states in 68Ni and 66,67Co*
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The GEMINI++ simulation code [1] has 
been extensively used for the description of 
charged particle decay and fission fragment 
emission following the heavy-ion fusion-
reactions. In this paper we report on enhanc-
ing the capabilities of this code by adding 
the possibility of emission of high-energy 
gamma rays from the Giant Dipole Reso-
nance (GDR).

This new feature, combined with experi-
mental detector positions filter of simulated 
results, allows for comparison of charged 
particle and high-energy gamma-ray spectra 
with the experimental results.

This code was used to describe the ex-
perimental results for the decay of 88Mo 
compound nucleus, measured using the 

combined HECTOR and GARFIELD ar-
rays [2]. The hot rotating 88Mo compound 
nucleus was produced in the reaction of 300, 
450 and 600 48Ti beam impinging on 40Ca 
target, at 125, 194 and 260 MeV excitation 
energies rsp.

The calculated charged particle spectra, 
filtered by the experimental conditions, 
agree quite well with the experimental data. 
Simultaneously obtained spectra of high-en-
ergy gamma-rays were also consisted with 
the measured ones, and allowed to fit the 
GDR parameters.

This shows a satisfactory performance of 
the modified GEMINI++ code of describing 
the decay of compound nucleus at very high 
excitation energies, up to 260 MeV.

Gamma-decay of the GDR in the GEMINI++ code
Michał Ciemała, IFJ PAN Kraków
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Primordial nucleosynthesis (or BBN) 
is one of the three observational evidences 
for the Big-Bang model. There is indeed a 
good overall agreement between primordial 
abundances of D, 3He, 4He and 7Li either 
deduced from observation or primordial nu-
cleosynthesis calculations. However, there 
remains a tantalizing discrepancy of a factor 
of 3-5 between the primordial 7Li abundanc-
es either calculated or deduced from obser-

vations. Solutions to this problem have been 
proposed, involving non standard models 
of the Big-Bang or stellar physics, but first, 
possible nuclear physics solutions have to 
be investigated.

Nuclear reactions, candidates for the de-
struction of 7Be/7Li, have been proposed 
and nuclear physics experiments have been 
(or are being) conducted to determine their 
cross-sections. An additional source of neu-

Big Bang nucleosynthesis 
Alain Coc, CSNSM Orsay
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Lately the crust of neutron stars is under 
intense investigation. Neutron-rich nuclei 
play a significant role [1]. Assuming nu-
clear and beta equilibrium (cold catalyzed 
matter) they determine the composition and 
properties of the crust. Moreover, neutron 
star crust under certain conditions is con-
sidered one of the possible sites of r-process 
nucleosynthesis. Since experimental in-
formation of the properties of neutron-rich 
nuclei is still limited, theoretical models are 
needed. We focus on their β–-decay half-
lives (Tβ–). A number of useful approaches 
to modeling Tβ– has been proposed and ap-
plied. We have developed a statistical global 
model for the systematics of β– lifetimes of 
the ground state of nuclei that decay exclu-
sively by this mode in the form of a fully 
connected, multilayer feed-forward Artifi-
cial Neural Network (ANN) [2] using data 
from Nubase2003 [3]. Several tests of its 
performance have been made as reported 
in Ref. [2]. We have recently checked its 

predictive performance for the Tβ– of all 
neutron-rich nuclides that have been experi-
mentally studied after Nubase2003 has been 
published. The conclusion is that in predic-
tive performance the ANN model can match 
or even surpass that of established theoreti-
cal and phenomenological approaches based 
on quantum theory and can therefore provide 
a valuable complementary tool for explain-
ing β–-decay systematics. In this work we 
give predictions of the ANN model for the 
Tβ– half-lives of neutron-rich nuclides that 
are considered to be present in the crust of 
neutron stars built from cold catalyzed mat-
ter. We also present some of the results from 
our study of Tβ– of nuclei synthesized via the 
r-process [4] that refer to the crust. A com-
parison is made of the ANN Tβ- values with 
available ones from conventional QRPA 
based approaches [5]. The study of other 
properties of neutron-rich nuclides relevant 
to the physics of neutron stars crust with ar-
tificial intelligence techniques is in progress.

The ANN model of β–-decay half-lives of nuclei in the crust  
of Neutron Stars

Nikolaos Costiris, University of Athens
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trons would alleviate the lithium problem by 
destroying 7Be, as shown by the unexpected 
sensitivity of 7Li production to the n(p, γ)d 
reaction. Such an effect suggest to extend the 
network in search of other unexpected effects 
on 7Li and in addition explore 6Li, Be, B and 
CNO BBN production and associated uncer-
tainties. CNO production in BBN could af-

fect the evolution of the very first stars but its 
calculation relies on hundreds of thermonu-
clear reaction rates including many for which 
very little experimental data is available. We 
extended our network to over 400 reactions 
and pointed out the few uncertain reaction 
rates that can have a significant impact on 
BBN LiBeB and CNO production.
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The neutron skin, is the difference between 
the neutron and proton root-mean square 
(rms) radii, which may provide fundamental 
nuclear structure informations [1]. A precise 
knowledge of the neutron-skin thickness 
may constrain the symmetry-energy term of 
the nuclear equation of state. Neutron-skins 
in heavy nuclei and the crust of neutron stars 
are both built from neutron-rich nuclear mat-
ter and one-to-one correlations were drawn 
between the neutron-skin thickness in nuclei 
and specific properties of neutron stars [2].

In one of our previous works on inelastic 
α-scattering, excitation of the isovector gi-
ant dipole resonance (IVGDR) was used to 
extract the neutron-skin thickness of nuclei 
[3]. The cross section of this process depends 
strongly on the neutron-skin thickness. An-
other tool, we developed earlier, for studying 
the neutron-skin thickness, is the excitation 
of the isovector spin giant dipole resonance 
(IVSGDR). The L=1 strength of the IVSGDR 
is sensitive to the neutron-skin thickness [3].

In a recent experiment we performed at 
GSI Darmstadt in the frame of the R3B col-
laboration the γ-decay of the anti-analog of 
the giant dipole resonance (AGDR) was mea-
sured. The AGDR was excited in the 124Sn(p, 
n) reaction in inverse kinematics. The energy 

of the 124Sn beam was 600 MeV/nucleon. 2 
mm and 5 mm thick CH2 and 2 mm thick C 
targets were used. This allowed us to sub-
tract the contribution of the C target to yield 
measured from CH2 during the analysis. The 
ejected neutrons were detected by a low ener-
gy neutron array (LENA) TOF spectrometer, 
which was designed and constructed in Deb-
recen. The energy of de-exciting γ-transitions 
was measured by six large (3.5”x8”) LaBr3 
assembled in Milano. The n-γ coincidence 
measurements delivered a precise value for 
the centroid energy of the AGDR.

The difference in excitation energy of the 
AGDR and isobar analog state (IAS) was 
also calculated with the fully self-consistent 
relativistic proton-neutron quasiparticle ran-
dom phase approximation (pn-RQRPA) as a 
function of the neutron skin thickness. The 
theoretical values of the E(AGDR) – E(IAS) 
show linear decrease with the increase of the 
neutron skin. By comparing the theoretical 
E(AGDR) – E(IAS) value with the measured 
one we could deduce the Δrnp = 0.18±0.02 
fm for 124Sn. This value is in good agree-
ment with the previous results for 124Sn.

The present method provides a new pos-
sibility for measuring neutron skin thickness 
of very exotic nuclei.

A new method for measuring the neutron-skin thickness
Margit Csatlós, ATOMKI Institute of Nuclear Research, Debrecen
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Using highly brilliant gamma beams, 
which will be soon available at the MEGa-
Ray facility (Livermore, United States) and 
at ELI-NP (Bucharest, Romania), a new 
experimental campaign on photofission 
studies can be envisaged to study extreme-
ly deformed nuclear states of the light ac-
tinides and their multiple-humped potential 
energy surface in a highly-selective way. 
The experimental technique of these stud-
ies is based on the observation of transmis-
sion resonances in the prompt fission cross 
section. Transmission resonances appear, 
when directly populated states in the first 
minimum energetically coincide with states 
in the second or in the third potential mini-
mum. The fission decay channel thus can 
be expressed as a tunneling process of these 
gateway states through the multiple-humped 
fission barrier.

So far, mainly light-particle induced 
nuclear reactions have been performed to 
study the transmission resonances with 
charged particle, conversion electron or 
gamma ray spectroscopy, resulting in a sta-
tistical population of the states in the 2nd 
and 3rd minimum with a very limited proba-
bility, leading to typical isomer intensities of  

1/sec. Moreover, these measurements suf-
fered from a dominating background from 
prompt fission. In contrast, by using mono-
chromatic gamma beams, the states in the 
higher-lying minima can be populated di-
rectly with considerably increased proba-
bilities, leading to a much suppressed back-
ground and due to the strong spin-selectivity 
very clean spectra can be measured.

Until now all photofission measurements 
at sub-barrier energies have been performed 
with bremsstrahlung photons, where the 
fission cross-section was folded by the in-
creasing gamma-ray spectrum. Compared 
to the presently available gamma bandwidth 
of 200 keV, the soon available improved en-
ergy resolution of 1 keV will allow resolv-
ing the “isomeric shelf” in the photofission 
cross-section into underlying predicted indi-
vidual resonances.

The results of the first, non-bremsstrah-
lung, exploratory photofission experiment at a 
Compton backscattered gamma beam facility 
(HIgS, Duke University, U.S.A.) will be pre-
sented. The aim of this demonstration experi-
ment was to search for transmission resonances 
in the photofission cross-section of 238U at sub-
barrier excitation energies down to 4.5 MeV.

Photofission of 238U induced by quasi-monochromatic,  
Compton backscattered gamma beam

Lorant Csige, Ludwig-Maximilans-University Munich
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The evolution of the giant dipole reso-
nance’s (GDR’s) width and shape as vary-
ing temperature and angular momentum is 
described within the framework of the pho-
non damping model (PDM), proposed and 
developed by the author and collaborators.

The PDM generates the damping of GDR 
through the couplings of GDR to particle-
hole (ph) configurations, which cause the 
quantal width, and to particle-particle (pp) 
and/or hole-hole (hh) configurations, which 
cause the thermal width. The quantal width 
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decreases slightly as temperature T increas-
es, whereas the thermal with increases with 
T and saturates at high T. This leads to an 
overall increase in the GDR’s total width 
at low and moderate T, and its saturation at 
high T. At very low T (below 1 MeV) the 
GDR’s width remains nearly constant be-
cause of thermal pairing.

The PDM description is compared with 
the established experimental systematic ob-
tained from heavy-ion fusion and inelastic 
scattering of light particles on heavy target 

nuclei, as well as with predictions by oth-
er independent theoretical approaches. In 
a recent development, the PDM has been 
extended to include the effect of angular 
momentum and its description is compared 
with the most recent preliminary experi-
mental results of GDR in hot rotating Mo-
88 nucleus. The predictions by PDM and 
the heavy-ion fusion data are also employed 
to predict the viscosity of hot medium and 
heavy nuclei.

Probing fundamental interactions by an Electrostatic  
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One of the possibilities to study funda-
mental interactions and the underlying sym-
metries is via precision measurements of the 
parameters of beta decay of trapped radio-
active atoms and ions. For example, deter-
mining the beta-neutrino angular correlation 
coefficient in a trap can probe the minute ex-
perimental signal that originates from pos-
sible tensor or scalar terms in the weak in-
teraction, thus probing possible new physics 
of beyond-the-standard-model nature. For 
precision measurements of this correlation 
traps are mandatory for since the recoiling 
nuclei, subsequent to the beta decay, are at 
sub-keV energies.

We have embarked to an experimental 
scheme to establish a novel experimental 

set-up to study the beta-neutrino correla-
tion by allowing to decay the trapping light 
radioactive ion beam inside an Electrostatic 
Ion Beam Trap (EIBT). This method exhibits 
several advantages compared to other trap-
ping schemes in terms of concept, efficiency 
and ease of operation. The first nuclide under 
study is 6He, to be produced using neutron-
induced reactions and subsequent ionization 
in an electron ion beam source/trap (EIBT) 
for ionization. The 6He+ radioisotopes will 
be stored in an electrostatic ion beam trap 
(EIBT), commonly used in atomic and mo-
lecular physics. The entire apparatus has been 
built at the Weizmann Institute. The method, 
the present status of the setup and future plans 
would be discussed during the presentation.
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Effective theory for low-energy nuclear energy density 
functionals

Jacek Dobaczewski, University of Warsaw

invited
Methods based on nuclear energy density 

functional (EDFs) have already become the 
standard tool in describing nuclear ground 
states and low-energy excited states [1,2]. 
In the present contribution, I will focus on 
recent developments related to the quest for 
new-generation functionals that might pro-
vide us with increased precision of global 
description of nuclear data and link low-
energy phenomena to ab-initio properties of 
nuclear matter and nuclear interactions. The 

main line of generalizations will be in ex-
pansions of EDFs in series of higher-order 
corrections related to derivatives of densities 
and fields [3]. I will also discuss generaliza-
tions of momentum-dependent interactions, 
like the Skyrme force, to higher orders [4] 
and derivations of quasilocal higher-order 
functionals from nonlocal ones [5]. Finally, 
I will present ideas related to introducing 
new functionals based on regularized zero-
range forces [6].

Electric transitions in hypothetical Tetrahedral  
and Octahedral bands

Artur Dobrowolski, Maria Curie Skłodowska University, Lublin

seminar

Within this work we are modeling the 
electric B(E) transition probabilities be-
tween nuclear collective states of well de-
fined transformation properties with respect 
to the high-rank point symmetry groups, e.g. 
tetrahedral (Td) or octahedral (O). Particu-
larly these two groups are known to have 
one- two- and three- dimensional irreduc-
ible representations. It implies that in the 
intrinsic reference frame associated with a 
nucleus the collective states can be 1-, 2-, 
3-times degenerated. However, due to the 
uniqueness condition (so called, symmetri-
zation of collective states) in the laboratory 
frame this degeneracy can not be observed. 
For simplicity we apply the adiabatic sepa-

ration of vibrational and rotational motions 
what allows us to construct the full collec-
tive solution as the simple product of pure 
vibrational and pure rotational parts being 
independently the eigensolutions of vibra-
tional and rotational Hamiltonians.

The vibrational part of a state depend-
ing on multipole deformation parameters is 
constructed as the zero- or one-phonon solu-
tion of required parity of the 9-dimensional 
quadrupole+octupole harmonic oscillator 
Hamiltonian with the adjustable parameters 
corresponding to the inverse of the quad-
rupole and octupole collective potential 
widths. A reasonable fit of these parameters 
within the macroscopic-microscopic method 
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based on realistic Woods-Saxon mean-field 
ensures that the energy values and B(E)’s 
calculated using these states can stay in good 
agreement with the experimental data.

The rotational component as function of 
the Euler angles with given angular momen-
tum contains no free parameters and is given 
as the appropriate combination of Wigner 
functions. Obviously, the rotational mul-
tiplets have to transform according to the 
“Td” or “O” group. Both the vibrational and 
rotational parts are coupled in this way that 
the full product wave function transforms 

with respect to the scalar representation of 
the symmetrization group.

Constructed in this work collective states 
can produce at this stage a crude estimates 
of electric transition probabilities for hypo-
thetical collective bands of tetrahedral or 
octahedral symmetries. Moreover, what is 
more promising for the future of the TET-
RANUC project, these solutions can be 
also considered as the basis in which the 
collective eigensolutions of more realistic 
high-rank symmetric Hamiltonians can be 
developed.

Lifetime measurements in neutron-rich Cu isotopes
Maria Doncel, University of Salamanca

seminar
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We present the results obtained in the 
experiment: “Lifetime measurements in 
neutron-rich Cu isotopes” performed at 
Laboratori Nazionali di Legnaro (Italy). The 
aim of the experiment has been to measure 
the lifetime of excited states in neutron-rich 
nuclei in the region of 78Ni, in particular, in 

the 71Cu isotope, through the recoil distance 
Doppler shift method (RDDS) using the 
AGATA Demonstrator coupled to the PRIS-
MA spectrometer and to the plunger device 
provided by the University of Cologne. This 
is the first time this setup has been used to-
gether in an experimental measurement. The 
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Search for the southern and eastern boundaries  
of the Island of Inversion

Pieter Doornenbal, RIKEN Nishina Center

seminar

Deep-inelastic reactions and K-isomers in neutron-rich  
nuclei crossing the perimeter of the A=180-190 deformed 

region
George Dracoulis, Australian National University

invited

While in the past extensive research fo-
cused on the western and northern border-
lines of the Island of inversion, a region of 
neutron rich Ne, Na, and Mg isotopes, in 
which neutron f7/2 states intrude into the 
sd-shell, only very little is known about the 
evolution towards the eastern and southern 
regions. In an attempt to locate these bor-
derlines, very neutron rich secondary beams 
with proton number Z=10-14 were produced 
via in-flight separation by the BigRIPS frag-
ment separator of the Radioactive Isotope 

Beam Factory. The beams were incident on 
a thick secondary target and reaction prod-
ucts as well as excited states identified via 
in-beam gamma-ray spectroscopy.

In my presentation I will report on recent 
results on the very neutron-rich fluorine and 
magnesium isotopes and discuss their defor-
mation and placement inside or outside of 
the Island of Inversion. In particular, direct 
experimental evidence towards an extension 
to the fluorine isotopes will be presented.

states have been populated in a multi-nucle-
on transfer reaction between a 76Ge beam 
of 577 MeV energy and a 238U target of 1.5 
mg/cm2 together with a 1.4 mg/cm2 thick Ta 
backing. The target was mounted together 
with a Nb degrader foil of 4.2 mg/cm2 thick-
ness in a compact Plunger device. The pro-
jectile-like reaction partners were identified 
using the PRISMA magnetic spectrometer, 
which was positioned at 55º with respect to 

the beam axes, close to the grazing angle, 
while the gamma rays were detected by the 
AGATA Demonstrator located at backward 
angles sensitive to their Doppler shift.

The measured value for the reduced transi-
tion probability, obtained through the lifetime 
determination of the 7/2– excited sate in 71Cu, 
is in good agreement with large shell-model 
theoretical calculations. The results of the 
work will be discussed in detail at the talk.

The region of deformed nuclei near Z=72 
and N=104 is prolific in multi-quasiparticle 
high-K isomers, formed by combining high-
omega orbitals near the proton and neutron 
Fermi surfaces. Many more are predicted 
to occur in stable and neutron-rich isotopes 
but few are accessible by conventional fu-
sion-evaporation reactions. Multi-nucleon 
transfer or “deep-inelastic” reactions with 

heavy energetic beams offer an alternative, 
although non-selective, means of produc-
tion [1], complementing the broader reach 
of fragmentation reactions (see, for example 
Ref. [2]).

We have carried out a series of system-
atic studies extending, to date, from the well 
deformed Tm isotopes, through the neutron-
rich W and Os region where the nuclei be-
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Near-barrier nuclear collisions: From coherent  
quantum-superposition to dissipative dynamics

Maurits Evers, Australian National University

invited

M. Evers, D. J. Hinde, M. Dasgupta and D. H. Luong
Department of Nuclear Physics, Research School of Physics and Engineering, 

The Australian National University, Canberra, ACT 0200, Australia

[1] R. Broda, J. Phys. G 32, R151 (2006).
[2] M. Pfutzner et al., Phys. Lett. B 444, 32 (1998).
[3] G. D. Dracoulis et al., Proc. of the Rutherford Centennial Conference on Nuclear 
Physics, August 2011, J. Phys. Conference Series (JPCS) 2012.
[4] G. D. Dracoulis et al., Phys. Lett B 709, 59 (2012).
[5] P. M. Walker and F. R. Xu, Phys. Lett. B 635, 286 (2006).
[6] M. W. Reed et al.. Phys. Rev. Lett. 105, 172501 (2010); and to be published.

Nuclear collisions at energies near the fu-
sion barrier show a range of different phe-
nomena which can affect each other. Exci-
tations of low-lying collective states in the 
interacting nuclei as well as nucleon transfer 
leaving the residual nuclei in distinct excit-
ed states have been very successfully treated 

within the coherent quantum coupled-chan-
nels framework and lead to excellent agree-
ment with fusion cross section measure-
ments. At higher energies, deep inelastic 
collisions (DIC) involving multi-nucleon 
transfer lead to the population of highly ex-
cited states in the residual nuclei. These dis-

come gamma-soft, to some of the Ir and Au 
isotopes. The results are from measurements 
made using 6 MeV per nucleon, pulsed and 
chopped Xe-136 beams provided by the AT-
LAS facility at Argonne National Laboratory, 
incident on a range of enriched targets Gam-
ma-rays were detected with Gammasphere.

I will cover part of the background to 
the formation of simple, deformed multi-
particle isomers in the Hf region, associated 
questions of K-quantum number purity and 
dilution, as well as some of the technical 
aspects of discovery, assignment and char-
acterization.

