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Programme  
 

THURSDAY 8th MAY 2008 

09:00 – 09:30 Coffee and registration 

Session I  Chair: Bob Chapman 

09:30 – 09:40 Welcome from Professor Seamus McDaid  
(Principal and Vice Chancellor of the University of the West of Scotland) 

09:40 – 10:10 
David Dean  (Oak Ridge National Laboratory) 
Nuclear coupled-cluster theory 

10:10 – 10:40 
Achim Schwenk  (TRIUMF) 
Low-momentum interactions for nuclear structure 

10:40 – 11:10 Coffee and tea break 

Session II Chair: Ron Johnson 

11:10 – 11:40 
Craig McNeile  (University of Glasgow) 
Hadron spectroscopy from lattice QCD 

11:40 – 12:10 
Thomas Papenbrock  (University of Tennessee) 
Random matrices and chaos in nuclear spectra 

12:10 – 12:40 
Marek P
oszajczak  (GANIL) 
Shell model for weakly-bound/unbound nuclear states 

12:40 – 13:10 
Jan Jolie  (University of Cologne) 
Quantum phase transitions in atomic nuclei 

13:10 – 14:10 Lunch 

Session III Chair: David Ireland 

14:10 – 14:40 
Daniel Watts  (University of Edinburgh) 
Nuclear structure from pion photoproduction 

14:40 – 15:10 
Guenther Rosner  (University of Glasgow) 
Hadron structure and spectroscopy at FAIR 

15:10 – 16:10 Contributed talks [Chaired by Garry Tungate ] 

16:10 – 16:40 Coffee and tea break 

Session IV Chair: Rolf-Dietmar Herzberg 

16:40 – 17:10 
Takaharu Otsuka (University of Tokyo) 
Structure of exotic nuclei and the nuclear force 

17:10 – 17:40 
Kim Lister  (Argonne National Laboratory) 
Tests of ab-initio shell models of light nuclei through  
precise DSAM measurements: The special case of 10Be 

17:40 – 17:50 Break 

Public Lecture Chair: Seamus McDaid 

17:50 – 18:50 
Akito Arima  (Japan Science Foundation) 
Why do we need international collaboration in science? 

19:00 
Whisky tasting event and buffet 
Paisley Museum 

~22:00 Coaches to Purple Hotel 
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FRIDAY 9th MAY 2008 

Session V Chair: Derek Branford 

09:00 – 09:30 
Kees de Jager  (Jefferson Laboratory) 
Nuclear structure research at JLab: from neutron stars to quarks 

09:30 – 10:00 
Hendrik Schatz  (Michigan State University)  
Nuclear astrophysics with rare isotopes  

10:00 – 10:30 
William Gelletly  (University of Surrey)  
RISING to the challenges 

10:30 – 11:00 Coffee and tea break 

Session VI Chair: Marielle Chartier 

11:00 – 11:30 
Nigel Orr  (LPC Caen)  
Probing the structure of light nuclei beyond the neutron dripline 
via knockout and breakup    

11:30 – 12:00 
Dirk Rudolph  (Lund University & GSI)  
RISING: Mirror isomers in the 1f7/2 shell  

12:00 – 12:30 
Morten Hjorth-Jensen  (University of Oslo)  
From nuclear forces to the nuclear many-body problem: a tale on 
many-body methods, status and future perspectives 

12:30 – 13:00 Contributed talks [Chaired by Paul Campbell ] 

13:00 – 14:00 Lunch 

14:00 – 14:20 Conference photograph 

Session VII Chair: Mike Bentley 

14:20 – 14:50 
Jim Beene (Oak Ridge National Laboratory)  
HRIBF: Science highlights and future perspectives 

14:50 – 15:20 
Bob Chapman  (University of the West of Scotland) 
The spectroscopy of neutron-rich nuclei using binary reactions  

15:20 – 15:50 
Anna Wilson  (Australian National University)  
Search for hyperdeformation in 124Xe 

15:50 – 16:20 Coffee and tea break & Demonstration by Morten Hjorth-Jensen 

Session VIII Chair: Eddie Paul 

16:20 – 16:50 
Paul Fallon  (Lawrence Berkeley National Laboratory) 
Neutron-proton coupling in light neutron-rich nuclei 

16:50 – 17:00 Break 

Public Lecture Chair: Hugo Maier 

17:00 – 18:00 
Achim Richter (TU Darmstadt) 
Playing billiards with microwaves - quantum manifestations of 
classical chaos 

18:10 Coaches to Purple Hotel 

19:30 Coaches from Purple Hotel to Mar Hall 

20:00 Drinks reception  and conference dinner  at Mar Hall 

~23:30 Coaches from Mar Hall to Purple Hotel 
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SATURDAY 10th MAY 2008 

Session IX Chair: Alison Bruce 

09:00 – 09:30 
Piet Van Duppen  (KU Leuven)  
Probing the structure of neutron-rich nuclei around Z=28 using 
beta decay and Coulomb excitation 

09:30 – 10:00 
Silvia Lenzi  (University of Padova)  
Structure of neutron-rich nuclei near N=40 

10:00 – 10:30 
Sean Freeman  (University of Manchester)  
Trends in single-particle states outside Z=50 and N=82 probed 
with transfer reactions 

10:30 – 11:00 Coffee and tea break & Demonstration by Morten Hjorth-Jensen 

Session X Chair: Niels Walet 

11:00 – 11:30 
Jacek Dobaczewski  (University of Warsaw & University of Jyväskylä)  
Extensions of nuclear energy density functionals  
beyond the current standard form    

11:30 – 12:00 
Jerzy Dudek  (IReS Strasbourg)  
Concepts of nuclear stability based on geometrical high-rank 
symmetries 

12:00 – 12:30 
Nicolas Schunck  (University of Tennessee)  
Towards the spectroscopy of odd-mass nuclei in density 
functional theory  

12:30 – 13:00 
Thomas Duguet  (CEA Saclay) 
Non-empirical pairing energy density functional for nuclei 

13:00 – 14:00 Lunch 

Session XI Chair: Wilton Catford 

14:00 – 14:30 
Martin Freer  (University of Birmingham)  
Clustering in nuclei 

14:30 – 15:00 
Juha Äystö  (University of Jyväskylä)  
Mass measurements as probes of shell structures near 78Ni 

15:00 – 15:30 
Cyrus Baktash  (Oak Ridge National Laboratory)  
Probing shell structure away from stability 

15:30 – 1600 
Peter Butler  (University of Liverpool)  
Probing nuclear shapes using low-energy radioactive beams 

16:00 – 16:15 
Witek Nazarewicz  (University of Tennessee & UWS) 
Concluding remarks 

16:15 Coffee and tea. Close of conference. 
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Conference venue 
 
The conference will be held in P Block  on the Paisley Campus of the 
University of the West of Scotland. P Block is shown on the map of the 
Paisley Campus given later in this booklet. Lunch and coffee will also be 
served in P Block. 
 
 
Local transport 
 
Travelling from the Purple Hotel to the conference venue 
Busses will transport delegates from the Purple Hotel to the Paisley Campus 
at 08:30 on each day of the conference, and will return to the Purple Hotel at 
the end of each day. The alternative is to take a taxi. When travelling to the 
conference venue, ask the taxi driver to take you to “the High Street entrance 
of the University in Paisley”. A taxi will take around 10-15 minutes and will 
cost around £5-7. 
 
Travelling from the Purple Hotel to Glasgow 
A taxi from the Purple Hotel to Glasgow city centre will take about 10-15 
minutes and will cost around £7-8. 
 
Travelling to and from Glasgow Airport 
A taxi from the conference venue or from the Purple Hotel to the airport will 
take around 5-10 minutes and will cost £5-7.  
 
Travelling to and from Paisley Gilmour Street train station 
Gilmour Street train station is in the centre of Paisley and is only about five 
minutes’ walk from the conference venue. 
 
Travelling from Paisley to Glasgow city centre 
Trains from Paisley Gilmour Street to Glasgow Central Station run 
approximately every ten minutes and the journey takes around ten minutes. 
The price of a return ticket (Paisley to Glasgow) is about £3.50. 
 
 
Taxis 
 
Taxis can be booked from the front desk of the Purple Hotel and from the 
conference registration desk.  
 
Alternatively you can call Paisley Cabs on 0141 887 7770 (for taxis from 
Paisley) or Southside Radio Cars on 0141 883 1111 (for taxis from the Purple 
Hotel). 
 
In Paisley town centre, there is a taxi rank outside of Paisley Gilmour Street 
train station. 
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Conference photograph 
 
A photograph of the conference delegates is scheduled to be taken on Friday 
9th May at 14:00 .  
 
 
The Purple Hotel 
 
The majority of the non-local conference delegates will stay in the Purple 
Hotel . The Purple Hotel is located around five miles to the north-east of 
Paisley town centre, as shown on the map below. 
 

 
 
At the Purple Hotel, breakfast is served from 7am to 9am. The hotel has a bar 
with a 24-hour licence. Food is served at the hotel from 6pm to 9pm, with a 
wide range of meals available. 
 
 
Conference dinner 
 
The conference dinner will be held on Friday 9th May at the Mar Hall on the 
banks of the River Clyde in the Renfrewshire countryside. Mar Hall is located 
about six miles from Paisley town centre. The conference dinner will begin at 
8pm with a drinks reception, supported by Renfrewshire Council. Buses will 
transport delegates from the Purple Hotel to Mar Hall, leaving the Purple Hotel 
at 7.30pm and returning later in the evening. 
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Whisky tasting 
  
A whisky tasting event will be held at the Paisley Museum on Thursday 8th 
May, commencing at 7pm. The Paisley Museum is just a short walk (five 
minutes) from the conference venue. A selection of whisky samples will be 
offered by a whisky expert who will also share his knowledge of the various 
types of whisky. The whisky tasting will be followed by a buffet in the Paisley 
Museum. Buses will be available to transport delegates back to the Purple 
Hotel later in the evening, at around 9.30 or 10pm. 
 
 
Internet access 
 
A suite of computer terminals will be available for delegates who require 
internet access. The computer terminals will be located in Room L129 in L 
Block of the Paisley campus, which is near the conference venue (P Block). 
For further information, please contact the registration desk, or speak to one 
of the local organizers. A wireless network is currently being installed in P 
Block. We hope that it will be available during the Conference. Further details 
will be given at registration. 
 
 
Photocopier and fax machines 
 
If you need access to a photocopier or a fax machine , please contact the 
conference registration desk, or speak to one of the local organizers. 
 
 
Visits to the studio of Alexander Stoddart 
 
One of Scotland’s best known sculptors – Alexander (Sandy) Stoddart  – is 
presently in residence at the UWS Paisley Campus, in a studio adjacent to the 
conference venue. Sandy is currently working on a statue of James Clerk 
Maxwell , which has been commissioned by the Royal Society of Edinburgh, 
and which, upon completion, will be sited on George Street in Edinburgh. 
 
During the conference, there will be opportunities (in the lunch and coffee 
breaks) to make short visits to Sandy Stoddart’s studio, to meet Sandy and to 
see the James Clerk Maxwell statue which, in early May, will be nearing 
completion. More details will be announced during the conference. 
 
 
Poster presentations 
 
Posters associated with contributed abstracts will be on display for the 
duration of the conference. We would like to ask poster presenters to put up 
their posters in the first coffee break on the morning of Thursday 8th May.
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Map of Paisley town centre 
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Map of the UWS Paisley campus 
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Annotated map of the UWS Paisley campus 
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Useful telephone numbers 
 
 

Conference registration desk 
(manned during the conference) 

0141 849 4009 

Purple Hotel 0141 885 8810 

Taxis from Paisley  
(Paisley Cabs) 

0141 887 7770 

Taxis from Purple Hotel 
(Southside Radio Cars) 

0141 883 1111 

Tourist information 0141 889 0711 

UWS main switchboard 0141 848 3000 

UWS security 0141 848 3168 

UWS emergency number 0141 848 2222 

UK police emergency number 999 or 112 
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Contributed abstracts 
 

Numbered in alphabetical order by surname of presenting author 
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Abstract number 1 
 

High-spin study of 156Er up to and beyond band termination 
 

M.Akmali1, E.S.Paul1, P.J. Nolan1, S.V Rigby1, M.A. Riley2, and J. Simpson3 

1Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE 
2Department of Physics, Florida State University, Tallahassee, Florida 32306, 

USA 
3CCLRC Daresbury Laboratory, Daresbury, Warrington WA4 4AD 

 
 
The high-spin structure of the rare-earth nucleus 156

68Er88 as been studied 
using the 114Cd(48Ca,5n) fusion-evaporation reaction. A 215-MeV 48Ca beam, 
provided by the 88 Inch Cyclotron accelerator at the Lawrence Berkeley 
National Laboratory (USA), was used to bombard two stacked thin self-
supporting foil of 114Cd, of total thickness 1.1 mg/cm2. The Gammasphere 
spectrometer, containing 102 HPGe detectors, was used to record high-fold � -
ray coincidence events. A total of 1.2 × 109 events were collected under the 
trigger condition that at least seven Compton-suppressed HPGe detectors 
fired in prompt coincidence. These events were unfolded off-line into 6.5 × 
1010 quadruple (�  4) coincidences and replayed into a four-dimensional 
hypercube for subsequent level-scheme construction. Results of this analysis 
for 156Er will be presented. At the highest values of angular momentum 156Er 
undergoes a Coriolis-induced shape transition from a deformed (prolate) state 
of collective rotation to a non-collective (oblate) configuration. This transition 
manifests itself as an energetically favoured ” band-termination”  at I = 42 �  in 
the yrast band of 156Er, when the nuclear momentum is generated entirely by 
the 10 valence particles residing in equatorial orbits outside the doubly magic 
146

64Gd82 spherical core; the terminating state corresponds to the maximally 
aligned � [(h11/2)4]16+ × � [(i13/2)2,(h9/2)2,(f7/2)2)]26+  configuration. Similar to 
results obtained from the present data for the neighbouring 157,158Er isotopes, 
several weak high energy � -rays have been newly identified feeding the 
terminating state in 156Er. The high-lying levels from which these � -rays arise 
are predicted to represent weakly deformed”core-breaking” configurations 
involving energetically expensive 1-particle-1-hole and 2-particle-2-hole proton 
excitations across the spherical Z = 64 shell gap [1]. These configurations can 
however only increase the nuclear angular momentum by a few units before 
themselves terminating. 
 
 
[1]  A.O. Evans et al. Phys .Rev. Lett. 92 252502 (2004). 
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Abstract number 2 
 

The Development of the  
Spectrometer for Exotic Fission Fragments 

 
J. A. Dare1, A. G. Smith1, I. Tsekhanovich1, D. M. Cullen1, B.J. Varley1,  

N. Lumley1, D. Sharp1, S. Nesic1, T. Materna2, U. Köster2, M. Helmecke2  
and G. S. Simpson3  

1 The University of Manchester, Manchester, England 
2Institut Laue-Langevin, Grenoble, France 

3LPSC, Grenoble, France 
 

 
The Spectrometer for Exotic Fission Fragments (STEFF) is currently being 
developed and tested at The University of Manchester. STEFF uses two 
Bragg chambers, secondary electron detectors and a NaI(Tl) detector array to 
measure the physical properties of nuclei produced in fission.  
 
The work presented describes the development of the STEFF Bragg chamber 
ionisation curve nucleus identification algorithms. In addition, the results of the 
testing of STEFF in the prompt gamma ray spectroscopy configuration are 
discussed. 
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Abstract number 3 
 

Structure of Neutron-rich Nuclei around  
the N=50 Shell Gap Closure 

 
T. Faul1, G. Duchêne1, G. De Angelis2 for the CLARA-PRISMA groups 

J.-C. Thomas3, M. Huyse4, P. Van Duppen4 and F. Nowacki1 
1 Institut Pluridisciplinaire Hubert Curien, 23 rue du loess - BP28 F-67037 

Strasbourg, France. 
2 INFN, Laboratori Nazionali di Legnaro, Via Romea 4, I-35020 Legnaro 

(Padova), Italy. 
3 GANIL, B.P.55027, F-14076 Caen Cedex 5, France. 

4 Instituut voor Kern- en Stralingsfysica, University of Leuven, Celestijnenlaan 
200D, B-3001 Leuven, Belgium. 

 
In the last decade, b-decay studies in 69,71,73Cu isotopes have evidenced the 
sharp lowering of the 1f5/2 orbital as the occupancy of the 1g9/2 orbital 
increases [1]. This phenomenon can be interpreted as the result of the tensor 
forces between these proton and neuron orbitals [2]. With a similar argument, 
a weakening of the N=50 shell gap when approaching the 78Ni nucleus is 
predicted due to the attraction between the 1g9/2 and 1d5/2 configurations with 
the 1f5/2 state and the repulsion between the 1g7/2 with the 1f5/2 state. Nuclei in 
the vicinity of the doubly-magic 78Ni nucleus are amongst the best candidates 
to study the N=50 shell-closure evolution and other aspects of shell model at 
large N/Z ratio.  
Such studies can be addressed by the use of powerful experimental setups 
like the combination of a large acceptance mass spectrometer coupled to a 
large granularity g-ray detector array such as PRISMA [3] and CLARA [4] at 
LNL, Legnaro (Italy). The latter setup enables systematic studies of the 
structure of a wide A and Z domain of neutron-rich nuclei around N=50. In a 
recent experiment the exotic residues were produced via deep-inelastic 
reactions between a 82Se beam (Elab = 505 MeV) and a uranium target. 
Quasi-projectile yrast states are principally populated with I < 10�  in the 
isotopic chains 24 �  Z �  36 (74-82Ge, 72-77Zn, 61-69Co for example) [5].  
In order to complete these g-spectroscopy data, obtained at Legnaro, the b-
decay of neutron-rich copper isotopes has also been studied [6,7]. These 
experiments performed at the ISOLDE facility at CERN (Geneva, Switzerland) 
feed mainly low spin non yrast states, accordingly to decay rules. Partial level 
schemes of odd zinc isotopes (A=71, 73, 75) have been built, for the first time 
for the most exotic ones (75Zn), showing the inversion of the p f5/2 and p3/2 
orbitals around 75Cu [8]. The synergy of these two reaction mechanisms 
opens new perspectives for the study of exotic nuclei.  
 