Selected level schemes and isomers iden-
tified in osmium, iridium and gold isotopes 
[3,4] will then be discussed in the context of 
the soft tri-axial structures predicted by con-
figuration-constrained potential energy-sur-
face calculations, and also dynamical effects 
such as oblate alignment [6]. An emerging 
issue is that very low-lying states associated 
with the 12+, i13/2 two-neutron-hole con-
figuration are persistently predicted. These 
could result in long-lived beta-decaying 
isomers. Prospects for their identification 
through storage-ring mass measurements 
[6] will be briefly outlined.

 Symmetries predicted by theory <–> Predictive power  
of theories

Jerzy Dudek, University of Strasbourg and IPHC

invited
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sipative processes have been linked with the 
observed suppression of fusion at energies 
above the barrier [1,2] and cannot be treated 
within the usual quantum coupled-channels 
formalism.

We expect in reality a smooth transition 
from nucleon transfer to low-lying discrete 
states in sub-barrier collisions to multi-nu-
cleon transfer leading to dissipation in DIC 
at energies above the barrier. Thus under-
standing the role of transfer may be a key 
step towards developing a formalism that 
correctly describes the suppression of fusion 
seen both at deep sub-barrier and at above-
barrier energies [1,3,4]. Accordingly a re-
newed interest in transfer has lead to detailed 
measurements using various reactions with 

stable and weakly-bound nuclei [5,6,7].
In reactions with stable nuclei, transfer 

has been shown to lead to high excitation 
energies in the residual nuclei already at en-
ergies below the barrier [8,7]. Furthermore 
transfer also plays a crucial role in triggering 
breakup of weakly-bound nuclei, which may 
affect the probability for complete fusion [6].

Latest measurements performed at the 
Australian National University on these 
aspects will be presented. They may hold a 
key towards developing a model which al-
lows to link dissipative processes such as 
transfer leading to highly excited states or 
even breakup, to a coherent quantum de-
scription of nuclear collision dynamics.

Recent advances of laser spectroscopy at ISOLDE
Kieran Flanagan, University of Manchester

invited
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The production of rare isotopes at facili-
ties such as ISOLDE is often compromised 
by the presence of intense isobaric contami-
nant beams. This has necessitated exten-
sive research and development into cleaner 
production methods, such as the laser ion 
source, as well optimization of target ma-
terials and design. In a few special cases it 
has been possible to use these techniques to 
even produce isomeric beams for spectros-
copy and post acceleration. Such selectivity 
is not possible for all elements and there are 
still many cases prevented by isobaric con-

tamination. During the last 3 years a new la-
ser spectroscopy experiment CRIS has been 
established at ISOLDE that aims to produce 
a more universal method of isotope purifica-
tion for secondary experiments, such as nu-
clear spectroscopy. This new technique of-
fers an efficient method for selecting either 
the ground state or long lived isomeric state.

This talk will report on the successful 
commissioning of the CRIS beam line and 
the recent laser spectroscopy results and la-
ser assisted decay spectroscopy.
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Light nuclei in the ab initio no-core shell model
Christian Forssén, Chalmers University of Technology

invited

The ab initio no-core shell model 
(NCSM) is a well-established theoretical 
framework aimed at an exact description of 
nuclear structure starting from high preci-
sion interactions between the nucleons [1]. 
In the NCSM we consider a system of A 
point-like, non-relativistic nucleons that in-
teract by realistic inter-nucleon interactions. 
We consider both semi-phenomenological 
potentials, as well as more recent chiral in-

teractions. The performance of the NCSM 
within nuclear-structure physics will be 
exemplified by showing results from stud-
ies of light nuclei [2,3]. In particular, the 
importance of three-nucleon forces will be 
highlighted and I will focus on new and 
valuable insights into the origins of exotic 
nuclear structure from ab initio methods. 
Major challenges in the future development 
of the method will be outlined.

Summary and outlook: The next 20 years of nuclear physics
Sydney Gales, IPN Orsay
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Beta-delayed neutron emission from the r-process nuclei
Robert Grzywacz, University of Tennessee and ORNL

invited

Beta-delayed neutron emission is a prev-
alent decay channel for a majority of the 
very neutron-rich nuclei participating in the 
r-process. While many nuclear models pre-
dict nuclear lifetimes and branching ratios 
of the r-process nuclei, very little is known 
experimentally about the energy spectrum 
of the neutrons from beta-n branches that 
provide direct information about the un-
bound states populated through beta decay. 
These measurements constitute a better test 
of nuclear models than simply using life-
times and branching ratios.

The new neutron detector arrays Versa-
tile Array of Neutron Detectors at Low En-

ergy (VANDLE) [1] and 3Hen were com-
missioned at the Holifield Radioactive Ion 
Beam Facility (HRIBF). The HRIBF uses 
proton-induced fission to produce unique, 
intense and high isotopic purity beams of 
neutron-rich fission fragments. We have 
measured neutron energy spectra in key 
regions of the nuclear chart: near the shell 
closures at 78Ni and 132Sn, and for the most 
deformed nuclei at Z=37. Many of these nu-
clei lie directly on the r-process path [1]. Of 
the 29 beta-n emitters studied, only 4 rela-
tively long-lived isotopes were previously 
measured. For some of the most exotic nu-
clei, narrow and intense peaks in the neu-

[1] P. Navratil et al., J. Phys. G Nucl. Part. Phys. 36, 083101 (2009).
[2] C. Forssen et al., Phys. Rev. C 79, 21303 (2009).
[3] C. Forssen et al., arXiv 1110.0634 [nucl-th] (2011).
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tron energy distribution indicate the pres-
ence of resonances, which are most likely 
signatures of the excitation of deeply bound 

“core” states. Preliminary results from the 
most prominent measurements will be pre-
sented.

Study of the 42Ca nuclear structure using AGATA and EAGLE 
spectrometers: Recent results from the Coulomb excitation 

of the 42Ca experiment
Katarzyna Hadyńska-Klęk, Institute of Experimental Physics  

and Heavy Ion Laboratory, University of Warsaw

seminar
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The Coulomb excitation experiment to 
study electromagnetic properties of low-ly-

ing states in 42Ca with a focus on a presum-
ably super-deformed band was performed at 

The orbital M1-scissors resonance has 
been measured for the first time in the 
quasi-continuum of actinides. Particle-γ co-
incidences are recorded with deuteron and 
3He induced reactions on 232Th at the Oslo 
cyclotron laboratory. The outgoing charge 
particles were measured in backward angles 
with the SiRi particle-telescope system. The 
γ−ray spectra were recorded for various ex-
citation energies with the CACTUS system 

consisting of 28 5” x 5” NaI detectors.
The residual nuclei 231,232,233Th and 

232,233Pa show an unexpectedly strong in-
tegrated γ-ray strength of B(M1) = 11-15 
μ2 in the 1.0-3.5 MeV γ-ray energy region. 
The results are compared with sum-rule es-
timates. The presence of the strong scissors 
resonance has significant impact on (n, γ) 
cross sections.

Observation of large orbital scissors strength in actinides
Magne Guttormsen, University of Oslo

seminar
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In-Medium Similarity Renormalization Group  
for finite nuclei

Heiko Hergert, Ohio State University

seminar
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The Similarity Renormalization Group 
(SRG) has emerged as a powerful and ver-
satile tool for many-body physics. So far, its 
primary application in the framework of the 
nuclear many-body problem is the derivation 
of effective interactions from underlying re-
alistic NN (and recently 3N) interactions.

A recent development is the In-Medium 
SRG, where the Hamiltonian is evolved di-
rectly in the A-body system (i.e., at finite 
density). By a suitable choice of generator 
the ground state is decoupled from particle-

hole excitations, and the IMSRG can be 
considered an Ab-Initio technique for solv-
ing the many-body problem. The modest 
computational effort makes calculations for 
medium-mass and heavy nuclei feasible.

I will give a brief overview of the meth-
od, present results for closed-shell nuclei 
with NN and 3N interactions, and discuss an 
effort to generalize the IM-SRG formalism 
for arbitrary reference states, with the aim 
of extending our calculations to open-shell 
nuclei.

the Laboratori Nazionali di Legnaro in Italy 
in 2010 using the γ-ray spectrometer AG-
ATA Demonstrator coupled to the DANTE 
position sensitive charged particle detector 
array. Gamma-rays from Coulomb excited 
42Ca nuclei were measured in coincidence 
with calcium projectiles back-scattered on 
the 208Pb target and detected by three po-
sition-sensitive MCP detectors forming the 
DANTE array. The AGATA Demonstrator 
spectrometer consisting of three clusters 
was used for the first time in a nuclear phys-
ics experiment.

In the present experiment the transitions de-
exciting the presumably super-deformed band 
were observed for the first time following the 
Coulomb excitation. Low lying states in the 
yrast band were also populated via multiple 
COULEX. In both the ground state band and 
the deformed band it was possible to Coulomb 
excite levels of spin up to 4+. Unexpectedly, 
two unknown γ lines were observed in the 
spectrum at energies 2048 and 376 keV. The 
2048 keV transition was particularly strong 
and clearly visible. The widths of these two 
γ-ray lines indicated that they could be emitted 

from the 42Ca scattered projectile.
To resolve ambiguities concerning the 

electromagnetic structure of 42Ca, a dedicat-
ed fusion-evaporation experiment aiming at 
investigation of the low spin level scheme in 
42Ca was performed at Heavy Ion Laborato-
ry, University of Warsaw, using the EAGLE-
II spectrometer in the configuration with 16 
HPGe detectors in anti-Compton shielding. 
A 32S beam with the energy of 86 MeV bom-
barded a very thick (> 50 mg/cm2) 12C tar-
get. 42Ca was populated in the 2p reaction 
channel, being one of the strongest channels 
observed. In addition, states in 42Ca, includ-
ing the 2424 keV level, were populated in 
the beta decay of 42Sc, a product of the pn 
channel. In the off-beam analysis it was 
possible to observe the 2424 and 899 keV 
transitions de-exciting the 2424 keV state. 
In γ-γ matrix, however, there was no sign 
of the 376 keV transition neither in coinci-
dence with the 2048 keV γ-ray, nor with the 
328 keV transition de-exciting the 4+ (2752 
keV) state to the 2+ (2424 keV).

Preliminary results of the data analysis of 
both experiments will be discussed.
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The seniority ν=2 and 3 (h11/2)n 10+ and 
27/2– isomers known in all neutron-rich 
Sn isotopes were established in a series 
of deep-inelastic heavy ion reactions [e.g. 
1,2,3]. The B(E2) values extracted for iso-
meric transitions reflect in a rather striking 
way the filling of the h11/2 neutron orbital 
and indicate that the shell is half-filled in 
the 123Sn isotope. In an extensive analy-
sis, we have now identified  higher senior-
ity excitations located above these isomers 
in the Sn isotopes extending from 118Sn to 
the recently identified structure in 128Sn [4]. 
In this analysis, complementary data were 
used from three separate coincidence mea-
surements performed at Argonne National 

Laboratory with the ATLAS superconduct-
ing linear accelerator and the Gammasphere 
detector array. In the 48Ca + 238U, and 48Ca 
+ 208Pb experiments, the 118-128Sn isotopes 
were produced in the fusion-fission reac-
tions, whereas the fission of the 238U target 
nuclei populated them predominantly in the 
third selected colliding system: 64Ni + 238U.

Gamma rays located above the known 
isomers were identified using delayed coin-
cidence techniques in all Sn isotopes with 
isomeric half-lives shorter than 10 μsec. For 
long-lived isomers, the analysis of cross-
coincidences with gamma rays from re-
spective complementary fission fragments 
provided the required identification. In this 

Nuclear structure, neutron stars, and gravitational waves
Charles Horowitz, Indiana University

invited
The PREX experiment at Jefferson Labo-

ratory uses parity violating electron scatter-
ing to determine the neutron radius of 208Pb 
in a way that is free from most strong inter-
action uncertainties. We present first results 
and discuss future plans including a follow 
up measurement on 48Ca. The neutron radi-
us constrains the density dependence of the 
symmetry energy and has important impli-
cations for the structure of neutron stars. We 
review recent observations of neutron star 
masses and radii and discuss their implica-
tions for the equation of state of neutron rich 

matter. A new energy functional is directly 
fitted to both properties of finite nuclei and 
to neutron star masses and radii. This helps 
constrain neutron matter properties. Predic-
tions of the functional for the drip lines and 
for very neutron rich heavy nuclei will be 
presented. Finally we anticipate soon the 
historic discovery of gravity waves with the 
operation of the large detectors Advanced 
LIGO and Advanced VIRGO. We introduce 
gravity waves and discuss how they probe 
neutron rich dense matter.
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The Institut Laue-Langevin is operating 
crystal spectrometers yielding the highest 
possible resolution power for gamma rays 
available today. The gamma rays are ob-

tained from samples irradiated in a through 
going tangential beam tube in a flux of 5 x 
1014 neutrons / cm2 s. The gamma rays are 
observed after single or double neutron cap-

analysis, the observed isotopic distribu-
tions of complementary Sm and Te nuclei 
in reactions with the 48Ca beam on the 238U 
and 208Pb targets, respectively, were very 
broad and indicated high numbers (15 and 
12, respectively) of evaporated neutrons. 
Nevertheless, the careful examination of the 
cross-coincidence events allowed to place 
unambiguously the most intense higher-
lying gamma transitions in isotopes having 
long-lived isomers. 

Gamma transitions identified in 118Sn 
did not exhibit any delayed (< 3 ns) compo-
nent and established two separate structures 
of levels located above the 7– and 10+ iso-
mers. On the other hand, in all other even 
neutron-rich Sn isotopes, strongly popu-
lated higher-lying isomers were identified 
with respective half-lives of 30(3), 143(14), 
260(30), 114(12)  and 220(30) ns in 120Sn, 
122Sn, 124Sn, 126Sn and 128Sn of which only 
the 128Sn isomer was observed before [4]. 
The delayed coincidences exploiting the 
existence of these isomers confirmed the 
earlier cross-coincidence identifications, 
and these were further solidified by the ob-
served isomeric gamma-decay branches to 
the known 7– and/or 8+ states in each iso-
tope. These isomeric decays proceed mainly 
through cascades of three intense gamma 
transitions to the 10+ isomers and the com-
peting branches connect to 7– and 8+ levels. 

These weaker branches clearly assign a  Iπ 
= 15– spin-parity to all of the new isomers, 
similarly to the assignment proposed in the 
128Sn case. The systematic of the extracted 
B(E2) values for the 15– → 13– isomeric 
transitions closely follows the behavior of 
the B(E2) values established earlier for the 
10+ isomers.

Apart from the 15– isomers, strongly 
populated cascades of three prompt transi-
tions observed in all nuclei establish the 
apparent location of 12+, 14+ and 16+ states 
of seniority ν=4 excitations involving four 
h11/2 neutrons. The observed decay branches 
from 16+ states which feed the 15– isomers 
support such assignments. Delayed, double-
gated coincidences with respective transi-
tions located below the 15– isomers served 
to identify higher-lying gamma transitions 
which precede in time isomeric decay in 
each nucleus. The analysis of prompt co-
incidences for gamma-ray events selected 
by appropriate delayed transition gates re-
vealed a rich structure of levels located 
above the isomers and corresponding to ex-
citations with seniority higher than ν=4. 

The analysis established also a complex 
structure of states located in odd-A Sn iso-
topes above the 27/2– isomers. As this part 
of the study is still in progress, the present 
contribution will summarize only the results 
obtained for even Sn isotopes.
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Ion trap techniques have traditionally 

been used for precision studies of funda-
mental physics and metrology. During re-
cent years these techniques have become 
also precision tools for nuclear spectroscopy 
and related applications. In this presentation, 
basic principles will be described with vari-
ous physics examples ranging from sensitive 
nuclear spectroscopic studies to applications 
related of nuclear technology and safety.

Decay spectroscopy of fission products 
suffers often from isobaric contamination 
due to more abundant, less exotic species 
in the same mass chain. Ion traps can eas-
ily provide mass resolving power exceeding 
10 000 allowing separation of isobars. With 
new techniques, like Ramsey cleaning de-

veloped at JYFLTRAP, even higher resolv-
ing powers can be obtained, allowing sepa-
ration of isomeric states in many cases. In 
this presentation, examples of such studies 
will be given. In precision studies of funda-
mental physics, like decay studies of super 
allowed beta decay, the highest purity with 
high enough statistics is usually needed. For 
such studies, a multiple injection and clean-
ing method has been developed. Physics 
examples will be illustrated. Precision mass 
measurements over large range of N and Z 
can be used as complementary information 
for spectroscopic studies. In this presenta-
tion examples of nuclear structure informa-
tion obtained through atomic mass measure-
ment will be given.

ture of stable isotopes yielding access to a 
large number of nuclear excitations. The 
spectrometers are operated in two modes: 
double flat crystal or single bent crystal ge-
ometries.

The double flat crystal geometry yields a 
resolving power of ∆E/E = 10–6 and the pos-
sibility of intrinsic absolute energy calibra-
tion with an uncertainty of 10–7 independent 
of the gamma ray energy. This has allowed 
developing the Gamma Ray Induced Dop-
pler broadening technique for the measure-
ment of nuclear state lifetimes in the range 
of femto- to picoseconds. The technique 
uses the fact that secondary gamma rays are 
Doppler broadened by the recoil induced by 
a primary gamma ray emission if the life-
time of the intermediate nuclear state is suf-
ficiently short. The extra-ordinary resolving 
power of the instruments comes with a rath-
er small effective solid angle of only 10-11 
deg. This forces the use of massive sample 
materials of several grams mass and limits 
therefore in most cases the use of the instru-
ment to natural target material only. The 

curved crystal spectrometers profit from 
the focusing character of the crystals, which 
yields a four orders of magnitude better 
solid angle. Therefore the use of very small 
sample masses of a few tens of mg only is 
possible. On the other hand the resolving 
power is energy dependent, ∆E/E = 10-3 E 
[MeV], which makes the instrument an in-
teresting tool for detailed spectroscopy stud-
ies below 1 MeV. Further instruments yield 
an outstanding dynamic range of about 106, 
which is by one order of magnitude higher 
compared to all other currently used high 
resolution detector systems. This property 
is in particular important for search of weak 
transitions.

The instruments were successfully used 
in the last decade for the investigation of a 
number of nuclear symmetries. The talk will 
shortly review this activity. Further, a more 
detailed explanation of currently ongoing 
studies on negative parity bands in the Gad-
olinium region will be given. In particular 
results relevant to the search for tetrahedral 
symmetry in these nuclei will be shown.
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Probing the structure of short-lived nu-
clei with single-nucleon transfer reactions 
is a key focus of existing and emerging 
radioactive-ion-beam facilities. At Argonne 
National Laboratory, the ATLAS accelerator 
provides light neutron-rich beams through 
the in-flight production method [1] and 
shortly the CARIBU facility, re-accelerating 
Cf fission fragments [2]. Studying transfer 

reactions in this scenario implies they are 
performed in inverse kinematics where 
conventional approaches typically suffer 
from poor resolution due to significant ki-
nematic compression e.g. [3]. The HELIOS 
spectrometer [4] sidesteps the kinematic-
compression problem by transporting the 
outgoing ions in the strong, homogeneous 
magnetic field of a large-bore supercon-
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The transitional nuclei in the A~130 mass 
region with few valence nucleons near shell 
closure offer to study rich variety of shapes 
and structures due to interplay of various 
multi quasi-particle excitations and the col-
lective behavior of underlying core. Both 
protons and neutrons occupy the unique 
parity h11/2 intruder orbitals which play an 
important role in shape driving properties of 
neutrons and protons [1,2]. Thus, neutron-
deficient Ba isotopes are important for in-
vestigating the phenomenon of shape coex-
istence and have been the subject of much 
experimental and theoretical interest. The 
electromagnetic moment measurements 
give insight into the collective and single 
particle structures of nuclear states.

The isomeric states, 7– in 128Ba and 

9/2– and 23/2+ in 129Ba, have been excited 
through the 120Sn(12C, xn)128,129Ba nuclear 
reactions. The lifetime of the isomeric states 
is well suited to employ the time-differential 
perturbed angular distribution technique to 
extract the ratio of the quadrupole moments 
and the g-factors of the isomeric states. Most 
of the states in these nuclei are known to be 
neutron states and thus have small g-factors. 
The recoils are implanted in iron and the 
internal magnetic field at Ba in iron was 
calibrated using the known g factor in 132Ba, 
i.e., g(10+) = –0.159(5) [3]. The g-factor of 
7– isomeric state in 128Ba is at variance with 
the earlier results. The results are compared 
with the particle - triaxial rotor calculations 
and the evolution of nuclear shape in Ba nu-
clei is discussed.
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One of the most exciting fields of re-
search in astrophysics and particle physics 
is neutrino physics. Since neutrino “birth” 
in 1930 by Wolfgang Pauli, several original 

and intriguing ideas, in both experiment an 
theory of neutrino physics have been pro-
posed. A subjective choice of them will be 
presented.

ducting solenoid. These ions follow helical 
trajectories before returning to the magnetic 
axis, where their energy, position, and time-
of-flight are measured – the latter provid-
ing automatic, energy independent, particle 
identification via the cyclotron period of 
the ion. This opens up many exciting op-
portunities. An overview of the HELIOS 
spectrometer will be presented along with 

results from the first measurements with 
light neutron-rich beams [5,6,7] and with 
heavy beams close to Z = 50 and N = 82 [8], 
along with future directions for the study of 
neutron-rich nuclei using transfer reactions. 
The latest prospects for a HELIOS-like 
spectrometer at a European ISOL facility 
will be discussed.