[1] S. Franchoo et al., Phys. Rev. Lett. 81, 3100 (1998). 
[2] T. Otsuka et al., Phys. Rev. Lett. 95, 232502 (2005). 
[3] A.M. Stefanini et al., Nucl. Phys. A701, 217 (2002). 
[4] A. Gadea et al., Eur. Phys. Jour. A 20, 193 (2004). 
[5] T. Faul et al., to be published. 
[6]        J. Van Roosbroeck et al., Phys. Rev. C 71, 054307 (2005). 
[7] J-C. Thomas et al., Phys. Rev. C 74, 054309 (2006). 
[8] T. Faul et al., to be published. 
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Abstract number 4 
 

Single-Particle states in 21O 
 

B. Fernández-DomÍnguez1 N. L. Achouri2, H. Al-Falou2, N. A. Ashwood 3,  
D. Beaumel 4, Y. Blumenfeld 4, S. M. Brown 5, W. N. Catford 5, R. Chapman 6, 

M. Chartier 1, N. Curtis 3, F. Delaunnay 2, C. Force 7, G. de France 7, S. 
Franchoo 4, J. Guillot 4, D. Gupta 8, P. Haigh 3, F. Hammache 4, M. Labiche 9, 
V. Lapoux 10, R. C. Lemmon 9, F. Marechal 4, B. Martin 10, X. Mougeot 10, B. 
Mouginot 4, L. Nalpas 10, A. Navin 7, N. A. Orr 2, N. Patterson 5, B. Pietras 1,  

E. C. Pollacco 10, A. le Prince 2, A. Ramus 4, M. Rejmund 7,  J. A. Scarpaci 4, 
N. de Séréville  4 I. Stefan 4, O. Sorlin 7, J. S. Thomas 5, G. Wilson 5 

 

1 University of  Liverpool, Liverpool L69 7ZE, UK, 
2 LPC Caen, F-14050, Caen, France. 

3 University of  Birmingham, Birmingham B15 2TT, UK 
4 IPN Orsay, IN2P3-CNRS,  91406 Orsay, France 

5 University of Surrey, Surrey GU2 7XH,UK 
6 University of  West Scotland, Paisley, Scotland PAI 2BE, UK 

7 GANIL Caen, BP 55027, 14076 Caen Cedex 5, France 
8 VECC Kolkata, 1/AF, Bidham Nagar, Kolkata 700 064, India 

9 STFC Daresbury, Daresbury Warrington WA4 4AD, UK 
10 SPhN, IRFU, CEA Saclay, 91191 Gif-sur-Yvette, France 

 

Recent experimental results with exotic nuclei have shown a modification of 
the magic numbers sequence. The long-established chain of shell gaps 
disappears as we move away from the stability and new magic numbers 
develop.  
 
In particular, the evolution of the d3/2 level is of paramount importance as the 
raising of this level will cause an enhancement of the N=16 rather than the 
N=20 shell gap. One-nucleon transfer reactions such as (d,p) selectively and 
directly probe the single-particle nature of nuclear levels.  A campaign of 
experiments performed in GANIL with the TIARA + MUST2 + VAMOS + 
EXOGAM set-up aimed to study the single-particle structure of exotic nuclei in 
the N=16 region. We report here on the preliminary results of the 20O(d,p)21O 
reaction. The main goal of the experiment was to measure the single-particle 
strength in 21O and to locate the so-far unobserved 3/2+ state that carries the 
0d3/2 strength. Information on energy and angle of the light ejectiles is 
obtained from the TIARA+MUST2 Si-arrays.  The gamma rays following the 
de-excitation were recorded with EXOGAM and the beam-like particles were 
identified at the VAMOS focal plane. The set-up allowed the study of transfer 
to bound and unbound states with full channel identification.  
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Abstract number 5 
 

Exploring high deformation in the neutron-rich zirc onium 
region via laser spectroscopy. 

 
D.H. Forest1, K. Baczynska1, J. Billowes2, P. Campbell2, F. Charlwood2,  
B. Cheal2, T. Eronen3, A. Jokinen3, T. Kessler3, I.D. Moore3, M. Rüffer1,  

A. Saastamoinen3, G. Tungate1 and J. Äystö3. 
1 The University of Birmingham, Edgbaston, Birmingham B15 2TT. UK. 

2 The University of Manchester, Manchester M13 9PL. UK. 
3 University of Jyväskylä, PB 35 (YFL) FIN-40351 Jyväskylä, Finland. 

 
 
The zirconium region of the nuclear chart is of long standing interest due to its 
rich variety of nuclear structures, demonstrating both single particle and 
collective effects [1]. One particular characteristic is the change from nearly 
spherical to strongly prolate deformed ground states at N = 60. The underlying 
mechanism for this shape change is still a current topic for theoretical study 
[2], and more experimental results would help to resolve the issues. 
 
Laser spectroscopic techniques are ideally suited for obtaining this data, as 
they are sensitive to both bulk properties – the mean square charge radius 
and quadrupole deformation – and also to single particle properties such as 
the spin and magnetic moment. This allows the macroscopic features of the 
nuclei to be tracked while knowing the valence configurations involved, 
revealing the links between the two. 
 
To date, the N = 60 shape change has been observed by optical techniques in 
the Rb [3], Sr [4], Y [5] and Zr [6] isotopic chains. Following the evolution of 
this shape change to elements with higher Z, where the transition becomes 
less pronounced, is experimentally challenging. Not only are these elements 
highly refractory – and therefore difficult to produce at conventional ISOL 
facilities – but they also have no optical transitions from their ionic ground 
states that lie within the wavelength range of the high resolution laser systems 
required for these precision experiments. Recent developments at the laser-
IGISOL facility using optical pumping to populate metastable states have 
allowed previously inaccessible elements to be studied. This has opened the 
possibility of being able to map the N = 60 shape change to its disappearance 
at ruthenium (Z = 44). 
 
[1] J. Erbeth, R. Meyer and K. Sistemich (ed),  
 Nuclear Structure of the Zirconium Region (Berlin: Springer) (1988). 
[2] S. Verma et al., Phys. Rev. C 77, 024308 (2008). 
[3] C. Thibault et al., Phys. Rev. C 23, 2720 (1981). 
[4] R. E. Silverans et al., Phys. Rev. Lett. 60, 2607 (1988). 
[5] B. Cheal et al., Phys. Lett. B 645, 133 (2007). 
[6] P. Campbell et al., Phys. Rev. Lett. 89, 082501 (2002).  
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Abstract number 6 
 

Symmetry term and many body correlations 
 

G. Giuliani and M. Papa 

Istituto Nazionale di Fisica Nucleare-Sezione di Catania,  
Via S. Sofia 64,Catania, 95123, Italy 

 
 
The investigation of the density dependence of the symmetry energy term [1] 
is an important topic in nuclear physics. During the last years the study of 
nucleus-nucleus collisions has been focused on observables able to highlight 
the degree of “stiffness” of the symmetry potential [1]. As suggested by 
sophisticated semi-classical microscopic models, based on effective 
interactions, such observables are linked with the isotopic composition of the 
clusters produced during the collision. Mean field models are able to describe 
the average properties of nuclei  at low and intermediate energies including 
nuclear matter properties [2]. At the involved energies, the effect of many 
body correlations on clusters formation has to be taken into account, and  a 
closer investigation on the influence of such correlations on the behaviour of 
the effective interaction would be desirable [3]. 
     
In this contribution we illustrate the results, obtained within the theoretical 
framework of the Constrained Molecular Dynamics-II model [4], related to 
these points. The study performed suggests that the symmetry interaction is 
able to highlight the effect of many body correlations on the dynamics. In 
particular, the behaviour of the symmetry energy shows large deviations from 
the ones predicted by one-body approaches. We will also show some results 
concerning the role of such correlations on mass distributions and on  isospin 
equilibration processes [2]. 
 
[1] Eur. Phys. J. A30, (2006) and references therein. 
[2] J. Rikowvska Stone et al, Phys. Rev.C  68, 034324 (2003).  
[3] M. Papa and G. Giuliani  subm. to Phys.Rev.C.-arXiv:0801.4227v1  
 Nucl-th 28 Jan 2008. 
[4] G. Giuliani and M. Papa, Phys. Rev. C  73, 031601(R) (2006) and 
 references therein. 
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Abstract number 7 
 

The Proton Drip-Line in the Neighbourhood of 100Sn* 
 

A. Gottardo 1, K. Eppinger 2, C. Hinke 2, M. Böhmer 2, P. Boutachkov 3,  
T. Faestermann 2, H. Geissel 3, R. Gernhäuser 2, M. Górska 3, J. Gr� bosz 4, 

R. Krücken 2, N. Kurz 3, Z. Liu 1, L. Maier 2, S. Pietri 3,5, Zs. Podolyák 5,  
H. Weick 3, P.J. Woods 1, N. Al-Dahan 5, N. Alkhomashi 5, A. Atac 6,  
A. Blazhev 7, N. Braun 7, I. � elikovi�  8, T. Davinson 1, I. Dillmann 2,  

C. Domingo-Pardo 3, P. Doornenbal 9, G. de France 10, G. Farelli 5, F. Farinon 
3, J. Gerl 3, N. Goel 3, T. Habermann 3, R. Hoischen 3, R. Janik 11,   

M. Karny 12, A. Kaskas6, I. Kojouharov 3, Th. Kröll 2, M. Lewitowicz 10,  
Y. Litvinov 3, S. Myalski 4, F. Nebel 2, S. Nishimura 9, C. Nociforo 3,  

J. Nyberg 13, A. Parikh 2, A. Procházka 3, P.H. Regan 5, C. Rigollet 14,  
H. Schaffner 3, C. Scheidenberger 3, S. Schwertel 2, P.-A. Söderström 13,  

S. Steer 5, A. Stolz 15, P. Strme�  11, H.J. Wollersheim 3,  
and the RISING collaboration 

1 Univ. of Edinburgh, Edinburgh, EH9 3JZ, United Kingdom 
2 TU München,�85748 Garching, Germany 

3 GSI, Planckstraße 1, 64291 Darmstadt, Germany 
4 IFJ PAN, Krakow, Poland 

5 Univ. of Surrey, Guildford, Surrey, GU2 7XH, UK 
6 Univ. of Ankara, Ankara, Turkey 

7 University of Köln, D-50937 Cologne, Germany 
8 Inst. Vinca Belgrade, P.0. Box 522, 11001 Belgrade, Serbia 

9RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan 
10 GANIL, BP 55027, 14076 Caen Cedex 5, France 

11 Univ. of Bratislava, 84215 Bratislava, Slovak Republic 

12Univ. of Warsaw, Warsaw, Poland 
13 Univ. of Uppsala, P. O. Box 535, S-75121 Uppsala, Sweden 

14 KVI, Zernikalaan 25, 9747 AA Groningen, Netherlands 
15  Michigan State University, East Lansing, Michigan 48824, USA 

 
 
100Sn and neighbouring nuclei have been produced by fragmentation of a 1.0 
GeV/A 124Xe beam from the GSI accelerators, separated in the FRS, and 
identified by multiple � E, B	  and ToF measurements. The fragments were 
stopped in a highly segmented set of 3 DSSSDs. 10 mm of Si detectors were 
placed in front and behind this implantation zone to be used as calorimeter for 

 +-particles. Gamma-radiation following implantation or decay radiation was 
recorded by the ‘Stopped Beam RISING’ array. The FRS was set to implant 
100Sn in the silicon detector. Other settings were also used exploiting minor 
parts of the beam-time, to investigate the existence of 104Te, 102Sb and 103Sb, 
and to search for proton emission from 108I and 104Sb. 
 