A basic step towards full understanding 
of nuclear interactions and structure is prop-

er modeling of all details of the few-nucleon 
system dynamics. Modern nucleon-nucleon 

This work supported by the U.S. Department of Energy, Office of Nuclear Physics under 
Contract No. DE-AC02-06CH11357 and Grant No. DE-FG02-04ER41320, NSF Grant No. 
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Three-nucleon system dynamics can 
be investigated quantitatively by compar-
ing observables calculated with the use of 
Faddeev equations with results of precise 
measurements. The breakup observables 
can be predicted by modern realistic pair-
wise nucleon-nucleon (NN) interaction, 
combined with model of 3N forces. More-
over the two- and three-nucleon interactions 
can be modeled within the coupled-channel 

(CC) framework by an explicite treatment 
of the D-isobar excitation. Alternatively, the 
dynamics is generated by the Chiral Pertur-
bation Theory (ChPT) at the next-to-next-to-
leading order with all relevant NN and 3N 
contributions taken into account. The listed 
above calculations include different pieces 
of nucleon-nucleon dynamics like three nu-
cleon force 3NF, the long-range Coulomb in-
teraction or relativistic effects, which reveal 

(NN) interaction models, most commonly 
based on the meson-exchange picture, are 
able to reproduce the bulk of all NN data 
with an utmost precision. Their quality can 
be efficiently probed in the few-nucleon en-
vironment by comparing most up-to-date 
theoretical predictions with the observables 
measured in precision experiments. Thor-
ough studies of three-nucleon system have 
led to a conclusion that a proper description 
of the experimental data cannot be achieved 
with the use of NN forces alone. This indi-
cates a necessity of including additional dy-
namics: subtle effects of suppressed degrees 
of freedom, introduced by means of genuine 
three-nucleon forces, or, for a long-time ne-
glected, Coulomb force [1-3].

Those findings, and their extensions at-
tempted in the four-nucleon system, would 
not be possible without a quantitative im-
provement of the experimental methods. 
New generation experiments in the middle-
energy region are either employing high-

resolution magnetic spectrometers or large, 
multi-detector arrangements, providing 
data of unprecedented accuracy. Progress 
in measuring high-rank polarization ob-
servables, in covering wide phase-space 
regions of the three-nucleon scattering in 
continuum, as well as attacking four-nu-
cleon systems, are creating new challenges 
to improve modeling of all details of the 
interaction dynamics into still unexplored 
regions. In spite of theoretical and experi-
mental improvements there still remain 
unresolved puzzles, which indicate that 
our understanding of the complexity of 
forces acting in the few-body system is 
not complete.

The talk will review most common ap-
proaches to modeling of the few-nucleon 
interaction dynamics and present their suc-
cesses and failures in confrontations with 
the precise data from several recent experi-
ments performed in the energy region of few 
tens to few hundreds of MeV.
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Shell structure is a fundamental property 
of atomic nuclei. One of the most important 
subjects of modern nuclear physics is to 
elucidate the shell structure of unstable nu-
clei with a large neutron-proton asymmetry. 
While nuclear shell is very static in stable 
nuclei, showing shell closures at neutron or 
proton “magic” numbers of 8, 20, 28, 50, 
82, and 126, recent studies revealed that the 
shell structure dynamically evolves as the 
neutron-proton asymmetry increases, and 
even quenches shell gaps at classical magic 
numbers or gives rise to a closure at non-
magic numbers. Neutron-rich 78Ni nucleus 
with a proton number Z=28 and a neutron 
number N=50 is doubly magic in a classical 
picture of shell structure. The persistence 
or disappearance of the shell gaps near 78Ni 
has a tremendous impact on the understand-
ing of the mechanism of the evolution of 
nuclear shell, the development of reliable 
microscopic models in medium mass nuclei 
and the scenario of nucleosynthesis in the 
early universe as 78Ni is in the path towards 
heavier elements.

To learn more about the shell structure of 
78Ni we have studied the beta-decay of the 
neutron-rich 84Ga isotope at the ALTO facil-
ity in IPN Orsay (France). The fission frag-
ments were produced in the photo-fission 
reaction induced by 50 MeV 10 µA electron 
beam in a thick UCx target. The gallium at-
oms were selectively ionized with a newly 
developed laser ion source. The ionization 
of the gallium was more than ten times 
higher compared to the surface ion source 
previously used by our group. The ions were 
separated with the PARRNe mass separator 
and implanted on a movable mylar tape. 
Two germanium detectors in close geometry 
were used for the detection of gamma-rays 
and gamma-gamma coincidence measure-
ment, and a plastic 4PiBeta for beta tagging.

The improved level scheme for 83,84Ge 
will be presented and compared with the 
shell model calculations performed with 
ANTOINE code using “ni78-jj4b” interac-
tion which is the modified version of the re-
sidual interaction developed by Sieja et al. 
with the 78Ni core.

their influence at different part of the phase 
space. Especially, cross section observables 
are very sensitive to all these effects.

Experiments devoted to study such subtle 
ingredients of nuclear dynamics were car-
ried out at KVI Groningen [1,2] and FZ-
Jülich [3] with the use of the 1H(d, pp)
n breakup reaction at 100 MeV, 130 MeV 
and 160 MeV deuteron beam energy. The 
measurements of the breakup reaction were 
performed at KVI Groningen with the use 
of the SALAD and BINA detectors covering 
large part of the reaction phase space. Ex-

periment at FZ-Jülich was devoted to stud-
ies at very forward angles, making use of 
the Germanium Wall detection system. The 
precise experimental data of the breakup 
reaction obtained in a wide phase space re-
gion at different incident beam energies are 
very valuable for systematic studies of the 
effects and for understanding their role in 
few-nucleon system dynamics. The data can 
serve as valid tool for verification of rigor-
ous theoretical calculations which currently 
are vividly developed.
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The decay studies of radioactive nuclei 
far away from the valley of beta-stability 
are often the sole option for probing nucle-
ar models in such exotic nuclear systems, 
hence helping to extrapolate nuclear proper-
ties into unknown territories.

Recent decay studies of 238U fission prod-
ucts performed at the Holifield Radioactive 
Ion Beam Facility (HRIBF) included the 
most neutron-rich isotopes of germanium 
(Z=32) and arsenic (Z=33) known to date. 
The isobaric contaminants in the beams 
were suppressed by using molecular beams 

GeS and AsS. It allowed us to study the de-
cay properties of 85Ge, 86Ge, 86As and 87As. 
The beta-decay half-life of 86Ge was mea-
sured for the first time and the lifetimes of 
85Ge, 86As and 87As were determined with 
much better accuracy and precision. These 
new half-life values support the recent theo-
retical modeling of the beta-decay process 
within the DF3a+CQRPA framework [1].

The beta-decay properties of 85,86Ge 
and 86,87As and the structure of respective 
daughter nuclei will be presented and dis-
cussed.
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The classical method of generating pho-

ton beams in the MeV range is based on the 
inverse Compton scattering of a laser light 
on electrons. The intensity of such beams 
is and will always be limited because the 

wavelength of the laser photons is signifi-
cantly smaller than the classical electron 
radius. In my talk, I shall discuss the use 
of partially stripped ions as, by far, more 
efficient boosters of the frequency of the 
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By using the quantum diffusion ap-
proach, the isotopic trends of capture cross 
sections and mean-square angular momenta 
of captured systems are studied in the reac-
tions 4He, 16O, 36S, 48Ca + 196,200,204,208Pb. 
The nuclear parts of the nucleus-nucleus 
interaction potentials were calculated by us-
ing the double-folding procedure with the 
density-dependent effective NN interaction 
constructing with an averaging procedure 
from the TFFS (Theory of Finite Fermi 
Systems) effective interaction. For density 
distributions of interacting nuclei, we used 
the two-parameter symmetrized Fermi func-
tions. For the lead isotopes, the Fermi-dis-
tribution parameters were found to fit to the 
self-consistent density distributions calcu-
lated with the DF3-a functional within the 
EDF (Energy Density Functional) method.

The available experimental data at ener-
gies above and below the Coulomb barrier 
are well described. The isotopic trends are 
attributed to the deformation effects, neu-
tron transfer, and nucleus-nucleus interac-
tion. As demonstrated in our calculations, 
in the case of the same deformations of col-
liding isotopes and minor effect of neutron 

transfer, the neutron number of the target 
nucleus strictly influences the height of the 
Coulomb barrier, but not the width of the 
barrier. Thus, the height Vb of the calculated 
Coulomb barrier can be adjusted to the ex-
perimental data for the capture cross sec-
tions at Ec.m.> Vb to take effectively into ac-
count the change of nuclear interaction with 
neutron number. The width of the nucleus-
nucleus interaction potential can be calcu-
lated with any realistic diffuseness param-
eter because the width is rather insensitive 
to its value. Indeed, this procedure is often 
used for calculating the sub-barrier fusion 
and capture. It was applied to the reactions 
16O + 70,72,74,76Ge.

As found, the increase of the number of 
neutrons in Pb assists the capture process. 
The isotopic dependence is rather weak in 
the reactions with 4He and 16O because the 
nucleus-nucleus potential weakly depends 
on the mass number of the target in very 
asymmetric reactions. In the reactions with 
36S and 48Ca the isotopic trend is more pro-
nounced. The slope of the capture cross sec-
tion at deep sub-barrier energies is not sen-
sitive to the neutron number of the system.

laser-photons. I shall evaluate the feasibil-
ity of accelerating and storing beams of par-
tially stripped ions in the LHC storage rings 
and focus on the potential of such beams to 
generate high intensity, MeV-range, photon 
beams. Such beams could open many new 
domains of basic research and applications. 

including gamma-proton, gamma-nucleus 
and gamma-gamma collision physics, axion 
searches, photo-transmutation of nuclear 
isotopes, gamma-ray transmission radiogra-
phy, cancer therapy and production of very 
intensive beams of polarized positrons.
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An unexpected enhancement in the low-
energy part of the gamma strength function 
for medium-mass and light nuclei has been 
discovered at OCL [1, 2, 3]. This enhance-
ment could lead to an increase in the neu-
tron-capture rates up to two orders of mag-
nitude for very exotic, neutron-rich nuclei 
(see Ref. [4]).

The existence of this enhancement has 
very recently been confirmed in 95Mo in an 
experiment at Lawrence Berkeley National 

Laboratory [5]. However, there is still an 
open question whether this structure persists 
when approaching the neutron drip line.

In this talk, the present status of knowl-
edge of the enhancement and possible con-
sequences for the stellar r-process will be 
discussed. Fresh data on Fe isotopes, in-
cluding spectra taken with large-volume 
LaBr3(Ce) detectors borrowed from the IN-
FN-Milan group will also be shown.

In my talk, I will present both excitation 
energies and gamma transition probabilities 
for a few sd-shell even-even nuclei [1]. The 
results have been obtained in the framework 
of the multiparticle-multihole configuration 
mixing approach (mp-mh) [2,3] wich consists 
of a unified variational treatment of nuclear 

long-range correlations. The same effective 
nucleon-nucleon interaction, namely the 
D1S Gogny effective force, is used in both 
the mean-field and the residual channels.

Energies, B(E2) and B(M1) calculations 
are performed for sd-shell even-even nuclei 
with 8 < Z < 20 and 8 < N < 20. Low-lying 



54

[1] B. Jurado et al. Phys. Lett. B 649, 43 (2007).
[2] C. Hofmann et al. Phys. Lett. B 672, 17 (2009).
[3] N. Frank et al., Phys. Rev. C 84, 037302 (2011).
[4] B. A. Brown and B. H. Wildenthal, Ann. Rev. of Nucl. Part. Sci. 38, 29 (1988).

Study of nuclear interactions for the weakly bound  
nucleus of 26F 

Alexandre Lepailleur, GANIL 

seminar

[1] J. Le Bloas et al., to be submitted to Phys. Rev. C.
[2] N. Pillet et al., Phys. Rev. C 78, 024305 (2008).
[3] N. Pillet et al., Phys. Rev. C 85, 044315 (2012).
[4] J.-P. Delaroche et al., Phys. Rev. C 81, 014303 (2010).

Nuclear forces play a decisive role to ac-
count for the creation and modifications of 
shell gaps, to explain deformed nuclei, to 
permit the development of halo structures 
and to fix the limits of particle stability. The 
determination of nuclear forces inside the 
nucleus from bare forces is a tedious but im-
portant task. The neutron-rich 26F is a bench-
mark nucleus for studying proton-neutron 
interaction for different reasons. First, as 
its neutron binding energy amounts to only 
0.80(12) MeV [1], its structure is likely to be 
influenced by drip-line phenomena. Second, 
it lies close to the 24O doubly magic nucleus 
[2]. Therefore its nuclear structure at low ex-
citation energy is expected to be rather sim-
ple. It is mainly provided by the interaction 
between a deeply proton d5/2 and an unbound 
neutron d3/2 on top of a closed 24O core, lead-

ing to J = 1, 2, 3, 4 positive parity states.
The structure of this nucleus has been 

investigated at GANIL by means of the 
in-beam γ-ray spectroscopy technique us-
ing fragmentation reactions of a cocktail 
of radioactive nuclei, as by the study of its 
ground and isomeric beta decay to 26Ne. 
Combining these pieces of information, as 
well as those obtained from atomic mass 
measurement [1] and the discovery of un-
bound states in 26F [3, recent experiment 
Brown], we observe a reduction by about 
30% of the proton-neutron forces as com-
pared to those used in the USD interactions 
[4] to account for structural evolution closer 
to the valley of stability. This pinpoints the 
need of more self-consistent methods to de-
rive nuclear forces for nuclei close to the 
continuum.

positive-parity states are considered. The re-
sults are compared with those of a standard 
GCM-type method [4] using the same Gogny 
D1S interaction. An excellent agreement is 
obtained for the energies except for two cases, 
the 30Si and its mirror nucleus the 30S, where 

a global shift (~2 MeV) is obtained. This dis-
crepency is explained in terms of too large 
neutron-proton matrix elements of the Gog-
ny interaction. Along isotopic and isotonic 
chains the experimental trend is globally 
reproduced for the transitions probabilities.
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Heavy Flavour Physics
Tadeusz Lesiak, IFJ PAN Kraków
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Beta-delayed fission and alpha-decay spectroscopy  
of the lightest Tl isotopes

Valentina Liberati, University of the West of Scotland, U.K.

seminar

Recent results of fusion induced by neutron-rich  
radioactive beams studied at HRIBF

Felix Liang, Oak Ridge National Laboratory

invited

*This research was supported by the US Department of Energy Office of Nuclear Physics.

Heavy Flavour Physics encompasses 
studies involving the charm, beauty and 
top quark and the tau lepton. This branch 
of modern physics has accomplished enor-
mous progress during the last decades. It 
provides also the window on the phenomena 

described by the physics outside the current 
state of knowledge of the physics of elemen-
tary particles and their interactions. A brief 
review of the history, current knowledge and 
future of heavy flavour physics is presented 
at the level tailored for non-specialists.

The region of very neutron deficient nu-
clei in the vicinity of the proton shell gap 
Z=82 is known for several interesting phe-
nomena, such as shape coexistence, the pres-
ence of shell-model intruder states in the Tl 

isotopes (Z=81) and the beta-delayed fission 
process. This contribution reports on the re-
cent experimental campaign carried out at 
the ISOLDE mass-separator in CERN, in 
which detailed beta-delayed fission (BDF) 

There is little information concerning the 
influence of neutron excess on compound 
nucleus formation. The fission-fragment 
beams at HRIBF provide a unique opportu-
nity for studying the mechanisms of fusion 
involving nuclei with large neutron excess.

To explore the role of neutron transfer, 
fusion excitation functions have been mea-
sured using neutron-rich radioactive 132Sn 
beams incident on 40Ca and 58Ni targets. The 
Q-values for neutron transfer are compara-
ble for the two systems but the sub-barrier 
fusion enhancement in 132Sn + 58Ni is sig-
nificantly smaller than that in 124Sn + 40Ca. 
To better understand the differences in the 

correlations between transfer couplings and 
sub-barrier fusion enhancement for Sn+Ca 
and Sn+Ni systems, the fusion excitation 
function for 124Sn + 46Ti has been measured. 
A comparison of the fusion excitation func-
tions for Sn + Ca, Sn + Ti, and Sn + Ni will 
be discussed.

To explore the amalgamation process, 
the evaporation residue cross sections for 
124,126,127,128Sn + 64Ni and 132Sn + 58Ni have 
been measured. The fusion probability for 
these reactions as a function of neutron ex-
cess will be examined. The results of study-
ing the inverse fission of uranium by fusing 
124,132Sn with 100Mo will be presented.
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Selected aspects of the structure of exotic nuclei and new 
opportunities with GRETINA*

Augusto Macchiavelli, Lawrence Berkeley National Laboratory 

invited

Symmetry energy and secondary decay: toward the  
reconstruction of primary fragments

Paola Marini, GANIL 

seminar

* Work supported by the US-DOE under contract number DE-AC02-05CH11231

The structure of nuclei far from the sta-
bility line is a central theme of research in 
nuclear physics, both in experiment and 
theory. Radioactive beam facilities and 
novel detector systems are unique tools to 
produce and study these nuclei, and together 
with new developments in nuclear theory 
they provide a framework to understand the 
properties of these exotic nuclei.

In this talk I will present recent results 
related to the quadrupole collectivity in neu-
tron rich Carbon isotopes, and the evolution 
of the N=28 and 40 shell closures with iso-
spin. I will end the presentation with a short 
review of the gamma-ray tracking technique, 
a status report of GRETINA, and discuss 
some aspects of the exciting physics cam-
paign that will be carried out at NSCL/MSU.

The properties of nuclear matter in the 
nucleonic regime are determined by the nu-
clear interaction, which is, in turn, unique-
ly linked to the nuclear equation of state 
(EOS). In spite of its key role in determin-
ing important properties of exotic nuclei and 
astrophysical objects such as neutron stars, 
the equation of state for asymmetric nuclear 
matter has relatively few constraints. In par-
ticular, the density dependence of the poten-
tial part of the symmetry energy term of the 
EOS represents one of the main challenges 

for the research activities in nuclear physics.
The isotopic distributions of complex 

fragments produced in reactions at inter-
mediate energies are expected to be a good 
observable to extract information. However 
secondary decay is known to distort the sig-
natures of the symmetry energy. We will 
present the first results in primary fragment 
reconstruction obtained exploiting the high 
mass resolution of the VAMOS spectrom-
eter, coupled to the high granularity of the 
4p charged particle array INDRA.

study and nuclear decay spectroscopy of the 
lightest neutron-deficient 178-184Tl isotopes 
and their alpha-decay daughter 174-180Au 
nuclei were performed. First measurements 
of alpha-decay branching ratios for several 
Tl and Au isotopes and first unambiguous 

identification of the alpha decay of some Au 
isotopes are also presented. In addition the 
BDF of 200,202Fr, 194,196At and 178,180Tl were 
discovered in this work.

The experimental details and the obtained 
results will be discussed in this contribution.
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Preliminary results on the scattering of 8He with heavy  
targets

Gloria Marquínez Durán, University of Huelva

seminar
The scattering of 8He has attracted the 

interest of the scientific community due to 
its particular features. Being a skin nucleus 
with four valence neutrons and similar bind-
ing energies for 1n and 2n, it is very differ-
ent from 2n halo 6He where the breakup into 
α+2n is favored. The differences of both 
helium isotopes are expected to be reflected 
in the elastic and reaction cross sections for 
collisions with heavy targets at Coulomb 
barrier energies.

The elastic scattering of 8He on 208Pb has 
been measured at laboratory energies of 16 
and 22 MeV at the SPIRAL/GANIL facility 
at Caen, France, as part of a large experi-
mental project devoted to study radioctive 
light isotopes by means of nuclear reactions 
induced at energies around the Coulomb 
barrier. The heavy nucleus 208Pb provide 
a strong Coulomb field for the scattering 
process and the selected energy region is 
suitable for near-barrier scattering with the 
mentioned target, as the barrier energy is 
about 18 MeV. For studying the process, the 
angular and energy distributions of elastic 
channel and the 6He and 4He yields from the 

reactions induced by 8He on 208Pb are mea-
sured. Our array of silicon detectors allow 
us separating the different reaction channels 
corresponding to lighter ions in the angular 
range of interest. This compact, large solid 
angle, position sensitive array was devel-
oped at the University of Huelva. Having a 
very good angular coverage it has been de-
signed to study direct nuclear reactions in-
duced by light radioactive beams at energies 
around the Coulomb barrier and it was used 
for first time for the study of the scattering 
of the system 8He + 208Pb.

In this contribution elastic 8He and 6,4He 
fragments angular distributions produced in 
collisions of 8He with a 208Pb target at 22 
MeV are presented and discussed together 
with calculations carried out for transfer and 
break-up processes. The analysis of the ex-
perimental data performed so far has shown 
that the angular distribution of the 8He elas-
tic scattering follows the trend of 6He up 
to the scattering angles around 80 deg. For 
larger angles the absorption becomes even 
greater what could be interpreted as an ef-
fect of 1n transfer reaction.
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Nuclei close to the N=Z line in the vicin-
ity of A~70 exhibit a shape instability, that is 
manifested by a presence of rotational bands 
being interpreted in terms of moderate elon-
gation β ~ 0.3 and significant degree of tri-
axiality γ ~ 30. This interpretation, however, 
could not be confirmed since relevant data 
on electromagnetic properties of such bands 
at high spins are still unavailable. In order to 
investigate experimentally an evolution of 
nuclear deformation in this region, we have 
performed a measurement of excited-state 
lifetimes, in a femtosecond range, with the 
GASP and RFD detection system at LNL 
INFN. A 95-MeV 32S pulsed beam from the 
Tandem XTU accelerator was focused on a 
0.8 mg/cm2 40Ca target. Such reaction lead 
to the compound nucleus 72Kr and final nu-
clei around 69As.

Evaporation residues were detected by 
the segmented Recoil Filter Detector (RFD) 
in coincidence with gamma rays measured 
with the GASP germanium detector array. 
Each segment of RFD provides informa-
tion on the time of flight and the direction of 
every individual evaporation residuum with 
respect to the beam pulse signal thus giving 

precise Doppler correction of gamma-ray 
energies. This feature allows to perform 
line shape analysis and is helpful in deter-
mination of exited states lifetimes if they 
are comparable to or shorter than the transit 
time of the recoil through the target - in our 
case these times are in a femtosecond range.

Event-by-event Doppler correction has 
been applied to the data, under the assump-
tion that the gamma rays were emitted after 
the nucleus left the target. As seen in the 
data, the applied correction is appropriate 
for the 1305 and 2093 keV transitions in 
69As, resulting in sharp lines at these ener-
gies. In contrast the 1529 and 1930 keV lines 
the consequtive transitions in the “band 3” 
(known from previous studies [1]) are not 
properly corrected what indicates that the 
corresponding gamma rays were emitted 
while the recoiling nucleus was still travel-
ing inside the target. Moreover, these lines 
do not show any trace of the sharp compo-
nent what points to the cumulative lifetime 
shorter than 60 fs for the involved states, as 
indicated by a simulated line-shape. Our re-
sult offer an unique opportunity for testing 
predictions of various theoretical models

Lifetime measurement of high-lying short lived states in 69As 
Magdalena Matejska-Minda, IFJ PAN Kraków

seminar
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Latest results from two proton decay studies
Krzysztof Miernik, ORNL and University of Warsaw

invited

The two-proton radioactivity is a process 
of simultaneous emission of two protons 
from the ground state of an atomic nucleus. 
It occurs in an even-Z nucleus in the vicinity 
of the proton drip line when, due to pairing 
interactions between protons, the nucleus is 
bound against single-proton emission while 
it is unbound against the emission of two 
protons. Since the early considerations of 
the two-proton radioactivity by Goldansky 
in 1960 it has been a challenge for experi-
menters to discover and to study this ex-
tremely rare decay mode. First experimental 
evidence for the two-proton radioactivity 
(an arbitrary half-life low limit of 1 ps for 
radioactivity was introduced by Goldansky) 

was reported more than 40 years later for the 
case of 45Fe.

Today we know several short lived (e.g. 
19Mg, 8C, 6Be) and three long lived isotopes 
(45Fe, 54Zn and the latest 48Ni) of nuclei 
undergoing this exotic transition. We will 
discuss the history of two proton emission 
observations, the detection methods, the 
theoretical descriptions of the process and 
the importance of these studies. The results 
of experiment performed at NSCL facility 
where 48Ni was studied with the means of 
Optical Time Projection Chamber which al-
lows to record three dimensional tracks of 
emitted protons, will be also presented.

Recent results on reactions with weakly bound nuclei
Marco Mazzocco, University of Padova 

invited

The reaction dynamics induced by light 
weakly bound Radioactive Ion Beams in 
the energy range around the Coulomb bar-
rier has been one of the most discussed 
and studied topics in Nuclear Physics for 
the last twenty-five years at least. Besides 
earlier measurements, it is now quite estab-
lished that breakup related effects enhance 
the reaction cross section rather that the fu-
sion probability. The question has therefore 
moved towards understanding which direct 
process (transfer or breakup) is the main re-
sponsible for the enhancement of the reac-
tion cross section. 

An overview of the most recent results 
obtained for the interaction of 6He, 8He, 
7Be, 11Be, 8B, 15C and 17F projectiles with 
medium-mass (58Ni, 64Zn) and heavy-tar-
gets (197Au, 208Pb, 232Th, 238U) will be giv-
en. Several experiments have indicated the 

2n-transfer process as the main responsible 
for the large reaction cross section enhance-
ment observed for the 2n-halo 6He, whereas 
the breakup channel seems to be the best 
candidate to determine the enhancement 
measured for the 1p-halo 8B. If confirmed, 
this outcome would suggest that p-halo and 
n-halo nuclei might be characterized by dif-
ferent behaviors in the reaction dynamics 
induced at near-barrier energies. 

Recent results for the system 7Be + 58Ni 
will also be presented. The experiment was 
performed at the Laboratori Nazionali di 
Legnaro (LNL, Italy), where a moderately 
intense (20-30 kHz) 7Be secondary beam 
was produced for the first time with the 
facility EXOTIC. So far, we evaluated the 
elastic scattering angular distribution at 22.7 
MeV. The analysis of breakup related events 
has recently started.
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Nuclear Mean Field techniques and the stability  
of theoretical predictions

Hervé Molique, IPHC and Université de Strasbourg

seminar
It is broadly recognised that the concept 

of the Nuclear Mean Field is one of the 
most successful approaches to the Nuclear 
Many-Body Problem. Over the years, the 
techniques employed in this domain have 
shown to be very powerful in the description 
of numerous properties of nuclei all over the 
chart of the nuclides.

Various terms of the mean-field Hamil-
tonian are parametrized and the parameters 
determined by fitting theoretical observ-
ables to experimentally determined quanti-
ties. The mathematical expressions postu-
lated usually follow certain preconceived 
ideas, e.g. mean-field spin-orbit interaction 
is though to result first of all from the spin-
orbit two-body interaction; similarly the 
mean-field tensor-contribution is usually 
considered representing the tensor two-body 
force etc. However, the nuclear mean-field 
neither needs to nor generally follows this 
scheme. It is by considering the most gen-
eral form of the mean-field Hamiltonian al-
lowed by the symmetry principles that we 

can hope to obtain the most general, most 
`physical’ and most stable both definition of 
the Hamiltonian and its parameterization.

The instability of the theoretical predic-
tions is directly related to what is called an 
ill-posed inverse problem, the latter mecha-
nism associated in turn with the mutually 
correlated parameters of the considered 
Hamiltonian. Indeed, one demonstrates 
rigourously that the parametric correlations 
imply illposedeness of the inverse problem 
and destroy the predictive power of the 
model - in other words - make the extrapo-
lation of the calculations to the so far un-
known domains of interest (e.g. from heavy 
to super-heavy nuclei) impossible.

We will try to shed some light into the 
question of constructing the mean-field 
Hamiltonians by exploring all possibilities 
allowed by the general symmetry consider-
ations in view of minimising the number of 
parametric correlations and thus increasing 
the predictive power and the stability of the 
related theoretical modelling.
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It has been shown that the neutron 2d5/2 
orbital has to be included in shell-model 
calculations to explain the appearance of 
large quadrupole collectivity observed in 
the neutron rich Fe and Cr of the N ≈ 40 
region. This work initiated by Caurier et al. 
has been recently revisited. Calculations in a 
large valence space involving the fp proton 
shell and the fpgd neutron shells including 
a strongly reduced 1g9/2–2d5/2 neutron gap 
down to 1.5 MeV affect the whole N=40 re-
gion and point out to a new island of inver-
sion similar to those known for light nuclei 
around N=8 and N=20. A global mecha-
nism could be deduced, in the frame of the 
shell-model approach, of the emergence of 
islands of inversion at Harmonic-Oscillator 
shell gaps driven by two particle-two hole 
neutron excitations into quadrupole partner 

orbitals across these gaps.
Since no 5/2+ state has been assigned in 

previous studies of 69Ni, it is an ideal labora-
tory to search for the neutron 2d5/2 orbital. A 
(d, p) reaction onto a 68Ni beam produced at 
GANIL has been used to probe the single-
particle energy of the 2d5/2 neutron orbital 
in 69Ni. Two 5/2+ states with important spec-
troscopic factors lying around 2.5 MeV ex-
citation energy have been observed, for the 
first time, in 69Ni. The doublet is understood 
as the mixing of two main configurations of 
spherical nature. These results are in good 
agreement with large scale shell-model cal-
culations in which a 2.5 MeV 1g9/2–2d5/2 
gap for neutrons is included, and confirm 
experimentally Caurier’s assumption of a 
reduced 1g9/2–2d5/2 neutron gap at N=40.
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Measurements of nuclear moments, spins and charge radii 
in neutron-rich nuclei: probing structural changes

Gerda Neyens, KU Leuven

invited
The spin, the magnetic dipole moment, 

the electric quadrupole moment and the 
mean square charge radii of isotopes provide 
information about the nuclear wave func-
tion and are therefore good probes to study 
the shell evolution as a function of isospin 
along a chain of isotopes. I will present re-
cent results from moments measurements 
on exotic isotopes produced by projectile 

fragmentation at GANIL and by the ISOL 
method at ISOLDE, using respectively the 
beta-Nuclear Magnetic Resonance and col-
linear laser spectroscopy methods. Cases 
that have been studied are located near the 
magic neutron numbers N=20 (Mg and Al 
isotopes), N=28-32 (K and Ca isotopes) and 
along Z=28 (Cu and Ga isotopes).

The 3He(4He, γ)7Be reaction captures in-
terest of several groups around the world, 
both on the experimental and theoretical 
fronts, even half a century after its first 
study. Such efforts have been essentially 
motivated by the need for the accurate input 
data for the standard solar model in deter-
mining the high-energy solar neutrino flux. 

It also has implications on the bigbang nu-
cleosynthesis calculations. In my talk, I will 
present an overview of the focussed studies 
on this reaction in last few years including 
our new work using two different and com-
plementary techniques. I will also discuss 
our future plans based on the scenario that 
emerged from our analysis.

New advances for the 3He(4He, γ)7Be reaction
B. S. Nara Singh, University of York

invited

Coulomb and nuclear breakup of neutron drip line nuclei
Takashi Nakamura, Tokyo Institute of Technology

invited
Nuclei near the neutron drip line often 

show unique characteristic structures such 
as halos. Due to the very loosely bound na-
ture, breakup reactions play important roles 
in spectroscopy of such nuclei. Coulomb 
breakup, induced by a heavy target, is useful 
to extract the electric dipole transitions of the 
halo nuclei. Characteristic large E1 strength 
distribution at low excitation energies (soft 
E1 excitation) can be used to extract the halo 
properties, such as the angular momentum of 

the valence neutron, separation energy, and 
dineutron correlation. Nuclear breakup, in-
duced by a light target, is useful in extracting 
the single particle nature of the valence neu-
tron, which is removed. I will show here the 
recent breakup experiments on halo nuclei 
19B, 22C, 31Ne, and some neutron rich Mg and 
Si isotopes at the new-generation RI-beam 
facility, RIBF, at RIKEN. I will demonstrate 
how these reactions are useful in extracting 
the structures at the limit of stability.
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Spectroscopy of 13B via the (18O, 16O) two neutron transfer 
reaction
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The rapid evolution of the shell structure in 
neutron-rich nuclei with the neutron number 
N=8 has attracted an increasing attention in 
recent years. The shell closure is pronounced 
in the semimagic nucleus 14C, while the 
even-even nucleus 12Be shows the presence 
of intruder sd-shell configurations already 
in its ground state. The N=8 nucleus 13B is 
therefore expected to be on the borderline be-
tween these two regimes. Recent results have 
demonstrated such peculiarity, showing that 
the 13B isotope exhibits low lying proton and 
neutron intruder states, indicating a reduced 
shell gap between p and sd shells [1,2].

In order to get information on 13B ex-
cited states, which are still not completely 
known experimentally, we performed the 
two neutron transfer reaction (18O, 16O). 
The experiment has been done at the Cata-

nia LNS-INFN laboratory using an 84 MeV 
energy Tandem beam impinging on a 78 μg/
cm2 thick 11B target. The 16O ejectiles were 
detected at forward angles by the MAG-
NEX magnetic spectrometer [3]. Exploiting 
its large momentum acceptance (20%) and 
solid angle (50 msr), energy spectra were 
obtained with a relevant yield up to about 
20 MeV excitation energy. Several known 
states of the residual 13B nucleus were iden-
tified in the excitation energy spectrum. A 
comparison with the excited states stud-
ied for the two neutron transfer reaction 
12C(18O, 16O) 14C at the same incident en-
ergy seems to give us a confirmation of the 
reduction of the energy gap between p and 
sd shells, remarking the important role of 
the 13B isotope as a proof of the rapid shell 
evolution for the N=8 systems.
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True ternary fission:  
a new type of radioactive decay of 252Cf
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True ternary fission with masses (charg-
es) of similar size has not been observed 
until recently. Earlier and most recent theo-
retical work for the potentials of the three 
fragments have shown, that for ternary 
masses with Z3 > 15 and A3 > 30, the fis-
sioning configurations will be prolate and 
the fragments will be collinear in the decay. 
Actually in the search for oblate decays,  an 
upper limit of 1x10–8 for the occurrence of 

such decays has been established. True ter-
nary fission with three fragments of compa-
rable size must be collinear!

In recent work with two double arm 
Time of Fligth (TOF) spectrometers as well 
as with two Bragg ionization chambers and 
with PPAC’s for timing (placed at 180 de-
grees), the collinear  decay into three clusters 
has been established for spontaneous fission 
of 252Cf(ff, fff) and for neutron induced fis-

Relativistic Coulex measurements in the mass 66 region and 
the first spectroscopy results on 66Se / 65As

Alexandre Obertelli, CEA Saclay

invited

The island of inversion around A=64
Frederic Nowacki, IPHC Strasbourg

invited

We study the development of collectivity 
in neutron-rich nuclei around N=40, where 
the experimental evidence suggest a rapid 
shape change from the spherical to the ro-
tational regime, in analogy to the island of 
inversion known at N=20.

Theoretical calculations are performed 
within the interacting shell model frame-
work using an enlarged model space outside 
the 48Ca core, comprising the pf shell for the 
protons and the f5/2, p3/2, p1/2, g9/2, d5/2 orbits 
for the neutrons. The effective interaction 
is based on realistic two-body matrix ele-

ments which are corrected empirically in its 
monopole part. We find a good agreement 
between theoretical results and available ex-
perimental data. We predict different devel-
opment of deformation in various isotopic 
chains, with the maximum of collectivity 
occurring in the chromium isotopes. The 
shell evolution responsible for the observed 
shape changes is discussed in detail, in par-
allel with the N=20 case. The impact of the 
new constraint from the recent experimental 
observation of the d5/2 single particle orbit in 
69Ni will be discussed.
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Nuclear structure toward the driplines; understanding 
many-body forces and correlations 

Takaharu Otsuka, University of Tokyo
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The region of the Segre chart around the 
heaviest self-conjugate doubly-magic nu-
cleus 100Sn is, since decades, a subject of ex-
tensive experimental and theoretical investi-
gations. One of the key points and questions 
in the region is the role of the excitations 
of the N=Z=50 core. Such excitations have 
been extensively studied in several close Z < 
50 neighbors of 100Sn: 101In [1], 102In [2,3], 
98Cd [4,5], 99Cd [2], 96Ag [6] and 97Ag [7]. 
The core excited states in these nuclei are in 
general successfully interpreted in the Shell 
Model space consisting of only even parity 
orbitals, with proton (and neutron) valence 
holes located in the g9/2 orbital and particle-

hole excitations across the N=Z=50 gap to 
the g7/2, d5/2, d3/2, s1/2 orbitals. Odd-parity 
orbitals, for the description of such core ex-
citations, have so far seemed unnecessary, 
as negative parity core-excited states were 
not experimentally observed in any of the 
above mentioned nuclei.

In the present work results are present-
ed of the recent study of excited states of 
the nucleus 96Pd, which has four valence 
proton-holes outside 100Sn. States in 96Pd 
were investigated by gamma-ray spectros-
copy methods in a heavy-ion induced fusion 
evaporation reaction employing the EURO-
BALL and Neutron Wall detector arrays. 

sion of 235U(n, ff, fff) (at a reactor in JINR), 
which has been named CCT, collinear clus-
ter tri-partition. A specific approach has been 
applied in order to separate two collinear 
fragments: multiple scattering in some me-
dia: the source backing (50 µg/cm2) on one 
side of the two arm spectrometer induces 
multiple scattering of fragments creating 
a dispersion of the originally collinear two 
fragments. With a mesh in front of the ion-
ization chambers one of the two fragments  is 
blocked. We can therefore apply the missing 

mass method, for the dominant  decay mode 
the decay 252Cf → 132Sn + 50Ca + 70Ni is ob-
tained (missing Ca). We show, that with the 
higher Q-values of CCT, and a wide range of 
mass partitions of the three fragments (and 
their excitations (level densities) and spins) 
a large phase space for the ternary decay is 
obtained. These facts explain, why for the 
CCT-fission mode a large relative intensity 
of 3x10–3 per binary fission is observed. The 
CCT mode produces a “bump”  in the mass 
distribution similar to the binary decay.
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Toward model-independent nuclear structure  
computations

Thomas Papenbrock, University of Tennessee and ORNL
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This talk presents results from coupled-

cluster computations for neutron-rich iso-
topes of oxygen and calcium, and tools from 

effective theory for computations in finite 
oscillator spaces and for deformed nuclei.

The scheme of excited states in this nucleus 
was extended up to an excitation energy of 
9707 keV and a tentative spin and parity of 
19+. A rich sequence of states interpreted 
as N=50 core excitations was established. 
Among those, a negative parity isomeric 
state was identified, which gives the first 
evidence of the influence of the odd-parity 
orbitals on the 100Sn excitations.

Shell Model calculations were performed 
in four different model spaces. Even parity 
states of 96Pd are very well reproduced in 
large scale (LSSM) calculations in which 
excitations are allowed of up to five g9/2 
protons and neutrons across the N=Z=50 
gap, to the g7/2, d5/2, d3/2, and s1/2 orbitals. 

The odd-parity isomer could be only quali-
tatively interpreted though, employing cal-
culation in the full fpg shell model space, 
with just one particle-hole core excitation. 
Reliability of these calculations is evaluated 
on the basis of comparison to states in 94Ru, 
and systematics of states in N=50 isotones 
below 100Sn is also discussed. A more com-
plete and consistent model is clearly needed 
to quantitatively reproduce the isomer in 
96Pd and its decay, with larger model space, 
improved interactions in the negative parity 
orbitals, and more core particle-hole exci-
tations allowed. Role of the negative parity 
on orbitals on core-excitations in other close 
neighbors of 100Sn remains an open question.
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Dynamical Dipole mode: a “collective” tool to understand 
reaction dynamics by using stable and radioactive beams
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The Dynamical Dipole mode (DD) takes 
place between interacting ions with a large 
N/Z asymmetry. During the phase of charge 
equilibration between the colliding ions, a 
large amplitude collective dipole oscillation 
can develop along the symmetry axis of the 
dinuclear system, and then decays emitting 
prompt dipole γ-rays [1-4]. A better compre-
hension of DD mode can give us relevant de-
tails about the dynamics of dissipative reac-
tions, in particular for charge equilibration.

The use of radioactive beams permits to 
reach much larger N/Z asymmetries than 
previously done with stable beams, allow-
ing to probe the density dependence of the 
symmetry energy in the Equation of State 
at sub-saturation densities, where the DD 
mode is active. Moreover the combination 
of exotic and stable beams results in a very 
large number of target-projectile couples in 
order to perform a systematic study of the 
DD features. New ideas in this direction are 
foreseen and will be discussed [5]. As a fast 
cooling mechanism on the fusion path, the 
prompt dipole radiation could be of interest 
for the synthesis of super-heavy elements 
in hot fusion reactions. The entrance chan-

nel charge asymmetry could provide a way 
to cool down the hot fusion paths, increas-
ing the survival probability. Furthermore, it 
was predicted in [6] that the DD γ yield de-
creases in collisions involving heavier ions 
because reactions with small nuclei are less 
damped than those involving heavier ones. 