* supported by the MLL, BMBF (06MT238), DFG (EXC153), EPSRC, STFC 
(UK), and EURONS 
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Abstract number 8 
 

Identification of the structure of 106Te and 110Xe: evidence for 
enhanced collectivity near N=Z=50 

 
B. Hadinia1, B. Cederwall1, M. Sandzelius1, K. Andgren1,  

J. Blomqvist1, I.G. Darby2, S. Eeckhaudt3, E. Ganioglu1, T. Grahn3,  
P. Greenlees3, P.M. Jones3, D. T. Joss2, R. Julin3, S. Juutinen3,  

A. Khaplanov1, S. Ketelhut3, A.-P. Lepp�¥nen3, M. Leino3, M. Nyman2, R.D. 
Page3, J. Pakarinen3, E. S. Paul3, M. Petri2, P. Rahkila2, J. Sar�ªn3, 
C. Scholey3, J. Simpson4, J. Uusitalo2, R. Wadsworth5, R. Wyss1   

1 Department of Physics, Royal Institute of Technology, S-10691 Stockholm, 
Sweden 

2 Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 7ZE, UK 
3 Department of Physics, University of Jyv�¥skyl�¥, FIN-40014 Jyv�¥skyl�¥, 

Finland 
4CCLRC Daresbury Laboratory, Daresbury, Warrington WA4 4AD, UK 

5Department of Physics, Univ. of York, Heslington, York Y010 5DD, UK 
 
 

Gamma ray transitions from excited states in the extremely neutron deficient 
isotopes, 106Te and 110Xe, have been identified using the recoil decay tagging 
technique. These experiments were performed at the accelerator laboratory of 
the University of Jyv�¥skyl�¥ in Finland and the reactions 54Fe(54Fe,2n)106Te and 
58Ni(54Fe,2n)110Xe were used to populate the channels of interest. The 
production cross sections were estimated at 25nb and 50nb for population of 
the 106Te and 110Xe nucleus, respectively.  Prompt gamma rays belonging to 
these isotopes were selected based on the recoil identification provided by the 
RITU gas-filled recoil separator and the GREAT focal plane spectrometer.  As 
the results of these experiments a ground state band exhibiting feature 
characteristic of a quadrupole vibrator has been tentatively assigned to the 
106Te nucleus.  For the 110Xe nucleus a ground state band tentatively 

expending up to I�S=6+ is proposed. Theses results establish a new trend for 
the energy ratios between the second and first excited states (E4+/E2+) as 
well as energy states values as a function of decreasing neutron number 
approaching the N=50 closed shell. The observed effect might be related to 
neutrons and protons occupying similar orbitals, the enhancement of 
collectivity observed in the lightest Xe and Te isotopes possibly arising from 
enhanced vibrational correlations, due to the increased influence from 
isoscalar neutron-proton interaction as N approaching Z. Such effect have 
previously not been considered in the long-standing search for neutron-proton 
pair correlations in N �  Z nuclei and are beyond of the framework of current 
nuclear structure models. 
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Abstract number 9 

 
The Spectroscopy of Odd-Mass Neutron-rich Yttrium I sotopes 

Populated in Grazing Reactions 
 

A. Hodsdon1, R. Chapman1 , S. Beghini2, L. Corradi3, E. Farnea2, E. Fioretto3, 
S. J. Freeman4,  A. Gadea3, B Guiot3, G. Jones5 ,M. Labiche6, N. M� rginean3, 

R. M� rginean2,  P. Mason3, D. Mengoni2, G. Montagnoli2, D. R. Napoli3,        
D. O’Donnell6, J. Ollier6, R. Orlandi3, G.Pollarolo6, F. Recchia2, E. Sahin3,      
F. Scarlassara2, R. Silvestri3, J. F. Smith1, K. M.-Spohr1,  A. M. Stefanini3,     
S. Szilner3, F. Tatjana7, N. Thompson5, C. A. Ur2, J. J. Valiente-Dobón3,        

F. D. Vedova3, P. Wady1, and Z. Wang1 
1 University of the West of Scotland, Paisley, PA1 2BE, United Kingdom, 

2 Università di Padova, Padova, I-35131, Italy, etc. 
3 INFN, Laboratori Nazionali di Legnaro, Legnaro,  I-35020, Italy, 

4 University of Manchester, Manchester, M13 9PL, United Kingdom, 
5 University of Surrey, Guildford, GU2 7XH, United Kingdom,  

6 STFC Daresbury Laboratory, Warrington, WA4 4AD, 
7 Laboratoire Pluridisciplinaire Hubert Curien, Strasbourg, F-67037, France 

 
  

Neutron-rich yttrium (Z=39) isotopes, with mass numbers A=89-97, have been 
successfully populated in grazing reactions using a beam of 96Zr ions 
delivered onto a thin target of 124Sn at 500 MeV. The PRISMA magnetic 
spectrometer in conjunction with the CLARA Ge array was used to detect the 
projectile-like nuclear species in coincidence with their associated g-rays.  
 
Previously unreported excited states have been identified in the present work 
for the odd-mass Yttrium isotopes 91Y, 95Y and 97Y. Further evidence to 
support the identification of these new states has been obtained from g-g 
coincidence measurements, undertaken using a ggg data cube from a thick 
target deep-inelastic experiment which used a beam of 36S ions at 230 MeV 
incident on a thick target of 176Yb. 
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Abstract number 10 
 

Spectroscopic study of 77Ge, 79As and 81Se 
 

X. Liang1, V. Kumar1, R. Chapman1, A. Deacon1, S. Eeckhaudt5,  
S. Freeman3, P. Greenlees5, P. Jones5, B. Kay3, D. O'Donnell1,2, J. Ollier1,2, P. 

Regan4, J. Saren5, J.F. Smith1, J. Uusitalo5 
1 School of Engineering & Science, University of the West of Scotland, UK 

2 Daresbury Laboratory, UK 
3 University of Manchester, UK  

4 University of Surrey, UK 
5 University of Jyväskylä, Finland 

 
 

Medium mass nuclei which occupy a position near the centre of the mass 
region 56 �  A �   90, in which  protons and neutrons are filling predominantly 
2p1/2, 2p3/2, 1f5/2 and 1g9/2 sub-shells, can be expected to show certain 
collective effects in addition to  single particle structure, since neither proton 
nor neutron major shells are completely full.  In this interesting region, where 
so many low lying anomalous states have been observed, it appears very 
worthwhile to improve our knowledge of the level schemes of nuclei.  
Therefore, the present work was carried out using a new and innovative way 
to study the gamma-decay of fragments from multi-nucleon transfer processes 
involving the exploitation of the JuroGam + RITU+GREAT detection systems 
at the University of Jyväskylä.  Excited states have been populated in multi-
nucleon transfer processes at Coulomb-barrier energies produced by the 
interaction of a 430 MeV beam of 89Kr ions with an isotopically enriched 209Bi 
target of thickness 0.45 mg/cm2.  Recoil-decay tagging was utilized to isolate 
the gammas from different isotopes.  New gamma-ray information was 
obtained for 77Ge, 79As and 81Se. 
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Abstract number 11 
 

Interpretation of evidence for multiphonon vibratio ns 
competing with rotations at high spin in 180Os 

 
N.M. Lumley1, D.M. Cullen1, S. Khan1, P. Mason1, I. Cullen2, P.M. Walker2, 

M.P. Carpenter3, R.V.F. Janssens3, X. Wang3 and S. Zhu3. 
1 University of Manchester, Schuster Laboratory, Brunswick St., Manchester, 

M13 9PL, UK. 
2 University of Surrey, Guildford, Surrey, GU2 7XH, UK. 

3 Argonne National Laboratory, 9700 S. Cass Ave., Argonne, Il 60439, USA. 
 

 
A previous study of 182Os provided the first evidence of multiphonon vibrations 
competing with collective rotation as the favoured mode of excitation at high 
spin [1].   SCTAC calculations for 180Os identified two configurations, based on 
isomeric states, as being susceptible to gamma vibrations which along with a 
comparatively lower excitation energy in its gamma vibrational band made 
180Os an ideal candidate to further this investigation. The high-spin states of 
180Os were populated in the 150Nd(36S, 6n) fusion-evaporation reaction and the 
subsequent transitions were detected by the Gammasphere array at ANL.  
 