Thus, to verify if the DD mode survives 
in heavier systems, we studied the 192Pb 
compound nucleus (E*=232 MeV), employ-
ing 40Ca + 152Sm and 48Ca + 144Sm reactions 
at Elab = 440 MeV and 485 MeV, respective-
ly. The DD mode was investigated in both 
fusion-evaporation and fission events si-
multaneously for the first time. The experi-
ment was performed at Laboratori Nazionali 
del Sud (LNS, Italy), by using the 40-48Ca 
pulsed beam provided by the Supercon-
ducting Cyclotron. The γ-rays and the light 
charged particles were detected by using the 
MEDEA apparatus [7], made of 180 BaF2 
scintillators. The heavy reaction fragments 
were detected by position sensitive Paral-
lel Plate Avalanche Counters placed sym-
metrically around the beam. Results of this 
measurement will be showed and compared 
with results found at different mass regions.
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Aspects of transfer reactions in light and heavy ions  
collisions

Giovanni Pollarolo, University of Torino and INFN
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Transfer reactions played a key role in 

unraveling many properties of the nucle-
us, in particular they have been essential 
to define the relevance of the independent 
particle motion and the role of two-particle 
correlations in the building of the nuclear 
spectra. In view of the availability, in the 
near future, of radioactive beams it is im-
portant to summarize some aspect of the 

transfer processes with light-ions, these will 
be relevant to define the properties of nuclei 
close to the neutron and proton drip lines. 
In the case of heavy-ion collisions the role 
of the transfer degrees of freedom in defin-
ing the cross section for fusion reactions and 
in the production of neutron rich nuclei will 
also be discussed.

Gamma spectroscopy of isomeric states in neutron-rich  
nuclei: 75Cu and 78Ga 
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We present the results of an experiment 
in which the structure of neutron-rich nuclei 
located in the vicinity of N=40 was studied. 
The importance of our results comes from 
the fact that knowing the behavior of the 
neutron g9/2 orbital with increasing number 
of neutrons is one of the key points in defin-

ing the structure of these nuclei at low ex-
citation energy. The nuclei of interest were 
produced by fragmentation of a 86Kr beam 
at 60 MeV/u on a thick Be target at GANIL 
(France). Preliminary results on 75Cu and 
78Ga isomers will be presented together with 
tentative spin and parity assignments.
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A rich variety of experiments have been 
performed in the last 30 years on the struc-
ture of nuclei from low to high to ultrahigh 
values of angular momentum, utilizing ever 
increasing arrays of gamma-ray and associ-
ated particle detectors. For example, mea-
sured trends of rotational bands coupled 
with theoretical calculations have taught us 
much about the physics of normal, extend-
ed, and super deformation. These measured 

trends are also important for looking for 
subtle discrepancies that might be indicative 
of new symmetries. For this purpose, we 
have been pursuing the question of rotation-
al bands at low to medium spins (negative 
parity) where the expected E2 transition be-
tween members of the band is unobserved. 
This ‘missing E2’ can result from a reduced 
E2 transition probability (perhaps due to a 
tetrahedral symmetry) or an enhanced E1 

Superdeformed oblate superheavy nuclei in the  
self-consistent approach

Leszek Próchniak, Maria Curie Skłodowska University, Lublin

seminar

L. Próchniak and A. Staszczak
Institute of Physics, Maria Curie-Skłodowska University, Lublin

We study the properties of several hy-
pothetical neutron-poor superheavy nuclei 
with Z=120-126 and N=160-166. The re-
sults of a recent paper [1] suggest that they 
can exhibit a very large oblate deforma-
tion (β around –0.50) in their ground state, 
moreover there are some hints that at least 
some decay channels are substantially hin-
dered. The model used in [1] is based on 
the microscopic-macroscopic method with 
multidimensional deformation space. Our 
main theoretical tool is the Hartree-Fock-
Bogoliubov theory with the Skyrme effec-
tive interactions. We do not assume any 
parametrization of a nuclear shape but in-
stead in order to get the energy dependence 
on deformation we put constraints on the 
quadrupole moments of a nucleus. It should 

be added that the study of properties of ob-
late minima, in particular fission paths from 
starting from a minimum, needs taking into 
account triaxial nuclear shapes.

We made calculations with the SkM* 
version of the Skyrme interaction and the 
pairing interaction modelled by the so 
called “mixed” (volume plus surface) delta 
interaction. This approach was successfully 
applied in the region of lighter superheavy 
nuclei [2]. Our calculations confirm the 
existence of superdeformed oblate global 
minima of the potential energy in the con-
sidered region. The height of the barrier on 
the fission path (which leads through a tri-
axial saddle) is in the range 1-3 MeV. We 
also present some preliminary results on the 
fission lifetimes.
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Nuclei in the A~130 region have been 
shown to demonstrate a variety of nuclear 
shapes. Indeed, previous work carried out by 
Koike et al. [1] has shown that the underlying 
physics of odd-odd Cs isotopes and neigh-

bouring nuclei can be understood through 
a triaxial structure. Garg et al. [2] demon-
strated that the behaviour of odd mass Cs 
nuclei, such as 133Cs, can be well described 
by a combination of both the particle-plus-

Theory of Dipole-Resonances in nuclei close and far  
from stability

Peter Ring, Technical University of Munich
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The giant dipole resonance has been the 
first form of collective motion discovered in 
nuclei and has been discussed in numerous 
experimental and theoretical papers over 
the years. With the advent of the radioac-
tive beam facilities in recent years the di-
pole response in nuclear systems has gained 
renewed interest. At lower energies, close 
to the neutron threshold, a new collective 
mode has been predicted in neutron rich nu-
clei, which corresponds to the oscillation of 
the neutron skin against a core with isospin 

zero. It provides a tool to investigate the 
size and the properties of the neutron skin in 
these nuclei. In this talk we discuss general 
properties of the dipole response in nuclei 
and we discuss several methods to describe 
these phenomena in the framework of time-
dependent density functional theory, such as 
sum rules, the influence of the continuum, 
the effect of nuclear superfluidity and defor-
mation on this motion and the coupling to 
complex configurations.

branching to the ground-state band. One 
such case is 156Dy. We first performed a 
spectroscopy measurement on this nucleus 
using a heavy-ion induced reaction at the 
ATLAS accelerator and the Gammasphere 

array of gamma-ray counters. And, in the 
past year we have performed a measurement 
of the lifetimes of these negative-parity 
states, to hopefully lead us to a firm conclu-
sion on this dilemma.
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rotor and particle-plus-vibrator models.
Shell effects have also been seen in the 

neighbouring Te isotopes where previous 
studies by Jungclaus et al. [3] have probed 
the shell structure of 132Te, and have shown 
that for the collective 2+ state, on average 
there is quadrupole deformation around a 
spherical shape due to the mixing of proton 
and neutron configurations. Discrepancies in 
the B(E2) strengths and excitation energies 
around the N=82 shell closure in the system-
atics of 136,134,132Te have also been identified 
in this mass region by Terasaki et al. [4].

In order to better understand the low-ly-
ing structures of 133Cs and 132Te, an experi-
ment was conducted at IFIN-HH, Bucharest 
to measure lifetimes in the picosecond to 
nanosecond regime. A 31.5 MeV beam of 

7Li, provided by the TANDEM accelera-
tor, impinged on a 130Te target to exploit 
the fusion evaporation channels, 130Te(7Li, 
4n)133Cs. The population of 132Te was also 
seen in the mixed incomplete fusion/transfer 
reaction, 130Te(7Li, αp)132Te, at or near the 
Coulomb barrier. Gamma-rays were detect-
ed using an array of 8 high-purity germa-
nium detectors and 11 lanthanum bromide 
detectors. The latter providing the capability 
to measure lifetimes down to ~50 ps.

The level schemes of 133Cs and 132Te 
observed in this experiment will be com-
pared with previous studies [1-4]. Transition 
strengths, determined from the measured 
lifetimes will be used to probe the low-lying 
structure in these nuclei. This presentation 
will give preliminary results of the analysis.

Superposition of two very distinct symmetries in one  
quantum state of an atomic nucleus

David Rouvel, University of Strasbourg

seminar
The research of exotic symmetries in 

atomic nuclei, e.g. the nuclear tetrahedral 
symmetry, has been going on for some years 
by now. The interest in these new symme-
tries is principally the idea of the existence 
of new islands of stability on the chart of 
nuclides and, possibly, a more adequate and 
realistic (re)interpretation of experimental 
data. The tetrahedral symmetry is usually 
seen in competition with the oblate/prolate 
or `pear-shape’ symmetries. But the quan-
tum nature of the atomic nuclei allows to 
consider two (or more) symmetries together 
for instance an axial and tetrahedral symme-
try simultaneously. Systematic study of this 
type states combining very different point-
group symmetries in one single collective 

wave function are new, at least in the nu-
clear physics context. To take into account 
competition between several symmetry- and 
shape- degrees of freedom of the kind dis-
cussed, one has to solve the Schrödinger 
equation for the collective nuclear motion 
in a riemannian space built at least out of 
deformation coordinates (α20, α22, α30, α32). 
This introduces calculations like in general 
relativity with the mass replaced by a mass 
tensor depending on the space coordinates 
and used as metric tensor. We intend to dis-
cuss the qualitatively new aspects of the 
interpretation of the nuclear motion taking 
into account coexistence of totally different 
point-group symmetries in one single quan-
tum state.
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“Einstein was wrong?” - The EPR paradox and a test of Bell 
inequality by proton pairs

Hideyuki Sakai, RIKEN Nishina Center
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Nowadays we often hear the words such 

as ‘quantum computation’ or ‘quantum 
cryptography’. They are essentially based on 
the quantum mechanical phenomenon ‘en-
tanglement’. The word ‘entanglement’ was 
first used in the paper published by Shroed-
inger after he read the famous paper by Ein-
stein, Podolsky and Rosen (EPR) in 1935. 
The EPR proposed a thought experiment in 
which they showed according to quantum 
mechanics that the result of a measurement 
of an entangled quantum system performed 
on earth, for example, can instantaneously 
influence the result of a measurement per-
formed on the far distant galaxy regardless 
of the distance. This of course contradicts 
with the theory of special relativity by Ein-
stein, no information can be transmitted 
faster than the speed of light. Therefore EPR 

argued that quantum mechanics must be in-
complete. This is called the EPR paradox.

In 1964, Bell found an extremely impor-
tant inequality which is the embodiment of 
the EPR arguments. The prediction of the 
spin-correlation by the Bell’s inequality is 
different from that by the quantum mechan-
ics so that we can test experimentally which 
assertion is right by the measurement.

We have carried out the spin-correlation 
measurement of two protons in a spin singlet 
state aiming to test the EPR paradox. After a 
short introduction of the EPR paradox, I try 
to explain how we realized experimentally 
an almost pure spin singlet state of two pro-
tons and how we measured the spin (polar-
ization) correlation of proton pairs. Essen-
tial difference from photon pair experiments 
such as by Aspect will be touched briefly.
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Elastic scattering and direct reactions 
around the barrier, in collisions induced by 
halo nuclei, has been the object of many 
publications in the last years. Elastic scatter-

ing, being a peripheral process, allows one 
to investigate the surface properties of the 
halo nuclei. Low energy elastic scattering 
and reaction experiments, involving halo 

Microscopic description of nuclear fission
Nicolas Schunck, Lawrence Livermore National Laboratory
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Since its discovery in the late nineteen 
thirties, nuclear fission has remained one of 
the most complex and elusive problems in 
physics. Powerful phenomenological mod-
els have been developed and fine-tuned 
over the years, which has allowed numer-
ous applications of nuclear fission for civil 
energy use or national security, in spite of 
our fragmentary understanding of the fun-
damental mechanisms involved. However, 
these empirical approaches are intrinsically 
limited and their reliability in very neutron-
rich or heavy nuclei, where no direct experi-
mental data exists yet, can be questioned. 
It is, therefore, necessary to develop in 
complement a microscopic, fully quantum-
mechanical, description of fission, where 
the dynamic of the process is described by 
many-body methods rooted in the inter-nu-

cleon interaction. The nuclear energy densi-
ty functional theory (DFT) provides an ideal 
framework for such a goal, but progress has 
been slow essentially because of the tremen-
dous computational cost involved. The re-
cent development of leadership computing 
facilities in the USA, Europe and Japan has 
introduced a paradigm shift in the field: Cal-
culations that were simply unfeasible only 
5 or 10 years ago can now be completed in 
just a few hours. This talk will review some 
of the recent advances in the microscopic 
theory of fission, with special emphasis to 
the construction of predictive energy func-
tionals, the relevance of high-performance 
computing in large-scale DFT calculations 
and the special challenges posed by neu-
tron-induced fission.
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nuclei, have been performed mostly with 
6He, which is a 2n-halo nucleus, on several 
targets over a wide range of energies and 
masses and only few experiments have been 
performed with 1n-halo 11Be nucleus. The 
studies performed using the 6He at low bom-
barding energy have shown that coupling to 
the continuum strongly affects the elastic 
cross-section, especially on heavy targets, 
with dramatic changes in the elastic cross 
section from the expected behavior and with 
an overall increase in the total reaction cross 
section in favor of direct reaction channels.

Thanks to the availability of a post-ac-
celerated 11Be beam at Rex-Isolde we have 
measured a high quality quasi-elastic scat-
tering angular distribution for 1n-halo 11Be 
nucleus. In this contribution, results ob-
tained at Rex-Isolde and LNS Catania con-
cerning different reaction channels for the 
collisions induced by the three Beryllium 
isotopes 9,10,11Be on a medium mass 64Zn 
target at energy close to the Coulomb bar-
rier will be presented. In the case of 9,10Be, 
elastic scattering angular distributions were 

measured whereas, in the 11Be case, the 
quasi-elastic scattering angular distribution 
was measured. A strong damping of the qua-
si-elastic cross-section was observed in the 
11Be case, in the angular range around the 
Coulomb-nuclear interference peak. In this 
latter case a large total reaction cross-section 
is found. Such a cross-section is more than a 
factor of two larger than the ones extracted 
in the reactions induced by the non-halo Be-
ryllium isotopes. A large contribution to the 
total-reaction cross-section in the 11Be case 
could be attributed to transfer and/or break-
up events.

In this contribution new continuum-
discretized coupled channel calculations of 
the 11Be + 64Zn reaction, performed in the 
attempt to interpret the effect of coupling 
with the breakup channels on the measured 
cross sections, will be also presented. The 
calculations show that the observed sup-
pression of the Coulomb-nuclear interfer-
ence peak is caused by a combined effect 
of Coulomb and nuclear couplings to the 
breakup channels.

Studying chiral bands associated with multi-quasiparticle 
configuration

Obed Shirinda, iThemba LABS, South Africa

seminar
Nuclear chiral systems are formed when 

the total angular momentum of the nucleus 
is aplanar, i.e. when it has significant projec-
tions along the three nuclear axes [1]. Chiral 
symmetry is associated with the observation 
of degenerate ΔI = 1 partner bands [1] (this 
is the most revealing feature of strongly bro-
ken chiral system).

In this work the chiral fingerprints such 
as degeneracy in the properties of the chiral 
partner bands [1], staggering in the B(M1) 
transition probabilities [2] and a lack of 
energy staggering [3, 4] associated with 
chiral partner bands in the mass regions 
of 100, 130 and 190 were examined using 

the multi-particle-plus-rotor (MPR) model 
calculations [5]. A strongly broken chiral-
ity for nuclei with large and stable triaxial-
ity and with a suitable chiral configuration 
was not found for any ideal (a configuration 
space containing only one orbital for each 
of the odd valence nucleons) or realistic (a 
configuration space containing realistically 
large number of orbitals close to the corre-
sponding Fermi level) configurations. For 
ideal configuration the angular momentum 
vectors of these extra valence odd nucleons 
which are less aligned along the nuclear ma-
jor axes bring in contributions to the wave 
functions that correspond to planar geom-
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Toward a generalized monopole description of atomic nuclei
Kamila Sieja, IPHC Strasbourg

seminar

We discuss a model for the monopole in-
teraction for nuclei in a valence space con-
taining one h.o. shell, based on the invariant 
decomposition of the effective interaction 
proposed by Zuker [1-3]. Our model treats 
empirically the three-nucleon contributions 
beyond the realistic potential, arising from 
both core and valence particles. It allows for 
a correct reproduction of the shell evolution 

and improves remarkably the spectroscopic 
description of nuclei with inclusion of only 
a few parameters beyond the realistic NN 
potential. We present the results in p and 
sd-shells, where the rms error for spectros-
copy of large sets of nuclei can be reduced 
by 50% introducing only 4 parameters char-
acterizing three-body monopole corrections.

etry which then causes that near degeneracy 
is not reached. This effect is even stronger 
for cases which correspond to large con-
figuration space, i.e. realistic configuration. 
Even though degeneracy was not found, the 
geometry is on average chiral because the 
relative orientation of the angular momenta 
of the proton, the neutron and the core are 
larger than 700 (for ideal configuration) and 
300 (for realistic configuration) even at high 

spins, confirming that the total angular mo-
mentum remains aplanar through the whole 
calculated spin range. In fact the multi-qua-
siparticle partner bands with suitable chiral 
configurations exhibit much worse near-de-
generacy than the two-quasiparticle bands 
investigated in reference [6]. These results, 
as well as the reliability of using these chiral 
fingerprints to identify chiral partner bands 
in real nuclei will be discussed.

[1] S. Frauendorf, J. Meng, Nucl. Phys. A 617, 131 (1997); S. Frauendorf, Rev. Mod. 
Phys. 73, 463 (2001).
[2] T. Koike et al., Phys. Rev. Lett. 93, 172502 (2004).
[3] C. Vaman et al., Phys. Rev. Lett. 92, 032501 (2004).
[4] T. Koike et al., AIP Conf. Proc. 656, 160 (2002).
[5] I. Ragnarsson, private communication.
[6] E. Lawrie and O. Shirinda, Phys. Lett. B 689, 66 (2010); O. Shirinda and E. A. Law-
rie, Int. J. Mod. Phys. E 20, 358 (2011).

[1] A. P. Zuker, Nucl. Phys. A576, 65 (1994).
[2] A. P. Zuker, Phys. Rev. Lett. 90, 042502 (2003).
[3] J. Mendoza-Temis et al., Nucl. Phys. A843, 14 (2010).
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Puzzle of third minima in actinides
Janusz Skalski, NCBJ Warsaw

seminar

M. Kowal and J. Skalski
National Centre for Nuclear Research, Hoza 69, 00-681 Warsaw, Poland

Third, hyperdeformed minima in ac-
tinides were found first around 232Th and re-
cently in 232,234,236U. Many theoretical pre-
dictions show shallow minima in thorium in 
agreement with experimental interpretation. 
Deep IIIrd minima in uranium found by the 
Munich-Debrecen experiments disagree 
with all calculations except for those of S. 
Cwiok et al. within the Woods-Saxon mod-
el. We have just showed that in this model 

the IIIrd minima in uranium disapear after 
proper nuclear shapes are considered.

Thus, there is a contradiction between 
experiment and theory. Its resolution is im-
portant also for predictions of superheavy 
nuclei: the orbits that build them at moder-
ate deformations are those that come down 
at (supposed) hyperdeformed minima in ac-
tinides.

Halo nuclei: stepping stones across the drip-lines
Haik Simon, GSI Helmholtzzentrum für Schwerionenforschung GmbH

invited

The availability of intense secondary 
beams in conjunction with efficient detec-
tion setups allows for a production and 
study of the most extreme nuclear systems 
in terms of asymmetry of proton and neu-
tron number in the continuum. Nuclei close 
to the drip-lines, exhibiting exotic proper-
ties themselves, are used as seeds in order to 
produce them in transfer and knockout re-
actions depending on beam energies. These 
nuclear systems challenge nuclear struc-
ture theory being open quantum systems 
far from the valley of beta stability as well 
as reaction theory while trying to describe 
their production mechanisms. From experi-
ment momentum distributions, relative en-
ergy spectra, and spin alignment during the 

reaction can be determined and lead to the 
observation of energy and angular correla-
tions as well as dependent quantities like 
e.g. the profile function denoting a momen-
tum width in dependence of relative energy. 
They are determined from fragments and 
gamma radiation leaving the reaction zone. 
The link to intrinsic properties of these un-
bound systems has to be explored by gath-
ering precise knowledge of the properties 
of the seed nuclei and compare them to the 
structures observed in the continuum.