Preliminary analysis has extended the level scheme with the addition of the 
new high-spin states to several of the rotational bands. The existence of a 
tentatively identified K �  16 isomeric state was confirmed and a fragmented 
decay scheme established. The half-life for this isomer was measured as 49 �  
6 ns and a corresponding prompt structure was identified. Evidence for this  
prompt structure will be presented and the mode of excitation interpreted in 
terms of the aligned angular momentum and SCTAC calculations.  
 
 
[1] L. K. Pattison et al., Phys. Rev. Lett. 91, 182501 (2003). 
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Abstract number 12 
 

Laser spectroscopy at the extremes with cooled  
and bunched beams at ISOLDE 

 
E. Mané1, J. Billowes1, K. Blaum2, P. Campbell1, B. Cheal1, P. Delahaye3,  

K. Flanagan4, D. Forest5, H. Franberg3, T. Giles3, M. Kowalska3, R. Neugart6, 
G. Neyens7, W. Nörtershäuser2, I. Podadera8, G. Tungate5, P. Vingerhoets7  

and D. Yordanov2  

1The University of Manchester, Manchester, M13 9PL, United Kingdom 
2University of Mainz, Germany 

3CERN, Switzerland 
4IPN, Orsay, France 

5The University of Birmingham, Birmingham B15 2TT, United Kingdom 
6University of Mainz, Germany 

7IKS, KU Leuven, Belgium 
8CSIC, Spain. 

 
 

The standard collinear laser spectroscopy is a fast and sensitive tool for 
probing ground-state and isomeric observables such as nuclear moments and 
mean-square charge radii. The technique was pioneered at ISOLDE 30 years 
ago and has reached its limit in terms of optical detection efficiencies. This is 
due to the dominant photon background from continuous laser scattering, 
which makes it prohibitive to make measurements on low yields. As part of the 
HIE-ISOLDE upgrade program, a linear Paul trap has been installed at the 
focal point of the high resolution separator magnets. This device is able to trap 
the ions and release the sample with a well-defined time structure. This 
capability offers an enormous improvement for the standard collinear 
technique with optical detection. The tests undertaken in November 2007 with 
potassium and rubidium beams constitute the first demonstration of the 
technique performed in an ISOL facility. The signal-to-noise ratio was 
improved by a fact of ten thousand.  The use of this ion trap has therefore 
unlocked the current limitations of the technique and will be key for pushing 
the limits of optical detection towards the extremes of the drip lines. 
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Abstract number 13 
 

Differential plunger lifetime measurements on 144Ho using 
recoil isomer tagging 

 
P. J. R. Mason1, D. M. Cullen1, N. Lumley1, B. Niclasen1, J. Dare1,  

C. Scholey2, P. Greenlees2, P.M. Jones2, R. Julin2, S. Juutinen2, M. Leino2,  
P. Rahkila2, J. Uusitalo2, J. Sarén2, U. Jakobsson2, M. Nyman2, J. Sorri2,  

S. Ketelhut2, P. Peura2, P. Ruotsalainen2, A. Puurunen2, A. Dewald3,  
W. Rother3 and O. Möller4. 

1 Schuster Laboratory, University of Manchester, Manchester, M13 9PL, UK 
2 University of Jyväskylä, P.O. Box 35, FIN-40351, Jyväskylä, Finland 
3 Institut für Kernphysik, Universität zu Köln, D-50937, Köln, Germany 
4 Institut für Kernphysik, Technische Universität Darmstadt, D-64289, 

Darmstadt, Germany 
 
 

Differential plunger measurements employing recoil isomer tagging have been 
carried out on 144Ho at the University of Jyväskylä using the JUROGAM Ge 
detector array and the RITU gas-filled recoil-ion separator.  This experiment 
represents the first differential plunger experiment to utilise the recoil isomer 
tagging technique to isolate a nucleus with a low production cross-section. 
The differential plunger was used in order to extract lifetime measurements of 
the prompt states above the 144mHo state and directly measure B(E2) values 
for decays from these states. The latest results from these measurements will 
be presented. The isomer tagging technique was also used without the 
differential plunger to fully establish the level scheme above the 519(5) ns 
144mHo isomeric state. 144Ho is a complex odd-odd triaxial nucleus, lying very 
close to the limits of nuclear existence at the proton drip-line, whose structure 
is predicted to be driven by the shape polarising effects of the h11/2 intruder 
orbital. The quasiparticle assignment of the isomer will be discussed and the 
results will be compared to the systematics of neighbouring N = 77 nuclei. 
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Abstract number 14 
 

Nuclear spectroscopy at the limit of spin: Probing stable 
triaxial structures near the yrast line of 159,160Er at ~ 60�  

 

J. Ollier1, J. Simpson1, S. V. Rigby3, M. A. Riley2, X. Wang2, E. S. Paul3,  
A. Aguilar2, M. Akmali3, M. P. Carpenter4, I. Darby6, D. J. Hartley5, F. Kondev4, 

T. Lauritsen4, P. J. Nolan3, M. Petri3, N. Rowley1, C. Teal2, J. Thomson3,  
C. Unsworth3, S. Zhu4.  

1 STFC Daresbury Laboratory, Warrington, UK 
2 Florida State University, Florida, USA 
3 University of Liverpool, Liverpool, UK 

4 Argonne National Laboratory, Argonne, USA 
5 U. S. Naval Academy, Annapolis, USA 

6 University of Tennessee, Knoxville, USA 
 

 

The discoveries observed in the ongoing conflict between collective and 
single-particle nuclear behaviour with increasing angular momentum has 
driven the field of nuclear spectroscopy for many decades and has given rise 
to new nuclear phenomena. Recently a new frontier of g-spectroscopy at ultra-
high spin has been opened in the rare-earth region with rotational bands that 
appear to bypass the classic band-terminating states. These weakly 
populated rotational structures have characteristics of triaxial strongly-
deformed bands as identified in 163Lu [1] and have been reported in, for 
example, 157,158Er [2] and 160Yb [3] . These observations herald a return to 
collective excitations at spins of about 50 to 60� . 
 
The present experiment was undertaken to observe such triaxial strongly-
deformed structures in 159,160Er through fusion-evaporation reactions involving 
a beam of 48Ca on a 116Cd target at a beam energy of 215 MeV. The resulting 
g decays where detected using the highly sensitive Gammasphere 
spectrometer. After preliminary analysis of the data we present here a 
possible candidate band for such a structure in 160Er as well as further 
extensions to the existing level schemes of 159,160Er.  
 
 
[1] S. W. Odegard et al., Phys. Rev. Lett. 86, 5866 (2001). 
[2] E. S. Paul et al., Phys. Rev. Lett. 98, 012501 (2007). 
[3] A. Aguilar et al., Phys. Rev. C 77, 021302(R) (2008). 
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Abstract number 15 
 

Large B(E1) Discrepancies in the Mirror Pair 67As and 67Se: 
Coherent enhancement effects? 

 
R.Orlandi1,2, G. de Angelis2, S. Lunardi3, A. Gadea2, P. G. Bizzeti4, F. Della 

Vedova2, D. R. Napoli2, F. Recchia2, J. J. Valiente-Dobón2, N. Margine� n2,10, 
E. Sahin2,  F. Brandolini3, E. Farnea3, S. Lenzi3, D. Mengoni3, C. A. Ur3,  

A. M. Bizzeti-Sona4, A. Bracco5, S. Leoni5, K. T. Wiedemann6, R. Wadsworth7, 
B. S. Nara Singh7, D. G. Sarantites8, W. Reviol8, C. J. Chiara8,9, 

O.Pechenaya8, C. J. Lister9, M. Carpenter9, J. Greene9, D. Sewerinyak9  
and S. Zhu9 

1 The University of the West of Scotland, Paisley PA1 2BE UK 
2 Laboratori Nazionali di Legnaro dell'INFN, Legnaro (PD) 35020 Italy 

3 INFN Sezione di Padova and University of Padova, Padova, 35315 Italy 
4 INFN Sezione di Firenze and University of Firenze, Firenze, 50019 Italy 

5 INFN Sezione di Milano and University of Milano, Milano, 20133, Italy 
6 University of São Paulo, São Paulo, 66318, Brazil 

7 University of York, York, YO10 5DD, UK 
8 Washington University, St. Louis, MO, 63130, USA 

9 Argonne National Laboratory, Argonne, IL 60439, USA 
10 National Institute for Physics and Nuclear Engineering, Bucharest, Romania 
 
 
Isospin symmetry has been investigated in the T=1/2 mirror pair 67As and 
67Se, via the comparison of mirror B(E1) transition matrix elements. In the 
long wavelength approximation, E1 transitions are purely isovector (the 
isoscalar term vanishes) and exhibit equal strengths in both nuclei. The data 
reveal instead unusually large discrepancies, due to an induced isoscalar 
term, which interferes with opposite sign in the different nuclei. The observed 
enhancement of the isoscalar term1 could originate from mixing via IVGMR.  
 
The nuclei were produced in the fusion evaporation reaction of 32S on a thick 
40Ca target, and studied with the employment of Gammasphere, the Microball 
and the Neutron Shell detector arrays at Argonne National Laboratory. 
Lifetimes of analogue states were determined via the Centroid Shift Method. 
 