In my talk I will try to exemplify the 
above-mentioned methods, and review the 
current knowledge on light systems like 
5,7H, 7-10He, 10-13Li, and the most neutron-
rich Beryllium and Oxygen systems.
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Modifications of shell closures far from stability:  
evidences, causes and consequences

Olivier Sorlin, GANIL

invited
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Magic nuclei are cornerstones of nuclear 
structure. Due to the presence of large shell 
gaps between occupied and valence shells, 
they are spherical, have large excitation 

energies and weak excitation probabilities. 
They are often more abundant than other 
nuclei in the universe, play key roles in ex-
plosive nucleosynthesis, and could bind su-

Isospin symmetry breaking in sd shell nuclei and  
applications

Nadya Smirnova, Centre d’Etudes Nucléaires de Bordeaux-Gradignan

seminar

N. A. Smirnova 1, Y. Lam 1, and E. Caurier 2
1 CENBG (CNRS/IN2P3 - Universite Bordeaux 1, Chemin du Solarium, BP 120,  

F-33175 Gradignan, France
2 Universite Strasbourg, IN2P3, CNRS, F-67037 Strasbourg 2, France

Although the breaking of the isospin sym-
metry in nuclei is small, there are numerous 
demands for its accurate description by theo-
retical models. In particular, the effect of the 
Coulomb force is vital for understanding of 
the structure of proton-rich nuclei, relevant 
for nuclear astrophysics applications, and 
for description of isospin-forbidden particle 
emission. Another important issue is calcu-
lation of isospin-symmetry breaking correc-
tions to nuclear beta decay in relation to pre-
cision tests of the Standard Model on nuclei.

We have recently derived a new em-
pirical sd shell-model Hamiltonian which 
reproduces accurately the isobaric mass 
multiplets splittings [1, 2]. The Hamiltonian 
contains apart from the basic USD interac-
tion, the Coulomb interaction and a phe-

nomenological part consisting of Yukawa 
meson-exchange potentials which models 
isospin-symmetry breaking of the effective 
nuclear interaction. The latter represents 
about 1-2% of the residual shell-model in-
teraction. Solution of the eigenproblem by 
numerical diagonalization allows to get nu-
clear states of mixed isospin. The empirical 
isospin-nonconserving Hamiltonian repre-
sents a modern version of the work [3].

Two applications will be discussed. 
First, we will present branching ratios for 
a β-delayed proton emission from 22Al in 
comparison with the previous calculations 
[4]. Second, calculation of isospin-symme-
try breaking correction to the superallowed 
0+ → 0+ β-decay for sd-shell emitters in 
comparison with the existing results [5, 6].
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Decay spectroscopy of neutron-rich nuclei in the vicinity  
of 110Zr at RIBF

Toshiyuki Sumikama, Tohoku University

invited
Shape evolution in the neutron-rich Zr 

isotopes attracts much attention because 
prolate, oblate, spherical or exotic-tetrahe-
dral shapes may be stabilized. 110Zr (Z=40 
and N=70) is expected to be a spherical 
shape due to a possible subshell closure at 
N=70, and be double magic for the exotic 
tetrahedral shape. Therefore, nuclei in the vi-
cinity of 110Zr are one of the best candidates 
to search for the shape transition. A tetrahe-
dral shape has a different symmetry from 
the general quadrupole shape, thus it will be 
difficult to populate a tetrahedral state. An 
in-flight-fission reaction of 238U beam is a 
promising method to produce the tetrahedral 
shape, and it may become an isomer.

We performed the decay spectroscopy 
around 110Zr as a first decay experiment at 
RIBF. The gamma rays from 106,108Zr were 

observed for the first time. The low-lying 
states of 106,108Zr indicate that these two 
nuclei are well deformed, and the deforma-
tion of the Zr isotope reaches maximum at 
N=64. A new isomer, which was produced 
as the in-flight-fission fragment, was dis-
covered in 108Zr. The energy of the isomeric 
state was not determined, but it is the candi-
date to search for the tetrahedral shape.

The decay spectroscopy using Euroball-
RIKEN cluster array (EURICA) will be per-
formed in proton- and neutron-rich regions 
including neutron-rich Zr isotopes. The 
EURICA is the high-efficiency-gamma-ray 
spectrometer consisting of 84 germanium 
detectors. In this talk, I will show the results 
of 106,108Zr and a future program of the de-
cay spectroscopy with the EURICA around 
110Zr.

perheavy nuclei despite the large repulsive 
coulomb interaction.

Our vision of immutable magic numbers, 
whatever the proton to neutron ratio, has 
been drastically changed these last years. In 
particular it has been demonstrated that the 
neutron magic numbers 8, 20 and 28 were 
vanishing far from stability. In parallel new 
magic numbers appear as N=16.

These discoveries arose with the advent of 
radioactive ion beam facilities worldwide as 
well as progresses in detection systems. They 

pose fundamental questions such as: which 
parts of the nuclear force drive these modi-
fications of shell closures? Are such effects 
observed throughout the chart of nuclides, 
or are they limited to medium mass nuclei? 
What are the consequences of these shell 
modifications for explosive nucleosynthesis, 
and for the existence of superheavy nuclei?

The present talk will mainly focus on 
some important aspects of the nuclear force 
such as the spin-orbit interaction and the be-
havior of nuclear forces at drip line.
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Studies of the electric dipole response in nuclei using  
the scattering of polarized protons

Atsushi Tamii, RCNP, Osaka University

invited
The electric dipole (E1) response is 

one of the most fundamental responses of 
atomic nuclei to external fields. Most of 
the E1 strength is carried by a giant dipole 
resonance (GDR), which is described as a 
dipole oscillation between protons and neu-
trons. Recently a sizable E1 strength con-
centration has been found in several nuclei 
at the region of neutron separation energy 
below GDR, which is called a low-lying 
dipole resonance or a pygmy dipole reso-
nance (PDR). The nature of the PDR is not 
understood well but may be interpreted as a 
dipole oscillation of neutron skin against an 
isospin-saturated core in theoretical models. 

The properties of the PDR may shed light 
on the formation of neutron skins, symmetry 
energy and equilibrium properties of neu-
tron stars. In addition, recent studies on en-
ergy density functionals using Skyrme forc-
es suggest the dipole polarizability, which 
is an inversely energy-weighted sum of the 
E1 strength, as an alternative observable to 
constrain both neutron skin and symmetry 
energy. Thus complete determination of the 
E1 response is quite important.

A case of special interest is the doubly 
magic nucleus 208Pb. We have performed 
a high-resolution proton inelastic scatter-
ing measurement from 208Pb at very for-

Transfer reaction studies with spectrometers
Suzana Szilner, Ruder Boskovic Institute, Zagreb

invited

The revival of transfer reaction stud-
ies benefited from the construction of the 
new generation large solid angle spectrom-
eters based on trajectory reconstruction that 
reached an unprecedented efficiency and 
selectivity. The coupling of these spectrom-
eters with large gamma arrays allowed the 
identification of individual excited states 
and their population pattern.

In transfer reactions one of the most in-
teresting items is how single particle and 
more complex degrees of freedom act in the 
transfer process. Via gamma-particle coin-
cidences it is now experimentally possible 
to measure the transfer strength to specific 
final states with high efficiency. The indi-
vidual state yield distribution in the final 
reaction products reflects a strong interplay 
between single-particle and collective de-
grees of freedom that is pertinent to the re-

action dynamics.
Specific highlights are the effects of pair 

transfer degrees of freedom, where with the 
large solid angle magnetic spectrometers, 
different (nn), (pp) and (np) correlations, 
can be studied at once. Of special interest 
are the studies below the barrier, where the 
transfer probabilities can be followed up, 
with sufficient accuracy, to the large inter-
nuclear distances in order to understand the 
role played by nucleon-nucleon correlation.

These two items will be addressed in the 
presentation, how the individual state yield 
distribution in the final reaction products 
reflects a strong interplay between single-
particle and collective degrees of freedom 
and the reaction dynamics via studies of the 
40Ar + 208Pb reaction, and the interplay be-
tween single and pair transfers far below the 
Coulomb barrier in 96Zr + 40Ca.
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Overlap of QRPA states based on ground states  
of different nuclei 

Jun Terasaki, Center for Computational Science, University of Tsukuba 

seminar
The quasiparticle random-phase approxi-

mation (QRPA) is applied to two nuclei, and 
overlap of the QRPA excited states based on 
the different nuclei is calculated. The pur-
pose is to calculate the overlap of intermedi-
ate nuclear states of the double-beta decay. 
We use the like-particle QRPA after the clo-
sure approximation is applied to the nuclear 
matrix elements. The overlap is calculated 
as rigorously as possible by making use of 

the explicit equation of the QRPA ground 
state - this is rare and the advanced point of 
our research. The formulation of the overlap 
is shown, and a test calculation is performed 
for relatively light nuclei with the Skyrme 
and volume delta-pairing energy function-
als. Efficient truncation is possible keeping 
good accuracy, therefore, there is no reason 
any more to avoid the explicit equation of 
the QRPA ground state.

ward angles including zero-degrees. The 
data were taken at the Research Center for 
Nuclear Physics (RCNP), Osaka University, 
employing a polarized proton beam at 295 
MeV. Differential cross sections were mea-
sured at 0-6 degrees and polarization trans-
fer coefficients at 0-2.5 degrees. The mea-
sured excitation energy region is 5-22 MeV, 
which completely covers the GDR and PDR 
strengths.

The differential cross sections were de-
composed into E1, spin magnetic-dipole 
(spin-M1) and other components by us-
ing two independent methods; polariza-
tion transfer data analysis and multipole 
decomposition analysis (MDA) of angular 

distribution of the cross sections. The two 
methods have given consistent results on the 
E1 responses. We have obtained an accurate 
E1 strength distribution including the PDR 
region. The dipole polarizability has been 
determined up to 130 MeV by combining 
our data and existing data. The measured 
dipole polarizability and the E1 strength 
distribution are now compared with theo-
retically models to discuss the neutron skin 
thickness and the symmetry energy of the 
nuclear equation of state. We have also ap-
plied the same experimental technique for 
90Zr and other targets. In the conference, I 
will explain the experimental methods and 
will report on the recent results.
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Bridging the gap between atomic and nuclear physics:  
Towards an all-optical access to the lowest nuclear  

transition in 229mTh*
Peter Thirolf, Ludwig-Maximilians-University Munich

seminar
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1 LMU München, Germany

2 MPI für Quantenoptik, Garching, Germany

The isomeric first excited state of the 
isotope 229Th exhibits the lowest nuclear 
excitation energy in the whole landscape of 
known atomic nuclei. For a long time this 
energy was reported as 3.5(5) eV, however, 
a recent measurement corrected this value to 
7.6(5) eV [1], corresponding to a deep-UV 
transition wavelength of 163(11) nm. Thus 
for several decades any search for a direct 
identification of this ground-state transition 
failed. The isomeric lifetime is ca. 3-5 hours, 
leading to an extremely sharp relative line-
width of ∆E/E ~ 10-20, 5-6 orders of mag-
nitude smaller than typical atomic relative 
linewidths. This makes 229mTh an ideal can-
didate for a nuclear optical clock with very 
high accuracy [2]. Moreover, in the literature 
speculations about a drastically enhanced 
sensitivity of the ground-state transition of 
229mTh for potential time-dependent varia-
tions of fundamental constants (e.g. fine 
structure constant alpha) can be found [3,4]. 

This contribution will report on our ex-
perimental efforts towards a first direct 
identification of the isomeric ground-state 
transition in 229Th, aiming at improving 
our knowledge of the transition energy by 
about an order of magnitude, which is re-

quired in order to design a suitable laser sys-
tem able to directly excite the first excited 
state. Being a hot topic in nuclear structure 
as well as in metrology and fundamental 
physics research, many groups world-wide 
search for the ground-state deexcitation of 
229mTh, using the 2% decay branch in the 
alpha decay of 233U via the 229Th isomer as 
population mechanism. Our experimental 
approach differs from the those pursued by 
other groups such that we spatially decouple 
the population of 229mTh from the isomeric 
deexcitation by placing the 233U source in 
a buffer-gas stopping cell, extract the re-
coiling 229Th daughter products and collect 
the 229mTh ions via a suitable potential on a 
collection surface behind the gas cell (and a 
purifying quadrupole mass filter). Thus all 
prompt decay background occurring in the 
gas cell is efficiently suppressed. A highly 
efficient UV optics is employed to focus the 
deexcitation UV fluorescence onto an MCP 
detector, where the secondary electrons are 
accelerated towards a phosphorous screen 
which is then imaged by a highly sensitive 
CCD camera. The contribution will review 
the experimental requirements and the sta-
tus of the measurements.
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Study of the g-ray strength in 238Np
Tamás Tornyi, University of Oslo

seminar
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An investigation of the γ-ray strength 
function in different actinide nuclei compar-
ing simulated and observed γ-ray cascades 
following neutron capture at the n_TOF fa-
cility at CERN revealed an excess of low-

lying strength for 235U and 241Pu, but not 
for 238Np [1]. Similar resonances have also 
been observed in a more direct way using 
the Oslo method in 231-233Th and 232,233Pa, 
and their large strength was interpreted 

Hindered proton collectivity in the proton-rich nucleus  
28S: Possible new magic number at Z=16

Yasuhiro Togano, Extereme Matter Institute EMMI and GSI

seminar
The reduced transition probability B(E2; 

GS → 2+) for 28S was determined experi-
mentally using Coulomb excitation at 53 
MeV/nucleon [1]. The experiment was per-
formed using the RI Beam Factory accel-
erator complex at RIKEN Nishina Center. 
The resultant B(E2) value is smaller than 
the expectation based on empirical B(E2) 
systematics [2]. The proton and neutron 

transition matrix elements, Mp and Mn, for 
the GS → 2+ transition were evaluated by 
using the B(E2) values of 28S and the its 
mirror nucleus 28Mg. The |Mn/Mp| ratio 
was obtained to be 1.9(2) N/Z, showing the 
hindrance of proton collectivity relative to 
that of neutrons. These results indicate the 
emergence of the magic number Z=16 in the 
|Tz|=2 nucleus 28S.

[1] Y. Togano et al., Phys. Rev. Lett. 108, 222501 (2012).
[2] S. Raman, C. W. Nestor Jr, and P. Tikkanen, At. Data Nucl. Data Tables 78, 1 (2001).

Observation of ground-state two-neutron decay
Michael Thoennessen, Michigan State University

invited

Neutron decay spectroscopy has become 
a successful tool to explore nuclear proper-
ties of nuclei with the largest neutron-to-
proton ratios. Resonances in nuclei located 
beyond the neutron dripline are accessible 
by kinematic reconstruction of the decay 
products. The development of two-neutron 

detection capabilities of the Modular Neu-
tron Array (MoNA) at NSCL has opened up 
the possibility to search for unbound nuclei 
which decay by the emission of two neu-
trons. Specifically this exotic decay mode 
was observed in 13Li, 16Be, and 26O.
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The actual question of the experimental 
nuclear physics is the study of the struc-

ture of nuclei close to the drip lines. Shell 
structure, deformation and excited states 

as due to the scissors mode [2]. Scissors-
mode resonances can be expected to occur 
throughout the region of deformed actinide 
nuclei; it is hence surprising that no indica-
tion was found in the n_TOF data for 238Np.

To shed more light on this question, an 
experiment was performed at the Oslo Cy-
clotron Laboratory (OCL) to study the 
γ-strength function in 238Np using the Oslo 
method and the reaction 237Np(d, p). At the 
same time the experiment aimed at investigat-

ing the competition between (n, γ) and (n, f)                                                             
cross sections via the so-called surrogate 
method [3]. For this purpose a new PPAC de-
vice was developed at OCL to detect fission 
fragments in coincidence with scattered parti-
cles detected in the ∆E-E silicon telescopes of 
SiRi and γ-rays detected in the CACTUS array 
of 28 large-volume NaI detectors. Results for 
the γ-ray strength function in 238Np will be dis-
cussed and the new detector setup for studies of 
actinides and its performance will be presented.

Study of neutron rich nuclei 18-21N and 25F
Zsolt Vajta, ATOMKI Institute of Nuclear Research, Debrecen

seminar
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Modern decay spectroscopy with beta-gamma-neutron  
detectors at ALTO

David Verney, IPN Orsay

invited
The IPN Orsay ISOL facility, ALTO, is 

dedicated to the production of neutron-rich 
radioactive beams from the interaction of a 
50 MeV 10 µA electron beam with a UCx 
target (~60 g of 238U). It was dimensioned 
for 1011 fissions/sec and located on the Or-
say Tandem premises. While the project was 
launched some 15 years ago, 2012 is a wa-
tershed in progress towards full exploitation 
as the facility received the full green light 
for operation from the French nuclear safety 
authorities. Meanwhile, the ALTO laser ion 
source was commissioned and successfully 
used for the selective ionization of neutron 
rich Ga isotopes. That last subject will be 
covered by the contribution of K. Kolos to 
this conference. The construction of a new 
secondary beamline after the mass separa-
tor was completed in May 2012. A new de-
tection setup based on the use of a movable 

tape station has been designed to accommo-
date 4 small EXOGAM CLOVER detectors 
(EXOGAM prototypes). This setup named 
BEDO (Beta Decay Studies at Orsay) has 
been optimized for Compton and beta sup-
pression and was recently fully commis-
sioned on-line with radioactive A=83, 84 
beams. The BEDO on-line performances 
will be presented.

In addition, since the very early stages 
of the project, physics results have been ac-
cumulated taking advantage of the beams 
available during the different commission-
ing phases. Physics goals were mainly fo-
cused on the evolution of the N=50 gap 
towards Ni-78. An overview of the physics 
achievements obtained with the PARRNe 
on-line mass separator from beta-delayed 
gamma spectroscopy will also be presented.

of nuclei around 24O have attracted a great 
interest, since they can give information on 
the stability of the N = 14 and 16 subshell 
closures.

Nitrogen and fluorine isotopes located 
around the heaviest, still bound oxygen 
isotope 24O have been studied by use of in 
beam γ-ray spectroscopy. In the case of 18-

21N the experiment was performed in RIK-
EN through neutron knockout and proton 
inelastic scattering, while the 25F was stud-
ied in GANIL using single and double step 
fragmentation reactions. The γ-lines found 
and the level schemes constructed for the ni-
trogen isotopes are in good agreement with 
Ref. [1]. The determined excitation cross 
sections and the deduced proton and neutron 

deformation lengths are in accordance with 
the presence of an N = 14 subshell closure 
in 21N, while it disappears in 20C. In the case 
of 25F, several new transitions were identi-
fied and based on γγ-coincidence data a 
level scheme was constructed. It was found 
that the high-energy states associated with 
the coupling of the single proton to the 2+ 
state of 24O are at several hundred keV lower 
energy than expected from shell model cal-
culations. This observation is consistent with 
the fact that the 2+ energy of the 24O is also 
at a lower energy than the shell model pre-
diction.

Methods and results of this analysis will 
be discussed further in the presentation.

[1] D. Sohler et al., Phys. Rev C 77, 044303 (2008).
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The Higgs boson of Standard Model – its function and  
signatures
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Precise determination of the Isovector Giant Quadrupole 
Resonance in nuclei

Henry R. Weller, Duke University and TUNL
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The Higgs boson play a very special 
role in Standard Model. It interacts weak-
ly with all other elementary fields but 
at the same time consequences of these 
interactions are decisive for their basic 
properties such as masses. This elusive 
particle, possibly discovered in last sum-
mer attracts great attention. It is because it 
belongs to completely new level of matter 
construction.

In my talk I will first review fields of the 
Standard Mode and their The Higgs boson 
of Standard Model - its function and signa-
tures interactions. Later I will turn to main 
processes enabling Higgs discovery. In this 
context I will mention signatures involving 
tau leptons, where properties of low energy 
hadronic interactions are used. Participation 
of physicists from Cracow is of importance 
in this challenge.

The intense, nearly mono-energetic, 
100% linearly polarized beams available at 
the HIGS facility, along with the realization 
that the E1-E2 interference term that ap-
pears in the Compton scattering polarization 
observable has opposite signs in the forward 
and backward angles, has been shown to 
make it possible to obtain an order-of-mag-
nitude improvement in the determination of 
the parameters of the isovector giant quad-
rupole resonance (IVGQR) [1]. The first 
nucleus which was studied was 209Bi. One 
surprise was that only 56% of the Isovec-

tor E2 Energy Weighted Sum Rule was ob-
served. Preliminary results have now been 
obtained for the case of 89Y. The parameters 
in this case suggest an A-dependence for the 
energy, width and sum-rule fraction which 
is quite intriguing. The method and the re-
sults for 209Bi and 89Y will be presented, 
along with plans for future systematic stud-
ies. The possible impact of these results on 
the nuclear equation of state which is impor-
tant for our understanding of nuclear matter 
under extreme conditions will be discussed.
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A reaction involving the collision of a 
208Pb beam on to a 208Pb target led to the pro-
duction of several neutron-rich isotopes. This 
experiment took place at Argonne National 
Laboratory, using the ATLAS accelerator, 
with a beam energy of 1446 MeV, and the 
Gammasphere Compton-suppressed, HPGe 
detector array. Different beam pulsing condi-
tions were used, therefore the experiment was 
sensitive to both prompt and delayed gamma-
rays. Delayed gamma-rays were detected in 
the beam-off period, which lasted ~300 ns.

207Tl is one proton away from the 208Pb 
doubly magic nucleus. Its low energy level 
structure is dominated by single proton hole 
states πs11/2, πd13/2 and πh11/2. The 11/2– state 
is isomeric with T1/2 = 1.33(11) s [1]. To get 
to spin levels higher than this isomeric state, 

the neutron core must be broken.
The reaction partner of 207Tl is 209Bi, 

which has an additional proton compared 
to 208Pb, and is relatively well known [2]. 
Therefore cross-coincidences between these 
two nuclei were used to establish the levels 
above the 11/2– isomeric state in 207Tl [3]. 
Here the level scheme was extended to a 
spin of approximately 49/2. Tentative mul-
tipolarities have been assigned to some tran-
sitions, based on theoretical electron con-
version coefficients [4]. Additionally, shell 
model calculations have been produced, and 
are compared to the tentative experimental 
level scheme.

The experimental results, as well as their 
interpretation based on the shell model, will 
be discussed.
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Knockout reaction studies, structure and correlations
Kathrin Wimmer, Central Michigan University
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The explanation of the magic numbers 
for nuclei in the valley of stability was one 
of the milestones in the understanding of 
nuclear structure. However, in recent years, 
several theoretical and experimental inves-
tigations found evidence that these magic 
numbers change when going away from sta-
bility towards more exotic nuclei. Nucleon 
knockout reactions using fast rare isotope 
beams are a well suited tool to study single-
particle properties of exotic nuclei and the 
evolution of nuclear shell structure towards 
the drip-lines. Recently, a series of experi-
ments has been performed at the National 
Superconducting Cyclotron Laboratory at 
Michigan State University in order to study 
reaction mechanism in nucleon knockout re-
actions. Such experiments are key for vali-
dation of the theoretical description of the 
reaction mechanism and use for quantitative 
spectroscopy of very exotic nuclei. In par-
ticular the sudden removal of two protons 
from an intermediate-energy neutron-rich 
projectile has been shown to proceed as a 
direct reaction. In addition to giving spec-
troscopic information, this type of reaction 

promises a rather unique tool assign spins 
by measuring the momentum distributions 
of the heavy reaction residues. First coinci-
dence measurements of the heavy reaction 
residues and the removed protons enabled 
the relative cross sections from each elastic 
and inelastic nucleon removal mechanism 
to be determined. These more final-state-
exclusive measurements are key for further 
validation of this direct reaction and its use 
for quantitative spectroscopy of highly neu-
tron-rich nuclei. The kinematic correlations 
of the removed protons are also analyzed. 
Comparisons with phase-space simula-
tions show that a majority of the triple-co-
incidence events with two protons display 
correlations consistent with a two-body, 
diproton-like removal mechanism. This re-
sult promises access to a new, more specific 
probe of the spin and spatial correlations of 
valence nucleon pairs in exotic nuclei pro-
duced as fast beams.

In this talk I will present recent results 
from experiments at the interplay of nucle-
ar structure and reactions performed at the 
NSCL.
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Using configuration-constrained Woods-
Saxon potential-energy-surface (PES) cal-
culations, we have investigated the effect of 
deformation on the structures of superheavy 
nuclei, finding a significant effect from the 
high-order β6 deformation [1]. The deformed 
shell gaps at N=152 and Z=100 are increased 
due to the existence of β6 deformation. The 
inclusion of the β6 parameter can signifi-
cantly improve the description of the heavi-
est high-K isomers. Furthermore, we have 
investigated possible high-K isomers in the 
second well of actinide nuclei. Many high-K 
fission isomers have been predicted [2].

Ultrahigh spins around 65 ħ have been 
reached in the nucleus, Er-158; the observed 
rotational band has a large quadrupole mo-
ment [3]. To understand this structure, we 
carried out self-consistent cranked Skyrme-
Hartree-Fock calculations in the tilted-axis-
cranking (TAC) variant. Our results suggest 
that the observed structure can be associated 
with a triaxial strongly-deformed (TSD) 
configuration [4]. We demonstrate that one 
of the two triaxial minima obtained in the 
principal-axis-cranking method is actually a 
saddle point.

1. H. L. Liu et al., Phys. Rev. C 83, 011303 (2011).
2. H. L. Liu et al., Eur. Phys. J. A 47, 135 (2011).
3. X. Wang et al., Phys. Lett. B 702, 127 (2011).
4. Y. Shi et al., Phys. Rev. Lett. 108, 092501 (2012).
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The structure of nuclei near the doubly 
magic nucleus 100Sn has been the focus 
of intensive experimental and theoretical 
studies. In this region, new and interesting 
phenomena may arise due to a variety of 
structural and nucleon interaction effects. 
An area of specific interest relates to recent 
studies in the even-even tellurium and xe-
non isotopes [1,2] which have revealed a 
striking deviation for the 2+ and 4+ energies 
from the expected trends as the N=Z line 
is approached. For example, the energy of 
the first 2+, 4+ states is expected to rise for 
Te, Xe isotopes below the mid-shell point at 
N~66 as the N=50 shell-gap is approached, 
since the collectivity is expected to be di-
minished. However, this is not what is ex-
perimentally observed, the energies of the 
2+ and 4+ states do initially increase as N 
decreases below mid-shell, but then they 
start to decrease again, suggesting that an 
increase in collectivity may be occurring. 

In order to investigate this unexplained phe-
nomenon, the determination of transition 
probabilities is important.

Lifetime measurements for low-lying 
states in 108Te were performed. In addi-
tion, we could deduce values for lifetimes 
of some states in the h11/2 decoupled band 
in 109Te. For these studies a fusion evapora-
tion experiment (utilizing the Koln plunger) 
has been carried out at Jyväskylä, using 
the 54Fe+58Ni reaction at a beam energy of 
245 MeV. The beam was used to bombard 
a 1 mg/cm2 thick 58Ni plunger target. A 1 
mg/cm2 thick 24Mg foil was used as a de-
grader foil and the technique of recoil de-
cay tagging [3,4] was used to separate out 
the channels of interest. The fusion evapo-
ration recoils were transported through the 
RITU spectrometer and implanted into the 
GREAT DSSSD detectors. Subsequent al-
pha decays were then recorded and used to 
select the nuclei of interest.
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The goal of the series of our measure-
ments was the study of the K selection rule 

violation for electromagnetic transitions in 
nuclei with mass number ~130 and neutrons 

This work reports on the utilisation of 
gamma-ray coincidences between germa-
nium and lanthanum bromide LaBr3:(Ce) 
scintillation detectors for the determina-
tion of electromagnetic transition rates in 
the pico to nanosecond regime. The tech-
nique utilises the high-quality full-energy 
peak resolution of the LaBr3(Ce) detectors 
[1] coupled with their excellent timing re-
sponses in order to study discrete energy 
gamma-ray cascades from nuclei populated 
using the 130Te(12C, 4n)138Ce and 128Te(16O, 
4n)140Nd fusion-evaporation reactions at 
beam energy of 56 and 66 MeV respective-

ly. The beam was provided by the Tandem 
van de Graaff accelerator at Bucharest, Ro-
mania [2]. In the first experiment the target 
consisted of a 1 mg/cm2 thick enriched 130Te 
foil on a 20 mg/cm2 thick 208Pb backing to 
stop the recoiling nuclei. In the second ex-
periment the target consisted of 128Te 2.24 
mg/cm2 on a thick mylar backing. Extracted 
Lifetimes for excited states in the N=80 iso-
tones, 138Ce and 140Nd will be presented and 
reduced transition probabilities have been 
calculated for the electromagnetic decays 
from these states and compared with predic-
tions of shell model calculations.
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The elastic angular distributions recently 
measured for 6,8He projectile on 65Cu in the 
laboratory angular range between 25o and 
60o at energies above the coulomb barrier 
(Elab = 19.9, 22.6 and 30.6 MeV) have been 
examined using microscopically complex 
optical potential. The microscopic real part 
has been carried out with the Reid M3Y ef-

fective nucleon-nucleon (NN) interactions 
by using double folding model. Compara-
tive results of two different imaginary part 
together with the experimental data are pre-
sented within the framework of the optical 
model. The experimental data and total re-
action cross section are successfully repro-
duced using the extracted potentials.

A standard many-body theory of al-
pha decay is developed using shell model 
clustering and resonance scattering am-
plitudes. Formulas are obtained for the al-
pha half-lives and applied extensively to 
known superheavy nuclei. These formulas 
are combined with measured decay energy 

to investigate the structure of the decaying 
states. The work includes formal consider-
ations, as well as practical computational 
methods, based on self-consistent models 
for the nuclear structure and reaction dy-
namics.

equal 74 by determination of absolute prob-
ability transitions from decay of the Iπ = Kπ = 
8– isomeric state, which occurs at even-even 
nuclides. The isomeric half-lives of this iso-
tones vary by six orders of magnitude, from 
nanoseconds (Xe) to milliseconds (Ce, Ba). 
Their modes of decay are also different, but 
decay branches of E1 transitions with a de-
gree of K forbiddingness 7, leading directly 
to the 8+ member of the ground state band 
with K=0, have been found in Ba-130, Nd-
134, Sm-136, and Gd-138. These branches 
severely violate the K selection rule.

The main goal of the measurements was 
to determine multipolarities of the gamma 
transitions de-exciting the Iπ = Kπ = 8– iso-
meric states in Nd-134 and confirm the ex-

isting decay path of this isomer by de-ex-
citation to the gamma band (8– → 5+). The 
study of decay of this state in Nd-134 was 
done by the reaction 122Te(16O, 4n)134Nd. 
The ion beam of O-16 with energy of 90 
MeV and intensity of 20 enA from Heavy 
Ion Laboratory cyclotron was used. The 
experiment was performed in e−γ and γ−γ 
coincidence modes using an electron spec-
trometer coupled to the EAGLE gamma-ray 
array. The spectroscopy of internal conver-
sion electrons in coincidence with gamma-
rays allows to determine of multipolarities 
and furthermore absolute values of the tran-
sitions probabilities. The results obtained 
during 100 hours of the beam time measure-
ments will be presented.

Theoretical investigations of 6,8He halo nuclei using  
Microscopic Optical Potentials

M. El-Azab Farid, Assiut University, Egypt

 Alpha decay properties of the shell stabilized superheavy 
nuclei

Andreea-Ioana Budaca, Horia Hulubei National Institute of Physics and 
Nuclear Engineering, Bucharest

A. I. Budaca and I. Silisteanu
Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest, Romania
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The Modular Total Absorption Spec-
trometer (MTAS) has been recently con-
structed and commissioned at the Holifield 
Radioactive Ion Beam Facility (HRIBF) at 
Oak Ridge National Laboratory [1]. MTAS 
consists of 19 NaI(Tl) modules of hexago-
nal shape, with a total weight of about 2200 
pounds. Its efficiency for full energy absorp-
tion is approaching 90% for 300 keV gam-
ma rays. The scientific program for MTAS 
focuses on the beta decay studies of fission 
products. Understanding the energy release 
following the decay of fission products (so 
called decay heat) is crucial for the analy-
sis of processes occurring in nuclear fuel in 
power reactors. The analysis of decay heat 
is important for the current and next genera-
tions of nuclear reactors as well as for the 
radioactive waste transportation and storage 

[2-5]. Existing theoretical simulations of 
decay heat are showing significant devia-
tions from experimental data, compare [2-
4]. These discrepancies are believed to be 
partially due to the incorrect or incomplete 
decay schemes.

We would like to present a new approach 
to the decay heat calculations based on the 
Monte Carlo methods. In this approach 
average gamma and beta energies used in 
standard models are replaced by event-by-
event calculation with the use of the detailed 
decay schemes taken from the NNDC da-
tabase. The impact of potential changes in 
the decay schemes of the “reactor inventory 
isotopes” [2] as well as the preliminary re-
sults on the decays of mass A=86 and A=87 
fission products recently measured with 
MTAS at the HRIBF will also be presented.
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The Ion-Guide Isotope Separator On-
Line (IGISOL) is a facility designed for 
fundamental research of nuclear matter. The 
key point of such investigations is produc-
tion of rare isotopes. A general way for the 
fabrication of neutron-rich isotopes is the 
fission of heavy nuclei.

Previously, neutron-rich nuclei have been 
produced at the IGISOL via proton-induced 
fission. However, preliminary estimations 
show that neutron-induced fission might be 
preferable for production of even more ex-
otic nuclei. First of all, the yield of the most 
neutron-rich isotopes is higher in neutron-
induced fission. Secondly, due to lower 
ionization of the buffer gas used in IGISOL 
technique, the neutron beam allows the usage 

of more efficient geometry for fission target. 
That’s why, it was decided to convert primary 
proton beam into neutrons. This idea is espe-
cially relevant due to a high intensity beam 
available from the new MCC30/15 cyclotron 
which is coupled to the IGISOL facility.

Various materials and constructions have 
been considered for the neutron converter 
target. As result metallic beryllium (Be) tar-
get with direct water cooling was chosen for 
futher development. The test experiment is 
planing soon in June at The Swedberg Labo-
ratory (Uppsala, Sweden). The actual status 
of the design and construction will be pre-
sented. Also some perspectives of the neu-
tron source usage at the IGISOL facility will 
be discussed.

Nuclear multifragmentation produced 
in heavy ion collisions can be described in 
terms of phase transitions and critical phe-
nomena. For this purpose, the size (charge) 
distribution of the largest fragment produced 
in each event has been studied in terms of 
a decomposition into two contributions: 
one from an ordered and one from a disor-
dered phase. In the theoretical description 
of aggregation processes (percolation and 
Smoluchowski models), where the order 
parameter is the size of the largest cluster, 

such a decomposition is also observed and 
allows to define the pseudo-critical domain 
of the underlying phase transition. By anal-
ogy with these models, we use the evolu-
tion of the relative population of the two 
phases with bombarding energy to localize 
the pseudo-critical domain for experimental 
multifragmentation data measured with IN-
DRA. In a second step we present a more 
detailed comparison with the Smoluchows-
ki aggregation scenario to address the time-
scale of the multifragmentation process.

A neutron source for new IGISOL facility
Dmitry Gorelov, University of Jyväskylä

Pseudo-Critical behavior of nuclear multifragmentation
Diego Gruyer, GANIL, CEA/DSM and CNRS/IN2P3 Caen
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An investigation of the elastic scattering 
angular distribution data of 16O+16O system 
for high energy range from 250-1120 MeV 
will perform theoretically within the frame-
work of double folding optical model for-
malism, by using two different versions of 
effective interaction: the effective α-α clus-
ter interaction and the original M3Y NN re-

alistic interaction, which are independent of 
the density. Then, to study the effect of the 
density dependence we will use the density 
dependence (DD) for the M3Y effective in-
teraction (DDM3Y). Comparative results of 
our calculation with the experimental data, 
total reaction cross-section, real and imagi-
nary volume integral are present.

An investigation of 16O+16O elastic scattering by using  
cluster folding model at high energies 

Mahmoud Hassanain, King Khalid University, Saudi Arabia

The experiments exploring the nuclear 
shell structure in the vicinity of 100Sn – the 
heaviest selfconjugate doubly magic nucleus 
– are an important benchmark for the nuclear 
shell model. In particular, the reduced transi-
tion probability for the first 2+ state B(E2:0+ 
→ 2+) along the isotopic chain shows discrep-
ancies between the theoretical and experi-
mental values when approaching 100Sn. The 
Coulomb excitation measurements of the 
radioactive beams were utilized to study neu-
tron and proton core polarizations across the 
shell gap in this region as alternative methods 
are hampered by the existence of the isomer-
ic 6+ states. Within the PreSPEC campaign 

at GSI an experiment has been performed 
to determine the B(E2) value in 104Sn. The 
experiment served additionally to disentan-
gle the background contributions occurring 
along the beam path, both in the fragment 
separator (FRS) as well after the secondary 
target. The exotic nuclei of interest were pro-
duced in fragmentation reaction of the 124Xe 
primary beam at 793 MeV/A on a 4 g/cm2 
9Be primary target, separated in the FRS and 
excited via Coulomb excitation on a 400 mg/
cm2 197Au secondary target.

The state of the art of the preliminary 
analysis will be presented.

Analysis of the 104Sn experiment at PreSPEC
Giulia Guastalla, Technical University Darmstadt
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The elastic scattering angular distribution 
of 32S projectile on different heavy ion (HI) 
of targets including the 24Mg , 28Si, 32S, and 
40Ca at energy range from 65-160 MeV is 
described in terms of optical model scatter-
ing theory. The microscopic real part of the 
complex nuclear optical potential have been 
obtained by using three different approxi-
mation methods to treat the single nucleon 
knock-on exchange term (SNKE) in the 
optical model. Successful reproduction of 

data is obtained by all considered forms of 
potential. It is clear that the effect of Pauli 
correlation increases with the increases of 
projectile energy and mass of target. Our 
calculations are insensitive to the strength 
of the imaginary potential used in the fit of 
experimental data except in the case of the 
identical nuclei. Comparative results of our 
calculation with the experimental data, total 
reaction cross-section, real and imaginary 
volume integral are presented.

The elastic scattering angular distribu-
tions of α particles by 12C, 16O, 28Si, 58Ni 
and 124Sn over a wide energies range (120-
400 MeV) have been analyzed in terms of 
complex nuclear optical potentials. The real 
double folding (DF) optical potentials are 
generated by folding the M3Y, DDM3Y, 
JLM and DDJLM effective interactions 
over the suggested density distributions of 
the two colliding nuclei. The imaginary part 
expressed in a phenomenological Woods-
Saxon (WS) form. The formation of the 

imaginary part of the optical potentials and 
the reaction cross sections are also consid-
ered. In the case, the imaginary part takes 
the same radial dependence, the ratio be-
tween their depths fitted to the experimental 
differential cross-section at these different 
values of energies. Optical potential param-
eters have been obtained by using the χ^2 
minimization method to compare calcula-
tions to experiments. The agreement be-
tween the theoretical predictions and mea-
sured values is quite satisfactory.

Elastic scattering analysis of heavy ion at low energy 
Mahmoud Hassanain, King Khalid University, Saudi Arabia

Theoretical analysis of Alpha-Nucleus scattering using 
folded potentials

Awad Ibraheem, King Khalid University, Saudi Arabia
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Nuclear reactions at very low energies 
can be described by tunneling processes 
through Coulomb barrier. If the projectile 
energies are low enough the screening effect 
of Coulomb barrier by surrounding electrons 
can be observed by means of an exponential-
like enhancement of nuclear cross-sections 
for lowering projectile energies. Recently, 
this effect has been studied for the 2H(d, 
p)3H and 2H(d, n)3He reactions taking place 
in metallic environments which represents a 
unique model for dense astrophysical plas-
ma. The screening energies determined ex-
perimentally as a reduction of the height of 
the Coulomb barrier turn to be larger by a 
factor of two that the theoretical predictions. 
Our new experimental data obtained for the 
first time under ultra high vacuum (UHV) 
conditions additionally increase this discrep-
ancy and confirm that the contamination of 
the target surface plays a crucial role in the 
screening experiments. These studies are rel-
evant not only for nuclear astrophysics but 
also for some practical applications of new 

energy sources based on nuclear fusion.
In order to explain technical, experimen-

tal, as well as theoretical problems related 
to electron screening effect, a new accelera-
tor facility “eLBRUS” is under construction 
at the University of Szczecin. The facility 
will consist of a small electrostatic accel-
erator equipped with a high current ECR 
ion source and a target chamber operating 
under UHV conditions. The target chamber 
has been designed to combine both nuclear 
reactions methods and analytical methods of 
surface physics (AES, XPS, ion sputtering, 
etc.) to overcome difficulties of previous 
experiments. In addition, construction of a 
windowless gas-jet target is planed. The ac-
celerator system will be completed by series 
of devices used for condensed matter (NMR 
spectrometer, microcalorymeter) and opti-
cal (high power lasers) diagnostic methods. 
The whole system will allow to perform 
nuclear reaction experiments and necessary 
preparation and diagnostic work at the same 
location.