 
 
 
 
This work was supported by the U.S. Department of Energy, Of�ce of Nuclear 
Physics, under Contract No. DE-AC02-06CH11357 and Grant No. DE-FG02-
88ER-40406. 
[1] P. G. Bizzetti, Proceedings of the International Conference of Exotic 
Nuclei at the Proton Drip Line, Camerino, Italy, (2001).  
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Abstract number 16 
 

 The Sage Spectrometer 
 

Philippos Papadakis1, R.-D. Herzberg1, J. Pakarinen1, P.A. Butler1,  
P.J. Coleman-Smith2, J.R. Cresswell1, P.T. Greenlees3, P. Jones3, R. Julin3, 
I.H. Lazarus2, S.C. Letts2, R.D. Page1, E. Parr1, P. Peura3, V.F.E. Pucknell2, 

P. Rahkila3, D.A. Seddon1, J. Simpson2, J. Sorri3, J. Thornhill1, D. Wells1  
1 Department of Physics, University of Liverpool, L69 7ZE, UK. 

2 STFC Daresbury Laboratory, Daresbury, WA4 4AD, UK 
3 Department of Physics, University of Jyväskylä, FI-40014, Finland 

 
 
In-beam g-ray and electron spectrometers are the most prominent tools which 
help to probe the structure of atomic nuclei. However, if used separately they 
can provide only partial information of nuclear de-excitation processes and 
consequently of nuclear structure. This becomes increasingly problematic in 
heavy nuclei, especially at low transition energies and high multipolarities, 
where internal conversion competes strongly with g-ray emission. Electron 
and g-ray spectrometers have been combined in the past, but the current 
developments will lead the simultaneous in-beam g-ray and conversion 
electron spectroscopy to a new level. 

 
Simultaneous in-beam g-ray and conversion electron spectroscopy is 
essential to give direct experimental insight of the single-particle structure of 
odd-mass superheavy nuclei. These studies can shed light on one of the most 
fascinating questions in nuclear physics: which are the next magical numbers 
and where lies the ‘Island of Stability’? By studying the odd-mass nucleus 
251Md, one can get evidence of where the next possible spherical proton shell 
closure lies. Further indications of this can be obtained by studying 
multiparticle-multihole excitations in even-mass superheavy nuclei. 
 
Another area of interest can be found in the light Pb region, where the 
deformed multiparticle-multihole structures intrude down in energy close to the 
spherical ground state. In these isotopes, the properties of the low-lying 0+ 
states and the inter-band transitions between the same spin-parity states of 
rotational oblate and prolate bands can be investigated through simultaneous 
conversion electron and g-ray spectroscopy. 
 
The SAGE spectrometer will combine a Ge-detector array (JUROGAM II) and 
a segmented Si-detector. It will allow efficient cross-coincidence 
measurements between g-rays and conversion electrons. It will use digital 
front-end electronics and will be coupled with the RITU gas-filled recoil 
separator and the GREAT focal-plane spectrometer for Recoil-Decay Tagging 
studies.  
 
The set-up will be shown and explained. Simulations made concerning the 
different parts of the set-up will be presented and briefly analyzed. 
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Abstract number 17 
 

Spectroscopy of neutron-rich oxygen and fluorine  
nuclei via single-neutron knockout reactions 

 
B. Pietras1,  M. Chartier1, N.A. Orr7, B. Fernandez-Dominguez1,  

L. Achouri7, J-C. Angélique7, N. I. Ashwood5, A. Banu9, B. Bastin6, 
J. Brown11, R. Borcea12, W.N. Catford2, S. Franchoo8,  M. Freer5,  

L. Gaudefroy6, B. Laurent7, M. Labiche3, R. C. Lemmon3, F. Negoita10,  
S. Paschalis1, E. Paul1, M. Petri1, N. Patterson2, P. Roussel-Chomaz6,  

M. Staniou12,  M. Taylor11, J.S. Thomas2, L. Trache9 
1 Department of Physics, University of Liverpool, Liverpool, L69 7ZE, UK. 

2 Department of Physics, University of Surrey, Guildford GU2 5XH, UK. 
3 Daresbury Laboratory, Warrington, WA4 4AD, UK. 

4 Instituto de Fisica Corpuscular, Valencia, Spain. 
5 School of Physics and Astronomy, University of Birmingham, Birmingham, 

B15 2TT, UK. 
6 Grand Accélérateur National d’Ions Lourds, 14000 Caen, France. 
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The changing shell structure in neutron-rich oxygen and fluorine isotopes was 
investigated using intermediate-energy single-neutron knockout reactions at 
GANIL. The experimental setup coupled the EXOGAM gamma-ray array with 
NaI detectors to the SPEG magnetic spectrometer.  A primary beam of 36S 
(~70 A.MeV) was incident on the 12C SISSI target, to produce a cocktail of 
species, the most exotic of which were selected via the Alpha spectrometer. 
This secondary beam of exotic nuclei was then directed to a secondary 12C 
target within the gamma-ray array, where single neutron knockout reactions 
took place. By gating on the gamma rays produced by the prompt decay of 
the recoil nuclei's excited states it is possible to obtain exclusive longitudinal 
momentum distributions. These momentum distributions can be compared 
with theoretical predictions, which relate to the orbital angular momentum of 
the wavefunction of the removed nucleon. In this way the configuration mixing 
of the ground and excited states can be investigated, shedding light on the 
basis of the new N = 16 sub-shell closure.  The partial production cross-
sections will also be obtained, with which the spectroscopic factors will be 
determined. I will discuss the experimental techniques and present some 
preliminary results. 

 
 
 
 
 



�

��������	
���
�����
�
����

���������
������
������ ����� ��������

Abstract number 18 
 

Beyond Band Termination: Ultra-high spin  
spectroscopy studies of 160,161Er 

 
S. V. Rigby1, J. Ollier2, E. S. Paul1, M. A Riley3, J. Simpson2, X. Wang3 

A. Aguilar3, M. Akmali1, M. P. Carpenter4, I. Darby5, D. J. Hartley6, F. Kondev4, 
T. Lauritsen4, P. J. Nolan1, M. Petri1, N. Rowley2, C. Teal3, J. Thomson1, 

C.Unsworth1, S. Zhu4 
1 University of Liverpool, Liverpool, L69 7ZE, UK 

2 STFC Daresbury Laboratory, Warrington, UK 
3 Florida State University, Tallahassee, Florida, USA 

4 Argonne National Laboratory, Argonne, USA 
5U.S. Naval Academy, Annapolis, USA 

6University of Tennessee, Knoxville, USA 
 

 
How nuclei generate angular momentum at very high spins is still a topic of 
debate amongst nuclear spectroscopists. Recent observations of high-energy 
g rays beyond the band terminating states in 157,158Er [1] have suggested a 
return to collectivity at ultra-high (50 -60 
 ) spin. Further analysis of this data 
set has shown similar structures in the lighter isotone, 156Er.  The light erbium 
nuclei can be thought of as valence nucleons coupled to a semi-magic 146Gd82 
core. For 156Er, it is easy to see how as the valence nucleons align with the 
core, the collective behaviour of the nucleus breaks down and a single-particle 
structure is observed. As more nucleons are added into this system, the 
observation of collective behaviour extends to higher and higher spins, and 
the probability of abruptly terminating states occurring is reduced.  
 
A recent experiment has been performed at Argonne National Laboratory to 
observe such structures in 159,160,161Er through fusion-evaporation reactions. A 
215 MeV beam of 48Ca was incident on a 116Cd target, and the resulting g rays 
were detected using the Gammasphere spectrometer. The data has since 
been unfolded into triple (g3) and quadruple (g4) coincidences and replayed 
into cubes (3D) and hypercubes (4D) for offline analysis, as well as higher-fold 
(g5 and above) analysis to elucidate higher-spin transitions. Several weak, 
high-energy g rays have been observed in 159,160Er and the evolution of 
favoured, band terminating states across the light erbium nuclei will be shown. 
The extended high-spin level schemes for 159,160,161Er will be discussed in the 
context of that of the lighter Er isotopes and the recent discoveries of triaxial 
structures in 160Er and neighbouring nuclei [2,3]. 
 
 
[1] A. O. Evans et al., Phys. Rev. Lett. 92, 252502 (2004). 
[2]       Presentation to be given by J. Ollier at this conference. 
[3] E. S. Paul et al., Phys. Rev. Lett. 98, 012501 (2007). 
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Abstract number 19 
 

Nuclear structure at the extremes:  
a perspective at the mean field level and beyond  

with effective Gogny and Skyrme  forces 
 

                                         R.R. Rodriguez-Guzman 
          CENTRE  D’ETUDES DE SACLAY, Service de Physique Nucleaire, 
               Building 703 room 102  

91191 Gif sur Yvette Cedex, France 
 

 
One of the major challenges in nuclear many-body theory is to develop a 
microscopic and systematic approach that would account for the most 
relevant correlations in the description of nuclear properties. In this context, 
the study of nuclei far away from stability acts as a driving force and offers a 
unique possibility to study, under very extreme conditions,  the role played by 
dynamical correlations not explicitly taken into account in the framework of 
mean field approximations. In particular, the dynamical interplay between the 
zero point motion associated with the restoration of the broken  rotational 
symmetry and the fluctuations in the collective coordinates can be consistently 
taken into account in the framework of the so called symmetry projected 
versions of the GCM method and turns out to play a crucial role when 
describing binding energies, two neutron separation energies, excitation 
spectra, B(E2) transition probabilities and some other relevant physical 
quantities in exotic nuclei far away from stability (see, for example [1]).  In this 
presentation the GCM will be presented as a valuable tool to describe the kind 
of nuclear systems already mentioned. Additionally, we will have the 
opportunity  to discuss mean field results obtained  with both the Gogny and 
Skyrme forces concerning the so called E(5) and X(5) critical point 
symmetries and shape transitions around the nucleus 190W. In particular, the 
role played by triaxiality will be illustrated (see, for example, [2]). 
 
 
[1]  R.R. Rodriguez-Guzman, J.L. Egido and L.M. Robledo, Nucl. Phys. 
 A709 (2002) 201. 
[2]  R.R. Rodriguez-Guzman and P. Sarriguren, Phys. Rev. C 76 (2007) 
 064303. 
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High Intensity Laser-Driven Photo-Proton Reactions 
 

M. Shaw,1 K.M. Spohr,1 W. Galster,2 K.W.D. Ledingham,2,3,4 L. Robson,2,3  
J.M. Yang,2,5 P. McKenna,2 T. McCanny,2 K.-U. Amthor,4 F. Ewald,4,6  

B. Liesfeld,4 H. Schwoerer,4,7 and R. Sauerbrey4,8 

1 SUPA, School of Engineering and Science, University of the West of 
Scotland, High Street 1, Paisley, PA1 2BE, Scotland, UK 
2 SUPA Department of Physics, University of Strathclyde,  

Rottenrow, Glasgow, G4 0NG, Scotland, UK 
3 AWE plc, Aldermaston, Reading, RG7 4PR, UK 

4 Institut fur Optik und Quantenelektronik, Friedrich-Schiller-Universitat,  
Jena, Max-Wien-Platz 1, 07743 Jena, Germany 

5 Present address: Research Centre of Laser Fusion, Chinese Academy of 
Engineering Physics, P.O. Box 919-986, 621900 Mianyang, P.R. China 

6 Present address: Laboratoire d’Optique Appliquee, Ecole Polytechnique, 
ENSTA, CNRS, UMR 7639, 91761 Palaiseau, France 

7 Present address: Laser Research Institute, University of Stellenbosch, 
Private BagX1, 7602 Matieland, South Africa 

8 Present address: Forschungszentrum Rossendorf e.V, P.O. Box 510119, 
Bautzner Landstr. 128, 01328 Dresden, Germany 

 
 

Photo-nuclear reactions were investigated using a high power table-top laser. 
The laser system at the University of Jena (I ~4×1019 Wcm-2) produced hard 
bremsstrahlung photons (kT ~2.9 MeV) via a laser gas interaction which 
served to induce (� ,n) and (� ,p) reactions in Mg-, Ti-, Zn-, and Mo-isotopes. 
Several (� ,p) decay channels were identified and nuclear activation analysis 
was used to determine their integral reaction yields. As the laser generated 
bremsstrahlung spectra stretch over the energy regime dominated by the 
giant dipole resonance (GDR), the yield measurements were used in 
conjunction with theoretical estimates of the resonance energies Eres and their 
widths Gres to derive the integral cross section s int(� ,p) for 25Mg, 48,49Ti, 68Zn 
and 97,98Mo-isotopes for the first time. This study enabled the determination of 

the previously unknown 
),(
),(

int

int

p
n

gs
gs  cross-section ratios for these isotopes. The 

experiments were supported by extensive model calculations (Empire) and 
the results were compared to the TRK dipole sum-rule as well as to 
experimental data in neighbouring isotopes. Good agreement was observed. 

The Coulomb-barrier and the neutron excess strongly influence the 
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int

int

p
n

gs
gs  

ratios for increasing target proton and neutron number. 
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Abstract number 21 
 

Hardcore truncated coupled-cluster method 
 

M. Stauf and N. Walet 
Schuster Laboratory, University of Manchester, Manchester M13 9PL UK 

 
 
The Coupled Cluster Method has seen a resurgence in nuclear physics in recent years, 
using modern Quantum Chemistry approaches. This configuration space technique 
requires the input of a G-matrix or a similar renormalized interaction to perform a 
limited model-space calculation. 
We study a coordinate-space hardcore truncation similar to the one introduced by the 
Bochum group 40 years ago. We shall show how this links to modern formulations of 
the Coupled Cluster Method and also study the practical truncation up to three-body 
correlations, similar to Faddeev calculations in medium. 
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Abstract number 22 
 

Mass Dispersions Beyond Time-Dependent Hartree-Fock   
 

J. M. A. Broomfield and P. D. Stevenson 
Department of Physics, Faculty of Engineering and Physical Sciences, 

University of Surrey, Guildford, Surrey, GU2 7XH, UK 
 
 
The time-dependent Hartree-Fock (TDHF) approach can be used to 
determine the expectation values for 1-body observables in nuclear reactions 
and decays (such as fragment mass). However, it is known to underestimate 
the fluctuations in these values. This problem has been investigated by R. 
Balian and M. Vénéroni [1] who proposed an alternate approach for the 
determination of these fluctuations which can be implemented by modifying 
existing TDHF codes.  
 
This approach has been applied previously using restricted symmetries and 
simplified interactions due to computational limitations [2,3]. We present 
calculations of mass fluctuations in the decay of giant dipole resonances in 
32S and 132Sn and following collisions between two 16O nuclei using a 3-
dimensional TDHF code with the full Skyrme interaction. The fluctuations 
obtained are shown to be quantitatively larger than the standard TDHF 
results.   
 
[1]  R. Balian and M. Vénéroni, Nuclear Physics A, 216 (1992), 351-430 
[2]  T. Troudet and D. Vautherin, Physical Review C, 31(1) (1985), 278-279 
[3]  P. Bonche and H. Flocard, Nuclear Physics A, 437 (1985), 189-207 
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Abstract number 23 
 

The effect of the tensor force on the predicted  
shell closures in superheavy nuclei 

 
E.B. Suckling, P.D. Stevenson and A. Desai 

Department of Physics, University of Surrey, Guildford, Surrey, GU2 7XH 
 
 
The effect of the tensor component of the effective nucleon-nucleon 
interaction on the single-particle structure in the superheavy element regime is 
studied within the framework of the spherical Skyrme Hartree-Fock + BCS 
model. A selection of the available Skyrme parameter sets has been chosen 
and their predictions for the proton and neutron shell closures investigated. 
 
The inclusion of the tensor term with realistic coupling strength parameters 
consistently leads to an increased spin-orbit splitting between the 1i13/2 and 
2f7/2 proton levels, opening the Z=114 shell gap. The Z=126 gap, predicted by 
these models in the absence of the tensor term, is found to be unchanged in 
some cases but closed in others. The traditional prediction of an N=184 shell 
closure remains robust across all Skyrme parameter sets. 
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Abstract number 24 
 

Quasifree Scattering Reaction Studies 
 

J.Taylor1, M.Chartier1, R.C. Lemmon2, T.Aumann3 for the S296 and 
LAND/ALADIN Collaborations 

 1 Department of Physics, Oliver Lodge Laboratory, University of Liverpool, 
Liverpool, L69 7ZE, UK                                                                        

2 STFC Daresbury Laboratory, Warrington, Cheshire, WA4 4AD, UK                                                                                                          
3 GSI, Darmstadt, Germany                                                                                     

 
 
Quasifree scattering reactions are one of the most direct ways to learn about 
the properties of a nucleon inside the nucleus. In such a reaction, a high 
energy nucleon knocks a bound nucleon directly out of a nucleus in a single 
NN interaction. They are thus an ideal way to study the single particle 
structure of nuclei and also how the NN interaction is modified inside nuclear 
matter. With the availability of high-energy radioactive ion beams, it is now 
possible for the first time to use QFS reactions to study how such properties 
are modified inside isospin asymmetric nuclei and nuclear matter. 
 
In a pilot experiment, quasifree scattering was performed at GSI, Germany 
using the LAND-ALADIN detector systems in Cave C.  The experiment was 
carried out in inverse kinematics using a 12C beam and CH2 target at 400 
MeV.A. The reactions of interest are: 12C(p,2p)11B and 12C(p,pn)11C. We will 
report here on the status of the analysis and how it will be compared with 
existing data taken in normal kinematics and theoretical calculations. We will 
also describe how the setup is to be extended for experiments with RIBs and 
the future work this will include at the FAIR facility with the R3B and EXL 
collaborations.  
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Abstract number 25 

 
Investigations of single-particle/hole states with a 26Ne beam 

 
J. S. Thomas1, N. L. Achouri2, H. Al-Falou2, N. I. Ashwood3, D. Beaumel4,  
Y. Blumenfeld4, S. M. Brown1, W. N. Catford1, R. Chapman5, M. Chartier6,  

N. Curtis3, F. Delaunnay7, B. Fernández-Domínguez6, C. Force7,  
G. de France7, S. Franchoo4, J. Guillot4, D. Gupta8, P. Haigh3, F. Hammache4, 

M. Labiche9, V. Lapoux10, R. C. Lemmon9, F. Marechal4, B. Martin10,  
X. Mougeot10, B. Mouginot4, L. Nalpas10, A. Navin7, N. A. Orr2, N.  

P. Patterson1, B. Pietras6, E. C. Pollacco10, A. le Prince2, A. Ramus4,  
M. Rejmund7,  J. A. Scarpaci4, N. de Séréville4, I. Stefan4, O. Sorlin7,  

G. L. Wilson1 
1U. Surrey, 2LPC Caen, 3U. Birmingham, 4IPN Orsay, 5U. West of Scotland, 

6U. Liverpool, 7GANIL, 8VECC Kolkata, 9STFC Daresbury, 10CEA Saclay 
 

 
With the predictions of new shell behavior near the neutron-rich N=16-20 
region, it is important to measure the single-particle structure of these nuclei.  
Transfer reactions remain a powerful spectroscopic tool for obtaining new 
results and establishing the robustness of novel techniques measuring such 
single-particle properties.  
  