New accelerator facility for measurements of nuclear  
reactions at extremely low energies
Mateusz Kaczmarski, University of Szczecin
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121Sb(α,γ)125I, 121Sb(α,n)124I and 123Sb(α,n)126I cross section  
measurements at the astrophysical energies

Zeren Korkulu, Kocaeli University, Turkey and ATOMKI Institute  
of Nuclear Research, Debrecen, Hungary 

Z. Korkulu 1,2, N. Özkan 1, R. T. Güray 1, C. Yalçın 1, G. G. Kiss 2, T. Szücs 2, Zs. Fülöp 2,  
Gy. Gyürky 2, E. Somorjai 2, Z. Halasz 2

1 Department of Physics, Kocaeli University, Umuttepe Kocaeli, 41350, Turkey 
2 ATOMKI Institute of Nuclear Research of the Hungarian Academy of Sciences, Debrecen, Hungary

Experimental studies of p-process re-
lated reaction cross sections had long been 
neglected and started, in fact, less than 20 
years ago. Today still large uncertainties 
exist to predict the observed abundances 
of these p-nuclei. Model calculations of the 
p-process require large nuclear reaction net-
works involving about 1800 isotopes and 
more than ten thousand reaction rates. Al-
most all of these rates have to be determined 
theoretically by means of the statistical 
Hauser-Feshbach (HF) formalism. In order 
to provide a further test of Hauser-Feshbach 
predictions and also to be used to optimize 
input parameters of the codes, alpha cap-
tured reaction cross section measurements 
on natural Sb cross section measurements 
have been started.

121Sb(α, γ)125I, 121Sb(α, n)124I and 123Sb(α, 
n)126I reaction cross section measurements 
have been carried out at cyclotron accelara-
tor of Institute of Nuclear Research of the 
Hungarian Academy of Sciences (ATOM-

KI) by using the activation method. The tar-
get were produced by vacuum evaporation 
of natural Sb onto high purity thin alumi-
num foils. The targets have been irradiated 
by alpha-beams of typically 0.8 µA and the 
each irradiation time was about 20 hours. In 
order to determine 121Sb(α, γ)125I reaction 
cross section, the yield of the 35.49 keV 
gamma-line obtained in close geometry by 
the LEPS (Low Energy Photon Spectrom-
eter) was used. The 121Sb(α, n)124I reac-
tion cross section was also calculated with 
a 100% relative efficiency HPGe detector 
in ULB (Ultra Low Background) shielding 
by counting the yield of 602.73 keV, 722.78 
keV and 1690.96 keV gamma-lines. Simi-
larly, for 123Sb(α, n)126I reaction cross sec-
tion calculations 388.63 keV and 666.33 keV 
lines were used. The details of the measure-
ments and obtained results will be presented 
and compared with the Hauser-Feshbach sta-
tistical model calculations.
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The Recoil Filter Detector (RFD), which 
was constructed by the Cracow group [1], 
allows to select desired nuclei by their 
time-of-flight and pulse height using a 
pulsed-beam. It has been already used suc-
cessfully in gamma-spectroscopy studies as 
an ancillary detector coupled with OSIRIS 
[2], GAREL+ [3], EUROBALL IV [4] and 
GASP [5] Ge arrays allowing filtering out 
the scattered beam form evaporation resi-
dues, and a Doppler correction. In order to 
choose appropriate experimental conditions 
and setup it is always necessary to simulate 
theoretical output of experiments. 

The aim of this study was to apply the 
Geant4 and GEMINI++ based simulations 
of the RFD performance in nuclear structure 
studies, firstly, with stable and secondly, 
radioactive beams. Primary aim is to be 
achieved by comparing the simulations out-
put with existing experimental data. Evalua-
tion of the simulation tool relevance allows 
proceeding with the next phase, which is po-
tentially possible adjustment of RFD setup 
for studies with radioactive beams especial-

ly in inverse kinematic reactions. 
First part of the present study includes 

the simulations and comparison of the re-
sults with the experimental data obtained in 
the gamma-spectroscopy experiment using 
GASP coupled with RFD for the reaction of 
32S beam (E = 95 MeV) with 40Ca target (0.8 
mg/cm2) [5]. It is shown, by comparison to 
experimental data, that our approach can be 
successfully applied to obtain realistic simu-
lations of experimental conditions.

The second part is devoted to the simu-
lations of possible application of RFD in 
studies of collective modes of excitation in 
neutron-rich Ba region via reaction of 90Kr 
(E = 388 MeV) radioactive beam with 48Ca 
target (1 mg/cm2). In the proposed experi-
ment [6], RFD might be possibly coupled 
with AGATA/EXOGAM2 and PARIS scin-
tillator arrays in SPIRAL2. Possible appli-
cation in selecting exotic neutron rich Ba 
isotopes, produced in an inverse kinematics, 
at very high spin as well as possibility to de-
tect the fission products will be shown and 
discussed.

Geant4 and GEMINI++ based simulations of possible  
application of the Recoil Filter Detector in nuclear  
structure studies with stable and radioactive beams

Mateusz Krzysiek, IFJ PAN Kraków
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At moderate excitation energies the dom-
inating fusion processes are (i) Complete 
Fusion (CF) and Incomplete Fusion (ICF) 
[1, 2]. However, in recent years at low pro-
jectile energies i.e., near and above the Cou-
lomb barrier (CB), the ICF sets in, where the 
CF supposed to play a key role to the total 
fusion cross-section. In order to explain ICF 
reaction dynamics several dynamical mod-
els such as SUMRULE model [3], Break-Up 
Fusion (BUF) model [4], Promptly Emitted 
Particles (PEP’s) model [5] etc. have been 
proposed. But none of these models is able 
to explain the presence of ICF reaction pro-
cesses at such low incident energies, hence, 
is a topic of current interest. In general, the 
CF and ICF reaction processes can be ex-
plained on the basis of localization of angu-
lar momentum space, where CF supposed to 
be dominating for ℓ=0 to ℓcrit and ICF occur 
for ℓ > ℓcrit. Moreover, Trautmann et al. [6] 
and Inamura et al. [7] depicted the peripheral 
nature of ICF processes. Furthermore, some 
of the effective studies are summarized in an 
outstanding review by Gerschel [8].

With these motivations, in the present 

work the excitation functions (EFs) for sev-
eral evaporation residues produced via 16O 
+ 165Ho interactions have been measured at 
energies ranging from ≈ 73-105 MeV by em-
ploying recoil-catcher technique followed by 
offline γ-ray spectroscopy. These measured 
EFs have been analyzed in the framework of 
statistical model code PACE4 [9]. A signifi-
cant contribution of ICF has been observed in 
the production of α-emitting channels. To ob-
serve the relative importance of CF and ICF, 
the ICF fraction has been extracted. In order 
to find out some systematics the re-analysis 
of nearby projectile-target combinations, in 
light of the present data, has been incorporat-
ed, and the acquired FICF has been compared 
for all these systems, and found to be sensi-
tive to the projectile energy and mass asym-
metry. However, for some combinations, 
more mass asymmetric system show less 
FICF has been observed at same normalized 
projectile energies. In light of some recent 
studies [2, 10], projectile structure as well as 
target deformation [8] both may responsible 
for this converging trend. The details of the 
work will be presented.

Some interesting trends in incomplete fusion reaction  
dynamics at energies ≈ 4-7 MeV/nucleon
Kamal Kumar, Aligarh Muslim University, India
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The fission dynamics described by solv-
ing the 3-dimensional Langevin equations 
[1] is one of the most appropriate methods 
to verify different macroscopic models. The 
choice of the macroscopic models has the 
crucial influence on the charge and mass 
fragment distribution or emitted particle 
multiplicity [2]. The potential energy sur-
faces (PES) obtained with either the Finite 
Range Liquid Drop Model (FRLDM) [3] or 
the Lublin-Strasbourg Drop (LSD) [4] for-
mula are very similar for heavy compound 
nuclei but they differ sizably in the medium 
mass region.

One of the relevant probes, which we 
propose to study in this contribution, is the 
comparison between pre- and post-scission 
particle multiplicities in addition to the 
mass, charge and total kinetic energy of the 
fission fragments and evaporation residua. 
It turned out, that the shape-dependent con-
gruence energy term, introduces a signifi-
cant change in the mass distribution of the 

fission fragments and the multiplicity of 
emitted particles. It can change the fission 
barrier by 1-8 MeV, which substantially af-
fects the potential energy surface.

A discussion about how the shape-depen-
dent congruence energy term is phenomeno-
logically implemented in the FRLDM and 
LSD models will be presented. Constant con-
gruence energy term was already introduced 
years ago but the discussion of the geometri-
cal factor described the shape-dependence 
combined to different macroscopic models 
was not yet studied in the frame of fission dy-
namics. In addition, fission-fragment charge, 
mass and energy distributions as well as pre- 
and post-scission particle multiplicities cal-
culated for excited 111In and 252Fm fissioning 
nuclei will be compared with experimental 
data. From the previous calculation [1] for 
252Fm we learn then within our model we can 
reproduce the experimental data but an influ-
ence of the various PES into the post-scission 
emission will be discussed first time.

Fission dynamics as a probe of the shape-dependent  
congruence energy term in the macroscopic models

Katarzyna Mazurek, IFJ PAN Kraków
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Investigation of heavy and super-heavy 
nuclei requires a proper model to repro-
duce masses and rotational energies. The 
Yukawa-folded single particle potential and 
the Lublin Strasbourg Drop (LSD) is taken 
in our calculations. The macroscopic-mi-
croscopic model with the Strutinsky shell-
correction and the pairing energy evaluated 
within the rotating BCS model is used. The 
moment of inertia is evaluated within the 
cranking approximation. The equilibrium 
deformations of Ra-Cn isotopes were de-

termined using the Modified Funny Hills 
shape parametrization.

The pairing force strengths fitted to posi-
tions of the experimental rotational 2+ states 
is compared to those which reproduce ex-
actly masses of nuclei. The change of the 
pairing correlations with rotation is taken 
into account when evaluating energies of the 
rotational band members. Our estimates of 
the ground-state masses and the rotational 
energies agree well with the experimental 
data.

Rotational bands and masses of heaviest nuclei 
Bożena Nerlo-Pomorska and Krzysztof Pomorski,  
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Nuclear dynamics studies have been per-
formed by the BREAKUP group for the sys-
tem Au + Au at 23 AMeV with two goals: 
(i) a search for toroidal freeze out configura-
tions predicted to be formed for this heavy 
system [1]; (ii) an extension of an earlier 
study carried out at a lower energy of 15 
AMeV, in which a new reaction mechanism 
of violent collinear breakup of non-fusing 
colliding systems into three and/or four 
massive fragments was discovered [2-4].

The measurements for the Au + Au reac-

tion were performed in March 2010 using 
the CHIMERA detector [5] at INFN-LNS. 
The total number of collected events is of 
the order of 108. The heavy fragments were 
identified in charge and mass using DE-E 
and TOF techniques, respectively.

Characteristics of the charge, mass, en-
ergy and angular distributions of identified 
fragments will be presented. Observables 
sensitive to the geometry of the decaying 
nuclear object will compared to static and 
dynamical model predictions.

Characteristics of the fragment production in 197Au + 197Au 
reaction at 23 AMeV

Rafał Najman, Jagiellonian University
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The equation of state of dense nuclear 
matter is the most important factor that de-
termines the parameters and internal struc-
ture of a neutron star. In attempt to analyze 
neutron stars properties related to the isospin 
asymmetry it is indispensable to determine 
the density dependence of the symmetry en-
ergy. The systematic study of neutron star 
matter is done within the nonlinear relativis-
tic mean field approach for different param-
eterizations. The characteristic feature of the 
considered models is the extended isovector 
sector which comprises a broad spectrum of 
mixed vector meson interactions.

The mixed vector meson interactions 
are very effective in describing asymmetric 
nuclear matter as they provide modification 

of the density dependence of the symmetry 
energy. The obtained parameterization in 
the isovector sector, which is related to the 
strength of the particular vector meson cou-
plings, allows one to study the influence of 
the remodeled symmetry energy on neutron 
star properties. This has remarkable conse-
quences in the case when the core of a neu-
tron star includes hyperons as the analysis 
concerns also the influence of the coupling 
between isovector meson and the hidden 
strange vector meson. Such enhancement of 
the isovecor meson sector links the asym-
metry of the model with the strangeness 
content and modifies the properties and 
composition of dense matter.

Symmetry energy and structure of a neutron star
Monika Pieńkos, University of Silesia

I. Bednarek, M. Pieńkos
University of Silesia, Katowice, Poland

Recent results from fast timing polycrystalline diamond  
detectors as part of the LYCCA-0 array

Lianne Scruton, University of York
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The very first set of experiments involv-
ing the LYCCA-0 array have taken place 
over the past year and a half using the FRS 
at GSI as part of the PreSPEC collaboration. 
The LYCCA-0 array consists of a number of 
energy and time-of-flight detectors designed 
to uniquely identify exotic nuclei by both 
their mass and charge. In order for this to be 
possible over a relatively short flight path, 
detectors with very good timing resolution 
are required.

One such time-of-flight detector used in 
the first commissioning experiment is made 

from CVD polycrystalline diamond, a mate-
rial well known for its fast timing proper-
ties and resilience. This detector consisted 
of six 2 x 2cm diamond wafers, one of the 
largest area diamond detectors tested to 
date. After a series of optimisation tests, a 
prototype of the diamond detector was used 
in the first commissioning run in September 
2010 along with the rest of the LYCCA-0 
detectors.

Results from this experiment including 
the identification of a number of fragments 
over flight path of 3.4 m shall be presented. 
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The energy and mass resolution of LYC-
CA-0 was measured and, from this, the time 
resolution for the time-of-flight system was 
extracted. This data will be used to compare 

the two different time-of-flight solutions 
that are being considered for time-of-flight 
“start” detector at the LYCCA target posi-
tion – fast-plastic or diamond.

[1] R. Hoischen et al., “Fast timing with plastic scintillators for in-beam heavy-ion spec-
troscopy”, Nucl. Instr. and Meth. A 654, 354 (2011). 
[2] F. Schirru et al., “Development of large area polycrystalline diamond detectors for 
fast timing application of high-energy heavy-ion beams”, JINST 7 (2012).

Incomplete fusion dynamics by measurement of spin  
distribution of the Evaporation Residues for the system  

19F + 154Sm
Dharmendra Singh, Inter University Accelerator Centre (IUAC), New Delhi
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Indu Bala 1, S. Muralithar 1 and R. P. Singh 1
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2 Department of Physics, Aligarh Muslim University, Aligarh India

3 Department of Physics, Jamal Mohammed College, Trichurapalli, India
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In order to understand the complete and 
incomplete fusion dynamics, an experiment 
have been carried out by using Gamma De-
tector Array (GDA) coupled with Charged 
Particle Detector Array (CPDA) at Inter 
University Accelerator, New Delhi, India. 
GDA consists of 12 Compton suppressed 
n-type high purity germanium detectors. 
The CPDA is a group of 14 Phoswich de-
tectors. In the CPDA scattering chamber, 
seven CPD were placed on top and seven 
on bottom of the chamber. A self-support-
ing 3.1 mg/cm2 target of 154Sm (enrichment 
≈98.6%) prepared with a rolling machine 
has been used. Spin distributions for various 
evaporation residues produced via complete 
and incomplete fusion dynamics have been 
measured for 19F + 154Sm system at projec-
tile energy 110 MeV. It is observed from the 
experimental results that spin distribution 

for the evaporation residues produced by 
complete fusion and incomplete fusion pro-
cesses are distinctly different. These study 
show that the yield of incomplete fusion re-
action channels are almost constant up to a 
maximum angular momentum and then falls 
unlike in complete fusion, where the yield 
gradually fall with spin. On the basis of 
above results, it can be inferred that driving 
input angular momentum J0 associated with 
incomplete fusion products are relatively 
higher than complete fusion products. The 
observation clearly shows that lower values 
do not contribute to the incomplete fusion, 
significantly and hence the production of 
‘fast’ forward PLFs (associated with in-
complete fusion reactions) are at relatively 
higher input angular momentum and hence 
leads to peripheral interaction.
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A plastic time-of-flight (TOF) neutron 
spectrometer (LENA, Low Energy Neutron 
Array) has been designed and constructed 
in Debrecen, ATOMKI. The aim of the 
construction was, to study different type of 
spin-isospin excitations (giant resonances) 
in exotic nuclei far from the stability line by 
using (p, n) charge-exchange reactions in in-
verse kinematics.

The GEANT4 toolkit was used for simu-
lation the intrinsic efficiency of the scintil-
lator bars as a function of neutron energy. 
The geometry of the array was optimized, 
the effects of all surrounding materials were 
taken into account in the simulation.

The array was designed to measure neu-
tron energies by the time-of-flight (ToF) 
technique and the laboratory scattering an-
gles with high resolution, and at the same 
time high detection efficiencies. LENA is an 
array consisting of 15 single detectors. Each 
detector consists of plastic scintillator ma-
terial with a size of 10 × 45 × 1000 mm3. 
There are 3 modules; each of them contains 
5 single detectors. Details of the design and 

wrapping procedure, test results about cross 
scattering effects, time and position resolu-
tion as well as the efficiency of the detectors 
were carefully studied by simulation and 
also in real experiments. The results will be 
presented.

In the frame of the R3B collaboration the 
first (p, n) experiment, using the LENA de-
tector array was performed in last October at 
the GSI. The aim of the experiments was to 
measure the neutron-skin thickness of 124Sn. 
We have used 600 MeV/nucleon 124Sn rela-
tivistic heavy-ion beams on 2 and 5 mm thick 
CH2 and 2 mm thick C targets and the energy 
difference of the anti-analog giant dipole 
resonance (AGDR) and the Isobaric Analog 
State (IAS) was measured, which depends 
strongly on the neutron-skin thickness.

We have actually measured the γ-decay 
of this resonance to the IAS by six large 
(3.5′′×8′′) state-of-the-art LaBr3 detectors. 
The precise energy and efficiency calibra-
tion of such detectors have been performed 
in Debrecen, which results will also be pre-
sented.

The application of the Low Energy Neutron Array (LENA)
László Stuhl, ATOMKI Institute of Nuclear Research, Debrecen

A new type of experimental setup, dedi-
cated to in-trap decay spectroscopy in a 
Penning trap is presently developed at MLL-
TRAP/Garching to be implemented in the 
future MATS facility at FAIR. It combines 
the high-resolution purification capabilities 
of a Penning trap with a customized detec-
tor trap setup, providing both, ion storage 
and detection of decay products. In this way, 
decay-spectroscopy experiments of purified 
nuclides, free from any background or scat-

tering effects, will become feasible via direct 
in-situ spectroscopy on a stored ion. For this 
purpose, the main trapping electrodes are re-
placed by position-sensitive Si-strip detectors 
and emitted electrons are efficiently guided 
by the strong field of the trap magnet towards 
distant electron detectors. Possible experi-
ments are in-trap alpha-decay experiments 
of heavy actinides and conversion-electron 
spectroscopy. Moreover, a coincident detec-
tion of an alpha decay with electron detection 

Towards in-trap observation of nuclear decays
Christine Weber, Ludwig-Maximilians-University Munich

Christine Weber, Jasmin Moazzami-Fallah, Peter Müller, Jurek Szerypo, and Peter Thirolf
Fakultät für Physik, Ludwig-Maximilians-Universität München, 85748 Garching, Germany
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The PARIS collaboration is developing 
a dedicated two-shell gamma calorimeter 
based on a novel phoswich detectors, which 
consists of optically coupled 2”x2”x2” 
LaBr3(Ce) to 2”x2”x6” NaI(Tl) scintillator 
with a common photomultiplier [1]. First 
two phoswiches, delivered by Saint Gobain, 
were tested with radioactive sources at IPHC 
Strasbourg and IPN Orsay. The tests showed 
that for low energy gamma rays one could 
deconvolute the complex phoswich signal 
into the LaBr3 and NaI components. For this 
purpose the use of digital electronics that in 
addition can cope with high counting rate 
and large dynamic range of signals is being 
tested.

This presentation reports on test measure-
ments performed at IFJ PAN Kraków aimed 
at evaluation of the phoswich response to high 
gamma-ray energies. We have used a 6.13 

MeV Cm13C source, and the 27Al(p, γ)28Si  
reaction using a 796 keV proton beam from 
the Kraków Van de Graff accelerator, in 
which gamma-rays up to 12 MeV were emit-
ted. The gamma rays were measured using 3 
phoswich detectors and one single 2”x2”x2” 
LaBr3 crystal, being the reference for our 
measurements. Waveforms were collected 
with 3 types of commercial digitizers having 
different sampling rates: 4 GS/s, 1 GS/s, and 
250 MS/s. In parallel, an analog Milano “BaF 
processor“ allowed to distinguish between 
the fast (LaBr3) and slow (NaI) components 
on-line. We will discuss the comparison of 
the two approaches, which will allow for op-
timization of the pulse shape analysis (PSA). 
The preliminary results from both approaches 
show that the time and energy resolution ex-
tracted from the phoswich are only slightly 
worse than those from a single LaBr3 crystal.

allows for a reconstruction of the original po-
sitions of electron clouds initiated by shake-
off as well as from subsequent conversion 
decay. Via this decay length, the half-lives of 
excited (2+) states populated by alpha decay 
can be derived in a unique type of recoil-dis-

tance method. In this presentation, the design 
of the setup is presented and possible physics 
experiments are outlined.

Supported by the BMBF (06ML9148), 
DFG (HA 1101/14-1), and the Maier-Leib-
nitz-Laboratory (MLL)/Garching.
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high-energy gamma-rays
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