The TIARA, MUST2, VAMOS, and EXOGAM systems were employed at the 
GANIL/SPIRAL facility to provide complete kinematics measurements of the 
2H(26Ne,p)27Ne and 2H(26Ne,t)25Ne reactions.  The (d,t) and (d,p) reactions, 
used here in inverse kinematics, provide spectroscopic information on the 
neutron single-hole and single-particle states, respectively, around the 
emerging N=16 shell closure.  In particular, (d,p) measurement of the relative 
energy spacing of the neutron d3/2 ground state of neutron-rich 27Ne and the 
previously unmeasured f7/2 state gives a direct measurement of an expected 
reduction of the usual N=20 shell gap.  The (d,t) measurement is designed to 
provide a cross comparison of results obtained by neutron “knockout”, or 
removal, from fast exotic beams and the more conventional transfer method 
studied here.  The details of the experimental arrangement and preliminary 
data analysis will be presented.  
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Abstract number 26 
 

High-Spin states in 89Rb 
 

D. A. Torres1, A. Hodsdon1, R. Chapman1, S. Beghini2, L. Corradi3,  
E. Farnea2, E. Fioretto3, S. J. Freeman4, A. Gadea3, B Guiot3, G. Jones5,  

M. Labiche6, N. M� rginean3, R. M� rginean2, P. Mason3, D. Mengoni2,  
G. Montagnoli2, D. R. Napoli3, D. O’Donnell6, J. Ollier6, R. Orlandi3, 
G.Pollarolo6, F. Recchia2, E. Sahin3, F. Scarlassara2, R. Silvestri3,  

J. F. Smith1, K. M.-Spohr1, A. M. Stefanini3, S. Szilner3, F. Tatjana7,  
N. Thompson5, C. A. Ur2, J. J. Valiente-Dobón3, F. D. Vedova3, P. Wady1,  

and Z. Wang1 

1 University of the West of Scotland, Paisley, PA1 2BE, United Kingdom, 
2 Università di Padova, Padova, I-35131, Italy, etc. 

3 INFN, Laboratori Nazionali di Legnaro, Legnaro, I-35020, Italy, 
4 University of Manchester, Manchester, M13 9PL, United Kingdom, 

5 University of Surrey, Guildford, GU2 7XH, United Kingdom,  
6 STFC Daresbury Laboratory, Warrington, WA4 4AD, 

7 Laboratoire Pluridisciplinaire Hubert Curien, Strasbourg, F-67037, France 
 
 

High-spin states in the 89Rb nucleus are presently being investigated using 
multinucleon transfer reactions 96Zr + 124Sn (576 MeV). Previously reported 
and new g-ray transitions were identified using coincidences between the 
PRISMA spectrometer and the CLARA g-ray array in a thin target experiment.  
A preliminary extended level scheme was determined from ggg coincidences 
recorded with the GASP array in a thick target experiment in the reaction 
36S+176Yb (230 MeV). The results complement the existing data with 
information on medium-high spin levels [1]. 
 
 
[1] D. Bucurescu, et al., Phys. Rev. C. 76, 064301 (2007). 
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Study of excited states in the deformed  

N=Z+2 odd-odd proton emitter 112Cs 
 

P.T. Wady1, J. F. Smith1, M. P. Carpenter2, C. J. Chiara3, A. N. Deacon4,  
S. J. Freeman4, A. Grint5, R. V. F. Janssens2, B. P. Kay4, T. Lauritsen2,  

C. J. Lister2, B. M. McGuirk5, E. S. Paul5, M. Petri5, A. P. Robinson2,  
D. Seweryniak2, D. Steppenbeck4, S. Zhu2. 

1 University of the West of Scotland, Paisley, PA1 2BE, UK 
2 Argonne National Laboratory, Argonne, Illinois, IL 60439, USA 

3 Washington University in St. Louis, St. Louis, Missouri, IL 60439, USA 
4 Schuster Laboratory, University of Manchester, Manchester, M13 9PL, UK 

5 Oliver Lodge Laboratory, University of Liverpool, Liverpool, L69 7ZX, UK 
 
 

The neutron-deficient odd-odd cesium isotopes have previously been studied 
down to 114Cs (Z=55, N=59) [1]. In these nuclei it has been shown that the 
unpaired proton occupies the h11/2, � =1/2 orbital, while the unpaired neutron 
occupies h11/2 orbitals with higher � . For the lighter cesium isotopes, the 
neutron Fermi level decreases, providing an excellent opportunity to observe 
an enhanced np interaction between the unpaired valance nucleons.  
 
Prior to this work, there were no known excited states in the odd-odd Z=55, 
N=57 isotope 112Cs. This nucleus has previously been shown to decay by 
ground-state proton emission by Page et al. [2] with Ep =807±7 keV and T1/2 of 
500±100ms. This work reports on an experiment designed to identify excited 
states in 112Cs using the method of recoil-decay tagging. The reaction 
58Ni(58Ni, p3n)112Cs was used with a beam energy of 260 MeV. Gamma-rays 
were detected using Gammasphere at Argonne National Laboratory.  
Recoiling reaction products were separated by A/q and were implanted into a 
double-sided silicon strip detector behind the focal plane of the FMA.  
 
Gamma-ray emission correlated in time with characteristic proton decays 
have been used to identify excited states in 112Cs for the first time. A 
sequence of gamma-ray transitions has been assigned to be part of the 
n(h11/2)p(h11/2) band in 112Cs. Spins and parities have been tentatively 
assigned, based on the systematics of neutron deficient odd-odd cesium 
isotopes. The data analysis is presently ongoing. The results will be  
discussed in comparison to the systematics of the neighbouring odd-odd 
cesium isotopes 
 
 
[1] J. F. Smith et al., Phys. Rev. C 73, 061303 (2006). 
[2] R. D. Page et al., Phys. Rev. Lett. 72, 1798 (1994). 
[3] C. H. Yu et al., Phys. Rev. C 59, R1834 (1999). 
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Gamma-ray spectroscopy study of neutron-rich  
sulphur isotopes 

 
Z. M. Wang1, X. Liang1, R. Chapman1, F. Haas2, F. Azaiez3, D. Bazzacco8,  
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D. R. Napoli6, F. Nowacki2, J. Ollier1, D. O'Donnell1, A. Papenberg1,  
G. Pollarolo10,  V. F. E. Pucknell12, M.-D. Salsac2, F. Scarlassara8,  

J. F. Smith7,1, K. Spohr1, M. Stanoiu3, A. M. Stefanini6, S. Szilner6,11,  
N. Toniolo6, M. Trotta6, D. Verney5, and J. Wrzesinski13 
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Strasbourg Cedex 2, France 

3 IPN, IN2P3-CNRS and Université Paris-Sud, F-91406 Orsay Cedex, France 
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7 Schuster Laboratory, University of Manchester, Manchester, M13 9PL, UK 
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13 Henryk Niewodniczanski Institute of Nuclear Physics, ul. Radzikowskiego 

152, PL-31342 Krakow, Poland 
 

 
Excited states of 34-40S were populated via deep-inelastic collision processes, 
using a beam of 215 MeV 36S ions incident on a 208Pb target with a thickness 
of 300ug/cm2. g-rays from both projectile-like and target-like reaction residues 
were detected by a germanium detector array, CLARA, a combination of 23 
escape-suppressed clover detectors. The projectile-like fragments were 
associated detected and identified by a large acceptance magnetic 
spectrometer, PRISMA. In the present work, we have extended the level 
schemes in 35-40S. In particular, we have significantly extended the level 
scheme of 39S. The experimental results are compared with large scale shell-
model calculations by E. Caurier et al. 
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The Nuclear Equation of State and the Symmetry Ener gy 
 

P. Z. Wu1, M. Chartier1, R. C. Lemmon2, W. Trautmann3, Y. Leifels3,  
Q. Li4, J. Lukasik5, A. Pagano6, P. Paw Lowski5 and P. Russotto7 

1 University of Liverpool, Liverpool L69 7ZE, United Kingdom 
2 STFC Daresbury Laboratory, Warrington, WA4 4AD United Kingdom 

3GSI Darmstadt, D-64291 Darmstadt, Germany 
4 FIAS, Universität Frankfurt, D-60438 Frankfurt am Main, Germany 

5 IFJ-PAN, PI-31342 Krakow, Poland 
6 INFN-Sezione di Catania, I-95123, Catania, Italy 

7 INFN-LNS and Università di Catania, I-95123, Catania, Italy 
 
 

Constraining the equation of state of asymmetric nuclear matter is of 
fundamental importance to both nuclear physics and astrophysics. The 
stability of asymmetric nuclei and the structure of neutron stars all depend 
sensitively on the equation of state. During an energetic impact between two 
heavy ions, nuclear matter evolves through conditions of density and 
temperature, which can otherwise be encountered only in astrophysical 
environments like supernovae explosions and neutron stars. However, our 
understanding of the equation of state of asymmetric nuclear matter is limited, 
largely due to our lack of knowledge of the density (and temperature) 
dependence of the nuclear symmetry energy. Heavy-ion collisions induced by 
neutron-rich nuclei, especially radioactive beams, can be considered as the 
only terrestrial means to explore the nuclear equation of state under 
laboratory controlled conditions. While considerable progress has been made 
recently in determining the symmetry energy around normal nuclear matter 
density, much more work is still needed to probe its high-density behaviour. 
Various potentially useful experimental observables have been identified for 
determining the strength of the symmetry term, for example the neutron-
proton differential transverse flow. 
 
We will report here, on the status of an analysis of collective flow observables 
obtained from the heavy-ion reaction 197Au+197Au at 400 A.MeV. The 
experiment has been performed at GSI using the FOPI-LAND setup. The 
implications for our understanding of the symmetry energy at high nuclear 
densities are also discussed. 
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